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I n e x p e n s i v e — R u g g e d —D e p e n d a b l e  
S t u d e n t  A n a l y t i c a l  B a l a n c e

C apacity  
200 gram s

A gate
Bearings

Sensi tiveness  
1/10 m g.

S late
Base

The CENCO
ANALYTICAL BALANCE

A m ost economical and dependable analytical bal
ance, especially constructed to our own specifica

tions, for student use in educational laboratories. 
The entire cost of manufacture is centered in essen
tials w hich  m ake for accuracy, ruggedness and perma
nent dependability. A black slate base, w hich does 
not expand and contract w ith  hum idity  changes, sup
ports the column in a permanent vertical position and 
assures alignm ent of parts. It, in turn, is supported 
upon a m ahogany sub-base provided w ith  leveling 
screws to perm it accurate adjustm ent of the spirit- 
level. Continued precision of performance is assured

through bearing-planes and knife-edges of polished 
agate. R eproducibility of performance is m aintained 
by the three-point arresting mechanism, w hich  cen
ters the beam and stirrups in tw o directions and in
sures a vertical deposit of the stirrups upon the knife- 
edges. The beam is graduated in bo th  directions from 
zero in the center in 50 divisions of 0 .2. mg. value each 
in w h ite  upon a black background. The case is of 
solid, polished m ahogany, w ith  clear glass w indow s 
on all sides and the top. The sliding, full-sized front 
door is counterpoised by w eights.

1000 Cenco A n alytica l Balance, w ith  p la tin u m  rider $50.00

S C I E N T I F I C  
INSTRUMENTS

New York • Boston •

c m

C H IC A G O

LABORATORY 
A P P A R A T U S

Toronto • Los Angeles
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MERCK ANNOUNCES

a New 

" P O U R - C L E A N "

Acid Bott le 

wi th  a

O N E - P I E C E  C L O S U R E

TH E  C L O S U R E
O ne piece, in terchangeab le  plastic 
screw  cap, sturdy to  the p o in t o f be
ing  practically  indestructib le . T h is 
M erck closure is lined w ith  a newly- 
developed im pregnated  glass c lo th , 
im pervious to the contents, and re 
silien t enough  to effect a perfect seal 
w hen tigh tened .

UN IQ U E  in its sim plicity , the 
new  M erck  "P o u r-c lean ” bo t

tle in co rp o ra te s  several ou tstan d in g  
features w hich  m eet the dem and for 
an efficient and conven ien t co n 
ta iner fo r acids and  am m o n ia—at 
no extra cost.

H ydrochloric A c id  ava ilab le  now: other 
A cids a n d  Am m onia on June 15th.

THE P O U R I N G  LIP

T h e  new M erck acid bo ttle  features 
a patented  "P o u r-c lean ” co n stru c 
tion  w hich  elim inates "d r ip  b ack ” 
and is self-cleaning. T h e  "P o u r- 
c lean” lip  is p ro tec ted  from  dust, 
d i r t  a n d  c o n ta m in a t io n  by th e  
screw  cap.

THE S H I P P I N G  CASE
M erck  "P o u r-c le a n ” acid and am 
m onia bo ttles are  sh ipped  in a new 
h inged  cover sh ip p in g  case w hich, 
a lthough w eig h in g  ten pounds less, 
is just as s tro n g  as the fo rm er type.

USE M erck A cids and A m m onia 
in "P o u r-c le a n ” bottles and 

elim inate the troub lesom e plaster- 
o f-P aris cap, the " s tu ck ” g lass s to p 
per, the possib ility  o f p laster, p a r
affin and bits o f c lo th  e n te rin g  the 
con ten ts, and the cred it loss often 
due to b reakage of the old glass 
sto p p er. Always specify “ M erck .”

M E R C K  & CO.  IllC. ^Aiann^acturJnÿ R A H  W A Y ,  N . ] .
New York Philadelphia St. Louis In Dinado: Merck & Co. Ltd., M ontreal and Toronto
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C H R O M E L - A L U M E L
L E A D S  A N D  C O U P L E S

T h is  is  a b o u t  t h e  p r e v e n t io n  o f p y r o m e tr ic  errors. . . . 
I f  y o u  are u s in g  C h r o m e l-A lu m e l C o u p le s , w e  s u g g e s t  
y o u  c h e c k -u p  o n  y o u r  lea d  w ire . I t  o u g h t  to  b e  m a d e  
o f C h r o m e l-A lu m e l, to o , a n d  h e r e ’s  w h y :  t h e  s o -c a lle d  
“ c o m p e n s a t in g ” le a d s , t h a t  are s o m e t im e s  u s e d , r e a lly  
c o m p e n s a te  o n ly  over  a  n a rro w  lo w  te m p e r a tu r e  ra n g e . 
T h e ir  j u n c t io n  w ith  t h e  c o u p le  in  t h e  c o u p le -h a n d le ,  
fo r m s , in  p r in c ip le , a n o th e r  th e r m o -c o u p le .  A n d  t h is  
j u n c t io n  o f te n  g e t s  v ery  h o t ,  a s  y o u  k n o w , c r e a t in g  a n  
E .M .F . t h a t  c a u s e s  a p lu s  or m in u s  error in  te m p e r a 
tu r e  r e a d in g s , o f  f r e q u e n t ly  a r o u n d  20° F . . . . Y o u  
a v o id  t h is  c h a n c e  o f  error b y  u s in g  C h r o m e l-A lu m e l  
L ea d s a n d  C h r o m e l-A lu m e l C o u p le s . F o r  t h e  w h o le  
s to r y , a sk  for F o ld e r  G Y  . . . H o sk in s  M a n u fa c tu r in g  
C o m p a n y , D e tr o it ,  M ic h ig a n .
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For IMPROVED 
SULFUR DETERMINATIONS 

IN CO AL...
a  n e w  ESCHKA'S MIXTURE by m a l l i n c k r o d t

New York 
Montreal 

Toronto

M a llin c k ro d t  an n ou n ces, a new 
Eschka’s Mixture especially designed 
for sulfur determinations in coal and 
coke laboratories. This reagent is 
closely controlled both for chemical 
impurities and physical properties. 
Its  u n ifo rm ly  lo w  su lfu r con ten t

(always o .o o i%  or less o f total sulfur) 
facilitates accurate determinations. Its 
improved texture minimizes the pos
sibility of mechanical loss during 
fusion when heated with a sample. 
Packaged in glass containers ranging 
from 34 pound to 25 pound capacity.

Representative Mallinckrodt Analytical Reagents 
for Coal and Coke Analysis

Acid H ydrochloric Bromine Mercury

Acid Molybdic 85%  Calcium Chloride Anhydrous Potassium Sulfate
Ammonium Oxalate Cupric Oxide Soda Lime

Barium Chloride Eschka’s Mixture Sodium Phosphate

M allinckrodt Analytical Reagents fully meet A.C.S. specifi
cations, and published maximum limits o f impurities never 
vary. Ask your distributor for a copy o f the new catalog 
showing these maximum limits o f impurities, and listing 
nearly 500 reagents and other laboratory chemicals.

St. Louis
Chicago
Philadelphia CHEMICAL WORKS

2nd & Mallinckrodt Streets, St. Louis, M o . 

72 G old Street, New  York, N . Y.
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E L E C T R O M E T R I C  T I T R A T I O N  O U T F I T S
B A SED  ON B E C K M A N  pH M E T E R S  AND A. H. T .  CO. S P E C IF IC A T IO N  T I T R A T I O N  S T A N D

4934. 4935.

ELECTROMETRIC TITRATION OUTFITS. T h e A .H .T . Co. Specification T itra tio n  S tan d  
used in  above outfits  consists of base and  sw inging shelf for th e  beaker of Coors porcelain , w ith  u p rig h t 
rod of alum inum , b u re tte  clam p of nickel p la ted  nickel-silver, pa ired  b u re tte s  50 m l in  l /1 0 th s  w ith  
angled tip s, nickel p la ted  clam ps, an d  m o to r driven  glass stirre r.

T h e  5-inch Shielded E lectrodes supplied  w ith  th e  In d u s tr ia l M odel p H  M ete r can  be used a t  a 
d istance from  th e  in s tru m en t w ith o u t e lec tro sta tic  d istu rbance . T he holder can, therefore, be rem oved 
from  th e  vertica l rod an d  placed on the  sup p o rtin g  rod  provided  for it  in  th e  T itra tio n  Assem bly. 
T h is com bination  is especially convenien t for rap id  acid-alkali titra tio n s  as th e  electrodes are  con
nected  th rough  a lock-dow n key  sw itch  and  th e  swing of th e  M ete r needle over th e  scale is easily  fol
lowed.

T h e  L ab o ra to ry  M odel G, w hen used in  connection  w ith  the  5-inch Shielded G lass E lec trode  
and  com panion factory-filled C alom el E lec trode  prov ided  for i t  an d  th e  above T itra tio n  S tan d , is also 
convenient for acid-alkali t itra tio n s ; w ith  th e  su b s titu tio n  of a 5-inch sealed P la tin u m  E lectrode  for 
the  G lass E lectrode, i t  is su itab le  for th e  m easurem ent of ox idation-reduction  p o ten tia ls  because of 
the  m illivolt ca lib ra tion  p rovided  in  th e  M odel G p H  M eter.

4934. Electrometric Titration Outfit, consisting of Industrial Model Beckman pH Meter and A.H.T. Co. Specification 
Titration Stand. Complete as shown in above illustration, with stirring apparatus motor for 110 volts, 60
cycles, single phase a. c ........................................................................................................................................... 185.06
Code W o rd .........................................................................................................    Fafvy

4935. Ditto, but consisting of Laboratory Model G Beckman pH Meter and A.H.T. Co. Specification Titration Stand, 5-inch
Shielded Glass Electrode, 5-inch Sealed Platinum Electrode and companion 5-inch factory' filled Calomel Elec
trode and holder for same....................................................................................................................................... 250.06
CodeW ord.................................................................................................................................................................  Fafwo

9682. Titration Stand, A.H.T. Co. Specification, only. Complete as shown in above illustrations with exception of pH
Meter, elcctrodes and holder. With motor for 110 volts, 60 cycles, single phase a. c....................................  35.06
Code W ord................................................................................................................................................................ Owopz

NOTE— The above Titration Stand ia equally suitable for use without the pH Meter for colorimetric 
titrations, as the Coors porcelain platform facilitates observation of color changes.

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

LABORATORY APPARATUS AND REAGENTS
W E S T  W A SH IN G TO N  SQ U A RE  

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

C able A ddress, “ B alance ,” Philadelphia
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The Technic o f Antifreeze Testing
KENNETH II. HOOVER AND FRANK E. DOLIAN 

Com m ercial Solvents C orporation, T erre I lau te , Ind .

T h e  su ita b ility  o f  an  a n tifreeze  so lu tio n  
for u se  in  a w a ter -co o led  in te r n a l-c o in b u s-  
t io n  en g in e  is  d e term in ed  b y  th e  in h e r e n t  
p rop erties—i. e ., p h y sica l c o n s ta n ts—o f  it s  
p rin c ip a l co m p o n en t an d  by th e  p rop erties  
im p a rted  to  i t  by th e  a d d itio n  o f  certa in  
m o d ify in g  a g en ts . T h e  te c h n ic  o f  te s tin g  
th e  corrosive a c lio n  o n  m e ta ls , storage prop
er tie s , a tta ck  o f  rubber, an d  fo a m in g  te n d 
en cy  is  d iscu ssed , an d  various ap p aratu s  
are d escrib ed . P a rticu la r  e m p h a sis  is  
p laced  o n  m e th o d s  o f  te s t in g  corrosive a c 
t io n  w h ich  c lo se ly  s im u la te  a c tu a l co n d i
t io n s  as fo u n d  in  a u to m o b ile  co o lin g  sy s
te m s . F ield  te s ts  and  th e ir  l im ita t io n s  are  
d iscu ssed .

THE commonly available antifreeze solutions for use in 
water-cooled internal-combustion engines are generally 
divided into two classes, known as volatile and nonvolatile 

or “permanent” types. All the preferred materials are al
cohols, such as methanol, ethyl alcohol, ethylene glycol, and 
glycerol. Both trimethylene glycol and propylene glycol 
should also be satisfactory materials.

The suitability of an antifreeze is determined by the in
herent properties of its principal component, and by the prop
erties imparted to it by the addition of certain modifying 
agents. Inherent properties are physical constants and can
not be changed to any appreciable extent. Properties such 
as corrosive action on metals, attack of rubber, foaming 
tendency, etc., can be changed or modified, however, and, 
from a technical viewpoint, provide the only means of attain
ing competitive superiority. I t  is with these properties, 
therefore, that the evaluation of antifreeze solutions is chiefly 
concerned, and this paper will deal with the technic of testing 
these “imparted” properties of antifreeze solutions.

C orrosive A c lio n  o n  M eta ls

In the cooling system of an automobile engine, there are 
several different metals and alloys in contact with the cooling 
liquid. These metals or alloys are chiefly copper, brass, iron, 
solder, and sometimes aluminum (about one-fourth of the 
1938 models are equipped with aluminum cylinder heads).

These metals are not only in contact with the cooling liquid, 
but are also in contact with each other in most cases, making 
an ideal situation for electrochemical corrosion. To make 
the conditions even more ideal for corrosion, nearly every 
cooling system is subject to a certain amount of aeration be
cause of leaks in the cooling system on the low-pressure or 
intake side of the water pump. These leaks may not be of 
sufficient size to allow liquid to escape, but may be large 
enough to allow air to enter when the pump is running, and 
there is a positive external pressure on this part of the sys
tem. Aeration also occurs in the upper tank of the radiator.

The part played by oxygen in the mechanism of corrosion 
is well known. According to Speller (2), appreciable corro
sion can take place only if the polarizing film of hydrogen 
atoms produced by the reaction of the metal with hydrogen 
ions in the solution is continuously removed by some means. 
This film of atomic hydrogen can be removed either by com
bining to form molecules of hydrogen which are released as 
gas, or by reaction with dissolved oxygen to form water. In 
either case, the continuous destruction of the hydrogen film 
allows the metal to go into solution and corrosion proceeds a t a 
rapid rate. In neutral, or slightly alkaline, solutions, which 
are usually dealt with in working with antifreeze solutions, 
the amount of gaseous hydrogen is very small compared to 
the amount of hydrogen destroyed by oxidation. Not only 
dissolved oxygen plays a part in corrosion, but also mechani
cally entrained air is stated by certain investigators (1) to in
crease the rate of corrosion of brass. Therefore, in testing 
the corrosive properties of an antifreeze solution, there must 
be electrolytic couples and aeration if it is wished to simulate 
actual operating conditions. Much stress is placed here on 
these two factors because they' are too often overlooked in 
testing.

The problem of corrosion by antifreeze solutions is consid
erably more complicated than most corrosion problems, both 
in the matter of testing and in the matter of protecting against 
corrosion. In the ordinary corrosion problem, only one metal 
is concerned, while in an automobile cooling system, there are 
at least four metals, comprising a t least five elements, which 
must be protected simultaneously against corrosion by the 
addition of suitable inliibitora.

There are very few, if any, single inhibitora which protect 
all of the metals found in a cooling system. I t is a compara
tively simple matter, for instance, to find a material which 
will inhibit the corrosion of iron. Frequently, however, such 
an inhibitor for iron is harmful to one or more of the other 
metals. Hence, it becomes necessary to add an “inhibitor to 
inhibit an inhibitor” and the only way to get complete pro-

293
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F ig u r e  1. A p p a r a t u s  f o r  P r e l im in a r y  C o r r o s io n  T e s t s

tection of all metals is by the use of a combination of inhibi
tors.

In any case, the only way to obtain complete protection is 
by use of various combinations of inhibitors. In developing 
a satisfactory inhibiting combination, therefore, an enormous 
number of combinations must be tested, unless the experi
menter is fortunate enough to find the right one early in his 
investigation. I t  is necessary for this reason to employ small 
scale testing equipment in which large numbers of preliminary 
tests can be made simultaneously, with consequent econo
mies of time and money, thereby eliminating unsatisfactory 
combinations and singling out promising combinations for 
more extensive study in larger scale equipment.

The authors have found the equipment shown in Figure 1 
very satisfactory for preliminary corrosion studies of anti
freeze solutions.

A copper bath containing a suitable liquid refluxing a t the tem
perature a t which it is desired to make the tests serves as a con- 
stant-temperature bath. Each bath contains twenty-four wells, 
arranged around the edge in circular fashion, each of size to hold 
a 25 X 200 mm. test tube, and a large well in the center of size to 
accommodate a 0.946-liter (1-quart) wade-mouthed fruit jar. This 
jar serves both as an air distributor and as an air saturator. In 
testing antifreezes, provision must be made to minimize evapora
tion losses and consequent changes in concentration incurred by 
aeration in the test tubes containing the experimental antifreezes. 
The air is therefore passed through an antifreeze solution of the 
same concentration in the large center jar as is used in the corro
sion tests,,and is distributed through twenty-four holes in the 
specially constructed lid (Figure 2). A length of capillary tub
ing inserted in the rubber tubing running from each hole in the 
lid to each test tube meters the air, so that when twenty-four 
capillaries are used which deliver the same amount of air under 
the same pressure, the air flow to each tube is the same and can be 
controlled by varying the air pressure in the center jar. An air 
flow of approximately 5 cc. per minute to each tube is used. The 
air pressure in the jar is measured by a manometer and is kept 
constant by a suitable type of mercury regulator.

The tests are carried out in duplicate in 25 X 200 mm. test 
tubes, using in each tube 55 cc. of an antifreeze solution freezing 
a t —20° F. This concentration was chosen merely because it 
happens to be a common degree of protection in actual midwinter 
use of antifreeze. Deep well water of fairly constant hardness 
(about 17 to 22 grains per gallon) is used in preparing the solu
tions. Test pieces of soft steel, brass, and solder, 11.43 X 1.27

X 0.08 cm. (4.5 X 0.5 X 0.031 inch) with a0.48-cm. (0.188-inch) 
hole near one end, are ordinarily used, although other combina
tions, of course, may be employed. The three strips are fastened 
together a t one end with a small brass bolt, using brass washers 
as spacers between the strips. In some cases, an aluminum test 
strip is also used, but this tends to make a crowded arrangement, 
and is not generally necessary in preliminary tests. Soft steel 
and brass have been found to behave very much like cast iron and 
copper, respectively, in regard to corrosion by antifreeze solutions. 
The extent of corrosion differs somewhat, but any solution which 
attacks soft steel will also attack cast iron (S), and most solutions 
which attack copper will also attack brass. Hence, soft steel is 
used in place of cast iron as a matter of convenience in making 
the test pieces.

In addition to the test pieces, 1 gram of steel wool is placed in 
each tube to provide a large iron surface such as is found in an 
automobile cooling system. The arrangement of the contents of 
each tube should be uniform, so as to preclude the possibility of 
errors creeping in due to changes in the relative positions of the 
test pieces, the steel wool, or the glass tube which discharges the 
air a t the bottom of the test tube. Further reduction in evapora
tion losses is accomplished by fitting each tube with a 10-cm. (4- 
inch) air reflux condenser made of glass tubing (Figure 2, right).

