
INDUSTRIAL AND ENGINEERING CHEMISTRY

A N A L Y T IC A L  E D IT IO N
V'"

HARRISON E. HOWE, ED IT O R  »  ISSUED JU N E 15, 1940 «  VOL. 12, NO. 6 « C O N SEC U T IV E  NO. 12

P a s t i n g  a n d  I d e n t i f ic a t i o n  o f  S t a r c h e s ...........................
Willard L. Morgan 313

S i m p l e  H o t  F il t r a t io n s  a n d  C r y s t a l l iz a t io n s  . . .
John W. Dawson and William M. Dehn 317

S y s t e m a t ic  D e t e c t i o n  o f  T h io c y a n a t e , I o d id e , B r o 
m i d e , a n d  C h l o r i d e ...........................................................................

David H art and Robert Meyrowitz 318

A n a l y s is  o f  M i x t u r e s  o f  A l ip h a t ic  A c i d s .....................
S. T. Schicktanz, W. I. Steele, and A. C. Blaisdell 320

N i t r i t e  N i t r o g e n  S t a n d a r d s  . . . . W . F .  Reindollar 325

R a p i d  D e t e r m i n a t io n  o f  Q u a r t z  i n  F e l d s p a r  . . .
G. H. McIntyre and M. Bozsin 326

V o l u m e t r ic  D e t e r m i n a t io n  o f  S e l e n a t e ...........................
Glenn C. Soth and John E. Ricci 328

J a c k e t e d  R e c e i v e r  f o r  V a c u u m  D is t i l l a t i o n  . . . .
J. B. Cloke 329

D i f f e r e n t i a l  T e m p e r a t u r e  E r r o r  i n  W e ig h i n g  . . .
Ellis Blade 330

C h e m ic a l  E x a m in a t io n  o f  U r e a  C o a t in g  R e s i n s  . . .
John J. Levenson, Jr. 332

E f f e c t  o f  C e r t a i n  C a r b o h y d r a t e s  o n  D e t e r m i n a 
t i o n  o f  C a r o t e n e  . . . E .  J. Lease and J. H .  Mitchell 337

C e r a t e  O x i d i m e t r y .  P r e p a r a t i o n  a n d  S t a b i l i t y  o f  
S o l u t i o n s ......................G. Frederick Smith and C . A . Getz 339

D e t e r m i n a t io n  o f  B o r o n  i n  P l a n t  M a t e r ia l  . . . .
L. V. Wilcox 341

R a p i d  D e t e r m i n a t io n  o f  C o p p e r  b y  o - B e n z o in  
O x i m e  i n  F e r r o m o l y b d e n u m , C a l c iu m  M o l y b d a t e ,
Etc..............................................................Louis Silverman 343

S i m p l i f i e d  I n o c u l a t io n  P r o c e d u r e .....................................
T. L. Black and Aaron Arnold 344

D e t e r m i n a t i o n  o f  w - X y l i d i n e s  a n d  T o t a l  o-  a n d  p -
X y l i d i n e s ................................................................................................

William Seaman, A. R. Norton, and R. W. Mason 345

L a b o r a t o r y - T y p e  M o l e c u l a r  o r  S h o r t - P a t h  S t i l l

f o r  V e g e t a b l e  a n d  A n im a l  F a t s  a n d  O i l s ......................
S. B. Detwiler, Jr., and K. S. Markley 348

S m a l l  B ü c h n e r  F u n n e l  f o r  Q u a l i t a t i v e  O r g a n i c  
A n a l y s i s .......................................................................C . A . Roswell 350

A s s a y  o f  V i t a m i n  A  w i t h  P h o t o e l e c t r i c  C o l o r 
i m e t e r  .............................................................................. R .  B . French 351

E f f i c i e n t  L o w - H o l d u p  L a b o r a t o r y  C o l u m n ......................
M. L. Selker, R. E. Burk, and II. P. Lankelma 352

M i c r o c h e m is t r y  :

M ic r o a n a l y s is  o f  G a s e s . A c e t y l e n e , B e n z e n e ,
a n d  S o m e  P r o c e d u r e  M o d i f i c a t i o n s ...........................

F. E. Blacet, A. L. Sellers, and W. J. Blaedel 356

M i c r o d e t e r m i n a t i o n  o f  S u l f u r  i n  O r g a n i c  C o m 
p o u n d s ...........................L . T .  Hallett and J. W. Kuipers 357

M i c r o g r a m  a n d  M i l l i m i c r o g r a m ..................................................359

M ic r o d e t e r m i n a t i o n  o f  S u l f a t e  O b t a i n e d  f r o m

C o m b u s t io n  o f  O r g a n ic  C o m p o u n d s ...........................
L. T. Hallett and J. W. Kuipers 360

D e t e r m i n a t io n  o f  C a r b o n  C o n t e n t  o f  O r g a n ic

M a t e r i a l s ...........................................................................................
B. E. Christensen, Robert Wong, and J. F. Facer 364

D e t e r m i n a t io n  o f  I r o n  i n  L iq u id  F o o d  P r o d u c t s  . .
H. L. Roberts, C. L. Beardsley, and L. V. Taylor, Jr. 365

C o l o r  T e s t  f o r  E l e m e n t a r y  S u l f u r  i n  P y r i d i n e  
a n d  O t h e r  S o l v e n t s .........................Hermann Sommer 368

V
P h o t o g r a p h ic  S i l v e r - G e l a t in  P a p e r  a s  R e a g e n t

i n  S p o t  A n a l y s i s ...................................................G . Schwarz 369

D e t e r m i n a t i o n  o f  C a r b o n  D i s u l f i d e  i n  A i r  b y  
M e a n s  o f  C o p p e r  a n d  D i e t i i y l a m i n e  i n  2 - M e t h -  
o x y e t h a n o l ....................................Frederick F. Morehead 373

M o d e r n  L a b o r a t o r i e s :

N e w  C h e m i c a l  a n d  M e t a l l u r g i c a l  E n g i n e e r i n g  
B u i l d i n g  a t  P u r d u e  U n i v e r s i t y  . . . J. L . Bray 375

T he A m erican Chem ical Society assumes no responsibility  for th e  sta tem en ts and opinions advanced by  con tribu to rs to  its  publications. 
22,800 copies of th is  issue p rin ted . C opyrigh t 1940 b y  A m erican Chem ical Society.

P u b lic a tio n  O ffice:

E d ito r ia l  O ffice: R o o m  706, M ills  B u ild in g , W a s h in g to n , D. C.
T e le p h o n e : N u tio n a l 0818. C ah le : J ie c h e m  (W ash in g to n )

Published  b y  th e  A m erican Chem ical Society, Pub lication  Office, 20th & 
N o rth am p to n  Sts., E aston , Penna. E n tered  as second-class m a tte r a t  the 
P o s t Office a t  E aston , P enna., under th e  A ct of M arch 3, 1879, as 24 tim es a 
year. In d u s tria l E d ition  m onth ly  on th e  1st; A nalytical E d ition  m onthly  
on th e  lo th . A cceptance for m ailing a t  special ra te  of postage provided for 
in  Section  1103, A ct of O ctober 3, 1917, au thorized Ju ly  13, 1918.

A nnual subscrip tion  ra te , I n d u s t r i a l  E d i t i o n  and  A n a l y t i c a l  E d i t i o n  
sold only as a  un it, S4.00. Foreign postage to  countries not in  the  Pan

E a s to n , P e n n a .

A d v ertis in g  D e p a r tm e n t:  332 W est 42nd S tr e e t ,  N ew  Y o rk , N . Y . 
T e le p h o n e : B ry a n t  9-4430

A m erican Union, $2.25; C anad ian  postage, SO.75. Single copies: In d u stria l 
Edition , $0.75; A nalytical E d ition , SO.50. Special ra tes  to  mem bers.

No claims can be allowed for copies of journals  lost in th e  m ails unless 
such claims are received w ith in  60 days of th e  d a te  of issue, and  no claims 
will be allowed for issues lost as a  result of insufficient notice of change of 
address. (T en days’ advance notice required.) “ M issing from  files" 
cannot be accepted as th e  reason for honoring a claim . Charles L. Parsons, 
Business M anager, M ills Building, W ashington, D . C ., U. S. A.



These prices are effective as o f M ay 22, 1940. " P Y R E X ” Griffin Beakers are available through your regular laboratory supply dealers.
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Catalog (L P  18) 
Num ber a nd  Type

1000  BEAKERS 
Griffin,
Low Form, 
With Spout

ON PYREX  
GRIFFIN BEAKERS

NEW NET PRICE PER P K G . 
In Aííorlmentí oí

$ 1 6 .4 2
1 5 .39
15 .08
16.01

2 .7 2

$ 1 5 .5 5
14 .58
1 4 .29
1 5 .1 6
12 .05

$ 1 4 .6 9
1 3 .7 7
13 .49
14 .32
11 .38

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

C O R N I N G  G L A S S  W O R K S  • C O R N I N G ,  N.  Y.

20 PkgI . SO Pkg,. 100  Pkgi.

After five years of research and experimentation, Corn
ing engineers have completed development w ork on 
automatic equipment for blowing certain items of 
“PYREX” brand laboratory glassware. Since low ex
pansion glasses of high melting point do not readily 
lend themselves to machine methods, development ef
forts have necessarily been confined to simple shapes, 
a limited range in capacities, and only to those items 
manufactured regularly in relatively large quantities.

This development has now progressed to a point 
where machine manufacture is under way on Griffin 
beakers in the five most popular sizes, com prising ap
proximately 70  % of C om ing’s entire Griffin beaker 
production. This price reduction is made in anticipa
tion of manufacturing economies to be derived from the

new automatic manufacturing processes and facilities.
These machine made Griffin beakers are manufac

tured to the same rigid specifications previously estab
lished by Corning for ware produced by hand and by 
semi-automatic methods.

Although these beakers are blown by machine, full 
automatic production has not been achieved and subse
quent finishing operations are still required.

As time goes on, it is expected that the new machine 
can be adapted to other “volume” items in our beaker 
list as well as to certain other types of laboratory ware. 
When additional items of “ PYREX” brand laboratory 
glassware are blown automatically and as other econo
mies are effected, savings in costs will be passed on to 
the user.

THE R E S U L T  OF  
C O R N I N G  R E S E A R C H

Effective M ay 22, 1940

PYREX
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Some of the M erck Reagents 
used by glass chemists are:
H y d ro flu o ric  A c id  M erck , R e a g e n t 

P e rc h lo r ic  A c id  (60%  & 72% ) M erck , R ea g e n t 
P o ta s s iu m  C a rb o n a te  M erck , R e a g e n t 

S o d iu m  C a rb o n a te  M erck , R ea g e n t

The quality of Merck C.P. and Reagent 
Mineral Acids and Ammonia Water is in 
keeping with the high standards of Merck 

Reagent Chemicals

Many tons o f glass o f various types are in daily use throughout the Merck 
plant at Rahway, N . J. Many chemical processes are possible only because 
the glass chemist has made available the many kinds o f glass necessary for 
the success o f such operations.

Regardless o f type—lime soda glass, lead containing glasses, chemical 
glassware, or optical glass—the glass chemist is called upon to devise 
formulas for batches, and to test raw materials as well as finished products.

To a large degree he must also control durability, thermal expansion, 
elasticity, tensil strength and many other physical properties.

We are proud that the exacting glass chemist uses Merck Analytical 
Reagents in making his rigid tests and analyses because, like the glass he has 
provided for our use, they are o f highest quality and dependability.

M E R C K  &  C O .  I n c .  c M a t i  tt.̂ a  c t u n  in ÿ  C( o / e m iá tó  R A H  M T  A Y ,  N . J .

NEW  Y O R K  • PHILADELPHIA • ST. LOUIS • lu  Canada: M ERCK & CO. LTD., M O N TREA L • T O R O N T O
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Type MU55 Multiple Unit 
Electric Muffle Furnace

/

U niversity and school labora

tories, lik e  m an y in d u stria l 

laboratories, use M ultiple Unit 

E le ctric  M uffle F u rn aces as 

standard equipm ent. The C ase 

School of A p p lie d  Science, in 

C leveland, uses them  to carry 

on resea rch  in  m e ta llu rg y .

A S K  Y O U R  L A B O R A T O R Y  S U P P L Y  D E A L E R  O R  S E N D  F O R  L A B O R A T O R Y  F U R N A C E  B U L L E T IN S

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 HULTIPLE UNIT ELECTRIC EXCLUSIVELY

R E G . U . S .  P A T . O F F .

M I L W A U K E E ,  W I S C O N S I N
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MALLINCKRODT CHEMICAL WORKS
ST. LOUIS • CHICAGO • PHILADELPHIA • NEW Y O R K

A C C U R A T E  C O M P U T A T I O N
and Quality Reagents 

Go Hand in Hand

Send for catalogue o f analytical reagents 

and other chemicals for laboratory use. 

I t  contains detailed descriptions o f chemi

cals for every type o f analytical work . . . 

gravimetric, gasometric, colorimetric or 

titrimetric.

I t  goes without saying th a t accurate calculation is 
essential in reporting correct analytical determinations. 
Unerring mathematics, however, becomes of little avail 
unless the chemicals employed in exacting laboratory 
work are free from undesirable contamination. M allin
ckrodt Analytical Reagents—each scrupulously refined to 
meet predetermined standards of purity—are especially 
designed to facilitate analytical precision. Chemists 
can depend upon Mallinckrodt A.R. Chemicals because 
they conform to A.C.S. specifications.
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CARBON

— * -

.....

t u e
MOST WIDELY

 ■ ■  i  Z 9 f  I

H O S K I N S  PR O DU C T S

The No. 1 arrow points to our 
FH-303-A whose case diameter 
used to be 5" and is now 7" .  The 
increased insulation results in a 
case temperature that is 120° F. 
cooler. The holding wattage has 
been reduced 18%. The time to 
heat from 80° to 2000° F. has 
been lowered 50% and is now  
63 minutes. The price for the com
plete job, including transformer 
and rheostat, is less than 9% 
more than formerly. The furnace 
is certainly worth that little extra 
cost. . . . This FH-303-A stands 
hard use. Note below its heavy

heating unit, made of 7 Gauge 
Chromel A —very hard to wear 
out, and very easy to renew. The 
furnace operates only on A.C. 
through a small transformer. The 
top safe temperature is 2000° F. 
and is controlled by a rheostat. 
If you need a combustion furnace 
that must stand really hard serv
ice, you need this Hoskins FH- 
303-A. Write to us or your dealer 
for quotation. . . . Hoskins Manu
facturing Company, Detroit, Mich.

No. 2  points to the FD -303-A , which also has a 7 "  
case. It operates on A .C . or D .C . and does not require  
a transformer. Rheostatic temperature control. 
Safe maximum operating tem perature is 1800° F.

ELEC TR IC  HEAT TR EA T IN G  FU RN A C ES ‘  • H EA T IN G  ELEM EN T A L L O Y S  • • TH ER M O C O U PLE  AND 

LEAD WIRE • • PYROMETERS • • WELDING WIRE • • HEAT RESISTANT CASTINGS • • ENAMELING 

FIXTURES • • SPARK PLUG ELECTRODE WIRE • • SPECIAL ALLOYS OF NICKEL • • PROTECTION TUBES
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f o r  A C C U R A T E

ANALYSES OF STEELS---

S E T T I N G  T H E  P A C E  I N  C H E M I C A L  P U R I T Y  S I N C E  18  8 2
TTfc TW K & a a je n tf

Ba k e r  A d a m  son
Division of G E N E R A L  CHEM ICAL  COMPANY, 4 0  Rector St., N ew  York C .T ? A ? c û /s
Atlanta • Baltim ore • Boston • Buffalo  • Charlotte IN .C . l  • Chicago • Cleveland • Denver • Houston • Kansas C ity * Los Angeles 
Milwaukee • M inneapolis • Montezuma IG a .) • Philadelphia • Pittsburgh • Providence (R . I .)  • San  Francisco  • S t . L o u is *  U tica IN .Y .I  
Wenatchee iW ash .) • Yak im a (W ash.) • In Canada: The N ichols Chem ical Company, Lim ited • Montreal • Toronto • Vancouver

T o d a y , w ith  the p ressu re o f  h igh  sp eed  p ro 

duction  fo rc in g  dem ands lik e  these u p on  the  

analytical laboratories o f  steel com panies, it is 

m ore than  ever im portant that the chem ists in  

th ese laboratories be backed by reagents o f  u n i

form  h igh  purity  and strength .

B ak er and  A dam son R eagent C hem icals fill 

this need . T h ey  are m an ufactured  by an organi

zation  hav in g  nearly  6 0  years o f  exp erien ce in  

the m an u factu re  o f  h igh est quality  analytical 

c h e m ic a ls — b y m e n  w h o  m a k e  c e r ta in  th a t  

B ak er and A dam son R eagents m eet the h igh  

standards o f  purity  set up  fo r  them .

T he fo llo w in g  are a few  o f  the B aker and

A d a m so n  R e a g e n ts  
m ost freq u en tly  used  
in  steel an a ly ses:

“R u s h  th a t a n a lys is  o f  
m e lt  2 1 3 9 ! ” . . . “C a n ’t 

h o ld  F u rn a ce  4  m u c h  
l o n g e r — i v h a t ’s t h e  
C a r b o n ? ”  . . . “ D o e s  

S a m p le  4 7 1  m e e t  sp ec 
i fic a tio n s? ”

N o  m a t t e r  w h a t  i n d u s t r y  y o u  
a r c  c o n n e c t e d  w i t h ,  y o u r  
a n a l y t i c a l  l a b o r a t o r i e s  c a n  
b e n e f i t  b y  t h e  u s e  o f  D a k e r  
o n d  A d a m s o n  R e a g c n t s .T h c y  
c o m p l e m e n t  p r e c i s e  l a b o r a 
to r y  t e c h n i q u e  a n d  a i d  I n  g e t 
t i n g  m o r e  a c c u r a t e  r e s u l t s .

Code No. C ARBO N
1630 C u p ric  A m m o n iu m  C h lo rid e , R e a g e n t, C rysta l, A .C .S . 
2220 S o d iu m  C alc iu m  H y d ra te , D ry , l \o .  8 M esh

M ANGANESE 
1308 A m m o n iu m  P e rs u lfa te ,  C rysta l, R e a g e n t, A .C .S . 
2199 S o d iu m  A rsen ite , R e a g e n t  
2207 S o d iu m  B ism u th a te , P o w d er , R e a g e n t, A .C .S .

SU L FU R
1090 A cid H y d ro c h lo ric , C .P ., S p e c ific  G ra vity  1.18, A .C .S . 
1121 Acid N itr ic , F u m in g , R e a g e n t, S p e c ific  G ra vity  1.49-1.50 
1408 B a r iu m  C h lo rid e , C rysta l, R e a g e n t, A .C .S .

1114
1300
1909

1100
1144
1180

1120

1760

2120

2341

P H O S P H O R O U S  
A cid M oly b d ic , 85% , R e a g e n t  
A m m o n iu m  M o ly b d a te , C rysta l, R e a g e n t  
M a g n e s iu m  C h lo rid e , C rysta l, R e a g e n t, A .C .S .
SIL IC O N
A cid H y d ro f lu o r ic , 48% , R e a g e n t, A .C .S .
A cid P e rc h lo r ic , 70-72%, R e a g e n t, A .C .S .
A cid S u lfu r ic ,  C .P ., S p e c ific  G ravity  1.84, A .C .S ., Loic N

ALSO
A cid N itr ic , C .P ., S p e c ific  

G ra vity  1.42, A .C .S . 
F e r ro u s  A m m o n iu m  S u lfa te , 

C rysta l, R e a g e n t, A .C .S . 
P o ta ss iu m  Io d id e ,

C rysta l, R e a g e n t, A .C .S . 
S ta n n o u s  C h lo rid e ,

C rysta l, R e a g e n t, A .C .S .
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T H R E E  NEW, A.H.T. CO. SPEC IF ICA T IO N

F L U O R E S C E N T  D A YLIG H T LAMPS
D ES IG N ED  FOR S P E C IF IC  L A B O R A T O R Y  PURPOSES

6

2528. 6323.

LABORATORY LAMPS, Fluorescent Daylight. Based on new 15-watt fluorescent bulb, 18 inches long, giving a cold, 
diffused, glareless light with characteristics similar to natural daylight. Estimated life of the bulb is approximately 2500 
hours. Bulb is of the electric discharge type and employs mercury vapor to sustain the arc. A large amount of fairly 
short wave ultraviolet invisible radiation is produced, wnich is transformed into longer wave visible radiation by means of a 
fluorescent powder applied to the inner surface of the glass.

Each lamp is furnished with ballast, i.e. a special choke-coil with arc starting device, as required for operation on 110 volts. 
Starting is accomplished by means of a push-button switch which insures positive operation. Pressure on the red button closes 
the circuit and heats the cathode at each end of the bulb. When pressure is released, the circuit is broken and the discharge goes 
directly through the bulb without any time lag. Pressure on the black button breaks the circuit and extinguishes the lamp.

2072-F. Balance Illuminator, Fluorescent Daylight, A.H.T.Co. Specification. For use directly on top of an analytical balance 
case. Reflector insures maximum light on the front of the balance beam and pointer index. Temperature rise inside 
the balance case at beam level, due to heat radiation from the bulb, is negligible. Finished with high reflecting white 
on inside and dull black on outside. Overall dimensions, lS J/g  inches long X 6 inches wide X 33^ inches high; mounted 
on felt feet; fits balance cases 14J^ inches or more in length. Complete with 15-watt fluorescent daylight bulb, ballast,
push-button starting switch, cord and plug. For 110 volts, 60 cycles, a.c. only.......................................................  14.75
10% discount in lots of 6

2528. Burette Support with Illuminated Base, A.H.T.Co. Specification. For colorimetric titrations or color comparisons by 
transmitted light under standardized conditions. Consisting of louvered sheet metal base, with flashed opal glass top 
19H inches long X 7 inches wide, aluminum rod in adjustable holder and clamp for two burettes. Base contains two 
15-watt, lS-inch fluorescent bulbs with ballasts. The combination of the glareless daylight bulbs and the glass with 
high transmission value forms an excellent background, free from reflections, directly under the titration vessel. When 
desired, the rod and clamp holder can be removed to provide an unobstructed lighted surface for color comparison work. 
Complete with two 15-watt fluorescent daylight bulbs, ballast, push-button starting switch, cord and plug. For 110
volts, 60 cycles, a.c. only.......................................................................................................................................................  27.50

2528-G. Ditto, but without burette clam p......................................................................................................................................  26.25
6323. Titration Lamp, Fluorescent Daylight, A.H.T.Co. Specification. With curved white reflector so designed tha t intensity 

of illumination over the entire surface does not vary more than 25% and no direct light reaches the eye. The illu
minated window, 18}^ inches long X 9 inches high, forms an excellent background for titrations, color matching, colori
metric pH determinations, turbidity rings, flocculation and precipitation tests, etc. In the latter work, a sheet of 
black paper is laid over the central part to obtain dark field effect. Complete with 15-watt fluorescent daylight bulb 
ballast, push-button starting switch, two sheets of black paper with holders, cord and plug. For 110 volts, 60 cycles,
a.c................................................................................................................................................................................................ 15.00

6323-A. Ditto, but for 110 volts, d.c.................................................................................................................................................  17.50
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A N A L Y T I C A L  E D I T I O N

P U B L I S H E D  B Y  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  •  H A R R IS O N  E .  H O W E , E D I T O R

Pasting and Identification of Starches
W IL L A R D  L . M O R G A N , A rn o ld ,  H o f fm a n  &  C o ., P ro v id e n c e , R . I .

W h en  sta rch es  are h ea ted  -with w ater, 
th e  c lo u d y  su sp e n s io n s  grad u a lly  b eco m e  
tr a n s lu c e n t  as p a s t in g  occu rs. A p h o to 
e lec tr ic  m e th o d  is  u sed  to  fo llo w  th is  
ch a n g e  a t  various tem p era tu res , an d  ch ar
a c te r is t ic  curves for ea ch  ty p e  o f  s ta rch  are  
secu red . B esid es in d ic a tin g  th e  n a tu r e  o f  
th e  s ta rch , th e  curves sh o w  progress and  
c o m p le tio n  o f  p a st in g . M odified  starch es  
sh o w  p rogressive a lte r a tio n s  in  th e  curves.
B y s im p le  m a th e m a tic a l re la tio n s  th e  
curves m a y  h e ap p lied  to  a n a ly s is  o f  m ix 
tu res  o f  sta rch es .

STARCH, aside from its chemical conversion to sugars, is 
primarily used because of its thickening value. Thus, 

in the pasted or cooked condition it is used in such foods as 
mayonnaise, pie fillings, soups, and candies, as adhesives, as 
paper and laundry sizes, as yarn sizes and cloth finishes, and 
as the carrier in textile printing pastes. For all these uses 
troubles are avoided and maximum thickening value is se
cured only by complete pasting.

The starches used in these applications are frequently mix
tures of several raw or modified starches, such compounding 
resulting from the desirable close adjustment of the proper
ties of the starch pastes to the requirements of the work to 
be done. Determining the types and amounts of starches 
present in such starch mixtures is consequently difficult. 
Microscopic examination of the size and shape of the grain, 
preferably slightly stained with iodine, has been the usual 
first step in such analyses. The microphotographs of Sjos- 
trom (4) and Lane and Eynon (3) are very helpful, but dif
ferentiation is at best difficult and requires considerable ex
perience and care, as can be seen by studying Figure 1 which 
shows a mixture of equal parts of corn and tapioca starches.

Having determined the kinds of starches present, viscosity 
measurements on the cooked pastes will give an idea as to 
whether the starches used were raw or modified by dextriniz- 
ing or other treatment. Deciding on the extent of modifica
tion has generally been difficult and uncertain.

P a s t in g  o f  R aw  S tarch es

When starches are heated in water, the suspensions gradu
ally become translucent as pasting occurs. In 1937 Cook and 
Axtmayer (2) used a photoelectric cell to measure the changes

occurring with some tropical starches. The author has found 
this method highly useful in studying the cooking characteris
tics of starches and as an analytical tool. By means of ap
paratus which gradually raises the temperature at the rate of 
2.5° C. per minute, the change in transparency is followed 
with a photoelectric cell and microammeter, as shown in 
Figure 2.

The meter circuit is shunted by a resistance sufficient to make 
the readings over the 50-microammeter scale a linear function of 
the foot-candles of illumination. The light source is a 100-watt 
projection bulb, used with a collimating lens, so tha t an approxi
mately parallel beam of light passes through the screen and past
ing tube and onto the photocell. The current for the light source 
is brought in through a constant voltage regulator in order to 
secure a constant light intensity. The illumination is initially 
adjusted, just before a determination by use of glide-wire resistor, 
to a standard value of 250 microamperes or 500 foot-candles. 
A filter just in front of the cell, capable of cutting the light down 
to 10 per cent, is used a t this time and the test tube is filled with 
water.

F i g u r e  1. M i x e d  C o r n  a n d  T a p io c a  
S t a r c h e s

The test requires only 0.33 gram of sample, the starch being 
rubbed up quickly in 65 cc. of water and poured into the large 
test tube. The small stirrer is then turned on and the heating 
of the glycerol bath started. At the rate of heating given, a test 
is generally completed in about 0.5 hour.

As can be seen in Figure 3, plotting the values of the tem
perature of the paste against the transparency gives curves 
which are characteristically different for the various raw 
starches.

Positive identification of single raw starches becomes easy 
and certain, inasmuch as the initial pasting temperatures and 
location and nature of the curve vary considerably with the-
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THERMOMETER

SPEED STIRRER

SAMPLER TUBE 

3 4 -MM. TEST TUBE

2-L ITER  BEAKER 

GLYCEROL BATH 

WESTON PHOTRON1C CELL

RESISTOR

F i g u r e  2 . P h o t o p a s t in g  A p p a r a t u s

3 0  4 0  50  60  7 0  80  9 0  100

DEGREES CENTIGRADE 

F i g u r e  3 . P a s t i n g  o p  R a w  S t a r c h e s
P asting  begins a t:  w hite p o ta to , 55°; w heat, 56°; tap ioca A, 61°: rice,
63 -70°; corn, 64°; sweet p o ta to , 64-67°; sago, 69 .5-70°; Florida 

arrow root, 72° C.

4 0  5 0  6 0  7 0  80

DEGREES CENTIGRADE 

F i g u r e  4 .  V a r i a t i o n s  i n  R a w  S t a r c h e s

100 WATT IIO-VOLT LAMP

VOLTAGE REGULATOR-------   j-
110 V.—1__

VARIABLE SLIDE RESISTOR

different starches. The initial past
ing temperatures, as shown by the 
point at which the curve rises, corre
spond to the first appearances of past
ing as shown by decrease in number 
of granules showing polarization under 
the microscope. However, detection 
of the start of pasting directly under 
the microscope, which has been used 
to some extent to characterize starches, 
is subject to several errors which lead 
to discordant results, as shown by Als- 
berg and Rask (1).

The initial suspensions of the larger 
grained starches at the low dilution of 
0.5 per cent are less opaque than the 
smaller grained cereal starches (Figure 
3). The breaking apart of small 
granules of sago and arrowroot as 
the individual grains gives a prelimi
nary increase in opacity just prior to
the beginning of pasting. This is
characteristic of these and other sticky 
types of starches. The tuber type of 

starch shows steeper pasting curves than the grain starches— 
that is, they become pasted over a shorter temperature
range. The curves clearly show the greater transparency
characteristic of tapioca, potato, and other tuber-starch 
pastes. The need for high-temperature cooking for com
plete pasting in making paper or textile sizes or pastes is 
apparent in these curves. Too low cooking temperature in 
the industrial pasting of starches is the source of consider
able trouble.

Microscopically wheat starch in polarized light shows two 
types of grains, this evidently being the explanation for the 
two sections of its pasting curve. In general, as samples of a 
starch are withdrawn at various stages of the pasting opera
tion and examined microscopically, the smaller grains are the 
last to paste. The 
general location of 
the curves indi
cates such a rela
tion.

On Figure 4 the 
difference in the 
two curves shown 
fo r  raw  r i ce  
starches appears 
to be connected 
with the grain size 
distribution.

F i g u r e  5 . O p a c 
i t y  o p  U n p a s t e d  

S t a r c h e s

0.125 0.0625

PER CENT STARCH
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3 0  4 0  50  60  7 0  8 0  90  100

DEGREES CENTIGRADE

F i g u r e  6 . P a s t i n g  o f  C o r n  D e x t r i n s  a n d  T h i n - B o il in g  
S t a r c h e s

Duplicate tests on a single starch generally give very closely 
checking curves. Various samples of raw cornstarch show 
the same pasting curve. A new type of cornstarch termed 
“waxy corn”, isolated from a new breed of corn, is shown 
through the courtesy of one of the large starch companies; 
this starch pastes completely over a very narrow temperature 
range below 80° C., making it desirable. Furthermore, as 
the curve indicates, it is like the sweet potato and tapioca 
starches in paste characteristics. The two samples of sweet 
potato from the Laurel, Miss., plant were secured a year 
apart. Raw tapiocas are available in several grades and, as 
starch users are aware, vary somewhat in their character
istics. The pasting curves, while of the same type, also show 
variations.

P a s t in g  o f  M odified  S tarch es

In considering the graphs here presented, particularly 
those for modified starches, it is best to keep in mind when 
attempting to place quantitative values that these curves 
represent less and less starch as the light transmitted in
creases.

Thus in Figure 5 the relationship of transparency to amount 
of starch in suspensions of unpasted starch is shown to be a 
hyperbolic or inverse ratio function. For the simpler pasted 
starches this type of relationship also appears to be true.

In Figure 6 the form of the raw starch curve is still found 
in the acid thin-boiling starch curves, samples of two manu
facturers being shown. The initial pasting temperature and 
the general location of the curve have, however, shifted up
wards. Dextrinization has a greater effect, the curves show
ing decided shifts to lower initial pasting temperatures and 
greater final clarities, and the shifts being progressive with 
the increasing degree of dextrinization as shown by the figures 
for solubles. The 90 thin-boiling starch which had also been 
dextrinized shows an interesting curve indicating both types 
of treatments.

Similar shifts in the curves are found as tapioca is progres
sively dextrinized to higher degrees (Figure 7). Modification

90

eo

o
30 40 50 60 70 60 90 100

DEGREES CENTIGRADE 

F i g u r e  7 . P a s t i n g  o f  T a p i o c a  D e x t r i n s

F i g u r e  8 . P a s t i n g  o f  O x i d iz e d  C o r n s t a r c h e s

of starch by oxidative treatments likewise gives curves with 
progressive shifting locations (Figure 8). With tapioca 
starch, increasing degree of oxidative treatment also shifts 
the starch to earlier pasting and greater paste clarity (Fig
ure 9).

It is apparent in Figures G to 9 that such modification leads 
to easier pasting and to completion of pasting at relatively 
low temperatures offering advantages for some types of 
commercial applications. Thus only the least modified 
oxidized cornstarch needs to be cooked beyond 80° C. As
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the body or viscosity of pastes of equal strength decreases 
with the degree of modification, the relative thickening values 
of a series of similar starches are broadly indicated by the 
location of the photopasting curve. This, however, is true 
only for comparisons of starches of similar types. From such 
curves the degree of modification can be determined more 
exactly than by viscosity methods. The method obviously 
answers the question of whether two starches, such as two 
samples of raw cornstarch, are identical.

A n a lysis  o f  S ta rch  M ixtu res

The use of the photopasting method of examination in the 
analysis of a complex starch mixture is shown in Figure 10, 
which also gives the curves for raw corn, wheat, and tapioca 
found by microscopic examination. Chemical tests and 
absence of color indicated no modification of the individual 
starches. Assuming that the curve for the sample represents 
the additive resultant of the three starches present each acting 
independently, we proceed to calculate the composition as 
shown in the graph. As the quantities of starch represented 
by a given light transmission are proportional to the reciprocal 
of the light transmission, these figures are used in the cal
culations.

At 80° C. the corn and wheat curves cross—each has the same 
degree of opacity—and we can consider the mixture as made 
up of two components: tapioca starcli and the mixed corn and 
wheat. Obviously the displacement of the sample curve away 
from the corn-wheat intersection a t 80° depends on the amount 
of tapioca. Consequently, the difference in reciprocals of these 
points a t 80° on the two curves gives a means of estimating the 
amount of tapioca, and its percentage is related to the extreme 
difference in reciprocals of the corn-wheat point and the tapioca 
point a t 80°.

DEGREES CENTIGRADE 

F i g u r e  9 . P a s t i n g  o f  O x i d i z e d  T a p i o c a s

F i g u r e  11 . T e x t i l e  P r i n t i n g  P a s t e

Í3 25 a: ul 
Cl.
5<O
o

30 40 SO 60 70 60 90 100

DEGREES CENTIGRADE

F i g u r e  10 . A n a l y s i s  o p  M i x e d  S t a r c h e s
A t 80° C. T l / T

R aw  w h e a t) 
R aw  corn ) 17 .0  ma. 0.05S8 0.0588
R aw  tapioca 33 .0 0.0303

E xtrem e difference 0.0285
U nknow n sam ple 2 1 .5 0 .0465 0.0465

Lower difference 0.0123

-% tap ioca ® o *0285 ™ 43%
^Duplicate of unknow n: 20 raw- w heat, 40 raw  corn, 40 raw  tapioca

30 40 50 60 70 80 90 100

DEGREES CENTIGRADE

F i g u r e  12. W h i t e  P o t a t o  D e x t r i n s
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F i g u r e  13. R a t e  o p  S o l u t io n  o f  P r e p a s t e d  C o l d  
W a t e r - S o l u b l e  S t a r c h

Thus the calculation yields 43 per cent of tapioca a t 80° C. 
and 45 per cent a t 89.5° C., while a t 66° C. 40 per cent of corn 
is indicated. The comparison curve of a 40 per cent corn, 40 
per cent tapioca, and 20 per cent wheat mixture shows the 
correctness of conclusions in the general closeness of the two 
curves.

Such analysis, however, may be used only where the past
ing, as shown in Figure 11, results in general swelling of the 
starch grains. The picture is of a textile printing paste 
showing swollen pasted starch, which is used as the thickening 
agent for carrying the dark particles of dyes.

Where the pasting involves fragmentation of the starch 
particle, as with dextrins which split off ringlike fragments, 
the relationship of solids to light transmission is evidently 
different from that shown by unpasted starch suspensions. 
Thus in Figure 12, which shows the effects of progressive 
dextrinization of white potato starch, three starches of 20 
per cent solubles are shown. The true dextrin of 2 0  per cent 
solubles is easily located. The starch made by mixing a 3 0  
per cent solubles with raw starch shows the presence of the 
raw starch in its curve location. However, it is apparent that 
this curve could not be used satisfactorily to calculate the 
composition. The third 2 0  per cent solubles dextrin was 
evidently a mixture of at least two dextrins and a small 
amount of raw starch.

Obviously gums, proteins, oils, or other admixtures not 
giving clear solutions affect the curves and show their pres
ence.

Figure 13 offers rate of solution curves for a prepasted 
cold water-soluble starch and for a starch which was evidently 
the same.
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Simple Hot Filtrations and Crystallizations

JO H N  \Y . D A W S O N  a n d  W IL L IA M  M . D E H N  
U n iv e r s i ty  o f  W a s h in g to n ,  S e a t t l e ,  W a s h .

A  GREAT inconvenience in filtering hot saturated solutions 
is crystallization in the paper and in the stem of the 

funnel. Hot-water funnels are not always available or may 
be fire hazards.

The depicted forms, built from stock apparatus, employ 
truncated funnels and filter papers pending therethrough. The 
beakers are ordinary or are indented to support the funnels. 
The funnel in the large beaker rests on an inverted cutoff wide
mouthed bottle. The evaporating dish may contain water or 
ice. The glass cooling bulb is a modification of Conant’s ap
paratus (1), carrying warty lumps on its bottom to distribute the 
condensed solvent over the solid contained in the funnel.

Some of the solvent is placed in the beaker and heated to 
boiling for the time necessary to heat the entire apparatus. 
The boiling solution, contained in another beaker, is then poured 
in and heating is continued until filtering is complete or until the 
boiling solvent has supplied sufficient vapor to dissolve all ma
terial in the filter paper. The large beaker is especially useful 
when water is the solvent. The bulb condenser is useful with 
difficultly soluble solids, since it is practically automatic.

This apparatus has a decided advantage over that of 
Tanner (2, 3), in that fresh solvent is continually in contact 
with the material being filtered.

L itera tu re  C ited
(1) Conant, J . B ., “ Organic Synthesis” , Vol. I I ,  p . 49 , New York,

John Wiley & Sons, 1922.
(2) Stoltenberg, Chem.-Ztg., 33, 759 (1909).
(3) Tanner, H . G ., I n d . E n g . C h e m ., Anal. E d ., 4 , 397  (1932).



Systematic Detection of Thiocyanate, Iodide, 
Bromide, and Chloride

D A V ID  H A R T  AND R O B E R T  M E Y R O W IT Z  
B ro o k ly n  C o lle g e , B ro o k ly n , N . Y .

SILVER ion (usually as silver nitrate) is used as a group 
reagent in the majority of methods {2-7) that have been 

proposed for the systematic detection of thiocyanate, iodide, 
bromide, and chloride.

Since these anions are again brought into solution for 
identification, the attempt was made to develop a method 
for the systematic detection of thiocyanate, iodide, bromide, 
and chloride, wherein a separate portion of the aqueous solu
tion of alkali salts is used for the detection of each anion with
out the use of silver ion as a group reagent, and provision is 
made for the interferences that might be present. The work 
described is based on Curtman’s systematic detection of acids 
(0 -

In developing the new procedure, the following standard 
methods were selected for the identification of the halides: 
ferric ion for thiocyanate; hydrogen peroxide to liberate the 
iodine, which is then extracted with carbon tetrachloride; 
potassium permanganate to liberate bromine, which is also 
extracted with carbon tetrachloride; and silver ion to detect 
chloride. Using these identification tests, the common inter
fering anions were found to be ferricyanide, ferrocyanide, 
cyanide, sulfide, arsenite, thiosulfate, sulfite, oxalate, and 
tartrate.

D e t e c t i o n  o f  T h i o c y a n a t e .  In the systematic detection 
of the halides, the most serious interference is caused by 
thiocyanate. Therefore, it is desirable to determine whether 
or not this anion is present before proceeding with the detec
tion of the halides.

Large amounts of iodide interfere with the detection of 
thiocyanate by means of ferric ion. Preliminary experi
ments showed that in the absence of thiocyanate, 100 mg. of 
iodide, which is the maximum amount likely to be present, 
would yield a test indistinguishable from a positive test for 
thiocyanate; but when lead ion was used to precipitate the 
iodide an insufficient amount remained in solution to give a 
positive test, while as much as 20 mg. of thiocyanate remained 
in 5 ml. of solution unprecipitated by the lead ion.

D e t e c t i o n  o f  I o d i d e .  When 3 per cent hydrogen peroxide 
and carbon tetrachloride were used to detect iodide, experi
ments indicated that ferricyanide, ferrocyanide, sulfide, 
cyanide, arsenite, thiocyanate, and thiosulfate interfered. 
The following methods were found to be effective in removing 
these interferences:

Ferricyanide, ferrocyanide, sulfide, and cyanide were pre
cipitated by cobalt acetate from a solution made just acid with 
dilute sulfuric acid.

Sulfide and cyanide, in the absence of ferricyanide and fer
rocyanide, were removed by boiling the solution after acidifying 
with dilute sulfuric acid.

Arsenite, when treated with hydrogen sulfide in dilute sulfuric 
acid solution, was converted to insoluble arsenious sulfide.

Thiocyanate was destroyed by boiling with concentrated sul
furic acid.

Thiosulfate was decomposed by boiling the solution which had 
been acidified with dilute sulfuric acid.

T e s t  f o r  B r o m i d e s .  To avoid the use of a large volume 
of potassium permanganate solution with the possible forma
tion of manganese dioxide, when testing for bromide, it was 
necessary to remove as much as possible of other reducing 
acids that might be present. To accomplish this without re
moving the bromide, mercuric acetate was found to be effec-

tive. The excess mercuric ion was subsequently removed by 
hydrogen sulfide. However, experiments indicated that after 
the precipitation with mercuric ion had been completed, the 
following anions were still present in sufficient quantities to 
interfere: ferricyanide, tartrate, thiosulfate, thiocyanate,
and iodide. These were removed as follows:

Ferricyanide was precipitated with cobalt acetate.
Tartrate was precipitated with lead acetate.
Thiosulfate was destroyed by boiling the solution before filter

ing off the mercury-reducing acid precipitate.
Thiocyanate was decomposed by boiling with concentrated 

sulfuric acid.
Iodide was removed by boiling with sodium nitrite in a  dilute 

sulfuric acid solution.

The formation of manganese dioxide has been a disad
vantage in the use of potassium permanganate for the detec
tion of bromide. It was found that this could be avoided by 
making the solution strongly acid with sulfuric acid.

T e s t  f o r  C h l o r i d e s .  In the detection of chloride with 
silver ion, the interfering anions are ferricyanide, ferrocyanide, 
sulfide, thiocyanate, cyanide, iodide, bromide, and thiosulfate, 
which were removed in the following manner:

Ferricyanide, ferrocyanide, sulfide, and cyanide were pre
cipitated with cobalt acetate.

Sulfide and cyanide in the absence of ferricyanide, ferrocyanide, 
iodide, bromide, and thiosulfate were removed by boiling the 
solution which had been previously acidified with dilute sulfuric 
acid.

Iodide, bromide, thiocyanate, and thiosulfate were removed by 
steam-distillation from a solution containing 30 per cent concen
trated nitric acid. A small amount of bromide remained, but 
this was removed by potassium permanganate and carbon tetra
chloride. The color of the excess potassium permanganate was 
subsequently destroyed by sodium nitrite. An attem pt was made 
to remove the iodide and the bromide from solution merely by 
boiling instead of steam-distillation. However, under certain 
conditions, in the presence of iodide, chloride was lost (Table I).

The colloidal sulfur resulting from the decomposition of thiosul
fate was removed by shaking with black mercuric sulfide and 
filtering the mixture.

S y s te m a tic  D e te c t io n  o f  T h io c y a n a te
Treat 3 ml. of the solution with 3 M  nitric acid until no more 

carbon dioxide bubbles are given oil (about 3 ml.) and add 1 ml. 
in excess. Now add 3 ml. of 1 M  lead nitrate, and if ferricyanide 
is present add also 2 ml. of 1 M  cobalt nitrate. Filter or centrifuge. 
To the filtrate add 1 ml. of 0.3 M  ferric nitrate. A blood-red 
solution shows the presence of thiocyanate.

S y s te m a tic  D e te c t io n  o f  Iod id e
R e m o v a l  o f  F e r r i c y a n i d e  a n d  F e r r o c y a n i d e .  Acidify 3 

ml. of the solution with 1.5 M  sulfuric acid. Add dropwise with 
constant stirring 2 ml. of 1 M  cobalt acetate and 3 ml. of water 
saturated with hydrogen sulfide. Heat to boiling and boil for 30 
seconds with constant stirring. Centrifuge or filter into a small 
test tube, using suction.

The filtration should proceed slowly, at the rate of one drop 
per second, to prevent the precipitate from passing through the 
filter. Rinse the container with 2 ml. of water and heat to boil
ing. Wash the precipitate with the rinsings and combine the 
washings with the filtrate. The filtrate must be clear.

R e m o v a l  o f  A r s e n i t e .  T o  the acidified solution add 2  ml. 
of 1.5 M  sulfuric acid and pass hydrogen sulfide through the 
solution until all the arsenic has been precipitated. Filter, wash
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the precipitate with 5 ml. water, and combine the washings with 
the filtrate, evaporate the solution to 4 to 5 ml., and cool.

D e s t r u c t io n  o f  T h io c y a n a t e . T o the acid solution add 
dropwise with constant stirring 2 ml. of IS ¿1/ sulfuric acid. Heat 
to boiling over a small flame and boil with constant stirring for 
30 seconds, but no longer. Cool.

I d e n t i f ic a t i o n  o f  I o d i d e . Transfer the solution (whose 
volume should be 4 to 5 ml.) to a small test tube, add 2 ml. of 
carbon tetrachloride and 3 ml. of 3 per cent hydrogen peroxide, 
and shake intermittently for a t least 2 minutes. A  violet lower 
layer proves the presence of iodide.

N o t e s . If thiocyanate is absent, add 1 ml. of 1.5 M  sulfuric 
acid before identifying the iodide. If arsenate is absent, evaporate 
the solution to 4 to 5 ml. and cool, before destroying the tmocya- 
nate. When both arsenite and thiocyanate are absent, evaporate 
to 4 to 5 ml., cool, add 1 ml. of 1.5 M  sulfuric acid, and proceed 
with identification of iodide.

If ferricyanide, ferrocyanide, and thiocyanate are absent and 
arsenite is present, add 1 ml. of 1.5 M  sulfuric acid before testing 
for iodide.

If ferricyanide, ferrocyanide, and arsenite are absent and 
thiocyanate is present along with either sulfide or cyanide, acidify 
3 ml. of the solution with 1.5 M  sulfuric acid, add 2 ml. in excess, 
dilute to 12 ml., and evaporate to 4 to 5 ml. Cool. Then pro
ceed with destruction of thiocyanate.

If ferricyanide, ferrocyanide, arsenite, and thiocyanate are 
absent and sulfide or cyanide is present, acidify 3 ml. of the 
solution with 1.5 M  sulfuric acid, add 2 ml. in excess, dilute to 
12 ml., and evaporate to 4 to 5 ml. Cool, add 1 ml. of 1.5 M  
sulfuric acid to the solution, and then proceed with identification 
of iodide.

