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ALLOY STEEL 
RESEARCH

A n  H D T-5610 A llo y  10  
H igh Tem perature Fur­
nace a t S iv y e r  S tee l 

a s t in g  C o m p a n y  
•—  M ilw aukee

E N G I N E E R I N G  C H E M I S T R Y

H E V I  D U T Y  E L E C T R I C  C O M P A N Y
HEAT TREATING FURNACES E L E C T R I C  E X C L U S I V E L Y

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

. . . M I L W A U K E E  h a s

done Important work for m any years in the developm ent oi 

alloy steel. Laboratory control, not only of m etal analysis, but 

of heat treating practices, h as been  a  large factor in their produc­

tion of high quality castings. •  For pilot heat treating investiga­

tions and a lloy  steel research, Sivyer u ses  a  H evi Duty A lloy  

10 High Temperature Furnace w hich  is  particularly suited to re­

search where a  controlled high temperature to 2350° F. is required.

S e n d  ¿ o n  S u U c tù t W D - 3 3 9  ~  i t  U *  t& e  d e to U U .
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FOR LABORATORY APPARATUS AND C.P. CHEMICALS
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nit I7ERS ■ S1„O p t o m e t e r s  • s t e r i l i z e r s

We know how im portant it is to you 
to  have Laboratory A pparatus and 
C. P. Chemicals stocked near you for 
quick ordering and delivery. Complete 
stocks are near you.

IN  C L E V E L A N D
1945 East 97th Street • Telephone: CEdar 6300

IN  C IN C IN N A T I
224-226 Main Street • Telephone: Parkway 3711

IN  D E T R O IT
9240 Hubbell Avenue • Telephone: Vermont 6-6300

IN  L O S  A N G E L E S
609 S. Grand Avenue * Telephone: Mutual 4191

IN  P H IL A D E L P H IA
Jackson & Swanson Streets * Telephone: Dewey 4-6770

-r.lt • STlR*1"“ '
HO TOM ETERS • STER ILIZER S A N A LY S IS

RA TU S • VISCOS1M ETERS  
ETERS • T ITR A TIO N  A P PA R     W A T|R BATHS

« J O k i  H A R S H A W  S C I E N T I F I C ‘
D I V I S I O N  O F  T H E  H A R S H A W  C H E M IC A L  C O .

CLEVELAND 6, OHI O
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DU R IN G  the past ten years the Evelyn Photoelectric C olorim eter has rendered 
outstanding service in prom inent dom estic and foreign laboratories engaged 

in  nearly every phase of chemical activity. D istinguished by alm ost classic sim­
plicity of design and by enduring construction in keeping with the best tradition  
of the instrum ent m akers’ art, this instrum ent is characterized by unusual re lia­
bility and freedom  from  the m echanical and electrical deficiencies \Vhich can 
prove so costly in the efficient chemical laboratory.

Because of the unique com bination o f speed, accuracy and simplicity of 
operation w hich it affords, the Evelyn C olorim eter is used to equal advantage in 
both  research and routine control laboratories. A detailed discussion of the design 
o f this invaluable analytical too l is presented in  our twelve-page Bulletin 460 
which we shall gladly furnish on  request.

Other R ubicon Instruments
P recisio n  Potentiom eters  • G alv a n o m e te rs  • W h e a tsto n e , M u e lle r a n d  K e lvin  

B rid g e s  • S ta n d a rd  R esistors  • D e c a d e  R esistan ce B o x e s • A uto m a tic  R e co rd in g  

A n a ly ze rs  fo r  N O  a n d  H .S  • M a g n e tic  H a rd n e ss Testers  • M a g n e tic  P erm e a m efe ri 

.  S p e c ia l equ ipm ent in v o lv in g  m easurem ent o r  co n tro l o f  e le c tr ica l qu antities

Literature available on request

R U B ICO N  CO M PA N Y
Electrical Instrum ent Makers

„ „ b  P H I L A D E L P H I A  3 2 . P A .
3 7 5 9  R I D G E  A V E N U E

Evelyn Photoelectric Colorimeter
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When a piece o f Kimble laboratory glassware has 
been expertly retem pered  to relieve strain, there 
is no change the eye can detect, but it now has an 
invisible quality  o f  sturdiness that is quickly 
proved in use.

C o n su lt lo a d in g  La b o rato ry  S u p p ly  H ouses th roughout the U nited  S la te s  
a n d  C a n a d a  fo r K im b le  Lab o ra to ry  G la ssw a re  to meet Y O U R  needs.
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FLUORESCENT

B A L A N C E  A N D  T I T R A T I O N L A M P S

W I L L  C O R P O R A T I O N
ROCHESTER 3, N. Y. NEW Y0RK 12/ N- Y"
BUFFALO APPARATUS CORP., BUFFALO, N. Y. SOUTHERN SCIENTIFIC CO., INC., ATLANTA 3, GA.

The fluorescent lamp gives “ cold” light which makes it  the ideal illum ination for balances. Also, 
fluorescent light is excellent for titra tion  work. In  color, tem perature and softness it  approximates 
the light from an overcast sky. I t  reduces eyestrain and is unequalled for color discrimination.

In  efficiency and economy, the fluorescent lam p is superior to  the  incandescent light. T he 18 tube 
draws only 15 w atts, yet furnishes illum ination equivalent to  an ordinary 100-watt bulb.

2071—FLUORESCENT BALANCE LAM P. Although 
prim arily for illum inating a laboratory  balance, th is 
lam p is suitable for other purposes as i t  m ay be sus­
pended, either horizontally or vertically, from hooks or 
clamps. T he finish is Morocco Brown wrinkled lacquer. 
T he cylindrical fluorescent tube  in the  curved reflector 
casts uniform, glareless and  shadowless, “ cold” light, 
perm itting extended use w ithout effect on th e  balance 
beam . T he  fluorescent tube  will give long service and, 
when necessary, is easily detached for replacement. 
T his 18-inch lam p is wide enough to  illum inate prac­
tically  any standard  analytical balance. F or 110 Volts,

60 cycle, A. C. only. W ith  fluorescent tube, cord and

10301— FLUORESCENT TITRATION LAM P. T his 
lam p has the same fluorescent tu b e  as in the  Balance 
Lam p b u t i t  is bu ilt in to  a  housing having a specially 
curved and tin ted  screen reflecting diffused “ cold” light 
for titra tion  work, pH  m easurem ents, m atching of paints, 
textiles, etc. T he inside reflecting surface is m atte  
w hite finish; the exterior of the lam p is dull finished, 
high-heat black enamel. An “on-off”  sw itch is located on 
th e  side of th e  case. For 110 Volts, 60 cycle, A. C. only. 
Complete w ith  1 8 ' fluorescent tube, cord and plug 15.00

1.152071A—FLUORESCENT TUBE only. F or replacem ent in  Nos. 2071 and 10301 lam ps

10301

O R A T O R Y  A P P A R A T U S  A N D  C H E M I C A L S
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K':
B. F. Goodrich Chemical Company

h a s  a v a i l a b l e  f o r  s a l e  t h e s e  o r g a n i c  c h e m i c a l

&  :— - — '“ i  " A A ^ l n W

For additional information please write B. F. Goodrich Chemical Company/ Department CA-11, Rose Building/ Cleveland 15/ Ohio«

B. F. Goodrich C hem ical Com pany A DIVISION Of 
THE B F GOODRICH COMPANY
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MERCK 
LABORATORY CHEMICALS
MERCK & CO., Inc., RAHWAY, N. J.

Chemists in every field will be 
interested in these features of 
the 1946 edition of the Merck 
Laboratory Chemicals Catalog:

•  A l i s t  o f  M e r c k  L a b o r a t o r y  
C h e m i c a l s  —  u s e d  i n  e v e r y  
b ra n c h  o f  in d u s tr y ,  e d u c a tio n ,  
a n d  re se a rc h .

•  M a x im u m  im p u r i t ie s  o f  M erc k  
R e a g e n t C h e m ic a ls , in c lu d in g  
th o s e  w h ic h  c o n fo r m  to  A C S  
sp e c iń c a  t io n s .

• P ro p e r  S to r a g e  o f  F in e
C h e m ic a ls .

•  M o le c u la r  a n d  A to m ic W e ig h ts .

• C o m p r e h e n s iv e l is t in g o f  M ic ro -
a n a ly t ic a l  C h e m ic a ls , A m in o  
A c id s , a n d  V ita m in s .

• C o n v ers io n  r a t io s .

•  C h e m ic a l  fo r m u la s .

W rite today for your personal copy o f  
this useful, inform ative catalog.

I M erck 85 Co., Inc. |
■ M anufacturing Chemists 
j Rahway, N . J.
'  Please send m e a copy o f the 1946 « 
I M erck Laboratory Chemicals Catalog. |

1 N a m e .......................................  |
(Please indicate title , if  any)

I Company or O rganization....................  |

r f t u t o u n c it t f y -

fhe 1946 Merck
Laboratory Chemicals 

Catalog
NOW AVAILABLE UPON REQUEST

Street

C i t y , .  
I .  —  _

S ta te .



CENTRAL
SCIENTIFIC
COMPANY

for Every Need

No. 13635 Cenco-Cooley Model SMI Muffle Furnace with Rheostat Control, 
for ashing, igniting, and other laboratory purposes requiring a tem perature of 
not over 1000°C. (1850°F.) intermittently or 950°C. (1750 °F.) continuously.
The furnace is strongly constructed of heavy transite and sheet steel, amply 
insulated. The muffle consists of five pieces with four separable heating ele­
ments mounted in  an improved refractory. The hinged door when open acts as 
a shelf.
Terminals extending through the muffle connect resistances on the outside 
back of the furnace. The term inal block, wiring and resistances are pro­
tected by a ventilated metal guard. Two dials control the resistances and 
provide tem perature settings over a wide range. The dials perm it four coarse 
and seven'fine tem perature settings for a total of 29. Seven tem peratures are 
obtainable on each of the Off, 1, 2 and 3 positions and one, maximum tem ­
perature, on 4. Power required, 6.1 amperes. Dimensions: over-all,
11}^ x 12 x 1 1 inches. Muffle space: height, 4 inches—width, 3 ¿4 inches
— depth, 4 inches.

No........................................................................................  A B
For volts, A.C. or D.C....................................................  115 230
E ach.............................................................    $55.00 $59.00

No. 13636 Cenco-Cooley Model SMI Electric Muffle Furnaces with Rheostat, 
same as No. 13635, but with the addition of a Pyrometer reading to 2000°F. 
and 1000 °C.

No  A B
Voltage, A.C. or D.C  115 230
E ach ................................................................................... $73.50 $77.50

No. 13647 Cenco-Cooley Model SM2 Electric Muffle Furnaces with Rheostat, 
same as 13635 but of la rger muffle dimensions. This furnace may be operated 
continuously at 950°C. or 1750°F. and intermittently as high as 1020°C. or 
1850°F. Maximum current required, 19.7 amperes. Dimensions, over-all: 
14 x 12 x 20 inches. Muffle space: height, 3 inches—width, 5 inches—depth, 
8Y2 inches.

No  A B
For volts, A.C. or D.C  115 230
E ach ...................................................................................  $86.50 $86.50

No. 13648 Cenco-Cooley Model SM2 Electric Muffle Furnaces with Rheostat, 
same as No. 13647, but with the addition of a Pyrometer for indicating muffle 
tem peratures to 2000°F. and 1000°C.

No................................................  A B
For volts, A.C. or D.C  115 230
E ach .........................................$105.00 $105.00

No. 13635-36

No. 13647-48

C e n t r a l  S c i e n t i f i c  C o m p a n y

S c i e n t i f  «  -& P P  a t e t u i  

N ew  York BO STO N San Francisco CH ICA G O  Los A ngeles TO R O N TO  M ontreal
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RUNNING THE

CHEMICALS run a veritable gant­
let of tests before they are found 
w o rth y  to  be re le a sed  u n d e r  th e  
M allinckrodt label.

S k illed  h an d s  h a n d le , tra in e d  
eyes observe every step of the trans­
formation from raw m aterial to fin­
ished product. Craftsm anship and 
the exacting tests during and after 
m an u fa c tu re  p ro d u c e  substances 
tha t show identical properties in 
different batches.

I t  is this U N IF O R M IT Y  in purity  
and strength th a t makes MALLIN­
CKRODT products the precision 
chemicals, necessary for analytical 
use.

MALLINCKRODT
7 9  ú2 /e a  t  ±  o f  ¿ jP e  l  v i c e  

M a ll in c k r o d t  S t., S t. L o u is  7 ,  M o . 
CH ICA G O  • P H ILA D E LP H IA

CHEMICAL W ORKS
i o  c€ / i e i ï i i c c i / ty /± e 't¿

72  G o ld  S t., N e w  Y o r k  8 , N . Y .  
LO S Á N G E LES  • M ONTREAL
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' MANOSTAT

• 120" BORE 
STOP COCKTO PUMP

ORIFICE

TO SYSTEM 
ANO GAUGEI

•FLOAT

PROJECTIONS

CENTERING
> FLOAT■

< 7 CHAMBER

MERCI

The Emil G reiner Company, first to offer a  regulator that operated purely on a  pressure 
principle, now offers an  improved model of that regulator.

The new manostat is mounted on a  support and  unitized to insure safe handling and  easy 
installation in the laboratory. O ne three-way stopcock has replaced the two straight bore 
stopcocks formerly used, which makes for easier manipulation of the instrument.

By increasing the diam eter of the float and  the float chamber, we have increased the 
sensitivity to the point where any laboratory system can  be held to within one micron of 
the pressure desired.

We recommend this device as a  most convenient, effective means for obtaining reduced 
pressure control in vacuum distillations, etc. This device presents a  simple, positive means 
for setting and  maintaining any desired vacuum in a  system. It eliminates all electrical 
appliances and  no additional accessories a re  required other than shown in illustration.

The apparatus, consists of three parts:

(1) The "U "  tu b e  w h ich  is the  reservo ir for th e  m ercu ry  a n d  h a s  th ree-w ay  s topcock w hich  connec ts  to tho 
system  a n d  ce n tra !  sea led -in  ta p e re d  tube .

(2) A floa t w hich  is w e igh ted  w ith g la ss  a t  th e  u p p e r  po rtion  a n d  h a s  a  r e c e p ta c le  a t  the  top  in to  w h ich  is 
fitted a  soit ru b b e r  d isc  o r  d ia p h ra g m .

(3) The m anifo ld  w hich  h a s  a n  o rifice of c o rrec t size a t  the e n d  of the  tube . le a d s  in to  th e  "U " tu b e  a n d  ce n te rs  
o v er the  ru b b e r  d isc  on  the float.

The principle of assembly and operation are as follows:
(a) The stopcock is p u t in " o p e n "  position.

(b) M ercu ry  to a  he ig h t of 2  in . is p o u red  into th e  reservo ir of th e  "U "  tu b e  a n d  the  floa t d ro p p e d  in.

(c) T he m anifo ld  is co n n e c ted  by tightly  in serting  th e  ru b b e r  s topper ho ld ing  th e  v e r tic a l th ro ttling  tube . 
T he tu b e  is ce n te red  a s  n e a rly  a s  possib le  over th e  d ia p h ra g m  a n d  set so th a t th e re  is a b o u t a  m illim eter 
of c le a r a n c e  be tw een  th e  o rifice a n d  the  disc.

(d) C on n ec t to v a c u u m  p u m p  a n d  system  a n d  s ta r t  suction  pum p.

(e) W h e n  the  d es ire d  v ac u u m  is re a c h e d , close s topcock a n d  system  will im m ediately  b eg in  to  function. 
If slightly  re d u c e d  p re ssu re  (w ithin a  mm. o r  so  of th is setting) is des ired , th e  o rifice  is p u lled  u p  slightly  
a n d  v ice  v e rsa , if in c re a se d  p re ssu re  is w an ted .

'The functioning is explained by the fact that when the pressure is reduced to the desired 
point in the manostat and  system, equal pressure exists within the mercury-sealed bell cham ber 
of the float and  outside of it. The mercury therefore is a t the same level.

As soon as the stopcock is closed, it is obvious that any evacuation of the system can  
pnly be accomplished through the orifice which is now just exactly in contact with the disc.

The leak (not exceeding the capacity  of the pump) now causes increased pressure in 
The system and  consequent mercury displacement downward outside the float and  upward 
inside the float. The float then sinks, opening up the orifice and  permits unrestricted exhaust 
which then restores equilibrium as the float rises and  pushes the disc in contact with the 
orifice an d  throttles the effect of the pump as required.

With properly assembled system, smooth accurate  control is obtained with no visible 
fluctuations.

E-1855. C arte s ian  M anosta t, im proved  m odel complete a s  illustrated, m ade of 
pyrex glass, mounted on wood support  each  $27.50

Note: E-1853. C a r te s ia n  M an o s ta t w ith tw o stopcocks, unm ounted , still a v a i la b le  a t .................e a c h  $ 1 9 .5 0

For complete details, see article by Roger Gilmont in the O ctober 
1946, Analytical Edition of "Industrial and Engineering Chemistry."

TH E NEW CARTESIAN MANOSTAT
Im proved M odel (P aten t P end ing)

Successful operation and  general acceptance of our first model Cartesian Manostat 
(over 3,000 in use) has led to the development of a  new, more sensitive, completely unitized 
and  mounted instrument.



ABUNDANT CURRENT INPUT — FINEST INSULATION 
— SMALL HEAT LOSS =  2800° — GREAT ECONOMY  

-  LONG LIFE

,  „ o e t i " v e ,
n o .
T Í O t ^  •

C o ^ P a

A New
2800° COMBUSTION FURNACE

•  Its 3 / 4 "  G lo b a r  H e a tin g  Elem ents  
p la ce d  a t rig h t a n g le s  to the co m ­
b u stio n  tu b e s p e rm its e x tra  h e a v y  
in su la t io n  on all s ides.
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•  The h e a v y  a lu m in u m  sh e ll e lim ­
in ate s e x c e s s iv e  h e a t ra d ia tio n .

•  A  la rg e , w e ll bu ilt, 2  K V A  p o w e r  
unit, w ith  3 2  v o lta g e  step s, s u p ­
p lie s  a b u n d a n t  p o w e r.

•  A  m a g n e tic  b re a k e r  protects the 

fu rn a ce .

T he Leco N o. 100, in addition to  its 
m any uses, is an ideal com bustion 
furnace for carbon analysis, espe­
cially w here materials are difficult to 
com bust, and w here speed is desired. 
At 2550° continuous operation , its 
elem ent life is extrem ely long. I t 
accom m odates a sho rt com bustion 
tube w ith o u t excessively heating 
the ends. Special features perm it 
rap id  exchange o f com bustion tubes 
and heating  elem ents. W hile  built 
for efficient perform ance the straight 
lines o f  its sturdy contruction  w ill 
add to appearance o f any laboratory.

L e c o  N o .  1 0 0  C o m b u s tio n  
F u rn a c e  w ith  P o sv e r  U n it
a n d  C o n t r o l s ............................
S e t o f  J / 4 "  G lo b a r  $ 1  C 3 0  
E le m e n ts  ( e x t r a )  .

L A B O R A T O R Y  E Q U I P M E N T  C O R P O R A T I O N
B E N T O N  H A R B O R ,  M I C H I G A N
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Efficiently and economically handling the carbon determination of steel by 
the volumetric method of analysis . . . the stellar performance of this com­
pact, practical Combustion Tube Furnace stems from years of experience 
and leadership in the design and manufacture o f industrial furnaces.

Low-resistance, high-temperature G lo b a r heating elements are employed. 
Various temperatures to 2 5 0 0 ° F. are dependab ly obtained in the combus­
tion tube by regulating power input with a coarse and fine tap switch. Rated 
power input of each switch setting registers on an Input Indicator, and tube 
temperatures are shown by an Indicating Pyrometer. A  knob-controlled 
needle-valve regulates oxygen  flow.

See this Combustion Tube Furnace, and other Lindberg Laboratory Fur­
naces shown on this p a ge , at your labo ratory equipment d e a le r’s.

L I N D B E R G  E N G I N E E R I N G  C OMP A NY
2 4 5 0  W EST  H U B B A R D  S T R EET  • C H IC A G O  12 , ILL IN O IS

C t N D B E R G
W ELL K N O W N  T H R O U G H O U T  T H E  W O R LD  A S  

L E A D E R S  IN  D E V E L O P IN G  A N D  M A N U F A C T U R IN G  
IN D U S T R IA L  H E A T  T R E A T IN G  E Q U IP M E N T

Shown in
B O O TH  D 139

at the National 
Metal Exposition 

Atlantic City

T H E  L I N D B E R G  *7oâe
L A B O R A T O R Y  F U R N A C E

The tw o-purpose Pot Furnace is for  
use with crucibles as well as for im­
mersion heat treating. For heats up 
to 2 0 0 0 °  F.

Lindberg Box Furnace fo r chemical 
analyses and m etallurgical tests re­
quiring heats up to 2 0 0 0 °  F.
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F o r  q u i c k ,  c o n ­
v e n i e n t  a n d  s a f e  
m o u n t i n g  a n d  d i s ­
m a n t l in g  o f  a p p a ­
r a tu s  w i th  s p h e r ic a l  
b a l l - a n d - s o c k e t  i n ­
t e r c h a n g e a b l e  
g r o u n d  g la ss  j o i n t s .

Fig. Z.
S how ing  a p p e a ra n c e  of S izes 28  to  Go, inc l., a n d  
m e th o d  of a t ta c h in g  to  jo in t .  A fte r  re lease  of finger 

p ressu re , lo ck in g  d ev ice  ¡8 sc rew ed  in to  p o s itio n .

Fig. I
S h o w in g  a p p e a ra n c e  of S izes 12 a n d  18 a n d  m e th o d  
of a t ta c h in g  to  jo in ts . P a r ts  h e ld  s e c u re ly  b y  sp r in g  

u p o n  re lease  of f inge r p re ssu re .

PIN C H  CLAM PS, A.H.T. Co. Specification (Patented),
f o r  u s e  on spherical ball-and-socket glass joints. Of brass, with
sm ooth, black, corrosion-resistant finish,and w ith strong, spring 
closed, forked jaws. W ith the two p arts  of the glass jo in t held 
in  one hand, and the Clamp held betw een thum b and fore­
finger of the  o ther hand, as shown in Fig. 1 and Fig. 2, the 
Clam p can be quickly slipped over the  joint. W hen pressure 
is released, the  two p arts  are held securely by the spring.

Sizes 28 to  65, inclusive, are provided w ith a  screw locking 
device in  addition to  the spiral spring, so th a t a considerable 
load can be suspended from .the jo in t w ithout danger of leak­
age. However, the  Clamps are designed prim arily for securing 
the jo in t and are not intended to  replace the usual clamps, 

rings, tripods, etc., as ordinarily used for supporting glassware assemblies. T he size num ber indicates the
diam eter in  millimeters of the  ball over which the Clam p fits.

The use of these C lam ps adds greatly to the convenience and speed of m ounting and d ism an tlin g  glass app a i atus 
w ith  spherical interchangeable ground jo in ts , and reduces the p o ssib ility  of breakage in  handling.

3241.

S how ing  a p p e a r ­
a n c e  of S izes 12 
a n d  18. Joinfc h e ld  
s ecu re ly  b y  sp r in g .

3241.
S h ow ing  a p p e a ra n c e  of S izes 28 
to  65 , in c l., w ith  lo c k in g  dev ice  

sc rew ed  in to  po s itio n .

3 2 4 1 . Pinch Clamps, A.H.T. Co. Specification, as above described.
18

18/7
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28/11
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35/20
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50/30
65

65/40
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13
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30 37 48
......... .55 .65 1.20 1.55 2.25

Cybso
2.75

CybviCybny Cybow Cybpu

10% discount in  carton containing I S )  
15%  “ “ lots of 72 >
20 % “ “ “ “ 1 U  >

one size only

ARTHUR H. THOMAS COMPANY
R E T A IL —W H OLESALE— E X P O R T

LABORATORY APPARATUS AND REAGENTS
W E S T  W A S H IN G T O N  S Q U A R E , P H IL A D E L P H IA  5, PA., U .S.A .

Cable Address “ Balance” Philadelphia

A .H .T . CO. SPEC IFIC A TIO N

NEW TYPE PINCH CLAMPS



INDUSTRIAL a n d  EN G IN EERIN G  CHEM ISTRY
P U B L I S H E D  BY 
T H E  A M E R I C A N  C H E M I C A L  S O C I E T Y  

W A L T E R  J. M U R P H Y ,  
E D I T O R

Determination of Extinction Corrections in Infrared 
A n alysis  of G aseous Hydrocarbon M ixtures

J .  H . L E E

Technical Department, Refining D iv isio n, M agnolia Petroleum Com pany, Beaumont, Texas

Infrared analysis of gaseous hydrocarbon mixtures involves determi­
nation of extinctions for the individual components. Experimental 
data must be corrected for second-order effects due to energy scat­
tered within the instrument, the structure of the absorption band, and 
intermolecular action. A  simple relationship permits correction 
for these deviations. The method simplifies the work connected 
with the calibration or recalibration of a spectrophotometer. Use 
of a reference substance is suggested as a diluting agent in cases 
where molecular interaction influences absorption.

IN FR A R ED  absorption spectrophotom etry is slowly acquiring 
an im portan t position in the routine testing of light hydro­

carbon mixtures. Speed is one of th e  im portan t requirem ents of 
these methods, and because much tim e m ay be lost in computing 
th e  results of infrared analysis, developm ent of abbreviated pro­
cedures for such calculations becomes of considerable importance.

In  the infrared analysis a  certain proportion of tim e is spent in 
estim ating corrections for second-order effects, the m agnitude of 
which varies w ith the pressure and composition of th e  hydrocar­
bon mixtures. T he normal procedure involves the use of several 
correction factors, b u t their separate determ ination and practical 
application are som ewhat tedious because of the absence of a  
straight-line relationship between th e  factors involved (1-8). 
T he present paper describes a  simple m ethod for developing 
such relationships which has been in successful use for a  num ber 
of years in these laboratories.

Infrared analysis is based on the law of Beer and Lam bert, 
which is applicable to  monochromatic radiation as absorbed by 
an ideal absorbing medium. The law states th a t  for equal in­
tensities of transm itted  light th e  concentration of the absorbing 
m atte r is inversely proportional to  th e  thickness of the absorbent 
layer. On th is basis the following expression gives the relation­
ship betw een the num ber of molecules, n, distributed along the 
path  of the radiation and th e  extinction, E:

n  =  kE ( 1)

where k is a  constant. The extinction is obtained as the loga­
rithm  of th e  ratio  of the incident to  the transm itted  radiation 
intensities. R adian t energy absorption expressed in th is form 
is useful in  infrared analysis because of th e  near approach in 
actual practice to  the relationship expressed in Equation 1. 
However, it  is frequently necessary to  consider a  small correc­
tion term  to bring about linearity.

T he extinction contributions of individual absorbing substances 
are considered numerically additive, subject to  certain conditions 
which are taken  into account below. In  analyzing mixtures 
a ttem pts are made to  select some specific wave length for each 
individual component a t  which interference from the absorp­
tion bands of o ther components present will be negligible. This

seldom can be achieved in practice and, as a  result, a  system  of 
simultaneous equations m ust be solved in order to  establish the 
effect produced on the observed extinction by th e  extinction con­
tributions from each of th e  individual constituents of the mix­
ture, so th a t  they m ay be subtracted  in  effect. E ither before 
proceeding w ith or during the course of these calculations the 
values of th e  observed extinctions m ust be corrected for the 
following sources of error in the ir m easurem ents:

1. Correction for the energy scattered w ithin the instrum ent 
and reaching the recording device by a circuitous path. This cor­
rection is regarded as an instrum ental factor. Various m ethods 
are in  use for m aking this correction, such as subtracting  a small 
numerical value from the energy readings (1, 3, 4).

2. Correction for the energy received by the recording device 
from bands other than  the one under investigation. This correc­
tion is for th a t energy portion of the optical beam which is no t 
m aterially affected by the sample. I t  is exhibited in the case 
of an absorption band of the narrow  or line type of structure and 
is the so-called error of band shape and finite slit w idths (S, 5). 
The emphasis here on the energy consideration is th a t from the 
energy view point this source of error can be trea ted  in a m anner 
sim ilar to th a t in th e  case of the first type of error.

3. Correction necessitated by the unique absorption response 
exhibited by certain molecules in the presence of other molecules. 
This effect comes under the heading of pressure broadening of a 
band (5).

T he proposed correction m ethod outlined below m akes it  clear 
th a t carefully planned auxiliary experiments will be required to  
distinguish and identify the type of effect being corrected, since 
the effects themselves are of dissimilar origin and are y e t cor­
rected in a similar manner. For simplicity all these corrections 
m ay be regarded as a  single correction for a  particular curve. 
This can be considered as p art of the simplification introduced by 
th e  present method.

By plotting observed extinction, E„, for an individual hydro­
carbon against partial pressure-a curve is obtained. A differ­
ence, AE, will be exhibited between th e  observed extinction 
and the theoretical extinction. This is dem onstrated in Figure 1.

Inspection of a large num ber of curves of the above type shows 
th a t for a  particular curve:

1. D eviations from the theoretical tangen t increase w ith in ­
crease in m agnitude of the observed extinction.

2. T he m agnitude of the  deviation or correction depends on 
the m agnitude of the extinction and is independent of the nature 
and the pressure of the other hydrocarbons present, subject to 
the establishm ent of certain experimental conditions.

3. Corrections to  be applied to  th e  observed extinctions are 
proportional to  th e  square of these values. M athem atically  this 
relationship m ay be expressed as follows:

Ec = E0 (1 +  aEo) (2)

where E c is the corrected extinction.

659
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Figure 1. Deviation of Observed and 
Theoretical Extinctions

OBSERVED EXTINCTION

Figure 2. Relation of Corrected Extinc­
tion to Observed Extinction

T he numerical value of th e  coeffi­
cient, a, varies w ith the instrum ent and 
instrum ent setting and should be de­
term ined experimentally as described 
further below.

T he simplifications developed in this 
work involve the direct application of 
corrections to the observed extinctions.
Usually only one curve a t  a  given wave 
length requires correction. However, in 
a  case where two curves a t  the same 
wave length require corrections an ap ­
proxim ate correction can be assigned, 
and after the calculations are carried 
out, the exact correction m ay be esti­
m ated and applied.

Examples of bands which m ay be 
selected for routine inspection of hydro­
carbon mixtures and which follow the 
above rules are shown in Table I.
This tabulation  is by no means exhaus­
tive w ith respect to  the hydrocarbons enum erated or to  other
absorption bands associated with the individual hydrocarbons
listed.

Practical application of the suggested correction m ethod for 
the observed extinction values m ay be visualized from the fol­
lowing detailed description of the individual steps in calibrating 
or recalibrating an instrum ent.

1. D eterm ine the extinctions a t  various partia l pressures for 
absorption bands, each of which shows the largest possible devia­
tion from a stra igh t line a t  th e  instrum ent settings to  be used. 
The isobutane band of the approxim ate wave length 8.4 microns 
is a  suitable example for this purpose. P lo t these extinctions 
against partia l pressures reduced to  th e  reference tem perature 
and corrected for differences in deviation from the ideal gas laws 
(Figure 1).

2. D raw  a tangen t to  the above curve passing tlirough the 
origin. This tangen t represents the theoretical values of the 
corresponding observed extinctions and the corrected extinctions 
computed by the use of E quation  2 should fall closely along this 
tangent.

3. D eterm ine the difference between the theoretical and the 
observed extinctions a t  some suitable arb itrary  pressure. In 
order to minimize the error in further calculations the largest

Table I. A bsorption Bands of Hydrocarbons Suitable for Use with 
Proposed Correction M ethod

H y d ro c a rb o n

A p p ro x im a te  
W a v e  L e n g th , 

M icro n s

M e th a n e 7 .6
E th y le n e 5 .2
E th a n e 1 2 .0
P ro p a n e 1 3 .2
I s o b u ta n e 8 .4
B u ten e-1 5 .5
B u ta d ien e -1 ,3 6 .3
ci‘s-B u ten e -2 1 0 .2
n -B u ta n e 1 0 .2
Is o p e n ta n e 1 0 .2
2 -M e th y lb u te n e - l 1 1 .0
D im e th y lb u ta n e -2 ,3 8 .7

Table II. Comparison of O bserved, Corrected, and Theoretical 
V alues of Extinctions for n-Pentane

(W a v e  le n g th  13.7 m icro n s , v a r io u s  p re ssu re s . C o rre c tio n s  fo r d e v ia tio n s  
a t t r ib u t e d  to  s c a t te re d  energy )

P a r t i a l
P re ssu re , E x tin c t io n

D e v ia tio n  from  
T h e o re tic a l,  %

M m . H g O b se rv ed C o rre c te d T h e o re tic a l O b se rv ed C orreci

50 0 .0 7 6 0 .0 7 7 0 .0 7 6 0 .0 1 .3
100 0 .1 5 1 0 .1 5 4 0 .1 5 2 0 .7 1 .3
150 0 .2 2 2 0 .2 2 8 0 .2 2 8 2 .6 0 .0
200 0 .2 9 3 0 .3 0 3 0 .3 0 4 3 .6 0 .3
250 0 .3 6 3 0 .3 7 9 0 .3 8 0 4 .6 0 .3
300 0 .4 5 3 0 .4 5 5 0 .4 5 6 5 .0 0 .2

difference which corresponds to  the highest partia l pressure should 
be selected.

As it follows from further description, establishm ent of the 
complete curve for observed extinctions a t  varying pressures is 
necessary only for locating the position of the tangent. After 
th is position is established one poin t on the observed extinction 
curve is sufficient to locate the rem ainder of the curve. If this 
m ethod is used, selection of the point and  its  very exact location 
become of prim ary im portance.

4. D eterm ine the value of the coefficient, a, in Equation 2 
from the da ta  obtained under item  3. Using this value, p lo t the 
corrected extinctions against the observed extinctions by em­
ploying this equation and substitu ting  different values for Eo 
(Figure 2). In  some instances a  p lo t of observed extinctions 
against the correction factors is advantageous.

By assuming the valid ity  of E quation 2, a  m athem atical 
m ethod m ay be readily developed by which a  m ay be deter­
mined directly from the experim ental data.

As a further illustration, the following example is given of a 
practical application of the developed relationships.

Assume th a t an  extinction corresponding to  a  certain  band 
representing a hydrocarbon in a m ixture under analysis has been 
determ ined as E„, and the extinction as determ ined for the pure 
hydrocarbon is E„p. Referring to  Figure 2, the corresponding cor­
rected extinctions would be E c and E<v. Therefore, the per cent 
hydrocarbon in the mixture is equal to

X 100
&cp

In  the above example no corrections are shown regarding the 
interferences in the absorption band th a t m ay be caused by 
o ther hydrocarbons present. These .corrections are made by 
solving a series of simultaneous equations as described in stand­
ard manuals.

The accuracy of the described correction m ethod may be 
visualized from the following typical examples.

C O R R E C T IO N  F O R  S C A T T E R E D  E N E R G Y

To illustrate the accuracy of the correction m ethod as applied to 
scattered energy, measurem ents were taken  w ith a  m etal shuttei 
on n-pentane a t  wave length 13.7 microns where sufficient inten­
sity  of scattered energy is present for tests. W hen the n-pen­
tane band is tested  by means of a transm itting  L iF  shu tter, the 
measurem ents give a straight-line relationship. T hus th e  devia­
tions obtained in the extinctions estim ated from measurem ents 
made w ith a m etal shu tter may be readily a ttrib u ted  to  scattered 
radiation within the instrum ent. As shown in T able II , the 
deviations between the corrected and theoretical extinctions 
are well w ithin the experimental error of such measurem ents. 
The value of a  as applied in this instance is 0.12.
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Table III. Comparison of O bserved, Corrected, and Theoretical 
V alues of Extinction for Isobutane

(W aV e le n g th  8 .4  m icro n s , v a r io u s  p re ssu re s . C o rre c tio n s  fo r d e v ia tio n s  
a t t r ib u t e d  to  b a n d  s tru c tu re )

P a r t ia l  
P re ssu re , 
M m . H g

E x tin c t io n
D e v ia tio n  from  
T h e o re tic a l, %

O b se rv ed C o rre c te d T h e o re tic a l O bse rved C o rre c te d

50 0 .1 5 0 0 .1 5 4 0 .1 5 4 2 .6 0 .0
100 0 .2 9 1 0 .3 0 7 0 .3 0 9 5 .8 0 .6
150 0 .4 2 7 0 .4 6 2 0 .4 6 3 7 .8 0 .2
200 0 .5 5 8 0 .6 1 8 0 .6 1 8 9 .7 0 .0
250 0 .6 8 1 0 .7 6 9 0 .7 7 2 1 1 .8 0 .4
300 0 .7 9 4 0 .9 1 4 0 .9 2 6 1 4 .2 1 .3

C O R R E C T IO N  F O R  B A N D  STR U C T U R E

T he deviations shown by isobutane a t  th e  wave length 8.4 
microns are taken  to  show the application of the correction 
m ethod to  an instance where band structure  is the factor involved. 
Isobutane does no t exhibit pressure broadening of the band a t  
th is wave length (d) and the deviations are a ttribu ted  to band 
shape (3). Both the scattered  energy of the instrum ent on which 
these tests  were made and the possibility of pressure broadening 
were checked in th is laboratory for the w ave-length setting used 
and found to  be negligible. A value of 0.19 for the coefficient a  
is applied in this case. R esults are shown in Table i l l .

I t  is clear th a t, w ithin the experimental error, the proposed 
m ethod applies to the correction of effects arising from band 
structure. This correction is characteristic of the band and there­
fore subject to  experimental restrictions making modification of 
the calculation procedure necessary in some cases.

i
C O R R E C T IO N  F O R  M O L E C U L A R  IN T E R A C T IO N

The complex optical effects observed in the case of certain 
gases, of which m ethane is an example, have been repeatedly 
m entioned in the literature (3). I t  appears from these descrip­
tions th a t  certain absorption bands which fall into this category 
are n o t particularly  desirable for analytical purposes where exact 
quan tita tive inform ation is sought. However, the correction of 
th is type of band is possible.

In  cases where band broadening occurs, the absorption for the 
gas under investigation is influenced no t only by the to ta l pres­
sure on the  sample, bu t also by the natu re  of the molecules pres­
ent, as is clearly shown in Figure 3. However, in such cases a 
single calibration curve for th e  absorber can be made to  suffice 
by using a reference substance such as a ir as a  diluting agent, 
so th a t the variations in th e  deviations due to  the foreign sub­
stances present are made conveniently small.

Thus, if a  sample is appropriately diluted and a fixed to tal 
pressure is used, E quation 2 holds for the correction listed under
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Figure 3. Extinction of Methane in Various Gases

Table IV . Comparison of O bserved, Corrected, and Theoretical 
V alues of Extinctions for Methane in A i r

(W a v e  le n g th  7 .6  m ic ro n s , to ta l  p re s su re  of 400  m m . C o rre c t io n s  fo r  
d e v ia tio n s  a t t r ib u t e d  p r in c ip a lly  to  p re s su re  b ro ad en in g )

P a r t ia l  
P re s su re , 
M m . H g

E x tin c t io n
D e v ia tio n  fro m  
T h e o re tic a l, %

O b se rv ed C o rre c te d T h e o re tic a l O b se rv ed C o rre c te d
10 0 .0 4 8 ' 0 .0 6 3 0 .0 6 9 3 0 .4 8 .4
20 0 .0 8 4 0 .1 3 7 0 .1 3 8 3 9 .1 0 .1
30 0 .1 1 4 0 .2 1 3 0 .2 0 6 4 4 .6 1 .0
40 0 .1 3 8 0 .2 8 2 0 .2 7 6 5 0 .0 2 .2
50 0 .1 6 0 0 .3 5 4 0 .3 4 4 5 3 .5 2 .9
60 0 .1 7 8 0 .4 2 1 0 .4 1 3 5 9 .6 1 .9
70 0 .1 9 6 0 .4 8 4 0 .4 8 1 5 9 .2 0 .6
80 0 .2 1 2 0 .5 5 3 0 .5 5 1 6 1 .4 0 .4
90 0 .2 2 5 0 .6 1 2 0 .6 2 0 6 3 .7 1 .3

Table V .  Comparison of A ctu al and Determined Com positions of 
Several Synthetic Blends
P re s e n t, F o u n d , D e v ia tio n ,
M ole  %

S am p le  1

M ole  %  % M ole  %

A ir 5 .4 5 .6 0 .2
M e th a n e 8 5 .3 8 6 .3 1 .0
E th y le n e 0 .6 0 .0 0 .6
E th a n e 4 .8 5 .1 0 .3
P ro p y le n e 0 .0 0 .0 0 .0
P ro p a n e 3 .9

S am p le  2

3 .0 0 .9

M e th a n e 5 .1 5 .1 0 .0
E th y le n e 1 9 .9 1 8 .9 1 .0
E th a n e 2 8 .4 2 9 .5 1 .1
P ro p y le n e 2 1 .6 2 2 .7 1 .1
P ro p a n e 2 5 .0

S am p le  3

2 3 .8 1 .2

A ir 1 1 .7 1 1 .7 0 .0
M e th a n e 3 8 .2 3 9 .7 1 .5
E th y le n e 9 .9 8 .7 1 .2
E th a n e 1 7 .3 1 7 .5 0 .2
P ro p y le n e 8 .1 7 .9 0 .2
P ro p a n e 1 4 .8 1 4 .5 0 .3

item  3. This may be visualized from the laboratory d a ta  shown 
in Table IV ; a  in this case is 7.59. T he deviations of the cor­
rected values are well w ithin the accuracy of the measurements.

A N A L Y S I S  O F  S Y N T H E T IC  B L E N D S

Table V shows the order of accuracy secured under actual ana­
lytical conditions. Synthetic blends were analyzed by diluting 
w ith air as described above. T he hydrocarbon components were 
determ ined directly, while the air content of the original sample 
was obtained by difference. T he deviations between the syn­
thetic and calculated analyses are w ithin the experimental error 
of the measurements.

A C K N O W L E D G M E N T

T he w riter would like to  thank  J. W. N ewton, W. W. Leach, 
and P. L. Smith for permission to  publish th is m anuscript and 
V. A. Kalichevsky and E . C. Daigle for valuable suggestions 
in th e  course of this work and in the preparation of the m anu­
script.

L IT E R A T U R E  C ITED

(1) B ra tta in , R . R ., Rasm ussen, R . S., and C ravath , A. M., J .
Applied Phys., 14,418-28(1943).

(2) Brode, W . R ., "Chem ical Spectroscopy” , New York, John
W iley & Sons, 1939.

(3) Gordon, R . R ., and Powell, H ., J . In st. Petroleum Tech., 31, 191-
212 (1945).

(4) Nielson, J . R ., and Sm ith, D. C., I n d .  E n g .  C h e m . ,  A .v a t.. E d . ,  15,
609-15 (1943).

(5) Nielson, J . R ., Thornton, V., and Dale, E. B., Rev. Modern Phys.,
16, 307-24 (1944).

(6) Sheard, Charles, and S tates, M . N ., J .  Optical Soc. Am ., 31, 64-9
(1941).

P r e s e n t e d  b efo re  th e  T e x as  R eg io n a l M e e tin g  of th e  A m e r i c a n  C h e m i c a l  

S o c i e t y ,  D ec e m b e r  7 a n d  8 ,1 9 4 5 .



Identification of O rganic Compounds by Use of 
Chromium Target X -R a y  Diffraction Powder Patterns

F. W . M A T T H E W S  a n d  J .  H . M 1 C H E L L  

Canadian Industries Lim ited, Central Research Laboratory, M cM asterville, Q uebec

A  study was made of the x-ray diffraction powder diagrams of a 
series of solid derivatives (anilides) of saturated aliphatic acids. 
It has been found that the use of chromium target x-radiation gives 
patterns of increased dispersion with the result that each member of 
the homologous series C i to C u  can readily be distinguished and 
identified. Structural isomers within the series may also be identi­
fied. Technical details on the use of chromium radiation for powder 
diffraction work are described. Tables of powder diffraction 
measurements are given.

TH E  use of x-ray diffraction patterns for the identification of 
crystalline m aterial was outlined by H ull (10) in 1919 when he 

showed th a t a crystalline substance gives a  diffraction pattern  
which is always the same for the same substance, and is suffi­
ciently different from m any of its chemical homologs to  enable 
identification to  be made. The application of th e  m ethod has 
been mainly confined to inorganic compounds and minerals; the 
num ber of crystalline organic compounds recorded is relatively 
small. Of the one thousand patterns listed by H anaw alt, Rinn, 
and Frevel (9), fofty-nine are of organic compounds. T his is due 
in p a rt to the complex natu re  of the powder patterns resulting 
from crystals of com paratively low sym metry. This condition 
should be im proved if greater dispersion of the pattern  were ac­
complished by the use of radiation of longer wave length and /o r 
larger camera diam eter and necessary refinement of collimator 
design. These difficulties were discussed a t a  recent meeting in 
E ngland on the subject of physical m ethods of identification of 
m aterials, reported by B annister (2). A t th is meeting Bunn sug­
gested the use of larger camera diam eter to give greater pattern  
dispersion.

The use of x-ray powder diffraction patterns for th e  identifi­
cation of organic compounds poses certain unique problems. 
For example, the success or failure of the m ethod in identifying 
individual members of a homologous series will depend upon the 
extent to  which an additional m ethylene group affects the 
powder pa tte rn  of a typical mem ber of the series. The differences 
between the patterns for each adjacent member m ust be suffi­
ciently clear to  establish identification. Similarly, the patterns 
for structu ral isomers m ust be distinctive. Rodgers (2) reported 
th a t  in  alm ost all cases powder patterns have 
proved exact enough to  discrim inate unam bigu­
ously between different organic compounds, even 
those of essentially similar chemical structure.

R ecent work by McICinley, Nickels, and Sidhu 
on the identification of phenols (IS) and by 
Clarke, K aye, and Parks (6) on the identifica­
tion of aldehydes and ketones by means of x-ray 
diffraction powder patterns clearly showed the 
applicability of the  m ethod. N o published 
powder data , however, were available w ith which 
to evaluate the ability  of the m ethod to  distin­
guish between each member of a  homologous 
series, or of a num ber of structural isomers.

For the present work, th e  anilides of the 
saturated  aliphatic acids were chosen. The 
identity  of th e  anilides could readily be checked, 
as ample m elting point da ta  were available (11).
These same anilides have been investigated by 
Robertson (16) for the purpose of relating 
m elting point and molecular structure.

X - R A Y  A P P A R A T U S  A N D  T E C H N IQ U E

General Electric X R D  T ype I  diffraction equipm ent was used 
in  recording the powder patterns. Increased pa tte rn  dispersion 
was accomplished by the use of chromium K -a  ( \  =  2.285 kX )  
radiation. T he effect on p a tte rn  dispersion of this longer wave­
length radiation is illustrated  in Figure 1. A very m arked im­
provem ent in  pa tte rn  dispersion and definition will be seen in the 
change from molybdenum K - a  (X =  0.708 kX )  and copper K - a  
( \  =  1.537 kX ) .  T he same pattern  dispersion could be accom­
plished by the use of larger cam era diam eters b u t the refinement 
in th e  collim ator system  required to  give suitable definition of 
the pattern , together w ith the increased ta rg e t to  specimen and 
specimen to  film distances, would require longer exposure times. 
The source of chromium radiation  was a General Electric CA-6 
Coolidge type tube w ith beryllium m etal windows. The use of 
beryllium m etal as th e  window of the tube is reported by Atlee 
(i)*to give greatly increased useful intensity  for wave length of 
x-radiation larger than  1.5 kX .

T he filter used to  pass essentially th e  K -a  wave length was 
m ade from vanadium  pentoxide (c.p., supplied by E im er and 
Amend, New York, N . Y .) ground in cellulose acetate  or n itra te  
cement (H ) .  (Duco Household cement was found very sa tis­
factory.) T he m ixture was thinned w ith am yl acetate and 
spread on glass to  give a  uniform film. A fter evaporation of the 
solvent, th e  film was stripped from the glass plate under water. 
The concentration found to  give satisfactory removal of the Cr 
K-/3 lines wae 15 mg. of vanadium  pentoxide per square centimeter. 
This figure was determ ined by a series of powder photographs 
of sodium chloride taken  w ith a  range of concentrations of vana­
dium pentoxide in th e  filter. T he concentration a t  which the 
(200) reflection due to  K-j3 was barely detectable was considered 
satisfactory. The powder cam era used was th a t of the General 
Electric X R D  unit, th e  diam eter being 143.2 mm. The speci­
m en was m ounted in a  wedge, which was adjusted  in the camera 
by  sighting through the pinhole collim ator to  intercept one half 
of th e  beam. The tube  was operated a t  a  po ten tial of 35 kv. and 
a  current of 15 ma. Using E astm an Type K  radiographic film 
the exposure tim e required was about 4 hours.

T he relative intensities of the  lines of th e  powder diffraction 
pattern  should refer to  random ly oriented powders. In  the case 
of organic compounds which crystallize in needles or plates, this 
condition is experimentally difficult to  obtain particularly  in the 
case of wedge specimen m ounts. The'sam ples used were carefully 
ground in an agate m ortar. In  th e  case of one particularly  
plate-like m aterial, propionanilide, a  second sam ple was ground 
w ith Pyrex. No significant variation in relative line intensity  
was noted when compared to the previous photograph. The 
Pyrex adds considerably to  the absorption in the specimen.

Figure 1. X -R a y  Powder Diffraction Patterns of A cetan ilid e

Effect of change of x-ray wave length on pattern dispersion and resolution
Top. M o  K-cr radiation, X — 0.71
M id dle. Cu  K -a , X -» 1.54
Bottom. Chromium radiation, X ’ «» 2 .29
Camera diameter 1 4 3.2  mm. ,

662
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Table 1. M elting Points of A n ilid e s  of A lip h a tic  A c id s
M e ltin g  

N o . of P o in t, ° C .
C a rb o n  A to m s  (T h is  

in  A cid  R esea rc h )A cid

F o rm ic
A ce tic
P ro p io n ic
n -B u ty r ic
I s o b u ty r ic
n -V ale ric
Iso v a le ric
a -M e th y lb u ty r ic
P iv a l ic
n -C ap ro ic
Iso c a p ro ic
E n a n th ic
C ap ry lic
P e la rg o n ie
C ap ric
U n d ecy lic
L a u rie
M y ris tic
P a lm itic
S te a r ic

M e lt in g  P o in t ,  ° C . ( / / )

1 4 7 .6 50
2 1 1 3 .6 1 1 4 .1
3 104 1 0 4 - 1 0 4 .5 ,1 0 5 .6
4 9 3 .5 9 2 ,9 6 ,9 7
4 1 0 2 .5 104 -105 , 105
5 63 6 1 -6 2 ,6 2 - 6 3 ,  63
5 109 1 0 9 .5 ,1 0 9 -1 1 0 ,1 1 0
5 109 1 0 5 .5 -1 0 6 .5 ,  108, 110-111
5 132 1 2 8 ,1 3 2 -1 3 3
6 9 4 .5 92, 9 4 -5 , 96
6 111 110.5, 1 1 1 .5 , 112
7 64 64, 65 , 69
8 54 55, 57
9 5 7 .5 57

10 68 70
11 70 71
12 78 7 6 .5 ,7 8
14 85 8 0 -8 2 , 84
16 91 9 0 .5 ,9 0 .6
18 95 9 4 ,9 5 .5

Lindem ann glass or beryllium  m etal powder m ight give improved 
results.

P R E P A R A T IO N  O F  A N IL ID E S

Form anilide was prepared by  boiling an equim olar m ixture of 
87%  formic acid and aniline un til th e  tem peratu re  of th e  mix­
tu re  reached 280° C. (18). The product was recrystallized from 
low-boiling petroleum  ether. By refluxing together equim olar 
quantities of the acid and freshly distilled aniline for 2  to 3 hours 
the following anilides were prepared: acetanilide (19), propi- 
onanilide (6), n-butyranilide, isobutyranilide, «-m ethylbutyr- 
anilide, pivalanilide, and caproanilide (12). T he  anilides of 
n-valeric, isovalerie, and isocaproic acids were prepared (7) by 
adding aniline to  a benzene solution of th e  corresponding acid 
chloride in  th e  proportion of 2 moles of aniline to  1 of acid chlo­
ride. In  each case th e  m ixture was brought to  gentle reflux for 
10 m inutes, then  cooled, and th e  aniline hydrochloride removed by  
filtration. Evaporation of the filtrate gave th e  crude crystalline 
anilide. In  th e  same w ay the anilides of undecylic, lauric (4), 
m yristic, palm itic (7), and stearic acids were prepared (8). The 
anilides of enanthic, caprylic, pelargonic, and capric acids were 
obtained by heating equim olar proportions of the acid and aniline 
in sealed tubes a t  a  tem perature of 160° to  190° C. for 2 hours 
(15). In  general it  was found th a t  th e  anilides of lower members 
of th e  series (C, to  C8) could be crystallized readily from ethanol- 
w ater mixtures, the interm ediate members (C6 to  Cu) could be 
crystallized from petroleum  ether, and th e  higher members 
(Ci2 to  C „) could be crystallized from benzene.

The m elting points of the prepared anilides, as well as the 
values given in the literature, are given in  Table I.

D IS C U S S IO N  O F  P O W D E R  D IF F R A C T IO N  D A T A

The powder diffraction da ta  for the anilides of the normal 
aliphatic acids from Ci to  C12, inclusive, and of the even-numbered 
carbon acids Cu to  Ci8 as well as for the iso acids C<, C8, and C6 
and of two o ther structu ral isomers of the C8 aliphatic acid are 
listed in  Table I I  (p. 664). The intensities recorded were esti­
m ated from a visual exam ination of the film. T he m ost intense 
lines of the patterns are listed in  Table I I I  and in  Table IV  the 
compounds are listed in  order of the strongest line of the patterns.

E xam ination of the powder diffraction da ta  for unique char­
acteristics by which iden tity  of the compounds can be estab­
lished shows th a t the patterns of the anilides of th e  norm al acids 
Cj to Cs are readily distinguished. The patterns of the even 
numbers of the series C8 to  Cis show a  m arked sim ilarity, suggest­
ing a  uniform ity of crystal structure which m ay be described as 
“ isostructural” . E ach pattern , however, has unique character­
istics by which i t  can be distinguished; this is particularly  true 
of the longest d spacing recorded, which shows a m easurable step­
wise change w ith increasing chain length of the acid. Only two 
acids w ith  an odd num ber of carbon atom s greater th an  C8 were 
examined. These indicated th a t  a  separate isostructural scries is

formed by these compounds. These results are in agreem ent w ith 
the findings of Slagle and O tt (17) in  their x-ray investigation of 
the fa tty  acids.

A graphic representation of the melting point vs. carbon chain 
length of the compounds as given by Robertson (17) (see Figure 
2) shows no regular relationship up to  C8. From  C8 to Ci8 the 
d a ta  show regularly increasing melting points w ith increasing 
carbon chain length. This result is in conformity w ith the iso­
structural relationship found in  th e  exam ination of th e  powder 
data.

The effect of structural isomerism on the powder diffraction 
pattern  was examined in the case of the norm al and isoisomers 
of butyric, valeric, and caproic acids. The pa tte rn  of the straight- 
chain derivative could be readily distinguished from th a t  of its 
structural isomer. In  the case of the C8 acid four structural iso­
mers were examined: n-valeric, isovaleric, a-m ethylbutyric, and 
pivalic acids. The diffraction patterns of the anilides of these 
acids could be readily distinguished.

Since the x-ray diffraction powder p a tte rn  is specific for each 
polymorphic form of a  substance, the possible existence of such 
forms should be considered. From  th e  x-ray diffraction exami­
nation no evidence was observed of polymorphic changes in  these 
compounds. All samples were crystallized from solvents, a t  
room tem perature. These conditions would tend to  give a product 
stable a t  room tem perature. P a tte rn s  taken  a t  intervals of 
several m onths on the same specimen showed no change. The

Table III. Four Strongest Lines of Powder Diffraction Patterns of 
A n ilid e s  of Some Saturated A lip h a tic  A c id s

N am e

N o . of 
C a rb o n  

A to m s  in  
A lip h a tic  

A cid 1 s t L in e 2 n d  L in e 3 rd  L in e 4 th  L ine

F o rm a n ilid e 1 3 .6 1 3 .7 5 3 .0 9 5 .1 6
A ce tan ilid e 2 9 .4 4 5 .9 2 3 .6 4 3 .4 1
P ro p io n a n ilid e 3 3 .7 5 6 .1 7 8 .5 9 4 .4 6
n -B u ty ra n ilid e 4 4 .0 5 5 .0 5 5 .6 5 3 .5 5
I s o b u ty ra n i lid e 4 7 .0 9 4 .0 5 5 .7 2 4 .4 7
n -V a le ra n ilid e 5 4 .7 7 3 .6 4 1 0 .2 5 5 .5 0
Is o v a le ra n ilid e 5 7 .4 1 4 .1 3 9 .9 5 5 .0 0
d ,i- a -M e th y lb u ty r - 5 7 .2 8 4 .1 7 3 .2 8 5 .1 7

a n ilid e
P iv a la n il id e 5 7 .1 4 4 .2 0 4 .6 2 5 .0 0
n -C a p ro a n ilid e 6 3 .8 2 3 .5 5 5 .5 5 4 .7 7
Is o c a p ro a n ilid e 6 4 .2 1 7 .5 1 4 .8 0 3 .5 3
E n a n th a n i lid e 7 4 .7 0 4 .1 5 4 .0 0 3 .7 8
C a p ry ia n il id e 8 1 6 .4 4 .0 3 3 .9 4 8 .0 6
P e la rg o n a n ilid e 9 1 7 .0 8 .4 6 4 .4 9 3 .9 5
C a p ra n ilid e 10 1 9 .1 4 .0 5 9 .1 2 3 .9 3
U n d ecy lan ilid e 11 4 .0 5 4 .2 5 3 .6 4 1 7 .4
L a u ra n ilid e 12 3 .8 6 2 0 .7 3 .7 5 3 .6 1
M y ris ta n i lid e 14 4 .3 6 3 .8 5 1 1 .6 3 .7 3
P a lm ita n ilid e 16 4 .4 0 3 .8 5 3 .7 5 . 3 .6 3
S te a ra n il id e • 18 4 .4 1 3 .8 5 3 .7 4 3 .6 5

Table IV . Data Arranged in O rder of Strongest Lin e  of Diffraction
Pattern

N a m e

F o rm a n ilid e  
P ro p io n a n ilid e  
n -C a p ro a n ilid e  
L a u ra n ilid e  _ 
n -B u ty ra n ilid e  
U n d e c y la n ilid e  
I s o c a p ro a n ilid e  
M y r is ta n i lid e  
P a lm ita n ilid e  
S te a ra n il id e  
E n a n th a n i l id e  
n -V a le ra n ilid e  
I s o b u ty ra n i lid e  
P iv a la n il id e  
d ,î- a -M e th y lb u -  

ty ra n ilid e  
I so v a le ra n ilid e  
A ce ta n ilid e  
C a p ry ia n ilid e  
P e fa rg o n an ilid e  
C a p ra n ilid e

1 s t L ine 2 n d  L in e 3 rd  L in e 4 th  L in e

N o . of 
C a rb o n  

A to m s  in  
A lip h a tic  

A cid

3 .6 1 3 .7 5 3 .0 9 5 .1 5 1
3 .7 5 6 .1 7 8 .5 9 4 .4 6 3
3 .9 2 3 .5 5 5 .5 5 4 .7 7 6
3 .8 6 2 0 .7 3 .7 5 3 .6 1 12
4 .0 5 5 .0 5 5 .6 5 3 .5 5 4
4 .0 5 4 .2 5 3 .6 4 1 7 .4 • 11
4 .2 1 7 .5 1 4 .8 0 3 .5 3 6
4 .3 6 3 .8 5 1 1 .6 3 .7 3 14
4 .4 0 3 .8 5 3 .7 5 3 .6 3 16
4 .4 1 3 .8 5 3 .7 4 3 .6 5 18
4 .7 0 4 .1 5 4 .0 0 3 .7 8 7
4 .7 7 3 .6 4 1 0 .2 5 5 .5 0 6
7 .0 9 4 .0 5 5 .7 2 4 .4 7 4
7 .1 4 4 .2 0 4 .6 2 5 .0 0 5
7 .2 8 4 .1 7 3 .2 8 5 .1 7 5

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

1 6 .4 4 .0 3 3 .9 4 8 .0 6 8
1 7 .0 8 .4 6 4 .4 9 3 .9 5 9
1 9 .1 4 .0 5 9 .1 2 3 .9 3 10
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Table II. X -R a y  Diffraction Data
F o rm a n ilid e , Ci A ce tan ilid e , C j

d I / h d I / h

1 4 .0 0 .5 0 9 .4 4 1 .0 0
7 .2 8 0 .1 5 6 .6 6 0 .5 0
7 .0 3 0 .2 0 6 .3 3 0 .0 5
6 .1 9 0 .0 5 5 .9 2 0 .8 0
5 .9 4 0 .1 0 5 .0 9 . 0 .5 0
5 .6 1 0 .2 5 4 .8 3 0 .0 5
5 .3 2 0 .4 0 4 .6 7 0 .1 0
5 .1 6 0 .7 0 4 .4 0 0 .3 0
4 .8 6 0 .4 0 4 .2 8 0 .3 0
4 .6 9 0 .7 0 4 .2 3 0 .0 2
4 .3 3 0 .7 0 4 .0 3 0 .2 0
4 .1 3 0 .1 0 3 .9 5 0 .3 0
3 .8 1 O . 50 3 .8 6 0 .2 0
3 .7 5 0 .8 0 3 .6 6 0 .6 0
3 .6 1 1 .0 0 3 .5 8 0 .3 0
3 .5 2 0 .0 2 3 .4 1 0 .6 0
3 .4 5 0 .0 5 3 .2 6 0 .1 5
3 .2 5 0 .4 0 3 .1 7 0 .2 0
3 .0 9 0 .8 0 3 .0 2 0 .0 5
2 .9 9 0 .1 0 2 .9 9 0 .2 5
2 .9 3 0 .0 5 2 .7 9 0 .1 5
2 .8 1 0 .1 5 2 .7 4 0 .0 5
2 .6 5 0 .0 5 2 .6 5 0 .1 0
2 .5 5 0 .0 5 2 .5 6 0 .1 5
2 .5 2 0 .0 5 2 .5 1 0 .1 5
2 .3 8 0 .0 5 2 .4 6 0 .1 0
2 .3 4 0 .0 5 2 .4 2 0 .0 5
2 .3 0 0 .0 5 2 .3 8 0 .0 2
2 .2 4 0 .0 5 2 .3 5 0 .2 0
2 .1 8 0 .0 5 2 .2 5 0 .2 0
2 .0 4 0 .0 5 2 .1 9 0 .0 5
2 .0 1 0 .0 5  * 2 .1 6 0 .1 0

2.Q 4 0 .1 0
2 .0 1 0 .1 0
1 .9 3 0 .1 0
1 .9 0 0 .1 0

P ro p io n a n ilid e , Ce 
d I / h

tt -C a p ro a n ilid e , Ce 
(C ontd .)

Iso c a p ro a n ilid e , Cs 
(C ontd.)

E n a n th a n i l id e ,  Ci 
(C ontd .)

8 .5 9 0 .6 0
d I / h d I / h

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

2 .2 5 0 .0 5
2 .1 9 0 .1 0
2 .1 3 0 .1 5
1 .9 9 0 .1 0
1 .9 4 0 .0 5
1 .9 1 0 .0 5

n - B u ty ra n ilid c , C< Is o b u ty ra n i lid e , C< c / ,f -a -M e th y lb u ty ra n il id e , Cs

1 0 .2 5 0 .0 5 9 .9 4 0 .4 0 1 0 .2 7 0 .2 0
8 .6 4 0 .0 5 7 .0 9 l'.OO 7 .2 8 1 .0 0
7 .7 3 0 .0 5 5 .7 2 0 .6 0 6 .5 8 0 .0 5
6 .9 4 0 .0 5 5 .0 0 0 .5 0 5 .8 0 0 .6 0
5 .6 5 0 .3 0 4 .7 7 0 .5 0 5 .1 7 0 .7 0
5 .0 5 0 .5 0 4 .4 7 0 .6 0 4 .9 3 0 .3 0
4 .7 8 0 .1 0 4 .2 0 0 .1 0 4 .7 7 0 .3 0
4 .6 7 0 .1 0 4 .0 5 0 .8 0 4 .6 3 0 .7 0
4 .4 5 0 .0 7 3 .8 6 0 .2 0 4 .5 5 0 .2 0
4 .0 5 1 .0 0 3 .6 2 0 .0 5 4 .4 6 0 .0 5
3 .9 2 0 .1 5 3 .4 7 0 .0 2 4 .3 3 0 .0 5
3 .7 3 0 .1 5 3 .3 5 0 .3 0 4 .1 7 1 .0 0
3 .4 7 0 .1 0 3 .1 8 0 .2 0 3 .9 5 0 .3 0
3 .3 5 0 .3 0 3 .1 1 0 .1 5 3 .7 0 0 .3 0
3 .0 9 0 .2 0 2 .9 9 0 .0 2 3 .4 3 0 .6 0
3 .0 0 0 .0 7 2 .2 9 0 .0 5 3 .2 8 0 .8 0
2 .6 4 0 .0 2 2 .2 5 0 .0 2 3 .1 2 0 .4 0
2 .4 7 0 .0 5 2 .0 5 0 .0 7 3 .0 1 0 .1 5
2 .0 4 0 .1 0 2 .9 5 0 .1 0

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

o v a le ra n ilid e , C* n -V a le ra n ilid e , Ca P iv a la n il id e , Cs
d I / h d I / h d I / h

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

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

•C ap ro a n ilid e , Ce Is o c a p ro a n ilid e , Ce E n a n th a n i l id e ,  C 7

d I / h d I / h d I / h

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

n -C a p ry la n il id e , Ca P e la rg o n a n il id e , C#

d I / h
4 .0 0 0 .8 0
3 .7 8 0 .8 0
3 .5 9 0 .6 0
2 .2 7 0 .1 0
2 .2 1 0 .1 0

C a p ra n ilid e , Cio

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

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

U n d ecy lan ilid e , C 11 L a u ra n ilid e , C u M y ris ta n i lid e , C u
d I / h d I / h d I / h

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

P a lra ita n ilid e , Cie S te a ra n il id e , Cis
d I / I x d I / h

1 2 .6 0 .5 0 1 6 .4 0 .2 0
1 0 .3 0 .1 0 1 4 .0 , 0 .2 0

9 .1 2 0 .0 2 1 2 .2 0 .0 2
8 .2 1 0 .3 0 1 0 .9 0 .0 2
7 .3 4 0 .0 5 9 .4 9 0 .0 5
6 .5 5 0 .1 5 8 .7 8 0 .0 5
5 .3 1 0 .1 5 7 .7 9 0 .0 2
4 .8 6 0 .2 0 7 .0 9 0 .0 2
4 .5 6 0 .0 5 6 .7 5 0 .0 1
4 .4 0 1 .0 0 5 .7 4 0 .0 1
4 .2 3 0 .1 0 5 .2 5 0 .0 1
4 .1 3 0 .0 5 4 .8 1 0 .0 5
4 .0 0 0 .1 5 4 .4 1 1 .0 0
3 .8 5 1 .0 0 4 .0 1 0 .2 0
3 .7 5 0 .6 0 3 .8 5 1 .0 0
3 .6 3 0 .6 0 3 .7 4 0 .5 0
3 .1 4 0 .1 0 3 .6 5 0 .5 0
3 .0 6 0 .0 2 3 .1 4 0 .1 0
2 .4 2 0 .1 0 2 .4 3 0 .1 0
2 .3 5 0 .0 2 2 .0 8 0 .0 2
2 .3 0 0 .0 5 2 .0 5 0 .1 0
2 .1 1 0 .0 2
2 .0 7 0 .0 2
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NO .O F C A R B O N  ATO M S  IN C H A IN

Figure 2. Effect of Chain Length on M elting Point of 
A n ilid e s  of A lip h a tic  A c id s

Data from Robertson ( t 6 )

optical studies of B ryan t (3) on the p-bromoanilides of the ali­
phatic acids showed m etastable-polym orphic forms which, how­
ever, were evident only in crystallizations from melt.

I t  was noted th a t extreme purity  of the crystalline samples was 
no t necessary in obtaining distinctive diffraction patterns. For 
instance, a crude sample of acetanilide, melting 5° below th a t of 
N ational Bureau of S tandards m icroanalytical acetanilide, gave 
a  pa ttern  identical w ith th a t of the purer sample. This is an 
indication th a t great care in recrystallizing a  derivative until a 
constant m elting point is reached m ay no t always be necessary 
for identifications when the x-ray diffraction method is em­
ployed. This observation is in agreem ent w ith the authors’ ex­
perience in the wider application of the method.

S U M M A R Y

Using chromium ta rge t x-radiation, the powder diffraction 
patterns for the anilides of the norm al saturated  fa tty  acids (Ci 
to Cu) were shown to be sufficiently characteristic to  enable 
individual identification. The anilides of structural isomers of 
several of the fa tty  acids gave distinctive diffraction patterns. 
Extrem e purity  of the crystalline derivatives was found to  be 
unnecessary in obtaining characteristic patterns.
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Determination of Hydrogen Sulfide in G ases
E D M U N D  F IE L D  a n d  C. S. O L D A C H 1 

Am m onia Department, E. I. du Pont de Nemours & Co ., Inc., W ilm ington, Del.

Two colorimetric methods have been developed for the analysis of 
traces of hydrogen sulfide in gases. The hydrogen sulfide Is first 
absorbed in a caustic solution, and in the more sensitive method is 
converted to bismuth sulfide. The concentration of the resulting 
suspension is determined by means of a spectrophotometric measure­
ment. In the absence of a spectrophotometer the sulfide is made to

react with a uranyl-cadmium reagent and analyzed by visual com ­
parison in a chromometer. W ith the spectrophotometric method 
as little as 7 micrograms of hydrogen sulfide may be determined with 
a precision of * 1 0 % .  For larger samples the precision improves 
to =>=3%. The chromometer technique requires five times as much 
sulfide for equal precision, but still is far more sensitive than titration.

