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Merck Laboratory Chemicals are now packed 
in amber color glass bottles with specially de­
signed, durable, non-metallic screw caps.
These new caps were specially designed to over- 
come corrosion resulting from unfavorable at­
mospheric conditions and also from vapors 
which are constantly present in the laboratory.
The large facets on the 
side of the cap make it 
easy to open the bottle.
A special liner, impervious 
to the chemical, ensures 
air-tight sealing when the 
handy cap is replaced.

The cap extends over the lip of the bottle, thus 
preventing an accumulation of dust which is a 
serious problem that is characteristic of cork- 
stoppered containers.

These new Merck amber color glass bottles, 
with their black caps and blue and white labels, 
not only afford maximum protection against 

light and other deteriorat­
ing agents, but will add 
considerably to the attrac­
tive appearance of your 
laboratory or stock room.
Your wholesaler is ready 
to serve you. Ask him

M E R C K  &  C O .  i n c .

Manufacturing Chemists 

Rahway, N . J.

• N o n -m e ta llic  screw  cap

• W ill not corrode

• Easy to open

• Special liner ensures a ir­
tight sealing

• D ust-proof

• A ttractive a p p e aran ce

• A m b e r Color G la ss

MERCK
L A B O R A T O R Y  C H EM IC A L S  

IN NEW C O N T A IN E R S

now  offer these advantages



NEW "PRECISION" BURNERS
REACH A NEW PEAK OF EFFICIENCY 

I ON ANY KIND OF GAS

t u n i o r  u n i v e r s a l  b l a s t
J  B U R N E R -—T h is  h a n d y  n il  
p u rp o s e  b l a s t  b u r n e r  w ill g ive  
y o u  a  w id e  v a r ie ty  o f  f la m e  
s iz e s , s h a p e s  a n d  t e m p e r a t u r e s  
f o r  g la s s  w o rk in g ,  h ig h  te m p e r a ­
t u r e  m e l t i n g ,  o t h e r  l i a r d - to -  
l i e a t  la b o r a to r y  j o b s .  C o m e s  
e q u ip p e d  w i th  th r e e  i n t e r ­
c h a n g e a b l e  b l a s t  n o z z l e s ,  
b le e d e r  v a lv e , a n d  a d j u s t a b l e  
te le s c o p in g  s le e v e ; h u so  h a s  
u n iv e r s a l  b a l l  j o i n t .  P r ic e ,  $10.00

12130

H i g h  t e m p e r a t u r e
B U R N E R  —  D ev e lo p s  a  

t e m p e r a t u r e  o f  3060° F .—  
v e ry  e f f i c ie n t  o n  g a s  c o n ­
s u m p t i o n ,  e a s y  to  h a n d l e ,  
a n d  ru g g e d ly  b u i l t  f o r  lo n g ­
t i m e  u s e .  H a s  n e e d le  va lve  
g a s  c o n t r o l ,  d o u b le  b a r r e l  
m ix in g  tu b e ,  a n d  M o n e l 
m e ta l  h e a t  in t e n s i f ie r  to p  
l } ^ '  d i a m e t e r ,  to  p r o d u c e  a  
s ta b l e  h o m o g e n e o u s  f la m e . 
P r i c e ....................................$2.00

12098

H e a v y  d u t y  b u n ­
s e n  B U R N E R  —

T h e  a d j u s t a b l e  n e e d le  
v a lv e , a c c e s s ib le  b e lo w  
th e  b a s e ,  a d u p t s  t h i s  
n e w  B u n s e n  B u r n e r  to  
a n y  g a s  se rv ic e  c o n d i­
t i o n s .  _ E q u ip p e d  w i th  
fH}* d i a m e t e r  m ix in g  
tu b e  a n d  h e a t  i n t e n s i ­
fie r  to p .
P r ic e  . . . .  $1.25

12170

T M P R O V E D  M E R E R  T Y P E  
1  B L A S T  B U R N E R — T h e  n e w  
a s p i r a to r  a i r  i n l e t  e n t r a i n s  a i r  a t  
h ig h  v e lo c ity , s t e p s  u p  t e m p e r a ­
tu r e  a n d  e f f ic ie n c y . W i th  th i s  
b u r n e r  y o u  c a n  sav e  a  g r e a t  d e a l  
o f  t i m e  o n  a s li d e t e r m i n a t io n s ,  
ig n i t io n s ,  a n d  fu s io n s .
S iz e  N o . 2 .....................................$-1.00
S iz e  N o . 4 .....................................$5.75

W r ite  f o r  y o u r  
f r e e  c o p y  o f  
IU x lle tin 3 lK —  
c o m p le te  a n d  
c o m p r e h e n ­
s iv e ,  d e s c r ib ­
in g  t h e  e n t i r e  
l i n e  o f  “ P R E ­
C IS IO N ” la b ­
o r a to r y  b u r n ­
e rs .

W. J. GILMORE DRUG CO
LABO RATO RY APPARATUS CHEMICALS

422 BLVD. O F  T H E  A L L I E S  P IT T S B U R G H , PA

U N IF O R M  
TE M PER A ­

T U R E  
for 

Tests on 
H eating  Loss 

of
A sphaltic 

C om pounds 
by 

A.S.T.M . 
S tandard  

M ethod  D 6-20

Ask for—
Strip Folder No. 7F.

(0103
No

TESTS for loss on heating 
of asphaltic compounds by 
A. S. T. M. Standard 

Method D6-20 requires a uniform 
temperature for five hours within 
a variable range of one degree 
Centigrade. The space uniform­
ity  of the DcKhotinsky triple 
wall oven is within a variable of 
plus or minus three degrees Centi­
grade. Use of the auxiliary ro­
tating shelf reduces the tempera­
ture changcs of the sample to 
variation no greater than one- 
half of one degree Centigrade. 
No other drying oven on the 
market approaches this perform-

HT'HE Cenco DcKhotinsky 
I  Oocn shown is No. 9830B, 

14%" x 12* x 11%" inside 
dimensions fo r 110 colts, or 
No. 9831B  same for 220 colts 
at S140.00. The rotating 
shelf is supplied under our 
No. 9832A  for 110 or 220 
colts, 60 cycle A C  or DC at 
$80.00.

9832 Show n a s  U sed  in  N o. 9830

S ) € ) I E N T I R I ' C r  © O J M r P Ä N T f

S Ï P P U È S
A p p a r a t u s  KEg.U4wt.qFH C h e m ic a ls  

N e w  Y o r k  -  B o s t o n  -  C H IC A G  O - T o r o n t o - L o s  A n g e l e s W E DO OUB PART
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C O M B I N A T I O N
E X T R A C T I O N
A P P A R A T U S

1
r i? — M ~---

Akr—

1
Hi

j  -----Ti-Jj—

i

S t

GHJ

This electrically heated, six-unit Combi­
nation Extraction Rack and Bath may be 
used for heating either by radiation or 
by imm ersion.

A Monel metal pan suspended within the rack, just 
above the heating units, allows for the heating of flasks by 
immersion when the pan is filled with water or oil. The en­
tire top of the container may be removed and the pan lifted 
out if desired.

T h e  h e a tin g  u n its  consis t of a  p a ir  of s t r ip  
h e a te rs , so c o n s tru c te d  a s  to  in su re  p rac tica lly  
u n lim ite d  service. T h e  s tr ip  h e a te rs  a re  con tro lled  
by a  p a ir  of 3 -h e a t sw itches so th a t  th e  u n its  m ay  
be u sed  sing ly  or in  various co m b in a tio n s  to  p e r­
m i t  of o p e ra tio n  over a  wide ran g e  of w attages.

Each of the six circular openings on the top of the con­
tainer is fitted with a Monel Metal flanged ring with Monel 
metal cover and knob. The removable support rods, both 
vertical, and horizontal are of stainless steel; special adjus­
table clamps are fitted with spring bronze clips.

Dimensions
Overall length ..................................... . . . .3 1 "
Overall depth..............................................  6Y>‘
Overall he igh t.............................................30"
Height to top of container.......................  1’
Center distances between openings  5*
Dimensions of Monel Metal pan............. 29x4%x3'
Diameter of openings...............................  V /i"

7509— C o m b in a tio n  E x trac tio n  A p p ara tu s , 6-
unit, 1000 watts for connection to 110 volt lighting 
circuit. Complete as illustrated (excluding glass­
ware) with 6 ft. of insulated cord and separable plug $100.00

7510— C o m b in a tio n  E x trac tio n  A p p ara tu s . As 
above, but 220 volts....................................................  100.00

W ill Co r po r a t io n
Products for Every L ab oratory  
Guaranteed Without Reservation

R o c h e s t e r ,  ,

ô m n j a m c  o r  

O r g a n i c  S u b s t a n c e s  I n t

MICRO-CHEMICAL 
TESTS

•  The use of a chemical microscope in the labo­
ratory is dependent upon the worker’s knowledge 
of chemical microscopy. O f course it has been 
used in research for years— but, today, if is being 
used as an accurate "time-saver" in many cases 
of qualitative and quantitative analyses.

The Spencer Chemical Microscope has been 
designed specifically for use as a simple polar­
izing microscope in chemical laboratories. Qual­
itatively it is used to identify inorganic or organic 
substances by micro-chemical tests or by deter­
minations of optical properties. Quantitatively it 
is used in the estimation of elements in mixtures 
and the measurement of microscopic materials.

Investigate the use of a Spencer Chemical Micro­
scope in your laboratory. W rite us today for 
Folder M-44.

S fim œ iïJ Ê B m  O o w p w u f,
B U F F A L O N E W  Y O R K

-------------------------U S E  t h i s  C O U P O N -------------------
SPEN C ER  LEN S C O M PA N Y  
19 Doat Street, Buffalo, N . Y.

G entlem en : P lease send me your Folder M-44 com pletely 
describing the Spencer Chem ical M icroscope and its uses.

NAME.

COMPANY.............................................. ........................ .......... .

ADDRESS...................................................................................

CITY................................................................................ STATE..
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BLUE
L I N E EXAX CENTRIFUGE TUBES

KIM B L E  B lue-Lin e E x a x  C e n tri­

fug e Tu b es a re  m a d e  with the  

sam e e x actin g  ca re  a n d  high q u a l­

ity of w orkm anship that c h a ra c te r­

ize  all K im ble scientific g lassw are .

S P E C I A L  FEATURES

1. Tubes closely sorted to have the maxi­
mum possible wall thickness and still 
safely hold the capacity.

2. The necks a re  re in forced  with a 
machine-tooled finish which is much 
stronger than the ordinary flare.

3. The tapers on tubes with conical ends 
are carefully shaped.

4. Calibration lines are acid etched and 
filled with a durable blue glass en­
amel, fused into the lines.

5. Every tube is retempered (strain-free) 
in a special lehr or oven.

6. All tubes are individually inspected 
to insure freedom from defects and 
retested to assure accuracy.

Illustrated are the two 100 ml. oil centrifuge tubes required 
by the American Society for Testing Materials and the 
American Petroleum Institute; and also the popular 15 ml. 
tube subdivided into 1 /10th ml. dimensions.

In addition to these three centrifuge tubes, we manufacture 
a complete line for all other purposes.

X X

For accuracy and assurance, standardize on Kimble Blue- 
Line Glassware. It is stocked by leading Laboratory Sup­
ply Houses throughout the United States and Canada.

KIMBLE GLASS CO.
V I N E L A N D ,  N . J .

N E W  YO RK • PH ILA D ELPH IA  • BO STO N 
C H IC A G O  • DETROIT
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H a r r i s o n  E .  H o w e , E d i t o r

Composition of Fatty Acid Mixtures
II.  A Further Development of the Twitchell M ixed-M elting-Point M ethod 

for D eterm ination of Individual Saturated  F a tty  Acids

R o b e r t  N . W e n z e l ,  M ellon Institu te of Industrial Research, P ittsburgh, Pa.

TH E  analy tical m ethods usually applied to the testing 
of comm ercial fa ts  and  fa tty  acid m ixtures leave the 
question of the ir composition, in  term s of constituen t 

fa t ty  acids, largely undeterm ined. W here control of com­
position is an  im p o rtan t factor in th e  success of commercial 
processes, as in  th e  grow th of crystals in  m olten fa t ty  acid 
m ixtures, reliance m ust therefore be placed largely on em ­
pirical form ulas for th e  blending of fa ts  of different grades 
and  different sources. B lending form ulas are no t always 
dependable, however, because th e  raw' m aterials them selves 
are usually  sub ject to  considerable variation . Again, in 
industria l research, analyses of fa tty  acid m ixtures are fre­
quen tly  of service only in so fa r as they  can be in terpre ted  in 
term s of composition. Such in terp re ta tion , based solely on 
resu ltan t properties of th e  m ixture— to ta l unsaturation , acid 
value, tite r , e tc .—is a t  best uncertain  and often quite mis­
leading. T here  is need therefore for m ethods th a t  deter­
mine, specifically, the  percentages of individual fa tty  acids 
present.

T h e  M i x e d - M e l t i n g - P o i n t  M e t h o d

In  view of th is situation , th e  m ixed-m elting-point m ethod 
devised b y  Tw itchell (11) has certainly no t received the 
a tten tio n  th a t  its  possibilities would seem to  m erit.

T he m ethod  is based on the  fact th a t  if a  sam ple consisting 
of a  m ixture of fa t ty  acids is added to  a single pure fa tty  
acid only those acids in  th e  m ixture th a t are no t identical 
w ith  th e  pure acid solvent will be effective in lowering its 
m elting poin t. Tw itchell reasoned th a t, because of their 
uniform ly high m olecular weights, all th e  fa t ty  acids should 
have approxim ately  equal effect in depressing th e  melting 
po in t of an y  solvent. T hus, if th e  solvent acid is stearic, 
th e  depression of th e  m elting point gives a  m easure of all 
acids o ther th an  stearic acid in th e  m ixture. From  th is 
th e  percentage of stearic acid in the sam ple is readily  cal­
culated.

As used b y  Tw itchell, th e  m ethod was subject to  serious 
lim itations, m ainly  because th e  m elting-point determ ination 
itself w as n o t sufficiently precise to  perm it th e  establishm ent 
of accurate, specific depression constants for the  different 
individual acids. In  addition, Tw itchell m easured all de­
pressions a t  20 per cent of to ta l solute acids. T his no t only 
necessitated a  prelim inary tria l, in each analysis, before

weighing ou t th e  final m ixture, bu ty it placed the m easure­
m ents beyond the  straight-line portion of the  m elting-point 
curve and  therefore outside th e  range in w hich m elting- 
po in t d a ta  can properly be applied.

T he m ethod was la te r used by  M cG regor and  Beal (8), 
in the ir stu d y  of th e  fa t ty  acids of m enhaden oil, in essentially 
th e  form in which i t  was left by  Tw itchell.

A  d is tinc t im provem ent in  the  results obtainable by  the 
m ixed-m elting-point m ethod is m ade possible by an  im ­
proved m elting-point technic here described. Specific de­
pression constants have been determ ined by  m easurem ents on 
b inary  m ixtures of pu re  acids, including stearic, palm itic, 
m yristic, and  oleic. I t  has been found th a t depressions in 
palm itic acid and  in stearic  acid are apparen tly  controlled, 
as m ight be expected, by  definite m olar depression con­
s ta n ts  characteristic  of th e  solvent acid and  independent 
of th e  solute. Reliable specific depression constants for the 
individual solute acids can th u s be based on th e  m olar con­
s ta n t for th e  solvent and  th e  m olecular w eight of th e  solute. 
For solutions in m yristic acid, th e  behavior of dissolved 
stearic acid is apparen tly  anom alous, giving a  m olar de­
pression constan t higher th an  th a t  obtained when the solute 
acid is palm itic or oleic. T his departu re  from th e  theoretical 
has n o t been explained. F o r stearic acid in m yristic, the re ­
fore, th e  specific depression constan t direptly  determ ined 
m ust be accepted. T he proper depression constan t to  use 
in any  particu lar analysis is readily  calculated from  th e  specific 
constants here established.

T he m ethod gives resu lts only reliable to  w ith in  a  fewr per 
cent, bu t, in sp ite of its  lim ited accuracy, is an  extrem ely valu­
ab le  too l. As here worked ou t, i t  has proved very  useful in 
th e  investigation of problem s encountered in th e  m anufac­
tu re  of commercial fa t ty  acids, particu larly  in  defining the 
lim its of to leration  of the crystallizing process to  variations 
in th e  composition of the  stock.

T h e  M e l t i n g - P o i n t  D e t e r m i n a t i o n

E ven  in  th e  case of pure com pounds, m elting points depend 
largely on appara tu s  and  technic. T hus w idely differing 
values for the m elting po in t of any  of th e  pure fa t ty  acids 
will be found in  th e  lite ra tu re . W ith  fa tty  acid m ixtures 
there  is th e  fu rth er difficulty th a t  here we are dealing w ith  a 
case of solid solutions. T he com position-m elting-point

1
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diagram  for m ixtures of tw o fa tty  acids is no t a  single line, 
b u t two lines, th e  so-called liqu idusand  solidus curves. E ven 
w ith  th e  m aintenance of ideal equilibrium  conditions, m elting 
will s ta r t  a t  one tem peratu re and  continue over a  considerable 
range of values; and a t  any  tem pera tu re  w ith in  th is  range

th e  m ixture exists as 
a  perfectly  s t a b l e ,  
tw o-phase system .

T heoretically, bo th  
the  in itia l and final 
tem peratures of th is 
m e l t i n g  r a n g e  are 
characteristic proper­
ties of th e  m ixture. 
P ractically , i t  is only 
th e  final p o in t  t h a t  
can b e  d e te r m i n e d  
w i th  a n y  accuracy. 
T h e  p o in t  u s u a l ly  
recorded in  melting- 
po in t determ inations 
— i. e., th e  tem pera­
tu re  a t  w h ic h  clear 
liquid first a p p e a r s  
in  t h e  s a m p le —  
comes a t  neither the 
beginning nor the  end 
of th e  m elting range, 
b u t d e p e n d s  u p o n  
th e  r a t e  a t  w h ic h  
t h e  s o l i d  s e t t l e s  
through th e  l iq u id  

first form ed. In  th e  presen t work, final tem pera tu res were 
therefore used throughout.

M cG regor and  Beal, as well as Tw itchell, allowed the 
m ateria l in  th e  m elting-point tube  to  stand  for a t  least 12 
hours to  rem ove strain  before th e  m elting  po in t was taken . 
T he necessity for th is precaution  in  th e  case of fa ts  has been 
pointed o u t by Lewkowitsch (7), Bloor (2), and  others. 
B urks (S) found, however, th a t  the  double m elting points 
exhibited by  recently  m elted glycerides are no t encountered 
in th e  case of th e  free fa tty  acids.

B urks’ observations are confirmed by  th e  following series 
of m elting-point readings taken  on th e  sam e sam ple after ex­
posing th e  tube  to  the various trea tm en ts  indicated. T he two 
readings recorded in each case were tak en  a t  th e  first appear­
ance of clear liquid and a t  th e  disappearance of th e  las t of th e  
solid.

° c.
In it ia l  m elting  p o in t 6 0 .7 6  to  6 1 .0 8
A fte r  solidifying: a n d  s ta n d in g  43 ho u rs  a t  room  te m p e ra tu re  6 0 .8 8  to  6 0 .9 3  
A fte r  so lid ify ing  a n d  aga in  s ta n d in g  52 ho u rs  a t  room  te m ­

p e ra tu re  6 0 .9 0  to  6 1 .1 0
A fte r  keep ing  m elted  in  an  oven  a t  6 5 °  to  70° C . fo r 17 hou rs

a n d  s ta n d in g  a t  room  te m p e ra tu re  45 m in u tes  6 0 .9 4  to  6 1 .1 4
A fte r  cooling to , a n d  ho ld ing  a t  55 .5 °  t o 57 .5° C . fo r 4  hours 6 0 .9 7  to  6 1 .1 4  
A fte r p lung ing  in to  ice w ate r, ho ld ing  th e re  5  m in u tes , and  

re p e a tin g  th e  m e ltin g -p o in t d e te rm in a tio n  a t  once 6 0 .7 3  to  6 1 .1 5

I t  will be seen th a t  the m elting point is no t appreciably 
affected by  repeated  m elting, long stand ing  a t  room  tem pera­
tu re , long continued heating  ju s t above th e  m elting point, 
slow solidification ju s t below the  m elting point, or rapid 
solidification in  an  ice ba th . W e m ay therefore conclude 
th a t  there  is no decomposition a t  th e  m elting point to  necessi­
ta te  a  rap id  m elting-point determ ination  and  th a t  there  
is nothing to  be gained by  aging th e  sam ple in th e  m elting- 
po in t tube.

B urks recom m ended an  extrem ely slow ra te  of heating  
designed to  sim ulate im mersion of the  sam ple tu b e  for two 
m inutes in each of a succession of constan t-tem perature  baths 
differing b y  only 0.1° C. T h is procedure was adopted  in  th e

present w ork because i t  m akes possible a  high degree of preci­
sion in  the m elting-point determ ination . T he  appara tu s 
used is, in  all its  essential features, identical w ith th a t em ­
ployed by Burks.

In  order to  ob tain  th e  sharp  tem pera tu re  control re­
quired, i t  is essential to  use a closed m elting-point tu b e  im ­
m ersed d irectly  in  th e  tem pera tu re  ba th . Tw itchelPs in­
genious m ethod of loading an  open tube  from  the  m elted 
m ixture, to  insure a tru e  sam ple, and then  giving it  a  sharp 
ja r , so th a t  the  sam ple solidifies as a  string  of short segments, 
has been retained , b u t th e  tu b e  is then  sealed in the B unsen 
flame. W ith  proper precautions th is can be done w ithout 
in juring  th e  sam ple.

A p p a r a t u s

Figure 1A is a  diagram  of th e  appara tu s used for th e  m elt­
ing-point determ inations. A 600-cc. Pyrex beaker con­
tain ing  w ater or a light, colorless m ineral oil serves as the 
heating  b a th . T he  im m ersion heate r consists of a  spiral 
coil of resistance w ire sheathed in  a  loop of Pyrex glass tubing. 
T he lam p bank  and rheosta t connections are  indicated. 
T he beaker is n o t insulated, as accurate tem peratu re  control 
depends upon a nice balancing of hea t in pu t against rad ia ­
tion , b u t i t  m ust be protected  from  fitful a ir drafts. Two 
m elting-point tubes are fastened to  the  therm om eter by 
m eans of a  rubber band. In  addition , a  fork m ade of glass 
tubing, w ith two prongs extending in to  the  b a th  parallel to  
th e  therm om eter, m akes i t  possible to  in troduce six tubes a t  
a  tim e. T he slow ra te  of heating  allows am ple tim e for 
observing and  recording th e  behavior of each sample.

T he m elting-point therm om eters used are of ranges 20° 
to  60° C. and  40° to  80° C., g raduated  in  0.1° units and 
calibrated  b y  comparison w ith therm om eters certified b y  the 
U nited  S ta tes B ureau of S tandards. A  m agnifying a tta ch ­
m en t perm its readings to  0.01 ° C. E m ergent stem  tem pera­
tu res are also recorded.

T he exact size of th e  m elting-point tube  is n o t critical. 
T ubes of inside d iam eter such as to  accept a  N o. 22 B & S 
gage wire b u t n o t a  No. 20 wire were selected. A small 
hand lens is used to  observe th e  behavior of sam ples during 
melting.

I t  is of course essential th a t  the fa t ty  acids be dry . A 
convenient device for thorough and rapid  drying of small 
samples, also suggested by  Burks, is the vacuum  drying tube  
shown in Figure IB . T he drying cham ber is divided into 
upper and lower com partm ents by  a  screen of heavy  wire 
gauze. Samples are placed in  th e  upper com partm ent, 
phosphorus pentoxide in  th e  lower. W ater circulated through 
th e  jacke t is heated in th e  uprigh t tube, e ither electrically 
or by  m eans of a sm all gas flame, and  th e  tem perature  m ain­
tained  a t  a  po in t only a few degrees below the m elting poin t 
of th e  sample. T he tube  is evacuated  by  m eans of an  oil 
pum p. Thorough drying is accom plished w ithin 15 or 20 
m inutes in  th is apparatus.

P r o c e d u r e

E ach analysis is run  in  duplicate, tw o m ixtures w ith 
definitely different proportions of sam ple and pure acid being 
prepared. T he m ixture, weighing usually  abou t 2  gram s, 
is weighed ou t in  a  sm all square-shouldered vial of 12 cc. 
capacity  (Figure 1C) and m elted down in an oven a t  100° C. 
M ixing is effected by  tilting  th e  vial un til th e  liquid reaches 
th e  shoulder, ro ta tin g  i t  in  th is position and shaking.

Two open m elting-point tubes are  th en  d ipped in to  the 
m ixture. Following T w itchell’s technic, the  sam ple in 
each tu b e  is broken in to  a  string  of sm all uniform  segm ents 
and , by  proper m anipulation above the  flame, the  las t seg­
m en t is spaced ab o u t 7 mm . from th e  end of th e  tube. By

F i g u r e  1 . A p p a r a t u s
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M ix t u r e

P e r c e n t a g e  C o m p o s it io n  
P a lm i t ic  S te a r ic  

a c id  a c id

o f  M ix t u r e  
O leic  
a c id

M o l e  P e r  C e n t  
T o t a l  S o l u t e M e l t in q  P o in t  

° C.
6 2 .3 0

M e l t in q - P o in t
D e p r e s s io n ,

L

10 L  -i- W t . 
P e r  C e n t  

S o l u t e , 
K. u»

10 L  ■+■ M o l e  
P e r  C e n t  
S o l u t e ,

Km

1 1 0 0
2 9 5 .0 0 5 .0 0 4.52 6 1 .5 0 o.’so 1*60 1 .7 7
3 9 0 .0 0 1 0 . 0 0 9 .1 0 6 0 .6 2 1 . 6 8 1 . 6 8 1 .84
4 8 5 .0 0 15 .00 13 .72 5 9 .7 8 2 .5 2 1 . 6 8 1 .84
6 8 0 .0 0 2 0 . 0 0 18 .38 5 8 .6 2 3 .6 8 1 .84 2 . 0 0
6 94 .5 1 5.40 4 .8 5 6 1 .4 4 0 . 8 6 1 .5 6 1 .7 7
7 8 9 .9 9 1 0 . 0 1 9 .1 7 6 0 .6 3 1 .67 1 .67 1 .8 2
8 8 4 .9 5 15 .05 1,3.84 5 9 .7 9 2 .5 1 1 .67 1 .81
9 7 9 .7 4 2 0 .2 6 1 8 .7 6 5 8 .7 9 3 .5 1 1 .73 1 .8 7

1 0 8 9 .6 7 4 ! 98 5 .3 5 9 .4 4 6 0 .6 3 1 .67 1 .62 1 .77
1 1 84 .81 4 .9 9 1 0 . 2 0 13 .9 5 59 .7 4 2 .5 6 1 . 6 8 1 .8 3
1 2 8 4 .9 9 1 0 . 0 0 5 .01 13.77 59 .7 9 2 .5 1 1 .67 1 .8 2
13 1 0 0 6 9 .1 0
14 5 .0 0 9 5 .0 0 5.52 6 8 . 2 2 0 . 8 8 1 .7 6 l!Ś 9
15 1 0 . 0 0 9 0 .0 0 10 .98 6 7 .3 9 1 .71 1 .71 1 .5 6
1 0 15.00 8 5 .0 0 16.39 66 .4 4 2 . 6 6 1 .77 1 .62
17 2 0 . 0 0 8 0 .0 0 21 .7 4 6 5 .4 7 3 .6 3 1 .82 1 .67
18 94 .9 1 ¿109 5 .1 3 6 8 .2 6 0 .8 4 1 .6 5 1 .64
19 8 9 .5 8 10.42 10.52 67 .4 1 1 .69 1 .62 1 .61
2 0 8 4 .9 6 15.04 15 .18 6 6 .6 2 2 .4 8 1 .6 5 1 .64
2 1 80.01 19 .9 9 2 0 .1 6 6 5 .7 2 3 .3 8 1 .69 1 . 6 8
2 2 4 *99 8 9 .7 8 5 .23 10.74 6 7 .4 0 1 .7 0 1 . 6 6 1 .5 8
23 9 .9 9 84 .7 4 5 .2 7 16 .2 0 6 6 .4 9 2 .6 1 1 .71 1.61
24 4 .9 9 84 .8 3 10 .18 15 .70 6 6 .5 8 2 .5 2 1 . 6 6 1 .6 1
25 3 0 .0 0 7 0 .0 0 6 3 .2 0
26 4 0 .0 0 60 .0 0 6 0 .3 3
27 5 0 .0 0 50 .0 0 56 .71
28 6 0 .0 0 4 0 .0 0 5 6 .2 0
29 7 0 .0 0 3 0 .0 0 5 5 .5 0

careful warming, th e  walls of the end section are now drained 
com pletely in to  th e  las t segm ent. T he tube is then  sealed. 
Som etim es sealing the  tu b e  affects th e  m elting point of the 
las t segm ent, b u t it  can have no effect, of course, on the 
others. All th e  segm ents in  both  tubes, m elting simul­
taneously, give assurance th a t  a homogeneous m ixture has 
been obtained and th a t  there is no irregularity  in  the melting 
po in t due to  accidental factors. T he loaded tube  is shown 
in Figure ID .

In  m elting th e  sample, it  is heated rapidly  to  w ithin 1° 
of th e  an tic ipated  m elting point. If  th is is no t known a p ­
proxim ately i t  is determ ined by  a rapid prelim inary melting. 
F rom  there on the procedure is to  hold the tem perature  
constant, w ith in  a  few hundredths of a  degree, for 2 m inutes 
and  th en  allow i t  to  rise 0 .1 ° during th e  next m inute, when 
i t  is again held constan t for 2 m inutes, and so 
on. T he tem peratu re  a t  w hich th e  las t speck 
of solid m aterial in each separate portion of 
the  sam ple disappears is taken  as th e  melting 
point. D uplicate determ inations should agree 
w ithin 0.05° C.

through an efficient fractionating column. The first 40 per cent 
of the distillate was rejected. The remainder, coming over a t 
constant temperature, was treated for recovery of the acids which 
were then recrystallized from acetone. Preparations having 
melting points of 02.0° C. or higher are accepted.

M y r i s t i c  A c i d .  Nutmeg butter, obtained from ground 
nutmegs by extraction with ether after a  preliminary alcohol ex­
traction had removed most of the color and the volatile oil, was 
saponified and the soap solution acidified to liberate myristic 
acid. Recrystallized three times from acetone, the acid melted 
a t 53.32° C. This product was distilled under reduced pressure 
and the first and last fractions were rejected. The remainder, 
again recrystallized from acetone, was recovered in two fractions 
melting a t 54.17° and 53.88° C., respectively.

O l e i c  A c i d .  Preparation of oleic acid of a high degree of 
purity is a m atter of considerable difficulty. I t  was required here 
for the determination of melting-point depression constants, 
bu t is not required as a reagent in the mixed-melting-point 
method.

P r e p a r a t i o n  o f  P u r e  F a t t y  A c i d s

In  order to  establish specific d e p re s s io n  
constants, i t  was necessary to  have samples of 
th e  pure fa t ty  acids. In  addition , th e  pure 
sa tu ra ted  acids are required as reagents in the 
m ixed-m elting-point m ethod. T he acids used 
were prepared  as follows:

S t e a r i c  A c id .  The methyl esters obtained 
from commercial double-distilled oleic acid were 
distilled a t low pressure through a fractionating 
column. The first half of the distillate, contain­
ing large amounts of methyl p a lm i t a t e ,  was 
rejected. T h e  second p o r t io n ,  b o i l in g  a t 
practically c o n s t a n t  te m p e r a tu r e  (174° to 
178° C. a t 3 mm.) and containing only Cis acids, was hydrogen­
ated in 25-gram quantities in alcoholic solution, using platinic 
oxide as catalyst (/) . The combined alcoholic solutions were 
then refluxed 4 hours with 2 M  equivalents of potassium hy­
droxide to saponify the esters and the soaps split with hydro­
chloric acid. The recovered acids, washed free of chlorides, 
were recrystallized once from petroleum ether and repeatedly 
from acetone until no further increase in melting point resulted. 
The product thus obtained consists of beautifully white, crys­
talline flakes. Samples of melting point 69.0° C. or higher 
are accepted for use in the mixed-melting-point method.

P a l m i t i c  A c i d .  F a tty  acids recovered from bayberry wax 
were converted to their methyl esters and distilled a t low pressure

-4, in

F i g u r e  2 . M e l t i n g - P o i n t  D e p r e s s i o n s  

s tc a r ic  a c id  B, in  p a lm i t ic  a c id  C, i n  m y r i s t i c  a d d

Olive oil fa tty  acids were used as the source of oleic acid. 
Most of the saturated acids were removed by Twitchell’s lead 
soap-alcohol method (10, 12). Removal of most of the linoleic 
acid was effected by refluxing the unsaturated acids in alcohol, 
with enough finely ground solid barium hydroxide to convert 
SO per cent of the acids to their barium soaps, thus leaving the 
linoleic acid, together with some oleic, in solution. This is a 
modification of the procedures of Farnsteiner (6) and of Lap- 
worth and Pearson (£?). For the final purification from small 
amounts of palmitic acid and linoleic acid, fractional crystalliza­
tion of the lithium soaps according to Scheffers (9) was adopted. 
This method was found more effective in removing linoleic acid, 
however, than in concentrating palmitic acid in the first fractions.
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M ix t u r e

.--------------W 'e io h t  o p  A c id s  i n  M i x t d k e ---------------.
M y ris tic  P a lm itio  S tea ric  Oleic

W e ig h t  
P e r  C e n t

M o l e  
P e r  C e n t

M e l t i n g -
P o in t

M e l t in g  D e p r e s s i o n .

10 L  -f- 
W e ig h t  

P e r  C e n t  
S o l u t e ,

1 0 Ü  -f  
M o l e  

P e r  C e n t  
S o l u t e ,

ac id acid acid acid S o l u t e S o l u t e P o in t L Kv> Km

30
Grams Grams

1 .0 0 0 0
Grama Grams

0.00
° C. 

6 2 .4 5
31 O’ Ü 5 2 1 .9 2 8 6 .... 5 .6 4 6*. 28 6 1 .3 9 l.OQ 1 .8 8 l '. è o
32 0 .2 0 2 6 1 .8 0 8 9 1 0 .0 7 1 1 .1 7 6 0 .5 3 1 .9 2 1 .9 1 1 .7 2
33 0 .2 6 0 4 1 .7 5 2 3 1 2 .9 4 1 4 .3 0 5 9 .8 8 2 .5 7 1 .9 9 1 .8 0
34 0 .3 0 1 6 1 .7 0 6 2 1 5 .0 2 1 6 .5 6 5 9 .5 3 2 .9 2 1 .9 4 1 .7 6
35 0 .4 0 4 0 1 .6 0 0 8 2 0 .0 5 2 2 .0 8 5 8 .4 2 4 .0 3 2 .0 1 1 .8 2
3 6 i ! 6 6 6 o 0.00 6 9 .2 1
37 0 . ÎÔÔ3 1 .9 0 4 5 5 .0 0 6 Ü 6 6 8 .2 0 1 '0 1 2 ! 02 l ! ô 4
3 8 0 .2 0 3 4 1 .8 0 0 3 1 0 .1 5 1 2 .3 4 6 7 .1 9 2 .0 2 1 .9 9 1 .6 4
39 0 .2 5 1 4 1 .7 5 0 0 1 2 .5 3 1 5 .1 7 6 6 .6 8 2 .5 3 2 .0 2 1 .6 7
40 0 .3 0 1 1 1 .7 0 1 2 1 5 .0 4 1 8 .0 5 6 6 .1 8 3 .0 3 2 .0 1 1 .6 8
41 0 .4 0 0 5 1 .6 0 0 5 2 0 .0 1 2 3 .7 5 6 4 .9 7 4 .2 4 2 .1 2 1 .7 9
42 1 .0 0 0 0 0.00 5 4 .1 7
43 1 .9 0 1 5 0 .ÎÔ Ô 7 5 .0 3 4.*50 5 3 .2 6 0 .9 1 1 .8 1 2 .Ö 2
44 1 .8 0 2 9 0 .2 0 0 0 9 .9 9 8 .9 9 5 2 .3 5 1 .8 2 1 .8 2 2 .0 2
45 1 .7 5 1 9 0 .2 5 0 6 1 2 .5 1 1 1 .3 0 5 1 .9 5 2 .2 2 1 .7 7 1 .9 6
46 1 .7 0 2 9 0 .3 0 2 6 1 5 .0 9 1 3 .6 6 5 1 .4 5 2 .7 2 1 .8 0 1 .9 9
47 1 .6 0 1 9 0 .4 0 1 9 2 0 .0 6 1 8 .2 6 4 9 .9 3 4 .2 4 2 .1 1 2 .3 2
48 1 .9 0 0 2 0 . 'iÔ i8 5 .0 8 4 .1 2 5 3 .1 6 1 .0 1 1 .9 9 2 .4 5
49 1 .8 0 5 7 0 .2 0 1 4 1 0 .0 3 8 .2 2 5 2 .1 5 2 .0 2 2 .0 1 2 .4 6
50 1 .7 4 9 8 0 .2 5 0 0 1 2 .5 0 1 0 .2 9 5 1 .6 5 2 .5 2 2 .0 2 2 .4 5
51 1 .6 9 9 8  ' 0 .2 9 9 5 1 4 .9 8 1 2 .3 9 5 1 .1 4 3 .0 3 2 .0 2 2 .4 4
52 1 .6 0 0 8 0 .4 0 2 4 2 0 .0 9 1 6 .7 9 4 8 .2 4 5 .9 3 2 .9 5 3 .5 3
53 1 .9 0 4 4 0 Ü Ô 2 4 5 .1 0 4 .1 7 5 3 .3 6 0 .8 1 1 .7 5 1 .9 4
54 1 .8 0 0 9 0 .2 0 2 3 1 0 .1 0 8 .3 3 5 2 .4 6 1 .7 1 1 .6 9 2 .0 8
55 1 .7 5 8 1 0 .2 5 1 0 1 2 .4 9 1 0 .3 5 5 2 .0 5 2 .1 2 1 .7 0 2 .0 4
56 1 .7 0 2 6 0 .3 0 1 9 1 5 .0 6 1 2 .5 4 5 1 .6 5 2 .5 2 1 .6 7 2 .0 1
57 1 .6 0 3 8 0 .4 0 2 1 2 0 .0 5 1 6 .8 6 5 0 .6 4 3 .5 3 1 .7 6 2 .1 0

Fractional distillation of the free acid, under reduced pressure 
and in an atmosphere of nitrogen, with rejection of a considerable 
first fraction, was finally resorted to and should preferably 
precede the lithium soap recrystallizations.

In the Scheffers lithium soap procedure, the successive re-

Km M o l .  W t .
1 .8 2  X 2 5 6  =  46 6  
1 .6 1  X  2 8 4  -  457

A v. 4 6 1 .5  

4 6 1 .5 /2 2 8  -  2 .0 2
crystallizations are made after combining fractions of like iodine 
value. For this purpose Scheffers withdraws samples from which 
he liberates and recovers the free acids for analysis. The 
lithium soaps, however, can be dried a t 110° C. without change 
and they are freely soluble in glacial acetic acid. Iodine values 
can therefore be taken directly on the lithium soaps, and much 
time and labor are thus saved.

The only satisfactory criterion of purity in the final oleic acid 
is to  separate it  by distillation through an efficient column into a 
number of fractions, all of which agree in iodine value with the 
theoretical. The product eventually obtained was a  sparkling 
liquid, perfectly colorless and odorless, w ith an iodine value of 
89.6.

D e t e r m i n a t i o n  o f  S p e c i f i c  D e p r e s s i o n  C o n s t a n t s

D ata  from  w hich m elting-point depression constants wrere 
com puted for solutions in  palm itic and  stearic  acids are 
given in  T able I . Sim ilar d a ta  are given in T able  I I  for 
m ixtures involving m yristic acid. T he calculated specific 
depression constants, K„, here defined as th e  lowering in 
degrees C entigrade per 10 per cen t by  w eight of solute, 
and the  m olar constants, K m, expressed in degrees C enti­
grade per 10 per cen t mole fraction  of solute, a re  also tab u ­
lated.

Inspection of T able  I  shows a t  once th a t  for e ither solvent 
a single m olar depression constan t applies, irrespective of 
the solute. R ejecting  th e  values for 20 per cent of solute, 
which are high in every case, nine values of K „  for palm itic 
acid average 1.81 w ith  an  average deviation of 0 .0 2 , and  nine 
values for stearic acid average 1.61 w ith  an  average devia­
tion also 0.02. D iscounting th e  results for only 5 per cent 
of solute, since these involve a  higher experim ental error, 
th e  accepted values are 1.82 and  1.61, respectively.

Using these m olar constants and th e  m olecular w eights 
of th e  solute acids, we arrive a t  th e  num erical values shown 
in F igures 2A and  2B for th e  respective specific depression 
constants. T he d a ta  points and  curves show how’ well 
and how far th e  m easured depressions follow' these constant 
slopes.

Since th e  m olar depression constants 1.82 and  1.61 for 
palm itic and  stearic  acids, respectively, are alm ost exactly 
in  th e  inverse ra tio  of th e ir m olecular w eights, i t  m ight 
seem reasonable to  expect th a t  th e  value of K n for m yristic 
acid would be found a t  abou t 2 .0 2 :

T h is value is approxim ated very  closely by  solutions of 
palm itic acid and oleic acid in  m yristic, b u t solutions of 
stearic  acid in m yristic  give a  h igher value— nam ely, 2.45. 
T he specific depression constan ts shown in Figure 2C for 
palm itic acid and  oleic acid were derived from  th e  m olar 
constan t 2.02  for m yristic  acid and  th e  m olecular w eights of 
the solute acids. F o r stearic  acid in m yristic , th e  value of 
K *  d irectly  m easured— nam ely, 2 .02— is showTi.

S a m p l e  A n a l y s i s

T he m anner of applying these depression constan ts in  the 
determ ination  of individual sa tu ra ted  acids is illu strated  in 
th e  following exam ple. T he  analy tical d a ta  are given in 
T able  I I I .

T a b l e  I I I .  D a t a , S a m p l e  A n a l y s i s

P a l m it ic S t e a r ic M y r is t ic

1 2 3 4 5 6

0 .1 4 0 4 0 .1 4 9 6 0 .1 4 1 2 0 .1 5 2 2 0 .1 4 5 7 0 .1 5 4 2

0 .8 6 0 0 0 .8 5 9 0 0 .8 6 7 8 0 .8 6 0 3 0 .8 8 9 0 0 .8 8 3 7

1 .0 0 0 4
1 4 .0 3

1 .0 0 8 6
1 4 .8 3

1 .0 0 9 0
1 3 .9 9

1 .0 1 2 5
1 5 .0 3

1 .0 3 4 7
1 4 .0 8

1 .0 3 7 9
1 4 .8 6

6 0 .1 2 6 0 .0 2 6 7 .1 8 6 6 .9 8 5 1 .4 4 5 1 .2 4

6 1 .9 3
1 .8 1

6 1 .9 3
1 .9 1

6 9 .2 1
2 .0 3

6 9 .2 1
2 .2 3

5 3 .8 8
2 .4 4

5 3 .8 8
2 .6 4

S o lv en t ac id  
M ix tu re  N o.
W eig h t of sam p le , 

g ram
W eigh t of so lv en t 

ac id , g ram  
W eigh t of m ix tu re , 

g ram  
P e r  ce n t sam p le  (a) 
M eltin g  p o in t of m ix­

tu re , ° C.
M e ltin g  p o in t of so l­

v e n t  ac id , 0 C. 
D epression , ° C . (L )

This sample was obtained in the commercial processing of 
tallow fa tty  acids. I t  is known therefore to be essentially a 
mixture of palmitic, stearic, and oleic acids, with, possibly, 
smaller amounts of linoleic and myristic whose net effect on the 
melting-point depression rates m ay be neglected. For solutions 
in palmitic acid, the specific depression constants for stearic and 
oleic are practically identical, the values found being 1.66 and 
1.67. Using the average value 1.665, wre arrive a t the following 
results for palmitic acid:

M ix t c h e  1 M ix t u r e  2 A v x k a o k

P er  c e n t n o t p a lm itic  in  m ix tu re  (10 L /
1.665) 10. S7 11 .47

P e r  c e n t s am p le  in  m ix tu re  (a) 1 4 .0 3  14 .83
P e r  ce n t s am p le  p a lm itic  in  m ix tu re  (6) 3 .1 6  3 .3 6
P e r  cen t p a lm itic  ac id  in  sam p le  (b/a) 2 2 .5  2 3 .2 22.8

In  calculating the percentage of stearic acid in the sample, 
the value of to be used will He between 1.62 for oleic and 1.77 
for palmitic a t a figure depending upon the proportions of these



two acids in the sample. Since the palmitic acid content is now 
known and the to tal acids other than stearic can be approxi­
mately determined by the use of a trial value, say 1.7, for the 
depression rate, the proper value of K„ to use can be determined 
as follows:

M ix t u r e  3 M ix t u r e  4 A v e r a g e  
P e r  c e n t ac ids o th e r  th a n  s tea r ic  in  sam ple

(10 L /1 .7  a) 8 5 .4  8 7 .4  =86.4
P e r  ce n t p a lm itic  ac id  in sam p le  . .  . .  2 2 .8

Kv, -  1.62 - f  (22 .8 /86 .4 ) (1.77 -  1.62) -  1.62 +  0.04 -  1.66

The results of the analysis for stearic acid are then as follows:

M ix t u r e  3 M ix t u r e  4 A v e r a g e  
P e r  ce n t n o t s te a r ic  in  m ix tu re  (10 L / l , 6 6 ) 12 .2 3  13 .42
P e r  c e n t s am p le  in  m ix tu re  (a) 13 .9 9  15 .03
P e r  ce n t s am p le  s tea r ic  in  m ix tu re  (b) 1 .76  1.61
P e r  ce n t s tea r ic  ac id  in  sam p le  (6/ a )  1 2 .6  1 0 .7  1 1 .6

For myristic acid the procedure is the same except tha t here 
three acids must be considered: palmitic, stearic, and oleic, for 
which the specific depression constants in myristic acid are 
respectively 1.82, 2.02, and 1.67. The approximate proportions 
of these three acids in the sample will determine the value of 
K w to  be used. Making use here of the figures 22.8 per cent 
palmitic, 11.6 per cent stearic and the free fa tty  acid value which 
was found by titration to be 99.3 per cent as oleic acid—i. e., 
99.3 per cent expressed on the basis of an average molecular 
weight of 282—the proper value of 7v„ is found as follows:

P e r  ce n t p a lm itic , as oleic (22.8 X  282 /256) 25 .1
P e r  ce n t s tea r ic , as oleic (11.6 X  282 /284) 1 1 .5

Sum  3 6 .6
P e r  ce n t to ta l  free f a t ty  ac ids, as oleic 9 9 .3
P e r  ce n t rem ain in g  ac ids, la rgely  oleic, as o leic 6 2 .7

% K»
P a lm itic  ac id  2 2 .8  X  1 .8 2  -  4 1 .5
S tea ric  ac id  1 1 .6  X  2 .0 2  -  2 3 .4
Oleic ac id  6 2 .7  X  1 .6 7  -  104 .6

9 7 .1  1 6 9 .5 /9 7 .1  «  1 .75

The results for myristic acid are then as follows:

M ix t u r e  5  M ix t u r e  6  A v e r a g e

P e r  ce n t n o t m y ris tic  in  m ix tu re  (10 L f
1.75) 1 3 .9 3  15 .1 0

P e r  cen t s am p le  in  m ix tu re  (a) 14 .0 8  14 .8 6  . . .
P e r  ce n t sam p le  m y ristic  in  m ix tu re  (6) 0 .1 5  —0 .2 4
P e r  ce n t m y ris tic  ac id  in  sam p le  (6/ a )  1 .1  —1 .6  —0 .2

W hile very  close checks are often obtained, th e  mixed- 
m elting-point results are no t accurate  to  more th an  a  few 
per cent. E specially  in determ ining small am ounts of acid, 
duplicate  analyses m ay fail to  agree 'within 5 per cent or even 
m ore. T he values here found for m yristic  acid are to tally  
w ithout significance except to  show th a t  m yristic acid is 
p robably  absen t from  th is sam ple.

I t  might a t  first appear th a t these low results for myristic acid 
m ust necessarily follow from the fact th a t there has been no 
allowance for myristic acid in determining the value of K w em­
ployed. On the contrary, however, one might allow for a con­
siderable percentage of myristic acid, say 15 per cent, without 
greatly affecting either the value of th a t would be chosen 
or the final analytical results. Thus, if the acids determined 
above, by difference, as 62.7 per cent oleic are assumed to con­
sist of only 47.7 per cent oleic and 15 per cent myristic (as oleic), 
the to tal percentage of acids other than myristic becomes 82.1 
instead of 97.1, their total per cent X A'„ product becomes 144.6, 
the resulting value of K w becomes 1.76, and the calculated per­
centages of myristic acid in the sample are 1.6 and —0.95, averag­
ing 0.3 per cent. Of course, should the sample prove to  contain a 
considerable percentage of myristic acid, this must also be taken 
into account when estimating K„ values to be used in deter­
mining the other saturated acids.

I m p o r t a n c e  o f  P r o p e r  S e l e c t i o n '  o f  K w  V a l u e s

T he resu lts obtained  by  th is m ethod are dependent, in 
p a rt, upon th e  proper selection of the  K *  value to  be used 
in  each case and  th e  determ ination  of th is value, which is 
based on th e  specific depression constants for the  pure acids, 
as indicated  above, requires also some prelim inary knowledge 
of th e  chief constituen t f a t ty  acids present and  the ir ap ­
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proxim ate proportions. T he analyst will usually  have 
sufficient inform ation of th is so rt ab o u t his sam ples to  lead 
him  to  th e  p roper constants. I f  no t, however, th e  approxi­
m ate  composition is readily  obtained by  a prelim inary 
exam ination of the  m elting-point d a ta , using tria l constants.

I t  is n o t likely, therefore, th a t  an y  considerable error in  the 
assignm ent of /v„ values will be, m ade. N evertheless, 
it  is of in terest to  no te  th e  m agnitude of th e  errors th a t  can 
be introduced in to  the  final results b y  the  use of wrong con­
stan ts.

Let us assume th a t the sample being analyzed consists en­
tirely of palmitic and stearic acids and that, after mixing with 
pure stearic acid, the composition of the mixture is 85 per cent 
stearic and 15 per cent palmitic. The melting-point depression 
is 2.66 degrees. The proper K „ value to use is 1.77. Suppose, 
however, th a t the value 1.70 is used instead. The calcination 
would then indicate 10 X 2.66/1.70 or 15.65 per cent of acids 
other than stearic and therefore 84.35 per cent of stearic acid in 
the mixture. Expressed as a  percentage of the original sample, 
the error would be considerably magnified, depending upon the 
ratio of sample to pure acid used in making up the melting-point 
mixture or, in other words, upon the percentage of stearic acid 
in the sample. The proportions it might thus reach are shown 
in Table IV, where five different cases are assumed.
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T a b l e  IV. E f f e c t  o f  E r r o r  o f  0 .0 7  m  V a l u e  o f  A '„

C o m p o s it io n  o r
M ix t u r e F o u n d C a l c u - E r r o r  in

S t e a r ic P u re S t e a r ic i n l a t e d  i n  P e r  C e n t
A c id  i n stea ric S am ple A c id  in M ix t u r e S a m p l e of
S a m p l e a 6 M ix t u r e c (c — a)/b S a m p l e

% % % % % %
5 84 .21 15 .79 85 8 4 .3 5 0 .9 4 .1

1 0 8 3 .3 3 16.67 85 8 4 .3 5 6 . 1 3 .9
2 0 8 1 .2 5 18 .75 85 8 4 .3 5 1 6 .5 3 .5
50 70 • 30 85 8 4 .3 5 4 7 .8 2 . 2
80 25 75 85 8 4 .3 5 7 9 .1 0 .9

Large errors such as these are  therefore possible, particu ­
larly  where low percentages of th e  acid being determ ined are 
present in  the  sam ple. T hey  are, however, greatly  reduced 
by  m ore careful selection of th e  constan t used.

E f f e c t  o f  N e u t r a l  F a t  i n  S a m p l e

T he effect of th e  presence of neu tra l fa t in th e  sam ple 
analyzed m ay  be judged from  th e  m elting-point depressions 
caused by  pure triglyceridcs in palm itic and  stearic acids. 
T able V gives the  resu lts  of such m easurem ents for three 
pure glycerides, sam ples of w hich were m ade available 
th rough  the  courtesy of C . G. K ing of th e  U n iversity  of 
P ittsbu rgh  C hem istry  D epartm en t.

T a b l e  V . M e l t i n g - P o i n t  D f.p r e s s i o n s  C a u s e d  b y  
N e u t r a l  F a t

F a t
(S o l u t e )

W e ig h t  
A c id  F a t

_  D e p r e s s io n  
P e r  C e n t  S o l u t e  p e r  10 
W e ig h t  M o le  M e l t in g  D e p r e s - P e r  C e n t  
p e r  c e n t  p e r  c e n t  P o in t  b io n  K  w Km.

Gram Gram ° C. ° C.
i n  p a l m it ic a c id  ( m e l t in g POINT 61.93°)

T r im y r i s t in 0 .8 3 3 2  0 .1 4 4 5  
0 .8 5 7 7  0 .1601

14 .7 9
15 .73

5 .8 0
6 . 2 2

6 0 .9 3
6 0 .7 8

1 .0 0
1 .1 5

0 .6 8  1 .7 2  
0 .7 3  1 .8 5

T r is t e a r in 0 .8 6 1 6  0 .1 5 1 5  
0 .9 1 3 9  0 .1 4 6 6

14 .95
13.81

4 .8 1
4 .4 1

6 0 .9 6
6 1 .0 8

0 .9 7
0 .8 5

0 .6 5  2 .0 1  
0 .6 1  1 .9 3

P a lm i to - d i -
m y r i s t i n

0 .8 4 9 6  0 .1 3 8 4  
0 .6 3 6 8  0 .0 9 4 5

1 4 .0 0
12 .92

5 .2 6
4 .8 3

6 0 .9 3
6 1 .0 3

1 .0 0
0 .9 0

0 .7 1  1 .9 0  
0 .7 0  1 .8 6

A v e ra g e  1.88
i n  s t e a r ic ACID (MELTING POINT 69.21°)

T r im y r i s t in 0 .8 6 2 3  0 .1 4 0 2  
0 .8 8 3 8  0 .1 5 0 6

1 3 .9 8
14 .5 3

6 . 0 0
6 .2 6

6 8 .2 9
6 8 .1 9

0 .9 2
1 . 0 2

0 .6 6  1 .5 3  
0 .7 0  1 .6 3

T r is t e a r in 0 .8 8 0 7  0 .1 3 8 4  
0 .8 5 8 5  0 .1 5 3 7

13 .59
15 .17

4 .7 8
5 .4 0

6 8 .4 9
6 8 .3 3

0 .7 2
0 . 8 8

0 .5 3  1 .51  
0 .5 8  1 .6 3

P a lm i to - d i -
m y r i s t in

0 .8 3 1 3  0 .1 0 9 9  
0 .8 6 5 5  0 .1 5 3 6

11 .69
15 .0 8

4 .7 7
6 .3 1

6 8 .3 9
6 8 .1 9

0 .8 2
1 . 0 2

0 .7 0  1 .7 2  
0 . 6 8  1 .62

A v e ra g e  1 .61

T he m olar depression constan ts here obtained  for palm itic 
and  stearic  acids are approxim ately  th e  sam e as those found 
w hen using fa t ty  acids as solutes. A greem ent am ong th e  
presen t results is less close because th e  m olar percentages of
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so lu te  p resen t in  th e  m ixtures m ade up, and  consequently 
the  to ta l depressions observed, were in all cases sm all. I t  is 
ap p aren t, however, th a t , as com pared w ith  th e  effect of an 
«qual w eight of free fa t ty  acids, neu tra l fa t causes only 
th ree - or fou r-ten ths as m uch depression of th e  m elting point,

th e  to ta l free fa tty  acid, as oleic, determ ined by titra tion . 
T he th ree  com ponents are  th en  expressed as percentages of 
the ir to ta l. F o r the p resen t sam ples, these conversions are 
indicated  in T able  V III , th e  las t th ree  colum ns giving the 
coordinates of th e  poin ts laid down in Figure 3. •

G r e a s e s

In  te rm s  of p a lm itic  ac id , s te a r ic  ac id , a n d  oleic ac id  (p lu s  o th e rs)  b y  
difference

depending upon th e  n a tu re  of th e  glyceride or glycerides 
present. T he effect is th u s to  cause th e  mixed-m elting-point 
m ethod  to  give resu lts th a t  a re  high b y  a  fraction of th e  
am o u n t of th e  n eu tra l fa t present.

A p p l i c a t i o n  t o  S t u d y  o f  T e c h n i c a l  M i x t u r e s

As an example of th e  application  of th e  mixed-m elting- 
p o in t m ethod to  technical fa t ty  acid m ixtures, we m ay  con­
sider the  results of analyses for palm itic and  stearic acids 
m ade on sam ples of th e  following six raw  greases w hich en ter 
th e  m anufacture  of comm ercial fa t ty  acids: (1) hard  grease 
(tallow s), (2) brow n grease, (3) garbage grease, (4) palm  oil, 
(5) oleostearin, and  (6) hydrogenated  cottonseed stearin .

T he fa tty  acids from  these stocks were obtained by  Tw itch- 
ell saponification of th e  fats in  200-pound batches following 
th e  regular comm ercial procedure. T hey  were n o t distilled.

T iter, free f a t ty  acid, iodine, and thiocyanogen iodine 
values are given in  T able VT, together w ith th e  percentages 
of oleic and  linoleic acids calculated from  the tw o la tte r  
determ inations. T he m ixed-m elting-point d a ta  and results 
are tabu la ted  in  T able  V II.

T he triangu lar diagram  show n in Figure 3 affords a  con­
venient m ethod for recording and com paring th e  fa tty  acid 
compositions of different sam ples. T he to ta l free fa tty  
acids are here expressed in  term s of th e  th ree com ponents, 
palm itic acid, stearic acid, and  oleic acid (plus others) by 
difference. T he la tte r  value is obtained by  converting the 
percentages of palm itic acid and stearic acid to  th e ir equiva­
len t percentages as oleic and  sub trac ting  th e ir sum  from

T a b l e  VI. A n a l y s e s  o r F a t t y  A c i d  M i x t u r e s  f r o m

T ite r , 0 G.
F re e  f a t ty  ac id s (as 

o leic), %
Io d in e  va lue  
T h iocy an o g en  iod ine  

v a lu e  
L inoleic  ac id , %  
O leic ac id , %

T a b l e  V II. M i x e d - M e l t i n g - P o i n t  R e s u l t s ,  F a t t y  
A c i d s  f r o m  S t o c k  G r e a s e s

T y p i c a l  S t o c k  G r e a s e s

H a r d B r o w n G a r b a g e P a lm O l e o -
C o t t o n ­

s e e d
G r e a s e G r e a s e G r e a s e O il b t e a r in  S t e a r in

1 2 3 4 5 6
4 2 .8 0 4 0 .1 0 3 7 .1 0 4 3 .6 0 5 0 .3 0 6 0 .0 0

9 7 .7 9 9 6 .1 6 9 3 .4 8 9 9 .4 6 9 7 .8 8 9 9 .7 4
4 7 .1 0 5 7 .1 0 6 3 .6 6 5 3 .7 4 2 4 .6 4 6 .5 4

4 0 .4 6 4 5 .8 0 4 7 .7 5 4 3 .5 4 2 2 . 1 2 6 .3 4
7 .3 5 12 .4 8 17 .56 11.26 2 .7 8 0 .2 3

37 .5 6 3 8 .3 6 3 5 .4 0 3 7 .0 7 2 1 .8 0 6 .8 1

S t o c k

1

M ix t u r e s  w it h  
M e lt in g  

S a m p le  p o in t
% ° c.

1 6 .0 3  6 0 .5 2  
18 .0 1  6 0 .2 2

P a l m it ic  A c id  
D e p re s ­

s io n  P a lm i t ic
° c. %
1 .8 8  2 9 .7  
2 .1 8  2 7 .3

M ix t u r e s  w it h  S t e a r ic  A c id  
M e lt in g  D e p re s -  

S a m p le  p o i n t  s io n  S te a r ic  
%  0 C. ° C. %  

16 .01  6 7 .0 9  2 .2 3  1 6 .6  
18 .0 0  6 6 .7 7  2 .5 5  1 5 .2

2 8 .5 1 5 .9
2 16 .01

1 7 .9 8
13 .96

60 .5 1
60 .3 1
6 0 .7 2

1 .8 9
2 .0 9
1 . 6 8

2 9 .1
3 0 .2  
2 7 .7  
2 9 .0

15 .99
17.95
19 .97

6 7 .0 3
6 6 .7 7
6 6 .4 7

2 .2 9
2 .5 5
2 .8 5

1 4 .3
1 4 .9
1 4 .5
1 4 .6

3 8 .9 9
10 .99
12 .9 8

6 1 .3 3
6 1 .0 6
6 0 .8 3

1 .07
1 .3 4
1 .57

2 8 .5  
2 6 .8  
2 7 .3
2 7 .5

9 .9 8
11 .0 6
1 1 .9 8

6 7 .9 9
67 .7 9
67 .6 1

1 .33
1 .5 3
1 .71

2 0 . 2
17 .2  
14 .5
17 .3

4 17 .9 8
2 0 . 0 1

6 0 .6 3
6 0 .4 2

1 .77
1 .9 8

4 0 .9
4 0 .6
4 0 .7

15 .01
16 .96

6 6 .9 8
6 6 . 6 8

2 .3 4
2 .6 4

7 .4  
7 .6
7 .5

5 1 7 .9 5
2 0 . 0 1

6 0 .3 4
6 0 .0 7

2 .0 6
2 .3 3

3 1 .1
3 0 .1  
3 0 .6

2 0 . 0 0
2 2 . 0 1

6 7 .0 9
6 6 .7 8

2 .2 3
2 .5 4

3 3 .9
3 1 .5
3 2 .7

6 19 .97
2 2 . 0 1

59 .9 9
59 .6 1

2 .4 1
2 .7 9

2 7 .5
2 3 .9

2 5 .7

2 2 .0 4
2 4 .0 5

6 7 .8 8
6 7 .7 8

1 .4 4
1 .54

6 2 .0
6 2 .8
6 2 .4

In  addition  to  th e  ruled coordinates the  triangu lar diagram  
carries constan t-tem pera tu re  curves showing th e  solidifying 
points of te rn ary  m ixtures of palm itic, stearic , and  oleic 
acids, draw n according to  th e  d a ta  of C arlin fan ti and Levi- 
M alvano (4)- As pointed  ou t by  L apw orth  and  Pearson (6), 
th e  oleic acid used by  these experim enters could n o t have 
been of high p u rity , so th a t  th e  position of these curves can 
only be considered roughly approxim ate. However, if the 
sam ples analyzed and p lo tted  on th e  tr iangu la r d iagram  actu ­
ally  contained, in  addition  to  palm itic and  stearic acids, 
only oleic acid, th e ir positions w ith  relation  to  th e  constan t- 
tem pera tu re  lines should agree a t  least approx im ately  w ith 
th e ir tite rs .

T he close agreem ent, in solid acid content, betw een stocks 
1, 2, and 3 is of particu lar in terest. T hey  are identical 
w ith in  th e  lim its of m easurem ent by  th e  m ixed-m elting-point 
m ethod, y e t in  general character and  behavior in  th e  p lan t 
these stocks are w idely different. I t  will be seen th a t, if 
th e ir tite rs  and iodine values are com pared w ith  th e  values 
th a t  w ould be expected according to  F igure 3, stock 1 ap ­
pears to  be abou t properly placed, b u t stocks 2 and 3, having

T a b l e  V III. C o m p a r i s o n  o f  F a t t y - A c i d  C o n s t i t u e n t s  o f  S i x  S t o c k  G r e a s e s

P e r  C e n t P e r  C e n t E q u iv a l e n t

P e r  C e n t  
F r e e  F a t t y  

A c id  a s

P e r  C e n t  
O l e ic  

( +  O t h e r s ) 
b t

T o t a l
F a t t y P e r c e n t a g e  C o m p o s it io n  o f

N o. P a l m it ic S t e a r ic P e r  C e n t  a s  O l e ic O l e ic DIFFERENCE A c id s T o t a l  F a t t y  A c id s

P S P « / O -  /  -  p  -  * T - P + S + O P / T S / T  O /T
1 2 8 .5 1 5 .9 3 1 .4 1 5 .8 9 7 .8 5 0 .6 9 5 .0 3 0 .0 1 6 .7  5 3 .3
2 2 9 .0 1 4 .6 3 1 .9 1 4 .5 9 6 .2 4 9 .8 9 3 .4 3 1 .1 1 5 .6  5 3 .3
3 2 7 .5 1 7 .3 2 9 .2 1 7 .2 9 3 .5 4 7 .1 9 1 .9 2 9 .9 1 8 .8  5 1 .3
4 4 0 .7 7 .5 4 4 .9 7 .4 9 9 .5 4 7 .2 9 5 .4 4 2 .7 7 .8  4 9 .5
5 3 0 .6 3 2 .7 3 3 .7 3 2 .5 9 7 .9 3 1 .7 9 5 .0 3 2 .2 3 4 .4  3 3 .4
6 2 5 .7 6 2 .4 2 8 .3 6 2 .0 9 9 .7 9 .4 9 7 .5 2 6 .4 6 4 .0  9 .6



January  15, 1934 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 7

higher iodine values and lower titers, call for positions nearer 
the vertex  0 .  T he explanation, of course, lies in th e  presence 
of a  considerable percentage of linoleic acid in th e  liquid acids 
of these stocks. T he effect of linoleic acid on the shape of 
th e  t i te r  surface, of which the constant-tem perature lines 
represen t projected contours, has been discussed in P a rt I  
of th is  series (IS). The position of stock 4 also reflects an 
appreciable linoleic acid content.

T he composition of any m ixture of these stocks can be 
determ ined graphically on the diagram . Differences in 
behavior am ong such m ixtures can th u s be considered in 
relation  to  specific differences in fa tty  acid composition.

T he usefulness of this type  of d a ta  in the  study  of p lan t 
processes in  the  fa tty  acid industries will be readily apparent.
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Examination of the Phenols of a Low- 
Temperature Goal Tar

S. C a p l a n ,  J. R o s s ,  M . G. S e v a g ,  a n d  T . M . S w i t z ,  Com bustion U tilities Corporation, Linden, N . J.

The commercial utilization of low-lemperature tar 
icould remove one of the chief obstacles to the estab­
lishment of low-lemperature carbonization proc­
esses in this country. This prim ary tar is a unique 
source of high-boiling phenols, concerning whose 
chemical structure there has been considerable con­
jecture but little data.

M ore exact knowledge of the constitution of these 
phenols would serve to indicate those industrial

TH E  large proportion of high-boiling constituents is a 
well-known characteristic of low -tem perature tar, 
particu larly  of th e  phenolic portion of the distilled 

ta rs . T h u s th e  outstanding  point of difference between 
h igh-tem perature or coke-oven ta r  phenols and the phenols 
of low -tem perature ta r  is th e  relative proportion of low- and 
medium -boiling constituents, as shown in T able I.

C o m p o s i t i o n  o f  C o k e - O v e n  a n d  P r im a r y  
T a r  P h e n o l s

180- 2 1 0 - 2 2 5 - 28 0 -
210° C . 225° C . 280° C . 320° C. P it c h

% % % % %
60 15 1 0 7 8

9 24 2 2 15 30

T a b l e  I.

C oke-oven  ta r  phenols 
P r im a ry  ta r  pheno ls

A lthough th e  phenols above the xylenol range form approxi­
m ately  66 per cent of the  ta r  acids of low -tem perature tar, 
no exact knowledge of their constitu tion  or structure  is 
available. T he phenols up  to  and including th e  xylenol 
range have been studied by m any investigators, bu t frac­
tions above 225° C . have received little  a tten tion .

Gluud and Breuer (S) made cresoxyacetic acid derivatives of a 
fraction boiling from 237° to  241° C. and from the analyses 
showed th a t the phenol approximated the formula CsH,20  which 
they considered indicated trimethylphenol. Avenarius (/), 
however, from consideration of analyses of allophanic acid deriva-

markets in which they might be u tilized as a new raw  
material. I t  is now shown that the fraction of these 
tar acids boiling up to 260° C. consists of homo­
logs of phenol in which the a lkyl groups are largely 
in a mela position  to the hydroxyl group. The 
methods used in separating individual phenols from  
groups of isomers are presented and two of the 
phenols are identified as mesitol and 3-methyl-5- 
ethylphenol.

tives concluded th a t the low hydrogen content indicated presence 
of unsaturated side chains in this series, as did Weindel (11) who 
made analyses of the acetyl esters. Steinkopf and Hopner (8) 
stated th a t some of the phenols above the cresols evidently con­
tained side chains longer than the methyl.

Morgan and Soule (6) carefully fractionated the whole range 
of phenols from both a low-temperature ta r and a coke-oven tar 
and plotted curves of specific gravities versus the mean boiling 
points of the respective fractions. These curves (Figure 1) show 
a well-defined minimum point and also indicate th a t the Carbo- 
coal ta r phenols are lower in density than the corresponding frac­
tions of coke-oven ta r  over almost the entire range. Regarding 
these curves, Morgan and Soule state: “The decrease in specific 
gravity of the phenols as the boiling point increases indicates the 
presence of aliphatic side chains of lower density attached to  the 
phenol nucleus—e. g., cresols and xylenols. In  the higher 
homologs a sharp rise in density and a notable increase in the 
viscosity of the fractions m ark the appearance of a- and (3- 
naphthols in the high-temperature phenols, and bicyclic com­
pounds a t least in the low-temperature phenols.”

P r e p a r a t i o n  o f  F r a c t i o n s

In  th e  p resent investigation th e  phenols boiling from  220° 
to  260° C . have been exam ined, particu larly  to  determ ine 
th e  changes in  composition responsible for the shape of the 
specific gravity -bo iling  po in t curve as noted by  M organ 
and  Soule (6)— i. e., th e  inflection point— and th e  appreciable 
differences in  density  of corresponding fractions of th e
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phenols of high- and low -tem perature ta r . T he ta r  acids 
studied  were obtained from a  low -tem perature ta r  produced 
during some large-scale te s ts  on th e  D oherty  complete 
gasification process a t  Toledo, Ohio, M ay to  N ovem ber, 1925. 
T h is ta r  is usually  known as H ydrogas ta r .

T he crudc pri­
m ary  ta r  was dis­
tilled from  a 1000- 
gallon (3785-liter) 
s t i l l  to  a p i t c h  
residue of 71° C. 
m elting point, and 
th e  phenols were 
e x t r a c t e d  f ro m  
1464 gallons (5541 
liters) of d istillate 
w ith caustic soda, 
care being taken  to  
elim inate h y d r o ­
carbon oils from 
th e  p h e n o la t e  
solution by  agita­
tion  w ith benzene 
followed b y  steam  
distillation. I n  
order to  sp lit up  
th e  whole range of 
t a r  a c id s  in to  
sm aller fractions, 
t h e  a c id s  w e re  
fractionally  d i s ­
t i l l e d  u n d e r  re­
d u c e d  p r e s s u r e  

using a  50-gallon (189-liter) iron still w ith  a  fractionating  
column, G feet (180 cm.) long and 6 inches (15 cm.) in  diam e­
ter, filled w ith  1-inch (2.5-cm.) Raschig rings. D uring the 
d istillation the  pressure averaged 53 mm .

T a b l e  II. A n a l y s i s  o f  T a r

So. g r. a t  2 5 /2 5 °  C . 1 .03
“ F ree  c a rb o n "  0 .7 1 %
D is til la tio n  en d  p o in t a t  50 p e r  ce n t off b y  v o lum e 330° C.
P itc h  m e lting  p o in t (cu b e-in -w a te r) a t  50 p e r  ce n t off by

v o lum e 40 °  C .
S d . g r. of d is ti lla te  a t  2 5 /2 5 °  C . 0 .9 6
T a r  ac id  c o n te n t of d is ti l la te  2 1 .6 %
N itro g en  bases in  d is ti lla te  3 .0 %
Sp. gr. of n e u tra l oil a t  2 5 /2 5 °  C , 0 .9 1
S u lfo n a tio n  res idue , p e r  ce n t of n e u tra l oil 3 0 .0

G reat a tten tio n  was paid to  efficient fractionation , w ithout 
which th e  separation  by  d istillation  of even fairly simple 
m ixtures is valueless and  misleading. A fter several tes ts  a 
fractionating  colum n was finally designed th a t  gave excellent 
results. T his was a  modification of the colum n described by 
P eters and B aker (7). Using th is column a t  atm ospheric 
pressure, several of th e  cu ts obtained in  th e  large-scale dis­
tilla tion  in  vacuo were subjected to  repeated  fractionations. 
In  the  first fractionation, tw o 15° cu ts were separated . The 
first, boiling a t  225° to  240° C., was selected because i t  
contained th e  phenol corresponding to  th e  m inim um  point of 
th e  specific g rav ity -bo iling  po in t curve, while th e  fraction  
boiling a t  240° to  255° C . was taken  as being well up  on the 
rising p a rt of th is  curve and  hence in  th e  range in  which clues 
m ight be found to  account for th e  difference in  density  of 
corresponding fractions of high- and  low -tem perature ta r  
phenols. D uring  th e  succeeding fractionations th e  cu ts 
w ere m ade narrow er and  narrow er, un til in  th e  six th  and  
final distillation of th e  original 225° to  240° C. cu t 0 .5° cuts 
were taken , as was also the  case in  th e  fifth and las t fractiona­
tion  of th e  240° to  255° C . portion. T he largest fraction

obtained boiled a t  234° to  234.5° C., which coincides w ith 
the po in t of m inim um  density , so th a t  this fraction  was used 
for th e  a tte m p t to  isolate individual com pounds and to  
study  the ir chemical structures.

T h a t th e  fractionation  of th e  ta r  acids used in th is w ork was 
fairly efficient is evidenced b y  th e  fac t th a t  the specific 
g rav ity -bo iling  po in t curve (Figure 2) shows to  a slight extent 
th e  irregularities obtainable by  sp litting  a com plete se t of 
isomers in to  its  constituen ts or in to  several groups of con­
stituen ts.

D uring each fractionation  of the tw o 15° cuts, “ spot cu ts ,” 
consisting of a  few drops each, were taken  a t  close in tervals 
for the  determ ination  of refractive indices. T he curves ob­
tained  by  p lo tting  these d a ta  assisted in following th e  progress 
in separation  m ade by  each fractionation , and th e  curves for 
the  final fractionations are shown in Figure 2  together w ith a 
curve of specific g ravities of th e  individual cuts. I t  will be 
observed th a t  bo th  the refractive index and the specific 
g rav ity  curves show d istinc t m inim a, as in the  curve 
of M organ and  Soule. T his po in t of inflection was con­
sidered by C urtis and Beekhuis (2) to  indicate the appear­
ance above th a t  po in t of d ihydric phenols in appreciable 
quan tity .

C h a r a c t e r i s t i c s  S t u d i e d

D e h y d r o g e n a t i o n  a n d  D e o x y g e n a t i o n .  P artia l hydro­
genation of th e  nucleus is one of th e  possible differences of 
struc tu re  th a t  m ight account for th e  observation of M organ 
and Soule th a t  phenols of low -tem perature ta r  have lower 
densities th an  phenols of th e  sam e boiling point from high- 
tem pera tu re  ta r . In  order to  te s t th is point, several frac­
tions betw een 250° and 260° C . were passed over a  nickel- 
tho ria  ca ta ly st a t  350° C. T he gas liberated  was negligible, 
w hereas w ith te trahyd ronaph tho l and te trahydronaph thalene 
alm ost theoretical yields of hydrogen were obtained, to ­
gether w ith  naphthol in one case and naphthalene in  the 
o ther. T his excludes the possibility of th e  presence of 
polynuclear phenols, since the  naphtho ls them selves boil 
above 280° C., whereas the failure to  liberate hydrogen rules 
o u t th e  hydrogenated  naphthols.

B y deoxygenation th e  paren t hydrocarbon can be ob­
tained. An active carbon ca ta lyst in the presence of hydro­
gen was found to  give b e tte r results and a t  a  lower tem pera­
tu re  th a n  th e  classical zinc-dust m ethod of B aeyer. In  each 
case only sm all yields of hydrocarbons were obtained and these 
were m ixtures of a  num ber of com pounds as indicated by 
th e  wide boiling range, so th a t  no definite conclusions could 
be draw n from these tests.

S o l i d  D e r i v a t i v e s .  A ttem p ts were then  m ade to  pre­
pare various solid derivatives in  order to  characterize th e  
phenols m ore definitely and  to  aid  in the separation of isomers 
by  fractional crystallization. T he phenoxyacetic acids, 
by  reaction of th e  phenols w ith chloroacetic acid, had been 
employed by  G luud and B reuer (3) in  th e  identification of the 
lower-boiling phenols of low -tem perature ta r  and had  la ter 
been applied by  Steinkopf and H opner (8) to  the  xylenols. 
H owever, when th is m ethod was used w ith th e  higher-boiling 
liquid fractions of ta r  acids being studied in  th e  present 
investigation, th e  reactions were violent and th e  products 
consisted largely of noncrystallizable oils. M uch m ore 
satisfactory  results were had  w ith th e  preparation  of the 
phenylurethans and  naph thy lu re thans, which were also em­
ployed by  S teinkopf and H opner. M olecular w eight deter­
m inations and  u ltim ate  analyses of th e  u re thans indicated 
th a t  the  fraction boiling a t  234° C. could be represented by  
th e  form ula C jH nO. Brom o derivatives of th e  234° C. 
fraction were obtained in  crystalline form  and on analysis 
confirmed th e  form ula C jH uO  for th is cut.

F i g u r e  1 . B o i l i n g  P o i n t  v s . S p e ­
c i f i c  G r a v i t y  o p  F r a c t i o n s  o f  

P h e n o l s  f r o m  V a r i o u s  T a r s

1. C oke-oven  ta r  pheno ls (M o rg an  an d
Soule)

2. C arbocoal ta r  phenols (M o rg an  a n d  Soule)
3. H y d ro g as  ta r  pheno ls (M o rg an  an d

M eigh&n)
4. L o w -te m p era tu re  ta r  pheno ls  (p resen t

investiga tion )
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M o l e c u l a r  W e i g h t s  o p  F r a c t i o n s .  T he molecular 
w eights of th e  phenol fractions were determ ined indirectly 
by the cryoscopio m ethod using th e  m ethyl e ther of the 
phenol in benzene solution. T his m ethod was found to  be 
m ore reliable and accurate than  the hydrogen equivalent 
m ethod, using sodium and the toluene solution of the free 
phenol (5). A fter th e  th ird  distillation the molecular weights 
of all of th e  5° C. fractions were determ ined. U nusually 
high values obtained for the fraction 220° to  225° C., which 
is in  the xylenol range, showed th a t a large percentage of 
phenols of m olecular w eight higher th an  122 m ust be present 
in  th is fraction. T his fraction was therefore examined more 
thoroughly and th e  trim ethylphenol, m esitol, separated 
from  the xylenols by  th e  m ethod given below.

S e p a r a t i o n  b y  F r a c t i o n a l  L i b e r a t i o n  a n d  E x t r a c t i o n .  

