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The
BECKMAN pH M ETER

has attained Leadership in 
the Glass Electrode Field

2.

4.

BECAUSE:
1. It has m any im portant features n o t available on  

other pH m eters, such as:

(a) Sturdy electrodes
(b) Sensitivity o f 0.01 pH
(c) Accurate tem perature com pensation
(d) Com plete electrostatic shielding
(e) C ontinuous ind ication  o f potentiom eter  

unbalance
(f) Wide selection  of electrodes, developed for 

unusual applications

It was developed by a well rounded technical 
organization w ith  exceptional facilities for sci
entific research.

3. It is m ade according to the best know n m ethods  
of precision m anufacturing.

It is sold by th e leading laboratory apparatus  
dealers, who m ain ta in  technical staffs for con-
su ltation  and servicing.

I t  is  ou r in te n t io n  to  m a in ta in  th e  p o s it io n  o f  
lea d ersh ip  th ro u g h  a com p reh en sive  program  o f  
research  an d  d ev e lo p m en t. A s a p ro d u ct o f  th is  
year’s program , w e sh a ll soon  m ak e ava ilab le  an  
IN D U ST R IA L  M O DEL o f  th e  BECKM AN pH  
M E T E R  w h ich  h a s  b een  developed  for co n v en ien t

u se  in  th e  factory  an d  co n tro l lab oratory . T h e  
p resen t sta n d a rd  BECK M AN pH M E T E R  w ill  
h en ce fo r th  b e ca lled  th e  LABORATORY M O D EL  
an d  th ro u g h  c o n tin u a l im p ro v em en t w ill be  
m a in ta in e d  as th e  o u ts ta n d in g  pH  m eter  for re
search  an d  gen era l lab oratory  w ork.

Se e  the B E C K M A N  p H  M E T E R S  and accessories in Booth 5 1 5  at the 
Chemical Exposition, D ecem ber 6th to 11th, N ew  York City. Bring 
samples for testing if you wish without any obligation implied.

N A T I O N A L  T E C H N I C A L  L A B O R A T O R I E S
3325 E. COLORADO STREET PASADENA, CALIFORNIA
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KIMBLE GLASS COMPANY • • • • v i n e l a n d ,  n.  j.
N E W  Y O R K * *  C H I C A G O  • • P H I L A D E L P H I A  • • D E T R O I T  • • B O S T O N

T h e  re c o rd  o f A m erican health  and  longevity  is an enviable 
o n e — and th e  p o w er b eh in d  th is  physical w elfare o f th e  nation 
is th e  m odern  A m erican hosp ita l and  165,000 p ractic ing  physi
cians. O v e r  7,000 hosp ita ls in th e  U nited  States, w ith  a m assed 
p u rch asin g  p o w er o f  $864,000,000 a year— w ith  buildings, 
e q u ip m e n t and  investm en ts ra ted  a t over $3,000,000,000 — 
annually  tre a t m ore th an  7,000,000 patien ts and  deliver 
o v e r 770,000 b a b ie s !

In to  th is v ast system  o f clinical research, scientific d ev e lo p 
m ent, unerring  d iagnoses and  trea tm en t, K im ble L ab o ra to ry  
G lassw are has m ade fo r itself a perm anent niche. W h e th e r  in 
th e  m edical w orld  o r  in th e  laborato ries o f in d u stry , BLUE 
LIN E EXAX G lassw are brings ind ispu tab le  accuracy  th a t  m eans 
assu ran ce— brillian t BLUE LINE calibrations th a t  m ean speed  
o f  d e term inations — and  strain-free, annealed stren g th  th a t  
m eans sa fe ty  th ro u g h  critical, 24-hour-a-day  service.

E quip  y o u r  lab o ra to ry  and  research d ep artm en t w ith  Kimble 
BLUE LINE EXAX w are . . .  fo r ASSURANCE!

K ^
Pi <ÜÄx> Ö

KT.TTT?
L IN E

Stocked by leading Laboratory Supply Houses throughout United States and Canada
V I S I T  T H E  K I M B L E  B O O T H S  
# 3 4 2 - 3 4 3  AT THE C H E M I C A L  
I N D U S T R I E S  E X P O S I T I O N  
Gr a n d  Cen t ra l  Palace,  N e w  York  
C i t y ,  D e c e m b e r  6 to 11, 1 9 3 7

The  V i s i b l e  G u a r a n t e e  o í  I n v i s i b l e  Q u a l i t y



6 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9, NO. 11

“ Cenco Hyvac” is a nam e fam iliar to  
scien tists of m any languages in every 
corner of the globe. I t  is the univer
sal laboratory vacuum  p u m p  by rea
son of an unchanging and thoroughly  
acceptable perform ance.

T H E  CENCO HYVAC PUMP
RO TARY OIL-SEALED HIGH-VACUUM PUMP

Laboratory m en prefer the Hyvac for its sm all size 

and ready portability, its  com plete freedom  from  

adjustm ents or repairs, its  fast action and its  cer

tain  ability  to produce pressures of three ten th s of a 

m icron or less. In production duty  for the in d u s

tries the Hyvac has proved its  ability  to deliver 

continuous service along w ith  other production m a

chinery w ith  no interruption of schedule. This to 

the laboratory worker is the assurance of investing  

in  a pum p th at w ill yield the sam e fa ith fu l per

form ance for m any years to com e.

91105A For 110 volts A.C. $75.00

SCI ENTI FI C LABORATORy
INSTRUMENTS AP PARATUS

New York • Boston • C H I C A G O  • Toronto • Los Angeles

Vacuum
0.3

micron
or

better
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Approx. trn/cih 
of jacket, mm.

Quantity 
r c r  Pkg.

N et Price  
Each

N  E T  
1 t'kn.

I> 11 I C E
25 r k t ».

I> E R 1’ A C K A G E 
50 Pkfis. 100 Pkg*.

200 12 $1.60 SI 7.28 $16.42 $15.55 $14.69
250 12 1.65 17.82 16.93 16.04 15.15
300 12 1.70 18.36 17.44 16.52 15.61
400 12 1.85 19.98 18.98 17.98 16.98 ’
500 9 2.00 16.20 15.39 14.58 13.77
600 9 2.20 17.82 16.93 16.04 15.15
750 9 2.55 20.66 19.62 18.59 17.56

"P Y R E X ” is a registered trade-mark and indicates manufacture by

CORNING GLASS WORKS • CORNING, N. Y.
“Corning Means Research in  Glass”

G R E A T E l l  E F F I C I E N C Y

L O W E R  P R I C E S

T he high cooling efficiency of W est type condensers is generally 
recognized by  chemists.
W e now offer a com plete line o f  new and  im proved “ P y r e x ”  B rand 
W est type  condensers w hich em body these distinctive features:

1. Enlargem ents in ou ter jacket a t  points of tab u la tio n — for 
strength.

2 .  H eavy ou ter ja ck e t and light walled, properly centered inner 
tube—for durability  and  efficiency.

:t .  M inim um  am ount of space between outer jacke t and inner lube 
— for compactness and  speedy performance.

4 . T ubu la tu res on sam e side of jacket— for convenience.
Fabrica ted  in our A pparatus D epartm ent, these new condensers 
carry  th e  “ P y r e x ”  trad e -m ark  — your guarantee of expert w ork
m anship an d  correct annealing.
“ P y r e x ”  b ran d  im proved W est type condensers (C atalog No. 1290) 
are available th rough your regular laboratory supply dealer, a t  new 
low prices, ind icated  below. Please note th a t  these condensers in 
original package quan tities m ay be combined w ith  selections from 
our regular laboratory  glassware catalog in m aking up  q u an tity  
orders of 25, 50 or 100 original packages.

Always look for the 
circular trade-mark 
“ P Y R E X ” when 
buying laboratory 
glassware.

PYREX

See our Exhibit— 
16th Exposition of 
Chemical Indus
tries, Grand Cen
tral Palace, New 
York City— Dec. 
6th to 11th.

I M P R O V E D  D E S I G N
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LABORATORY SMELTING DIVISION 
Chicago Vitreous Enamel Product Co.

Lusterlite P o r c e la in  En
am els are  the result of 
scientific research of ce
ramic materials, methods 
and products. In their  
n e w , m odem  equipped, 
analytical laboratories a 
H ev i D uty  Combustion 
Furnace is used to assure 
accuracy a n d  depend
ability in carbon deter

minations.
A Type 77 Hevi Duty "Multiple Unit" Combustion Tube 
Furnace in the Laboratory of the Chicago Vitreous 

Enamel Product Co.

See Your Laboratory Supply Dealer or Write for Bulletin No. HD 123G.

H E V I  D U T Y  E L E C T R I C  C O M P A N Y
T R A D E  M A R K

LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY
REG. U. S. PAT. OFF.

M I L W A U K E E ,  W I S C O N S I N

LUSTERLITE
ENAMELS
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Gas Analysis Apparatus

BOTH WILL BE SENT— IF REQUESTED

“ B u ild -U p

“ Build-Up*

“ B u ild -U p

10015
“ B uild -U p” De Luxe Model “ H ”

10305
‘B u ild -Up” Master Model “ RC”

CATALOG 7 9 —s ee  w h a t  i t  m e a n s  to
h a v e  a  “ B u ild -U p ” g a s  a n a ly s is  a p p a r a tu s  
a d a p ta b le  to  b o th  p r e se n t  a n d  fu tu r e  
r e q u ir e m e n ts .

10400
“ B u ild -U p” Flue Gas Model

BURRELL MANUAL—obtain this
n e w  h a n d -b o o k  ju s t  p u b lish e d  to  rev iew , 
in  c o n c ise  fo r m , th e  m o d e r n  a n a ly t ic a l  
p ro ced u re .

B u r r e l l  T e c h n ic a l  S u p p l y  C o ., P it t s b u r g h , P a .
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K U H L M A N N  S E M I - M I C R O  B A L A N C E
T h e  b a lan ce  u se d  exclusively  by  F. P re g l fo r m a n y  y e a rs  a n d  now  p re fe r re d  by  m a n y  

w o rk e rs  fo r sem i-m icro  an a ly s is  b e c a u se  of its  sim ple a n d  d ep e n d ab le  co n s tru c tio n

BA LA N CE, S E M I-M IC R O , K u h lm a n n  No. 4-a. A quick-weighing, short-beam , precision macro 
balance of essentially the  same construction as the K uhlm ann M icro-Chemical Balance bu t w ith  sensitivity  
ten times less and capacity  ten  tim es greater. This is the  balance used exclusively by  F. Pregl for 
m any years and is referred to  by  him in, “Quantitative Organic M icroanalysis,” 2nd English ed. (P hila
delphia, 1930), pp. 6 and 10. I t  is now preferred by  m any workers for semi-micro analysis because of its 
simple and dependable construction. See G. Gorbach, “Die Mikrowaage,” M ikrochemie, B and  X X ,
2. und  3. Heft (1936), s. 299.

Sensitivity— 0.01 mg, con stant over entire range. A change in 
w eight of 1 m g (equal to  sh iftin g  th e rider one d ivision) changes the 
sw ing of th e pointer 10 d ivisions, which is eq u iva lent to  shifting  the  
zero p oin t 5 divisions.

Capacity—200 gram s.

C ase— Of m ahogany, w ith polished black glass base, w ithout drawer. 
Front and back are counterpoised and sid e doors are h inged for easv  
access to  pans. O utside d im ensions, 141/ j  inches wide X  14*/s 
inches high X  101/* inches deep. W ith  sp irit level and leveling  
screws.

Beam and Hangers— H eav ily  gold  p la ted . B eam  is  135 m m long 
and is  graduated from left to  right in  100 notched d iv ision s. T he  
zero p oin t is  a t th e le ft  and m ovin g  of th e 50 m g rider for the com 
p lete length  of the beam  is equal to  adding a weight of 1 decigram . 
For 10 notches, it am ounts therefore to  1 centigram , and for one

uotch to  1 m illigram . T he pointer sca le has 12 d iv ision  marks 
on each sid e of the central d iv ision  and Vioth m g and portions thereof 
are read by a m agnifying mirror. A very short tim e is required to  
obtain  equilibrium , i.e . 6 seconds w ith an unloaded balance, 9  seconds 
w ith 100 gram load, and 12 seconds w ith  200 gram load .

Knife Edges and Planes—Of agate throughout.
Release and Arrest—T he beam  arresting m echanism  m oves in  a ver

tica l p lane, arresting th e beam  a t  tw o p o in ts, and th e stirrups at four

Eo in ts— all of w hich are of agate— sim u ltan eou sly  separating the  
earing surfaces of th e p lanes from th e  knife edges.

P an s— 70 mm diam eter.
A rches— 210 mm high, 100 mm w idth  b etw een  bow s. E ach stirrup is 

provided w ith a hook for carrying suspended vessels .
Rider Carrier— Of th e counterbalanced ty p e  furnished w ith M icro- 

C hem ical Balance.

1887-M.

1887-0.
1887-P.

Balance, Semi-Micro, Kuhlmann No. 4-a, as above described, complete with No. 1887-P set of 
heavily platinized weights 200 grams, with fractionals of rock crystal and two 50 mg riders.
With detailed directions for weighing............................................. ...............................................

Ditto, but without No. 1887-P set of weights.....................................................................................
Set of Weights, only, 10 nig to 200 grams, for use with above Balance. With gram pieces 

heavily platinized and with fractionals of rock crystal. With two 50 mg riders and ivorv 
tipped forceps, in velvet lined box with lid. Per set...................................................................

Code
Word

225.00 Aolif
175.00 Aolik

50.00 Aolin

ARTHUR H. THOMAS COMPANY
R ETA IL -W H  O LESALE— EXPO RT

LABORATORY APPARATUS AND REAGENTS
W EST W ASHING TO N SQUARE 

P H ILA D E LP H IA , U.S.A.

C able A ddress, “ B a lan ce ,” P h ilad e lp h ia
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Electrometric Titration o f Acids in Oxidized  
Petroleum  Oils

A. R . RESCORLA, F. L. CARNAHAN, a n d  M . R. FENSKE  
P etroleum  R efining Laboratory, T he Pennsylvania State C ollege, S tate C ollege, Pa.

IT IS LIK ELY  th a t not all the 
acids of oxidized petroleum 

oils are dissolved in the alcohol- 
water mixture used in the pro
cedure (2) in A. S. T. M. Desig
nation D188-27T, bu t th a t in
stead they are distributed be
tween the solvent and the oil (3). 
This circumstance makes titra 
tion difficult. Furtherm ore, the 
deep shade of the mixture be-

T h e  very w eak acids p resen t in  oxidized  
p etro leu m  o ils  are titra ted  o n ly  w ith  d iffi
cu lty  by m o st m eth o d s. A sim p le  pair o f  
d issim ila r  electrod es and  a d irect-read in g  
am plifier w ith  th e  o il d issolved  in  a n o n -  
aq u cou s liq u id  w ith  su ita b le  so lv en t pow er  
and co n d u ctiv ity  a llow  th e  e s tim a tio n  o f  
acids in  slu d ged  p etro leu m  o ils  w ith  rea so n 
ab le accuracy.

ing titra ted  masks the delicate
color change of the indicator. Committee D-2 of the Ameri
can Society for Testing M aterials has been active in develop
ing a potentiometric method (1) for the determination of oil 
acidity under such circumstances th a t ordinary procedures are 
not feasible. A thermionic titrim eter or a potentiometer is 
used to indicate th ee .m .f. of an electrode system composed of 
a calomel half-cell and a platinum indicator electrode; the oil 
is dissolved in butyl or amyl alcohol or in certain solvent mix
tures such as equal parts of butyl alcohol and benzene, lithium

chloride being present to give 
solution conductance; so d iu m  
butylate is used as the base. 
Other investigators (3 , 5 ,7 ,8 ,9 )  
have studied the possibility of 
electrometric titration  of oxi
d iz e d  o ils  in  n o n a q u e o u s  
mediums, usually isoamyl or n- 
b u ty l  a lc o h o l saturated with 
lithium chloride. Various types 
of electrodes have been pro-

F ig u r e  1. A s s e m b l y  f o r  E ł e c t r o m e t r ic  
T it r a t io n

A . M illiam m eter
B .  B attery  sw itch
C. A djustable rheostat
D . Buret, 10 cc.
E . Stirrer, m otor n ot show n
F. P la tin um  electrode
G. T u n gsten  electrode  
/ / .  E lectrod e sw itch
I .  A lum inum  box contain ing tubes 57, 2A 3, etc . 

J .  A sbestos box con tain in g transform ers, e tc .

posed; Ralston, Fellows, and 
W yatt (o) as a result of Kahlenberg’s work (4) used the carbon- 
platinum pair. Shenk and Fenwick (6) designed a direct-read
ing amplifier which can be substituted for the potentiometer 
frequently used in connection with bimetallic electrode sys
tems; this instrum ent is satisfactory for aqueous or nonaque
ous solutions.

In  the present investigation, attention has been given to the 
selection of a suitable electrode pair, an indicating device and 
a base, but it was especially necessary to develop a nonaque
ous mixture of proper solvent and conducting power for use 
with oxidized oils.

A pparatus
The apparatus used in determining acid contents of oxidized 

oils is shown in Figure 1. I t  consists essentially of a pair of 
electrodes together with a device for amplifying and indicating 
the very small current furnished by the electrodes to a high- 
resistance circuit, a buret (graduated in units of 0.05 cc.), and 
a suitable reaction vessel with provision for stirring. The 
presence of air did not cause any difficulty. The oil under 
examination was dissolved in a mixture consisting of equal 
parts by volume of isoamyl alcohol, benzene, and carbon te tra 
chloride and saturated with lithium chloride; the base was 
prepared by dissolving sodium in isoamyl alcohol.

E l e c t r o d e s . Since the hydrogen electrode and other 
standard electrodes are easily poisoned and rather difficult to 
use in routine work, the tungsten-platinum  pair was selected 
for this investigation. Of several electrode combinations 
tested (see Figure 3) the tungsten-platinum gave the largest 
change in potential a t the equivalence point and appeared to 
be sufficiently rugged. H olt and Kahlenberg (4) previously 
found this combination suitable for water solutions.

The data in Table I  present a comparison of titration results

505
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o
3 MEGOHM

imcuMomooauMtQ 
-I/O  k ö iJ S H  

AC- 
P

im m m m m im i 
H— HO v o l t s -H  

A.C.
P

F ig u r e  2 . W i r i n g  D ia g r a m  o f  I n d ic a t o r  f o r  E l e c t r o m e t r ic  T i t r a t i o n

A . V oltage d iv id in g  resistance, 250,000 0
B . D irect current m illiaram eter (0 to  50 m a.)
C. R adio  “ C" b a ttery  (U H  15 B) and resistance
D . 3-m egohm  resistance
E . R . C. A. radiotron tube 57
F. 250,000 ft p la te resistance
Q. R . C . A . radiotron tube 874
II. 4-m icrofarad Sprague oil condenser, 1000 vo lts
I .  R . C. A . rectifier tube 81

J .  R . C. A. radiotron tube 2A3 
K .  3000 ft resistance  
L . 2 .5 -v o lt  tap-off transform er 
M , N . 600 -vo lt tap-off transform ers 
O. 7 .5 -v o lt  tap-off transform er 
P . Pow er sup p ly  to  transform er 
P t. P latin um  electrode  
W . T ungsten  electrode 
5 . Shorting sw itch  for electrodes

obtained with the tungsten-platinum  pair to those resulting 
from the use of platinum-calomel and platinum-silver-silver 
chloride electrodes; the neutralization number for a particular 
oil sample is 0.71, 0.73, and 0.77, respectively, for the three 
electrode combinations.

T i t r i m e t e h .  The titrim eter consists of a rectifier and an 
amplifier with electrical circuits as shown in Figure 2.

The No. 81 tubes are full wave rectifiers, each with a 4-micro
farad filter to supply voltages for the grid and plate circuits of 
tubes 57 and 2A3. The voltage imposed on the screen of tube 
57 is controlled by a gas-filled voltage-regulator tube designated 
as 874. I t  will be noted that the system is arranged to nullify 
the effect of variations in the source of supply.

The potential over the grid circuit of tube 57 is the algebraic 
sum of the bias voltage and the voltage across the electrodes. 
I t may be seen from Figure 2 that a voltage change in the grid

circuit of the 57 tube affects the plate current of 
this tube. The plate current variation in the 57 
tube in turn effects a change ill the bias of the grid 
circuit of the 2A3 tube through a 250,000-ohm re
sistor. The bias on the 2A3 tube is the algebraic 
sum of the voltage drop of the plate resistor and 
the drop across the section of the voltage dividing 
resistor marked BIAS. When the current de
creases in the plate of tube 57, the negative bias 
on tube 2A3 becomes less with a concomitant in
crease in current. Since this current is indicated 
directly on the milliammeter, B, changes in the 
potential between the electrodes may be readily 
followed as the titration proceeds. At the outset 
of a titration, the plate current of the 2A3 tube is 
regulated to about 10 milliamperes by adjusting the 
variable resistance, C; with this initial current, the 
radio tubes function in the most sensitive part of 
their operating curve during the addition of base.

E xp erim en ta l
S o l v e n t .  Electrometric titra tion  methods 

were first used for acids in turbine oils. Such 
oils are usually of low viscosity and contain no 
appreciable am ount of sludge or naphtha-in
soluble m aterial; it was found th a t isoamyl al
cohol saturated with lithium chloride is a satis
factory solvent medium. However, this solvent 
is not suitable for more viscous oils or for 
sludged products. Considerable difficulty was 
experienced in finding a solvent mixture which 
would dissolve sludged oils completely and 
readily and a t  the same time possess sufficient 
electrical conductivity. Such good oil solvents 
as benzene, chloroform, or carbon tetrachloride 
are poor conductors and apparently not sus

ceptible to improvement. W hen a saturated solution of 
lithium chloride in ethyl alcohol was mixed with various noncon
ducting oil solvents, the mixture had good conductance bu t low 
solvent power. The presence of a conducting salt in many

T a b l e  I. C o m p a r i s o n  a m o n g  P l a t i n u m - T u n tg s te > j , P l a t i -  
n u m - C a l o m e l ,  a n d  P l a t i n u m - S i l v e r - S i l v e r  C h l o r i d e  E l e c 

t r o d e s  i n  T i t r a t i n g  a  S a m p le  o f  U s e d  O i l
Base P t-W P t-C alom el P t-A g-A gC l
Cc. M a. A M a./cc . M a . A M a./cc . M a. A M a./cc .

0 8 .0 10 5 .0
0 .1 8 .8 *8 1 0 .8 *8 6 .0 10
0 .2 9 .2 4 11.0 2 6 .5 5
0 .3 9 .8 6 1 1 .5 5 6 .8 3
0 .4 1 0 .2 4 1 1 .5 0 7 .0 2
0 .5 1 0 .5 3 1 1 .S 3 7 .2 2
0 .6 11.0 5 1 2 .8 10 7 .5 3
0 .7 1 1 .5 5 1 3 .0 2 8 .0 5
0 .8 1 3 .0 15 1 3 .2 2 8 .8 3
0 .9 1 4 .2 12 1 3 .8 6 9 .8 10
1 .0 1 5 .8 16 1 5 .0 12 1 1 .2 14
1 .1 1 7 .0 12 1 6 .5 15 1 3 .8 26
1 .2 1 9 .5 25 1 8 .0 15 1 5 .2 16
1 .3 2 1 .2 17 1 9 .8 18 1 6 .5 13
1 .4 2 4 .0 28 2 1 .8 20 1 8 .5 20
1 .5 2 7 .0 30 2 4 .3 25 2 1 .0 25
1 .6 2 9 .2 22 2 6 .8 25 2 3 .5 25
1 .7 3 0 .2 10 2 8 .5 17 2 7 .0 35
1 .8 3 1 .2 10 2 9 .5 10 2 8 .5 15
1 .9 3 2 .0 S 30 .5 * 10 3 0 .5 20
2 .0 3 2 .2 2 3 1 .0 5 3 2 .5 20
2 .1
N eu traliza

tion  num ber 0 .7 1 0 .7 3

3 3 .2

0 .7 7

7 CC. OF BASE ADDED
F i g u r e  3. I n f l e c t i o n s  O b t a i n e d  w i t h  V a r i o u s  E l e c 

t r o d e  P a i r s  i n  t h e  T i t r a t i o n  o f  A c id s  i n  a  U s e d  O i l
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cases appears to  decrease oil solubility. Table I I  gives infor
m ation on some of the solvents tried. A t length it was dis
covered th a t a mixture composed of equal parts by volume of 
isoamyl alcohol, benzene, and carbon tetrachloride and satu
rated  with lithium  chloride evidences the necessary qualifica
tions. I t  was found possible to dissolve completely an oil con
taining 0.4 per cent of sludge in two volumes of this solvent; in 
titrations six or more volumes of solvent to on e of oil were used.

The solvent m ay be conveniently prepared as follows: The 
middle 80 per cent of commercial isoamyl alcohol as obtained 
by simple distillation was refluxed half an hour with an excess 
of lithium  chloride. Volumes of benzene and carbon te tra 
chloride equal to th a t of the isoamyl alcohol were then added; 
the m ixture was refluxed for an additional half hour, still in the 
presence of undissolved lithium chloride. The solvent was 
filtered from any excess salt and stored in dark glass bottles.

B a s e . A base prepared by dissolving sodium in freshly dis
tilled isoamyl alcohol was found to be more satisfactory than 
one prepared from potassium hydroxide and isoamyl alcohol. 
The solution was made up every week and kept in dark glass 
bottles with stoppers; no special arrangements were made to 
exclude air. Standardization was effected by the use of c. p . 
benzoic acid, using the electrometric titration  procedure de
scribed later. Except for oils containing more than about 
0.2 per cent of sludge (naphtha-insoluble material), the base 
used was approximately 0.05 N ;  for such oils 0.2 Ar base gave 
a sharper inflection in the titration . Some of the results may 
be explained on the basis th a t 1 cc. of reagent added contains 
four times as much base, b u t in other cases the end point with 
the weaker base can hardly be detected. The situation is 
shown graphically in Figure 4.

P r o c e d u r e .  The amplifier is set in operation by imposing 
110 volts upon the transformers and switching on the “ C ”  bat-

T a b l e  I I .  S o l v e n t s  E x a m in e d  t o r  C o n d u c t iv it y  a n d  O il  
S o l u b il it y

C onducting Oil
Solvents Salt S o lu b ility C ond u ctiv ity

Isoam yl alcohol Li Cl Fair Good
n -B u ty l alcohol (10 parts by

vo lu m e), carbon tetrachlo
ride (1 part) LiCl Poor Good

E th y l aceta te (6 p arts), ben
zene (3 parts), carbon tetra
chloride (1 part) LiC l Poor Good

Isoam yl alcohol, benzene, car
bon tetrachloride (equal
parts) LiC l Good Good

aec-B utyl alcohol LiCl or H gC h Poor Poor
Dioxan LiCl or H gC li Poor Poor
T etralin LiCl or H gC h Poor Poor
Terpineol LiC l or H gC h Poor Poor
P entacetate LiCl or H gC li Poor Poor
C hlorobenzene L iC l or H gC lj Poor Poor
T etrachloroethane LiCl or H gC lj Poor Poor
H exalin LiCl or H gC li Poor Poor
B u ty l propionate LiCl or H gC h Poor Poor
B u ty l acetate LiC l or H gC h Poor Poor
a -P ico line LiCl or H gClj Poor Poor
o-D ichlorobenzene LiCl or H gC h Poor Fair
f«rf-Amyl alcohol LiCl or HgCl* Poor Fair
n -A m yl b utyrate LiC l or H gC h Poor Fair
E th y len e dichloride LiCl or H gC h Poor Fair
B en zy l chloride LiCl or H gC h Poor Fair
M eth y leth y l ketone LiC l or H gC h Poor Good
M eth ylh exy l ketone LiC l or H gC h Poor Poor
A ceton ylacetone
n -B u ty l alcohol, benzene, car

L iC l or H gC h Poor G ood

bon  tetrachloride (equal
parts) LiCl Fair G ood

T a b l e  I I I .  T i t r a t i o n  o f  P u r e  A c id s  i n  S o l v e n t

Benzoic acid, gram 0 .0 2 2 5 0 .0 2 1 2
Stearic acid, gram  
N orm ality  of base

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

B ase required, calcd. for: 
Benzoic acid 1 .7 5 1 .6 5
Stearic acid 1 .3 0 1 .2 0
B lank 0 .5 0 0 .5 0
T ota l 3 .5 5 3 .3 5

B ase  used in  titration 3 .6 0 3 .3 0
D ifference, per cent 0 .1 4 0 .1 5
M axim um  va lu e of Ama. per cc. of base 110 100

CC. OF BASE ADDED
F ig u r e  4 . I n f l e c t i o n s  O b t a in e d  w i t h  D i f f e r e n t  
C o n c e n t r a t io n s  o f  S o d iu m  I s o a m y l a t e  i n  t h e  T it r a t i o n  

o f  U s e d  O i l s

tery (C, Figure 2). Ten minutes are allowed for the tubes to 
reach equilibrium. In the meantime, the platinum-tungsten 
electrodes are removed from the 5 N  hydrochloric acid solution 
in which they are immersed when not in use, heated red-hot, and 
allowed to cool before being placed in operating position as shown 
in Figure 1. An oil sample of approximately 4 grams (weighed 
to 0.01 gram) is put in a cylindrical glass container about 12.5 cm. 
(5 inches) tall and 3.75 cm. (1.5 inches) in diameter. To the oil are 
added 30 cc. of a liquid mixture containing equal volumes of iso
amyl alcohol, benzene, and carbon tetrachloride and saturated 
with lithium chloride.

With the test jar in position as shown in Figure 1, its contents 
are whirled rapidly by an electric stirrer. The shorting switch 
(*S, Figure 2) is opened and the resistance, C, is adjusted to allow 
a current of 10 milliamperes through the system; since the elec
trodes do not reach equilibrium at once, variation of the resistance 
is continued until a steady state is attained.

Addition of base to the oil solution is made in 0.1-cc. portions 
with stirring for 1 minute after each increment before the reading 
of the milliammeter is taken. The titration is conducted in this 
manner until a sharp increase in current is noted on adding one of 
the 0.1-cc. portions of base; further additions produce little 
change in current. From the data so obtained the increase in 
milliamperes per cubic centimeter of base added ( Ama. per cc.) 
is calculated; the end point of the operation is indicated by a 
comparatively large value for this term. Correction for any 
solvent acidity is made on the basis of blank runs. End points 
may be shown very clearly by plotting Ama. per cc. against the 
amount of base added as has been done in Figure 3; this proce
dure, however, is not usually necessary, as inspection of the calcu
lated values is sufficient. The time required for each titration 
is approximately half an hour. The data have been expressed as 
A. S. T. M. neutralization numbers, milligrams of potassium 
hydroxide per gram of oil.

E xp erim en ta l R esu lts

P u r e  A c id s . Weighed am ounts of benzoic and stearic 
acids were dissolved in the solvent m ixture; electrometric ti
tration  was conducted in the usual way. The detailed data  are 
given in Table I I I ;  the course of the titra tion  m ay be followed 
in Figure 5. The indication of the end point is very clear; the
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observed results differ only about 0.15 per cent from the cal
culated values.

O il s  C o n t a in in g  P u r e  A c id s . Oils containing definite 
am ounts of stearic, oleic, and picric acids, singly or in combina
tion, were titra ted  using the electrometric method and also the 
A . S. T. M . procedure. The results agreed reasonably well with 
each other and with the calculated values; these data  are 
shown in Table IV. The average difference of the electro
metric indication from the calculated value was about 7 per 
cent; th a t for the A. S. T . M. reading about 11 per cent. Neu
tralization numbers on duplicate samples may be checked 
within 0.2 per cent by the electrometric method.

M ost electrometric titrations of polybasic acids or mixtures 
of acid furnish more than one end point, bu t the present 
method gives only one; this may be regarded as a desirable 
characteristic in the titration of oxidized oils having present 
a variety of acidic constituents.

T a b l e  IV . T i t r a t io n  o f  O il s  C o n t a in in g  D e f i n i t e  A m o u n t s  
o f  O r g a n ic  A c id s

Acid
Present

E q u iva 
lent
K O H

Total
KO H

K O H  Found
Electro-  

A. S. T . M . m etric

D eviation
E lectro- 

A . S. T . M . m etric
M g.fg , M g ./g . M g ./g . M g ./g . % %

Stearic 0 .3 1 7 0 .3 1 7 0 .3 8 2 0 .2 7 4 20 14
Stearic 0 .8 1 8 0 .8 1 8 0 .8 8 5 0 .7 2 4 8 11
Stearic 1 .5 5 1 .55 1.62 1 .45 5 6
Stearic 0 .4 0 0
O leic 0 .4 3 4 0^834 0 ! 909 0Í846 *9 i
Stearic 0 .8 0 4
Oleic 0 .8 3 2 l!(>4 1^39 l' .h i 15 8
Blank 0 .1 0 6 0 .0 6 0
Picric 0 .6 5
Oleic 1 .91
Stearic 6 .2 4 8 .8 0 9."54 9 Ü 9 8 •i

O x id iz e d  O il s . Duplicate determinations were run on 
over a hundred oil samples obtained from engines operated by 
the D epartm ent of Mechanical Engineering. The results were 
reproducible within 10 per cent; this variation may be a ttrib 
uted to the difficulties of sampling sludged oils, to the less 
marked end points, and probably to other factors. Figure 5 
demonstrates the relative values of Ama. per cc. of base added 
for some oxidized oils and for oils to which benzoic and stearic 
acid had been added. The smaller rate of change of current 
a t the equivalence point is probably due to the low ionization 
constante of petroleum acids as compared even to the rela
tively weak pure acids mentioned.
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too o ,  x  BENZOIC AND STEARIC 
ACIDS IN SOLVENT, f  
TWO SAMPLES

o  80
a , o  TWO SAM PLES OF 

A USED OIL
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A DIFFERENT  
USED OH- .

)

1 P
<] 40

" A
2 0 -

X
0 -------------- Ci f t .  L . \ -----

\ l
0  /  2  3  4  5

CC. OF BASE ADDED
F ig u r e  5 . C o m p a r is o n  o f  I n f l e c t io n s  O b 
t a in e d  w i t h  P e t r o l e u m  A c id s  t o  T h o s e  S h o w n  

b t  M i x t u r e s  o f  B e n z o ic  a n d  S t e a r ic  A c id s

The neutralization numbers of m any of the oxidized oils 
were found also by the A. S. T . M. method (£) ; these are gener
ally lower than those determined electrometrically for the 
same oils, especially when deterioration was extensive. Illus
trative data  are found in Figure 6. I t  is considered th a t the 
electrometric procedure for used oils is the more reliable, inas
much as the acids in the sludge are taken into account. 
Sludge is soluble in the liquid mixture used for electrometric 
titra tion  b u t not in the m ixture of alcohol and w ater employed 
in the A. S. T . M. procedure.
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ELECTROMETRIC TITR ATIO N
F i g u r e  6 . C o m p a r a t i v e  N e u t r a l i z a t i o n  N u m b e r s  o f  U s e d  

O il s

The acid content of a lubricating oil under service condi
tions frequently becomes larger along with increases in Con- 
radson carbon residue value, viscosity, and sludge formation, 
regular curves being obtained when the quantities mentioned 
are plotted against acidity. In  such cases it m ay be conven
ient to follow the deterioration of the oil by determining its 
neutralization number from time to time during the progress 
of an engine test.

S u m m a ry
An electrometric method using tungsten-platinum  electrodes 

has been developed for the estimation of acids in oxidized 
petroleum oils. The used oil is dissolved in a mixture com
posed of equal parts by volume of isoamyl alcohol, benzene, 
and carbon tetrachloride and saturated with lithium  chloride. 
The base is prepared by dissolving sodium in isoamyl alcohol.

Results for pure organic acids dissolved in solvent are re
producible within 0.2 per cent; the average difference of the 
observed from the calculated values is 7 per cent. Check de
term inations on used oils have a maximum deviation of 10 per 
cent.
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Qualitative Determ ination o f Glycerol and 
Ethylene Glycol in Dilute Aqueous Solution

A. G. IIOVEY A N D  T. S. HODGINS, Beck, R oller & Com pany, Inc., D etro it, M ich.

BECAUSE alkyd resins contain polyhydric alcohols, de
tecting the nature of the polyhydric alcohol is essential. 

The customary procedure in analyzing alkyd resins is to deter
mine the weight of plithalic anhydride or other polybasic 
acids and the weight of fa tty  acids or other modifiers leaving 
the glycerol to  be determined by difference (5, 6). As long 
as glycerol was the only polyhydric alcohol used, this deter
mination by difference was allowable though not satisfactory. 
Today, however, ethylene glycol is available and relatively 
cheap and therefore we m ust expect its presence in many 
alkyd resins. There seem to be no references in the literature 
to an easy and sensitive qualitative determination of ethylene 
glycol in  dilute aqueous solution. Qualitative tests for glycerol 
in dilute solutions have been described by Mulliken (8), 
Gardner (8), and others, but in these tests there is still much 
to  be desired, particularly when it is necessary to distinguish 
glycerol from ethylene glycol.

Heretofore in attem pting to determine whether glycerol or 
ethylene glycol is present, many tedious procedures have had 
to be overcome. The main detectable differences between 
glycerol and ethylene glycol have been in their physical 
properties. Differences between these two polyhydric alcohols 
in aqueous solutions have been determined by comparison 
of such physical properties as specific gravity (1), refractive 
index (4), boiling point (2), freezing point, etc. In  actual 
practice, however, there is usually so much water present 
th a t concentrating the solution of a polyhydric alcohol in
volves as much difficulty and tediousness as the regular manu
facturing process for concentrating glycerol (9 ). This ex
cess of water in the analytical sample is due to the fact th a t 
the resin sample has first to be acidified after the saponifica
tion so as to precipitate out fa tty  acids, phthalic acid, or other 
polybasic acids. After this separation a steam distillation 
(7) is necessary to separate the polyhydric alcohol from the 
salts, which are formed by acidification of the saponified 
sample.

The literature has been searched for a qualitative colori
metric method for determining glycerol and ethylene glycol 
in dilute solution; such a method would save the trouble of 
concentrating the distillate. A test has been described by 
Mulliken (5) which is essentially as follows: One drop of 
glycerol is dissolved in 2 cc. of cold water, and 5 drops of 1 
per cent aqueous solution of pyrogallol and 2 cc. of concen
trated sulfuric acid are added. Upon shaking and heating 
quickly to boiling, the boiling being held 20 to 25 seconds be
fore cooling, a coloration appears in a 15-cm. (6-inch) test 
tube upon dilution to  20 cc. with strong alcohol. The color
ation is a  purplish red, which fades in a very few minutes on 
standing. The authors have found th a t this purple coloration 
is also observed when using ethylene glycol in place of 
glycerol. In  both tests, the purple coloration turns to a light 
brown upon standing. In  the case of ethylene glycol the color 
seems to  fade somewhat faster than  th a t of glycerol, but un
fortunately this is not a distinguishing test.

E xp erim en ta l

Using Mulliken’s work as a starting point, the authors have 
carried the work further, using homologs of phenol under both 
acid and alkaline conditions. A summary of the results is 
shown by Table I.

T a b l e  I. C o l o r  R e a c t i o n s  o f  P h e n o l i c  B o d i e s  w i t h  
G l y c e r o l  a n d  E t h y l e n e  G l y c o l

R eaction Glycerol E th y len e G lycol
Phenol WVV« W W *
Phenol 4" N aO II (25%  aqueous

solution) ww W W
Phenol •+• N H 4OH (sp. gr. 0.90) w w W W
Phenol -f- HjSO< (concd.) w w WW
Cresol ww W W
Cresol +  NaO H ww W W
Cresol +  N II íOH ww W W
Cresol +  H 2SO4 ww W W
Catechol ww W W
C atechol 4- N aO H G reen L ight brown
C atechol +  NH<OH P ale green  

Blood orange
Pale green

C atechol +  HsSO* W W
Resorcin W W W W
Resorcin -f- NaOH Purple Light green
Resorcin 4* NH«OH Purple Purple
R esorcin +  H 1SO4 D ark green L ight yellow -green  

W WHydroquinone W W
H ydroquinone +  N aO H P ale yellow Brown
H ydroquinone 4* N H 4OH B row n-yellow Brow n-yellow
H ydroquinone 4* HjSO* W W W W
Pyrogallol W W W W
Pyrogallol +  N aO II R ed Orange
Pyrogallol +  N H tQ K Pale yellow Pale yellow
Pyrogallol +  HjSO* Purple to  brown Purple to  ligh t  

brown
a W ater-w hite.

Table I, while it shows the possibilities of color differences 
between glycerol and ethylene glycol, is subject to variations 
if certain specific proportions and conditions are not observed. 
Catechol appears to give the most reliable and satisfactory 
color differences, especially when in an acid medium.

C h em ica ls
The catechol (Eastm an Kodak Company No. 604) had a 

melting point of 103° to 104° C. The other phenols were also 
from the Eastm an Kodak Company.

The glycols were frotn the Carbide and Carbon Chemicals 
Company and possessed the following properties:

E thylene g lycol 
D iethylene glycol 
T riethylene glycol 
Propylene glycol

Specific G ravity  
1 .1176  @ 1 5 /1 5 °  C. 
1 .1185  §  2 0 /2 0 °  C. 
1 .1 2 2 -1 .1 2 7  @ 2 0 /2 0 °  
1 .0381  @  2 0 /2 0 °  C.

C.

R efractive Index  
1 .4311  @ 2 0° C. 
1 .4 4 7 5  @ 2 0° C .

