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H E V I  D U T Y  E L E C T R I C  C O M P A N Y
LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY

REG. U. S. PAT. OFF.

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

•  Bowne Hall of Chemistry, built in 1908, was 
one of the first fire-proof university  chemistry 
buildings in this country. . .  For instruction and re
search in organic chemistry, Syracuse University 
uses Multiple Unit Organic Combustion Furnaces.

SEND FOB BU LLETIN H D -735
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OF FREEDO M  FRO M  SLAVERY

L INCOLN ISSUED THE EMANC IPAT ION  PRO C LA M A T IO N

KIMBLE cm! EXAX
GRADUATED GLASSWARE

KÍMBLE GLASS C O M P A N Y  v i n e l a n d ,  n .  j.
N E W Y O R K  .  C H I C A G O  •  P H I L A D E L P H I A  •  D E T R O I T  •  B O S T O N  •  I N D I A N A P O L I S  •  S A N  F R A N C I S C O

2 H i £  t h e  p i o n e e r
L I N E

AT I O N S
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SCIENTIFIC TESTING EQUIPMENT Photometers

7X TLAS-OMETERS offer a simple, controllable method 
of reducing months of actual use conditions to just 

a few days testing. By accelerating the effect of sun, 
weather, and laundering, they determine, in your lab
oratory, how a product will resist sun, washing and
weathering. Government requirements for many prod
ucts specify the use of the Fade-Ometer, Launder- 
Ometer, or Weather-Ometer.

ATLAS FADE-OMETER
The accepted standard for deter- Ilk rra I I]
mining the fastness to light of ■ * JjJ *j|
dyes and fabrics—originated and ^
made solely by Atlas, and now i .,',.’4 g
used all over the world. Atlas en- ¡f&jji '  ' . i j
closed Violet Carbon Arc repre- \a ijL
sents closest approach to natural 
sunlight. Temperature automati
cally controlled.

No. 900-3

F o r th e  v aried  n eed s  of in d u s tr ia l ,  c lin ica l 
a n d  a g r ic u l tu ra l  la b o ra to r ie s . C o m p le te  
a n d  se lf c o n ta in e d '— n o  accesso ry  e q u ip 
m e n t  n ecessa ry . F u se d  cells fo r read in g s  
o n  so lu tio n  d e p th s  of 2.5, 10, 20, a n d  40 m m . 
Selective l ig h t  f ilte rs  ava ilab le .

ATLAS 
LAUNDER-OMETER

S t a n d a r d  laboratory 
washing machine of the
A.A.T.C.C. Tests wash- 

- ^ S ^ ig r  ing  a c t i o n ,  t ext i le 
shrinking, staining, and 
color fastness to dry 

cleaning solvents, soaps and de
tergents. All factors, including 
washing action, carefully con
trolled—can be reproduced iden
tically at any time.

ATLAS 
WEATHER-OMETER

Reproduces faithfully the de
structive action of sun, rain, 
heat and cold, with all the at
tendant phenomena of expan
sion and contraction. Shows 
natural weathering effect from 
any given conditions at any 
time, any location. Newest 
Weather-Ometer has twin arcs, 
for faster testing.

No. 2071

D esigned  fo r th e  
ra p id  a n d  a c c u ra te  
d e t e r m i n a t i o n  of
th ia m in ,  ribo flav in , a n d  o th e r  su b s ta n c e s  w h ich  
fluo resce  in  so lu tio n . T h e  s e n s itiv ity  a n d  s t a 
b il i ty  a re  s u c h  t h a t  i t  h a s  b een  fo u n d  p a r t ic u 
la r ly  u se fu l in  d e te rm in in g  very  s m a ll  a m o u n ts  
of th e s e  su b s ta n c e s .
T o f u r th e r  in c re a se  i t s  a d a p ta b i l i ty  a  se p a ra te  
c ir c u i t  a n d  sca le  is p ro v id ed  fo r c o lo rim e tric  
d e te rm in a tio n s .

L I T E R A T U R E  S E N T  U P O N  R E Q U E S T

ATLAS ELECTRIC DEVICES COMPANY
377 W. Superior Street, Chicago, Illinois

Manufacturing Co.
179 E A S T  8 7 T H  S T R E E T  N E W  Y O R K ,  N.  Y-
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STANDARD for Gravimetric, Gasometric 

or Titrimetric Analysis

For purposes of standardization, 
Congress, in 1838, directed the 
Secretary of Treasury to furnish 
uniform balances to each state in 
the Union. The 50-pound balance 
a n d  th e  2 5 -p o u n d  b a l a n c e  
furnished are show n here.

Standardized as carefully as official weights and measures, Mallinckrodt 

Analytical Reagents are refined to fixed and predetermined standards. 

Upon emptying one bottle of a Mallinckrodt A. R. Chemical the analyst 

can start a fresh one with certainty of the same standards of purity.

Why not request a catalogue of Mallinckrodt Analytical Reagents and other 

laboratory chemicals.

ALWAYS SPECIFY REAGENTS IN MANUFACTURER'S ORIGINAL PACKAGES

M A L L I N C K R O D T  C H E M I C A L  W O R K S
ST. LOUIS • PHILADELPHIA • MONTREAL

CHICAGO • NEW YORK * LOS ANGELES
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The A  m e r i c a n  P l a t i n u m  W o r k s
N. J  R R.  A VC AT  O L I V E R  ST .

Newark, N.J.
EST.

1 0 0  M L  P L A T I N U M  F E R T I L I Z E R  A N A L Y S I S  D I S H  — P A Y N E  F O R M  — 40 G R A M S — A C T U A L  S I Z E  — FIG.  3 O U R  C A T A L O G  E 17

ELECTROPLATING —  as Simple as Painting
W i t h  t h e  " W gam& i "  e l e c t r o p l a t e r

P la tes With a Brush
Requires no skilled operator. Can be applied on 
specific areas without expense and inconvenience of
plating whole surface by immersion. Jelly-like com
pounds will not spill o r drip. Completely portable.
P lating done in any position without dismantling.
High metallic content of compounds eliminates neces
sity for large anodes.

Permits spot-plating various objects usually of limited 
area. Plates only where brush is applied. Quality of 
plate equal to commercial platings of equal thickness. 
P lating deposited in less time than by commercial 
methods.

BATTERY MODEL
(Illustrated)

In c lu d e sîE lec tric P Ia tin g  Brushes. 
C om pounds fo r 800 sq. inches, 
each Silver, N ick el and  C opper, 
C lean ing  and  P o lish in g  M aterials. 
D egreaser, and  D irec tions Folder. 
U ses four IM
volt d ry  _ cells * •1 *  7 5

ELECTRIC MODEL
11 0 -1 2 0  volts a.c. 5 0 -6 0  cycle— 
Includes 4  E lectric Plating
B rushes, C om pounds fo r 800  sq. 
inches, each  Silver, N ickel, 
C opper, C adm ium , D egreaser, 
C leaning and  P o lish in g  M aterial, 
and  C lear Lacquer. Instruction  
B ook.

(n o t furn ished) $13
each

THE CHEMICAL RUBBER COMPANY
2310 Super i or  Ave.  E.  - - -  - -  - -  Cl evel and,  Ohio

Laboratory Apparatus • Chemicals • Rubber G ood s • Handbook of Chemistry and Physics
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B & A  A l l - A m e r i c a n  Q u a n t i t a t i v e  F i l t e r  P a p e r  

★

w o '/-

B aker & Adam son  

Grade “ 0 ” Q uantitative F ilter Paper is 

100% A m erican . . . m ade in  A m erica entirely of  

dom estic m aterials. It gives A m erican chem ists— 

in industry, in  colleges and sch ools—fu ll assur

ance o f a re liab le and continuous  source of a 

high qua lity  q uantitative filter paper!

Like all B & A  products, G rade “ 0 ” is depend

able— an outstanding exam ple o f Baker & Adam-

B & A  GRADE “0” DOMESTIC QUANTITATIVE 
FILTER PAPER PROVIDES THESE FEATURES!
*■ Low ash — double-acid washed with acids of 

our own manufacture —treated in our own 
laboratories —under rigid supervision.

*  Uniform in weight and thickness! Can be used in 
quantitative work.

*  High retention—high speed—high strength, all in one 
paper.

*  Economical ! Filters quickly and efficiently.
*  Always available —all materials used in manufacture 

are of domestic production.
Code No. Diameter A sh  in one paper

2470 5Vi c.m. .00001 gram s
2471 7 c.m. .00002 gram s
2472 9 c.m. .00003 gram s
2473 11 c.m. .00005 grams
2474 12V4 c.m. .000065 grams
2475 15 c.m. .000093 grams

son’s efforts to serve the A m erican chem ical in 

dustry better. Study the specifications below  . .  . 

then w rite today  for generous free sam ples o f this 

high grade paper. W hen you receive your sam 

ples, try them. N ote the h igh  speed, h igh reten

tion, and h igh  stren gth ! T hen  order  your requ ire

m ents as “ G rade ‘0 |  ‘low  ash’ p a p er!”

JETTING THI PACE IN CHEMICAL r U K II Y SINCC 11*2 -TJ ,
T l  7 f

Ba k e r  A d a m so n
D iv is io n  of G E N E R A L  C H E M I C A L  C O M P A N Y ,  4 0  Rector St . ,  N e w  Y o rk  C .P A c d s

i  — — — — — — — — — — — — -  — — —
S u p p ly  of Sam p le s L im ited I W rite  T o d ay  — N o  O b lig a t io n

BAKER & ADAMSON • Dept. C, 40 Rector Street, New York, N. Y.

Gentlemen: Kindly send me FREE samples of your domes
tic Grade “O” Filter Paper, 9 c.m. diameter.

flame ....................................................................................................

Company or school........................................Position .....................

Address................................................................................................

|  City............................................  State........................IB-742
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ARTHUR H. THO M AS COMPANY
R E T A IL — W H O L E S A L E — E X P O R T

L A B O R A T O R Y  A P P A R A T U S  A N D  R E A G E N T S

VON C Z O E R N IG -A L B E R

MICRO COMBUSTION FURNACE
A N D

C O N ST A N T  T E M P E R A T U R E  C H A M B E R  

(H E A T IN G  M O R T A R )

5686-A.

5677- F.

M IC R O  C O M B U S T IO N  F U R N A C E , E le c tr ic , von C z o e rn ig -A lb e r , A .H .T . Co. S p ec ifica tio n , com 
p le te  w ith  S am p le  H e a te r  " A ” , fo r te m p e ra tu re s  u p  to  750°C . F o r  e le m e n ta ry  q u a n t i ta t iv e  o rgan ic  
m icro an aly sis , in c lu d in g  d e te rm in a tio n s  fo r ca rb o n  a n d  h y d ro g en , n itro g e n  b y  th e  D u m a s  m e th o d , h a lo 
gens a n d  su lfu r b y  th e  c a ta ly tic  p ro ced u re .

Provides uniform and constant temperatures within the ranges required for many types of micro tests sim-ply by changing the 
position of the tube in the furnace, but the use of transformer or rheostat is suggested for critical work or when the tempera
ture must be changed gradually without disturbing the tube.

The outside dimensions of the furnace body are 8 inches long X 2 '/2 inches deep X 21/« inches high, with chamber 
8  inches long X l l/ie inches deep X V j  inch high. The hinged front is of transite and can be raised with unprotected 
fingers by wire handle. Mounted on an adjustable stand with leveling screws and adjustm ent for centering and clamping 
combustion tubes. Furnace body can be moved laterally, either to right or left, on tracks lo l/ t  inches long; also moved 
forward or backward for approximately 2 inches.

When operated without a resistance and with tube placed against the rear wall of chamber, temperature remains con
stant a t 700 C to 730°C under normal voltage conditions. By moving the furnace so th a t tube is midway between the 
front and rear of the chamber, temperatures between 670° and 700°C are obtainable. The lowest uniform temperatures are 
directly back of the hinged front where they are constant from 580° to 600°C. Constant temperatures can be attained in 
approximately 30 minutes without the use of a resistance. Average life of the heating element, when used without resis
tance, is approximately 2000 hours. Maximum power consumption 3 amperes.

The Electric Sample Heater “A” is mounted on a carriage with rollers which fit the tracks of the furnace support on 
either left or right end and replaces the Bunsen type gas burner generally used to heat the sample in the combustion tube 
before it reaches the furnace. Cylindrical chamber is 75 mm long X 13 mm inside diameter, with heating unit made of 
carefully tested iron-free nichrome wire wound on a refractory core. Reproducible heating conditions are possible as the 
maximum temperature of 750 to 800°C is uniform for a central zone of 45 mm without the use of transformer or rheostat. 
Will reach 650°C in ten minutes and cools off to 200°C in approx. twenty minutes. Three set screws provide centering ad
justments and an insulated knob in front permits lateral movement at desired speed.
5677-F. M icro C om bustion F urnace, E lectric , von Czoernig-A lber, A. H . T . Co. Specification, as above described, com plete on ad ju stab le  s tand

w ith  E lectric Sam ple H eater “ A” , continuously variab le  transform er, tw o sets  of cords and  plugs, an d  de ta iled  directions for use.
F o r 115 volts, 50 to  60 cycles, a.c. on ly ........................................................................................................................................................................... 109.50

5677-G. D itto , b u t w ith rh eo s ta t in  place of transform er. F o r 115 volts, a .c. or d .c .  ................................................................................................ 105.00

CONSTANT TEMPERATURE CHAMBER (HEATING MORTAR), Electric, A. H. T. Co. Specification, heavy duty 
model, for controlling the temperature of lead peroxide to obtain correct hydrogen values in micro carbon and hydrogen 
determinations without the use of glass or organic liquids as required for the original gas heated apparatus. Set for opera
tion a t 175°C, constant to — 1.0°C, but with heating range adjustable from room temperature to 200 °C.

Designed especially for use with above Combustion Furnace but usable with any micro carbon and hydrogen combus
tion apparatus which meets the recommendations of the A. C. S. Committee on Standardization of Microchemical Ap
paratus.

C onsisting of cast a lum inum  block w ith horizontal cham ber an d  em bedded 125-w att, cartridge-type  heating  u n it and  therm o-regulator, 
enclosed in m etal cage on base w ith  1-inch vertical ad ju stm en t. C ham ber is 70 m m  long X 15 mm  inside d iam eter, reduced a t  one end  to  5.5 
m m  by  m eans of a hard asbestos endpiece w hich supports  the  com bustion tube . O verall dim ensions w ithou t therm om eter, 3 l/< inches wide X 5 
inches deep X 101/» inches high.
5686-A. C onstan t T em pera tu re  C ham ber (H eating  M o rta r), E lectric , A. H . T . Co. Specification, as above described, w ith  special therm om eter

150 to  200°C  in  1° divisions, pilo t lam p, heating  rod, 70 m m  long X 4 m m  d iam eter, snap  sw itch, connecting  cord and  plug, and
directions for use. F o r 115 volts, a .c. only .................................................................................................................................................................  40.00

5686-B. D itto , b u t for 115 volts, d .c ...........................................................................................................................    41.25

M ore deta iled  in fo rm a tio n  se n t upon  request.

W EST W A SH IN G TO N  SQUARE, PH IL A D EL PH IA , U. S. A.
C ab le  A ddress, “ B a la n ce ,” P h ila d e lp h ia
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Field Testing of Mold-Resistant Properties^
of Interior Oil Paints (politechnik!!

A LEX  M . PA RTA NSK Y  
B io ch em ica l R esea rch  L ab o ra to ry , T h e  Dow C h c in ica l C o m p an y , M id la n d , M ich .

TH E  object of the present paper is to discuss the problems 
involved in testing m old-resistant properties of interior 
oil paints in the field and to describe the au thor’s experience 

in such work.
The previously reported (12) laboratory method for deter

mining mold resistance of oil paints affords a  rapid and con
venient way for evaluating the relative effectiveness of 
toxicants under the readily reproducible standardized con
ditions. However, such effectiveness against fungi is only 
the first prerequisite for a  good pain t preservative. In  
addition, it should be stable, no t affect the physical or chemi
cal properties of the paint, and be effective under the condi
tions of actual use over a fairly long period of tim e (2 , 8, 14 ) ■ 
In  other words, after a  quick elimination of ineffective prepa
rations by the laboratory method, the selected compounds 
should be subjected to a further testing “in the field” .

The mold resistance of outside oil paints tested by exposing 
wooden panels in localities where the prevalent natural condi
tions are conducive to  mold growth (such as certain parts of 
Florida, Louisiana, Cuba, and the Panam a Canal Zone) has 
been previously reported by various investigators (1 ,4 , 5 ,6 ) .  
However, no system atic study  of the mold-resistant properties

of interior oil paints under conditions similar to  those of actual 
use could be found in the literature.

As a preliminary step for the investigation, a survey of the 
occurrence of mold growth on pain t a t  different types of indus
trial plants was m ade in the midwestern and eastern states. 
Results of this survey, supplemented by subsequent experi
ence during the actual testing of fungicidal paints, gave the 
following picture of the occurrence and cause of mold growth 
on interior p a in ts :

1. Generally speaking, the prevalence of mold growth on in
terior painted surfaces (walls, ceilings, window sash, etc.) in the 
various industrial plants examined was much greater than was 
originally anticipated. Occurrence of mildew was particularly 
common in industries where, owing to the nature of the processes 
involved, a high relative humidity was maintained.

2. In many of the food-processing and packing establishments, 
such as malt houses, breweries, distilleries, meat and vegetable 
packing houses, bakeries, and dairies, and in cheese, butter, mar
garine, pickle, and similar plants, in addition to having high rela
tive humidity, the air also frequently carries dust and water 
spray and vapors containing organic matter. The latter mate
rials when deposited or adsorbed on the walls and other surfaces 
provide most favorable conditions for the development of mil
dew (9, IS, 14).

Left. 
Right.
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F i g u r e  3 . G e n e r a l  V i e w  o f  T e s t  A r e a  a f t e r  E ig h t  M o n t h s

N ote  g rada tion  in in tensity  of m old grow th  on N o. 10, u n trea te d  p a in t, and  com plete absence of mildew on panels 12, 22, and  26.

tions of the walls near the ceiling have, as a rule, a much heavier 
mold growth than the lower parts of the walls (Figure 3).

Probably because of the difference in air circulation, corners of 
the rooms, usually, have more mold growth than the adjacent 
open wall space.

In  selecting a location for testing mold resistance of interior 
paints, all the above factors should be taken into considera
tion. Since in indoor testing the conditions conducive to  
mildew do not, as a rule, vary  m uch from year to  year in any 
one given place, the in tensity  and uniform ity of mold growth 
on pain t from the previous year are one of the best guides in 
choosing the area for the test.

The uniform ity of the conditions throughout the te s t area 
is particularly im portant, since usually only the relative 
values, such as a comparison between the  treated  and the 
untreated  paint, are desired. As a  further precaution, in a 
series of te s t panels every fourth or fifth panel should be 
painted w ith an un treated  paint. The absence of mold 
growth on fungicidal pain t is considered as a  proof of its mold 
resistance only when the un treated  pain t panels in the same 
series show a fair am ount of molding. The te st paints are 
best applied to  the selected areas during the season when the 
surfaces to  be painted are driest.

From  w hat has been said on the im portance of moisture 
condensation on the surface, i t  is apparent th a t the te st paint 
should be applied directly to  the walls and ceiling of the build
ing ra the r than  to  the separate panels. This fact has been 
verified by the parallel use of wooden panels and direct paint
ing on ceiling and walls. In  all cases, molding of the corre
sponding un treated  or insufficiently preserved paints was less 
severe on the wooden panels th an  on the walls.

A typical experiment in testing m old-resistant properties 
of interior oil pain ts treated  with a selected group of fungicidal 
agents under actual conditions of usage was as follows:

The 6 X 30 foot test area selected was on the interior of the 
northern brick wall in a relatively old grain-processing plant in 
the Middle West. I t  was located under the fresh-air intake, and 
a t the time of selection had the greatest amount of mildew found 
anywhere in the plant. For many years previously the walls and 
ceiling of the building had been whitewashed during the annual 
summer clean-up period, but in the past 4 years the practice was 
changed to painting the walls with oil paints and the ceiling with 
a water-cement paint. The test area was prepared for painting
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F i g u r e  2 . D i f f e r e n c e  i n  M o l d  I n f e s t a t i o n

O utside wall a t  back, in te rio r p a rtitio n  a t  left. Significant g rada
tion  in in ten sity  of mold grow th on ceiling

3. Mold growth on painted interior surfaces usually manifests 
itself as black and less frequently as green or red discoloration 
(1, 11). Although this discoloration is sometimes mistaken by 
the layman for dirt, the mold growth can be readily distinguished 
from dirt by the fact tha t it is usually patchy or blotchy and con
sists of circular, spreading, and somewnat fuzzy spots (Figure 1).

4. Mold infestation of the painted surfaces is seldom uniform 
and depends on the local variations in two important factors— 
moisture content of the paint film and relative humidity of the 
atmosphere. The following examples illustrate this:

The inner side of a cold outside wall of a building on which 
moisture is condensing is more apt to have mildew than the inner 
side of a warmer wall or the interior partitions (Figure 2). For 
this reason heavier mold growth can be expected during the cold 
winter months.

For the same reason (moisture condensation), ceilings and por
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F ig u r e  4 . C l o s e - U p  o f  T y p ic a l  S e c t io n s  a f t e r  E ig h t  M o n t h s ’ E x p o s u r e

10, 11, 12. P a in ted  w ith mill white pa in t 20, 22, 26, 27. P a in ted  w ith gloss pa in t
10. U ntreated  p a in t 20. U ntreated  p a in t
11. 1.5 per cent tetrachlorophenol 22. 3 per cent tetrachlorophenol
12. 3 per cent tetrachlorophenol 26. 3 per cen t zinc te trachlorophenate

27. 0.63 per cent calomel

in the usual way—that is, it was scrubbed with soap and phos- 
phate-softened water using a stiff brush, rinsed with fresh water, 
and the old loose paint was scraped off with a putty  knife. The 
test area was divided into 25 sections, each approximately 12 
inches wide and extending 76 inches downward from the ceiling; 
two coats of test paint were applied. The painting was done in 
August, 1939, during the summer shut-down when the walls were 
dry; the plant started operation 2 weeks later.

The paints used were as follows:
Paints 10 to 15 were made up from a widely used flat mill white 

paint with heat-bodied linseed oil vehicle.
Paints 20 to 27 were made up from a typical interior gloss 

white paint of a  cold-cut Dainar resin type.
These paints were treated with preservatives as follows (all 

percentages are on the original paint weight basis):
Nos. 10 and 20, controls, without preservatives 
Nos. 11 and 21, with 1.5 per cent tetrachlorophenol 
Nos. 12 and 22, with 3 per cent tetrachlorophenol 
Nos. 13 and 23, with 1.5 per cent lead tetrachlorophenate 
Nos. 14 and 24, with 3 per cent lead tetrachlorophenate 
No. 25, with 1.5 per cent zinc tetrachlorophenate 
No. 15, with 2.5 per cent zinc tetrachlorophenate 
No. 26, with 3 per cent zinc tetrachlorophenate 
No. 27, with 6.3 volume per cent (manufacturer’s recommen

dation) of a  commercial antimildew paste containing 8 per cent 
(by weight) of calomel, giving a total of 0.63 per cent calomel by 
weight of the total paint, or 3.5 per cent calomel by weight of the 
nonvolatile portion of the vehicle.

Periodic examination of the test area showed practically 
complete absence of mildew during the first 3 months. How
ever, with the advent of cold weather, when moisture con
densation on the wall kept the paint surface continuously 
wet, the mold growth began to make its appearance.

The original un treated  paints, 10 and 20, and the calomel- 
containing paint, 27, were the first to  show mold growth. 
Paints 13 and 23 w ith 1.5 per cent of lead tetrachlorophenate 
were next, and 8 m onths later, on April 3, 1940, when photo
graphs shown in Figures 3 and 4 were taken, a small am ount 
of mold growth was also noted on paint 21 (gloss white with 
1-5 per cent tetrachlorophenol). A t the same time, all paints

containing 3 per cent of toxicants and the mill white pain t 
containing 1.5 per cent tetrachlorophenol were still mold-free.

In  all cases the mold growth started  on the upper end (near 
the ceiling) of the test sections and with tim e gradually spread 
downward (Figure 3). The same photograph gives the 
general view of the setup and the appearance of a  p a r t of the 
test area and the surroundings a t  th a t time. N ote particu
larly the severity of mold infestation of the ceiling (painted 
with a  cement paint) and the very interesting gradation in 
the intensity of mold growth on section 10. Close-ups of the 
upper portions of the two sets of typical test sections are given 
in Figure 4.

The next set of photographs was taken on August 26, 1940, 
after one year of exposure. By th a t tim e the p lan t had been 
shut down for cleaning and redecoration; thus, the walls had 
already been repainted with an oil pain t and the ceiling 
sprayed with a cement-water paint. These operations re
sulted in some damage to  the test area, both from the w ater 
during cleaning and from the spraying of the cement paint. 
In  addition to  this, d irt accum ulation from April to  August 
was rather severe. The general view of the te st area, photo
graphed after a light washing with water to  remove surface 
dirt, is shown in Figure 5. The pain ts containing te tra 
chlorophenol (except for the upper portions of the sections 
splattered with the cement paint) washed practically clean, 
indicating th a t their original dark  color was due prim arily 
either to the surface d irt or to  the loose readily washable 
mold growth on the d irt film. In  contrast to  this, the mold 
growth on the untreated paint, No. 10, could not be washed 
off with the same effort, indicating th a t in this case the mildew' 
had grown into the pain t itself.

The above-described test area was allowed to  remain un
disturbed for another year. During the second season d irt 
deposition on the walls was again heavy. The general view 
of the test area, taken Ju ly  15, 1941, after a light washing,
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10 or 20, and the other half of each with treated 
paints (same as previously listed). Two coats 
of each paint were applied a t the laboratory, and 
in addition one set of panels received a third 
coat of paint applied on the location just before 
the panels were exposed. The wooden panels 
were hung on the wall near the ceiling in the 
same room and just east of the test area de
scribed above.

F i g u r e  5 . G e n e r a l  V ie w 7 o f  P a r t  o f  T e s t  S e c t io n  (O n e -Y e a r  E x p o s u r e )
a f t e r  W a s h in g

(Figure 6, above), shows th a t after two years’ exposure the 
general distribution of mold growth was about the same as 
afte r the first year. The sections painted with flat mill white 
pain t washed alm ost to  their original whiteness, while the 
gloss paint, both  treated  and untreated , acquired a gray cast, 
making it impossible to  wash it  clean.

In  May, 1939, two sets of 12 X 24 X 0.5 inch white pine panels 
were prepared in the laboratory, in which one half (6 X 24 inch 
areas) of each panel was painted with the untreated paints, No.

A fter one season’s exposure, in contrast 
w ith the wall tests, only a  small am ount of 
mold growth could be seen on any of the 
wooden panels. However, after the second 
year, panel sections painted with untreated 
flat mill white pain t developed considerable 
mold growth, while on the treated paints the 
growth was small or absent. Photograph of 
the back side (toward the wall) of these panels 
is given in Figure 6 (below). T hefron tside  of 
the panels (toward the room) accum ulated too 
much d irt for the observation to  be of 
value. The 2-year results w ith the flat 
mill white paints on wooden panels were 

in good agreement with those obtained with the wall tests 
The gloss pain t on the wooden panels of the same set molded 
b u t lightly except in places where d irt accum ulation was 
considerable. There was no difference in mold growth be
tween the two-coat and the three-coat panels (the th ird  coat 
of which was applied on the location).

The difference in the results obtained with the wooden 
panels and the painted wall area, after one season’s exposure, 
is accounted for by  the difference in  moisture condensation

Above.
Below.

F i g u r e  6 . P a n e l s  a f t e r  T w o - Y e a r  E x p o s u r e

G eneral view of teat a rea  a fte r w ashing. N ote  clearness of Nos. 11 and  12, contain ing  tetrach loropheno l in  mill w hite. 
B ack  side of "ha lf and  half”  wooden panel*. L eft-hand  portion  of each was p a in ted  w ith  u n trea ted  p a in t, N o. 10.
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on the surfaces. Another contributing factor m ight be th a t 
the wood used in the panels was new, while the painted wall 
area had a previous mold growth. This mold growth, al
though partially scraped and washed off in preparing the 
surface for repainting, nevertheless provided a ready-made 
source of mold infection for the new paint. A considerable 
volume of evidence is now a t  hand which suggests th a t under 
favorable conditions certain types of mold growth, when 
painted over, can and will come through a nontoxic paint 
film. This has also been pointed out by Findlay (1).

For the above reason, cleaning and disinfection of old 
moldy surfaces prior to repainting are im portant and should 
be made a p a rt of the repainting procedure (1, 7 ,8 ,10 ). This 
contention is confirmed by actual tests in which identical 
paints were applied to  a contam inated area, one half of which 
was first washed with a disinfectant solution while the other 
half was not.

Sum m ary and C onclusions
Mold growth on interior oil paints is common in industrial 

plants where a high relative hum idity is maintained.
The mold growth is never uniform even in any one room, 

but is heaviest on surfaces where m oisture condensation takes 
place, such as the interior side of cold outside walls, locations 
near refrigeration pipes, ceilings, etc.

Organic m atter, vapors, and dust are conducive to  mold 
growth b u t interfere somewhat with the testing of the mold- 
resistant properties of paints. However, where mold growth 
develops on the dust deposited over an oil paint, a  preserved 
paint can be relatively easily washed clean, while on a non- 
fungistatic pain t the mold growth becomes established in the 
paint itself and cannot be washed off.

Mold resistance of interior paints should be tested by ap
plying the test paints to  carefully selected sections of walls 
and ceiling on which water condensation is continuously 
taking place and which are found to be the m ost heavily con

tam inated areas in the p lan t selected. The use of wooden 
panels, even when m ost advantageously exposed, m ay give 
erroneous results due to the difference in conditions between 
them  and the painted surfaces of the building.

In  preparing moldy surfaces for repainting, disinfection of 
the cleaned surface is beneficial, since some molds can grow 
through a pain t film.

W ithout an adequate preservative the pain t with a cold- 
cu t resin type of vehicle molded as readily as the pain t with 
a  vegetable oil type of vehicle.

Tetrachlorophenol and zinc tetrachlorophenate were found 
to be the m ost effective paint preservatives among those 
tested.

Under extremely severe conditions of testing 3 per cent of 
tetrachlorophenol and 3 per cent of zinc tetrachlorophenate 
preserved both an oil and a cold-cut resin type of interior 
paint for 2 years.

The field test confirmed earlier conclusions on the relative 
effectiveness of fungicides in oil paints as determined by the 
rapid laboratory method.
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Determination of Small Amounts of Benzene 
in the Presence of Cyclohexane

And o f Toluene in the Presence o f M ethylcyclohexane
B. B . CORSON AND L. J .  BRADY, M ellon  I n s t i t u te ,  P i t ts b u rg h ,  P e n n a .

TH E  method described in this paper consists in measuring 
the tem perature rise (AT1) caused by the interaction of 
benzene or toluene w ith n itrating  acid under definite con

ditions, and reading the percentage of aromatic from a  curve 
relating AT w ith hydrocarbon composition. Benzene, up 
to 12 per cent, can be determined by this empirical method 
without diluting the sample. For higher concentrations the 
sample m ust be diluted with cyclohexane, so th a t A T  will 
not exceed 20° C.

This therm om etric method, which depends specifically upon 
the heat of reaction of benzene with n itrating acid, is espe
cially suitable for the analysis of benzene-cyclohexane mix
tures resulting from the hydrogenation of benzene. Analy
sis by refractive index or density is unreliable, owing to  the 
fact th a t cyclohexane is usually contaminated with methyl- 
cyclopentane (1) (C«Hn: n2£ 1.4264, d$° 0.7781; CH 3C5H 9 : 
n3S 1.4099, d f  0.7488). Also, open-chain paraffins often con
tam inate benzene and the cyclohexane produced from it. 
The therm om etric m ethod gives results which are a t  least as

accurate as those obtained from freezing point data. In  the 
analysis of a  series of synthetic benzene-cyclohexane mix
tures, in which the benzene concentrations varied from 0 to  12 
per cent, the average deviation from the mean was 0.06 per 
cent.

The therm ometric m ethod works equally well w ith toluene- 
methylcyclohexane mixtures; b u t in the case of xylene- 
dimethylcyclohexane mixtures A T  is dependent upon the 
isomeric composition of the xylene, and therefore, the rela
tionship between A T  and arom atic content m ust be deter
mined for each sample of xylene in question.

D evelopm ent o f  M ethod
The variables of acid strength, period of stirring, w ater con

tent, size of stirrer, initial tem perature, and change of AT  w ith 
tim e have been studied.

The procedure was to add 50 cc. of a mixture of benzene and 
cyclohexane (containing 5.2 per cent of benzene) to 100 cc. of 
nitrating acid contained in a small-necked pint thermos bottle
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F i g u r e  1. V a r i a t io n  i n  A T  w i t h  C o m p o s it io n  
o f  A c id

B roken lines, tem pera tu re  during  stirring  period 
Solid lines, tem pera tu re  a fte r s tirring  period

whose metal collar was coated with paraffin to protect it against 
the acid. Both solutions, acid and hydrocarbon, were initially 
at room temperature, as was the thermos bottle. After stirring 
for different lengths of time, the stirring was stopped, and the 
temperature of the acid-hydrocarbon mixture was measured with 
a 50° thermometer graduated in 0.1° C.

E f f e c t  o f  S t r e n g t h  o f  N it r a t in g  A c id . N itrating  acid 
containing 1 volume of nitric acid (density 1.5) and 1 volume 
of sulfuric acid (density 1.84) was unsatisfactory, for A T  
continued to  increase long after the stirring had been stopped 
(Figure 1), owing to slow de-emulsification of the acid-hydro
carbon mixture. Only 40 cc. of hydrocarbon were used with 
this acid because 50 cc. of hydrocarbon raised the tem pera
ture to  such an extent th a t the nitric acid rapidly decom
posed. The finally accepted n itrating  acid contained 2 vol
umes of nitric acid (density 1.42) and 1 volume of sulfuric 
acid (density 1.84). This acid gave a  definite end point 
w ith a  sufficiently large A T . N itric acid alone (density 1.42) 
yielded a A T  of only 2° C., whereas mixed acid containing 
one th ird  as much nitric acid produced a A T  of 8.5° C. 
(Figure 1).

E f f e c t  o f  S t i r r i n g  P e r io d . Figure 2 shows the effect of 
varying the length of the stirring period. The mixed acid 
contained 2 volumes of nitric acid (density 1.42) and 1 vol
ume of sulfuric acid (density 1.84). The A T  was recorded 
10 m inutes after the end of the stirring period. Evidently 
the length of the stirring period is critical up to  9 minutes, 
b u t after 9 m inutes A T  is essentially independent of small 
changes in the stirring tim e {A T /t  being 0.03° C. per minute, 
which corresponds to  an analytical uncertainty of less than
0.02 per cent of benzene per m inute).

E f f e c t  o f  W a t e r . A mixture of 5.2 per cent of benzene 
and 94.S per cent of eyclohexane was analyzed after drying, 
and also after saturating  w ith  w ater. The A T  of the dry 
sample was 0.1° C. lower than th a t of the w et sample. W et 
cyclohexane gave the same A T  as dry  cyclohexane (0.1° C.). 
I t  is recommended th a t the hydrocarbon under examination 
be dried by anhydrous calcium chloride before analysis.

E f f e c t  o f  S t i r r e r . The recommended stirrer is a glass 
rod, 7 m m . in outside diam eter and 24 cm. long, w ith a  flat
tened end ±  13 mm. wide X 19 mm. long (Figure 3); i t  is

H N Ojtd. 1.42)
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operated by a 3000 r. p. m. electric motor. Using a stirrer 
with a blade twice as large raised A T  by 0.3° C. with a  ben- 
zene-cyclohexane mixture containing 5.2 per cent of benzene, 
and this difference corresponds to  an apparent increase in the 
benzene content of about 0.2 per cent.

E f f e c t  o f  I n it ia l  T e m p e r a t u r e . I t  is  to  b e  n o te d  t h a t  
A T  f o r  th e  r e a c t io n  o f  b e n z e n e  w i th  n i t r i c  a c id  is g r e a t e r  a t  
20° C. t h a n  a t  30° C., w h ic h  is o p p o s i te  to  t h e  th e r m o d y n a m ic

prediction, because =  A(7P, and ACP is negative.
( c t i  )p

The effect is less with toluene-methvlcyclohexane, bu t is in the
[2  Vol. HNOs (d.1.42) 
1 l  Vol. H,SO, Id. 1.84)

F i g u r e  3 . E q u i p m e n t  f o r  A c id  H e a t  T e s t

I Vol. HNO, (d. 1.5) 
I Vol. H,SO„ Id.
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F i g u r e  4 . A c id  H e a t  T e s t  D a t a  f o r  B e n z e n e - C y c l o -
HEXANE

In itia l tem pera tu re , 20°, 25°, and 30° C.

same direction. Presum ably this anomalous relationship of 
A T  to initial tem perature is a ttributable to the relative speeds 
of démulsification a t  the different temperatures.

P u r i t y  o f  H y d r o c a r b o n s .  The benzene was of reagent 
quality; the cyclohexane was made from it  by catalytic 
hydrogenation under pressure a t  about 135° C. The cyclo
hexane was shaken w ith nitrating  acid, washed w ith water, 
and distilled. I ts  freezing point of 5.9° C. indicated a purity 
of 99.7 per cent.

T a b l e  I. A c id  H e a t  T e s t  D a t a  f o r  B e n z e n e - C y c l o iie x a n e
( F i g u r e  4 )

W eight
Percentage AT  from  In itia l T em peratures of
of Benzene 20° C. 25° C. 30° C.

0.00 0 .1 0  0 .1 0 0 .10
0 .5 6 1 .10 1.10 1.09
1.08 2 .0 7  2 .04 2 .00
1.56 2 .8 7  2 .79 2 .70
3 .29 5 .59  5 .40 5.22
6 .38 10.82 10.44 10.07

10.15 17.13 16.55 16.00
12.01 20 .13  19.44 18.75

T a b l e  II. A c id I I e a t  T e s t  D a t a  f o r  T o l u e n e - M e t h y l -
c y c l o h e x a n e  ( F i g u r e  5 )

W eight
Percentage of A T  from In itial T em peratures of

of Toluene 20° C. 2 5 ' C. 30“ U.

0.00 0 .3 2  0 .32 0 .32
1.34 3.9G 3 .95 3 .95
3 .50 9.71 9-64 9 .58
5.49 15.00  14.89 14.80

D eterm in ation  o f B enzene in  Cyclohexane
One hundred cubic centimeters of nitrating acid (1 volume of 

sulfuric acid, d. 1 .8 4 . plus 2 volumes of nitric acid, d. 1.42), 
measured in a 100-cc. volumetric flask, are poured into a thermos 
bottle, the-flask being allowed to drain 15 seconds. The ther
mometer is placed in the thermos, the bulb resting on the bot
tom of the latter, and the temperature is read after 2 to 3 min
utes (with a magnifying lens). Fifty cubic centimeters of hydro
carbon sample (measured in a 50-cc. volumetric flask and at the 
same temperature as the acid) are added to the acid in the ther
mos. An interval timer is started and the flask is allowed to 
drain 15 seconds.

The stirrer is placed in the thermos, with the bottom of the 
stirring blade about 1.25 cm. (0.5 inch) from the bottom of the 
thermos, and when the timer reaches 30 seconds the motor is 
started. The stirrer is run 9.5 minutes and then removed from

Wt. %  of Toluene

F i g u r e  5 . A c id  H e a t  T e s t  D a t a  f o r  T o l u e n e - H e x a -
HYDROTOLUENE 

In itia l tem pera tu re , 20°, 25°, and  30° C.

the mixture. The thermometer is placed in the thermos (bulb 
resting on bottom of thermos) and the temperature is read 10 
minutes after stopping the stirrci^-i. e., 20 minutes after the addi
tion of the hydrocarbon. The mixture is not shaken nor stirred 
during the last 10 minutes.

For precise work, not only should the acid and hydrocarbon 
be thermostatcd to the same temperature, but the thermos bottle 
should also be a t that temperature (although its heat capacity 
is small).

The benzene content is read from the family of curves cor
responding to  the data  in Table I, and it  is to  be noted th a t 
A T  is essentially independent of the initial tem perature 
(20° to 30° C.) up to  1.5 per cent of benzene.

Table I I  presents acid hea t data  for toluene-methylcyclo- 
hexane mixtures.
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Cleaning Porcelain Crucibles
JOHN E. D. CARWARDINE 

55 D onald S t., W innipeg, M an itoba , C anada

TH E  method described here can save considerable tim e 
and confusion by  cleaning “ burner grime” and m arking 
inks such as ferric chloride from porcelain crucibles. I t  does 

not injure the glaze in any manner, b u t leaves the crucible 
w ith a perfectly clean surface.

Place the crucible in a dish of fused potassium bisulfate 
for about 5 minutes. Remove, allow to  cool, and wash with 
hot water.
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Sulfanilamide, Sulfapyridine, Sulfathiazole, 
Sulfaguanidine, and Sulfadiazine

Assay, Differentiation, and Identification

J .  A. CA LA M A R I, R O B E R T  IIU BA TA , AND P . B . R O T H  
L a b o ra to ry , N ew  Y ork  M ed ical D ep o t, B ro o k ly n , N . Y.

SU LFA N ILA M ID E, sulfapyridine, sulfathiazole, sulfa
guanidine, and sulfadiazine have been studied by the 

authors, and m ethods for assay, differentiation, and identifi
cation have been established. Sulfanilamide has been 
adopted as a prim ary standard  for the standardization of the 
n itrite solution used in the assay of the sulfa drugs, because of 
the ease with which it m ay be purified and its stability  in air. 
Rapid differentiation of the sulfa drugs from each other is 
accomplished by means of the solubility of the original com
pounds and the  solubility an d ’ color of some of the easily 
prepared derivatives. The identity  of the sulfa drugs is es
tablished by determining the melting points of both  the origi
nal drugs and the 2-amino hydrolysis products in the case of 
sulfapyridine, sulfathiazole, and sulfadiazine. The m elting 
points of sulfanilamide and sulfaguanidine and th e  presence 
of am monia in their hydrolysis products identify them .

The authors have selected the diazotization reaction for 
the assay of the sulfa drugs in preference to  an element analy
sis such as th a t depending on the estim ation of sulfur (1), be
cause the former is based on the presence of a characteristic 
group—the aryl amino group—and because of the greater 
rapidity  of the assay. Using the easily purified sulfanil
amide as a prim ary standard for the standardization of the so
dium n itrite  volumetric solution, the possibility of error is 
less than  in assay m ethods employing volum etric solutions 
standardized by more indirect m ethods such as the sulfanil
amide assay of the U. S. Pharmacopoeia (4). Furtherm ore, 
the  assay m ethod is applicable to  all five sulfa drugs either as 
pure compounds or in tablets, and since the standardization 
reaction and procedure are identical w ith those of the assay 
method, the possibility of an end-point error is minimized.

The information necessary for the differentiation and iden
tification of the sulfa drugs is given in Table I. The methods 
employed in establishing these characteristics are described 
below, in following paragraphs numbered to  correspond with 
those in the table.

Table I  shows th a t sulfanilamide can be differentiated from 
the other sulfa drugs by  its solubility in w ater; sulfaguanidine 
by its insolubility in sodium hydroxide solution; sulfathiazole 
by  the insolubility of its diazonium chloride a t  0° to  4° C.; 
and sulfadiazine by  the insoluble compound formed with 
stannous chloride.

D ifferentiation  and Identification
1. Follow the U. S. P. X I melting point method (6), but pre

heating the bath to the temperature indicated in Table I, con
tinuing heating a t the rate of 0.5° per minute, and stirring vigor
ously with a propeller type of motor-driven stirrer. Sulfaguani
dine is rendered anhydrous by drying a t 110° C. prior to the 
melting point determination.

2. To 0.1 gram of the drug add 10 cc. of an approximately 5 
per cent solution of hydrochloric acid, A. C. S., a t 25° C. Stir to 
effect solution.

3. To 0.1 gram of the drug add a 5 per cent solution of so
dium hydroxide, reagent grade, a t 25° C. and stir.

4. To 0.1 gram of the drug add 20 cc. of distilled water at 
25° C. and stir vigorously. The numerical values offered have 
been obtained from the literature (3).

5. Reflux 1 to 2 grams of the drug with 50 cc. of hydrochloric 
acid, A. C. S., for 1 to 2 hours. Cool and make strongly alkaline 
with a 25 per cent solution of sodium hydroxide. Cool and ex
tract with ether. Collect the ether extractions, filter, and evap
orate. Determine the melting point by the U. S. P. XI (6) 
method, employing vigorous stirring as in paragraph 1.

6. Place 0.50 gram of the drug in a test tube and dissolve in 7 
cc. of hydrochloric acid, A. C. S., and 35 cc. of distilled water. 
Cool in an ice water bath. Add 20 cc. of 0.1 M  sodium nitrite 
solution slowly with constant stirring and cooling. Cool the 
contents of the tube to 0° to 4° C.

7. Dissolve 0.1 gram of the drug in 5 cc. of a 5 per cent solu
tion of hydrochloric acid, A. C. S., and add 1 cc. of stannous 
chloride-hydrochloric acid reagent. Cool to 20° C. and allow to 
stand for 10 minutes.

8. Add 20 cc. of acetone, A. C. S., to 0.1 gram of the drug and 
agitate.

9. Add 20 cc. of ether, U. S. P., to 0.1 gram of the drug and 
agitate.

R e a g e n t s . Sodium nitrite solution. Dissolve 7.0 grams of 
sodium nitrite, A. C. S., to make 1 liter of 0.1 N  or 0.1 M  solu
tion. Standardize as directed below.

Stannous chloride-hydrochloric acid reagent. Dissolve 50 
grams of stannous chloride, reagent grade, in 50 cc. of hydrochlo
ric acid, A. C. S.

Sulfanilamide (for primary standard). Recrystallize once 
from acetone and twice from water.

Starch iodide paper, U. S. P. X I (7), and starch iodide paste
(«)■ . . .

S t a n d a r d iz a t io n . Dissolve 0.52 gram of pure sulfanilamide 
(see reagents) in 7 cc. of hydrochloric acid, A. C. S .,  and 35 cc. 
of water. Add 30 grams of ice and titrate with 0.1 M  sodium 
nitrite volumetric solution, using starch iodide paper or paste as 
an outside indicator. Each cubic centimeter of 0.1 M  sodium 
nitrite is equivalent to 0.01722 gram of sulfanilamide.

T a b l e  I .  I d e n t i f ic a t i o n  o f  S u l f a  D r u g s

M elting  P o in t, ° C.

1 C.1. T em p era tu re  of preheated  b a th ,
2. Solubility  in 5%  HC1
3. Solubility  in 5%  N aO H
4. Solubility  in w ater, mg. per 100 cc. (5)

5. B asic hydrolysis p roduct, m elting  p o in t
6. D iazonium  chloride, color of so lu tion  and

solubility

7. SnC b-H C l
8. So lub ility  in  acetone
9. So lub ility  in  e ther

Sulfanilam ide
165.5-166.0°

150°
Soluble
Soluble
Soluble. Very soluble 

in  ho t w ater. 800 a t 
25° C.

N H ,
Colorless
Soluble

N o p p t.
Soluble
Insoluble

Sulfapyrid ine
191-192°

(decomposed)
170°
Soluble
Soluble
Insoluble, 49.5 a t  

37° C.

56°
Yellow
Soluble

No p p t.
Soluble
Insoluble

Sulfathiazole
201 - 202 °

(decomposed)
180°
Soluble
Soluble
Insoluble, 94 a t  

37° C.

90°
Y ellow
I n s o l u b l e  a t  

0 -4°
N o p p t.
Soluble
Insoluble

Sulfaguanid ine
190.5-191.5°

170°
Soluble 
Insoluble 
Insoluble, 190 a t  

37° C.

NH*
Colorless
Soluble

No p p t.
Soluble
Insoluble

Sulfadiazine
251-252°

(decomposed)
225°
Soluble
Soluble
Insoluble, 12.3 at 

37° C.

126°
Pale yellow 
Soluble

W hite  ppt.
Soluble
Insoluble

534
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Assay
The assay procedure is identical with tha t employed in the 

standardization.
If the approximate quantity of the sulfa drug is not known, 

run an exploratory titration as in standarization, using the out
side indicator after each 1-cc. addition of sodium nitrite. On 
the final titration, weigh a sample calculated to yield an approxi
mate 30-cc. titration, dissolve, cool the sample as before, and add 
the sodium nitrite to within about 1 or 2 cc. of the value obtained 
in the exploratory titration, then in intervals of 0.1 cc., and as 
the end point is approached in 0.05 and finally 0.025 cc., testing 
with the outside indicator after each addition. Stir vigorously 
during and after each addition of sodium nitrite. Tablets of 
the sulfa drugs contain 5 or 7.7 grains of the drugs and therefore 
smaller quantities than 30 cc. of sodium nitrite will be consumed 
if the tablets are assayed individually. The accuracy is propor
tional to the quantity of sodium nitrite solution consumed.

If the quan tity  of sample indicated below is used, a titration  
of about 30 cc. will be obtained:

Sulfanilam ide
Sulfapyridine
Sulfathiazole
Sulfaguanidine, anhydrous 
Sulfadiazine

Q u an tity  of 
Sam ple 
Gram
0 .52
0 .75
0 .75
0 .64
0 .75

E ach Cc. of 0.1 N  
N aN O i E qu ivalen t to : 

Gram
0.01722
0.02492
0.02553
0.02142
0.02501

D iscussion
Sodium nitrite solutions standardized against purified 

sulfanilamide and standardized against sodium oxalate by 
the U. S. P. sodium n itrite assay m ethod (5) have agreed 
within 0.1 per cent. Sulfathiazole, sulfaguanidine, and sulfa
diazine purified by repeated crystallization from acetone have 
assayed 100.0 ± 0 .1  per cent and recrystallized sulfapyridine 
99.9 =*=0.1 per cent, using the diazotization m ethod. Tablets 
have been assayed directly by the m ethod described and the 
sulfa drugs have been separated from the tab le t excipients by 
extraction and recrystallization for determ ination of the other 
characteristics given in Table I.
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Rapid Detection of Gold by the Electrographic Method
J .  A. CALA M ARI, R O B E R T  HUBATA, a n d  P . B . R O T II 

L ab o ra to ry , New Y ork  M edical D ep o t, B rook lyn , N . Y.

GOLD in alloys and in plating m ay be detected rapidly by 
spot tests (3-7) and by electrographic methods (1), 

the la tter being the more rapid. The authors have discovered 
a rapid test for gold in alloys and plating which m ay be com
pleted in about one second and is apparently  specific for gold.

When gold is m ade the anode in a neutral or slightly acid 
solution of n itra te  ion, using an  e. m. f. of 6 to 9 volts and a 
current of about 0.5 to 1.0 ampere, i t  enters solution as A u+++ 
and reacts w ith w ater to form auric hydroxide which deposits 
on the anode. Hydrogen peroxide added to the solution re
duces the auric hydroxide to  purple aurous hydroxide and 
colloidal gold.

A p p a r a t u s  a n d  T e s t  S o l u t io n s . The equipment and pro
cedure are identical with those described for the electrographic 
test (2). The test solution is prepared by dissolving 30 grams of 
sodium nitrate, reagent grade, in sufficient hydrogen peroxide, 
U. S . P., to make 100 ml., and filtering.

M e t h o d . Ashless filter paper is folded to fonn a wad three 
to four layers thick and then dipped into the sodium nitrate-hy- 
drogen peroxide solution. The moistened filter paper is placed 
on the test metal anode and a graphite cathode about 7.5 cm. 
(3 inches) long and 0.6 cm. (0.25 inch) in diameter is firmly applied 
to the free side of the moistened section of the filter paper for 
about one second. An e. m. f. of about 6 to 9 volts is employed 
and may be obtained by using 4 to 6 No. 6 dry cell batteries con
nected in series. The current is about 0.5 to 1 ampere. A n  e. m. f. 
of 4.5 to 6 volts, a current flow of 0.1 to 0.5 ampere, and about a
5-second contact are recommended for plating.

If gold is present, a purple stain  appears on the paper ad
jacent to the test m etal anode. The intensity of the color 
increases with the percentage of gold present in the test metal 
when current density and tim e rem ain constant. The stain 
also increases in intensity upon standing. Very thin or porous 
plating yields a  fain t purple to purple stain; heavy plating, a  
purple stain.

A strong positive test for gold has been obtained w ith a 
series of dental alloys ranging from 25 per cent, to pure gold, 
and with 14- and 18-karat jewelry golds. Copper and silver 
in the gold alloys tested did not interfere. Numerous other 
metals and alloys have been tested by this m ethod and nega
tive results have been obtained in each case: nickel-silver, 
platinum-ruthenium, platinum-iridium , solders, brasses, 
white metals, 15 per cent silicon steel, bronzes, copper-nickel 
alloys, carbon steels, platinum , palladium, nickel, copper, 
manganese, molybdenum, tantalum , tungsten, mercury, cad
mium, aluminum, tin, zinc, vanadium , silver, and lead. 
Chromium yields a  blue spot which fades rapidly. Vanadium 
yields a red spot and silver a black spot.

I t  is believed th a t the test is applicable to alloys containing 
less than 25 per cent of gold, because the purple stain  obtained 
with the alloys containing 25 to 30 per cent of gold is intense'.

H eavy gold plating can be detected readily. T hin  or por
ous gold plate on sterling silver yields a spot, fain t purple to 
purple in color, often interspersed w ith dark  areas, due to sil
ver. The characteristic gold stain, however, has been clearly 
discernible in all tests performed.

Very thin gold plate on copper or brass cannot be detected 
by this method.
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Estimation o f Ortho-, Pyro-, Meta-, and 
Polyphosphates in the Presence 

of One Another
L O ItE N  T . JO N E S , T h e  Solvay P rocess C o m p an y , S y racu se , N . Y.

P ro ced u res  fo r th e  e s t im a tio n  o f  o r th o - ,  p y ro -, 
h e x a m e ta - , t r im e ta - ,  a n d  p o ly p h o sp h a te s  have 
b een  developed. H c x a m e ta p lio sp lia te  is se p a ra te d  
a s  b a r iu m  h e x a m e ta p lio sp h a te  in  a n  ac id  so lu tio n , 
a n d  p y ro p h o sp h a te  is p re c ip ita te d  a s  m a n g a u o u s  
p y ro p h o s p h a te  a t  p l l  4.1 in  th e  p resen ce  o f  a  sm a ll 
a m o u n t  o f  a c e to n e  a f te r  rem o v a l o f  th e  h c x a m e ta -  
p h o sp h a te  ra d ic a l. O r th o p h o s p h a te  is  p re c ip ita te d  
in  th e  co ld  f i lt ra te  a f te r  rem o v a l o f  b a r iu m  p h o s 
p h a te s  fro m  a  so lu tio n  j u s t  a c id  to  m e th y l red . 
T r im e ta p h o s p h a te  is o b ta in e d  in  th e  f i l t r a te  fro m  
a n  a lk a lin e  p re c ip ita tio n  o f  a ll  o th e r  p h o sp h a te s  
a s  th e i r  b a r iu m  sa lts . T o ta l p h o sp h o ru s  p e n t-  
oxidc is d e te rm in e d  so t h a t  p o ly p h o sp h a te s  m a y  
b e  o b ta in e d  by  d ifference . A q u a l i ta t iv e  te s t  to  
id e n tify  th e  p o ly p h o sp h a te  a s  tc t r a p h o s p h a te  is 
g iven . A lk a lin ity  d e te rm in a t io n  is m a d e  b y  a  
s ta n d a rd  a c id  t i t r a t io n  to  p h e n o lp h th a le in  a n d  
b ro m o creso l g reen  in d ic a to rs  to  a id  in  c a lc u la tin g  
th e  p ro b a b le  fo rm  in  w h ic h  th e  p h o sp h a te s  m a y  
b e  p re se n t.

D a ta  o n  a p p lic a tio n  o f  m e th o d  to  an a ly s is  o f  
sam p le s  o f  g lassy  m e ta p h o s p lia te , t e t r a -  a n d  t r i -  
p o ly p h o sp h a te s , a n d  s y n th e t ic  m ix tu re s  o f  p h o s 
p h a te s , c a rb o n a te s , a n d  s ilic a te s , a s  w ell a s  u n 
kn o w n s o f  th e s e  su b s ta n c e s , a re  g iven .

USE of alkali ortho-, pyro-, m eta-, and polyphosphates 
has recently become widespread, and a suitable m ethod 

for their estim ation in the presence of one another is of con
siderable importance. This investigation started  w ith the 
development of a m ethod for the analysis of m ixtures of 
ortho-, pyro-, and m etaphosphates, b u t was la ter expanded 
to  include polyphosphates such as tripolyphosphate (Na6- 
P 3O10) and tetraphosphate (NasPiOu). This work has not 
been concerned with the controversial question of the exist
ence of additional polyphosphates, b u t rather with the 
development of a procedure which can be used analytically 
to  estim ate ortho-, pyro-, and m etaphosphates as well as the 
more common commercial polyphosphates. Several pub
lished m ethods for analysis of mixtures of ortho-, pyro-, 
and m etaphosphates were investigated and found more or 
less unsatisfactory when applied to  commercial products.
A brief résumé of the published m ethods and some of the 
difficulties encountered in their use are presented below.