T he degree of hydrolysis of the sodium salt of a  phenol in 
aqueous solution, and the partition  of the phenol itself be­
tween two solvents, such as ether and w ater, are known to  be 
functions of the  chemical constitu tion  of the phenol con­
sidered. F ractional precipitation by  successive addition of 
sm all portions of acid to  the sodium phenolates has been 
applied to  th e  separation of phenols, cresols, and xylenols by 
previous w orkers. Vavon and Zaharia (9) examined various 
syn thetic  phenols and found th a t all phenols could be ex­
trac ted  by  e ther from the aqueous solution of their sodium 
salts. T he percentage of phenol th a t  was extracted by  the 
e ther varied greatly  according to  th e  constitution of the 
phenol. N o tab ly  m any ortho and diortho compounds were 
alm ost com pletely extracted by  th e  e ther in  one extraction, 
dem onstrating  th e  high degree of hydrolysis of their sodium 
salts. A m ore recent paper on the use of th is method presents 
q u an tita tiv e  d a ta  for a num ber of phenols and indicates com­
m ercial possibilities (4).

A m ethod of separation combining fractional precipita­
tion  and extraction  by  ether of the phenols from their sodium 
salts was used in the exam ination of th e  phenols boiling 
over th e  range 220° to  225° C., proving them  to consist of a 
m ixture of mesitol and xylenols. T he mesitol was identified 
by  preparation  of th e  dibromide, and by mixed m elting 
po in t of th is w ith a  synthetic specimen of m esitol dibromide.

O x i d a t i o n  o f  S i d e  C h a i n s .  Although the fractions 
examined evidently  consisted of homologs of phenol, the 
num ber, position, and length of the alkyl side chains were 
y e t to  be determ ined, w ith the evidence strongly in favor of a 
single long side chain for the  234° C. fraction, since i t  oc­
curred a t  th e  inflection point of the specific gravity  and re­
fractive index curves. For th is determ ination, recourse 
was had to  conversion of the alkyl groups in to  carboxyl 
groups.

T he fraction  boiling a t  234° C. was in th is w ay converted 
to a  dicarboxym ethoxy derivative whose iden tity  w ith 1- 
m ethoxy-3,5-dicarboxybenzene was proved by a mixed- 
m clting-point determ ination  w ith a  sample of th is acid ob­
tained  synthetically  from another source. Since th e  original 
ta r  acid has been shown by  several different m ethods to 
consist largely of a  phenol having the  form ula C9H 12O, the 
la tte r  m ust be m -m ethylethylphenol.

OH OCH, OCH,

T he fractions above the  234° C . cu t were found to be much 
m ore resistan t to  oxidation w ith alkaline perm anganate, 
which observation would cast doubt on th e  existence of either 
long side chains o r unsatu ra ted  side chains on th e  nucleus of 
these higher boiling phenols.

P r o b a b l e  C o m p o s i t i o n  o f  T a r  A c i d s  235° t o  260° C .

E very  tes t th a t  has been applied to the fractions of these 
low -tem perature ta r  acids up  to  260° C. has failed to  show any  
structu ral differentiation betw een them  and th e  corresponding 
fractions of ta r  acids from h igh-tem perature ta r . A  series 
of cuts of the high-tem perature ta r  phenols were prepared 
for th is comparison from a 10-gallon (37.85-liter) sam ple of 
“ carbolic ta r”— the still residue of coke-oven ta r  phenols 
after rem oval of the cresols and  xylenols— which was ob­
tained through the courtesy of th e  B arre tt Com pany. B u t 
nevertheless there  rem ain to  be explained the m arked differ­
ences in physical properties, in the  density  and  refractive 
index.

A ra ther simple explanation to  account for the relatively  
low density  of the prim ary  ta r  phenols occurs to  the  authors. 
This consists, in  brief, in the  supposition th a t  in each group 
of phenol homologs the  isomers which predom inate in th e  low- 
tem perature  ta r  acids are those having the alkyl side chains 
m eta  or para  to  each o ther, while in th e  h igh-tem perature 
ta r  acids an ortho  grouping of the same alkyl chains pre­
dom inates. E xam ination in  the lite ra tu re  of th e  only group 
of arom atic homologs for which fairly com plete density  
figures are available, the polym ethylated benzenes, reveals 
ra th er strikingly th e  effect of the  ortho grouping of side chains 
in elevating the  densities, as shown in T able I I I ,  tak en  from 
In ternational C ritical Tables, and  in  F igure 3.

T a b l e  II I . D e n s i t y  F i g u r e s

ÜTDROCARBON B o il in g  P o in t
0 <-»

dl° n 20 
”  D

B e n z e n e
0.

80 0 .8 7 8 1 .5 0 1 4

T o lu e n e 110 0 .8 6 6 1 .4 9 6 2

o-X jy lene 144 0 .8 7 9 1 .5 0 5 8
m -X y le n e 139 0 .8 6 5 1 .4 9 7 3
p -X y le n e 138 0 .8 6 1 1 .4 9 5 6

1 ,2 ,3 ,- t r i r a e th y lb e n z e n e 1 7 6 .5 0 .8 9 5 1 .5 1 3 2
1 ,2 ,4 - tr im e th y lb e n z e n e 170 0 .8 7 0 1 .5 0 5 1
1 ,3 ,5 - tr im e th y lb e n z e n e 165 0 .8 6 3 1 .4 9 6 7

1 ,2 ,3 ,4 - te tr a m e th y lb e n z e n e 204 0 .9 0 1 1 .5 1 8 7
1 ,2 ,3 ,5 - te tr a m e th y lb e n z e n e 197 0 .8 9 4
1,2 ,4 ,5 - te tr a rn e th y lb e n z e n e 193 0 .8 8 8

I t  is w orthy of note in th is  connection th a t  the  largest 0.5° 
fraction th a t  was obtained  in  the fractionation  of th e  low- 
tem pera tu re  ta r  phenols, th a t  boiling from 234° to  234.5° C., 
was found to  consist largely of 3-m ethyl-5-ethylphenol— i. e., 
th e  alkyl groups were in  a  m eta  position to one another, 
while th e  phenol of CsHuO form ula which w as isolated from 
the 218° to  220° C . fraction was m esitol, in  which th e  th ree  
m ethyl groups are again in a  m eta  grouping.

Of course, th e  above evidence is entirely  too fragm entary  
to  m ake the proposition anything m ore th an  m ere conjecture, 
nor are there  sufficient d a ta  on the  pyrolytic behavior of 
these phenols to  enable one to  pred ict w hether th e  homologs 
w ith  the alkyl side chains in  ortho  position to  each o ther would 
be m ore stable and hence w ould be likely to  rem ain in  high- 
tem peratu re ta r , whereas the  o thers would be, to  a greater 
extent, destroyed. I t  is hoped, however, th a t  fu tu re  workers 
in  th is field m ay devote fu rther a tten tion  to  th is question, 
and i t  is suggested th a t  th e  fractional liberation of th e  phenols 
from their phenolate solutions, together w ith  th e  oxidation 
of the ir ethers, offers a  convenient m ethod of separating  and 
identifying th e  isomers.

F r a c t i o n a t i o n  o f  T a r  A c i d s

T he fractionating  column used was 1.65 m eters long, 12 
mm . in ternal d iam eter, and packed •with 5 X 5  m m . glass 
R aschig rings. I t  was connected to  th e  flask by  a  ground- 
glass jo in t and  th e  whole appara tu s w as m ade of Pyrex  glass. 
An a ir condenser o r dephlegm ator a t  th e  to p  of th e  column 
m aintained an adequate reflux ra tio  (approxim ately 15 to  1). 
T o preven t hea t loss the column was surrounded b y  a  close-
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fitting  concentric glass tube  w ound w ith nichrom e ribbon 
which was heated  electrically, and  th e  whole assem bly was 
jacke ted  to  avoid drafts.

F rom  the  ta r  acids which had been distilled on a larger 
scale under reduced pressure, two large fractions were col­
lected over th e  ranges 225° to  240° C. and  240° to 255° C. 
These were each separately fractionated  a t  atm ospheric 
pressure, cu ts being taken  a t  progressively sm aller intervals. 
T he results for th e  six th  fractionation  of acids boiling 225° to
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240° C. are shown in Figure 2. T he largest fraction, boiling 
a t  234° C., was selected for particu lar exam ination. The 
fractionation  of acids of boiling range 240° to  255° C. was 
n o t carried beyond th e  fifth  d istillation  (Figure 2).

F r a c t i o n  220° t o  225° C.

M e t h y l a t i o n .  Samples of th e  5° C. cuts obtained after 
th e  th ird  d istilla tion  of th e  xylenol range of ta r  acids were 
dissolved in an excess of 10 per cen t sodium  hydroxide solu­
tion and converted to  th e ir m ethy l e thers by  trea tm en t w ith 
dim ethyl sulfate. M olecular w eights of th e  ethers were 
then  obtained b y  the  cryoscopic m ethod  in  benzene.

T a b l e  IV. M o l e c u l a r  W e i g h t s

F b a c t io n

° c.
2 0 5 -2 1 5
2 1 5 -2 2 0
2 2 0 -2 2 5
2 2 5 -2 3 0
2 3 0 -2 3 5
2 3 5 -2 4 0

M o l e c d l a h  W e ig h t  
o r  P h e n o l

126
131
130
141
143
149

S e p a r a t i o n  b y  F r a c t i o n a l  L i b e r a t i o n  f r o m  P h e n o l a t e s .  
A sample of 185 grams of phenols boiling from 220° to  225° C. 
was dissolved in the equivalent amount, 500 cc., of 10 per cent 
caustic soda solution. This alkaline solution was twice treated 
with 50 cc. of ether, shaking thoroughly in a separatory funnel 
for each extraction (extract 1). Then G5 cc. of 2.5 N  hydro­
chloric acid were added, 15 cc. a t a  time, shaking after each addi­
tion. The precipitated phenol was extracted with 100 cc. of 
ether. Another 65-cc. portion of the acid was similarly added, 
followed by shaking with ether, etc. In all, 500 cc. of acid were 
added, making 8 extractions. The ethereal extracts were washed 
with dilute acid, then with water, and after drying over an­
hydrous sodium sulfate the ether was removed on the water 
bath. The phenol portions were distilled a t 15 mm. pressure.

T able  V shows th e  degree of separation  of com pounds th a t 
was obtained.

T he molecular weights were determ ined by  th e  cryoscopic 
m ethod, using th e  m ethyl e ther of th e  phenol w ith  benzene 
as solvent. Of known phenols of m olecular w eight 136 
boiling w ithin th e  range 215° to  225° C. th e  following are

described: mesitol (2 ,4,6-trim ethylphenol), boiling poin t
220° C .; 2-m ethyl-5-ethylphenol, boiling po in t 220° C .; 
and  2-ethyl-5-m ethylphenol, boiling po in t 226° C.

M esitol, being substitu ted  in bo th  ortho positions to  the 
hydroxyl group, w ould be less acid th a n  the  xylenols present 
and  therefore would be expected in th e  first fractions. F rac­
tion  1 was therefore redistilled a t  atm ospheric pressure and 
th a t  p a rt boiling betw een 218° and  220° C. was tak en  for 
exam ination.

B r o m id e s . A portion  (5 gram s) of th e  phenols boiling a t 
218° to  220° C. was brom inated  in  th e  cold, in  chloroform 
solution, by  addition  of one m olecular equivalen t of brom ine. 
T he m onobrom ide was distilled under reduced pressure 
after rem oval of th e  solvent. Since no solid p roduct could 
be obtained, a  second molecule of brom ine was added. On 
cooling, a  crystalline solid (4 gram s) separated  from  the 
chloroform solution. A fter recrystallization  i t  had  a  m elting 
point of 159° to  160° C. A nalysis showed th is  to  be a di­
bromide, CsIIioOBra.

Calculated for CjHioOB^: Br, 54.33. Found: Br, 54.2.

D ibrom om esitol is described as having a  m elting po in t of 
159° to  160° C. T he  m elting  po in t of a m ixture of th e  above 
dibrom ide w ith  an  au th en tic  specimen of 3,5-dibromom esitol 
was unchanged. In  th is  w ay th e  iden tity  of th e  above di­
brom ide was established and  th e  presence of m esitol in  the 
ta r  acids boiling a t  220° C. confirmed. T he residual liquid 
brom ide was n o t exam ined fu rther.

T a b l e  V. S e p a r a t i o n  o f  C o m p o u n d s

F r a c t io n W e ig h t „ 2 0  
n  D

M o l e c u l a r
W e ig h t

1
Grams

35 1 .5 3 3 5 1 3 3 .5
2 25 1 .5 3 5 0 132
3 2 5 1 .5 3 5 0 134
4 25 1 .5 3 6 0 129
5 25 1 .5 3 6 0 127
6 20 1 .5 3 6 0 127
7 20 1 .5 3 8 0 126
8 10 1 .5 3 8 0 125

M e t h y l  E t h e r .  T he m ethy l e ther of the phenol boiling 
a t  218° to  220° C. was prepared by  tre a tm en t a t  30° C. of an 
alkaline solution of th e  phenol w ith  dim ethyl sulfate. T his 
e ther had  a  boiling po in t of 203° C., and  m olecular w eight of 
147 by th e  cryoscopic m ethod in benzene. C 9H 1 1 O C H 3 

requires a molecular w eight of 150.

F r a c t i o n  234 0° t o  234.5° C.

T his was th e  largest 0.5° cu t obtained a fte r th e  six th  frac­
tionation  of th e  original fraction, 225° to  240° C.

Calculated for C8Hi20 :  C, 79.4: H, 8.82. Found: C, 79.98; 
H, 9.00.

P h e n y l u r e t h a n .  T he m ethod found to  be best applicable 
for th e  p reparation  of th e  phenylurethan  of th is phenol frac­
tion was th a t  described by  W ehuizen (10), who recom mended 
carrying ou t th e  reaction  in  petroleum  naph tha  (boiling 
point, 170° to  200° C.) solution, obtained for this w ork b y  the 
fractional distillation of some commercial kerosene. Three 
gram s of the ta r  acid, 3 gram s of phenyl isocyanate (a slight 
excess over molecular equivalent), and 7 cc. of th e  petroleum  
nap h th a  (170° to  200° C.) were mixed and  heated  on th e  
w ater b a th  for 1 hour.

C,H.N:CO +  CsHn.OH C6H 5NH.COOC5II„

A fter th e  m ixture had  been standing  a t  room  tem peratu re  
overnight, the  phenylurethan  crystallized ou t. T he yield 
of crude u re th an  was 2.1 gram s, or 36 per cent of th e  theo re ti­
cal yield. I t  was purified b y  several crystallizations from 
carbon tetrach loride followed by  one from  ligroin (80° to  
100° C .). T he m elting po in t was 145° C.
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Calculated for CieH „ 0 ,N : C, 75.29; H, 6.65; N, 5.49. Found: 
C, 75.26; H, 6.79; N, 5.63.

Molecular weight, calculated: 255. Found (R ast’s camphor 
method): 249.

N a p h t h y l u r e t h a n .  T his was prepared in th e  same 
m anner as th e  phenylurethan except th a t  a -naph thy l iso­
cyanate  was used. T his reagent had  th e  disadvantage of 
producing d inaphthyl urea which was insoluble in the petro­
leum ether and  had  to  be separated by  fractional crystalliza­
tion. T he m elting point of the naph thy lu re than  was 140° C.

Calculated for C20H 19O2N: C, 78.68; H, 6.22; N, 4.59. Found: 
C, 78.89; H, 6.47; N, 4.59.

Molecular weight, calculated: 305. Found (in camphor): 
297.

B r o m i d e s .  Bromides of the phenol fraction were pre­
pared by  th e  slow addition  of a  chloroform solution of bromine 
to  the  phenol, also in chloroform, while cooling w ith ice 
w ater. A fter standing un til the  solution was only slightly 
colored w ith  brom ine, th e  chloroform was rem oved by a 
vacuum  pum p and  th e  liquid residue distilled. T he distillate 
th u s obtained crystallized on cooling. By fractional crys­
tallization  from petroleum  ether (40° to  60° C.) two solid 
brom ides were obtained. A dibromide, which was the  more 
soluble in th e  petroleum  ether, wras secured in  the form of 
s to u t needles and boiled a t  160° C. a t  5 mm . T he m elting 
po in t was 150° C. A  tribrom ide was obtained (from petro­
leum  ether) as fine needles, m elting poin t 910 C.

Calculated for CsHsOBr3: Br, 64.31. Found: Br, 64.00.

A liquid, apparen tly  a  monobromide, was also obtained. 
On tre a tm en t w ith  m ore brom ine it  yielded a  m ixture of th e  
above tw o bromides.

M e t h y l  E t h e r .  This was prepared by trea ting  the 
sodium sa lt of the phenol fraction in alkaline solution w ith 
d im ethy l sulfate  a t  40° to  50° C. T he yield was alm ost 
theoretical. In  benzene solution i t  gave excellent results for 
th e  determ ination  of molecular w eight by  th e  cryoscopic 
m ethod, unlike th e  phenols them selves which are highly 
associated in benzene.

T h is e ther was a colorless liquid of pleasant odor and did 
no t darken on standing. I th a d a b o il in g p o in to f8 3 ° to 8 5 ° C . 
a t  12 mm .

Molecular weight, calculated for CjIluO +  CII2: 150. Found: 
150.

O x i d a t i o n  o f  E t i i e r .  The ether was suspended in a small 
amount of 5 per cent sodium hydroxide solution, and boiling 5 
per cent potassium permanganate solution was run in dropwise 
with vigorous stirring, while the reaction liquid was kept boiling. 
Sufficient permanganate was added to oxidize all side chains to 
carboxyl groups, bu t apparently because of side reactions, much 
more than theoretical was required to  get a fair yield of acid. 
The methoxy acids when formed were quite stable. Addition 
of 1 liter of the potassium permanganate solution usually re­
quired 2 to  3 hours. The supernatant liquid was then generally 
colorless. Unchanged ether was removed by steam distillation 
and the solution then separated from the manganese dioxide by 
filtration. The manganese dioxide was twice treated with 5 per 
cent sodium hydroxide solution and the washings were added to t he 
main filtrate which was then evaporated to  small bulk on the 
water bath. On acidifying the cold concentratcd aqueous solu­
tion, the organic acid was liberated and filtered off. I  he aqueous 
liquor was shaken with ether to  recover the last traces of the 
acid product of oxidation. This gave a total yield of 43 per cent 
of the theoretical of crude acid which was recrystallized ¡roin 
acetone and benzene as flat prisms, or from water as very fine 
needles, melting point 275° C.

Calculated for C«Hj(OCHj)(COOH)2: C, 55.09; 11,4.11; OCHj, 
15.81. Found: C, 55.39, 55.27: H, 4.12, 4.20; OCIL, 15.85, 
15.73.

A sm aller am ount of an  acid, m elting po in t 238° C., was 
also isolated in th is oxidation and was shown to  be identical

w ith th e  acid obtained on th e  oxidation of th e  e ther of ta r  
acid fraction 250° to  251° C. N o o th er acids were isolated. 
A sm all am oun t of sirupy  residue on fu rth e r oxidation gave 
the acid of m elting  po in t 275° C.

S y n t h e s i s  o f  5 -M et h o x y -1 ,3 -D ic a r b o x y b e n z e n e . The start­
ing material for this synthesis was a sample of 150 grams of 
4-amino-l,3-dimethylbenzene obtained from the Eastm an Kodak 
Company. In brief, the steps consisted of a nitration of the 
acetylated amine for introduction of the nitro group into the im­
position, diazotization of the amino group and replacement with 
H, reduction of the nitro group to the amino, diazotization of the
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latter, and conversion to the hydroxyl. (Since the completion of 
this work, the 5-amino-l,3-dimethylbenzene has been made 
available by the Eastm an Kodak Company, greatly simplifying 
the above operations.) The yield of the 5-hydroxy-l,3-di- 
methylbenzene was only 5 grams, or 3.3 per cent of the theoreti­
cal after all these operations. This product was then methylated 
and oxidized with alkaline permanganate as described above. 
After several crystallizations from 15 per cent alcohol, the 
diearboxy acid was obtained as fine needles with a melting point 
of 275° C. The melting point of the methoxydicarboxybenzene 
obtained from the ta r  acid fraction boiling a t 234.5° C. had a 
melting point of 275° C. and a  mixed melting point of the two 
was 274 C.

F r a c t i o n  250.5° t o  251° C.

T his was th e  largest 0.5° cu t obtained  after th e  fifth dis­
tillation of th e  original fraction 240° to  255° C. T he analyses 
for carbon and hydrogen con ten t of th e  phenol as well as of 
th e  phenylurethan  suggested a  m ixture of phenols, C9H 12O 
and  CioIiuO. No solid brom ides could be obtained from  th is 
fraction of phenols.

M e t h y l  E t h e r .  T his was prepared as described above 
and  gave a  liquid boiling a t  96° to  98° C. a t  12 m m ., w ith  a 
pleasant odor and  slightly yellow color w hich did n o t darken 
on standing. T he m olecular weight, calculated  for CioiluO +  
C H 2 was 164; found (in benzene), 158. T h is suggests th a t  
th is fraction  is p robably  a m ixture of phenols C siluO  and 
C ,oH ,40 .

S u m m a r y

Low -tem perature ta r  phenols over th e  range 220° to  260° C. 
have been carefully fractionated  and  exam ined, and  th e  
fraction boiling around 220° C. shown to  contain  mesitol. 
T he fraction  of m inim um  density , boiling a t  234° C., has 
been shown to  consist m ain ly  of 3-m ethyl-5-ethvlphenol.

C rystalline derivatives, brom ides, and  phenylurethans of 
m esitol and m ethylethylphenol are  described.

E xam ination  of th e  fractions of ta r  acids up  to  260° C . 
has indicated th a t  th ey  consist of m ixtures of th e  simple 
alkylated  homologs of phenol.

A ten ta tiv e  explanation for th e  uniform ly lower densities 
of fractions of low -tem perature ta r  acids as com pared w ith
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corresponding fractions of h igh-tem perature ta r  acids is 
offered.
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R e c e i v e d  S ep te m b er 2 1 , 1933 .

A shorl-cut method of hydrocarbon analysis ap ­
plicable to certain types of routine samples has 
been developed to reduce the tim e and expense of 
such analyses. I ts  application to the analysis of 
stabilizer gas and reflux has previously been de­
scribed, and its further application to stabilizer 
bottoms is described in this paper.

Synthetic samples, covering the range of com­
positions normally foun d fo r  stabilizer bottoms, 
have been made up and run by the shorl-cut 
method em ploying the changes in apparatus and  
procedure necessary for samples of this type. From  
the resulting distillation curves, graphs have been 
prepared by the use of which routine sam ples of

IN  V IE W  of the  fac t th a t  control of refinery equipm ent 
requires frequent analyses of sam ples of sim ilar com­
position, i t  was felt th a t  a  rap id , economical, and  ac­

curate m ethod of analysis w ould be of great value. Such a 
m ethod, based on a d istillation  analogous to  th e  Engler dis­
tillation  for naph thas, was described by  Rosen and R obertson
(7) and  is now being used by  several laboratories for analyz­
ing stabilizer gas and  reflux. In  the present paper its  ap ­
plication to  th e  analysis of stabilizer bo ttom s is described.

So-called graphic m ethods of analysis are lim ited in  ap ­
plication because th ey  are  based on physical characteristics 
of the m ixture to  be analyzed, and  th e  num ber of com ponents 
which can be determ ined is only one m ore th a n  th e  num ber of 
determ inable physical characteristics. In  th e  short-cut 
m ethod th e  analysis is obtained  b y  considering tem peratures 
a t  different per cents-off on a  d istilla tion  curve. T hus, 
for three-com ponent m ixtures or m ixtures w hich can be re­
duced to  th ree com ponents, such as stabilizer gas and  reflux, 
i t  is necessary to  consider tem pera tu res a t  tw o different 
per cents-off, while for four-com ponent system s, o r m ixtures 
which can be so trea ted , such as stabilizer bottom s, i t  is 
necessary to  em ploy tem peratures a t  th ree  different per 
cents-off.

Several graphical m ethods for th e  analysis of hydrocarbons 
and  sim ilar m ixtures have been described in  th e  lite ra tu re . 
Colm an and  Y oem an (4) supplied th is principle to  the 
analysis of m ixtures of benzene, toluene, and  xylene.

stabilizer bottoms m ay be analyzed. In  the use of 
these 'graphs, corrections m ust be applied  fo r  the 
presence in such samples of certain constituents not 
present in the synthetic samples, and correction 
charts fo r  this purpose have been prepared by cal­
culating the effect o f these components on Ihe d is­
tillation curves.

This method, applied  to stabilizer bottoms, checks 
microfraclionation analysis w ithin 0.5 per cent on 
the propane , 1 per cent on the butane, and 2 per  
cent on the pentane and hexane plus heavier hy­
drocarbon fractions. I t  offers distinct advantages 
from  the standpoint of ease of operation and  
economy in lime and materials.

M ethods for th e  graphical analysis of gasolines and  natu ra l 
gasolines from th e  A. S. T . M . d istillation  curve have been 
described by  Sm ith (5), Pocock and B lair (6 ), and  B lair and 
Alden (1), and  appear to  have considerable application  for 
such hydrocarbon m ixtures.

Stabilizer bo ttom s or sim ilar ligh t n ap h th as consist of 
propane, bu tane, pen tane , and  hexane plus heavier hydro­
carbons having com positions varying betw een th e  tw o follow­
ing extrem e ty p e  analyses:

T a b l e  I .  W e i g h t  P e r  C e n t  o f  S t a b i l i z e r  B o t t o m s
H e x a n e  

P l u s  H e a v ie r
S a m p l e  P r o p a n e  B u t a n e  P e n t a n e  H y d r o c a r b o n s

1 3 42 45 10
2 0 22 24 54

T he analysis of sam ples of th is ty p e  by  th e  short-cu t 
m ethod  necessita ted changes in  appara tus, changes in pro­
cedure, and  p reparation  of curves applicable to  th e  analysis 
of four-com ponent m ixtures covering th e  above composition 
range. T he m ethod of a tta c k  was to  develop an  appara tu s 
and  procedure applicable to  th is ty p e  of sam ple, to  m ake up 
syn thetic  m ixtures representing various concentrations of 
th e  different com ponents, to  ru n  these m ixtures b y  th e  ap ­
p ara tu s , and  to  prepare th e  graphical analysis curves from 
th e  d istilla tion  curves th u s  obtained.

T he  propane and  bu tan e  used in  th is investigation w ere th e  
sam e purified hydrocarbons used in  th e  investigations by
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Rosen and R obertson (7). T he pentane and hexane were 
obtained  from  th e  fractionation of na tu ra l gasoline. M icro­
fractionation  analyses showed th a t  these hydrocarbons were 
no t pure, b u t in  m aking up  syn thetic  m ixtures allowance 
was m ade for th e  im purities. T he pentane and hexane 
contained iso-compounds, b u t no unsaturates.

A p p a r a t u s

T he app ara tu s used in th is w ork is shown in Figure 1.

The graduated buret B  and the leveling bulb A  are for measur­
ing the gases to  be used in the preparation of the synthetic mix­
tures, the gas containers being attached a t Q. The distillation 
bulb C is surrounded by test tube D, while the thermocouple 
leads E  connect the thermocouple resting on the bottom of bulb C 
to the potentiometer. The open-end manometer F shows the

F i g u r e  1 . A p p a r a t u s  f o r  D i s t i l l i n g  L i q u i d  
S a m p l e s

pressures on the distillation bulb C. The tube L, the bubbler M, 
and the reservoir 0  are so arranged th a t any desired pressure 
m ay be automatically maintained on the bulb C. The closed- 
end manometer G is so constructed th a t the readings are greatly 
magnified for accurate reading. I t  is made of 2-mm. tubing with 
about 12 inches (30 cm.) of the bottom  made of 6-mm. tubing, 
and partly  filled with mercury. Above the mercury (point 7\) 
on the closed side is a light hydrocarbon oil having substantially 
zero vapor pressure. The manometer is evacuated on the closed 
side above the oil. In Figure 1 the manometer is represented 
as it  would be if the receiving bulb J  were evacuated, the oil in 
the closed side just reaching up into the small part of the manome­
ter to  the point S. Now as pressure builds up in J , as gas is 
adm itted into this receiver, the level will drop, pushing the 
oil level up on the other side much more than the drop a t T\. 
The oil level a t S  is used as the indication of pressure, and it will 
move about 4 mm. for each mm. of pressure built up in J , if the 
manometer is constructed as described.

I t  is necessary to calibrate the manometer G and since, in the 
apparatus shown in Figure 1, the volume of J  plus the additional 
volume of lines and free space above the mercury level in M  is 
different a t different pressures, owing to  the drop in the mercury 
level in M , this was taken into account in calibrating G, so tha t 
a t any pressure one division corresponded to  a definite volume of 
gas entering J  and was equal to  the amount which would build 
up 1 mm. pressure when the mercury level in M  was even with 
Pi.

The receiving bulb J  is of 3-liter capacity. The mercury trap 
H  is placed in the vacuum line.

The arrangement shown a t L, M , 0  is for the purpose of main­
taining a constant pressure on J . At the beginning of the run, 
J , M , and 0  are evacuated and as the sample in distillation bulb C 

' (Figure 1) gradually builds up pressure (with stopcock A'i open 
to  L), the mercury in L, which, if there were no pressure in C, 
would stand even w ith point Pj, is pushed down toward Pi. Now 
when, w ith stopcock A 2 open to N, the pressure in C in mm. of 
mercury equals the vertical distance between P1 and P2, gas will 
bubble up through the mercury in M  and escape into receiver J . 
As vapor collects in J  the pressure therein gradually builds up so 
th a t tne mercury level in M  drops, the excess mercury flowing 
over a t  P i into reservoir 0 . Meanwhile the pressure a t P1 does 
not change, always remaining the vertical distance between Pi 
and Pi. At the end of a determination when J  is evacuated, 
stopcock X t  is opened to 0  directly and the reservoir raised so 
th a t the mercury therein flows back into M . The apparatus is 
then ready for another determination.

The inner tube R  in  th e  d istillation  bulb C is for th e  p u r­
pose of facilitating  th e  boiling of th e  sam ple and  was found 
necessary because of th e  tendency  of th e  sam ple to  super­
heat, thus destroying th e  sm oothness of the distillation curve. 
This tendency was m uch more m arked in th e  case of stabilizer 
bottom s th an  in th a t  of th e  lighter stabilizer gas and reflux.

I t  was found necessary to  distill stabilizer bottom s a t  200 
mm . pressure instead  of a t  760 m m ., because a t  the la tte r  
pressure only a sm all percentage of th e  sam ple w ould distill 
over below room  tem perature, and room tem peratu re  cannot 
be exceeded in th is type  of appara tu s w ithou t condensation 
in  th e  lines. Accordingly, the  au tom atic  pressure regulator 
L, M , 0  was found necessary because a t  the lower distillation 
pressure the  small variation  in pressure, inevitable in  m anual 
regulation, corresponded to  a  m uch larger tem peratu re  change 
than  was th e  case when th e  d istillation  was carried ou t a t 
atm ospheric pressure.

T he special m anom eter G was substitu ted  for the ordinary 
closed-end m anom eter to  obtain  greater accuracy, m ade 
necessary by  th e  fac t th a t  a t  200 mm . pressure a m uch larger 
expansion bulb J  was necessary for the sam e size sam ple th a n  
a t  760 m m .

T his app ara tu s differs from  the original short-cu t ap­
para tu s in  the  w ay heat is supplied to  d istillation  bulb C. 
Since, in  th e  course of distilling stabilizer bo ttom s a t  200 
mm ., i t  is necessary for d istillation  bulb C to  be w arm ed to  
approxim ately room  tem perature , it  was im practical to  warm 
i t  by exposure to  atm ospheric tem pera tu re  as was found 
satisfactory  in the  original short-cu t procedure. T he ar­
rangem ent adopted  was to  enclose C  in te s t tube  D  and  sur­
round th is With a D ew ar flask, filled w ith acetone cooled down 
w ith solid carbon dioxide, in which was inserted an  immersion 
heater.

F i g u r e  2 . A p p a r a t u s  f o r  D i s t i l l i n g  E i t h e r  
L i q u i d  o r  G a s e o u s  S a m p l e s

I t  is entirely  p ractical to  construct a  single appara tu s ca­
pable of running stabilizer gas, reflux, or bottom s. Figure 2 
is th e  diagram  of the app a ra tu s constructed  in th e  laboratory  
for th is purpose.

The measuring bulb B  (500 cc. capacity) and drying tube H  
are provided for measuring and introducing gas samples. The 
other parts of Figure 2 serve the same purpose as the correspond­
ing parts of Figure 1. For convenience J  (3000 cc. capacity) is 
mounted on top of M  (25 mm. inside diameter), while the latter 
is made more than  760 mm. long, so th a t with J  evacuated the 
distillation may be carried on a t atmospheric pressure, which is 
the pressure used in the analysis of stabilizer gas and reflux. 
However, it is not necessary th a t M  be more than 300 or 400 mm. 
long, since the distillation of stabilizer gas can be started with 
sufficient pressure in J ,  which added to the length of M  will 
equal 760 mm. The manometer G is of the closed-end reservoir 
type, since it was felt th a t such a manometer would be accurate 
enough for routine analysis. The volume of bulb C and lines 
from X  to Pi is about 11 cc.

At the bottom  of distillation bulb C is a triple junction copper- 
constantan thermocouple made of No. 36 B & S wire, the cold
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PRESSURE BU0.T UP IN MU. HG

F ig u r e  3. T y pic a l  D is t il l a t io n  C u r v e s  fo r  
S y n t h e t ic  L iq u id  S a m ple s

C u r v e  3 2  C u r v e  3 3  
P ro p a n e , w eigh t p e r  c e n t 5 .0  0 . 0
B u ta n e , w eigh t pe r ce n t 3 0 .0  3 0 .0
P e n ta n e , w eigh t pe r c e n t 4 3 .4  4 6 .6
H exane, w eigh t p e r  ce n t 2 1 .6  2 3 .4
T o ta l p ressu re , m m . 126 112
M illiv o lts , 10 p e r  ce n t off —0 .8 0  —0 .5 0
M illivo lts, 40 per ce n t off —0 .3 4  —0 .2 6
M illiv o lts , 70  per ce n t off + 0 .1 3  + 0 .1 8
T e m p e ra tu re . 10 p e r  ce n t off, p C . —2 1 .4  —1 3 .3
T e m p e ra tu re , 40 p e r  ce n t off, ° C . —9 .0  —6 .3
T e m p e ra tu re , 70 p e r  ce n t off, 0 C . + 3 . 5  + 4 . 7

junction of which is maintained a t ice tem perature. The milli­
volt readings are taken on a portable potentiometer reading to 
tenths of a millivolt. A single-junction thermocouple could be 
used with a more sensitive potentiometer.

P r o c e d u r e

T he general procedure followed for m aking u p  synthetic  
m ixtures was to  m ake up  a  base stock of pen tane  and  hexane 
and then  to  in troduce some of th is in to  th e  d istilla tion  bulb C 
(Figure 1). T o  th is th e  desired am ount of propane and  
bu tane  was added.

To m ake th e  base stocks a glass bulb fitted  w ith  a  stop­
cock w as evacuated  and  weighed. A m easured am oun t of 
hexane was in troduced in to  th is bulb  and  th e  w eight taken ; 
pen tane was then  in troduced and  th e  bulb weighed again. 
F rom  these weights and  th e  analysis of th e  pen tane and 
hexane, th e  exact com position of th e  base stock  was cal­
culated.

Some of th is stock w as th en  q u an tita tiv e ly  in troduced 
in to  th e  d istillation  bulb  of th e  app ara tu s th rough  stopcock 
X .  T h is was done by  cooling th e  bulb  C  w ith  solid carbon 
dioxide, inverting  th e  glass bulb  contain ing  the  base stock, 
connecting it to  stopcock X  w ith  rubber tub ing , and  a fter 
opening A' (w ith th e  lines evacuated), opening th e  stopcock 
on th e  glass bulb slightly ; thereby  all th e  base stock coming 
from th e  bulb was collected in  C, leaving th e  lines clear. 
S topcock A  w as then  closed and  th e  bulb  contain ing th e  base 
stock rem oved and weighed. T he w eight of th e  base stock 
introduced was th u s  obtained by  difference, and  from  this 
w eight th e  am ount of propane an d  bu tane  necessary for any  
desired composition was calculated, m easured in  B , and 
added to  th e  sam ple.

In  the  course of th e  w ork th is procedure was used to  m ake 
up  base stocks of various com positions ranging from  a pen- 
tane-hexane ra tio  of 0.5 to  2.

A fter th e  syn thetic  m ix ture  w as prepared  as described 
above, tu b e  D  was placed around  C and  th e  whole su r­
rounded w ith  a  D ew ar flask containing acetone cooled w ith  
solid carbon dioxide to  below th e  boiling po in t of th e  sam ple. 
A 10-ohm h ea te r was placed in th e  bo ttom  of th e  D ew ar 
flask, and  for a  1-pint (0.473-liter) flask, one am pere of cur­
re n t passed th rough  th e  heate r. T he am oun t of hea t was 
regulated  so th a t  th e  ac tua l d istilla tion  was com pleted in  30 
to  40 m inutes.

W ith  J ,  M , and  L  evacuated , th e  height of th e  reservoir 0  
was ad justed  to  m ain ta in  a pressure of 200 m m . on d istillation  
bulb C. W hen th e  d istillation  was s ta rted , sim ultaneous 
readings were taken  on th e  tem pera tu re  of th e  boiling liquid 
in C and  th e  m anom eter G, respectively. These readings 
p lo tted  against one ano ther gave th e  d istillation  curve. 
W hen the  tem pera tu re  in  C approached room  tem perature, 
the d istillation was stopped by  closing stopcock X it evacua t­
ing J ,  and  opening stopcock X \  to  allow passage of th e  gas 
directly  from C to  / .  T he  additional pressure bu ilt up  in  J  
was noted. I f  any  liquid rem ained in C  th e  evacuation  was 
repeated. T he  to ta l additional pressure b u ilt up  in J  was 
added to  th e  d istillation  curve to  m ake up  th e  to ta l pressure 
bu ilt up by th e  sam ple. On th e  basis of the  to ta l pressure 
th e  tem peratures a t  different per cents-off were determ ined. 
T ypical syn thetic  d istillation  curves are  shown in Figure 3.

T he procedure for m aking routine d istillations on th e  
appara tu s shown in Figure 2 is m uch th e  sam e as th a t  ju s t 
described.

T o analyze a  liquid sam ple, 0 , J ,  and C a re  evacuated  and 
C  is surrounded w ith solid carbon dioxide. T he  bom b con­
tain ing  th e  sam ple is connected w ith  th e  valve on th e  under­
side by  m eans of a short piece of rubber tub ing  to  stopcock X ,  
which is opened to  allow evacuation of th e  line to  the valve 
on th e  bom b. W ith  X i closed th e  valve on the  bom b is 
opened slightly un til about 3 cc. of liquid sam ple collect in C. 
T he stopcock X  is now closed and  th e  sam ple bom b rem oved. 
F rom  th is point, th e  procedure is th e  sam e as th a t  described 
above.

F i g u r e  4. 10 a n d  40  P e r  C e n t  T e m p e r a t u r e s  f o r  A l i .  
S y n t h e t i c  S a m p l e s
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F ig u r e  5. 40 and  70 P er  C e n t  T e m pe r a t u r e s  
fo r  A l l  S y n t h e t ic  S a m ples

T he procedure for distilling a  gas sample is th e  same as 
th a t  described by  Rosen and R obertson (7) except th a t  a 
few m inor changes are m ade necessary by  the autom atic 
pressure regulator. In  addition, ju s t before beginning the 
distillation i t  is believed preferable to  m easure th e  fixed gases 
and m ethane over in to  J  by opening X l directly  to J ,  ra ther 
th an  to  pum p directly  from C as described in the  above paper.

P r e p a r i n g  G r a p h s

A s  previously explained, i t  is necessary to  consider tem ­
pera tu res a t  th ree different per cents-off in order to  form a

basis for th e  analy­
s is  o f fo u r - c o m ­
ponent m ix tu r e s .  
T here still rem ains 
t h e  p r o b le m  of 
choosing th e  b e s t  
th ree per cents-off 
and the best m ethod 
of p l o t t i n g  th e s e  
tem peratures o b ­
tained from runs on 
synthetic m ixtures.

In  th is work the 
tem peratures a t  10, 
40, and 70 per cent 
have been chosen as 
b e i n g  t h e  m o s t  
f e a s ib le .  T he 10 
per cent point was 
chosen because i t  is 
as near the b e g in ­
ning of the distilla­
tion  as i t  is safe to  
assume th a t the un­

evenness due to  slight superheating and  other irregularities 
incident to  starting  the distillation have been sm oothed out. 
T he 70 per cent point is as near th e  end of the curve as i t  is 
p ractical to  take, since w ith heavy samples th e  70 per cent 
po in t m ay  be near or past the end of the curve. T he 40 per 
cen t po in t was chosen because i t  is approxim ately half-way 
betw een th e  o ther two and apparen tly  gave as good graphs as 
any  o ther point. In  addition  to  th e  above considerations, 
these three per cents-off gave graphs which perm itted  the 
g rea test accuracy in th e  determ ination  of propane.

F ig u r e  6. I n d iv id u a l  C u r v e , F ig ­
u r e  4 . P e n t a n e -H e x a n e  R a t io , 2

E x t r a p o l a t io n  D a ta

C orrection  
P en ta n e-h ex an e  10%  40%

° C. 0 C.
1 .8  + 0 . 3  + 0 .8
1 .9  + 0 . 2  + 0 .4
2.0  0.0  0 .0

T he m ethod adopted was to  prepare graphs representing 
plane sections of a  solid figure, th u s lim iting each graph to  
tem peratures a t  two per cents-off. F igure 4 shows all the 
10 and 40 per cent tem peratures p lo tted  against each o ther 
for all th e  synthetic samples, while Figure 5 shows all the 
40 and 70 per cent points sim ilarly p lo tted . T he lines in each 
system  of curves on th is figure represent constan t concentra­
tion of propane and bu tane. Figures 6, 7, 8, 9, and  10 are 
the curves in Figure 4 p lo tted  separately. F igure 5 could 
also be divided in to  several curves, b u t th is was no t con­
sidered necessary since such a  series would no t differ greatly.

I t  is to  be noted 
th a t the graphs in 
Figures 6, 7, 8, 9, 
and 10 each have a  
corresponding graph 
in Figure 5 and th a t 
a l l  p o in t s  in  each 
graph represent the 
s a m p le s  m a d e  up 
w ith a  base s to c k  
having th e  pentane- 
hexane ratio  given 
w ith th e  graph.

These graphs are 
used to analyze un­
k n o w n  s a m p le s .
T he procedure is to  
p lo t th e  40 and 70 
per c e n t  tem pera­
tu res a g a in s t  one 
another on Figure 5.
These tem peratures 
are p lo tted  first be­
cause t h e  c o r r e ­
sponding graphs do 
no t in tersect as do th e  10 to  40 per cen t graphs (Figures 4 and 
5). T his gives a  pentane-hexane ratio , and  th e  10 and 40 per 
cent-off tem peratures are then  p lo tted  on th e  10 to  40 per 
cent graph corresponding to  th is pentane-hexane ratio . For 
example, if a  sam ple shows 40 and 70 per cen t tem pera tu res 
of —4 and + 1 3 .6 °  C., respectively, these values are p lo tted  
on Figure 14 (derived from  Figure 5 as described below) 
and  fall on th e  curve corresponding to  a  pentane-hexane ratio  
of 1. T his value corresponds to  F igure 8 of th e  10 to  40 
per cent graphs; so th is graph is used to  obtain  th e  propane 
and bu tane  concentrations of th is sam ple. T he procedure 
in  cases where th e  40 and 70 per cent tem pera tu res fall on a 
curve in F igure 14, for which there is no corresponding 10 to 
40 per cen t graph, will be described below. T he  pen tane and 
hexane concentration m ay  be obtained  from  th e  following 
form ula:

%  pentane =  (100-P-B)

%  hexane =  ^ ^  (100-P-B)

when R  is th e  pen tane hexane ratio , P  is th e  per cent of 
propane, and B  is the per cent of butane.

C o r r e c t io n s

In  analyzing routine sam ples b y  th e  above procedure i t  
was found necessary to  correct for the  effect of buty lene and 
isobutane on th e  distillation curves, since only norm al bu tane  
w as used in m aking up  th e  synthetic  m ixtures. G raphs giving 
th e  corrections for th e  10 and 40 per cent points for th is  effect 
a re  shown in Figure 11.
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F ig u r e  7. I n d iv id u a l  C u r v e ,
F ig u r e  4 . P e n t a n e -H e x a n e  R a t io , 

1.5
E x t r a p o l a t io n  D a ta

C o rrection
:ane-bexane 10% 40%

° c . ° c,

1 .3 +  0 .2 + 0 .4
1 .4 + 0 .1 + 0 .2
1 .5 0 .0 0 .0
1 . 6 —0.2 - 0 . 4
1 .7 - 0 . 3 - 0 . 8
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-22 -20 -IB -16 -14 -12 -10 
TEMPERATURE 'C  10X OFF

F ig u r e  
F ig u r e  4

8. I n d iv id u a l  C u r v e , 
P e n t a n e - I I e x a n e  R a t io , 

1
E x t r a p o l a t io n  D a ta

These curves were 
prepared by the cal­
culation of two sets 
o f d i s t i l l a t i o n  
c u r v e s ,  o n e  fo r  
sam ples containing 
only norm al butane 
in  th e  bu tane  frac­
t i o n ,  a n d  o n e  fo r  
sam ples containing 
53 per cent butylene 
in th e  bu tane  f r a c ­
tion . T his concen­
tra tio n  of butylene 
w as used because it  
gave a bu tane  frac- 
t i o n  h a v i n g  a n  
a v e r a g e  b o i l in g  
po in t of —3.2° C. 
w h ic h  w a s  t h e  
a v e r a g e  b o i l in g  
po in t observed for 
t h i s  f r a c t i o n  in  
r o u t i n e  s a m p le s .
T he calculation of

th e  curves was undertaken  to  avoid m aking num erous synthetic 
runs.

These calculations w ere carried to  the 40 per cen t point, 
so th a t  th e  correction a t  10 and  40 per cen t could be obtained. 
W hile it  is realized th a t  such a calculated curve m ight no t 
be th e  sam e as an experim ental one of th e  sam e composition, 
i t  is felt th a t , inasm uch as the curves being com pared are 
calculated in  th e  sam e m anner, the buty lene would have the 
sam e effect on the  experim ental curves as on those calculated.

T he m ethod em ployed for calculating th e  distillation curves 
is based on M u rray ’s form ula (o) for calculating equilibrium  
between liquid and vapor hydrocarbon m ixtures:

C orrection
P en ta n e-h ex an e 1 0 % 40%

° C. ° C.
0 .8 3 2 + 0 . 4 + 0 .9
0 .9 0 9 + 0 . 2 + 0 . 5
1 .0 0 0 0 . 0 0 . 0
1 . 1 0 0 - 0 . 1 - 0 . 2
1 . 2 0 0 - 0 . 2 - 0 . 4

0 ,
LC

100 £  +  L  ( l  — J )

where Ci

Pc

F ig u r e  9. I n d iv id u a l  
C u r v e , F ig u r e  4. P e n t a n e - 

H e x a n e  R a t io , 0 .666 
E x t r a p o l a t i o n  D a t a

C o rrection

• liquid moles of 
any h y d r o ­
carbon 

i sum of all liquid 
moles 

1 to tal moles of a 
component in 
the mixture 

vapor pressure of 
a pure com­
ponent 

■ absolute p r e s ­
s u r e  of th e  
system

P en tan e-h o x an e 1 0 % 40%
° C. 0 C.

0 .5 8 8 - 0 . 2 - 0 . 7
0 .6 2 4 - 0 . 1 - 0 . 4
0 .6 6 6 0 . 0 0 . 0
0 .7 1 4 + 0 . 2 + 0 . 5
0 .7 6 9 + 0 .4 + 0 .9

A graph fo r  th e  r a p i d  
s o l u t i o n  o f M u r r a y ’s 
form ula was prepared by 
Cerini (£). T h is  g r a p h ,  
however, w as no t accurate 
enough for the purpose d e ­
sired, since i t  was designed 
to  tak e  care of all values 

of L . Accordingly a simplified nom ographic chart shown 
in  Figure 15 has been constructed  to  cover only high values 
of L.

A distillation was considered as a series of small flash distilla­
tions. To calculate a distillation curve, the mole per cent of 
each component for the original mixture was first calculated, and 
from this the boiling point of the mixture was determined by 
assuming a boiling temperature and calculating the vapor pressure

F ig u r e  10. I n d iv id u a l  C u r v e , 
F ig u r e  4 . P e n t a n e - I I e x a n e  R a t io , 

0.5
E x t r a p o l a t io n  D a ta

C orrection

of the sample for this tem perature. From the vapor pressures at 
two tem peratures near the boiling point, the la tter was ascer­
tained by plotting the logarithm of the vapor pressure against 
the reciprocal of the absolute temperatures, drawing a straight 
line through the two points, and noting whore it crossed the line 
corresponding to the pressure of the system. All vapor pressure 
values for pure compounds were obtained from the chart pre­
pared by Brown and Coats (3).

I t  was now assumed th a t a tem perature rise of 1° or 2° took 
place and th a t a certain am ount of vapor was distilled off. 
Pc/P  was now calculated for the new temperature, a value of L  
assumed, and Ci/C  obtained for each component from Figure 
15. Since C is known, Ci for each component is thus obtained. 
These added together should give the value of L  assumed; other­
wise a new value of L  must be assumed and the process repeated. 
When a value of L  is found which will equal the sum of the C\ 
values calculated from it, 100-L is taken as the per ccnt evapo­
rated for the rise in temperature chosen.

The mole per cent 
for each component 
is now calculated, be­
ing C \/L  fo r  e a c h  
c o m p o n e n t .  T o 
check the above cal­
culation, the vapor 
pressure of the partly  
distilled sample may 
now be calculated a t 
the new temperature 
and should equal P.
Another rise in tem ­
perature is now as­
sumed and the above 
calculation repeated.
Each of these calcula­
tions gives a point on 
the distillation curve, 
the tem perature be­
ing plotted against 
the t o t a l  m o le  per 
cent weathered off.

In this work a tem- 
p e r a t u r e  rise was 
chosen which would 
give an L  value of 
about 95, since it  was
believed th a t such a  value would approximate distillation condi­
tions. The larger the value of L, the more nearly are distillation 
conditions approached, bu t the calculation becomes more tedious 
as the value of L  increases.

A comparison of calculated and experim ental distillations 
is shown in Figure 1G. T he reason th a t curves A and D 
diverge is probably th a t B  contains isopentane and isohexane, 
while th e  vapor pressure d a ta  used for calculating A  were 
for norm al hydrocarbons only. Since i t  was desired to 
determ ine the effect of butylene, i t  was no t believed th a t the 
curves should necessarily coincide as long as th ey  were 
sim ilar.

To apply  these corrections, the observed 10 and 40 per 
cen t tem pera tu res are p lo tted  on th e  proper graph and 
observed propane and bu tane  percentages obtained. These 
are p lo tted  on Figure 11 to  obtain  10 and 40 per cen t correc­
tions, which are algebraically added  to  th e  original values and 
th e  correct propane and bu tane  concentrations obtained  from 
th e  10 to  40 per cen t graph.

In  the example given above, if the 10 per cent tem perature 
was —15° C. this would be plotted against the 40 per cent tem­
perature of —4° C. on Figure 8, and propane and butane values 
of l.S  and 29.5 per cent, respectively, obtained. These, how­
ever, are not the correct values for the sample, bu t have been 
obtained only for purposes of plotting on Figure 11 to obtain the 
10 and 40 per cent corrections. When this is done the 10 and 
40 per cent corrections of +2 .7  and + 0 .7° C. are respectively 
obtained. These corrections applied to  the above 10 and 40 
per cent tem peratures give corrected values of —12.3 and 
—3.3° C., respectively. These corrected values are then plotted 
on Figure S to obtain final correct values of 0.0 and 30.5 per cent 
for the propane and butane fractions.

I t  was also found necessary to  apply  a correction to  the 
70 per cen t tem perature  in th e  case of sam ples high in hexane

P en ta n e -h ex an e

0 .5 0 0
0 .5 2 6
0 .5 5 5

10% 
° C. 

0.0 +0.1 +0.2

40%  
0 C. 

0 .0  
+ 0 .4  
+ 0 . 7
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F i g u r e  11. C h a r t  F o n  C o r r e c t i n g  
10 a n d  40 P e r  C e n t  T e m p e r a t u r e s  
f o r  E f f e c t  o f  I s o m e r s  a n d  U n -  

8ATURATES IN  B U TA N E FRACTION

p lu s  heavier hydro­
carbons, because in 
such cases th is frac­
t io n  contains much 
m o re  heptane th an  
th e  c o r r e s p o n d in g  
fraction used in m ak­
ing th e  s y n t h e t i c  
m ixtures. One sam­
p le  o f  s t a b i l i z e r  
bottom s w ith a con­
te n t of 42.6 per cent 
of hexane plus heavier 
hydrocarbons showed 
32 per cent of heptane 
p lu s  heavier hydro­
carbons in th is frac­
t i o n ,  w h e re a s  th e  
hexano plus heavier 
hydrocarbons used in 

m aking th e  synthetic m ixtures had only 11 per cent heptane 
in th e  corresponding fraction.

M icrofractionation and short-cut runs on several stabilizer 
bottom s sam ples established th e  70 per cent correction curve 
shown in Figure 12. I t  is obvious th a t since the 70 per cent 
correction can be correlated w ith the  tem perature of the 70 
per cent point, Figure 5 could be revised to  apply the correc­
tion autom atically . Such a revision is shown in Figure 13.

W ith  F igure 13 as a basis, the  working graph, Figure 14, 
used in actual analysis of routine samples was prepared by 
draw ing the heavy lines to  approxim ate the positions of the 
groups of curves on the former figure and dividing the in ter­
vening spaces into  equal parts. T he m ethod of constructing 
Figure 14 involves th e  assum ption th a t for a  given pentane- 
hexane ratio , the 40 to  70 per cent points fall on a  single curve, 
if th e  concentrations of propane and butane are w ithin the 
range covered by th e  graphs. T his is no t stric tly  true, b u t 
was assumed for the sake of sim plicity, and docs no t involve a 
serious error.

I t  will be observed th a t  if 
the 40 to  70 per cent tem pera­
tu re  of an unknown s a m p le  
does n o t fall on a  point corre­
sponding to  one of th e  10 to  
40 - per cent curves, i t  will be 
necessary to  ex trapolate be­
tween the two curves between 
which th is tem perature  falls. 
F or th is purpose extrapola­
tion d a ta  are provided w ith 
each 10 to  40 per cent curve 
which correct the 10 and  40 
per cent tem peratures, so th a t  
th e  graph is applicable to  the 
s a m p le  under consideration. 
These d a ta  were calculated by 
noting  th e  average difference 
in  tem perature between corre­
sponding points on consecu­
tive 10 to  40 per cent graphs, 
a n d  d iv id in g  the  difference 
into five equal portions. As 
indicated in th e  extrapolation 
d a t a ,  o n e  o r  tw o  of these 
portions are added to  or sub­
trac ted  from the  experim ental 
10 to  40 per cent tem pera tu res 
them  applicable.
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F ig u r e  12. C u r v e  fo r  
C o r r e c t in g  70 P e r  C e n t  
T e m p e r a t u r e  fo r  E f f e c t  
o f  H e p t a n e s  a n d  H e a v ie r  

in  H e x a n e +  F r a ctio n

to  m ake the  curve nearest

For example, if a  sample had 40 and 70 per cent tem peratures 
of + 1  and +19.7° C., respectively, a  pentane-hexane ratio  of 
0.769 would be obtained from Figure 14, since this line lies 
nearest the point. There is no 10 to  40 per cent graph cor-

together with 10 and 40 per cent temperature correction values 
which, when applied to the 10 and 40 per cent tem peratures for 
the sample, make the graph applicable to  its analysis. This 
procedure was adopted to avoid the necessity of making up 10
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to 40 per cent graphs corresponding to all possible pentane-hexane 
ratios.
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A c c u r a c y  o f  M e t h o d

The accuracy of this method is limited by that of the micro- 
fractionation column used to analyze the materials required 
in making up the synthetic mixtures. However the analyses
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F i g u r e  1 5 . N o m o g r a m  f o r  C a l c u l a t i n g  L i q u i d -V a p o r  
E q u i l i h r i a  f o r  S m a l l  A m o u n t s  V a p o r i z e d

were carefully carried ou t by an  experienced operator and 
are believed to  be of a high order of accuracy. T he short-cu t 
runs, b o th  syn thetic  and  rou tine, a re  highly reproducible. 
A com parison of short-cu t and  m icrofractionation  analyses 
on several rou tine sam ples is given in  T able I I .

T a b l e  II . C o m p a r a t i v e  A n a l y s e s

S h o r t - C u t  W e ig h t  P e r  C e n t  P e r  C e n t  
S a m p l e  P r o p a n e  B u ta n e  P e n ta n e  H e x a n e  P r o p a n e  B u ta n e  P e n t a n e  H e x a n e

1 1 .0 2 5 .  S 3 1 .8 4 1 .4 0 .9 2 5 .4 3 1 .2 4 2 .5
2 0 .7 2 6 .3 2 7 .0 4 6 .0 0 . 9 2 6 .3 2 6 . 4 4 6 .4
3 1 .4 2 7 .5 2 9 .6 4 1 .5 1 .1 2 7 .1 2 9 .5 4 2 .3
4 0 . 0 2 6 .3 3 0 .6 4 3 .1 0 . 0 2 6 .6 3 1 .0 4 2 .4
5 3 .6 2 2 .0 2 5 .6 4 8 .8 3 . 2 2 2 .4 2 4 .5 4 9 .9
6 0 . 0 2 5 .5 2 8 .7 4 5 .8 0 . 0 2 5 .6 2 9 .2 4 5 .2
7 1 .9 4 4 .4 3 3 .6 2 0 .1 1 .7 4 3 .6 3 4 .7 2 0 .0

These d a ta  show th a t  th is m ethod checks th e  m icrofrac­
tionation  colum n w ith in  0.5 per cent on th e  propane frac­
tion, 1 per cent on the  bu tane  fraction, and  2 per cent on the 
pen tane and  hexane fractions.

In  the  preparation  of these graphs, every  effort was m ade to  
avoid com plications w henever possible. I t  would be possible 
to  reconstruct th e  graphs in  F igures 6, 7, 8, 9, and  10 so th a t 
th e  corrections in  Figure 11 would be autom atically  applied, 
as was done in the  case of Figure 5, b u t i t  was fe lt th a t  the 
70 per cent correction would probably be fairly  constant 
for all sorts of sam ples whereas th e  10 and  40 per cent correc­
tions w ould probably  n o t be constan t. T he 10 to  40 per cent

corrections presented are  based on an  average boiling poin t 
of —3.2° C. for th e  bu tane  fraction  of th e  stabilizer bottom s. 
Accordingly, i t  is desirable to  determ ine th e  average boiling 
po in t of th e  bu tane  fraction  of th e  stabilizer bottom s to  be 
analyzed and  to  a lte r th e  10 to  40 per cen t correction curves 
accordingly. I t  is believed th a t  under o rdinary  operating 
conditions th e  average boiling po in t of th e  bu tane  fraction 
would no t change appreciably  from  day  to  day.

A d v a n t a g e s  o f  S h o r t - C u t  M e t h o d

T he short-cu t m ethod  for control purposes offers several 
advantages over fractional d istillation . T he tim e required 
for a  sho rt-cu t analysis is ab o u t 1.5 hours, including calcula­
tions, while a  sim ilar analysis by  fractionation  would take  
abou t 3.5 hours for a  gas sam ple and  6 hours for a  liquid 
sam ple. T he operation is simple and  does no t require as g reat 
expertness for good results as m icrofractionation; fu rther­
m ore the operation, being largely au tom atic , is less sub­
jec t to  th e  hum an elem ent, which often leads to  widely 
divergent results in

F i g u r e  1 6 . C o m p a r i s o n  o f  C a l c u ­
l a t e d  a n d  S y n t h e t i c  D i s t i l l a t i o n  

C u r v e s

A  a n d  C c a lc u la te d ,  B  s y n th e t ic  r u n

C o m p o s it io n  W e ig h t  P e r  C e n t

B u ty len e
A B C

2 6 .5
B u ta n e 50  ’ 5 0  ‘ 2 3 .5
P en ta n e 3 3 .3 3 3 .3 3 3 .3
H exane 1 6 .7 1 6 .7
H ex an e  + 1&.7

m icrofractionat io n , 
especially in routine 
analysis.

Rosen and  R obert­
son (7) describe the 
analysis of stabilizer 
reflux by  th e  sh o rt­
cu t m ethod w ithout 
th e  use o f l i q u id  
nitrogen and i t  is 
k n o w n  t h a t  such 
a n a l y s i s  m ay be 
used to  calculate the 
am ount of bu tane 
in th e  stabilizer gas.
Since th e  analysis of 
stabilizer bottom s 
by  th e  s h o r t - c u t  
m ethod does no t re­
quire liquid air, th e
short-cu t appara tus, using solid carbon dioxide as th e  cool­
ing agent, perm its com plete analy tical control over th e  opera­
tion  of th e  stabilizer.

A c k n o w l e d g m e n t

T he au thors are indebted  to  J . B . Maxwell, of th e  E n ­
gineering D epartm en t of th is com pany, for th e  p reparation  
of th e  nom ographic ch a rt used in calculating the  distillation 
curves.
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C o r r e c t i o n .  In  the article entitled “Asbestos in Perm an­
ganate T itrations” by Curtis and Finkelstein [Ind. E n g .  C h f .m . ,  

Anal. Ed., 5, 318 (1933) ) the second line in the second column on 
page 318 should read “in a typical limestone carrying 54 per cent 
of calcium as calcium oxide.”



New Volumetric Method for Determination 
of Sulfate

V. R . D a m e r e l l  a n d  H . H . S t r a t e r ,  W estern Reserve University, Cleveland, Ohio

IT  H AS long b e e n  k n o w n  
th a t  when sulfate solutions 
are added to  mercuric n i­

tr a te  solutions under the proper 
conditions a  yellow colored, basic 
m e r c u r i c  s u l f a t e ,  known as 
“ tu rp e th ,” precip itates (2). I t  
occurred to  one of the authors 
th a t  tills substance, because of 
its  color, m ight serve as an indi­
ca to r in  a v o lu m e t r i c  sulfate 
analysis. I t  could n o t be used successfully in  the titra tio n  
m ixture, b u t when employed as an  outside indicator th e  re­
su lts  were of such accuracy th a t th e  au thors believe th e  m ethod 
to  be of value.

T h is paper describes th e  titra tion , together w ith  experi­
m ents designed to  determ ine favorable conditions under 
w hich i t  should be carried out.

E x p e r i m e n t a l

P r e p a r a t i o n  o f  R e a g e n t s .  Good grades of potassium  
sulfate  and barium  chloride d ihydrate  were fu rther purified 
b y  recrystallization, and  solutions of th e  two salts were m ade 
in distilled w ater.

M ercuric n itra te  solution was prepared by  dissolving mer­
curic oxide in  n itric  acid. A fter some experiments th e  fol­
lowing p reparation  was u sed :

Twenty grams of mercuric oxide were treated with 18 ce. of 
nitric acid, made by diluting 10 cc. of strong acid (specific gravity, 
1.42) with water. The mixture was stirred with a glass rod, 
and the reaction allowed to take place until the solution became 
strongly turbid. I t  was then filtered, and to the filtrate were 
added 6 cc. of water. The solution was allowed to stand several 
hours before using. During this time a light-colored, crystalline 
precipitate of basic mercuric nitrate separated out. For best 
results it  was found essential to have the acidity of this indicator 
solution as low as possible, and to insure this the presence of 
the basic n itrate precipitate was required.

A color standard  was used in determ ining the end point, 
and after a  num ber of experim ents th e  following simple 
p reparation  w as em ployed:

Potassium sulfate (4.3 grams) 
and 0.2 gram of potassium 
dichromate were dissolved in 
a  liter of water. E ight grams 
of barium chloride dihydrate 
were dissolved in another liter 
of water. To m a k e  u p  th e  
c o lo r  standard 10 cc. of the 
sulfate-dichromate s o lu t io n  
w e re  p i p e t t e d  into a small 
flask, and 10 cc. of the barium 
chloride solution were added 
with swirling. Fresh standard 
was made up each day from 
the stock solutions.

A ll f l a s k s ,  p i p e t s ,  a n d  
b u r e t s  u s e d  in  t h e  w o rk  
were c a l i b r a t e d  a t  l e a s t  
tw ice.

T e c h n i c  U s e d  i n  T i t r a ­
t i o n .  B arium  chloride solu­

tion (0.02 to  0.07 M )  w as added 
to  potassium  s u l f a t e  solution 
(0.005 to  0.02 M )  from a  bu re t, 
bo th  s o l u t i o n s  being a t  room 
t e m p e r a t u r e .  T h e  i n i t i a l  
volum e of th e  sulfate solution 
was in  m ost cases 100 cc. In  
the  titra tio n  flask a  m edicine 
d ropper w i th  an e x t r a - l o n g  
glass tu b e  (22 cm.) was used 
for ob tain ing  tes t p o r t i o n s .  

T he titra tio n  m ixture was vigorously swirled before tak ing  
ou t te s t portions. T he barium  chloride solu tion  was added 
slowly (about 15 cc. per m inute), and  in the  case of very  
d ilu te solutions th e  titra tio n  m ixture w as allowed to  stand  
a fter each addition  for a t  least a  m inute (Table I I )  before 
tak ing  o u t te s t portions.

A drop of m ercuric n itra te  solution w as p u t in each of the 
outer depressions of a clean spo t p la te  w ith  ano ther dropper. 
In  each of th e  tw o inside depressions were p u t 4 drops of 
well-mixed color standard  from  a th ird  dropper. T he  color 
tes ts  were m ade b y  allowing a  drop of th e  titra tio n  m ixture 
to  fall in to  a drop of th e  m ercuric n itra te  solution on th e  
spo t p late. T he tim e was then  noted , by counting slowly, 
or w ith  a  w atch, when th e  color of th e  m ixture ju s t exceeded 
th a t of th e  standard  in  in tensity . W hen th e  tes ts  were 
m ade in  th is m anner th e  color exceeded th a t  of th e  stan d ard  
alm ost im m ediately up  to  w ith in  a  few cubic centim eters 
of th e  end point. A t th is stage th e  am oun t of ti tra tio n  
m ixture was increased to  3 or m ore drops per tes t. U pon 
th e  addition  of m ore barium  chloride solution th e  tim e 
in terval before th e  appearance of th e  proper yellow color 
rapidly  increased, as shown in F igure 1. An in terval of 30 
seconds was chosen as th e  end point. T he b u re t volum e 
corresponding to  th is tim e was calculated by  in terpo lation  
between the  tw o tim e in tervals on cither side of th e  30-second 
point, although a fair degree of accuracy could be obtained 
by calling th a t  reading closest to  30 seconds th e  end point.

Spot p lates were cleaned w ith  cleaning solution and  w ater,
dried with filter paper, and 
then rinsed with ether. It 
was found helpful to remove 
all grease, so that the drops 
of liq u id  f la t te n e d  out 
properly. Experiments were 
carried out using a spherically 
sh ap ed  drop , such as de­
scribed by Pond (1) for the 
zinc ferrocyanide titration, 
but satisfactory results could 
not be obtained in the present 
determination.

A  day ligh t-type e l e c t r i c  
lam p was used in  th e  work. 
In  determ ining th e  tim e  in ter­
vals, a  g rea ter accuracy re ­
su lted  if th e  spo t p la te  was 
m oved around  so th a t  th e  te s t 
m ixture w as alw ays on the 
sam e side of th e  standard .

A  direct volumetric method is described. S tand­
ard barium chloride solution is added to the solu­
tion containing sulfate, using mercuric nitrate as 
an outside indicator. A  technic is described in 
which a prelim inary end poin t is reached several 
cubic centimeters in advance of the fina l end 
point, enabling the analyst to add the bulk of 
the barium chloride solution rapidly.

b . po ta ssiu m  1
"JLFATE ADOEOTO 

BARIUM CHLOMDt 
TITRATION MIX­

TURE added TO 
MESUIMCWrWlTI.

'O  a i  E5 I8A 1&7 IM 149 190 19.1 m  0  Ql 3 3  3143.5 3 .6  317 31331.932j0 
«£. 006 M EAAiUM CHWRICE ADCEa CC. 0/>5M HWiVUM SW/ATE ADDED.
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O r d e r  o f  A d d i t i o n  o f  R e a g e n t s .  F our experim ental 
procedures were tried  in  determ ining the best order of add i­
tion of reagents. B arium  chloride solution was added  to  
potassium  sulfate solution, and vice versa, and on the spot 
p la te  th e  titra tio n  m ixture w as added to  m ercuric n itra te  
solution, and  th e  reverse. A n  experim ental curve for each 
of these titra tio n s is given in Figure 1.

T a b l e  I. E f f e c t  o f  O r d e r  o f  A d d i t i o n  o f  R e a g e n t s  u p o n  
S e n s i t i v i t y

S e n s i t i v i t y  
(M ean  of

O r d e r  o f  A d d it io n  s e v e r a l)
1. 0.0501 M  p o ta s s iu m  s u l f a te  s o lu t io n  a d d e d  t o  100 cc. of

0.0155 M  b a riu m  ch lo ride  so lu tio n . M ercu ric  n i t r a te  
so lu tio n  a d d e d  to  t i t r a t io n  m ix tu re  on sp o t p la te  90

2. 0.0501 Af p o ta ss iu m  s u lfa te  so lu tio n  a d d e d  to  100 cc. of
0.0155 M  b a r iu m  ch lo ride  so lu tio n . T i tra t io n  m ix tu re  
a d d e d  to  m ercu ric  n i t r a te  so lu tio n  on sp o t p la te  140

3. 0.0621 M  b a r iu m  ch lo rid e  so lu tion  a d d e d  to  100 cc. of
0.0125 M  p o ta ss iu m  s u lfa te  so lu tio n . T i tr a t io n  m ix tu re  
a d d e d  to  m e rcu ric  n it r a te  so lu tio n  on  sp o t p la te  2 0 0

4. 0.0621 M  b a r iu m  ch lo ride  so lu tion  a d d e d  to  100 cc. of
0.0125 M  p o ta ss iu m  su lfa te  so lu tio n . M ercu ric  n i t r a te  
so lu tio n  a d d e d  to  t i t r a t io n  m ix tu re  on s p o t p la te  150

T he sensitiv ity  a t  th e  end po in t will be defined as the 
reciprocal of the  num ber of m illiequivalents of reagent being 
added from  th e  b u re t necessary to  cause the  tim e in terval 
(before th e  appearance of th e  proper yellow color) to  change 
from  25 to  35, or from  35 to  25 seconds. T hus th e  larger 
th e  sensitiv ity  th e  sharper th e  end point. T he sensitiv ity  
for each of these procedures is given in  T able I.

T he  average deviation from  th e  m ean for these sensitivities 
is ab o u t ± 3 0 . I t  was decided from  th e  results in T able I 
th a t  procedure 3 was the  best, and  th is was used for all 
la te r work.

S t r e n g t h  o f  I n d i c a t o r .  M any concentrations of m er­
curic n itra te  were tried . Among the higher concentrations 
very  little  difference in  behavior was observed, b u t w ith 
d ilu te solutions a  definite drop in  sensitiv ity  was apparen t. 
Sensitivities obtained w ith  th ree concentrations w ere as 
follows: 6 M , 210; 3 M , 220; 0.2 Af, 130. A pproxim ately 
3 M  m ercuric n itra te  solution was used for m ost of th e  la te r 
work.

R e a c t i o n  T i m e .  T he au thors were uncertain  as to  the 
length  of tim e necessary for the  com pletion of th e  barium  
sulfate reaction  a t  room  tem perature, since i t  is generally 
believed th a t  p recip itation  takes place slowly, even in  ho t 
solution. T he po in t was cleared up  by  mixing various quan­
tities of barium  chloride and  potassium  sulfate solutions, and 
then  noting  w hether th e  tim e in terval before th e  appearance 
of th e  proper yellow color (in te s t portions) changed w ith 
tim e. T he results are given in  T able  I I .

T a b l e  II . E f f e c t  o f  C o n c e n t r a t i o n  u p o n  R e a c t i o n  T i m e

20 A N A L Y T I C

0.0152 M  K tS O . 0.0050 U  K iS O . 0.0025 AT K iSO i
23.33 cc . B aC Ii 7 .63 cc . B a C h  3.70  c c . B aC l,

Seconds M in u te s S econds M in u te s Seconds M in u te s
fo r yellow  

color to
a f te r fo r yellow a f te r fo r yellow  

co lo r to
a f te r

ad d in g color to ad d in g ad d in g
a p p e a r B aC it a p p e a r B aC lt a p p e a r BaCl*

33 1 .5 4 0 .5 0 1
37 3 9 1 3 1 .5
37 6 27 2 1 2 2
34 14 27 3 18 3 .5
40 15 26 5 32 5
35 2 1 27 7

25 12
30 23

1 0 0 -cc. sam p les  of p o ta ss iu m  su lfa te  so lu tio n  u sed . 0.0621 M  b a riu m  
ch lo ride so lu tio n  ad d e d . T i tr a t io n  ca rried  o u t in  n e u tra l so lu tio n .

E ven w hen using as d ilu te a  potassium  sulfate solution as
0.0025 M  th e  reaction is essentially com plete in  abou t 5 
m inutes. T itra tion  a t  room  tem perature therefore appears 
to  be entirely  feasible. H owever, i t  is probable th a t  certain  
types of im purities cause a  slower reaction ra te  th an  th is.

R e l a t i o n  o f  E n d  P o i n t  t o  S t o i c h i o m e t r i c a l  P o i n t .  

T he 30-second end po in t and  th e  stoichiom etrical po in t do 
no t coincide under th e  (otherwise) m ost favorable conditions

so far worked out. T hus when 0.0621 M  barium  chloride 
solution was added to  100 cc. of 0.0125 M  potassium  sulfate 
solution (neutral), 19.16 cc. were required, while the stoichio­
m etrical am oun t necessary was 20.13 cc.

T he error m ay  of course be overcome b y  standard iz ing  the 
barium  chloride solution w ith  an  easily purified sulfate, 
such as potassium  sulfate. T h is procedure should be fol­
lowed in any  event, since b o th  barium  chloride d ihydrate  
and  anhydrous barium  chloride are poor standards.

E f f e c t  o f  A c i d i t y .  T he ac id ity  of th e  titra tio n  m ixture 
was found to  affect m arkedly  th e  position, sensitiv ity , and 
reproducibility  of th e  end point. R esults of experim ents 
on th is phase of th e  w ork are given in T able  I I I .  A  neutral 
or slightly acid solution appears to  be the  best in running 
the titra tio n . Experim ents carried ou t a t  higher acidities 
and  alkalinities th an  those of T able I I I  gave, in general, more 
erratic  results and lower sensitivities.
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T a b l e  I I I .  E f f e c t  o f  A c i d i t y

0.0621 M
S o l u t io n  B e in g  T it r a t e d BaCl*

0.0501 M 0.1 N R e q u ir e d M e a n
K jSO* W a te r A cid  o r  base f r o m  B u r e t 0 S e n s it iv it y

Cc. Cc.
2 5 .0 0 73 2 cc. N aO H 2 0 .0 2  ± 0 . 0 4 170
2 5 .0 0 75 N one 19 .16  ± 0 . 0 1 2 0 0
2 5 .0 0 73 2  cc. H C 1 18 .91  ± 0 . 0 1 190
2 5 .0 0 70 5 cc. HC1 18 .8 6  ± 0 . 0 1 2 0 0
2 5 .0 0 65 1 0  cc. H C 1 18 .7 4  ± 0 . 0 5 130

°  A verage of fo u r d e te rm in a tio n s  in  each  case.

E f f e c t s  o f  O t h e r  I o n s .  T itra tio n s of potassium  sulfate 
solutions were carried ou t in  th e  presence of five tim es the 
am oun t (equivalents) of o ther salts, in  n eu tra l solution. T he 
results are given in T able  IV . T he  errors are  seen to  be 
sm allest, on th e  whole, w hen the solutions were m ost dilute. 
N itra te s  caused large errors in d ilu te solution, a lthough in 
more concentrated  solution th e  error due to  calcium  n itra te  
was sm aller and  different in  sign. T he results can be ex­
plained, for th e  m ost p a rt, by  assum ing precip ita tion  of 
complexes of th e  type  (Ba, K )S 0 i when th e  results were low, 
and  Ba(SOj, NOa) when th e  resu lts were high.

T a b l e  IV. E f f e c t  o f  I m p u r i t i e s

M o l a l it y 0 BaCU  
o f  B a C h  S o l u - I m ­ N a t u r e  o f SO< SÛ4
SOLUTION TION p u r it y I m p u r it y P r e s e n t F o u n d E r r o r

0 .0 2 1 9
Cc.

2 2 .9
Grams
N one N one

Gram
0 .0482

Gram
0 .0 4 8 2

Gram

0 .0 2 1 9 2 2 .7 0 .2 4 M gC lt 0 .0 4 8 2 0 .0 4 7 8 -0 .0Ó Ó 4
0 .0 2 1 9 2 2 .9 0 .2 4 M gC lt 0 .0 4 8 2 0 .0 4 8 2 0 .0 0 0 0
0 .0 2 1 9 2 2 . 8 0 .2 4 M gC lt 0 .0 4 8 2 0 .0 4 8 0 - 0 .0 0 0 2
0 .0 2 1 9 2 2 . 6 0 .2 9 N aC l 0 .0 4 8 2 0 .0 4 7 6 - 0 .0 0 0 0
0 .0 2 1 9 2 2 . 6 0 .2 9 N aC l 0 .0 4 8 2 0 .0 4 7 6 - 0 .0 0 0 6
0 .0 2 1 9 2 2 .9 0 .4 1 N aC jH aO j 0 .0 4 8 2 0 .0 4 8 2 0 .0 0 0 0
0 .0 2 1 9 2 2 . 6 0 .4 1 N aC iH jO ï 0 .0 4 8 2 0 .0 4 7 6 - 0 .0 0 0 6
0 .0 2 1 9 2 2 .7 0 .8 3 K l 0 .0 4 8 2 0 .0 4 7 8 - 0 .0 0 0 4
0 .0 2 1 9 2 2 Í6 0 .8 3 K l 0 .0 4 8 2 0 .0 4 7 6 - 0 .0 0 0 6
0 .0 2 1 9 2 2 .4 0 . 2 1 LiC i 0 .0 4 8 2 0 .0471 - 0 . 0 0 1 1
0 .0 2 1 9 2 2 . 6 0 . 2 1 LiC l 0 .0 4 8 2 0 .0 4 7 6 - 0 .0 0 0 6
0 .0 6 0 0 2 0 . 8 6 N one N one 0 . 1 2 0 2 0 . 1 2 0 2
0 .0 6 0 0 2 0 .3 0 0 .7 3 N aC l 0 . 1 2 0 2 0 .1 1 7 0 - 0 .0 0 3 2
0 .0 6 0 0 2 0 .2 4 0 .7 3 N aC l 0 . 1 2 0 2 0 .1 1 6 6 - 0 .0 0 3 6
0 .0 6 5 3 19 .16 N one N one 0 . 1 2 0 2 0 . 1 2 0 2
0 .0 6 5 3 18 .7 0 0 .5 1 L iC l 0 . 1 2 0 2 0 .1 1 7 3 -0 .Ó Ó 29
0 .0 6 5 3 18 .63 0 .5 1 L iC l 0 . 1 2 0 2 0 .1 1 6 9 - 0 .0 0 3 3
0 .0 6 5 3 18 .64 0 .5 1 LiC l 0 . 1 2 0 2 0 .1 1 6 9 - 0 .0 0 3 3
0 .0 6 5 3 1 8 .7 3 0 .5 1 L iC l 0 . 1 2 0 2 0 .1 1 7 5 - 0 .0 0 2 7
0 .0 6 5 3 18 .97 1 .03 C a(N O a)î 0 . 1 2 0 2 0 .1 1 9 0 - 0 . 0 0 1 2
0 .0 6 5 3 18 .87 1 .0 3 C a(N O j)* 0 . 1 2 0 2 0 .1 1 8 4 - 0 .0 0 1 8
0 .0 6 5 3 18 .83 1 .0 3 C a(N O j)* 0 . 1 2 0 2 0 .1181 - 0 . 0 0 2 1
0 .0 6 5 3 18 .85 1 .03 Ca(N O j)* 0 . 1 2 0 2 0 .1 1 8 2 - 0 .0 0 2 0
0 .0 2 1 9 2 2 .9 N one N one 0 .0 4 8 2 0 .0 4 8 2
0 .0 2 1 9 2 3 .3 0 .4 1 C a(N O i)j

C a (N O ,)i
0 .0 4 8 2 0 .0 4 9 0 + 0 .’ÓÓÓ8

0 .0 2 1 9 2 3 .7 0 .4 1 0 .0 4 8 2 0 .0 4 9 9 + 0 .0 0 1 7
0 .0 2 1 9 2 4 .5 0 .4 3 N aN O j 0 .0 4 8 2 0 .0 5 1 6 + 0 .0 0 3 4
0 .0 2 1 9 2 4 .0 0 .4 3 N aN O * 0 .0 4 8 2 0 .0 5 0 5 + 0 .0 0 2 3
0 .0 2 1 9 26 .6 * 0 .3 6 A l(N O s)j 0 .0 4 8 2 0 .0 5 6 0 + 0 .0 0 7 8
° S o lu tions  s ta n d a rd iz e d  
b S o lu tio n  acid .

a g a in s t p o ta ss iu m  su lfa te .