TH E  sensitivity of even the elaborate titra tion  technique de­
scribed by Shaw (.3) for th e  determ ination of hydrogen sul­

fide is inadequate for such special applications as the study  of cata­
lyst poisons, particularly where the lack of sensitivity cannot 
conveniently be overcome by increasing the size of the sample to  
be analyzed. In a more effective procedure for th e  determ ination 
of traces of hydrogen sulfide, presented by Moses and Jilk (2), 
a  photoelectric cell measures th e  degree of darkening of a  lead 
acetate-im pregnated tape  through which the gases are passed. 
T he present paper describes another approach to  the problem 
whereby as little  as 1.4 micrograms of hydrogen sulfide in aque­
ous solution can be detected optically. Two procedures were 
developed specifically to  m eet th e  problems of the identification 
and determ ination of organic sulfur compounds present as impu-

1 Present address, Belle, W. Va.

rities in  commercial gases and solvents. Their application to  1 he 
solution of these problems will be described in succeeding papers.

B oth of the analytical methods described employ a  solution of 
the hydrogen sulfide in 6 % aqueous sodium hydroxide. For the 
applications under consideration this involves scrubbing the sul­
fide-bearing gas with caustic. In  the more sensitive of th e  two 
analytical methods the sulfide in solution is converted to  bism uth 
sulfide and the concentration of th e  resulting suspension is de­
term ined by measuring th e  transmission of monochromatic light 
w ith a  spectrophotom eter. The precision of the analysis is de­
term ined by the am ount of hydrogen sulfide collected in the ab­
sorbing solution. The precision is *  10% when 7 micrograms of 
hydrogen sulfide are collected. This corresponds to  the am ount of 
sulfur in 0.1 cubic foot of gas containing sulfur in a  concentration 
of 0.11 grain per 100 cubic feet (1 grain per 100 cubic feet =  22.9 
micrograms per liter). W ith larger concentrations of sulfur or a  
larger sample, a  precision of * 3 %  can be achieved.
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The second method is useful when a spectrophotom eter is no t 
available. In  th is case cadmium sulfide is precipitated in the 
presence of uranyl ion and the sulfide concentration is then  de­
term ined by m atching of color and opacity against a b lank in a 
visual comparometer. The sensitivity is approxim ately one fifth 
th a t of the speetrophotom etric method, b u t is still far superior to  
th a t experienced in  titra tio n  methods.

G E N E R A L  P R O C E D U R E

R e a g e n t s . T he following solutions are required.
Caustic Solution, 6 % by w eigh t.' Dissolve 1130 gram s of re­

agent grade sodium hydroxide in 10 liters of distilled oxygen-free 
w ater and dilute to  18 liters.

B ism uth R eagent. Dissolve 42.8 gram s of c .p . bism uth  n itra te  
pen tahydrate  in 3 liters of glacial acetic acid and dilute w ith 15 
liters of distilled w ater.

U ranyl-Cadm ium  R eagent. Dissolve 44.4 gram s of uranyl 
n itra te  hexahydrate and 31.4 gram s of cadmium acetate  dihy­
d ra te  in  20 liters of distilled w ater plus 4  liters of glacial acetic 
acid (all c .p . ) .

Standard  Sulfide Solutions for C alibration Purposes. Prepare 
fresh each day by dissolving approxim ately 3 gram s of c.p. so­
dium  sulfide nonahydrate in 1 liter of the 6%  caustic solution. 
D eterm ine concentration by iodometric titra tion  (S). D ilute 
aliquots w ith 6%  caustic to  provide solutions of known concen­
trations for the calibrations.

WAVE LENGTH mu 

Figure 1. Ligh t Absorption b y  Bismuth Sulfide Suspension

• found very satisfactory. The speetrophotom etric analysis re­
quires only 10 ml. of the  caustic solution. In  order to  take full 
advantage of th e  smaller reagent volume requirem ent in term s of 
minim um gas sample, bubble bottles were employed w ith capaci­
ties as low as 10 ml. W ith either the Milligan or th e  bubble 
bottles, gas rates of 0.6 liter per m inute were used w ithout sulfide 
leakage. A fter a  sufficient quan tity  of gas is scrubbed th e  solution 
is mixed and an aliquot taken  for analysis.

G e n e r a l  P r e c a u t i o n s . The methods are extrem ely sensitive 
and consequently are very susceptible to  serious errors from acci­
dental contam ination. No grease of any type should be used on 
stopcocks and ground-glass joints, since i t  causes a discoloration 
of the  caustic. Glassware should be thoroughly cleaned, pref­
erably w ith acetone or similar organic solvent followed by several 
w ater rinses.

Since sulfides are readily oxidized by dissolved oxygen, all solu­
tions are deoxidized and transferred where possible under a  blan­
ket of nitrogen. T he short tim e of exposure in the final mixing of 
reagents has a negligible effect.

The analysis requires the addition of either th e  bism uth or the 
uranyl reagent to  the caustic solution of th e  sulfide. T he order of 
mixing and th e  tim e of standing b.etween preparation and  analy­
sis m ust be rigidly standardized. W hen th e  reagents are mixed, 
heat of neutralization is evolved, effervescence m ay occur, and 
crystal growth or agglomeration begins. These changes are rapid 
a t  first b u t become slow after 3 to  5 minutes. D espite the heat of 
reaction i t  was no t found necessary to  therm ostat the  solution. 
In  the course of several hundred determ inations by  each method, 
no tendency for the precipitate to  settle  could be observed during 
the 10 m inutes necessary for th e  analysis. (A private  communica­
tion from J . K . Fogo, who was kind enough to  check the spectro- 
photom etric procedure, states th a t difficulty was encountered 
from a  tendency of th e  bism uth sulfide to  precipitate before the 
light transm ittance could be measured. H is suggestion th a t all 
trouble from this source m ay be avoided by adding 0.2 %  clear 
Knox gelatin to  the bism uth reagent appears to have real value.)

T he exact concentration of reagents is no t critical; however, 
they m ust be so balanced th a t the final solution is weakly acid.

S P E C T R O P H O T O M E T R iC  M E T H O D

E q u i p m e n t . A Coleman M odel 10S double m onochrom ator 
spectrophotom eter was employed, in conjunction w ith a  Coleman 
310 electrom eter. T he cuvettes were .cylindrical Pyrex tubes 16 
mm. in inside diam eter. ^

P r o c e d u r e . T o  th e  6 %  sodium hydroxide solution containing 
the sulfide, an equal volume of th e  bism uth n itra te-acetic  acid 
reagent is added. T he product is weakly acid, so th a t carbon 
dioxide is liberated from any carbonate present. T he solution is 
mixed by bubbling deoxidized nitrogen (purchased as such in 
standard  cylinders from Air Reduction Sales Co.) through it  for 
30 seconds and then is allowed to  stand  for exactly 5 m inutes. A 
portion of th is sam ple (10 ml.) is poured into th e  spectrophotom ­
eter cuvette. T he spectrophotom eter is balanced a t  an arb itra ry  
100% light transm ission in the absence of th e  cuvette, and 7 min­
u tes from th e  tim e of precipitation the per cent transm ittance 
of sample is determ ined w ith the cuvette in  place. The sulfide 
concentration is then  read directly from a  calibration chart.

W hen sampling a  gas containing a very low concentration of 
hydrogen sulfide it  is necessary to  pass enough gas through the

S c r u b b i n g  H y d r o g e n  S u l f i d e  f r o m  a  G a s  S t r e a m . Both 
procedures employ a  caustic solution of sulfide ion obtained by 
scrubbing the gas to be analyzed. T o avoid oxidation of the sul­
fide ion the gas m ust be free of oxygen, b u t hydrogen, nitrogen, 
carbon monoxide, m ethane, ethylene, and up to  2 %  carbon diox­
ide do no t interfere. Up to  1%  oxygen in  the gas to  be analyzed 
is autom atically removed by th e  procedure for converting organic 
sulfur compounds to  hydrogen sulfide (1). Hydrogen sulfide is 
readily and completely absorbed from a  gas by bubbling through 
a 6%  caustic solution. F or th e  chromometer m ethod a Milligan 
gas-washing bo ttle  containing 100 ml. of 6%  caustic has been

Table I. Sample Calibration Data for Speetrophotometric M ethod
M ic ro g ra m s /M !.a %  T ra n s m it ta n c e

0
0 .2 9 2
0 .2 9 2
0 .2 9 2
0 .7 3
0 .7 3
0 .7 3
1 .4 7
1 .4 7

8 4 .1
6 9 .6  
68.8 
68.0
6 2 .7
5 1 .1
6 1 .1  
3 1 .5  
3 2 .4

°  D ilu te d  fro m  s ta n d a r d  so lu tio n  c o n ta in in g  1.47 g ra m s  of s u lfu r  p e r  m l. as  
d e te rm in e d  io d o m e tr ic a lly .
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Table II. A n a lysis of H ydrogen Sulfide-Bearing G as by the 
Spectrophotometric and Colorimetric Methods

R u n  N o. S p e c tro p h o to m e te r C o lo rim e te r

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

10 1 2 .0 1 1 .0
11 1 3 .2 1 2 .0

minim um quantity  of caustic (10 ml.) to  give between 6 and 40 
micrograms of sulfur. W hen more concentrated gases are being 
analyzed, larger volumes of caustic solution can be employed or 
th e  sample can be diluted w ith fresh caustic, so th a t  the  final 10- 
ml. sam ple contains the am ount of sulfur specified above.

C a l i b r a t i o n . The calibration chart is made initially by re­
peating the above determ inations on solutions of 6%  sodium hy­
droxide containing known sulfide concentrations prepared from 
th e  standard  solution. W hen the sulfide concentration of these 
solutions is plotted against the logarithm  of the per cent trans­
m ittance the relationsliip is linear. A typical set of calibration 
d a ta  is shown in Table I. T he slope of the line rem ains the same 
from day to  day b u t the intercept a t  zero sulfide concentration 
shifts slightly from 85%  transm ittance, presumably because of 
changes in th e  reagents and photom etric system. Once th e  slope 
is established, therefore, it  is sufficient to  calibrate the un it by 
mixing equal volumes of the sulfide-free caustic and bism uth re­
agents and measuring per cent transm ittance to  determine the 
zero point.

S e l e c t i o n  o f  R e a g e n t  a n d  L i g h t  W a v e  L e n g t h . Cadmium, 
lead, and bism uth were examined as reagents for the sulfide precipi­
ta tion . Of these, bism uth sulfide produced the greatest changes 
in  per cent transm ittance of light for a  given change in sulfide 
concentration. Consequently bism uth was selected for further 
s tudy . T he variation in transm ittance of light as a  function of 
w ave length for aqueous suspensions of bism uth sulfide of two dif­
feren t concentrations is shown in Figure 1. I t  is seen th a t the 
g reatest sensitivity is obtained a t the shortest wave length which 
could be reached w ith the spectrophotom eter employed, 350 
millimicrons. All analyses were therefore performed w ith light 
o f this wave length (actually 350 to  355 him) . I t  is possible th a t 
even shorter wave lengths would have given greater sensitivity.

V I S U A L  M E T H O D

E q u i p m e n t . D uring a  period when th e  spectrophotom eter was 
n o t available, visual comparisons were made by means of a  Say- 
b o lt S tandard  universal chromometer No. 2895. A standard 
chrom om eter com parator tube  was used for the blank, while the 
second tube was of special design w ith a leveling tube and plunger 
(Figure 2, an adapta tion  of the principle employed in the K enni- 
cott, Cam pbell and H urley colorimeter, E im er & Amend Catalog 
No. 7-155). T he light source was a  G .E. Type H-3 mercury vapor 
lam p m ounted in a  Bausch & Lomb Type B adjustable micro­
scope lam p housing. Polished standard  thickness Corning filters 
30-and 512, 5 cm. (2 inches) square, were m ounted between the 
ligh t source and the chromometer. A scale 10 units high (40 
cm.) is mounted behind the  tubes to  m easure the  liquid height.

P r o c e d u r e . A blank solution is prepared by mixing equal vol­
umes of the 6%  caustic and the uranyl-cadm ium  reagent. A suf­
ficient quan tity  of th is  solution is p u t into th e  blank tube to  fill it 
ju s t  to  th e  “ 10” m ark  on th e  scale (approxim ately 120 ml.). An 
aliquot of th e  standard  sulfide solution containing 30 to 200 m i­
crograms of sulfur is diluted w ith 6%  sodium hydroxide to  70 ml. 
and mixed by m eans of a stream  of nitrogen. A fter mixing, 70 
ml. of the  uranyl reagent are added and again th e  solution is agi­
ta te d  w ith nitrogen. The solution is then  poured into the special 
•comparator tube  and allowed to  stand  3 m inutes before balancing. 
The analysis is completed by  adjusting the balancing pjunger in 
th e  side arm  of the com parator tube un til the color and intensity

of the sulfide solution m atch  those 
in th e  blank as nearly  as possible. 
The procedure is repeated w ith 
sulfide aliquots of different sizes.

If the logarithm  of the balancing 
height is plotted against the sul­
fide content, a stra igh t line is ob­
tained except for a  gentle curve 
near the origin. A new curve must 
be prepared each day because of 
uncontrollable variations. U n ­
known s u l f id e  s o lu t io n s  a r e  
analyzed by the same technique. 
W hen collecting a  sample suf­
ficient gas m ust be passed through 
the minim um volume of caustic 
(70 ml.) to  give a t least 30 micro­
grams of sulfur in order to  fall in 
the range of the chromometer. If 
more than  200 micrograms of sul­
fur is collected, an aliquot is taken.

Although the balance point is 
readily reproducible, a  personal 
factor is definitely present. For 
maximum precision each operator 
should prepare his own calibration 
curves. Eye fatigue is a  problem 
if a  large num ber of analyses are 
involved.

A comparison of analyses by the 
spectrophotom etric and the colori­
metric methods is shown in Table 
II  w'here the off gas from an ex­
perim ent was analyzed sim ultane­
ously by both methods.

D i s c u s s i o n  o f  V i s u a l  T e c h ­

n i q u e . The function of the 
uranyl ion in the solution is not 
clear, b u t i t  greatly improves the 
accuracy of visual comparison 
over th a t w ith cadmium sulfide 

alone. The advantage gained by the use of'the  uranyl-cadm ium  
reagent is lim ited to  m easurem ents in the chromometer and does 
no t appear in spectrophotom eter studies. T he two filters mounted 
on th e  m ercury lam p transm it only the green and blue compo­
nents of the light, both  of which are partially  transm itted  by the 
sulfide-free solution. W hen sulfide is added, the green transm is­
sion is unaffected b u t some blue is absorbed. T he degree of 
absorption is a function of the concentration and height of the col­
umn of sulfide solution. A nearly exact color balance can be 
obtained between a  sulfide-free and a sulfide-containing solution 
by adjusting the height of th e  la tte r.

T he specially designed com parator tube w ith a  plunger to  bal­
ance th e  heights of liquid is more convenient to  use and  perm its 
higher precision than  com parators which depend upon stopcocks 
for establishing liquid levels. Very little  extra liquid is required 
and th e  plunger perm its approaching balance from either side 
until the operator is certain th a t the best m atch has been achieved.
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Conversion of O rganic Sulfur to Hydrogen Sulfide for

A nalysis
E D M U N D  F IE L D  A N D  C . S. O L D A C H 1, Am m onia Department, E. I. du Pont de Nemours and Com pany, Inc., W ilmington, Del.

O rgan ic  sulfur compounds are quantitatively converted to hydrogen 
sulRde by passing with hydrogen over alumina at 9 0 0 °  C . The 
technique has made possible the analysis of traces of organic sulfur 
compounds in gases or liquids when used in conjunction with suf­
ficiently sensitive methods for hydrogen sulfide analysis.

MO D E R N  catalytic processes require raw m aterials possess­
ing a  high degree of purity . Even traces of hydrogen sul­

fide or organic sulfur compounds in gases or liquids are detri­
m ental to  m any catalytic reactions. In  order to  control and 
elim inate these catalyst poisqns, highly sensitive analytical devices 
are essential. Several satisfactory procedures for hydrogen sul­
fide determ inations are available, such as the colorimetric m eth­
ods described in a recent paper from th is laboratory (3), or the 
lead acetate-im pregnated  tape method of Moses and Jilk (5). For 
specific organic sulfur compounds there is the  highly sensitive 
isatin te s t for thiophene (I) and the u ltraviolet absorption tech­
nique for carbon disulfide (7). However, the commonly used 
combustion technique for to ta l organic sulfur, involving convert­
ing the sulfur to  sulfate followed by gravim etric or turbidim etric 
analysis (8 , 6), is very difficult to  apply in th e  region of extremely 
low sulfur content where the reagents m ay contain more sulfate 
than  the sample being analyzed.

The purpose of the present study  has been the developm ent of 
a  technique for complete conversion of all volatile organic sulfur 
compounds present to  hydrogen sulfide, a fter which any suffi­
ciently sensitive procedure for hydrogen sulfide can be applied. 
A modification of the method presented by Jilk  (4) was selected 
after a  survey of various alternative procedures. In  Jilk ’s 
method the gas containing organic sulfur compounds is freed from 
oxygen, humidified, and passed over activated  alum ina a t  5000 C. 
By raising the catalyst tem perature from 500° to  900° C. as much 
¡is 1 %  oxygen in the gas was found to have no effect on the re­
sults. Humidification of the gas was no t necessary, and complete 
conversion of m ethyl m ercaptan and thiophene to  hydrogen sul­
fide was ,obtained, whereas a t  500° C. only 60 and 20%  conver­
sions were obtained, respectively. At 900° C. carbonyl sulfide, 
carbon disulfide, methyl m ercaptan, thiophene, m ethyl thiocya- 
nate, and sulfur dioxide were tested  and found to  be completely 
converted to  hydrogen sulfide when passed over activated  alum ina 
in the presence of excess hydrogen. No o ther sulfur compounds 
were tested.

P R O C E D U R E  F O R  G A S E S

T he gases, containing organic sulfur and excess hydrogen, are 
passed over 6 ml. of 14- to  20-mesli alum ina (desulfurized Alorco 
G rade A, or gel prepared by precipitation from aluminum n itra te  
solution w ith amm onia) in a 10-mm. inside d iam eter quartz or 
Yycor tube  heated to  900° in a vertically m ounted split electric 
furnace. All connecting lines are glass; rubber joints, where un­
avoidable, are boiled in caustic to  remove sulfur, and a  minimum 
of rubber surface is exposed since rubber reversibly absorbs sulfur 
compounds. Gas rates up to  0.6 liter per m inute were found per­
missible. T o avoid errors caused by  absorption on the  catalyst; 
it  is desirable to equilibrate th e  cata lyst with the gas for a t least 
30 m inutes; w ith sm all samples th e  cata lyst m ay be purged w ith 
pure hydrogen for one hour before the analysis, and the adsorbed 
sulfur removed by another 1-hour purge to conclude* th e  analysis. 
The hydrogen su lide-bearing  gas from the converter passes 
through a Milligan bubbler containing 6%  caustic solution. The

1 P resen t address, Belle, W . Va.

hydrogen sulfide absorbed is analyzed colorimetrically as de­
scribed in an earlier paper from this laboratory (3).

P R O C E D U R E  F O R  L IQ U ID S

The liquid to  be analyzed is placed in a  suitable bubbler and 
sulfur-free hydrogen is passed through it  a t a  ra te  of approxi­
m ately 0.6 liter per m inute. The volume of liquid is adjusted to  
give a  suitable quan tity  of hydrogen sulfide for subsequent analy­
sis. The tem perature of the bubbler is chosen to  give a conveni­
en t ra te  of evaporation, and hydrogen is p'assed through it until 
the  sample is completely volatilized. T he gas stream  is passed 
over alum ina a t 900° C. and the hydrogen sulfide collected in 
caustic, ju s t as in the procedure for gases. The hydrogen stream  is 
continued for another hour to  flush the system  and recover all sul­
fur adsorbed by the catalyst. A lternatively, nonvolatile or high- 
boiling liquids can he stripped of their volatile sulfur content with 
hydrogen by prolonged bubbling w ithout complete vaporization 
of the liquid. In  th is ease the analysis would necessarily be for 
volatile sulfur only. The tim e required is best determ ined by ex­
periment, since it depends on the volatility of the sulfur com­
pounds present.

Some vapors—for instance, benzene—deposit carbon on the 
catalyst. If the deposit becomes heavy the activ ity  of the cata­
lyst is lowered. Should this tendency exist, a  very small sample 
m ust be analyzed or the catalyst m ust be regenerated periodically 
during the determ ination. Carbon deposits also increase the 
adsorption of sulfur on the cata lyst and make necessary prolonged 
purging w ith hydrogen a t  the end of the analysis. Complete 
regeneration is accomplished by passing a ir over the catalyst for 
5 m inutes a t  900 ° C. T he catalyst is purged of sulfur before each 
regeneration. The regenerating air is  by-passed around the ab­
sorbing solution to  avoid oxidation of sulfide.

D E M O N S T R A T IO N  O F  C O N V E R S IO N  T O  H Y D R O G E N  S U L R D E

Activated alum ina (Alorco G rade A) or precipitated aluminum 
oxide when charged as 14- to  20-mesh granules in a  quartz tube 
was found to give complete conversion a t  900° C. a t  a  space 
velocity of 3000 hours-1 . The hydrogenation was dem onstrated 
for carbonyl sulfide, carbon disulfide, m ethyl m ercaptan, methyl 
thiocyanate, thiophene, and sulfur dioxide, as shown in Table I. 
T he determ inations were made by introducing a  measured volume 
of the gas or a weighed am ount of th e  liquid into the gas stream. 
The actual concentration was therefore indefinite. I t  was found 
im practical to  make up homogeneous gas samples for this purpose

Table I. Conversion of O rganic Sulfur to H ydrogen Sulfide over 
Alum ina at 9 0 0 °  C.

S u lfu r ' C o n ­
C om ­ S p ace A v erag e  S u lfu r C a rr ie r verted®
p o u n d V elo c ity C o n c e n tra tio n G as to  H iS

M  icro g ra m s/ G r a in s /100
H ours ~l liter cu . f t . %

C O S 2S00 1260 5 5 .7 H i 97
2800 1260 5 5 .7 33C O -6 7 H i 96
2800 500 2 1 .9 H i 104

17,000 96 4 .2 33C O -6 7 H i 1 0 0
E m p ty  tu b e 440 1 9 .4 33C O -6 7 H j 1 0 0

C S i 3000 530 2 3 .0 H i 96
C H sS H 3000 1 0 1 0 4 4 .5 33C O -6 7 H i 109

3000 1260 5 5 .7 H i 1 0 0
C H jS C N 3000 343 1 5 .0 H i 1 0 0
C 4H 4S 3000 457 2 0 . 0 H i 1 0 0

2500 171 7 .5 3 3 C O -6 7 H i 97

° D e v ia tio n s  fro m  100%  a re  co n s id e red  w ith in  p rec is io n  of ex p e rim e n ts .
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Table II. Determination of Sulfur Content of Liquids
S u lfu r

S o lv en t S am p le C o m p o u n d S u lfu r F o u n d 0

M l.
M icrogram s / %

m l.

N o. 30 w h ite  oil 25 C O S 1 3 .7 92 , 92
25 C H aS H 1 4 .2 96
25 C4H4S 110 1 0 2 ,9 7

B enzene 5 C S 2 • 640 98, 101, 99
2 C 4H 4S 8 .3 9 9 ,9 8 , 100

°  D e v ia tio n s  fro m  1 00%  a re  co n s id e red  w ith in  p rec is io n  of e x p e rim e n ts .

because the sulfur content dropped fairly rapidly w ith tim e when 
stored either in a water-sealed holder or in a metal cylinder.

Carbonyl sulfide is m ost readily converted to  hydrogen sulfide. 
As shown in Table I, conversion is completed a t 900° C. even .in 
the absence of a catalyst. In  the presence of alum ina a tem pera­
ture of 500° C. is sufficiently high to  assure complete conver­
sion of carbonyl sulfide and carbon disulfide, provided oxygen is 
absent from the gas. (Oxygen is autom atically converted to 
w ater by th e  catalyst when operated a t 900 ° C.) However, even 
in the absence of oxygen, thiopliene and m ercaptans are not com­
pletely converted to hydrogen sulfide a t 500 ° C.

Examples of sulfur determ inations in liquids are shown in 
Table II . In  the case of the white oil solutions the oil was not 
vaporized over the catalyst; instead, the volatile sulfur was re­
moved by stripping. Some of the sulfur solutions were unstable, 
as evidenced by a decrease in volatile sulfur w ith time. The ben­
zene solutions were completely vaporized and passed'over freshly 
regenerated catalyst. T he carbon form ation from a single analy­
sis was no t sufficient to  interfere w ith the analysis.

A D S O R P T IO N  O F  S U L F U R  O N  C A T A L Y S T

Even a t  900 ° C. some sulfur is retained by the alum ina catalyst. 
The am ount retained represents an  equilibrium value for a given 
concentration and does no t affect conversion. In analyzing a 
continuous gas sample of fairly uniform composition it  is there­

fore sufficient to  operate the catalyst until equilibrium is estab­
lished (0.5 hour), after which a  sample can be analyzed w ithout 
danger of error due to  adsorption. In  case sulfur is.to  be deter­
mined in a  batch sample of liquid or in a gas of varying composi­
tion, the catalyst m ust be completely purged w ith hydrogen be­
fore starting  the analysis and again after all th e  sample has been 
treated . W ith 6 ml. of 8 to 14-mesh alum ina a t 900° C., com­
plete desulfurization of the cata lyst is achieved by passing 28 
liters of pure hydrogen over it.

G E N E R A L  A P P L IC A T IO N

The analytical technique can be applied to a  wide variety  of 
gases and liquids. Successful analyses have been carried out on 
such gases as hydrogen, carbon monoxide, methane, ethylene, 
nitrogen, and coke-oven gas, and such liquids as methanol, ben­
zene, cyclohexane, tetralin , and white oil. No tests have been 
made in which the hydrogen content of the vapors passing over 
the hydrogenation catalyst was less than  30%. The presence of 
w ater vapor is not necessary bu t it is helpful in some cases in re­
ducing carbon deposition. Carbon dioxide does no t interfere, 
provided it is not present in quantities sufficient to  neutralize the 
caustic scrubbing solution. U nsaturated  compounds, either ini­
tially present or formed over the catalyst, do no t interfere. Oils 
and tars which collected in the scrubber may cause trouble if 
present in quantity . Should th is occur, th e  scrubber solution can 
be acidified and the hydrogen sulfide stripped ou t and reabsorbed. 
Oxygen in concentrations up to  1%  in the gas stream  has been 
found harmless.
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Identification of Sulfur Compounds in G a s  M ixtures
C. S. O L D A C H 1 A N D  E D M U N D  F IE L D  

Am m onia Department, E. I. du Pont de Nemours & Co ., Inc., W ilm ington, Del.

A  sensitive method for identification and quantitative determination 
of sulfur compounds present in gas mixtures depends on differences 
in solubility of the sulfur compounds in an inert solvent. A  complete  
analysis usually involves both an absorption and a stripping run in a 
multiple-plate saturator. The total sulfur content of the gas leaving 
the saturator is plotted against gas volume. A  stepwise curve re­
sults, wherein the gas volume at which the sulfur concentration

TH E  problem of completely removing sulfur compounds from 
gases is frequently encountered, particularly in catalytic 

processes. The most suitable means for effecting sulfur removal 
depends on the types present. Hydrogen sulfide is the most com­
mon form of sulfur encountered, b u t i t  is usually accompanied by 
relatively small concentrations of such organic sulfur compounds 
as carbonyl sulfide, carbon disulfide, and m ercaptans. A new 
method has been developed for identifying and determining 
the concentration of these organic sulfur compounds when present 
in concentrations of a  few parts  per million. The technique is 
based on differences in solubility in an inert solvent used-in con­
junction w ith a  highly sensitive analytical m ethod {1 ,2 ) .  I t  is 
applicable no t only to  sulfur compounds bu t to  any other class

1 P resen t address. Belle, TV. Va.

changes abruptly is characteristic of a specific sulfur compound and 
the magnitude of the change is a measure of the concentration of that 
compound. A s  yet an exhaustive evaluation of the method to 
determine its accuracy has not been made, but identification runs on 
partially purified manufactured gas and coke-oven gas are presented, 
the results of which are in general agreement with previous industrial 
experience.

of compounds for which a sufficiently sensitive analytical method 
is available.

T he accuracy and reliability of th is method of identification 
have no t been dem onstrated on gases of known composition. Be­
cause of tim e lim itations, the p lan t tests were made after only 
qualitative evaluation of the method on known gas mixtures. 
However, the results obtained on partially  purified m anufactured 
gas and coke-oven gas are in sufficient agreem ent with previous 
experience in the industry (4) to  justify presentation a t  this time.

T H E O R Y

T he successful method herein presented is based on the follow­
ing theory:

H enry’s law generally applies to  the solubility of gases in inert 
liquid a t low concentrations. This law states th a t a t  equilibrium



th e  concentration of a  gas which will dissolve in a  solvent is di­
rectly proportional to  the  partia l pressure of the gas over th e  sol­
vent.

p  =  H tx

where p =  partia l pressure of solute over solution
H r  — proportionality constant a t tem perature T
x =  mole fraction of solute in solvent

In  th e  present application the sulfur compounds studied follow
closely R aoult’s law, which is a  special case of H enry’s law in 
which th e  proportionality  constan t is equal to  th e  vapor pres­
sure of the pure solute:

p =  prx  (1)

where p r  — vapor pressure of pure solute a t  tem perature  T

Since th e  p a rtia l pressure of a component in a gas m ixture is 
equal to  the product of its mole fraction and the to ta l pressure,

p =  Py  (2)

where P  =  to ta l pressure
y  =  mole fraction of solute in gas phase

Combining E quations 1 and 2, a t  equilibrium one mole of sol­
ven t will contain

Pyx = — moles of solute (3)
P r

L et n  equal the num ber of moles of gas of composition, y, con- 
Pvtaining th is num ber — , of moles of solute. 
p r

Then

Py
ny  — —  moles of solute in n  moles of gas (4)

P r

or

670 I N D U S T R I A L  A N D  E N G

n =  —  moles of gas (5)
P r
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T hus the quan tity  of gas, n, which contains as m uch solute as 
one mole of liquid in equilibrium w ith i t  is dependent only on the 
ratio  of th e  to ta l pressure to  the solubility coefficient or in  th is 
case the  vapor pressure of th e  pure solute a t  th e  tem perature  in 
question. On the basis of a  m aterial balance, n is therefore th e  
minim um quan tity  of the gas sam ple which could be used to sa tu ­
ra te  one mole of liquid w ith the  solute and is a  unique function of 
th e  solubility of this solute in the liquid. Hence an  experim ental 
determ ination of n reveals the solubility (or vapor pressure) of the 
solute. In  the case of organic sulfur compounds th is is usually 
sufficient to  identify them . T he relationships are the same, re­
gardless of w hether a liquid is being sa tu ra ted  by absorption of a 
component from a gas, or a  gas is being sa tu ra ted  by stripping a 
component from a liquid.

To determine these minimum gas quantities experimentally, it 
is necessary to  have an  efficient apparatus for contacting the 
liquid and gas, so th a t when absorbing the sulfur from a  gas a t 
least 80 to  90%  of the liquid in the sa tu ra to r can be sa turated  
w ith the sulfur compound a t  the inlet gas composition before any 
of th a t compound appears in the exit gas, or when stripping sulfur 
from a liquid 80 to  90%  of th e  sa tu ra ted  liquid will be stripped 
of a  given sulfur compound before the  sulfur concentration in the 
exit gas drops below th e  original saturation  value. Such an 
apparatus is described below. "1

E Q U IP M E N T

A highly efficient sa tu ra to r was constructed from tw enty 60- 
cm. (2-foot) lengths of 2 X 7 mm. capillary tubing containing a 
to ta l of 200 enlargements as illustrated in Figure 1. The sections 
are connected by b u tt joints writh neoprene tubing. T he scrub­
bing liquid, No. 30 white oil obtained from L. Sonneborn Sons, 
Inc., is introduced a t  the inlet end of th e  sa tu ra to r (through the 
liquid charging tube) and d istributed  by  passing a  stream  of hy­
drogen through the satu rato r. A very small quantity  of liquid 
is retained in each enlargem ent, thereby providing 200 sta tic  
pools of solvent. The entire unit is immersed in a liquid b a th  
therm ostated to  =*=0.5° C. A tra p  is provided a t  the exit end to 
catch any excess liquid carried ou t of the saturator.

The exit gases w'ere analyzed by converting the sulfur com­
pounds to  hydrogen sulfide over alum ina a t  900° C. followed by 
spectrophotom etric determ ination (1 ,2).

S A M P L E  P R O C E D U R E  A N D  C A L C U L A T I O N  F O R  A N  A B S O R P T IO N  R U N

T he sa tu ra to r was charged w ith 48 ml. of sulfur-free No. 30 
white oil. T he oil was d istributed through th e  cells by means of 
cylinder hydrogen and th e  tem perature ad justed  to  14° C. Blow 
run  gas from tne generators was sam pled after hydrogen sulfide 
rem oval in a  Thylox unit by filling a stainless steel cylinder under 
pressure, and the analysis was started  immediately. The gas was 
passed through the sa tu ra to r a t  a ra te  of 0.005 cubic foot per 
m inute and led directly to  the analyzer previously described (2); 
to ta l sulfur content was determ ined a t  frequent intervals. T he

.2  .4  .6  .8  1.0 12
GAS VOLUME , CUBIC FEET (WET METER READING)

Figure 2. Composition of Blow Run G as, A bsorption Run
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Figure 1. Diagram of Saturator
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Table I. V ap o r Pressure of Common Sulfur Compounds, Atmospheres

C o m p o u n d

H y d ro g e iT su lfid e  
C a rb o n y l su lfide  
M e th y l  m e rc a p ta n  
E th y l  m e rc a p ta n  
D im e th y l su lfide  
C a rb o n  d isu lfide  
T h io p h e n e

T e m p e ra tu re . ° C .
- 2 0 ° - 1 0 ° 0° +  10° +  20° + 3 0 ° + 4 0 °

5 .3 9 7 .5 3 1 0 .2 1 3 .6 1 7 .7 2 2 .6 2 8 .3
3 4 .3 6 8 .2 11 14 18
0 .3 3 0 .5 2 0 .7 8 1 .1 6 1 .6 8 2 .3 6 3 .2 2
0 .0 9 5 0 .1 5 8 0 .2 5 1 0 .3 9 8 0 .6 0 2 0 .8 9 0 1 ,2 8 4
0 .0 8 2 0 .1 3 8 0 .2 2 6 0 .3 6 2 0 .5 5 2 0 .8 1 2 1 .1 5
0 .0 6 1 0 .1 0 1 0 .1 3 2 0 .2 6 3 0 .3 9 2 0 .5 5 0 0 .8 1 6
0 .0 0 8 0 .0 1 6 0 .0 2 9 0 .0 5 0 0 .0 8 2 0 .1 3 0 .2 0

volume of trea ted  gas was p lo tted  against its sulfur content (Fig­
ure 2). The to ta l sulfur content of the unscrubbed gas was also 
determ ined and is shown by the dotted  line.

Identification of the sulfur compounds present depends on the 
volume of gas corresponding to  each “ break” in th e  curve. For 
convenience in calculating the break volume, th e  vapor pressures 
of several common organic sulfur compounds have been collected 
in Table I. These values have been interpolated, extrapolated, or 
calculated where necessary to  p u t th e  da ta  in the form presented. 
T he calculated break volumes for possible sulfur compounds are 
indicated by the arrows on Figure 2. W hen an increase in the 
sulfur content of th e  gas leaving the satu ra to r occurs a t  a  volume 
corresponding to  the calculated break volume for one of the sulfur 
compounds it  indicates the presence of th a t sulfur compound and 
the m agnitude of the increase in sulfur content gives the concen­
tration  of th a t compound in the gas.

The break volume for carbon disulfide, for example, is calcu­
la ted  as follows:

with a  sintered-glass sparger. 
A b o u t  50 m l. o f  t h i s  o il  
were transferred into the sa tu ­
ra to r and d istributed by means 
of a  slow stream  of hydrogen, 
avoiding all contact with' air. 
The sa turated  oil was stripped 
a t  19.4° C. by bubbling a 
stream  of hydrogen through 
it a t  a  ra te  of 0.007 cubic foot 
per minute. T he exit gas was 
analyzed for to ta l sulfur and 
the sulfur c o n te n t  p l o t t e d  
against gas volume as before.

The break points for the different sulfur compounds were cal­
culated exactly as in the-preceding example. Because of th e  dif­
ference in tem perature for the satu ration  and stripping, th e  con­
centration of sulfur in the absorber of gas did not correspond to 
th a t in the original sample. The correction was made by means 
of R aoult’s law, as shown in the following example for carbon 
disulfide.

R efe re n ce

3) IS) 
(3 )  
(9 
,6)
4) 
7 )

In  th is case,

P
V t

p T

P ’J  =  xpr

= 1
=  0.416 atm osphere a t 19.4° C. 
=  0.135 atm osphere a t  — 5° C.

(3)

giving

and y - s'
=  0.416 x  

=  0.135 x

(5)
Pn — —

V t

Vt =  0.308 atm osphere for CSj a t  14° C.
P  — 1 atm osphere

fiving n  =  3.25 moles of gas to  sa tu ra te  1 mole of oil w ith car- 
on  disulfide.

B u t 48 ml. of oil were used (density 0.77, average molecular
48 V  0 77

weight 154); so the am ount of oil was 154 y  454 =  0-000529
pound mole. T he am ount of gas required to  sa tu ra te  the oil in 
th e  absorber is therefore 3.25 X 0.000529 =  0.00172 pound mole 
of gas. U nder the w et m eter conditions th is gives a calculated

break volume of 0.00172 X 359 X X +  0.02 cubic foot of

free space in  absorber =  0.70 cubic foot. The presence of carbon 
disulfide in  th e  gas is shown in Figure 2 by th e  sudden rise in 
to ta l sulfur a t  approxim ately th e  predicted 0.70 cubic foot break 
point. T he am ount of carbon disulfide is represented by the in­
crease in sulfur corresponding to  the break, or 0.6 grain of sulfur 
per 100 cubic feet (1 grain per 100 cubic feet =  22.9 micrograms 
per liter) a t  standard  tem perature and pressure.

The sim ilarity in vapor pressure of hydrogen sulfide and car­
bonyl sulfide makes it  difficult to  distinguish between their break 
points. Hydrogen sulfide was therefore determined independ­
ently  (1 grain of sulfur per 100 cubic feet) by absorption in cad­
mium acetate, made acid w ith acetic acid, followed by iodometric 
titra tion  (5). Since the analysis of th e  gas a t  the end of the ab­
sorption run was 7 ±  0.3 grains of sulfur per 100 cubic feet, it was 
no t possible to  detect the presence of small concentrations of any 
sulfur compounds less volatile than  carbon disulfide. However, 
by making a  stripping run it  was possible to  determine the pres­
ence of any less volatile sulfur compounds because as th e  sulfur 
concentration in the gas drops below 1 grain per 100 cubic feet, 
the  precision of the analysis becomes better than  ± 0.1 grain per 
100 cubic feet as illustrated below.

E X A M P L E  O F  S T R IP P IN G  R U N

A 100-ml. sample of white oil was saturated  w ith the same gas 
in the preceding example by bubbling the gas through the oil a t  a  
ra te  of 70 cubic feet per hour for 2 hours a t  — 5° C. in a  flask fitted

Figure 3. Composition of Blow Run G as, Stripping Run

Since x, the  concentration of gas in the solvent, is no t changed 
when the sa turated  oil is warmed before stripping, i t  can be elim­
inated from the two equations to give

y_s° =  0.33 y19.<°

Consequently, the concentration of carbon disulfide found in 
the stripping hydrogen m ust be multiplied by 0.33 to  give th e  
corresponding concentration in th e  original gas. A sim ilar cor­
rection was made for each component present.

The volume of gas is shown plotted  against sulfur content in 
Figure 3. For convenience in comparing w ith the absorption run 
on the same gas (Figure 2), the sulfur concentrations were cor­
rected for tem perature before plotting. As m ay be seen from the 
curve, m ost of the hydrogen sulfide and carbonyl sulfide was
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stripped from the oil before good to tal sulfur analyses were ob­
tained. I t  is for the less volatile sulfur compounds th a t the strip­
ping run is m ost accurate. T he absorption and stripping runs 
therefore supplem ent each other and a complete analysis usually 
requires both determinations.

Figure 4 is included to  illustrate the behavior of a gas more con­
centrated in sulfur. In this case the gas is coke-oven gas partially 
purified by scrubbing w ith water, light oil, and amm onium car­
bonate solution. This prelim inary trea tm en t removed essen­
tially all of the hydrogen sulfide and high-boiling sulfur com­
pounds, leaving prim arily carbon disulfide and a little  carbonyl 
sulfide.

T E C H N IQ U E  A N D  S O U R C E S  O F  E R R O R

Certain organic sulfur compounds have been dem onstrated (2) 
to  be relatively unstable even in an inert solvent such as white 
oil. Exposure to  oxygen or to m etal walls can also affect the sul­
fur content of a  gas or solution. For this reason analyses are 
completed as rapidly as possible and the procedures for sampling 
are arranged to  minimize such losses. The equipm ent itself is of 
glass and quartz w ith neoprene-connected b u tt joints where re­
quired.

Table II. Sulfur Content of Plant Gases

Figure 4. Composition of C o ke -O ven  G as after Preliminary 
Scrubbing, Absorption Run

W hite oil was selected as the scrubbing liquid because it  com­
bines to  an unusual degree the desirable properties of inertness, 
low volatility, and low viscosity. O ther solvents can be used, 
provided they  do no t react w ith  the sulfur compounds and are 
no t volatilized to  any large extent during the analysis. A more 
viscous solvent m ight require more plates in the sa tu ra to r in 
order to  give satisfactorily sharp breaks. The greater the num ber 
of plates the sharper the breaks bu t also the  more solvent holdup, 
and hence the larger gas samples required for an analysis.

Since the volume of gas required for an identification run is 
directly proportional to  the solubility of the sulfur compounds 
and the volume of solvent used, i t  is possible to  separate the

G as  A naly zed

C o ke-oven  gas a f te r  r e ­
m o v a l of ben zen e , N H a, 
H jS, C O j 

W a te r  gas from  coke®
B lu e  gas 
B low  ru n  gas

G ra in s  of S u lfu r  p e r  100 C u b ic  F e e t  (S .T .P .)
H ig h e r

H jS  C O S  C H jS n  C S j b o iling  T o ta l

0 .5
1. 0

0 .7

3 .6
5 .5

0 .8  4 6 .5

0 .2 5
0

0 .3 5
0 . 6

0.5
0.02
0.02

4 8 .5

4 .7
7 .1

° A fte r  p a r t ia l  H jS  rem o v a l.

break points of two sulfur compounds of similar solubilities by 
increasing the quan tity  of solvent or lowering the tem perature 
of the solvent to increase the solubility of the sulfur compounds.

The absorption of appreciable quantities of any component of 
the gas being analyzed will complicate the determ ination, since 
the net effect is to  change the quantity  and quality  of the solvent 
medium. Analysis for the sulfur compounds present in a “wet” 
natural gas would offer this type of difficulty, since it  m ight con­
tain  about 100 grains of gasoline per cubic foot of gas. Correc­
tions for this type of interference can be made by measuring the 
increase in solvent volume and determ ining the  solubility of the 
sulfur compounds in the resu ltan t solvent.

Usually both an absorption and a stripping run are required for 
a  complete analysis of a  gas. If  desired, th e  stripping run can be 
performed directly on the oil satu rated  in the absorption run. 
However, the length of tim e required for complete saturation  may 
lead to errors arising from instability of the solution. The satu­
rating  technique described using a  simple scrubbing bo ttle  has the 
dual advantage of rapid saturation  and convenient use of a  low ab­
sorption tem perature. Low-tem perature saturation  followed by 
higher tem perature stripping increases the sulfur concentration in 
the stripping gas and therefore the accuracy of the determ ination.

T he organic sulfur is converted to  hydrogen sulfide for analysis 
as previously described (2), except th a t only 1 ml. instead of 6 
ml. of alum ina catalyst is employed. The smaller quantity  of cata­
lyst minimizes the adsorption of sulfur and hence gives a quicker 
response to  changes in composition. T he hydrogen sulfide may 
be determ ined by any sufficiently sensitive procedure, such as the 
speetrophotom etric method (I) or the lead acetate-im pregnated 
tape technique of Moses and Jilk  (6). The sensitivity of the 
analyses for hydrogen sulfide is of param ount im portance since, 
as can be seen from Figures 2, 3, antj 4, i t  is necessary to  obtain 
gas analyses a t  frequent intervals in  order to  detec t sharp break 
points.

R E S U L T S

T he results obtained with this m ethod on three common com­
mercial gases are summarized in Table II.

In  coke-oven gas the m ajor im purity remaining after the usual 
procedures for by-product recovery is carbon disulfide, although 
significant am ounts of carbonyl sulfide, m ethyl m ercaptan, and 
high-boiling sulfur compounds are also present. In  w ater gas, on 
the other hand, carbonyl sulfide is the major im purity. Similar 
analyses following attem pted  purification are especially useful in 
revealing which types of compounds escape treatm ent.
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Evaluation of Laboratory Distillation Apparatus

Improved O ldershaw  G l ass Bubble Plate Columns, Autom atic Still 
H eads, and A ccesso rie s

F R A N K  C . C O L L I N S  a n d  V E R N O N  L A N T Z  

Shell Development Com pany, Em eryville, Calif.

N ovel test methods have been developed for evaluating laboratory 
distillation apparatus under conditions approximating actual opera­
tion rather than under ideal conditions for maximum separation. In 
particular, the effect of reflux ratio on efficiency and separation has 
been studied. Test methods for evaluating the other principal 
characteristics of distillation apparatus are also described in detail. 
The Oldershaw glass bubble plate column has been improved and 
studied, using the test methods described. The column has been 
found highly satisfactory for analytical distillations of hydrocarbon 
mixtures because of uniformity of its operating characteristics. 
Autom atic still heads and other accessory equipment have been 
developed which contribute to the uniformity of the performance of 
the column.

ANALY TICA L distillations arc of increasing im portance as a 
control and specification tes t for petroleum products and 

as a  general research tool. In  consequence, the qomparative 
performance of the several types of distillation apparatus in 
general use is of considerable interest. However, d a ta  obtained 
for the operating variables of any given distillation apparatus 
m ay depend to a large degree upon the m ethods of m easurem ent 
used. While W ard (10) has discussed in a comprehensive m anner 
the interrelation of the principal variables in column performance, 
there is no generally accepted system  of tes t m ethods for experi­
m entally evaluating the significant variables of distillation 
apparatus performance. The usual practice has been to  evaluate 
distillation apparatus under idealized conditions of to ta l reflux, 
long equilibration tim e, etc. However, the extrapolation of such 
d a ta  to  actual operation a t  finite reflux ratios m ay lead to  ques­
tionable results in the case of small-scale laboratory columns. 
I t  has been found for such columns th a t actual separations ob­
tainable a t  finite reflux ratios are generally appreciably lower 
than  would be predicted from column efficiencies m easured a t  
to ta l reflux.

A series of te s t m ethods has been devised for measuring the 
principal variables affecting column operation under conditions 
approxim ating actual operation. In  particular, tes t procedures 
have been devised for evaluating column efficiency a t finite reflux 
ratios, for m easuring feed rates to  the column, operating holdup, 
sta tic  holdup, heat loss, pressure drop, and the actual reflux 
ratios provided by autom atic still heads.

This article includes a  detailed description of te s t methods and 
an example of their application to  an improved form of the Older­
shaw bubble plate column (6).

Among the columns in common use in  various laboratories for 
analytical distillations are the glass helices packed column (11), 
the Podbielniak Heligrid (7), the Stedm an screen cone column 
(9), and the Oldershaw bubble plate  column (6). Prelim inary 
comparisons m ade on these columns indicated th a t  the Older­
shaw column has exceptionally high th roughput capacity and a 
low operating holdup per theoretical plate relative to other 
columns. These facts, together w ith the fact th a t the fraction­
ating efficiency of the column is nearly independent of the 
throughput ra te  and shows no significant variation w ith tim e or 
from column to column, make th e  bubble p late  column an ex­
cellent tool for analytical distillations, especially in commercial 
laboratories where high fractionating efficiency for a  given length

of column is a secondary consideration compared w ith reproduci­
bility of results and length of distillation time. The bubble plate  
column as originally described by Oldershaw has been improved 
by m aking the plates more uniform and by increasing the num ber 
of holes per plate, thus m aterially increasing the throughput 
capacity of the column. Auxiliary equipm ent, such as autom atic 
still heads, timers, and product receivers, has been developed 
which has contributed to  the reproducibility of the d a ta  obtainable 
w ith the glass bubble plate column. (The columns and other 
equipm ent tested were m anufactured by the Glass Engineering 
Laboratories, San Carlos, Calif.)

D E F IN IT IO N S

Because of the  appreciable heat loss in laboratory  batch  dis­
tillations, the standard  nomenclature used in large-scale con­
tinuous distillation is no t readily applicable. The following 
definitions of term s used in the present article are given to avoid 
possible ambiguities.

Feed R ate  (F  ml. per hour). The ra te  of en try  of vapor into 
the bottom  of the column, in term s of the equivalent volume of 
liquid.

Overhead R ate (0, ml. per hour). The ra te  of removal of 
vapor from th e  top  of th e  column, in term s of the equivalent 
volume of liquid. T his is equal to  the reflux ra te  plus the product 
rate.

Condensation R ate (C, ml. per hour). T he condensation ra te  
due to  heat loss in the column. T his is equal to the difference 
between th e  feed and overhead rates.

Product R ate (P , ml. per hour). T he liquid distillate take-off 
rate.

Reflux R ate (R , ml. per hour). T he ra te  of re tu rn  of con­
densed overhead to th e  top of the column.

Reflux Ratio (R/P).  The reflux ra te  divided by the product
rate.

T he following relations hold for a  batch  column operating a t  
constant feed rate.

F  =  0  +  C

0  =  P  +  R

N um ber of Theoretical P lates. T he num ber of successive 
infinitesimal vaporizations a t  equilibrium required to give the 
measured separation. T he qualification “infinitesimal” requires 
m easurem ents to  be made a t  to ta l reflux (or to  be corrected for 
the effect of reflux ratio  as described by M cCabe and Thiele, 6).

Plate Equivalents. A quan tity  numerically equal to  the 
num ber of theoretical plates operating a t  to ta l reflux which 
would give the  separation obtained when the column is operating 
a t  a  finite reflux ratio.

C R IT E R IA  A N D  TEST M E T H O D S

T he following characteristics of column performance were 
studied:

1. F ractionating  efficiency and its variation with feed rate.
2. Actual separation obtained a t  various reflux ratios.
3. Flood point or feed capacity w ith liquids of various surface 

tensions.

673
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4. Pressure drop of the column and its variation w ith feed rate  
using liquids of various surface tensions.

5. Operating holdup and its variation  w ith feed rate.
6 . Drainage or sta tic  holdup.
7. Accuracy of the reflux ratios provided by th e  two types of 

still heads and th e  variation of reflux ratio  w ith overhead rate.
8 . Condensation in th e  column due to  heat loss through the 

D ew ar jacke t and variation of hea t loss from column to  column.

All efficiency m easurem ents were made w ith the n -hep tane- 
methylcyclohexane b inary  using the equilibrium composition of 
B ea tty  and C alingaert (2) and th e  refractive index da ta  of 
Bromiley and Quiggle (3). T he refractive indices of the te s t 
sam ples were m easured w ith a  Pulfrich refractom eter w ith a 
precision of 0.0001 u n it which corresponds to about 0.13 theo­
retical p la te  in the  0.3 to  0.4 mole per cent region of the  M cCabe- 
Thiele diagram  for n-heptane-m ethylcyclohexane. The refrac­
tive indices obtained for the pure m aterials are compared with 
the values given by Bromiley and Quiggle (S) in Table I.

Table I. Refractive Indices of Materials Used for Column Testing

Ï  29/42 Ground 
Joint

M a te r ia l

n - H e p ta n e
M e th y lc y c lo b e x a n e

B o iling  
P o in t,  

° C .

9 8 .4
100.8

O b se rv ed  
R e fra c tiv e  In d e x ,

1 .3 8 7 8
1 .4 2 2 9

L i te r a tu r e 0 
R e fra c tiv e  In d ex ,

1 .3 8 7 7
1 .4 2 3 1

1 B ro m iley  a n d  Q u igg le  (3 ).

In  making m easurem ents a t to ta l reflux, th e  sam ples of the dis­
tilla te  and th e  reflux to  th e  flask were collected as described by 
Oldershaw (6) a fter equilibrating the column for 1.5 hours. In 
th e  efficiency m easurem ents a t  finite reflux ratios, the distillate 
was corttinuously returned to  the flask through a  U-tube, as 
diagram m atically shown in Figure 1, th u s operating the column 
essentially as a  continuous still. T he separation efficiencies a t 
finite reflux ratios were calculated in term s of theoretical plates

by the m ethod of M cCabe

Product Condenser 
And Receiver

and Thiele (5) and as “plate 
equivalents” as suggested by 
B aker ei al. (1) by  using the 
M cCabe and Thiele diagram 
w ith the  sam e operating line 
as a t  to ta l reflux.

Internol Bore 
Wire Electricol 
Heoter

Figure 3. Improved O ld e r­
shaw Bubble Plate Column 
with Detail V ie w  of O n e  

Plate

Reflux to Flosk 
Sampling Tube

Figure 1. Distillation Column and A c ­
cessories A rranged for Fractionating 

Efficiency Tests
Figure 2. Trap for Measur­

ing Feed Rate

T he overhead ra te  could 
no t be conveniently meas­
ured directly, since operat­
ing th e  column a t to ta l take­
off upsets th e  operating 
conditions because of the 
absence of reflux. Accord­
ingly th e  column operating 
ra tes were determ ined in 
term s of th e  reflux to  flask 
ra te  a t  to ta l reflux (corre­
sponding to the feed rate) 
which was measured w ith 
the reflux trap  shown in 
Figure 2. The o v e rh e a d  
ra te  differs from th e  feed 
ra te  b y  the condensation 
ra te  due to  heat loss in the 
column and a c c o rd in g ly  
m ay be estim ated from the 
feed ra te  if the heat loss of 
the column is known.

The column heat loss was determ ined by m easuring the reflux 
to flask when operating th e  column a t a  ra te  barely sufficient to 
produce reflux in the still-head condenser. The m easured rate  
thus approxim ated the condensation ra te  of the column. I t  was 
established by o ther means th a t, as m ight be expected, the con­
densation ra te  of the  column due to  hea t loss is substantially  
independent of th e  feed rate.

The pressure drop of the column was determ ined by measuring 
the difference in levels of th e  liquid in the-U -tube connecting the 
flask and the still head. The feed capacity or flood point was 
determ ined by visual observation as the feed ra te  was slowly 
increased.

T he operating holdup was m easured by cutting off the current 
to th e  bare-wire im mersion-heater and sim ultaneously closing the 

, stopcock of the reflux trap , Figure 2. T he liquid collecting in the 
tra p  was drained through a  suitable cooler and was measured 
volumetrically.

T he electrical tim er was first calibrated by m easurem ent of the 
off-on tim e ratios by  means of a  chronograph. T he distillate 
ra tes  delivered by the types of still heads a t  various nominal re­
flux ratios and  overhead ra tes were then  m easured and the actual 
reflux ratios calculated. The overhead rates were m easured with­

ou t the column by m ounting the still head directly 
on the reflux trap .

D IS T IL L A T IO N  A P P A R A T U S

The item s of distillation apparatus evaluated by 
the present tes t m ethods are described in detail below.

T he im proved Oldershaw column (Figure 3) consists 
of a series of perforated glass plates sealed in to  a 
tube. Each plate  is equipped w ith a  baffle to  direct 
the flow of liquid, a  weir to m aintain th e  proper liquid 
level on the plate, and a reflux re tu rn  tube. The inner 
diam eter of the standard  column is 26 to  28 mm. The 
holes in the plates are drilled w ith a  red-hot tungsten 
wire of 0.89-mm. (0.035-inch) diam eter. T he num ber 
of holes per p late has been increased to  82 from the 
42 described by Oldershaw (6). T he ascending vapor 
stream  flows through the holes in th e  plates and 
bubbles through the liquid reflux. T he lowermost 
plate  in th e  column serves as a  small reservoir which 
is necessary to  m aintain a liquid seal for the drain 
tube  from the first regular plate. T he column is pro­
vided w ith an  integral D ewar jacket w ith expansion 
bellows, perm itting use of a  30-plate column to 
250° C. T he details of the method of construction 
have been described by Oldershaw (6).

T he autom atic vapor-dividing still head (Figure 4) 
includes a glass valve plunger which is arranged 
to  direct the vapor stream  selectively to  th e  re-
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Table II. Fractionating Efficiency and O perating H old up of Improved Bubble
Plate Column

(C o lu m n  d im e n s io n s : 27 to  2 8  m m . in s id e  d ia m e te r , 30  a c tu a l  p la te s , 80 ho les p e r  p la te ,
0 .9 -m m . d ia m e te r  ho le s, 2 5 -m m . s p a c in g  b e tw e e n  p la te s )

O p e ra tin g

C o lu m n  O p e ra tin g R eflux F ra c t io n a t in g  E ffic iency H o ld u p
q u o t ie n t0R a te R a tio T h e o re tic a l P la te P la te

F e e d  
M l./h o u r

O v e rh e a d
M l./h o u r

( to  1) p la te s efficiency
%

e q u iv a le n ts T o ta l
M l.

(X  10»)

1500 1300 00 1 7 .2 57 47 1 .8 2
2500 2300 CO 1 8 .8 63 5 0 .5 1 .0 7
3000 2800 CD 1 9 .4 65 53 0 .9 1
3500 3300 CD 1 8 .2 61 5 5 .5 0 .8 7
4000 3800 CD 1 6 .7 56 59 0 .8 8
1500 1300 27 1 7 .1 57 1 2 ’.6 47 1 .8 3
2500 2300 27 1 7 .4 58 1 2 .7 5 0 .5 1 .0 6
3000 2800 27 1 8 .0 60 1 2 .7 53 0 .9 8
3500 3300 27 1 7 .0 57 1 2 .6 5 5 .5 0 .9 3
4000 3800 27 1 6 .6 ’ 55 1 2 .3 59 0 .8 9
3000 2800 64 1 8 .2 61 1 5 .5 53 0 .9 7
3000 2800 42 1 8 .0 60 1 4 .4 53 0 .9 8
3000 2800 13 1 4 .9 50 9 .1 53 1 .1 8

° M l. h o ld u p  p e r  th e o re tic a l p la te  p e r  m l. p e r  h o u r  feed .

T he reflux ratio  controller consists of a tim e 
switch driven by a small synchronous m otor and is 
of conventional design. I t  is adapted to  deliver 
periodic currents of 3 seconds’ duration  and is 
adjustable to  provide nominal reflux ratios in the 
range of 2/1 to  100/ 1.

The combined condenser and product receiver 
(Figure 6) consists of a liquid-jacketed graduated 
tube w ith a coiled ven t line enclosed in the liquid 
jacket. For distillations of low-boiling liquids 
i t  is desirable to  provide an  external D ew ar jacket 
as shown to prevent frosting.

A satisfactory flask and heater for analytical 
distillations should combine safety, low heat 
capacity, high potential heat input, and ability 
to distill th e  charge to negligible residue w ithout 
excessive charring. No completely satisfactory 
flask and heater has been tested to  date. For 
the  purposes of column evaluation a  500-watt 
bare Chromel A wire immersion heater was used. 
I t  has the advantage of low heat capacity and 
im m ediate response to  regulation.

flux condenser or to  the product condenser. A direct current 
solenoid operates th e  plunger a t  tim ed intervals. The still- 
head tem perature is measured by a partia l immersion therm om ­
eter provided w ith a  standard-taper joint. The still head is 
completely D ew ar-jacketed to  improve th e  accuracy of the 
tem perature measurem ents, to  p revent heat losses from up­
setting th e  accuracy of the reflux ratio , and to  perm it use of the 
still head w ith liquids th a t boil below room tem perature. The 
countercurrent relation of the vapor and reflux stream s in the 
reflux condenser minimizes supercooling of the  reflux. The reflux 
condenser is preferably also Dewar-jacketed as shown to  prevent 
frosting when low-boiling m aterials are distilled.

The alternative liquid-dividing still head (Figure 5) has a 
tilting  funnel which receives the liquid stream  from the reflux 
condenser and norm ally returns it  to  th e  column. The funnel is 
tipped a t  tim ed intervals by a solenoid to  deliver the liquid to  the 
product receiver. T he liquid-dividing still head is otherwise 
similar to  the vapor-dividing still head.

E X P E R IM E N T A L

T ests were conducted on a  typical bubble plate column a t 
infinite reflux ratio  and a t a  nominal reflux ratio  of 20 to  1 using 
various feed rates. T ests were also made a t  various reflux ratios 
using a  constant feed ra te  of 3000 ml. per hour. The da ta  given 
in Table I I  and presented graphically in Figures 7 and 8 show 
the effects of feed ra te  and reflux ratio  upon column efficiency to 
be evident although not large. T he fractionating efficiency has a 
peak value a t  a feed ra te  in the neighborhood of 3000 ml. per hour. 
However, optimum separation is obtained a t  a  given product ra te  
by operating the column a t a  somewhat higher feed ra te  and a 
higher reflux ratio. T his m ay be seen from Figure 9 in which
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Table III. Comparative Fractionating Efficiencies and H eat Losses of 
Sample Bubble Plate Columns

M ax im u m F ra c t io n a t in g  E ffic ien cy “ C o n d e n s a t io n  R a te
C o lu m n F eed T h e o re tic a l P la te of n -H e p ta n e  D u e

N o. R a te p la te s efficiency to  H e a t  Loss
M l./h o u r % M l./h o u r

1 5200 1 9 .4 65 200
2 5150 1 9 .1 64 260
3 5200 1 9 .3 64 170
4 4730 1 9 .9 66 180
5 4500 2 0 .8 69 190
6 4250 1 9 .8 66 230

a A t 3000 m l. p e r  h o u r  feed  a n d  in f in ite  reflux  ra t io .

separation expressed in p late 
equivalents is plotted against 
feed rate, the reflux ratio  
being varied to provide a 
constant product rate.

A num ber of bubble p 'a te  
columns of identical dimen­
sions were tested w ith respect 
to  efficiency under similar 
conditions of overhead ra te  
and reflux ratio . The da ta  
(Table I I I)  indicate no ap­
preciable difference in frac­
tionating efficiency among 
the several columns.

The da ta  on operating hold­
up a t  various feed rates and 
reflux ratios are given in Table 
I I  and shown in Figures 7 and
8. I t  will be seen th a t the holdup increases nearly linearly with 
feed ra te  and is practically independent of the reflux ratio. The 
holdup is also given in term s of operating holdup per theoretical 
p late per unit feed rate, an im portant quantity  in column evalua­
tion. Rose, Welshans, and Long (8) have shown th a t the sharp­
ness of separation obtainable in a batch  distillation is approxi­
mately a linear function of the ratio  of charge to holdup. Thus, 
decreasing the holdup relative to  feed ra te  enables a sharper separa­
tion to be obtained w ith the same num ber of theoretical plates and 
same to ta l distillation tim e. Therefore gains in efficiency accom­
panied by increase in operating holdup as in the bubble plate

Table IV . Physical Properties of Materials Used for Pressure Drop 
Measurements

Figure 6. Com bined Con­
denser and Product Re­

ceiver

D e n s ity  S u rfa c e  T e n s io n
A t 2 0° C . A t b .p . A t 20° C . A t  b .p .°  

G ra m s /m l. D y n e s /c m .

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

° C a lc u la te d  fro m  v a lu es  a t  low er te m p e ra tu re s  u s in g  E o tv o s  e q u a tio n .

M a te r ia l

n -H e p ta n e  
M e th y lc y c lo h e x a n e  
B enzene 
F o rm ic  ac id

B oiling  
P o in t  

° C.

9 8 .4  
100.8 

8 0 .1  
1 0 0 .S

Tabic V .  Pressure Drop of Bubble Plate Colum n with Liq u id s of Various Surface Tensions
w -H e p tan e M e th y lc y c lo h e x a n e B en zen e

F e e d
P re ssu re P re s su re P res su re P re s su re
d ro p  p e r d ro p  p e r d ro p  p e r d ro p  p e r

r a te a c tu a l  p la te a c tu a l  p la te a c tu a l  p la te a c tu a l  p la te

M l./h o u r
M m . M m . M m . M m . M m . M m . M m . M m .
H g liq u id 0 M l./h o u r Ho liq u id ° M l./h o u r H o liq u id a M l./h o u r H g liq u id

1000 1000 1000 0 .7 6 1 2 .7 200 0 .8 8 1 0 .2
1500 0 .5 0 l i ’. i 1500 0 '.02 1 2 .1 1500 0 .8 2 1 3 .6 400 0 .9 5 1 1 .0
2000 0 .5 3 1 1 .6 2000 0 .6 3 1 2 .3 2000 0 .S 4 1 3 .9 600 1 .0 2 1 1 .8
2500 0 .5 5 1 2 .0 2500 0 .6 5 1 2 .6 2500 0 .S 7 1 4 .4 800 1 .0 9 1 2 .7
3000 0 .5 7 1 2 .5 3000 0 .6 7 1 3 .0 3000 0 .9 1 1 5 .2 1000 1 .1 8 1 3 .7
3500 0 .6 0 1 3 .1 3500 0 .7 1 1 3 .8 3500 1 .0 0 1 6 .7 1125«» 1 .2 3 1 4 .3
4000 0 .6 4 1 4 .1 4000 0 .7 7 1 5 .0 4000 1 .1 1 1 8 .5
4500 0 .7 0 1 5 .4 4500 0 .8 5 1 6 .5 4280«» 1 .1 7 1 9 .5
5000 0 .7 7 1 6 .9 5000 0 .9 3 1 8 .1
5230«» 0 .8 0 1 7 .6 5230«» 0 .9 7 1 8 .9

a M m . of re flu x in g  liq u id  a t  b o ilin g  p o in t. 
& F lo o d  p o in t  of c o lu m n  w ith  g iv e n  liq u id .

Figure 7. Influence of Feed Rate upon Efficiency, Separation, 
and Operating H old up

30-actual-plate column

column of Langdon and Tobin (4) m ay lead to  an  actual 
decrease in the sharpness of separation in a given batch  dis­
tillation.

The residual drainage or sta tic  holdup of th e  column after 
draining 10 m inutes is 0.6 ml. to ta l or 0.02 ml. per plate  when 
distilling (¡-heptane. Longer drainage tim e does no t reduce the 
sta tic  holdup. T he sta tic  holdup docs not vary significantly 
w ith the viscosity in th e  case of light hydrocarbon distillates.

T he pressure drop and feed capacity of th e  bubble plate  column 
are largely dependent upon th e  surface tension of the liquid being 
distilled, because of the capillarity of th e  bubble p late holes. 
T he pressure drop of the column was m easured a t various rates 
using several different liquids. The relevant physical properties 
of these liquids are sum m arized in Table IV. T he d a ta  given in 
Table V indicate th a t the column is satisfactory for materials 
such as hydrocarbons b u t is less suitable for liquids having high 
surface tension, because of greatly  reduced overhead capacity 
Small am ounts of w ater in th e  m aterial being distilled m ay render 
the column inoperative. Accordingly, m aterial which m ay con­
tain w ater should be dried w ith a suitable desiccant before distil­
ling. The pressure drop of the colujnn a t  reduced still-head pres­
sures was also m easured using a m ixture of (¡-heptane and m ethyl­
cyclohexane. T he d a ta  given in  Table VI indicate a  sharp 
dropping off of overhead capacity w ith decreasing" still-head pres­
sure. Thus, for high feed rates, the column is no t useful a t  still- 
head pressures much below 250 mm.

T he maximum overhead capacity of a  w ell-constructed bubble 
plate column should be such as to  perm it a  feed ra te  of 5000 ml. 
per hour when a  m ixture of methylcyclohexane and n-heptane is

refluxed. However, since the
_____________________________  poorest bubble plate determines

ohe maximum reflux rate, flood­
ing m ay occur a t  feed rates 
considerably below 5000 ml. per 
hour. Columns having maxi­
m um  feed ra tes in excess of 4000 
ml. per hour are ordinarily con­
sidered satisfactory.

H ea t loss d a ta  for a  number 
of typical bubble p la te  columns 
of 30 actual p lates are given in 
T able I I I .  T he condensation 
ra te  due to  heat loss is very 
nearly independent of th e  feed 
ra te  for a m aterial of given boil­
ing poin t and hea t of vaporiza-

F o rm ic  A cid
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Table V I .  Pressure Drop of Bubble Plate Column at Various Still- 
H ead Pressures

(M a te r ia l  re flu x ed : m ix tu re  of n -h e p ta n c  a n d  m e th y lc y c lo h e x a n e , su rface
te n sio n  a t  100° C . =  13.2 d y n e s  p e r  cm .)

F eed
R a te

S til l-H e a d  P re s su re  D ro p  p e r  A c tu a l P la te  •
760  M m . H g 500  M m . H g 250 M m . H g

M m . M m . M m .
M l./h o u r M m . I I  g liq u id a M m . H g liq u id c1 M m . I I g l iq u id ‘

1500 0 .6 0 8  1 3 .1
2000 0 .5 9 8 1 2 .3 0 .6 2 4 12.Q 0 .7 2 4  1 4 .2
2500 0 .6 1 2 1 2 .6 0 .6 4 9 1 3 .1 0 .8 5 2  1 6 .7
3000 0 .6 3 2 1 3 .0 0 .7 1 8 1 4 .5 F lo o d s
3500 0 .6 7 5 1 3 .9 0 .8 0 2 1 6 .2
4000 0 .7 1 9 1 4 .8 F lo o d s

a B a se d  u p o n  to ta l  p re s su re  d ro p  as  m e a su re d  a t  U - tu b e  in  d is ti l la te  r e tu rn  
tu b e  (see F ig u re  1).

tion. T he heat loss m ay vary  considerably from column to 
column. A well-constructed vacuum  jacket, however, should al­
low a condensation ra te  of only about 200 ml. per hour of «-heptane.