If ferricyanide, ferrocyanide, arsenite, sulfide, and cyanide are 
absent and thiocyanate is present, dilute 3 ml. of the solution 
with 1 ml. of water and proceed with destruction of thiocyanate.

If ferricyanide, ferrocyanide, arsenite, sulfide, cyanide, and thio
cyanate are all absent, acidify 3 ml. of the solution with 1.5 M  
sulfuric acid, add 2 ml. in excess, and evaporate to 4 to 5 ml. 
Cool and proceed with identification of iodide.

S y s te m a tic  D e te c t io n  o f  B rom id e
P r e c i p i t a t i o n  o f  I n t e r f e r i n g  A c id s  w i t h  M e r c u r i c  

A c e t a t e .  A c id ify  3 m l.  o f  t h e  s o lu t io n  w i th  1 .5  M  s u l f u r ic  a c id .  
I f  f e r r i c y a n id e  is  p r e s e n t ,  a d d  2  m l.  o f  1 M  c o b a l t  a c e t a t e  d ro p w is e  
a n d  w i t h  c o n s t a n t  s t i r r i n g .  T h e n  a d d  2 m l. o f 0 .7 5  M  m e rc u r ic  
a c e t a t e  ( t h i s  s o lu t io n  s h o u ld  c o n ta in  5  m l.  o f  g la c ia l  a c e t ic  a c id  
in  10 0  m l.  o f  s o lu t io n )  d r o p w is e  a n d  w i t h  c o n s t a n t  s t i r r i n g .  I f  
t a r t r a t e  is  p r e s e n t ,  a d d  2  m l.  o f  1 M  l e a d  a c e t a t e .  S t i r  v ig o ro u s ly  
f o r  a t  l e a s t  3 m in u te s .  I f  th io s u l f a t e  is  p r e s e n t ,  h e a t  t o  b o ilin g , 
b o i l  fo r  1 m in u te ,  a n d  c o o l. F i l t e r ,  u s in g  s u c t io n ,  in to  a  s m a l l  t e s t  
tu b e .  R in s e  b e a k e r  w i t h  2 m l. o f  w a t e r  a n d  w a s h  t h e  p r e c ip i t a t e  
w i t h  t h e  r in s in g s .  C o m b in e  t h e  w a s h in g s  w i t h  t h e  f i l t r a te ,  t r a n s 
f e r  t h e  s o lu t io n  t o  a  la r g e  t e s t  t u b e ,  a n d  a d d  2 m l.  o f  1 .5  M  s u l 
f u r ic  a c id .  P a s s  h y d r o g e n  s u lf id e  t h r o u g h  t h e  s o lu t io n  u n t i l  a l l  
t h e  m e r c u r y  h a s  b e e n  p r e c ip i t a t e d .  F i l t e r  in to  a  s rp a ll  t e s t  t u b e  
u s in g  s u c t io n ,  r in s e  t h e  la r g e  t e s t  t u b e  w i t h  5  m l.  o f  w a te r ,  a n d  
w a s h  t h e  p r e c ip i t a t e  w i t h  t h e  r in s in g s .  C o m b in e  t h e  w a s h in g s  
w i t h  t h e  f i l t r a t e ,  t r a n s f e r  t o  a  1 0 0 -m l. b e a k e r ,  a n d  e v a p o r a t e  to  4 
t o  5  m l.  C o o l.

D e s t r u c t i o n  o f  T h i o c y a n a t e . T o the solution add dropwise 
with constant stirring 2 ml. of 18 M  sulfuric acid. Heat to boiling 
over a small flame and boil with constant stirring for 30 seconds, 
but no longer. Cool.

R e m o v a l  o f  I o d i d e . To the solution add dropwise with con
stant stirring 13 ml. of 3 M  sodium hydroxide. Under a hood 
add, with constant stirring, 1.5 ml. of 6 M  sodium nitrite. Heat 
to boiling while stirring, evaporate to 4 to 5 ml., and cool. To 
the solution add with constant stirring 1 ml. of 18 M  sulfuric 
acid. Cool.

I d e n t i f ic a t i o n  o f  B r o m id e . Transfer the solution to a 
small test tube. Add 1 ml. of carbon tetrachloride and then 0.02 M  
potassium permanganate in 1-ml. portions (shaking after the 
addition of each portion) until the aqueous layer remains pink. 
A yellow or brown carbon tetrachloride layer shows the presence 
of bromide.

N o t e s . If thiocyanate is absent, add 7 ml. of 1.5 M  sulfuric 
acid instead of 13 ml. of 3 M  sodium hydroxide in the removal of 
iodide. If both thiocyanate and iodide are absent, add 1 ml. of 
18 M  sulfuric acid to the solution and cool before testing for 
bromide.

S y s te m a tic  D e te c t io n  o f  C hloride
R e m o v a l  o f  F e r r i c y a n id e  a n d  F e r r o c y a n id e . Proceed as 

in the detection of iodide.

R e m o v a l  o f  T h io c y a n a t e , I o d i d e , B r o m id e , a n d  T h i o s u l 
f a t e . Transfer the solution to a 100-ml. beaker and dilute to 20 
ml. Add with constant stirring 10 ml. of 16 M  nitric acid, trans
fer to a 125-ml. Erlenmeyer flask, and steam-distill until 10 ml. 
of distillate have been collected. The source of the steam is 
distilled water in a 125-ml. flask.

R e m o v a l  o f  t h e  S m a l l  A m o u n t  o f  R e m a in in g  B r o m id e . 
If bromide is present, add 0.1 M  potassium permanganate in 1-ml. 
portions until the solution remains pink for at least 4 minutes. 
Transfer to a 60-ml. separatory or dropping funnel, add 2 ml. of 
carbon tetrachloride, and shake. Separate the two layers and 
discard the lower layer. Continue extracting the solution with 
2-ml. portions of tetrachloride until the lower layer is colorless. 
Add to the solution 6 M  sodium nitrite, one drop at a time, shak
ing after the addition of each drop, until the color due to the 
permanganate has been removed.

I d e n t if ic a t io n  o f  C h l o r i d e . If the solution is cloudy, owing 
to colloidal sulfur resulting from the decomposition of thiosulfate, 
shake it with 0.5 gram of black mercuric sulfide (Ethiops mineral, 
powder) and filter until a clear solution is obtained. Transfer the 
solution to a large test tube, add 3 ml. of 0.5 M  silver nitrate, and 
stir. Let stand for at least 5 minutes. A white precipitate in
dicates the presence of chloride. Compare with a 1-mg. chloride 
control which has been obtained by using the same procedure. If 
the precipitate obtained is less than the 1-mg. chloride control 
and iodide was present, compare the precipitate with a control 
of 100 mg. of iodide and 1 mg. of chloride which has undergone 
the same procedure. If the original precipitate is similar in size 
to that obtained in the control, chloride is present; if it is much 
less than this control, chloride is absent.

N o t e s . If ferricyanide or ferrocyanide is present and thiosul
fate, iodide, bromide, and thiocyanate are all absent, add 1 ml. 
of 16 M  nitric acid before proceeding to identification of chloride.

If ferricyanide and ferrocyanide are absent, and cyanide or 
sulfide is present together with iodide, bromide, thiocyanate, or 
thiosulfate, acidify 3 ml. of the solution with 3.5 M  sulfuric acid, 
add 2 ml. in excess, dilute to 12 ml., evaporate to 4 to 5 ml., and 
proceed to removal of bromide, iodide, thiocyanate, and thio
sulfate.

If thiosulfate, bromide, iodide, thiocyanate, ferricyanide, and 
ferrocyanide are all absent and cyanide or sulfide is present, treat 
3 ml. of the solution with 1.5 M  sulfuric acid until it is acid to 
litmus, add 2 ml. in excess, dilute to 12 ml., and evaporate to 4 to 
5 ml. Add 1 ml. of 16 M  nitric acid and then proceed with identi
fication of chloride.

If all interfering acids are absent, acidify 3 ml. of the solution 
with 16 M  nitric acid, add 1 ml. in excess, and proceed with 
identification of chloride.

T a b l e  I .  T e s t  A n a l y s e s  f o r  C h l o r id e

(W hen brom ide and iodide are rem oved by boiling w ith  n itric  acid)
E xpt.

No. c i - B r" I - R esults
Mg. Mg. Mg.

1 1 0 100 N o precip ita te
2 2 0 100 N o precip ita te
3 5 0 100 W hite p rec ip ita te  approxim ately  eam e as 

1-mg. Cl 7 control
4 5 0 50 W hite p rec ip ita te  approxim ately  sam e as 

1-mg. Cl ~ control
5 1 50 50 No precip itate
6 1 0 25 F a in t opalescence
7 1 75 25 F a in t p rec ip ita te
8 0 75 25 Very fa in t opalcscence®
a Very fa in t opalescence is due to  a  trace  of chloride p resen t as im purity  

in  brom ide. This chloride is also lost when large  am ounts of iodide are 
p resen t (expt. 5).

T e st  A n a lyses

To test the efficiency of the above procedures, over 200 test 
analyses were performed. The results were as follows:

One milligram of thiocyanate was successfully detected in the 
presence of 100 mg. of iodide, thiosulfate, sulfite, tartrate, oxalate, 
arsenite, ferricyanide, ferrocyanide, sulfide, and cyanide.

Positive tests were obtained for 1 mg. of thiocyanate in the 
presence of 100 mg. each of the colored cations of nickel, man
ganese, cobalt, copper, and chromium.

One milligram of iodide was successfully detected in the pres
ence of interfering anions.

In the presence of 100 mg. of interfering anions, 2 mg. of bro
mide were successfully detected.



320 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 12, NO. 6

r Positive tests were obtained for 1 mg. of chloride in the presence 
of 100 mg. of interfering anions.

Losses in chloride occur when bromide and iodide are removed 
by merely boiling with nitric acid (see Table I ) . Hence, it was 
found necessary to remove bromides and iodides by steam- 
distillation.

S u m m a ry
A new procedure for the systematic detection of thiocya- 

nate, iodide, bromide, and chloride has been developed which 
does not involve the use of silver ion as a group reagent. This 
method is capable of detecting 1 mg. each of thiocyanate, 
iodide, and chloride, and 2 mg. of bromide in 3 ml. of solution.

In addition to the usual interfering acids, ferrocyanide, 
ferricyanide, cyanide, and sulfide, it was found that thiosul- 
fate, arsenite, and tartrate interfered in the new procedure. 
Hence, methods were devised for the removal of all inter
ferences.
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Analysis of Mixtures o f Aliphatic Acids
Sim ultaneous Q ualitative and A pproxim ate Q uantitative D eterm ination

S . T .  S C H IC K T A N Z 1, W . I .  S T E E L E , a n d  A . C . B L A IS D E L L  
U . S . T r e a s u r y  D e p a r t m e n t  L a b o r a to r y ,  W a s h in g to n ,  D . C.

SMALL amounts of mixtures of volatile acids have usu
ally been reported in the literature as calculated as 

acetic or formic acids, etc. Much more vital informa
tion would be obtained if these mixtures could be conveniently 
separated and reported as a quantitative measure of the 
amount of the individual acids present.

Much work has been done on the Duclaux (1, 2,11) method 
for separating and identifying quantitatively the acids in a 
mixture. The method, however, is open to serious objections 
(S) and may give misleading and erroneous results when the 
mixtures contain more than two acids. This appears to be 
especially true when the acidic components have not been 
previously identified.

IDein and Wenzl (4) suggest a method for identifying the vari
ous acids from formic to caprylic by their precipitation char
acteristics with inorganic salts. Osburn, Wood, and Werkman 
(7) suggest a method for the quantitative analysis of mixtures, 
of acids by a combination of simple distillation with partition 
between water and ethyl ether. McNair (5) determines propionic 
acid in mixtures by an oxidation procedure. Sukhonanskil and 
Roginskaya (10) identify propionic acid by the use of lead oxide 
ana acetic acid by subsequent fusion with potassium hydroxide 
and copper oxide. Venogrado and Oshoumova (12) separate 
butyric and propionic acids in mixtures by conversion to soaps, 
then hydrolyzing and estimating butyric acid by the yellow pre
cipitate formed with ferric chloride.

Since practically all methods previously described are ap
plicable only in special instances where the mixtures of acids 
are relatively simple and the qualitative aspects of the sample 
are known, it appeared desirable to develop a method which 
would be quantitative as well as qualitative, require no special 
apparatus or technique, and be capable of operating on small 
amounts of material.

The present paper describes a process or method of analy
sis for the simultaneous qualitative and quantitative 
analysis of formic, acetic, propionic, isobutyric, and n-butyric 
acids in complex acidic mixtures by azeotropic distillation 
with benzene and toluene.

Since the homologous series of aliphatic acids belongs to 
that group of compounds which exhibits molecular association,

1 P resen t address, U. S. D ep artm en t of Agriculture, Southern Regional 
Research L aborato ry , New Orleans, La.

they tend consequently to form abnormal solutions among 
themselves. This makes almost impossible a separation of a 
mixture of the acids by straight distillation alone. Also, 
small amounts of mixtures of acids would require special 
distillation units capable of distilling efficiently volumes as 
small as 1 ml. of liquid. However, because of molecular as
sociation the acids are azeotropically active and form mini
mum boiling azeotropes with hydrocarbons. Molecular as
sociation and azeotropic activity of the acids decrease as the 
series ascends from formic to «-butyric, and the acids separate 
when distilled with selected hydrocarbons. Benzene and 
toluene appear to be the hydrocarbons best suited for the 
separation of these acids.

Since the binary azeotropic systems of acid and hydrocarbon 
are very sensitive to water and to organic solvents, it is 
necessary tQ work with anhydrous concentrates of acidic 
materials which are free of all solvent material.

The method can also be applied successfully to a mixture 
of the sodium salts of the acids. This makes possible the 
separation of the acids from all other organic solvents which 
might interfere with the determination. Furthermore, the 
salts can be obtained easily in an anhydrous state by refluxing 
them in a dehydrating apparatus (Youtz type of receiver for 
moisture determinations, 9) with toluene or benzene. The 
dry salts thus obtained are refluxed with anhydrous toluene 
sulfonic acid dissolved in benzene or toluene, which liberates 
for analysis the unknown acids. The excess toluene sulfonic 
acid is stable at the temperatures used and does not appear 
in the distillate.

Formic and acetic acids, which have low boiling points, 
form azeotropes with benzene. Propionic, isobutyric, and 
n-butyric acids, which boil so much higher than benzene, are 
azeotropically inactive with it. Consequently in the distilla
tion of an acid mixture, the formic and acetic acids are re
moved quantitatively as a mixture. However, because of the 
lower boiling point and greater azeotropic activity, formic 
acid is the first to be removed during the distillation. Thus 
during the benzene distillation the formic acid is removed 
first, followed by distillation of the acetic, leaving the other 
acids behind in the still pot.
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Toluene forms azeotropes with all the acids from formic to 
and including n-butyric acid. However, since in this pro
cedure the formic and acetic acids are removed by benzene 
distillation, prior to the addition of toluene, the acidic solu
tion contains only propionic, isobutyric, and butyric acids. 
The latter three acids form azeotropes with toluene which 
have boiling points relative to that of the acid itself. Conse
quently, in the distillation, propionic acid forms the azeotrope 
having the lowest boiling point and is removed first, followed 
subsequently by the isobutyric acid azeotrope and then the 
n-butyric acid azeotrope.

Because of the relatively small amount of acids necessary 
to form the azeotropes, it is possible to work with small 
volumes of acid mixtures utilizing relatively large-sized equip
ment for the distillation. In column 3 of Table I are given the 
moles of the acids contained in 1 ml. of distillate as recovered 
during a systematic distillation. In column 4 are given the 
volumes of azeotrope produced by 0.1 mole of the acids.

Advantages of the azeotropic method of distillation are: 
(1) no high temperatures are encountered; (2) no complicated 
chemical reactions are involved ; (3) all of each acidic constitu
ent is utilized, since during the distillation an excess of hy
drocarbon is introduced into the still pot to ensure the removal 
of the highest boiling acidic constituent at low temperatures 
and under conditions where no decomposition occurs; (4) 
the major portion of the azeotrope consists of hydrocarbon, 
which makes possible the utilization of ordinary laboratory 
distillation equipment for the analysis of small amounts of 
acidic material; (5) separation of the azeotropes (hydrocar
bon-acid) by distillation is more easily performed than separa
tion of the acids themselves by distillation; and (6) the acid 
constituents are not destroyed but may be recovered as the 
sodium salts for further investigation.

T a b l e  I .  A z e o t r o p e  P r o d u c e d
Azeotrope

Produced by
Acid 0.1 M ole of

Acid H ydrocarbon Recovered Acid
M oles/M l. M l.

Form ic Benzene 0.00150 6G
Acetic Benzene 0.00027 370
Propionic Toluene 0.00027 370
Isobu tyric Toluene 0.000049 2040
n-B utyric Toluene 0.000020 5000

R ea g en ts
Ninety per cent formic acid, reagent grade, and glacial acetic 

acid, reagent grade, were used without further purification. 
Eastman Kodak Company’s propionic and n-butyric acids were 
redistilled prior to use. Eastman Kodak Company's isobutyric 
acid contained by analysis 98.7 per cent acid and was not further 
purified. The benzene and toluene used were from large middle 
cuts of a simple distillation of technical grades of benzene and 
toluene. The hydrocarbons were dried by storage over sodium. 
Toluenesulfonic acid was prepared according to the method of 
Meyer (6); 40 ml. of concentrated sulfuric acid plus 200 ml. of 
toluene were refiuxed for 4 hours in the dehydrating apparatus. 
After cooling, the mixture plus an excess of toluene was placed in 
a modified Palkin’s (8) extractor and extracted for 2 hours. The 
extract, which amounted to almost 400 ml., contained approxi
mately 0.0014 mole of acid per ml. The solution was stored in a 
glass-stoppered bottle.

A benzene solution of toluenesulfonic acid was also employed. 
This solution was prepared by removing the w’ater from toluene
sulfonic acid monohydrate obtained from the Eastman Kodak 
Company, by dissolving the acid in benzene and refluxing for 3 
hours in the dehydrating apparatus.

A n a ly tica l P rocedure
In the event that the mixture of acids is obtained pure and 

anhydrous, the technique of the method is simplified.
To the acid mixture placed in a distillation flask is added dry 

benzene (200 to 300 ml.) and the distillation is performed in an

ordinary packed-column still (the distillations in this laboratory 
were all made in a still having a 90-cm., 3-foot, column, 1.25 cm., 
0.5 inch, in diameter, and packed with small glass helices). The 
contents of the still are allowed to reflux 10 minutes before re
moving the distillate in 10-ml. fractions a t a rate of 1 ml. per 
minute.

Any acid appearing in the benzene distillate will be formic or 
acetic or both. If they are not present the distillate will be 
practically neutral, since the higher boiling acids are not azeo- 
tropically active with benzene.

If it is found during the distillation tha t the volume of benzene 
added originally is insufficient, the distillation may be inter
rupted and an additional volume of benzene added without harm 
to the results of the analysis.

After the formic and acetic acids have been removed the dis
tillation is continued to remove most of the excess of benzene 
before adding 200 to 300 ml. of dry toluene. The small amount 
(25 to 50 ml.) of benzene remaining distills off first and does not 
interfere with the azeotropic distillation of the higher boiling 
acid substances. The toluene distillation is continued until the 
10-ml. fractions of distillate contain less than 0.04 X 10“ 3 mole 
of acid. At this point practically all of the acid constituents have 
been removed from the pot liquor.

As the fractions are removed from the still they are mixed with 
about 20 ml. of water in an Erlenmeyer flask, shaken vigorously 
for 15 seconds, and titrated with 0.1 sodium hydroxide, using 
phenolphthalein as the indicator. As the end point is approached, 
it is necessary to shake the Erlenmeyer flask vigorously to be sure 
that all of the acid in the hydrocarbon layer has been titrated.

In case the unknown acid mixture is obtained as the sodium 
salts, the following procedure is recommended :

The salts are evaporated to dryness in an evaporating dish on 
the steam bath, finely powdered, and placed in a 500-ml. round- 
bottomed flask equipped with a standard taper joint which fits 
the distillation column and also the dehydrating unit. To the 
flask are added benzene and some boiling stones (Carborundum 
chips) to prevent excessive bumping, and the flask is then at
tached to the dehydrating apparatus. The contents are allowed 
to reflux until no moisture is evident in the condensate forming in 
the condenser. To the cooled contents is now added an excess 
of the dry solution of toluenesulfonic acid in benzene or toluene, 
and the flask is attached to the distillation unit and allowed to 
reflux 0.5 hour before beginning the removal of distillate. During 
the reflux period the aliphatic acids are liberated from the salts 
by the stronger toluenesulfonic acid, and thus are available to 
form the respective azeotropes with the hydrocarbons. The 
distillation and the titration of the acids in the distillates are car
ried out as described above.

D iscu ss io n
In Table II is given a summary of the results of the distilla

tions of the various acids by themselves and in binary mixtures 
with benzene and toluene, respectively.

The high content of acid in the first fraction for formic acid 
and when in combination with acetic acid (columns 2 and 4, 
respectively) was due to the presence of water in the formic 
acid that was used. Normally the value for the first fraction 
for anhydrous formic acid is 15 X 10-3 mole, as evident from 
the \alues in Table V.

When the individual acids are distilled alone with the hy
drocarbon, a definite reduction in concentration of acid per 
fraction occurs when the acid is almost completely removed 
from the still pot (columns 2, 3, 5, 6, and 7). Likewise the 
mixtures containing only two acids, especially the mixtures 
formic-acetic and propionic-isobutyric, show a definite decrease 
in concentration of the acid in the fractions as the lowest boil
ing acid is completely removed from the mixture. The demar
cations are underscored in columns 4, 8,9, and 10. In columns 
9 and 10, however, the end of the distillation of one acid and 
the beginning of the distillation of the other acid are not very 
evident. Careful analysis of these data and those for the 
individual acids themselves (columns 5, 6, and 7) makes it 
appear that the boiling point difference and azeotropic activity 
are not great enough to make it possible completely to 
separate these acids by distillation with toluene. However, 
since the composition of the complex azeotrope formed with 
the acids and toluene is very constant, it was possible by di
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T a b l e  II. A z e o t r o p ic  D i s t i l l a t i o n  o p  A l ip h a t i c  A c id s  a n d  T h e i r  M i x t u r e s  w i t h  B e n z e n e  a n d  T o l u e n e

(Volume of hydrocarbon  fraction , 10 ml.)

1.0 ml. 1.0 ml.

1.0 ml. 
formic,
1.0 ml. 1.0 ml. 0.5 ml.

---------------- X

0.25 ml.

ucuc----------------
1.0 ml. 

propionic,
0.5 ml.

, 1.0 ml. 
propionic, 
0.25 ml.

0.5 ml 
isobu tyr 
0.25 ml

Frac tion formic acetic acetic propionic isobu tyric n-bu tyric isobutyric n-bu ty rio n -b u ty r

1 24 .1 2 .62 22 .47
Moles o f acid  X 10~l 

2 .4 3  0 .4 9 0 .2 3 2 .5 5 2 .6 5 0 .4 5
2 7 .9 2 .5 0 3 .77 2 .6 0 0 .47 0.20 2.6 6 2 .53 0 .41
3 1 .6 2 .43 1.77 2 .72 0.46 0.20 2 .39 2 .1 7 0 .39
4 0 .3 5 2.41 2 .14 2 .6 5 0 .4 5 0.20 1.84 1.44 0 .37
5 0 .19 2 .40 1.84 1.58 0 .4 5 0 .19 1.49 1 .2 1 0 .3 6
0 0 . 1 1 2.34 1.74 0 .5 2 0 .45 0 .1 9 1 .2 0 0.89 0 .34
7 0.02 1.41 0 .99 0 .24 0 .4 5 0 . 1S 0.93 0 .63 0 .32
8 0.88 0 .7 2 0 .09 0 .45 0 .18 0 .9 3 0 .4 5 0.31
9 0 .62 0 .6 2 0.04 0 .44 0 .1 7 0 .4 9 0 .3 2 0 .29

10 0 .1 5 0 .5 0 0 .4 2 0 .17 0 .4 6 0 .26 0 .27
11 0 .0 8 0 .4 3 0 .4 0 0 .1 7 0 .45 0 . 1S 0 .2 6
12 0 .3 3 0 .34 0 .17 0 .44 0 .17 0 .23
13 0.20 0.20 0 .1 7 0 .43 0 .1 6 0.20
14 0 .1 5 0 .0 8 0 .17 0 .4 3 0 .1 5 0 .19
15 0 .1 2 0.02 0 .1 7 0 .4 2 0 .1 4 0 .1 8
1G 0 .1 0 0 .1 5 0 .40 0 .13 0 .17
17 0 .09 0 .1 3 0 .34 0 .12 0 .15
IS 0 .0 8 0 .12 0 .2 5 0 .1 2 0 .1 2
19 0 .06 0.1 0 0 .16 0 .1 2 0 .1 0
20 0 .0 5 O.OS 0.09 0 .0 8
21 0 .0 5 0 .06 0 .0 6
22 0 .04 0 .0 4 0 .0 4

T o ta l acid used, ml. 1 .0 1 .0 2.0 1 .0 0 .5 0 .2 5 1 .5 1 .25 0 .7 5

rect experimentation to assign a comparatively true demarca
tion point.

Analysis of the data given in Table II, columns 4, 8, 9, and 
10, with regard to the variations of the decrease in concentra
tion of acid per fraction, illustrates the method used to ob
tain qualitative results on binary mixtures of acids. In 
column 4, the distillation of a mixture of formic and acetic 
acids with benzene indicates that formic acid must have 
been present because of the high acid content of fraction 1 
(compare with fraction 1 of column 2). If formic had been the 
only acid present, a large decrease in acid concentration would 
have been evident after the removal of fraction 3. However, 
the variation in the decrease in acid concentration subsequent 
to fraction 3 indicates the presence of another acid which is 
acetic, since no other acid distills with benzene, and also 
since the decrease in acid concentration with an increase in 
the number of fractions is analogous to the data obtained 
with pure acetic acid (column 3). Similar analyses are made 
to obtain qualitative results for the other acid mixtures 
(columns 8, 9, and 10).

In Figure 1 are shown the curves obtained by plotting moles 
of acid in the distillate against volume of distillate for the 
distillation of propionic, isobutyric, and n-butyric acids, re
spectively, with toluene.

In Figure 2 are shown the curves obtained by the distilla
tion of mixtures of acids with toluene. Curve 1 shows the 
toluene distillation of a binary mixture containing 1 ml. of 
propionic and 0.5 ml. of isobutyric acids; curve 2, 1 ml. 
of propionic and 0.25 ml. of n-butyric acids; curve 3, 0.5 ml. of 
isobutyric and 0.25 ml. of n-butyric acids.

By comparing the curves of Figure 1 with those of Figure 2, 
the effect of the presence of an additional acid component on 
the shape of the propionic acid curve is readily noted. Simi
larly, the effect of n-butyric acid on the distillation behavior of 
isobutyric acid is also evident.

The quantitative evaluation of the individual acids of a 
mixture is more difficult and can only be approximate by 
virtue of inability to separate the acid azeotropes completely 
from each other. The demarcation lines in columns 4, 8, 9, 
and 10 of Table II are placed at the points at which it is 
assumed, from analysis of the distillation behavior of the 
binary mixtures with that of the individual acids of columns 
2, 3, 5, and 6, that the low-boiling acid in the mixture is com
pletely removed from the still. The acid appearing in the 
distillate from then on is assumed to be the next higher boiling 
acid.

The volumes of acids and acid mixtures used in the de
termination indicate the very small volumes of acids and acid
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F i g u r e  3

mixtures which can be analyzed readily without recourse to 
micro- or semimicroapparatus.

In Table III are given the results of the analysis of a 
synthetic mixture of acids containing 1.0 ml. of formic, 1.0 
ml. of acetic, 0.5 ml. of propionic, 0.3 ml. of isobutyric, and 
0.5 ml. of «-butyric acids. The data indicate that most of 
the formic acid was removed in the first fraction and about
1.18 X 10 ~3 mole appeared in fraction 2. The acetic acid was 
all removed at the end of fraction 26, at which time most of 
the benzene had been removed and toluene added. Propionic 
acid was present in fractions 27 to 34; isobutyric, in fractions 
35 to 44; and the remainder of the fractions plus the still 
residue contained the n-butyric acid.

In Figure 3 is shown the smoothed and approximate curve 
obtained by plotting the data given in Table III.

If only formic acid had been present, the curve starting at 
22.4 X 10-3 mole would not have indicated the plateau for acetic 
acid and would have followed dotted line A. Had acetic been the 
only acid present, the curve would have started at approximately
2.5 X 10-3 mole of acid instead of 22.4 X 10“3 ana would have 
been similar to the curve indicated by B.

After distilling off about 260 ml., most of the acetic acid had 
been removed. To the still pot, containing the other acids and 
about 40 ml. of benzene, dry toluene was added and the distillation 
was continued. The presence of propionic acid was indicated by 
the peak appearing at the beginning of the toluene distillation. 
The absence of a peak at this point would indicate that propionic 
acid was not present in the acid mixture. If neither isobutyric 
nor butyric acid had been present, the propionic curve would have 
followed dotted curve C.

If n-butyric acid had been present and isobutyric acid absent, 
the curve for propionic acid would have followed C, branching

off into portion D. The curve lying between 340 and 440 ml. of 
distillate is due to isobutyric acid. If n-butyric acid had not been 
present, the curve wt>uld have followed the dotted fine at E.

In Table IV is given a comparison of the moles of acids 
originally present in the mixture, and the values obtained from 
the analysis of the data in Table III. In column 4 is shown 
the percentage recovery of each acid, also that about 4 per 
cent of the total acid content is lost during the analysis. In 
columns 5 and 6 are given the percentage of each acid present 
in the original synthetic mixture and the percentage found by 
analysis. The largest error is that for acetic acid, which 
amounts to only 2.7 per cent.

In Table V are given the results of an analysis of a mixture 
of sodium salts containing 1 ml. of formic, 1 ml. of acetic, 0.5 
ml. of propionic, 0.3 ml. of isobutyric, and 0.4 ml. of n- 
butyric acid, a total of 3.2 ml. or 0.0547 mole of acids. The 
salts were first dried on a water bath, then dehydrated in the 
dehydrating apparatus, and finally the acids were liberated 
by distillation with toluenesulfonic acid.

In Table VI is given a comparison of the moles of acids 
originally present in the mixture and the values obtained from 
the analysis of the data in Table V.

Although approximately 9 per cent of the acid mixture is 
lost during the analysis, it is assumed from the values listed 
in column 4 of Table VI that the loss in total acids occurring 
during the analysis is not due to the loss of an individual acid, 
but is distributed among the respective acids present. 
Columns 5 and 6 give the percentage amounts of the individual 
acids present in the original mixture and those recovered,
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respectively, and indicate the excellent agreement that can be 
obtained by the method.

T a b l e  I II . A z e o t r o p ic  D i s t i l l a t i o n  o f  a  M i x t u r e

(1 ml. of form ic acid, 1 ml. of acetic acid, 0.5 ml. of propionic acid, 0.3 ml. of
isobu tyric  acid, and 0.5 ml. of n -bu ty ric  acid w ith benzene and  toluene.

respectively. Volume of fraction , 10 ml.)
F rac tion Acid F rac tion Acid

Moles X 10-* Moles X 10~*
D istilla tion  w ith  Benzene

1 22.47 14 0.20
2 3 .77 15 0 .15
3 1.77 16 0 .1 2
4 2 .14 17 0 .1 0
5 1.84 18 0 .09
6 1.74 19 0 .0 8
7 0 .99 20 0 .0 6
8 0 .72 21 0 .05
9 0 .62 22 0 .05

10 0 .5 0 23 0 .04
11 0 .43 24 0 .04
12 0 .33 25 0 .04
13 0 .61 26 0 .03

D istilla tion  w ith Toluene
27 0 .1 0 48 0 .23
28 0 .4 6 49 0 .23
29 1 .18 50 0 .2 3
30 1 .25 51 0.22
31 0 .90 52 0.22
32 1 .16 53 0.2 1
33 0.68 54 0.20
34 0 .5 8 55 0 .1 8

35 0 .5 0 56 0 .1 7
36 0 .45 57 0 .18
37 0 .4 0 58 0 .18
38 0 .3 6 59 0 .1 7
39 0.34 60 0 . 1 S
40 0 .3 2 61 0 .1 8
41 0 .29 62 0 .1 7
42 0 .29 63 0 .1 7
43 0 .27 64 0 .1 7
44 0 .2 7 65 0 .1 7

45 0 .2 5 66 0 .1 7
46 0 .2 5 67 0 .17
47 0 .24 68 0 .1 7

Residue 1.52

T a b l e  IV. A c id  R e c o v e r y

Acid in
Acid Acid Original Acid

Acid P resen t Found Recovered M ixture Recovered
Moles X 10 ~* % % %

Form ic 23 .30  23.80 102 4 1 .0 4 3 .4
Acetic 17.20  15.1 88 30 .3 27 .6
Propionic 6 .5 8  6.31 96 1 1 . 6 11.5
Isobutyric 3 .2 9  3 .49 106 5 .8 6 .4
n-B utyric 6 .4 2  6 .06 95 11.3 1 1 . 1

T o ta l 5 6 .79  54 .76 96

T a b l e  V. A z e o t r o p i c  D i s t i l l a t i o n  o f  A c id s

(F rom  m ixture of sodium  salts by  libera tion  w ith  toluenesulfonic acid) 
Volum e of Volume of

F rac tio n  F rac tion  Acids
M l. Moles X 10~* 

,------------- Benzene-1------------%

F rac tion  F rac tio n  Acids
M l. Moles X  10-*  

,---------------Toluene--------------*
1 10 15.1 23 10 0 .2 4
2 10 6 .33 24 10 0 .93
3 10 3 .97 25 10 1 .54
4 10 2 .77 26 10 1.35
5 10 2 .10 27 10 0 .90
6 10 1.6 6 28 10 0 .8 0
7 10 0.91 29 10 0 .5 2

8 10 0.90 30 10 0 .61
9 10 0.69 31 10 0 .4 6

10 10 0.58 32 10 0 .3 7
11 10 0.50 33 10 0 .33
12 10 0 .4 5 34 10 0 .32
13 10 0.49 35 10 0 .28
14 10 0.36 36 10 0 .2 7

15 10 0 .3 0 37 10 0 .2 6
16 10 0 .2 3 38 10 0 .2 5
17 10 0 .19 39 55 1.26
18 10 0 .1 5 40 71 1.04
19 10 0 .12 41 17 0 .2 8
20 10 0 .1 5
21 10 0 .07
22 50 0.22

In Table VII are given the results of distillation with ben
zene and toluene in the case of a mixture of acid salts obtained 
from the saponification of a distilled fraction of “denaturing 
grade wood alcohol”.

A 100-ml. portion of the “denaturing grade wood alcohol” 
distillate was refluxed for 2 hours with an excess of 1 N  sodium 
hydroxide. Aftertheflaskwas cooled, the excess alkali was neutral
ized with 1 N  sulfuric acid. The analysis showed the presence of 
0.0963 mole of esters. The solution was made slightly alkaline 
again and evaporated to dryness on a water bath. The remainder 
of the water was removed by refluxing the salts with 300 ml. of 
benzene in the dehydrating apparatus. After all the water had 
been removed, 70 ml. of a solution of toluenesulfonic acid in 
toluene, containing 0.0014 mole of acid per ml., were added and 
the solution was distilled.

An analysis of the data indicates that only two acids, acetic 
and propionic, were present, and that quantitatively, the 
mixture contained 54.7 per cent of acetic acid and 43.3 per 
cent of propionic acid. Thus the analysis made it possible 
to estimate rather accurately the amount of each ester origi
nally present in the “denaturing grade wood alcohol”.

T a b l e  VI. A c id  R e c o v e r y

Acid in
Acid Acid Original Acid

Acid Presen t Found Recovered M ixture Recovered
Moles X 10-* % % %

Form ic 23 .3 22.6 97 .0 4 2 .6 45.1
Acetic 17.2 15.6 9 1 .0 31 .4 31 .2
Propionic 6.6 6 .3 9 5 .3 1 2 .1 1 2 .6
Isobu ty ric 3 .3 2 .5 76 .0 6.0 5 .0
n-B utyric 4 .3 3 .1 72 .0 7 .9 6.2

T o ta l 54 .7 50.1 9 1 .5 .

T a b l e  VII. A z e o t r o p ic  D i s t i l l a t i o n  o f  A c id s

(F rom  saponification of esters p resen t in denatu ring  g rade wood alcohol)

action
Volume of 
F raction  

M l.
Acid 

Moles X 10 ~*
F rac tion

Volume of 
Frac tion  

M l.
Acid 

Moles X  10~*

1 10 2 .44 1 10 0.01
2 10 2 .6 2 2 10 1.13
3 10 2 .50 3 10 2.32
4 10 2 .49 4 10 2 .6 0
5 10 2 .43 5 10 2.65
6 10 2 .39 6 10 2.72
7 10 2 .41 7 10 2.72
8 10 2 .39 8 10 2 .7 2
9 10 2 .40 9 10 2 .7 6

10 10 2 .30 10 10 2 .7 6
11 50 11.69 11 10 2 .7 3
12 50 7 .04 12 10 2 .7 2
13 20 1.77 13 10 2 .74
14 10 0 .8 5 14 10 2 .7 7
15 10 0 .62 15 10 2 .73
16 50 0 .79 16 10 2 .3 7
17 50 0 .41 17 10 1 .2 2
18 35 0 .2 8 18 10 0 .5 0

T o ta l 48 .22
19
20

10
5

0.2 1
0 .0 7

T o ta l 3 9 .95
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Nitrite Nitrogen Standards
W . F . R E IN D O L L A R  

S ta te  o f  M a r y la n d  D e p a r tm e n t  o f  H e a l th ,  B a lt im o r e ,  M d .

PROCEDURES for the determination of nitrite nitrogen 
in water and sewage are given by the American Public 

Health Association (1), and in cereals, and waters, brines, and 
salt by the Association of Official Agricultural Chemists (2).

Although each of these methods is based upon the diazotization 
reaction originally suggested by Griess (4) and is employed to 
estimate quantities of nitrite nitrogen in approximately the same 
range of concentration, the reagents differ both in composition 
and in mode of preparation. This sulfanilic acid is variously 
described as an 0.8 per cent weight by volume solution in 5 N  
acetic acid, a solution of 0.5 gram of the compound in 150 cc. of 
20 per cent acetic acid, and a 1 per cent aqueous solution. The 
a-naphthylamine reagent is prepared in one case by dissolving 
0.5 gram of the base in 100 cc. of 5 N  acetic acid; in the other 
two cases the hydrochloride is employed, making solutions of 
0.13 and 0.5 per cent concentration in dilute acetic acid and 
water, respectively. In every case sodium nitrite is prepared 
from silver nitrite by interaction with sodium chloride. In 
one procedure (that for cereals) the quantity of the sulfanilic 
acid and a-naphthylamine reagents is increased from 1 to 2 cc. 
and the time period allowed for the color to develop is changed 
from 30 to 60 minutes.

Investigations made in connection with the development 
of this test point out the conditions necessary to obtain 
optimum results. Griess (S), in 1879, called attention to the 
fact that an acidified mixture of sulfanilic acid and a-naph- 
thylamine gave a pink coloration in the presence of minute 
amounts of nitrous acid. Ilosva (5, 6) studied this reac
tion and suggested the substitution of acetic acid for the 
hydrochloric acid used, claiming that the former induced a 
more rapid development of color and a more uniform grada
tion of tint. Weston (9) in a comprehensive review of the 
subject concluded, in part, that an excess of hydrochloric 
acid interferes with the delicacy of the reaction whereas an 
excess of acetic acid does not, and that the procedure as 
modified by Ilosva is more rapid than the original method. 
He recommended also that the reagents be made more con
centrated to avoid inconvenient dilution of the sample. Al
though numerous articles have since appeared suggesting 
further modifications, the procedure of Weston is essentially 
the standard today.

Mason (7) explains the use of silver nitrite rather than 
sodium nitrite as primary standard on the basis of the ques
tionable purity and deliquescent nature of the latter salt. 
Appropriate inquiry has shown that the first objection no 
longer obtains; sodium nitrite of high quality may be readily 
secured. This is fortunate, as the employment of the silver 
salt to prepare nitrite standards entails certain difficulties 
which are likely to impair accuracy. Silver nitrite is somewhat 
photosensitive, deteriorates slightly with age, and may be
come unreliable as a standard. It dissolves slowly and with 
difficulty. When sodium chloride is added to effect decom
position, the silver chloride, owing to the necessary absence 
of acid, does not precipitate in its characteristic clotted form 
but occurs as a colloidal dispersion. The standard method 
(1) specifies that a definite quantity of solution from this 
mixture be used in preparing the more dilute reagents, leav
ing the choice of methods of clarification to the operator. If 
filtration is employed for this purpose, it is necessary to return 
the liquid to the filter repeatedly and to wash thoroughly 
to ensure complete removal of sodium nitrite. If a clear 
liquid is to be obtained by settling and decantation, as sug
gested by Mason (7), 2 to 3 days must elapse before the

diluted reagents can be prepared. Centrifuging for a reason
able period does not yield a clear liquid.

In order to learn whether pure sodium nitrite may serve as 
a primary reagent in the preparation of nitrite nitrogen stand
ards, this investigation was undertaken.

R ea g en ts
S o d iu m  N i t r i t e . Solution A. A small quantity of Merck’s 

reagent grade granular sodium nitrite was dried overnight in a 
desiccator, assayed by the U. S . P. X I (S) procedure, and found 
to contain 99.4 per cent of sodium nitrite. A stock solution was 
prepared making due allowance for the slight amount of impurity 
present, and from this liquid a  standard solution containing 0 .0 0 0 5  
mg. of nitrogen per cc. was prepared by successive dilution.

Solution B. This solution was prepared by the interaction of 
silver nitrite and sodium chloride as directed (1) and reduced by 
successive dilution, as specified, to the same concentration as A. 
Clarification of the stock solution was effected by repeated 
filtration and washing of the filter and its contents.

Solution C. Preparation of this solution was similar to tha t of 
B  except for the method of clarification. In this case the stock 
reagent was allowed to stand for 5 2  hours, and although still 
somewhat turbid was withdrawn and diluted as specified. 

S u l f a n il ic  A c id  S o l u t io n . Prepared as directed (1). 
N a p h t h y l a m in e  A c e t a t e  S o l u t i o n . A  fresh supply of the 

base was obtained and dissolved in 5  N  acetic acid following the 
procedure of (1). The finished reagent was perfectly clear and 
had a weak purple tint.

Color standards were prepared from the three sodium 
nitrite solutions and a comparison of their respective values 
was made at the concentrations suggested (1). In every case 
slightly higher values were obtained for A  than for B, indicat
ing that with the latter solution some nitrite had been lost, 
probably in the process of clarification. Values obtained when 
A  and C were compared were in good agreement. In view of 
this fact it appears that sodium nitrite solution may be sub
stituted for the silver nitrite-sodium chloride solution and 
that where the latter is employed, decantation should be 
specified as the method of clarification.

S u m m a ry

Sodium nitrite of a sufficiently high degree of purity to 
serve as a primary standard in the nitrite nitrogen determina
tion is readily obtainable. Its use obviates the delay at
tendant upon the use of silver nitrite and permits the prepara
tion of all three dilutions of the reagent in a short period. 
As sodium nitrite is relatively inexpensive and the solution 
is readily prepared, it may be made fresh when needed, thus 
eliminating any question of deterioration arising from the 
use of an old solution.
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Rapid Determination of Quartz in Feldspar
G . H . M C IN T Y R E  AND M . B O Z S IN , F e r r o  E n a m e l  C o r p o r a t io n ,  C le v e la n d , O h io

IN THE chemical analysis of feldspar, all of the silica is 
determined as such, but no determination is made of the 

amount of quartz. As quartz and feldspar are major in
gredients in vitreous enamels, and the ratio between the 
combined silica and quartz in feldspar is variable, it is 
important to determine the quantity of quartz present in 
feldspar in order to ensure uniformity of enamel composition.

OCULAR 12.5 
OBJECTIVE lOx ■ 16 MM. 
STANDARD SAMPLE ROD 
MOUNTED IN GLYCEROL 
3/4 INCH CIRCULAR WATCH

QUARTZ PARTICLES PER UNIT AREA

F i g u r e  1. T y p ic a l  S t a n d a r d  C h a r t  f o r  T r a n s l a t in g  
Q u a r t z  G r a i n  C o u n t  t o  P e r c e n t a g e  C o m p o s it io n  i n  F u s e d  

F e l d s p a r

Watkins (8) has discussed the relation of quartz in feldspar 
to chipping of enamels, and gives a method for calculating 
the quartz from a complete chemical analysis of the feldspar. 
This is a long and difficult method and does not lend itself 
to rapid control of raw materials in glass and enamel manufac
turing processes.

M eth o d
The method described for the determination of quartz in 

feldspars is rapid and requires no special apparatus for sample 
preparation and grain diameter measurements. It has 
been standard in the analytical labora
tories of the Ferro Enamel Corporation 
for over 10 years and has been proved to 
be practical. It is based upon the prin
ciple that unfused quartz is anisotropic 
and that when a powdered vitreous mix
ture is viewed under a polarizing micro
scope with crossed Nicols, the number 
of quartz grains in a definite area may 
be counted. These will appear light or 
colored, whereas the glass will be dark.
Quartz grains which are in the extinction 
position will remain dark when so ex
amined, but as the standards are ex
amined in the same manner, the error is 
nullified.

Chamot and Mason (3) referred briefly to 
the method as being fundamentally based

on the technique of detecting rice starch adulteration with potato 
starch.

Booze and Klein {%) developed a method basically similar to 
this one, but differing in technique. Their description does not 
cover the preparation of standards and the exact technique used 
in preparation of the slide.

Thompson (7) determined free silica in feldspars by the linear 
intercept method, from these calculating the weight of quartz 
present. Insley (4) also used the linear intercept method on 
thin sections prepared from fusions of the feldspar. Parmelee 
and McVay (6) used an adaptation of this same method.

McCaughey (5) determined quartz in crude feldspar by indices 
of refraction methods and the proportions determined by count
ing the grains.

S t a n d a r d s .  Before routine determinations can be made, 
a set of standards must be prepared in order to establish 
points on a graph which can be used in all subsequent deter
minations. It is best to select a feldspar that is known to 
have a low quartz content, for making up the working 
standards.

Five samples containing feldspar with quartz added in 
different percentages usually make up the standards. All 
materials used must be ground so that at least 95 per cent 
passes a 200-mesh sieve. Feldspar and quartz must be clean 
and free from impurities such as iron and excessive mica. 
Quartz of at least 99.70 per cent silica grade should be used. 
The standard mixes are made in the following proportions:

Sam ple No. Q uartz Feldspar Q uartz
% Grams Grains

1 5 950 50
2 10 900 100
3 15 850 150
4 20 800 200
5 25 750 250

Each combination must be tumbled thoroughly (preferably 
in a ball mill) for at least an hour, to provide a homogeneous 
mixture.