I t  is to  be noted th a t  while some of th e  errors involved 
a re  ra th e r serious, th ey  can be largely corrected by  having 
an  approxim ately  equal am oun t of th e  im purities in the 
sulfate  solution used to  standardize th e  barium  chloride.

I n t e r f e r i n g  S u b s t a n c e s .  T he titra tio n  cannot be car­
ried o u t in  th e  presence of appreciable am ounts of am m onium



January 15, 1931 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 21

com pounds, as they  p reven t th e  form ation of basic mercuric 
sulfate. T he titra tio n  is also unsuccessful in th e  presence 
of ions th a t  cause precipitates w ith  m ercuric n itra te , or w ith 
barium  chloride, such as ta rtra te s , phosphates, etc. Potas­
sium iodide is an exception (Table IV ). T he insoluble mer­
curic iodide could be m ade to  dissolve in  excess mercuric 
n itra te  solution by stirring  the color te s t m ixture w ith  a  glass 
rod, and  the end po in t could then  be determ ined as usual. 
Colored substances m ay also m ake th e  end po in t difficult 
or impossible to  detect.

T a b l e  V. E f f e c t  o f  S o l i d  B a r i u m  S u l f a t e  u r o N  E n d  P o i n t

T i t r a t i o n  0.0207 M  BaCl* S o l u t i o n  N e e d e d  p e r  M i l l i m o l  B aS (>4 
M i x t u r e  100 c c .  N e u t r a l  K sS O * S o l u t i o n
p e r  D r o p  A b o u t 0 .12 g. A b o u t 0.24 g. A b o u t 0.36 g.
HgCNOa)* BaSO« fo rm ed  BaSO* fo rm ed  BaSO« form ed

jDrops Cc. Cc. Cc.
2 4 2 .2  4 4 .0  4 4 .3
3 4 4 .7  4 5 .2  4 5 .3
4 4 5 .5  4 5 .8  4 5 .7
5 4 6 .0  4 6 .2  4 5 .9

E f f e c t  o f  B a r i u m  S u l f a t e  C o n c e n t r a t i o n  o n  E n d  

P o i n t .  T he effect of concentration of barium  sulfate, and 
of th e  num ber of drops of titra tio n  m ixture per drop of mer­
curic n itra te  on th e  position of th e  end po in t was deter­
m ined in n eu tra l solution, using 0.02 M  barium  chloride 
solution. T he results, given in T able V, indicate th a t the 
error due to  difference in  concentration of barium  sulfate 
m ay  be m inim ized b y  tak ing  a  sufficient num ber of drops of 
titra tio n  m ixture near the end point. T his is also recom­
m ended because th e  end point is then  m ore sensitive and 
closer to  th e  stoichiom etric poin t. A  small-sized drop of 
m ercuric n itra te  is also advantageous, since th e  same effect

can th en  be produced w ith a  sm aller am oun t of titra tio n  
m ixture.

D i s c u s s i o n

T he m ethod is recom m ended for rou tine analysis, ra th e r 
th a n  for single determ inations. All th e  solutions involved 
are of stable inorganic com pounds, and  can be m ade u p  in 
large quantities and  kep t for long periods of tim e.

T he biggest advan tage  of the m ethod  is th a t  i t  is tim e- 
saving. T he au thors are able to  finish an  o rd inary  titra tio n , 
working individually and  n o t know ing th e  sulfate conten t, in 
about 10 m inutes. T his is possible, in sp ite of th e  outside in­
dicator, because th e  m ethod is a  d irec t one, and  because a 
prelim inary end po in t is reached (using one d rop  of titra tio n  
m ixture) several cubic centim eters in  advance of th e  final end 
po in t (using several drops of ti tra tio n  m ixture). T h u s th e  
barium  chloride solution can be added 2 or 3 cc. a t  a  tim e 
un til the  final end point is nearly  reached. T he appara tu s  
necessary is also simple and  inexpensive.

N o a tte m p t will be m ade here to  give fu rth er procedure 
for th e  m ethod o ther th an  th a t connected w ith  th e  titra tio n  
itself, because of the  g rea t varie ty  of substances and  solutions 
in  which sulfate  m ay  be determ ined.

Aside from any  analy tical considerations, th e  m ethod 
employed in  ob tain ing T able  I I  seems to  be useful in  m easur­
ing the  ra te  of form ation of barium  sulfate under various 
conditions.

L i t e r a t u r e  C i t e d

(1) Pond, Chemist-Analyst, 22 (2), 4 (1933}.
(2) R ay , T ra m . Chem. S o c 71, 1098 (1897).

R e c e i v e d  A u g u st 12, 1933.

Chemical Examination of Trichloroethylene 
for Anesthesia

H e r m a n  L. T s c h e n t k e ,  American M edical Association, Chemical Laboratory, Chicago, 111.

AM O N G  the  various chemical compounds recently used 
for local anesthesia is trichloroethylene, C H C l— CCI2. 
This com pound has been described in the literature  

since 1864; i t  is not, therefore, a  new substance. D uring the 
W orld W ar, P lessner (2) found sym ptom s of poisoning in men 
using trichloroethylene for rem oving grease from m etal parts  
of m achinery, and  noted  th a t  th e  poison had special affinity 
for the  sensory fibers of th e  trigem inal nerve. Oppenheim {1) 
recognized th e  possibility of lessening sensitiveness of the 
diseased trigem inal nerve in cases of facial neuralgia by  giving 
th e  p a tien t sm all doses of th is compound to  inhale.

Trichloroethylene has also been developed commercially as 
a  low-boiling, noninflam m able solvent for extracting  oils, fats, 
and  waxes, for degreasing m etals, and for purposes of d ry  
cleaning. F or these uses, a  ra th e r im pure “ factory” grade 
ordinarily  has been sufficient. F or therapeutic purposes, 
only a m uch m ore refined p roduct is suitable.

Several firm s have been supplying m edicinal trichloro­
ethylene under various b rand  names, such as W estrosol, 
Gemalgene, Chlorylen, and T rethylene. Trichloroethylene 
was presented to  th e  Council on Pharm acy  and C hem istry 
of the American M edical Association for inclusion in  “ New 
and  Nonofficial Rem edies” and  th e  Chem ical L aboratory  was 
asked to  m ake an  exam ination of th e  p roduct. Accordingly, 
exam ination was m ade of two b rands of trichloroethylene 
preparations p resented; a  specimen of E astm an  grade and

of a  p ractical grade purchased from  E astm an  K odak  Co.; 
and  ano ther b rand  used m edicinally, obtained on th e  open 
m arket. T he resu lts of th is investigation  a re  given in  T able 
I , which includes qualita tive and  q u an tita tiv e  determ inations.

T he boiling po in t range of Chlorylen and of T richloro- 
aethylen zu C hlorylen was determ ined a fte r extraction  of th e  
preparation  w ith  an  equal volum e of w ater to  rem ove any  
in terfering  substances such as alcohol, and  subsequent drying 
of th e  trichloroethylene layer w ith  anhydrous sodium  sulfate. 
A fter being notified of th e  resu lts  of th e  investigation  of 
Chlorylen, the  firm indicated  a  desire to  investigate  fu rther, 
and  to  subm it the p roduct again in  th e  fu ture .

Based in p a r t  on th e  inform ation in  th e  lite ra tu re  an d  on 
th e  resu lts  of th e  w ork reported  herein, som ew hat rigorous 
standards for id en tity  and  p u rity  w ere elaborated . These 
were sen t for com m ent to  th e  firm w hich su bm itted  the  
product; th e n  in due tim e th e  following stan d a rd s were 
adopted  by th e  Council on P harm acy  and  C hem istry  for 
inclusion in “ New and  Nonofficial R em edies.”

S t a n d a r d s

T r i c h l o r o e t h y l e n e . 1  Trichloroethylenum , trichlorethyl- 
ene, CHC1:CC12, l-chloro-2-dichloroethylene.

* S o lu tions  refe rred  to  in  th e  d esc rip tio n s  of q u a l ita tiv e  a n d  q u a n t i ta t iv e  
te s ts  a re , un le ss  o th e rw ise  s ta te d , of th e  s tr e n g th  d escribed  in th e  c u rre n t 
U . S. P h a rm a co p e ia .
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T a b l e  I. E x a m i n a t i o n  o f  T r i c h l o r o e t h y l e n e  a n d  T r i c h l o r o e t h y l e n e  P r e p a r a t i o n s

B o lling  p o in t ran g e  
(U . S. P . X  m e th o d , 
760 m m .)

S p e c i f i c  g r a v i t y ,  
25° C ./2 5 0 C.

R e frac tiv e  index , 20° C.
a. O rig inal

b. D is tilla te  
T itra t io n  of aqueous

e x tra c t, 0.01 N  HC1 
or N aO H  consum ed  

R esidue  on  e v a p o ra tio n , 
100° C.

B rom ine te s t  (low er 
layer)

S ilve r am m o n iu m  n i­
tr a te  ( tu rb id ity  in  1 0  
m in .)

C hlo rides ( tu rb id ity  in 
5 m in .)

R ea d ily  oxid izing  s u b ­
s tan c es  (ch lo rine, e tc ., 
b lue  color)

T u rb id ity  te s t  (alcohol)

B e il b t e in  
I, 4 t h  e d .

8 7 .1 5

1 .4598
(25 .5 /25 .5 )

1 .4777
( n t f ' 8)

N . N . R . 
S t a n d a r d s

86-88

1 .4 5 8 -1 .4 6 0

1 .4 7 7 0 -1 .4 7 8 0

1 .4 7 7 0 -1 .4 7 8 0  
N o t m ore th a n

0 . 1  cc. 0 . 1  iV

N o t w eighab le 
(25 cc.)

W h ite
tu rb id ity

N one

C a lc o
B u l k

S a m p l e
C a lc o

T r ic h l o r o -
AETHYLEN& C h l ORYLEN*»

8 5 .4 -8 7 .4

1 .4 6 0

8 3 .8 - 8 8 .0

1 .4 5 2

1 .4775

1 .4776 
1 .0 6  cc. 0 .4 0  cc.

Less th a n

86.1-S8.0 
1 .4 6 0

1 .4777

1 .4770  
0 .0 5  cc.

Less th a n
0 . 0 0 0 1  g ram

Q U A LITATIVE TESTS
W h ite  ..........

tu rb id i ty  
N one S lig h t S lig h t

N one

E a s t m a n
E a s t m a n

( P r a c t ic a l )
z u

C h l o r y l e n
( M a r k e t

S p e c i m e n )

8 5 . 4 - 8 7 . 9 8 5 . 6 - 8 8 . 2 8 5 . 7 - 8 8 . 2 8 5 . 7 - 8 9 . 6

1 .4 6 0 1 .4 6 0 1 .4 5 0 1 .4 4 7

1 .4 7 7 0 1 .4 7 7 4 1 .4 7 6 7 1 .4 7 5 5

1 .4 7 7 4
N egligible

0 .0 0 0 1  g ram

1 .4 7 7 4
N eglig ib le

0 .0 0 0 2  g ram

1 .4 7 7 4  
Less th a n  

0 . 1  cc. 
0 . 1  N

1 .4 7 7 4  
L ess th a n  

0 . 1  cc. 
0 . 1  N  

0 .0 0 0 4  g ra m

N one N one P rac tica lly
none

N one N one N one
T u rb id T u rb id

W h ite
tu rb id ity

D ark en ed
aqueous
lay er

N one
T u rb id

T u rb id

W hite  
tu rb id ity  

B lack en ed  
aqueous 
la y e r  (m uch 
less for d is­
tilla te )

P ra c t ic a l ly  N one 
none

W h ite
tu r b id i ty

Im m e d ia te
tu rb id i ty

N one

N one
T u rb id

N one N one
T u rb id

°  D av ie s, R ose  & C o  & S chering  C o rp .

Actions and Uses. T he actions of trichloroethylene have 
n o t been investigated  com prehensively, and i t  was in tro ­
duced in to  therapeutics following some observations on m an. 
Trichloroethylene appears to  have a  selective action  on the 
sensory endings of th e  trigem inal nerve,, w hereby i t  affords 
relief in trigem inal neuralgia, b u t i t  is n o t clear th a t  the 
action even of therapeu tic  doses is lim ited to  these endings, 
and different individuals seem to show ra th e r wide differences 
in  susceptibility  to th is action; hence th e  dose necessary to 
afford relief varies correspondingly. T herapeutic  doses some­
tim es cause tran sito ry  giddiness, w ith lassitude, distress, 
palp ita tion , and  nausea. Large doses cause narcosis, and 
excessive doses cause death . T here  was no perceptible 
in ju ry  to  th e  lungs, heart, o r liver after narcosis repeated 
several tim es in th e  dog, b u t the re  w as slight hyperem ia of 
th e  gastric m ucous m em brane and  m arked  reddening of th e  
duodenum . T he liquid is ir r ita n t; hence i t  should no t be 
allowed to  come in con tac t w ith th e  nose w hen th e  vapor is 
inhaled.

Dosage. F ifteen  m inim s b y  inhalation , to  be repeated  after 
a few m inutes if necessary; b u t i t  appears probable th a t  no t 
m ore th an  60 m inim s should be inhaled w ith in  24 hours when 
i t  is used for any  considerable period of tim e.

Trichloroethylene occurs as a clear, colorless, mobile, and 
volatile liquid, possessing an odor similar to th a t of chloroform. 
I t  is miscible with ether and very soluble in alcohol; it is prac­
tically insoluble in water. The specific gravity is from 1.458 
to 1.460 a t 25° C. The refractive index is from 1.4770 to 
1.4780 a t 20° C.

Transfer 25 cc. of trichloroethylene to a distilling flask. De­
termine the distillation range according to Method I of U. S. 
Pharmacopeia X. Ninety-five per cent distills over a t from 
S6° to  88 C. (corrected) a t 760 mm. The refractive index of 
the distillate is the same as th a t of the material before distillation.

Transfer 5 cc. of trichloroethylene to a glass-stoppered cylinder, 
add 5 cc. of bromine w ater and shake the mixture vigorously a t 
intervals of 15 minutes: a t  the end of an hour a white turbid 
solution forms in the lower layer. Agitate gently 5 cc. of tri­
chloroethylene w ith 2 cc. of silver ammonium nitrate solution in 
a narrow glass-stoppered cylinder of from 10 to 15 cc. capacity: 
No turbidity  or darkening is observed in either layer a t the end 
of 10 minutes (acetylene, etc.).

Agitate 20 cc. of trichloroethylene with a  50-cc. portion of 
water and repeat, using a 25-cc. portion of water; transfer the 
combined aqueous layer to  a flask and add to the aqueous solu­
tion 2 drops of methyl red indicator solution. If the color of 
the solution is yellow, not more than 0.1 cc. of 0.1 N  hydrochloric 
acid is required to assume a pink color; if the color of the solu­

tion is pink, not more than 0.1 cc. of 0.1 N  sodium hydroxide is 
required to assume a yellow color.

Agitate 10 cc. of trichloroethylene with 25 cc. of water and 
allow the liquid to separate completely. Separate 10-cc. por­
tions of the aqueous layer are affected as follows: No turbidity  
is noted 5 minutes after the addition of 0.1 cc. of nitric acid and
0.1 cc. of silver n itrate solution (chlorides); no blue color is 
observed after the addition of 0.1 cc. of potassium iodide test 
solution and 0.1 cc. of starch test solution (readily oxidizing 
substances such as free chlorine).

Add 0.1 cc. of alcohol to 5 cc. of trichloroethylene: A turbid 
solution is formed (distinction from chloroform).

Evaporate 25 cc. of trichloroethylene in a  platinum  or porce­
lain dish on a steam bath and dry to constant weight a t 100° C. 
No weighable residue is obtained.

S u m m a r y

C om parative chemical exam inations were m ade of several 
b rands of m edicinal trichloroethylene and  of a specim en of a 
purified and  of a  technical grade. Two p roducts were found 
to  be m arkedly  outside of th e  boiling po in t range and  specific 
g rav ity  range. T he ac id ity  of all sam ples b u t one examined 
was well w ith in  th e  range set. F o u r sam ples showed con­
siderable tu rb id ity  in  bo th  layers w hen th e  silver am m onium  
n itra te  te s t was applied. T he presence of th is  tu rb id ity  gives 
rise to  considerable d o u b t as to  w hether com pounds such as 
acetylene are absent. All sam ples indicated  a lack  of chlo­
rides and  of readily oxidizing substances.

S tandards for trich loroethylene for m edicinal uses have 
been prepared, based upon th e  lite ra tu re  and  upon th e  work 
herein reported.

L i t e r a t u r e  C i t e d

(1) Oppenheim , Neurol. Zenlr., 34, 918 (1915); Oljenick, J .  A m .
M ed. Assoc., 91, 1086 (1928).

(2) Plessner, Berl. Gesellsch. f .  Psychiat. « . Neurol., N ov. 8, 1915;
cf. Neurol. Zentr., 34, 919 (1915); Monatschr. f .  Psychiat. u .
Neurol., 39, 129 (1916); Berl. Gesellsch. f .  Psychiat. u. Neurol.,
Feb. 14, 1916; Monatschr. f .  Psychiat. u. Neurol., 44,374 (1918);
J .  A m . M ed. Assoc., 91, 10S6 (1928).

R e c e iv e d  J u ly  20, 1933.

C o r r e c t i o n .  I n  the article on “ Estim ation of Total and Bound 
(D) Gossypol in Cottonseed Meal” by Smith and Halverson [In d . 
E n g . C h e m ., Anal. Ed., 5, 319 (1933)], 13th line from the bottom 
of the second column on the page, the sentence should read “ Pipet 
(by suction) 4 cc. of aniline onto the meal.”



Optical Density Color Measurement 
for Petroleum Oils
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F i g u r e  1 . R e v e r s a l  i n  A p p a r e n t  
T r u e  C o l o r  w i t h  D i f f e r e n t  D e p t h s  

o f  O i l s

E T H O D S used in this country for assigning numerical 
color values to petroleum lubricating oils may be 
grouped as follows:

C l a s s  1. A given thickncss of oil is matched against one of 
a set of glass or liquid standards, primarily on the basis of hue. 
In  this class fall the Lovibond (7) and the National Petroleum 
Association (1) scales.

C la ss  2. A variable thickness of oil is matched against a 
standard color disk, as in the method initially described by Del-

bridge (5) and later 
applied in the Tag- 
Robinson1 colorime­
ter (13)] or against 
a fixed depth of liquid 
standard, as in the 
methods of Rogers, 
Grimm, and Lemmon 
(10) a n d  of W e ir , 
H o u g h to n ,  a n d  
Majewski (12). In 
a t least one of these 
(12) th e  m a tc h  is 
made on the basis of 
e q u a l i t y  of bright­
ness. A variant of 
methods of this class 
consists in matching 
a fixed thickness of 
the oil sample against 
a variable thickness 
of oil standard, as in 
t h e  m e th o d  of 
Parsons and Wilson 
(9). The color values 
d e r iv e d  fro m  the 

methods of class 2, with the exception of the Tag-Robinson 
colorimeter, have been called “ true colors.”

C la ss  3. The fraction of light absorbed by a  certain thickness 
of oil is determined photometrically. Examples of this class are 
the instrum ent proposed by C ox (S) which uses a sectored flicker 
disk, and th a t of Story and Kalichevsky (11) in which the dis­
tance between sample and illuminant is varied and the inverse- 
square law employed. Apparatus in which the relative trans­
mission of unknown and standard oils are indicated by the re­
sponse of photoelectric cells have been developed by several of 
the instrum ent companies. In all the methods cited except one 
(S) white light has been used as illuminant.

While several of these methods have been useful in the 
specification of color for sales work, from the viewpoint of the 
refiner each has more or less serious shortcomings. In order 
to serve him best, a color scale must meet six specifications:

1. Samples should be accorded values in agreement with 
ordinary visual inspection.

2. Values should be additive in the sense th a t the color 
Cm, of a  mixture of two oils having colors C„ and C \ will be given 
by the equation

c„ _  +  PjL* (!)
“  100

where F„ and Vt, are the respective percentages (by volume) of 
the oils whose colors are Ca and Ct,.

3. Apparatus, standards, and color values should be repro­
ducible in any laboratory.

4. Color values should be based on fundamental rather than 
arbitrary' units.

5. The method should be usable in routine work.
6. Consistent color values should be obtainable on oils ranging 

from light finished products to the darkest tars and bottoms.

1 T h e  S a y b o lt ch ro m o m eter fo r m easu ring  th e  color of gao lines an d  naph* 
th a a  fa l ls  in  t h i s  c la ss .

T he m ethods of class 1 fail to  m eet specification 2. (For 
example, a  m ixture of equal p a rts  of two finished oils from 
the  same stock, which have respective N . P . A. colors of 4 
and 8, m ay  have an N . P . A. color of 6.5, whereas E quation  1 
would require an  N . P . A. color of 6 for th e  m ixture. S tory 
and K alichevsky (11) show th a t  th e  Lovibond scale leads to  
oil colors which are far from additive in th e  sense of E quation
1.) T he m ethods of class 2 when restric ted  to  m atching 
a  variable thickness of oil against a fixed thickness of one 
standard , as prescribed in th e  m ost recently  published ex­
am ple (12) of th e  class, yield color values w hich satisfy speci­
fications 1, 2, and 6, b u t do n o t m eet specifications 3 and 4, 
and could be b e tte r  w ith regard to  specification 5. T he m eth ­
ods of class 3 fail to  m eet e ither specification I (3) o r specifica­
tion 2 (11). (The m ethod of Cox is open to  objection because 
of his choice of blue ligh t as illum inant, ra th e r th a n  because 
of his photom etric arrangem ent.) W ie n  photocells are 
used w ith w hite light as illum inant i t  is well to  rem em ber th a t  
the response curve of th e  cell m ay  v ary  m arkedly from  th a t 
of th e  norm al eye (the  so-called v isib ility  curve). O 'Brien
(8) has shown th a t  filters can be devised for a t  least one 
type of photocell, such th a t the response curve of th e  com bina­
tion is in  satisfactory  agreem ent w ith th a t of th e  eye.

F i c u r e  2 . V a r i a t i o n  o f  A p p a r e n t  T r u e  
C o l o r  o f  D a r k  O i l s *  M a t c h e d  a g a i n s t  V a r i ­

o u s  D e p t h s  o f  S t a n d a r d

* 0.1 to 2.0 per cent solution in ethylene dichloride.

This p ap er presents experim ental d a ta  to  show how a  color 
scale for petroleum  lubricating  oils w as developed, which 
m eets all six of th e  above specifications. A com plete de­
scription of th e  final m ethod is also given, w ith examples of 
determ inations on a  large num ber of oils.

E x p e r i m e n t a l

One of th e  m ost serious objections to  th e  tru e  color m ethod 
of determ ining oil colors is th e  change in ap p aren t tru e  
color w ith th e  n a tu re  of th e  standard  oil (10) o r w ith  th e  
dep th  of standard  against which th e  m atch  is m ade. F igure 1 
shows th e  results of an  experim ent in which tw o oils of nearly  
th e  sam e N . P . A. colors were com pared in th e  D uboscq 
colorim eter, using w hite light. (These and  subsequent

23
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sam ples are described in  T able  I) . Sam ple 1 is taken  as 
s tan d ard  and is therefore assigned th e  sam e tru e  color a t  all 
depths. I t  is obvious th a t  sam ple 2 will be assigned a  tru e  
color less th an , equal to , or greater th a n  sam ple 1, if the 
dep ths m atched  are varied from  lesser to  greater. F u rth e r­
more these effects become greater w hen th e  difference of type  
betw een sam ple and standard  increase. T h is is exemplified in 
Figure 2, which shows th e  resu lts of m atching ethylene di­
chloride solutions of various d a rk  oils against a  2.5 +  N . P . A. 
oil s tandard . A nother difficulty w ith th e  tru e  color m ethod 
lies in the choice of a proper d iluen t for dark  oils. F igure 3 
illustrates th e  spread in tru e  color values which m ay  be in ­
troduced by  the use of a  poor solvent such as kerosene. I t  is 
evident th a t  for th is particu lar oil benzene is a superior 
d iluent.

T a b l e  I .  D e s c r i p t i o n  o f  S a m p l e s

- O il s  U s e d  i n  T e s t b -
v ib c o s i t y

S. U . SECONDS
S a m p l e t y p e 0 a . p . i .  A t 100° F . A t 210'

1 7 N . P . A . oil s ta n d a rd
2 7 .25  N . P . A . c lay ed  d is ti lla te
3® D is til la te 2 0 .4 ie o
4 a C ru d e  re s id u u m 1 8 .0 270
5 a C ru d e  re s id u u m 17.1 231
6 a C ru d e  re s id u u m 1 4 .8 4017 a C rac k ed  ta r 1 0 . 8 Î96
8 ° C ru d e  re s id u u m 2 0 . 6 ś i ó
9° C ru d e  res id u u m 1 7 .2 252

1 0 “ C ru d e  res id u u m 1 3 .3 2141
1 1 ° C ru d e  res id u u m 1 4 .2 632
1 2 ° C ru d e  res id u u m 2 2 . 8 279
13° F in ish ed  oil 2 1 .5 170
14“ F in ish ed  oil 2 1 .5 170
15“ F in ish ed  oil 1 9 .4 159
16“ D is til la te 2 0 .9 123
17“ C ru d e  res id u u m 8 . 2 1816
18 F in ish ed  oil 2 6 .0 Î4 5
19“ F in ish ed  oil 2 2 . 0 505
2 0 “ F in ish ed  oil 2 5 .0 294
2 1 “ F in ish ed  oil 2 4 .6 278
2 2 “ F in ish ed  oil 2 8 .4 503
23“ D is tilla te 2 0 . 6 612
24 D is til la te 2 4 .2 305
25 F in ish ed  oil 2 4 .6 906 79
26 F in ish ed  oil 2 0 .4 590
27 F in ish ed  oil 2 3 .8 360
28

S a m p l e

F in ish ed  oil 2 2 . 0

>------------- S o l u t io n s  U s e d  in  T e s t s *»
VOLUME OIL X 100 

OIL VOLUME SOLUTION 1

505

DILUENT
29
30
31
32
33
34
35
36
37
38
39
40
41
42

S am ple  15 
S am ple  16 
S am ple  17 
S am ple  19 
S am ple  4 
S am p le  9 
S am ple  10 
S am ple  20 
S am ple  21 
S am ple  22 
S am ple  23 
S am ple  15 
S am ple  26 
S am ple  10

2 .5 0
1 .5 6
0.10
6 .2 5  

< 1 . 0  
< 1 . 0  
< 1 . 0

1 2 .5
6 .2 5
6 .2 5  
3 .3 3  
5 .0 0

5 0 .0
<1.0

B enzene
B enzene
B enzene
B enzene
B enzene
B enzene
B enzene
B enzene
B enzene
B enzene
B enzene
B enzene
B enzene
B enzene

a U sed  on ly  in  so lu tion .
& E x c lud ing  th o se  m a d e  in  t r u e  co lo r d e te rm in a tio n s  a n d  a c co u n ted  for 

in  ca lcu la tio n  of tru e  color.

Effects such as these led to  a  p relim inary  com parison of 
several possible diluents—carbon te trachloride, a  narrow - 
boiling petroleum  naph tha , kerosene, m edicinal w hite oil, 
ethylene dichloride, and benzene. Of these th e  first th ree ap ­
paren tly  gave incom plete solution, w ith  considerable varia­
tion  in tru e  color a t  various dilutions. M edicinal w hite oil 
form ed m ore satisfactory  solutions b u t was too viscous for 
rou tine use. E thy lene dichloride and benzene were alm ost 
equally satisfactory  and  th e  la tte r  was chosen for fu rth er 
tests. T rue  color determ inations (w ith fixed dep th  of s tand ­
ard , 12) were m ade on 31 sam ples each a t  several dilutions in 
benzene. Of th e  155 determ inations so m ade, 140 gave devia­
tions of less th an  5 per cent, 12 of from 5 to  10 per cent, and 
3 of from  10 to  15 per cent, from  exact p roportionality  be­
tw een color and  concentration. Figure 4 shows a  few of the 
results. I t  was concluded th a t  benzene is a highly satisfac­
to ry  d iluen t for th is purpose.

VOLUME % SAMPLE 7 IN SOLUTION
F ig u r e  3. E f f e c t  o f  D il u e n t  o n  A p p a r e n t  

T r u e  C olo r

In  order to  elim inate the  effect of vary ing  the  dep th  of 
standard , a  stu d y  w as m ade of th e  use of m ore nearly  m ono­
chrom atic ligh t for illum inating th e  standard  and  sam ple. 
T hree sam ples were chosen of w idely different type , and  the ir 
true  colors w ere determ ined bo th  in  w hite ligh t and  in  the  
light passed by  each of eleven spectral filters by  m atching 
against 20 m m . of an oil stan d ard  having an N . P . A. color 
of 2 .5 +  and assigned a  tru e  color of 10 (12). (T rue color 
values referred to  below, unless otherwise s ta ted , will be 
understood to  have been determ ined by  th is m ethod. T he 
necessity of defining so precisely th e  basis of th e  tru e  color 
scale, on which these values are reported , em phasizes a  m ajor 
difficulty of the true  color m ethod in general— nam ely, th a t  
each investigator has been forced to  choose an oil o r glass, 
neither being reproducible, and assign there to  some a rb itra ry  
value of tru e  color.) T he results, p lo tted  in  F igure 5, showed 
th a t  m atching in  green light (about 500 to  560 m/i) gave 
values sim ilar to  those obtained in w hite light. R ed light
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F i g u r e  5 . 
I l l u m i n a n t

WAVE LEMGTH M
E f f e c t  o f  C o l o r  o f  

o n  A p p a r e n t  T r u e  
C o l o r

produced too great 
a  spread in the color 
values, whereas the 
use of b lu e  l i g h t  
resulted in a c tu a l  
reversals of c o lo r .  
S in c e  e a c h  of th e  
points on Figure 5 
represents th e  m ean 
of six readings, it  is 
possible to  compare 
t h e  p r e c i s io n  of 
r e a d i n g  in  t h e  
s e v e r a l  p o r t io n s  
of th e  spectrum  by  
calculating average 
per cent deviations 
for each set of six 
r e a d i n g s .  T h e  
figures so obtained

indicate th a t the precision of reading is adequate in either 
blue or green (2 per cent or less average deviation), bu t de­
creases considerably in th e  red (as high as 12 per cent average 
deviation).

T o verify the indication (Figure 5) th a t  green light results in 
color values concordant w ith visual comparisons (white 
light), true  color determ inations were m ade on 15 samples in 
bo th  w h i te  a n d  g re e n  light. As a 
m a tte r  of in terest determ inations were 
also m ade in  red and in  blue light.
T he results, p lo tted  in Figure 6, show 
a very  s a t i s f a c t o r y  line-up between 
w hite and green light. Reversals of 
ap p aren t color values appear in both  
th e  blue and th e  red (Table II ) .

Since in m onochrom atic l i g h t  th e  
only function of the  s t a n d a r d  is to  
absorb a  f r a c t i o n  o f t h e  i n c i d e n t  
light, th e  oil s tandard  was r e p l a c e d  
by  a  n e u t r a l  f i l t e r  (gelatin-in-glass) 
which reduced the  in tensity  to  roughly 
t h e  s a m e  e x t e n t  as 20 mm . of the 
2 .5 +  N . P . A. standard  p r e v i o u s ly  
used. A c o o p e r a t iv e  tes t was then 
m ade in which e a c h  o f tw o  l a b o r a ­
tories determ ined the colors of 79 samples. One laboratory  
used w hite ligh t and  20 m m . of oil standard , th e  o ther green 
ligh t and neu tra l filter standard . T he results obtained by  the 
tw o m ethods checked satisfactorily, w ith no trend  tow ard a  
greater disagreem ent a t  either extreme of th e  color range 
covered (from 20 to  5100 tru e  color). Since th is range of 
colors required dilutions w ith benzene such th a t  th e  resulting 
solutions contained from  10 to  0.05 per cen t of oil, th e  agree­
m en t betw een th e  two laboratories also dem onstrates th a t  
th e  dilution law holds as well in green light as in w hite light. 
Therefore no extensive program  to  prove this was considered 
necessary. However, for one case studied, th e  dilution law 
held satisfactorily, no t only in green light, b u t also in red  and 
blue. T hus th e  add itiv ity  relations betw een an  oil w ith 
color and th e  proper colorless diluent, such as benzene, follow 
E quation  1 satisfactorily  in green light and would probably 
do the same in any  nearly  m onochrom atic light.

In  order to  prove th a t  E quation  1 is also satisfied by  mix­
tu res containing m ore th an  one oil, true  colors were deter­
m ined on four oils of widely different types, and on four two- 
com ponent blends m ade from  them . T he calculated color 
of th e  blends agreed w ith th a t  actually  determ ined w ithin 8 
per cent, w hether w hite light and  oil standard , or green light 
and  neu tral filter standard , were used.

T a b l e  I I .  R e v e r s a l s  o f  A p p a r e n t  C o l o r  V a l u e s  

- T b u e  C o l o b -
W h ite G reen R ed B lue N . P . A.

S am ple lig h t . lig h t lig h t lig h t C olor

27 6 5 .4 6 5 .5 1 2 . 2 254 5 -
25 4 9 .9 5 2 .2 1 7 .6 180 4 .7 5 +
24 2 3 .4 2 3 .0 5 .5 3 107 3 .5  +
26 2 2 .9 2 4 .2 5 .8 5 9 0 .3 3 . 7 5 -
40 2 2 .5 2 3 .7 3 .3 3 130 3 .5  +
41 1 0 . 8 1 0 .7 2 .8 1 3 8 .5 2 . 5 +
18 1 0 . 1 9 .3 2 2 .0 4 4 7 .2 2 . 5 +
34 9 .2 1 9 .1 2 3 .8 0 1 6 .6 1 .7 5
38 8 .0 6 8 . 1 0 3 6 .4 2 , 2 5 -
33 7 .6 3 7 .1 5 ¿!5 1 1 4 .5 1 . 5 -
37 7 .6 0 7 .4 0 2 6 .3 2 . 2 5 -
39 7 .5 8 7 .3 1 i .92 1 9 .2 2
36 6 .6 4 6 .4 3 3 0 .6 2  —
35 5 .7 6 5 .1 6 i  .85 9 .7 5 1  +
32 5 .6 6 4 .9 8 1 7 .7 1 . 7 5 -

F i g u r e  6 . R e l a t i o n  b e t w e e n  T b u e  
C o l o r  i n  W h i t e  L i g h t  a n d  i n  R e d ,  

G r e e n ,  o r  B l u e  L i g h t

T he use of nearly  m onochrom atic ligh t effectively elimi­
nates d isturbing differences in  color betw een sam ple and 
standard . T his minimizes the influence of th e  personal factor 
of the observer, which is often troublesom e in m ethods using 
w hite light, w here th e  effect of bo th  hue and brightness m ust 
be evaluated in  deciding on a m atch. T he beneficial effect 
on the  precision of m atching is illustrated  by  the  following ex­
am ple: D eterm inations were m ade of th e  color of two 
sam ples by th ree observers using (/l)  w hite light and  fixed 
dep th  of oil s tandard  and  (5 ) green light and fixed dep th  of 
oil s tandard . T he average deviation  from  the  m ean for all 
observers on b o th  samples was 2.5 per cent using m ethod A  
and  1.0 per cen t using m ethod B .

H a v in g  shown t h a t  a satisfactory  
color m ethod resulted when s a m p le s  
d ilu ted  w ith  benzene w e re  m a tc h e d  
against a  neu tral filter standard  in green 
light covering a  narrow  band of wave 
lengths, th e  nex t steps were to  find a 
reproducible s u b s t i t u t e  for th e  green 
filter, and  a  m eans of calib rating  the 
n eu tra l filter in  absolute u n i t s .  T he 
transm ission curve of the green gelatin 
filter used up to  th is po in t is shown in 
Figure 7.2

I t  was considered th a t  th is  curve would 
be d u p l i c a t e d  w ith m aterials m ost 
readily  specified and obtained and least 
dependent on th e  products of any  one 
m anufacturer, if a  colored solution was 
used as filter. Preference was given to  

inorganic salts, ra th er th an  organic dyes, since as a class th e  salts 
would be m ore easily duplicated and  m ore stable w ith tim e. 
A survey of th e  available lite ra tu re  and an exam ination of 
some tw en ty  solutions w ith  a  small direct-vision spectroscope 
resulted in th e  choice of a  30-mm. layer of a  strong solution of

* T h e  tran sm issio n  cu rv es  g iven  in  F ig u re  7 w ere d e te rm in e d  b y  R azek  
a n d  M u ld er, u s ing  th e  R az ek -M u ld e r  co lor an a lyzer.
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F i g u r e  7 . T r a n s m i s s i o n  C u r v e s  o f  G r e e n  
F i l t e r s
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F ig u r e  8. P r o po r t io n a l it y  o f  O il  C o lo b  an d  
I o d in e  C olor  in  G r e e n  L ig h t

cupric chloride in w ater. Figure 7 shows th a t  th e  transm is­
sion curve of th is solution in  a clear glass cell is a  close approxi­
m ation  to  th a t  of th e  gelatin-in-glass filter previously used.3

H aving found a satisfactorily  reproducible substitu te  for 
th e  green filter, th e  m a tte r  of calibrating  th e  neu tra l filter 
standard  was tak en  up. A W ra tten  n eu tra l gelatin filter, 
cem ented betw een glass flats, w as used as w orking standard  
in  th e  prelim inary tests. F o r routine tes ts  all-glass r e ’o tr  ’ 
filters (supplied b y  the Bausch & Lom b O ptical Cot.'\ has 
have been substitu ted  and used satisfactorily  in five labora­
tories. These filters have an  optical density  of approxim ately
0.3, b u t for use in th e  proposed m ethod they  m ust be stand­
ardized more exactly. T h is is accom plished by  com paring 
them , in  th e  D uboscq colorim eter, w ith a  m aster standard  con­

sisting of a  liquid of
4 i ^ r ^ r r - r —---------------------------  k n o w n  o p t i c a l

density  per millime-

tribu tion  th roughou t the spectrum  of the illum inant is known. 
A discussion of calculations of th is kind is given by  D avis and 
Gibson (4). F igure 9 shows th e  relation  betw een th e  optical 
density  per centim eter and th e  concentration  for solutions of 
iodine in carbon tetrach loride. I t  m u s t be em phasized th a t 
th e  optical densities read from  F igure 9 will be correct only 
when th e  solution is viewed in  th e  illum ination furnished by 
th e  green filter specified in  Figure 7, in com bination w ith  a 
source of 1850° K . color tem pera tu re . Use of a  filter w ith  a 
different transm ission curve m ight resu lt in appreciable differ­
ences in optical density  of th e  iodine solution. T he calcula­
tions are n o t so sensitive to  changes in color tem pera tu re  of th e  
source, since a  recalculation based on a color tem pera tu re  of 
2600° K . for th e  source m ade only 1 per cent difference in th e  
optical density  figures. From  th e  equation  of th e  line shown in 
F igure 9, th e  optical density  D  (in th e  green light) of a  n eu tra l 
filter which is m atched by  X  m m . of an  iodine-in-carbon te tra ­
chloride solution of concentration C mg. per lite r is given by

D =  0.0003193 X (mg. iodine per liter) X (depth in mm.) (2)
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F ig u r e  9. O pt ic a l  D e n s it y  o f  S o ­
l u t io n s  o f  I o d in e  in  C a r bo n  T e t r a ­

c h l o r id e

U sed  in  green  lig h t co lo rim etry .

t e r  a n d  w h ic h  is  
known to  change its 
o p t i c a l  d e n s i ty  
l i n e a r l y  w i th  in­
creasing dep th . In  
th e  search for such 
a  liquid, tes ts  were 
m a d e  o f so m e  28 
solutions, w ith th e  
r e s u l t  t h a t  dilute 
solutions of iodine 
in  c a r b o n  t e t r a ­
chloride were found 
to  obey B eer’s Law 
in th e  light passed

by  th e  au thors’ green filter. Figure 8 shows th a t  when a  solu­
tion  of sam ple 23 is m atched against such solutions, a  linear re­
lation  is found betw een th e  dep th  of th e  oil solution and  the 
product of the dep th  and concentration of the  iodine solution. 
T he satisfactory  reproducibility  of th e  iodine solution is also 
dem onstrated  by  th e  points p lo tted  from  d a ta  on th e  several 
solutions. Since B rode (2) and G etm an (6) have published 
d a ta  on the  spectral transm ission of solutions of iodine in car­
bon tetrachloride, th e  optical density  of such solutions can be 
calculated for given dep ths and  thicknesses if th e  energy dis-

* T e sts  a re  be ing  co n d u c ted  on  g lass color filters  of a  size to  b e  conven ­
ie n tly  s lipped  in to  th e  D u b o sc q  eyep iece , b u t  b ecau se  of i t s  rep ro d u c ib ility  
f rom  specifications, th e  cup ric  ch lo ride  so lu tio n  filte r  is considered  a s  s ta n d ­
a rd .

In  order to  ex­
press color values in 
m ore fundam ental 
un its  and to  differ­
e n t i a t e  b e tw e e n  
color determ ined by  
th is m ethod and by  
a n y  o f t h e  o ld e r  
tru e  color m ethods,
+v.n u n it of the  scale 

' '** chosen as
lOOO tim es th e  op ti­
c a l  d e n s i t y  p e r  
m illim eter thickness 
of sam ple and  the 
n a m e  o p t i c a l  
density  (0 . D .) scale 
has been assigned 
to  th e  n e w  s c a le .
T hen if, in a  determ ination , R  m m . of a  given oil sam ple m atch  
a neu tra l filter of optical density  D, th e  optical density  color 
of th e  oil is 1000 D /R .

A comparison of several of th e  tru e  color oil standards used 
in  th e  m ethod of W eir, H oughton, and M ajew ski (12) w ith  
a  neu tra l filter calibrated  for density  has perm itted  the gen­
eralization th a t th e  following relation  exists betw een true  
colors determ ined by  th e ir m ethod and optical density  colors

0 O.l 0.2 0 3  04  0 5  06  07 0-8 09  10
OPTICAL DENSITY IN GREEN LIGHT 
OF HEUTRAL FILTERS USED IN 
DETERMINING OD. COLOR

F ig u r e  10. O pt ic a l  D e n s it y  C o lo r s  
D e t e b m in e d  in  G r e e n  L ig h t

N e u tra l filters  of s e v e ra l d ensities .

Optical density color =  1.57 X true color (3)

One of th e  d isadvantages of th e  true  color m ethod using 
w hite ligh t and oil standard  w as th a t  it  led to  different color 
values if th e  dep th  of standard  was changed. T he m ethod 
herein presented gives th e  sam e color values for any  optical 
density  of standard  w ith in  th e  practicable w orking range. 
T his is shown in Figure 10, where th e  optical density  colors of 
one light and  one d a rk  oil rem ain constan t regardless of th e  
density  of th e  neu tral filter used in  th e  determ ination . The 
points for th e  filter of lowest density  are considered reasonable 
checks in view of th e  increased u n certa in ty  in th e  determ ina­
tion  of the density  of th is filter.

A detailed  description of th e  m ethod is given below. W hen 
i t  is followed exactly, th e  accuracy obtained is com parable to  
any  photom etric m ethod, check determ inations b y  several 
observers agreeing to w ithin 2 per cen t of th e  average. 
U nder routine conditions, w ith identical sam ples d is tribu ted  
m onth ly  by  a  control laboratory , four laboratories have con­
sistently  reported  results w ithin 5 per cent of th e  average.
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D e t e r m i n i n g  A d d i t i v e  

C o l o r s  o n  O p t i c a l  
D e n s i t y  C o l o r  

S c a l e

S e t - U p  o p  M a c h i n e .
T he determ inations should 
be c a r r i e d  o u t in a room 
which is com pletely dark  
except for the  small light 
le a k a g e  from  th e  instru ­
m en t. P r e f e r a b l y ,  th e  
e n t i r e  ro o m  s h o u ld  b e  
pain ted  a dead black, and 
should be sm all enough to 
exclude o ther w ork or the 
presence of m ore th an  two 
m en a t  a  tim e. I t  is essen­
tia l th a t  th e  wall facing the 
operator, as he sits a t  the 
c o lo r  m a c h in e ,  b e  n o n ­
r e f l e c t i n g .  I n  locating 
and  installing such a  colorim eter room, proper ventilation 
should be provided and underground steam  lines avoided as 
m uch as possible.

A  tab le  or s tand  for the  in strum en t and stool for the opera­
to r are provided, of such relative heights th a t readings m ay 
be m ade w ithou t undue strain .

A Bausch & Lom b D uboscq colorim eter No. 2504, 100 
m m ., and Bausch & Lomb colorim eter lam p No. 2414 have 
been found satisfactory  for th is test. Purchasers of new 
instrum ents should specify th a t  th e  D uboscq plungers be 
cem ented in place w ith benzene-proof cem ent. The colorime­
te r  w ith its  rem ovable shield is shown on the righ t of 
Figure 11.

F or rou tine testing  th e  oil to  be examined is placed in a 
cup 25.4 m m . (1 inch) in d iam eter and 108 mm. (4.25 inches) 
deep, th e  bottom  of which consists of a  disk of optical glass 
sealed to  th e  bo ttom  of th e  tube  w ith benzene-proof cement. 
W hen relatively  few determ inations are to  be made, th e  cups 
furnished w ith the colorim eter suffice. B oth types are shown 
in  F igure 11 (left front).

A 60-w att, inside-frosted M azda bulb is specified.
A distinctive feature of th is p ro­

cedure is th a t  m atches are m ade w ith 
use of green light, which is secured by 
placing betw een th e  light source and 
m irror of th e  colorim eter a glass cell 
containing a green solution. T he solu­
tion  in use a t  p r e s e n t  is m ade by 
dissolving 326.0 gram s of B aker’s c. p .  
cupric chloride (CuCl2.2HiO) and 0.50 
gram  of B aker’s c. p .  m ercuric chloride 
in 351.3 gram s of distilled w ater and 
filtering once through W hatm an No. 42 
paper. T he solution is contained in a 
glass cell such th a t  th e  light passes 
through 30 m m . of solution. T he cell 
specified for th is  purpose is a m etal- 
glass-Bakelite cell using rubber gaskets 
instead of cem ent and m ade to  order 
b y  th e  A rthur H . T hom as Com pany.
(D uplicates m ay  be ordered by  re­
ferring to  A. H . Thom as b lueprin t 587.)
If th is  cell is u s e d ,  th e  s o lu t io n  
gradually  darkens and should be re­
placed m onthly . An alternative cell, 
which is m ore fragile b u t which does 
no t darken th e  solution, is A rthur H .

T h o m a s  C o m p a n y  N o. 
9173, 100 X  100 X  30 mm . 
(3.9375 X  3 9375 X 1.1875 
inches). If  th is cell is used 
the cover is sealed on w ith 
C anada balsam  to  prevent 
evaporation . T h e  t a k e ­
down cell is shown in Fig­
ure 11 in  fron t of th e  color­
im eter lam p.

In  order to  in troduce th e  
cell in to  the  light p a th  th e  
illum inator housing, base­
board, and l i g h t - t u n n e l  
m u s t  be cut  b a c k .  T he 
m anner of doing th is will be 
apparen t from  F igure 11.

In  order to  preven t any  
light f r o m  r e a c h i n g  th e  
D uboscq m irror o ther th an  
t h a t  w h i c h  h a s  p a s s e d  
through th e  green filter, a  

light screen is used, which also shields the eyes of the operator 
from s tray  light. Such a  shield is shown in Figure 11 (left 
rear).

T he working standard  in  th is procedure is a  25.4-m m. (1- 
inch) square glass n eu tra l filter. T his is in troduced in to  the 
system  by  replacing the left hand cup of the D uboscq by  a 
specially m ade brass m ounting which holds the neu tra l filter 
and a glass equivalen t to  the  bottom  of th e  rem oved cup.

N eu tral filters are pieces of g ray  glass ab o u t 25.4 X 25.4 X 
3.0 (1 X  1 X 0.125 inch), w ith an  optical density  of
abou t 6.3. T hey  are  calibrated and  issued by the control 
laboratory  and  periodic rechecks are  m ade. R easonable 
care m ust be exercised in handling these filters. T hey 
should be cleaned, if necessary, by  wiping w ith soft lens paper. 
T hey  m ust no t be washed w ith solvents of any  kind, nor 
scratched by  rubbing w ith a  g ritty  cloth.

In  order to introduce the neu tral filter and  th e  special cup 
into th e  set-up, brass adap te rs are used. These are  shown in 
Figure 11, propped up in fron t of th e  D uboscq colorim eter. 
Figure 12 shows the appara tu s  com pletely assembled. 

P r e p a r a t i o n  o p  S a m p l e .  Oils which, in dep ths of from 
8 to 90 mm ., m atch the standard  neu­
tral filter need no fu rther p reparation .

H aze due to  small q u a n t i t i e s  of 
suspended m a tte r  in  th e  oil m ust be 
rem oved b y  filtering before tak ing  th e  
color. I f  th is is no t done th e  grayness 
im parted  by  th e  haze will be read  as 
color and lead to  erroneous conclusions 
for o rdinary  purposes. (This applies 
to  haze produced by  suspended salts, 
w ater, or small quan tities of separated  
wax.)

D ark  oils which flow readily  are  to 
be d ilu ted  w ith benzene of 30 Saybolt 
color in  th e  ra tio  of one volum e of oil 
to  10 volumes of solution. I f  th is  solu­
tion is still too dark  to  m atch  th e  neu­
tra l filter a t  a  dep th  g reater th an  8 
mm ., a  second and  if necessary fu rther 
dilutions should be m ade, alw ays in th e  
10 to  1 ra tio . These dilutions are  to  be 
m ade in a  special flask calibrated a t  two 
points so th a t th e  volum es indicated 
have a  ra tio  of 9 to  10; and  w ith 
volum e betw een th e  tw o m a r k s  o f
10.0 0.05 m l. T he  flask is to  be

F i g u r e  1 1 . C o l o r i m e t e r  a n d  A u x i l i a r y  A p p a r a t u s  f o r  
D e t e r m i n a t i o n  o f  O p t i c a l  D e n s i t y  C o l o r s

F i g u r e  1 2 . A s s e m b l e d  A p p a r a t u s  
f o r  D e t e r m i n a t i o n  o f  O p t i c a l  D e n ­

s i t y  C o l o r s
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closed, while mixing, by a special bulb-type stopper w ith 
ground-glass joint, and no t by  cork or operator’s thum b. T he 
bulb-type stopper perm its completion of mixing before tran s­
fer. Pyrex flasks of this type  can be obtained from  th e  C orn­
ing Glass Com pany. T he flask and bulb-type stopper are 
shown in Figure 11 (right front).

T he benzene used for the above dilutions should be steam - 
distilled and filtered through paper before use.

_ log incident light 
transm itted light

/? =  mm. depth of oil (or solution) to  match neutral 
filter

N  =  number of dilutions (in 1 to 10 ratio)

These color values are  nam ed optical density  colors (colors 
on the optical density  scale) because th ey  are  calculated from 

th e  dep th  of oil (or solution) having an  o p ti­
cal density  equal to  th a t  of th e  n eu tra l filter 
working s t a n d a r d .  The  n e u t r a l  filters as 
purchased are  n o t accurately  calibrated  and 
hence m ust n o t be used u n til a  calibration 
has been supplied by  th e  control laboratory . 
To illustrate th e  calculation in  a few specific 
cases the  following examples are g iven :

(1) O il  N o t  R e q u ir in g  D il u t io n . Density 
neutral filter =  0.336 =  D. D epth of undiluted 
oil to match =  12.0 mm. =  R.

3 ^  5 6 zoo8  10 ZO 3 0  “1 0  fO  80 100 
O . D .  C O L O R

F ig u r e  13. N a tio n a l  P e t r o l e u m  A sso c ia t io n  an d  O p t ic a l  
D e n s it y  Coixm D ata fo r  V a r io u s  S a m ples

D ark  oils too viscous to flow readily and oils of high pour 
m ay  be warmed sufficiently so th a t  they  will pour and  then  
added to  the benzene in the  dilution flask, stopping a  little  
short of the second m ark. A fter the contents of th e  flask 
have cooled to  room tem perature  th e  volum e is ad justed  to 
th e  m ark  by  adding th e  necessary few drops of solute.

T a k i n g  t h e  C o l o r .  T he following parts  are examined 
and cleaned if necessary: 2 plungers, cup on righ t side of 
machine, bottom  glass and neu tral filter on left, m irror (sil­
vered side), large surfaces of green filtercell, bulb in  illum i­
nator, and inner reflecting surfaces of bulb housing, particu ­
larly  th e  bottom . I t  will also be necessary occasionally to 
rem ove dust from th e  top  section of th e  eyepiece which 
can be unscrewed for th a t purpose.

HOO 400 O ptical d en s ity  color
10» X 0.336 

12.0
28.0

C a l c u l a t i n g  t h e  C o l o r .  Color 
density  scale are calculated from

values on the  optical

Optical density color = 103D X 10* 
R (4)

(2) O il  R e q u ir in g  D il u t io n . Same neutral 
filter, D =  0.336. D epth of solution a t  m atch =  
27.0 mm. =  R. Number of 1 to 10 dilutions =  
2 =  N.

O ptica l den sity  color —
10» X 0.336 X 10»

27.0
1244

Since the m easurem ents are  uncerta in  in th e  th ird  figure, 
th is  resu lt should be w ritten  1240.

(3) D il u t io n  F la sk  N o t  E x a c t lt  1 to 10 R a t io . If the 
dilution flask used does not give exactly a 1 to 10 ratio the fol­
lowing formula is used:

O ptical den sity  color
10!D X (d ilu tio n  fac to r)- ' 

R
(5)

For example: Density of neutral filter =  0.336.

D ilu tio n  facto r
v o lu m e of so lu tio n  c o n ta in ed  b y  flask

The clean cup is now placed on the right side of the instrum ent 
and the filter holder, without the filter bu t with the bottom  glass, 
on the left. The light shield furnished with the machine is pu t in 
place, the light turned on, and the field observed. The eyepiece 
tube should be pushed in or out until the line of separation be­
tween the two sides of the field appears sharpest to the observer 
making the test. Both sides should appear equally bright. If 
they do not, then either the cleaning was inefficient or the optical 
system is out of balance. If the field appears equally bright on 
both sides, the cup on the right is racked up until the plunger 
touches its bottom. The scale on the right should now reach 
zero, and should be adjusted to  do so if necessary. The neutral 
filter is placed in position in its holder, which is racked up until 
the plunger and neutral filter are nearly in contact.

The oil or solution to be tested is placed in the cup, which is 
then replaced on the right of the machine and racked up and 
down until the fields match in intensity. The eye should be held 
as nearly as possible on the axis of the eyepiece while matching, 
and the point of m atch should be approached from both sides by 
"bracketing.” Six readings of the depth of match should be 
taken and averaged. However, on starting a  series, it  is well to 
discard the first few readings so as to give the eye time to adjust 
itself. If the average reading is below 8 mm., another set of 
readings should be taken on a more dilute sample. After each 
sample the cup and plunger should be washed w ith benzene and 
volatile naphtha. For this purpose a test tube which can be half­
filled with solvent and then slipped up around the plunger elimi­
nates the necessity of wiping the cup or plunger except occasion­
ally.

v o lu m e  of o il ta k e n  fo r d ilu tio n
9.70

Number of dilutions = 
match =  38.0 mm. =  R.

N  = 2. D epth of final solution a t

O ptica l d en s ity  color “
10» X  0.336 X  (9.70)»

38.0
832

where D = optical density of neutral filter

R e l a t i o n  o f  O .  D . C o l o r  t o  N . P . A. C o l o r

Figure 1 dem onstrated th a t, com paring tw o oils in  w hite 
light, various results m ay  be obtained, depending upon the 
thickness of oil layer. N or is th is  a phenom enon connected 
w ith a  colorimeter of th e  D uboscq type . Samples 1 and  2 
were placed in tubes of various d iam eters. In  tubes of 2 to  5 
mm . diam eter, sample 2 w as unquestionably  lighter, although 
in 35-mm. tubes (4-oz. bottles) i t  was ju s t as definitely darker 
th an  sample 1. N . P . A. color is, then , com parable to  a  w hite- 
light tru e  color a t  a  fixed dep th  (35 m m .), and  since th e  op­
tical density  color elim inates th is varia tion  of color w ith depth , 
no stric t correlation betw een N . P . A. and optical density  
color is possible.

T h a t there is a  rough correlation is dem onstrated  by Figure 
13, which contains values for 190 diverse oils. T he solid 
line betw een 2 and  8 N . P . A. w as determ ined on ano ther 
series of oils. Below 2 N . P . A. (broken line) the line seems 
to  dep a rt from  linearity , which appears to  be in agreem ent 
w ith  (unpublished) color analyses of N . P . A. standards 
which reveal th a t  below 2 N . P . A. th e  in terrelationships be­
tw een standards are of a different na tu re  th a n  those betw een 
the  standards from  2 to  8 N . P . A.

T he do tted  line corresponds to  th a t  of W eir, H oughton,
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and  M ajew ski (12) for true  color. I t  is no t in good agree­
m en t w ith th e  d a ta  for th e  wide varie ty  of oils included here, 
b u t there  is evidence th a t  it  is valid for light distillates, fin­
ished by  acid-treating  alone, which was th e  type  of oils con­
sidered by  them .
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Inverted Fractional-Distillation Analysis
Inversion Column

R. A. J. B o s s c h a r t ,  Laboratory of the N . V. D e Bataafsche Petroleum  M ij., Amsterdam, Holland

FO R  the  continuous sp lit­
ting  of a  m ixture of com­
ponents— for i n s t a n c e ,  

by d istillation  or extraction— 
when use is m ade of th e  differ­
ence in th e  coefficient of d is tri­
bution  of th e  com ponents over 
tw o phases, th ree  chief types are 
distinguishable. In  th e  case of 
distillation  these are  (1) flash dis­
tilla tion , (2) rectifying dephleg- 
m ation, and  (3) com plete recti­
fication.

In  the first case th e  m ix ture is 
divided over tw o phases, which 
are then  separated  from  each 
other. In  the second case the 
m ixture is in troduced on one side 
of th e  colum n, while p a rt of the 
product escaping on th e  o ther 
side is re-fed in  ano ther phase as reflux, which a fter being in ­
terchanged in th e  colum n flows aw ay on th e  first side. In  
the th ird  case the  m ixture to  be sp lit is in troduced in to  th e  
middle of th e  colum n. T he colum n m ay  here be looked upon 
as being constructed  of tw o halves, each working according 
to  th e  second type . I t  is of im portance th a t  the tw o phases 
in these tw o halves p lay  an  opposite p a rt.

For th e  discontinuous separation, applied for analysis, 
th ree analogous cases are  conceivable. T he first is closely 
connected w ith  analy tical d istillation , such as th e  A. S. T . M . 
d istillation  (D 86-30); th e  second, w ith  analy tical rectifica­
tion for d istillation , as w ith  th e  Podbielniak appara tu s ( / ) ;  
th e  th ird  case is also im aginable to  a certain  ex ten t.

For th e  usual fractional-d istillation  analysis of th e  second 
type, th e  m ixture to  be separa ted  is, as a ru le, in troduced as 
vapor a t  th e  bo ttom  of th e  colum n, so th a t  th e  ligh test com­
ponent is th e  first to  be separa ted  as th e  to p  product. I t  is, 
however, ju s t as possible to  in troduce th e  m ixture as liquid

a t  th e  top  of th e  colum n, in which 
case th e  heaviest com ponent is 
th e  first to  be separated  as th e  
bo ttom  product. T his can also 
be expressed as follows: T he
reflux can ju s t as well be a  gas 
phase as a liquid p h a s e ,  as 
was dem onstrated  w ith th e  ap ­
para tu s for absorp tion  analysis
(2). In  principle, th is  is m uch 
more logical in  m a n y  cases, as 
for exam ple, w hen th e  m ain 
in te res t in  the  analysis is in the 
q u a n tity  of th e  heaviest com ­
ponents, w hich is frequen tly  th e  
case in  th e  p e t r o l e u m  indus­
try . In  t h e  u s u a l  rectifica­
tion  by boiling point— e. g., 
P o d b i e l n i a k  appara tu s— the 
ligh test com ponent is conveyed 

to  th e  colum n in a  relatively high concentration , owing to  
th e  p a rtia l evaporation  of th e  tr ia l sam ple. Sim ilarly, when 
th e  phases are  in terchanged, i t  should be a ttem p ted  artificially 
to  realize a feeding of a liquid  w ith  a  high concentration  of 
th e  heaviest com ponents. In  th e  following pages th e  ap ­
para tu s required for th is  m ethod  is described in  detail.

T he T op CooLiNa
The trial sample, in the liquid phase, is in reservoir H  (about 

50 cc.), from which it continuously flows, through capillary C in 
the bottom, into column K t which is packed with glass rings 
(Figure 1). This ¡3 electrically heated (Fj), so th a t only an ad­
justable part flows down into the rectifying column K i. The 
part evaporated in K , rises through a separate tube S  above the 
liquid reservoir, bu t it  is there continuously condensed, by a top 
cooler D-E  of great capacity, and re-fed to  the liquid reservoir. 
The cooling liquid in the top cooler depends on the mixture to be 
separated; for the analysis of gases rich in m ethane i t  is liquid 
nitrogen.

In order to maintain a normal pressure in the whole apparatus,

A description is given of a rectifying apparatus 
for normal pressure, which allows an alysis by  
distillation of mixtures of gases or liquids, com­
mencing with the components with the highest 
boiling point.

The apparatus has a range of about + 2 0 0 °  
to - 1 7 0 °  C.

The fractions can be collected in liquid or in 
gaseous condition, as desired.

The analysis can be terminated at any point, 
which shortens the duration of the analysis con­
siderably in m any cases, especially when deter­
m ination of the fractions with the highest boiling 
poin ts is of chief importance, which frequently 
happens in the petroleum industry.
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the space around the top cooler is connected with gas tank G 
(capacity about 2 liters), filled with a noncondensing gas (hydro­
gen) above ethylene glycol (low vapor pressure, slight solubility 
of hydrogen or hydrocarbons). This gas also surrounds the top 
cooler, in so far as it  is not driven out by the condensing vapor. 
This makes it possible for the condensation level to rise or go down 
in connection with fluctuations in cooling, etc., constant pressure 
(2 cm. water of excess pressure) being guaranteed by the gas tank.

The condensation normally takes place a t the cooling coil D, 
which is continuously filled with liquid nitrogen from the cooling 
vessel F. As soon as the stock in this vessel is exhausted, the 
condensation level rises to the test tubes E, which are now only 
just filled.

in  cm . //¡¡r.

The accompanying expulsion of hydrogen to the gas m eter is 
utilized in the contact manometer M  to close an electric current. 
This closes in the relay It the outlet of the compressed air tube 
P. The current of compressed air, limited by capillaries, now 
presses the liquid nitrogen from one of the thermos flasks into 
the cooling vessel. Owing to  this, the condensation level drops 
again and the expelled hydrogen reenters, passing through the 
Dewar tube L, in which, a t —20° C. (ice and salt), the vapor of 
the ethylene glycol from the gas tank  is sufficiently precipitated.

T h is au tom atic  supply of nitrogen proved, in  all th e  experi­
m ents, to  insure a perfectly  regular circulation of liquid and 
vapor above th e  rectify ing colum n, entirely  independent of 
the m oistening of th e  colum n and  th e  collcction of the  liquid 
regulated  b y  th e  m anipulator.

Some ten ta tiv e  experim ents b rough t to  ligh t two difficulties 
in  th e  required  transm ission of m uch h ea t: T he rising vapor 
is easily cooled down so fa r  th a t  a  stable, dense m ist 
is form ed; th e  m ist drops m ay  even pass th e  cooler.
Also, too high a  percentage of high-boiling con­
stitu en ts  should be avoided, on account of th e  risk 
of freezing o u t a t  th e  cooler.

In  th e  construction  em ployed, these com ponents 
are sufficiently rem oved from  th e  vapor by  a rec ti­
fying in terchange in th e  top  colum n K 2 and  by 
dephlegm ation on th e  wall of tu b e  S  in which the 
evaporated  p a rt rises. T he vapor is then  m ade 
to  ro ta te  strongly  by  th e  sp rayer T  near th e  cooling 
coil, by  which the  m ist form ed is effectively centri- 
fugalized. M oreover, the  tem pera tu re  on th e  wall 
of the  (double-wound) cooling coil is ad justed  to  
some extent, as th e  nitrogen vapor developing in  it 
constan tly  p revents i t  from  being entirely  filled w ith 
th e  cooling agent. T he difference in  height between 
the  tw o ends of th e  coil in  th e  cooling vessel F  acts 
like a gas-lift pum p and  causes the  nitrogen to  
circulate th rough  th e  coil.

R e c t if y in g  a n d  M e a s u r in g  A p p a r a t u s

In  order to  render the  results as com parable 
as possible, th e  rectify ing  column K i was chosen in

exactly the sam e shape as th a t  used by Podbielniak in  his 
ap p a ra tu s  (inside d iam eter 4 m m ., leng th  ab o u t SO cm ., w ire 
coil packing); i t  is also surrounded by a  silvered vacuum  
jacke t 11.

A t the bottom  the column ends in a wide ground joint U, 
the inside of which ends in a very thin-walled, narrow tube. 
In  this are suspended the three thermoelements X .  The liquid 
dropping down through it  falls in drops onto the aperture of the 
discharge capillary A , which is heated by the heating device V,. 
The vapor formed returns to  the column through openings im­
mediately above the thermoelements.

The circulation of air in the (unsilvered) vacuum jacket 72 
causes p art of the dripping liquid to  evaporate before it reaches 
the thermoelements, so th a t an excessive supply of heat to  the 
capillary aperture can be avoided. This would easily give rise to 
errors in the reading of the tem perature, owing to heat radiation 
to  the thermoelements.

Through the very narrow discharge capillary A  and the drain 
cock 9 the rectified product can be collected, as desired, as liquid 
in a graduated cylinder or as gas in the graduated tank 0 , the 
pressure in which is registered by the barometer N , which is 
closed on one side. (Tight shutting of cock 9, also after the 
liquid has passed, is insured by the use of gasoline-insoluble cock 
grease, such as “Itcsistol.”

Tank 0  can be evacuated by the prevacuum tubing and the 
vacuum pump, connected a t 4 and 3. To this cock manifold is 
also connected the feed tube for the gas sample 1, which is freed 
from possible carbon dioxide and dried in the wash bottles in ­
dicated.

T h e  A n a l y s is

Before th e  analysis is s ta rted , th e  gas ta n k  G is filled to  
ab o u t one-fourth, th rough  cocks 10 and  11, w ith  carefully 
dried hydrogen. T he  colum n is also rinsed and  filled w ith 
hydrogen, before being connected w ith  th e  gas tan k . In  th e  
case of a  ligh t p roduct, th e  to p  cooler is filled w ith  liquid 
nitrogen, for w hich purpose th e  compressed air relay  R  is 
m ade to  function  by  press b u tto n  B  (see w iring d iagram ). 
A bout 250 cc. of hydrogen then  pass from  th e  gas m eter to  
th e  colum n.

A gaseous sam ple is in troduced  (after rinsing o u t th e  w ash 
bo ttles and  th e  cock m anifold up  to  cock 5) th rough  cocks 1 to  
9, inclusive. A bout 100 cc. of hydrogen are driven o u t of th e  
colum n by  th is . Im m ediately  a fte r th is  slight rise in th e  gas 
ta n k  (during in tense cooling), its  reading should be noted . 
T he feed of gaseous sam ple m ay  now be increased to  abou t 
1.5 liters per m inute. I f  th e  sam ple also contains hydrogen, 
oxygen, nitrogen, or th e  in e rt gases helium  or argon, these 
will join th e  hydrogen p resen t while th e  sam ple is in troduced ;
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th e ir volum e is determ ined by reading th e  rise in  th e  gas tan k  
during th e  in troduction . If  th is is m ore th an  1 liter, a  known 
volume can be quickly w ithdraw n from  th e  gas ta n k  through 
cocks 10 and 11. A concentration of oxygen of m ore th a n  10 
per cent in th e  gas tan k  should be avoided because of con­
densation, which results in  a  strong  developm ent of m ist and 
irregularity  in  the cooling.

If a  liquid sam ple has to  be introduced, some m ethane plus 
ethane (about 5 liters) should first be p u t in  as conveyor gas 
for the top  circulation to  p reven t freezing of th e  high-boilmg 
com ponents on th e  cooling coil. T he liquid sam ple can subse­
quently  be introduced under some excess pressure from the 
flask through th e  liquid drain ing  capillary.

A fter in troducing th e  tr ia l sam ple, th e  d rain  cock is closed, 
th e  au tom atic  cooling regulation is sw itched in, and  th e  heat­
ing device F j is so ad justed  as to  p reven t th e  propulsion of 
liquid in  th e  column. B y m eans of th e  heating  device V i the  
m anipulator regulates th e  w etting of th e  apertu re  of th e  dis­
charge capillary.

D uring th e  fu rth er execution of th e  analysis, th e  m anipu­
la to r’s care for the  cooling is restric ted  to  the  regular switch­
ing in of a  full therm os flask (cock 12) and  to  refilling the 
em pty  one. T he regulation of th e  colum n load (heating 
device F s) only rarely  requires a tten tion , which is occupied 
in securing th e  righ t degree of m oistening of th e  therm o-ele­
m ents.

This differs from th e  Podbielniak appara tu s  in  th a t  a  pos­
sible liquid propulsion a t  a  low colum n tem peratu re occurs 
mostly, if a t  all, far from  th e  m easuring point— a t th e  top 
of th e  column—and has only an indirect influence on th e  recti­
fication.

W hen th e  heating  by  V\ is gradually  increased, th e  tem pera­
tu re  registered by  th e  m illivoltm eter is first seen to  rise slowly 
and then , all a t once, to  a very  g reat extent. T he former 
m ovem ent is caused by  th e  lower boiling com ponents being 
forced back to  th e  column, the la tte r  by the  d rying o u t of the 
therm oelem ents. These should be k ep t ju s t sufficiently

m oist, which requires less supply  of heat in proportion  as 
m ore rectifícate is exhausted .

R e f l u x  R a t i o .  In  the butane range (slight exchange of heat 
with the surroundings) the charge of the heating device Vi was 
about 10 watts, equivalent to 2.4 gram calories per second 
(Figure 2). This means (molecular heat of evaporation of 
butane equals 5400 gram calories per gram molecule) a reflux of 
about 0.00044 gram molecules per second or about 10 cc. of gas 
per second.

The rate of flow to the graduated tank  was about 0.28 cc. of 
gas per second. The ratio of reflux was therefore about 40.

A tten tion  should here be draw n to  th e  possib ility  afforded 
by th is appara tu s  of adequate  checking of th e  ra tio  of reflux 
a t  th e  drainage end of th e  rectify ing  colum n, w hereas as a 
rule th is  ra tio  is know n only for th e  o ther end of th e  colum n.

As w ith  th e  Podbielniak ap p ara tu s , th e  analysis is recorded 
by noting  th e  values observed sim ultaneously  for th e  volum e 
of gas (or liquid) discharged and  for th e  tem pera tu re  regis­
tered  by  th e  m illivoltm eter. I f  the  discharge is regular, th e  
tem peratu re  can be read  a t  a n y  m om ent, in  co n tra s t w ith  th e  
Podbielniak appara tu s.

W hen th e  analysis has been continued long enough, or when 
the lowest-boiling com ponent has been reached, d ra in  cock 9 
is closed and  th e  colum n is connected  b y  cocks 10 and  11 
w ith a gas m eter. T he  au tom atic  cooling is disconnected. 
T he rem aining gas th en  escapes th rough  th e  gas m eter a t  
th e  ra te  of abou t 2 liters per m inute .

E x a m p l e s

In  Figures 2, 3, and 4 th e  values found in  tr ia l analyses 
have been p lo tted . T he m illivoltage of th e  therm oelem ents

F i g u r e  5 .  B o s s c h a r t  I n v e r s i o n  C o l u m n
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has in each case been takeu as the ordinate (1 millivolt equals 
about 10° C.)> the abscissa indicating the pressure in the 
graduated tank (or the volume of liquid drawn off).

Figure 2 represen ts a brief analysis of the  to p  gas obtained 
in th e  in dustria l production  of gasoline. T he tr ia l sam ple 
(abou t 15 liters) was in troduced  in  ab o u t 20 m inutes. The 
regulation  of th e  heating  took 15 m inutes, the rectification it­
self 1 hour, hence th e  whole analysis took over 1 .5 hours.

T he p roduct w as measured exclusively in th e  gaseous condi­
tion .

R e s u l t s  o f  D e t e r m i n a t i o n .  R i s e  i n  the gas t a n k  during 
the introduction was 6.0 cm. Increase in pressure in the gradu­
ated tank while the separate components were rectified off 
(Figure 2) was:

In it ia l  read in g  of b a ro m e te r

M e r c u r y

Cm.
1 3 .0

F o r  p e n tan es  a n d  h ig h e r com p o n en ts 2 . 0
F o r n o rm a l b u ta n e 3 .0
F o r  iso b u ta n e 3 .1
F o r  p ropane 7 .6

F in a l read in g  of b a ro m e te r 2 8 .7

The quantity  of gas (methane plus ethane plus propane) which 
subsequently passed through the gas meter (converted to dry gas 
a t 20° C.) was 12.61 liters.

The measuring apparatus is so calibrated th a t 1 cm. rise in 
the gas tank  gives an increase of 116 cc. of gas, and 1 cm. mer­
cury rise of the pressure in the gas tank gives an increase of 71 
c. of gas.

T a b l e  I. A n a l y s i s  o f  T o p  G a s

P e r  C e n t  
b y  V o l u m e  

B os- P odb ie l- 
s e h a r t n iak

C o m p o n e n t G as
a p -  a p ­

p a ra tu s  paratuB

P e n ta n e s  a n d  h ighe r (2.0 X  71)
Cc.
142 1 . 0 1 . 1

N orm al b u ta n e 213 1 .5 ) 3 .2Iso b u ta n e 2 2 0 1 . 5 /
P ro p an e > 5 4 0 > 3 .7 6 .7
E th a n e  p lu s  m e th an e < 1 2 6 1 0 < 8 7 .5 8 4 .5
O xygen , hyd ro g en , .n itrogen , e tc . (6.0 X  116) 696 4 .8 4 .5

T o ta l 14421 1 0 0 . 0 1 0 0 . 0

Carbon dioxide, if present, should of course be determined 
chemically, like the composition of the non condensable part.

Figure 3 shows a similar sample from the same plant, a  trial 
sample about 45 liters. The analysis has been continued further. 
The duration was:

Min.
In tro d u c tio n  of sam p le  # 40
E s ta b lish in g  o f eq u ilib riu m  15
T im e of d is ti lla tio n  3 ho u rs

T o ta l,  a b o u t 4  hours

T a b l e  II . C o n t i n u e d  A n a l y s i s  o f  S a m e  T o p  G a s

I n c r e a s e P e r  C e n t
in by

C o m p o n e n t P r e s s u r e ® G as V o l u m e

Cm. Hg Cc.
P e n t a n e s  a n d  h ig h e r 2 .4 171 0 .4
N o rm a l  b u t a n e 8 . 2 582 1 .3
I s o b u ta n e 8 . 1 575 1 .3
P r o p a n e 3 8 .1 2,710 6 . 1
E th a n e > 4 1 .4 > 2 ,9 4 0 > 6 . 6
M e th a n e  (g a s  m e te r  r e a d in g ,  c o n v e r te d ) < 3 7 ,3 2 0 < 8 3 .2
N o n c o n d e n s a b le  ( “  4 .3  c m . r is e  in  g a s  t a n k ) 499 1 . 1

T o t a l  t r i a l  s a m p le  ( ro u n d e d  off) 44,800 1 0 0 . 0

° A ccord ing  to  F ig u re  3.

Figure 4 represents the analysis of a  gas which still contains 
gasoline. As the higher-boiling components have been collected 
and measured as liquids (left half of Figure 4), all the data  have 
been converted to weight. The duration-was:

Min,
In tro d u c tio n  of s am p le  (a b o u t 20 g ram s) 25 
E s ta b lis h m e n t of eq u ilib riu m  20
R ec tifica tio n  3.5 ho u rs

T o ta l, a b o u t 4.5 h o u rs

T a b l e  III. A n a l y s i s  o f  G a s  C o n t a i n i n g  G a s o l i n e

V o l u m e  S p e c i f ic P e r
OF G r a v it y C e n t

C o m p o n e n t L i q u i d  G a s W e ig h t

Cc. Cc. Crams
DRAWN OFF AS LIQUID

H e p ta n e s  a n d  h ighe r 1 . 0 0 .7 0 0 .7 0 3 .5
H exanes 1 .3 0 . 6 6 0 . 8 6 4 .3
P e n ta n e s  (g rad . cy l. 0 ° C .) 4 .2 (0°) 0 .6 5 2 .7 4 1 3 .9
N o rm al b u ta n e  (g rad . cyl.

0 °  C .) 0 . 1 (0 °) 0 .6 0  (0 .0 6 )
G a s L i t e r

V o l u m e W e ig h t 2 . 2 0 1 1 . 1
DRAWN OFF AS GAS Cm. Hq Cc.a Qrams/l.

N o rm al b u ta n e  12 .1 800 2 .6 7  (2 .1 4 ) 7 .8
Is o b u ta n e  8 . 8 583 2 .6 7 1 .5 5 > 1 3 .1
P ro p a n e  > 1 9 .5 > 1 2 9 0 2 . 0 2  > 2 .6 0
M e th a n e  p lu s  e th a n e

(gas m e te r read in g ) < 8 5 2 0 a b t .  1 .0  < 8 .5 2 < 4 3 .2
N o n co n d en sab le  (rise

of gas ta n k  4.1 cm .) 444 a b t . 1 .4 0 .6 2 3 .1
T o ta l w eigh t of tr ia l  s am p le  ab o u t 19 .8 0 1 0 0 . 0

° Converted to 0° C.