In preparation for the tests, the metal specimens are first 
brightened on a steel brush buffer, then numbered with a metal 
stamping tool. They are washed with soap and water using a 
stiff brush, rinsed in clear water, and dried with a clean cloth. 
They are then immersed for a few minutes in a 50-50 mixture of 
toluene and ethyl acetate, carefully wiped dry with a clean soft 
cloth, and placed in a desiccator to await weighing.

F ig u r e  2 .  C l o s e - U p  o f  A ir  D is t r ib u t o r  a n d  o f  T e s t - T u b e  
A s s e m b l y  U s e d  i n  P r e l im in a r y  C o r r o s io n  T e s t s

At the end of the test, the metal strips are removed as quickly 
as possible and wiped dry. They are then w'ashcd with soap anil 
water, followed by the tolucne-ethyl acetate rinsing as described 
above. The strips are kept in a desiccator at all times while 
awaiting use or weighing. The extent of corrosion is expressed 
in terms of loss in weight, since all specimens have approxi
mately the same surface area. The type of corrosion—e. g., 
pitting—is also always noted and recorded. Observations of the 
appearance of the solution and the metals are -made periodically



F igtjhe 3 . B a t t e r y  o p  C ir c u l a t in g  U n i t s  U s e d  i n  F in a l  L a b o r a t o r y  E v a l u a t io n  o f  C o r 
r o s iv e  P r o p e r t ie s  o p  A n t if r e e z e s

during the test and at the end of the test. The pH of the solution 
is also determined before and after the test.

Breakdown of an antifreeze solution is considered as the 
point where rusting begins. This is more or less arbitrary, 
since severe corrosion of some other metal may occur before 
rusting begins. Hence, these tubes are removed a t the first 
appearance of rust and the strips are cleaned and weighed. 
If no rusting has occurred a t the end of 6 weeks, the tests are 
stopped because it  has been found that any solution, which 
will undergo the conditions imposed for 6 weeks without seri
ous attack on steel, brass, and solder, is worthy of a larger 
scale test.

Preliminary tests such as the above, however, are not con
sidered severe enough for final laboratory evaluation, nor do 
they approach the actual conditions of usage to which an an
tifreeze solution is subjected. I t  is necessary, therefore, to 
test an antifreeze under conditions as nearly duplicating 
those found in an automobile cooling system as is possible in 
the laboratory. For this purpose, the authors use the equip
ment shown in Figure 3. These testing units were designed to 
simulate the essential conditions of automotive usage, yet 
permit control of conditions within narrow limits, so that 
these can be duplicated in succeeding tests.

In these larger scale tests, the antifreeze solution is circulated 
continuously through a system having an operating capacity of 
about 6.43 liters (1.7 gallons) and made up for the most part of
1.25-inch iron pipe to represent the large amount of iron surface 
found in the automotive engine jacket. Special care was used in 
choosing the size of the pipe and all of the equipment through 
which the solution circulates so as to have no restricted flow. 
This is important because with restricted flow there would be 
a high-pressure differential between the intake and output sides 
of the pump, which would aggravate leakage.

Circulation is accomplished by means of a  regular automobile 
water pump,1 belt-driven by an electric motor a t a speed of

1 Nash Lafayette "400" (assembly No. 3728). This pump was chosen 
because it  is one of the few independently mounted pumps now available.

2200 r. p. m., which is roughly equivalent to an automobile 
speed of 30 miles per hour. Incorporated in the system are two 
copper radiator cores of the type used in automobile hot-water 
heaters. These represent the radiator of a cooling system. The 
solution is heated by an iron-jacketed electric immersion heater. 
The iron-jacketed typo was chosen because in an automobile en
gine heat is transmitted through the iron of the cylinder walls to 
the cooling liquid; so also here the heat is transmitted from its 
source through iron to the solution. The temperature is auto
matically regulated by a Penn type LL thermostat which main
tains the temperature within 2° C. of that desired. A length of 
regular automobile rubber radiator hose connects the intake of the 
pump with the remainder of the system. A sight glass is inserted 
in a convenient place so that the appearance of the solution can 
be observed. A loose 25-cm. (10-inch) length of 1-inch pipe, 
dropped in a vertical position into the top chamber, precludes 
the possibility of any static condition prevailing in this reservoir.

Throughout a test, the solution being circulated is aerated a t a 
constant rate (25 cc. per minute), providing oxygen so that cor
rosion can proceed a t a maximum rate. This amount of air was 
shown by experiment to contain oxygen in excess of tha t used 
during the most severe conditions of corrosion. The pump pro
vides enough suction to take in this air, and the rate is controlled 
by insertion of a capillary of the necessary bore and length in a 
piece of rubber tubing connected to a small opening in the system 
on the suction side of the pump. As mentioned previously, in 
testing volatile-type antifreeze solutions, provisions must be made 
to prevent evaporation losses caused by aeration. The capillary, 
therefore, is connected with a source of air which is kept saturated 
with vapors of a solution of the same concentration as that being 
used in the test. A water condenser is used on the outlet of the 
top reservoir to condense vapors carried out by the air passing 
through the solution. In cutting the threads on the pipe used 
in constructing the units, some of the cutting oil usually gets 
down on the inside of the pipe. To prevent this cutting oil from 
affecting the corrosion results, each section of pipe is thoroughly 
cleaned internally with a mixture of equal volumes of toluene and 
ethyl acetate. Compound used on the threads to make a tight 
joint is placed only on the male end of the joint, so that it does 
not come in contact with the solution being tested.

After the completion of a test, the unit is dismantled and all of 
the iron pipe, joints, radiator, water pump, and hose connection 
are discarded and replaced by new parts when the unit is rebuilt. 
The few small brass parts used, the electric heater, and thermo
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stat are thoroughly cleaned, so as to avoid any 
contamination from the previous test.

Test disks of five different metals—soft steel, 
copper, brass, aluminum, and solder—of the follow
ing dimensions arc ordinarily used in these tests: 
thickness, No. 16 B. & S. gage; diameter, 3.82 cm.
(1.5 inches). These disks have a 0.64-cm. (0.25- 
inch) hole in the center to fit on a 0.64-cm. (0.25- 
inch) brass rod which is screwed in the brass cap of 
the test-piece chamber. This chamber is the 2- 
inch pipe extending upward from the discharge side 
of the pump, and is of sufficient length to accom
modate eight sets of disks which are kept apart by 
0.64-cm. (0.25-inch) brass spacers made from 0.125- 
inch brass pipe (Figure 4).

Before starting a test, the pump is repacked with 
a good grade of graphited asbestos packing. I t  is 
usually not necessary to repack the pump during a 
test. The unit is then filled with water, which is 
circulated at operating temperature for 24 hours.
This 24-hour period is called the “prerust” period 
and serves several purposes, chief of which is to 
form a coating of rust on all the iron surfaces of the 
system. This is the condition found in the average 
automobile cooling system when an antifreeze is 
added. Less important functions of the prerust 
period are the opportunities it presents to check 
the unit for leaks and to regulate the thermostat 
to the temperature desired without interfering 
with the test. Two sets of test disks are placed 
in the test chamber during the prerust period.
One set is removed and weighed after the prerust 
period, while the other set remains in the system 
along with the other seven sets which are put in.
By comparing the losses in weight of these two 
sets of disks and the last set taken from the test
during a run, a check can be made as to whether
the antifreeze solution preferentially attacked 
freshly prepared and cleaned metal surfaces over ig u k e  4 . 
previously corroded surfaces.

When the 24-hour prerust period is ended, the 
unit is drained and thoroughly flushed with water so as to 
remove all loose rust. Seven sets of weighed test disks are 
placed in the test chamber, 6300 cc. of the antifreeze solution 
of a concentration which freezes at —20° F. are added, and 
the unit is started. The air flow through the system is checked 
once each day with a eudiometer and is kept at 25 ±  2.5 cc.
per minute. The pH of the solution is determined once each
week, and even more often near the time that rusting begins. 
This is especially important in the testing of antifreeze solutions 
of the polyhydric alcohol type where the inception of rusting, 
of breakdown of the solution, may be accompanied by a marked 
drop in pH. The speed of the pump is also checked once each 
week and is maintained at 2200 =<= 50 r. p. m. by adjustment 
of the driving belt.

One set of test disks is removed and weighed each week under 
ordinary circumstances. However, in cases where the antifreeze 
solution being tested is expected to have a life longer than 7 
weeks, the first two or three sets may be removed a t longer in
tervals, say, 2 weeks. As soon as rusting is indicated, a set of 
disks is removed and weighed. Any remaining sets are removed 
a t 1- to 2-day intervals. Observations are made daily of the 
appearance of the solution as seen through the sight glass; it is 
not difficult to note the first appearance of rust. Test pieces are 
cleaned and handled in the same manner for these tests as de
scribed previously for the preliminary tests.

S torage T ests

Most present-day antifreezes are packaged in sealed cans, 
and this fact adds another to the long list of tests which an 
antifreeze must pass before it is pronounced satisfactory. 
Sometimes as much as a year or two elapses between the times 
of packaging and use. Therefore, an antifreeze must have 
good storage qualities. I t  must not corrode the package, and 
it must not lose its corrosion-inhibiting qualities on storage.

The authors make these tests in 0.473-liter (1-pint) friction- 
top cans. The cans are filled with the antifreezes under test 
and stored away at room temperature; every 3 months the 
cans are opened and observations are made as to any corrosion 
of the can which has taken place, or any change in appear
ance of the antifreeze, such as the appearance of a solid, or

C ir c u l a t in g  U n i t , S h o w in g  T e s t  D is k  A s s e m b l y  R e m o v e d

another liquid phase. At the end of a year, a small-scale 
corrosion test of the antifreeze is made to determine whether 
it has retained its original corrosion-inhibiting properties.

A tta ck  o f  R ubber

Attack of rubber by antifreeze solutions is important, be
cause in an automobile cooling system the solution is con
stantly in contact with a large area of rubber surface in the 
form of rubber hose connections. While it is true that the 
basic material present in the antifreeze determines to a great 
extent the action of the antifreeze solution on rubber, mate
rials added to the basic component to improve other qualities 
may also affect its behavior towards rubber. For this reason, 
an antifreeze should be tested for possible attack on rubber, 
by either of the two satisfactory methods described below.

In one method, a section of actual radiator hose is immersed 
in the antifreeze solution which is maintained a t the normal 
operating range of temperature for 6 weeks. The section of 
hose is then removed, and the extent of swelling measured, 
and the appearance noted.

In the other method which the authors use, an examination 
is merely made a t the end of the test of the hose connection 
used on the large-scale corrosion testing units previously de
scribed. If the hose connection survives a 5- to 6-week test 
on this unit without undue swelling or loss in mechanical 
strength, the antifreeze is considered satisfactory in this re
spect. This test is preferable because it closely approximates 
actual conditions of usage.

F o a m in g

Foaming of an antifreeze solution is highly undesirable for 
obvious reasons, the most important being the loss of solution 
from the cooling system via the overflow pipe. The chief 
aids to foaming are aeration and agitation, both of which ex
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ist in the corrosion tests in the circulation units previously 
described. Any tendency to foaming should, therefore, mani
fest itself during these tests. Observations are made peri
odically for evidence of foaming. A solution which foams to 
any serious extent will foam up into and out of the top of the 
reflux condenser which is located on the top reservoir of the 
unit.

F ie ld  T ests
Notwithstanding the care which is taken in making labora

tory tests, and the effort which is made to duplicate actual 
conditions of use in an automobile, it is difficult to simulate 
all conditions. This could probably be accomplished if all 
automobile cooling systems were constructed exactly alike. 
Unfortunately, however, they all differ in some way, so that 
if the investigator simulates one particular cooling system in 
his laboratory tests, then his conditions of test and construc
tion of equipment will not be wholly applicable to another.

Cooling systems of various makes of automobiles are likely 
to differ in one or more of the following characteristics: con
structional design, materials of construction, metallic couples, 
rate of circulation, amount of aeration, and operating tem
perature.

I t becomes necessary, therefore, in making the final evalua
tion of a new antifreeze, to employ field tests in a wide variety 
of automobiles under various conditions of use. Accurate 
comparative results cannot be obtained by road tests, it is 
true, because conditions cannot be controlled, but these tests 
do occasionally reveal a fault in an antifreeze which did not 
manifest itself in laboratory tests.

A ck n o w led g m en t
Earlier forms of the corrosion-testing equipment described 

herewith were originally developed by the senior author at 
The Miner Laboratories in connection with research fellow
ships of the Association of American Soap and Glycerine 
Producers, Inc.
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Viscosity Measurement
M . R . CA NNO N a n d  M . R . F E N SK E  

S c h o o l o f  C h em istr y  a n d  P h y sic s , T h e  P en n sy lv a n ia  S ta te  C o llege , S ta te  C o llege , P a.

V iscosity  a n d  v isco sity  tem p era tu re  coef
fic ien ts  are va lu a b le  id e n tify in g  p rop erties  
o f  p u re co m p o u n d s a n d  p e tro leu m  frac
tio n s . T h is  paper d iscu sses  th e  op era tin g  
ch a ra cter istics  o f  s im p le  m od ified  O stw ald  
v isco m eters  th a t  are su ita b le  for covering a 
w ide ran ge o f  v isco sity  w ith  accu racy . T h e  
im p o r ta n t sou rces o f  error in  capillary  
v isco m eters  are a n a lyzed  briefly  an d  eq u a 
tio n s  for c o m p u tin g  th e  n ecessary  correc
tio n s  are g iven . C om p arison s are m ad e  
w ith  o th er  ty p es o f  cap illary  v iscom eters  
w h ich  sh o w  th a t  th e  m od ified  O stw ald  is 
eq u a l in  accu racy  to  a n y  n o w  availab le.

FOR many years viscosity and viscosity-temperature co
efficients of petroleum fractions have been regarded as 
important physical constants. The work of Mikeska (8) and 

Wiggins (18) on organic compounds shows these properties 
to be valuable identifying characteristics that will doubtless 
find greater application in future work. Since viscosity is 
intimately associated with structure, constitution, symmetry, 
polarity, saturation, and molecular size, it may be employed 
as a means of analysis. For example, the data of Wiggins (18) 
show the viscosity of diallyl, the diolefinic derivative of hex
ane, to be 15 per cent less than hexane a t 0° C. and toluene 
differs from methylcyclohexane in viscosity by more than 20 
per cent a t 0° C. Many high-boiling petroleum fractions of

identical boiling points differ in viscosity by several hundred 
per cent.

I t  is the purpose of this paper to describe briefly suitable 
capillary-type viscometers for measuring viscosity in a simple 
but precise manner. In addition, the sources of error and 
their magnitude will be discussed, together with means of ren
dering these negligible.

Figure 1 is an illustration of an accurate routine viscometer, 
particularly designed for petroleum fractions, which is now in 
extensive use in the petroleum industry both in this country 
and abroad. A complete description and operating technic 
have been recently published by the American Society for 
Testing Materials (1).

The extra bulb on the capillary side of the instrument is for the 
purpose of incorporating an accurate loading device as an integral 
part of the viscometer. A glass bridge joins the two legs of the 
viscometer as shown; in addition heavy-walled glass is used 
throughout, so that the instrument is not fragile. Practically 
any size of working capillary can be used in the viscometer, bo 
that very viscous fluids such as heavy lubricating oils can be 
tested quickly and accurately. For example, a series of four 
such instruments of different capillary bores will conveniently 
cover a viscosity range of 2 to 1000 centistokes: The instrument 
of smallest bore would be for a range of 2 to 10 centistokes, the 
next for 6 to 40 centistokes, the next for 30 to 200 centistokes, and 
the fourth for 150 to 1000 centistokes. Because of the low cost 
and ease of construction, it is possible to obtain viscometers with 
bores most convenient for the particular viscosity range in question. 
Six cubic centimeters of liquid are required for a test. The over
all length of the instrument is approximately 25 cm. Six or more 
will readily fit into a small constant-temperature bath.

O p eration  o f  M odified  O stw ald  V isco m eter
The viscometer is loaded at room temperature by holding it in 

an inverted vertical position with the capillary side submerged
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in the liquid under test. Suction is then applied to the other 
arm of the instrument and both small bulbs on the capillary arm 
are filled with oil. The liquid is brought into the working cap
illary to the etched mark; hence, the total charging volume is 
that held by the two bulbs plus that held by the capillary ex
tending to the open end of the instrument. After filling, the 
viscometer is revolved to its normal vertical position and placed 
in the constant-temperature bath. The liquid will drain into the 
lower reservoir during the time required for it to attain the bath 
temperature. When this temperature is reached, the efflux time 
is obtained by drawing the liquid up to the mark between the 
bulbs and measuring the time required for the meniscus to pass 
from the mark between the bulbs to the mark below the lower 
bulb on the capillary. The viscosity of the fluid is then obtained 
by multiplying the efflux time in seconds by the viscometer con
stant. The evaluation of the viscometer constant is discussed 
later. The only function of the upper bulb on the capillary arm 
is to serve as an accurate loading device in conjunction with the 
end capillary and efflux bulb. Laboratoiy experiments show 
that the instrument and liquid contents will reach a bath tem
perature of 37.78° C. (100° F.) in about 4 minutes and a tem
perature of 98.8° C. (210° F.) in approximately 10 minutes.

F ig u r e  1. R o u t in e  V is c o m e t e r  f o r  P e t r o 
l e u m  P r o d u c t s

Dimensions in  mm.

A viscometer more suitable for nonviscous liquids is illus
trated by Figure 2. This instrument differs from Figure 1 in 
several respects. The efflux volume and working capillary 
are considerably smaller and the diameters of the efflux bulb 
and the lower reservoir (actually part of the larger arm) are 
the same. These changes were made to reduce kinetic energy 
and surface tension corrections, but are not incorporated in the

routine type (Figure 1), first, because no kinetic energy correc
tions are encountered in products of 2 centistokes or more in 
these instruments if properly used, and secondly, because pe
troleum fractions do not differ sufficiently in surface tension to 
become an appreciable source of error. I t  will be shown later 
that a large difference in surface tension will necessitate only 
a small correction.

This second viscometer has an over-all length of approxi
mately 30 cm. and requires a 2.5-cc. charge. The efflux bulb 
has a volume of 1.0 cc. I t  is recommended for viscosities 
ranging from 0.3 to 5 centistokes. I t  can be used for more 
viscous liquids, but the type shown as Figure 1 is more con
venient for the higher viscosity range.

A semimicroviscometer (Figure 3) has an over-all length of 
approximately 30 cm. and requires a total charge of 0.25 cc. 
I t  can be made with practically any desired capillary bore to 
cover a range of 0.5 to 800 centistokes. The efflux volume is 
approximately 0.15 cc. and the efflux capillary and lower res
ervoir capillary are of the same diameter to eliminate surface 
tension corrections. Although the over-all length of these 
instruments is 30 cm., the length submerged in the bath is ap
proximately 20 cm., so that a constant-temperature bath that 
is 20 cm. deep is suitable.