F u s i o n  B u t t o n s . To about 100 grams of each mixture con
tained in a casserole, add 10 ml. of 1 per cent gum arabic, gum 
tragacanth, or gelatin solution. Mix the gum thoroughly with 
the sample by means of a spatula. The gum acts as a binder 
which serves to hold the mixture together in a mold. Pack the 
resulting mixture into a 15-ml. porcelain crucible until level, 
scrape off even with the top, and invert on a small porcelain plate. 
Tap the crucible gently to release the fusion button from the 
crucible mold.

F i g u r e  2. P a l o  M y e r s  G a s - F i r e d  
F u r n a c e
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T a b l e  I .  D e t e r m i n a t io n  o f  Q u a r t z

Feldspar

Feldspar mill 2282 
Feldspar mill 2513 
V irginia 8922 (high quartz)

V irginia soda spar, 3979

D erry  sp ar (C anada) 
C arolina spar

SÍ02 AhOa CaO Na*0 K jO

Q uartz 
D eterm ined 

by  C ount 
M ethod

N a20
AI2O3.68ÍO2

KsO
AI2O3.6SÍO1

------------- M ineral Com position -
CaO

AhOj.ôSiOî K aolin ite
Q uartz
(C aled .)

% % % % % % % % % %
68.11 17.75 0 .2 5 2 .52 11.00 8 .7 88.65 2 .1 0 2 .9 0 6 .32
69.03 19.40 0.22 2 .38 10.41 6 .4 82.65 1.82 8 .7 8 6.68
68.98 18.81 0 .15 4 .13 8 .07 9 .0 83 .42 1 .23 6 .74 8 .5 1

68.58 18.10 0 .25 10.00 2.36 2.0 97.00
Dolom ite

1.17
M agnesite

0 .69 1.14

65.85
M gO O .82 

18.82 0 .32 2.46 12.50 Few particles 95.00 2 .72 1 .37 0 .6 9
68.87 17.76 0.032 3 .02 9.31 9 .2 82.20 2 .8 2 5 .10 10.20

F i g u r e  3. F e l d s p a r  F u s i o n  a n d  B u t t o n

Prepare a fusion button of each of the five mixtures. Place 
the buttons in an oven for an hour a t 110° C. to allow all free 
moisture to escape.

After the initial drying, all five samples must be fused. For 
this purpose a Globar element furnace or a Palo gas furnace may 
be used. Heat the samples uniformly, gradually increasing the 
temperature until 1370° C. (2500° F.) is reached, and maintain 
this temperature for 15 minutes.

H e a t  T r e a t m e n t .  The following schedule is followed 
during the heat treatment:

M in . 0 F. M  in. 0 F.

0 1500 75 2380
15 1700 90 2500
30 1900 95 2500
45 2100 100 2500
60 2240 105 2500

During this heat treatment all of the feldspar fuses to a 
translucent glass, while the quartz remains unaffected.

When cold, chip the fusion buttons off the porcelain plates 
and grind off all adhering porcelain on an 
emery wheel. Pulverize each button by means 
of a  hardened steel mortar and pestle until 
all the powder passes a 200-mesh sieve. The 
samples are then ready for microscopical ex
amination.

The sampling rod consists of an eightpenny 
box nail from which the point has been cut off 
and in its place a depression about 1 mm. in 
depth has been drilled.

P r e p a r a t i o n  o f  S l i d e  f o r  M i c r o s c o p i c a l  
E x a m i n a t i o n .  Spread each sample in approxi
mately a 0.6-cm. (0.25-inch) layer and press 
the standard sample rod into this sample. Level 
off the powder which fills the small indentation 
.in the end of the rod and then place it on a slide.
Place two of these samples on each slide, mak
ing five groups of two each. Next apply a 
drop of glycerol to each from a stirring rod, 
which consists of a piece of 5-mm. glass rod 
drawn to a point 1 mm. in diameter. Drops 
of uniform size will be obtained if the last drop 
coming off the rod is used for mounting the

sample. Then mix the small sample for 2 or 3 minutes with the 
glycerol, using a small platinum wire spatula. Place an 18-nun. 
cover glass over the sample, taking care not to trap air bubbles 
and to spread the sample completely under the cover glass.

M i c r o s c o p i c a l  E x a m i n a t i o n .  By means of a polarizing micro
scope equipped with a mechanical stage, bring the sample to focus, 
using a 12.5-mm. ocular (equipped with a Whipple, 1, eyepiece 
micrometer) and a 16-mm. objective. The field is viewed with 
the Nicols crossed and the quartz can be seen as bright spots, 
which may be colored if the quartz grains are large.

Count the number of particles of quartz in an area of 9 squares, 
the small cross-sectioned square being the center of the group. 
Move the sample to another graduation as shown by the vernier 
on the mechanical stage, and take another count. Move the 
sample in a regular manner so as to include the entire area and 
take counts until a hundred areas are counted. Repeat the 
operation with a check sample. From the average counts cal
culate the number of quartz particles per unit area corresponding 
to the per cent quartz added to the sample. After counts ana 
checks have been made on all five standard samples, plot a graph 
for particles per unit area in relation to percentage of free quartz. 
This graph will serve as a standard for all subsequent determina
tions of quartz in feldspar, providing conditions are kept standard.

On all unknown samples, it is necessary only to mix about 25 
to 30 grams of the finely divided feldspar with sufficient gum 
for bonding, and then fuse to a button in the manner described 
for the preparation of the standard sample. After fusion the 
same standard procedure is followed for pulverizing, preparing the 
slide, and counting. By averaging the counts and calculating 
particles per unit area, the percentage of quartz can be read from 
the standard graph.

Once the standards have been made and the graph has been 
plotted, the determination is not lengthy, the preparation of 
the buttons and the fusion taking the most time. After the 
buttons have been fused, the determination takes about an 
hour.

R esu lts
A series of complete chemical analyses was made on 

different types of feldspar. The mineral composition was 
then calculated and compared with results by the above 
method. These data are shown in Table I.

The chief advantage in using this method is that it is time-

F i g u r e  4 . P h o t o m ic r o g r a p h s  o f  F u s e d  F e l d s p a r
Left. T aken  w ith crossed Nicols. N ote b rig h t particles of quartz  

R ight. T aken  w ithou t crossed Nicols
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saving once standards have been set up. It is also not 
necessary to make the usual tedious determination of the 
alkalies, which must be made if the quartz is to be deter
mined by calculation from the mineral composition of the spar.

L itera tu re  C ited
(1) Bauseh & Lomb Optical Co., Rochester, N. Y., Catalog 1859-C, 

1930.

(2) Booze and Klein, J . A m . Ceram. Soc., 6, 698 (1923).
(3) Cham ot and Mason, “ Handbook of Chemical Microscopy”,

Vol. 1, p. 441, New York, John  W iley & Sons, 1931.
(4) Insley, H ., J . A m . Ceram. Soc., 10 (9), 651 (1927).
(5) McCaughey, W. J., Trans. Am . Ceram. Soc., 15, 381 (1913).
(6) Parmeiee, C. W., and McVay, T . N., Univ. Illinois Eng. Expt.

Sta., Bull. 233, 1931.
(7) Thompson, C. L., J . A m . Ceram. Soc., 17 (8), 257 (1934).
(8) W atkins, Enam elist, 3, No. 2, 11 (November, 1925).

Volumetric Determination of Selenate
G L E N N  C . S O T H  AND JO H N  E . R IC C I, N ew  Y o rk  U n iv e r s i ty ,  N ew  Y o rk , N . Y .

IN CONNECTION with certain phase rule studies re
quiring numerous and readily duplicated accurate de

terminations of dissolved selenate, some simplifications in the 
volumetric method first suggested by Pettersson (5) were 
effected, which it seems worth while to describe.

This direct method, studied in detail by Gooch and co
workers (3, 4, 6), seemed, especially when compared with the 
gravimetric methods available (determination as lead selenate 
or as elementary selenium), the best suited for rapid and ac
curate analysis. The reactions involved are: reduction of 
the selenate to selenite by means of some halogen acid, distil
lation of the liberated halogen into potassium iodide solution 
and titration of the equivalent iodine with standard thio- 
sulfate solution. As described by Gooch and co-workers, 
however, and also as studied by Moser and Prinz (8), the 
analysis requires a cumbersome apparatus and has several 
sources of error, so that it seemed desirable to modify and 
simplify the procedure further. The chief difficulties are the 
necessity of passing a current of carbon dioxide through the 
apparatus during the distillation of the bromine to ensure its 
complete removal, the need of two or more traps of potassium 
iodide solution to absorb the bromine completely, and the un
certainty of controlling the treatment with hydrochloric or 
hydrobromic acid without causing either further reduction of 
the selenite to elementary selenium or the formation of volatile 
selenium bromide. In the procedure described by Gooch the 
distillation is continued until the volume in the distilling flask 
is reduced by one third or until color begins to reappear in the 
residual liquid. Gooch and Pierce (5) in fact recommended 
indirect titration, not of the liberated bromine but of the 
selenite formed.

The necessary operations for the direct determination, using 
hydrobromic acid for the reduction, can be carried out ac
curately and rapidly by means of the all-glass apparatus shown in 
Figure 1, consisting of a 200-ml. round-bottomed flask with a 
sealed-in dropping funnel, a Kjeldahl trap, a condenser, and a 
receiving flask. In use, a small amount of stopcock grease is 
applied to the ground-glass joints to prevent sticking.

The sample is placed in the distilling flask and diluted to about 
125 ml., and a few glass beads are added to prevent bumping. 
The solution is heated to boiling and the air driven from the ap
paratus. When no more bubbles pass through the potassium 
iodide solution in the receiving flask, the water in the condenser 
is turned off for a  few seconds. After a few more bubbles escape, 
the water is turned on again, drawing the solution up into the 
condenser to a height of 5 or 7.5 cm. (2 or 3 inches). Twenty 
milliliters of concentrated hydrobromic acid are added slowly to 
the boiling liquid through the dropping funnel, and from time 
to time thereafter water is added to maintain the volume in the 
distilling flask. The distillation is continued until the contents of 
the distilling flask are colorless, after which the condenser is 
washed into the receiving flask and the solution is titrated im
mediately. In place of hydrobromic acid (which must be free of 
bromine), sulfuric acid may be mixed with the sample in the dis

tilling flask a t the start, and potassium bromide solution added 
through the dropping funnel.

D iscu ss io n
The distillation as described requires about 20 minutes and 

the entire analysis about 30 minutes. Although the disappear-
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T a b l e  I. D e t e r m i n a t io n  o f  S e l e n a t e

M ethod Sam ple
,----------- MgSeO«-----------h

Found  T heoretical
Grams % %

Analysis of M gSeOi.ôHsO
M g-8-hydroxyquinolate 0.2504

0.2737
0.2662

60.65
60.78
60.77

60.75

Lead selenate 0 .2020
0.2011
0.1996

60.70
60.78
60.86

D istilla tion  m ethod 
Using H B r 0.8161

0.8254
0.8098

60.74
60.74 
60.79

Using H 2SO4 and  K B r 0.6675
0.8189
0.8175

60.68
60.71
60.81

Analysis of Solution of MgSeC^.CHîO
D istilla tion  m ethod, using H B r 2.8192

1.7397
35.73
35.56

35.75°

°  K now n from  de term ina tion  of M g by  quinolate  m ethod, 35.74 and  
35.76 % .

ance of the bromine color in the residual liquid is the best in
dicator for the completion of the reaction and of the distilla
tion of the bromine, the distillation can also be followed by 
observing the color of the vapor in the condenser, so that the 
analysis may be used for colored solutions.

The current of carbon dioxide employed by Gooch has been 
found unnecessary, inasmuch as the steam from the distilling 
flask is sufficient to carry over all the liberated bromine. In 
addition to permitting a simpler setup, this Kjeldahl type of 
procedure eliminates several possible sources of error. The 
absorption of bromine by potassium iodide solution is not 
instantaneous, so that even with the two traps employed by 
Gooch the current of carbon dioxide passing through the 
potassium iodide solution may carry with it some bromine. 
The present method of operation forms a liquid seal to the 
apparatus, so that no vapor can escape and all the bromine 
must dissolve in the receiving solution. With only one trap, 
furthermore, both time and possible loss in transfer are saved, 
because the contents of several traps need not be combined 
for the final titration.

When excess of hydrobromic acid is mixed directly with 
the sample in the distilling flask before boiling, as in the 
original procedure of Gooch, there is an initial rapid evolution 
of bromine which is difficult to control. By adding the hy
drobromic acid through the dropping funnel the evolution of 
the bromine is regulated so that none escapes before it can 
react with the potassium iodide solution. Finally, since the 
volume of residual liquid is not used as an indication of com
pletion of the reaction, the initial volume being maintained 
throughout, and since the addition of bromide can be so regu
lated as to avoid great excess of halogen acid in the boiling 
solution, there is no danger either of the formation of elemen
tary selenium as stated by Gooch or of the distillation of selen
ium tetrabromide from concentrated solution.

The procedure described should be useful for the detection 
and determination of selenate in the presence of selenite and 
for the determination of purity of salts. Sulfate ion, which 
must be absent in the lead selenate gravimetric method, 
does not interfere. The chief limitation, however, is the in
terference by oxidizing agents other than selenate itself; no 
other oxidizing agent (including nitrate ion) capable of liberat
ing bromine from hydrogen bromide in boiling solution may 
be present.

T e s t  o f  P roced u re
M a t e r ia l s . Magnesium selenate hexahydrate, MgSeOt. - 

6HsO, prepared by recrystallization from magnesium oxide and 
selenic acid, was used for all analyses. The selenio acid was pre

pared from elementary selenium according to the method of 
Gilbertson and King (2). Two analyses are included on solutions 
of pure magnesium selenate whose composition was known from 
determination of magnesium by the method described below.

Hydrobromic acid was a  Merck 40 to 42 per cent solution, free 
of bromine.

The potassium iodide solution in the receiving flask was made 
up just before use and contained 8  grams of c. p . salt and 30 ml. 
of 4 iV sulfuric acid in 150 ml. of solution.

The liberated iodine was titrated in the usual manner, using 
starch indicator and 0.15 N  thiosulfate previously standardized 
against potassium dichromate.

The purity of the magnesium selenate was checked by precipi
tation of lead selenate according to the method of Ripan-Tihci 
(10, 11) and by precipitation of magnesium as the o-hydroxy- 
quinolate and subsequent titration with standard potassium 
bromate (Berg’s method, 1), using the procedure of Kolthoff and 
Furman (7), with indigo as indicator.

L itera tu re  C ited
(1) Berg, Z. anal. Chem., 71, 23 (1927).
(2) Gilbertson and King, J . A m . Chem. Soc., 58, 180 (1936).
(3) Gooch, “Q uantitative Analysis” , p. 197, New York, John Wiley

& Sons, 1916.
(4) Gooch and Evans, Z. anorg. Chem., 10, 253 (1895).
(5) Gooch and Pierce, Ibid., 11, 249 (1896).
(6) Gooch and Scoville, Ibid., 10, 256 (1895).
(7) Kolthoff and Furm an, “ Volumetric Analysis” , Vol. I I ,  p. 483,

New York, John Wiley & Sons, 1929.
(8) Moser and Prinz, Z. anal. Chem., 57, 277 (1918).
(9) Pettersson, Ibid., 12, 287 (1873).

(10) Ripan-Tilici, Ibid., 102, 343 (1935).
(11) Spaou, B ull. soc. chim., (5) 3, 159 (1936).

Jacketed  R eceiver for  V acuum  
D istillation

J .  B. CLOKE, R ensselaer P o ly technic In s titu te , T roy, N. Y.

THE accompanying figure represents a well-known re
ceiver for distillation under diminished pressure, which has 
been provided with a jacket for the circulation of ice water or 

other cooling medium. This all-glass receiver (made by the 
Ace Glass Co.) is especially useful for handling low-boiling 
compounds which must be distilled under diminished pres
sure. The joints are T  24/40.



Differential Temperature Error in Weighing
E L L IS  B L A D E  

C o lu m b ia  U n iv e r s i ty ,  N ew  Y o rk , N . Y .

W eigh in gs o f  a  sp ec ia lly  prepared s te e l  
p lu m m e t an d  a sta n d a rd  p o rce la in  cru cib le , 
o n  a m a g n e tic a lly  d a m p ed  b a la n ce , in d i
ca te  th a t  a  tem p era tu re  d ifferen ce b e tw een  
o b jec t an d  b a la n ce  ca u ses a w e ig h in g  error 
p rop ortion a l to  th e  m a g n itu d e  o f  th e  d iffer
en c e , w h ic h  m a y  p ers is t a h a lf  h o u r , an d  
w h ic h  d iss ip a te s  lo g a r ith m ic a lly  w ith  t im e .  
T h e  17-grain  p lu m m e t ex h ib ited  a c o n sta n t  
m a x im u m  error o f  0.05 m g . per d egree, and  
th e  17-gram  cru cib le , 0.19 m g . per degree.

IT IS recognized that prior to weighing, objects should be 
brought to balance temperature. But in quantitative 

terms, what is the penalty for disregarding the old axiom? 
On the freely swinging balance, the problem was difficult, if 
not impossible, to study properly because of the transient 
nature of the temperature difference. The following investi
gation was carried out on a magnetically damped balance 
(Figure 1), using the counterpoise method of weighing. The 
object was a highly polished alloy steel plummet, which was 
brought to temperature in a specially constructed thermostat, 
and then transferred to the balance pan. Observations of 
the pointer were begun at the end of the first minute and con
tinued at regular intervals.

In the first group of observations, the plummet was merely 
weighed, with temperature differences ranging from 1° to 15°. 
Table I  shows the maximum errors observed for each weighing. 
The duration of the phenomenon and its time rate of variation 
are shown by the curves of Figure 2.

In the second group of observations an attem pt was made to 
stifle convection currents in the vicinity of the right-hand pan. 
To limit air currents from below, a cardboard platform 12.5 cm. 
(5 inches) square was placed within about 0.5 mm. of the lowest 
part of the pan. Currents from the sides were prevented by 
curved vertical cardboards several inches high, resting on the 
platform close to the pan on each side. The maximum errors 
under this arrangement are shown by items 11, 12, and 13 of 
Table I.

In the third group the plummet was not placed on the pan a t 
all, but on an asbestos pad directly beneath the right pan, and no 
load was on the balance pan. The response of the pointer under 
these conditions indicated the existence of air currents from the 
plummet.

Following these experiments a standard glazed porcelain cruci
ble was weighed under conditions similar to the first group above. 
Four runs were made, and as shown in Table II and Figure 3 the 
maximum error was nearly three times tha t for the plummet, but 
the phenomenon was of shorter duration.

T a b l e  I. M a x im u m  E r r o r s  w i t h  P l u m m e t
M g ./°  C. R em arks
0 .0533 
0.0-144 
0 .0439 
0 .0667 
0 .0643 
0.0444 
0 .0524 
0 .0537 
0.0461 
0.0514
0.0521, average dev iation  0.0019 
0 .0256 Sam e as above, except cardboard
0.0292 shielding used to  dim inish  convection
0 .0197 currents
0.0248, average deviation  0.0020 
0.0441 N orm al weighing of plum m et
0 .0288 W  Polished p lum m et on asbestos pad ,
0.0021 C  d irectly  benea th  balance pan , hence

. . . .  affecting i t  by  convection only
0 .0310 W 
0 .0028 C

0 .0300 W, 0 .0025  C
0.0491 N orm al weighing of p lum m et

No. Mg. ° C.°
1 0 .1 6 3 .0  C
2 0 .1 2 2 .7  W
3 0 .1 8 4 .1  C
4 0 .14 2 . 1  C
5 0 .18 2.8  W
6 0 .04 0 .9  W
7 0 .4 4 8 .4  C
8 0 .3 6 6 .7  W
9 0 .4 8 10.4  W

10 0.74 14.4  C
M ean

11 0.20 7 .8  W
12 0 . 2S 9 .6  W
13 0.16 8 . 1  W

M ean
14 0 .30 6.8  W
15 0 .3 0 10.4  W
16 0.02 9 .5  C
17 0.00 9 .1  C
18 0 .3 6 1 1 . 6  W
19 0 .04 14 .8  C

M ean
20 0 .54 11 .0  C
° W , p lum m et war:

Polished N i-C r steel p lum m et (17.376 
gram s) res ting  direc 
(norm al weighing)

Ly on balance pan

C, p lum m et colder th a n  balance.

T a b l e  II. M a x im u m  E r r o r s  w i t h  C r u c i b l e  
No. M g. ° C .° M g ./°  C. R em arks

1 0 .8 6  4 .7  W  0.183  Porcelain  crucible, of approxim ately  sam e
2 0 .9 2  5 .3  C 0 .174  w eight as p lum m et (16.486 gram s),
3 0 .5 4  3 .0  W  0 .180  placed d irec tly  on balance p an  (norm al
4 0 .9 4  4 .6  C 0 .204  weighing)

M ean 0 .185 , average deviation  0 .005
a W , crucible w arm er th a n  balance. 

C, crucible colder th a n  balance.

F i g u r e  1. M a g n e t ic a l l y  D a m p e d  B a l a n c e

D iscu ss io n
The temperature difference can produce a weighing error 

either through expansion or by deflection of the moving sys
tem by air currents. Expansion of the pan and bows is trivial, 
while the beam is, thermally speaking, only indirectly con
nected with the object on the pan and hence is not noticeably 
affected. On the other hand, an updraft of air produced by a 
warm object would tend to lift the pan, thereby making the 
object appear too light. Such convection may arise directly 
from the object, or indirectly through conduction from the 
pan. The time variation of the error depends in part upon 
the manner in which the heat divides between the two paths, 
and is therefore a complex function of heat capacity, conduc
tivity, emissivity, and geometry.
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The effect of cutting down the convection was shown by the 
second group of experiments, in which shields were used about 
the pan, and by the third group, in which conduction to the 
pan was eliminated by keeping the object out of contact with 
the pan. It is assumed that perfect shielding would have 
eliminated the error entirely in the former case, and it seems 
reasonable to suppose the full error would have been produced 
in the latter case, if the full force of the convection had been 
felt by the pan.

A p p aratu s
The plummet was ground down from a 0.9-cm. (0.375-inch) 

alloy steel rod, and buffed to a high polish. A large eye in one 
end enabled it to be hooked from the bottom of the thermostat by 
means of a bent wire. The plummet’s weight was 17.376 grams. 
The thermostat was a 1.25-em. (0.5-inch) copper tube, 17.5 cm. 
(7 inches) long, with a soldered-in closed bottom. The copper 
tube and a thermometer were immersed in a water bath contained 
in a Fisher outer tube (Figure 4). A bent wire was used for agita
tion of the bath. The whole assembly was arranged so that a 
beaker of warm or cold water could be brought up around the 
Fisher tube for adjusting and controlling the temperature. Tem
peratures were obtained by the bath thermometer and a balance- 
case thermometer, previously compared.

The crucible, which was of a common type, weighed 16.486 
grams or slightly less than the plummet. A second thermostat, 
made for the crucible, was similar in every respect to the first, 
except tha t it was larger. A wire cradle with a long stem was 
used to place and remove the crucible, the cradle being so con
structed tha t the crucible was allowed to rest directly on the bot
tom of the thermostat.

S u m m a ry

When a temperature differential exists between object and 
balance, a weighing error occurs which is linear with the mag
nitude of the differential and of opposite sign, referred to the 
balance temperature as standard. A highly polished plum
met weighing 17.376 grams gave a maximum error of 0.05 mg. 
per degree C., for differences up to 15° in either direction. 
Thus in analytical work, where calibrations of brass weights 
are depended upon to the nearest 0.1 mg., a difference of only 
a few degrees is very objectionable. For the larger differ-

F i g u r e  4 . A p p a r a t u s

ences, the error may persist up to a half hour, while small ones 
may last 10 minutes.

A common glazed porcelain crucible weighing 16.486 grams 
gave a maximum error of 0.19 mg. per degree C. For a tem
perature difference of 5°, this amounts to 1 mg. Fortunately, 
the effect vanishes much more rapidly than in the case of the 
plummet, and will usually be gone in 15 minutes.

The zero point of a balance shifts temporarily when a warm 
or cold object is weighed, thereby subjecting subsequent 
weighings to error.

The magnetically damped balance, operating on a null 
principle, is especially suitable for analyzing weighing prob
lems in which time is an element, since readings may be taken 
as frequently as desired. If external influences such as tem
perature and vibration are controlled, the precision of this 
balance is potentially higher than that of the freely swinging 
type.

F i g u r e  2 .

F ig u r e  3.

10 2 0  3 0  

MINUTES
E r r o r  i n  S c a l e  D i v is i o n s  D u e  t o  W a r m  o r  

C o o l  C r u c ib l e
10, m iddle of soale 
1 division =* 0.4 mg.

10 20 30
MINUTES

E r r o r  i n  S c a l e  D i v i s i o n s  D u e  t o  W a r m  o r  
C o o l  P l u m m e t

10 , m iddle of scale 
1 div ision  =■ 0.4 mg.



Chemical Examination of Urea Coating Resins
JO H N  J .  L E V E N S O N , J R .1, B a rs k y  a n d  S t r a u s s ,  I n c . ,  N ew  Y o rk , N . Y .

W ITHIN the past three years modified urea-formalde- 
hyde resins, for use in coating compositions, have ap
peared upon the market. These resins are formed by the 

condensation of urea, formaldehyde, and an alcohol, usually 
butanol, and are frequently made available in the form of 
solutions in the alcohol or in mixtures of the alcohol and hy
drocarbons. Because at the present time the urea coating 
resins are used almost exclusively in conjunction with alkyd 
resins for the formulation of baking enamels, some producers 
market them as blends or “cocondensation” products with 
alkyds. The principal reasons for the growing importance of 
the urea resins in the baking enamel field are their extremely 
light color, their color stability at high temperatures, and 
their extreme hardness and mar resistance.

The ordinary urea-formaldehyde condensation products 
have been examined extensively. In particular, the investi
gations of Walter (7) have provided data on the composition 
of this type of resin and have shed some light on their struc
ture. There is, however, very little information, except of a 
purely speculative nature, on the composition and structure 
of the alcohol-modified resins. The only published work 
providing any experimental information on these subjects is 
that of Hodgins and Hovey (5).

The purposes of the work reported here were, first, to es
tablish suitable methods of analysis; and secondly, to inves
tigate the composition of the modified resins and to determine 
the effect of curing on their composition.

T h eo retica l C h em istry  o f  M odified  U rea R esin s

The reactions of urea and formaldehyde have been treated 
in detail by Ellis (4), and the theoretical aspects of the chem
istry of the modified urea coating resins have been discussed 
by Cheetham (S) and by Hodgins and Hovey (5). A résumé 
of the reactions is given here to facilitate an understanding of 
what follows.

In the presence of alkaline condensing agents, urea and 
formaldehyde combine to form the methylolureas:

NH,

¿ = 0  +  CH20  ■

NH2

HN—CH20H

>- c = o  +  c h 2o ■ 
I

n h 2
Monoraethylolurea

HN—CHa0H

= 0 (1)

HN—CHjOH 
Dimethylolurea

HN—CHaOH

t o

HN—CH,OH 

¿¡=0

HN—CH20 H  +  HN—CH20 H  +  HŃ—CH20H

j}= 0

HN—CHjOH +  HN—CH,OH 

¿ = 0  

HN—CHjOH

HN—CH2OH HN—C a e n

¿ = 0  ¿ = 0  

HN—CHj—N—CHj—l i —CHjOH 

¿ = 0

HN—CHj—N—CH20H  

¿ = 0  

HN—CH2OH

The alcoholic modifying agent may be added at various 
stages in the process. In any event, there is strong evidence 
pointing to the occurrence of a chemical reaction between the 
urea-formaldehyde condensation product and the modifying 
agent. There are various ways in which such a reaction 
might occur. One of these, which has frequently been sug
gested, is the éthérification reaction shown in Equation 5.

(4)

-N—CH2OH +  HOC4H,

< U
I

-N—CHr

i= o
-OC4Hs

(5)
—N- —N-

The methylolureas may then undergo condensation to form 
substances of higher molecular weight. Several types of re
action are possible according to theory:

HN—CHjOH HN—CH20H  HN—CH20II HN—CH2—N—CH:

¿= 0  ¿=o + ¿=o — >- ¿=o ¿=o
NH2 n h 2 n h 2 NHj n h 2

HN—CHjOH HN—CH20H  HN—CH20H  HN—CH20H  

¿ = 0  +  ¿ = 0  +  ¿ = 0  +  ¿ = 0  — ■> 

EoIh  HOCHj—NH  HNH HOCHr '-NH

HN—CH2—N—CH2—N—CHj—N—CH2OH 

¿=0 ¿=0 ¿= o ¿= o (3)

HN—CH,—NH HN—CHi—NH
* P resen t address, Reichhold C hem icals, Inc ., E lizabeth , N . J .

M eth o d s o f  E x a m in a tio n

Hodgins and Hovey (5) made their examinations by the 
method of ultimate analysis. In the present work nitrogen 
was determined by the Kjeldahl method and from this the 
urea content of the resin was calculated. The aldehydic 
and alkoxyl residues were determined as groups and were 
calculated as formaldehyde and butanol. The method of 
group analysis has the advantage of giving more information 
regarding the composition and structure of the resin than 

does the method of ultimate analysis. 
— N — C H 20 H  D e t e r m i n a t i o n  o p  N i t r o g e n .

^ q ,2) Little need be said about the Kjeldahl
| method for nitrogen. The Gunning

N H 2 modification as given in the methods
of the Association of Official Agri

cultural Chemists (1) was used. Probably any of the 
common modifications can be used successfully. In some 
cases sulfuric acid alone gives sufficiently rapid digestion; 
in most cases, however, small amounts of copper and potas
sium sulfates, as specified in the Gunning modification, mate
rially hasten the digestion.

D e t e r m i n a t i o n  o f  F o r m a l d e h y d e .  The method em
ployed involved decomposition of the resin with phosphoric 
acid and distillation of the liberated formaldehyde into alka
line hydrogen peroxide which oxidized each mole of formal
dehyde to one mole of formic acid. The excess alkali was
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then back-titrated. The apparatus employed in the distilla
tion is shown in Figure 1.

A 1.0-gram sample of the resin was placed in the bottom of the 
distilling flask, a piece of porous tile was added, and the flask was 
closed by the stopper bearing the dropping funnel and the ther
mometer. Exactly 50.0 cc. of 0.5 N  sodium hydroxide were run 
into the Erlenmeyer receiving flask from a buret and 60 cc. of 
3 per cent hydrogen peroxide were added by pipet. The Erlen
meyer receiving flask was then connected to the condenser as 
shown in Figure 1. Approximately 25 cc. of 85 per cent ortho- 
phosphoric acid and 25 cc. of distilled water were run into the 
distilling flask through the dropping funnel. The flask was then 
carefully heated to the boiling point (about 110° C.), at which 
temperature the resin dissolved rapidly and formaldehyde, water, 
and butanol began to distill over. During the course of the dis
tillation the volume in the distilling flask was kept constant by 
adding distilled water continuously from the dropping funnel at 
such a rate as to maintain the temperature a t about 110° C. 
Two hundred cubic centimeters of distillate were collected.

When the distillation had been completed the condenser and 
adapter were carefully washed down into the receiver with dis
tilled water, a piece of porous tile was added, and the receiver was 
connected to a 30-cm. (12-inch) spiral reflux condenser. The 
solution was then refluxed for 0.5 hour in order to decompose the 
small quantities of acetals present and to oxidize the formalde
hyde thus liberated. Following this, the solution was cooled to 
room temperature, the reflux condenser carefully washed down, 
and the excess sodium hydroxide titrated with 0.5 N  hydrochloric 
acid using methyl red indicator. A blank titration was made on a 
mixture of 50.0 cc. of the standard alkali and 60 cc. of the 3 per 
cent hydrogen peroxide. The difference between the titration of 
the experiment and tha t of the blank was taken as the standard 
acid equivalent of the formaldehyde from the resin.

Several precautions must be observed in making this deter
mination. The early stages of the heating, prior to distilla
tion, should be conducted cautiously, as frothing is liable to 
occur when distillation begins. For a 1.0-gram resin sample 
at least 150 cc., and preferably 200 cc., of distillate should be 
taken, as otherwise the recovery may be low. Unless decom
posed by refluxing, acetals, formed by combination of formal
dehyde and butanol, will reduce the formaldehyde recovery 
by 3 to 4 per cent. Carbon dioxide liberated by partial 
hydrolysis of the urea will produce a titration error un
less methyl red or an indicator of the same pH end point 
is used.

D e t e r m i n a t i o n  o f  B u t a n o l .  Two princi
pal methods are available for the determination 
of alkoxyl groups—the Zeisel method (6,8 ) and 
the dichromate oxidation method (2), a modi
fication of which was employed here. The 
Zeisel method was rejected, as it did not appear 
to be suitable for the quantitative determina
tion of alcohols having as high a molecular 
weight as butanol. The method employed in
volved decomposition of the resin by refluxing 
with phosphoric acid and m-phenylenediamine 
which absorbed the liberated formaldehyde; 
distillation of the butanol, followed by oxida
tion with sulfuric acid and potassium dichro
mate; distillation and titration of the resulting 
fatty acids; and, finally, a correction for car
bon dioxide. This method should apply equally 
well to any other primary aliphatic monohy- 
dric alcohols used as modifiers, as it is based on 
the formation of one mole of fatty acid from 
each mole of alcohol.

A 1.0-gram sample of the resin, 1.0 gram of 
m-phenylenediamine, and a piece of porous tile 
were placed in a 500-cc. round-bottomed flask. 
Twenty-five cubic centimeters of distilled water 
and 25 cc. of 85 per cent orthophosphoric acid 
were added, and the flask was immediately attached 
to a 30-cm. (12-inch) spiral reflux condenser 
carrying a vapor trap (Figure 2) a t its top. The 

mixture was refluxed on a boiling water bath for 1 hour, after 
which it was cooled to room temperature. The water trap  and 
condenser were carefully washed down into the flask, the solu
tion was diluted to 350 cc. with distilled water, and the flask was 
connected for distillation as shown in Figure 3. The end of the 
adapter was sealed by placing 
a few cubic centimeters of dis
tilled water in the bottom of 
the Kjeldahl flask.

The solution was heated 
slowly to the boiling point and 
200 cc. of dilute butanol distil
late were collected. When the 
distillation had been com
pleted the condenser and 
adapter were carefully washed 
down into the Kjeldahl re
ceiver, a piece of porous tile 
was added, and the Kjeldahl 
flask was connected to the 
spiral reflux condenser by a 
stopper which also carried a 
dropping funnel. The top of 
the condenser was fitted with 
a vapor trap. About 100 cc. 
of dichromate oxidizing solu
tion were added through the 
dropping funnel to the solution in the Kjeldahl flask. The oxi
dizing solution was prepared by dissolving 100 grams of potas
sium dichromate in 900 cc. of distilled water and adding 100 cc. 
of concentrated sulfuric acid. The Kjeldahl flask was then 
heated on a water bath, the bath being brought to the boiling 
point in 0.5 hour and kept a t the boiling point for an additional 
0.75 hour. Following this, the solution was cooled to room tem
perature and the apparatus was washed down.

The Kjeldahl flask was then fitted with a stopper bearing a 
gooseneck and a dropping funnel and was connected for distilla
tion, the condensing and receiving apparatus being the same as 
that shown in Figure 1. The end of the adapter was sealed with a 
few cubic centimeters of distilled water and the distillation 
started. The solution was concentrated to about 400 cc., after 
which its volume was kept constant by continuous addition of 
distilled water through the dropping funnel. Between 850 and 
900 cc. of distillate were collected. The condenser and adapter 
were carefully washed do™  into the Erlenmeyer receiver and the 
distilled fatty acids were titrated with 0.5 N  sodium hydroxide, 
using phenolphthalein as indicator.

Carbon dioxide present in the distillate produces an error in 
the titration which was corrected for by a determination of the 
carbonate present. The determination was made by adding ex
cess 0.5 N  sodium hydroxide to the titrated distillate, precipitat-
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mg with barium chloride, filtering and washing in a Gooch crucible, 
dissolving in excess 0.5 N  hydrochloric acid, boiling off the carbon 
dioxide, and titrating back the excess hydrochloric acid.

T a b l e  I. P r e c i s i o n  o p  F o r m a l d e h y d e  a n d B u t a n o l
D e t e r m i n a t io n s

Substance
D eterm ined Sam ple D eterm ined Recovery

Grain Gram %
Form aldehyde 0.3399 0.3421 100.7

0 .4375 0.4311 98 .5
0.5350 0.5403 101 .0

B utano l 0 .3080 0.3157 102.5
0.3257 0.3248 9 9 .7
0.3239 0.3237 99 .9

Several observations may be made with regard to this 
method for determining butanol. m-Phenylenediamine was 
used to absorb the formaldehyde after it was found that the 
latter was not completely oxidized to carbon dioxide, the por
tion appearing in the final distillate as formic acid producing 
an indeterminate error in the titration. The large quantity 
of distillate (850 to 900 cc.) taken in the final distillation ap
pears to be necessary for maximum recovery. The ratio of 
the quantity of distillate to the size of the sample appears to 
have a considerable bearing on the efficiency of recovery. 
Thus, for 850 ec. of distillate the normal size of sample is 1.0 to 
1.1 grams. A 50 per cent increase in the size of the sample 
(1.5 grams) produced a 2 per cent drop in recovery. Failure 
to correct for carbon dioxide may result in an error of as much 
as 15 per cent.

P rec is io n  o f  th e  M eth o d s

Before the methods for determining formaldehyde and 
butanol were employed for analysis of resins their precision 
was determined by running control tests. These tests were 
made on U. S. P. formaldehyde solution (36.07 per cent by 
weight) and technical n-butanol (99.87 per cent by weight). 
In each of these control tests urea, formaldehyde, and butanol 
were present in approximately the same proportions as they 
occurred in the resins. The substance being determined 
(formaldehyde or butanol) was measured out accurately from 
a weight pipet. The results of the control tests are shown in 
Table I.

P rep a ra tio n  o f  R e s in  S a m p les
Four different resins were examined. Resin 

A was a n-butanol-modified resin prepared by 
the author. Resins B, C, and D were com
mercially available products. The literature 
and private communications indicated that 
these were also butanol-modified, a fact which 
the analyses tend to corroborate. All the resins 
were in the form of solutions of 50 to 60 per 
cent solids content.

Three samples, subjected to different degrees of 
cure, were prepared from each of resins A, B, and 
C; from resin D, which was added later, only two 
samples were prepared. The first set of samples 
(No. 1, resins A, B, and C) was obtained by dry
ing a t 30° C. in a closed cabinet for 53 days. 
Clean, filtered air was blown over the surfaces of 
the resins contained in Petri dishes. The second 
set of samples (No. 2) for all four resins was oven- 
cured a t 120° C. for 6 hours. The third set (No. 
3) for all four resins was oven-cured a t 120° C. for 
26 hours. The lengthy curing time for the second 
and third sets of samples was required because of 
the thickness of the samples [approximately 0.3 
cm. (0.125 inch) for the cured resins]. This was 
due to the necessity of having sufficiently large 
samples for analysis and, a t the same time, using 
containers tha t would fit together into the oven.

In Table II the residual weights of the samples, after dry
ing, are expressed as per cent by weight of the original resin 
solutions. Standard films, having about the same thickness 
and degree of cure as ordinary lacquer or varnish films, were 
prepared from each resin for the purpose of showing compara
tively the extent of cure of the analytical samples. The 
standard films were obtained by diluting 10 grams of resin 
solution with 5 grams of butanol, weighing 2.5 grams into a 
8.75-cm. (3.5-inch) flat-bottomed container, and curing for 1 
hour at 120° C.

T a b l e  II. R e s i d u a l  W e ig h t s  o f  A n a l y t ic a l  S a m p l e s  a n d  
S t a n d a r d s

Sam ple Residual® W eight
Resin No. Sam ple S tan d a rd  &lm

A 1 61 .8 59 .0
2 58.1
3 55 .4

B 1 62 .5 62.1
2 63 .7
3 57 .8

C 1 52 .2 52 .7
2 49 .8
3 4 6 .3

D 2 63 .0 63 .8
3 61 .7

a P er cen t b y  w eight of original reain so lutions.

It was originally intended that No. 1 samples should be 
dried with as little curing as possible, but this objective was 
not realized. No. 1 samples were dried for over 50 days be
fore they approached closely to a constant weight. When 
they were removed for analysis it was found that they had 
cured to the point where they were permanently insoluble in 
butanol. The prolonged drying was occasioned by the fact 
that the drying curves gave no indication of the point at 
which the free solvent had been removed. In the case of 
resin B, No. 1 was actually cured further than No. 2.

A n a ly tic a l R e su lts

The resin samples after curing were analyzed by the meth
ods previously described. The results are shown in Table 
III.
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The sum of the percentages of urea, formaldehyde, and 
butanol is greater than 100 per cent, the difference (last 
column, referred to as the water of reaction) being the water 
split out during the formation and curing of the resin and 
added again to the separate components when the resin was 
decomposed during analysis.

T a b l e  III . A n a l y t ic a l  R e s u l t s
(P er cent by  w eight of sample)

Resin
Sample

No. U rea
Form al
dehyde B utano l T o tal

W ater of 
Reaction

A 1 37 .3 39 .4 3 7 .0 113.7 13.7
2 4 0 .2 41 .4 37 .6 119.2 19.2
3 4 2 .5 4 1 .7 32 .8 117.0 17.0

B 1 39 .5 4 2 .8 32 .9 115.2 15.2
2 38 .8 42 .4 37 .2 118.4 18.4
3 4 2 .7 41 .1 31 .2 115.0 15.0

C 1 4 3 .5 4 3 .6 27 .3 114.4 14.4
2 45 .4 45 .4 27 .9 118.7 18.7
3 4 9 .2 4 4 .2 25 .2 118.6 18.6

D 2 4 2 .3 4 4 .7 3 2 .6 119.6 19.6
3 4 3 .6 45 .5 3 1 .6 120.7 20.7

In order to show the effects of curing more clearly, the 
ratios of formaldehyde to urea (F/U) and of butanol to urea 
(B/U) are given as both weight and mole ratios in Table IV. 
The ratio of water of reaction to urea is also given as a weight 
ratio. The results for each resin are arranged from top to 
bottom in order of increasing cure, as indicated by decreases in 
the F /U  and B /U  ratios.

T a b l e  IV. R a t i o  o f  C o m p o n e n t s  t o  U r e a

Resin
Sam ple

No. F /U
-W e ig h t R atio - 

B /U W /U
,—Mole 
F /U

R atio—» 
B /U

A 1 1.06 0 .99 0 .37 2 .1 2 0 .80
2 1 .03 0 .94 0 .48 2.06 0 .76
3 0 .9 8 0 .77 0 .4 0 1.96 0 .62

B 2 1.09 0 .9 6 0 .4 7 2 .1 8 0 .78
1 1.08 0 .83 0 .38 2 .16 0 .67
3 0 .9 6 0 .73 0 .35 1.92 0.59

C 1 1.00 0 .63 0 .33 2.00 0 .51
2 1.00 0 .62 0 .41 2.00 0.50
3 0 .9 0 0.51 0 .38 1.80 0 .41

D 2 1 .06 0 .7 7 0 .4 6 2 .1 2 0 .62
3 1.04 0 .7 2 0 .4 7 2 .08 0 .58

For resin B the figures show that No. 1 was more highly 
cured than No. 2, corroborating the residual weight data 
given for these samples in Table II. In the case of resin C 
the data of Tables II and IV appear to be conflicting. Table 
II indicates that No. 2 was more highly cured than No. 1, 
while the F /U  and B /U  ratios are nearly identical. This is 
accounted for, apparently, by the fact that the loss consisted 
almost entirely of water.

T a b l e  V. P e r  C e n t  Loss o f  F o r m a l d e h y d e  a n d  R u t a n o l  
o n  C u r i n g

Sam ple Form aldehyde B utano l
Resin No. Loss Loss

A° 1-2 2.8 5.1
1-3 7 .6 22.2

B 6 2 -1 0 .9 13.5
2 -3 11.9 24 .0

C° 1-2 0.0 1 . 6
1-3 10.0 19.1

D  b 2-3 1.9 6 .5

a P e r cen t of con ten t of No. 1.
& P er cen t of c on ten t of No. 2.

The losses of formaldehyde and butanol, expressed as per
centages of the formaldehyde or butanol content of the sample 
having the lowest degree of cure, show the effect of curing 
even more markedly than does Table IV. Thus, the loss 
when resin A was cured from the stage represented by No. 1 
to that represented by No. 2 was:

Formaldehyde X 100 = 2.83%

n Qq — 0  04  
Butanol Q (jg X 100 = 5.05%

Losses expressed in this manner are given in Table V.

E x a m in a tio n  o f  D a ta

Despite the possible effect of accumulative errors, it was 
possible to get a reasonable correlation between the loss in 
weight on curing as calculated from the residual weight data of 
Table II and the loss as calculated from the analytical data of 
Table IV. The decrease in residual weight between two suc
cessive samples divided by the per cent of urea in the original 
resin solution gives the loss of weight per gram of urea. The 
weight losses thus determined are shown in Table VI (last 
column). The algebraic sum of the differences in the F/U, 
B/U, and W /U ratios for two successive samples also gives 
the curing loss per gram of urea. The total net losses calcu
lated by this latter method are shown in Table VI (sixth 
column). The losses obtained by the two methods are in fair 
agreement.

T a b l e  VI. C h a n g e  i n  L o s s e s  o n  C u r in g

G ram s per gram  of urea

Resin
Sam ple

No. A (F /U ) A (B /U ) A (W /U )

T o ta l
N et

Loss

Loss Calcd. 
from  

Residual 
W eight

A 1-2 0 .03 0 .0 5 0 .11 0 .19 0 .1 6
2-3 0 .05 0 .17 - 0 . 0 8 0 .1 4 0 .12

B 2-1 0.01 0 .13 - 0 . 0 9 0 .0 5 0 .0 5
1-3 0 .12 0.1 0 - 0 . 0 3 0 .19 0 .19

C 1-2 0 .0 0 0.0 1 O.OS 0 .09 0 .11
2-3 0 .1 0 0 .11 - 0 . 0 3 0 .1 8 0 .15

D 2-3 0.02 0 .05 0.01 O.OS 0 .0 5

The negative values for the changes in the W /U ratios are 
difficult to account for. As previously explained, the W /U  
ratio for any sample represents the total amount of water 
split out while the sample was being formed from its individual 
components. A negative value of A (W/U) indicates one of 
three possibilities—that water was taken up during the curing 
process; that the curing process took place in an essentially 
different manner for the two samples involved; or that nega
tive values are due to the effect of accumulative errors.

Examination of the data in Table VI shows that the form
aldehyde and butanol losses increase as curing proceeds. 
The occurrence of negative values makes it impossible to say 
anything definite about the loss of water. However, in the 
case of resins A and C, the data suggest a decrease in water 
loss as curing progresses. In general, the data suggest that 
water comprises a large part, if not a major part, of the loss 
during the early stages of the curing; while during the latter 
stages losses of formaldehyde and butanol predominate.

Any attempt to examine into the structure of the resins on 
the basis of the knowledge available here is handicapped by 
three factors: (1) The possibility that the resins are not char
acterized by any particular type of structure, but are mixtures 
of two or more types. In such a case the analyses would give 
only the average composition, which consequently might not 
be characteristic of any of the structures present. (2) Lack of 
knowledge of the relative number of methylene and methylol 
groups makes it difficult to select the most probable from the 
various possible structures. (3) The tremendous possibilities 
of isomerism introduce further complications.