C o n c l u s i o n

T he ap p ara tu s  described m akes i t  possible to  rectify  m ix­
tu res  of gases or liquids a t  boiling po in ts betw een + 2 0 0 °  
and  - 1 7 0 °  C.

E specially  w hen chiefly th e  higher-boiling com ponents 
have to  be determ ined, or w hen th e  low est-boiling com ponent 
strongly  preponderates in  percentage, th e  analysis can be 
finished in  a very  sho rt tim e.

O ther advantages are simple regulation  and  sharp  control 
of th e  exact m oistening of th e  therm oelem ents, adequate  con­
tro l of th e  ra tio  of reflux, and  reduction  of th e  dead space. 
Between th e  place w here th e  tem pera tu re  is registered and 
th a t  w here th e  volum e is determ ined th e  form ation  of liquid 
is g rea tly  restric ted .

Since all th e  system atic  deviations m ust be ab o u t equal bu t 
opposite to  those occurring w ith  th e  Podbieln iak  appara tus, 
a careful com parison of th e  tw o m ethods on th e  sam e sam ple 
will afford a  long-sought-for o p p o rtun ity  of surveying and 
elim inating these deviations.

A c k n o w l e d g m e n t

T he au th o r wishes to  express th an k s  to  the  N . V. De 
B ataafsche Petro leum  M aatschappij for allowing publication 
of th is  article, and  to  th e  staff of th e  A m sterdam  laboratory , 
especially to  R . N . J .  Saal, for th e ir readiness to  lend the ir 
assistance.

L it e r a t u r e  C it e d

(1) P odbieln iak , W .  J .,  In d .  E s q . C h e m .,  A nal. E d ., 3, 177 (1931);
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R e c e iv e d  September 1, 1933.

N e w  N o r w e g i a n  P r o c e s s  f o r  M a n u f a c t u r e  o f  S o d iu m  
N i t r a t e .  Details in connection with the new process for manu­
facturing sodium nitrate  recently developed in Norway have 
just been given out, according to a report made public by the 
Commerce D epartm ent.

The process, which will be patented in all im portant countries, 
is based on the use of artificial zeolites. Seawater somewhat 
concentrated is pumped through a large container filled with a 
calcium base-exchange medium. When the reaction has occurred 
the sodium zeolite is treated with a concentrated solution of cal­

cium nitrate, resulting in the formation of sodium nitrate and a 
calcium zeolite. Seawater is again introduced and the process 
repeated.

The sodium nitrate produced by this process, the report states, 
is not much more expensive than the calcium n itrate now being 
produced, especially if it  is considered th a t sodium n itrate can be 
packed and shipped in much cheaper sacks. The new product is 
stated to  be practically the same as natural sodium nitra te  and 
it is alleged th a t the synthetic can compete with the natural in 
price.



Qualitative Method for Selenium in 
Organic Compounds

M . J. H o r n ,  Protein and N utrition D ivision, Bureau of Chem istry and Soils, U . S. D epartm ent o f Agriculture,
W ashington, D . C.

WH E A T  plan ts grown by th e  B ureau of P lan t Indus­
try  a t the A rlington E xperim ent Farm  on norm al 
soil to which had been added from 1 to  20 p a rts  

per million of selenium in the form  of sodium selenate were 
believed to contain small quantities of selenium. Only a 
limited supply of these p lants was available for analysis, and 
a  quick m ethod which would require only a gram  or so of m a­
terial was desired to  te s t th is m aterial for selenium.

T he m ethod of Schm idt (3), used b y  Stover and H opkins 
(4), seemed to  be the quickest procedure available.

These workers digested powdered, dried leaves with 10 cc. of 
concentrated nitric acid until only 2 or 3 cc. remained. This 
operation with nitric acid was repeated. Then 5 cc. of sulfuric 
acid were added and the mixture was boiled, a few drops of nitric 
acid being added from time to  time to hasten the oxidation. 
When a straw-colored solution was finally obtained, the boiling 
was continued until dense white fumes were evolved. The solu­
tion was cooled and brought up to  definite volume and 0.01 
gram of codeine was added. The presence of selenium was indi­
cated by the formation of a green color, changing gradually to 
a blue-green and finally to a pure blue color.

T he disadvantages of th is m ethod are (1) the possibility of 
losses of selenium on digestion w ith n itric acid, (2) th e  diffi­
culty  of rem oving all traces of the n itric acid, and  (3) th e  tim e 
consumed in first digesting the m aterial w ith n itric  acid and 
then  rem oving th e  n itric  acid w ith sulfuric acid. I t  is neces­
sary  to  remove all traces of n itric  acid in  the  digest; o ther­
wise a  deep red color is obtained when codeine is added. I t  
was desired, therefore, to  elim inate th e  use of n itric  acid if 
possible, and th e  K jeldahl digestion m ethod for nitrogen de­
term ination  offered possibilities. Besides giving a  sm ooth, 
quick m ethod of oxidizing th e  organic m aterial, digestion of 
the m aterial w ith sulfuric acid and m ercuric oxide offered ad­
vantages in the probable form ation of a double sa lt of m ercruy 
w ith selenium, which lessens th e  possibility of a loss of sele­
nium  by volatilization, and in th e  change of th e  inorganic salts 
occurring in the p lan ts to  a  s ta te  of oxidation th a t  does no t 
give a blue color w ith codeine.

Lyons and Shinn ( i ) showed th a t  added salts, such as m er­
curic chloride and  zinc chloride, appear to  form  a double 
salt w ith th e  selenium holding it  in solution. Schm idt (3) 
showed th a t ferric iron in quantities of 1 d rop of strong ferric 
chloride solution in 10 cc. of concentrated  sulfuric acid will 
interfere w ith th e  test.

Weighed quantities (0.01 gram) of metallic selenium were di­
gested for 1 hour with concentrated sulfuric acid and a little mer­
curic oxide, after the manner of Kjeldahl nitrogen digestions. 
The sulfuric acid digest was cooled and made up to  50 cc. with 
concentrated sulfuric acid. An aliquot of 5 cc. was taken and 4 
drops of a 3 per cent aqueous solution of codeine sulfate were 
added. The color developed was compared in a Bock Benedict 
colorimeter against the color similarly developed in a standard 
solution containing 0.01 gram of metallic selenium dissolved at 
room temperature in 50 cc. of concentrated sulfuric acid. The 
standard solution was set in the comparator a t 20 mm. The com­
parison of the color intensities showed th a t no loss of selenium had 
occurred during the digestion. Further comparisons made 
against the same standard w ith 5-cc. aliquots of the digest 
diluted 50 per cent and 100 per cent with concentrated sulfuric 
acid gave the same result.

Two grams of ferric sulfate were digested for 1 hour with 50 
cc. of sulfuric acid and mercuric oxide in the manner described. 
A test of this digest with codeine sulfate gave no blue color, the 
solution remaining colorless to light yellow.

Solutions were made up with concentrated sulfuric acid con­
taining 0.0005 to 1.0 gram per liter of selenium. These were di­
gested with sulfuric acid and mercuric oxide, and a 5-cc. aliquot 
of each was tested in a test tube with 2 drops of 3 per cent codeine 
sulfate solution. All gave visible blue colors, the lim it of detec­
tion by this method being less than  0.5 part per million.

P lan ts  grown on soil to  which selenium had  been added and 
which were known to  contain selenium  and  sim ilar p lan ts 
grown on norm al soil w ere furnished by  th e  B ureau of P lan t 
Industry . In  every te s t w ith these p lan ts  those know n to 
contain selenium gave a  blue color on addition  of codeine sul­
fa te  solution, while th e  p lan ts which contained no selenium  
rem ained colorless. T ests were th en  m ade on w heat straw , 
corn, w heat flour, w heat leaves and stalks, and  soils, only 1 
gram  of th e  dried m aterial being used. T he te s t requires no 
m ore tim e than  th a t  required  for a  K jeldah l digestion for 
n itrogen.

In  order to  ascertain  ju s t w ha t salts m ight in terfere  w ith 
th is te s t under th e  conditions of th e  experim ent, D aniel 
R eady, of the B ureau of C hem istry  and  Soils, tes ted  17 in­
organic elem ents: chrom ium , nickel, titan ium , beryllium , 
m olybdenum , thallium , tellurium , vanadium , boron, an ti­
m ony, bism uth, arsenic, iodine, manganese, iron, silicon, 
and tungsten . Only vanadium  in terfered  w ith  th e  tes t, giv­
ing a dark  greenish blue solution on addition  of codeine sul­
fate. Arsenic on digestion w ith p lan ts gave no color, b u t on 
digestion w ith soils it  gave a  blue color which rap id ly  dis­
appeared, leaving th e  solution a  light yellow. T here  is no 
evidence th a t  vanadium  sa lts a re  p resen t in p lan t m aterial, 
although th ey  are p resent in some soils. R eady  added  2 mg. 
of the  sa lt of each elem ent to  5 gram s of th e  soil, and digested 
th e  m ixture w ith 50 cc. of sulfuric acid.

T h is m ethod can be m ade fairly accurate  as a q u an tita tiv e  
m ethod if fresh solutions of definite quan tities of selenium  are 
m ade up  in sulfuric acid and  com parison is m ade w ith  the  
unknow ns. F or quan tities ranging from  1 to  5 p a rts  per 
million i t  is quite accurate, b u t w hen larger quan tities are 
p resent th e  color is no t perm anent. Also, on standing  the  
codeine is gradually  acted  upon by  th e  sulfuric acid, giving 
a brow n color which interferes w ith  th e  tes t. A digest on 
stand ing  in  th e  open air for several hours absorbs sufficient 
m oisture to  interfere w ith th e  te s t. I t  is of in te rest to  no te  
th a t  th e  blue color developed by  adding 2 drops of codeine 
sulfate solution in 5 cc. of concentrated  sulfuric acid contain­
ing 10 parts  per million of selenium will g radually  disappear 
if w ater is added drop by  drop. D igests which will n o t give 
a  te s t w ith  codeine sulfate, because of absorption  of w ate r on 
stand ing  in  th e  air, can be heated  for 15 m inutes to  distill 
off th e  w ater. T he digest will th en  give th e  te s t in th e  usual 
way. I t  is im portan t, therefore, th a t  the  codeine be added 
to  th e  cooled digest as soon a fte r th e  digestion as possible.

E x p e r im e n t a l

One gram of the dried sample is pu t in a Kjeldahl flask and 40 
cc. of concentrated sulfuric acid are added, together w ith 0.2 
gram of mercuric oxide. The mixture is then digested until 
colorless, and the digest is cooled and made up to definite volume, 
if desired, w ith concentrated sulfuric acid. To 5 cc. of the cooled 
digest in a  test tube are added 2 drops of a 3 per cent aqueous 
solution of codeine sulfate, with cooling and snaking after each 
drop. If the digest contains selenium, a green color develops

34



January 15, 1934 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 35

and then rapidly changes to  blue. When the method is applied 
to soils, the coolcd digest should be centrifugalized, and the test 
made on the clear supernatant solution.

T able  I  shows th e  results of tes ts  m ade on sam ples obtained 
from th e  B ureau of P la n t In d u s try . T he plus m arks denote 
th e  relative in tensities of color developed by the above tes t; 
th e  figures denote an  approxim ate q u an tita tiv e  estim ation 
m ade by  comparison w ith fresh standards. All sam ples 
taken  were 1 gram  each in 50 cc. of sulfuric acid. Q uan tita­
tive  determ inations m ade on some of these sam ples by  o ther 
m ethods show th e  m ethod to  be fairly  accurate.

T a b l e  I. T e s t s  o n  W h e a t  L e a v e s  a n d  S t a l k s  C o n t a i n i n g  
V a r i a b l e  A m o u n t s  o f  S e l e n i u m

A p p r o x im a t e

T a b l e  II. T e s t s  o n  M a t e r i a l s  K n o w n  t o  C o n t a i n  S e l e n i u m  
a n d  O t h e r s  K n o w n  t o  C o n t a i n  N o S e l e n i u m

S a m p l e
Q u a l it a t iv e
E s t im a t io n

Q u a n t it a t iv e  
E s t im a t io n  

P . p. m.
1 0 1 W h e a t leaves U +++ 2 0
1 0 2 W h e a t leaves 1 0
103 W h e a t leaves 4- 2
104 W h e a t leaves + + + + + 2 0
105° W h e a t leaves 0 0
1 0 0 W h e a t leaves + + + + + + 25
1 1 2 S ta lk s + + + + + + 25

° S am ple  105 was g row n on soil co n ta in in g  no  se len ium , th e  o th e rs  on  soil 
co n ta in in g  d iffe re n t q u a n titie s  of selen ium .

T able I I  shows a comparison of substances containing 
selenium and  th e  norm al substance. (R) denotes sam ples 
containing selenium determ ined by  R obinson’s gravim etric 
m ethod (£).

S traw  (R ) 
N o rm al s traw  
C o rn  (R ) 
N o rm al co rn  
W h e a t (R ) 
N o rm al w hea t 
Soil (R ) 
N o rm al soil

P o sitiv e
N eg a tiv e
P o sitiv e
N eg a tiv e
P o sitiv e
N eg a tiv e
P o sitiv e
N eg a tiv e

A quick accurate m ethod has been developed for th e  detec­
tion  of selenium in organic com pounds. T he resu lts  on 
sam ples known to contain selenium and on those containing 
no selenium are described. V anadium  interferes w ith  th e  
test.

A c k n o w l e d g m e n t

T he au th o r wishes to  express his th an k s to  A. M . H urd- 
K arre r for th e  num erous sam ples supplied in  connection w ith 
th is investigation.
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Platinized Silica Gel as a Catalyst in 
Gas Analysis

II. Oxidation of the M ethane Hydrocarbons

K e n n e t h  A. K o b e  a n d  E . B r u c e  B r o o k b a n k  

D epartm ent o f Chemical Engineering, U niversity o f W ashington, Seattle, W ash.

IN  A PR EV IO U S paper (8) i t  has been shown th a t th e  cop­
per oxide tube  on th e  gas analysis appara tu s m ay be 
replaced by  a  sim ilar tube  containing a  comm ercial p la ti­

nized silica gel which is an  efficient ca ta ly st for th e  oxidation 
of hydrogen and  carbon monoxide. H ydrogen m ay be quan­
tita tiv e ly  oxidized a t  100° C .; carbon monoxide acts as a 
ca ta ly st poison a t  th is tem pera tu re , m aking it  necessary to  
raise th e  tem pera tu re  to  300° C. to  oxidize the  carbon m on­
oxide quan tita tive ly . A lthough m ethane is no t oxidized 
a t  300° C., noth ing is know n of th e  oxidation of e thane  and 
higher hydrocarbons under these conditions. I t  is common 
practice to  determ ine hydrogen and carbon monoxide to­
gether by  oxidation a t  300° over copper oxide. In  order to 
determ ine th e  possibility  of oxidizing hydrogen and carbon 
monoxide together a t  300° in  th e  ca ta ly st tu b e  in  th e  pres­
ence of hydrocarbons found in  technical gases, th e  condi­
tions under w hich m ethane, e thane , propane, and  bu tane 
are  cata ly tically  oxidized over p latinized silica gel were 
determ ined.

A p p a r a t u s  a n d  G a s e s

T he ap p ara tu s  was th a t  used in  th e  previous w ork (3). 
T he  ca ta ly st is th e  comm ercial p latin ized  silica gel contain­
ing 0.075 per cent of p la tinum  produced by  th e  Silica Gel 
C orporation for th e  oxidation  of su lfur dioxide to  trioxide. 
M ethane w as prepared  by  th e  action  of an  alcohol solution

of m ethyl iodide on a zinc-copper couple (7). E th a n e  
was prepared  by  th e  hydrolysis of e thy l m agnesium  iodide. 
T he propane was com m ercial Shellane obtained  from  th e  
Shell Oil C om pany and  was approxim ately  97 per cen t p ro ­
pane. B u tane  w as prepared  by  th e  hydrolysis of b u ty l 
m agnesium  brom ide. T he hydrocarbons a fte r being pre­
pared were analyzed for hydrocarbon con ten t and  then  
d ilu ted  w ith  oxygen before use.

O x i d a t i o n  o f  H y d r o c a r b o n s

T he hydrocarbon-oxygen m ix ture  w as passed th rough  
fum ing sulfuric acid to  rem ove any  unsatu ra tes, th en  over 
th e  ca ta ly st a t  100° C . to  rem ove any  hydrogen. T he pro­
cedure in  using th e  ca ta ly st tube  for hydrocarbon oxidation 
was exactly  th e  sam e as th a t  used in  th e  determ ination  of 
hydrogen. T he  gas m ixture was passed a t  a  ra te  of 30 to  
50 cc. per m inu te th rough  th e  ca ta ly st tu b e  heated  to  th e  
desired tem pera tu re . E ig h t passes were m ade, as th is  is in  
excess of th e  num ber needed for the  oxidation of hydrogen. 
T he results a re  shown in T able I .

T he resu lts w ith  m ethane show th a t  i t  is possible to  oxidize 
hydrogen and  carbon monoxide in  the  ca ta ly st tube  a t  a  
tem pera tu re  of 300° C . w ithout oxidizing m ethane.

T he oxidation p roducts from  m ethane and  e thane  w ere 
exam ined for unsatu ra ted  compounds, b u t none were found. 
T hus th e  high ra tio  of contraction  to  carbon dioxide is n o t
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due to  a  dehydrogenation of the hydrocarbon. Adsorption 
m ay  be one explanation for the larger contraction  a t  the 
lower tem peratures.

I t  was n o t found possible to  oxidize propane or bu tane 
completely, even a t  a  tem pera tu re  of 400° C.

T a b l e  I. O x i d a t i o n  o p  t h e  M e t h a n e  H y d r o c a r b o n s

M ETHANE

A nalysis 1  2 3 4
H e a te r  te m p ., 0 C. 300 325 350 375
C o n tra c tio n , cc. 0 . 0  0 . 0 0 . 0 0 .5
C arb o n  d ioxide, cc. 0 . 0  0 . 0 0 . 0 0 .3

9 .3  p e r  ce n t m e th an e  iin th e  gas m ix tu re
ETHA NE

A nalysis 1 2 3 4
H ea te r  te m p ., ° C. 230 250 280 300
C o n tra c tio n , cc. 0 .0  2 .4 4 .5 6 . 2
C arb o n  d ioxide, cc. 0 . 0  0 . 0 0 . 2 1 . 1

3 .4  p e r  ce n t e th a n e  in  th e  gas m ix tu re
PRO PAN E

A nalysis 1 2 3 4
H e a te r  te m p ., 0 C. 130 150 180 2 2 0
C o n tra c tio n , cc. 0 . 0  1 . 2 2 . 1 2 .7
C arb o n  d iox ide, cc. 0 . 0  > 0 . 2 0 . 2 0 .7

2 1 .7  p e r c e n t p ro p an e in  th e  gas m ix tu re
BUTANE

A nalysis 1  2 3 4
H e a te r  te m p ., ° C. 120 140 160 400
C o n tra c tio n , cc. 0 .0  1 .5 2 . 8 12 .9
C arb o n  d ioxide, cc. 0 .0  0 .9 1 . 1 7 .1

9 .0  per ce n t b u ta n e  in th e  gas m ix tu re

O x i d a t i o n  o f  C a r b o n  M o n o x i d e  i n  C i t y  G a s

Although ethane begins to  oxidize a t  250° C., th e  ra te  of 
oxidation of th e  small am ount present in c ity  gas m ight be so 
slow as no t to  affect the  results when hydrogen and  carbon 
monoxide are oxidized together over the  cata lyst. T he resi­
dues from  th ree sam ples of city  gas, containing carbon m on­
oxide, hydrogen, m ethane, ethane, and nitrogen, were used 
to  determ ine th is . One analysis w as ru n  in  w hich the  car­
bon monoxide w as determ ined  by  absorption in  acid cuprous 
chloride, and hydrogen by  oxidation in  the  cata lyst tube  a t  
100°. O ther analyses were run  in  which both  carbon m on­
oxide and hydrogen were oxidized in  th e  cata lyst tube a t  250° 
and a t 300° C. T he results are shown in T able II .

T a b l e  I I .  O x i d a t i o n  o f  C a r b o n  M o n o x i d e  a n d  
H y d r o g e n  i n  t h e  C a t a l y s t  T u b e

C a r b o n  M o n o x id e  C a r b o n  M o n o x id e  
b t  A b s o r p t io n  b y  C a t a l y s t  T u b e

A nalysis  1 2 3
H ea te r  te m p ., ° C . 100 250 300
N u m b er of passes  5 6  6
H ydrogen , p e r  ce n t 3 2 .3  3 6 .8  3 6 .9
C arbon  m onoxide, p e r c e n t 1 4 .4  6 .3  14 .6

These resu lts show th a t  th e  oxidation of the  e thane present 
in city  gas is sufficient to  affect th e  resu lts for hydrogen. 
T he ra te  of oxidation of the carbon monoxide a t  250° C. is so 
slow as to  preclude using th is  or a  lower tem pera tu re  a t  which 
ethane is no t oxidized.

O x i d a t i o n  o f  H y d r o c a r b o n s  o v e r  C o p p e r  O x i d e

T he copper oxide m ethod was extensively used w ith no 
knowledge of th e  oxidation of hydrocarbons o ther than  
m ethane, un til the  recent w ork of K ing and Edgcombe (2), 
who studied  th e  oxidation of m ethane, ethane, propane, and 
bu tane over copper oxide. T hey  found th a t  ethane, pro­
pane, and bu tane were slowly oxidized a t  280° C., th e  tem ­
perature used for th e  determ ination  of hydrogen and carbon 
monoxide. W hen th e  hydrocarbon was circulated over the 
copper oxide a t  280° C . for 10 m inutes in  the Bone and 
W heeler gas analysis apparatus, th e  following am ounts of 
oxidation were found to  have taken  place: m ethane, 0.0; 
ethane, 0.8; propane, 1.0; butane, 1.4 per cen t by  volume. 
Various gas m ixtures were also oxidized over copper oxide to  
study  the effect of th e  oxidation of hydrogen and  carbon 
monoxide on th e  oxidation of th e  hydrocarbons. T he re­
sults are shown in Table I I I .

T a b l e  I I I .  O x i d a t i o n  o f  P a r a f f i n  H y d r o c a r b o n s

(O xidized ov er copper ox ide a t  280° C . in  p resence  of h y d ro g en  a n d /o r  
ca rb o n  m onoxide)

P a r a f f in
A n a l y s is  by H y d r o c a r b o n s
C o m b u s t io n O x id iz e d

C o m p o s it io n  o f  G a s  M ix t u r e CO* H y d ro ­
C H * C iH a  C all« C O  H i  N t form ed H , M ix tu re ca rb o n s

% %
3 1 .0 1 6 .8  5 1 .6  0 .6 1 7 .3 5 1 .1 0 .2 5 0 . 8

2 9 .7 6 9 .8  0 .5 0 .7 6 9 .2 0 .2 3 0 . 8
2 5 .8 1 4 .0  5 9 .8  0 .4 1 4 .5 5 9 .3 0 .1 7 0 .7

3 4 .0  6 4 .0 . .  2 . 0 1 . 0 0 .5 0 . 8

K ing and  Edgcom be conclude th a t w ith c ity  gas, which 
does no t norm ally contain m ore th a n  5 per cen t of ethane, 
th e  am oun t of oxidation of e thane  and  higher homologs does 
no t cause an error greater th a n  th a t  of m easurem ent. How ­
ever, w ith gases containing higher hydrocarbons, such as 
th e  gases from  the  low -tem perature carbonization or hydro­
genation of coal, errors due to oxidation of hydrocarbons m ay 
appreciably affect the accuracy of th e  analysis. A lthough 
K ing and  Edgcom be found no oxidation of m ethane a t  
280° C., Cam pbell and  G ray (1) s ta te  th a t  th e  tem peratu re  
should no t exceed 300°. T h is is in  con trast to  th e  ca ta lyst 
tube  m ethod where no oxidation of hydrocarbon takes place 
under the  conditions for oxidation of hydrogen.

In  studying th e  oxidation of hydrogen and  carbon m on­
oxide, K ing and Edgcom be found th a t  if th e  carbon m on­
oxide/hydrogen ratio  exceeded 0.22, carbon monoxide would 
rem ain  a fte r all th e  hydrogen had  been oxidized. As no 
volum e decrease occurs w hen carbon monoxide is oxidized by 
copper oxide, th e  analyst m u s t use p recautions to  insure its  
complete oxidation. T he ca ta ly tic  oxidation of carbon mon­
oxide gives a  volum e decrease, so th a t  com plete oxidation 
m ay  easily be a tta ined .

A d s o r p t i o n  o f  G a s e s

T he adsorption  of carbon dioxide b y  copper oxide in tro ­
duces an  error in to  th e  m ethod of oxidizing carbon monoxide 
over copper oxide. Scherb (5) s ta tes  th a t  th is occurs a t  
room tem perature , decreases w ith rising tem pera tu re , and 
becomes negative through dissociation a t  a  red  heat. K ing 
and Edgcombe (1) found appreciable disappearance of 
carbon dioxide w hen carbon monoxide is oxidized a t  280° C. 
In  order to  recover all carbon dioxide they  found i t  neces­
sary to  evacuate the reaction  tube.

T he adsorption of carbon dioxide over clear and  platinized 
silica gels was studied by  Reyerson and  Swearingen (5) for 
pressure of carbon dioxide of ab o u t 740 m m . A t 138° no 
carbon dioxide rem ained on th e  platinized gel; 1.78 cc. 
per gram  rem ained on th e  clear gel, b u t th is  volum e becam e 
zero a t  218°. T he p latinized gel used b y  these w orkers con­
tained m uch m ore p latinum  th a n  th e  comm ercial platinized 
gel, though th e  adsorptive capacity  of th e  la t te r  is consider­
ably less th an  th a t  of th e  clear gel. T hus hydrogen and  
carbon monoxide can be determ ined together a t  300° C. 
w ith no adsorption of carbon dioxide. T h is  w as also shown 
by th e  experim ents reported  in  th e  first paper of th is  series
(3).

N othing  has been reported  concerning the  adsorption  of 
hydrocarbons by  copper oxide. T he adsorption  of m ethane 
on silica gel was investigated  by  R eyerson and Swearingen (5) 
who found 1.35 cc. per gram  a t  0° and  740 m m . T he  sm all 
am oun t adsorbed a t  th is  low tem pera tu re  indicates th a t 
no adsorption w ould occur a t  100°. T he adsorption  of 
bu tane  was investigated  by  P a tr ick  and  Long (4). A t 
100° th ey  found 1.87 cc. per gram  a t  145.4 m m ., 3.44 cc. per 
gram  a t  294.7 mm ., 6.16 cc. per gram  a t  566.9 m m ., an d  7.45 
cc. per gram  a t  696.5 m m . N o d a ta  are available concerning 
th e  adsorption  of e thane  and propane. From  th e  small 
am ounts (low partia l pressures) of ethane and higher hydro­
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carbons presen t in  city  gas it  m ay be concluded th a t  adsorp­
tion  will n o t be enough to  affect the results . W ith  gases 
contain ing g reater am ounts of the higher hydrocarbons ad ­
sorption will rem ove an  appreciable volum e from  th e  gas 
m ixture. H owever, a  sim ilar decrease in  volum e is caused by 
solution in fresh liquid reagents th e  first tim e th e  gas is 
bubbled through. A fter th e  liquid has become sa tu ra ted  
w ith th e  gases no fu rth er volum e decrease is due to th is 
cause. T he sam e th ing  is tru e  of adsorption  of gases on the 
ca ta lyst. Since th is  adsorption  is nonspecific (dependent 
only on th e  partia l pressure of th e  gas) th e  ca ta lyst will ad ­
sorb and  come in to  equilibrium  w ith th e  hydrocarbon mix­
tu re , so th a t  no adsorption will occur in  th e  second sam ple. 
T he cata lyst tube  m ay be considered as in troducing no more 
error th an  th e  liquid reagents used.

C o n c l u s i o n s

1. T he oxidation of m ethane, ethane , propane, and 
bu tane  over a  commercial platinized silica gel has been 
studied. No oxidation occurs w ith  m ethane a t  350°, ethane 
a t  230°, propane a t  130°, or bu tane  a t  120° C., b u t oxidation

does occur a t  tem pera tu res 20° to  25° higher. C om plete 
oxidation does no t occur even a t 400° C.

2. H ydrogen and  carbon monoxide can be oxidized 
sim ultaneously a t  300° C. in  th e  presence of m ethane, b u t 
n o t when higher hydrocarbons are  p resent, as in  city  gas.

3. A comparison of th e  copper oxide and  ca ta ly st tube  
m ethods has been m ade considering oxidation of higher hy­
drocarbons and  adsorption  of gases.
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Volume of Sugar-Beet Marc and Its 
Adsorptive Effect

S. J. O s b o r n , Great Western Sugar Company, Denver, Colo.

TH E  volum e allowance for 
m arc in  digestion m eth­
ods f o r  d e t e r m i n i n g  

sugar in  beets has recently  re ­
ceived renewed a tten tion  on the 
p a rt of a num ber of investiga­
tors. In  a p r e v i o u s  p a p e r  
Osborn and  Brown (8) described 
th e  centrifugation m ethod for 
th is purpose, which is free from 
m any of th e  draw backs of o ther 
m ethods, and reported  some pre­
lim inary determ inations m ade on 
th ree  sam ples of cossettes, which 
indicated  a  value of 1.0 ml. for 
the volum e of th e  m arc and  lead 
p rec ip ita te  in the  norm al w eight 
(26 grams) of cossettes under th e  
conditions of the hot-w ater di­
gestion m ethod. As th e  lite ra ­
t u r e  h a s  b e e n  e x t e n s i v e l y  
r e v i e w e d  b y  o t h e r  a u t h o r s  
(3, 7, 8), m ention will be m ade 
here only of a  few recen t references.

Saillard (5 ) determ ined th e  w eight and  specific gravity  of 
th e  washed and  dried m arc from 3 sam ples of rasped beets, 
finding a  value equivalent to  0.9 m l. of m arc, inclusive of the 
lead precip ita te , per 26 gram s of beets. In  a  com m unication 
(i6) to  th e  In te rn a tio n a l Commission for U niform  M ethods of 
Sugar A nalysis Saillard sta ted  th e  value as 1.2 to  1.3 ml. for 
the French double norm al w eight (32.52 gram s), which is 
equivalent to  1.0 ml. per 26 gram s. In  th e  sam e comm unica­
tion  he referred  to  some w ork done a t  th e  K ief In s titu te , in 
which th e  m arc volum e w as calculated from  th e  com parative 
polarizations obtained  b y  digestion and  b y  aqueous extrac­
tion. T he average volum e, in  th is  case also inclusive of 
th e  lead precip itate, was 0.70 ml. per 26 gram s of beets.

Spengler and  P aa r (7) have 
reported  a  num ber of te s ts  in 
which th e  percentage of m arc 
was calculated from  th e  polari­
zations of sugar solutions m ade 
to  volum e w ith and w ithout the 
presence of th e  norm al am ount of 
m arc. In  th e  presence of lead 
subaceta te  th ey  found an average 
value of 0.83 ml. per 26 gram s 
in th e  experim ents m ade w ith 
pressed juice, and  a  little  higher 
value w ith  th e  use of pure sugar 
s o l u t i o n s .  T h is  value is no t 
considered to  include th e  lead 
precip itate, for which abou t 0.25 
ml. should be added according 
to  th e  au th o r’s d a ta  (2 ), and 
w ith  th is  correction th e  volum e 
would be 1.08 ml. Spengler and 
P aa r also found m arc volum es of 
abou t 1.5 to  2.5 ml. in  th e  ab ­
sence of lead subacetate , from  

which they  conclude th a t  beet m arc contains considerable 
colloid w ater which is largely elim inated by  th e  effect of th e  
lead reagent.

D e t e r m i n a t i o n s  b y  C e n t r i f u g a t i o n  M e t h o d

D uring th e  1932-33 cam paign 58 determ inations were m ade 
on 30 sam ples of ground cossettes from  no rthern  Colorado 
beets by  th e  Brown centrifugation  m ethod (S'). T he  pro­
cedure was as follows:

A hot-water digestion was made in the usual manner, except 
th a t half proportions were employed on account of the necessity 
of using 100-ml. flasks in the centrifuge. The 0.5 N  weight 
(13 grams) of ground cossettes was rinsed into a 100-ml. flask 
with 3 to  4 ml. of lead subacetate (55° Brix.) and water to  make

This paper is a continuation of work to es­
tablish the volume allowance fo r marc in the
determination of sugar in beets by hot-water 
digestion. Fifty-eight determinations on thirty 
samples of cossettes by the Brown centrifugation 
method gave an average value of 1.0 ml. per 26  
grams of cossettes fo r the volume of the marc, 
inclusive of the lead precipitate. N o difference 
was found in the marc volume with the use of 6, 7, 
or 8 ml. o f lead subacetate per 26 grams of 
cossettes. Tests made to determine the adsorp­
tion of water by marc from  sugar solutions in­
dicated that this effect, i f  any, is sm all under
the conditions of the hot-water digestion, but m ay 
be sufficient to ju s tify  a somewhat higher marc 
allowance, the absolute value of which it is difficult 
to determine with precision by polarimetric 
methods.



a volume of about 75 ml. After thorough deaeration under 
vacuum to remove air, the contents were digested 30 minutes 
in a water bath  a t 80° C., the flask was then filled slightly above 
the mark with hot water, and the digestion was continued 10 
minutes longer.

After cooling, making to  volume a t 20° C., and mixing, the 
flask was weighed and then centrifugalizcd. As much of the 
clear supernatant liquid as possible (usually about 70 ml.) was 
drawn off carefully by suction into a test tube serving as a  re­
ceiver, care being taken to avoid the loss of particles of the pulp 
or precipitate. The specific gravity of the clear liquid was 
determined in a pycnometer. The weight of “pulp” remaining 
in the flask was determined, and the entire amount of pulp was 
then dried in the flask to determine its moisture content. In  this 
operation the excess of water was first evaporated off on a water 
bath, and the flask Was then heated a t 80° C. a t an absolute 

ressure of 175 mm. of mercury in a  vacuum oven, about 18 
ours being required to attain  constant weight. During the 

drying a slow current of air was aspirated through a  tube ex­
tending almost to the bottom of the flask, to facilitate the re­
moval of vapor. From the weights and analytical data the 
volume of the marc and lead precipitate was then calculated as 
described in the previous paper (3).

An International Equipment Company Type C centrifuge was 
used with a carrier and trunnion cups suitable for two 100-ml. 
flasks. The radius measured to the middle of the globular part 
of the flask was about 6.25 inches. In  tests 1 to 21 the centri­
fuge was operated a t a speed of 1100 to  1200 revolutions per 
minute, in subsequent tests a t 1800 revolutions. The latter 
speed was preferable and gave a  good separation in 10 minutes. 
A speed of 2900 revolutions was also tried, but was abandoned 
because of the difficulty of finding flasks th a t would not collapse 
a t this speed.

T a b l e  I. M a r c  V o l u m e

(W ith  use of 6 m l. of le ad  su b a c e ta te  p e r  26 gram a of coBsettes)
M a r c  p e r  2 6  G r a m s  o f  C o s s e t t e s

E x p t . S u g a r I I I I l l A v.
% M l. M l. M l. Ml.

1 1 5 .3 1 . 1 0 1 . 1 0
2 1 4 .5 1 .06 1 .0 6
3 1 7 .0 0 .9 8 0 .9 6 0 .9 7
4 16 .3 0 .8 4 1 .06 0 .9 5
5 1 6 .0 1 . 1 0 1 . 1 0
6 15 .3 0 .8 3 0 .9 2 0 . 8 8
7 16 .0 0 .8 5 0 .9 1 0 .8 8
8 17 .1 1 . 0 0 0 .9 1 0 .9 6
9 17 .6 1 .05 1 .06 1 .0 6

18 1 6 .0 0 .7 7 0 .9 1 0 .8 4
2 0 14 .8 0 .8 7 0 .8 7
2 1 16.9 0 .9 9 i!oo ., 1 . 0 0
24 16 .3 0 .9 3 0 .9 3
25 14 .2 0 .8 3 oiôô o !Ô3 0 .9 1
26 1 4 .5 0 .9 2 0 .9 1 . . 0 .9 2
31 16 .3 0 .9 8 0 .9 8

Av. 1 5 .9 .. 0 .9 6

T a b l e  II. M a r c  V o l u m e

(W ith  u se  of 7 m l. of le ad  su b a c e ta te  p e r  26 g ram s of cosaettes) 
M a r c  p e r  26 G r a m s  o r  C o s s e t t e s

E x p t . S u g a r I I I Av.
% Ml. ML M l.

1 1 17 .1 0 .9 3 0 .9 5 0 .9 4
1 2 1 7 .0 0 .9 4 0 .9 4 0 .9 4
13 1 4 .2 0 .9 0 0 . 8 8 0 .8 9
14 14 .4 1 . 0 1 0 .9 2 0 .9 6
2 0 1 4 .8 0 .9 9 0 .9 9
28 1 6 .0 0 .9 3 o !0 4 0 .9 4
29 16 .1 1 .06 1 . 1 0 1 .08
30 1 5 .4 1 .03 0 .9 7 1 .0 0
31 1 6 .3 1 .04 1 .04

A v. 1 5 .7 0 .9 8

T he m arc values found, which also include th e  lead pre­
cip ita te , a re  given in  deta il in  T ables I  to  IV . T he agree­
m en t betw een duplicates was satisfactory  w ith a very  few 
exceptions, being less th a n  0.1 m l. in  m ost cases. N o deter­
minable difference was found w ith  lead addition  varying 
from 6 to  8 ml. per norm al w eight of cossettes. T he m ini­
mum  am ount was apparen tly  sufficient for clarification and 
the use of a  larger q u an tity  did no t increase th e  am ount of 
lead precip itate. In  T able IV , in  which four different lead 
additions were used on th e  sam e cossette sam ples, no differ­
ence is definitely established w ithin th e  range of experi­
m ental error.

The average of all determ inations and of each series, ex­

pressed to  the nearest single decim al place, gives a  value of
1.0 m l. for the  volum e of m arc and  lead  p rec ip ita te  per 
26 gram s of beets. T h is agrees w ell w ith th e  au th o r’s form er 
values (2, 8 ) and  w ith  th e  recen t de term inations by  o ther 
m ethods of Saillard (5, 6), and  of Spengler and P a a r  (7) when 
the la t te r  a re  corrected to  include th e  volum e of th e  lead 
precip itate. T he value of ab o u t 1.5 ml. of S tanek  and 
V ondrak (9) is d is tinctly  higher.

T a b l e  III. M a r c  V o l u m e

Vol. 6, No. 1

(W ith  use of 8  m l. of le ad  a u b a c e ta te  p e r  26 g ra m s  of co sse ttes) 
M a r c  p e r  26 G r a m s  o f  C o s s e t t e s

E x p t . S u g a r  I I I A v.
%  M l. M l. Ml.

15 1 3 .8  0 .9 0 0 .9 2 0 .9 1
16 1 5 .4  1 .01 0 .9 4 0 .9 8
17 1 4 .5  0 .9 5 0 .9 2 0 .9 4
19 1 7 .4  1 .0 0 0 .9 7 0 .9 8
2 0 1 4 .8  0 .9 3 0 .9 3
2 2 1 6 .7  0 .9 2 0 .9 2
23 1 6 .2  0 .9 8 l ! 0 2 1.00
27 1 5 .8  1 .0 8 1 . 0 1 1 .04
31 1 6 .3  1 .0 3 1 .0 3

A v. 1 5 .7 0 .9 7

T a b l e  IV. M a r c  V o l u m e

(W ith  u se  of v a r io u s  am o u n ts  of le a d  s u b a c e ta te )
M a r c  p e r  26 G r a m s  o f  C o s s e t t e s

E x p t . L e ad  s u b a c e ta te , m l.: 5 6 7 8

M l. M l. M l. M l.
2 0 0 .7  8 0 .8 7 0 .9 9  0 .9 3
31 1.07 0 .9 8 1 .0 4  1 .0 3

An effort to  p lo t th e  m arc values against percen tage of 
sugar has indicated  a  tendency  to  slightly  higher m arc volum e 
w ith increasing sugar percentage, b u t th is  is so slight th a t  i t  
cannot be regarded as definitely established by th e  te s ts  here 
reported .

A d s o r p t i v e  E f f e c t  o f  M a r c

I t  was claimed by  early  investigators th a t  beet m arc selec­
tively  adsorbs w ater from a sugar solution, w ith  consequent 
increase in  volum e. T he w ater th u s loosely held  w as v ari­
ously designated as w ater of im bibition, w ater of hydration , and  
colloid w ater. A good review of th is  early  w ork is given by 
R um pler (/+). V ondrak (10) objected  to  th e  centrifugation  
m ethod of determ ining m arc volum e because i t  does no t 
tak e  account of possible sorption  of w ater by  th e  m arc in  
con tac t w ith  th e  sugar solution. M intz, K artashov , and 
Trofimovskii (1) claim  th a t  th e  m arc and  lead  precip ita te  
adsorb sugar, although th is  view does n o t seem to be held by 
others.

T he question has been confused by  th e  fac t th a t  th e  m ethod 
of preparation  of the m arc used b y  d ifferent investigators has 
varied . U nder th e  conditions of th e  ho t-w ater digestion 
m ethod, th e  m arc is heated  to  8 0 °  C. for 30 or 40 m inutes in 
th e  presence of lead subacetate. T he tem pera tu re  is prob­
ab ly  no t of g reat influence on th e  character of th e  m arc be­
cause th e  cold-w ater digestion m ethod is a stan d ard  m ethod 
for th e  determ ination  of sugar in  beets w hich, w ith  properly 
rasped pulp, is recognized as giving accurate  resu lts . T he 
work of Spengler and  P aa r (7) is illum inating, how ever, in  
showing th a t  th e  presence of lead subacetate  largely nullifies 
the  w ater-adsorptive capacity  of the  m arc.

In  o rder to  ob ta in  some inform ation on th e  adsorp tive 
effect of beet m arc applicable to  th e  conditions of th e  ho t- 
w ater digestion m ethod, several hundred  gram s of th e  m arc 
and lead precip ita te  from  h o t w ater digestions w ere prepared 
by  filtering, washing free of sugar, and  air-drying a t  abou t 
45° C . F or convenience th is  m ateria l will be hereafter 
referred to  sim ply as “ m arc.”  T he effect on th e  polariza­
tion  of sugar solutions was th en  determ ined independently  
by  two analysts. A sum m ary of the results is given in 
T ab le  V.

A N A L Y T I C A L  E D I T I O N
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T a b l e  V . E f f e c t  o f  M a r c  o n  P o l a r i z a t i o n  o f  S u g a r  S o l u t i o n s

S e r ie s D e s c r ip t io n  o f M arc U sed

T em p, o f  
D ig e s t i o n 0 

° C.
N o. of 
te s ts

------------- A na ly s:
C on tro l
series

r A---------
M arc
series . D ifference

N o. of 
te s ts

--------------- An .
C o n tro l

series

A.LYBT B -------
M a rc
series D ifference

1 1  g ram , a ir-d ried C old 4 15 .36 15 .37 0 . 0 1 9 15 .22 1 5 .2 4 0 . 0 2
2 1  g ram , d rie d  a t  80° C old 1 0 15 .38 15 .39 0 . 0 1 9 15 .23 15 .2 3 0 . 0 0
3 1 g ram , d rie d  a t  105° Cold 1 0 15 .3 8 15 .41 0 .0 3 9 1 5 .3 0 15 .2 9 - 0 . 0 1
4 1  g ram , d rie d  a t  80° 80 1 0 1 5 .3 8 15 .39 0 . 0 1 6 15 .29 15 .2 8 - 0 . 0 1
5 1 g ram , d r ie d  a t  105° 80 1 0 15 .18* 15 .18* 0 . 0 0 3 15 .28 1 5 .3 0 0 . 0 2
6 1  g ram , a ir-d ried 80 6 13 .04* 13 .02* 0 . 0 2

7 5 g ram s, d r ie d  a t  80°
A v.

Cold
50 1 4 .8 0 14 .8 1 0 . 0 1 36

4
15 .2 6
15 .2 5

15 .2 6
1 5 .3 8

0 . 0 0

0 .1 3
8 5 g ram s, a ir-d ried  

5 g ram s, a ir-d ried
C old iô 15 ! 35 15'. 47 o! 12

9 80 1 0 15 .35 15 .44 0 .0 9
° P e rio d  of 40 m in u te s  in  a ll cases.
b D ig estio n  ju ice  used  in  th e se  series, p u re  su g a r  so lu tio n s  in  all o th e rs .

E xcep t in  th e  two series in  w hich digestion juice (filtrate 
from  a hot-w ater digestion) was em ployed, th e  procedure 
was as follows:

Approximately 2 grams of high-grade sugar were weighed out, 
dissolved in water, and made up to 100 ml. in a volumetric flask. 
The marc was then added and after 40 minutes’ standing in the 
cold, or after hot digestion, the solution was filtered and polarized. 
In  the hot digestion tests the flask was weighed before and after 
digestion, and any water lost by evaporation was restored. In 
connection with every series an equal number of sugar solu­
tions, to which no marc was added, was polarized to serve as 
controls.

As in  all m arc investigations b y  polarim etric m ethods, 
careful w ork and  a  large num ber of determ inations are re­
quired  to  m inim ize accidental error. In  order to  elim inate 
personal bias in  reading a  num ber of solutions of approxi­
m ately  th e  sam e polarization, th e  w eight of sugar tak en  was 
allowed to  v a ry  betw een 1.95 and  2.2 gram s, and th e  read ­
ings w ere afterw ards calculated  to  th e  equivalent polariza­
tion  per 2 gram s of sugar. U sually five determ inations and 
th e  sam e num ber of controls were handled a t  one tim e, the 
w ork being repeated  to  form a series of 10 determ inations. 
In  each se t of 5 polarizations th e  difference betw een the  
highest and  low est polarization was usually  n o t essentially 
over 0.1 ° and  was som etim es less. C areful tem pera tu re  con­
tro l was exercised in  m aking to  volum e and  in  th e  polariza­
tions, which were m ade in  a 400-mm. tube.

T a b l e  V I .  D e t e r m i n a t i o n s  o f  M a r c  V o l u m e  b y  
A d d i t i o n  o f  M a r c  t o  S u g a r  S o l u t i o n s

( 1  g ram  m a rc  in  1 0 0  m l.)
C a l c u l a t e d

- P o l a r iz a t io n — V o l u m e  f o r
N o . OF C o n tro l M arc D iffer­ 2 G r a m s  o f

S e r i e s T e s t s series series ence M a rc

M l.
1 5 15 .31 15 .4 0 0 .0 9 1 . 2
2 5 15 .37 15 .4 8 0 . 1 1 1 .4
3 5 15 .3 4 15 .46 0 . 1 2 1 . 6

A t . 15 15 .342 15 .4 4 8 0 .1 0 6 1 .3 7

T he am oun t of sugar was chosen to  give a  polariscope read­
ing abou t equal to  th a t  of a cossette polarization. In  m ost 
of th e  w ork th e  m arc was added  in  th e  sam e proportion to 
sugar in  w hich i t  is p resen t in  a regular hot-w ater digestion of 
0.5 N  concentration . As th e  com bined m arc and lead pre­
cip ita te  have a  specific g rav ity  of ab o u t 2.0 (2), th e  calcu­
lated  am oun t for 1.0 m l. of m arc is accordingly 2 gram s per 
200 ml., o r 1 gram  per 100 ml. of solution, th e  am oun t used in 
these experim ents. T he average com bined w eight of the  
m arc and  lead  p rec ip ita te  from  th e  digestion of 26 gram s of 
cossettes was also found to  be exactly  2 gram s by  direct 
weighing.

T he air-dried m arc showed ab o u t 2 per cen t loss of moisture 
w hen heated  a t  80° and  3 per cen t w hen heated  a t  105° C. 
T he am oun t of m oisture p resen t in  th e  m arc dried a t  lower 
tem pera tu res was therefore of negligible influence on th e  re­
su lts. Several te s ts  m ade by  bo th  analysts by  extracting 
1 and  5 gram s of th e  m arc w ith  w ater and  m aking up  to  100 
ml. showed zero polarization in  all cases.

In  th e  determ inations of an a ly s t A all solutions were m ade 
to  volum e and  polarized a t  20° C. T he average polariza­
tions of th e  control series in  w hich sugar solutions w ere used 
are close to  th e  theoretical value of 15.38 for pu re  sucrose. 
In  th e  determ inations of an a ly s t B, various tem pera tu res were 
em ployed to  approxim ate th e  prevailing room  tem peratu re , 
b u t th e  sam e tem pera tu re  was of course alw ays em ployed 
for th e  parallel determ inations and  controls of each series.

T he averages of all th e  te s ts  and  of each series m ade w ith 1 
gram  of m arc show no determ inable  effect on th e  polariza­
tion . As the  m arc cam e from  ho t-w ater digestions, in which 
i t  had  been heated  a t  80° C. for 40 m inu tes in  th e  presence of 
lead subacetate , i t  was n o t expected th a t  th e  varia tions in 
th e  tem pera tu re  a t  w hich th e  p repared m arc was dried , o r the  
use of cold vs. h o t digestion, w ould be of significance on th e  re­
sults, and  th is proved to  be th e  case.

T he th ree  series m ade w ith th e  use of 5 gram s of m arc in­
dicate  consistently  an  adsorption  of w ater equ ivalen t to  a 
polarization increase of th e  order of m agnitude of ab o u t 0.1 
sugar degree. T his is equ ivalen t to  a  polarization of 0.02° 
for each gram  of m arc, an  am oun t w hich could hard ly  be 
definitely determ ined w ith in  th e  range of experim ental error 
b y  polarizations m ade w ith  th e  use of 1 g ram  of m arc.

Some te s ts  w ere also m ade in  w hich th e  volum e of th e  m arc 
and  lead prec ip ita te  was calculated from  polarizations ob­
tained  in  th e  following m anner:

One gram of marc which had been dried a t 105° C. and 1.95 
to  2.2 grams of sugar were transferred to a 100-ml. flask, water 
was added, and the flask was evacuated to remove the air present 
in the marc, and then the regular hot-water digestion procedure 
was carried out, the solution finally being made up to  100 ml. a t 
20°. From the average polarization of a series of tests of this 
kind and of a  control series composed of an equal number of 
determinations in which no marc was added, the equivalent marc 
volume was computed.

T he  averages of th ree  series of th is  kind, which are given 
in  T able  V I, show consistently  a higher value th an  th a t  of 1.0 
ml. ob tained  b y  the centrifugation  m ethod . U nfortunately  
th e  accuracy of polariscopic observation  is n o t sufficient to  es­
tablish  th e  desired value w ith  precision, as is illu s tra ted  by  
th e  fac t th a t  th e  difference of 0.4 m l. betw een th e  calculated 
volum es of th e  first and  th ird  series is due to  a  varia tion  of 
only 0.03° in  th e  polarization differences of th e  tw o series. 
I t  is therefore well n o t to  a tta c h  too g reat im portance to  th e  
absolute accuracy of these calculated m arc volum es.

T he difference betw een th e  use of a  m arc volum e of 1.0 
m l. or of 1.4 m l., th e  average of T able  V I, w ould be equivalen t 
to  only 0.03° in  th e  polarization of a  beet contain ing  16 per 
cen t sugar, so th a t  w ith in  these  lim its the  m arc volum e is es­
tablished closely enough for p ractical purposes.

A c k n o w l e d g m e n t

T he au th o r’s th an k s  are  due to  J .  A. B air and  J .  W . D ickey 
for th e ir  careful m anipulative w ork in  th e  determ inations of 
m arc volum e b y  th e  centrifugation  m ethod; to  J .  T . D avis 
for th e  p reparation  of th e  air-dried m arc used in  th e  adsorp­
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tion  te s ts ; and to  V. V. H artm an  and C . A. H orne for the ir 
painstaking polarization work in  the large num ber of tes ts  
m ade by  them  to  determ ine th e  adsorptive effect of m arc.
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Comparison of Extraction Formulas
C a b r o l l  W. G r i f f i n , Vassar College, Poughkeepsie, N. Y.

TH E  process of extraction  is frequently  used for the re­
moval of a desired compound from an im pure solution 
of it. T hus th e  separation  of an  organic compound 

from an  inorganic substance m ay usually be effected by  ex­
tracting  th e  aqueous solution with an organic solvent. A well- 
known general principle for the process is th a t , w ith  a given 
q u an tity  of extracting  liquid, th e  use of m any  fractions of the 
liquid leads to  a  m ore nearly  com plete rem oval of th e  de­
sired compound th an  does th e  use of th e  entire liquid in a 
single extraction . Form ula 1(1)

x  = y r  KW ~in (1 )_KW  +  L j  
where IF = cc. of solution

Xo =  grams of substance dissolved therein 
L  — cc. of extracting solvent used in each extraction 
K  =  distribution ratio of the substance for the two 

solvents
X n -  grams of substance remaining unextracted after the 

nlh extraction

m ay be used to  dem onstrate  th e  above principle and  to com­
pute  th e  am ount of substance which m ay be expected after a 
given num ber of operations.

As n  is increased in the above form ula Xn,  th e  am oun t of 
substance rem aining unextracted , will diminish and approach 
zero as a lim it ( X 0, K ,  W ,  L,  and  n  being positive). Some­
tim es num erical examples are used to  dem onstrate this, b u t 
th a t  the conclusion is valid in general is obvious, for from 
E quation 1 we m ay say

Xn
A'o

1

becomes infinite as n ■

equal ^  must, as n -  A  o

Therefore ,,—;— r- , 
(1 +  <*)"

+  a>, approach zero as a limit.

A’* “ \ k W T l^ \  = / (n ) (2)

following differentiation, no te  th a t  L  is now a constan t.) 
Proceeding on th e  basis th a t  if th e  first derivative is nega­
tive th e  function is decreasing we seek to  establish th a t

(1 +  L /K W )n
and putting L /K W  =  a we know th a t for positive values of a 

(1 +  a)n =  1 +  na  +  . . . positive terms

+  co. Therefore T.—i— and its

X„ + i <  X ,  or th a t f ( n )  < 0 

K W
f ' ( r i )  A'o [ K W  +  i / n ]

\ k___
]n (K W  +  L /n ) +

Since th e  first te rm  in th e  above equation  is positive i t  is 
sufficient to  stu d y  th e  sign of th e  rem ainder of th e  expression, 
i. e., th a t  in  braces.

L et us m ake th e  change of variable

L /K W n  -  u so th a t limit u — 0
71 -*• +  oo

T he first term  (in braces) becomes -  and  th e  second 

-In (1 +  «), so th a t  we stu d y  th e  sign of

¿(u) = 1 +  u 
Now ^(0) = 0

— ln (1 +  u) as u 0 by positive values

(In  general i t  m ay  n o t be a fac t th a t  w hen th e  derivative is 
negative th e  function is negative. H ere, how ever, th e  func­
tion is zero for u  zero, and  since its  derivative is negative 
for u  positive, it  follows th a t  th e  function  is negative for u 
positive.)

V (u ) =
(1 +  u y

T he above case should be clearly distinguished from th a t 
in which th e  qu an tity  of extracting  liquid is no t unlim ited, 
as is always true  in  practice. W hile in th is case, too, sub­
division of th e  available liquid into m any portions is ad­
vantageous, the lim it of th e  process is no t zero. If, in  such a 
case, we consider L  cc. as th e  to ta l volum e of extracting 
liquid and th a t  i t  is to  be subdivided in to  n  equal parts, 
and these successively used, th e  form ula obviously should be 
w ritten

Therefore \j/(u) <  0 for u  >  0. Hence the function ^(u) has a 
graph below the axis of u for u >  0.

Thus also f ( r i )  <  0 and in particular

f ( n  +  1) =  Xn + l <  f ( n )  =  Xn  

or X n + l  <  X n

W hereas A'„ in E quation  1 approaches zero as n  increases
tow ards plus infinity, such is n o t tru e  of Xn  of E q ua tion  2.
In  th e  la t te r  case X n obviously cannot approach th e  lim it 
zero since in th is case th e  to ta l q u an tity  of liquid, L,  is 
finite. W e evaluate th is lim iting constan t as follows:

S ta rting  w ith E quation  2 we m ay w rite

LiOK +  L /n_

where, as before, Xo, K ,  W ,  L,  and n are positive. (In  the In
r in? i

Xn  = IK W  +  L /n ]
Xo 1 In
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which takes the  form  0 /0  as n — >■ +  <». Therefore, differen­
tia ting  bo th  num erato r and  denom inator

limit II limit r  - l  -j
71 —► +  oo n  —► +  co LKW  +  L /n  J

T h u s
limit 

n  - « • - ) -  to

►—
< 

p *
1

*
II - L

KW

a n d
lim it

n -*  +  oo

1II

*
1

* ■L/KW

T h e  l i m i t i n g  v a l u e ,  e - L A K H 7, m a y  a l s o  b e  e s t a b l i s h e d  t h u s :

l i m i t  r  K W  " I 1* _  l i m i t  r  . L  ~\~n

n —  +  »  L K W  +  L /n J  n  —  +  «  L  K W n ]

=  n ^  [(1  +  L /K W n )K W n / L y L/KW  =  e - V ™

H owever, the form er m ethod is necessary in order to  show 
th a t  y ( n )  continuously— i. e., steadily  or m onotonieally— de­
creases to  its  lim iting value.

S u m m a r y

Two form ulas used in th e  process of extraction  are com­
pared as concerns variables involved, especially w ith refer­
ence to  th e  lim its of extraction  w ith an  infinite and  w ith a 
finite qu an tify  of ex tracting  liquid. These lim its have been 
evaluated .

A c k n o w l e d g m e n t

T he w riter is indebted  to  W . T . R ead, W. E . B yrne, and 
H . S. W hite for criticizing th e  m anuscrip t.

L it e r a t u r e  C it e d

(1) T ay lor, “ T reatise  on Physical C hem istry ,” pp. 485-7, Van 
N ostrand , 1931.

R e c e i v e d  S ep te m b er 15. 1033.

Determination of Small Quantities of 
Nitrobenzene in Oils

C. E. A n d i n g ,  J r . ,  B. Z i e b e r ,  a n d  W. M . M a u s o f f ,  T h e A tlantic Refining Com pany, Philadelphia, Pa.

OCCA SIO NS arise in  which it  becomes necessary to  
determ ine small am ounts of nitrobenzene in petroleum  
oils. A n outstanding  instance is the process (4) for 

the  refining of lubricating oils by  extraction  w ith  n itro ­
benzene, w here both  the refined oil and  the ex trac t m ust be 
freed from  sm all am ounts 
of residual nitrobenzene. A 
com parative stu d y  of various 
m ethods h a s  been m a d e ,  
selecting as th e  m ost prom is­
ing the  reduction  w ith  s tan d ­
ard  solutions of titanous salts 
and  back -titra tion  w ith  ferric 
alum .

I t  was felt th a t th e  known 
difficulties of nitrogen deter­
m inations by  com bustion in 
a  furnace or by  a  K jeldahl 
procedure would be accentu­
a ted  in th e  case of heavy oils.
A n o t h e r  m ajor line of ap ­
proach lay in the  reduction  of 
n i t r o b e n z e n e  to  aniline.
Two varian ts  of th is  would 
be (a) reduction  w ith  an ex­
c e s s  of  r e d u c i n g  a g e n t  
followed by  th e  determ ina­
tion of th e  excess, or (6) re­
duction followed by  the de­
t e r m i n a t i o n  o f  a n i l i n e .
U nder procedure b one m ight 
c o n s i d e r  d i a z o t i z a t i o n ,  
c o l o r i m e t r i c  m ethods, or 
b r o m o m e t r i c  m e t h o d s .
A ctual tests, however, showed 
th a t  side reactions tak e  place 
w ith n itrous acid, brom ine, or 
sim ilar reagents on account

of th e  oil present, as w as expected. T he color of th e  oils 
precluded any  hope of success by  colorim etric m ethods. 
V arian t a therefore was chosen. U nder th a t  head stannous 
chloride, titanous chloride, and  titanous sulfate were chosen 
for consideration as reducing agents less likely to  be affected

by  a n y t h i n g  t h a t  m ay  be 
present in th e  oils.

T itanous chloride was soon 
ruled o u t on account of th e  
form ation of chloram ines (2). 
A  com parison of th e  action 
of stannous chloride (5) and 
titanous sulfate  w ith  reflux
(1) showed superio rity  of th e  
la tte r . U sing know n solu­
tions of pure n itrobenzene th e  
a u t h o r s  have been able to 
ob ta in  98 per cen t reduction  
w i t h  20 p e r  c e n t  e x c e s s  
titanous solution, w h e r e a s  
even 150 per c e n t  e x c e s s  
stannous chloride gives only 
80 per cent reduction . T he 
r e d u c t i o n  w ith  s t a n n o u s  
chloride is m uch slower as 
well.

F igures 1,2, and  3 represen t 
th e  ap p ara tu s developed for 
th is determ ination .

P r o c e d u r e

T he procedure finally de­
veloped is as follows:

A sample of oil not exceed­
ing 5 grams is weighed in the 
boiler, and 10 cc. of xylene, 
25 cc. of methanol, and 25 cc. 
of 40 per cent sulfuric acid are

F i g u r e  1 . A s s e m b l e d  A p p a r a t u s

A . T i ta n o u s  s u lfa te  s to rag e  F. C o n d en ser
B. C a rb o n  d iox ide  w ash  to w er w ith  s p ira l O. S e t-u p  in  bo iling  p o s itio n
C. C a rb o n  d iox ide  lines  H. T u rb in e
D. C a rb o n  d iox ide  in le t K . T i ta n o u s  su lfa te  b u re t
E. B o iling  flask
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g r a m  o f  A p p a r a ­
t u s

A .  B o iling  flask
B. C o n d en ser
C. Carbon dioxide

inlet
D. H ole fo r b u re t 
B. P ropeller
F. T u rb in e  
O. A ir  je t  
H. C lam ps

added. The stopper containing the con­
denser, stirring rod, etc., is placed in the 
flask and carbon d io x id e  is  b u b b le d  
through for 5 minutes. The flask is a t­
tached to the buret containing the re­
ducing solution. The titanous s u l f a te  
is added in such a quantity  th a t there 
will be a  large excess present after the 
reduction. The flask is removed from 
the buret, the hole is plugged with the 
glass rod, and the stirrer is* connected to 
the 'motor and the water circuit to the 
condenser. The mixture is gently boiled 
for 10 to 20 minutes with constant agita­
tion. After h e a t i n g  it  is c o o le d  with 
cracked ice (to save time) and when cool 
is titra ted  with the ferric alum solution. 
When the blue of the titanous sulfate 
is almost completely removed, 10 cc. of 
10 per cent ammonium thiocyanate are 
added through the top of the condenser 
as the indicator, and the titration is con­
tinued to the appearance of a pink end 
point lasting a t least one minute. Car­
bon dioxide is bubbled through the appara­
tus during the entire procedure.

In  m ost cases th e  separation  of the 
oil was found no t to  be necessary. In  
th e  au tho rs’ experience, however, black 
tar-like samples were e n c o u n t e r e d  
which did no t give consistent r e s u l t s  
w ith  some observers unless th e  oil was 
s e p a r a t e d  after th e  reduction. This 
was referred to  as th e  interference of 
th e  color w ith th a t  of th e  end point. 
F o r such o b s e r v e r s  the end po in t is 
easier to  define when the oil is sepa­
ra ted . T he appara tu s in Figure 3 is 
used, and  the s e p a r a t i o n  is m a d e  
when th e  end point color persists for 
only 15 or 20 seconds.

w ithout increasing th e  tim e of analysis. T he au th o r’s 
experience has confirmed th is and for th e  best resu lts over a 
wide range of nitrobenzene concentrations th ey  found a  
0.2 N  solution to  be effective.

St r e n g t h  o f  S t a n d a r d  S o l u t io n s

T it a n o u s  S u l f a t e . T he streng th  of th e  titanous solu­
tion  should be a t  least 0.08 N  and preferably greater (0.2 N ).  
As indicated in T able I , analyses of nitrobenzene samples 
and  of oil containing nitrobenzene give m uch b e tte r results 
w ith  th e  solutions of th e  higher norm alities. T he lowest 
results are o b t a i n e d  w ith a  0.05 jV 
solution. T he effect is m ore notice­
able as th e  concentration of n itro ­
benzene increases. T his d e c r e a s e d  
am oun t of reduction still held for the 
0.05 N  s o l u t i o n  in spite of th e  fact 
th a t  th e  am ount of titanous solution 
was considerably increased, as well as 
th e  tim e of contact. I t  is apparen t 
th a t  th e  increased dilution of the mix­
tu re  w i th  w a t e r ,  due to  th e  use of 
larger volumes of dilute titanous solu­
tion to  obtain  approxim ately th e  same 
am ount of sa lt for c o n t a c t ,  had  an 
i n h i b i t o r y  effect on th e  reaction.
T his confirms Sam pey’s (5) work w ith 
stannous chloride wherein he sta tes 
th a t  the  presence of w ater is inhibi­
to ry . W ith  regard to  th e  streng th  of 
t i t a n o u s  chloride solutions used in 
reductions, E n g l i s h  (S) s ta tes th a t 
even for m o r e  a c c u r a t e  r e s u l t s  
a  0.25 N  s o l u t i o n  m a y  b e  u s e d

T a b l e  I. 
N it r o b e n z e n e  T it a n o u s

N i t r o b e n z e n e  i n  O i l

N it r o b e n z e n e
(A pprox.) S u l f a t e P re s e n t F o u n d D e v i a t io n “

% N Gram Gram
0 . 0 1 0 . 2 0 0 .0 0 0 5 0 .0 0 7 ± 0 .0 0 0 5
0 .0 2 5 0 .0 8 0 .0 0 1 3 0 .0 0 1 3 ± 0 . 0 0 0 1
0 .0 5 0 .0 5 0 . 0 0 2 1 0 . 0 0 2 2 ± 0 . 0 0 0 1
0 .0 5 0 .0 8 0 .0 0 2 0 0 . 0 0 2 1 ± 0 . 0 0 0 1
0 .0 5 0 . 2 0 0 .0 0 2 3 0 .0 0 2 5 ± 0 .0 0 0 4
0 . 1 0 0 0 .0 5 0 .0 0 3 6 0 .0 0 3 5 ± 0 .0 0 0 6
0 . 1 0 0 0 .0 8 0 .0 0 4 9 0 .0 0 5 0 ± 0 .0 0 0 4
0 . 1 0 0 0 . 2 0 0 .0057 0 .0 0 6 1 ± 0 .0 0 0 5
0 .3 0 0 .0 5 0 .0 1 3 7 0 .0 1 3 2 - 0 .0 0 0 5
0 .3 0 O.OS 0 .0127 0 .0 1 2 5 ± 0 .0 0 1 4
0 .6 0 0 .0 5 0 .0 2 4 0 0 .0 2 2 8 - 0 . 0 0 1 2
0 .6 0 0 .0 8 0 .0 1 9 8 0 .0 1 9 3 ± 0 .0 0 1 4
0 .6 0 0 . 2 0 0 .0 2 4 5 0 .0 2 4 6 ± 0 .0 0 0 8
1 .06 0 . 2 0 0 .0191 0 .0 1 8 9 ± 0 .0 0 0 4
5 .0 0 0 . 2 0 0 .0 3 0 0 0 .0 3 0 0 ± 0 .0 0 0 4

2 5 .0 0 0 . 2 0 0 .0 3 0 0 0 .0 3 0 2 ± 0 .0 0 0 4
9 5 .0 0 0 . 2 0 0 .0 2 8 5 0 .0 2 8 5 ± 0 .0 0 0 5

a A v. of 3 o r m ore ana ly ses .

R edistilled and recrystallized n itrobenzene is recom m ended 
for standard ization . Ferric alum  solutions of known streng th  
have likewise been used.

F i g u r e  3 .  A p p a ­
r a t u s  f o r  S e p a r a ­

t i o n  o f  O i l

J ,  F in a l t i t r a t io n  flask 
J . C arb o n  d iox ide 

in le t
K . O u tle t fo r ca rb o n  

d iox ide 
L. C onnec tio n  to  C 
Af« S ep a ra to ry  funnel

F i g u r e  4 .  R a t i o  o f  T i t a n o u s  S u l f a t e  t o  N i t r o b e n z e n e

F e r r ic  A l u m  S o l u t io n . Ferric a lum  solutions vary ing  
from  0.02 N  to  0.07 N  have been used. F o r use w ith  a 
0.2 N  titanous sulfate solution, this choice of a  0.05 N  or 0.07 N  
ferric solution is made for obvious reasons.

R a t io  o f  T it a n o u s  S u l f a t e  t o  N it r o b e n z e n e

In  a reduction  of th is type wherein a  large excess of th e  
reducing agent is recom mended, th e  question of lim its arises. 
T o clarify th is po in t the  au thors have m ade a  s tu d y  of th e  
significance of th e  ratio  of moles of titanous su lfate to  moles 
of nitrobenzene present in  an  analysis. T h is m olar ra tio  
has been proved to  have a  d irect bearing on the  reaction , 
which does n o t go to  com pletion w hen th e  ra tio  is less th a n
10. In  the  early  stages of the  investigation  m olar ra tios 
of 25 to  1 were used, b u t th e  results are n o t appreciably 
be tte r th a n  a 10 to  1 ra tio . On th e  o ther hand , if a  ra tio  of 
5 is used th e  reduction  will be less th a n  95 per cen t com plete, 
while for a  ra tio  of 3 th e  reduction will be less th a n  80 per 
cent complete (Figure 4).

S iz e  o f  S a m p l e

F or th e  sake of convenience and  accuracy th e  size of th e  
sam ple of oil is lim ited to  no t m ore th a n  5 gram s. T able  I I
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is presented as a  guide, tabu la ting  th e  convenient sized 
sam ple, w ith  the  volum e of titanous su lfate solution required 
to  give a  m olar ra tio  of a t  least 10 to  1.

T a b l e  I I .  C h o ic e  o f  S a m ple  S ize

N i t r o b e n z e n e  P r e s e n t  S a m p le  U s e d  0 .2  N  Tij(SO *)»
%

0. 1
1
5

25
100

Grams
4
1.8
0.6
0.12
0.03

Cc.
8

15
24
25 
25

If th e  odor of nitrobenzene is pronounced, the  sam ple will 
contain as a  minim um  approxim ately 0.1 per cent of n itro ­
benzene.

D is c u s s io n

T he oil has no appreciable effect on th e  titanous sulfate. 
A num ber of sam ples of oil were selected as typ ica l of those 
actually  encountered in practice. T he  average varia tion  
was equivalent to  0.005 per cent (0.0002 gram  from  5-gram 
sam ple) of nitrobenzene ± 0 .005  per cent, th e  variation  
tending largely in  th e  negative direction. An average 
accuracy of 98 ±  10 per cent m ay  be expected for concen­
tra tions of nitrobenzene from  0.025 to  0.65 per cent, when 
an 0.08 N  solution is used and  for higher concentrations of

nitrobenzene g reater accuracy is a tta in ed  w ith  a  0.2 N  
solution. T he variations m ay  seem large when considered 
from th e  standpo in t of th e  per cent accuracy. On th e  o ther 
hand, if one considers th e  ac tua l w eights of n itrobenzene 
present and  found as indicated  in  T able I, th e  values are 
indeed sm all. In  th e  light of th e  au tho rs’ experience th e re  
is no doub t th a t  a  m uch higher degree of accuracy could be 
obtained by  using a  larger sam ple and  a  m uch stronger 
titanous solution, b u t th e  procedure w ould be en tirely  pre­
cluded from  use as a control m ethod, because of th e  expense 
of th e  titanous sulfate.

F o r fu rther details on technic one is referred to  E nglish’s 
work (S). O ther provisions m ade involved th e  tre a tin g  of 
th e  rubber stoppers w ith  boiling sodium  hydroxide and  
dilu te sulfuric acid and  th e  use of a  sodium  carbonate  solu­
tion  containing pyrogallic acid for scrubbing th e  carbon 
dioxide.

L it e r a t u r e  C it e d

(1) C allan  and  H enderson, J ■ Soc. Chcm. In d ., 41, 157T (1922).
(2) C allan  and  S trafford, Ib id ., 39, 86 (1920).
(3) E nglish, I n d . E ng . C hem ., 12, 994 (1920).
(4) Ferris, S. W ., U. S. P a te n t 1,788,569.
(5) Sam pey, J .  A m . Chem. Soc., 52, 80-92 (1930).

R e c e i v e d  September 25, 1933.

Separation of Gold from Tellurium
V i c t o r  L e n h e r ,  G. B. L. S m i t h ,  a n d  D. C. K n o w l e s ,  J r .

Department of Chemistry, Polytechnic Institute of Brooklyn, Brooklyn, N. Y.

TH E  common gravim etric 
m ethods used for th e  de­
term ination  of gold and 

tellurium  consist of reducing the 
gold or tellu rium  ion to  th e  
elem entary  s ta te  and weighing as 
th e  elem ent. T he separation  of 
gold from tellurium  m ay be ac­
complished if we have a  system  
of sufficiently low poten tia l to  
reduce gold b u t high enough no t 
to  reduce tellurium . Such reducing agents as sulfurous acid 
and hydrazine will reduce b o th  gold and  tellurium . H utch ins
(2) found th a t  n itrous acid w ould no t reduce e ither telluric 
o r tellurous acids, b u t F isher (1) has shown th a t  n itrous acid 
qu an tita tive ly  reduces gold from  its  solutions. D uring the 
course of th e  p resen t investigation  it  has also been found th a t  
gold m ay  be reduced from  its  solutions in  th e  presence of 
tellurium  by  ferrous sulfate. T h is investigation  was under­
tak en  to  establish th e  conditions u nder w hich gold m ight be 
separated  quan tita tive ly  from  tellu rium  b y  reduction  w ith 
n itrous acid and  w ith ferrous sulfate.

M a t e r ia l s

Solutions of gold chloride w ere p repared by  dissolving gold 
in  aqua regia, evaporating  to  dryness, and  dilu ting  w ith w ater. 
These solutions were standard ized , tak ing  aliquot portions 
and reducing w ith an  aqueous solution of su lfur dioxide. 
Solutions of te llu rium  chloride w ere p repared  by  dissolving 
pure tellu rium  dioxide in  concentrated  hydrochloric acid and 
dilu ting  w ith w ater. T he hydrogen chloride conten t of the 
solutions of tellurium  w as ad justed  to  approxim ately  12 
per cen t (3.3 M ). T he tellurium  solutions were analyzed 
according to  th e  m ethod of L enher and  H om berger (8).

P r e c ip it a t io n  o p  G o ld  w it h  
N it r o u s  A c id  

W hen a solution of auric chlo­
ride is reduced w ith  sodium  ni­
tr ite  th e  q u an tity  of gold precipi­
ta te d  is a function  of th e  hydro­
chloric acid co n ten t of th e  solu­
tion  and  probably  m ore specifi 
cally of th e  p H  of th e  solution. 
If th e  pH  is less th a n  1 th e  gold 
is n o t p rec ip ita ted  q u a n t i t a ­

tive ly  and  a t  a  p H  of 0.67 th e  erro r is ab o u t 3 p e r cent.
Since i t  is necessary to  have hydrochloric acid in  solution 

in order to  p reven t th e  hydrolysis of tellu rium  tetrachloride, 
th e  reduction  should be carried o u t in  th e  presence of a  buffer 
sa lt. I t  was found th a t  buffers w hich gave a  solution whose 
pH  w as above 5 gave p rec ip ita tes of gold which were so finely 
divided th a t  th ey  could n o t be q u an tita tive ly  separated  by  
filtration . F o r th is  reason borax and  sodium  acid ph thala te  
were no t satisfactory . T here  also is danger of hydrolysis of 
tellu rium  to  h yd ra ted  te llu rium  dioxide a t  th e  higher pH . 
Sodium  ace ta te  as a  buffer gave fairly  sa tisfactory  results.

To 20 ml. of gold chloride solution were added 50 ml. of a  10 
per cent solution of sodium acetate and 5 ml. of constant-boiling 
hydrochloric acid. Then 25 ml. of a 4 per cent solution of sodium 
nitrite were added and the to tal volume was brought to about 
150 ml. and heated to boiling. The gold was filtered onto a 
Gooch crucible and dried to  constant weight a t 110°. The pH  
of the filtrate was about 1.6. The error in a series of six deter­
minations, in which 0.1568 gram of gold was taken varied from 
one to three parts per thousand low, probably because of the 
loss of a  small amount of precipitated metal through the asbestos 
m at of the Gooch.

B e tte r  resu lts were obtained  b y  using Rochelle salts, 
sodium  potassium  ta r tra te , as a  buffer.

Tellurium can be separated satisfactorily from  
gold by reduction of the auric ion lo elementary 
gold by either nitrous acid or ferrous sulfate. 
B y  a combination of one of these methods and a 
slight modification of the Lenher-Homberger 
method fo r the determination of tellurium it is 
possible lo determine both gold and tellurium in 
the presence of each other.



To 100 ml. of a solution of gold chloride were added 100 ml. of a 
20 per cent solution of Rochelle salts, and 25 ml. of a  4 per cent 
solution of sodium nitrite, and the volume was adjusted to  250 to 
275 ml. The solution was allowed to stand until the gold had 
settled and was then brought to boiling and the gold was filtered 
onto a tared Gooch crucible, washed, dried a t 110°, and weighed. 
The filtrate from such a precipitation had the following pH 
when the respective amount of constant-boiling hydrochloric 
acid had been added: 1 ml., 2.4; 5 ml., 1.8; 10 ml., 1.5; 25 
ml. 0.65. When the pH  is less than 1 the gold is not quantita­
tively precipitated, but a t a  pH of 1 to 3 the error is from one to 
two parts per thousand low.

These results clearly indicate th a t  Rochelle salts are a 
satisfactory buffer for use in th e  precip itation  of gold w ith 
n itrous acid in  th e  presence of a lim ited am ount of hydro­
chloric acid.

P r e c i p i t a t i o n  o f  G o l d  w i t h  F e r r o u s  S u l f a t e

Although th e  precip itation  of gold w ith  ferrous sulfate is 
frequently  referred to , textbooks and th e  lite ra tu re  do no t 
give details which are essential for th e  success of an  analysis 
by th is m ethod. T he following procedure was found to  
give satisfactory results:

A solution of gold chloride containing a known amount of 
gold was taken and to this were added 10 to 12 ml. of concen­
trated hydrochloric acid and sufficient distilled water to bring 
the total volume to about 175 ml. The solution was heated to 
boiling and 1.5 grams of ferrous sulfate were added. The solu­
tion was now boiled for 10 to 15 minutes or allowed to  stand 
on the sand bath a t 80° C. for 24 hours and the precipitated gold 
was filtered onto a tared Gooch crucible, washed, dried a t  110°, 
and weighed.

In  a series of six experim ents, tak ing  0.0948 gram  of gold in 
each, the error in  gold found varied from —0.0002 to  +0.0003 
gram.

S e p a r a t i o n  o f  G o l d  f r o m  T e l l u r i u m  w i t h  

N i t r o u s  A c i d

An a ttem p t w as m ade to  precip ita te  gold in the presence 
of tellurium , using sodium acetate  as a  buffer.

To 20 ml. of a solution of gold chloride and 10 ml. of tellurium 
tetrachloride were added 50 ml. of a 10 per cent solution of 
sodium acetate. This caused a hydrolysis of tellurium which 
resulted in the precipitation of hydrated tellurium dioxide, and 
it was necessary to add 2 to 3 ml. of concentrated hydrochloric 
acid in order to dissolve the tellurium. The solution was heated 
almost to  boiling, and 25 ml. of a  4 per cent solution of sodium 
nitrite were added. The precipitated gold was filtered on a 
tared Gooch crucible, washed, dried a t 110°, and weighed.