Two types of completely vacuum -jacketed autom atic still heads 
have been used w ith th e  bubble p late column—i.e., th e  vapor- 
dividing and the liquid-dividing types (Figures 2 and 3). While 
both types are satisfactory w ith respect to  providing accurately 
reproducible reflux ratios, the vapor-dividing type is believed to 
be preferable for th e  following reasons: A well-constructed 
vapor-dividing still head provides less product leakage a t to ta l 
reflux than  the liquid-dividing type. T he fragile moving parts  
are more easily removed and repaired in the vapor-dividing than 
in the liquid-dividing type. The vapor-dividing type tends to 
provide actual reflux ratios which are closer to  the off-on ratio  of 
the electrical tim er th an  does the liquid-dividing type. The 
liquid-dividing type  is disadvantageous in th a t  it  perm its loss of 
reflux to  the product take-off in the event of flooding of the still 
head. T his is an im portan t consideration if the still head is to 
be used in conjunction w ith a  packed column, because proper 
technique calls for th e  prelim inary flooding of the column to  wet 
the column packing thoroughly before commencing distillation.

~ is
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Figure 8. Effect of Reflux Ratio upon Efficiency and 
Separation

Feed rate, 3000  ml. per hour. 30-actual-plate column

Feed Rate, M i. per Hour 

Figure 9. Influence of Feed Rate upon Separation at 
Constant Product Rate

Reflux ratio increased with increasing feed rate to provide constant product 
take-off rate. 30-actual-plate column

D ata  for the actual reflux ratios provided by particular still 
heads of th e  two types a t  various overhead rates and nominal 
reflux ratios are given in Tables V II and V III. I t  will be noted 
tha t, in all cases, the actual reflux ratios provided by the  still 
heads are higher than  the off-on tim e ratios provided by the elec­
trical tim er. T his can be compensated for by setting the tim er to 
a ratio slightly lower than  th a t which it is desired to  m aintain. 
T he reflux ratio  provided by either of the two types of still head 
appears to  be nearly independent of the overhead rate.

The actual reflux ratio  provided by a given still head will de­
pend upon such considerations as distance of travel of the valve 
plunger or tipping funnel, adjustm ent of solenoid w ith respect 
to its arm ature, and am ount of condensation produced in the lower 
portion of the still head by  the supercooled reflux stream.

The present evaluation of the operating characteristics of the 
Oldershaw bubble column, th e  autom atic still heads herein de­
scribed, and o ther accessories shows the  apparatus to  be well 
suited to requirem ents of analytical distillations of hydrocarbons.

Table V II .  Effect of Overhead Rate upon A ctu a l Reflux Ratios of 
Autom atic Still H eads of Two Types

(E le c tr ic a l t im e r  r a t io :  24 .1  to  1)

_______ A c tu a l R eflu x  R a t io  ( to  1)________O v e rh e a d
R a te ,

M l . /H o u r

2000
2500
3000
3500
4000

V a p o r-d iv id in g  
s ti l l  h ea d

2 8 .4  
2 7 .8
2 7 .4  
2 7 .0  
2 6 .7

L iq u id -d iv id in g  
s til l  h ea d

3 1 . 1
3 0 .0  
2 9 .4
2 9 .1
2 8 .9

Table V III. A ctu a l Reflux Ratios Provided b y  A utom atic Still 
Heads at Various Electrical Timer Ratios

(O v e rh e a d  r a t e :  3500 m l. p e r  h o u r)

A c tu a l R eflu x  R a t io  ( to  1)________
E le c tr ic a l T im e r  V ap o r-d iv id in g  L iq u id -d iv id in g

R a t io  ( to  1) s t i l l  h ea d  s ti l l  h ea d

3 . 7
6 .3

1 1 . 6
2 4 .1
4 3 .3
6 6 .5

4 .3
7 .3  

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

4 .1
8.0

1 4 .0
2 8 .9
5 0 .0  
7 7 .3
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Determination of Sodium and Potassium in Silicates
S IL V E  K A L L M A N N  

Ledo u x & Co ., 155 Sixth A v e .,  New  Yo rk , N . Y .

U po n ,th e  addition of a 2 0 %  solution of hydrogen chloride in 
anhydrous n-butyl alcohol (W illard and Smith reagent) to a butyl 
alcohol solution of the perchlorates of sodium and potassium, the 
two alkali metals are precipitated quantitatively as a mixture of 
sodium chloride, potassium chloride, and potassium perchlorate. 
This precipitation can be carried out in the presence of most elements 
com m only found or occasionally encountered in silicates and is 
proposed as basis of a new method for the determination of sodium 
and potassium.

W IL L A R D  and Sm ith (8) introduced a  solution of hydrogen 
chloride in anhydrous n-butyl alcohol as a reagent for the 

quan tita tive  separation of sodium from lithium, and K allm ann 
(4), making use of th e  difference in solubility of the perchlorates 
and  chlorides of the three alkali m etals in  bu ty l alcohol containing 
th e  same reagent, described a  m ethod for th e  quan tita tive  separa­
tion of lithium  from both  sodium and potassium .

I t  was shown th a t  lithium  perchlorate and chloride are very 
soluble, th a t potassium  is precipitated as a m ixture of perchlorate 
and chloride, and th a t  sodium perchlorate which is only sparingly 
soluble in butyl alcohol is quantita tively  converted into the in­
soluble chloride.

As sodium and potassium  are quantitatively  precipitated by 
the solution of hydrogen chloride in buty l alcohol (W illard and 
Sm ith reagent), th is solution suggested itself as the logical precipi­
ta n t for sodium and potassium for their quan tita tive separation 
from the nonalkali constituents of silicates.

Prelim inary work, recorded in Table I, indicated th a t the per­
chlorates of aluminum, calcium, magnesium, and iron which are 
all very soluble in bu ty l alcohol, are no t precipitated by  the Wil­
lard and Sm ith reagent. M anganese perchlorate, which decom­
poses upon heating and forms a  residue in bu ty l alcohol, is soluble 
as chloride in  bu ty l alcohol containing the W illard and Sm ith re­
agent.

When fuming large am ounts of titan ium  salts w ith perchloric 
acid, some decomposition takes place. Any precipitate thus 
formed can be conveniently filtered off, however, a fter diluting 
w ith w ater. Since soluble titan ium  perchlorate is no t precipitated 
by the W illard and Sm ith reagent, m oderate am ounts of th is ele­
m ent do no t interfere in the method suggested below.

More serious is the behavior of barium , strontium , and lead 
from silicates containing these elements in  an acid-soluble form. 
T he perchlorates of barium , strontium , and lead are very soluble 
in  bo th  w ater and bu ty l alcohol. Like sodium, th ey  are precipi­
ta ted , presum ably quantitatively, by  the W illard and Sm ith re­
agent. C ertain precautions requiring hardly  any additional work 
and obviating the difficulties ju s t described, have been incorpo­
rated  in the m ethod described below.

A bout 2.7 kg. (6 pounds) of th e  W illard and Sm ith reagent, 
used in  th is  investigation, were prepared by  passing dry' hydrogen 
chloride from a  tan k  into a  beaker containing 2.26 kg. (5 pounds) 
of anhydrous n-bu ty l alcohol. T he beaker was externally cooled 
and  th e  gassing in terrup ted  several times, un til th e  b u ty l alcohol 
was nearly sa turated  w ith hydrogen chloride a t  room tem perature 
and showed a  specific gravity  of about 0.905, indicating an  approxi­
m ately 20%  solution of hydrogen chloride in bu ty l alcohol.

P R O C E D U R E

D e c o m p o s i t i o n  o f  S a m p l e . T ransfer 0.5 to  1.0 gram  or more, 
depending on th e  alkali m etal content, of th e  finely ground sample 
to  a  50- to 100-ml. p la tinum  dish, m oisten w ith  w.ater, and  add  20 
ml. of 47%  hydrofluoric acid and 15 ml. of 72%  perchloric acid.

S tir well with a  p latinum  wire or the rubber end of a  policeman 
and evaporate w ith m oderate heat on a  ho t plate un til copious 
w hite fumes of perchloric acid escape. Remove from the ho t 
plate, wash down the sides of the dish w ith a little  water, and 
again heat until fumes of perchloric acid escape freely and about 
half of the acid has been expelled. D o no t fume to dryness, since 
this m ay cause therm al decomposition of perchlorates.

W hen cool, take up w ith 20 ml. of ho t w ater and warm until 
all salts have dissolved. A residue a t  th is stage denotes incom­
plete decomposition of th e  sample or presence of large am ounts of 
titan ium  or of barium  sulfate.

F ilter through a small paper into a  250-ml. beaker and wash 8 
to 10 times w ith h o t water. If there is any doubt as to  w hether 
the sample was completely decomposed, ignite the paper in the 
original platinum  dish, again trea t w ith small portions of hydro­
fluoric and perchloric acids, evaporate to  near dryness, take up 
w ith water, and filter into the m ain solution.

Evaporate on a  ho t p late to fumes of perchloric acid, finally 
expelling the excess of acid. T o prevent decomposition of per­
chlorates, particularly of alum inum  perchlorate, which would 
render subsequent separations more difficult, m oderate heat only 
should be used, and expulsion of the perchloric acid m ust no t be 
carried too far. T he resulting perchlorates should no t be bone- 
dry, b u t a  sm all am ount of perchloric acid, indicated by the  es­
cape of w hite fumes, should be left.

A lim ited num ber of silicates particularly  highly aluminous min­
erals, yield incompletely to  th e  action of hydrofluoric acid. 
O thers m ay be liigh in  titanium , barium , or lead. F or such 
sam ples and additional complex inorganic compounds an alter­
native way of decomposition is desirable.

Table I. So lubility  of Perchlorates in n-Butyl A lc o h o l and in Butyl 
A lc o h o l Containing W illard and Smith Reagent

W e ig h t
T a k e n , S o lu b il i ty  of P e rc h lo ­ E ffe c t of W illa rd  a n d

E le m e n t M g . r a te s  in  B u ty l  A lcoho l S m ith  R e a g e n t

S o d iu m 100 *  5 C le a r  so lu tio n W h ite  p re c ip i ta te
500  «fa 5 W h ite  re s id u e W h ite  p re c ip i ta te

P o ta s s iu m 100 *  5 W h ite  re s id u e N o  a p p a re n t  c h a n g e
L i th iu m 300  ±  10 C le a r  s o lu tio n C le a r  so lu tio n
A lu m in u m 1 00  *  5 C le a r  s o lu tio n C le a r  s o lu tio n

500  ±  5 C le a r  s o lu tio n C le a r  s o lu tio n
C a lc iu m 100 db 5 C le a r  s o lu tio n C le a r  s o lu tio n

500 5 C le a r  so lu tio n C le a r  s o lu tio n
M a g n e s iu m 200  ±  10 C le a r  so lu tio n  ) 

C le a r , b ro w n  s o lu tio n
C le a r  s o lu tio n

I r o n  * 100 ±  5 C le a r , p a le  ye llo w  s o lu tio n
M a n g a n e s e 100 5 B ro w n  re s id u e C le a r  s o lu tio n
T i ta n iu m 10 *  1 C le a r  so lu tio n C le a r  s o lu tio n

100 *  10 C lo u d in ess C lo u d in ess
B a riu m 100 ±  5 C le a r  s o lu tio n W h ite  p re c ip i ta te
S tro n tiu m 100 *  10 C le a r  so lu tio n W h ite  p re c ip i ta te
L e ad 100 =*= 5 C le a r  s o lu tio n W h ite  p r e c ip i ta te
Z irco n iu m 50 ±  5 C le a r  so lu tio n C le a r  s o lu tio n
V a n a d iu m 50 =*= 10 C le a r  so lu tio n C le a r  s o lu to n
C h ro m iu m 10 *  2 C le a r  so lu tio n C le a r  so lu tio n

T h e  ch lo rid e«  of th e  e le m e n ts  l i s te d  w ere  fu m e d  to  n e a r  d ry n e s s  w ith  a n  
excess of p e rc h lo r ic  ac id . T h e  p e rc h lo ra te s  w ere  h e a te d  to  b o ilin g  w ith  25  
m l. of b u ty l  a lco h o l a n d  th e  s o lu tio n  w as ex a m in e d  fo r  in s o lu b le  co m p o u n d s : 
11 m l. of th e  W illa rd  a n d  S m ith  re a g e n t  w ere  th e n  added7  th e  b o ilin g  w as 
c o n tin u e d  fo r  one m in u te , a n d  a f te r  coo ling  to  ro o m  te m p e r a tu r e ,  th e ’effecfc 
of th e  p r e c ip i ta n t  w as n o te d .

T he only choice in such cases is the J. L. Sm ith m ethod (7), 
details of which can be found in analytical textbooks. Applying 
the proposed m ethod directly to  the aqueous extract from the orig­
inal fusion, containing the chlorides of the alkali m etals along with 
considerable calcium, some of the  more serious objections to the 
J. L. Sm ith m ethod are overcome by adding 10 ml. of perchloric 
acid to  the w ater ex tract from the Sm ith fusion, and evaporating 
on a ho t plate  until copious fumes of perchloric acid escape, and 
finally un til alm ost dry.

P r e c i p i t a t i o n  o f  S o d i u m  a n d  P o t a s s i u m . . T o th e  cold per­
chlorates add 25 ml. of anhydrous n-hutyl alcohol and heat the 
solution to  boiling. (A precipitate a t  th is stage consists of potas-

678
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sium  perchlorate, and w ith a little  experience, i t  is no t difficult to 
estim ate the approxim ate potassium content of the sample, a  fact 
which is m ost valuable to  the analyst who intends to  confine his 
work to the determ ination of only one of the two alkali metals. 
T he potassium perchlorate can be filtered off on a Gooch crucible, 
converted to  th e  chloride by ignition, dissolved in  water, and 
finally determ ined as potassium perchlorate.)

Add dropwise to  the boiling Solution 3 ml. of the W illard and 
Sm ith  reagent and then 8 ml. more. (A w hite precipitate formed 
a t  th is point denotes the presence of sodium which can be ob­
served even in the presence of large am ounts of potassium.)

Allow to  simmer for 3 m inutes, cool to  room tem perature, de­
can t the supernatan t liquid in to  a dry Gooch crucible, transfer the 
bulk of the precipitate onto th e  crucible w ithout policing the 
beaker, and wash 8 to 10 times w ith 1- to 2-ml. portions of a 6 to 
7%  solution of hydrogen chloride in butyl alcohol, made by dilut­
ing 40 ml. of the W illard and Sm ith reagent w ith 100 ml. of butyl 
alcohol. D iscard filtrate and washings, unless wanted for the de­
term ination of a nonalkali constituent of the sample.

S e p a r a t i o n  o p  S o d i u m  a n d  P o t a s s i u m . D ry the beaker and 
Gooch crucible for about 15 m inutes on a  ho t plate or in  an elec­
tric drying oven. T hen dissolve the precipitate on the Gooch, 
and also any particles adhering to the sides of the beaker, in a 
minim um am ount of ho t water. For th is purpose i t  is desirable to 
arrange the filtering apparatus so th a t th e  filtrate can be directly 
caught in  a  250-ml. beaker.

Add 5 ml. of perchloric acid and evaporate on a ho t plate nearly 
to  dryness. Since small am ounts of nonalkali elements m ay have 
escaped the preceding separation, i t  is no t advisable as suggested 
in  the Sm ith and Ross procedure (6) to  expel all perchloric acid 
a t  th is stage. T his is done, however, during th e  reprecipitation of 
the potassium perchlorate.

Cool, add 15 to 20 ml., depending on th e  alkali m etal content, 
o f a  m ixture of equal parts  per volum e of bu ty l alcohol and ethyl 
acetate, digest near boiling for 2 to  3 m inutes, cool, and decant the 
supernatan t liquid in to  a  dry  b u t unweighed Gooch crucible. 
Again the filtering appara tus should bo arranged so th a t  the 
filtrate can be caught directly in  a small beaker. Wash the po­
tassium  perchlorate three times by décantation with 3-ml. portions 
of the mixed solvent. Reserve filtrate and washings.

Dissolve the residue in  th e  crucible in a minim um am ount of 
ho t water, catching th e  solution in  th e  original beaker, add 1 ml. 
of perchloric acid, evaporate to  dryness, and expel any acid con­
densed on the side walls of the beaker by brushing w ith a  free 
flame. Cool, dissolve salts in  3 to  5 ml. of water, and again evapo­
ra te  to dryness. Cool, add 10 to  15 ml. of the mixed solvent, di­
gest near boiling as before, cool to  room tem perature, and filter 
through the  original crucible which in the meantim e has been dried, 
ignited, cooled, and weighed. T ransfer the residue to  the Gooch 
crucible, police the beaker, and wash th e  crucible 8 to  10 times 
w ith 1-ml. portions of the mixed solvent. Reserve filtrate and 
washings which have been caught in th e  original beaker containing 
the bulk of the sodium. D ry the precipitating beaker for a few 
m inutes on a  ho t plate  and brush any unremoved particles of po­
tassium  perchlorate into the Gooch crucible. D ry  the crucible 
for 1 hour a t  110° C. and finally, while covered with a watch glass, 
for 15 m inutes a t  350° C. Cool and weigh as potassium  perchlo­
rate.

D e t e r m i n a t i o n  o f  S o d i u m . T he subsequent treatm en t of the 
butyl alcohol-ethyl acetate  solution containing the sodium de­
pends largely on the am ount of sodium present.

If the W illard and Sm ith reagent, as precipitant for sodium 
and potassium  in their separation from the nonalkali constituents 
of the sample, caused little or no' apparen t precipitation of sodium, 
the logical choice should be one of the two trip le acetate  m eth­
ods (I, 2).

Evaporate the combined filtrates and washings, after diluting 
w ith one th ird  the ir volum e of water, on th e  w ater ba th  in such a 
way as to  avoid condensation on th e  upper p a rt of the beaker.

W hen completely dry, add 10 ml. of w ater, 1 ml. of n itric  acid, 
and 1 ml. of sulfuric acid and evaporate on a ho t plate to  strong 
fumes of sulfuric acid. T his trea tm en t is usually sufficient to 
destroy any brown coloration due to  organic m atter. If  not, a  
few drops of n itric  acid should be added and the fuming resumed. 
Finally, fume to  complete dryness, dissolve salts in a  few millili­
ters of ho t water, filter off any  insolubles if necessary, evaporate to 
1 ml., cool, and precipitate th e  sodium w ith triple acetate reagent, 
directions for which can be found in  analytical textbooks.

If the W illard and Sm ith reagent caused considerable precipita­
tion of sodium chloride, sodium should finally be precipitated and 
determined as the chloride.

November, 1946

Table II. Separation of Sodium and Potassium from a Num ber of

E le m e n t o r W e ig h t N a C l

Elements
R e g u la r  
M e th o d  

K C l N a C l KC1

R a p id  R o u tin e  
M e th o d , C o m ­
b in e d  C h lo rid e s

C o m p o u n d T a k e n U sed U sed fo u n d fo u n d F o u n d
M g . M g.

5 0 .0

M 0.

5 0 .0
M g .

5 0 .4
M g
5 0 .2

M o.

1 0 . 0 1 0 0 . 0 9 . 7° 1 0 0 .9
1 0 0 . 0 1 0 0 . 0 1 9 9 .2

A1 150 1 0 0 . 0 1 0 0 . 0 9 9 .8 1 0 1 . 1

C a
300

50
1 0 0 . 0
1 0 0 . 0

1 0 0 . 0
5 0 .0 1 0 0 .8 5 0 .4

2 0 0 .5

M g
300
1 0 0

3 .0
5 0 .0

1 0 0 . 0
5 0 .0

3 . 3 a 1 0 1 .3
1 0 0 . 8

* 300 1 0 0 . 0 1 0 0 . 0 1 0 0 . 2 1 0 0 .4
F e 2 0 5 0 .0 5 0 .0 9 9 .9
■Mn 2 0 5 .0 5 0 .0 ’ 5 . Ö* 4 9 .7
T i 2 0 5 0 .0 5 0 .0 4 9 .3 4 9 .6
B a 25 5 0 .0 5 0 .0 4 9 .5& 5 0 .6

P b
2 0
2 0

5 0 .0
5 0 .0

5 0 .0
5 0 .0

5 1 .0 C 
5 0 .3  b

4 9 .8
5 0 .7

As
2 0
1 0

5 0 .0
5 0 .0

5 0 .0
5 0 .0

5 1 .8 C 
5 0 .6

4 9 .7
4 9 .8

V 1 0 5 0 .0 5 0 .0 1 0 0 .4
H gPO . 32 1 0 . 0 5 0 .0 ’ 9 .6 5 0 .8

HgBOg
32
40

1 0 0 . 0
5 0 .0

1 0 0 . 0
5 0 .0

2 0 1 . 2
9 9 .3

C IIO H C O O H

¿ H O H C O O H

2 0 0
250

5 0 .0
5 0 .0

5 0 .0
5 0 .0 4 8 .7 4 8 .9

1 0 0 .7

1 0 0 0 1 0 . 0 5 0 .0 7 .8 ° 4 8 .2

M ix tu re  of 
Al 150 
C a  50 
M g  50 
F e  5 
T i 10 
H i P O i 32

5 0 .0

6 . 0

1 0 0 . 0

5 0 .0

5 0 .0  

1 0 0 . 0

6 . 6 a

1 0 0 . 8

5 0 .4

1 0 1 . 0

1 0 0 . 2

“ S o d iu m  d e te rm in e d  o s  t r ip le  a c e ta te .
b S o d iu m  d e te rm in e d  a s  ch lo r id e  a f te r  rem o v a l of B a  o r  P b  a s  c a rb o n a te s .  
c S o d iu m  d e te rm in e d  a s  s u lfa te  a f te r  rem o v a l of B a  o r  P b  a s  s u lfa te s .

E vaporate the combined filtrates and washings from the potas­
sium determ ination, after diluting w ith water, in the same way as 
for the triple acetate m ethod. W hen completely dry, add 10 ml. 
of water and 3 ml. of perchloric acid and evaporate slowly, w ith a 
cover glass on, to  strong fum es of perchloric acid. Increase the 
heat until all organic m atter is destroyed. Finally evaporate to  
near dryness.

Add 15 to  20 ml. of butyl alcohol and heat the solution to boil­
ing. Add 7 or 9 ml., respectively, of the W illard and Sm ith re­
agent, the first 2 ml. dropwise, allow to  simmer for one m inute to 
facilitate coagulation of th e  sodium chloride, cool to  room tem per­
ature, collect the precipitate on a  d ry  Goocn crucible, and wash 5 
timeS w ith 1- to  2-ml. portions of the 6 to  7%  solution of hydrogen 
chloride in  bu ty l alcohol.

D ry  the crucible for half an  hour a t  110° C., then  ignite for 5 
m inutes in a muffle a t  600° C. Cool in a desiccator, then  weigh 
the crucible plus sodium chloride. Dissolve th e  precipitate in 
ho t water, collecting and reserving th e  washings in a small beaker, 
d ry  the crucible for one hour a t  110° C., cool, and weigh. The 
loss in weight represents sodium chloride.

The sodium chloride solution can be tested  for possible presence 
of barium  or lead by one of two procedures.

1. Add 1 gram of am m onium  carbonate, heat to  boiling, and 
allow to stand for one hour. T he solution should rem ain clear. 
If  i t  contains any precipitate, filter i t  off, evaporate th e  filtrate 
to  dryness, transfer w ith ho t w ater to  a  weighed platinum ' dish, 
add a few drops of hydrochloric acid, evaporate to  dryness, heat 
as usual to  expel any amm onium chloride, and weigh as pure so­
dium  chloride.

2. Precip itate any barium  or lead present by adding 1 ml. of 
sulfuric acid and determ ine the  sodium in the filtrate as sodium 
sulfate.

R a p i d  R o u t i n e  M e t h o d . Collect th e  m ixture of alkali chlo­
rides and potassium  perchlorate, obtained as described above, on 
a d ry  Gooch crucible, policing the beaker in  which the precipita­
tion  was carried out. Special a tten tion  should be paid to  the 
am ount of potassium  perchlorate present, prior to th e  addition of 
the W illard and Sm ith reagent, and  also to  the am ount of sodium 
chloride precipitated.

D ry the crucible for one hour a t  110° C., then  increase th e  heat 
of the muffle gradually to 650° C., a t which tem perature the 
crucible is kept for half an hour, while covered w ith a  watch glass 
or platinum  cover. Cool and weigh, and dissolve chlorides of 
sodium and potassium  in ho t water, receiving filtrate and washings
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directly in a  small beaker. D ry the crucible for one hour a t 
110° C., cool, and weigh. The loss in  weight represents the com­
bined chlorides of sodium and potassium.

Depending on the relative am ounts of sodium and potassium  
present, based largely on observations made during the precipi­
ta tion  w ith the W illard and Sm ith reagent, precipitate either the 
sodium as triple acetate or the potassium as perchlorate or ehloro- 
p latinate  and calculate th e  o ther alkali m etal from the  w eight of 
the combined chlorides.

Acid-soluble barium  or lead sa lts would accompany the sodium 
and potassium . In  such cases, the aqueous solution of the  com­
bined chlorides should be trea ted  w ith a small am ount of am ­
monium carbonate and the chlorides of sodium and potassium 
recovered in the filtrate of the lead or barium  carbonate.

C o r r o b o r a t i o n  a n d  V e r i f i c a t i o n . Both methods described 
above were applied to  the quan tita tive  separation and determ ina­
tion of sodium and potassium in the presence of elements which

Table III. Effect of Sulfate Ion
S u lfu r  F o u n d

N aC l KC1
0.1 N  
Ih S 0 4

E q u iv a ­
le n t  to C o m b in ed K ClCh

6 %  so lu tio n  
of H C 1 in

U sed U sed U sed S u lfu r c h lo r id e s N a C l - f  KC1 b u ta n o l
M g. M g. M L M g. M o. M g . M g. M o .

50 1 1 . 6 1 .4
50 4 6 .4 0 . 1 6 . 6

1 0 0 8 1 2 . 8 0 . 2 1 2 . 2
1 0 0 1 0 1 6 .0 0 .4 1 5 .5
1 0 0 15 2 4 .0 0 . 8 2 2 . 0

50 1 1 . 6 0 . 8
1 0 0 8 1 2 . 8 0 .4 1 2 . 8
1 0 0 15 2 4 .0 0 . 6 2 3 .8

1 0 0 1 0 0 5 8 . 0 0 .3 8 . 1
1 0 0 1 0 0 15 2 4 .0 1 . 2 2 3 .2

T h e so lu tio n of so d iu m  a n d / o r p o ta s s iu m ch lo rid e to  w h ich  v a ry in g
a m o u n ts  of 0.1 N  s u lfu r ic  acicl w ere  a d d e d , w as  fu m e d  to  n e a r  d ry n e s s  w ith  
p e rc h lo r ic  ac id  a n d  t r e a te d  w ith  b u ty l  a lco h o l a n d  th e  W illa rd  a n d  S m ith  
re a g e n t, a n d  th e  s u lfa te  ion  d e te rm in e d  in  th e  r e s u lt in g  f ra c t io n s .

form the main constituents of silicates or m ay occasionally be en­
countered.

All nonalkali elem ents and compounds used in these tests were 
specially prepared or tested  to be alkali-free. In  order to  dupli­
cate as m uch as possible all operations th a t a  sample of silicate 
has to  go through, the hydrochlo.ric o r nitric acid solution of these 
elements and the aqueous solution of acids were evaporated to 
dryness in a  platinum  dish. Hydrofluoric and perchloric acids 
were then added and the methods, described in the preceding para­
graphs, applied. T he results, presented in Table II , show th a t 
in the proposed m ethod direct precipitation of sodium and potas­
sium in the presence of large am ounts of o ther elem ents is possible.

An attrac tive  feature is the fact th a t  the method provides a t  an 
early stage of the analysis definite indications as to  the relative 
am ounts of sodium and potassium  present.

In  contrast to  the J. L. Sm ith m ethod (7), no solid reagents are 
used if the sample can be decomposed by acid treatm ent. No 
ammonium salis are used. They would interfere because of th e  
small solubility of ammonium perchlorate in bu ty l alcohol con­
taining the W illard and Sm ith reagent and in the m ixture of butyl 
alcohol and ethyl acetate.

A nother advantage lies in the rem oval of lithium a t an early 
stage of the analysis, thus obviating one of the m ajor objections 
inherent in the Sm ith and Berzelius methods.

While magnesium m ay interfere in the Sm ith method, and defi­
nitely does interfere in the Berzelius m ethod (8), and causes the 
use of 8-hydroxyquinoline in the more recent m ethod of M arvin 
and W oodlaver (o), it causes no difficulty in the proposed method.

M oderate am ounts of phosphoric, boric, and even tartaric  
acids do not interfere. T he effect of the sulfate ion was investi­
gated (Table II I) .

Any sulfate ion rem aining after the’ fuming with perchloric acid 
will cause formation of sodium sulfate, and to  a  lesser degree, of 

potassium sulfate, both  insoluble in bu ty l alcohol. 
T h e  d a ta  in Table I I I  indicate th a t the Willard 
and Smith reagent causes considerable conver­
sion of these sulfates into the equally insoluble and 
noninterfering chlorides:

N a2SO< +  2HC1 — >- 2N aCl +  H 2SO* 
IGSO, +  2HC1 — >- 2KC1 +  I I2SO,

As much as 15 mg. of sulfur in form of sulfates 
apparently  is quantita tively  converted into chlo­
rides and does no t in terfe re . For larger quanti­
ties of. sulfates, the w riter would suggest either re­
precipitation of the m ixture of alkali chlorides and 
potassium  perchlorate, or, preferably, treatm ent 
of the aqueous solution of these alkali salts with 
a few drops of barium  chloride, after converting 
them  to the  chlorides by  ignition, and sim ultane­
ous removal of the excess reagent w ith ammonium 
carbonate.

The m ethod discussed above w as applied in the 
determ ination of sodium and potassium  in a num­
ber of representative standard  samples of silicates 
and related products (Table IV).
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T a b le  I V .  D e te r m in a t io n  o f  S o d iu m  a n d  P o ta s s iu m  in  S ta n d a r d  S a m p le s

C e rt if ic a te  V alu e  ________B y  A n aly s is_______
B. of S. W e ig h t C o m - C om -
S am p le  T y p e  of of b in e d  b ln e d

N o. S am p le  S am p le  ch lo rid es  N a iO  K :0  ch lo rid es  N a* 0  KsO
G ram s G ram  %  %  G ram  %  %

70 K jO  =  fe ld sp a r  1 .0 0 0 0  0 .2 4 3 9  2 .3 8  1 2 .5 8  0 .2 4 3 3 “ 2 .271’ 1 2 .6 6
1 .0 0 0 0  0 .2 4 3 9  2 .3 8  1 2 .5 8  0 .2 4 4 0 “ .......................
1 .0 0 0 0  0 .2 4 3 9  2 .3 8  1 2 .5 8    2 .3 5  1 2 .0 8
1 .0 0 0 0  0 .2 4 3 9  2 .3 8  1 2 .5 8  ........ 2 .4 1  1 2 .5 3
0 .5 0 0 0 “ 0 .1 2 2 0  2 .3 8  1 2 .5 8  0 .1 2 2 4 “ .........................

99 N a iO  — fe ld sp a r  1 .0 0 0 0  0 .2 0 8 8  1 0 .7 3  0 .4 1  0 .2 1 0 0 “ 10.821’ 0 .3 8
1 .0 0 0 0  0 .2 0 S 8  1 0 .7 3  0 .4 1    1 0 .7 5  0 .4 4
1 .0 0 0 0  0 .2 0 8 8  1 0 .7 3  0 .4 1    1 0 .6 8  0 .3 7
0 .5 0 0 0 “ 0 .1 0 4 4  1 0 .7 3  0 .4 1  0 .1 0 4 9 “ .........................
0 .5 0 0 0  0 .1 0 4 4  1 0 .7 3  0 .4 1    1 0 .7 4  0 .4 4

91 O pal g la ss  1 . 0 0 0 0  0 . 2 1 1 2  8 .4 8  3 .2 5  0 .2 1 1 8 “ .........................
1 .0 0 0 0  0 .2 1 1 2  8 .4 8  3 .2 5  .......  8 .5 0  3 .2 5
1 .0 0 0 0  0 .2 1 1 2  8 .4 8  3 .2 5  .......  8 .5 2  3 .3 2
0 .5 0 0 0 “ 0 .1 0 5 6  8 .4 8  3 .2 5  0 .1 0 6 5 “ .........................
0 .5 0 0 0 “ 0 .1 0 5 6  8 .4 8  3 .2 5  ........ 8 .4 4  3 .2 2

80 S o d a -lim e  g la ss  1 .0 0 0 0  0 .3 1 4 5  1 6 .6 5  0 .0 4  0 .3 1 4 9 “ 1 6 .7 0  0 .0 2
1 .0 0 0 0  0 .3 1 4 5  1 0 .6 5  0 .0 4    1 6 .6 5  0 .0 0
0 .5 0 0 0 “ 0 .1 5 7 2  1 6 .6 5  0 .0 4  0 .1 5 7 0 “ .........................

9S P la s tic  c lay  1 .0 0 0 0  0 .0 5 5 4  0 .2 8  3 .1 7  0 .0 5 5 7 “ _____
1 .0 0 0 0  0 .0 5 5 4  0 .2 8  3 .1 7  0 .0 5 6 0 “ 0 .2 6 4  3 .2 1
1 .0 0 0 0  0 .0 5 5 4  0 .2 8  3 .1 7  ........ 0 .3 0 4  3 . 1 5
1 .0 0 0 0  0 .0 5 5 4  0 .2 8  3 .1 7  .......  0 .3 0 4  3 . 1 4
0 .5 0 0 0 “ 0 .0 2 7 7  0 .2 8  3 .1 7  0 .0 2 8 5 “ 0 .2 8 4  3 .1 7

89 P b -B a  g la ss  1 .0 0 0 0  0 .2 4 0 5  5 .7 0  8 .4 0  0 .2 4 1 5 “ .« .........................
1 .0 0 0 0  0 .2 4 0 5  5 .7 0  8 .4 0  .......  5 .7 2 /  8 .4 2
1 .0 0 0 0  0 .2 4 0 5  5 .7 0  8 .4 0  .......  5 .8 1 “ 8 .4 0
0 .5 0 0 0 “ 0 .1 2 0 3  5 .7 0  8 .4 0  .......  5 .7 3  8 .4 6
0 .5 0 0 0 “ 0 .1 2 0 3  5 .7 0  8 .4 0  0 .1 2 0 0 “ .« 5 .6 7 S  8 .4 8

1 “ L im e s to n e  1 . 0 0 0 0 * 0 .0 1 8 6  0 .3 9  0 .7 1  .......  0 .4 3 4  0 .7 4
2.0000*  0 .0 3 7 2  0 .3 9  0 .7 1  ........ 0 .3 6  0 .7 2

“ C o m b in e d  ch lo rid e s  b y  ra p id  ro u tin e  m e th o d .
1* N a iO  c a lc u la te d  b y  d iffe rence  fro m  w e ig h t of co m b in e d  ch lo rid es .
“ J .  I.. S m ith  fu s io n  ap p lied .
4 S o d iu m  d e te rm in e d  a s  t r ip le  a c e ta te .
« P b  a n d  B a  p re v io u s ly  re m o v e d  w ith  a m m o n iu m  c a rb o n a te .
/  S o d iu m  d e te rm in e d  a s  ch lo ride  a f te r  re m o v a l of P b  a n d  B a  w ith  (N H iJsC O a.
“ S o d iu m  d e te rm in e d  a s  s u lfa te .
* S am p le  d ec o m p o sed  w ith  H CIO* in  co v e re d  d ish , p r io r  to  a d d i tio n  of H F .

& Sons, 1929.
(4) K allm ann, I n d . E n g . C h e m ., 

7 1 2 -1 7  (1944).



Polarographie Determination of Tin in Foods and
Biological M aterials

E D IT H  M . G O D A R  A N D  O . R. A L E X A N D E R ,  Research Division, Am erican Can Com pany, M ayw ood, 111.

A  rapid and precise polarographic method for the determination of 
tin in foods and biological materials has been developed, which is 
applicable to the determination of tin in concentrations as low as 0.5 
part per m illion. The accuracy is of the order of =*=5% for concen­
trations in excess of 10 parts per million and somewhat less for 
smaller amounts. It has been demonstrated that moderate amounts 
of iron, copper, bismuth, cadmium, mercury, cobalt, and zinc may 
be present without interference. Lead leads to high results and a 
procedure in case lead is present is outlined.

T H E  accurate determ ination of traces of tin  in foods is of 
considerable in terest and has m any limitations. The 

method adopted by the Association of Official Agricultural 
Chemists (3) has been widely used for m any years, bu t while i t  is 
very reliable it  is subject to  a  num ber of disadvantages. In 
order to obtain  satisfactory precision it  is necessary to  handle 
large samples, usually 50 to 100 grams, and the wet digestion of 
such large samples is time-consuming and requires large quan­
tities of oxidizing acids. The hydrogen sulfide separation is 
also objectionable, from the standpoin t of both the toxicity of 
the hydrogen sulfide and  the tedious filtration of the slimy pre­
cipitate.

The polarographic procedure described perm its the determ i­
nation of tin  on a  m uch sm aller sample w ith the elim ination of 
the sulfide separation. G reater sensitivity is obtained and the 
precision in the lower range is greatly enhanced.

A t the time th is study  was instigated the behavior of solutions 
of tin  a t  the dropping m ercury electrode was no t completely 
understood. Lingane (6‘) found th a t stannous tin in ta rtra te  
solutions yielded a  well-defined anodic wave due to  the oxidation 
of stannous to stannic tin  and a  well-defined cathodic wave cor­
responding to the reduction of stannous tin. No wave was ol>-

lained for stannic tin. The same au thor (4) reported a  similar 
composite wave for stannous tin  in sodium hydroxide solution 
and a rather poorly defined double wave for the reduction of 
stannic tin  in hydrochloric acid solution. Smrz (<S) obtained 
well-defined waves for the reduction of stannous tin  in hydro­
chloric acid. Lingane and Scott (3) reported th a t stannous tin 
was no t reducible in perchloric acid, b u t th a t well-defined waves 
were obtained on addition of chloride ion. A sim ilar behavior 
was found for stannic tin  in perchloric acid. In  the presence of 
added chloride a  double wave was obtained. Alimarin (1) re­
ported an application of the polarograph to  the determ ination 
on tin  in  ores in  which stannic tin  was reduced in a  supporting 
electrolyte of hydrochloric acid and sulfuric acid.

A very complete discussion of the theoretical considerations of 
the polarography of stannic tin  in halide solutions was presented 
by Lingane (7) while th is investigation was in progress. Lingane, 
working w ith pure solutions, recommended a  supporting elec­
trolyte of amm onium chloride in hydrochloric acid w ith a  trace 
of gelatin to suppress maxima. A fter the present paper had 
!>een subm itted  for publication, a  polarographic procedure for 
the determ ination of tin  and lead in  copper base alloys was de­
scribed (3).

A P P A R A T U S

The usual polarograph electrolysis cell of the simple Hey- 
rovsk^ type  is no t applicable to  the determ ination of tin , since 
the anode pool effects some reduction of stannic tin. For this 
reason i t  is necessary to  use an  external reference anode. In  the 
work under discussion a sa tu ra ted  calomel cell was used, the con­
struction of which is shown in detail in Figure 1.

T he cell is made of heavy-wallcd Pyrex and is designed to  mini­
mize concentration polarization by virtue of the relatively large 
area of mercury exposed. Connection to  the electrolysis vessel is 
made through an inverted U -tube sa lt bridge filled w ith a  sa tu ­
rated solution of potassium  chloride. Small pieces of porous 
Alundum are fused into th e  tips of the bridge. The electrical re­
sistance of the bridge is low, and th e  potassium  chloride diffuses 
a t  such a low ra te  th a t  the sam ple is no t m easurably diluted.

The electrolysis vessel (Figure 1) is of very simple construc­
tion. Dissolved oxygen is sw ept ou t of the solution by passing a 
current of nitrogen through the capillary tube. W hen th is flow 
is stopped and diverted  to  the side arm , a blanketing atm osphere 
of nitrogen is m aintained over the solution in the cell. A m ani­
fold system  perm its th e  sim ultaneous deaeration of several sam ­
ples, preventing any loss of tim e a t  th is pd in t of th e  procedure. 
The cell described no t only perm its the increased sensitivity as­
sociated w ith the use of a  relatively small volume of solution (3 to 
4 ml.), b u t in conjunction w ith the use of the external electrode 
perm its a  maximum economy of m ercury. Only a  few ten ths of a 
gram  are used per determ ination and th is is completely recover­
able.

A H cyrovsk t-type polarograph m anufactured by  E . H . Sar­
gent & Co. was used 'th roughout the course of th is investigation. 
The full-scale galvanom eter sensitivity  was 0.0028 microampere 
per m illim eter. A 60- to 65-mm. length of m arine barom eter 
tubing was used as the cathode capillary and under an  applied 
pressure of 75 cm. of m ercury the drop tim e was approximately 
3.3 seconds with the capillary immersed in distilled water. 
Under these conditions 1.94 mg. of m ercury were delivered per 
second. Although it would be desirable to  work under constant- 
tem perature  conditions, the m easurem ents reported w'ere made 
a t room tem perature and are subject to  a  sm all error which under 
normal operating conditions probably does no t exceed 5% .

E X P E R IM E N T A L

Although very satisfactory anodic waves can be obtained for 
the oxidation of stannous tin (3, 4), it was felt th a t considerable
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difficulty would be associated w ith obtaining and m aintaining 
the tin in  a  completely reduced sta te , and  th a t i t  would be pref­
erable to  work w ith solutions of stannic tin. In  prelim inary 
experim ents i t  was shown th a t well-defined waves suitable for 
analytical purposes could be obtained in a  medium of dilute sul­
furic acid containing a soluble chloride such as ammonium chlo­
ride, sodium chloride, potassium  chloride, or hydrochloric acid 
and a  trace of certain organic substances such as gelatin, m ethyl 
red, or cresol red which ac t as m aximum suppressors. I t  was 
shown th a t the reduction of tin  occurred in  two very definite 
steps, first a  reduction of the te travalen t tin , supposedly existing 
as the anion of the acid H 2SnClj to  the d ivalent s ta te ; then, in 
the second step, the subsequent reduction to m etallic tin. W ith 
increasing concentrations of chloride ion th e  two waves became 
more widely separated and more sharply defined. The second 
wave m arking the  reduction of d ivalent tin  to  m etallic tin  ap ­
proximated the form of-a typical reversible reaction, while the 
shape of the first wave indicated th a t  th e  current in  th is step  of 
the reduction was lim ited by factors other than  diffusion, prob­
ably by the dissociation of the aquo-stannic ion. In  concen­
tra ted  chloride solutions the increase in diffusion current due to  
the second step  of th e  reduction is approxim ately equal to  one 
half of the to ta l diffusion current. I t  was further dem onstrated 
th a t the second portion of the reduction wave was well suited to  
analytical m easurem ent, since th e  diffusion current could readily 
be m easured and  was directly proportional to  tin  concentration. 
These experim ental results and conclusions are in  substantial 
agreem ent w ith those of Lingane (7).

Some difficulty was encountered in a ttem p ts to  apply  the pro­
cedure outlined above to  th e  determ ination of tin  in  th e  sulfuric 
acid residues resulting from the acid digestion of food products. 
Results in m ost instances were completely satisfactory b u t ex­
trem ely abnorm al curves were obtained for occasional samples. 
The current in these instances would increase rapidly and alm ost 
linearly w ith increasing applied voltage. Sim ilar curves were 
obtained on solutions yielding norm al curves to  which were added 
small am ounts of nitric acid containing oxides of nitrogen. The 
same behavior could also be induced by passing a  small am ount 
of nitric oxide into the solution prior to  electrolysis. I t  was in­
ferred th a t the occasional abnorm al curves were due to  incomplete 
decomposition and removal of nitrosyl sulfuric acid formed dur­
ing the digestion step. I t  was observed th a t  when solutions 
giving these abnorm al curves were boiled vigorously and 
again diluted to  volume the polarogram s were usually 
norm al and recovery determ inations were fairly satisfac­
tory. Even when this procedure was followed, an oc­
casional failure was noted, especially during the analysis 
of such products as evaporated milk, sardines, and 
fehrimp.

In  order to eliminate entirely the occurrence of these 
troublesome failures, m ethods of separation and con­
centration were studied. I t  was shown th a t tip  could be 
completely precipitated as the hydroxide and, in  the 
presence of added aluminum, the precipitated hydroxides 
could readily be separated by centrifuging. The super­
n a tan t liquid was removed by deeantation, and the pre­
cipitate dissolved in hydrochloric acid and diluted to 
volume w ith a  sa tu rated  solution of amm onium chloride.
The solutions so prepared produced uniformly consist­
ent and well-defined curves entirely free of the ab­
norm ality noted previously. In  addition, the separation 
step perm itted a reduction in volume w ith an accom pany­
ing increase in sensitivity.

D E T A IL S  O F  P R O C E D U R E

R e a g e n t s .  A. Ammonium chloride. S a t u r a t e d  
solution in distilled w ater.

B. Hydrochloric acid (1 +  1). D ilu te  c . p . acid w ith 
an equal volume of distilled water.

C. Aluminum chloride. Dissolve 4.65 gram s of alum inum 
chloride nonaliydrate in distilled w ater and dilute to  250 ml. 1 ml. 
=  2 mg. of Al.

D . S tandard  tin  solution. Dissolve 0.500 gram  of pure tin  
in 250 ml. of hydrochloric acid and d ilu te to  500 ml. w ith dis­
tilled  w ater. For use d ilu te 25 ml. to  250 ml. w ith d ilu te hydro­
chloric acid (reagent B). 1 ml. = 0 .1  m g.'of Sn.

E. Cresol red. S atu rated  solution of o-cresolsulfonphthalcin 
in distilled water.

P r e p a r a t i o n  o f  S a m p l e s . Transfer a 5- to  10-gram sample of 
the food product to  a  250-ml. Erlenm eyer flask and add 10 to  15 
ml. of nitric acid and 2 to  3 ml. of sulfuric acid. H ea t slowly to  
begin th e  oxidation. As charring occurs add nitric  acid in small 
increments. Wlien sulfur trioxide fumes are evolved w ith no 
further charring or darkening, add 1 ml. of perchloric acid and 
continue heating un til th e  perchloric acid is volatilized and 
sulfuric acid is rcfluxing freely on the walls of th e  flask. Allow 
to  cool and add 10 to  15 ml. of distilled w ater.

S e p a r a t i o n  o f  T i n . Transfer the digested sam ple to a  50-ml. 
conical centrifuge tube. A long-taper tube accurately graduated 
a t  10 ml. is m ost desirable. R inse the  flask w ith a sm all volume 
of w ater and finally dilute to approxim ately 20 ml. Add 1 ml. 
of alum inum  chloride solution (reagent C) and one drop of 
m ethyl red indicator. M ake alkaline w ith concentrated am­
monium hydroxide and add 0.1 to 0.2 ml. in excess. A. large 
excess of ammonium hydroxide is to  be avoided since tin  and 
alum inum hydroxides become som ewhat soluble. Centrifuge 
a t high speed un til th e  precip itate has been well packed in the 
tip  of the tube. A trunnion-head centrifuge was found to be 
som ewhat more satisfactory than  a fixed-angle machine, since the 
precipitate is packed more firmly into the tip  of th e  tube and the 
supernatan t liquid m ay be poured off w ith less danger of d isturb­
ing the precipitate. D ecant the clear supernatan t liquid as com- 

letely as possible. T o the residue in the tube add 2.5 ml. of 
ydrochloric acid (reagent B) and shake to  effect solution. Add 

sufficient solution (reagent A) to  bring the final volum e to  10.0 
ml.

P o l a r o g r a p h y . Transfer a 4 -  to  5-ml. portion of the prepared 
solution to  a clean d ry  electrolysis cell-and add one drop of cresol 
red solution (reagent E ). Bubble nitrogen through th e  solution 
for 10 m inutes, then  d ivert th e  flow of gas to  provide a  blanketing 
How over the surface of the solution. Record the polarogram 
between 0 and 0.8 vo lt a t  th e  highest galvanom eter sensitivity 
which will perm it the recording of the complete curve. M easure 
the  height of th e  second tin  wave in the m anner illustrated  in Fig­
ure 2 and calculate the tin  content of the sam ple, using the  ap­
propriate sensitivity factor and th e  calibration constant obtained 
from standard  sam ples.

C a l i b r a t i o n . Transfer accurately m easured aliquots of the 
standard  tin  solution (reagent D ) to  centrifuge tubes, dilute 
w ith distilled w ater, and precipitate the tin  as directed above. 
Record the polarogram s and m easure th e  wave height, then  plot

Figure 2. Polarographic Determination of Tin

In 1.5 N  H C I  and approximately 4 IV  N H rC I.  G e so l red as maxima suppressant
A .  10  microsrams per ml.
B .  25 micrograms per ml.
C .  50 microsrams per ml.
D .  75 microsrams per ml.

Recorded at l/ j i  full-scale sensitivity, 1 mm. — 0 .0 5 6  microampere
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Table II. Recovery of Tin in Presence of Lead by M odified  
Procedure

A .  200  micrograms of Pb in 10  ml. of acid medium
B .  200  micrograms of Sn in 10  ml. of acid medium
C .  2 0 0  micrograms of Pb +  200  micrograms of Sn in 10  ml. of acid medium
D .  2 0 0  micrograms of Sn in 13 ml. of alkaline medium
E .  2 0 0  micrograms of Sn +  200  micrograms of Pb in 1 3 ml. of alkaline medium

Recorded at V i*  full-scale sensitivity, 1 mm. — 0.028 microampere

the  wave height against tin  concentration, m ultiplying the 
measured heights by the appropriate sensitivity factor. D raw  
a stra igh t line through the points and from th e  slope of th e  line 
com pute the conversion factor relating wave height to tin  con­
centration. E ach capillary m ust be calibrated, and additional 
standards should be run a t  intervals. W ith proper care a capil­
lary  will la s t alm ost indefinitely.

IN T E R F E R IN G  E L E M E N T S

The behavior of a  num ber of potential interfering elem ents was 
studied in  order to determ ine their effect on the determ ination 
of tin  by the m ethod described. Some of these elem ents are 
elim inated to  a  certain extent in  the amm onium hydroxide sepa­
ration. I t  was dem onstrated th a t iron, copper, bism uth, cad­
mium, mercury, antim ony, nickel, cobalt, and zinc could be pres­
en t in concentrations equal to  or slightly greater than  th a t of 
the tin  w ithout noticeable effect on the results. The presence of 
lead, however, m ay lead to  some error, since i t  is precipitated

Table I. Effect of Extraneous Elements on Recovery of Tin
T in  F o u n d

A d d e d  M e ta l A m o u n t A d d ed (200 M icro g ra i
M icrogram s M icrogr

F e 2 0 0 204
500 2 0 0

1 0 0 0 2 0 0

C u 2 0 0 2 0 0
500 2 0 0

1 0 0 0 2 0 0

Bi 2 0 0 2 0 0
500 2 0 0

1 0 0 0 2 0 0

C d 2 0 0 2 0 0
500 2 0 0

1 0 0 0 2 0 2

Hg 2 0 0 204
500 2 0 2

1 0 0 0 2 0 2

S b 2 0 0 2 0 0
500 2 0 2

1 0 0 0 2 0 2

N i 2 0 0 2 0 0
500 2 0 2

1 0 0 0 2 0 2

C o 2 0 0 2 0 0
500 2 0 0

1 0 0 0 2 0 2

P b 2 0 0 324

A m o u n t of L e ad  
A d d ed  

M icrooram a

0
200
500

1000

T in  F o u n d  
(400 M ic ro g ram s  A d d ed ) 

M icrogram s

400
405
391
409

w ith the tin  and is reduced a t  a  voltage too near th a t of the second 
tin  wave to  be resolved. The results of these determ inations are 
shown in Table I.

T he potential error due to lead interference is no t regarded as a 
serious disadvantage in  the application of the m ethod to  the de­
term ination of tin  in  foods, since lead, if present, usually occurs 
in  relatively minor concentrations. In  the event th a t  the pres­
ence of significant quantities of lead is suspected, i t  is possible to  
overcome the interference as outlined below. T his modified1 
procedure involves recording the polarogram on the solution in 
the usual m anner, then  making a  portion of the acid solution 
Strongly alkaline by  the addition of a  measured am ount of am ­
monia and ammonium citrate , and recording a  second polaro­
gram . In  the amm oniacal c itrate solution the lead wave is well 
defined and the tin  wave is completely suppressed.

Pol.AROGRAPHY OP T l N  IN  T H E  P R E S E N C E  O F L E A D . Record 
the polarogram  as usual on the ammonium chloride-hydrochloric 
acid solution and determ ine the combined wave height due to tin  
and lead. T o a  5.0-ml. aliquot of the solution add 1.0 ml. of 
concentrated am m onium  hydroxide and 0.5 ml. of ammonium 
citrate (50% w /v). Record the polarogram of this solution and 
measure the height of the lead wave. Prepare solutions contain­
ing no tin  and varying am ounts of lead as directed in the section 
on calibration. Precipitate the alum inum and lead and dis­
solve in the hydrochloric acid-am m onium  chloride supporting 
electrolyte. Record the polarogram  on the acid solution and on 
the am m oniacal citra te  solution prepared as directed above. 
M easure the heights of the lead waves and plo t the wave heights 
in the acid medium against those of the corresponding solutions 
in the alkaline medium. I t  is unnecessary to correct the diffusion 
current in th e  alkaline medium for the dilution, since the same 
dilution factor is introduced in both  standards and unknowns. 
T he slope of this line is determ ined by the dilution factor and by 
the relative diffusion rates of th e  lead ions in the two media and 
hence should rem ain constant as long as the composition of the 
two solutions is unchanged. Using this curve, convert the height 
of the lead wave obtained for the unknown in alkaline medium 
to the equivalent wave height for the same am ount of lead in acid 
medium. D educt th is computed wave height from the combined 
wave height of the tin  and lead in acid medium to  "obtain the net 
diffusion current due to  tin.

Figure 3 shows a  series of polarograms illustrating the method 
of correcting for lead interference. Polarogram D shows a  very 
sm all inflection due to  the trace of lead in the reagents used. 
For very precise determ inations of m inute concentrations added 
precautions would be required in order to free the reagents from 
traces of tin  and lead.

Results of a  series of determ inations of tin  in the presence of 
varying am ounts of lead are shown in Table II . Recoveries are 
satisfactory even though the concentrations of lead m ay exceed 
th a t of tin  by a  ratio  of 2.5 to  1. The m ethod would obviously 
no t be applicable to the determ ination of a  trace of tin  in a rela­
tively gross am ount of lead.

R E C O V E R Y  D E T E R M IN A T IO N S

A considerable num ber of samples representing a  wide variety  
of food products have been analyzed both before and after the 
addition of m easured am ounts of tin. M ost of these samples 
originally contained considerable tin ; consequently, the results 
of the recovery determ inations in  these cases m ust be regarded 
as only circum stantial evidence of the precision of the method, 
since compensating errors m ight still exist. In  a few cases, the
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Table III. Results of Recovery Determinations

P ro d u c t  

E v a p o r a te d  m ilk

W h o le  in ilk  
G ra p e f ru i t  ju ice

P ru n e a

A p r ic o t p re se rv e s  
B ean a  w ith  p o rk  
B ee ta
M ix ed  v e g e ta b le  ju ice s  

*
M ix ed  v e g e ta b le s  
B la ck  e y e d  peas

G re e n  peas

°  V alues  in  C  a re  eq u a l to  th e  s u m  of th o se  in  A a n d  B .
R ec o v e ry  p e rc e n ta g e s  a re  o b ta in e d  fro m  th e  r a t io  of figu re s  sh o w n  in  D  

to  c o rre sp o n d in g  v a lu es  in  C .

in itial tin  content of the product was negligible and the fact t h a t , 
results of recovery determ inations on ttiese samples were uni­
formly acceptable more clearly indicates th e  precision which may 
be expected. Satisfactory recoveries have been obtained on 
samples containing as much as 400 parts per million of tin.

T he da ta  presented in Table I I I  show the tin  content in the

A B C ° D E
O rig ina l

T in T in T in T in R ec o v ­
C o n te n t A d d ed P re s e n t F o u n d ery*»
P.p.lTX. P .p .v i . P .p .jn . P .p .in . %

2 5 .8 2 5 .0 5 0 .8 5 2 .3 103
2 7 .0 2 5 .0 5 2 .0 5 3 .0 1 0 2
3 9 .1 2 5 .0 6 4 .1 6 3 .9 1 0 0
4 1 .5 5 0 .0 9 1 .5 9 0 .8 99
4 6 .7 2 5 .0 7 1 .7 7 2 .4 1 0 1
5 8 .4 2 5 .0 8 3 .4 8 3 .1 1 0 0
6 2 .3 2 5 .0 8 7 .3 8 8 . 0 1 0 1
6 9 .3 2 5 .0 9 4 .3 9 2 .2 98
8 2 .6 2 5 .0 1 0 7 .6 1 0 7 .6 1 0 0

0 .4 5 .0 5 .4 5 .4 1 0 0
8 3 .4 2 5 .0 1 0 8 .4 1 0 8 .0 1 0 0
9 8 .0 2 5 .0 1 2 3 .0 1 2 2 . 0 99
2 3 :8 5 0 .0 7 3 .8 7 2 .0 98
2 1 . 2 1 5 .0 3 6 .2 3 6 .0 1 0 1
2 4 .2 1 5 .0 3 9 .2 3 9 .0 99

2 . 1 1 0 . 0 1 2 . 1 1 2 . 0 99
1 .4 1 0 . 0 1 1 .4 1 1 .4 1 0 0
8 .9 1 0 . 0 1 8 .9 1 8 .7 99
2 . 1 1 0 . 0 1 2 . 1 1 2 . 0 99

1 5 .6 1 5 .0 3 0 .6 3 1 .8 104
6 . 2 2 5 .0 3 1 .2 3 1 .0 99
3 .1 2 5 .0 2 8 .1 2 7 .8 99
0 . 8 1 0 . 0 1 0 . 8 1 0 . 8 1 0 0
8 .7 1 0 . 0 1 8 .7 1 8 .0 96
6 . 0 1 0 . 0 1 6 .0 1 6 .5 103
0 . 0 2 5 .0 2 5 .0 2 4 .2 97
0 . 0 2 5 .0 2 5 .0 2 3 .9 96

original sample, the am ount of tin  added, and the am ount found, 
all expressed in term s of parts per million. T he ratio  of the 
am ount actually found to  the sum of the original tin  content 
and the added tin is given as the recovery.

D IS C U S S IO N

By means of the procedure described it  is possible to determ ine 
the tin  content of a  10-gram sample of food product containing as 
little  as 0.5 p a rt per million. T his represents a  considerable in­
crease in sensitivity over the volum etric iodom etric method, 
which requires 50 to  100 grams of m aterial. The increased sen­
sitiv ity  of the polarographic procedure in perm itting the use of 
small samples makes possible a  considerable saving in tim e and a 
m arked economy of reagents. The reduction in sample weight, 
for example, reduces the quan tity  of n itric and sulfuric acids con­
sumed in the digestion to  less than  one fifth th a t required in the 
volum etric method. The use of hydrogen sulfide w ith the ac­
companying problem of fume removal is elim inated, as well as 
the time-consuming filtration of the sulfide precipitate. The 
reduction in sample size also perm its the use of sm aller vessels 
and enables the operator to handle three to  four tim es as m any 
determ inations concurrently.
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R A W  S U G A R
Sam pling, M ixin g, and Testing

E D W A R D  F. K E N N E Y , Customs Laboratory, U. S. Treasury Department, Baltimore, M d.

N e w  practices relating to the sampling, m ixing, and testing of un­
dam aged raw sugar imported in bags became effective in the Bureau 
o f Customs in 1 9 43. A t  the same time a new procedure for con­
trolling the mixing and testing was introduced. The new practices 
include reduction in the sampling ratio from 1 0 0 %  to one bag in 
seven and the optional use of a new method of mixing. Experi­
mental work on which the new practices are based is described. Data 
on the efficacy of the mixing and testing, as revealed by the new 
control procedure, are given.

T H E  customs du ty  on im ported raw sugar is based on the 
direct polarization. In  the case of raw sugar in bags, the 

samples for analysis are obtained from m ixtures of portions taken 
by means of a trie r (6) inserted in to  the bags. The Custom s 
Regulations of 1907, 1923, 1931, and 1937 provided th a t 100% 
of the bags be sampled.

In  1942, as the result of requests of several governm ent agencies 
th a t all possible steps be taken  to  conserve ju te  bags because of 
war conditions, W. R. Johnson, Commissioner of Customs, ini­
tia ted  a  system atic study  of th e  sampling, mixing, and testing 
of raw sugar to  ascertain if the percentage of bags sam pled per 
cargo could be reduced w ithout jeopardy to  th e  revenue and the 
num ber of bags damaged by customs sam plers thereby lessened. 
T he study  was developed and conducted by  the bureau’s Division 
of Laboratories under the direction of H . J. Wollner (then con­

sulting chem ist to the Secretary of tltfc T reasury). T he evalua­
tion of the results , was made by the application of sta tistical 
principles employing standard  m ethods (I).

S A M P L IN G

P r e c i s i o n  U s i n g  C u s t o m s  T r i e r . T he prelim inary study  
involved th e  determ ination of th e  degree of variability  of the 
sugar, from bag to  bag, in  two different cargoes, A and  B. Simi­
lar inform ation was subsequently obtained on a  th ird  cargo, C. 
The study was designed to  reveal inform ation regarding the num ­
ber of bags which would have to  be sam pled to  ensure th a t  the 
maximum gain or loss in  revenue per cargo due to sampling 
errors, w ith a given degree of probability, would no t be excessive.

Cargo A appeared to contain a  considerable am ount of sugar 
which had been stored for some tim e prior to  export; it  was no t 
very uniform in appearance. The sugar in  cargo B was generally 
uniform in appearance. The sugar in  cargo C appeared to  repre­
sent an  abnorm al case, varying from m oist dark brown to dry 
alm ost-white sugar.

The three cargoes were sampled and tested  by customs officers 
a t  Philadelphia, the samples being taken  w ith th e  customs short 
trier (6) and the tests being m ade by the customs laboratory 
m ethod (8). One core was taken  from each bag sam pled and 
placed in a 2-ounce glass container, which was then sealed w ith 
Scotch tape. T he cores were taken a t  regular intervals from
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CARGO A.
S .S .  C H O L E T U C A  
WO TESTS IN 16 CELLS.

9 6  9 8  100
DIRECT POLARIZATION

CARGO B.
S lS .C I T Y  o f  p h i l a .

28 8 TEST3 IN II CELLS

100"

CARGO C.
6  RAILWAY BOX C A R S .

ISO TESTS IN Iff CELLS.

Figure 1. Histograms of Frequency Distribution in Sampling

Table I. Summary of Sam pling Data for Three Different Cargoes 
Using Customs Short Trier

N o. of N o . of N o . of A v e rag e a.

’ D ifference  
B e tw e en  H ig h e s t 

a n d  L o w est 
In d iv id u a l T e s t ,  

° S.
S ta t is t i -

C a rg o B ag s C o res 0 G ro u p s T e s t ,  ° S. ° S. A c tu a l cal*

A 8,996 149 17 9 7 .3 6 0 0 .7 1 8 3 .8 2  4 .3 1
B 19,530 288 32 9 8 .0 2 5 0 .4 7 4 2 .4 7  2 .8 4
C 1,800 150 30 9 7 .1 5 7 1 .0 5 9 4 .3 6  6 .3 5

“ A lso n u m b e r  of te s ts .
& B a se d  on  3 <r.

Table II. Summary of Sam pling Data for Cargo C  Using Three 
Different Types of Triers

N o. of A v e rag e <T,
T r ie r C o res“ T e s t ,  ° S. ° S .

C u s to m s  s h o r t  fo rm 150 9 7 .1 5 7 1 .0 5 9
M o d ified  c u s to m s  s h o r t  fo rm 150 9 7 .1 3 6 1 . 0 2 2
C a n a d ia n 150 9 7 .1 4 1 1 .053

1 A lso n u m b e r  o f te s ts .

different parts  of the bags, and each sample was thoroughly 
mixed before testing. The d a ta  are summarized in Table I. 
H istograms, showing frequency distributions, appear in Figure 1.

T he universe standard  deviations, a, shown in Table I  repre­
sent the variation  of th e  sugar in  each cargo and are referred to  as 
sam pling precisions. A relatively m inor p a rt of the indicated 
variation is incidental to  the  testing (see T able IX ).

P r e c i s io n  U s in g  D i f f e r e n t  T r i e r s . The da ta  for cargo C 
were obtained in a study  of the relative efficiency of three different 
types of triers, the customs short trier, a  modified customs short 
trier, and a  Canadian' sugar trier. The modification of the cus­
tom s trier consisted of building up one of its  sides by welding on a 
strip  of sheet m etal, in the hope of obtaining a  more representa­
tive sample. T he Canadian trier was furnished to  the bureau 
by  one of th e  governm ent w ar agencies interested in the conserva­
tion of ju te. I t  had a  solid pointed tip , was longer anti narrower 
than  th e  customs trier, and was said to cause less damage to  the 
bags during sampling. In  th is study  one trie r was assigned to a 
sam pler and three cores were taken  from each bag sampled— one 
core for each trier. In  term s of sam pling precision, the three 
triers appeared to be about equal (Table II).

While the C anadian trier caused less damage to  th e  bags, i t  
was found unsuitable for use in sam pling hard, gummy sugar, 
which was being im ported in quan tity  a t  the time. An endeavor

to eliminate th is objection was made 
by cutting  off the solid tip. While 
cores could be obtained from all types 
of raw sugar, using the modified 
C anadian trier, dry sugar had a  tend­
ency to  slip off when the trier was 
removed from the bag, and some’sugars 
caked in  the spoon of the trier and were 
rather difficult to detach. Accordingly 
this phase of the sampling study was 
term inated, and all subsequent tests 
were m ade w ith the customs short trier.

M a x im u m  P r e c i s i o n . The maxi­
mum universe standard  d e v ia t io n  
found in the study of cargoes A, B, and 
CJ was 1.059° S. T he cargo for which 
this figure was obtained undoubtedly 
comprised abnorm ally n o n u n ifo rm  
sugars. In  view of this, and since 
customs experience over a period of 
years indicates th a t  cargoes of raw 
sugar in normal times are generally 
more uniform, 1.1° S. is considered a 

conservatively high figure for the variation  among bags in a  cargo 
of undam aged raw sugar. The only published inform ation on 
this subject which has come to the a tten tion  of the w riter is 
th a t developed by Vondrak (11) and by Browne and Zerban (2).

P r o b a b l e  E f f e c t s  o f  R e d u c e d  S a m p l i n g . A universe 
standard  deviation of 1.1 ° S. was used in calculating the num ber 
of bags of undam aged raw  sugar which would have to be sampled 
a t  random  (one core per bag) to  ensure th a t the m aximum sam­
pling error, w ith a  given degree of probability, would no t exceed 
certain figures. T he calculated values appear in Table I I I .

T able I I I  indicates th a t  in order to  ensure a sam pling error of 
not more th an  0.05° S. in 99 cases ou t of 100, a t least 3212 bags 
should be sam pled, one core per bag. For an average cargo of
20,000 bags th is would require the sampling of about one bag in 
seven. If we assume th a t the  cargo consisted of 20,000 bags of 
96° S. Cuban sugar, containing 325 pounds per bag, a  sampling 
error of 0.05 ° S. would be equivalent to  about S37 a t th e  present 
ra te  of d u ty  (10), or about 0.075%  of th e  to ta l d u ty  involved. 
According to  Table I I I ,  if the  same cargo were sam pled 100%, 
the sam pling error would no t exceed 0.02° S. in 99 cases ou t of 
100. T his would be equivalent to  about S15 a t  th e  p resent ra te  
or about 0.03%  of the to ta l du ty  involved.

The possibility of applying a sam pling ratio  of one bag in seven 
to all cargoes of undamaged raw sugar was considered. In  th is 
connection the maximum gain or loss in  revenue for different 
sized cargoes of 96° S. Cuban raw sugar due to sam pling errors, 
assuming a sam pling ratio  of one bag in seven and a probability 
of 0.99, was calculated (Table IV).

A c t u a l  E f f e c t s  o f  R e d u c e d  S a m p l i n g . T he customs d u t i e s  
which would result from 100% sampling and reduced sampling 
of Cuban raw sugar in bags were determ ined from tests m a d e  of 
actual samples from five different cargoes. The sampling, mix-

Table III. Relation between Maximum Sam pling Error and Num ber 
of Bags to Be Sam pled, O n e  Core per Bag"

M ax im u n i S am p lin g  
E r ro r ,  ° S.