The average molar composition of the resins as given by the 
data of Table IV is:

F/U = 2.0 B/U = 0.62

These figures do not impose any limitations as to the types 
of structure which are possible. Thus it is possible to have 
simple chains as indicated on the following page.
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-N — C H i—N — CH. 

¿ = 0  ¿=<

-N—CHr 
¿ = 0

-N — C H j— N — C H r  

C = 0  ¿ = 0

N H

Ah 2o h

-N —CH2— N—CH2—N—CH2—

c=o ¿=0 ¿=0
¿ H  NH NH NH NH iIh  NH

CH2OC,H„ ¿H,OC(H, ¿H 2OH ¿HîOCJIg CHiOCiHs ¿ h 2o h  ¿ h 2o c 4h ,
(a) F / U  =  2.0 R /U  =  0.62

or ring chains

— N — C H j— N — C H r

<U  c=o
H N — C H j—N

A

- N — C H a 

¿ = 0  

J fH

:— N — C H 2— N — C H r 

C = 0  ¿ = = 0

H N — C H r - N

IIsO C JI , e n s e a l , ,  c i i 2o c (h s c h 2o c ,h ,

(b) F / U  =  2.0 R /U  =  0.63

-N— C H 2— N — C H 2------ N —C H r

¿ = 0  ¿==0 ¿==0
I I I

N H  H N — C H r - N

i 4!H20C «H ,

or three-dimensional branched molecules

—N—CHz—

¿=0
—N—C H r-N—CHj—N—CH20C«H,

¿=0 ¿==0
—N—C H r-N —C H r-N —CHü—N—CHsOCîH,

¿=0 ¿=0
—N—CHr—N—CHi—IST—CHj—N—CH,OC4Hs 

¿ = 0  ¿ = 0

—N—C H r-N —C H r-N —CH2OC(H,

L o  .

—N—CH2OC(Hs 
(c) F /U  =  2.0 B /U  =  0.63

Examination of the foregoing formulas shows that the com
position does impose some structural limitations in the case of 
the ring-chain and branched types. Thus in the ring-chain 
type, the length of the individual rings is limited by the 
butanol content. Rings such as

—N—CH,—N—CHj—N—CHS—N—CHr -  

¿ = 0  ¿==0 ¿ = 0  ¿=
I

H N — C H r

2 = 0

-N — C H j—N — C H j— N — C H 2OC«H, 
(d) B /U  =  0.25

can exist only in small numbers if at all; while rings of more 
than four urea residues in length are still less probable. 
Again, it is interesting to note that the molecular weights of 
closely branched molecules (Formulas c and e) are dependent 
upon the B /U  ratio, the degree of butanol saturation, and the 
shape of the molecule. This is due to the fact that the bu- 
toxyl groups can be located only at the extremities of the mole
cule and that, consequently, the B /U  ratio decreases as the 
molecule grows. If the shape of the molecule and the degree 
of butanol saturation were known, it would be possible to cal
culate the molecular weight from the B /U  ratio. Thus, 
Formula e shows, in skeleton form, a saturated molecule whose 
projected shape is a square.

For such a molecule a B /U  ratio of 0.62 requires a molecu
lar weight of slightly more than 10,000. For other rectangu
lar shapes the molecular weights, which are dependent upon

the relative dimensions of the molecule, may also be calcu
lated.

B —N — B
f I i

B+N—N -N -rB

B-j-N-
B-i-N-

B-N
1
B

-N-
I

-N-

-N- ■B

-N-rB
—I-J
N -B
I
B

fe)

Other types of three-dimensional molecules, having less 
frequent branching, are also possible. One of these is illus
trated by Formula/. Because of the relatively larger number 
of positions available for butoxyl groups, this type would per
mit greater variations in molecular weight and structure.

A¡Hj

A

O

-<üi—N—'C H 2O C J Tg

!H2

N H

¿ = 0

C<H9OCH2—N H

¿=0
— N — C H j— N — C H j— N — C H r - N —C H j - N —C H j-

¿=0
Ah

¿ h 2 
I

¿=0
C<HîO C H 2— N H

H

N H

¿Hj

N — C— N — C H jO C J-I,
H

N — C—N -C H 2OC4H ,

y
(f) F / U  =  2.0 B /U  =  0.63

S u m m a r y  a n d  C o n c lu sio n s

Existing methods for the determination of formaldehyde 
and butanol have been modified in order to apply them to the 
analysis of urea coating resins. Although the methods were 
used only on resins containing formaldehyde and butanol, 
they should prove satisfactory for any aldehydes or primary
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aliphatic monohydric alcohols liable to be used in this type 
of resin. Control tests indicated a precision of about 1 part 
per 100.

Several different urea resins were examined. Three 
samples of each resin, representing different degrees of cure, 
were analyzed.

The analyses were sufficiently accurate to show losses of 
formaldehyde and butanol on curing, but not to permit cal
culation of the water loss or of the number of methylene 
and methylol groups.

During the earlier stages curing appears to proceed chiefly 
through loss of water, although formaldehyde and butanol 
are also lost. In the latter stages of curing, butanol and form
aldehyde are the principal losses.

The magnitude of the losses varies considerably for different 
resins subjected to the same curing conditions. The loss of 
butanol is generally greater than that of formaldehyde but, 
otherwise, there appears to be no particular relation between 
the two losses.

Despite the considerable losses, the butanol content of 
highly cured resins remains surprisingly large (25 to 32 per 
cent of the cured resin).

The analytical results provided very little information re
garding the structure of the resin molecules. A further

knowledge of molecular structure would seem to depend 
largely on obtaining methods for quantitatively distinguishing 
methylene from methylol groups.
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Effect of Certain Carbohydrates on the 
Determination of Carotene

E . J .  L E A S E  AND J .  I I .  M IT C H E L L , S o u th  C a ro lin a  A g r ic u l tu r a l  E x p e r im e n t  S t a t i o n ,  C le m s o n , S . C .

SOME commonly used methods for the determination of 
carotene in forages, feeds, foodstuffs, and plant tissue 

involve the use of alcoholic potassium hydroxide as an ex
traction medium (1-Jh 7). Guilbert (3) pointed out the 
obvious advantages of this technique, which has been used 
with apparent success by many workers. In the course of 
investigations on the vitamin A value of the sweet potato 
(Ipomoea batatas), attempts were made to determine the 
carotene content of the Porto Rico variety after cooking, by 
methods involving initial extraction with alcoholic potassium 
hydroxide. Practically no carotene was detected in cooked 
sweet potatoes by these methods, although biological studies 
with the rat indicated that these sweet potatoes were potent 
sources of provitamin A, whether raw or cooked.

In many instances the use of potassium hydroxide facilitates 
disintegration of the tissue and liberates the pigments 
(1-5, 7-9); in some methods not involving the initial use of 
potassium hydroxide, drastic or tedious measures are needed 
to free the pigments from the plant tissue (6, 10-18). The 
advantages and disadvantages of some of these methods are 
summarized by Munsey (6). With the sweet potato, how
ever, these difficulties are not encountered nor are other 
pigments a complication; thus, although alcoholic potassium 
hydroxide does not remove carotene completely from the 
cooked sweet potato, the carotene is readily extracted by 
boiling 95 per cent ethanol. The difficulty which is en
countered in removing the carotene of cooked sweet potato 
and of certain other vegetables seemed to be due to interfering 
substances formed during the cooking process. The nature 
of these substances and their possible action are here dis
cussed.

The carotene content of raw Porto Rico sweet potatoes, 
when analyzed by methods involving the use of alcoholic 
potassium hydroxide (2, 8, 7), was found to average 124 
micrograms per gram of dry matter. Portions of these same 
potatoes, when boiled for 30 minutes or baked at 205° C. for 
30 minutes and analyzed by the same methods, yielded prac
tically no carotene (Table I). During the refluxing of the 
cooked sweet potato with alcoholic potassium hydroxide the 
solution became light yellow and outward appearance in
dicated that carotene was being extracted from the sample. 
The solution darkened as refluxing continued and at the end 
of the 30-minute refluxing period, some samples were yellow- 
orange while others were black. These pigments were all 
found to be water-soluble; no carotene was evident. When 
this procedure was repeated, omitting the potassium hy
droxide, darkening did not occur and carotene was completely 
extracted from cooked or raw sweet potato (Table I). Read
ings were made photoelectrically and checked colorimetri- 
cally. No appreciable amount of pigments was removed from 
the petroleum ether solution by 92 per cent methanol, indicat
ing an absence of xanthophylls.

Most of the dry matter of raw sweet potato is starch and 
cooked sweet potatoes contain large amounts of reducing 
sugars. It seemed probable that the darkening in color was 
due to polymerization by the potassium hydroxide with sub
sequent interference with carotene determination, and experi
ments to clarify this point were undertaken.

In ter fer in g  S u b sta n ces
After the cooked sweet potato had been thoroughly leached 

with water to remove soluble carbohydrates, almost all the
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T a b l e  I .  C a r o t e n e  E x t r a c t e d  b t  A l c o h o l ic  P o t a s s iu m  
H y d r o x id e  P r o c e d u r e s

(C alculated  to  m oisture-free basis)
C arotene C arotene
E x tracted E x tracted

by 95% by K OH
Sample E thano l Procedures

Micro grams 
per gram %

R aw  sw eet po ta to 130 124 95 .4
Boiled sweet po ta to 130 5 3 .8
B aked sweet po ta to 130 2 1 .5
B aked sweet po ta to , refluxed w ith 
^  alcoholic K O H , then  w ater, and  ex

trac ted 130 130 100
Stored ewcet po ta to  

5° C. for 4 m onths 127 83 65 .3
37° C. for 4 m onths 124 25 20 .1

W ater-ex tracted  cooked sw eet po ta to , 
residue 154 153 99 .4

W ater-ex tracted  cooked sweet p o ta to  
a fte r incorporating:

Glucose 52 25 48 .1
Fructose 49 26 53.1
D extrinized starch 77 0 .5 0 .6
M altose 95 50 52 .6
Sucrose 35 20 57.1

Cooked carro t 302 .5 100.9 33 .3
Alfalfa hay 32 32 100
Lespedeza hay 34 33 .8 99 .4
Fresh mixed grasses 41 40.1 9 7 .8
Squash (sum m er, yellow ), surface 

layer only 
Raw 15 4 26 .6
Cooked 13 4 30 .8

P um pkin  (canned) 9 2 .6 77 .2 83 .4

carotene was readily extracted from the residue with alcoholic 
potassium hydroxide (Table I). Practically none of the 
carotene was extractable after thorough incorporation of the 
evaporated leachings with the residue, accomplished by placing 
a mixture of the residue and evaporated (sirup stage) leachings 
under alternate vacuum and pressure, and finally removing 
the excess moisture by a fan at room temperature.

The residue of the water-extracted cooked sweet potatoes 
was incorporated with known compounds to see whether they 
would render the carotene unextractable by alcoholic potas
sium hydroxide. Equal weights of sweet potato starch and 
extracted boiled sweet potato residue were mixed, moistened, 
and autoclaved to dextrinize the starch, and after partial dry
ing the mixture was treated with alcoholic potassium hy
droxide. It was found impossible to extract more than a 
trace of the carotene present in the mixture (Table I). Glu
cose, maltose, or fructose when incorporated as described 
above prevented the extraction of more than half of the caro
tene contained in the mixture (Table I).

A c t i o n  o f  I n t e r f e r i n g  S u b s t a n c e s .  A t  first it was 
thought that some of the polymerized carbohydrates reacted 
with or adsorbed the carotene from solution. However, 
when an alcoholic potassium hydroxide solution of crystalline 
carotene was refluxed with glucose, fructose, maltose, or a 
water extract of cooked sweet potato, the carotene was found 
to be readily available for determination. When a solution 
of carotene in oil was refluxed with a mixture of alcoholic 
potassium - hydroxide and cooked sweet potato, the added 
carotene was neither removed from the solution nor de
stroyed. It thus became apparent that the difficulty lay in 
the initial extraction of carotene from the cooked sweet potato 
rather than in any subsequent adsorptive or destructive action 
of the polymers.

When treated with alcoholic potassium hydroxide, the 
tissue of raw sweet potato disintegrated into shreds in a 
normal fashion, whereas cooked sweet potato became gummy, 
lumpy, and resinous. Since the bulk of the dry matter of 
raw sweet potato is starch, it seemed probable that the hy
drolytic products of starch, formed on cooking, reacted with 
potassium hydroxide to form resins, binding the carotene 
mechanically. This resinous film held the carotene particles 
so tightly that it prevented their extraction with cold or 
boiling 95 per cent ethanol, ethyl ether, petroleum ether, or

acetone. This resinous matter could be dissolved, however, 
by boiling the sweet potato for 5 minutes with three volumes 
of water. The carotene was then readily extracted by fat 
solvents and its determination could proceed as usual.

R e su lts  w ith  O th er F oo d stu ffs
Some of the carotene of certain other foodstuffs and of raw 

sweet potatoes stored under certain conditions was also 
resistant to extraction following treatment with alcoholic 
potassium hydroxide (Table I). Certain samples of cooked 
carrot also possessed carotene which was not extracted by 
alcoholic potassium hydroxide. The carotene of raw or 
cooked summer squash, although readily extracted with 
ethanol, was difficult to extract with alcoholic potassium hy
droxide, although the xanthophyll was readily extracted. The 
pigments of canned pumpkin could be extracted fairly well 
with alcoholic potassium hydroxide, but were much more 
readily extracted with alcohol.

For many food materials, including fresh raw sweet potato, 
methods involving extraction with alcoholic potassium hy
droxide are satisfactory. However, since there is a tendency 
to increase the carotene content of feeds by adding concen
trated carotene preparations such as dehydrated sweet potato, 
the importance of a suitable extraction method for all types 
of tissue is obvious. If alcoholic potassium hydroxide is used, 
an added precaution is recommended: boiling the residue 
(which is supposed to be carotene-free after treatment with 
alcoholic potassium hydroxide) with water, and subsequently 
extracting with ether and alcohol. This checkup may show 
that large amounts of carotene remain unextracted.

S u m m a ry
Methods involving the use of alcoholic potassium hydroxide 

were found inapplicable to cooked sweet potatoes, stored raw 
sweet potatoes, and certain other cooked vegetables because 
subsequent extraction of carotene was incomplete.

Apparently polymerization of carbohydrate by the alkali, 
forming a resinous film, rendered the carotene unextractable 
by cold or boiling 95 per cent ethanol, ether, acetone, or petro
leum ether.

In samples containing large amounts of carbohydrate, 
carotene may be determined by extraction with ethanol; if 
alcoholic potassium hydroxide is used, the material should be 
subsequently boiled with water to dissolve the resins before 
extraction of the carotene by fat solvents.
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Cerate Oxidimetry
Preparation  and Stability o f  Solutions
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A  DISTINCT advantage in using tetra valent cerium in 
volumetric analysis, rather than permanganate, with 

which it compares favorably in the number of practical 
applications, is the fact that its sulfate solutions are com
pletely stable during long storage and are stable at the boiling 
temperature for considerable periods of time. Moreover, 
hydrochloric acid in moderate concentrations is not a com
plicating factor, as in the case of permanganate. The fact 
that permanganate serves as its own indicator while the 
tetravalent cerium does not is no disadvantage, since the high 
potential indicator, ferroin, has come into wide use.

Cerium in volumetric analysis has one disadvantage as 
compared to permanganate. The oxidation potential of the 
system Ce+^++ +  e = Ce+++ in molar sulfuric acid is 1.44 
volts, whereas that of the couple M n04_ +  5e +  8H+ =  
Mn++ +  4H20  is 1.52 volts. The former system in hydro
chloric acid medium has a potential of 1.28 volts. This fact, 
which places such reactions on a par only with dichromate 
reactions as to oxidation potential, is not sufficiently recog
nized.

The use of tetravalent cerium in nitric and perchloric acid 
solution provides the potentials 1.61 and 1.70 volts, respec
tively, for the system Ce++++ +  e =  Ce+++. At these po
tentials such solutions extend the field of possible analytical 
applications. Standard solutions of tetravalent cerium would 
be expected to undergo change as a result of the slow forma
tion of oxygen, owing to the reaction of the couple, 0 2 +  
4e +  4Ii+ =  HjO, the potential of which is approximately 1.2 
volts.

It is the purpose of the present study to determine the mag
nitude of the last-mentioned effect.

P rev iou s S tu d ie s

The most recent summary of published data in the use of 
tetravalent cerium in volumetric analysis has been given by 
Furman (1), who presents a general review of the subject 
and an extensive bibliography.

Ceric oxide. Ce02, anhydrous eerie sulfate, Ce(S01)2, and the 
so-called double sulfate, Ce(S0j)2.2(NH()2S0.,.2H20 , originally 
served as materials for the preparation of solutions for use in 
analysis. The use of the complex salt hexanitrato ammonium 
cerate, (N H )2Ce(NOj)j, was proposed by Smith, Sullivan, and 
Frank ((?). The corresponding potassium salt, K2Ce(NOi)#, 
may be similarly employed. The electrolytic oxidation of cerous 
sulfate, nitrate, and perchlorate to form the complex acids H2Ce- 
(S04)3, H2Ce(N03)s, and H2Ce(C10()8 by an improved procedure 
not requiring the use of a diaphragm cell was described by Smith, 
Frank, and K ott (3). The potential relationships of the couple 
Ce++++ 4- e = Ce+++ in hydrochloric, sulfuric, nitric, and 
perchloric acids were studied by Smith and Getz (4), who de
veloped a cerate-ion concept. Improved procedures in the stand
ardization of the nitrato and perchlorato cerate anion, using 
sodium oxalate and arsenious oxide as reference standards, were 
described by Smith and Getz (6), who used nitro-ferroin for the 
first time as indicator in this work.

P rep aration  a n d  M ateria ls
Hexanitrato ammonium cerate, (NH<)2Ce(NOs)«, was pre

pared as previously described (5). Salts of two different types 
were employed: a pure grade, 98 to 100 per cent, and an impure 
grade, 90 to 95 per cent. Hexanitrato potassium cerate was 
similarly prepared, using potassium nitrate in place of ammonium 
nitrate.

Solutions of perchlorato ceric acid, EUCeCClOj)«, in perchloric 
acid were prepared by electrolytic oxidation of pure cerous 
perchlorate (3). The cerous perchlorate was completely oxidized 
before use.

Solutions of pure cerous nitrate in nitric acid were completely 
oxidized electrolytically to nitrato ceric acid, H 2Ce(NOa)i, by the 
method of Hengstenberger (#).

P rep aration  an d  S ta n d a rd iza tio n  o f  S o lu tio n s

Solutions were all standardized using Bureau of Standards 
sodium oxalate and arsenious oxide, as well as ferrous sulfate 
that had been standardized indirectly with sodium oxalate 
and sulfato cerate solution, using ferroin as indicator in all 
cases. The methods have been described in detail by Smith 
and Getz (5). The solutions tested for stability in storage are 
described in Table I.

V aria tion  in  S o lu tio n  N o rm a lity  
w ith  T im e  o f  S torage

Data showing the change in normality 
with time for ten solutions prepared as 
shown in Table I are given in Table II. 
Some solutions studied are omitted to con
serve space. The solutions omitted, all of 
which were acidified with perchloric acid 
from 1 to 8 Ar in strength, were increasingly 
less stablein the following order: 11,12,13, 
14, 15, 16, 17, and 18.

D iscu ss io n  o f  R e su lts

Of the seven most stable solutions five 
were stored in the dark, which indicates 
that decomposition is in part a photo
chemical reaction. The most stable solu
tion consisted of purified hexanitrato am
monium cerate in 2 N  perchloric acid. For 
change in normality of 1 part in 10,000, 
10 days’ storage time is required.

Solu
tion

T a b l e  I. C o m p o s it io n  a n d  S t a n d a r d iz a t io n  V a l u e s  o p  
N i t r a t o  a n d  P e r c h l o r a t o  C e r a t e  S o l u t io n s

(Solutions num bered in the  order of their stability)

P u rity  of
S ta rtin g  Acid S tandard  S tarting  T ype of

D ura
tion
of

No. M ateria l C oncentration F acto r M aterial Storage T est

1 (NH<)jCe(NOi)« 2.0 N  HC1Û4 0.1008 Purified D ark
Days
235

2 (NH4)jCe(NOi)e 3.0 N  H N O j 0.05147 Commercial D ark 183
3 (NHOiCe(NO*)6 1.4 N  HNO* 0.07082 Purified D ark 237
4 (N H ihC eiN O i)« l.OiV HCIO4 0.08406 Commercial Diffused daylight 246
5 (NH4)jCe(NO.)e 1.4 N  H N O j 0.07020 Commercial Diffused daylight 237
6 (NHOjCe(NOa)* 1.0 N  H N O j 0.05333 Purified D ark 179
7 HjCe(C104)6 3.0 2V HCIO4 0.05642 Purified D ark 167
8 K jCe(NOj)« +  

(N H 4)îC e(N 03)8 
fNH4)2Ce(NOi)e

1.0 JV HCIO4 0.04274 Commercial D ark 181
9 1.4 N  H N O j 0.007143 Purified D ark 241

10 (NH«)jCe(NOj)«
(NH<)iCe(NOa)«

2.0 N  HCIO4 0.01132 Purified D ark 242
11 1.4 N  H N O j 0.007351 Purified Diffused daylight 242
12 HsCe(C104)e

H,Ce(C104)6
4.0 N  HCIO4 0.09700 Commercial D ark 17

13 8.0 iV HCIO4 0.05439 Purified D ark 183
14 (NH4)jCe(NOj)«

HiCe(C104)«
2.0 iV HCIO4 0.01039 Purified Diffused daylight 243

15 1.0 N  HCIO4 0.05624 Purified D ark 171
16 (NH4)îCe(NOj)«

(NH4)IC e(N O j).
1.0 N  HCIO4 0.009081 Com m ercial Diffused daylight 95

17 2.0 N  HCIO4 0.09540 Purified Diffused day ligh t 236
18 HjCe(C104)« 8.0 N  HCIO4 0.04188 Purified Diffused daylight 115

339



340 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 12, NO. 6

T a b l e  I I .  V a r i a t i o n  i n  S o l u t i o n  N o r m a l i t y  d u r i n g  S t o r a g e  f o r  E x t e n d e d  T im e  P e r i o d s
T otal

Solution
No. Tim e N orm ality

C hange in 
N orm ality Change

Av. C hange 
per D ay

1
Days

0 0.10080
% %

19 0.10050 o !00030 o!ào o !o ie
85 0.09985 0.00095 0.94 0.0 11

134 0.09961 0.00119 1.18 0.008
235 0.09874 0.00206 2 .04 0.008

2 0 0.05147
30 0.05110 0.’00037 0 .72 o !Ö24
78 0.05103 0.00014 0 .85 0.011

183 0.05048 0.00099 1.94 0.011
3 0 0.07082

18 0.07050 0 .’66032 0 .45 0.025
87 0.06974 0 . 0010S 1.56 0.018

134 0.06958 0.00124 1.75 0.013
237 0.06850 0.00232 3 .26 0.014

4 0 0.08406
20 0.08363 0 !00043 0^51 0.’Ô25
52 0.0S313 0.00093 1.71 0.021
94 0.08250 0.00156 1.86 0.020

143 0.08187 0.00219 2 .60 0 .018
246 0.07958 0.00448 5.33 0.021

5 0 0.07020
18 0.06996 0.‘00034 0 .4 8 0!Ô27
87 0.06971 0.00049 0 .7 0 0.008

Solution
No. Tim e N orm ality

T o tal 
Change in 
N orm ality Change

Av. Change 
per D ay

5 (cont'd)
Days

134 0.06946 0.00074
%

1.05
%

0 .0 0 8
237 0.06903 0.00117 1.69 0 .007

6 0 0.05333
27 0.05288 0.66045 0*84 o !031
75 0.05264 0.00069 1.29 0 .0 1 7

179 0.05084 0.00249 4 .67 0 .026
7 0 0.05642

15 0.05607 0.'06035 0.62 o!64i
63 0.05554 0.00088 1.56 0 .025

167 0.05377 0.00265 4 .7 2 0.028
8 0 0.01274

28 0.04225 0.'00049 1Ü 4 0.041
76 0.04208 0.00066 1.52 0.020

181 0.03938 0.00336 7 .86 0.043
9 0 0.007143

21 0.007077 0.*606066 0 .92 0!Ô44
91 0.006990 0.000253 3 .54 0 .039

241 0.006755 0.000388 5 .4 2 0.022
10 0 0.01132

22 0.01119 0.’666i3 1Ü 5 0!Ô52
92 0.01088 0.00044 3 .89 0.042

242 0.01071 0.00061 5.39 0.022

Hexanitrato ammonium cerate in 1.0 to 3.0 N  perchloric 
or nitric acid made up the ten most stable solutions without 
much preference for one or the other. Solutions of perchlo- 
rato eerie acid in perchloric acid were the least stable— 
obviously a result of their higher potential as compared to 
solutions containing nitrate. This potential difference 
amounts to 0.2 volt or more in some cases.

In every case the stability increased with time. This is 
to be expected, since the potential of each solution falls as 
cerous ions accumulate.

All of the first ten solutions had a very satisfactory stabil
ity. The tenth solution in the order of stability would require 
restandardization only every 4 days on the average before 
a difference of 1 part in 10,000 could be detected. Solutions 
of perchlorato eerie acid in 8 N  perchloric acid, the least stable 
solution of Table I, would require standardization each day 
when freshly prepared and once every 4 days when 4 months 
old to keep values within a maximum variation of 1 part in 
10,000, if stored in diffused daylight. The oxidation poten
tial of perchlorato eerie acid in 8 N  perchloric acid, when 
oxidized to as great an extent as possible, is over 2.0 volts. 
This value rapidly falls as the cerous ion accumulates. Sta
bility increased fourfold when 10 per cent of the perchlorato 
cerate ions were reduced to cerous ions.

The study shows no advantage in the elimination of the 
last 5 to 10 per cent of the associated rare earth elements 
such as lanthanum, neodymium, and praseodymium. Four 
of the eight most stable solutions were prepared from com
mercial grades of materials, in which were present a few per 
cent of the cerous ion. In most of these cases the solutions 
were stored in diffused daylight and their stability could be 
enhanced by storage in the dark.

In flu en ce  o f  N itr ic  an d  P erch lo r ic  A cids
The use of tetravalent cerium in volumetric analysis in the 

absence of hydrochloric or sulfuric acids, which are ordinarily 
present, and in the presence of nitric or perchloric acids, im
proves conditions of analysis. The potentials attainable are 
from 0.16 to 0.42 volt higher. The determination of iron, 
arsenic, oxalate (5), and many other frequently determined 
ions is better carried out using the solutions which have been 
described in this work. If a lower oxidation potential is in 
demand, the addition of the sulfate ion immediately converts 
the nitrato and perchlorato cerate ions to the sulfato cerate 
ion with an abrupt drop in potential (4). A greater lowering 
of the potential results from the addition of hydrochloric acid.

Using hexanitrato ammonium cerate as solute, but a small 
concentration of nitrate ions results upon acidification with 
perchloric acid. Consequently, the potential of such solutions 
is but slightly less than that of the perchlorato cerate ion in 
perchloric acid. Both the nitric and perchloric acid solutions 
of the corresponding cerate ions are suitable for oxidation of 
the oxalate ions (5) at room temperature. Ferroin or nitro- 
ferroin may be used as indicator, preferably the latter.

All solutions when heated showed marked decrease in sta
bility. Because of the high potential of such solutions this is 
not important, since all reactions are rapidly completed at 
ordinary temperatures.

S u m m a ry
Eighteen solutions of the nitrato and perchlorato cerate 

ions in various concentrations of nitric and perchloric acid 
were prepared and their stability under various conditions 
and for extended time intervals was determined.

A small but detectable photochemical decomposition wras 
observed in the case of solutions stored in diffused daylight.

Nitric and perchloric acid solutions of hexanitrato ammo
nium cerate between 1 and 3 molar in nitric and perchloric 
acids were found to show the highest stability.

Perchloric acid solutions of perchlorato eerie acid required 
standardization at frequent intervals.

The stability of all solutions increased with time, showing 
the influence of the accumulation of cerous ions in lowering 
the oxidation potentials, 5 to 10 per cent increasing the sta
bility two- and threefold.

Five to 10 per cent of other rare earths of the cerium group 
present as impurities did not affect the stability adversely.

A 0.1 Ar solution of commercial hexanitrato ammonium 
cerate in 1.0 N  perchloric acid was sufficiently stable in ordi
nary light not to require restandardization for a period of 20 
days.
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Determination of Boron in Plant Material
An Ign ition—E lectrom etric T itration M ethod
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RECOGNITION by Kelley and Brown (4) in 1928 of the 
toxic effect of boron, occurring naturally in irrigation 

waters, upon citrus trees led to an investigation of this prob
lem by the Division of Western Irrigation Agriculture of the 
United States Department of Agriculture. In connection 
with this study a method (7) for the determination of boron 
in plant material was worked out. This method is satisfac
tory for the determination of relatively large quantities of 
boron but it is not well adapted to the study of low concen
trations—e. g., under 50 mg. of boron per kilogram of dry 
material—because of a rather large blank and the relatively 
small samples that can be analyzed.

The confirmation by Warington (6), that boron is essential 
to plant growth, and the demonstration of boron deficiency 
in the field by Brandenburg (2) in Germany and later by Mc- 
Murtrey (5) in the United States, led to a very large number 
of investigations of boron deficiency. An accurate method 
for the determination of boron in these low concentrations 
was greatly needed but was not available. To fill this need, 
a study was made of the possibilities of adapting the electro
metric titration method (1, 8) to the determination of boron 
in plant material, and as a result a satisfactory method has 
been developed and is presented herein.

The accuracy and reproducibility of the electrometric ti
tration of boric acid were discussed in an earlier paper (8). 
Since that time, the procedure has been used in this laboratory 
for the determination of boron in approximately 10,000 
samples, mostly natural waters.

R ea g en ts  U sed
Lead nitrate solution, 1 N; sodium bicarbonate, powder; cal

cium oxide, fine powder. Quinhydrone, reagent quality, free 
from heavy metals. Bromothymol blue indicator solution, 1 per 
cent. Hydrochloric acid, 6 N, 2 N, and 0.02 N. Sodium hy
droxide, 0.5 N, carbonate-free. Sodium hydroxide, standard 
0.0231 N, carbonate-free (1 ml. is equivalent to 0.25 mg. of boron).

Boric acid solution. Dissolve 0.5716 gram of reagent grade, 
dry H3BO3 in carbon dioxide-free distilled water and dilute to 1 
liter. One milliliter contains 0.1 mg. of boron. This solution is 
used in standardizing the 0.0231 N  sodium hydroxide.

Mannitol (mannite), neutral. The blank titration for 5 grams 
of mannitol should not exceed 0.1 ml. of the standard 0.0231 N  
sodium hydroxide.

A pparatus

The choice of apparatus for the electrometric titration of 
boric acid should be determined by the instruments available, 
the number of analyses to be made, and the frequency of use. 
The requirements for satisfactory operation are:

Sensitivity. At the end point, in an unbuffered solution, a 
single drop of 0.0231 N  sodium hydroxide should deflect the gal
vanometer 5 to 10 scale divisions. The galvanometer used has 
a sensitivity of 0.025 microampere per scale division.

Stability. The end point should be stable with little if any 
more drift than occurs in the potentiometric measurement of pH. 
In this connection, it has been observed that traces of iron in the 
quinhydrone cause a slow drift to the acid side.

Rapid equilibrium. Some of the high-resistance glass elec
trodes would probably be unsatisfactory because of the slowness 
with which equilibrium is reached.

Three sets of apparatus are described below, any one of 
which will give satisfactory results.

The first requires a minimum of equipment. The operation

depends upon the fact that a 0.7 N  calomel and a quinhydrone 
electrode come to a null point (reversal of polarity) at ap
proximately pH 7.

Galvanometer. An enclosed lamp and scale type sensitive 
to 0.025 microampere per scale division.

Quinhydrone electrode. A piece of platinum wire 7.5 cm. (3 
inches) in length, with suitable contact above the surface of the 
solution, is preferable to an electrode of platinum sealed through 
glass and connected with mercury, as minute cracks develop in 
the glass and cause erratic results.

Calomel electrode, 0.7 N  with respect to potassium chloride. 
In the determination of boron in natural waters (1, 8), a silver- 
silver chloride electrode was suggested. This can be used in
Elace of the 0.7 N  calomel electrode in the method here described, 

ut it is necessary to adjust the chloride concentration to some 
predetermined value and to standardize the sodium hydroxide in 
the presence of this concentration of chloride. The calomel elec
trode is recommended.

Motor stirrer.
. Switch, single-pole single-throw.

The electrodes are connected through the switch to the galva
nometer. A shunt to protect the galvanometer is desirable but 
not essential. This circuit diagram was shown in the earlier 
paper (1).

The second apparatus is a simple potentiometer and is il
lustrated in Figure 1. In addition to the parts listed above, 
the following are required: resistance wire, 1500 ohms tapped 
at 60 ohms; a 1.5-volt dry cell: and a calomel electrode, 0.1 N  
with respect to potassium chloride. This is substituted for 
the 0.7 N  electrode described above.

The third apparatus makes use of

F i g u r e  1. C i r c u i t  D ia g r a m  o p  E l e c t r o m e t r ic  T i t r a t i o n  
A p p a r a t u s

E. m. f. of tw o half-cells is balanced against p o ten tio m ete r.

electrode pairs have been found satisfactory: quinhydrone 
and 0.1N  calomel; quinhydrone and saturated calomel; glass 
and saturated calomel. There are, no doubt, other combina
tions that might be used but their suitability should be 
considered, taking as a criterion the above statements on 
sensitivity and stability.

P roced u re
P r e p a r a t i o n  o f  S a m p le .  Remove all foreign matter from 

the green plant material but avoid excessive washing. Dry at 
70° C., grind, dry again to constant weight, and store in tightly 
stoppered bottles. If it is desired to express the results on the 
green weight basis, weigh the material before and after drying.

Weigh an aliquot part of the dry sample and transfer to a 
glazed paper. From 5 to 25 grams of the material should be 
taken, depending on the boron content; there should be not more 
than the equivalent of 2 mg. of elemental boron in the portion ti-
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T a b l e  I .  R e p r o d u c i b i l it y  o f  I g n i t i o n - E l e c t r o m e t r ic  
T i t r a t i o n  M e t h o d

W eight
Sam ple R epli of Boron

No. cation P la n t Species Sam ple Found
Grams M g ./kg .1

L-701 1 S traw berry  fru it, 10 19
2 dry 10 18
3 15 18
4 15 19
5 25 18
6 25 19

P-430 1 A lfalfa, field grown 15 10
2 25 10

P-424 1 A lfalfa, field grown 10 60
2 10 60

P-519 1 Alfalfa, greenhouse 4 190
2 culture 4 191

N otes

C haracteristic  
boron deficiency 

N orm al

D warfing due to 
boron toxicity

° M g. per kg. of d ry  m ateria l.

T a b l e  I I .  R e c o v e r y  o f  B o r o n

(Added as crystalline boric acid, to  10 gram s of p la n t m ateria l p rio r to 
ignition)

Sam ple R epli In itia l Boron Boron Boron
No. cation C on ten t Added Found Recovered

M g ./kg .a Mg. Mg. Mg. M g. %
L-701 1 18 0 .1 8 1.10 1.28 1 .10 100

2 18 0 .1 8 1 .10 1 .28 1.10 100
3 18 0 .1 8 1.50 1.70 1.52  101

P-424 1 60 0 .6 0 0 .94 1.54 0 .9 4  100
° From  T ab le  I.

trated. For each gram of the sample, add 0.1 gram of calcium ' 
oxide and mix well on the paper. Transfer to a porcelain casse
role or platinum dish, ignite as completely as possible in a muffle 
a t low red heat, cool, and moisten with water. Cover with a 
watch glass, introduce 15 to 20 ml. 6 N  hydrochloric acid, which 
should make the solution strongly acid, and heat on a steam bath 
for 30 minutes.

Cool, transfer to a beaker, and add 1 N  lead nitrate solution,
1 ml. for each gram of plant material in the sample, to remove 
phosphate from the solution. Add sodium bicarbonate, 1 gram 
a t a time, until a precipitate forms. Heat on a steam bath and 
continue adding sodium bicarbonate until neutral to bromothy- 
mol blue. The color should be blue-green, and the pH approxi
mately 7.0. Make to 250 ml., mix thoroughly, filter through a 
dry filter paper, and take an aliquot for electrometric titration.

To expel carbon dioxide prior to titration, make acid with 6 N  
hydrochloric acid and heat to boiling. Stir cautiously a t first, 
then vigorously. Remove from the fire, make alkaline with 0.5 N  
sodium hydroxide, acidify with 2 N  hydrochloric acid and add 5 to 
10 drops in excess. Make to about 300 ml., again heat to boiling, 
and stir. Avoid boiling more than a few minutes. Cool. De
termine boron by electrometric titration as directed below.

E l e c t r o m e t r i c  T i t r a t i o n .  With the galvanometer switch 
open, introduce the electrodes and stirrer into the solution. Start 
the stirrer and add carbonate-free 0.5 N  sodium hydroxide to 
approximate neutrality as shown by the bromothymol blue. 
Add about 0.2 gram of quinhydrone. Close the switch. The 
galvanometer should indicate approximate balance. If it swings 
to the right, excess alkali is indicated, and if to the left, excess 
acid. Adjust with either 0.0231 N  sodium hydroxide or 0.02 
N  hydrochloric acid. The galvanometer should be steady, show
ing a t most only a slow drift. This is the initial point of titra
tion. Add 5 ± 0 .1  grams of mannitol. If boric acid is present, 
the indicator will change to the acid color and the galvanometer 
will swing to the left. Add standard sodium hydroxide until 
balance is again attained. This is the end point.

Note the number of milliliters of sodium hydroxide required 
after adding the mannitol a t the initial point of titration. The 
buret should be of such accuracy tha t the volume of alkali can be 
estimated to 0.01 ml. A blank is determined by substituting some 
boron-free organic material, such as ashless filter paper, for the 
plant sample and proceeding as indicated above. From the 
gross volume this blank is subtracted. The blank used in the 
work represented below varied from 0.14 to 0.17 ml. of standard 
0.0231 N  sodium hydroxide. The equivalency of the standard 
sodium hydroxide with respect to boron is established by titra t
ing an aliquot of the boric acid solution. Report the results as 
milligrams of boron per kilogram of dry plant material.

D iscu ss io n
C o m p a r a b l e  S a m p l e s .  In collecting plant material for 

boron studies, two facts should be recognized: (1) Boron is 
not uniformly distributed throughout the plant, as is illus-

trated in Table III. (2) In the plant parts that normally 
accumulate boron, the concentration is a function of maturity. 
Leaf samples from Persian walnuts were collected at intervals 
of 4 weeks during the growing season. The boron determina
tions, reported in Table IV, show the relationship between 
maturity and boron concentration.

It is the practice of this laboratory to collect alfalfa at the 
early flower stage, citrus leaves when 9 to 15 months old, de
ciduous leaves at the time of maturity of the fruit, and grasses 
at the time of flower.

G l a s s w a r e . Boron-free glassware is not essential for this 
determination, provided that heating in alkaline solution is 
not prolonged. Blank determinations completed in Pyrex 
glassware were not significantly different from those in Ka- 
valier brand boron-free glassware. The time of heating on 
the steam bath was about 0.75 hour. Table V reports the re
sults of several experiments with Pyrex glassware.

Referring to the second entry in Table V which, in length 
of time of heating, is similar to the procedure suggested, it is 
probable that most of the boron found in the solution came 
from the reagents, as a similar experiment with a Kavalier 
brand boron-free beaker yielded essentially the same quantity 
of boron.

I n t e r f e r i n g  S u b s t a n c e s .  Phosphate reacts with manni
tol, though not quantitatively, and must be removed prior to 
titration. This can be done with calcium, barium, or lead in 
alkaline solution, but if either sodium hydroxide or sodium 
carbonate is used to make the solution alkaline, a fine, gelati
nous precipitate results that adsorbs measurable quantities 
of boron. In this procedure, lead nitrate and sodium bicar
bonate are suggested. It is assumed that the excess lead is 
precipitated as the normal carbonate rather than as a basic 
carbonate. In any event, the occlusion of boron by the 
precipitate is negligible, as reference to Table II will show.

Germanium, as germanic acid, reacts with mannitol to 
liberate hydrogen ion, but it is not a normal constituent of 
plant ash in excess of spectroscopic quantities. It has been 
shown that small quantities are removed from solution by 
the lead nitrate precipitation.

Iron, aluminum, and probably most of the weak anions, 
that would tend to buffer the solution, are removed by this 
process.

Other substances, present in plant ash, appear to be without 
effect.

R e a g e n t s .  The standard 0.023 N  sodium hydroxide can 
be stored in paraffin-lined bottles or in copper tanks, the seams

T a b l e  III . B o r o n  i n  M a m m o th  R u s s i a n  S u n f l o w e r s
(Grown in a  n u tr ien t so lu tion  contain ing  2.5 p. p. m. of boron) 

L abora to ry  No. P la n t P a r t  Boron
M g./kg .

P-487
P-488
P-489

Leaves, petioles
Stem s
Roots

597
27
40

T a b l e  I V .  B o r o n  i n  P e r s ia n  W a l n u t  L e a v e s

(Collected a t  in tervals of four weeks during  growing season) 
L abora to ry  No. D a te  of Collection B oron

M g./kg .
L-199
L-256
L-306
L-312

Ju ly  22, 1929 
A ugust 19, 1929 
Septem ber 17, 1929 
O ctober 14, 1929

166
257
301
346

T a b l e  V . B o r o n  D is s o l v e d  f r o m  4 0 0 - M l . P y r e x  B e a k e r s  
b y  H o t  A l k a l i n e  S o l u t io n s

Boron
Solution T rea tm en t Dissolved

M l. Hours Mg.
250 W ater only
250 S a tu ra te d  NaHCOa
250 S a tu ra te d  N aH C O j

S team  b a th  
S team  ba th  
S team  b a th

0 .5
0 .5

24

0
0.02
0.69



JUNE 15, 1940 ANALYTICAL EDITION 343

of which should be brazed rather than soldered. The solu
tion should be protected from carbon dioxide and ammonia 
by an absorption train, preferably an acid and an alkali in 
solution, as dry reagents tend to absorb moisture.

Loss o f  B o r o n  d u r in g  I g n it io n . The addition of an 
alkali before ignition appears to be necessary in the case of 
certain samples, as, for instance, the dry strawberry fruit 
(Sample L-701). In an experiment similar to that reported 
in Table I I ,  but in the absence of calcium oxide, the recovery 
of added boron was only 84 per cent.

Dodd (S) reported that boron is lost, even in the presence of 
alkali, when fatty substances are ignited, and suggested that 
the fat be extracted with ether or benzene prior to ignition. 
This procedure was tried in the case of sunflower seeds with 
results that tend to support Dodd’s findings, although the in
dicated loss was small.

S u m m a ry

The electrometric titration method has been adapted to the 
determination of boron in plant material. It is particularly 
suited to low concentrations found in boron deficiency studies 
—e. g., in the range below 50 mg. of boron per kilogram of 
dry material.
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Rapid Determination o f Copper
B y a-Benzoin O xim e in  F errom olybdenum , Calcium  M olybdate, Etc.

L O U IS  S IL V E R M A N , 5559 H o b a r t  S t . ,  P i t t s b u r g h ,  P e n n a .

FEIGL (3) introduced a-benzoin oxime, C6H6.C(NOH).- 
CHOH.CeHs, as a specific reagent for copper in am- 
moniacal solution. He suggested that the compound formed 

was one of new structure in which the principal valences of 
copper are connected through the oxygens of the oxime and 
hydroxyl groups, respectively, and the coordinate valences 
are attached to the phenyl groups. Azzalin (1), however, 
found (1) that for direct weighing procedures excess reagent 
could not easily be washed away; (2) that for ignition pro
cedures only slow and careful ignition would remove all car
bon; and (3) that in the presence of other elements the pre
cipitate is contaminated with these elements.

Obviously, then, the final determination of the copper 
should be made either by electrodeposition or by the short 
iodide titration (2, 6, 8). The rapid determination of copper 
in ferromolybdenum or in molybdenum steels is thus accom
plished.

P rop osed  P rocedure
P r e p a r a t io n  o k  S a m p l e . For analyses where silicon is also 

to be determined (6), weigh 1 gram, place in a tall 300-cc. beaker, 
and treat with 20 cc. of (1 +  2) nitric acid. After rapid action 
ceases, heat the beaker until solution of the sample is about com
plete, cool somewhat, and cautiously add 10 cc. of concentrated 
sulfuric acid. Place the beaker in a bumping beaker, and heat to 
heavy fumes of sulfuric acid. Cool, add 75 cc. of (1 +  4) hydro
chloric acid, heat until soluble salts are dissolved, and filter at 
once. Wash alternately with cold (1 +  4) hydrochloric acid and 
water six times, then with hot solutions to remove iron com
pletely. The filtrate is used for copper.

Where silicon is not required, obtain complete solution by the 
above nitric acid mixture with the aid of some hydrofluoric acid. 
After cooling, and diluting with water, add 10 cc. of hydrochloric 
acid.

For molybdenum steels, the nitric acid solution method may be 
followed by fuming with perchloric acid. After cooling, add 
water and hydrochloric acid.

For calcium molybdate, use 25 cc. of (2 +  1) hydrochloric acid.
For ferrotungsten, use 10 cc. of (1 +  4) nitric acid, 5 cc. of 

hydrochloric acid, then hydrofluoric acid dropwise to complete 
solution.

P r e c i p i t a t i o n  o f  C o p p e r . Dilute the prepared solutions to 
about 150 to 200 cc., and add a solution of 15 grams of Rochelle 
salt dissolved in 15 cc. of water. Add a strong solution of sodium 
hydroxide until the test solution is alkaline to Congo red paper, 
but still acid to litmus paper. If necessary, allow to cool to room 
temperature. Add ammonium hydroxide till the solution turns

blue (copper above 0.5 per cent), or until distinctly alkaline to 
litmus, and add about 5 cc. in excess. Add slowly, with stirring, 
a 2 per cent a-benzoin oxime solution (10 cc. for 0 to 0.5 per cent, 
15 cc. for 0.5 to 1.5 per cent copper). Let stand about 15 min
utes, filter the green precipitate on an 11-cm. No. 40 Whatman 
paper, and wash with warm (1 +  99) ammonium hydroxide solu
tion.

D e t e r m i n a t io n  o f  C o p p e r . Return the paper and contents 
to the beaker and add 15 cc. of nitric acid (specific gravity 1.4) 
and 10 cc. of perchloric acid (60 or 70 per cent grade). Mix, heat 
U n til  the nitric acid has been driven out and the perchloric acid 
condenses on the walls of the beaker, cool, dilute with water, and 
boil out the chlorine. [If desired, the short iodide titration (2 . 
5, 8) for copper may be used instead, starting a t this point. ] Ada 
ammonium hydroxide until the solution is blue, discharge the 
color with nitric acid, add 4 cc. of (1 +  1) sulfuric acid, and plate 
the copper a t 3 volts and 0.5 ampere.

D iscu ss io n

The reasons for this particular procedure should be noted.
After solution of the sample and addition of the sodium 

potassium tartrate, the sodium hydroxide is added until the 
solution is alkaline to Congo red paper but acid to litmus 
(pH 4 to 6). If enough caustic is added to turn litmus blue, 
sample No. 26789 (1.00 per cent copper) returns only a por
tion of the copper (0.60 per cent) even after 3 hours’ standing. 
Evidently the alkaline tartrate has partially removed cupric 
ion from solution.