The pH  of the filtra te  from these precipitations was usu­
ally som ewhat less th an  1, and it  was necessary to  have a 
sufficient excess of hydrochloric acid to  give th is pH  and thus 
prevent the hydrolysis of tellurium  tetrachloride. The 
m ethod is no t applicable to th e  separation of gold from 
tellurium , since th e  errors were of the order of th ree to  five 
parts per thousand low in a series of five determ inations.

T a b l e  I. S e p a r a t i o n  o f  G o l d  f r o m  T e l l u r i u m  b y  P r e c i p i ­
t a t i o n  w i t h  N i t r o u s  A c i d  i n  t h e  P r e s e n c e  

o f  R o c h e l l e  S a l t s  a s  B u f f e r
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G o ld T e l l u r iu m G o l d
T a k e n T a k e n F o u n d E r r o r

Gram Gram Gram G ram
0 .1 4 5 0 0 .1 2 8 3 0 .1 4 4 9 - 0 . 0 0 0 1
0 .1 4 5 0 0 .1 2 8 3 0 .1 4 5 1 + 0 .0 0 0 1
0 .1 4 5 0 0 .1 2 8 3 0 .1 4 4 9 - 0 .0 0 0 1
0 .1 9 4 1 0 .5 0 0 0 0 .1 9 4 0 - 0 .0 0 0 1
0 .1 9 4 1 1 .0 0 0 0 0 .1 9 3 7 - 0 .0 0 0 4
0 .1 9 4 1 1 .0 0 0 0 0 .1 9 4 1 0 .0 0 0 0

T he use of Rochelle salts as a buffer proved m ore satis­
factory, however. T he m ethod developed is as follows:

One hundred milliliters of a 20 per cent solution of Rochelle 
salts are added to the solution containing gold and tellurium, 
and then followed by 25 ml. of a solution of sodium nitrite.

The volume of the solution should not exceed 275 to 300 ml. and 
the hydrochloric acid content m ust be below 1 to 1.5 per cent. 
After the gold has separated, the solution is brought to boiling and 
the gold is filtered and weighed. The results of a typical series of 
determinations are given in Table I.

S e p a r a t i o n  o f  G o l d  f r o m  T e l l u r i u m  w i t h  F e r r o u s  

S u l f a t e

The following procedure w as developed for th e  separation 
of gold from te llu rium  w ith  ferrous su lfate:

To a solution containing gold and tellurium, sufficient hydro- 
cliloric acid was added to bring its concentration to  1.5 to 2 per 
cent hydrogen chloride. The total volume of the solution was 
adjusted to about 175 ml., heated to boiling, 1 to 1.5 grams of 
ferrous sulfate were added, and the solution was boiled for 10 to 
15 minutes. The gold was filtered onto tared Gooch crucibles, 
dried and weighed or filtered onto filter paper, ignited, and 
weighed. The results are tabulated in Table II.

T a b l e  II. S e p a r a t i o n  o f  G o l d  f r o m  T e l l u r i u m  b y  
P r e c i p i t a t i o n  w i t h  F e r r o u s  S u l f a t e

L E D I T I O N  Vol. 6, No. 1

G o ld T e l l u r iu m G o ld
T a k e n T a k e n F o u n d E r r o r

Gram Gram Gram Gram
0 .1 0 8 4 0 .1 2 8 1 0 .1 0 8 3 - 0 . 0 0 0 1
0 .1 0 8 4 0 .1 2 8 1 0 .1 0 S 2 - 0 . 0 0 0 2
0 .1 0 S 4 0 .1 2 8 1 0 .1 0 8 4 0 .0 0 0 0
0 .1 0 8 4 0 .1 1 4 0 0 .1 0 S 2 - 0 . 0 0 0 2
0 .1 4 9 6 0 .1 1 4 0 0 .1 4 9 5 - 0 . 0 0 0 1
0 .1 4 9 6 0 .1 1 4 0 0 .1 4 9 7 + 0 . 0 0 0 1

D e t e r m i n a t i o n  o f  G o l d  a n d  T e l l u r i u m  i n  P r e s ­

e n c e  o f  E a c h  O t h e r

T he sim ultaneous prec ip ita tion  of gold and  tellurium  m ay 
be effected by  following th e  m ethod  of Lenher and  H om - 
berger (3 ) w ith th e  m odification of using double th e  volum es 
of reducing agents suggested by  them .

Twenty millimeters of a solution containing gold and tellurium 
were taken and the concentration of hydrochloric acid was ad­
justed to 12 per cent (3.3 M ). The solution was heated to boil­
ing, and double the volumes of reagents (solutions of 15 per 
cent hydrazine hydrochloride and saturated solution of sulfur 
dioxide) were added as called for by Lenher and Homberger (3). 
The gold and tellurium were filtered, dried, and weighed. The 
precipitate was dissolved in aqua regia and evaporated several 
times with hydrochloric acid; the gold was separated as de­
scribed above, using Rochelle salts and nitrous acid, and the 
weight of tellurium was obtained by difference. The results are 
tabulated in Table III.

T a b l e  II I . D e t e r m i n a t i o n  o f  G o l d  a n d  T e l l u r i u m

G o l d
T a k e n

T e l l u r iu m
T a k e n

G o l d  a n d  
T e l l u r iu m  

F o u n d
G o l d

F o u n d E r r o r
T e l l u r iu m

F o u n d E r r o r

Gram Gram Gram Gram Gram Gram Gram
0 .0 7 6 0 0 .0 5 9 3 0 .1 3 5 1 0 .0 7 5 9 - 0 . 0 0 0 1 0 .0 5 9 2 - 0 . 0 0 0 1
0 .0 7 6 0 0 .0 5 9 3 0 .1 3 5 2 0 .0 7 5 8 - 0 . 0 0 0 2 0 .0 5 9 4 + 0 . 0 0 0 1
0 .0 7 6 0 0 .0 5 9 3 0 .1 3 5 1 0 .0 7 5 9 - 0 . 0 0 0 1 0 .0 5 9 2 - 0 . 0 0 0 1
0 .0 7 6 0 0 .0 5 9 3 0 .1 3 5 1 0 .0 7 5 9 - 0 . 0 0 0 1 0 .0 5 9 2 - 0 . 0 0 0 1
0 .0 7 6 0 0 .0 5 9 3 0 .1 3 5 2 0 .0 7 6 1 + 0 .0 0 0 1 0 .0 5 9 1 - 0 . 0 0 0 2
0 .0 7 6 0 0 .0 5 9 3 0 .1 3 5 2 0 .0 7 6 0 0 .0 0 0 0 0 .0 5 9 2 - 0 . 0 0 0 1

S u m m a r y

Gold m ay be p recip ita ted  qu an tita tiv e ly  in the presence 
of lim ited  am ounts of hydrochloric acid (about 1.5 per cen t 
of hydrogen chloride, 0.45 M ) w ith n itrous acid, using sodium 
potassium  ta r tra te  (Rochelle salts) as a  buffer. T he pH  of 
the solution should be g reater th a n  I , b u t in th e  higher pH  
region gold is p recip ita ted  in such a  finely divided form  th a t  
it cannot be filtered.

Gold m ay be prec ip ita ted  q u an tita tiv e ly  in  th e  presence of 
hydrogen chloride (1 to  2 per cent) w ith  ferrous sulfate.

Gold m ay be separated  from  te llu rium  by  reduction  w ith 
nitrous acid in  a solution buffered w ith Rochelle sa lts  and 
having a hydrogen chloride con ten t of 1.5 per cen t o r less 
(0.45 M ),  or by  reduction  w ith ferrous sulfate in  a solution 
having a hydrogen chloride conten t of 1 to  2 per cen t (0.3 
to 0.6 Af).
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Gold and tellurium  m ay  bo determ ined in  th e  presence of 
each o ther by first p recip ita ting  th e  gold and tellu rium  to ­
gether and th en  separating  th e  gold by  reduction  w ith n itrous 
acid.

A c k n o w l e d g m e n t

T he sub ject for th is investigation  w as suggested in  1917 
by  th e  la te  V ictor Lenher. T he experim ental w ork was 
s ta rted  in  Professor L enher’s labora to ry  a t  th e  U niversity  
of W isconsin in  1917, was continued w ith Professor L enher’s 
perm ission by D . C. K nowles in  1926-27, and  p a r t of th is  
paper is based upon th e  thesis p resented  b y  M r. Knowles in  
partia l fulfilm ent of requirem ents for th e  degree of Bachelor

of Science a t  th e  Polytechnic In s titu te  of Brooklyn, in  June, 
1927. T he au thors are pleased to  acknowledge th e ir in ­
debtedness to  D ouglas F ronm uller, who has m ade several 
series of determ inations. Publication  in th e  p resen t form  is 
w ith the  perm ission of Sam uel L enher.
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Determination of Borate Ion in Ores of Borax
H . L. P a y n e , 552 Figueroa St., Los Angeles, Calif.

IN 1932, S co tt (3) published th e  resu lts of research on th e  
determ ination  of boric acid  in  th e  ores and  mill products 
so abundan tly  produced from  th e  m ines in  K ern  C ounty, 

Calif., w hich a t  th e  presen t tim e are th e  only source of borax 
ore in  the U nited  S tates. H e concluded w ith a  form al 
m ethod based upon th e  resu lts of these researches. T he death 
of D octor S co tt p revented  fu rth e r research along the original 
lines, b u t as one of th e  p a rtic ipan ts  in  these investigations, 
the  presen t au th o r has continued th e  w ork and  now offers a 
com pleted analy tical m ethod differing from S co tt’s directions 
in  some essential particulars.

In  general i t  is th e  m ethod originally proposed by Thom son 
in  1893 and  presented  in  revised form  in 1908 by  W herry  (6). 
In  so fa r  as it  re la tes to  titra tin g  boric acid i t  has been offi­
cially accepted by  th e  Association of Official A gricultural 
C hem ists and  by th e  A m erican Ceram ic Society, and  for 
routine work has been approved by  H illebrand and Lundell, 
of th e  U . S. B ureau of S tandards. W ith  m ore or less in­
com plete de tail i t  has been copied b y  standard  books on 
chemical analysis, and is m erely elaborated here. I t  is offered 
as a  procedure applicable to  all borate  ores, to  p artia lly  re­
fined products, and to  com pletely crystallized borax. By a 
more drastic  decom position trea tm en t it  m ay be applied 
to  th e  analysis of th e  borosilicate m inerals and  glasses (4 ).

B orate m inerals— borate  ores and  mill products— need 
no t be ground finer th an  30 mesh. F iner grinding of m any 
of th e  calcined products resu lts  in a  loss of values by  dusting. 
All m illed m ateria l is hygroscopic, cannot be dried to  any  
perm anently  constan t weight, and  sam ples should be k ep t 
in tigh tly  stoppered containers. Close checks by different 
laboratories are p ractically  impossible.

T he m ethod is based upon th e  p recip ita tion  of th e  bases 
of th e  iron-alum ina group from  an  acid bora te  solution and 
titra tio n  of th e  liberated  boric acid w ith  sodium  hydroxide. 
W herry (5) used calcium  carbonate  in  n eu tra l or alkaline 
solution as th e  prec ip itan t, rep recip ita ting  tw o or th ree tim es 
and washing carefully. Sullivan and  T aylor (4) did the 
same, b u t separation  under these alkaline conditions was 
never quite satisfactory  and  W herry  says th a t  the  m ethod is 
n o t to  be recom m ended. W herry  also tr ied  an acid separa­
tion  b u t did n o t follow it  up. S co tt’s researches included acid 
precipitation using phenolphthalein  indicator as control, 
dem onstrating  in th is w ay th a t  no alum inate passed in to  the 
filtrate to  in terfere  w ith th e  boric titra tio n , b u t he did no t 
include th is p lan in his final m ethod . T he au th o r follows 
S co tt’s sodium  hydroxide-acid  separation  b u t w ith a  modified 
procedure which involves only one precip itation  and avoids 
all error by  occlusion.

P r o c e d u r e

To 2.5 gram s of th e  su itab ly  prepared  sam ple in  a 100-ml. 
ta ll plain covered beaker add  5 or 10 m l. of w ater to  w et th e  
m ineral and th en  10 m l., p ipe t m easure, of 6 N  hydrochloric 
acid (1 to  1). D igest for a t least 30 m inutes on to p  of the 
w ater ba th , w ith occasional ag ita tion  b u t w ithout rem oving 
th e  cover. All borate  ores are  th u s  readily  decomposed 
w ithout loss of boron or th e  use of an  excessive am oun t of 
acid (2). R em ove from  the  ba th , w ash down th e  cover and 
beaker w ith  p len ty  of cold w ater, and filter in to  a  250-ml. 
g raduated  flask, w’ashing th e  insoluble m a tte r  w ith  ho t 
w ater only. (Ignite and weigh the  insoluble m ineral m a tte r  
if th a t  item  is desired.) I t  m ay  be te s ted  qualita tive ly  for 
boron; b u t th e  au th o r has never found any , and such in ­
soluble borate  would n o t be considered available boric acid.

To th e  filtrate, which will am ount to  ab o u t 200 m l., add 
carefully, p referably  from  a bu re t, a  strong  sodium  hydroxide 
solution un til th e  liquid is nearly  neutralized , using m ethyl 
red as ind icator. T h is condition is necessary for th e  re­
m oval of carbon dioxide by  boiling. A  precip ita te  of iron 
and alum inum  hydroxides will appear ju s t before n eu tra lity  is 
reached and  if the liquid is still acid to  m ethy l red a  p roper 
condition obtains for th e  rem oval of carbonate  by  boiling. 
A dap t an air-condenser tube  to  th e  flask, such as th e  inner 
tube  of a 24-inch (60-cm.) Liebig condenser, and  hea t to  
gentle boiling for a t  least 15 m inutes, allowing th e  steam  to  
rise n o t higher th an  half w ay up  th e  condenser. All carbon 
dioxide will be rem oved w ithout loss of boron and th e  iron- 
a lum ina hydroxide prec ip ita te  will occlude no boric acid. 
U nder these conditions m ethy l red  in  th e  presence of free 
boric acid shows an acid reaction  a t  pH  of 6 , and  bo th  iron 
and  alum inum  hydroxides are  p recip ita ted . B orates do n o t 
form  until a  pH  of ab o u t 11; hence th e  prec ip ita tes carry  no 
boron.

R em ove th e  flask from  th e  h ea t, w ash down th e  condenser 
w ith cold w ater, and cool th e  flask as rap id ly  as possible 
w ithout undue exposure to  th e  air. As soon as cool, add  a t  
once sufficient calcium hydroxide solution to  fill th e  flask to  
th e  m ark . T h is will m ake th e  solution alkaline w ithout in ­
troducing any  soluble carbonate  and  any  residual iron or 
alum ina will precip ita te . M ix thoroughly  and  filter on a 
d ry  paper and  in to  a d ry  beaker. D o n o t wash, b u t as 
quicldy as possible p ipet off tw o aliquots for th e  final titra tio n .

T i t r a t i o n

T itra tions should be conducted as quickly as possible a fter 
th e  aliquots are taken , using a  standard  hydroxide practically
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free from carbonate. To each aliquot in a  flask add  m ethyl 
red and a  d rop  of hydrochloric acid ju s t sufficient to  tu rn  
i t  red . T hen  from  the titra tio n  b u re t add hydroxide un til 
th e  m ethyl red ju s t tu rn s  a full lemon-yellow. Do no t stop 
a t  the  so-called n eu tra l tin t. T he solution will th en  be alka­
line to  hydrochloric acid, a t  a  pH  of abou t 10, and will be 
practically  neu tra l to  phenolphthalein and  boric acid a t  about 
the same pH . The differences are well w ith in  th e  color 
indicator errors of titra tion . (Allen and Zies (1) w orking on 
borosilicate glass found a  difference of 0.3 mg. B2O3 betw een 
th e  end point with p-nitrophenol and  the  beginning w ith 
phenolphthalein. T he au tho r has no t been able to  confirm 
th is  error using m ethyl red, although theoretically  some alkali 
should be consumed.)

To this neutralized solution add an  excess of m annite  and 
titra te  to  a  perm anent red  w ith phenolphthalein, a  color 
which is no t bleached by fu rth er add ition  of m annite. If 
sufficient m annite is added a t  the  beginning, th e  solution 
will be nearly  colorless u n til th e  final red . In  absence of 
excess m annite  a  p ink  color will m ain tain  during m uch of

the titration and a true end point will be reached only when a 
single drop of the alkali gives a red that does not fade. Using 
0.2 N  alkali, titrations will habitually check to 0.1 cc. equiva­
lent to 0.7 mg. of B A  or less than 0.1 per cent on 1 gram 
titrated.

Check analyses in this laboratory recently ran as follows:
38.80, 33.07, 29.G7, 29.55, 44.01, 44.10, 41.01, 42.19, 42.07,
38.81, 33.22, 29.77, 29.G2, 44.09, 44.25, 41.15, 42.19, 42.14, 
routine work. Two drops of 0.2 N  alkali will always indicate 
an end point and the quantitative reaction between sodium 
hydroxide and boric acid in the presence of a polyhydric 
alcohol has never been brought into dispute.
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Determination of Iron
Adaptation of the M crcaptoacetic Acid Colorimetric M ethod to Milk 

and Blood

G la d y s  L e a v e l l  a n d  N . R . E l l i s

Nutrition Laboratory, Animal H usbandry D ivision, Bureau of Animal Industry,
U . S. D epartm ent of Agriculture, W ashington, D . C.

TH E  m crcaptoacetic acid colorim etric m ethod of Lyons 
(9 ) for the determ ination of sm all quan tities of iron 
offers advantages over the th iocyanate  colorim etric 

method of E lvehjem  (3) as adap ted  from  K ennedy (6), 
in th a t sm aller samples m ay be used, th u s m aking w et-ashing 
practicable and avoiding th e  losses and contam inations en­
countered in the dry-ashing procedure, and  in  th a t th e  color 
produced is more stable.

The au tho rs’ experim ents confirmed observations of 
Andreasch [1), G insburg and  Bondzynski (4), and  Claesson 
(8) on the form ation of an  intensely blue or purple compound 
by  the reaction of m crcaptoacetic acid (thioglycollic acid) 
w ith ferric chloride in am m oniacal solution, th e  tendency of 
the color to  fadq, and th e  ready resto ration  of th e  color 
when the solution is shaken w ith air.

Prelim inary experim ents w ith  a  stan d ard  iron solution 
(0.005 mg. of iron per cc.) showed th a t for quantities of iron 
between 0.0025 and 0.025 mg., the colored solutions could be 
conveniently compared in tubes of uniform  diam eter, such 
as Nessler tubes, and th a t  i t  was n o t necessary to  d ilu te  to 
volume, as the  addition of distilled w ater to  th e  solutions in 
th e  tubes caused no noticeable change in color intensities 
of the columns when observed through their entire depths. 
For quantities of iron from  0.015 to  0.1 mg., dilution to  
volum e and the use of the colorim eter are recommended. 
Larger quantities of iron necessitate dilution and  th e  produc­
tion  of color in  convenient aliquots.

Comparison of color-development by  the  use of 2  drops of 
undiluted m crcaptoacetic acid, 1 cc. of a  1 to  15 aqueous 
solution of th e  acid, 1 cc. of a  1 to  15 alcoholic solution, and 
1 cc. of a 1 to  15 aqueous solution rendered alkaline w ith  am ­
monium hydroxide (the reagent described in  the nex t section) 
favored the last as i t  combines the advantages of nearly

elim inating th e  unpleasan t odor of th e  m ercaptoacetic acid 
w ith good control of th e  am oun t of reagent added.

E xperim ents on w et-ashing of m ilk w ith  sulfuric acid, 
sulfuric and  n itric  acids (8, 10), and  sulfuric and  perchloric 
acids (5, 7) were perform ed. T he  ashing w ith sulfuric acid 
alone was too slow, and w ith  n itric  acid resulted in m uddi­
ness and  o ther irregularities in the  colors developed, w hereas 
th e  colors w ith perchloric acid were like those developed 
when stan d ard  iron solutions were used.

M e t h o d

R e a g e n t s .  Iron-free concentrated  sulfuric acid, 60 per 
cent perchloric acid, concentrated  am m onium  hydroxide, 
standard  iron solutions, and  th e  m ercaptoacetic acid reagent 
are necessary.

T he  standard  iron solutions are p repared by  dissolving 1 
gram  of pure iron wire in d ilu te  sulfuric acid and  oxidizing 
w ith  concentrated n itric  acid. T he  oxides of n itrogen and 
excess n itric  acid are  expelled by  boiling. T he  solution is 
d ilu ted  to  1 liter, w ith  fu rther d ilu tion  as needed. In  all 
dilutions it  is advisable to  add  ex tra  sulfuric acid  to  p reven t 
hydrolysis of th e  dissolved iron salts to  insoluble basic com­
pounds.

T he m ercaptoacetic acid reagent is p repared by  th e  add i­
tion  of 4 cc. of m ercaptoacetic acid to  a  solution of 8  cc. of 
concentrated  am m onium  hydroxide in  50 cc. of w ater.

D e t e r m i n a t i o n  o f  I r o n  i n  M i l k .  Sam ples1 of 5 cc. of 
m ilk (or 0.5 gram  dried milk) are  digested w ith  3 cc. of con-

* W ith  sam ples of th is  size, th e re  w as ra re ly  a n y  tu rb id i ty  from  p re c ip ita ­
tio n  of a lk a lin e  e a rth  phosp h a te s  in  th e  final am m on iacal so lu tio n . F i l t r a ­
tio n  of occasional tu rb id  sam ples th ro u g h  sm all iron -free  f ilte r p a p e r  gave  
clear so lu tions  w ith  colors m a tch in g  th o se  of th e  dup lica tes  w hich w ere n o t 
tu rb id . F il t ra tio n  of v e ry  tu rb id  so lu tio n s  from  la rg e r  sam ples g ave  e n ­
tire ly  s a tis fa c to ry  resu lts .
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cen tra ted  sulfuric acid and  2 cc. of perchloric acid in  micro- 
K jeldah l flasks on an electric heater un til colorless and  the 
excess of perchloric acid has been driven off. T he perchloric 
acid is added in 0.5-cc. portions, one a fter th e  sulfuric acid, 
th e  second to  th e  cooled flask a fter the charring is quite 
decided, and  the rem aining portions if, and as, needed. T he 
digestion requires from 30 m inutes to  2 hours. W hen the 
digestion is complete, th e  contents of the flask are transferred  
to  a  150-cc. beaker, th e  flask is rinsed tw o or th ree tim es w ith 
sm all volum es of distilled w ater, th e  liquid cooled, and  th e  
ac id ity  ad justed  by the addition  of concentrated  am m onium  
hydroxide from a  dropping bo ttle  un til ju s t alkaline to  litm us 
(a very  sm all piece of litm us paper m ay  be k ep t in the  solu­
tion), then  m ade ju s t acid w ith  concentrated  sulfuric acid 
and  an excess of from  5 to  10 drops of acid added. One cubic 
centim eter of th e  m ercaptoaeetic acid reagent is added and 
th e  solution m ade strongly  alkaline by  th e  addition  of 1 to  2 
cc. of concentrated  am m onium  hydroxide. T he  colored 
solution th u s formed is com pared w ith a series of standards 
in  narrow  tubes (12 X  20 m m .); therefore th e  volum e should 
be k ep t below 20 cc. If  th e  volum e is too large for these 
tubes, o ther tubes of uniform  d iam eter and  appropriate  ca­
pacity , such as N essler tubes, m ay  be used.

T a b l e  I. R e s u l t s  o p  I k o n  D e t e r m i n a t i o n s  b y  
M e r c a p t o a c e t i c  A c i d  M e t h o d

S a m p l e V o l u m e

Cc.

I r o n  A d d e d  I r o n  F o u n d  

Mg. Mg.

I r o n ® 
M q./-  
100 cc.

G o a t’s m ilk  A 5 0 .0 0 3 5 ,0 .0 0 3 5 0 .0 7
G o a t’s m ilk  A 
G o a t’s m ilk  B

5 o iô ô ô 0 .0 0 8  + 0 .0 6  +
5 0 . 0 0 1  - , 0 . 0 0 4 - 0 . 0 8 -

G o a t’s m ilk  B 
G o a t’s m ilk  C

5 0.ÔÔ3 0 .0 0 6 5  + 0 .0 7  +
5 0 .0 0 3 ,0 .0 0 3 5 0 .0 6 5

G o a t’s m ilk  C 5 0.ÔÔ3 0 .0 0 6 0 .0 6
G o a t’s m ilk  D 5 0 .0 0 3 5 ,0 .0 0 3 ,0 .0 0 3 0 .0 0 6 3
J e rs e y  cow ’s m ilk 5 0 .0 0 3 5 ,0 .0 0 4 0 .0 7 5
Jerao y  cow 's m ilk  
M ilk  fro m  loca l m a rk e t

5
5

Gram

0!ÔÔ3 0 .0 0 6 5
0 .0 0 3 5
0 . 0 0 3 ,0 .0 0 3 -

0 .0 7
0 .0 6

D ried  m ilk 0 .5 6 3 0 .0 0 5 8 1 .0 3
D rie d  m ilk 0 .5 0 7 0 .0 0 5 6 1 . 1 0
D rie d  m ilk 0 .5 8 4 * • • 0 .0 0 5 8 0 .0 9 5
D ried  m ilk 0 .5 7 7

Cc.
0 .0 0 5 0 1 . 0 2

H o g ’s blood* 0 . 0 2 « 0 .0 1 0 0 ,0 .0 1 0 4 5 1 .0
H o g ’s blood* 0 . 0 1 « ... 0 .0 0 5 0 , 0 .0 0 5 3  

0 .0 0 5 3 ,0 .0 0 5 2  
0 .0 0 5 4 ,0 .0 0 5 2  
0 .0 0 5 2

5 2 .3

H o g ’s blood* 0 . 0 2 * 0 .0 1 0 0 ,0 .0 1 0 3
0 .0 1 0 4 ,0 .0 1 0 4 52 .’ 8

G u in ea  p ig ’s blood* 0 . 2 e 0 .0 8 0 ,0 .0 8 6 ,0 .0 8 0 4 1 .0
G u in ea  p ig ’s blood* 0 . 1 / 0 .0 4 5 ,0 .0 4 5 ,0 .0 4 5 4 5 .0
G u in ea  p ig ’s blood* 0 . 1 / 0 *. 0 2 0 .0 6 , 0 .0 6 3 4 1 .5

° T h e  a d d e d  iro n  w as s u b tra c te d  befo re  th e  ca lcu la tio n  of rag. p e r 100 
a n d  th e  re s u lts  a re  fo r 1 0 0  cc. ex cep tin g  in  th e  case of d r ie d  m ilk  w here they  
a re  fo r 1 0 0  g ram s.

* See also  sec tion  "C o m p a riso n  w ith  O th e r  M e th o d s /*  
c M easu red  w ith  b lood  p ip e t.
d 2  cc. of 1  to  1 0 0  d ilu tio n .
* 2  cc . of 1  to  1 0  d ilu tio n .
/  1  cc. of 1  to  1 0  d ilu tio n .

T he standards for color com parison are prepared by  the 
su bstitu tion  of 1 to  5 cc. of appropria te  stan d ard  iron solu­
tions for th e  sam ple to  be analyzed. T he  entire procedure 
in  th e  prepara tion  of th e  colored standards m ust be identical 
w ith  th a t  for the  sam ple.

T he standards occasionally fade w ith in  an  hour; however, 
th e  color is satisfactorily  restored  if th e  solution is then  shaken 
w ith  air. S tandards are  often  satisfactorily  revived even 
a fte r  they  have been allowed to  s tan d  for 24 hours or more. 
I t  is, however, advisable to  replace some of th e  m em bers of the 
series of standards every  day  to  verify  th e  values of th e  older 
solutions.

T able I  gives results obtained by  th e  application of th is 
procedure to  goat’s m ilk, cow’s m ilk, and  m ilk powder.

D e t e r m i n a t i o n  o f  I r o n  i n  B l o o d .  Samples of 0.01 or 
0.02 cc. of blood are taken  w ith  th e  blood pipet, transferred  
w ith  d ilution to  th e  m icro-K jeldahl flasks, and  digested w ith 
1 cc. each of concentrated  sulfuric and  perchloric acids. T he 
rem ainder of th e  procedure is th e  sam e as described above.

T able  I  includes d a ta  for determ inations on hog’s blood by 
th is procedure, and  by  using 1- and 2-cc. portions of a 1 to  100 
dilution, and  also d a ta  from some earlier experim ents w ith 
guinea pig’s blood in which am ounts equivalen t to  0.1 and 
0.2 cc. were taken  from  a 1 to  10 d ilution. In  th e  la tte r  
case, th e  final volum e of the colored solutions was 25 cc. and  
the colors were com pared in  th e  colorim eter.

C o m p a r i s o n  w i t h  O t h e r  M e t h o d s .  K ennedy’s thio- 
cyanate  m ethod applied to the sam ple of guinea p ig’s blood, 
ranging from  0.1 to  0.4 cc., w ith  and  w ithou t added iron, 
gave results which when calculated for 1-cc. sam ples are 
0.42, 0.39, 0.40, 0.395, 0.435, and  0.414 mg., respectively. 
T he average is 0.412 mg., com pared w ith  an  average of 
0.423 mg. for nine determ inations by the m ercaptoacetic acid 
m ethod, w hich are given in th e  tab le .

H og’s blood was used for a  m acrodeterm ination  of iron 
by  th e  digestion of 25-cc. sam ples w ith  60 cc. of concentrated  
sulfuric acid, d ilution, reduction  of the ferric iron to  ferrous 
by pure zinc, and  titra tio n  w ith standard  perm anganate  solu­
tion . T he  iron found was 13.375 and  13.350 mg., respec­
tively. C alculated for 100-cc. sam ples, th e  average is 53.75 
mg., com pared w ith  52.0 mg. for th e  m ercaptoacetic acid 
m ethod (T able I).

O t h e r  A p p l i c a t i o n s .  T his m ethod was applied to  eggs 
and  to  feces. Because of th e  larger quan tities of iron the 
procedure for milk was modified as follows: tw o-gram  sam ples 
were used, th e  p roduct of digestion was d ilu ted  to  50 cc., 
and  10-cc. a liquots were used for color developm ent w ithout 
the ad ju s tm en t of th e  acid ity  prior to  the addition  of th e  
m ercaptoacetic acid reagent. E ith e r tubes or the colorim eter 
m ay  be used.

S u m m a r y

T he m ercaptoacetic acid m ethod for th e  determ ination  of 
sm all am ounts of iron has been adap ted  to  tho analysis of 
m ilk and  blood.

W et-ashing w ith  sulfuric acid an d  perchloric acid has 
been found satisfactory  and  avoids the contam inations and 
losses encountered in th e  dry-ashing procedures.
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J a p a n  t o  M a n u f a c t u r e  S i l i c o n  C a r b i d e .  Large-scale pro­
duction of silicon carbide is proposed by Japanese interests, ac­
cording to  the Departm ent of Commerce. Last year Japan’s im­
ports of “mineral substance for grinding or polishing” amounted 
to 3120 metric tons, valued a t 939,000 yen, of which the United 
States supplied approximately 50 per cent. Annual consump­
tion of silicon carbide in Japan is approximately 1000 metric tons. 
Two Japanese companies have started production on a  commer­
cial basis, and it  is expected th a t their combined ou tpu t will ma­
terially reduce imports of artificial abrasives.



Direct Determination of Chromium and 
of Vanadium in Steel

0-Phenanthroline Ferrous Complex as Indicator

H o b a b t  H . W i l l a r d  a n d  P h i l e n a  Y o u n g  

Departm ent o f Chemistry, U niversity of M ichigan, Ann Arbor, M ich.

TH E  m ost exact m ethods 
a t  the p resent tim e for 
chrom ium involve the 

d irect titra tion  of the chromic 
acid, obtained from a  persulfate 
o r  s i m i l a r  o x i d a t i o n ,  w ith 
standard  ferrous sulfate. The 
e n d  p o i n t  m ay  be determ ined 
e i t h e r  potentiom etrically  o r  
w i th  a n  oxidation-reduction 
i n d i c a t o r .  If v a n a d iu m  is 
present in the steel, as is very 
often the case, vanadic acid is 
formed in th e  oxidation process, 
and th is substanco is titra ted  
along w ith th e  c h r o m ic  acid.
I t  is necessary, t h e n ,  to  de­
term ine vanadium  b e f o r e  the 
percentage of chrom ium  can be 
estim ated.

Tho desirability of the direct 
determ ination o f  c h ro m iu m  
and of vanadium  in steels has 
le d  to  t h e  s u g g e s t io n  of a 
num ber o f m e t h o d s ,  among 
which t h e  following m a y  be  
mentioned :

1. The excess of ferrous sul- 
fato. remaining after the reduction
of the chromic and vanadic acids, and the vanadyl salt may be 
titrated with standard permanganate (5). The accurate de­
termination of this end point is difficult, especially if there is a 
large quantity of chromic salt in the solution, and a blank correc­
tion of rather indefinite value must always be applied. This 
titration has been made potentiometrically (3), but such a method 
cannot be recommended because of the very unsatisfactory 
character of tho end point. If excess of ferrous sulfate is next 
added to reduce the slight excess of permanganate and the 
vanadic acid, and the excess removed by ammonium persulfate 
(1), a back-titration of the vanadyl salt with standard per­
manganate affords a method of obtaining vanadium on the same 
sample. The same difficulty with the end point, however, is 
encountered in this titration "also.

2. Chromic acid may be titrated in the presence of vanadic 
acid with standard arsenite solution, the end point being deter­
mined potentiometrically (IS). A very small amount of manga­
nese must be present as catalyst, but the larger amounts usuEuly 
present in steels lead to low results for chromium. AU but a 
trace of manganese must be removed, therefore, before the titra­
tion, and it is desirable to remove most of the iron. After the 
chromium has been determined, the vanadic acid may be titrated 
jiotentiometrically in the same solution. Such a method for 
these elements is, obviously, not rapid.

3. After chromic and vanadic acids have been reduced with 
excess ferrous sulfate, the latter may be titrated potentiometri­
cally at room temperature with standard eerie sulfate. The 
temperature of the solution is then raised to 70° to 75° C. and the 
vanadyl ion titrated potentiometricallv with the same oxidizine 
agent (11).

4. Chromic.acid m ay be reduced selectively in the presence of 
vanadic acid by a measured excess of standard arsenite (S).
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The excess of arsenite as well as 
any trace of v a n a d iu m  w h ich  
may have been reduced is titrated 
with standard permanganate, and 
a direct determination of chro­
mium thereby obtained. The end 
point which is determined visually 
is described as satisfactory; a 
blank c o r r e c t io n  is required. 
A drop of arsenite is then added 
to the solution to reduce the slight 
excess of permanganate and the 
vanadic acid is  t i t r a t e d  with 
standard ferrous sulfate, u s in g  
diphenylbenzidine as an oxida- 
tion-reduction in d ic a t o r .  The 
results listed by the authors for 
chromium and v a n a d iu m  in 
standard steels indicate that this 
method for chromium is fairly 
accurate.

5. Lang and Kurtz (4) have 
described a number of procedures 
for chromium and v a n a d iu m .  
Their results on steels, however, 
are not compared with those ob­
tained by standard methods.

I t  is ev iden t th a t  d irec t in ­
d ica to r m ethods for chrom ium 
and  for v a n a d i u m  which a re  
rap id  and  exact are needed, and 
th e  ob ject of th e  p resen t inves­
t i g a t i o n  has been to develop  
such m ethods.

T h e o r e t i c a l  C o n s i d e r a t i o n s  

From  th e  reactions:

Fe++ Fe+++ +  c 
and V 0 + + +  2H ,0 VO," +  4H + +  e

one would conclude th a t  th e  oxidation po ten tia l of th e  ferric- 
ferrous system  should n o t be appreciably  influenced by  a 
change in  hydrogen-ion concentration  of th e  solution, w hereas 
th a t  of th e  vanadate-vanady l system  should be considerably 
altered  under sim ilar conditions. F igure 1 illu s tra tes  th is 
point for th e  la t te r  system .

W ith  an  ind ica to r of such high oxidation po ten tia l th a t  i t  is 
n o t oxidized by  vanadic acid, i t  should be possible in a  m ixture 
of ferrous, vanadyl, and  chrom ic sa lts to  ob ta in  u nder proper 
experim ental conditions tw o end points when titra tin g  w ith a 
strong  oxidizing agen t. I f  th e  titra tio n  is com m enced a t  
room  tem pera tu re  in  a solution of high hydrogen-ion con­
cen tration , th e  reaction  betw een ferrous ion and  th e  oxidizing 
agen t should be rap id , while th a t  betw een vanady l ion and  th e  
oxidizing agen t should be sufficiently slow, due to  th e  lower 
reducing power of th e  vanady l ion in such a  solution, so th a t  
a  good end po in t could be obtained  w hen all ferrous ion is 
oxidized. T h is has been shown to  be tru e  w hen eerie su lfate 
is th e  oxidizing agent used in a solution 5 M  in sulfuric

A fter oxidizing chromium and vanadium in a 
steel by the perchloric acid method and adding a 
measured excess of ferrous sulfate to reduce the 
chromic and vanadic acids, the excess m ay be 
titrated at room temperature with standard  
permanganate, using o-phenanthroline ferrous 
complex as an oxidation-reduction indicator. 
The reaction between permanganate and vanadyl 
ions in this solution of high acidity is sufficiently 
slow so lhal an excellent end po in t is obtained. 
I f  the hydrogen-ion concentration of this solution  
is reduced and the temperature raised somewhat, 
the vanadyl ion m ay then be titrated with stand­
ard permanganate because the indicator has such 
a high oxidation potential that it is not affected 
by the vanadic acid form ed in this reaction. 
This gives a rapid  indicator method of determin­
ing both chromium and vanadium in a single 
sample.

The same double titration m ay be used after 
oxidation of the chromium and vanadium in a 
steel by the permanganate-azide or persu lfa te- 
hydrochloric acid method. Neither of these 
methods is as rapid  as the perchloric acid method.
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acid  (7). In  the following pages i t  will be shown th a t  when 
perm anganate  is used, the  same effect is obtained in  a  solution 
only 1 M  in  sulfuric acid. As the  velocity  of the  reaction 
betw een vanadyl and perm anganate ions is largely a function 
of th e  hydrogen-ion concentration  of th e  solu tion  and of its 
tem perature , i t  should be possible, a fte r reducing th e  acid ity  
and  raising th e  tem pera tu re  of th e  solution, to  t i tr a te  th e  
vanadyl ion w ith perm anganate, th e  ind icator a lready present 
serving for th is  second end point.

o-Phenanthroline ferrous complex, an indicator of un­
usually  high oxidation po ten tia l w hich has recen tly  been 
described (8), appears to m eet th e  necessary requirem ents, 
as i t  is n o t oxidized by  vanadic acid in  a  m oderately  acid 
solution and is sufficiently stab le  for use a t  a  tem p era tu re  as 
high as 50° C. T he ind icator is red  in  color in  reduced form 
and  a  very  pale blue in  oxidized form.

T he experim ental w ork w hich follows substan tia tes these 
theoretical considerations and  show's th e ir applicability  to 
d irect indicator m ethods for bo th  chrom ium  and  vanadium  
in steel.

E x p e r i m e n t a l  M e t h o d s  f o r  S t e e l s  w ' i t h o u t  T u n g s t e n

R e a g e n t s  a n d  S o l u t i o n s .  The 0.05 N  potassium per­
manganate was standardized by potentiometric titration  against 
sodium oxalate from the U. S. Bureau of Standards.

The ferrous sulfate solution, prepared either from ferrous sul­
fate or from ferrous ammonium sulfate, contained 20 cc. of 
sulfuric acid (specific gravity, 1.5) per liter and was standardized 
each day against the 0.05 N  potassium permanganate. If the 
perchloric acid method for chromium is used, the standardization 
of the ferrous sulfate should be carried out in a  dilute perchloric 
acid solution with o-phenanthroline ferrous complex as indicator; 
with the permanganate-azide or persulfate method for chro­
mium, the same titration should be made in a dilute sulfuric acid 
medium. A ferrous sulfate solution standardized by the former 
method was found to be 0.09949 N, and by the la tter method
0.09919 N . This discrepancy, which is probably due to the fact 
th a t the indicator dissolves only slowly in the perchloric acid 
solution, is insignificant except with small samples of steels of high 
chromium content, and in any event disappears if the proper acid 
medium is used in standardizing the ferrous sulfate.

Since, in the reaction between o-phenanthroline and ferrous ion, 
three molecules of the former combine with one of the latter, a
0.025 M  solution of the indicator may be prepared by dissolving 
the correct amount of o-phenanthroline (CijHsNj-H20 ) in a
0.025 M  aqueous solution of ferrous sulfate. Ordinarily two 
drops of this 0.025 M  indicator solution are sufficient to afford a 
very sharp color change in steel analyses.

P e r c h l o r i c  A c i d  M e t h o d .  T his m ethod for chrom ium  
in  steels w ithout tungsten  has been developed b y  W illard and 
■Gibson (9). T heir procedure, using perchloric acid both  as 
so lven t and oxidizing agent, was followed. A fter th e  oxida­
tion  w as complete, th e  solution was cooled quickly,1 diluted 
som ew hat, boiled to  rem ove chlorine, and then  d ilu ted  further 
and  cooled in running  wra te r . E xperim ents showed th a t 
a fte r a  m easured excess of ferrous sulfate had  been added to  
reduce th e  chromic and  vanadic acids, th e  ferrous sulfate 
alone could be ti tra te d  a t  room  tem peratu re  w ith  standard  
perm anganate, w ith  o-phenanthroline ferrous complex as 
indicator, and  a rap id  and  very  sharp  end po in t obtained, 
because a t  th is  ac id ity  and tem pera tu re  th e  reaction between 
vanadyl and  perm anganate  ions is quite slow. If  the hy- 
drogen-ion concentration  of the  solution is th en  reduced by 
adding sodium  acetate , and  th e  tem pera tu re  raised to  50° C., 
th e  red color of th e  reduced ind icator re tu rn s and the vanadyl 
ion is easily ti tra te d  w ith  fu rth er perm anganate solution. 
A tem peratu re of 50° C . seem ed m ost satisfactory, for a t  
higher tem peratures too m uch of th e  ind icator was destroyed, 
while a t  m uch lower tem pera tu res the  reaction  w as no t 
sufficiently rap id . T he end po in t in  th is second titra tio n  was

* Q . F .  S m ith  in  a  p r iv a te  co m m u n ica tio n  to  th e  a u th o rs  h a s  p o in ted  
o u t th e  d es ira b ili ty  of cooling  th e  so lu tio n  q u ick ly  to  p re v e n t a n y  red u c tio n  
of ch ro m iu m , w h ich  m a y  b e  caused  b y  th e  p e r-ac id  p ro p erties  of th e  per- 
phloric ac id  in  a  h o t, c o n c e n tra te d  so lu tion .

considered as reached when th e  solution was a clear bluish 
green in  color and w hen there  wras no re tu rn  of any  p ink color 
a fte r an  in te rva l of a  m inute. F rom  th e  to ta l volum e of 
perm anganate  solution used, th e  percentage of chrom ium  m ay 
be calculated directly , and  from  th e  difference betw een the 
first and second volum es of th e  perm anganate , th e  percentage 
of vanadium  m ay be determ ined. Obviously th is procedure, 
which affords a  determ ination  of bo th  chrom ium  and  va­
nadium  in one sam ple, is very  rap id— n o t m ore th a n  a  half- 
hour is required  to  weigh and  prepare sam ples for th e  final

F i g u r e  1 .  T it r a t i o n - o f  M i x t u r e  o f  F e r r o u s  
S u l f a t e  a n d  V a n a d y l  S u l f a t e  w i t h  P o t a s ­

s i u m  P e r m a n g a n a t e

S o lu tio n  I, 0 .04 M  in  su lfu ric  ac id ; so lu tio n  I I ,  1.05 M  in  
su lfu ric  ac id ; te m p e ra tu re , 2 5 °  C .

titra tion . T his m ethod  has th e  fu r th e r advan tage  of giving 
an  excellent end po in t a t  room  tem p era tu re  in  th e  first s tep  
in th e  titra tio n , while w ith  th e  perm anganate-azide or per­
sulfate m ethod e ither considerable acid m ust be added or th e  
solution cooled to  5° to  6° C. before th e  titra tio n  of th e  excess 
ferrous sulfate. I f  th e  am oun t of vanad ium  is so sm all th a t  
large sam ples m u s t be taken , th e  color of th e  chrom ic sa lt will 
be so in tense as to  render th e  end po in t ind istinc t. R esults 
obtained on a num ber of steels by  th e  perchloric acid  m ethod 
are given in T ab le  I.

T a b l e  I. D i r e c t  D e t e r m i n a t i o n  o f  C h r o m i u m  a n d  o f  
V a n a d i u m  i n  S t e e l s  w i t h o u t  T u n g s t e n . P e r c h l o r i c  A c i d  

M e t h o d

- S a m p l e s  -
I I I I I I IV

% % % %
C r 0 .9 7 3 0 .9 7 1 0 .9 7 2 0 .9 7 3
V 0 .2 3 4 0 .2 3 9 0 .2 3 7 0 .2 3 7
C r 1 . 0 2 2 1 .0 2 4 1 .0 2 4 1 .0 2 5
V 0 .2 0 8 0 . 2 0 1 0 . 2 0 1 0 .2 0 3
C r 0 .9 1 7 0 .9 2 5 0 .9 1 9 0 .9 2 0
V 0 .1 4 0 0 .1 4 2 0 .1 4 2 0 .1 3 7
C r f 0 .9 1 7 0 .9 1 8 0 .9 1 8 0 .9 1 6

C r 13 .8 9 1 3 .8 5 1 3 .8 4 1 3 .9 4

S t e e l

B. S. 30 (c)
(0 .977%  C r ;  0 .2 3 5 %  V)

B . S. 30 (a)
(1 .02%  C r ;  0 .2 0 %  V)

C r-V  S tee l*
(0 .918%  C r ; 0 .1 3 4 %  V)

'(0 .9 1 1 %  C r; 0 .012%  V)

(13 .93%  C r; 0 .0 3 4 %  V)
* C h ro m iu m  p lu s  v an a d iu m  d e te rm in ed  a f te r  p e rsu lfa te  o x id a tio n  b y  

t i t r a t io n  w ith  fe rrous  su lfa te , u s ing  d ip h e n y lb en z id in e  as  in d ic a to r  {10). 
V an ad iu m  d e te rm in ed  b y  p e rm an g an a te -az id e  m e th o d  (.12). t

t  T h e  v a n a d iu m  is  eq u iv a le n t to  0 .004 p e r c e n t of c h ro m iu m  a n d  th is  
v a lu e  sh o u ld  b e  s u b tra c te d  from  each  of th o se  lis ted  to  o b ta in  th e  c o rrec t 
p e rce n tag e  of ch rom ium .

T w o-gram  sam ples of th e  first four and  0.25-gram  sam ples 
of th e  la s t steel w ere used. T he  ti tra tio n  w as m ade only  to  
th e  first end po in t in  analyzing th e  la s t tw o steels.

R e c o m m e n d e d  P r o c e d u r e ,  P e r c h l o r i c  A c i d  M e t h o d . 
Weigh a sample of suitable size, varying from 2 grams with low 
chromium to 0.25 gram with stainless steeLs, into a 500-cc. lipped 
beaker of tall form or into a 500-cc. Soxhlet flask. If the latter is 
used, the watch glass should be placed on very thin glass hooks



or on & ber.t j/kis.'i ifa vein afevit 1 mm. in diaeaetor to pnrvent 
th* U m m tifjn  of a  liquid waJ nixsn tfae content* of tbe fia%k are 
beatod, Add 20 to 25 ce, of 70 per cent perchloric arid  (depend­
ing on the tisse of the •• .'impie) t d  beat very tktwiy to prevent the 
reaction from becoming violent, After the itoel ha? dissolved 
(iissually only 3 to ¿5 minutes ariJl be required) boil the solution for 
] 5 to 20 mi « uto*. The Ilonger period 1* bettor for bigh-ehromiiun 
tftoebs. Coo) the fla^k and contente a m im en t in the air and then 
in a stream of running water, Add 25 ec. of water, rinse off the 
watch cover into the beaker, and boil the solution for 3 minute* 
to jremoye- aii chlorine, Dilute the liquid to 250 to 300 cc, and 
cool in running water. If the »¡tori contains more than a trace of 
vanadium so that two end points are to be determined in the 
titr.-ii.joij with standard permanganate, 15 cc, of phosphoric acid 
((specific Krayitv, ) .37) are added most conveniently at this point. 
A/id V/ the solution at room temperature a measured excess of
0.1 N  ferrous sulfate, and then two or three drops of 0.025 M  
«-pbenanthrolinc ferrous complex. Much of the indicator pre- 
d  pita tes, but sufficient of it i>; dissolved for the first end point and 
all of ft dissolves on heating the »solution before the second titra­
tion is commenced.

Titrate immediately after the addition of the indicator with
0.05 N  potassium permanganate until the color of the solution 
changes from pink to a clear green. The end point is very sharp 
and there is almost no return of the pink color for a minute or 
more. Add sufficient crystallized sodium acetate to react with 
the free perchloric acid present. The amount of this salt re­
quired may be estimated approximately by considering that 5.4 
cc. of 70 j/-r cent [»ercbloric acid are used to decompose and 
oxidize each gram of steel and that 1.0 grams of the acetate will Ik: 
required for each cubic centimeter of the acid remaining. If 
preferred, the acetate may bo added in small portions to the 
solution while it is being hefttcd, until the addition of further 
acetate would «au»: the formation of a permanent precipitate of 
ferric phosphate. Heat the solution to 50° C., using a ther­
mometer as stirring rod, and titrât/; the vanadyl ion at once with 
the 0.05 N  permanganate. The oxidizing agent should be added 
slowly, as only a small volume of it will be required and also 
because the reaction between vanadyl and permanganate ions is 
not Instantaneous, The color change at the end point is the same 
a» in the first titration and the end point I» considered as reached 
when there is no return of a pale pink shade during an interval of 
a  minute. It is sometimes advisable to add a  drop more of 
indicator before titrating the vanadium.

To determine the normality of the ferrous sulfate solution, add 
sufficient of it to require 35 to 50 ec. of the permanganate to 
250 ex. of water containing 10 to 15 cc, of 70 per cent perchloric 
acid. Add 2 drops of 0.026 M  o-phenanthroline ferrous complex 
and titrate at once with the standard permanganate solution.

Fkiimakoanatk-Azidk and Pkubui.fatk M eth od s. In  a  
previous paper (12) the  au thors have pointed to  th e  possi­
bility of using sodium azide to  destroy all perm anganate and 
thus of avoiding u filtration  in the perm anganate  m ethod (6) 
for chromium plus vanadium  in steels w ithout tungsten. 
Since the procedure for th e  perm anganate m ethod in th is 
modified form is shorter than  th a t  for the persulfate method, 
it  seemed im portan t to  ascertain th e  conditions under which 
the former might be used for the d irect determ ination  of 
chrom ium or of both chrom ium and vanadium  on the same 
sample.

Samples of steel were dissolved in a  m ix ture  of sulfuric and 
phosphoric acids, and the  ferrous salts and carbonaceous 
m a tte r oxidized in the usual way w ith nitric aeid. A fter 
dilution, the vanadyl and chromic salts were oxidized in hot 
solution with |K)tassium perm anganate, and the cxccss of the 
la tte r  removed by careful addition of sodium azide to  the 
boiling h o t solution. All hydrazoic acid was rem oved by 
boiling, and the solution was then  cooled in running w ater.
A measured excess of ferrous sulfate was added a t  room 
tem perature and an a ttem p t was made to  titra te  the ferrous 
and vanadyl salts with a standard  perm anganate solution, 
using o-phonanthrolino ferrous complex as indicator. A fter 
the ferrous sulfate was oxidized, the réaction, as was to  be 
expected, became very slow. If the hydrogcn-ion concentra­
tion of the solution was then  reduced by  the addition of 
sodium acetate and th e  tem perature raised to  50° C., the 
vanadyl ion was easily titra ted  and a  satisfactory  end point 
obtained, Tho hydrogen-ion concentration of the solution

'/) A  N  A  I> Y  T I C  i

m a y  be  reduced, if preferred , before a n y  ferrous sulfate  is 
added . T he resu lts  for chrom ium  on a  num ber o f steels 
•which were analyzed in  th is  w av a re  recorded in  th e  first 
colum n of T ab le  I I .

Since th e  oxidation  b y  persub 'ate in  th e  presence of silver 
ion is a  stan d ard  procedure fo r chrom ium , analyses w ere 
m ade using th is m ethod . A fter th e  excess of persu lfa te  had  
been rem oved by  boiling, 1 to  3  hydrochloric acid  w as added  
to  destroy  th e  perm anganate  form ed during  th e  oxidation 
process, and  th e  solution w as th e n  boiled to  rem ove all 
chlorine. F rom  th is p o in t th e  procedure w as th e  sam e as 
th a t  Just given for th e  perm anganate-azide m ethod . R esu lts 
are  shown in th e  second colum n of T ab le  I I .

E xperim ents in  w hich sodium  azide w as su b s titu ted  for th e  
hydrochloric acid a fte r  a  persulfate oxidation (12) alw ays led 
to  high resu lts for chrom ium . In  such a  procedure th e  silver 
Ion is n o t p recip ita ted , and  m ay  possibly cause in terference 
Later e ither by  acting  cata ly tica lly  o r as an  oxidizing agen t in 
th e  solution of low acid ity . A s tu d y  of th e  action of silver ion 
in  syn thetic  m ixtures sim ilar to  steels did  n o t confirm e ither of 
these suppositions and  th e  cause for high resu lts  here is still 
unexplained.

T a b l e  II. D i r e c t  D e t e r m i n a t i o n  o f  C h r o m i u m  i n  S t e e l s  
w i t h o u t  T u n g s t e n .  P e r m a n g a n a t e - A z i d e  a n d  P e r s u l f a t e -  

H y d r o c h l o r i c  A c i d  M e t h o d s

M e t h o d  f o e  C h r o m iu m  
S t e e l  K M n O t-N a K j (N H ,) ,S ,0 ,-H C I

B . S. 30  (e) 0 .9 7 0 ,0 .9 9 2 ,0 .9 8 0 ,0 .9 6 6  0 .9 9 6 ,0 .9 8 1  0.985, 0 .981
(0 .977%  C r ;  0.235%  V)

B . 8 .3 0 ( o )  1 .0 1 ,1 .0 2 ,1 .0 2 ,1 .0 2  1 .0 3 , 1 .0 5 ,1 .0 3 ,1 .0 3
(1 .02%  C r; 0 .2 0 %  V)

B . H. 72 0 .9 0 8 ,0 .9 1 5 ,0 .9 1 2 ,0 .9 0 5  0 .9 1 6 ,0 .9 2 0 ,0 .9 2 1 ,0 .9 3 1
(0 .911%  C r ; 0.012 %  V)

B . S. 73 1 3 .9 5 ,1 3 .9 4 ,1 3 .9 3 ,1 3 .8 9  1 3 .7 1 ,1 3 .7 9 ,1 3 .8 4 ,1 3 .8 7
(13 .93%  C r;0 .0 3 4 %  V) (13,85, 13 .94 ,1 3 .8 8 ,1 3 .7 8 )*

B . 8 . 101 17.58, 17.60, 17.54, 17.51 1 7 .4 2 ,1 7 .6 6 ,1 7 .5 8 ,1 7 .5 2
(17 .54%  C r; 0 .044%  V;

8 .44%  N l)
B . 8 . 64 67.83, 67.83

(67 .9%  C r ; 0 .11%  V)
* A fter th e  s tee l h ad  d isso lved , v an a d iu m  e q u iv a le n t to  2 .5  p e r  c e n t w as 

ad d e d  a n d  th e  u sual p e rm an g an a te -az id e  p ro ced u re  follow ed.

Tw o-gram  sam ples of th e  first th ree  steels, 0 .25-gram sam ­
ples of the  fourth  and  fifth, and  an  aliquo t po rtion  of a 0.5- 
gram  sam ple of th e  la s t were used.

Because of th e  low percen tage of vanad ium  in N os. 72, 73, 
101, and 64 (as com pared w ith  th e  chrom ium  con ten t), i t  is 
unnecessary to  reducc th e  hydrogen-ion concentration  of th e  
solution or to  raise th e  tem p era tu re  before th e  end po in t is 
reached. In  fact, th e  ferrous su lfate  m ust be ti tra te d  a t  
room tem peratu re  and  the volum e of perm anganate  for th is  
titra tio n  m ay  be considered th e  final volum e.
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T a b l e  II I . E f f e c t  o f  V a r y i n g  A c i d i t y  o n  D e t e r m i n a t i o n  
o f  C h r o m i u m

1I.SO* H iP O .
Si*. S p . FeSO* K M nO * C hro­ C h r o ­
O n. O r . N aA c- 0.05 0.05 mium mium
1.5 1.37 Fe V 3 H ,0 N N P r e s e n t F ou nd
Cc. Cc. Oram Oram Oram Cc. Cc. Oram Oram

6 0 0 0 0 2 0 15 .5 4 0 .0 2 2 5 2 0 .0 2 2 4 4
0 0 0 0 15 2 0 15 .82 0 .0 2 2 5 2 0 . 0 2 2 2 1
0 1 0 0 0 0 50 16 .09 0 .0 7 5 0 5 0 .7 0 5 0 7
0 1 0 0 0 15 50 16 .36 0 .0 7 5 0 5 0 .0 7 4 8 2
6 1 0 1 0 0 2 0 15 .56 0 .0 2 2 5 2 0 .0 2 2 4 2
6 1 0 1 0 15 2 0 15 .87 0 .0 2 2 5 2 0 . 0 2 2 1 S
ft 1 0 1 0 .0 0 5 15 2 0 15 .84 0 .0 2 2 5 2 0 .0 2 2 1 8
0 1 0 0 .2 5 0 .0 0 5 15 2 0 15 .82 0 .0 2 2 5 2 0 . 0 2 2 2 1

In  th e  analysis of steel 64, resu lts w hich w ere 0.4 to  0.5 p e r 
cen t low were invariab ly  ob tained  if th e  excess of ferrous 
sulfate was ti tra te d  in a  solution of low acid ity . T h is error, 
which corresponds to 0.2 m g. of chrom ium  for th e  size o f 
sam ple used, would therefore be negligible for low-chromium 
steels.

T o investigate  th is erro r a standard  d iehrom ate solution 
was trea ted  w ith sulfuric acid, and  in some cases w ith  sodium  
aceta te , phosphoric acid, ferric alum , chrom ic sulfate, a n d
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vanady l su lfate solutions before a  m easured excess of ferrous 
sulfate was added. T he volum e of the  solution in every case 
a fte r  th e  add ition  of th e  ferrous su lfate was 300 cc. Two 
drops of 0.025 M  o-phenanthroline ferrous complex were 
added  and th e  titra tio n  w ith perm anganate was carried out, 
th e  solution being heated to  50° C. a fte r th e  ferrous sulfate 
had  been oxidized if th ere  was any  vanadium  present. T he 
resu lts of a  num ber of experim ents are given in  T able  I I I .

These experim ents indicate th a t  th e  error caused by  t i t r a t­
ing th e  ferrous and  vanadyl salts w ith perm anganate  in  a 
solution of low acid ity  is an absolu te error and  so sm all as to  
be negligible except in  cases such as B . S. steel 64, where the 
chrom ium  con ten t is very  high.

Only the  perm anganate-azide m ethod was used in  investi­
gating  th e  possibility of determ ining both  chrom ium  and 
vanadium  on th e  sam e sam ple of steel, as th is  m ethod  is m ore 
rap id  th an  th e  persulfate m ethod. S teel sam ples were 
prepared  as ju s t described and  th e  final solution containing 
chromic and vanadic acids w as cooled in  running w ater. 
If a  m easured excess of ferrous sulfate was added to  such a 
solution, followed b y  tw o drops of th e  indicator, and  th e  
ferrous sulfate alone was ti tra te d  w ith  perm anganate, i t  was 
impossible to  ob tain  an  end po in t because th e  hydrogen-ion 
concentration  of th e  solution was n o t high enough to  m ake the 
ra te  of oxidation of th e  vanadyl ion by  th e  oxidized indicator 
sufficiently low. N um erous experim ents, however, indicated 
th a t  a  sharp  end po in t could be obtained in  th e  titra tio n  of the 
ferrous sulfate in e ither of two w ays: b y  cooling th e  solution 
so th a t  its  tem pera tu re  a t  th e  end of th e  titra tio n  w as no t 
above 6° to  8° C ., o r by  titra tin g  a t  room  tem peratu re  after 
th e  addition  of considerable sulfuric acid. T he first m ethod 
is preferable, as the hydrogen-ion concentration  of the  solution 
m ust in  any  case be reduced before the  titra tio n  of th e  vanadyl 
salt. T he necessary concentration  of acid for a titra tio n  a t  
room  tem peratu re  is indicated in  th e  procedure given la ter. 
In  th e  analyses listed in T able  IV , th e  tem pera tu re  of th e  
solution a t th e  first end po in t was 6° to  8 0 C. T he hydrogen- 
ion concentration was th en  reduced by  adding sodium acetate  
and  the tem pera tu re  of th e  solution raised to  50° C. before th e  
titra tio n  of th e  vanadyl salt was m ade.

T a b l e  I V .  D i r e c t  D e t e r m i n a t i o n  o p  C h r o m i u m  a n d  o p  
V a n a d i u m  i n  S t e e l s  w i t h o u t  T u n g s t e n . P e k m a n g a n a t e -  

A z i d e  M e t h o d

,-------------------- S a m p l e s - --------------------.
S raE i,

B . S. 30 (c)
(0 .977%  C r; 0 .235%  V) 

B . S. 30 (a)
(1 .02%  C r; 0 .20%  V)

R e c o m m e n d e d  P r o c e d u r e , P e r m a n g a n a t e - A z i d e  M e t h o d . 
Place a 2-gram sample in a 600-cc. beaker, add 15 cc. of water and 
15 cc. of phosphoric acid (specific gravity, 1.37), and run in a 
measured volume of sulfuric acid (specific gravity, 1.83) from a 
buret. Allow 1.5 cc. of the latter for each gram of steel and 
3 cc. excess. After the steel has been completely decomposed, 
boil until a considerable quantity of salts separates out, in order 
to assist in decomposing carbides. Dilute with 20 cc. of water 
and heat until the salts have dissolved. Add nitric acid (specific 
gravity, 1.42) in small portions to the hot liquid until the violent 
oxidation of ferrous sulfate is over (2 to 3 cc. of acid are sufficient). 
Avoid any appreciable excess. Boil the solution to destroy 
oxides of nitrogen and dilute to 300 cc. A few small pieces of 
broken porcelain in the solution will prevent bumping later. 
Heat to boiling, add a 2 per cent permanganate solution until a 
deep purple color remains, and boil the solution for 2 minutes. 
Ada 0.1 M  sodium azide (do this in a hood) to the boiling hot 
solution until a few drops excess are present. It is very impor­
tant that the solution be boiling hot during the addition of the 
azide, especially if manganese dioxide is present. The azide 
will destroy the permanganate color first. Then add further 
azide, drop by drop, while stirring constantly until the solution 
clears. Boil for 5 minutes to remove all hydrazoic acid and cool 
the solution in running water. From this point either of two

I I I I I I IV
% % % %

0 .9 7 2 0 .9 7 7 0 .9 7 7 0 .9 7 3
0 .2 3 2 0 .2 2 6 0 .2 3 0 0 .2 3 6
1 .019 1 .0 2 8 1 .030 1 .015
0 .2 0 3 0 .2 0 6 0 .1 9 4 0 .2 0 6

procedures may be used if both chromium and vanadium are to 
be determined on the same sample:

A .  A fte r ad d in g  10 cc. of su lfu ric  a c id  (specific g ra v i ty , 1 .5), cool th e  
s o lu tio n  in  ice to  5°  C . o r low er. A dd  a  m e asu red  excess of 0.1 N  fe rrous  
s u lfa te  a n d  tw o d ro p s  of 0 .025 M  o -p h en an th ro lin e  fe rro u s  com plex . T i t r a te  
th e  fe rrous  su lfa te  a t  once w ith  0.05  N  p e rm a n g a n a te  so lu tio n . T h e  ch a n g e  
in  co lo r from  p in k  to  a  clear g reen  a t  th e  en d  p o in t is v e ry  s h a rp . I n  a 
s h o r t tim e , how ever, th e  p in k  sh ad e  beg ins to  r e tu rn . T o  red u ce  th e  
h y d rogen -ion  co n c en tra tio n  of th e  s o lu tio n , a d d  slow ly  w hile s tir r in g  1 0  cc. 
of co n c en tra ted  am m o n iu m  hy d ro x id e  a n d  th e n  c ry s ta lliz ed  so d iu m  a c e ta te  
u n ti l  m ore  w ould  cau se  a  p e rm a n e n t p re c ip ita te  of fe rric  p h o sp h a te . 
T w e n ty  g ram s w ill b e  fo u n d  th e  c o rrec t a m o u n t if th e  q u a n t i ty  of Bulfuric 
ac id  specified ab o v e  h as  b ee n  u sed . H e a t  th e  so lu tio n  to  50° C ., u s in g  a 
th e rm o m e te r  as  s tir r in g  ro d , a n d  t i t r a t e  th e  v a n a d y l s a l t  a t  th is  te m p e ra tu re  
w ith  th e  s ta n d a rd  p e rm a n g a n a te . (See p ro ced u re  u n d e r  th e  perch lo ric  
ac id  m e th o d  fo r th e  p reca u tio n s  to  be o b served  a n d  th e  c h a ra c te r  of th e  
end  p o in t.)

B. T o  th e  so lu tio n  a t  room  te m p e ra tu re  to  w hich  35 cc. of su lfu ric  ac id  
(specific g ra v i ty , 1.5) h a v e  b ee n  ad d e d , a d d  a  m e asu red  excess of 0 .1  N  
fe rrous  su lfa te , a n d  p roceed  as  d ire c ted  u n d e r  A .  T h e  firs t en d  p o in t is 
s h a rp  h e re  b u t  less p e rm a n e n t a s  th e  p in k  color of th e  in d ic a to r  a p p e a rs  
ag a in  m u ch  m ore  q u ick ly , ow ing to  its  re d u c tio n  b y  th e  v a n a d y l s a lt . 
A dd  slow ly , w hile  s tir r in g , 25 cc. of c o n c e n tra te d  a m m o n iu m  h y d ro x id e  a n d  
th e n  c ry s ta lliz ed  so d iu m  a c e ta te  a s  in  A . A p p ro x im a te ly  30 g ram s will 
be req u ired . P ro ceed  fro m  th is  p o in t as  d ire c te d  u n d e r  A .

To determine the normality of the ferrous sulfate solution, add 
sufficient of it to require 35 to 50 cc. of the permanganate to 250 
cc. of water containing 10 cc. of sulfuric acid (specific gravity,
1.5). Add 2 drops of 0.025 M  o-phenanthroline ferrous complex 
and titrate at once with the standard permanganate solution.

If only chromium is to be determined, cool the solution con­
taining chromic and vanadic acids in running water and reduce 
the hydrogen-ion concentration by adding crystallized sodium 
acetate as in A above. Add a measured excess of 0.1 N  ferrous 
sulfate, 2 drops of 0.025 M  o-phenanthroline ferrous complex, 
and titrate at room temperature with 0.05 N  permanganate. 
If it is impossible to obtain an accurate end point, the presence of 
vanadium is indicated. In such a case heat the solution, after 
the ferrous iron has been titrated, to 50° C. and complete the 
titration as directed in A. If a sharp and permanent end point 
is obtained at room temperature, heat the solution as usual to 
50° C. to determine whether there is any return of the pink color. 
If there is, complete the titration of the vanadyl salt at 50° C. 
with the permanganate. If no pink color appears in the solution 
on heating, the end point obtained at room temperature is 
considered the final end point. In such a case, the acidity of 
duplicate samples of the same steel should not be decreased 
before the titration with the standard permanganate.

A p p l i c a t i o n  o f  M e t h o d s  t o  S t e e l s  C o n t a i n i n g  T u n g s t e n

A ttem p ts  to  develop an  ind ica to r m ethod  for th e  d irec t 
de term ination  of chrom ium  and  of vanadium  in chrom e- 
vanadium -tungsten  steels w ere n o t successful. I f  th e  tu n g ­
sten  was k ep t in  solution as a  complex fluoride and  th e  per­
sulfate-hydrochloric acid m ethod was used to  ob ta in  chromic 
and  vanadic acids (12), i t  was found th a t , a fte r th e  add ition  of 
a  m easured excess of ferrous sulfate, th e  determ ination  of th e  
excess of th is  reducing agen t b y  titra tio n  w ith  standard  
perm anganate  w as n o t satisfactory , as th e  color change a t  
th e  end po in t w as n o t sharp . Q u an tita tiv e  resu lts  can  be 
obtained  in  th is  titra tio n  if the  solution is cooled to  5° to  8° C., 
or if th e  ac id ity  is high, b u t th e  d irec t ti tra tio n  of th e  chrom ic 
and  vanadic  acids in  such a  solution w ith  s tan d ard  ferrous 
sulfate, using oxidized d iphenylam ine sulfonic acid as ind i­
cator, is m uch to  be preferred , as in  th is  case a  very  sharp  end 
po in t is ob tained . As was to  be expected, i t  w as im possible in 
continuing th e  titra tio n  w ith  perm anganate  to  ob ta in  an  end 
po in t in  the  titra tio n  of th e  vanady l salt, because of th e  
form ation of a complex m anganic fluoride.

W hen phosphoric acid  was used instead  of hydrofluoric acid 
to  keep th e  tungsten  in  solution, a  d a rk  brow n color de­
veloped upon th e  add ition  of excess ferrous sulfate. T h is 
color, which w as caused possibly by  a  complex phospho- 
vanado-tungstic acid, disappeared only  slowly w hen per­
m anganate  w as added to  th e  solution. A n end p o in t w hen
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all ferrous and vanadyl ions were oxidized could n o t be 
detected.
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Iodine Value of Rubber and Gutta-Percha 
Hydrocarbons

As Determ ined by Iodine Chloride

A. II. K e m p  a n d  G, S. M u e l l e r , Bell Telephone Laboratories, 463 W est S t., NewT York, N . Y .

H a l o g e n  a b s o r p t i o n
m ethods e m p lo y in g  
solutions of b r o m in e ,  

iodine bromide, or iodine chlo­
ride are widely used for determ in­
ing th e  unsatu ration  of organic 
compounds. In  th e  use of these 
m ethods th e  choice of halogen 
reagent, the am ount employed, 
and the tim e and tem perature  
for the reaction arc all im portan t 
f a c t o r s  w h ic h  m ust be given 
careful consideration in order 
th a t the  best results m ay be ob­
tained. C ertain  struc tu ra l dif­
ferences in unsaturated  organic 
compounds m ay have a  decided 
influence on the reactiv ity  of 
these substances tow ard halo ­
gens. F or example, th e  presence 
of negative groups on one or both 
of the unsaturated  carbon atom s 
protects against halogen addi­
tion; thus m a le ic  or f u m a r ic  
acids do no t add iodine chloride
(7). Styrene adds iodine chlo­
ride quantitatively , b u t in  the 
case of c in n a m ic  a c id  only a 
slight reaction t a k e s  place (4).

The reactivity of various halogens towards 
rubber and gutta-percha hydrocarbons has been 
studied quantitatively. The behavior of both 
hydrocarbons toward halogens is very sim ilar. 
The order of reactivity of the halogens is chlorine, 
bromine, iodine chloride, iodine bromide, and  
iodine. The results show that gutta-percha 
possesses a greater in itia l reactivity towards 
iodine than does rubber.

Data and detailed procedure are presented  
which offer further refinements to the iodine 
chloride method fo r the determination of the 
unsaturation of rubber and gutta-percha hydro­
carbons.

Methods fo r the preparation of pure rubber and 
gutta-percha hydrocarbons are included and the 
corresponding iodine values foun d by the use of 
modified iodine chloride procedure are shown to 
be in close agreement with the theoretical.

I t  is recommended, in the case of gutta-percha 
hydrocarbon, that a greater excess of iodine 
chloride be used and that the reaction be carried  
on at room temperature for a longer period of 
lime than that required fo r rubber.

N o addition of iodine chloride
occurs w ith dichloroethylene and]very little  w ith v inyl brom ide 
(3). The authors have found th a t  polyvinyl chloride (D u- 
Prene) adds iodine chloride to  only 30 per cent of theory . A 
triple-bonded compound, such as diphenylacetylene (4), shows 
only partia l addition  of iodine chloride, as w ould be expected 
from  th e  negative effect of th e  first add itive halogen. T he 
unsatu ra ted  terpenes vary  widely in th e ir reac tiv ity  w ith halo­
gens, extensive substitu tion  occurring along w ith addition  (<f), 
particu larly  in th e  case of pinene. Aside from  these com­
plications, however, num erous investigators have shown th a t  
one or more of the halogens add quan tita tive ly  to a  wide range 
of unsatu ra ted  hydrocarbons, acids, glycerides, alcohols, 
esters, etc. Of the m any m ethods proposed th e  well-known 
W ijs procedure involving the use of 0.2 N  iodine chloride in

g l a c i a l  a c e t i c  acid  has been 
w idely used and  accepted.

In  a  previous investigation  
(5), various halogen absorption 
m ethods for determ ining th e  un­
sa tu ra tion  of rubber and  g u tta ­
percha were stud ied  and  i t  was 
found th a t  th e  W ij s  r e a g e n t  
(iodine chloride in  glacial acetic 
acid) was th e  m ost satisfactory  
for th is purpose. I t  was shown 
th a t  under suitable conditions 
iodine chloride adds q u a n tita ­
tively  to  th e  double bonds in 
ru bber h y d r o c a r b o n  in close 
agreem ent w ith theory— i. e., one 
molecule of iodine chloride adds 
to  each C Jig  grouping. T h is is 
equivalent to  a theoretical iodine 
value of 372.8 and  values found 
by  th e  iodine chloride m ethod 
for p u r e  r u b b e r  hydrocarbon 
agree to  w ith in  less th a n  0.5 per 
cen t of th is  figure.

T he m ethod previously de­
scribed (5) involves s w e l l in g
0.10-gram sam ples of rubber, 
etc., in  75 cc. of carbon bisulfide, 
adding 25 cc. of 0.2 N  i o d in e  
chloride in  g l a c i a l  acetic acid, 

allowing th e  solution to  stand  2 hours a t  0° C., and  titra tin g  
th e  excess iodine chloride w ith  0.1 N  sodium  th iosulfate im ­
m ediately  a fte r add ition  of potassium  iodide solution, using 
starch  as the indicator. E xcellent resu lts were also obtained 
by allowing th e  reaction  to  proceed a t  room  tem pera tu re  for 
one hour, although substitu tion  occurred slowly a t  th is  tem ­
p era tu re . Since conducting th e  reaction  under ice-cooling is a  
troublesom e feature , one of th e  purposes of th e  p resen t in ­
vestigation was to  determ ine th e  best conditions for operating  
a t  room  tem peratu re  w ithou t sacrifice in  the  accuracy of th e  
m ethod. A nother re la ted  objective was to  determ ine if any 
differences exist betw een rubber and gu tta-percha  hydro­
carbons w ith  respect to  th e ir reac tiv ity  tow ards iodine 
chloride and o ther halogens. T his phase of th e  stu d y  is of
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particu lar in te rest w ith respect to the chem istry  of these 
com plicated  hydrocarbons.

Since its  publication, th e  original m ethod (5) has been 
■employed by  num erous investigators to  determ ine th e  pu rity  
a s  well as to  follow th e  changes in  unsatu ra tion  of ru bber and  
gu tta-percha when these substances were subjected to  various 
trea tm en ts . S taudinger and  B ondy (12) have followed the 
reduction  in  iodine value and thereby  th e  cyclization of rubber 
and  gu tta-percha when subjected to  elevated tem peratures 
in various solvents. F isher and  M cColm  (1) trea ted  rubber 
w ith sulfuric and sulfonic acids and  determ ined the reduc­
tion  in unsatu ra tion  using the  iodine chloride m ethod. The 
■effect of high tension a lternating  cu rren ts in producing 
■cyclization has been correspondingly studied  by  From andi
(2). K em p, Bishop, and Lasselle (6) sim ilarly followed the 
■change in  unsatu ration  resulting  from oxidation of rubber 
a n d  gutta-percha hydrocarbons.

M a t e r i a l s

T he rubber hydrocarbon employed for th is w ork was pre­
pared by repeated ly  extracting  10 gram s of pale crepe a t  
room tem pera tu re  w ith  100 cc. of a  m ixture of th ree  parts  
acetone and  one p a r t  c. p .  petroleum  ether (boiling point, 
35° to  52° C .) in  order to  insure thorough rem oval of the 
resin. T he acetone was rem oved by  washing quickly w ith 
petro leum  e ther and the rubber was then  covered w ith 1000 
cc. of th e  sam e solvent. As a p recaution  against oxidation, 
an  atm osphere of carbon dioxide was m aintained over the 
surface of th e  solution. A fter 10 days’ storage a t  room tem ­
pera tu re  in  a dark  cabinet the  petroleum  ether solution of 
rubber was decanted  from  th e  gel and abou t 90 per cen t of 
th e  solvent distilled off. T he rem ainder of th e  solvent 
was rem oved w ith a stream  of carbon dioxide a t  room  tem ­
pera tu re  and finally by heating  in a  vacuum  (0.1 m m . residual 
pressure) a t  50° C. un til a  constan t w eight was a tta ined . 
T he  p roduct wras colorless, crystal clear, tough, and elastic. 
Analyses indicated  the  absence of ash and nitrogen.

T a b l e  I .

H a l o g e n R e a c t i o n
R e a c t i o n
T e m p e r a ­ I o d i n e U n s a t u r a -

U s e d P e r i o d t u r e V a l u e TIO N

C l,
Hrs.
3

° C. 
0 570

%
153

B r, 0 .5 0 399 104
B r, 3 0 421 113
I t 3 0 1 .3 0 .3 5
IC1 2 0 3 7 1 .0 9 9 .5
IC1 2 0 3 6 6 .4 9 8 .3
IB r 0 .5 0 286 7 6 .7
IB r 16 0 326 8 7 .4
IB r 0 .5 0 292 7 8 .3 '
IB r 16 0 324 8 6 .9
IB r 0 .5 0 292 7 8 .3
IB r 16 0 324 8 6 .9
IB r 3 25 316 8 4 .7
I* 0 .1 6 25 1 .0 8 0 .2 9
I t 1 25 4 .5 5 1 . 2 2
I t 3 .1 2 5 25 9 .2 0 2 .4 7
I* 7 25 1 5 .6 4 .1 8
I t 18 25 2 3 .7 6 .3 6
I t 40 25 2 7 .9 7 .4 7
I t 1 25 6 .7 4 1 .81
I* 3 .2 5 25 1 4 .8 3 .9 7
I t 7 .1 25 1 7 .6 4 .7 1
I , 18 25 2 3 .2 6 . 2 2
I t 40 25 2 6 .8 7 .1 8

alcohol to  the latex. T he coagulum  was w ashed in  ho t 
50 per cen t alcohol, th en  in  ho t w ater, and finally was dried 
in  vacuum  over calcium  chloride. T he resin was rem oved 
by repeated  ex traction  w ith petro leum  e th e r (boiling point, 
35° to  52° C.) and th e  g u tta  was then  dissolved in  carbon 
disulfide, carbon dioxide being used to  replace th e  air over the

R e a c t i v i t y  o f  V a r i o u s  H a l o g e n s  w i t h  R u b b e r  
a n d  G u t t a - P e r c h a  H y d r o c a r b o n s “

H y d r o c a r b o n

R u b b er 
R u b b e r  
R u b b e r  
R u b b e r 
R u b b e r
G u t ta  (P a h a n g )  &
R u b b e r 
R u b b e r
G u t ta  (P ah an g )
G u t ta  (P ah an g )
G u tta  (B a la ta )
G u tta  (B a la ta )
G u t ta  (B a la ta )
R u b b e r 
R u b b e r  
R u b b er 
R u b b er 
R u b b e r 
R u b b er
G u tta  (B a la ta )
G u t ta  (B a la ta )
G u t ta  (B a la ta )
G u t ta  (B a la ta )
G u t ta  (B a la ta )

° A 0 .10 -g ram  sam p le  of h y d ro c a rb o n  w as d isso lv ed  in  75 cc. of c. p. c a r­
b on  d isu lfide, a n d  25 cc. of th e  0.2  N  ha logen  in  g lac ia l a c e tic  ac id  w ere added . 
A t th e  end  of th e  rea c tio n  p e rio d , a f te r  th e  a d a i t io n  of 15 p e r  c e n t aqueous 
K I t th e  excess ha lo g en  w as t i t r a t e d  w ith  0 .1  AT N atS iO i, u sing  s ta rc h  a s  th e  
in d ic a to r . T h e  flasks w ere  k e p t in  th e  d a rk  d u rin g  th e  rea c tio n  period .