In the analysis of a mixture of ortho-, pvro-, and metaphos
phates, Aoyama (1) and Dworzak and Reich-Rohnvig (5) first 
precipitated the phosphates with a measured excess of silver 
nitrate in the presence of 50 per cent alcohol and determined the 
excess silver after filtering off the precipitated silver phosphates. 
Aoyama (1) treated the silver phosphates with hydrogen sulfide, 
while the others (6) used hydrochloric acid to form the phos
phoric acids, which after separation by filtration, they titrated 
with sodium hydroxide to both the methyl orange and phenol
phthalein end points. From these two titrations and the silver 
determination they calculated the amounts of ortho-, pvro-, and 
metaphosphates.
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When tests were made in this laboratory on the analysis 
of known mixtures of phosphates according to  these direc
tions, the author found tha t, in the precipitation of phos
phates with silver nitrate, as much as 10 per cent of the total 
phosphorus pentoxide of the m etaphosphate either singly or 
in mixtures of all three remained in solution. The meta
phosphate used in these tests was the glassy variety  which is 
the general commercial type and was prepared by rapid 
cooling of a m olten mass of m etaphospliate. Based on the 
best information available a t  this time, m etaphosphate pre
pared in this m anner is composed m ainly of sodium hexa- 
m etaphosphate, (N a P 0 3)9, w ith a  small am ount of sodium 
trim etaphosphate, (NaPOj)a. As trim etaphosphate is not 
capable of repressing calcium and magnesium hardness, it 
m ay be regarded as an  im purity  when present in commercial 
products. Mellor (12) points ou t th a t trim etaphosphate is 
not precipitated by any m etallic ion, including silver and 
barium . The au thor prepared some trim etaphosphate and 
confirmed this. In  addition, he found th a t in  the presence of 
alcohol some silver trim etaphosphate was precipitated but 
th a t a  large p a rt of the trim etaphosphate remained in the 
filtrate. Even though an  additional step for the determina
tion and calculation of the unprecipitated phosphorus pentox
ide in an  aqueous filtrate to  trim etaphosphate m ight be 
included in the method, other difficulties, such as the con
version of the silver phosphates to  the acids, the separation 
of the acids by filtration, and the neutralization of the acids, 
which were recognized by these workers, proved to  be rather 
serious. I t  was desirable to  find refinements in the method 
or an entirely different approach to the analysis.

Certain refinements in neutralization procedures were pre
sented by Lum, Malowan, and Durgin (11) in determining the 
composition of strong phosphoric acid. They employed modifi
cations of the Britzke and Dragunov (4), Travers and Chu (18). 
and Gerber and Miles (7) methods. The first method included 
in addition to a neutralization titration to both methyl orange 
and phenolphthalein end points, a second titration with bromo- 
phenol blue as the indicator to the first distinct blue color, 
followed by the addition of 2.5 to 3 times the amount of zinc 
sulfate necessary to precipitate the pyrophosphoric acid as the 
neutral zinc pyrophosphate. The sulfuric acid liberated was 
then titrated. The second method consisted of a titration by 
sodium hydroxide with bromocresol green, continued titration 
after the addition of silver nitrate solution and methyl red as the 
indicator, and titration of a second aliquot by sodium hydroxide 
with thymol blue as the indicator in the presence of sodium 
nitrate to prevent hydrolysis. The titrations were made to pH 
color standards of pH 4.2, 4.4, and 4.6 to bromocresol green and 
to pH 8.4, 8.8, 9.0, and 9.2 to thymol blue to aid in determining 
the exact end points. Although Gerber and Miles’ titration of 
the acids allowed greater refinement in that step of the pro
cedure, the combined procedures were still not generally appli
cable.

The present investigation has for its purpose the develop
m ent of procedures intended prim arily for the determination 
of mixtures of phosphates in commercial products such as 
cleaners and detergents. The volumetric procedures of the 
new m ethod appear to  be reliable and sufficiently accurate to 
m eet the usual requirem ents in the analysis of such products. 
They overcome m any of the weak points of the previous



methods and also include polyphosphates in the analytical 
scheme. For greater accuracy longer gravim etric procedures 
should be used. The present paper describes the new volu
metric method, its development, and application to commer
cial products.

R eagents and Solu tion s
D is o d iu m  O r t h o p h o s p h a t e , c . p . disodium orthophosphate 

was thrice recrystallized from distilled water and dried at 
110° C. overnight. The sample, analyzed by magnesia mixture, 
indicated the presence of 100 per cent disodium hydrogen ortho
phosphate. Pyro- and metaphosphates (9, 10) were absent.

T e t r a s o d iu m  P y r o p h o s p h a t e , c . p . tetrasodium pyrophos
phate was thrice recrystallized from distilled water and was 
dried to constant weight a t 250° C. The sample, analyzed by 
magnesia mixture after conversion to orthophosphate in nitric 
acia, indicated the presence of 100 per cent tetrasodium pyro
phosphate. Ortho- and metaphosphates (2,10) were absent.

S o d iu m  I I e x a m e t a p h o s p h a t e . c . p . m o n o s o d iu m  d ih y d ro g e n  
o r th o p h o s p h a te  w a s  h e a t e d  t o  a b o u t  900° C. f o r  3 h o u r s  in  a

S’atinum dish and then the molten mass was cooled rapidly, 
ifferent batches of the resulting glassy product contained from 

90 to 95 per cent sodium hexametaphosphate and, since ortho-, 
pyro-, and polyphosphate were absent, the balance of the phos
phorus pentoxide must be present as trimetaphosphate. A 
solution of sodium hexametaphosphate with only 0.10 per cent 
of trimetaphosphate was prepared by separating the hexameta
phosphate from the trimetaphosphate by precipitating the former 
with silver nitrate in a nitric acid solution acid to methyl orange. 
The soluble trimetaphosphate was washed out of the silver 
hexametaphosphate precipitate by decantation until the filtrate 
showed only a trace of phosphate. The silver hexametaphos
phate was then suspended in water and stirred while sodium 
iodide solution was added slowly. The filtrate from the removal 
of silver iodide contained the hexametaphosphate.

S o d iu m  T r i m e t a p h o s p h a t e . c . p . monosodium dihydrogen 
orthophosphate was heated for 1 hour at 300° C. The tempera
ture was increased to 610° C. and held there for 3 hours and 
then slowly decreased to 390° C. where it was held for 14 hours. 
The phosphorus pentoxide determination indicated that the 
sample must be 100 per cent (NaPOi)*. The sample yielded no 
precipitate to silver nitrate or barium chloride a t any pH, 
thereby indicating the absence of hexametaphosphate, pyro
phosphate, and orthophosphate (12). Furthermore, tripoly- 
and tetraphosphate precipitate with either silver nitrate or 
barium chloride in an alkaline solution.

S o d iu m  T r i p o l y p h o s p h a t e . Quantities equivalent to 1 
NaH2P 04.H20  and 2 Na2HPO(.12 I120  were heated in a platinum 
dish in an oven a t 110° C. The salts first dissolved in the water 
of hydration, and after evaporation to dryness the mixture was 
transferred to a muffle furnace a t 250° C. for 2 hours before in
creasing the temperature to approximately 800° C. The mix
ture was allowed to remain a t this temperature until the entire 
mass became molten, then the temperature was lowered to about 
650° C. and maintained a t this temperature for 18 hours. At 
the end of this time the temperature was lowered gradually from 
650° C. to 250° C. over a period of 8 hours and then was trans
ferred to a desiccator to cool. The white crystalline solid mass 
disintegrated into a fine white powder upon cooling to room 
temperature. Analysis of the material by the procedure given 
below indicated the following composition: (NaPOj)s 4.4%, 
NajHPOi 1.7%, NatPjOj 16.0%, NasP30,o 77.9%.

A sample of a commercial sodium tripolyphosphate was also 
obtained, which analysis indicated to have the following compo
sition: (NaPO,), 0.4%, NajHPO, 3.0%, Na4P20 710.6%, Na5P30,„ 
86.0%.

S o d iu m  T e t r a p i i o s p i i a t e . A commercial sodium tetraphos
phate made by a large producer was the source of the sample used 
in this work. Analysis by the current procedure indicated a 
composition of (N aP03)3 3.8%, NaHjPO, 3.8%, and Nn8P ,0 13 
92.4%.

S t a n d a r d  S o d iu m  H y d r o x id e , 1 Ar and 0.1 N. Prepare a 
carbonate-free solution of sodium hydroxide and standardize 
against standard hydrochloric acid with phenolphthalein indi
cator. Use in determining the phosphomolybdate volumeti i- 
cally.

S t a n d a r d  H y d r o c h l o r ic  A c id , 1 N  and 0.1 A .  Prepare 
solutions from c. P. hydrochloric acid (sp. gr. 1-18) and stand
ardize against pure sodium carbonate. Use in titrating the 
excess sodium hydroxide in the phosphomolybdate and alkalimtj 
determinations. ,

A m m o n iu m  M o l y b d a t e  S o l u t i o n . Dissolve 100 grams oi 
pure molybdic acid in a mixture of 400 ml. of cold distilled w ater
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and 80 ml. of c. p. ammonium hydroxide (sp. gr. 0.90). When 
solution is complete, pour slowly with constant stirring into a 
mixture of 400 ml. of c. p. nitric acid (sp. gr. 1.42) and 600 ml. of 
distilled water. Do not reverse the order of procedure, as nitric 
acid poured into ammonium molybdate will cause the precipita
tion of a difficultly soluble molybdic oxide and render the solution 
practically worthless. Add 0.05 gram of sodium ammonium 
phosphate dissolved in a little water and agitate. After 24 hours 
decant the clear solution through a filter paper into a  reagent 
bottle. Sixty milliliters of the reagent arc sufficient for 0.1 
gram of phosphorus pentoxide.

B a r iu m  C h l o r id e  S o l u t i o n . Dissolve 25 grams of c. p . 
barium chloride dihydrate in 1 liter of distilled water. Use to 
precipitate the hexametaphosphate radical.

P o t a s s iu m  N it r a t e  S o l u t io n . Dissolve 10 grams of c. p . 
potassium nitrate in 1 liter of water. Use as a wash solution for 
the phosphomolybdate precipitate.

M a n g a n o u s  C h l o r id e  S o l u t i o n . Dissolve 100 grains of c. p. 
manganous chloridc tetrahydrate in 1 liter of distilled water. 
Use to precipitate the pyrophosphate radical.

P h e n o l p h t h a l e i n  I n d ic a t o r , 0.5 per cent solution. Dis
solve 0.5 gram of c. p. phenolphthalein in 60 ml. of 95 per cent 
ethyl alcohol, and dilute to 100 ml. with previously boiled and 
cooled distilled water. Neutralize with 0.1 N  sodium hydroxide.

M e t h y l  O r a n g e  I n d ic a t o r , 0.1 per cent solution. "Dissolve
0.1 gram of methyl orange in 100 ml. of distilled water.

B r o m o c r e s o l  G r e e n  I n d ic a t o r , 0.4 per cent solution. Dis
solve 0.4 gram of bromocresol green in 5.75 ml. of 0.1 N  sodium 
hydroxide and a few milliliters of alcohol. Dilute with water to 
100 ml.
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A nalytical Procedure
P r e p a r a t io n  o f  S o l u t io n  f o r  A n a l y s is . Run a rough 

preliminary test by the method given below for the determination 
of the approximate total phosphorus pentoxide. Then prepare a 
solution of the sample in a standard volumetric flask such tha t a 
convenient size of aliquot will contain about 0.05 gram of total 
phosphorus pentoxide.

C o n v e r s io n  o f  P h o s p h a t e s  t o  t h e  O r t h o  F o r m . This 
conversion of the phosphates, isolated by the various analytical 
steps, makes possible application of the volumetric molybdate 
method for determination of their phosphorus pentoxide content. 
I t is accomplished by boiling gently for 15 minutes the acidified 
phosphate solution containing a 25-ml. excess of c. p . nitric acid 
per 100 ml. of solution. Before adding the ammonium molyb
date, cool the solution to room temperature, and neutralize the 
excess acidity with ammonium hydroxide, so tha t the solution is 
just acid to litmus paper.

T o t a l  P h o s p h o r u s  P e n t o x i d e . Transfer a suitable aliquot 
of the prepared solution to a beaker and dilute to 75 to 100 ml. 
Convert all phosphates to the ortho form as directed above and 
precipitate the phosphorus pentoxide with 50 ml. of ammonium 
molybdate. Wash the precipitate with a minimum volume of 
1 per cent potassium nitrate wash solution cooled to 10-12° C., 
until 5 ml. of the wash solution turn alkaline to phenolphthalein 
indicator with not over 3 drops of 0.1 iV sodium hydroxide. One 
hundred milliliters of wash solution should be sufficient. Deter
mine the phosphorus pentoxide content of the phosphomolybdate 
volumetrically, using 1 N  or 0.1 N  reagents depending on the 
amount of precipitate.

H e x a m e t a p h o s p h a t e . This procedure should be carried out 
soon after the solution has been prepared, so tha t the metaphos
phate ion, which undergoes hydration particularly in strongly 
acid or alkaline solutions, will not have time for conversion.

Transfer an aliquot of the prepared solution of the size used for 
total phosphorus pentoxide to a beaker and dilute to 50 ml. with 
distilled water. Add 1 drop of methyl orange indicator, make 
the solution just acid to the indicator with 1 N  hydrochloric acid, 
then add 0.5 ml. of the acid in excess. If the solution is already 
acid, make slightly alkaline to the indicator, then make final acid 
adjustment as indicated above. Add slowly with constant 
stirring 15 ml. of barium chloride solution and let the precipitate 
settle before filtering. If the solution clouds up without the 
precipitate separating within a minute, stir vigorously for 15- 
second intervals until a precipitate commences to separate when 
stirring is stopped. Filter and wash precipitate by decantation 
with a small amount, of cold barium chloride solution (1 gram per 
liter), then transfer the precipitate to the filter paper and wash 
four or five times with small portions of the cold barium chloride 
wash solution. Save the filtrate for the determination of tri
metaphosphate. Dissolve the precipitate in 1 to 1 nitric acid 
and convert the metaphosphate to orthophosphate as above and 
determine the phosphorus pentoxide as for total phosphorus pent
oxide.
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T a b l e  I .  C o n v e r s io n  o f  P y r o -, M e t a - ,  a n d  P o l y p h o s p h a t e s  
t o  O r t h o p h o s p h a t e

P hosphate

H exam eta 95'
T rim eta 5*
Pyro
H exam eta 60'
T rim e ta 2'
Pyro 33«
O rtho 5'
T e tra
Tripoly

PjO* by  M olybdate 
A fter 15 A fter 30 

m inutes’ boiling m inutes’ boiling

PiO» b y  M g 
M ix ture  a fte r 2 
H ours’ Boiling

Gram Gram Gram

0.0472 0.0473 0.0472
0.0482 0.0481 0.0483

0.0798 0.0798 0.0799

0.0624
0.0576

0.0624
0.0576

T r i m e t a p h o s p h a t e . T o the filtrate from the separation of 
hexametaphosphate add 1 N  sodium hydroxide with stirring until 
the mixture remains definitely alkaline to phenolphthalein indi
cator. Filter off the precipitated barium phosphates and deter
mine the phosphorus pentoxide of the trimetaphosphate on the 
resulting filtrate as for total phosphorus pentoxide.

O r t h o p h o s p h a t e . Transfer a suitable aliquot of the pre
pared solution to a  beaker, dilute to 100 ml., make just acid to 
methyl red indicator with 1 N  hydrochloric acid, then add 25 ml. 
of barium chloride solution, and filter off any barium phosphate 
precipitate. To the filtrate cooled to 20-25° C. add 8 to 10 grams 
of ammonium nitrate before precipitating the orthophosphate 
radical with ammonium molybdate and determining it volumet- 
rically as above. Allow only 15 minutes for precipitation. Phos
phates other than orthophosphate are not precipitated under 
these conditions.

P y r o p h o s p h a t e . Transfer a suitable aliquot of the freshly 
prepared solution to a beaker and make just acid to methyl 
orange indicator with 1 N  hydrochloric acid before adding barium 
chloride 10 per cent in excess of the stoichiometric amount needed 
for the hexametaphosphate present. In absence of hexameta
phosphate add no barium chloride. Stir vigorously to hasten 
separation and settling out of the barium metaphosphate. Filter 
off the precipitate, dilute filtrate to approximately 125 ml. with 
distilled water, and add 5 ml. of manganous chloride solution. 
Adjust the pH of the solution with the aid of a glass electrode or 
other suitable pH-meter by adding 0.1 N  sodium hydroxide drop 
by drop with stirring until the pH remains 4.1. Then add with 
stirring 7 to 8 ml. of acetone and allow to stand 12 to 16 hours at 
20° to 30° C. to permit the manganous pyrophosphate to precipi
tate. Filter off the precipitate and wash with a 1 gram per liter 
manganous chloride solution. Reserve filtrate for polyphosphate 
qualitative test. Dissolve precipitate in 1 to 1 nitric acid, con
vert to orthophosphate, and determine the phosphate as for total 
phosphorus pentoxide.

P o l y p h o s p h a t e . Qualitative test. This test must be per
formed on the filtrate immediately after removal of manganous 
pyrophosphate which has been previously precipitated irom a 
freshly prepared solution.

Add 25 ml. of barium chloride solution to the filtrate from the 
pyrophosphate determination. The formation of a cloudiness 
or precipitate within 15 minutes, a behavior found to be char
acteristic of tetraphosphate, is considered indicative of the pres
ence of this compound. Tripolyphosphate gives no visible 
change under these conditions.

The phosphorus pentoxide of the polyphosphates is taken as 
the difference between the total phosphorus pentoxide and the 
sum of the phosphorus pentoxide values of ortho-, pyro-, and 
the metaphosphates, ana is calculated to tripoly- or tetraphos
phate as dictated by the qualitative test. The calculation of

Eolyphosphate is subject to an accumulation of additive errors; 
owever, results from numerous experiments indicate that they 

are satisfactory for the purpose for which the method is intended.
For greater accuracy, the total phosphate may be determined 

gravimetrically by precipitating with magnesia mixture, igniting 
the precipitate, and weighing as magnesium pyrophosphate. 
The barium hexametaphosphate and manganous pyrophosphate 
precipitates may be fused with sodium carbonate, the fusion ex
tracted with cold water, and the phosphorus pentoxide in the 
filtrate determined gravimetrically by the magnesium pyrophos
phate method. Before adding magnesia mixture, the filtrates 
must be acidified with nitric acid and boiled to eliminate carbon 
dioxide and convert the meta- and pyrophosphate radicals to 
orthophosphate.

E xperim ental D evelopm ent
C o n v e r s i o n  o f  P y r o - ,  M e t a - ,  a n d  P o l y p h o s p h a t e  t o  

O r t h o p h o s p h a t e .  Since ammonium m olybdate does not

precipitate the phosphorus pentoxide of pyrophosphate, the 
metaphosphates, and polyphosphates, i t  is necessary to  con
vert them  to the ortho form before determining total phos
phorus pentoxide. Results of numerous experiments indicate 
th a t gentle boiling for 15 minutes in the presence of nitric 
acid is sufficient for complete conversion.

S e p a r a t i o n  o p  M e t a p h o s p h a t e .  In  hydration studies 
of metaphosphoric acid, H olt and M yers (8) precipitated the 
hexam etaphosphate ion w ith barium  chloride in the presence 
of ortho- and pyrophosphoric acids. In  ascertaining the 
composition of the barium  m etaphosphate, they decomposed 
it w ith nitric acid, determined the barium  as sulfate, and 
found the precipitate to have a practically constant com
position corresponding to  the empirical formula B a (P 0 3)2. 
In  this laboratory the author analyzed the precipitate for 
the phosphorus pentoxide content according to  the above 
procedure, and confirmed their conclusions.

T a b l e  I I .  C o m p o s it io n  o f  M e t a p h o s p h a t e  U s e d
T o ta l

H exam eta  +  PiO#
T rim e ta  T o ta l PiO# b y  Found

H exam eta  T rim e ta  F ound  H exam eta  M g M ixture (H  +  T) 
Gram Gram Gram  %  Gram %

0.1187
0.0704
0.0473
0.0078
0 .0025

0.0065
0.0039
0.0028
0.0004
0.0001

0.1246
0.0743
0.0501
0.0082
0.0026

94 .7
94 .7  
94 .4  
9 5 .2  
96.1

0 .1253
0 .0750
0.0502
0.0082«
0 .0 025°

99.4
99.1
99.8

100.0
104.0

°  C alculated  from  size a liquo t used.

Kiehl and Wallace (10) tested  for m etaphosphates quali
tatively in mixtures of the three phosphates by adding 0.1 M  
barium  chloride solution to the phosphates in a 1 M  nitric 
acid solution. Tests made in strongly acid solution showed 
th a t the precipitation of barium  hexam etaphosphate was 
either prevented or incomplete. However, some acidity is 
necessary to avoid the formation of insoluble barium ortho-, 
pyro-, and polyphosphates. No barium  phosphate pre
cipitate formed when barium  chloride was added to solutions 
of ortho-, pyro-, and polyphosphates when acidified according 
to  directions given in the  procedure. This indicated that a 
solution of this acidity was sufficient to  prevent the precipi
ta tion  of these phosphates. A precipitate did form when a 
solution of tetraphosphate was just acid to m ethyl orange, 
b u t tripolyphosphate did not produce a precipitate in a solu
tion ju s t acid to  either m ethyl orange or m ethyl red with 
barium  chloride in the proportions given in the analytical 
procedure. On the other hand, results of tests carried out 
on equal volumes of solutions of glassy metaphosphate of 
widely different concentrations indicated th a t the hexameta
phosphate was precipitated quantitatively . Although the 
to ta l phosphorus pentoxide content of the sample was not 
precipitated completely w ith barium  chloride, the amount of 
unprecipitated phosphorus pentoxide in the filtrate was 
approxim ately 5 per cent of the to ta l on the sample under 
consideration here, even though the concentration of the 
samples was varied greatly. This lack of complete precipi
ta tion  in widely varying concentrations points to the presence 
of another phosphate rather than  to  errors resulting from 
solubility of the barium  hexam etaphosphate.

As the results of the acid and alkaline precipitation with 
barium  chloride were in good agreem ent with each other, this 
indicated the absence of ortho-, pyro-, and p o ly p h o s p h a te s .  
The unprecipitated phosphorus pentoxide in  the alkaline 
filtrate is considered to be trim etaphosphate, as its b e h av io r  
corresponded w ith th a t given for i t  in M ellor (12). After 
development work on the  procedure for determining trimeta
phosphate had been completed, an  article (14) applying a  
similar procedure for i t  was published. Results of an aly ses  

based on the proposed m ethod are given in  Table II.
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Hexam etaphosphate m ay be determined gravimetrically 
by drying the barium  m etaphosphate precipitate and weigh
ing (8). The presence of other ions, such as sulfate, which 
form insoluble barium  compounds under the conditions of 
precipitation, will interfere with such a  gravimetric deter
mination. The method described in this paper for the treat
ment of barium hexam etaphosphate avoids such interferences.

Strontium  and calcium chlorides were tried in place of 
barium chloride as a  precipitating agent for the separation 
of hexametaphosphate, bu t were discarded either because of 
undesirable physical properties of the precipitate or inability 
to obtain satisfactory check determinations.

P r e c ip i t a t i o n  o f  O r t h o p h o s p h a t e  i n  t h e  P r e s e n c e  o f  
P y r o p h o s p h a t e  a n d  S i l ic a t e . Courtois (5) suggested th a t 
orthophosphate could be determined with ammonium molyb- 
date in the presence of pyrophosphate b u t stated  th a t i t  was 
necessary to work rapidly. Boratyński (2) applied the same 
test a t 25° C. and 15 m inutes’ standing to the colorimetric 
determination of small am ounts of orthophosphate in the 
presence of pyro- and metaphosphates. Experiments, 
carried out in this laboratory on the precipitation of various 
amounts of orthophosphate alone with ammonium m olybdate 
a t 25° and 60° C. and 15 to  30 m inutes’ standing, indicated 
th a t satisfactory results could be obtained a t  25° C. and 15 
minutes’ standing. When ammonium m olybdate was added 
to pyrophosphate solutions a t  60° C., considerable phospho- 
molybdate precipitated because of the accelerated hydration 
of pyro- to orthophosphate, b u t a t  25° C. no precipitate 
formed after 15 m inutes. Although the silicate radical forms 
a silicomolybdate, i t  does not interfere with the phosphate 
determ ination since the yellow complex remains in the filtrate. 
The results of the analysis of ortho- and pyrophosphate and 
silicate under various conditions indicate th a t 25° C. and 15 
minutes’ standing are satisfactory conditions for the deter
mination of orthophosphate. A few precipitations of ortho
phosphate which were carried out on solutions chilled in an 
ice bath  were found to  be incomplete a t the end of 15 minutes.

T a b l e  I I I .  O r t h o p h o s p h a t e  P r e c i p it a t e d  w i t h  M o l y b d a t e  
u n d e r  D i f f e r e n t  C o n d it io n s

- P îO» Found
O rtho

Added
P yro

Added
N ajS iO i.- 

5H iO  A dded
60° and 
15 min.

25° and 
15 inin.

25° and 
30 min.

Gram Gram Gram Gram Gram Gram

0.0586 0 .0000 0 .0000 0 .0 5 8 5 )
0 .0 5 8 0 )

0 .0 5 8 5 )
0 .0 5 8 5 )

0 .0 5 8 6 )
0 .0 5 8 5 )

0.0586 0.0534 0.0000 0 .0586)
0 .0 5 8 5 )

0 .0584)
0 .0 5 8 6 )

0.0586 0 .0000 0.1250 0.05861
0 .0 5 8 4 )

0 .0 5 8 4 )
0 .0584}

0 .0585)
0 .0 5 8 6 )

0.0586 0 .0534 0.1250 0 .0586) 
0 .0587 J

0 .0 5 8 5 ) 
0.0584 )

0.0000 0.0000 0.2500 0.0000 0 .0000 0.0000

D e t e r m in a t io n  o f  P y r o p h o s p h a t e  i n  t h e  P r e s e n c e  o f  
O r t h o -, T r im e t a - , a n d  P o l y p h o s p h a t e s . W ere it not for 
the existence of polyphosphates, pyrophosphate could be 
obtained satisfactorily by calculating it from the difference 
between the to ta l phosphorus pentoxide and the sum of the 
phosphorus pentoxide values of ortho- and the metaphos
phates. However, the possibility of the presence of poly
phosphates in such mixtures makes it  necessary to  find a 
selective precipitant either for pyrophosphate or for the 
polyphosphates. Zinc salts have been used to  separate 
pyrophosphate from ortho- and metaphosphates a t  a pH  of 
3.8 but polyphosphates were found to  precipitate also under 
these conditions, and precipitation a t  even lower pH  values 
did not furnish a means of separation. Other precipitating 
agents investigated for this purpose included salts of cad-

T a b l e  IV .  D e t e r m i n a t io n  o f  P y r o p h o s p h a t e  i n  P r e s e n c e
o p  P o l y p h o s p h a t e s

PaO* as N e t Na<PiOr
Na<P207 a fte r D educting

Sam ple Found P yro
Gram Gram Gram

0 .10 tripoly  +  0 .00 pyro 0.0101
0 .09 tripoly  4- 0 .01 pyro 0 .0250 0!ÓiÓ5
0.075  tripoly -f- 0 .025 pyro 0.0305 0.0244
0 .10 te tra - +  0.00 pyro 0.0004
0 .09 te tra - 4- 0 .01 pyro 0.0099 0.ÓÓ90
0.075 te tra - +  0 .025 pyro 0.0270 0.0267
0.00 pi.ly +  0.01 pyro 0 .0098 0 .0098
0.00 poly +  0.025 pyro 0.0242 0.0242

mium, mercurous and mercuric mercury, ferrous iron, nickel, 
cobaltous and luteo-cobaltic cobalt, and manganous m an
ganese.

Of these salts manganous chloride was the only one found 
to precipitate pyrophosphate from a solution ju st acid to 
m ethyl red soon after its addition w ithout doing likewise in 
the polyphosphate solutions. After several hours’ standing 
a t  about 25° C. a small am ount of precipitate settled out of 
both the tripoly- and tetraphosphate solutions, b u t the phos
phorus pentoxide in each case was bu t a  small portion of the 
to ta l of the samples. In  solutions containing from 25 to  100 
mg. of pyrophosphate, the precipitate formed readily upon 
addition of manganous chloride, b u t the form ation of a 
precipitate from solutions of less than 25 mg. of pyrophos
phate was slow, requiring several m inutes to  a few hours for 
very small am ounts. In  the presence of polyphosphates the 
precipitation of pyrophosphate was retarded even longer. 
Chilling the solution in an ice bath  delayed the precipitation 
still longer. When solutions of polyphosphates acid to 
m ethyl red indicator, to  which manganous chloride had been 
added, were heated, no t only was the ra te  of precipitation 
accelerated b u t the am ount was greatly increased. This 
action appeared to  be dependent on both the tem perature 
and the length of tim e of heating a t  any given tem perature, 
and m ay have been a  result of decomposition of the poly
phosphates. The m ost satisfactory conditions of tem perature 
and tim e for precipitation of pyrophosphate in either the 
presence or absence of polyphosphate were found to  be 20° 
to  30° C. and 12 to  16 hours.

The volume of manganous chloride solution (100 grams 
per liter of M nCl2.4H 20 ) necessary for best precipitation of 
pyrophosphate alone was determined by varying the am ount 
of manganous chloride solution from 2 to  50 ml. The mini
mum am ount for optim um precipitation was 20 ml., b u t in 
the presence of polyphosphates the pyrophosphate results 
were abnormally high even after correcting for the pyro
phosphate known to be present in the polyphosphate samples. 
In  order to  reduce this precipitation error of pyrophosphate 
in the presence of polyphosphates, the volume of manganous 
chloride solution was progressively reduced and it  was shown 
th a t a to ta l of 5 ml. was sufficient. A t the same tim e to 
compensate for the increased solubility of manganous pyro
phosphate in solutions not containing polyphosphates, a 
small am ount of acetone was added which appeared to  have 
overcome the solubility problem w ithout affecting the pre
cipitation when polyphosphates are present. As a further 
aid in establishing best conditions of precipitation, a  series of 
pH  control tests from 2.5 to  4.4 was m ade with the use of a 
glass electrode pH-m eter. In  each case manganous chloride 
was added to  the solutions a t  a  lower pH  than  prevails after 
final adjustm ent with 0.1 N  sodium hydroxide. The results 
of these experiments indicated th a t a pH  of 4.0 to  4.1 in com
bination with the other conditions already m entioned were 
the most satisfactory. Table IV  gives d a ta  on analysis of 
pyrophosphate according to  the directions given in the 
procedure.
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T a b l e  V. A n a l y s is  o p  P h o s p h a t e  M i x t u r e s

Sample O rtho
%

Pyro
%

H exa-
m eta

%
T rim eta

%
T ripoly

%
T e tra

%
1 Present

Found
Difference

10.6 
11.2 

+  0 .6

78 .9  
78 .2  

-  0 .7

9 .6  
9 .9  

+  0 .3

0 .9
0 .7

- 0 . 2

2 P resen t
Found
Difference

31 .9  
31 .1  

-  0 .8

29 .9  
31.1 

+  1.2

1 .5
2 .3

+ 0 .8

3 6 .6
35 .7  

-  0 .9

3 P resen t
Found
Difference

25 .9  
2 5 .5  

-  0 .4

27 .7  
26 .6  

-  1.1

2 2 .8  
2 5 .0  

+  2 .2

2 .2
0 .7

- 1 . 5

21 .4  
22 .3  

+  0 .9

4 P resen t
Found
Difference

26 .2  
2 5 .8  

-  0 .4

2 5 .0  
2 5 .6  

+  0 .6

22 .9  
25 .5  

+  2 .0

3 .1
1 .0

- 2 . 1

22 .9  
2 2 .2  

-  0 .7

5 Presen t
Found
Difference

8 0 .5  
79 .7  

-  0 .8

9 .9  
9 .2  

-  0 .7

0 .4
0 .4
0 .0

9 .1  
10.8 

+  1.7

6 Presen t
Found
Difference

80 .1  
7 9 .9  

-  0 .2

9 .9  
9 .3  

-  0 .6

9 .1  
9 .8  

+  0 .7

0 .8
0 .9

+ 0 .1

7 Presen t
Found
Difference

0 .3
0 .3
0 .0

91.1 
91 .7  

+  0 .6

0 .04  
0 .1  

+  0 .06

8 .6  
7 .9  

-  0 .7

8 P resen t
F ound
Difference

0 .5  
0 .8  

+  0 .3

9 0 .0  
9 1 .8  

+  1 .8

0 .4
0 .4
0 .0

9 .2  
7 .0  

-  2 .2

9 P resen t
Found
Difference

0 .8  
1 .8  

+  1 .0

2 .7  
0 .8  

-  1 .9

68 .6  
68 .7  

+  0 .1

6 .4
5 .6

- 0 . 8

2 1 .5  
23 .1  

+  1 .6

As manganous ion also precipitates hexam etaphosphate 
radical, although incompletely, the hexam etaphosphate 
radical m ust be removed before precipitating the pyrophos
phate radical w ith manganous chloride. In  the procedure 
for the analysis of hexam etaphosphate, the filtrate free of the 
hexam etaphosphate radical m ight be used, were it  not for the 
presence of a large excess of barium  ions which m ight pre
cipitate other phosphates when the pH  is increased for the 
pyrophosphate precipitation. The removal of th is inter
ference by  precipitation of barium  as barium  sulfate was 
unsuccessful as a  considerable am ount of pyrophosphate was 
found to  precipitate with the barium  sulfate. Although this 
difficulty can be reduced greatly in  a strong hydrochloric acid 
solution, an  uncertainty still exists as to the extent th a t 
pyrophosphate precipitation m ight occur. I t  would be 
desirable then to  be able to  reduce the excess of barium  
cliloride used in the regular analysis of hexametaphosphate, 
so as to  avoid removal of barium  ion and ye t effect a satis
factory separation of the hexam etaphosphate radical.

In  an  a ttem p t to  accomplish this, stoichiometric quantities 
of barium  chloride were added to  hexam etaphosphate solu
tions ju st acid to  m ethyl orange. Instead of precipitating, 
the barium  hexam etaphosphate remained as a cloudy suspen
sion which was alm ost impossible to  filter. However, when 
barium  chloride 10 per cent in excess of the calculated am ount 
was used, the barium  hexam etaphosphate separated readily 
upon stirring vigorously and approxim ately 98 per cent of the 
hexam etaphosphate was removed. These conditions ap
peared to  obviate the difficulties from both  the hexam eta
phosphate and barium, since pyrophosphate determinations, 
made on the filtrates from the removal of hexam etaphosphate 
by this method, were in good agreem ent w ith the actual 
am ounts of pyrophosphate present.

P o l y p h o s p h a t e s .  Chemically pure polyphosphates were 
found no t to  be available and because of the absence of other 
independent m ethods of analysis, the composition of the 
samples of tripoly- and tetraphosphates has been based on 
analyses according to  the procedures developed in this 
investigation. This procedure m ay be open to  questioning, 
especially because of the complex nature of these materials. 
Therefore, a  brief discussion of the nature of the tests is 
given.

First, it appears tha t free hexametaphosphate is not present 
in the samples of polyphosphates used in this work, since no 
precipitate was obtained when samples were treated with barium 
chloride according to the directions for determination of hexa
metaphosphate. Furthermore, upon addition of known amounts 
of hexametaphosphate to the different polyphosphates, only the 
amount added was obtained on analysis.

With respect to the phosphorus pentoxide recovered as tri- 
metaphosphate, it might be claimed tha t this was due to solu
bility of the barium polyphosphates in the alkaline precipitation. 
There may be a slight solubility, but the percentages of phos
phorus pentoxide calculated to trimetaphosphate from different 
size samples were in too close an agreement with each other to be 
considered due essentially to solubility, and according to Borne- 
niann and Huber (S) sodium trimetaphosphate, (N aP03)s, may be 
present in polyphosphates depending on the proportions of so
dium oxide and phosphorus pentoxide which are fused together 
and on the manner in which the melts are cooled.

The filtrates from the orthophosphate determinations re
mained free of phosphomolybdate precipitate too long after 
filtration to attribute the orthophosphate found to hydration. 
Both trimeta- and orthophosphate might be considered present 
as impurities.

Finally, the pyrophosphate determination appears to be open 
to question. In the case of the tripolyphosphate samples, a 
manganous phosphate precipitate, corresponding to 16.0 and
10.6 per cent, respectively, as tetrasodium pyrophosphate on 
samples from two different sources, was obtained consistently 
regardless of size of sample up to 0.1 gram or with the addition of 
known amounts of pyrophosphate. However, the tetraphos- 
phate sample gave no or, a t best, a very slight amount of precipi
tate alone, but with pyrophosphate added approximately 15 per 
cent of the tetraphosphate sample calculated as tetrasodium 
pyrophosphate was precipitated consistently with the pyrophos
phate. This may actually be pyrophosphate not precipitating 
in absence of added pyrophosphate, or it may be a  manganous 
polyphosphate equivalent of 15 per cent sodium pyrophosphate. 
Even with this discrepancy, the combined procedures go a long 
way in enabling one not only to find out whether polyphosphates 
are present but also to provide a good estimation of the amount. 
And, as pointed out in the procedures, solutions of tetraphos-

Chate produced a cloudiness or precipitate upon addition of 
arium chloride to the filtrate from the pyrophosphate determi

nation while tripolyphosphate gave none.
Generally, it was found tha t the qualitative test for distin

guishing between tetraphosphate and tripolyphosphate could be 
applied satisfactorily even though the solutions had been pre
pared for several days. However, in one instance a phosphate 
mixture, containing about 9 per cent tripolyphosphate along with 
35 per cent sodium carbonate, gave a qualitative test similar to 
tha t for tetraphosphate when carried out on solutions which had 
been made up a few days before analyzing. But tests on freshly 
prepared solutions of this phosphate mixture gave no indication 
of cloudiness or precipitate characteristic of tetraphosphate. 
Hence, this test must be performed on fresh solutions so as to 
avoid misinterpretation. In the analysis of several unknowns, 
the qualitative test was applied correctly to the detection of the 
presence of tetraphosphate.

A t the conclusion of the development of the various pro
cedures, a series of several m ixtures of phosphates in widely 
different proportions was m ade up and analyzed to check 
the combined procedures. D ata  on these results are given 
in Table V.

A pplication  to  C om m ercial Products

A n a l y s i s  o f  C o m m e r c i a l  M e t a p h o s p h a t e s  a n d  P y r o 
p h o s p h a t e .  The procedures have been applied to the 
analysis of two different commercial m etaphosphates and a 
pyrophosphate, w ith the results shown in Table VI.

C o m m e r c i a l  P r o d u c t s  C o n s i s t i n g  o f  P h o s p h a t e s  a n d  
O t h e r  M a t e r i a l s .  Commercial products m ay be com
posed of m ixtures of ortho-, pyro-, m eta-, and polyphosphates 
no t only in the presence of one another, b u t also in combina
tion with various other m aterials, such as sodium hydroxide, 
sodium carbonate, sodium silicate, abrasives, and soap. 
S tandard procedures of analysis of these m aterials may be 
found in  reference books. If  the m ixture contains such soluble 
substances as sodium hydroxide, sodium carbonate, or sodium
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T a b l e  VI. A n a l y s i s  o f  S a m p le s  o f  C o m m e r c i a l  P y r o -  a n d
M e t a p h o s p h a t e s

1 2 3
C onstituen t M eta M eta Pyro

% % %
(NaPOi)# 63 .8 67 .4
(N aPO i)i 7 .2 7 .0
Na.HPO< 3 .7 3 .7 i l l
N aiP iO i 98.9
N aiH ,P iO , ■¿.'2 'o .'e ...
Na«PiOu 20 .1 9 .8
N aH C O . 5 .5 ...

T otal 100.0 100.0 100.0

T a b l e  VII. A n a l y s i s  o f  P h o s p h a t e s  i n  P r e s e n c e o f  C a r -
b o n a t e  a n d  S i l ic a t e

.------Phosphate  P resen t------ . .------- P hosphate  F o u n d------- .
Hexa- NajSiOj.- Na,- H cxa-

Ortho Pyro m eta 5 H .0 COi O rtho Pyro racta
Gram Gram Gram Gram Gram Gram Gram Oram

0.0586 ......... 0 .125 0.0586
0.0586 ......... 0 .125 0'.5 0.0585 ......
0.0293 0 .0267 0.125 0 .5 0 .0290 0.0270 ......
0.0293 0.00284 o'.0250 0 .125 0 .5 0.0295 0.00280 0.0252
0.04814 0.0267 1 .0 0 .5 0.04806 0.0270
0.02407 0.00284 0.0250 1.0 0 .5 0.02392 0.00280 0*0252
0.02407 0.00142 0.0125 1 .0 0 .5 0.02422 0.00139 0.0125
0.00481 0.0341 0.0125 1 .0 0 .5 0.00494 0.0344 0.01235

silicate, the procedures for the phosphates m ay be applied 
directly to  the solution. If  soap or insoluble m aterial such 
as abrasives is present, i t  should be removed first. Ab
rasives m ay be separated by  filtration and washed well to 
remove completely the soluble phosphates. M ixtures con
taining soap should be dissolved in the smallest am ount of 
cold distilled w ater necessary for solution of the soap, then 
made just acid to  m ethyl orange, and the insoluble fa tty  
acids filtered off and washed well with cold water. The 
phosphates m ay then be determined in the filtrate by the 
indicated procedures.

I t  would be difficult to  evaluate the accuracy of the method 
by the analysis of commercial products, since there are no 
standard references on which to  base any conclusions. I t  
seems preferable to  analyze known mixtures. Hence, 
samples of various phosphates in combination with sodium 
silicate and sodium carbonate were prepared and analyzed.

A l k a l i n i t y  D e t e r m i n a t i o n . An alkalinity determ ina
tion is an aid in enabling one to  calculate a probable combi
nation of the sodium oxide with the phosphate radicals in 
solution.

According to  Gerber and Miles (7) the pH  values a t the 
equivalence points of the phosphates under consideration for 
titration are:

P hosphate
N a.PiOr
N atH PO i
N aH iPO .
N aiH iPjO j

pH
9 .1
8 .5
4 .6
4 .2

For solutions containing only mixtures of phosphates, the 
alkalinity is determined by a standard acid titration to a light 
pink phenolphthalein end point in the presence of sodium nitrate 
or sodium chloride, which titrates the alkalinity of trisodium 
orthophosphate to disodium orthophosphate. The titration is 
then continued to the greenish yellow end point of bromocresol 
green, which titrates the alkalinity of the disodium ortho- and 
tetrasodium pyrophosphates to monosodium ortho- and disodium 
acid pyrophosphates, respectively. From the alkalinity values 
and the values of phosphate radicals, combinations of the phos
phates may be calculated.

If desired, a glass electrode may be used for this titration, but 
in this case, it will be necessary to determine empirically the 
actual pH values of the various conversion points in the presence 
of approximately the same salt concentration as the sample to be 
analyzed.

If the mixture of phosphates contains sodium hydroxide, 
sodium carbonate, or sodium silicate, the alkalinity determi
nation is made to methyl orange and the carbonate and silicate

determinations must be made also. The sodium oxide must then 
be adjusted to satisfy the pH of the solution for the different acid 
radicals present.

A n a l y s i s  o f  U n k n o w n  M i x t u r e s .  After each step of 
the procedure had been checked separately, and the entire 
method had been applied satisfactorily to  the analysis of 
mixtures of phosphates of known composition, two sets of 
“unknowns” , one of mixtures of phosphates only and the 
other with sodium carbonate and sodium silicate in addition 
to phosphates, were prepared by  a  disinterested chemist and 
subm itted for analysis. Actual titra tion  values and compo
sitions of the phosphate unknowns and the condensed sum
m ary of the sodium carbonate-sodium  silicate unknowns 
are given in Table V III.

T a b l e  VIII. A n a l y s i s  o f  U n k n o w n s

Phosphate N aO H  Used 
M l.

Phos
p h a te  
Found 
G ram

Phos
p h a te
Found  P resen t

% %

D iffer
ence

%
I. T o ta l P.Oi 16 98, 17.00 

Av. 16.99 (1 N )
. . . . ••

(N aPO i)i 37.8, 37.9 
Av. 37.85 (0.1 N )

0.0168 17.4 16 .7 +  0 .7

(NaPO»)i 2.40 ,2 .50  
Av. 2.45 (0.1 N )

0.0011 1.1 1 .5 - 0 . 4

. NajPO* 29.80, 30.00 
Av. 29.90 (0.1 A0

0.0213 22.1 22 .1 0 .0

Na*PiOr 10.01, 10.03 
Av. 10.02 (1 N)

0 .0579 60.1 59 .7 + 0 .4

P olyphosphate (by  difference) N one

II . T o ta l PiO. 18.18. 18.22 
Av. 18.20 (1 N )

. . .

(NaPOi)« 84.70, 84.80 
Av. 84.75 (0.1 N )

0.0376 3 9 .7 3 8 .8 +  0 .9

(N aPO i)i 5.7, 5.9 
Av. 5.80 (0.1 2V)

0.0026 2 .7 3 .6 - 0 . 9

N aiPO i 20.90, 21.1 
Av. 21.00 (0.1 N)

0 .0150 15 .8 15.5 +  0 .3

NaiPaOi 54.7. 54.8 
Av. 54.75 (0.1 N )

0.0312 3 2 .9 33 .4 - 0 . 5

N aiPiO n 1.53(1  N ) (by 
difference) 0.0084 8 .9 8 .7 +  0 .2

II I .  T o ta l PiO . 18.37, 18.38 
Av. 18.38 (1 N )

. . .

(NaPOi)« None . . . .
(N aPO i). 1,3, 1.6 

Av. 1.45 (0.1 N )
0 .0006 0 .5 1 .2 - 0 . 7

N aiPO . 85.8, 85.4 
Av. 85.6 (0.1 N )

0.0610 53 .8 53 .4 + 0 .4

N iuP jOi 39.4, 38.8 
Av. 39.1 (0.1 Ar)

0.0226 19.9 14.9 + 5 .0

NaiPiOii 5.76 (1 N ) (by 
difference)

IV

0.0294

■V

25 .9 3 0 .5

VI

- 4 . 6

Compo
sition Found

Pres- Differ
e n t ence Found

Pres- Differ
en t ence Found

Pres
en t

D iffer
ence

(N aPO i). . . ................... 10.4 10.1 + 0 .3  2 0 .8 20 .8 0 .0

N ajPO .
NiuPiOi
NaiPiOm
NaiPtO u
Na,CO.
NazSiOj
SiOi

12.6
23 .6

12.2
19.0

15.7» 19.9 
4 7 .8  48.1

+ 0 .4
+ 4 .6

- Ï . 2
- 0 . 3

16 .2  16 .4  - 0 . 2
2 4 .5
23 .2

24 .2
22 .3

57.3
14.8
0 .3

56.7
15.6
0 .3

+0.6
- 0 .8

0.0

17.5« 18 .2

6!l O.'l 
11.1 12.2 
0.2  0.2

+ 0 .3  
+ 0 .3  
+  0 .9  
- 0 . 7

‘6.‘o
- 1.1

0 .0
» B y difference.

The titra tion  values given in Table V III are typical of 
those one m ight expect with the method, and indicate th a t 
good precision can be obtained. They also show th a t the 
method can be applied to  the analysis of phosphate mixtures 
containing sodium carbonate and sodium silicate. The 
method can be applied to  mixtures of phosphates in any 

. proportion, bu t a t  the discretion of the analyst use of larger 
aliquots of the prepared solutions m ay be desirable for small 
am ounts of any constituent.
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Sum m ary
A m ethod has been worked out for the analysis of mixtures 

of phosphates in which hexameta-, trim eta-, pyro-, and ortho
phosphates are separated and determ ined. Polyphosphates 
are obtained from the difference between the to ta l phos
phorus pentoxide and the sum of the phosphorus pentoxide 
values of the other mentioned phosphates. D ata  on appli
cation of the procedures to  synthetic phosphate and carbonate 
and silicate mixtures, commercial phosphates, and “ un
knowns” are included.
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Pressure-Measuring Device for Moderate Vacua
E R N E S T  R . K U N E  

U niversity  o f  C o n n e c tic u t, S to r rs , C o n n .

TH E  increasing use of m oderate vacua in distillations 
requires a  pressure-measuring device having its maxi
m um  utility  in the range of 0.05 to  2 mm. of m ercury pres

sure. This range is below th a t a t  which the ordinary 
mercury-filled manom eter is accurate and som ewhat above 
th a t a t  which the conventional McLeod gage is designed 
to  operate. Efforts to  increase sensitivity by the  use 
of lighter liquids of low vapor pressures in closed-end 
manometers yield unsatisfactory results, since such liquids 
w et glass and have a m ost persistent hab it of sticking in 
the closed arm  of the m anom eter. A serious objection to 
the use of m ercury as the working liquid a t  these pres
sures is th a t a  substantial am ount of distillate vapor is 
present in the system and pressure variations eventually 
result in fouling the m ercury surface. This is especially 
serious in McLeod gages where capillary tubes are used.

These difficulties have 
been overcome in this labo
ratory by the use of the 
modified M cL eo d  gage 
shown. T h e  o p e r a t in g  
liquid which has been found 
to give best results is olive 
oil which has been sub
jected to prolonged evacua
tion a t 100° C. to remove 
volatile solvents and mois
ture. This is introduced 
through the trap, T, to fill 
the reservoir, R t, and the 
by-pass tube, B, to the 
level, A -A '. An additional 
quantity of the oil is added 
to fill the supplementary 
reservoir, Ri to its effective 
capacity. T h e  e f f e c tiv e  
capacity of Ri is approxi
mately the capacity of the 
compression tube, C. The 
device is attached to the 
distillation system by a 
length of pressure tubing 
forced over the outlet, S, 
which is bent a t right angles 
to the plane of the figure 
and away from the operator.

T a b l e  I. C a l i b r a t i o n  o p  M o d i f i e d  M c L e o d  G a g e
(Conversion: h in  m illim eters to  m illim eters of m ercury  pressure)

,  ------------------------------------------Tens------------------------------------------------- •
U nits 0 1 2 3 4 5 6 7 8 9

0 . . .  0 .0 3 8  0 .163  0 .390  0 .7 4 0  1 .24  1 .93  2 .8 4  4 .0 5  5.60
1 0 .0004 0 .047  0 .181  0 .419  0 .784  1 .30  2 .0 0  2 .9 4  4 .2 0  5.85
2 0 .0015 0 .056  0 .200  0 .450  0 .8 2 8  1 .36  2 .0 9  3 .0 5  4 .34  6.06
3 0 .0033 0 .0 6 6  0 .2 2 0  0 .482  0 .873  1.43 2 .1 7  3 .1 7  4 .49  6.23
4 0 .0060 0 .077  0.241 0 .515  0.921 1 .49  2 .2 6  3 .2 8  4 .6 4  6.44
5 0 .0094 0 .089  0.263 0 .5 4 8  0 .970  1 .56  2 .3 5  3 .41  4 .80  6.65
6 0 .0135 0 .102  0 .2 8 6  0 .583  1 .02  1 .63  2 .4 4  3 .5 3  4 .9 6  6.86
7 0 .0185 0 .116  0 .310  0 .6 2 0  1.07 1 .70  2 .5 4  3 .6 6  5 .13  7.0$
8 0 .0244 0 .130  0 .336  0 .659  1.13 1 .77  2 .6 4  3 .7 8  5 .30  7.30
9 0 .0309 0 .142  0 .363  0 .699  1 .18  1 .85  2 .7 4  3 .9 1  5 .48  7.55

This rubber pressure tubing should be of sufficient length to per
m it rotation of the gage through a 90° arc about S  as a center.

During evacuation of the system and between pressure readings 
this device is supported with tubes B  and C nearly horizontal 
but with sufficient slope to permit drainage into reservoir Ri. 
Measurements are made by rotating the gage to the vertical with 
trap T  uppermost. The level of the meniscus in B is adjusted to 
point A  by the addition of oil from R2. The depression, in milli
meters, h, of the meniscus in C is a function of the pressure in the 
system

h*

where r  is the ratio of the density of mercury to that of the oil 
and po is expressed in millimeters of mercury. A scale may be 
attached to bridge the space between B and C. This scale may 
be graduated in millimeters or to read directly in millimeters of 
mercury pressure. In actual use in this laboratory no such scale 
is used. The value of h is determined by the use of a millimeter 
rule and the value of po is read off a chart which is mounted in a 
convenient location.

G reat precision is no t claimed for this apparatus but it is 
sufficiently accurate for vacuum  distillations. While the idea 
of a ro tary  gage is not original w ith the author, the use of a 
nonvolatile liquid of low density in such a  gage does not appear 
to  be mentioned in available literature.

For the benefit of those who do n o t care to  prepare a cali
bration chart, Table I  is given. The gage for which the 
chart was prepared has L  =  188 mm., and for the olive oil 
used r  =  14.6.



Optical Activity of Some Cinchona Alkaloids 
and Some of Their Salts
In M ixtures o f Water and Ethyl A lcohol

JA M E S  C. A N D REW S, School o f  M ed ic ine , U n iv ers ity  o f  N o r th  C a ro lin a , C h ap e l H ill, N . C.

O p tica l a c tiv ity  c a n  h e  u sed  a s  a  c r i te r io n  o f  th e  
p u r i ty  o f  c in c h o n a  a lk a lo id s  o n ly  i f  ex ac t d a ta  a re  
av a ilab le  a s  to  th e  re la tio n sh ip  b e tw een  th is  
p ro p e r ty  a n d  su c h  c o n d itio n s  a s  co m p o s itio n  o f 
so lv en t a n d  deg ree  o f  n e u tr a l iz a t io n  o f  th e  c in 
c h o n a  h asc . S u c h  d a ta  a re  p re se n te d  fo r a re p re 
se n ta tiv e  se rie s  o f  th e  m o re  co m m o n  q u in in e  
d e riva tives. F o r  e a c h  c o m p o u n d  s tu d ie d , d a ta  
a re  re co rd ed  sh o w in g  th e  v a ria tio n  in  o p tica l 
a c tiv ity  in  p rogressively  v aried  m ix tu re s  o f  w a te r  
a n d  e th y l a lco h o l o f  th e  free  b ase , th e  su lfa te , a n d  
th e  d ih y d ro c h lo rid e , a s  w ell a s  th e  c h a n g e  in  
o p tic a l a c tiv ity  a s  th e  free  b a se  is p rogressively  
n e u tra liz e d  -with su lfu r ic  a n d  h y d ro ch lo ric  ac ids. 
S tu d ie s  w ere  m a d e  o n  q u in id in e , d ih y d ro q u in id in e , 
c in c h o n in e , a n d  c in c h o n id in e .

IN A recent paper (£), Andrews and Webb reported the re
sults of a system atic investigation of the optical activity 

of quinine as the free base, the sulfate (B2 .H 2SO.1), and the 
hydrochloride (B.2HC1) in various mixtures of water and 
ethyl alcohol. A t the  same tim e there was reported the effect 
on optical activ ity  of progressive neutralization of the free 
base with both  sulfuric and hydrochloric acids. The purpose 
of this work was to  establish optimum conditions for the use 
of optical activ ity  as a  criterion of purity  of these alkaloids 
and to  fill some of the m any gaps in our knowledge of the 
stereochemistry of these compounds.

I t  has been found desirable to  extend these investigations 
to  other cinchona alkaloids. The present paper records the 
results of investigations, previously reported for quinine, ap
plied to quinidine, dihydroquinidine, cinchonine, and cinchoni
dine. This series, while very limited, provides examples of 
the effect on optical activity  of stereochemical isomerism, of 
the removal of the ethoxy group from quinine, and of hydro
genation of the vinyl group. The procedure used was identi
cal with th a t described by Andrews and Webb (2). In  the 
case of each compound the following data  were determ ined:

1. The specific rotation of the free base, the sulfate, and the 
dihydrochloride in varying percentages of water and alcohol.

2. The effect on specific rotation of progressive neutraliza
tion of the free base with both sulfuric ana hydrochloric acids.

The second of the above series was, in each case, carried 
out a t  th a t percentage of ethyl alcohol which had given the 
maximum rotation when the water-alcohol curve for th a t par
ticular salt was determined. All figures for [c*]d were deter
mined a t 25° C. and refer to  the free base, regardless of the 
salt used. These values are all rounded off to  the nearest 
unit. In  the opinion of the writer the reporting of specific 
rotations in tenths of a un it is usually no t justified by the ac
curacy of the reading, particularly when, as is often the case 
in the present paper, solubility lim itations compel the use 
of comparatively dilute solutions.