M a g n itu d e  an d  Sou rce  o f  Errors

Loading errors arise from the fact that the driving fluid head 
is dependent upon the amount of liquid in the instrument. 
Thus, if too much liquid is charged to the instrument, the level 
in the lower reservoir is too high and driving head is reduced 
by that amount. The expression for loading errors is :

or ■ l r  v% error in loading = —~rj{

where v is the loading error, r is the working radius of the 
lower reservoir, and H  is the driving liquid head.

As a specific example of the magnitude of this error, consider a 
routine type of viscometer (Figure 1). In these instruments H  
is approximately 10 cm., r is 1.5 cm., and a working capillary of 
0.1-cm. diameter will be considered. If, when loading, the 
operator misses the etched mark on the capillary by 0.1 cm., 
then v will be 0.00079 cc. and the percentage error 0.001 per cent. 
To make an error of 0.1 per cent it would be necessary for the 
operator to miss the etched mark on the capillary by 12 cm. The 
viscometers shown as Figures 2 and 3 are more sensitive to loading 
errors, but the error is readily maintained below 0.1 per cent. 
The validity of this loading error equation was proved by weigh
ing into several viscometers a known excess of test liquid and 
checking the results obtained with those predicted by the equa
tion. Checks were also made by withdrawing known amounts, 
so that a deficient quantity of liquid was in the instrument. In 
all cases the experimental results agreed with those predicted by 
the equation.

Kinetic energy corrections are primarily due to contraction 
and expansion losses a t the entrance and exit of the capillary. 
I t  is customary (#) to include the kinetic energy correction in 
Poiseuille’s equation as follows:

0) _  irgHrU m V  
p 8 L V  8» Lt

where K V  — kinematic viscosity in stokes 
u =  viscosity in poises 
p =  density in grams per cc.
¡7 =  gravitational constant in cm. per sec. per sec.

H = fluid head in cm. 
r =  radius of capillary in cm. 
t =  efflux time in seconds 

L  =  capillary length in cm.
V =  efflux volume in cc. 
m = kinetic energy coefficient
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The second term on the right side of this equation is the 
kinetic energy correction. In a properly designed instrument 
this term should be very small compared with the first term on 
the same side of the equation. The percentage error or cor
rection is more important than the absolute figure. The ex
pression for the percentage correction can be obtained by 
dividing the kinetic energy term by the main term and multi
plying by 100.

Kinetic energy correction in per cent = mU2 
gH 100

The velocity in the capillary is given by U. From this 
expression it is obvious that kinetic energy corrections will 
increase as the square of the velocity in the capillary.

F ig u r e  2 . V is c o m e t e r  f o r  N o n v isc o u b  
F l u id s

Dimensions in mm.

For most types of viscometers the correct value of m is not 
known, but it  is probably intimately associated with the shape 
of the entrance and exit of the capillary. Values of m =  0 to 
m = 1.12 have been reported (#). In all the instruments dis
cussed here the capillary openings are gradually tapered to 
give a trumpet-shaped opening. Bingham and Thompson
(S) report a value of m  =  0.56 for such openings. Granted that 
this value may not apply to other capillaries of similar construc
tion, nevertheless it  is probably of the proper magnitude and 
may be used to calculate the permissible velocity range in a

capillary so that kinetic energy corrections may be maintained 
below 0.2 per cent. This was verified by testing water a t two 
different temperatures in each of two viscometers with capil
laries of different size.

F ig u r e  3 .  M ic r o v is c o m e t e r

Dimensions in mm.

The kinetic energy term needs special attention only when 
designing instruments for nonviscous liquids (2 centistokes or 
less). In viscometers designed for more viscous liquids thecap- 
illary is large enough to make this correction negligible. Since 
the value of m is not accurately known, it is not safe to allow 
the kinetic energy correction to become appreciable and a t
tempt to apply this correction to the results. There is no assur
ance that to is a constant for a given instrument; it may vary 
with the velocity of the liquid in the capillary in addition to the 
shape of the capillary openings. I t  is a simple matter to con
struct a viscometer with dimensions such that the calculated 
kinetic energy correction is less than 0.2 per cent for liquids as 
low as 0.5 centistoke in viscosity. The viscometer shown as 
Figure 2 differs in its dimensions from that shown as Figure 1, 
mainly for the purpose of eliminating kinetic energy correc
tions. These corrections are not encountered in the first 
viscometer, since it is designed to cover a range of viscosity 
from 2 centistokes upward. The microviscometers are free 
from kinetic energy corrections if the dimensions are properly 
selected. I t  is obvious that the efflux volume and capillary 
diameter should be made small in order to reduce the kinetic 
energy correction. I t  is also reduced by increasing the driving 
fluid head—i. e., the distance between the efflux bulb and the 
lower reservoir.

As the fluid stream emerges from the capillary, it has a tend
ency to retain the shape of the capillary for a finite distance 
into the fluid medium. This apparent increase in capillary
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length, known as the Couette correction, is a function of the 
capillary radius. I t  is included in the viscometer constant 
established by calibration.

Drainage errors arise from the fact that all liquids do not 
drain from a surface with equal ease; hence, the measured 
efflux volume for one fluid may be different than for another. 
In a series of experiments performed to measure drainage er
rors (4) i t  was shown that these are of negligible magnitude. 
In addition to the possible effect on efflux volume, Fitzsimons
(6) pointed out that drainage will affect the liquid head. 
The experimental drainage measurements indicate that this 
effect will never change the liquid head by 0.01 per cent in 
viscometers of the type described here.

If there is a considerable difference between the surface 
tension of the calibrating fluids and the fluids subsequently 
tested, an error due to capillarity will arise. Although the 
familiar capillary-rise equation will not hold rigidly for tubes 
of large diameter, it may be employed to determine the mag
nitude of this error. I t  can be readily shown that the change 
in effective driving head due to surface tension difference is ap
proximated by the following equation:

where AH — change in effective driving head 
n  =  working radius of efflux bulb 
Ti =  working radius of lower reservoir 

STi = surface tension of calibrating fluid 
S T 2 =  surface tension of test fluid 

(¿i =  density of calibrating fluid 
di — density of test fluid

Hence, if an instrument of the type presented as Figure 1 
were calibrated with water a t a temperature where the surface 
tension is 70 dynes per centimeter and then used on oils whose 
surface tension is 30 dynes per centimeter, the change in effec
tive head would be approximately 0.7 mm. Since the driving 
head is 10 cm., the percentage error introduced by neglecting 
the surface tension correction is 0.7 per cent. However, it  is 
a simple m atter to make this correction accurately or to cali
brate the instruments by means of viscosity standards which 
have been standardized in master instruments especially con
structed to maintain all errors negligible (5). I t  is evident 
that surface tension changes produce a very small effect, for 
in the case considered a change of over 200 per cent in surface 
tension necessitated a correction of only 0.7 per cent. The 
viscometers presented as Figures 2 and 3 are free from surface 
tension corrections because in the latter instrument the efflux 
and lower reservoir tubing are of the same diameter and in the 
instrument shown in Figure 2 practically all the efflux time is 
measured when the menisci of both the upper and lower levels 
are in tubes of equal diameter.

I t  is necessary to align the viscometer in the bath in an ex
act vertical position, so tha t the full available driving fluid 
head is utilized. If the center of the efflux bulb is joined to 
the center of the lower reservoir by an imaginary line which 
makes an angle of A  degrees with the vertical, and if this 
should be moved dA  degrees, then the resultant fractional 
change in the fluid head will be given by the expression:

j _  cos (A +  dA) 
cos A

For this to be a minimum, angle A  should be zero. In 
other words, the upper efflux bulb and the lower reservoir 
should lie in the same vertical planes. With this type of con
struction the viscometer must be tilted 2.5° from the vertical 
to introduce an error of 0.1 per cent. A deviation of 2° is 
readily detected by visual inspection, but for safety the vis
cometer may be aligned vertically with the aid of a small 
plumb bob made from silk thread and a small piece of lead,

which is placed in the open arm of the viscometer. An ex
perienced operator can load and align the viscometer in the 
bath in less than one minute. The viscometer of Figure 1 
has the efflux bulb and lower reservoir directly in line for 
eliminating alignment errors. This modification has not 
been incorporated in the other two viscometers, because they 
are longer and readily adjusted to the vertical position. The 
vertical alignment of bulbs was originated by Gruneisen (2).

The viscometer constant will vary with the temperature, 
but the magnitude of the change is small and readily com
puted. This correction arises because of the change of spe
cific volume with temperature. Thus, if the viscometer is 
loaded a t 25° C. and then used a t some higher temperature, 
say 100° C., a correction should be applied. The ther
mal coefficients of cubical expansion of most hydrocarbons do 
not differ sufficiently to necessitate an individual correction 
for each type of compound. I t  is therefore possible to give 
simply the viscometer constant a t two different tempera
tures, and for other temperatures one can interpolate or 
extrapolate. Mathematically the viscometer constant a t a 
second temperature may be readily computed from the known 
constant at some other temperature by the following equation:

Cr* = ° Tl t 1 “  0.785 H d \\
where CVj =  viscometer constant a t temperature Ti 

Ct{ — viscometer constant a t temperature Ti
y 2 =  total volume of liquid in viscometer a t temperature 

T ,
Vi =  total volume of liquid in viscometer a t temperature 

Tr
H  =  driving liquid head, approximately equal to dis

tance between centers of efflux bulb and lower 
reservoir

d =  working diameter of lower reservoir

This correction may be eliminated entirely by preheating 
the sample and the instrument to test temperature before 
loading. However, it is of such small magnitude and deter
mined so readily tha t it is advisable simply to load the instru
ment at room temperature. Calibrated viscometers have the 
constant specified at two temperatures, so tha t the user may 
readily interpolate or extrapolate. The above correction 
amounts to only 0.5 per cent for a 60° C. change in tempera
ture for lubricating oils and gasoline fractions in the viscome
ters of Figure 1. I t  is obvious tha t this correction, due to 
temperature, is very similar to loading errors discussed earlier. 
The error caused by expansion of Pyrex glass over the tem
perature range 0° to 200° C. has a negligible effect on the 
viscometer constant. Consequently, if the glass should show 
a hysteresis effect no appreciable error will be introduced.

A variation in the gravitational constant from the place of 
calibration to the place of usage will necessitate a simple 
correction which is made by multiplying the constant of the 
viscometer by the ratio of g a t the point in question to g a t the 
point of calibration. As the value of g does not change by 
more than 0.1 per cent throughout the United States, this cor
rection is of secondary importance.

Dark fluids will readily absorb radiant heat energy from 
solar or unshielded light sources. Consequently a dark fluid 
under test may be several tenths of a degree higher in tem
perature than the bath medium in which it is immersed. Since 
a slight change in temperature causes an appreciable change in 
viscosity of most fluids, it  is important tha t lights employed 
in the immediate vicinity of the bath be shielded. Table I 
contains data which show the magnitude of this radiant en
ergy effect. In most practical cases lights employed for good 
visibility in constant-temperature baths are not more than 
25 watts and are placed in the rear, so that their distance from
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the working area of the bath is greater than 10 cm. (4 inches). 
In most installations their effect will be small, but if proper 
care is not exercised the error so introduced may be of conse
quence.

T a b l e  I .  M a g n it u d e  o f  T e m p e r a t u r e  I n c r e a s e  in  L iq u id s  
C a u s e d  b y  R a d ia n t  E n e r g y  f r o m  U n s h ie l d e d  L ig h t  B u l b s

Liquid Color
Type of 110- 

Volt Light Bulb

Distance 
of Bulb 
Surface 

from 
Bath  

Surface

Temp.
of

Liquid

Temp.
of

Water
Bath

Dif
fer
ence

Cm. ° C. 0 C. °C .
Lube oil A. S. T. M. 

No. 7
100-watt frosted 1.25

5.00
10.00

38.41
38.19
38.07

37 .78
37.78
37 .78

0 .63
0.41
0 .29

75-watt frosted 1.25
5 .00

10.00

38.06
37.92
37.89

37 .78
37 .78
37.78

0 .28
0.14
0.11

50-watt frosted 1.25
5.00

10.00

37.86
37.84
37.81

37 .78
37 .78
37.78

0.08
0 .06
0 .03

Lube oil A. S. T. M. 
No. 2.5

100-watt frosted 1.25
5.00

10.00

38.36
38.13
38.02

37.78
37.78
37 .78

0.58
0.35
0.24

75-watt frosted 1.25
5.00

10.00

38.04
37.94
37.89

37 .78
37.78
37.78

0.26
0.16
0.11

50-watt frosted 1 .25
5 .00

10.00

37.86
37.84
37.82

37 .78
37 .78
37 .78

0 .08
0.06
0 .04

Water 100-watt frosted 1.25
5 .00

10.00

37.83
37.80
37.79

37.78
37 .78
37 .78

0 .0 5
0.02
0.01

75-watt frosted 1.25
5.00

10.00

37.80
37.79
37.78

37 .78
37.78
37 .78

0 .02
0.01
0 .00

The constant-temperature bath was of 36-liter capacity and was filled with 
water. The walls were of Pyrex glass approximately 0.6 cm. thick. The 
Pyrex test tube containing the sample was 5 cm. from the inner bath surface.

The data of Table I  were obtained at 37.78° C. (100° F.) 
because it is a standard test temperature in the petroleum 
industry. The measurements were made by placing the 
fluid under test in a Pyrex test tube and then immersing it 
in a constant-temperature water bath automatically con
trolled a t 100° F. to within ±0.05° F. Temperature meas
urements were made by very sensitive Bureau of Standards 
calibrated thermometers. In the experiments where water 
was tested, the radiant heat was probably picked up by the 
thermometer bulb rather than by the water. The magnitude 
of the actual errors in viscosity caused in this way depend 
upon the viscosity temperature coefficient of the fluid at the 
test temperature. Many heavy oils change in viscosity 
by 0.2 per cent with a temperature change of 0.1° F. in 
the vicinity of 100° F. At lower temperature levels the 
effect would be more pronounced because viscosity tempera
ture coefficient increases with decreasing temperature level.

C alib ra tion  o f  V iscom eters

A nearly ideal reference basis for viscosity work is pure 
water. Instruments which are designed to cover a viscosity 
range in the neighborhood of water can be calibrated directly 
against water. When an instrument is designed to cover a 
range far removed from water, such as that found in lubri
cating oils, direct calibration is not possible. However, 
water may be retained as the reference basis by standardizing 
a series of oils in suitable master instruments and then em
ploying these oils as calibration standards. This procedure 
has been explained in detail elsewhere (6). As many oils are 
unstable and increase in viscosity with age as much as 2.0 
per cent per year, it  is advisable to check the viscosity of 
standardized oils from time to time. Solvent-treated or 
aluminum chloride-desludged oils of high viscosity index are 
the most stable and some vary only 0.2 per cent per year.

For accurate results it is necessary to employ sensitive 
and reliable auxiliary equipment. Descriptions of satisfac
tory units have been published (5).

C om p arison  w ith  O ther V iscom eters
Various other modifications of the Ostwald instrument are 

advocated by some investigators. Ubbelohde’s (12) sus
pended-level type of instrument differs from the type de
scribed here only in eliminating loading errors and reducing 
surface tension errors In the design presented here such 
errors are of negligible magnitude; hence either type of in
strument will yield results of equal accuracy. Zeitfuchs (14) 
has recently described another modification of the Ostwald 
instrument which also reduces loading errors and undoubtedly 
will yield accurate results. Slight modifications of the Ubbe- 
lohde type have been described by Fitzsimons (6) and by 
Payne and Miller (9).

The semimicroviscometer described here is simpler than 
the falling-sphere type described by Schneider and McCon
nell (11) and is more convenient than the type described by 
Levin (7) where surface tension is employed as the driving 
force.

The viscometer recently described by Raaschou (10) is also 
a modification of the Ostwald tube and again the main purpose 
is to reduce loading errors. This is accomplished by adjust
ing the liquid level by visual inspection of the meniscus in a 
tube of large diameter (17.5 mm.). I t  is difficult to make 
such an adjustment to better than 0.5 mm. An error of this 
magnitude would change the driving fluid head by the same 
amount and introduce a percentage error of 0.5 per cent 
(since the total head is approximately 100 mm.). For most 
practical purposes such an error is of little consequence. 
Raaschou uses a value of 1.0074 centistokes as the viscosity 
of water at 20° C., whereas a value of 1.0068 centistokes has 
been recommended by the American Society for Testing 
Materials as the standard for viscosity work. While this 
difference is slight, it has been included in this report to cover 
completely the many factors involved.

I t  appears, then, that there are available a number of 
capillary-type viscometers which will yield accurate results. 
The prospective user can be guided in his choice by such fac
tors as cost, simplicity of design and operation, etc.

The reproducibility of results with the modified Ostwald 
viscometers described in this paper is ±0.2 per cent. The 
accuracy of the results depends upon the accuracy with which 
the absolute viscosity of water is known at 20° C., since water 
is used as the ultimate reference basis. This error is prob
ably in the neighborhood of ±0.5 per cent. However, rela
tive viscosities are very accurate and if the reference basis is 
clearly defined little confusion will exist and reported values 
of viscosities may be readily compared.
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Determ ination o f Iron in B iological Material
S . II. JA C K SO N , U n iv ersity  o f  T o ro n to , T o r o n to , C anada

NUTRITION work being carried out in this laboratory 
required a method for the determination of total iron 

in a wide variety of biological materials, which would yield 
equally accurate results with all samples with only very minor 
modifications. Many methods for this determination have 
appeared in the literature, but they have all been for use on 
some particular material, and do not yield accurate results 
on other materials when only the quantities of reagents are 
varied. This observation led to a complete investigation of 
the sources of error inherent in this determination and of 
means by which they could be overcome. A method was 
developed that gave accurate results with whole rats, milk and 
milk products, and alarge number of both fresh and dried 
foods.

D e te r m in a tio n  o f  Iron

The determination of total iron in any organic matter 
resolves itself into two main steps: the ashing of the sample, 
and the determination of the iron in this ash. A satisfactory 
procedure for accomplishing the second step with any type 
of ash was necessary before an investigation of the merits of 
various methods of ashing could be undertaken. The re
search was accordingly planned on this basis.

The iron-containing ashes were prepared by an adaptation 
of Klumpp’s method (6), which he used in conjunction with 
his titanous sulfate titration. The material was dried with 
a small amount of concentrated sulfuric acid (about 2 ml. 
per gram dry weight of the sample) and ashed in a muffle at 
500° to 550° C. The ash was then taken up in hydrochloric 
acid, filtered, and diluted to an appropriate volume.