& See K em p , B ishop , a n d  L asselle  (6) fo r m e th o d  of p re p a ra tio n . C arb o n  
(found ) 87 .82 p e r c e n t;  ( th e o ry )  88.15 p e r  c e n t. H y d ro g en  (found) 11.73 
p e r  ce n t; (th e o ry ) 11.85 p e r  ce n t.

B alata  hydrocarbon w as prepared  separately  from  samples 
o f bo th  the  “ re d ” and  “ w hite” latices representing  two 
com m on varieties of th e  M im usops Balata  w hich were ob­
tained  by  W eise and  C om pany of R o tte rdam . In  each case 
th e  bala ta  was coagulated b y  adding an  excess of 50 per cen t

F i g u r e  1 . R a t e  o f  R e a c t i o n  o f  I o d i n e  w i t h  R u b b e r  
a n d  G u t t a - P e r c h a  H y d r o c a r b o n s

solution. A fter ab o u t 1 week th e  insoluble m a tte r  had  com­
pletely settled , leaving a w ater-w hite clear solution of g u tta  
which was decanted . T he g u tta  w'as th en  p recip ita ted  w ith 
absolute alcohol. T he alcohol was rem oved from  th e  g u tta  
by  washing w ith  petro leum  e th e r and  th e  absorbed petro leum  
e th e r evaporated  in a  stream  of carbon dioxide. T he hydro­
carbon w^as finally heated  to  constan t weight in  a  high vacuum  
a t  60° C . In  th is connection i t  was observed th a t  th e  last 
traces of solvent w ere m ore difficult to  rem ove from  the  
g u tta  th a n  from  th e  ru bber hydrocarbon. T he resulting  
product was m ilky w hite a t  room  tem pera tu re  and  softened 
a t  61° C., finally becoming colorless and  crysta l clear a t 
70° C . T he p roduct was free from  ash  and  nitrogen.

R e a c t i v i t y  o f  H a l o g e n s  w i t h  R u b b e r  a n d  G u t t a -  

P e r c h a  H y d r o c a r b o n s

A lthough some d a ta  were p resented  in  th e  earlier publica­
tion  (5) to  illu stra te  th e  re lative reac tiv ity  of various halogen 
solutions tow ard rubber, the d a ta  shown in  T able I  a re  m ore 
com plete and  include experim ents w ith gu tta-percha  hydro­
carbon. T his inform ation is of p a rticu la r in te rest because 
of th e  relationship  shown betw een ru bber and  gu tta-percha 
hydrocarbons in  th e ir reac tiv ity  tow ards iodine chloride, 
iodine brom ide, and  iodine.

T he  m ost significant difference betw een these hydrocarbons 
in  respect to  th e ir reac tiv ity  w ith  halogens is th e  m ore rap id  
in itia l reaction  of g u tta  w ith  iodine as shown by th e  results 
in  T able I  w hich are p lo tted  on F igure 1. F u rth e r evidence 
on th is po in t has been obtained  in connection w ith  th e  sepa­
ra te  refluxing of 10 grains of crepe ru b b er and  g u tta  in  100 cc. 
of te trach loroethane for 10 hours in  an  atm osphere of carbon 
dioxide. T he g u tta  wras found to  undergo extensive cycliza­
tion  as shown by  a  reduction  in iodine value to  247, while 
rubber rem ained practically  unchanged w ith  an  iodine value of 
344. S taudinger and  B ondy’s (12) resu lts  also indicate 
th a t  gu tta-percha has a  g reater tendency  to  cyclize th a n  does 
rubber.

T he  resu lts in  T able I  also clearly show' th e  superio rity  of 
iodine chloride as com pared w ith o ther halogens for use in 
determ ining th e  unsatu ra tion  of ru bber and  gu tta-percha 
hydrocarbons.

Gorgas (S) found th a t  th e  ac tiv ity  of iodine brom ide was
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T a b l e  I I .  I o d i n e  V a l u e  o p  R u b b e r  H y d r o c a r b o n

(U sing 0.2 N  io d in e  ch lo ride  in  ca rb o n  te tra c h lo r id e  follow ed b y  M c llh in e y  (8) p rocedu re )
R u b b e r E x c e s s  o f

W e ig h t  o f S o l v e n t  U s e d R e a c t io n R e a c t io n 0 .2  N  IC I i n T o t a l  I o d in e A d d it iv e S u b s t it u t i v e T o t a l
N u m b e r S a m p l e CHC1* P e r io d T e m p e r a t u r e  CCU U s e d V a l u e I o d in e  V a l u e I o d in e  V a l u e U n s a t u r a t io n

Gram Cc. II tb. ° C. % %
1 0 .1 4 3 2 7 5 6 0 17 3 6 9 .6 3 5 9 .6 9 . 9 9 9 . 1
2 0 .1 4 1 9 7 5 6 2 5 17 3 7 1 .1 3 4 7 .2 2 3 .9 9 9 . 5
3® 0 .1 0 0 0 50 6 2 2 2 2 3 6 9 .1 3 2 6 .8 4 2 .3 9 9 .0
4 a 0 .1 0 0 0 50 6 2 2 2 2 3 7 1 .6 3 2 3 .6 4 8 .0 9 9 .6
5 0 .1 0 0 0 5 0 6 2 2 2 2 3 7 3 .0 3 1 0 .7 6 2 .7 1 0 0 .1
6 0 .1 0 0 0 50 6 2 2 2 2 3 7 4 .5 3 1 7 .9 5 6 .7 1 0 0 .4
7 0 .1 3 5 5 100 6 0 24 3 7 2 .0 3 5 0 .0 2 2 . 2 9 9 .7
S 0 .1 3 5 6 100 6 0 24 3 7 0 .6 3 4 8 .4 2 2 . 2 9 9 .4
9 0 .1 0 5 2 7 5 2 0 60 3 8 1 .5 3 4 2 .7 3 8 .7 1 0 2 .3

10 0 .1 0 3 2 7 5 2 21 62 3 9 1 .4 3 4 8 .9 4 2 .4 1 0 4 .9

°  Solid  K I  a d d e d  acco rd ing  to  P u m m e re r  a n d  S tiirk  {10).

increased by substitu ting  carbon tetrachloride for glacial 
acetic acid as a  solvent and  by  em ploying a  larger excess of 
iodine brom ide. In  th is connection, he recom m ended deter­
m ining th e  iodine value of rubber by  adding a  large excess 
(50 cc. of 0.2 N )  of iodine brom ide in  carbon tetrachloride to
0.15 gram  of rubber in the  sam e solvent and  conducting the 
reaction a t  room tem peratu re  for exactly  15 m inutes. H e 
found th a t excessive consum ption of halogen occurred if 
longer periods were used. T he au thors obtained low iodine 
values (316) for rubber w hen employing th e  Gorgas procedure; 
b u t by  using 0.1 gram  of rubber, 50 cc. of 0.2 N  iodine bro­
mide, in carbon tetrachloride, and 30 m inutes a t room tem ­
perature  were able to  ob tain  more consistent results. I t  
was found, however, th a t  under these conditions th e  results 
were variable and  could n o t be relied upon where a high de­
gree of accuracy was necessary.

U s e  o f  I o d i n e  C h l o r i d e  i n  C a r b o n  T e t r a c h l o r i d e

Pum m erer and  M ann (10) determ ined th e  unsatu ra tion  of 
sol and gel rubber by  adding iodine chloride in  carbon te tra ­
chloride to  a  chloroform dispersion of th e  rubber and  allowr- 
ing the  solution to  stand  a t  room  tem peratu re  for various 
in tervals of tim e. These au thors sta te , b u t do no t show, 
th a t  i t  is im m aterial w hether th e  various kinds of rubber are
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F i g u r e  2 . E f f e c t  o f  A m o u n t  o f  A d d e d  I o d i n e  
C h l o r i d e  o n  I o d i n e  V a l u e  o f  R u b b e r  a n d  G u t t a -  

P e r c h a  H y d r o c a r b o n s

tested  in  th e  chloroform solution a t  0° C . or a t  room  tem ­
perature, w hether th ey  are  le ft to stand  for 6 or 96 hours, and 
w hether 0.7 per cen t or 0.2 per cen t solution of rubber is 
trea ted . A lthough resu lts on tests run  a t  0° w ere n o t pub­
lished, their d a ta  showed th a t  considerable substitu tion  oc­
curred a t  room  tem perature, gel rubber, for example, showing 
an  unsatu ra tion  value 10 per cen t in  excess of th e  theoretical. 
I t  was s ta ted  th a t  chloroform has th e  advantage over car­

bon disulfide in  th a t cooling is unnecessary, b u t no resu lts 
were given to support th is contention . L ater, Pum m erer and 
S ta rk  (11) found th a t  m ore consistent resu lts could be ob­
tained by lim iting the  excess of iodine chloride to  10 to  20 
per cen t and th e  reaction period to  6 hours a t  room  tem pera­
tu re . Increased substitu tion  was found to  occur w hen m ore 
th an  th e  20 per cen t excess of iodine chloride was used. T heir 
results were in  good agreem ent w ith  theory . H owever, 
when corrected for halogen acid presen t a t  th e  end of th e  re­
action, as a  gage of the  ex ten t of substitu tion , th e  values 
were in some cases as m uch as 6 per cen t below' th e  theore ti­
cal. H alogen acid was estim ated  b y  d irect ti tra tio n  w ith 
sodium  hydroxide following th e  titra tio n  w ith  sodium  thio- 
sulfate.

T he au thors have carried ou t a series of experim ents similar 
to  those of Pum m erer and  S ta rk  (11) except th a t  th e  liberated  
halogen acid was determ ined by  th e  wrell-known M cllh iney
(8) procedure involving th e  add ition  of potassium  iodate 
solution im m ediately a fte r th e  first t i tra tio n  w ith  0.1 N  
sodium  th iosulfate. T he  iodine liberated  by  th e  halogen 
acid was th en  ti tra te d  w ith  th e  sodium  th iosulfate. P u re  
sol rubber hydrocarbon prepared b y  diffusion in to  petro leum  
ether from  acetone ex tracted  crepe w-as em ployed for these 
determ inations. T h is p reparation  w as tran sparen t, color­
less, and  free from  ash. T he resu lts given in T ab le  I I  are 
in good agreem ent w ith those of P um m erer and S tark , except 
th a t  larger quan tities of halogen acid  were liberated . T he 
close agreem ent of th e  to ta l iodine values w ith th eo ry  is an  
indication th a t  th e  halogen acid is form ed largely as a  resu lt 
of hydrolysis of th e  rubber iodochloride addition  p roduct 
and  n o t from substitu tion . Ingle (4) has no ted  th a t  certa in  
iodochlorides can be readily  hydrolyzed. In  th e  presence of 
too g reat an  excess of iodine chloride, substitu tion  apparen tly  
does occur a t  both  0° and  25° C. and  is m anifested by 
to ta l iodine values which are higher th an  the  theoretical.

W hen com pared w ith th e  modified W ijs procedure as pre­
viously described (5), th e  m ethod of Pum m erer and  S tiirk 
appears to  have certain  disadvantages. F or example, 6 hours 
are required  as com pared w ith  1 or 2 for th e  W ijs solution. 
T he end points are no t sharp  and  the variations in  results 
therefore som ew hat greater. Close a tten tio n  m ust be paid 
to  th e  am oun t of excess iodine chloride used, w hereas w ith 
iodine chloride in  glacial acetic acid variations of 70 to  200 
per cen t give practically  th e  sam e resu lts and th e  tim e of re­
action is n o t so critical. In  glacial acetic acid th e  solution of 
iodine chloride is m ore stable and  perm its of easier m anipula­
tion  w ith  less danger of loss of halogen due to  volatilization 
th an  when carbon tetrachloride is used as the  so lvent. H y ­
drolysis of the iodochloride is undoubted ly  a d istu rb ing  factor 
in  th e  Pum m erer procedure, b u t th e  use of a glacial acetic 
acid solution of iodine chloride in conjunction w ith  carbon 
disulfide as th e  rubber solvent seems to  exert a  powerful re­
pressing influence on side reactions such as substitu tion  and 
hydrolysis.

T he use of the M cllh iney  or Pum m erer procedure is of
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advan tage  in  case one wishes to  determ ine th e  ex ten t of sub­
stitu tion  and hydrolysis by  estim ating th e  halogen acid split 
oil during th e  reaction . T h is advantage w as pointed ou t 
in  th e  earlier publication b y  K em p (5), particu larly  w ith  re ­
spect to  th e  stu d y  of th e  reaction of various terpenes w ith 
halogens.

E f f e c t  o f  T i m e  a n d  T e m p e r a t u r e

I t  was previously shown (5) in  th e  case of pu re  rubber 
hydrocarbon a t  0° C . th a t  reaction  periods ranging from 1 to  
20 hours had  no effect on the  resulting  iodine values and  th a t  
these la tte r  were equivalent to  99.7 per cen t of the  theoretical. 
T he iodine value found for 15-m inute periods a t  room tem ­
p era tu re  was th e  same as th e  20-hour period a t  0°, b u t a fte r 
20 hours a t  room tem peratu re  th e  iodine value rose to  102.3 
per cen t of theory . Since no sim ilar d a ta  w ere obtained for 
g u tta  hydrocarbon a t  th a t  tim e, i t  was decided to  investigate 
th e  effect of tim e and  tem pera tu re  on th e  iodine value of 
gu tta-percha . F u rth e r stu d y  w as also m ade on th e  accuracy 
of resu lts  obtained  w ith  rubber for th e  shorter periods a t 
room  tem pera tu re  since th is procedure has m anipulative ad ­
vantages over the one previously recom m ended in  which 2 hours 
a t  0 ° C . was em ployed. These results are shown in T able I I I .

T a b l e  I I I . E f f e c t  o f  T i m e  a n d  T e m p e r a t u r e  o n  I o d i n e  
V a l t j e  o f  R u b b e r  a n d  G u t t a  H y d r o c a r b o n “

R e a c t io n
W e i g h t  OT■ R e a c t io n  T e m p e r a - I o d in e U n s a t u r a -

H y d r o c a r b o n S a m p l e P e r io d t u r e V a l u e TION
Gram Hrs. ° C. %

R u b b e r 0 .0 7 9 8 1 25 3 7 2 .1 9 9 .8 1
0 .0 7 9 8 1 25 3 7 1 .8 9 9 .7 0
0 .0 7 9 8 1 25 3 7 1 .7 9 9 .6 8

R u b b e r  U) 
R u b b e r  U )

0 .1 0 3 3 1 0 3 7 1 .7 9 9 .6 8
0 .1 0 2 4 1 0 3 7 1 .2 9 9 .5 7

B a la ta  (red) 
B a la ta  (w hite )

0 .0 9 9 9 1 .2 5 25 3 6 6 .1 9 8 .2 0
0 . 1 0 1 2 1 .2 5 25 3 6 5 .8 9 8 .1 2

B a la ta  (red) 0 .0 5 0 2 1 .3 3 25 3 6 8 .2 9 8 .7 6
B a la ta  (w hite ) 0 .0 5 0 7 1 .3 3 25 3 6 9 .1 9 9 .0 1
B a la ta  (red) 
B a la ta  (w hite )

0 .0 5 0 3 2 .3 3 25 3 7 0 .0 9 9 .2 4
0 .0 5 1 0 2 . 2 25 3 7 2 .0 9 9 .7 9

B a la ta  (red) 0 .0 8 5 7 2 0 3 6 4 .2 9 7 .6 9
B a la ta  (red) 
B a la ta  (red)

0 .0 8 5 5 2 0 3 6 3 .2 9 7 .4 2
0 . 1 0 1 1 2 0 3 6 2 .3 9 7 .1 8

B a la ta  (red) 0 .0 9 9 S 2 0 3 6 2 .2 9 7 .1 6

a H y d ro c a rb o n  d isso lved  in  75  cc. of C S i a n d  25 cc. of 0.2 N  io d in e  ch lo ride
in  g lac ia l a c e tic  ac id  ad d e d .

In  determ ining th e  iodine value of b a la ta  hydrocarbon by  
th e  modified W ijs m ethod a t  0° C . it  was noted th a t upon 
cooling, a fte r  th e  addition  of th e  iodine chloride, a  finely 
d ivided p rec ip ita te  separated  ou t. T h is precipitation does 
n o t tak e  place w ith rubber. I f  room  tem peratu re is employed 
when determ ining th e  unsa tu ra tion  of gu tta-percha, precipita­
tion  is avoided. As can be seen from  th e  results in T able 
I I I ,  gu tta-percha appears to  require a greater excess of W ijs 
reagen t and  a  longer period of tim e for th e  com pletion of 
th e  reaction th a n  does rubber. T he use of a  0.05-gram sam ple 
and  25 cc. of W ijs solution for a  2-hour period a t  room  tem ­
pera tu re  appears to  be suitable for determ ining th e  iodine 
value of gu tta-percha  hydrocarbon. These results indicate 
th a t  gu tta-percha  hydrocarbon does no t absorb iodine chlo­
ride as rap id ly  as ru bber hydrocarbon during the  la t te r  stages 
of th e  reaction.

In  order to  determ ine th e  relative ra tes  of reaction of rubber 
and  gu tta-percha  hydrocarbon w ith iodine chloride, 0.5000- 
gram  sam ples of each were dissolved in  500 cc. of carbon di­
sulfide in  a  volum etric flask, 50-cc. portions were p ipetted  
in to  iodination  flasks, and  varying quan tities of 0.2 N  W ijs 
solution were added  from a bu re t. T he flasks were allowed 
to  stand  10 m inutes in  th e  d a rk  a t  25° C. and  th e  unreacted 
iod ine  chloride w as determ ined b y  titra tio n  w ith 0.1 N  sodium 
th iosulfate a fte r th e  addition  of aqueous potassium  iodide and 
starch  solution. These resu lts a re  given in Figure 2 and show 
th a t  th e  gu tta-percha  requires a g reater excess of iodine

chloride for the  com pletion of th e  reaction  th a n  th e  rubber 
hydrocarbon.

R e c o m m e n d e d  P r o c e d u r e s

P r e p a r a t i o n  o f  0.2 N  W i j s  S o l u t i o n .  T h irteen  gram s 
of pure iodine in  pow dered form  are  dissolved in  a  lite r of 
glacial acetic acid (M erck’s highest pu rity ) heated  to  betw een 
80° and  90° C . One hundred  cubic centim eters of th is  solu­
tion  are  rem oved and  se t aside for use la te r. Chlorine gas, 
which has first been bubbled through w ater and th en  through 
concentrated  sulfuric acid, is passed in to  th e  m ain portion 
of th e  iodine solution un til th e  brow n color changes to  
orange, a t  w hich tim e th e  passage of th e  chlorine is quickly 
stopped. T he 100-cc. portion  of iodine solution is now added 
to  th e  m ain portion of iodine solution u n til a  fa in t brow n 
color rem ains, indicating  only a slight excess of free iodine. 
T he solution is th en  heated  a t  80° to  90° C. for 20 m inutes, 
allowed to  cool, and  placed in  a  glass-stoppered brow n bo ttle . 
G reat care m ust be exercised to  avoid con tac t of th is  solution 
w ith  m oisture. All containers should be scrupulously clean 
and d ry  before being used. W hen prepared in th is m anner, 
th e  solution is very  stable and will keep several m onths w ith­
ou t change.

P r e p a r a t i o n  o f  0.1 N  S o d i u m  T h i o s u l f a t e  S o l u t i o n .  

Twenty-five gram s of pu re  NajSaCVlOHiO are dissolved in 
a lite r of boiled distilled w ater and  k ep t in  a  ground-glass 
stoppered bo ttle . I t  is standardized against pure potassium  
biniodate, iodine, or potassium  dichrom ate in  the usual m an­
n e r as described in  textbooks on analy tical procedure
(5). T he presen t au thors prefer the  use of pure iodine for 
th is standard ization .

P r o c e d u r e  f o r  D e t e r m i n a t i o n  o f  I o d i n e  V a l u e  o f  

R u b b e r ,  G u t t a - P e r c h a ,  E t c .  In  determ ining th e  iodine 
value or hydrocarbon con ten t of crude rubber, ba la ta , g u tta ­
percha, o r latex these substances m ust first be freed from 
m oisture and  resins. T en th-gram  sam ples (0.05 gram  in case 
of gu tta-percha) are placed in  500-cc. flared lipped ground- 
glass stoppered iodination flasks and  covered w ith  75 cc. of 
carbon disulfide (M erck’s h ighest pu rity ). A fter standing 
overnight, 25 cc. of the  0.2 N  W ijs solution are  added from  a 
p ipet, while th e  flask is shaken so as to  im p a rt a  ro ta ting  
m otion to  th e  carbon disulfide solution during th is operation. 
T he solution should be clear and  free from precip ita te  a fte r 
addition  of th e  iodine chloride. T he  stoppers are  w etted  
w ith a  drop of 15 per cen t potassium  iodide solution and  th e  
flask is placed in a  d a rk  place and  allowed to  stand  for 1 hour 
(2 hours in  th e  case of g u ttas). Tw enty-five cubic centi­
m eters of 15 per cen t freshly prepared potassium  iodide solu­
tion and 50 cc. of recently  boiled and cooled distilled w ater 
are  th en  added and  th e  liberated  iodine is ti tra te d  im m edi­
a te ly  w ith  0.1 N  sodium th iosulfate. T ow ard th e  end of th e  
titra tio n  5 cc. of a  freshly p repared  1 per cen t solution of 
soluble starch  are added  as an  ind icator. T he  solution is 
rapidly  ro ta ted  during titra tio n  and as th e  end po in t is ap­
proached, th e  color changes are  from  blue to  brow n to  yellow. 
F rom  th is  point on, th e  titra tio n  m ust proceed w ith caution. 
T he solution should be shaken a fte r th e  add ition  of every 
half drop and  w hen th e  end point is reached th e  canary  yellow 
color of th e  con ten ts of th e  flask will fade o u t to  a  m ilky  w hite­
ness. A b lank is ru n  sim ultaneously w ith  th e  sam ple. T he 
difference in cubic centim eters of 0.1 N  th iosulfate betw een 
th e  b lank and  sam ple titra tio n  is used to  calculate th e  iodine 
value and  per cen t unsa tu ra tion  in  th e  following m anner:

T .. , cc. 0.1 N  N a^ O *  X 1.2692Iodine value =  ----  — --------- ¡—;--------------wt. of sample in grams
„  , , ,, iodine value found
U nsaturation (per cent) =  ---------3 728---------
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Testing Reclaimed Rubber
H e n r y  F. P a l m e r , T he X y lo s Rubber Company, Akron, Ohio

A  description and interpretation of ph ysical tests 
on raw reclaimed rubber are presented. A  discus­
sion of the merits of tests on reclaim-sulfur cured 
compounds versus tests of typical compounds con­
taining the reclaims shows that the form er are of 
little value, except in the case of specific gravity.

A  C O N SID E R A T IO N  of th e  testing  of raw  m aterial 
such as reclaim ed rubber should include both the 
m anufacturer’s tes ts for control purposes and tests 

applied by th e  consum er to  insure himself against varia­
tions in raw  m aterial purchases. These tes ts  m ay  be identical 
in m any cases, b u t the  consum er m ay  also run ac tua l proc­
essing tes ts  in  his product and  factory.

All th e  larger rubber companies and m ost sm aller ones 
w ith a  technical sta ll run  tests on incom ing raw  m aterials. 
The problem here is to  determ ine th e  m inim um  num ber of 
tests involving the m inim um  of tim e and  labor w hich will 
assure the consum er th a t  his raw  m aterial is uniform  and 
comparable to previous shipm ents. I t  is decidedly un­
fortunate and costly for both  producer and consum er if the 
consum er’s specification tes ts  on m any rubber compounding 
ingredients are incorrectly chosen, carelessly perform ed, 
and too critically in terp re ted . These faults m ay be found 
singly or together, and  th e  technologist responsible for th e  
condition m ay no t be receptive to  th e  in troduction  of new 
ideas. A ny of th e  above conditions necessarily m eans un­
w arranted rejections, inconvenience, and  expense.

The object of th is  paper is to  evaluate bo th  m anufactu rer’s 
and consum er’s tes ts applied to  reclaim ed rubber, and to 
suggest a  simple, rational, and practical procedure for testing 
th is compounding ingredient.

A  rćsum ć of the chemical and  physical tes ts  applied to re­
claim ed rubber is as follows:

I. C h e m i c a l  T e s t s

A. Raw or uncured reclaim
1. Acetone extract
2. Chloroform extract
3. Alcoholic potash extract
4. Total and free sulfur
5. Carbon black
6. Cellulose
7. Alkalinity or acidity
8. Moisture
9. Ash

10. Ash analysis
11. Special tests—e. g., manganese, lead

I I .  P h t s i c a l  T e s t s

A. Raw or uncured reclaim
1. M anual or visual
2. Smoothness
3. Milling
4. T u b in g

A  testing procedure is recommended fo r  the con­
sumer of reclaimed rubber, which stresses process­
ing and physical tests on cured compounds from  a 

factory test run {preceded by laboratory tests only 
i f  they can be interpreted accurately), using a 
specific and suitable recipe.

5. Plasticity and recovery
6. Load capacity
7. Color

B. Reclaim cured with sulfur
1. Specific gravity
2. Tensile, elongation, and stress
3. Permanent set
4. Resistance to tear
5. Rate of cure

C. Reclaim in special test formulas
1. Any usual cured rubber tests
2. Any of the tests listed under II-A on the

uncured compound

G enerally speaking, chemical te s ts  are ru n  for th e  purpose 
of ascertain ing th e  constituen ts of th e  reclaim  for efficient 
com pounding. These analyses in de ta il are supplied by  the  
m anufacturer as rep resen tative of his p roduct. Occasion­
ally purchasing specifications will lim it some chem ical con­
stituen ts, such as m anganese co n ten t or a lkalin ity . In as­
m uch as m ost analy tical procedures are o r can be based  on 
fundam ental chemical m ethods, th e  figures are  reproducible 
from one laboratory  to  an o ther. W hile chem ical te s ts  and 
laboratory  procedures are  im portan t, th ey  are  no t, w ith 
few exceptions, usually a  serious o r m uch d ispu ted  factor 
in control testing  as com pared to  physical tes ts. T he  re­
su lts of chemical analysis are generally  accepted  as an  innate  
characteristic of th e  reclaim , and  are so used by  com pounders.

Physical tes ts  m ust be classified according to  th e  s ta te  of 
the reclaim  when tested .

R a w  o r  U n c u r e d  R e c l a i m

T he processing of reclaim ed rubber depends upon its  condi­
tion  in th e  raw  sta te . Therefore, any  te s ts  which will indicate 
its processing quan tities are of g rea t value.

A m anual and  visual te s t of reclaim  should be th e  first 
and  is the  sim plest te s t to  which i t  m ay  be subjected  after 
m anufacture or upon purchase. T his is p rim arily  a  m anu­
fac tu re r’s prelim inary control m ethod, b u t is, of course, 
applicable to  qualita tive  differentiation of various types of 
reclaim . D epending upon the  expertness of th e  inspector, 
th is te s t reveals qualita tive ly  th e  softness, nerve, color, odor, 
and  sm oothness of th e  product. In  a given production  run, 
an  experienced inspector can very  accurately  elim inate 
m aterial which is irregu lar and  no t com parable to  a control. 
T his te s t is m ost valuable as an index of sm oothness.
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T he sm oothness of a  reclaim  is easily noted  by  visual ex­
am ination  of slabs finished from  refiners in  th in  sheets. How ­
ever, for reclaim s finished from  slabbing mills in th icker sheets 
(0.010 to  0.025 inch, 0.25 to 0.62 m m .) some o th er te s t is 
necessary. M ixing th e  reclaim  in equal q u an tity  w ith clean 
sm oked sheets offers th e  sim plest m ethod. W hen a  sheet 
of th is  m ixture is stre tched  th in  w ith  th e  fingers, th e  presence 
of any  lum ps will be revealed. F u rth e r, if a  piece of the 
m ixture about 2 cm. th ick  is cu t while ho t, th e  lum ps will be 
pushed o u t in  subsequent contraction  upon cooling and will 
be visible on the ou ter surface. A nother m ethod is to  mix 
50 p a rts  of reclaim  w ith about 10 parts  of m ineral rubber 
and  40 p a rts  of whiting, a fter which i t  is tubed . A ny  un­
refined lum ps will show upon th e  tubed  surface.

T he te s t of m ost value would be one for judging th e  proc­
essing qualities, and for th is purpose, m illing tests offer a 
g rea t deal of inform ation in a  short tim e. Any laboratory 
can se t up  a  procedure (4) suitable to  its  equipm ent for ru n ­
ning th is tes t, using a uniform  volum e of sam ple, roll setting, 
roll speed, num ber of cuts, and  tem perature . A general 
recom m endation of a  sheet 10 m m . (0.25 inch) in  thickness, 
low bank, low speed, and cool rolls is m ade. N atu ra lly  a 
control should always be ru n . T he num ber of m inutes re­
quired  to  reach a definite degree of sm oothness and to  adhere 
to  th e  back roll of th e  mill allows a num erical record. The 
form er indicates inertness or speed of break-down preparatory  
to  pigm ent incorporation and the la t te r  indicates the degree 
of tackiness. T his te s t can be of im mense value in  gaging 
nerve or inertness, and degree of tackiness.

Reclaim  suitable for tub ing  work m ay be evaluated by 
extrusion through a 3.2-mm. (0.125-inch) die. Visual ex­
am ination  of th e  surface waviness indicates th e  com parative 
inertness. T his te s t on a  reclaim  of high nerve such as 
first-grade alkali whole tire  or tube  reclaim  is of little  value, 
as these reclaim s are very  nervy  and consequently show 
m uch waviness. These reclaim s then  m ust be loaded to  give 
a  sm ooth surface. A fter a  definite period of res t (1 hour is 
sufficient) th e  sam ple m ay be  gaged and  th e  percentage of 
swelling calculated. T hus a  definite num erical ra ting  of 
th is quality  is ob tained. A control is desirable for th is 
test.

T a b l e  I. P l a s t i c i t y  a n d  M i l l i n g  T e s t s

R e c l a im  T y p e

B o o t a n d  shoe , ac id -a lk a li 
W hole t i r e , ac id -a lk a li 
W hole t i r e , a lk a li 
Solid  t i re , d ig e s te r  
In n e r  tu b e , d ig e ste r  
In n e r  tu b e , p a n

® W illiam s (7) Y  value .
* A fte r  10 m in u te s .
c D ifficu lt to  in te rp re t  fo r tu b e  rec la im s.

Plastic ity  determ inations on reclaim ed rubber m ay  be 
carried o u t on pieces cu t d irectly  from  th e  slabs or by build­
ing up a  lam inated  pellet from  a calendered sheet as described 
by  W inkelm ann and  C roakm an (9). In  th is laboratory  a 
g rea t m any  tests have been ru n  on reclaim  slabs under various 
conditions, w ith  the  conclusion th a t  th e  p lastic ity  m easure­
m en t as an y  so rt of rou tine te s t is very  variable for reclaimed 
rubber. F u rth e r, i t  m easures only resistance to  flow under 
load a t  a  given tem pera tu re  and load, and  does n o t indicate 
m uch ab o u t processing qualities. T he m easurem ent of re­
covery, however, does indicate nerve v e ry  well, and  in  th is 
respect coincides in  o rder of m agnitude w ith th e  sm oothing 
tim e in th e  m illing tes t. T ab le  I  shows typ ical figures on 
these tes ts  for various types of reclaim . T he boo t and  shoe 
reclaim , for example, has a  v e ry  low p lastic ity  (high num eri­
cal figure), and y e t is th e  m ost inert, as is shown by  the re­

M il l in g  T im e
T o T o

becom e ad h e re  to
Y i e l d ® R e c o v e r y * sm o o th b ac k  roll

M m. M m . * M in. M in.
7 .1 2 1 .9 0 0 .5 5 .0  +
6 .0 9 2 .9 9 0 . 8 5 .0  +
5 .1 4 3 .1 1 0 .8 5 4 .4
6 .3 6 2 .8 3 0 . 6 3 .3
3 .9 8 3 .7 3 1 . 6 « 5 .0  +
3 .5 4 2 .4 6 2 . 6 c 5 .0  +

covery and  milling tes t. On th e  o th er hand, the p lasticity  
and recovery te s ts  on the com pound in  w hich the  reclaim  
is used are very  m uch m ore accurate, dependable, and  useful.

T he q u an tity  of pigm ent which a  reclaim  will tak e  up  be­
fore crum bling is often  im portan t, and  perhaps still more 
im portan t is th e  speed of incorporation . T he re la tive  quan ti­
ties of p igm ent which reclaim s will absorb m ay  be observed 
by incorporating  first 100 per cen t and  then  25 per cen t of its 
w eight in  w hiting, continuing th e  add ition  of 25 per cen t 
increm ents un til th e  batch  crum bles. T ab le  I I  ind icates how 
four typ ical reclaim s behave under th is  tes t. T he speed of 
incorporation m ay  be recorded either by  how m uch w hiting 
or o th er p igm ent will be taken  up  in  a  given tim e or by  how 
fas t a  given q u an tity  is incorporated .

T a b l e  II. L o a d i n g  T e s t s

R e c l a im

W hole  t i r e  I 
W ho le  .tire  I I  
Solid  ti re  
N o . 2 tu b e

W h it in g  L o a d  
%

275
225
175
275

T he color of ligh t grades of reclaim ed ru bber m ay be de te r­
m ined by m atching th e  sam ple of reclaim  against a control. 
In  general i t  is necessary to  d ilu te  tu b e  reclaim s for a satis­
factory  color check. A simple recipe for th is purpose is:

Pale crepe 
Lithopone 
Reclaim

50
25
25

100

T he crepe and  lithopone are preferably m aster-batched  for 
use. I t  is often  desirable to  use a mix of th e  specific color 
to  be m atched to  achieve th e  m ost accura te  comparisons.

R e c l a im  C u r e d  w it h  S u l f u r

I t  is now standard  practice for all te s ts  of reclaim , cured 
w ith  sulfur only, to use a  ra tio  of 100 p a rts  of reclaim  to  5 
p a rts  of sulfur.

T he specific g rav ity  determ ination  is the only p roperty  for 
which th is mixing is really  w orth  while. In  the ac tua l de te r­
m ination of th e  specific g rav ity , th e  use of solutions as balanc­
ing m edia is recom m ended as the m ost accurate, m ost readily 
k ep t under control, and  also th e  m ost rap id  m ethod for 
rou tine work. F o r calculating th e  true  specific gravity  
of th e  reclaim , the  following form ula is applicable, where 
A equals specific g rav ity  of reclaim  plus sulfur mix.

True specific gravity = 100 A
105 -  2.41 A

T he tensile streng th  and elongation of reclaim ed rubber, 
as determ ined from  th e  reclaim -sulfur mix, has long been 
considered by m any as a  prim e index of its  quality . T his 
is a  very  un fo rtuna te  assum ption, as will be shown.

T he cures are generally m ade a t  141.7° C. (287° F .) , the  
tim es usually being betw een 15 and  35 m inutes. T he ra te  of 
cure problem  has been extensively studied (2, 5) and a  refer­
ence to  these papers will show th e  effect of tim e of cure. A 
cure of 25 m inutes a t  141.7° C . serves as a satisfactory  s tan d ­
ard  of com parison for these tests.

F or discussion of th is  te s t T able I I I  is shown. One-half 
slab of each reclaim  was cu t in to  pieces and  well b lended on a 
mill. F rom  th is blend seven mixings w ith sulfur were 
m ade, two slabs from  each m ixing being cured 25 m inutes a t  
141.7° C . F our s trip s from  each slab were th en  tested , 
as described by  P alm er (S). F o r bo th  th e  alkali whole tire  
and  n eu tra l solid tire  reclaim , a m axim um  deviation  of 5 
kg. per sq. cm . (70 lb . per sq. in .) in  tensile stren g th  and  35 
and 25 per cent, respectively, in  elongation is obtained.
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T a b l e  III. E r r o r  i n  P h y s i c a l  T e s t s  o p  R e c l a i m - S u l f u r  
M i x e s

S l a b W h o l e  T i r e S o l id  T i r e
N u m b e r E lo n g a tio n T en sile  s tre n g th E lo n g a tio n T e n sile  s tre n j

% K g./sq. cm. % K g./sq . cm.
1 415 50 335 56
2 410 4S 325 55
3 430 51 325 51
4 430 50 325 54
5 435 52 320 53
6 435 50 325 51
7 430 50 320 52
8 420 47 315 52
9 440 51 335 52

1 0 445 51 330 53
1 1 430 50 310 52
1 2 430 49 315 52
13 425 47 310 52
14 425 47 315 53

A verage 429 4 9 .5 322 5 2 .7
M ax im um

v aria tio n 35 5 25 5
T e stin g  te m p e ra tu re , 22 .5° C .

If  th is  num erical varia tion  were based on a  com pound 
having a tensile streng th  of 211 kg. per sq. cm. (3000 lb. per 
sq. inch) and an  elongation of 600 per cent, th e  percentage 
variation  would be com paratively  low, 2 to  3 per cent in 
tensile strength  and 4 to  6 per cent in  elongation. Based 
on th e  low tensile reclaim , however, th e  varia tion  in tensile 
strength  and elongation is approxim ately 10 per cen t. These 
figures represent w hat is believed to be nearly  a  minim um  
variation  in  reclaim  testing ; therefore, one should no t con­
tra c t his critical judgm ent more th an  10 per cen t a t  m ost in 
examining reclaim -sulfur te s t figures. In  m any laboratories 
th e  general run  of results will v ary  m ore th an  10 per cent. If 
one desires to  average the results from  a sufficient num ber 
(m inimum of 8) te s t strips (3), resu lts of reproducible na tu re  
m ay  be obtained. Assuming th a t  such a  te s t procedure is 
carried out, w hat m eaning do the results have? W inkel- 
m ann (8) has sta ted , “T here is a  tendency to  evaluate too 
much on tensile streng th . T he real significance of th e  tensile 
strength  of a reclaim  and its  relation  to the physical proper­
ties of the com pound in  which it  is used have y e t to  be deter­
m ined  T he reclaims which give a low tensile strength
when cured w ith  sulfur m ay, however, have th e  correct 
degree of disaggregation for yielding good resu lts  w ith 
rubber and o ther ingredients.”  In  support of these sta te­
m ents, W inkelm ann has shown th e  results of using th ree tube 
reclaims, th ree whole tire  reclaim s, and one carcass reclaim 
both in the reclaim -sulfur mix and  in a  friction com pound con­
taining 24 per cen t of reclaim . W hile the reclaim -sulfur 
figures varied  considerably, th e  stress-strain  curves of the 
compounds were very  close together. Specifically, two tube 
reclaims having tensile strengths, when cured w ith sulfur 25 
m inutes a t  141.7° C., of (1) 1392 lb. per sq. in. and (2) 287 
lb. per sq. in . showed, in  his com pound, m axim um  tensile 
streng ths (from his curves) of (1) 2950 lb. per sq. in. and  (2 
3000 lb. per sq. in.

Stafford (6 ) has fu r th e r com m ented on reclaim  testing: 
“ The co-relation of tensile streng ths and  th e  compounding 
value of a  particu lar reclaim  is a very  vexed one, and there 
is a large am ount of evidence and experience indicating th a t  
th e  tw o are no t d irectly  proportional.” H urleston (1) has 
also suggested testing  reclaim ed rubber by  adm ixture w ith 
crude rubber together w ith  “ curatives.”

F o r m u l a  I
Tube reclaim 33.00
Smoked sheets 40.00
Sulfur 2.31
Diorthotolylguanidine 0.19
Medium process oil 1.00
Zinc oxide 4.00
Whiting 19.50

100.00

N u m b e r E l o n o a t io n  a t
o r  T e s t T e n s i l e  S t b e n o t h B r e a k

C o bb S t r i p s A B A B
M in. K g./sq. cm. % %

(141 .7° C.)
25 4 47 142 640 660

(146.1° C .)
2 0 3 181 184 710 715
25 3 190 189 695 700
30 3 184 190 670 680

Some results of tes ts  in  typical com pounds using reclaim s 
of qu ite  d ifferent tensile strengths, as shown by  reclaim - 
sulfur mixes, are shown in T ables IV  and  V. Two tu b e  re­
claims, A and  B, were tes ted  in  a  low-grade inner-tube 
com pound as shown in form ula I .

T a b l e  IV. T e s t s  o n  T u b e  R e c l a i m s  i n  F o r m u l a  I

F o r m u l a

R ec la im  100 ) 
S u lfu r 5 )

F o rm u la  I

T e m p e ra tu re  of te a t, 2 7° C .

A was m ade by th e  digester process and  B by th e  pan  process, 
th e  form er having abou t one-th ird  the  tensile streng th  of B 
in  th e  reclaim -sulfur te s t. T able  IV  shows th a t  th e  tensile 
strengths are com parable w hen e ither reclaim  is used in  for­
m ula I.

T he resu lts of th e  use of whole tire  reclaim  of qu ite  different 
physical properties, as revealed by th e  reclaim -sulfur tes t, 
are shown in  T able V. Sam ples of th e  sam e type  of whole 
tire  reclaim  m ade on th e  sam e d ay  were used. T he  differ­
ence in tensile streng th  of 15 kg. per sq. cm . represen ts the 
m axim um  observed in  th is reclaim , w hich is n o t as g rea t as 
in th e  tw o tu b e  reclaim s, b u t is enough to  cause intense 
argum ent upon occasion. T he use of these reclaim s in  two 
different tread  com pounds, form ulas I I  and  I I I ,  shows com­
parable final results.

F o r m u l a  II
Whole tire reclaim 25.000
Smoked sheets 42.500
Diphenylguanidine 0.375

1.625
Carbon black 19.500
Zinc oxide 8.000
Pine tar 3.000

100.000

F o r m u l a  III
Smoked sheets 35.0
Whole tire reclaim 35.3
Sulfur 1.8
Mercaptobenzothiazole 0 .4
Stearic acid 2 .0
Zinc oxide 2 .5
Mineral rubber 5.0
Carbon black 1S.0

100.0

T a b l e  V. T e s t s  o n  W h o l e  T i r e  R e c l a i m  i n  F o r m u l a s  
II a n d  III

F o r m u l a

N o . OF 
T e s t  

C u r e  S t r i p s  
M in.

(141.7° C.) 
R ec la im  100 j  2 5

S t r e s s  a t  
400 P e r  C e n t  

E l o n o a t io n  
L  H  

%  %  Kg./sq . cm.
t e m p e r a t u r e  o r  t e s t , 22° c .

E l o n g a t io n  
a t  B r e a k  
L ° H®

T e n s i l e  
S t r e n g t h  
L  H  

Kg./sq. cm.

S u lfu r 5

(143.3° 
F o rm u la  I I  30 

45 
60 
75 
90

C .)

8  410 350 27

TEM PE R A T U R E  OF T E S T , 30° C.

47 41 56

705
700
670
645
635

710
690
660
635
620

65
78
92

63
84
94
98

102

172 167
198 200
207 207
20S 205
208  197

(125.7° 
F o rm u la  I I I  30 

45 
60 
75

C .)
T E M PE R A T U R E  OF T E S T , 29° C.

3 695 665 83 87 192 194
3 635 615 96 103 200 198
3 600 610 109 107 199 200
3 610 600 113 116 205 203

° L , w hole tire  rec la im , low  te n sile . H , w hole t i r e  rec la im , h ig h  te n sile . 
S tress  fo r rec la im -su lfu r m ixes is  a t  300 p e r  c e n t e lo n g a tio n .
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In  com pounds of th e  m echanical goods type, where often  
th e  reclaim  is th e  m ajor constituen t of the  com pound, a 
definite average difference in  reclaim -sulfur tensile streng th  
m ay  carry  over to  th e  com pounds, showing a trend  b u t no t 
proportionally . T ests  on form ula IV, as recorded in  T able 
V I, show a case where there  is a  sm all b u t essential difference 
in tensile and a  definite difference in  elongation in  th e  com­
pound. These differences are indicated  in  the reclaim - 
sulfur te s ts  b u t n o t in  th e  correct proportion, although the  
change in  m anufacture  of th e  reclaim  should assure th e  
difference, as indicated by the resu lts obtained when th e  re­
claims are tested  in  form ula IV .

F o r m u l a  IV
Blend reclaim 70.0
Sulfur l.C
Diphenylguanidine 0.5
Lime 3.5
Zinc oxide 1.0
Whiting 18.4
Paraffin 0 .5
Medium process oil 4.5

100.0

T a b l e  VI. T e s t s  o n  B l e n d  R e c l a i m  i n  F o r m u l a  IV
E l o n g a t io n  a t  T e n s i l e

N o . OF T e m p . B r e a k S t r e n g t h
T e s t o r R ec la im  R ec la im  R ec la im  R ec la im

F o r m u l a C u r e  S t r i p s T e s t X y X  Y
M in. °  C. % % Kg./sq . cm.

(141.7° C .)
R ecla im  100 
S u lfu r 5 } 25 16 

(157° C .)
19 370 390 55 65

F o rm u la  IV S 16 29 185 215 3 6 .5  3 8 .3

T he results of tensile-elongation testing  on reclaim -sulfur 
mixes, therefore, force certa in  conclusions:

1. With the best testing conditions and with sufficient tests, 
reproducible results may be obtained.

2. Under routine testing conditions which do not allow suffi­
cient, tests, the results are accurate at best to 10 per cent, and will 
many times be less accurate than this.

3. Even the best results are not a criterion of the properties 
of the reclaim in the recipe in which it is to be used.

D i s c u s s i o n

T he m anufactu rer of reclaim ed rubber m ust avail himself 
of any  te s t w hich can be ru n  in his factory  or laboratory, inas­
m uch as he cannot have available all th e  typical processing 
equipm ent of his varied  consum ers. I t  is fo rtunate  th a t  
physical te s ts  on raw  reclaim  give results which indicate 
closely m ost processing conditions. T he reclaim  m anu­
fac tu rer m ay  also run  processing tes ts  on type compounds 
in  which th e  reclaim  is being used, or th rough  cooperation 
w ith th e  consum er he m ay  ru n  these tes ts  in  a  specific te s t 
com pound subm itted  by  th a t  particu lar consum er. In  th is 
way th e  m anufactu rer does th e  m ost he can in  th e  w ay of con­
tro l testing .

W hile th e  m anufacturer is lim ited by  n o t knowing each

specific compound in which his m ateria l is used and by  no t 
having available each specific se t of equipm ent suitable for 
processing tests  on th is type  of com pound, th e  consum er on 
th e  o th er hand is in  the position to  carry  ou t actua l tes ts  on 
his own equipm ent and in  h is own com pound w hich will 
give th e  only accurate criterion for evaluating  any  raw  
m aterial including reclaim ed rubber.

Therefore, for the exam ination of reclaim ed rubber by the 
consum er th e  following procedure is recom m ended:

1. On a sample shipment, a small sample from each slab, 
the whole being blended, should be used. On a carload ship­
m ent current practice is generally to  take six to ten samples 
from the car, blending these for test.

2. Chemical tests should be run for any specific constituent.
3. Specific gravity on a  reclaim-sulfur mix should be obtained.
4. Laboratory processing tests on the raw reclaim and in a 

tes t recipe, also physical tests on the cured test compound, may 
be made. Unless these tests are known to have a direct and 
accurate interpretation in reference to the actual processing and 
tests on the finished product, they should be omitted entirely.

5. An actual factory run of one or a few mixings of a typical 
compound should be made, wherein actual processing is noted 
and tests are made on the finished product.

A ny m anufacturer who will follow th e  above practice is 
perform ing his te s ts  on reclaim ed rubber recipes in  th e  m ost 
practical and  m ost satisfactory m anner, and  th e  resu lts ob­
tained in  utilizing procedure 5 above are particu larly  satis­
fying from the standpo in t of both  consum er and m anufacturer.

F o r m any  years th e  reclaim er has heard  his p roduct ac­
cused of being responsible, because of varia tion , for m any of 
th e  m ultitudinous ills occurring in  rubber m anufacturing 
p lants. As recently  as 7 years ago m any  of these com plaints 
were justifiable. Because of th e  progressive advances in 
control tow ards uniform ity  of production in  th e  p a s t 5 to  7 
years, very  few’ com plaints of an y  kind are justifiable today . 
E v ery  reclaim er has had experiences in which h is product 
was held culpable, only to  be able to  prove th a t  ano ther factor 
was th e  cause of th e  difficulty. F u rth e r, every reclaim er 
will appreciate know ing th e  fac ts  on w hich a ju s t  com plaint 
is based, since th ey  m ake available to  him  experience and 
knowledge through which he m ay profit. Reclaimed rubber 
should be considered only as an  im p o rtan t com pounding 
ingredient, and  for th e  benefit of b o th  consum er and  m anu­
fac tu rer a  rational, p ractical, and  thorough tes ting  procedure 
is indispensable.
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G e r m a n y  D e v e l o p s  I m p r o v e d  P r o c e s s  o f  S t e r i l i z i n g  A r t i ­
f i c i a l  I c e . A new process of sterilizing ice has been introduced 
in Germany, according to a report made public by the Commerce 
Department. Sterilized ice has up to now been produced 
throughout the world by freezing sterilized w'ater, it is pointed 
out. This ice w-as always liable, however, to be infected during 
transfer from the factory to the user. There was, furthermore, 
the possibility of germs being transferred indirectly to the food­
stuffs in ice-cooled rooms.

George Kaune, a Munich scientist, is reported to have suc­
ceeded in applying his Katadyn process, consisting of the steriliza­
tion of water by the use of metallic silver, to the production of

artificial ice. The use of this process has resulted in obtaining 
totally different results. Artificial ice made from water treated 
with this process not only is sterile, but in addition has bacterici­
dal qualities. For this reason, it is being designated in Germany 
as “activated ice” to distinguish it from ordinary artificial or 
natural ice.

Careful bacteriological tests, carried out at the Hygienic Insti­
tute of the Dresden Technical University are said to have proved 
that germs introduced into the melting water of activated ice 
were killed after a few hours, so that the certain destruction of 
any bacteria that come in immediate contact with the ice may be 
safely relied upon.



New Type of Antimony Electrode for pH 
Measurements

T . R . B a l l ,  W e b s t e r  B. S ch m id t, a n d  K a r l  S. B e r g s t r e s s e r ,  W ashington University, S t. Louis, M o.

A N  IN V E ST IG A T IO N  of th e  an tim ony-an tim ony  
oxide electrode for m easuring pH  was begun by 
Schm idt in  th is labora to ry  in  th e  fall of 1931. The 

work was practically  com pleted when th e  publication of 
P arks and B eard (3) appeared. Aside from th e  fact th a t 
these authors used a vacuum -tube po ten tiom eter for the ir 
potential m easurem ents, th e  tw o investigations were prac­
tically identical. P ark s and B eard  found th a t  th e  electrode 
functions betw een a  pH  of 2 and  7, which is in  perfect agree­
m ent w ith  results in this laboratory . However, in  calculating 
the pH  P arks and B eard use th e  equation  E  =  —0.007 +
0.05195 p H .a t 25°, while th e  present au thors found th a t  the 
equation E  -  —0.020 +  0.05813 pH  a t  20° gives th e  proper 
pH  within about 0.02 u n it when E  is m easured against a 
sa tu ra ted  calomel electrode w ith  a  Leeds and  N orth rup  p o rt­
able potentiom eter. T he difference in  th e  value of the 
constant cannot be accounted for by th e  sm all difference in 
tem perature  unless th e  antim ony electrode has a  very  large 
tem perature  coefficient, and  probably  lies in  th e  appara tus 
used in  m aking th e  m easurem ents. U sing 48 different elec­
trodes prepared and annealed in  various ways, v e ry  little  
difference was found in  the ir perform ance, so th a t  th e  dis­
crepancy probably does n o t lie in  th e  m ethod of preparation 
or pu rity  of th e  electrodes.

If it  is assum ed th a t th e  an tim ony-an tim ony oxide electrode 
functions by  v irtue  of th e  changing antim ony-ion ac tiv ity  in 
solutions of varying acidity , o ther antim ony com pounds 
should serve as a substitu te  for th e  oxide coating. The 
sulfide is im m ediately suggested. M r. Schm idt prepared 
electrodes w ith sulfide coatings by  suspending cast electrodes 
for 1 hour in h o t 0.30 N  n itric  acid and  th en  sa tu ra ted  th e  
solution w ith hydrogen sulfide. T he m etal becam e coated 
w ith a  th in  yellowish film th a t  was n o t rem oved w ith a  stream  
of w ater from  a wash bo ttle . These electrodes were found to 
function in the  sam e m anner as th e  ordinary  antim ony elec­
trode and have the  advantage of a greater range on the 
alkaline side. N o claim is m ade th a t th ey  are useful for 
precision m easurem ents, b u t th ey  will indicate th e  pH  within 
=±=0.05 u n it in the  range from  2 to  10. T hey  are slightly 
b e tte r  th an  the  oxide electrodes in  th e  rap id ity  of establishing 
equilibrium  and the difference betw een individual electrodes 
is usually no t more th an  2 or 3 millivolts.

Tim e did no t perm it of a thorough investigation of the 
antim ony sulfide electrode by M r. Schm idt, b u t the  work 
was carried on by  M r. B ergstresser. T he d a ta  hereafter 
presented are taken  from th e  work of bo th .

E x p e r i m e n t a l

P r e p a r a t i o n  o f  E l e c t r o d e s .  Five m ethods were used 
in  preparing the sulfide coated electrodes.

1. Polished stick electrodes were immersed in 0.30 N  nitric 
acid which was kept on the steam bath for 1 hour. The hot 
solution was then saturated with hydrogen sulfide while it cooled 
to room temperature. When not in use the electrodes were kept 
in this saturated hydrogen sulfide solution.

2. The procedure was identical with that of the first method, 
except that 0.50 N  nitric acid was used.

3. Polished electrodes were placed in a long Pyrex tube which 
was sealed at one end and connected to a vacuum pump at the 
other. A small amount of sulfur was placed in the sealed end of 
the tube. The tube was evacuated and the portion containing

the electrodes was heated to 400° C. in an electric tube furnace. 
In a second run a temperature of 490° C. was used. The sulfur 
was then distilled onto the electrodes by applying heat to the 
sealed end. The tube was allowed to attain room temperature 
before the vacuum was released.

4. Polished electrodes were heated to 400° C. in a stream of 
dry hydrogen sulfide.

5. A heavy coating of oxide was formed on the electrodes by 
heating them to 500° C. in a stream of air. The cooled elec­
trodes were then treated with hydrogen sulfide while suspended 
in 0.30 N  nitric acid.

A complete study  of these various electrodes showed th a t  
those p repared by  the first m ethod gave more nearly  reproduc­
ible results and  all the da ta  in  th is  paper wore obtained from 
electrodes so prepared.

R e s u l t s .  T able I  contains typ ical sets of d a ta  obtained 
w ith  buffers which were standard ized  w ith quinhydrone up  
to  a  pH  of 7 and  w ith a  hydrogen electrode in th e  more 
alkaline range.

T a b l e  I. C a l c u l a t i o n  o f  C o n s t a n t  E„ o f  E q u a t i o n  1

B u f f e r p H

E . M . F .
V8.

S a t . C a l . t ° ^ S b

p H  p H  
C a l c u l a t e d  E r r o r

HC1-KC1 1 . 1 2 0 .0 5 4 0 2 0 ( - 0 .2 4 0 6 ) 1 . 2 1 +  0 .0 9
P h th a la te -H C l 2 . 2 0 0 . 1 1 0 0 2 0 - 0 .2 3 3 9 2 .1 8 - 0 . 0 2
P h th a la te 3 .9 2 0 .2 1 2 5 24 - 0 .2 3 5 8 3 .9 3 + 0 . 0 1
P h th a la te 3 .9 7 0 .2 1 3 5 2 0 - 0 .2 3 4 5 3 .9 6 - 0 . 0 1
P h o sp h a te 5 .2 9 0 .2 9 3 0 2 0 - 0 .2 3 7 7 5 .3 3 + 0 .0 4
P h o sp h a te 5 .5 4 0 .3 0 7 4 24 - 0 .2 3 5 3 5 .5 4 ± 0 . 0 0
P h o sp h a te 5 .9 1 0 .2 3 7 0 2 0 - 0 .2 3 5 5 5 .9 2 + 0 . 0 1
P h o sp h a te 6 .6 6 0 .3 7 3 9 24 - 0 .2 3 5 8 6 .6 7 + 0 . 0 1
P h o sp h a te 6 .9 7 0 .3 8 7 0 2 0 - 0 .2 3 3 7 6 .9 5 - 0 . 0 2
B o ra te 8 . 0 1 0 .4 4 8 0 2 0 - 0 .2 3 4 7 8 . 0 0 - 0 . 0 1
B o ra te 9 .2 0 0 .5 1 6 0 2 0 - 0 .2 3 3 1 9 .1 7 - 0 . 0 3
P h o sp h a te 1 0 . 0 0 0 .5 6 1 5 2 0 - 0 .2 3 2 4 9 .9 6 - 0 . 0 4

P h o sp h a te 10 .28 0 .5 9 3 5
Av.

23
. - 0 .2 3 4 8  

- 0 .2 4 3 7 10 .43 + 0 .1 5
P h o sp h a te 10 .82 0 .5 9 6 6 2 2 - 0 .2 1 6 6 10 .51 - 0 . 2 1
P h o sp h a te 11 .41 0 .6 4 3 8 23 - 0 .2 4 7 2 11 .6 0 +  0 .1 9
P h o sp h a te 11 .77 0 .6 7 1 4 2 2 - 0 .2 3 5 9 11 .79 + 0 . 0 2
P h o sp h a te 1 2 . 1 1 0 .7 0 4 6 23 - 0 .2 4 7 3 12 .40 + 0 .1 9

T he e. m . f. values of colum n 3 are  the averages obtained 
from  four o r more electrodes m easured against the  sa tu ra ted  
calomel electrode. T he E 0 values of colum n 5 are calculated 
from the equation

E o = pH [0.0577- +  0.0002 « -  18)1 -  e. m. f. -  | L .  (1)

T he value of a t  any  given tem p era tu re  was com puted 
from th e  equation  (2)

Em . =  0.2504 +  0.00065 (I -  18) (2)

T he average value of E a is com puted  over th e  p H  range of 
2.2 to  10 only, since in  th e  m ore acid and  alkaline ranges th e  
electrodes behave erratically . H aving established th e  value 
of th e  constan t Ea as —0.2348 volt, th e  pH  of each solution 
was calculated to  th e  closest 0.01 u n it from  E qua tion  3.

. r F. m. f. 'i■ E Ciii. — 0.2348 
P “  0.0577 (i -  18)

T his equation  would, of course, app ly  to  any  type  of calomel 
electrode. T he las t tw o colum ns show the  calculated  pH  and 
th e  deviation from  th e  correct va lue  of colum n tw o. Over 
the  range of 2.2 to  10 th e  pH  m ay  be relied upon to  ab o u t 0.05 
un it. Ind iv idual electrodes rarely  differed from  others in  the 
sam e solution b y  m ore th an  2 or 3 m illivolts if th e  pH  was 10 
o r less. T h is is som ew hat b e tte r  tb a n  th e  oxide electrodes of 
P arks and B eard (S) . A stu d y  of the ir d a ta  shows a  varia tion  
betw een electrodes of from 3.2 to 5.2 m illivolts, even in  the
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m ost favorable range. I n  solutions of p H  above 10, the sul­
fide electrodes showed a m axim um  variation  am ong them ­
selves of 11.5 m illivolts. T able I  shows th a t  th e  sulfide elec­
trode  is n o t reliable in th is range even when average values of 
several electrodes are taken .

Sugar, starch , and n itra tes  have no deleterious effect upon 
the electrodes betw een pH  2.2 and  10. H owever, hydroxy 
acids, such as ta rta ric , citric, and lactic, render the electrode 
useless. T his has been found to  be tru e  of the antim ony oxide 
electrode as well ( i ) .  T he sulfide electrodes were used in the 
back-titra tion  of alcoholic potassium  hydroxide in determ ining 
the saponification num ber of oils. As would be expected, the 
strongly  alkaline solution quickly rem oves th e  sulfide film, bu t 
th e  electrode still functions. T he end point as determ ined by 
finding the m axim um  value of A E /A V  agrees w ith  the 
phenolphthalein  end point. In  th is respect th e  sulfide elec­
trode offers no advantage over th e  o rd inary  an tim ony- 
an tim ony oxide electrode.

S u m m a r y

1. A ntim ony electrodes coated w ith an tim ony sulfide 
have been prepared by  five different m ethods.

2. E lectrodes prepared by suspension in  h o t 0.30 N  n itric 
acid for 1 hour, followed by  sa tu ra tion  w ith hydrogen sulfide, 
m ay  be used to  determ ine th e  p H  of solutions in th e  range 
from  2 to  10.

3. E lectrodes so prepared agree am ong them selves w ithin 
abou t 3 m illivolts if th e  pH  is 10 or less, b u t m ay  differ by  as 
m uch as 11.5 m illivolts in m ore alkaline solutions.

4. S tarch , sugar, and n itra tes  have no deleterious effect 
in  th e  range over which th e  electrode functions in the ir ab­
sence.

5. T he electrode, like the oxide electrode, is useless in  the 
presence of hydroxy acids.

6. T he electrode should be useful in determ ining the 
saponification of highly colored oils, b u t offers no advantage 
over th e  ord inary  an tim ony electrode.

L it e r a t u r e  C it e d
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Colorimetric Determination of Fluorine
O. M . S m i t h  a n d  H a r r i s  A. D u t c h e r , Oklahoma Agricultural and M echanical College, Stillwater, Okla.

T H E  fluoride conten t of na tu ra l w ater has taken  on new 
significance, since th e  researches of Sm ith, L antz, and 
Sm ith (4), Churchill (2), and K ehr (3) have show-n 

th a t  i t  m ay  be th e  cause of th e  too th  defect know n as m ottled  
enamel. Of th e  num erous m ethods w hich have been de­
vised for th e  detection  and determ ination  of fluorides, few 
find satisfactory  application in  th e  field of w ater analysis, 
where a very  sensitive m ethod is required.

In  th e  modified Casares-DeBoer m ethod used by  Thom pson 
and T aylor (5), th e  fluorides are determ ined by  th e  degree of 
fading of a zirconium -alizarin lake. W illard and  W inter (6) 
suggest th e  use of quinalizarin (1, 2, 5, 8-tetrahydroxyan- 
th raquinone) as an  indicator in their m ethod. Quinalizarin 
seems to  th e  w riters to  have advantages over alizarin when 
used as in the Casares-D eBoer m ethod, in th a t  i t  is more 
sensitive to  sm all changes in fluoride con ten t and the change 
in color is easier to  distinguish. For example, a  difference in 
color betw een sam ples containing 0.2 and  0.4 p a rt per 
million is greater in th e  case of zirconium -quinalizarin than  
zirconium -alizarin reagent. T he best range of th e  colorimet­
ric standards is from  0 to  2 p. p. m. or 0.0 to  0.1 mg. of fluoride 
per 50 ml. Above th is concentration  th e  fading is too great, 
and  comparisons are no t easily m ade.

R e c o m m e n d e d  M e t h o d

T he zirconium -quinalizarin reagent is prepared by mixing 
equal parts  of a  0.14 per cent solution of quinalizarin (1, 2, 5, 
8 -te trahydroxyanthraquinone) and an  0.87 per cent solution 
of zirconium n itra te , and  d ilu ting  th e  m ixture 1 to  40. The 
quinalizarin is dissolved in  a 0.30 per cent sodium  hydroxide 
solution, as i t  is insoluble in  w ater.

M e t h o d  o f  A n a l y s i s , Precipitate the sulfates by the addi­
tion of 5 ml. of 2 per cent barium chloride solution to 100 ml. 
of the sample. After settling several hours, draw off a 50-mL 
portion for the test. The barium sulfate may be filtered off if 
desired. Add 3 ml. of 1 to 1 hydrochloric acid and 5 ml. of the 
zirconium nitrate-quinalizarin reagent and mix thoroughly. 
After 20 minutes compare with standards made at the same time 
and in the same manner. Comparisons are easily made in

American Public Health Association tubes with standard fluoride 
solution containing from 0 to 2 p. p. m. in steps of 0.2 part.

T he fading of th e  color of th e  zirconium -quinalizarin or 
zirconium -alizarin lake is a  function  of tim e, tem pera tu re , 
and  acidity . A fter 15 m inutes a t  room  tem peratu re  th e  
change is very  slow and th e  color rem ains sufficiently constan t 
for comparisons. C are m ust be taken  th a t  exact am ounts 
of indicator (zirconium -quinalizarin reagent) and  acid are  
added to  th e  sam ple and to  th e  standards and  th a t  the  tim e 
of fading is th e  sam e for unknow n and  standard .

Of th e  comm only occurring ions, none in th e  quantities 
occurring in  n a tu ra l or trea ted  w ater affect th e  resu lts except 
alum inum , iron, sulfates, and  phosphates. Less th an  20 
p. p . m. of sulfates have no effect and  m ay  easily be rem oved 
by barium  chloride, since th e  B a++ ion has no effect. Iron  
above 10 p. p. m. changes th e  color, m aking com parisons im ­
possible. A lum inum  has no effect up  to  0.2 p. p. m . as Al; 
above th is am oun t and  up  to  0.6 p. p. m . as Al th e  resu lts will 
be lowr b y  0.1 p. p. m . of fluorine. A lum inum  is rare ly  present 
in  w ater in  am ounts g reater th a n  1 p. p . m . expressed as 
Al20s or 0.5 p. p. m . as Al, and  m ay  thereby  be neglected in 
m ost cases. T h is  is fu rther confirmed in  th e  com parative 
results betw een those obtained by d irec t colorim etric and 
distillation  m ethods. Phosphates affect th e  color when from 
0.3 to  0.4 p. p . m . or m ore are  present. T he color is different 
and  is easily recognized by one experienced in th e  determ ina­
tion. F o rtuna te ly  these tw o substances rarely  occur in 
w ater in am ounts greater th an  0.5 p. p. m. except in certain  
localities. W hen th ey  do occur the  d istillation  m ethod 
seems to  be th e  reliable procedure.

In  case phosphates and  alum inum  are present, d istillation  
w ith perchloric acid as recom m ended by Boruff and  A bbo tt 
( i)  will be necessary.

Place the sample containing approximately 0.2 ml. of fluoride 
in a 125-ml. distilling flask, and add a few glass beads and suf­
ficient dilute sodium hydroxide to make it just alkaline to litmus. 
Reduce the volume to 10 to 15 ml. by distilling off the water, 
and obtain a 50-cc. distillate according to the procedure out­
lined by Boruff and Abbott (/) .
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In  carrying o u t the distillation, care m ust be exercised to 
avoid bum ping, as th e  presence of m uch perchloric acid in  the 
d istillate will seriously interfere w ith  th e  colorim etric test. 
I t s  presence can be readily detec ted  by  th e  off color of the 
sam ple when th e  reagents are  added. T he tem perature  
should no t be allowed to  rise above 150° C., in  order to  avoid 
decom position of the  perchloric acid. Sulfuric acid cannot 
be used, as sufficient passes over in to  th e  d istillate to  affect 
th e  color developed on adding the quinalizarin reagent. In  
routine w ater analysis th e  distillation m ethod is time-con­
sum ing and i t  becomes desirable to  determ ine how necessary 
is th is precaution.

In  a study  of 201 O klahom a w aters, 177 sam ples had a 
fluoride content of 1 or less. Of these, 59 gave th e  sam e value 
when determ ined by  bo th  m ethods; in 88 sam ples th e  re­
su lts obtained by  th e  direct colorim etric m ethod were below 
those obtained by distillation by an average of 0.13 p. p. m. 
of fluorine, and in  30 cases they  were above b y  an  average of 
0.11 p. p. m . T he 15 samples containing 1.1 to  2.0 p . p. m. 
and  9 containing 2.1 and above were too few in num ber to 
draw  definite conclusions. These 201 cases indicate th a t the

direct colorimetric method may give results which are about 
10 per cent lower than that obtained by distillation.

The authors’ experience confirms that of previous investi­
gators that fluorine is usually found in natural waters in 
quantities less than 2 p. p. m ., 95 per cent of the samples 
containing less than 2.0 p. p. m.; hence a method that 
is accurate to within 10 per cent of the numerical value, 
when the fluoride content is from 1 to 2 p. p. m., and that 
is rapid and reliable should be a valuable acquisition to water 
analysis and worthy of trial by other investigators.
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Determination of Potash in Fertilizers
F. B . C a r p e n t e r  a n d  R . 0 .  P o w e l l , Virginia-Carolina Chemical Corporation, Richm ond, Va.

M UCH  work has been done by the Association of Official 
A gricultural Chem ists to  overcome th e  inaccuracies 

in  th e  present m ethod, which specifies the  determ ination  of 
only the  water-soluble potash, b u t no a tte m p t has been made 
to  determ ine th e  available potash, as in  th e  case of other 
fertilizer constituents. This m ethod has been in  use for a 
long tim e and  is incorporated in practically  all s ta te  laws, 
b u t there  is no logical reason w hy i t  should be continued 
if i t  does n o t show the correct results in  available potash.

A  series of tests  was m ade on a  num ber of mixed fertilizers, 
including th e  five sam ples sen t ou t b y  th e  Chemical C ontrol 
C om m ittee of the N ational Fertilizer Association, to  deter­
mine th e  effect on th e  percentage of potash  produced by 
washing w ith  larger quantities of w ater th an  are specified by 
the official m ethod. F our successive leachings were made 
on each sam ple w ith  approxim ately 225 cc. of w ater, and 
the potash was determ ined in the separate  solutions and in 
the final residue. P o tash  was also determ ined in  solutions 
m ade w ith  1 per cent hydrochloric acid. B lank tests were 
m ade on all reagents, and th e  sam e m ethod was employed 
in all analyses. T he results are shown in T able I.

T a b l e  I. P o t a s h  D e t e r m i n a t i o n s  i n  S o l u t i o n s  f r o m  
S u c c e s s i v e  L e a c h i n g s  w i t h  W a t e r ,  f r o m  R e s i d u e ,  

a n d  f r o m  H y d r o c h l o r i c  A c i d  S o l u t i o n s

B o il e d  *

S a m p l e F irs t
------L e a c i

Second
IINGS® —

T h ird F o u r th
I n

R e s id u e T o t a l
H C l

S o l u t io n

1 17.24 0 . 1 0 0 .0 4 0 . 0 2 0 .1 6 1 7 .5 6 17 .5 0
2 3 .9 0 0 . 1 1 0 .0 4 0 . 0 2 0 .4 0 4 .4 7 4 .4 0
3 3 .8 8 0 . 1 2 0 .0 5 0 . 0 2 0 .4 0 4 .4 7 4 .2 0
4 4 .0 4 0 .0 7 0 .0 3 0 .0 3 0 .0 7 4 .2 4 4 .2 2
5 3 .9 6 0 . 1 0 0 . 0 2 0 . 0 2 0 .0 4 4 .1 4 4 .1 7
6 5 .3 2 0 .0 6 0 .0 5 0 .0 4 0 .0 9 5 .5 6 5 .6 5
7 4 .1 8 0 .0 4 0 .0 5 0 .0 3 0 .1 4 4 .4 4 4 .4 S
8 3 .1 0 0 .0 3 0 .0 4 0 .0 3 0 .1 7 3 .3 7 3 .2 7
9 3 .9 2 0 .0 9 0 .0 5 0 .0 3 0 .1 3 4 .2 2 4 .2 4

1 0 5 .3 8 0 . 1 0 0 .0 5 0 .0 3 0 .1 3 5 .6 9 5 .66
1 1 6 .1 5 0 . 0 2 0 . 0 2 0 . 0 1 0 .1 4 6 .3 4 6 .3 6

•  225 cc. each.

These analyses show th a t  potash  is being recovered in 
sm all am ounts in  th e  fourth  washing, a fter approxim ately

900 cc. of w ater have passed th rough  th e  m aterial, and  there  
still rem ains from 0.04 to  0.40 per cen t in the residues. If 
th e  washings had been continued, i t  is probable th a t  m ost of 
th e  potash  w ould finally have been recovered. I f  th e  sum  of 
po tash  obtained in  th e  different leachings, plus th a t  in  th e  
residues, is com pared w ith  th a t  obtained in th e  acid solutions, 
th e  results are in close agreem ent.

T he two sam ples showing th e  largest am oun t in the residue,
0.40 per cent, were also tes ted  by  w ashing w ith  w ater and 
digesting in  am m onium  citra te , as in th e  determ ination  of 
insoluble phosphoric acid. T he results showed 0.06 per cen t 
of insoluble potash  in each case.

Solutions m ade w ith  1 per cent hydrochloric acid give 
very good results, especially if neutralized  w ith  caustic soda 
instead of am m onia. T here should be no objection to  th is 
procedure, as insoluble silicates are n o t decomposed in acid 
solutions of th is strength .

In  all sam ples th e  po tash  w as supplied from  a soluble 
source, and  th e  results indicated  th a t  some of the  po tash  is 
slightly  fixed, so as to  yield slowly to  solution in  w ater, bu t 
is in a  form  which is assum ed to  be readily  available as a 
p lan t food. T his is supported  by  th e  fact th a t  th e  insoluble 
portion is soluble in  am m onium  c itra te , the stan d ard  te s t for 
available phosphoric acid. As these tes ts  were m ade on 
regular grades of mixed fertilizers, no d a ta  are available 
concerning the  am oun t of potash  in  the  different com ponents, 
bu t in  previous w ork sim ilar losses have been confirmed on 
carefully form ulated theoretical m ixtures.

C o n c l u s i o n

M uch w ork has been done to  perfect th e  official m ethod 
so as to  ob tain  theoretical results, b u t i t  w ould appear th a t 
the only rem edy for correcting the inaccuracies is to  change 
the  m ethod so as to  determ ine available instead of water- 
soluble potash.

R e c e iv e d  S ep tem ber 20, 1933. P re s e n te d  b efo re  th e  D iv is ion  o f F ertilizer 
C h em is try  a t  th e  8 6 th  M eetin g  of th e  A m erican  C hem ica l S oc ie ty , Chicago»
111., S ep te m b er 10 to  15, 1933.



Use of Aeration in Kjeldahl Distillations
W. B. M eld b u m , R. M ela m p y , a n d  W . D .

T H E  extrem ely useful m ethod for the determ ination  of 
nitrogen in  organic substances, b rought forward by 
K jeldah l in 1883 (6) as an  extension of a  m ethod first 

applied to  urea in  1875 by H eintz and R agsby  (4), has under­
gone a num ber of m odifications to  widen th e  scope of its  ap­
plication and to  fac ilita te  th e  analysis. One has been the 
aeration  of th e  alkalized solution to  expedite the sweeping 
over of th e  am m onia in to  th e  stan d ard  acid solution. Sug­
gested by Folin in 1903 (S) in connection w ith urine analysis,

it  was proposed as a general procedure in K jeldahl distilla­
tions by  K ober in 1908 (6) and  by  Sebelien in 1909 (7). 
D illingham  in 1914 (1) and  Falk  and  Sugiura in 1916 (2) 
dem onstrated  th a t  complete recovery of th e  nitrogen by 
aeration  alone was n o t p racticable b u t th a t  hea t was also 
necessary; aeration  alone, even when carried on for several 
hours, resulted  in the recovery of less th a n  95 per cent of th e  
nitrogen.

A lthough aeration  w ith  sim ultaneous heating has been 
used by m any analysts w ith  satisfactory  results, no critical 
exam ination of th e  m ethod seems to  have been m ade. T he 
au thors of th is  paper failed to  find any  d a ta  in th e  literature  on 
nitrogen recovery under various experim ental conditions or 
any  inform ation  as to  the  m ost desirable procedure. Accord­
ingly a critical exam ination was carried through, some of the 
results of w hich are sum m arized in th is comm unication.

P r o c e d u r e

T he substance selected for analysis was A '-butyram ide, 
procured from  th e  E astm an  K odak  Co., and found to  give 
satisfactorily  reproducible analyses from a large batch  in close 
agreem ent w ith  th e  theoretical nitrogen conten t of 16.09 
per cent. A  sam ple of ab o u t 0.2 gram  was oxidized w ith 40 
gram s of concentrated  sulfuric acid, to  w hich were added 10 
gram s potassium  sulfate and  0.5 gram  of m ercury. The diges­
tion  was continued for 30 m inutes a fter th e  contents of the 
K jeldah l flask becam e colorless.

T he am m onia d istilla tion  w as carried ou t using th e  a p ­
para tu s shown in Figure 1. B y  th e  application of suction a t 
D, a ir from  outside th e  laborato ry  was draw n in th rough  the 
flowmeter A  and  th e  in le t tu b e  B, passed over together w ith 
steam  and  am m onia, bubbled  th rough  th e  standard  acid 
solution, and draw n o u t th rough  th e  guard  tu b e  C. The 
guard  tu b e  C contained glass beads w ithou t perforations, and 
th rough  i t  th e  acid solution and  th e  m ethyl orange indicator 
were in troduced in to  th e  receiving flask. T he beads, rem ain-

M y e r s ,  Haverford College, Haverford, Pa.

ing w et w ith  the colored acid solution, served to  show w hether 
or no t th e  am m onia was being com pletely absorbed and 
to  absorb an y  such th a t  cam e through ; change to  th e  alkaline 
color a t  th e  base of th e  tu b e  usually  did occur, m ore m arkedly 
in th e  case of high aeration  ra tes. T he sodium  sulfide solution 
to  p rec ip ita te  th e  m ercury and  th e  excess sodium  hydroxide 
solution were adm itted  th rough  a  funnel tem porarily  a ttached  
to  th e  in let tube , B . T he tem pera tu re  of d istilla tion  was 
read from  a therm om eter a ttached  to  th e  in le t tube  inside 
th e  flask. T o th is  tem pera tu re  th e  solution was raised as 
rap id ly  as practicable before aeration  was begun.

T he effects of vary ing  th e  conditions upon which th e  ra te  
of d istilla tion  m ight depend were in  tu rn  exam ined. The 
m ore im p o rtan t conclusions so fa r as th is investigation  was 
concerned are b rough t o u t by th e  d a ta  given in  Tables I 
and I I  and  p lo tted  in  F igures 2 and  3.