Q uinidine
K ahlbaum ’s quinidine (base) was recrystallized four times 

by  dissolving in 95 per cent alcohol and adding about five

Free B ase 
Alcohol (by 

volume) [«] d

%

Sulfate 
Alcohol (by  

volum e) l«J d

%

T a b l e  I .  S p e c i f i c  R o t a t io n  o f  C in c h o n a  A l k a l o id s

(In  vary ing  percentages cf w ater and  e thy l alcohol) 
D ihydrochloride

Alcohol (by 
volume) i*n

Free Base 
Alcohol (by 

volume) l « J  d

%

Sulfate 
Alcohol (by 

volum e) [a j d
%

D ihvdrochloride 
Alcohol (by

volum e) [« Id  
%

Quinidine F ree Base, Quinidine Sulfate, and  Q uinidine D ihydrochloride Cinchonine Free Base, C inchonine Sulfate, and  Cinchonine D ihydrochloride

2 0 .0 216 0 .0 230 0 .0 312
28 .0 227 7 .4 240 10.8 315
36 .0 237 19.4 260 18.8 317
44 .0 243 27 .4 267 26 .8 317
52.0 248 35 .4 272 34 .8 315
60 .0 252 4 3 .4 275 42 .8 312
68 .0 257 51 .4 277 50 .8 307
76 .0 260 67 .4 275 58 .8 302
84.0 260 75 .4 272 66.8 295
92 .0 258 83 .4 267 74 .8 287

100.0 255 91 .4 262 82 .8 280
100.0 258 90 .8 272

98 .8
100.0

265
263

32 .0 150 0 .8 195 0. 245
40 .0 175 7 .8 210 10.6 250
4 8 .0 200 19.4 225 18.6 255
56 .0 215 27 .4 230 34 .6 255
64 .0 225 35 .4 232 50 .6 250
72 .0 225 43 .4 233 66 .6 245
80 .0 230 51 .4 235 74 .6 240
88 .0 240 59 .4 235 8 2 .6 232
96 .0 245 67 .4 235 90 .6 222

100.0 225 75 .4 237 94 .6 217
83 .4 235 98 .6 210
87 .4 232
91 .4 227
95 .4 222
99 .4 217

Dihydroquinidine F ree B ase, D ihydroquinid ine Sulfate, and  D ihydroquini
dine D ihydrochloride

C inchonidine Free Base, C inchonidine Sulfate, and  C inchonidine D ihydro
chloride

0. 190 0 . 219 0. 277
20 .0 203 17.4 230 9 .0 281
40 .0 215 27 .4 241 17.6 285
50.0 219 35 .4 248 26 .8 287
60 .0 225 43 .4 252 34 .8 287
70 .0 231 51.4 252 42 .8 285
80 .0 235 59.4 251 50 .8 277
90.0 234 67 .4 250 58 .8 270

100.0 228 75 .4 249 66.8 262
83.4 246 74 .8 258
91 .4 244 82 .8 250
99 .4 238 90 .8 242

98 .8 230

- M d - [ a ] 2D5
20 .0 44 0.1 140 0 . 180
28 .0 88 5 .9 150 10 .6 185
32 .0 100 18.7 165 18.6 187
4 4 .0 115 38 .7 180 26 .6 187
56.0 127 58 .7 185 42 .6 185
68.0 125 70 .7 190 58 .6 175
76 .0 122 78 .7 195 70 .6 165
8 4 .0 120 82.7 190 78 .6 157
92 .0 117 86 .7 185 82 .6 152
96 .0 115 90 .7 180 86 .6 147

100.0 108 94 .7 170 90 .6 140
98 .7 155 94 .6 130

98 .6 120
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volumes of water. The product was dried a t  110° C. A con
s ta n t specific rotation  [a]2D6 =  + 255.0  in absolute ethyl 
alcohol was obtained.

This is somewhat higher than  the usually accepted figure 
reported by Rabe (6), +243.5 , b u t the ease of contam ination 
of quinidine with dihydroquinidine and resulting lowering of 
its optical activ ity  have already been commented on by 
Butler and Cretcher (S). On the other hand, the author 
has never succeeded in obtaining a figure for the anhydrous 
free base in absolute alcohol as high as th a t reported by 
Butler and Cretcher (+262), b u t they do not specify tem pera
tu re  and the author employed a concentration of 0.300 gram 
per 100 ml. as compared w ith 2.0 grams per 100 ml. used by 
them . The author has found only small concentration effects 
with the optical activ ity  of these alkaloids and has no t in
vestigated the effect of tem perature variations. H is sample 
melted a t  167.5° C. (corrected). B utler and G retcher report 
162° to  163° C. for U. S. P . quinidine and 170° to  171° C. 
for their product made by  rearrangem ent of quinine.

The sulfate and dihydrochloride were both m ade by add
ing the calculated am ount of standard  acid to  the recrystal
lized free base, and diluting to  volume with absolute ethyl 
alcohol to  make the stock solution. The necessary correction 
was m ade for the am ount of w ater introduced with the stand
ard acid.

N eutralization curves were run as described by Andrews 
and Webb. In  all cases, these curves were determined in th a t 
concentration of ethyl alcohol which had produced the highest 
specific rotation  when the alcohol-water curve of th a t particu
lar sa lt was run. Some deviations from this procedure were 
dictated by considerations of solubility of the salt. The ac
tual percentage of alcohol used is recorded w ith each p art of 
Table I I .

Table I  shows the variation in specific ro tation  of quinidine 
free base, quinidine sulfate (B2 .H 2SO4), and quinidine dihy
drochloride (B.2HC1). Table I I  shows the variation  in 
specific ro tation  of quinidine (as free base) during progressive 
neutralization w ith sulfuric and hydrochloric acids a t  the 
specified concentrations of ethyl alcohol.

D ihydroquinid ine
A sample of dihydroquinidine base (kindly furnished by  the 

laboratories of M erck & Co., Inc.) was dried a t  110° C. to 
constant weight and gave in  absolute alcohol a  value of
[a)ao =  + 228.0  (concentration of base =  1.852 grams 
per 100 ml. of solution). Since a  recrystallized sample 
produced no measurable difference in optical activity, the 
original dried sample of the base was used. The value given 
by Rabe (5) is + 237.5  a t  15° C. and by  H enry (4) is +230. 
In  neither case is the concentration of alcohol specified. 
Using the au thor’s sample of the base, the same determ ina
tions were made as described above for quinidine. The re
sults for the alcohol-water curves of the free base, the sulfate 
(B2 .H 2SO4), and the dihydrochloride (B.2HC1) are shown in 
Table I  and the d a ta  concerning neutralization of the free 
base with sulfuric and hydrochloric acids in Table II .

C inchonine
The fact th a t commercial samples of cinchonine, as usually 

obtainable, are highly contam inated with quinine makes neces
sary  special precautions for obtaining a pure product. The 
sample used as a  starting  point for purification showed, in 
absolute ethyl alcohol, a  specific rotation  of + 1 7 7  as compared 
w ith the figure of + 224.4  reported by Rabe and + 2 2 9  (at 
17° C.) by H enry. In  substantial agreem ent w ith R abe’s 
figure, the author's highest rotation  in absolute ethyl alcohol, 
reached afte r successive purification, is +224.0.

The procedure used is based on the fact th a t the chief

T a b l e  II. E f f e c t  o n  O p t i c a l  A c t i v i t y  o f  P r o g r e s s i v e  N e u 
t r a l i z a t i o n  w i t h  S u l f u r i c  a n d  H y d r o c h l o r i c  A c id s

Sulfurio Acid H ydrochloric Aoid
olar ra tio  of 
SO« to  baso [« I’d

M olar ra tio  of 
HC1 to  base

0.
Q uinidine Base® 

245 0 . 210
0.235 260 0.190 220
0.470 276 0.572 235
0.706 291 0.954 257
0.941 300 1.335 280
1.177 306 1.525 294
1.412 310 1.905 316
1.647 312 2 .480 338
1.882 313 2.860 339
2.352 315 3.240 340
3.293 316 3 .810 345

0 .
D ihydroquin id ine Bascfc 

219 0 . 208
0.177 232 0.415 225
0.355 244 0.830 248
0.532 253 1.245 269
0.710 261 1.660 283
0.888 270 2.075 292
1.005 273 2.490 295
1.242 276 2.905 296
1.420 278
1.775 280 ...

0.
C inchonine Base« 
226 0 . 150

0.205 230 0.747 230
0 .410 235 1.493 251
0.615 240 2 .240 260
0.820 243 2 .990 265
1.025 247 3 .735 267
1.435 252 5 .230 268
2 .05 255 7.470 267
3 .28 255 ...

0.

C inchonidine Based

-[<•]%»
121 0 .

- [ « I d

110
0.160 137 0.584 142
0.320 164 1.168 166
0.480 191 1.752 182
0.640 199 2 .336 187
0.800 202 2.920 189
1.120 206 4 .380 187
1.600 207 5 .84 186
2.400 209 7 .3 0 184
3.200 207

0 Sulfuric acid neutra lization  ru n  in 50%  e th y l alcohol by  volum e; hydro
chloric acid in 20%  ethy l alcohol by  volum e.

b Sulfuric acid neutra lization  run  in 50%  e th y l alcohol b y  volum e; hydro
chloric acid in 30%  ethyl alcohol by  volum e.

c Sulfuric acid neutra lization  run  in 75%  e th y l alcohol b y  volum e; hydro
chloric acid in 30%  ethy l alcohol by  volum e.

d Sulfuric acid neu tra lization  ru n  in 80%  ethy l alcohol b y  volum e; hydro
chloric acid, in  40%  ethy l alcohol by  volum e.

contam inant, quinine, is m uch more soluble in ether than is 
cinchonine and can therefore be removed by  successive ex
tractions. These were repeated un til the ether extracts 
showed a constant optical activ ity  and a constant amount of 
solid residue on evaporation. As the quinine content of the 
sample approaches zero, th e  am ount of alkaloid dissolved by 
the ether and the optical activ ity  shown by  the solution 
gradually approach th a t produced by the  very limited solu
bility of cinchonine base in ether. This is listed by Allen (1) 
as 0.27 gram  of cinchonine per 100 ml. of ether. The specific 
rotation  of + 1 7 7  for th is sample indicates, by  interpolation, 
the presence of about 12 per cent of quinine, assuming no 
other alkaloids to  be present.

A 25-gram sample was shaken mechanically for some hours 
with 100 ml. of ether. The filtered ether solution was read in a 
4-dm. polariscope tube and 25-ml. portions were evaporated to 
dryness and the residues weighed. Twenty-six such extractions 
were made before constancy of rotation and of solubility was ob
tained. During this series the observed rotation changed pro
gressively from —2.90 to +1.20 as the quinine was removed. Toe 
last three extractions gave satisfactorily constant values aver
aging 0.170-gram residue per 100 ml. of ether solution.

Assuming cinchonine to  be th e  only solid phase present, 
this indicates an ether solubility of th is alkaloid a t 25° C.
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of 0.170 gram  per 100 ml. of solution, a figure much lower than 
tha t of Allen (1). This also gave a  specific rotation  in ether of 
la ]2D6 =  +176 . The residual cinchonine when dried gave a 
specific ro tation of +224.0. This sample of the base was 
used for all optical ac tiv ity  determ inations as described above 
under quinidine. The results for the alcohol-water curves of 
the free base, the sulfate (B2 . I I 2SO4), and the dihydrochloride 
(B . 2HC1) are shown in Table I, and d a ta  concerning neutral
ization with sulfuric and hydrochloric acids in Table II. 
Because of the more limited solubility of cinchonine base in 
water, the d a ta  for the former in Table I  could not be ex
tended to  alcohol concentrations below 32 per cent. Even 
a t this point only 0 . 0 2  gram  of base per 1 0 0  ml. was possible. 
The error of the determ ination is therefore correspondingly 
large.

C inchonidine
A commercial sample of the free base was recrystallized 

from solution in 95 per cent ethyl alcohol by addition of suf
ficient w ater to  reduce the alcohol percentage to  25 per cent. 
The resulting precipitate was filtered, washed with 25 per 
cent ethyl alcohol, and dried. Three such treatm ents gave a 
product showing, in absolute ethyl alcohol, a constant optical 
activity of [ a ]2D5 =  —107.3. A value of —111.0 was reported 
by Rabe. Since further recrystallization did not alter the 
author’s figure (—107.3), it was taken as representing the 
pure base under the conditions specified. Using this sample, 
the determ inations were made as described above for quini
dine. The results for the alcohol-water curves of the free 
base, the sulfate (B2 .H 2SO4), and the dihydrochloride 
(B . 2HC1) are shown in Table I, and d ata  concerning neutral
ization of the free base with sulfuric and hydrochloric acids 
in Table II.

I t  is obvious th a t the curves of all of these alkaloids follow 
the same pattern . As in the case of quinine, the water-alcohol 
curves of optical activity  of free base, sulfate, and dihydro
chloride all rise to  flat maxima a t  interm ediate percentages of 
water and alcohol, giving lower values of specific rotation  in 
both pure water and pure ethyl alcohol. The position of 
these maxima varies with the different cinchona derivatives 
examined, bu t it m ay be said th a t for the free bases, the 
maxima lie between 60 and 95 per cent alcohol by volume, for 
the sulfates between 50 and 75 per cent, and for the dihydro
chlorides between 20 and 30 per cent.

Using, in each case, the percentage of alcohol giving maxi
mum rotation for th a t salt, the neutralization curves shown 
in Table I I  were run. These follow the course previously 
reported for quinine: a  smooth curve w ith no breaks corre
sponding to any stoichiometric ratios. In  some cases, par
ticularly with the hydrochlorides, addition of excess acid 
causes a slight drop in the maximum rotation  attained. Some 
examples of this will be noted in the table.
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Oil Absorption of Pigments
M . A. A ZA M 1, In d u s tr ia l  R esearch  L ab o ra to ry , C a lc u t ta , In d ia

A t a  certain  p o in t in  oil absorption o f  
p igm en ts th e  p aste in  oil is very easily taken  
off on  th e  p a le tte  knife . T his m arks the  
p o in t o f sa tu ration  and th e ind ication  is 
sharp w ith in  1 drop o f o il (0.05 cc.) from  an 
ordinary standard buret.

W hen p astes, fu lly  or partly saturated

w ith  oil according to th e above standard, 
are im m ersed in  a b ath  o f oil stock  used  
for absorption, saturated  p astes absorb no  
m ore oil, w hile unsaturated  pastes absorb  
oil a lm ost equal to the calcu lated  deficiency  
for satu ration  in  one to  two days (24 to  
48 hours).

TH E term  “oil absorption” has been vaguely defined and 
the method of determining its value has not been truly 
standardized. In  view of the circumstances, a  rigorous 

study of oil absorption with strictly  accurate and reproducible 
results has not yet been possible.

Oil absorption has been defined in various ways: as nothing 
but the filling of a  void (5) or the filling of interspaces of the 
pigment particles w ith oil, the wetting power of the liquid 
(S), or the maximum quan tity  of oil required with any pig
ment for an intim ate m ixture in liquid sta te  with minimum 
tendency to  flow. A point which does not appear to  be 
appreciated and which adds to  the difficulty of attaching

1 Present address, P lastics  Industries  Technical In s titu te , Los Angeles, Calif.

significance to oil-absorption m easurem ent is the problem of 
defining experimentally the condition of complete w etting of 
the pigment. The criterion usually adopted by specifications 
depends on a rather vague visual judgm ent of consistency a t 
the end point, which although it m ay afford a fairly accurate 
basis for comparing samples of the same pigment, does not 
necessarily serve well for comparison between different pig
ments.

A part from such interpretations, there is in general neither 
a  fixed method nor a  sharp finishing point in the determ i
nation of oil absorption. The current m ethods of locating the 
end point have more or less the common flow of a  rule-of- 
thum b experiment and, as such, the end point determined by 
these methods is scarcely reproducible with exact precision.
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T a b l e  I.

Pigm ent

R ed oxide of iron

W hite lead

Lithopone

A b s o r p t i o n  o f  O i l  b y  U n s a t u r a t e d  P i g m e n t  
P a s t e s

D egree
of Oil Absorbed

C alcu la ted  
Deficiency 

of Oil
Q u an tity S a tu ra  24 36 48 for

T aken tion hours hours hours S atu ra tion
Grama % Cc. Cc Cc. Cc.

50 0 .8 0 .8 0 .8 1 .0
10

75 0 .4 0 .4 0 .4 0 .45

50 1 .2 1 .2 1 .2 1.3
20

90 0 .2 0 .2 0 .2 0 .26

50 0 .7 0 .7 0 .7 0 .75
10

90 0 .0 5 0 .09 0 .09 0 .15

T a b l e  II. P e r c e n t a g e  o f  O i l  A b s o r p t i o n  b y  C o m m o n  P i g m e n t s

Double-
Raw Boiled

Linseed Linseed C asto r T ung
Oil Oil Oil Oil

Q u an tity Specific g rav ity 0 .930 0.931 0.953 0.936
T aken  for Acid value 2 .7 6 7 6 .6

Each Saponification value 192 198 186 200
Experi Iodine (H anus) value 170 145 83 165
m e n t“ ,
G ram s M ean Oil A bsorption Values

20 12.15 12.32 12.12 12.17
10 17.89 16.81 17.63 16.85
10 14.18 13.02 13.34 13.1
20 19.65 19.29 19.77 19.07
20 11.16 10.35 10.48 10.18
10 27 .9 23.83 23 .4
10 22 .39 18! 83 20.1 18.25
10 33 .48 33 .48 35 .26 31.82
5 56.27 53.37

10 16.74 14! 88 16.20 15.6S
20 7 .44 7 .44 7 .15 7 .0 2

P igm ents
W hite  lead 
W hite zinc 
L ithopone 
W hiting  
B ary tes 
Yellow ochre 
Red ochre 
U ltram arine blue 
P russian  blue 
Red oxide 
R ed lead

« According to  recom m endations of I. S. D . specifications.

The Gardner-Coleman method which determ ines the “oil 
absorption factor” is accurate within 0.2 cc. (of oil added). 
The elimination of grinding and incorporation of certain pre
cautions make it easier to  duplicate the results within th a t 
lim it of accuracy. But, unfortunately, the oil-absorption 
factor does not work out a paste of the conventional consist
ency approved by painters; and the method, ap art from its 
theoretical importance, has not much to  recommend itself to 
the paint m aker in his everyday practice. Obviously, the 
standard rub-out m ethod and the Gardner-Coleman m ethod 
give results wide apart, one using much less oil than  the other 
(0.

The author of the present communication, after a  prolonged 
search, has observed definite indications locating a  sharp 
end point. The results provide a dependable basis for a  com
parative study of oil absorption of pigments.

I t  has been consistently observed by the author th a t a t  a 
certain point, on gradual addition of oil to  the pigment with 
constant rubbing for thorough incorporation of the oil with 
the pigment, the  paste sticks to  the palette knife with very 
little effort. The difference in the coherence of the mass is 
clearly distinguishable before and after this definite stage is 
reached. The results are reproducible with very close coin
cidence.

Following the A. S. T . M . procedure (1), using a buret and 
taking about 20 m inutes for each experiment for comparable 
extent and pressure of grinding, oil absorption of pigments 
was determ ined using raw  linseed oil of known specifications. 
T he quan tity  of pigm ent varied according to  its nature from 
5 grams in the case of Prussian blue to  20 grams in the case of 
white lead, following the recommendations of the I. S. D. 
specifications U)- This lim its the  am ount of oil added, in 
m ost cases to  approxim ately 40 drops (1 drop =  0.05 cc.).

T he variation in the results did not exceed 1 drop of oil from 
a  standard  buret or 1 per cent in the value of oil absorption.

There is, however, another aspect of the end-point deter
m ination by this method. The results have supplied a newer 
definition of oil absorption of pigments. The smooth pig
m ent pastes which absorbed oil up to  the sharp end point 
located by the author did not absorb more oil when immersed 
in a bath  of the oil stock used for absorption, whereas pastes 
w ith lesser oil did actually  absorb more oil alm ost equal to 
the calculated deficiency of saturation. A graduated cylin
der, used as an oil bath, was filled up to a certain point with 
the paste carefully scraped into, and to tally  immersed in, oil. 
The depression in the level of oil in the cylinder was noted 
after 24, 36, and 48 hours (Table I).

Thus comes a  new interpretation
___________________  of oil absorption, which m ight now

be defined as the minimum quantity  
of oil required to  sa tu ra te  a pig
m ent by grinding. The end point 
as located is not only supported on 
logical and scientific grounds, but 
also throws a  flood of light on the 
true  approach to  this obscure problem 
of a  very  well-known practice.

Table I I  gives oil-absorption 
values for some common pigments 
with different oils, as determined 
by the  au thor a t  the P ain t and 
Varnish Section, Industrial Research 
Laboratory in  C alcutta, Bengal, 
India. Each result represents a 
mean of 70 duplications, mostly 
concurrent. In  the few cases where 
variations were noted, the differ
ence did no t exceed 1 per cent. A 
steel spatula (Sheffield, London) 

with a  8.75 X 2.5 cm. (3.5 X  1 inch) blade and a marble 
slab 30.0 cm. (1 foot) square were used for grinding. The 
tem perature ranged from 23.89° to  29.44° C. (75° to 98° F.) 
and hum idity varied between 52 and 67 per cent.

The au thor’s atten tion  has lately  been drawn to  a recent 
U. S. N avy D epartm ent Specification, 52-Z-7 (int.), Septem
ber 1, 1941, Bureau of Ships ad interim  specification, advo
cating a  m ethod identical with the  au thor’s. Incidentally, 
th e  experiments by the  au thor were conducted towards the 
end of 1940. This happy coincidence is in itself a very 
strong argum ent in  favor of the m ethod for location of the 
end point.

C onclusion

In  view of the fact th a t pastes produced by various pig
m ents w ith oil show a considerable difference in character
istics, the end point is better located a t  the point of s a t u r a t i o n  
as described. The sa turated  paste is invariably a  coherent, 
stiff, putty like m ass which does not break or separate and 
which lends itself conveniently for fu rther operation in the 
preparation of mixed paint.
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Determination of Thiosulfate in Used 
Doctor Solution

K A R L  U IIR IG  AND IIA R R Y  LEV IN , T h e  T exas C o m p an y , B eacon , N . Y.

A m eth od  for d eterm in in g  th iosu lfa te  in  
used doctor so lu tion  is based on  th e  ob
servation th a t carbon dioxide precip itates  
th e  lead and s im u lta n eo u sly  converts any  
su lfite present to  b isu lfite , w hich  su bse
quently  is bound to  form aldehyde to  render 
i t  inactive tow ard iod in e. U nder these  
cond itions, th io su lfa te  is titra ted  alone.

ON E  of the finishing steps in the refining of gasoline and 
other light petroleum fractions is the “sweetening” 

operation in which m ercaptans, the compounds responsible 
for the “sour” odor of the product, are converted to  less ob
noxious disulfides. A process widely used for this purpose 
is the doctor treatm ent, in which gasoline is agitated with 
doctor solution (sodium plum bite in an excess of caustic soda 
solution) with subsequent addition of free sulfur in carefully 
controlled am ounts. The conversion from m ercaptans to 
disulfides is believed to  occur according to  the following 
equations:

2RSH +  NajPbOj — >- (RS)2 Pb +  2NaOH (1)

(RS)2Pb +  S — >- R2Sa +  PbS (2)

The disulfides remain in the hydrocarbon fraction, which 
is separated from the used doctor solution containing lead 
sulfide.

The usual practice is to  regenerate the spent doctor by oxi
dation (air blowing); the reaction proceeding, it is believed, 
according to  the following equation:

2PbS +  202 +  6NaOH — >  2Na2P b02 +  Na2Si03 +  3H20  (3)

Since sodium thiosulfate, which is the principal by-product 
of this process, remains in the reactivated doctor solution and 
reflects its further u tility  for sweetening operations (<?), a 
method for its analytical determ ination was desired.

The effect of this increasing thiosulfate concentration is to 
further the tendency to  emulsification, decrease the solubility 
of lead, and increase the specific gravity, so th a t gravity is no 
longer an index of the caustic concentration in doctor solu
tion (6). A  num ber of m ethods are available in the literature 
for determining it in the presence of other reducible sulfur 
salts, but none of these can be applied directly to  the analysis 
of doctor solution because lead interferes.

Kalmann (4) determines thiosulfate plus sulfite by titration 
with iodine. In the titrated solution hydriodic acid, equivalent 
to the sulfite,

NajSOj +  I , +  H ,0  =  Na2SO( +  2HI
is titrated with alkali. Thiosulfate is calculated from the two 
titrations.

Autenrieth and Windaus (I) determine thiosulfate by titration 
with iodine after removing sulfite as strontium salt. A similar 
method, removing sulfite as barium salt, is described by Scott (7).

Giberton (2) describes a method based on rapid conversion of 
silver thiosulfate to silver sulfide, the sulfur of which is deter
mined colorimetrically. . .

Heinemann and Rahn (S) describe a method for determining 
reducible sulfur in caustic soda, based on reduction of such sulfur 
compounds to hydrogen sulfide which is determined iodometn- 
cally.

Several promising methods were investigated after it was ob
served that in doctor solution carbon dioxide quantitatively pre
cipitates lead and converts sulfites to bisulfites. When sodium 
sulfite is added to fresh doctor solution and an excess of carbon 
dioxide is passed through it and filtered, the filtrate gives no 
evidence of lead to hydrogen sulfide. When formaldehyde is 
added to another portion of the filtrate and this is titrated with 
iodine the latter is immediately in excess, indicating the absence 
of sulfite.

M ost of these procedures, though capable of giving accurate 
results on knowns, are too long and tedious for routine use. 
In  this class belong such methods as th a t of A utenrieth and 
Windaus (1) which, involving separation of sulfite as its stron
tium  salt, requires too much tim e for settling and filtering.

The method of K urtenacker and W ollak (6), which is based 
on the fact th a t bisulfite is rendered inactive toward iodine 
by binding it to formaldehyde, formed the basis of the follow
ing method, which has been adopted for determining thiosul
fate in used doctor solutions.

Apparatus and R eagents
Apparatus required includes 500-ml. and 250-ml. volumetric 

flasks, 50-ml. pipet, 50-ml. buret divided in 0.1 ml., 1000-ml., 
500-ml., and 250-ml. Erlenmeyer flasks, glass funnels, carbon 
dioxide reducing valve, and Whatman filter paper No. 4, 11 cm.

The reagents are carbon dioxide, 0.1 N  iodine, 0.1 N  sodium 
thiosulfate, c. p. formaldehyde (35 to 40 per cent), 10 per cent 
acetic acid, starch indicator, and phenolphthalein indicator.

Procedure
Pipet 50 ml. of sample into a 500-ml. volumetric flask, dilute 

with water to 500 ml., mix, transfer the entire solution to a 1000- 
ml. Erlenmeyer flask, add a few drops of phenolphthalein indica
tor, and pass carbon dioxide through the solution until the pink 
phenolphthalein color is discharged. The lead is thus precipitated 
and any sulfite present is converted to bisulfite. As a precaution 
continue the passage of carbon dioxide for 5 minutes longer.

Filter this solution through Whatman No. 4 filter paper and 
collect 250 ml. of filtrate in a 250-ml. volumetric flask. For each 
test put 50 ml. of this filtrate into a  250-ml. Erlenmeyer flask 
and add 5 ml. of 35 to 40 per cent formaldehyde, followed after 
5 minutes by 20 ml. of 10 per cent acetic acid. T itrate the solu
tion with 0.1 N  iodine immediately after addition of the acetic 
acid, using starch as indicator.

The 0.1 N  iodine solution should be checked daily against 
0.1 N  thiosulfate.

C alculations
1 ml. of 0.1 N  iodine =  0.01582 gram of sodium thiosulfate. 

20 X ml. of 0.1 N  iodine X grams of thiosulfate per ml. of stand
ard iodine = grams of sodium thiosulfate per 100-ml. sample.

D iscussion
The weight-volume manner of reporting results is in accord 

with the p lant practice of expressing constituents of doctor 
solution in pounds per barrel.

F r o th in g  u s u a l ly  o c c u r s  o n  p a s s in g  c a r b o n  d io x id e  t h r o u g h  
t h e  s a m p le , b u t  s u b s id e s  a f t e r  a  fe w  m in u te s ,  d u r in g  w h ic h  
a  l i t t l e  s h a k in g  o f  t h e  f la sk  w ill p r e v e n t  s e r io u s  d if f ic u lty .

The end point fades after a little standing b u t is suffi
ciently stable for recognition w ithout difficulty.

After the precipitation of lead by carbon dioxide, the used 
doctor solution usually is still colored and has a phenolic 
odor, indicating th a t not all phenolic compounds have been 
removed. These compounds, however, do not interfere with 
the iodine titration. This was dem onstrated by comparing
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T a b l e  I. T h i o s u l f a t e  D e t e r m i n a t io n s  i n  U s e d  D o c t o r  
S o l u t io n s

(K now n am ounts of th iosulfa te  added)
T o tal Added

Thiosulfate Thiosulfate T hiosulfate Thiosulfate
Sam ple in  Original A dded Found Found

Q ./100 ml. G ./100 ml. G ./100 ml. G ./Î0 0  ml.
1 2 .5 5 3 .1 2 5 .GO 3 .05

6 .23 8 .05 6 .10
9 .34 11.76 9.21

o 1.74. 2 .49 4 .3 8 2 .64
4 .9 8 6 .80 5 .06
7 .48 9 .34 7 .6 0

3 1.94 1.25 3 .1 0 1 .16
2 .49 4 .3 8 2 .44
3 .74 5 .45 3.51

results obtained by the proposed method w ith those ob
tained by a long gravim etric procedure in which organic m at
ter does not interfere. The la tte r involved the separation of 
sulfate and sulfite as barium salts and the oxidation of the 
thiosulfate to  sulfate which was determined gravimetrically. 
Results obtained by the two m ethods agreed very well.

The time required for a  thiosulfate determ ination is ap
proximately one hour for the proposed volumetric method 
as compared to approxim ately 12 hours’ elapsed time for 
the gravim etric method.

T he precision and accuracy of the proposed method, ap
plied in a routine m anner, are evident from Table I.
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Apparatus for Continuous Concentration of a Solution  
under Reduced Pressure

BENJAM IN L. DAVIS
B ureau  of A gricu ltu ra l C hem istry  a n d  E ng ineering , U. S. D ep a rtm en t o f A gricu ltu re , W ash ing ton  D. C.

aspirator lowers the pressure enough to  obtain rapid distilla
tion. W ith the usual apparatus (consisting of two side-arm 
distilling flasks, one being the boiling flask and the other the 
receiver, cooled w ith a  stream  of water), however, the process 
of concentration m ust be frequently interrupted in order to 
em pty the receiver and to  add more of the dilute solution to 
the boiling flask.

A modified concentration apparatus, which has been in 
use in this laboratory for over two years, is described here. 
I t  m ay be operated continuously until the concentration is 
completed, the receiver being autom atically em ptied and the 
dilute solution being added from tim e to  time, or continu
ously, w ithout breaking the  vacuum  or stopping the boiling.

A cursory search of the literature shows th a t a  somewhat 
similar apparatus was reported by  Burger (1), b u t it is be
lieved th a t  the apparatus here described necessitates much 
less m anipulation in operation for the purpose outlined above.

The receiving flask was made by sealing a piece of 6-mm. tub
ing, A, into an ordinary 2-liter, side-arm, distilling flask. Another 
modification of this arrangement consists of a close-fitting rubber 
tube pushed through the side arm and extending to the bottom 
of the receiving flask. While not suitable for use with all solvents, 
this arrangement has been used for several years in this bureau 
for concentrating sugar solutions. B  is a fine capillary, to help 
prevent bumping, with a  short rubber tube and screw clamp at its 
upper end for regulation. Replacing the usual side arm, C, ot 
the Claisen distilling flask with a tube of larger diameter ( 15-inrn. 
outside diameter) hastens the distillation. The dilute solution 
to be concentrated is added through the funnel, D, either inter
mittently or by a continuous slow drip as the liquid boils out. 
E  is a thermometer to indicate the bath temperature. The va
pors are condensed in the receiving flask, then drawn off by tue 
aspirator through tube A  to the dram. Tne rest of the equipment 
is obvious from the drawing.

L iterature Cited
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IN TH IS  laboratory, i t  is frequently necessary to  concen
tra te  large volumes of dilute sugar solutions resulting from 

the hydrolysis of polysaccharides, the solvent—w ater or alco
hol—being discarded. Because of the danger of decomposition 
a t  higher tem peratures, distillation a t  reduced pressure with 
a  maximum bath  tem perature of 50° C. is used. A water



A Dropping Mercury Electrode
G EO R G E J .  KAHAN 

U niversity  o f  M in n eso ta , M inneapo lis , M in n .

A N U M B ER  of suggestions have been made for con
structing the dropping m ercury electrode (1-6). The 

trend is to  avoid the use of rubber tubing, since it  reacts with 
the mercury. The rubber connections can be eliminated by 
a very simple siphon system.

The mercury storage vessel has the form shown in a, Figure 1, 
the capillary itself is b, and the glass tubing, c, dips into the 
storage vessel. The height of the mercury can be varied by 
moving a up or down. A 
mark on the side arm, d, 
makes it easy to reproduce
the mercury pressure for .
every polarogram. The A
capillary itself is connected 
to the siphon with an in
terchangeable ground 
joint 10/30, held in place 
by a couple of springs. ^
This makes it easy to clean 
the capillary separately.

The capillary should be 
sealed to the glass tubing 
of the ground joint. To 
blow out a capillary as 
used in polarography it is 
necessary to use the pres
sure of a gas cylinder. To 
make such a seal without 
a cylinder, the capillary 
tubing is filled with mer
cury, using an ordinary' 
leveling bulb with mercury 
connected to the capillary 
with rubber tubing. The 
open end of the capillary 
is closed with one finger 
and the capillary discon
nected from the rubber m
tubing. One end of the 
capillary is brought into 
a very hot flame to close 
the capillary on this side, 
the other end being closed 
with the finger; then the 
other end is also sealed.
The capillary should now 
be nearly full of mercury. ■  a
If the glass is heated with 
a moderately hot flame, 
the pressure of the mer
cury will blow it out to a 
bulb large enough to be 
sealed to ordinary glass 
tubing. The sealed end 
of the capillary is now 
broken off.

A ground joint 12/18 
is sealed to the electrode 
(Figure 2). The cell to 
be used with this elec
trode has a corresponding 
ground joint, and g and h 
are inlet and outlet for the 
gas. Contact to the mer
cury pool in the bottom 
is made through k. The 
capillary' tubing between

F i g u r e  1

i

f  10/30

} ï  12/18

k and the cell should have 
a diameter of approxi
mately 1.5 mm. if  an 
outside anode or reference 
electrode is to be used, a 
two- or three-necked cell 
should be made.

Such a capillary should 
be cleaned before being 
put into service. Concen
trated nitric acid, which 
is mostly used for this 
purpose, is not very suita
ble, as salts form in the 
reaction of the acid with 
the mercury left in the 
capillary and clog it. A 
solution of iodine in potas
sium iodide proved to be 
very effective in cleaning.

To fill the capillary with 
mercury, c is dipped into 
the storage vessel filled 
with mercury', and using 
suction cautiously at A, 
some mercury is brought 
into m. The tapping of 
m causes the mercury to 
fall and fill out the tubing 
up to point B, where the 
side arm starts out. Now. 
using pressure a t A, all 
mercury over B  is driven 
back into the storage 
vessel so that the siphon 
will be free from air 
bubbles in the end. Then 
the mercury is brought 
over by using full suction 
fo r a m o m e n t .  I t  is 
necessary to use a safety 
bottle to save any mer
cury carried over by the 
suction.

T h is  c o n s t r u c t io n  
allows the side arm  with 
th e  c a p i l l a r y  to  be 
p iv o te d  a b o u t  th e  
storage vessel as center, 
and swung away from 
the polarographic cell. 
W hen not in use, i t  is 

dipped into a  test tube, which is provided w ith the same 
ground jo in t as the polarographic cell. This te s t tube should 
be filled with pure mercury. T he pressure in the te st tube, 
which is closed tightly  by the ground joint of the capillary, 
increases as the m ercury flows into the test tube, and this back 
pressure will soon stop the flow of m ercury completely.

An electrode and cell of this design have been in  use for 
more than  six months, and they have worked very satis
factorily.
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Nomograph for Computing Compound 
Compositions of Portland Cements

B E N JA M IN  JA N E R , D e p a r tm e n t o f  B o ro u g h  W orks , B o ro u g h  o f  M a n h a t ta n ,  New Y ork , N . Y.
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CO N STRU CTIO N  departm ents of governm ent agencies, 
federal, state , and municipal, are showing an increasing 

tendency to specify portland cements on the basis of the 
com puted compound composition (2). The la test revision 
of the specifications for portland cement of the American 
Society for Testing M aterials reflects this trend (1). The 
nomographic chart subm itted herewith simplifies consider
ably the necessary com putations from the oxide analyses.

F or the values of tetracalcium  aluminoferrite, tricalcium 
alum ínate, dicalcium silicate, and tricalcium silicate, we have 
th e  following equations:

C4AF =  3.043F
C,A =  2.650A -  1.692F
C2S =  8.602S -  3.071Cs
C3S =  4.071Cb -  7.602S

where

C«AF =  tetracalcium aluminoferrite (4CaO.AljOi.FetOj) 
CjA =  tricalcium alumínate (3CaO.Al2Oa)
CsS =  dicalcium silicate (2CaO.SiOi)
CsS =  tricalcium silicate (3Ca0.Si02)
A =  alumina
F =  ferric oxide
S =  silica
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Cs =  net calcium oxide available for silicates 
=  C — (Cg +  Cf +  Ca +  Cfrco)

C =  total calcium oxide
C a = calcium oxide in tricalcium alumínate
Co = calcium oxide in calcium sulfate (gypsum)
C f  =  calcium oxide in tetracalcium aluminoferrite

and
Cfrec = free calcium oxide, if the analysis has included 

this determination

The steps in using the nomographic chart would b e :

At I, from the value for sulfuric anhydride, a straightedge paral
lel to the base line gives the values for calcium sulfate (G) and 
Co. At II, a straightedge a t the value for F parallel to the base 
line gives to the right the values for C4AF and C f . A straight
edge from the value for F  to the left for the value for A gives 
CaA and CA, as indicated. From the values of C, Ca, Cf, Ca, 
and Cfrco (if known), Cs is computed and used a t III. A straight
edge between the values of Ca and S intersects the lines indicated 
to give at once C2S and C3S.

The accuracy of the calculation by this chart is adequately 
commensurate with the precision of the oxide analysis, as 
is readily apparent from two typical analyses and com puta
tions shown in Tables I  and I I .  Some of the figures are car
ried to more decimals than  would ordinarily be warranted; the

July 15, 1942 A N A L Y T I C L E D I T I O N 551

T a b l e  1. O x i d e  A n a l y s is

C em ent 1 C em ent 2
SiCh 19.8 22 .0
AhO« 5 .8 5.35
FeaOi 5 .07 4 .9 5
CaO 62.6 61.7
MgO 3.60 3.41
SOi 1.50 1.37
Ignition loss 0 .86 0 .8 0

T a b l e  11. C o m p o u n d  C o m p o s it io n , C o m p u t e d

C em ent 1 C em ent 2
By logs B y chart B y logs B y ch art

CaSO* 2 .6  2 .6 2 .3 2 .3
C«AF 15.5 15.4 15.1 15.1
CaA 6 .8  6 .8 5 .8 5 .8
CjS 16.1 16.0 3 5 .0 3 4 .9
C iS 5 3 .9  53 .8 37 .2 37.1

in tent is to  indicate the fact th a t the chart is sufficiently ac
curate for all practical purposes.
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An Injection and Sampling Stopcock
EA R L H . BROW N 

T en n essee  V alley A u th o r ity , W ilson  D am , Ala.

IN APPARATUS for the autom atic, continuous determina
tion or detection of a component of a gaseous mixture, it is 

imperative th a t checks w ith gases containing a known 
am ount of th a t component be made a t  suitable intervals to 
make sure th a t the sensitivity of the apparatus has not been 
impaired. This can be done either by  displacing the gas 
being analyzed by a  stream  of test gas or by injecting a known 
quantity  of te s t gas into the line. An accepted method for 
accomplishing the la tte r is the use of a calibrated by-pass (1)

which is also a 
part of the test gas 
line. By manipu
l a t i o n  of th r e e  
stopcocks the defi
n i t e  v o lu m e  of 
test gas contained 
in the calibrated 
by-pass m ay be 
flushed into the 
analytical gas line 
(Figure 1).

A simplification 
of this injector is 
shown in Figure 2. 
In  this stopcock, 
one of the bores is 
always in the line 
of flow of gas be
ing analyzed, while 
thé other is in the 
line of flow of the 
test gas—th a t is, 
there is gas passing 
through both bores

F i g u r e  2 . I n j e c t i o n  a n d  S a m p l in g  S t o p c o c k

a t  the same time. To inject a  small am ount of test gas into the 
analytical gas line, the stopcock is turned 90 degrees. The 
quantity  of test gas th a t was in the test gas line stopcock bore 
just prior to turning is thus transferred to the analytical gas 
line. By means of calibrated bores, the am ount of each in
jection can be determined. Larger quantities of the test gas 
m ay be injected into the analytical gas line by  either manual 
or mechanical rotation of the stopcock plug.

The single stopcock injector, when compared w ith Balde- 
wyns’ injector, thus represents a real saving of m aterial and 
a simplification of manipulations.

By passing an inert carrier gas through the analytical gas 
line and the gas to  be tested through the other line, small 
samples m ay be periodically taken for analysis.

In  addition to  the application mentioned, the device should 
be useful for mixing and proportioning various fluid combina
tions.

Literature Cited
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Fractionation of Colloidal Systems
Selection o f Operating Conditions for the Supercentrifuge

G E O R G E  FA N C IIE R , S. C . O L IPH A N T 1, AND C. R . IIO U S S IE R E , J R .2, T h e  U n iv e rs ity  o f  T exas, A u s tin , T exas

TH E application of the Sharpies supercentrifuge to the 
determ ination of the size of particles and the distribution 
of the particles in colloidal and semicolloidal systems has been 

presented previously (1-4)• I t  is possible to operate the 
machine under such conditions as to separate from a suspen
sion particles varying in size from 1 micron in diam eter or 
larger to  particles which approach the size of larger molecules. 
Compared to  other methods of separation, the supercentri
fuge m ethod has been found to have the advantages of larger 
capacity, rapidity  of determ ination, simplicity of operation, 
and low cost of m aintenance and operation. Therefore, it 
has been adapted to  the study  of the particle size distribution 
of oil-well drilling muds and has become a routine operation 
in the authors’ laboratories.

Hauser, Lynn, Reed, and Schachman (1, 2, 3) developed 
m ethods for calculating the size of particles separated by the 
supercentrifuge under definite conditions of operation, basing 
the m athem atical analysis upon two assumptions—namely, 
th a t the flow parallel to  the axis of ro tation  is streamline or 
viscous, and th a t Stokes’ law holds for dilute suspensions. 
The effect of the first assumption is to  require a ra te  of feed of 
the suspension to  the centrifuge which is small in comparison 
to the outward centrifugal force.

1 P resen t address, S tanolind  Oil & G as C om pany, H ouston, Texas.
2 P resen t address, U. S. N .

I t  is desirable, therefore, to  be able to  predict the operating 
conditions for a  particular machine which will result in the 
separation of particles of definite size or range of size, and 
Hauser devised a special slide rule to facilitate determination 
of operating conditions. The expression developed by 
Hauser and co-workers (for a  monodispersed film, 4) m ay be 
used to develop a simpler and less tedious way of accomplish
ing this desideratum.

Their equation is

Y  = lSQ/vi») R i Inv(Il% -  R l)D W  Ap I  2 Xo
RÎ
2 04:)2 , X o - R i  

H ----

in which
Rl R\

3/4 Rl +  1/4 Ri -  R IR \ -  R î In Ri
Ri

U)

(2)

Q =  rate of. feed of suspension 
77 =  viscosity of dispersion fluid
Ri =  distance of overflow weir from axis of rotation 
Ri = inner radius of bowl less thickness of liner _
D =  equivalent spherical diameter of solid particle 
w =  angular velocity of bowl in radians per second 
Ap = density of dispersed phase minus density of dispersing 

phase a t test temperature 
A’o =  distance from axis of rotation a t which particle begins to 

settle
Y  =  vertical distance from bottom of centrifuge bowl

RATE OF FEED OF SUSPENSION 
C C. PER MINUTE

4 0 ,0 0 0  3 0 ,0 0 0  2 0 ,0 0 0  10 ,000

R P . M  OF CENTRIFUGE BOWL

F i g u r e  1. A l ig n m e n t  C h a r t  f o r  S e l e c t i o n  o f  R .  P .  M . a n d  R a t e  o f  F e e d  N e c e s s a r y  t o  S e p a r a t e  a  P a r t ic l e
o f  D e f i n i t e  S iz e
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F i g u r e  2 . A i r  P r e s s u r e  R e q u ir e d  t o  D r i v e  
S u p e r c e n t r i f u g e  a t  D e s i r e d  R .  P .  M .

The equation has three variables (Q, w, D) and is implicit 
in X 0. This makes the equation soluble only by means of 
determinants, a  family of curves, or some similar method. 
If, for definite values of Q and in Equation 1, values of Xo are 
calculated for any fixed value of D  and F, i t  is then possible 
to*represent the equation as:

M  = lSQKiv
ir(Rl — Æ;)<02 Ap

(3)

(4)

(5)

Because E quation 1 is based upon the deposition of a 
monodispersed film, i t  follows th a t values of D a t definite 
values of F  are unique for the particular conditions of opera
tion which prevail, or, in other words, C is only a function of 
Y  and no longer a  function of D. The validity of this con
clusion was checked by determining independently the range 
in values of D  between the top and bottom  of the bowl with 
the slit-ultramicroscope. Therefore, if dilute enough systems 
are m aintained for fractionation, there is a constant value of 
C for every value of Y . However, D  remains dependent 
upon Q, u, and Y . Through Readjustm ent of Equation 3 by 
bringing Q and w outside the constant M , we obtain

O2 =

M '
r{R

QM'C
Fu2

l&K|f “I
Rî)ApJ

(6)

(7)

Figure 1, which provides a rapid and convenient m ethod for 
determining the diameter of the particles deposited a t  a  definite 
value of Y  for a definite value of Q and of w. Such a  chart 
can be conveniently used to determine the specific conditions 
under which the supercentrifuge m ust be operated to ensure 
the separation of particles of a definite size.

Further to simplify the operation of the supercentrifuge, 
the air pressure required to m aintain a definite r. p. m. of the 
centrifuge and the liquid head resulting in definite rates of 
feed of suspension were determined. Figure 2 shows a plot 
of the r. p. m. of the centrifuge bowl versus the ra te  of feed of 
the suspension a t  various constant pressures on the air-driven 
turbine. Figure 3 is a plot of the height of liquid level above 
the base of the centrifuge versus the air pressure on the turbine 
for constant rates of feed with three sizes of feed nozzles. The 
air is supplied to the turbine through two needle valves and 
a pressure regulator in series. The two valves assure much 
finer control of pressure than  can be obtained w ith only one 
valve. The suspension is fed into the bowl through one of 
three nozzles of different sizes, which can be interchanged 
while the machine is running. A constant ra te  of feed is 
m aintained by keeping a  definite hydrostatic head on the 
inlet to the bowl. An autom atic overflow siphon, which is 
adjustable to give any desirable height of liquid level above 
or below the base of the centrifuge, assures a constant ra te  of 
feed. Figures similar to 2 and 3 probably m ust be deter
mined for each machine because of characteristics inherent 
in the machine, b u t they are easily prepared and greatly 
facilitate routine operation of the machine. The following 
example is presented to illustrate the use of the chart:

I t  is desired to obtain from an aqueous suspension containing 
1 per cent solids by weight, particles between 125 and 80 milli
microns (rn/j) in diameter. Obviously, it is necessary to elimi
nate from the suspension all the particles larger than 125 mm by 
sedimentation or by centrifuging before this can be done. I t  is 
assumed that this has already been done.

Using Figure 1, from the intersection of the diagonal line corre
sponding to a particle diameter of 125 m/i and the vertical line 
corresponding to 45,000 r. p. m., proceed horizontally to the left; 
intersect the diagonal line corresponding to Y  = 1 (1 cm. above 
the bottom of the bowl); and read below on the abscissa 400 
cc. per minute as the rate of feed of the suspension required for 
the separation. In a like manner, it is seen that a particle of 80 
mp. diameter will be deposited at 20 Y  (the top of the bowl). I t 
has now been established that, to obtain particles from 125 to 
80 m/i in diameter from a suspension containing no particles larger 
than 125 mp, the centrifuge is to be operated a t 45,000 r. p. m. 
and the suspension must be fed a t a rate of 400 cc. per minute.

Using Figure 2, it is found that 43 pounds per square inch (126 
kg. per sq. cm.) air pressure on the turbine are required to drive the 
bowl a t 45,000 r. p. m., when the rate of feed is 400 cc. per minute. 
Caution should be exercised here in order to prevent the selection 
of an r. p. m. or flow rate that exceeds the operating limits of the

I t  is then possible for any definite value 
of F  to establish the relation

DÎ
Dl

(¿¡y I 
Qxoî

(8)

(9)

Using Equation 6 and values of C a t 
various values of F  from independent ob
servation, the diameters of particles were 
calculated for various r. p. m .’s, w, and 
rates of flow, Q. The results of these 
calculations are graphically illustrated in

“0  10 2 0  3 0  4 0  5 0  O 10 2 0  3 0  4 0  5 0  0  10 2 0  3 0  4 0  50
*  a ir  p r e s s u r e  on  t u r b in e  in  p o u n d s  p e r  s q u a r e  in c h

F ig u r e  3 . C o n t r o l  C h a r t  f o r  S e l e c t i o n  o f  F e e d  N o z z l e  a n d  F l u id  
H e a d  R e q u ir e d  t o  M a i n t a i n  D e s i r e d  R a t e  o f  F e e d
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T a b l e  I .  C o m p a r is o n  o f  P a r t ic l e  D i a m e t e r  V a l u e s  
P r e d ic t e d  b y  C a l ib r a t io n  C u r v e s  a n d  O b s e r v e d  

M ic r o s c o p ic a l l y

E q u iv a len t Spherical D iam eter0 of Particles 
Portion  of L iner S lit-U ltram icroscope

Sam ple R epresented , C alib ration  C urves (Av. D)
N o. Y  M axim um  M inim um  Observer 1 O bserver 2

Cm. ---------------------- M illim icrons----------------------»
1 0-20 215 150 195 208
2 0 -2  150 147 155 158
3 0 -20  90 55 . . .  82

a D iam eter equ iva len t to  th a t  of a  sphere which would settle  a t  a ra te  
equal to  th a t  of th e  ac tu a l partic le .

centrifuge. From Figure 2 this limit is seen to be 200 cc. per 
minute a t 50,000 r. p. m. and 1000 cc. per minute a t 35,000 r. p. m. 
However, this limit may be altered for the air-driven turbine by 
adjusting the pressure regulator on the air supply line to a higher 
driving pressure. If a higher driving pressure is used, care must 
be exercised never to exceed 50,000 r. p. m. (maximum r. p. m. 
specified for the supercentrifuge by manufacturer). This might 
easily be done if a pressure in excess of 45 pounds per square inch 
(132 kg. per sq. cm.) were applied when the bowl was empty. 
At the higher rates of feed the basic formula used here for particle 
size determination may not apply rigidly, owing to the possible 
development of turbulence within the centrifuge bowl.

From Figure 3, it is seen that to attain a rate of feed of 400 cc. 
per minute while using 43 pounds per square inch (126 kg. per 
sq. cm.) it is necessary to use nozzle 3 and keep the liquid feed 
level a t 15 cm. below the base of the centrifuge, or to use nozzle 
2 with the liquid level 77 cm. above the base of the centrifuge.

T h u s ,  f o r  t h i s  e x a m p le ,  in  o r d e r  to  o b t a i n  a  s e p a r a t i o n  o f  p a r t i c le s  
b e tw e e n  125  a n d  80 m ^ , h a v in g  p r e v io u s ly  r e m o v e d  p a r t i c le s  
la r g e r  t h a n  125  m ji, t h e  i n l e t  p r e s s u r e  o f  t h e  a i r  w h ic h  d r iv e s  t h e  
c e n t r i f u g e  s h o u ld  b e  4 3  p o u n d s  p e r  s q u a r e  in c h  (1 2 6  k g .  p e r  sq . 
c m .) ,  a n d  th e  s u s p e n s io n  s h o u ld  b e  fe d  f r o m  a  le v e l  o f  15 c m . b e 
lo w  t h e  b a s e  o f  t h e  c e n t r i f u g e  th r o u g h  n o z z le  3 .

These charts m ay be expected to apply only to suspensions 
in an  aqueous medium and different viscosity and density 
would require a different chart.

Table I  has been prepared to illustrate the reliability and 
accuracy of the chart used under routine conditions.
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Silicon, Manganese, Chromium, Iron, and Copper 
in a Nickel-Base Alloy

An Aliquot M ethod for Routine Analysis o f  an Electrical Heat-Resisting Alloy

L O U IS SILV ER M A N , U n ite d  S ta te s  N avy C h e m is try  L a b o ra to ry , M u n lia ll ,  P c u n a .

NE W E R  techniques developed for the analysis of chro
mium steels (6) m ay be applied to certain nickel-base 

alloys. This paper outlines an aliquot m ethod adapted to 
the rapid routine determ ination of the im portant elements in 
electrical heat-resisting alloys.

As with high chromium-nickel steels, the alloy is dissolved 
in acid and the silica dehydrated in boiling perchloric acid. 
From the silica-free filtrate aliquots are taken for determ ina
tion of the elements present. Similarly, the manganese, 
chromium, and nickel are determined in sequence, in a single 
aliquot. In  a  second aliquot phosphorus can be determined, 
and in another aliquot copper and iron can be separated and 
determined. This last separation is the point of difference 
between the alloy steel and the nickel-base alloy, in th a t the 
iron determ ination is not required in the former.

The reagents and apparatus required are the usual equip
m ent found in ferrous and nonferrous laboratories.

R eagents
Copper powder, 325-mesh (¡2).
Arsenite-Nitrite (3). Prepare 0.1 N  arsenite by dissolving 4.95 

rams of arsenious oxide in about 20 cc. of 20 per cent sodium hy- 
roxide solution. Using phenolphthalein as indicator, decolor

ize with dilute sulfuric acid, add 500 cc. of water and 20 to 25 
grams of sodium bicarbonate, and decolorize with acid if neces
sary. Dissolve 7.0 grams of sodium nitrite in 200 cc. of water. 
Mix arsenite and nitrite, and dilute to 2 liters. This is the stock
0.1 N  solution. For use, dilute to 0.02 N , standardize on a steel 
of about 1 per cent manganese, to which 20 per cent chromium

has been added, and check with Bureau of Standards sample 
No. 101a or No. 121.

Ferrous Ammonium Sulfate. Dissolve about 46.0 grams 
(0.117 N ) of ferrous ammonium sulfate in 500 cc. of water con
taining about 5 cc. of sulfuric acid. Dilute to 1 liter.

Citric Acid Solution. To 380 grams of ammonium sulfate 
add 270 cc. of concentrated ammonium hydroxide, 1430 cc. of 
water, 5 grams of ammonium chloride, and 240 grams of citric 
acid. Use 35 cc. on a 0.2-gram aliquot.

Standard Silver Nitrate Solution. 2.885 grams of silver nitrate 
per liter. Use 5 =*= 0.1 cc.

Cyanide Solution. Dissolve about 7.5 grams of sodium cya
nide and 7 grams of sodium hydroxide in 1000 cc. of water. Dilute 
to analyst’s convenience.

Potassium Iodide. 200 grams per 1000 cc. of water. Use 2 cc.
Silver-Sulfuric Acid-Phosphoric Acid Solution. Mix 500 cc. of 

water, 1000 cc. of sulfuric acid, 5.77 grams of silver nitrate, and 
120 cc. of phosphoric acid. Dilute to 2 liters. Use 5 cc.

Titanium Standard. Dissolve 1 gram of Bureau of S ta n d a rd s  
No. 121 (titanium 0.394 per cent) in 50 cc. of (1 +  1) hydro
chloric acid, cool to 10° C., and dilute to 200 cc. with water. 
Add 20 cc. of 6 per cent aqueous cupferron solution. C o n tin u e  
with the separation and solution of the titanium, as directed be
low. Dilute to 200 cc. with 5 per cent sulfuric acid. 1 reserve 
as a permanent standard. Add peroxide whenever color fades.

Procedure
S o l u t i o n  o f  A l l o y .  The nickel alloy is decomposed by di

rect attack with hot 70 per cent perchloric acid (i). Use -0 cc. 
for 2.500 grams in a 300-cc. beaker.

If the drillings are contaminated by oil or contain high carbofl) 
or if phosphorus is required, treat a 2.500-gram sample in a 300-cc. 
tall-form beaker with 25 cc. of mixed acids (300 cc. of hydro-
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T a b l e  I. A n a l y s i s  o f  a  H e a t - R e s i s t i n g  N i c k e l - B a s e  A l l o y
Carbon Silicon M anganese C hrom ium Copper Iron

% % % % % %
0.04 0 .16 0 .1 7 ,0 .1 8 12.2 0 .3 4 ,0 .3 4 8.35

0 .16 0 .17 12.25 0.31 8 .15
0 .06 0.17 0 .2 3 ,0 .2 3 1 3 .1 ,1 3 .1 0 .3 2 ,0 .3 2 8 .4 0 ,8 .4 4

0 .18 13.0 0 .32 8 .40
0 .09 0.12 0 .13 13.4 0 .27 7.24

0.12 0 .15 13.3 0 .2 8 7.25
0.08 0.12 0 .1 2 ,0 .1 2 1 3 .5 ,1 3 .5 0 .12 7 .35

0.12 0 .13 7 .40
0.04 0 .15 0 .0 8 ,0 .0 8 1 3 .4 ,1 3 .4 0 .2 4 ,0 .2 6 7 .13

0.17 0 .25 7 .24
0 .05 0 .18 0.16 12.8 0 .0 5 ,0 .0 5 6.71
0.09 0 .27 0.14 13.3 0 .2 8 ,0 .2 7 6 .7 0 ,6 .7 1
0.07 0 .18 0.14 13.9 0 .23 6 .75

0.25 6.71
0.04 0 .24 0.11 13.4 0 .6 0 ,0 .5 9 7 .4 3 ,7 .4 5
0.07 0 .30 0 .19 16.7 0 .14 7.51

16.8

chloric acid, 100 cc. of nitric acid, and 400 cc. of water). Cover, 
and heat a t 80° to 90° C. to complete solution. Add 5 cc. of 
nitric acid (1.4 specific gravity) and 20 cc. of 70 per cent c. p. 
perchloric acid.

Heat at the boiling point of perchloric acid (204° C.) until the 
green spot under the cover glass is changed to yellow. Cool, add 
about 100 cc. of water and 10 cc. of (1 +  1) sulfuric acid, shake to 
dissolve soluble matter, and heat to boiling. Cool.

S i l i c o n .  Filter through a No. 40 Whatman paper into a 250- 
cc. volumetric flask. Wash 10 times with a hot (1 +  99)^sul
furic acid solution, then with hot water. (Change the receiver, 
and wash with (1 +  4) hydrochloric acid if the precipitate is 
green.) Bum the paper and weigh as silica. For a 2.500-gram 
sample, the factor is 0.1S64.