For various reasons a colorimetric method of determination 
was preferred. The titanous sulfate titration procedure of 
King and Howard (5) and Klumpp (6) was inconvenient, 
because of the special precautions needed for the preservation 
and use of this reagent and the large samples required, par
ticularly of materials containing small amounts of iron. 
These were not always readily procurable and introduced 
difficulties in ashing. Moreover, the end point of the titra
tion, while sharp with standard iron solutions, was obscured by 
phosphates or a high salt concentration. Colorimetric meth
ods require much smaller amounts of iron for the deter
mination, and the use of an Evelyn photoelectric colorimeter 
(1, 2) for the estimation of the color removed the personal 
factor inherent in all visual colorimetric comparisons.

A comparison of the relative merits of 7-iodo-8-hydroxy- 
quinoline-5-sulfonic acid (known as ferron, 8) and of a,a '- 
dipyridyl as chromogenic agents led to the selection of the 
latter. Ferron, which is itself yellow, slowly develops an 
additional green color in the presence of ferric iron. This 
color did not obey Beer’s law, the pH of the solution had to 
be accurately controlled, and no advantages, such as im
munity to interfering substances, compensated for these de
fects.

The use of a,a'-dipyridyl for the determination of inor
ganic iron was introduced by Hill (4) and has since been used 
by Elvehjem (7) for the same purpose. I t  was found to 
have somewhat more than twice the sensitivity of ferron and 
was not affected by pH between the limits of 2.5 and 6.0. 
The color developed a t once on addition of the reagent to 
standard iron solutions (buffered to about pH 4.0 and con
taining hydroquinone to reduce the iron to the ferrous state). 
I t  obeyed Beer’s law almost exactly and was not affected by 
salt concentration or by orthophosphate. However, the

presence of pyrophosphate in amounts equivalent to those 
that could be expected in actual analyses delayed the produc
tion of the color and prevented its full development even 
after standing 24 hours, a t which time the color had become 
constant.

The first determinations were made directly on the solu
tion of ash. The excess acidity was neutralized by the addi
tion of 25 per cent sodium hydroxide, an accurate aliquot 
of this solution was buffered to a pH of about 4.0 by the 
addition of an acetate buffer and hydroquinone, and the 
a,a'-dipyridyl was added. The presence of pyrophosphate 
was at once evidenced by the slow development of the 
color, which reached a maximum only after 24 to 48 hours. 
Heating the acid ash solution prior to neutralization for 18 
hours a t 80° C. completely hydrolyzed the pyrophosphate 
to orthophosphate. With the addition of this step the color 
of the iron—a,a'-dipyridyl complex developed to a maximum 
within a few minutes.

T a b l e  I .  V a r ia t io n  o f  T o t a l  A p p a r e n t  I r o n  C o n t e n t  w it h  
V o l u m e  o f  A l iq u o t

Experiment Ash Solution in 
Tube

Apparent Iron in 
Tube

Amount Expected 
from 1-MI. Tube

MU M g. M g.

After Hydrolysis of Pyrophosphate
I

II

III

IV

1
5
1
3
5
2
5
2
5

0.0020
0.0071
0.0045
0.0108
0.0164
0.0033
0.0060
0.0046
0.0085

0.0100

0.0135
0.0225

0.0082

0.0115
After Hydrolysis of Pyrophosphate and Fractionation of Iron by Ammonium  

Hydroxide and Hydrogen Sulfide
V

VI

VII

VIII

1
3
1
3
1
3
1
3

0.0052
0.0158
0.0056
0.0170
0.0059
0.0172
0.0099
0.0297

0.0156

0.0168

0.0177

0.0297

By the use of this modified procedure close checks on suc
cessive aliquots of the same ash solution were obtained. How
ever, if different aliquots were taken, the apparent iron re
covered in them was not proportional to their volume. For 
example, if two colorimeter tubes were prepared using 1 and 
3 ml., respectively, of the same ash solution (the difference in 
volume being made up by the addition of water), the apparent 
iron in the second tube was not three times the amount in 
the first, but somewhat less. This effect is illustrated by 
the first part of Table I. In every case the amount of iron 
found in the tubes containing the larger aliquots was con
siderably less than expected.

This observation led to the conclusion that an additional 
interfering substance or substances were present in these ash 
solutions. The interfering substances were not common to 
all materials. There was little or none to be found in cereals 
or in whole rats, but dried tomatoes and spinach were par
ticularly bad offenders in this respect. Thus, while the 
modified procedure was satisfactory for some materials, it 
could not be trusted to give truthful results when applied 
indiscriminately to biological products in general.

I t  was thought that this interference might be due to some 
product formed during the ashing and that the difficulty 
might be overcome by judicious selection of a procedure for 
this step in the analysis. However, it was present after all
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procedures that were tried, which included both wet- and 
dry-ashing methods. Experiments II I  and IV (Table I) were 
done on an ash solution obtained by wet-ashing dried tomatoes 
with nitric, sulfuric, and perchloric acids.

I t  was found that by precipitation with hydrogen sulfide 
in ammoniacal solution, following the procedure described 
below, the iron could be completely separated from the inter
fering substances, which remained in the filtrate. The iron 
was recovered from the precipitate by dissolving it in hydro
chloric acid. The filtrate, after boiling off the excess am
monium hydroxide and hydrogen sulfide and concentrating 
it about four times, gave no color with a,a'-dipyridyl. Iron 
was recovered quantitatively when added to the ash solution, 
or when the iron standard solution alone was treated by this 
procedure, whether in the presence or absence of calcium 
phosphate. Experiments V to V III (Table I) show that 
interfering substances were removed. The only difference 
between these two sets of experiments was the introduction 
of the hydrogen sulfide-ammonium hydroxide precipitation. 
The same sample of dried tomato was used in both cases. 
In each case the amount of iron found in the aliquot is closely 
proportional to the volume of the aliquot.

A sh in g  M eth o d s

The method as thus modified could be depended on to give 
accurate results when applied to any type of ash. The next 
step in the investigation became an inquiry into the merits 
of the various recognized ashing procedures. The greatest 
difficulty to be overcome was the possibility of loss of iron as 
the chloride, particularly in materials containing large 
amounts of sodium or potassium chlorides relative to the 
iron content. Methods of ashing have been designed to 
minimize this loss as much as possible, an object which is 
only approximated by many.

Four methods of ashing were tried: dry-ashing with addi
tion of sodium carbonate, dry-ashing with addition of a 
small amount of sulfuric acid (6), dry-ashing after covering 
the sample with a layer of iron-free calcium carbonate (8), 
and wet-ashing using nitric, sulfuric, and perchloric acids. 
Dry-ashing with sodium carbonate was soon discarded be
cause of the poor checks obtained. Klumpp’s and Farrar’s 
methods gave fairly consistent checks and recoveries of 
added iron with an occasional erratic result. Wet-ashing 
gave consistently good checks and iron recoveries. As a 
final test of the efficiency of these three methods, an organic 
solution containing a known amount of iron was prepared and 
ashed. This solution consisted of 7.5 per cent of glucose, 2.5 
per cent of urea, 100 mg. per cent of calcium phosphate, 100 
mg. per cent of sodium chloride, and 1.00 mg. per cent of iron 
added as a standard iron solution dissolved in hydrochloric 
acid. When 10-ml. aliquots of this solution were dried down 
and ashed, with Klumpp’s method the best recovery was 54 per 
cent of the known iron content, while most of the recoveries 
were about 40 per cent. The recoveries with Farrar’s cal
cium carbonate method were 80 to 87 per cent, much better 
than Klumpp’s, but still not good enough. When the glucose- 
urea solution was wet-ashed, the recoveries were 100 per 
cent, with an error of =*=1 per cent. Wet-ashing was thus 
demonstrated to be the only acceptable method of those 
tested. The following method of analysis was finally adopted 
for general application.

M eth o d
A convenient sized sample of material, containing a t least

0.02 mg. of iron, was accurately measured and placed in a 300- 
cc. Kjeldahl flask. If the sample was a dry powder, a few milli
liters of water were added. Five milliliters of nitric acid (dis
tilled to remove iron impurities) and 1 cc. of concentrated 
sulfuric acid were added, and the flask was gently heated so that

the solution was just boiling. Further 5-ml. additions of nitric 
acid were made as the solution began to char, until the oxida
tion had practically ceased. One milliliter of perchloric acid 
was then added and the flask was heated slightly more vigorously 
until white fumes began to form. Heating was stopped at this 
stage if the solution was colorless; otherwise, it was continued 
until this point was reached. After cooling, the solution was 
diluted to about 25 ml. Usually the solution was clear, but if a 
precipitate of calcium sulfate was present, as with milk samples 
where there is a large proportion of calcium to iron, this was 
filtered off and the filter paper washed.

A drop of bromophenol blue was added to the acid ash solution 
and concentrated ammonium hydroxide added until the acid 
was neutralized. About 3 ml. excess ammonium hydroxide was 
then run in, a total of 8 ml. usually being required, and hydrogen 
sulfide was passed in until the solution became saturated. I t 
was allowed to stand a few minutes and filtered by suction on a 
fine Jena glass filter, the filtrate being discarded. This type of 
filter would pick up a precipitate so finely dispersed as to appear 
only as a faint green coloration, if visible a t all. Care was taken 
not to suck the precipitate dry, as this might result in some loss 
of iron due to oxidation to the soluble sulfate. Without wash
ing, the precipitate was dissolved in 1.0 ml. of 1 to 1 hydro
chloric acid. The Kjeldahl flask was rinsed into the filter once 
with 1 ml. of 1 to 1 hydrochloric acid and several times with 
small amounts of water, and the whole was sucked through the 
filter, which was washed several times with water. The com
bined filtrate and washings were boiled to remove excess hydro
gen sulfide, and effect solution of any colloidal sulfur. After 
cooling, the solution was quantitatively transferred to an ap
propriate volumetric flask and the excess acidity neutralized 
with 25 per cent sodium hydroxide. The solution was left 
sufficiently acid to remain perfectly clear. I t  was then diluted 
to the mark.

The Evelyn photoelectric colorimeter (1 2 )  was used for 
the actual determination of the iron.

An accurately measured aliquot of the iron solution containing 
about 0.01 mg. of iron was placed in a colorimeter tube and 3 
ml. of an acetate buffer containing 83 grams per liter of sodium 
acetate and 120 ml. per liter of glacial acetic acid were added, 
with sufficient water to bring the total volume to 12 ml. About 
50 mg. of hydroquinone, gaged roughly on the tip of a  spatula, 
was dissolved in the solution. On the addition of 1 ml. of 0.1 
per cent ff,a'-dipyridyl solution, the characteristic pink color 
developed immediately. A blank was carried through the entire 
procedure a t the same time. The color was estimated with the 
colorimeter, using Evelyn’s filter 520 and setting the galva
nometer to read 100 with the blank in place in the tube holder. 
By so doing, the effect of any iron contamination in the reagents 
was automatically eliminated. The use of a wet-ashing pro
cedure largely prevented the formation of pyrophosphates. 
However, if there was any delay in the maximum color develop
ment, the iron solution was acidified and heated, and thejiron 
estimation repeated.

T a b l e  II. I r o n  C o n t e n t  D e t e r m in e d  b y  F in a l  M e t h o d

(Duplicates carried through entire procedure)

Material

Dried spinach and corn
starch 

Pablum

Dried spinach

Cornstarch

Farina

Milk powder

Whole rat (aliquots of 
same ash solution)

Galvanometer Iron in
Reading Tube Iron Found

M g. M g ./W 0  g.
68 .5 0.0079 3 .95
69 0.0077 3 .85
71 .5 0.0069 27.6
71.25 0.0070 28 .0
58 .5 0.0112 44 .8
59 0.0110 44.0
70.75 0.0072 1.80
70.75 0.0072 1.80
83 0.0038 0.95
83.75 0.0036 0.90
67.5 0.0082 1.37
68 0.0080 1.33
37 0.0210 7 .0
37 0.0210 7 .0  (mg. in

total rat)

The amount of iron in the volume of unknown added to 
the colorimeter tube for the corresponding galvanometer 
reading was read directly off a previously determined calibra
tion curve.

Alternatively, the value could be calculated from the
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formula M  =  -— G-, where M  =  mg. of iron in the ali
quot added to the tube, G =  corrected galvanometer reading, 
and K  — a constant. For this determination K  varied 
slightly from 20.6 in the range of M  = 0.005 mg. to 21.9 in 
the range M  =  0.020 mg. Table II  shows some results 
on widely varying materials.

S u m m a ry

A general method for the determination of total iron in 
biological materials with a,a'-dipyridyl is described in 
detail.

Evidence is given for the interference of pyrophosphate 
and of a second unidentified substance or substances with

the development of the color. Steps are included in the 
procedure which successfully circumvent these difficulties. 

Various ashing procedures have been investigated.

L itera tu re  C ited
(1) Evelyn, J . Biol. Chem., 115, 63 (1936).
(2) Evelyn and Cipriani, Ibid., 117, 365 (1937).
(3) Farrar, Ibid., 110, 685 (1935).
(4) Hill, Proc. Roy. Soc. London, B107, 205 (1930).
(5) King and Howard, J . Biol. Chem., 75, 27 (1927).
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Cerate Oxidim etry
Evaluation o f  Solutions U sing Sodium  O xalate, A rsenious A cid, and Iron  as 

Standards o f  R eference, and F erroin  and N itro-Ferroin  as Indicators

G . F R E D E R IC K  SM IT H  AND C. A . G E T Z , U n iv ers ity  o f  I l l in o is , U rb a n a , 111.

CERATE oxidimetry involves the use of the anions 
(CeCIs) , Ce(S04)3 , Ce(NO,),— , and Ce(C10«).“  in

the form of the free acids or their ammonium or potassium salts. 
The first paper of this series (2) has shown tha t the single
electrode potentials a t standard state for these cerate anion 
species in equilibrium with the cerous ion in hydrochloric, 
sulfuric, nitric, and perchloric acid solution increase in the 
order given by 200, 150, and 100 millivolts, starting with the 
value 1.28 volts in the case of the hexachlorocerate ion and 
ending in the value 1.7 volts in the case of the hexaperchlo- 
rato cerate ion. With conditions defined for the attainment 
of potentials in the range 1.6 to 1.86 volts using cerate solutions 
in nitric and perchloric acid of various strengths, favorable 
effects in the oxidation of various reductants might be ex
pected.

I t  is the purpose of the present paper to point out the 
increased facility with which the oxalate ion can be deter
mined using the higher potentials provided by cerate oxi
dimetry. The accuracy obtained has been tested, using as 
additional standards of reference arsenious oxide and ferrous 
sulfate solutions tha t were standardized by comparison with 
the sulfato cerate ion in sulfuric acid solution through the 
medium of sodium oxalate. A further objective in the pres
ent paper is the description of the advantages attained by 
the use of nitro-ferroin (nitro-o-phenanthroline ferrous ion) 
as compared to ferroin (o-phenanthroline ferrous ion) as a 
reversible oxidation-reduction indicator in cerate oxidimetry.

The determination of the oxalate ion using the sulfato

cerate ion in sulfuric acid solution requires that the reaction 
be carried out a t or near the boiling point of such solutions. 
Even under these conditions the reaction is sluggish and the 
end point is best determined potentiometrically. In this 
respect the determination is similar to the permanganate oxida
tion of the oxalate ion, except that in the latter case a po- 
tentiometric end point determination is not required. The 
oxidation of the oxalate ion has been carried out using the 
chlorocerate ion in hydrochloric acid solution as described 
by Willard and Young (4). In this case the reaction is not 
satisfactorily rapid a t room temperature, but by employing 
iodine monochloride at a temperature of 50° C., the use of 
ferroin as indicator avoids the necessity for a potentiometric 
end point. This reaction is undesirably slow even at 50° C., 
which cannot be exceeded without destroying the ferroin 
indicator. The determination of the arsenite ion in sulfuric 
acid solution using the sulfato cerate ion has been described 
by Gleu (1). The reaction a t ordinary temperatures is 
negligible unless osmic acid is present as catalyst. Ferroin 
is used as indicator and the reaction is inconveniently slow 
in the region of the equivalence point.

F erro in  a n d  N itro -F erro in  as In d ica to rs
Ferroin and nitro-ferroin as high-potential oxidation-reduc- 

tion indicators, introduced by Walden, Hammett, and Chap
man (S), have transition potentials of 1.14 and 1.25 volte, 
respectively. Nitro-ferroin cannot be used successfully in 
sulfato cerate oxidimetry, since potentials of a t least 1.55 to

1.6 volts are required, and for 
this reason it has not hereto
fore been employed in any 
practical quantitative ap
p lic a t io n . F o r th e  sam e 
reason its use in nitrato and 
perchlorato cerate oxidimetry 
is very desirable. Fortu
nately, however, ferroin may 
be used with entirely satis
factory results, since nitro- 
ferroin is more expensive than 
ferroin from which it is pre
pared. Nitro-o-phenanthro-

T a b l e  I .  C o m p o s it io n  o p  S o l u t io n s  o f  C e (C 1 0 ()« a n d  C e ( N 0 3) 6—  S t a n d a r d iz e d

»lution Cerato Ion
No. Present Acid Used

1 Ce(C10.)«— N  HCIO.
2 C e(C K W .-- 3 N  HCIO.
3 C e (C 1 0 .) .~ 8 N  HCIO.
4 C c (C 1 0 .) .-- 4 N  HCIO.
5 Ce(NOj)a~~ N  HNOi
6 C e(N O ,)»-- 3 N  HNOi
7 C e(N O j)«-- N  HCIO.

8 C e (N O .) .-- N  HCIO.

M ethod of 
Preparation

Cerate-Ion
Concentration

N
Remarks

Electrolytic 
Electrolytic 
Electrolytic 
Electrolytic 
Electrolytic 
Electrolytio 
KjCe(NOj)« -f  

(NH4)iCe(NOi)e

(NH0iCe(NO*)e

0.05624
0.05651
0.05440
0.09702
0.05333
0.05146
0.04269

0.08320

Cerous-ion concentration prac
tically nil 

Solution contained small
amounts of other cerium 
group metals 

Solution contained some free 
HiCe(NOa)e, K +, N H « \ and a 
small amount of other earths 

Solution prepared from 96 per 
cent pure stock
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line was found to have a melting point of 
201.5° C. as contrasted with o-phenanthroline 
monohydrate, 99-100° C. The former dye 
base is light yellow in color and the latter pure 
white.

D e te r m in a tio n  o f  O xalate and  
A rsen ite

The preparation of perchlorato and nitrato 
cerate solutions has been described (2). The 
oxidation of sodium oxalate and sodium 
arsenite using the perchlorato cerate ions was 
carried out potentiometrically, using N  per
chloric acid solutions of the C20 4— and 
As03 ions a t room temperature. The same 
potentiometric assembly of apparatus was 
employed as tha t previously described (2).
Nitro-ferroin was added as indicator to com
pare the visual and potentiometric end-point 
phenomena. The results are shown graphi
cally in Figure 1.