0 .5
0. 2
0.1
0 .0 5
0.02
0 .01

N o. of B ag s to  Be 
S a m p led  (C ores)*

32
201
803

3,212
20,073
80.293

“ B ased  o n  it of 1.1 

* C a lc u la te d  b y  u se  o f fo rm u la

S. a n d  p ro b a b i l i ty  of 0 .99 .
¿2 X  ¿2

E  2

w here  n  is  n u m b e r  of b ag s  to  b e  sa m p le d  (co res), t is  f a c to r  fo r  p ro b a b i li ty , a 
is  u n iv e rse  s ta n d a r d  d e v ia tio n , a n d  E  is m a x im u m  sam p lin g  e r ro r .
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ing, and .testing were done by  customs officers a t  Philadelphia. 
In  the ease of 100% sampling, the usual customs practices (8, 8) 
were followed, except th a t  the average te s t of each cargo was 
calculated on a w eight basis ra ther th an  on th e  usual basis of the 
num ber of bags. If the mixing practices in  effect a t  the tim e 
were applied to the sugar obtained in  the reduced sam pling ex­
perim ents, fewer mixes would result and the am ount of duty  
represented by each mix consequently would be greater. This 
indicated the im portance of ensuring thorough mixing in con­
nection w ith reduced sam pling practices—more so th an  in  the 
case of 100% sampling. W ith this in  mind, the following modi­
fications in  the existing practices (3, 8) were introduced in  th e  
case of the reduced sampling experiments: each bucket was 
mixed separately; one laboratory sample was prepared from 
each bucket; each laboratory sample was obtained by taking 
portions from different parts  of the mixed sugar, using a measur­
ing spoon; the q u an tity  of sugar in  each sam ple was in  propor­
tion to  the quan tity  of sugar in each bucket; and the laboratory 
mixed together the  samples from the half-day’s sam pling of the 
cargo and, w ith one exception, m ade ten  tests on the resulting 
mixture. The results obtained for the five cargoes appear in 
Table V.

S a m p l i n g  R a t i o  R e c o m m e n d e d . I t  was decided to recom­
mend th a t for customs purposes the sam pling of one bag in seven, 
using the customs short trier, be authorized in the case of un­
damaged raw sugar. This recom m endation was based prim arily 
on the d a ta  derived from th e  sta tistical study  (Table IV) and on 
actual cargoes (Table V ). D a ta  were subsequently obtained on a 
sixth cargo, sam pling 100%  and one bag in  seven, b u t were not 
included in T able V.

M IX IN G

T he over-all error in  the average tes t for a cargo of raw  sugar 
includes, in  addition to  the sam pling error, errors incidental to  
the mixing and  testing  operations. Effects of sam pling errors 
have previously been discussed. W ith regard to mixing and 
testing errors, for practical reasons these are considered as a 
combined error in the following discussion.

P r e c i s i o n  o f  H a n d  M i x i n g  M e t h o d . The first step  in  the 
study of mixing consisted of determ ining the precision of the 
hand method of mixing (5) which was in  effect a t  the time. 
Five cargoes of Cuban raw sugar were involved, one each a t 
Baltim ore, New Orleans, New York, Philadelphia, and Savannah. 
T he sampling, mixing, and testing were done by customs officers 
in the usual m anner, except th a t  five tests instead of two were

Table IV . Relation between Maximum Sampling Error and 
Maximum G ain or Loss in Revenue for Different Sized Cargoes of 

9 6 °  S. Cuban Raw Sugar (Sampling Ratio 1 in 7 )“
N o . of N o . of B ags M a x im u m M a x im u m  G a in  o r

B a g s  in S am p le d T o ta l S am p lin g  
E rror& , ° S .

L oss  in  R e v e n u e
C arg o (C ores) R e v e n u e , S S %

50,000 7,143 121,875 0 .0 3 4 61 0 .0 5
2 0 , 0 0 0 2 ,857 4S ,750 0 .0 5 3 39 O.OS
1 0 , 0 0 0 1,429 24,375 0 .0 7 5 27 0 . 1 1
5 ,0 0 0 714 12,188 0 .1 0 6 19 0 .1 6
2 , 0 0 0 286 4,875 0 .1 6 8 1 2 0 .2 5
1 , 0 0 0

500
300

143
71
43

2 ,438
1,219

731

0 .2 3 7  
0  335

9
0

0 .3 7  
0 49

0 .4 3 3 5 0 . 6 8

°  B ased  o n  <r of 1 .1“ S ., p ro b a b i li ty  of 0 .99  a n d  325 p o u n d s  of s u g a r  p e r  
b a g  d u tia b le  a t  SO.0075 p e r  p o u n d .

b C a lc u la te d  b y  u se  of fo rm u la  a p p e a r in g  u n d e r  T a b le  I I I .

m ade on each mix of undam aged sugar. T he da ta  are sum ­
marized in  T able VI.

T he differences between the highest and lowest average tests 
of th e  mixes (Table VT) are an  indication of th e  relative varia­
bility of the cargoes. While i t  m ight be expected th a t  a definite 
relationship between th e  variability  of the cargoes and th e  mixing 
precisions, <7, would be found, this docs no t appear to  be the 
case, probably because the  testing precision is included in  and 
represents a  significant p a rt of the precision of the mixing method.

Table V I .  Comparison of M ix in g  and Testing Precisions, a , for 
Different Ports (H an d  M ethod of M ix in g)

P o r t N o . of
A v erag e  
T e s t  of

D iffe ren c e  b e tw e e n  
H ig h e s t a n d  L o w es t 

A v e ra g e  T e s ts  of
S y m b o l M ixes C arg o , ° S. M ix es , ° S. <r, ° S.

A 36 9 7 .5 2 8 • 0 .4 8 4 0 .0 4 0 9
B 33 9 7 .3 2 4 0 .8 2 8 0 .0 6 5 8
C 2 0 9 7 .5 4 9 0 .1 4 2 0 .0 5 3 6
D 2 1 9 7 .1 8 8 0 .4 8 4 0 .0 4 7 9
E 15 9 6 .8 6 4 0 .1 6 0 0 .0 4 3 8

Table V .  Comparison of Revenue for Five Cargoes Based

P r e c i s i o n  o f  N e w  M i x i n g  M e t h o d . The customs regula­
tions in effect a t  the tim e (5) required th a t the average tes t be 
determ ined for the sugar represented by each half-day’s sampling 
of a cargo and th a t no t more than  3 full buckets of sugar should 
be mixed together (7). This m eant th a t  under 100% sampling a 
num ber of mixes were generally necessary for each half-day’s sam­
pling of a cargo. I t  was anticipated th a t a similar condition m ight 
also apply when one bag in seven was sampled. Since by limiting 
the num ber of mixes per cargo to  one each half-day the over-all 
work would be simplified, i t  was decided to  develop a  m ethod 
of mixing which would serve th is purpose in m ost cases and yet 
be sufficiently precise.

W hile th e  modifications in  existing practices referred to in 
connection w ith T able V resulted in one mix per half-day, i t  was 
believed practicable to  devise a simpler m ethod. Accordingly, a 
num ber of mixing experiments were subsequently conducted by 
customs officers a t  Philadelphia. These experiments culm inated 
in the developm ent of special equipm ent and a  new m ethod of 
mixing, which was called the box and  screen m ethod (5). (The 
m ethod employs a 0.375-inch mesh -wire screen, fitted  over a  4- 
box receiver, each box being detachable. W ith the aid of a  
similar receiver all the  sugar is screened and quartered  three 
times.) The most im portan t expeÿiment is described in the 
following:

Two abnorm al mixtures, each consisting of about 37.5 pounds 
of lowr te s t raw  sugar (95° S.) and about 37.5 pounds of high test 
raw  sugar (97.7° S.) were used. In  each case 5 bucketfuls (about 
75 pounds) were prepared, each containing approxim ately equal 
layers of the low and high te s t sugar. E ach lot was mixed by  the 
box and screen method, w ith the exception th a t  one lo t wras 
screened twice instead of three tim es. In  each case 30 groups of 
samples, each group consisting of one sam ple from each of the 
four boxes, w’cre taken  from th e  final m ixture. T he four samples 
in each group were taken  a t the sam e tim e. E ach sam ple con­
sisted of about 2 ounces. All th e  sam ples in each m ixture were 
tested  as a  unit, w ithout mixing, by  th e  sam e chemist, under the 
sam e conditions. In  th e  case of two screenings th e  elapsed time 
for the mixing was 3.33 m inutes and the mixing precision, a, W’as

0.1701. In  the accepted mix­
ing procedure involving three

__________________________  screenings 5.67 m inutes were
consumed and the precision was 

on A ctu al Tests found to  be 0.1102.

N o . of 100%  S a m p lin g R e d u c e d  S am p lin g D iffe ren ce  in
B o g s in N o . of A v erag e 1 S a m p lin g N o. A v erag e 2 R e v e n u e , 1 - 2

C arg o C arg o te s ta te s t ,  ° S .° R e v e n u e ra t io of te s ts  te s t ,  ° S.» R e v e n u e S %

1 7043 24 9 6 .9 2 0 2 8 S 17.57S 3 in  7 40 9 6 .9 1 3 $ 17,576 +  2 0 . 0 1
2 15709 48 9 7 .3 1 6 1 1 39,397 2 in  7 63 9 7 .3 4 2 39,412 - 1 5 0-.04
3 24993 74 9 7 .1 0 7 5 2 62,557 1 in  7 80 9 7 .1 0 6 62,555 +  2 0 . 0 0
4 7124 24 9 7 .0 1 1 6 6 17,864 3 in  7 50 9 6 .9 9 9 17,861 +  3 0 . 0 2
5 494S3 13S 9 7 .1 8 0 3 8 124,038 1 in  7 80 9 7 .2 1 8  • 124,106 ‘ - 6 S 0 .0 5

“ C a lc u la te d  to  5  d ec im als  in  a c c o rd a n c e  w ith  p ra c t ic e  in  e ffec t a t  th e  tim e. 
* C a lc u la te d  to  3  d ec im a ls  in  a c c o rd a n c e  w ith  p re s e n t p ra c t ic e .

T he precision, <r, of 0.1102 for 
the box and screen m ethod of 
mixing represents an  extreme 
condition. In  view of this and 
the results obtained in the study 
of the hand m ethod of mixing, 
0.11° S. m ay  be considered a 
conservatively high figure for the
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Table V II .  Relation between Num ber of Tests per M ix  and 
Maximum M ixin g  and Testing Error per M ix"

N o. of T e s ts  
p e r  M ix

2
4tt
8

10
32
04

128
250

M a x im u m  M ix in g  an d  
T e s t in g  E r ro r  p e r  

M ix* ° S . t

0 .200
0 .1 4 2
0 . 1 1 0
0.100
0 .0 7 1
0 .0 5 0
0 .0 3 5
0 .0 2 5
0 .0 1 8

a B a se d  on  a of 0 .11  a n d  p ro b a b i li ty  of 0 .99. 
t  C a lc u la te d  b y  u se  of fo rm u la  a p p e a r in g  u n d e r  T a b le  I I I .

combined mixing and testing precision, <r, when either method is 
properly used on undam aged raw  sugar. An idea of the relative 
efficiency of the two m ethods can be obtained by reference to  
T able X.

T E S T IN G

M i x i n g  a n d  T e s t i n g  E r r o r s . Using 0 .1 1  as the mixing and 
testing precision, the maximum mixing and testing errors per mix 
for different numbers of tests per mix, for a probability of 0 .9 9 , 
were calculated (Table V II).

N E W  C U S T O M S  M E T H O D

S a m p l i n g  a n d  M i x i n g  P r o c e d u r e s .  D etailed instructions 
on new procedures for the sam pling and mixing of raw  sugar 
for customs purposes wore prepared as an am endm ent to  the 
B ureau of Custom s Sam pling Guide. T his am endm ent (5), in 
the form of method 17, entitled  “ Raw Sugar” , became effective 
Ju ly  14, 1943 .

I n s t r u c t io n s  o n  T e s t i n g . The m aximum gain or loss in 
revenue for a  cargo of raw  sugar due to  the mixing and testing 
error depends in p a rt on the num ber of mixes, the quan tity  of 
sugar in each mix, and the number of tests per mix. In  view of 
this, and since the am ount of revenue represented by a  cargo de­
pends partly  on the quan tity  of sugar involved, it  was deemed 
im practical to require th a t  the num ber of tests per mix or per 
cargo bo such th a t the m aximum mixing and testing error, w ith a 
given degree of probability, would no t exceed a specified figure. 
T he instructions (9) finally issued in this connection were based 
on a practical application of statistical principles. The pertinent 
p art of these instructions is as follows:

T he sample subm itted to  the laboratory  for a  mix m ay consist 
of four full canSj two full cans, one full can, or even one partially  
full can, depending upon th e  quan tity  of sugar present in the mix. 
Two tests  shall be m ade on each can subm itted from each mix of 
undam aged raw  sugar, except th a t in the case of mixes represent­
ing 5000 or more bags, four tes ts  shall be m ade on each can.

Inasm uch as i t  is desired to  obtain  d a ta  on the efficacy of the 
previous mixing of the sample, special care shall be taken to avoid 
mixing the sugar in the can either before or when removing a por­
tion for test. All reasonable efforts shall be made to  take  each 
te s t portion from a  different position in the can. For example, 
after the upper surface layer has been discarded, the first tes t 
portion shall be taken  from the resulting exposed surface. T he 
succeeding surface layer shall then  be discarded before the next 
portion is removed for weighing.

The requirem ent as to the num ber of tests per can was de­
signed to keep the errors incidental to the mixing and testing as 
low as practicable. F or th is purpose it  was desirable th a t each 
test portion come from a different p a rt of the mix, preferably by 
having th e  num ber of cans sent to  the laboratory  for each mix 
correspond to  the num ber of t?s ts  to  be made on each mix. I t  
was deemed im practical a t  the tim e to  subm it one can per test 
because of the difficulty in getting proper containers. In  order 
to accomplish the desired purpose and a t  the same tim e perm it a 
study of the efficiency of the routine mixing and testing opera­

tions, instructions regarding the nonmixing of the sam ples in the 
laboratory -were included.

E s t i m a t e d  O v e r - a l l  P r e c i s i o n . I t  was anticipated  tha t, 
following the practical application of m ethod 17, the mixing and 
testing erro i for an  average cargo generally wrould no t exceed the 
maximum sam pling error for the cargo. For example, according 
to  Table IV, the sampling error for a  20,000-bag cargo, sampling 
ratio  one bag in  seven, would no t be expected to exceed 0.053° S. 
in 99 cases out of 100. Assuming five as the average num ber of 
mixes, each representing 4000 bags, and eight tes ts  per mix, the 
mixing and testing error for the cargo would no t be expected to 
exceed 0.045° S. in  99 cases ou t of 100. This figure is obtained by 
dividing the maximum mixing and testing error per mix (from 
Table V II) by the square root of the num ber of mixes. I t  m ay 
also be assumed th a t th e  sampling, mixing, and testing  error 
for the cargo would no t exceed 0.069° S. in 99 cases out of 100. 
This figure is obtained by taking the square root of the sum of 
the squares of the maximum sampling error and the maximum 
mixing and testing  error.

In  view of the foregoing, it would appear reasonable to  assume 
th a t the maximum sampling, mixing, and testing errors due to 
chance, when m ethod 17 is followed, generally will no t be exces­
sive.

C O N T R O L  O F  M IX IN G  A N D  T E S T IN G

C o n t r o l  P r o c e d u r e . U nder the reduced sam pling procedure 
authorized by m ethod 17 each mix represents a greater propor­
tion of the cargo and the to ta l num ber of mixes required for the 
cargo are m aterially  less than  when 100%  sam pling is practiced. 
This indicated the desirability of m aintaining some kind of sta tis­
tical control in connection therew ith. Accordingly a  procedure 
designed to reveal inadequacies in the routine mixing and testing 
of each im portation of undam aged raw  sugar was devised (4), 
and m ade official for customs purposes on Ju ly  14, 1943. The 
following are the pertinen t portions of the procedure:

W hen im ported raw sugar is sam pled for tes t a t  each port, the  
appraiser forwards to  the director of the N ational B ureau of 
S tandards a duplicate of one of the samples sent to  the customs 
laboratory.

Only one sam ple is subm itted  to  the N ational Bureau of S tand­
ards for each im portation. I t  is taken from one of th e  regular 
mixes of undam aged sugar an d  consists of the sam e num ber of 
cans as the regular laboratory  sample from th a t  mix.

The sam ples sent to  the customs laboratory  and the N ational 
B ureau of S tandards are tested  im mediately on receipt. The 
average tes ts  and the individual tes ts obtained on the duplicate 
sam ples are forwarded to  th e  U. S. Custom s Laboratory, B alti­
more, M d., where they  are studied by sta tistical methods.

The customs laboratories do no t know which mixes are being 
studied un til a fter their reports have been subm itted-to  the ap­
praisers. Accordingly, their results represent routine conditions 
for the testing.

D a t a , C r i t e r i a , a n d  C o n c l u s i o n s . The more im portant 
of the statistical values derived from the control procedure will 
be found in Tables V III, IX , and X.

Some of the criteria which v'ere se t up in connection w ith the 
study  of the da ta  and the conclusions which were drawn from the 
study  are as follows:

I f  the standard  deviation, a-, for both the customs and the 
N ational Bureau of S tandards tests  for a given sam ple are out 
of control, existence of disturbing factors outside the laboratory, 
presum ably in the mixing operation, is indicated. Only three 
such cases were noted among the 399 samples which could be 
considered.

If the difference between the average tests (customs and N. B. S.) 
on th e  same sam ple exceeds the range' of the control lim its for 
averages, 2A<r, an assignable cause in the nature of a constant 
testing  error o r a  change in the m oisture content is indicated. In  
determ ining the range of the control lim its for averages the higher 
of the two (x's was used. Assignable causes were indicated in 28%  
of the cases when the hand method of mixing was involved, and
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Table V III. Comparison of A verage  Tests for Individual Customs 
Chemists and Individual Customs Laboratories with Those for N .B .S .“

C u s to m s
L a b o ra - C  u s  to m s A v erag e  T est.. ° S,

to rv
y m b o l

C h e m is t N o . of 1 2 D ifference
S y m b o l S am p les C u s to m s N .B .S . 1 -  2

A 57 9 7 .1 5 8 9 7 .1 8 5 - 0 . 0 2 7
H 8 9 7 .4 0 4 9 7 .3 4 5 +  0 .0 5 9
I 49 9 7 .1 1 8 9 7 .1 5 9 - 0 . 0 4 1

F 99 9 7 .4 0 1 9 7 .3 4 3 4 -0 .0 5 8
J 8 6 9 7 .4 0 3 9 7 .3 3 4 4 -0 .0 6 9
K 2 9 7 .0 0 0 9 6 .9 3 6 4 -0 .0 6 4
L 1 1 9 7 .4 6 0 9 7 .4 8 7 - 0 . 0 2 7

B 1286 9 7 .1 3 8 9 7 .1 3 9 -0.001
M 6 9 6 .7 5 4 9 6 .7 3 8 4 -0 .0 1 6
N • 46 9 7 .2 9 6 9 7 .2 8 4 4 - 0 . 0 1 20 76 9 7 .0 7 3 9 7 .0 8 2 - 0 . 0 0 9

C 1 2 0 9 7 .2 1 8 9 7 .1 4 9 +  0 .0 6 9P 14 9 7 .0 5 8 9 6 .9 4 1 +  0 .1 1 7
Q 106 • 9 7 .2 3 9 - 9 7 .1 7 7 +  0 .0 6 2

D 150 9 7 .3 6 9 9 7 .3 5 6 +  0 .0 1 3
R 144 9 7 .3 7 0 9 7 .3 5 8 +  0 . 0 1 2s 6 9 7 .3 5 3 9 7 .2 9 8 +  0 .0 5 5

G 7 9 8 .5 7 6 9 8 .7 1 0 - 0 . 1 3 4
T 6 9 8 .5 5 6 9 8 .7 0 5 - 0 . 1 4 9
V 1 9 8 .6 9 6 9 8 .7 3 8 - 0 . 0 4 2

E 64 9 6 .9 9 7 9 6 .9 4 0 + 0 .0 5 7
V 2 1 9 6 .9 3 4 9 6 .8 5 7 + 0 .0 7 7w 24 9 6 .9 6 2 9 6 .9 0 4 +  0 .0 5 8

T o ta l
X 19

625
9 7 .1 1 2 9 7 .0 7 8 +  0 .0 3 4

A v erag es 9 7 .2 5 4 9 7 .2 2 7 +  0 .0 2 7

u T a b le  is b a s e d  on  d a t a  fo r sam p les  o b ta in e d  b y  b o th  m e th o d s  of m ix ing . 
N u m b e r  of te s ts  p e r  s a m p le  v a r ie s  from  2  to  8 .

6 In c lu d e s  s a m p le s  from  2 p o rts .

in 34%  of the  cases when th e  box and screen m ethod was in­
volved. For these, 70%  of the differences were 0 .2 ° S. or less, 
95%  were 0.3° S. or less, 98%  were 0.4° S. or less, 99%  were 
0.5 ° S. or less, and none exceeded 0.583° S.

T he following conclusions can be drawn from T able X : There 
is little  difference in  the precision of the mixing by  customs officers 
a t  the several ports; and  in  term s of mixing precision there is 
little  difference between the two m ethods of mixing as practiced 
by customs officers.

The v’s in Tables IX  and X can be used in calculating the 
maximum mixing and testing error per mix for a  given probability. 
However, since the c t ’ s  are based on two tests per can per sample, 
there m ay be some question as to  th e  reliability of the error thus 
determ ined. Accordingly, a num ber of the cr’s in  Table IX  
were recalculated, using the da ta  for the first tes t on each can 
per sample. Table X I indicates that, as anticipated, the effect of 
making two tests per can under tlie prescribed conditions is 
equivalent to  tha t of making one tes t on each of two cans.

A C K N O W L E D G M E N T

T he au thor is indebted to  John F . Williams, chief, Division of 
Laboratories, Bureau of Customs, for valuable suggestions, to 
Joseph Lamb, Custom s Laboratory, Philadelphia, Pa., and many 
o ther customs officers who cooperated in th is investigation, and to 
Carl F. Snyder of the Polarim etry Section, N ational B ureau of 
Standards, for assisting in the control, procedure

Tabic IX . Comparison of M ix in g  and Testing Precisions, a , for 
- Each M ethod of M ixin g  Based on Tests by N .B .S . and Customs'1

C u s to m s  H a n d  M e th o d  B ox  a n d  S creen  M e th o d
L a b o ra to ry  C h e m is t N o . of N o . of

S y m b o l S y m b o l sam p le s a sam p le s a
A I 32 0 .0 0 4
N .B .S . 32 0 .0 3 9
F J 76 0 .0 6 0
N .B .S . 76 0 .0 4 0
F L 30 0 .0 6 4
B O 41 0 .0 6 1
N .B .S . 41 0 .0 5 0
B 0 58 6 0 .0 6 0
N .B .S . 586 0 .0 4 9
B N 346 0 .0 4 4
N .B .S . , 346 0 .0 4 2
C Q 106 0 .0 6 5
N .B .S . 106 0 .0 4 6
C P 37 0 .0 8 8
D R 41 0 .0 4 7 103 0 .0 4 4
N .B .S . 41 0 .0 4 3 103 0 .0 4 2
D S 30 0 .0 5 5
G T 34 0 .0 4 1
E •V 34 0 .0 4 1

W 47 0 .0 5 1
X 49 0 .0 6 6

0 S am e  s a m p le s  u sed  in  e a ch  ca se  w h e re  N .B .S . d a t a  a re  g iv e n . In  su c h  
ca ses , e a ch  sa m p le  ca m e  fro m  a  d if fe re n t c a rg o . W h e re  no  N .B .S . d a t a  a r e  
g iv e n , a ll s am p le s  w ere  n o t  te s te d  b y  N .B .S . a n d  m o re  th a n  o n e  sa m p le  m a y  
h a v e  com e from  th e  s a m e  ca rgo , 

b In c lu d e s  s a m p le s  from  2 p o rts .

Table X . Comparison of M ix in g  and Testing Precisions, a , for Each 
M ethod of M ix in g  Based on N .B .S . Tests

H a n d  M e th o d B ox  a n d  S creen  M e th o d
N o . of N .B .S ., N o . of N .B .S .,

P o r t sam p les a sam p le s * c

A 38 0 .0 3 8
F 87 0 .0 4 0
Y 33 0 .0 4 5
B 63 0 .0 4 9
C 1 2 0 0 .0 4 6
D 43 0 ! 043 107 0 .0 4 1
E 63 0 .0 4 7
Ail 2 0 2 o.’ô io 423 0 .0 4 4

Table X I. Comparison of M ix in g  and Testing Precisions, or, for Each
M ethod of M ixin g  Based on Customs Tests

( 2  te s ta  p e r  can  a n d  o n e  te s t  p e r  can  p e r  s a m p le )

N o . of B ox  a n d  S creen
L a b o ra ­ C u s to m s T e s ts H a n d  M e th o d M e th o d

to ry C h e m is t p e r N o . of )  , N o. of
S y m b o l S y m b o l C an sam p le s * a sam p le s a

A I 2 32 0 .0 6 4
A I 1 32 0 .0 5 6

F J 2 76 0 .0 6 0
F J 1 76 0 .0 6 3

B 0 2 41 0 .0 6 1
B O 1 41 0 .0 6 3

B O 2 58« 0 .0 6 0
B O 1 5 8° 0 .0 6 2

B N 2 3 4° 0 .0 4 4
B N 1 34° 0 .0 4 5

C Q 2 106 0 .0 6 5
C Q 1 106 0 .0 6 9

D R 2 41 0 .0 4 7 103 0 .0 4 4
D I t 1 41 0 .0 5 5 103 0 .0 4 9

°  In c lu d e s  s a m p le s  fro m  2 p o r ts .
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Picric A c id  M ethod for Determination of Arom atic  
Content of A viation  Gasoline

C. M . G A M B R I L L  A N D  J .  B. M A R T IN 1, Ethyl Corporation, Detroit, M ich.

Dobryanskii and Tikhonov-Dubrovskii utilized the difference in 
solubility of picric acid in aromatic and nonaromatic hydrocarbons to 
develop a method for determining the aromatic content of aviation 
gasoline. The method has been modified to increase its accuracy, 
precision, and rapidity. The solubility of the picric acid in gasoline 
is determined at some temperature between 2 0 °  and 3 0 °  C . A p p ly ­

ing a temperature correction to obtain the solubility at 2 5 °  C ., the 
percentage of aromatics is obtained by reference to a standard curve. 
The presence of olefins and naphthenes necessitates a slight correc­
tion: — 1 .4 %  for each 1 0 %  of olefin and —0 .6 %  for each 1 0 %
of naphthenes. The method is accurate to ± 1 %  in the range of 0 
to 2 5 %  of aromatics.

A  M ETH O D  for determ ining the arom atic content of aviation 
gasoline by utilizing the difference in solubility of picric acid 

in arom atic and nonarom atic hydrocarbons was reported by 
D obryanskii and T ikhonov-D ubrovskii (2). T heir method for 
determ ining the dissolved picric acid was tedious, and they  did 
not consider the effect of variations in tem perature on the solu­
bility. The authors have developed a more accurate, more pre­
cise, and more rapid  m ethod for determ ining the dissolved picric 
acid. By m aking a  tem perature correction, the solubility of the 
acid m ay be determ ined a t  any convenient tem perature between 
20° and 30° C. (a wider range m ay be used if needed). The per 
cent of arom atics in the gasoline is then obtained directly from a 
curve of arom atic content versus solubility.

The procedure is m ost accurate in the determ ination of a single 
arom atic hydrocarbon in paraffin hydrocarbons, bu t is satis­
factory for those m ixtures of arom atics which m ay be found in 
aviation gasoline. T he presence of olefins and naphthenes in 
gasoline necessitates a slight correction: —1.4% for each 10%
of olefins and —0.6%  for each 10% of naphthenes. For high 
accuracy, therefore, the bromine num ber of cracked gasolines 
should be determ ined and the appropriate correction made.

M E T H O D

A 60-ml. sample of the gasoline is m easured into a 125-ml. 
Squibb-type separatory funnel containing 1 gram  of pure picric 
acid. Commercially available c .p . or reagent quality  picric acid 
containing up to  10%  w ater gives precise results, bu t for a  large 
num ber of determ inations the d ry  picric acid is more convenient. 
The sample is brought to  room tem perature, which should be be­
tween 20 ° and 30° C., and is shaken for 5 minutes, either by 
hand or by means of a mechanical shaker. If shaken by hand, 
the flask is held in the finger tips, so th a t  th e  heat from the hand 
will no t cause a  change in tem perature  during the shaking period. 
The tem perature  of the sample is then  recorded and the sample 
is filtered into a  125-ml. Erlenm eyer flask through a  W hatm an 
No. 1 or o ther fast filter paper. A 50-ml. sample of the filtrate 
is p ipetted  into a 250-ml. iodine flask containing 40 ml. of dis­
tilled w ater. Three drops of wi-cresol purple indicator are added, 
and 0.05 N  alkali is added to  the sample from a buret, while the 
flask is swirled gently, until the  color of th e  indicator is changed 
to purple and approxim ately 1-ml. excess of alkali has been 
added. The m ixture is then shaken vigorously for one minute. 
The two layers are allowed to  separate, a fter which the excess 
alkali is titra ted  w ith 0.01 N  hydrochloric acid to  the complete 
disappearance of th e  reddish-purple color of the  indicator as 
viewed under a tungsten filam ent lamp.

The dissolved picric acid in 100 ml. of a  sa turated  solution of 
picric acid in the gasoline is expressed by the equation:

where I is the observed tem perature  in degrees Centigrade. The 
percentage of arom atics in the gasoline is then  read from one of 
the curves presented with this report, as discussed below.

E X P E R IM E N T A L

T he developm ent of the method included the following investi­
gation:

T itra tion  of the picric acid dissolved in the gasoline.
Effect of tem perature on the solubility of picric acid.
Satisfactory shaking tim e to  sa tu ra te  gasoline w ith picric acid.
Effect of pu rity  of picric acid on its solubility in gasoline.
Solubility of picric acid in blends of arom atics w ith iso-octane 

(2,2,4-trim ethylpentane, Rohm  and H aas).
Effect of olefins and naphthenes upon the solubility of picric 

acid.

S e l e c t i o n  o f  T i t r a t io n  M e t h o d . In  t h i s  p o r t i o n  o f  t h e  
w o rk  t h e  fo llo w in g  p o in t s  w e re  s tu d i e d :

The most suitable indicator for the titra tion .
D irect titra tion  of the picric acid compared w ith back-titration 

of an excess alkali.
Size of the gasoline sample.
Concentration of alkali.
A blend of 10% benzene in  iso-octane was prepared and 500 

ml. were shaken w ith  5 gram s of picric acid for 30 minutes. Sam­
ples of 10" to  15 ml. of this gasoline, sa turated  w ith picric acid, 
were p ipetted  into 125-ml. iodine flasks containing w ater and the 
acid was titra ted : (1) by adding 0.01 or 0.05 Ar alkali with long 
shaking until an end point was reached w ith phenolphthalein 
indicator, or (2) by adding an excess of alkali as evidenced by the 
color change of thym ol blue, brom othym ol blue, phenolphthalein, 
or m-cresol purple, and back-titrating  with 0.01 N  acid.

Mg. of picric acid _  
100 ml.

=  458.2 X (ml. of N aO H  X N  N aOH

The measured solubility 
by the  equation :

is corrected to  the value for 25° C.

Solubility a t  25 ° C.
mg. of picric acid 

100 ml.
[1 +  0.035(25° C. -  ()]

1 P r e s e n t a d d re ss , A g ric u l tu ra l C h e m is try  D e p a r tm e n t ,  P u rd u e  U n iv e rs ity , 
L a fa y e tte , In d .

These tests showed th a t thym ol blue did no t give a  satisfactory 
end point, probably because it was soluble in the gasoline; th a t 
brom othym ol blue had a green to  yellow end point th a t  was very 
difficult to  detect in the picric acid solution; and th a t a higher 
solubility was obtained by using phenolphthalein than by using 
nt-cresol purple. T his difference m ay be attribu ted  to  differences 
in the pH  range of the two indicators, to  the fact th a t more 
carbon dioxide m ay be titra ted  as picric acid by  using phenol­
phthalein, and th a t the m-crcsol purple end point was more easily 
detected than  the phenolphthalein end point. T he selection of 
m-cresol purple made it  necessary to  use th e  back-titration  pro­
cedure, since i t  was impossible to  ex tract all the  picric acid from 
the gasoline phase a t  th e  alkaline pH  range of th is indicator (pH 
7.4 to  9.0). The back-titration  procedure had a  further ad­
vantage in th a t the solution required less shaking to  reach the 

end point.
ml. of HC1 X N  HC1) In  varying the size of the gasoline sample for

titra tion  from 10 to 50 ml., it was noted th a t the 
larger the sample the lower the apparent solubility of picric 
acid. This effect was a ttribu ted  to interference by small 
am ounts of carbon dioxide dissolved in the water. Although it 
would be possible to  correct for th is aliquot error empirically, it 
seemed advisable to  use the larger gasoline sample.

In  comparing results obtained by using 0.01 Ar and 0.05 Ar 
alkali, it was found th a t the more concentrated alkali gave re-

689
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suits of higher precision. I t  is probable th a t  th e  0.01 N  alkali 
contained sufficient carbonate to  cause the poorer results. 
Therefore, 0.05 N  alkali is recommended.

D e t e r m i n a t io n  o p  T e m p e r a t u r e  C o e f f i c i e n t . M easure­
m ents of th e  solubility of picric acid were m ade a t room tem pera­
tu re  and a t  approxim ately 0° C., in blends of arom atics w ith 
technical grade iso-octane and in I ioud ry  process gasoline. 
These solubilities were inserted into the ideal solubility equation 
to  obtain a constan t by which solubilities determ ined near 25° C. 
m ay be corrected to  give the solubility a t  25 ° C.

In using ideal solubility E quation  1, weights W i  and TF2 in 
milligrams of picric acid per 100 ml. of gasoline have been sub­
stitu ted  for mole per cents ni and ?i2, since

log «i = -  r j
n 2 2 M 3 R { T lT/) ( 1 )

the  solubilities are low. The constant, A ///2 .303E , has been 
designated by S,  giving the equation th e  following form:

w  Ej -  ?
g t f2 ( 2 ’ i  -  r 2)

( 2)

After solving for S  in Equation 2, using th e  experim ental values 
from T able I , th e  fractional increase in solubility per degree a t

25° C., has been calculated from E quation 3,

log ( l  ,  WJ1 +  Tf )  298® ^

Since the  variation of solubility w ith tem perature  over a  re; 
irictt 
etwe 

tion:

stric ted  range will be practically linear, solubilities determ ined 
between 20° and 30° C. m ay be corrected to 25° C. by the  rela-

Solubility a t  25 ° C. =  observed solubility (25 — <)J (4)

where t  is the observed tem perature  in degrees Centigrade.

T able I  gives th e  d a ta  obtained and the calculated values of 
w /W .

A value of 0.035 for w / W  is recom mended for correcting solu­
bilities to  25° C., b u t should no t be used for solubilities m easured 
outside the  range of 20° to 30° C. For work of high accuracy it is 
recommended th a t  the tem perature be m aintained a t  25 ° C. by 
m eans of a constant-tem perature bath .

D e t e r m i n a t io n  o f  S h a k in g  T i m e . A study  was made to 
determ ine the m inim um  shaking tim e in which a  solution of picric 
acid in gasoline would reach equilibrium . I t  was found th a t for a  
fuel high in arom atics, such as H oudry process fuel, th e  am ount of 
picric acid dissolved in th e  gasoline was alm ost a t a  maximum 
after 5 m inutes of shaking, being only 1 to  2%  greater after 20 
m inutes. For the iso-octane (0%  arom atics), however, a  2- 
m inute shaking period was as adequate as 5 m inutes; only a  
slight increase in  solubility was noted after a  longer shaking 
period. A 5-minute period has been selected as the m ost satis­
factory.

Table I. Temperature Coefficient Data

G aso lin e

T e m p e ra ­
tu re , ° C .f 

T i

S o lu ­
b il i ty ,
M g .,

TVi

T e m p e ra ­
tu re ,  ° C ., 

T i

S o lu ­
b ility ,
M g .,
W t

T e m p e ra tu r e  
C oeffic ien t, 

E q u a tio n  3,

(>♦*)
I s o -o c ta n e 2 3 .6 1 0 .9 1 .4 4 .7 1 .0 3 5

B en z en e  a n d  iso -o c ta n e  
b le n d  

1 0 %  b en z en e 2 6 .6
2 6 .0

5 9 .1
2 6 2 .3

0 .5
0 .7

2 2 . 0
1 1 9 .3

1 .0 3 6
1 .0 2 9

X y le n e  a n d  is o -o c ta n e  
b le n d  

1 0 %  xy len e  
2 5 %  xy len e

2 6 .6
2 6 .2

7 4 .2
3 3 4 .6

0 .5
0 .5

2 9 .2
1 6 7 .4

1 .0 3 4
1 .0 2 5

H o u d ry  gaso lin e 2 5 .5 1 6 7 .1 0 .5 4 3 .8 1 .0 5 1

Figure 1. So lubility of Picric A c id

E f f e c t  o f  P u r i t y  o f  P i c r ic  A c id  o n  I t s  S o l u b i l i t y . Vari­
ous stocks of picric acid were found to  differ in solubility in the 
same gasoline. Recrystallization increased th e  solubility of 
im pure samples, b u t did no t change th a t of the  reagent grade 
m aterial. T he solubility of the picric acid is thus a function of its 
purity.

As shown in T able II , drying the acid has no significant effect 
on the determ ination.

S o l u b il it y '  o f  P i c r i c  A c id  i n  B l e n d s  o f  A r o m a t ic s . Blends 
of arom atics w ith iso-octane were prepared and the solubility of 
picric acid in these blends was determ ined by the m ethod de­
scribed above. The results of these determ inations are given in 
Table I I I , and are p lo tted  in Figures 1 and 2. All compositions 
given in th is paper arc reported on a volume per cent basis.

Table II. Effect of Drying Picric A c id  on Its So lu bility  in 
H ydrocarbon Blends

S o lu b ility  of P ic r ic  A cid  
U n d r ie d  D r ie d  

B le n d  M o . /100 m l.
A  6 3 .2 , 6 3 .5

6 1 . -F 6 2 .1
B  2 9 7 .1  2 9 9 .2

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

Table III. Determination of A rom atics in Blends
A ro m a tic  B le n d s  w ith S o lu b ility  o f P ic ric

Is o -o c ta n e A cid , 2 5° C .
% M g ./100  m l.

A ro m atic s  0 11.0
B en zen e  5 2 6 .9

1 0 5 5 .8
2 0 1 6 3 .0
25 2 5 3 .1

T o lu e n e  3 2 3 .1
1 0 6 9 .3
2 0 1 9 8 .8

X y le n e  (co m m erc ia l)  3 2 4 .0
1 0 7 0 .2
2 0 2 0 6 .5
25 3 2 0 .5

1 : 1 : 1  m ix« 2 1 7 .3
5 3 1 .5

1 0 6 4 .0
15 1 1 5 .4
25 .2 8 6 .2

1 :3 : 2  m ix “ 2 1 8 .5
5 3 2 . S

1 0 6 7 .3
15 1 1 9 .8
25 2 9 7 .8

“  A  m ix tu re  of b en z e n e , to lu e n e , a n d  c o m m erc ia l x y le n e  in  g iv e n  p ro p o r-
tio n s .
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Table IV . So lubility  of Picric A c id  in 1 0 %  Blends of Arom atics in 
Iso-ocfane

A ro m a tic  C o m p o u n d

P o ss ib le  a v ia tio n
g aso lin e  c o n s ti tu e n ts

B enzene
T o lu e n e
X y le n e  (co m m erc ia l)
o -X y len e
m -X y le n e
m ,» -X y le n e  (m ix tu re )
E tn y lb e n z e n e
C u m e n e

S o lu b ility  of 
P ic r ic  A cid  

M g . /100 till.

56
69
70 
82 
81 
78 
48 
36

A ro m a tic s  
( 1 :3 :2  C u rv e)

%

8 .7
1 0 .4
1 0 .5  
11.8 
1 1 .7  
1 1 .3

7 .6
5 .7

B .P . 
(T h e o re tic a l)  

0 C.

8 0 .1
110.8

144
1 3 8 .8

1 3 6 .2
153

Im p ro b a b le  a v ia tio n
g aso lin e  c o n s ti tu e n ts

M es ity le n e 99 1 3 .4 164.
D ie th y lb e n z e n e 41 6 .5 182
T rie th y lb e n z e n e 41 6 .5 218
m -D iiso p ro p y lb e n z e n e 2 2 3 .0 204
p -C y m e n e 29 4 .4 176
n -B u ty lb e n z e n e 33 5 .1 180
sec -B u ty lb e n z e n e 26 3 .9 174
¿e r¿ -B u ty lbenzene 27 4 .1 169
sec-A m ylbenzene 2 0 2 . 6 189
ie ri-A m y lb en z en e 24 3 .5 190

A plot of th e  values obtained by D obryanskii and Tikhonov- 
D ubrovskil is included in Figure 2 for th e  sake of comparison. 
I t  is believed th a t  the differences in in tercept and in slope be­
tw een the ir curve and the authors' are d u e  to  (1) the presence of 
olefins or naphthenes in their base stock; (2) the presence in their 
xylene of some im purity , such as ethylbenzcne, in which picric 
acid is less soluble, and (3) the fact th a t  their determ inations were 
m ade a t tem peratures some 10 0 lower th an  th e  authors’.

Besides the three arom atics for which solubility values are re­
ported in T able I I I ,  a  num ber of o ther arom atics were tested  in 
10% blends w ith iso-octane. These results are given in Table IV ..

E f f e c t  o f  O l e f i n s  a n d  N a p h t h e n e s . Blends of iso-octane 
were prepared w ith cyclohexane and its  m ethyl and o-dimethyl 
derivatives and w ith amylene, diamylene, diisobutylene, and c-y- 
elohexane. Various arom atics were added to  these blends, 
and the solubility of picric acid in th e  m ixture was determined. 
T he apparen t content of the arom atic compound or m ixture used 
was then  calculated from the curve given by th a t arom atic in 
m ixture w ith only iso-octane. T he results of these tests, given 
in Table V, show th a t both naphthenes and olefins cause a small 
increase in th e  apparen t arom atic content, th e  effect of th e  olefins 
being greater. The error in term s of per cent arom atics is 
approxim ately + 1 .4 %  for each 10% of olefins and not more-than 
+ 0.6%  for each 10%  naphthenes.

Table V .  Effect of O lefins and Naphthenes on So lu bility  of Picric  
A c id  in G asoline

A. N a p h th e n e s  p re s e n t

10%  b en z en e , 9 %  m e th y lc y c lo h e x a n e , 8 1 %  iso ­
o c ta n e

10%  to lu en e , 9 %  m e th y lc y c lo h e x a n e , 8 1 %  iso ­
o c ta n e

10%  xy len e , 9 %  m e th y lc y c lo h e x a n e , 8 1 %  iso ­
o c ta n e

1 0 %  1 :1 :1 ® , 9 %  m e th y lc y c lo h e x a n e , 8 1 %  iso­
o c ta n e

1 0 %  1 :3 :2® , 9 %  m e th y lc y c lo h e x a n e , 8 1 %  iso- 
o c ta n e

1 0 % b en ze n e , 4 5 %  m e th y lc y c lo h e x a n e , 4 5 %  iso- 
o c ta n e

1 0 %  to lu en e , 4 5 %  m e th y lc y c lo h e x a n e , 4 5 %  iso ­
o c ta n e

1 0 %  xy len e , 4 5 %  m e th y lc y c lo h e x a n e , 4 5 %  iso - 
o c ta n e

1 0 %  1 :1 :1 ® , 4 5 %  m e th y lc y c lo h e x a n e , 4 5 %  iso­
o c ta n e

0 %  a ro m a tic s , 5 0 %  m e th y lc y c lo h e x a n e , 5 0 %  
iso -o c ta n e  

0 %  a ro m a tic s , 2 5 %  cy c lo h ex an e  
0 %  a ro m a tic s , 2 5 %  o -d im e th y lcy c lo h e x an o

B . O lefins p re s e n t

1 0 %  1 : 1 : 1 ®, 1 0 %  a m y le n e , 8 0 %  iso -o c ta n e  
10%  1 :1 :1 ® , 2 5 %  am y le n e , 6 5 %  iso -o c tan e  
1 0 %  1 : 1 : 1 ®, 1 0 %  d ia m y le n e , 8 0 %  iso -o c ta n e  
10%  1 :1 :1 ® , 2 5 %  d ia m y le n e , 6 5 %  is o -o c ta n e  
1 0 %  1 :3 :2 ® , 1 0 %  am y le n e , 8 0 %  iso -o c tan e  
10%  1 :3 : 2 ° ,  2 5 %  am y le n e , 6 5 %  iso -o c ta n e  
1 0 %  1 :3 :2 ® , 1 0 %  d ia m y le n e , 8 0 %  iso -o c ta n e  
1 0 %  1 :3 : 2 ° ,  2 5 %  d ia m y le n e , 6 5 %  is o -o c ta n e  

0 %  a ro m a tic s , 1 0 %  cyc lo h ex en e  
0 %  a ro m a tic s , 2 5 %  cy c lo h ex en e

C . N a p h th e n e s  a n d  o le fins p re s e n t

1 0 %  1 :1 :1 ® , 2 5 %  m e th y lc y c lo h e x a n e , 10%  d i-  
a m y le h e , 5 5 %  is o -o c ta n e  

1 0 %  1 :3 :2 ® , 2 5 %  m e th y lc y c lo h e x a n e , 1 0 %  d i­
a m y le n e , 5 5 %  is o -o c ta n e

® A m ix tu re  of b e n z e n e , to lu e n e , a n d  co m m erc ia l x y le n e  in  g iv e n  p ro p o r­
tio n s .

S o l u b i l i t y  o f  P i c r i c  A c i d  i n  P u r e  A r o m a t i c s . T he results 
of m easurem ents of th e  solubility of picric acid in undiluted aro­
matics, not especially purified, are given in Table VI.

A n a l y s i s  o f  A v i a t i o n  G a s o l i n e s . Since the different aro­
m atic compounds give slightly different solubility curves, it is 
necessary in applying the picric acid m ethod to  gasoline to  make 
some assum ption regarding the composition of the  arom atics in 
th e  gasoline. The authors have assumed th a t  a  1 to 3 to  2 mix­
ture of .benzene, toluene, and xylene gives a  good average repre­
sentation of the arom atics in m ost aviation gasoline, and have

S o lu b il ity

A ro m a tic s  
C a lc u la te d  

fro m  P ic rio
of P ic ric A cid

A cid S o lu b ility
M g . /100  m l. %

5 9 .1 1 0 .4

7 3 .3 1 0 .5

7 7 .7 1 0 . 6

6 9 .7 1 0 .5

7 1 .7 1 0 .5

8 5 .8 1 3 .8

9 8 .8 1 3 .0

1 0 6 .4 1 3 .4

9 4 .5 1 3 .2

2 3 .1 3 .0

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

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

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

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

9 4 .8 1 3 .2

9 9 .0 1 3 .3

Figure 2. Solubility of Picric A c id

Table V I .  So lubility  of Picric A c id  in Undiluted Arom atics
A ro m a tic  S o lu b il i ty  of P ic r ic  A c id  T e m p e ra tu r e

Q ./1 0 0  m l. arom atic  0  C.

B enzene
T o lu en e
X y le n e  (co m m erc ia l)

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

2 2 .4
2 2 .3
22.8

Table V II. Determination of Arom atics in A viation G asoline
P e r  C e n t  A ro m a tic s

io le t
S u lfo n a tio n  (5)

21®
24

2

P ic r ic  ac id U ltra v io le t
G aso lin e m e th o d a b s o rp tio n  (1 )

A 0 0 . 2
B 0 <  1
C 2 5 .0 24
D 1 0 . 6 1 1
E 0 <  1
F 2 0 . 6 ® 2 1 . 0
G 25.2® 2 3 .4
H 0 . 8 1 .5

° C o r re c te d  fo r  o le fin  c o n te n t..
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used the curves for th is m ixture as a standard  in determ ining the 
arom atic content of a  num ber of typ ical fuels. T able V II com­
pares results w ith those obtained on th e  same gasolines by other 
workers using ultraviolet absorption and acid absorption methods. 
Agreement betw een th e  different m ethods is seen to  be satis­
factory.

D IS C U S S IO N

T he chief error in the picric acid m ethod lies no t in th e  re­
producibility of the determ inations, which is about ± 0.2 %, bu t 
in  th e  difference of solubility of th e  acid in the various individual 
arom atic compounds. The solubilities in benzene, toluene, and 
xylene are sufficiently similar so th a t  no great error is comm itted 
by assuming them  to be present in the ratio  of 1 to  3 to  2, and in

the gasolines examined th e  results appear to  be accurate to  better 
th an  1%. T o obtain more accurate results for the low-boiling 
constituents, i t  is only necessary to  fractionate the gasoline and 
determ ine the benzene and toluene contents separately on the 
appropriate fractions. However, for th e  higher-boiling com­
pounds, such as ethylbenzene and cumene, the solubility is low, 
and in so far as these compounds are present th e  arom atic content 
of the gasoline will be underestim ated.

L IT E R A T U R E  C IT ED

(1) C arr, Em m a, p rivate  communications.
(2) Dobryanskii, A. F ., and T ikhonov-D ubrovskil, N. T „  Azerbniil-

zhanskoe Neftyanoc Khoz., No. 5, 84 (1935).
(3) K urtz, S. S., Jr., private  communications.

Determination of O lefin ic Unsaturation

Nitrogen Tetroxide M ethod as A p p lie d  to Petroleum 
H ydrocarbons in the G aso line  Boil ing Range

G . R. B O N D , JR., H oudry Process Corporation of Pennsylvania, Marcus H o o k , Pa.

A  radically new method has been developed for determining the 
olefinic unsafuration of petroleum hydrocarbons lying in the gasoline 
boiling range. It is based on the reaction of nitrogen tetroxide with 
olefinic materials to convert them into o ily  addition products, or 
nitrosates. Separation of the unreacted material, including paraf­
fins, naphthenes, and aromatics, may be effected by steam-distilla- 
tion or by reaction and solution of the nitrosates in alcoholic potas­
sium hydroxide and potassium sulfide. The change in volume of the 
sample gives a measure of the olefinic unsaturation.

T H E  determ ination of olefinic unsaturation in hydrocarbons 
has long been a controversial subject in the petroleum  indus­

try . Calculations based on the bromine num ber or iodine num ber 
have been accepted generally as the only feasible means of de­
term ining such unsaturation . T h a t such m ethods are no t entirely 
satisfactory is generally realized, as evidenced by th e  large num ­
ber of bromine or iodine num ber procedures which have been 
proposed; alm ost every m ajor oil company has its own modifica­
tion which m ay give results differing appreciably from those of 
another company.- T he natu re  of the solvent used, tem perature, 
tim e of contact, excess of halogen present, and m any other fac­
tors affect th e  results which are obtained. T he natu re  of the 
unsaturate  itself also is an im portant factor. In  conjugated 
diolefins, halogenation of both  double bonds is usually incom­
plete and this same uncertainty applies to  arom atics w ith an 
olefinic side chain. Extensive substitution, ra ther th an  simple 
addition of halogen, also may occur.

T he difficulty of translating the bromine or iodine num ber into 
per cent olefinic unsaturation  likewise is an  im portan t factor, 
due to  lack of knowledge, in general, of th e  average molecular 
weight of the olefins involved or their distribution throughout the 
sample. In  the case of whole gasoline samples, particularly  those 
which are therm ally cracked and m ay contain a  m ixture of olefins 
and diolefins as well as arom atics or even acetylenes, th e  problem 
becomes m ost acute.

A method th a t will give a  direct volum etric measure of the ole­
finic unsaturation  of the hydrocarbon sample, regardless of the 
type of olefin present, and  is w ithout effect on paraffins, naph­
thenes, or arom atics, would present an  alm ost ideal solution to  
th is problem. Such a method has been developed a t  this labora­

tory and has given most'promising results on a wide variety  of the 
most difficult and complex types of samples, both synthetic and 
natural. I t  also has the additional advantage th a t it  can be used 
on dark-colored samples.

D E S C R IP T IO N  O F  M E T H O D

The au thor has recently noted th a t nitrogen tetroxide will re­
act rapidly and completely w ith all commonly available olefinic 
m aterials in  the tem perature range 104° to 410° F ., converting 
them  into heavy, oily addition products, th e  m ajority  of which are 
of very low volatility, and from which any unreacted components 
of the m ixture can be rem oved readily by a  simple steam-distilla- 
tion. T he possibility of using nitrogen tetroxide as an analytical 
tool for resolving complex olefinic-aromatie m ixtures a t  once be­
came apparen t and an  extended investigation was undertaken.

Two m ethods finally resulted frgtn this investigation, the dis­
tillation m ethod m entioned in the preceding paragraph and a 
rapid m ethod based on the discovery th a t the olefin nitrosates will 
react w ith alcoholic potassium  hydroxide and potassium  sulfide to 
form products soluble in 50%  alcohol. I t  thu s becomes possible 
to  measure th e  volume of th e  paraffins, naphthenes, and aromatics, 
which are unaffected by the  reagents used in the test, th e  decrease 
in volume from th a t  of the original sample giving a  measure of the 
olefin content.

R elative 'y  little  inform ation is given in the literature  regarding 
the natu re  . J  the products formed by interaction of nitrogen te ­
troxide and  olefins. According to  Sidgwick (4), such reaction 
products are known as nitrosates or “D initru re” , possessing the

structure
—C H —C <

I I
NO O .N O -

> C — C <  
or l | i  respectively. They

, n o 2n o 2
thus result from direct addition of nitrogen tetroxide to  the ole­
finic double bond. There is some question as to  the bimolecular 
s tructure  of the nitrosates and  Riebsomer (3) presents conflicting 
opinions of various research workers. The natu re  of th e  solvent 
appears to play an im portant role as to  which product is formed. 
However, th e  exact structure of these compounds is of minor im­
portance for th e  purpose of this investigation, and they are re­
ferred to  here merely as “nitrosates” . The nitrosates may be 
hydrolyzed to  nitro-alcohols or rearranged to  nitro-oximes during 
stea m-distillation.
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A P P A R A T U S

A 200- to  250-nil. treating- 
distillation flask w ith a  spray 
trap  on the ou tle t and a  steam  
inlet tube, as illustrated  in 
Figure 1. Ground-glass con­
nections are recommended.

P roduct receiver assembly, 
consisting of a curved glass 
adapter (Figure 2) w ith an ex­
tension of 4-mm. glass tubing 
which will nearly reach the; 
bottom  of th e  150- to  250-mL 
separatory funnel used as a 
receiver. A short length of 
2-mm. capillary glass tubing 
is sealed in th e  upper wall of 
the large end of th e  adapter 
as an air inlet. The purpose
of th is adapter is to  cause the drops of distilled oil to  issue below 
the surface of the w ater in the separatory  funnel, thus making 
evident the point a t  which these drops of oil become heavier than  
w ater. T his receiver assembly is no t designed for very volatile 
samples, which m ay require a more adequate condensing system.

R eaction B ottle. A modified Babcock bottle  (1).

R E A G E N T S

Sulfamic Acid Solution. Dissolve 20 gram s of sulfamic acid 
(H2N S 0 2. OH) in w ater and dilute to  200 ml. (a 25% solution of 
urea m ay be used instead, if desired).

Alcoholic Potassium  H ydroxide Solution, 10%. Dissolve 20 
gram s of potassium  hydroxide in m ethanol and dilute w ith m eth­
anol to  200 ml.

Alcoholic Potassium  Sulfide Solution. Dissolve 50 grams of po­
tassium  hydroxide in about 130 ml. of methanol, cool, and dilute 
to 160 to  175 ml. Pass hydrogen sulfide into this solution until 
the weight has increased 15.0 gram s (about 18 ml. increase in 
volume), cool, and dilute to 200 ml. with methanol.

N itrogen Tetroxide (obtainable in 10-lb. cylinders from Du 
P ont Co.).

Alkaline Sodium Sulfide Solution. Dissolve 100 grams of sodium 
hydroxide and 150 gram s of sodium sulfide crystals in 800 ml. of 
water, cool, and add 200 ml. of acetone.

Alcoholic Potassium  Hydroxide Solution, 25%. Dissolve 50 
gram s of potassium  hydroxide in m ethanol and dilute with m eth­
anol to  200 ml.

D ilu te alcoholic sodium hydroxide solution. Dissolve 40 gram s 
of sodium hydroxide in w ater, dilute to  100 ml. with water, and 
add 100 ml. of methanol.

N o t e . M ethanol is used in preparing these reagents in pref­
erence to ethanol, as solutions prepared with the la tte r soon turn  
dark  red.

D E V E L O P M E N T  O F  T H E  M E T H O D

To be of value for determining the olefin content of a  gasoline 
sample, it  m ust be shown th a t  nitrogen tetroxide is w ithout effect 
on the o ther components of the sample. Accordingly, a series of 
known m ixtures was prepared, containing various paraffins, 
naphthenes, olefins, diolefins, acetylenes, arom atics, etc., in the 
boiling range of gasoline or approxim ately 104° to 410° F . M ost 
of the m aterials used were of a commercial grade w ithout any 
a ttem p t a t purification (Table I).

Table I. Test Components
M ix ed  h e p ta n e s

C y c lo p e n ta n e
M eth y lc y c lo h e x a n e
C y clo h ex en e
P u re  n -h e p ta n e
2 -M e th y lp e n ta d ie n e
D iiso b u ty le n e
D ic y c lo p e n ta d ie n e
a -M e th y ls ty re n e  +  c u m en e
D ip e n te n e
7>-C ym ene
M es ity le n e
X y len e
T so-octane
Cio a ro m a tic s
P h e n y la c e ty le n e
P h en o l
B enzene
2 -M e th y lp e n ta n e

P h ill ip s  P e tro le u m  co m m erc ia l g ra d e  (2 %  
so lu b le  in c o n c e n tra te d  H 2SO 4)

P h illip s  P e tro le u m  te c h n ica l 
D ow  C h e m ic a l C o. te ch n ica l 
D ow  C h em ica l C o . te c h n ic a l 

.W e s tv a c o  (B u re a u  of S ta n d a rd s  c e rtif ic a te )  
'C o m m e rc ia l S o lv e n ts  C o rp .
E a s tm a n  K o d a k  C o . p ra c t ic a l 
K o p p e rs  C o.
C ru d e  m ix tu re
H ercu le s  P o w d e r  C o . (com m ercia l)
C la flin  Co.
E a s tm a n  K o d ik  C o.
G e n e ra l C h em ica l C o . re a g e n t 
K n o ck  te s t  s ta n d a r d  
T solated fro m  H o u d ry  gaso line  
E a s tm a n  K o d a k  Co.
R e a g e n t g ra d e  
B a r r e t t  C o . “ p u re ”
140° F . c u t ,  a c id - tr e a te d  gaso line

This first series of blends was analyzed by a ra ther crude pro­
cedure which subsequently was im proved to  reduce handling 
losses. T he chilled sample was sa turated  w ith gaseous nitrogen 
tetroxide, washed w ith w ater to  remove any excess nitrogen te- 
troxide, transferred to a  flask, and steam-distilled into a  chilled 
receiver until the  portions of oil coming over were heavier than  
water. After removal of the w ater layer, the distilled oil was ex­
tracted  w ith 10% sodium hydroxide solution to  remove any ni- 
trosate reaction product carried over and the volume of the 
unreacted hydrocarbon was then measured, applying a  correction 
factor for handling losses. The decrease in volume represented the 
olefinic unsaturation of the sample. Any arom atics in the treated  
hydrocarbon could readily be determ ined by the usual sulfuric 
acid treating procedure and corrected to  the basis of the original 
sample.

In  Table I I  are shown the 
various blends analyzed by 
the original nitrogen tetroxide 
method. As the commercial 
mixed heptanes used in pre­
paring m ost of these blends 
contained 1.8%  of m aterial 
reacting with nitrogen te trox­
ide, values on such blends 
were corrected on th e  basis of 
the am ount of this heptane 
used. The bromine numbers 
of most of the blends were de­
term ined and calculated as 
mono-olefin. The “to ta l ole­
fin” value is based on the 
volume per cent of added ole­
fin, regardless of its actual 
purity . In  the case of dipen­
tene, results indicated the  di­
pentene to  have a  purity  of 

88%, and the figure on the a-m ethylstyrene blend was based on 
the result of a polym erization test.

Considering the lack of refinem ents in this original distillation 
procedure, surprisingly good agreem ent was shown between the 
am ounts of olefin assumed to  be present and those determ ined, 
most of the discrepancies probably being due to  im purities in  the 
added m aterial. W here dlolefins were present, the results ob­
tained were definitely superior to  those calculated -from the 
bromine num ber. I t  is evident th a t nitrogen tetroxide is w ithout 
appreciable action on paraffins, naphthenes, and arom atics boil­
ing in the range 120° to  410° F . As phenol reacts w ith nitrogen 
tetroxide, phenolic constituents, if present in appreciable am ounts 
in a  sample, should be rem oved prior to  the analysis by a  caustic 
wash. T he m ajority  of such phenols as occur in  gasoline are sol­
uble in aqueou < caustic solution.

P R O C E D U R E

Method A. This method is intended for the volumetric de­
termination of the total olefinic unsaturation of hydrocarbons 
boiling between 120° and 410° F.

Im merse the clean, dry, treating  flask (Figure 1) in an  ice bath  
extending well up around the neck of th e  flask. Record the tem ­
perature of the sam ple and pipet 50 ml. into th e  flask. Place the 
b a th  and flask under the hood. Place a suitable therm om eter 
covering the range 30° to  120° F . in the sam ple and introduce n i­
trogen tetroxide gas well below the surface of the sample through 
a  glass tube draw n ou t to  a  long slender 1-mm. capillary, con­
trolling the flow of gas to  m aintain the tem perature of the sample 
a t 80° to  100° F. (Saran or a  short length of Tygon tubing has 
been found satisfactory for connecting th e  glass delivery tube to 
copper tubing from th e  cylinder of nitrogen tetroxide. R ubber 
should not be used. The cylinder should be maintained a t  a  
tem perature above 71° F. to  facilitate vaporization of the  n itro­
gen tetroxide.) Completion of reaction is indicated by a  definite 
drop in sample tem perature to  about 70° F., even though the 
flow of gas is increased, and by m arked formation of brown fumes
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Table II. A nalysis of Known Mixtures by O riginal Nitrogen Tetroxide M ethod

3 .7

2 3 .7  ± 0 . 3  
9 .6  ± 0 . 3

T e s t  B le n d  %
1 C o m m erc ia l h e p tn n e  100

2 H e p ta n e  6 6 ,7
C y c lo p e n ta n e  3 3 .3

3  H e p ta n e  6 6 .7
M c th y lc y c lo h c x a n e  3 3 .3

4 H e p ta n e  8 6 .7
C y c lo h ex en e  1 3 .3

5 P u re  n -h c p ta n e  100

6  I s o h e x a n e  100

7 H e p ta n e  8 6 .7

2 -M e th y lp e n ta d ie n e  1 3 .3

8  H e p ta n e  6 6 .7
D iis o b u ty le n e  3 3 .3

9  H e p ta n e  8 6 .7
D ic y c lo p e n ta d ie n e  1 3 .3

10 H e p ta n e

a -M e th y ls ty re n e  
C u m e n e

11 H e p ta n e  6 6 .7

D ip e n te n e  3 3 ,3

12 H e p ta n e  6 6 .7
p -C y m e n e  3 3 .3

13 H e p ta n e  8 6 .7
M cs ity le n e  1 3 .3

14 H e p tn n e  50
C y c lo h ex en e  25
D iis o b u ty le n e  25

15 H e p ta n e  50
C y clo h ex en e  20
2 -M e th y lp e n ta d ie n e  10
X y le n e  20

16 H e p ta n e  75
Cjo a ro m a tic s  25

(3 3 0 ° -3 8 0 °  F .)

17 Is o -o c ta n e

IS  Is o -o c ta n e
P h e n y la c e ty le n e

19 H e p ta n e  8 6 .7
B en zen e  8 .0
P h e n o l 5 .3

B ro m in e  N o . C a lc u la te d  M o n o - 
of B len d  olefin  E q u iv a le n t ,  %

0.6 ...........
0 .3  .............

2 7 .2  1 4 .0

0  ..................

0  ...................

2 9 .3  1 5 .4  (e q u iv a le n t to
1 .1 4  d o u b le  b o n d s )

4 7 .4  

3 3 .2  

3 8 .1

6 5 .4  

0 .4

3 3 .2

2 7 .4

2 8 .1  (e q u iv a le n t to  
1 .1 7  d o u b le  bo n d s)

4 9 .5  (e q u iv a le n t to  
1 .5  d o u b le  bo n d s)

9 2 .2  4 8 .2  (94 M ol. w t.)

6 0 .4  31

100
96

4

T o ta l  A d d ed  
O leG n, %

%  O lefin C o n te n t  
fro m  V o lum e 

D ec rea se

0 1 . 8

0 0 . 6 (c o rre c te d fo r  
h e p ta n e  v a lu e )

0 0 .4  (c o rrec ted )

1 3 .3 1 3 .2  (c o rrec ted )

0 0 . 0

0 1 . 2

1 3 .3 1 3 .6  (co rre c te d )

3 3 .3 3 3 .4  (co rre c te d )

1 3 .3 1 3 .6  (co rre c te d )

2 3 .7  =*»0.3 2 4 .6  (co rre c te d )

3 3 .3  (?) 2 9 .2  (co rre c te d )

0 . 0 0 . 2  (c o rrec ted )

0 . 0 0 . 0  (c o rrec ted )

50 4 8 .7  (co rre c te d )

30 2 9 .7  (c o rrec ted )

0 . 0 0 . 0  (c o rrec ted ) 

1 . 0

4 .0 4 .6  (u n c o r­
re c te d )

6 . 2

w ith several small portions of 
water, thus bringing the hydro­
carbon layer well w ithin the 
graduations of th e  buret. Im ­
merse the buret for 5 m inutes 
in a suitable w ater b a th  (such 
as a section of 50-mm. glass 
tubing closed a t one end and 
filled w ith water) m aintained 
within 2° F. of th e  tem pera­
tu re  a t  which th e  te s t sample 
was m easured. R ead the 
vqlume of hydrocarbon to  the 
nearest 0.1 ml. and record as 
volume of unreacted m aterial. 
If  desired, th is m aterial m ay be 
used, after drying, for deter­
m ination of density, refractive 
index, or acid absorption to  
ascertain the content of 
aromatics.

As a check on the complete­
ness of olefin removal, it  m ay 
be advisable to  make a dupli­
cate determ ination. R eact the 
residue in the distillation flask 
w ith an equal volume of a lka­
line sodium sulfide solution and 
discard. To determ ine the dis­
tillation and handling loss, re­
pea t the procedure given above 
on another 50-ml. portion of 
the original sample, om itting 
the trea tm en t w ith nitrogen 
tetroxide.

C a l c u l a t i o n . C a lc u l a te  
th e  percentage of olefinic un­
saturation  by m eans of the 
following equation:

U =  5° '°  X 10050.0

where

above th e  surface of th e  sample. (Samples of low olefin content 
m ay produce only a  slight rise in tem perature.) Remove the 
therm om eter and delivery tube, flushing each w ith sm all portions 
of w ater to  prevent loss of sample.

Add sulfamic acid (or urea) solution slowly to the chilled sam ­
ple, w ith continuous agitation, un til the brown fumes disappear, 
tak ing  care to  avoid loss due to  foaming. The sam ple usually as­
sum es a green or blue color a t  th is  point. Connect th e  flask to  
an efficient condenser and th e  receiver assembly and insert the 
steam  in let tube. P u t 10 to  20 ml. of w'ater in the  receiver to 
cover the end of th e  adap te r extension and surround th e  assembly 
w ith an ice b a th . Im m erse th e  distillation flask in a  beaker of 
h o t w'ater and place a  heate r under the beaker to  bring the w'ater 
to  boiling, then  introduce steam  into th e  sam ple, slowly a t  first, 
and adj u st the ra te  as d istillation proceeds. T he side tu b e  on the 
adap te r should be closed off a t th e  s ta r t to  prevent loss of vapors 
and  then opened if the w ater in the receiver s ta r ts  to  suck back. 
C ontinue distillation un til th e  d istilla te  becomes heavier than  
w ater and sinks to  th e  bottom . (Occasionally a  sam ple is en­
countered, such as triisobutylene or some polymer gasolines, 
where the n itrosate  distillate is partly  lighter th a n  w ater. In  this 
caset distillation is stopped when the ratio  of oil to  w’a te r in fresh 
portions of th e  distillate decreases to  about 1 to  4.)

Remove th e  receiver and carefully draw  off any heavy nitrosate 
and th e  w ater. Add 10 ml. of th e  10% alcoholic potassium  hy­
droxide to  th e  rem aining hydrocarbon, stopper the funnel, and 
shake vigorously a few' mom ents. Add 25 ml. of W’ater, again 
shake vigorously, and allow to  settle, keeping the funnel cold. 
D raw  off the aqueous layer carefully, add 15 ml. of the alcoholic 
potassium  sulfide to  the hydrocarbon, and shake vigorously for 4 
m inutes. Add 50 ml. of w ater, shake, and allow to settle  as be­
fore. D raw  off the aqueous layer. W ash the hydrocarbon once 
more w ith 50 ml. of w ater. D rain  the hydrocarbon layer into a 
50-ml. buret which has been cleaned w ith chromic-sulfuric acid 
m ixture and well rinsed w ith w ater. Rinse th e  separatory  funnel

C =  loss correction, ml.

U  =  per cent olefins by 
volume 

V  =  volume of unre­
acted hydrocar­
bon, ml.

W hen analyzing sam ples of polymer gasoline, tri-, or te tra - 
isobutylene, a fter saturation  w ith nitrogen tetroxide the m ixture 
should be allow’ed to  stand  for about'o  m inutes before destroying 
th e  excess nitrogen tetroxide, since the  reaction is slower th an  in 
the case of m ost olefins.

M e t h o d  B. This m ethod is intended for the determ ination of 
th e  to ta l olefinic unsaturation  of hydrocarbons boiling between 
104° and 410° F. I t  is directly applicable to  samples containing 
n o t more than  50%  by volume of olefin, and is applicable to 
samples containing over 50% by volum e of olefin, providing they 
have been diluted w ith a  suitable m easured am ount of nonolefinic 
hydrocarbon and the determ ination is made on the diluted sam ­
ple.