Cool the filtrate to room temperature, dilute to the mark, and 
shake well.

M a n g a n e s e ,  C h r o m iu m ,  a n d  N i c k e l  (ft). Transfer 20 cc. 
(0.20-gram aliquot) to a 400-ce. low-form beaker. Add 5 cc. of 
the silver-sulfuric acid-phosphoric acid solution and 75 cc. of 
hot water. Heat to about 80° C ., add 20 cc. of 6 per cent am
monium persulfate solution, and maintain a t this temperature 
until persulfate bubbles cease to form. Cool to 10° to 15° C . 
Titrate with the arsenite-nitrite reagent (approximately 0.02 N).

Dilute to 200 cc. with cold water, and titrate chromium poten- 
tiometrically with standard ferrous ammonium sulfate (approxi
mately 0.117 N).

For nickel, add 35 cc. of the citric acid solution; add am
monium hydroxide (0.9 specific gravity) till blue; make acid to 
litmus with (1 +  1) sulfuric acid; dissolve the silver chloride 
precipitate with ammonium hydroxide, add 2 cc. of potassium 
iodide solution, and titrate with cyanide solution.

For manganese and chromium standards, a 0.2-gram aliquot 
of Bureau of Standards No. 101a (0.47 per cent manganese, 18.33 
per cent chromium, 8.99 per cent nickel) is used; but a larger 
portion of a  strong nickel sulfate solution, gravimetrically stand
ardized, is required for nickel.

C o p p e r  (£>). Transfer 100 cc. (1.000-gram aliquot) to a tall- 
form 200-cc. beaker, add 4 cc. of (1 +  1) sulfuric acid, and elec- 
trolyze a t 4 volts and 0.6 to 0.8 ampere, without agitation. 
About 90 minutes is sufficient for an electrolyte of 14 per cent 
chromium, 6 per cent iron, and 0.6 per cent copper. Without 
any unnecessary agitation, remove the electrolyte. Wash the 
electrode with water, dry, and weigh for copper.

I ro n  (2). To the electrolyte add about 0.4 to 0.5 gram of 
powdered copper (325-mesh), sufficient to remain momentarily 
suspended when stirred. Three 15-second agitations are neces
sary. Filter through paper (Whatman No. 40, or similar rough
ened paper) that will not permit fine copper to “creep” , and wash 
with water. To the filtrate add 5 cc. of (1 +  1) sulfuric acid and 
5 cc. of 85 per cent phosphoric acid. Add ice, and titrate with
0.1 N  permanganate, potentiometrically or.visually. The first 
darkening of color corresponds to the potentiometric end pomt, 
but for routine visual titration it is best to proceed 0.1 cc. further 
and subtract the blank.

T i t a n i u m  (4). Transfer 100 cc. (1.000-gram aliquot) to a 400- 
cc. beaker. Add 20 cc. of (1 +  1) sulfuric acid and about 10 cc. 
of sulfurous acid (or sulfuric acid plus sodium sulfite) to reduce 
sexivalent chromium, cool to 10° to 15° C., and dilute to 200 cc. 
Add 20 cc. of 6 per cent cupferron solution. Let stand in the ice 
box, stirring occasionally, till the precipitate settles. Filte:r on 
No. 40 Whatman paper, and wash with cold (1 +  99) hydro
chloric or sulfuric acid. Return the paper to the beaker, aacl 
25 cc. of nitric acid (1.4 specific gravity), mix, then heat to de
stroy organic matter. Add 15 cc. of 70 per cent perchloric acid, 
and fume. Cool, dilute, and add 10 cc. of (1 +  1) sulfuric acid

and 5 cc. of 3 per cent hydrogen peroxide. Compare with stand
ard titanium solution, or with Bureau of Standards No. 121 (0.4 
per cent titanium) which has been prepared as in (4).

P h o s p h o r u s  (5). If phosphorus is to be determined instead 
of titanium, transfer 100 cc. (1.000-gram aliquot) to a 300-cc. 
beaker. Add 5 cc. or more of ammonium hydroxide (specific 
gravity 0.9) till a precipitate forms, dissolve with nitric acid 
(specific gravity 1.4), and add 8 cc. excess. Warm to 40° C., 
and precipitate with ammonium molybdate as usual.

R esults

In  Table I, accumulated data  are given. Two lines of 
figures indicate th a t aliquots were obtained from separately 
weighed samples.

Copper was determined either on a Sloman analyzer, or on 
an electrolytic board of stationary electrodes. Duplicates of 
the iron values were obtained, in some cases, from different 
standard permanganate solutions, accounting for the odd 
figures.

Titanium  and phosphorus averaged 0.2 and 0.008 per cent, 
respectively.

D iscussion

Dissolution of the nickel-base alloy directly in 70 per cent 
perchloric acid is much more rapid than  by preliminary a t
tack with mixed acids. Only in the case of the high-silicon, 
high-chromium alloys is the direct a ttack  by perchloric acid 
likely to fail, since these two elements often prevent complete 
disintegration of the alloy. Loss of phosphorus is not appre
ciable for the usual am ounts present. Too high a tem pera
ture will cause volatilization of nickel from fuming perchloric 
acid.

The silica residues have been found to  retain  about 0.02 per 
cent chromium, bu t no nickel, iron, or manganese.

Manganese and chromium are determined (5) as in steel, 
but the acidity of the nickel solution m ust be carefully ad
justed, as indicated in the procedure. The nickel result is 
increased by 0.1 per cent for each 0.3 per cent of copper 
present. Because of the expected accuracy of the nickel 
titration, the copper error can ordinarily be disregarded. If, 
however, copper is present in large am ounts (1.0 per cent), 
another procedure is suggested (£>).

The unusually long tim e (90 minutes) required to deposit 
about 0.003 gram  of copper is necessitated by the preliminary 
reduction of sexivalent chromium and trivalent iron. The 
platings are firm and adherent, and have the same color as 
copper depositions from sulfuric acid alone. Phosphoric 
acid is not required.

Since the reduction of iron is not completed during the 
electrodeposition of copper (6) the method of Percival (%) is 
used; and since beakers are used instead of stoppered flasks, 
more powdered copper is required (0.4 gram), and the stirring 
m ust be vigorous enough to keep the reductant momentarily 
suspended in the solution. Inadequate agitation is the cause 
of poor results. After reduction, the copper is filtered off; 
and the paper selected m ust not be too smooth, lest some 
powdered copper creep and be washed into the filtrate. 
Phosphoric acid does not prevent complete reduction of the 
iron by copper.
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A Graphic Method of Studying the Separation of 
Mixtures by Immiscible Solvents

LILA F . K NU DSEN  A N D  DONALD C. GROVE 
Food a n d  D rug  A d m in is tra tio n , F ed era l S ecu rity  A gency, W a sh in g to n , D. C.

A graphical procedure is  described by 
w h ich  i t  is possib le to  prcdict th e  ratio o f  
th e volum es o f th e  solvents and th e  num ber  
o f fu n nels and separations required to  give 
th e  b est separation  o f th e  com pon en ts o f  a 
m ixture by th e  u se  o f im m iscib le  solvents.

TH E  separation of m ixtures by  means of immiscible sol
vents is customarily based on the insolubility of one of 
the components in one of the solvents. For some mixtures, 

however, it is not possible to  find a pair of solvents which 
will fulfill this condition. If the distribution coefficients of 
the components of such a m ixture between two solvents differ 
sufficiently, a  separation m ay be made by passing a solution 
of the m ixture in one solvent through a series of separator}' 
funnels containing the other solvent and repeatedly washing 
the solution remaining in the funnels w ith portions of the 
first solvent. Calculating the proper volume ratio  of the 
solvents, and the num ber of funnels and washings to  give a 
satisfactorily quantita tive separation, is so laborious as to  be 
alm ost prohibitive. The same results m ay be obtained rather 
quickly by a graphical procedure.

The distribution of any solute between two immiscible 
solvents, where the molecular weight of the  solute is the 
same in both solvents, is expressed by the formula:

u
1 — x v

where, considering the amount of solute as unity:
x  =  fraction of solute dissolved in solvent 1

1 — x — fraction of solute dissolved in solvent 2
u  =  volume of solvent 1
v — volume of solvent 2
k =  distribution coefficient

Solving Equation 1 for x,
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Thus, the fraction present in solvent 1 m ay be calculated 
for any ratio  of volumes of solvents.

F i g u r e  1. S e p a r a t i o n  o p  E r g o m e t r i n e  a n d  E r g o m e t -
RINTNE

Using tw o separa to ry  funnels and  one to  seven separations

T he specific problem used in the development of this 
m ethod was the separation of the stereoisomeric ergot alka
loids, ergometrine and ergometrinine, wherein it  was desired 
to  obtain the ergometrine as free as possible from its stereo
isomer. This was accomplished by their distribution be
tween w ater and ether, and is here used as an example of the 
general application of the method.

For the purposes of th is presentation, the term  “separa
tion” indicates the  passing of a  given volume of one solvent

T a b l e  I .  D i s t r i b u t i o n  o f  a  S o l u t e  b e t w e e n  Two I m m i s c i b l e  S o l v e n t s
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successively through each of the entire series of funnels con
taining the other solvent. L et us assume a series of funnels 
containing equal volumes of ether through which a  water 
solution of the alkaloids is shaken successively. This is 
followed by successive portions of water, each equal to  the 
volume of water used as the original solvent for the alkaloids. 
The distribution of the alkaloids in the various layers in the 
separatory funnels is shown in Table I.

From  the d a ta  in this table, a  series of curves are prepared 
as illustrated for two funnels (Figure 1) and four funnels 
(Figure 2). Since we are concerned only with the total 
am ount of solute in the combined w ater extracts, which is 
expressed as per cent of the original am ount of solute and 
called “y ”, the curve for one separation, Figure 1, represents 
a  graph of the values of y  =  100 x 1 (see column 6, Table I, 
first separation), th a t for two separations represents the 
values of y  =  100 [x2 +  2x2( l — x)]  (sum of first and second 
separations, column 6, Table I), th a t for three separations rep
resents the values of y =  100 [æ2 +  2 x - ( l — x )  +  3x2( l —z ) 2], 
etc. Only two sets of curves are illustrated, b u t similar 
graphs m ay be prepared for any num ber of funnels and 
separations required. Since these values are independent 
of the natu re  of the solute and solvents, they can be applied 
to any combination.

For the application of these curves to  any specific problem, 
a scale, as shown above the curves in Figures 1 and 2, m ust 
be constructed for the two substances to  be separated. This 
scale consists of the values of x  for various ratios of the sol
vents as calculated from E quation 2. For example, the 
distribution coefficients, k, for ergometrine and ergomet- 
rinine between w ater and ether were determined experi
m entally to be 7.55 and 0.39, respectively. By substituting
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F i g u r e  2 . S e p a r a t i o n  o p  E r g o m e t r in e  a n d  E r g o -
M E T R IN IN E

Using four separa to ry  funnels and one to  seven separations

T a b l e  II . S e p a r a t i o n  o p  E r g o m e t r i n e  a n d  E r g o m e t r i n i n e

u /v 1 Separation 3 Separations 5 Separations 7 Separations
A B A B A B A B
% % % % % % % %

Using Two Funnels
0 .1 18 0 57 1 82 3 93 6
0 .4 56 2 94 9 99 19 100 28
1 .0 78 8 99 32 100 55 100 72
3 .0 93 28 99 74 roo 93 100 100

Using F our Funnels
0 .1 3 0 22 0 48 0 70 0
0 .4 33 0 83 0 97 2 100 5
1.0 60 0 97 5 100 17 100 30
3 .0 84 9 100 43 100 72 100 89

these values of k  independently in E quation 2, together with 
a volume ratio (u /v  =  water to ether) of 0.3, the values of x  
for ergometrine and ergometrinine are calculated to  be 
0.694 and 0.105, respectively. The values of x  thus ob
tained are marked off on the x  scale above the graph, each 
m ark being identified by its appropriate u /v  ratio as indicated 
by the figures above the scale.

The intersection of a vertical line projected from these 
points and each of the curves gives the per cent of the ori
ginal am ount of these alkaloids which has been carried into 
the combined w ater extracts for the num ber of separations 
indicated. Table I I  gives a tabulation of some of these 
values obtained from Figures 1 and 2, where A and B rep
resent the am ount of ergometrine and ergometrinine, 
respectively, in the water extracts from two and four 
funnels with varying num bers of separations. I t  is obvious 
th a t an optim um separation calls for the highest possible 
recovery of A and a t the same tim e the lowest possible con
tamination with B.

An inspection of Table I I  shows th a t no separation of 
these alkaloids approaching quantitative proportions can be 
obtained with only two funnels. In  Table II , however, 
a t a u /v  ratio of 0.4, five and seven separations, using four 
funnels, give practically complete recoveries of ergometrine 
with only slight am ounts of ergometrinine. A more de
tailed survey of the points in this region on Figure 2 reveals 
that, a t a u /v  ratio of 0.3, seven separations give a 99 per 
cent recovery of ergometrine and 2 per cent of ergometrinine.

I t  is possible th a t the use of more funnels would give an 
even more quantitative separation. The accuracy of the 
separation to be desired will be dictated by the nature of 
the problem, and with a set of curves, as illustrated here, it 
is possible, knowing only the distribution coefficients of the 
components of a  mixture, to determine the optimum ratio  of 
solvents and the least num ber of funnels and separations 
required to  give the desired results.

In  practice, these curves, which are applicable to  any 
situation and need be prepared only once, should be plotted 
on a fairly large scale to facilitate their use. The single x  
scale prepared for the specific mixture, if plotted on the same 
scale on a strip of graph paper, m ay be applied to  all the 
series of graphs.

To assure sufficient shaking tim e for the various extrac
tions, it is usually well to determine experimentally the 
time required for the distribution of the solutes between the 
solvents to reach equilibrium.
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Standard Methods for the Sampling and Analysis 
of Commercial Soaps and Soap Products, Revised

It. E. DIVINE, J. E. DOHERTY, C. P. LONG, E. B. MILLARD, M. L. SIIEELY, H. P. TREVITHICK, a n d
F. W. SMITHER, Chairman

TH E  Committee on Soap and Soap Products 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 given careful con
sideration to  comments on the methods published in 1937 (8), 

and to  cooperative studies carried out by the Soap Analysis 
Committees of the American Oil Chemists’ Society (18) and 
the American Society for Testing M aterials (2), w ith the 
result th a t the following report was unanimously adopted 
M arch 11, 1941.

A. Sam pling

The seller shall have the option of being represented at the time 
of sampling, and when he so requests shall be furnished with a 
duplicate sample.

I .  C a k e  S o a p s ,  F l a k e  a n d  P o w d e r e d  S o a p  P r o d u c t s  W h e n  
P a c k e d  i n  C a n s  o r  C a r t o n s .  One cake (can or carton) shall be 
taken at random from not less than 1 per cent of the vendors' 
shipping containers, provided such containers contain not less 
than 50 pounds (22.7 kg.). In the case of smaller containers, a 
cake (can or carton) shall be taken a t random from each lot of 
containers totaling not more than 5000 pounds (2268 kg.) or 
fraction thereof. The gross sample shall in all cases consist of 
not less than three cakes (cans or cartons) taken a t random from 
separate containers. With very large lots where the sample 
drawn as above will amount to more than 20 pounds (9.1 kg.), 
the percentage of packages sampled shall be reduced so tha t the 
amount drawn shall not exceed 20 pounds (9.1 kg.).

Wrap the individual cakes (cans or cartons) tightly in paraffined 
paper at once and seal by rubbing the edges with a heated iron. 
The inspector shall accurately weigh each wrapped cake (can or 
carton), record its weight and the date of weighing on the wrap
per, place the wrapped cakes (cans or cartons) in an air-tight con
tainer, which should be nearly filled, sealed, marked, and sent to 
the laboratory for test. Samples should be kept cool until tested.

II. F l a k e  a n d  P o w d e r e d  S o a p  P r o d u c t s  W h e n  i n  B t j l k .  
A grab sample of not less than 0.5 pound (227 grams) shall be 
taken a t random from not less than 1 per cent of the vendors’ 
shipping containers, provided such containers contain not less 
than 100 pounds (45.4 kg.). In case of smaller containers, a 
grab sample of not less than 0.5 pound (227 grams) shall be 
taken at random from each lot of containers totaling not more 
than 10,000 pounds (4536 kg.) or fraction thereof. The gross 
sample shall in all cases consist of not less than three grab por
tions taken a t random from separate containers. With very large 
lots where the sample drawn as above will amount to more than 
20 pounds (9.1 kg.), the percentage of packages sampled shall be 
reduced so tha t the amount drawn shall not exceed 20 pounds 
(9.1 kg.). The inspector shall rapidly mix the gross sample and 
place it in an air-tight container, which shall be filled, sealed, 
marked, accurately weighed, its weight and date of weighing 
recorded on the package, and sent to the laboratory for test. 
Samples shall be kept cool until tested.

III. L i q u i d  S o a p .  A sample of not less than 0.5 pint (236.6 
ml.) shall be taken a t random from not less than 1 per cent of the 
vendors’ shipping containers, provided such containers contain 
not less than 10 gallons (37.9 liters) each. In case of smaller con
tainers, a sample of not less than 0.5 pint (236.6 ml.) shall be 
taken a t random from each lot of containers totaling not more 
than 1000 gallons (3785.4 liters). The gross sample shall in all 
cases consist of not less than three portions of 0.5 pint (236.6 ml.)

each taken a t random from separate containers. Before drawing 
the sample from the container selected, the contents of the con
tainer shall be thoroughly agitated. The inspector shall thor
oughly mix the gross sample drawn, and place it in clean, dry 
cans or bottles, which shall be completely filled and securely 
stoppered with clean corks or caps, then sealed, marked, and 
sent to the laboratory for test.

IV. P a s t e  S o a p  P r o d u c t s .  (\) When packed, in cans or car
tons of 5 pounds (2.27 kg.) or less. One can or carton shall be 
taken at random from not less than 1 per cent of the vendors’ 
shipping containers, provided such containers contain not less 
than 50 pounds (22.7 kg.). In case of smaller containers, a can 
or carton shall be taken at random from each lot of containers, 
totaling not more than 5000 pounds (2268 kg.) or fraction thereof. 
The gross sample shall in all cases consist of not less than 3 cans 
or cartons taken a t random from separate containers. With very 
large lots where the sample drawn as above will amount to more 
than 20 pounds (9.1 kg.), the percentage of packages sampled 
shall be reduced so tha t the amount drawn shall not exceed 20 
pounds (9.1 kg.). Wrap, seal, mark, and send to the laboratory 
for test.

(2) When packed in bulk. Take a “trier” sample at random 
of not less than 0.5 pound (227 grams) from not less than 1 per 
cent of the vendors’ shipping containers, provided such con
tainers contain not less than 50 pounds (22.7 kg.). (A trier sample 
is obtained by inserting a trier into the material. A trier is a 
half-round steel cylinder 0.5 to 0.75 inch in diameter, 6 to 30 
inches in length, pointed on one end, and having a grip handle on 
the other end. After insertion, the trier is turned 2 or 3 times, 
and upon removal a core of the material being sampled is ob
tained.) In  case of smaller containers a trier sample shall be 
taken at random from each lot of containers totaling not more 
than 5000 pounds (226S kg.) or fraction thereof. The gross sample 
shall in all cases consist of not less than three 0.5-pound (227- 
gram) portions taken a t random from separate containers. Witli 
very large lots where the sample drawn as above will amount to 
more than 10 pounds (4.5 kg.), the percentage of packages sam
pled shall be reduced so tha t the amount drawn shall not exceed 
10 pounds (4.5 kg.). The inspector shall promptly place the 
gross sample in a clean, dry, air- and water-tight container, 
which shall be filled, sealed, marked, and sent to the laboratory 
for test.

B. Preparation  o f  Sam ples
I. C a k e  S o a p .  In the case of samples tha t can be easily dis

integrated and mixed, run the entire sample through a suitable 
chopper. When the sample is large, each cake may be quartered 
and one quarter of each cake run through the chopper. With 
samples tha t cannot be handled as above, select a cake of average 
weight, quarter it by cutting at right angles in the center, and 
shave equally from all freshly cut surfaces sufficient soap for 
analysis. Mix and weigh out all portions for analysis promptly. 
Preserve the remainder in an air-tight container in a cool place.

II. P o w d e r e d  a n d  C h i p  S o a p s .  Rapidly disintegrate and  
mix the sample; if desired, quarter down to about 1 pound (453.0 
grams) and weigh out all portions for analysis a t once. U n u sed  
portions of the sample for analysis shall be preserved in an air
tight container in a cool place.

III. L i q u i d  S o a p .  N o  preparation of the sample, other than 
thorough mixing, is necessary unless it is received during very
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cold weather, when it should be allowed to stand at least 1 hour 
after it has warmed up to room temperature (20° to 30° C.) 
before it is tested, particularly for its lathering qualities.

IV. P a s t e  S o a p  P r o d u c t s . Mix thoroughly by kneading 
and quarter down to about 1 pound (453.6 grams). Weigh out 
all portions for analysis promptly and preserve remainder in an 
air-tight container in a cool place.

C. M ethods o f A nalysis

When a determination shows nonconformity with the specifica
tions, a duplicate shall be run.

I .  M o i s t u r e . The oven method given here is  generally 
applicable to all soaps. Experience has shown, however, that 
certain exceptions to this method must be made if accurate re
sults are desired. These exceptions include: (o) For soaps con
taining appreciable amounts of sodium silicate the distillation

F i g u r e  1. A s s e m b l y  o f  D is t il l a t io n  
A p p a r a t u s

A . 45 to  55 m m .
B . 22 to  24 m m ., inside diam eter
C. 9 to  11 m m ., inside d iam eter
D. 235 to  240 mm.
E . 146 to  156 mm. , , t
F. G. In terchangeable  jo in ts, s tandard  taper

24/40

method is preferred. (6) Soaps of linseed and other oxidizing 
oils absorb oxygen and if the oven method is used may gain in 
weight near the end of the test. Therefore, either an inert atmos
phere or vacuum oven should be used. The distillation method is 
also applicable to these types of soaps, (c) Soaps containing ap
preciable amounts of glycerol, such as cold made and semiboiled 
(including paste soaps), usually give higher results by the oven 
method. The distillation method is preferred for most accurate 
results on these t3fpes of soaps.

(1) Matter volatile at 105° C. (oven method). Procedure. 
Weigh 5 grams (±0.01 gram) of the sample in a porcelain or glass 
dish about 6 to 8 cm. in diameter and about 2 to 4 cm. deep, and 
dry to constant weight in an air oven at a temperature of 105° =*= 
2° C. Constant weight is attained when successive heating 
for 1-hour periods shows a loss (or gain) of not more than 0.1 per 
cent.

(2) Distillation method (0). Apparatus. The apparatus re
quired consists of a glass flask heated by suitable means and 
provided with a reflux condenser discharging into a trap and con
nected to the flask. The connections between the trap and the 
condenser and flask shall be interchangeable ground joints. The 
trap serves to collect and measure the condensed water and to re
turn the solvent to the flask. A suitable assembly of the appa
ratus is illustrated in Figure 1.

Flask. A 500-ml. flask of either the short-necked, round- 
bottom type or the Erlenmeyer type shall be used.

Heat source. The source of heat may be either an oil bath 
(stearic acid, paraffin, etc.) or an electric heater provided with a 
sliding rheostat or other means of heat control.

Condenser. A water-cooled glass reflux condenser (Figure 1). 
having a jacket approximately 400 mm. (15.75 inches) in length 
with an inner tube 9.5 to 12.7 mm. (0.375 to 0.5 inch) in outside 
diameter, shall be used. The end of the condenser to be inserted 
in the trap may be ground off a t an angle of 30 degrees from the 
vertical axis of the condenser. When inserted into the trap, the 
tip of the condenser shall be about 7 mm. (0.25 inch) above the 
surface of the liquid in the trap after the distillation conditions 
have been established. Figure 1 shows a conventional sealed-in 
type of condenser, but any other condenser fulfilling the detail 
requirements above may be used.

Trap. A trap made of well-annealed glass constructed in 
accordance with Figure 1 and graduated as shown to contain 5 ml. 
a t 20° C. shall be used. I t shall be subdivided into 0.1-ml. di
visions, with each 1-ml. line numbered (5 ml. a t top). The error 
in any indicated capacity may not be greater than 0.05 ml.

Special reagent required. Xylene or toluene. For aoaps con
taining 1 per cent or more of glycerol, toluene shall be used in
stead of xylene. Saturate the solvent with water by shaking it 
with a small quantity of water and distill. Use the distillate for 
the determination.

Procedure. For aoaps containing from 5 to 25 per cent of 
moisture and volatile m atter use a 20-gram (±0.04 gram) sample. 
For soaps containing more than 25 per cent of moisture and vola
tile matter use a 10-gram (±0.02 gram) sample. Carefully trans
fer the weighed sample to the 500-ml. flask. Add approximately 
10 grams of anhydrous fused sodium acetate to prevent violent 
frothing, and then follow with 100 ml. of solvent which has been 
saturated with water. Attach the flask to the trap which is con
nected to the condenser. Prior to starting the determination, 
fill the receiver with saturated solvent by pouring it in through the 
reflux condenser.

So that the refluxing will be under better control, wrap the 
flask and the tube leading to the receiver with asbestos cloth. 
Heat the oil bath with a gas burner or other source of heat, or 
apply heat directly to the flask with an electric heater and distill 
slowly. The rate at the start should be approximately 100 drops 
per minute. When the greater part of the water has apparently 
distilled over, increase the distillation rate to 200 drops per minute 
until no more water is collected. Purge the reflux condenser 
during the distillation with 5-ml. portions of solvent to wash 
down any moisture adhering to the walls of the condenser. The
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water in the receiver may be made to separate from the solvent 
by using a spiral copper wire. Move the wire up and down in the 
condenser occasionally, thus causing the water to settle a t the 
bottom of the receiver. Reflux for a t least 2 hours, and shut off 
the heat a t the end of this period. Adjust the temperature of 
the distillate to 20° C. Read the volume of water and calculate 
the percentage of moisture in the soap, as follows:

V  X 0.998 
M oisture, per cent => ------- ------- X 100

o

where V = volume of water in milliliters a t 20° C. and S  = weight 
of sample in grams.

I I .  T o t a l  M a t t e r  I n s o l u b l e  i n  A l c o h o l .  Procedure. 
Digest a 2- to 10-gram (±0.01 gram) sample with 200 ml. of 
freshly boiled ethyl alcohol (94 per cent or higher and neutral to 
phenolphthalein) in a covered vessel on a steam bath until the 
soap is dissolved. (Formula 3 -A  or 30 specially denatured alcohol 
may be used instead of straight ethyl alcohol.) Filter through a 
counterpoised filter paper neutral to phenolphthalein, or a 
weighed Gooch crucible with suction, protecting the solution 
from carbon dioxide and other acid fumes during the operation 
by covering with a watch glass. Wash the residue on the paper, 
or in the crucible, with hot neutral alcohol until free from soap 
and reserve the filtrate and washings. D ry the filter paper or 
crucible with residue a t 100° to 105° C. for 3 hours, cool, and 
weigh the total m atter insoluble in alcohol. (The m atter insoluble 
in alcohol will contain most of the alkaline salts, such as carbon
ates, borates, silicates, phosphates, and sulfates, as well as starch, 
and may be used for the approximate determination of these 
constituents. These salts are not entirely insoluble in alcohol, so 
for accurate determinations separate portions of the soap should 
be used. For determination of carbonates see C-XVIII; phos
phates, C-XIX; sulfates, C-XX; silicates, C-XVII; borax, 
C-XVI; starch, C-XXI, C.)

I I I .  F r e e  A l k a l i  o r  F r e e  A c id .  Procedure. Heat the re
served filtrate from the determination of total m atter insoluble in 
alcohol (C-II) to incipient boiling, add 0.5 ml. of a 1 per cent 
solution of phenolphthalein, titrate with standard acid or alkali 
solution, and calculate to sodium hydroxide (or potassium hy
droxide) if alkaline, or to oleic acid if acid.

Note. In the analysis of soaps known to contain little or no 
alkaline salts, it is unnecessary to filter the hot alcoholic soap 
solution as described in C-II. However, the filtration should be 
carried out in all cases where alkaline salts such as silicates, 
phosphates, borates, and similar salts are present, since these are 
known to affect the free alkali determination. The presence of 
carbonates up to 0.5 per cent as Na2CC>3 does not appreciably 
affect this determination and filtration may be omitted if the 
carbonate on a separate sample is not in excess of this amount.

I V .  M a t t e r  I n s o l u b l e  i n  W a t e r .  Procedure. Proceed 
as in the determination of m atter insoluble in alcohol (starting 
with a fresh sample of soap and omitting the drying and weigh
ing of m atter insoluble in alcohol, C-II). After filtering and 
thoroughly washing the residue, change the receivers, extract the 
residue with water a t 60° C., and wash the filter thoroughly. 
(When the m atter insoluble in water is all inorganic, boiling water 
may be used for the extraction and washing.) Reserve the water 
solution. Dry the filter and residue a t 100° to 105° C. for 3 
hours, cool, and weigh the m atter insoluble in water. The nature 
■of this m atter may be determined by further examination.

V. T o t a l  A l k a l i n i t y  o f  M a t t e r  I n s o l u b l e  i n  A l c o h o l  
( A l k a l i n e  S a l t s ) .  Procedure. T itrate the water solution ob
tained in C-IV with standard acid, using methyl orange as indi
cator. Calculate the alkalinity to sodium oxide (Na20), and, if 
■desired, to any other basis agreed upon by the purchaser and the 
seller.

VI. C o m b in e d  A l k a l i .  T o t a l  A n h y d r o u s  S o a p .  Pro
cedure. Dissolve 5 to 10 grams ( ±0.01 gram) of the sample, de

pending upon the anhydrous soap content, in 100 ml. of water in a 
250-ml. Erlenmeyer flask. When solution is complete, add dilute 
sulfuric acid (1 to 1) in slight excess, insert a small funnel in the 
neck of the flask, and heat the flask at a temperature not exceed
ing 60° C. until the fatty  acids separate as a  clear layer. Transfer 
to a separatory funnel, draw off the acid layer into a second sepa
ratory funnel, and shake the acid aqueous liquid with two 20-ml. 
portions of ethyl ether. Dissolve the fatty  acids in the ether 
used for washing the aqueous liquid and shake with 10-ml. por
tions of water until they are no longer acid to methyl orange. 
Unite the water portions used for washing and shake with 20 ml. 
of ether. Wash this ether until the wash water is neutral to 
methyl orange. Reserve the acid w’ater for determination of 
chloride (C-VII).

Unite the ether solutions (if necessary, filter, washing the paper 
with ether) in a suitable wreighed vessel, add 100 ml. of neutral 
alcohol free from carbon dioxide, add phenolphthalein, and titrate 
to exact neutrality with standard 0.5 N  sodium hydroxide solu
tion. Evaporate off the alcohol, dry to constant W'eight as in 
the determination of m atter volatile a t 105° C., and calculate the 
percentage of soda soap. This naturally includes any mineral 
oil and neutral fat, which, if determined separately, must be de
ducted from the result to obtain the true soap. Calculate the 
combined sodium oxide (NajO) and deduct from the w'eight of 
soda soap to give the acid anhydrides. If the original soap was 
potash soap, proper calculation must be made to reduce to potas
sium oxide (K20), or the titration made directly with standard 
0.5 N  potassium hydroxide solution. In  case the soap shows an 
excess of free acid, proper corrections must be made in calculat
ing the combined alkali in the original soap. (A blank test should 
be made on the sodium or potassium hydroxide solution for neu
tral salts and the proper corrections made if necessary.) In the 
case of soaps containing a large amount of soluble silicates, and 
soap products containing a high percentage of finely divided ma
terial insoluble in water, the foregoing procedure cannot be ap
plied as given. In such cases the filtrate obtained in the deter
mination of total m atter insoluble in alcohol may be used after 
neutralizing any free acid or alkali. Evaporate off the alcohol 
on a steam bath, take up in water, and proceed as above.

In the case of soap products containing a high percentage of 
matter insoluble in alcohol where approximate results will suffice, 
such as may be the case with cleansers, soap powders, scouring 
compounds, pastes, etc., and w'here agreed upon by the purchaser 
and the seller, the alcoholic solution, obtained after filtering off 
and washing the m atter insoluble in alcohol (C-II), may be 
evaporated directly in a weighed vessel and dried a t 105° C. to 
constant wreight, and the result reported as soap.

VII. C h l o r i d e .  (1) Special reagents required. Silver nitrate 
solution (0.1 N ). Magnesium nitrate solution (20 per cent). 
Dissolve 200 grams of chloride-free magnesium nitrate, Mg- 
(N 03)2.6H20 , in 1 liter of water.

Potassium chromate indicator. Dissolve 5 grams of chloride- 
free potassium chromate (K2CrO<) in water, add silver nitrate 
solution until a slight red precipitate is produced, filter the solu
tion, and dilute the filtrate to 100 ml.

(2) Procedure. Neutralize with chloride-free alkali the acid 
water obtained in C-VI, using methyl orange indicator. Titrate 
with standard silver nitrate solution, using potassium chromate as 
indicator, and calculate the result to sodium chloride or potassium 
chloride as the character of the soap indicates.

I n  case the total anhydrous soap is not to be determined, it 
will be more convenient to use the following method (6): P ‘” 
solve 5 grams (±0.01 gram) of the sample in 300 ml. of water, 
boiling if necessary to effect solution. Add an excess of neutral 
chloride-free magnesium nitrate solution [about 25 ml. of 20 per 
cent M g(N03)2.6H20  solution]. Without cooling or filtering, 
titrate with standard silver nitrate solution, using potassium  
chromate as indicator. One milliliter of 0.1 N  silver nitrate solu
tion is equivalent to 0.00585 gram of sodium chloride (NaCl)-
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VIII. U n s a p o n i f ie d  P l u s  U n s a p o n i f ia b l e  M a t t e r . (1 ) 
Apparatus. Extraction cylinder. The extraction cylinder 
shall be a 250-ml. graduated, glass-stoppered cylinder about 39 
mm. (1.5 inch) in diameter and about 35.5 cm. (14 inches) in 
length.

(2) Special reagents required. E thyl alcohol, 50 per cent, 
95 per cent, and 10 per cent. Sodium hydroxide solution 0.1 N  
and 0.04 N.

Petroleum ether. The solvent used shall be of the pentane 
type, containing a minimum amount of isopentane, isohexane, 
and hexane, and conforming to the following requirements:

D istillation te s t (N ote  a)
In itial boiling po in t 
D ry  flask end po in t 
Distilling under 54° C ., m inim um  
D istilling under 40° C ., m axim um  

Specific g rav ity  a t  15.5°/15 .5° C. (60°/G0° F.) 
Color
Doctor te st
E vaporation  residue, 100 m l., m axim um  
C opper-strip corrosion te s t (N ote  b) 
U nsaturated com pounds (N ote  c)
Residue in distilling flask 
B lotter-strip  odor te s t (N ote  d)
Aromatic com pounds (N ote  e)
Saponification value

35° to  38° C.
52° to  60° C.
95 per cent 
60 per cent 
0.630 to  0.660 
W ater white 
Sweet
0.0011 gram  
N oncorrosive 
T race only perm itted  
N eu tra l to  m ethyl orange 
Odorless w ith in  12 m inutes 
N o nitrobenzene odor 
Less th a n  1.0 mg. of KO H  

per 100 ml.

Note a. The distillation test shall be made in accordance with 
the standard method of test for distillation of natural gasoline 
of the American Society for Testing Materials (1). As a check 
on the evaporation residue, 250 ml. of the petroleum ether and 
0.25 gram of stearin or other hard fat (previously brought to 
constant weight by heating) w'hen dried as in the actual deter
mination shall not show' an increase in weight exceeding 0.003 
gram.

Note &. The copper-strip corrosion test shall be made by in
serting a small polished copper strip into the petroleum ether in 
the distilling flask. There should be no appreciable darkening of 
the copper.

Note c. Unsaturated compounds shall be determined by the 
method for determining olefins (20, p. 154).

Note d. Odor test. Immerse 1 inch of a strip of white, un
glazed blotting paper, approximately 1 X 4 X 0.166 inch in size, 
in the petroleum ether for 30 seconds, remove the strip, and allow 
it to dry at room temperature in still air for 12 minutes.

Note e. Aromatic compounds. Add 5 drops of petroleum 
ether to 40 drops of sulfuric acid (sp. gr. 1.84) and 10 drops of 
nitric acid (sp. gr. 1.42) in a test tube, warm for 10 minutes, 
allow to cool for 30 minutes, transfer to a shallow' dish, and dilute 
with water.

(3) Procedure (21). (a) Weigh 5 grams (±0 .2  gram) of the 
prepared sample into a 250-ml. Erlenmeyer flask or beaker which 
contains approximately 0.1 gram of bicarbonate of soda, and 
dissolve in 100 ml. of redistilled 50 per cent ethyl alcohol. Warm 
and shake to effect solution, keeping the temperature under 
60° C., and filter off any undissolved residue on a Gooch crucible 
with an asbestos pad or in a funnel, using an asbestos pad de
posited on a perforated porcelain disk. Wash three times with 
hot 50 per cent alcohol and then with 5 ml. of hot 95 per cent 
alcohol. Wash with a small amount of petroleum ether to re
move any traces of unsaponified and unsaponifiable matter. 
Transfer the entire alcohol-water-and-ether filtrate to the ex
traction cylinder and make up to the 160-ml. mark with re
distilled 50 per cent ethyl alcohol. Add 50 ml. of petroleum ether, 
shake vigorously for 1 minute (Note 1), and allow to settle until 
both layers are clear. The volume of the upper layer should be 
about 40 ml. Draw' off the petroleum ether layer as closely as 
possible, by means of a slender glass siphon, into a separator}' 
funnel of 500-ml. capacity.

(b) Repeat the extraction at least six times using 50 ml. of 
Petroleum ether each time (Note 2). Wash the combined ether 
extracts first with a mixture of 15 ml. of 0.1 N  sodium hydroxide 
solution and 15 ml. of 95 per cent alcohol, and then three times 
"'ith 25-ml. portions of 10 per cent alcohol, shaking vigorous!}

each time. Transfer the petroleum ether extract to a beaker and 
evaporate the petroleum ether on a steam bath by the aid of a 
current of air.

(c) Test the residue for solubility by treating with 50 ml. of 
petroleum ether a t room temperature. Filter, and w'ash free 
from the insoluble residue, if any. Evaporate and dry in the 
same manner on a steam bath, and finally in an air oven at 100° 
to 101° C. for 30 minutes. Weigh, and return to the oven, re
weighing a t 15-minute intervals until constant weight is reached. 
Take up the residue in 50 ml. of wrarm ethyl alcohol, neutralized to 
phenolphthalein, titrate to the same color as the original neutral 
alcohol with 0.04 N  sodium hydroxide solution, and calculate to 
oleic acid. Deduct this figure from the gross w'eight previously 
found and report as “unsaponified and unsaponifiable m atter” .

(d) Run a blank test on the petroleum ether by evaporating 
250 ml. of the ether with about 0.25 gram of stearin or some other 
hard fat previously brought to constant w'eight by heating and 
drying as in the actual determination. The blank must not ex
ceed a few milligrams [see Note o under C-VIII (2)] (Note 3).

Note 1. Thorough and vigorous shaking is necessary in order 
to secure accurate results. The two phases must be brought into 
the most intimate contact possible; otherwise low and disagree
ing results may be obtained.

Note 2. This method will not remove all the unsaponifiable 
matter in soaps to which lanolin has been added. More ex
tractions are required w'hen substances of this nature are present.

Note 3. Any blank from the petroleum ether must be de
ducted from the gross W'eight of the “unsaponified and un
saponifiable” before calculating the percentage of unsaponified 
and unsaponifiable matter.

IX. U n s a p o n i f ia b l e  M a t t e k . (1) Apparatus. Extrac
tion cylinder. See cylinder described for the determination of 
unsaponified plus unsaponifiable m atter [C-VIII (1)].

(2) Special reagents required. See the special reagents re
quired for the determination of unsaponified plus unsaponifiable 
matter [C-VIII (2)]. Potassium hydroxide, 50 per cent.

(3) Procedure. Weigh 5 grams (± 0 .2  gram) of the prepared 
sample into a 200-ml. Erlenmeyer flask. Add 30 ml. of re
distilled 95 per cent ethyl alcohol and 5 ml. of aqueous 50 per 
cent potassium hydroxide, and boil the mixture for 1 hour under a 
reflux condenser. Transfer to the extraction cylinder and wash 
to the 40-ml. mark with redistilled 95 per cent ethyl alcohol. 
Complete the transfer, first with warm and then with cold 
water, until the total volume is 80 ml. and finally with a small 
quantity of petroleum ether. Cool the cylinder and contents to 
room temperature and add 50 ml. of petroleum ether; then pro
ceed with the extraction as outlined in the procedure for “un
saponified plus unsaponifiable m atter” [C-VIII (3) ; also Notes 
1 and 2], except that the alkaline W'ash may be omitted; weigh 
the residue and correct for fatty  acids in the usual manner. Re
port the result as “unsaponifiable m atter” .

X. U n s a p o n i f ie d  M a t t e r . From the total unsaponified 
plus unsaponifiable m atter determined in C-VIII (3), deduct the 
unsaponifiable figure obtained in C-IX (3), and report the differ
ence as “unsaponified m atter” .

XI. R o s in . McNicoll method (H) .  (1) Apparatus. The 
apparatus required consists of a glass flask connected, preferably 
by a ground-glass joint, to a reflux condenser.

Estérification flask. A 150-ml. flask of either the round-bottom 
or Erlenmeyer type shall be used.

Reflux condenser. Any suitable water-cooled, glass reflux 
condenser may be used.

(2) Special reagents required. Potassium hydroxide (0.2 N). 
Accurately standardize a 0.2 N  solution of potassium hydroxide 
in neutral redistilled alcohol (owing to volatility of alcohol, this 
solution should be restandardized frequently).

Naphthalene-/3-sulfonic acid solution. Dissolve 40 grams of 
Eastman grade or equivalent reagent in 1 liter of c. p. absolute 
methyl alcohol.
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Phenolphthalein indicator. Prepare a 0.5 per cent solution in 
neutral redistilled alcohol.

(3) Procedure. Preparation of F atty  and Rosin Acids. For 
the preparation of the sample for this determination, follow the 
procedure described in C-XII (2).

Estérification and Titration. Weigh about 2 grams (=*=0.001 
gram) of the fatty acids into the esterification flask. Add 25 ml. 
of naphthalene-/3-sulfonic acid solution. Add a few glass beads 
to ensure smooth boiling, attach the reflux condenser, and boil 
for 30 minutes; also, run a blank test using 25 ml. of the re
agent. At the end of the boiling period cool the contents of the 
flask, add 0.5 ml. of phenolphthalein indicator, and titrate im
mediately with 0.2 N  alcoholic potassium hydroxide.

Calculations. Calculate the results as follows (Note 1):

(S — B) X Ar X 0.346 X 100 R  _  _

. It, =  R  -  1.0

Ri X 1.064 X A  
R '  “  100

where
R  »  percentage of rosin in  fa t ty  acids
Ri =* corrected  percentage of rosin in fa t ty  acids (N ote  2)
R i ® percentage of rosin on basis of original sam ple 
R a =» percentage of rosin soda soap on basis of original sam ple 
S  =» m illiliters of po tassium  hydroxide required  to  t i t r a te  sam ple 
B  =  m illiliters of potassium  hydroxide required  to  t i tr a te  blank 
N  8=3 no rm ality  of potassium  hydroxide 
W  -  w eight of sam ple
F “  percentage of to ta l fa t ty  acids in  soap 
A «* percentage of to ta l anhydrous soap

If true fatty acid soap is desired, subtract the rosin soap from 
the total anhydrous soap.

Note 1. In  all cases where the rosin content is found to be less 
than 5 per cent, the actual presence or absence of rosin should be 
checked qualitatively by the Liebermann-Storch test, which is as 
follows:

Transfer 1 to 2 ml. of the sample of fatty acids to a test tube, 
treat with 5 to 10 ml. of reagent grade acetic anhydride, and warm 
on a steam bath. After cooling, pour 1 to  2 ml. into a white 
porcelain dish and allow a drop or two of sulfuric acid (sp. gr. 
1.53) to run down the side of the vessel. If rosin is present, a 
fugitive violet coloration changing to a brownish tinge is im
mediately produced at the margin of contact of the reagents. 
The test should be checked with a sample of fatty  acids to which 
a small amount of rosin has been added.

Sulfuric acid of 1.53 specific gravity is prepared by diluting
34.7 ml. of sulfuric acid (sp. gr. 1.84) with 35.7 ml. of distilled 
water.

Note 2. Cooperative studies have shown tha t the McNicoll 
method gives results approximately 1 per cent higher than the 
amount of rosin present. Consequently, the committee recom
mends deducting 1 per cent from the percentage of rosin found in 
the fatty acids.

X II. P r e p a r a t io n  o f  T o t a l  F a t t y  M a t t e r  ( F a t t y  a n d  
R o s in  A c id s  a n d  U n s a p o n i f ie d  M a t t e r ) .  (1 ) Special re
agent required. Sulfuric acid (30 per cent by weight of sulfuric 
acid). Slowly add 650 grams of sulfuric acid (sp. gr. 1.84) to 
1400 ml. of distilled water.

(2) Preparation for rosin and titer tests and iodine and acid 
numbers. Dissolve about 50 grams of the sample in 500 ml. of 
hot water. (If soaps to be tested contain alcohol, the alcohol 
should be completely removed by evaporation from the soap 
solution.) Add 100 ml. of 30 per cent sulfuric acid and heat 
gently until the fatty  m atter collects in a clear layer.

Siphon off the aqueous acid layer, add 300 ml. of hot water, 
and boil gently for a few minutes, making sure tha t all of the fatty 
acids are melted and clear. High melting point fats are sometimes 
slow to melt and clear. The fatty  acid layer should be carefully 
inspected while it is quiet, to be sure all has melted. Siphon off 
the aqueous acid layer.

Wash the acids in this manner three times, or until wash water 
is neutral to methyl orange. Complete this acidification and 
washing in a very short period of time, and keep the beaker 
covered to prevent oxidation of the acids.

After the last washing, remove the last traces of water from 
the beaker with a pipet, filter the fatty acids through one or two 
thicknesses of filter paper, and dry a t a temperature of 105° C. 
for 45 to 60 minutes or heat rapidly to 130° C. and allow to cool. 
Do not hold a t 130° C., but if water is present decant the clear 
fatty  acids into another beaker, and again reheat them momen
tarily to 130° C. These acids may then be used for the titer and 
rosin determinations.

In preparing the acids for the iodine and acid number deter
minations, the washed acids should be filtered through one or two 
thicknesses of filter paper at a temperature not exceeding 15° C. 
above the titer point of the fatty  acids. If the acids are not 
perfectly clear and dry, refilter.

X III. T i t e r  T e s t  (S o l id i f ic a t i o n  P o i n t  o f  t h e  F a tty  
A c id s  (7). (1) Apparatus. A  2-liter Griffin low-form beaker.

A wide-mouthed bottle, capacity 450 ml., height 190 mm., 
inside diameter of neck 38 mm.

Test tubes, length 100 mm., diameter 25 mm., with or without 
rim. These tubes may have an etched mark extending around 
the tube a t a distance of 57 mm. from the bottom to show the 
height to which the tube is to be filled.

Laboratory thermometer, 0° to 150° C.
Stirrer, 2 to 3 mm. in outside diameter, one end bent in the 

form of a loop of 19-mm. diameter. Glass, Nichrome, stainless 
steel, or Monel wire may be used. The upper end can be formed 
to accommodate hand stirring or be attached to a mechanical 
stirrer.

Titer thermometer.

Type, etched stem glass.
Liquid, mercury.
Range and subdivision, —2 to +68° C. in 0.2 degree gradua

tions.
Total length, 385 to 390 mm.
Stem to be constructed of suitable thermometer tubing of 

either the plain or lens front type.
Diameter, plain front type, 6 to 7 mm.
Thickness of stem, lens front type. The cross section of the 

stem to be such tha t it will pass through an 8-mm. ring gage 
but will not enter a 5-mm. slot gage.

Bulb, Corning normal or equally suitable thermometric glass. 
Length, 15 to 25 mm. Diameter, 5.5 mm. to not greater than 
th a t of stem.

Distance from bottom of bulb to —2° mark, 50 to 60 mm.
Distance to 68° mark from top of thermometer, 20 to 35 mm.
Length of unchanged capillary between the highest graduation 

and the expansion chamber, 10 mm.
Expansion chamber, to permit heating to a t least 85° C. 

Space above mercury to be evacuated or filled with nitrogen or 
other suitable gas.

Top finish, glass ring.
Graduations. All lines, figures, and letters to be c l e a r - c u t  and 

distinct. Each degree mark to be longer than the remaining lines. 
Graduations to  be numbered at zero and at each multiple of 2 
degrees.

Immersion, 45 mm.
Marking. “FAC Titer Test” , a serial number, and the manu

facturer’s name or trade-mark shall be etched on the stem. The 
words “45-mm. immersion” shall also be etched on the stem, and 
a line shall be etched around the stem 45 mm. above the bottom 
of the bulb.

Scale error. The error a t an}' point on the scale shall not ex
ceed 0.2° C.

Standardization. The thermometer shall be standardized 3t 
the ice point and a t intervals of approximately 20° C., for the 
condition of 45-mm. immersion, and for an  average stem tem
perature of the emergent mercury column of 25° C.

Case. The thermometer shall be supplied in a suitable case 
on which shall appear the markings “FAC Titer Test, - 2  to 
68° C. in 0.2°” .

Note. For the purpose of interpreting these specifications, 
the following definitions shall apply:

The total length is the over-all length of the finished instru
ment.
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The diameter of the plain front round-stem type is that 
measured with a ring gage or micrometer.

The length of the bulb is the distance from the bottom of the 
bulb to the beginning of the enamel backing.

The top of the thermometer is the top of the finished instru
ment.

(2) Preparation of the fatty acids. Follow the procedure de
scribed in C-XII (2).

(3) Procedure (solidification of fatty acids). Fill the water bath 
so tha t the level of the water reaches the neck of the wide-mouthed 
bottle. Adjust the temperature of the water bath. The tempera
ture of the water should be 20° C. for all samples having titers of 
35° C. or higher, and 15° to 20° C. below the titer point for all 
samples with titers below 35° C.

Heat the filtered acids on a hot plate to 130° C. to remove traces 
of moisture and pour into the test tube. Fill the latter to a height 
of 57 mm. from the bottom. (The sample should not be held at 
130° C. nor should it be reheated to this temperature more than 
once. If excessive moisture is present, the acids should be de
canted after having stood for a few minutes, refiltered and re
heated. The acids must be thoroughly dry.) Place the test 
tube in the assembly as shown in Figure 2. Insert titer ther
mometer and place in a position equidistant from the sides of the 
tube, and so tha t the immersion mark on the thermometer coin
cides with the upper level of the sample.

Stir with the glass stirring rod in a vertical manner a t the rate 
of 100 complete up and down motions per minute, beginning 
the stirring a t a point 10° C. above the expected titer point. 
The stirrer should travel through a vertical distance of about 3.8

cm. The stirring may be performed by mechanical means by 
attaching a small motor with suitable reducing gears to the 
stirring rod.

Stir a t the directed rate and read the thermometer every 15 
seconds until the temperature remains constant for 30 seconds 
or starts to rise. Discontinue stirring immediately and observe 
the increase in temperature. Report as the titer the highest 
temperature reached by the thermometer. Duplicate determina
tions should not differ by more than 0.2° C.

Note. The Committee on Analysis of Commercial Fats and 
Oils 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  makes the following 
recommendations:

The committee has approved vertical stirring. The advantages 
of this over horizontal stirring are that it gives a sharper end 
point, is more convenient, and can easily be made mechanical by 
adapting a suitable motor and coupling arrangement to the 
stirrer.

The committee wishes to emphasize the fact that no changes 
have been made in the titer determination which will give results 
different from those that might be obtained with the horizontal 
stirring method, providing the latter is correctly performed. 
The committee believes tha t the proposed modification will make 
it easier for different chemists to obtain uniform and consistent 
results.

XIV. A c id  N u m b e r  o p  F a t t y  A c id s .  (1 ) Preparation of 
fatty acids. Follow the procedure described in C-XII (2).

(2) Procedure. In a 250-ml. Erlenmeyer flask dissolve 2
grams of the fatty acids, accurately weighed, in 20 to 30 ml. of
neutral 95 per cent ethyl alcohol. T itrate with standard alkali, 

using phenolphthalein as indicator. Calcu
late the acid number (milligrams of potas
sium hydroxide per gram of fatty  acids).

XV. Iodine N umber (W ijs Method). 
(1) Special reagents required. Wijs iodine 
solution. Dissolve 13.0 grams of resublimed 
iodine in 1 liter of reagent grade glacial acetic 
acid and pass in washed and dried chlorine 
gas until the original thiosulfate titration of 
the solution is not quite doubled. There 
should be no more than a slight excess of 
iodine, and no excess of chlorine. When the 
solution is made from iodine and chlorine, 
this point can be ascertained by not quite 
doubling the titration (Note). For prepara
tion of the Wijs solution use glacial acetic 
acid of 99.0 to 99.5 per cent strength. For 
glacial acids of somewhat lower strength, 
freezing and centrifuging or draining as a 
means of purification is recommended. Pre
serve the solution in amber, glass-stoppered 
bottles, sealed with paraffin until ready for 
use. Mark on the bottles the date on which 
the solution is prepared; do not use Wijs 
solution that is more than 30 days old.

Note. For preparation of the solution, 
Mcllhiney (13) gives the following details:

The preparation of the iodine monochloride 
solution presents no great difficulty, but it 
must be done with care and accuracy' in 
order to obtain satisfactory results. There 
must be in the solution no appreciable excess 
either of iodine or more particularly of chlo
rine, over tha t required to form the mono
chloride. This condition is most satisfactorily 
attained by dissolving in the whole of the acetic 
acid to be used the requisite quantity of iodine, 
using a gentle heat to assist the solution, if it 
is found necessary; then setting aside a small 
portion of this solution, while pure and 
dry chlorine is passed into the remainder 
until the halogen content of the whole solu
tion is doubled. Ordinarily, it will be found
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that on passing the chlorine into the main part of the solution 
until the characteristic color of free iodine has just been dis
charged there will be a slight excess of chlorine which is corrected 
by the addition of the requisite amount of the unchlorinated por
tion until all free chlorine has been destroyed. A slight excess of 
iodine does little or no harm, but excess of chlorine must be 
avoided.

Sodium thiosulfate solution (0.1 N). Dissolve 24.8 grams of 
reagent grade sodium thiosulfate ( N a 2S 20 a .5 H 20 )  in freshly 
boiled distilled water and dilute to 1 liter a t the temperature a t 
which the titrations are to be made. To standardize, place in a 
glass-stoppered flask 40 ml. of potassium dichromate solution 
(0.1 N) to which have been added 10 ml. of the solution of potas
sium iodide, add 5  ml. of hydrochloric acid (sp. gr. 1.19), dilute 
with 100 ml. of water, and allow the 0.1 N  sodium thiosulfate to 
flow slowly into the flask until the yellow color of the liquid has 
almost disappeared. Add a few drops of the starch paste, and 
while shaking constantly, continue to add the 0.1 N  sodium 
thiosulfate solution until the blue color just disappears.

Potassium dichromate solution (0.1 N ). Dissolve 4.903 
grams of reagent grade potassium dichromate (K2Cr207) in water 
and dilute to 1 liter at the temperature a t which titrations are to 
be made.

Potassium iodide solution (15 per cent). Dissolve 150 grams 
of potassium iodide in water and dilute to 1 liter.

Starch paste. Boil 1 gram of starch in 200 ml. of distilled water 
for 10 minutes, and cool to room temperature.

Note. An improved starch solution may be prepared by auto- 
claving 2 grams of starch and 6 grams of boric acid dissolved in 
200 ml. of water at 15-pound pressure for 15 minutes. This solu
tion has good keeping qualities.

(2) Procedure. Weigh accurately from 0.10 to 0.50 gram (de
pending on the iodine number) of the fatty acids as prepared in 
C-XII (2) into a clean, dry, 450-ml. (10-ounce) glass-stoppered 
bottle containing 15 to 20 ml. of carbon tetrachloride. Add 25 
ml. of the Wijs solution from a pipet, allowing it to drain for a 
definite time. The excess of iodine should be from 50 to 60 per 
cent of the amount added—that is, from 100 to 150 per cent of 
the amount absorbed. Let the bottle stand in a dark place for 30 
minutes a t a temperature of 25° ±  2° C., then add 20 ml. of 
potassium iodide solution (15 per cent) and 100 ml. of distilled 
water. T itrate the iodine with 0.1 N  sodium thiosulfate, added 
gradually while shaking constantly, until the yellow color of the 
solution has almost disappeared. Add a few drops of starch 
paste and continue titration until the blue color has entirely dis
appeared. Toward the end of the reaction, stopper the bottle 
and shake vigorously, so that any iodine remaining in solution in 
the tetrachloride may be taken up by the potassium iodide solu
tion. Make two determinations on blanks, employing the same 
procedure as used for the sample, except that no fat is used in the 
blanks. Slight variations in temperature appreciably affect the 
titer of the iodine solution, since acetic acid has a high coefficient 
of expansion. I t  is therefore essential tha t the blanks and deter
minations on the sample be made a t the same time. The num
ber of milliliters of standard thiosulfate solution required by the 
blank, minus the amount used in the determination, give the 
thiosulfate equivalent of the iodine absorbed by the amount of 
sample used in the determination. Calculate the iodine number 
of the sample tested (centigrams of iodine absorbed by 1 gram of 
sample) (percentage of iodine absorbed).

XVI. B o r a x .  (1) Special reagents required. Sodium hy
droxide solution (0.1 A7) ;  silica, fine powder; precipitated cal
cium carbonate; and glycerol, reagent grade.