The equivalence-point “break” in potential 
is 650 mv. in the case of the oxalate titration 
and 600 mv. in the case of the arsenite oxida
tion. Nitro-ferroin as indicator has its transi
tion interval a t an average potential of 1.25 
volts, which corresponds to a value 0.11 volt 
higher than would be the case if ferroin were 
used. There is a noticeable advantage in the 
use of the former, since with ferroin a momen
tary preferential oxidation of the indicator 
occurs and a second or two is required for .the 
pink color to return.

S ta n d a rd iza tio n
Eight solutions of perchlorato and nitrato cerate in various 

concentrations of perchloric and nitric acids were prepared. 
The detaOs of their preparation and composition are given 
in Table I.

S u l f a t o  C e r a t e  a n d  F e r r o u s  S u l f a t e  S o l u t i o n s .  An 
approximately 0.05 N  solution of sulfato cerate ion was prepared 
by dissolving eerie sulfate in N  sulfuric acid. A 10-liter solution 
of an approximately 0.05 N  solution of ferrous sulfate in dilute 
sulfuric acid was prepared and stored under hydrogen to prevent 
change of titer. The sulfato cerate solution was compared with 
the ferrous sulfate solution and the ratio found to he 1.0248, 
the latter being somewhat stronger.

Tbe sulfato cerate solution was then standardized by use of 
Bureau of Standards sodium oxalate which had been dried at 
105° C. for 1 hour. An excess of the sulfato cerate solution was 
added to the sulfuric acid solution of weighed portions of the 
oxalate. The solutions were then heated to 50° C. for 5 minutes 
and after cooling were back-titrated, using the ferrous sulfate 
solution with ferroin as indicator. The results are shown in 
Table II.

T a b l e  II. S t a n d a r d iz a t io n  o f  S u l f a t o  C e r a t e  S o l u t io n  
U s in g  S o d iu m  O x a l a t e

H,Ce(SO<)« FeSO* HaCeCSO*)* Calculated
Deviation

from
NaiCiO« Taken Taken Required Normality Average

Oram M l. M l. M l. %
0.1132 50 14.82 34.81 0.04856 0.04
0.1092 50 15.97 33.63 0.04849 0.10
0.0883 50 22.29 27.16 0.04855 0 .02
0.0958 50 20.04 29.46 0.04856 0 .02

Av. 0.04854 0.045

From the results of Table I I  and the standard factor for 
the sulfato cerate solution, the ferrous sulfate solution is 
found to be 0.04974 N.

C o m p a r i s o n  S t a n d a r d i z a t i o n s .  The eight cerate solu
tions described in Table I  were now standardized, using 
weighed portions of U. S. Bureau of Standards sodium

oxalate and arsenious oxide and measured volumes of stand
ard ferrous sulfate.

T a b l e  III. S t a n d a r d iz a t io n  o f  N it r a t o  a n d  S d l f a t o  
C e r a t e  S o l u t io n s  U s in g  NajCjOj, A s2O j, and FeSO,

AsaOj
Solu-

NaiCîO*
No. of 
deter-

FeSO«
No. of 
deter-

No. of 
deter-

tion mina- mi na mi na Average
No. Factor tions Factor tions Factor tions Result

N N N N
1 0.05624 5 0.05624 3 0.05627 4 0.05625
2 0.05642 6 0.05649 3 0.05663 5 0.05651
3 0.05439 7 0.05438 4 0.05442 4 0.05440
4 0.09700 7 0.09704 3 0.09746a 6 0.09702
5 0.05333 4 0.05332 3 0.05344 4 0.05336
6 0.05147 6 0.05146 4 0.05147 5 0.05147
7 0.04274 5 0.04265 4 0.04267 5 0.04269
8 0.08313 4 0.08227 3 0.08220

0 Omitted from average value for this solution.

All standardizations of a given cerate solution were carried 
out on the same day to eliminate the factor of possible instability 
of the various cerate solutions. In the case of sodium oxalate 
and arsenious acid the weighed portions were dissolved in 2 N  
perchloric acid before titration, and nitro-ferroin was used as 
indicator. The arsenious oxide was first dissolved in 1 gram 
sodium hydroxide, then acidified, and one drop of osmic acid as 
catalyst was added in the form of 0.01 N  solution in 0.1 N  sul
furic acid. In the case of the ferrous sulfate solutions, dilute 
sulfuric acid was added to give 1.5 N  concentration at the time 
of titration and ferroin was used as indicator. In the case of the 
nitrato cerate solutions in nitric acid, the nitro-ferroin indicator 
reaction in the neighborhood of the equivalence point of the 
oxidation was not as satisfactory as in the absence of nitric acid 
but was still applicable. The results of the comparative stand
ardizations are shown in Table III.

D iscu ss io n  o f  R e su lts

Table I I I  shows a very satisfactory agreement between the 
values for the normality of perchlorato cerate and nitrato 
cerate solutions dissolved in nitric and perchloric acids of
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various strengths as determined with sodium oxalate as 
standard when the same solutions are also standardized 
using ferrous sulfate. Since sodium oxalate is used as refer
ence in both methods of standardization the results of the 
sulfato cerate procedure formerly used, with its much lower 
working potential, duplicate those of the perchlorato cerate 
procedure. Since ferroin was used with the sulfato cerate 
series and nitro-ferroin in the perchlorato cerate procedure, 
nitro-ferroin is shown to be equally well adapted to the higher 
potential oxidations. These are the first practical applica
tions of nitro-ferroin as an indicator, since other lower 
potential oxidants have an appreciable titration error when 
used with this indicator.

The comparison of the normality of the various solutions as 
determined with sodium oxalate and ferrous sulfate and with 
arsenious acid is entirely satisfactory in all cases but two 
(solutions 4 and 8). The reason for the failure to obtain 
perfect agreement in these two cases is unknown but is 
postulated as due to a particular cerium group metal which is 
present in appreciable amount. The question is being in
vestigated further.

Ammonium or potassium hexanitrato cerate was shown to 
be satisfactory for the preparation of the standard oxidizing 
solutions. Electrolytically oxidized cerate solutions were 
also found satisfactory.

S u m m a ry
The potentiometric titration of the oxalate and arsenite 

ions in perchloric acid solution using perchlorato cerate solu
tions in perchloric acid has been made. A potential break 
of 650 and 600 mv., respectively, was obtained and nitro-

ferroin is shown to have a color transition point a t the half
way interval of both potentiometric inflections.

The determination of the oxalate ion under the conditions 
indicated above has the advantage over permanganate and 
sulfato cerate that the reaction can be carried out a t room 
temperature.

The determination of the arsenite ion in perchloric acid 
solution with osmic acid as catalyst and perchlorato cerate 
solutions as oxidant is more satisfactory than the correspond
ing determination in sulfuric acid solutions using sulfato 
cerate as oxidant.

Sodium oxalate, arsenious acid, and standard ferrous sul
fate (standardized indirectly against oxalate) give concordant 
results in evaluating perchlorato or nitrato cerate solutions.

Nitro-ferroin (nitro-o-phenanthroline ferrous complex) has 
been used for the first time as an oxidation-reduction indicator. 
Its use in the case of perchlorate and nitrato cerate oxidations 
is practicable because of the high potential relationships 
involved in these cases. The transition from the reduced 
to the oxidized form of nitro-ferroin was found to be approxi
mately 1.25 volts.
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Chemical Studies o f  W ood Preservation
The Wood-Block Method of Toxicity Assay

R O B E R T  E . W A T E R M A N , JO H N  L E U T R IT Z , An d  CA LEB M . H IL L  
B e ll T e le p h o n e  L ab oratories, N ew  Y ork , N . Y .

A ctu a l d ecay  re s is ta n ce  o f  trea ted  w ood is 
u sed  as th e  b a sis  for a s im p le  lab oratory  
te c h n ic  in  th e  assay  o f  m a ter ia ls  ad vocated  
for th e  p ro tec tio n  o f  w ood. In  i t s  p resen t  
s ta g e  o f  d ev e lo p m en t th e  te s t  is  a v a lu ab le  
to o l in  w ood p reservation  stu d ie s .

EXTENSIVE use of the more vulnerable species of tim
ber for industrial purposes has focused attention on the 

development of technics for evaluating various preservatives 
advocated for the protection of this timber from the ravages 
of its natural enemies—fungi and termites. Using the sub
strate as a basis of classification, these technics fall roughly 
into two categories, nutrient agar tests exemplified by the 
Petri dish method as developed by the workers a t the Forest 
Products Laboratory (4), and the wood-block test typified 
by the IColle flask method (5), which has been widely used in 
Europe. The accumulation of toxicity data resulting from 
the use of both methods has received considerable study and 
the conclusions drawn by the various investigators have for 
the most part served only as a stimulus to controversies.

Discussion of the limitations of both methods in a previous 
paper (6) indicated the need for either modifying or supplant
ing these procedures. Both have a t times been found to 
give misleading results which were detected only on actual 
exposure trials of corresponding materials. The principal 
shortcoming of the Petri dish method seems to be the arti
ficial character of the dispersion of preservative in agar; 
that of the Kolle flask method the liability to inhibition of 
decay by excessive supply of water to the test block. The 
method described herein, slowly evolving during the course 
of the last 5 years, is an attem pt to fulfill the requirements 
demanded of a laboratory technic for evaluating wood pre
servatives. I t  is felt that this test in its present stage of 
development combines the best features of the Petri dish and 
Kolle flask. The results to date show a much better correla
tion than those Of either of the older methods with results 
of the more expensive and prolonged outdoor exposure tests.

While primarily intended for appraisal of preservatives, 
the method also lends itself to studies of rot-resistance of 
various woods, etc. Test blocks made from the heartwood 
and sapwood of many different species, from old poles which 
have been in service, from test posts (S), and from treated 
saplings (7) have yielded interesting information. Com
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F i g u r e  1 (Left). A p p a r a t u s  
R e q u i r e d  f o r  M o d i f i e d  W o o d - B lo c k  
M e t h o d  o f  A s s a y

F i g u r e  2  (Right). 
A s s e m b ly  o f  A p p a 
r a t u s

mercially treated wood may be tested by the use of blocks 
cut from it, but in the majority of cases will not decay in the 
test unless the wood has been previously weathered arti
ficially or naturally. However, most of the laboratory 
studies have been made on southern pine sapwood blocks im
pregnated with the preservative under test.

A p p aratu s

Simplicity and low cost are obtained by using easily avail
able apparatus.

Two sizes of bottles (SO.12 per pair in gross lots), shown sepa
rately in Figure 1, are assembled as in Figure 2. The larger, 
screw-topped bottle (12 cm. high and 6 cm. in diameter) serves 
as a chamber in which moisture conditions optimal for decay are 
maintained. The smaller bottle (6 cm. high and 3 cm. in di
ameter) supports a thin slab of untreated sapwood (4.5 X 2.5 X
0.3 cm., bored with two holes 0.5 and 0.2 cm. in diameter and ap
proximately 1 cm. apart). The slab of sapwood acts as a sub
strate for growth of the fungus in a manner analogous to the 
artificial nutrient agar of the classical methods. The impreg
nated block under test is anchored upon the thin slab of sapwood 
by half-lengths of standard wooden applicators (16.5 cm. long) 
passed through holes bored in the slab and block.

After assembling the apparatus, water is added to the outer 
bottle to a depth of a few' centimeters but not to the iDner bottle. 
(Addition of the water to the small inner bottle is effected after 
sterilization to prevent the wood-cell vacuum formed during cool
ing from drawing up this water, thus saturating the piece to such 
an extent as to inhibit decay.) Sterilization is then effected by 
placing the complete setup in the autoclave for 30 minutes at 15 
pounds’ pressure. When the bottles have cooled sufficiently, 
sterile water is added to the inner bottle by means of a siphon 
arrangement. The additional moisture over that of fiber satura
tion which seems necessary for maximum decay is supplied to the 
fungus by conduction through the applicators. By means of a 
platinum spatula, previously flamed and cooled, a small inoculum 
is cut from a pure culture on agar of a wood-destroying fungus 
and is placed on the untreated slab at the end opposite the test 
block. The inoculation now' completed, the bottles are recapped 
and placed in an incubation room at 26° to 28° C. for a period, 
customarily 24 weeks.

P rep aration  o f  th e  T est B lock s
Care must be exercised in selecting wood 

for the test blocks. The wood, usually 
southern pine of the short-leaf type, must 
be of uniform growth rate, density, and 
ratio of springwood to summerwood. The 
presence of any heartwood, or of sapstain 
or other indication of incipient invasion by 
organisms, is sufficient reason for rejection.
Blocks usually 2 X 2 X 2 cm. cut from such 
wood, bored with a hole 0.2 cm. in diameter

and numbered, are placed 
on racks (Figure 3) made 
from 1.25-cm. angle brass 
to which have been sol
dered finishing nails.

Some difficulty was experienced a t first in the determina
tion of the weights and volumes of the wood blocks. Weights 
taken at ordinary room conditions varied widely because of 
the moisture pickup of wood at different relative humidities. 
To avoid this, all blocks are brought to a constant relative 
humidity of 76 per cent a t 30° C., which is obtained by fitting 
a bacteriological incubator with slow-moving fans and pans 
of saturated sodium chloride solution (Figure 4). Weighing 
the blocks is expedited by making initial weights at room 
conditions and properly arranging the blocks in order of 
either ascending or descending weight on the racks. The 
length of time required to reach equilibrium weights varies 
according to the amount of dry wood in the chamber and ex
ternal atmospheric humidity, but the average period is from 
3 to 4 days.

Volume determinations were first made by direct measure
ment with a micrometer, but this method was very slow and 
corrections for the hole could be only an approximation. A 
mercury-displacement method was devised which is far 
more precise and facile.

A 100-cc. beaker of mercury is placed on one pan of a rough 
balance and is counterpoised by weights on the other pan. The 
block is impaled on a dissection needle and forced beneath the sur
face of the mercury, care being taken tnat the block does not 
come into contact with the sides of the vessel holding the mercury. 
The force of the hand necessary to keep the block beneath the 
surface of the liquid is counterbalanced by additional weights on 
the opposite pan. (Experiments are now under way to devise 
a simple piece of apparatus to supplant the use of the hand in 
forcing the blocks beneath the mercury.) These weights, repre
senting the weight of the mercury displaced, are then transposed 
into the volume of the block, correcting for the effect of tempera
ture on the specific volume of mercury. Finally the blocks are 
brushed free of any mercury which might be retained on the

F ig u r e  3 . T e s t  B lo c k s  a n d  R ack



jar to a pressure not greater than 2 cm. as measured by a mer
cury manometer, the vacuum is held for 5 minutes. The stop
cock in the pump line is then closed and sufficient solution is 
admitted from the separatory funnel to submerge the blocks 
completely when the air is admitted. After remaining in the 
solution for a short time, the blocks are wiped superficially and 
weighed. This treated weight is used for calculation of the 
theoretical retent according to the following formula:

n = ac <62-s>
100 v

in which R = pounds per cubic foot, G = gain in weight in grams, 
C = grams of the preservative in 100 grams of solution, and V — 
volume of the test piece in cubic centimeters. When the solvent 
has evaporated from the blocks they are placed on the racks 
(Figure 3), returned to the humidity chamber, and again brought 
to constant weight. The difference between the humidity 
weights before and after treatment serves as the basis for cal
culating the actual retent and the final equilibrium weight is 
used also as the initial weight of the treated block before exposure 
to the fungus.

S e lec tio n  o f  F u n g i
In each test a t least four organisms from the following 

list are used in duplicate. The choice of each is based on 
their relative economic importance, the vigor of growth, 
amount of decay as measured by loss in weight of untreated 
specimens, and their known idiosyncracies for certain types 
of compounds. Another vital factor in the original selection 
of most of these fungi was their repeated isolation from de-
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FlGURE 4 . CONSTANT-HUMIDITY CHAMBER FlI.LED WITH 
T e s t  B l o c k s

surface of the blocks; a final equilibrium weighing serves to detect 
such an occurrence.

T r e a tm e n t o f  th e  T e s t  B lock s

The blocks are now ready for impregnation with the pre
servative to be tested. A considerable range of retents can 
be obtained by the use of the empty-cell process with the 
straight preservative, and while it is difficult to secure a pre
determined range of concentration in this manner, the empty- 
cell process has been used to some extent in preparing test 
specimens. Since lower concentrations than those obtained 
with the undiluted preservative are often desirable, the 
proper amount of the compound to be tested is usually dis
solved in an appropriate solvent. Usually a graded series 
of dilutions is desirable in order to approximate minimal 
effective concentration in a t least one case.

The necessary number of blocks, weighted to ensure immersion, 
are placed in a container of convenient size under a bell jar fitted 
with a separatory funnel (Figure 5). After evacuation of the bell

F ig u r e  5 . A p p a r a t u s  f o r  F u l l -C e l l  S o l u t io n  T r e a t m e n t s  
o f  T e s t  B lo c k s

F ig u r e  C. A s s a y  o f  W o r t h l e s s  P r e s e r v a t i v e  a t  M a x im u m  C o n c e n t r a t io n

Fungi in duplicate, left to right, Lenzitea Irabea, U-10, Fomea roseus, and Lentin us lepideus

cayed pine poles sent in from 
widely separated areas.

Included in the list of 
fungi is Lentinus lepideus, 
which is used for the most 
part in the assay of organic 
preservatives but seldom for 
testing metallic salts, to 
which it  is particularly  
sensitive. Similarly, the 
fungus Lenzites trabea ex
hibits a parallel resistance 
and sensitivity but the type
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F ig u r e  7 . T o x ic it y  A s s a y s

Upper. Polychlorophenol, showing effect of increasing concentration. 
T est organism, L entin us lepideua. Growth ratings, left to  right, 4-4, 

3-4, 1-3, and N . G. 4.
Center. Same range of concentration as in upper figure. Test organism,

Fomes roaeus. Growth ratings, left to rignt, 4-4, 4-4, 4-3, and 3-3.
Lower. Growth on untreated Baltic pine (P in u t sylveatris). T est or
ganisms, L em itea  trabea, L en tin us lepideua, Fomea roaeus, and U-10.

of rot differs greatly, producing a marked surface erosion of the 
blocks. The common “dry rot” fungi, specifically Poria 
incrassata, Coniophora cerebella, and Polyporus vaporarius, 
are most frequently used in the assay of inorganic com
pounds, since years of experimentation have demonstrated 
the relative resistance of these fungi to most such materials. 
Forties roseus, another fungus of wide distri
bution, is able to withstand certain classes 
of compounds to a remarkable degree and 
hence is included in assays of all new com
pounds. One other organism (U-10) is used 
in all assays. Unfortunately, it has yet to 
be identified. Isolated several years ago from 
a decayed pine pole, U-10 is especially valu
able when a quick indication of the merits of a 
new preservative is needed, as a very appre
ciable weight loss results from its attack in 
about 3 months. From time to time other 
organisms, such as Trametes serialis, Lenzites 
sepiaria, Polystictus versicolor, Polyporus sul- 
phureus, Fomes pinicola, and other isolations 
from decayed poles and test pests (6) have 
supplemented the fungi regularly in use.
Practically all of the above-mentioned have

been cited by investigators as of considerable economic im
portance in the decay of structural timbers.