The trimethylene glycol was obtained from the Procter & 
Gamble Company and had the following properties:

Specific gravity  
A sh, %
Titer
M oisture, % 
P urity , %
Color

1 .0 6 0 3
0.002
2 . 0
1.6

9 6 .0
14 Y ellow  

2 Ited

The glycerol c. p. had a specific gravity of 1.265 a t 15° C.
The sulfuric acid c. p . ,  specific gravity 1.84 (A. C. S. 

specifications), was from Baker & Adamson. Ammonium 
hydroxide was Baker’s c. p. grade (sp. gr. 0.90). Sodium 
hydroxide was M erck's c. p . (A. C. S. specifications).

P rocedure
The best conditions for the color determ ination of glycerol 

appear to be as follows:
Place the following ingredients in a 15-cm. (&-inch) test tube 

in the order given: (1) 3 ml. of the solution to be tested, (2) 
3 ml. of 10 per cent aqueous solution of catechol (freshly prepared, 
since such solutions color with age even if kept in a dark bottle), 
and (3) 6 ml. of concentrated sulfuric acid.

Heat the tube (gently) for about 30 seconds.

509
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If glycerol is present, a blood-orange coloration will quickly 
appear a t about 140° to 145° C. The color so produced is 
stable over a period of many days, unlike Mulliken’s test which 
changes color after a few minutes.

W ith ethylene glycol, diethylene glycol, and ethyl alcohol, 
no color is formed. W ith other polyhydric alcohols, distinc
tive colors (see Table IV) are produced, which may serve as 
a  means of identification.

I t  is im portant not only th a t the order of mixing be fol
lowed as above, b u t also th a t the tube containing the solution 
to  be tested and the catechol solution be well shaken before the 
addition of the concentrated sulfuric acid. M erely mixing 
the three materials and then shaking and warming produces 
unreliable results—i. e., in the case of ethylene glycol, a very 
faint pink color may be observed instead of the water-white 
condition which is obtained when the correct order of pro
cedure is followed. In  the case of glycerol, however, merely 
mixing and wanning the three materials do not interfere 
with the characteristic blood-orange coloration.

Since the test for ethylene glycol is negative (water-white 
color), a confirmatory test is desirable. This m ay be accom
plished by color differences obtained through the use of 
polyhydroxy phenols in the presence of sodium hydroxide 
(see Table I).

In ter fer in g  S u b sta n ces
Since a concentration approaching 50 per cent of sulfuric 

acid is employed in the color test for glycerol, it seemed pos
sible th a t the glycerol might be dehydrated to form acrolein:
HOCHrCHOH CH2OH +  HjSO« — >- CH O C H C H . +  2H,0

However, substituting acrolein for glycerol in the test, a 
purple flocculent precipitate is formed which is readily dis
tinguished from the blood-orange color of glycerol.

Aldehydes, in general, give color reactions with catechol 
and sulfuric acid (see Table II).

The presence of any of these aldehydes would tend to  inter
fere with the test for glycerol, b u t w ith the exception of acro
lein the chances of their being present are fairly remote. This 
test with catechol and sulfuric acid, since it produces a floc
culent purple precipitate with acrolein and obscures the 
blood-orange glycerol color, serves as the basis for a good color 
test for determining acrolein in the presence of glycerol.

T a b l e  II. C o l o r  R e a c t i o n s  o f  A l d e h y d e s  b y  t h e  C a t e c h o l -  
S u l f u r i c  A c id  M e t h o d

N o.
A -l
A-2
A-3
A-4

A ldehyde
A crolein
Form aldehyde
A cetaldehyde
B enzaldehyde

Color
Purple flocculent p recip itate  
Purple turning to  brown  
Purplish red 
R ed-orange

C o n cen tra tion  R ange
The test, as outlined above, was tried out a t  various con

centrations in an attem pt to  establish the lower lim it of sensi
tiv ity  for the concentration of the polyhydric alcohol. I t  was 
found to be extremely sensitive, as is shown by Table I II .

Since it  works so well on glycerol in the presence of ethylene 
glycol, the test was studied to see w hat other color differences 
might be observed if the constitution of the alcohol was varied 
from monohydric to hexahydric. These color differences are 
shown in Table IV.

A number of other compounds which were not phenolic 
were also tried for color differences. The most interesting 
color differences which were observed are shown in Table V.

D iscu ssio n
I t  seems possible by means of a series of dilutions of the 

unknown and by comparison with a color standard to  obtain

T a b l e  III. E f f e c t  o f  M o l a r  C o n c e n t r a t i o n  o n  C o l o r i 
m e t r i c  D e t e r m i n a t i o n  o f  G l y c e r o l  i n  A q u e o u s  S y s te m s

Color

Blood-orange 
Blood-orange  
Blood-orange 
Blood-orange  
B lood-orange 
Blood-orange 
L ight pink®

W ater-w hite 
W ater-w hite  
W ater-w hite  
W ater-w hite 
W ater-w hite 
W ater-w hite 
W ater-w hite

a 0.0156 M  would ind icate the lim it of th is colorim etric test. T he last  
full deep red coloration is a t double this molar concentration— i. e., 0.03125 M .

T a b l e  IV. C o l o r  D i f f e r e n c e s  f o r  A l c o h o l s  V a r y i n g  i n  
t h e  N u m b e r  o f  H y d r o x y l  G r o u p s

M olar Parts Der
ncentration 1000 Percentage

G lycerol
1 92 9 .2
0 .5 46 4 .6
0 .2 5 2 3 .0 2 .3 0
0 .1 2 5 1 1 .5 1 .15
0 .0 6 2 5 5 .7 5 0 .5 7 5
0 .0 3 1 2 5 2 .8 7 5 0 .2 8 7 5
0 .015625 1 .4375 0 .1 4 3 7 5

E th ylen e G lycol
1 62 6 .2
0 .5 31 3 .1
0 .2 5 1 5 .5 1 .5 5
0 .1 2 5 7 .7 7 0 .7 7 7
0 .0 6 2 5 3 .8 8 0 .3 8 8
0 .0 3 1 2 5 1 .94 0 .1 9 4
0 .0 15625 0 .9 7 0 .0 9 7

N o.
— OH

Groups A lcohol
A 1 E th y l alcohol
B 2 E th ylen e glycol
C 2 D ieth y lene glycol
D
E

2
2

Propylene glycol 
T riethylene glycol

F 2 T rim ethylene glycol
G 3 G lycerol
H 4 P entaerythritol
I 4 E rythrito l
J 6 M annitol
K 6 Sorbitol (neutral)
L 6 S orbitol (HjSOO

Color

W ater-w hite  
W ater-w hite  
W ater-w hite  
F aint pink  
F ain t pink  
D ark  brown 
B lood-orange 
D ark purple-red  
F ain t pink  
Red-orange 
B lue
F a in t pink

T a b l e  V. C o l o r  D e t e r m i n a t i o n  o f  G l y c e r o l  a n d  E t h y l e n e  
G l y c o l  w i t h  S u b s t a n c e s  O t h e r  t h a n  S t r a i g h t  P h e n o l s

R -3 p-A m inobenzoic acid  - f  HzSOi

R -9 n-D ich lorosuccinic acid  4* E tO H  
R -10 n-D ichlorosuccinic acid  +  E tO H

+  h * s o 4
R-21 N ation al Scarlet R  sa lt +  N aO H
R -22 N ational Scarlet R  sa lt 4- H jSO<
R-24 N ational R ed  G sa lt +  N aO H
R -25 N ation al R ed G sa lt +  H 1SO4
R-31 N ation al B lue B N  sa lt +  H 1SO4 
R -32 N ation al Orange GC sa lt

G lycerol 
D ark brown

Straw  yellow

D ark brown
Orange
Y ellow
Y ellow -orange
Y ellow -pink
G reen-yellow
Y ellow

E th ylen e G lycol 
L ight brown to  

orange 
W ater-w hite

Pale straw
Y ellow
P ink
Y ellow
Pink
Pink-yellow
Y ellow-orange

sem iquantitative results for the glycerol content. The 
authors are working on this possibility and hope to make the 
facts available soon.

S u m m ary

A color test using catechol and sulfuric acid for the qualita
tive determination of glycerol in the presence of ethylene 
glycol is described which is sensitive to concentrations ap
proaching 0.0156 M  (or 1 part in 700).

The test m ay also be applied in the detection of other poly
hydric alcohols which give specific color reactions with the 
reagents.

The compounds which produce the most color differences 
between glycerol and ethylene glycol are the polyhydroxy 
phenols.

Aldehydes, if present, interfere with the catechol-sulfuric 
acid test for glycerol.

The test m ay also be applied in the detection of acrolein in 
the presence of glycerol.
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Determ ination o f Butenes in Refinery Gases
WALLACE A. M cM ILLAN, T he Texas Co., Beacon Laboratory, B eacon, N. Y.

PUBLISHED methods for the analysis of hydrocarbon 
gases are notably inadequate in the case of the group 

containing four carbon atoms. This is to be expected when 
it is realized th a t no fewer than  seven compounds occur in this 
group (Table I) six of which are usually found in gases from 
cracking operations; yet the to tal boiling range of the group 
is only some 15° C. (27° F.).

In  general, there are only three methods available in the 
literature for the analysis of the C-4 hydrocarbons: bromina- 
tion, reactions w ith sulfuric acid, and direct low-temperature 
fractionation. These are further subdivided into specific 
methods varying concentrations or reagents, methods of frac
tionation, and times of contact. The only thing all three pos
sess in common is definite unreliability. M ost of them have 
been based on relatively few experiments, using particular 
types of gases for which they m ay or m ay not be satisfactory. 
Even in the few cases where relatively pure gases were used, 
the mixtures were made with air or other inert gas, and in 
most cases the authors adm it th a t inclusion of butanes, diole
fins, or other olefins will spoil the results.

Perhaps the most used, b u t certainly not the best of the 
methods, depends on the selective absorption of isobutene in 
62 to 64 per cent sulfuric acid followed by absorption of the 
normal butenes in 87 per cent acid. For low concentrations 
of isobutene such as are usually found, the method has been 
more or less discredited even by those responsible for its devel
opm ent (10), b u t is still used because no better one is avail
able and a t least an approximate measure is obtained in most 
cases.

W ork done in this (9) and other laboratories over the past 
several years has indicated the unreliability of selective acid 
absorption. As a final test before this work was started, a 
“butene concentrate” was subm itted to  four laboratories to 
see if their variations of the sulfuric acid method would give 
reproducible results. The results obtained by six methods 
gave a spread on the “standard” sample greater than  the 
am ount of isobutene present and even the individual methods 
varied as much as 7.0 per cent on the basis of to ta l gas on 
check samples.

Methods depending on the production of dibromides, sepa
ration by fractional distillation, and determ ination of the indi
vidual olefins by prolonged low-temperature fractional distil-

T a b l e  I. F o u r - C a r b o n  H y d r o c a r b o n s

B . p.
° C.

Isobutane - 1 2 . 2
Isobutene -  7 .6
1-B utene -  6 .8
1 ,3-B utadiene -  4 .7
n-B utane - f  0 .4
irans-2-B utene +  0 .5
ct«-2-Butene +  3 .2

lation, after regeneration by zinc (3, 5), are also of doubtful 
value as far as results are concerned, not to mention the size 
of samples and excessive times required. I t  has been the 
author’s experience th a t it is almost impossible to distill the 
dibromides without some decomposition even a t low pressures. 
The regeneration of butenes by zinc has been shown to result 
in mixtures in all cases (13) and the low-temperature frac
tional distillation of iso- and 1-butene, boiling less than  10 C. 
apart, even a t extremely slow rates, would require an effi
ciency far greater than  th a t exhibited by ordinary laboratory 
columns (7).

The best of all the bromide methods (2) is th a t based on 
measurement of the reaction rates of the pure dibromides with 
potassium iodide in m ethyl alcohol. Even this is only accu
rate to 2.0 per cent, according to  the authors, and fails when 
isobutene is present.

The proposed method calls for the separation of two cuts 
by exact low-temperature fractional distillation (8). The 
first, containing isobutane, isobutene, and 1-butene, is subse
quently hydrogenated (9) over a nickel catalyst to obtain the 
to tal unsaturation of the cut and the isobutene is then deter
mined separately by reaction with anhydrous hydrogen chlo
ride gas. The second, containing all the n-butane and 2-bu- 
tenes, is also hydrogenated for to tal unsaturation and the re
sidual gas is condensed into a bulb and treated with bromine a t 
low temperatures. The dibromides are subsequently left as a 
residue on warming the mixture and are determined by meas
urem ent of the refractive indices. All the steps except the 
last are accurate to =±=0.15 per cent a t least. Thus far no 
reason has been found for determining the individual 2-bu- 
tenes with an accuracy greater than 3.0 per cent, of wrhich the 
method is capable. If more accurate determ ination is de
sired the method of Dillon, Young, and Lucas (2) can be used, 
bu t in th a t case a much larger sample is needed. 1,3-Buta
diene, if present, will be found with the iso-and 1-butenesand 
should be determined separately (4, 11) and the calculations 
corrected accordingly.

A pparatus
The low-temperature fractional distillation apparatus (7, 8) 

and the hydrogenation unit (9) have been described in previ
ous papers.

The apparatus for the addition of hydrogen chloride is shown in 
Figure 1. I t consists of two 50-ml. rebuilt distillation flasks, A  and 
A ', with individual check valve manometers, B and B', joined 
through a gold-plated stopcock, C. Two other gold-plated stop
cocks, D and E, connect the apparatus to the distillation or intro
ductory unit, F, and to the hydrogen chloride generator, <?, re
spectively. The entire apparatus is of Pyrex glass except as 
shown in the sketch.

Gold-plated stopcocks are essential for the apparatus; no 
other cocks will hold the vacuum and the hydrogen chloride 
vapors under the condition of the analysis. They require only a 
thin film of vaseline or Burrell stopcock grease. Other lubricants,
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such as Airco HyVac and Cellogrease or compounds containing 
rubber, cannot be used, since they also react with the hydrogen 
chloride, causing leaks and giving poor results. Care should be 
exercised not to scratch the gold-plating, which is very soft, and 
any tendency on the part of the stopcock to “drag” should be 
corrected immediately by relubrication.

The bulbs are carefully calibrated to the nearest 0.1 ml. by 
displacing air from a calibrated buret. Manometers are read to 
the nearest 0.5 mm. The apparatus should be held at as constant, 
a temperature as possible and protected from drafts.

The hydrogen chloride generator is a 45-cm. (18-inch) drying 
tower filled with calcium chloride in the drying section, except 
for a 2.5-cm. (1-inch) layer of barium chloride crystals on the top. 
Glass-wool plugs are placed at both ends of the drying section.

Fifty grams of c. p . ammonium chloride crystals are added dry 
to the bottom section and the dropping funnel is inserted with a 
rubber stopper as shown. Both the top and bot tom stoppers clos
ing the openings of the drying tower are sealed in place with seal
ing wax, after which the whole assembly is tested to make sure 
that it is vacuum-tight. When ready for use, approximately 
25 ml. of concentrated c. p. hydrochloric acid are added through 
the funnel to the evacuated scrubber and then c. p. concentrated 
sulfuric acid is added slowly, drop by drop, allowing time for 
reaction, until the pressure is brought to atmospheric as shown 
by the manometer, B'. The generator is then ready for use.

The generator described above is completely safe if the in
structions are followed. After once the pressure has been built 
to atmospheric, it is usually sufficient to add 2 to 3 drops of acid 
each time hydrogen chloride is removed for an analysis. At the 
end of the day’s runs any excess pressure is vented carefully 
through the acid-inlet stopcock and the generator is ordinarily 
connected to the bulb, A ', with C closed, so that the manometer 
can act as a safety valve if necessary. The general reaction is so 
fast and complete that pressure is developed only immediately 
after addition of the acid.

With the generator filled with dry hydrogen chloride and cock 
E  closed, the remainder of the apparatus is evacuated as com
pletely as possible. Stopcock C is then closed and a pressure of 
about 450 or 500 mm. (maximum) of hydrogen chloride is built up 
in A ' by cracking cock E  slightly. E  is then closed and the pres
sure read on the balanced manometer, B \  using a constant refer
ence point (900 mm.) for the leg connected to bulb A'.

Gas is admitted to bulb A from the distillation or scrubbing 
unit, F, until the pressure reaches a maximum of 400 mm. (abso
lute), at which point D is closed and the pressure is read on B.

Both mercury bulbs are then lowered so that the open leg 
stands at about 100 mm. on the manometer and C is opened, con
necting A and A '. Bulb A is then immersed in liquid air or car
bon dioxide-gasoline until the contents of both bulbs are con
densed in A .

If complete condensation occurs (in the presence of no non- 
condensables) the gas is allowed to revaporize immediately, but 
if only partial condensation occurs, pressure is again allowed to 
build up by warming the bulb with the hands. Then the gases 
are again recondensed. This is necessary to sweep unreacted gas 
into the bulb where it can be condensed. In the special case where 
isobutene is determined on the original sample, if too small a 
pressure reduction is obtained on immersion in liquid nitrogen,

COLO P L A T E D

owing to extra large amounts of hydrogen or air in the sample, it 
will be necessary to eliminat e the noncondensables by distillation.

After the gases are condensed, the liquid nitrogen is removed 
and the solid hydrogen chloride allowed to melt. The bulb is 
then immersed in water at approximately 37.78° C. (100° F.), 
and the contents are completely vaporized. After the bulb again 
comes to room temperature both manometers are set back to the 
reference points and the new readings are taken. The contraction 
in volume is a direct measure of the amount of isobutene present.

A typical calculation is shown:

Barometer
Reference point on manometers 
Original reading, HC1 
Original reading, sample 
Final reading, both manometers

Absolute pressures:
627.5 572.5
144.5 144.5

HC1 = 483.0 Sample = 428.0
483.0 X 80.5 (volume of bulb)

755.5 mm.
900.0 mm. (zero 144.5)
627.5 mm.
572.5 mm.
524.5 mm.

HC1 -

Sample
755 5

428.0 X 82.7 (volume of bulb)

Final = 

= 51.5 ml.

524.5
144.5 
380.0

= 46.8 ml.

= 82.0 ml.
755.5

„. . 380.0 X 163.2 (combined volumes)
F m a l----------------------- 7551-------------------
51.5 +  46.8 — 82.0 = 16.3 ml. contraction

5 X 100 = 34.8 per cent isobutene4t). o

The product of the reaction between isobutene and hydro
gen chloride boils well above room tem perature and under or
dinary conditions would condense out in the apparatus. For 
this reason maximum pressures have been established and are 
given above. Even with pure isobutene and the given 
pressures no condensation will occur, but by going above 
these pressures high results m ay be obtained.

Ex p c r im e n  ta l

For the purpose of this work an accuracy of =*=0.1 per cent 
of the individual components was desired, w ith the exception 
of the isomeric 2-butenes. I t  was realized th a t in order to  a t
tain such accuracy it would be necessary to separate the four- 
carbon group from the remainder of the gas by accurate low- 
tem perature fractional distillation. This step had previously 
been worked out to the desired accuracy (7). However, the 
succeeding step of separating the four-carbon group into two 
groups had not been worked out completely for gases contain
ing olefins.

By synthesizing known mixtures of pure hydrocarbons, as 
in previous work (7, 9), it was found th a t making the distilla

tion cuts a t the mid-temperature point between 
iso- and n-butanes, as is usually done in such 
analyses, did not give good results. Cutting a t  
the mid-temperature point between 1-butene and 
/¡-butane also gave poor results. However, if the 
distillation was cut a t a point midway between 
these two cut points much better results were 
obtained in every case.

S e p a r a t i o n  b y  D i s t i l l a t i o n .  Preparation 
of the gases isobutane, butane, and 1-butene has 
been described in previous papers (7, 9).

Isobutene was prepared by dehydration of re
distilled tertiary butyl alcohol over oxalic acid 
and then fractionated and treated the same as 
1-butene.

1,3-Butadiene w'as prepared by the method of 
Ivistiakowsky (6), then scrubbed, dried, and 
refractionated to constant boiling point and 
vapor pressure. The boiling point was the same 
(—4.5° to — 4.6° C.) as th a t obtained by Kis- 
tiakowsky for his best sample. There is some 
evidence to indicate th a t this is not pure 1,3-



butadiene bu t a constant-boiling mixture. However, this has 
not been definitely proved as yet, mainly because of the gen
eral unreliability of methods for the determination of 1,3- 
butadiene.

Mixed 2-butenes were prepared by dehydrating a mixture 
of primary and secondary alcohols w ith 60 per cent sulfuric 
acid according to the method of Young and Lucas (IS). The 
resulting butenes were fractionated as well as possible into two 
cuts corresponding to the cis and tram  isomers, which were 
then brominated a t about 0 ° C. (32 ° F .) . After washing with 
caustic and drying, the dibromides were twice fractionated at 
low pressures and the butenes regenerated by zinc in ethyl al
cohol. Subsequent refractionation a t  low tem peratures indi
cated th a t pure cis and Irans isomers could not be produced by 
this method, bu t the resulting mixes were satisfactory for test
ing the reproducibility of the refractive indices using the 
method indicated.

As in previous work, all synthetic mixtures were made to 
accurately known composition by blending by condensation in 
a calibrated and carefully evacuated all-glass system (9).

For the majority of the work on the separation of the groups 
by low-temperature fractional distillation, four-component 
mixtures w'ere used consisting of isobutane, isobutene, 1-bu- 
tene, and n-butane. Typical results on mixtures of this type 
are shown in Table II, using the average cut point of —4.5° C. 
(+23 .9° F.) described above. The first three components of 
the mixtures correspond to the first cut and the n-butane cor
responds to the second cut.

T a b l e  II. S e p a r a t i o n  b y  D i s t i l l a t i o n

✓----------------- B u tane----------------- *
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Run N o. Synthesized Found D eviation
% % %

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

D e t e r m i n a t i o n  o f  I s o b u t e n e .  When it had been defi
nitely determined th a t the isobutane, isobutene, and 1-butene 
could be separated from the n-butane and 2-butenes, it was 
still necessary to develop a method for separating the iso- and 
1-butenes. This was simplified by the hydrogenation method 
previously worked out, which allows the determination of the 
combined butenes within an accuracy of 0.1 per cent (9). I t  
was then necessary only to determine either 1-butene or iso
butene accurately in order to make possible the calculation of 
the individual components in this group of three hydrocarbons. 
The only method found which would give the required separa
tion depends on the use of dry  hydrogen chloride gas. I t  is 
based on an observation by Coffin, Sutherland, and M aass (1) 
th a t isobutene reacts instantaneously when hydrogen chloride 
is passed through a liquefied butene mixture, while the other 
butenes are unaffected. So far as can be determined, these 
authors never worked out an analytical method based on the 
observation.

The method developed in this work is essentially simple. I t  
requires only th a t a measured volume of dry hydrogen chlo
ride be mixed with a measured volume of hydrocarbon gas 
containing isobutene and the resulting mixture be condensed 
and then revaporized. The contraction in volume is a direct 
measure of the isobutene present according to the reaction:

isoCiHs +  HC1 = C.ILCl 
(1 volume) 4- (1 volume) = (1 volume)

The reaction is specific, so far as the author has been able to 
determine, for isobutene. Tests made with pure ethylene, 
propylene, 1-butene, mixed 2-butenes, 1,3-butadiene, butanes, 
and acetylene have not shown any reaction with hydrogen

chloride when alone or mixed. In the presence of isobutene, 
no reaction other than th a t due to isobutene has taken place. 

Some typical results are shown in Table III.

T a b l e  I I I .  D e t e r m i n a t i o n  o f  I s o b u t e n e
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Isobutene-
C om ponents Present A ctual Found

% %
Isobutene 1 0 0 .0 10 0 .0
1-Butene N one N one
Isobutene, 1-butene 3 4 .8 3 4 .8
Isobutene, 1-butene 4 2 .3 4 2 .0
Isobutene, 1-butene 4 2 .3 4 2 .4
Isobutene, 1-butene 6 6 .3 6 6 .3
1,3-B utadiene N one N one
Isobutene; l,3 -b u tad ien e° 2 8 .7 2 8 .2
Isobutene; 1 ,3-butadiene 4 5 .6 4 5 .5
A cetylene N one N one
M ixed 2-butenes N one N one
(Iso- and 1-butenes)
(Iso - and n-butanes)

1 1 9 .7 1 9 .6
2 3 2 .7 3 2 .8

E xtrem ely sm all sam ple. Possib le error in  synth esis .

The total time per analysis averages less than 15 minutes. 
The reaction is instantaneous and the time required is taken 
up mostly by allowing the bulbs to come back to tem pera
ture before the final readings are made.

In those analyses where only the isobutene is required, it 
can be determined directly on the original gas with the same 
degree of accuracy, providing no pentenes or higher homologs 
are present having tertiary carbon linkages. However, in 
tha t case, the gas should be freed from hydrogen sulfide by 
soda lime and dried by calcium chloride.

D e t e r m i n a t i o n  o f  2 - B u t e n e s .  The combined 2-butenes 
are easily determinable in the presence of n-butane to 0.1 per 
cent, by hydrogenation of the cut as outlined above. The 
actual determination of the individual cis and trans isomers, 
however, is not as easy and, as far as can be determined a t the 
present time, is not necessary for most petroleum gases. For 
purposes of estimation, the following method has been worked 
out. I t  allows an accuracy of 3.0 per cent in only a few min
utes’ time, which is good compared to the estimated accuracy 
of other more exact methods (2) which take much longer and 
require much larger quantities of gas.

Total unsaturation of the butane cut is determined as usual and 
the residual gas in the distillation receiver is then recondensed into 
a bulb using liquid nitrogen. This is best accomplished by having 
a stopcock sealed to one of the receivers with a male interchange
able ground-glass joint sealed to it, forming an L-joint pointing 
downwards. The female joint is then sealed off at the lower end, 
making a closed-off bulb which can be detached from the ap
paratus. At the beginning of the analysis this bulb is com
pletely evacuated and closed off, or the bulb is calibrated into 
the apparatus and the cock is normally left open.

Once the butane-butenes are condensed, the stopcock is closed 
and the joint disconnected, while the tube is kept cold. About 
5 drops of pure liquid bromine are then added slowly from a 1-ml. 
pipet and the reaction is allowed to take place a t as low a tem
perature as possible. No evidence of hydrobromie acid has been 
detected when the brominations were carried out at low tem
peratures. No attem pt is made to brominate completely all the 
butenes present.

As soon as all the bromine has reacted, the tube is set aside and 
allowed to come to room temperature. It is then put in a boiling 
water bath and the last trace of butane is completely eliminated. 
After cooling, the tube is held in a 25° C. water bath for a few 
minutes and the refractive index is determined as accurately as 
possible at that temperature by an Abbé refractometer. Only 
2 drops of liquid are required and a reproducibility of one in the 
fourth decimal place can readily be attained. This corresponds 
to an accuracy of 3.0 per cent using the constants (2) for the 
dibromides of

R efractive Index  
a t 2 5° C.

J f«o-2 ,3 -d ib roraob u tane (from Irans) 1 .5 0 9 2
R acem ic-2,3-dibrom obutane (from cis) 1 .5125

and assuming that the laws of mixtures hold.
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As a check on the validity of this last assumption, mixtures 
were made of the impure 2-butenes prepared above. Di- 
bromides prepared from the two materials designated as cis 
and trans and their known percentage mixtures as gases, both 
alone and in the presence of normal butane, gave results typi
cal of those shown in Table IV. For most of the cases the re
sults were within the limit of one in the fourth place on the re
fractive indices; however, in about 10 per cent of the runs the 
error was two in the fourth place. In  a few cases, where the 
original mixture was in doubt, the results were much worse 
than these.

T a b l e  IV. C h e c k  R e s u l t s

R efractive Index ct«-2-butene
at 25° C. Synthesized Found

% %
Original C a 1 .5120 8 5 .0
Original T& 1 .509S 1 9 .0
52%  C *f 48<Vo T 1 .5110 5 3 .3 5 4 .5
31%  C +  69<7o T 1 .5104 3 9 .5 3 6 .5
76%  C +  24<7o T 1 .5115 6 9 .1 6 9 .5

» C ij.
& Trans.

S u m m ary
A new method is presented for the determination of indi

vidual components normally occurring in refinery and cracked 
petroleum gases. By its use, the individual four-carbon hy
drocarbons, with the exception of the individual isomeric 2- 
butenes, can be determined within an accuracy of better than 
±0.15 per cent. No larger gas samples are required than are 
now used for low-temperature fractional distillation, and the 
time required is but very little more than for this step alone.

A new gas-reaction analytical method for the determination 
of isobutene with anhydrous hydrogen chloride has also been 
developed as a part of the general scheme of analysis, which 
allows the determination of isobutene in the presence of any 
other normally gaseous olefin with an accuracy of 0.1 per cent. 
Twenty to thirty milliliters of gas are normally used and the 
total time per determination is 15 minutes or less.
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Electrometric Titration o f Diehromate 
Glycerol Samples

C hem ical D ivision, T he Procter & G am ble C om pany, Ivorydale, Ohio

FOR control purposes in soap and glycerol manufacture 
glycerol is usually determined through the oxidation of a 
prepared sample by an excess of potassium diehromate in the 

presence of an excess of sulfuric acid. The most common 
procedure is to titra te  the excess of the diehromate solution, 
after oxidation is completed, with ferrous sulfate solution using 
potassium ferricyanide as an external indicator on a spot 
plate. Randa (5) has recently described a method in which 
the diehromate solution after oxidation is made to volume 
and used to titra te  standard ferrous sulfate solution, using 
diphenylamine as internal indicator.

For a  number of years in the Procter & Gamble laboratories, 
the excess diehromate after oxidation has been titra ted  in the 
the oxidation flask without any transfer or further treatm ent 
other than cooling. Ferrous sulfate is used for the titration 
with an electrometric setup as internal indicator. As far as 
the authors have been able to learn, the electrometric method 
has not been used in other laboratories for the titration of the 
excess diehromate in glycerol determinations, although such 
a setup has been in use for dichromate-ferrous sulfate titra 
tions in other laboratories, such as some of those of the steel 
industry (3).

In  1922 electrometric titration  of practically all routine 
glycerol samples replaced the use of the spot plate in one of the 
company laboratories. In  the first setup a platinum electrode

and calomel half-cell were used with N  potassium chloride. 
The ferricyanide spot plate was used only for checkup. In 
1935 a bimetallic electrode setup was placed in use in one of 
the laboratories and the calomel cell was eliminated. Plati-

V
--------- v v w v v

I R
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Platinum Tungsten 
Electrodes
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F ig u r e

num. and nickel electrodes (I) were used.
The nickel electrode was changed m onthly, 
and a few months later was replaced by 
a tungsten electrode (6, 7).

The platinum -tungsten setup is now in 
use in practically all of the company labo
ratories and an electrometric apparatus in 
all. Figures 1 and 2 show the photograph 
and the wiring diagram of the preferred 
bimetallic electrode apparatus.

The cabinet is of oak with a black Formica 
base, and is closed at the back with double 
wooden doors. The lines for ferrous sulfate 
solution, distilled water, and motor are car
ried through the back of the cabinet. All 
exposed metal clips and parts are chromium 
plated. The motor and the ring supporting 
the flask are carried on a rod in the interior 
of the cabinet. At the upper left (Figure 2) is 
the Weston galvanometer, model 699, sensi
tivity 2 microamperes per scale division. Be
low the galvanometer is the adjusting knob 
of the potentiometer, Yaxley Manufacturing 
Company, 1000 ohms. The knob below 
the potentiometer controls a three-armed 
distilled water spray for washing the elec
trodes and stirrer. The support for the flask 
is movable, so that the flask may be raised 
or lowered from position. In some installa
tions the support is attached to the water 
valves, so that the spray operates when the 
ring is pushed to the left. T h e  to g g le  
switches are shown at the lower left: a single
pole single-throw at the left for the motor, 
and a double-pole single-throw for the gal
vanometer circuit. The funnel, stainless 
steel or Monel, is connected to the drain.
The electrodes are 20-gage platinum or 
tungsten wire sealed into glass tubing. The 
exposed electrode wires are approximately 
5 mm. The tubing of the electrode is mercury-filled. The stirrer 
is made of a glass rod and fastened in a chuck on the motor 
shaft. The motor is model 3 (Eastern Engineering Corporation) 
with rheostat for regulating the speed.

Procedure

While the general procedure of the diehromate oxidation of 
glycerol is well knowTi, an outline of the preparation of the 
solutions and details of oxidation and titra tion  m ay be de
sirable.

S t a n d a r d  D i c h r o m a t e  S o l u t i o n .  The diehromate solution 
is pipetted into the oxidation flasks with a 25-ml. Lowy auto
matic pipet (or for special samples a 10-ml. Lowy automatic 
pipet holding exactly two-fifths as much as the 25-ml. pipet). 
The strength of the dichromate solution is made so that the 25-ml. 
pipet will deliver 1.864 (4) grams of KjCr2Oi, which is equivalent 
to 0.25 gram of glycerol. The weight of potassium dichromate 
in grams required for 1 liter at 25° C. is determined by multiply
ing 74.56 by the ratio of 25 to the volume delivered by the pipet 
a t 25° C. The dichromate is dissolved in distilled water, 150 ml. 
of concentrated sulfuric acid are added, and the solution is made 
to 1 liter a t 25 ° C. The strength of the solution is checked against 
standard dry powdered dichromate by weighing 1.864 grams of the 
latter, and dissolving in 75 ml. of distilled water and 15 ml. of 
concentrated sulfuric acid. The ferrous sulfate titrations of a 
pipetful of the dichromate solution and of the standard dichro
mate must check within 0.05 ml. of ferrous sulfate solution or the 
dichromate solution must be adjusted.

F e r r o u s  S u l f a t e  S o l u t i o n .  Five kilograms ot reagent grade 
ferrous ammonium sulfate are dissolved in about 10 liters of 
distilled water, 1800 ml. of concentrated sulfuric acid are added, 
and the volume when cooled to room temperature is made up to 
16 to 17 liters.

D eta ils  o f  A n a lysis  o f  a S a m p le

The details described in the following paragraphs apply 
to  a  sample of c. p . glycerol requiring no preliminary purifica

2 . P h o t o g r a p h  
A p p a r a t u s

OF

tion. The procedures of oxidation and 
titration are identical for other samples.

Make a 2 ±  0.001-gram sample to volume 
in a 500-ml. flask. Pipet a 50-ml. aliquot into 
a 250-mi. wide-mouthed Erlenmeyer flask 
containing a 25-ml. pipetful (at 25° — 
0.5 ° C.) of the standard dichromate solution. 
Add 15 =*= 1 ml. of concentrated sulfuric 
acid. Cover the flask at once with a watch 
glass.

The samples are usually handled in 
batches. With each batch prepare a t least 
two blanks by using the same amounts of 
dichromate solution, sulfuric acid, and water 
as for the samples. Titrate one blank be
fore and the second after the samples. Use 
the average of the blank titrations in cal
culating the glycerol content. Immerse the 
flasks containing the samples and blanks in 
a steam bath and hold them at a tempera
ture of 90 ° to 100 ° C. for 2 hours. At the end 
of 2 hours cool the flasks and contents by 
immersion in cold water until a temperature 
of 25° to 40° C. is reached.

Remove the watch glass from a flask and 
place the flask in position on the apparatus 
with both electrodes and stirrer in the solu
tion and the tip of the buret extending well 
into the neck of the flask. Close the circuits 
and bring the galvanometer reading to zero 
by adjustment of the rheostat. Begin titra
tion slowly with ferrous sulfate solution and 
observe the galvanometer needle closely. 
When within 1 to 2 ml. of the end point 
the needle is deflected sharply to one side, 
but immediately returns to the zero position. 
A dd th e  ferrous solution more slowly. 
When almost a t the end point, a short time 
should be allowed after each addition to 
allow the needle to move back. At the end 
point the needle swings over to the side of 
the scale and remains there. Open the 

circuits, read the buret, and remove the flask for the next titra
tion. Press the button and flush the electrodes and stirrer as the 
flask is being removed. After the final titration wash off the 
electrodes and stirrer and allow the electrodes to stand in distilled 
water. The glycerol content of the sample is calculated from the 
difference between blank and sample titrations.

The tungsten electrode should be cleaned about every 6 
weeks by dipping for a few seconds into fused sodium nitrite 
held just slightly above its fusion temperature.

Care must be taken to use sufficient sulfuric acid to give an 
equivalent of, a t least, 1.230 specific gravity (S). The excess 
of dichromate after heating must be such that a back-titra- 
tion of a t least 9 ml. of ferrous sulfate solution is obtained. 
For some samples of low glycerol content of 100-ml. aliquot, 
30 ml. of sulfuric acid and 10 ml. of dichromate are used.

S u m m a ry
The method is very rapid and accurate with a sharp, 

positive end point, and can readily be operated under varying 
conditions of lighting by any analyst who can read a buret— 
even by one who is color-blind.
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Extraction o f Gossypol with Different Ethers
Causes o f Varying Results

J. O. HALVERSON A N D  F .  H. SMITH, A gricultural Experim ent S ta tion , lta lcigh , N . C .

VARIOUS lots of ethyl ether (U. S. P. grade, not for an
esthesia) differ in their ability to extract gossypol from 

cottonseed meal (2). The influence of factors affecting results 
in the method of estimation has been studied (2), bu t the 
cause of the varying results obtained with the extraction with 
different lots of ether has heretofore remained obscure. I t  
was essential th a t consistent results be obtained in the study 
of the nature of the bond between gossypol and the processed 
meal in “bound” gossypol which is not readily extracted (un
published work) bu t is slowly broken down in the presence 
of water (S).

Ethers from two sources were used, designated as B  and 
G. The results reported are in most instances the average 
of triplicate or quadruplicate determinations obtained by a 
modified method (in press). Various lots of ether were used 
a t different times; some of these contained peroxide which 
oxidizes gossypol solutions, especially if alkaline (1).

Table I  presents the results of the extraction of gossypol 
from three samples of cottonseed meal with U. S. P. ethers 
from two sources, both with and without peroxides. The 
ether containing peroxides extracted appreciably less gossy
pol, in one instance as low as 0.006 per cent, while the same 
ether with the peroxides removed extracted 0.102 per cent, 
almost equal to the 0.112 per cent extracted by the G ether 
which did not contain peroxides.

T a b l e  I . G o s s y p o l  E x t r a c t e d  w i t h  U. S. P. E t h e r s

C ottonseed
M eal D ate Source of Ether®

G ossypol,
%

2117 12/17 B  1 year old 0 .0 8 1
1 /2 B  (w ith  peroxides) 0 .0 6 3

2118 12/17 B  1 year old 0 .051

1 /2
B  2 years old  
B  2 years old

0 .0 5 6
0 .0 5 2

1578 5 /1 6
B  (w ith  peroxides) 
B  (w ith  peroxides)

0 .0 3 7
0 .0 0 6

B  (peroxides rem oved) 
G (no  peroxides)

0 .1 0 2  
0 .1 1 2

a B , from J. T . Baker C hem ical C o., ordered in  50-pound steel drums; 
G, from General C hem ical C om pany, ordered in 30-pound steel drums.

T a b l e  II. R e c o v e r y  o f  G o s s y p o l  (50 M g.) R e f l u x e d  w i t h  
E t h e r  w i t h  o r  w i t h o u t  P e r o x i d e s

Gossypol, Recovered,
T reatm ent of Ether M g. %

R eagent ether 4 8 .0 9 6 .0
B , purified 4 6 .7 9 3 .6
G (drum ), no peroxides 4 6 .6 9 3 .3
B , w ith m arked peroxides 3 4 .8 6 9 .6
Control (not refluxed) 4 6 .9 9 3 .8
B, purified 4 6 .0 9 2 .0
B, w ith peroxides 3 9 .7 7 9 .4
Control (not refluxed) 4 8 .2 9 6 .4
B , purified plus acetaldehyde 4 5 .7 9 1 .4

Since the presence of peroxides in the ether appeared to 
give low results, 50 mg. of purified gossypol were refluxed with 
a  highly purified ether (reagent), a purified B  ether, a per
oxide-free G ether, and two B  ethers containing peroxides 
(Table II) . In  every instance where peroxides were ab
sent 91.4 per cent or more of gossypol was recovered; where 
they were present, materially less gossypol (69.3 and 79.4 
per cent) was obtained. I t  is evident th a t the presence of 
peroxides and not aldehyde in the ether caused the destruc
tion of gossypol.

Table I I I  indicates th a t a purified ether free from peroxides 
extracted less gossypol (0.085 per cent) from meal 1578, than

T a b l e  III. R e s u l t s  w i t h  P u r i f i e d  o r  P e r o x i d e - F r e e  
E t h e r s

C ottonseed G ossypol,
M eal D ate E ther • %
1578 6 /2 0 G (drum ), peroxide-free 0 .1 0 8

B , purified 0 .0 8 5
B , purified p lus 10 m l. of alcohol 0 .1 0 6

7 /1 B , purified 0 .1 0 3
G (drum ), peroxide-free 0 .1 2 3

2216 2 /4 Purified ether plus 10 m l. of alcohol 0 .0 9 2
2 /1 0 Purified ether plus 10 m l. of alcohol 0 .0 9 6

2217 2 /7 Purified ether plus 10 m l. of alcohol 0 .1 0 1
2 /1 0 Purified ether plus 10 ml. of alcohol 0 .0 9 8

the G ether (0.108 per cent) from the drum  which was per
oxide-free. When 10 ml. of alcohol per determination were 
added to the purified B  ether (Table III) , almost the same 
am ount of gossypol, 0.106 per cent, was extracted as with the G 
ether. A similar difference is shown with meal 1578 (Table I ) . 
Likewise, a  purified ether with 10 ml. of alcohol added ex
tracted more gossypol from meal 2217 (Table III)  than  the 
B  ether with 1 per cent of alcohol added (Table IV). The 
addition of 10 ml. of alcohol to the purified ether extracted 
0.092 and 0.101 per cent of gossypol from meals 2216 and 
2217, respectively. This was later confirmed by repeating the 
extractions, giving 0.096 and 0.098 per cent.