Again, precipitation should take place at room temperature. 
When precipitation was made hot, the results were low and 
inconsistent. It is conceivable that some of the oxime was 
hydrolyzed into ketone and hydroxylamine, which might 
reduce some cupric ions to the cuprous stage and be held in 
solution by the ammonia and ammonium salts. Feigl stated 
that there should be no ammonium salts present.

In the final determination of the copper either by electro
deposition or by titration, impurities such as excess reagent, 
molybdenum, nickel, manganese, iron, etc., do not interfere. 
In many cases the colorimetric ammonia method could be 
used.

The usual methods for separation of copper from ferro
molybdenum require separation from the molybdenum by use 
of caustic (or fusion), then separation of the copper from the 
iron—operations which are slow and undesirable. The pro-



344 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 12, NO. 6

T a b l e  I. C o p p e r  D e t e r m i n e d
F erro  m olybdenum

No. 26789 1.00, 1.01% (low in silicon)
No. 15806 0.73, 0.74%  (con trac to r, 0 .67% )
No. 27534 . 0.78, 0 .78%  (con tracto r, 0 .74% )

U. S. B ureau  of S tandards No. 71 calcium
m olybdnte 0.10, 0.10%  (7)

U. S. B ureau  of S tandards fcrro tungsten
(0.039%  Cu) 0.03%

U. S. B ureau  of S tandards No. 5g cast
iron (1.44%  Cu) 1.44%

U. S. B ureau of S tandards No. 107 (Cu
0.074% , Mo 0.087% ) 0.07, 0.0S%

Calcium  m olybdate 0.40, 0.41%

posed method performs the separation from other elements in 
only one step without excess care or labor.

Results on calcium molybdate were included (Table I) to 
confirm those of Murray and Furman (7). There is no change 
in technique. With ferrotungsten considerable manganese 
and iron precipitated in the alkaline solution, but aside from 
making the washing operation slow, no harm was done. For 
molybdenum steels Kar (4) first separated copper and molyb
denum from the steel by thiosulfate, ignited the two oxides, 
dissolved the oxides, and then precipitated the copper by

a-benzoin oxime. The proposed procedure makes the separa
tion directly. On the other hand, this laboratory has merely 
attacked the steel with dilute sulfuric acid, added thiosulfate, 
filtered off the copper and molybdenum, fumed them in nitric- 
perchloric acids, and electroplated the copper. The proposed 
method could claim no superiority over this latter method, 
aside from the greater solution speed in nitric acid as com
pared to sulfuric acid. The same may be said for high 
chrome-nickel (18-8 per cent) steels.

The reaction as described is not hazardous.
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A Simplified Inoculation Procedure
T . L . B L A C K  a n d  A A R O N  A R N O L D  
N o p c o  L a b o r a to r ie s ,  H a r r i s o n ,  N . J .

S OME standard bacteriological procedures (1, 2, 3) involve 
the use of inoculation with an inoculum varying from a 

drop to 1.0 cc. in size. There are several manipulative diffi
culties associated with this procedure, particularly where a 
large number of inoculations are to be made with a suspension 
of the same organism.

It is possible to circumvent a number of objectionable steps 
by the use of a syringe as illustrated in the diagram.

The size of the syringe is adjusted to the number of inocula
tions to be made. The authors have found that a 5-cc. resistant 
glass syringe has wide application. The syringe may be sterilized 
in a hot-air oven shortly before use. The size of the needle used 
may be varied in accordance with the size of the drop desired or 
rapidity of delivery. The authors have used a 20-gage, 7.5-cm. 
(3-inch) needle, which allows the operator to drop the inoculum 
directly into the medium. The needle 
may be platinum-iridium or other alloy 
which may be flamed repeatedly with
out loss of temper before use. The syringe 
is clamped to a stand at an angle of ap
proximately 30° from the horizontal.
At this angle the plunger is easily 
tapped or pushed to yield a drop at a 
time or other required amount, such as
0.5 cc. for phenol coefficient tests, but 
will not move without external pres
sure.

The needle is attached to the sterile 
syringe and flamed. The lip of the test 
tube containing the inoculum is flamed, 
and brought up to the needle and the 
inoculum is drawn into the syringe.

For inoculation, the needle is inserted
2.5 to 5 cm. (1 to 2 inches) inside the 
test tube containing the medium to be 
inoculated, the plunger is given a slight 
tap or push to release a drop or more 
of inoculum, and the test tube is 
withdrawn and flamed in the usual 
manner.

Since the inoculum in the needle is not exposed to air cur
rents except to a very limited extent and is not subjected to 
the handling required when a pipet is used, the danger of 
contamination is reduced to a minimum. The operator has 
free use of both hands throughout and the time of inoculation 
is decreased to a third or fourth of that required by the pipet 
technique.
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Determination of m-Xylidines and Total o -  

and p-Xylidines
W IL L IA M  SE A M A N , A . R . N O R T O N , a n d  R . W . M A SO N  

C a lc o  C h e m ic a l  D iv is io n , A m e r ic a n  C y a n a ra id  C o m p a n y , B o u n d  B ro o k , N . J .

T ECHNICAL xylidine, which is obtained by nitrating 
xylene and then reducing the nitroxylene, has been thought 

to contain all five of the six theoretically possible isomers except
3,5-dimethylaniline. Cooper (1) has pointed out that of the 
other five isomers, the presence of 2,3-dimethylaniline has 
never been proved, and that it probably is not present. The 
determination of the proportions of the remaining four 
isomers in commercial xylidine assumed importance in con
nection with the production of the food color F. D. and C. 
Red No. 32 (also known as Oil Red XO) which is the azo dye 
prepared by coupling 2-naphthol with diazotized xylidine. 
The Government has set an upper limit on the proportion of 
the meta isomers (2,4- and 2,6-dimethylaniline) which may 
be present. It was necessary, therefore, as has been pointed 
out (9), to have a method which could be applied to the xylidine 
obtained by reduction of the dyestuff, for the purpose of 
satisfying the government’s requirements concerning the 
proportion of meta isomers which may be present. From the 
point of view of manufacture, such a method was needed to 
control the raw material xylidine entering into the final dye- 
stuff.

Hodgkinson and Limpach’s method (6, 7) has been used 
frequently in the past to determine the isomeric xylidines, but 
it is now recognized as faulty. The first step consists of the 
precipitation of the 2,4-dimethylaniline as the acetate by 
means of glacial acetic acid. Morgan and Hickinbottom 
found that even with pure 2,4-dimethylaniline only 60 per 
cent of the calculated amount of acetate is precipitated (8). 
Cooper proved the presence of 2,4-dimethylaniline in the sup
posed mixture of 2,3- and 3,4-dimethylaniline (1). Various 
other objections have also been made to this method by Vaubel 
(10) and by Fedorow and Spryskow (4).

Another approach to the analysis of xylidine may be made 
through the difference in bromination properties of the iso
meric xylidines. The more powerful ortho- and para-directive 
influence of the amino group over that of the methyl groups 
results in substitution of bromine only in positions ortho and 
para to the amino group, so that the meta isomers form mono- 
bromoxylidines, whereas the ortho and para isomers form 
dibromoxylidines. The amount of bromine consumed by the 
xylidine should, therefore, serve as a measure of the propor
tion of meta and of combined ortho and para isomers.

Vaubel (10) tested this principle but found that bromination 
with a solution of bromine in sodium hydroxide solution resulted 
in oxidation of the xylidine with the formation of colored products. 
Francis and Hill (6), working with a number of other oxidizable 
amines such as o- and m-toluidine, and phenylenediamine, recom
mended titrating in an acid medium with bromide-bromate solu
tion at a temperature of 0 ° C. or lower in order to prevent oxida
tion.

Fedorow and Spryskow (2, 8, 4) sought a solvent in which to 
conduct the bromination of xylidine which would prevent the 
production of colored oxidation products. They reported that a 
mixture of alcohol and concentrated hydrochloric acid would- 
give satisfactory results, and that a solution of dry hydrogen 
chloride in alcohol would give exact results. They recommended 
a bromination procedure based upon the use of the latter solvent. 
The solution is titrated in an ice bath with bromide-bromate 
solution, and back-titrated with sodium thiosulfate solution after 
the excess bromine has been reacted with potassium iodide. They 
reported analyses for five mixtures, using dry hydrogen chloride 
in alcohol as a solvent, which were made up to contain various

percentages of 2,4-, 2,6-, 2,5-, and 3,4-dimethylaniline, and 
stated that they had run fifty others with similar results. With 
these five mixtures the values which they found differed from the 
actual values by from 0.1 to 0.3 per cent actual m- or o- and p- 
xylidine.

Attempts to duplicate this work in this laboratory were 
not successful. It was found that several mixtures of the 
isomers all gave high values of ortho and para (from 115 
to 159 per cent of the o- and p-xylidine present), indicating 
overconsumption of bromine. The conclusion was drawn 
from this experience that Fedorow and Spryskow had evi
dently not defined their conditions precisely enough. Addi
tional work emphasized the necessity for strictly defining 
conditions of temperature, time, and excess of bromine. A 
mixture of alcohol and concentrated hydrochloric acid was 
more convenient than dry hydrogen chloride in alcohol. 
Fedorow and Spryskow state that the former solvent is not 
so satisfactory as the latter, but some of their own figures do 
not bear out this conclusion. It was decided, therefore, to 
use the former solvent in working out the conditions of bro
mination.

A procedure was developed which involved bromination 
for a definite length of time in a mixture of five parts by 
volume of No. 3A denatured alcohol (95 parts of grain alcohol 
and 5 parts of methyl alcohol) and three parts of concentrated 
hydrochloric acid, at a bath temperature of from —4° to 
—8° C., with an excess of bromide-bromate solution which 
was fixed within definite limits. It was found, as a result of 
analyses of 48 synthetic mixtures of varied composition, that 
there was a correction to be applied to the values which were 
found, and that this correction varied with the percentage 
of m-xylidine in the mixture. It so happens that for the 
percentages of w-xylidine which Fedorow and Spryskow re
ported, the correction is zero, within the limits of reproduci
bility of the method, for mixtures which varied widely in 
isomeric composition. Lower percentages of meta cause 
high meta values; higher percentages, low meta values. The 
corrections, as well as the reproducibility of the determina
tions, have been established for mixtures containing from 0 to 
100 per cent of m-xylidine.

P rep aration  o f  Isom ers
3,4-Dimethylaniline (melting point, 48.6-49.2° C., corrected) 

was prepared from mixed xylidine by the method described by 
Morgan and Hickinbottom (8). 2,4-Dimethylphenylammonium 
acetate (melting point, 68.0-69.0°, corrected), 2,6-dimethylaniline 
hydrochloride (melting point, 236.2-237.1°, corrected), and
2,5-dimethylaniline hydrochloride (melting point, 223.9-224.7°, 
corrected), each recrystallized to a constant melting point, were 
used in the preparation, respectively, of pure 2,4-, 2,6-, and 2,5- 
dimethylaniline.

M eth o d  o f  A n a ly sis
The validity of the method of analysis depends upon having 

a sample of known xylidine content which contains no bro
mine-consuming substances other than xylidine. The sample 
is analyzed for total xylidine content by its consumption of 
standard sodium nitrite solution, and the weight of the 
sample used is corrected to a 100 per cent xylidine basis.

N i t r i t e  C o n s u m p t i o n .  To 6 grams (±0.1 gram) in a 500-ml. 
iodine flask are added 25 ml. of water, about 50 grams of ice, and

345
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F i g u r e  1 . P e r  C e n t  o f  M e t a  F o u n d

52 ml. of 1N  sodium nitrite solution. Then 25 ml. of concentrated 
hydrochloric acid are added rapidly, and the flask is stoppered im
mediately, shaken well, and allowed to stand in an ice bath for 5 
minutes. An excess of 0.1 N  sodium sulfanilate solution is added 
rapidly and the flask is stoppered, shaken, and titrated with 1 N  
sodium nitrite solution until an immediate blue coloration is ob
tained upon streaking some of the solution on a smear of starch 
paste containing potassium iodine. At the end point this im
mediate blue coloration may be obtained repeatedly during a 
period of 10 minutes without adding additional nitrite.

The uncorrected percent
age of o- and p- =

(0.009761 A -B ) 100 
B 
C

The uncorrected percent
age of m- = 100 C — the 
uncorrected percentage of o~ 
and p-.

E xcess B ro m in e
It is necessary to have an 

excess of not less than 2 ml. 
nor more than 4 ml. of 
bromide-bromate solution. 
To determine the proper 
volume to use, a trial deter
mination is made and the 
percentage composition calcu
lated. From this the number 
of milliliters of bromide- 
bromate solution theoreti
cally necessary is calculated 

and the analysis is repeated, using this calculated volume plus 
3-ml. excess. Usually the second determination will have the 
proper 2- to 4-ml. excess.

C orrections

On the basis of the data which are reported in Table I, a 
curve (Figure 1) has been constructed showing the corrections

% xylidine net ml. of 1 N  NaNOa X 0.1212 
grams of sample X 100

T a b l e  I. A n a l y s i s  o p  K n o w n  M i x t u r e s  o p  X y l i d i n e s

The factor 0.1212 represents the value for one milliequivalent 
of xylidine.

B r o m i n a t i o n  V a l u e .  An accurately weighed sample of xyli
dine (between 0.19 and 0.21 gram) is weighed into a 500-ml. iodine 
flask containing 45 ml. of 3A denatured alcohol (95 per cent grain 
alcohol and 5 per cent methyl alcohol). From a 50-ml. buret 
sufficient 0.1611 N  bromide-bromate solution is added to furnish 
an excess of from 2 to 4 ml. (The excess must be within these 
limits and should be ascertained in a separate determination as 
described below.) The flask is stoppered and placed in kan ice- 
salt bath, the temperature of which should be from —4° to —8° C. 
While it is cooling, 30 ml. of concentrated hydrochloric acid are 
placed in a graduate in the freezing mixture. To increase the 
rate of cooling, the contents of the graduate and the flask should 
be swirled in the bath.

At the end of 10 minutes the acid is poured rapidly into the 
flask, which is stoppered immediately and allowed to stand in 
the bath for exactly 10 minutes longer. A solution of 0.5 gram of 
potassium iodide in 20 ml. of water is added in two portions to 
the well of the iodine flask and allowed to seep in. The flask is 
shaken well after each addition of iodide solution. The mixture 
is titrated with standard 0.1 i i  sodium thiosulfate solution until 
it is a light yellow color. The flask is filled almost up to the neck 
with water (in order to avoid the interference of a high alcohol 
concentration with the starch end point) and the mixture is 
titrated with thiosulfate solution to the disappearance of the 
blue color of the internal starch indicator.

C a lcu la tio n s

The formula for calculating the results is derived as follows:
Let X  = ml. of 0.1611 N  bromate-bromide solution required 

to brominate the o- and p-xylidines; and let A  = net nil. of
0.1611 N  bromate-bromide required for the sample; then A  — 
X  = ml. of 0.1611 N  bromate-bromide solution required for the 
ro-xylidine.

Let C = per cent of xylidine by nitrite consumption X 0.01; 
and let B = weight of sample X C.

Since 1 ml. of 0.1611 N  Br” — Br03_ = 0.004880 gram of o- 
and p-, and 1 ml. of 0.1611 N  Br-  — BrOj-  = 0.009761 gram of 
m-, then, 0.004880 X  +  0.009761 (A -  X) = B, and X  = 2A -  

B
0.004880'

The weight of o- and p-xylidine = 0.004880 X, or 0.009761 
A -  B.

% % T o ta l % M eta

%  M eta, 
A ctual, 
M inus % %

T o ta l %  
3,4- and

2,4-, 2,6-, (2,4- +  2,6-) M eta,
Found

3,4-,
A ctual

2,5-, 2,5-,
A ctual A ctual A ctual Found A ctual A ctual

0 .0 0 .0 0 .0 3 .8 - 3 . 8 2 .0 9 8 .0 100.0
0 .0 0 .0 0 .0 6 .2 - 6 . 2 9 .8 9 0 .2 100.0
0 .0 0 .0 0 .0 4 .5 - 4 . 5 4 .9 95 .1 100.0
7 .5 3 .1 10.6 14.3 - 3 . 7 2 .0 8 7 .4 8 9 .4
7 .4 3 .0 10.4 14.3 - 3 . 9 4 .8 8 4 .8 8 9 .6
7 .7 2 .9 10.6 15.2 - 4 . 6 9 .0 8 0 .4 89 .4

15.8 3 .1 18.9 23 .3 - 4 . 4 9 .6 7 1 .5 81.1
16 .6 2 .9 19.5 23 .3 - 3 . 8 5 .9 74 .6 80 .5
17.2 3 .0 20 .2 22 .9 - 2 . 7 1 .9 77 .9 79 .8
25 .0 3 .0 28 .0 30.1 - 2 . 1 2 .0 70 .0 72 .0
24 .8 2 .9 27 .7 31 .4 - 3 . 7 9 .7 62 .6 72 .3
2 6 .2 2 .9 29 .1 31 .4 - 2 . 3 2 .4 68 .5 70 .9
2 6 .8 3 .0 29 .8 32 .6 - 2 . 8 5 .0 65 .2 70 .2
2 6 .8 2 .9 29 .7 33 .3 - 3 . 6 9 .9 60 .4 70 .3

32 .8 3 .0 35 .8 37 .6 - 1 . 8 1 .8 62 .4 64 .2
33 .6 2 .9 36 .5 38 .3 - 1 . 8 2 .7 60 .8 63 .5
33 .2 3 .0 36 .2 39 .7 - 3 . 5 9 .8 54 .0 63 .8
35 .0 3 .0 3 8 .0 39.9 - 1 . 9 1 .9 60 .1 62 .0
3 6 .6 2 .9 3 9 .5 4 1 .6 - 2 . 1 6 .7 5 3 .8 60 .5
36.1 3 .0 39 .1 42 .4 - 3 . 3 9 .9 51 .0 60 .9
37 .8 3 .0 4 0 .8 42 .4 - 1 . 6 2 .0 57 .2 59 .2
41 .9 3 .0 44 .9 4 6 .4 - 1 . 5 2 .0 53.1 55.1
42 .1 3 .0 45 .1 47.1 - 2 . 0 6 .9 4 8 .0 54 .9
48 .9 0 .0 4 8 .9 50 .0 - 1 . 1 2 .2 48 .9 51.1
47 .1 2 .9 50 .0 51 .2 - 1 . 2 2 .1 47 .9 50 .0
40 .3 10.0 50 .3 5 1 .6 - 1 . 3 4 .9 4 4 .8 4 9 .7

48 .1 3 .0 51.1 52.4 - 1 . 3 6 .9 4 2.0 48 .9
51 .5 3 .0 54 .5 5 5 .6 - 1 . 1 2 .1 4 3 .4 4 5 .5
52 .3 3 .0 55 .3 55.7 - 0 . 4 6 .9 37 .8 4 4 .7
50 .4 10 .0 60 .4 61 .0 - 0 . 6 4 .9 34 .7 3 9 .6
60 .3 2 .9 63 .2 6 3 .0 + 0 .2 2 .6 3 4 .2 3 6 .8
60 .3 3 .0 63 .3 63 .6 - 0 . 3 7 .6 29.1 3 6 .7
61 .8 2 .5 64 .3 65.1 - 0 . 8 6 .9 28 .8 35 .7
61 .7 3 .1 64 .8 6 4 .6 +  0 .2 2 .0 33 .2 3 5 .2
61 .7 3 .1 64 .8 6 4 .8 0 .0 2 .0 33 .2 3 5 .2
61 .7 3 .1 64 .8 64.9 - 0 . 1 2 .0 3 3 .2 3 5 .2
61 .7 3 .1 64 .8 64 .3 + 0 .5 2 .0 3 3 .2 3 5 .2
61 .7 3 .1 64 .8 64.4 + 0 .4 2 .0 3 3 .2 35 .2
61 .7 3 .1 64 .8 64 .7 + 0 .1 2 .0 3 3 .2 35 .2

62 .1 3 .0 65 .1 65 .6 - 0 . 5 2 .0 32 .9 34 .9
60 .0 9 .9 69 .9 70 .7 - 0 . 8 5 .0 25 .1 30.1
68 .8 3 .8 7 2 .6 7 3 .4 - 0 . 8 7 .2 2 0 .2 27 .4
69 .8 3 .9 73 .7 7 3 .5 + 0 .2 2 .0 24 .3 2 6 .3
7 1 .5 4 .0 7 5 .5 75 .6 - 0 . 1 2 .3 22 .2 24 .5
73 .7 3 .9 7 7 .6 77 .6 0 .0 5 .1 17.3 22 .4
7 9 .2 5 .3 8 4 .5 83 .3 +  1 .2 2 .3 13.2 15.5
79 .1 5 .2 8 4 .3 83 .5 + 0 .8 2 .6 13.1 15.7
8 5 .4 4 .7 90 .1 88 .7 +  1 .4 3 .1 6 .8 9 .9
84 .6 5 .5 90.1 8 9 .9 + 0 .2 1.7 8 .2 9 .9
8 9 .3 5 .6 94 .9 94 .2 + 0 .7 1 .8 3 .3 5 .1
8 9 .7 5 .5 95 .2 9 4 .5 + 0 .7 2 .1 2 .7 4 .8
94 .4 5 .6 100.0 9 8 .6 +  1 .4 0 .0 0 .0 0 .0
9 4 .8 5 .2 100.0 9 8 .6 +  1 .4 0 .0 0 .0 0 .0  ,
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which are to be applied to the found meta content. The 
curve was drawn by the method of least squares to fit best 
the values which are given in Table I. The corrected per
centage of meta is subtracted from the total percentage of 
xylidine (as determined by the nitrite titration) to get the 
corrected percentage of ortho and para.

P rec is io n  an d  A ccuracy

The precision of the method was calculated by making six 
determinations upon aliquots from a single alcoholic solution 
which was made up to contain in 10 ml., 0.2016 gram of 
xylidine, of which 61.7 per cent was 2,4-, 3.1 per cent 2,6-,
33.2 per cent 2,5-, and 2.0 per cent 3,4-dimethylaniline. The 
-separate uncorrected values and the deviations were as 
follows:

D eterm ina tion  1 2 3 4 5
M etą , per cen t 6 4 .6  64 .8  64 .9  64 .3  64 .4
D eviation  of m eta  from

m ean, per cen t 0 .0  0 .2  0 .3  0 .3  0 .2
A verage per cen t dev ia

tion  of m eta  from  m ean =*=0.2

Although the average deviation from the mean for the ex
ample given is only ±0.2 per cent, yet the variations caused . 
by differences in composition of the sample are more serious. 
Table I summarizes the values which were obtained with a 
number of synthetic mixtures in which the percentage of 
meta was varied from 0 to 100 per cent, with corresponding 
variations in ortho and para. Obviously it would be im
possible to cover all the possible variations in the proportions 
of the isomers, but it was thought that those chosen gave a 
selection which was inclusive enough so that the information 
could be applied to the analysis of the commercial mixtures 
which might be encountered. In all these synthetic mixtures 
(with one exception) the 2,4- and 2,5- isomers are each present 
in higher concentration than the 2,6- and 3,4-, as would be 
true for actual commercial samples. Neither 3,5- nor 2,3- 
was included because their presence in commercial xylidine 
has not been proved. Figure 1 gives the corrections to be ap
plied for various percentages of meta. It is obvious that the 
method gives decreasingly high values for meta up to about 
70 to 75 per cent meta content, above which it gives low 
values. By applying these corrections, the values for m-

xylidine (and for total o- and p-xylidines) will usually vary 
from the true values within about =*= 1 per cent of xylidine.

Effects o f  Isom ers u p o n  B r o m in a tio n
This behavior indicates that one or both of the m-xylidines 

consume more than the theoretical amount of bromine, 
whereas the ortho or para isomers, or both, consume less than 
the theoretical amount of bromine.

The curves in Figure 2 correlate the positive and negative 
deviations from the values given in Figure 1 for the correc
tions to the percentage of meta, with the percentage of 3,4- 
dimethylaniline for a number of series of values taken to in
clude in each series mixtures which are within a restricted 
range of meta values. Almost all these curves show a definite 
trend for increasing 3,4- concentrations to cause increasing 
negative deviations from Figure 1. In other words, 3,4- 
causes high meta values, which means that the bromine con
sumption of 3,4- is low.

The behavior of the individual isomers to bromination tends 
to confirm these conclusions. 3,4-Dimethylaniline always 
gave very low bromination values which ranged from about 
55 to 85 per cent of the theoretical consumption of bromine, 
depending upon the conditions of bromination. 2,4-Di- 
methylaniline, under conditions of bromination even less 
vigorous than those which gave about 80 per cent bromina
tion for a sample of 3,4-dimethylaniline, brominated to the 
extent of from about 106 to 113 per cent. Under similar 
conditions 2,6- brominated to about 103 per cent and 2,5- 
to about 99 to 100 per cent.

S u m m a ry
A method is described for the determination of m-xylidine 

and of total o- and p-xylidines in mixed xylidines, which de
pends upon the difference in bromine consumption of the m- 
xylidines on the one hand, and the o- and p-xylidines on the 
other. From the analyses of 48 mixtures of pure isomers con
taining from 0 to 100 per cent of meta, a curve was obtained 
to correct for the underconsumption of bromine caused by 
3,4-dimethylaniline and the overconsumption caused mainly 
by 2,4-dimethylaniline. With such variations in isomeric 
composition as may conceivably be obtained in practice, the 
method should give values for the meta isomers or the ortho

F i g u r e  2 . D e v ia t i o n s  i n  P e r  C e n t  o f  M e t a  f r o m  C o r r e c t io n  C u r v e  ( F i g u r e  1)
( + )  D eviation  above curve. ( —) D eviation  below curve

6 M ean 
64 .7  64 .6  

0.1 ..
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and para isomers which will usually be correct to within about 
=•=1 per cent of xylidine. Of the six theoretically possible 
xylidine isomers, the effect upon the method of the presence 
of 3,5-dimethylaniline and 2,3-dimethylaniline was not con
sidered because of their probable absence from commercial 
xylidines.
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Laboratory-Type Molecular or Short-Path Still
F or V egetable and A nim al Fats and Oils

S . B . D E T W IL E R , J r . ,  a n d  K . S . M A R K L E YI
U . S . R e g io n a l  S o y b e a n  I n d u s t r i a l  P r o d u c t s  L a b o r a to r y ,  U r b a n a ,  111.

S USTAINED interest is evident in the application of 
molecular or short-path distillation to the concentration, 

separation, and/or purification of a considerable number of 
organic substances whose extremely low vapor pressures or 
thermal instabilities render impossible their distillation under 
ebullient conditions. A partial bibliography on the subject 
published by the authors (!) last year contained more than 
100 references to the scientific and patent literature for 
the period 1922 to 1938. Additions to this bibliography 
since that time have brought the list of titles to approxi
mately 150, a considerable number of which are concerned 
with the design and application of stills and accessory 
equipment. The stills thus described range in size from 
micro to plant scale having capacities as high as 8 tons of 
distillate a day and, in design, from simple pot or batch types 
to wholly automatic, single- and multiple-column types. In 
addition to the various types and sizes of stills which have 
been described in the literature, numerous others have been 
designed and applied both in this country and abroad to 
specific problems of separation or purification of natural or 
synthetic products of organic origin.

The technique of molecular distillation has been applied to 
the separation and purification of natural products by one of 
the authors for the past 5 years, and for the past 2 years the 
U. S. Regional Soybean Industrial Products Laboratory has 
had in operation four different types of molecular stills for the 
purpose of concentrating, fractionating, and purifying free 
fatty acids, sterols, sterol acetates, vitamins, antioxidants, 
glycerides, and various esters derived from soybean oil. In 
the latter investigations both pot- and column-type stills, for 
the most part similar to those described by Mair, Schicktanz, 
and Rose (6), were used at first; but it was soon found that 
their column still, which was originally designed for the frac
tionation of lubricating oils, was not well adapted to the in
vestigation of fatty oils. Accordingly the distillation unit 
was modified by reducing the number of annuli and receivers, 
increasing the distribution of distilland over the distilling sur
faces, eliminating splashing at the point of ingress of the oil to 
the column proper, increasing the capacity of the still by en
larging the size of the column, and designing the receiver units 
to allow for intermittent withdrawal of fractions without in
terrupting the distillation. As a consequence the over-all 
efficiency of the distillation of the fatty oils was increased.

D eta ils  o f  S t il l  C o n stru c tio n
Various methods have been devised in an effort to direct the 

distilland onto the distilling surface without splashing and to 
provide even distribution of the film over the distilling sur
face. Jewell, Mead, and Phipps (5) resorted to the use of a 
serrated distributor at the top of the column and a spirally 
wound wire over the distilling surface in order to distribute 
and turn the film. Hickman (4) introduced a pair of con
centric wire gauze distributors at the point of ingress of the 
oil to the column and applied a spiral embossing to the surface 
of the column in order to improve the distribution of the film. 
Fawcett and Burrows (3) surrounded the column at intervals 
with bands of wire gauze or employed a combination of re
cesses and baffles at intervals along the surface of the column. 
In the column still shown in Figure 1 these objectives were 
accomplished in a simple manner by the use of a tapered 
sleeve-guide to admit the oil to the still, by the provision of a 
mushroom head at the top of the column, and by roughening 
the distilling surface by fusing over its entire area a coating of 
fragmented glass of proper size.

The oil flowing from the prongs is directed onto the constricted 
end of the column, and any material which spatters or fails to 
flow down this surface, which may be the case at low temperatures 
when the oil is relatively viscous, will nevertheless be confined by 
the walls of the sleeve and be directed onto the mushroom head at 
the expanded part of the column. The combination of sleeve 
and mushroom head ensures uniform distribution from the high
est point of the distilling surface. Even with incompletely de
gassed oils, uniform distribution was obtained, and the chamber 
containing the spiral served to complete the degassing of the oil 
prior to admission to the column proper.

Roughening of the distilling surface by fusing to it fragmented 
glass of appropriate size provides innumerable tortuous channels 
for the flow of the film, which not only results in uniform distribu
tion of the distilland but also introduces a certain amount of tur
bulence. As pointed out by Fawcett (2), evaporation of the more 
volatile components from the surface of the film results in im
poverishment of the outer layer, while the inner portions of the 
film may still be relatively rich in these components; this condi
tion leads to their incomplete removal during passage of the dis
tilland through the still. Judged by the increased efficiency of 
the distillation with the use of the roughened or frosted surface 
in comparison with the smooth surface previously employed, 
sufficient turbulence is attained to overcome the impoverishment 
of the volatile components through distillation at the outer sur
face of the film.

The particle size of the glass fragments may be varied to suit 
conditions, and other materials such as quartz, garnet, and silicon
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All dim ensions are given in  m illim eters and  are approxim ate. O utside 
diam eter given for all tub ing

carbide may be used in the place of glass. Because of its sharp
ness, which it retains even after fusing to the glass, silicon carbide 
is ideal from certain standpoints, but it presents difficulties in 
fusing to the glass and tends to become detached during service. 
Several techniques have been developed for frosting the surface 
without resultant distortion of the column. This operation is, 
however, most readily accomplished by selecting a glass of a 
lower (ca. 100° C.) fusion point than that of the column proper. 
The glass is crushed in an iron mortar and sifted to provide the 
required size, which should not be too fine or too uniform, and 
glass of coarser mesh is preferred to finer sizes. The temperature 
should be as low, and the time of heating during the application 
of the frosting as short, as possible commensurate with good ad
herence, in order to avoid too much fusion and consequent 
smoothing of the attached fragments. A similar type of surface 
can be obtained with metal columns, either by the use of rough 
sand-cast tubes or by sandblasting in the case of turned surfaces.

The multiple collecting annuli and receivers of the original still 
were replaced in the new design by a single annulus and receiver, 
the latter arranged to permit removal of fractions without inter
fering in any way with the continuous distillation (see Figure 2).

F i g u r e  2 . A s s e m b l y  o f  M o l e c u l a r  S t i l l  a n d  A c c e s 
s o r y  E q u i p m e n t
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The large internal volume of the still made it impractical to pack 
the interior with jack chain as was done in the original and much 
smaller still. Coarse aluminum turnings were found to be ideally 
suited as a packing material. Temperatures in the packed col
umn are measured by means of a number of thermocouples 
mounted in thin, small-bore glass tubes bound together by as
bestos cord and situated in the axis of the column, and also by 
red reflecting mercurial thermometers placed in the packing next 
to the interior front surface. Both thermocouples and thermome
ters are supported and maintained in their proper positions by 
the packing material; and, at equilibrium, their readings differ 
by not more than 2° to 3° C.

As in the case of the original still, the present column is heated 
internally by refluxing over the packing material a suitable sol
vent such as kerosene or an Arochlor. The flask containing the 
reflux liquid is heated on the bottom by a variac-controlled re
sistance coil and on the sides by a woven basket of resistance wire. 
An auxiliary mechanical pump, immediately below the one shown 
in Figure 2, is used for controlling the pressure above the liquid in 
the reflux boiler, as well as for lowering the mercury in the Mc
Leod gage. A manometer in the reflux line shown just to the 
upper right-hand side of the column is graduated to correspond 
to approximate temperatures produced in the still rather than to 
actual pressure.

The condensing surface of the column is cooled by air jets di
rected against its surface from a perforated spiral of 1.25-cm. 
(0.5-inch) copper tubing as shown in Figure 2. The helix was 
formed on a mandrel and then perforated around the inside with 
holes drilled at intervals of 2.5 cm. (1 inch). The spiral was 
fitted with four feed lines for compressed air and the completed 
coil screwed over the column prior to sealing on the reflux boiler 
at the point indicated by the dashed line in Figure 1.

The accessory vacuum-producing equipment is of the conven
tional type and consists essentially of a mechanical pump, mer
cury diffusion pump, and a cooling trap. The free air pressure is 
measured by means of a McLeod gage, and total pressure within 
the still is approximately measured by a thermal conductivity 
gage. No stopcocks are used in the high vacuum line except in 
the by-pass to the McLeod gage, the fraction cutter, and the resi
due receiver. The first-mentioned is of the mercury-sealed type, 
and the latter two are sealed with glycol phthalate resin (7) which 
is solid except for the interval in which it is heated during the 
operation of removing fractions. In the low vacuum lines either 
double 15-mm. bore vacuum-ground, grease-lubricated stopcocks 
or single mercury-sealed stopcocks are used. Only dry air is ad
mitted to the system, except during charging and cleaning. Con
sequently, the mercury in the diffusion pump and in the McLeod 
gage has remained brilliant and free from fouling after more than

2 years of service. Dry ice and acetone are used in the cooling 
trap during cleaning operations to prevent diffusion of the sol
vent backward to the pumps and McLeod gage.

When the still was first placed in operation, a crude soy
bean oil which had been partially degassed was passed 
through the column to complete the degassing. Practically 
all the remaining gas appeared to be liberated at the dripping 
prongs and, consequently, the oil spread smoothly over the 
distilling surface. The temperature of the column during this 
operation was maintained at 100° to 130° C., and it was noted 
that in this temperature range appreciable distillation oc
curred; approximately 15 ml. of distillate per liter of distilland 
collected in the receiver, and considerable crystalline mate
rial collected on the condensing surface. (The nature and 
properties of the distillate will be discussed in a later publica
tion dealing with the composition of soybean oil.) In a con
siderable number of previous runs which were made with soy
bean oil in the older type of still, no appreciable distillation 
was evident below 180° C. A similar but less marked lower
ing of the distillation temperatures of other products, includ
ing the glyceride components of the oil, was likewise observed 
in the modified still as compared with the previous still. The 
improved efficiency of distillation appears to have resulted 
from the better distribution of the film over the distilling sur
face, the increased time required for passage of the oil through 
the system, and the turbulence in the flow which resulted 
from roughening the distilling surface.
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A  Small Büchner Funnel for Qualitative Organic Analysis

C . A . R O S W E L L  

U n iv e r s i ty  o f  K e n tu c k y ,  L e x in g to n ,  K y .

I N THE analysis of organic compounds small amounts of 
crystalline derivatives must often be filtered with suction. 

The usual method, employing a small 60° funnel with a loose 
Witt plate and a side-arm test tube, is not always satisfactory. 
Considerable trouble may be en
countered in obtaining a tight fit be
tween the filter paper and the funnel, 
and the loose plate invariably tilts to 
one side or the other, giving an un
even deposit of crystals. The funnel 
shown in the drawing is a more 
convenient arrangement.

A Witt plate of a size that just 
slipped into a 200 X 25 mm. Pyrex 
test tube was placed so that its edges 
rested against the curved portion of the

bottom of the tube, and was sealed in by rotating the tube in 
an oxgyen gas flame and annealing well in a smoky flame. A 
small tube was then sealed to the bottom of the test tube, cut 
off, and ground to a 60° angle. The funnel was completed by 
cutting off the test tube 20 mm. above the plate and flaring the 
edge out slightly with a carbon rod.

It is easy to seal in the porcelain plate, as porcelain will seal 
readily to Pyrex glass (1). Funnels of various sizes may be 
made by choosing the appropriate plate and tubing sizes. 
Filter circles to fit the funnel closely may be made from 
larger paper by cutting them out with a cork borer of the 
correct size.
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Assay o f Vitamin A with the Photoelectric 
Colorimeter

R. B. FRENCH, F lorida A gricu ltu ra l E xperim ent S ta tio n , Gainesville, Fla.

I nternat iona l  Un i t s  V i t am in  A 

F i g u r e  1 . R a t e  o f  F a d i n g  w i t h  B l u e  R e a c t io n

T HE blue color developed when a mate
rial containing vitamin A reacts with anti

mony trichloride (1) has been widely used as a 
means for estimating vitamin A colorimetri- 
cally (4). It has been recognized that this 
colorimetric reaction not only presents difficul
ties (5, 8) but also has value under given condi
tions (1,8).

The aim of this note is to give some observa
tions obtained with the Cenco photelometer us
ing the Carr-Price procedure (2) with a reference 
cod liver oil containing 3000 units, a shark liver 
oil (Sharkol, Shark Ind.) containing 20,000 units, 
and a fish liver oil concentrate (Hepicoleum, 
Lilly) containing 55,000 international units of 
vitamin A per gram.

E xp erim en ta l
Samples of oil were weighed and made up to 25-ml. 

volume with chloroform. Aliquots from this volume 
were increased to 10 ml., and 1 ml. of this mixture 
was pipetted into the colorimeter cup. Ten millili
ters of 30 per cent antimony trichloride in chloro
form were rapidly added from an automatic pipet 
into the cup which was in place on the photelometer 
and then readings were started.

The Cenco No. 4 filter was used with the in
strument, which is calibrated to read percentage 
transmission of light directly. The blue color de

veloped after mixing fades rapidly. To exemplify the fading, 
Figure 1 was constructed. Samples containing different quanti
ties of Hepicoleum were treated according to the outlined proce
dure and readings were taken at consecutive 30-second intervals 
after the instant of mixing, as indicated by the stopwatch. 
The international units noted on the abscissa were obtained 
from the manufacturer’s analysis. Rates of fading for all the 
samples were similar and the blue color had disappeared from 
the more dilute samples by the end of 10 minutes, being sup
planted by a rose.

Figure 1 shows that the depth of blue color developed is 
proportional to the quantity of oil taken if the time interval 
used is a constant. Taking the convenient interval of 30 
seconds for measurement, color was developed in different 
quantities of Hepicoleum, Sharkol, and the standard cod 
liver oil both before and after saponification. The data re
sulting are plotted for purposes of comparison in Figure 2. 
The concentration of vitamin A was computed from the 
manufacturers’ report and an equivalent distance was laid 
off on the z-axis for each sample. Saponification was ac
complished by adding to each gram of the oil 1.5 ml. of 77 
per cent alcohol saturated with potassium hydroxide and 
warming until solution occurred (6).

The unsaponified material was extracted 5 times with pe
troleum ether. The petroleum ether was evaporated over 
nitrogen and the residue taken up in chloroform and treated 
as outlined above.

I n te rna t iona l  Un i t s  Vitamin A

F i g u r e  2 . P h o t e l o m e t e r  R e a d i n g s  
Cenco pho telom eter, filter No. 4, and  C arr-P rice  reaction
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D iscu ss io n
From the graphs presented it is obvious that it is possible 

to measure the blue color developed with antimony trichloride 
with accuracy, even though the rate of change in the intensity 
of color is rapid.

An attempt was made to slow down the rate of fading of 
the blue color through addition of acids, dehydrating agents, 
or phenols (7). Of the materials tried phosphoric acid seemed 
the most efficient, but its effect was only apparent, since a 
slight cloudiness developed in the solution that tended to 
compensate for the fading of the blue color.

Fading continued progressively beyond the readings 
given, although at a slower rate, but on the more dilute solu
tion was complete in from 5 to 10 minutes.

The data in Figure 2 indicate that Beer’s law is followed by 
the color development in each sample. The reference cod 
liver oil developed the least color for a given amount of vita
min A and saponification reduced considerably the quantity 
of material that formed color with the reagent. The outside 
limits of losses due to the manipulation of saponification are 
suggested by a comparison of the two curves for the concen
trate. Resaponification of this material caused only a small 
change in value. A comparison of the curves for cod liver 
oil and the concentrate shows (if the biological standardiza
tions are accurate) that there are still major quantities of 
material, other than vitamin A, left after saponification that 
are capable of either forming the blue color or perhaps in

hibiting its formation in the oils. Thus, this colorimetric 
procedure could be used with confidence only with evidence 
that various samples of the same kind of oil contained, either 
before or after saponification, approximately the same ratio 
of vitamin, active to inactive chromogenic materials.

S u m m a ry
Results obtained using the Cenco photelometer and the 

antimony trichloride reaction for vitamin A determination 
are reported. Comparative determinations were made on a 
reference cod liver oil, 3000 units, shark liver oil, 20,000 units, 
and a liver oil concentrate, 55,000 international units per 
gram.

The photelometer gives consistent and reproducible results 
on the blue reaction.

The blue color fades rapidly; nevertheless, with close 
timing it is possible to make replicate determinations check.
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An Efficient Low-Holdup Laboratory Column
M. L. SELKER, R . E. BURK, AND H . P . LANKELMA 

W estern  Reserve U niversity , C leveland, Ohio

A n ew  ty p e  o f  p a ck in g  is  described  w h ic h  
co m b in es  h ig h  e ffic ien cy  an d  lo w  h o ld u p . 
T h e  a ll-g la ss  c o n s tr u c tio n  is  s im p le  and  
e c o n o m ic a l, b esid es e lim in a t in g  th e  d iffi
c u lt ie s  o f  m e ta llic  p a ck in g s . A low' h o ld 
u p  an d  a n  e ffic ien cy  o f  85 th e o r e tic a l p la te s  
m a k e  i t  e sp ec ia lly  va lu a b le  for p rec ise  frac
t io n a t io n  o f  sm a ll v o lu m es o f  hyd rocarb on  
iso m ers . T h e  ex trem ely  sm a ll b ack  p res
su re  Mill a llow  its  u se  a t  0.4  m m . o f  m e r 
cury.

T HE efficient separation of small quantities of close-boiling 
liquids is a widely recognized problem of increasing im

portance. In order to separate mixtures of hydrocarbons 
whose boiling points differ by 2° or 3° C. a fractionating 
column of 80 to 100 theoretical plates is necessary. Of all 
the laboratory columns of the required efficiency described 
in the literature, only that of Stedman (2) has even potentially 
an operating holdup of less than 50 cc. Since the required 
length of 9.5-mm. Stedman conical packing would hold up 
around 15 cc., it cannot be used for close fractionation of 20 
to 100 cc. of material.

Rose (5) showed that efficiencies up to 17.5 plates for a 30- 
cm. (12-inch) column could be obtained with a 6-mm. empty 
tube at the low reflux rate of 11 cc. per hour. Craig (5) 
used a 7-mm. tube with a 4-mm. closed inner tube and re

ported 17 plates for a 25-cm. (10-inch) air-jacketed micro
column. Low capacities have limited the utility of such 
columns.

This article details the use of close-fitting, multiple con
centric glass tubes as packing in an efficiently insulated jacket 
to produce an inexpensive 150-cm. (5-foot) column with an 
efficiency of about 85 theoretical plates and a holdup of some 
5 cc., at the reflux rate of 100 cc. per hour. With this column 
it is possible to extend precise fractionation to small volumes 
of material.

S t il l  C o n stru c tio n
An assembly drawing is given in Figure 1. The Pyrex glass, 

silvered vacuum jacket is made from 16- and 35-mm. tubing. 
It is evacuated by means of a mercury diffusion pump and Hyvac 
pump for some time before use and continuously during a dis
tillation. A discharge tube operated from a spark coil serves as 
a rough vacuum gage. Pyrex neon sign electrodes are inexpen
sive and excellent for use in discharge tubes. Two tightly fitting 
cork cylinders carrying thermometers hold the vacuum jacket in 
a 51-mm. tube which thus provides an air jacket. Asbestos- 
covered Nichrome wire, B. & S. No. 20, was wound around the 
air jacket one turn per 2.5 cm. (1 inch). Standard 3.75-cm. (1.5- 
inch) magnesia pipe lagging for 5-cm. (2-inch) pipe completed the 
insulation. The heated jacket was not used in the efficiency tests 
given below, but at temperatures above 100° C. it would be ad
visable. The air space and pipe lagging are necessary when the 
heated jacket is used. The column was mounted using two 3- 
prong clamps which were tightened on the 51-mm. tube after the 
Nichrome wire was wound and before the pipe lagging was bound 
on.

The packing consisted of Pyrex glass tubes of the dimensions 
shown in Table I, carefully selected for straightness and uni
formity.
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The 16-mm. outside diameter tube was the inner tube of the 
vacuum jacket. The upper ends of the tubes were ground flat, 
the lower ends a t an angle to the long axis. The tubes were 
spaced with respect to each other by sealing small glass tips on the 
outside of each tube every 37.5 cm. (15 inches). Indentations on 
successive tubes, each supporting the end of the inside one, served 
to hold them in the jacket and in place. The tubes were made 
142.5 cm. (57 inches) long, as was the jacket, because the longest 
glass available was the standard 150-cm. (5-foot) length. The 
ratio of volume to surface is the same in each annular space. 
There is a total of 2450 sq. cm. of surface and 120 cc. of free space 
in the three annular spaces of the packing.

The external heater used consisted of a flat ring of Transite 
wound radially from the middle outward to the edge with 4.5 
meters (15 feet) of No. 24 B. & S. Nichrome wire previously 
wound in a 3.1-mm. (0.125-inch) coil. A variable autotrans-

T a b l e  I. D i m e n s io n s  o f  P y r e x  T u b e  P a c k in g
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F i g u r e  2 . C h a r a c t e r i s t i c s  o p  C o n c e n t r i c  T u b e  P a c k in g

former controlled by a thermionic rela3r regulated 
the current through the heater. For heating 
volumes over 100 cc. more resistance is needed 
in the heater. The manometer, which also serves 
as a manostat, contains redistilled dibutyl phthal- 
ate on the still-pot side and 0 per cent sodium 
chloride solution on the atmosphere side. The 
salt solution serves as the regulating contact for 
the thermionic relay. The manometer is read 
directly in terms of millimeters of dibutyl phthal- 
ate, since the densities of the two liquids are 
the same. At low reflux rates the still-pot heat
ing was set manually because the column was 
too sensitive to changes in heat input. For the 
same reason it is good practice to use a voltage- 
regulating transformer as input to the Varfac 
autotransformer because of line fluctuations on 
110-volt alternating current.