T a b l e  I. N i t r o g e n  R e c o v e r y  f o r  V a r i o u s  A e r a t i o n  R a t e s  
a t  V a r i o u s  T e m p e r a t u r e s

A1ÎRATION N it r o g e n P e r  C e n t
T e m p e r a t u r e R a t e R e c o v e r e d R e c o v e r y

° C. L ./m in , %
25 0 . 2 0 .3 6 2 .2 4

0 .4 0 .5 4 3 .3 6
0 . 6 0 .6 4 3 .9 8
0 . 8 1 . 0 0 6 . 2 2

50 0 . 2 0 .6 2 3 .8 5
0 .4 1 .28 7 .9 6
0 . 6 1 .63 10 .13
0 . 8 1 .87 11.62

75 0 . 2 1.91 1 1 . 8 8
0 .4 3 .7 4 2 3 .2 4
0 . 6 5 .4 0 3 3 .5 6
0 . 8 7 .0 1 43 .5 7

90 0 . 2 6 .0 5 3 7 .6 0
0 .4 9 .2 1 57 .21
0 . 6 1 1 . 2 1 6 9 .6 7
0 . 8 12 .33 7 6 .6 3

1 0 0 0 . 2 13 .56 8 4 .2 7
0 .4 15 .26 9 4 .8 4
0 . 6 16 .00 9 9 .4 4
0 . 8 16 .06 99 .8 1

D a ta  o b ta in ed  using  a  sam p le  of 0.2 g ram , a  to ta l  v o lum e fo r d is ti lla ­
tion  of 250 m l., a n d  w ith  2 0 -m in u te  d is ti lla tio n . C o m p le te  reco v e ry  eq u a ls  
16.09 p e r  ce n t n itrogen .

I t  was found th a t  increasing th e  d ilution of th e  solution 
g rea tly  slowed up  the ra te  of am m onia d istillation . W ith  a  
solution tem pera tu re  of 90° C. and  an  aeration  ra te  of 0.8 
lite r per m inute , th e  recovery for 15 m inu tes’ d istillation

F i g u r e  2 .  R e l a t i o n  o f  N i t r o g e n  R e c o v e r y  t o  
A e r a t i o n  R a t e
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F i g u i œ  3 .  V a r i a t i o n  o f  N i t r o g e n  R e c o v e r y  w i t h  
T i m e  o p  D i s t i l l a t i o n

was 95.93, 79.86, and  58.67 per cent, from  to ta l volum es of 
100, 300, and  500 ml., respectively.

I t  was also found th a t  i t  m akes little  difference w hether 
th e  in let tu b e  delivers th e  air in large bubbles or in  small 
bubbles d istribu ted  m ore w idely th rough  th e  solution.

S u m m a r y

1. T he conditions favorable for carry ing ou t K jeldahl dis­
tillation  using aeration  are indicated. W ith  fairly rapid 
aeration a t  th e  boiling po in t of th e  solution distillation is 
complete in  less th a n  15 m inutes.

2. In  addition  to  th e  saving of tim e involved, th e  use of

T a b l e  I I .  N i t r o g e n  R e c o v e r y  f o r  V a r i o u s  T i m e s  o f  
D i s t i l l a t i o n

L E D I T I O N  Vol. 6, No. 1

A ë r a t io n T im e  o f N it r o g e n P e r  C e n t
R a t e D is t il l a t io n R e c o v e r e d R e c o v e r y

L ./m in . Afin, %
0 . 2 5 0 .9 5 5 .9 0

15 3 .9 3 24 .4 2
30 7 .2 0 4 4 .7 4
60 11 .08 68 .8 9
90 12 .7 8 7 9 .4 3

0 . 8 5 3 .4 1 21 .1 9
15 12 .3 2 7 6 .5 7
30 14 .89 9 2 .5 4
45 15 .59 9 6 .8 8
60 16.11 1 0 0

1 . 6 5 10.51 6 5 .3 2
1 0 13 .72 8 5 .2 7
15 15 .27 9 4 .9 4
2 0 15 .7 5 9 7 .8 9
25 15 .95 9 9 .1 2
30 16 .1 0 1 0 0

D a ta  o b ta in ed  u sing  a  sam p le  of 0.2 g ram , a  to ta l  v o lum e of so lu tio n  of 
250 m l., a n d  a  d is ti lla tio n  te m p e ra tu re  of 9 0° C . C o m p le te  reco v e ry  equa ls  
16.09 p e r  ce n t n itrogen .

aeration  is recom m ended because of th e  en tire  absence of 
bum ping and  th e  obviation  of th e  danger of acid solution 
backing up in to  the  condenser. T he ap p a ren t disadvantage 
of more complex app a ra tu s  is ac tua lly  very  slight, th e  only 
additional requisites to  th a t  needed for an  ord inary  distilla­
tion  being th e  guard  tube  and  in le t tube , ne ither of w hich re ­
quires m ore th an  rinsing betw een distillations.
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D eterm ination of Lead as Dilead Hydrogen Arsenate
C. L. D u n n  a n d  H . V. T a r t a r , Chem istry D epartm ent, U niversity of W ashington, Seattle, W ash.

AN IN V E S T IG A T IO N  in th is laboratory  (2) on the 
system  P b 0 -A s205- H 20  showed th a t dilead hydrogen 

arsenate, Pbl-IAsO-i, is very  insoluble; th e  resu lts indicated 
th a t its solubility is com parable to  th a t  of th e  chrom ate and 
sulfate. Since th is  com pound exists over such a  wide range 
of acidity , th e  suggestion was m ade th a t  lead m ight be deter­
m ined quan tita tive ly  b y  precipitation as the  dilead hydrogen 
arsenate.

T he aim  of th is paper is to  p resen t in  very  brief form  the 
results of an  a ttem p t to  devise a quan tita tive  m ethod for the 
determ ination  of lead in comm ercial lead arsenate. The 
m ethod is no t so adap tab le  as th e  chrom ate and  sulfate 
m ethods for easy control and consequently i t  is no t neces­
sary to  give in detail th e  experim ental resu lts (1).

Prelim inary  experim ents m ade on th e  p recip itation  of 
lead as dilead hydrogen arsenate, by  adding disodium ar­
senate solution to  a  standard  solution of lead n itra te , showed 
th a t the acid ity  of the  solution had  a m arked influence on 
the composition of th e  precip itate.

A series of determ inations was nex t carried ou t using 
disodium hydrogen arsenate-arsenic acid buffer solutions of 
varying pH . P recipitation was accomplished by  adding a 
definite q u an tity  of th e  lead n itra te  solution to  varying 
am ounts of the arsenate buffers. All precip ita tes were 
collected and washed on asbestos pads in  Gooch crucibles and 
dried a t  120° C . T he pH  of th e  solutions changed consider­
ably during the  precipitations, becoming m ore acid. T he

d a ta  afforded evidence th a t  a  still greater control of th e  
hydrogen-ion concentration would be necessary to  ob tain  
p recip itates corresponding in  com position to  dilead hydrogen 
arsenate.

F u rth e r experim ents showed th a t  lead can be precip itated  
quan tita tive ly  from a solution of lead n itra te  as dilead hydro­
gen arsenate by th e  use of a  disodium  hydrogen a rsen a te - 
arsenic acid buffer solution. T he proper acid ity  necessary 
for precip ita tion  is pH  4.6— th a t  is, ju s t alkaline to  m ethy l 
orange. A ny m arked change in  th e  ac id ity  due to  th e  
liberation of n itric  acid will m ateria lly  change the  composi­
tion  of th e  precip ita te  ob tained. T he acid ity  can be k ep t 
sufficiently constan t during th e  p recip itation  b y  th e  gradual 
addition  of a d ilu te solution of sodium  hydroxide using 
m ethyl orange indicator. T he arsenate  solution should 
be subjected  to  m echanical stirring  during th e  precipitation.

A ttem p ts  were also m ade to  p rec ip ita te  as dilead hydrogen 
arsenate the  lead in sam ples of comm ercial lead arsenate. 
T he sam ples were dissolved in 0.5 N  n itric  acid. T he results 
indicated  th a t  fairly accurate  resu lts can be ob tained . T he 
procedure is laborious and necessitates too close control to  
rival th e  p resen t accurate  su lfate and chrom ate m ethods.

L i t e r a t u r e  C i t e d
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Purification of Substances by Electrodialysis
A l b e r t  L. E ld e r ,  R u s s e l l  P . E a s to n ,  H a r o ld  E . P l e t c h e r ,  Syracuse U niversity, a n d  F lo y d  C. P e t e r s o n ,

N ew  York State College o f Forestry, Syracuse, N . Y .

M A NY  references are to  be found on th e  subject of 
electrodialysis, and new applications and uses are 
num erous. M ost of the d a ta  reported  in the present 

paper have resulted from  research necessary to  obtain  a 
substance of a certain  pu rity  for use in  some o ther investiga­
tion.

T he appara tu s used in  the electrodialysis experim ents was 
essentially th a t  described by H olm es and E lder (4). In  all 
experim ents a  piece of p latinum  foil was placed betw een the 
carbon anode and the filter paper. P archm ent and Cello­
phane m em branes were used th roughou t th e  investigation.

E l e c t r o d i a l y s i s  o f  C a s e i n

Samples of both  acid and rennin  casein were obtained from 
the research laboratory  of th e  Borden C om pany. T he ash 
con ten t of acid casein before electrodialysis was 3.69 per 
cent and  a fter 56 hours of electrodialysis was 0.067 per cent, 
a  98.4 per cent rem oval of ash. T he acid casein (8.41 gram s) 
was suspended in  dilute acetic acid and  dilu ted  to  850 cc. 
A m m eter readings varied from 0.22 am pere a t  the s ta r t to 0.027 
am pere a t  the end. T he m axim um  and  m inim um  tem pera­
tures w ithin th e  cell were 45° and 25° C ., respectively. A 
sliding resistance was used to  keep th e  cell from heating too 
m uch. D uring  electrodialysis a  horny  m ateria l deposited on 
th e  cathode m em brane, and, when dried, had an ash content 
of 0.069 per cent.

In  two o ther electrodialysis experim ents no acetic acid was 
added, b u t the  acid casein was kep t in suspension b y  vigorous 
mechanical stirring. Ash rem ovals of 95.2 and 97.3 per cent 
were obtained after 42.2 and  28 hours, respectively. In  the 
first of these two runs th e  am m eter readings were 0.130 
m axim um  and  0.0091 m inim um , and in  th e  second 0.425 and
0.0108. T em peratu re  variations were from 25° to  51° C. 
Of th e  11.35-gram sam ple of acid casein used in  the second 
run , 8.81 gram s were recovered by  filtering th e  electrodialyzed 
solution.

R em oval of the ash from  rennin  casein was no t as satis­
factory . T he original ash con ten t was 7.98 per cent and the 
final 2.17 per cent, an  average ash rem oval of 72.9 per cent. 
Considerable difficulty w as encountered w ith casein sticking 
to  th e  m echanical stirrer.

E l e c t r o d i a l y s i s  o f  G r a p e  J u i c e

I t  appeared likely th a t  th e  ash con ten t of unferm ented 
grape juice could be lowered b y  electrodialyzing ou t the ta r­
tra te s  present. Cellophane m em branes were m ounted wet 
on th e  cell and held in place by  rubber bands. T he potential 
cu rren t was held a t  120 volts. T he drip  w ater was collected 
through funnels supported  below the  filter papers which 
were betw een th e  carbon blocks and  th e  Cellophane mem­
branes.

In  prelim inary experim ents K ahlbaum ’s c. p. potassium  
acid ta r tra te  was added to  w ater and  electrodialyzed, using 
S u tton ’s m ethod (6 ) to  determ ine th e  ta r ta r ic  acid in the 
positive drip . N inety-six  per cent of the  potassium  acid 
ta r tra te  was recovered in th e  drip  w aters and in the cell; 
40 per cen t of th e  4.08-gram sample placed in  the  electro­
dialysis cell was rem oved in  12 hours by  electrodialysis. 
As a  fu rth er check on th e  acid collected in the  positive drip, 
carbon and  hydrogen analyses were m ade, and th e  excellent 
checks obtained indicated th a t  nearly  pure ta rta ric  acid was 
obtained in  th e  positive d rip  w ater.

Samples of comm ercial grape juice were d ilu ted  1 to  1 and 
placed in  the electrodialysis cell. T he average of several 
determ inations gave 18 to  20 per cent rem oval of th e  ta r ­
tra te  radical p resent in  th e  grape juice in 3 hours. T he flavor 
of the grape juice was unchanged by  electrodialysis. The 
m ain pigm ents, anthocyanins or enins (1, 2), in grape juice 
did n o t come through  th e  m em branes during th e  electro­
dialysis.

E l e c t r o d i a l y s i s  o f  S u g a r s

One difficulty encountered by  w orkers in  sugar chem istry 
is th a t  of preparing th e  sugar in  an ash-free condition. T he 
isolation and  purification of arabogalactan by  th e  lead- 
tan n a te  m ethod of Schorger and Sm ith (5) resu lt in  a  product 
which even under very  careful purification contains an  ap­
preciable am oun t of ash, only a  portion of which under norm al 
conditions is rem ovable by  repeated  solution and precip ita­
tion .

T his procedure resu lts in  a  g rea t loss of the  purified 
sugar. T he ash con ten t of m aterial purified by such m ethods 
is never so low th a t  th e  sugar m ay be considered ash-free. 
Englis and  o thers (3) found th a t  electrodialysis of samples 
of artichoke sirup, from  w hich levulose is obtained, produced 
p a rt of th e  necessary acidification which resulted in  a  final 
lower ash con ten t of th e  levulose. T hey  found th a t  th e  
colloid con ten t of th e  ex trac t was also reduced.

T able I shows typical resu lts in fu rther purification of 
sugars by  electrodialysis. T he am orphous powder, sam ple 
I I I ,  before electrodialysis was straw-colored and  had  an ash 
conten t of 1.39 per cent. A fter electrodialysis and subse­
quent precipitation th e  sugar was snow-white and  contained
0.063 per cent of ash. Aqueous solutions before electro­
dialysis were slightly tu rb id , while th e  dialyzed solutions were 
perfectly  clear, m aking possible accurate polariscopic read ­
ings. T he reducing value of the sugar was unchanged by  
electrodialysis, ind icating  th a t  no hydrolysis took  place d u r­
ing the purification. T he m axim um  tem peratu re  during the 
electrodialysis was 55° C.

T a b l e  I. P u r i f i c a t i o n  o f  S u g a r s  b y  E l e c t r o d i a l y s i s

S a m p l e  I S a m p l e  I I S a m p l e  I I I
S ugar G alac to se A rabo­ A rab o ­

g a la c ta n g a la c ta n
V olts 1 2 0 1 2 0 1 2 0
M axim um  a n d  m in im um  am m ete r

read ings © o to 8 0 .0 5 -0 .0 1 2 9 0 .2 - 0 .0 0 6
M ax im um  te m p e ra tu re 46° C . 26° C. 55° C.
P erio d  of e lec trod ia ly sis  (hours) 48 43 72
W eigh t of su g ar a t  s t a r t  (gram s) 
W e igh t of su g a r  recovered  (gram s)

7 .6
5 .0 2

10 .31
9 .0

1 0
7 .6 4

A sh c o n te n t a t  s t a r t  (per cent) 0 .1 5 6 0 .2 7 8 1 .39
A sh c o n te n t purified  p ro d u c t

(p er cen t) 0 .0 1 3 5 0 .0 2 7 0 .0 6 3
A sh rem o v al (per cen t) 9 1 .3 9 0 .3 9 5 .6
Specific ro ta tio n U nchanged N o t ta k e n U n ch an g ed

T he m aterial of sam ple I I I  was prepared  from  W estern  
Am erican larch wood by  th e  original m ethod of Schorger 
and  Sm ith (5), whereas th a t  in  sam ple I I  w as isolated b y  
the  m ethod of W ise and  Peterson (7), which accounts for 
th e  difference in  ash con ten t. R eprecip itation  of th e  sugar 
from sam ples I I  and  I I I  by  th e  use of 95 per cen t ethy l 
alcohol gave a  product which settled  very  rap id ly  and  left a  
clear su p e rn a tan t m other liquor. T he galactose, sam ple I, 
was a  product of th e  P fanstiehl P roducts Com pany.

F u rth e r studies are  being m ade on o th er simple sugars, 
polysaccharides, and hemicelluloses.
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New Apparatus for Determination of Size 
Distribution of Particles in Fine Powders

R o b e r t  T . K n a p p , California Institu te of Technology, Pasadena, Calif.

E V ER Y  year a greater need for accurate analysis of 
the  size d istribution  of subsieve m aterial is being 
felt by th e  engineer, because of th e  increasingly vita l 

part i t  plays in the m anufacture of cem ent, pigm ents, and 
o ther powdered products. Sieves are a  satisfactory  m eans 
of obtaining th is inform ation as long as the  m aterial is rela­
tively coarse, b u t when from 70 to  95 per cent of the sample 
passes the 200-mesh screen (the finest one giving consistent 
reading), some new scheme of analysis m ust be used.

Several m ethods of analyz­
ing th is fine f r a c t i o n  have 
been d e v e lo p e d .  F or ex­
am ple, P r o f e s s o r  W ork a t  
C olum bia has perfected an  
excellent microscope technic. 
E lu tria tion  and sedim enta­
tion m ethods em ploying vari­
ous fluid m e d ia  have been 
shown to be f e a s ib l e ,  and 
additional m ethods are con­
stan tly  being developed, b u t 
m ost of them  are slow and 
tedious.

Some tim e ago the  R iver­
side C em ent C om pany inaugurated  a  comprehensive research 
program . A consideration of its 'scope quickly showed th a t 
to  carry on th e  program  i t  was absolutely necessary to  have 
some reliable m ethod of m aking large num bers of subsieve 
analyses. A fter considerable study  i t  was concluded th a t 
none of th e  existing instrum ents were satisfactory  for th e  
purpose; therefore, th e  developm ent abou t to  be described 
w as undertaken.

Before starting  the design 
of th e  instrum ent a  careful 
analysis of the  needs of the  
research program  was m ade, 
which resulted in  setting  up 
the following five specifica­
tions:

F i g u r e  1 . C u m u l a t i v e  
D i s t r i b u t i o n  C u r v e

y »

<o
50

o -j; t,  i .
T i m e

F i g u r e  2 .  S e t t l i n g  C u r v e

1. High accuracy.
2. Ability to  d e t e r m i n e  

complete size distribution as 
distinguished from a fineness 
modulus or a value of total 
surface.

3. Capacity for analyzing a 
large number of sampies per day.

4. Ability to use relatively large samples to reduce sampling 
errors.

5. Freedom from personal equation of the operator.

T he principle upon which th e  new instrum ent was to 
operate was then  chosen by  comparing th e  above specifica-

tions wdth the operating characteristics of existing in s tru ­
m ents.

T he microscopic m ethod was elim inated because i t  was too 
slow and employed too sm all a  sam ple. E lu tria to rs  appeared 
unsuitable because of the ir doubtfu l accuracy and  th e  length 
of tim e required  to  separate  th e  sam ple in to  a large num ber 
of fractions. M ethods involving ligh t-scattering  appeared 
to  show prom ise for th e  determ ination  of to ta l surface b u t 
no t for size d istribu tion . In  spite of the fac t th a t  existing 
instrum ents required prohibitive am ounts of a tten tio n  and 
their results were largely qualita tive, the sedim entation  
m ethod appeared to  be th e  m ost prom ising; consequently 
th is principle w as adopted  as th e  basis of th e  new design.

T h e o r y

S t o k e s ’ L a w .  'When a  sm all body is allowed to  fall freely 
in a viscous field, it  soon reaches a  velocity  where th e  down­
w ard acceleration is balanced by  the  friction. Therefore, 
th e  velocity  ceases to  increase. T h is lim iting velocity  is 
expressed by  the  equation  known as S tokes’ law

(1)v  2ff(g ~  O ri 
9 ,

where V  =  velocity of fall
g =  acceleration of gravity 
a -  density of falling substance 
<rm =  density of fluid medium 
ri =  viscosity of fluid medium 
r  =  radius of the particle

F o r the present purpose, th e  tim e required for a  particle 
to  fall a  given distance is m ore in teresting  th a n  th e  velocity. 
Therefore, th e  equation  becomes

9 Hv (2)T _ a
V

where T  =  time of fall 
H  =  height of fall

If  th e  height, viscosity, and densities are held constan t, th is  
becomes

V t
(3)

K  and  K \  being constants.
If  a  known w eight of m ateria l composed of different sized 

particles is allowed to  se ttle  a  distance H  th rough  a  column 
of liquid, th e  relation  betw een th e  w eight of th e  m aterial 
reaching th e  bo ttom  and  th e  tim e can be determ ined. By 
m eans of E quation  3, values of th e  radius, r, o r d iam eter, d, 
can be substitu ted  for th e  corresponding tim es, T , and  the 
curve sim ilar to  Figure 1 constructed.

This curve supplies th e  desired inform ation ab o u t the size 
d istribution  of the particles in th e  sam ple. U nfortunately ,
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F ig u r e  3. S e t t l in g  C u r v e

there  are great difficulties in  the  experim ental determ ination 
of th is curve. T he m ost serious one is encountered when an 
a tte m p t is m ade to  s ta r t a sam ple settling  from  the  top  of 
th e  colum n of liquid. Since th e  layer of sam ple (d ry  or

mixed w ith a  sm all q u an tity  
of liquid) is c o n s i d e r a b l y  
more dense than  th e  under­
lying liquid, th e  condition is 
very  unstable and the sample 
tends to  go en masse to  the 
bottom , forming strong eddy 
curren ts on th e  way. T his 
is a  fundam en ta l difficulty, 
and  one for which as y e t no 
rem edy has been found.

O p e r a t i o n  o f  S e d i m e n t a ­

t i o n  A p p a r a t u s  (3). T he 
sim plest m ethod of starting  
sedim entation is to  stir the 

sam ple thoroughly into the liquid un til a  homogeneous m ixture 
is ob tained , and then  allow i t  to  settle . However, this entirely  
changes the relation betw een th e  tim e of settling  and the 
am oun t of m ateria l reaching th e  bo ttom , because th e  height 
is no longer th e  same for each particle. N evertheless, there
is a  definite relation  betw een the ra te  of settling in th is la tte r
case and th a t  of th e  hypothetical sam ple which is all started  
from one definite height. Therefore, if the  tim e settling  ra te  
relation  is determ ined for the homogeneous m ixture, the 
size d istribution  of th e  particles in th e  sam ple is readily ob­
tainable. T h is relation is unique and in teresting  and is best 
illu strated  b y  th e  consideration of a hypothetical example.

A sedimentation column of height II  is available. Three 
samples of known uniform size are to be used: The first sample,

Si, consists of particles, all of 
which have a radius n ; the 
second, s2, of radius r2; and 
the third, *j, of radius rs. All 
the constants of Equations 2 
and 3 are known. Substitut­
ing in the numerical values, it 
is determined that the particles 
of Sj will settle distance I I  in 
T t minutes, s2 in T t, and s, in 
T.

First Si is placed in the sedi­
mentation column, mixed thor- 

Since the particles are all of the
le size, they will all settle with the same velocity. As they 
distributed uniformly throughout the column, the amount

oughly, and allowed to settle, 
same
are _ _
collected on the bottom will be” a linear function of the time, 
being 0  per cent at time 0, and 100 per cent at the time T, as 
shown in Figure 2, curve Si. Likewise, if sample s, is tested in 
the same manner the result will be represented by curve s2l 
and in the same way s3 is obtained. All these relations are 
straight lines, because all the samples consisted of uniform sized 
particles, which were uniformly distributed in the sedimentation 
chamber.

Now, a sample consisting of one-third Si, one-third s2, and one- 
third Sj is placed in the sedimentation column. If Si were settling 
out alone it is obvious that the curve would be the one labeled 
Si in Figure 3, since there is only 33*/» per cent of *i. Likewise 
s2 and Si would be as shown, if either were the only one present.

Since they are all settling together, in the time T>, all of Si will 
be out, together with a per cent of s2 and b per cent of ss; there­
fore, the total per cent out will be:

b u t

T herefo re

M  -  33»/* +  o +  b 

33>/, X an d  b -  3 3 '/ i  X  ^

"  - 33i/* 0  +  w, +  R )

Likewise at time T, all of si and s2 will be out, together with

c -* ZZl/ tT t /T z  from  si 
T h a t  is, N  »  3 3 x/* ( l  - f  1 +  T t/T i)

At time 2'>, all the sample will have settled out, so point F  =  
100 per cent. Since the individual settling curves are straight 
lines, the composite curve will be the broken straight line O-M-N-P. 
It is instructive to investigate where N -M  produced crosses the 
y  axis’—i. e. the point Y t. By inspection tins simple geometric 
relation is obtained:

Substituting in the previously determined values for M  and N  
and simplifying, this becomes Ki =  331/ 3.

Likewise, P  — N  produced intersect the y axis at Y t

-  66*/i

This is significant, since 33‘/ j is the per cent of Si in the total 
sample, and 661/» is the sum of the percentages of Si and s2.

O d e n ’s  I n t e r p r e t a t i o n  o f  S e t t l i n g  C u r v e s .  T he 
above hypothetical example serves to  illustrate  the  method 
used by  Oden to  in te rp re t settling  curves. H e proved th a t 
the above relations hold in any  suspension of different sized 
particles of th e  sam e substance where the sizes arc such th a t 
they  follow Stokes’ law. A general sta tem en t of the  method 
is as follows:

If the sedimentation curve is plotted with the time of the 
settling as abscissa and the weight of the material as ordinate, 
then the intercept on the y  axis of a tangent to the curve at a 
point T  will give the per cent of the sample whose particles have 
diameters equal to or larger than that of a particle which would 
just settle a distance equal to the height of the sedimentation 
column in the time T.

A m ore m athem atical derivation of th is relation is given 
below.

P r o o f  o f  I n t e r c e p t  M e t h o d  o f  I n t e r p r e t i n g  S e t t l i n g  
C u r v e s . The derivation postulates ( a )  that particles of a given 
diameter have a constant and characteristic rate of fall in a given 
liquid; (6) that the particles are uniformly distributed through­
out the iiquid at the instant settling commences; and (c) that 
the particle concentration is sufficiently low so that there is no 
interference.

FiGunR 4. S e c t i o n a l  D ia g r a m  o f  M i c r o n e -  
t e r  U n i t



.68 A N A L Y T I C A L  E D I T I O N Vol. 6, No. 1

G iven  a  se tt lin g  cu rv e  of w eight s e tt led  o u t, W, p lo t te d  as a  fun c tio n  of 
tim e  t, le t  TPr equa l th e  w eight of th e  frac tio n  w hose p a rtic le s  h av e  a  fall 
tim e  t fo r th e  h e ig h t of th e  liqu id  colum n.

T he re fo re  y-* equa ls  th e  r a te  of se tt lin g  o u t of th is  f rac tio n  a n d  r  —E q u a ls

th e  w eigh t of th i s j r a c t io n  s e tt le d  o u t in  tim e  r .

*dt, Bince a ll frac tio n s  w ith  se tt lin g  tim es of t o r

less a re  a ll s e tt led  o u t an d  the refo re  do  n o t c o n tr ib u te  to
a t

N ow d w  C ^ W t  
Ï Î  -  J t T '

C onsider tim e  r :

(4)

T h a t  is , to ta l  w eight se tt le d  o u t a t  tim e  r  =  th e  su m  of all frac tio n s  h a v ­
ing  se tt lin g  tim es  of r  o r  less +  p ro p o rtio n a l a m o u n ts  of a ll frac tio n s  
hav in g  se ttlin g  tim es  g re a te r  th a n  r .

N ow r d W -1 C m WtUJr ~ Jr T  ‘ (5)

S u b stitu tin g  in  E q u a tio n  4

Çr
iinee 1 W idt is

J o
since 

t  o r less,

n - x v + . [ f ] r

X ’ ’" -
-  I t  (6)

th e  to ta l  w eight of a ll frac tio n s  hav in g  se tt l in g  tim es of

the  liquid because a volum e of liquid equal to  th e  volum e of 
the settled-out m ateria l flows in to  th e  colum n. T hus i t  can 
be sta ted  th a t the  change in pressure a t  the  po in t on the  wall 
of th e  sedim entation column is d irectly  proportional to  the 
am ount of m ateria l th a t  has settled  p as t this point.

Since sedim entation instrum ents operate on th e  assum ption 
th a t  th e  suspended particles obey Stokes’ law, a study  of 
E quation  1 and th e  range of its  valid ity  brings ou t th e  follow­
ing as conditions which m ust be fulfilled if accurate results 
are to be obtained :

1. The viscosity of the fluid must remain constant.
2. The densities of both the fluid and the material under test 

must not vary.
3. The relative velocity between the fluid and the fastest 

moving particles must not be 
over a certain critical maxi­
mum—i. e., the velocity above 
which local turbulence is set 
up.

4. There must be no ther­
mal convection c u r r e n ts  to 
upset equilibrium.

C onditions 1, 2, and  4 all 
point to  one c o n c l u s i o n —  
nam ely, th a t t e m p e r a t u r e  
m ust be very  carefully con­
trolled.

It should be noted that this derivation assumes no specific D e s c r i p t i o n  o f  A p p a r a t u s

0  7  ¡4 I i 16
Volume Dis p l/o x eh t  in Cc .

F i g u r e  6 . C a l i b r a t i o n
C u r v e  f o b  P r e s s u r e  U n i t

law of settling beyond the three postulates; therefore this 
method of analysis may be used under any settling conditions 
for which the relation between particle diameter and settling 
time can be ex 
law

le can be experimentally determined, whether or not Stokes’ 
is applicable.

M e a s u r i n g  A m o u n t  o f  M a t e r i a l  S e t t l i n g  O u t .  The 
next question to  be answ ered is: How can th e  am ount of 
m ateria l reaching th e  bottom  of th e  sedim entation column 
in a given tim e be measured? T here are several w ays of 
doing th is, b u t one of the sim plest is to  m easure the hydro­
sta tic  pressure ju s t above the bottom  of the  column. This 
is th e  m ethod used by W iegner in  his instrum ent for silt 
analysis (4). Since th e  particles are neither accelerating nor 
decelerating, their entire w eight m ust be supported by  the 
liquid and they  can be considered as if th ey  were sta tionary  
and suspended in  th e  liquid. Obviously, in th e  la tte r  case

F i g u r e  5 . P h o t o g r a p h  o f  A p p a r a t u s  b e f o r e  I n s t a l l a t i o n

th e  pressure on u n it area a t  th e  base would be equal to  th e  
w eight of the column above it, which would be composed of 
th e  w eight of th e  liquid plus th a t  of th e  suspended particles. 
W hen the particles settle  down past the po in t of pressure 
m easurem ent, th e  pressure decreases. T he decrease is only 
equal to  the apparen t weight of the particles suspended in

T he appara tu s  (1) finally constructed  depends upon th e  
principles ju s t discussed. I t  consists of six sedim entation 
units, each equipped to  m easure and record the  change in 
pressure a t  th e  bo ttom  of th e  column. These un its  a re  in 
one housing, using a  common source of tim e axis m ovem ent, 
a  common liquid supply and  rem oval system , and  a common 
system  of tem pera tu re  control. A  schem atic diagram  of th e  
arrangem ent is seen in  Figure 4.

Each unit consists of a glass-walled sedimentation tube S, 
which contains a stirring rod SR . The tube is closed at the 
bottom by a brass casting, containing a small pressure-measuring 
orifice. This is connected to the pressure cell P  by means 
of the tube T. The connection can be opened or closed by 
means of the valve V, whose operating handle projects out 
through the top of the case. The pressure cell P  is composed 
of a rigid outer case containing a metal bellows B. The change 

of pressure acting on the closed bottom of 
the bellows causes it to move. The pressure 
due to the normal column of liquid is counter­
balanced by the mass CB which is fastened 
to the bottom of the bellows. The move­
ment of the bellows is indicated by the 
tilting of the mirror M u  to which are 
fastened three needle-point supports. One, 
Ni, bears on a glass surface on the top of 
a pedestal fastened to CB and therefore to 
the bottom of the bellows. The other two, 
Ni, rest on a bracket which is fastened rigidly 
to the case of P, and therefore has no move­
ment. The tilting of the mirror is recorded 
by a beam of light, whose source is a small 
globe E. This is focused on the slit S L  by 
means of the lens Li. The beam passes 
through the lens Li, to the mirror M i, then 
back through L? which brings it to a sharp 
focus on the lantern slide plate LS, housed 
in a light-tight plate box PB. The plate 
rests in a carriage which is given a motion 
perpendicular to the plane of the paper 
through the medium of the clock shaft 

C and a train of gears. The operating range of the beam of light 
is shown by the dotted lines LRi. For lower pressures the ray 
travels forward toward the settling tube S. As it leaves the 
front edge of the photographic plate it passes onto the mirror 
Mi, which reflects it onto a small strip of ground glass G visible
from the front of the apparatus. The position of the ray in this
state is shown by the dotted line Ri. The intensity of the light
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is controlled by a small rheostat and milliammeter located near 
the ground-glass window <?. A stationary mirror is also pro­
vided which projects a fixed light spot on the plate. This spot 
traces a reference line which defines both the zero value and the 
direction of the abscissa independent of the rough edge of the 
photographic plate.

Six of these units are housed in one case which has a set of 
windows W  running along the entire front, so that the settling 
chambers can be inspected at all times. The case is divided into 
two parts by a partition wall PW , which comes down low enough 
to protect the optical system from too much stray light. At the 
upper part of the sedimentation compartment there is an air 
inlet ID  running the entire length of the case, with numerous 
ports to supply air. The corresponding outlet duct OD is in 
the lower right-hand corner of the case. These ducts are con­
nected with a blower and a heater box outside the ease. The 
electric heater units are controlled by a sensitive thermoelement 
located inside close to the sedimentation tubes. Thus the entire 
case is operated as an air-bath thermostat. Figure 5 is a photo­
graph of the apparatus as it appeared before installation.

The clock shaft C runs along the entire length of the case and 
drives the carriages of all the units. The power is supplied by 
a small synchronous motor which furnishes a reliable as well as 
a convenient means of obtaining the movement of the time axis.

L iq u id  S y s te m . In  t h e  o p e ra t io n  o f  t h e  a p p a r a tu s  i t  is  
n e c e s sa ry  t o  h a v e  a  s u p p ly  o f  t h e  liq u id  a t  t h e  c o r re c t  te m ­
p e r a tu r e  a n d  a lso  a  r e m o v a l  s y s te m  to  ta k e  c a re  o f  t h e  liq u id

in th e  sedim entation cham ­
bers after analyses are com­
p l e t e d .  To m eet th is first 
requirem ent a therm ostated  
storage tan k  is p r o v i d e d .  
T he ta n k  is arranged so th a t 
air pressure can be supplied 
to  i t  and a  system  of piping 
carries the liquid to  each sedi­
m entation  chamber. T hus 
b y  opening a valve the  de­
sired u n it can be filled w i t h  
fresh liquid. T he used liquid 
is rem oved by applying suc­
tion  to  th e  hollow stirring rod. 
I t  is then  stored in settling 
tanks for several days, after 
which th e  nearly  clear liquid 
p a s s e s  t h o u g h  a  filtering 
system  and is re tu rned  to  th e  

therm osta ted  ta n k  for fu rth er use. C are is taken  to  rem ove 
a n y  traces of m oisture in troduced b y  th e  sam ple. A careful 
w atch is m aintained to  see th a t  no trace of flocculation ap­
pears in  any  of th e  units, and a  suitable deflocculator is added 
as necessary to  m ain tain  th e  concentration well above th e  lim it 
of safety.

A c c e s s o r i e s .  T he necessary instrum en ts for standard iz­
ing th e  liquid and  for determ ining the density  of the samples 
a re  located inside th e  case because of the desirability  of

m aking these determ inations a t  th e  working tem perature. 
T hey  are so arranged th a t  the  m easurem ents can be m ade 
from th e  outside. T he viscosity is m easured w ith  a  capil­
lary  tube  pipet. The densities of th e  liquid and  of th e  
samples are determ ined w ith th e  help of an  analy tical bal­
ance m ounted on th e  left end of th e  case. A fine wire is 
carried down from one pan  in to  th e  inside of the appara tus. 
L iquid densities are obtained by  m eans of an  In v a r  plum m et 
suspended from  th e  wire and im m ersed in  a  beaker of th e  
liquid. Sample densities are  obtained  by hanging a  sm all 
bucket from  th e  wire. A sm all am oun t of th e  m ateria l is 
placed in  th e  bucket and  weighed. T he bucket is then  
immersed in th e  beaker of th e  fluid, th e  density  of which 
has ju s t been determ ined, and weighed again. Obviously, 
the sam ple d e n s i t y  
can be calculated from 
these two w e i g h t s .
A very  necessary pre­
caution in  th is  pro­
cedure is to  i n s u r e  
th a t no air is trapped  
in  th e  sam ple when it  
is w e i g h e d  i n  t h e  
liquid.

In  order to  facili­
ta te  o p e r a t i o n , t h e  
appara tu s is located in 
a  dark  room . This 
m akes th e  changing 
of the p lates a very  
simple m a t t e r ,  and 
facilitates tem pera­
tu re  control because 
th e  en tire  room  is used as a secondary th erm o sta t and  its  
tem perature  is held constan t w ithin ± 0 .5 °  F . (=*=0.3° C.)

C a l ib r a t io n  a n d  O p e r a t io n

Several factors govern the choice of th e  liquid to  be used 
in the sedim entation. M ost of these depend upon the sam ple 
itself; therefore a  su itable liquid m ust be selected for each 
class of m aterial. T he sam ple and  th e  liquid m ust have no 
chemical reaction, th e  liquid m ust n o t induce flocculation of 
the sam ple, and  th e  ra te  of fall of th e  larger particles of the  
sam ple m ust be lower th an  th e  value a t  which Stokes’ law  
ceases to  apply. A rnold (2) found th a t th e  m axim um  allow­
able rad ius is

Combining this with

v = 2g(g Z am)ri (1)•>v
and solving for viscosity

=  \ / 0 . 3 7 r m„I . 3ffO'm((7 — a „ ) (8)

T his is th e  m inim um  allowable viscosity for th e  liquid to  be 
used w ith a  sam ple whose largest particles have a  rad ius 
rmai. C are m ust be taken  to  s tay  well over th is  lim it.

I t  is necessary to  know  how m uch th e  beam  of light de­
flects because of a  given pressure change in th e  sedim entation 
cham ber. T his is easily and accurately  determ ined by  sus­
pending a  series of m etal rods of known volum e in the  sedi­
m en tation  liquid, and m easuring th e  deflection produced b y  
each in tu rn . T he displacem ent of a  given volum e of liquid 
increases th e  head, or pressure, a t  the m easuring orifice a 
definite am ount. T he calibration obtained  in th is  m anner is 
an  over-all one, and th u s includes all errors in  th e  pressure 
elem ent, optical system , etc. F igure 6 is an ac tua l calibra­
tion  curve for a  un it. T he deviations are so sm all th a t  a

F i g u r e  8 . M e t h o d  o f  
P l o t t i n g  S i z e  D i s t r i b u t i o n  
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p e r  ce n t of to ta l  w eight
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straight-line calibration m ay be assumed. W ith this value 
determ ined i t  requires sim ply routine calculation to  secure the 
sam ple w eight for each u n it so th a t th e  pressure ordinate 
on the  p la te  will have the desired scale. Likewise the posi­
tion  of th e  in itial liquid level is calculated so th a t when the 
sam ple is added the recording spo t will fall on th e  plate. 
W hen th is in itial level is known th e  corresponding position 
of th e  po in t of light, which under these conditions appears

on th e  ground-glass 
window G (Figure 4) 
is m a r k e d  and  this 
m ark  is l a t e r  u s e d  
to  indicate the correct 
level when th e  sedi­
m entation  cham ber 
is filled w i t h  f r e s h  
l i q u i d .  T his is a 
very  accurate m ethod 
of setting  th e  initial 
level, f o r  t h e  s p o t  
of ligh t is s e n s i t i v e  
to about 3 drops of 
liquid.

O p e r a t i o n  o f  A p p a r a t u s . The sedimentation chamber is 
cleaned from the last run, refilled with liquid to the correct level, 
and allowed to establish equilibrium.

The liquid level height is readjusted by means of a medicine 
dropper until the spot of light is at the correct position on the 
front ground glass. The light is then turned off.

The room is darkened and the plate carriage is loaded with the 
correctly labeled plate. The plate box cover is replaced and 
the rest of the operation is carried on with normal illumination 
in the room.

The valve between the sedimentation chamber and the pres­
sure unit is closed and the sample is emptied into the chamber.

The sample is stirred vigorously.
The plate carriage gear train is then thrown into mesh and the 

light in the optical bench turned on.
A few more strokes are made with the stirring rod and the 

valve is opened immediately after the completion of the last 
stroke. The stirring rod remains in position throughout the run.

Nothing is disturbed for 3.25 hours. At the end of this time 
the recording light is turned off, the valve is closed, the photo­
graphic plate is removed, and the unit is ready to be cleaned 
for the next run.

T he position of th e  m ovable spot on th e  ground-glass 
window before th e  sam ple is added  is determ ined so th a t the 
addition  of th e  calculated w eight of sample causes th is spot 
to  coincide in position w ith th e  sta tionary  reference spot a t  
th e  in s tan t th e  run  commences. T he reference line, there­
fore, locates th e  origin of th e  curve, and is used for th a t 
purpose during th e  analyzing process.

A n a l y s i s  o f  P l a t e s .  A fter developm ent, the p lates 
are analyzed by the tangen t m ethod previously discussed. 
T o increase the  speed of th is w ork a  projector is employed 
which projects the  image of the curve, magnified about 4 
d iam eters, upon th e  under side of the opal-glass screen. The 
p la te  m ay be moved in  directions parallel to  th e  tw o axes b y  
m eans of th e  adjusting rods seen projecting up  through the 
top . T he screen is ruled as shown in Figure 7. T he y  axis 
is g raduated  to  show per cen t settled ou t, since th is is directly 
proportional to  change in  pressure. T he x  axis is of course 
th e  tim e axis, b u t is graduated  as d iam eter in microns, using 
th e  relation of E quation  3, r  =  K / V T ■

T he technic of analysis is as follows: A plate  is placed 
in the  projector, its  image appearing on th e  screen as in 
.4-B (Figure 7). T he position of th e  plate  is th en  adjusted  
un til th e  zero reference line is parallel to  th e  abscissa and  the 
upper edge of this reference line passes through the  origin on 
th e  screen. T he y  in tercepts of th e  tangents to  th e  top  edge 
of the curve a t the  points of intersection of th e  micron lines

a
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F i g u r e  10. D u p l i c a t e  A n a l y s e s  o f
P c x ru v 'P

are then  obtained and recorded on th e  analysis sheet. These 
values w ith the ir corresponding diam eters give d irectly  th e  
fam iliar cum ulative w eight or size table.

Since all th e  constan ts of th e  S tokes’ law  equation  are 
determ ined in  th e  rou tine operation of the  appara tus, th e  
theoretical value of K  m ay  be read ily  calculated. How ­
ever, S tokes’ law  assum es spherical bodies, and  th e  grains 
in  a powdered substance deviate considerably from  th is 
assum ption. Therefore, i t  is desirable to  m ake an  experi­
m ental determ ination  of K .  Briefly, th is  w as done by  care­
fully settling  ou t a  very  sm all fraction of m aterial, all the  
particles of which had  a uniform  settling  ra te , and  m easuring 
th e  average d iam eter of these particles by  th e  microscopic 
m ethod (5 ). T h is was repeated  for th ree o ther sizes of p a r­
ticles. T he separation was m ade by  repeated  sedim entations 
in one of th e  tubes of th e  app ara tu s  w ith  stan d ard  conditions 
of viscosity and  density . T he results a re  shown in  T able  I.

T a b l e  I .  E x p e r i m e n t a l  D e t e r m i n a t i o n  o f  K
P r e d i c t e d

S t a t i s ­ D i a m e t e r ,
S e t t l i n g  T i m e  o r  P a r t i c l e s t i c a l S t o k e s ’ S h a p e

S a m p l e M in im um M ax im um D i a m e t e r L a w F a c t o r

M in . Sec. M in . Sec. Microns
A 5 15 5 30 5 0 .6 4 4 .2 1 .2 8
B 18 0 18 45 2 9 .0 2 3 .9 1 . 2 2
C 70  0 72 0 1 6 .2 1 2 . 2 1 .32
D 315 0 330 0 7 .3 5 .7 1 .2 8

I t  is in teresting  to  no te  the  agreem ent betw een A  and  D, 
the  largest and  the  sm allest fractions, and  also th a t  th e  aver­
age of th e  four is 1.275. A n additional factor was con­
sidered before finally determ ining K .  T he  resu lts from  the 
appara tu s were to  be correlated w ith  the regular standard  
sieve analysis of th e  larger particles in order to  ob ta in  the  
com plete size d is tribu tion  of th e  sam ple. Screen sizes are 
given as th e  dim ension of the square opening betw een the 
wires. Therefore, 
th e  m i c r o s c o p i c  
determ ination  was 
also m ade of th e  
a v e r a g e  s i z e  of  
particle ju s t pass­
in g  a  s t a n d a r d  
s i e v e .  I t  w a s  
f o u n d  t h a t  t h e  
ratio  of the  micro­
scopic d i a m e t e r  
to  the  screen open- 
i n g  g a v e  a n  
average v a l u e  of
1.22. Since sieve 
sizes are so well 
established, i t  wras 
decided to  reduce 
th e  r e s u l t s  from  F i g u r e  11. A n a l y s i s  o f  C l i n k e r  D u s t  

th e  sedim entation
analysis to  th e  sieve size basis. T hus E q ua tion  3 has the 
following forms:

(a) Calculated from the physical constants D

(b) Determined by experiment D

(c) The latter reduced to sieve size basis D

(c) is the  form of th e  equation  used in  final analysis. N ote  
th e  sm all difference betw een (a) and  (c).

S a m p l e  A n a l y s e s .  T here  are  m any  graphical m ethods 
of p lo tting  size d is tribu tion  d a ta . Figures 8 and  9 show two 
alternative schemes. Figure S is the  fam iliar cum ulation 
per cent rs. d iam eter curve, which is convenient for m any

105
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purposes b u t is no t very  suitable for studying the  am ount 
of m a te ria l of given size present. F igure 9 illustrates a  more 
useful diagram , and  is th e  one m ost em ployed in representing 
the  M icroneter d a ta . In  constructing th is form  of curve one 
precaution m ust be taken : th e  size increm ent m ust be k ep t 
th e  sam e over th e  entire range of diam eters. I f  th is  is no t 
done th e  curve shape is very  misleading. I t  will be noted 
from  Figure 9 th a t  apparen tly  th e  m inim um  d iam eter is 2 
m icrons. T his is a  sta tistical m inim um — i. e., a  study  of 
some special 30-hour p lates showed th a t  there  was no sig­
nificant fraction  of th is particu lar m aterial th a t  had a d iam eter 
less th an  2 microns. Figure 10 shows duplicate analyses of 
portions of th e  sam e cem ent, and dem onstrates the  con­
sistency of th e  results obtained w ith  the M icroneter.

Figures 11 to  13 illu stra te  th e  g reat variation  in size dis­
tribu tion  found in  fine powders. E ach represents the 
analysis of a  different sam ple of m aterial. However, all the  
sam ples passed 100 per cent through th e  200-mesh sieve 
and  th u s w ith norm al technic there  would have been no 
fu rther w ay to  determ ine the ir relative fineness. E ach 
figure consists of th e  reproduction of th e  original p la te  and 
th e  per cen t per m icron curve calculated from it. I f  the

t o t a l  s u r f a c e  i s  
taken  as a  m easure 
of th e  average fine­
ness, the  sam ple of 
Figure 13 is abou t 
four tim es as fine as 
th a t  of Figure 11. 
These curves illus­
tra te  t h e  i m p o r ­
tance of obtaining 
d a t a  o n  th e  size 
distribution  of such 
m aterials, b e c a u s e  
th is large difference 
in  surface i m p l i e s  
g rea t differences in 
energy required for

F i g u r e  12. Low S u r f a c e  E x p e i u -  grinding, in speed in 
m e n t a l  G r i n d  subsequent physical

or chemical reaction,
and  in  m any  properties of in terest to th e  producer or user of 
such products.

C o n c l u s i o n s

The appara tu s  described has been in operation for several 
years, during which tim e i t  has been used to  analyze more 
th a n  five thousand  sam ples. T he  capacity , 36 sam ples a 
24-hour day , is g reat enough for w ork where m ore th an  the 
occasional sam ple has to  be analyzed. W here the maximum 
capacity  is no t necessary, i t  has been found th a t one skilled 
operator can com plete 18 analyses per 8-hour day, including 
preparing th e  sam ple, operating  th e  machine, developing 
th e  plates, analyzing them , and calculating th e  results. 
T he  accuracy of these determ inations of subsieve sizes is a t  
least com parable to , if no t considerably b e tte r than , th a t  ob­
tained w ith standard  sieves of 200-mesh and  coarser which 
a re  universally employed to  analyze m aterials of larger 
particle diam eters.

The appara tu s  has dem onstrated  its  adap tab ility  for use 
w ith a wide range of substances. Although designed pri­

m arily  to  analyze cem ent sam ples, i t  has been successfully 
employed for m aterials ranging in specific g rav ity  from  2.7 to  
3.7, including cem ent clinker, cem ent rock, diorite, limestone, 
s i l i c a ,  s a n d ,  and  
slag.

E x p e r i e n c e  has 
dem onstrated  th a t 
the optim um  size 
range for one p la te  is 
about 10—i. e., the  
largest particles in 
t h e  s a m p l e  a r e  
abou t 10 tim es th e  
d i a m e t e r  o f  t h e  
s m a l l e s t  s i z e  f o r  
which a reading is 
d e s i r e d  ( b u t  not  
n e c e s s a r i l y  t h e  
sm allest p a r t i c l e s  
present). T here is 
no reason, however, 
w hy the position of 
th is range cannot be 
v a r i e d  o v e r  wide 
l i m i t s  b y  p r o p e r  F i g u r e  13. H igii S u r f a c e  E x p e r i -  
control of th e  vis- m e n t a l  G r i n d

cosity of th e  liquid
and  the density  difference. T he practical upper lim it of size 
is controlled by th e  possibility of securing a  uniform  m ixture, 
which becomes increasingly difficult as th e  viscosity is raised. 
T he lower lim it is governed by  the allowable length of tim e 
for a  run , and by  th e  entrance of colloidal effects, such as 
Brownian m ovem ents.

T he M icroneter has satisfactorily  m et th e  five specifica­
tions originally se t up as th e  prerequisite qualities needed 
for a successful instrum ent.
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J a p a n ’s  C h e m i c a l  I n d u s t r y  F o r g e s  A h e a d . That the or­
ganized effort of Japan to make itself self-sufficient in chemical 
products for which it formerly depended on outside sources is 
meeting with success is indicated in a report to the Commerce

Department. As a result of the increase in plant capacities and 
the devaluation of the yen, Japan is now able to compete with 
other chemical manufacturing countries in world markets, par­
ticularly in the Far East.



Unitized Gas-Analysis Apparatus'
M a r y a n  P. M a tu s z a k , 709 Forbes St., P ittsburgh, Pa.

H e r e t o f o r e ,  co n -
s t a n t - p r e s s u r e  gas- 
analysis appara tus has 

been of two general types, best 
d e s i g n a t e d  by the nam es of 
Hempel and O rsat.

T he Ilem pel type is character­
ized by  the use of a num ber of in­
dividual absorption pipets, each 
in  its  own support or frame, 
which arc connected and  discon­
nected in tu rn  to  the gas buret.
Besides being a c c u r a t e ,  th is 
system  is flexible and adaptable.
D ifferent kinds of gas m ixtures 
can be analyzed w ithout change 
of equipm ent. New or special 
absorbents can be employed in additional pipets w ithou t any 
lim itation  as to  num ber. New and b e tte r  devices can be added 
to  the equipm ent w ithout discarding th e  old. T he apparatus, 
however, is bulky and  n o t readily  m ade portable, in spite of 
changes in the direction of m ore com pact pipets, such as de­
scribed by  A ugustin (1). M oreover, i t  is inconvenient and 
time-consuming because of th e  m any  connections and dis­
connections.

T he fam iliar O rsat type is characterized by  having a  fixed 
frame, a fixed num ber of pipets, and  a fixed manifold. T his 
com bination overcomes the disadvantages of th e  H em pel type, 
bu t only a t  the sacrifice of alm ost all flexibility and  ad ap ta ­
bility  and  frequently  of considerable accuracy.

T he unitized gas-analysis equipm ent described in  th is 
paper combines the advantages of bo th  the H em pel and  O rsat 
types and elim inates th e ir d isadvantages. I t  is the resu lt 
of an effort to  elim inate th e  objectionable features of trad i­
tional gas-analysis appara tu s and to  develop a  m ore satis­
factory analytical tool. N o less th an  a  fundam ental rede­
signing of appara tu s has been found necessary to  m eet th e  
needs of m odern gas analy tical work. T he changes in tro ­
duced have increased sim plicity, accuracy, convenience, or 
usefulness.

R e c e n t  L i t e r a t u r e

Aside from  descriptions of m inor changes or im provem ents, 
the recent lite ra tu re  contains b u t few articles th a t  deal w ith 
the fundam ental design of gas-analysis equipm ent, perhaps 
th e  best known of these, especially in  America, being Shep­
herd 's  (IS ).

T he appara tu s described b y  Shepherd is an  im provem ent 
over th e  usual O rsat app ara tu s  in  such details as a m etal 
framework th a t perm its greater accessibility to  th e  various 
parts, a  bu re t illum inator, a  m ore efficient bubbling p ipe t for 
the rem oval of oxygen, and  a  special stopcock for controlling 
th e  flow of m ercury. I t  is, however, subject to  a num ber 
of criticism s th a t have undoubtedly  m ilitated  against its  
adoption. I t  is som ewhat com plicated in  construction  and  
operation. I t s  range is lim ited by  th e  absence of a  copper 
oxide tube. T he large num ber of stopcocks— two for every 
pipet— necessitates m uch extra handling, increases the cost 
of the  apparatus, and  m ultiplies th e  danger of leakage. 
Furtherm ore, i t  increases th e  am ount of dead capillary space, 
which m ust be corrected for by time-consuming “ simple

1 P a te n ts  app lied  for.

arithm etic” or add itional opera­
tions. T he manifold is bu ilt up 
of T -bore stopcocks a fte r  th e  
m anner suggested b y  Pfeifer
(12), who devised th is arrange­
m en t for th e  purpose of m aking 
the m anifold flushable. I t  is 
no t, how ever, flushable in  the 
m odern sense, as are manifolds 
bu ilt up  of 120° three-w ay stop­
cocks (2, 11) or of three-w ay 
stopcocks having special L- or 
V -bores (5 ,7 ). T he  sh o rt length 
of th e  bure t, if no t accom panied 
by any  loss of a c c u r a c y ,  has 
m ade i t  m ore confusing to read, 
as i t  is g raduated  in  fifths of a 

m illiliter instead  of in  ten ths. T he w ater jacke t is unneces­
sarily expensive because of its  large d iam eter and the add i­
tional glass-blowing involved. T he appara tu s is heavy and  no t 
readily  m ade portable, being designed for labora to ry  w ork only.

A nother app a ra tu s developed in  th is coun try  is th a t  de­
signed for use in  the laboratories of the subsid iary  companies 
of the U. S. Steel C orporation  (5). T o elim inate the need 
for m ore th an  one appara tu s  for different k inds of gas mix­
tures, all th e  devices in general use on different O rsa t ap ­
para tu s are  combined in to  one assem bly. T his assem bly has 
six absorption pipets, a  slow-com bustion p ipet, an  explosion 
pipet, and  a  copper oxide tube, together w ith  th e  necessary 
electrical equipm ent. T h is arrangem ent necessitates the 
purchase of m uch equipm ent th a t  is b u t seldom if ever used, 
and  aside from  the in troduction  of a  new  flushable manifold 
(7), presents no im provem ent of fundam ental design.

A  g reater divergence from th e  trad itiona l O rsat appara tu s 
is th a t  developed abroad  by  B ah r (2). T he  app ara tu s  is 
m ade in  tw o parts, one for th e  absorption  operations and  one 
for th e  com bustion analysis. E ach  is provided w ith  its  
own bu re t, so th a t  a  second sam ple can be undergoing absorp­
tion  while th e  first is undergoing com bustion. Com bustion 
is effected w ith  tw o copper oxide tubes, one being heated  to 
300° C. for oxidation of hydrogen and  carbon monoxide and 
th e  o th er to  900° C. for oxidation of m ethane and  ethane. 
T he accessory appara tu s for flushing and  heating  the two 
copper oxide tubes m akes th is app ara tu s too bu lky  and  the 
operations too involved.

A m ore com pact arrangem ent described by  Vossieck and 
Schm itz (15) contains two bure ts b u t only one copper oxide 
tube, which is used for hydrogen and  carbon monoxide. 
M ethane, mixed w ith  a ir o r oxygen, is oxidized over a  ho t 
p latinum  w ire in a  quartz  capillary. In  th e  absence of ethane, 
th e  reduced copper oxide m ay  be sim ultaneously reoxidized. 
A nother appara tu s contain ing  two bure ts is described by 
B urkhard t, Fischer, and F ran k  (3). One b u re t is of sm aller 
volum e th a n  the o th er and  is used for th e  com bustion work.

An in teresting  article b y  N eum ann and  S trähuber (10), 
which deals w ith  th e  design of gas-analysis appara tu s  of the 
O rsat type, presents com plete details of th e  app ara tu s used 
by  the W arm estelle a t  Düsseldorf, including scale draw ings 
of th e  different parts . I t  also gives arw unusually  thorough 
consideration of capillary error, b u t presents no im portan t 
changes in  fundam ental design.

N o successful effort apparen tly  has been m ade heretofore

Conslant-pressure gas-analysis equipment has 
been devised which utilizes the advantages and 
discards the disadvantages of the Hempel and 
Orsat systems, combining the flexibility and adapt­
ability of the one with the convenience, compact­
ness, and rapid ity  of the other. The apparatus 
consists of complete self-contained units that 
fasten together to form  any desired assemblies of 
the Orsat type.

A  number of improvements have been devised 
that have sim plified gas-analysis equipment and 
its m anipulation, and increased its accuracy, 
convenience, and usefulness.
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to com bine th e  flexibility and adap tab ility  of the H em pel 
system  w ith  th e  com pactness, convenience, and  rap id ity  of the 
O rsat system . A s ta r t in  th e  proper direction, however, has 
been m ade by  discarding the fragile, inflexible, one-piece 
manifold. F o r example, B ahr (2), Vossieck and  Schmitz 
{15), and O tt (11) have adopted pipets term inating  a t  the 
top  in  three-w ay stopcocks of the 120° type  and have shifted 
the rubber connections from the vertical branches to  the 
main line of the manifold.

A d v a n t a g e s  o f  U n it iz e d  A p p a r a t u s

B oth precision and  technical assemblies of th e  unitized 
gas-analysis equipm ent are shown in th e  illustrations. P re­
cision assemblies are capable of th e  m ost exact w ork th a t 
can be perform ed w ith  assemblies of the  O rsat type . T ech­
nical assemblies arc lim ited to  a  lower degree of accuracy by  
th e  shorter length of th e  b u re t and  the absence of a  com pen­
sator. A technical assem bly is m ade portab le  by  sim ply 
being provided w ith  a  carry ing case.

T he chief departu re  from  the  trad itio n a l O rsat design is the 
division in to  indiv idual self-contained units, each including 
its  share of the  fram ew ork and  m anifold. T h is change 
perm its th e  building of any  assem bly, from  th e  sim plest one- 
pipet type  to  th e  m ore complex several-pipet types, from 
standard  un its. T he sam e reaction  un its  are used in  both  
precision (laboratory) and  technical (portable) assemblies, 
and  an  assem bly can be expanded a t  any  tim e by  the addition  
of m ore un its. F o r example, a  fractional-com bustion or cop­
per oxide u n it can be added  w ithou t expensive alterations in 
m anifold or fram ew ork. Devices em bodying fu ture  im ­
provem ents in  appara tu s or technic can be added when de­
veloped w ithout discarding an  expensive piece of equipm ent.

R eferring to  th e  appara tu s  designed for the U. S. Steel 
C orporation  (5), i t  is ev iden t th a t  a  corresponding assem bly 
can be bu ilt from  the new un its. C ertain  advantages are im ­
m ediately  apparen t. T he unitized  assem bly is n o t lim ited by 
the fram ew ork or m anifold and  can therefore be expanded or 
con tracted  a t  will to  m eet special requirem ents. T he opera­
to r can arrange th e  un its  in  w hatever order he considers 
best—for example, th e  b u re t can be placed a t  either the righ t 
o r th e  left end of th e  assem bly, or tw'o bu re ts  can be incor­
porated . These can be of different designs to deal m ore ade­
quate ly  w ith  different k inds of gas m ixtures or to  conduct the 
com bustion operations m ore accurately ; or, th ey  can be used 
to perm it tak ing  in  a new  sam ple and  subjecting i t  to  the 
absorption procedure while th e  old is undergoing th e  combus­
tion analysis. O ther incidental advantages, such as an  all- 
m etal fram ew ork, greater accessibility of parts, greater ease 
of rem oval and  cleaning of glassware, elim ination of the un­
necessarily large size of the in s trum en t panel and safety-glass 
shield, g reater flexibility, sm aller fragility  of glass parts, elimi­
nation of dead capillary space, etc., will be apparen t from the 
description of the  equipm ent.

F r a m e w o r k

T he fram ew ork is entirely  of m etal, em ploying alum inum  al­
loys w herever possible. S turdiness, durability , and full ac­
cessibility to  all p a rts  have been achieved. All p a rts  are 
sym m etrically  designed to  perm it standard iza tion  and inter- 
changeability .

T he fram ew ork a llo tted  to  each reaction  u n it consists of 
two p arts . One is a back piece, bolted to  identical pieces in  
o ther un its  o r to  a  clam p on a fram e support, from  which 
extends a vertical rod carry ing a phosphor-bronze clip for 
securing the top  of th e  reaction  vessel. T he  o ther is a  verti­
cally ad justab le  shelf piece, cup-shaped and lined w ith felt for 
protection of th e  abso rp tion  pipets.

T he two vertical fram e supports for technical assemblies

consist sim ply of half-inch (12.7-nun.) alum inum  rods abou t 
50 cm. long, im bedded in  cast-alum inum  feet. T hey  can 
be screwed or bolted to  an y  app rop ria te  base, such as the 
bo ttom  of a  carry ing case, and  are provided a t  th e  top  w ith 
rem ovable bottle-rests w hich also serve as guides when 
slipping a case dow n over th e  assem bly.

F i g u r e  1 . U n i t i z e d  P r e c i s i o n  T i m e - S a v e r  G a s  
A n a l y z e r

E ach support for precision assemblies consists of th ree para l­
lel stainless-steel rods, ab o u t a  m eter long, in  a staggered or 
V -form ation w ith two rods in  th e  line of th e  reaction  tra in  
and  the  th ird  or m iddle rod set back ab o u t 75 m m . T hey  
are held together by  a ligh t rem ovable a lum inum  top  piece, 
and by  brass feet which are  bolted or screwed to  a  tab le  or 
o ther app rop ria te  base. T he th ree rods a t  each end of th e  
assem bly suppo rt the  tra in  of reaction  un its, th e  m easuring 
un it, th e  sam pling bulb, and  th e  various leveling bulbs.

M a n if o l d

T he m anifold is b u ilt up  of stopcocks which are integral 
w ith  th e  various p ipets or o ther reaction  vessels, joined to ­
gether b y  horizontal ru b b er connections. T h is perm its a 
m axim um  of flexibility and  ad ap tab ility  w ith  a m inim um  of 
fragility .

T he num ber of ru bber connections has been decreased. 
F or exam ple, in  th e  well-known B ureau of M ines assem bly 
(4, 6) there  are ten  rubber connections, one of w hich has been 
elim inated  in  la te r  m odels; in  th e  corresponding unitized 
assem bly th e  num ber has been reduced to  seven. In  general, 
th e  num ber of ru bber connections w ith  w inch th e  sam ple can 
come in to  con tac t du ring  the analysis proper has been reduced
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by  one in  all models no t having a copper oxide tube, and  by 
tw o in  all th a t  do include such a  device.

D ead capillary space in  th e  vertical branches is practically  
nonexistent. T he reagents can be draw n up  alm ost to  the 
stopcock. U nlike the 17. S. Steel C orporation appara tu s 
referred to  above, th is can be done w ithout th e  absorbents

F i g u r e  2 .  U n i t i z e d  P r e c i s i o n  M i n e -A ih  
A n a l y z e r

coming in to  con tac t w ith rubber connections. Also, the 
rubber connections are  no t continuously subjected  to  the 
action of absorbents or the ir vapors when th e  appara tu s  is 
idle.

F o r elim ination of capillary error the m anifold should be 
filled w ith nitrogen a t  the beginning of an  analysis. A more 
aw kward and tim e-consum ing procedure is to  fill the  hori­
zontal capillary writh  acidulated  w ater o r m ercury  from  the 
slow com bustion p ipe t or from  an  auxiliary p ipet. Since 
such devices as m anom eters and  copper oxide tubes can be 
flushed only w ith in e rt gas, th e  use of liquids to  elim inate 
capillary error is no t to  be recom m ended. On th e  o ther hand, 
i t  is desirable to  be able to  use acidu lated  w ater for washing 
o u t any  absorbent draw n in to  or beyond th e  bore of a  stop­
cock, w ithout dism antling the  assem bly and  w ithou t loss of 
th e  sample.

T he new manifold is more perfectly flushable and  more 
easily cleaned than  any  o ther known to  the au thor. This 
has been achieved by  its  straight-line design and the use of 
straight-bore three-w ay stopcocks.

T he principle of operation of th e  straight-bore three-w ay 
stopcock is th e  sam e as th a t  of the 120° stopcock, b u t the 
construction is different. Two of the arm s are in th e  same 
s tra igh t line, w ith the  th ird  a t  righ t angles. T he plug has a  
single, stra igh t, eccentric bore. T his construction m akes it  
possible to pass a length of cotton-covered wire completely 
through th e  manifold from  one end to  the o ther w ithou t re­
m oving an y  plugs. O ther flushable manifolds have three- 
w ay stopcocks w ith  bores of an  L- or Y -shape (5, 7).

All stopcocks used in th e  unitized m anifold are identical

in  construction and  operation . T he four-w ay stopcock on 
th e  fractional com bustion u n it is b u t an  ad ap ta tio n  of the 
stra igh t-bore three-w ay stopcock, and  is m anipulated  exactly 
like th e  others. E v ery  stopcock has th e  sam e relative posi­
tion, w ith tw o arm s horizontal, th e  th ird  dow nw ard, and  the  
handle to  the fron t. T his sim plification aids th e  operator to  
m anipulate  th e  stopcocks w ithou t exam ining them  to  deter­
m ine th e  position of th e  plug. T he usual precision O rsat 
appara tu s  has th ree or m ore d ifferent k inds of stopcocks— the  
Shepherd ap p ara tu s  has five, n o t including the  contro l stop­
cock a t  the  lower end of th e  b u re t— and  these are som etim es 
placed w ith handles to  th e  side in stead  of to  th e  front.

B u r e t s

All bu re ts  are provided w ith  one stopcock a t  the top . T heir 
sym m etrical construction  perm its an  unusual flexibility of 
adap ta tion .

P r e c i s i o n  B u r e t s .  R educing th e  num ber of stopcocks 
on th e  precision b u re t to  one perm its i t  to  be raised  relative 
to  th e  reaction  tra in , and  to  be read  w ith  g reater ease and 
com fort. I t  also perm its increasing th e  leng th  of th e  g radu­
ated  section, th u s  m aking th e  spacing of th e  graduation  m arks 
som ewhat greater and  contribu ting  to  th e  accuracy an d  ease 
of reading.

T he change has also decreased th e  frag ility  of the bure t, and 
lowered m aintenance cost. Few er ru bber connections re­
su lt in  a  gain in  flexibility and  in  freedom  from  strains.

Precision burets have an  over-all length  of 87 cm., a  g radu­
ated  section of abou t 70 cm., and  a capacity  of 100 ml. 
T he graduations are black, m ore perm anen t th a n  th e  usual 
w hite ones, and  standing  ou t in  sharper con trast against the 
background afforded b y  th e  w7a te r jacket. T he graduations 
include th e  bore of the stopcock.

T he la te s t sty le of graduations is used. W hole m illiliter 
m arks extend com pletely around  th e  bu re t, for elim ination 
of parallax, and  even m illiliter m arks a re  num bered. T he 
o ther m arks extend around a portion  of th e  b u re t b u t no t 
halfway. T his sty le of g raduations is as accurate  as th e  so- 
called “U. S. B ureau of S tandards sty le of engraving” and 
is m ore rap id  and  easier to  read, because im m ersion of the 
b u re t in  w ater causes m agnification or even the  appearance 
of additional images or reflections of each graduation  m ark. 
If half-circles are present the resulting  m aze of m arks and  their 
images is d is trac ting  and  tiresom e to  th e  eye, particu larly  as 
the m arks are usually  placed m uch closer together th a n  rec­
om m ended by  the B ureau of S tandards (14)- How'ever 
excellent half-circles m ay be on o ther pieces of laboratory  
glassware, th e y  constitu te  a decided handicap on gas burets.

Precision bure ts are of tw o principal models. T he  uni­
versal m odel is of uniform  bore, g raduated  in 0.1 ml., and  is 
su ited  for th e  analysis of any  k ind of gas m ixture. T he o ther 
m odel is designed for use w ith  m ine a ir and  sim ilar gases th a t  
have sm all percentages of some com ponents. I t  is m ade in 
three sections of different d iam eters, conform ing in th is re­
spect to  the specifications of th e  U . S. Steel C orporation  (5 ). 
T he top  section has a capacity  of 72 m l., g raduated  in  0.2 m l.; 
th e  m iddle section, 22 ml. in 0.1 m l.; and  the bo ttom  section, 
6 ml. in  0.05 ml. A th ird  model, w ith a narrow  50-ml. upper 
p a r t and  a 50-ml. bulb  a t  th e  bo ttom , is som etim es advan­
tageous in  conducting combustions.

T e c h n i c a l  B u r e t s .  Technical o r portab le  burets are 
abou t 45 cm. long, of 100 ml. capacity, an d  of th ree different 
designs. T he universal m odel is of uniform -bore Schellbach 
tubing, g raduated  in  0.2 m l. T he flue-gas m odel has a 50-ml. 
bulb a t  the top  and  a  lower portion of Schellbach tub ing  gradu­
a ted  in  0.1 m l. T he purity  m odel is of clear glass w ith  a 
94-ml. bu lb  in  th e  m iddle, th e  to p  and bo ttom  3-ml. sections 
being graduated  in  0.05 ml. I t  is designed for determ ining
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th e  im purities in  cylinder gases, e ither d irectly  or by  differ­
ence.

P lacing th e  in take  stopcock of earlier portable O rsat ap ­
para tu s a t  th e  top  of the technical bu re t increases the accu­
racy of the  assembly, as th e  sam ple can be draw n directly  into 
th e  b u re t in stead  of first traversing the m anifold. Hence, all 
the  sam ple is successively trea ted  in the absorption  pipets, 
as none is trapped  in the  m anifold beyond th e  particu lar p ipet 
in  use. T he graduations include all of th e  capillary stem  and 
th e  bore of th e  stopcock.

L e v e l i n g  B o l b  S u p p o r t .  T he leveling bulb of a precision 
b u re t is supported  by  a  m ovable sp lit-ring  support w ith  an 
au tom atic  locking device which replaces the thum bscrew  on 
earlier supports. A slight pressure w ith  the thum b releases 
the  support, which can then  be m oved up  or down. Releasing 
th e  pressure au tom atically  locks i t  securely in  place. I t  is 
provided w ith a  simple screw device for fine ad ju s tm en t of the 
m ercury  level in  the bure t. T his gives excellent control 
when balancing th e  pressure and  when draw ing th e  reagents 
u p  to  the m ark. T he leveling bulb  support will doubtless 
find acceptance in  m any labora to ry  set-ups o ther than  gas- 
analysis apparatus.

A n oversize screw clam p, w ith  large knurled  handle, con­
tro ls the flow of m ercury  during com bustions and  can also be 
used to  draw  reagents up  a t  a slow controlled ra te . I t  is 
screwed perm anently  in  place on the base of the apparatus.

F r o s t e d - B a c k  W a t e r  J a c k e t .  T he back of the w ater 
jacke t in  precision assemblies is etched. I t  provides a 
frosted background against which the  black b u re t m arks 
s tan d  o u t in  sharp  con trast. I t  also diffuses th e  ligh t and 
elim inates d is trac ting  images and  distortions.

T he b u re t is located in  a  cen tral position in  fron t of the 
axis of the w ater jacket, where i t  can be viewed w ithou t side- 
wise d isto rtions caused by  different dep th s of w ater.

T he com bination of th e  frosted back of th e  w ater jacket, 
the  fron t-cen tral position of the buret, and  th e  back-central 
position of th e  com pensator tube  causes th e  form ation of 
longitudinal light-im ages w hich give th e  back of the buret 
an appearance resem bling th a t  of Schellbach tubing. W hen 
the illum inator described below is used three colored vertical 
lines are form ed: a  cen tral ribbon of about th e  sam e size 
as th a t  in Schellbach tubing, which quickly centers th e  eye, 
and  tw o narrow  side lines which break sharply  w ith their 
reflections on th e  m ercury  meniscus. These sharp breaks 
can be used to  determ ine th e  position of th e  top  of the menis­
cus, as th ey  are m ore read ily  perceived and  are lower th an  it 
by a  sm all constan t d istance corresponding to  about 0.02 ml. 
An a lte rna tive  m ethod th a t  m ay  be preferred is to  interpose 
a  shield betw een th e  ligh t and  th e  w ater jacke t w ith its  lower 
edge slightly above th e  level of the  m ercury  meniscus. This 
causes th e  meniscus to  s tan d  o u t in  very  sharp  con trast 
against the background. B oth m ethods are easy, accurate, 
and rapid .

C o m p e n s a t o r

A com pensator of th e  P ettersson  type  is employed w ith 
precision burets. I t  is simple, accurate, and  easily used.

C o m p e n s a t o r  T u b e .  T he com pensator tube  is held firmly 
in  place d irectly  behind th e  b u re t b y  a glass rod th a t  projects 
from  its  lower end in to  an  opening in  th e  rubber stopper of 
th e  w ater jacke t. I t  te rm inates a t  th e  top  in  a  straight-bore 
three-w ay stopcock, which m ay be replaced w ith a T-bore 
stopcock, since i t  never requires flushing w ith a liquid. U n­
like th e  stopcocks of th e  unitized  straight-line manifold, i t  
is placed behind and  above th a t  of the bu re t. I t s  la tera l 
arm s are longer th an  those of the o ther stopcocks, extending 
to  th e  center of th e  adjoining "u n it space.” One arm  is 
connected to  th e  m anom eter and  th e  o ther is left free for 
com m unication w ith  th e  atm osphere.

M a n o m e t e r .  T he m anom eter is of a  new sym m etrical 
design th a t  perm its placing i t  alw ays betw een the b u re t and 
the tra in  of reaction un its, irrespective of the  position of the 
buret. I t  is supported  by  a clip in  th e  sam e m anner as the 
tops of the reaction vessels. I t s  rub b er connections are fully 
accessible, as none is encased w ith in  th e  w ate r jacke t.

I t  is m ore com pact and  has less dead space th a n  its  prede­
cessors. T he m ercury  level is n o t m ore th a n  2 o r 3 cm. below 
th e  stopcock, which is itself a  p a r t  of th e  m anifold. In  
o ther W'ords, i t  au tom atically  approxim ates th e  elim ination 
of capillary  error th a t  can be achieved w ith  o thers only  by 
th e  tim e-consum ing technic (13, 16) of draw ing th e  gas out 
of th e  m anom eter and  subjecting  i t  to  th e  sam e operations as 
th e  sam ple itself.

T he arm s of the  m anom eter are of 1.6- to  2-m m. bore. 
T he effect of im purities on th e  surface tension of the m ercury 
(13) can be m inim ized b y  keeping the  menisci covered w ith  a 
film of w ater acidulated  w ith  sulfuric acid. T he arm s are 
placed close together to  perm it ad justing  bo th  menisci to  th e  
same horizontal level. A sm all, vertically  ad justab le  m etal 
clip, to  th e  low’er edge of w hich bo th  m enisci are brought, is 
helpful. T he usual technic of bringing only one meniscus 
to a m ark  is objectionable because i t  does n o t com pensate for 
varia tions in  the  volum e of th e  m anom eter liquid, such as 
those due to  tem pera tu re  changes.

F i g u r e  3 .  U n i t i z e d  T e c h n i c a l  F l u e - G a s  
A n a l y z e r

T he m anom eter is provided w ith a sim ple check valve con-- 
sisting of a spherically-true glass ball, th a t  preven ts acci­
den tal forcing of m ercury  and  sam ple in to  th e  com pensator 
tube.

W ie n  using th e  m anom eter, its  stopcock should be turned  
once, a fter the  b u re t has been roughly com pensated to  w ithin 
1 o r 2 m m ., so th a t  the manifold can a tta in  th e  sam e pressure 
as the bu re t. Close balancing can th en  be m ade. C on trary  
to  a  generally accepted idea, repeated  tu rn ing  is unnecessary. 
F or example, should the m anifold pressure be 2 m m . too  high, 
the error in troduced am ounts to  only  0.0026 ml. for every 
m illiliter of uncom pensated space. A m illiliter corresponds 
to  56.6 cm. of 1.5-mm. bore capillary, or to  31.8 cm. of 2-mm. 
bore, and  is therefore th e  approxim ate volum e of a  several- 
u n it m anifold; hence th e  error in troduced would n o t be de­
tectable on th e  bure t. I t  is obvious th a t  such tu rn in g  of the
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stopcock is unnecessary if th e  bu re t pressure, when comm uni­
cation to the m anom eter is first m ade, balances th a t  in  the 
com pensator tube to  w ithin a few m illim eters.

T urn ing  of the m anom eter stopcock when 
balancing can be elim inated by  substitu ting  
a T -bore stopcock for the straight-bore three- 
w ay stopcock. T he bure t, m anifold, and 
m anom eter can then be sim ultaneously con­
nected (13), and if desired can be k ep t so 
connected th roughout th e  analysis, as ordi­
nary  m anipulations do n o t cause the m er­
cury  in  the m anom eter to  escape in to  th e  
m anifold. Should, however, the volum e of 
m ercury be inadverten tly  changed, it  is au to ­
m atically  com pensated for by  the technic of 
ad justing  both  menisci to  the sam e horizon­
ta l level. Use of a T -bore stopcock can 
thus be used to  expedite operations a t  only 
a slight sacrifice of flushability.

A b s o r p t i o n  P i  p e t s  

T he absorption  p ipets are free from  the
F i g u r e  4.
V a l v e  B u b -

T fragility  inheren t in the fam iliar O rsat pipets.
U n i t  N o  easily broken U - t u b e  c o n n e c t i o n  is

present. T he absorption  p a r t is placed above 
and w ith in  the  expansion part, as in  the W illiams (17) appara­
tus. Instead  of being of one diam eter, however, the  absorption 
p a rt has an  upper enlarged portion  and  a lower narrow  por­
tion. T h is decreases th e  height of th e  p ipet and the range 
through which th e  absorben t level m ust move.

T he top  of each p ipet is essentially  conical. T his shape 
minimizes the tendency to  tra p  sm all bubbles of gas and 
aids the operator to  draw  the absorbent up  to  the  m ark  w ith­
ou t spurting  i t  in to  th e  m anifold. N o etched m ark  is re ­
quired, as th e  absorbent can be draw n u p  to  the lower edge of 
the clip th a t secures th e  p ipet ju s t below its  stopcock. D raw ­
ing the  reagent closer to  the stopcock is usually  n o t necessary 
nor desirable.

T he expansion p a r t of each p ipet is a  simple cylindrical 
vessel having an  inden ta tion  in the bo ttom  for centering the 
lower end of the absorption  pa rt. I t  can be rem oved for the 
purpose of changing th e  reagent w ithout rem oving any  rubber 
connections in the manifold.