The peroxide-free G ether from the drum extracted more 
gossypol than the purified ether. The addition to  the puri
fied ether of 10 ml. of alcohol per determination increased 
the yield. The high results from the extractions on meal 
1578 made on July 1 with B  purified ether and with peroxide- 
free G ether are exceptional. This set of extractions was made 
during an extremely hot spell; the unusually high room 
tem perature probably facilitated the rate of extraction so 
th a t it proceeded more rapidly than usual. Therefore, all 
extractions thereafter were made a t 45° C., the receiving 
flasks being kept in a thermoregulated water bath, with the 
Soxhlet extractors containing the charge surrounded on all 
sides and top with a detachable box of pressboard fitted 
closely on the top of the water bath. This expedited the rate 
of extraction, making it more uniform for all determinations, 
and also yielded more uniform results.

Since purified ether extracted more gossypol when alcohol 
was added (Table III) and since ethyl ether (U. S. P. grade, 
not for anesthesia) may contain as much as 4 per cent of al
cohol and water, sufficient alcohol was added to the peroxide- 
free B  ether from the drum to modify the B  ethers to con
tain, respectively, 1, 2, 2.5, 3, and 3.5 per cent of alcohol, 
including th a t already present (Table IV). The B  ether 
without the addition of alcohol had previously extracted less 
gossypol. The results show' th a t 1 per cent of alcohol was 
not effective bu t th a t 2 to 3.5 per cent aided the extraction of 
gossypol in yielding higher results.

The peroxide-free ethers from the drums (Table V) vary in 
their ability to extract gossypol, the G ether being superior. 
The G and B  ethers differ in their density, being 0.724 and 
0.722, respectively. An analysis of these ethers showed the 
water and alcohol content to be appreciably higher in the G 
ether which extracted the greater percentage of gossypol. 
The percentage of alcohol, ether, and water was readily de
termined by means of a buret, thermometer, and pycnome- 
ter, using the method of M arqueyrol and Goutal (4) as modi
fied by Smisniewicz and Zielinski (o).
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T a b l e  I V . G o s s y p o l  E x t r a c t e d  w i t h  E t h e r  C o n t a i n i n g  
V a r i o u s  A m o u n t s  o f  A l c o h o l

(C ottonseed  m eal. 2217; B  ether, drum , peroxide-free, com position  modified)

A lcohol, % 1
G ossypol. % 0 .0 8 5

2
0 .0 9 4 0 .0 9 8

2.5
0.101

3
0 .0 9 2

3 .5
0.09C  0 .1 0 0

T a b l e  V . E f f e c t  o f  C o m p o s i t i o n  o f  E t h e r  o n  A m o u n t s  o f  
G o s s y p o l  E x t r a c t e d

(C ottonseed m eal 2217)
C om position  G ossypol

A lco- Ex-
D a te  Source of E ther D en sity  hoi W ater E ther tracted

% % % %
2 /1 7  B  (drum ), peroxide-free 0 .7 2 2  

G (drum ), peroxide-free 0 .7 2 4  
3 /3  B  (drum)

B , modified to G 0 .7 2 0
G (drum)

3 /7  B  (drum)
B  m odified to  G 0 .7 2 0
G  (drum)

3 /1 8  B
B  m odified to  G 0.72G
G

0 .3
2 .4

2 .3

2 .3

2 .5

0 .7 0
1.02

1.2

1 .05

9 9 .0  0 .0 8 9
9 0 .5 5  0 .1 0 8

0 .0 7 7  
9 6 .5 -  0 .0 9 9

0 090 
0 094  

9 0 .5  0 .1 0 7
0 .1 0 7  
0 .0 8 3  

9 0 .4 5  0 .0 9 0
0 .0 9 0

The extraction of gossypol from meal 2217 was made with 
the G and B  ctKcrs and later with this B  ether modified to 
the same composition as th a t of the G ether with a density of 
0.724, by the addition of the proper am ount of alcohol (95 
per cent alcohol by volume, the composition of which was 
carefully determined) and by water. The modified B  ether 
extracted somewhat more gossypol (0.099 per cent) than 
the G ether (0.090 per cent) but not quite as much as the 
0.108 per cent which the G ether extracted on February 17. 
The B  ether was again modified on M arch 7 and M arch 18 
to the same composition as the G ether. In both instances 
the modified ether extracted as much gossypol as the G 
ether, all having the same composition. The modified per
oxide-free ether which extracted the optimum am ount of 
gossypol a t a constant tem perature of 45° C. contained 2.3

to 2.5 per cent alcohol (by weight) and 1 to 1.2 per cent of 
water, having a density of 0.724 to 0.726 a t 15.6° C.

S u m m ary
In  the estimation of gossypol from cottonseed meal it is 

necessary to use ethyl ether free from peroxides, the presence 
of which causes low results.

E ther which was purified to remove peroxides did not ex
trac t as much gossypol as the peroxide-free G ether taken 
from the drum. This was due to the presence of the rela
tively larger quantities of alcohol and water in the ether from 
the drum, since the greater part of these constituents were 
removed during purification. When the composition of the 
purified ether was modified to th a t of the G ether, both ex
tracted the same quantity  of gossypol from cottonseed meal.

C on clu sion

I t  is concluded th a t a peroxide-free ether containing 2.3 to 
2.5 per cent of alcohol (by weight) and 1 to 1.2 per cent of 
water, having a density of 0.724 to 0.726 a t  15.6° C., is nec
essary for the optimum extraction a t 45° C. of gossypol from 
cottonseed meal containing approximately 22 per cent of 
moisture and with 5 ml. of water added to the ether in the 
receiving flask.
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R evised M ethod for the Estim ation o f Gossypol in  
Cottonseed Meal

F. H. SMITH, A gricultural E xperim ent S ta tion , R aleigh, N. C.

TH E  published method (2) for the estimation of ether- 
soluble gossypol has been considerably modified. Because 

of the difficulties encountered in working with gossypol, the 
revised method is described here in detail.

Moisten a charge (120 grams) of cottonseed meal ground to pass 
through a 40-mesh sieve with 27.5 ml. of water in a large mortar. 
Remove the pasty meal which adheres to the mortar and pestle and 
incorporate it with that part which is not sufficiently wet to form 
a paste. Pass the moist meal through a 20-mesh sieve and return 
the wet lumps to the mortar for further grinding. Mix a portion 
of the meal which most readily passed through the sieve with the 
wet meal resulting from the crushed lumps and sieve as before. 
Repeat this process until the whole charge has passed through the 
sieve, then return it to the mortar and mix thoroughly.

Take a 2-gram charge of the mixed moistened sample for the 
determination of moisture, which should be about 22 per cent. 
Divide the remaining portion into equal parts by weight by coun
terbalancing and immediately transfer to the thimbles (43 by 
123 mm.) of two Soxhlet extractors. Extract 72 hours with per
oxide-free ether containing 2.3 to 2.5 per cent of alcohol and 1 to 1.2 
per cent of water by weight (yielding an ether of 0.724 to 0.726 
density at 15.6° C., 3, 4), also adding 5 ml. of distilled water to 
the ether in each receiving flask.

N o t e .  T o  prepare peroxide-free ether shake 3.5 liters of ether 
and 0.25 liter of distilled water with portions of a saturated solu

tion of sodium bisulfite until Jorissen’s vanadic acid color test ( / )  
shows that all peroxides are reduced. Then wash the ether 
three times with 0.35 liter of distilled water, draining off each 
time. Finally wash with 0.35 liter of a solution of 5 per cent 
sodium hydroxide to neutralize any residual bisulfite and free 
sulfur dioxide. Drain off the alkali solution, dehydrate with cal
cium chloride, and distill the ether in the presence of a stick of 
sodium hydroxide. Determine the composition {3,4) and modify 
by adding the proper amounts of alcohol and water. Ether of 
this composition may also be prepared by adding alcohol and 
water, by weight, directly to peroxide-free reagent ether.

The joints of the Soxhlet extractor should be tigh t to pre
vent loss of ether. The depth of ether in the receiving flask 
during the process of extraction should not decrease to  less 
than 3.5 cm. (1.5 inches). The extraction is conducted a t  a 
constant tem perature of about 45° C. in a water bath  regu
lated by a therm ostat. The extractors are enclosed on the 
top and sides above the water bath  with pressboard, holes 
being cut in the top for passing the condensers through to  the 
extractors.

When the process of extraction is completed, remove the thim
bles, and collect the ether in the extractors until 25 to 30 ml. of 
the extract remain in each receiving flask. Remove the receiv-
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mg flasks and filter the extracts through crucibles in which a layer 
of Hy-Flo-Supercel (from the Johns-Manville Co.) is placed over 
a layer of ignited asbestos. The filtrates are received in 200-ml. 
Erlenmeyer flasks placed under bell jars; in a hole in the top of 
each jar a cork stopper is inserted for the stem of the Gooch 
holder and a glass tube to which suction is applied. Wash the 
flasks and Gooch crucibles with ether, combining the washings 
with the filtrates.

Remove the ether in each Erlenmeyer flask rather completely 
under reduced pressure by inserting in the flask a one-hole rubber 
stopper and applying suction. Hasten the removal of the ether by 
rotating the flask in a pan of hot water not exceeding 50° C. 
Discontinue when the “rapid boiling” stops. Add 75 ml. of petro
leum ether (Skelly solve F) and 5 ml. of ethylene glycol to each 
flask. Mix by rotating the flask and let stand overnight. Filter 
through a Gooch crucible (prepared as above) in order to remove 
the material precipitated by the petroleum ether. Wash the 
precipitate with a small amount of petroleum ether, receiving 
the washings in the filtrate. In order to prevent further precipita
tion of the insoluble material by the decrease in temperature and 
the addition of the washings during the process of filtration, 
place the flasks containing the filtrates in a pan of water at 
about 35° C.

In order to precipitate the gossypol as a dianiline compound, 
add 2 ml. of aniline and shake thoroughly. Digest 1 to 1.25 
hours by placing the flasks in pans of hot water (50° to 55° C.)

not over 2 cm. (0.75 inch) deep, exercising care not to exceed 60 ° C. 
When the digestion is completed, add sufficient petroleum ether, 
if necessary, to make a total volume of 50 to 60 ml. If the volume 
should fall to approximately 25 ml. before the digestion is com
pleted, add an equal volume of petroleum ether (Skelly solve B 
or F). Lightly stopper the flask and let stand overnight. When 
the precipitate is small (10 to 15 mg.), let stand 36 hours or longer.

Filter through a tared Gooch crucible and wash the precipitate 
of dianiline gossypol with petroleum ether (Skelly solve B or 
F). Follow with four washings of water, then with 5 ml. of 95 per 
cent alcohol, and finally with a few milliliters of petroleum ether. 
Dry the precipitate to constant weight a t 100° C. Multiply the 
weight of dianiline gossypol by 0.775 to obtain the equivalent 
weight of gossypol.

L itera tu re  C ited
(1) Baskerville and Hamor, J. I n d . E n-q. C h e m ., 3, 387 (1911).
(2) Halverson, J. O., and Smith, F. H., Ibid., Anal. Ed., 5, 29 (1933).
(3) Marqueyrol, M., and Goutal, E., Mem. poudres salpetres, 19,

368-80 (1917).
(4) Smisniewicz, T., and Zielinski, R., Przemyśl Chem., 16, 35

(1932).

R e c e i v e d  Septem ber 14, 1937. Published w ith  th e approval of th e D irec
tor of the N orth  Carolina A gricultural E xperim ent S tation  as Paper 100 of 
th e Journal Series.

Determination o f Chromium in Chromite
A New Procedure Em ploying a M ixture o f  Phosphoric, Sulfuric, 

and P erch loric Acids

G. FREDERICK SMITH AND C. A. GETZ, U niversity o f  Illinois, Urbana, 111.

TH E  determination of chromium in chromite has until 
now been made following solution of the sample after a 
sodium peroxide fusion (1). The highly refractory nature 

of chromite ores eliminates the possibility of solution follow
ing acid treatm ent with 72 per cent perchloric acid, 95 per 
cent sulfuric acid, or mixtures of both. The nearest ap
proach to  a suitable single acid is concentrated perchloric 
acid, bu t it would be desirable to be able to increase the 
temperature a t  which it  could be used and simultaneously 
to increase the solubility of chromic acid, which forms an 
insoluble protective coating on the surface of the undis
solved ore. Using a mixture of phosphoric and sulfuric 
acids, solution of all available types of chromite ores is rapid. 
The conditions for the subsequent oxidation of chromium in 
this mixed acid solution of the sample are described here. 
The resulting complete method is very rapid, accurate, and 
economical.

The complete analysis of chrome ores has been described 
by Cunningham and McNeill (1). The determination of 
chromium follows solution after fusion with sodium peroxide. 
The determination of iron and aluminum can be made after 
solution in a mixture of sulfuric and perchloric acids, or for 
samples not soluble by such treatm ent, after fusion in a mix
ture of sodium carbonate and borax. Willard and Thompson 
(5) recommend sirupy phosphoric acid as a solvent for re
fractory materials such as iron ore and bauxite, but this pro
cedure was found to be unsuited to  the solution of chromite. 
Smith and Getz (2) have used phosphoric acid as a solvent 
for ferrochrome, followed by the addition of perchloric and 
sulfuric acid for the oxidation of chromium. A somewhat 
similar process has been described by Smith and Smith (4) 
for the determination of chromium in stainless steel after 
solution in a mixture of sulfuric and perchloric acids.

T a b l e  I. A n a l y s i s  o f  B u r e a u  o p  S t a n d a r d s  C h r o m e

Sam ple

R e f r a c t o r y  103
0 .0 5 0 1 9  N  

FeSO i CriOj 
Required Found

Error
CrsOi

Gram M l. % %
0 .1 1 3 2 3 2 .9 9 3 7 .0 7 + 0.10
0 .1 5 2 6 4 4 .3 0 3 6 .9 1 - 0 . 0 6
0 .1 8 4 3 5 3 .4 7 3 6 .8 8 - 0 . 0 9
0 .1 2 8 5 3 7 .3 6 3 6 .9 6 - 0.01
0 .1 5 6 8 4 5 .6 0 3 6 .9 7 0.0
0 .1 5 7 6 4 5 .7 0 3 6 .8 8 - 0 . 0 9
0 .1 9 3 6 55 .9 4 3 6 .7 3 ° - 0 . 2 4 °
0 .1 4 4 1 4 1 .9 5 3 7 .0 2 + 0 .0 5

:luded from  the averages.
A v. 3 6 .9 6 0 .0 5

M ateria ls U sed
The chromite solvent consists of a mixture of 8 parts of 95 per 

cent sulfuric acid and three parts of 85 per cent phosphoric acid. 
The oxidizing solution is made up with 2 parts of 72 per cent 
perchloric acid and one part of distilled water. A standard 
0.05 N  solution of ferrous sulfate and a standard 0.05 N  solution 
of eerie sulfate are prepared and standardized by procedures 
often previously described. Ferroin (o-phenanthroline ferrous 
ion), a 0.025 M  solution, is used as the indicator. Finely ground 
crystals of potassium permanganate, dilute (1 to 3) hydrochloric 
acid, and dilute (1 to 1) sulfuric acid are also required.

S pecia l Laboratory A pparatus
The technic employed in the solution of samples, oxidation 

of chromium, and subsequent preparation for titration is 
greatly simplified by use of a few special items of laboratory 
equipment which have been described in a previous paper
(2). While the determinations can be carried out successfully 
w ithout the modified Rodgers ring burner and digestion flask



still head therein described, the work is much simplified by 
their use.

A nalyzed  S am p les for E va lu ation  o f  P rocedure
The Bureau of Standards chrome refractory No. 103 was 

the most valuable analyzed sample available. A sample 
of chromite ore having a complete, accurate analysis was 
supplied through the courtesy of I i. H. Willard. A series of 
chromite ores was furnished by E. J. Lavino and Co., Norris
town, Pa., with the works analysis for Cr20 3 given through the 
kindness of G. E. Seil. Other samples were supplied by the 
Chromium Mining and Smelting Corporation, Sault Ste. 
Marie, Ontario. The samples were from such varied sources
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part of the hexavalent chromium is reduced. Add 3 drops of 
ferroin indicator and titrate to complete reduction of chromium, 
as indicated by the appearance of a definite pink coloration. 
About 0.05 ml. of the ferrous sulfate is required after the first 
appearance of an orange color in the blue-green reduced solution. 
Prom the measured volume of standard ferrous sulfate required, 
the per cent of chromic oxide present may be calculated. The 
potassium permanganate is used in this procedure to eliminate 
the effect of hydrogen peroxide, known to result (3) during oxida
tions using perchloric acid at or near 200° C.

A n alyses
For the following analyses the eerie sulfate was found as the 

mean of 9 consecutive comparisons with Bureau of Standards 
NajCzOi to  be 0.03541(1) N  with an average deviation from 

the mean of one p art in a thousand. 
T he ratio of eerie sulfate to ferrous sul
fate was 50/35.28, giving a ferrous sul
fate normality of 0.05018(6) N .

B u r e a u  o p  S t a n d a r d s  C h r o m e  R e 
f r a c t o r y  103. E ig h t  c o n s e c u t iv e  
analyses of chrome refractory 103 (cor
rected for its content of 0.08 per cent of 
vanadium) were carried out and the 
results are given in Table I. The cer
tificate value for this sample is 36.97 per 
cent C r 20 3. The average of the absolute 
errors shows th a t the determinations 
agreed with the certificate value to 
within less than 2 parts per thousand.

To check the extent to which the finely 
ground samples of chromite ore adsorb 

moisture upon standing, three analyses of undried sample 103 
were made and 36.75, 36.78, and 36.79 per cent of chromic 
oxide were found. This indicates the importance of drying 
before sampling.

C h r o m it e  f r o m  C o m m e r c ia l  S o u r c e s . To test further 
the general applicability of the new process to samples of 
chromite from a wide variety of sources, 12 additional samples 
were analyzed and the results are given in Table II. The 
values shown are the average of 3 to 4 individual determina
tions of each ore.

The complete analysis of sample 10 was: Cr2Oj, 26.58; 
SiO,, 22.04; FeO, 14.93; A1,0„ 9.01; MgO, 21.38; SO?, 
0.38; P , 0.39; loss on ignition, 4.77 percent. The beneficiated 
sample, No. 12, was found to be the most resistant of all to 
the solvent action of mixed phosphoric and sulfuric acids.

S u m m ary
A new and rapid method for the solution of all types of 

chromite ore, using a m ixture of phosphoric and sulfuric acids, 
is described. The chromium, after solution in mixed phos
phoric and sulfuric acids, is oxidized, using concentrated per
chloric acid a t  215° C., followed by treatm ent for a brief time 
w ith potassium permanganate.

In the determination of hexavalent chromium, standard 
ferrous sulfate is used w ith ferroin as indicator.

The new process was used for the analysis of 13 samples of 
chromite and chrome refractories from a wide variety of 
sources and no exceptions to its applicability were found. 
The m ethod is rapid, accurate to within less than 2 parts per 
thousand, and not costly.
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T a b l e  II. D e t e r m i n a t i o n  o f  Cr20 3 i n  C o m m e r c i a l  S a m p l e s  o f  C h r o m i t e

Source

E. J. Lavino

U niversity  of M ichigan  
C anadian
C anadian (beneficiated)

N o. of A verage
D up licate D eviation

am ple A nalyses CrjOj from CriOi D ifference
N o. A veraged Found A verage Present CriOj

% % %
1 3 3 2 .5 6 0 .0 1
2 4 3 1 .8 6 0 .0 6
3 4 3 3 .3 5 0 .0 2 33^39 - o !  04
4 4 3 0 .9 6 0 .0 4 3 0 .8 6 - 0 . 1 0
5 4 3 0 .9 0 0 .0 2 3 0 .8 8 - 0 . 0 2
6 3 3 1 .7 9 0 .0 2
7 2 3 1 .4 4 0 .0 2
8 3 3 1 .6 4 0 .0 3
9 3 3 1 .9 2 0 .0 5

10 3 2 6 .6 3 0 .0 6 26 .’¿8 +CL05
11 3 2 7 .1 2 0 .0 4
12 5 2 5 .7 2 0 .1 0

th a t the new procedure is probably applicable to any chromite 
ore th a t may be encountered. The samples had a range of 26 
to 37 per cent of chromic oxide, 8 to 22 per cent of silica, and 
16 to 22 per cent of magnesium oxide. The beneficiated 
sample supplied by the Canadian firm was low in C^Oi and 
high in calcium oxide.

D eta iled  P rocedure
Grind samples to pass a 100-mesh sieve and dry 2 hours at 

105° to 110° C. Transfer weighed 100- to 150-mg. samples from 
a weighing bottle to a clean, dry 500-ml. Erlenmeyer flask. 
Add 10-ml. of chromite solvent and swirl flask vigorously at 
once to get the sample in suspension and prevent a strong tendency 
to form a cake and stick to the bottom of the flask. Adjust 
the refluxing still head in the neck of the flask and heat to gentle 
boiling temperature, continuing the swirling motion for 5 to 15 
minutes or until the sample is seen to be entirely dissolved. 
Allow to remain on the burner without swirling 5 minutes longer. 
Samples which are not all dissolved in the time given should be 
ground finer. The solution at this point is grayish green in 
color and only a very small amount of insoluble silica is found 
suspended in the solution. In swirling the hot flask, a laboratory 
metal clamp is conveniently employed.

Allow the contents of the flask to cool for a minute and add 
through the still head 12 ml. of the oxidizing solution. Place a 
small Anschiitz thermometer, suspended from a small platinum 
wire, within the solution in the flask, retaining the refluxing still 
head in position. Heat to 215° C. during a 5-minute interval. 
The droplets of condensed acid on the flask walls should all be 
undergoing rapid reflux down the flask walls a t the end of this 
period. Remove the flask and contents from the source of heat 
and add 60 to 70 mg. of powdered potassium permanganate, 
after partially removing the still head and allowing the flask 
contents to cool to 210° C. Readjust the still head and swirl 
the flask contents to disperse the permanganate. With con
tinued swirling of the flask contents, dip the flask into cold 
water. After 8 to 10 seconds add 125 ml., cautiously at first, of 
distilled water, pouring it through the refluxing still head. Re
move and rinse the still head and thermometer. Rinse the flask 
walls and add 25 ml. of dilute (1 to 3) hydrochloric acid and a 
Filter-Cel boiling chip.

Heat to a gentle boil and continue to boil 5 minutes after dis
appearance of potassium permanganate and manganese dioxide 
to remove the chlorine. Cool to ordinary temperature, and add 
40 ml. of dilute (1 to 1) sulfuric acid. Titrate, using a standard 
solution of approximately 0.05 N  ferrous sulfate, until the greater
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Modified D istillation Method for Moisture
II. N . CALDERWOOD1 a n d  R. J. PIECHOWSKI 

U niversity o f  W isconsin , M adison, Wis.

A SERIOUS defect of the distillation method for the 
determination of moisture is the difficulty in removing 

all the condensed water adhering to the inner wall of the 
condenser tube (3, Jf). This- defect may be corrected by 
introducing into the condenser a very small am ount of some 
volatile substance which will dissolve both the water and the 
immiscible liquid adhering to the inner wall of the condenser 
tube, but will allow them to separate again in the receiver 
tube.

T a b l e  I. U s e  o f  E t h a n o l  i n  t h e  D i s t i l l a t i o n  M e t h o d  f o r  
t h e  D e t e r m i n a t i o n  o f  M o i s t u r e

A m ount of

Sam ple

W ater

Soap powder 
(official m ethod) 

Soap powder
(modified m ethod)

Sam ple W ater C ollected Alcohol
Priai 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2

M l. M l. M l. M l.
1 1 1 .0 1 .0 2 2
2 2 2 . 0 - 2 .0 2 2
4 4 4 . 0 - 4 .0 5 2
0 6 6 .0 0 .0 2 2
8 8 8 .0 8 .0 2 ó

10 10 1 0 .0 9 .9 7 2 5
Grams Grams

2 0 .0 2 0 .0 2 .1 4 2 .1 6 2 2

2 0 .0 2 0 .0 2 .2 0 2 .2 0 2 2

E xperim ental
The volatile substance used was 95 per cent ethanol and 

the immiscible liquid, xylene. Since the solubility data 
in the literature {2, 6) on the system ethanol-xylene-water 
are not accurate enough for the very small concentrations 
of ethanol used in this work, determinations were made to 
test the accuracy of the modified method.

The Dean-Stark distilling tube receiver (.5) was calibrated 
against the pipet used for measuring the water into the boiling 
flask. A known volume of water was added to a definite quan
tity of xylene in a 500-ml. boiling flask. The flask was attached 
to the distilling tube receiver and heated for 1 hour at a rate 
giving approximately 5 ml. of reflux per minute and then for 
3 hours at double that rate. Two drops of ethanol were then 
added through the top of the condenser, causing violent ebulli
tion and refluxing. When these had ceased, boiling was con
tinued for 5 minutes. If drops of water still remained in the 
condenser tube the ethanol treatment was repeated, using 3 
drops. The source of heat was then removed, the apparatus 
allowed to cool, and the volume of the aqueous distillate read.

The use of 5 drops of ethanol produced no readable in
crease even when the water volume was only 1 ml. D eter
minations made with the addition of larger quantities of 
ethanol, never exceeding more than 3 drops a t a time, showed 
th a t a to tal of 30 drops caused no readable increase in the 
volume for 10 ml. of aqueous distillate, but did cause an 
increase for volumes of 4 ml. or less.

Both 100- and 50-ml. quantities of commercial xylene were 
used, bu t since there was no difference in the results obtained, 
only the values for the 50-ml. quantities are reported in 
Table I. The table also reports results obtained in the 
analysis of a sample of soap powder by both the official 
method (1) and the modified method described below.

D iscu ssio n
The slow rate of boiling for the first hour prevents the 

aqueous condensate from being carried back to the boiling
1 Present address, 3105 Cross S t., M adison, W is.

flask through mechanical action of the returning xylene. 
For samples yielding less than 4 ml. of water, the total boiling 
time is usually about 2.5 hours, but for those yielding 6 to 
10 ml. of water, about 3.5 hours is the shortest possible tim e 
for complete dehydration. Under ordinary laboratory 
conditions distillations performed w ithout interruption a t 
the boiling rates and for the periods specified in the modified 
method will give complete dehydration in 4 hours, even when 
the aqueous condensate amounts to 10 ml. A longer time 
is required if the distillation is interrupted before com
pletion.

The use of ethanol as an indicator to show when dehydra
tion of the sample is complete should not be attem pted, on 
account of the danger of using too much and causing a serious, 
error in the reading as a result of the solvent action of ethanol 
on xylene and water. The ethanol should not be added until 
dehydration of the sample is complete.

The xylene after serving for two determinations should 
be freed from ethanol by washing three times with one-tenth 
its volume of water, and dried before further use.

When the condenser has been cooled properly during the 
distillation, one addition of ethanol, 2 drops, is sufficient. 
If on account of insufficient cooling a large section of the 
condenser tube shows drops of water, the second portion, 3 
drops, m ust be used also. The ethanol m ust not be added 
in a single 5-drop portion, since the violent boiling tha t 
results is likely to eject condensate from the top of the con
denser.

If after the first portion of ethanol is introduced additional 
water is deposited on the condenser tube, the dehydration 
of the sample has not been complete. Careful observance of 
the rates and periods of boiling specified will give complete 
dehydration.

M odified M eth od
Prepare and weigh the sample for distillation in the usual 

manner. Boil continuously for 1 hour a t a rate of approximately 
5 ml. of reflux per minute and for 3 hours a t double that rate. 
Without interrupting the boiling, now add through the top of 
the condenser 2 drops of 95 per cent ethanol. After the violent 
ebullition and refluxing have ceased, continue boiling for 5 
minutes. Should drops of water still remain on the inner wall 
of the condenser tube, prolong the boiling and give a second 
treatment with ethanol, using 3 drops. After the violent action 
has stopped, maintain the boiling for 5 minutes, then remove 
the source of heat, allow the apparatus to cool, and read the 
volume of aqueous distillate.

Su m m ary

In the distillation method for determining moisture, the 
introduction of a very small quantity  of ethanol removes 
water adhering to the inner wall of the condenser tube, thus 
increasing the accuracy of the method.

The ethanol should be added only after dehydration of the 
sample is complete.

Ethanol should not be used as an indicator to show when 
dehydration of the sample is complete.

Rates and periods of boiling are specified which will give 
complete dehydration of the sample.

Boiling must be uninterrupted throughout the analysis.
The experimental work in this paper is restricted to the  

Dean-Stark method, with xylene as the immiscible liquid.

520
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Rapid Saponification o f Esters by Potassium  
Hydroxide in Diethylene Glycol
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TH E saponification of an ester is usually the first step in its 
identification or analysis. For the purpose of identifica

tion, as in quantitative analysis, the reaction preferably is 
carried out in an aqueous solution of sodium or potassium 
hydroxide (5); the resulting alcohol and organic acid are 
then identified through a suitable derivative. For the pur
pose of obtaining quantitative data—i. e., determining the 
saponification equivalent—a standard alcoholic solution of 
sodium or potassium hydroxide (or ethoxide) is used. The 
reaction proceeds much more rapidly in alcohol than in water, 
partly  because both reactants are soluble, and partly  because 
the unknown ester iiiay be transposed to the ethyl ester, as 
in an alcoholic solution of sodium ethoxide (1, 6). In  the 
case of fats, the solvent sometimes employed is glycerol.

T a b l e  I. S a p o n i f i c a t i o n  T im f . a t  R e f l u x i n g  T f . m p e r a t o i i e

Ester 
B en zy l aceta te  
B u ty l acetate  
B u ty l oleate  
B u ty l phthalate  
B u ty l propionate 
E th y l acetate  
E th y l acetoacetate  
E th y l benzoate  
E th y l m alonate 
E th y l m -nitrobenzoate 
E th y l sa licy la te  
O live oil

T im e  
V ery short«* 
30 sec.
2 min.
2 m in.
1 m in.
V ery short« 
V ery short«  
1 m in .
V ery short« 
1 min.
V ery short« 
1 .5  min.

C om pletely  reacted when refluxing tem perature was reached.

There are some undesirable features in the usual procedures 
which it is desirable to eliminate. In  the qualitative ex
am ination of esters, these are: extreme slowness of the re
action in water solution, especially if the ester is quite insoluble, 
difficulty in obtaining a derivative of the resulting alcohol, 
because of contamination with water; and difficulty in ob
taining a pure derivative of the resulting alcohol when, 
because of the insolubility of the ester, the saponification 
has been done in alcoholic solution. In  the quantitative 
examination of esters, the undesirable features are: slowness 
of the reaction, necessitating long refluxing with possibility 
of loss through volatilization; poor keeping quality of the 
standard solution, necessitating elaborate precautions against 
decomposition, or else frequent preparation; and possible 
transposition of the unknown ester to  the corresponding ethyl 
ester, with a possible resultant loss because of increased 
volatility.

The use of diethylene glycol (/J.jS'-dihydroxyethyl ether) as 
the  solvent, replacing water, alcohol, and glycerol, is ad
vantageous for several reasons: Diethylene glycol readily 
dissolves potassium hydroxide; the solution is stable, and

darkens very slowly; diethylene glycol is a better solvent 
for fats and for many esters than glycerol; it is an industrial 
chemical and therefore readily obtainable; its boiling point 
is so high, 244.5° C. (4), th a t a rapid reaction is possible a t an 
elevated tem perature; all but high-boiling alcohols can be 
distilled from the reaction mixture in a fairly pure state; 
and any intermediate esters formed by transposition (1, 6) 
are so nonvolatile tha t loss is unlikely.

P rocedure for Q u a lita tive  Id en tifica tio n  o f  
E sters

In a 10- or 25-ml. distilling flask (preferably the former) are 
placed 3 ml. of diethylene glycol anil 0.5 gram of potassium 
hydroxide pellets. Following the addition of 10 drops of water, 
the mixture is heated over a small flame until the potassium 
hydroxide has dissolved. The mixture is cooled if the ester to be 
tested is volatile. The ester is added, 1 ml. if a liquid, 1 gram 
if a solid, or double these amounts if the substance is known to be 
of high molecular weight. The neck of the flask is now closed with 
a cork stopper carrying a thermometer of suitable temperature 
range. The side arm is fitted with a cork stopper of suitable size 
to connect the flask to a small water-cooled condenser. The 
flask is heated over a small flame, during which time the contents 
of the flask arc mixed by shaking. When only one liquid phase, 
or one liquid and one solid phase, remains in the flask, the 
flask is connected to the condenser and the alcohol is carefully 
distilled.

When done carefully, this procedure generally yields 
sufficient alcohol to prepare a t least two solid derivatives 
such as the 3,5-dinitrobenzoate (3), the nitrophenyl urethane 
(S), or others.

The residue left in the distilling flask is either a solution or a 
suspension of the potassium salt of the acid portion of the 
ester in diethylene glycol. Derivatives of this salt may be 
prepared as follows:

About 10 ml. of water and 10 ml. of ethyl alcohol are added 
to the diethylene glycol solution; then a drop of phenolphthalein 
solution and G N  sulfuric acid, drop by drop, are added until just 
acid. The resulting solution is set aside for a few minutes to 
allow as complete precipitation of the potassium sulfate as pos
sible. This precipitate is separated by filtration and the clear 
filtrate is divided into two equal parts. One portion may be 
treated with p-nitrobenzyl bromide (7), and the other with p- 
phenylphenacyl bromide (2) or other suitable reagent. This pro
cedure will generally yield two solid derivatives with melting 
points of use in identifying the acid constituent of the ester.

D iscu ssio n  o f  th e  Q u a lita tiv e  Procedure
The method has been found to  be very rapid and entirely 

satisfactory for a large number of esters. A good separation 
of the alcohol part of the ester from ethylene glycol is possible,
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even when the boiling point of the alcohol is as high as 
200° C.—for example, benzyl alcohol. If the ester yields a 
glycol or a polyhydric alcohol on saponification, the identifica
tion of the alcohol part of the ester is not possible, although 
identification of the acid can still be made. The rapidity 
with which the saponification takes place is shown in Table I.

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

°  E ster probably contained som e isoam yi alcohol. 
& E ster was show n to contain  som e free acid.

addition of about 30 ml. of distilled water, phenolphthalein is 
added, and titration is made with 0.5 N  hydrochloric acid. 
A blank is run by pipetting an equal volume of the reagent into a 
second 125-ml. flask, adding about the same amount of water, 
and titrating with the standard acid, using phenolphthalein. 
The saponification equivalent is calculated in the usual way.

Discussion

Saponification E q u iva len t Found A verage T heo
M ean of N os. D ev ia tion retical Error of

N am e of Ester N o . 1 N o. 2 1 and 2 from  M ean Value M ean
% %

iBoamyl acetate 135 .2 135 .9 13 5 .5 0 .2 6 130 + 4 . 4 “
Isob u tyl acetate 116 .1 11 5 .7 115 .9 0 .1 7 116 .1 - 0 .  17
n -B u ty l acetate 11 6 .8 116 .4 116 .6 0 .1 7 116 .1 +  0 .4 3
E th y l acetate 8 8 .3 9 8 8 .6 3 88 .5 1 0 .1 4 8 8 .0 6 + 0 .5 1
E th y l benzoate 149 .2 148 .9 149 .1 0 .1 0 15 0 .0 8 - 0 . 6
E th y l m alonate 7 9 .8 9 80 .2 1 8 0 .0 5 0 .2 0 8 0 .0 4 + 0 .0 1 2
E th y l p-nitrobenno-

ate 192 .1 192 .5 192 .3 0 .1 0 195 .08 - 1 . 3 6
E th y l phthalate 111 .9 111 .8 111 .85 0 .0 4 5 111 .06 +  0 .7 0
E th y l sa licy la te 16 5 .6 166 .4 166 .0 0 .2 4 1 66 .08 - 0 . 0 5
E th y l succinate 8 6 .8 8 8 6 .4 8 8 6 .6 8 0 .2 3 8 7 .0 5 - 0 . 4 4
M eth yl cinnam ate 162 .1 161 .4 161 .8 0 .2 2 1 6 2 .0 8 - 0 . 1 2
M eth yl oxalate 5 9 .5 6 5 9 .2 3 5 9 .3 8 0 .2 7 5 9 .0 2 +  0 .6 1

S ap on ifica tion  E q u iva len t o f  Esters
The pieces of equipment necessary are 125-ml. glass- 

stoppered Pyrex conical flasks, an ordinary 20- or 25-ml. 
pipet, and a buret. Because diethylene glycol is very viscous, 
it is desirable to  open the tip of the pipet to an inside diameter 
of 2 to  3 mm., in order to facilitate drainage. The pipet 
need not be calibrated, since a blank is run on the reagent. 
I t  is im portant th a t the conditions under which the solution 
is delivered, especially the tem perature and the time of drain
age, should be the same for both the analysis and the blank.

The reagents are aqueous 0.5 Ar hydrochloric acid and 1 N  
potassium hydroxide in diethylene glycol. The acid is standard
ized against aqueous sodium hydroxide, which in turn is stand
ardized against recrystallized potassium acid phthalate using 
phenolphthalein. The reagent is made by weighing about 60 
grams of c. p. potassium hydroxide pellets into a 500-ml. flask, 
adding 250 ml. of ordinary technical diethylene glycol, and 
heating to effect solution. A thermometer should be used for 
stirring and the temperature should be kept below 130° C.; 
otherwise a dark yellow color, which is troublesome during the 
titration, develops. As soon as the solid has dissolved, the hot 
solution is poured into 750 ml. of diethylene glycol in a glass- 
stoppered reagent bottle. The liquid is thoroughly mixed and 
allowed to cooi. This solution keeps well, but the color deepens 
slowly. After 5 months the yellow color is sufficient to make the 
end point difficult to distinguish, but the titer has changed less 
than 0.1 per cent.

The procedure used in the determination of the saponifi
cation equivalent is as follows:

The desired volume (20 to 25 ml.) of the ethylene glycol solu
tion of potassium hydroxide is delivered into a dry 125-ml. glass- 
stoppered conical flask. The flask is weighed, a suitable quantity 
(1 to 3 grams) of the ester is added, the stopper is replaced, and 
the flask is reweighed. The ester is mixed with the solvent 
by a rotary motion of t he flask and contents. While the stopper 
is firmly held in place, heat is applied slowly and gently by means 
of a small flame, so that a temperature of 70° to 80° C. is reached 
within 2 to 3 minutes. The liquid is agitated by a whirling mo
tion during the heating. At this point, the'flask is shaken 
vigorously, the liquid is allowed to drain, and the stopper is 
carefully loosened to allow air to escape. The stopper is replaced 
and the temperature is raised to 120 to 130° C. In the case of 
very high-boiling esters, the stopper is removed and a thermome
ter inserted.

After 3 minutes at this temperature, such refractory esters as 
dibutyl phthalate are completely saponified. Lower boiling esters 
(see below for exception) are entirely reacted at 100° C. The 
flask and contents are cooled to 80° to 90° C. and the stopper 
is removed and washed with distilled water. The rinsings are 
allowed to drain into the flask. The liquid is diluted by the

The principal sources of error are loss by vola
tility and incompleteness of reaction. Fortu
nately, most volatile esters are easily saponified. 
If the flask is kept firmly stoppered, the saponi
fication of volatile esters usually is quantitative 
by the time the stopper is first removed. Even 
a t room temperature the reaction m ay proceed 
fairly rapidly—for example, when two samples of 
ethyl acetate were weighed out and titrated, 
within the 8 to  10 minutes elapsed time the ex
ten t of saponification was 56 and 57 per cent, re
spectively. Less volatile esters—for example, 
ethyl benzoate—although oftentimes less reactive, 
give quantitative results, because saponification 
proceeds rapidly a t 120° to 130° C. without

■.......  — material loss of ester, but tertiary butyl acetate
saponifies slowly and is rather volatile. By the 

standard procedure, this ester is only about 50 per cent hy
drolyzed, and even when held a t 90° to 95° C. for 15 
minutes the results are about 8 per cent low.

Table I I  gives the values obtained for twelve common 
esters, which had been highly purified. The average per cent 
deviation of duplicate determinations from the mean shows 
the good degree of reproducibility offered by this method. 
The general good agreement of the measured and theo
retical values for these esters demonstrates the satisfactoriness 
of the method.

A few determinations of saponification numbers were made 
on ordinary oils to indicate the applicability of this general 
method to  the determination of saponification numbers of 
fats and oils. Although this phase of the work was not 
extensively investigated, sufficient work was done to  show tha t 
saponification numbers within the accepted range were 
readily obtained. These results are shown in Table III .

T a b l e  III. S a p o n i f i c a t i o n  D a t a  o f  O i l s

Saponification N um ber A ccepted
Found R ange

O live oil 1 9 7 .5  19 9 .3  185-196
C astor o il 1 8 0 .0  18 0 .4  175-183

S u m m ary
Esters and fats may be saponified rapidly and quantitatively 

by potassium hydroxide in diethylene glycol. The procedure 
does not give quantitative results with a volatile inert ester 
such as tertiary butyl acetate. The reaction is of value in 
qualitative analysis, because in general the alcohol (unless 
a di- or polyhydric alcohol) can be isolated easily and in a  
reasonably pure state and also because the derivative of 
the acid can be prepared in the reaction mixture.