E xpression  o f  R esu lts

The interpretation of results is greatly facilitated by proper 
controls, which include untreated blocks exposed to each of 
the test fungi and impregnated blocks put through the entire 
cycle without fungal inoculation. The untreated controls 
indicate the marked differences in the rapidity of growth and 
the amount of decay peculiar to various fungi on the species 
of wood being used. The impregnated controls serve as a 
check on the loss in weight due to leaching and evaporation 
occurring during the entire course of the test and are of 
further importance when the exposed blocks are dissected 
and rated on a strength basis. Using such controls three 
criteria are available:

1. The growth rating made every 4 weeks with reference to 
the inoculated untreated norm. The designation of growth is a 
pair of numbers, the first of which gives the extent of the block 
covered and the second the intensity and vigor. Based on “4-4” 
as the maximum, “2-4” would mean that the block is partly 
covered with normal growth of the fungal mycelium and “4-2” 
wholly covered with sparse mycelial growth. Additional desig
nations to describe the absence of growth on the test specimens 
are used and include the “ V ” mark when the inoculum is dead or 
totally inhibited and “N. G.” for no growth on the test piece. A 
number following the latter designation indicates the extent of 
the growth on the untreated slab of supporting wood. The nota
tion “N. G. 2” would mean that growth of the fungus has only 
partially covered the untreated wood used as the secondary sub
strate but is not yet in contact with the treated specimen. Such 
a notation is typical when there is some leaching of the preserva
tive and attendant diffusion into the untreated slab.

2. The weight loss computed from the equilibrium weights 
before and after exposure to the fungus. Appreciable weight 
losses on the uninoculated, impregnated controls indicate that 
the preservative may be water-soluble, volatile, or reactive with 
the wood. Particularly when this latter condition prevails it is 
often difficult to distinguish the disintegration due to the chemi
cal from the decay caused by the fungus, but the two effects can 
be separated by subtracting the per cent loss in weight calculated 
for the controls from the per cent loss in weight of the exposed 
specimens.

3. The third basis for judging the merits of a preservative is 
determined by dissecting and breaking the blocks into small pieces. 
The residual strength of the exposed blocks can thus be compared 
with the strength of the uninoculated, impregnated controls 
treated in the same manner. Dissection of the control also offers 
an indication of any chemical effect of the preservative on the 
w'ood. An empirical rating of 10 denotes no detectable loss in 
strength as compared to the control, and 0 denotes complete 
disintegration.

M od ifica tion s an d  S p ecia l F ea tu res

While the assay method per se was not planned to include 
a test of permanency, correlative information in this regard

A s s a y  o f  F d l l -C e l l  S o l u t io n  T r e a t m e n t  o f  a  C r e o s o t eF ig u r e  8 .

Test organism, L em itea  trabea.
of cr  ____ _ . .
reproduction inner bottles were removed from larger outer bottles.

Concentrations are, roughly, 1, 2, 3, and 6 pounds per 
cubic foot of creosote. Growth ratings, 4-4, 4-2, 3-1, and N. G. 1. For purposes of better



310 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 10, NO. 6

F ig u r e  9 . I n c u b a t o r  w it h  T e s t  i n  P r o g r e s s

on the more volatile preservatives may be obtained following 
the normal technic. Most of the solvents used in obtaining 
concentration ranges of oily preservatives are very toxic and 
considerable evaporation of high vapor pressure fractions is 
unavoidable not only during the evaporation of the solvent 
but also during the period while the test pieces are coming to 
constant weight in the humidity chamber and finally in con
nection with the sterilization. For instance, pieces treated 
with moderate amounts of a volatile material of known pre
servative value, such as naphthalene, when put through the 
regular routine showed no rot-resisting properties. Ac
cordingly, whenever highly volatile compounds are under 
consideration, a generous quantity of the material is injected 
into the blocks to allow for partial evaporation. Actual 
retent can be calculated from the difference between the 
humidity weights of the untreated blocks and the weights of 
the impregnated blocks just prior to fungal exposure. In
stead of subjecting blocks treated with volatile materials to 
sterilization, the technic is modified in a manner somewhat 
similar to the Kolle flask method. The fungus is first al
lowed to cover the untreated slab of sapwood for a period 
of 3 to 4 weeks before the specimens are treated. When the 
fungus is growing vigorously and no contaminations are ap
parent, the treated block, immediately after the final weigh
ing, is placed in direct contact with the mycelial mats. A 
sterile applicator passed through the hole in the block is an 
aid in placing the block in position. "When allowed to re
main it  ensures a sufficient supply of moisture to the test 
block.

The danger of foreign contaminations is heightened by 
omission of the sterilization, but in spite of this the results 
have been reasonably acceptable although somewhat ir
regular. This modification is far more satisfactory in the 
assays of single compounds than in assays of volatile mix

tures. In both cases total evaporation is easily as
certained, but computation of the loss of each in
dividual constituent of a mixture is practically im
possible. Another method of avoiding the loss of 
volatile compounds is to place each weighed block 
in a small, tightly stoppered container during sterili
zation. Such a method is being more fully studied 
at this time.

When materials are known or suspected to be 
water-soluble, the injected blocks may be run through 
a standard leaching cycle before being subjected to 
the toxicity test. Or, in cases where the compounds 
are soluble and volatile, the specimens can first be 
exposed on artificial weathering machines such as 
were used by Rhodes et al. (1). If the preservative is 
likely to prove volatile but is inappreciably soluble, 
a standard heating cycle may be used. Such cycles 
give definite indication of the comparative values 
of preservatives from the standpoint of perma
nence. Indeed, many preservatives are so toxic that 
significant differences in toxicity among them often 
cannot be detected unless the blocks are first sub
jected to a depletion process imitative of the weather. 
As an alternate the blocks may be injected with 
very low concentrations as compared with those of 
commercial practice.

A standard leaching cycle which is dependent on 
diffusion and is to some extent a simulation of the 
action of ground waters on soluble materials injected 
into the wood is described below. Since the dupli
cation of varied environmental factors in service 
is impossible, an arbitrary schedule was chosen 
which is adapted to usual working hours and is 
consistent with a minimum amount of supervi
sion.

The individual impregnated blocks are numbered and then 
placed in the constant-humidity chamber (Figure 4) until an 
equilibrium weight is reached. All the blocks impregnated with 
the same preservative in equal concentration are then placed in a

T a b l e  I. A v e r a g e  W e ig h t  L o ss  b y  K o l l e  F l a s k  a n d  B e l l  
T e l e p h o n e  L a b o r a t o r ie s  M e t h o d

(Comparison of results on untreated P inua sylvestris  exposed to different
fungi)

B. T. L.
European Research Workers M ethod0 

Using Kolle Flask 0f
Organism Strain Baven- Ra- speci-

damm Liese Peters banus mens Results
% % % % %

P olyporus Eberswalde 15 26 12 19 2 2 5 .3
vapor- Baarn 2 7 5 11
arius Princes Risborough 8 6 10

L entinus Eberswalde 4 12 42 19 6 19 .1
lepideus Eberswalde 13

Princes Risborough 3 12 21 i4
Princes Risborough 15

Lenzites Eberswalde 7 24 21 6 47 .0
sep iaria Princes Risborough 5 19 14

Madison 3 14 21
Lenzites trabea 6 35 .2
U-10 6 43 .2
Fomes roseus 4 22 .2

° Strains of fungi, with the exception of U-10, used at Bell Telephone- 
Laboratories were supplied by Forest Products Laboratory, Madison, Wis.

container of convenient size, weighted to ensure immersion during 
the early stages of the cycle, and covered with distilled water, 
allowing 50 cc. for each block (7 to 8 cc.). The containers are- 
covered with a watchglass and set aside in a constant^tempera- 
ture room a t 26° to 28° C. The water is drained from the blocks 
and an equal amount of fresh water is again added at the end ofi
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T a b l e  II. W e i g h t  L o s s e s  a n d  D i s s e c t i o n  R a t i n g s
(Untreated southern pine blocks exposed to most common test fungi for 24 weeks)

Empirical 
Loss, Ratine 
Based Based 

Initial W eight Final W eight on on
76% 76% Oven- Dis-

relative Oven- relative Oven- Dry sec-
Organism humidity dry humidity dry W eights tion Description of Decay

L entin us

Gram s
2 .34

Grams

2 .05
G ram s

1 .87
G ram s
1.64

%
20.0 4 Rather advanced decay throughout

lepideus 2.35 2.06 1.87 1.64 20.4 4 Rather advanced decay throughout 
M oderately advanced decay throughout2 .25 1.97 1.85 1.62 17.8 5

2.26 1.98 1.77 1.55 21.7 4 Rather advanced decay throughout
Fomes 2 .25 1.97 1.84 1.61 18.3 4 Rather advanced decay throughout

ros eus 2 .27 1.99 1.84 1.61 19.1 4 Rather advanced decay throughout
2 .22 1.95 1.78 1.56 20 .0 4 Rather advanced decay throughout
2 .21 1.94 1 .56 1.37 29.4 1 Thoroughly rotted

U-10 2 .33 2 .04 1.13 0 .99 51 .5 0 Complete disintegration
2 .33 2.04 1.37 1.20 41.2 0 Complete disintegration
2 .20 1.93 1.08 0 .95 50 .8 0 Complete disintegration
2 .18 1.91 1.19 1.04 45 .5 0 Complete disintegration

Lenzites 2 .32 2 .03 1.73 1.52 25.1 2 D eep surface disintegration, advanced decay
trabea

2 .33 2 .04 1.76 1.54 24 .5 3
elsewhere

Deep surface disintegration, rather ad

2 .07 1.81 1.51 1.32 27.1 2
vanced decay elsewhere 

Advanced decay
2 .09 1.83 1.29 1.13 38.3 1 Thoroughly rotted

Poluporus 2 .12 1.86 1.69 1.48 20 .4 4 Rather advanced decay throughout
vaporarius 2.01 1.76 1.74 1.53 13.1 6 Mild decay throughout

2 .18 1.91 1.78 1.56 18.3 4 Rather advanced decay throughout
2 .26 1.98 1.82 1 .60 19.2 4 Rather advanced decay throughout

Growth rating in all cases was 4-4, signifying that test blocks were covered with heavy normal growth.

the following periods: after a total of 7, 24, 48, 79, 168, and 336 
hours. At the end of this 2-week period, the blocks are removed 
from the beakers; the water is allowed to evaporate after the 
blocks are placed on racks (Figure 3). The blocks are finally 
brought to a constant weight in the humidity chamber and run 
through the regular assay cycle. The weight before and after 
leaching is an indication of the amount of material lost through 
leaching. A further check is often made by analyzing the leach 
waters for the active constituents.

R esu lts

Table I  gives results by the new method on untreated 
Pinus sylveslris (Baltic or Scots pine) exposed to various 
fungi, compared with those of several other research workers 
{2) using the Kolle flask technic on the same species of wood. 
The agreement in general is very satisfactory. In the case 
of the fungus Lenzites sepiaria, the weight losses are about

double those of any other investiga
tor, indicating that these test con
ditions are highly favorable for it. 
The results on this organism are the 
average of six individual blocks; the 
maximum weight loss was 50.6 per 
cent and the minimum 44.1 per cent. 
This is rather close agreement for bio
logical test methods and is a good 
example of results obtained by this 
method. Although strictly compa
rable results are not available for the 
sapwood of the various species of 
southern yellow pine (Pinus taeda, 
Pinus echinala, Pinus palus tris, and 
Pinus caribaea), the weight losses in 
Table II  are in a general way typical 
of untreated wood of these species 
when assayed by the method described 
in this paper.

The gradual evolution of this labora
tory assay to its present stage of de
velopment has been accompanied by 
the accumulation of a considerable 
mass of data on materials advocated 
for the preservation of wood. Since 
many of these compounds are of re

cent acquisition, data for them which are comparable to those 
obtained by other investigators using the Kolle flask technic 
are as yet lacking. Some typical results are discussed below.

From a large number of creosotes tested, toxicity assays 
and chemical analysis of a random choice are given in Tables 
III, IV, and V. Results are for duplicate blocks a t each 
concentration of the creosote in both full- and empty-cell 
treatment, together with duplicate blocks put through the 
standard leaching cycle referred to above. The resultant 
good agreement for duplicate blocks exposed to the same fun
gus is rather surprising, in view of the fact that evaporation 
losses are unavoidable when handling blocks impregnated 
with relatively volatile materials such as creosotes. When 
discrepancies arise, indications of the probable result may be 
obtained by comparison with the next higher or lower con
centration, but the best policy is to make a duplicate test.

T a b l e  III. A s s a y  o f  C r e o s o t e

(Full-cell benzene solution treatment)

• U  10 . Uninoculated

Dissec-
/--------- r  urnco t i/oeus

Dissec Dissec Dissec
control

Dissec-
Growth % tion Growth % tion Growth tion Growth % tion % tion

Concentration rating loss rating rating loss rating rating loss rating rating Joss rating loss rating
L b ./cu . f t .a

6 .6  Original 1-1 3 .7 10 V 3 .8 10 V 3 .6 10 N. G. 2 3 .9 10 3 .7 10
V 3 .8 10 V 3 .2 10 V 3.1 10 N. G. 2 3 .7 10 3 .3 10

Leached N. G. 4 2 .5 10 1-1 1 .8 10 2-1 1.4 10 N. G. 46 2 .4 10 1 .8 10
1-1 2 .0 10 1-1 1.6 10 3-3 0 .9 10 N. G. 4 b 2 .1 10 1 .0 10

3 .5  Original 4-1 2 .7 10? 1-1 1.4 10 1-1 1 .6 10 N. G. 1 1.1 10 1 .2 10
4-1 2 .1 10? 1-1 1 .0 10 1-1 1 .0 10 N. G. 1 0 .9 10 1 .0 10

Leached 4-2 1 .4 10? 3-4 6 .3 8 4-4 13.0 6 3-26 7 .9 8 0 .8 10
4-2 0 .9 10? 4-2 1.4 9 4-4 3 .0 9 2-2 b 3.1 9 0 .5 10

1.7  Original 4-4 17.9 4 4-2 6 .9 8 4-4 15.1 5 4-4 14.7 6 0 .9 10
4-2 2 .1 9 2-2 6 .3 8 4-4 8 .9 7 4-3 10.4 7 0 .5 10

Leached 4-4 10.0 7 4-4 9 .8 7 4-4 7 .4 7 4-36 10.7 7 0 .3 10
4-4 8 .9 7 4-4 9 .4 7 4-3 4 .5 8 4-3 b 10.0 7 0 .0 10

0 .8  Original 4-4 16.9 4 4-4 7 .9 7 4-4 11.5 6 4-4 16.3 5 0 .9 10
4-4 16.0 4 4-4 6 .0 7 4-4 11.1 6 4-4 15.8 5 0 .5 10

Leached 4-4 12 .2 6 4-4 12.9 6 4-4 37.2 0 4-46 23 .7 2 0 .6 10
4-4 11.2 6 4-4 9 .7 7 4-4 22 .0 2 4-46 21 .2 2 0 .0 10

0 .4  Original 4-4 33 .0 1 4-4 14.2 6 4-4 44.1 0 4-4 25.4 2 0 .5 10
4-4 29 .7 1 4-4 3 .8 8 4-4 39 .7 0 4-4 22 .2 2 0 .0 10

Leached 4-4 16.1 5 4-4 22.3 3 4-4 47.7 0 4-46 16.6 4 0 .7 10
4-4 13.3 5 4-4 16.8 5 4-4 45 .8 0 4-46 16.1 4 0 .3 10

a 1 gram per 100 cc. equals 0.625 pound per cubic foot. 
6 Lenzites sep ia ria  used in these cases.
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T a b l e  IV . A s s a y  o p  C r e o s o t e
(Empty-cell treatment)

.------Lent

Growth

inus lep- 

, %
ideus--------

Dissec
tion Growth

Fomes roseus 

%
Dissec

tion Growth

— U-10— 

%
Dissec
tion

v---------- Lei

Growth

izites trat 

%

>ea---------- .
Dissec
tion

C

%

ontrol
Dissec

tion
rating loss rating rating loss rating rating loss rating rating loss rating loss rating

2-1 1 .8 10 1-1 0 .9 10 1-1 1 .8 10 1-1 3 .2 10 2 .8 10
1-1 1.6 10 1-1 0 .4 10 1-2 0 .5 10 2-1 3 .2 10 2 .2 10
1-1 3 .6 10 N. G. 2 2 .3 10 N. G. 1 2 .3 10 N. G. 1 2 .9 10 2 .3 10
1-1 2 .7 10 N. G. 1 1 .8 10 V 3.1 10 N. G. 2 2 .2 10 2 .0 10
3-1 1.3 10 2-1 0 .9 10 1-1 0 .5 10 2-2 5.1 9 0 .8 10
1-1 0 .5 10 1-1 0 .4 10 1-1 0 .0 10 3-2 3 .8 9 0 .0 10
2-1 0 .0 10 2-1 0 .4 10 2-1 0 .0 10 1-1 0 .0 10 0 .2 10
2-1 0 .0 10 2-1 0 .0 10 2-1 0 .0 10 N. G. 3 0 .8 10 0 .0 10
4-1 1 .0 10 2-1 1.4 9 4-3 9 .1 6 3-2 5 .2 7 0 .9 10
4-1 0 .4 10 2-1 0 .0 10 4-2 6.1 7 2-1 4 .9 8 0 .3 10

Concentration
L b./c u . f i *  

8 .1  Original

Leached

4 .0  Original

Leached

3 .46  Original

* 1 gram per 100 cc. equals 0.625 pound per cubic foot. 
b N ot enough of specimen available for leaching.