For efficiency or test distillations a special 
140-ec. flask with an inner-sealed siphon was 
used, in order that samples might be taken 
while the still was in operation. The still pot 
was held in place by means of springs joining 
the glass hooks on the column and pot.

A calibrated 5-j unction copper-constantan 
couple was inserted o cm. (2 inches) into the 
second annular space a t the head of the column 
and cemented through a hole in the wall of the 
head with Insalute cement. At low reflux rates 
the temperature as registered here fluctuates as 
much as 0.3° C. At moderate reflux rates, 
however, no variation of temperature occurs. 
For the distillation of small amounts of material 
a t low reflux rates a modified Craig-type head 
(5) is very convenient, but it is not suited for 
reflux rates over 125 cc. per hour because it 
strictly limits the take-off rate. The sample- 
collecting cup sealed on the condenser tip has a 
capacity of 0.4 cc. The distribution of the 
reflux in the head is important, because the reflux 
ratio in each space must be the same or the 
efficiency will be limited by the lowest ratio. 
The outside annular space is supplied with reflux 
from the walls of the head itself. The innermost 
space is supplied by the drip from the bottom 
of the cup. The middle space is not normally 
supplied with reflux from the vapors effluent 
from it. To remedy this two silver strips 1 mm. 
wide extending to the edge of the middle space 
were fastened to the take-off cup. Reflux is 
carried by the strips to the walls of the space.
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In the efficiency tests given below the column was operated 
at total reflux. In the distillation described later the reflux 
ratio was high—i. e., 450 to 1. These high reflux ratios tend 
to minimize the effects of unequal reflux distribution, since a 
difference in reflux ratio from 200:1 to 400:1 means only a 
plate difference in column efficiency. As long as the lowest 
reflux ratio extant in the three annular spaces is above 100 to 1 
considerable variation above this limit may exist without 
material change of fractionating efficiency. With reflux 
ratios below 100 to 1, variations in reflux ratio will seriously 
affect the column efficiency. Whether the reflux distribution 
device described would function successfully in this case has 
not been determined.

S till  O p eration
A small amount of hydrocarbon-insoluble grease applied to the 

upper half of the conical ground joint on the column, together 
with three coats of collodion at 15-minute intervals, completes the 
seal from column to pot. After the distillation the collodion is 
removed with a razor blade and needle. The joint is then gently 
warmed with a smoky flame and the pot removed. This method 
works well with liquids boiling up to 125° C. The still heat is 
adjusted to a preliminary value, usually a high one. In about 2 
hours reflux appears at the top and the heat is turned down in 
small decrements until the required level is reached. The col
umn is at approximate equilibrium after 10 hours of reflux at a 
given heat input when starting with the column and liquid cold. 
The reflux rate is determined by timing the drops from the cali
brated dripper at the bottom of the column. All reflux rates and 
reflux ratios given are calculated from the reflux return at the 
bottom of the column.

Samples are taken from the head at predetermined times by 
starting the capillary siphon with a rubber syringe from the 
sample tube as shown in Figure 1. Since the vapors of hydro
carbons are toxic to some extent, it is not advisable to do this 
with the mouth. When the siphon has emptied the cup, it is 
left to drain itself for a few minutes; the sample tube is removed, 
and a closed-end ground joint replaced on the siphon. If samples 
are to be taken from the pot they are taken immediately after 
this with the still-pot siphon. All the data necessary to describe 
column operation and sample properties, including temperature 
of the head, are taken at the same time. If the heated jacket is 
used, it is adjusted to the required temperature at least 24 hours 
before use.

' Since the thermocouple is inserted several inches into the 
column, it does not give the boiling point of the liquid in the 
cup. In the case of successive samples on a “plateau” of a 
distillation, the thermocouple temperatures will agree closely 
with the microboiling point of the cup condensate, but on the 
“breaks” between fractions the thermocouple may be as 
much as 20° C. high compared with the true boiling point. 
Each time the cup is emptied the temperature will rise, then 
fall back and level out either at the previous temperature or at 
one higher, but lower than the initial rise on draining the cup. 
This is due to establishment of total reflux after sampling, 
with consequent enrichment of the lowest boiling component 
in the head of the column.

A knowledge of the actual take-off rate with this type of 
head can be gained only by emptying the cup as soon as it 
fills. When the reflux rate is low, vapor and liquid diffuse 
slowly to the cup, which means slow take-off and high reflux 
ratio with maximum efficiency. At the low rate of 80 cc. per 
hour refluxed the cup would fill once every hour. If the re
flux rate is now increased to 125 cc. per hour, the cup fills 
every 15 minutes because the vapor now condenses above the 
cup and drains into it. When the cup is emptied the distillate 
fills it very rapidly. This means that the reflux ratio during 
the filling at the higher reflux rate is low and the efficiency 
drops. If, however, the cup is not emptied as soon as it fills— 
i. e., every 15 minutes—but just once every hour the cup will 
overflow at least three times its volume and the liquid in it will 
be replaced with that extant in the head when the column op
erates at total reflux. Thus the Craig-type head is not suited

for distillation other than at low reflux rates because increas
ing the reflux rate does not allow increase in take-off rate.

S t il l  H old u p
The holdup of the still under operating conditions was deter

mined (12) by taking a known volume of a volumetric solution of 
stearic acid in n-heptane and methyl cyclohexane mixture and 
determining the concentration when the still was operating. This 
was done by evaporating the solvent from a known volume si
phoned from the still pot and weighing the residue. In one case 
the still pot was run to dryness, the heat shut off, and the total 
drainage determined. Heating the vacuum jacket to within 5 ° C. 
of the boiling point decreases the holdup perceptibly. The reflux 
rate was determined by timing the drops from the dripper in the 
still pot. The flooding point was not determined.

T a b l e  II. H o l d u p  vs. R e f l u x  R a t e
Reflux R ate H oldup M ethod

Cc./hr. Cc.
252 8 .5 Stearic acid
120 5 .2 D rainage

84 3 .7
H eated  Vacuum  Jack e t

S tearic acid

114 3 .4 Stearic acid

E fficiency  T ests
In order that the volume of the more volatile constituent 

might be several times the holdup of the column, 120 cc. of the 
test mixture were used. Reflux was established and the column 
run initially 10 hours to equilibrium. The distillate in the cup 
was then removed and 3 hours later the sample for that reflux 
rate was taken and analyzed. Two hours after this a check 
sample was taken. Bottom samples were taken only on the 
check top samples. If the top samples checked in refractive in
dex, the heat input was increased and the column allowed to 
operate 6 hours at the new reflux rate. The distillate in the cup 
was then discarded. After 3 hours more a sample was taken and 
the check in 2 hours repeated as above. This method of raising 
the heat input and running to equilibrium was used for the data 
given below.

The first mixture used was n-heptane and methyl cyclohexane. 
The n-heptane (obtained from the California Chemical Com
pany) was purified by chlorosulfonic acid treatment and subse
quent distillation through a 25-plate helices column at a reflux ratio 
of 20 to 1. Only the middle cut whose properties are given below 
was used. Eastman’s “practical” grade of methyl cyclohexane 
was treated with cold concentrated sulfuric acid and distilled 
through the same column as the n-heptane at a reflux ratio of 
25 to 1. The properties of the middle cut are given below. 
The second mixture used w'as isooctane and methyl cyclohexane. 
The isooctane of the grade used for antiknock purposes was ob
tained from Rohm & Haas. Since its physical properties as 
determined in this laboratory checked closely with pure 2,4,4- 
trimethyl pentane, it was used without further purification.

n-H eptane
M ethy l cyclohexane
Isooctane

Pressure 
M m . Hg
743.3
741.8
747.2

R efractive  Index 
Boiling P o in t L itera-

O bserved C alculated  O bserved tu re  
° C. 0 C. 20° C.

97 .63
100.05
98.68

97 .65
100.1

98.64

1.3878
1.4232
1.3917

1.3877
1.4232
1.3916

The boiling points of n-heptane and isooctane were calcu
lated from the equations given by Smith and Matheson (10), 
while that of methyl cyclohexane was obtained from the dt/dp 
of 0.046° per mm. for hydrocarbons boiling near 100° C. (6). 
The boiling points were determined using a Cottrell pump 
apparatus of the Quiggle, Tongberg, and Fenske (S) type, 
with a calibrated thermometer graduated in 0.1° C. and re
calibrated at the steam point before use. Refractive indices 
given in this work were taken with an Abbé refractometer 
having an accurate thermometer graduated in 0.2° C.

Analysis of the n-heptane and methyl cyclohexane mixture 
was by the refractive index data of Bromiley and Quiggle (3). 
The isooctane mixture with methyl cyclohexane was analyzed 
by refractive index assuming additivity. Except at low con-
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GRAMS D IST IL LE D

F i g u r e  3. D i s t i l l a t i o n  o p  7 1 - H e p ta n e  a n d  M e t h y l  C y c l o -  
h e x a n e  M i x t u r e

centrations of either component this is probably correct to 
within a few per cent. A more serious objection to the use of 
this mixture is the fact that its deviation from ideality is un
known. Beatty and Calingaert (1) have shown that small 
variations in ideality of solutions lead to serious errors in the 
calculation of column efficiencies when the relative volatility 
approaches 1. The data obtained by its use are therefore not 
reliable and are given merely for comparison with the n-hep- 
tane and methyl cyclohexane mixture which is very nearly 
ideal. However, with this latter mixture it is necessary to 
use the extremes of concentration when the still efficiency is 
near 100 plates. This means that the formula for calculating 
efficiency is used in the range where the accuracy of the data 
has considerable effect on the calculated efficiency.

The mixture of n-heptane and isooctane is ideal within 
0.02 per cent (1) and would be excellent for efficiency tests 
except that the refractive index would then have to be deter

T a b l e  III. E f f i c i e n c y  T e s t s
M ole F rac tion -

Reflux B ack R efractive  Index n-H eptane H . E .
R ate Pressure H ead  Still H ead  Still P lates T . P.

Cc./hr, M m . Hg Inch
n-H cptane, M ethy l Cyclohexane

93 0 .2 2 1.3887 1.4201 0.972  0.076 84 .9 0 .67
194 0 .2 6 1.3882 1.4202 0.987  0.074 9 7 .2 0 .59
236 0 .32 1.3901 1.4211 0.927  0.052 76 .7 0 .74
252 0 .35 1.3932 1.4218 0.827  0.034 69.0 0 .82

Isooctane, M ethy l Cyclohexane
M ole F raction-

Isooctane
84 0 .19 1.3940 1.4173 0.924  0.185 89 .4 0 .64

120 0 .23 1.3952 1.4174 0.887 0.184 79 .6 0 .72
126 0 .2 5 1 .3980 1.4176 0.797 0.177 64.9 0 .88
180 0 .2 8 1.3969 1.4180 0.832  0.164 72 .2 0 .79
210 0 .36 1.3966 1.4183 0.842  0.155 7 5 .5 0 .76

mined to the fifth place. The formula used for calculation of 
efficiency was that given first by Fenske (7) and then gener
alized for any reflux ratio by Smoker (11). In comparing 
data on efficiency obtained by use of different mixtures, it 
must be kept in mind that the number of plates necessary 
to separate a mixture increases as the average molecular 
weight of the mixture increases (Jf). Relative volatility, 
alpha, for the n-heptane and methyl cyclohexane mixture 
used was that calculated from the data of Beatty and Calin
gaert (1) for the boiling point of the mixture in the still; alpha 
is 1.0726 for the data given in Table III. For the isooctane 
and methyl cyclohexane mixture, alpha was calculated from 
the vapor pressures for methyl cyclohexane given by Beatty 
and Calingaert (1) and those for isooctane by Smith and 
Matheson (10) to be 1.045. In Table III one plate has been 
subtracted to correct for the still pot.

D istilla tion , o f  K n o w n  M ixtu re

Several distillations were carried out with the vacuum 
jacket heated to 1 ° C. below the boiling point of the low-boil
ing component. Since the separation obtained was no better 
than that with the vacuum jaeket alone, the heated vacuum 
jacket was not used in the efficiency tests. In the distillation 
of small quantities the heated vacuum jacket decreases the 
holdup and is useful in this respect. If the heated jacket is 
used, care must be taken to overcome the time lag between the 
air-jacket temperature and the packing temperature. At 
temperatures above 100° C. the heated jacket would be most 
useful. Figure 3 gives the distillate composition curve ob
tained from a charge of 3.6 grams of n-heptane and 11.6 
grams of methyl cyclohexane which was 0.233 mole fraction 
of n-heptane. The reflux ratio was 450 to 1. Reflux rate was 
110 cc. per hour and take-off rate 0.163 gram per hour. The 
jacket was kept at 75° C. The distillation was run until the 
distillate showed no appreciable change in composition. The 
amount of the low-boiling material present is just about the 
holdup of the column, so that the curve given represents the 
break in an analytical distillation curve with several compo
nents.

The distillation took 96 hours, during 28 of which samples 
were taken. The still was run continuously day and night, 
but take-off was only by day. At the end the column was 
drained 3 hours and the residue weighed. The material loss 
was 0.66 gram.
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Microanalysis o f Gases
A cetylene, B enzene, and Som e P roced u re M odifications

F . E . B L A C E T , A . L . S E L L E R S , AND W . J .  B L A E D E L  
U n iv e rs i ty  o f  C a li fo rn ia  a t  L o s A n g e le s , L o s A n g e le s , C a lif .

A m e th o d  o f  a n a ly s is  for a c e ty le n e  in  
th e  p resen ce  o f  p ro p y len e  a n d  carbon  
m o n o x id e  u ses  as th e  ab sorb in g  rea g en t  
so lid  m ercu r ic  cy a n id e  an d  p o ta ss iu m  
h yd rox id e. In  th e  m icro a n a ly s is  for b e n 
zen e  vapor b o th  fu m in g  su lfu r ic  acid  an d  
a m m o n ia ca l n ick e l cy a n id e  are sa tisfa c to ry  
rea g en ts .

A  n ew  c o m b u stio n  co il for th e  b u rn in g  
o f  gases is  d escrib ed , a n d  a ch a n g e  in  th e  
m e th o d  o f  p rep arin g  a cu p ric  o x id e -p o ta s-  
s iu m  h yd rox id e rea g en t for h y d ro g en  is  
g iven .

S INCE the appearance of the fourth paper of this series 
there have accumulated in this laboratory some new 

methods of analysis and modifications of old procedures for 
the microanalysis of gases.

A cety len e
Acetylene can be determined quantitatively in the presence 

of ethylene and saturated hydrocarbons by using a bead of 
solid cuprous chloride and potassium hydroxide as the reagent 
(2). However, in a recent research problem of this laboratory 
it was important to analyze for acetylene in the presence of 
carbon monoxide and propylene. The cuprous chloride- 
potassium hydroxide reagent reacts slowly with carbon mon
oxide, the solid silver oxide normally used to remove carbon 
monoxide reacts rapidly with acetylene, and sulfuric acid, 
being the common reagent for absorbing unsaturated hydro
carbons, will combine with both propylene and acetylene. 
Obviously a new reagent was needed, preferably one which 
would remove acetylene and not react with the other two 
gases.

Treadwell and Tauber (5) recommended a solution made 
by dissolving 20 grams of mercuric cyanide in 100 cc. of 2 N  
sodium hydroxide. The authors found that such a solution 
introduced in a gas sample by means of a sintered-glass bead 
(2) absorbs acetylene quantitatively in 10 minutes from a 50 
per cent mixture with nitrogen. The results compare favor
ably with those obtained by using either cuprous chloride- 
potassium hydroxide or sulfuric acid as the absorbent. Un
fortunately, this solution also absorbs propylene to an ap
preciable extent and could not be used for the problem at

hand. The difficulty was ultimately overcome by using a 
solid bead of mercuric cyanide and potassium hydroxide. 
Powdered mercuric cyanide was moistened with a minimum 
amount of 6 N  potassium hydroxide and worked into a smooth 
paste, which was then molded into a bead in a platinum 
loop. The paste was dried over a warm electric coil (care be
ing taken not to decompose the mercuric cyanide) and then 
placed in the gas sample.

This reagent was found not to react 
to a measurable extent with either 
propylene or carbon monoxide during an 
exposure of 1.5 hours. Several known 
mixtures of acetylene, propylene, and 
carbon monoxide were made and 
analyzed for acetylene with satisfactory 
results. A single bead of absorbent and 
a time of 20 minutes were found suffi
cient for complete reaction in every 
analysis. Table I is typical of results 
which were obtained. In this case ap
proximately equal volumes of the three 
gases were mixed. A complete analysis 
would require the subsequent introduc
tion of concentrated sulfuric acid to re
move ethylene and silver oxide to absorb 
carbon monoxide, a procedure which 
offers no difficulties.

F i g u r e  1. C o m 
b u s t i o n  C o i l  
i n  O p e r a t i n g  

P o s i t i o n

B en zen e

In studying the feasibility of analyz
ing for benzene vapor in small volumes, 
it was found that two of the recognized 
macroanalytical reagents can be used 

with results which appear satisfactory. One is fuming sulfuric 
acid followed by a solid potassium hydroxide bead, and the

T a b l e  I. A n a l y s e s  f o r  A c e t y l e n e  i n  t h e  P r e s e n c e  o f  
P r o p y l e n e  a n d  C a r b o n  M o n o x id e

‘te rm ina
tion

Volume of 
Sam ple Theoretical

------ A cetylene-----
D eterm ined Difference

Cu. mm . % % %
1 45.44 33.10 33 .09 - 0 . 0 1
2 40 .75 33.10 32.98 - 0 . 1 2
3 37.60 33.10 33 .15 +  0 .0 5
4 40 .82 33 .10 33.11 + 0 .0 1
5 42.01 33.10 32 .80 - 0 . 3 0

Av. 33 .03 0 .1 0
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other is an ammoniacal nickel cyanide solution made according 
to the detailed directions given by Dennis and McCarthy (4). 
The latter reagent must be followed by solid phosphorus pent- 
oxide or concentrated sulfuric acid to remove ammonia (1). 
Gas samples for testing these analytical methods were made 
by slowly bubbling nitrogen through liquid benzene at room 
temperature and then adding approximately 10 per cent 
more nitrogen to the resulting gas volume.

Table II gives results which were obtained using the 
different analytical procedures. The percentages of benzene 
obtained are about what one would expect from the mode of 
preparation of the sample, and the fact that the two methods 
of analysis are in good agreement is taken as evidence that 
both are satisfactory.

T a b l e  II. D e t e r m i n a t io n  o f  B e n z e n e

Volume of D eviation  from
D eterm ina tion Sam ple Benzene Average

Cm. mm. %  
B y F um ing Sulfuric Acid

%

1 97 .06  4 .5 0 - 0 . 0 1
2 102.83 4 .57 + 0 .0 6
3 99 .80  4 .29 - 0 . 2 2
4 98 .90  4 .5 0 - 0 . 0 1
5 98 .66  4 .69 + 0 .1 8

Av. 4 .51  

B y  A m m oniacal Nickel C yanide

=*=0.10

1 101.33 4 .54 +  0 .05
2 96 .72  4 .5 7 + 0 .0 8
3 99 .05  4 .37 - 0 . 1 2

Av. 4 .49 ± 0 .0 8

M od ifica tio n  o f  C o m b u stio n  C oil
The platinum combustion coil now in use in this laboratory 

for the burning of gases is more satisfactory than the one 
previously described (S) and is illustrated, drawn to scale, in 
Figure 1.

The soft-glass holder, A, is a 1-mm. capillary with a 2.5-mm. 
external diameter. During construction of the coil the lower end 
of this tube is shrunk around the proper length of 24-gage platinum

wire and then bent into a loop as shown. Sufficient wire is al
lowed to extend into the unconstricted portion of A  to give a 
good electrical contact when this portion is filled with mercury. 
The other end of the wire extends beyond the glass about 2 mm., 
is bent sharply a t B, and is attached to the holder a t D with the 
aid of a glass bead. The tip of the glass below B  should be well 
rounded and carefully polished to prevent introduction of small 
air bubbles into the sample. The distance between B  and D is 
about 15 mm.

At bend B the wire is carefully filed and ground down on a fine 
whetstone until a diameter is obtained at one point which is from 
one fourth to one fifth of tha t which was originally present. This 
gives a cross section a t this point roughly one twentieth th a t of 
the rest of the wire, a ratio whicli may be compared to one third 
as previously used (8). The strong anchorage a t D holds the 
wire in place and has made possible the substantial reduction in 
diameter a t B. This in turn has decreased the current necessary 
to produce the hot spot, and as a consequence, has diminished 
the operating temperature of the rest of the wire to the point 
where the danger of mercury oxidation has been greatly reduced, 
if not completely eliminated. Anchorage D is placed low so that 
it will be well below the mercury surface in the gas holder, C, a t 
all times, and any small air bubbles which may be trapped a t D 
m il not be introduced into the combustion mixture. This type 
of construction has overcome the difficulties encountered earlier, 
when attem pts were made to attach the wire beyond B  to the 
glass (3).

H yd rogen  R ea g en t
The method of preparing a cupric oxide-potassium hy

droxide absorbent for hydrogen has been practically re
versed from that described before (1). The bead is prepared 
now by fusing potassium hydroxide in a platinum loop and 
touching this while molten to powdered cupric oxide, allowing 
it to enclose as much of the oxide as it will and still give a 
smooth external surface on cooling. This reagent is easier 
to prepare than the one formerly used and gives just as satis
factory results.
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Microdetermination of Sulfur in 
Organic Compounds

An A bsorption  Apparatus for Use w ith the C om bustion M ethod

L . T .  H A L L E T T  AND J .  W . K U IP E R S , K o d a k  R e s e a rc h  L a b o ra to r ie s ,  R o c h e s te r ,  N . Y .

I T IS well known that organic material must burn at a much 
slower rate in the determination of sulfur by the method 

of combustion with oxygen gas than in other determinations 
where combustion is involved.

While studying the use of tetrahydroxyquinone as an in
dicator for the microvolumetric determination of sulfur (<5) it 

' became apparent that it would be desirable for routine work 
to reduce the burning time to 15 minutes, so that the total 
time for a determination would not be over 30 minutes. The 
well-known Pregl combustion tube with spiral absorber is 
not suited to rapid combustion and is not convenient because 
the tube must be removed from the furnace before the com
bustion products can be washed out.

If a sample is burned rapidly (15 minutes) in the Pregl 
combustion tube with spiral absorber or in the absorption 
apparatus designed by Hallett (4) with the oxygen flowing 
at the rate of 75 to 100 ml. in 5 minutes, low results are usually

obtained, owing to the loss of sulfur trioxide as mist. This 
electrically charged mist is formed by the union of sulfur 
trioxide and water vapor; once formed, it cannot be absorbed 
in chemical reagents and so escapes from the absorption train.

A study was made, therefore, of the type of absorber that 
would allow rapid combustion and be convenient for removal 
of the absorbed combustion products.

It was found that hot gases containing sulfur oxides 
traveling rapidly readily formed the sulfur trioxide mist. 
Any constriction, therefore, at a point at the end of the 
combustion tube near the absorber would increase the speed 
of the gases and the tendency to mist formation.

A p p aratu s
The first type of absorber used (Figure 1) was similar to that 

previously described (4) but smaller, having a 6-mm. bore and
1-mm. wall. The absorption spiral is 8 cm. long with 2 mm.
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between the coils. The upper expansion chamber, C, is 4 cm. 
long and 1.7 cm. at the wide part of the lower bulb. The size 
of the upper section above the absorption spiral is not critical, 
but if it is larger than the above dimensions it is difficult to rinse 
this part of the absorber thoroughly with distilled water. This 
expansion chamber helps to cool the gases from the combustion 
tube, A, and thereby prevent the formation of mist. Into 
the dome, B, at the top of the expansion chamber is sealed a 
tube and funnel, F, which is closed by a ground-in stopper, G, 
during the rim. After the combustion, G is removed and the 
absorbed products are washed from the absorber through D 
by adding water through the funnel. The “dome” structure is 
necessary to spread the rinse water to all points of the expansion 
chamber. Between the absorber and the combustion furnace 
an electric heating coil, consisting of a few turns of No. 25 Ni- 
chrome wire wound around the combustion tube, prevents the 
condensation of sulfuric acid.

The temperature of the furnaces is kept at 750° C. and the 
Nichrome coil at approximately 400° C. If the coil is heated 
above this temperature, mist that cannot be absorbed will often 
form. That part of the combustion tube heated by a 22.5-cm. 
(9-inch) furnace is filled with platinum foil to facilitate the 
complete oxidation of the organic vapors. The automatic com
bustion unit used in this work has been previously described (3).

One to 2 ml. of 1 per cent potassium hydroxide solution is used 
as an absorbing agent and is carefully added by means of a pipet 
through the left arm of the funnel, F, into the bulb, E. Bromine 
water is later used to oxidize any sulfur dioxide to sulfur trioxide. 
Where the sulfur is determined gravimetrically as barium sulfate, 
the regular dilute (5 to 6 per cent) solution of hydrogen peroxide 
should, of course, be used to moisten the spiral.

This absorber in actual use gives good results with a burn
ing time of 15 to 20 minutes, when the flow of oxygen is at 
the rate of 50 ml. in 5 minutes. While the actual time of a 
determination is approximately 30 minutes with this ap
paratus, the total elapsed time is approximately 1 hour be
cause 20 to 30 minutes must be allowed to heat the solution 
in order to remove the bromine before the final titration.

This apparatus is superior to the standard Pregl combustion 
tube for sulfur, using the familiar glass absorption spiral, 
because at the end of the run the combustion tube need not 
be removed from the furnace. The speed of the flow of oxygen 
and consequent rate of burning have been increased by the 
new type of absorber. The products of oxidation are readily 
washed from the receiver. The weakness of the apparatus 
lies in the fact that compounds which burn almost explosively, 
with a consequent temporary but sudden increase in gas flow, 
may under such conditions, produce loss of sulfur trioxide 
by formation of mist. These same conditions will produce 
mist in the Pregl tube. Such compounds are not frequently 
encountered, however. The apparatus offers advantages to 
laboratories which do not have a sufficient quantity of work 
to warrant purchasing the necessary equipment for the electro
precipitator described below.

However, apparatus so designed that mist would be posi
tively dissipated and absorbed would serve the needs of a 
routine industrial laboratory much more efficiently and re
quire less attention. Into a second type of absorber (Figure 
2), therefore, a small electroprecipitator was built. This 
method of precipitating charged particles is well known for its 
efficiency and is widely used in industrial installations. Grote 
and Krekeler (8) used the method as a final check on the 
efficiency of their macrocombustion method for the deter
mination of sulfur in organic material.

The absorber is fabricated from clear quartz tubing of 8-mm. 
bore and 1-mm. wall. The helix is made of Pyrex glass. The 
Pyrex stopcock, at E, is attached to the bottom of the absorber 
by a rubber connection. The quartz tube passing through 
the helix has a 2-mm. bore and a 1-mm. wall. G and B are 
ground-in Pyrex stoppers through which are sealed tungsten lead 
wires. Stopper G is slotted at the ground joint, so that the 
unabsorbed gases may escape. The tungsten wire projects about 
1 cm. into chamber C; to it is spot-welded a 4-cm. length of B. &
S. No. 24 platinum wire, and to this is spot-welded 3 cm. of No. 
32 platinum wire. This fine wire gives a high current density 
on a small area, which has been found most efficient. The

stiffer wire keeps the fine wire from vibrating excessively and 
thus making contact with the wall. The electrode in F, 3 cm., 
is No. 24 platinum wire, spot-welded to the tungsten. The 
platinum is filed to a sharp point. This electrode is really re
quired only if a large volume of sulfur trioxide is momentarily 
formed; under such conditions, and with one precipitator, a 
small amount of sulfur trioxide mist might escape.

An electric heating coil of B. & S. No. 24 Nichrome wire 
is placed at A  and kept at approximately 400° C. to prevent the 
condensation of sulfuric acid at this point. Around the outside 
of chamber C is wrapped metal foil, such as platinum, 2.5 cm. 
in height. Chamber F does not require an outer electrode be
cause the foil on C is sufficiently close to serve this area also. 
A 25,000-volt transformer and Variac complete the apparatus. 
An eSective potential of 10,000 to 13,000 volts is maintained 
between the electrodes when making a run. The cost of the 
transformer and Variac (115-volt, 5-ampere maximum) is ap
proximately S40. It is not necessary that the apparatus shown 
in either Figure 1 or 2 be made of quartz, but if a competent 
glass-blower is available, the quartz apparatus costs very little 
more than that made of ordinary hard-glass combustion tubing.

Another modification consists of placing a ground joint be
tween the absorber and combustion tube, as demonstrated by

S C A L E  IN CM.

F ig u r e  1. A b s o r b e r
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s c a l e :  i n  c m .

F i g u r e  2 .  A b s o r b e r  w i t h  E l e c t r o 
p r e c i p i t a t o r

Beazley (1). This permits the absorber to be constructed en
tirely of Pyrex. The weakness of this construction is the pos
sibility of leakage at the ground joint. For this reason it is best 
to draw the oxygen through by applying reduced pressure at the 
exit end, as in this way the pressure is directed inward at the 
joint.

The helix, D, is moistened with approximately 1 ml. of dis
tilled water added through F. The oxygen is passed through at 
the rate of 75 to 100 ml. in 5 minutes. The electrodes, B and 
G, are put in place and the stopper of B is sealed with a few drops 
of water. The connection to the transformer is made and the 
current turned on. The heater at A is switched on and the auto

matic combustion furnace is brought into the burning position. 
Any sulfur trioxide mist formed is precipitated in C. The 
gases pass on to the bottom of D and around the helix into F 
where any remaining mist is precipitated. The excess gases 
pass out through the slot in G.

The combustion is completed in 15 minutes. The heater at 
A is turned off and 5 minutes more are allowed for the com
bustion tube to be cleared of sulfur oxides and for that section of 
the tube at A to cool.

The contents of the absorber are now washed into a 125-ml. 
Erlenmeyer flask through the stopcock at the bottom. After 
opening the stopcock, electrode G is first removed and the tip 
carefully washed, allowing the wash water to run through the 
absorber; then electrode B is removed and likewise washed. 
Chambers F and C are alternately washed until a volume of 30 
to 35 ml. has been collected.

The apparatus incorporating the electroprecipitator is 
superior in routine work for several reasons. It gives positive 
dissipating of any sulfur trioxide mist; thus, the limitations of 
careful burning are reduced to the one factor, actual burning 
of the organic material. The ozone produced by the pre
cipitator oxidizes any sulfur dioxide to sulfur trioxide. This 
is most important when the sulfate is determined volumet- 
rically with the indicator tetrahydroxyquinone, because 
experience shows that the use of bromine as the oxidizing 
agent gives less accurate results and hydrogen peroxide 
cannot be used (5). If the precipitator is not turned on 
during the run, low results are invariably obtained.

S u m m a ry

Two forms of an absorber which can be used for the 
determination of sulfur by the method of combustion are 
described. One meets the needs of the average laboratory 
and allows more rapid burning of the sample. It is designed 
so that the products of combustion can be washed from the 
absorber without removing the tube from the furnace. 
Sulfur trioxide mist, which once formed cannot be absorbed, 
is eliminated with this type of absorber except in those in
frequent cases where the compound burns very rapidly.

The other absorber meets the needs of routine laboratories 
where a large number of sulfur compounds must be analyzed. 
An electroprecipitator positively dissipates the sulfur trioxide 
mist and any lower oxides of sulfur are oxidized to sulfur 
trioxide because of the formation of ozone. This absorber 
retains the advantages of the one above but allows slightly 
more rapid burning, uses water as an absorbent, and allows 
the titration of the sulfate using the indicator tetrahydroxy
quinone as soon as it is washed from the absorber.
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P r e s e n t e d  before the  D ivision of M icrochem istry a t  th e  98th  M eeting  of 
th e  A m erican Chem ical Society, Boston, M ass. C om m unication No. 751 
from  th e  K odak Research Laboratories.

M icrogram  and M illim icrogram

T HE Committee on Nomenclature, Spelling, and Pronuncia
tion of the A m e r i c a n  C h e m i c a l  S o c i e t y  has approved the 

following recommendation of the Division of Microchemistry:

For 0.001 milligram the term “microgram”, designated by the 
symbol 7 (the word “gamma” should not be used as a substitute 
for “microgram”). For 0.001 microgram, the term “millimicro
gram”, designated by the symbol dit (the term “milligamma” 
should not be used).



Microdetermination of Sulfate Obtained from 
Combustion of Organic Compounds

T etrahydroxyqu inone as an Indicator in  a V olum etric M ethod

L. T. IIALLETT AND J .  W. KU IPERS, K odak R esearch L aboratories, R ochester, N . Y.

W HILE the microgravimetric procedure for the deter
mination of sulfur as barium sulfate is accurate, it is 

tedious and time-consuming. A volumetric procedure ap
proaching the accuracy of the gravimetric procedure would 
be welcomed by analysts who must run sulfur in a large 
number of organic compounds. There are several volumetric 
methods and the authors, during the past 5 years, have 
studied some of the more promising ones:

1. Precipitation of the sulfur as barium sulfate with barium 
chromate, and titration of iodine liberated from potassium iodide 
by the chromic acid formed. The method did not prove reliable 
and the conclusions of Manov and Kirk (5) were confirmed.

2. ter Meulen’s (12) hydrogenation method is accurate, but 
because of the frequent burning out of the coke formed in the 
combustion tube the method is not an ideal routine procedure.

3. Precipitation of the sulfur as benzidine sulfate and subse
quent titration with sodium hydroxide. Unless great care is 
taken to prevent loss of benzidine sulfate through solution while 
washing the precipitate, poor results are obtained (2). The 
method has not been found suitable for routine use here.

Recent studies (6, 8-11, 13) on the use of tetrahydroxy- 
quinone as an indicator in the direct titration of the sulfate 
ion led the authors to study its use in a micromethod for the 
direct titration of sulfur as sulfate, following burning of the 
sulfur-containing compound in oxygen in the regular manner. 
Sheen and Kahler (10) used 0.025 N  barium chloride, but this 
is too high a concentration for microwork. An investigation 
of the errors and color change, using barium chloride solu
tions on the order of 0.01 N,  was therefore necessary. The 
work of Ampt (1), Manov and Kirk (5), and Gibson and 
Caulfield (3) would indicate that the indicator change is not 
sufficiently sharp for microtitration.

A preliminary investigation showed:
1. That a reproducible end point, using 0.01 N  barium chlo

ride in a solution containing 1 mg. of sulfur, could be obtained. 
The operator, however, requires practice in order to detect the 
color change and cannot see the change if the color of the solution 
is observed by reflected light. The use of strong artificial il
lumination when titrating has been suggested by Sheen and 
Kahler (9). However, the exact conditions under which the color 
change is observed are important if the end point is to be readily 
detected. For microwork a ground-glass screen illuminated with 
a 60-watt daylight bulb is employed. A small-sized darkroom 
safelight may be readily converted to serve the purpose. The 
operator with his eye on a level with the solution sees the color 
change best with the light coming through the solution. Ob
served under these conditions and when the flask is tilted back 
and forth, the solution at the end point will have a distinct red
dish hue. It lias been the authors' experience that a sharp 
end point color is not observed if the operator is looking down 
upon the solution as is normally done.

2. The end-point color which is chosen by an operator can 
be reproduced by him, but another operator may or may not 
succeed in selecting the same color. Any one operator can 
easily reproduce the end point to =*=0.05 ml. of 0.01 N  barium 
chloride.

3. A color standard to which the end-point color can be 
matched is absolutely essential for accurate work. After work
ing with dye solutions as color standards, it was found that a 
No. 21 Wratten filter ( 5 X 5  cm., 2 by 2 inches) cemented to the 
ground glass served much better as a standard because of the 
permanence of the color. In this way, it was easier to discern 
when the solution approached the end point. Later, two layers 
were used and the end point was reached when the color of the 
solution matched the color of the two layers of the filter. By 
this means, different operators can titrate to the same end point.

4. Before a definite standard for the color of the end point 
had been established, results on runs of standard compounds, 
when titrating 1 mg. of sulfur, required subtracting 0.10 ml. as 
an indicator correction. This correction had been established 
by the previous work of others.

5. The temperature of the solution to be titrated should be 
15° to 25° C. If the temperature is above 25° C., the color 
change at the end point seems to be less sharp, owing to the de
composition of the indicator (9).

6. The pH should be adjusted from 6.5 to 7.0. A sharper 
and more reproducible end point is obtained if the pH is held 
within these limits.

7. The volume of the alcohol-water solution at the beginning 
of the titration should be 50 =*= 1 ml., and the final volume of the 
solution after it has been titrated should be around 60 =*= 4 ml.

8. When hydrogen peroxide is used in the solution to oxidize 
sulfur dioxide to trioxide, the color at the end point fades much 
too rapidly for precise work. This fading was observed even 
when the peroxide had been decomposed by prolonged heating 
and ordinary chemical tests revealed none present.

9. No fading was observed when bromine was used as the 
oxidizing agent. The excess was removed by heating the 
solution.

After this preliminary work was done, the following points 
seemed to warrant careful investigation:

1. The accuracy of the indicator over a wide range of sulfur 
concentration.

2. The effect on the indicator correction and accuracy of the 
titration when the sulfur oxides obtained from burning pure 
organic compounds were absorbed in 1 per cent potassium 
hydroxide, and bromine was used as the oxidizer.

3. The accuracy of the titration when an electroprecipitator 
was used with the absorber. With this apparatus water was 
used to moisten the absorber and bromine was not added as an 
oxidizer.

These points were carefully studied, using standardized 
sulfate solutions and titrating them under controlled condi
tions and by analyzing organic compounds containing sulfur. 
The compounds were carefully purified and their purity was 
cheeked by analysis for elements other than sulfur. The 
sulfur obtained from these compounds after the combustion 
was determined by using the same procedure as that followed 
in titrating the sulfate solutions. Diphenylthiourea was 
chosen as the key compound in this study because it could be 
obtained pure. It also showed a marked tendency to burn 
rapidly and to form sulfur trioxide mist. An apparatus 
which could burn this compound successfully would therefore 
adequately meet the needs of general routine work.

In such an apparatus (4), two forms of an absorber were 
built to collect the sulfur oxides and two procedures were 
followed in treating the solution washed from the absorber 
before the final titration with 0.01 N  barium chloride.

The indicator used in the present study was the disodium 
salt of tetrahydroxyquinone, dispersed in an organic medium 
(sold under the trade name of THQ by W. H. and L. D. 
Betz, Philadelphia, Penna.). The color of the indicator in 
solution is at first golden yellow and, at the end point, a 
finely divided deep red precipitate, the barium salt of the 
indicator, imparts a distinct reddish hue to the solution.

R ea g en ts
Barium chloride, 0.01 N; hydrochloric acid, approximately

0.02 N; sodium hydroxide, approximately 0.02 N; 1 per cent
360
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F i g u r e  1. D e t e r m i n a t io n  o p  S u l f u r
X . S tandard  potassium  su lfa te  solution trea ted  with brom ine w ater 
O • S tandard  sulfuric acid so lu tion  trea ted  w ith brom ine w ater

potassium hydroxide, bromine water; 95 per cent ethyl alcohol; 
and a solution of equal parts of distilled water and 95 per cent 
ethyl alcohol.

I n d i c a t o r s .  Phenolphthalein, methyl orange, and tetra- 
hydroxyquinone indicator.

P roced u re
B r o m i n e  U s e d  a s  O x i d a n t .  The absorber is moistened with 

1 to 2 ml. of a 1 per cent potassium hydroxide solution. A 
sample containing approximately 1 mg. of sulfur is burned in 
oxygen in the combustion tube, and the oxides of sulfur are rinsed 
from the absorber with 25 to 30 ml. of distilled water. The 
rinse water is collected through the stopcock at the bottom in 
a 125-ml. Erlenmeyer flask. The procedure of Sheen and Kahler
(10) is now essentially followed.

The solution is made acid with 1 N  hydrochloric acid, using 
methyl orange as an indicator, and 1 ml. of bromine water is 
added to oxidize any sulfur dioxide to sulfur trioxide. The 
solution is evaporated to approximately 20 ml., during which 
time the bromine is driven off. The solution is cooled, and the 
pH is adjusted with 0.02 N  sodium hydroxide and hydrochloric 
acid until the pink color of the solution (when the solution is 
basic to phenolphthalein) just disappears (pH = 6.5 to 7.0). 
The volume of the solution is brought up to 25 *  1 ml. and 25 
ml. of 95 per cent ethyl alcohol are added. The solution is 
cooled, if necessary, to between 15° and 25° C. A measured 
scoop (approximately 0.15 gram) of tetrahydroxyquinone in
dicator is added and the solution is titrated with 0.01 N  barium 
chloride. The solution must be constantly shaken as the barium 
chloride is added. The end point is reached when the color of 
the solution matches the two layers of No. 21’Wratten filter and 
persists for at least 3 minutes.

The amount of 0.01 N  barium chloride required to produce the 
color which will match two layers of the filter is 0.20 ml., under 
ideal conditions when no sulfate is present.

No O x i d a n t  A d d e d  (electroprecipitator used with absorber). 
The absorber is moistened with 1 ml. of distilled water. After 
the combustion, the absorber is rinsed with 30 to 35 ml. of a 
solution made by mixing equal volumes of distilled water and 
95 per cent ethyl alcohol. The solution is neutralized with 
potassium hydroxide (approximately 0.1 A0 until added phenol
phthalein indicator turns pink. The pH of the solution is then 
adjusted with 0.02 N  hydrochloric acid until the pink color just 
disappears. The volume of the solution is brought up to 50 ± 1 
ml. by adding the alcohol-water mixture. The solution is cooled 
and titrated as previously described.

The variation in reproducibility of the end point is not over 
=±=0.05 ml. When the sulfur concentration in the solution 
is below 0.5 mg., the end point is not so reproducible. Royer 
(7) also found that it was difficult to obtain a reproducible 
stoichiometric end point unless strict conditions were ad
hered to. Titration of standard sulfate solutions prepared

from sulfuric acid gave him different end points, depending 
upon the base—i. e., ammonium or potassium hydroxide—  
used to bring it to the neutral point. Different stoichiometric 
end points were also found, depending upon the volume of 
titrating solution and the amount of sulfate present. The 
reproducibility under one set of conditions, however, was 
found to be as good as ±0.05 ml. when the colored filter 
(Wratten No. 21) standard was used with the same titration 
procedure.

T a b l e  I .  O r g a n ic  C o m p o u n d s “ U s e d

0.01 N
B aC h

W eight Cor
W eight of rected

of Sulfur, from Sulfur
Sam ple • E lem ents Sam ple Caled. C urve Found Caled.

Mg. Mg. M l. % %
Diphenyl- C H N S 11.0SG 1.55 9 .80 14.17 14.03

thiourea& 3. ISO 0.45 2 .76 13.91
6.630 0.93 5 .81 14.05

15.134 2 .12 13.17 13.95
C om pound I e CHOS 3.186 0.71 4 .43 22 .29 22 .25

6.535 1.45 9 .03 22 .15
C om pound 2 CH NO S 5.604 0 .6 5 4 .03 11.53 11.56

10.6S8 1.23 7.69 11.53
Com pound 3 C H N S 9.714 0 .88 5.54 9 .14 9 .0 7
Com pound 4 CHS 4.951 1.37 8 .5 8 27 .78 27 .72
C om pound 5 CHOS 5.977 2 .28 14.27 38 .27 38.13

2.643 1.07 6 .34 38.45
Com pound 6 C H B rN S 12.617 0 .9 2 5.71 7 .25 7 .2 8

22.140 1.61 10.11 7 .32
Com pound 7 CHC1NOS 10.200 1.01 6 .26 9 .8 4 9 .9 4
C om pound 8 C H IN O S 21.402 0 .99 6 .14 4 .6 0 4 .61
Com pound 9 C H IN O S 12.884 1.029 6 .42 8 .07 7 .99

10.026 0.801 4 .99 8 .0 6

° T he 55 po in ts on the  curve shown in F igure 2 are from  runs  on 12 com -
pounds. R epresentative  figures from some of the  runs a re  shown in th is  
table.

b Average of 28 determ inations, 14.01; m axim um , 14.17; m inim um , 
13.84; 27 ou t of 28 a re  ± 0.14 from theory . 

c Average of 7 determ inations, 22.23.

Table I shows the type of organic compounds run and 
the data from which Figure 2 was drawn. The compounds 
were considered 100 per cent pure, and, as shown by analysis 
for other elements (Table II), for the purposes of this study 
this assumption is justified. Analysis of diphenylthiourea. 
for carbon, hydrogen, and nitrogen showed that this com
pound, with ordinary care, can be obtained in a high state of 
purity.

The standard potassium sulfate and sulfuric acid solutions 
were used as a check on the validity of the curves obtained 
by analyzing the organic sulfur compounds by the method of 
combustion.
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In all the runs on known standard solutions and compounds, 
the theoretical amount of 0.01 N  barium chloride was cal
culated. That found by actual titration was next determined, 
and the difference between these two values was plotted 
against the milligrams of sulfur present in the solution.

T a b l e  II. A n a l y s i s  o f  O r g a n i c  C o m p o u n d s

Sam ple E lem ents N
-F ound— 

C II N
-C a lcd .-

C H

D iphenyl- C H N S
% %

68.4
%

5 .2
% %

68.37
%

5.30
th iourea 68.4 5 .2

Com pound 1 CHOS

12 .*3J 
12.3 
12.2

■ ■ ■. ; 

62 .6 4 .2

12.27

62.46 4 .20
Com pound 2 CH NO S 60.7 5 .4 60.60 5 .46
Com pound 3 C H N S S I . 7 5 .4 81 .53 5 .42
C om pound 4 CHS 67 .8 4 .7 67.48 4 .8 0
Com pound 5 CHOS 49 .7 2 .5 49 .95 2 .4 0
C om pound 6 C H B rN S 9^6 62.9 5 .3 9'.5 62.84 5 .27
Com pound 7 CHC1NOS 44 .7 3 .0 44 .65 3 .13

Com pound 8 C H IN O S
Iodine
18.07

Iodine
18.25

Com pound 9 C H IN O S 31.52 31.64

Two curves are given with all the points shown. One 
shows the type of curve obtained when solutions of standard 
sulfuric acid and potassium sulfate are treated by the pro
cedure outlined, using bromine as the oxidizing agent (Figure 
1). The other curve was obtained from the analysis of 
organic compounds containing sulfur, using the electro- 
precipitator and water as the absorbent; no bromine was used 
as an oxidizing agent (Figure 2). The area marked off by the 
light lines is =*=0.05 ml. of 0.01 Ar barium chloride, which is 
the maximum variation caused by the indicator.

Figure 3 shows these “average correction” curves, together 
with two others obtained in the same manner, drawn on one 
graph for comparison.

A study of Table I and of these curves points to the follow
ing conclusions:

1. The indicator correction depends upon the amount of 
sulfur titrated and the treatment of the solution before titrating.

2. The reproducibility of the end point is within ±0.05 ml. 
of 0.01 N  barium chloride. Figure 3 shows a curve (No. 3) for 
pure potassium sulfate. These titrations wrere carried out under 
ideal conditions because no foreign ions were present, and no 
adjustment of pH was necessary. In the twenty-six points 
from which this curve was drawn, in the range 0.3 to 2.4 mg. 
of sulfur, two fall outside the area =¡=0.05 ml. (1.9 mg. of sulfur 
off the curve 0.08 ml.; 2.2 mg. of sulfur off 0.1 ml.). These 
two points are at concentrations of sulfur which are more difficult

to titrate because of the dilution caused by the 0.01 N  barium 
chloride.