L iteratu re C ited
(1) Gibby and W aters, J. Chem. Soc., 1932, 2&43.
(2) Judefind and Reid, J. .-I;«. Chem. Soc., 42, 1043 (1920).
(3) Malone and Reid, Ibid., 51, 3424 (1929).
(4) Matignon, Moreau, and Dode, Bull. soc. chim., 15] 1, 1313 (1934).
(5) Mulliken, “ Identification of Pure Organic Compounds,” Vol. 1,

p. I l l ,  New York, John Wiley it Sons, 1904.
(6) Pardee and Reid, J. In d .  E .vg. C h em ., 12, 129 (1920).
(7) Reid, J. Am. Chem. Soc., 39, 124 (1917).
(8) Shriner and Cox, Ibid., 53, 1601 (1931).
R e c e i v e d  July 13, 1937. Contribution 611, California Institute o f Tech
nology.



Estimation o f Riboflavin
A Sim ple F luorescent M ethod

S. ¡VI. WEISBERG A N D  I. LEVIN, Research Laboratories, Sealtest, Inc., B altim ore, Md.

IT  IS W ELL established th a t riboflavin (also known as vita
min B2, lactoflavin) emits a yellowish green fluorescence 

under ultraviolet light. Cohen (3, 4) and Suppléé (10) have 
described methods for utilizing this property to assay for the 
content of riboflavin. The present method differs from th a t 
of the other workers in its greater simplicity from the opera
tor’s standpoint, requiring only inexpensive fluorescent stand
ards.

F i o u n E  1

In order to prepare a sample for the fluorescence analysis a 
clear solution must be obtained and extraneous coloring ma
terials as well as fluorescing substances other than riboflavin 
must be removed. A procedure th a t has given good results 
with dairy products is as follows:

Reflux a weighed sample of the solid product three times with 
methanol acidulated with acetic acid, in the presence of carbon 
dioxide and in the absence of light, washing the residue with 
fresh methanol between extractions. Add a volume of acetone 
equal to the combined methanol extracts and refrigerate overnight 
at —17.78° C. (0° F.) to precipitate flocculent impurities. 
Filter and condense filtrate in vacuo, adding enough water to 
ensure removal of the organic solvents and to leave the ribo
flavin in aqueous solution. Make this final solution up to a 
definite volume and assay. If any turbidity is present, it must 
be removed by filtration, or if of fatty  origin it may be removed 
by ether extraction.

This method is also applicable to  liquid samples, bu t no 
refluxing is required. The methanol carries the riboflavin

into solution and the acetone precipitates out extraneous 
m atter from the methanol.

Another procedure for extracting the riboflavin content for 
analysis is as follows:

Reflux a weighed sample three times with methanol in the pres
ence of carbon dioxide and in the absence of light. Adsorb the 
riboflavin from the methanol on British fuller’s earth, using ap
proximately 10 grams of earth for each 453.6 grams (1 pound) of 
original sample, assuming the potency in riboflavin to be of the 
order of whey powder or dried yeast. Centrifuge and wash the 
earth, then elute with a mixture consisting of pyridene 1, methanol 
1, water 4. Thirty-six cubic centimeters of mixture are required 
per gram of adsorbate. A second elution should also bo made on 
the earth. Filter the combined eluates, condense in  vacuo, and 
remove the colloidal fuller’s earth by adding methanol and 
filtering. Add water and condense the filtrate further to remove 
organic solvents. Then make the liquid up to volume and assay. 
A control should also be made by eluting the British fuller’s earth 
and following through as above, deducting any fluorescence value 
deriving from the earth itself and reagents.

Other procedures which might be used wholly or in p art for 
purifying riboflavin-containing samples for the fluorescence 
assay are those of Booher (2), Seidell (7), Itter, Orent, and 
McCollum (5), Supplee, Ansbacher, and Bender (5), Bisbey 
and Sherman (1), and Supplee, Ansbacher, and Flanigan (9).

In  the authors’ method sodium fluorescein (Eastm an Kodak 
Company) in an aqueous solution of 0.001 per cent is used for 
making up the fluorescent standards, and the fluorescence of 
the unknown aqueous solution, purified so as to contain only 
riboflavin as the fluorescing agent, is compared with the so
dium fluorescein standards under ultraviolet light. The fluo
rescein standards are calibrated by means of a solution of 
synthetic riboflavin (Winthrop Chemical Company).

By reference to Table I and Figure 1 the correlation between 
the fluorescence intensity of sodium fluorescein and riboflavin 
in water may be seen. This curve was obtained from the 
observations of three independent observers.

The fluorescein standards are made up in term s of 0.1 to
1.0 gamma of riboflavin per cc. Higher concentrations are 
difficult to match, owing to the high intensity of the fluores
cence and the green component of the sodium fluorescein. 
The purified unknown solution is diluted so th a t it falls into 
the range of 0.1 to 1.0 gamma per cc. and the various dilu
tions are multiplied by the dilution factor to obtain the flavin 
concentration.

In  making the assay, various dilutions of the unknown 
sample are made up to 50 cc., placed in French square bottles 
of 60-cc. (2-ounce) capacity, and compared under ultraviolet 
light with the fluorescein standards contained in similar

T a b l e  I. C o r r e l a t i o n  b e t w e e n  R i b o f l a v i n  a n d  S o d iu m  
F l u o r e s c e i n  C o n c e n t r a t i o n s

Sodium  F luo 0.001%  Sodium
R iboflavin rescein rescein M ade to
G am m a/cc. G am m a/cc. Cc.

0 .1 0 .1 7 0 .8 5
0 .2 0 .3 4 1 .7 0
0 .3 0 .5 1 2 .5 5
0 .4 0 .6 8 3 .4 0
0 .5 0 .8 0 4 .3 0
0 .6 1 .03 5 .1 5
0 .7 1 .20 6 .0 0
0 .8 1 .37 6 .8 5
0 .9 1 .54 7 .7 0
1 .0 1 .72 8 .6 0
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586 (Corning Glass Works, Corning, N. Y.) which transm its 
a rather monochromatic beam a t 3650 A.; it was chosen be
cause very little blue and other visible light can pass through. 
The filter constitutes the lid of the box and a determination 
is made by placing the sodium fluorescein standard, together 
with the riboflavin unknown, on the glass filter w ith lamps 
underneath, as shown in Figure 3.

F ig ijk e  2. U l t r a v io l e t  S o u r c e  f o r  R ib o 
f l a v in  D e t e r m i n a t io n . T o p  V ie w

bottles. Glass or cork stoppers may be used, but 
rubber stoppers must not be used, as enough solu
tion of rubber takes place to im part a blue fluores
cence to the solutions.

The ultraviolet light is obtained from nine Blue 
Glow (argon mixed gas) lamps ■ (General Electric 
Vapor Lamp Company, Hoboken, N. J.) mounted in a box 
similar to th a t described by Horimer (6), either of wood or 
metal, and wired as shown in Figure 2, The filter used is the 
16.25-cm. (6.5-inch) square Corning glass, Violet Ultra, No.

F ig u r e  3 . A r r a n g e m e n t  o f  
E q u i p m e n t  f o r  M e a s u r in g  R ib o 

f l a v in  C o n t e n t

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Sei., 19, 215 (193G).
(10) Suppléé, G. C., Ansbacher, S. 

Z. M., Ibid., 19, No. 3, 215

R e c e i v e d  A ugust 5, 1037.
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Analysis o f Crude Phosphorus and Sludges 
Containing Phosphorus

EARL II. BROWN,1 HENRY II. MORGAN, A N D  EUGENE R. RUSHTON  
T ennessee Valley A uthority, W ilson D ain, Ala.

TH E  analysis of phosphorus produced from rock phos
phate by the electric furnace method has presented a 

number of problems. The crude phosphorus, condensed 
from the furnace gas by a water spray, contains water, oxides 
of phosphorus, rock dust, silica, and other impurities. For 
control purposes and for the study of furnace operation it 
was necessary to determine the phosphorus content of samples 
ranging from nearly pure phosphorus to aqueous sludges 
containing very little phosphorus.

I t  was necessary to develop methods for the handling and 
weighing of samples, separation of the phosphorus from water 
and insoluble residues, and determination of the phosphorus 
extracted. A search of the available literature failed to re
veal a method meeting the requirements. M ost of the pub
lished work was based on solution of the phosphorus in a suit
able organic solvent, followed by oxidation to the orthophos
phate and determination of the latter by conventional 
methods.

Buehrer and Schupp (/) described phosphorus determina
tions employing the reaction between phosphorus and 
hydriodic acid with subsequent titration of the iodine liberated. 
The oxidation alone required 4 hours, and the tim e required 
for the to tal analysis was probably 7 or S hours. The appa-

1 Present address, General C hem ical C om pany, 40 R ector S t., N ew  
York, N . Y .

ratus was too complicated for routine analyses involving four 
or more simultaneous determinations.

Christomanos (2) treated phosphorus in solution in benzene 
or ether with a solution of copper nitrate, which resulted in 
the precipitation of copper phosphide. The organic solvent 
was removed by evaporation and the phosphorus was con
verted to orthophosphoric acid by oxidation with bromine 
and nitric acid, from which point the analysis proceeded by 
the standard gravimetric method. I t  was this method of 
treatm ent th a t was thoroughly checked and incorporated in 
the complete analysis described below.

P reparation  o f  th e  S am p les
In the case of aqueous phosphorus sludges, the sample is 

shaken thoroughly and transferred to four 40-ml. heavy-duty 
centrifuge tubes which are then centrifuged for 10 minutes a t 
2500 r. p. m. The volumes of supernatant liquid and solids 
are determined, the liquid is discarded if not wanted for fur
ther analysis, and the solids are rinsed with water out of the 
tubes into a  small beaker. Four tubes are taken in order to 
obtain sufficient solid m atter for the phosphorus extraction.

In the case of crude solid phosphorus, the sample is granu
lated by melting it under water in a large beaker or stoppered 
flask, followed by cooling in running water while vigorously 
stirring the melt.
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S a m p l i n g  P u h e  
P h o s p h o r u s . In th e  
course of the' develop
ment of a method for 
the a n a l y s i s ,  it was 
necessary to handle and 
weigh many samples 
of p u r e  phosphorus.
The apparatus shown 
in Figure 1 was devised 
for this phase of the 
work.

The glass tube, C, is provided with a solid 
rubber stopper at the bottom. Through the t wo- 
hole rubber stopper at the top pass delivery and 
exit tubes for an inert gas. The side tube sup
ports by means of a one-hole rubber stopper, a 
sample tube, A.

The manipulation of the device is as follows:
The Y-tube with sample tube and lower stopper 
in place is supported by a ring stand, and a flow 
of inert gas is started through the tube. The 
phosphorus to be weighed is cut or otherwise 
subdivided under water and the pieces arc trans
ferred to acetone. The sample tube is then re
moved from the side tube and charged with 
pieces of phosphorus from the acetone bath. The 
sample tube is then reinserted, the gas flow 
stopped at D, and the acetone remaining on the 
surface of the phosphorus pumped off through E.

The acetone having been removed, the inert gas 
is again passed through the system under pres
sure of approximately 1 cm. of mercury. The 
sample tube is then removed, stoppered, and 
weighed. After weighing, if, is unstoppered and 
replaced in the side arm. The lower stopper,
B, is removed, the regular gas exit, E, is closed, and 
the vessel to which the phosphorus is to be trans
ferred is placed in such a position that it can easily be flooded with 
the inert gas during the transfer of phosphorus. The transfer 
is accomplished by rotating the sample tube about its long axis, 
thus raising the bulb and allowing the pieces of phosphorus to 
run out.

Sufficient material having been removed, the sample tube is 
again removed, stoppered, and weighed, the amount of phos
phorus removed being determined by difference.

The number of samples that can be handled with one filling 
of the bulb will, of course, depend on the amount of material 
required per sample and size of bulb.

The successful use of this apparatus demands that there be 
a slight flow or pressure of the inert gas a t all times, except 
during the drying operation. This is easily accomplished by 
connecting a gas safety tube or bubbler 
in the gas line.

b e n z e n e , c . P .; 
b ro m in e .

nitric acid, 15 N  saturated with

F i g u r e  1. P h o s p h o r u s  
D r y in g  a n d  W e i g h i n g  

A p p a r a t u s

M e t h o d .  Three layers of filter paper arc 
fitted into the bottom of a Gooch crucible. A 
perforated porcelain plate fitting inside the cruciblc 
is also provided and all are weighed in a closed 
weighing bottle. The sample is washed into 
the crucible and the excess water is removed by 
gentle suction, leaving the material moist enough to 
prevent its igniting. The sample is covered with the 
perforated plate, the crucible returned to the weigh
ing bottle and reweighed.
This weight less the tare 
represents the weight of 
the wet sample. A cover
ing of benzene is poured 
on the sample and the 
cruciblc is set in the neck 
of an extraction flask con
taining about 150 ml. of 
benzene. Assembly of the 

"i7 apparatus is completed as
I shown in Figures 2 and 3
I and the sample is extracted

for about 2 hours, the 
\  time depending on the

\  nature and amount of
\ sample. At the end of the
' extraction period the
I flask and contents are

j  cooled to room tempera- 
J / ture, the crucible is re-

/  moved, dried at 105° C.,
 y  and weighed in the original

w eighing  b o tt le .  The 
weight, after subtracting 
the tare, is the amount of 
benzene-insoluble matter.
The water introduced with 
the sample is collected and 

measured in the graduated trap below the F i g u r e  2 . Ex
condenser. From this volume the dry t r a c t i o n  A p p a -
weight of the sample is found and this r a t u s
gives the basis for percentage calculations.

O xidation  and D eterm in a tio n  o f  P h osp h oru s
The benzene is transferred from the extraction apparatus to a 

250-ml. volumetric flask, the apparatus is washed with benzene, 
and the washings are added to the flask. Benzene is added to 
make 250 ml., the contents of the flask are thoroughly mixed, and 
two aliquots of 10 ml. each are transferred to 20-ml. portions of 
25 per cent copper nitrate solution in 100-ml. Erlenmeyer flasks. 
The flasks are stoppered and shaken vigorously at 2-minute inter
vals for 10 minutes, the stoppers and sides of the flasks are washed 
down with water, 50 ml. of hot water are added, and the mixture

D eterm in a tio n  o f  W ater and
B en zen e-In so lu b le  R esidue

A p p a r a t u s  a n d  R e a g e n t s . The 
extraction apparatus is shown in Fig
ures 2 and 3 and is a modification of 
the apparatus described by Dean and 
Stark (S) for the analysis of soap and 
vegetable products. The flask, water 
trap, and condenser are connected by- 
standard taper ground joints. The 
flask is heated in a water bath consist
ing of a cylindrical can of 16-gage 
sheet copper 22.5 cm. (9 inches) high 
and 15 cm. (6 inches) in diameter, 
provided with a GOO-watt immersion 
heater fixed parallel to and 2.5 cm. 
(1 inch) above the bottom.

The reagents employed are: copper 
nitrate solution, 25 per cent by wyeight; F ig u r e  3 . P h o s p h o r u s  E x t r a c t io n  A p p a r a t u s
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is heated at about 100° C. until all benzene is expelled. A few 
glass beads are added to the flask to prevent bumping. Heating 
is then stopped, 5 ml. of 15 Ar nitric acid saturated with bromine 
are added cautiously, and the mixture is allowed to stand until 
action ceases; then about 7 ml. more of thus reagent are added 
and the mixture is boiled until all fumes of nitric acid and bro
mine are expelled. The solution is then filtered through a quick 
filter into 250-ml. beakers, with thorough washing with hot 
water. The volume at this stage should be about 100 ml.

T a b l e  I . C o m p a r is o n  o p  A n a l y s e s  b y  V o l u m e t r ic  a n d  
G r a v im e t r i c  M e t h o d s

(Solutions from  treatm ent of phosphorus by copper nitrate)
D evia D ev ia 

Phosphorus tion Phosphorus tion
Phosphorus R ecovered from R ecovered from

Taken V olum etrically M ean Gravi m etrically M ean
Gravi Gram % % Grain % %

0 .0 9 3 2 0 0 .0 9 3 1 5 9 9 .9 1 .3 0 .09312 9 9 .9 0 .9
0 .09524 0 .0 9 5 1 0 9 9 .8 1 .2 0 .09513 9 9 .9 0 .9
0 .07424 0 .07370 9 9 .3 0 .7 0 .07342 9 8 .9 0 .1
0 .0 9 3 0 8 0.08991 9 6 .6 2 .0 0 .0 9 1 5 4 9 8 .3 0 .7
0.0735G 0 .0 7 1 1 0 9 6 .7 1 .9 0 .0 7 2 1 7 9 8 .1 0 .9
0 .08324 0 .08321 9 9 .9 1 .3 0 .0 8 3 2 3 100 .0 1 .0
0 .06236 0 .06116 9 8 .1 0 .5 0 .06122 9 8 .2 0 .8
0 .08260 0 .08213 9 9 .4 0 .8 0 .08164 9 S .8 0 .2
0 .070S 0 0 .0 7 0 0 3 9 8 .9 0 .3 0 .0 6 9 6 6 9 8 .4 0 .6
0 .06832 0 .06657 9 7 .4 1 .2 0 .06813 9 9 .7 0 .7

M ean P< recovery 9 8 .6 9 9 .0
A verage d eviation  from mean 1 .1 0 .6

A verage d eviation  from m ean A bout 11 parts A bout 6 parts
A rithm etical mean in  1000 in  1000

The solutions prepared as described above, containing the 
phosphorus as orthophosphate, are analyzed for phosphorus 
either gravimetrically or volumetrically according to standard 
methods.

A u to ig n itio n  o f  S o lu tio n s

Careful observations were made of the solutions of phos
phorus in benzene regarding their tendency toward autoigni
tion. I t  was found th a t while nearly saturated solutions 
smoked increasingly with increase in temperature, there was 
no autoignition. Where a solution was allowed to evaporate 
spontaneously, the phosphorus did not burn until the benzene 
had evaporated. When pieces of elemental phosphorus were 
taken from immersion in benzene and in acetone, complete 
evaporation of the solvent seemed necessary before ignition 
took place. A film of benzene or acetone definitely inhibits 
autoignition.

C om parison  o f  G ravim etric and  V o lu m etric  
M ethods

The saving of time being im portant in the control labora
tory, gravimetric and volumetric methods were run on ten 
samples of pure phosphorus dissolved in benzene and treated 
with copper nitrate, bromine, and nitric acid as described 
above. The results are given in Table I.

A ccuracy o f  th e  M ethod

Samples of phosphorus; phosphorus, sand, and water; and 
phosphorus, precipitated silica, and water were analyzed 
according to the above procedure, the analyses being com
pleted by the gravimetric method. The data are given in 
Tables II, I II , and IV.

The results indicate th a t a solution of phosphorus in ben
zene can be digested under a reflux condenser for a period of 
a t least 90 minutes without loss of phosphorus and th a t the 
procedure is suitable for the extraction of phosphorus from 
sludges and crude material. Samples containing as much as 
2.6 grams of phosphorus were analyzed with fair accuracy and 
precision.

In  practice, six determinations are run a t one time, requiring 
about 6 hours for a complete analysis.

T a b l e  I I .  E x t r a c t i o n  o p  K n o w n  W e i g h t s  o p  P h o s p h o r u s  
i n  G o o c h  C r u c i b l e s

Benzene Phosphorus D eviation
U sed Taken Phosphorus R ecovered from M ean
M L Gram Gram % %
170 1 .6 9 9 1 .6 9 8 9 9 .8 1 .3

1 .663 9 7 .8 0 .7
170 2 .0 6 2 2 .0 5 0 9 9 .4 0 .9

2 .0 5 0 9 9 .4 0 .9
170 1.311 1.283 9 7 .8 0 .7

1.273 9 7 .0 1 .5
170 3 .4 0 3 3 .3 5 0 9 8 .5 0 .0

3 .3 3 0 9 7 .9 0 .6
M ean P< recovery 9 8 .5
A verage deviation  from mean 0 .8
A verage deviation  from mean

A rithm etical mean A bout 8 parts in 1000

C onstant error, assum ing 100
per cent pure P< 1.5 parts in  100

T a b l e  I I I .  K n o w n  W e ig h t s  o p  P h o s p h o r u s  M i x e d  w i t h  
S a n d  a n d  W a t e r  a n d  E x t r a c t e d  i n  C r u c i b l e s

Benzene Sand Phosphorus Phosphorus D eviation
U sed 80-M esh Water Taken R ecovered from  M ean
ML Gram M L Gram Gram % %

t 150 0 .1 5 1 1 .963 1.963 10 0 .0 0 .5
150 0 .1 5 1 2 .6 2 8 2 .6 3 2 100.1 0 .4
150 0 .1 5 1 2 .2 5 9 2 .2 7 1 1 0 0 .5 0 .0
150 0 .1 5 1 2 .4 0 7 2 .3 9 9 9 9 .7 0 .8
150 0 .5 0 2 1.932 1.956 101 .2 0 .7
150 0 .5 0 2 2 .3 1 8 2 .3 4 6 101 .2 0 .7
150 0 .2 0 2 1.739 1.779 102 .3 1 .8
150 0 .2 0 2 2 .1 8 9 2 .2 0 4 100 .7 0 .2
150 0 .2 0 2 2 .3 0 7 2 .3 0 6 9 9 .9 0 .6
150 0 .2 0 2 2 .5 6 8 2 .5 6 6 9 9 .9 0 .6

M ean P< recovery 100 .5
Average deviation from  mean 0 .6 3
A verage deviation  from mean  

A rithm etical mean  

C onstant error

A bout 6 parts in  1000 

5 parts in  1000

T a b l e  I V .  K n o w n  W e i g h t s  o f  P h o s p h o r u s , P r e c i p i t a t e d  
S i l i c a , a n d  W a t e r  E x t r a c t e d  i n  C r u c i b l e s

Pre-
Benzene cipitated Phosphorus Phosphorus D eviation

Used Silica W ater Taken Recovered from  M ean
M L Gram ML Gram Gram % %
150 0 .2 0 N il 2 .381 2 .3 9 5 100 .6 0 .7
150 0 .2 0 2 2 .3 3 0 2 .3 2 3 9 9 .7 0 .2
150 0 .2 0 2 1.856 1.881 101 .3 1 .4
150 0 .2 0 2 2 .3 2 7 2 .3 2 4 9 9 .9 0 .0
150 0 .2 0 2 1.839 1 .837 9 9 .9 0 .0
150 0 .2 0 2 2 .081 2 .0 7 0 9 9 .5 0 .4
150 0 .2 0 2 1.559 1.576 101.1 1 .2
150 0 .2 0 2 2 .0 6 5 2 .0 2 2 9 7 .9 2 .0
150 0 .2 0 3 1.770 1.767 9 9 .8 0 .1
150 0 .2 0 3 1.708 1 .699 9 9 .5 0 .4

M ean P< recovery  
A verage deviation from mean

9 9 .9
0 .6 4

A verage deviation  from mean  
A rithm etical mean 

C onstant error

A bout 6 parts in  1000 

1 part in  1000

For the work for which the above procedure was developed, 
the final determination of phosphorus by the volumetric 
method was satisfactory, resulting in a great saving of time.

Su m m ary
An apparatus is described for the separation of crude 

phosphorus and phosphorus-bearing sludges into phosphorus, 
water, and benzene-insoluble residue.

A method is given for determining phosphorus in crude 
phosphorus and phosphorus-bearing sludges, as well as a 
technic for handling and weighing small samples of pure phos
phorus.

L iterature C ited
(1) Buehrer and Schupp, J . Am. Chem. Soc., 49, 9 (1927).
(2) Christomanoa, Z. anorg. Chem., 41, 305-14 (1904).
(3) Dean and Stark, J. Ind. E n g . C h e m ., 12, 486 (1920).
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Photom etric Determ ination o f Added
Phosphorus in Oils

PAUL GOODLOE
Research and D evelopm ent D ivision, General Laboratories, Socony-V acuum  Oil Co., Inc., Paulsboro, N . J.

A PHOTOELECTRIC method for the determination of 
phosphorus in amounts as small as 0.001 mg. was 

recently published by Eddy and DeEds (1). A similar 
method has been employed in this laboratory for about a 
year for the control of the addi
tion of phosphorus compounds to 
mineral oils, and its reliability 
and ease of application warrant 
its being reported.

The organic phosphorus in oil 
solution is changed to inorganic 
phosphate in aqueous solution 
by the simple and rapid proce
dure of igniting the sample in a 
crucible with zinc oxide, fol
lowed by solution in dilute sulfuric acid. The colorimetric 
method chosen after a number of trials is based on the work 
of Zinzadze (6) and Farber and Youngburg (£), and the 
electric colorimeter developed by Story and Kalichevsky (5) 
has been employed throughout with consistent success.

Stan d ard  S o lu tio n s
10 N  S u l f u r i c  A c i d . Add 450 cc. of c .  p . phosphorus- and 

arsenic-free concentrated sulfuric acid (sp. gr. 1.84) to 1150 cc. 
of distilled water, mix, and cool. T itrate the solution and dilute 
with the calculated amount of water (5 to 10 cc.) to exactly
10.0 Ar.

M o l y b d a t e  R e a g e n t .  Place 64 grams of ammonium hepta- 
molybdate in a 1-liter volumetric flask, add 300 to 400 cc. of 
distilled water and 500 cc. of 10 N  sulfuric acid, dissolve, and make 
to 1 liter. This solution keeps for at least 3 months.

S t a n n o u s  C h l o r i d e  S o l u t i o n .  Make a stock solution by 
placing 5 grams stannous chloride dihydrate (A. C . S. Standard) 
in a small glass-stoppered brown bottle, adding 25 cc. of con
centrated c. p. hydrochloric acid, and shaking until dissolved. 
This stock solution should be renewed each 2 weeks. Each day 
pipet out 1 cc. of the stock solution and make to 100 cc. for use. 
The diluted solution deteriorates in 12 to 15 hours.

S t a n d a r d  P h o s p h a t e  S o l u t i o n .  Dissolve 4.3917 grams of 
c .  p. monobasic potassium phosphate in 50 cc. of 10 N  sulfuric 
acid and 500 cc. of distilled water. Add a few crystals (not over 
0.1 gram) of potassium permanganate as preservative, and make 
to 1 liter. Pipet out 100 cc. of this solution and make to 1 liter; 
the resulting solution contains 0.1 mg. of phosphorus per cc. 
By again diluting 100 cc. to 1 liter, make a solution containing
0.01 mg. of phosphorus per cc.

Procedure
Weigh the sample (1 gram) into a small Coors crucible with an 

accuracy of 0.1 mg. and cover the oil with an approximately equal 
weight of zinc oxide.

Place the crucible and contents in a tilted position on a clay 
triangle, heat with a large luminous flame until the oil has been 
burned up slowly, then ignite until the crucible is entirely free 
from carbon. Allow the crucible to cool a little and place in a 
250-cc. beaker, dumping out the contents by tapping the cruci
ble against the side of the beaker. Cover with distilled water and 
add approximately 10 cc. of 10 N  sulfuric acid.

Heat on a hot plate with occasional stirring until solution is 
complete and then remove the crucible with washing. Transfer 
the solution to a volumetric flask and make up to 250 cc. Of 
this solution pipet 25 cc. (0.1 of original sample) into a 100-cc. 
volumetric flask and make to about 50 cc. with distilled water. 
Make alkaline by adding 20 per cent sodium carbonate solution 
drop by drop until the solution is turbid, owing to the appearance 
of zinc hydroxide. Add 10 N  sulfuric acid drop by drop until the 
solution clears on the addition of the last drop, swirling after the

addition of each drop (2,4-dinitrophenoI, 6, may be used as a 
yellow to colorless indicator here if a more apparent end point is 
desired).

To the faintly acid sample in a little less than 60-cc. volume, add 
10 cc. of 10 N  sulfuric acid followed by 10 cc. of the molybdate

reagent. Wash down the sides of 
the flask until the contents are 
about 90 cc. and mix by swirling. 
While swirling, add 5 cc. of the 
diluted stannous chloride solution 
(1 cc. of stock solution diluted to 
100 cc.), noting the time at which 
it is added, make tolOO cc., close 
with a glass stopper, and mix.

Fill a 2.5-cm. (1-inch) cell used 
in the electric colorimeter with 
a part of the blue solution and 
read the intensity of the trans
mitted light in the colorimeter ex

actly 10 minutes after the addition of the stannous chloride. 
From the scale reading so obtained and the weight of the sample, 
the percentage of phosphorus can be calculated by means of an 
equation determined by prior calibration of the colorimeter with 
standard phosphate solution.

A sh in g
Other substances may be used in place of zinc oxide, but 

none seems to equal it in all respects. Howk and DeTurk
(3) have used calcium carbonate in the ashing of plant ma
terial, but calcium compounds cannot be used here because 
the subsequent colorimetric method is carried out in sulfuric 
acid solution. The alkali carbonates can be used, but they 
require longer ignition and are more difficult to remove from 
the crucible than zinc oxide. Magnesium nitrate has been 
used as an ashing material for biological serums by Roepke
(4), bu t the presence of magnesium ion has a decided influence 
on the color to be produced later and the am ount of mag
nesium n itrate used m ust be exactly the same each time. 
N itrates interfere with the formation of the color unless they 
are completely eliminated by decomposition during the igni
tion.

Zinc ion, in the small amounts used, has only a negligible 
effect on color development, and pure grades of zinc oxide 
are available. The formation of yellow zinc peroxide when 
the oxide is heated makes this material an active agent in the 
oxidation process and the voluminous nature of the oxide 
lends itself particularly well for ashing purposes.

O peration  o f  C olorim eter
The colorimeter has been described elsewhere (5) and only 

brief directions for its use need be given here. The constant 
ammeter reading is obtained with the scale at zero and from 
this figure the blank is subtracted to obtain a corrected am
meter reading. The cell containing the blue solution is 
introduced and the scale is moved until the ammeter records 
the corrected reading. The scale reading a t this point is then 
related to the amount of phosphorus in the solution.

The blank is determined by taking a sample of phosphorus- 
free oil through exactly the same procedure as is applied to 
an unknown. The resulting 100 cc. of solution should be 
practically water-white if the reagents are free from phos
phorus. On introducing a cell containing this solution into 
the colorimeter, with the scale remaining a t zero, a deflec
tion of the ammeter pointer will be noted. This difference in

A reliab le  p h o to m etr ic  m eth o d  for th e  
d eterm in a tio n  o f  p h osp h oru s, p articu larly  
adapted  for the con tro l o f  sm a ll a m o u n ts  o f  
added p h osp h oru s in  o ils , is  described . An  
accuracy  o f  0.001 per cen t h a s been  d em o n 
stra ted . Less th a n  1 h o u r  is required for a 
sin g le  co m p le te  a n a lysis .
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T a b l e  I. E x p e r i m e n t a l  D a t a

Scale

Phosphorus
C alculated

by A bsolute
Phosphorus Reading E q uation  1 Error

M g. M g. M g.
0 .0 0 1 2 .5
0 .0 0 2 2 .4
0 .0 0 3 3 .1 0 .0001 0 .0 0 2 9
0 .0 0 4 5 .9 0 .0 0 3 5 0 .0 0 0 5
0 .0 0 5 6 .7 0 .0 0 4 5 0 .0 0 0 5
0 .0 0 6 7 .4 0 .0054 0 .0 0 0 6
0 .0 0 7 8 .4 0 .0 0 6 5 0 .0 0 0 5
0 .0 0 8 9 .2 0 .0 0 7 6 0 .0 0 0 4
0 .0 0 9 10.1 0 .0 0 8 6 0 .0 0 0 4
0 .0 1 0 10 .9 0 .0 0 9 6 0 .0 0 0 4
0 .011 1 2 .0 0 .0 1 0 9 0 .0001
0 .0 1 2 1 2 .8 0 .0 1 1 9 0 .0001
0 .0 1 3 13. S 0 .0 1 3 1 0 .0001
0 .0 1 4 1 4 .5 0 .0 1 4 0 0 .0 0 0 0
0 .0 1 5 1 5 .3 0 .0 1 5 0 0 .0 0 0 0
0 .0 1 6 1 5 .9 0 .0 1 5 7 0 .0 0 0 3
0 .0 1 7 1 6 .9 0 .0169 0 .0001
0 .0 1 8 18 .1 0 .0184 0 .0 0 0 4
0 .0 1 9 1 8 .2 0 .0 1 8 5 0 .0 0 0 5
0 .0 2 0 1 9 .9 0 .0 2 0 6 0 .0 0 0 6
0 .0 2 1 2 0 .7 0 .0 2 1 5 0 .0 0 0 5
0 .0 2 2 2 1 .1 0 .0 2 2 0 0 .0 0 0 0
0 .0 2 3 2 1 .8 0 .0229 0 .0 0 0 1
0 .0 2 4 2 2 .6 0 .0 2 3 9 0 .0001
0 .0 2 5 2 3 .9 0 .0254 0 .0 0 0 4
0 .0 2 6 2 5 .2 0 .0 2 7 0 0 .0 0 1 0
0 .0 2 7 2 4 .7 0 .0 2 6 4 0 .0 0 0 6
0 .0 2 8 2 6 .0 0 .0 2 8 0 0 .0 0 0 0
0 .0 2 9 2 6 .9 0 .0 2 9 0 0 .0 0 0 0
0 .0 3 0 2 7 .0 0 .0 2 9 2 0 .0 0 0 8
0 .0 3 1 2 8 .4 0 .0 3 0 9 0 .0001
0 .0 3 2 2 9 .6 0 .0 3 2 4 0 .0 0 0 4
0 .0 3 3 3 0 .1 0 .0 3 3 0 0 .0 0 0 0
0 .0 3 4 3 1 .7 0 .0 3 5 0 0 .0 0 1 0
0 .0 3 5 3 1 .7 0 .0 3 5 0 0 .0 0 0 0
0 .0 3 6 3 2 .4 0 .0 3 5 8 0 .0 0 0 2
0 .0 3 7 3 3 .4 0 .0 3 7 0 0 .0 0 0 0
0 .0 3 8 3 4 .6 0 .0 3 8 5 0 .0 0 0 5
0 .0 3 9 3 4 .7 0 .0 3 8 6 0 .0 0 0 4
0 .0 4 0 3 6 .2 0 .0 4 0 4 0 .0 0 0 4
0 .0 4 1 3 6 .7 0 .0411 0 .0 0 0 1
0 .0 4 2 3 7 .0 0 .0 4 1 4 0 .0 0 0 6
0 .0 4 3 3 7 .8 0 .0 4 2 5 0 .0 0 0 5
0 .0 4 4 3 8 .0 0 .0 4 2 6 0 .0 0 1 4
0 .0 4 5 3 8 .6 0 .0 4 3 4 0 .0 0 1 6
0 .0 4 6 3 7 .7 0 .0 4 2 3 0 .0 0 3 7
0 .0 4 7 3 9 .3 0 .0 4 4 2 0 .0 0 2 8
0 .0 4 8 3 9 .3 0 .0 4 4 2 0 .0 0 3 8

the ammeter readings when the colorimeter is em pty and when 
it contains a cell filled with the blank solution is the blank. 
When the blank is applied, the corrected ammeter reading so 
obtained is actually the reading the ammeter would have if 
the colorimeter contained the blank solution in the cell.

The blank should detect and make correction for minor 
changes in the reagents or the colorimeter and give warning of 
error when major changes occur. I t  is wise to determine the 
blank a t the beginning of each work day, although experience 
has shown th a t it changes only when fresh reagents are 
made up or those in use deteriorate.

The colorimeter m ust be turned on about 15 minutes be
fore use, as it requires about this time to warm up to equilib
rium. Readings of the milliammeter should be made to  one- 
fourth division and of the colorimeter scale to one-tenth divi
sion.

C alibration

Using standard phosphate solution, known amounts of 
phosphorus (0.01, 0.02, and 0.03 mg. are suggested) can be 
placed in 100-cc. volumetric flasks, and diluted w ith water, 
reagents added and color developed, and the scale reading 
corresponding to  these amounts of phosphorus determined. 
Essentially a straight line can then be drawn through these 
points and the equation of this line can be used to calculate 
the am ount of phosphorus from the scale reading.

For these known samples of standard phosphate the color 
is developed as follows: The samples are diluted with dis
tilled water to about 50-cc. volume and then 10 cc. of 10 Ar 
sulfuric acid, 10 cc. of molybdate reagent, and 5 cc. of stan
nous chloride solution are added in the order given. The

intensity of the light transm itted is read 10 minutes after the 
addition of the stannous chloride. The color begins to de
velop within 3 minutes and in about 6 minutes has reached a 
maximum intensity which is maintained for about 30 minutes.

A blank m ust also be used in connection with the standard 
phosphate samples for calibration and in general it will dif
fer from the blank obtained on a sample of phosphorus-free 
oil which is ignited and then carried through the procedure. 
The calibration blank is run using a 50-cc. sample of distilled 
water to which are added the sulfuric acid, molybdate reagent, 
and stannous chloride solution. Again the scale is left a t 
zero and the deflection of the ammeter pointer caused by the 
introduction of the cell containing the blank solution into the 
colorimeter is called the blank. I t  is used in the same way as 
pointed out above.

W ith the two colorimeters now in use, the following equa
tions were determined empirically, constants being rounded 
off:

- r . , , scalc reading — 3Mg. of phosphorus = --------- ------------  (!)

. .  . , , scale reading — 1 .Mg. of phosphorus = --------- -------------  (2)

To give the per cent of phosphorus in the oil these equations 
become:

, , , . scale reading — 3Per cent of phosphorus = w---------~r—  , . ,—  (3)8.2 X mg. of sample taken

Per cent of phosphorus =• J ca'e Icafon.S 1 . (4)
10 X mg. of sample taken

In Equations 3 and 4 the milligrams of sample taken do 
not refer to  the weight of the oil ignited, but to an aliquot 
of this weight. This aliquot is determined by the am ount 
of the standard volume of solution taken after ignition. This 
permits taking several different aliquots of the solution until 
one falling in the correct range is obtained.

Table I  gives the experimental data obtained in the cali
bration of the first colorimeter and the calculation of Equation
I . I t  includes the values calculated from the scale readings 
by means of Equation 1 to indicate the degree of applicability 
of this equation.

D iscu ssion
As can be seen from Table I, the straight-line function 

holds only when the phosphorus in the sample lies between 
0.C05 and 0.04 mg., bu t if the sample is chosen so th a t the 
am ount of phosphorus taken lies between these limits, the 
method is applicable and accurate to 0.001 per cent. Thus, 
the directions given apply to oils containing 0.005 to  0.04 
per cent of phosphorus. If the oil (or other organic substance) 
contains only 0.001 per cent of phosphorus, this can be 
detected accurately by taking a 1-gram sample which would 
contain 0.01 mg. of phosphorus. Furthermore, by careful 
dilutions, substances containing much larger quantities of 
phosphorus m ay be analyzed by tliis method. Preliminary 
results indicate th a t pure organic compounds containing up 
to 10 per cent of phosphorus are susceptible to  analysis by 
this method with an accuracjr approaching 0.1 per cent.

An outstanding advantage possessed by this method is 
th a t the tim e required for a complete analysis as outlined is 
less than 1 hour. If several samples are carried through 
together, which is easily effected in practice, the time required 
is reduced to 0.5 hour per sample.

The final acidity of the colored solutions as prepared in this 
method is 1.5 N . The necessity for this high concentration 
of acid is obvious from experimental results given in Table
II. Farber and Youngburg (2), employing an almost identi-
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cal procedure, have the final acidity of their colored solutions 
adjusted to be only 1 N , and in a similar colorimetric method 
Zinzadze (<?) uses a final acidity of 0.35 N . The Zinzadze 
method employs molybdenum trioxide in place of the am
monium heptamolybdate used here.

T a b l e  II. E x p e r i m e n t a l  D a t a

Sam ple Scale R eading A cid N orm ality
B lank
B lank
B lank
B lank
Blank

7 6 .5
2 5 .0

9 .3
1.2
0 . 2

0 .5
0 .7 5
1.0
1 .2 5
1 .5

In terferin g  S u b sta n ces

The interference of other substances in the development of 
the color in the methods based on the reduction of phospho- 
molybdate have been discussed by Zinzadze (6). The 
means employed here for overcoming the influence of small

amounts of ferric iron in the sample, taken from Zinzadze’s 
work, is as follows: Immediately following the addition of the 
10 N  sulfuric acid to the sample and before the addition of the 
molybdate reagent, 5 cc. of 16 per cent sodium metabisulfite 
solution are added and the flask is heated a t about 100° C. 
for 1 hour. This procedure will take care of a t least 0.2 mg. 
of iron.
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D eterm ination  o f  Chlorides and Brom ides
L. A. REBER a n d  WALLACE M . McNABB 

D epartm ent o f C hem istry and C hem ical E ngineering, U niversity o f P ennsylvan ia , Philadelphia, Pa.

IT  HAS been shown (£) th a t silver nitrate m ay be titrated  
with potassium iodide, using eerie ammonium sulfate and 

starch as indicators. As this method has never been applied 
to  the determ ination of chlorides and bromides, it was con
sidered desirable to  learn its degree of accuracy as compared 
with the thiocyanate and the gravimetric methods. Pure 
potassium chloride and bromide were used for the analyses.

The procedures employed were essentially those given by 
Kolthoff and Sandell (1) as the Volhard method for chlorides." 
The directions were made more specific wherever it was con
sidered advisable.