T a b l e  V . A n a l y s i s  o p  C k e o s o t e  R e f e r r e d  t o  i n  T a b l e s  III  
AND IV

(Analysis according to Bell Telephone Laboratories specification 6591) 
Specific gravity at 38°/15 .5° C. 1.063  
Water Trace
Distillation %

To 210° C. 0 .00
210-235° C. 10 .30
235-245° C. 12.75
245-270° C. 22.83
270-300° C. 15.79
300-315° C. 7 .63
315-355° C. 20.94
Residue 9 .51

Total 99 .75
Sulfonation residue (210-355° C., composite) 0 .4  cc./100 grams
Tar acids (210-355° C., composite) 5 .4  cc./100 grams
Benzene-insoluble 0.12%
Coke test 0 .44%

Both here and in other laboratories considerable attention 
has been given to tetrachlorophenol in petroleum oil mix
tures as possible wood preservatives, and the assay of a full
cell solution treatment of a 10 per cent mixture is illustrated 
in Table VI. The effect of leaching blocks treated with such 
a mixture is more noticeable than in the case of the creosote- 
treated blocks. Also of particular interest is the specificity 
of the fungus Forties roseus towards this compound, which is 
typical of its reaction with related chlorophenols. Results 
of an empty-cell treatment of a 5 per cent solution of 
this compound are given in Table VII. As further de
pletion by leaching seems unnecessary, such a test was not 
made.

white crystals
pale yellow crystals
yellow liquid -f- crystals 1 to 1
brown liquid 4* yellow crystals
lemon solid
lemon solid

T a b l e  V I. A s s a y  o f  10 P e r  C e n t  S o l u t i o n  o f  T e t r a c h l o r o p h e n o l  i n  P e t r o l e u m
(Full-cell benzene solution treatment)

Uninoculated
.------- Lentin us lep ideu s-------

Dissec-
-— ------- For nes roseus-

Dissec
—U-10 —

Dissec
.-----------Lei izites trabea

Dissec
Co ntrol

Dissec
Growth % tion Growth % tion Growth % tion Growth % tion % tion

Concentration 
L b ./cu . f t  *

rating loss rating rating loss rating rating lass rating rating loss rating loss rating

6 .9  Original V 4 .4 10 N. G. 1 5 .9 10 V 4.1 10 V 5 .0 10 5 .0 10
V 3 .6 10 N. G. 3 5 .9 10 V 3 .5 10 V 4 .5 10 5 .8 10

Leached N. G. 1 3 .6 10 1-2 4 .7 9 N . G. 2 3 .2 10 1-1 3 .8 10 3 .8 10
N. G. 1 2 .7 10 1-1 4 .0 9 V 2 .7 10 1-1 3 .6 10 3 .2 10

3 .3  Original N. G. 2 4 .0 10 2-1 6 .7 9 V 2 .6 10 V 3 .4 10 4 .0 10
N. G. 1 5 .2 10 1-1 4 .7 10 V 2 .5 10 V 3 .3 10 3 .5 10

Leached N. G. 3 2 .4 10 3-4 14.7 5 N. G. 2 1 .5 10 1-3 3 .8 9 2 .2 10
N. G. 1 1.9 10 1-2 1.9 9 N. G. 1 1.7 10 1-3 3 .6 9 2 .0 10

1 .6  Original N. G. 4 3 .3 10 4-4 14.2 6 N. G. 2 3 .0 10 V 2 .2 10 3 .0 10
N. G. 3 3 .1 10 4-4 12.1 7 1-1 2 .7 10 V 2 .2 10 2 .5 10

Leached 1-2 1.5 9 4-4 13 .8 6 1-4 3 .4 9 4-4 14.3 6 0 .7 10
N. G. 2 0 .5 10 4-3 12.7 6 V 0 .4 10 2-3 8 .1 7 0 .5 10

0 .8  Original 2-2 6 .9 7 4-4 21 .0 3 4-4 9 .5 7 3-2 12.7 7 2 .2 10
1-2 2 .7 9 4-4 18.5 3 4-4 5 .5 8 N. G. 1 3 .2 10 1 .8 10

Leached 3-4 10.2 6 4-4 18.6 3 4-4 29 .0 1 4-4 16.6 4 0 .9 10
3-4 8 .3 7 4-4 15.3 4 4-3 2 .3 9 4-4 15.5 4 0 .5 10

0 .4  Original 4-4 15.2 4 4-4 17.1 3 4-4 37 .4 0 4-4 21 .6 3 0 .2 10
4-3 9 .6 6 4-4 15.9 3 4-4 25 .8 1 4-4 19.4 3 0 .0 10

Leached 4-4 16.0 4 4-4 15.0 3 4-4 44 .9 0 4-4 25 .7 1 0 .0 10
4-4 12 .6  6 

* 1 gram per 100 cc. equals 0.625 pound per

4-4 

cubic foot.

6.1 7 4-4 40 .6 0 4-4 22 .0 2 0 .0 10

T a b l e  V II. A s s a y  o p  5 P e r  C e n t  S o l u t i o n  o f  T e t r a c h l o r o p h e n o l  i n  P e t r o l e u m
(Empty-cell treatment)

Uninoculated
,--------L entin us lep ideu s--------<

Dissec- 
Growth % tion Growth

-Fomes roseus 

%
Dissec

tion Growth

— U-10-

%
Dissec

tion

w----------L e

Growth

nzites trabea 

%
Dissec

tion %

Control
Dissec

tion
Concentration rating loss rating rating loss rating rating loss rating rating loss rating loss rating

L b ./cu . f t *  

5 .1 Original N. G. 3 5 .0 10 4-3 9 .6 7 V 5 .0 10 3-3 7 .9 8 3 .9 10
1-1. 4 .7 10 4-3 9 .3 7 V 4 .2 10 4-3 7 .6 8 3 .8 10

3 .9  Original 1-1 2 .7 10 4-4 21 .5 3 N. G. 2 2 .7 10 4-3 11.1 6 2 .8 10
1-1 2 .7 10 4-4 14.6 5 V 2 .9 10 4-2 8 .9 7 2 .6 10

2 .5  Original 1-2 2 .8 9 4-4 17.2 5 V 3 .2 10 4-3 11.4 8 3 .2 10
1-1 3 .3 10 4-4 8 .2 8 V 2 .9 10 4-4 10.2 7 2 .8 10

* 1 gram per 100 cc. equals 0.625 pound per cubic foot.
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T a b l e  V III. A s s a y  o f  a  M ix t u r e  o f  P o t a s s iu m  D ic h r o m a t e , S o d iu m  F l u o r id e , S o d iu m  A r s e n i t e , a n d  D in it r o p h e n o l

(Full-cell water solution treatment. Assay made early in development of method. Duplicates and controls were not used.)

Concentration

-------- Lent

Growth
rating

in u s lep ideus-------%
Dissec- 

% tion 
loss rating

------------Fi

Growth
rating

omes to- 

&
L b ./cu . ft.o ,b  

1 .2  Original N. G. 1 1 .3  10 N. G. 3 1.0
Leached 1-4 0 .3  10 4-4 0 .3

0 .6  Original N. G. 3 0 .9  10 N. G. 4 0 .7
Leached 2-4 0 .0  10 3-3 1.1

0 .3  Original N . G. 1 0 .5  10 N  G. 4 0 .7
Leached 1-4 0 .5  10 4-3 + 0 .5

0 .1  Original N. G. 2 0 .5  10 N. G. 4 0 .0
Leached 4-4 5 .3  7 4-4 4 .9

° 1 gram per 100 cc. equals 0.625 pound per cubic foot. 
b Expressed in terms of dry salts. 
e Specimen saturated with water.

Dissec
— U -1 0 -

Dissec
*------Polyporu8 vapor a r iv s ------%

Dissec-
tion Growth tion Growth % tion

rating rating loss rating rating loss rating

10 N. G. 1 1.6 10 N. G. 1 1.2 10
10 1-4 3 .0 9 4-4 6 .4 7
10 N. G. 4 0 .5 10 V 0 .3 10
10 4-3 2 .4 1 0 - 4-4 23 .0 2
10 N. G. 2 0 .3 10 N. G. 3 0 .4 10
10 4-4 13.4 6 4-4 59 .5 0
10 N. G. 4 0 .4 10 N. G. 4 0 .2 10

7 4-4 39.1 0 4-4 8 .0* 7

T a b l e  IX . A s s a y  o f  a  M ix t u r e  o f  Z in c  C h l o r id e  a n d  S o d iu m  D ic h r o m a t e

(Full-cell water solution treatment)
,------Poi

Growth

rin tueras s*o ta--------- «
Dissec

-------Conio\ phora cerebella----- s
Dissec

—U-10—
Dissec

,------P olyporus vaporariue------
Dissec-

Control
Dissp.r.-

Concentration 
L b ./cu . ft.Oib

% tion Growth % tion Growth % tion Growth % tion % tionrating loss rating rating loss rating rating loss rating rating loss rating loss rating

2 .2  Original N. G. 2 2 .6 10 1-1 2 .9 10 N. G. 3 2 .8 10 1-1 2 .3 10 2 .0 10N. G. 2 1.4 10 1-1 1.6 10 N. G. 2 2 .8 10 N. G. 3 1 .5 10 2 .3 10
Leached 4-4 10.5 6 4-3 6 .4 7 4-4 19.7 3 4-4 14.1 6 0 .8 102-4 3 .3 8 4-3 5 .0 7 4-4 19.6 3 4-4 11.3 6 0 .4 10

1.2  Original 2-2 1.6 1 0 - 1-1 2 .3 10 N. G. 3 0 .0 10 3-3 4 .2 9 0 .9 10
N. G. 3 1.1 10 1-1 3 .0 10 1-3 0 .7 10 1-1 2 .6 10 1.1 10

Leached 4-4 9 .7 6 4-3 10.8 6 4-4 34 .4 0 4-4 32 .2 1 0 .5 104-4 6 .7 6 4-3 6 .9 7 4-4 31 .6 0 4-4 8 .7 5 0 .8 10
0 .7  Original N. G. 3 0 .9 10 2-2 2 .7 9 1-2 1.4 10 4-4 8.1 7 0 .3 10

2-1 0 .7 10 4-1 1.9 10 N. G. 4 0 .5 10 4-2 3 .4 9 0 .0 10
Leached 4-4 19.7 3 4-4 11.4 6 4-4 25 .5 2 4-4 25.4 2 0 .6 10

4-4 15.2 4 4-4 10.9 6 4-4 12.0 6 4-4 17.4 4 0 .2 10
0 .3  Original 4-4 22.5 3 4-3 11.4 6 4-4 14.8 5 4-4 10.8 6 0 .0 10

4-2 11.5« 6 4-3 7 .4 7 4-4 10.9 6 4-4 8 .9 6 0 .0 10
Leached 4-4 11.4 6 4-3 14.0 5 4-4 24.7 2 4-4 16.5 4 0 .0 10

4-4 10.5 6 4-4 11.9 6 4-4 16.1 4 4-4 10.1 6 0 .3 10
0 .2  Original 4-4 28 .6 1 4-2 12.0 6 4-4 31 .9 0 4-4 8 .6 6 0 .2 10

4-4 24.6 2 3-2 11.3 6 4-4 12.9 6 4-4 8 .2 6 0 .0 10
Leached 4-4 16.8 4 4-3 9 .8 7 4-4 30 .2 0 4-4 12.5 5 0 .1 10

4-4 14.1 5

° 1 gram per 100 cc. equals 0.625 pound per 
b Expressed in terms of dry salts.

4-3 

cubic foot.

9 .6 7 4-4 23 .8 2 4-4 8 .9 6 0 .0 10

c Contamination present.

Two compounds of an inorganic nature are also included, 
a mixture of potassium dichromate, sodium fluoride, sodium 
arsenite, and dinitrophenol (Table VIII) and a mixture of 
zinc chloride and sodium dichromate (Table IX). Both 
products, especially the former, are reasonably effective be
fore leaching but, from the appreciable decay found in several 
specimens subjected to the water cycle previously men
tioned, it is obvious that in neither is there complete fixation 
of the toxic principles. Further indications that large 
amounts of the materials were extracted from the wood when 
in contact with water were obtained by analyzing the leach 
waters. However, both products represent a real advance 
in the search for a truly' permanent water-borne preserva
tive.

The assay in Table V III was made during the evolutionary 
period of the method, as is evidenced by the use of single 
blocks and the lack of uninoculated controls. Two of the 
test organisms used a t that time, Lentinus lepideus and 
Fomes roseus, were innocuous except at the very lowest con
centration of the leached specimens. By the time the assay 
in Table IX  was carried out it had been realized that these 
organisms were unsuitable for the evaluation of the inor
ganic type of preservatives and Coniophora cerebella and 
Poria incrassata had been substituted in such studies. That 
this was a happy choice is indicated by the extensive decay 
brought about by these fungi.

D iscu ssio n  an d  S u m m a ry
An attempt at the reproduction of natural conditions in 

the laboratory is always attended by many difficulties, 
particularly when endeavoring to imitate biological phe
nomena in a state of dynamic equilibria. The laboratory 
method described in this paper, however, does have many 
features to recommend it:

1. The medium is the natural one.
2. The organisms are selected on the basis of their viru

lence in attacking the specific medium used and their re
sistance to the class of compounds under consideration.

3. Because of limiting factors inherent in organic systems, 
it is difficult to establish environmental optima for all the 
fungi, but for the most part the conditions of the test meet 
these criteria.

4. Each block has a specific identity, treatment, and case 
history.

5. The test furnishes important indications of the degree 
of permanence and other chemical properties of the pre
servatives as well as its toxicity.

6. Low-cost apparatus and a simple technic result in an 
inexpensive assay method, especially when compared with 
the more expensive outdoor exposure tests which can often 
be entirely eliminated in the case of unpromising materials.

7. Evidence is accumulating from correlated field-exposure 
tests which indicates a high degree of specificity for the method.
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8. While results on quadruplicate untreated blocks 
(Table II) and duplicate treated blocks show good agree
ment, data on reproducibility of this technic in other hands 
are not available a t the present time, and definite claims for 
the true reproducibility of the method must await trial by 
other workers.
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Therm al Conductivity o f Liquids
Binary Mixtures of Water-Methyl Alcohol and Watei^Ethyl Alcohol

OSCAR KENNETH BATES, GEORGE HAZZARD, a n d  GERALD PALMER 
S t. Lawrence U niversity, C anton , N. Y.

T h e  paper p resen ts  im p ro v em en ts  in  th e  
o p era tio n  o f  th e  "apparatus prev iou sly  re
p orted  (I , 2 ), an d  th e  re su lts  o f  th e  d e ter 
m in a t io n s  o f  th e  th erm a l co n d u ctiv ity  and  
tem p era tu re  coeffic ien ts  o f  th erm a l c o n d u c 
tiv ity  for w a te r -m e th y l a lco h o l an d  w a te r -  
e th y l a lco h o l b in a ry  m ix tu res .

BATES reported in detail the method of determining the 
thermal conductivity of liquids, a description of the 

apparatus, and the calculation of the coefficients in previous 
papers (1, 2). Figure 1 gives a general view of the present 
setup. However, two changes have been made in the opera
tion of the apparatus from that previously reported.

To minimize conduction from the room to the calorimeters, 
thecalorimeter water must bekept a t room temperature, besides 
insulating heavily with rock wool and magnesia insulation. 
During the winter months electrical heating of the calorimeter 
cooling water from 5° to 20° C. requires the continuous use 
of about 2 kilowatts. To reduce the power consumption and 
eliminate the necessity for thermostatic con
trols, the authors recirculated the cooling 
water, taking special care to keep the tem
perature constant.

A small centrifugal pump (B, Figure 2) de
livered the cooling water from the calorimeters 
back to the constant-head tank, located some 
2 meters (6 feet) above the apparatus. To pre
vent vibration from reaching the apparatus, the 
pump was cushioned by several inches of sponge 
rubber, and all piping insulated from the walls 
by sponge rubber. Cold water from the sec
ondary constant-head tank (C, Figure 2) was 
added to the circulating water a t an open tank 
at the inlet to the pump, to balance the heat 
picked up in passing through the calorimeters.
A specially constructed needle valve in the out
let of the secondary constant-head tank accu
rately controlled the amount of water added.
In this manner, the temperature of the test 
calorimeter was maintained very steadily. Since 
the work requires equilibrium temperature con
ditions, this method of controlling the tempera
ture of the water flowing through the calorime
ters seemed superior to electrical heating and 
thermostatic control.

The line voltage must be controlled very 
closely to eliminate fluctuations of the heater 
temperature. A 250-watt Raytheon voltage

regulator (A, Figure 2) provided a completely constant voltage 
and, with the recirculating water system described above, virtually 
eliminated temperature fluctuations of the apparatus.

P rocedure
A previous paper (1) explained in detail the experimental 

procedure and method of calculation of the various coefficients. 
The values of the several coefficients were calculated from 
the temperature gradient curves drawn for each series of 
runs. In this case, a series of tests was made for liquid mix
tures of the following compositions (in per cent by weight):

Methanol-Water
Distilled water
9.0 per cent methanol-91.0 per cent water

18.4 per cent methanol-81.6 per cent water
35.8 per cent methanol-64.2 per cent water
58.0 per cent methanol-42.0 per cent water
77.1 per cent methanol-22.9 per cent water
89.2 per cent methanol-10.8 per cent water
99.4 per cent methanol- 0.6 per cent water

The methanol was received from E. I. du Pont de Ne
mours & Co., Inc. The composition was reported as 99.85 
per cent or better, and the specific gravity given as 0.79620 at

F ig u r e  1. G e n e r a l  L a y o u t  o f  A p p a r a t u s
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T a b l e  I . T r u e  C o e f f i c i e n t  o f  T h e r m a l  C o n d u c t i v i t y  (K ,)
M etha

nol
weight

(Pure
water)

Values of K t  
40° C. 

s e c o n d cm .” 
0.00149

Water
% b y
100

10° C. 20° C. 30° C. 50° C.
2, ° (7.-1,
0 .00152

60° C. 70° C. 020& 
% , °  C.- 

0.270.00138 0.00141
U/ U//* VlXK Vf ICO,

0.00145 0.00156 0.00160

95 5 0.00132 0.00135 0.00139 0.00142 0.00146 0.00149 0.00151 0 .26
90 10 0.00126 0.00129 0.00132 0.00135 0.00139 0.00142 0.00145 0 .25
85 15 0.00120 0.00123 0.00126 0.00129 0.00132 0.00134 0.00137 0 .22
80 20 0.00115 0.00117 0.00120 0.00122 0.00125 0.00127 0.00129 0.21
75 25 0.00110 0.00112 0.00114 0.00116 0.00118 0.00120 0.00122 0 .1 8
70 30 0.00105 0.00107 0.00108 0.00110 0.00112 0.00113 0.00115 0 .14
65 35 0.00100 0.00101 0.00103 0.00104 0.00105 0.00106 0 .12
60 40 0.00096 0.00096 0.00097 0.00098 0.00099 0.00100 0.10
55 45 0.00091 0.00092 0.00092 0.00093 0.00093 0.00094 0 .06
50 50 0.00088 0.00088 0.00088 0.00088 0.00088 0.00088 0.00
45 55 0.00083 0.00083 0.00083 0.00082 0.00082 0.00082 - 0 .0 3
40 60 0.00079 0.00079 0.00078 0.00078 0.00077 0.00077 - 0 .0 6
35 65 0.00076 0.00075 0.00074 0.00073 0.00072 0.00072 - 0 .1 0
30 70 0.00072 0.00071 0.00070 0.00069 0.00068 0.00067 - 0 .1 1
25 75 0.00069 0.00067 0.00066 0.00065 0.00064 -0 .1 1
20 80 0.00065 0.00064 0.00062 0.00061 0.00060 - 0 .1 6
15 85 0.00062 0.00060 0.00059 0.00058 0.00056 - 0 .1 7
10 90 0.00059 0.00057 0.00056 0.00054 0.00053 - 0 .1 8
5 95 0.00055 0.00054 0.00052 0.00051 0.00050 - 0 .1 9

(Pure 100 
methanol)

a K t(c a \„  sec ._1

0.00053  

, cm .“ *, °

0.00051 0.00050  

C.->. cm.) 2900 = Art(B.