3. For routine work, the range 0.5 to 2.0 mg. of sulfur should 
be used. While points on the curves are shown below and above 
this range, it has been found difficult to go below 0.5 mg. because 
an error of even ±0.05 ml. is too great for the accuracy desired. 
On the high side, above 2.0 mg. of sulfur, the dilution caused by 
adding over 12 ml. of barium chloride solution and the greater 
concentration of finely divided barium sulfate appear to be 
important factors in changing the end-point color, so that accurate 
work is made more difficult. The most satisfactory amount of 
sulfur for routine work in the range 15 to 20 per cent of sulfur 
is 0.5 to 1.0 mg.; in the range 20 to 35 per cent, 1.0 to 2.0 mg.

4. In Figure 3 where four curves are shown, curves 1 and 2, 
representing solutions treated by the procedure using bromine 
as an oxidant, fall together. The points from which curve 1, 
Figure 3, was drawn were obtained by analyzing diphenylthio- 
urea (thirty-three runs) and one other compound (four runs). 
Out of the thirty-seven runs, thirty-five were within ±0.25 
per cent of theory. The range of sulfur concentration is 0.5 
to 2.2 mg. Where water and the electroprecipitator are used, 
curve 4 coincides with that obtained under the most ideal con
ditions where pure potassium sulfate is titrated (curve 3). In 
Figure 1 the points on the curve show greater variation from 
the mean than in Figure 2 where water and the electroprecipitator 
method are used. Where the solutions are evaporated to remove 
bromine, there is some chance of mechanical loss during this 
operation.

5. This study shows that when bromine is used as the oxidiz
ing agent, to determine sulfur in organic compounds by the 
method of combustion, the maximum variation in precision from 
the average 13.97 per cent is +0.29 to —0.17. In accuracy, the 
maximum variation is +0.23 to —0.29 from the theoretical
14.03 per cent. The values were obtained by two operators. 
This would indicate that, with a well-trained operator, the 
average accuracy and precision would be ±0.25 per cent.

When the electroprecipitator and water as an absorbent are 
used, the maximum variation in precision is +0.15 to —0.18 
from the average 14.02; in accuracy, +0.15 to —0.19 from 
14.03. The values were obtained by three operators. The 
range of sulfur concentration in these determinations was 0.5 
to 2.0 mg. Taking into consideration the runs made on other 
compounds, the average accuracy and precision of the method 
appear to be ±0.15 when the percentage of sulfur is 14.

If a sample weight is' chosen with respect to the percentage 
of sulfur present, this accuracy can be obtained over the range 
5 to 35 per cent sulfur.

Table I also shows results obtained with a variety of com
pounds and combinations of elements including halogens. 
Iodine in the compound causes excessive mist formation 
when the electroprecipitator is used, possibly owing to the 
combination of iodine and ozone. Results for sulfur, how
ever, do not seem to be adversely affected, since the twin 
precipitators do not allow any mist to escape.
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F i g u r e  3 . A v e r a g e  C o r r e c t io n  C u r v e s

1. Sulfur in organic com pounds, brom ine w ater used a3 oxidizing agent
2. S tandard  su lfu ric  acid trea ted  by  sam e procedure as in  curve 1
3. S tan d ard  potassium  su lfa te  solution, d irec t titra tio n , no oxidizing tre a tm e n t
4. Sulfur in  organic com pounds, using e lectroprecip itator

An oxidizing agent is not required when the electro- 
precipitator is used. The formation of ozone by the pre
cipitator provides an oxidizing atmosphere. Low results 
are always obtained if the precipitator is turned off during 
a run.

The average time per determination for a series of twelve 
to fourteen runs, including .calculating and weighing, is 30 
to 35 minutes. This speed is possible only when an auto
matic combustion furnace is used, in which case the work is 
so coordinated that titrating, weighing, and calculating are 
carried out while the sample is burning. It has been found 
that the time of the 30-minute schedule should not be de
creased if the operator is to perform consistent work day 
after day. This also holds true for other determinations.

Both methods normally require about the same burning 
schedule—15 minutes for burning and 5 minutes for sweeping, 
a total of 20 minutes. However, when the apparatus (4, 
Figure 1) is used, compounds are sometimes encountered 
which require slower burning to prevent mist formation. 
This, coupled with the fact that because an electroprecipita
tor is not used, bromine must be used as an oxidizer and 
time must be allowed to remove it by heating the solution, 
will increase the average time per determination by about 
20 per cent.

It is hoped that others will use this method and check 
the findings of this study, especially in regard to the indicator 
correction. The indicator color change is sufficiently sharp 
and reproducible when the color filter is used as a standard 
for comparison.

The indicator correction is an empirical one, and the change 
of correction with increasing amounts of sulfur is difficult to 
explain logically. The amount of 0.01 N  barium chloride 
which must be added to obtain the correct color at the end 
point is about 0.20 ml. In the range 0.5 to 2.0 mg. of sulfur, 
this amount is not subtracted and, in the higher concentra
tions, the titer is below that required. While the presence 
of finely divided barium sulfate does, no doubt, influence the 
color, its presence cannot wholly account for the behavior of 
the indicator.

In the hands of four operators in the microanalytical 
laboratory, over a period of 2 years, results have been ob

tained which compare favorably with the gravimetric pro
cedure. The method, using the electroprecipitator, is now 
being applied for regular routine work in analyzing all types 
of organic compounds.

Sum m ary
The conditions under which tetrahydroxyquinone may be 

used as an indicator in the determination of sulfur, using 
0.01 N  barium chloride, are described. Two procedures, 
together with correction curves for the indicator, are given; 
the one using bromine as the oxidizer of sulfur dioxide to 
sulfur trioxide is less rapid and accurate than the other. 
The accuracy and precision in analyzing a sample containing 
14 per cent from theory vary ±0.25 per cent, where the 
amount of sulfur determined is 0.5 to 2.0 mg. The other 
method, using an electroprecipitator before and after the 
absorber, does not require the addition of an oxidizer. This 
method is better for routine work because the sulfur as sul
furic acid may be washed from the receiver and titrated 
directly. The precision and accuracy in analyzing a sample 
containing 14 per cent sulfur vary ±0.15 per cent from 
theory.
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Determination of the Carbon Content 
of Organic Materials

A Sim ple M icrom ethod
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T HE oxidizing agents which iiave been used for the de
termination of carbon include permanganate (7), iodate

(14), dichromate (11), and persulfate (IS). Of these, dichro
ma te has probably received the most attention. Nicloux (11), 
one of the first to investigate its possibilities, developed a 
comparatively rapid method for the analysis of organic com
pounds in the solid state or in solution.

Since the original work of Nicloux, many attempts have 
been made to modify or improve this procedure. Boivin (2) 
has so modified the method as to eliminate the difficulties in 
regard to combustion. Other workers, notably Friedmann 
and Kendall (<?), Adams (1), Pollard and Forsee (12), and 
Kirk and Williams (9), have attempted to improve the method 
through the design of more suitable apparatus and methods 
for measuring carbon dioxide.

Both gravimetric and volumetric methods have been used 
to determine the carbon dioxide. Because of the nature of 
the gases (or vapors) evolved from the reaction mixture, a 
volumetric procedure is probably the more suitable of the 
two. The Pettenkofer (10) method, one of the simplest 
methods for the measurements of carbon dioxide, has re
ceived little attention in connection with this procedure (4); 
for this reason an apparatus which embodies the Pettenkofer 
principle has been devised, making it possible to decrease the 
time and operative skill required for this analysis.

A p p aratu s
The apparatus is illustrated diagrammatically in Figure 1. 

The reaction vessel, A  (total volume 6 ml.), was constructed from 
a No. 11 standard taper joint and a capillary stopcock. The 
pressure-regulating unit, C, consisted of a three-way stopcock, 
a gas reservoir, and a leveling bulb. Mercury was used as a 
confining fluid. Complete combustion was ensured by means of 
the slow combustion pipet, D (3).

The train was equipped with two U-tubes, B and E, which 
served to control the rate of gas flow. The absorption flask, F, 
for the analysis of the carbon dioxide was designed from a 250-ml. 
Erlenmeyer flask, No. 20 standard taper joint, and a capillary 
stopcock.

A tubular rheostat (not shown) was connected to a 110-volt 
circuit, and when used as a potential divider, provided a usable 
source of current for heating the platinum spiral of the slow com
bustion pipet.

P roced u re
The reaction vessel, A, is charged with 2 to 5 mg. of organic 

matter (weighed in a platinum boat) and sufficient dichromate 
(small crystal) to constitute approximately a 100 per cent excess 
and the system is flushed with carbon dioxide-free air. Closing 
capillary stopcock a, the three-way stopcock, b, is opened to 
permit the flow of emitted gases into the gas reservoir which is 
maintained at a slight vacuum by means of the leveling bulb.

The carbon dioxide flask (filled with carbon dioxide-free air) 
is then charged with 5 ml. of standard 0.1 N  barium hydroxide 
(measured with an automatic pipet), partially evacuated, and 
then connected to the other arm of U-tube E. One milliliter of 
concentrated (carbon-free) sulfuric acid is introduced into the 
reaction vessel by means of stopcock a. The charge is now ready 
for combustion.

Stopcock a and the standard taper joint of A are lubricated with 
concentrated sulfuric acid.

By means of an electrically heated phosphoric acid bath (5) 
the temperature of the reaction chamber is kept between 165° 
and 185 C. for 20 to 30 minutes. The gases which are generated 
during this time pass through B, containing 1 ml. of 50 per cent 
sulfuric acid solution, to the gas reservoir, I'. At the completion 
of the heating operation, the charge is cooled, and 2 ml. of water 
are introduced into the reaction chamber through a. An Ascarite 
tower is then connected to the apparatus and sufficient carbon 
dioxide-free air is flushed through to sweep all the carbon dioxide 
into the gas reservoir. The platinum coil of the slow combustion 
pipet is brought to a fairly red heat. The gases are then slowly 
passed through U-tube E  (charged with 1 to 2 ml. of acidified 
permanganate solution) to the evacuated flask, F. Absorption 
flask F is directly connected through stopcocks a and 6 to a 
source of carbon dioxide-free air, brought to atmospheric pressure, 
then removed and allowed to stand for 20 minutes (to ensure 
complete absorption of carbon dioxide). Five milliliters of ace
tone to improve the end point are introduced and the excess 
barium hydroxide is titrated with 0.05 N  hydrochloric acid (using 
a microburet) to the thymol blue end point. The amount of 
carbon dioxide produced can be calculated from these data and 
the results obtained from the blank run.

To prevent diffusion of air into the flask during the titration, a
rubber sheet (such as used for 
a dental dam) was loosely fitted 
over the mouth of the flask. 
The tip of the buret was in
serted through a small hole in 
the rubber. This arrangement 
kept out all the air without 
complicating the procedure.

The hydrochloric acid used 
for this determination was 
standardized with the carbon 
dioxide evolved from the com
bustion of succinic acid by 
the above procedure. The 
normality of the acid obtained 
in this manner was 0.0553, and 
by iodate standard it was
0.0555.

D iscu ss io n  an d  R e su lt

From the results in Table
1, it is apparent that this 
method for the determination 
of carbon dioxide compares 
favorably with that of Boivin 
and of Kirk and Williams.
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T a b l e  I. D e t e r m i n a t i o n  o p  C a r b o n
0.0553 C C

Substance Sam ple iV HC1 Found Caled. E rro r
Mg. M l. Mg. M g. P . p. 1000

P otassium  acid 4.366 6 .18 2.050 2.054 2
p h th a la te 4 .262 6 .05 2.001 2.005 2

C innam ic acid 2.754 6.01 1.994 2.006 6
2.884 6.25 2.074 2.072 1

Succinic acid 4 .838 5.93 1.963 1.963
4.924 6.02 1.997 2.003 *3
4.830 5.S9 1.955 1.964 5

Vanillin 3.939 7 .46 2.477 2.4S7 5
3.169 6 .03 2.001 2.001
2.876 5 .45 1.815 1.808 *4

Benzoic acid 2 .768 5 .78 1.913 1.905 4
2.574 5 .37 1.782 1.771 6
3.047 6 .34 2.104 2.097 4

Sucrose 5.205 6 .60 2.190 2.192 1
4.935 6 .25 2.077 2.078 1
5.474 6 .81 2.260 2.305 22

Since it eliminates the possibility of contamination by the 
carbon dioxide of the atmosphere and the filtration of barium 
carbonate, it is less complicated and requires considerably 
less time.

Most carbon hydrogen and oxygen compounds can be oxi
dized with dichromate (1, 2, 6, 8, 9, 12).

Nitrogen-containing compounds (6) such as acetanilide, 
pyridine, nicotinic acid, and leucine are quantitatively oxi
dized under the conditions here specified, the nitrogen re
maining as ammonium sulfate. Ammonia is not oxidized even 
at temperatures as high as 200° C.

Halogen compounds are readily oxidized by dichromate
(15). By slightly modifying the directions (using potassium 
iodide solution in U-tube B) the carbon content of these com
pounds should be easily determined. The combustion of 
sulfur-containing compounds has not been investigated in 
this laboratory.

By slightly modifying the technique and conditions (to fit 
the circumstances) this method can be applied to the measure
ment of the carbon content of physiological fluids, soils, and 
the alkali reserve of the blood.
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Determination of Iron in Liquid Food Products
H . L . R O B E R T S , C . L . B E A R D S L E Y , AND L . V . T A Y L O R , JR ., A m e r ic a n  C a n  C o m p a n y ,  M a y w o o d , 111.

T HE importance of the determination of iron in foods and 
other biological material is reflected in the number of 

methods for estimation of the metal reported in the literature 
during recent years (2-6). Some of these methods, such as 
those of Stugart (6) and Jackson (4), have been proposed for 
determination of iron in all biological materials. Other 
methods (2, S, 5) are reported as adaptable to specific food 
products or groups of food products.

The choice of a precedure for estimation of iron is properly 
a matter for individual determination by the particular labora
tory concerned. Besides the usual requirement that the 
method be reliable within the range of iron content of the ma
terials being analyzed, other factors often govern the type of 
procedure to be used. Thus the iron method selected must 
frequently not only, be rapid, but also adaptable to the type 
and amount of material available for analysis. In addition, 
the procedure must often be capable of execution with existing 
laboratory facilities and be of such a nature as not to interfere 
with other work of the laboratory. It is therefore not sur
prising that available procedures for the quantitative estima
tion of iron in foods may not always satisfy the above imposed 
requirements.

The Stugart procedure, which is a colorimetric method using 
potassium thiocyanate and the principle of dry-ashing, had 
been used with considerable success in this laboratory. How
ever, because of a program which required the rapid handling 
of a large number of samples, and because of limited dry-ash
ing facilities, this procedure was not found applicable to 
existing laboratory conditions. In addition, the amount of 
material available for analysis was frequently small. Conse
quently, the method described herein, which incorporates the

basic principles of the Stugart procedure, was developed. 
This method differs from the Stugart procedure in that a 
sample of approximately 10 grams is employed; a wet-ashing 
procedure which is more rapid than dry-ashing is used; and 
the procedure for hydrolysis of pyrophosphates is eliminated. 
Although special microdigestion equipment is required for ash
ing, the procedure as outlined has been found to combine ac
curacy with speed and is not subject to interference by other 
metals and compounds in the amounts in which they normally 
occur in liquid foods.

The present procedure has been applied only to fluid prod
ucts which can be readily mixed so as to obtain a homogeneous 
sample. The method has given good results with products 
such as citrus juices, grape juice, tomato juice, coffee, beer, 
and ginger ale. With slight modification, it can also be ap
plied to liquid products relatively high in carbohydrate and 
protein, such as milk.

P rep aration  o f  S tan d ard  Iron  S o lu tio n s

A stock iron solution is prepared by dissolving exactly 0.5000 
gram of pure iron wire in 20 ml. of 25 per cent sulfuric acid. 
Solution of the wire is facilitated by the addition of 6 ml. of con
centrated nitric acid. After the wire has completely dissolved 
the resulting solution is evaporated to white fumes, cooled, 
transferred quantitatively to a volumetric flask, and diluted to 
100 ml. From this stock solution, working standards containing
0.01 and 0.02 mg. of iron per 10 ml. of solution are prepared. 
Sulfuric acid should be added to the latter standard solutions so 
that they will contain 150 ml. of concentrated sulfuric acid per 
liter. These working standards are transferred by pipet to 
separatory funnels, diluted to volume, and handled in the same 
manner as the unknown sample.
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F i g u r e  1 . A r r a n g e m e n t  o p  A s h i n g  E q u i p m e n t

of the flask opening is exposed and thus 
introduction of reagents into the flask 
during ashing is permitted. The escape 
of fumes into the room is prevented by 
application of compressed air to the 
aspirator connected with the fume tube.

If frothing occurs during evaporation, 
2 drops of caprylic alcohol may be 
added. The glass bead should remain 
in the flask during both evaporation 
and digestion. After dehydration, 1 
ml. of concentrated nitric acid is added 
and the flask is heated gently, either 
on the warm heater or over a gas 
burner, to start reaction. After the 
initial violent reaction has subsided, 2 
ml. of concentrated sulfuric acid are 
added and digestion is begun. As the 
digestion proceeds, 3- to 4-drop incre
ments of concentrated nitric acid are 
added to ensure an excess of this acid 
for complete oxidation of all organic 
material, as evidenced by production of 
a clear or straw-colored solution after 
digestion. The increments are con
veniently added by use of a special 
buret shown in Figure 2, and usually a 
total of about 4 ml. of nitric acid is re
quired.

T a b l e  I .
Food P roduct 

Beer

Brew ed coffee

I r o n  R e c o v e r i e s  p r o m  F o o d  P r o d u c t s

M ilk

T om ato  juice

Pineapple  juice

G rapefru it juice

Lem on juice

Fe A dded F e  R ecovered Recovery
P . p. m. 1 M  xerograms P. p. m. Micrograms %

None 0 .83 8 .3
0 .2 0 2 .0 1.04 10.4 ió i
0 .5 0 5 .0 1 .32 13.2 99
0 .7 0 7 .0 1.51 15.1 99
1.00 10.0 1 .86 18 .6 101
N one 0.21 2 .1
0 .20 2 .0 0 .4 2 4 .2 ió i
0 .4 0 4 .0 0 .61 6.1 100
0 .6 0 6 .0 0 .77 7 .7 95
0 .8 0 8 .0 1.00 10 .0 99
1.00 10 .0 1.21 12.1 100
N one 0 .43 4 .3
0 .20 2 .0 0.65 6 .5 iÓ2
0 .40 4 .0 0 .84 8 .4 100
0.60 6 .0 1.04 10 .4 101
0 .8 0 8 .0 1 .24 12.4 101
1.00 10 .0 1 .46 14 .6 101
None 5 .08 25 .4
1.00 5 .0 6 .10 30 .5 ióó
2 .00 10 .0 7 .0 8 35 .4 100
3 .00 15.0 8 .02 40 .1 99
4 .0 0 20 .0 9 .0 0 4 5 .0 99
5 .0 0 25 .0 9 .9 6 4 9 .8 99
None 4 .2 6 21 .3
1.00 5 .0 5 .27 26 .4 iÓ2
2 .00 10.0 6 .18 30 .9 96
3 .00 15.0 7 .25 36 .3 100
3 .00 15.0 7 .47 37 .4 107
4 .00 2 0 .0 8 .2 8 41 .4 100
N one 2 .54 12.7
0 .5 0 2 .5 3 .06 15 .3 ió i
1 .00 5 .0 3 .54 17.7 100
1 .50 7 .5 4 .04 20 .2 100
2 .00 10.0 4 .4 6 22 .3 96
2 .5 0 12 .5 5 .02 25.1 99
None 1.41 7.1
0 .5 0 2 .5 1.92 9 .6 ióó
0 .7 5 3 .8 2 .1 8 10.9 100.
1.00 5 .0 2 .32 11 .6 90
1 .50 7 .5 2 .84 14.2 95
2 .00 10.0 3 .14 15.7 86

P rocedure
A s h i n g .  Approximately 10 grams of the sample—or an 

amount estimated to contain not more than 40 micrograms of 
iron—are weighed differentially into a 30-ml. micro-Kjeldahl 
flask containing a glass bead and evaporated almost to dryness 
on the electric digestion microheater (Laboratory Construction 
Co., micro electric heater No. 2250). Construction of a fume 
tube for this equipment has been described by Blair (2), and 
Figure 1 shows the details of arrangement.

The digestion rack consists of a frame on which a fume tube is 
mounted in such a manner that the flasks when placed on the 
heater and supported by the fume tube will rest at an angle of 
about 45 °. It is important that the neck of the flask barely enter 
the fume tube. By such an arrangement approximately one half

F i g u r e  2

After complete digestion, the solution is cooled, and the 
nitrosylsulfuric acid is hydrolyzed by the addition of 2 to 3 ml. 
of water, and heated to white fumes. This hydrolysis is then re
peated, and the solution is cooled, diluted to about 20 ml., 
thoroughly cooled again, and finally transferred with washings 
to a 125-ml. separatory funnel.

For beer and ale, the above ashing procedure is used, except 
that the initial addition of nitric acid is 3 ml. For milk, 1 ml. of 
nitric acid is added prior to dehydration. The flask should be 
gently heated and tapped during the dehydration procedure, re
moved from the burner when frothing occurs, and cooled. Two 
milliliters of sulfuric acid are then added and the ashing is com
pleted as described above. Nitrosylsulfuric acid cannot be re
moved by the usual hydrolysis procedure; the calcium of the milk 
precipitates as the sulfate in the diluted solution, causing super
heating with possible explosions. A drop by drop addition of 1 
ml. of Superoxol (30 per cent hydrogen peroxide) to the W'arm 
concentrated sulfuric acid solution, however, will completely de
compose the nitrosylsulfuric acid and from that point on the 
procedure outlined above may be followed.

E x t r a c t i o n  o f  I r o n  a n d  C o l o r i m e t r i c  C o m p a r i s o n .  T o  
the sample in the s e p a r a t e l y  funnel, diluted to 95 ml. with cold 
water, one drop of approximately 0.10 N  potassium permanga-
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T a b l e  I I . I r o n  R e c o v e r i e s  i n  t h e  P r e s e n c e  o p  O t h e r  
M e t a l s

E lem en t
A dded

Iron
A dded

Iron
Recovered D eviation Recove

M icro
grams

M icro
grams

Micro
grams

Micro
grams %

T in 5 .0 5 .0 5 .0 0 100
5 .0 5 .0 5 .0 0 100

5 0 .0 5 .0 5 .0 0 100
50 .0 5 .0 5 .0 0 100

500.0 5 .0 5 .1 + 0 .1 102
500 .0 5 .0 5 .0 0 100

Alum inum 5 .0 5 .0 5 .0 0 100
5 .0 5 .0 5 .1 +  0 .1 102

10.0 13 .3 13 .0 - 0 . 3 98
50 .0 5 .0 5 .2 +  0 .2 104
5 0 .0 5 .0 5 .0 0 100
50.0 11 .4 11.9 + 0 .5 104

100.0 11.4 11.7 +  0 .3 102
Lead 5 .0 5 .0 5 .2 +  0 .2 104

5 .0 5 .0 5 .0 0 100
5 .0 5 .0 5 .0 0 100
5 .0 5 .0  ’ 4 .9 - 0 . 1 98

50 .0 5 .0 5 .1 + 0 .1 102
5 0 .0 5 .0 5 .1 + 0 .1 102
50 .0 5 .0 4 .8 — 0 .2 96

Zinc 10 .0 26 .3 25 .0 - 1 . 3 95
50 .0 8 .2 7 .9 - 0 . 3 96

100.0 8 .8 8 .5 - 0 . 3 97
100.0 5 .1 5 .6 + 0 .5 110
100.0 5 .2 5 .8 + 0 .6 112
100.0 5 .5 5 .3 - 0 . 2 96
100.0 5 .2 5 .6 + 0 .4 IOS
100.0 13 .7 14.1 + 0 .4 103
100.0 15.0 14.6 - 0 . 4 97
100.0 14.0 14.7 + 0 .7 105

Nickel 500 .0 5 .0 5 .1 + 0 .1 102
500.0 5 .0 5 .0 0 100

Copper 2 .0 6 .5 6 .5 0 100
2 .0 13.5 14.1 + 0 .6 104
5 .0 4 .4 4 .3 - 0 . 1 98
5 .0 13.5 14.0 + 0 .5 104

20.0 13.5 13.0 - 0 . 5 96
20 .0 13.5 13.3 - 0 . 2 98
4 0 .0 13.5 13.1 - 0 . 4 97
4 0 .0 13.5 13.0 - 0 . 5 96

Calcium 100.0 7 .2 7 .8 + 0 .6 108
Sodium 100.0 7 .2 7 .7 + 0 .5 107

pyrophosphate  100.0 7 .2 7 .2 0 100
100.0 7 .2 7 .6 + 0 .4 106

1000.0 20 .0 20 .0 0 100
1000.0 2 0 .0 19.8 - 0 . 2 99
1000.0 20 .0 20 .0 0 100

Calcium  10,000 and  phos- ) 9 .7 a 10.3 + 0 .6 106phorus 10,000 as pyro- [ 
phosphate  )' 9 .7 a 10.3 + 0 . 6 106

4 Iron  added as ferric pyrophosphate.

nate is added, the solution is mixed, and 10 ml. of isoamyl alcohol 
are then accurately added, followed by the addition of 5 ml. of 
20 per cent potassium thiocyanate solution. The funnel is shaken 
vigorously for 30 seconds, the mixture allowed to separate, and 
the water layer drawn off. A suitable portion of the alcohol 
layer is drawn into a colorimeter cup, care being taken to exclude 
any droplets of water, and comparison is made with the standard.

Iron  R ecoveries fro m  F ood  P ro d u cts
In Table I are listed the percentage recoveries of iron from 

various fresh or bottled liquid food products to which the 
method has been applied. The iron was added before ashing.

In t h e  P r e s e n c e  o f  O t h e r  M e t a l s .  The possible inter
ference of metals which may be present in foods has been 
studied by their addition to pure iron solutions. In this 
manner, zinc, copper, aluminum, tin, and even the less 
common metal, lead, in amounts greater than are usually 
found in foods have been found to be without interference. 
Likewise, calcium and phosphorus are apparently without 
effect upon the accuracy of the method.

E ffect o f  A cid  C o n cen tra tio n  o n  D ev e lo p m en t o f  
F erric  T h io c y a n a te  C olor

In order to compare the intensity of color developed in 
solutions which have been acidified with hydrochloric acid 
with those acidified with sulfuric acid, a study of this re
lationship was made. A neutral standard iron solution was 
acidified with varying concentrations of the acids in question

and the color developed and compared with the standard in 
the usual manner.

It was found that the weakest acid solution used developed 
the most color and, conversely, the stronger acid solution de
veloped the less intense color. For a given molarity of acid 
during the extraction with isoamyl alcohol, sulfuric acid pro
duced a more intense color than hydrochloric acid.

The intensity of color of a standard made according to the 
Stugart method (3 ml. of hydrochloric acid) compares favor
ably with that of a standard made as previously described 
(1.5 ml. of sulfuric acid). This latter concentration was 
arrived at by assuming a loss of 0.5 ml. of sulfuric acid during 
the ashing procedure.

C om p arison  o f  H yd roch loric  A cid  an d  W et-A sh in g  
H yd rolysis

The Stugart method (6) makes use of a hydrochloric acid 
hydrolysis to break down any pyrophosphate present in the 
solution. In order to compare the effectiveness of the wet- 
ashing procedure for hydrolyzing pyrophosphates with the 
Stugart method, triplicate samples of ferric pyrophosphate 
were analyzed by both methods.

Table III shows the results of this test. The data listed 
indicate that the wet-ashing hydrolysis employed is as effec
tive in hydrolyzing pyrophosphate as the hydrochloric acid 
procedure specified in the Stugart method.

T a b l e  I I I . I r o n  R e c o v e r e d  b y  H y d r o c h l o r ic  a n d  S u l f u r i c  
A c id  H y d r o l y s is

H ydrochloric Acid 
H ydrolysis 
M  icrograms

11.2
10.4
11.6

Av. 11.1

W et-A shing 
Micro grams

11.3
10.5
11.7
11.2

N o H ydrolysis 
M  icrograms

9 .8
9 .7
9 .9
9 .8

T a b l e  I V .  I r o n  C o n t e n t  o f  L i q u id  F o o d  P r o d u c t s

F ru it Juice

Orange juice (fresh)
Lemon juice (fresh)
G rapefru it juice (fresh)
P ineapple juice (bottled)
Apple juice (bottled)
G rape juice (bottled)
T om ato  juice (fresh)
P rune juice (bottled)
C ider (hard) (bottled)
C herry  juice (canned)

M iscellaneous 
Brewed coffee (fresh)
W hole m ilk (bottled)
Beer (bottled)
Ale (bottled)
English beer (canned)
English ale (canned)
E vapora ted  milk (canned)
G inger ale (bottled)

°  M axim um  value om itted  in  average,

N um ber 
of Sam ples M axim um M inim um A verage

P . p. m . P .  p. m. P . p. m.
4 10.7 1 .2 1 .5 a
2 1 .7 1.4 1.6
4 2 .5 1 .0 2 .0
1 4 .2
2 1 0 > 5 .7 8 .2
4 3 .1 1.6 2 .0
6 33 .0 5 .1 6 .4 °
1 5 5 .0
1 1 .0
I 9 .0

3 0 .30 0 .1 5 0 .21
2 0 .42
S 0 .2 2 0!07 0 .1 5
2 0 .4 0 0 .3 0 0 .3 5
2 5 .0 1.7 3 .4
4 4 .2 0 .3 7 1 .4

26 2 .0 1.0 1 .5
7 0 .50 0 .3 0 0 .4 0

A ck n o w led g m en t

The authors wish to acknowledge the helpful criticisms and 
suggestions furnished by Miss Mignon Gill and R. H. Lueck 
of this department.
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A Color Test for Elementary Sulfur
In P yrid in e and O ther Solvents

H E R M A N N  S O M M E R , G e o rg e  W il l ia m s  H o o p e r  F o u n d a t io n ,  U n iv e r s i ty  o f  C a li fo rn ia ,  S a n  F r a n c is c o ,  C a lif .

P y r id in e  is  a n  ex ce llen t so lv en t for  
cry sta llin e  a n d  a m o rp h o u s su lfu r . O n  
a d d itio n  o f  a sm a ll a m o u n t  o f  aq u eo u s  
a lk a li to  a s o lu t io n  o f  su lfu r  in  p y r id in e , 
colors are o b ta in ed  ■which a llow  a ro u g h ly  
q u a n tita t iv e  e s t im a tio n  o f  th e  a m o u n t  o f  
su lfu r  p resen t. A s l i t t le  as 2 m icrogram s  
in  1 cc. m a y  b e  d e te c te d  b y  a l ig h t  b lu e  
color.

I N' WORKING with alkaline pyridine solutions a blue- 
green coloration was accidentally observed which could 

be traced to contamination of the solvent by elementary 
sulfur from the rubber stopper. From this observation the 
following color reaction for sulfur was worked out. To the 
knowledge of the author there is, at present, no simple test 
for elementary sulfur.

A subsequent search of the literature revealed that a similar 
although less sensitive test had been proposed many years 
ago.

In 1894 Gil (4) discovered the blue color produced by poly
sulfides in boiling alcohol. Orloff (6) mentioned acetone as sol
vent in the Gil reaction. The limit of sensitivity as given by 
Gil is 430 micrograms of sulfur per 50 cc. of alcohol. Another 
type of color test was described by Schoenberg (11), who used 
benzylimido-(p-methoxyphenyl)-methane to detect free sulfur in 
minimum amounts of 40 micrograms. In the test of Zmaczynski
(14) iron sulfide is formed in glycerol in the presence of levulose. 
Like all tests with heavy metals, sucli as plumbate or mercuric 
chloride, this reaction is not particularly sensitive for free sulfur—
i. e., of the order of 100 micrograms per cc. [In connection 
with these studies, however, it was found that in the presence 
of pyridine as little as 10 micrograms per cc. of free sulfur give 
a visible reaction with doctor solution (sodium plumbate)]. 
With regard to Thornton and Latta’s test for free sulfur in petro
leum distillates (12) using cottonseed oil, carbon disulfide, and 
pyridine, it is interesting to note that pyridine is essential for 
the production of this color also, a fact which Gastalt (3) pointed 
out, in improving the original Halphen reaction (6) for cottonseed 
oil.

S o lu b ility  o f  S u lfu r  in  P y r id in e
That pyridine is an excellent solvent for sulfur does not seem 

to be generally known, although Raflo and co-workers (5, 9) 
made use of the affinity of pyridine for free and organically 
bound sulfur. In an approximate solubility determination 
100 cc. of pyridine were found to dissolve 1.13 grams of 
sulfur at room temperature (approximately 20° C.). At the 
boiling point (115° C.) 4 cc. of the solvent will readily dis
solve 1 gram of sulfur. Pyridine has the advantage over 
carbon disulfide and other solvents that it also dissolves the 
amorphous modification. On cooling, the sulfur is deposited 
in crystalline form, entirely soluble in carbon disulfide or 
toluene. By means of pyridine, amorphous sulfur may thus 
readily be transformed into the crystalline forms. On slow 
cooling large crystals may be obtained.

P rocedure
The pyridine should be water-clear and remain so on boiling 

with strong alkali. It should be kept in a glass-stoppered bottle; 
samples which give a discoloration with alkali are likely to have 
been contaminated by sulfur. Small amounts of water or 
ammonia do not interfere in the qualitative test, but must be

removed for more accurate work. The sulfur used was prepared 
from sodium thiosulfate and hydrochloric acid.

The material to be tested for elementary sulfur is extracted 
with hot pyridine and the solution is filtered if necessary. One- 
tenth volume of 2 N  sodium hydroxide is added to the filtrate 
and after brief shaking at room temperature the color of the 
pyridine layer is noted immediately.

As indicated in Table I, the presence and approximate 
amount of sulfur are demonstrated by a blue, green, olive- 
brown, or brown-red color. With sodium carbonate or 
sodium bicarbonate instead of sodium hydroxide the color 
develops only on boiling and shows various intensities of blue 
over the entire range of sulfur concentrations. The colora
tion fades within a few minutes. The presence of about 
10 per cent of water is essential; greater dilution causes a 
diminution of the color. The amount of alkali necessary to 
bring out the maximum color is proportional to the amount 
of sulfur. The limit of sensitivity is of the order of 2 micro
grams of sulfur per cc.

T a b l e  I. C o l o r s  O b t a i n e d  w i t h  S u l f u r  i n  P y r i d i n e
(1 cc. of pyridine w ith 0.1 cc. of 2 N  sodium  hydroxide or sa tu ra ted  sodium  

bicarbonate)
C oncentration  of «■-----------------------Color D eveloped----------------------->

Sulfur in Pyrid ine W ith  N aO H  W ith  NaHCOa
1:100 

1:1,000 
1:10,000 

1:100,000 
1:300,000 
1:500,000 

1:1,000,000

D eep red-brown 
D ark  olive-green 
Greenish blue 
L igh t sky  blue 
T race  of blue 
Questionable 
No color

D eep greenish blue 
D ark  P russian  blue 
Strong blue 
Sky blue 
Very ligh t blue 
Very fa in t blue 
Q uestionable

For the demonstration of sulfur in amounts of 10 micrograms 
or less the use of sodium bicarbonate has been found somewhat 
more advantageous. To 1 cc. of the pyridine solution of the 
unknown, 0.1 cc. of saturated aqueous sodium bicarbonate is 
added. The resultant mixture is boiled for a few seconds and 
observed immediately for color. The crystalline sodium bicar
bonate which is deposited under these conditions forms a conven
ient white background for the visual observation of the blue 
color. For colorimetric comparison by transmitted light, in the 
presence of small amounts of sulfur, the saturated bicarbonate 
solution can be replaced by one of l/100th saturation which 
gives a clear solution with pyridine. An approximation to the 
quantity of sulfur present can best be obtained by serial dilution 
of the unknown and comparison with known standards prepared 
simultaneously. The progressive fading is evidently the main 
obstacle to an accurate determination.

S p ec ific ity
The reaction is positive with free sulfur and substances 

containing loosely bound sulfur, such as sodium and am
monium polysulfides. No color is given by sodium sulfide, 
sodium thiosulfate, sodium hyposulfite, and similar com
pounds. Elementary selenium and phosphorus likewise 
show no color. The pyridine may be replaced by other alka
line organic solvents such as aniline or triethanolamine, but 
a high sensitivity is obtained only with pyridine or quinoline. 
Triethanolamine and other aliphatic amines may also replace 
the inorganic alkali.

In ter feren ce

Some organic solvents, especially carbon disulfide and 
hydrocarbons, inhibit the reaction, evidently by disturbing 
the solubility equilibrium. The lower alcohols do not inter
fere and may be used instead of water in the test. That 
chloroform and other polyhalogenated hydrocarbons cannot 
be present is evident, since these compounds give purple

368
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colors with a mixture of alkali and pyridine (1,2,10). Traces 
of free halogens give brown colorations.

N a tu r e  an d  M ech a n ism  o f  T est
In an investigation of color as a function of the degree of 

dispersion of colloids, Ostwald (7) demonstrated the existence 
of blue sulfur in hot glycerol and paraffin, and found that it 
was due to the most highly dispersed colloidal form of sulfur, 
von Weimarn (18) extended the experiments to a series of 
other solvents and discussed various kinds of colloidal and 
molecular sulfur of many different colors.

Based on these earlier experiments, it is logical to assume 
that the colors obtained in the reaction herein described are 
due to colloidal dispersion of the sulfur in the aqueous pyr
idine. It is assumed that the sulfur is in molecular solution 
in pyridine; by the addition of water it is aggregated into a 
milky colloidal form. In the presence of alkali the colored 
forms appear, the highest dilution giving the most highly dis
persed blue form. Increasing concentrations of sulfur give 
rise to the increasingly less disperse green and red colors. 
Whether the pyridine or the added alkali enters into the 
colored product, a question which has been variously dis
cussed in the case of ammonia and caustic alkalies, cannot be 
decided here. The fading of the color apparently is due to 
oxidation of the sulfur to thiosulfate; on vigorous shaking 
in the presence of air, the colored reaction mixture takes up

oxygen until the color has completely faded. The resulting 
solution then gives the reactions for thiosulfate but not for 
sulfide ions.

U se  o f  R ea ctio n
The color reaction has been tested in this laboratory by 

demonstrating free sulfur—e. g., in ultramarine, in rubber, 
in certain drugs and insecticides, and in matches. Pyridine 
has been found useful for the extraction of sulfur on numerous 
occasions, as in the analysis of heavy metals for the separa
tion of sulfur from the sulfide precipitates.
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Photographic Silver-Gelatin Paper as a Reagent 
in Spot Analysis1

G . S C H W A R Z , G c v a e r t  P h o to - P r o d u c te n  N . V ., A n tw e rp , B e lg iu m

P h o to g r a p h ic  p a p e r  d e v e lo p e d  to  c o m p le te  b la c k 
n e s s  b e c o m e s  m o r e  b r ig h t ly  r e f le c t in g  u p o n  d ip 
p in g  in  h o t  w a te r .  T h is  b r ig h te n in g  is  p r e v e n te d  
b y  a ll  m e r c a p ta n s  a n d  s e le n o  a lc o h o ls ,  b y  c e r t a in  
h e te ro c y c l ic  s u b s ta n c e s  c o n ta in in g  im in o  g ro u p s ,  
b y  s a l t s  o f  t h e  n o b le r  m e ta ls  s u c h  a s  s ilv e r , b y  
io d id e s ,  a n d  b y  s u b s ta n c e s  w h ic h  e a s ily  s p l i t  o ff 
s e le n iu m  o r  t e l l u r iu m .  O n  t h i s  r e a c t io n  is  b a se d  
a  m ic r o a n a ly t i c a l  t e s t  fo r  th e s e  s u b s ta n c e s  w h ic h  is  
h e r e  d e s c r ib e d  in  d e ta i l  a n d  th e o r e t i c a l ly  d is c u s se d . 
T h e  r e a c t io n  is  c a r r ie d  o u t  w i th  a  d r o p  o f  th e  t e s t  
s o lu t io n ;  t h e  l im i t i n g  c o n c e n t r a t io n  is  o f  t h e  
o r d e r  o f  m a g n i tu d e  o f  1 to  100,000. T h e  m e th o d  
h a s  b e e n  e x te n d e d  to  t h e  d e te c t io n  o f  o t h e r  s u b 
s ta n c e s ,  a n d  a  f u r t h e r  in c r e a s e  i n  t h e  s e n s i t iv i ty  
o f  t h e  r e a c t io n  is  p o ss ib le .

T HE drying of photographic pictures in heated presses 
strongly decreases their contrast, depending upon the 

temperature and other working conditions (2). This phe
nomenon, undesired in photography, can be prevented by 
means of surface changes in the silver particles—i. e., by 
changing into a silver compound, by covering with a nobler 
metal, or by adsorption of quite different substances on the 
surface of the silver. For this such a small amount suffices 
that application of this behavior of the silver of photographic 
paper to analytical purposes appears promising. The re
sults so far obtained, although in no way complete, may be of 
interest in microchemical analysis.

1 T ransla ted  by  D . W eiblen, U niversity  of M innesota, M inneapolis, M inn.

P rin c ip les o f  th e  M eth od
As was mentioned (2), the decrease of the blackening of a 

photographic picture which has been dried by heat depends 
upon a change of the structure of the silver caused by the 
heat and pressure. The action of heat is the important factor. 
In the drying process the effect of pressure is important only 
in so far as it prevents rapid evaporation which results in a 
cooling. Obviously the change in structure consists in a 
decrease of the degree of dispersion of the silver, and a conse
quent marked increase in reflecting power. The decrease 
in the degree of dispersion occurs not only as the result of 
agglomeration of the single particles, but also as a result of a 
partial crystalline coalescing. The irreversible nature of 
the change favors this assumption.

The increase in reflecting power brought about by the

F i g u r e  1
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T a b l e  I .  C o m p o u n d s  T e s t e d

L im iting C oncen tration  
A lkaline Acid 

Substance Fo rm ula  m edium  m edium
D im ercapto- N— N

H S— & C— SH
thiadiazolo   |j_   1:100,000 1:100,000

iV -phenylm ercapto- N— N. . .  " II
C— SH

Y
N— NA ÄY

te trazo ie  J| _  1:500,000 1:500,000

A llylam inom ercapto-
thiadiazole

N—  N  1:100,000 1:500,000

H S— (Ü Ä— N H — C jH jY
R hodanine H jC — S 1:100,000 1:20,000

o A  .SH

B enzylidene- ^>CH— C— S 1:100,000 Insoluble
rhodanine

F i g u r e  2

heat-drying process takes place before the pictures are really 
dry—that is, while they are yet moist—for if pictures are 
dried without heat, the contrast is not decreased upon subse
quent heating without moistening. To attain brightening it is 
not necessary to dry the photographic papers; exposure in a 
moist condition to heat, as for example, by dipping for a few 
seconds in hot water, is sufficient. The change of the re
flecting power rapidly reaches a maximum value, as seen in 
Figure 1, for an arbitrarily chosen temperature of 70° C. 
In Figure 2 is given the change of the reflecting power with 
the temperature upon dipping for 5 seconds. In order to 
obtain a sufficiently distinct change of reflecting power, dip
ping for at least 5 seconds in water heated to at least 75° C. 
suffices; exceeding this time and this temperature is without 
effect over a wide range.

The brightening becomes greater with increasing blacken
ing. Surprisingly, it was found that in the region of over
exposure, where the blackening no longer increases, the bright
ening produced by heating does not proceed continuously, but 
tends to a maximum value. This behavior is seen in the 
blackening curve of a developed silver chloride paper (Figure 
3) before (A) and after (B) heating. From this follows the 
simple rule that for the analytical application of this bright
ening, somewhat overexposed papers should be used.

Exposure

F i g u r e  3

The choice of the kind of paper is in no way critical, so 
long as one uses silver chloride or slightly sensitive silver 
chloride-bromide paper, such as Ridax, Velox, Vittex, etc. 
Of these the harder grade is always the more suitable. The 
photographic industry is striving to produce papers which are 
resistant to heat as far as possible; at the present time, how
ever, the blackening of no paper withstands dipping into hot 
water. The gelatin layer of most papers is sufficiently hard
ened to withstand boiling water for several seconds. Glossy 
papers are recommended, since matt materials may interfere.

C yclopentylidene-
rhodanine

Cyclohexylidene-
rhodam ne

1:500,000 1:200,000

1:100,000 1:200,000

1 : 100,000 1 : 100,000

1 : 100,000 1 : 100,000

1:2000

1 : 100,000 1 : 100,000

1 : 1,00 0 ,000  1 : 20 0 ,0 0 0

HaC— C -------- C— S

H 2i  ¿H * 0 ¿  SH

1 : 100,000 1 :20,000

1:100,000 1:20,000

M ercap to-
benzim idazole

M ercap to -
benzothiazole

Phenyldithiobiazolone
su lfhydrate

N -phenylm ercapto-
thiadiazole

4-Phenylth iourazole

2-Thio-4-m ethyl-
uracil

T h iobarb itu ric  acid
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T a b l e  I. C o m p o u n d s  T e s t e d  ([Cord’d)

Substance
Thiolactic  acid 

(a-m ercapto  
propionio acid)

Thioglycolio acid 
(m ercapto 
acetic acid)

Form ula
CH»

¿ H S H

¿O O H

CH jSH

¿O O H

L im iting C oncentration  
A lkaline Acid 
m edium  m edium

1 : 100,000 1 : 20,000

a-Sulfhydryl- 
cinnam ic acid 
(a-m ercapto  cinnam ic acid

^ >— C H = C — COOH 1:100,000 1:20,000

Thiosem icarbazide

D iphenylth iocarbazone 8(1^ 
\

HsN—  CS— N H — N H . 