A n a ly tica l P rocedure
P r o c e d u r e  1. Add 5 ml. of 6 N  nitric acid to 25 ml. of 

0.03658 N  potassium chloride solution, and then 25 ml. of 0.1 N  
silver nitrate. Stir to coagulate the precipitate, filter, and wash 
the precipitate of silver chloride with 60 ml. of 1 AT nitric acid. 
To the combined filtrate and washings add 3 ml. of 0.5 per cent 
starch solution and 0.1 ml. of 0.1 N  eerie ammonium sulfate 
solution. Titrate the silver with 0.1 iV potassium iodide solu
tion to the appearance of a permanent blue-green color. Sub
tract 0.1 ml. from the buret reading as an indicator blank.

T a b l e  I. E x p e r i m e n t a l  R e s u l t s

M ethod  
Procedure 1

Procedure 2

Volhard 1

V olhard 2

G ravim etric

A v.

Cl in  KC1, B r in  K Br,
% %

4 7 .6 7 6 7 .4 6
4 7 .5 7 6 7 .4 3
4 7 .6 7 6 7 .4 3

\  4 7 .6 4 A v. 6 7 .4 4

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

•. 4 7 .4 4 A v. 6 7 .5 4

4 7 .6 8 6 7 .4 8
4 7 .6 8 6 7 .4 8
4 7 .6 8 6 7 .4 8
4 7 .6 8 A v. 6 7 .4 8

4 7 .6 2 6 7 .4 0
4 7 .5 2 6 7 .4 6
4 7 .4 2 6 7 .4 6
4 7 .5 2 Av. 6 7 .4 4

4 7 .5 6 6 7 .4 2
4 7 .5 0 6 7 .4 6
4 7 .5 2 6 7 .4 4

r. 4 7 .5 3 A v. 6 7 .4 4

The same procedure was followed in analyzing a 0.08 N  
potassium bromide solution.

P r o c e d u r e  2. Add 15 ml. of 6 Ar nitric acid to 25 ml. of 
0.03658 N  potassium chloride solution, and then 25 ml. of 0.1 N  
silver nitrate. Dilute to the mark in a 100-ml. volumetric 
flask, mix thoroughly, filter through a dry filter, and reject the 
first portion of filtrate. Titrate 50 ml. of the subsequent filtrate 
with 0.1 iV potassium iodide solution as previously described.

The same procedure was followed in analyzing a 0.08 N  
potassium bromide solution.

Volhard methods 1 and 2 are similar to procedures 1 and 2, 
respectively, except th a t the silver is titra ted  with a standard 
solution of potassium thiocyanate in the presence of ferric 
alum as indicator. A 0.03658 N  potassium chloride solution 
and a 0.08 N  potassium bromide solution were analyzed by 
these methods.

Finally, the solutions of potassium chloride and of potas
sium bromide were analyzed by a gravimetric method, pre
cipitating and weighing silver chloride and silver bromide, 
respectively.

S u m m a ry
A method for determining chlorides and bromides is de

scribed, which compares favorably with the standard Volhard 
method and the gravimetric method. Iodides may be de
termined similarly, it being unnecessary to  remove the pre
cipitated silver iodide prior to titration . In the reverse titra 
tion, running silver n itrate into the iodide solution, the end 
point appeared too soon, introducing an error of about 1 per 
cent. This has been ascribed to adsorption of iodide ions-by 
the silver iodide. The advantages of the new method lie in 
the ease of preparation of standard solutions and in their sta 
bility.

L itera tu re  C ited
(1) Kolthoff and Sandell, “ Textbook of Q uantitative Inorganic

Analysis,”  p. 544, New York, Macmillan Co., 1930.
(2) M cNabb and Bloom, I n d . E n g .  C h e m ., Ana!. Ed., 8, 167 (1936).
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Determination of Gold and Silver
By R ecovery o f  M inute Am ounts from  Solution

WILLIAM E. CALDWELL a n d  KENNETH N. McLEOD 
Oregon S ta te  College, Corvallis, Ore.

TH E marked increase in activity in the recovery of gold 
from its ores and from various other sources accentuates 
want of improved methods of determination and recovery. 

This paper presents a study of the formation and effectiveness 
of semicolloidal mercurial residues in the recovery and deter
mination of minute amounts of gold and silver from solution. 
Elaboration and modification of experimental procedure as 
reported by Yasuda (4) and earlier by Scheibler (S) have 
been developed.

A new collector of gold and silver from solution has been 
produced by adding to a gold- and silver-bearing solution 
ammonium hydroxide followed by mercurous salt solution.

T a b l e  I .  R e c o v e r y  o p  G o l d  a n d  S i l v e r  f r o m  D i l u t e  S o l u 
t i o n s  o p  G o l d  C h l o r i d e  a n d  S i l v e r  N it r a t e

V olum e of Gold Silver Gold Silver
Solution Added Added R ecovered R ecovered

L . M g. M g. M g. M g.

2 0 .6 2 6 .3 0 6 0 .6 1 8 6 .0 8 2
40 0 .6 2 3 .2 9 0 .6 0 3 .0 6
40 0 .0 1 5 0 .0 1 4
40 0 .0 1 5 0 .0 1 5
10 0 .0 7 9 0 .0 7 5
10 1 .8 0 1 .74
10 0 .0 7 9 5 2 4 .0 9 0 .0 7 2 2 3 .5 0
10 0 .0 1 5 9 2 4 .8 5 0 .0 1 2 2 4 .8 0
10 1 .54 1 .49
10 0 .3 8 5 16 .2 2 0 .3 7 5 15 .7 5
40 0 .0 8 0 .0 8
40 0 .0 1 5 0 .0 1 4
40 0 .2 6 10 .4 6 0 .2 2 ¿ .¿ 5 °
10 2 .1 8 6 2 .8 0 2 .0 3 5 6 .0 2 °
40 0 .1 9 10 .4 7 0 .1 8 8 .0 5 °
40 11.17 116 .70 9 .6 0 1 0 5 .9 0 °
10 0 .8 6 2 2 .6 6 0 .8 3 1 8 .0 9 °

°  T he la st five runs using H*SO* show  a som ew hat low ered silver recovery.

The black, somewhat gelatinous, mercury-mercuric amino 
salt residue thus formed replaces from solution and occludes 
noble metals as it settles through the solution.

S u g g ested  Procedure
The following procedure has proved applicable to the deter

mination and recovery of gold and silver in minute amounts 
from solution:

Two-, 10-, or 40-liter bottles (the 40-liter bottles being acid 
carboys) arc nearly filled with water containing known or un
known amounts of gold and silver in solution. About 10 grams 
of clean powdered magnesium are added when taking 10-liter 
samples of solution. One hundred milliliters of 0.1 M  mercuric 
chloride are introduced per 10 liters of water, and 100 ml. of 
concentrated hydrochloric acid are added per 10 grams of magne
sium. The bottles are shaken, but the chemical action produces 
good agitation.

A fine gray precipitate of mercury-mercurous chloride settles 
to the bottom of the container in a few hours and includes in it
self gold and silver from solution. Most of the clear solution 
may be siphoned off, allowing some water to remain with the 
residue in the bottom of the bottles. A little swirling motion and 
the residue is readily suspended in this water and may be easily 
obtained in a small filter paper. The residue is not voluminous, 
as but 2.7 grams of mercuric chloride are used per 10 liters of 
solution.

When making runs on 2 liters of solution, about one-half the 
quantity of chemicals suggested above is used. In using 40- 
liter carboy samples, two to three times the quantity of chemicals 
for 10-liter runs are used.

After partially drying the residue in the filter paper, about 10 
grams of granular lead are scattered over the residue; the filter 
paper is folded up with the residue and lead therein, and placed on 
a large assay cupel. Ten grams more of granular lead are placed

over and with the residue on the cupel. After cupellation in a 
small electric muffle furnace, a silver-gold bead is obtained and 
is weighed on a balance sensitive to 0.002 mg. Parting silver 
from gold with nitric acid, annealing the gold, and weighing the 
gold bead follow.

To determine the accuracy of the method, runs were made on 
several gold and silver solutions of known strength. Solutions 
were made by dissolving weighed amounts of pure gold in aqua 
regia and of silver in nitric acid and diluting with a large volume of 
water in bottles of 2, 10, and 40 liters’ capacity. Reagents as 
detailed above were added, causing the fall of mercury-mer- 
curous cliloride through the solutions; residues were assayed as 
described. Results are shown in Table I.

The main source of error in carrying out this experimental 
procedure is in the cupellation process which follows the filter
ing of the mercurial residue. Normal cupellation losses are 
somewhat enhanced as the mercury vapors leave the residue- 
lead mixture. Good results have been obtained by allowing 
the residue to dry in the filter paper, removing it, and inti
mately mixing it with cupellation lead. A layer of the granu
lar lead is spread on the cupel and the residue with lead mix
ture placed upon it. A covering of granular lead is also used. 
The wadded-up filter paper, if much residue remains upon it, 
may also be included in the cupellation mixture.

If the residue is large, or if greater accuracy is desired, the 
mercurial residue with its gold and silver content m ay be 
given a fusion or scorification to obtain a lead button for cupel
lation. The runs of Table I are those without use of scorifi
cation or fusion for added accuracy.

Gold solutions containing as little as 0.015 mg. of gold in 
"40 liters of solution were assayed. Obtaining 0.01 mg. of 
gold from 40 liters of solution is recovery and determination of 
one part of gold in four billion parts of water. Blank runs on 
reagents showed an almost indiscernible trace of gold.

Reducing agents for the production of a mercury-mercurous 
chloride cloud differ greatly in effectiveness. Stannous chlo
ride, in proper concentration, added to mercuric chloride 
solution gives a good gray precipitate which collects most of 
the noble metals as it settles, bu t settling is very slow. Pow
dered zinc, iron, or lead does not react rapidly enough with 
dilute acid to  produce a good mercuric chloride reduction 
with concomitant agitation of the solution. The use of 
magnesium powder plus hydrochloric acid as the reductant is 
decidedly preferable. Sulfuric acid m ay be substituted for 
hydrochloric acid.

R ecovery o f  C olloidal G old
To verify recovery of colloidal as well as ionic gold from  

solution by the mercury-mercurous chloride collector, nu-

T a b l e  II. R e c o v e r y  o p  G o l d  p r o m  C o l l o i d a l  S t a t e

ReaRent to Produce Volum e of Gold Gold
G old C olloid Solution A dded R ecovered

L . M g. M g.
Tannic acid 10 0 .5 5 0 0 .5 2 5

10 0 .6 3 0 0 .6 0 0
10 0 .9 4 5 0 .9 1 5

2 0 .6 2 0 .6 2
10 0 .6 2 0 .6 1 8

Stannous chloride 2 1 .19 0 .9 5
2 0 .6 0 0 .5 3

10 0 .1 6 0 .1 5
10 0 .1 6 0 .1 4 7

Ferrous sulfate 10 0 .2 5 0 .2 3
10 0 .2 2 0 .2 0
10 3 .8 6 3 .6 7
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raerous runs were made on gold colloids of known gold content. 
Both organic and inorganic reducing agents were used to pro
duce the gold colloids. When the colored gold colloid was 
diluted with much water to test recovery from very dilute 
solution, the colloidal color disappeared. The method is ap
plicable to gold recovery from colloidal solution even though 
solutions m ay be much too dilute to  give colloidal color 
(Table II).

S em ico llo id a l M ercury—M ercuric  A m in o  S a lt  
C ollector

Good recovery of gold and of silver from dilute ionic or 
colloidal solution m ay be obtained by addition of ammo
nium hydroxide followed by some mercurous nitrate solution.

T a b l e  III. R e c o v e r y  o p  G o l d  a n d  S i l v e r  f r o m  S o l u t i o n

(U sing HgNOa w ith N H 4OH to  form  collector)
V olum e of Gold Silver Gold Silver
Solution Added Added R ecovered R ecovered

L. M g. M g. M g. M g.
10 1 .4 0 3 2 .3 7 1 .3 0 2 5 .4
40 0 .4 0 2 0 .9 0 0 .3 8 16 .2 5
10 12 .9 5 1 2 .8 0
10 1 .0 2 5 0 .9 8
10 0 .3 1 0 .2 8 5
10 2 .0 0 25 .'i 1 .9 0 2 4 .7
10 0 .4 5 1 8 .9 0 .4 3 1 6 .7
10 1 .1 5 3 2 .9 1 .07 3 2 .3
10 0 .5 7 8 .9 0 .5 1 7 .8
10 1 .63 2 1 .8 1 .49 1 9 .8
40 3 3 .4 5 13 3 .0 3 0 .9 3 1 1 5 .5 °
40 3 8 .3 6 3 2 .9 a

° T h e to ta l q uan tity  of gold and silver in  these runs was added in three 
separate additions, the residue being repeptized betw een additions to  test  
ab ility  of a  mercurial residue containing 5 gram s of m ercury to  becom e pro
gressively  enriched.

M ercury-mercuric amino nitrate precipitate forms as a black 
cloud, settles through the solution, replaces gold and silver 
from solution, and occludes in itself these noble metals. The 
residue m ay be obtained after decanting or siphoning most of 
the supernatant liquid, followed by filtration. This residue, 
after partial drying and with test lead added to it, m ay be 
assayed for noble metal content, by the cupellation process 
described for the mercury-mercurous chloride residue.

The mercurv-mercuric amino salt collector recovers the 
noble metals from basic solution. Use of mercurous salt and 
ammonium hydroxide is cheaper and more convenient than 
the use of mercuric chloride, magnesium, and hydrochloric 
acid for formation of a given am ount of collector. The pre
cipitate formed is more gelatinous and can be readily sus
pended again after settling. This latter point is important, 
since recovery of gold and silver from several solutions may 
beadditively occluded by use of one mercurial residue.

Proof of noble metal recovery from solution by use of this 
mercurial collector is evidenced by results recorded in Table
III. In  preparing the collector for recovery of the auric ion 
from 10 liters of water, 15 to  20 ml. of concentrated am
monium hydroxide and 30 ml. of a 10 per cent mercurous 
nitrate solution were used. This gave a convenient amount 
of residue which gave good gold recovery. The assay pro
cedure used is accurate to about 0.01 mg. of gold and 1.0 mg. 
of silver.

C ontrol T e s t  for S ilver-Ion  C o n cen tra tion  
in  W ater S ter iliza tio n

The use of silver in water sterilization is gaining in consid
eration and importance. Brandes (1) and K irkpatrick (2) 
give the concentrations of silver ion used as between 0.05 and 
0.6 mg. per liter or 50 and 600 mg. per 1000 liters, or metric 
ton of sterilized water.

The experimental procedures developed have been proved

to be accurate to about 1.0 mg. in recovering silver from 40 
liters of dilute silver salt or colloidal silver solution, which is 
equivalent to 25 mg. per metric ton, the lower limit in the 
am ount of silver ion suggested in the water sterilization. 
The method should be applicable, then, in control testing for 
silver-ion content in sterilized water. To verify this, vary
ing amounts of silver ion, in the same concentration range 
used in water purification, were added to 40 liters of water in 
acid carboys. A semicolloidal mercurial collector fall was 
produced, as previously described, the residue from which was 
subjected to cupellation (Table IV). A high percentage of 
the silver added to the 40-liter carboys was recovered. The 
average silver loss in the listed runs was 0.64 mg., a goodly 
portion of which was due to absorption of silver by the cupels 
and volatilization during cupellation. This average loss is 
equivalent to but 0.016 mg. per liter, which is well under the 
lower limit of silver-ion concentration per liter used in water 
sterilization.

The last four runs recorded in Table IV are typical check 
runs for silver content on 40-liter samples from a pool of a 
million liters’ capacity in which tests were made on bactericidal 
action of dilute solution of silver salts. Use was made of 
ammonium hydroxide and mercurous nitrate to fopm the 
collector. The applicability of the procedure to  evaluate 
silver-ion concentration of solutions in the silver-ion concen
tration range used in water sterilization is proved.

F u rth er A p p lication s

These methods of determining gold and silver by recovery 
from solution m ay be applied in geochemical analysis of mine 
waters, in control assay of certain ore leach solutions, in es
tim ating the gold content of sea water, and in a wet assay 
procedure for siliceous gold ore. The presence of cyanide in 
a solution containing gold and silver somewhat inhibits the

T a b l e  IV. D e t e r m i n a t i o n  o f  S i l v e r  C o n c e n t r a t i o n  o f  
S o l u t i o n s  i n  C o n c e n t r a t i o n  R a n g e  U s e d  i n  W a t e r  S t e r i l i 

z a t i o n

Silver Ion  
A dded Silver R ecovered

E quivalence of 
O riginal Solution

M g. M g. % M g ./l.
4 .7 0 3 .9 5 8 4 .0 0 .1 1 7 5

10 .1 3 9 .6 2 9 4 .9 0 .2 5 3 2 5
13 .2 8 12 .8 3 9 6 .6 0 .3 3 2 0
2 1 .1 2 2 0 .7 6 9 8 .3 0 .5 2 8 0
2 6 .4 3 2 5 .9 5 9 8 .1 8 0 .6 6 0 8

6 .0 4 5 5 .2 9 8 7 .6 0 .1 5 1 1
12 .8 3 11 .91 9 2 .8 0 .3 2 0 8
17 .1 0 16 .6 7 9 7 .4 0 .4 2 7 6
2 8 .8 2 2 7 .8 2 9 6 .9 0 .7 2 0 5
3 0 .7 2 2 9 .8 5 9 7 .1 0 .7 6 8 0
3 8 .5 9 3 7 .6 6 9 6 .0 0 .9 5 4 8

3 .2 9 3 .0 6 9 3 .3 0 .0 8 2 3

Ag loss per 40 liters 0 .6 4 0 .0 1 6 0

recovery of these noble metals by the methods under consid
eration.

The economic aspect of recovery of gold from dilute solu
tion by a settling of a semicolloidal mercurial precipitate pre
sents the problem of recovery of the mercurial reagents. 
When the residue is large, as from treatm ents of much gold- 
bearing solution, a retort with condenser can be used to re
cover mercury and its salts as well as the gold and silver. 
The use of a soluble mercurous salt plus ammonium hydrox
ide in producing the mercurial collector seems to have the 
best commercial possibilities. A few trial runs verify the 
ability to build up gold content in a mercury-mercurous 
amino salt residue of 2-gram mercury content by repeptizing 
the collector residue through several 40-liter samples of gold- 
bearing water.
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S u m m ary
Improved methods of determining and recovering gold and 

silver from dilute solutions are presented. As little as 0.01 
mg. of gold or 1.0 mg. of silver is recoverable from solution in 
40 liters of water, which is recovery of one part of gold in four 
billion and one part of silver in forty million parts of water.

Gold and silver are quantitatively recoverable from colloi
dal solution by the procedure outlined.

A procedure is applied to making control determinations of 
silver-ion concentrations as used in water sterilization. Gold

content of sea water, mine water, and certain ore leach solu
tions may be estimated by methods described.

L iteratu re Cited
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A N oncorrodible Circulating D evice
KENNETH A. FREEMAN a n d  P. J. THOMPSON  

Naval Stores Research Laboratory, U niversity o f  Florida, Gainesville, Fla.

DU R IN G  the progress of work in this laboratory a non
corrodible device th a t would circulate a liquid was 

needed.
The apparatus shown in Figure 1 meets the requirements. 

I t  is made of glass and operates as described here:

The lower end of tube A  is placed in the liquid to be circulated 
and the suction from an ordinary laboratory water aspirator is 
applied at B. The outlet tubes, H  and J, are closed readily by 
placing the fingers over the ends or by stopcocks. Thus the appa
ratus is partially evacuated and the liquid rises in tube A until 
it reaches the air inlet, C, where the solid column of liquid is 
broken. The alternate bubbles of air and liquid empty into reser
voir D. The liquid then passes down through stopcock E  and 
tube F into well G. When the level rises above the lower end of 
F, H  and J  are opened. The liquid continues to rise in G and 
then flows out at H.

When reservoir D becomes full, the excess liquid flows out the 
top into the large tube, I, which in turn empties into G. This 
prevents the liquid from rising high enough to be drawn out of 
suction tube B. However, the suction must remain moderate, 
so that the rate of inflow will not exceed the combined rates of 
outflow. The rate of flow from H  may be regulated either by the 
amount of suction applied or by stopcock E. When the suction 
is regulated so that the flow becomes steady, the lift requires no 
further adjustment.

A stopcock or piece of rubber tubing with a screw clamp, 
placed on delivery tube //, may be used to regulate the outflow. 
In this case it is necessary to provide overflow J  in such a position 
that the liquid will return to the original container.

The air inlet C may be readily adjusted if the tubes at this 
point make a ground joint. It is entirely satisfactory to insert 
a T-tube a t this point and regulate the air flow by means of an 
attached piece of rubber tubing and screw clamp.

The dimensions of the apparatus m ay be varied to m eet 
any particular need.

The following limits of operation can be obtained with the 
apparatus of the dimensions in Figure 1:

The pressure difference at B  may vary between 7 and 31 mm. 
The rate of delivery at H  may be as high as 215 ml. of water 
per minute when the air inlet, C, is 1.5 mm. above the level of 
the liquid being raised. Water can be raised from a level 30 cm. 
below C. For raising liquids a greater distance, it is necessary 
to lower the position of C. Best results are obtained when C is 
close to the liquid surface.

The use of this apparatus with some modification of the 
well. G, as a  sampling device for solutions or suspensions is 
suggested. By altering the shape and dimensions of D as 
indicated by the dotted lines, a filter medium can be inserted. 
This would make it possible to remove suspended m aterial 
from the liquor.

The device has been used in this laboratory to circulate the 
electrolyte through an electrolytic cell. The height of the 
main reservoir gave sufficient head to keep a steady flow of 
liquid a t all times, and the safety outlet permitted the setup 
to be left .for hours a t  a time without attention.

R e c e i v e d  A ugust 9 , 1937.
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M A M /F O L D TO M A M O M  ETBfii

cat
^  M E A S U R E M E N T

ł (cye'3rj*r/c fyr*s*v*c)

ffE X X JC /N S  
CO UP U N S

TH E sta tic  pressure of a 
moving liquid in a pipe line 
m ay be m easured by a manome

ter attached to a small open
ing in the pipe wall, the plane 
of the opening being parallel to 
the direction of flow. Such a 
connection, however, m ay give 
faulty readings owing to the 
disturbance of the flow by un- 
removed burrs a t  the base of 
the drilled hole or by the pro
trusion of the tap  beyond the 
inner wall surface. The read
in g s  m a y  n o t  be simply a 
measure of the static head, but 
may include a fraction of the 
v e lo c i ty  h e a d  sh o u ld  th e  
stream be diverted up the tap  
by a sharp downstream edge of 
the drilled hole.

To a v o id  th e s e  p o s s ib le  
errors and to ensure greater 
precision where small static 
pressure differences are concerned, the form of piezometer ring"'“ 
shown in Figure 1 was constructed in the authors’ laboratory 
and found to  be very satisfactory.

The improvised piezometer consists of two reducing couplings, 
one nipple, and a short piece of pipe threaded on one end for a 
tap. I t is constructed as-follows:

The upstream section of pipe is threaded to receive one of the 
reducing couplings, into which is screwed a tapped nipple as 
shown in Figure 1. The downstream pipe is threaded and the 
second coupling is put on. Now the two sections of pipe are 
joined by screwing the second coupling onto the remaining end 
of the nipple. The threaded lengths are gaged so that the 
opening between the upstream and downstream lengths of pipe 
is not more than 0.0625 inch. The split between the two sections

F ig u r e  1. P i e z o m e t e r  R in g

is the most important part of the ring, as it is the point a t which 
the pressure is measured. To avoid the effect of velocity head 
on the manometer, the tap in the nipple must be upstream from 
the static split. The inner edges of the split must be rounded 
to reduce the friction loss, to encourage flow through the pipe, 
and to prevent divergence of the flow into the manifold.

The improvised piezometer ring described is constructed 
from fittings which may be purchased from any dealer in pipe 
fitting supplies and can be pu t together with the minimum of 
shop equipment. I t  has been used successfully for the de
term ination of the friction loss of pipes and pipe fittings.

R e c e i v e d  A ugust 26 , 1937

D eterm ination  o f S ilicon  in  A lum inum — C orrespondence

S i r :  Churchill, Bridges, and Lee published in the May 15, 
1937, number of 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  (4) 
a paper on the above subject containing a number of results 
which were obtained during an official examination by the 
A. S . T. M. of my methods published in the Analyst (1, 2, S). 
Some published comments on these results seem to be necessary 
to clear up certain difficulties and misunderstandings which, as 
it appears from this paper from the Aluminum Company of 
America Laboratories, seem still to exist in America.

In my first paper (1), I pointed out that the tri-acid process 
recommended by the A. S. T. M. tended to give low results due to 
the loss of silicon as silicon hydride. In my second paper (2), I 
gave the actual results for the determination of silicon hydride 
lost from various classes of metal during solution in different 
acids and in soda. In my third paper (S), I gave full details of 
an accurate method for the determination of graphitic silicon 
in the residue from acid attack.

The main point brought out by my results was that with

aluminum containing as principal impurities iron and silicon 
only, and in the chill cast condition—i. e., rapidly cooled—some 
of the silicon was in solid solution in the aluminum unless the 
iron content of the metal was abnormally high. When the 
metal was dissolved in mixed acids a part of this silicon in solid 
solution in the aluminum went off in the form of silicon hydride 
and was lost from the analysis.

To bring out this important error clearly it is advisable to take 
metal with high silicon (say 1.5 per cent) and low iron (say
0.10 per cent) and anneal it a t about 570° C. for 24 hours and 
quench in cold water.

Also, since such metal lias a tendency to aging and this is 
accelerated by any heating up during the turning or milling of 
the sample for analysis, special precautions must be taken to 
keep the metal cool and analyze it immediately after quench
ing.

Unfortunately in the A. S. T. M. investigation they did not 
appreciate these rather complicated metallurgical points and

533
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carried out the comparison between the soda and tri-acid proc
esses on what appears to have been, from the figures given in 
Churchill’s paper, a series of copper-iron alloys (nominal compo
sition stated to be 1 per cent iron, 1 per cent copper, etc., in 
each case). Further in Table I of that paper there is only one 
sample, 3S (for which actual figures of annealing are given), 
which might have any free silicon taken into solution by the 
annealing treatment; this sample is of such low silicon content 
(0.25 per cent), however, that if the metal contains 1 per cent 
of iron and copper, we cannot expect that there will be any free 
silicon left to dissolve in the aluminum. The sample 51SW, for 
which the temperature of annealing is not given, gives a result 
10 per cent low by the tri-acid method. This is attributed by 
the authors to the magnesium present, though I cannot see any 
evidence for this assumption since no results for metal with 
similar annealing treatment W, but without magnesium, are 
given in the author’s table.

The conclusion reached is that none of the samples of metal 
used for the A. S. T. M. comparison between the soda and tri-acid 
methods and published in the paper by Churchill, Bridges, and 
Lee are such as would be expected to show a pronounced differ
ence in the silicon figure by these two methods. The samples 
chosen are in fact unsuitable for such a comparison where it is 
intended to bring out the differences in results obtained by the 
two methods.

In order to show that serious errors can be introduced, par
ticularly in metallurgical investigations involving heat treat
ments, by the use of tri-acid method, I  will give here a few of the 
most striking results from my papers. I believe I  am justified 
in pointing out that probably as a result of the publication of 
my papers, there has been a big change since 1933 in the compo
sition of the tri-acid mixture recommended by the A. S. T. M., 
by which the proportion of nitric acid has been increased three 
times compared with the other acids. This is undoubtedly a 
change in the right direction, but the mixture still requires testing 
out on metal heat-treated, as I  have suggested, before it can be 
considered a satisfactory method for reference analysis.

Low R e s u l t s  b y  T r i - A c i d  M e t h o d  f o r  S i l i c o n

/----------- S ilicon------------>
M etal Tri-Acid Soda Iron

% % %
E 0 .1 4 0 .1 8 0 .3 0 .
K 0 .2 0 0 .2 3 0 .3 3
V 0 .2 8 0 .3 4 0 .31
11 0 .3 8 0 .4 0 0 .3 2
C .8 0 .5 7 0 .6 9 0 .3 2
A 0 .4 6 0 .5 8 0 .3 1
B 1 .7 0 2 .0 7 0 .3 5

h e r  im p u r i t i e s , c o p p e r , m a n g a n e s e ,  e t c . , w e r e  le s s  t h a n

0.02 per cent in the above metal.
All samples were annealed at 550° C. for 24 hours and quenched 

in cold water. The samples were then immediately milled up 
for analysis, being kept cool, below 100° F., during the milling 
operation.

The tri-acid mixture used was as follows:

A. S. T. M. ( 1200 co. 25% H:SOi 
m ixture )  (by  volum e)

Sept., 1933, ) 200 cc. 1 .4 2  H NOj
schedule V 600 cc. 1 .2 0  HC1

The results given in my table (2) show a mean loss for the 
tri-acid method as compared with the soda method of 18.6 per 
cent of the total silicon. I t  must be once more emphasized that 
losses of this order will be found only for metal which has been 
annealed at a high temperature, 550° to 570° C., so as to bring
all the silicon into solid solution. The loss is due to the forma
tion of silicon hydrides which go off during the solution of the 
metal in acid mixture.

In conclusion, it appears that this is a case where a thorough 
reexamination of methods is needed. The A. S. T. M. repre
sents perhaps the highest standard of scientific testing in the

world and the maintenance of this standard depends on a willing
ness to examine and if necessary, as in this case, to reexamine 
evidence relating to errors or faults in the standard methods.

L iteratu re  C ited
(1) Callendar, L. H „ Analyst, 57, 500 (1932).
(2) Ibid., 58, 81 (1933).
(3) Ibid., p. 580.
(4) Churchill, H. V„ Bridges, R. W., and Lee, M. F., In d . E n o .

C h e m ., Anal. Ed., 9, 201 (1937).

L. H. CALLENDAn
T h e  C h l o r i d e  E l e c t r i c a l  S t o r a g e  C o m p a n y  L i m i t e d  
R e s e a r c h  L a r o i i a t o r i e s , E x i d e  W o r k s  
C l i f t o n  J u n c t i o n , n e a r  M a n c h e s t e r , E n g l a n d  
A ugust 5, 1937

S ir : We have read w'ith interest Dr. Callendar’s comment 
on our recent paper on the determination of silicon. The work 
reported in our paper was done on samples representative of the 
metal and alloys ordinarily encountered here in commerce and 
industry. The temperatures wre used for annealing were in
correctly stated in two instances as 300° and 500° F., whereas 
they actually were 300 ° and 5000 C. These temperatures 
were selected because they represent the range of temperatures 
that are generally used in the aluminum industry in this country. 
We did not use the higher temperature specified by Dr. Callendar 
because analytical chemists rarely encounter metal which is 
quenched from as high a temperature as 550° C., and which 
they immediately analyze lest aging occur.

Following Dr. Callendar’s suggestions, additional analyses 
were made, the main details of which are summarized below:

Sam ple Therm al H istory
M ethod  of 

D ecom position Si Fe

A H eated  24 hours a t 570° C. Tri-acid
%

0 .9 3
%

0 .0 6

A
and quenched  

H eated  24 hours at 300° C.
NaO H  

. Tri-acid
1.01
1 .0 2

B
and quenched  

H eated  24 hours a t 555° C. Tri-acid 1.51 0 .1 5

B
and quenched  

H eated  24 hours a t 300° C.
NaO H
Tri-acid

1 .65
1 .64

C
and quenched  

H eated  24 hours a t  555° C. Tri-acid 5 .0 5 0 .6 4

C
and quenched  

H eated  24 hours a t  300° C.
NaO H
Tri-acid

5 .1 9
5 .1 9

and quenched

The above data confirm Dr. Callendar’s position that the 
tri-acid method, when applied to some aluminum alloys which 
have been heated at 550 ° C. and above, quenched therefrom, 
and immediately analyzed, may yield low results. This is 
extremely interesting, since the data in our paper show no such 
effect when metal has been heated at 500 ° C. instead of the 
higher temperature specified by Dr. Callendar.

I t  now becomes apparent that our limitation of the inapplica
bility of the tri-acid method to aluminum alloys containing mag
nesium silicide should be broadened to include aluminum alloys 
which have been heated and quenched from a temperature of 
about 550 ° C. This broadening of the scope of inapplicability 
makes doubtful the use of the tri-acid method as a fundamental 
umpire method for use on aluminum samples of unknown thermal 
history. As a practical control and inspection method for com
mercial aluminum and aluminum alloys, the tri-acid method will 
yield satisfactory results, since ordinarily the thermal exposure 
of such metal does not go above 500 c C. We stated in our paper 
that the sodium hydroxide method is applicable to all types of 
aluminum alloys. We now concur with Dr. Callendar’s sugges
tion that the basic umpire method for the analysis of aluminum 
alloys should embrace the sodium hydroxide method of de
composition.

H. V. C h u r c h i l l ,  R. W. B r i d g e s ,  a n d  M. F. L e e

A l u m i n u m  C o m p a n y  o f  A m e r i c a  
N e w  K e n s i n g t o n , P a .
October 7, 1937

675 cc. 1 .84  H îSOî 
338 cc.
338 cc.

3150 cc.

1 .84  H:S04  ̂
1 .42  HNO* I 
1 .1 6  HC1 (  
water J

and
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Direct M icrodetermination o f Oxygen in Organic 
Substances by Hydrogenation

Analysis o f  Pure, V olatile Com pounds Containing Carbon, H ydrogen, and  
R elatively Low Percentages o f  O xygen

W. R. KIRNER, Conl Research Laboratory, Carnegie In stitu te  o f  Technology, P ittsburgh, Pa.

A m icro m eth o d , b ased  o n  ter  M eu len ’s 
h yd ro g en a tio n  procedure, h a s  b een  d e
veloped for th e  d irect d e term in a tio n  o f  oxy
gen  in  vo la tile  organ ic  co m p o u n d s c o n ta in 
in g  on ly  carbon, h yd rogen , and  oxygen . A 
stu d y  was also  m ad e o f  th e  b la n k  d e term in a 
tio n  involved  in  th is  m e th o d . I t  w as fou n d  
th a t , in  th e  a n a lysis  o f  p u re  com p ou n d s  
w h ich  d is till or su b lim e , re su lts  can  b e  ob 
ta in ed  w h ich  agree w ith  th eory  to  w ith in

=*= 0.1 per cen t, provided a m o re  or le ss  e m 
p irica l b lan k  value is  d ed u cted . I f  th e  
m a n ip u la tiv e  b lan k  va lu e is  d ed u cted  th e  
resu lts  a ll ten d  to  b e low , w h ich  in d ica tes  
th a t  a h id d en  co m p en sa tiv e  error is  in 
volved in  th e  m eth o d . T h e  sa m e  te c h n ic  
w h en  applied  to  su crose , w h ich  leaves a 
v o lu m in o u s d ep o sit o f  carbon in  th e  b o a t, 
h a s so far y ield ed  re su lts  w h ich  are co n 
s is te n tly  low .

TH E  purpose of this paper is to describe a  micromethod 
for the direct determination of oxygen in organic sub
stances based on ter M eulen’s hydrogenation process. The 

principle of this method consists in distilling, subliming, or 
pyrolyzing the sample in a current of hydrogen and passing 
the products over a cracking catalyst, heated to  about 1000° C. 
The products thence pass, along w ith the hydrogen, over a 
m ethanation catalyst, m aintained a t  350° C., where hydro
genation occurs and the oxygen present in the sample is con
verted to  water which is collected in an absorption tube and 
weighed.

Previous papers from this laboratory (4) have described 
the development of an oxidation method for the direct, si
multaneous microdetermination of carbon, hydrogen, and 
oxygen in organic substances. This oxidation method is 
based on the determination of the oxygen content of the com
bustion products (carbon dioxide, water, sulfur trioxide, and 
nitrogen peroxide), together w ith the gaseous “oxygen con
sumed” during the combustion. The relative advantages 
and disadvantages of the hydrogenation versus the oxida
tion method have been previously pointed out (5). When 
work was started  on the oxidation method, the hydrogena
tion method, in its sta te of development a t  th a t time, did 
not look promising as the basis for a general microprocedure 
because the presence of elements such as halogens, nitrogen, 
and sulfur complicated the apparatus and the procedure, and 
the determ ination of the oxygen content of the samples was 
not particularly direct. In  the interim, however, there have 
been some noteworthy improvements made in this method, 
particularly by Russell and co-workers (12), as well as by 
ter Meulen (8) and Goodloe and Frazer (1), which have 
greatly simplified the method. These improvements mainly 
concern the use of improved m ethanation and cracking cata
lysts and also more suitable absorption agents for the water 
formed by the hydrogenation of the oxygen in the sample. 
In  its improved sta te  the method appeared sufficiently a t
tractive to  w arrant an attem pt to convert i t  into a micro
method. Indeed, during the course of the present inves
tigation, a paper appeared by  Hennig (£) describing a 
similar hydrogenation method for the direct microdetermina
tion of oxygen in pure compounds containing carbon, hy
drogen, and oxygen with a maximum error of =*=0.4 per cent. 
More than a year after the present work had been finished a

paper appeared by Lindner and W irth (7) completely de
scribing a volumetric microdetermination of oxygen in or
ganic compounds (containing, besides carbon, hydrogen, and 
oxygen, also nitrogen, sulfur, and halogens), which is like
wise based on the ter Meulen hydrogenation process. A 
preliminary notice concerning the development of a micro
method, apparently similar to the one described here, was 
also recently published by Unterzaucher and Burger (13).

A pparatus
The apparatus is illustrated in Figure 1. Electrolytic hy

drogen, taken from a high-pressure cylinder, was transferred to a 
large gasometer and stored over distilled water. The hydrogen 
passed from the gasometer through a Pregl precision screw clamp, 
A, to a Pregl pressure regulator, B; the gas emerged under a pres
sure corresponding to about a 10-cm. column of water. From 
here the gas passed through a large glass-stoppered U-tube, C, 
containing first an equal mixture of soda lime and Ascarite 
(8- to 20-mesh); Ascarite alone was found unsatisfactory as it 
soon became sufficiently wet to clog the U-tube and prevent pas
sage of the hydrogen. The remainder of the U-tube was filled 
with Drierite (10- to 20-mesh anhydrous calcium sulfate, kindly 
furnished by the manufacturer, W. A. Hammond, Yellow Springs, 
Ohio, to whom the author wishes to express his tlianks. The 
plain material was used which contained no indicator). The 
gas then entered a preheater, D, which contained platinized 
asbestos heated to about 400° C. by means of an electrical heater. 
The gas was cooled by passage through the immersed glass spiral, 
entered the bubble counter, E, containing 50 per cent potassium 
hydroxide solution, and then passed into the small U-tube, filled 
just like the large one, and through the three-way stopcock and 
into the side arm of the hydrogenation tube. All rubber con
nections in the purifying train were made with paraffin-impreg
nated tubing. After passing through the hydrogenation tube, 
the gas entered a Pregl microabsorption tube filled with Drierite, 
thence into a protection tube, similarly filled, and then into the 
Mariotte bottle.

The quartz hydrogenation tube was 65 cm. long and had an 
internal diameter of 8 mm. and 1-mm. wall. To the exit end was 
sealed a 1-mm. capillary, 3 cm. long. The portion of the hydro
genation tube adjacent to the exit capillary, and with only the 
capillary protruding, was heated with a small electrical Nichrome- 
wound furnace (catalyst furnace) 18 cm. long and 7.5 cm. in 
diameter. Directly against this was a second, similarly con
structed high-temperature furnace (cracking furnace) 18 cm. 
long and 12 cm. in diameter. The catalyst furnace surrounded 
the portion of the hydrogenation tube which contained the metha
nation catalyst, while the cracking furnace heated that part of 
the tube which contained the cracking catalyst. The furnaces 
were calibrated throughout their entire length using a chromel- 
alumel thermocouple and the temperatures related to readings
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made on a pair of ammeters. By means of slide-wire resistances 
the furnaces could be adjusted to any desired temperature. 
The samples were weighed into platinum microboats and were 
heated by means of a Bunsen burner and wire gauze roll just as 
in a Pregl carbon-hydrogen determination.

T h e  H yd rogen ation  T u b e F illin g
The clean, dry hydrogenation tube was fitted with an asbes

tos resistance plug, about 2 mm. long, which was placed in the 
capillary outlet just adjacent to where the latter was sealed to the 
hydrogenation tube proper. The density of this plug was ad
justed so that, with hydrogen flowing through the heated hydro
genation tube under a pressure of 10 cm. of water, the gas flow 
rate was about 5 cc. per minute as measured with the Mariotte 
bottle. In adjusting the density of this plug all air must be 
absent from the tube, since the viscosity of air is considerably 
higher than that of hydrogen. A 3-cm. layer of compressed 
nickel wire (No. 35 B & S gage) was then pushed into the tube, 
followed by three tight-fitting pieces of circular nickel gauze, 
cut from 200-mesh nickel gauze, which prevent the finely di
vided catalyst from getting into the end of the hydrogenation 
tube.