Im m erse the clean dry  Babcock reaction bottle in an  ice-water 
b a th  to  about the 60%  m ark, record the tem perature of the sam ­
ple, and p ipet 10.00 ml. into th e  bottle. Place the b a th  and 
bo ttle  under th e  hood near th e  nitrogen tetroxide cylinder. 
P lace th e  therm om eter and capillary end of the nitrogen tetrox­
ide delivery tube  in th e  sam ple and introduce a  stream  of th e  gas 
a t such ra te  th a t  the  tem perature  of th e  sam ple is held bctw'een 
S0° and 100° F. Completion of th e  reaction is indicated by  a 
definite drop in sam ple tem perature to  about 70° F ., even though 
the flow of gas is increased, and by  the m arked appearance of 
brown fumes above the  surface of th e  sam ple. (Samples of low 
olefin content m ay produce only a slight rise in tem perature.) 
S top th e  flow of gas and remove th e  delivery tube, touching it to 
the inside of th e  neck of the bo ttle  to  drain  off any sample.

Raise the therm om eter and flush w ith 1 ml. of the dilute alco­
holic sodium hydroxide solution before withdrawing, to  prevent 
loss of sample.
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Table III. Comparison of A n a lytica l Methods on Samples Containin3 Diolefins
U su a l M e th o d __________    N itro g e n  T e tro x id e  M e th o d

O lefins b y  
b ro m in e  

no .

A ro m a tic s  
b y  specific  
d isp e rs io n S um

A cid  
t r e a t  on  

, o r ig in a l

O lefins b y  
v o lu m e 

d ec re ase

A ro m a tic s  
b y  ac id  

t r e a t S u m

Acic 
t r e a t  < 
o rig in

C u t  4 (150 -205 ) 52 0

S a m p le  818  A L 

52 46 46 2 48 46
C u t 5 (205 -250 ) 46 1 1 57 49 36 1 1 47 49
C u t  6  (250 -302 ) 40 23 63 57 28 27 55 57
C u t  7  (302 -347 ) 28 39 67 61 2 0 39 59 61
C u t  8  (347-396) 2 2 44 6 6 61 17 45 62 61

S am p le  80Ö A L

C u t  5 ■ 56 16 72 63 46 18 64 63
C u t  6 45 37 82 71 29 43 72 71
C u t  7 .2 5 56 81 77 17 51 78 77
C u t  8 19 60 79 75 18 59 77 75

A gitate the bo ttle  in the ice b a th  w ith a swirling m otion and
radually add 1 ml. more of the sodium hydroxide solution to
ecompose excess nitrogen tetroxide. In  a  similar manner gradu­

ally add 8 ml. of the 25%  alcoholic potassium  hydroxide solution, 
causing the sample to  tu rn  dark  brown. Moisten the glass stopper 
of the Dottle w ith a  drop of the potassium  hydroxide solution, in­
sert, and shake the bottle vigorously for 30 seconds. Release 
any gas pressure carefully to  avoid loss of sample. G radually add 
15 ml. of the alcoholic potassium  sulfide w ith agitation  and cool­
ing. S topper the bottle  and shake a few moments, release any 
gas pressure, then  continue vigorous shaking for 4 minutes. D i­
lute the m ixture gradually w ith w ater (25 to  27 ml.) to  bring the 
unreacted hydrocarbon within the graduations on the neck of the 
bottle, mix well, release any gas pressure, and centrifuge a t 
1000 r.p.m . for 2 to  3 m inutes.

Im merse the bottle  for 3 m inutes in a w ater b a th  m aintained 
w ithin 2° F . of the tem perature a t  which the te s t sample was 
measured. R ead the volume of the hydrocarbon to  the nearest 
1% (0.1 ml.) and record as the volume per cent of unreacted sam ­
ple.

C a l c u l a t i o n . U =  100 — V, where U — per cent olefins 
by volume and V  =  per cent of unreacted sample.

S A F E T Y  P R E C A U T IO N S

Vapors of nitrogen tetroxide are toxic (concentrations as low as 
300 parts per million m ay prove fa ta l) ; so all operations involv­
ing its use should be carried ou t under an  efficient hood.

N itrogen tetroxide m ay react w ith certain organic compounds 
to  form products which are violently explosive. The higher-boil­
ing hydrocarbons, including higher arom atics, are much more 
susceptible to  oxidation or n itra tion  than  are those in  th e  gasoline 
boiling range and th e  nitrosates of some of the terpenes (reaction 
products w ith turpentine) have been found to  decompose spon­
taneously. Therefore, prolonged contact of oils or greases w ith 
excess nitrogen tetroxide, which m ight lead to  n itration  or perox­
ide form ation, should be avoided. G raphite is recommended as 
a  lubricant on any  valves or pipe connections which m ay be in 
contact w ith the gas.

No serious decomposition of the nitrosates of olefins in the gaso­
line boiling range has been observed a t  tem peratures up to 212 ° F., 
w ith the exception of high concentrations of certain terpenes, 
although many of them  show very gradual evolution of fumes on 
long standing, even a t  room tem perature. M ost severe tests, in­
cluding th e  use of detonators, have failed to  explode them . They 
exert a  pronounced, although tem porary, irritating  action if per­
m itted  to  come in contact w ith th e  mucous mem brane or sensitive 
skin surfaces.

I t  is felt th a t petroleum  hydrocarbons in the gasoline boiling 
range, when handled as specified in this method, present no hazard 
and this is substan tia ted  by several hundred analyses in various 
laboratories. However, the use of a  safety shield or a t  least a  face 
mask is advised.

This m ethod was applied w ith m arked success to a num ber of 
laboratory samples evidently containing diolefins, where a  marked 
difference had been found to exist between the to ta l unsaturation 
determined by acid-treating (I) and the sum of the apparen t ole­

fin content calculated from the 
bromine num ber and the ap ­
paren t arom atic content calcu­
lated from the specific dispersion
(2). A comparison of these 
methods on two such samples 
appears in Table I I I .

I t  is a t once evident th a t far 
better agreem ent is found be­
tween the sum of arom atics 
plus olefins determ ined by the 
nitrogen tetroxide procedure 
and the to ta l acid absorption 
than  by the usual method of 
analysis.

T he method has likewise shown its value for the determ ination 
of arom atics in polym er gasoline or highly cracked naphthas. 
Removal of the olefins is readily effected by their conversion to 
nitrosates and steam -distillation of the unchanged aromatics, 
paraffins, and naphthenes. The arom atics in the distillate may 
be then  determ ined in any desired m anner or actually isolated, 
as by preferential adsorption on silica gel or by suifonation and 
hydrolysis of the sulfonic acid.

The original method was substantially improved by sa tu ra ting  
the sample w ith nitrogen tetroxide in the distillation flask it­
self, destroying excess nitrogen tetroxide by the addition of urea 
or sulfamic acid solution, steam-distilling, and washing the distil­
late w ith alcoholic potassium  hydroxide and potassium  sulfide as 
described in M ethod A. Caustic should no t be used to  destroy 
the nitrogen tetroxide, since it may react w ith the nitrosates 
during steam -distillation to form more volatile oils, which would 
come over w ith the unreacted components of th e  sample and not 
be removed by th e  washing step, leading to low results for the 
olefin content.

This analytical procedure is lim ited a t  present to  samples ly­
ing in the gasoline boiling range: ( 1) inclusion of lower-boiling 
fractions would increase and make more uncertain the handling 
losses, (2) inclusion of m aterial boiling above 410° F. requires 
the use of excessive am ounts of steam  for distillation and lessens 
the sharpness of the split between unreacted hydrocarbon and 
nitrosate, and (3) certain of the higher-boiling arom atics, such 
as naphthalene and acenaphthene, may be n itra ted  or oxidized to 
an appreciable extent, leading to high results for the olefin con­
tent.

Desiring to develop a  more rapid procedure which could be 
used for routine testing w ithout involving the elaborate distilla­
tion setup, it  was discovered th a t the oily nitrosates would react 
w ith alcoholic potassium sulfide to give compounds which were 
soluble in 50%  alcohol. The reaction could thus be carried out 
in a  Babcock-type bottle, such as is used in determ ining the 
acid absorption of gasoline, the nitrosate dissolved by th e  addi­
tion of alcoholic potassium sulfide, and the volume of unreacted 
sample read in the neck of the bottle after centrifuging. Handling 
losses were thus reduced to a minimum, only 10 ml. (or 5 ml.) of 
sample were required, and an average single determ ination could 
be made in 20 m inutes or less. However, the accuracy of reading 
was lim ited to  1 %  by virtue of the small sample size and design 
of the bottle, and the maximum olefin content which could be 
determined was lim ited by the am ount of absorbing reagent 
which could be used.

Table IV  gives a  comparison of this rapid procedure w ith the 
distillation procedure on several samples.

I t  was found th a t blends w ith triisobutylene and w ith decene-1 
in acid-treated naph tha  did no t give theoretical results by this 
rapid procedure; the decene-1 gave rise to an interm ediate dark  
red oil layer and low results were obtained w ith the triisobutyl- 
ene. The la tte r compound also gave trouble in  the distillation 
procedure, because early portions of the distillate of the n itrosate
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Table IV . Comparison of Rapid and Distillation Methods

S am p le

Im p u re  h e p ta n e -c y c lo p e n ta n e  
H e p ta n c - 2 -m e th y lp e n ta d ie n e  
H e p ta n e -d iis o b u ty le n e  
100° to  150° F . g a so lin e  c u t  
C ru d e  b en z en e  

B - l 
B-2 
B-3 
B-4

%  O lefins %  O lefins
(R a p id  M e th o d )  (D is t i l la t io n  M e th o d )

2 1.8
15 1 5 .2
34 3 4 .2
20  20 ( b > b ro m in e  N o .)

7 8
25 2 5 .4
34 3 4 .3
28  2 7 .5
28  2 7 .7

were lighter than  w ater, contrary to  th e  behavior of th e  n itrosate 
distillate of most olefins.

By shaking th is light n itrosate distillate w ith alcoholic potas­
sium sulfide for 3 minutes, it  was rendered soluble in 50%  alcohol, 
this minimum tim e factor being required for complete reaction. 
I t  was also discovered th a t the  n itrosate of decene-1 reacted com­
pletely w ith alcoholic potassium hydroxide to  give a compound 
soluble in 50%  alcohol. Therefore, to  take  care of any ty p e  of 
sample, the rapid m ethod was modified to  include trea tm en t with 
alcoholic potassium hydroxide prior to  the addition of alcoholic 
potassium sulfide and the shaking tim e w ith the la tte r  reagent 
was increased to  4 m inutes as described in M ethod B. This

method gives results which compare very favorably w ith those of 
M ethod A, and has a marked advantage in simplicity and rap id­
ity  where only the volume per cent olefin is desired. However, 
M ethod A should be used where additional work is to be done on 
the unreacted portion of the sample, such as determ ination of aro­
m atic content, density, or refractive index.

Cooperative results obtained by Sub-Comm ittee X X V  of 
A.S.T.M . Comm ittee D -2 on a  considerable num ber of synthetic 
and natural samples, using both M ethods A and B, will appear in 
a later paper.
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A nalysis  of Furfural-W ater Solutions
J O H N  G R IS W O L D ,  M . E. K L E C K A ,  A N D  R. V .  O .  W E S T , J r . ,  University of Texas, A u stin , Texas

Rapid and accurate analyses have been developed for determina­
tion of water in furfural by a cloud-point method, and for furfural in 
water by an electrometric titration with bromine.

S IM P L E , dependable analyses of furfural-w ater solutions 
are needed in connection w ith furfural solvent refining and 

extractive distillation processes. C urren t methods for analyzing 
w ater in th e  furfural phase include titra tion  w ith th e  K arl Fischer 
reagent, toluene distillation, and centrifuge, refractive index, 
and cloud-point (saturation tem perature) determ inations. 
M ethods for analyzing furfural in  th e  w ater phase include u ltra­
violet absorption (spectrom etric), colorimetric determ inations 
w ith fuchsin-sulfite and w ith aniline reagents, titra tion  w ith hy- 
droxylamine hydrochloride, and gravim etric determ inations 
w ith special reagents such as phloroglucinol. None of the  above 
methods has superseded the  others to  th e  ex ten t of,being specified 
for standard  or reference analyses. T he m ethods given here 
are based on calibrations of known quantities of furfural and of 
water, and are of sufficient speed and accuracy for general use.

W ater in furfural is determ ined by observation of th e  cloud 
point of equal volumes of furfural and  a  cloud-point reagent 
consisting of a m ixture of 1-hexanol and cottonseed oil. Cloud 
points w ith cottonseed oil alone occur a t  undesirably high tem ­
peratures, and are lowered by the  presence of the alcohol; by 
adjusting  the  ratio  of oil to  alcohol, th e  cloud point m ay be 
brought to  an optim um  tem perature  level.

This procedure and th e  cloud-point behavior resemble the 
determ ination of w ater in aniline w ith the  cottonseed oil-m ineral 
oil reagent developed by Seaman, N orton, and H ugonet (5). 
Using dry furfural, th e  method should be adaptable to  th e  deter­
mination of w ater in any o ther organic liquid th a t does no t react 
w ith furfural merely by substitu ting  it  for 1-hexanol.

Hughes and Acree (3, 4) reported th a t furfural reacts with 
bromine to  equim olar proportions rapidly and w ith a second 
mole or more of bromine slowly a t  20 0 to  30 ° C. T he first mole 
of brom ine (reacted a t 0° C.) yielded 2 moles of hydrogen bro­

mide. T he same authors developed a  satisfactory brom om etric 
analysis for furfural th a t consists essentially of providing excess 
brom ine w ith  brom ide-brom ate reagent, reacting a t  0° C. in a 3% 
hydrochloric acid solution, replacing the excess brom ine with 
iodine using potassium  iodide, and then  titra tin g  th e  free iodine 
w ith standard  thiosulfate and starch  indicator. T he method 
specifies 0.1 reagents and is no t well adapted  to  samples con­
taining only a  few milligrams of furfural.

In  th is laboratory, a ttem pts a t direct titra tion  of furfural 
using brom ide-bromate reagent showed th a t the ra te  of the first

Figure 1. Effect of H exanol-Cottonseed O il  
Ratio on Cloud Point
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Figure 2. Effect of Water Concentration on C lo ud Point of 
Furfural Solutions with H exanol-Cottonseed O i l  Mixtures

reaction was far too slow to be satisfactory, b u t th a t in the pres­
ence of hydrochloric acid and mercuric chloride, free bromine in 
aqueous solution reacts rapidly as far as equimolar proportions. 
This perm its observation of an end point when free bromine per­
sists in th e  solution. The end point is conveniently observed 
as e.m.f. (or pH) of a calomel electrode. T he e.m.f. rises 
sharply from about 250 to  over 800 millivolts (0.25 to 0.8 volt) 
and persists for a lim ited tim e when the end point is reached. 
A certain excess of bromine is consumed over the stoichiometric 
equivalent. B ut w ith proper precautions and attention  to d e ­
tail, the  end point is reproducible. P lots of stoichiometric bro­
mine against brom ine to “potentiom etric end points” gave 
straigh t lines for any given concentration of bromine water, so 
the reagent m ay be standardized by titra tion  against pure fur­
fural in term s of its "potentiom etric norm ality” .

C L O U D - P O IN T  D E T E R M IN A T IO N  O F  W A T E R

M a t e r i a l s  a n d  E q u i p m e n t . The 1-hexanol may be ob­
tained from Carbide and Carbon Chemicals Corp., and is dried by 
distilling off the w ater before use. The cottonseed oil may be

COPPER LEADS

commercial Wesson oil. The furfural m ay be obtained from 
Quaker Oats Co. and is dried and purified by redistillation under 
reduced pressure, rejecting the first 25%  of distillate.

The cloud-point apparatus is a 2.5 X 10 cm. ( 1 X 4  inch) tes t 
tube m ounted in  a w ater ba th  consisting of a 250-ml. beaker 
warmed by a  Bunsen burner. T he te s t tube contains an  A.S.- 
T .M . tite r  te s t therm om eter extending to  about 1.25 cm. from 
the bottom . A wire bent to  form a loop encircling the therm om ­
eter is used as the stirrer. The therm om eter is m ounted in a 
cork w ith an  off-center hole for the wire stirrer. The A.S.T.M . 
aniline point apparatus (1) m ay be used w ith equal satisfaction.

P r o c e d u r e . T he cloud-point reagent is made up of about 
0.4 ml. of d ry  hoxanol per ml. of cottonseed oil and is kep t in a 
glass-stoppered flask.

The cloud-point apparatus is charged w ith 10 ml. of furfural 
and 10 ml. of cloud-point reagent. The m ixture is warmed 
with stirring until i t  is perfectly clear and transparen t, then 
cooled slowly w ith stirring until the  cloud point is observed. 
A haze appears as the cloud point is approached, and th e  solution 
becomes suddenly opaque a t  about 0.75 ° C. lower. The “opaque 
po in t” is reproducible to  ± 0.1 ° C., and is taken  as the cloud 
point. T he reagents are calibrated against samples of w et fur­
fural made up w ith known am ounts of w ater. Sample calibra­
tion tests are p lo tted  in Figures 1 and 2.

I t  is recommended th a t .samples containing more than  3%  
w ater be mixed w ith 1, 2, or 3 parts  of dry furfural for testing. 
F or sam ples-containing less than  1% w ater, a  slight im prove­
m ent in  accuracy and convenience is obtained by using a cloud- 
point reagent of about 0.3 ml. of hexanol per ml. of cottonseed 
oil.

B R O M O M E T R IC  T IT R A T IO N  O F  F U R F U R A L

M a t e r i a l s  a n d  E q u i p m e n t . T he titra tion  cell consists of a 
250-ml. beaker m arked a t th e  100-ml. level and equipped w ith a 
stirrer, a  therm om eter, a  norm al calomel electrode, and a refer­
ence electrode of a  spiral of platinum  wire sealed in a  glass tube 
(Figure 3). The standard  bromine reagent is delivered from a 
50-ml. buret.

The cell is m ounted in a w ater bath , such as a  1-liter beaker, 
since the tem perature m ust be constant to  ± 1  ° C. or less during a 
titra tion .

STIRRING
DEVICE

M L  tc Observed End Point

MERCURY —  
CONNECTION

SOLID
CALOMEL

MERCURY

MERCURY
CONNECTION

PLATINUM 
CONTACT 
SEALED 
IN GLASS

Figure 3. Potentiometric Titration A ssem bly

Figure 4. Potentiometric Titration of Furfural 
in Water at Room Temperature

T he e.m.f. (or pH ) is observed by a  sensitive 
potentiom eter, an electronic voltm eter, o r a  pH 
m eter of the proper range (0 to  1 volt), such as is 
specified for the A .S.T.M . acid and base numbers 
electrom ctric titra tio n  apparatus (2).

T he bromine reagent is made up approximately 
0.005 molal (0.005 N )  in bromine, 0.01 molal 
(0.01 N ) in potassium  bromide, and w ith 10 ml. 
of concentrated hydrochloric acid per 100 ml. of 
distilled w ater. I t  should be m ade up fresh daily 
and standardized against furfural.

M ercuric chloride as sa tu ra ted  solution in dis­
tilled w ater is run through the electrode into the 
cell for each titration .

P r o c e d u r e . The bromine reagent is calibrated 
against 5-mg. samples of furfural, using the same 
titra tio n  procedure as for unknowns. A t any 
constant tem perature, the volume of reagent 
plots as a  stra igh t line against am ount of furfural 
with an intercept of —0.4 ml. of 0.005 N
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bromine (Figure 4). A fter subtraction  of 0.4 ml. from the buret 
reading a t the end point, a  “potentiom etric norm ality” of the 
reagent m ay bo used (sample calculations).

A “ tem perature factor” read from Figure 5 is used when the 
bromine calibration is m ade a t  a  different tem perature from th a t  
a t  which sam ples are tested .

In  general, two titra tions are run on an unknown sam ple, the 
first to  determ ine the approxim ate furfural concentration, and 
th e  second on a  size of sam ple th a t contains approxim ately 5 mg. 
of furfural.

For the second titra tion , the titra tio n  beaker is charged w ith 
the sample and  diluted w ith distilled w ater to the 100-rid. m ark; 
3 ml. of the mercuric chloride solution are added and the stirrer 
is started . W hen the  tem perature  is constant, bromine reagent 
equivalent to  about 95%  of the end point is run  in from the buret 
as fast as i t  will drain , or w ithin 60 seconds. T his will cause a  
tem porary  or false end-point potential. As soon as the e.m.f. 
has fallen below 0.75 volt, bromine reagent is added in incre­
m ents of approxim ately 1%  of the expected to ta l until the  
e.m.f. rem ains above 750 millivolts for 90 seconds. T his is 
taken as the end point.

T i t r a t i o n  o p  F u r f u r a l  i n  W a t e r . S a m p l e  C a l c u l a t i o n s . 
M olecular weight of furfural =  96.1 
Specific gravity  of aqueous solutions =  1.00

Standardization of bromine reagent: 1.000 gram of dry fur­
fural made up to  1 liter w ith distilled water. 1 ml. =  1 mg. of 
furfural.

T itra te  5.0 ml. w ith bromine reagent. 17.0 ml. required a t  
21° C. From  Figure 5, tem perature factor =  1.040.

Potentiom etric norm ality

.. . _  (mg. of furfural) (tem perature factor)
i orm a i j  ac or — (moiccu[ar Weight) (ml. — zero correction)

(5.0) (1.040) 
(96.1) (17.0 -  0 .4 ) 0.00326

T i t r a t i o n  o p  S a m p l e . F or second (final) titra tion  of an 
unknown, take a size of sample th a t will consume approxim ately 
the same volume of bromine reagent as required for th e  stand­
ardization.

20 .0  ml. of sample
18.8 ml. of reagent required to  end po in t a t  28° C.
Tem perature factor from Figure 5 =  1.115

W eight %  of furfural

100 (ml. — zero correction) (n.f.) (96.1)
~  1000 (ml. of sample) (tem perature factor)
•_ (18.8 -  0 .4 ) (0.00326) (9.61) _  n9 . q

(20.0) (1.115)

A C C U R A C Y  A N D  A P P L IC A B IL IT Y

W a t e r  i n  F u r f u r a l . The slope of the curves of Figure 2 is . 
about 8 ° C. for 1%  water. A cloud point accurate to —0.1 ° C. 
then  gives a reproducibility of =*=0.01% water. T he cloud point 
is not sensitive to  changes in the proportion of sample to cloud- 
point reagent. W hile clean, redistilled furfural was used in the 
developm ent of the m ethod, polymer or decomposition products', 
acidity, and  hydrocarbons present in p lan t samples m ay affect 
the cloud point. For determ inations on im pure samples, it  is 
recommended th a t calibrations of the cloud-point reagent on 
pure furfural be checked against a  calibration using dehydrated 
p lan t furfural to  avoid possible error from im purities.

F u r f u r a l  i n  W a t e r .  As discussed earlier, the bromine reac­
tion is neither instantaneous nor does it stop completely with 
the consumption of the first mole of bromine per mole of furfural. 
Furthermore, aqueous bromine tends to hydrolyze according to 
the equation

B ra +  H 20  H B r +  HBrO

To avoid errors introduced by the above phenomena, condi­
tions m ust be rigidly standardized in the  respects noted in the 
procedure.

T he use of hydrochloric acid, potassium bromide, and mercuric 
chloride has two effects: The first two compounds stabilize the 
brom ine reagent, greatly  reducing the ra te  of hydrolysis. H y- 

' drolyzed m aterial does no t give reproducible end points; hence 
the reagent m ust be m ade up fresh daily. All three halides ap­
pear to  ac t catalytically, speeding the reaction of the first mole of 
brom ine w ithout a corresponding effect on further brom ine con-

1.30

1.25

I  1-20

? 1.

E
£  I.

15

10

1.05

1.00

5
-  0.0

VIG. FURf 
04 - O.OOi

-URAL 
5 N BTj

SAMPLE
)

/

X

15’ 35 4 02 0  25 3 0
C e ll Temperature, °C .

Figure 5. Effect of Temperature on Bromine Requirement 
Electrometric titration of furfural in water

sum ption. T he end point is no t appreciably affected by wide 
variations in acid or salt concentrations.

T he bromine required for the end point depends upon the 
ra te  of bromine addition, and to a  great extent upon tem perature. 
T he use of the tem perature  factor (Figure 5) m ay be elim inated 
and a slight im provem ent of accuracy gained by  therm ostating  
the w ater bath, so th a t bromine standardization and the deter­
m inations are both made a t  the same tem perature. T he method 
will obviously give high results on a  sample containing im puri- 
tie s 'th a t react with bromine.

Bromine concentration of 0.005 N  and sam ple size of 5 mg. of 
furfural were selected som ewhat arb itrarily  for accuracy and 
convenience. W ith proper care and a tten tion  to  detail, a  ti tra ­
tion is reproducible to  ± 0 .5 %  of the to ta l furfural in a  5-mg. 
sample. T he absolute accuracy as per cent furfural in w ater then 
depends upon the concentration and sample size:

F u rfu ra l
C o n c e n tra tio n

%
0.01
0.1
1.0
5 .0

S a m p le  (C o n ta in in g  
5 M g . of F u rfu ra l)  

M l. +*

50
5
0 .5
0.1

A ccu rac y  
%  F u r fu ra l in  water

=t 0 .0 0 0 0 5  
0 .0 0 0 5  
0 .0 0 5  
0.02

T he above degree of accuracy is no t a tta inab le  when the 
sample contains an am ount of furfural appreciably different 
from the am ount used in standardizing the bromine reagent. 
W hile the accuracy relation is incompletely known, a sample 
containing either 4  or 6 mg. of furfural ti tra ted  w ith reagent 
standardized against 5  mg. of furfural gives an  accuracy of about 
± 1.0 % of the to ta l furfural present.
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Solubility of Magnesium Ammonium Phosphate Hexahydrate
R. F. U N C L E S 1 A N D  G . B. L .  S M IT H 2, Polytechn ic Institute of B ro o klyn^B ro oklyn , N . Y .

Despite the appreciable solubility of magnesium ammonium phos­
phate hexahydrate in solutions of electrolytes, the composition of 
the solution of analysis is such as to render the salt almost com pletely  
insoluble therein. If the recommended procedure for the gravi­
metric determination of magnesium is em ployed, recovery as mag­
nesium ammonium phosphate will be com plete well within the * 
limits of experimental error.

D E S P IT E  its universal application as the basis of the  accepted 
quantita tive analytical procedures for the determ ination of 

m agnesium . (4) and phosphorus (10), magnesium ammonium 
phosphate hexahydrate is widely recognized as being one of the 
most soluble precipitates extensively used in gravim etric deter­
minations (5, 21). A num ber of investiga to rs '(I, 3, IS, 19, 20) 
have reported solubility da ta  for magnesium ammonium phos­
phate, b u t a  comparison of the various da ta  reveals a definite 
lack of agreem ent among the published results. Further, the ef­
fect of th e  presence of ammonium hydroxide on the solubility of 
magnesium amm onium phosphate in solutions containing vari­
ous added salts has received bu t little  atten tion . This la tte r  is 
of the greatest practical im portance, since the standard  analyti­
cal procedures call for the addition of considerable quantities of 
ammonium hydroxide to  the solution of analysis.

This contradictory and incomplete nature of the existing data  
reflects an  obvious need for an accurate and comprehensive deter­
mination of th e  solubility of magnesium amm onium phosphate in 
various concentrations of aqueous and ammoniacal salt solu­
tions likely to  be encountered in analytical practice. T he present 
investigation was undertaken to  provide this necessary informa­
tion.

P R E P A R A T IO N  O F  S A T U R A T E D  S O L U T IO N S

M agnesium am m onium  phosphate hexahydrate was prepared 
by the reaction of diammonium phosphate and magnesium chlo­
ride in aqueous solution. T he precip itate was thoroughly 
washed w itn distilled water, anhydrous ethanol, and anhydrous 
ether. Analysis by igniting weighed samples to magnesium 
pyrophosphate in tared  silica crucibles a t  1000° to  1050° C. in a 
muffle furnace indicated an average purity  of 99.88%.

S tandard  solutions of the various salts in which the solubility 
of magnesium amm onium phosphate was to  be determ ined were 
prepared in  the accepted m anner of diluting a weighed quan tity  
of th e  salt, the highest grade reagent of commerce, to  a  definite 
volume jn  volum etric equipm ent of proved accuracy. In  m any 
cases, the solution medium for these standard  sa lt solutions was 
amm onium hydroxide of known norm ality, prepared by dilu­
tion of the concentrated c.p. reagent and checked by analysis.

T he sa tu ra ted  solutions of magnesium ammonium phosphate 
hexahydrate were prepared by agitating  1 gram of the hexa­
hydra te 'in  200 ml. of the required sa lt solution for 24 hours in a 
flask immersed in a  constant-tem perature bath  a t  25 ° =  0.05 ° C. 
A t th e  end of th is period, the solution was rapidly filtered, and 
the filtrate set aside in  a tigh tly  stoppered bottle  for analysis. 
A sample of the sa lt solution before satu ration  was also set aside 
for use as a  blank.

A N A L Y S I S  O F  S A T U R A T E D  S O L U T IO N S

This comprehensive investigation of solubilities, involving a 
large num ber of magnesium determ inations in solutions whose 
magnesium content would necessarily be very low, demanded a 
m ethod of analysis which would allow th e  rapid, as well as accu­
rate, estim ation of very  small quantities of magnesium. Colori-

1 P re s e n t ad d re ss , A m erican  C y a n a m id  C o ., S ta m fo rd , C on n .
1 P re s e n t  a d d re s s , U . S. N a v a l O rd n a n c e  T e s t  S ta t io n ,  In y o k e rn , C alif.

m etric methods were considered as being most likely to  satisfy 
the requirem ents of speed and precision.

A num ber of reagents are known to give color reactions which 
are characteristic for magnesium (2, 6, 9, 11, 12). Of these, 
titan  yellow has probably received the m ost intensive study, and 
i t  was evident from  a careful consideration of th e  literatu re  refer­
ences describing colorimetric methods for the determ ination of 
magnesium (7, '14, 16, IS) th a t titan  yellow offered an  excellent 
possibility of successful application in the  present investigation. 
W hen magnesium hydroxide is precipitated in  the presence of 
titan  yellow by sodium hydroxide, the yellow color o f th e  reagent 
changes to red or orange red a t  a  pH  of 12.5. According to Lud­
wig and Johnson (14), th e  lake which is formed w ith dilute m ag­
nesium solutions remains dispersed for ra ther long periods, par­
ticularly in the presence of protective colloids such as starch, 
agar, or dextrose. In  th e  absence of such materials, floccula­
tion occurs readily and th e  results are no t reproducible. Gillam 
(7) advised the addition-of hydroxylamine hydrochloride to  re­
tard  the fading of the coldr produced, an observation which was 
fully substantiated  in the present wofk. Stross (18) emphasized 
the necessity of rigid adherence to  an established technique, es­
pecially during the developm ent of color, if reproducible results 
are to  be obtained. • T he m agnesium -titan yellow complex ap­
pears to  be of colloid nature, and it  is well known th a t th e  prop­
erties of colloids are influenced by th e  conditions of their forma­
tion.

MILLIGRAMS MAGNESIUM
Figure 1. Per Cent Transmittance Versus Magnesium  
Content of Solution in W hich M agnesium -Titan Yellow  

Com plex H as Been Developed

A fter considerable prelim inary experim entation, th e  colori­
m etric m ethod developed for use in the present investigation 
was substantially th a t proposed by Gillam (7) :

A carefully measured volume of the sa tu ra ted  solution of 
magnesium ammonium phosphate was p ipetted  into a 100-ml. 
volum etric flask. T he sample should contain a  maximum of 0.3 
mg. of magnesium. This perm its a transm ittance of a t  least 60% 
through the colored solution subsequently developed, as measured 
in  a filter photom eter of standard  design, employing light filters 
allowing maximum transm ittance of light of a wave length of 
524 millimicrons—the approxim ate region of maximum absorp­
tion of light by the color complex. T he reason for this lim it of 
sam ple size is a t  once apparen t upon consideration of Figure 1. 
U p to  a magnesium content of about 0.3 mg., the curve is prac­
tically linear and of steep slope. This agrees well w ith the ex­
perience of others (7, 8, 13, 18).

699
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To the sam ple were then added 10.0 ml. of a 1.0% aqueous solu­
tion of gelatin (Eastm an K odak No. 1099). This will effectively 
prevent flocculation in solutions containing as high as 1.0 mg. of 
magnesium.

N ext, 5.0 ml. of a  4.0%  aqueous solution of hydroxylamine 
hydrochloride (M erck reagent) were ‘added, followed by  dilution 
to  approxim ately 70 ml. w ith distilled w ater. T he effectiveness 
of th is quan tity  of hydroxylam ine hydrochloride in preventing the 
fading of the color complex for a period o f tim e sufficient to  per­
m it its quan tita tive  determ ination in th e  filter photom eter is 
graphically shown in Figure 2.

One m illiliter of dye solution (0.15 gram  of E astm an K odak No. 
P4454 titan  yellow in 75 ml. of 95%  ethanol and 25 ml. of dis­
tilled w ater) was then added.

TIME -  MINUTES
Figure 2. Stabilizing Effect of H ydroxylam ine  
H ydrochloride  on M agnesium -Titan Y ellow  
Color Com plex Developed in Sample Containing 

0.3 M g. of Magnesium

I. N o  hydroxylamine hydrochloride added
ii. 2.0 ml. of 4 .0 %  hydroxylam ine hydrochloride solution added

iii. 5.0 ml. of 4 .0 %  hydroxylam ine hydrochloride solution added

photom eter • readings for a given magnesium concentration. 
I t  was found expedient to  analyze all the  samples relating to a  
given added electrolyte in one continuous series of operations 
and to  collect th e  da ta  required for a calibration curve a t  the  sam.e 
time.

S O L U B IL IT Y  D A T A

In  Tables I, I I , I I I ,  and IV, the solubility da ta  are recorded in 
term s of milligrams of magnesium per liter of solution a t  25 ° C. 
The da ta  have been grouped in general relation to the m agnitude 
of the norm ality ranges of the added electrolytes and in several 
instances are repeated for greater ease of comparison. The 
da ta  were subm itted to a  statistical analysis which revealed 
th a t in the m ajority  of cases th e  standard  deviation of th e  average 
solubility determ ined for each solution am ounted to less than  1 % 
of the average solubility value.

In  w ater, the solubility of magnesium amm onium phosphate 
hexahydrate was found to  be equivalent to 13.6 mg. of magnesium 
per lite r of solution a t 25 ° C.

Selections of solubility curves, representing th e  extrem e ef­
fects of added electrolytes, are presented in Figures 3 and 4. 
These allow a 'convenient orientation of the relative solubilities 
of magnesium amm onium phosphate in th e  several solution' 
media investigated.

Table I. So lubility of Magnesium Am m onium  Phosphate 
Hexahydrate

 N o rm a lity  of S a lt  S o lu tio n ____________
S a lt  S o lu tio n  0 .0 0 1 0 .0 0 5  0 .0 1 0  . 0 .0 2 5  0 .0 5 0  0 .0 7 5

M g. o f m agnesium  per lite r  o f  so lu tion

NH«OH
(NHOiHPO«
Na2HP04

9 .6 0
12 .7
13 .1

3 .4 2
8.10
9 .9 3

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

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

1.12

0.100

0 .5 3
1.00
7 .6 6

Table II. Solubility of Magnesium Am m onium  Phosphate 
Hexahydrate

N o rm a l ity  of S a l t  S o l u t i o n  __
S a lt S o lu tio n 0 .0 5  0 .1 0  0 .2 0  0 .3 0  0 .4 0  0 .5 0

M g . o f m a gnesium  per liter  o f so lu tion

Then 10.0 ml. of a  4.0%  aqueous solution of sodium hydroxide 
(B aker’s analyzed) were added w ith constan t swirling, and the 
solution was m ade to  volume w ith distilled w ater and vigorously 
shaken. If  am m oniacal solutions, o r solutions containing am­
monium salts, were under consideration, a  larger quan tity  of 
sodium hydroxide solution was required to compensate for the 
buffering action of the amm onium ion. In  either case, the char­
acteristic red color developed im mediately in the  presence of 
magnesium.

The per cent transm ittance of light of th e  colored solution thus 
prepared was measured in the filter photom eter.

In  th is manner, three analyses were made of each of the du­
plicate sa tu ra ted  solutions of magnesium amm onium phosphate 
hexahydrate in the specified solution of electrolyte, thus giving 
six replicate analyses for each solution investigated. The 
arithm etic mean of the six photom eter readings was calculated, 
and its  equivalent in term s of milligrams of magnesium deter­
mined by means of a  calibration curve. T his curve was pre­
pared by developing the m agnesium -titan yellow color complex in 
solutions of th e  given electrolyte to which had been added meas­
ured quantities of a standard  magnesium sulfate solution, deter­
mining the per cent transm ittance of light, and averaging the 
results for each m agnesium  concentration to allow a graphical 
representation of milligrams of magnesium versus photom eter 
reading. I t  was no t found advisable to  construct a single cali­
bration  curve which would apply throughout the entire investiga­
tion. The use of freshly prepared reagents, particularly the gela­
tin  solution; and the  am ount of caustic solution used to  develop 
th e  color Complex, contributed to slight displacem ents of the

A qu eo u s so lu tio n 3 8 .8 5 7 .0 8 9 .5 1 2 1 . 0 1 5 2 .0  1 8 0 .0
I n  0 .0 1  N  N H 4O H 2 2 .5 6 4 .5 1 1 2 . 0
In  0 .1 0  N  N H 4O H 8 .7 6 .2 7 .1 4 7 .7
In  1 .0 0  N  N H iO H 2 .6 3 8 .3 2 1 4 .4

NatCjO«
A qu eo u s s o lu tio n 4 3 .5 6 8 .5 1 0 6 .0 1 3 8 .0 1 6 6 .0  1 9 1 .0
In  0 .0 1  N  N II^O H 2 2 . 1 6 0 .5 1 0 9 .0
In  0 .1 0  Ar N H 4O H 6 .5 7 2 1 .3 3 9 .4
In  1 .0 0  N  N H 4O H 2 .4 0 7 .0 0 1 1 .9

(N H O j M oO*
A qu eo u s so lu tio n 3 4 0 .0 4 9 3 .0 7 3 0 .0

•

In  0 .0 5  N  N H 4O H 4 0 4 .0
In  0 .2 0  N  N II«O H 2 .5

Table III. So lubility  of Magnesium Am m onium  Phosphate 
Hexahydrate

N o rm a lity  of S a lt  S o lu tion
S a lt  S o lu tio n

N il ,C l
N aC l
KC1
NH.NOi
N a N O j
KNOi
(NH.)jSO,
NajSO,
KsSOi

C aC ls
A q ueous so lu tio n  
In  0 .1  N  N i l ,O H  
In  1 .0  -V N H .O H  
In  2 .0  N  N H ,O I l

B aC li
A q u eo u s  so lu tio n  
In  0 .1  ,V N H ,O II  
In  1 .0  ,,V N H ,O H

0 . 1 0 0 .5 0 1 .0 0

M g . o f m a gnesium  per liter o f  solution

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

296- 499 622
131 311 416

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

125 184 199
70 • 140 155
1 5 .3 2 6 .0 • 2 7 .6
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Table IV . So lu bility  of Magnesium Am m onium  Phosphate Hexahydrate
N o rm a lity  of S a lt S o lu tio n  ______________

S a lt S o lu tio n 0 .1 0 0 .2 5 0 .5 0 0 .7 5 1 .0 0 1 .5 0 2 .0 0 3 .0 0 5 .0 0

M g . m a gnesium  per liter o f so lu tion

N H 4O H
(N H O a llP O i
NH«C1

A qu eo u s s o lu tio n  
In  0 .0 1  N  N H 4O H  
In  0 .1 0  N  N H 4O H  
I n  1 .0 0  N  N H 4O H

0 .5 3
1 .0 0

1 9 .1
7 .2 4
2 .1 1
1 .2 0

2 5 .9

0 .4 4
0 .7 6

3 8 .0
1 6 .5

5 .5 3
2 .9 6

4 6 .0

0 .5 5
0 .5 0

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

6 1 .5 6 7 .0
3 0 .0
9 .3 0
5 .6 0

0 .7 0

7 9 .0

0 .8 0

8 6 .0

N H 4N O 3
A qu eo u s s o lu tio n  
In  0 .0 1  N  N H 4O H  
In  0 .1 0  N  N H iO H  
In  1 .0 0  N  N H 4O H

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

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

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

5 .9 0
4 .0 0

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

7 .6 5  
5 .3 0

5 6 .5 5 9 .0

(NH4)jS04
A q ueous so lu tio n  
In  0 .0 1  N  N H 4O H  
In  0 .1 0  N  N H 4O H  
In  1 .0 0  N  N H 4O H

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

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

8 .8 5
3 .7 0

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

5 .9 0

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

1 1 9 .0 1 4 8 .0

N aC l 
A q u eo u s  so lu tio n  
In  0 .0 1  N  N H 4O H  
I n  0 .1 0  N  N H 4O H

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

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

3 .7 8

3 5 .o ' 3 7 .0
1 5 .1  
4 .7 6

3 9 .4 4 0 .2
1 6 .6

5 .6 6

3 9 .6 3 6 .2

N a N O i
A q u eo u s  so lu tio n  
In  0 .0 1  N  N H 4O H  
In  0 .1 0  N  N H 4O H

2 0 .0
6 .0 0
2 .7 0

2 5 .4 3 0 .5
1 1 .4

6 .3 5

3 3 .4 3 5 .0
1 3 .8
8.86

3 7 .4 3 8 .2
1 4 .7
1 2 .7

3 7 .0 2 9 .0

Na2SO<
A q u eo u s  s o lu tio n  
In  0 .0 1  N  N H 4O H  
In  0 .1 0  N  N H 4O H  
In  1 .0 0  N  N H 4O H

2 5 .0
8 .5 3
2 .7 0
0 .8 0

3 2 .0 3 8 .6
1 9 .6  

6 .3 5  
2 .4 0

4 2 .8 4 6 .0
2 7 .4

8.86
3 .6 4

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

S O L U B IL IT Y  O F  M A G N E S IU M  A M M O N IU M  P H O S P H A T E  IN  T H E  
S O L U T IO N  O F  A N A L Y S I S

T he quan tita tive  determ ination of magnesium by precipita­
tion as magnesium am m onium  phosphate followed by ignition to  
magnesium pyrophosphate has been investigated by Epperson (4) ■ 
Analysis of aliquots of a  standard  solution of magnesium chlo­
ride gave closely checking true  results even in the presence of 
large excesses of added salts. In  no case was there evidence of 
loss of magnesium ammonium phosphate by solution.

T he problem of the solubility of magnesium 
amm onium phosphate in the solution of analysis 
of both phosphate and magnesium was further 
investigated by Hoffman and Lundell (10). In  
the case of phosphate analysis, they found the loss 
of magnesium ammonium phosphate by solution 
to  am ount to  the equivalent of about 0.02 mg. of 
magnesium for each precipitation. Concerning 
the solubility of magnesium ammonium phosphate 
under the conditions which exist in the determ i­
nation of magnesium by the standard  procedure, 
they sta te  th a t its direct determ ination is difficult, 
bu t by an indirect yiethod they estim ated a loss 
of 0.01 mg. of magnesium by solution of 
magnesium amm onium phosphate for each pre­
cipitation.

This insignificant solubility of magnesium am­
monium phosphate in the solutions of analysis ¡is 
reported by Hoffman and Lundell was confirmed 
by the direct determ ination of the magnesium re­
maining in solution by the colorimetric method 
of analysis herein described, after precipitation as 
magnesium ammonium phosphate by th e  recom­
mended procedure.

A standard  solution of magnesium sulfate 
heptahydrate- (B aker’s analyzed) was prepared to  
contain 12.25 gram s of the sa lt in 2 liters. Aliquots 
of th is stock solution containing the equivalent of 
0.2771 gram  of magnesium pyrophosphate were an­

alyzed for m agnesium  by th e  m ethod of Epperson (4). The fil­
tra te s  and wash liquors of each of the four determ inations m ade 
were combined, and the volumes were reduced by evaporation, 
transferred to  100-ml. volum etric flasks, and made to  volume 
w ith distilled w ater. Aliquots of each solution were analyzed 
colorimetrically for magnesium. F u rther determ inations were 
m ade in which additions of ammonium sa lts  to the sample solu­
tions preceded the  gravim etric analysis. The filtrates and wash 
liquors were trea ted  as outlined above.

The results of the gravim etric analyses are presented in T able 
V. I t  is evident from the close agreem ent of the actual and theo-
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Table V .  Gravimetric A nalyses for Masnesium
M g îP îO ï o r  E q u iv a le n t

V a r ia t io n  in  S ta n d a rd  P ro c e d u re T a k e n F o u n d
G ram G ram

N o  v a r ia tio n 0 .2 7 7 1 0 .2 7 7 2
0 .2 7 7 1 0 .2 7 6 7
0 .2 7 7 1 0 .2 7 7 0

S o lu tio n  of a n a ly s is  2 .0  N  w ith  re s p e c t to
a m m o n iu m  ch lo rid e 0 .2 7 7 1 0 .2 7 7 3

0 .2 7 7 1 0 .2 7 6 0
0 .2 7 7 1 0 .2 7 7 1

S o lu tio n  of a n a ly s is  2 .0  N  w ith  re s p e c t to
a m m o n iu m  su lfa te 0 .2 7 7 1 0 .2 7 7 0

0 .2 7 7 1 0 .2 7 7 1
0 .2 7 7 1 0 .2 7 6 6

S o lu tio n  of a n a ly s is  0 .3  N  w ith  re s p e c t to
am m o n iu m  o x a la te 0 .2 7 7 1 0 .2 7 6 9

• 0 .2 7 7 1 0 .2 7 7 3
0 .2 7 7 1 0 .2 7 6 9

retical values for magnesium pyrophosphate, th a t little  if any loss 
of magnesium amm onium phosphate resulted. F urther, a 
statistical analysis of variance (17) of these four groups of da ta  
indicated th a t the addition of amm onium salts had  no effect on . 
the  analytical results.

T he photom etric analyses of the  combined filtrates and wash 
liquors indicated a  m aximum magnesium content of 0.003 mg. 
in the aliquot taken  in all cases. The colorimetric method herein 
described allows the detection of as little  as 0.005 mg. of magne­
sium w ith a  fair degree of accuracy, b u t below th is range the re­
sults m ust be expressed as an estim ated maximum. Larger ali­
quots led to  erratic results due to th e  high salt concentrations in 
the evaporated solutions. However, the maximum of 0.003 mg. 
of magnesium in the aliquot taken  (10.0 ml.) represents a  loss of
0.03 mg. of magnesium in the to tal filtrate and wash liquors of an 
analysis involving two precipitations, or approxim ately 0.015 
mg. of magnesium per precipitation. This is in excellent agree­
m ent w ith the value of 0.01 nig. of magnesium per precipitation 
reported by Hoffman and Limdell.

D IS C U S S IO N  O F  R E S U L T S

In  general, th e  presence of added salts effects a  considerable 
increase in the solubility of magnesium ammonium phosphate

hexahydrate. Ammonium salts exert a  greater influence in th is 
respect than  do the corresponding salts of sodium or potassium 
in equivalent concentrations. M olybdate and oxalate anions 
have an unusually high solubilizing effect, indicating the prob­
able formation of complex ions. The cations calcium and barium  
also exhibit exceptional behavior.

However, the addition of relatively small quantities of am­
monium hydroxide substantially  reduced th e  solubility of m ag­
nesium amm onium phosphate in every salt solution investigated, 
and w ith increasing additions of amm onium hydroxide the solu­
bility approached an insignificant figure. This effect is of 
greatest im portance in relation to  the use of m agnesium  am ­
monium phosphate as a quan tita tive gravim etric precipitate of 
analysis.
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Chromatographic Determination of Carbtene

Kieselguhr as a Chromatographic A d so rb e n t

J O H N  B. W IL K E S 1, Poultry Producers of Central California, San Francisco, Calif.

P HASIC separation of carotene from other pigm ents by the 
use of immiscible solvents is now recognized as being un­

satisfactory for q uan tita tive  separation (3). For th is reason, 
chrom atographic m ethods of separating carotene from o ther 
pigm ents present in p lan t tissues have been increasing in  popular­
ity , and a num ber of m ethods for determ ining carotene chrom ato- 
graphically have appeared in the literatu re  in recent years. For 
the chrom atographic determ ination of to ta l carotenes in routine 
analysis, an  adsorbent should be inexpensive and readily ob­
tained commercially; should be easily packed into the adsorp­
tion column; should n o t contract from the  column walls if drawn 
d ry  of solvent; should no t require special activation or special 
storage precautions; and should allow a rapid  flow of solvent 
through the column and rapid developm ent of the chrom atogram . 
All noncarotene pigm ents should be adsorbed and firmly held

1 P resen t address, D ep artm e n t of C hem istry , S tanford  U niversity , Calif.

in the column, while the carotenes should no t be appreciably ab­
sorbed bu t should wash through the column w ith th e  solvent.

T sw ett {15) introduced m ethods of analyzing for carotene, 
based on th e  fact th a t powdered sugar, calcium carbonate, and 
inulin do no t adsorb carotenes b u t do adsorb the o ther plant 
pigm ents from a solution of the pigm ents in petroleum  ether. 
These adsorbents, however, do no t m eet all the requirements. 
Powdered sugar is reportedly the m ost satisfactory, lacking only 
a  high flow rate.

In  the search for an adsorbent m eeting the above require­
m ents as far as possible, K ernohan (7), working in th is labora­
tory , introduced soda ash, the  properties of which have recently 
been described in greater detail by  Cooley, Christiansen, and 
Schroedcr {5). M ore recently, various m ixtures of Micron 
B rand magnesium oxide w ith soda ash or Johns-M anville Hyflo 
Super-Cel have been introduced which have m any of the de­
sired properties {4, 10, 16). These m ixtures do not, however,
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Heat-treated diatomaceous earths, which have been w idely used as 
filter aids and diluents in preparing adsorbents for chromatographic 
purposes, possess in themselves a large number of the desired proper­
ties of adsorbents for the chromatographic determination of carotene. 
H yflo  Super-Cel can also be used in the determination of crypto- 
xanthin and probably in some types of vitamin A  analysis. Some 
methods of extracting carotene from dehydrated alfalfa meal are 
compared.

meet all requirem ents, as it  is necessary to  mix the two m aterials 
before use, and, for the developm ent of the chrom atogram, to 
moisten the adsorbent in the column w ith petroether, then to  add 
the solution of p lan t pigm ents in petroleum  ether and to  adsorb 
the pigm ents on the  column, and finally to  elute the carotenes 
from the column w ith a solution of acetone in petroleum ether.

Soda ash has the advantages of low cost and of being used 
w ithout mixing or o ther prelim inary trea tm en t. The solution 
of p lan t pigm ents in petroleum  ether or sim ilar solvent m ay be 
poured directly onto th e  d ry  column, and, as soda ash has alm ost 
no adsorptive power for carotenes, the carotenes are washed di­
rectly through th e  column w ith petroleum  ether w ithout the 
necessity of using special solvent m ixtures to  elute the carotenes 
after adsorption or of separating th e  pigment-free solvent 
from the pigm ent solution, as is required when eluting carotenes 
from m ixtures of magnesium oxide and Hyflo Super-Cel. The 
adsorption bands of noncarotene pigm ents are not, however, as 
sharply defined on soda ash chrom atographic columns as is some­
times desired. T he adsorbent m ust be protected from atm os­
pheric m oisture, and only one technical grade of soda ash, 
(W yandotte ligh t soda ash, W yandotte Chemical Corp., Michi­
gan Alkali Division, W yandotte, Mich.) has been found to  have 
the proper adsorptive properties.

Experim ents in  th is laboratory  have shown th a t  heat-treated  
siliceous earths possess to  a  large degree the requisite properties 
of an adsorbent for routine determ ination of carotene, and this 
adsorbent has been used in th is laboratory for the past six years. 
The commercial brands of Johns-M anville Hyflo Super-Cel, Celite 
501, Celite 535, and Celite 545 have all been found satisfactory 
for the chrom atographic determ ination of carotene. Hyflo 
Super-Cel is, however, the strongest adsorbent for the carotenoid 
pigments and has therefore been adopted for use in th is labora­
tory. S train el al. (1 4 ), found th a t  Celite 501 adsorbed the 
chlorophylls and xanthophylls from a petroleum ether solution of 
p lan t pigm ents, and used this heat-treated  siliceous earth  for 
the separation of xanthophylls. T hey found th is adsorbent use­
ful because of th e  clear separation of pigm ent bands and the high 
filtration ra te  of the columns.

Although Hyflo Super-Cel has been widely used as a diluent 
and filter aid for other chrom atographic adsorbents, apparently  
little use has been m ade of its  adsorptive properties, though these 
have been known for some tim e (11, 18). Used in an adsorp­
tion column in proper am ounts, i t  separates alm ost all noncaro­
tene pigm ents from a petroleum  ether solution of p lan t pigments, 
while allowing th e  carotenes to pass through the column alm ost 
unadsorbed (17). Lycopene, however, cannot be separated 
from carotenes w ith this adsorbent. Hyflo Super-Cel is inex­
pensive, uniform in properties, and exceptionally stable. After 
storage in open sacks for 5 years it  was found to  be as active as 
newly m anufactured m aterial. I ts  rapid  flow ra te  and other de­
sirable properties when used in an adsorbent column are well 
known to workers in th is field. As the heat-treated  siliceous 
earths are com paratively weak adsorbents, they  are more strongly 
affected by  traces of polar solvents, such as acetone or methanol, 
than are the  m ixtures of magnesium oxide w ith Hyflo Super-Cel.

Preparation of the pigm ent solution for chrom atographing de­
pends on the nature  of th e  m aterial under consideration. Any of

the well-known methods of obtaining a solution of p lan t pigm ents 
in hydrocarbon solvent m ay be used, as indicated by the  circum­
stances. The method of saponification w ith alcoholic potassium  
hydroxide and extraction of the pigm ents from the alcoholic solu­
tion w ith petroleum  ether is widely applicable, though th is 
method is generally being superseded by less drastic methods of 
extraction. When polar solvents are used in the extraction of 
carotene from the m aterial, special care m ust be taken  to  remove 
entirely the polar solvents from the petroleum  ether solution, 
as they  will otherwise elute the adsorbed pigm ents from the 
chrom atographic column. Hyflo Super-Cel is especially well 
adapted to  the separation of eryptoxanthin from carotene by  the 
method of Buxton (5); the eryptoxanthin does no t pass through 
the chromatographic column, bu t forms a band on the column a t 
some distance from any xanthophylls, th u s perm itting ready 
separation and elution of the eryptoxanthin.

P R O C E D U R E

E x t r a c t i o n  o f  C a r o t e n e . In  the  determ ination of the caro­
tene content of dehydrated alfalfa meal, the pigm ent solution 
m ay conveniently be prepared by th e  m ethod of W all and Kelley 
(16), in which th e  meal is refluxed for 30 m inutes w ith a  m ixture 
of acetone and petroleum  ether (Skellysolve B), or by  the method 
of Silker, Schrenk, and King (10), in which the finely divided 
sample is allowed to  stand  overnight in th e  dark  in  a  m ixture of 
acetone and Skellysolve B. W hen low-boiling petroleum  ether 
(boiling range 30° to  60° C.) is used in place of Skellysolve B, a 
somewhat modified procedure is necessary to  remove all the 
acetone by  volatilization prior to  chrom atographing the solution. 
F iltra tion  of th e  sam ple before heating is, however, unnecessary. 
The modified procedure used in th is case is as follows:

One o r 2 grams of finely ground alfalfa m eal (preferably 
through a 40-mesh screen) are weighed into a  125-ml. Erlenm eyer 
flask and covered with 60 ml. of a  m ixture of 1 p a r t of redistilled 
acetone to  2 parts  of petroleum  ether. T he tigh tly  stoppered 
containers are then  set aside in  th e  dark  for a t least 16 to  18 hours, 
usually overnight, though an extraction period up to 70 hours 
m ay be used if desired. T he solutions are decanted into 300-ml. 
tall-form  beakers, the flasks are rinsed twice w ith two 50-ml.

Eortions of petroleum  ether, th e  beakers are placed on the w ater 
a th , and th e  solutions are evaporated to  a volume of 10 to  15 

ml. The solutions m ust no t be allowed to evaporate to  dryness, 
or loss of carotene will occur. F ifty  milliliters of fresh petroleum  
ether are then  added to  th e  beakers, and th e  solution is again 
evaporated to  a  volume of 10 to  15 ml. F o rty  milliliters of fresh 
petroleum  ether are added, and the solution is ready for chro­
m atographing. T he entire procedure of rem oving the acetone 
requires about 15'minutes.

For routine control work, the m ethod of K ernohan (7) m ay 
often be of use. A 1-gram sam ple of finely ground alfalfa meal 
(passes a 40-mesh screen) is weighed into a  125-ml. Erlenm eyer 
flask, 100 ml. of low boiling petroleum  ether are added, and the 
flask is tigh tly  stoppered an d  allowed to  stand  in th e  dark  for a t  
least 16 hours, though it m ay be allowed to  stand for as long as 70 
hours w ithout changing the results.

T he solution is im mediately ready for chrom atographing after 
standing the proper length of tim e. R esults by th is m ethod are 
somewhat lower th an  by the methods given above, as explained 
below.

T he solution of pigm ents m ay be prepared by  o ther methods 
for m aterials to  which these m ethods cannot be applied, depend­
ing on th e  natu re  of the m aterial. Crude carotene solutions 
obtained by the method of the Association of Official Agricultural 
Chemists (1) or by  sim ilar methods m ay be purified chromato- 
graphically. Care m ust be taken  to  wash all traces of alcohol 
from the solution of th e  pigments.

C h r o m a t o g r a p h i c  S e p a r a t i o n  o f  C a r o t e n e . T he chro­
m atographic column is prepared by packing the adsorbent 
(Hyflo Super-Cel) into a  glass column 3.3 cm. in  d iam eter to  a  
height of from 15 to  25 cm. T he adsorbent packs readily in to  the 
tube. W hen only to ta l carotenes are to  be determ ined, i t  is 
convenient to  pack th e  column by placing a plug of cotton or



glass wool in the bottom  of the  tube  and forcing the tube  into a 
container of the adsorbent. When enough adsorbent is in the 
tube, it  is pressed, firmly down into the tube w ith a  plunger. 
This m ethod of preparing the adsorption column is unusually 
rapid and gives sufficiently uniform packing to  perm it separation 
of the carotenes from th e  noncarotene pigm ents. W hen i t  is 
desired to remove some of the adsorbed pigm ent bands, such as 
eryptoxanthin  o r v itam in A, from the column more uniform 
packing of th e  adsorbent into the tube  m ay be obtained by add­
ing successive sm all portions of the  adsorbent to  th e  tube, and 
pressing the  m aterial firmly and sm oothly into place w ith a 
plunger.

T he chrom atogram  is developed by placing tl*e column under 
suction and pouring the solution of the pigm ents, including the 
sam ple in the case of dehydrated  -alfalfa meals extracted by 
th e  m ethods of Silker Schrenk, and K ing or of K ernohan, onto the 
top  of th e  column, allowing th e  solution to  be draw n down to  the 
top  of the column, and washing the carotene th rough  th e  column 
w ith fresh petroleum  ether until th e  petroleum  ether comes ou t 
colorless. I t  is unnecessary to  filter the sam ple from the petro­
leum ether solution, as th e  adsorbent in th e  column acts as an ' 
excellent rapid  filter. T he carotenes pass through the column 
w ith th e  petroleum  ether, are rem oved from th e  receiving vessel, 
and are made up to  a  volum e of 200 ml., and the  concentration of 
carotene is determ ined colorimctrically. A photoelectric color­
im eter is used in this laboratory. The to ta l adsorptive power of 
the column can be varied by varying the  am ount of adsorbent in 
the column.

When dehydrated alfalfa meal is analyzed by th is method, 
most of the noncarotene pigm ents are adsorbed in the first I or 
2 inches of th e  column. T he additional length of the column is 
used to  separate certain noncarotene pigm ents which are occa­
sionally present in dehydrated alfalfa and are weakly adsorbed. 
These weakly adsorbed pigm ents behave as carotene in the im­
miscible solvents m ethod (/, 2). When appreciable quantities 
of fats are present in  the solution, the noncarotene pigm ents are 
less adsorbed th an  norm ally, and th e  longer column is required 
to give complete separation of carotene.

D IS C U S S IO N

Hyflo Super-Cel used in the m ethod outlined above readily 
separates carotene from the noncarotene pigm ents which are sepa­
rated from the carotenes by the immiscible solvents method.
I t  also separates carotene from eryptoxanthin, xanthophyl! es­
ters, and acid decomposition products of xanthophylls, none of 
which are extracted from petroleum ether by 90%  aqueous m eth­
anol, although saponification transform s the xanthophyll esters 
to the free xanthophyll, which is extracted by th e  90%  aqueous 
m ethanol. Hyflo Super-Cel is useful for the determ ination of 
carotene in ensilage, bu t cannot be used to  determ ine carotene 
in tom atoes as i t  does no t separate the carotenes from lycopene.
If a  petroleum  ether solution of crude carotene is prepared from 
tom atoes by the immiscible solvents m ethod (I , 2), and the pig­
m ent solution is poured upon a column of Hyflo Super-Cel 3.3 
cm. in d iam eter by  60 cm. in length, and washed w ith fresh petro­
leum ether, an  upper red band of lycopene will separate from a 
lower band of carotene, both  pigm ents being slightly adsorbed. 
However, the bands are too close together to  perm it quan tita ­
tive separation of the pigments. The adsorptive power of dif­
ferent lots of Hyflo Super-Cel varies slightly. In  most instances, 
Hyflo Super-Cel will slightly adsorb carotene, and the first few 
milliliters of petroleum ether passing through the column are 
colorless. In  some lots, however, there is no indication of any 
tendency to  adsorb carotene.

Hyflo Super-Cel has only slight adsorptive power for vitam in A 
esters, and  so m ay be used in place of soda ash for th e  deter­
m ination of vitam in A in mixed feeds by th e  m ethod of Cooley, 
Christiansen, and  Schroeder. S train (12) has observed th a t v ita ­
min A is m oderately adsorbed on Celite 501. A similar condi­
tion exists w ith Hyflo Super-Cel. T he action of Hyflo Super-Cel 
on v itam in A and vitam in A esters is shown by the following 
experiments:

A 0.1-ml. portion of fish oil containing approxim ately 150,000
I.U . of v itam in A per gram  was dissolved in 15 ml. of petroleum
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ether. T his solution was adsorbed in a  column of Hyflo Super- 
Cel 3.3 cm. in d iam eter by 25 cm. in length and th e  column 
washed with petroleum  ether. W hen th e  first drops of petroleum 
e ther passed through the column, the column was examined by 
an u ltraviolet light, and showed a narrow, green-fluorescing band 
2 to  3 cm. from th e  bottom  of the column. T he first portion of 
the petroleum  ether passing th rough  th e  column was tested  with 
Superfiltrol, and failed to  give the characteristic color reaction 
for vitam in A (8, 19). T he adsorbent was rem oved from the 
tube and the portion containing the fluorescing band cut from the 
column. T his portion when added to  Super-Filtrol w ith addi­
tional petroleum  ether gave a strong blue color indicative of the 
presence of vitam in A. T his is presum ably vitam in A ester, 
as it is known th a t  v itam in A exists in fish oils prim arily  as the 
ester. R epetition of this test, w ith continued washing of the 
column w ith petroleum  ether, showed th a t  the vitam in A e s te r  
was rapidly washed through the  column w ith petroleum  ether.

One m illiliter of th e  oil previously used was saponified, and an 
aliquot approxim ately equivalent to  th a t used in the previous 
tes t was taken  and similarly chrom atographed on a column of 
Hyflo Super-Cel. W hen the first drops of petroleum  ether passed 
through th e  column, exam ination by u ltraviolet light showed a 
green-fluorescing band only 6 cm. from the top  of the column. 
This portion of the column gave a positive te s t for vitam in A 
w ith Superfiltrol. A narrow band which fluoresced green was 
adsorbed near th e  top  of th e  column, b u t failed to  give a  positive 
te s t for vitam in A w ith Superfiltrol.

To te s t the ability  of Hyflo Super-Cel to  separate vitam in A 
from its ester, 0.1 ml. of the oil dissolved in 15 ml. of petroleum 
ether containing an aliquot of saponified fish oil was chrom ato­
graphed on a  column of Hyflo Super-Cel 3.3 cm. in d iam eter by 
25 cm. long. W hen the first petroleum ether passed through the 
column, exam ination by u ltraviolet light showed two distinct 
green-fluorescing bands, separated from each o ther by a distance 
of about 5 cm. The lower band, presum ably of v itam in A ester, 
was readily washed through the column, leaving th e  free vitam in 
A in th e  column. W hen a m ixture of fish oil, saponified fish oil, 
and carotene was chrom atographed on a  column of Hyflo Super- 
Cel 60 cm. long by 3.3 cm. in diam eter, it was possible to  observe 
separate bands of vitam in A, vitam in A ester, and carotene. 
However, the bands of vitam in A ester and carotene were so 
close together as to  prevent ready separation.
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Table I. Comparison of Chromatographic and Immiscible Solvents- 
M ethod of Determining Carotene in Dehydrated A lfa lfa

(H y flo  S u p e r-C e l a d s o rb e n t)

S am p le B ro o k e , T y le r , B T B  M e th o d  F o llow ed C h ro m a to g ra f
No. B a k e r  M e th o d b y  A d so rp tio n M e th o d

M g ./100 g. M g . /100 g. M g . /100 g.

1 4 .9 4 .3 5 .0
2 4 .1 3 .6 3 .3
3 8 .2 7 .0 7 .1
4 9 .7 8 .9 9 .2
6 1 4 .1 >12.0 1 2 .3
7 2 4 .0 2 1 .7 2 3 .0
8 1 1 .0 1 0 .4 1 0 .7

Table II. Comparison of Petroleum Ether and Petroleum Ether— 
A ce to n e  Extraction M ethods, Impure A ce to n e  Solvent

C a ro te n e , M g. p e r  100 g ram a

P e tro le u m , E th e r ,  
S u p e r-C e l C o lu m n ,

P e tro le u m
P e tro le u m E th e r -A c e to n e ,

E th e r -A c e to n e M gO  S u p cr-C e l
S am p le E x tra c te d S u p e r-C e l C o lu m n , C o lu m n , E x tra c te d

N o. 16 H o u rs  64 H o u rs E x tr a c te d  16 H o u rs 64 H o u rs

23 7 .6  7 .9 6 .2 1 .0
7 .6 6 .7

7 .0 a
3 .7

24 6 .0  6 .2 3 .9 0 .8
6 .0 6 .2

5 .7 a
2 .8

25 3 .7  3 .5 2 .8 0 .6
3 .7 2 .8

3 .9 a
1 .0

39 2 2 .0  2 1 .7 1 6 .6 6 .7
22*0 1 8 .4

1 7 .7 a
1 2 .3

41 2 4 .1  2 4 .1 1 7 .7 5 .4
2 3 .8 1 9 .5

1 9 .0 a
1-1.0

42 2 5 .2  2 5 .8 2 1 .7 4 .6
2 5 .8 1 9 .2

2 0 .7 a
1 1 .0

a P e tro le u m  e th e r - a c e to n e  e x t ra c te d  sam p lea  n o t  f il te red  b efo re  ad d in g  
svith s o lv e n t to  c h ro m a to g ra p h ic  co lu m n .



November, 1946 A N A L Y T I C A L  E D I T I O N 705

Although no a ttem p t has been m ade to  develop a method for 
using these heat-treated  siliceous earths for the determ ination of 
vitam in A, the tests described above indicate the possibility of 
such methods. A possible mode of application to  the determ ina­
tion of vitam in A in mixed feeds would be the preparation of a 

'so lu tio n  of carotene and vitam in A ester by the method of 
Cooley, Christiansen, and  Schroeder (6 ), substitu ting  one of 
the siliceous earths for the soda ash adsorbent in their method, 
followed by saponification and separation of th e  vitam in A and 
carotene by chrom atographing on Hyilo Super-Cel or Celite 
501. Because of th e  speed w ith which complete developm ent of a 
chrom atogram  can be carried ou t w ith these siliceous earths, the 
requirem ent of two chrom atographic procedures should no t be 
unduly burdensome.

•

C O M P A R IS O N  O F  E X T R A C T IO N  M E T H O D S

T he m ethod originally used in this laboratory for the extrac 
tion of carotenes from dehydrated alfalfa meal preparatory to 
chrom atographing is th a t of K ernohan (7), described above 
Results are very reproducible. The results obtained by this 
method, using ITyfio Super-Cel as an adsorbent, and by the im­
miscible solvents method as modified by Brooke, Tyler, and 
Baker (2), are compared in Table I.

A num ber of authors have shown th a t much of the pigm ent de- 
lerm ined as carotene in the immiscible solvents method is w ithout 
vitam in A activity . Kemmerer and F raps (6) compared a  num ­
ber of methods of determ ining crude carotene, and found sig­
nificant variations in the am ount of crude carotene and in the 
am ount of th e  components possessing vitam in A activ ity  present 
in the crude carotene solutions prepared by each method. As can 
be seen from Table I, results obtained by the chromatographic 
method using the extraction method of K ernohan m ay be either 
higher or lower than  those obtained by the immiscible solvents 
method.