N H — N H -< 3

D ithiooxam ide

Thioacetanilide

Thioacetam ide

Selenoacetam ide

T hiourea

Phenylth iourea 

Selenourea

o-Am inothiophenol

o-Aminoselenophenol

Thioacetic acid 

C ysteine

Cystine

Thiosalicylic acid

D ithiosalioylic acid 

Selenosalicylic acid

Diselenosalicylic acid

N— CH jN — CS— CS— N H i

1 : 2 0 ,0 00  1 : 100 ,000

1:100,000 1:100,000

1:500,000 1:100,000

N il— CS—  C H i 1:100,000 1:5000

H iC — C— N H i

So

H jC— C— N H i

HsNY
H ,l/

o N H — CS— N H i

H jN

f̂cSe
Hjl/

H jC— C— SH

1 :20,000  1 :1000

1 : 100,000 1 :10,000

1 : 100,000 1 :1000

1:50,000 1:50,000

1:50,000 1:50,000

1 :100,000 1 :100,000 

1 :100,000 1 :100,000

1 :20,000  1 :20,000

H S— C H i—C H — COOH 1:100,000 1:100,000

[S— C H î— CH N H s— C O O H ]. 1:20,000 1:20,000

-C O O H  1:100,000 1:100,000

-S H

1:5000S—S— 1: 5000 

OOH ¿O O H

1 : 100,000 1 : 100,000
V -C O O H  

-S eH

< Z > - s - s

¿O O H

1:5000 1:5000

Substance
Potassium

xanthogenate

1:100,000 1:100,000 BenIotrittIo le

5-Chlorobenzo-
triazole

5-N itrobenzo-
triazole

1,2-N aphthotriazole

N itrobenzim idazole

Adenine

° 2Nf/NV ~^

Benzimidazole

Chlorobenzim idazole

1,2-N aphthim idazole

G uanine

A m inotetrazole

U ric acid

H istidine

OOH

OîNf' ï—N 

N

HC '̂b—N
A A ¿H
Y  Y h

INH¡
N

H jN — c Y —n

¿  A ¿H 
V Y h 

Lh

n—n

Il C—NHi
Y h

CO
Híí—fc—NH

. od A ¿o
Y Y h

COOH CH—N
h ¿—h ¡c—A Ah 

n h . Y h

L im iting C oncen tration  
A lkaline Acid
m edium  m edium

W ith o u t reaotion

1:50,000 N o reac
tion

1:200,000 N o reac
tion

1:200,000 1:2000

1:200,000 No reac
tion

No reac- N o reac
tion  tion

1:1000 N o reaction

1:5000 N o reaction

1:2000 No reaction

1:100,000 N o reaction

1:100,000 N o reaction

1:20,000 No reaction

N o reaction  N o reaction

N o reaction  N o reaction
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T a b l e  I. C o m p o u n d s  T e s t e d  (C o n c 'd )

Substance Form ula

L im iting C oncentration  
A lkaline Acid 
m edium  m edium

C H 2

1 1
H N  N H

> 0

B arb itu ric  acid N o reaction N o reaction

2,4-Thiazoledione

OII
T

~
°\«

ó
-o

>
 

K 
IIO

No reaction N o reaction

Saccharine A t * N o reaction N o reaction

P rep a ra tio n  o f  R ea g en t P aper

The kind of paper found suitable after a few preliminary 
tests is fully exposed by artificial light or daylight (Figure 3) 
and is developed without any further precautions against 
fight for as long as is approximately necessary for the pro
duction of the image upon that kind of paper. For this the 
usual developer and fixing baths are used.

D eveloper
Grams Grams

f  M ethylam ino phenol su lfa te  
ydroquinone 

Sodium  sulfite, crystalline

2 Sodium  carbonate, crystalline 50
5 P o tassium  brom ide 1

50 W ater to  m ake to  1 lite r

F ixing B ath
Sodium  th iosu lfa te , crystalline 
Sodium  bisulfite

200
20

W ater to  m ake to  1 lite r 
F ixing tim e, ab o u t 10 m inutes

Copious amounts of the developer and fixing baths are used and 
the used baths are poured away. The paper is then washed, first 
about 1 hour in flowing tap water, and finally with distilled water 
which is changed many times. The paper is allowed to hang 
free, is dried in clean air, and is then cut in the usual form of re
agent papers. The paper thus prepared is stable indefinitely. 
To test the reagent paper, a piece is dipped halfway into water 
at 70° to 80° C. In about 3 to 5 seconds a very distinct decrease 
of the blackening must be visible.

C arrying O u t th e  R ea c tio n
A small drop of the solution to be examined is placed upon 

the dry reagent paper and may be allowed to evaporate, or after 5 
minutes the excess may be removed with a strip of filter paper. 
The reaction is more sensitive in the first case. The strip is then 
dipped, using tweezers, into hot water at 70° to 90° C. The reac
tion is positive if the spot upon which the drop was placed is 
black against a gray background. The used reagent paper can 
be dried and kept as a permanent record of this reaction.

Tables I and II list the compounds tested as above.

A p p lica tio n  o f  R ea c tio n

Compounds which form slightly soluble silver salts give 
positive results, since according to the Paneth-Fajans 
adsorption rule these compounds can be easily adsorbed on 
silver. Among the organic compounds these are, first of all, 
the mercaptans, and in addition a number of substances 
containing the heterocyclic imino group. The mercaptans 
can be distinguished with fair certainty from the heterocyclic 
imino substances, since they give the reaction in acid as well 
as in alkaline medium, while the imino substances do not 
give the reaction in acid medium, although if present in very 
high concentration they may occasionally react. This be
havior is in good agreement with the adsorption rule, since 
the mercaptans form slightly soluble silver salts in both acid 
and alkaline medium, while the imino substances do this

only in neutral or best in alkaline medium. The reaction can 
accordingly be designated as strictly specific for mercaptans.

In the iodoazide reaction described by Feigl (1) we have a 
very valuable test for mercaptans, yet fairly large amounts of 
substances which combine with iodine interfere. Thiosul- 
fates do not show the reaction with silver-gelatin paper, but 
clearly react with iodoazide solution. Substances with a 
SeH— group, such as selenophenol, give a positive reaction 
in contrast to the iodoazide reaction. Many other divalent 
sulfur-containing substances also give the reaction; it is prob
able, however, that these react only in a tautomeric sulfhydryl 
form (thiourea, rhodanine, thioacetamide).

Disulfides formed by the oxidation of mercaptans, as well 
as diselenides formed from seleno alcohols, likewise give a 
positive reaction, although with these substances the sensi
tivity is greatly decreased. 'Whether the disulfides are ad
sorbed on the silver by secondary valence effects, or whether 
they still contain some mercaptan or substances which could 
be transformed into mercaptans, has not yet been determined. 
In the author’s experiments in the presence of reducing sub
stances the test for mercaptans has occasionally been more 
sensitive, probably because of the reduction of disulfides to 
mercaptans.

The presence of heterocyclic imino substances is recognized 
by a positive reaction in alkaline and a negative reaction in 
acid medium. However, the reaction is not applicable to all 
substances in this group, for, surprisingly, the imidazoles 
react only very weakly. A >CO group in the ortho posi
tion to an imino group interferes with the test, since these 
substances do not form slightly soluble silver salts—i. e., 2,4- 
thiazoledione, barbituric acid, uric acid, etc.

Among the inorganic substances the strong reaction of 
iodides is remarkable, in contrast to the inactivity of the 
other halides. Substances which easily split off selenium or 
tellurium likewise give a sensitive reaction. In addition, 
the salts of noble metals and mercuric ions react, the latter 
only weakly.

T a b l e  II.
Substance

P otassium  iodide 
P o tassium  brom ide 
Potassium  chloride 
P otassium  fluoride 
Sodium  th iosulfate 
Sodium  selenosulfate 
Sodium  selenite 
Sodium  te llu rite  
Sodium  selenosulfide 
Silver n itra te  
C hloroauric acid 
C hloroplatinic acid 
M ercuric n itra te  
M ercurous n itra te

C o m p o u n d s  T e s t e d

Lim iting  C oncentration
1:100,000 
No reaction  •
N o reaction 
No reaction 
No reaction
1:50,000 )•  -, r
l : 2 0 W m ‘^R rf„ennoe of 1:20,000) % Na!Sj° 3 
1:20,000 
1:1000 
1:500,000 
1:20,000 
1:5000 
N o reaction

The specified limiting concentrations are in no way exact, 
but serve merely as a first approximation. If the test solu
tion is allowed to dry on the reagent paper without removing 
the excess with filter paper, a sensitivity five times greater 
than the values given here is obtained. Further experiments 
are in progress to make a more sensitive reagent paper. 
Although the method described is one of the most sensitive 
of microanalytical methods the experiments so far per
formed indicate that it may be possible to increase the sensi
tivity five- or tenfold.

The reaction with silver-gelatin paper allows still other prac
tical applications—for example, the detection of sugar, ascor
bic acid, etc. More will be reported concerning this upon 
completion of the experiments.

L itera tu re  C ited
(1) Feigl, F., “ Qualitative Analyse m it Hilfe von Tupfelreaktionen” ,

3rd ed., Leipzig, Akademische Verlagsgesellschaft, 1938.
(2) Schwarz, G., Phot. Ind., 31, 317 (1933).



Determination of Carbon Disulfide in Air
By M eans o f  Copper and D iethylam ine in  2-M etlioxyethanol

FREDERICK F. MOREHEAD, American Viscose Corporation, Roanoke, Va.

T HE development of a satisfactory micromethod for the 
determination of carbon disulfide in air has been espe

cially desirable for use in the viscose rayon industry, where the 
problems involved are not only those of hygiene, but also of 
the efficiency and economy of ventilating systems, the detec
tion of leaks, etc.

The chief limitations of both volumetric and colorimetric 
modifications of the generally accepted xanthate method (4) 
for carbon disulfide in gas mixtures are that they require the 
aspiration of such large volumes of air (56,000 ml., 2 cubic 
feet, or more) for the extremely small concentrations usually 
found in practice, and that excessively large blank corrections 
are necessary.

F i g u r e  1. N e w  T y p e  o f  A b s o r p t i o n  B u l b

The recently published procedures (1, 2,3, 6, 7), based upon 
the production of a yellow or golden-brown coloration by the 
action of carbon disulfide on diethylamine in the presence of 
copper ions, are considerably more sensitive and accurate 
than the xanthate methods, but the colors obtained in ethanol 
are rather unstable and subject to fading. However, the 
present author has discovered that the 2-methoxyethanol re
cently recommended by Winsor (S) as a reaction medium in 
the colorimetric thiocyanate method for iron is also ideal for 
the determination of carbon disulfide by the eopper-diethyl- 
dithiocarbamate reaction. The color obtained in this med
ium is not only more intense than that produced in ethanol, 
but is also stable for 24 or even 48 hours. Further, only com
paratively small samples (100 to 1000 ml.) are necessary with 
this modification.

A p p aratu s
The absorption train first used in this investigation con

sisted of three Huff (5) five-bulb tubes blown from 6-mm. 
tubing, the first two being sealed together and the third at
tached by a ground-glass joint. Tliis type proved satis
factory so long as the rate of aspiration did not exceed 5 ml. 
per minute; but in the course of the work it became necessary 
to sample at the rate of 50 ml. per minute or more. Hence,

a new absorption tube which can easily be constructed by 
the average amateur glass blower was designed to incorpor
ate the following desirable features: small volume; provi
sion for intimate contact between gas and liquid; very low 
resistance to the flow of gas; and ease of complete washing 
with small volumes of liquid.

A small bulb, 10 to 15 mm. in diameter, is blown about 2 cm. 
from the end of a 12- to 16-cm. length of 1-mm. Pyrex capillary 
tubing; and the other end is sealed to a 6- to 7-cm. piece of 10- 
mm. Pyrex tubing (Figure 1). Small indentations are placed in 
the tubing near the joint, to prevent the filling of 3-mm. solid 
glass beads from dropping down and sealing the capillary. Next, 
a 3- to 4-cm. length of 7-mm. Pyrex tubing is sealed on, the 10- 
mm. section is nearly filled with beads, and the joint between the 
two is constricted to prevent them from falling out when the tube 
is inverted. Finally, the capillary tubing is bent to an angle of 
60° near the joint for ease in washing, and to some convenient 
obtuse angle near the other end, as shown in Figure 1. The out
let tube may also be bent to an angle if desired. This single ab
sorption tube may be used alone in many cases, or in connection 
with a purification train. Resistoflex tubing, obtainable from the 
Resistoflex Corporation, Belleville, N. J., is a satisfactory sub
stitute for ground-glass connections.

Figure 2 shows a convenient arrangement for rapid sampling of 
small volumes of air.

A Klett colorimeter was used in this investigation, the 2-ml. 
microcups being employed.

R ea g en ts
2-MethoxyethanoI, obtained from the Carbide and Carbon 

Chemicals Corporation under the name of methyl Cellosolve. 
If not colorless, it may be rendered so by distillation in glass.

Diethylamine, 1 per cent by volume in 2-methoxyethanol, ob
tained from the Eastman Kodak Company. The product boiling 
at 55-56° C. was found to be satisfactory.

Cupric acetate, 0.1 per cent by weight in 2-methoxyethanol.
Cupric sulfate, 5 per cent by weight in water, for removal of 

hydrogen sulfide in the purification train. Lead acetate paper 
may be substituted.

F i g u r e  2 . M e t h o d  
f o r  T a k i n g  R a p id  

S a m p l e s
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T a b l e  I. A n a l y s i s  o f  K n o w n  A i e - G a s  M i x t u r e s
C arbon
Disulfide

T aken
Micrograms

7 .89
14.58
28.60

C arbon
Disulfide

Found
Micrograms

8 .03
14.54
28.36

Difference
Microgram

0 .14
- 0 . 0 4
- 0 . 2 4

T a b l e  II. A n a l y s i s  o f  A i r  S a m p l e s  E n c o u n t e r e d  i n  
P r a c t i c e

C arbon Disulfide Found
Copper-

X an th a te diethylam m e
m ethod m ethod Difference

Micrograms Micrograms Microgram
7 .5 0 8 .02 0.52

10.60 10.20 - 0 . 4 0
11.20 11.50 0 .30
12.00 11.80 - 0 . 2 0
15.20 14.95 - 0 . 2 5

Sulfuric acid, c. p ., concentrated, for the purification train. 
Other drying agents may be substituted.

Carbon disulfide, c. p .,  redistilled, f o r  the preparation o f  stand
ards.

E x p er im en ta l P roced u re
When hydrogen sulfide is present, it must be removed by ab

sorption in 5 per cent cupric sulfate solution, or by passing over 
lead acetate paper, since copper sulfide would otherwise be pre
cipitated in the copper-dietnylamine reagent. The gas stream 
is then dried by sulfuric acid or other suitable desiccating agent; 
if hydrogen sulfide is absent, the entire purification train can 
often be omitted. The reaction tube itself should contain 1 ml. 
of the diethylamme reagent, plus 2 drops of the 0.1 per cent cupric 
acetate solution.

To make a determination, a known volume of air is aspirated 
through the apparatus, followed by 100 ml. of carbon disulfide- 
free air when the purification train has been used, to sweep the 
latter free from carbon disulfide. Then the reaction mixture is 
rinsed into a 2-ml. calibrated flask and made up to the mark 
with 2-methoxyethanol. At the same time a suitable standard, 
containing 5 to 20 micrograms of carbon disulfide, is prepared, 
using the same quantities of reagents; and after 20 minutes, 
they are compared in the colorimeter.

T y p ica l R e su lts
Several milligram lots of carbon disulfide were weighed in 

sealed bulbs on a microbalance, and broken in a 12-liter 
bottle. After allowing sufficient time for the gas to dif
fuse through the bottle, samples were withdrawn and ana
lyzed. The results in Table I show good agreement with 
the theoretical values, for the small amounts involved.

D iscu ss io n
The reaction was found to be almost instantaneous when 

used as directed. It was observed in a number of runs using 
the Huff (5) tubes on air containing small quantities of carbon 
disulfide that the yellow color was produced only in the first 
bulb, and that there was practically no spray carried over 
into the second. When ethanol was used as the reaction 
medium, it was necessary to increase the number of tubes 
to take care of both the spray carried over and the appar
ently slower rate of reaction.

In comparing the intensities of colors produced in ethanol 
and in 2-methoxyethanol, using 20 micrograms of carbon di
sulfide in each case, colorimeter readings were 20.0 and 13.5 
mm., respectively, showing an increase of 67.5 per cent in 
intensity for the latter.

Standards containing 20 micrograms of carbon disulfide 
in 2-methoxyethanol matched similar freshly prepared stand
ards even after 48 hours; longer standing produced some 
fading.

The sensitivity of the reaction was not appreciably af
fected by as much as 20 per cent of water in the mixed re
agent, but fading was much more rapid in this case; for this

reason, it is usually desirable to insert a drying tube in the 
train, even in the absence of hydrogen sulfide, which of course 
must be removed.

Passage of large volumes of carbon disulfide-free air 
through the mixed reagent caused no blank, nor did it 
affect the intensity of color produced by the addition of a 
known amount of carbon disulfide.

F i g u r e  3 . D e t e r m i n a t i o n  o f  C a r b o n  D i s u l f i d e
U nknow n se t a t  20.0 m m ., 2-ml. m icrocups used.
R eading  for s tan d ard , m icrogram s of carbon disulfide: O , 20; 1.10; +.5.

The most satisfactory range for this method proved to be 
from 1 to 30 micrograms, higher concentrations than these 
giving colors too dense for accurate comparison. The curves 
in Figure 3 for standards containing 5, 10, and 20 micrograms 
of carbon disulfide, respectively, show that Beer’s' law is 
obeyed satisfactorily for the entire range recommended in 
this paper. Proportional parts of these standards were 
taken, the unknown being placed in the colorimeter cup set at 
20.0 mm., and then matched by the standard.

S u m m a ry
The copper-diethylamine method for the determination of 

carbon disulfide has been made sufficiently sensitive for the 
determination of low concentrations in reasonably small 
samples of air by the use of 2-methoxyethanol as the reac
tion medium. Very good agreement with Beer’s law has 
been shown, and the results compare favorably with those 
obtained by the xanthate method when used on air. A new 
and very satisfactory type of absorption tube is described. 
The investigation is being continued with the object of im
proving the apparatus and technique, and of adapting it to 
the determination of copper.

L itera tu re  C ited
(1) Callan, T ., Henderson, J . R ., and Stafford, J . t J. Soc. Chem Ind.,

51, 193-4T (1932).
(2) Conn, L. W., Johnson, A. J., Trebler, H. A., and Karpenko, V.,

I n d . E n g . C h e m ., A n a l. E d ., 7, 1 5 -2 3  (1935).
(3) D ept. Sci. Ind . Research, Leaflet 6, London, England, Stationery

Office (1939).
(4) Desy, G., Proc. Am. Gas Assoc., 1927, 1440-1.
(5) Huff, W. J., J. Am. Chem. Soc., 48, 81-7 (1926).
(6) Snell, F . D., “ Colorimetric M ethods of Analysis” , New York,

D. Van N ostrand Co., 1936.
(7) Tishler, N ., I n d .  E n g .  C h e m ., Anal. E d .,  4, 146 (1932).
(8) Winsor, H. W., Ibid., 9, 453-5 (1937).

P e e s k n t id  before th e  D ivision of M icrochemiBtry a t  th e  97th  M eeting  of th e  
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New Chemical and Metallurgical Engineering 
Building at Purdue University

J . L. BRAY, P u rdue  U niversity, W est L afayette , Ind .

T H E  new building for the School of Chemical and M etal
lurgical Engineering a t  Purdue University was completed 

in the fall of 1939 and will be dedicated a t  the Regional M eet
ing of the A m erican  C hem ical S o c ie ty  to  be held on June 15, 
1940, in cooperation w ith the American In stitu te  of Chemical 
Engineers and the American In stitu te  of Mining and M etal
lurgical Engineers. The building, made possible in its present 
form through a PW A gran t of $271,584, represents an invest
m ent of about $600,000, bu t a great deal of equipment in  the 
way of evaporators, stills, filter presses, dryers, etc., was 
available from the old laboratories. N ot only is i t  the newest 
and largest structure of its kind in the country, bu t it embod
ies m any original features of design and construction.

The building will eventually take the form of a quadrangle, 
of which only a little more than one L has now been completed. 
The front (220 X 36 feet) and short wing (54 X 54) have four 
stories and an attic, and the longer wing (186 X 54) has a 
basement, giving a total floor area of 78,952 square feet. It is 
of heavy reinforced concrete construction (many of the 
laboratories being designed for loads in excess of 200 pounds 
per square foot) with a rough brick facing, tile roof, and 
Indiana limestone trim. Approximately 120 per cent more 
space can be provided by completing the quadrangle and 
adding a large laboratory or lecture hall or a small four-story 
building in the space now occupied by a parking area.

U n i t  O p e r a t i o n s  L a b o r a t o r y .  Enrollment in this school 
has increased very rapidly in the last few years; a laboratory 
built along conventional lines to take care of the 120 to 160 
students ordinarily enrolled in the summer session, would 
have been unduly large. Space has been conserved by 
erecting, in the main laboratory, only the large semicom

mercial units such as the evaporator, rectification column, 
batch stills, dryers, filter presses, etc. This laboratory, 
which extends through two stories, is 72 X 50 feet with a 
mezzanine 72 X 32 feet, offering 5900 square feet of work
ing space. Beneath it in the basement is a large storage 
space where small equipment, such as pumps, tanks, pipe 
assemblies, blowers, etc., can be stored and brought up to the 
main laboratory, by means of a 2-ton electric crane through an 
8 X 6  foot hatch for study or the erection of semicommercial 
units. Both the main floor and the mezzanine are water
proofed by means of a diaphragm. The laboratory, lighted 
by windows on three sides and provided with very flexible 
service connections, constitutes an unusually commodious 
and well-equipped unit.

A large control laboratory with chemical desks, hoods, and 
a balance room, accommodating 96 students, is provided on 
the second floor. Here the students carry out analytical work 
in connection with the manufacturing processes that are a part 
of the laboratory course.

Report writing is carried on in four computation rooms 
distributed about the building, since it has been found to be 
more effective to carry this out in groups, as a self-contained 
course, than to allow students to write up reports at home.

U n i t  P r o c e s s e s  L a b o r a t o r y .  This laboratory, for 
chemical technology, covers 54 X 80 feet on the third floor. 
It consists of eight individual research laboratories along the 
side, each accommodating two graduate students. The re
mainder of the space is taken up by pilot^plant hydrogenators, 
sulfonators, esterification units, nitrators, etc., permitting the 
extension of small-scale laboratory work to semiplant operation 
for general instruction as well as research. A large hood is

P y r o m e t r y  L a b o r a t o r y  
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1. E s t é r i f i c a t i o n  U n i t  i n  
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U p p e r  L e f t . C o r n e r  
o f  U n i t  O p e r a t i o n s  

L a b o r a t o r y

U p p e r  R i g h t . G r i n d 
i n g  R o o m

L o w e r  R i g h t . F u s i o n  
K e t t l e , R e d u c e r , a n d  
S u l f o n a t o r  i n  U n i t  

P r o c e s s  L a b o r a t o r y

provided at one end. To accommodate an autoclave (de
signed for a pressure of 3500 pounds per square inch at 350° C.) 
as well as for carrying out hazardous reactions in any semi
commercial unit, a safety room built of 0.5-inch armor plate 
is provided at the other end of the laboratory.

P r o d u c t i o n  M e t a l l u r g y .  One innovation is space on 
the ground floor devoted to a very flexible concentrating plant 
with a capacity of about 300 pounds of ore per hour. The 
ore can be crushed on the first floor in Blake and gyratory 
crushers or rolls and then dropped through the floor into a 
terraced room. On the different levels (about 16 inches 
apart) are Hardinge mills, classifiers, sand pumps, jigs, tables, 
conditioners, flotation apparatus, thickeners, etc., permitting 
wide variations in the kind of treatment. The floor is sealed 
off by a lead pan to avoid leaks, and connections are made 
through floor drains to a large settling tank in the basement, 
so that a close material balance can be made for mill runs.

A second feature is an 8 X 12 inch rolling mill in the base
ment with a motor-generator control offering a wide variation 
in speed. This mill is equipped with a pressure meter and a 
variety of rolls, so that both hot and cold rolling can be carried 
on for undergraduate instruction as well as for research 
projects. In the summer session, the students in metallurgi

cal engineering refine steel in an electric furnace, reheat the 
billets, and roll them into shapes for examination in the 
courses in physical metallurgy and metallography of the senior 
year. Such work improves morale, heightens interest, and 
serves to correlate these fundamental metallurgical courses.

On the first floor is a production metallurgy laboratory 18 X 
39 feet in area equipped with a 1200-ampere motor-generator 
set furnishing current at 55 to 120 volts, a 35-kva. high- 
frequency melting furnace, a small rotary kiln, and a variety 
of arc, resistance, and gas furnaces for the roasting and cal
cining of ores and the reduction, refining, and melting of 
metals.

Three high-temperature stacks are provided, each 12 X 16 
inches in area—two for assay and production metallurgy and 
one for the billet furnace. These offered a design problem 
since, for esthetic reasons, the administration did not care to 
expose them outside the building. To avoid overheating im
portant structural members, the stacks are built double and 
cooled by air, and, to ensure stability and provide for expan
sion, are enclosed in a frame of angle irons.

On the ground floor is an 18 X 46 foot laboratory for fire 
assaying, equipped with twelve gas-fired muffle furnaces; 
adjoining are rooms for the parting and weighing of buttons.
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E l e c t r o m e t a l l u r g y  a n d  E l e c t r o c h e m i s t r y .  In these 
laboratories on the second floor are chemical desks, a storage 
battery, and motor generator sets. A switchboard furnishes 
direct current (2 to 120 volts) to any one of 48 stations. This 
current may be derived from the large storage battery (60 
cells), when constant voltage is desired, or from one of the 
motor-generator sets for power purposes. One motor genera
tor furnishes 500 amperes with which it is possible to refine 
copper, lead, and zinc and operate an aluminum pot.

P h y s i c a l  M e t a l l u r g y  a n d  M e t a l l o g r a p h y .  These 
laboratories, which occupy most of the second floor, are laid 
out on the production principle. The crude metal samples, 
after being sawed and rough ground, pass successively through 
laboratories devoted to paper polishing, wet polishing, etch
ing, microscopic examination, photography, dark-room proc
essing, x-ray examination, dilatometric and physical testing, 
and heat treatment. These laboratories are well equipped 
with 24 student microscopes, two Bausch & Lomb and one 
Leitz research microscopes, and a wide variety of apparatus 
for x-ray examination, physical testing, and heat treatment. 
There is also a pyrometry laboratory, 18 X 47 feet, excep
tionally well equipped with apparatus for the measurement 
of temperatures and with gas and electric furnaces.

C l a s s r o o m s  a n d  O f f i c e s .  More than half of the first 
story is devoted to offices, a library, a mimeograph room, and 
two conference rooms. Four classrooms and a large design 
room are provided on this floor, while on the third floor are 
three more classrooms, a student society room, and a large 
lecture room with seats for 156 students. This lecture room 
is provided with a fully equipped chemical lecture desk and an 
automatic lantern, is wired for sound, and has an adjoining 
preparation room with complete laboratory facilities.

S e r v i c e s .  All the main hallways have false ceilings which, 
in combination with hollow interior walls having an 18-inch 
free space, facilitate cheap and rapid equipment changes by 
providing steam, 25 and 150 pounds per square inch; air, 
20 and 150 pounds per square inch; vacuum; constant-pres- 
sure water; 110- and 220-volt alternating current; 2- to 120- 
volt direct current (storage battery and motor-generator); 
gas; distilled water; and soft water. The building is served 
by a freight elevator with a capacity of 2500 pounds.

In the basement is a commodious shop with milling ma
chine, hack saw, lathes, drill presses, welding equipment, and 
woodworking machinery, so that either the students or staff 
mechanics may build equipment.

A locker and shower room with accommodations for 150 
students is on the ground floor. The undergraduate labora
tory work is concentrated in the summer; consequently, it 
has been found well worth while to provide these facilities.

The building is well ventilated by 40 fans located in the 
attic but controlled by switches in the various laboratories. 
Also in the attic are stills for supplying distilled water to the 
building and six 500-gallon steady-head tanks. . Headers run 
to the main laboratories as well as to a number of the research

54-0 '

O f f i c e

X .

laboratories, for use in study and research in fluid flow and 
heat transfer.

R e s e a r c h .  The school now has an enrollment of 43 
graduate students, of whom about two thirds are working 
towards the Ph.D. degree. In the building are 23 research 
laboratories, each of which will accommodate comfortably two 
graduate students and is provided with complete equipment in 
the way of hoods, sinks, steam tables, and all service facilities.

On the third floor are laboratories where extensive research 
is carried on in the manufacture and utilization of gas for the 
Indiana Gas Association. These are provided with chemical 
desks, gas analysis apparatus, meters, pumps, and blowers for 
testing equipment using gas as a fuel.

P h o t o g r a p h y .  For the courses in photography, quarters 
in the basement include a classroom, four undergraduate dark 
rooms, a large graduate dark room, and a room devoted to 
copying, enlarging, and portrait work.

G e o l o g y ,  M i n e r a l o g y ,  a n d  C r y s t a l l o g r a p h y .  This 
group of courses appears to be more closely associated with 
metallurgical engineering than any other group on the cam
pus. Laboratories are provided on the ground floor and con
sist of a large laboratory for mineralogy, smaller ones for 
geology and crystallography offices, and classrooms.

V i s u a l  E d u c a t i o n .  Where the free space between the 
double interior walls is not taken up by services, show cases 
and exhibits have been built in for visual instruction. Some 
of these industrial exhibits are special ones furnished by such 
organizations as du Pont, New Jersey Zinc, United States 
Steel, Commercial Solvents, and International Nickel. The 
exhibit of the United States Steel Corporation is an 8 X 13 
foot flowsheet, whereby the machines and flow of raw ma
terials are shown on a varicolored transparency; the whole 
steel industry from the 
iron mines in Minnesota 
to the finished tin plate 
or pig iron is placed be
fore the student. This 
organization has also 
made up five show cases, 
each 5 X 6  feet, showing 
the products manufac
tured by its subsidiaries 
and their application in 
industry. Just inside 
the main entrance is a 
polished and etched sec
tion of a 7-ton steel ingot.
Standard show cases, 
each 5 X 6  feet X 18 
inches deep, so designed 
that the glass shelves can 
be removed for exhibition 
of flowsheets, are pro
vided for smaller exhibits.
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The special laboratory 
manual, “Sargent High 
Speed Methods for Elec
trolytic Analysis” is sup
plied with each Sargent 
analyzer and is available 
to laboratories without 
charge on written request.

S A R G E N T  H I G H  S P E E D  E L E C T R O L Y T I C  A N A L Y Z E R

The successful application of the fast electrolytic methods contained in the Sargent laboratory manual depends 
upon the use of high currents, adequate agitation of electrolytes, efficient cooling, and large electrode surface areas.

These essential instrumental characteristics are all incorporated in the Sargent High Speed Electrolytic Analyzer. 
The circuit of the analyzer is designed for currents as high as 10 amperes. This is essential because the new electro
lytic methods specify comparatively high currents. Copper and zinc in various alloys, for instance, are electrolyzed 
with currents ranging from 8 to 9 amperes.

To obtain a smooth, bright deposit a t these high currents, and at maximum speed, special electrodes have been 
designed for use with the Sargent analyzer.

Electrolytes are adequately cooled by permanently mounted, individual cooling jackets connected in series and 
located at each beaker position.

The electrolyte is thoroughly agitated electromagnetically. This refinement has made possible a radical change 
in the design of the Sargent High Speed Analyzer. All mechanical stirring mechanisms and the concomitant difficulties 
of breakdowns, corrosion of parts, repair and replacement expenses, and critical electrode adjustment have been completely 
eliminated. The electrode heads of the Sargent Analyzer are made entirely of bakelite, no metal other than platinum 
is exposed to corrosive fumes, electrodes are automatically centered, an electrode head is brought to any desired 
vertical or lateral position without any clamp adjustment whatsoever—only slight pressure of the hand is required.

A sturdy cast metal base, finished in acid resistant baked white enamel contains the entire electrical circuit and 
cooling system. Each position consists of a stainless steel beaker inserted into a hole in the stainless steel cover 
sealed by a rubber grommet against penetration of liquid, surrounded by a close fitting water cooling jacket and located 
in a strong magnetic field created by a concentric solenoid.

A direct current power supply is required; 110 volt for magnets, 10 to 11 volts for electrolysis and it must have 
a maximum current capacity of 1 ampere per magnet and 10 amperes per position.

A double output motor generator is available if needed.

S-29405 ELEC TRO LYTIC A N A L Y Z E R — Sargent, High 
Speed, Heavy Duly, Magnetic Stirring, Water Cooled, Parallel 
Circuit Model. As described above but without platinum 
electrodes or motor generator.
Number of positions............................  2_________ 6
Each..................................................... $275.00 700.00
S-29620 ANODE—Platinum, Gauze, Sargent. Formed in two 
compressed cylindrical sections, and strengthened by rein
forcement. Sand blasted. Approximate weight, 10 grams. 
.................................................................... Price subject to market.
S-29660 CATHODE—Platinum, Gauze, Sargent. Cylindrical 
form, reinforced, sand blasted. Approximate weight, 15 
grams......................................................... Price subject to market.

S-29425 MOTOR GENERATOR—Eleclroanalyzing, 11 and 
110 volts. Especially designed to supply D.C. power a t correct 
voltages for operation of switch board and magnets and sup
plying two circuits a t 11 volts and 110 volts respectively. For 
operation from 110 volt 60 cycle single phase circuits. (Other 
power characteristics supplied to order).
Output capacity, K.V.A.....................  ' / j  1
For size, analyzer, places.............. ...........2_____________6____
Each..................................................  $200.00 300.00

A technical bulletin and a manual of Sargent High Speed 
Methods for Electrolytic Analysis are available to any com
mercial laboratory without charge or obligation on written 
request.

s  n  r  g  e  n  t
L O B O R R T O R V  S U P P L I E S
E.H.Sargent 5: Co. * 155-165 East Superior St., Chicago
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Now Available. . .

U n i v e r s a l  I n d i c a t o r  S o l u t i o n

EFFECTIVE RANGE—pH  4 to  pH  10

ACCURACY—To w ith in  0.5 pH

COLORS—S y stem a tic  succession  o f s p e c tru m  colors

COLOR CHANGES—A t w hole pH  n u m b e rs

CATALOG LISTING—No. 4953, U niversal In d ic a to r
S o lu tio n ; 100 cc., $1.00

1 BE SURE TO V IS IT  THE 
1«""' K O D A K  BU ILD IN G

A description of the color changes, as well as suggested 
applications of this prepared universal indicator, will be 
forwarded prom ptly upon req u est.. . .  Eastm an Kodak 
Company, Chemical Sales Division, Rochester, N. Y.

1 ̂ A T  THE NEW YO RK MS) W O RLD 'S FAIR E A S T M A N  O R G A N I C  C H E M I C A L S

7 The Second of Four Volumes on

Physical Constants of HYDROCARBONS
Cyclanes, Cyclenes, Cyclynes, and Other A l ic y c l ic  Hydrocarbons

by Gustav Egloff, Director of Research, Universal O il Products, Chicago 

A . C . S. Monograph N o. 78— To be published in Four Volumes

T H E  scope of this work is such th a t it  m ay be u tilized  in pure and  applied 
science and  in industries such as petro leum , n a tu ra l and m anufactu red  gas, 

chem ical, rubber, plastic , resin and pharm aceutical. T h e  ideal underly ing this 
four volum e s tu d y  o f the Physical C onstan ts o f H ydrocarbons, has been to con
trib u te  to the fundam ental knowledge o f hydrocarbons from the scientific as well 
as the pragm atic po in t o f view. In  the  presen t work, the  critical s tu d y  o f the 
hydrocarbon constan ts and  their in terrelationships to derive useful and  sound 
generalizations has been the desired goal. T he m elting po in t, boiling point, 
specific g rav ity , and refractive index o f all classes o f pure hydrocarbons will appear 
in three volumes and  the ir in terrelationsh ips in the  fourth  volum e. T he work is 
restric ted  to these four constan ts chiefly because they  are the ones m ost frequently  
em ployed in identifying hydrocarbons and  in industria l engineering. Biblio
graphical sources o f all experim ental values are given.

Volume I.—Covers paraffins, olefins, acetylenes, and  o ther a liphatic  
hydrocarbons. 416 p., $9.00.

Volum e II .—Includes th e  cycloparaffins, cycloolefins, cycloacetylene, bi- 
and  dicycloparaffins and  cycloolefins, olefin and  acetylene su b sti
tu ted  cycloparaffins and  cycloolefins. 608 p., $12.00.

Reinhold Publishing Corporation, 330 W . 42 Street, New York, U .S.A .

Volumes Three 

and Four to fol- 

low  in rap id  

succession.

Place your or

d e r  for c o m 

plete set now.
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A ssu ran ce  of
SATISFACTORY SERVICE

for Every Laboratory

COORS  
U. S. A.

Chemical 
and 

Scientific 
Porcelain

N o w !  A

H O M O G E N I Z E R !
... Perfect Emulsions 

Instantly!

Above— with Hand Homogeniztr 
Below— with mortar and pestle

N o cmulsion-failures w ith the 
H and  Homogenizer—no tim e 

wasted rc-doing—provided the ingredient ratio 
is sound. One easy stroke of the hand-lever 
applies pressure up  to 600 lbs.; instan tly  ejects 
a  je t  of completely emulsified liquid. Provides 
perm anent suspension. N ote in photos a t  left, 
fine degree of dispersion secured (above) com
pared w ith coarseness of same m ixture emulsi
fied w ith m ortar and pestle (below). H un
dreds of laboratories find the H and Homo- 
genizer an  invaluable convenience and time* 
saver. Portable, easy to  operate and clean, 
strongly bu ilt of molded alum inum , w ith stain 
less steel piston. 101/ :  high, 12 oz. bowl.
Only $4.95 complete— order direct or from your 
laboratory supply house (satisfaction guaran
teed)—or write for further details.

International Emulsifiers, Inc.
Dept. C2, 2409 Surrey Court, Chicaso, III.

h a n d  H o m o g e n i z e d

Further information upon request

IN T E R N A T IO N A L  E Q U IP M E N T  C O .
352 Western Avenue Boston, Mass.

M akers o f Fine Centrifuges

Centrifuge, with explosion proof motor, 
for hazardous locations

To m eet the dem and of the O i l  Industry for a large centrifuge w ith an 

exp lo sio n  proof m otor, the International M o d e l A E  Centrifuge was d e 

v e lo p e d . The M o d e l A E ,  equal in size  and cap ac ity  to the S iz e  2 C entri

fuge, has a maximum sp eed  of 1 ,7 0 0  r.p .m . w hich  is sufficient for the testing  

of o ils . H o w e v e r, the C h em ica l and Paint Industries requ ire  the higher 

speeds of the new  exp lo sio n  proof m otor w hich is now  a v a ila b le .

The  In t e r n a t io n a l  S ize 2 Centrifuge

with explosion proof motor o f 3 ,4 5 0  r.p .m .

accom m od ates the regular centrifuge equ ipm ent and has the safety features 

of the M o d e l A E  with the ad d ed  advantage of h igher sp eed  for m ore 

general industrial uses. The sp ec ia l ad justab le  high sp eed  m otor is a p 

proved for C lass 1— G ro u p  D  locatio ns.

A  speed  regulator and d isco n nect sw itch are m ounted perm anently  in a 

vaporproof b o x on the s id e  of the centrifuge and co n n ected  through co n 

du it and exp lo sio n  proof fittings to the m otor. Th e  se a le d  ba ll bearings 

of the motor require no attention. A  co n v e n ie n tly  lo ca ted  hand brake  

perm its rapid stopping .
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S p e n c e r  
I n s t r u m e n t s

for
I N D U S T R I A L  

C O N T R O L

T he Spencer No. 33 M icroscope is 
adaptable to almost any type of micro
scopic examination and is designed for 
convenience in quickly changing magni
fications or types of illumination, for 
photomicrography, for measuring, 
counting or examination of materials.

The Spencer Refractom eter pro
vides a quick and accurate method for 
determining the refractive indices of 
liquids and solids—essential in labora
tory and plant control of food products, 
oils, fats, extracts, tars, colloids, waxes, 
resins, etc.

Direct result COLORIMETER is
used wherever characteristic color is 
produced proportional in intensity to 
the concentration of a substance in 
solution.

• Spencer Stereoscopic Microscopes 
are used in practically every industry 
for the examination of details too small 
to be seen by the unaided eyes— to 
examine impurities or inclusions in raw 
materials, flaws or irregularities in 
materials being processed, surface char
acteristics of finished products. A vivid 
three dimensional image is obtained.

The Spencer No. 41 Polarizing 
Microscope is used extensively in in
dustrial laboratories for identification 
of crystalline materials by means of 
their optical constants. Ideally suited 
for research or routine inspection in the 
manufacture of ceramics, chemicals, 
petroleum, food, pharmaceuticals, tex
tiles and paper.

The Spencer M icrotomes are used 
for cutting cross-sections of frozen 
foods, for study of rate of freezing 
formations of ice crystals, leakage, cell 
rupture and color factors.

W rite Dept. No. F48 fo r  catalogs 
describing these instrum ents more 

completely.

Spencer Lens Company
MICROSCOPES
MICROTOMES
PHOTOMICROGRAPHIC
EQUIPMENT

REFRACTOMETERS
COLORIMETERS
SPECTROMETERS
PROJECTORS

PROPERTIES OF ORDINARY

In All Its Phases—Water-Vapor,
Water, and All the Ices

. Compiled by 

N .  E r n e s t  D o r s e y  

National Bureau of Standards

A. C. S. Monograph No. 81

A MONUMENTAL compilation of physical data, this 
volume represents a lifetime of effort on the part of 
the author, himself an eminent authority on the sub

ject. In it he assembles, extends, and critically evaluates 
all the available information on water-substance, with 
special emphasis on the data published in the Inter
national Critical Tables. His statements are copiously 
documented and are accompanied at every point by data 
gathered by hundreds of observers.

The scope of this monograph is so comprehensive that 
only a few of the more general topics can be mentioned. 
Among these are the thermodynamic considerations in
volved in the synthesis and dissociation of water-sub- 
stance; thermal energy of dilated water-vapor; molecu
lar and pressure-volume-temperature data for all forms 
of water-substance; acoustic data; optical properties; 
the structure of water and ice as revealed by Raman 
Spectra and X-rays; the reflectivity of ice and snow; 
electrical properties of water-substance; the color of 
water and of the sea, etc.

That this exhaustive work will be of unique value to 
workers in many diverse fields, is evident from the fact 
that it contains 289 tables of data gathered from every 
available source and critically revised by the author. 
Of particular interest to aeronautical engineers is the 
material presented on such subjects as the mechanism of 
ice formation and the viscosity of fog; the data on ice
bergs and glaciers will be useful to geologists, oceanog
raphers and hydrographers; and detailed information 
on rain, hail and snow will be indispensable for meteor
ologists. Hydraulic, steam and marine engineers, and 
physicists and physical chemists will also find a vast 
amount of vital information in this compilation.

An invaluable reference book for all working in these and 
related fields!

Circular sent on request 

700 Pages Illu stra ted  $15.00

Reinhold Publishing Corp.
330 W est 42nd Street, New York, U. S. A.
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So the new In-

dustrial pH Tes
ter is simpler and 
the glass elec
trode is stronger!
It will resist pres
sures up to 25 
lbs. and it may 
safely be wiped 
and washed.
At half the price and over full glass 
electrode pH range, 0 to 12 pH, the 
industrial pH Tester makes more ac

curate pH control pos
sible in the plant! Com
plete in metal case, 
ready for use.

letco m p

$8452

"DEING a split-second timer and second totalizer 
■^combined, "TIME-IT" is ideal for hundreds of 
laboratory and industrial timing jobs. Its large, legi
ble, indicating counter reads direct to 1/10 second, 
totaling to 10,000 seconds (2 hrs. 46 minutes) before 
repeating, and can be reset to zero from any reading, 
or successive readings totalled.

•  No computations neces
sary for any intervals up to 
10,000 seconds, in contrast to 
a 60-second stopwatch which 
requires computations to de
termine total seconds beyond 
60.

•  Run by a powerful, con- 
tinuous-duty sy n c h r o n o u s  
motor whose speed is 
governed by A.C. cycle con
stancy, "TIME-IT" is accur
ate within .02%. Never 
needs standardizing.

0  Automatic built-in brake 
further insures accuracy—- 
motor mechanism is several 
times more powerful than 
actually needed to run the 
counter.
•  "TIME-IT" cuts out stop
watch repair bills once and

for all—will save you money 
in the long run—is always 
ready when you need it, not 
off for repairs and adjust
ments.

•  Only one set of large, 
legible figures to read in
stead of close, small dial 
figures. No guess-work in 
reading fractional seconds, no 
eye-strain even after all-day

•  Sturdily built to take gruff 
handling which would quickly 
ruin a fragile stopwatch. 
Rugged aluminum housing; 
sturdy mechanism; dust shut 
out by non-breakable plastic 
window over counter.

•  Compact handy size, only 
4 x 5 x 3J/2’, convenient for 
ordinary mounting or port
able utility size.

With 6 Jt. rubber covered cord and plug, 
fo r  110-115 Volts, 50 or 60 Cycles A.C. $32 .

A. DAIGGER & CO.
L aboratory  A p p aratu s an d  Chemicals

159 W EST K IN Z IE  STREET • C H IC A G O

50

Ask for 5 Day Quick Trial
. . .  or w rite  for B u lle tin  
IE615.

a l l . . .
the plant man is entitled to a SIMPLER 
pH tester than the chemist needs in his 
laboratory!
And he will want a more rugged glass 
electrode, for quick testing at the vat!



16 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 12, NO. 6

SPECIFYs
H
E
L
D
O
N 'W 'U ie . JjCM. M a . 3 .4  G cd a lo ^ ! 

E .-H . S H E L D O N  C O M P A N Y
M u sk e g o n  •  M ich ig a n

LABORATORY FURN ITU RE

AHtoQUHCiHty
THE NEW MODEL E P  BRAUN DULIN

R O T A R E X
Safer • Faster • More Efficient

H ighway engineers everywhere recognize the Braun Dulin 
Rotarex as the speediest and most efficient means of deter
m in ing the bitumen content, and the character and gradation 
of aggregates in bitulithic paving materials. . . . For years the 
Rotarex has been standard equipment in highway laboratories.

N ow  Braun presents the new 1,000  gram Model EP Rotarex— 
faster, safer, more efficient than ever.

CONSIDER THESE NEW FEATU RES
•  Explosion-Proof, Variable Speed Motor. Underwriters ap
proved for Class 1, Croup D  (hazardous) service. Operates on 
either A.C. or D.C. Model EP Rotarex is SAFE.

•  Quick Stopping Brake. M odel EP Rotarex decelerates rapid
ly w ithout jarring contents. Makes a fast test faster.

•  Solvent can be Added while Running. N o  need to stop the 
Rotarex during the test. Another tim e-saving feature.

•  Modern Design. The new Rotarex has been re-engineered 
throughout. Handsom ely modern in appearance. Efficient, ac
curate, up to the minute in every detail.

H ighw ay Engineers and Inspectors, make sure that specifi
cations are being followed exactly on your jobs by checking 
frequently w ith the new Model EP Rotarex.

Send today for your copy of B u lletin  C -1 3 7  
describ ing th is  R o tarex . A d d ress D ept. 1-6

CAN  Y O U R  LABORATO RY

- p a n  0  ?
W ITH  Y O U R  B U S IN E S S *

•  S H E L D O N  IN D U S T R IA L  SEC
T IO N S — M A T C H E D  A N D  IN TER 
C H A N G E A B L E —  are the answer 
when laboratories are being planned 
for present needs and provisions made 
for future production demands.

B R A U N  D U LIN  R O T A R E X , M O D EL EP

HELLIGE
TURBIDIMETER

W ater Analysis , S u lfa te  D e te rm in a t io n s  an d  
M e a s u r e m e n t s  o f  S u s p e n d e d  M a t t e r  in  

Various Colorless a n d  Colored L iqu ids

Recent improvements have greatly increased the con
venience of this instrument for measuring turbidities 
without the preparation and use of standard suspen
sions. A n accurate test can be made in one minute. 
Reads all turbidities down to zero.

The use of the Hellige Turbidimeter in sulfate 
determinations by the Betz-Hellige Method* gives 
sensitive and accurate results exceeding those obtain
able by gravimetric analysis.

* Turbidim etric Determination o f Sulfate in  Water, Betz- 
Ilellige Method: Sheen, R . e t al., Ind . & Eng. Chem . (Anal). 
7:262— Ju ly  15, 1935. R eprin t on request.

BRAUN
C O R P O R A T I O N

Los Angeles, California
* Seattle, Washington 

SCIENTIFIC SUPPLIES CO.

2260 East Fifteenth Street
S an  Francisco, Calif. ^

BRAUN-KNECHT-HEIMANN-CO.