A 14-cm.layer of 2 per cent thoria-nickel oxide was next added, 
which was prepared according to the directions of Russell and 
Fulton (IS). Their statement was confirmed to the effect that, 
using this catalyst, the oxygen present in the sample is found only 
as water. In several experiments an Ascarite-soda lime tube 
was connected with the Drierite tube, but its increase in weight 
never exceeded that found in a blank determination. To reduce 
the amount of catalyst in the tube and to permit easy gas flow, 
the oxides were mixed with 2- to 3-mm. lengths of 1-mm. glass 
rod. The 14-cm. layer contained about 2.5 grams of the mixed 
oxides which yielded about 2.0 grams of active thoria-promoted 
nickel after reduction. A single piece of circular 200-mesh nickel 
gauze held the loosely packed catalyst in place. This entire por
tion of the tube filling occupied 17 cm. and was surrounded by 
the catalyst furnace. The next portion of the tube filling con
sisted of the cracking catalyst (6, 9, 10) which was merely a roll 
of 200-mesh nickel gauze, 17 cm. long. This was made to fit into 
the tube rather loosely and was held in cylindrical form by means 
of fine nickel wire ties spaced at about 4-cm. intervals; it also 
had a nickel wire loop at one end to permit easy removal from 
the tube. This nickel wire roll filled the portion of the tube 
which was heated by the cracking furnace. After the nickel 
gauze roll was prepared it was oxidized in a Bunsen flame and 
then reduced in a hard-glass combustion tube, heated to dull red
ness, with hydrogen passing through it, and allowed to cool in 
the stream of hydrogen. The compressed nickel wire and the 
circular nickel gauze pieces were treated similarly.

M icroabsorption  T u b e F illin g
The single absorption tube was filled with 10- to 20-mesh 

Drierite in the usual way, the absorption agent being held in

place with small cotton tam
p o n s  a t  e a c h  e n d  of  t h e  
tube. Preliminary w i p i n g ,  
aeration, and weighing experi
ments made with this t u b e  
showed satisfactory constancy 
and reproducibility of weight 
(=*=0.003 mg.).

Procedure

C o n d it io n in g  t h e  H y d r o 
g e n a t i o n -  a n d  A b s o r p -  
t io n - T u b e  F il l in g s . T h e  
m ix tu re  of thoria-nickel 
oxide was reduced, in situ, 
by passing hydrogen through 
the filled h y d ro g e n a tio n  
tube continuously for several 
d ay s, th e  temperature of 
th e  catalyst furnace being 
m a in ta in e d  a t  400° C. 
During the last day of the 
re d u c tio n  the nickel gauze 
roll was also heated to about 
1000° C. by connecting the 
cracking furnace, and the 

absorption tube and Mariotte bottle were attached so as to 
condition the absorption tube filling.

A c t u a l  D e t e r m in a t io n s . After a t least 72 hours’ con
tinuous reduction of the mixed oxides a t 400° C., manipula
tive blank determinations (described below), made with the 
catalyst heated a t 350° C., yield constant and reproducible 
values which show no further tendency to diminish appre
ciably. The apparatus is then ready for use in the actual 
determinations.

Hydrogen is started through the apparatus from the gasome
ter. The two electric furnaces and the preheater are turned 
on, the catalyst furnace being set a t 350° C. and the cracking fur
nace at 1000° C. After one hour they attain the required tem
peratures and the absorption tube is attached to the hydrogena
tion tube, by means of the usual heavy-walled paraffin-impreg
nated rubber tube, and connected with the protection tube and 
Mariotte bottle, and hydrogen is passed for 30 minutes at the 
rate of 5 cc. per minute. At the end of this interval the absorp
tion tube is removed, taken to the balance room, and placed in 
an aeration apparatus, similar to tha t devised by Niederl (11) 
but containing Drierite as the drying agent, and 50 cc. of air are 
drawn through it a t the rate of about 10 cc. per minute to 
displace the hydrogen. Then the absorption tube is removed 
from the aeration apparatus, wiped, stoppered with tight-fit
ting pins, allowed to stand next to the balance for 10 minutes, 
placed in the balance and weighed at the end of an additional 
10 minutes.

Just after the start of the 5-minute aeration period the weighed 
sample is introduced into the hydrogenation tube and placed 
near the end of the tube just beyond the side arm connection, so 
that it is not heated by radiation from the cracking furnace. 
During the insertion of the sample the gas flow through the pres
sure regulator and purifying train is speeded up considerably, by 
opening the precision screw' clamp, so that a rapid stream of hy
drogen issues from the open hydrogenation tube and thus inhib
its the entrance of air. Immediately behind the boat containing 
the weighed sample is placed a small quartz plug, provided with 
a loop so that it can be easily pulled out of the hydrogenation 
tube. This plug fits the hydrogenation tube fairly snugly but 
should be capable of being pushed forward and backward without 
resistance. The purpose of the plug is to increase the velocity 
of the hydrogen behind the sample and thus hinder any backing 
up of the sample. When the quartz plug wras not used it was 
found that even with gas velocities of 5 cc. per minute there was a 
tendency for some compounds to distill backward through the 
Bunsen flame, countercurrent to the hydrogen stream. The 
passage of hydrogen is continued during the remainder of the 
aeration, wiping, waiting, and weighing periods, a total of about 
30 minutes. In the event that any air was admitted to the hy
drogenation tube during insertion of the sample, it, together with 
the air present in the sample and in the boat, would be removed



and swept out of the hydrogenation tube before the absorption 
tube is reattached.

In  all the published procedures (except that of Hennig, 
2), the weighed sample is introduced into the hydrogenation 
tube while a rapid stream of hydrogen issues from the open 
tube and after the absorption tubes have been attached. The 
assumption is made that no air enters the hydrogenation tube 
during this procedure. However, any oxygen which enters 
the tube during this operation will be converted to water, so 
that there is an excellent opportunity here for the appearance 
of a compensative error. While such errors may be negli
gible in macro- or semimicroprocedures, they can assume 
considerable magnitude in a micromethod. One can readily 
calculate that the volume of air present in a microboat con
tains approximately 0.1 mg. of oxygen which would form 
0.11 mg. of water on hydrogenation. This was confirmed ex
perimentally. In preliminary attempts to adopt the macro
tech nic of inserting the sample into the open hydrogenation 
tube, after the absorption tube had been attached and with 
an exit flow of hydrogen of 185 cc. per minute, the blank 
values were in excess of 0.1 mg. I t  is also difficult accurately 
to standardize such a procedure with the hydrogenation tube 
being opened for a minimum period of time. I t  is therefore 
imperative, in a micromethod, to conduct a sweeping opera
tion to remove any air which inadvertently entered the hy
drogenation tube as well as that present in the boat and ad
sorbed on the sample, before attaching the absorption tube. 
Hennig (2) also found it advisable to adopt such a procedure 
in his inicromethod.

After the absorption tube has been weighed it is attached to 
the hydrogenation tube and connected with the Mariotte 
bottle. Before starting the flow' of water from the Mariotte 
bottle, the sample and quartz plug are pushed forward in the 
hydrogenation tube to a distance of 3 to 4 cm. from the crack
ing furnace. This is done, without permitting air to enter 
the hydrogenation tube, as follows:

The rubber stopper in the end of the hydrogenation tube 
(Figure 1) is provided with a tight-fitting glass tube about 5 
cm. long which acts as a sleeve. Through this is inserted a 
snug-fitting glass rod of sufficient length to permit the boat and 
quartz plug to be pushed forward nearly as far as the cracking 
furnace. A tight-fitting, impregnated rubber tube, about 5 cm. 
long, fits over the glass sleeve and also fits snugly over the glass 
rod; to make a gas-tight connection the rubber tubing is wired 
around the glass rod with fine copper w'ire. When the sample 
and quartz plug are to bo pushed forward, this wire is removed; 
a small amount of hydrogen issues from the annular space be
tween the glass rod and the rubber tube but there is little likeli
hood of any air or moisture entering the hydrogenation tube, 
except that adsorbed on the glass rod, since the hydrogen is 
issuing under pressure. The sample and quartz plug are pushed 
forward the desired distance and the glass rod is pulled back to 
its original position and the rubber tube rewired around it. The 
Mariotte bottle is then started, the gas flow adjusted to 5 cc. per 
minute, and the remainder of the procedure is carried out exactly 
like a Prcgl carbon-hydrogen determination except that it is 
done more slowly and carefully.

The first passage of the Bunsen burner usually requires 40 to 
50 minutes and the second 5 to 10 minutes. The hydrogen con
tinues to pass so as to sweep the products through the hydrogena
tion tube and into the absorption tube. During this sweeping 

eriod the next sample is weighed out. When 400 cc. of water 
ave been collected from the Mariotte bottle, which requires 

75 to 80 minutes, the absorption tube is removed and brought to 
the balance room, aerated, wiped, and weighed as before. After 
the start of the aeration period the boat and quartz plug are re
moved from the hydrogenation tube and the new sample and 
quartz plug are introduced in preparation for the next analysis.

B l a n k  D e t e r m i n a t i o n s . To determine whether or not 
the catalyst has been sufficiently reduced, it is necessary to 
make a series of blank determinations. I t  is also necessary 
to make blank experiments in order to determine the weight
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of water which must be deducted from the final weight of 
water obtained in an actual determination, since water is 
continuously being formed by reduction of nickel oxide pres
ent in the catalyst as well as from any oxygen (and mois
ture) in the air inadvertently admitted to the hydrogenation 
tube during the introduction of the sample. For all blank 
and actual determinations the methanation catalyst was 
maintained at 350° C.

In the present investigation the manipulative blank deter
minations were made exactly simulating an actual determina
tion—that is, the hydrogenation tube was opened, the quartz 
plug and boat from the previous combustion were removed, 
and the quartz plug and an empty boat were inserted. The 
hydrogenation tube was then stoppered and swept with hy
drogen for the same length of time as in an actual determina
tion, the weighed absorption tube was attached, the quartz 
plug and boat were pushed forward, and the same volume 
of hydrogen was passed through the heated hydrogenation 
tube as in an actual determination; then the absorption tube 
was removed and weighed. The gain in weight of the absorp
tion tube represents the manipulative blank value.

All previous investigators have determined a so-called 
“blank value” by passing hydrogen, a t a more or less definite 
rate of flow, through the heated hydrogenation tube for a 
given length of time, usually 0.5 hour. The increase in weight 
of the absorption tube during this period is considered the 
blank value; if an actual determination required 1.5 hours, 
then three times the blank value was deducted from the 
weight of water absorbed during the analysis.

ter Meulen (9) claims to have eliminated the blank value 
entirely by using a very small amount (0.1 gram) of 10 per 
cent thoria-nickel catalyst. The use of this small amount of 
catalyst has the disadvantage of necessitating its frequent
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T a b l e  I. B l a n k  D e t e r m i n a t i o n s

M onth
(1936) T echnic Hydrogen Tim e Blank  Values

Cc. Afin . M g. HiO

February a 300 71 0 .0 2 0
300 71 0 .0 1 3

M ean 0 .0 1 6
February b 300 72 0 .0 3 6

300 74 0 .0 3 4
300 71 0 .0 3 6
300 68 0 .0 4 9
300 70 0 .0 4 4
300 70 0 .0 5 1

M ean 0 .0 4 2
February c 400 75 0 .0 6 2
M arch a 400 75 0 .0 2 4
M arch b 400 82 0 .0 5 0
M arch c 400 81 0 .0 4 2

400 80 0 .0 3 5
M ean 0 .0 3 8

M ay c 400 80 0 .0 5 4
A ugust c 400 80 0 .0 8 5

400 80 0 .0 8 0
400 80 0 .0 7 9

M ean 0 .0 8 1

N o t e :  a , H ydrogen passed through unopened tube; no heating  w ith m ov
able burner; 6, m an ip u lative blank determ ination excep t no heating with  
m ovable burner; c, com plete m anipulative blank determ ination , includ
in g  heating w ith  m ovable Durner.

renewal. Hennig (2), in his micromethod, using a nickel- 
pumice catalyst, pointed out that the blank value obtained 
by passing hydrogen over the catalyst a t the rate of 3 to 5 cc. 
per minute for 0.5 hour should not exceed 0.010 to 0.015 mg. 
of water. No blank correction was applied to his results, 
which explains why three out of the four analyses he cites 
are from 0.15 to 0.39 per cent high.

ANALYTICAL EDITION
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In  order to get some information on this question of blank 
values, a considerable number of blank determinations were 
made during the course of the work. I t  was felt th a t pre
vious investigators had not devoted sufficient study to the 
determination of blank values and th a t blank values, as ap
plied up to this time, might easily compensate for errors 
made in the actual determinations. Three different technics 
were used in these determinations, so th a t a  comparison 
could be made of the results, which are indicated in 
Table I.

Scrutiny of Table I  reveals the fact th a t the increase in 
weight of the absorption tube, following a complete manipu
lative blank determ ination (technic c) is 2 to 3 times th a t 
obtained using the technic of previous investigators (technic 
o), where the same volume of hydrogen is merely passed 
through the heated hydrogenation tube, which is not opened 
(for the removal of the boat left from the previous analysis, 
and for the introduction of the boat for the next analysis), 
nor subjected to  heating as in an actual determination. W ith

the very unfavorable factor ( ^ r | f o  “  0.888^ involved in this
determination, a  difference in blank values of this magnitude 
causes an appreciable difference in the final calculated 
result.

I t  was found th a t if the manipulative blank values were de
ducted from the weight of water obtained in actual determina
tions, the final results were always too low. However, if 
the blank value obtained using technic a was deducted, the 
results were satisfactory. I t  would therefore appear th a t a 
compensative error of some sort is involved in this method 
and th a t the “blank value,” as determined by other inves
tigators using macro- or semimicroprocedures, fortuitously 
yielded correct results due to  a compensation of errors. In  
other words, the blank value which must be applied in order 
to  get satisfactory results is a more or less empirical correc
tion factor. This conclusion agrees with the findings of 
Lindner and W irth (7). The blank value which they apply 
to their results is also of a more or less empirical nature. 
Calculated to  the same to ta l volume of hydrogen th a t was 
used in the present work (350 or 400 cc.), the m agnitude of 
their blank value is practically identical to th a t used here 
(see Table II).

The results shown in Table I  also indicate th a t the mag
nitude of the blank is directly proportional to  the volume of 
hydrogen passed through the hydrogenation tube. If the 
hydrogenation tube is opened for the introduction of the 
boat, the blank value is increased by a factor of 2 to 3. Heat
ing the front end of the hydrogenation tube with a movable 
burner during the blank determination (technic c) causes no 
appreciable increase over th a t obtained when the hydrogena
tion tube is not so heated (technic 6), all other conditions 
being identical. In  the procedures involving an opening of 
the hydrogenation tube a marked difference is observed in the 
blank values as determined a t different times of the year; this 
is presumably a function of the hum idity of the atmosphere, 
since the blank values are highest during the humid summer 
months.

R esu lts

The results obtained on six pure compounds, with oxygen 
contents ranging from 4 to 26 per cent, are given in Table II. 
Generally, in selecting the size of the sample to be analyzed, 
the larger the oxygen content the smaller the weight of sam
ple taken. I t  is observed th a t the mean accuracy of this 
method is about ±0.10 per cent.

Cholesterol was chosen as one of the test substances be
cause ter Meulen (9) reported th a t i t  sometimes causes diffi
culty due to the production of a solid hydrocarbon, formed

during passage of the sample over the incandescent asbestos 
which was used as the cracking agent. This hydrocarbon 
resists decomposition even a t elevated tem peratures and, on 
entering the absorption tube, increases its weight and causes 
high results. The sample used here was obtained from

T a b l e  II. R e s u l t s  o f  A n a l y s e s

-O x y g e n -
W eight

of
Sam ple

W eight
of

W ater Found

Dififerenoe
from

theory
M g. M g. % %

4 .5 7 5 1.373® 2 6 .2 7 + 0 .0 5
5 .0 9 4 1 .5 2 1 ° 2 6 .1 7 - 0 . 0 5
4 .7 8 5 1.431« 2 6 .1 9 - 0 . 0 3
5 .1 4 1 1 .533* 2 6 .1 4 —0 .0 8
4 .6 9 6 1.404® 2 6 .1 7 - 0 . 0 5
6 .4 5 7 1 .140* 15 .3 4 - 0 . 0 4
8 .3 0 0 1 .448* 15 .23 - 0 . 1 5
6 .3 7 1 1 .145* 15 .61 + 0 .2 3
8 .2 1 7 0 .956* 10 .0 6 - 0 . 0 6
7 .3 9 4 0 .8 7 7 * 10 .2 3 + 0 .1 1
9 .0 7 6 1 .047* 1 0 .0 0 - 0 . 1 2
8 .1 6 0 0 .870* 9 .2 0 + 0 .1 2
7 .8 6 8 0 .824* 9 .0 2 - 0 . 0 6
7 .8 0 5 0 .826* 9 .1 0 + 0 .0 2
8 .3 0 9 0 .769* 7 .9 5 + 0 .2 6
8 .4 8 3 0 .7 5 7 * 7 .6 6 - 0 . 0 3
8 .8 4 8 0 .802* 7 .8 0 + 0 .1 1
9 .7 7 7 0 .493* 4 .2 5 + 0 .1 1
9 .1 1 6 0 .465* 4 .2 9 + 0 .1 5

S u b itance  

Benzoic acid  (26.22%  O)

A nthraquinone (15.38%  O)

M eth yl-0 -n ap h thy l ether  
(10.12%  O)

p-C yclohexyl phenol 
(9.08%  O)

Bensalacetophenone  
(7.69%  O)

C holesterol (4.14%  O)

tt D ed u ct blank of 0 .020 m g. of water for 350 cc. of hydrogen passed. 
* D ed u ct blank of 0.025 mg. of water for 400 cc. of hydrogen passed.

M erck and dried in vacuum over phosphorus pentoxide for 
several days. The results obtained confirm ter M eulen's 
statem ent to the effect th a t a nickel cracking catalyst per
forms satisfactorily in this respect.

I t  was found th a t after making the above analyses and then 
removing the nickel gauze roll, a thin deposit of carbon was 
present on the nickel which covered b u t about 1 cm. of its 
length. All the above compounds readily volatilize out of the 
boat and leave only traces of carbon on the interior of the 
hydrogenation tube so th a t practically all the carbon, not 
converted into methane, is present on the nickel gauze roll.

A tte m p ts  to  A nalyze Sucrose
Applying the technic developed on the compounds listed 

in Table I I  to  a pure sample of sucrose gave results which were 
consistently low by 0.5 to  1.0 per cent. In  a m ajority of 
cases the results were low even before deducting a blank, 
ter Meulen (10) and Inaba and Abe (S) mention no difficulties 
encountered in the analysis of sucrose, while Russell and 
Fulton (12) sta te th a t strong heating of the carbonaceous 
residue, left after carbonization of the sucrose, is necessary; 
they applied the full flame of a  blow torch to  the bare quartz 
hydrogenation tube. Each of the above authors has re
ported only a single analysis on sucrose. Goodloe and 
Frazer (1) also obtained low results in the analysis of sucrose; 
they ascribed their failure to  obtain satisfactory results to 
an inactive catalyst. I t  may also be significant th a t the re
sults reported for sucrose by Lindner and W irth (7) and Un- 
terzaucher and Burger (IS) are all low ( —0.33, —0.11, and 
—0.26 per cent).

Following the suggestion of Russell and Fulton, a variety 
of methods for strongly heating the carbonaceous residue, left 
after pyrolysis of sucrose, were tried. These included strong 
heating of the bare quartz hydrogenation tube with a Bun
sen burner, a blast lamp, an oxygen blast lamp, a pair of 
oxygen blast cross fires, and finally an electric split-type fur
nace which m aintained the tube around the boat a t  1100° C. 
All these attem pts failed to  improve the results and all, ex
cept the last method, soon seriously damaged the quartz
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tube. If oxygen is retained in the residual carbon i t  does 
not appear to yield to  these increasingly strenuous heat 
treatm ents. The carbonaceous residue is undoubtedly active, 
so th a t i t  did not seem feasible to remove it  from the hydro
genation tube in order to  make a carbon analysis, since it 
would probably rapidly adsorb both  oxygen and moisture 
from the atmosphere.

In  the analysis of a  substance such as sucrose, which has
a high oxygen content and which readily loses water on heat
ing, it was thought th a t perhaps carbon monoxide or dioxide 
was lost by the reversal of the following equilibria caused by 
the sudden appearance of considerable am ounts of water:

CO +  3Hj ^  CH, +  HjO
CO, +  4H, — CH< +  2HjO

I t  was experimentally proved th a t this was not the case, 
a t least for the carbon dioxide reaction. In  several analyses 
an Ascarite-soda lime tube, placed after the Drierite tube, 
showed no increase in weight over th a t of a blank determina
tion, so th a t no carbon dioxide escaped. To get experi
mental evidence concerning the reversal of the carbon mon
oxide reaction it  would be necessary to  determine very small 
am ounts of carbon monoxide in the presence of large quan
tities of hydrogen, which is difficult. I t  also did not appear 
likely th a t carbon monoxide would escape reduction, since the 
literature indicates th a t carbon monoxide is converted to 
methane, under conditions similar to those used here, more 
easily than is carbon dioxide. Hence, if carbon dioxide does 
not escape reaction it  is not likely th a t carbon monoxide 
would escape. An increase in the rate  of hydrogen flow to 
10 cc. per minute, using a total of 800 cc., also failed to im
prove the results. The investigation of sucrose, and other 
substances which behave similarly on pyrolysis in hydrogen, 
is being continued and will be reported later.

After a  number of sucrose samples have been analyzed, the 
deposit of carbon in the hydrogenation tube, which renders 
visibility difficult, is removed as follows:

The glass plug and boat and also the nickel gauze roll are re
moved. If the nickel gauzo contains a deposit of carbon it is 
burned off in a strong Bunsen flame. The whole gauze is oxi
dized by heating in a Bunsen flame and then reduced in a stream 
of hydrogen by heating to dull redness in a hard-glass combus
tion tube. The hydrogen in the quartz hydrogenation tube con
taining the carbon deposit is then displaced by nitrogen. The 
nitrogen (water-pumped) is taken from a high-pressure cylinder 
and passed through a Pregl pressure regulator, a bubble-counter 
U-tuoe, filled like the one in the hydrogen purifying train, and 
then is passed into the end of the hydrogenation tube, the con
nection being made with a rubber stopper. During this pro
cedure the hydrogen is completely shut off a t the three-way stop
cock and the catalyst furnace is, a t room temperature while the 
cracking furnace is heated. When the hydrogen is all displaced 
by nitrogen, air is admitted from the gasometer and passed into 
the hydrogenation tube through the three-way stopcock after 
emerging from the air purifying train, which is identical to that 
used for the hydrogen except that no preheater is used. By 
heating the portion of the tube containing the carbon deposit 
with a Bunsen burner and wire gauze the carbon is readily re
moved. The cracking furnace is then allowed to cool, hydrogen 
is passed to displace the air, the nickel gauze roll is reinserted, 
and then both furnaces are reheated, the methanation catalyst 
being heated to 400° C. during the reduction of any nickel oxide 
which might have formed during the burning-out process. After 
reduction overnight, or longer, the temperature of the catalyst 
furnace is reduced to 350° C., and if the blank determination is 
satisfactory the apparatus is ready for use.
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T he D eterm ination o f  Acetyl, Especially  
in  O-Acetyl Com pounds

E. P . CLARK
B ureau o f Entom ology and P lan t Q uaran tine ,

U. S. D epartm en t o f A griculture, W ashington, D. C.

IN  A R E C EN T communication (1) the writer presented a 
general method for the determination of acetyl, based 

upon the principle of an alkaline, alcoholic hydrolysis of an 
acetyl compound, followed by acidification and distillation 
of the liberated acetic acid. For the distillation the alkali 
was neutralized with enough strong magnesium sulfate 
solution containing sulfuric acid, so th a t the reaction mixture 
had a volume of 20 cc. This was steam-distilled a t constant 
volume until 50 cc. of distillate were obtained. The acetic 
acid which came over under these conditions represented 
95.7 per cent of the to tal acetic acid formed by the hydrolysis 
of the acetyl compound.

The procedure gives satisfactory results, bu t if it is carried 
out as previously outlined, except th a t the distillation of the 
liberated acetic acid is conducted a t such a rate th a t the 
reaction mixture is concentrated to approximately 15 cc. dur
ing the collection of the 50 cc. of distillate, the entire quantity  
of acetic acid is found in the distillate. This procedure is 
simpler and more conveniently conducted than  if the distilla
tion is carried out a t constant volume; the use of an arbitrary 
factor is eliminated and the results are as accurate as those 
obtained by the former method.

In  the new procedure a blank m ust be run upon the re
agents for a given set of conditions, as was recommended in 
the case of N-acetyl compounds.
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The Kauri Butanol Test for Solvent Power. II
E. L. RALDESCHWIELER, M . D. MORGAN, a n d  W. J. TROELLER  

Standard Oil D evelopm ent C om pany, L inden, N . J.

A m icroprocedure for th e  d eterm in a tio n  
o f  k auri b u ta n o l so lv en t pow er h a s b een  
developed an d  th e  so lv en t pow ers o f  a n u m 
ber o f  hydrocarbons h ave b een  d eterm in ed .
A m eth o d  for correla tin g  th e  so lv en t pow er  
resu lts  w ith  th e  s tru ctu re  o f  th e  h yd ro
carbons h a s  b een  w orked o u t  w h ich  pro
vides an  a d d ition a l to o l for th e  a n a ly sis  o f  
hydrocarbon  m ixtu res.

TH E  kauri butanol test is a procedure primarily used for 
evaluating the diluting or solvent power of solvents of 
petroleum origin to be used as thinners for paints and var

nishes. This test was officially adopted by the Paint and 
Varnish Superintendents’ Club of the Philadelphia District
(4). The term  “solvent power” was originally used by Kiehl
(3). According to th a t author, solvent power is the am ount 
of a given solvent th a t can be added to a standard kauri gum 
solution in butanol to  produce a definite turbidity, as com
pared with the am ount of c. p. benzene used in a similar titra 
tion and arbitrarily taken as 100 per cent standard.

In  a previous paper (1) an improved method for standard
izing kauri butanol solutions was proposed by the authors. 
Subsequent study of the data obtained in the course of this 
work suggested th a t the differences in solvent power among 
the various hydrocarbons used in the standardization of the 
kauri butanol solutions might be correlated with chemical 
structure. Additional work has, therefore, been carried out 
in  the hope of obtaining a definite relation between kauri 
butanol solvent power and the structure of hydrocarbons. 
The results of this work are summarized herein and show th a t 
w ith the exception of a  few compounds, a  correlation can be 
established which m ay become a very useful tool for qualita
tive and even quantitative analyses of hydrocarbon mixtures.

M icrom eth od  for D eterm in in g  S o lven t Pow er
Pure hydrocarbons, some of which are rare and expensive 

to  prepare, were employed to  carry out this work. Since 
the regular procedure to  determine solvent power involves a 
great waste of material, an alternative method was evidently 
desirable. A microprocedure was therefore developed whereby 
the solvent powers could be determined on samples of less 
than 1 cc. w ith fair accuracy.

T a b l e  I. S t a n d a r d i z a t i o n  o f  t h e  K a u r i  S o l u t i o n '  b y  t h e  
M i c r o m e t h o d

Com pound

c . p.  B enzene

n -H ep tan e

Beard, Shipp, and Spelshouse (2) have shown th a t the 
kauri butanol value of a  solvent is directly proportional to 
the am ount of kauri solution used. In  developing a micro
method, it was therefore only necessary to  use a smaller 
sample of solvent, reduce the am ount of the standard kauri 
solution proportionally, and carry out the titration  with a 
microburet. However, the use of the prescribed end point 
(blurred appearance of a 10-point print paper when viewed 
through the liquid in the titrating vessel) was found to be

Kauri Solution C om pound Kauri B u tanol S o lven t
U sed Titrated V alue Pow er
Gram Cc.

0 .2 2 3 6 1 .2 5 111 .8 10 0 .0
0 .1 9 6 2 1 .1 0 11 2 .8 1 0 0 .0

A v. 112 .3 1 0 0 .0
0 .2 2 3 4 0 .3 4 3 0 .4 2 5 .4
0 .2 2 7 5 0 .3 5 3 0 .8 2 5 .4

A v. 3 0 .6  ' H 2 5 .4

impractical. A much sharper end point is obtained a t the 
sta rt of permanent turbidity.

In practice, the determination is carried out in a 5-cc. flat- 
bottomed test tube held by a metal plate placed over a small 
crystallizing dish containing water kept at the specified tem
perature (25° C., 77° F.). In the course of titration, the liquid 
in the test tube is stirred by means of a metal wire (iron, alu
minum, or copper) terminating in a loop bent a t a right angle 
to the stem. A 1-cc. buret divided into 0.01 cc. is used for the 
titration.

From 0.2 to 0.4 gram (instead of 20 grams as in the regular 
procedure) of the standard kauri solution is accurately weighed 
into the test tube; the latter is then inserted through the metal 
cover into the water bath kept at 25° C. (77° F.) and the solvent 
is added drop by drop from the buret to the point of permanent 
turbidity. The volume of the solvent used is read from the 
buret. The measured volume of solvent must then, of course, 
be converted to the amount which would have been necessary 
in the regular procedure using 20 grams of standard kauri solu
tion. This can be accomplished by the simple proportion:

X  = 20 S/1F 
where X  =  kauri butanol value

W  = weight of standard kauri solution used in grams 
S  = cc. of solvent used in the titration

The procedure used in computing results can be best illus
trated  by describing the standardization of the kauri solution 
for microwork. W ith 0.2236 gram of the kauri solution, 
1.25 cc. of c. p. benzene were required to produce a permanent 
turbidity. Therefore, 20 grams of this kauri solution would 

20 X 1.25
require ■ '— =  111.8 cc. of benzene. Similarly, i t  was

O./zob
found th a t 0.2234 gram of the same kauri solution required 
0.34 cc. of n-heptane, equivalent to 30.4 cc. of n-heptane for 
20 grams. The two values, 111.8 and 30.4, are called the 
kauri butanol values of benzene and n-heptane, respectively. 
Previous work ( i)  had shown th a t if the solvent power of c. p . 
benzene was arbitrarily given a value of 100, the solvent power 
of n-heptane would be found to  be 25.4 (provided the proper
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T a b l e  II.

Hydrocarbon

n-O ctane
T rim eth vlp en tane
n-T etradecane
M eth vlcycloh exan e
E thylb en zen e
n-B utylbenzenc
D ecahydronaphthalene

C o m p a r i s o n  o f  R e s u l t s  O b t a i n e d  w i t h  t h e  M ic r o -  a n d  
S t a n d a r d  M e t h o d s

K auri K auri ---------- So lv e n t Powiir ---------«
Solution H ydrocarbon B u tanol M icro Standard D iffer

U sed T itrated V alue m ethod m ethod ence
Gram Cc. % % %

0 .2 3 7 6 0 .3 5 2 9 .4 2 4 .3 2 4 .5 - 0 . 8
0 .2 2 2 6 0 .3 3 5 3 0 .1 2 4 .7 2 4 .6 +  0 .4
0 . 2 2 2 1 0 .2 6 2 3 .4 1 8 .6 1 8 .9 - 1 . 6
0 .2 1 5 7 0 .6 3 5 8 .4 5 0 .5 5 0 .7 - 0 . 4
0 .2 3 3 9 1 .14 9 7 .5 8 6 .5 8 7 .6 - 1 . 3
0 .2 2 7 8 0 .9 1 7 9 .8 7 0 .1 7 0 .1 0
0 .2 1 5 9 0 .7 6 7 0 .4 6 1 .6 6 0 .5 +  1 . 8

grade of kauri gum was used in preparing the standard solu
tion). I t  is therefore only necessary to  plot the kauri bu
tanol values of c. p . benzene and ?i-heptane against their re
spective solvent powers and draw a straight line between these 
two points in order to  obtain the standardization curve of the 
particular kauri solution used for this work. The curve as 
obtained from the data given in Table I  is shown in Figure 1.

Comparative results of solvent power by the micro- and regu
lar procedures on several hydrocarbons are given in Table 
II, and show th a t the microprocedure gives results writh 
maximum deviations of under =*=2 per cent from the regular 
procedure, an accuracy which is deemed to  be sufficiently 
good for a test of this nature.

S o lv en t Pow er o f  H ydrocarbons
The solvent powers of a num ber of hydrocarbons were de

termined, using the micromethod when necessary. Some 
of the compounds were purchased from supply houses, while 
others were synthesized in the laboratory. In  order to  allow 
for differences in room tem peratures when carrying out the 
tests and put the results on a comparable basis, the densities 
of the various hydrocarbons were obtained a t  room tempera
ture with a 2-cc. pycnometer calibrated against water a t 4° C. 
Solvent power results can then be expressed on a weight basis 
by multiplying volume results by respective densities.

T a b l e  III. S o l v e n t  P o w e r  o f  P a r a f f i n  H y d r o c a r b o n s

H ydrocarbon  
n -Pentane  
Isopentane  
n-H exane 
2- M eth ylpentan e  
n -H eptane  
n-O ctane 
Isoöctane  
T rim ethylpentane  
D iisoam yl 
D odecane 
n-T etradecane 
n-H exadecane

The results are given in  Tables I I I  to  VI. I t  is, of course, 
realized th a t the list of the hydrocarbons tested is not very 
comprehensive, representing only a few compounds chosen 
from the best known series. These hydrocarbons are merely 
cited as examples, in order to  show the possibilities inherent 
to the method and illustrate the procedure used in computing 
the solvent powers of the various types of hydrocarbons.

The results in Table I I I  showr th a t the solvent powers of 
paraffin hydrocarbons decrease with increasing number of 
carbon atoms. The solvent power results have been plotted 
against the number of carbon atoms in Figure 2, and an aver
age straight line has been drawn through the various points. 
From the equation of this line

y +  0.6 s  =  22 (1)
where x  is the number of carbon atoms and y  represents the 
solvent power (by weight), the solvent power of any paraffin 
hydrocarbon can be calculated.

The solvent power of a few olefins is given in Table IV.

Form ula

N um ber
of

Carbon
A tom s

S olven t
Power D en sity

S olvent
Power

by
W eight

C&Hn 5 3 3 .8 0 .6 2 4 2 1 . 1
C*H„ 5 2 8 .8 0 .6 1 7 1 7 .7
C eliu 6 2 6 .5 0 .6 6 0 1 7 .5
C ,H  m 6 2 5 .0 0 .6 5 4 1 6 .5
C7H 16 • 7 2 5 .4 0 .6 8 4 1 7 .4
C ,H I# ‘ 8 2 4 .5 0 .7 0 7 1 7 .3
CsIIu 8 2 4 .3 0 .7 0 4 1 7 .2
C»Hji 8 2 4 .7 0 .7 2 2 1 7 .8
CioHjj 10 2 4 .5 0 .7 3 0 1 7 .9
C ijH i* 12 1 8 .7 0 .7 5 1 1 4 .0
C14H » 14 1 8 .6 0 .7 6 7 1 4 .3
CibH j4 16 1 4 .3 0 .7 7 7 1 1 . 1

The results show th a t the introduction of a  double 
bond definitely increases the solvent power of 
saturated hydrocarbons. Since the solvent power 
of paraffins decreases with increasing molecular 
weights, the data indicate th a t the effect of the 
double bond must increase with increasing mo
lecular weight. In  other words, between two 
hydrocarbons of the same number of carbon 
atoms alike in structure, except th a t one has a 
double bond and the other no double bond, it 
has been found th a t the former will have higher 

======  solvent power. In  view of the fact th a t purity
of the olefin samples tested was questionable, no 

mathematical correlation has been tried.

T a b l e  IV. S o l v e n t  P o w e r  o f  O l e f i n  H y d r o c a r b o n s

H ydrocarbon Form ula

N um ber
of

Carbon
A tom s

S o lven t
Power D en sity

S olven t
Power

b y
W eight

H exene C*H» 6 3 3 .6 0 .6 8 3 2 3 .0
O ctylene CsH ,e 8 3 6 .5 0 .7 2 2 2 6 .4
D iisob u ty len e CsH,« 8 3 5 .2 0 .7 1 9 2 5 .4
D iisoam ylcne CioHjo 10 3 5 .8 0 .7 7 3 2 7 .7
Triisobutylene C ,2H 24 12 3 2 .3 0 .7 5 8 2 4 .5

Table V gives the solvent power of representative naph- 
thenes of the cyclohexane series. The values show th a t the 
solvent powers of the naphthenic hydrocarbons of the cyclo
hexane series decrease with increasing length of the paraffinic 
side chain. I t  would seem logical to  expect th a t the solvent 
power of any hydrocarbon in this series should consist of the 
sum of the ring solvent power “effect” plus the paraffinic sol
vent power “effect.” These various effects should also be 
proportional to  the number of carbon atoms of each type. 
For example, methylisopropylcyclohexane possesses 6 naph
thenic and 4 paraffinic, or a to tal of 10 carbon atoms. The 
naphthenic effect should therefore be equal to  6/io of the solvent 
power of the original ring and the paraffinic effect to Vio of 
th a t of the paraffin having the corresponding number of car
bon atoms, or butane, in this case. Therefore, the solvent 
power of any hydrocarbon in the cyclohexane series should be:

s -  42J ( f T s )  + » ( p h ) (2)^P +  6 /  ' " \ P  +  6/
where

iS = solvent power by weight 
42.1 =  solvent power of cyclohexane 

P =  number of paraffinic carbon atoms 
6 =  number of naphthenic carbon atoms 
y *= solvent power of the paraffin having P  carbon atoms
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E q u ation  for curve: y  +  0.6  x  — 22



542 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9, NO. 11

The value of y  can be computed from Equation 1 or ob
tained directly from the curve in Figure 2.

The curve represented by Equation 2 has been plotted in 
Figure 3. There are also plotted in Figure 3 experimental 
values, shown as small circles, of the solvent powers of five 
hydrocarbons. The calculated and experimental values are 
given in Table V. The agreement is good when allowance is 
made for inaccuracies in the method and the possible presence 
of impurities in some of the compounds.

In  the same way the solvent powers of aromatic hydro
carbons have been calculated and compared with experimental 
values. The calculations were made using Equation 2, in
troducing 87.8, the solvent power of benzene, in place of 42.1, 
the solvent power of cyclohexane. The values are shown in 
Table VI and the curve in Figure 4.
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F ig u r e  4 .  S o l v e n t P o w e r  o r  A r o m a t ic  H y d r o c a r b o n s , 
B e n z e n e  S e r i e s

6 8 10 12 14 16 18 20 22 24 26 28 3 0 32 34

F i g u r e  3 .  S o l v e n t  P o w e r  o f  N a p b t h e n i c  H y d r o c a r b o n s , 
C y c l o h e x a n e  S e r i e s

C om parison of aotual w ith  calcu lated  values  
A ctual determ inations ®
C urve p lo tted  from  equations: S  -* 42.1 (^p  ^  +  y

T a b l e  V. S o l v e n t  P o w e r  o f  S o m e  N a p h t h e n i c  H y d r o c a r b o n s

C om pound
C yclohexane
M eth ylcycloh exan e
M ethylisopropyloyclohexane

O ctadecylcyclobexane
H eptad ecy l-n -bu ty lcyclo -

hexylm ethane

T a b l e  VI. S o l v e n t  P o w e r  o f  S o m e  A r o m a t i c  H y d r o c a r b o n s

N o. of S o lven t Pow er
Carbon S olven t T im es D en sity

Form ula A tom s Pow er D en sity F ou n d  C alculated
C eliu 6 5 4 .3 0 .7 7 5 4 2 .1
C eH „C H , 7 5 0 .5 0 .7 6 4 3 8 .6 3 9 .1
C sH iCHj-

CjHr 10 3 9 .3 0 .8 2 0 3 2 .2 3 3 .1
C eH uC uH « 24 2 4 .2 0 .8 3 4 2 0 .4 1 8 .9
C«H„CHC«-

HtCuHai 28 1 9 .8 0 .8 3 9 5 1 6 .6 1 5 .9

C om pound
B enzene
T oluene
o-X ylen e
m -X ylen e
g-X ylen e
E thylb en zen e
C um ene
M esity len e
P seudocum ene
n -B utylbenzene
teri-Butylbenzene
M ethyliaopropyl-

benzene
*«ri-Amylbenzene
O ctadecylbenzene

Form ula
C.H,
C«H,CHa
CiH4(CH*),
C»H«(CHj)t
CbHíÍCH,),
C«H|CjH»
C«H,CH(CH3),
l,3,5-CeH,(CH,),
l,3,4-C«H*(CHi)j
C*H*C*H*
CeHjCiH,
CeHiCHjCjHr
C*H»C»Hn
C«HiCiiHsr

N o. of 
C arbon  
A tom s

S olven t
Pow er D en sity

S o lven t Pow er 
T im es D en sity  

F ou n d  C alculated
6 1 0 0 .0 0 .8 7 8 8 7 .8
7 9 3 .7 0 .8 8 2 8 2 .6 7 8 .4
8 9 9 .0 0 .8 7 9 8 7 .0 7 1 .1
8 8 9 .6 0 .8 6 3 7 7 .3 7 1 .1
8 8 2 .5 0 .8 6 1 7 1 .0 7 1 .1
8 8 5 .7 0 .8 6 S 7 4 .4 7 1 .1
9 7 5 .7 0 .8 6 4 6 5 .2 6 5 .2
9 8 5 .9 0 .8 6 3 7 4 .2 6 5 .2
9 1 0 5 .5 0 .8 7 0 9 1 .8 6 5 .2

10 6 S .7 0 .S 6 2 5 9 .2 6 0 .5
10 7 1 .7 0 .8 6 7 6 2 .2 6 0 .5

10 6 8 .3 0 .8 5 7 5 8 .5 6 0 .5
11 6 6 .0 0 .8 7 4 5 7 .7 5 6 .5
24 3 7 .0 0 .9 0 6 3 2 .6 3 0 .4

A comparison of the calculated with the experimental 
values shows, with some exceptions, fair agreement. These 
exceptions are principally o- and m-xylenes, pseudocumene, 
mesitylene, and, to a lesser extent, toluene. I t  should be 
noted th a t the calculated and experimental data for the sym
metrical xylene are practically identical. In  view of the 
fact th a t some of the above compounds were known to be 
very pure, it is felt th a t these discrepancies m ay be due to the 
disturbing eSect of the first substituted m ethyl group. This 

explanation does not appear illogical, inasmuch 
= = ;  as the first member of hydrocarbons in a given 

series often exhibits physical properties which 
are not in  line with those of other hydrocarbons 
of the same series. The data on the naphthene 
and benzene hydrocarbons show that, in  general, 
the solvent power of the compounds is affected 
by to tal length of the paraffinic chains, not the 
number of positions replaced in the ring.