W ith the exception of fum ing sulfuric acid, absorbents 
can be protected  from the atm osphere b y  a  layer of paraffin 
or m ineral oil. T his technic has long been in use by  analysts 
of respiratory  a ir b u t is no t well known to others. E very  ex­
pansion p a rt is provided w ith a tubu la tu re  near the top  which 
perm its a ttach ing  a  ru bber expansion bag  or a  liquid seal. 
If th is is used the junction  betw een th e  absorption  and ex­
pansion parts is closed w ith a short length  of Gooch rubber 
tubing.

V a l v e  B u b b l e r  A b s o r p t i o n  P i p e t .  T he valve bubbler 
absorption p ipet contains a nonfloating au tom atic  glass valve. 
I t  has bo th  the valve cham ber and  the  bubbling or gas con­
ducting tube completely enclosed w ith in  itself. T he con­
struction  is thus stu rd ier and  less fragile th an  th a t described 
by La Condam ine (9) and F rancis (8). I t  is also neater and 
more pleasing in appearance, because of the general sym m etry  
of its  design.

The valve consists of a  solid sphericallv-true glass ball. 
T he fragile construction of o ther valves, which are made 
hollow in order to  float, is n o t p resent; in fact, the  valve is 
the least fragile p a rt of the en tire  p ipet. Likewise, the 
fragile projections previously necessary to  guide the valves 
into their seats have been elim inated, as the ball can seat 
itself in  any  position.

Previous pipets have had  an essentially  cupshaped valve 
seat. T h is design, com bined w ith  th e  inverted  cone- o r pear- 
shape of th e  effective portion  of th e  valves, has offered con­
siderable resistance to free m ovem ent and  has tended to  cause 
sticking or freezing.

T he valve sea t in the new  p ipe t consists sim ply of the 
upper end of a sho rt vertical tube. T he valve m akes con­
ta c t  w ith it  in  such a narrow  and  b u t slightly  inclined zone 
th a t  there is no tendency to  stick  or freeze, a lthough sticking 
m ight occur under unusual conditions, as, for example, under 
long-continued evaporation  and  caking of an alkaline solu­
tion  around th e  valve. In  such case, th e  ball valve could be 
liberated  w ith  the aid of a w ire inserted  from  below, a  fea t im ­
possible w ith  older pipets.

On passing gas in to  the  p ipe t th e  ball valve rem ains on its  
seat, m aking a gas-tigh t seal. T he  gas perforce is conducted 
by th e  bubbling tube  in to  th e  absorbent, th rough  w hich it  
ascends in  the form of bubbles, w hich collect in  th e  upper p a rt 
of th e  absorption  cham ber, below th e  valve. A  plug of 
liquid usually  rem ains in  th e  sho rt tube  whose end form s th e  
valve seat.

On th e  re tu rn  passage of th e  gas, th e  first portion  kicks over 
th e  ball valve, together w ith  th e  plug of liquid  beneath  it, to 
the ad jacen t wall of th e  valve cham ber. I t  adheres to  the 
wall because of th e  surface tension exerted by  the liquid. T he 
valve is now open and  th e  gas comes u p  th rough  it. As soon 
as th e  ascending liquid surrounds th e  ball th e  surface tension 
effect is elim inated, the  ball falls back  in to  its  seat, and  th e  
p ipet is ready  for th e  nex t pass.

T he end of the  bubbling tu b e  ends in  a  sm all bulb having 
several pinholes th a t  b reak  th e  issuing gas up  in to  small 
bubbles.

T he in itia l leng th  of the  colum n of liquid  th rough  w hich th e  
bubbles pass is ab o u t 150 m m . I t  is decreased to  ab o u t 80 
mm . by  th e  passage of 100 m l. of gas. These figures are 
larger th a n  those for s tan d a rd  p ipets of th e  usual design, indi­
cating  a  longer tim e of co n tac t betw een gas bubbles and ab ­
sorbent. T he tim e of con tac t is also som ew hat increased by 
th e  fac t th a t  th e  narrow ness of th e  lower p a r t of th e  absorp­
tion cham ber causes th e  dow nw ard flow of th e  absorben t to  
re ta rd  the  upw ard rise of th e  bubbles.

C o n t a c t  A b s o r p t i o n  P i p e t .  T he con tac t p ipe t is filled 
w ith thin-w alled glass con tac t tubes of different lengths which 
are staggered or cascaded to  conform  w ith  th e  conical top  of 
th e  absorption  com partm ent, m inim izing th e  usual unfilled 
space a t  th e  top. T he tubes are held in  place by  a  perforated  
porcelain disk. I t  is impossible to  force a bubble of gas dowTn 
any  of them  in to  the  expansion part.

A m odification of th e  con tac t absorp tion  p ipet contains 
some tw isted  copper s trip s am ong th e  glass con tac t tubes. 
I t  is used w ith  cuprous solutions for the absorption  of carbon 
monoxide.

F r a c t io n a i^ C o m b u s t io n  U n it

T he fractional-com bustion o r copper oxide u n it is a  self- 
contained u n it in exactly  the sam e sense as are the absorption 
un its. I t  is s tan d ard  equ ipm ent th a t  can be incorporated  in 
any unitized  assem bly, w ithou t a  special m anifold or ex­
pensive changes in  th e  fram ew ork. I t  occupies a “ unit  
space” of th e  size a llo tted  to  an absorption  p ipet and  is lo­
cated  in  th e  sam e relative position. T h is position decreases 
the over-all height of th e  assem bly and  m akes i t  as easily ac­
cessible and  observed as any  o th er u n it. N o troublesom e 
heating  of th e  stopcock or ad jacen t glass p a rts  occurs.

T he copper oxide tube  is b u ilt in tegral w ith  a single in-and- 
ou t four-w ay stopcock th a t  replaces th e  tw o stopcocks used 
in  o ther ap p ara tu s . T his sim plification has a  num ber of 
obvious advantages.



January  15, 1934 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 77

I t  reduces th e  am oun t of stopcock handling required during 
th e  analysis. A single tu rn  of 120° of th e  stopcock handle 
changes i t  from  th e  by-passing position, w ith the  copper oxide 
tube  com pletely sh u t off from the manifold, to  the in-and- 
o u t position, w ith  th e  gas entering th e  tube  through one bore 
and  em erging th rough  th e  other.

I t  elim inates com pletely the dead space in the manifold 
betw een th e  two stopcocks previously used, as there is no 
dead space w hatever in  th e  new stopcock. I t  also reduces 
th e  num ber of possible sources of leakage by  elim inating both 
a stopcock and  a rubber connection.

T he sm all closed loop of the new tube m akes i t  sturdier, 
m ore com pact, and less fragile th a n  th e  extended open loop 
of its  predecessors. I t s  free space is sm aller, because of reduc­
tion  of capillary space and the use of sm all glass balls instead 
of glass wool for keeping the copper oxide ou t of the capillaries.

T he electric furnace for th e  fractional com bustion tube  is 
sm all and  com pact. A short therm om eter w ith a  graduated 
range f rom 250° to  325° C. is inserted alongside th e  copper 
oxide tube  and  is held in  place w ith a small m etal clip th a t  also 
indicates the proper position for th e  top  of the furnace. T he 
therm om eter is easily read, as i t  is located a t  the eye-level of 
th e  operator.

S l o w -C o m b u s t io n  U n it

All electrical accessories for the slow-combustion un it are 
enclosed in  a sm all alum inum  box, bu ilt in tegral w ith the 
shelf piece, which replaces large electrical panels present in 
earlier appara tu s. I t  contains a specially wound transform er 
for stepping  down th e  usual lighting current, a  toggle switch, 
and  a  rheostat, and  fits snugly in to  a u n it space. A shield 
of safety  glass is clam ped in fron t of th e  pipet.

Aside from  th e  in tegral stopcock, th e  p ipet itself differs 
from  th e  trad itional design only in having its  upper p a rt ter­
m inating  in  a  cone instead  of a half-sphere. T he traditional 
design has been re tained  as being m ost simple and  reasonably 
free from  faults. A single glass support carries th e  insulated 
leads to  th e  coil.

In s tead  of th e  usual desultory  loop, the coil forms a  clearly 
defined inverted  V, whose middle po in t is supported by  a  small 
extension of th e  cen tral glass support. T he small glass sup­
p o rt keeps th e  p latinum  coil alw ays in position w ithout the 
disadvantages inheren t in  ceram ic supports, such as those of 
uneven heating, insufficient heating, and  absorption of gas
(13).

T he shape of th e  coil perm its it  to be inserted well up into 
the  apex of th e  conical top  of the  p ipet. T his decreases the 
danger of an  explosion because of delayed ignition or too rapid 
passage of gas.

A c c e s s o r ie s

S a m p l in g  B u l b .  T he sam pling bulb or sam ple container 
is provided w ith  a  stra igh t-bore three-w ay stopcock a t  each 
end. Like th e  best of its  predecessors, these stopcocks per­
m it flushing and filling of the capillary connections a t  both 
ends w ithou t losing any  of th e  sam ple or contam inating  i t  'with 
air. In  add ition  they  can be connected to  any  appara tus by 
e ither vertical o r horizontal connections. T hey  are arranged 
so th a t  th e  sam pling bu lb  can be connected to  either end of 
a  unitized  m anifold. I t  can be inverted  so th a t th e  stopcock 
handles will alw ays be in front, as th e  leveling bulb can be 
connected to  e ither end.

T he sam pling bulb, when used w ith  a  precision assembly, 
is held b y  a  sp lit-ring  support placed on th e  back rod of one 
of th e  up righ t fram e supports. I t  can then  be connected 
d irectly  to  th e  end of th e  unitized straight-line manifold— i. e., 
d irectly  to  th e  stopcock on th e  bure t. T he sam pling bulb

can be left in  position during an analysis, as th e  stopcock 
a t  its  to p  perm its com m unication to  the  atm osphere, if de­
sired. A second sam ple can be w ithdraw n  w ithou t th e  neces­
sity  of reconnecting th e  sam pling bulb.

N e o n  B u h e t  I l l u m i n a t o r .  T he b u re t illum inator for 
precision assemblies consists of a s tra ig h t neon-filled tu b e  of 
the sam e length as the w ater jacket. A suitable standard  
transform er is used for stepping up th e  o rd inary  lighting  cur­
rent. T he illum inator affords a  soft, restful, uniform  orange- 
tin ted  illum ination, and used in 
conjunction w ith the frosted-back 
w ater jacket, which properly dif­
fuses th e  light, i t  form s an efficient 
accessory for an y  precision assem­
bly. I t  is considered superior to 
th e  recently  available incandescent 
bulbs w i t h  f i l a m e n t s  ab o u t 30 
inches (76 cm.) long in  th a t its  light 
is cold and does n o t w aver because 
of v ibrations of the filam ent.

C a r r y i n g  C a s e .  T he carrying 
c a s e  f o r  portable a s s e m b l i e s  is 
lowered over th e  a s s e m b l y  a n d  
clamps to  the base to  which the 
assem bly is bolted. T his d e s i g n  
perm its full accessibility to all parts  
of th e  appara tu s  when the case is 
rem oved. I t  is bu ilt of strong  light 
plywood covered w ith  black fiber, 
w ith e d g e s  b o u n d  in  alum inum , 
and is provided w ith chrom ium - F i g u r e  5 . S l o w - C o m -  
plqted c o r n e r s ,  c a t c h e s ,  a n d  b u s t i o n  U n i t

hardw are for the leather handle.
T he slip-proof, draw -bolt construction  of th e  catches insures 
them  against slipping and  dropping th e  appara tus.

T he carrying case is m ade in  tw o sizes. T he  large size can 
hold an  assem bly of tw o bure ts and  five reaction  un its  or 
one b u re t and six reaction  un its. T he sm aller size can hold 
a bu re t and  th ree p ipets. L im itation  to  tw o sizes effects 
im portan t economies in  production.

G a s - A n a ly s i s  T a b l e .  T he ad justab le  and  m ovable table  
shown in F igure 1 presents certain  advantages for gas analy ti­
cal work. T he  top  is m ade of heavy  plywood, covered w ith 
black linoleum, provided w ith  an alum inum  edge th a t  extends 
above the  surface for 0.25 inch (0.6 cm.) an d  re ta ins m ercury 
spilled or expelled from the ap p ara tu s. T he  legs arc  m ade of 
telescoping steel tub ing  w hich m ake i t  ad justab le  in  height 
from  ab o u t 20 to  31 inches (50 to  79 cm.) and  are provided 
w ith castors which can be p u t in  or ou t of operation  in an  in­
s tan t by  a sim ple lever device.
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R e c e iv e d  O c to b e r  1 9 , 1933 .

Extraction of Triethanolamine Oleate from Aqueous Solution
F r a n k  M . B i f f e n  a n d  F o s t e r  D e e  S n e l l ,  F o s te r  D . S n e ll, In c ., B ro o k ly n , N . Y .

I N  T H E  extraction of oil from a soap and  oil emulsion, 
irregular results obtained indicated  some abnorm ality . 

F u rth e r investigation showed th a t  the  soap was trie thanol­
am ine oleate and  th a t  the variable results were due to decom­
position of th e  soap in  extraction . Such decom position is 
no t unexpected, since triethanolam ine oleate is a sa lt of a 
weak acid and a  weak base. T he extractions w ere carried 
ou t w ith ethy l e ther and  all resu lts were higher th an  antici­
pated . T he acid ity  of th e  extracted  m ateria l proved to  be 
higher than  norm al for th e  ty p e  of oil being extracted .

T he im portance of th is behavior is increased by  th e  wade- 
spread technical application of triethanolam ine oleate as an  
emulsifying agen t and for o th er purposes. N orm ally, soaps 
o th er th an  those of abietic acid are  n o t decomposed by  ex­
traction  of an  aqueous solution w ith e thy l e ther. This 
m ethod of separation of oils, etc., from soap solutions is 
therefore widely used.

A 200-cc. portion of the soap solution was extracted with 3 
successive 50-cc. portions of ethyl ether. In each case shaking 
was carried out for approximately 2 minutes under similar con­
ditions by the same chemist. Tne composite ether extractions 
were washed 3 times with 20-cc. portions of water. The ether 
was then evaporated, and the extract weighed, dissolved in 
alcohol, and titrated with 0.5 N  sodium hydroxide. From this 
titration the amount of oleic acid extracted from the triethanol­
amine oleate was calculated to terms of percentage. In the case 
of experiments 3 and 6 the excess of oleic acid was allowed for 
before this calculation.

T he resu lts  are sum m arized in  T able  I . T he original com­
m ercial oleic acid contained 97.25 per cen t of oleic acid as 
oleic acid. T he acid ity  of th e  ex trac t varies from  95.0 to  
97.0 per cen t by  weight, and  is h ighest in  th e  experim ents 
where recovery of the oleic acid  was m ost com plete.

M ore d ilu te solutions give a  m ore nearly  qu an tita tiv e  ex­
trac tion . A determ ination  of nitrogen on th e  ex trac t from

T a b l e  I. O l e i c  A c i d  E x t r a c t e d  f r o m  T r i e t h a n o l a m i n e  O l e a t e  S o l u t i o n s

E x p e r i ­
C o n c e n t r a t io n  
o f  T r ie t h a n o l - E x c e s s  T r i ­ E x c e s s

C o m b in e d  
O l e ic  A c id W e ig h t  o r

P u r e  O l e ic  A c id  
b y  T it r a t io n , 

C o r r e c t e d  f o r

O l e ic  A c id  
E x t r a c t e d , 
C o r r e c t e d  

f o r  F r e e
C o m m e r c ia l  
O l e ic  A c id

m e n t a m in e  O l e a t e  e t h a n o l a m in e O l e ic  A c id P r e s e n t E x t r a c t F r e e  O l e ic  A c id O l e ic  A c id R e c o v e r e d

M  M M Grams G ro m s Grams % %
1 0 .1 5 .8 0 8 3 .4 7 0 2 3 .3 0 5 0 9 5 .2 5 8 .5
2 0 . 1  0 .0 5 5 .8 0 8 2 .4 7 4 6 2 .3 5 0 0 9 5 .0 4 1 .7
3 0 . 1 0.Q5 5 .8 0 8 6 .1 9 8 6 2 .8 9 1 0 9 5 .4 5 4 .7
4 0 .0 1 0 .5 8 0 8 0 .4 2 6 5 0 .4 1 3 5 9 7 .0 7 3 .2
5 0 .0 1  0 .0 5 0 .5 8 0 8 0 .4 9 1 6 0 .4 7 4 6 9 6 .6 8 4 .0
6 0 .0 1 0 ! 0 5 0 .5 8 0 8 0 .6 9 0 0 0 .2 6 6 0 9 7 . 0 6 8 .5

T he ten ta tiv e  explanation reached was th a t  trie thano l­
am ine oleate was giving up  oleic acid because of its  in­
stab ility . T o verify th is, a 10 per cen t neu tra l trie thanol­
am ine oleate solution was extracted  w ith ethy l e ther under 
conditions norm al for ex traction  of soap. A  recovery of 
85 per cen t of th e  oleic acid presen t was obtained and  th e  
composition of th e  ex trac t confirmed b y  titra tio n .

To express th is phenom enon quan tita tive ly , a  series of 
experim ents was carried ou t in  wiiich triethanolam ine oleate 
w'as produced in  solution alone, in  th e  presence of excess 
triethanolam ine, and  in th e  presence of excess oleic acid. 
In  preparing these solutions, comm ercial triethanolam ine 
and  commercial oleic acid (olive elaine) were titra te d  and 
th en  combined in proportions to  give th e  solutions outlined 
in  T able I.

T he extractions were carried ou t as follows:

experim ent 1 showed th a t  less th an  0.1 per cen t of th e  tri­
ethanolam ine had  been extracted  w ith th e  oleic acid. T able 
I  indicates th e  possibility  th a t  all of th e  oleic acid could be 
recovered by  fu rth e r extractions. T he resu lts of 6 extrac­
tions in stead  of 3 showed recoveries as follows: E xperim ent 
1, 76.32 per cen t; experim ent 4, 93.73 per cen t; experim ent 6, 
81.84 per cent. T his indicates th a t  fu rth er extraction  m ay 
approach 100 per cen t of th e  oleic acid p resent, particularly  
in d ilu te  solution.

I t  is to  be concluded th a t  norm al conditions of separation 
of oils from  soap solutions, in  w'hich th e  soap is trie thano l­
am ine oleate, will n o t app ly  and  th a t  e ither prolonged ex­
trac tion  w ith  correction for the free fa tty  acid con ten t is neces­
sary, or th a t , preferably, a  m ethod o th er th a n  ex traction  from 
aqueous solution w ithout acidifying should be used.
R e c e iv e d  A u g u s t  2 6 , 1933

C o n d i t i o n s  t o  P r e s e r v e  P u b l i c a t i o n s . Light, adverse 
temperature and humidity, acid pollution of the air, and low- 
grade paper appear to be the main deteriorative agents to be 
guarded against in libraries and other book depositories, accord­
ing to a report prepared by the Bureau of Standards.

Sulfur dioxide gas is a potential destroyer of all classes of 
paper, but tests demonstrated that this condition can be com­

pletely removed by washing the air with alkaline wash water- 
The destructive effect of light is emphasized. The removal of 
dust and the maintenance of a medium degree of temperature 
and humidity are recommended. Extensive tests of old news­
papers show'ed that many made from crude fibers such as ground 
wood were badly deteriorated, whereas papers composed of 
chemically purified fibers were found to be in good condition.



Glass and Other Electrodes for Measuring 
pH Values of Very Dilute Buffers 

and of Distilled Water
J o h n  0 .  B u r t o n ,  H a r r y  M a t h e s o n ,  a n d  S. F. A c r e e ,  Bureau o f Standards, W ashington, D . C .

F i g u r e  1.

I N  T H E  e l e c t r o m e t r i c  
m easurem ent of the pH 
values of buffered solu­

tions m ore d ilu te  th an  0.0001 
M  by  m eans of quinhydrone 
-and hydrogen electrodes the 
resistance of the s o l u t i o n ,  
escape of carbon d i o x i d e ,  
acid properties of the quin­
hydrone, and  polarization of 
the electrodes are so d is tu rb ­
ing th a t  th e  e. m . f. readings 
m ay  vary  as m uch as 5 to 
30 m illivolts or 0.1 to 0.5 pH  
unit. T he  isohydric indica­
to r technic (1) is apparen tly  
applicable w ith in  0.1 pH  to 
such solutions and  distilled 
w ater, b u t has no t heretofore 
been c o m p a r e d  w ith a reli­
a b l e  e. m . f. m ethod. By 
adding  V arley s h u n t s  to  a 
m odification of th e  vacuum
iu b e  potentiom eter used by  P artridge (5), keeping the grid 
a ttached  to  th e  circuit when balancing it, and using a  Thom p­
son (2, 3, 4, 7) glass electrode, e. m. f. readings can be made 
w ithin 0.1 to  2.0 m illivolts on weakly buffered solutions and 
■distilled w ater, and  the pH  values agree w ith those obtained 
by th e  isohydric indicator m ethod. T his com bination is also 
-suitable for m easuring the pH  of solutions containing active 
oxidizing or reducing agents, such as chlorine or tannins (6, 8) 
where th e  hydrogen and quinhydrone electrodes and indicator 
m ethods m ight fail.

Figure 1 shows a diagram  of the circuit used w ith a special 
D uovac triode tube. R ecent w ork by  the authors shows 
th a t th e  F. P . 54 G. E . tube is especially good w ith this 
•circuit.

T a b l e  I .  p H  V a l u e s  o f  S o l u t i o n s  o f  V a r i o u s  C o n c e n t r a ­
t io n ' s  O b t a i n e d  b y  D i f f e r e n t  M e t h o d s

T he s e n s i t i v i t y  of th is 
modified equipm ent w ith  the 
Leeds and N orth rup  T ype K 
potentiom eter and 2500-e gal­
vanom eter and  the T hom pson 
glass e l e c t r o d e  of abou t 60 
m e g o h m s  resistance, m ade 
from  C orning N o. 015 glass 
is abou t 0.004 m illivolt per 
m m . s c a l e  d i v i s i o n  w i t h  
0.001 M  sodium, acid ph thal- 
a te  (designated N aH P h  in 
T able  I) , 0.007 m illivolt w ith 
0.0001 M  solution and  1 milli­
vo lt for d o u b l e - d i s t i l l e d  
w ater. S tandard  cells can be 
checked to  w ith in  0.1 m illi­
volt. W i t h  th e  T hom pson 
glass electrode th e  readings 
are easily m ade to  w ithin 0.1 
m i l l i v o l t ,  are reproducible 
w ith double-distilled w ater to 
w ith in  2 or 3 millivolts, and  

become b e tte r as the buffer concentration increases.
T able I  gives some illustrative pH  d a ta  on d ilu te  solutions. 

T he results show th a t  th e  hydrogen electrode (1 X  1 cm. 
gold covered w ith palladium  sponge) gives drifting  readings 
in  very d ilu te solutions, especially tap  w ater and  distilled 
w ater containing traces of carbon dioxide. T he quinhydrone 
electrode ( 1 X 1  cm. gold) gives e. m. f. values which decrease 
steadily  for 20 to 30 m inutes as th e  w eakly acid  solid quin­
hydrone dissolves. Chlorine a tta ck s  th e  quinhydrone and 
alters the  e. m. f. values. T he glass electrode and isohydric 
ind icator m ethods give approxim ately the sam e pH  values 
in very  d ilu te  buffers and  distilled w ater. In  general, either 
m ethod is satisfactory  for such solutions. F or o ther sam ples 
which are colored, tu rb id , or possess oxidizing or reducing 
properties a glass electrode is, of course, to  be preferred.

W i r i n g  D ia g r a m  o f  G l a s s  E l e c t r o d e -  
P o t e n t i o m e t e r  S y s t e m

U pper, c ircu it as  m odified in  th is  w ork  
Low er, schem atic  P a r tr id g e  c ircu it

G l a ss I s o h y d r ic
H y d r o g e n Q u in h y d r o n e E l e c ­ I n d ic a t o r
E l e c t r o d e E l e c t r o d e t r o d e M e t h o d

0.1 M  N a H P h 3 .9 3 3 .9 3 3 .9 2 3 .9 0
0.01 M  N a H P h 4 .0 5 4 .0 6 4 .0 4 4 .0 5
0.001 AT N a H P h 4 .3 4 4 .3 7  to  4 .3 3 4 .3 5 4 .3 0
0.0001 M  N a H P h 4 .8 5 4 .8 2  to  4 .7 2 4 .8 4 4 .9 0
0.00001 M  N a H P h 5 .6 8  to  5 .9 5 5 .3 4  to  5 .2 0 5.61 5 .7 0
T a p  w ate r 8 .4 2  to  8 .9 8 7 .11 7 .5 8 7 .7 0
B oiler w a te r 11 .74 a 11 .52 11 .70
D o ub le-d istilled  w ate r 6 .1 8  to  7 .6 6 6 .0 5  to  5 .7 1 6 .5 7 6 .5 0
L e a th e r  e x tra c t 5 .2 8 5 .4 0 5 .2 5 .

•0 .0 1  M  bu ffer co n ta in ­
ing  0.07 g ram  of chlo­

. .dr in e  per l i te r 0 
0 . 0 1  M  bu ffer co n ta in ­

4 .5 9 4 .6 6 4 .7 2

ing  1  g ram  of chlo­
1 .9 0 . .dr in e  p e r liter* 0 . 2 0
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“ S o lu tion  too  a lk a lin e  fo r q u in h y d ro n e  electrode .
& S o lu tion  too  deep ly  colored fo r in d ic a to r  m ethod .
c S o lu tion  p rep a re d  b y  d ilu tin g  50 ml. of 0 .05 M  K H P h -N a O H  solu tion  

<pH  — 4.80) a n d  5 m l. of s a tu ra te d  chlorine w a te r (pH  — 1.71) to  250 ml. 
d In d ic a to r  fad ed  q u ick ly . _  ̂ _
* S o lu tion  p rep are d  b y  passing  chlorine gas in to  0.01 3 /  K H P h -N aO H  

-solu tion  (p H  =» 4.80).
/  So lu tion  rem oved  pallad ium  sponge from  electrode .

R e c e iv e d  Ju n e  10, 1933. P re sen te d  befo re  th e  D iv ision  of W a te r . Sew age, 
a n d  S a n ita tio n  C h e m is try  a t  th e  85 th  M ee tin g  of th e  A m erican  C hem ica l 
S oc ie ty , W ash in g to n , D . C ., M arch  26 to  31, 1933. P u b lic a tio n  a p p ro v ed  
b y  th e  D ire c to r  of th e  B u re a u  of S ta n d a rd s  of th e  U . S. D e p a r tm e n t  of 
C om m erce.
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An Automatic, Modified Falling-Sphere 
Viscometer

B . A. J o n e s ,  Research Laboratory, Physics D ivision, Firestone Tire & Rubber Company, Akron, Ohio

A n  i n s t r u m e n t ,
suitable for factory  use, 
w a s  n e e d e d  f o r  t h e  

m e a s u r e m e n t  o f  th e  consist­
ency of rubber cem ents The 
principal r e q u i r e m e n t s  were 
th a t i t  should indicate th e  con­
sistency of a cem ent au tom ati­
cally, yield results fairly rapidly, 
be c o n v e n i e n t  t o  o p e r a t e ,  
and  be of rugged c o n s t r u c ­
tion. I t  was though t th a t  th e  
falling-sphere ty p e  of viscom eter was m ore suitable th a n  any 
of th e  o ther types, and  accordingly m eans were considered 
for m aking the  falling-sphere viscom eter au tom atically  in ­
dicating.

M e t h o d s  C o n s id e r e d

H i g h  F r e q u e n c y .  T his m ethod is described by  Broome 
and  T hom as (1), by  Symm es and  L antz (11), and  by  M oore 
and  C uthbertson  (8), who used a  vacuum -tube oscillator, 
in  an appropriate  circuit. T he presence of a  steel ball a t  a 
point is determ ined by  th e  operator by  th e  change of a  beat- 
frequency no te  heard in  headphones. T he d isadvantage of 
th is m ethod is th a t  th e  ra te  of change of th e  beat-frequency 
no te  is a  function of th e  velocity  of th e  ball. T hus th e  precise 
tim e a t  which th e  no te  becomes inaudible is a  m a tte r  of th e  
personal judgm ent of the operator.

P h o t o e l e c t r i c .  An excellent appara tu s of th is  type  
is described by  Jones and Talley (4). Photoelectric m ethods 
are inconveniently com plicated when the sam ple is itself 
opaque, as is often th e  case w ith  rubber cem ents.

E l e c t r o m a g n e t i c .  Consideration was given to  a m ethod 
of electrom agnetically detecting  th e  presence of a  steel 
ball a t  a  point in  th e  liquid L aboratory  experim ents, 
no t described herein, showed th a t the m ethod was im prac­
tical.

C o n t a c t s .  If th e  viscous liquid is an  electrical insulator 
(as is nearly  always th e  case w ith rubber cem ent), and  a 
m etallic sphere is used, th e  tim ing of th e  fall of th e  sphere 
m ay be accomplished by allowing i t  to  come in to  contact 
w ith a  pa ir of m utually  insulated electrodes a t  the upper end 
of th e  column of liquid, and in to  con tac t w ith  ano ther pair 
of electrodes a t  th e  lower end. T he short-circuiting of th e  
electrodes by th e  sphere m ay be  utilized to  operate  some 
external tim ing device. T his appara tus is very  m uch simpler 
th an  an y  of th e  others considered and, in  addition, can be 
more ruggedly constructed. F or these reasons i t  was de­
cided to  develop th is type of autom atic in strum en t. The 
m ethod is no t new. Robinson (9), in  1929, pa ten ted  a 
•viscometer for non transparen t liquids. T he p a te n t de­
scribes a  falling-sphere m ethod in  which th e  arrival of the  
sphere a t  the  bottom  cf th e  column of liquid is indicated 
by  an  electric light, th e  circuit to  which is closed by connec­
tions operated by  th e  sphere. T he p a ten t does n o t cover 
autom atic timing.

D e v e l o p m e n t  o f  A p p a r a t u s

G reat difficulty was experienced in  obtaining a type of 
electrode th a t  would m ake a definite electrical con tac t w ith a

h a r d e n e d  s t e e l  b a l l  w h e n  
b o th  w ere im m ersed in rubber 
cem ent. S teel balls were chosen 
f o r  t h e  r e a s o n s  l i s t e d  b y  
S h e p p a r d  (10), and  G ibson 
and  Jacobs (2). O b v i o u s l y  
t he  c o n t a c t  a r e a  b e t w e e n  a 
sm ooth, hardened  sphere and  a 
m etal electrode is very  sm all, 
and  consequently  of high resist­
ance. T he difficulty w as en­
hanced b y  th e  fac t th a t  th e  steel 

balls did no t alw ays fall vertically  in  v ery  viscous cem ents 
and, therefore, som etim es alighted  on only one electrode. 
In  some instances th e  ball took  as long a  period of tim e to  
“ se ttle” on th e  second electrode a fte r m aking con tac t w ith 
th e  first, as i t  took to  fall th rough  th e  en tire  colum n of cem ent 
to  th e  first electrode.

Several unsuccessful types of electrodes were tried  before 
i t  was decided th a t , in  order to  a tta in  absolu te re liab ility  of 
operation , i t  w ould be necessary to  guide th e  ball along a 
definite p a th  tow ards a  p a ir of definite po in ts on th e  two 
electrodes. I t  was realized th a t  if th e  fall of th e  ball was 
restric ted  or constrained b y  guides i t  would be im possible to  
express th e  velocity  of th e  ball by  S tokes’ law , and  th a t 
L adenburg’s correction factor for wall effect w ould n o t apply. 
For rou tine factory-contro l use, how ever, i t  w as considered 
m ore im portan t for th e  au tom atic  in s tru m en t to  be  reliable 
in  operation , th a n  for th e  velocity  of th e  ball to  be expressible 
according to  a  know n law .

A p p a r a t u s  a n d  M e t h o d  o f  U s e

T he ap p ara tu s  finally  adopted  m ay  be described briefly 
as an  inclined guide im m ersed in  th e  liquid to  be tested . 
T he ball is released from  an electrom agnetic m em ber im ­
m ersed a  short d istance beneath  th e  surface of th e  sam ple, 
and a t  th e  sam e in s tan t an  electric clock is au tom atically  
s ta rted . T he  ball m oves dow n th e  guide for a fixed distance 
in th e  liquid  u n til i t  comes in to  con tac t w ith  a  sharp-edged 
electrode (the guide itself being th e  o ther elec trode). W hen 
th e  ball strikes th e  lower electrode, th e  electric clock is au to ­
m atically  stopped, and  th e  reading of the  clock is a m easure 
of th e  viscosity  of th e  liqu id .

T he com plete appara tus, as b u ilt and  p u t in to  use in  th e  
factory , and  the  m ethod of operation , will be understood 
m ost easily by  reference to  th e  schem atic diagram  (F igure 1).

A glass o r m eta l tube, sealed a t  th e  lower end b y  any  su it­
able means, is filled w ith  abou t 350 cc. of th e  cem ent to  be 
tested . In to  th is  tu b e  of cem ent is inserted  a rigid steel 
guide, a  cross section of w hich is shown in  Figure 2, which is 
firm ly held in  a  clam p a t  an angle of 75° to  the  horizontal. 
In teg ra l w ith  th e  guide a t  its  upper end is an  iron-core electro­
m agnet to  w hich is a ttach ed  a  steel pole-piece. T he  electro­
m agnet and  pole-piece are electrically insulated  from  th e  
guide. A steel ball (9.525 mm ., 0.375 inch, diam eter) is 
allowed to  fall in to  th e  liquid th rough  a  hole (11.1 m m ., 0.44 
inch, diam eter) in th e  steel pole-piece. T he  ball rolls in to  
the  s ta rtin g  position (1), a t  th e  tip  of th e  pole-piece, ab o u t 
25 mm . (1 inch) beneath  th e  surface of th e  ru b b er cem ent, 
and is held th ere  b y  th e  a lte rna ting  m agnetic flux passing

A n  autom atic , m od ified  fa llin g -sp h ere  typ e  o f  
viscometer fo r  very vvscous liq u id s has been de­
veloped a n d  p u t  into prac tica l use as a  fa c to ry -  
control in s trum en t. T he  in s tru m en t is show n  
to give reproducible results fo r  rubber cem ents a n d  
fo r  pe tro leum  products. I n  add ition , it is dem on­
strated  that viscosities ob tained on  th is in s tru ­
m en t are nearly  p roportiona l to absolute v is ­
cosities over a  very w ide  range.
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F i g u r e  1 . S c h e m a t i c  D i a g r a m  o f  A p p a r a t u s

betw een the pole-piece and the steel guide. T his m agnetic 
flux is induced by  th e  electrom agnet which is excited by  
alte rna ting  cu rren t from  th e  110-volt line.

T he pole-piece is grooved on its  inner surface, so th a t the 
ball is alw ays guided to  th e  sam e relative position between 
the pole-piece and  th e  guide. T he inner surface of th e  tip  
of th e  pole-piece is of sem icircular cross section, so th a t  
th e  ball is alw ays held in  th e  sam e la tera l position relative to 
th e  pole-piece and th e  guide. T he level of th e  ball (a t posi­
tion  1) is determ ined  b y  th e  location of th e  g reatest flux den­
sity  betw een th e  pole-piece and  th e  guide. T his position 
does n o t vary  b y  an  am oun t sufficient to  be detected, e ither 
by  observation or by  its  effect on th e  results obtained.

W hen held in th is  position, th e  ball is in  electrical contact 
w ith bo th  th e  pole-piece and  th e  guide, and  forms p a rt of the 
circu it betw een th e  anode and  th e  grid of a  glow-discharge 
tube. [For a  com plete theoretical and  practical discussion 
of th is  tube, know n com m ercially as a G rid Glow tube, type  
DKU-618, th e  reader is referred to  articles by  Knowles and 
Sashoff (6“) and Knowles (5).] W hen connected as shown 
in F igure 1, th e  anode-cathode circuit is nonconducting if the  
combined resistance of th e  parallel p a th s  betw een the guide 
and  th e  foot and the  guide and  th e  pole-piece is m ore th an  8 
megohms. T h is condition obtains when th e  surrounding 
m edium  is an  ord inary  com m ercial rubber cem ent, o r a 
petroleum  lubricating  oil. W hen e ither of th e  two parallel 
pa ths referred to  above has a  resistance less th an  8 megohms, 
as w hen th e  steel ball connects th e  guide and  th e  pole-piece, 
th e  tube  is in  a  s ta te  of discharge— th a t  is, th e  anode-cathode 
circu it will pass a  uni-directional, pulsating  cu rren t (15m illi- 
am peres m axim um  average). T his cu rren t m ay  be used to

energize a relay . T he cu rren t passing through 
th e  grid-anode circuit is a t  all tim es very  sm all, 
th e  high lim iting resistance (1 megohm ) alw ays 
being in th e  circuit, so th a t  the  m aking and  
breaking of th e  grid-anode circuit by  th e  sphere 
is accom panied by  the m inim um  of sparking.

R eferring again to  F igure 1, i t  will be seen 
th a t  when th e  ball is in position 1, touching 
both the guide and the pole-piece, the  G rid Glow 
tu b e  is in a s ta te  of discharge, th e  re lay  coil is 
energized and  the Telechron clock is p revented  
from starting . T he clock sw itch, which previ­
ously has been open, is now closed. T he steel 
sphere is now ready  to  be released fo r a vis­
cosity determ ination . T he resistance of th e  
rheosta t is increased un til th e  cu rren t passing 
through th e  electrom agnet is sufficiently low to  
allow the  ball to  fall aw ay from  th e  pole-piece 
under th e  action of g rav ity . A t th e  in s tan t 
th e  contac t betw een th e  ball and  th e  pole-piece 
is broken, the  resistance of th e  grid-anode cir­
cu it is increased by  several m egohm s and  th e  
anode-cathode circuit becomes nonconducting. 
T he relay  is th u s deenergized, and  allows th e  
clock con tac t to  close. T he 110-volt c ircuit is 
th u s com pleted to  th e  Telechron clock, which, 
being a  self-starting  synchronous m otor, com­
mences to  tim e th e  fall of th e  steel ball. T he 
breaking of th e  con tac t betw een th e  steel ball 
and the  pole-piece, and the  sta rtin g  of the  clock 
occur practically  sim ultaneously. T he steel 
ball now moves down the guide (position 2). 
T his guide (Figure 2) is inclined a t  an angle 
of 75° from  th e  horizontal. T h is particu lar 
angle was chosen because i t  is large enough to  
be qu ite  positive in  its  guiding effect upon the 
ball. T he surfaces of th e  steel guide, down which 
th e  ball moves, are highly polished, so th a t  th e  

velocity  of the -ball will be m ainly  dependent upon th e  con­
sistency of th e  ru bber cem ent being tested .

T he distance along th e  guide from th e  pole-piece to  the 
foot is approxim ately 305 m m . (12 inches). T h is distance 
was chosen for practical reasons. I t  was found to  be long 
enough to  give a  su itable spread in resu lts w hen used w ith a

F i g u r e  2 .  C r o s s  S e c t i o n  t h r o u g h  
S t e e l  G u i d e  a n d  S p h e r e

ball of 9.525 m m . (0.375 inch) d iam eter, w hich is a  con­
ven ien t size to  handle. T he steel foot is rigidly connected 
to , b u t electrically  in su lated  from, th e  guide. T he  foot is 
electrically  connected to  th e  pole-piece b y  m eans of an  in­
su lated  w ire laid  in  a groove in  th e  side of th e  guide. T he 
•wire insulation is im pregnated  w ith B akelite  varnish , and
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F ig u r e  3. A pp a r a t u s  R eady f o r  U s e

th e  whole is baked solidly in  th e  groove. A t th e  in s tan t the 
ball touches th e  foot (position 3) electrical con tac t is made, 
and since th e  ball is already  touching th e  guide, th e  resist­
ance of th e  grid-anode circuit is again decreased to  a value 
less th an  8 megohms. T he resulting anode-cathode current, 
or glow discharge, energizes th e  relay, which th en  opens the 
110-volt line to  the Telechron clock. A t th e  sam e in s tan t 
as th e  110-volt a lte rnating  cu rren t line is opened, th e  22.5- 
v o lt d irect curren t line to  th e  Telechron clock is closed, so 
th a t th e  clock is in stan tly  stopped. W ithou t th is im pressed 
d irect cu rren t voltage, th e  hand of th e  clock would ru n  for 
approxim ately half a  second a fter th e  cu rren t was tu rned  off, 
on account of the m om entum  of th e  m oving p arts . The 
reading of th e  clock in seconds is recorded as a  m easure of the  
consistency of th e  cem ent. T o m ake a  check run  using the 
same sam ple of cem ent, i t  is necessary only to  allow th e  ball 
to  fall off th e  foot (by tipp ing  th e  guide sideways), and  to  
proceed as before, using ano ther ball. In  order to  determ ine 
th e  consistency of ano ther sam ple of cem ent, i t  is necessary 
to  clean bo th  the  tube  and  the guide. A fter th e  guide is 
rem oved from  th e  tube , th e  cem ent adhering to  th e  slide is 
allowed to  d ry  un til i t  can be peeled off, or else i t  is washed 
off w ith solvent before drying. T he tube  holding th e  cem ent 
m ust also be cleaned in  a  sim ilar m anner before i t  is again 
filled w ith a fresh sam ple of cem ent. In  factory-control work 
it is advantageous to  have several guide assemblies and 
tubes on hand , so th a t  th e  cleaning of these p a rts  will no t 
re ta rd  th e  routine testing .

T a b l e  I .  R e p r o d u c ib il it y  o f  R e s u l t s  U sin g  P e t r o l e u m  
P ro du cts

N u m b e r of d e te rm in a tio n s  
A verage tim e , seconds 
M ean  d ev ia tio n , seconds 
M ean  d ev ia tio n , p e r  ce n t 
M ax im um  d ev ia tio n , seconds 
M ax im um  d ev ia tio n , p e r ce n t 
T e m p e ra tu re  of oil, 0 C .

Figures 3 and 4 are photographs of th e  actua l appara tus. 
F o r convenience in  operation, th e  appara tu s is divided into 
tw o parts; on th e  r igh t is shown th e  wooden stand  supporting 
the  clam p, guide, and cem ent tube. In  th e  cabinet a t  the 
left is th e  auxiliary electrical appara tus including th e  Tele­
chron clock, relay, and G rid  Glow tube. In  the top  of th e  
cabinet m ay  be seen a  sm all window. Im m ediately  beneath 
th is window is th e  glow-discharge tu b e  (Figure 4). T his 
window is furnished to  enable the operator to  see a t  a  glance

P e t r o l e u m  O i l  U s e d
M edium - 600 W A sp h a ltic  bai

h ea v y cy lin d er p e tro leu m
m o to r  oil oil res id u e

15 7 3
2 .5 5 .9 1 1 1 0
0 .0 3 0 .1 6 1 2
1 .3 2 .7 1 .0 8
0 . 2 0 .3 17
S.O 5 .1 1 .5

27 3 1 .5 3 1 .5

th e  condition of th e  G rid Glow tube, and  from  i t  the position 
of th e  steel ball. W hen th e  opera to r drops th e  steel ball 
th rough  th e  hole in  th e  pole-piece in to  a  viscous opaque ce­
m en t he cannot determ ine v isually  w hen th e  ball is in place 
a t  th e  tip  of th e  pole-piece. H owever, before th e  ball is in 
place th e  grid-anode circuit is “ open,” and hence th e  Grid 
Glow tu b e  is nonconducting and  glows only feebly. As 
soon as th e  ball comes in  contac t w ith  th e  steel guide and  th e  
tip  of th e  pole-piece, th e  grid-anode circu it is “ closed,”  th e  
G rid  Glow tu b e  becomes conductive, and a  b righ t red  glow dis­
charge m ay  be seen in  th e  tube . T hus th e  operator is in­
form ed im m ediately th a t  th e  ball is in  place and  ready  for a 
run.

R e p r o d u c i b i l i t y  o f  R e s u l t s

As a  rapid  m eans of determ ining w hether o r no t the  au to ­
m atic  viscom eter gives reproducible results, th e  in strum en t 
was used for determ ining th e  viscosity of th ree petroleum  
products. E ach  experim ent consisted of running consecu­
tively  several steel balls th rough  th e  sam e tu b e  of oil. T he  
consecutive runs were m ade as rap id ly  as possible, so th a t  
th e  tem pera tu re  of th e  sam ple, which w as no t artificially 
controlled, would no t v a ry  appreciably. T he results, sum ­
m arized in T able I, show th a t  the  in s trum en t is reliable and 
accurate.

Considering th e  fac t th a t  th e  in s trum en t was designed for 
th e  m easurem ent of th e  consistencies of production rubber 
cem ents, w hich have high viscosities (20 to  500 seconds on th e  
au tom atic  viscom eter), i t  is w orthy of no te  th a t it  gives ex­
ceptionally reproducible resu lts for viscosities as low as 2.5 
seconds, as is shown by  th e  d a ta  for the  m edium -heavy m otor
oil.

As a  fu rth er and  m ore appropria te  check on th e  ab ility  of 
th e  in s trum en t to  give reproducible results, th ree  ru bber 
cem ents having a  wide range of consistencies were tested[in  
th e  au tom atic  instrum ent. One 5-gallon sam ple of each 
cem ent was tak en  from  a large factory  batch . F rom  each 5- 
gallon sam ple th e  viscom eter tube  was filled several tim es, 
and  only one te s t was m ade on each tube  of cem ent. T he

F ig u r e  4. A pp a r a t u s

C o v er of ca b in e t rem oved , cem en t tu b e  rem o v ed  to  show  s tee l gu ide  
a n d  s tee l b a ll a t  t ip  of pole-p iece .
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19 6 5
26 6 4 .2 291

0 .7 1 .15 19
2 .7 1 . 8 6 .5
2 . 0 2 . 8 34
7 .7 4 .3 5 1 1 .7

2 8 .5 2 6 .5 30

te s ts  were m ade a t  room tem peratures. T he 5-gallon con­
ta iners  were k ep t tigh tly  sealed during th e  in tervals between 
th e  w ithdraw al of consecutive samples, so th a t there  would be 
no unnecessary loss of solvent by evaporation. In  order to 
dem onstrate  th a t  the  accuracy of the  resu lts obtained on 
th is in s trum en t does no t depend upon the skill of th e  operator, 
the tes ts  on cem ent K  were run by two operators.

T a b l e  I I .  R e p r o d u c i b i l i t y  o f  R e s u l t s  U s i n g  R u b b e r  
C e m e n t s

C e m e n t  K ° C e m e n t  L& C e m e n t  M c

N u m b er of d e te rm in a tio n s  
A v erage  tim e , seconds 
M ean  deviation» seconds 
M ean  d ev ia tio n , p e r  cen t 
M ax im u m  d ev ia tio n , seconds 
M ax im u m  d ev ia tio n , pe r ce n t 
A verage  te m p e ra tu re , ° C.

a 5 %  m illed  sm oked  sh ee t, gaso line, iron  oxide, zinc oxide.
8 % f i rs t  la tex  crepe  in  gasoline. 

c 1 0 %  fir6t la te x  crepe  in  gasoline.

T he resu lts shown in T able I I  a!re indicative of the reliability  
of th e  in strum en t in  giving reproducible m easurem ents of the 
consistency of rubber cem ents. T he maxim um  deviation 
show n is believed to  be w ithin th e  lim its of variability  of the 
consistency of a rubber cem ent occasioned by evaporation 
of solvent, change of tem perature, and nonhomogeneity.

A considerable am ount of tim e (5 to  10 m inutes) is required 
fo r em ptying, cleaning, and refilling th e  apparatus w ith a 
fresh sam ple for th e  purpose of m aking a  check determ ination. 
H ence an  experim ent was run  to  ascertain  w hether or no t it 
w ould be possible to  m ake check determ inations by  running 
consecutive steel balls in th e  same tube  of rubber cem ent. 
F o r th is experim ent, eight different rubber cements were 
chosen, covering a wide range of consistencies. Several 
steel balls were run  through th e  sam e tube  of each of the eight 
cem ents. T he balls for the  consecutive tests were each 
loaded in to  th e  in strum en t as rapidly  as possible a fter the 
preceding ball had  been rem oved from the  foot, so th a t  the 
consistency of th e  rubber cement in the tube would have very 
li t t le  chance to  change, betw een runs, by  evaporation of the 
solvent.

T he results obtained in th is experim ent are shown graphi­
cally in  Figure 5. T hree of the rubber cements gave reason­
ab ly  constan t values of consistency as succeeding balls were 
used. T he o ther five cements, however, yielded rem arkably 
variab le  results, th e  general tendency being for th e  ap ­
paren t consistency to  increase steadily  up  to  some maximum, 
th e n  to  decrease suddenly, only to  increase again to  some 
still h igher m axim um  consistency as succeeding balls were 
allowed to  fall through the  cem ent. I t  will be noticed th a t 
th e  th ree  rubber cem ents of low consistency gave constant 
resu lts and  th a t  the  five of higher consistency gave variable 
results . N o investigation w as carried o u t for the purpose of 
determ ining th e  cause of th e  increase in  consistency. I t  is 
though t, however, th a t  th e  increase is evidence of a  grain 
effect in  the  ru bber cem ent b rought about b y  th e  mechanical 
working of th e  cem ent b y  th e  successive steel balls as they 
fall along th e  same pa th . Obviously, i t  is impossible, w ith 
cem ents showing th is effect, to  obtain  check results by  using 
successive balls in the sam e tube  of rubber cem ent.

R e l a t i o n s h i p  b e t w e e n  A u t o m a t i c  V i s c o m e t e r  
S e c o n d s  a n d  A b s o l u t e  V i s c o s i t i e s

Some question arose as to  w hether th e  au tom atic  instru ­
m en t would yield values of rela tive viscosity which are pro­
portional to  absolute viscosities. To se ttle  th is debatable 
point, th ree  tru e  liquids, having a wide range of viscosities, 
were chosen for te s t. These were run  both  in a  viscom eter of 
th e  usual falling-ball type, and in th e  au tom atic  instrum ent. 
T he th ree liquids chosen were castor oil, corn sirup, and

S  a l l . M /m be/z.

F i g u r e  5 .  E f f e c t  o f  R e p e a t e d  T e s t s  o n  A p p a r e n t  
C o n s i s t e n c y  o f  S a m e  S a m p l e s  o f  R u b b e r  C e m e n t

A. 8  p e r ce n t firs t la tex  crepe  in  gasoline 
B , C , E . 7 p e r  c e n t firs t la tex  crepe  in  gasoline

D . 10 p e r c e n t firs t la te x  crep e  in  gaso line
F . 5 p e r  ce n t m illed  sm o k ed  s h e e t in  g aso line ; iro n  oxide, zinc 

oxide
Q . 5 per ce n t m illed sm oked  s h e e ' in  benzene an d  gaso line
H . 4 p e r  ce n t m illed  sm o k ed  sh ee t in  benzene a n d  gaso line 

T h e  seven  b a tc h e s  of ru b b e r  used  in  th e se  ce m en ts  w ere n o t 
necessarily  m illed fo r th e  sam e le n g th  of tim e .

Venice tu rpen tine . All th e  m easurem ents in th is  experim ent 
were m ade a t  room  tem peratures, 24° to  25.5° C . T he abso­
lu te  viscosity of th e  castor oil was determ ined as 7.15 poises, 
by  calculation from  th e  Saybolt viscosity  and  th e  specific 
g rav ity , using th e  form ula given by  H erschel (3).

T he sam e sam ple of castor oil was th en  used as a calibrating  
liquid for th e  usual type  of falling-ball viscom eter— th a t  is, 
th e  castor oil was used for th e  purpose of ob tain ing  the in s tru ­
m en t constan t, K \  in  th e  form ula:

v — K i (di di) h 
where ij =  absolute viscosity in poises

X , -
91

dx
dt
h
r
p
I

(i + 2A p) 0 + 3 ‘3 0

a )

(2)

density of falling sphere 
density of the liquid
time of fall in seconds in falling-ball viscometer 
radius of the sphere in cm. 
radius of the cylinder in cm.
distance in cm. through which the sphere falls verti­

cally in the liquid 
h =  height of the liquid in cm.

T he value of is a  constan t for constan t values of t,  
p, I, and h. I t  is, of course, m erely a  convenient grouping 
of various constan ts of Stokes’ law  and  L adenburg’s correc­
tion form ula (7) . T he  value of K x for th e  particu lar falling- 
ball viscom eter used was 0.455. S ubstitu ting  th is  in E quation  
1, and  using th e  values of ti and d2 obtained  for th e  sam ples of 
corn sirup and  Venice tu rpen tine , th e  absolute viscosities of 
these tw o liquids were found to  be 19.9 poises and 1450 poises, 
respectively.
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T he th ree liquids were then  run  in  th e  autom atic in s tru ­
m ent. Here, again, th e  castor oil was used as a calibrating 
liquid, and  from the tim e in  seconds obtained, and the  
specific gravities of the steel ball and castor oil, an in strum ent 
constant K »was calculated thus:

Then

K t =

K , =

(di di) <2 
7.15

(3)

(7.79 -  0.958) 4.72
=  0.222

I t  is understood, of course, th a t  K i  is no t the same function 
of r, p, I, and h as is K \, for it is impossible to  apply Laden- 
burg’s corrections to  th e  au tom atic  instrum en t. T he value 
of 0.222 obtained for K? in  E quation  3 was substitu ted  in the 
formula

ifj (di — d-t) <2 (4)

C a s t o r C o r n V e n i c e
O il S i r u p T u r p e n t i n e

4 . 7 ° 15.6& 1 1 3 5 e

7 .1 5 2 2 .2 1710

7 .1 5 1 9 .9 1 45 0
1 1 .1 1 5 1 .1 8 0

for the determ ination of th e  absolute viscosities of the samples 
of corn sirup and Venice tu rpen tine . In  4 th e  value of U 
is th e  tim e obtained on th e  au tom atic  in strum en t. The 
sum m arized results are shown in T able I I I .

T a b l e  III . C o m p a r i s o n  o p  A b s o l u t e  V i s c o s i t i e s  O b t a i n e d  
o n  F a l l i n g - B a l l  V i s c o m e t e r  a n d  A u t o m a t i c  V i s c o m e t e r

1 A u to m a tic  viBcom eter, seconds
2 A bso lu te  v iscosities  ca lcu la ted  from

a u to m a tic  v isco m ete r tim es , poises
3 A bso lu te  v iscosities  o b ta in ed  from

falling -ball v isco m ete r, poises
4 R a tio  be tw een  2  a n d  3
° M ean  of 9  d e te rm in a tio n s .
6 M ean  of 5  d e te rm in a tio n s . 
c M ean  of 3  d e te rm in a tio n s .

T he results in  T able I I I  show th a t  over a wide range of 
viscosities th e  autom atic viscom eter gives values of relative 
viscosity which, when corrected for the  specific g rav ity  of the 
liquid, are nearly  proportional to  absolute viscosity. T he 
18 per cent error in the absolute viscosity of Venice tu rpen tine  
and th e  11.5 per cent error in the viscosity of corn sirup 
are no greater th an  should be expected w hen i t  is considered 
th a t E quation  3 applies stric tly  to  only true  falling-sphere 
viscometers, in  which r  is small w ith  respect to  p, and does 
not apply  to  th e  m ore com plicated case of a ball rolling down 
an  inclined V-shaped guide, as was assumed in E quations 3 
and 4.

T e m p e r a t u r e  C o r r e c t i o n s

F or factory-control work, w here rap id ity  in  obtaining re­
sults is an im portan t factor in th e  use of an y  instrum ent, 
i t  is n o t practical to  m easure th e  consistency of a  rubber 
cem ent a t  a  standard  tem perature, because of th e  difficulty of 
bringing the  cem ent to  th a t standard  tem peratu re  w ith in  a 
reasonable tim e. F or th is reason, th e  autom atic viscometer, 
instead of being equipped w ith an  elaborate tem perature  
control, was furnished to  th e  factory  operators w ith a  tem ­
perature-correction tab le  applicable to  rubber cem ents of 
all consistencies actually  m e t w ith in practice, and covering a 
range of tem peratures g reater th an  th a t norm ally encountered 
in th e  cement-house.

C o n c l u s i o n

T he autom atic viscom eter described in  th is paper is a 
simple, rugged instrum en t suitable for factory-control work 
w here reliability  of operation is of prim e im portance. I t  is 
no t claimed th a t  th e  in strum en t will give results w ith as high 
a degree of accuracy as certain  o ther autom atic viscometers, 
such as th e  one described by  Jones and T alley  (4), or as the 
m anually  operated Saybolt, Ostwald, or stra igh t falling-sphere 
viscometers provided w ith therm ostatically  controlled con­

stan t-tem pera tu re  baths. However, it  is b e tte r  su ited  than  
o ther viscom eters to  th e  au tom atic  m easurem ent of the  con­
sistency of very  viscous rubber cem ents, w hether they  are 
tran sp a ren t or opaque. T he instrum en t will yield results 
which are  w ith in  th e  lim its of variab ility  encountered in 
rubber cem ent itself, as th e  d a ta  in  T able  I I  show. I t  will 
yield resu lts quickly, actua l tim es in seconds on th e  in stru ­
m en t being approxim ately equ ivalen t to  poises when the  
specific g rav ity  of the  liquid is ab o u t 1 and  steel balls of 9.525 
m m . (0.375 inch) d iam eter are used. T he in s trum en t re­
quires only a sm all am oun t (350 cc.) of cem ent for one de te r­
m ination, and  its  operation requires no g reater skill th an  the  
ab ility  to  tu rn  th ree  sw itches in  correct sequence. T he par­
ticu lar app ara tu s shown in F igures 3 and  4 lias been used by  
factory  operators over a period of 6 m onths a t  th e  tim e of 
w riting.
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Gleaning Platinum  Wire for Flame 
Tests

W e s l e y  G. L e ig h t o n  

Pom ona College, Clarem ont, Calif.

TH E  usefulness of potassium  acid sulfate for rem oving 
persisten t deposits from  a p latinum  te s t wire seems to  

have been overlooked in textbooks on qualita tive  analysis, 
in spite of the  fac t th a t  th is very  effective flux is comm only 
recom m ended for cleaning p la tinum  vessels. In  th e  hands 
of a  stu d en t in qualita tive analysis a  p la tinum  w ire oc­
casionally acquires a  deposit which volatilizes sufficiently 
to  contam inate flame tests, b u t which is rem oved w ith 
difficulty by  hydrochloric acid and h ea t. In  such cases i t  is 
m ore effective to  use potassium  acid sulfate. A coating of 
potassium  acid sulfate is picked up  by  draw ing th e  ho t 
wire across a piece of th e  solid salt. On passing th e  wire 
slowly th rough  a flame, th e  bead of potassium  pyrosulfate 
which forms travels along th e  wire, dissolving th e  con­
tam ina ting  deposits. W hen cool, th e  bead is readily  dis­
lodged. A ny sm all residue of pyrosulfate dissolves a t  once 
in  w ater, while th e  las t traces are usually  rem oved by  a 
single m oistening w ith concentrated  hydrochloric acid, 
followed by  heating. T he clean, b righ t p la tinum  resulting 
im parts no color to  the flame.
R e c e i v e d  O cto b e r 14, 1933.
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T h is  monograph is planned for the use of the research chemist and the pharmacologist as a guide 
through the literature of the quinoline derivatives. These include such outstanding compounds as Quinine, 
the Hydrocupreines, the Acridine Dyes, Plasmoquine, Cinchophen and Yatren (Chiniofon). Starting with 
quinoline, the nucleus common to all these compounds, the derivatives prepared by the introduction of 
certain groups are discussed, and the available pharmacological data of each new compound are collected. 
Among the great number of quinoline derivatives synthesized, only such compounds, however, are discussed 
which have been studied pharmacologically, or which are of clinical interest.

Therapeutic Agents of

T he Q u in o lin e  G roup
The Relation between their Chemical 

W . F. Von O ettingen, M .D ., Ph.D  Constitution and Pharmacologic Action

A.C.S. MONOGRAPH No. 64

CONTENTS
Introduction 
Quinoline
Alkyl and Aryl Substituted Quinolines

Hydroxyl Derivatives of Quinoline (a) Quinosol
(6) Yatren

Hydrogenation Products of Quinoline (a) Thalline
Quaternary Bases of Quinoline (a) Kairine
Quinoline Carboxylic Acids (a) Cinchophen (6) Nuper- 

caine
Aminoquinoline Derivatives (a) Plasmoquine
Quinine Group (a) Cinchonine, (i>) Cupreine, 

(c) Quinine, (d) Quinidine, (e) Alkylcupreines, 
(0  Substitution in the Quinine Ring, ( g)  Changes of 
the Vinyl Group, ( h)  Changes of the Secondary 
Alcohol Group, (0  Changes of the Quinucleidine 
Ring, (k) Quinine-esters

Hydrocupreines, (a)Optoquine, (6) Isoamylhydrocupreine 
(Eucupine), (c) Isooctylhydrocupreine (Vuzine)

Quinoline Dyes

Acridine Dyes (a) Acriflavine ( b) Rivanol .
Phosphines Author Index
Bibliography Subject Index

12 Chapters, 18 Tables and 10 Charts 
304 Pages Price $6.00

Other Interesting Monographs

Falk— Chemistry of Enzyme Actions...........$3.75

Sherman and Smith— Vitamins.................... $6.00

Raiziss and Gavron— Organic Arsenical 
Compounds..............................................$6.75

Wells— Chemical Aspects of Immunity... .$4.50

Henderson and Haggard— Noxious Gases. $3.50

Kendall— Thyroxine....................................$4.25

Mitchell and Hamilton— Biochemistry of
the Amino Acids......................................$7.25

Chittenden— Development of Physiological 
Chemistry in the United States.................$4.50

Levene and Bass— Nucleic Acids...............$4.50

Jamieson— Vegetable Fats and O ils ...........$6.50

Laurens— Physiological Effects of Radiant 
Energy......................................................$6.00

THE CHEMICAL CATALOG COMPANY, INC.
330 West 42nd Street New York, U. S. A
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TEST ASPHALTIC PAVING MIXTURES W ITH THE

DULIN ROTAREX SEPARATOR
Thoroughly separates Bitumen from Aggregates 
in Asphaltic Paving Mixtures within 10 minutes.

A  vitally important test quickly and accurately made
Adapted to Bitulithic, Macadam and ordinary surface mixtures.

I t  is the m ost efficient m eans y et devised for an engineer to 
determine how closely his specifications are being followed as to 
bitum en content and the character and relative proportions of 
the aggregates in the asphaltic mixture.

The test consists o f weighing the sam ple, then heating it slightly  
in a separate container to start it crumbling. A fter cooling, it is 
placed in the bowl o f  the Rotarex and the solvent added.

The centrifugal action forces all the liquid through the filter paper gasket at the periphery o f  the 
bowl, effectively drying the samples. Comparing the w eight o f  the aggregates w ith the original 
weight o f the sample determ ines the percentage content.

No. 11160. Dulin Rotarex, Motor Driven 110 volt, capacity 100 grams ea. $ 95.00 
No. 11170. Dulin Rotarex, Motor Driven 110 volt, capacity 1000 grams ea. 175.00

Hand operated models also available.
Prices f .  o. b. factory Los Angeles

BRAUN CORPORATION, L os A n g e le s , C a lifo rn ia

J *Ty picul A nalysis of Distillate 
P a r t s  p e r  100,000

T o ta l Solids 
V olatile  Solids 
Ino rg an ic  Solids 
N itro g en  as 

F ree  A m m onia 
A lbum inoid  A m m onia 
N itra te s  
N itr i te s  

Chlorine
D issolved  Oxygen 
F ree  C arbon  D ioxide 
p H  V alue a t  20° C.
T o ta l B ac te ria  p e r cc. n<

* Made and certified by 
Arthur D. Little, Inc.

The N E W  S T O K E S  W a t e r  S t i l l
produces an exceptional distillate— see typical 
analysis above— at low cost.

Features
which safeguard purity of distillate and increase con­
venience of operation.

P y rex  G lass C over— m akes o p e ra tio n  v isib le an d  
c lean ing  easy.

T rip le  V apo r Baffle— p rev en ts  en tra in m en t.
Solid  B lock-tin  C ondenser T u b e— n o t m erely  

b lock -tin  lined.
G as E lim in a to r—"H ot W ell— w here te m p e ra tu re , 

p rac tica lly  _ boiling, releases d isso lved  gases 
before d is tilla tion .

D eco n ce n tra to r— reduces foam ing a n d  scaling  
tendenc ie s; v ita l in  h a rd  w a te r d is tr ic ts .

F u se -P ro tec ted  H ea tin g  U n it— in  e lectric  m odels.
C ap a c ity — O ne G allon  p e r  H our.
S tea m -, G as- a n d  E lec trica lly -h ea ted . W all- 

b ra c k e t a n d  F lo o r-s tan d  types.

FJStdkes machine co.
Process Equipm ent Since 189S 

5944 Tabor Road Olney P. O. Philadelphia, Pa.

COORS
U.S.A.

CHEMICAL 
AND SCIENTIFIC 

PORCELAIN 

Coors P orcelain Co.
G O LDEN, COLORADO
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Hexamethylenetetramine
For Ammonium Sulfide Group Separations

 ̂J .H E tri'valen t ions of aluminum, sodium peroxide solutions. A fter 
chromium, and iron are effectively precipitation of the trivalen t ions, 
separated from the  divalent ions the metals are detected by cus- 
of the ammonium sulfide group by tom ary methods, 
the use of hexam ethylenetetra- E astm an H exam ethylenetetra­
mine. This procedure, described mine is a  purified compound en- 
by Lehrman, K abat, and Weis- tirely satisfactory for this proce- 
berg, J. A.C. S. 5 5 ,3509-11 (1933), dure. D etails of its use will be 
avoids the errors commonly en- furnished upon request. Eastm an 
countered due to  the solubility of Kodak Company, Chemical Sales 
glass in sodium hydroxide and Division, Rochester, New York.

W  EASTMAN ORGANIC CHEMICALS

D A I G G E R
KJELDAHL FLASK CARRIER

A Portable Rack fo r  K jeldahl Flasks

TH IS  conven ient Cadm ium  plated carrier has been  
devised  to  elim inate th e cum bersom e handling of 
th e round bottom  K jeldahl F lasks in th e labora­
tory . I t  is provided w ith  a handle so th a t the  

flask m ay be carried from place to  place as the operations  
require.

T h e D aigger K jeldahl F lask  Carrier is m ade to  hold six 
K jeldahl F lasks o f  an y  o f  th e three standard sizes.

P ric e  $ 3 .0 0  each
w ith o u t F lasks

A . D A I G G E R  & C O M P A N Y
E sta b lish ed  1894

K IN Z IE  & W E L L S  S T R E E T S , C h ica g o

LABORATORY SUPPLIES and CHEMICALS
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NO. 65
T R O E M N E R  A N A L Y T I C A L  

B A L A N C E

T R O E M N E R  ANALYTICAL BA LA NCE N o. 65. A balance  de- 
signed  p a r tic u la r ly  to  m eet th e  req u irem en ts  of in d u s tr ia l chem ists  
w hich , by  i ts  rig id  a n d  ro b u s t c o n s tru c tio n , has been  found  to  s ta n d  
th e  w ear and  te a r  in a w orks la b o ra to ry  in a  rem ark ab le  m anner. 
I n  th e  sale of o ver 3000 of these  balances, m ost of w hich a re  in  da ily  
use, we h ave  nev e r m e t w ith  a  single expression of d isap p ro v a l o r dis­
sa tis fa c tio n  on th e  p a r t  of th e  p u rch ase r o r u se r an d , in  m an y  instances, 
w e h ave  rece ived  co n tin u ed  re p e a t o rd ers  from  th e  sam e la b o ra to ry . 
S ensitiv ity— */*o m illigram  w ith  fu ll load , i.e ., a  change of w eigh t of 1 

m illigram  on th e  beam  deflects  th e  p o in te r  on th e  scale a t  le a s t 2 H  
d iv isions an d , w ith o u t load, a  change of w eight of 1 m illig ram  on th e  
beam  show s a  deflection  of th e  p o in te r of a t  le as t 3 Yt d ivisions. 
T h is  is a  p rac tica l w ork ing  se n s itiv ity ; som e v a r ia tio n s  in th is  a d ­
ju s tm e n t  m ay  be effected in  th e  la b o ra to ry  b y  sh ifting  th e  slid ing  
w eight on  th e  p o in te r, th e reb y  a lte r in g  th e  ce n te r  of g ra v ity  of th e  
m oving  system .

C apacity— 200 g ram s in  each  pan .
C ase— Of F ren ch  polished m ahogany  w ith  cou n te rp o ised  fro n t door 

a n d  w ith  a  polished  b lack  p la te  g lass b ase  inside of th e  case. T h e  
base is  f itted  w ith  a  d raw er an d  w ith  fou r leveling screw s. O u ts ide  
d im ensions  17 inches w ide, 18}^ inches h igh , 8 % inches d eep ; in ­
side d im ensions 14% inches w ide, 12>£ inches h igh , 6 inches deep . 

C en tra l P illa r— O f lacquered  b rass , w ith  tw o  v ia l levels in  base. T hese 
a re  u n b reak a b le  an d  m uch su p e rio r to  th e  round  fo rm  of sp ir it 
level.

B ea m — Of a lu m in u m  alloy , 7 inches long, w ith  oxidized b la ck  finish. 
G rad u a te d  on  each  side  of th e  ce n tra l k n ife  edge from  0 to  5 mg 
in 1/io-mg div isions, th e  g rad u a tio n s  being  in w h ite  on b lack  b ac k ­
g round .

R id e r C a rrie r— Of sim ple an d  effective co n s tru c tio n , w hich  has p roved  
free from  a n y  possib ility  of de rangem en t.

K nife E d g e s  an d  P la n e s — Of ag a te  th ro u g h o u t.
R e lease  an d  A rre s t— T h e  beam  is s u p p o rted  by  a  th re e -p o in t rigid 

beam  a r re s t  th a t  h a s  a  fall-a  w ay  ac tio n  a n d  releases th e  beam  so 
th a t  th e  c o n ta c t a t  th e  ce n te r  kn ife  edge is co inc id en t w ith  th e  con ­
ta c t  a t  th e  end  kn ife edge, th e re b y  avo id ing  a ll ja r r in g  a n d  possible 
in ju ry  to  th e  knife edge b y  a  su d d en  shock.

P o in te r S cale— Ot ivo ry , recessed  so th a t  th e  end  of th e  p o in te r  m oves 
in th e  offset in  th e  sam e v e rtic a l p la n e  as  th e  d iv ision  on  th e  scale, 
th u s  avo id ing  e rro rs  of para llax .

P a n  A rre s t— Of th e  self-locking, a d ju s ta b le  p u s h -b u tto n  ty p e .
P a n s — Of po lished  G erm an  silver, 2^4 inches  d ia m e te r .
A rches— Of h a rd  d raw n  polished  G erm an  silve r w ire w ith  a  3 ?^ -inch 

sp read .
R id e rs — E ach  balan ce  is fu rn ished  w ith  tw o  5 -rag  riders.

C o d e
W o rd

1844. B alance , A naly tical, T ro e m n e r  N o. 65, as  above d e ­
scribed , w ith o u t w eigh ts  b u t  w ith  tw o  o-m g r id e rs

_ . • • • • * .................................    95.00 Aoeud
1842. D itto , T ro e m n er N o. 50, id e n tic a l w ith  ab o v e  b u t  

w ith o u t b lack  p la te  glass base a n d  w ith  g ra d u a ­
tio n s  on  one side only  of th e  b ea m ..................... .80.00 Aoehe

5 %  discount in lots of 6 )  Either singly or No.
10% discount i n  lots o f 12 > 1842 and 1844 as- -
1>% discount in lots o f 24 } sorted

A R T H U R  H. T H O M A S  CO.
RETAIL— W HOLESALE— EX PO R T

LABORATORY APPARATUS AND 
REAGENTS

W E ST  W A SH IN G TO N  SQU A RE

P H I L A D E L P H I A ,  P A . ,  U . S . A .
C ab le  A ddress: B A L A N C E , P h ilad e lp h ia

N E W  H - I O N  A P P A R A T U S
ALL ELECTRIC

A D V A N T A G E S
1. Measures pH from 0 to 14
2. Usable with most electrodes
3. Direct pH readings
4. No polarization
5. Used by unskilled operators
6. Long distance control
7. Operates relay for control
8. No time lag
9. Inexpensive ($50.00)

W rite  fo r  B u lle tin  P S H .fo r  co m p le te  de ta ils

T>AIQ^MYERSinc
A p p a ra tu s  fo r  In d u s tr ia l a n d  L abora to ry  use  

81 Reade St., New York, N.  Y.

CHEMICAL REFINING  OF
P E T R O L E U M

By V. A. Kalichevsky and B. A. Stagner 

A. C. S. M o n o g ra p h  No. 63
An authoritative book on a field w hich has long felt 

the lack of such a volum e. In  its  review

The Oil and Gas Journal com m ents:

“This book is a notabli contribution to the literature on 
modern refinery practice. I t  fills a very definite need in a 
manner which refinery executives, chemists and technolo­
gists will be quick to appreciate; the reliable information it 
contains will be found invaluable for use in every refinery''

C O N T E N T S
Treatment with Sulphuric Acid, Sulphuric Acid Sludge from 
Petroleum Refining, Treatment wilh Alkaline Reagents, 
Sweetening Operations and Elimination of Elementary 
Sulphur, Refining by Absorption, Use of Solvents in Refining, 
Reduction of Total Sulphur in Light Petroleum Distillates, 
Detonation and Antidetonants, Oxidation and Reduction 
Reactions, Inhibitors of Atmospheric Oxidation of Petroleum 
Products, Gums in Cracked Petroleum Products, Deteriora­
tion of Lubricating and Similar Oils, Miscellaneous Refining 
Process and Reagents, Supplementary List of Patents on 
Petroleum Refining, Special Tables and Charts, Glossary of 
Terms, Patent Index, Author Index, Subject Index.

448 Pages Illustrated $7.00

T h e  CH EM ICA L CATALOG CO ., In c .  
330 West 42nd Street New York, U. S. A.
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TH ER M O R EG U LA TO R S
B im etallic  

a n d  
M ercury

The New Am inco Quick­
set Mercury R egulator is
sensitive to 0.02° C., will oper­
ate at any temperature from 
— 30 to 300° C., and can be 
set at bath temperature in a 
few seconds.

A sk  for bulletin 932.

The Am inco Q uickset B im etal 
R egulator is sensitive to 0.05° C. 
and can be set instantly at any tem­
perature between 60° and 320° F.
And used either in air or in liquid.

A sk  for bulletin 1203.

These regulators, in combination 
with the new Aminco Supersensitive 
Mechanical Relay, constitute the most 
sensitive and reliable temperature 
controls on the market.

Have you the Aminco Catalog?

Am erican In stru m en t Company, Inc.
774 G irard  S t .  N . W ., 

W A S H IN G T O N , D . C.

WANTED
B a c k  J o u r n a l s  o f  t h e  

A m e r i c a n  C h e m i c a l  S o c i e t y
Address all packages to the American Chemical Society, 20th and 

Northampton Streets, Easton, Pa., and pay transportation charges. Be 
certain that your name and address appear on outside of package. If 
you desire payment, which some members do not, send memorandum to 
Charles L. Parsons, Secretary, Mills Building, Washington, D. C. 
Journals must be received In good condition. This offer is subject to 
withdrawal without notice.

Journal of the A . C. S.
V o l.
55, No. 6 @ .25 each

Analytical Edition, I. & E. C.
V o l.
2, Nos. 2 and 3 @ .25 each
3, Nos. 3 and 4 @ .25 each

News Edition, I. & E. C.
V o l.
11, No. 1 @ .25 each

Chemical Abstracts
V o l.
1, Nos. 12 and 14 @ $1.00 each
1, Nos. 2, 3,13, 16, 19, 20 and 22 @ .75 each
1, Nos. 4, 5, 7, 8, 9, 10, 11, 15, 17, 18, 21, 23, 24 and index @ 

.50 each
2, Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 

19, 20, 21, 23 and 24 @ .50 each
3, Nos. 1, 2, 3, 4, 5, 7, 8, 9, 11, 13, 15, 16, 17, 20, 21, 22 and 

23 @ .25 each
3, Nos. 6, 10, 12, 14, 18, 19, 24 and index @ .50 each
4, No. 1 @ .50 each

26, No. 21 & 22 @ .25 each
26, No. 2 @ .50 each
27, Nos. 11 a 21 @ .25 each

FREAS GRAVITY
CONVECTION OVENS

A new  line of Freas ovens applying 
the m ost m odern results o f hea t en­
gineering research to date and  offering 
the m ost exactly uniform  distribution  
of hea t possible to a tta in  by grav ity  
convection . . . .  the m ost reliable cir­
cu it controlling devices available, and  
the m ost durable and  a ttrac tiv e  con­
struction. In terio r and  ex terio r of 
stainless steel, regulator sensitive to 
t  C., dial type panel m ounted  th e r­
m om eter, and low gradient heaters.

Illustrated  is No. 100, 12x12x12 inches 
inside, price $135.00.

Com plete descriptions and listings 
mailed on request.

WE DO OUR PART

Distributors

E.H. SARGENT & CO.
Laboratory Supplies 

155-165 E. Superior Street, Chicago
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Four Extra Rapid 
Filter Papers for 

Quick Filtrations

For large particle or gelatinous 
precipitates, W HATM AN Filter 
Papers are available in four extra 
rapid filtering qualities, each 
adapted to certain types o f work.

N o . 4 , the least expensive, is 
intended for qualitative work  
w hen the ash w eight is o f no 
importance.

N o . 3 1 , single acid washed, is 
used for quantitative w ork when  
low  cost is a factor and the low est 
ash w eigh t is unnecessary.

N o . 4 1 , double acid washed, 
is employed when the low est ash 
w eight is required.

N o . 5 4 , hardened, is used 
whenever rapid filtration and the 
strength and resistance o f hard­
ened papers are needed.

There is a grade o f W HATM AN  
for every laboratory filtering re­
quirement; determine the grades 
best suited to your work and you  
w ill never w ish  to change.

H. REEVE ANGEL & CO., Inc. 
7-x i Spruce St., N ew  York, N . Y.

Many Styles —
Many Uses —

but only 
One Quality

To provide requisite accuracy for chemical 
operations A . P. W . Wares are made only of 
Platinum refined to a state of extreme purity. 
This is assured by our most efficient refining 
methods, based on constantly improved prac­
tices, during a term of over 50 years.
Proper construction methods and skilled 
workmanship of the metal are used to give 
A . P. W . Platinum wares the maximum strength 
and stability so essential in their continual 
usage over a long period of time, adding to 
their life and service against wear.
W e  make a great variety of crucibles and 
dishes in pure Platinum and Platinum-Rhodium, 
all hand-hammered.

Regular style of crucibles and dishes, also 
with A .  P. W . Offset Rim and special heavy 
bottoms on request.

Crucibles with capsule covers Interchangeable and 
Gooch Crucibles (all styles) Combination Crucibles 
Capsule Crucibles M icro Crucibles and Boats

Dishes for Iron and Steel Analyses 
Dishes for Fertilizer Analyses 
Dishes for Sugar, Water, M ilk  Analyses 
G o ld  and Silver Crucibles and Dishes

O ur catalog F-16 w ill help you in selecting 
the wares you need. Ask for a copy.
Let us give you estimates for exchanging your 
old wornout platinum wares. Present labor 
costs for replacements are nominal. Be pre­
pared for the revival of business and start 
with new platinum equipment.

W e invite your inquiries.

The AMERICAN PLATINUM WORKS
N. J. R. R. Ave. at Oliver St., NEW ARK, N. J.