(2) Procedure (16). Weigh 10 grams (±0.02 gram) of the soap 
[or 5 grams (±0.01 gram) if more than 5 per cent of borax is 
present] into a platinum dish and add 2.15 grams of fusion mix
ture (consisting of 200 grams of sodium carbonate and 15 grams 
of silica in fine powder). To this mixture add 15 ml. of alcohol,

mix with the aid of a glass rod and, after washing the rod with a 
little alcohol, evaporate the ma^s to dryness on the water bath. 
Ignite until the combustible material is destroyed, cover the dish 
with a piece of platinum foil, and fuse. Completely disintegrate 
the fusion by boiling with water and transfer the solution to a 250- 
ml. round-bottomed flask. Acidify with 20 ml. of dilute hydro
chloric acid (1 to 1), heat nearly to boiling, and add a moderate 
excess of dry precipitated calcium carbonate. Connect with a 
reflux condenser and boil vigorously for 10 minutes. Filter 
out the precipitate through a folded filter, washing several 
times with hot water, but keeping the total volume of liquid 
below 100 ml.

Return the filtrate to the flask, add a pinch of calcium carbon
ate, and again boil under a reflux condenser. Remove the flame 
and connect the top of the condenser with a water pump. Apply 
the suction until the boiling has nearly ceased. Cool to ordinary 
temperature, add 50 ml. of neutral glycerol, and titrate the solu
tion with 0.1 N  sodium hydroxide, free from carbonate, using 
phenolphthalein as indicator. After the end point is reached, 
add 10 ml. more of glycerol and again titrate. Repeat this 
process until the addition of glycerol causes no further action 
on the end point. The number of milliliters of sodium hydroxide 
required multiplied by 0.00955 will give the equivalent of borax 
(Na2BiO;.10H20) present in the solution.

XVII. S i l i c a  P r e s e n t  a s  A l k a l i n e  S i l i c a t e s .  Procedure. 
When the material contains no mineral m atter that is insoluble 
in water, ignite a sample of the soap containing not to exceed 
0.2 gram of silica in a platinum dish at a low temperature. 
When charred, extract the soluble salts with water, return the 
paper and charred residue to the dish, and complete the ignition. 
Unite the residue in the dish and the water extract, and carefully 
acidify with hydrochloric acid, finally adding the equivalent of 
from 5 to 10 ml. of hydrochloric acid (sp. gr. 1.19) in excess. The 
dish or casserole containing the solution should be covered with a 
watch glass while adding acid, so as to avoid loss by spray.

When the material contains mineral m atter insoluble in water, 
or a determination of highest accuracy is not necessary, take a 
portion of the solution after titrating the m atter insoluble in 
alcohol (C-V) containing not more than 0.2 gram of silica and add 
5 to 10 ml. of hydrochloric acid (sp. gr. 1.19).

Evaporate the acidified solution (washing off and removing the 
cover glass if used) to dryness on a steam bath or hot plate a t a 
temperature not exceeding 120° C. Cool, moisten with concen
trated hydrochloric acid, and let stand 5 to 10 minutes, breaking 
up all lumps with a stirring rod. Add about 25 ml. of hot water. 
Heat a few minutes and filter through a small ashless paper. 
Wash thoroughly with hot water.

Evaporate the filtrate to dryness and repeat the above treat
ment, filtering on a second paper. Carefully ignite the two papers 
and contents in a weighed platinum crucible, first a t a low tem
perature until the paper is consumed, then over the blast lamp. 
Cool in a desiccator, weigh, and repeat until constant weight is 
obtained. If extreme accuracy is desired, moisten the weighed 
contents of the crucible with water, add 10 ml. of hydrofluoric 
acid and 4 drops of strong sulfuric acid, evaporate to dryness 
over a low flame, ignite a t the temperature of the blast lamp for 
about 2 minutes, cool in a desiccator, and weigh. The difference 
between this weight and the previous weight is the weight of the 
silica (Si02) (10).

To calculate sodium silicate having the ratio lN a20:3.25Si02, 
multiply the weight of Si02 by 1.308 (19).

X VIII. C a r b o n  D i o x i d e  ( C a r b o n a t e s ) .  In  most cases 
the dry m atter insoluble in alcohol, as obtained in C - I I ,  will be 
suitable for this determination. In some cases it might be de
sired to run the test directly on an original sample of the soap. 
This should always be done when the highest accuracy is re
quired. Any reliable absorption method for determining car
bon dioxide may be used (4). A method which has proved satis
factory is described in the following paragraphs.
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(1 ) Apparatus assembly. Place a 250-ml. Erlenmeyer flask 
on a gauze over a burner. F it the flask with a two-hole rubber 
stopper, one opening to carry a 25-cm, (10-inch) reflux condenser 
and the other a thistle tube equipped with a three-way stopcock. 
Draw out the end of the thistle tube to a small point, and place 
it in the stopper so tha t the point is very close to the bottom of 
the flask. Attach a small funnel to the straightaway end of the 
stopcock for the introduction of acid into the flask. Attach the 
other opening of the stopcock (which is to receive air) to a puri
fying tube containing soda-asbestos (Ascarite) or any other suit
able carbon dioxide absorbent. Attach to the top of the reflux 
condenser a train consisting of the following: (o) a drying tube 
containing a dehydrating agent such as sulfuric acid (sp. gr. 
1.84) or magnesium perchlorate, (6) a weighed tube containing 
Ascarite and magnesium perchlorate, and a second weighed tube 
containing concentrated sulfuric acid. Attach to this train a 
protective U-tube containing calcium chloride; attach the U-tube 
to an aspirator.

(2) Procedure. Set up the apparatus, leaving out the 
weighed train, and aspirate with a slow stream of the dry carbon 
dioxide-free air until the apparatus is free of carbon dioxide. 
Insert the train and continue to aspirate for 30 minutes. Check 
the weight of the train to determine whether the air is passing 
through too fast, or whether the system is free of carbon dioxide. 
The system must be free from leaks. Weigh a sufficient amount 
of the sample to yield approximately 0.2 gram of C02, transfer to 
the Erlenmeyer flask, cover with 20 ml. of freshly boiled distilled 
water, and close the apparatus with the train in place. Add 20 ml. 
of dilute hydrochloric acid (1 to 1 ) very slowly through the funnel; 
do not apply heat to the flask. The rate of adding acid should be 
carefully controlled, so tha t the gas does not pass through the 
train too rapidly. As soon as the acid is added, start aspiration 
gently. When the absorption begins to slacken, start heating 
gently and continue until the contents of the flask have boilea 
15 to 20 minutes. Stop heating and continue aspirating until 
the flask has cooled down. Remove the train and weigh. The 
increase in weight represents carbon dioxide. The amount of 
this increase multiplied by 2.41 equals sodium carbonate, or by 
3.14 equals potassium carbonate.

X IX . P h o s p h a t e s . If  a  qualitative test has shown the 
presence of phosphates and their determination is desired, the 
m atter insoluble in alcohol (C-II) or the ash from the incineration 
of an original sample may be used. An original sample should 
always be used when the highest accuracy is desired.

( 1 ) Special reagents required. Molybdate solution. Dis
solve 100 grams of molybdic acid in dilute ammonium hydroxide 
[144 ml. of ammonium hydroxide (sp. gr. 0.90) and 271 ml. of 
water]; pour this solution slowly and with constant stirring 
into dilute nitric acid [489 ml. of nitric acid (sp. gr. 1.42) and 1148 
ml. of water]. Keep the final mixture in a warm place for several 
days or until a  portion heated to 40° C. deposits no yellow pre
cipitate of ammonium phosphomolybdate. Decant the solution 
from any sediment and preserve in glass-stoppered vessels.

Ammonium nitrate solution. Dissolve 100 grams of phos
phate-free ammonium nitrate in distilled water, and dilute to 1 
liter.

Magnesia mixture. Dissolve 55 grams of crystallized mag
nesium chloride (MgCl2.6H20) in water, add 140 grams of am
monium chloride and 130.5 ml. of ammonium hydroxide (sp. gr.
0.90), and dilute to 1 liter.

Dilute ammonium hydroxide for washing. Dilute 100 ml. of 
ammonium hydroxide (sp. gr. 0.90) to 1 liter.

(2) Procedure (S). Weigh out a 2-gram (±0.01 gram) sample 
of the alcohol-insoluble or ash, and proceed as described in C- 
XV II for removal of silica (a platinum dish should not be used), 
using nitric instead of hydrochloric acid. Boil the covered solution 
30 minutes to convert other phosphates that may be present to 
orthophosphate, wash off and remove cover glass, and evaporate 
as described. Save the filtrate. Make up to 250 ml., concentrat
ing if necessary. Pipet an aliquot corresponding to 0.50 or 1 
gram of the original material into a 250-ml. beaker, add ammo
nium hydroxide in slight excess, and barely dissolve the precipi
tate formed with a few drops of nitric acid, stirring vigorously. 
Add about 15 grams of dry ammonium nitrate or a solution con
taining th a t amount. Heat to about 60° C., and add 70 ml. of

the molybdate solution for every decigram of phosphoric acid 
(P2Oj) present.

Digest at about 65° C. for an hour, and determine if the phos
phoric acid has been completely precipitated by adding more 
molybdate solution to the clear supernatant liquid. Filter, and 
wash with cold water, or preferably, ammonium nitrate solution. 
Dissolve the precipitate on the filter with ammonium hydroxide 
(1 to 1 ) and hot water, and wash into a beaker, keeping the volume 
under 100 ml. Neutralize with hydrochloric acid, using litmus 
paper or bromothymol blue as an indicator, cool, and from a 
buret add slowly (about 1  drop per second), stirring vigorously, 
15 ml. of magnesia mixture for each decigram of phosphoric acid 
(P20 5) present. After 15 minutes add 12 ml. of ammonium hy
droxide (sp. gr. 0.90). Let stand till the supernatant liquid is 
clear (2 hours is usually enough), filter, wash the precipitate with 
the dilute ammonium hydroxide until the washings are prac
tically free from chlorides; dry, burn first a t a low heat (platinum 
should not be used), and then ignite to constant weight, preferably 
in an electric furnace, a t 1050° to 110 0 ° C.; cool in a desiccator, 
and weigh as Mg2P 207. Calculate and report the result as per
centage of P2Os or alkaline phosphate known to be present.

XX. S u l f a t e s . Procedure. For most determinations the 
matter insoluble in alcohol (obtained in C-II) may suffice. If a 
determination of the highest accuracy is desired, ignite a 10 -gram 
( ± 0.1 gram) sample of the soap and use the ash from the igni
tion. Digest with 100 ml. of water, cover with a watch glass, 
and neutralize carefully with hydrochloric acid. When neu
tralized, add 5-ml. excess of hydrochloric acid, filter, and wash 
the residue thoroughly. (Evaporation to dryness is unnecessary 
unless gelatinous silica has separated, and should never be per
formed on a bath heated by gas, 11). Make up the filtrate to 
250 ml. in a beaker, and boil. To the boiling solution add 15 to 
20 ml. of 10  per cent barium chloride solution slowly drop by 
drop from a pipet. Continue boiling until the precipitate is 
well formed, or digest on a steam bath overnight. Set aside 
overnight or for a few hours, filter through a prepared Gooch 
crucible, ignite gently, and weigh as barium sulfate. Calculate 
to  sodium sulfate, or the alkaline sulfate known to be present.

XXI. G l y c e r o l , S u g a r s , a n d  S t a r c h . A. Glycerol in the 
absence of sugars. ( 1 ) Special Solutions Required. Potassium 
dichromate solution. Dissolve 74.553 grams of potassium di- 
chromate in 500 ml. of water in a 1-liter volumetric flask. Dilute 
to the mark with water. Sodium thiosulfate solution (0.1 N). 
Potassium iodide solution (10 per cent).

(2 ) Procedure, (a )  Weigh a  portion of the sample equivalent 
to not more than 3.0 grams of glycerol and dissolve in 200 ml. of 
hot water in a 600-ml. beaker. If starch is present, it will be neces
sary to remove the m atter insoluble in water as described in C-II 
and C-IV. Combine the alcohol and water solutions, evaporate 
off the alcohol, and proceed. Decompose with 25 ml. of sulfuric 
acid (1 to 4). If alcohol is present, volatilize it by boiling for 20 
to 30 minutes. Cool, remove, and rinse the cake of fatty  acids, 
transfer the acid water and rinsings to a 500-ml. graduated flask, 
and add about 0.25 gram of silver sulfate to precipitate traces of 
chlorides and soluble fatty  acids. Make up to volume and mix 
contents thoroughly.

(6) Transfer a filtered, accurately measured 50-ml. aliquot of 
the solution obtained in (a) to a 400-ml. beaker, add 75 ml. of 
accurately measured potassium dichromate solution, followed by 
25 ml. of sulfuric acid (sp. gr. 1.84), cover with a watch glass, and 
oxidize by heating to 90° to 100° C. for 3 hours. Conduct a blank 
in like manner but using 100 ml. of water, 25 ml. of sulfuric acid 
(sp. gr. 1.84), and 25 ml. of accurately measured potassium di
chromate. Cool and dilute the solutions to 1000 ml. in gradu
ated flasks. The excess of potassium dichromate is determined 
by taking 50-ml. aliquots of the above, adding 50 ml. of water 
and 20 ml. of potassium iodide solution (10  per cent), and titra t
ing the liberated iodine with 0.1 N  thiosulfate, using starch solu
tion as indicator.
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(c) Calculate the percentage of glycerol (1 ml. of the potassium 
dichromate solution is equivalent to 0.0100 gram of glycerol).

B. Glycerol in the presence of sugars. Procedure (18). 
Proceed as in the determination of glycerol in the absence of 
sugar [C-XXI, A (2)], taking a sample so that the sum of the 
glycerol and sugar is not more than 3.0 grams. If starch is pres
ent, this must first be removed as described in C-XXI, A (2). 
The solution must be boiled in all cases a t least 20 minutes to 
ensure complete inversion of sucrose as in C-XXI, D (2). De
termine the amount of potassium dichromate solution required 
to oxidize both the sugar and glycerol. Determine also the sugar 
by the method given in C-XXI, D (2).

Calculate the percentage of glycerol after deducting the 
amount of potassium dichromate required by the sugar.

1 ml. of potassium  dichrom ate equals 0.0100 gram  of glycerol 
1 ml. of potassium  d ichrom ate  equals 0.01142 gram  of in v e rt sugar

C. Starch. Procedure (6). Separate the m atter insoluble in 
water as described in C-II and C-IV, using a sample of soap that 
will give not more than 3 grams of starch. Transfer the insoluble 
matter, without drying, to a 500-ml. flask provided with a reflux 
condenser, and boil for 2.5 hours with 200 ml. of water and 20 ml. 
of hydrochloric acid (sp. gr. 1.125). Cool, and nearly neutralize 
with sodium hydroxide. Complete the volume to 250 ml., 
filter, and determine the reducing sugars by the gravimetric 
method as given for the determination of sugar [C-XXI, D (2)J.

Calculate the amount of dextrose (d-glucose) equivalent to the 
cuprous oxide obtained. This multiplied by 0.90 equals the 
amount of starch.

D. Sugars. (1 ) Apparatus and Reagents Required. The 
apparatus and reagents used shall be the same as those described 
in the standard Munson-Walker method (15).

(2) Procedure. Dissolve 10 grams (=*=0.01 gram) of the soap 
in  200 ml. of hot water in a 600-ml. beaker. Decompose with 25 
ml. of sulfuric acid (1 to 4), boil gently for 20 minutes to invert 
the sucrose completely. Cool, remove, and rinse the cake of 
fatty  acids. Extract the acid liquid with 25 ml. of ether. Neu
tralize the acid liquid with sodium hydroxide solution, transfer 
to a 500-ml. graduated flask, make up to volume, and mix 
thoroughly. Determine invert sugar in 50 ml. of this solution 
by the Munson-Walker method (15). To calculate sugar (su
crose) multiply the amount of invert sugar found by 0.95. [If 
starch is present, first remove as described in C-XXI, A (2) and 
then proceed as above.]

X X II. V o l a t il e  H y d r o c a r b o n s . This method (17) re
quires a source of dry, oil-free steam which is passed through the 
sample treated with acid, sufficient to liberate the fatty acids 
from the soap. The steam is next passed through strong caustic 
solution to scrub out any volatile fatty  acids, while the volatile 
hydrocarbons are condensed with the steam in a suitable arrange
ment which allows the excess water to flow away, leaving the 
volatile hydrocarbons in the measuring buret. The method may 
be applied to samples containing substances immiscible with 
water and volatile with steam. [For solvents heavier than water 
the trap as shown in Figure 1 for determining water by the 
distillation method, C-I (2), should be used.]

(1) Apparatus. The apparatus and its arrangement are shown 
in Figure 3. The following are the important items:

Steam trap, A. A 1 -liter round-bottomed ring-necked flask 
equipped with a siphon tube to the drain from the bottom of the 
flask and provided with a means of regulating the steam flow' into 
the flask.

Evolution or sample flask, B. A 1-liter round-bottomed ring
necked flask. In case large samples are desirable the size of this 
flask may be increased.

.Caustic scrubber flask, D. A steam-jacketed metal flask is 
preferred, but a 1-liter Florence flask provided with a steam coil 
of 0.32 cm. (0.125-inch) copper tubing around the upper half 
may be used. If the glass flask is used it should be provided with 
a safety bucket below7 it and should be renewed frequently, since

STEAM
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the strong caustic dissolves the glass rather rapidly. This flask 
should be connected to the condenser by a Kjeldahl connecting 
tube, E, or similar safety device.

The inlet for the steam into the evolution and scrubber flasks 
should extend nearly to the bottom of the flasks and be bent at
right angles and parallel to the sides of the flask.

Condenser, F. A 30.5-cm. (12-inch) or longer spiral condenser 
of sufficient bore so the condensate will not readily close it.

Measuring buret, H. A 10-ml. buret calibrated to 0.1 ml. and 
carrying a bulb, I, of approximately 100-ml. capacity, a t the lower 
end. If desired, an ordinary 10-ml. Mohr-type buret may be 
used, having attached to it by rubber tubing a bulb of proper 
capacity which has been blown in the laboratory. An ordinary 
buret funnel may be placed in ,the top of the buret in place of the
special flared-out top shown in Figure 3.

The stoppers used should be of a good grade of rubber and 
should have been thoroughly cleaned free from any surface sulfur 
and should be given a steam-distillation in position for several 
hours before use on a sample.

Insulating the flasks and tubing to reduce condensation aids 
distillation and its control.

(2) Procedure. Place 150 ml. of sodium hydroxide solution 
(about 1.47 sp. gr.) and several sticks of solid sodium hydroxide 
to provide against dilution in the scrubber flask. Rinse out the 
condenser and buret with acetone. Attach a rubber tubing to the 
lowrer end of the buret, fill the buret and tubing with water, and 
raise the outer end of the tubing so th a t the water level in the 
buret is near the top of the scale when the W'ater is flowing to 
the drain from the automatic overflow, J . Be sure the con
nections are tight and th a t the tubing contains no air bubbles. 
Place the condenser in position so tha t the lower end extends 
directly into the upper end of the buret just above the water level, 
or connect to an adapter siphon, G, which discharges into the 
buret. The cooling water should be 15.5° C. or colder. Ice 
water may be desirable for low-boiling hydrocarbons.

Weigh 100 grams (=*=0.5 gram) of the soap (cut into cubes of 
about 1-cm. edges) or 50 grams (=¡=0.3 gram) of soap powder and 
transfer to the evolution flask. Add about 10 grams of gum 
arabic (commercial) and 100 ml. of distilled water. Place the 
flask in position with 100 ml. of sulfuric acid (1 to 3) in a dropping 
funnel, C, carried in the stopper. Connect with the steam line 
and with the wash flask and the condenser, making sure tha t the 
stoppers are tightly fitting and held in place by wiring. Rubber
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connections in the lines between the evolution flask and condenser 
should be avoided.

Add the acid to the sample slowly to avoid excessive frothing. 
While adding the acid, turn on the steam cautiously, so adjusting 
the pressure by a bleeder valve that just enough steam flows to 
prevent any liquid from backing into the steam trap flask.

When all the acid has been added, turn on enough steam to 
cause brisk distillation, taking care that no liquid is carried over 
from the evolution and wash flasks and that the condenser water 
does not become warm.

Continue the distillation until there is no increase in the 
volume of the upper layer for 45 minutes or no small droplets can 
be noted in the condensate.

When distillation is completed, shut off and drain the condenser 
water, and allow the steam to heat up the condenser to drive out 
the last traces of volatile hydrocarbon. Shut off the steam as 
soon as vapor begins to issue from the lower end of the condenser. 
Immediately open the stopcock of the dropping funnel to pre
vent caustic being drawn into the evolution flask.

Stopper the buret and allow its contents to come to room tem
perature or bring them to a definite temperature by immersing the 
buret for 1  to 2 hours in a water bath held at 25° C.

Read the volume of the upper layer to the nearest 0.01 ml. 
The volume multiplied by the specific gravity equals the weight 
of the volatile hydrocarbon. The specific gravity should be de
termined a t the temperature a t which the volume is read. A 
small Sprengel tube made of 3-mm. glass tubing is convenient for 
this purpose.

Calculation. Calculate the percentage of volatile hydrocar
bons as follows:

where V  = per cent of volatile hydrocarbons, M  = milliliters of 
volatile hydrocarbons, and S  = weight of sample in grams.

Note. For some samples the volatile hydrocarbon content 
may be so low tha t a larger sample than 50 or 100 grams is desir
able. The size of the evolution flask may need to be increased if 
larger samples are used. The amount of water in the evolution 
flask and acid used should also be correspondingly increased.

X X III. C o m b in e d  S o d iu m  a n d  P o t a s s iu m  O x i d e s . The 
total combined alkali present in the soap is determined by the 
method described in C -V I ,  and calculated as sodium oxide 
(Na20). Determine the combined potassium oxide (K20) by the 
following method, calculate it to the equivalent sodium oxide 
(Na20 ), and subtract this from the total combined alkali calcu
lated as sodium oxide (Na20 ); the remainder is the combined 
sodium oxide (NajO).

(1) Special reagents required. Ammonium chloride solution. 
Dissolve 100 grams of ammonium chloride in 500 ml. of distilled 
water, add 5 to 10  grams of pulverized potassium chloroplatinate 
(K2PtCle), and shake at intervals for 6 to 8 hours. Allow the 
mixture to settle overnight and filter. (The residue may be used 
for the preparation of a fresh supply of ammonium chloride solu
tion.)

Platinum solution. Prepare a solution containing the equiva
lent of 1 gram of metallic platinum (2.1 grams of chloroplatinic 
acid, HjPtClj) in each 10 ml. of solution. For materials contain
ing less than 15 per cent of potassium oxide (K20 ), a solution 
containing 0.2 gram of metallic platinum (0.42 gram of II2PtCls) 
in each 10  ml. of solution is recommended.

(2) Preparation of sample. Weigh a 10-gram (±0.01 gram) 
sample and sinter it in an evaporating dish below a dull red 
heat. Leach the ash with hot water, filter into a 100-ml. volu
metric flask, and wash the paper with three 5- to 10-ml. portions 
of hot water. Complete the ashing after returning the filter 
paper and residue to the original dish and sintering as before. 
Excessive heating should be avoided. Removal of most of the

alkali present by thoroughly washing the ash with hot water 
before completion of the ashing will aid in preventing overheating 
of the greater portion of the sample. Add a few drops of hydro
chloric acid (1 to 1 ) to the ash and wash the contents of the dish 
into the volumetric flask. Acidify the solution in the volumetric 
flask with hydrochloric acid, dilute to 100 ml., mix thoroughly, 
and pass through a dry filter.

(3) Procedure. Acidify an accurately measured 10-ml. aliquot 
of the solution obtained in Section 2 with a few' drops of hydro
chloric acid and add 10 ml. of the platinum solution. Evaporate 
the solution on a w'ater bath to a thick paste which will become 
solid on cooling to room temperature. Avoid exposure to am
monia fumes while heating the solution. Treat the residue with 
approximately 6 ml. of alcohol (80 per cent) and add 0.6 ml. of 
hydrochloric acid (sp. gr. 1.19). Filter on a Gooch crucible and 
wash the precipitate thoroughly with alcohol (SO per cent) both 
by decantation and on the filter, continuing the washing until 
after the filtrate is colorless. Then wash the residue five or six 
times with 25-ml. portions of the ammonium chloride solution 
to remove the impurities from the precipitate. Wash again 
thorouglily with alcohol (80 per cent), dry the precipitate at 
100° C. for 30 minutes, and weigh. Calculate the result to potas
sium oxide (K20).

Note. For the conversion of K2PtClj to K20  the factor
0.19376 may be used.
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A Dye Extremely Sensitive to Copper
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D U R IN G  speetrophotom etric m easurem ents of dyestuffs 
the sensitivity of Benzo F ast Yellow 5GL to the pres

ence of copper was found to  be 40 tim es as great as the car
bam ate m ethod of test. While not necessarily proposed as an 
analytical method, it was thought th a t this sensitivity would 
be of interest.

Figure 1  compares the curve shapes of a solution of Benzo 
F ast Yellow 5GL (C. I. 346, diphenylurea-p,p'-disazo-bis- 
salicylic acid) a t pH  9.0, tem perature 23° C., and concentra
tion of 30 mg. per liter with and w ithout 0.1 mg. per liter of 
cupric ion added. Both solutions are stable over a 24-hour 
period.

Analysis of the curve shows th a t the extinction coefficient 
of the pure dye and the metallized complex is the same a t 397 
millimicrons, while the extinction coefficient has increased 
about 150 per cent a t  487 millimicrons (from 2.9 X 103 to 
7.4 X 103 sq. cm. per gram ). Using magnifying cams, it is 
possible to  get a sensitivity of 0.5 per cent extinction coef
ficient, which means th a t a small fraction of this am ount of 
copper can be detected.

In  order to  determ ine the sensitivity to  a small am ount of 
copper, the d a ta  shown in Figure 2 were obtained. Figure 2 
shows the curves obtained using a magnifying cam with and 
w ithout 10 ~ 6 gram per liter of copper divalent ion present in a 
Benzo F ast Yellow 5GL solution. Since the linear distance

O C T A V A L  (CR.u) = 3 3 2 L O g X (»»JM )-655

F i g u r e  1. E f f e c t  o f  A d d e d  C o p p e r  o n  B e n z o  F a s t  
Y e l l o w  5GL

N orm al cam s
A ,  30 m g. per lite r of dye in w ater a t  p H  9.0, 23° C ., m easured in

1-cm. cell
B . Sam e as A  b u t w ith 0.1 mg. per lite r of Cu + + added

2 3 2  2 3 4  3 3 6  2 3 ©  ____
O C T A V A L  (c .Ru J = 3 3 2 L _ O G X (m M }-6 5 5

F i g u r e  2 . E f f e c t  o f  A d d e d  C o p p e r  
o n  B e n z o  F a s t  Y e l l o w  5GL

M agnifying cams
A . 30 mg. per lite r of dye in w ater a t  p H  9.0,

27° C ., m easured in  5-cm. cell
B . Sam e as A b u t w ith  0.001 m g. per lite r of

C u  + + added

separating the two curves is readily divisible into ten  parts, 
it  is evident th a t  10 ~ 7 gram  of copper per liter can be de
tected.

The colorimetric reaction w ith sodium diethyldithiocar- 
bam ate and copper as m easured on the spectrophotom eter 
gives a te s t in which 4 X 10-6 gram  of copper per liter can be 
determ ined in a similar cell. Hence, on the basis of spectro- 
photom etric m easurem ent the Benzo F as t Yellow 5GL is 
about 40 times as sensitive as the  sodium diethyldithiocar- 
bam ate.

The carbam ate te s t is ordinarily considered to  have a sen
sitiv ity  based on visual colorimetry with a  Lovibond colorim
eter of abou t 1 0 ~5gram , which closely approaches th esp ec - 
trophotom etric sensitivity. Visually the Yellow 5GL sensi
tiv ity  would not so nearly approach the  spectrophotom etric 
sensitivity  because a  change of color, from a yellow to  a  redder 
yellow, is no t so noticeable as the  appearance of a  color which 
is the  case in  the carbam ate m ethod. Hence, for visual work,

568
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the sensitivity of the two m ethods of test would perhaps be 
equal.

The Yellow 5GL is also reactive to iron, chromium, and 
nickel, b u t to  a smaller extent, detecting only about 5 X 10~6 
gram  per liter of iron.

I t  has been useful as a measure of the general purity  of dis
tilled w ater as regards presence of metallic ions, bu t no 
method has been worked out to  make it a  specific test for cop
per. No effort has been made to  determine the optimum con
ditions or to  determ ine whether other closely related dyes are 
better.

D irect Green B, which is also sensitive to copper, has been 
proposed (S), and has been found to have about the same sen
sitiv ity  as the carbam ate test spectrophotometrically. Hence 
the Yellow 5GL is also 40 times as sensitive as Direct Green 
B, based on spectrophotom etric measurements.

The use of octaval (logarithm of wave length) for the ab
scissa of spectrophotom etric curves (2) is somewhat unusual 
b u t is particularly convenient when magnifying cams are used 
as in Figure 2 . Thus the visual range (375 to 750 mu) is di-

Effect o f Container on 
of Water

C. A. NOLL AND J. J. MAGUIRE, W. H. & L. D. Betz

vided into 100 logarithmic units and covers the range 200 to 
300 c. r. u. This plotting range was used for the d a ta  of Figure
1. One fifth of this range, from 230 to  250 c. r. u., was magni
fied to  full w idth and was the plotting range used for the data  
of Figure 2 . For convenience in range-shifting and magnifica
tion changing, as is necessary in problems of this type, the use 
of a decimal system has been found m ost convenient.

The X 5 ordinate magnification need not be so flexible in 
the case of solutions, since their concentration can be changed 
to  cause them  to fall within the plotted range. Hence it  is 
necessary to have the X 5 log log l / T  scale only in the plotting 
range 10 to 50 per cent transmission. This is the ordinate 
used in Figure 2. The desirability of the log log l / T  scale is 
generally recognized (1).
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Soluble Silica Content 
Samples

, G illin g h a m  a n d  W o rth  S ts ., P h ila d e lp h ia , P c n n a .

I N POW ER p lan t operation, particularly with modern high- 
pressure boilers, the silica content of the raw water, feed 

water, boiler water, and steam  has become of prime impor
tance.

The silica content of a  boiler w ater sample is of importance 
in  lim iting silica in the concentrated boiler water to a tolerable 
value, so as to  prevent scale formation. Particularly a t higher 
boiler pressures, careful control of the silica content of the 
boiler w ater and steam  m ay be required for the 
lim itation of siliceous turbine blade deposits.
Silica plays an im portant role in the intercrys
talline corrosion of boiler metal, and in evaluat
ing the effect of this constituent under varying 
conditions it  is im portant th a t the silica values 
obtained reflect the true conditions existing in 
the w ater sample.

Recently, m ethods have been developed for 
the controlled removal of silica from raw and 
boiler feed waters, and in the formulation of 
accurate recommendations for such silica re
moval i t  is necessary th a t the w ater analyses 
on which these recommendations are based be 
entirely representative of the silica content of 
the water. For the proper routine control of 
silica removal processes, i t  is obvious th a t the 
samples analyzed m ust be representative.

A recent article by  Belyea and M oody covers 
in detail the sampling of steam  and boiler 
w ater (2). This paper is concerned entirely 
w ith the storage of water samples after collection.

For the accurate determ ination of silica, glass 
containers should not be employed (1). Collins 
and Riffinburg (3) pointed out the large increase 
in silica th a t will occur in poor glass bottles over 
a  period of 8 m onths; they  concluded th a t sam
ples of w ater in good bottles will not dissolve

enough glass in a  m onth to cause any detectable change in 
the ordinary mineral analysis and th a t no significant change 
will be caused in 6 m onths. They were prim arily concerned 
with the effect of storage on natural or raw  w ater and on 
distilled w ater samples, although they also tested dilute 
sodium carbonate solutions.

D ata on resistance to chemical a ttack  for four brands of 
chemical glassware have recently been presented (7).

T a b l e  I. C h a n g e s  i n  S i l i c a  C o n t e n t

C ontainer

S
O rdinary soda glass bo ttle  

Pyrex bo ttle  

H ard-rubber bottle  

Resin-lined can

O rdinary soda glass bo ttle  

Pyrex bo ttle  

H ard-rubber bo ttle  

Resin-lined can

O rdinary soda glass bo ttle  

Pyrex bo ttle  

H ard-rubber bo ttle  

Resin-lined can

T em pera
tu re  a t  
W hich 
Sam ple 
Added 

° C.

-S ilica as SiO*-
Original
sam ple 3rd  day  5 th  day  7 th  d ay  14th day  
P . p . m. P . p. m . P . p. m . P . p. m . P . p. m.

>ical of Raw  or 
23 2 .0

Feed W ater 
2 .2 2 .3 2 .4 2 .6

95 2 .0 2 .4 2 .6 2 .8 3 .0
23 2 .0 2 .1 2 .2 2 .2 2 .3
95 2 .0 2 .2 2 .3 2 .4 2 .4
23 2 .0 2 .0 2 .0 2 .0 2 .0
95 2 .0 2 .0 2 .0 2 .0 2 .0
23 2 .0 2 .0 2 .0 2 .0 2 .0
95 2 .0 2 .0 2 .0 2 .0 2 .0

Sam ple T ypical of Boiler W ater
23 3 2 .4 33 .4 34 .2 35 .2 37 .7
95 32 .4 33 .9 35 .1 36 .2 38 .6
23 32 .4 3 2 .8 33.1 3 3 .6 3 4 .9
95 32 .4 33 .4 33 .8 34 .3 35 .7
23 32.4 32 .5 32 .4 32 .3 32 .4
95 32 .4 3 2 .4 32 .4 32 .4 32 .5
23 32 .4 32.1 32 .4 32 .6 32 .1
95 3 2 .4 32 .4 3 2 .0 32 .3 32 .4

Sam ple T ypical of C ondensate
23 0 .2 0 .3 0 .4 0 .6 0 .9
95 0 .2 0 .4 0 .5 0 .8 1 .0
23 0 .2 0 .3 0 .3 0 .4 0 .5
95 0 .2 0 .4 0 .4 0 .5 0 .6
23 0 .2 0 .2 0 .2 0 .2 0 .2
95 0 .2 0 .2 0 .2 0 .2 0 .2
23 0 .2 0 .2 0 .2 0 .2 0 .2
95 0 .2 0 .2 0 .2 0 .2 0 .2
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T a b l e  II. M i n e r a l  A n a l y s is  o f  S a m p l e s  U s e d  i n  T a b l e  I
Raw or Feed Boiler C onden

W ater W ater sate

T u rb id ity  as SiOi, p. p. m. 3 .6 0 .0
Color, units 0 200 * 0
H ardness as CaCOj, p. p. m. 34 0 0
Sulfate as SO<, p. p. m. 8 224 0 .8
Chloride as Cl, p. p. m. 5 .5 160 0 .0
T o tal iron as Fe, p. p. m. 
P henolph thale in  a lkalin ity  as CaCOj,

0 .0 0 .0 0 .0

p. p. in.
M ethyl orange a lkalin ity  as CaCOj,

0 408 0

p. p. m. 
pH  value

30 628 6
7 .0 11.2 6 .2

Silica as SiOi, p . p. m. 2 .0 32 .4 0 .2

While i t  has been definitely recognized th a t silica is picked 
up from glass bottles, the great m ajority of water samples are 
obtained in glass, on the assum ption th a t the increase in silica 
content will not be of im portance This investigation was 
conducted partially  to determine if such an assum ption is 
justified in the case of samples obtained from the various 
points in a power p lan t’s cycle.

To avoid the error introduced by glass bottles, tin  and tin- 
lined containers have been suggested (6) bu t have no t been 
found fully satisfactory (5, 6). Schwartz (5) has suggested 
the use of hard-rubber bottles after a short period of aging, 
describing experience wherein tin-lined containers reacted 
with alkaline boiler waters to  dissolve sufficient tin  to  inter
fere in the colorimetric determ ination of silica.

This study has been primarily directed to any change in the 
silica content of w ater samples over a 2-week period, which 
will cover the time usually elapsing between the collection and 
analysis of w ater samples. The samples of w ater were added 
to the containers both  hot and cold to sim ulate conditions in 
practice. The glass containers used to obtain the d a ta  illus
tra ted  in the tables had, in each case, been “aged” by contact 
with water. Unless this precaution is taken with new bottles, 
a large increase in silica m ay result on first use of a container.

Table I  illustrates the change in  the silica content when 
four different types of containers are used w ith a  sample 
typical of a  raw w ater or feed water, both hot and cold (23° 
and 95° C.). M aximum increase of 1.0 p. p. m. of silica took 
place when the sample was added hot to  the soda glass bottle. 
Although this increase was only 1.0 p. p. m. a t  the end of 14 
days, i t  represents a 50 per cent increase over the original 
silica content of the w ater sample.

In  similar tests on samples representative of boiler water, 
in 14 days the samples added hot to  the soda glass and Pyrex 
bottles had increased 6.2 and 3.3 p. p. m. of silica as Si02, 
respectively.

Under similar conditions, using samples typical of con
densed steam  or condensate, the greatest pickup in silica was 
shown by  the sample added hot to  the soda glass bottle. This 
maximum increase is from 0.2 to 1.0 p. p. m., an  increase of 
only 0.8 p. p. m. of silica as S i02, b u t a silica increase of 400 
per cent compared w ith the  original value. W here to ta l 
solids are determined on a sample of condensed steam , storage 
of the condensed steam  sample in glass m ay contribute to  the 
sample a solids content several times in excess of the original 
value.

The silica values shown in T able I  are the average of several 
tests. The original analysis of each of the three samples is 
shown by Table II. Silica was determ ined by the photoelec
tric m ethod developed by  K ahler (4). The accuracy of this 
m ethod in the range of silica shown by  Table I  for raw or 
feed w ater and condensate is 0.1 p. p. m. of silica as SiC>2. 
W ith boiler w ater the accuracy is approxim ately 0.3 to 0.6 
p. p. m. of silica as S i0 2. Any pickup of tin  from the con
tainer will not affect silica determ ination by this procedure.

W ithin limits of analytical methods employed, no change 
was noted in the silica content of samples stored in hard- 
rubber bottles or in resin-lined cans.

Alkaline boiler w ater results in a greater increase in the silica 
content of the sample. The possibility of acidifying the 
boiler sample to  decrease silica picked up from glass could be 
considered. However, such a  procedure would alter the char
acteristics of the w ater sample, and it  would be necessary to 
secure an additional sample, not acidified, to obtain a com
plete analysis. If  containers which will not affect the silica 
content are employed, a complete mineral analysis can be 
made on the same sample.

In  order to check on any change in the silica content of 
w ater samples shipped in ordinary tin-lined containers, sev
eral tests were made using 5-gallon tin-lined gasoline cans. 
Table I I I  illustrates the results obtained with a  boiler feed 
w ater and a boiler water. In  each case, corrosion of the can 
was observed, w ith increase in the iron content of the sample. 
Corrosion of the can resulted in the formation of ferric hy
droxide, and since this precipitate possesses the property of 
absorbing silica, a reduction of silica is shown by the tests in 
Table I I I .  Table IV  illustrates the original analysis of the 
feed w ater and boiler samples used in these tests. I t  is evi
dent from these results th a t the use of tin-lined containers 
should be avoided, no t only because tin  interferes w ith some 
colorimetric silica determ inations b u t also because removal of 
the protective tin  coating perm its corrosion of the iron and 
subsequent removal of silica from solution.

T a b l e  III . T e s t  o n  O r d in a r y  T i n - L i n e d  C o n t a in e r s

Original
Analysis 3rd  D ay  5 th  D ay  7 th  D ay 

Sam ple T ypica l of Feed W ater
T o ta l iron as Fe, p. p . m. 1 .0  10 .0  2 0 .0  2 6 .0
Silica as SiOi, p. p. m. 2 1 .6  2 1 .3  18 .6  18 .2
T u rb id ity  as SiOi, p. p. m. 9 .4  132 260 272

Sam ple T ypical of Boiler W ater
T o ta l iron as Fe, p. p. m. 0 .1  5 .0  8 .0  16 .0
Silica as Si02, p. p. m. 2 0 .5  2 0 .3  2 0 .0  19.0
T u rb id ity  as SiOi, p. p. m. 13 .8  66 164 200

T a b l e  IV. M i n e r a l  A n a l y s is  o f  S a m p l e s  U s e d  i n  T a b l e  I II
Feed W ater Boiler

T u rb id ity  as SiOi, p. p. m. 9 .4  13 .8
Color, u n its  40 30
H ardness as CaC03, p. p . m. 46 0
Sulfate  as SO<, p . p. m. 56 448
C hloride as Cl, p. p. m. 5 .5  276
T o ta l iron as Fe, p. p. m. 1 .0  0 .1
P henolph tha le in  a lka lin ity  as C aCO j, p. p. m. 0 304
M ethy l orange a lka lin ity  as CaC03, p. p. m. 38 436
p H  value 6 .9  10.7
bilica as SiOi, p. p. m . 2 1 .6  2 0 .5

In  order to obtain d a ta  on the effect of long storage periods 
w ith resin-lined cans several samples were placed in  resin- 
lined containers, and were w ithdrawn for analysis after one 
m onth and after 13 m onths (Table V). W ith the exception 
of the resin-lined can which was filled w ith 0.02 N  sulfuric 
acid, no change in iron content was noted after one m onth of 
storage. The can containing an  alkaline boiler w ater showed 
an increase in  the iron content from 0.2 to  2.0 p. p. m. a t  the 
end of 13 m onths and some drop in silica content. I t  would 
appear from these tests th a t resin-lined cans m ay safely be 
employed for storage of samples for a  considerable length of 
time, provided no free mineral acid is present.

Some additional tests have been made on routine water sample 
shipments to the laboratory. In the case of two water samples, 
each was submitted in a 1-quart resin-lined can and in a 5-gallon 
unlined steel drum. In  one water supply the resin-lined can 
showed a silica result of 8.6 p. p. m. as Si0 2 compared with a  re
duced silica content of the sample in the drum of 3.3 p. p. m. In
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T a b l e  V. S t o r a g e  T e s t s  w i t h  R e s i n - L i n e d  C a n s

Silica as T o tal Iron D ate  of
T ype  of Sam ple SiOj 

P . p. m.
as Fe 

P. p. m.
Analysis

D istilled w ater 0 .0 0 .0 5 /3 /4 0
0 .0 0 .0 0 /3 /4 0
0 .0 0 .1 0 /3 /4 1

Distilled w ater sa tu ra ted 0 .0 0 .0 5 /3 /4 0
w ith carbon dioxide 0 .0 0 .0 6 /3 /4 0

0 .0 0.1 6 /3 /4 1
Sulfuric acid, 0.02 N 0 .0 5 /2 /4 0

1.0 6 /3 /4 0
15.0 6 /3 /4 1

Alkaline boiler w ater added 29 .7 0 .2 5 /3 /4 0
to  can a t  23° C. 29 .5 0 .2 6 /3 /4 0

28 .7 2 .0 6 /3 /4 1
Philadelphia ta p  w ater 4 .0 0.1 5 /3 /4 0

(Delaware supply) added 
to  can a t  95° C.

4 .1 0 .1 6 /3 /4 0
4 .0 0 .1 6 /3 /4 1

the other case, the resin-lined cans showed a silica result of 5.6 
against 2.3 p. p. m. in the sample shipped in the drum. Consider
able corrosion of the steel drums was evidenced, together with pre
cipitation of iron. Samples were received in the laboratory 3 
days after they had been taken and the analyses were completed 
on the fourth day after sampling.

In another case, a sample of water was forwarded to the labora
tory in two containers, one ordinary soda glass and the other a 
resin-lined can. The sample secured in glass showed a silica con
tent of 15.5 p. p. m. as Si02l whereas the sample in the resin-lined 
can showed silica as 7.2 p. p. m. Samples were secured January 
17,1941, and analyzed February 6.

The resin-lined can employed was a  tin  plate container, 
carrying two interior coats of organic protective coatings. 
The undercoat is a high baked cured modified alkyd resin 
varnish. The top coat is a baked vinyl chloride-vinyl acetate 
copolymer spirit varnish. This container is the standard beer 
package m anufactured by the American Can Company.

C onclusions
In  making recommendations for the removal of silica from 

water, designing feed w ater conditioning systems, setting silica 
limits for a boiler water, and determining the solids content of 
condensed steam  samples, it is not safe to assume th a t the in
crease in silica from a glass container will be negligible. I t  is 
essential to  secure w ater samples in containers th a t will not 
impart silica to the sample and to use containers th a t will 
not rust and so reduce the silica content of the water sample.

llard-rubber bottles and resin-lined cans provide excellent 
containers for sampling and storage of water samples. In  the 
handling of large numbers of water samples for silica determ ina
tions, the authors have found resin-lined cans economical and 
convenient.

Sum m ary

Appreciable increase in the silica content of w ater samples 
m ay result from the use of glass bottles for sampling and for 
storage. This increase in silica is more m arked w ith alkaline 
water, such as boiler water, than  w ith raw water, feed water, 
and condensate. The increase in silica is also greater if the 
sample is placed in a bottle hot than if it is first cooled to room 
temperature. Silica pickup from Pyrex containers has been 
noted, although not to  the extent experienced w ith ordinary 
soda glass.

The use of steel drums or tin-lined cans results in a  corro
sive action on the metal, precipitation of iron, and the lower
ing of the silica content of the w ater sample. The use of hard- 
rubber bottles or resin-lined cans prevents any change in the 
silica content of the water within limits of analytical error.
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Fluorescein As an Indicator in Brom om etric Titrations
F. L. HAHN, Casilla 221, Quito, Ecuador

T H E use of m ethyl orange or m ethyl red in bromometric 
titrations involves the inconvenience th a t the indicator 

may be destroyed by a local or tem porary excess of free bro
mine before the equivalence point is reached.

Fluorescein, a  highly sensitive reagent for bromate in the 
presence of bromide ( i) , permits one to observe the approach 
and the passing of the end point. The indicator solution may 
be prepared by dissolving 0.1 gram  of fluorescein in 100 ml. 
of water containing some drops of sodium hydroxide. One 
drop of indicator is added to each 10 ml. of titra ted  solution.

In  a bromometric titra tion  of arsenious acid (strongly 
acidified with hydrochloric or sulfuric acid) the greenish 
yellow' of the solution changes to a brownish yellow when the 
end point is approached. The change to a  reddish brown 
indicates the end point. As the fluorescein reacts only slowly

w ith bromine, it is necessary, near the end point, to  wait some 
15 seconds after each addition of reagent. H eating the solu
tion to 40° to 50° C. will accelerate the reaction.

A perm anganate solution (approximately 0.1 N)  and a 
bromate solution (approximately 0.05 N  plus 20 grams of 
potassium bromide per liter) were compared iodometrically. 
Then the arsenite solution was titra ted  w ith perm anganate, 
using a little iodide as a catalyst, and with brom ate solution. 
The results were:

1 m l. of KMnO< »  1-855 ml. of K B rO j (iodom etrically)
=  1.853 ml. of K B rO j (w ith  fluorescein)

L iterature Cited
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A Photoelectric Photometer for Rapid Grading 
of Naval Stores Products

ROBERT II. OSBORN, Hercules Experiment Station, Hercules Powder Company, W ilm ington, Del.

A  p hotoelectric  color grader, especially  
su ited  to  naval stores p la n t laboratories, is 
described. Its  design  is su ch  th a t a single  
m eter reading ind icates th e  ratio o f th e  
transm ission s o f a sam ple for lig h t beam s  
o f tw o colors. B y proper choice o f vari
ables, any class in  a w ide range o f trans
parent m aterials m ay be graded rapidly  
and w ith o u t th e  n ecessity  o f avoiding d irt, 
h aze, or surface im p erfection s in  th e  
sam ples.

A LARGE num ber of photoelectric instrum ents have been 
described in thç  literature in which transmission 

or reflection factors for light of two or more colors are 
measured (1, 9, 10, 11). For certain types of colorimetric 
work, such as color grading, quantities involving ratios of 
such factors are required. These ratios m ust be calculated 
from the d a ta  furnished by instrum ents of the foregoing type.

In  general, these instrum ents will also measure quantities 
proportional to  the ratios of transmission or reflection factors 
of two different m aterials for light of the same color. Another 
instrum ent (IS) measures quantities proportional to  the differ
ences between the transm ission or reflection factors of m a
terials for light of two different colors.

None of the photoelectric colorimeters investigated by  the 
author has been suitable for the rapid routine color grading 
which is done in naval stores plants. Heretofore, the m ethod 
of visual comparison with artificial standards has been used. 
Recognizing the lim itations and inaccuracies inherent in such 
a procedure, means were sought whereby 
quantities proportional to  the ratios of trans
mission factors of m aterials for light of two 
different colors could be obtained by  means 
of single m eter or dial readings from an in
strum ent of the photoelectric type. F urther
more, the optical, mechanical, and electrical 
characteristics of the design which was finally 
chosen were so arranged th a t the readings were 
proportional to  either the x, y, or z trichro
m atic coefficients (6) of the samples being 
graded, depending on the com bination of 
characteristics chosen for th a t particular series 
of measurements.

The justification for this procedure is based 
on the observation made in  this laboratory 
th a t the grades of samples having more or less 
uniform clarity and color characteristics can 
be based on one of their trichrom atic coef
ficients. The choice of a coefficient for a  par
ticular type of sample depends on the position 
on the  I. C. I. color m ixture diagram (6) of the 
locus of points representing the complete range 
of colors of samples of th a t type. For example,
Brice (2) has shown th a t the chrom aticity

differences for rosin colors are well represented by  differences 
in x  trichrom atic coefficients. Accordingly, the official U. S. 
rosin standards have been spaced system atically on a scale of 
x  trichrom atic coefficients.

Theory o f  In stru m en t
Figure 1 is a schematic diagram  showing the essential parts 

of a typical instrum ent designed for measuring the color of 
naval stores products. If a  sample be placed in the space 
between the filter holder and the  barrier layer photocell, 
using a filter having characteristics such th a t  the response 
of the photocell is proportional to  the sum of the X ,  Y, and 
Z  tristim ulus values of the sample, the  indicating instrument 
(galvanometer or mieroammeter) m ay be set a t  some predeter
mined value by adjusting the iris diaphragm. Then, without 
changing this adjustm ent, a filter having characteristics such 
th a t the response of the photocell is proportional to  the X  
tristim ulus value alone is inserted in  place of th e  first filter. 
T he indicating instrum ent will then give a  reading which will 
be proportional to  the ratio of the transm ission of the sample 
for the X  beam  to  its transm ission for the X  +  Y  +  Z  beam. 
This ratio, and hence the la tte r reading, will be proportional 
to  the x  trichrom atic coefficient of th e  sample, as may be 
shown by  th e  following analysis:

Let ii — photocell current output with the sample and the 
X  +  Y  +  Z  filter in position 

it =  photocell output with the sample and the X  filter 
in position

E  = relative spectral energy of the lamp 
s =  relative spectral response of the photocell to a

source having an equal energy spectrum 
T x + y + z  =  transmission of X  +  Y  +  Z  filter 
T x  =  transmission of X  filter
T
X
k

= transmission of sample 
=  wave length 
=  a constant

e o T / * T / v e  o /s k  rti-Tee tfoi.oei3

F i g u r e  1. S c h e m a t ic  D ia g r a m  o f  P h o t o e l e c t r ic  G r a d e r  f o r  T r a n s p a r e n t  

a n d  T r a n s l u c e n t  S a m p l e s
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F ig u r e  2 . P h o t o e l e c t r ic  C o l o r  G r a d e r

For low light intensities and low external resistance in the 
photocell circuit, the photocell current is known to be prac
tically a linear function of illumination (<S)—th a t is,

ii — k £  Es T x  + y  + z  T  d X 

ij =  k Es T x  T  d X

(1)

(2)

The integral in E quation 2 is equal to a constant times the 
X  tristimulus value of the  sample (5), while the integral of 
Equation 1 is equal to  another constant times the sum of the 
X, Y, and Z  tristim ulus values of the sample. Dividing 
Equation 2 by E quation 1:

C Es T x T  d X 
«2 _  JO X

j: Es T x  + y + z T  d X
es (X  +  Y +  Z)

12 = Î1 Cl X
C2 X  +  Y  +  z

(3)

or 

where

c = (ii is set a t a constant value for each measurement)Ci

and

X (see 6)
X  +  Y  + Z

A similar analysis applies to the measurem ent of y and z 
trichromatic coefficients.

By varying the constants of the circuit shown schematically 
in Figure 1, the scale of values can be expanded beyond 
a point which would be possible if the microammeter were 
connected directly to  the photocell. In  this circuit, a  “buck
ing” potential is applied to  the photocell by means of the volt
age drop across a portion of a potentiom eter circuit through 
which current from a  1.5-volt d ry  cell is flowing. In  effect, a 
depressed zero is achieved by  electrical means, and the scale 
may be magnified as much as desired within practicable 
limits.

C onstruction  o f In stru m en t
Figure 2 is a  photograph of one of 

the instrum ents which was built in ac 
cordance with the foregoing principles. 
Three of these instrum ents have been 
in more or less continuous operation 
for more than a  year, and have proved 
themselves to  be well suited for the 
grading of naval stores products.

An 8-volt storage battery supplies cur
rent for a 50-candle power automobile 
spotlight lamp. A series rheostat con
trols the lamp voltage, which is main
tained a t 6 volts while the instrument is 
in operation. The lamp is situated a t the 
focal point of a lens, from which a col
limated beam emerges. After passing 
through an iris diaphragm, the aperture of 
which may be varied by means of a knob 
and worm and pinion gears, the narrowed 
beam is filtered. I t  is then transmitted 
by the sample and strikes the sensitive 
surface of a No. 732 Electrocell photocell 
mounted in a hermetically sealed ease 
behind the sample compartment. The 
sample compartment is provided with a 

sliding sample drawer, so constructed that when the sample is prop
erly placed in the drawer and pushed into the light beam, the 
compartment is tightly closed. A circular filter holder provided 
with a handle permits rapid changes from one filter to an
other. Space for eight filters has been allowed in anticipation of 
possible future requirements. The photocell current is indicated 
on a Rawson Type 507C microammeter, graduated with 100 
divisions, and giving full-scale deflection at 30 microamperes. 
For the comfort of the operator an adjustable mirror is provided 
for reading the meter while the operator is in a sitting position.

A three-position selector switch permits the operator (1) to 
make an initial adjustment of the bucking voltage; (2) to make 
color measurements using the bucking voltage; and (3) to make 
measurements without the bucking voltage, or with the photocell 
connected directly to the meter. Once a day, the operator turns 
the selector switch to position 1 . He then adjusts the rheostat 
on the right side-panel until the mieroammeter reads 100 or full 
scale. If measurements are to be made on pale and medium- 
colored samples, he then switches to position 2. The switch 
is turned to position 3 for the measurement of dark-colored 
samples. With the selector switch in this position, the color scale 
is a compressed version of the scale obtained with the selector 
switch in position 2.

In order to avoid the effect of variables such as aging of the 
lamp, dust on the filters, possible small changes in the spectral 
characteristic of the photocell, etc., calibrations are prepared 
each day with the aid of a set of perm anent glass standards 
closely approxim ating in appearance the color series which is 
to be measured. Brice (2) has described the construction of 
a  typical se t of such standards for rosin.

I t  will sometimes be found tha t, in  order to  grade accu
rately very light or very  dark  samples, filters other than 
those giving the trichrom atic coefficients m ust be used—for 
example, red and blue filters have been used in  th is laboratory 
for the grading of pale yellow samples, while deep red and 
neutral filters have been used for the grading of dark  red 
samples. The range of sample colors m ust be studied care
fully before a  choice of filters is made.

By means of such filter combinations, it is possible to  grade 
alm ost colorless liquids such as pine oil, turpentine, etc., pale 
liquid and solid resins, and dark  resins such as Vinsol and 
Belro. The color bodies in the la tte r resins first m ust be 
diluted by dissolving the resins in a suitable organic solvent 
or mixture of solvents.

A t present, no specific rules can be laid down for the de
sign of the foregoing special filter combinations, since their 
selection in this laboratory  has been based on cut-and-try 
procedures. However, further study  on this problem is being 
planned.



574 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 14, No. 7

F i g u r e  3 . T r i s t i m u l u s  F il t e r s

A . X  filter, 4.5-mm. Corning No. 330 +  3.0-m m . C orning No. 399
B. Y  filter, 2.0-m ra. Corning N o. 450
C. Z filter, 1.0-mm. Corning No. 511 +  1.5-mm. Corning No. 038

D esign o f F illers

In  F igure 3, A , B, and C, respectively, are the spectral 
transmission curves of the amber, green, and blue filters used 
in the instrum ent in conjunction w ith a  lam p operated a t  a 
«olor tem perature in the neighborhood of 2800° K . and an 
Electrocell barrier layer photocell to  give first approxim a
tions to  X ,  Y, and Z  responses referred to  Illum inant C (6‘). 
A Com ing Aklo filter is being used in conjunction with the 
foregoing lamp-photocell combination to give a  first approxi
m ation to  the X  +  Y  +  Z  response. The spectral transm is
sion curve of this filter is shown in Figure 4. For the purpose 
of grading, these approxim ations to  the ideal filters have 
proved satisfactory. However, the need for an instrum ent 
which will evaluate the trichrom atic coefficients more accu
ra te ly  has led to a consideration of the design of filters which 
will more closely approxim ate the ideals. The requirem ents 
for the spectral characteristics of source-filter-photocell com
binations which will give X ,  Y,  and Z  tristim ulus values have 
been listed by the N ational Bureau of S tandards (5). Gage
(4) has described a  m ethod by  which glass filters m ay be 
selected with respect to  kind and thickness to  fit such re
quirem ents.