A p p lication s o f  th e  Procedure
From the above results and discussion it  is 

evident that, given the solvent power of the first 
member of & hydrocarbon series, i t  is possible to 
calculate, or a t least obtain a fair idea of the sol
vent power of other hydrocarbons of the same 
series. Conversely, the solvent power of an un
known hydrocarbon should give a  clue to its com
position and structure, thus providing an addi
tional constant.

The method is rapid (about 20 minutes per de
termination) and very useful in hydrocarbon 
analysis, such as the examination of commercial hy
drocarbon solvents. The method will give valua
ble indications when used in con junction with other
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physical constants, such as boiling point, etc., in the examina
tion of narrow cuts consisting of isomeric and azeotropic mix
tures. Thus the presence of large am ounts of o-xylene in a 
close xylene cut can be readily detected. The method is also 
useful in determining efficiencies of fractionating columns by 
determining the solvent powers of the cuts obtained by the 
fractionation of close-boiling binary hydrocarbon mixtures.
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Determ ination o f Small Proportions o f Sulfur
By a M odification o f  the A. S. T. M. Lamp Method

VICTOR ZAHN, Shell D evelopm ent C om pany, Em eryville, Calif.

R efin em en ts  o f  th e  stan d ard  lam p  
m e th o d  are describ ed  w h ich  ex ten d  its  
range to  th e  an a ly sis  o f  0.0001 per c e n t o f  
su lfu r , in  liq u id s  or gases. P urified  air for 
c o m b u stio n , an d  tu rb id im etr ic  e s t im a tio n  
o f  su lfu r  as b a r iu m  su lfa te , p erm it h ig h  ac
curacy  an d  rep rod u cib ility .

TH E  determination of the sulfur content of volatile or
ganic compounds by A. S. T . M. method No. D90-34T, 
which consists in burning a weighed sample in a lamp and 

determining the acidity of the products of combustion, is 
subject to large errors when the material being analyzed con
tains less than 0.01 per cent of sulfur. There are two impor
ta n t sources of error. The first is the impurities in the rela
tively large volume of air used for combustion. The effect 
on the analysis of sulfur dioxide or hy
drogen sulfide in the air is obvious; 
bu t nonsulfurous substances, such as 
fumes of acids or ammonia, m ay also 
pass into the absorber liquid and in
fluence the final titration. The second 
source of error, which cannot be neg
lected in the analysis for small pro
portions of sulfur, is the formation of 
small amounts of acids in the flame: 
nitric acid by oxidation of atmospheric 
nitrogen, and organic acids by incom
plete combustion of organic materials.

I t  is, of course, possible to  apply 
corrections for impurities in the air by 
r u n n i n g  b l a n k  samples; bu t since 
variations in air flow through indi
vidual lamps or fluctuations of flames 
m ay destroy the uniformity of the con
ditions, i t  seems preferable not to  have 
to rely on blank determinations when 
high accuracy is desired. Therefore, 
in this modification of the standard 
method, purified air is used for com
bustion of the sample. The effect of 
nonsulfurous acids formed in combus
tion is eliminated by determining sul
fur as barium sulfate.

Methods using purified air have been described (1,2, S), bu t 
the apparatus involved have not been convenient when large 
numbers of routine analyses were required. The arrange
ment described below, which uses purified air in a special lamp, 
permits the combustion of volatile liquids, including those 
tha t tend to bum  with smoky flames in the standard A. S. T . M. 
apparatus; the equipment can also be adapted to the analysis 
of gases or liquefied gases under pressure. The products of 
combustion are absorbed in a solution of sodium hypobromite; 
after precipitation of the sulfate from the absorbing solu
tion by barium chloride, barium sulfate is determined tur- 
bidimetrically. I t  has been found possible to analyze ac
curately for proportions of sulfur as low as 0.0001 per cent.

A pparatus and  R eagen ts
T h e  A i r - P u r i f i c a t i o n  S y s t e m . The air for combustion 

is purified by heating it  to a high tem perature and then 
scrubbing with hypobromite and caustic solutions. I t  is

F i g u r e  1 . E q u i p m e n t  f o r  P u r i f y i n g  A ir
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first passed through a tube containing cotton and a layer of 
activated charcoal and then through a stainless steel tube 
heated by electrical resistance; the exit half of the tube is 
filled with coarse quartz chips. The exit air should have a 
tem perature of about 500° C.; for a battery  of ten lamps, 
the air required will be sufficiently heated if the surface of the 
center portion of the tube is kept a t approximately 800° C. 
The temperature of the tube may be estimated roughly 
from the brightness of the m etal observed through a peephole 
in the insulation, or an optical pyrometer m ay be used. 
The heated air is water-cooled in a small copper-coil condenser 
and finally led into two large cylindrical scrubbers equipped 
with fritted-glass plates (20- to 25-mesh); the first scrubber 
contains a 2 per cent solution of sodium hypobromite (stock 
absorbing liquid) and the second 5 per cent sodium hydroxide. 
Details of the tube furnace are shown in Figures 1 and 2.

Merely scrubbing the air w ithout preheating it is not 
sufficient to remove sulfurous impurities completely. W ith 
the equipment described, however, blank determinations made 
by passing the purified air over platinum in a hot tube and 
into an absorber showed th a t 5 hours’ running produced a 
negligible turbidity  (as barium sulfate). Consequently, no 
correction for sulfurous impurities in the air is necessary, and 
inaccuracies resulting from variations in air flow through the 
individual lamps are obviated.

T h e  B u r n e r . The burner (Figure 3) consists of two co
axial glass tubes, which extend upward to the same height to 
form the burner tip, and are sealed together a t  the bottom  
A side inlet into the outer tube adm its the air which, when 
needed, supports the combustion a t the base of the flame, and 
a small hole near the seal joining the tubes permits the pres
sure to equalize between the sample flask and the combus
tion chamber.

For use with gases and liquefied gases a Bunsen microburner 
is used; it is connected to the source of purified air by means 
of a short piece of metal tubing soldered to the air inlet a t  the 
bottom of the burner. A m etal cylinder 3 cm. in length and

N s

/ "

jtd .__

' 6 m m . O.O.

F i g u r e  3 . B u r n e r

-SU -O -C ejj N*C-ZZor 
D io tex  F ire  B r ic k

T ra n s fo rm er - 

A ir Inlet n
rAm m cier

Pl a n  S e c t i o n  '/i/I'  t f x  fC o p p e r  Bus Bar
A. C. Line

1.5 cm. in diameter is soldered to the base of 
the burner to support the cork by which the 
burner is sealed to the chimney. Such a burner 
may be seen in Figure 7, in the lamp a t  the ex
treme left of the battery.

T h e  C h im n e y . The chimney is shown in 
detail in Figure 4. The inner chamber is similar 
to the conventional chimney, but the new de
sign includes an outer cylindrical chamber, which 
is constricted a t  the bottom and sealed to the 
burner by a cork stopper, and a side inlet a t 
the top which adm its purified air to the annular 
space between the essential chimney and the 
outer chamber.

Cork stoppers seal the burner to the sample 
flask below and the chimney above. In  opera
tion, most of the air enters the assembled lamp 
(Figure 5) through the upper inlet, and passes 
evenly downward through the annular space 
and into the chimney, from which it sweeps 
the products of combustion into the absorber.

T h e  A b s o r b e r . The usual A. S. T . M. ab
sorbers may be used. A  modified design, how
ever, with a fritted-glass plate (30- to 35-mesh) 
sealed near the bottom  (Figure 6), instead of 
glass-bead packing, permits gases from the 
combustion chamber to  pass through more 
steadily and minimizes flickering. A  Kjeldahl 
connecting bulb with a single straight tip  serves 
as a spray trap.



NOVEMBER 15, 1937 ANALYTICAL EDITION 545

R e a g e n t s . A s o lu t io n  o f  2  p e r  c e n t  c .  p. s o d iu m  h y d ro x id e  
a n d  2  p e r  c e n t  c . p . b ro m in e  in  d is t i l le d  w a te r  is  u se d  a s  a b 
s o rb in g  l iq u id . F i f te e n  m il l il i te r s  o f  th i s  s to c k  s o lu t io n  p lu s  
10 to  15 m l. o f d is t i l le d  w a te r  a r e  u se d  in  e a c h  a b s o rb e r .

The turbidim etric determination of sulfur requires 1 N  
hydrochloric acid; 20 per cent solution of c. p . sodium hy
droxide; alcohol-glycerol solution, containing 67 per cent by 
volume of denatured ethyl alcohol (Formula 3A) and 33 per 
cent of glycerol U. S. P .; and c. p . barium chloride crystals, 
BaCl2-2H20 , 20- to  30-mesh.

P rocedure
C o m b u s t i o n .  Four strands of sulfur-free cotton wicking are 

threaded into the inner tube of the burner. The wick is primed 
with the liquid to be tested, cut off evenly, flush with the top of 
the tube, and drawn down 1 or 2 mm. so as not to leave any pro
truding filaments. For volatile materials like acetone, it may be 
necessary to draw the wick down 15 to 20 mm. in order to obtain 
a flame of proper size.

The arrangement in use at present (shown in Figure 7 in partial 
view) consists of a battery of ten lamps connected to a manifold 
that distributes aii; a t constant pressure to each lamp through 
separately regulated inlets to burner and chimney. In putting a 
battery of lamps into operation, it is best to start with the lamps 
in place and sufficient air flowing through the manifold to supply 
all the lamps and the constant-pressure release valve, but with 
all the pinchclamps on the rubber tubing to the burners closed. 
One lamp a t a time is then removed from its chimney, lighted 
with an alcohol lamp, adjusted, and put back into the neck of the 
chimney. The entire battery can readily be set in operation 
within a few minutes.

Any further adjustm ent is made after the lamps have been 
lighted by changing the rate  of air flow to the burner or to the 
chimney. The steadiest flames are obtained w ith the system 
under slight pressure with no suction on the absorber, and with 
only the air needed for good combustion passing through the 
burner. The rest of the air needed for an analysis enters the 
system through the chimney; in this way the flame is not 
cooled below the ignition tem perature for less combustible 
substances by the current of primary air, nor disturbed by too 
rapid flow of air through the lamp, and the danger of ex
tinguishing the flame is minimized. No suction is required

for burning liquid samples, but suction on the absorber may 
be used in starting the combustion of gases or liquefied gases 
with the microburner described above.

The am ount of sample burned is determined by the loss 
in weight of the lamp and sample flask, as in the standard 
method. According to the proportion of sulfur present, 
approximately the following am ounts of sample should be 
burned:

Sulfur
%

0 .0 0 0 1  and less 
0 .0 0 0 2  to 0 .0 0 0 6  
0 .0 0 0 7  to  0 .0 0 1 5  
0 .0 0 1 6  to 0 .0 0 6  
0 .0 0 7  to  0 .0 1 5

W eight of 
Sam ple Burned  

Grama

10 or more 
10 

5 
4 
2

T u r b i d i m e t r i c  D e t e r m i n a t i o n .  After the sample is burned, 
the absorber liquid is made ready for the determination of sulfate 
with a Betz-Hellige turbidimeter (5). This instrument compares 
the intensity of light scattered laterally by a solution containing 
barium sulfate with that transmitted by the solution. The in
tensity of the transmitted light may be altered by means of a 
precision slit, so that the illumination from the separate beams 
may be balanced. The liquid from the absorber, with the 
washings from absorber, spray trap, and chimney, is transferred 
to an Erlenmeyer flask, acidified with 15 ml. of 1 N  hydrochloric 
acid, boiled to remove carbon dioxide and excess bromine, and 
concentrated to about 25 ml. It is then made slightly alkaline to 
phenolphthalein with a 20 per cent solution of sodium hydroxide, 
and exactly neutralized with 1 N  hydrochloric acid, after which 3 
ml. more of the acid are added, and the solution is filtered through 
Whatman No. 42 filter paper into a 50-ml. volumetric flask and 
made up to the mark with distilled water.

The contents of the flask are transferred to the 20-mm. optical 
cell of the turbidimeter and 10 ml. of the alcohol-glycerol solu
tion are stirred into the solution with a rubber-tipped glass rod; 
the initial turbidity, if any, is then determined. In accurate work, 
samples showing initial turbidity should be discarded and the 
analysis repeated; however, it is possible to correct the final 
results for initial turbidity. After the standard measure (supplied 
with the turbidimeter) of barium chloride crystals has been added 
to the solution, the turbidity is determined as described in (5).

W ien the absorber liquid contains more than 0.6 mg. of sulfur, 
it is usually more accurate to take a carefully measured aliquot,



say one-half or one-fifth, of the 50 ml. of solu
tion, dilute it to 50 ml., and use the 20-mm. cell, 
than to use the smaller cell. But errors in dial 
reading are then multiplied by the reciprocal of 
the aliquot. If, however, the 10-mm. cell is used,
25 ml. of the 50 ml. of original solution are used 
and 5 ml. of alcohol-glycerol are added. The 
clear filter is, of course, necessary. Otherwise 
the procedure is exactly as described.

Blank determinations are made in the turbi
dimeter on all the reagents, including those used 
in the preparation of the reference curves, in the 
amounts used in the analysis and the propor
tions of sulfur so found are deducted from the 
total amount found in the final turbidimetric 
determination of the sample. Blank determina
tions made on the purified air, by passing it 
through the absorber liquid for the time taken 
to burn a sample and with about the same 
velocity as in the analysis, must be negative.

The colloid-protecting alcohol-glycerol solu
tion substituted for the salt-acid solution (5), 
in the final treatm ent of the absorber liquid 
before precipitation, appears to improve the 
sensitivity of the turbidimetric determination 
to very small amounts of sulfate. Further
more, it minimizes particle growth of the 
barium sulfate suspension during adjustment 
of the turbidim eter; the protected suspen
sion is sufficiently stable th a t turbidimeter
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9mm. OD.
F i g u r e  6 .  A b s o r b e r

30-35
M esh

F ritte d

Pfote

F i g u r e  7 .  L a m p s  i n  O p e r a t i o n

readings taken over the interval from 3 to 12 minutes after 
precipitation show little variation.

R e f e r e n c e  C u r v e s  f o r  t h e  T u r b i d i m e t e r .  Because of 
modifications which have been made in the turbidimetric 
procedure, a set of reference curves relating dial setting to  
milligrams of sulfur in the sample should be prepared for 
each turbidimeter; the data for the curves should be found 
by a procedure as nearly as possible like th a t for analysis. A 
curve for each of the following ranges is necessary:

R ange Sulfur F ilter  C ell
Mil. Mm.

I 0 to  0 .0 8  G ray 20
II 0 to  0 .2 6  M ilk '  20

III  0 to  0 .6  C lear 20
IV  0 to 1 .8  C lear 10

The additional reagents needed are c. p. sodium sulfate, Nar- 
SOdOHjO; and a solution of 1 Ar c. p. sodium chloride contain
ing 200 ml. of 1 i f  hydrochloric acid per liter. The solution must 
be filtered until zero turbidity is obtained.

Two standard sodium sulfate solutions are made up, one con
taining 0.1 mg. of sulfur per ml. and the other 0.2 mg. per ml., 
both of which must be checked by gravimetric analysis. The first 
solution and a 1 to 10 dilution of it are used for the data in ranges 
I to III ; the second is used with the 10-mm. cell to determine 
range IV. Fifteen milliliters of the acid sodium chloride solu
tion are measured into a 50-ml. volumetric flask, the proper 
amount of standard sodium sulfate solution is added, and the 
solution is made up to 50 ml. with distilled water. For deter
minations in the first three ranges the whole solution is trans
ferred to the 20-mm. cell, 10 ml. of alcohol-glycerol are added, 
and the precipitation and reading are made as previously de
scribed. For range IV, 25 ml. of the contents of the volumetric 
flask are put in the 10-mm. cell, 5 ml. of alcohol-glycerol are 
added, and the described procedure is followed. Obviously the 
milligrams of sulfur found from a curve prepared in this way for
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T a b l e  I. D e t e r m i n a t i o n  o f  S u l f u r

Sulfur M ean of Sulfur
Sam  A dded to D eterm i Present Standard
ple riyarocarDon

% % %
—“xnaivjuuai uei-er 1111 n an o iis---------

% % % % %
nations

%
m o&mpie 

%
.Deviation

%
1 N one 0 .0 0 0 2 0 0 .0 0 0 2 2 0 .0 0 0 1 9 0 .0 0 0 1 8 0 .0 0 0 1 9 0 .0 0 0 2 0 0 .0 0 0 2 0 0 .0 0 0 0 1 7

0 .0 0 0 2 1 0 .0 0 0 2 9 ° 0 .0 0 0 2 0 0 .0 0 0 2 3 0 .0 0 0 2 2 (by analysis)
2 0 .0 0 0 1 0 .0 0 0 3 0 0 .00031 0 .0 0 0 3 3 0 .0 0 0 3 0 0 .0 0 0 3 5 0 .0 0 0 3 3 0 .0 0 0 3 0 0 .00 0 0 2 5

0 .0 0 0 3 6 0 .0 0 0 3 6 0 .00031 0 .0 0 0 3 0 0 .0 0 0 3 7
3 0 .0 0 0 3 0 .0 0 0 4 4 0 .0 0 0 4 8 0 .0 0 0 4 6 0 .00052 0 .0 0 0 5 1 0 .0 0 0 5 0 0 .0 0 0 5 0 0 .00 0 0 2 9

0 .00051 0 .0 0 0 4 9 0 .0 0 0 5 4 0 .0 0 0 4 9 0 .0 0 0 5 4
4 0 .0 0 0 5 0 .0 0 0 6 6 0 .0 0 0 6 5 0 .0 0 0 6 7 0 .0 0 0 7 3 0 .0 0 0 7 3 0 .0 0 0 7 0 0 .0 0 0 7 0 0 .0 0 0 0 4 2

0 .0 0 0 6 5 0 .0 0 0 6 8 0 .0 0 0 7 2 0 .0 0 0 7 9 0 .0 0 0 7 7
5 0 .0 0 1 0 .0 0 1 2 0 0 .00119 0 .0 0 1 1 8 0 .0 0 1 1 8 0 .0 0 1 2 3 0.ÓÓÍ25 0ÍÓÓÍ23 0 .0 0 1 1 9 0 .0 0 1 2 0 0 .000051

0 .0 0 1 1 9 0 .0 0 1 1 9 0 .0 0 1 1 9 0 .0 0 1 1 5 0 .0 0 1 1 8 0 .0 0 1 1 9 0 .0 0 1 1 5
6 0 .0 0 2 0 .0 0 2 2 2 0 .0 0 2 2 3 O'. 00222 0 .00221 0 .0 0 2 1 5 0 .0 0 2 1 7 0 .0 0 2 2 0 0 .0 0 0 1 0

0 .0 0 2 1 8 0 .0 0 1 9 8 0 .0 0 2 3 1 0 .0 0 1 9 8 0 .0 0 2 2 4
7 0 .0 0 5 0 .0 0 5 0 0 .0 0 5 2 0 .0 0 5 2 0 .0 0 5 2 0 .0 0 5 1 o !ÓÓ52 o ! ó ó ś i 0 .00514 0 .0 0 5 2 0 0 .0 0 0 1 0

0 .0 0 5 1 0 .0051 0 .0 0 5 1 0 .0 0 5 0 0 .0 0 5 2 0 .0 0 5 2 0 .0 0 5 3
8 0 .0 1 0 0 .0 1 0 1 0 .0 1 0 3 0 .0 1 0 1 0 .0 1 0 1 0 .0 1 0 0 0 .0 1 0 2 0 .0 1 0 4 0 .0 1 0 2 0 .0 1 0 2 0 .0 0 0 1 2

0 .0 1 0 3 0 .0 1 0 3 0 .0 1 0 0 0 .0 1 0 2 0 .0 1 0 2 0 .0 1 0 1 0 .0 1 0 3

° R esu lt discarded on C hau ven et’s criterion (4) T h is  va lu e is n ot included in  th e mean.

range IV and the 10-mm. cell will be the amount contained in 
the 50-ml. sample.

A ccuracy and  P recision  o f  R esu lts

The method was tested by analyzing a hydrocarbon of low, 
unknown sulfur content, and the same hydrocarbon contain
ing varying, known, added am ounts of sulfur as dimethyl 
disulfide. A series of ten or more analyses was made at 
each of eight different sulfur concentrations; the results of 
the individual determinations are given in Table I.

The precision of the method m ay be judged from the last 
column, which shows the standard deviation for each series 
of analyses; the value given is, in each case, within 20 per 
cent of th a t for an infinite number of determinations.

In  establishing the accuracy of this method of analysis, it 
was necessary to use the method itself to find the original sul
fur concentration of the hydrocarbon used as diluent; con
sequently, the systematic error of the result for Sample 1

cannot be stated, although it may be assumed to be low from 
the accuracy with which the added amounts of sulfur in the 
other samples were determined. The means of the determina
tions and the percentages of sulfur in the samples are pre
sented in adjacent columns. The systematic errors are small; 
when the standard errors a t the various concentrations are 
calculated on the basis of four individual analyses, the system
atic errors are not statistically significant.
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A Modification o f the A. S. T. M. Lamp Sulfur 
Method for Refined Kerosenes

EDWARD FIELD A N D  FRED H .  DEMPSTER  
Standard Oil C om pany o f  California, San Francisco, Calif.

T h e la m p  m e th o d  for th e  d eterm in a tio n  
o f  su lfu r  in  p etro leu m  o ils , A. S . T . M . D es
ig n a tio n  D90-34T, h a s  b een  m odified  to  
o b ta in  a considerab ly  greater degree o f  
accuracy o n  refined kerosen es. I t  m a y  be  
u sed  w ith  im proved  accuracy  on  o th er  re
fined  o ils  for w h ich  th e  forego in g  A. S. T . M . 
m eth o d  is  su ite d . D ata  are given  to  
sh ow  th a t  i t  is  e ssen tia l to  u se  purified  air  
d u rin g  b u rn in g , a greater a m o u n t o f  
sa m p le  m u s t  b e b u rn ed , hyd rogen  peroxide  
is  preferred as a n  absorb ing  m e d iu m , and  
i f  accu rate , reliab le  re su lts  are to  b e o b 
ta in ed , th e  to ta l su lfu r  a fter  ab sorp tion  
m u s t  b e d eterm in ed  by grav im etric  m ea n s.

IT  HAS been recognized for m any years th a t sulfur in the 
lighter fractions from petroleum m ay be determined by 

burning the sample in a small wick lamp of varying design 
and absorbing the resultant vapors in a suitable medium. 
The am ount of sulfurous gases thus absorbed is then deter
mined by volumetric methods, from which the sulfur content 
is calculated.

Various forms of apparatus have been designed from time 
to time, notably by Richardson (7), Edgar and Calingaert 
(£), Charlesworth, Harris, and Linder (1), Espach and Blade
(4), Engler-Heuser (S), and others, in which these principles 
are utilized. A number of improvements have thus been 
suggested, but in the establishment of a standard test, the 
most practical method for routine control testing is the present 
A. S. T . M. procedure which has since been adopted by other 
bodies such as the Institution of Petroleum Technologists
(5). This test has been found deficient in certain respects 
by various laboratories; the lamp needs a  simple device for
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flame adjustm ent, complete absorption in the sodium car
bonate of products of combustion is questioned, and the 
end point with methyl orange is sometimes difficult to de
termine, particularly if the lamp has smoked. These factors 
become of increasing importance as the sulfur content of 
kerosene is reduced by the application of refining agents. 
In  fact, recent investigations in the authors’ laboratories 
have shown th a t the A. S. T . M. method is definitely un
suitable for the determination of the actual total sulfur con
ten t of a  highly refined kerosene of the order of 0.010 per cent 
or less. Inasmuch as accurate data  were required on such 
stocks, it was imperative th a t modifications be introduced.

D ev elo p m en t o f  M odified M eth od
In  developing the modified lamp sulfur method for kero

senes described below, several im portant factors had to be 
considered.

P u r i f i c a t i o n  o f  t h e  A ir U s e d .  The present A. S. T . M. 
procedure gives no recognition of the fact which has been 
stressed by many investigators, th a t the condition of the 
air in the laboratory which is used for the burning process 
has an im portant bearing on the results. I t  is true th a t a 
blank determination using alcohol is prescribed, bu t this is 
indefinite, in th a t the air used is not measured and frequently 
the blank obtained is too great to allow results to  be deter
mined accurately on highly refined kerosenes. To over
come this difficulty, all the air supplied to  the flame in the 
modified method was purified by passing through a Davis 
canister for organic vapors and acid gases, which complies 
with Bureau of Mines Code OC-4 and contains soda lime 
and activated charcoal. O ther equipment was tried but 
did not prove so practical or efficient. The use of purified 
air, as shown in Table I , definitely established th a t determi
nations made even in the best atmosphere are subject to 
appreciable error.

These results were obtained by burning one sample of 
kerosene on 4 successive days in  a room in which the atmos
phere was believed to be uncontaminated by sulfur com
pounds; appreciable differences are to be noted.

I t  m ay be of interest in this connection to note the magni
tude of error produced by a small am ount of carbon te tra
chloride vapor in  the air. I t  has been customary in this 
laboratory to run a standard consisting of duplicate samples 
of a kerosene which normally runs 0.010 per cent sulfur by 
the A. S. T. M. method. One day a small am ount of cajbon 
tetrachloride was spilled from a fire extinguisher in the room

T a b l e  I. A. S. T. M . M e t h o d

Laboratory Air Purified Air
%

0.0113
0.0097
0 .0 121
0.0084

%
0.0096
0.0082
0.0089
0.0088

where sulfurs are burned. The blanks showed approximately 
0.04 per cent “sulfur” on th a t particular day. To make 
sure th a t the carbon tetrachloride was the cause of the dis
crepancy, a  small am ount of it was purposely sprayed on the 
floor on another day w ith similar effects.

S i z e  o f  S a m p l e ,  L a m p , a n d  C h i m n e y .  When determining 
sulfur on highly refined kerosenes, i t  is necessary to burn a t 
least 20 grams of sample, preferably within a period of 6 to 
8 hours. This is difficult w ith the present A .  S .  T. M .  equip
ment, for the prescribed lamp, wick, and flame are too small. 
I t  was necessary therefore to develop a new lamp containing 
a larger wick, and after many trials two wicks burning in 
two glass wick tubes inserted through the same cork were 
decided upon, a  wide-mouthed extraction flask of 150-ml.

capacity being used as the sample container. This equip
m ent necessitated the use of a larger chimney of modified 
design as shown in Figure 1 to accommodate the larger cork 
holding the wick tubes, and to allow entrance of purified 
air. The extra heat generated by the two larger flames, 
even using humidified air, tends to evaporate the absorbing 
medium over a period of 6 to 8 hours’ burning. I t  was 
therefore necessary to  immerse the first absorber in a water 
bath  which was kept cool with a small am ount of ice; the 
second absorber which is also required need no t be cooled.

A b s o r b i n g  M e d i u m .  After investigating the com parative 
merits of sodium carbonate and hydrogen peroxide as ab
sorbing media for sulfur trioxide, i t  was decided to  use the 
la tte r reagent in both absorbers. I t  was found to  give com
plete oxidation and absorption of the sulfuric oxides produced, 
thus avoiding the use of bromine, and it  introduces less 
silica into the absorbent by contact w ith the glass over the 
burning period, than when sodium carbonate is used. How
ever, only the highest grade of hydrogen peroxide m ust be 
employed and a blank determination m ust be made.

V o l u m e t r i c  v s .  G r a v i m e t r i c  D e t e r m i n a t i o n  o f  S u l f u r  

a f t e r  B u r n i n g .  The present A. S .  T. M .  procedure uses 
volumetric means for determination of the sulfur in the used 
absorbent. This is reproducible in itself, bu t on determining 
sulfur as barium sulfate by microgravimetric means on the 
same used absorbent, i t  was found th a t only a portion of the 
so-called “ sulfur” calculated from the titration  is actually 
sulfur. By way of illustration, one sample of highly refined 
kerosene gave 0.0077 per cent “sulfur” by titra tion  and only
0.00167 per cent sulfur by microgravimetric determination. 
The titra tion  in this case was 3.17 ml. of 0.0624 N  sodium 
hydroxide, 41.3 grams of sample being burned. This gravi
metric figure of 0.00167 per cent accounts for only 0.69 ml. 
of the 3.17-ml. titration, leaving 2.48 ml. or 78 per cent of the 
titra tion  not accounted for. Tests indicate th a t n itrates 
are present in considerable proportion, and i t  is believed th a t 
various aliphatic or unsaturated acids are present. In  view 
of these findings, i t  was essential to resort to microgravimetric 
means for determining the to tal sulfur.

D e t e r m i n a t i o n  o f  S u l f a t e .  Experiments were made 
with sodium rhodizonate as an  indicator for barium. I t  was
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not found sufficiently sensitive for use with such small quan
tities of sulfate as were present in used solutions.

Further experiments were then made by adding an excess 
of sodium sulfate and evaporating the solution to dryness. 
All the sulfate was thus converted to bisulfate and the volatile 
acids (such as nitric acid) should be driven off. However, 
nitric acid was only slightly volatilized under these conditions, 
even when the residue was heated a t  105° C. for half an hour.

S o u r c e s  o f  E r r o r .  The possibility th a t sulfur trioxide 
m ist might be incompletely absorbed by the aqueous hy
drogen peroxide solutions was considered. A sintered-glass 
filter disk was placed behind the second absorber; after 7 
hours’ absorption, no acidity to methyl orange was detect
able, which indicated th a t complete adsorption had taken 
place.

Some investigators have reported th a t some sulfur com
pounds are preferentially adsorbed by a cotton wick. This 
possibility was studied by burning four samples with cotton 
and then with glass-wool wicks, the following results being 
obtained:

, Sulfur-------------------------•
Sam ple C otton  wick G lass-w ool wick

P . p. m. P . p . in.
1 1 6 .7  1 8 .6
2 1 5 .0  10 .7
3 3 2 .9  3 8 .0
4 1 9 6 .0  19 3 .0

In  most cases the glass wool gave slightly higher results, 
but the difference is probably within experimental error.

In  order to check the modified method on a sample of 
known sulfur content, a highly refined kerosene of 4.5 parts 
per million total sulfur was blended w ith n-butyl sulfide 
(Eastm an Kodak Company) to  produce a sample of 14.9 
parts per million total sulfur. Duplicate results on this 
sample by the modified method were 15.2 and 14.0 p. p .m .,

T a b l e  II. C o m p a r a t i v e  D a t a  

(A. S. T . M . and m odified lam p sulfur m ethods) 
A. S. T . M .

M ethod M odified M ethod
Sam ple T reatm ent D 90-34T V olum etric G ravi metric

% % % P . p. in.
A SO i-treated d istillate 0 .0 4 0 0 .0 3 6 0 0 .0 3 3 5 3 3 5 .0
A -16 0 . 1 6 /  15 F ° 0 .0 1 4 0 .0 0 8 5 0 .0 0 3 2 6 3 2 .6

0 .0 1 3 0 .0 0 8 8 0 .0 0 3 5 5 3 5 .5
A-20 0 . 2 0 /  15 F 0 .0 1 4 0 .0 0 8 0 0 .0 0 3 1 5 3 1 .5

0 .0 1 3 0 .0 0 8 7 0 .0 0 3 2 9 3 2 .9
A-24 0 .2 4  /  15 F 0 .0 1 3 0 .0 0 8 0 0 .0 0 2 8 0 2 8 .00.011 0 .0 0 8 7 0 .00273 2 7 .3
A-30 0 . 3 0 /  15 F 0 .0 1 2 0 .0 0 7 3 0 .0 0 2 7 0 2 7 .0

0 .0 1 0 0 .0 0 7 7 0 .0 0 2 4 5 2 4 .5

B S(>2-treated  d istilla te 0 .0 2 6 0 .0 2 3 0 0 .0 1 9 7 1 9 7 .0
B-20 0 . 2 0 /  15 F 0 .0 1 2 0 .0 0 7 0 0 .0 0 1 6 7 1 6 .7

0 .0 1 4 0 .0 0 9 5 0 .0 0 1 8 6 18 .6
B-25 0 .2 5  /  15 F 0 .0 1 2 0 .0 0 6 7 0 .0 0 1 6 5 1 6 .5

0 .0 1 0 0 .0 0 7 7 0 .0 0 1 5 0 1 5 .0
B-35 0 . 3 5 /  15 F 0 .0 1 2 0 .0 0 6 6 0 .0 0 1 7 0 1 7 .0

0 .0 1 4 0 .0 0 7 0 0 .0 0 1 5 2 1 5 .2
B-45 0 . 4 5 /  15 F 0 .0 1 2 0 .0 0 6 5 0 .0 0 1 2 8 1 2 .8

0 .0 1 5 0 .0 0 6 6 0 .0 0 1 2 8 1 2 .8

C SO i-treated d istillate 0 .0 2 5 0 .0 1 7 6 0 .0 1 3 9 1 3 9 .0
C-16 0 . 1 6 /  15 F 0 .0 1 2 0 .0 0 6 6 0 .0 0 1 6 6 1 6 .6

0.011 0 .0 0 7 6 0 .0 0 1 5 7 15 .7
C-20 0 . 2 0 /  15 F 0 .0 1 2 0 .0071 0 .0 0 1 4 3 1 4 .3

0 .0 1 5 0 .0 0 6 4 0 .0 0 1 4 7 1 4 .7
C -25 0 . 2 5 /  15 F 0 .0 1 3 0 .0 0 7 8 0 .0 0 1 8 0 1 8 .0

0 .0 1 2 0 .0 0 7 2 0 .0 0 1 3 0 1 3 .0
C-35 0 . 3 5 /  15 F 0 .0 1 3 0 .0 0 7 2 0 .0 0 1 6 0 1 6 .0

0 .0 1 2 0 .0 0 6 7 0 .0 0 1 6 0 1 6 .0

D SOx-treated d istillate 0 .0 2 3 0 .0 1 8 1 0 .0 1 2 5 12 5 .0
D -20 0 . 2 0 /  15 F 0 .0 1 3 0 .0 0 6 8 0 .0 0 1 7 0 1 7 .0

0 .0 1 4 0 .0 0 6 5 0 .0 0 1 6 3 1 6 .3
D -25 0 . 2 5 /  15 F 0 .0 1 4 0 .0 0 7 7 0 .0 0 1 9 0 1 9 .0

0 .0 1 2 0 .0 0 6 9 0 .0 0 1 6 0 1 6 .0
D -35 0 . 3 5 /  15 F 0 .0 1 3 0 .0 0 7 4 0 .0 0 1 6 0 1 6 .0

0 .0 1 2 0 .0 0 7 2 0 .0 0 1 5 0 1 5 .0
D -45 0 .4 5  /  15 F 0 .0 1 2 0 .0 0 6 5 0 .0 0 1 2 0 1 2 .0

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

E - l Before d istilling 0 .0 1 0 0 .0 0 6 2 0 .00091 9 .1
0.011 0 .0 0 6 3 0 .00091 9 .1

E-2 A fter d istilling 0 .0 1 3 0 .0 0 5 8 0 .0 0 0 4 5 4 .5
0 .0 1 0 0 .0 0 6 1 0 .0 0 0 4 5 4 .5

°  F um ing sulfuric acid , 15%  SOj.

which is considered satisfactory accuracy. Espach and 
Blade (4) found th a t the sulfur in all the compounds which 
they tested was completely burned if present in amounts 
not more than 0.10 per cent or 1000 p. p. m.

E xp erim en ta l R esu lts
The data in Table I I  have been obtained on four sulfur 

dioxide-treated kerosene distillates, each of which was sub
m itted to increased acid treatm ent as indicated. Samples 
E -l and E-2 represent a highly refined kerosene before and 
after distilling. The volumetric figures are those obtained 
by titra tion  of the used absorbent before a gravimetric 
determination was made.

D iscu ss io n
Inspection of the foregoing data indicates th a t the gravi

metric results are reproducible to a satisfactory degree, con
sidering the small amounts of actual sulfur being determined. 
Differences between stocks are made apparent which are 
not disclosed by the A. S. T . M. procedure. In general the 
smaller the sulfur content the greater is the discrepancy 
between volumetric and gravimetric determinations.

W ien  testing samples such as distillates and poorly-refined 
kerosenes whicli contain larger amounts of sulfur, i t  is not 
necessary to burn as large a sample as specified in the modified 
method.

The procedure for precipitation and ignition of barium 
sulfate is adapted from th a t described by Pregl ((?).

A p p a r a tu s
B u r n e r .  The fount is a 150-ml. wide-mouthed extraction 

flask. Two 2.5-cm. (1-inch) flat cotton wicks are rolled length
wise and pulled by means of a wire through two Pyrex tubes, 
10 mm. outside diameter, standard wall, 127 mm. long, flared 
a t the bottom. The tubes pass through two corks, the lower 
one of which fits the neck of the flask, the upper one fitting into 
the chimney.

C h i m n e y .  A Pyrex glass tube 35 mm. outside diameter, 177 
mm. long. At the top it narrows down to an 8-mm. tube which 
in the shape of an inverted “U” makes the connection with the 
first absorber. A side tube about 22 mm. outside diameter, 
50 mm. long, is attached to the chimney as near to the bottom 
as possible, pointing upward at an angle of 45°. Another tube 
of the same diameter, about 100 mm. long, is attached by 0.19- 
cm. (0.75-inch) rubber tubing to the side tube, as an extension 
of the latter. A tube 8 mm. outside diameter, 30 mm. long, is 
sealed perpendicularly into this extension tube at a point 30 
mm. from its lower end.

A b s o r b e r .  T w o  regular A . S. T . M. sulfur absorbers with 
spray traps are used in series connected by glass and rubber 
tubing, the rubber connections being made as short as possible. 
Rubber stoppers are used, except for the connection between 
the chimney and the first absorber which is made with a cork. 
The large chambers of the absorbers are filled with “resistant 
glass” rods about 10 mm. long.

A i r  P u r i f i e r .  The air supply to the burner is taken from 
the compressed air line and is purified by passage through a plug 
of cotton and a 2000-ml. Davis canister for use in organic vapors 
and acid gases. I t is then passed through a humidifier con
sisting of a sulfur absorber containing distilled water, then 
through a spray trap, and finally into the side tube of the chimney.

Other requisites are: a flowmeter to indicate rate of passage 
of air through the absorbers: a glass jar, approximately 12 cm. 
in diameter, 23 cm. high, for cooling bath for first absorber; 
vacuum line, balance and weights accurate to 0.05 mg. at 2-gram 
load, and balance, accurate to 0.1 gram at 200-gram load. Neu- 
bauer microcrucibles of porcelain, with integral porous bottom; 
a filter flask of 125-ml. capacity with rubber tube, pincheock for 
suction by mouth; glass and rubber tubing collar for holding 
Neubauer microcrucible; platinum crucible cover, wire triangle, 
gas burner, small crucible tongs; small wash bottles to deliver 
fine streams of 0.03 N  hydrochloric acid and 95 per cent alcohol, 
respectively. Graduated pipets, 5 and 1 ml.; stirring rods, 
4 by 120 mm.; rubber policeman to fit 4-mm. stirring rods; 
beakers, graduated cylinders, and funnels. A wire hook to 
adjust height of wicks, made from a piece of stiff wire such as 
a paper clip. The end is filed to a flat point and bent at right 
angles about 3 mm. from the point to make a hook.
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R eagen ts
Merck’s reagent Superoxol, approximately 30 per cent Hj0 2; 

sodium hydroxide or sodium carbonate solution, approximately
0.06 N; barium chloride solution, approximately 0.06 N; nitric 
acid solution, approximately 0.06 N; hydrochloric acid, approxi
mately 0.03 N; sulfuric acid, concentrated; standard sulfuric 
acid solution, 0.0624 +  0.0002 N; alcohol, pure, 95 per cent; 
methyl orange indicator, 1 gram per liter of water.

Procedure
Place in the fount about 75 to 100 ml. of the kerosene to be 

tested. Use new wicks and tamp the tops of the wicks lightly 
with the wire hook so that the surfaces are flat and dense, and 
are depressed about 2 or 3 mm. below the tops of the glass tubes. 
Weigh the assembled burner, and charge each absorber with 1 
ml. of reagent Superoxol and about 25 ml. of distilled water. 
Plaoc the first absorber in the cooling bath, connect the absorbers 
with one another, and connect the chimney to the first absorber 
and the second absorber to the vacuum line. Connect the spray 
trap of the air humidifier to the small tube which is sealed into 
the oxtension of the side tube of the chimney.

Start the air blowing through the air purifier and start the 
suction through the absorbers. Immediately light the burner 
with a gas flame and place it in the chimney so that the tops of 
the wicks aro slightly above the point where the side tube enters 
the chimney. The bottom of the chimney must bo tightly closod 
by the cork fitting around the wick tubes. Adjust the suction 
so that the flames do not smoke; if necessary, tamp the wicks 
with the wire hook to reduce the height of the flame or pull the 
wicks up with the hook to increase the height of the flame. 
Adjust the amount of air passing through the purifier so that a 
slight excess escapes through the extension of the side arm of 
the chimney; this can be tested by stopping the opening momen
tarily with the finger. If an excess of air is escaping, the flames 
will be depressed, and if the amount of purified air is insufficient 
the flames will be elongated. Add ice to the cooling bath when 
necessary to keep the solution from evaporating in the first 
absorber, and replenish the water in the air humidifier when 
necessary.