According to  Silker, Schrenk, and King (10), it  is not possible to 
ex tract all the carotene from finely divided dehydrated alfalfa 
meal by allowing the sample to stand  in petroleum ether as 
recommended by K ernohan (7), bu t all the carotene can be ex­
tracted  by allowing the sample to  stand  in a m ixture of Skelly- 
solve B and acetone for 16 to  18 hours. No data , however, are 
given to  confirm this. C om parative tests  of the two methods, 
and re-extraction tests on th e  alfalfa residue remaining after 
extraction w ith petroleum  ether alone by the method of Kerno­
han, have confirmed the claim th a t extraction w ith petroleum 
t ther alone by the m ethod of K ernohan is incomplete, and th a t 
higher results are obtained by extraction w ith a  m ixture of petro­
leum ether and acetone as recommended by Silker, Schrenk, and 
King or by Wall and Kelley (16).

Experim ents were also conducted to, determ ine w hether the 
extraction tim e of 16 to  18 hours used by Silker, Schrenk, and 
King (10) could be lengthened to  70 hours w ithout loss of caro­
tene. I t  was found th a t this longer extraction tim e is satis­
factory; thus th is extraction m ethod can be used even when 
laboratory work is no t conducted on the day following the placing 
of the samples in the solvent, if special precautions are taken  to 
ensure the  pu rity  of the acetone.

In  the first series of tests, som ewhat higher results were ob­
tained in  some instances by the extraction method of Silker el al. 
than  by th e  m ethod of K ernohan, b u t these were found to  be due 
to  certain im purities which had passed through the adsorption 
columns. On more thorough chrom atographic purification, 
higher results were obtained w ith petroleum  ether extraction 
than  by extraction for 16 hours a t  room tem perature w ith a  mix­
ture of 20 ml. of acetone and 40 ml. of petroleum  ether. When 
this te s t was repeated, allowing th e  samples to  stand  in contact 
with the solvents for 64 hours, similar am ounts of carotene as in 
the 16-hour extraction were found with petroleum  ether, bu t 
much lower and erratic results were obtained with the mixed

solvents, as shown in Table II. Loss by oxidation ra ther th an  
incomplete extraction appears to  cause the low results by the 
la tte r method.

The acetone used in these tests was commercial c.p. acetone. 
As this seemed th e  probable source of oxidation, steps were taken  
to  purify the  acetone. D istillation of a similar batch of acetone 
from an  ordinary distilling flask showed it  to  have a  boiling range 
of from 50 ° to  70 ° C. T he fraction boiling from 56.5 ° to  57.3 ° C ., 
about half th e  to ta l acetone, was taken  for all further tests. Strain 
and M anning (IS) recommend the addition of 0.5%  redistilled di­
methyl aniline to  solvents used in extracting carotenoids from 
plan t m aterial in order to  neutralize p lan t acids during extractions, 
to  counteract acidity which might otherwise develop upon the 
adsorption columns, and to  minimize pigm ent oxidation. As di­
m ethyl aniline was no t readily available, tests of an an tioxidant 
were conducted by adding 0.200 gram  of hydroquinone to  some of 
the samples extracted by mixtures of acetone and petroleum ether.

Table III. Comparison of H yflo  Super-Cel with M agn esia-H yflo  
Super-Cel M ixture as Chromatographic A dsorbents

C a ro te n e , M g. p e r  100 G ram s ___________________

S am p le
N o.

E x tr a c te d  w ith  
P e tro le u m  E th e r  

M gO  S u p e r-C e l

E x t r a c te d  w ith  
A ce to n e  a n d  

P e tro le u m  E th e r  
M gO  S up er-C e l

E x tr a c te d  w ith  
A ce to n e , P e tro le u m  
E th e r ,  a n d  H y d ro ­

q u in o n e  
M gO  S u per-C el

2 3 .0 3 .3
3 .4  
3 .2

4 .3  4 .4  
4 .4

4 .3

3 6 .7 6 .7
6 .7

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

7 .9
7 .4

4 8 .9 8 .9
9 .2

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

9 .2
9 .7

5 1 2 .3 1 2 .0
1 2 .7

1 4 .1  1 2 .5 1 4 .1 1 4 .1
1 4 .1

6 1 2 .3 1 2 .3
1 2 .3

1 3 .9  1 5 .5 1 3 .6 1 3 .3
14 .1

The use of hydroquinone to  diminish oxidation of carotene is well 
known. Because of its acid properties hydroquinone cannot be 
considered a complete substitu te  for dim ethyl aniline, and its 
use would be inadvisable w ith any b u t dehydrated m aterials. 
As hydroquinone is insoluble in petroleum ether, it  precipitates 
upon evaporation of th e  acetone, and thus is rem oved from the 
solution. If the hydroquinone were no t removed, it  would tend 
to elute the adsorbed pigments from the chrom atogram, making 
separation of the carotene from the noncarotene pigments dif­
ficult. This effect was som ewhat noticeable when the magnesia 
adsorbent was used and  the  carotene eluted w ith a  m ixture of 
4%  acetone in petroleum  ether.

Some of the results obtained by extracting w ith mixtures of 
petroleum ether and acetone containing added hydroquinone as 
compared to  extracting w ith mixtures lacking th e  hydroquinone 
are shown in Tables I I I  and IV. These results are inconclusive, 
and show no particular advantage to  be gained from the use of 
hydroquinone. U nfortunately, the lot of acetone believed to 
have caused the oxidation of carotene was entirely used in the 
preliminary determ inations, and further lots of acetone which 
were no t redistilled failed to  show low results when used in ex­
tracting  dehydrated alfalfa meal. T he addition of hydroqui­
none, dim ethyl aniline, or other suitable antioxidant should, how­
ever, be a  useful precaution against oxidation when plant pig­
m ent is extracted by allowing p lan t m aterial to  stand in contact 
with the solvents for a considerable period of time. Redistilled 
dim ethyl aniline as recommended by Strain and M anning should 
be preferable to  hydroquinone, as the dangers of an acid reaction 
would be lacking.

T ests w ith thé redistilled acetone in the various extraction 
methods were again conducted (Tables I I I  and IV).. j These re-'
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suits show clearly th a t higher results are obtained w ith the ex­
traction method of Silker, Schrenk, and King than  w ith the 
m ethod of K ernohan. Table I I I  also shows th a t comparable re­
sults are obtained using Hyflo Super-Cel as an adsorbent in  the 
place of the more complicated Hyflo Super-Cel-magnesium 
oxide mixture. Table IV  shows the results of tests of other 
methods of extraction and different times of extraction. The 
results in Table IV  were obtained over a  period of approxim ately 
3 weeks, during which tim e the samples were stored in the dark a t  
room tem perature, so th a t some of the differences in  carotene 
content shown are due to  loss of carotene in the samples during 
storage. In  the m ethod of Wall and Kelley (16), 1-gram  samples 
of dehydrated alfalfa meal were refluxed for 45 m inutes w ith a 
m ixture of 30 ml. of acetone and 70 ml. of low-boiling petroleum 
ether. The tim e of refluxing was 15 m inutes more than  th a t rec­
om m ended by Wall and  Kelley, and was increased by th is am ount 
to  compensate for the lower boiling tem perature caused by using 
low-boiling petroleum ether in place of Skellysolve B in the 
mixed solvent. Results obtained by th is method were very simi­
la r to  those obtained by the m ethod of Silker, Schrenk, and King.

To te s t for the completeness of extraction by the m ethod of 
K ernohan, 2.5-gram sam ples of dehydrated alfalfa meal were 
extracted  for 20 hours a t  room tem perature  w ith  150 ml. of low- 
boiling petroleum  ether in a 250-ml. Erlenm cyer flask. The 
sam ples were filtered off into Gooch crucibles, and thoroughly 
washed w ith petroleum ether. The rem aining sam ple was then 
trea ted  by ho t saponification and the carotene content deter­
mined by th e  immiscible solvents m ethod of Brooke, Tyler, and 
Baker (2). A portion of the crude carotene solution so obtained 
was chrom atographed on a  column of Hyflo Super-Cel 3.3 cm. 
in diam eter by 15 cm. in height to  remove noncarotene pigm ents.

Table IV  shows th a t  carotene was no t completely extracted by 
petroleum  ether, thus confirming the  results obtained in compar­
ing carotene determ inations made by this method w ith those 
m ade w ith other, more recently developed extraction methods. 
However, in view of the fact th a t approxim ately 10 to  25%  of the 
carotene determ ined by the various abridged chromatographic 
m ethods has no vitam in A activ ity  (6), the extraction m ethod of 
K ernohan m ay be useful under certain conditions for routine 
control work on dehydrated alfalfa meals, as it enables rapid 
estim ation of the vitam in A activ ity  of this m aterial, often w ith 
an accuracy comparable to  o ther m ethods of determ ining the 
vitam in A activ ity  from the carotene content.

E F F E C T  O F  P O L A R  S O L V E N T S

In  prelim inary experim ents in th e  comparison of the extrac­
tion methods of K ernohan and of Silker, Schrenk, and King, using 
acetone th a t was no t redistilled, the petroleum ether-acetone 
extraction gave higher results than  petroleum ether extraction 
for the old samples of alfalfa, and slightly lower results for the 
newly dehydrated samples. D uring the analysis, p a rt of a gray- 
colored band was observed to  pass into the solution of carotenes 
obtained by chrom atographing the solution from the petroleum 
ether-acetone extraction. This band had an orange-red fluores­
cence under the light from a General Electric m ercury projector 
spotlight which was equipped w ith a  filter to  transm it primarily 
ultraviolet light. Comparison of the appearance under this 
light of the carotene solutions prepared by chrom atographing 
the solutions from the petroleum  ether extraction and the petro­
leum ether-acetone extraction showed th a t the la tte r  had a faint 
reddish fluorescence no t present in  the  solution prepared from 
sam ples extracted by petroleum ether alone.

To analyze solutions obtained by extraction w ith the mixed 
•solvents, special care was given to  removing all the acetone from 
th e  solutions before chrom atographing, and the columns of Hyflo 
Super-Cel used were 25 cm. long. U nder these conditions, none 
of the gray band passed through th e  column, and, upon following 
th e  progress of the bands through th e  adsorption column w ith

Table IV . Effect of Extraction M ethods on Carotene Content of 
Dehydrated A lfa lfa  M eals Determined Chromatographically with 

H y flo  Super-Cel A dsorbent
C a ro te n e , M g . p e r  100 G ram s

N o . 2 N o . 3 N o . 4 N o . 5 N o . 6
90 h o u rs  w ith  p e tro le u m  e th e r  a t  

ro o m  te m p e ra tu re
6 .7
6 .7

8 .9
8 .9

1 3 .0
1 3 .3

1 4 .1
1 4 .1

P e tro le u m  e th e r , 20  h o u rs  a t  
ro o m  te m p e ra tu re

3 .3
3 .3

6 .7
6 .7

9 .2
9 .2

1 2 .0
1 2 .7

1 2 .3
1 2 .3

A c e to n e -p e tro le u m  e th e r  m ix­
tu re , 20 h o u rs  a t  ro o m  te m ­
p e ra tu r e

4 .4
4 .4

8 .9
8 .2

9 .7
1 0 .0

1 5 .2
1 5 .7

1 5 .0
1 5 .5

A c e to n e -p e tro le u m  e th e r  m ix­
tu re , 90 h o u rs  a t  ro o m  te m ­
p e ra tu re

7 .6
7 .6

9 .2
9 .2

* 1 4 .1
1 4 .7

1 4 .7
1 5 .7

A c e to n e -p e tro le u m  e th e r -h y d ro -  
¿ju inone, 90 h o u rs  a t  ro o m  te m ­
p e ra tu re  «

7 .6
7 .6

9 .7
9 .7

1 5 .2
1 6 .3

1 6 .3
1 6 .3

W a ll a n d  K e lley  m e th o d , reflux  
w ith  a c e to n e -p e tro le u m  e th e r

4 .4
4 .4

8 .2
8 .9

1 0 .0 1 5 .5 1 5 .2

R es id u e  fro m  p e tro le u m  e th e r  ex­
tr a c t io n  b y  im m isc ib le  so lv en ts  
m e th o d

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

M e th o d  7 fo llow ed  b y  a d s o rp tio n  
on  H yflo  S up er-C e l

0 .3 2 0 .4 0 0 .2 8 0 .8 0 0 .9 6

S u m  of m e th o d s  2 a n d  7 4 .0 2 7 .6 6 1 0 .0 1 3 .6 7 1 3 .5 3

ultraviolet light, it  was found th a t a colorless, orange-red fluores­
cing band was adsorbed below the gray band and did no t pass 
through the column. T he final carotene solutions did no t 
fluoresce red after this trea tm en t of the extract. T he colorless 
band showing the  orange-red fluorescence was removed from the 
chrom atographic column and eluted w ith acetone. T he m aterial 
when concentrated was found to  'b e  slightly yellow in color. 
The pigm ent was transferred to  petroleum  ether which was 
washed free from acetone. I t  was then  found th a t th is m aterial 
could no t be extracted from petroleum  ether w ith 90%  aqueous 
m ethanol solution.

F urther experiments w ith modifications of the method of re­
moving the acetone from the petroleum ether and acetone m ixture 
led to  the developm ent of the m ethod recommended under Pro­
cedure. W ith this m ethod, th e  fluorescent band rem ains firmly 
held near th e  top  of a  column of Hyflo Super-Cel only 15, cm. 
long, and no danger of contam ination of the solution of carotenes 
exists. In  this case, several extremely narrow  bands of yellow 
pigm ent often appear below the fluorescent band. I t  is recom­
mended, however, as a  m atte r of routine precaution, th a t  all 
carotene solutions prepared when acetone is used as a  solvent and 
Hyflo Super-Cel as an adsorbent be checked for fluorescence.

T he effects of a  solution of 4%  acetone in petroleum  ether in 
eluting carotenoid pigments from a chrom atographic column of 
Hyflo Super-Cel were tested, using a  chrom atogram  which had 
been developed from a petroleum  ether extract of high-grade 
alfalfa meal. In  this instance, all visible and fluorescent pig­
m ents were firmly adsorbed in  th e  top 5 cm. of a 25-cm. column. 
On percolating the petroleum  ether-acetone m ixture through 
th e  column, the chlorophylls and some yellow pigm ents remained 
firmly adsorbed in the column, moving downward only slightly. 
T hree bands separated from these strongly adsorbed pigm ents and 
moved down the column rapidly: a  lower yellow band, an in ter­
m ediate gray, and an  upper yellow. The mixed pigm ents con­
tained in th e  two lower bands were separated from the upper 
yellow band. T he mixed pigm ents of the lower yellow band and 
the gray band were no t extracted from petroleum  ether by 90%  
aqueous m ethanol solution. T he solution fluoresced red in 
ultraviolet light. The pigm ent solution was allowed to  stand 
overnight in contact w ith a m ethanolic sodium hydroxide solu­
tion, the pigm ent was extracted from the m ethanol w ith petro­
leum ether, and the petroleum  ether solution was extracted 
w ith 90%  methanol. The rem aining petroleum  ether solution 
was a clear yellow color, and  showed no fluorescence in u ltra­
violet light. I t  therefore appears th a t this pigm ent is one of the
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interfering pigm ents in the method of immiscible solvents. The 
upper yellow band from the chrom atogram was readily extracted 
from petroleum  ether solution by 90%  aqueous methanol, and 
was probably a xanthophyll.

These prelim inary experiments indicate th a t the use of dilute 
solution of polar solvent in  petroleum  ether offers a  rapid  m ethod 
of separating small quantities of noncarotene pigm ents having 
solubility relations similar to  those of carotene.

S U M M A R Y

H eat-treated  kieselguhr, especially Johns-M anville Hyflo 
Super-Cel, is an excellent chrom atographic adsorbent for the 
routine determ ination of to ta l carotenes, and  can also be used in 
th e  separation of cryptoxanthin from carotene. Prelim inary 
tests indicate th a t this adsorbent m ay be applicable to  the sepa­
ration  of vitam in A from carotenoids, and so m ay be useful in the 
determ ination of vitam in A in certain instances.

T ests have confirmed claims th a t  extraction of carotene from 
dehydrated  alfalfa meal w ith mixtures of petroleum  ether and 
acetone gives more complete extraction than  extraction by al­
lowing the meal to  stand  in contac t w ith  petroleum  e th e r for 16 
hours or more. The la tte r  method, however, gives consistent 
results and should frequently be useful for routine control work on 
dehydrated  alfalfa meal.

T he chrom atographic m ethod described is unusually rapid and 
requires m inim um  m anipulation, thus reducing chances for error 
and enabling easy training of operators. As the adsorbent does

no t shrink from the walls of a  chrom atographic column if draw n 
dry of solvent, i t  is especially convenient when batteries of 
chrom atographic columns are used.
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M olecular Distillation as a Step in the Chemical 
Determination of Total and Gamma-Tocopherols

M A R Y  L . Q U A IF E  a n d  P H IL IP  L .  H A R R IS  

Distillation Products, Inc., Rochester, N . Y .

A  M ETH O D  for quan tita tively  concentrating tocopherols 
from lipides is much needed in the vitam in E  analysis of 

m any natu ra l products. Such a procedure is desirable especially 
for fa ts and oils of low tocopherol content, to  enable the use of 
ethanol as the solvent in the colorimetric measurem ent of tocoph­
erols and to  avoid the possible inhibiting effect (7) of fats on 
th e  color developm ent in the Emm erie-Engel reaction. T he au­
thors have found th a t  distillation of the extracted lipidc under 
low pressure in a simple molecular still effects quan tita tive sepa­
ration  of as little as 60 micrograms of tocopherols from 1 gram  of 
fa t. T he distillate, usually 15 to 20 mg. in to ta l weight, contains 
the tocopherols in a  sufficiently concentrated form for colorimet­
ric assay purposes. In  addition, all of the chlorophyll and much 
of th e  carotenoids rem ain in th e  re s id u e ^ j '

D am  and associates (2, 4) have reported quantita tive recover­
ies by molecular distillation of «-tocopherol added to  nonsaponi- 
fiable m a tte r a t  a  level about 3% . T heir standardized distillation 
conditions were 100° C. a t  1 m pressure for 30 m inutes. However, 
ever, in,the authors’ laboratory, in order to  avoid saponification it 
was necessary to distill fats containing only 0.006 to 0 .2 % tocoph­
erols. F or th is concentration range quantita tive separation is 
achieved in the apparatus described below by distilling a t  215° 
to  220 ° C. a t  1m or less for 30 m inutes.

Saponification, which would appear to  be the proper procedure 
for concentrating tocopherols from lipides, has no t proved satis­
factory  for fa ts of low tocopherol content. Tocopherols a t  levels 
comparable to  those occurring in anim al fats—e.g., 60 micro­
grams per gram—have been recovered to  th e  extent o’f only 60 to

70% , Saponification has been conducted in a  closed system  un­
der nitrogen, according to  directions given by C hipault et al. (1) 
w ith the use of pyrogallol as an  antioxidant, or w ith a minim um 
of alkali and exposure to  heat, w ithout affording full recoveries. 
Separation by  adsorption of tocopherols on ahifMfia-Sas also failed 
to  give quan tita tive  results in prelim inary trials. On the other 
hand, complete recovery has been obtained by th e  method de­
scribed here.

E X P E R IM E N T A L

A diagram  of the distilhttion apparatus is shown in Figure 1.

P r o c e d u r e . T he fat sample, 1 gram or less, is weighed into 
the  alum inum  cup, melted if necessary to form a th in  film, and 
placed in  the  still. A luminum strips are a ttached to  the cup 
m erely for ease of handling. T he sample is degassed b y  closing 
the still w ith a large rubber stopper and reducing th e  pressure to 
less th an  1m a t  room tem perature. T his minimizes splashing of 
the  sample in  the subsequent distillation. T he pressure is re­
stored to  atmospheric, and w ithout delay th e  condenser is inserted 
and th e  pressure reduced again to  1m. T he condenser is then 
filled w ith acetone and dry  ice. T he surface of the oil in the bath  
is adjusted level w ith the bottom  of the condenser. T he tem per- • 
a tu re  of the bath  is raised rapidly to  220 ° C. and m aintained a t  
215 0 to 220 ° C. for 30 m inutes while distillation takes place. Then 
the oil ba th  is rem oved and the still is allowed to  cool to room 
tem perature under vacuum . T he condenser is removed carefully 
from the still and th e  d istillate washed off quantita tively  w ith  
chloroform and transferred, by means of evaporation under ni­
trogen, to  a known volum e of absolute ethanol. Separate portions 
of the sample are used for the analyses of to ta l tocopherols and 
tocopherol.
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R E S U L T S  A N D  C O N C L U S IO N S

Recovery experiments were performed in which 7-tocopherol 
was added to  lard  in am ounts varying from 0.06 to  2.0 mg. per 
gram . The base values of the lard, given in Table II , were 27 
micrograms per gram  of to ta l tocopherols and less than  4 micro­
grams per gram of 7-tocopherol. No further tocopherols were 
found w ith exhaustive distillation for 3 hours or on raising the 
tem perature to  230 0 C. The values shown in Table I  are the re­
sults of duplicate distillations and analyses. T he range of recov­
ery values is between 92 and 102%. Gamma-tocopherol values 
are shown because of the ir specificity; however, Emmerie-Engel 
results for to ta l tocopherols also show excellent recoveries. G am ­
ma-tocopherol was m easured by use of the Quaife method (8) as 
modified by Weislcr (I I ) . T his procedure involves coupling of 
7-tocopherol w ith a diazo compound to  form a red dye; a- and (3-

Table 1. Recovery of 7 -Tocophero! by M olecular Distillation
•>-T o c o p h e ro l A dd ed R ec o v e ry  a f te r
to  1 G ra m  of L a rd a D is ti l la t io n

M g . %
0 .0 6 92
0 . 1 2 95
0 .2 5 1 0 1
0 .5 0 99
1 . 0 0 93
2 . 0 0 1 0 2

A v. reco v e ry 97
a T h is  c o n ta in e d  27 m ic ro g ram s  p e r  g ra m  of to t a l  to c o p h e ro ls  a n d

<  4 m ic ro g ram s p e r  g ra m  of 7 - to c o p h e ro l a c c o rd in g  to  d is t i l la t io n  an a ly s is .

la b le  II. Tocopherol Content of Fats Determined on M olecular
Distillates of Samples of 1 Gram or Less"

T o c o p h e ro l C o n te n t
M a te r ia l  D is tilled T o ta l  G a m m a

y /g r a m

M a rg a rin e , clnrified& 544  260
L a rd 27 < 4
C a r r o t  oil (fro m  fresh  c a r r o t  0 .3 %  oil) 1 ,620 0
C o tto n se e d  oil, re fined

S am p le  1 726 313
S am p le  2 901 345

E gg  lip id e  (from  w hole egg , 1 1 .5 %  lip id e) 130 ’ 44
O live  oil 69

a N o  a t te m p t  h a s  b ee n  m a d e  to  u se  s a m p le s  la rg e r  th a n  1 g ra m . A  la rg e r
sa m p le  in  th e  p re s e n t a p p a ra tu s  m ig h t fo rm  to o  th ic k  a n  oil film  fo r m o lecu la r
d is ti l la tio n . T h e  s til l cou ld  b e  e n la rg e d  to  a c c o m m o d a te  a  la rg e r  sam p le .

B io a ssay e d  fo r  v ita m in  E  a c t iv i ty .

tocopherols do not react. T o tal tocopherols were determined 
colorimetrically by th e  Emmerie-Engel reaction (3) according to 
the technique previously described (10).

T he procedure has been applied to  a variety  of food fats, a 
representative selection of which is shown in Table II . D istillates 
in which earotenoids were known to be present were hydrogenated
(9) before assaying for tocopherols. The lard distillates w'ere 
found to  be free of substances v'hich inhibit color developm ent of 
the Emmerie-Engel reaction (7). The clarified m argarine sample 
w'as bioassayed (Miss M arion Ludwig performed the bioassay) 
and found to  contain vitam in E  activ ity  equivalent to  0.32 mg. of 
d,a-tocopherol per gram. Chemical determ ination show'ed 0.544 
mg. per gram  of to ta l tocopherols, of which 48%  is 7-tocopherol 
and the rem ainder probably a-tocophcrol. T his is in good agree­
m ent w ith th e  bioassay result. Previous findings (5, 6) relative 
to the sparing action of 7-tocopherol on a-tocopherol in  bioassay 
tests suggest th a t  this m ixture of 0.284 mg. of «-tocopherol plus
0.260 mg. of 7-tocopherol would give the same biological response 
as 0.3 to  0.4 mg. of ri, «-tocopherol alone.

Experience w ith the method described leads to  the belief th a t 
most naturally  occurring fats and lipide extracts can be analyzed 
for tocopherols using the interm ediate step  of distillation. I t  is 
planned to survey common foods for to ta l tocopherol and for 7- 
tocopherol content and to compare the results w ith bioassays in 
selected cases.
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Kjeldahl Determination of Nitrogen

Elimination of the Distillation
K A L M A N  M A R C A L I  a n d  W IL L IA M  R IE M A N  III, School of Chemistry, Rutgers University, New  Brunswick, N . J.

A n  acidimetric macroprocedure is described for determining nitrogen 
without a distillation. The ammonium ion is titrated with standard 
sodium hydroxide in the presence of formaldehyde.

A R TM A N N  and Skrabal (1) and R upp and Rossler (7) have 
shown th a t  amm onia can be accurately determ ined by oxi­

dation to  nitrogen in  alkaline solution by means of standard  
bypobrom ite solution, the excess of the la tte r  being determined 
by adding potassium  iodide and acid and titra tin g  the liberated 
iodine w ith thiosulfate. W illard and Cake (8) and more recently 
ITaanappl (3) have used th is m ethod to  eliminate the distillation 
in  the K jeldahl determ ination. This procedure has one serious 
disadvantage: T he alkaline hypobrom ite solution employed to  
oxidize the amm onia m ust be kep t between 0° and 5°, since i t  is 
unstable a t  room tem perature.

Ammonia reacts rapidly w ith formaldehyde to  form hexa- 
m ethylenetetram ine, which has very weakly basic properties
(6) (Kb =  8.0 X 10~10). Therefore amm onium salts m ay be 
sharply ti tra te d  in  the presence of formaldehyde w ith sodium 
hydroxide and  phenolphthalein indicator. Kolthoff (5) has 
found th a t the reaction between amm onia and an  excess of formal­
dehyde goes so rapidly th a t  th e  titra tio n  m ay be m ade directly—
i.e., w ithout excess of alkali. This reaction has been employed 
in the present modification of th e  K jeldahl procedure.

The proposed m ethod consists essentially of three steps: (1) 
The usual destruction of the organic m a tte r by oxidation w ith hot 
concentrated sulfuric acid in  th e  presence of potassium sulfate 
and a m ercury cata lyst. (2) N eutralization  of the excess sul­
furic acid w ith  approxim ately 10 N  alkali to  the  m ethyl red end 
point. Sodium bromide is present during th e  neutralization to  
form a complex 'a n d  thus preven t th e  precipitation of mercury 
compounds.

Hg++ +  4Br~ — >  I- Ig B rr-

(3) T itra tion  of the ammonium sa lt w ith standard  0.1 N  sodium 
hydroxide to  th e  phenolphthalein end point in  the presence of 
formaldehyde.

(N ID jSO, +  2N aO H  -  

4N H , +  6CH20  •

->  Na,SOi +  2HjO +  2N H, 

- >  (CH2)6N< +  611,0

R E A G E N T S

Sodium Hydroxide Solution, 50% . Dissolve 600 gram s of 
sodium hydroxide (B aker’s c.p. pellets, 0.004% silica) in 600 ml. 
of wrater. L et th e  solution stand  several days in a paraffin-lined 
rubber-stoppered bo ttle  and decant the clear supernatan t liquid.

S tandard  Sodium H ydroxide 
Solution, 0.1 N . D ilute ap­
proxim ately 8 gram s of con- ___________________________
centrated  (50%) carbonate- 
free sodium hydroxide solution 
to 1 liter w ith equilibrium 
w ater. S tandardize a g a in s t  
potassium biphthalate. Store 
in an  alkali-resistant glass con­
ta iner protected from the 
atm osphere w ith an  Ascarite 
tube.

Sodium H ydroxide Solution, 
approximately 10 N . D ilute 
about 800 gram s of concen­
tra ted  (50% ) carbonate-free 
sodium hydroxide solution to  1 
liter wdth equilibrium w ater.

Store in an alkali-resistant glass container protected from the 
atm osphere by  an Ascarite tube.

C oncentrated Sulfuric Acid, c . p . ,  specific gravity  1.84.
Potassium  Sulfate Crystals, B aker's c . p .
M ethyl Red, 0.004 M  (0.1% ). Dissolve 0.25 gram  of indicator 

in 250 ml. of alcohol.
Phenolphthalein, 0.03 M  (1% ). Dissolve 2.5 gram s of indi­

cator in 250 ml. of alcohol.
N eu tral Form aldehyde Solution, approxim ately 18%. D ilute 

45 ml. of M erck’s reagent-grade form aldehyde (36 to  38% ) w ith 
an equal volume of water. Add 2 drops of 0.03 M  phenolphtha­
lein and neutralize wdth 0.1 N  sodium hydroxide to the first de­
tectable pink color. T his solution should be prepared ju s t before 
it is used.

Sodium Bromide Solution, 60%. Dissolve 150 gram s of 
M erck’s reagent chemical in w ater and dilute to  250 ml.

M ercuric Oxide, reagent grade.
Eleven organic compounds w-ere purified by repeated crystal­

lization till a  constant sharp m elting point wras obtained. The 
compounds were dried to  constant weight in vacuo in an Abder- 
halden dryer containing phosphorus pentoxide in the bulb.

P R O C E D U R E

Weigh accurately a sam ple th a t will yield approxim ately 4 
m illiequivalents of nitrogen and transfer directly into a 500-ml. 
29/42 standard -taper round-bottom ed Pyrex flask. This flask 
is fitted wdth a 20-cm. (8-inch) removable neck and serves for 
both digestion and titra tion . Add 10 grams of anhydrous po­
tassium  sulfate, 0.6 to  0.7 gram of mercuric oxide, and 15 ml. of 
concentrated sulfuric acid. P u t the neck of the  flask in place, 
shake th e  m ixture, and hea t it in a  fume cham ber below th e  boiling 
point until frothing ceases. Then increase the heat so th a t  the 
solution boils gently. I f  necessary, replace th e  sulfuric acid th a t 
has boiled off, Dut tak e  care th a t the quan tity  of acid in the flask 
a t  the end of th e  digestion does no t exceed 15 ml. C ontinue the 
heating w ith sulfuric acid un til th e  solution tu rns colorless and 
then  20 m inutes longer. Cool the flask to  a t  least 50 °, carefully 
add 50 ml. of water, and swirl the flask un til the solid m aterial 
has dissolved completely. Add 10 ml. of 60%  sodium bromide, 
then  2 drops of m ethyl red. N eutralize th e  excess sulfuric acid 
wdth 10 N  sodium hydroxide till the  m ethyl red begins to  change 
color. Now boil the solution gently for 3 m inutes to  expel carbon 
dioxide, cool to  room tem perature, and add 10 N  alkali dropwdse 
till th e  solution is ju s t yellow. N ext add N  sulfuric acid dropwdse 
till the pink color is restored. Then add the standard  0.1 N  
sodium hydroxide from a bu re t to  th e  m ethyl red end point. 
R ead the buret.

Add 30 ml. of 18% formaldehyde solution. A t th is point, the 
solution m ay become slightly pink. D isregard this, and con­
tinue th e  titra tio n  till the  solution is yellow again. A da 8 drops of 
phenolphthalein and complete the titra tion  to  th e  first d istinct 
pink color. The alkali used between the m ethyl red and phenol­
phthalein end points is equivalent to  the nitrogen present.

When more th an  17 ml. of concentrated sulfuric acid m ust be 
neutralized before titra tio n  of the ammonium salt, sufficient 
silica is introduced as an  im purity  in the sodium hydroxide to 
buffer the  solution a t th e  phenolphthalein end point and thus pre­
ven t a sharp color change. Therefore it  is suggested th a t no more

Table I. Determination of Nitrogen
R ec o m m e n d e d  P ro c e d u re S ta n d a rd  P ro c e d u re

C o m p o u n d
A c e ta n ilid e
A n th ra n i lic  a c id
B e n z a m id e
p -C h lo ro a n ilin e
C y s te in e
D ic y a n d ia m id e
p -D im e tb y la m in o b e n z a ld e h y d e  
D ip h e n y la m in e  
D ip h e n y lc a rb a m in e  ch lo rid e  
s y m -D ip h e n y lu re a  
S u lfan ilic  ac id

T h e o ry

N o . of 
d e te r ­ %  N M e a n

N o . of 
d e te r ­ %  N M e a n

m in a tio n s m e a n d e v ia tio n m in a tio n s m e a n d e v ia tio n

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

1 0 .9 7  . 3 1 0 .9 2 0 .0 0 .,
1 1 .5 7 4 1 1 .5 3 0 .0 1
6 6 .6 4 6 6 6 .5 1 0 .0 1 6 66.' 54 0 .0 2

9 .4 0 2 9 .3 4 0 .0 1
8 .2 8 3 8 .2 3 0 .0 0 4 *8.23 0 .0 4
6 .0 4 2 6 .0 2 0 .0 1

1 3 .2 1 3 1 3 .1 7 0 .0 6
8 .0 8 4 8 .0 7 0 .0 2
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than  approximately. 15 ml. of sulfuric acid be present a t  th e  end 
of the digestion.

D eterm ine and apply a  blank correction, which is usually be­
tween 0.20 and 0.30 ml.

T he results of analyses of eleven organic compounds are indi­
cated in Table I.

D IS C U S S IO N

As shown in Table I, the  described m ethod yields results w ith 
an average error of —0.04% nitrogen. Even this small difference 
m ay be due in  p a r t to  failure to  obtain perfectly pure organic 
compounds. The results compare very favorably w ith those of 
the standard  K jeldahl m ethod w ith compounds of bo th  high and 
low nitrogen content.

T he disadvantage of th e  m ethod is th e  fac t th a t  elem ents such 
as calcium, barium, copper, and iron interfere by  forming pre­
cipitates which obscure th e  end point. Phosphorus also in ter­
feres because prim ary phosphate is titra ted  to  secondary phos­
phate  between the two end points. T his renders th e  procedure 
inapplicable to  fertilizers and m any biological samples. The 
method is applicable to  samples containing organic and  n itra te  
nitrogen when the usual sulfuric-salicylic acid modification is ap­
plied previous to  digestion (2,4).

W ith the elim ination of th e  distillation, approxim ately 20 
m inutes are saved in  each determ ination.

W ork is in  progress to  ad ap t the described procedure to  the 
micro scale.
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Determination of Carbon and Hydrog en by Combustion

Unitized Dual A pp aratu s and Improved Procedure

D. D . T U N N IC L IF F ,  E D W A R D  D . P ETER S, L O U IS  L Y K K E N , a n d  F. D . T U E M M L E R , Shell Development Com pany, Emeryville, Calif.

A  dual unitized combustion apparatus and improved procedure 
are described for the determination of carbon and hydrogen in 
macrosize samples. The dual feature, absence of rubber connec­
tions, provisions for adequate combustion control, and well-defined 
procedure all combine to give accurate results in the minimum of 
time. O th er noteworthy features are control and indication of all 
gas flow rates, adequate and convenient pyrometer temperature 
indication, addition of extra oxygen between the sample and cata­
lyst, use of carefully determined combustion and operating condi-

M OST of th e  progress made in recent years in the deter­
m ination of carbon and hydrogen has been in the field of 

microchemistry. Excellent methods and apparatus (I , 2, 5-9) 
have been developed which possess the desired attribu tes of 
speed, convenience, and accuracy when properly applied, b u t 
which too frequently produce results of only m oderate accuracy 
when used on a  routine basis (9). In  this, as in m any other 
laboratories, there has been a definite need for a  method which 
is accurate, precise, and rapid under norm al industrial operating 
conditions. Because macromethods are less susceptible to 
variations in technique and are thus more suitable for industrial 
service analysis, i t  was decided th a t further developm ent of the 
macromethod, along lines followed by the microchemists, of­
fered the best possibilities of success.

W agman and Rossini (10) have obtained very precise and ac­
curate results on benzoic acid using large samples (1.8 grams) 
and improved techniques and apparatus developed a t  the N a­
tional Bureau of Standards. In  their work on the atom ic weight 
of carbon, Baxter and H ale (1) also obtained excellent results 
using various hydrocarbons and even larger am ounts (3 grams) of 
sample. These investigators had for their prime objective the 
g reatest possible accuracy w ithout regard for tim e required for 
analysis. In  the present m ethod, accuracy and precision have 
been achieved by adopting features of the B axter and H ale ap­
paratus particularly suitable for routine work; speed has been 
secured by providing a dual apparatus which perm its the simul-

tions, and a method for accurate analyses of volatile samples. Using 
the long, precision procedure, a skilled operator can make two de­
terminations in an 8-hour day with a precision of =*=0.008% hydro­
gen and =*=0.009% carbon and a probable accuracy of 0 .0 1 1 %  
hydrogen and 0 .0 1 5 %  carbon. Using the short, routine procedure, 
one experienced operator can make as many as eight determinations 
daily  with a precision of =*=0.02% hydrogen and =*=0.05% carbon 
and with a probable accuracy of 0 .0 5 %  for* each element. Both 
procedures are applicable In presence of sulfur, halogens, nitrogen.

taneous combustion of two samplqs, by providing convenient 
and adequate control of the combustion, and by carefully deter­
mining th e  minim um tim e required for each phase in the analysis.

The conventional combustion method and apparatus for de­
term ination of carbon and hydrogen are no t generally suitable 
for industrial use where speed is a  consideration, and where ana­
lysts m ay be frequently replaced, and for applications where the 
greatest precision and accuracy are im portant. Using the simple 
apparatus and procedure given in the numerous references on 
the subject, one usually encounters the following difficulties: (1) 
loss of much tim e and effort in establishing the essential condi­
tions, (2) nonsuitability of the apparatus for continuous use, (3) 
inadequate indications and control of flow rates, (4) inadequate 
control of furnace tem perature, (5) lack of assurance of excess 
oxygen in combustion tube, (6) errors caused by use of rubber 
connections, (7) inadequacy of th e  combustion tube  filling for 
m aterials containing elem ents o ther than  carbon, hydrogen, and 
oxygen, (8) requirem ent of 4 or more hours per analysis, (9) lack 
of qualitative evidence of complete oxidation of th e  carbon and 
hydrogen, and (10) lack of suitable technique for handling vola­
tile samples. The method described here is a  result of a  study 
made to  overcome or minimize these difficulties.

T he combustion apparatus was unitized in a  com pact assembly 
to  increase the convenience of use and to  allow standardization of 
technique and procedure; and  since it  was found th a t  two de­
term inations could easily be made simultaneously, a dual un it



November, 1946 A N A L Y T I C A L  E D I T I O N 711

COMBUSTION TUBES

Figure 3. Diagram of G as Flow through Dual Combustion Unit

Figure 1. Front V ie w  of Dual Combustion Apparatus

Figure 2. Side V iew  of Dual Combustion Apparatus

AIR
OXYGEN

REGULATING
VALVES

RUBBER
G ASKET

JOINT NO. 29/42

INSIOE REAMED TO 5 / I6 "  
ENTIRE LENGTH

Figure 4. Detail of Purifier Tube and 
M ounting

was designed to in­
crease the num ber of 
analyses per unit 
time. Proper con­
trol and indication of 
the gas m ixture in 
the combustion tube 
were achieved by use 
of microrotam eters 
(0 to  50 ml. per 
minute) to  indicate 
continuously the ra te  
of flow of air, oxygen, 
and exit gases and by 
th e  use of needle 
valves to  adjust the 
flow of the air and 
oxygen. Proper ad­
justm en t of furnace 
te m p e ra tu re  w as 
m ade possible by use 
of thermocouples and 
a  sensitive direct in­
dicating m eter sup­
plied w ith a suitable 
selector switch. Ex­
cess oxygen in the 
gases passing over 
the catalysts was en­
sured by provision

to adm it oxygen in the zone between the sample and 
the catalyst (S) . '  C ontam ination from rubber connections was 
avoided by use of commercial compression m etal fittings, a  special 
metal-to-glass fitting, and standard-taper glass joints. Complete 
retention of sulfur, halogen, and nitrogen acidic gases was ob­
tained by proper use of lead chromate, silver gauze, and lead 
peroxide in the combustion tube. Sensitive and im m ediate con­
trol of the ra te  of volatilization of the sample was obtained by an 
electric wire heater wound directly on the combustion tube. 
Errors from contam ination of th e  air and oxygen used were ob­
viated by passing these gases over heated copper oxide in  per­
m anently connected heaters.

Perm anent connections and m ountings were used to  allow 
movem ent of the apparatus w ithout seriously disrupting its period 
of usefulness. Special all-glass counterpoises for the absorbers 
were constructed (having approxim ately the same net volume, 
weight, and surface as the actual absorbers) to  minimize weigh­
ing errors and facilitate correction to  a vacuum basi3.

A P P A R A T U S

The dual arrangem ent and general construction of the appara­
tus are shown in the first two figures. Figure 1 is a  front view 
giving some detail of the absorption tra in  and Figure 2 is a  side 
view showing the gas-inlet and tube-dosure assembly arrange­
m ent. A diagram of the air and oxygen flow through the appara­
tus and a  schematic arrangem ent are given in Figure 3. T he 
constructional details of the combustion tube and  filling are 
shown in Figure 6, th e  electrical wiring diagram  in Figure 7, and 
th e  arrangem ent of the absorption tra in  in Figure 8.

T he two combustion heaters are m ounted one behind the other 
w ith their centers about 12.5 cm. (5 inches) apart. Behind and 
parallel to  these are located two preheaters. The panels in front 
and below th e  heaters contain control knobs for regulating the 
tem peratures of the various furnaces. T he large panel behind 
and above th e  furnaces supports th e  gas purifiers, flowmeters, 
gas control valves, and pyrom eter.

Provision is made for supplying either oxygen or a ir to  th e  
combustion tube. Oxygen is used for combustion of the sample 
and air for purging ou t the combustion products, so th a t the ab­
sorbers will be filled w ith air during th e  weighing operations.
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B oth oxygen and air are passed through a  preheater furnace and 
then through a purifying train  to  remove all traces of w ater, car­
bon dioxide, and combustible m a tte r before entering the com­
bustion tube.

P r e h e a t e r  a n d  P u r i f i e r . T he prehcatcrs are nickel tubes 
filled w ith copper oxide and heated to  700° C.

They are sim ilar in construction to  the m ain combustion heat­
ers described below bu t are no t provided w ith tem perature control 
or w ith individual switches; therefore, th ey  rapidly reach the 
operating tem perature after the main electrical switch is turned  
on.

T he first purifier tube contains A scarite and the second tube 
D ehydrite. A tw isted strand  of glass wool about the size of a 
pencil is placed in the lower half of the Ascarite tube to  avoid 
plugging caused by swelling of the A scarite as it is used. To 
facilitate cleaning, th e  purifier tubes have ground jo in ts in  the 
center which are sealed with sealing wax.

T he m ethod of m ounting th e  purifier tubes is shown in Figure
4. T he m ounting consists of 6/ i 6-inch compression coupling 
soldered into brass blocks and ream ed ou t to  6/ie inch throughout 
their length. A short section of medium hard rubber tubing is 
used as gasket (soft rubber tubing is no t satisfactory, as it  m ay

-  SEC O N O A R Y  G A S IN L E T

9 / 6 4  0  0  * 5 / 6 4  I  D. « 1 4 - 5 / 8  LONG 
S E A M L E S S  N IC K EL  T U BIN G . 1 / 4 "  O F  
N O 6 - 4 0  N .F . T H R E A D .

L 13 MM. I D .  x  17 MM O .D CORNING 
\  N O . 172  C O M B U S T IO N  T U B E

X . PR IM A R Y  G A S I N L E T

Figure 5. Detail of G as-in let and Tube-Closure A ssem b ly

wrinkle and cause the jo in t to  leak). T he purifier tube  is in­
stalled in the m ount by first placing the nu ts and rubber gaskets 
on the narrow  tubes and then  pushing one end into the m ounting 
block far enough to  allow the  o ther end to  en ter its  m ount. This 
connection is gas tigh t, yet allows the p a rts  to  be easily removed 
for servicing.

Co.MBUSTion T u b e . A m etal gas-inlet and tube-closure as­
sem bly is a ttached  to  the front end of each combustion tube; it  
has a  screw cap to  provide an opening into th e  combustion tube 
and has two gas inlets. T he “prim ary” gas inlet allows gas to enter 
the front of the combustion tube; th e  “secondary” inlet conducts 
the gas, by  means of a  sm all-diam eter nickel or platinum  tube, to 
a  point ju s t in fron t of the m ain ca ta lyst section. Figure 5 shows 
the construction of the gas-inlet and tube-closure assembly and 
the m ethod of connecting it  to  the combustion tube. By means 
of a 3-way cock, either air or oxygen can be passed through the 
prim ary inlet, b u t only oxygen can be passed through the second­
ary  inlet. Each gas line leading to  the combustion tube  is pro­
vided w ith a  packless needle valve for close control of the gas- 
ilow ra te  and w ith a  ro tam eter flowmeter. T he flowmeters have 
a  useful range of 0 to  60 ml. per m inute, and are sensitive to  
changes of 5 to 10% of the gas flow in the range of 5 to  60 ml. per 
m inute. The m ountings for th e  flowmeters are sim ilar to  those 
for the purifiers.

All the gas lines before th e  combustion tube are constructed of 
m etal tubing. R ubber is used only for the gaskets on th e  puri­
fiers, flowmeters', and gas-inlet and tube-closure assembly. The 
rubber gaskets are always on the outside of th e  tubes where only 
a  sm all a rea of the rubber is exposed to  th e  gas flow; in each case 
the area is separated  from th e  gas stream  b y  a narrow  annular 
dead air space.

T he special combustion tube, shown in Figure 6, is constructed 
from 13-mm. inside d iam eter and 17 mm. outside diam eter. 
Coming No. 172 Pyrex com bustion tubing. T he exit end is 
fitted w ith a  7/ 25 s tandard -taper female joint. A thin-walled 
capillary tube is sealed through the center of th e  jo in t to  carry 
w ater vapor directly into th e  absorber w ithout allowing i t  to 
come in contact w ith th e  connection. ■

Two types of combustion tube fillings are used: lead peroxide 
for m aterials containing nitrogen, and lead chrom ate for other 
m aterials because i t  is more easily prepared and more desirable 
from the standpoint of accuracy and ease of operation. Figure 6

STA N D A R D  F IL L IN G

S P E C IA L  F IL L IN G  FO R N IT R O G E N  S A M P L E S  
Figure 6. Detail of Construction and F illing of Combustion Tubes

A .  1 .5-inch roll of 40-mesh copper gauze
B .  Sample Boat
C .  Indicator, 2.5 X  0.5 inch rectangular strip of 40-mesh copper gauze
D .  R o ll of 20-mesh silver gauze
E . R o ll of 40-mesh copper gauze

F m 1 0 -  to 20-mesh copper o xid e wire
G . 5 0 -5 0  mixture of 1 0 -  to 20-mesh copper oxide and lead chromate
H .  Ignited Asbestos  
/ . Empty space
J .  1 0 -  to 20-raesh lead peroxide
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shows th e  arrangem ent of both types of fillings. As indicated, a 
1-inch section containing a  Pyrex rod separator is provided be­
tween the lead peroxide and the copper oxide sections of the filling. 
This construction reduces the heat transfer between these two 
sections and allows more accurate control of the tem perature of 
th e  lead peroxide. In  preparing the combustion tube fillings, the 
copper gauze and the silver gauze are heated in a  Bunsen flame 
before rolling in order to burn  off all organic m a tte r and to  anneal 
th e  gauze, thus simplifying the rolling operation.

C o m b u s t io n  T u b e  H e a t e r s . T he tem perature  of each com­
bustion tube is regulated by  m eans of five independently con­
trolled heaters. Figure 7 is the wiring diagram of the five heaters 
and Figure 6 shows their position relative to th e  combustion tube 
filling. The “prim ary” heater and the “sam ple” heater consist 
of coils of resistance wire wound directly on the combustion tube 
as described elsewhere (4). The resistance wire is wound on a 
s tandard  combustion tube and th is is then sealed to  the exit end 
from a  previously used tube; in th is way, the ground joint is used 
over and over again.

The tem perature of the prim ary heater is controlled by a rheo­
s ta t  placed in series w ith the heater. The sam ple-heater tem pera­
tu re  is controlled by a variable-voltage autotransform er and two 
fixed resistances, either of which m ay be connected in scries with 
the heater by m eans of a 3-way switch. As shown in Figure 7, 
these two heaters have a  common connection th a t  eliminates a 
possible cold spot between the two sections. T his arrangem ent 
requires the use of an autotransform er which has a  common lead 
from input to  output. T he maximum tem perature obtainable

w ith th e  sam ple heater is approxim ately 725° C. A chart is 
prepared to  show the tem peratures obtainable w ith the various 
combinations of the autotransform er and the 3-way sw itch set­
tings. Such a  chart is very useful in controlling the combustion 
of the sample.

The indicator heater, m ain heater, and final heater are all in 
the m ain combustion furnace housing. The la s t two heaters are 
constructed of resistance wire wound on 1 Vivinch inside diam eter 
Alundum tubing. The Alundum tubing is supported in a  section 
of 4-inch steel tubing by means of T ransite  disks; the space be­
tween th e  Alundum tube  and th e  steel tube is filled w ith shredded 
magnesia pipe lagging for insulation. The elem ent for the indi­
cator heater consists of sm all coils of resistance wire placed in a 
grooved refractory half-sleeve th a t is placed under the lower half 
of the sp lit Alundum tube. T he upper half of the A lundum  tube 
is a ttached  to  a  rem ovable unheated section to  perm it observa­
tion of th is p a rt of the combustion tube. The indicator heater 
elem ent operates from a 50-volt transform er to  perm it use of 
heavier wire in the  winding.

Two different final heaters are required, th e  one used in a given 
combustion depending on the combustion tube filling employed 
(Figure 6). T he heater used w ith the lead chrom ate filling is 
built as an  integral p a rt of the standard  combustion furnace and 
is similar to  the m ain heater. The heater used w ith the lead 
peroxide filling is constructed as a  un it separate from th e  indi­
cator heate r and the  m ain heater, and is constructed of insulated 
resistance wire wound on a  cylindrical block of Duralum inum . 
Otherwise in construction and insulation this heater is sim ilar to
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Figure 7. Electrical W iring Diagram of Dual Combustion Apparatus
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th e  other heaters. The D uralum inum  block is fitted w ith a re­
movable D uralum inum  half-sleeve which fits closely around the 
upper p a rt of the  combustion tube  as an aid in m aintaining close 
tem perature control, yet provides a  means of inserting the com­
bustion tube w ith the resistance winding in place on the front end. 
The tem perature of the three heaters in the nv.'.in combustion 
furnace is controlled by  m eans of rheostats connected in scries 
w ith each heater.

The heaters, as described, are designed to  operate on 120 volts. 
A slight modification of the resistance windings is required when 
operating a t  significantly different voltages.

The tem perature of the heater for the lead peroxide is deter­
mined by m eans of a  short-stem m ed therm om eter placed in the 
well in the end of the D uralum inum  block. T he tem peratures of

the m ain heaters, th e  final heaters for lead chrom ate, and the pre­
heaters are determ ined by  means of No. 22 gage Chromel-Alumel 
thermocouples connected through a selector switch to  a  direct 
reading meter.

A removable D uralum inum  heat conductor is placed over the 
exit end of the combustion tube. I t  extends a  short distance into 
the final heater and conducts a  m oderate am ount of heat to the 
end of the combustion tube and to  the ground joint, as an aid in

Ereventing condensation of w ater a t  these points during the com- 
ustion. Holes are drilled through th e  shield to  perm it the in­

sertion of thermocouples through it  into the combustion furnaces 
beyond. This shield is shown in position in Figure 6 ; it  is om itted 
in Figure 1 in order to  show more clearly the construction of the 
end of the combustion tube.

A safety shield (not shown in Figure 1 or 2), constructed w ith 
a  Pyrex top and a  wire screen front and end, is placed over the 
front exposed p a rt of the combustion tube during the actual com­
bustion of the sample. A compressed air je t is m ounted under 
the sam ple heater for rapid cooling of th is portion of the combus­
tion tu b e . '

A b s o r p t i o n  T r a i n . The absorbers consist of specially con­
structed  Pyrex U -tubes as shown in Figure 8. T he em pty weight 
of these absorbers is approxim ately 45 grams. T he connection to 
the combustion tube and between the absorbers is m ade by means 
of 7/«  standard-taper joints held together w ith springs. To sim­
plify th e  rem oval of the lubricant from the joints before weighing, 
only male joints are sealed to  the absorbers. The stopper on the 
entering side of the w ater absorber is sealed in place, w ith a small 
am ount of sealing wax applied to  th e  center of the ground joint, 
to  prevent separation of the jo in t when the absorber is detached 
from the combustion tube. A glass cap is provided for th e  enter­
ing side of the w ater absorber to  reduce diffusion of air out of or 
into th e  absorber after it  has been disconnected from th e  com-' 
bustion tube.

T he w ater absorber is filled w ith D ehydritc; a  glass wool plug 
is placed on top of the filling in the exit side to  avoid loss of the 
finer particles. T he carbon dioxide absorber is filled w ith Asca­
rite, except for a  short section of D ehydrite th a t is placed on top 
of the Ascarite in the exit side of the absorber to  prevent a pos­
sible loss of w ater vapor. A tw isted strand  of glass wool is placed 
along w ith th e  Ascarite in the entering side of the absorber to 
prevent plugging of th e  absorber by th e  used Ascarite. Small 
glass wool plugs are used between the A scarite and the D ehydrite 
sections and on top  of the filling on both  sides of th e  tube. The 
stoppers of the absorbers and the various ground connections are 
lubricated by a  soft hydrocarbon grease such as Cello-Grease. 
The exit side of the carbon dioxide absorbers are connected to

th e  exit-gas flowmeters by  m eans of a  short piece of rubber tubing. 
These flowmeters m easure th e  excess oxygen from the combus­
tion. Glass wool filters are placed immediately before the exit- 
gas flowTneters to remove foreign m aterials originating from the 
rubber tubing which m ight othenvise cause th e  bobs to stick.

A N A L Y T I C A L  P R O C E D U R E

Two procedures have been developed for use w ith the described 
apparatus. T he routine procedure is used w ith samples th a t 
require only ordinary precision and accuracy and th a t m ust be 
analyzed in a short period of time. The precision procedure is 
used for the analysis of samples th a t require th e  best possible pre­

cision and accuracy. The chief differences in 
the two procedures are th a t the precision pro­
cedure requires use of a balance sensitive to 
0.00001 gram, greater care in preparing and 
handling the absorbers, and more careful com­
bustion technique along w ith the use of a larger 
sample.

Generally, the  precision procedure is applied 
only to  the analysis of materials th a t are mainly 

, made up of carbon, hydrogen, and oxygen and 
th a t contain a  relatively small proportion of 
ash, nitrogen, chlorine, sulfur, etc. B est re­
sults are obtained w ith m aterials, relatively 
free from nitrogen, which perm it the use of 
lead chrom ate in the final heater section; 
however, w ith proper care and atten tion  to 
details, satisfactory results can be obtained 
w ith nitrogenous m aterials th a t require the 
use of lead perojeide in the final heater 
section.

P r o c e d u r e  f o r  R o u t i n e  A n a x y s i s . Assemble the combus­
tion un it fill and install th e  combustion tubes, fill and a ttach  
the absorbers, and adjust the heaters to  operate a t  the  following 
tem peratures ( ° C .):

Primary heater 650 ± 25
Sample heater 70Ö to 725
Indicator heater 700 ± 25
Main heater 775 =*> 25
Final heater

If lead chromate is used 600 *  25
If lead peroxide is used 190 to 195

Preheaters 700 *  50

Purge the combustion tra in  w ith oxygen and air a t  a  ra te  of 
35 ml. per m inute un til a  3-hour blank does no t exceed 0.3 mg. 
of w ater or carbon dioxide- use oxygen during the first 2.75 hours 
and air for the final 15 m inutes of purging time. T urn  the pri­
m ary and sam ple heaters on only during th e  first 15 m inutes of 
the purging period.

Prepare and weigh the absorbers in the following m anner: R e­
move the grease from the  ground joints w ith a sm all cotton swab 
wet in chloroform. Carefully wipe th e  absorbers w ith a  clean 
dam p cloth and then wipe over w ith a clean, dry, lint-free cotton 
cloth; avoid excessive rubbing w ith the d ry  cloth. Place the 
cap on th e  entering side of the w ater absorber and allow the ab­
sorbers to  stand  beside the balance for a t  least 20 m inutes before 
weighing. (If the relative hum idity  is below 50%, allow them 
to stand  for a longer period until the sta tic  charges have been 
dissipated.) Weigh the absorbers to  =*=0.1 mg. by  direct com­
parison w ith a  special tare. Prepare th e  ta re  from an empty 
carbon dioxide absorber by placing in it  a  quan tity  of glass tha t 
is 2 to  3 gram s less in weight and approxim ately equal in volume 
to  the average of the weight and volume of the filling of the w ater 
and carbon dioxide absorber; use a  mixture of glass rod and glass 
tubing sealed off a t  both  ends to  secure th e  required weight and 
volume of glass. C alculate the  volume of the filling from its 
w eight and density; assume th a t  the density of Ascarite is equal 
to  tne density of sodium hydroxide. Clean and wipe the ta re  as 
described above; keep it  in a  dustproof (but no t air-tight) con­
tainer near the balance and rewipe the ta re  only once each week 
unless laboratory  conditions m ake more frequent a ttention  
necessary. Use the same ta re  for weighing both  th e  w ater and 
carbon dioxide absorber. Remove the cap from the w ater ab­
sorber before weighing. Open th e  stopcock on the exit side of



the carbon dioxide absorber for a few seconds before weighing 
to  equalize the air pressure inside and outside the absorber. 
Leave the  stopper on th e  ta re  open a t  all times. Always weigh 
absorbers w ith their gas-space filled w ith air ra ther th an  oxygen.

T ake a  sam ple of approxim ately 0.2 gram , weighed to  =*=0.1 
mg., for th e  analysis. Weigh solid or heavy liquid sam ples in 
nickel or p latinum  boats and weigh light liquid sam ples in sam ple 
tubes m ade from 40-m m . sections of 7-mm. outside diam eter 
Pyrex tubing sealed a t  one end. Weigh volatile sam ples in sim ilar 
sample tubes sealed a t  one end and draw n ou t to  a fine capillary 
a t  the o ther end. To fill th e  sam ple tube, w arm  the tube  in a 
sm all flame and then  allow it to cool w ith th e  capillary immersed 
in the sam ple. A fter filling, warm the capillary to expel all the  
liquid from i t  and then  bend th e  capillary back along side the 
sam ple tube, b u t do no t seal th e  capillary a t  any point.

M ake sure th a t the prim ary heater and sam ple heater are off 
and th e  combustion tu b e  in these sections is cool. A ttach the 
weighed absorbers to  th e  combustion tube using a  sm all am ount 
of stopcock lubricant placed a t  the outer edge of each connection, 
and connect the  exit side of the carbon dioxide absorber to  the 
exit gas flowmeter. Remove th e  indicator heate r cover, place the 
safety  shield in position, sh u t off the secondary gas flow-, and ad­
ju s t the prim ary gas flow- to  15 to 30 ml. per m inute of air to pre­
ven t diffusion of room air in to  the combustion tube. Open the 
combustion tube, take  ou t th e  rem ovable copper spiral and, w ith 
the aid of a  wire hook, insert the sam ple to  a point ju s t beyond 
the center of the sam ple heater. Place the glass sam ple tube  in 
a  nickel boat w ith the open end or capillary tow ard th e  catalyst. 
Replace th e  copper spiral in th e  center of the  prim ary heater and 
close the combustion tube. I f  th e  sam ple is extremely volatile, 
use solid carbon dioxide to cool the sam ple heater section of the 
combustion tube before introducing th e  sam ple and to  control 
the ra te  of vaporization of the  sam ple during th e  combustion.

A djust th e  gas flow to  give 10 ml. of oxygen per m inute in the 
prim ary inlet and 25 ml. of oxygen per m inute in the secondary 
inlet. Use a ir in  th e  p rim ary inlet only when burning samples 
which have a tendency to  flash or explode. T urn on th e  prim ary 
heater and ad ju s t th e  tem perature to  650° ±  25° C. T urn  on 
the sam ple heater and gradually increase its  tem perature until 
th e  sam ple begins to  vaporize and reduces th e  indicator strip. 
(The vapors are carried over the copper oxide indicator strip  by 
the gas flow- from the prim ary inlet. As soon as the prim ary gas 
flow- contains an insufficient am ount of oxygen for complete oxi­
dation, the front end of th e  copper oxide indicator strip  will be­
come reduced up to  th e  point where th e  oxygen coming from 
the secondary inlet builds up an excess of oxygen in the tube. A 
sharp line of dem arcation is thus established between the reduced 
portion and oxidized portion of the indicator strip . T he position 
of this line serves as an im m ediate guide for controlling the  ra te  
of vaporization of th e  sam ple, provided a  correlation has pre­
viously been m ade between the position of th e  line and the 
am ount of excess oxygen in the gas issuing from th e  combustion 
tube. H ighly volatile samples, and sam ples th a t  contain sulfur 
or halogens, often do no t appreciably reduce the indicator strip . 
W hen the sam ple is known to  contain halogens, the indicator 
strip  should be removed before beginning th e  combustion to  avoid 
the form ation of a  black deposit on the glass which makes ob­
servation of following determ inations difficult.)

Regulate the ra te  of volatilization of the  sam ple to  m aintain 
always an excess of 10 to  20 ml. of oxygen per m inute as indi­
cated by th e  exit gas flowmeter. G radually  raise the tem pera­
tu re  of the sam ple heater to  700° to  725° C.; remove the  safety  
shield and replace the cover over th e  indicator section to  aid in 
burning ou t any carbon residue. R ead just th e  gas flow rates to 
20 ml. of oxygen per m inute in the prim ary in let and 15 ml. of 
oxygen per m inute in  th e  secondary inlet. I f  the capillary sample 
tube has been used, a lternately  allow the sam ple tube  to  cool and 
then reheat several tim es to  remove any sam ple vapors and com­
bustion products rem aining in  the sam ple tube and to  burn any 
carbon residue.

A fter all the  carbon has been burned, continue th e  above flow 
ra tes for 10 to  12 m inutes; then close the secondary gas inlet 
and purge for 15 m inutes w ith a ir adm itted  th rough  the  prim ary 
inlet a t  a  ra te  of 30 to  35 ml. per m inute. A fter starting  to  purge 
w ith air, allow the prim ary hea te r and sam ple heater to  cool in 
preparation for th e  next determ ination. Before term inating the 
purging period, m ake certain th a t  all w ater has been purged into 
the absorber and th a t  no sm all droplets rem ain in the  vertical 
m ale jo in t of th e  absorber. Remove the absorbers and weigh as 
before.

To avoid contam ination of tube by  m ateria ls in  th e  air, always 
a ttach  a fresh se t of absorbers to  the  combustion tube before 
allowing th e  furnaces to  cool. Before beginning an analysis, tu rn  
on the furnaces, purge th e  combustion tube  for a t  least 15 m inutes 
w ith both oxygen and a ir a fter all th e  furnaces, except th e  p ri-
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m ary heate r and the sam ple heater, have come to  operating tem ­
peratures.

P r o c e d u r e  f o r  P r e c i s i o n  A n a l y s i s . Assemble the  appara­
tus and ad just th e  tem perature  of the heaters as directed above 
in the  procedure for routine analysis. Purge th e  combustion tra in  
with oxygen and air a t  a  ra te  of 25 ml. per m inute until a  5-hour 
b lank does no t exceed 0.3 mg. of w ater or carbon dioxide; use 
oxygen during the first 4.5 hours and air for the final 30 m inutes 
of purging time.

Prepare th e  absorbers as directed under th e  previous procedure, 
b u t allow them  to  stand  45 m inutes or more before weighing them . 
W hen weighing the w ater and carbon dioxide absorbers, use a 
separate specially prepared ta re  for each type  of absorber. Con­
stru c t th e  tares from em pty w ater and  carbon dioxide absorbers 
and prepare them  for use in weighing as directed for the prepara­
tion of the single ta re . Weigh the absorbers by direct compari­
son w ith the ta re  and record the weights to  ±0.01 mg. Ju s t be­
fore weighing the carbon dioxide absorber, open one of the  stop­
cocks on the absorber and on the  ta re  for a few seconds, b u t have 
th e  stopcocks closed during the weighing operation. Weigh the 
w ater absorber w ith the  cap removed from i t  and its  ta re , bu t 
replace the caps as soon as possible.

T ake a  0.5-gram sam ple for the  analysis; weigh th e  sample, 
contained in an appropriate container, to  0.01 mg. Connect the 
absorbers, insert the sample, and make the combustion exactly 
as directed in  th e  procedure for routine analysis, b u t use an 
oxygen flow ra te  of only 5 ml. per m inute in th e  prim ary inlet 
and 15 ml. per m inute in the secondary. Burn the sam ple a t 
such a  ra te  as to  m aintain  the excess oxygen flow ra te  a t  5 to  10 
ml. per m inute un til combustion is essentially complete. R e­
ad just the  oxygen flow rates to  10 ml. per m inute in each inlet while 
burning any  carbon residue, and continue for 10 to  15 m inutes 
a fter all th e  carbon has been burned; then  purge w ith air through 
the prim ary inlet a t  a ra te  of 20 to  25 ml. per m inute for 30 min­
utes. Rem ove the absorbers and weigh as before. Use fresh 
carbon dioxide absorbers for each analysis and renew th e  w ater 
absorber before it  is one half used up.

C a l c u l a t i o n  o f  R e s u l t s . T he possible accuracy of both the 
routine and  precision procedures is good enough to  justify  apply­
ing vacuum  corrections to  the weights of th e  sample, water, and 
carbon dioxide. W hen volatile samples are being analyzed, the 
correction to  the  sample weight m ust include the weight of air 
displaced by both the liquid and the vapor (errors introduced by 
neglecting the correction for the vapor m ay be as great as 0 .1%). 
Based on the calculations by Baxter and H ale (1), the volume 
change of Ascarite on absorbing carbon dioxide is taken  a t  0.44 
ml. per gram  of carbon dioxide absorbed. On the basis of similar 
calculations, the volume change of D ehydrite on absorbing w ater 
is taken  a t  0.76 ml. per gram  of w ater absorbed. This value is 
based on the assum ption th a t  only magnesium perchlorate hexa- 
hydrate  is formed by th e  reaction of magnesium perchlorate and 
w ater. Although some trihydra te  is also formed, th e  above 
assum ption is probably sufficiently correct for the purpose of 
making vacuum  corrections. In  calculating the results reported 
in this paper, the atom ic weights of hydrogen and carbon were 
assumed to  be 1.0080 and 12.010, respectively.

E X P E R IM E N T A L

A considerable num ber of experimental determ inations and 
variations were made during the developm ent of th e  apparatus 
and the procedures. T hroughout this experimental work, th e  pre­
cision procedure was used, so th a t th e  results could be applied to 
both  procedures whenever possible. T he samples and  absorbers 
for the  precision m ethod were weighed by th e  m ethod of swings 
on a Troem ner balance w ith a sensitivity of 0.3 mg. per scale 
division. Weighings for the routine m ethod were m ade on a 
Becker, chain-o-matic, magnetic-damped balance w ith a  sensitivity 
of 0.3 mg. per scale division.

T i m e  R e q u i r e d  f o r  E q u i l i b r a t i o n  o f  A b s o r b e r s  b e f o r e  

W e i g h i n g . T he twro main factors which govern the tim e re­
quired for the wiped absorbers to  reach a  constant weight are:
(1) equilibration of the outside surface of the glas3 by dissipa­
tion of sta tic  charges placed on the glass during the wiping opera­
tion and by equilibration of the glass surface and the m oist air ;
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Table I. Precision of W eighing of Absorbers

E x p t .
N o. D a to

N o . 1 
D e h y d r ite

N o . 1 
A 8carite

N o . 2 
D e h y d r ite

N o . 2 
A sc a r ite

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

4 1 -5 1 .1 0 8 3 0 3 .3 8 4 6 8 4 .9 7 1 2 9 4 .5 6 8 0 2
5 1 -5 1.1082G 3 .3 8 4 6 9 4 .9 7 1 4 4 4 .5 6 7 9 9
6 1-5 1 .1 0 8 3 2 3 .3 8 4 6 7 4 .9 7 1 4 4 4 .5 6 8 0 6
7 1 -5 1 .1 0 8 3 3 3 .3 8 4 0 1 4 .9 7 1 3 6 4 .5 6 7 9 3

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

10 1 -8 1 .1 0 8 6 1 3 .3 8 4 6 5 4 .9 7 1 6 7 4 .5 6 7 9 0
11 1 -8 1 .1 0 8 8 9 3 .3 8 4 6 3 4 .9 7 1 7 8 4 .5 6 7 8 9

Table II. Time Required for Removal of Combustion Products during Purging
G a in  in  W e ig h t o f A b so rb e rs  a f te r  P u rg in g  w ith  A ir a t  a  R a to  of 20 M l. p e r  M in u te

10 to  30 30 to  60
D e tn . B enzo ic M in u te s M in u te s M in u te s M in u te s M in u te s

N o. A cid H î O C O î H îO C O î H jO C O î H jO C O î H î O C O î

G ram G ram G ram M 0 . M o . M o. M o . M o . M o . M o. M o.

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

(2) equilibration of the gas inside the absorber to  room tem pera­
ture and pressure. The effects of these two factors on the final 
weight of the absorber were determ ined independently.

The tim e required for the equilibration of the  outside of the 
absorber was studied by observing the ra te  of change of weight 
of an  em pty carbon dioxide absorber after it  had been wiped by. 
several different m ethods; the absorber was weighed by direct 
comparison w ith a  ta re  th a t consisted of a similar em pty carbon 
dioxide absorber th a t had been wiped several hours before it  was 
used. B oth the absorber and the tare  were weighed w ith the 
stoppers closed in order to  eliminate any effect of tem perature on 
the gas density inside the absorber. A small am ount of radium  
bromide was present in the balance case during th e  experiment 
as a  possible aid in dispelling sta tic  charges. The tests were 
made a t 23° to  27° C. and a t  a relative hum idity of approxi­
m ately 70%.