In  order to  evaluate x  trichrom atic coefficients accurately, 
the  blue component of the X  function m ust be taken into 
account in the filter design. H un ter (7) overcomes this dif
ficulty in the m easurem ent of X  tristim ulus values by  adding 
a fraction of the  reading obtained w ith his Z  filter to  th a t 
obtained with his X  filter. In  order to  avoid this complica
tion, a com bination of glasses having the proper relative 
transm ission in the blue as well as in the other parts  of the 
spectrum  is being sought. Calculations for this filter as well 
a s  for new Y, Z, and X  +  Y  Z  filters are now under way, 
an d  will be reported in a separate communication.

The averages of the grades assigned by  the eighteen observers 
to  two samples of gum rosin and seven of wood rosin are given 
in Table I, together with the photoelectric instrum ent read
ings on the same samples. The photoelectric instrument 
had been calibrated previously by noting the readings ob
tained for the official U. S. rosin standards. In  practice, such 
a calibration is m ade once each day, although it has been 
found th a t only very small changes take place over periods of 
several days. Progressive changes do occur, however, as the 
color tem perature of the lamp changes w ith age.

In  the visual grading of gum rosin the factor of brightness as 
well as th a t  of chrom aticity m ust be considered. However, 
the photoelectric instrum ent grades on the  basis of chroma
tic ity  alone, so th a t if decreases in brightness due to  d irt be
come large, grading errors will occur if the photoelectric 
method is used. No difficulty is encountered in the correla
tion of photoelectric with visual grading of either wood rosin 
or reasonably clean gum rosin.

The average tim e for a single photoelectric grading is ap
proximately 0.5 m inute. This compares favorably with the 
tim e required by the m ost experienced visual graders. The 
chief advantage of the photoelectric m ethod is the elimination 
of discrepancies caused by  eye fatigue, inaccurate grading by 
partially  color-blind individuals, errors of judgm ent, and the 
like.

F i g u r e  4. X + Y + Z  F i l t e r ,  2.0-Mm. C o r n i n g  No. 398

W ithin limits, varying am ounts of d irt or haze in gum 
rosins, smeared cover glasses, cracked samples, etc., introduce 
little or no error in the grades obtained with the instrument. 
C ut or poured cubes can be measured equally well. Of course, 
care m ust be taken  th a t all samples of a  given class are of the 
same thickness. In  the case of rosins and resins, 0.S75 inch 
is standard , while in th e  case of pale liquid products, 5 cm. is 
commonly used.

O ther Uses o f  th e  In stru m en t
B y employing “m onochrom atic” filters (S), the photoelec

tric grader has been used as a  chemical colorimeter for the

O peration o f  In stru m en t

The ultim ate criterion for the success of an instrum ent de
signed to  replace visual m ethods of grading m ust be its close
ness of agreem ent with visual observations. Accordingly, 
a  num ber of representative samples of both  wood and gum 
rosins were graded independently by  eighteen more or less ex
perienced observers. Comparisons were made visually with 
the official U. S. rosin standards. The observers were asked 
to  estim ate to  the nearest one-tenth grade. Although this 
was recognized as being a difficult task, results reported by 
th e  different observers were in surprisingly good agreement.

T a b l e  I. C o m p a r i s o n  o p  V i s u a l  a n d  I n s t r u m e n t  G r a d in g  o f
R o s i n

In s tru m e n t G rades0Sam ple
G um  rosin 
G um  rosin 
W ood rosin 
W ood rosin 
W ood rosin 
W ood rosin 
W ood rosin 
W ood rosin 
W ood rosin

I +  0 .7  
M  +  0 .6  
G +  0 .5  
I +  0 .0  

M  +  0 .6  
X +  0 .9  

K  +  0 .S  
M  +  0 .1  
H  +  0 .3

Visual Grades
I +  0.5 

M +  0.5 
G +  0.5 
I +  0 .0  

M  +  0 .6  
I +  0 .7  

K  +  0 .7  
M +  0.0 
H  +  0.3

1 I +  0.7 m eans th a t  th e  rosin is 0.7 g rade ligh ter th a n  I.



July 15, 1942 A N A L Y T I C A L  E D I T I O N 575

determ ination of small am ounts of both organic and inorganic 
substances. In  this respect, the methods employed do not, 
in general, differ from those described in  the voluminous litera
ture on the subject.

The tristim ulus values X ,  Y, and Z  of a sample m ay be 
measured by setting the selector switch to  a position which 
connects the photocell directly to  the m eter; then, with one 
of the tristim ulus filters in position, bu t w ith nothing else 
in the light beam, the iris diaphragm  is adjusted until the 
meter reads 100 (full scale). The sample is then inserted 
in the beam, and the resultant m eter reading is referred to a 
chart which gives the corresponding tristim ulus value. The 
Y  tristim ulus value (brightness) is very often specified with 
the x  and y  trichrom atic coefficients to  describe completely 
the color of a transparen t sample.

The instrum ent has also been used for the determ ination of 
haze. For this measurement, the brightness of the sample 
(F  tristim ulus value) is compared to the known maximum 
brightness of a clear sample having the same chrom aticity as 
the unknown.

Several of these instrum ents have been constructed in the 
company’s shops. A t the present tim e others are being m anu
factured for their use by a commercial instrum ent maker.

Sum m ary

A photoelectric instrum ent suitable for the rapid routine 
color grading of transparen t liquid or solid naval stores

A Simple Hydrogen

BRYANT W. 1‘OCOCK, L. SCHOLTEN, a n d  ,
PAUL J. ERICKSON
Nasli-Kelvinator Corporation, Lansing, ¡Mich.

A  H Y DR OG EN  sulfide generator is a  necessity in any 
chemical laboratory where the analysis of metals is 

to play an im portant role, particularly in these days of in
creasing demands for m etal analysis and of correspondingly 
growing numbers of new control laboratories, which are 
springing up all over the United States.

The apparatus described is of a type which any chemist 
can probably construct from supplies already a t  hand. The 
parts are held together by  clamps and support stands.

The most novel feature of the device is the delivery tube, J , 
which consists of a celluloid drinking straw purchased a t a dime 
store and bent to form a circle at one end. The extreme end of 
the circle is crimped nearly together and the circle is bent to form 
a plane at right angles to the shaft. Small holes are bored into 
the top of the circle a few millimeters apart. The gas is delivered 
through these holes, thus increasing the area of contact between 
the gas and the liquid. (This is a modification of the Abson 
method for the recovery of asphalts from road mixes.)

The generating flask, E, is bumped outward somewhat at the 
bottom, to form a small interior concavity in which the acid will 
collect, to facilitate complete elimination of the acid by gas 
pressure. The reservoir, C, is a two-way rubber compression 
bulb, placed on a level with the bottom of the acid flask, D. 1 hus 
C will always hold enough acid to maintain a positive siphoning 
action. ' , r .

H  and F  are traps, K  and G are pinch clamps, and I  is the pre
cipitation flask. Ferrous sulfide sticks are placed above a layer 
of glass wool in E, and hydrochloric acid is poured into D through

products is described. Essentially, the apparatus consists 
of a light source, colored glass filters, and a photocell. The 
design, howrever, is characterized by the fact th a t single read
ings obtained with the instrum ent are proportional to  the 
ratio of the transmissions of a sample for light beams of two 
different colors. The electrical circuit is arranged so th a t 
the instrum ent scale m ay be expanded or contracted. In  this 
manner, both light and dark  colored samples m ay be graded. 
W ithin limits, the grades obtained with the instrum ent are in
dependent of dirt, haze, or imperfections in the sample.

In  addition to  its use as a grader, the instrum ent has been 
used as a chemical colorimeter, to  obtain tristim ulus values of 
transparent samples, and to  determine haze.
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Sulfide Generator

the funnel. To start the action initially, the finger is held at 
the safety tube, B, and acid is pumped into C and E  by the rubber 
compression bulb, A.



High-Speed Rotational Viscometer 
of Wide Range

Confirmation o f the Reiner Equation o f Flow

HENRY GREEN 
Interclicm ical Corporation, New York, N. Y.

I N A recent article by the w riter on the tack  of printing inks,
(5) mention was made of the use of a  high-speed ro ta

tional viscometer for measuring pseudoplastic m aterials and 
thixotropic plastics. Such an instrum ent is described in this 
paper, w ith d a ta  showing the application of the Reiner equa
tion for determining yield value and plastic viscosity, a  term  
employed here for the reciprocal of mobility.

The great im portance of Reiner’s work is no t generally 
realized by industrial rheologists. Even Reiner has not 
published d a ta  tending to  establish the validity of his own 
equation. This is regrettable, for it has caused this particular 
rheological contribution to  remain practically unknown to 
industry since its initial publication in 1929.

In  order to  comprehend fully the advantages inherent in 
the rotational viscometer for measuring m any types of in
dustrial products, i t  is necessary to  understand the natu re  of 
the rheological background im m ediately preceding Reiner’s 
work.

The first im portant contribution to  modern rheology was

F i g u r e  1 . R o t a t io n a l  V i s c o m e t e r

th a t of Bingham (1), who worked w ith a ra ther difficult 
medium, clay-water suspensions. Such m aterials have a 
tendency to  separate, causing seepage and slippage. Bing
ham  used a capillary-tube type of viscometer and produced 
flow curves by plotting force against ra te  of flow. So far as 
he could tell, he seemed to  obtain straight-line relationships. 
The fact th a t the lower points of his curves fell off toward the 
origin was attribu ted  to  possible seepage and slippage, and 
it was also assumed th a t all curves for a  given m aterial inter
sected the force axis a t  the same point, regardless of the 
dimensions of the capillary used. W ith these ideas in mind 
Bingham felt justified in writing the equation of flow for 
plastics in capillary tubes as follows:

Mobility = (1)

where R  and L  are the radius and length of the capillary, V /t 
is the  volume of flow per second, F  is the force causing the

flow, and f  is the 
intercept on the 
pressure axis. This 
is simply the well- 
known equation of 
liquid flow with the 
intercept, / ,  intro
duced. Obviously, it 
can fit only a linear 
flow curve.

Later, Bingham 
and Green {2) work
ing with more tract
able materials, pig
m ents suspended in 
oil, showed tha t /  
was not independent 
of R  and L. The 
lower points, how
ever, still fell off 
toward the origin 
and this condition 
was still believed to 
be caused by seepage 
and slippage. Sub
s e q u e n t  c a re fu l 
analysis showed that 
the pigment-vehicle 
ratio was exactly the 
same for the low 
points on the curve 
as for the high ones, 
proving th a t seepage 
could not be re- 
sponsibleforthe con
dition a t  the lower 
end of the curve. 
Thisled to  the micro-

576
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T he R einer E quation

TORQUE

F i g u r e  3

know the location of this point in order to calculate yield value. 
The attem pt to  derive the yield value from the equation of 
the curve proved to be impracticable. Consequently, while 
Buckingham’s equation is of great theoretical im portance, it 
has little useful laboratory value.

Buckingham’s equation cannot be dismissed, however. 
Having based it on the Bingham assumption th a t yield value 
and mobility (1  / [ / )  remain constant during a  change in rate 
of flow, Buckingham was able to  show th a t the plastic flow 
curve could never be linear for capillary tubes and th a t no 
“straight” p art of the curve exists except a t  the lower end, 
which is comprised entirely of slippage flow. This discovery 
definitely invalidated Bingham’s equation for capillary tubes 
and left nothing useful in its place. Industrial rheology was 
in an unenviable position and remained so until Reiner in 
1929 showed th a t the rotational viscometer gives flow curves 
from which yield value and plastic viscosity can easily be 
determined.

the theoretical equation of flow 
He used the Bingham assump

tion of the constancy of /  
and U and showed th a t 
under these circumstances 
the plastic flow curve in  a 
rotational viscometer be
comes linear a t a finite dis
tance from the origin. The 
curved portion exists only 
where the flow is no t com-

scopical examination of plastic flow in capillary tubes (7, 5), 
which established the existence of plug flow and slippage.

Plug flow occurs whenever the force of flocculation is strong 
enough to  hold the body of pigment together, a  condition 
th a t exists a t  the lower end of the curve where the applied 
force is insufficient to cause telescopic shearing. As the force 
is raised, however, shearing commences, starting a t  the capil
lary wall and developing inward as the force is increased. This 
means th a t the model of flow is changing continuously until a 
state of complete lam inar flow ensues; and it was believed 
tha t this sta te  was attained a t a  finite distance from the origin.

Plug flow was also seen to  be a contributory cause of slip
page. In  the case of pigment-oil suspensions the plug a t the 
wall was always observed to  be lubricated with a thin layer of 
the oil vehicle when examined microscopically. Since such a 
vehicle is a Newtonian liquid, it will flow under any pressure, 
no m atter how small; hence the slightest applied force induced 
the lubricated plug to flow—i. e., to  slip en masse. Obviously, 
if a small force causes slippage, larger forces cause more slip
page, and the entire plastic flow curve becomes misleading by 
having imposed upon it  a  slippage flow curve (Figure 5).

Realizing th a t plug flow and slippage m ust modify the 
Bingham equation, Buckingham (3) in 1921 deduced the 
following equation as a  substitute:

V /t
■ R 3efiF 

2  L

where U, used throughout this paper as the reciprocal of 
mobility, is the plastic viscosity of the material, <£ is the fluid
ity of the vehicle, and e is the thickness of the lubricating 
layers. The last term  of Equation 2 gives the volume of 
flow per second caused entirely by slippage. [In the author’s

previous papers on tack (5, 6) the 
symbol ¡i is used to designate 
plastic viscosity. ]

Buckingham’s equation, though 
resembling the experimentally 
determined flow curve, failed to 
coincide with it a t its most im
portan t point—the place where 
the initial shearing of the plug oc
curs, which unfortunately, cannot 
be found by inspecting the experi
mental curve. I t  is necessary to

F i g u r e  2 . D ia g r a m  o f  V is c o m e t e r

Reiner (12, 13) developed 
for rotational viscometers.
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F i g u r e  4

T he R otationa l V iscom eter

T he instrum ent described in this paper (Figure 1) is for the 
consistency range covered by such m aterials as oils, varnishes, 
paints, and printing inks. The object in designing the vis
cometer in the m anner described here is (1 ) to  obtain con
sistency curves, and (2) to  eliminate certain detrim ental 
features usually inherent in commercial rotational instru
ments. These faults are likely to  be: either no means or 
very inadequate m eans for m aintaining constant tem perature 
control while the cup is rotating; no way of changing the 
speed of cup rotation  quickly and noting immediately the new 
r. p. m. (the necessity for this is discussed in connection with 
thixotropy); insufficient strength in the torsion members 
(springs, wires, tapes), hence measurements a t  high speeds 
cannot be obtained with heavy m aterials w ithout damaging 
these members; and no simple means for calibrating the 
torsion members w ithout resorting to  light and heavy stand
ard oils, the viscosities of which are determined by capillary- 
tube methods. Light oils cannot be used for the heavy 
members. T he serious m istake involved in using heavy oils 
for calibration will be shown in a  subsequent paper by  R u th  
N. W eltmann.

T he V iscom eter
. The essential parts of the viscometer are shown diagram- 
matically in Figure 2. They consist of a synchronous motor, U; 
a device, <7, for quickly changing the speed of the shaft, E; a con
stant temperature bath, IF; a rotatable cup, C, for holding the 
material being tested; a bob, B, suspended in the material; a 
torsion member T, from which B  is suspended; and a scale, M, 
to record the degrees (arc) through which B  is turned by the 
viscous or plastic drag imposed upon it.

pletely lam inar—i. e., in the transition period from to ta l plug 
to  complete lam inar flow. The Reiner equation is

Q =  (T/4r hU )( l /R l  -  l /R l  In (RJR b) (3)

where
U — plastic viscosity 
f  =  yield value 
ii =  angular velocity 
T  =  torque 
Rb =  radius of the bob 
Rc =  radius of the cup 
h =  height of the bob

(In  the original Reiner equation R * occurs in place of the 
correct term , R 2, used throughout this paper.)

Reiner’s equation can be rew ritten as follows:

U =  9.55(7 -  Tt) S / t. p. m. (4)

and

/  =  TtC (5)

where T 2 =  intercept on the torque axis 
r. p. m. =  revolutions per m inute

S  =  (1 /R l  - l /R l ) /A * h  (6)
C = <S/ln (Rc/R„) (7)

Equations 4 and 5 are of great practical value because they
are applicable to  the experimental d a ta  and easily solved,
b u t they  dem and a viscometer so constructed th a t the 
necessary d a ta  can be obtained.

so

F i g u r e  5
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F ig u r e  6 . P l a n  f o r  R e d u c i n g  S l ip p a g e

For high-speed work on materials as heavy as lithographic inks, 
the viscometer must be substantially built. The motor, in the 
instrument shown in Figure 1, is 0.25 horsepower and can pro
duce a maximum cup, C, speed of 400 r. p. m. The transmission, 
G, is made by the Briggs and Stratton Corporation and modified 
by changing somewhat the original speed-indicating dial, adding 
a fine-aajustment dial and a suitable handle. By turning the 
handle on the transmission, the cup speed can be continuously 
varied from 10 to 400 r. p. m., without stopping the rotation of 
the cup. This is essential in the measurement of thixotropic sys
tems.

C has a removable bottom, K, for convenience in cleaning; this 
is an important time saver in plant control work. The cup is 
keyed onto the rotating platform, A, by means of two small pins, 
D, projecting from the bottom of the cup (Figure 2). By twisting 
the cup slightly in the direction of rotation, it is released and 
easily removed from the bath.

Reiner has shown th a t the force existing a t any instant in 
the m aterial between the cup and the bob is a t  a maximum a t 
the wall of the bob and a minimum a t  the wall of the cup. 
Therefore, if the yield value is equal to  or greater than the 
maximum existing force, the m aterial will hold together as 
a whole—i. e., there will be no shearing within the plastic 
mass. If the yield value is less than  the minimum force, 
shearing will be complete throughout and no mass or plug 
flow will occur.

Buckingham showed th a t in a capillary tube shearing is not 
complete until the shearing force reaches infinity. Reiner 
has shown th a t in a rotational viscometer shearing is com
plete when the torque a t  the wall of the cup attains a value of 

— 2ttR 2ehf, and th a t shearing a t  the wall of the bob com
mences when the torque is equal to  To =  2 rR lh f  (Figure 3). 
Torques greater than  T\ produce complete laminar flowr and 
consequently give a  linear curve. Torques lying between 
To and 1\ give a  mixed regime—i. e., partly  plug and partly 
laminar flow—hence, a  nonlinear curve ensues in this region, 
owing to a continuously changing model of flow.

I t  is the aspiration of all rheologists to  produce a completely 
linear curve for plastics of the nonpseudoplastic type. I t  is 
now evident th a t this ideal can be attained theoretically when 
To =  T\—in other words, when Rb = Re. From  a practical 
consideration this is impossible, bu t Reiner has shown th a t

U« 20 POISES 
f= O DYNES/CM?

the extent of curvature can 
be reduced by decreasing 
the difference between the 
lengths of R , and Rb.

The first point for con
sideration is the allowable 
m agnitude of T%. Since the 
useful p art of the curve (for 
which Reiner E quation 3 
applies) extends from Ti 
upwards, i t  is evident th a t 
Ti m ust be kept consider
ably below' the strain lim it 
of the torsion member. If 
the range of yield values 
to be covered is known, 
an approxim ate idea of 
Re can be had from the 
equation Ti =  2irR^hf. Un
fortunately, the capillary-

O IOOOOO 200000
TORQUE in DYNES CM.

F i g u r e  7 . C u r v e  f o r  N e w t o n i a n  L i q u id
D ow n C urve

Torque, T
R . p . m. T /r .  p. m.

181,500 200 907.5
161,980 180 899.9
143,960 160 899.7
125,980 140 899.9
107,840 120 898.7

89,860 100 898 .6
80,880 90 898 .7
71,890 80 898 .6
62,900 70 898 .6
53,920 60 898 .7
44,930 50 898 .6
35.950 40 898.7
26,960 30 898 .7
17,970 20 898 .5
8,990 10 899 .0
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F i g u r e  8 . P s e u d o p l a s t ic  C u r v e
Up and  D ow n C urve

T orque, U p C urve T orque, D ow n C urve
R . p. m.

8 35,000 34,000
12 48,000 48,000
19 70,000 09,000
26 90,000 88,000
33 113,000 110,000
40 135,000 132,000
47 155,000 152,000
55 175,000 173,000
61 193,000 191,000
6S 211,000 209,000
75 228,000 226,000
82 243,000 242,000
90 261,000 260,000
96 277,000 276,000

102 291,000 291,000

tube viscometer cannot give dependable measurem ents of 
yield value. Consequently, there is no practical way of 
determining yield value prior to  the construction of the ro ta
tional viscometer; hence the upper safe lim it for R c cannot 
be calculated, bu t m ust be determ ined by trial and error.

The nonlinear portion of the curve (Figure 3) can be made 
smaller by decreasing u Tl. From  Reiner’s work it can be 
shown th a t the angular velocity for torque, T lt is

- v [ m ~  ■» ( I )  -  v 2]  <8>

From  this equation it is obvious th a t if f  and U were known 
and a  particular wr , desired, satisfactory values for Rc and 
Rc—Rb could be calculated. S in c e / and U  are no t known, 
except for values obtainable with capillary-tube viscometers, 
the investigator is again forced to  resort to  trial and error 
methods. Though cor , is not directly dependent on h  (see 
E quation S) the ultim ate selection of R c and Rb will be in
fluenced by U,  the plastic viscosity. This factor, A, is a good 
starting  point. Any h can be selected th a t the operator finds 
convenient, b u t the rest of the procedure is tria l and error,

guided by the principle th a t R c—Rb m ust be kept as small as 
operating convenience and th e  strain  lim it of the torsion 
member will allow.

Briefly, the variables involved in designing a suitable bob 
and cup are: Rc, Rc—Rb, h, the range to  be covered b y / and 
U, the strain  lim its of the various torsion members th a t are 
required to  cover the desired consistencies, and the available 
r. p. m.

The bob is a  solid cylinder, having the top end level with 
the m aterial in the cup. The bottom  end being immersed, 
will give an “end effect” which is not taken into consideration 
in the Reiner equation. The farther the bob is withdrawn 
from the bottom  of the cup, the less will be the viscous or 
plastic drag upon the flat lower end of the bob. By trial and 
error it  can be ascertained how m uch this distance m ust be 
before the end effect can be considered negligible. In  the 
instrum ent shown in Figure 1, this distance is 1 cm.; other 
dimensions are R c — 1.5, Rb =  1.3, and h =  5.1 cm. Mooney 
and E w art (10) have devised an ingenious means for taking 
end effect into consideration. They use a  conical end of pre
determined angle from which the additional end torque can 
be calculated.

F i g u r e  9 . T y p i c a l  C u r v e  f o r  T h i x o t r o p i c  P l a s t i c  
D ow n C urve. T t  =  320,000 D ynes per C m .

T orque, T
R . p. m. (T  -  T t) /r . p.

1115 X  10> 100 7 .9 5  X  10'
1040 90 8 .0 0

945 SO 7.81
S75 70 7 .93
78S 60 7 .8 0
725 50 8 .1 0
640 40 8 .0 0
600 35 8 .00
558 30 7 .93
518 25 7 .92
468 20 7 .40
420 15 6 .67
355 10 3 .50
335 8 1.88
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F ig u r e  10 . T y p i c a l  C u r v e  f o r  T h ix o t r o p ic  P l a s t ic
D ow n C urve. T t = 530,000 D ynes per Cm .

T orque, T
R . p. m. (T  -  T t) /r . p.

990 X 10* 100 4 .60  X 10*
958 90 4 .76
900 80 4 .63
860 70 4.71
810 60 4 .67
760 50 4 .60
720 40 4 .75
700 35 4 .86
665 30 4 .50
650 25 4 .80
620 20 4 .50
585 15 3.67
538 10 0 .80
518 8
470 5

The bob, B, is a t the lower end of a vertical shaft which rotates 
on two sets of ball bearings, J, one set above and the other set 
below scale M . This plan gives great stability to the system, so 
that the bob once accurately centered with the cup remains that 
way indefinitely. The torsion medium is a helical spring, 7. 
When in operation this spring supports the shaft and bob, thereby 
eliminating friction except tne negligible amount existing in the 
ball bearings. The ball bearings simply function as a guide, keep
ing the shaft and bob rigidly centered. The bob, shaft, scale, and 
torsion spring are all attached to a single frame support which can 
be raised to bring the bob sufficiently above the top of the cup so 
that the cup can be removed when desired.

One of the principal faults of commercial rotational vis
cometers is their lack of adequate temperature control. 
Usually such instrum ents are made so th a t the surrounding 
bath must ro tate with the cup making temperature control 
difficult. This difficulty has been completely overcome in 
the instrument described here. Because the cup is rotated 
by a shaft penetrating the bottom  of a substantial bath, the 
necessity for an inadequately small rotating bath is elimi
nated, and therm ostatic control can be maintained. In addi
tion there is ample room for a stirrer, a  cooling coil, and a 
thermometer, all of which are shown in Figure 1.

Calibration and Use o f V iscom eter

A series of six springs of different torsion constants is de
sirable in order satisfactorily to cover the entire range of con
sistencies found in the printing ink field. These springs can 
be calibrated very easily on the viscometer. Each spring 
can withstand a tw ist of one revolution w ithout being strained 
beyond the elastic limit. The instrum ent is provided w ith a 
stop for this purpose. Liquids of known viscosity are usually 
employed for calibrating purposes, bu t this is not necessary 
on this instrum ent and in the case of the heavy springs it is 
not even permissible.

The procedure for calibration is shown diagrammatically in 
Figure 2. A string is attached to and wrapped around the scale 
M  and thence over a wheel, L, Various weights, F, are attached 
to the string and the degrees of rotation of M  are noted. When 
F is plotted against the scale reading, a linear curve (for helical 
springs and straight wires) intersecting the origin is obtained. 
The calibration value for the spring is the torque (F X g times 
radius of M) divided by the scale reading in degrees of arc. F is 
the weight shown in Figure 2 and g is the acceleration due to 
gravity. Since the calibration curve is linear and commences at 
the origin, the calibration value of the spring is a constant in
dependent of the applied force. The scale on the variable-speed 
transmission, G, must also be calibrated in terms of r. p. m. This 
is accomplished by the use of the revolution counter, H, and a 
stop watch. The curve, r. p. m. vs. scale reading, is not linear 
and must be used whenever interpolated values are required.

Since most pigment vehicle suspensions are thixotropic and 
consequently subject to  changes in consistency while being 
measured, it was necessary to  give considerable thought to  
the best means of meeting this situation. I t  is shown below 
tha t such phenomena as thixotropic levels can be m aintained 
during viscometry measurements. The design of the present 
instrument is such th a t these levels can be obtained and their 
consistency factors measured. The only requirem ent is to 
have an instrum ent th a t can be operated quickly and 
smoothly while the speed of cup rotation is being constantly 
changed except for the brief interruptions necessary for read
ing the scales. W ith the viscometer shown in Figure 1, 
th irty  changes of speed together with the r. p. m. and scale 
(M) readings can be made in 3 m inutes or even less.

O p e r a t i o n a l  P r o c e d u r e .  The ink (or other material) is 
placed in the cup to a depth of about 0.5 inch, and the cup is 
keyed into the viscometer and allowed to come to temperature. 
Additional holes are provided in the top plate of the bath for 
extra cups, saving time for temperature maintenance. The bob 
is lowered into the cup, but is prevented from going too far by a 
stop on the movable frame a t the back of the instrument. The 
introduction of the bob forces any excess ink up over the edge of 
the cup where it is scraped off.

The cup is now started rotating at the lowest speed, and the 
scale readings on M  and G are recorded. The handle on G is 
turned slightly to the next speed and the two scale readings are 
again recorded. This procedure is repeated until the highest de
sirable speed is reached, after about 15 speeds have been recorded. 
As soon as the highest reading is made, the handle on G is set 
into reverse motion and a downward curve is obtained in a similar 
manner. This also should comprise about 15 points before the 
lowest speed is reached.

The up and down curves are now plotted, by plotting 
r. p. m. vs. torque (scale M  reading times calibration value for 
the spring). If the m aterial is an ordinary printing ink, it will 
be thixotropic and the up and down curves will not coincide. 
This condition is due to  thixotropic breakdown. The two 
clirves plotted together will make a loop which will be referred 
to as a “hysteresis loop” . A large loop means considerable 
breakdown and, conversely, a small loop, small breakdown. 
No loop a t all would indicate no detectable thixotropy as far 
as the viscometer is concerned. M aterials th a t possess a 
yield value bu t give no hysteresis loop are considered by some 
investigators to be highly thixotropic. In  this case complete 
thixotropic breakdown upon agitation is assumed to take

L E D I T I O N  S81
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F i g u r e  11 . T y p i c a l  C u r v e  f o r  T h i x o t r o p i c  P l a s t i c  
Dow n C urve. T i =  300,000 D ynes per Cm.

T orque, T
R . p. m. (T  -  T 7) /r .  p.

1090 X 10* 100 7 .9 0  X 10*
1018 90 7 .9 8
942 80 8 .03
868 70 8 .11
780 60 8 .00
702 50 8 .04
622 40 8 .04
585 35- . 8 .14
538 30 ' ‘ 7 .93
485 25 7 .4 0
458 20 - ’ 7 *90
408 .15 7 .2 0
360 10 7 .0 0
340 8 5 .0 0
318 5 3 .6 0
288 2

place so rapidly th a t a loop cannot be recorded by the vis
cometer. If such were the tru th , a  m aterial of this kind 
would show, after standing unagitated for awhile, a very 
m arked change in  consistency when suddenly touched or 
stirred with a  spatula, b u t nothing to  indicate a consistency 
change can be observed or felt. In  addition, one would have 
to argue th a t the larger the hysteresis loop, the smaller the 
am ount of thixotropy, which is contrary to  common sense.

W hen the down curve is compared w ith the up curve, a 
m arked difference will be noticed. The up curve is bow
shaped and lacks smoothness. The down curve is smooth 
and linear except a t  its extreme lower end. The linearity of 
the upper section of this curve is in conformity w ith Reiner’s 
prediction and, therefore, indicates constant yield value and 
constant plastic viscosity in th a t region. After the experi
m ental d a ta  obtained w ith the viscometer are plotted, a 
stra igh t line is drawn through th e  maximum num ber of 
points on the down curve th a t will fall upon it. This line 
intersects the torque axis a t  T2. From  T i and the slope of 
this line, yield value and plastic viscosity are calculated by 
Equations 4 and 5,

The values for U and / ,  determined in the manner de
scribed above, hold for the straight p art of the curve. W hat 
happens to  these values in the curvilinear section is still a  
debatable question. Reiner states th a t if /  and U are con
stan t To =  2irR lhf and T x =  2 rR 2chf. However, when /, 
determined from Equation 5, is substituted in these equations 
the resulting T0 appears to  be too large and 1 \ too small. The 
reason for these discrepancies is not known a t  present and, in 
view of the scarcity of pertinent data, hasty  conclusions would 
appear dangerous.

T hixotropic Levels

The m ain purpose of this paper has been to  describe the 
viscometer (Figure 1) and its application to  the Reiner equa
tion. Although an  extended treatm ent of the rheology of 
thixotropic m aterials m ay not be called for a t this time, thix
otropy cannot be ignored entirely, for it produces a decided 
effect on the experimental data.

The up curve exemplifies the continuous breakdown of the 
thixotropic structure as the rate  of flow (r. p. m.) is gradually

F i g u r e  12. T y p i c a l  C u r v e  f o r  T h i x o t r o p i c  P l a s t i c  
D ow n C urve. T i  =  320,000 D ynes per C m .

T orque, T
R . p. m. (T  -  T t) /r .  p.

1062 X 10* 100 7 .4 2  X  10*
1990 90 7 .4 4
905 80 7.31
838 70 7 .4 0
770 60 7 .5 0
688 50 7 .3 6
615 40 7 .3 8
580 35 7 .4 3
545 30 7 .5 0
502 25 7 .2 8
460 20 7 .0 0
420 15 6 .67
378 10 5 .80
358 8 4 .7 5
325 5 1.00
280 2
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increased. The down curve is m aintained linear without any 
conscious effort on the p art of the operator—i. e., there are 
no requirements other than  continuous uninterrupted work. 
Obviously if the viscometer is stopped long enough, thlxo- 
tropic buildup will become effective and linearity will cease. 
In order to obviate this possibility the viscometer has been 
designed to  make quick and easy operation possible; hence 
the dozen or more measurements on the down curve can be 
accomplished in less than  a minute.

W ien  the above procedure is followed, linearity of .the 
down curve results if pseudoplasticity is not involved, indi
cating th a t there exist a t  th a t tim e a constant yield value and 
plastic viscosity. The constancy of these factors shows th a t 
a temporary stability  is m aintained in the thixotropic struc
ture; hence, a “ thixotropic level” has been reached, the exact 
position of which is influenced by the pretreatm ent which the 
material has received. This includes handling and special 
treatm ents such as milling, etc., th a t might be given to  the 
material prior to  the test. P retreatm ent covers the entire 
history of the m aterial before commencing the down curve. 
The thixotropic breakdown received during the measurement 
of the up curve is one of the most im portant factors involved 
here. If  the up curve is stopped a t  200 r. p. m. the material 
will have received more breakdown than  if 100 r. p. m. had 
been selected for the upper lim it; therefore the curve will be 
shifted toward the ordinate. Consequently, for plant control 
purposes, the procedure for obtaining rheological data  on 
thixotropic systems m ust be rigidly standardized (Figure 4).

The tem porary m aintenance of linearity is probably due to 
two factors. Norm ally a thixotropic substance breaks down 
more quickly than it  builds up. On the down curve the 
speed of flow is being decreased, so th a t no further breakdown 
can be expected; also an appreciable buildup evidently takes 
more tim e than  is employed for the completion of the down 
curve. Consequently the down curve can show no change in 
consistency, and linearity results.

The lack of coincidence of the up and down curves has been 
pointed out in the literature (9,11, IS) a t various times, but 
apparently nowhere have thixotropic levels been emphasized 
or discussed. This could be explained on the assumption 
th a t a suitable commercial viscometer had not been built for 
the purpose. These levels, however, are of great importance 
to investigators who are compelled to work with thixotropic 
systems, for they constitute something far more substantial 
than the usual one-point measurements made on unstable 
materials.

The hysteresis loop criterion for thlxotropy m ust not be 
confused with the Goodeve (4) “coefficient of thixotropy” . 
Goodeve’s coefficient is the intercept which the curve makes 
on the force axis—a function of yield value. From  the view
point presented in this paper the m agnitude of yield value is 
not quantitatively related to  the area of the hysteresis loop 
and, therefore, bears no quantitative relation to thixotropic 
breakdown and buildup.

The following questions are often asked: How far can the 
down curve (Figure 4) be shifted toward the ordinate by in
creasing the agitation—i. e., by raising the upper limit of the 
r. p. m.? Can all thixotropic m aterials be reduced to New
tonian liquids if sufficiently high rates of flow are used? I t  
is doubtful if experimentation can give a conclusive answer 
to either question, for no m atter how high the r. p. m. em
ployed, i t  can always be argued th a t if higher r. p. m. had 
been available the results m ight have been different. There 
is, however, experimental evidence showing th a t the ra te  of 
shift toward the ordinate decreases as the r. p. m. is uni
formly increased. This indicates th a t in the case of pigment 
suspensions, like heavy printing inks, an ultim ate position for 
the curve might be attained without the yield values actually 
becoming zero. On the other hand, thixotropic materials

F ig u r e  13 . T y p ic a l  C u r v e  f o r  T h i x o t r o p ic  P l a s t ic
Down C urve. Tz =» 250,000 D ynes per Cm .

T orque, T
R. p. m. (T  -  T t) /r .  p.

1342 X 10* 50 2 1 .8  X 10*
1200 45 21 .1
1080 40 20 .8
990 35 21.1
855 30 20.1
752 25 20.1
645 20 19.8
550 15 20 .0
452 10 2 0 .2
400 8 18.8
350 5 20 .0
288 2 19.0

unquestionably exist th a t can be reduced by agitation to a 
sta te where they give complete Newtonian flow.

Slippage

One of the great virtues of the rotational viscometer is th a t 
it reduces slippage in most cases to  a  negligible am ount. 
Exceptions will be found where syneresis occurs, bu t this, an 
abnormal condition, is not likely to be found in the field of 
materials covered by this article. Slippage arises from the 
viscous flow (Newtonian) of the lubricating layer of vehicle 
which always exists where the m aterial contacts the wall of 
the viscometer. For any given m aterial the thickness of this 
layer is the same, whether a  capillary tube or rotational vis
cometer is employed. In  the case of the capillary tube, the 
thickness of this layer often constitutes a substantial percent
age of the radius; consequently, the flow curve contains a 
substantial proportion of slippage flow. This condition com
pletely changes the shape and position of the curve, so th a t 
plastic viscosity calculated from its tangent in the custom ary 
m anner might easily contain an error of 50 per cent or over. 
Angle a  is too great by an am ount equal to  angle |S. Un
fortunately, 0  is very difficult to determine with sufficient
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F ig u r e  14 . T y p ic a l  C u r v e  f o r  T h i x o t r o p ic  P l a s t ic

D ow n C urve. Tt =» 240,000 D ynes per C m .
T orque, T

Ä. p. m. (T  -  T ,) /r .  p.
1045 X I0 ‘ 100 8 .0 5  X  10>
953 90 7 .92
863 80 7 .79
788 70 7 .83
717 60 7 .9 5
633 50 7 .86
560 40 8 .00
515 35 7.88
478 30 7 .93
438 25 7 .92
390 20 7 .50
348 15 7 .20
302 10 6 .20
280 8 5 .00
248 5 1.60
203 2

accuracy, and consequently corrections for slippage are not 
usually made (Figure 5).

In  the rotational viscometer the slippage layer is relatively 
th in  compared to  the distance between the bob and cup, thus 
reducing slippage flow to an undetectable am ount. This can 
be dem onstrated experimentally. The capillary tube is 
smooth-walled and therefore ideal for perm itting slippage. 
The wall of the bob and cup of the rotational viscometer, 
however, can be roughened, grooved, or altered, to  reduce 
slippage. If the plan shown in Figure 6 is carried out with 
both the bob and cup walls grooved, slippage should be 
reduced considerably, if not eliminated altogether. If  the 
w idth of the groove is equal to  half the distance between the 
grooves, the area over which slippage can take place is re
duced 33 per cent. Such a scheme has been carried out with 
printing inks and with similar pigm ent suspensions known to 
produce slippage when run in capillary tubes. The results 
were negative—i. e., no differences in yield values and plastic 
viscosities could be detected whether the m aterial was run in a 
grooved or ungrooved viscometer. I t  is fairly safe to  conclude,

therefore, th a t if a  reduction of a t  least 33 per cent of the slip
page area does not produce measurable results, the entire slip
page flow is negligible.

P seudoplasticity

Certain types of materials, such as solutions of rubber, 
resins, and cellulose esters, give nonlinear curves, when 
sufficiently concentrated. Bingham has called these sub
stances pseudoplastics and Ostwald refers to  them  as having 
“structural viscosity” . Reiner has m ade an extensive study of 
the subject and states th a t the rheological characteristics of a 
pseudoplastic are a variable coefficient of viscosity and an 
absence of a  real yield value.

From  a practical viewpoint there is no convenient way of 
determining the controlling factors (constants) of the pseudo
plastic curve. The initial viscosity a t  the beginning of the 
curve near the origin can be obtained approxim ately by taking 
a one-point m easurem ent a t  the lowest r. p. m . This viscosity 
value is one of the constants of the equation. “A pparent vis
cosities” can also be calculated a t  any desirable r. p. m., if such 
calculations have a  practical technical value. A pseudo
plastic curve is shown in Figure 8 .

Accuracy and  Precision

In  determining the accuracy of the viscometer, it is neces
sary to  employ stable substances like Newtonian liquids, pref
erably using liquids of 20 poises or under. Such materials 
can be measured satisfactorily with a  capillary-tube vis
cometer and so can be used for ascertaining the accuracy of 
any other type of viscometer.

One of the standard  oils m easured and sold by the National 
Bureau of S tandards was obtained and its viscosity de
term ined with the ro tational viscometer. The torsion mem
ber was calibrated by the weight m ethod described here. It 
was found th a t the Bureau of S tandards’ value could be 
checked w ith the rotational viscometer readily to within 
± 1 .0  per cent. M easurem ents of plastic viscosity of thixo
tropic inks, using a definite r. p. m. for the upper limit, can 
normally be duplicated to within ± 5 .0  per cent. For practical 
routine work in industrial plants th is degree of precision is 
satisfactory, especially where the viscosity range covered is as 
wide as in the oil, paint, and printing ink industries. In re
gard to  checking yield values, the instrum ent shown in 
F igure 1 gives satisfactory results in the neighborhood of 1000 
dynes per sq. cm. Yield values lower than  100 dynes per 
sq. cm. require for satisfactory precision a more delicately 
constructed instrum ent of greater sensitivity. Such a rota
tional instrum ent, built by  the Research Laboratories of the 
Interchem ical Corporation, can detect yield values as low 
as 5 dynes and differences in viscosities of as little as 0.001 
poise.

To the rheologist who is accustomed to  working with capil
lary-tube viscometers and m aterials of relatively low vis
cosity, the degree of precision given above will seem fairly low. 
However, in  general, the technologist who makes viscosity 
m easurem ents in  an  industrial p lan t alm ost invariably uses a 
one-point m ethod. This will m ake impossible the calcula
tion of yield value and plastic viscosity. The viscosity of a 
plastic determined by a  one-point m ethod is a  variable, de
pending on the ra te  of shear and therefore of doubtful rheo
logical value. To such an  investigator a precision of =*=5 Per 
cent in plastic viscosity and ± 2 0  per cent in yield value con
stitu tes a  very substantial im provement.

E xperim ental D ata

The examples shown in Figures 9 to  14 were taken at 
random from about 5000 similar curves, and are entire y
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typical. They certainly corroborate Reiner’s prediction of 
linearity, and also prove the existence of definite thixotropic 
levels. The fact th a t the down curves are linear above Ti 
means th a t U  and /  are constant above this point and can 
readily be determined from the simple linear equations, 4 and 
5. These facts, in the opinion of the writer, justify the use of 
a properly constructed rotational viscometer and the applica
tion of the Reiner equation for industrial rheological measure
ments and calculations.
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Simplified Apparatus for Catalase Determination
ROBERT R. THOMPSON 

New York State Agricultural Experiment Station, Geneva, N. Y.

A  M ETH O D  of simply and rapidly determining the extent 
of inactivation of the enzyme catalase, after the blanch

ing process and before dehydration or freezing of vegetables, 
is presented.

Norgarrd (2), K n o tt (1), Pack (S), and Tressler and Evers 
(4) have described m ethods for catalase assay based on the 
am ount of oxygen liberated by the action of the enzyme on 
hydrogen peroxide. W hile these m ethods are accurate, Nor-

F ig u r k  1. C a t a l a s e  A p p a r a t u s

5-cc. p ip c t g raduated  in 0.1 cc., fused to  U-piece of 
tub ing  of sam e d iam eter 

W ater in tube , a t  0 cc. level of p ipe t a t  s ta r t  of 
reaction  _ . .

Stopcock to  a d ju s t level of w ater a fte r flask is 
attached

50-cc. E rlenm eyer flask with divided bo ttom

garrd’s requires too long a time to complete the reaction, 
K nott and Pack’s both require specialized apparatus, while 
the method devised by Tressler and Evers, though satisfac
tory  upon the whole, will not give accurate results with all 
vegetables.

By using a modification of the Tressler procedure, elimi
nating the ferm entation tube and substituting the apparatus 
illustrated in Figure 1, the extent of inactivation can be 
determined accurately in 2 minutes, and the apparatus is 
simple to  construct and inexpensive. Such a m ethod should 
have value, especially in food-processing plants where it is 
necessary to make catalase determ inations in a minimum 
period of time. The Canadian Government requires catalase 
tests run on all vegetables after blanching as a quality  control 
measure for the dehydrated products.

P r o c e d u r e .  An accurately weighed 1.0 gram sample is ground 
in a mortar with 0.6 gram of calcium carbonate and 1.0  gram 
of fine sand. Ten milliliters of water are added and the grinding 
is continued for about 2 minutes. One milliliter of this mixture 
is pipetted into one half of the special divided flask, and 2 ml. 
of hydrogen peroxide (Dioxygen) are placed in the other half. 
The flask is then attached to the manometer and the whole ap
paratus is suspended in a thermostatically controlled water bath 
at 20° C. When the apparatus reaches the bath temperature, 
the stopcock is closed (water level in U-tube set a t 0 ml.) and the 
apparatus is shaken for 2 minutes. A reading of the pipet is then 
made to determine the amount of oxygen liberated. The catalase 
may be reported as milliliters of oxygen liberated by 0.1 gram in 
2 minutes. For general use the calculations put forth by Tressler 
and Evers have been found adequate.

This m ethod gives only relative values bu t is very useful 
for the estimation of a  series of comparisons. I t  was de
signed for rapid factory laboratory use, bu t can be used where 
more quantitative values are desired.
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F i g u r e  2 . L a b o r a t o r y  
A r r a n g e m e n t  f o r  R o u t in e  

POLAROGRAPHIC  ANALYSIS 
H cyrovsky X I polarograph, 

v acuum  tu b e  m icroam m eter, con- 
s tan t-tem p era tu re  b a th , dropping 
e le c t r o d e  w ith  c o u n te rb a la n c e ,  
v acuum  tu b e  po ten tiom eter, and  pH  
m eter. A gainst th e  wall can be seen 
con tro l board  for degassing and  p a rt 
of equ ipm en t for bias cu rren t and  
dam p in g  condensers.

Simplified Dropping Mercury Electrode 
for Polarographie Analysis

R. C. McREYNOLDS
University o f Oklahoma Research In stitu te  and Halliburton Oil Well Cem enting Company, Norman, Okla.

M ANY different types 
of dropping m ercury 

electrodes have been de
scribed since the simple 
m ercury reservoir and capil
lary connected by rubber 
tubing were first used by 
H eyrovsky (1, S, 4, 7-10). 
All these, however, require 
the use of rubber tubing, 
which eventually causes 
contam ination and plugging 
of the capillary, or are so 
complex th a t cleaning is 
difficult. Furtherm ore, the 
more elaborate ones require 
cum bersom e m o u n tin g s 
which make them  difficult 
to use in connection with 
cells immersed in a con- 
s ta n t- te m p e ra tu re  b a th . 
The m ost suitable arrange
m ent should consist of a 
single piece of apparatus 
supported by one easily 
adjusted clamp and m ade 
entirely of glass. One such

electrode, described by M ueller (6), operates on the M ariotte 
flask principle. This electrode was tried, b u t was found to 
have one disadvantage: In  order to m aintain the constant 
m ercury pressure the apparatus m ust be evacuated to lower 
the m ercury level to  the end of a tube located below the 
m ercury surface in the reservoir. This immersed end cannot 
be seen, and consequently a  m anom eter m ust be employed 
to check against leaks and variations in pressure through 
room tem perature and barom etric changes.

The following apparatus is capable of supplying any desired 
m ercury pressure in such a way as to allow accurate visual 
m easurem ent and adjustm ent. I t  fulfills the requirements 
of sim plicity of construction, is stu rdy  in spite of being made 
alm ost completely of glass and is suitable for simple and 
flexible mounting. I t  is easily cleaned and provides for re
versing the direction of m ercury flow through the capillary. 
This is often useful in removing contam ination in the upper 
p art of the capillary w ithout dism antling the assembly. The 
apparatus is composed entirely of glassware to  be found in 
any laboratory and exposes the m ercury to  only 0.6 cm. 
(0.25 inch) of neoprene tubing.

This apparatus, shown in Figure 1, is made of a 250-ml. dis
tilling flask, a 2-mm. three-way T-stopcock, 40 cm. of 7-mm. tub
ing, and a rubber pressure bulb with a release valve of the type 
used on a baumanometer. Pulleys and counterweight (not 
shown) facilitate raising and lowering the system.

The operation is very simple. A capillary of the type de-

F i g u r e  1. D r o p p i n g  M e r 
c u r y  E l e c t r o d e

o. A djustable m ercury  column, 
24 to  70 cm.

6. D etachable capillary and  tube, 
11 cm.

6 \  A ctual capillary, 3 cm.
c. M inim um  m ercury level, 24 

cm.

586
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scribed by Maas (5) is attached to the lower end of the stopcock 
by means of a short length of neoprene tubing. The reservoir is 
half filled through the top funnel and the air space between the 
stopcock and the capillary is filled by turning the cock repeatedly. 
As the cock is opened, connecting the reservoir to the capillary, 
a few drops of mercury flow into the air space until the pressure 
is equalized. The cock is then turned to the side position, expos
ing the air space above the capillary to atmospheric pressure 
through the mercury drain arm. This process is repeated until 
the column is full and no air bubbles remain. The cock is left in 
the position connecting the capillary and the reservoir until it is 
necessary to drain the mercury from the reservoir.

With the ordinary capillary only one drop of mercury will flow, 
as long as no pressure is added, but the capillary must not be im
mersed in any solution except distilled water, for it will tend to 
be contaminated. The tip should not be immersed in mercury, 
as this will start the capillary flowing.

When the electrode is to be used, pressure is first applied 
through the rubber bulb until a  few centimeters of mercury in 
excess of what is desired are obtained in the column. This is 
gradually reduced to the desired mark, usually 50 to 60 cm. by 
adjusting the release valve. The tip is now washed with dis
tilled water and dried, and the entire asembly is lowered until 
the tip is suitably immersed in the electrolysis vessel. The
0.6 cm. (0.25 inch) of exposed neoprene tubing allows lateral 
movement and adjustment of the tip and prevents breakage.

At the conclusion of operation the assembly is raised, the tip is 
washed and dried, the mercury is dropped by opening the release 
valve, and the apparatus is left as it is. The tip may be protected 
from dust by a rubber policeman, or immersed in distilled water.

The apparatus is easily cleaned. This is im portant, for 
clogging of the capillary and erratic drop rate through partial 
contamination have caused much lost time in polarographic 
analysis. I t  has been found wise to  remove all mercury from 
the reservoir and capillary every 40 days and thoroughly 
clean both it and the apparatus. If the capillary becomes 
clogged or the drop tim e becomes fast, slow, or erratic the 
capillary m ust be cleaned. Trouble near the tip  may often 
be removed by  placing the tip, with mercury flowing, in a 
solution of aqua regia and washing with distilled water (£). 
However, if the contam ination is in the upper p art of the

capillary it m ay be removed by immersing the tip  in mercury, 
attaching a vacuum line to the drain arm, and reversing the 
direction of flow by  turning the stopcock. Should the capil
lary still remain clogged, it should be removed and cleaned 
thoroughly.

The fastest and m ost reliable way to assure absolute clean
liness is to a ttach  a pump to the capillary and evacuate the 
la tter while it is being heated on a hot plate. When the pass
age is cleaned, it is treated, still under vacuum, with con
centrated nitric acid, w ith dichromate-sulfuric acid solu
tion, with distilled water, and then dried for 1 to 2 hours.

This electrode, the polarograph, and auxilary equipm ent 
for routine analysis are shown in Figure 2.

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

The author wishes to express his indebtedness to J . Rud 
Nielsen for several helpful suggestions.

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

(1) H o h n , Z. Eleklrochem., 43 , 127 (1937).
(2) KolthofI, I. M., and Lingane, J. J., "Polarography” , New York,

Interscience Publishers, 1941.
(3) Lingane, J. J., and KolthofI, I. M., J. Am. Chem. Soc., 61, 825

(1939).
(4) Lingane, J. J., and Laitinen, H. A., Ind. Enq. C h e m ., A nal.

E d ., 1 1 ,5 0 4  (1939 ).
(5) Maas, J., “De polarografische Methode met de druppelende

Kwikelcctrode ten dienste van het pharmaceutisch Onder-
zock” , Dissertation, Amsterdam, 1937; Collection Czcchoslov.
Chem. Commun., 10, 42  (1 9 3 8 ).

(6) M u e lle r , E .  F . ,  I n d . E n o . C h e m ., A n a l . E d ., 12, 171 (1940).
(7) Mueller, R. H., Garman, R L., Droz, M. E., and Petras, J .t

Ibid., 1 0 ,3 3 9  (1938).
(8) Peracchio, E. S., and Meloche, V. W , J. Am. Chem. Soc., 60,

1770 (1938).
(9) Stackelberg, M. von, Klinger, P., Koch, TV., and Krath, E.,

Tech. Mitt. Krupp, 2, 59  (1939).
(10) Wenkle and Proske, Angew. Chem., 59,18 (1937).

A Laboratory Temperature and Humidity Cabinet
For Studying the H ygroscopic Properties o f Tobacco

L. H. DAVIS, Philip Morris and Company, Ltd., Inc., Richm ond, Va., A N D  

A. W. PETRE A N D  C. F. BAILEY, Mellon Institu te of Industrial Research, P ittsburgh, Pcnna.

A laboratory cabinet is described which fur
nishes a circulating atmosphere o f regulated tem 
perature and hum idity. Means of hum idifying, 
dehum idifying, heating, and cooling arc provided. 
Using th is cabinet, the equilibrium  m oisture 
characteristics o f five types o f leaf tobacco im 
portant in  cigaret m anufacture have been studied 
over a range o f atm ospheric conditions. v

A  C IR C U LA TIN G  atmosphere of regulated tem perature 
and hum idity is needed to study the equilibrium mois

ture characteristics of tobacco samples of various kinds. A 
laboratory cabinet to provide such an atmosphere can be 
built by installing readily available control instruments, in a 
second-hand refrigerator of the side-icing type. Such cabi
nets have for some tim e been in satisfactory operation in the 
two laboratories reporting the present work. They are read
ily adjustable and are capable of covering a range of tempera

tures and relative humidities. The features provided are 
humidification, dehumidification, heating, and cooling.

A ssem bly o f  In stru m en ts
Humidification operates continuously. Clay flower pots up 

to 25 cm. (10 inches) in diameter are used, filled with water, and 
when necessary are bound around the outside with cloth, fed by 
small wicks leading inside the pot.

Dehumidification is intermittent. Laboratory compressed 
air, controlled by a humidistat and a solenoid valve, is injected 
into the cabinet through the drain in the bottom. A strainer 
protects the solenoid and a needle valve regulates the pressure. 
Air is conducted by 1-cm. (0.375-inch) copper tubing extending 
about 20 cm. inside the cabinet. The humidistat controls rela
tive humidity within ±1.5 per cent where the temperature is 
regulated to a range of 1 ° F. (0.55° C.).

Heating, which is intermittent, is controlled by a direct thermo
sta t operating over a differential of 0.5° F. The heater is made 
of 16.75 meters (55 feet) of Chromel A, 20-gage wire wound on a 
slatted Transite cylinder 10.8 cm. in diameter and 14 cm. long. 
The wire coils are separated and held in place between turns of



F i g u r e  2 . O u t s i d e  A t t a c h m e n t s  o f  C a b in e t

W ater-cooling system  and  pum p, w ith  a sp ira to r bottle  
to  keep system  free of a ir; insu la ted  b a th  rem oved to 
show coil. Com pressed a ir line to  cab inet again st wall 
a t  left. O n back top  of cab inet, fron t panel w ith pilot 
lig h t on lead to  solenoid, connection  to  house current, 
and  lead to  pum p. A t re a r of top , hea ter lam p  bank  ana 

re lay  th a t  controls pum p.

F ig u r e  1. I n s i d e  V i e w  o f  C a b i n e t

U pper left com partm en t. On rig h t w all, hu m id is ta t and  tw o th e rm o sta ts , w ith 
a tta ch m e n ts  for outside ad ju stm en t; on back  wall, panel w ith  electric outle ts 
for fans and  con tro l in s trum en ts . T herm om eters are shown in operating  

position . B ooster fan  a t  bo ttom .
R igh t oom partm ent. Sam ple shelves, unglazed clay p o t for hum idifying, 

cooler, an d  heater.

asbestos string wound about the individual slats. There is also 
some heat produced by the fans used to circulate air.

Cooling is intermittent. A direct thermostat and relay (or an 
inverse thermostat) actuates a 11.4-liter (3-gallon) per minute 
pump circulating water between an auto heater core inside the 
cabinet and 8 turns of coiled 1.25-cm. (0.5-inch) copper tubing in 
a  11.4-liter (3-gallon) insulated cooling reservoir, located outside. 
The circulating system is vented to an aspirator bottle on top of 
the cabinet, which acts as an injector.

To obtain wet- and dry-bulb readings, a hole 7 cm. in diame
ter, cut through the top of the ice compartment of the cabinet, is 
fitted with a wooden disk having a floor flange fastened on the 
bottom. A pipe from the flange supports a tube of water to wet 
the wet-bulb thermometer. The thermometers pass through 
holes 3.8 cm. apart, drilled through the disk and flange.

For adjustment of control instruments from outside the cabi
net, a thrust or pull is transmitted to the instrument-setting 
levers by means of auto choke wires, in flexible cables, attached to 
rods passing through the box above the door. The rods are 
threaded, with a narrow groove cut through the threads, and to 
prevent torsion, a small fixed lug rides in the groove. Thrust or 
pull is caused by turning brass knobs with holes tapped through 
the center. Knobs and fixed lugs are held in place by a double 
yoke fastened to the outside of the cabinet. The flexible cables, 
wires, fixed lugs, and grooved rods (unthreaded) are the more re
cent type of clash control attachments obtainable a t any large 
auto supply house. The yoke to hold the fixed lugs, the yoke in 
which the brass knobs ride, and the tapped brass knobs are added. 
Control instruments arc mounted on a panel in the ice compart
ment and around the air passage.

The position of the instrum ents and working parts in the 
cabinet is shown in Figures 1 and 2. In  Figure 1 the cooler 
and heater are displaced to  the righ t of their operating posi
tions, for purposes of photography. The electrical hookup is 
shown in Figure 3.