After 6 to 8 hours’ burning weigh the burner, rinse the spray 
traps into the absorbers, and transfer the solutions from the 
absorbers to a 250-ml. beaker. Neutralize the solution to methyl 
orange with 0.06 iV sodium hydroxide or sodium carbonate, then 
make definitely acid with about 10 ml. of 0.03 N  hydrochloric 
acid, cover with a ribbed watch glass, and evaporate to dryness 
on an asbestos-covered hot plate at a temperature which will 
just boil the liquid (or dispense with the watch glass and hasten 
the evaporation by blowing gently with purified air). Allow 
the residue to bake for 5 to 10 minutes on the hot plate to de
hydrate the silica, and then digest for 5 minutes with a little 
water acidified with hydrochloric acid. Filter through a 7-cm. 
No. 42 Whatman paper into a 100-ml. beaker, washing the 250- 
ml. beaker four times with small portions of hot acidified water, 
then washing the filter three times. Heat approximately to 
boiling and add slowly with stirring 5 ml. of 0.06 N  barium 
chloride (if more than 2 mg. of sulfur is expected use more barium 
chloride). Cover and boil gently until the volume is about 10 ml.

After at least 1 hour of digestion decant the liquid through an 
ignited and weighed Neubauer microcrucible, suction for the 
filtration being produced by the mouth and maintained by the 
pinchcock on the suction tube. Rinse the sides of the beaker 
with a fine stream (1 or 2 ml.) of 0.03 N  hydrochloric acid. Stir 
the precipitate with a policeman and pour the mixture down 
the policeman into the crucible. Rub the sides of the beaker 
with the policeman, rinse, and transfer to the crucible, repeating 
until the precipitate appears to be completely transferred to the 
crucible. (Do not let the tip of policeman touch the surface of 
the liquid in the crucible, as the precipitate will run by capillarity 
up the stirring rod.) Now rinse the sides of the beaker with 1 
or 2 ml. of alcohol; a few particles of precipitate will probably 
collect on the surface of the alcohol, for alcohol apparently does 
not wet barium sulfate. Transfer the alcohol to the crucible, 
repeat the rinsing with 0.03 N  hydrochloric acid and then with 
alcohol until no appreciable amount of precipitate is seen on the 
surface of the alcohol. Then wash the precipitate in the crucible 
four times with 0.03 iV hydrochloric acid, dry the outside of the 
crucible with filter paper, and set it on a platinum crucible cover 
supported on a wire triangle. Heat gently with a gas burner 
nnt.il the moisture has evaporated, then heat until the bottom 
of the crucible is red and any organic matter is completely burned 
off. Allow the crucible partly to cool on the platinum cover, 
then place it on a flat piece of porcelain such as an inverted spot 
plate. After cooling at least 10 minutes weigh accurately 
(estimating to 0.01 mg.).

S t a n d a r d s .  With each group of samples, one or more 
standards should be run containing the same amount of 
sulfuric acid as is expected in the samples. Each standard 
is made up from the 0.0624 N  sulfuric acid (containing 1 mg. 
of sulfur per ml.), 2 ml. of Superoxol, and the same amount 
of alkali and water as was used for the samples. The standard 
is just neutralized to methyl orange by addition of 0.06 N  
nitric acid. I t  is then made definitely acid with hydrochloric 
acid and carried through the same procedure as the samples.

C a l c u l a t i o n s .  Convert the milligrams of barium sulfate 
to milligrams of sulfur by multiplying by 0.1373. Subtract 
the milligrams of sulfur actually present in the standard from 
the amount found and subtract this correction from the 
milligrams of sulfur found in the sample.

Corrected weight of sulfur in mg. ^  _
Weight of sample burned in grams

parts per million of sulfur

N o t e  o n  C l e a n i n g  N e u b a u e r  M i c r o c r u c i b l e s . The 
precipitate is removed by filling the crucibles with water and 
swabbing them with a rubber policeman. After rinsing 
thoroughly with distilled water, they are dried on filter 
paper and ignited to redness on the platinum cover before 
weighing. Occasionally it may be necessary to dissolve out 
the barium sulfate by passing some concentrated sulfuric 
acid through the crucibles. The pores should then be filled 
up by filtering some freshly precipitated barium sulfate on 
the crucibles before they are again used for a determination.

L iteratu re C ited
(1) Charlesworth, 8.1-, Harris, A. W., and Linder, C . P., U. S . Paten t

1,892,329 (1932).
(2) Edgar, G., and Calingaert, G., I n d . Eno. Chem., Anal. Ed., 2,

104 (1930).
(3) Engler-Heuser, Z. angevi. Chem., 1895, 285.
(4) Espach, R. H., and Blade, O. C., Bur. Mines Tech. Paper 513

(1931).
(5) Inst. Petroleum Tech., “Standard Methods for Testing Pe

troleum and Its  Products," 3rd ed., Serial Designation G-4, p. 
147, London, 1935.

(0) Pregl, F., “Q uantitative Organic M icroanalysis," 2nd English 
ed., pp. 1 3 9^0  (1930).

(7) Richardson, A. W., English Paten t 211,925 (1924).

R eceived  Septem ber 23, 1937.

CourU ty, A . C. Shead  

E t c h  F i g u r e s  o n  a  S i n g l e  M i c r o c r y s t a l  o f  
AgiCrjOj
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SARGENT H IG H  SPEED • HEAVY DUTY 

M A G N E T IC  STIRRING • WATER COOLED

ELECTROLYTIC A N A L Y Z E R
•  N e w ly  Pe r fec ted  So lenoid  Ac tua ted  Circulation

•  Corrosion Problem El iminated

•  O f f e  rs a Highly Simpl i f ied Operat ing Technique

5 R RGEÎ 1 T
L R B O R R T O R H  5 U P P L I E 5
E . H . S R R G E r i T  R D D  C O m P R n H
155 ERST SUPERIOR ST., CHICRGO

The Sargent Electrolytic Analyzer is of an entirely new design 
and intended, in contrast to other models, for high speed produc
tion of a large daily volume of electroanalyses.

A great reduction of the time usually required for conducting 
analyses is due to several exclusive features of the Sargent model.

A simplified, highly efficient cooling system, requiring only one 
water inlet and one outlet, permits operation with a current as 
high as ten amperes, thus resulting in a directly proportional de
crease in the time required when operating with a current of sev
eral amperes.

Still more time has been saved by minimizing all manipulation 
to a point where it is only necessary to insert the electrodes and 
push them into position. No careful adjustments for depth of 
electrodes, lateral position of electrodes or stirring mechanisms, 
and no manipulation of set screws are necessary for the heads 
holding the electrodes are all perfectly and permanently aligned 
and are automatically stopped a t the correct depth. Position 
of the electrode heads a t any height is maintained without adjus- 
ment of set screws, it is only necessary to slide it up and down the 
rod to the desired height.

All complicated stirring mechanisms are entirely eliminated by 
the jusl recently perfected solenoid method of circulation. The 
exclusion of mechanical stirring devices not only reduces unneces
sary manipulation but eliminates a formerly continuous source of

trouble and expense from corrosion of metallic parts exposed to 
vapors from the beakers.

The only part directly above the beakers in the Sargent model 
is the head for the electrodes, and this is made entirely of Bakc- 
lite, including the screws to hold the electrodes in place, thus re
moving any possibility of deterioration. The metal contact for 
the electrodes is contained in the Bakelite head and is entirely 
platinum.

A heavy gauge, stainless steel cover and the stainless steel sup
port rods are virtually unaffected by vapor fumes or spilt samples, 
and all other metal parts are as well protected by a durable coat
ing of white porcelain, acid resisting enamel.

From the standpoint of the combination of design, perfor
mance, speed, operating technique and durability, the Sargent 
High Speed, Magnetic Stirring, Water Cooled Electroanalyzer 
represents the finest apparatus of this type on the present market.
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Look over your stock of Platinum Laboratory Wares”

The HELLIGE TURBIDIMETER
F or W a te r  A n a ly s is ,  S u lfa te  D e te rm in a tio n s  a n d  M e a su re m e n ts  o f

V isit O u r  E x h ib it  a t 
T h e  1 6 th  E x p o sitio n  o f C h e m ic a l In d u s tr ie s  

N e w  Y o rk  W eek o f D ec. 6 th  B o o th s  271-272

Some pieces will be worn out, 
others may not have been used 
for years. They are obsolete.

Send your old wares to us and 
have them remade now into 
new A .P .W . Standard Wares, 
ready for instant use.

— Platinum is
most economical—

S u sp e n d e d  M a t t e r  In V a r io u s  C o lor less  or C o lo r e d  L iq u id s

Elim inates p repara tion  and use of s tan d ard  suspensions. U tm ost 
convenience. H ighest accuracy. C onnected to  w ater line, th e  ap 
p ara tu s  perm its continuous check of tu rb id ity  w ithou t necessity of 
refilling tubes w ith  individual samples. R eads all tu rb id ities down to  
zero.
Sulfate can be determ ined rap id ly  by  the Betz-H ellige M ethod* 
employing th e  H E L L IG E  tu rb id im eter, w ith  a  sensitiv ity  and  ac
curacy exceeding th a t  ob tainable b y  gravim etric analysis. L im it of 
accuracy from  0 to  15 p. p. m. of S 0 4 is 0.1 to  0.3 p . p. m. Sulfate as 
high as 100 p. p. m. m ay  be determ ined w ithou t d ilu tion  of sam ple.

* Turbidimelric Determination of Sulfate in Water, Betz-Hellige Method: Sheen, R. 
T., Kahlor, H. L., and Ross, E. M., Ind. & Eng. Chcm., Anal. Ed., Vol. 7, page 
262 (7/15/35)—Reprint furnished on request.

H E L L I G E
INCORPORATED

37 18  N O R T H E R N  B L V D . L O N G  IS L A N D  C ITY , N . Y.

H A D E
¡N

U.S.A.

Pure Platinum or Plat.-Rho- 
dium Crucibles— Dishes— Boats 
— Pans —  Bottles —  Retorts —  
Cones —  Tongs —  Electrodes—  
A nodes —  Cathodes —  Plati
num Gauze— Silver Gauze—• 
W ire —  S heet—  Foil —  Tubing 
Sponge— Black— Chlorides

Silver Anodes— Silver Solders.

O ur C ata log F 16 describing 
A. P. W. Platinum Laboratory  
Wares w ill be sent upon request.

WE INVITE YOUR INQUIRIES

The AMERICAN PLATINUM WORKS
N . J. R. R. A Y E .  A T  O L IV E R  ST. N E W A R K , N . J.

R efintrs and M anufacturers o f  P la tinum , G o ld  and  Silver
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Automobile engine cylinder walls so highly pol
ished that the deepest variation is measured in 
millionths of an inch . . . ball bearings trued to 
within six decimal places of perfection . . . crank
shafts, valves, piston rings, machined to almost 
unbelievable accuracy! All of this is common 
practice in the building of today’s motor cars.

Behind such amazing mechanical skill there is 
the romantic story of the development of special 
metals and alloys. Before engineers could design 
engines to run as quietly and smoothly as those in 
modern American cars, it was necessary that they 
have the proper materials with which to work.

These materials were not developed overnight. 
Metallurgists, chemists and engineers labored long 
and arduously to produce tough, hard steels and 
alloys which can be machined with proper accuracy 
. . . which do withstand the gruelling punishment 
an American automobile engine undergoes.

Making sure every batch of metal meets specifica
tions requires accurate reagents for testing. B & A 
Reagent Chemicals meet the high testing stand
ards of American industrial laboratories. These 
reagents are outstanding for consistent quality and 
for their conformance to specifications as they ap
pear on the Baker & Adamson product label.

S E T T I N G  T H E  P A C E  I N  C H E M I C A L  P U R I T Y  S I N C E  1 8 8 2 * 5 0

T |  TW K & O JjzshJ

Ba k e r  A dam son
Divi s ion of G E N E R A L  C H E M I C A L  C O M P A N Y ,  4 0  Rector  St., N e w  York C .T? A c ú /s
ATLANTA • ftAlTlMOftf • SOSTON • M9fMO • CHAHOn • OflCAGO • Cti VILANO - OtNVfl • KANSAS CITY • ICS ANGtUS • M**«A«XtS - PMŁAMIPMU . WTS»‘J»GK • • UN ManOSCO • St IOWł

D ecim a l P o in ts  In A c t io n



16 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9, NO. 11

B a ck
V o lu m e s

Subscription Rates
A m e r i c a n  C h e m i c a l  S o c i e t y  P u b l i c a t i o n s

1. Journal American Chemical Society .......................  $ 8 .50
2 . Chemical A b strac ts  . ............................................  12.00
3. I n d u s t r i a l  a n d  E n g in e e r in g  C h e m is try .

a. Industrial E d itio n ............................... $5.00
b. News E d itio n ....................................... 1.50
c. A nalytical E d itio n .............................  2 .00
3a and 3c together........................................  6 .00
3a, 3b and 3c (i, e., complete jo u rn a l) . . . 7 .50

10% discount for com binations of 1, 2 and (or) 3 (complete). 
Postage to foreign countries outside the P an  American Postal 
Union extra as follows: 1, $1.50; 2 and 3 (com plete), $2.10
each. C anadian postage one-third these rates.

BACK NUMBERS AND VOLUMES
Single Numbers, when available, each major publication  S 0.75

J. Am. Chem. Soc., Vols. 29-58, each........................  S 9.00
Chemical Abstracts

Vols. 1-30, incl. both Decennial Indexes  615.00
Vols. 8, 9, 10, 11, 12, 13, 14, 15; each .............. 20.00
Vols. 16-30; each..................................................  15.00

Ind. and Eng. Chem., Vols. 9-28; each Vol.............  9.00
Ind. and Eng. Chem. Sets, Vols. 1-28*...................... 252.00

Index to Vols. 1-20, J. Am. Chem. Soc...................................... 1.00
Index to Chem. Abst., ordered separately each Vol................. 2.50
2nd Decennial Index to Chemical Abstracts—5 Vols.............. 50.00
Members, for personal use (sets excepted), are allowed a discount of 20%.
* The News Edition and Analytical Edition are not included in back volume 

price for IND USTRIA L and ENGINEERING CHEM ISTR Y. Price $2.00 and 
S3.00 each, respectively, when available. Single numbers of the News Edition, 10 cents 
each; Anal. Ed., 75 cents each through Vol. 8, 1936; 50 cents each thereafter.

Advance payment is required in all cases and must be made by check or postal 
order payable in American exchange {dollars).
1. Journal American Chemical Society

Proceedings, Vol. 2 and Vols., 29-58, only available. Some single num
bers of other volumes can still be supplied.

2. Chemical Abstracts
Volumes 1-7 will be sold as complete volumes only in sets of Vols. 1-30, 
including the 1st and 2nd Decennial Indexes.

3. Industrial and Engineering Chemistry
Volumes 1 to 8 sold only as complete sets of Vols. 1-28, inclusive. 

DOMESTIC SHIPMENTS. Single copies are sent by mail. Full volumes, 
and sets are sent in the United States and Canada express collect.

FOREIGN SHIPMENTS. Foreign shipments will be sent by mail either 
at purchaser’s risk or by registered mail a t postage cost, plus 5% of invoice, 
additional for registry; minimum charge, 75 cents. Large shipments will be 
delivered, if desired, to responsible forwarding agents in New York free, further 
charges to be paid by the purchaser on receipt.

The Society will not be responsible for loss due to change of address unless 
notification is received ten days in advance of issue. Claims for non-receipt 
must be made within 60 days of date of issue. "Missing from files” cannot be 
accepted as evidence of non-receipt. If change of address means a change of 
position, please indicate its nature.

Members or subscribers desiring their Journals or Abstracts forwarded 
from an old address should always notify their Postmaster and leave necessary 
postage.

The names of members and subscribers, whose Journals cannot be delivered 
by the Post-Office Department, will be cut off the mailing list a t once, and will 
not be restored until correct addresses have been furnished.

In the absence of other information, the notices of change of address received 
from the Post-Office Department will be considered as correct, and the mailing 
list changed accordingly.

AU communications relating to subscriptions or back issues should be ad
dressed to
CHARLES L. PARSONS, Business Manager, Mills Building, Washington, D. C.
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Potassium Hydrogen Plitlialate
An Ideal Primary Volumetrie Standard

T ^ o t a s s i u m  h y d r o g e n  p h t h a l a t e  meets all specifications for 
an ideal prim ary standard  for volumetric analysis . . .  is a 

stable, nonliygroscopic, crystalline solid for easy and accurate 
weighing . . .  is of high molecular weight and readily soluble in 
w ater for improved accuracy . . . does not change tite r over long 
periods when stored in Pyrex glass.

Eastm an Potassium  Hydrogen Phthala te , No. 538, is carefully 
purified and analyzes 99.97% pure. The low price, $1.05 per 
100 g., makes it especially a ttra c tiv e .. . .  E astm an  K odak Com
pany, Chemical Sales Division, Rochester, N. Y.

E A S T M A N  O R G A N I C  C H E M I C A L S

H O S K I N S  H I G H  TEMPERATURE
C O M B U S T IO N

Type FHS-304

FURNACE

This H igh T em perature  F urnace can be run  
continuously a t  2300° F  and  in te rm itten tly  
a t  2400° F. As shown here, th e  heating 
unit, itself, is a helical coil, w hich threads 
onto the  grooved muffle. T he u n it is m ade 
of H oskins Alloy N o. 10, containing iron- 
chrom ium -alum inum .. . .  T he  s tan d ard  bore 
of the furnace is P /s"  dia., b u t a l l/ 2" bore 
is available. T hus the  furnace accommo
dates com bustion tubes of several diam eters. 
O peration is on A.C. only, w ith  tem peratu re  
control th rough th e  tran sfo rm er. . .  T his is 
a very  useful furnace on alloy steels. W e’ll 
be glad to  quote.

THE C H E M IC A L RUBBER CO.
1902 WEST 112th ST. CLEV ELA N D , O H I O
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INTERNATIONAL
Bottle Shaking M achines

Bulletin S  describes S ize 1 and  2  Shakers

INTERNATIONAL EQUIPMENT CO.
352 Western A venue Boston, Mass.

Makers of Fine Centrifuges

A  motion is produced similar to shaking by hand, but much more 
rapid and effective. It is not only reciprocating up and down, but 
also elliptical and produces within the container a circulation as well 
as concussion of the fluid. M o re  compact construction is obtained 
by employing a satisfactory friction drive in place of the conventional 
belt drive.

SIZE 2 SHAKER WITH 12-PLACE HEAD 
ADAPTED FOR ERLENMEYER FLASKS O F 300 M L. TO 500 M L.

M E T A L L U R G I C A L  
M O U N T IN G S

In T ran spa ren t

SIZE 2 SHAKER WITH 10-PLACE HEAD 
ADAPTED FOR BOTTLES O F 500 M L. TO 1000 M L. 

(Available also with 4 and 6 place heads)

IN T E R N A T IO N A L  B O TTLE  S H A K IN G  M A C H IN E S  

are well known for the foil owing reasons:
1. Constructed for Large Capacities.
2. Adaptable to containers of various sizes and shapes.
3. V ariable Speed from 9 0  to 60 0  R .P .M .
4. Effective Dual M otion .
5. Large M o to r with Friction Drive.
6. Massive Base for greater Stability.

C om plete literature  

on request.

W . J .  G IL M O R E  D R U G  C O M P A N Y

Laboratory Apparatus Division 

Chemical, Metallurgical Laboratory Equipment

Pittsburgh, Pa.

A lread y  the new Bake- 
lite Press is in use in over 
two hundred and fifty 
laboratories, including 
leading universities and 
industrials.

Bakelite has taken its 
place as the ideal mount
ing medium for small 

specimens, in
cluding those sub
jected to micro 
examination to 
their extreme 
edges.

Bakelite mount
ings provide abso
lute adherence to 

specimen,- freedom from relief polish, margins 
or crevices,- uniform, convenient shape; reagent 
resistant; speed and economical operation,- 
choice of transparent or 
several colors or black.

The N ew  Bakelite 
Press is a c c u ra te ly  
m a c h in e d , s tu rd ily  
built, provided with 
one inch or one and 
one quarter inch mould 
and heater for 110  
volts.
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EXTRACTION APPARATUS
Individual Rheostat Control

P rim arily  in tended for ex tractions employing 
Soxhlet or sim ilar glassware, th is appara tus 
is useful also for o ther labo ra to ry  applica
tions usually carried  ou t in m ultip le and 
requiring flexible controlled tem peratures.

E ach of the  six h o t plates is individually  
governed by a snap switch w ith hea t in ten
sity  controlled by  a  rugged sensitive rheo
sta t. T he tem pera tu re  of each p late  can 
be critically  ad ju sted  from  250° F  to  640° F. 
H o t plates have cast iron  tops w ith  nickel- 
chrom ium  elem ents em bedded in  m atured  
refractory  cement.

R heostats utilize rolling con tac t controlled 
by rack  and  pinion m echanism  for long life 
and  convenient, accurate  setting. In  case 
of a burn-out, either h o t p la te  or rheosta t 
p arts  are  readily  replaceable.

T he base is finished in  crystallized black 
jap an ; the  rem ovable support rods are 
stainless steel; special clam ps are  japanned  
cast iron w ith  spring bronze clips. All 
wiring and  rheosta ts are  fully enclosed in the 
base w hich is equipped w ith  a  fuse block in 
wiring box for connection to  line of proper 
capacity.

Dimensions overall: length 33"; dep th  10"; 
height 30".

H eight to  top  of ho t plates 8^ 5"; d iam eter 
of each ho t p la te  4 x/ i " .

E xtrac tion  A pparatus, as illustra ted  and  de
scribed, w ithout glassware. $97.50

C O R P O R A T I O N  

R O C H E S T E R ,  N. Y.

Ten Second Filtering Saves Waiting Time

WACO SEPARATOR
•  SAFE •  SILENT •  SPEEDY

Okla. A. & M . C ollege 
A ugustana College 
C alvin  College 
W ilson Jr. College 
U niv . of Chicago  
M ichigan S ta te  College 
S.W . M o. Teachers 
Y .M .C .A . College 
Gaucher College 
N ebr. Teachers, W ayne

U niv . of M innesota  
W right Jr. C ollege  
C ollege of C harleston  
Norm al, S tev . P t„  W ise. 
U niv. of M ichigan  
Blackburn College 
U niv. of Tennessee  
H ope College  
Penn S t i t e  C ollege 
U niv. of Virginia

Semi-Micro No. 2314A.
(For 3 ' and 4* test tubes)

Micro No. 2314M.
(with adapters for Vj to 5 ml. 
Pyrex Micro Centrifuge 
Tubes)

Clinical—No. 2314C.
(For 15 ml. centrifuge tubes)

Quantitative—No. 2314C.
(For newer capillary centri
fuge tubes)

Ordinary test tubes are simply 
placed in the head, a few seconds 
spin of the quiet WACO pre
cipitates the solid to the bottom. 
Liquid is decanted and washed 
. . . no tedious waiting . . .  no 
time lost setting up the usual 
funnel, paper and filter flask.

ASK FOR
W ACO Separator Bulletin  
1115. I t  describes this new  
rugged Separator, together  
with accessories and a page of 
Serai-M icro equipm ent.
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P A R R  C A L O R I M E T E R S
have a  long-standing repu ta tion  for accuracy 
and  q u a lity  of m aterials and workm anship. 
B oth  the  O X Y G EN  BOM B and the  P E R 
O X ID E  BO M B types are  being widely used 
in  industria l and institu tional laboratories 
th roughout the  world.

We welcome your inquiries and  questions 
concerning calorim eters and  calorim etric 
m easurem ents. O ur service no t only covers 
the  m anufacture and  testing  of appara tus for 
the  determ ination of therm al values, b u t also 
includes th e  d istribu tion  of technical infor
m ation on m ethods, procedure, and  the  in 
terp re ta tion  of results.

M any  laboratories have found th a t  they 
have been able to  im prove the quality  and 
speed of th e ir calorim etric determ inations by 
use of th e  proper

C A L O R I M E T E R  A C C E S S O R I E S
We can supply a complete line of such equip
ment, including:

A diabatic Calorim eter Jackets 

G overnor— Controlled S tirring  M otors 

Pellet Presses 

E lectric  Ignition U nits 

S tandard  Benzoic Acid Samples 

S tandard  B itum inous Coal Samples 

G elatin Capsules for L iquid Samples 

Special Calorific G rade Sodium Peroxide

Address your request for detailed inform a
tion  and  prices for any  of the  above item s to  
any of our authorized dealers, or d irect to

P a r r  I n s t r u m e n t  C o .

MOLINE, ILLINOIS

W A N T E D /
B a ck  J o u r n a ls  o f  th e  
A m e r ic a n  C h e m ic a l S o c ie ty  

IN D U S T R IA L  A N D  E N G IN E E R IN G  
C H E M IST R Y
Industrial Edition—Vol. 28, No. 3 @ .25 each 
Analytical Edition—Vol. 6, No. 3 @ .50 each 

8, No. 1 @ .25 each 
News Edition—Vol. 5, No. 6 @ .25 each 

6, No. 1 @ .25 each

C H EM IC A L A B ST R A C T S
VoL 1, Nos. 12, 13, 14, 16 and 22  @  $1 .00  each
Vol. 1, Nos. 2 , 3 ,  15, 17, 18, 19, 20 , 23  and Index @ .75

each
1, Nos. 4, 5, 8, 9, 10 and 24 @ .50 each
1, Nos. 1, 6, 7, 11 and 21 @ .25 each
2, Nos. 1, 3, 6, 7, 8, 11, 17 and 19 @ .75 each
2, Nos. 2, 4, 5, 9, 10, 12, 13, 14, 15, 16, 18, 20, 21, 22, 

23 and 24 @ .50 each
3, Nos. 1, 2, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 

18, 19, 20, 21, 22, 23, 24 and Index @ .25 each
4, Nos. 1, 2, 5, 8, 9, 15, 16, 17, 22 and 24 @ .25 each
5, Nos. 1, 6, 10, 11, 12, 13, 14, 15, 16, 17 and 24 @ .25

each
30, Nos. 5 and 6 @ .50 each

JO U R . A M ER . C H E M . SO C IE T Y
Vol. 58, Nos. 2 and 3 @ .25 each

Address all packages to the American Chemical Society, 
20th and Northampton Streets, Easton, Pa., and pay trans
portation charges. Express collect packages will be refused. 
Be certain that your name and address appear thereon. Also 
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.

T H Y R O X IN E
EDWARD C. KENDALL, M.S., Ph.D., D.Sc.

Tbt Mayo Foundation, Rociuftr, Minmsota

A  complete treatise on the chemistry and pharma
cology of this therapeutically important 

extract of the thyroid gland

CONTENTS: Early Chemical Investigations of the Thyroids. 
Isolation and Identification of Thyroxine. Methods for the 
Separation of Thyroxine. Chemical and Physical Properties 
of Thyroxine. Iodine Content of the Thyroid Gland. Chem
ical Nature of Iodine Compounds in the Thyroid Gland. 
Influence of the Thyroid on Hypothyroidism, Nitrogen, 
Phosphorus and Calcium Metabolism and on the Distribution 
of Water. Influence of the Thyroid on the Nerves. In
fluence of the Thyroid on the Toxicity of Acetonitril. The 
Thyroid and Basal Metabolism. Influence of Lack of Oxygen 
on the Animal Organism. Thyroid and Carbohydrate Me
tabolism. Influence of the Thyroid Gland on Growth, on Cer
tain Phases of Cellular Activity in the Animal Organism and 
on Unicellular Organism. Influence of the Thyroid on the 
Metamorphosis of Amphibian Larvae. Standardization of 
Thyroid Material. The Physiological Activity of Various 
Preparations from the Thyroia Gland. Relation between the 
Histological Appearance and the Physiological Activity of 
the Thyroid Gland. Clinical Aspects of Thyroid Disease. 
Function of the Thyroid. Chemical Reactions which are 
Influenced by Thyroxine. Influence of Thyroxine and Epine
phrine on Biological Oxidations.

A.C.S. Mongraph N o. 47 

265 pages, 3 9  f ig u re s .............................................$ 4 .2 5

Reinhold Publishing Corportion
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SHELDON L A B O R A T O R Y  FURNI TURE
D E S I G N E D  and  B D I L T  for  S E R V I C E

The M O D E R N  LA B O R A T O R Y  like M O D E R N  SCIENCE is 

ORDERLY and SYSTEM ATIC . S H E LD O N  PLANS  using w ood  

and/or M etal Furniture are drawn to meet individual require

ments. S H E L D O N  REPRESENTATIVE w ill call on request 

365  page page catalog of standard designs mailed on request.

E. H. SHELDON CO. S f f l !

Bacteria free filtration
JE N A  Fritted Glass

Filter Funnels

Place your samples any  place in  a  D espatch Forced 
D ra ft Oven and  always feel confident th a t  each one of 
your samples is being processed uniformly.
W hether on th e  top, m iddle or bo ttom  shelves, each 
sam ple receives an  even, uniform  flow of heated  a ir of 
ju s t  the  righ t tem perature  so th a t  your determ inations 
are m ore accurate and  m ore reliable th an  you can obtain 
in  the  ord inary  ovens.
T he greater uniform ity of tem perature  found in D espatch 
Forced D ra ft Ovens is due to  th e  scientific design and 
arrangem ent of the  heating, a ir circulating and  re
circulating, and novel ad justab le  hea t d istribu ting  baffle 
system s. E ach D espatch  Oven has been ad justed  and 
carefully tested  for 1° ± C. uniform ity before shipm ent 
so you are assured of more uniform  results a t  once —  and 
for the  entire long life of the  oven. (15 to  20 years)
Superior in terior oven uniform ity is only one reason for 
th e  outstanding  perform ance of D espatch  Ovens and the 
nation  wide acceptance by  laboratory  directors and  tech
nicians. These rem arkable ovens deserve your fu rther 
investigation.

♦Write for b u lletin  #620 describing  
and illu strating  D espatch Vertical 
and Croaa Flow Forced D raftO vens.

DISPATCH pVEN CO.
Minneapolis, Minn.
See interesting Despatch exhibit 

at sixteenth 
Exposition of Chemical Industries 

Grand Central Palace, N e w  York  

December 6-11 Booth 4 6 4

Fish-Schnrmn

D E S P A T C H  

S E T  O V E N S

ARE UNIFORM 
WITHIN 1°±C.

T hese funnels are m ade w ith a layer of N o . 5 porosity with  
an average pore d iam eter of 1 .5 /1000  m m ., over a disc of 
N o. 3 porosity. T h ey  are being used successfu lly  for bac
teria free filtration of broths containing B acteria coli, Bacteria  
dysenteriae (S h iga), B acteria  typhosum , H em ophilus influenzae, Proteus  
vulgaris, V ibrio cholerae, and num erous other organism s.

N um ber 3G 5 /3  17G 5 /3  25G  5 /3  .
Porosity  5 /3  5 /3  5 /3
D iam . of d isc 40 m m . 65 m m . 90 m m.
H eigh t ab ove disc 45 m m . 50 m m . 85 mm.
C apacity , ccm. 30 140 450
Price $ 4 .0 0  $ 7 .5 0  $ 1 3 .5 0

Other forms available on specia l order

JE N A  K P G  A L L -G L A S S  S T IR R E R
Stirring con ten ts of flasks m aintained under low  pressure or vacuum  is 

now m ade easy. R eplaces clum sy m ercury seal. N o  supplem entary seal or 
stuffing box needed. Pressure differences as great as 60 m m . b etw een  inside 
and outside of flask cause no leakage. Further d etails on request.

A t a ll lead ing  laboratory su p p ly  dealers

i O ther item s on display a t  our BOOTH 221 
16th EXPOSITION of CHEMICAL INDUSTRIES 

DEC. 6-11

F IS H -S C H U R M A N  C O R P O R A T IO N , U . S . A ften ts  
250 E a s t  43rd S tr e e t ,  N ew  Y ork
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Samples cheerfully supplied

H. REEVE A N G E L  & C O .,  INC 
7-1 1  SPRUCE ST. N E W  Y O R K , N . Y

. . . F O R  Y O U R  C O N V E N I E N C E

★  C ount th ese  revo lu tion ary  fea tu res of C h icago  
A p p aratu s C om pan y  g la ss -p a c k a g e d  tech n ica l 
ch em ica ls  an d  y o u 'll no lo n g er  p la y  " h id e an d  
seek "  w ith  a w k w a rd  cardb oard  con ta in ers. 
R ead y  for you r s h e lv e s  w ith out re -p ack ag in g  
. . . E ver-visib le in  c lea r ly  la b e le d  jars (sim p li
fie s  in ven tory , too) . . . Better protected  from  
co stly  sp o ila g e  . . . S crew  ca p s  an d  w id e  
m ouths for ad d ed  co n v en ien ce .

HAVE you RECEIVED

is explained in this booklet, y o u 'll be interested in this 
modern, accepted method of making rapid and inexpensive 
sulfate determinations. Prices F .O .B . Phila.: 25 gm. $ 3 .0 0 ;  
50  gm. $ 5 .0 0 ; 100  gm. $ 7 .5 0 ; 500  gm. $ 2 5 .0 0 — complete 
instructions with initial orders. (British Agents: Griffin and 
Tatlock Ltd., London).

W . H. & L. D. BETZ
C H E M IC A L  E N G IN E E R S  A N D  C O N S U L T A N T S  

O N  A L L  W A T E R  P R O B L E M S

DEPT. A — 235 W . W Y O M IN G  A V E . ,  P H IL A .,  P E N N A .

SULPHATE DETERMINATION 
WITH IMPROVED  THQ

y o u r  copy?
This 32-page booklet on Water 

Analysis M ethods, Apparatus 
and Chemicals is very instructive 
and fu lly  illustrated. Everyone 
concerned with water conditioning 
should have a copy for reference 
purposes. It is FREE for the asking) 
W rite for your copy today, before 
the supply is exhausted.

D e p e n d a b ility ............

the ultimate test

In the action packed turbulence of 

the open hearth laboratory or amidst 

the cloistered calm of a fundamental 

research project, Chemists demand 

that Filter Papers be dependable.

In one case a lost precipitate may 

mean holding up plant production, 

while in the other, the presence of 

impurities may vitiate a whole series 

of results.

Dependability is difficult to 

demonstrate, but the preference for 

W H A T M A N  by Chemists every

where is proof that W H A T M A N  is 

synonymous with dependability in 

describing High Grade Filter Papers'

Standardize your laboratory on 

W H A T M A N  and forget Filter 

Paper problems.
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L496  
SPECTROGRAM  

MICRODENSITOMETER
Designed for measuring the density of spectrum lines on 

photographic plates. The density of the plate is compared 
with a known density of a neutral absorbing wedge. The 
instrument has many new and convenient features and is 
fully described in Catalog L-2. A rotating stage can be 
supplied for measuring X-ray plates.

GAERTNER SCIENTIFIC CORP.
1216 Wrightwood Ave. Chicago, 111.

Broakago of w are  and Io n  
p lo t u tod  to bo a d a ily  occur.inco 
that w as be fo re  f ho Industria l Chom ist 
could  buy  C o o n  P o r c o la in  W a r*  
T o d a y . ..h e  starts h it  e n a ly t it  in the 
morning certa in  it  w il l be roady at 
n ig h t- , .h e  i t  a lw ays ahead  of p ro
duction. lo se t no ta m p le t. conserves 
h it  o w n  t im e  and do o t n o t  fear 
b reakage . H e tm ile t w hore  once ho 
frow ned.

COMPANY

Braun Direct-Driven Pulverizer

KEEPING UP WI TH  
THE J O N E S E S ?

In society "keeping up with the Joneses" is usually ex
travagant pretense, but in business it is stark necessity. 
The pressure of com petition, higher taxation, increasing 
labor costs and many other factors make the use of the 
most up-to-date types of labor-saving and cost-saving 
machinery imperative.

Realizing this fact, Braun engineers are continually at work 
to develop new machinery and to improve existing machines 
for the assay, industrial and metallurgical laboratory. The 
latest of these developments is the Braun Direct-Driven  
Pulverizer, Type U D .

The Braun U D  Pulverizer reduces previously crushed ma
terial to the desired mesh at one grinding. It is driven by a 
2 h.p. motor which is built-in to the pulverizer. The motor 
is protected against dust by a dust collector, and against 
over-heating due to stalling by a thermal relay. Permanently 
lubricated ball bearings reduce friction to a minimum and 
insure smooth operation.

M o dern ize  your pulverizing equipment now. G e t all the 
facts about this compact, efficient Laboratory Labor Saver.

W rite D ep’t. 1-11 f o r  B ulle tin  C-115 today.

BRAUN
C O R P O R A T I O N

Los Angeles, California
> Seattle, Washington  
SCIENTIFIC SUPPLIES CO.

2260 East Fifteenth Street
San Francisco, C alif. ^  

BRAUN-KNECHT'HEIMANN-CO.
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NEW 
P A L 2 - T R A V I S  
PARTICLE SIZE 

APPARATUS

It is nowjpossible to determine 

not only the size of particles 

but also the percentages of 

various sizes with this apparatus, 

obtaining the following addi

tional advantages:

1. Greater Accuracy.
2. Lets time required.
3. Simplified for routine analysis.
4. Economical to operate.
5. Lower cost— price $75.

W rite  fo r  co m p le te  descrip tion .

■ p A i a - M Y E R S  i n c .
A p p a ra tu s  for Industrial and  L a b o ra to ry  U se

81 Reade Street N ew  York, N . Y .

See our Exhibit, 
Booths 409-410, 
E xp o s itio n  of 
Chemical In
dustries, Grand 
Central Palace,
New York, Dec.

6-11, 1937.

•
H ighest sen
sitiv ity : read
ing to  0.01 
rag  a n d  
0 . 0 0 1  mg 
b y  estim a
tion  o f full 
load 20 g.

S A R T O R I U S  
MICRO-BALANCE MRA

W ith  new rider ad ju s tm en t and m anipu lation  o 
fractional gram s from  outside th e  case.

{after Prof. Ramberg)
A 2 mg round q u a rtz  stick rider is placed in to  th e  beam  

notches by  m eans of a  double-acting rider-carrier, oper
a ted  from  an outside knob . T he beam  is provided with 
40 notches, and th e  p lacem ent o f th e  q u a rtz  stick rider 
equals 0.1 mg per no tch . T h e  m echanical m anipulation  
of 4 and  6 mg weights is done from  outside  th e  case.

O ptical reading device is fixed to  th e  pillar. Therefore 
no fluctuations o f th e  zero point.

P R IC E , in oak cab in e t................................ $325
in m ahogany cab in e t...................$340
M etal h o u s in g ...............................$400

P fa lt j  & B a u e r , In c._
EMPIRE STATE BUILDING, NEW YORK

POLYMERIZATION
A nd Its Application in  the Fields of 
R ubber, Synthetic Resins and Petroleum

By Robert E. Burk, H o w a rd  E. Thompson, Archie J. Weith and Ira Williams  
A . C . S. M onograph N o . 75 312  Pages $7.50

IN  th is  work th e  v as t and rap id ly  growing lite ra tu re  in th e  field o f polym erization is collected, arranged, and  a t  least p a r
tia lly  digested. T h e  p a rtnersh ip  o f theo ry  and application  is stressed. I t  is a  book which should be well ad ap ted  for 
th e  new  recru it in polym erization research who wishes a  balanced sum m ary  o f th e  field and  for th e  experienced w orker 

who wishes to  c h art his course anew.

T he w ork of 1328 a u th o rs  has been condensed in to  312 pages. T h is is indicative o f th e  effort which has been m ade to  
save th e  reader's  tim e.

F ro m  th e  theoretical side, th e  question  “ w hat will polym erize” is trea ted  in  de ta il from  th e  p o in t o f view  of th e  organic 
chem ist. T he question  “ how does th is or th a t  polym erize” is trea ted  from  th e  p o in t o f view o f th e  organo-physical chem ist.
T h e  question  “ w h a t will catalyze polym erizations” is trea ted  by  arranging th e  sum m arized con ten ts o f  640 references on 
catalyzed polym erizations according to  ca ta lysts , w ith  a  cross index where th e  arrangem en t is according to  com pounds. A 
few m inutes w ith  th is c ata ly tic  sum m ary is equ ivalen t to  m onths in th e  lib rary .

T he syn thetic  resin industry  is a  prodigious offspring o f applied polym erization . C hem ists have long sought to  im ita te , 
u n d erstan d , and im prove upon th e  n a tu ra l polym er rubber. T h e  progressive ch aracte r o f  th e  ru b b er in d u stry  is largely  a t 
trib u tab le  to  th e ir  success.

Po lym erization  has been involved to  a  surprising ex ten t in  th e  chem ical progress o f th e  petro leum  in d u stry  and  its  im 
portance is on  th e  rise.

C h a p te r  H e a d in g s :— In trod u ctio n ; th e  R elation  Betw een M olecular S tru c tu re  and  th e  R a te  o f Po lym erization ; C a ta ly 
sis and  Polym erization; th e  M echanism  o f Po lym erization; T he L iqu id  S ta te  and  th e  S tru c tu re  o f  P o ly m ers; Polym eriza
tion  in th e  R ubber In d u stry ; Polym erization  and Synthetic  Resins; Polym erization  in th e  Petro leum  In d u stry .

R E I N H O L D  P U B L I S H I N G  C O R P O R A T I O N  ’K A f f