T he ra te  of equilibration of the air tem perature and resulting 
gas density inside th e  absorber was determined by heating or 
cooling an  em pty carbon dioxide absorber to  a tem perature 10 ° 
to  15° C. different from the room tem perature and  observing the 
rate  of change of weight by weighing as before. T he stopcocks 
on both th e  absorber and the tare  were left open during the ex­
periments. T he absorber was wiped a t  least one hour before 
beginning the test, so th a t the sta tic  charges would have been 
dissipated.

The details of the various experiments are given in the follow­
ing list and the results are plotted in Figure 9.

7. The absorber was heated  in th e  oven to  approxim ately 
35 °C .

These experiments indicate th a t w ith proper wiping and with 
the absorbers a t  room tem perature, th e  weight of the  absorbw 
will be w ithin 0.1 mg. of the final weight after standing 20 m inutes 
and the difference will be less than  0.05 mg. after standing 45 
minutes. In  localities where th e  relative hum idity is much 
lower, longer tim e of standing will probably be required for proper 
equilibration.

P r e c i s i o n  o p  W e i g h i n g  o f  A b s o r b e r s . B y repeated wiping 
and weighing of four typical absorbers, i t  was shown th a t  these

operations can generally be
__________________________  carried ou t w ith a  precision of

0.05 to 0.10 mg.; in a few cases 
deviations as great as 0.3 mg. 
are encountered. A sum ma­
tion of these trials is given in 
T able I.

P u r g i n g  t h e  C o m b u s t i o n  

T r a i n . T he tim e required for 
purging the combustion train  
was determined, using samples 
of benzoic acid, by changing

................................... and weighing th e  absorbers a t
appropriate intervals after the 
combustion had been judged 

complete as shown by absence of any residue in the sample heater 
section. The results, given in Table II , show th a t only negligible 
quantities of w ater and carbon dioxide rem ain after purging for 10 
minutes a t  a rate of 2d  ml. per m inute after the combustion is com­
plete. A longer purging tim e has been specified in both procedures 
in order to  provide a desirable safety factor and to  allow sufficient 
tim e for the oxygen in the combustion tra in  and th e  absorbers

60 to  180 U p to  300

Experim ents. 1. The absorber was first wiped w ith a  dam p 
cotton cloth and then  with an air-dry cotton cloth. Rubbing w ith 
the  d ry  cloth was kep t a t  a  minim um. A fter the absorber had  been 
wiped, th e  fingers were passed lightly over th e  surface of th e  
glass as a  possible aid in removing sta tic  charges.

2. T he conditions were th e  same as those in 1 except th a t  the 
absorber was rubbed for approxim ately 2 m inutes w ith the dry 
cloth.

3. T he conditions were th e  same as those in  2 except th a t  the 
absorber was no t touched w ith th e  fingers a fter wiping.

4. Experim ent 3 was repeated except th a t  an oven-dried cot­
ton  cloth was substitu ted  for th e  air-dry cloth. This cloth left a 
g rea t deal of lin t on the absorber.

5. The conditions were the sam e as those in  3 except th a t a 
d ry  wool flannel cloth was used in place of the dry  cotton cloth.

6. T he absorber was cooled to approxim ately 10° C. in a  
refrigerator.

T I M E  IN  M I N U T E S

Figure 9 . Time Required for Equilibration of 
A bsorber
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Table III. Effect of O x y g e n  Flow Rate and Copper O x id e  Catalyst Temperature upon 
Completeness of Combustion

M a te r ia l

N e u tra l  oil

p -P h e n y l
p heno l

A n th ra c e n e

C h ry se n e

D e tn .
N o. S am p le

O xygen  F low  
P r i-  S econd- 

m a ry  a ry

R a to

T o ta l

E xcess
F lo w

A v e r­
age

O xygen
R a te

M in i­
m u m

T im e
fo r

C o m ­
b u s ­
tio n

C a ta ­
ly s t

T e m p .
H y d ro ­

gen
C a r ­
bon

Gram
M l . /
m in .

M L /
m in .

M l . /
m in .

M l . /
m in .

M l . /
m in . H ours ° C . % %

1 0 .5 1 7 1 0 5 10 15 8 2 2 710 1 3 .6 5 8 8 6 .3 2 4
2 0 .5 5 5 9 1 5 10 15 6 2 3 750 13 .6 5 7 8 6 .3 0 0
3 0 .6 2 6 3 3 5 10 15 5 1 3 750 1 3 .6 5 4 8 6 .2 7 8
4 0 .6 0 7 6 0 10 35 • 45 25 8 1 .5 675 1 3 .4 6 3 8 5 .4 9 7
5 0 .5 7 1 1 3 10 35 45 27 20 1 .2 5 700 1 3 .5 7 6 8 5 .9 0 0
6 0 .5 5 9 4 1 10 35 45 25 18 1 .2 5 700 13 .4 6 9 8 5 .3 3 5
7 0 .6 0 8 8 9 10 35 45 25 7 1 .2 5 725 1 3 .6 3 8 8 6 .2 4 2
S 0 .5 2 8 3 0 10 35 45 25 17 1 .2 5 7 2 5 . 1 3 .6 3 4 8 6 .2 0 6
9 0 .5 8 5 9 6 5 40 45 23 15 1 750 13 .6 6 0 8 6 .2 7 9

10 0 .5 9 4 9 3 15 30 45 20 13 1 .2 5 750 1 3 .6 6 0 8 6 .2 9 9
11 0 .5 6 5 6 4 15 30 45 22 18 1 750 5 .9 4 6 8 4 .7 2 3
12 0 .5 5 3 9 5 5 10 15 5 2 2 750 5 .9 2 9 8 4 .7 3 2

13 0 .1 6 6 2 0 5 10 15 6 2
M in .
40 750 5 .7 0 5 9 4 .2 2 1

14 0 .1 7 0 1 6 15 30 45 20 19 15 750 5 .7 0 5 9 4 .2 2 4
15 0 .2 0 8 2 9 5 10 15 7 1 55 750 5 .4 6 8 9 4 .0 9 0
16 0 .2 6 2 7 5 15 30 45 20 13 25 750 5 .4 5 8 9 4 .0 7 4

Table IV . Reproducibility of Routine and Precision Procedures

D e tn .
P r

N e u tra l
ec ision  P ro ced u r e

N e u tra l
R o u tin e  P ro c e d u re

N o . oil H y d ro g e n C a rb o n oil H y d ro g en C a rb o n
G ram %  by wt. %  by wt. G ram %  by ict. %  by wt

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

10 0 .4 5 4 7 2 1 3 .6 4 7 8 6 .3 3 1 0 .2 0 8 9 1 3 .6 8 8 6 .3 6
11 0 .4 0 5 3 0 1 3 .6 5 6 8 6 .3 2 7 0 .2 1 0 0 1 3 .6 4 8 6 .3 5
12 0 .4 5 0 0 3 1 3 .6 4 6 8 6 .3 2 9 0 .2 0 8 3 1 3 .6 6 8 6 .3 1
13 0 .5 1 9 4 4 1 3 .6 5 6 8 6 .3 1 9

A v erag e 1 3 .652a 8 6 .3 1 6 ° 1 3 .6 7 * 8 6 .3 6 *
S ta n d a rd  d e v ia tio n =*=0.008a =*= 0 .0 0 9 ° =*=0.02* =*=0.05*

° D oes n o t  in c lu d e  N o . 4. * D oes n o t  in c lu d e  N o . 2.

T h e  fo llow ing  b la n k s  w ere ta k e n  b efo re  a n d  a f te r  th e  a b o v e  d e te rm in a tio n s ; a  c o r re c tio n  
w as n o t ap p lied  to  th e  re su lts .

T im e , H o u rs F ro n t  T u b e , M g . 

H tO  CO*

R e a r  T u b e , M g. 

HaO CO*

B efore
A fte r

3 .5
4 .5

0 .0 9
0.11

0.00
0 .0 7

0 .0 7
0 .3 5

0.02
0 .0 7

be further improved by the 
use of larger samples. The 
accuracy of the routine 
method has been determined 
by analysis of several Bureau of 
S tandard samples issued as 
standards for the microdeter­
mination of carbon and hydro­
gen and of several compounds 
of better than ordinary purity. 
T he results of these tests 
(Table V) indicate th a t the ac­
curacy is in the order of 0.05% 
for both elements. The naph­
thalene, toluene, nitrobenzene, 
and p-nitrophenol were puri­
fied by several sublimations, 
crystallizations, or fractional 
distillations, as the case may 
be, of ordinary c.p. or high 
purity  chemicals. The benzoic 

acid and ammonium thiocyanate were Mallin- 
ckrodt’s analytical quality. The Bureau of Stand­
ards sample of benzoic acid was also analyzed 
according- to  the precision procedure. The result , 
given in Table VI, show an accuracy of 0.011% for 
hydrogen and 0.015% for carbon.

T i m e  R e q u i r e d  f o r  A n a l y s i s . T able VII 
gives th e  average tim e required for the various 
operations necessary for two simultaneous deter­
minations by the routine procedure and the pre­
cision procedure. T he over-all working tim e can 
be slightly decreased from th e  value given by us­
ing the weighed absorbers from one analysis for 
alternate  subsequent determ inations. Approxi­
m ately 5 years of experience indicate th a t six to 
eight determ inations can be made in an  8-hour day 
by the routine procedure, provided the furnaces are 
a t  the operating tem perature a t the beginning of 
the day.

D IS C U S S IO N

to  be displaced completely by air. In  the routine procedure, 
the period of purging m ay be used advantageously for weighing a 
new set of absorbers and samples.

E f f e c t  o f  C a t a l y s t  T e m p e r a t u r e  a n d  O x y g e n  F l o w  R a t e  

u p o n  C o m p l e t e n e s s  o f  C o m b u s t i o n . Several different types 
of compounds were burned a t various copper oxide catalyst tem­
peratures and a t different oxygen flow rates; the results of these 
tests 'are  given in Table I I I . The samples used were commercially 
available m aterials of unknown purity . F or the purpose of these 
comparisons, i t  was assumed th a t  the combustion was complete 
when duplicate results were obtained a t  two widely different 
oxygen flow rates. T he results obtained indicate th a t the copper 
oxide catalyst m ust be m aintained above 750° C. unless low 
oxygen flow rates and, consequently, longer combustion times 
are used. However, tem peratures above 800 ° C. m ust be avoided, 
since Corning No. 172 Pyrex generally is no t satisfactory a t  such 
tem peratures, even when well supported.

P r e c i s i o n  a n d  A c c u r a c y . The precision of both procedures 
was determ ined by repeated analysis of a  sam ple of neutral oil; 
the  results are given in Table IV. The probable de.viation is 
=*=0.02% hydrogen and ± 0 .05%  carbon for the routine pro­
cedure, and is =*=0.008% hydrogen and =*=0.009% carbon for the 
precision procedure. I t  is believed th a t the precision of the 
method is determ ined to  a great extent by the accuracy of the 
weighings. The precision of the precision method could probably

_ _ _ _ _  The merits of the described apparatus and
procedures are principally due to  the adap ta­
tion of previously known practices and to  the 

emphasis placed on adequate control of the combustion 
operations rather than  to  the development of new ideas and 
techniques. T he principle of introducing oxygen a t  two points 
in the combustion tube was successfully used by D ennstedt (8), 
bu t this idea has no t usually been incorporated in the classical 
methods. In  the present apparatus, the double oxygen inlet is ' 
advantageously used in combination w ith th e  indicator strip 
and the sensitive flowmeters for in stan t indication of the enter­
ing and excess oxygen flow rates. This system  provides a con­
venient and safe means of controlling the combustion so th a t the 
combustion can be made a t  the maximum possible ra te  while still 
m aintaining the proper conditions to ensure complete oxidation. 
W ith the catalyst tem perature and flow rates employed, experi­
ence has shown th a t excess oxygen m ust be present a t  all times in 
the catalyst section in  order to  ensure complete combustion of 
m aterials th a t crack easily to  form methane, etc. There is also 
some indication th a t th e  use of the double oxygen inlet materially 
reduces the possibility of explosion when burning inflammable 
materials.

The rotam eter-type flowmeter is a  decided im provem ent over 
the conventional bubble-counter-type flowmeter. T he rotam eter 
flowmeter acts instantly , continuously indicates the prevailing 
ra te  of flow, and becomes more sensitive as the flow ra te  is de­
creased. The gas flow rates employed in the authors’ procedures 
are higher than rates a t which bubbles can be counted and thus
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■ Table V .  A ccu racy  of Routine Procedure
M a te r ia l C arbon®  H ydrogen®  

%  by weight

N a p h th a le n e 9 3 .7 5
9 3 .8 3
9 3 .6 4
9 3 .6 6

6 .4 0
6 .3 5
6 .3 0
6 .3 0

A verage 9 3 .7 2 6 .3 4

T h e o ry 9 3 .7 1 6 .2 9

T o lu en e 9 1 .0 5  
9 1 .1 2  
9 1 .1 5  
9 1 .1 8

8 .8 4
8 .8 5  
8 .8 2  
8 .8 4

A verage 9 1 .1 2 8 .8 4

T h e o ry 9 1 .2 5 8 .7 5

B enzo ic ac id  (M a ll in c k ro d t’s 
a n a ly tic a l re a g e n t q u a l ity )

6 8 .8 4  
6 8 .9 0  
6 8 .8 7
6 8 .8 4

5 .0 8
4 .9 9
4 .9 8
4 .9 8

A v erage 6 8 .8 6 5 .0 1

T h e o ry 6 8 .8 4 4 .9 5

N itro b e n z e n e 5 8 .5 8
5 8 .5 3
5 8 .5 3  .

4 .0 8
4 .0 8  
4 .0 7

A v erag e 5 8 .5 5 4 .0 8

T h e o ry 5 8 .5 3 4 .0 9

p -N itro p h e n o l 5 1 .8 9
5 1 .8 8
5 1 .7 8

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

A verage 5 1 .8 5 3 .6 1

T h e o ry 5 1 .8 0 3 .6 2

A m m o n iu m  th io c y a n a te 1 5 .9 5
1 5 .9 9

5 .3 2
5 .3 7

A v erag e 1 5 .9 7 5 .3 4

T h e o ry 1 5 .7 8 5 .3 0

A ce tan ilid e  (N B S  s ta n d a rd  
sa m p le  141)

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

6 .8 0
6 .7 2
6 .7 7

A v erag e 7 1 .1 0 6 .7 6

T h e o ry 7 1 .0 9 6 .7 1

C y s tin e  (N B S  s ta n d a rd  sam p le  
143)

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

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

A v erage 2 9 .9 3 5 .0 9
T h e o ry 2 9 .9 9 5 .0 4

B enzo ic  a c id  (N B S  sa m p le  39f) 6 8 .7 9
6 8 .7 8
6 8 .7 6

5 .0 1
5 .0 2  
5 .0 0

A v erage 6 8 .7 8 5 .0 1

T h e o ry 6 8 .8 4 4 .9 5

Table V I.  A ccu ra cy  of Precision Procedure
M a te r ia l  C arbon®

® C o rre c te d  to  a  v a c u u m  b asis .

give a  reliable indication of the flow rate. Furtherm ore, when 
bubble counters are used, there is always a possibility of contami­
nating the  gases or connecting lines w ith the liquid used in the. 
counter.

The use of resistance wire wound directly on the  combustion 
tube to heat the sample section was used successfully by Baxter 
and H ale (1). T he low heat capacity of this type of sample 
heater makes possible a rapid change in heating rate  by the simple 
process of adjusting a  rheostat or a  variable transform er. I t  pro­
vides complete visibility of the sample during combustion, ade­
quate  control a t all times, and quick cooling after the combustion 
is complete. An a ttem p t was made to  control the combustion of 
the sample by the use of a  fully heated furnace section which was 
slowly moved forward over th e  sample by means of a  crank and 
screw -arrangement similar to th a t used for microcombustions 
(5, 8) except th a t it  was operated manually. This arrangem ent 
was moderately successful, bu t it required considerably more 
a tten tion  from the operator than  the resistance wire wound di­
rectly on the glass tube. W hen the described heater is used, the 
combustion proceeds w ith very  little  a tten tion  once the proper 
rate has been established.

H ydrogen®  
%  by wciyht

B enzoic ac id  (N B S  s ta n d a rd  
sa m p le  39f)

® C o rre c te d  to  a  v a c u u m  b asis .

A v erage
T h e o ry

G 8.830
G 8.830
G 8.828
6 8 .8 2 9
6 8 .8 4 3

4.9G 3 
4.966 
4 .9 6 2  
4 .9 6 4  
4 .9 5 3

Table V II.  Time Required for Two Simultaneous A n a lyse s by  
Routine and Precision Procedures

T im e  in  M in u te s

O p e ra tio n

W eigh  a b s o rb e rs  (4)
W eigh  sam p les  (2)
C o n n e c t a b so rb e rs , in s e r t  s am p le s  
M a k e  c o m b u s tio n  
P u rg e  w ith  a ir
P re p a re  a b s o rb e rs  fo r  w eighing  
E q u i l ib ra te  a b so rb e rs  
W eigh a b s o rb e rs  (4)
C a lc u la te  re s u lts
T o ta l e lap sed  tim e  fo r 2 an a ly se s  
T o ta l  w o rk in g  tim e  fo r  2 an a ly se s

R o u tin e P rec isio n
p ro c e d u re p ro c e d u re

8 45
8 35
7 7

55 155
15 30

7 7
20 45
8 45
3 10

131 379
96 304

The ground joint w ith scaled-in capillary used on the end of the 
combustion tube is similar to  th a t employed by B axter and H ale 
(I). This design, together w ith the D uralum inum  heat transfer 
block, has elim inated any trouble arising from the condensation 
of w ater in the exit end of the combustion tube.

D uring 5 years, approxim ately 6500 carbon and hydrogen de­
term inations have been made w ith the aid of one dual unit. D ur­
ing this time, the apparatus and procedure have given satisfac­
tory results in the routine analysis of the following m aterials:

(1) Hydrocarbons, such as paraffins, arom atics, naphthenes, 
aviation gasoline and o ther low-boiling m aterials.

(2) Oxygen-containing m aterials, such as alcohols, phenols, 
glycols, ethers, esters, ketones, aldehydes, and acids.

(3) Sulfur-containing m aterials, such as m ercaptans, sulfides, 
disulfides, and thiophenes.

(4) N itrogen-containing m aterials, such as amines, amides, 
cyanides, cyanates, hydrazines, pyridmes, and nitro compounds.

(5) Halogen-containing m aterials, such as alkyl mono- and di­
chlorides, and alkyl bromides.

(6) Various mixtures of the above-mentioned elements.
(7) Esters of iron, aluminum, and copper.
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M icrodctcrmination of Halogens and Sulfur

Using the G rote Combustion A pparatus
O . E. S U N D B E R G  a n d  G . L .  R O Y E R  

M icroanalytical Laboratory, Calco Chemical D ivision, Am erican Cyanamid Com pany, Bound Brook, N . J.

Autom atic combustion methods for the determination of sulfur, 
chlorine, bromine, and iodine are described. By the use of a 
modified Grote combustion tube in combination with volumetric 
procedures, satisfactory micromethods have been developed. The 
indicators used are dipotassium rhodizonate for sulfur, dichloro- 
fluorescein for chlorine and bromine, and starch solution for iodine. 
The largest standard deviation for these methods was found to be 
=¡=0.14% for sulfur, =¡=0.10% for chlorine, =¡=0.17% for bromine, 
and =¡=0.15% for iodine in the group of compounds analyzed. 
M ethods are also described for the acid-base titration of sulfur (in 
the absence of acid-forming elements other than carbon) and for the 
determination of traces of chlorine em ploying a turbidimetric 
estimation of the chloride ion.

C OM BUSTION methods for the determ ination of halogens 
and sulfur were among th e  first microchemical procedures 

suggested by Prcgl. O ther m ethods for the decomposition of the 
sample, such as the micro-Carius and the P a rr microbomb, have 
been described by Nicderl and Nicderl (9). Huffman (7) has 
described a combustion method for sulfur in which th e  sulfur ox­
ides are adsorbed on metallic silver. H alle tt and K uipers (6) 
have described a  combustion and titra tion  procedure for sulfur 
sim ilar to  th a t  used in th is laboratory and have summarized the 
literature on the sulfur determ ination. Another modified com­
bustion method originally developed on the macro scale for halo­
gens and sulfur by G rote and K rekeler (4) and la ter on a micro 
scale for sulfur by Schoberl (13) has been described and used in 
Germany. (Reference is m ade in this paper only to  Grote, in 
order to conform w ith the original Jena literatu re  describing the 
apparatus.) W urzschm itt and Zimmerman (15) modified the 
original Grote combustion tube and used it in th e  m acrodeterm ina- 
tion of halogens, sulfur, mercury, and selenium in organic com­
pounds; sulfur in volatile inorganic m aterials such as iron pyrites; 
and carbon by  th e  absorption of the  carbon dioxide in alkali fol­
lowed by a modified W inkler titra tion  technique.

Previous to the war, a  G rote m icroapparatus was obtained

from Germ any and was used in this laboratory for a  num ber of 
years. D uring the past few years, Grote combustion tubes made 
from fused quartz and also from Vycor silica glass No. 700 have 
been used. The apparatus is now available from domestic 
sources (A rthur H. Thom as, Philadelphia, Pa.; Corning Glass 
Works, Corning, New York; Therm al Syndicate, L td ., New York, 
N. Y .).

C O M B U S T IO N  F U R N A C E

Electrical units have been found to  be the m ost satisfactory 
means for heating the combustion tube. Figure 1 shows an  auto­
m atic apparatus as set up in th is laboratory. I t  is similar in con­
struction to  th a t previously described (11) for the  determ ination 
of nitrogen by combustion, b u t other designs, such as those of 
H alle tt (5), C larke and Stillson (2), and another design described 
by the authors (12) would also be suitable.

Three furnaces are used, as can be seen in F igure 1. One is a 
short movable furnace (8.5 cm. long) heated to  750° C., which is 
used for the combustion of the sample. The speed and tem pera­
tu re  of the movable furnace m ay be varied to su it the ra te  of com­
bustion of the m aterial being burned. T his is followed by a  long 
sta tionary  furnace (18.5 cm.long) also a t  750° C., which heats the 
portion of the combustion tube containing the sintered frits. The 
function of th e  th ird  short furnace (8.5 cm. long), which is 
heated to  350 0 C., is to p revent condensation of vapor in the exit 
end of the  combustion tube  and in  th e  ground-glass jo in t which 
connects th e  two pieces of apparatus. D etails on construction 
have been am ply described in the references given.

C O M B U S T IO N  T R A IN  A N D  A U X I L I A R Y  E Q U IP M E N T

T he combustion tra in  consists of a G rote combustion tube and 
a Grote absorber through which oxygen is draw n by m eans of a 
slight vacuum . An aspirator pum p or house vacuum  is satisfac­
tory . Before entering th e  combustion tube, the oxygen passes 
through a  pressure regulator filled w ith concentrated sulfuric 
acid, a  safety trap , and a  U -tube containing Ascarite to  remove 
any sulfuric acid mist. Figure 2 shows the Grote combustion tube 
w ith specifications, and Figure 3 the Grote absorber. Figure 1 
shows them  assembled in  th e  authors’ setup.

The combustion tube m ay be made of fused 
quartz  containing sintered-quartz frits or of 
Vycor silica glass No. 790, in which case the 
frits are of the corresponding m aterial. Glass is 
no t satisfactory because of the high tem pera­
tures required in  th e  sintered-frit portions of the 
combustion tube. A satisfactory porosity of the 
fr it in the absorber is such th a t 0.5 ml. of w ater 
per m inute null flow through the fr it a t  atm os­
pheric pressure. Sim ilar measurem ents of th e  
two frits in  the combustion tube gave a  flow 
ra te  of 1.33 ml. of w ater per minute. I t  is felt 
th a t  the porosity of the  frits in  th e  combustion 
tube should no t be greater th an  th a t  indicated 
above.

R E A G E N T S

Combustion is carried ou t in an atmosphere 
of oxygen. The oxygen need no t necessarily be 
free of water, b u t m ust no t contain halogen or 
sulfur. The following reagents are required:

F o r  D e t e r m i n a t i o n  o p  S u l f u r . Barium  
chloride, 0.01 N  (standardized gravimetrically 
by barium  sulfate method).

Bromine, saturated  w ater solution.
Sodium hydroxide, 0.1 N .
Hydrochloric acid, 0.05 N .
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Phenolphthalein indicator solution.
Alcohol, 95%  (3A grade).
Sulfuric acid, 0.01 N  (standardized by acid-base titra tion  

against sodium hydroxide which has been standardized against 
Bureau of Standards potassium acid phthalate).

D ipotassium rhodizonate indicator, made by dry  grinding 0.5 
gram of dipotassium rhodizonate w ith 49.5 grams of cane sugar.

F o r  D e t e r m i n a t i o n  o p  C h l o r i n e  .a n d  B r o m i n e . Hydrogen 
peroxide (reagent grade), 3%, made by d ilu ting  30% Superoxol.

Silver nitrate, 0.01 N.
Sodium acetate, sa tu rated  w ater solution.
Acetone, c . p .
Dichlorofluorescein indicator prepared by dissolving 0.01 gram 

of dichlorofluorescein in 100 ml. of 60% alcohol to  which are added 
2.5 ml. of 0.01 N  sodium hydroxide.

H ydrazine sulfate, satu rated  w ater solution (bromine deter­
m ination only).

F o r  D e t e r m i n a t i o n  o p  I o d i n e . Sodium hydroxide, 5%.
Sodium acetate, 20%.
Solution of sodium acetate in glacial acet ic acid, 10%.
Bromine, free from iodine.
Formic acid, 90%.
Potassium iodide.
Sodium thiosulfate, 0.01 N .
Sulfuric acid, 1 to  2.
Starch indicator solution.
Potassium  biiodate for standardization of the sodium thiosul­

fate solution.

P R O C E D U R E  F O R  C O M B U S T IO N

The absorbing solution used in the G rote absorber depends on 
the nature of the analysis. Sodium hydroxide solutions, 0.1 N  and 
5% , are used in  the determ ination of sulfur and iodine, respec­
tively, while 3%  hydrogen peroxide is used in the determ ination 
of chlorine and bromine. D ilute hydrogen peroxide cannot be 
used as the absorbing medium for sulfur determ inations where 
dipotassium rhodizonate is used. A pparently even traces of hy­
drogen peroxide remaining in solution after a ttem p ts  to  destroy 
'it by boiling in acid solution tend to destroy the color of this indi­
cator. This has also been noted by H alle tt and K uipcrs (<?).
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Figure 2. Grote Combustion Tube

Five m illiliters of the appropriate solution are introduced into 
the top of th e  absorber. By means of a rubber pressure bulb (5 X 
7 cm.), approximately one half of the solution is forced through 
the frit into the U -portion of the absorber while th e  other half re­
mains above th e  frit. T he absorber, previously heated over a 
flame to remove m oisture from the joint, is connected to  the 
ground jo in t of the combustion tube in  the 350° C. furnace. Since 
th e  therm al coefficients of expansion of the combustion tube and 
the absorber arc different, the jo in t m ust be disconnected while the 
apparatus is still hot. T he exit end of the absorber is connected 
to the vacuum  line, the vapor trap  being inserted between the 
absorber and the source of vacuum . I t  has been found th a t the 
ra te  of oxygen flow through the tube can vary  between wide lim­
its. In  general, a  fairly rapid  stream  of oxygen, about 60 ml. per 
m inute, should be maintained. T his ra te  of flow corresponds to 
about 70 bubbles of oxygen per m inute passing through the U- 
portion of the G rote absorber which serves as flowmeter or bubble 
counter.

The platinum  boat containing the weighed sample which may 
vary  from 4 to 20 mg. depending upon the  per cent halogen or 
sulfur in the compound, is inserted into the combustion tube a t  a 
distance of about 3 cm. from the stationary  furnace. The com­
bustion tube is then  closed w ith a  rubber stopper, the movable 
furnace brought to w ithin about 5 cm. of the stationary  furnace, 
and the autom atic tim e switch set for a 20-ininute period of com­
bustion. In the authors’ apparatus, this switch s ta rts  the motion

of the movable furnace and also tu rns on the current to heat the 
furnace to the required tem perature of about 750 ° C. D uring th is 
20 m inutes the furnace will have moved over the sample and the 
combustion will be complete.

Some difficulty has been experienced w ith back-firing. The orig­
inal G rote combustion tube has a one-hole disk fused inside the 
tube about 5 cm. in front of the first sintered frit. As originally 
designed, th e  function of th is disk was to  prevent back-firing dur­
ing the combustion. On the basis of a  large num ber of determ i­
nations, it was felt th a t this disk was not desirable. I t  was thought 
th a t the tendency of low-melting compounds to  back-fire was ap­
parently  due to  the abnorm al concentration of vapors and liquid 
distillate collecting in front of th is disk, thus causing the formation 
of explosive mixtures. A modified G rote combustion tube was 
constructed w ithout this disk. In  the use of this tube, a  roll of 
platinum  gauze about 6 cm. long is inserted in front of the first 
frit so th a t  about 2 cm. extends ou t of the sta tionary  furnace. 
Using this procedure, the back-firing has been greatly  reduced.

Table I. Determination of Efficiency of Grote A bsorber

S u lfu r  T a k e n , M r .

5 .0 3 2
4 .1 3 8

0.01  N  N a O H  
R e q u ire d , M l.

3 1 .4 5
2 5 .8 8

S u lfu r  F o u n d , %

100.2
1 0 0 .3

D E T E R M IN A T IO N  O F  S U L F U R

C o m p o u n d s  C o n t a i n i n g  O n l y  C a r b o n , H y d r o g e n , O x y g e n , 

a n d  S u l f u r . I t  is obvious th a t  if the compound contains only 
carbon, hydrogen, oxygen, and sulfur, the sulfur determ ination 
can be carried out as an acid-base titra tion . In  th is case, the 
oxidation products are absorbed in neutralized 3%  hydrogen per­
oxide solution, and after any carbon dioxide has been expelled by 
boiling, the sulfuric acid is titra ted  w ith 0.01 N  sodium hydroxide 
in the presence of m ethyl red indicator.

The efficiency of the Grote absorber was checked by combus­
tion of c.p. sulfur (Table I).

C o m p o u n d s  C o n t a i n i n g  C a r b o n , H y d r o g e n , O x y g e n , 

S u l f u r , N i t r o g e n , A l k a l i  M e t a l s , a n d  H a l o g e n s . Sulfur 
in th e  presence of halogens and nitrogen cannot be determ ined by 
acid-base titra tion , bu t it  can be determ ined volumetrically, us­
ing standard  barium  chloride.

The oxidation products which have been absorbed in the 0.1 -V 
sodium hydroxide are washed from th e  G rote absorber in the fol­
lowing manner: The vapor trap  is removed and attached  to  the 
small rubber pressure bulb, the jo in t and inside of the vapor trap  
are rinsed once w ith distilled water, and the washings forced in to  
a  125-ml. stoppered Erlcnm eyer flask. The vertical jo in t and the 
upper half of the absorber are rinsed twice w ith 5-ml. portions of 
w ater and the washings and absorption products forced , through 
the frit into the flask by opening th e  stopcock. Then the lower 
half of the absorber is rinsed by introducing distilled water 
through the horizontal joint, shaking, and inverting th e  absorber, 
so th a t the wash water reaches all p arts  of the lower half of the 
absorber. T he washings are drained into th e  flask as before. 
T his washing is repeated two times, using about 5 ml. of w ater 
each time. If  the per cent of sulfur is known to be low, less than  
approxim ately 7% , a  be tter titra tio n  is obtained if 5 ml. of stand­
ardized 0.01 N  sulfuric acid arc added a t  th is  point and later sub­
tracted  from the to ta l titra tion .

Five m illiliters of sa turated  bromine w ater are added to oxidize 
any sulfite to  sulfate. Then 5 ml. of 0.1 N  hydrochloric acid are 
added and the solution is boiled on the acid side to expel any ex­
cess bromine and to concentrate the volum e to  approximately 20 
ml. I t  is then  cooled in  ice water, and 2 drops of phenolphthalein 
solution are added and enough 0.1 N  sodium hydroxide to make 
the solution alkaline. T he acidity is adjusted w ith 0.05 N  hydro­
chloric acid un til the  p ink  color ju s t disappears. One dipper (ap­
proximately 0.15 gram) of the dipotassium  rhodizonate indicator 
is then added; followed by 25 ml. of 95%  alcohol and-enough w ater



November, 1946 A N A L Y T I C A L  E D I T I O N 721

=» 10

to make the volum e to 
50 ml. (=*=5 ml.). The 
amber-colored solution is 
then  slowly titra ted  w ith 
0.01 N  barium  chloride. 
A t the first appearance of 
a reddish color, the ti tra ­
tion should be stopped 
and th e  flask vigorously 
shaken. W ith continued 
t i t r a t i o n ,  th e  reddish 
brown color deepens and, 
on addition of 1 to  2 drops 
of 0.01 N  barium  chloride, 
changes to  a deep cherry 
red. A prem ature end 
point will disappear on 
shaking in 15 to  30 sec­
onds, while the real end 
point is stable and will 
p e r s i s t  e v e n  a f t e r  10 
m inutes of shaking.

The detection of this 
end point has been open 
to  much discussion. The 
use of light filters first sug­
gested by H alle tt (G) has 
been adopted in this labo­
ratory  in a modified form.

T his ligh t filter, which is a W ratten  filter No. 21 (E astm an K o­
dak Co., Rochester, N. Y .), is m ounted on an opal glass window, 
10 X 12.5 cm. ( 4 X 5  inches) of a  small box, 18.75 X 15 X 12.5 
cm. (7.5 X 6 X 5 inches), containing a 40-w att blue frosted bulb 
for illum ination. T he opal glass area is divided into three parts. 
T he upiper th ird  is left uncovered and the lower two th irds are 
covered, respectively, w ith one and two thicknesses of the filter 
m aterial. T hus the flask in  which the titra tio n  is being carried 
o u t can be illum inated by th e  clear portion and its  color, viewed 
a t  eye level by transm itted  light, compared w ith  the color of one 
and two layers of the filter. T he am ber color of the solution be­
ing titra ted  corresponds roughly to  a single layer of the filter and 
persists to  w ith in  1 to 2 ml. of th e  theoretical end point. D uring 
the rem aining 1 to  2 ml. th e  color of the solution gradually be­
comes redder and approximates th a t of two layers of the filter. 
The only function of the  filters is to  indicate the progress of the 
titration , for as long as the color of the solution corresponds 
roughly to  two layers of No. 21 W ratten  filter, th e  titra tion  
should be continued. T he end po in t is a  deep cherry red which 
can be detected w ithout relying on any predeterm ined exact 
color m atch.

In low concentrations of sulfate ion the solubility relation 
seems to  favor the form ation of the barium  sa lt of rhodizonic acid, 
as is apparen t from the reddish color of the solution. In  concen­
trations of sulfate less than  5 ml. of 0.01 N  sulfuric acid, more time 
and shaking are required to  establish equilibrium conditions than  
in the case of higher concentrations. If the barium  chloride solu­
tion is run  in fairly rapidly w ith gentle shaking, a red color indi­
cates th a t an  end point is obtained below the stoichiometrical 
am ount required. If allowed to stand  for a  few minutes, the red 
color disappears and the original am ber color of the solution re­
appears. The disappearance of the prem ature end point and the 
establishm ent of the equilibrium can be hastened by vigorous 
shaking. Since the red color produced is due to  the formation of 
the highly colored barium  salt of rhodizonic acid, its prem ature 
appearance in the presence of excess sulfate ions indicates th a t 
the rhodizonic ion is extremely sensitive to  barium  ions, or th a t 
barium  rhodizonatc forms more rapidly than  barium  sulfate.

When the end point has been reached, the am ount of 0.01 N  
barium  chloride used is noted. From  this a titra tion  correction 
value is subtracted. In  this laboratory it has been found to  be 
0.35 ml. by the method described. This correction value is ap­
parently  due to  th e  masking of the red color of the barium  rhodi- 
zonate by th e  yellow' color of the dipotassium  salt. I t  is deter­
mined by titra ting  a known quan tity  of 0.01 N  sulfuric acid with 
0.01 N  barium  chloride and noting the value to  be subtracted to

give the correct titra tion . A considerable am ount of gravim etric 
work has shown th a t sufuric acid standardized as 0.01 N  as an 
acid will serve w'ithin the experimental error of th is m ethod as 
0.01 N  in regard to  the sulfate ion.

In  the case of alkali sulfonates or in the combustion of com­
pounds which m ay leave an ash th a t  would hold back sulfate, the 
platinum  boat containing the weighed sample is placed in a p la ti­
num sleeve to  prevent any loss of ash by spattering. If desired, 
the nonvolatile sulfur (as alkali sulfate) m ay  be titra ted  sepa­
rately, after dissolving in  water, or the alkali sulfate solution m ay 
be combined w ith the volatile sulfur and th e  two titra te d  together. 
T he m ethod is applicable to  organic sulfur compounds, organic 
alkali sulfonates, salts of heavy m etals of sulfonic acids (except 
those forming insoluble sulfates in  which case some of the sulfur 
is retained in the ash), and m ixtures of organic sulfur compounds 
w ith alkali sulfates.

The per cent sulfur is calculated from the following formula:

% S
ml. of 0.01 N  B a d ?  X 0.1003 

sample (mg.) X 100

Since it has been found desirable for best results to have as 
constant a  titra tio n  volume as possible, the sample size is usually 
chosen to  give a titra tion  of about 10 ml. Table I I  relates the 
per cent sulfur w ith the sample size to give this titra tion  w ith 
0.01 iV-barium chloride.

The precision and accuracy of the m ethod can be shown from 
the results of a  series of analyses on six purified sulfur compounds, 
the pu rity  of which was established by complete elem entary anal­
ysis and by  a sulfur determ ination by the gravim etric P arr bomb 
macroprocedurc. A variety  of sulfur compounds was included 
in this work in order to  determine v iic ther the method was in­
dependent of the chemical structure. No difficulty w'as ob­
served in the case of the compounds investigated. The results 
are listed in Table I I I .

In  the special case of ionizable w’ater-soluble organic sulfates, 
preliminary' work has indicated th a t th e  sulfate ion m ay be ti­
tra ted  directly w ith barium  chloride under the conditions de­
scribed above.

D E T E R M IN A T IO N  O F  C H L O R IN E  A N D  B R O M IN E

The titra tion  of chloride and bromide w ith silver n itra te  in the 
presence of adsorption indicators has been described by Fajans 
and Wolff (3), Kolthoff el al. (§), and Bullock and K irk (/).

Table II. Relation of Sample Size  and Sulfur Content

S, %
0 -7 “
10
15
20
25
30

W e ig h t of 
S am p le , M g.

1 5 .0
12.0

9 .0
7 .0
6.0 
5 .0

“ F o r  th e  ra n g e  of 0  to  7 %  su lfu r , 5 m l. of 0 .01  iV s u lfu r ic  a c id  a re  a d d e d  
a n d  la te r  s u b tr a c te d  fro m  th e  to t a l  m illi lite rs  of b a r iu m  ch lo r id e  u sed .

Table III. Precision and A ccu racy  of the Volum etric M icrom elhod  
for Determination of Sulfur

P e r  C e n t  S u lfu r

E m p ir ic a l
F o rm u la

N o . of 
A n a ly se s T h e o ry

P a r r
b o m b

M ic ro
v o lu ­

m e tr ic
S ta n d a rd
D e v ia tio n

C sH tN sS 18 2 2 . 8 6 2 2 .9 0 2 2 .9 7 ± 0 .1 4
C 10H 17O7N 3S 7 9 .9 0 9 .8 6 1 0 .0 8 ± 0 .1 4
C bH u O î N i S ' 7 1 3 .1 2 13.21 1 3 .1 6 ± 0 . 1 0
C w H w O sN tS 7 7 .9 7 7 .8 7 8 .0 7 ± 0 .0 6
C iiH itO sN tS 7 1 3 .3 3 1 3 .5 4 1 3 .4 1 ± 0 . 1 0
C Î0H 13O 4N 2S K 9 7 .6 9 7 .6 1 7 .6 4 ± 0 .0 7
CijHioOsS 2 1 4 .6 8 1 4 .8 6 1 4 .7 7
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Table IV . Precision and A ccu racy  of Volum etric Micromethod for 
Determination of Chlorine

%  C h lo rin e

C o m p o u n d

2 ,4 -D im tro c h lo ro b e n z e n e  
1,8 -D ich lo ro an th ra< iu in o n e
C u H n N O C l

Table V .  Comparison of the Parr Bomb Macromethod and the 
Volum etric Micromethod for Determination of Chlorine

• %  C h lo r in e

Table V I.  Precision and A ccu racy  of Volum etric Micromethod for 
Determination of Bromine

%  B ro m in e

N o . of 
A n aly ses T h e o ry

M ic ro
v o lu ­

m e tr ic
S ta n d a rd
D e v ia tio n C o m p o u n d

N o . of 
A n a ly se s T h e o ry

M ic ro
v o lu ­

m e tr ic
S ta n d a rd
D e v ia tio n

G 1 7 .5 3 1 7 .0 4 =*=0.09 B e n z a la c e to p h c n o n c  d ib ro m id e 6 4 3 .4 5 4 3 .5 7 =*=0.10
6 2 5 . G3 2 5 .6 1 =*=0.07 C sH n N O aS B ri 6 4 9 .2 0 4 9 .2 8 =*=0.10
G 1 6 .5 9 1 6 .6 9 =*=0.10 CiiH sO jN sB r* 6 5 5 .3 4 5 5 .4 8 =*=0.17

M ic ro A b so lu te
N o . of P a r r v o lu ­ %

C o m p o u n d A n aly ses B o m b m e tr ic D iffe ren ce

T r ia n th r im id e  A 2 1 .3 0 1 .0 8 0 .2 8
T r ia n th r im id e  B 2 0 .9 9 1 .0 7 0 .0 8
T r ia n th r im id e  C 2 1 .0 5 0 .9 9 0 .0 6
T r ia n th r im id e  I") 2 1 .1 7 1 .1 8 0 .0 1
In d o n a p h th o l  b lu e  A 2 2 .2 6 2 .3 8 0 .1 2
In d o n a p h th o l  b lu e  B 2 3.G 2 3 .6 6 0 .0 4
In d o n a p h th o l  b lu e  C 2 8 .7 1 8 .8 9 0 .1 8
In d o n a p h th o l  b lu e  D 2 9 .8 8 1 0 .0 4 0 .1 6

T he absorbing solution (3%  hydrogen peroxide, reagent grade) 
is transferred quan tita tive ly  from th e  G rote absorber into a  125- 
ml. Erlenm eyer flask and concentrated to  approxim ately 10 to  20 
ml. Three drops of sa tu rated  sodium acetate and 20 drops of the 
dichlorofluorescein indicator are then added, followed by 10 ml. of 
acetone. Since dichlorofluorescein tends to  become colorless in 
acid solution, i t  m ay be necessary to  add more th an  3 drops of 
sa tu rated  sodium acetate solution in the analysis of compounds 
containing several different acid-forming elements. In  the case 
of th e  bromine determ ination, i t  is advisable to  add 2 drops of sa t­
urated  hydrazine sulfate solution to  ensure the reduction of any 
brom ate which m ay have formed during the  combustion. The 
halogen is then  titra ted  w ith 0.01 N  silver n itrate. For bbth  the 
chlorine and the  bromine determ inations, th e  indicator used is 
dichlorofluorescein which gives a  rosy pink end point. No correc­
tion value is required for this titration .

In the special case of ionizable water-soluble organic chlorides 
or bromides (except reducing substances), the  halide can be ti­
tra ted  directly w ith silver n itra te  after addition of the buffer, 
dichlorofluorescein indicator, and acetone as described above.

Water-soluble organic iodides m ay also be titra ted  directly 
w ith silver n itra te , bu t this procedure is no t too satisfactory be­
cause of the unfavorable factor inherent in the high atom ic weight 
of iodine.

The per cent halogen is calculated as follows:

% halogen ml. of 0.01 N  AgNOa X m illicquivalent X 100 
sample (mg.)

in  which th e  m illiequivalents have the values 0.355 and 0.799 for 
chlorine and bromine, respectively.

For low concentrations of chlorine and bromine, it  is advis­
able to  add a known volume-—i.e., 5 'm l.—of a 0.01 N  halide solu­
tion before starting  the titra tion . This is necessary in order to 
obtain a  sharp  end point, since th e  mechanism of the indicator 
requires a  definite minimum quan tity  of the colloidal precipitate 
on which the color reaction takes place.

The precision and accuracy of this m ethod have been checked 
by  the analysis of pure compounds and also b y  comparison w ith 
results by the gravimetric P arr bomb macroprocedure on impure 
compounds in which chlorine was present as either a m ajor con­
stituen t or an im purity. Tables IV  and V show typical results 
for chlorine.

In  a similar m anner the precision and accuracy of the method 
w ith regard to  the determ ination of brom ine were checked by  the 
analysis of pure bromine compounds. T he results are listed in 
Table VI.

D E T E R M IN A T IO N  O F  IO D IN E

The iodine is determ ined by an iodometric m ethod sim ilar to 
th a t described by Nicdcrl and Niederl (5).

The absorbing solution (5%  sodium hydroxide) is transferred 
quantita tively  from the Grote absorber into a 125-ml. glass-stop­
pered Erlenm eyer flask containing 5 ml. of 20%  aqueous sodium 
acetate solution. A solution of 5 ml. of 10% sodium acetate in 
glacial acetic acid and 4 to  6 drops of bromine are then  added. 
T he excess bromine is destroyed by th e  addition of 20 drops of 
formic acid. Solid potassium iodide, 1 to  1.5 grams, and 3 ml. of 
1 to 2 sulfuric acid are finally added. After standing for 5 m in­
utes in the stoppered flask, the liberated iodine is titra ted  with 
0.01 N  th iosulfate solution to  a pale yellow color, a fter which 
starch  solution is added and the titra tio n  completed.

D uring the combustion, some iodine vapor m ay crystallize out 
on the cool portion of the G rote absorber. In  such cases, an aux­
iliary heating device should be used, such as a  suitably con­
structed  copper shield, or some other m ethod of heat transference.

The precision and accuracy of the method were checked by the 
analysis of purified iodine compounds (Table V II).

Table V II. Precision and A ccu racy  of Volum etric •Micromethod 
for Determination of Iodine

%  Io d in e
M ic ro

N o . of v o lu ­ S ta n d a rd
C o m p o u n d A n aly ses T h e o ry m e tr ic D e v ia tio n

4 -Io d o -2 -n itro a n is o le 8 4 5 .5 0 4 5 .4 2 =*=0.13
4 -Io d o -2 -n itro a n ilin e 8 4 8 .0 9 4 7 .8 7 =*=0.11
l-(2 -C h lo ro -4 -io d o b en ze n en zo -2 - 6 3 1 .0 7 3 0 .9 0 =*=0.15

n a p h th o l)

T R A C E S  O F  C H L Q R IN E

Small quantities of chlorine have been determ ined by  a  com­
bination of combustion in the G rote apparatus and the  estim ation 
of the chloride ion by turbidim etry.

T he combustion tube is cleaned w ith ho t d ilu te n itric  acid to 
remove traces of inorganic chlorides which m ay have rem ained in 
th e  tube from previous combustions and which tend to  volatilize 
slowly a t  high tem peratures. I t  is also advisable to  tre a t a new 
tube in a sim ilar manner. T he tube  is then  tested by a trial run 
to  ensure the absence of any blank. T he sam ple sizes have varied 
from 20 to  130 mg., depending upon the am ount of chlorine pres­
ent. T hree per cent hydrogen peroxide (reagent grade) is used for 
absorbing the oxidation products. T he absorbing solution is trans­
ferred to a  tes t tube for turbidim etric comparison w ith standards 
prepared from known quantities of 0.01 N  hydrochloric acid. 
Three drops of dilute n itric  acid, one drop of 20%  silver n itra te  
solution, and w ater to  make th e  volum e up to  20 ml. are added. 
The tu rb id ity  of the sample is compared w ith standards against a 
dull black background, preferably under fluorescent lighting. 
The per cent chlorine is calculated as follows:

% C 1 =
0.355 X ml. of 0.01 N  H Cl X 100 

sample (mg.)

T he standard  deviation was found to  be =*=0.01% chlorine 
when th e  am ount of chlorine was in the range of 0.1 to  0.2 %  and 
samples of 20 to 130 mg. were used for the combustion. W ith a 
sample weight of approxim ately 100 mg. the  sensitivity  was found 
to  be about 0.007% chlorine.
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D IS C U S S IO N

Tetrahydroxyquinone (THQ sold by Betz & Company, Phila­
delphia, Pa.) has been suggested by several authors (6') as the 
indicator to  bo used in the volum etric sulfur procedure. The 
literature indicates th a t  th is m aterial is the disodium salt of te tra ­
hydroxyquinone diluted w ith some inert m aterial (14). I t  has 
been shown by Preisler (10) th a t tetrahydroxyquinone is a  mis­
nomer and th a t  the compound is in reality  a  sa lt of rhodizonic" 
acid. A sam ple of the dipotassium  sa lt of rhodizonic acid (kindly 
furnished by P. W. Preisler of W ashington University Medical 
School, St. Louis, Mo.) was analyzed in this laboratory and 
found by determ inations of carbon, hydrogen, and potassium to 
be dipotassium rhodizonate. Spectrophotom etric curves of 
solutions of commercial tetrahydroxyquinone (THQ obtained 
from Betz and Com pany) and a  solution of the dipotassium rho­
dizonate were found to be similar. In  the recent work reported in 
this paper, the dipotassium rhodizonate has been prepared by the 
procedure described by Preisler, b u t in m uch of their earlier work 
the authors used the so-called TH Q  which they now believe was a 
sa lt of rhodizonic acid.

In order to  determ ine the m ost favorable concentration of the 
system, w ater-organic diluent, various concentrations of water- 
alcohol and w ater-acetone m ixtures were tried  in titra ting  a con­
s tan t volume of 0.01 N  sulfuric acid. The organic diluents investi­
gated were methyl, ethyl, and isopropyl alcohols and acetone. In 
one case, the organic diluent was varied from 0 to 45 ml. and in

. SYSTEM • H2O- C2H5OH SYSTEM-HgO-CHjOH

- SYSTEM-HzO-^Hj COCHj

1 So 1 5
m l.  I S O P R O P Y 1  A L C O H O L  m L  A C E T O N E

Figure 4. Titrations of O rganic Diluents

Titration of 5 ml. of 0.01 N  sulfuric acid with 0.01 N  barium chloride. Total volume 
in each case made up to 50 ml. with water

Figure 5. Titration Correction V alue

the remaining cases'from 5 to  25 nil. The initial volume before 
titra ting  was 50 ml. (=*=1).

T he following d a ta  were obtained (shown graphically in Figure 
4):

The titra tion  cannot be performed in a wholly aqueous me­
dium.

T he most favorable composition of the system, w ater-organic 
d iluent, is 25 ml. of w ater to 25 ml. of an organic diluent.

T he effect produced by increasing th e  concentration of the or­
ganic d iluent from 0 to  25 ml. is striking. In  each case a sudden 
break is observed w ithin very narrow limits.

C .p . e t h y l ,  m ethyl, and isopropyl alcohols were found to  be 
satisfactory diluents. Because of an obscure end point, acetone 
was not a  satisfactory diluent.

At the very beginning of this work it was observed th a t a t i tra ­
tion correction value existed. I t  became necessary, therefore, to 
determine this value a t various concentrations of sulfate—th a t is, 
from 0.00 to 20.00 ml. of 0.01 N  sulfuric acid. Two cases were 
considered: (1) the titra tion  of 0.01 ¡V sulfuric acid w ith 0.01 N  
barium  chloride, and (2) the same.series of titra tions in the pres­
ence of 5 ml. of 0.10 N  sodium chloride. The la tte r case is im por­
ta n t because it represents the conditions of an actual analysis.

The following conclusions were draw n from the d a ta  obtained:

In both cases, by using the m ethod of titra tion  described, a 
fairly constant titra tio n  correction value existed in the range 5.00 
to 20.00 ml. of 0.01 N  sulfuric acid. T he correction value taken 
was —0.35 ml. of 0.01 N  barium  chloride.

The presence of 5 ml. of 0.10 N  sodium chloride does no t in ter­
fere with the titra tion  in the range 5.00 to 20.00 ml. of 0.01 N  sul­
furic acid.

In  the absence of 5 ml. of 0.10 .V sodium chloride, the lowest 
concentration of sulfate th a t  can be titra ted  is about 2.00 ml. of
0.01 N  sulfuric acid, and in the presence of the sa lt the lowest 
concentration is about 5.00 ml. of 0.01 N  sulfuric acid.

In  actual practice, the m inim um  sulfate concentration should 
no t be less than  5.00 ml. of 0.01 N  sulfuric acid.

The unusual behavior of the system in the range 0.00 to 2.00 
ml. of 0.01 N  sulfuric acid m ay be due to unfavorable equilibrium 
conditions. In  the presence of 5 ml. of O.IOjV sodium chloride 
this behavior is enhanced and extends through the range 0.00 to
5.00 ml. of 0.01 N  sulfuric acid.

T he data  are shown graphically in Figure 5.
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NOTES ON A N A L Y T IC A L  PROCEDURES

New Head for Laboratory Fractionating Columns
J. D. B A R T L E S O N ,  A .  L . C O N R A D ,  a n d  P. S. F A Y  

Chemical Research Division, Standard O il  Co. (O h io ), Cleveland 6, O h io

IN D ISTILLA TIO N  systems, take-off heads which are capable 
of m aintaining a constant reflux ratio  regardless of variations 

in distillation ra te  and  other factors have been described by 
B ruun  (1) using a two-way valve, by C arter and Johnson (2) 
using a magnetically operated funnel, and by Snyder and Steuber
(3) using a  U-shaped take-off tube and pressurized receiver which 
is in term itten tly  vented  to  the still pressure. None of these 
devices is satisfactory for the routine laboratory distillation of 
petroleum products in which appreciable am ounts of condensed 
butane hydrocarbons are to  be measured. These low-boiling com­
ponents tend to  vaporize in the take-off line and re-enter the 
column. T he take-off device described here overcomes this 
difficulty and has the further advantages of high throughput and 
low holdup.

The feature of this take-off, which is designed for a to ta lly  con­
densing head, is a steel ball bearing encased in  glass. T his as­
sembly is seated by  a jo in t ground in to  th e  th ro a t of a  glass funnel 
leading to  the receiver. F o r a lternate  use w ith the head, a  double- 
type condenser utilizing dry ice cooling in addition to  the con­
ventional type is described. T h is condenser gives efficient 
and  complete condensation of C< fractions. I t  avoids th e  trouble­
some change from dry ice to  liquid coolant, which is encountered 
in  the operation of th e  usual dry ice head, and  elim inates the 
need for expensive cooling systems.

C O N S T R U C T IO N  A N D  O P E R A T IO N

Figure 1 (left) shows the side view of the head, w ith the take­
off mechanism enlarged a t  center. The steel ball, A , encased 
in glass is shown in position for to ta l reflux, and illustrates the 
small vapor volume-free space and liquid holdup. T he glass 
funnel, B, forms a  tig h t seal 
for to ta l reflux, th e  conden­
sa te  from the drip tip, C, 
flowing over the valve and 
return ing  to  the c o l u m n .
D uring take-off a cycle tim er 
connected to  an  electro­
magnet, D  (heavy duty-220- 
vo lt a lternating  current coil 
900— resistance), operates to 
pull the steel ball up to  the 
position of the do tted  line 
and all condensate flows into 
the receiver. A t the end of 
the take-off period, the valve 
reseats by gravity  and con­
densate again retu rns to the 
column. I t  has been found 
desirable, for best operation, 
to  have an  indentation blown 
into the head as shown a t  E  
to  allow closer approach of 
th e  m agnet core to  th e  valve.
Figure 1 (right) shows an  al­
te rna te  type of condenser F 
perm itting the use of coolant 
in  center core and in outer 
jacke t. Replaceable a ttach ­
ment G on center core facili­
ta te s  addition of dry ice to  
the condenser, necessary’ for 
condensation of volatile dis­
tillates.

Advantages found during operation are: (1) simplicity of opera­
tion due to autom atic take-off w ith variable setting for reflux 
ratio ; (2) ruggedness of construction; (3) protection of th e  steel 
ball from corrosion and of the distillate from contam ination;
(4) usefulness for high-tem perature distillation because of a 
small surface area and vapor volume; (5) usefulness for low- 
tem pcrature distillation because of a positive closure and a 
variable co o lan t;. (6) high-capacity take-off valve perm itting 
rapid distillation of large volumes; and (7) adap tab ility  to vac­
uum  distillations.

The construction of the apparatus requires glass-blowing skill. 
However, i t  can be m ade readily by a  professional glass blower 
or obtained a t  a  reasonable cost from the Euclid Glass Engineer­
ing Laboratory, 6 E ast 242nd St., Euclid, Ohio. T his type of 
distillation head m ay be made to  fit any  size of fractionating 
column by the proper choice of jo in t sizes.
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Proportional Flow Controller for L iqu ids
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A  PE R E N N IA L  problem in fractional distillations is the 
accurate control of reflux ratio  w ith a  variable throughput. 

In  the laboratory, m anual control guided by visual observation 
of the flow is usually satisfactory. In  pilot-plant and larger 
installations this m ethod is im practical and hence m any con­
trivances have been devised and described for autom atic division 
of the flow in a given ratio. These generally fall into two classes, 
th e  in term itten t take-off type and th e . proportional condensing 
surface type.

C arter and Johnson (3) describe a device employing a  funnel 
moved m agnetically; Brunn (2) uses a  two-way valve and 
capillaries; Podbielniak (J) has an interm ittently-opening valve 
seated in the take-off tube; Berg (f) describes a proportional 
condensing area device. M ost reflux ratio  controllers are 
difficult and expensive to build, contain delicate moving parts  
which get ou t of order, and are in term itten t in operation or of 
such a nature  th a t the ratio  m ay be varied only by stages.

A proportional flow controller free from these defects has been 
developed in this laboratory and used successfully on a  5-inch 
diam eter column for one year. I t  operates on the principle of 
directing a downflow of liquid into a  uniform, free-falling sheet 
or curtain  which is split into two parts  by a movable divider.

The device consists of an  upper and a lower com partm ent 
separated by a  horizontal plate, as shown in  the schematic cross- 
sectional views of Figure 1. This p late contains a  narrow slot 
through which the entire liquid condensate flows by gravity, 
the liquid flow being indicated by arrows on the drawings. Just 
below and parallel to  the slot is fixed a  vertical sharp-edged 
guide plate  which collects the liquid as a  uniform falling film. 
T he guide plate extends down into a movable tray  having a  
vertical divider plate perpendicular to the guide plate; the

1 P re s e n t ad d re s s , R . T . V a n d e rb il t  C o ., E a s t  N o rw a lk , C on n .

arrangem ent of the slot, the guide plate, and the divider plate 
is shown schematically in Figure 2. The divider plate has a  
sharp edge, and is notched to  fit closely around the guide plate, 
so th a t i t  cuts the failing film into two separate parts, each of 
which flows ou t of one end of the tray  into the lower com part­
m ent. T h a t com partm ent in tu rn  is divided on the bottom  by 
a  vertical plate, underneath the movable tray , which keeps the 
two liquid stream s separated as they spill from the tray.

T he dividing tray , which is supported on horizontal rails as 
shown, can be moved by a  rod prqjecting through a packing gland 
in the side of the lower com partm ent, and its position is indicated 
by a  pointer on the rod. The length of the tray , and the position 
of the divider plate, m ay be designed so th a t the flow can be split 
into any ratio  over the required range, which can be anywhere 
between zero and to ta l reflux.

The liquid head in the upper com partm ent is determ ined by 
the input rate and the slot dimensions, and the only variable in 
the liquid sheet leaving the slot is its velocity. T hus the instru­
m ent is independent of variations in throughput, w ithin the limit 
set by the maximum available height above the slot. The upper 
and lower com partm ents are connected by vent lines, so th a t 
unequal gas pressures cannot develop. The ven t from the 
upper com partm ent also acts as an overflow line into one end 
of the overflow com partm ent, in case the ra te  of flow becomes 
greater than  the capacity of the slot.

The guide p late below the slot m aintains the continuity and 
uniformity of the falling film, and this constitutes the essential 
feature which m akes the device workable. W ithout it, the 
velocity of the liquid will usually be insufficient to  form a con­
tinuous sheet of its  own accord. The slot itself is formed of two 
V-edged plates as shown in Figure 1. The p lates were m ade as ' 
shown because the edges m ust be parallel and straight, and w ith 
the soft brass which was used, th is shape appeared to  offer the 
best chance of obtaining these qualities. A th in  hardened plate,

15 H EA D  MAXIMUM

Left, end view. Right, side view
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ground to  a sharp edge, would be a t  least as satisfactory, and 
probably b e tte r than  the shape shown in Figure 1. Although 
the  direction of the V as shown does not m ake the  slot self-èlean- 
ing, it  is necessary to  have it  as shown in order to  feed all the 
liquid to  the guide plate. (A disk-type m etal filter w ith low 
pressure drop was used on the feed line to  remove any scale 
or sediment from the liquid.) W ith the exception of the slot, 
which m ust be fixed accurately, none of the dimensions are 
critical, and they  m ay be varied to  suit the individual require­
ments.

The plates are adjustable, so th a t the liquid head necessary 
to  m aintain the proper flow does no t become unreasonable. The

plates are adjusted a t both  ends, two feeler gages being used to 
ensure parallelism. T he slot w idth is determ ined by the allow­
able liquid head and the density, viscosity, and surface tension 
of the liquid. A spacing of 0.0045 inch in  a  4-inch long slot is 
sufficient to  carry a flow of 5 to 25 gallons of gasoline per hour 
a t  a  maximum head of 15 inches, and to  provide a  continuous 
sheet of liquid. T his slot was tested  w ith gasoline a t reflux 
ratios in the range of 1 to  30. T he ratios predicted from the 
position of the divider were obtained w ith an accuracy varying 
from =*=1% a t a  ratio  of 1 to =*=10% a t a ratio  of 30, throughout 
the entire range of 5 to 25 gallons per hour. T his degree of pre­
cision is entirely adequate for distillation work, b u t can be further 
increased by lengthening the slot.

While the present device was designed for reflux control, it  is 
evidently applicable to m any installations where it  is desired 
to  split a  liquid stream  into two parts  of given, constant ratio. 
I ts  advantages include: no moving parts  in operation; wide 
and continuous range of ratios, independent of throughput, 
pressure, viscosity, etc.; continuous, ra ther than  in term ittent, 
operation w ith relatively low holdup.
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Improved Apparatus for Karl Fischer W ater Determination
R IC H A R D  K IE S E L B A C H  

Bakelite Corporation, Bound Brook, N . J .

T H E  need for excluding atm ospheric m oisture from a K arl 
Fischer titra tion  is well known; it  is equally necessary, for high 

precision w ork, to  pro tect th e  apparatus used from m oisture be­
fore the titra tion . Several types of apparatus to  accomplish this 
end have been proposed. Almy, Griffin, and Wilcox (1) sug­
gested a stopper drilled to  take th e  bu re t tip , stirrer, and elec­
trodes, and machined to  fit in to  an ordinary Erlenm eyer flask. 
W ernimont and Hopkinson (/)  modified this appara tus by ' m a­
chining the stopper to  a standard  taper, which w ith a standard- 
taper flask gives a  more nearly air-tight joint, and replaced the 
glass stirrer w ith stainless steel for the sake of durability. More 
recently, an all-glass apparatus was described by Zerban and 
Sattler (d), in which m agnetic stirring is used w ith a semi-ball- 
ncck flask having a  side neck for the electrodes.

The apparatus shown in Figure 1 is an all-glass modification of 
W ernim ont and Hopkinson’s apparatus. In  use, it  is held by a 
clamp on th e  upper portion and connected by th e  standard-taper 
10/30 jo in t to  an autom atic buret of the overhead reservoir type. 
T he use of a  seating-type jo in t prevents trapping of an air bubble 
a t  this point. A radio tube base and a cable connector afford a 
convenient and positive means of electrical connection to  the 
titrim eter. T he one-piece construction of the apparatus elimi­
nates possibility of leakage and adds to  convenience of assembly. 
A glass stirrer is used, since stainless steel is subject to  corrosion by 
the  reagent. Less than  5 seconds are required by an experienced 
operator to  remove the flask from th e  apparatus and unstopper 
and connect th e  next flask to  be titra ted ; th is feature is also 
found in th e  first two types cited. All else being equal, the speed 
of th is operation determines the  degree of precision obtainable in 
the titra tion .

T he dimensions of the  apparatus perm it use of a  250-ml. 
Erlenm eyer flask w ith a  24/40 standard-taper joint, bu t it could 
be modified to  accom modate other sizes. For, small-scale ti tra ­
tions, a vessel in the form of a tes t tube w ith a 24/40 jo in t will 
perm it titra tion  of volumes down to about 5 ml.

A solvent-resistant grease should be used on the bu re t stopcock 
and the 10/30 joint, to  p revent serious leakage. T he 24/40 
jo in t should no t be greased, since a  slight am ount of outwrard  air 
leakage is necessary to perm it addition of the reagent; it  is some­

times necessary to  grind a slight groove in th e  male jo in t to  this 
end. An efficient moisture trap  should be used on the air inlet of 
the buret. (The drying tube usually supplied w ith the bu re t is 
too small to  be effective.) The stirrer should be connected to  
the m otor w ith a  short length of soft-rubber tubing to  prevent 
damage due to  misalignment. Care should be taken  to  ensure 
th a t the stirrer paddles clear the electrodes. A drop or two of 
light m achine oil in the glass bearing will reduce u'ear. The elec­
trodes should be kep t covered w ith  a  spare flask between ti tra ­
tions, th a t flask being kep t stoppered when no t in use.

TITRIM ETER  v

Serfass (3) has described an electronic titrim eter suitable for 
detecting end points in conductom etric and potentiom etric t i tra ­
tions, featuring the use of a  “magic eye” electron ray  tube for the 
indicating instrum ent. M cK inney and H all (2) modified the 
circuit by introducing a voltage doubler, giving a  b righter image 
in the eye. This circuit, although i t  has th e  advantage of sim­
plicity and low cost, suffers from two faults which diminish its 
usefulness. Because it is no t isolated from the power line, and 
because of an inefficient filter circuit, the  magic eye image is 
fuzzy and very susceptible to  interferences such as th a t  caused 
by a stirrer motor. In  addition, flickering of the eye is sometimes 
caused by a  ground to  the  electrodes through the operator’s body 
and a  conducting film on the surface of th e  buret, when the buret 
is connected to  the titra tion  vessel, as in a  K arl Fischer titra tion .

These disadvantages m ay be elim inated by  adding a  power 
transform er, choke, and condenser, in accordance w ith the dia­
gram showm'in Figure 2. A clear, sharp  image in the magic eye 
results from elim ination of a lternating  current component 
through th e  im proved filter circuit, th e  by-pass condenser be- 

/  tween th e  grid and cathode of th e  magic eye tube, and the  con- 
;• nection m aintaining th e  heater of th e  triode a t  th e  same direct 

current potential as the cathode. Although the low potential 
: side of th e  circuit is grounded, no deflection of the eye is caused 

' '  by grounding the bu re t through the operator’s body. This effect 
is eliminated by reduction of the above-ground potential of th e
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Figure 1. Karl'Fischer Electrode-Stirrer-Buret Assem bly

inherent in the apparatus and the technique involved 
in its use, as opposed to sampling errors and chemi­
cal or physical considerations based on the constitu­
tion of the  sample. The standardization of K arl 
Fischer reagent against w ater was chosen as meeting 
these requirements.

A solution containing 11.66% by weight of w ater 
in methanol was made up in a dropping bottle  having 
a ground-in medicine dropper. This solution, ra ther 
than  pure w ater, was used as a standard , to reduce 
the effect of weighing errors upon precision. Approxi­
m ately 30 ml. of nearly dry  m ethanol were placed in 
a 250-ml. standard-taper Erlenm eyer flask, and con­
nected to  the titra tion  assembly. T he trace of w ater 
present was titra ted  w ith Karl Fischer reagent until 
one drop caused the magic eye to  remain open for 
about 30 seconds. (Although this point m ay be de­
termined w ith a  stop watch, the difference in tim e 
required for the eye to  close after the next-to-last drop 
and th e  last drop is so great as to  be readily apparent.) 
Approximately 1 ml. of the  standard  w ater solution 
was introduced into the flask as rapidly as possible, 
and titra ted  as before. T he weight of standard  solu­
tion added was determ ined by difference.

The results of ten such titrations are given in 
Table I. The precision is of the sam e order of m ag­
nitude as th a t obtainable with m oderate care in any 
simple acid-base titration .
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amplifier grid to  approximately 30 volts, from about 140 in the 
case of the voltage doubler circuit.

Possibility of greatly increased sensitivity can be introduced 
by means of the potentiom eter in the triode cathode circuit. This 
is sometimes very desirable in conductom etric titrations, where 
im purities cause a high initial conductivity of th e  solution being 
titra ted . A similar result could be obtained by replacing the 
potentiom eter w ith a fixed resistor, and varying the grid bias, as 
in Serfass’ original circuit. However, the desirability of keeping 
the grid-to-ground potential as low as possible makes the arrange­
m ent shown more satisfactory.

Operation of the titrim eter is identical w ith the original model. 
Like the voltage doubler model, however, i t  can, be used only on 
an alternating current power source.