The cost of a cabinet of this type is approximately 
$290, distributed about as follows: small laboratory pump, 
$23; Minneapolis-IIoneywell humidistat, S15; two Min- 
neapolis-IToneywell bimetallic thermostats, $16; second
hand refrigerator, $10; two Taylor thermometers, $8; 
two fans, $15.25; cooling system, $12.25; outside in
strument controls, $5.50; solenoid valve and air line 
fittings, $14.75; heater, $2.75; electrical fittings, $10.50; 
labor $159.50.

O peration o f  Cabinet
To attain an air velocity of 270 meters (900 feet) per 

minute past the wet-bulb thermometer (2 ), the thermome
ters are placed as close to the fan as possible. In addition, 
the mercury bulbs are located a t points about the same 
radial distance from the center of the fan. These points 
are indicated'by agreement of dry-bulb temperatures at 
the two positions. To obtain this agreement it may also 
be necessary to adjust the positions of the cooling and 
heating units. If anemometer readings are low, a second 
fan to promote circulation is advisable. The size of air ports 
between compartments in the cabinet affects air velocity.

As in sling psychrometer measurements, the wet-bulb 
wick should De wetted at intervals rather than continu
ously. The authors find it convenient to lower the wet 
bulb into a tube of water and raise it again to its fixed 
position for reading. With the thermometer positions in 
satisfactory adjustment and the control instrument settings 
adjusted to maintain a particular range, gravimetric de
terminations of water vapor can be made occasionally to 
check the relative humidity found by wet- and dry-bulb 
thermometry (/). For the gravimetric determinations, 
a  tube passing from the cabinet through the thermometer
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F ig u r e  3 . W i r i n g  D ia g r a m

well cover leads to a 
tared U-tube of an
hydrous magnesium 
perchlorate thence to 
a guard tube contain
ing the same reagent, 
and finally to an as
pirator bottle. A 5- 
liter sample of air is 
d r a w n  f ro m  th e  
cabinet in 30 minutes, 
during which time a 
record of the ther
mometer readings is 
kept to obtain the 
mean observed rela
tive humidity to be 
compared with that 
found by calculation 
from the weight of 
water vapor, as in 
Table I.

W ithout cooling 
continuously, tem 
p e r a tu r e s  c a n  b e  
m a in t a in e d  from 
room tem perature 
to the upper lim it of 
th e  t h e r m o s t a t
range. Relative humidities range up to about 50 per cent 
above th a t of the room. For low hum idity conditions the 
range is limited by  the dew point of the compressed air, 
which m ay vary  seasonally. The range of conditions studied 
is given in Table I. For the authors’ purpose, lower tempera
ture ranges could be obtained most conveniently by  moving 
the cabinet to an unheated room in which compressed air 
is available.

The humidifying capacity chosen (size and number of clay 
pots of water) is only a  little  more than th a t necessary to 
maintain the desired humidity. In  case of a sudden drop in 
outside humidity, the humidifying capacity chosen may 
prove insufficient. Air circulation, of course, accelerates ex
change between outside and inside air and also raises the 
tem perature several degrees, thus putting an additional load 
on the cooling and humidifying systems. Operating a t  high 
humidities, the inside cooling coil m ay condense moisture a t 
the end of a cooling cycle and depress the humidity. (To a t
tain very high humidities, a  practicable device would be an 
atomizer operating on compressed air previously humidified 
by passing it  through water contained in a  vertical column of 
iron pipe of convenient diameter.) To overcome this depres
sion, cooling w ater a t  a  slightly higher tem perature is ob
tained by pu tting  the ice used in the external cooling reservoir 
into a  bucket. Sufficient water is left in the reservoir to 
make contact w ith the bucket and cover two or three turns of 
the coil.

M oisture Equilibria o f Leaf Tobaccos
In order to illustrate the kind of experimental work that can 

be done in this cabinet, the moisture-retaining properties of five 
types of leaf tobaccos commonly used in cigaret manufacture 
were studied: Turkish (Smyrna); Burley, U. S. type 31, grade 

• CoF; Maryland, U. S. type 32, mixture of grades X 2L and X2F; 
North Carolina flue-cured, U. S. type 12 , mixture of grades C4L, 
C4F, and X2F; South Carolina flue-cured, U. S. type 13, mix
ture of grades C4L, C4F, and X2F.

The tobaccos were cut to shreds of about the width used lor 
cigarets. Samples of approximately 6 grams each, contained m 
ointment tins, were exposed in the cabinet in duplicate until sub
stantially constant weight was reached. This required about 
6 hours, and was determined by capping the tins a t intervals, 
withdrawing from the cabinet, and weighing. The moisture con
tent of the samples was then determined by means of a Brabender 
semiautomatic moisture tester. The experiments were all made 
at the same temperature (80° F., 26.67° C.), while a 30 to 70 per 
cent range of relative humidity was covered.

The equilibrium moisture contents of the tobaccos a t  the 
several conditions studied are given in Table I I .  The sig
nificance of these data  is emphasized in Figure 4, which shows 
th a t of the types studied, the flue-cured tobaccos are the m ost 
responsive to  changes in humidity, being the m ost hygro
scopic of all types a t  the higher humidities and the least hy
groscopic of all types a t  the lower hum idity. In  sharp con
tras t is M aryland tobacco, whose m oisture content is affected 
least of the five types by changes in humidity. The behavior 
of Burley and of Turkish lies between the two extremes.

T a b l e  I . R e l a t iv e  H u m id it y  D e t e r m i n e d  S i m u l t a n e o u s l y  
b y  Two M e t h o d s

By T her B y W ater Vapor
Wick m om eters (A) D eterm ination  (B) A -  B

% Oraina/cu. ft. % %
Silk 30.4 3.497 32 .0 - 1 . 6

29.7 3.279 3 0 .0 - 0 . 3
41 .7 4.546 41 .6 0.1
40 .8 4.590 42 .0 - 1 , 2
51/2 5.596 51.2 0
50.85 5.464 50 .0 0 .8 5
58.4 6.259 57 .2 1.2
57.75 6.225 56.9 0 .85
68.25 7.485 68 .5 - 0 . 2 5
69 .5 7.676 70 .2 - 0 . 7

C otton 38.9 4.293 39 .3 - 0 . 4
51.7 5.753 52 .6 - 0 . 9
58.6 6.478 59.25 - 0 . 6 5

T a b l e  I I .  E q u il ib r iu m  M o i s t u r e  C o n t e n t s  o f  F i v e  T y p e s  
o f  T o b a c c o  a t  8 0 °  F .  a n d  R e l a t iv e  H u m id it y  I n d ic a t e d “

Turkish  (Smyrna)
Burley, type  31 
M aryland, ty p e  32 
N orth  C arolina flue-cured, 

type 12 
South C arolina flue-cured, 

type  13

° E ach m oisture percentage is the  average of dup licate  determ inations.

30% 40% 50% 60% 70%
% % % % %

7.85 8 .35 9 .65 11.60 14 .45
8.15 8 .55 9.70 11.75 13.50
8 .5 0 9 .10 10.35 11.60 13.10

7 .25 8 .40 10.15 12.80 15.10

7 .50 8:75 10.45 13.25 15 .10
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The success of this type of cabinet in dealing w ith tobacco 
problems involving moisture suggests th a t i t  can also be 
used in determining the m oisture characteristics of a variety  
of other m aterials of p lan t and animal origin.
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A Temperature- and Humidity-Controlled Dryer 
for a Chemical Engineering Laboratory
ROBERT M. SCHAFFNER1 A N D  JAMES COULL, University o f  Pittsburgh, P ittsburgh, Penna.

D R Y IN G  is one of the im portant un it operations, and it is 
necessary th a t a chemical engineering laboratory pro

vide suitable equipm ent for undergraduate experiments on 
drying and for carrying out research work. These two re
quirem ents present slightly different problems. Small com
mercially constructed dryers enable students to  become 
familiar w ith the general operations and performance of the 
larger commercial unite. However, unless the apparatus is 
constructed to  special specifications, which increase the cost 
of the equipment, it is not entirely satisfactory for research 
work. On the other hand, small dryers which have been de-

1 P resen t address, Research D epartm en t, 
d iana), W hiting , Ind .

S tan d ard  Oil C om pany  (In -

o
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I
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signed especially for research work (2) frequently have 
structural features quite different from commercial dryers.

The writers designed and constructed a  hum idity- and 
tem perature-controlled dryer th a t m eets m ost of the require
m ents for research and instructional purposes a t  a total 
cost of less than  $700 for materials, heater, fan, and control 
instrum ents.

The details of the design were determ ined from the writers’ 
experiences and from recently published papers on drying 
(1-3).

D esign
The over-all size of the dryer is 5.5 feet long, 3 feet wide, 

and 5 feet high. The angle iron frame shown in Figure 1 was cut
and welded and provisions for 
holding the trays, heater, fan, and 
pipe lines were made as shown. 
A 24 X 24 inch air heater con
sisting of horizontal steam pipes 
and vertical aluminum fins was 
purchased and attached to the 
frame as shown in section A-A. 
A 20-inch fan driven by a shaft 
and pulley was bought and at
tached to the frame, and a series 
of 1 -ineh angle iron pieces was 
bolted to the upper middle sec
tion of the frame to provide rests 
for the trays. The humidity 
supply line consisted of a mani
fold steam pipe with six outlets 
for sprays and was attached in 
front of heater. Upon com
pletion of the framework, it was 
placed in position and bolted 
on a foundation of concrete 8 
inches thick.

The walls of the dryer were 
constructed in small sections to 
enable any one of t h e  panels to 
be removed without dismantling

F R A M E W O R K  O F  T R A Y  D R Y E R  

W IT H  FAN, S T E A M  SPRAY, 
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any of the others. The panels consisted essentially of white 
pine frames which surrounded the rockwool insulation. Each 
panel was then covered on all surfaces with galvanized sheet iron. 
All the overlapping edges of sheet metal were soldered together 
to prevent moisture from reaching the interior of the walls. 
Section A-A, Figure 2, illustrates the structural features of the 
panels. The ports, Pi and P 3, for the air inlet and outlet and the 
observation ports, P j and P<, were regular sheet metal air ducts 
with dampers. The top view of the roofing panels shows two

slits which were used for inserting the weighing rods. Two door 
panels, one on each side of the tray compartment, were used on 
the dryer apparatus.

The automatic control apparatus was purchased and a t
tached to the dryer as shown in Figure 3. Wet and dry-bulb 
vapor-type controllers open and close the steam lines to the 
sprays and heaters. When the dry-bulb temperature drops 
below the set condition, air opens a diaphragm valve attached to 
the heater steam line, and a similar setup is used for the steam
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SEE FIGURE 5  L 
FOR DETAILS

SCALE  
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F i g u r e  4  {Left) .  O p e r a t i o n  o f  T r a y  D r y e r

A . A ir in le t
B . S tcam  spray
C. H eater
D. F an
E . S haft and  pulley
F. A ir ou tle t
0 .  D ry- and  w et-bulb therm oregu lato rs  
H. Foxboro control
1. P la tfo rm  scale

F R O N T  V IE W

spray and wet-bulb controller system. The controller and supply 
lines and the motor for the fan arc shown on Figure 3.

Copper trays having a drying surface of 4  square feet were con
structed. In order to be able to weigh the trays without taking 
them out of the dryer, the writers designed the apparatus shown 
in Figure 4. Thig weighing mechanism consists essentially of a 
rectangular frame which is placed on a scale on the roof of the 
dryer, directly over the trays. To each tray, vertical rods (shown 
in detail in Figure 5) are bolted and extended up through the 
slots in the roof to the scale. The rods of a particular tray are 
hooked over the weighing frame when the weight of the tray is to 
be determined. By this method each tray can be individually 
weighed without disturbing the drying and without any loss of 
heat. Thermocouples were also placed on each tray and a t vari
ous points in the dryer.

The itemized cost of the dryer for the price conditions pre
vailing in P ittsburgh during the fall of 1939 and spring of 1940 
is as follows:

U nit
Angle iron  and  s trip  iron 
G alvanized sheet steel 
W hite  pine
Rock wool and  w eather s tripp ing  
Sheet m etal d u c ts  
D oor fasteners and  hinges 
P a in t
C em ent and  sand 
W elding rod and  solder 
Pipes, valves, gages, etc.
1 a ir heater (T rane) 24 X 24 inches
C ontroller and  valves (Foxboro)
Therm ocouple wire and  sw itch
In stru m en t panel, alum inum  sheet
Therm om eter
Bolts and  o ther fastening
F an  (Breeze)
Pulleys 
M oto r for fan
Copper for tra y s  an d  weighing rods
F airbanks scale
E lectrical fixtures and  labor

C ost
$ 8 .75

11 .85
2..88
2.,79

10,.00
2, 75
4 .56
3..25
7,.35

72..01
49..75

325 .80
2..62
6 ,72
2.,00
1 .70

28 00
7..97

37. 00
39..00
34.,20
27. 45

$688.40

O peration
In  u typical experimental procedure the trays are filled with the 

testing materials, mixed with the desired amount of water, and 
placed in the dryer. The front and rear doors are opened, the 
weighing rods are bolted to the trays, and the thermocouple 
wires are placed on the surface of each tray. The temperature 
and humidity conditions are set on the control instrument and the 
steam, air, and water are turned on. The fan and pulley are set 
for a desired velocity and the motor is started. When the dry
ing conditions have been reached, each tray is periodically 
weighed with the weighing apparatus.

The surface temperature of the materials on each tray may be 
determined with a potentiometer. The air velocity over each

CU COLLAR 
OVER 1/8" 

BOLT

F ig u r e  5 . D e t a i l  o f  a  W e ig h i n g  R od

tray is obtained by using a duct je t and a velometer. These data 
are recorded periodically, and the drying is continued through
out the constant and falling rate periods. From the data ob
tained, the various drying calculations and correlations can be 
made for each material.

Reproducible drying d a ta  for a  wide range of conditions 
have been obtained and studies of drying rates for various 
types of m aterials are being continued a t  the university.
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A Simple Viscometer for Research and Control
FRANK C. CROXTON, Rattelle Memorial Institute, Columbus, Ohio

T he viscom eter described consists o f th e  
b etter features o f  th ose described to  date, • 
assem bled in to  one through  adaptation  o f  
interchangeab le ground jo in ts . R apidity  
is com bined  w ith  rather low  cost and ac
curacy equal to  any o f th e  accepted k in e
m a tic  v iscom eters. A variation su itab le for 
use w ith  opaque liqu ids is presented.

T H E  routine determ ination of the viscosity of petroleum 
products has undergone great improvement in recent 

years as a  result of the adoption of capillary-tube instrum ents 
in A. S. T. M. standard  methods. Errors as high as ± 0 .5  per 
cent are permissible in the Saybolt Universal viscosity 
determination, bu t now kinematic viscosity may be measured 
to ± 0 .2  per cent. This improved accuracy has made 
possible very m uch closer determinations of viscosity index, 
particularly in  the lighter grades of m otor oil, toward which 
there has been a strong trend of late. The importance of 
more precise knowledge of viscosity index values occurs 
particularly in meeting specifications in commercial pro
duction. Table I  shows the effect on viscosity index (2) of 
small errors in viscosity a t  210° F. (98.89° C.). The vis
cosity index error resulting from the permissible Saybolt 
Universal viscosity error am ounts to  several units in the 
S. A. E . 10 range. This becomes somewhat less in the heavier 
oils, as shown by the examples of S. A. E . 50 grade.

A num ber of capillary-tube viscometers have been de
scribed in the literature as contributions toward improved 
viscosity measurement, including the designs of Cannon and 
Fenske (1), FitzSimons (S), Ruh et al. (4), Ubbelohde (5), 
and Zeitfuchs (6, 7). All possess certain individual ad
vantages and disadvantages. I t  was believed th a t practi
cally all the advantages could be incorporated in one vis
cometer which would be equally usable in routine or research 
work. Consequently the instrum ent described below was 
designed with the following requirem ents as its basis.

A c c u r a c y .  An improved viscometer should be capable of 
determinations as precise as obtainable with any of those recog
nized by A . S. T. M. Method D445-39T. I t  might suitably utilize 
the essential parts of one of the instruments described therein. 
I t should be capable of still greater precision in research work, 
where time may be of less importance than in control labora
tories.

S p e e d .  It should be possible to measure viscosities rapidly 
and to bring the equipment to proper temperature rapidly. 
Many of the smaller control laboratories operate only during the 
daytime and, therefore, it is of some value to them to be able to 
bring their viscometers to working temperatures within approxi
mately 20 minutes.

C o s t .  Many laboratories still using Saybolt viscometers 
would find it desirable to convert to capillary instruments in 
order to take advantage of their greater accuracy, if their price 
could be reduced. This, then, was considered to be an important
requirement. .

F l e x i b i l i t y .  This is also associated with speed. A single 
laboratory may have occasion to determine the viscosities of 
oils ranging from S. A. E. 10 to bright stocks at 210° F .  and from 
Diesel fuels to S. A. E. 60 or 70 oils at 100° F .  (37.78° C.). It 
should be possible to make any of these measurements with an 
efflux time of 100 to 600 seconds. Any change of capillaries to 
meet this requirement should be accomplished quickly.

R u g g e d n e s s . A viscometer which is easily broken is of little 
use in the long run and may become expensive. I t is not be
lieved that glass instruments per se are fragile, but their con

struction should be such that it will not be necessary to handle 
them often.

To satisfy all the above requirements, the vapor type of 
therm ostat, essentially as described by  FitzSimons (3), was 
used. This constanW em perature device has proved to  be 
highly satisfactory, not only in research-and  inspection 
laboratories b u t also in the control rooms of process units 
where operators are enabled to check product quality  a t 
frequent intervals. The ability of this sort of therm ostat 
to reach equilibrium tem perature rapidly is often of consider
able value. The absence of cyclical tem perature changes is 
also an advantage. In  these respects i t  differs radically 
from constant-tem perature baths employing liquid media.

The Zeitfuchs viscometer (&, 7) combines the advantages 
of simplicity, low cost, and freedom from tem perature cor
rections, and was therefore chosen as the actual measuring 
device. To allow rapid interchangeability of viscometer 
parts, particularly with different sizes of capillaries, these 
were mounted in the inner halves of 45/12 interchangeable 
ground joints, the outer half forming the top  of the vapor 
jacket. Thus a  change f ro m ' one viscometer to  another 
requires bu t a  few seconds.

The construction of the instrument is shown in Figure 1 . 
Each viscometer part, A, of whatever capillary bore, is constructed 
exactly according to the directions of Zeitfuchs and is sealed 
into the inner half of a 45/12 interchangeable ground joint, B, 
a t such a point that the top of the overflow tip is about 2 cm. 
below the ground portion of the joint. The vapor thermostat 
consists of the jacket, C, with an outer half of a 45/12 joint a t the 
top. Just above the enlarged portion at the bottom, a side arm 
joins the circulation tube, D, the lower end of which carries the 
liquid returning from condenser E  to the main body of liquid, 
filling 0.5 to 0.7 of the enlarged portion of the jacket. The 
condenser is constructed preferably as shown, vapors being 
condensed in an annular space between cool surfaces. This is 
particularly important when operating a t 100° F. with cooling 
water temperatures as high as 70° to 75° F. (2 1 ° to 24° C.). 
The pressure inside the thermostat is reduced and maintained 
constant by the method described by FitzSimons, connection 
being made to the top of the condenser.

Zeitfuchs has given the dimensions of six viscometers 
designed to cover the normal range of viscosities encountered

T a b l e  I .  V is c o s it y  I n d e x  E r r o r s  R e s u l t in g  f r o m  S m a l l  
V i s c o s it y  E r r o r s

T rue M easured Viscosity
Viscosity Viscosity E rro r Viscosity

a t  210° F . a t  210° F. a t  210° F. Index
Cst. Cst. %

K inem atic viscosity a t  100° F . «  20 .550 cst.
4.000 4.000 0 .0 100.0
4.000 4.010 0 .25 101.3
4.000 4.020 0 .5 0 102.7

K inem atic viscosity  a t  100° F . -  26 .820 cst.
4.000 4.000 0 .0 0 .0
4 .000 4.010 0 .25 2 .0
4.000 4.020 0 .50 4 .0

K inem atic viscosity a t  100° F. =  249.31 cst.
20 .00 20 .00 0 .0 100.0
20.00 20.05 0 .2 5 100.3
20 .00 20 .10 0 .5 0 100.6

K inem atic viscosity  a t  100° F. -  551.07 cst.
20 .00 20 .00 0 .0 0 .0
20.00 20 .05 0 .25 0 .8
20.00 20 .10 0 .5 0 1 .6
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F i g u r e  1. V is c o m e t e r

in petroleum  products. Since viscometer constants some
w hat different from these m ay be desired for special cases, 
the following equation is given for calculating capillary-bore 
radius, all other dimensions being held as described by 
Zeitfuchs:

log r = -  0.971694

where r  =  capillary bore radius in cm. and Ci =  viscometer 
constant when viscosity is in centistokes and tim e is in 
seconds. In  general, the required capillary radius for any 
kinematic viscometer operating under the  influence of 
gravity  can be closely approxim ated by the following equation :

log C, - log \ m ■KQ/log r =

where V  =  volume in ml. between m arks, g =  gravitational 
constant in cm. per second per second, and other symbols 
are as in the preceding equation. T he simplifying assump
tion th a t the average hydrostatic head is w ithin a few per 
cent of the capillary length, is employed.

Viscometers with simple calibration constants, such as 
0.1000 or 0.2500, have been advocated by some, b u t i t  is 
believed th a t in  m ost applications little tim e is saved by  this 
refinement. The Saybolt Universal units are still so firmly 
entrenched th a t it is usually necessary to  convert from 
centistokes to  S. U. seconds by use of a  table. Furtherm ore, 
the  kinetic energy correction often enters to  a significant 
degree, thus requiring an  added tabular reference. All 
conversions m ay be incorporated in one table, for each vis

cometer, giving the relation between efflux tim e and viscosity 
in S. U. seconds a t  the th ree commonly used tem peratures.

To operate the viscometer, the appropriate liquid is added to 
the thermostat to a point about 1  to 2 cm. below the side arm. 
The most suitable liquids are methylene chloride a t 100° F. 
(37.78° C.), acetone a t 130° F. (54.44° C.), and tertiary amyi 
alcohol a t 210° F. (98.89° C.). The proper viscometer is set 
in place, well lubricated with a material which is not too stiff at 
room temperature. An A.S.T.M. kinematic-viscosity thermom
eter hangs from the drain tube of the viscometer. The liquid is 
heated by means of an electric flask heater of approximately 250 
watts a t 100° and 130° F. or 350 watts at 210 F. For maxi
mum flexibility a 550- to COO-watt heater, controlled by an 
autotransformer, may be used when alternating current is the 
source of power. In hazardous locations steam heat has been 
successfully employed.

Cool water is passed through the condenser. Pressure inside 
the thermostat is reduced by means of a  water aspirator or other 
type of evacuating pump. The pressure will fall until air enters 
through the water column, the height of which determines the 
pressure and therefore the temperature inside the apparatus. 
The temperature is adjusted to the exact point desired by raising 
the water column to lower the temperature or by lowering the 
water column to raise the temperature. As described by Zeit
fuchs, the liquid whose viscosity is required is poured into the 
large tube of the viscometer to mark F, and is raised by applica
tion of suction to G, with H  closed, until the liquid level falls to J. 
The amount which has not overflowed through the tip is, then, the 
standard volume with which the viscometer is calibrated and 
with which viscosity determinations are made thereafter. Ex
cess liquid is withdrawn through H. When the thermostat is 
installed, one of the viscometer parts is inserted and the orienta
tion of the jacket adjusted so tha t the capillary will be truly 
vertical. Since in their manufacture the capillaries are placed 
parallel to the axis of the ground joint, all viscometer parts 
will be satisfactorily aligned when they are in place in the ther
mostat.

After filling the viscometer with the correct amount of liquid, 
viscosities are measured by merely noting the time required for 
the meniscus to fall from K  to L. This, times the constant

found in calibrating, less the kinetic 
energy correction, gives the kine
matic viscosity of the liquid. Cali
bration is accomplished preferably 
by the use of water as a primary 
reference. Alternatively the vis
cosity standards of the A. P. I. or 
of the National Bureau of Standards 
may be used.

The average control and in
spection laboratory would probably 
set up two vapor thermostats for 
each inspector giving his full time 
to viscosity measurements. One 
of these would operate at 210° F., 
the other a t 100° F. A series of 
viscometer parts would be avail
able, so tha t the viscosities of the 
various samples could be deter
mined with an efflux time of 100 
to 600 seconds, thus conserving 
the operator's time. If the vis
cosity a t 210° F. of an S. A. E. 50 
motor oil is required immediately 
after running an S. A. E. 10 oil, a 
quick change from a viscometer 
with a  constant of approximate!.'' 
0.025 to  one with a constant ofj 
about 0.100 would provide efflux 
times of 150 to 200 seconds for each.

I t  is difficult to  use any of the 
kinem atic viscosity instruments, 
so far described, with opaque 
liquids such as residual oils and 
solvent extracts. For such ap
plications, the instrum ent shown 
in Figure 2 was designed. It »s 
a  modification of the Zeitfuchs 
viscometer, possessing all its ad
vantages, including convenience 
of proper filling.

F i g u r e  2 .
ETER FOR 

T

VlSCOM-
O p a q u e

.IQUIDS
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In use, the viscometer is filled approximately to mark J. When 
the liquid has attained operating temperature, the level is de
pressed from J  to F, the excess overflowing a t C. To start a 
viscosity determination, the liquid level is depressed to a  point a 
little below mark H. The efflux time is that elapsing during the 
passing of the meniscus between points II  and G under the 
sole influence of gravity. Since the body of the liquid advances 
over the marks, there is no difficulty in the measurement of the 
efflux time even when its color is very dark. This instrument is 
suitable for use with residual oils, the less viscous solvent ex
tracts, and similar materials; however, it is not designed for 
highly viscous materials of any type. Perhaps 2000 centi- 
stokes would represent the maximum practically measurable 
viscosity.
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An Electromagnetic Densitometer
A. R. RICHARDS, Trinidad Leaseholds, Ltd., Pointc-a-Pierre, Trinidad, B. W. I.

An apparatus is described in  'which the  
principle o f balancing th e  attraction  o f a 
m agn etic  field against the u pthrust on a 
subm erged arm ature is used as a rapid 
m eth od  o f m easuring liqu id  densities. The 
precision o f th e d eterm inations depends on  
th e  range o f the in stru m en t and is o f  the  
order o f 1 part in  800 for densities betw een
0.62 and 0.82 gram  per m l.

C ONSTRU CTIO N  of the densitometer described below 
was undertaken in order to facilitate density determina

tions on some two hundred 5-ml. samples every 8 hours. 
Ordinary hydrom eters were unsuitable, since they require 
a t least 20 ml. of sample, while pycnometer measurements 
would have been too slow.

The essential parts of the instrum ent consist of a small 
glass float held under the surface of the sample by an ad
justable stop and a small coil surrounding the lower portion 
of the sample tube. If current passing through the coil is 
gradually increased, the resulting magnetic field will even
tually exceed a  critical value, such th a t the force on the arma
ture will become sufficient to  draw the float away from the 
stop. If  suitable precautions are taken, the density of the 
sample m ay be determined accurately by measurement of the 
critical current.

Theory

The theoretical considerations affecting the design of the 
apparatus can be expressed in the following m anner:

Let the pole strength  induced in the arm ature be m and the 
magnetic potential a t  these poles be Fat and V,. I t  follows 
tha t the potential energy, E, of the arm ature in the field is 
given by:

E  =  m (VN -  V.) =
m bs (F.v — Vi)

Now (F.v — F«)/As =  H, the strength of the field, and 
m As  =  M  =  vl where M, v, and I  represent the magnetic 
moment, volume, and intensity  of m agnetization of the 
arm ature, respecthely. Thus

E  = vIH

The work done during a small displacement, ds, of the arm a
ture is given by the equation which follows:

As

where As is the distance between the poles.
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y Fds =  vd(IH)

where F  is the force acting on the arm ature along the direc
tion of displacement. Then

F = vd(IH)
ds

The relation between I  and H  depends on the susceptibility, 
k, and the geometrical form of the arm ature. For small values 
of H, k  m ay be regarded as constant and in general,

/  =  Hf(k)

and

p  _  vdUH) = w f(gy(k)) =  A H  dH
ds ds

Now H  — i\p(s) where i  is the current flowing in th e  coil 
producing the field, and ^(s) is a function determined by the 
configuration of the system. Therefore,

d ll  ,

Hence
F =  B i1 'l'(s)

Since the float always sta rts  from the same position, the 
value of 'i'(s) has a fixed value for any given position of the 
stop. Hence, F  =  Ci2 where C is a  constant.

If the volume of the float is V  and the density of the liquid 
is p, the up th rust on the to tally  immersed float is pV. When 
the current in the coil reaches the critical value the opposing 
force is F  +  W, where IF  is the weight of the float

PV  =  Ci2 +  W

or

R i1 +  P

where R  is constant, providing the geometrical arrangem ent 
of the apparatus is reproducible, and P  is the density of the 
float.

In  order to  prevent perm anent magnetization of the arm a
ture and minimize sticking of the float, alternating current 
from a step-down transform er is used in the field coil. The 
value of i  in the above equation is in practice, therefore, the 
value recorded by an alternating current mOliammeter. A 
Westinghouse Type PY5 has been found suitable in this 
service. The sensitivity of the densitom eter is increased and 
the range decreased by increasing the size of the float, reducing 
the size of the arm ature, and reducing the num ber of turns in 
the field coil. Since the float is submerged, surface tension 
effects are eliminated.

Experim ental
The detailed design of the apparatus is shown in Figure 1. 

The float, A, constructed from Pyrex glass, encloses an armature 
made from a short length of iron nail. The mean density of the 
float is adjusted by adding or removing glass a t the tip until it 
just floats in liquid, the density of which corresponds to the low
est value of the range required. The inside diameter of the float 
tube should be about 2 mm. greater than tha t of the float to en
sure a free passage without unduly increasing the volume of the 
apparatus. The float is centered on the bottom of the stop. The 
lower end of the float tube is sloped to  allow easy drainage 
and the drain tube allows 0.5-mm. clearance around the tail of the 
float. The three-way top is sealed on after mounting the coil; 
the lower limb is used as a drain and the side limb serves to admit 
air for drying the apparatus. The bearing for the adjustable stop 
is cemented in place after insertion of the float. The coil is wound 
on an ebonite former with a thin core and consists of about 28

frams (1 ounce) of double cotton-covered copper wire 23 A. W. G. 
t  is connected in series with a 20-volt alternating current trans

former and the variable resistance assembly shown. This circuit 
gives the most satisfactory control.

A water jacket completely surrounding the float chamber is 
used for maintaining a standard temperature during determina
tions. Drift due to rise in temperature of the coil is not notice
able with currents below 600 milliammeters and the insertion of a 
water jacket between the drain tube and the coil is not 
necessary. I t  is easy to maintain a temperature constant to 
within =*=0.2° C. which produces an error of less than 0.0002 
gram per ml. in the densities of gasoline fractions.

The instrument can be reset after cleaning by adjusting the

Eosition of the stop until the milliammeter reading for a liquid of 
nown density agrees with the original calibration. This setting 

is checked by the use of a second liquid.

By analysis of the experimental figures given in Table I, it 
can be shown for this instrum ent th a t

d™„. =  0.701 i2 +  0.621 (1 )

T a b l e  I. D e n s i t y  M e a s u r e m e n t s

C urren t, d?ac. from 
Pycno m eter

d™o. from
Difference. 
Calcd. ana

Am peres E q u a tio n  1 Found
0.085 0 .6255 0.626 + 0 .0 0 0  (5)
0 .152 0 .6370 0.637 + 0 .0 0 0
0.179 0.6429 0.643 + 0 .0 0 0  (1) 

- 0 .0 0 0  (3)0 .223 0.6563 0 .656
0.302 0.6842 0 .684 - 0 .0 0 0  (2)
0.383 0.7230 0.723 - 0 .0 0 0
0.397 0.7309 0.732 + 0 .0 0 1  (1)
0 .424 0.7445 0.746 + 0 .0 0 1  (5)
0 .425 0 .7458 0.747 + 0 .0 0 1  (2)
0 .445 0 .7598 0.759 - 0 .0 0 0  (8)
0 .459 0.7673 0 .768 + 0 .0 0 0  (7)
0 .475 0.7795 0.778 -0 .0 0 1  (5)
0 .477 0.7811 0.780 -0 .0 0 1  (1)
0 .488 0.7874 0.788 + 0 .0 0 0  (6)
0 .500 0.7962 0.797 + 0 .0 0 0  (8)
0.502 0.7974 0 .798 + 0 .0 0 0  (6)
0.515 0.8082 0.807 - 0 .0 0 1  (2) 

- 0 .0 0 1  (6)0.521 0.8146 0.813

Although the range of m easurem ent can be adjusted, it is 
not convenient to construct an instrum ent with a  range of 
more than  0.2 gram per ml., since the precision is limited by 
the accuracy with which the  milliammeter m ay be read, which 
is of the order of ±  1 ma. over the 750-ma. range. Substitut
ing the value of this uncertainty, Si, in the following equation

d” . ±  sd = 0.701 (i ±  si)’ +  0.621

gives the maximum uncertain ty  in the density, 8d, as ±0.0007 
gram per ml. for currents not in  excess of 500 ma. A similar 
error arises during calibration, so th a t the maximum error is 
not more th an  ±0.0014 gram per ml. If  the instrum ent has 
been cleaned and reset b u t not recalibrated, a further addi
tional error of not more than  ±  0.0007 gram  per ml. must be 
included, making the greatest uncertain ty  under the least 
favorable conditions not more th an  ±0.0021 gram per ml. or
1.0 per cent of the useful range.

The difference between the observed and calculated den
sities shown in Table I  exceeds in certain  cases the estimated 
precision for given current values. This is due to absolute 
errors in the milliammeter, since it  is s ta ted  by the makers 
th a t the values indicated m ay differ from the absolute values 
by  0.5 per cent of the full-scale readings of both the 250- and 
750-ma. ranges. In  view of the above, i t  is recommended that 
densities be read from an experimental curve determined for 
a  given instrum ent and milliammeter and covering the entire 
range.

Since the sensitivity can be increased a t  the expense ol tne 
range, the u ltim ate precision is limited only by temperature 
control and the reproducibility of the initial system.

A cknow ledgm ent
The apparatus was developed in the laboratories of Trinidad 

Leaseholds, Limited, to  which com pany thanks are due for 
permission to  publish this paper.



Detection of Orthophosphates by Means 
of Drop Reactions

PHILIP W. WEST A N D  THOMAS HOUTMAN 
Coates Chemical Laboratories, Louisiana State University, Baton Rouge, La.

M ANY m ethods for detecting or determining orthophos
phates are reported in the literature, b u t little has been 

published concerning their detection by  means of drop re
actions. In  the work th a t has been reported, the studies of 
interferences have often been incomplete and there is little 
agreement between the results of various investigators. In 
order to  evaluate the more promising reactions, comparative 
data concerning interferences and sensitivities were obtained. 
After an extensive survey of the literature, the strychnine 
molybdate (2), ammonium m olybdate-stannous chloride (8), 
and ammonium m olybdate-benzidine (5, 7, 8) tests were 
selected for study. A modified strychnine molybdate test 
devised by the authors was also included in the investigation.

S c o p e  o f  I n v e s t i g a t i o n

The following ions and compounds were studied, using 1 
per cent solutions, in regard to the ion or compound in 
question:

Group I. Li \  N a +, K  \  Cu + +, R b \  Ag +, Cs *, Au + + ►
Group I I . Be + +, M g + +, C a ++, Zn + +, Sr + +, Cd + t , B a t+ , H g +, H g ”
Group I I I .  B O :-, B .O ? - ',  A! + + +, G a* + +, Y + + +, In  + + +. L a ' '* ’ , 

Cc *• + +, T l +
Group IV. C O j- - ,  S iO j- - ,  T i + + \  S n ” , S n + t  + +, P b  + +, Zr + **+. 

Th++++
G roup V. N II.+ , NO j “ , N O j", H iP O j- , P .O n ----------- , P .O u ------------ ,

P O j", HPO<— , P 1O7 , V -  + \  V O . - - ' ,  A sO i“, H A sO i--, Sb + + t ,
Bi + + +

Group VI. S - - ,  S1O1- - ,  SO »--, S O .- - ,  C r + + +, C rO ."" , SeO j-~, 
S c O .- - , M o O .-- ,  T e O j- - ,  T eO .-~ , W O ." ',  U O it+ , U O .- -

G roup V II. F - ,  C I- , CIO»-, M n + +, M nO .-, Br~, BrOi~, I ", IO i", 
R cO .-

G roup V III . Fe + +, Fe + + +, Co + +, N i + +, R u + + \  R h + + +, P d * \  
OsOj -  Ir  + + -|' +, P t  + + + +

Miscellaneous Substances. C N ~, F c(C N )i , Fe(C N )s , CNS , 
aceta te , oxalate, m alonate, ad ipa te, succinate, ph tha la te , ta rtra te , citrate, 
lactate, gluconate, ¿-inositol, d-sorbitol, m annitol, sucrose, dextrose, aniline, 
pyridine, resorcinol, and  catechol

The solutions were made up and the results reported in the 
manner of W est (10)—th a t is, interfering substances which 
gave a test similar to  th a t given by orthophosphate were 
listed as “positive” interferences, those substances which 
inhibited the formation of true tests for phosphate were 
listed as “negative” interferences, and those substances which 
were so highly colored or gave such highly colored reaction 
products th a t test colors were hidden, were listed as “mask
ing” interferences. The actual investigation of interferences 
was carried out with a ratio of HPO. to interfering sub

stance of 1  to 10. This ratio constituted a stringent test of 
the method and a t  the same tim e indicated w hat could be 
expected of it under reasonable working conditions. Where 
more favorable ratios exist there m ay be fewer interferences, 
bu t the use of the test in the presence of such questionable 
interferences would entail considerable risk. If  ratios less 
favorable than 1 to  10  are encountered there m ay be a  few 
more negative interferences than  are reported in these 
studies. However, no additional positive interferences 
should be encountered unless the concentration of the test 
solution is increased beyond 1  per cent, which is the highest 
concentration to  be recommended for use with drop re
actions.

c.p. chemicals were used throughout the investigation.

Experim ental

S t r y c h n i n e  M o l y b d a t e  T e s t .  I t  has long been known 
th a t orthophosphate in various complex combinations is a 
delicate reagent for alkaloids. Denig£s (2) reversed the re
action, using the alkaloidal combinations for the detection of 
phosphates.

Reagents. Denig&i proposed a reagent made up by dissolving
0.5 gram of strychnine sulfate in water, adding 10 ml. of concen
trated nitric acid and 10  ml. of nitro ammonium molybdate solu
tion (Sonnenschein and Eggertz formula), and diluting the solu
tion to 100 ml. Because the concentration of the nitric acid in 
the reagent has a great influence 011 the number of interferences, 
the authors suggest a slight modification in the composition of 
the reagent. I t  was found that a reagent prepared as follows gave 
the best results: To 30 ml. of concentrated nitric acid are added 
2 grams of molybdic acid, and it is diluted to 75 ml., and stirred 
until solution is complete. Then 0.6 gram of strychninc sulfate 
is added and heated gently until all the strychnine has dissolved. 
I t  is diluted to 100 ml. and heated slightly below the boiling point 
for 3 to 5 minutes until a yellow solution is obtained.

Method of Study. The interference study was carried out on a 
black spot plate in the following manner:

1 . To 1 drop of 1 per cent solution of element under considera
tion was added 1 drop of strychnine molybdate reagent.

2. To 1 drop of 1 per cent solution of element under considera
tion was added 1 drop of 0.1 per cent solution of phosphate plus 
1 drop of strychnine molybdate reagent.

A yellow precipitate indicated a positive test, and variations in 
color due to interferences were noted.

Results of Investigation. Positive interferences: Au+++,
Be++ (very slight), VO. , HAsO, , WO. , P t++++ (slight). 
Negative interferences: V+++, As+ + +, Sb+++, F - , CjO.—
CNS- , (slight), P80i8 , P.Ola , P20 7------- , T i+++,
Zr++++,S n++.
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T a b l e  I .  I n t e r f e r e n c e s

N um ber
of

N um ber
of

N um ber
of.

L im it of L im iting Positive N egative M asking
Identification C oncen tration In te r In te r In te r

T est (G ram  of P) of H P O * -- ferences ferences ferences
S trychn ine  m olybdate 1.6 X IO"* 100 cu. m m . of 

0.005%  solu
tion

6 12 6

A m m onium  m o ly b d a te - 
s tannous chloride

1.6 X  10-» 100 cu. m m . of 
0.005%  solu
tion

4 2 10

A m m onium  m o ly b d a tc - 
benzidine

9.7 X  10“* 30 cu. m m . of 
0.001%  solu
tion

13 1 13

M odified strychn ine  
m olybdate

9.7 X 10"«° 30 cu. m m . of° 
0 .1%  solution

0 7 3

“ If  confirm atory te s t  is ru n  on filter paper, lim iting  concen tration  is 30 cu. m m . of 0.01 
per cen t solu tion  in regard  to H P O .- - . T h is  is equ iva len t to  9.7 X 10 ~7 gram  of 
phophorus.

Masking interferences: S_ (brownish black
p rec ip ita te ), S2Os— (reduces the phospho- 
molybdate to molybdenum blue), I -  (brown 
precipitate), MnO.~ (color of ion), Fe(CN)6 
(brown precipitate), I r++++ (color of I r++++ 
colors test precipitate brown).

The polyphosphates reduce the sensitivity_ of 
the test probably through a competitive reaction 
with the reagent, but soon begin to revert to 
orthophosphate when put in solution. Con
sequently, tests for orthophosphates are obtained 
from solutions of polyphosphates which are allowed 
to stand, regardless of the particular test procedure 
followed.

A m m o n iu m  M o l y b d a t e - S t a n n o u s  C h l o r i d e  
T e s t .  Deniges (3) proposed the ammonium 
m olybdate-stannous chloride test for the detec
tion of phosphates and arsenates. The hetero
poly acid formed when ammonium m olybdate is 
added to an acid solution of soluble phosphates or arsenates 
is readily reduced by stannous chloride. The molybdenum 
blue which is formed by  this reduction is discussed by  Deni- 
g&s (4) in regard to stable and unstable forms. Chapman 
(1) showed th a t the silicomolybdate m ay also be formed when 
acidity is low. Once this complex silicomolybdate is formed 
it is stable, even after the acidity is increased. Interference, 
when as much as 700 parts  per million of silica is present, is 
avoided if the acid is added first, followed by  the molybdate 
reagent.

Reagents. Ammonium molybdate, 5 grams dissolved in 100 ml. 
water and poured into 35 ml. of nitric acid (sp. gr. = 1.2).

Stannous chloride, 0.96 gram of stannous chloride dihydrate 
dissolved in 50 ml. of 1 to 2 hydrochloric acid solution. This 
solution should be made up fresh.

Hydrochloric acid, approximately 4 N.
Method of Study. The test was carricd out on a  white spot plate.
1 . To 1 drop of the 1 per cent solution of the element under 

consideration was added 1 drop of 4 N  hydrochloric aeid, plus 
1 drop of ammonium molybdate solution, plus 1 drop of stan
nous chloride.

2. To 1 drop of 1 per cent solution of the substance under con
sideration was added 1  drop of 0.1 per cent solution of ortho
phosphate, plus one drop of 4 N  hydrochloric acid plus 1 drop of 
ammonium molybdate solution, plus 1  drop of stannous chloride. 
A blue-green coloration was an indication of a positive test for 
phosphate.

Results of Investigation. Positive interferences: Be++ (very 
slight), T i+++ (fades out quickly), HAsO. , WO. . Negative 
interferences: CzOt , lactate (slight).

Masking interferences: Au+++ (blue to black color), Se03 
(orange precipitate), SeO. (orange precipitate), TeOj (black 
precipitate, fades out quickly, so does not interfere with the test), 
TeOi (same as TeOj ), S” (black precipitate), Fe(CN)n 
(dark brown precipitate), Fe(CN)« (dark red color), CNS-  
(red color), Pd++ (modifies test color to a very dark dirty green).

A m m o n iu m  M o l y b d a t e - B e n z i d i n e  T e s t .  Feigl pro
posed (7) the use of an acetic acid solution of benzidine hy
drochloride as a means of confirming the presence of phos
phorus in the yellow precipitates produced by  ammonium 
molybdate. The precipitate, to  which benzidine has been 
added, is held over an open ammonia bottle. If the precipi
ta te  is composed of ammonium phosphomolybdate, a  blue 
color is developed. According to  Feigl (8) a  blue coloration 
will be obtained if 0.00066 mg. of phosphorus pentoxide is 
present. An even more sensitive test is obtained (<?) if the 
am monium m olybdate solution is placed on “ blue band” 
filter paper and dried in an  air oven. If  a  drop of the test 
solution is added to  freshly prepared m olybdate paper, 
followed by a drop of benzidine and a drop of sa turated  
sodium acetate solution, a  blue fleck is formed if 0.05 micro- 
gram  of phosphorus pentoxide is present. I t  has been 
claimed (9) th a t interferences with this test from silicates 
and borates are prevented if the ammonium m olybdate solu
tion contains 15 per cent ta rtaric  acid. The use of tartaric

acid, however, seems to  be impractical, since it  was found 
th a t i t  not only prevented reactions with silicates and bo
rates, b u t also inhibited the reaction w ith phosphates. The 
m olybdate paper-sodium  acetate m ethod was selected for 
study.

Reagents. “Blue band” filter paper is impregnated with 5 per 
cent ammonium molybdate solution and dried in an open air 
oven.

Benzidine, 0.05 gram of benzidine hydrochloride dissolved in 
10  ml. of glacial acetic acid and diluted to 100 ml. with water.

Sodium acetate, saturated solution.
Method of Study. The test was run on the impregnated filter 

paper in the following manner:
1. To the impregnated molybdate paper was added 1 drop of 

1 per cent solution of the ion being studied, plus 1  drop of benzi
dine solution, followed by 1  drop of the sodium acetate solution.

2. To the impregnated molybdate paper was added 1 drop of 
1 per cent solution of the ion being studied, plus 1  drop of 0.1 
per cent solution of orthophosphate. One drop of benzidine was 
then added, followed by 1 drop of sodium acetate solution. A 
blue fleck indicated a positive test for orthophosphate.

Results of Investigation. Positive interferences: Be++, Si03 , 
V+++ (color of ion), VO. , HAsO. (this reaction is much
slower than the phosphate test), S20 3 , Cr+++ (color of ion), 
C r04—  (purple), S e0 3 (slight), TeOj (slight), BrOj 
(slight), 1-, Fe++, C N -, Fe(CN),— .

Negative interference: F .
Masking interferences: Cu++ (brown stain), Au+++ (brown 

to blue stain), T i+++ (blue to black precipitate forms immedi
ately upon addition to paper), Sn++ (same as titanium), N O r 
(brown stain), Sb+++ (causes immediate formation of blue stain 
in the presence of phosphate), S (black stain), MnO<~ ( b r o w n  
stain), Fe+++ (slight masking effect due to color of ion), Fe-
(CN)s (brown stain), catechol (brown stain), Ru+++
(masking is due to color of ion), I r+++ (brown stain).

M o d i f i e d  S t r y c h n i n e  M o l y b d a t e  T e s t .  As a result 
of the investigation of known drop te st procedures a modified 
strychnine m olybdate test was developed which the authors 
believe superior to  other tests for phosphate, particularly in 
regard to  specificity (see Table 1). The new te st is identical 
to  the  Deniges strychnine m olybdate procedure except t h a t  
the precipitate formed w ith  strychnine m olybdate is treated 
w ith a reducing agent in  order to establish the presence of 
phosphorus. Several reducing agents were tried, including 
stannous chloride, thiosulfate, l - a m i n o - 2 - n a p h t h o l - 4- s u lfo m c  

acid, and benzidine. Benzidine proved to  be the best of th o se  
tried.

Reagents. Strychnine molybdate, 2.0 grams of molybdic acid 
added to 20 ml. of concentrated nitric acid and diluted to to 
ml. with stirring until solution is complete. Strychnine sulfate 
(0.6 gram) is added and heated gently until all the strychnine 
has dissolved. I t  is diluted to 100 ml. and heated slightly below 
the boiling point for 3  to 5 minutes until a yellow solution is ob
tained.

Benzidine, 0.05 gram of benzidine hydrochloride dissolved in 
10 _mL of glacial acetic acid and diluted to 100 ml. with water.

Sodium acetate, saturated solution.



Method, of Study. The test is best carricd out on a combination 
black and white spot plate designed by West (11). If a com
bination spot plate is not available, the strychnine molybdate 
reagent is first added to the test solution on a black spot plate. 
If a precipitate forms, a confirmatory test is run on a white spot 
plate. For detection of phosphate in quantities below 0.01 mg. 
it is suggested that the confirmatory test be carried out on a good 
grade of quantitative filter paper.

1 . To 1 drop of 1  per cent solution of the ion being studied 
was added 1 drop of strychnine molybdate reagent. If a precipi
tate could be seen against the black background of the combina
tion spot plate its identity was established by the further addi
tion of 1 drop of benzidine reagent, followed by enough sodium 
acetate solution to neutralize the excess acid present.

2. To 1 drop of a 1 per cent solution of the ion under considera
tion was added 1 drop of a 0.1 per cent solution of phosphate, 
plus 1 drop of the strychnine molybdate reagent. If a precipitate 
could be seen against the black background of the combination 
spot plate its identity was established by the further addition of 
1 drop of benzidine reagent, followed by enough of the sodium 
acetate solution to neutralize the excess acid. A blue-green color, 
after the addition of the sodium acetate solution, which could be 
seen against the white background of the combination spot plate, 
indicated a positive test for phosphate.

Results of Investigation. Positive interferences: None.
Negative interferences: As+++ (slight interference in a neutral 

solution), V+++ (no interference in a neutral solution), F~, 
C20<—  (slight), PeO,8 , P,Oi, , H A sO r- (slight).

Masking interferences: S (brown-black precipitate), MnO< , 
Fe(CN)« (brown precipitate).
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The results obtained from the interference study are listed 
in Table I. Of the tests studied not one was entirely free 
from all types of interference.

The interference study was run with solutions in which the 
ion being studied was most stable. This made it necessary 
to run some of the tests in rather strong acid solutions, 
others in basic solution. For detecting phosphates in un
known solutions by any of the four methods studied, best 
results are obtained if the original test solution is nearly 
neutral or weakly acid.

Literature Cited
(1) Chapman, H D., Soil Sei., 33, 125-34 (1932).
(2) Deniges, G., Bull. soc. pharm., 50, 195 (1910).
(3) Deniges, G., Compt. rend., 171, 802-4 (1920).
(4) Ibid., 185, 777-9 (1927).
(5) Feigl, F., Mikrochemie, 1, 74-8 (1923).
(6 ) Feigl, F., "Spot Testa", 1st ed., p. 206, New York, Nordemann

Publishing Co., 1937.
(7) Feigl, F., Z. anal. Chem., 61, 454-7 (1922).
(8) Ibid., 74, 386-92 (1928).
(9) Ibid., 77, 299-300 (1929).

(10) West, P. W., J. Chem. Education, 18, 528-32 (1941).
(11) West, P. W., paper in preparation.

P r e s e n t e d  before th e  Division of A nalytical and  M icro C hem istry a t  the 
103rd M eeting of th e  A m e r i c a n  C h e m i c a l  S o c i e t v  M em phis, T enn.

L E D I T I O N 599

Microestimation of Bromide as 
Pentabromorosaniline

WM. J. TURNER, Veterans’ Adm inistration Facility, Northport, N. Y., and University of California, Los Angeles, Calif.

G U ARESCHI (1), in 1913, reported th a t bromine vapor 
caused paper im pregnated with Schiff’s reagent to turn  

violet. Since then there have been a number of unsuc
cessful attem pts to  apply this' reaction to the quantitative 
determination of bromide (2, 8, 5). Although Wikoff, Bame, 
and B randt (4) claim to have measured the bromide content 
of normal blood by  its use, the present writer has been unable 
to duplicate their results.

There are described below the conditions under which 
bromide is quantitatively  oxidized to  bromine and sub- 
stituted on rosaniline (reduction unnecessary) to give penta
bromorosaniline, which can be separated completely from un
reacted pigm ent by  extraction into benzyl alcohol from 7 N  
sulfuric acid and determined photometrically.

Experim ental
P r e p a r a t i o n  o p  P e n t a b r o m o r o s a n i l i n e .  Two grams of 

bromine were added to 1 gram of rosaniline in dilute acetic acid. 
The purple precipitate was recovered in 92 per cent yield, based 
on the expected formation of pentabromorosaniline acetate. It 
was found to be impure, and was separated from chloroform- 
soluble material by Soxhlet extraction. I t  crystallized from 
methanol in dark green prisms with intense metallic luster. 
There was no sharp melting point. An analysis was conducted 
by E. R. Duncan, to whom the author is indebted for the following 
report:

CziHiiNjBrtOi: C alculated , C  34 .87 Found , 3 4 .9 1 ,3 4 .3 7  
H 2 .42  3 .03 , 2 .83

The salts of pentabromorosaniline are insoluble in water, 
but are soluble in polar organic liquids. They are strongly 
adsorbed even on glass. Triaminotriphenylcarbinol pigments 
are multiple indicators. The pentabromorosaniline m ay be 
separated from rosaniline by extraction from 7 N  sulfuric acid 
by benzyl alcohol, a t  which strength of acid the rate of change 
of color with change of pH  of pentabromorosaniline is minimal

and its distribution coefficient between alcohol and acid is 
most favorable. A t this concentration, the solubility of the 
yellow triacid form of rosaniline in benzyl alcohol is very low. 
The extinction curve of pentabromorosaniline in a  benzyl 
alcohol extract from 7 N  sulfuric acid is given in Figure 1. In  
benzyl alcohol, pentabromorosaniline follows Beer’s law a t  585 
millimicrons. The molar extinction coefficient, Eya =  1.57 X 
10 s, is calculated according to the formula:

„  2.303 „ r /nE \ = (log/o//)

O x i d a t i o n  o p  B r o m i d e  t o  B e o m i n e  a n d  A d d i t i o n  o p  
B r o m i n e  t o  R o s a n i l i n e .  Of the m any oxidizing solutions

Wav« length in ml 111 ad cron»

F i g u r e  1. E x t in c t i o n  o f  P e n t a b r o m o r o s -  
a n i l i n e  ( D ia c id  F o r m ) i n  A c id  B e n z y l  A l c o h o l  

a t  V a r io u s  W a v e  L e n g t h s
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T a b l e  I. S p e c t r o p h o t o m e t r i c  D e t e r m i n a t i o n  o f  B r o m i d e
i n  P o t a s s iu m  B r o m id e  S o l u t io n

Brom ide

Transm ission 
(Average of 

2 Readings)
Brom ine
O bserved E rro r

Mxerograms 
4 .0 0 87.60

Micrograms
4 .0 5

%
+  1 .00

8 .0 0 71 .85 8 .42 + 5 .2 5
16.00 51.90 15.60 - 2 . 5 0
24 .00 35 .25 24.14 + 0 .5 8
32.00 25.55 31.24 38
40 .00 16.75 40 .56 +  1.40

8 .00

C hloride
Micrograms

3 5 .5 7 5 .30

A pparen t
B rom ide
O bserved

7 .39 - 7 . 6
16.00 35 .5 54.10 14.69 - 8 . 2
24 .00 3 5 .5 38 .60 22 .14 - 7 . 8
32 .00 3 5 .5 27 .50 29.62 - 7 . 4
40 .00 35 .5 20 .00 36 .65 - 8 . 4
24.00 10.65 37 .50 22 .78 - 5 . 1
24.00 35.50 38 .60 22 .14 - 7 . 8
24.00 177.50 37.65 22.69 - 5 . 6
24.00 355.50 34 .15 22 .84 + 3 .5

0 .00

N orm al
Blood
1-100 9 9 .4 0 ° 1.73

4 .00 1-100 83 .35 5 .15 + 2 8 ^ 8
16.00 1-100 51.35 15.84 -  1 .0
24.00 1-100 35 .20 24.17 +  0 .7
32 .00 1-100 26.30 30.61 -  4 .3
40.00 1-100 18.95 37 .84 -  5 .4
° Same reading  is obta ined  w ith  a w ater blank.

spun for a few moments to clear and separate the phases. The 
red-purple supernatant alcohol phase is poured off and its trans
mission is measured in the photometer. In his determinations, 
the author has employed both the Beckman Model D spectro
photometer and the Coleman DM spectrophotometer with 
equally good results. A standardization is first carried out with 
known quantities of bromide. In the case of the determinations 
with the Coleman instrument, using a slit 5 millimicrons wide, at 
585 millimicrons, square cuvettes 10.0 mm. deep, and with the 
temperature of the benzyl alcohol solution 26° C., he obtained the 
following formula in the standardization of the method against 
bromide:

Micrograms of bromide =  50.82 (2-log T) +  1.13

For this equation, <r(e»t. y nr) = 0.51.
When measurements must be made with a visual color com

parator it is best to work with bromide levels of 50 to 400 micro
grams, and a rosaniline solution containing 450 mg. per liter. A 
color filter of yellow cellophane has been found satisfactory.

By the use of the Coleman D M  spectrophotometer, results 
such as are given in Table I  are readily obtainable.

One set of determ inations m ade w ith  a  visual colorimeter 
on a sample of blood to which known am ounts of bromide were 
added is given in Table II , using a rosaniline solution contain
ing 450 mg. per liter.

The m ethod is inapplicable in the presence of iodide, but is 
apparently  not influenced by  the presence of thiocyanate.
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which have been proposed for the liberation of bromine from 
bromide w ithout the oxidation of chloride, the m ost satis
factory has been found to  be persulfate. I t  was necessary, 
however, to transform  the peroxydisulfuric acid (H2S2O8) into 
peroxymonosulfuric acid (H 2S 0 6) in order to  obtain consistent 
and reliable results. The peroxymonosulfuric acid obtained 
by the method to  be described below liberates bromine a t  a 
relatively slow rate, so th a t tim e m ust be allowed for the reac
tion to occur quantitatively. The solution is unstable and 
m ust be made daily from a suitable salt of peroxydisulfuric 
acid.