P R E C IS IO N

In order to measure the precision obtainable with the 
apparatus, i t  was desirable to  confine possible deviations to those

Table 1. Standardization of Karl Fischer Reagent
W e ig h t of 11 .66%  

W a te r  S o lu tio n
V o lu m e of 

K .F .  R e a g e n t W a te r
D e v ia tio n  
from  M ean

G ram s M l. M g ./m l.  reagent %
0 .8 6 1 3 3 0 .7 5 3 .2 6 6 0 .0
0 .9 2 3 1 3 2 .9 0 3 .2 7 2 0 .2
1 .0 1 2 3 3 6 .2 2 3 .2 5 9 0 .2
0 .8 2 5 2 2 9 .5 0 3 .2 6 2 0 .1
0 .9 1 3 8 3 2 .6 1 3 .2 6 7 0 .1
0 .9 3 3 0 3 3 .3 3 3 .2 6 1 0 .0
0 .9 5 6 1 3 4 .0 8 3 .2 7 1 0 .2
0 .7 1 9 6 2 5 .7 2 3 .2 6 2 0 .1
0 .8 5 1 8 3 0 .3 9 3 .2 6 8 0 .1
0 .8 1 8 1 2 9 .3 0 3 .2 5 6 0 .3

A v . 3 .2 6 5 0 .1

Figure 2. Electrometric Titrimeter



Determination of Chromium by O xid atio n  with Perchloric A c id
S IG M U N D  S C H U L D IN E R  A N D  F R E D E R IC K  B. C L A R D Y ,  Chemical Laboratory, N orfolk Naval Shipyard, Portsmouth, V a .

T HE perchloric acid method (2, 3, 4 ,6 ) for the determ ination of 
chromium essentially consists of oxidation of chromium to  the 

sexivulent s ta te  by fuming perchloric acid. The oxidized chro­
mium is titra ted  w ith a standard  ferrous ammonium sulfate solu­
tion to  an o-phenanthroline end point, an electrom etric end point, 
or a perm anganate end point by using an excess of reductant 
and back-titra ting  w ith potassium  perm anganate solution.

Although th e  perchloric acid method of oxidation is widely 
used, the following sources of error have been observed:

1. Loss of chromium by volatilization as chromyl chloride 
(1 ,5 ).

2. Reduction of chromium by hydrogen peroxide formed in 
th e  reaction flask (which can be elim inated by rapid cooling of 
flask and contents).

3. Incom plete oxidation of th e  chromium due to  incomplete 
heating (least serious of the three).

Experienced analysts have various methods of overcoming 
these errors and obtaining consistently accurate results. This 
paper presents modifications of th e  conventional procedures 
which have been satisfactorily used in th is laboratory for over 
tw o years.

E X P E R IM E N T A L

After experimenting w ith vertical a ir and w ater condensers, th e  
authors found th a t  th e  sources of error in th e  perchloric acid 
method could be overcome by an arrangem ent of apparatus as 
show n in Figure 1.

Table I. Recovery of Evolved Chromium

A 500-ml. boiling flask, connected w ith ground-glass connec­
tions by a  U -tube to  an  air condenser, contained the chromium 
solution and was heated by means of an electric heater. T he end 
of th e  a ir condenser was subm erged about 0.6 cm. (0.25 inch) in a 
beaker of w ater which served to recover any chromyl chloride 
evolved. The w ater hydrolyzed the chromyl chloride to chromic 
acid and hydrochloric acid:

CrOjCL +  2ILO  =  H..CrO< +  2H C 1

This w ater solution was titra ted  and th e  chromium deter­
mined was added to  th e  chromium figure from the reaction flask.

The experim ental results in Table I  show the am ount of chro­
mium th a t can be volatilized during oxidation w ith  perchloric 
acid. T he first and  second determ inations of p a rt A, where the 
chrom ium was oxidized rapidly by intentionally overheating th e  
reaction flask, show th a t  loss of chromium can be appreciable 
unless oxidizing conditions are carefully controlled. Tables I  and

N .B .S. 
S am p le  N o.

T o ta l
C h ro m iu m  C h ro m iu m  C h ro m iu m  C h ro m iu m

P re s e n t  E v o lv e d  N o t E v o lv e d  F o u n d
% % % %

A . C h ro m iu m  t i t r a t e d  w ith  fe rro u s  a m m o n iu m  su lfa te  s o lu tio n  s ta n d a r d ­
ized w ith  p o ta s s iu m  p e rm a n g a n a te  so lu tio n

B .

101B 1 8 .5 0 1 .0 7 ° 1 7 .4 5 1 8 .5 2
1 8 .5 0 1 .8 1 “ 1 6 .6 7 1 8 .4 8
1 8 .5 0 0 .1 2 1 8 .3 6 1 8 .4 8
1 8 .5 0 0 .4 4 1 8 .0 5 1 8 .4 9

121a 1 8 .0 8 0 .0 7 1 8 .6 3 1 8 .7 0
1 8 .6 8 0 .1 8 1 8 .5 8 1 8 .7 6

C h ro m iu m  t i t r a t e d  w ith  fe rro u s  am m o n iu m  s u lfa te  so lu tio n  s ta n d a r d ­
ized  w ith  N .B .S. s a m p le  101B (so d iu m  c h ro m a te  d isso lv ed  in  p e rch lo r ic  
ac id  a n d  re d u c e d  w ith  H jO j)

M g . M g . M g. M g .
3 0 .0 0 .1 2 9 .7 2 9 .8
3 0 .0 0 .2 3 0 .0 30.:*
3 0 .0 0 .0 3 0 .0 30 .
3 0 .0 0 .1 2 9 .6 2 9 .7

rig o ro u s ly , in te n tio n a lly to  d r iv e  off c h ro m iu m .

I I  indicate th a t, by recovery of chromyl chloride, chromium can 
be accurately determ ined. In  the modified procedure careful con­
tro l of th e  oxidizing conditions is no t necessary.

Results shown in Table I, B, were obtained by using hydrogen 
peroxide to  reduce the chromium in a  solution of sodium chrom ate 
in perchloric acid; th e  chromium wak then  reoxidized by the 
modified procedure.

T able I I  shows th a t , w ithin the lim its of experim ental error, 
the chromium was completely oxidized. Hence by use of the ap­
paratus and procedure described the chromium factor of the 
standard  ferrous ammonium sulfate solution can be computed 
stoichiometricnlly. The chromium results therefore do no t de­
pend on an empirical factor b u t can be derived theoretically.

P R O C E D U R E  F O R  H IG H - C H R O M IU M  S T E E L S

Place 0.2 gram  of sam ple in a  500-ml. boiling flask w ith ground- 
glass connections th a t can be fitted to  an air condenser (Figure 1). 
Add 10 ml. of hydrochloric acid plus 5 ml. of 1 to 1 n itric acid, and 
heat until sample is dissolved. Then add 25 ml. of perchloric 
acid, and heat until the  perchloric acid ju s t s ta rts  to  fume. 
Connect the reaction flask to  the hir condenser and place 
the beaker w ith about 75 ml. of w ater in position as in Figure 1. 
H eat until th e  reaction flask is cleared of fumes and the per­
chloric acid refluxes down the sides of the flask. T urn  the heater 
current off and le t stand  for 2 or 3 m inutes. D isconnect the 
reaction flask and connecting tube  from the air condenser and 
cool th e  flask rapidly, using first a stream  of a ir and then cold run-

Table II. Results of Chromium Determinations
N .B .S. C h ro m iu m C h ro m iu m

S a m p le  N o. W e ig h t P re s e n t F o u n d
G ram s % %

121a 0 .2 1 8 .6 8 1 8 .6 6 °
0 .2 1 8 .6 8 18.72®
0 .2 1 8 .6 8 1 8 .7 6 °
0 .2 1 8 .6 8 1 8 .7 6 °

101a 0 .2 1 8 .3 3 1 8 .3 7 °
0 .2 1 8 .3 3 1 8 .3 8 °

101B 0 .2 1 8 .5 0 1 8 .4 6 «
0 .2 1 8 .5 0 1 8 .4 7 °
0 .2 1 8 .5 0 1 8 .5 5 °
0 .2 1 8 .5 0 1 8 .5 2 °

111 2 .0 0 .2 7 2 0 .2 7 4 6
2 .0 0 .2 7 2 0 .2 7 4 6

7 2 a 2 .0 0 .6 5 5 0 .6 5 8 6
2 .0 0 .6 5 5 0 .6 5 8 6

115 1 .0 2 .1 6 2 .1 8 6
1 .0 2 .1 6 2 .1 8 6

0 D e te rm in e d  b y  s ta n d a rd iz in g  fe rro u s  a m m o n iu m  s u lfa te  so lu tio n  w ith  
s ta n d a r d  p o ta s s iu m  p e rm a n g a n a te  so lu tio n .

6 D e te rm in e d  b y  s ta n d a rd iz in g  fe rro u s  am m o n iu m  s u lfa te  s o lu tio n  a g a in s t 
N .B .S. s am p le s  101B  a n d  101.
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ning tap  water. W ash the inside of the connecting tube back into 
th e  reaction flask w ith distilled w ater and disconnect the tube 
from the flask. W ash the inside of the air condenser into the 
beaker of w ater containing evolved chromium. Pour this solu­
tion into the reaction flask. H eat flask and contents until chlo­
rine is completely driven off. Volume should now be about 250 
ml. Cool and titra te , following the conventional methods, with 
standard  ferrous ammonium sulfate solution and ferrous o-phe- 
nanthroline indicator.

The air condenser should be a t  least 2.5 cm. (1 inch) in diam­
eter and 60 cm. (2 feet) long in order to guard against back-suction 
of the w ater into the reaction flask.

After the sample is in solution and the perchloric acid solution 
is taken to fumes on the hot plate, care should be taken no t to 
oxidize th e  chromium before the reaction flask is connected to  the 
a ir condenser as in Figure 1. The solution m ay be heated to  a 
bright green color bu t should no t tu rn  orange before transfer to 
the  air condenser.

All-glass connections m ust be used in the oxidizing unit; if fum­
ing perchloric acid comes in contact w ith organic m atte r such 
as rubber, a serious explosion or fire m ay result.

The reaction flask should be protected from air currents: 
otherwise the sudden cooling of the flask m ay cause a suction and 
some of the w ater from the w ater seal m ay be sprayed into it.

A bank of several oxidizing units can be easily arranged if the 
work load requires it.

If vanadium  is present in the m aterial analyzed, add an excess 
of ferrous ammonium sulfate solution and then  back-titra te  w ith

November, 1946

a potassium  perm anganate solution, om itting the o-phenanthro- 
line indicator.
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A pparatus for Quantitative Low-Temperature Vacuum  Distillation of 
M illilite r Volum es

W . M O R T O N  G R A N T ,  How e Laboratory of O phthalm ology, Harvard M edical School, Boston, Mass.

IT IS frequently desirable to  use low-tem perature vacuum 
distillation for quan tita tive separation of such substances as 

alcohols, lower fa tty  acids, and deuterium  oxide from nonvolatile 
m aterials in small samples. However, this process is incon­
veniently slow' when apparatus incorporates long or complex 
distillation paths to  prevent contam ination of the distillate from 
foaming of viscous solutions, especially those containing protein.

The distillation apparatus shown in th e  accompanying figure 
was designed to  provide a short distillation path  for rapid dis­
tillation, while minimizing the chance of contam ination from 
foaming. A fter tria l of several variations in  the critical dimen­
sions, this apparatus, whicli was constructed from parts  of a 
50-ml. Florence flask and a 25 X 150 mm. te s t tube, was con­
sidered to  be of optimum size for the distillation of 1- to 3-ml. 
samples.

The m aterial to be distilled is introduced into the bulbous 
side flask by m eans of a  curved-tip pipct. T he tube is then  closed 
by a  silicone-greased, one-hole rubber stopper carrying a stop­
cock for connection to a  vacuum  pum p. The side flask is im­
mersed in a  d ry  ice m ixture w ith th e  tubu lar portion horizontal. 
When the contents are frozen, th e  appara tus is evacuated, sealed 
by closing th e  cock, and disconnected from the vacuum line. 
This whole procedure requires less th an  a  m inute. The side 
flask is then  taken from the cold bath and the test-tube portion 
of the apparatus is immersed in its place, leaving the flask ex­
posed. D istillation is allowed to  proceed to completion w ithout 
artificial heating. Four tubes of the dimensions specified fit 
conveniently into the m outh  of a 0.5-liter Dewar flask.

The apparatus was evacuated by m eans of a  Welch two-stage 
duo-seal pum p which readily reduced the pressure in an em pty 
flask to approxim ately 1 micron, as judged by the fain t blue- 
gray color produced by a Tesla coil discharge.

W ith aqueous samples frozen in  d ry  ice, the vacuum appears 
to  be lim ited by the vapor pressure of the w ater. D uring dis­
tillation, gases which are trapped in the sample are released and 
have an appreciable influence on the ra te  of distillation. Some 
of this interfering gas can be eliminated by a  second evacuation 
of the apparatus after melting and  refrcezing the sample. In

the case of whole blood the degassing is facilitated by the presence 
of a small drop of xylene. W ith a  single evacuation, blood, 
plasma, and urine samples have been distilled a t  the ra te  of
0.5 to  1.0 ml. per hour w ithout artificial heating. Com parative 
distillations made w ith double evacuation showed an increase in 
ra te  of approxim ately 25%  for plasma and saline. Thus, where 
every saving in tim e is desirable, the extra manipulation appears 
w arranted.

The quantita tive nature  of distillation in this apparatus was 
determ ined by analysis of distillates from sulfosalicylic acid 
filtrates of blood to  which known am ounts of formic acid and 
m ethyl alcohol had been added. The distillation of a  formal­
dehyde solution was also studied. Recoveries of formic acid in 
am ounts of 30 to  1000 mierograms per ml. of blood and of methyl 
alcohol in am ounts of 150 to 3000 micrograms per ml. of blood 
averaged 98 and 101%, respectively, for 9 determ inations of 
each. ' Solutions containing 1.2 and 3.6 micrograms of formal­

dehyde per ml. of a mix­
ture of 3%  sulfosalicylic 
a c id  a ijd  1 %  s u l f u r i c  
acid yielded 1.2 and 3.6 
micrograms per ml. of dis­
tillate. In  separate experi­
m ents i t  was found th a t 
distillation m as t be carried 
to completion in  order to 
obtain the same relative 
concentrations of volatile 
constituents in the distillate 
as in the original sample.

A C K N O W L E D G M E N T

T h e  a u t h o r  wishes to 
acknowledge the assistance 
of Helen E. Pentz in de­
vising and tasting this ap­
paratus.



BOOK REVIEWS

Protective and Decorative Coatings. Joseph J . Maltiello, Editor.
Vol. V. Analysis and Testing Methods. 662 pages. John Wiley
& Sons, Inc., 440 Fourth Ave., New York 16, N. Y., 1946. Price,
S7.

In the filth and latest volume of his series, Dr. Mattiello continues 
his campaign to place, the field of protective and decorative coatings 
on a firm scientific basis of its own. In answer to the need for syste­
matizing analytical techniques necessitated by the ever-widening 
variety of new resins and their modifications, he has enlisted the 
sendees of several competent author-scientists to contribute to this 
work.

As with so many other fields of chemical endeavor that have experi­
enced constantly accelerated growth, this industry has amassed data 
and know-how faster than it could organize and appraise them. 
Tests that once served as criteria for a given application of a product 
no longer sufficed to indicate its suitability for a new employment, and 
so the control chemist gradually lost contact with the firing line of 
end use. The avalanche of new raw materials and unique applications 
brought about by the war made it mandatory that the control and 
research laboratories of the efficient finish company function in close 
liaison with the actual need. In order to do this, it was necessary to 
approach the problem from a practical yet academic viewpoint, 
which is the basic theme of this book.

The first chapter, by R. W. Stafford and E. F. Williams, presents 
a classification of resins, and means of isolating and studying them by 
qualitative, physicochemical, and certain special methods. The 
classification breakdown is: natural resins and their modifications,
alkyd resins, aldehyde condensation products, vinyl resins, rubber 
and rubberliko synthetics, hydrocarbon, and inorganic resins. In 
addition, the natural and synthetic waxes, carbohydrate, and protein 
materials are included. A brief discussion of thé chemical properties 
and structure of each member of the above families is given in so far 
as it bears on their determinations. The second portion of the 
chapter deals with the analysis of these materials by routine methods 
and closes with interesting discussion of x-ray radiographic and 
x-ray diffraction methods of analysis.

Chapter II is concerned with methods for testing and analyzing 
drying oils. The authors, T. F. Bradley and E. L. Kropa, point out 
that very few industrial laboratories are concerned with the quanti­
tative determination of a pure fatty acid or its glyceride but rather 
with the technological values and effectiveness of the material. Vis­
cosity measurements, molecular weight-determination, and means 
for determining the type and degree of unsaturation are discussed, 
and considerable space is devoted to the use of the thiocyanogen 
value. The chapter closes with valuable tables of the physical and 
chemical constants of the commercial fat acids.

A critical appraisal is made in the third chapter of the methods of 
laboratory testing of metal finishes for outdoor service. The author,
S. E. Beck, discusses standardized panel preparation, humidity test­
ing, and the effects of light, temperature, and air circulation on the 
drying of the films. The sections on statistical evaluation and color 
are particularly interesting, as are the discussions of abrasion, bend­
ing, and flexibility testing.

The spectral characteristics of pigments in the visual and infrared 
bands are dealt with by V. C. Vesce in three parts: (1) photographic 
method of measuring visual and infrared reflectances of pigments 
and pigmented coatings, (2) a spectrophotometric method for the 
determination of reflectances for the four wave-length bands by the 
selected ordinate method, and (3) spectral characteristics of pig­
ments. This latter section presents a series of spectrophotometric 
curves on a large number of synthetic and natural pigments.

The chapter on "Resinography”, by T. G. Rochow and R. L. 
Gilbert, introduces a new approach to resin study that in purpose is 
related to the analogous fields of metallography and mineralography. 
Because of the heterogeneous nature of most molded resins it has 
become useful to study the mode of association of the filler with the 
embracing resin. In addition," the “metallographic approach” will 
identify the filler, if it be a metal, and furnish valuable information

on the history of fabrication as well. Should the filler be of a mineral 
nature, either natural or synthetic, a mineralographic approach will 
yield similar desirable data.

Resinography is also concerned with the structure of the resin or 
resins involved by studying the resinous phases that may be present 
and their relationships by difference in refractive index, reflectivity, 
color, hardness, the effect of polarized light, etc. Indirect methods 
employing selective staining, selective dissolution, and differential 
etch patterns are valuable in this respect. The chapter also includes 
sections on the use of instruments such as the optical microscope and 
camera and electron microscope in examination of resin specimens.

This book seems to serve well as a clearinghouse and sifting medium 
for the many diversified but often confusing methods of analysis that 
have arisen in this field.

R ic h a r d  L . D e x im e r l e

Spectrographic Analysis of 
Metallurgical Products

The Groupement pour l’Avancement des Méthodes d’Analyse 
Spectrographique des Produits Métallurgiques has published as a 
92-pagc book the proceedings of its fifth congress, which was held 
January 22 to 24, 1946. In addition to a report of the meeting and 
a list of members present, the book includes four technical papers, 
with discussion: Le Dosage Spectrographique des Faibles Teneurs 
en Aluminium dans les Aciers Ordinaires et Spéciaux, by II. Castro: 
Causerie sur les Spectrographes, by H. Tardy; Luminosité Com­
parée du Spectrographe Zeiss Qu 24 et du Spectrographe Zélande 
de Jobin et Yvon, by E. Locuille; and Le Dosage des Traces d'im­
puretés dans les Alliages de Zinc au Moyen de l’Etincelle Condensée, 
by P. Croissant. Copies are available through the Centre do Docu­
mentation Sideruriquc, 12 Rue de Madrid, Paris 8, France.

A.

Apparatus for Sm all-Scale Catalytic 
Hydrogenation— Correspondence

S ir :  The continued interest in the apparatus for small-scale
catalytic hydrogenation [In d .. E n o . C h ex i., A n a l .  E d ., 14, 907  
(1 9 4 2 )], as evidenced by requests 
for reprints, makes it desirable to 
describe a modification of the ap­
paratus made shortly after the 
original article was published.
Instead of having the cup and 
stopcock on the reaction flask, 
where it caused instability and 
led to frequent breakage, it was 
incorporated in the main portion 
of the apparatus, as indicated in 
the accompanying diagram. This 
modification permits the use of 
any Erlenmever flask having an 
interchangeable ground-glass joint 
as the reaction vessel.

C . I I .  N o l l e r

S t a n f o r d  U n i v e r s i t y ,
C a l i f .
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D e s ig n e d  fo r  con t in u o us
The new Sargent-SIomin Electrolytic Analyzers repre­

sent a complete re-design of the original Slomin instru­
ments. Each unit is mounted within a case consisting of 
a one-piece stainless steel panel, beaker platform and 
apron with sturdy end castings. All models are com­
pletely self-contained and operate from 50-60 cycle elec­
tric circuits—no auxiliary generators or rheostats are 
required.

The two position analyzers consist of two complete, 
independently operating analyzer circuits. Duplicate or 
check analyses can be run at the same time or two dif­
ferent analyses can be run simultaneously at different 
current densities.

The central electrode is rotated by a new synchronous 
capacitor wound motor, operating at 550 r.p.m., espe­
cially engineered for this application. Under develop­
ment for five years, this motor has been thoroughly 
tested and approved for continuous operation. Fully 
enclosed for protection against corrosive fumes—the 
shaft, sleeve bearings, and cap are made of stainless steel.

Outstanding features of this rugged motor are:
Greater output than any motor of similar characteris­

tics and size.
No internal switches or brushes.
No "permanent” magnets—full output for long serv­

ice life.

t r o u b le - f r e e  perform ance
Fully synchronous—no speed change with change of 

load.
All parts of the new electrode chucks are made of 

stainless steel. A simplified design utilizes a positive 
retaining spring which permits quick, easy insertion of 
the electrodes and maintains proper electrical contact.

These new analyzers used with the specially designed 
high efficiency corrugated electrodes rapidly produce 
smooth, close grained deposits at maximum current 
density.

S-29460 ELECTROLYTIC ANALYZER — Sargent-SIo­
min, One Position, with Heating Plate. For operation 
from 115 Volt, 50-60 cycle circuits......................$225.00

S-29465 ELECTROLYTIC ANALYZER — Sargent-SIo­
min, Two Position, with Heating Plate. For operation 
from 115 Volt, 50-60 cycle circuits  ..............$350.00

S-29632 ANODE—Platinum gauze, Corrugated Form, 
High Speed. (Patent pending.) Price subject to market.

S-29672 CATHODE — Platinum gauze, Corrugated 
Form, High Speed. (Patent pending.) Price subject to 
market.

E. H. SARGENT & COMPANY, 155-165 East Superior Street, Chicago 11, Illinois
Michigan D ivision: 1959 Ea st Je tfe rso n , D etro it 7. M ichigan

SARGENT-SLOMIN

Ferrous and non-ferrous metals and alloys. 
Electroplating solutions and electro-deposits. 
Ores and minerals.
Metals in biological materials.
Metals in foods, soils, etc.
Forensic materials.
Micro and semi-micro specimens.

FO R H IG H  SPEED  
Q U A N T IT A T IV E  A N A L Y S IS  O F
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F ea tu res
•  B o t t l e  F e e d  f o r  P o r t a b i l i t y

•  R o d  S u p p o r t s

•  I n s i d e  F l a s k  S h e l f

•  C o n v e n i e n t  T e s t  T u b e  H o l d e r

•  M o n e l  M e t a l  E x t e r i o r

•  B u i l t -i n  S w i t c h e s  a n d  P i l o t  L i g h t

S p e c i f i c a t i o n s
B arnstead M odel WB-100 W ater B ath. Cylindrical, 
electrically heated b a th  of Monel m etal construction 
w ith tinned copper interior. Equipped w ith two 500 
w att heating elements w ith individual switches. Center 
opening is SVis" diam eter with concentric covers for 
sm aller openings of 43/i6", 33/ » ’, 2V is' and 13/ i 8". The 
six numbered outside holes are 33/ u '  in diam eter with 
concentric covers for smaller openings of 23/u "  and 
l 3/ i6*'- Fittings include bo ttle  holder, 2-qt. glass bottle, 
switches, pilot light, drain petcock, 2 nickeled brass 
rods, hose nipples, concentric covers, te s t tube holder, 
6 '  cord and plug.

D iam eter of b a th  15’ . Space required 18’ x 21'.
H eight of body 7 ’ —  to top of bottle  15’ .
Further detailed information on request.

CATALOG No. 863 Specify 110 or 220 
volts* .....................   £59.00

*110 v o lt  m o d e l  —  s h ip m e n t  f r o m  s to c k

THE CHEMICAL RUBBER CO.
Scientific Equipment, A nalytical Chemicals, Laboratory Supplies 

H A N D B O O K  O F  C H E M IS T R Y  A N D  P H Y S IC S

2310 Superio r  Ave. •  C leveland 14, Ohio 109 ■ W . Hubbard St. Chicaso 10, Illinois

A R T H U R  S

SPHERO-LUX
MICROSCOPE

ILLUM INATOR

LABORATORY
LIGHT

Throws a Powerful 
Focused Beam

or
Softly Diffused 

L I G H T

The Sphero-Lux Microscope Illuminator and Laboratory Light is 
really two lights in  one— an intense spotlight source on one side 
of the lamp and a softly diffused illumination from the other side. 
W ith a slip of the finger, the lamp housing may be rotated so that 
you can change from a focused beam  to a softly diffused light at 
Will.

By moving lens mount the intensity of the beam may be varied 
and the area of the light field increased or decreased. The light 
intensity is approximately 3000 footcandles at 12" from the source.

Because of the high intensity and the controlled light beam the 
unit is ideal for dark-field microscopy. The beam can be adjusted 
to illuminate the entire m irror oi the microscope.

For bright-field microscopy the Sphero-Lux lam p housing is merely 
rotated on the base and instead of an intense beam of light, the unit 
emits a softly diffused light, especially desirable for use with the 
microscope. O n each of the light openings is a  spring type filter 
holder into which may be slipped most-standard square filters for 
color correction, heat absorption or special purposes w here in ter­
ference with the light beam is useful.

For inspection purposes this light is ideal w here plastics, lenses, 
prisms, glassware, translucent or transparent chemicals or other 
matter requires directed light to pick up striae, bubbles, delects, or 
foreign matter.

PHOTOGRAPHERS . . . Sphero-Lux is equipped to receive a ~1 
photoflood light or flash bu lb— an excellent light source for photog­
raphy. Photo-microscopy or other types of laboratory photography 
are facilitated with this light source.

The base is cast iron, finished in  fine wrinkle paint. A square 
opaque plate for shutting off the lig h t when the lamp opening is
not in use is included.' No. J-28106 $ 1 7 . 5 0
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• A C C U R A C Y  j  

g u a r a n t e e d

•  Hoskins’ Chromel-Alumel Thermocouples carry an 
accuracy guarantee of ±5° from 32°F. to 6”60°F., and 
± 3A %  from 660°F. up to 2 500°F. This high degree of 
sustained accuracy . . . plus a fine durability . . . have 
made Chromel-Alumel couples standard equipment with 
most pyrometers being manufactured today.

So chances are you’re already using them. If not, how ­
ever, and if accurate temperature control is a problem 
in your plant, then see that your meters are calibrated 
for Chromel-Alumel couples and, of course, make sure 
you're using Chromel-Alumel Extension leads. They 
belong together! Catalog 58R available upon request.

THERMOCOUPLE AND LEAD W IRE 
.  ENAMELING FIXTURES •

.  PROTECTION TUBES

HEATING ELEMENT ALLOYS • 
HEAT RESISTANT CASTINGS 

SPECIAL ALLOYS OF NICKEL

ELECTRIC HEAT TREATING FURNACES • 
•  PYROM ETERS • WELDING WIRE 

SPARK PLUG ELECTRODE WIRE
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Ô fi t ic a l  rf-clteAÂ.
/f\vnc< \\. methods are widely used in  modern analytical chem- 

istry  in th e  visible, u ltraviolet, and infrared regions of the 
spectrum. For general exploratory and research work, th e  use 
of single or double monochromators, for the isolation of narrow 
regions of the spectrum , has found increasing favor; indeed the 
practice is essential for precise spectrophotom etry. T he practice 
has been extended to the relatively simple problems presented 
by “ colorimetric” analysis largely because it  affords a  high degree 
of flexibility and convenience in the selection of the appropriate 
spectral region. F ilte r photom eters m ay be expected to retain 
their usefulness, however, especially for those optical procedures 
which have been carefully standardized and for which a large 
am ount of routine work justifies their lim ited range. Their use 
may also be expected to increase in those applications in which 
the am ount or concentration of a  definite constituent is to be re­
corded or monitored.

The selection of filters has always been a difficult m atter and 
usually resulted in a  compromise between selectivity and high 
transmission. Any progress in this field is therefore of consider­
able value and interest to  the analyst.

9 ntesijjeSLe+ ice- rf-iU & ti.

Filters of this class are essentially fixed separation Fabry and 
Perot interferom eters and consist of evaporated th in  layers of 
dielectric m aterial between sem itransparent metallic films on 
glass. They are characterized by high transmission and narrow 
band w idth. T he theory' of interference filters is discussed by 
R. L. Mooney [J. Optical. Soc. A m ., 36, 256 (1946)]. I t  is shown 
by this author th a t  the method, which trea ts the phenomenon of 
selective reflectivity and transmissivity' of surface layers as a

S40 5*0
W AVE LEN G TH  M ILLIM ICRO N S

problem in electrom agnetic theory, is applicable to  this type of 
problem and possesses great advantages over the m ethod involv­
ing the superposition of am plitudes resulting from successive 
reflections. T he com putational labors are considerable never­
theless, bu t it  is possible, for design purposes, to  calculate the 
specifications for a  desired filter. An early description of this 
class of filters was given by Sanderson and Ueberall in report 
H-2731 of the N aval Research Laboratory. Dennison and 
H adley also reported on related filters a t  the January', 1946 
meeting of the American Physical Society'.

These filters are now made available by B aird Associates of 
Cambridge, Mass., and the more detailed description which 
follows describes the types offered by' the Farrand Optical Co., Inc., 
Bronx Blvd. and E ast 238th St., New York, N. Y.

A typical transmission characteristic of a  narrow band in ter­
ference ty'pe filter by' Farrand  is shown in Figure 1. Some general 
properties of these filters in parallel light are:

M a x im u m  tra n sm is s io n  
H a lf  w id th
T o le ra n c e  o n  w a v e  le n g th  

fo r m a x im u m  tra n sm is s io n

20  to  3 0 %  
15 to  20  m n

=*=10 m/i

Figure 1

W ave length for maximum transmission is constant over the 
surface of the filter to  within ± 3  m#i for a  filter of 50-mm. di­
am eter. T he peak wave length m ay be adjusted by rotating the 
filter around an axis normal to  the incident beam.

Individual filters and sets of filters are offered by Farrand in 
the visual region between 400 and 700 m/t w ithin tolerances of 
=|=10 niM a t peak transmission and 15 to  20 m/¿ band width a t 
half transmission. These are 50 mm. square, although others 
are made to  special order, and are available a t peak wave lengths 
of 400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, and 
700 millimicrons. The filters are perm anent to  normal atm os­
pheric conditions. One interesting property inherent in this 
class of filter is the fact th a t  excessive heating of the filter is un­
likely because radiation which is not transm itted  is reflected and 
no t absorbed.

Figure 2 illustrates typical spectral transmission curves for the 
visible region. Analysts will aw ait with in terest the  announce­
m ent promised by Farrand of other interference filters for the 
ultraviolet and infrared. These will be concerned w ith peak 
transmission under 400 m/i, and in the near infrared from 700 m/j 
to  2.0 microns alid the infrared from 2 to 30 microns.

T he instrum ent designer is provided w ith a  powerful tool by 
the advent of these filters. Their cost is considerably greater 
than  the crude absorption filters b u t is far below th a t of instru ­
m ental means for achieving comparable selectivity. In  addition, 
i t  m ay be expected th a t their use w ith extended sources of radi­
ation will greatly simplify the radiometric and amplifier problems 
associated w ith optical measurements;

Particular interest attaches to  the promised filters for the u ltra­
violet and infrared. In  the case of the la tte r  we may be provided 
w ith a  promising alternative to  the Pfund technique in which a 
differential infrared analyzer is sensitized to a given constituent 
by employing it as a  filter in the heterogeneous beam of radiation.

21
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Laboratory Stirrer 
w ith Electronic control

VARIABLE SPEED A T  FULL T O R Q U E  

T H Y R A T R O N  TUBE C O N TRO LLED  

D IR EC T D R IV E A N D  GEAR D RIV E IN  ONE  M O T O R  

DC C O N T R O L  O N  AC

This adjustable speed stirrer has a shunt wound DC 
motor equipped with ball bearings. A phase shift 
thyratron tube controlled rectifier regulates this fully 
enclosed Vtoth h.p. motor, converting alternating 
current into direct current for smooth and steady 
stirring. Two R.C.A. 2050 gas-filled rectifier tubes 
feed uniform current to the field and armature of the 
motor. For efficient cooling, these tubes are mounted 
on top of the steel box which contains all switches 
and controls.

The speed of the direct drive shaft is about 400 to 
4000 rpm in stepless control, while the gear driven 
shaft has a speed about 1/ u  of the direct or armature 
speed. The high speed shaft can be stalled w ith­
out damage, while the gear driven shaft load should 
not exceed 6 inch-pounds for long gear life, a torque 
considerably above ordinary laboratory require­
ments. Direction of the stirrer can be reversed 
simply by flipping a switch.

Shafts 5/is" in diameter have milled flats for fasten­
ing attachments supplied: a l/ t " diameter stainless 
steel shaft and propeller and a V /  pulley to be 
attached to either shaft for indirect drive of calorim­
eters, flask stirrers or other apparatus. This stirrer 
can be easily attached to any support stand (not 
furnished).

I m m e d i a t e  s h i p m e n t  f r o m  s t o c k .

No. 18359 Electronic Stirrer for n o  volt, 
60 cycle current, complete as described. 

Each $75.00

SCIENTIFIC GLASSAPMRATUS eo. inc.
B L O O M F IE L D  •  N E W  JE R S E Y

9 n A Ż Ą u m e * iŹ a łix u t

WAVE LENGTH MILLIMICRONS
Figure 2 •

I t  is an interesting comm entary on the interrelation of various 
techniques to  note how th e  methods for film evaporation and depo­
sition of sem itransparent layers have brought an old optical 
principle to  a  new and useful application.

P l t o t o t u i & i

In any photom etric problem, increased spectral resolution im­
poses greater demands upon th e  means for measuring the radia­
tion. Photom ultiplier tubes have found increasing application 
in a num ber of instrum ents, and several types are available, 
among them  IICA 931-A, 1P21, 1P22, 1P28.

The inordinate sensitivity of these tqbes simplifies or eliminates 
the need for subsequent amplification and therefore compensates 
somewhat for their need of a high voltage supply. C ircuits have 
been described for the stabilization of photom ultiplier tubes 
against line voltage variations and light source fluctuations 
( “Experim ental Electronics’’, M üller, Garm an, and Droz, pp. 
74-8, New York, Prentice-IIall, 1942). M ore recent develop­
ments have shown how special requirem ents can be m et including 
logarithmic response. Two im portant papers by M. H. Sweet 
(Electronics, M arch, 1945, p. 102 and Nov., 1946, p. 105) de­
scribe several useful procedures for obtaining stable and reliable 
performance from these tubes. T he earlier of these papers 
describes a compact ba ttery  source for th e  potentials on the 
dynodes, and the la ter one some very useful means for improving 
voltage stabilization by gas-regulator tubes.

A new phototube has been announced by RCA which is not 
concerned with high sensitivity, b u t by its special a ttribu tes opens 
up some entirely new fields of application. T he RCA-1P42 is 
a tiny  high-vacuum phototube designed particularly  for control 
purposes where space lim itation is a  prime consideration. I t  is 
designed for “ end-on” illum ination, and the sem itransparent 
cathode surface on the glass window a t the large end of th e  tube is 
sensitive prim arily in the blue region of th e  spectrum  and has 
negligible sensitivity to  the  infrared. A few of th e  characteristics 
are: dimensions I 1/» inches by ' / 4 inch in diam eter; sensitivity
25 microam peres/lum en, d.c. load resistance, 1 megohm. Fur­
ther details of this tube m ay be obtained from RCA Com­
mercial Engineering, Section D -6K, H arrison, N. J .
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E. H . SHELDON & C O M P A N Y
M USKEGON, M ICH IG AN

LABORATORY  
E Q U I P M E N T

G L A S S  A B S O R P T IO N  C E L L S   "

O F  F I N E  Q U A L I T Y

L a b o r a t o r y  W a ll  
T a b le  a n d  F u m e  H o o d

SHELDON’ S lo n g , con tin u ou s, a n d  su cce ssfu l e x p e r ie n c e ;  
e ff ic ie n t  p la n n in g  s e r v ic e ,  a n d  u n su rp a sse d  p ro d u ctio n  
fa c il it ie s  co m b in e  to  p r o v id e  th e  u tm o st in u t i l ity  an d  
e c o n o m y  in L a b o ra to r y  E qu ipm en t. Let SHELDON P lan n in g  
E n gin eers  h e lp  y o u  p la n  y o u r  r e s e a r c h  a n d  con tro l 
L a b o ra to r ie s .

SHELDON’ S n e w  In d u stria l C a ta lo g  fo r  C h em ical 
a n d  P h y sica l L a b o ra to r y , X - r a y ,  M e ta llo g ra p h ic  
a n d  D a rk  R oom  F ix e d  E q u ip m en t Is n o w  on  th e  
p r e s s .  R e s e r v e  y o u r  c o p y  to d a y .

Fused in an electric furnace with cem ent 

that is acid, alkali and solvent resistant.

M akers of complete 
Electrophoresis Apparatus K L E T T  S C I E N T I F I C  P R O D U C T S -

K LET T-SU M M E R SO N  P H O T O E L E C T R IC  C O L O R IM E T E R S  * 
C O L O R IM E T E R S  • N E P H E LO M E T E R S  • FLU O RIM ETERS • B IO ­
C O L O R IM E T E R S  * C O M P A R A T O R S  • E LE C T R O P H O R E S IS  
A P P A R A T U S  • G L A S S  S T A N D A R D S  * G L A S S  C E L L S  * 

KLETT R E A G E N T S

MAHUFACTURIHG CO., 177 East 87th Street, N e w  Y ork, N .  y .

in the
U n i t e d  S t a t e s  of  f u s e d  ★  
E l e c t r o p h o r e s i s  C e l l s .

O ptical Flat W alls. Many stock sizes are 

available. Special sizes made to order.



TH E AMERICAN PLATINUM WORKS
231 NEW JERSEY R.R. AVE., NEWARK 5, N. J. 

P R E C IO U S  M E T A LS  S IN C E  1875

SER V IN G  THE O P TIC A L SCIEN CES  
THAT BROADEN M AN ’S H O R IZO N

TH-6
PfRKin-aiTKR

CORPORflTIOn
GLOlBROOKXOnn.

ELECTRODES for electrolitic processes. 

LABORATORY WARES of all description. 
Boats. Liners, Stills and Retorts. 

PLATINUM AND PALLADIUM CATALYSTS 
Salts and Solutions of the Platinum Metals.

HIGHEST PRICES PAID 
FOR SCRAP PLATINUM

W E IN V ITE  Y O U R  IN Q U IR IES  A N D  W ILL  BE G LA D  
TO  SEN D  O N  REQ UEST O U R N EW  FO LD ER  1-20,

"PLA TIN U M , G O LD & SILVER FOR  
SCIEN CE, INDUSTRY & THE A R TS"

I N E E R I N G  C H E M I S T R Y  Vol. 18, No. 11

foa, aM Scientific cutd 
aduc&iitd uaeé

I m p r o v i n g  t h e  

I n f r a r e d  S p e c t r o m e t e r

W ith th e  advice o f  presenc usdrs o f  its equipm ent, 
Perkin-Elm er has developed a  new  m odel o f  its Infrared 
Spectrom eter. M odel 12-C (supplan ting  12-B) em ­
bodies these added  features:

(1) Littrow  M irror m o u n t w ith  independen t m i­
crom eter to  provide fine ad justm en t o f  th e  wave­
leng th  scale and  perm it th e  use o f  h igher refractive 
index prism s. (2) M eans fo r chang ing  desiccanc 
w ithou t exposing th e  prism  to  atm ospheric  m ois­
ture. (3) Sturdy liquid abso rp tion  cell, com bining 
sm all volum e w ith  tigh tly  sealed jo in ts and  easily 
cleaned shape (illustrated below ). (4) Feedback 
circuit fo r d .c. am plifier to  reduce noise and 
assure linear response. (5) O p tiona l ex it ho le  in 
spectrom eter cover to  perm it its use as a  m o n o ­
chrom atic illum inator. (6) 'O p tio n a l ellipsoidal 
m irror for focussing  o n  special detectors.

All o f  these m ay be  installed o n  existing M odel 12A 
and  12B Spectrom eters.

Additional 
improvements now 
being designed for 

incorporation 
in new and exist­
ing spectrometers 

include; Com­
pletely enclosed 

safety light source 
— Grating filters 
to almost elimi­
nate scattered 

light-—  D  rift-free, 
chopped beam 
detector and 

a. c. amplifier.
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OLDERSHAW  FRACTIONATING COLUMN
( S H E L L  D E S IG N )

For laboratory distillations of hydrocarbon mixtures, the O ldershaw  column, with autom atic 
stillheads and accessories, is "standard  equipm ent." Uniform perform ance with reproducib le  results 
is obtained since each  colum n has a fixed num ber of identical perforated  Pyrex glass plates.

W ith high rate of th roughput and  low operating  hold-up p e r theoretical plate, the fractionating 
efficiency is practically  constant, regardless of the ra te of throughput. W e m ake the 26 mm colum n 
and  autom atic stillhead com pletely vacuum  jacketed, elim inating the need  for outside heating. 
In ternal type expansion bellows allow operation  up to 450 F. and h igher tem peratures m ay be 

reach ed  with special equipm ent.

In addition to the 26 mm diam eter colum n we are now m anufacturing a 75 mm colum n (having 
48 liters p e r hour throughput). Both sizes are  available for prom pt delivery, with auxiliary equipm ent. 
This includes stillheads, condensers, receivers, tim ers and  solenoid coils for autom atic operation.

For descriptive literature and  p rice list we invite you to contact our exclusive agent in  your 

vicinity or to write direct.

GLASS ENGINEERING LABORATORIES, SAN CARLOS, CALIFORNIA
D I S T R I B U T O R S

F IS H E R  S C IE N T IF IC  CO. LTD. 
910 S t. J a m e s  S t. W. 

M o n tre a l, O ne. C a n a d a

N o . 1405-H

D UO-SEAL VACUUM  PUM P, M otor D riven. 
V acuum  .05 m ic ro n — free  a ir c a p a c ity  oi 33.4
lite ra  p e r  m in u te .......................................................5140.00
W i t t  la rg e r  m otor g iv in g  57 li te rs  free  a ir  cap ac ity  
p e r  m inu te  a n d  vacuum  of 0.1 m icro n  . . . .S155.00

w
Chicago 10, Illinois, U.S.A.1515 Sedgwick St., Dept. A E stab lished  1880

WELCH DUO-SEAL  
V A C U U M - P U M P S

Although all W elch Vacuum Pumps are ground to 
a tolerance of 1/ 10,000 inch, this "running in" 
process is your extra assurance of a long-lived, smooth 
running pump.

HIGH VACUUM
.05 Micron — .00005 mm Hg.

FAST PUMPING
at all pressures

LARGE FREE AIR CAPACITY
33.4 Liters Per Minute

CONTINUOUS OPERATION 
• Durable • Quiet • Efficient • Economical

W rite fo r  brochure on W elch Pum ps

W . H . C U R T IN  & CO. 
P . O . Box 118

H o u s to n  1, T exas

M . J .  SEAVY & SON 
30 C h u rc h  S t,

N ew  Y ork , N . Y.



SCHAAR & COMPANY
Complete Laboratory Equipment 

74 8 W. LEXINGTON STREET CHICAGO 7

UNIFORM SURFACE TEMPERRTffi/

jß a Ä o J u d o s u f,

C h r o m a l o x  
H O T  P L A T E S

No w arping — unusu­
a l ly  lo n g  life  — co ol 
operation permits use 
on wood — cool switch 
eliminates contact fa il­
ures and assures easy, 
safe handling.

IN D U S T R IA L  
L A B O R A T O R Y  T A B L E  66 10

O ne of the tenets upon which Leonard
Peterson & Co. was founded some 50
years ago was Q uality , rigidly, un-
implacably m aintained regardless of
circumstances. Today all the fields
which Peterson serves recognize that
Peterson Q uality is the standard of
comparison. •

T o p
C a t .  N o . D ia m . W a t t s  P r ic e

5590 V  760* $10.50
5592  V  1200 11.50
5594  1 W  2000  14.35

*110 volts only; specify 110 or 220 for all other 
models.

W rite for 
Peterson's 

Catalog 
G ratis of Course

LEONARD PETERSON & CO., Inc.
1222-34 F U L L E R T O N  A V E., C H IC A G O  14, U. S. A

precision tools for the technologist
Atomic bombs, military hospitals, atabrine, steel, vitamins, explosives— in w ar and  
p e ace  Colem an Instruments help the makers of vital m aterials. These precision  
instruments are for the practica l man who wants accurate dependable  data delivered  
with a minimum of operating effort. Colem an Instruments are truly p racticab le — 
sensitive and ru g g e d — serve as well in the plant as in the lab. In planning your 
production processes— remember that modern analytical methods make direct 
savings in time and m aterial— write for these new bulletins.

pH ELEC TR O M ETER S— B u lle tin  -207  
SPEC TRO PH O TO M ETERS  and  P H O TO FLU O R O M ETER S  — Bulle tin  -208

BU FFER  TA B LETS  — B u lle tin  -205

C O L E M A N  IN S T R U M E N T S /  IN C .
Maywood, Illinois
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H E W  Y O R K  L A B O R A T O R Y  S U P P L Y  C O R P .
NEW  Y O R K  13, N. Y.78-78 V A R IC K  S T R E E T

The Taber V-5 Stiffness Gauge not 
only gives a precise measurement of 
stiffness, but also provides a method for 
testing resilient qualities of materials.
Its simplicity of operation and direct 
recordings make it an exceptionally 
practical instrument for industrial re­
search. Light weight, portable. Motor 
driven (115 volts).

u TABER INSTRUMENT CORP.
T  a*be /  A  b ra s c r .) '  '  111 IE G o u n d r y  S t . ,  N . T o n a w o n d a ,  N . Y.

TABER V- 5  5 TIFFI1ESS GAUGE

D ET ER M IN A T IO N  OF TUNGSTEN
The L aM olte C hem ical1 
P roducts Company an­
nounces a new organic 
compound developed by 
John II. Yoe and A. 
Leehter Jones, U niver­
sity  of Virginia (Refer­
ence —  Industrial and 
Engineering Chemistry, 
A nalytical Edition, Vol. 
16, p. 45-18, 1944), as a 
reagent for th e  gravi­
m etric determ ination of 
tungsten. Procedures 
have been devised for 

its  use in the determ ination of tungsten ores and alloys. 
D eterm inations of tungsten w ith  the new reagent are equiva­
len t in accuracy to  the standard  cinchonine method.

D E T E R M I N A T I O N  O F  I R O N
A new, sensitive, stable, and widely applicable reagent, 
developed by  John II. Yoe and A. Leehter Jones, U niversity 
of Virginia (Reference — Industria l and Engineering Chem­
istry , A nalytical E dition , Vol. 16, p. 111-115, 1944), for the 
colorimetric determ ination of ferric iron. T he reagent m ay 
be used in either acid or alkaline medium. In  alkaline 
medium it  is sensitive to  one p a rt of iron in 200,000,000 
parts  of solution. In acid solution th e  sensitivity  is one 
p a rt in 30,000,000.

W rite for further inform ation and prices.

I f  yo u  do not have the LaM olte “A B C  o f  p H  Control,” a com­
plim en tary  copy w ill be sent w ithout obligation upon request.

LaMOTTE CHEMICAL PRODUCTS COMPANY
Dept. F., Towson 4, M d.

H E V  I D U T Y
Combustion Tube Furnaces

These furnaces are designed  chiefly for carbon  
determ inations, b u t a re  also suitable for organic 
analysis and  sim ilar heating  problem s. The hea t­
ing units, of w hich th ere  a re  two p e r furnace, are  
easily rep laceab le  and  consist of helical coils of 
nickel chrom ium  w ire . w ound through  undercu t 
grooves of sem i-cylindrical refractories.

O perates directly  on e ither 115 V. or 230 V. The 
maximum tem perature for continuous use is 1832° 
F. (1000° C.). For interm ittent periods of short 
duration, a m aximum tem perature of 1950°F. 
(1065°C.) m ay b e  used. H eating cham ber m eas­
ures 1M " dia. by 12" long. Rheostats should be 
used tor regulating  the tem perature and  to p re ­
vent over heating.

These furnaces a re  m ade in  two types; h inged  and  
solid. In the h inged  type the open  half m ay be 
raised  to expose the com bustion tube at any time. 
Both styles com prise a shell form of sheet steel, 
finished in  optical b lack  and  fitted with asbestos 
heads on each  end. The shell is lined  with insu­
lating brick  having a low heat conductivity.

15960 Multiple Unit Electric Combustion Tube 
Furnace, Type 70. H inged type. 750 watts.

Each $42.50
15961 Rheostat for furnace 15960. Each $19.00
15965 Multiple Unit Electric Combustion Fur­
nace, Type 77. Solid type. Same as 15960 but of 
solid construction. 600 watts. Each $25.00
15966 Rheostat for furnace 15965. Each $16.50

S im ila r  fu r n a c e s , b u t  la r g e r  in  d ia m ­
e te r  a n d  le n g th  are  a lso  a v a ila b le .

Thin Metallic Sheet, Wire, 
Plastic Sheet, Paper and 
Paper Board, and other 

Flexible Materials
W IT H  TH E

T A B E R
STIFFNESS GAUGE
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A B B E  P R E C I S I O N —

DELIV ER Y :
8 W EEK S B

s
R A N G E: n D  1.30 —  nD  1.70

A CC U RA C Y : 2 u n its  in  th e  fo u rth  
d ec im a l p lace

W ITH and  W ITH O UT AM ICI P R ISM

For l ite ra tu re  w rite  to

GAMMA SCIENTIFIC COMPANY
95 Madison Ave. New York 16, N. Y .

FISHER LABORATORY FLOW METER
for A ir  and  O th er G ases

The F is h e r  L a b o r a to ry  F lo w  M e te r  provides the 
m eans of m easuring the ra te of flow of air or any other 
gas over a wide range. It is m uch m ore convenient to use 
than  a m anom eter and  has the added  advantage of being 
d i r e c t  r e a d in g .

M ounted on the heavy base and  square' support colum n 
of the Fisher Flow M eter is a tapered  glass tube w ith white 
background and  red  graduations. A n alum inum  float 
w ithin this tube rises and  falls in  d irec t proportion to the 
ra te of gas flow.

The scale is g raduated  from 0 to 3.5 liters of air p e r m in­
ute at standard  pressure and  tem perature. O perating  
instructions are furnished with the instrum ent, also a cor­
rection factor nom ograph for use in  m easuring flow of 
gases o ther than  air and at different pressures and  tem ­
peratures. E a c h ...................... $42.90

. . . . .  .  A v a i la b le  a lo n g  w ith  o th e rThe neiv Flow M eter is readily attached to an apparatus _
assembly such as the pas absorption train illustrated here. L a b o ra to ry  R e q u ir e m e n ts  from :

Headquarters for Laboratory Supplies

Fisher Scientific Co. ¡n  Eimer and Amend
717 Forbes St., P ittsb u rg h  (19), P a . M Q LT  G  reenwich and Morton Streets
2109 Locust St., S t .  Lo u is  (3), M o. N e w  Y o r k  (1 4 ) ,  N e w  Y o r k

In Canada: Fisher Scientific Co., Ltd., 9 0 4  St. James Street, Montreal, Quebec

" L A B O R A T O R Y ”  
P E N C IL

V W rites d irectly  on 
e ither glass o r  metal.

V W ill m ake b rillian t, legib le, 
and w a te rp ro o f m arks on sm ooth  

o r  ro u g h  surfaces.
V M arks w ill n o t run  at tem pera tu res up 
to 300°C.
</ M arks can be scrubbed oif w ith a damp cloth.
t/ Check th e s e  fea tu res you rse lf w ith  a 
B laisdell L aboratory  Pencil.

3 6 5 -T  Crim son Red 3 6 8 -T  Blue 3 7 0 -T  Ye llow  3 7 3 -T  Block 
" O r d e r  fr o m  yo u r  d e a le r  o r — ----------

•Rc-k. u . s , ! 
Pat. Off. J

M ail th is  c o u p o n  fo r  FREE S A M P L E

sWABp. J3/aisde// PEN C IL C O M PA N Y
A  4?, 141 B e rk ley  S t., P h i la d e lp h ia  4 4 ,  P a .— D e p t. EC-3

S e n d  m e  sam p le  o f  No.

^iH G  ■ ^

S c ie n t if ic a lly  
D e s ig n e d  fo r

y3/aisde/7

L A B O R A T O R Y
W O R K
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Perm an en t re lia b ility  o f  H e llig e  G la s s  C o lo r  S t a n d ­
a rd s , a c cu ra c y  o f co lo r  co m p a riso n , s im p lic ity  o f the 
tech niq u e, a n d  co m p a ctn e ss o f  the a p p a ra tu s  a re  
e xc lu siv e  fe atu res o f  H e llig e  C o m p a ra to rs  not found  
in a n y  s im ila r outfits.

W R ITE  F O R  B U LLETIN  N o . 6 0 2

H E L L I G E
I N C O R P O R A T E D

3718 N O R T H E R N  BLVD., LONG IS L A N D  C I T Y  1. N .Y

•  A c cu ra cy  e q u a l to g ra v im e tr ic  m ethod m eets 
standards of procedure recommended to ASTM.

•  Costs less than com parable equipment.
•  A daptable  to both a lka line  and iodate methods.
•  Requires less skill in handling than other equipment.
•  Pipettes and burette designed for autom atic zeroing.

FOR BETTER

Gmécoô

NONFADING
GLASS COLOR

STANDARDS

T he W eather-O m eter brings w eathering  conditions righ t 
in to  your laboratory. A few weeks testing w ith control- 
able cycles of light, w ater spray, and selected tem perature 
and hum idity  equals years of actual outdoor exposure. 
T he W eather-O m eter is safe to  operate autom atically 24 
hours a day w ithout attention.

Used all over the w orld  —  Atlas W eather-Om eters, 
Launder-Ometers, and Fade-Ometers.

A T L A S  E L E C T R I C  D E V I C E S  C O .
361 W EST SUPERIOR STREET, C H IC A G O  10. ILLIN O IS

. . . .  Is used by these companies 
to te st  the re s is ta n ce  of th e ir  
products to the destructive effect 
of weathering . . .

■* B. F. Goodrich Company 
■k Prlsmo Laboratories 
-k K. Sonneborn Sons, Inc. 
k  United States Rubber Company
★  United States Testing Company
★  Tennessee Eastman Corporation 
k  Aridye Corporation
★  American Cyanamid Co.
★  Chance Yought A ircraft
★  Collyer Insulated Wire Co., Inc.
★  Congoleum Nairn, Inc.
★  Phillips-Petroleum Co.
★  Pacific Mills
k  Nox Rust Corporation
★  National Bureau of Standards

(Chemistry Bldg.) 
k  National Bureau of Standards 

(Textile Bldg.) 
k  U. S. Naval Clothing Depot
k  U. S. Navy Yard
★  U. S. Marine Corps
k  U. S. Naval Hospital

and hundreds o f others



30 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 Vol. 18, No. 11

P A L O  -T R A V IS

P A R T IC L E  S IZ E  A P P A R A T U S  

O F F E R S

A ccuracy Versatility
Ease of Manipulation Rapidity

The sedimentation principle on which this instrument 
operates makes it possible to determine the sub­
sieve range, from 325 mesh down to 2 microns. 
Elaborate calculations are eliminated by the use of 
a graphical solution or a slide rule calculator, both 
of which are furnished with the instrument.

Determination may be made on any substance, pro­
viding there is a liquid medium available, in which 
the substance is insoluble, and a wetting agent that 

will disperse the particles.

Write for particulars of Merr M odel

T > A I ^ - M Y B R S  inc.

81 REflDE STREET, NEW YORK 7, N. Y.

^ G o ld fisch *7 E lectric  Heater
A compact (5" x 5" x 3 ]4") heater for bench or battery use. 
Interlocking base and top of heat-resistant Electrobestos. 
Seven coil elem ent set in a core plate constructed to 
conform to curvature of flask. Fast uniform heat with 
voltage and wattage as desired (maximum 800 watts)

Price, less co rd ..................................................... $5.00
With 6 foot cord and p lu g ................................  5.75

Also furnished with hot plate top, asbestos ring disks, and 
heater holder with clamp for mounting on support rod.

LABORATORY CONSTRUCTION CO.
1115 Holmes St. ’ Kansas City 6, Mo.

•  H e a ts  u p  to  1 5 0 0 °  F . in  30  
m in u te s .

•  C an  b e  o p e ra te d  c o n t in u ­
o u s ly  u p  to  2 0 0 0 °  F.

•  E m b ed d ed  h e a tin g  e lem en t 
p ro te c te d  a g a in s t d a m a g e  
a n d  ch e m ica l d e te r io ra t io n . 
M u flic c o re  ea sily  re p la c e ­
ab le .

O th e r  sizes

E L E C T R I C  F U R N A C E
T h e  n e w  M OD F.L C E A h as  been  d es ig n e d  to  
g iv e  s u p e r io r  p e rfo rm a n c e , w ith  ease a n d  
eco n o m y  o f  o p e ra t io n , a t  a lo w  in i t ia l  co st. I t 
w ill s ta n d  h a rd  use a n d  is an  id e a l fu rn a c e  

f o r  g e n e r a l  l a b o r a t o r y  p u r ­
poses, h e a t- t r e a t in g  a n d  sm all 
u n it  p ro d u c t io n .

SPECIFIC A TIO N S 
T e m p e ra tu re  C o n tro l —  A ny
te m p e ra tu re  f ro m  5 0 0 °  F . to  
2 0 0 0 °  F . c a n  b e  se le c ted  a n d  
au to m a tic a l ly  m a in ta in e d  w ith  
T E M C O  v a r ia b le  te m p e ra tu re  
co n tro l.
P y ro m e te r  —  In d ic a t in g  ty p e  
c a lib ra te d  in  b o th  F a h re n h e i t  
a n d  C e n tig ra d e  scales. 
D im ensions— In s id e  4*A  " w id e ,  
4 V i ” h ig h , 6 "  d ee p . O u ts id e  
1 2 "  w id e , 1 5 V i"  h ig h , 1 4 V i"  
d ee p .
P rice s  M odel CEA C o m p le te  
For 115 Y.— A .C . on ly ....$ 8 0 .0 0  
For 115 V.— A .C . & D .C . 8 5 .0 0  
F or 230 Y.— A .C . on ly .... 8 5 .0 0
•  H e a t i n g  e l e m e n t ,  s p e c i a l  

h ig h  t e m p e r a t u r e  a l l o y ,  
c o m p le te ly  s u r ro u n d s  h e a t­
in g  c h a m b e r  a s s u rin g  th e  
m o s t u n ifo rm  d is tr ib u t io n  
o f  h e a t.

•  In s u la te d  w ith  h ig h ly  effi­
c ie n t, lig h t-w e ig h t m a te r ia ls  
ca st p e rm a n e n tly  in to  f u r ­
n a c e  bo d y .

a v a ila b le
S e e  y o u r su p p ly  house  o r w r ite  fo r  l ite r a tu re  

I THERMO ELECTR IC  MFG. CO . <78 W . Locus* S t . .  D ubuque, to .

CARL SCHLEICHER & SC1IUELL CO.
P lan t and  Laboratories: SO U T H  L E E , MASS.

E xecutive  Offices: 116-118 W EST 14th S T R E E T  
NEW  Y O R K ,  N.  Y.
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P h  o t o m e t e r s

A mersil translucent and transparen t silica w are labora­
tory equipm ent w ill no t contam inate either neutral 
salt o r alkali solutions. T hus w hether you are  running 
a h igh tem perature chemical reaction, collecting hot 
corrosive liquids, o r refining or sintering metals, Amersil 
laboratory  w are assures a pu re  product. N on-porosity, 
high electrical resistivity a t all tem perature and  the 
ability  to w ithstand severe therm al shocks are additional 
characteristics w hich m ake for successful test completions.

Send for catalog w hich briefly illustrates a few of fused 
silica and  fused quartz  products sold under the trade 
name "Am ersil”.

ß lto io e le c b ü c  

Q la U  G e il 

G o l& U * n et& i

TRADE NAME

REGISTERED

HUNTER 
MUL TI PURPOS E  R E F L E C T O M E T E R

A high-precision instrument used for reflec­
tance, color, gloss and transmission measurement

D e s ig n e d  fo r  t h e  B

r a p id  a n d  a c c u r a te  

d e t e r m i n a t i o n  o f

t h i a m i n ,  r ib o fla v in , a n d  o t h e r  s u b s ta n c e s  w h ic h  

f lu o re s c e  in  s o lu t io n .  T h e  s e n s i t iv i t y  a n d  s t a ­

b i l i t y  a re  s u c h  t h a t  i t  h a s  b e e n  fo u n d  p a r t i c u ­

la r ly  u s e fu l  i n  d e t e r m in in g  v e r y  s m a ll  a m o u n ts  

o f  th e s e  s u b s ta n c e s .

O V E R  50 A P P L IC A T IO N S

W ID E L Y  U S E D  F O R :

1. Testing paints for reflectance, hiding power, color differ­
ence, whiteness, yellowness, fading, etc.

2. Brightness of pulp and paper.

3. Determining detergent power of soaps.

4. To indicate lightness of surfaces.

5. To measure color and whiteness of dry powders, p ig­
ments, pastes, and liquids.

6. To classify materials for. gloss.

7. To indicate shininess of surfaces.

8. To measure luminous transmission.

9. To determine resistance of surfaces to weathering, wear, 
and abrasion.

K L E T T  S C IEN T IFIC  PRODUCTS:
ELECTROPHORESIS APPARATUS • BIO-COLORIMETERS 
GLASS ABSORPTION CELLS • COLORIMETER NEPHELOM­
ETERS •  GLASS STANDARDS * KLETT REAGENTS

S E N D  F O R  L IT E R A T U R E  

W R IT E  U S R E G A R D IN G  Y O U R  P R O B L E M S

Klett M a n u f a c t u r i n g  C o .
17 9  E A S T  8 7 T H  S T R E E T  N E W  Y O R K ,  N . Y .

HENRY A. GARDNER LABORATORY, INC. 
4723 Elm Street 

Bethesda 14, Maryland



SCHAAR & COMPANY
Com plete Laboratory Equipm ent 

7 48  W. LEXINGTON STREET CHICAGO 7

ANNOUNCING H™ Ptuduup

REPLACES PURE By ELTON L. QUINN
Professor of Chemistry, University of Utah

and CHARLES L. JONES
Formerly Chief Engineer, American Dry Ice Corporation

THE new printing 
restores this well- 
known book to the 

active list of Ameri­
can Chemical Society 
Monograph Series. 
The demand for this 

book has been so great that we have been com­
pelled to reprint the first edition published in 
1936.

C O N T E N T S  s P r e fa c e .  T h e  E a r ly  H is to r y  o f  C a r b o n  
D io x id e . P h y s ic a l  P r o p e r t ie s  o f  C a r b o n  D io x id e . 
C h e m ic a l  P r o p e r t ie s  o f  C a r b o n  D io x id e . C a r b o n  
D io x id e  a n d  V i t a l  P r o c e s s e s . C o m m e r c ia l  M a n u fa c ­
tu r e  o f  L iq u id  C a r b o n  D io x id e . M a n u fa c t u r e  a n d  
D is t r ib u t io n  o f  S o lid  C a r b o n  D io x id e . U ses o f  C o m ­
m e r c ia l  C a r b o n  D io x id e . A p p e n d ix . S u b je c t  In d e x . 
A u t h o r  In d e x .

294 pages • Illustrated •  2nd Printing •  $8.00

•  For g a s , a ir  and liqu ids
•  A cid  an d  corrosion resisting
•  Unaffected b y  o il, gaso line ,

alco h o l, or w ater
•  Does not deteriorate  with a g e

•  H ig h  die lectric strength
•  W ithstands repeated flexing

(flexin g life  10-*12 times that 
of rubber)

•  Transparent, alm ost colorless

Atnerican Chemical 
Society Monograph 

No. 72

No. 8 7 9 3 — T Y G O N  FLEXIBLE T U B IN G

W ell Thick, 
Inches

Inside Diam, 
Inches

W all Thick, 
Inches

Inside Diam, 
Inches

1 /8  1 /1 6
3 /1 6  1 /1 6
1 /4  1 /1 6
1 /4  3/16
5 /1 6  1 /1 6

Discounts: 25 ft. of one

330 W e st 42n d  S tr e e t  
N e w  Y o rk  18 , N . Y .

G reater A ccu racy  in Absolute Units
H O EPPLER  r 

V ISC O SIM ETER  I t WjJ  t
r&i • f i l l  f t  Si f  IfiM .1# MU.

Absolute viscosity according M J  i  ||I B W m ' 
to the Falling Ball Principle I  ¡111

Determine 
pH and 
Chlorine 
This Easy 

Way! T a y lo r  pH  S lid e  C o m p a ra to r  (M odels 
T - l  an d  T -2) in ca rry in g ; case . S lides 
a v a ila b le  to  cover pH  ra n g e  0.2 to  13.6.

Simply place prepared sample in base, move slide 
containing color standards until color m atch is obtained 
and read direct from values engraved on the slide.
Sets for general pH and chlorine control. Also pH, 
color, nitrogen, n itrate, n itrite , chlorine, iron, m an­
ganese, ammonia, copper and fluoride in municipal and 
industrial w ater purification. pH, phosphate, chlorine, 
silica, amm onia and n itra te  for boiler water, etc. Light 
in weight, portable, inexpensive, simple to operate. 
All liquid color standards carry an U N L IM IT E D  

G UA RA NTEE AGAINST FA D IN G .

\  V A L U A B L E  R E F E R E N C E  B O O K — FREE
88 fac t-packed  pages contain authorita tive exp la -  

% na tions o f p H  a n d  Chlorine Control . . . give rec- 
i %  om m endations fo r  34 d ifferent in d u s tr ia l applica-

\ U Hons. Taylor O utfits  are described a n d  i l lu s -
\  \ \  tra ied  . . . procedures exp la ined . See yo u r dealer
\  [ .fjx today , or w rite direct to

F o r  d e te rm in in g  th e  a b s o lu te  v isco s ity  o f  g a se s , l iq u id s , 
o ils ,  p la s t ic , sy ru p s , o r  v isco u s  ta r s .  D ire c t  re a d in g s  in  
c e n tip o ise s  ( o r  c e n tis to k e s ) . F ro m  0 .0 1  to  1 ,0 0 0 ,0 0 0  
c e n tip o ise s . A ccu racy : 0 .1%  to  0 .5 % . D iffe ren c e  in  v is­
c o s ity  b e tw e e n  d is ti l le d  a n d  ta p  w a te r  ca n  b e  m e a su re d .

T h e  fa l l in g  t im e  o f  th e  b a ll m u ltip l ie d  by o th e r  g iv en  
fa c to rs  s h o w s  th e  a b s o lu te  v isco s ity  in  c e n tip o is e s . Sm all
s a m p le  ( 3 0  c c )  r e q u ir e d . R e s u l t s  c o n s is t e n t  a n d  r e p r o d u c ib le .

W rite  today for new Bulletin H V -3 0 3 .
O rder direct or from leading laboratory supply dealers. 

M a n u f a c t u r e d  b y  
F IS H -S C H U R M A N  C O R PO R A T IO N  

230 E a s t  45 th  S tr e e t ,  N e w  Y o rk  17, N . Y . ^Hj

r m f l
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COORS PORCELAIN COMPANY
COLDEN. COLORADO

L U M E T  R O N
Photoelectric C O L O R IM E T E R  and F L U O R E S C E N C E  M E T E R

A high  precision  instrum ent of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

M od. 402E F  io r  d e te r m in a tio n  o f V it. Bx a n d  B

Also
Colorimeters Densitometers
Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters

W rite fo r  L iterature P rom pt D e live ry

PHOTOVOLT CORP.
95 Madison A v e . N ew  York 16, N . Y .
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instrum ent retains  
a ll o f the a d va n ta ge s  
o f the w ell established  
H ercules method w ithout 
a n y  o f its d isa d va n ta ges. 
R a n g e  extended to cover  
from  7 5  to 1 ,0 0 0 ,0 0 0  
centipoises Constant tem­
perature jacket built-in. 
A u tom atic tim er can be 
fu rn ished upon request. 
Write for bulletin N o . 451.

PATENT N O  2 ,2 5 2 ,5 7 2  LICENSED 
UNDER HERCULES POWDER CO  PATENTS

337 CENTRAL AVE. 
JERSEY CITY 7, N. J.
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this process, thereby solving a problem of long 
existence in the manufacture of reticules and 
internal scales. Bausch & Lomb Optical Co., 
609-11  St. Paul Street, Rochester 2, New York.

BAUSCH & LOMB
Cooperating with Men of Science since 1853

if
!I  *

Steel Lines on Glass, .002m/m Wide
TJHOTOGRAPHIC reductions of such mag- 
■*- nitude are made for this unique process that 
a microscope is used to focus the reduced image.

Minute scales and targets are reproduced in 
stainless steel on flat or spherically curved glass 
discs. Images measuring 5 or 6 microns overall 
may be held to tolerances of ±1 micron. Un­
matched for speed and accuracy, this method 
produces scales and targets for use with either 
transmitted or reflected light that are durable 
and precisely defined. This technique is applic­
able to scales ranging from the simple crosshair 
eyepiece disc to complex radar scales and stereo­
scopic range finder targets.

B&L optical science originated and applied