The addition of the liberated bromine to  rosaniline occurs 
quantitatively, b u t a t  the dilutions employed it  requires sev
eral minutes for completion. In  contact w ith the oxidizing 
solution, the pigments are bleached quickly a t  room tem pera
ture, so th a t the reaction is best carried out as quickly as 
possible a t  0° C.

Procedure and A nalytical R esu lts
R e a g e n t s .  Powdered potassium persulfate (K2S»08), and 

28 N  sulfuric acid.
Solution of rosaniline base, 60 milligrams per liter of aqueous 

solution, made up hot.
Commercial reagent grade benzyl alcohol. (It is not necessary 

to redistill this grade of benzyl alcohol, although some may con
tain as much as 2 per cent of either benzyl chloride or benzyl 
benzoate.)

P r o c e d u r e .  One hundred milligrams of potassium persulfate 
are covered with 25 ml. of 28 N  sulfuric acid in a 50-ml. volumetric 
flask. After standing 30 minutes at room temperature the 
solution is diluted to volume with cooling.

The sulfuric acid solution (2.0 ml.) is introduced into a 25 mm. X 
200 mm. test tube, and 1.0 ml. of the bromide solution is added 
without cooling. After standing 3 minutes it is placed in an ice 
bath for 1 minute. A maximum of 1.0 ml. of rosaniline solution 
is then added dropwise over an interval of 2 minutes. With 
small amounts of bromide 1.0  ml. of rosaniline would contain a 
large excess which would introduce an error in the photometric 
determination, since a small amount of rosaniline is extracted by 
the benzyl alcohol. The addition of rosaniline is therefore ter
minated when an orange tin t indicates that an excess is present in 
the solution. The volume is then brought to 4.0 ml. with the re
quired amount of distilled water.

Three minutes after the addition of the first drop of rosaniline,
10.0 ml. of benzyl alcohol are added and the tube is thoroughly 
shaken. The contents are poured into a centrifuge tube and

T a b l e  II. C o l o r i m e t r i c  D e t e r m i n a t i o n  o f  B r o m i d e  A d d e d
t o  B l o o d

Brom ide Added S tan d a rd Unknow n B rom ide Found Error
Micrograms Micrograms %

60 10 2 5 .6 62 .4 + 4
80 20 40 .3 7 9 .4 - 0 . 8

160 20 2 0 .4 157 - 2
240 20 13.2 242 +  1
320 20 10.1 317 - 1
400 20 8 .6 372 - 7

S tandard : 160 m icrogram s of B r per m illiliter.

Sum m ary
A simple, rapid, inexpensive, and reliable m ethod is de

scribed for the determ ination of bromide in solutions including 
biological fluids w ithout prelim inary separation from chloride. 
I t  is based on the reaction of bromine w ith rosaniline, and 
colorimetric or photom etric determ ination of the color of the 
pentabromorosaniline extracted by benzyl alcohol from 7 N  
sulfuric acid solution.
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Detection and Quantitative Determination 
of 4-Amino-2-methyl-l-naphthol

A Synthetic Vitamin K

AMEL R. MENOTTI 
Chemical Laboratory, American Medical Association, Chicago, III.

T H E  hydrochloride of 4-amino-2-methyl-l-naphthol has 
been introduced to  the medical profession as a water- 

soluble therapeutic agent which possesses vitam in K  activity. 
Increased in terest in  this compound has necessitated the 
development of a  chemical m ethod for its detection and quan
titative determ ination in preparations now on the market. 
The procedure described has been found suitable for the assay 
of preparations containing 4-amino-2-methyl-l-naphthol and 
yields consistent results w ith quantities as low as 0.02 mg. 
Hitherto, the assay of solutions and dry mixtures of 4-amino- 
2-m ethyl-l-naphthol hydrochloride has been dependent on 
the curative effect of the compound on vitam in K -depleted 
chicks (4). I t  is hoped th a t the proposed chemical method 
may supplant, in part, the more complicated biologic assay 
procedure.

Of possible chemical m ethods to be investigated, it was felt 
that a colorimetric m ethod should take precedence over volu
metric or gravim etric procedures because of the small quanti
ties of m aterial to be dealt w ith and the relative ease of colori
metric m anipulation. Accordingly, a  reagent was sought 
which would

Possess a high degree of sensitivity
Produce a color which would obey Beer’s law of light absorp

tion and be sufficiently stable to allow time for accurate color 
comparisons

Not be adversely affected by the presence of sodium bisulfite, 
since this compound is used to stabilize aqueous solutions of 
4-amino-2-metnyl-l-naphthol

Possess sufficient specificity to permit differentiation of the 
compound in question from its possible decomposition products

The la tte r characteristic is of importance because in the 
biologic m ethod of assay such differentiation is 
not possible. One of the oxidation products of 
4-amino-2-methyl-l-naphthol is 2-m ethyl-l ,4- 
naphthoquinone (menadione), which possesses 
the same antihem orrhagic activ ity  when meas
ured on a molecular basis. Investigation of 
sodium pentacyanoammineferroate, N a3[Fe- 
(CN)5N H 3], as a possible reagent revealed th a t 
this compound possessed the desired charac
teristics.

Anger (1) described a colorimetric test for the 
detection of prim ary arom atic amines which re
quired sodium pentacyanoaquoferriate, N a2[Fc- 
(CN)5H 20 ] , as the reagent. This test provides 
a basis for the procedure followed herein. In  a 
discussion of Anger’s test, Feigl 0?) attributed  
the production of color to  the substitution of the 
coordinately bound w ater molecule, in the penta
cyanoaquoferriate complex, by  a  molecule of the 
aromatic amine according to  the following reac
tion:
[Fe(CN)sHsO]— +  R—N H ,— >-

[Fe(CN)sR—NHj]
During the course of this investigation, 

sodium pentacyanoaquoferriate as employed by 
Feigl (2) and sodium pentacyanoammineferriate 
were tested b u t were found to  possess no ad

vantage over the more readily prepared sodium pentacyano
ammineferroate; consequently, the la tte r compound was 
chosen for the quantitative determ ination of 4-amino-2- 
m ethyl-l-naphthol. The procedure finally adopted depends 
on the interaction of sodium pentacyanoammineferroate in 
alkaline solution w ith 4-amino-2-methyl-l-naphthol to pro
duce an intense blue color and the comparison of the intensity 
of this color with th a t produced by known quantities of the 
am inonaphthol.

The production of a blue color through the interaction of 
sodium pentacyanoammineferroate, N a3[Fe(CN)tN H 3], and 
the am inonaphthol m ay be attribu ted  to  a  reaction analogous 
to th a t which has ju st been shown—i. e., the replacement of 
the coordinately bound molecule of ammonia by a molecule 
of the am inonaphthol.

Curve A  in Figure 1 represents an absorption spectrum  
typical of the colored solutions employed in the quantita tive 
determination of 4-am ino-2-methyl-l-naphthol. The solu
tion employed to  determine the curve shown was prepared by 
the addition of 1.0  mg. of 4-am ino-2-m ethyl-l-naphthol to 1 
ml. of the sodium pentacyanoammineferroate reagent solu
tion. This mixture was allowed to  stand for 15 m inutes and 
was then diluted to a concentration corresponding to 0.004 
mg. of am inonaphthol per ml. The solution exhibited b u t 
little absorption in the blue region of the spectrum.

Curve B  illustrates the contribution to  the to tal absorption 
made by  the yellow colored reagent solution. The reagent 
exhibits no appreciable absorption above 5000 A. For this 
reason, visual m atching of the blue color of the solution is 
simplified, and more precise spectrophotom etric measure-

F i g u r e  1. D e t e r m i n a t i o n  o f  4 -A m in o -2 -m e t h y l -1 -n a p h t h o l

.4. A bsorption of solution resulting from in terac tion  of 4 -am ino-2-raethyl-l-naphthoi 
hydrochloride w ith sodium  pen tacyanoam m ineferroate 

B. A bsorption of sodium pentacyanoam m ineferroate reagen t solution
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m ents of the absorption maximum a t  6650 A. would provide 
a highly accurate determination.

To test the applicability of Beer’s law (jc =  ^  log to

this solution, the values of log y  were determined at 6500 A.

for various dilutions. I t  is obvious from the values of k 
(Table I) th a t the solution satisfies Beer’s law within the 
lim its of experimental error.

Accuracy o f M ethod
The d a ta  reproduced in Table I I  were obtained by visual 

colorimetric assay of synthetic mixtures of known compo
sition.

The greatest error occurred w ith the solutions of lowest 
am inonaphthol content because the concentration of the 
standard  solution was m aintained a t  1.0  mg. per ml., while 
the synthetic mixtures varied in am inonaphthol content. The 
error is due to the difference in color caused by the presence of 
excess reagent in the solutions of low am inonaphthol content 
and m ay be eliminated by the use of a standard  of appropriate 
strength.

The effect of bisulfite on the developed color was determined 
by  adding known am ounts of sodium bisulfite to  solutions of 
equal am inonaphthol content, then adding the reagent and 
comparing the resulting colors. From  the d a ta  obtained it 
was apparen t th a t am ounts of sodium bisulfite up to  5 mg. 
per milligram of 4-am ino-2-m ethyl-l-naphthol had no effect 
on the color; quantities above this am ount caused the color 
to develop more slowly and resulted in a reduction of the final 
color intensity.

T a b l e  I .  A p p l i c a b il it y  o r  B e e r ’s  L a w  t o  C o l o r e d  S o l u t io n  
O b t a i n e d  b y  I n t e r a c t io n  o p  S o d iu m  PENTACYANOAMMINE

FERRO A TE W IT H  4 -A M IN 0 -2 -M E T H Y L -1 -N A P H T H 0 L

C|
C oncen tration  of k,
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1 *  Jog y
A m inonaphthol

M g ./m l.
1 , Jo 
- l o g  r

1.000
0.508
0.402
0.192
0.098

0.010
0.005
0.004
0.002
0.001

100
101
100
90
98

The presence of 2-m ethyl-l,4-naphthoquinone, an  oxida
tion product of 4-am ino-2-m ethyl-l-naphthol, was found to 
have no effect on the development and final intensity  of the 
color.

Specificity o f R eaction
Sodium pentacyanoam m ineferroate in alkaline solution re

acts w ith other prim ary arom atic amines to yield blue colors, 
w ith aliphatic and arom atic nitroso compounds to yield green 
colors, and w ith hydrazine and its derivatives to  produce red 
to  yellow derivatives. Such compounds m ight interfere in 
the application of this m ethod; however, i t  is believed th a t 
there is little  likelihood of their presence in dosage forms of 
4-am ino-2-m ethyl-l-naphthol intended for oral or parenteral 
use. Aliphatic and secondary or te rtiary  arom atic amines 
do not interfere.

D eterm in ation  o f 4 -A m in o-2 -m eth y l-  
1-naphthol

The reagent, prepared as described below, may be employed 
for the detection of this drug in aqueous solution. One drop of 
the unknown solution is placed in the depression of a spot plate 
and one drop of reagent is added. After a few minutes the ap
pearance of a blue or green color indicates the presence of 4-amino- 
2-methyl-l-naphthol. Used in this manner, the test will detect 
0.0005 mg. of the aminonaphthol. (This test must be employed 
with due regard to the interferences mentioned above.)

R e a g e n t s .  Standard 4-amino-2-methyl-l-naphthol solution: 
60.53 mg. of pure 4-amino-2-methyl-l-naphthol hydrochloride 
and 50.0 mg. of sodium bisulfite dissolved in 50.0 cc. of distilled

water contained in a dark glass-stoppered bottle. Under condi
tions of normal usage this solution is stable for from 4 to 6 hours; 
when allowed to stand overnight it may decrease in strength as 
much as 10 to 15 per cent.

Sodium pentacyanoammineferroate solution: 250 mg. of
sodium pentacyanoammineferroate and 500 mg. of anhydrous 
sodium carbonate dissolved in 25 cc. of distilled water. This 
solution is stable for about one week.
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T a b l e  II. A n a l y s i s  o f  S a m p l e s  o f  K n o w n  C o m p o s i t i o n
4-A m ino-2-m ethyl-l- Q u an tity

naph tho l Added Found Error
M g, M g. Mg.
1.00 1.00 0.00
1 .00 1.00 0.00
0 .95 0 .97 0.02
0.93 0 .94 0.01
0 .90 0 .93 0.03
0 .85 0 .87 0.02
0 .8 0 0 .84 0.04

The crystalline reagent Naj[Fe(CN)sNH3] was first described 
by Hofmann (3). I t  may be prepared as follows:

Ten grams of sodium nitroprusside are ground to a fine powder 
and added to 30 ml. of concentrated ammonium hydroxide solu
tion. The mixture is shaken to dissolve the salt, and the resulting 
solution is left overnight a t from 0° to 10° C. The crystals which 
form are removed by filtration, washed several times with 95 per 
cent ethanol and once with absolute methanol, and dried over 
sulfuric acid in vacuum. (Additional crystalline material may 
be obtained in a finely divided state from the mother liquor by 
adding 95 per cent ethanol, filtering, and washing in the manner 
described. The material thus obtained is of lowrer purity than 
the crystalline substance which forms overnight, but it may be 
used effectively as a reagent.)

P r o c e d u r e .  For the assay of ampouled solutions, appropriate 
dilutions are made, so tha t the resulting solution contains approxi
mately 1 mg. of 4-amino-2-methyl-l-naphthol per ml. Powdered 
mixtures which contain the drug may be extracted with distilled 
water containing 0.1 per cent of sodium bisulfite, added to inhibit 
decomposition of the drug. The extract should be diluted to 
contain about 1 mg. of 4-amino-2-methyl-l-naphthol per ml. of 
solution, and the final solution may be filtered if necessary.

The unknown solution (1 cc., calculated to contain about 1 
mg. of 2-methyl-4-amino-l-naphthol) is transferred to a 50-ml. 
volumetric flask, 1.0  ml. of the standard aminonaphthol solution 
is placed in a  second 50-ml. flask and, if necessary, the contents of 
the flasks are adjusted to approximately equal volumes with 
distilled water. Then 1.0 ml. of sodium pentacyanoamminefer
roate reagent is added to each flask, mixed, and set aside in the 
dark for 15 minutes. Finally, distilled water is added to the 
mark of each flask and mixed, and the solutions are compared 
in a colorimeter. If the solutions to be compared are found to 
vary more than 10  per cent in aminonaphthol content, it is best 
to carry out a second determination after adjusting the concen
tration of the standard to approximately tha t of the unknown. 
Consistently accurate results may be obtained in this manner.

Sum m ary
A m ethod developed for the quan tita tive determination of 

4-am ino-2-m ethyl-l-naphthol depends on the interaction of 
sodium pentacyanoam m ineferroate in alkaline solution with 
4-am ino-2-m ethyl-l-naphthol to  produce a blue color.

The absorption spectrum  of a  typical solution obtained in 
this determ ination has been determined.

The reagent described will detect the presence of 0.0005 mg- 
(0.5 microgram) of 4-am ino-2-m ethyl-l-naphthol.
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Microbiologie Assay of Natural Pantothenic 
Acid in Yeast and Liver

Influence o f Clarase D igestion

ELEA N O R  W IL L E R T O N  AND IIO B A R T W. CRO M W ELL 
B acte rio lo g ica l R esea rch  D e p a r tm e n t, A b b o tt L ab o ra to rie s , N o rth  C h icago , 111.

M ICROBIOLOGIC assays of natural pantothenic acid 
have often given much lower values than chick assays, 

because of the existence of p art of the vitam in in combined 
form, in which it  is unavailable to  the test organism. T hat 
this combined form of pantothenic acid could be freed by 
enzyme digestion was noted in 1934 by Rohrmann, Burget, 
and Williams (2 ). Using yeast as the test organism, they 
obtained much higher assays w ith extracts from autolyzed 
tissue, especially liver, than  from fresh tissue. Pennington, 
Snell, and Williams (1) advised autolysis of samples, wherever 
suitable, previous to microbiologic assay w ith Lactobacillus 
casei. Strong, Feeney, and Earle (S) also using L. casei, 
found th a t clarase digestion of yeast and animal tissues satis
factorily increased the pantothenic acid values obtained.

[Since the submission of this m anuscript for publication a 
report by W aisman, Henderson, M clntire, and Elvehjem
(4) has appeared, comparing the use of pepsin, clarase, and 
pancreatin in  preparation of m eats for such an assay. Pan- 
creatin was found more effective than clarase in treatm ent of 
muscle tissue, and gave about the same results w ith softer 
tissue such as liver and kidney. Both were more effective 
than pepsin.]

Since accounts of the use of clarase have been rather lack
ing in detail, i t  seems worth while to record here experiences 
with this enzyme in digestion of yeast and liver preparations 
used in pharm aceutical m anufacturing. These materials 
have consistently given the authors much lower values for 
pantothenic acid by the microbiological m ethod than by the 
chick method. After adequate clarase digestion, however, 
the values obtained by  the microbiologic method are higher, 
and compare favorably with those obtained by the chick 
method. In  their assays the authors have followed the 
method outlined by Strong, Feeney, and Earle (8).

Test materials were digested a t pH 5.0 and 37° C. under 
toluene. To 0.5 gram of the test sample were added 1.0 gram of 
the clarase powder and water to 10-cc. volume. If necessary, 
coarse particles, and particularly yeast cells, were broken up in a 
small glass colloid mill before incubation of the mixture. After 
digestion the toluene w'as removed, and appropriate dilutions 
of the mixture were made for testing.

Clarase is available as a dry powder in crude and con
centrated forms, and from the standpoint of expense, it wras of 
considerable in terest to know whether or not the crude m ate
rial would be satisfactory. In  Table I  are shown comparative 
results with the two forms. Only 10 per cent mixtures of 
the concentrated clarase are considered since, in the authors 
experience, lower concentrations were inadequate with 48 
hours’ digestion time. In  no instance was the recovery of 
pantothenic acid as great after digestion with crude clarase 
as with the concentrated enzyme, even though the crude 
material was used in as much as 20 per cent concentration. 
Possibly longer digestion would release more of the vitamin 
but, for control of manufacturing, 48 hours is about the limit 
of convenience, and some of the results suggest a possibility 
of loss of pantothenic potency with prolonged incubation.

In  the light of this information, a num ber of different lots of 
yeast powder, yeast extract, and liver extract were tested, 
and one lo t of Solvamin (Commercial Solvents Com pany). 
Assays were made w ithout digestion, and after digestion of 
the samples w ith 10 per cent concentrated clarase for 48 
hours a t 37° C. Independently, assays on the same samples 
by the chick m ethod were made by  M rs. F . Peirce D ann  of 
the company’s bioassay laboratories. Table I I  shows the 
results. The assays for pantothenic acid were m uch higher 
after digestion than before, and generally approxim ated the 
values reported by the animal method.

The clarase itself contains an appreciable am ount of pan to 
thenic acid which m ust be considered in evaluation of the 
results. Since the different lots contain varying am ounts, a 
sample of each lo t should be assayed after self-digestion 
when i t  is first used and occasionally thereafter.

The digestion of these materials, especially yeast, appar
ently produces, or releases, a substance into the digest th a t 
interferes with the metabolism of the test organism. The 
evidence of this is the progressively lower values obtained a t

T a b l e  I. C o m p a r i s o n  o f  C r u d e  a n d  C o n c e n t r a t e d  C l a r a s e  
i n  P a n t o t h e n i c  A c id  A s s a y “

(C larase d igestion, 48 hours)
,----------- ------C rude----------------- * C oncen trated

T est M aterial 10% 15% 20%  
Micrograms per gram

10%

Y east powder 154 167 170
Y east extract 346 358
Liver paste  No. 1 324 323 ! ! ! 470
Liver paste  No. 2 178 213
Liver paste  No. 3 470 565
Liver powder No. 1 130 198
Liver powder No. 2 388 548
Liver powder No. 36 338

335
331
327

° Assay values shown as m icrogram s of pan to then ic  acid per gram  of te s t 
sample.

b Values of 338, 335, 331, and  327 were obtained  a fte r digestion 48 hours, 
72 hours, 4 days, and  6 days, respectively.

T a b l e  II. P a n t o t h e n i c  A c id  V a l u e s  O b t a i n e d  b y  M i c r o 
b i o l o g i c  a n d  b y  C h i c k  M e t h o d s

(Expressed in  m icrogram s per gram  of te s t  m aterial)

T est M aterial

M icrobiologic
N ot

digested Digested® C hick M ethod
Y east powder No. 1 55 137 Slightly  over 165
Y east powder No. 2 55 170 A bout 200
Y east cx trac t No. 1 223 321 360
Liver ex trac t paste  No. 1 357 370 Slightly  over 300
Liver ex trac t paste  No. 2 165 213 N o t over 300
Liver ex trac t paste  No. 3 456 565 600
Liver ex trac t paste  No. 4 288 448 450
Liver ex trac t powder No. 1 219 338 360
Liver ex trac t powder No. 2 204 357
Liver ex trac t pow der No. 3 124 198 300 or m ore
Liver ex trac t powder No. 4 377 548 600 or m ore
Solvamin 426 1240 1200
Clarase (crude) 4 .8
C larase (concentrated), L o t 1 11.5
C larase (concentrated), L o t 2 10.0 Í6 .0
Clarase (concentrated), L o t 3 27 .0

° Digested 48 hours w ith concentrated  clarase 10% .
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T a b l e  III. C a l c u l a t i o n s  a t  V a r i o u s  T e s t  L e v e l s  o p  
P a n t o t h e n i c  A c id  i n  a  Y e a s t  P o w d e r  a f t e r  C l a r a s e  

D i g e s t i o n
T est Solution 

Added per 
C ulture  

Cc.

D igestion with 
C oncentrated  
C larase 10%

0 .5
0 .7 5
1 . 0
1.5
2 .0

188
173
177
153
133

the higher levels tested (Table I II ) . More difficulty has 
been encountered with yeast than w ith liver preparations, 
perhaps because the lower potency does not perm it sufficient 
dilution of the test sample beyond the range of activ ity  of the 
inhibitor. W ith such a progressive decrease in values for 
pantothenic acid as the test level is increased, it is sometimes 
difficult to decide which, if any, of the figures are correct. 
Usually an average of calculations from the two or three 
lowest test levels has approached fairly closely to the potency 
obtained by  the chick assay. I t  is probable, of course, th a t 
materials of lower potency would present a  real difficulty be
cause of the stronger dilutions required for testing.

The assays of the clarase itself also show the presence of an 
inhibiting substance, w ith some lots more than  w ith others, 
b u t in none has this been enough to account for the effect in 
the digested samples of yeast or liver, which are tested in 
much weaker dilutions than  the clarase alone.

Obviously, if this inhibition phenomenon could be over
come, less difficulty would be encountered in m aking calcula

tions and the dependability of the m ethod would be increased. 
The authors have not studied this problem except to  try  
extraction of the digested m aterial w ith hexane and w ith ether 
before testing. The interfering substance was not removed.

S um m ary and C onclusions
Digestion of 0.5-gram samples of yeast and of liver prepar

ations with 1.0  gram  of concentrated clarase in a  to ta l volume 
of 10 cc., for 48 hours a t  37° C., has proved adequate for re
lease of combined pantothenic acid. After such treatm ent 
the assay values by the microbiologic m ethod compared favor
ably w ith those obtained by the chick method, although 
averaging somewhat lower.

Digestion w ith double this am ount of crude clarase powder 
was inadequate.

Digestion of these m aterials w ith clarase apparently  pro
duces or releases a  substance which interferes w ith the me
tabolism of the test organism, L. casei. This does not interfere 
seriously in testing m aterials of higher potency where test 
levels are out of range of the inhibiting factor. If  this effect 
can be overcome, the dependability and usefulness of the 
m ethod will be increased.

L iterature C ited
(1) Pennington, D., Snell, E. E., and Williams, R. J., J . Biol. Chem.,

1 3 5 ,2 1 3 (1 9 4 0 ) .
(2) Rohrmann, E., Burget, G. E., and Williams, R. J., Proc. Soc.

Exptl. Biol. Med., 32, 47 3  (1 934 ).
(3) Strong, F. M., Feeney, R. E., and Earle, Ann, I n d .  E n o .  C hem .,

A n a l . E d ., 13, 56 6  (1941).
(4) Waisman, H. A., Henderson, L. M., Molntire, J. M., and Elveh-

jem, C. A ., J . Nutrition, 23 , 23 9  (1 9 4 2 ).

Direct Determination o f Sulfur
G. L. MACK a n d  J. M. HAMILTON 

New York State Agricultural Experiment Station , Geneva, N. Y.

An am m oniacal cuprous su lfa te  reagent 
is prepared by reducing a so lu tio n  o f  cupric  
a m m on iu m  su lfa te  w ith  hydroxylam ine  
hydrochloride. T he reaction  o f th is  re
agen t u pon  elem en ta l su lfur in  acetone  
so lu tion  to  form  colloidal cuprous sulfide  
has been  m ade th e  basis o f  a turb id im etric  
m eth od  for th e  d irect d eterm in ation  of  
sulfur.

T he reagent was fou n d  to  be capable of 
d etectin g  1 m icrogram  o f su lfur in  10 m l. 
o f so lu tio n . T he d eterm in ation  is fairly  
specific and accurate. T he rapidity w ith  
w hich  a large n um ber o f  sam ples can  
be analyzed  m akes i t  especially  u sefu l for 
rou tin e work. T he m eth od  has been  ap
plied  particu larly  to  th e  an alysis o f  su lfur  
in  spray residues.

A  R A PID  m ethod of analysis for sulfur in spray residues 
is much needed in the practical evaluation of commer

cial fungicides.

The usual procedure (8, 11) has been to oxidize the elemental 
sulfur to sulfate, which is then precipitated and weighed as ba
rium sulfate. The gravimetric method is so time-consuming that 
various vojumetric (6, 8, 13,14) and photometric (15) procedures 
for the estimation of sulfate ion have been proposed. However, 
for work with spray residues, the oxidation itself requires a con
siderable amount of time, no m atter whether the sulfur is first 
extracted from the plant material (11) or the whole sample is oxi
dized in an alkaline fusion (1). The same objection would apply 
to methods based upon preliminary reduction of sulfur to sulfide
(5).

Thus a direct determination of sulfur in the solvent used for 
extraction from the plant material would be the most desirable 
procedure. A direct iodometric method has already been pro

posed by Fleck and Ward (4), and an alkalimetric method first 
suggested by Kuhl (7) has been adapted to the analysis of spray 
residues by Small (10), but large errors inherent in these methods 
make them of little use for accurate work. . J

In 1929 Pierce (9) found that von Nagy Ilosva’s reagent (1%) 
could be used as an extremely sensitive test for carbon bisumae 
in adulterated olive oil and noted tha t elemental sulfur also gave 
a  test with the reagent.

A fter considerable experim entation the authors have modi
fied the am moniacal cuprous sulfate reagent so th a t it reacts 
quantita tively  w ith elemental sulfur in solution to give cu
prous sulfide which can be determ ined turbidimetrically.

R eagents
S t o c k  S o l u t i o n  A. Cupric sulfate pentohydrate, 4.0 gr»®3’ 

ammonium hydroxide (28.3 per cent ammonia by weight), 48- 
ml.; distilled water to make 100 ml.



S t o c k  S o l u t io n  B. Hydroxylamine hydrochloride, 2 0 .0  
grams; distilled water to make 100 ml.

R e a g e n t  S o l u t i o n . T o 5 ml. of solution A add 5 ml. of solu
tion B, then slowly add water to make 5 0  ml. and shake vigor
ously. The reagent is unstable and should be freshly prepared 
from the stock solutions each day. The rate of decomposition is 
increased by the action of light, of heat, and especially of oxygen. 
The reagent should thus bo kept cool and out of direct sunlight, 
and the container should be closed with a Bunsen valve or a 
loosely fitting stopper, since nitrogen is slowly evolved from the 
solution. The complete decomposition of the reagent may take 
several days and is indicated by the sudden return of the blue 
color of ammoniacal cupric sulfate. The quality of the reagent 
solution may be tested by adding 1 ml. to 2 0  ml. of a 50  per cent 
solution of acetone in water. If no blue color appears on stand
ing 3 minutes, the reagent is satisfactory for use. In practice the 
authors discard all solutions which have been made up more than 
12  hours, since no trouble has been experienced with the stability 
of the reagent up to that time.

July IS, 1942

T a b l e  I. P r e c i s i o n  o p  R e s u l t s
Average D eviation 

Sulfur T aken  of 6 D eterm inations
Micrograms Microgram

5 0 .3
10 0 . 2
20  0 . 2
40 0 .3
60 0 .4

Preparation  and Solu tion  o f Sam ple
A sufficient quantity of leaves or other plant material is taken to 

ensure a representative sample. The necessary number may vary 
from two or three hundred leaves from a t least three trees for field 
samples to as few as five or ten leaves when a precision labora
tory sprayer is employed. With large samples several hundred 
disks of known area are cut from the leaves and the sulfur 
is dissolved by stirring them for 2 minutes each in a series of 
beakers containing 2 5 0 , 2 0 0 , and 2 0 0  ml. of acetone. Further 
rinsing may be necessary with some samples, and in any case the 
final rinsing should be tested for sulfur by mixing 5 or 10 ml. of 
the acetone extract with an equal quantity of distilled water and 
adding 1 ml. of the cuprous sulfate reagent. The combined 
acetone extracts and washings are made up to a definite volume 
with more acetone and a convenient aliquot is ta.ken for analysis.

Used acetone can be recovered by a  single distillation, since ex
tensive tests have shown that sulfur is not carried over with 
boiling acetone.

The acetone extracts and particularly the standard solutions of 
sulfur should be protected from direct sunlight. Investigation 
has shown that elemental sulfur undergoes a photochemical reac
tion when dissolved in organic liquids such as acetone, dioxane, 
and butyl carbitol. Ultraviolet light was found to be most 
efficient in producing this reaction, while the longer wave lengths 
had little effect. Thus, in a solution containing 2 0 0  micrograms 
of sulfur in 10 0  ml. of acetone, this reaction was 85  per cent com
plete in 20 minutes when exposed to radiation from a quartz- 
enclosed mercury vapor lamp 20 cm. above the center of the liquid 
and operating a t 4 .2  amperes and 12 0  volts. A similar solution 
required 1 1  aays to reach the same stage of reaction when en
closed in Pyrex glass and exposed to indirect winter daylight.

The product of this photochemical reaction does not react 
with the cuprous sulfate reagent. The formation of combined 
sulfur can be prevented by wrapping the container in black 
paper and keeping it  in a dark cabinet. A standard solution 
used periodically for the determ ination of calibration curves 
and repeatedly exposed for short periods of time to  indirect 
daylight was found to  have undergone no change in elemental 
sulfur content over a period of 4 m onths when the above pre
cautions were observed.

Experim ental Procedure
An aliquot containing not more than 7 5  micrograms of sulfur is 

pipetted directly into the photometer tube and diluted if necessary 
with pure acetone to a volume of 10 ml. Ten milliliters of dis
tilled water are added and mixed by inverting the tube five times. 
The tube is carefully cleaned with a soft clotn and inserted m the 
photoelectric photometer and the instrument is adjusted to the 
maximum scale deflection. One milliliter of cuprous sulfate re
agent is then added and the centents of the tube are thoroughly

mixed by inverting five times. The tube is again wiped off and 
inserted in the photometer, and the scale deflection exactly 6 0  
seconds after the addition of the reagent is recorded.

The galvanometer readings are related to micrograms of sulfur 
by means of a calibration curve. The experimental points on 
this curve are obtained by adding known increments of sulfur 
from a standard solution to a  series of photometer tubes contain
ing the blank acetone extracts. The sulfur in these solutions 
should be determined in exactly the same way as in the unknowns. 
A convenient concentration of sulfur for the standard solution is 
4 0 0  to 5 0 0  mg. per liter, which may be diluted further if desired.

The sulfur for the standard solutions was recrystallized four 
times from thiophene-free benzene and dried in a desiccator.

An Evelyn photoelectric colorimeter was used in this work, 
but any good photometer could be used. For this determination 
a direct-reading type of photometer is to be preferred to the. 
photoelectric null-point type or the neutral-wedge type, both of 
which must be manually adjusted to a drifting end point which is 
to be recorded a t a definite time.

Interfering M aterials
The light green color of the leaf pigments in the acetone 

extracts affects the galvanometer readings slightly, b u t this 
effect can be practically eliminated by using a  filter having a 
95 per cent light transmission between 5500 and 5850 A. with 
a maximum transmission a t  5650 A.

A more serious source of interference is caused by the p lant 
waxes and oil residues which affect the formation of the col
loidal cuprous sulfide. Although correct results m ay be ob
tained by using a calibration curve obtained with a blank ex
trac t of the same materials, the reproducibility of the results 
is generally adversely affected.

In working with a laboratory sprayer glass plates coated 
with cellulose n itra te  are sometimes used as a standard sur
face (2). A white tu rb id ity  is produced when water is added 
to  the acetone extract, so th a t the final light transmission 
might be expected to be decreased. Actually, however, the 
formation of cuprous sulfide m ay be so inhibited th a t more 
light is transm itted than if the cellulose n itra te  were absent.

Carbon disulfide, inorganic sulfides, and xanthates react 
with the reagent but sulfates, sulfites, thiosulfates, thiocy- 
anates, organic sulfides and disulfides, and sulfones, mer- 
captans, and thiophenols do not. Carbon tetrachloride pro
duces a red coloration with the reagent.
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T a b l e  II. R e c o v e r y  o p  S u l f u r  f r o m  L e a v e s  a n d  G l a s s  
P l a t e s  S p r a y e d  w i t h  a  L a b o r a t o r y  S p r a y e r

T ype  of Concn. of W eight of Caled. Sulfur
Surface Sulfur Spray  D eposit in D eposit Sulfur Found

M g./g . spray
solution Gram Micrograms Micrograms

Glass 0 .13 0.0403 5 .2 5 .9
Leaf 0 .26 . 0 .0411« 10.7 10.9
Glass 0 .39 0.0414 16.1 15.8
Leaf 0 .52 0.0403® 21 .0 23 .0
Glass 0 .52 0.0403 21 .0 2 2 .8

® D eposit on leaves was no t weighed. W eights given are  averages of
values determ ined on glass p la tes  before and  a fte r leaves were sprayed.

R esults
The reproducibility of results obtained by  this m ethod de

pends to  a great extent upon careful technique. The forma
tion of a colloidal precipitate is often affected by slight varia
tions in the procedure. The precision attained  in this labora
tory  is indicated in Table I. The deviation of a single deter
mination should not exceed 1 microgram.

The accuracy of the m ethod is shown in Table II . Apple 
leaves and glass microscope slides coated w ith cellulose ni
tra te  were sprayed with known concentrations of sulfur. 
In  a given tim e a nearly constant am ount of spray is deposited 
on a given area of surface, so th a t the to ta l am ount of sulfur 
can be calculated. The agreement of the last two columns is 
satisfactory.

A N A L Y T I C A L  E D I T I O N



606 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 14, No. 7

T a b l e  III . S o l u b i l i t y  o f  C o m m e r c i a l  S u l f u r  P r o d u c t s  i n  
B u t y l  C a r b i t o l  a t  25.0° C .

P roduct

R ecrystallized c. p . sulfur 

M ike su lfur

K oppers flo tation  p aste  (dried a t  
90 C.)

S tauffer’s p aste  (dried a t  90° C.) 
S tauffer’s d ry  m agnetic 70 paste

E quilibrium  
C oncentration  

A pproachcd from

S upersa tu ra ted  soln. 
U nsa tu rated  soln. 
S upersa tu ra ted  soln. 
U nsa tu rated  soln.

U nsa tu ra ted  soln. 
U nsa tu rated  soln. 
U nsa tu ra ted  soln.

S olubility  of 
Sulfur 
O./l. 
2 .1 8  
2.21
2 .14  
2.20
2 .34
2 .15  
2 .20

To determine whether commercial sulfur products con
tained appreciable quantities of interfering materials, the 
solubility of several of these products in the m onobutyl ether 
of diethylene glycol was determined. This solvent, known 
commercially as bu ty l carbitol, m ay be substitu ted  for ace
tone throughout the analytical procedure and the am ount of 
sulfur in solution determ ined by this m ethod. The results in 
Table I I I  show th a t no appreciable interfering m aterials oc
cur in the coimnercial fungicides tested and th a t the solu
bility of the sulfur in them  is equivalent to th a t of recrystal
lized c. p. sulfur.
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A New Microtest for Iodide

A LTH O U G H  m ost chemical analyses depend upon the 
possibility of chemically converting the constituents to 

be detected into another characteristic form, the sensitivity 
of these chemical tests which depend upon a characteristic 
precipitate, gas, or colored or fluorescent solution is necessar
ily limited by the physical constants involved and the per
sonal equation of the observer. However, by making use of 
catalyzed reactions, extremely small am ounts of substances 
can be detected. Thus, in the detection of iodide, the use of 
catalyzed reactions has been very successful.

Feigl and Frankel (4) developed a method for detecting the 
presence of 0.05 microgram of iodide in a concentration of 1 part 
per million, based on the conversion of o-nitroaniline, its isomers, 
or other primary aromatic amines to form a diphenyl derivative 
with bromobenzene in the presence of cuprous iodide or a mixture 
of copper and potassium iodide. Using the catalytic effect of 
iodide upon the ceric-arsenite oxidation-reduction reaction, 
Kolthoff and Sandell (6) showed th a t 0.05 microgram of iodide 
can be detected in a concentration of 1  part in 500,000 (3). The 
authors have also presented a method (5) for detecting iodide by 
its catalytic effect upon the nitrite-arsenite oxidation-reduction 
reaction, whereby 0.2 microgram of iodide can be detected in a 
concentration of 1 part in 500,000.

Continuing their work on the detection of halides, the authors 
have developed a new, simple, and rapid microtest for iodide, 
which is based upon the catalytic effect of iodide on the nitrate- 
arsenite oxidation-reduction reaction and may be carried out in a 
small test tube or on a spot plate. A search of the literature 
revealed no mention of this effect, except where it was applied to 
the manufacture, of arsenates by the oxidation of arsenious oxide 
with nitric acid. Smith and Miller (5), investigating the inhibi
tory effect of mercury on this reaction, showed th a t hydro
chloric, hydrobromic, and hydriodic acids will act as catalysts. 
Shortly before this, Behse was granted a patent (1) for the manu
facture of arsenic acid by means of nitric acid using hydrochloric 
acid as a catalyst. Later, Latimer (7) obtained a patent in 
which iodide was used as a  catalyst. He also claimed th a t the 
other halogens, chloride, bromide, and fluoride, could be used as 
catalysts but th a t much greater concentrations of these were 
required.

DAVID IIART A N D  ROBERT MEYROWITZ 
Brooklyn College, Brooklyn, N. Y.

Since both bromides and chlorides catalyze this reaction, 
conditions had to  be obtained under which m oderate amounts 
of these anions would no t interfere in the detection of rela
tively small am ounts of iodide. Using the procedure de
scribed below, the authors were able to  detect 1 .0  microgram 
of iodide in a  concentration of 1 p art in 50,000. The presence 
of 500 micrograms of either thiocyanate, bromide, chloride, 
or a m ixture of these anions does no t catalyze this reaction 
in this procedure. O ther anions of the silver nitrate group 
which are likely to interfere— cyanides ferricyanides, ferro- 
cyanides, and sulfides—are removed in the usual way (2) 
with cobalt n itrate.

Procedure for D etection  o f  Iodide
T o  a small test tube (or a spot plate) containing 1 drop of the 

solution to be tested, add 1 drop of M  sodium arsenite and j  
drops of water and mix thoroughly. Add 2 drops of c o n c e n tra te d  
nitric acid and allow to stand for 3 minutes after complete mixing. 
Next add 3 drops of 0.5 M  silver nitrate, stir the mixture thor
oughly, and add 1.5 M  sodium carbonate dropwise. The for
mation of a red-brown precipitate of silver arsenate s h o w s  the 
presence of iodide. If the precipitate is yellow (due to silver 
arsenite), iodide is absent.
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METALLURGICAL PRODUCTS ANALYZED  
SPEEDILY A N D  ACCURATELY

Slomin High Speed Electrolytic Analyzers

E LEC TR O D E design , cu rren t efficiency and 
im proved procedures reduce deposition tim e 

form erly  required  by other system s as m uch as 
25 to  40% . U nd er these h igh  speed conditions 
hard, sm ooth, b righ t and closely grained depos
its th a t firm ly  adhere to  the electrodes are pro
duced , thus assuring good reprodu ctib ility  of 
resu lts. U sers report an accu racy  o f 0.01 to  
0.04%  for rou tine determ inations.

Each m odel is p ortable and enclosed in a w e ld 
ed steel case finished in acid resistant baked w h ite  
enam el. T he brushless m otor is vapor tig h t and

is therefore unaffected  by corrosive fum es.
Both m odels h ave an e lec tr ica lly  heated , rheo

sta t controlled  beaker p latform  for ad ju sting  
solution  tem peratures, and voltm eters and am 
m eters so th a t detailed  studies can  be m ade.

Each position o f the tw o  place an alyzer is a 
com plete c ircu it th a t operates in depend en tly  o f  
the other. C onsequently this u n it can be used  
for the sim ultaneous determ ination  o f tw o  sam 
ples h av in g  w id e ly  d ivergen t ch aracteristics.

These are some o f the reasons w h y  more 
than 600 Slomin analyzers are n ow  in use.

A  lab oratory m anu al o f  h igh  speed 
elec tro ly tic  m ethods o f  analysis w r itten  
by G. W . Slomin is supplied w ith  each  
analyzer. In d iv id u a l copies are a va il
able at $1 .00 each.

E. H. SARGENT & CO., 155-165 E. Superior St., Chicago, III.
Michigan Division: 1959 East Jefferson, Detroit, Michigan

•  S -29460  S lom in E le c t ro ly t ic  A n a 
ly z e r . O n e  p o s it io n . 5 A m pere  M odel, 
w i th  H e a tin g  P la te . F or o p e ra tio n  fro m  
115 vo lt, 60 cycle  c irc u its . E ach  $1 55.00

#  S -29462  D it to . B u t fo r  o p e ra tio n  fro m  
23 0 vo lts , 60 cycle  c irc u its . E ach.S I 60 .00

•  S -29465  S lom in  E le c t ro ly t ic  A n a 
ly z e r . T w o p o s i t io n s . 5 A m pere  M odel 
w ith  H e a tin g  P la te . F or o p e ra tio n  fro m  
115 vo lt, 60 cycle  c irc u its . E ach  $ 2 7 5 .0 0

•  S -2 9 4 6 7  D itto . B u t f o r  o p e ra tio n  fro m  
230  vo lts , 60 cycle  c irc u its . E ach .$ 2 8 5 .0 0

High Speed Electrodes for Use 
with Slomin Electrolytic 

Analyzers
•  S -29632  C o r r u g a t e d  P la tin u m  A n o d e
(P a te n t  p e n d in g ) . P ric e  su b je c t to  th e  
m a rk e t.

Literature on Request

•  S -2 9 6 7 2  C o r r u g a t e d  P la tin u m  C a th 
o d e  (P a te n t  p e n d in g ) . P ric e  su b je c t to  
th e  m a rk e t.
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M o d ell EFFICIENCY
C O U P L E D  W I T H

50 YEARS OF QUALITY
is the answer to the precision demands of 
S C IE N C E  and IN D U ST R Y  for D EFEN SE

T he electrically operated Hequipment 
designed for production of the ma
terials of war, needs the  protection of 
constant voltage to —
1— insure  dependable operation 

under emergency conditions.
2 —-protect vital equipm ent against 

damage by line surges.
3— elim inate the necessity of con

stant supervision.

Sola C O NSTA N T VOLTAGE 
TR A N SFO R M ER S will deliver a 
perfectly stabilized o u tp u t voltage, 
even though line voltages vary as much 
os 30% . N o moving parts. Instan
taneous in action. Self-protecting 
against, overload or sho rt circuit.

A sk  fo r  bulletin SCV-74

I  INDUSTRIAL
LA B O R A T O R Y  TABLE 6610

For half a century Peterson engineers have con
stantly studied the requirements of laboratory 
workers and the various techniques which ema
nate from the classroom on into commercial 
practice. Every bit of Peterson laboratory furni
ture is cognizant of all m odem  improvements in  
technique, plus the fact that it is backed by an 
invaluable reputation for quality and outstanding 
satisfaction lasting through the last half century.

W R IT E  FO R  P E T E R S O N 'S  CATALOG, G R A T IS  OF COURSE

L E O N A R D  P E T E R S O N  & CO., Inc.
1222-34 FU LLERTO N  AVE. C H ICA G O , U. S . A,

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

I T R A N S F O R M E R S

P R IC E D  
C T R 1 C 
, E T E R Back Journals of the 

American Chemical Society

CHEMICAL ABSTRACTS
Vol. 1, Nos. 1-24 & Index @ 75ji each

2, Nos. 1-24 & Index @ 75fi each
3, Nos. 1-24 & Index @ 50^ each
4, Nos. 1-24 @ 35ji each

INDUSTRIAL & ENGINEERING 
CHEMISTRY 

In dustria l Edition
Vol. 1, Nos. 1-12 @ 50(i each  

2, No. 1 @ 35^ each

A naly tical Edition
Vol. 6, Nos. 1, 2, 3, 6 @ 25£ each

NEWS EDITION
Vol. 18, Nos. 12, 13, 21 @ 15^ each

Address all packages to the American Chemical Society. 
20th and N ortham pton Streets, Easton, Pa., and f t j  

charges. Express collect packages will be refused.

Accurate and dependable for 
routine colorimetric and turbi- 
dimetric analysis.

A n  ideal instrument for clini
cal and metallurgical w ork  and 
for industrial and educational 
laboratories.

• Simple to operate
• Portable, Compact, Rugsed
• A lw a ys  Ready For Readings
• Plugs into A n y  105  to 130  

V o lt  A .C .  or D.C. Light C ir
cuit

LUMETRON M O D E L  400
Complete with 6  co lor filters 
and 1 2  matched test tubes. . .

WRITE FOR INFORMATIVE BULLETIN
transportation i..„.0...  r _________
Be certain that your name and address appear thereon. A»0 
send memorandum to Charles L. Parsons, Business Manager, 
1155 — 16th St., N. W., Washington, D. C. Journals must 
be received in good condition. This offer supersedes all previous 
ones and is subject to withdrawal without notice.

January I ,  ¡94*

S C H A A R  & C O M P A N Y
Complete Laboratory Equipment

7 54  W E S T  LEXINGT ON S T . .  CHICAGO
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C H E M I C A L  A N D  S C I E N T I F I C  P O R C E L A I N  W A R E

COORS 
U. S. A.

P A R R  I N S T R U M E N T S

C o o r s  P o r cela in  C o m p a n y
GOLDEN. COLORADO

I N S T R U M E N T
C O M P A N Y  • M o lin e . 111.

Laboratories engaged in scientific re
search, industrial testing, and related 
fields are offered the latest develop
ments and the best of construction in

CALORIMETERS
OXYGEN COMBUSTION BOMBS

PEROXIDE COMBUSTION BOMBS
CATALYTIC HYDROGENATION 

APPARATUS
MELTING POINT APPARATUS
FUEL TESTING EQUIPMENT

BOTTLED GAS VALVES
TURBIDIMETERS

Complete information may be readily 
obtained from leading dealers in scien
tific apparatus or direct from the factory.

A t you r service since 1899

Temperature Controlled Centrifugation
with

International Refrigerated Centrifuges

Rigid control of internal tem peratures from 32° io 
80° F., regardless of climatic conditions, is possible and the 
usual difficulties encountered with an ordinary centrifuge 
installed in a cold room are eliminated.

Centrifugation at or around freezing point means that 
proteins can be fractionated without danger of denaturing 
by the solvent or contamination.

Capacities up to 4 Litres are available and speeds of from 
2000 to 4000 r.p.m. This centrifuge is made in three sizes.

Extra High Speed for virus work can be obtained by 
means of a special attachment used interchangeably with the 
regular large capacity heads.

I llu s tra ted  D escrip tive  B u lle tin  upon R equest

INTERNATIONAL EQUIPMENT COMPANY
352 WESTERN AVENUE M akers of Fine Centrifuges BOSTON, MASS.
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F o r  etching and frosting electric light bulbs 
and other glass products, for cleaning stainless steels, 
as an aid in straw bleaching processes, and for many 
other industrial purposes, hydrofluoric acid possesses 
many advantages.

Particularly valuable to the industrial user is the 
high grade, iron-free hydrofluoric acid produced by 
Pennsylvania Salt Manufacturing Company, who pur
chased the facilities of Sterling Products Company, 
Easton, Pa., some time ago.

Meeting the most exacting requirements, this hydro
fluoric acid is available in five strengths for domestic 
users—30%, 48%, 52%, 60% and 80%. Also, for export, 
there is supplied 71-75% acid. Shipment of hydrofluoric 
acid is in rubber drums for strengths under 60%. Stronger 
grades of the acid are packed in steel containers.

For complete information applicable to your specific 
problems, write to Pennsylvania 
Salt Manufacturing Co., Widener 
Building, Philadelphia, Pa.

B U Y

P E N
NM  A

S A L T
P A  N  Y

1000 WIDENER BUILDING, PHILADELPHIA
N e w  York  • C h ic a go  • St. lou is • Pittsburgh • W yandotte  • Tacoma

T h e RECOVERY of VAPORS

R

with SPECIAL REFERENCE  
to VOLATILE SOLVENTS
By CLARK SHOVE ROBINSON

Department of Chemical Engineering 
Massachusetts Institute of Technology

MODERN LIBRARY O F 
CHEM ICAL ENGINEERING SER IES

ECENT years have seen greatly increased interest 
in the problem of recovering solvent vapors from 
various industrial processes, such as the recovery of 
gasoline from natural gas, of alcohol vapor from the 
gases liberated in the fermentation of sugars, of carbon 
disulfide in viscose rayon production, and the removal 
of water vapor from air. This reclamation of valuable 
materials is especially important under war conditions, 
and a study of its possibilities by plant executives and 
engineers in all solvent-using industries will be well re
paid.
The aim of this book is to state briefly and clearly the 
engineering principles involved and to describe the 
most successful methods and equipment now in use. 
The laws governing gases, vaporization, condensation 
and adsorption are discussed, with copious diagrams 
and many typical calculations. This feature makes 
the book extremely useful to students of chemical engi
neering as well as to engineers whose chief activities lie 
in other fields. Diagrams and designs of equipment, 
both old and new, accompany the text, together with 
numerous photographs of recent installations. Com
plete vaporization data of gases is included in the ap
pendix.
The only book describing this phase of the process in
dustries, it will be welcomed by all who need to under
stand the principles and applications of vapor r e c o v e r y .

C O N T EN T S: Introduction. Gases and Vapors. VaP?r' 
ization. Liquid M ixtures. D istillation of Liquid Mix
tures. Condensation of Mixed Vapors. R ate and Ca
pacity. Adsorption. Adsorption of Mixed G a s e s .  Kate 
of Absorption. Recovery of Adsorbed Vapors. Adsorp
tion A pparatus for Solvent Recovery. C o m m e r c i a l  Acti
vated  Carbon Systems. Solvent Recovery by Londensn- 
tion a t C onstant Pressure. Condensation with UX>unD 
W ater. Cooling w ith Refrigeration. H eat of \  aporiza- 
tion in the Absence of Gases. Vaporization in the m s -  
sure of Inert Gases. The Gas under N atu ra l Circu a i ■ 
T he Gas under Forced Circulation. A p p a r a t u s  Used >n 
Forced Circulation of Gases. Solvent Recovery bj 
pression and Cooling. Solvent Recovery by Scrub g’ 
Scrubbing A pparatus. Special Absorbents. Lxtrac 
by Solvents. Appendix. Indexes.

273 pages Illu strated
S e n d  f o r  c o p y  “ L E T S  L O O K  I T  U P ”  c o n ta in in g  table of 

c o n te n ts  o f  200 te c h n ic a l  b o o k  t i t l e s .

Reinhold Publishing Corp.
3 3 0  W . 4 2 n d  Street New York, N.
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SHELDON e q u ip p e d

e . n. SHELDON s n .
718  N IM S  S T R E E T  M U SK E G O N . M IC H IG A N

A n  Electric Stop Timer 
as You W ould Design It

Here's an electric timer for laboratory use that 
has been designed and built the way you'd do it 
for yourself. Aren't these the things you'd put 
in your own specifications?

Easier to Read
The dial is 5^" in diameter, with half-second 

graduations l/% long, so that small fractions can 
be estimated very closely.

No ^Coasting77
Frictionless device gives instantaneous start, 

dead stop, without lag or "coasting." Finger-tip 
control actuates timing.

Full Hour Range
Large red hand indicates 60 seconds per revo

lution; smaller black hand indicates minutes, for 
total reading range of 3,600 seconds before a 
second revolution begins.

Autom atic Cut-out
Start and stop of movement also makes and 

breaks electric circuit, so you need not operate a 
secondary line switch. You can't forget and 
leave it "on'' when hands are at rest.

Only $13.50
A handsome, rugged job, weighing 3J/£ lbs., 

complete with 4 foot cord and plug. For 60- 
cycle 110 volt A.C. only. Strong metal case, 
lacquered for appearance and protection. Order 
today for immediate delivery as long as stock 
lasts.

A R T H U R  S.  LaPINE & CO.
Laboratory Supplies and Reagents 

Industrial Chemicals

128 W. Hubbard Street Chicago, Illinois

Jl(llïOïatOïÎ<L5

Sheldon Engineers for almost half a century 
have played an important’role in planning 
and equipping thousands of laboratories. 
Given the opportunity, Sheldon Engineers 
can help you plan and equip your labora
tory to meet your requirements efficiently 
and economically.
W r i t e  t o d a y — a s k  o u r  en g in ee r  to  ca l l .

Mod. 402EF for determ ination of Vit. Bi and B*
Also

Reflection Meters Electronic Vit. A Meters
Clinical Colorimeters Electronic Photometers
Foot-Candle Meters Electronic Interval Timers

Barrier-Layer Photocells
Write lor Literature. Prompt Delivery.

P H O T O V O L T  C O R P .
95 Madison Avc. New York City

LUMETRON
PhotoelectricCOLORIMETERand FLUORESCENCE M ETER

A high precision instrument of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION



Second Edition - Revised and Enlarged
b y  Te-Pang Hou, Ph.D.

A.  C.  S.  M o n o g r a p h  N o .  6 5

/  H E  P R E S E N T  acute shortage of soda ash and the consequent rapid expansion of existing p lant facilities make 
JL the publication of th is volume an event of the first im portance no t only to  the soda industry  itself, b u t to  others 

closely related to it. New p lants will be brought into production, older ones enlarged, and every effort will be made 
to a tta in  m aximum operating efficiency from all. I t  is in  this connection th a t  th is book will be of particular value, 
for it constantly  stresses the im portance of efficiency, and explains precisely the best m ethods of atta in ing  it.

TABLE OF
Introduction. Historical Survey of Alkali Industry 
Natural Soda
History of Ammonia Soda Process 
Preparation of Brine: Rock Salt and Sea Salt 
Purification of Brine 
Burning of Limestone 
Ammoniation of Saturated Brine 
Carbonation of Ammoniated Brine 
Working of Carbonating Towers
Filtration of Crude Sodium Bicarbonate (Ammonium Soda) 
Composition of Mother Liquor From Carbonating Towers 
Phase Rule in Tower Reactions 
Decomposition of Sodium Bicarbonate by Calcination 
Recovery of Ammonia—Efficiency of Operation in Ammonia 

Still
By-Products From Distiller Waste 
Allied Products of Ammonia Soda Industry 
Position of Ammonia Soda Industry

590 Pages 182 T ables

CONTENTS
Manufacture of Refined Sodium Bicarbonate 
Manufacture of Caustic Soda 
Manufacture of Electrolytic Caustic 
Wet Calcination of Sodium Bicarbonate 
Generation of Power for Ammonia Soda Plants 
Boiler Operation and Conditioning of Boiler Feed and Cooling 

Water
Special Requirements of Ammonia Soda Industry 
Control in Ammonia Soda Process
Losses and Consumption of Raw Materials in Ammonia Soda 

Process
Modifications and New Developments
Chemical Analyses and Tests
Behavior of Soda Ash in Storage
Layout, Design and Location of Ammonia Soda Plant
Centrifugal Pumps Applied to Ammonia Soda Industry
Appendix, Index

149 I llu s tra tio n s  P rice $9.50
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/ ¡n  Z caaam iccd  u b u a - S e a l ßuwvp-
jjO S L  U G A U U itl

ap,pliccdio*ui

No. 1400-B

DUO-SEAL VACUUM PUMP 
Motor Driven.

Price $75.00 
W. M. Welch Scientific Company

Established 1880

1518 Sedgw ick Street Chicago, Illino is, U . S. A.

GUARANTEED VACUUM — 0.1 micron

FREE AIR CAPACITY —
21 liters per minute

OPERATING SPEED — 450 R. P. M.

OIL REQUIRED — 550 ml Duo-Seal Oil

SILENT OPERATION —
DURABLY BUILT

Pumps faster at all pressures than any 
pump of similar capacity.

Especially adapted for laboratories where 
the ultimate in capacity is not required.

WE HAVE ON HAND 
LIMITED STOCKS 
FOR IMMEDIATE 
SHIPMENT.

A V ALUA BLE 
BOOK— F r e e

C o n t a i n s  a 
wealth of facts, 
diagrams and 
vacuum tech
niques.

W R I T E  F O R  
I T  T O D A Y

M A N U F A C T U R E  OF SO DA

REINHOLD PUBLISHING CORPORATION 330 W. 42nd STREET, NEW YORK, N. Y.