0 .00048  

t. u., hr.“ *, ft.

0.00047  

-j , 0 F .~ inch).

- 0 .2 0

Equations for True Coefficient of 
Thermal Conductivity

K i =  0.00134 +  0.00000365 « )

K t  -  0 
K  i -  0 
K t  -  0 
K  i -  0 
K t  -  0 
K t  -  0 
K t  =  0 
K t  -  0 
K t  ■» 0. 
K t  -  0. 
K t  -  0 
K t  -  0. 
iCi -  0 
Kt -  0 
K t =  0. 
/Cl -  0 
K t  -  0 
iCi -  0 
/C< -  0 
•RTi -  0

00128 +  0. 
00123 +  0. 

,00118 +  0 
00113 +  0, 

.00108 +  0 
00103 +  0. 

.00099 +  0 

.00095 +  0, 
00091 +  0. 
00088
00083 -  0. 
00080 -  0. 
00076 -  0 

.00073 -  0. 
00070 -  0. 
00066 -  0, 
00063 -  0. 
00060 -  0. 
00057 -  0. 
00054 -  0.

00000350 (t) 
00000315 (i) 
00000275 (/) 
00000225 (I) 
00000200 (t) 
00000175 (i) 
00000125 (0  
00000075 (0  
00000050 (i)

00000025 (<) 
(«>00000050

00000075 (() 00000100 «> 
00000125 (Í) 
00000125 (I) 
00000125 (i) 
00000150 (I) 
00000150 (0 
00000150 (t)

V» lis« n. 3
í> a»  as defined by K t  =  /Ctofl +  «»(* — 20)).

T a b l e  II. T r u e  C o e f f ic ie n t  o f  T h e r m a l  C o n d u c t iv it y  (Kt)
Ethyl

Water Alcohol 
% by weight

100 (Pure
water)

10° C.
-Values of K t -

20° C. 30° C.
 Oram calories, second “

40° C. 50° C.
, cm .“*, 0 C .“\  cm.a--------

60° C.

0 .00138 0.00141 0.00145 0.00149 0.00152 0.00156

atob
%, °c.-»

0 .27

Equations for True Coefficient o 
Thermal Conductivity

K t  «  0 .00134 +  0.00000365 (t)

95 5 0.00131 0.00135 0.00139 0.00142 0.00145 0.00149 0 .25 K t  »  0 .00128 +  0.00000335 (t)
90 10 0.00125 0.00128 0.00132 0.00135 0.00138 0.00141 0 .23 K t -  0 .00122 +  0.00000300 ( t)
85 15 0.00119 0.00122 0.00125 0.00128 0.00130 0.00133 0 .22 K t  -  0 .00116 +  0.00000270 (t)
80 20 0.00113 0.00116 0.00119 0.00121 0.00123 0.00126 0.21 K t ~  0.00111 - f  0.00000245 (0
75 25 0.00108 0.00110 0.00112 0.00114 0.00116 0.00118 0 .1 8 K t  -  0 .00106 +  0.00000200 (0
70 30 0.00102 0.00104 0.00106 0.00107 0.00109 0.00110 0 .16 K t -  0.00101 +  0.00000165 (<)
65 35 0.00097 0.00098 0.00099 0.00101 0.00102 0.00103 0.14 K t  -  0 .00095 +  0.00000130 (t)
60 40 0.00092 0.00093 0.00093 0.00094 0.00095 0.00096 0.11 K t «  0.00091 +  0.00000100 (t)
55 45 0.00087 0.00087 0.00088 0.00088 0.00089 0.00089 0 .08 K t  «  0 .00086 +  0.00000070 (<)
50 50 0.00082 0.00082 0.00083 0.00083 0.00083 0.00083 0.04 K t  “  0 .00082 +  0.00000030 (t)
45 55 0.00078 0.00077 0.00077 0.00077 0.00077 0.00077 0.00 K t  -  0 .00078
40 60 0.00073 0.00073 0.00072 0.00072 0.00072 0.00071 - 0 .0 5 K t  -  0 .00074 -  0.00000035 (t)
35 65 0.00069 0.00068 0.00068 0.00067 0.00066 0.00066 - 0 . 1 0 K t  »  0 .00070 -  0.00000070 (!)
30 70 0.00065 0.00064 0.00063 0.00062 0.00061 0.00060 - 0 .1 6 K t  «=» 0.00067 -  0.00000115 (i>
25 75 0.00062 0.00061 0.00059 0.00058 0.00057 0.00056 - 0 .2 2 K t ~  0 .00063 -  0.00000130 (<)
20 80 0.00058 0.00057 0.00055 0.00054 0.00052 0.00051 - 0 .2 5 K t  »  0 .00059 -  0.00000140 (t)
15 85 0.00055 0.00053 0.00051 0.00050 0.00048 0.00046 - 0 .3 2 Kt -  0 .00056 -  0.00000170 (t)
10 90 0.00052 0.00050 0.00048 0.00046 0.00044 0.00042 - 0 .4 0 K t »  0 .00054 -  0.00000200 «)
5 95 0.00049 0.00047 0.00044 0.00042 0.00040 0.00038 - 0 .4 8 K t  -  0 .00052 -  0.00000235 (t)

(Pure
ethyl) 100 0.00046 0.00043 0.00041 0.00038 0.00036 0.00033 - 0 .5 4 K t -  0 .00048 -  0.00000250 (¿>

a K t(c a l„  sec ."1, cm .-5, ° C .~ l, cm.) 2900 ■* K t(B . t. u., hr.“ 1, ft.”*, 0 P.**, inch).
C. g. s. system English system

6 a »  as defined by K t  =  /C:ofl 4- «:o(f — 20)1.

15° C ./40 C. The distillation range did not exceed 1° C. 
from first drop to dry on an Engler distillation unit.

Ethyl Alcohol-Water 
Distilled water
11.0 per cent ethyl alcohol-S9.0 per cent water
20.2 per cent ethyl alcohol-79.8 per cent water
37.4 per cent ethyl alcohol-62.6 per cent water
64.9 per cent ethyl alcohol-35.1 per cent water
79.2 per cent ethyl alcohol-20.8 per cent water 
91.7 per cent ethyl alcohol- 8.3 per cent water

The ethyl alcohol used was 190 proof industrial alcohol
U. S. P., manufactured by the U. S. Industrial Alcohol Co.

From the calorimetric determinations and the temperature 
gradient curves, the true thermal conductivities were de
termined for the binary liquid mixtures listed above over the 
range of temperature covered for the particular runs. In 
every case, within the accuracy of the tests, the true thermal 
conductivity was a linear function of the temperature—that 
is, a straight-line relation. From these curves, composition

vs. true thermal conductivity curves were drawn for every 
10° C. interval.

T ru e T h erm a l C o n d u ctiv ity , K t
The final data given in Tables I and I I  and graphically in 

Figures 3, 4, 5, and 6 were obtained from the conductivity- 
composition curves. By means of either the tables or the 
graphs it is possible to determine the true thermal conductivity 
of binary liquid mixtures of both methanol-water and ethyl 
alcohol-water for any temperature from 10° to 70° C. and 
for any composition from distilled water to pure alcohol.

A verage or M ean  T h erm a l C o n d u ctiv ity

The average thermal conductivity, between any two 
temperatures, ij and h, covered by the experiments and for 
any composition, can also be readily determined by using the 
average or mean temperature from Tables I  and II  and Figures 
3, 4, 5, and 6. Since the true thermal conductivity is a linear



culatmg the true thermal conductivity of binary liquid mix
tures when the conductivities of the two liquids are known. 
The equation is

K  sinh (100m) = Ki  sinh (pin) +  K2 sinh (p2̂ )

“where pi and are the percentages by weight of the two 
constituents and fx is a constant depending upon the con
stituents and the temperature.” The following is a sample 
calculation using the above equation:

Calculation of the thermal conductivity of a 40 per cent ethyl 
alcohol-60 per cent water binary mixture at 20° C.

pi ®* 40, pj =  60
K i  «  0.00043, K t  «  0.00141 (Table II)

100^ *" 0.94
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F i g u r e  2. V o l t a g e  R e g u l a t o r ,  A ,  C e n t r i f u -  . 
g a l  P u m p, B, a n d  S e c o n d a r y  C o n s t a n t -  

H e a d  T a n k ,  C

T a b l e  III. C o m p a r is o n  o f  V a l u e s  f o r  T r u e  T h e r m a l  C o n 
d u c t iv it y  o f  W a t e r , M e t h y l  A l c o h o l , a n d  E t h y l  A l c o h o l

Tempera• a 20b
(%i

° C . - ‘)Liquid Observer Year
K ta

(True)
ture, 
° C.

Water I. C. T. (3) 1929 0.00138 20 0.28
Bates (5)
Bates, Hazzard, Palmer

1936 0.00141 20 0.26
1938 0.00141 20 0.26

Methyl
alcohol I. C. T. 1929 0.00050 20 -0 .0 5 3

Bates, Hazzard, Palmer 1938 0.00051 20 - 0 .2 0
Ethyl

alcohol I. C. T. 1929 0.000435 20 -0 .0 7 1
Bates, Hazzard, Palmer 1938 0.00043 20 - 0 .5 4
Schack (5) 1933 0.00041 40
Saha and Srivastava (4) 1931 0.00043 25

a Units of K t  «  gram cal., sec .-1 , cm .“2, ° C .“1, cm. 
aso as defined by K t  =* K io [1 -f- Q2o(i — 20)].

M e t h y l

function of the temperature, the average 
thermal conductivity between temperatures U. 
and ¿i must be the same as the true coefficient
a t — g—' or the average of the two tempera
tures.

D iscu ss io n  o f  R esu lts
The thermal conductivity values calculated 

from new tests run on redistilled water checked 
with the results given by Bates in 1936 (2). 
His investigation was carried on with the same 
apparatus, but a t the Massachusetts Institute 
of Technology, with electrically heated, ther
mostatically controlled calorimeter water.

Results for both binary mixtures (methanol- 
water and ethyl alcohol-water) show a tem
perature coefficient which reduces to zero at 
approximately a 50 per cent solution, going 
negative for alcohol concentrations higher than 
50 per cent. In other words, the temperature 
coefficient of thermal conductivity is positive 
for distilled water (aM =  +0.26%, ° C .- ‘), 
approaches zero at 50 per cent methanol-50 
per cent water, and is negative for pure metha
nol (or2o =  —0.20%, °C .~l). For ethyl alco
hol-water mixtures the zero coefficient occurs 
around 52 per cent ethyl alcohol-48 per cent 
water, and is negative for pure ethyl alcohol 
(«,<,= —0.54%, °C ._1).

Table I I I  gives a comparison of the thermal 
conductivity values for water, methanol, and 
ethyl alcohol with those found by other ob
servers.

Barratt and Nettleton in the International 
Critical Tables proposed an equation for cal-

PERCENT M ETHVL ALCO H O L
F ig u r e  3 . T h e r m a l  C o n d u c t iv it y - C o m p o s it io n  C u r t o s  f o r  

A lc o h o l - W a t e r  S o l u t io n s
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I70r

F ig u r e  4 . T h e r m a l  C o n d u c t iv it y - T e m p e r a t u r e  
C u r v e s  f o r  M e t h y l  A l c o h o l - W a t e r  S o l u t io n s

Therefore,
„  _  0.00043 sinh (40 X 0.0094) +  0.00141 sinh (60 X 0.0004) 

sinh (0.94)

From a table of hyperbolic sines, we get:
sinh 0.94 =  1.085, sinh 0.376 -  0.385, sinh 0.564 -  0.594 

Substituting these values and solving,
K  =  0.000925

Using the authors’ values of K t and values of ¡x given in the 
International Critical Tables (3), they found variations of 5

T a b l e  IY. C o m p a r is o n  o f  O b s e r v e d  T h e r m a l  C o n d u c 
t i v it ie s  w it h  C o n d u c t iv it ie s  C o m p u t e d  f r o m  E q u a t io n  

K  s in h  (1 0 0 m) =  K\ s in h  (p,n) +  K t s in h  (p 2,u)
Water 

Solutions 
of

Ethyl
alcohol

Methyl
alcohol

Glycerol*

°  iC c a lc . is obtained from the above equation using values of 1 0 0 /ito  for 
ethyl alcohol =  1.34, for methyl alcohol 1.30, and for glycerol *» 0.40 as 
given in International Critical Tables.

b iC c a lc . is obtained from the above equation using values of 100m?o for 
ethyl alcohol *» 0.94, for methyl alcohol ■=> 0.90, and for glycerol ■» 0.65 as 
determined by the authors.

e Values for K t  of glycerol were obtained from (£).
A  ** iC o b s. — iC calo .

Composi iCobs. Kcùlo. A X Äcalo. A X
tion at 20° C. at 20° C.° 10-* at 20° C.& 10"»

%  by weight

20 0.00116 0.00109 7 0.00115 1.0
40 0.00093 0.00084 9 0.000925 0 .5
60 0.00073 0.00066 7 0.000735 - 0 . 5
80 0.00057 0.00053 4 0.00057 0
20 0.00117 0.00111 6 0.001175 - 0 . 5
40 0.00096 0.00088 8 0.00096 0
60 0.00079 0.00071 8 0.00079 0
80 0.00064 0.00059 5 0.00064 0
20 0.00124 0.00125 - 1 0.001215 2 .5
40 0.00107 0.00111 - 4 0.001065 0 .5
60 0.00091 0.00095 —4 0.00092 - 1 . 0
80 0.00078 0.00081 - 3 0.000795 - 1 . 5

to 10 per cent of the calculated K t from the observed K, (Table
IV). However, since the residuals (A) were all of the same sign, 
it seemed necessary to change only p. to make the equation 
fit. When m is changed to make the sum of the residuals (A) as 
small as possible, the equation fits the data very well. On the 
basis of the above calculations, the authors suggest the following 
values of 100 ju a t 20° C .: ethyl alcohol =  0.94, methyl alcohol = 
0.90, glycerol =  0.65.

The International Critical Tables suggest that /i is a func
tion of the temperature but give only the value a t 20° C. 
Values of Kt calculated for higher temperatures, the authors’ 
values for 100 suggested above being used, showed fairly 
good agreement with observed conductivities a t those tem
peratures. Since the agreement up to 80° C. is good (Table
V), it would seem useless to change ju a t higher temperatures,

T a b l e  V . C o m p a r is o n  o f  O b s e r v e d  a n d  C o m p u t e d  V a l u e s
o f  Kt

(Showing the degree of independence of m with temperature)
Water

Solutions Composi Tempera A X
of tion ture K  obs. K  cal c. io-»

%  by weight ° C.
Ethyl 20 60 0.00126 0.00124 2

alcohol 40 0.00096 0.00097 - 1
60 0.00071 0.000735 - 2 . 5

100/i *■ 0.94 80 0.00051 0.00052 - 1
M ethyl 20 50 0.00125 0.00124 1

alcohol 40 0.00099 0.00101 - 2
60 0.00077 0.000805 - 3 . 5

100m - 0.90 80 0.00060 0.00063 - 3
Glycerol 20 80 0.00141 0.00140 1

40 0.00118 0.00119 - 1
60 0.00096 0.00101 - 5

100m « 0.65 80 0.00079 0.00035 - 6

ÜTobs. — ideale.

GTCIOT 20" 30’ 40' 50°  60°
F ig u r e  5 . T h e r m a l  C o n d u c t iv it y - T e m p e r a t u r e  

C u r v e s  f o r  E t h y l  A l c o h o l- W a t e r  S o l u t io n s
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F ig u r e  6 . T h e r m a l  C o n d u c t iv it y - C om-  
p o s it io n  C u r v e s  f o r  E t h y l  A lc o h o l-  
W a t e r  S o l u t io n s

3 0  4 0  5 0  6 0  7 0  8 0  9 0  100 
PE R C E N T  ETH YL A L C O H O L

for doing so would not appreciably improve the fit of the 
equation.

The authors wish to express their appreciation to Laurens 
H. Seeyle and to Ward C. Priest of The St. Lawrence Uni-

versity for their cooperation in the general 
research program. Acknowledgment is also 
made to E. I. du Pont de Nemours & Co., 
Inc., for their permission to publish the data 
on the thermal conductivity of methyl alco- 
hol-water mixtures.
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D eterm ination o f Gold and Silver in  Cyanide 
Solutions

W . E. CA LDW ELL AND L. E . S M IT H , O regon  S ta te  C o llege , C orvallis, O re.

ROUTINE control assays for the gold and silver content 
of the alkali cyanide leach solutions from crushed ore, 

and on the barren solutions after recovery of most of the 
precious metals therefrom, are made by many methods. The 
procedures most commonly employed are the copper sulfate 
method as used in South Africa (2), the evaporation method 
(2,3), and the zinc-lead acetate method (3).

The work of Yasuda (4), and as extended by Caldwell and 
McLeod (1), shows that minute quantities of gold may be 
obtained from large volumes of solution by employing a semi- 
colloidal mercury and mercurous chloride collector. Al
though their method, as reported, is not applicable to cyanide- 
containing solution, it was desired to apply its general prin
ciple and procedure to determining the noble metal content of 
cyanide-containing solutions. The problem, then, was to 
destroy or eliminate the cyanide ion of the samples containing 
noble metal so tha t it would not interfere with collection of 
gold from solution by mercurous precipitate.

A well-known inorganic reaction is the formation of po
tassium ferrocyanide by the reaction of ferrous sulfate and po
tassium cyanide. I t  seemed feasible with the use of ferrous 
sulfate to eliminate the cyanide ions from the solution that 
the colloidal mercury fall method should yield good results 
as a collector of gold and silver from solution.

To test the applicability of the semicolloidal mercury fall 
method in collecting and recovering gold and silver from cya- 
nide-containing solution, if the cyanide ion is converted to 
ferrocyanide by use of ferrous sulfate, numerous experimental 
runs were made. Simulated cyanide leach solutions as from 
gold ores were prepared. Particles of pure gold, weighed to 
within 0.01 mg., were dissolved in the minimum quantity of 
aqua regia and transferred to water in 2-liter bottles. A 
measured volume of standard silver nitrate was introduced. 
Potassium cyanide was added to yield solutions of various 
percentages of cyanide, but in general of about 0.025 per cent, 
which is representative of economic leach solutions.
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T a b l e  I . D e t e r m in a t io n  o p  G o ld  a n d  S il v e r

Volume of Amount Used Amount Recovered Recovery
Sample Au Ag Au Ag Au Ag

M l. A ssa y  tons M g. M g. M g. M g. % %
Ferrous Sulfate-Mercurial Method

2000 66.67 4 .56 ‘ 10.48 4 .38 10.37 96 .2 98.8
6 .80 31.44 6.39 29.21 93.9 93 .0
0 .65 10.48 0.62 9.96 95.4 95.0
1.87 20.96 1.80 20.69 96.2 98 .8
1.84 31.44 1.77 31.40 96 .2 99 .6

13.85 M 3 94 .8
2.08 20! 96 1.99 Í8 .49 95 .5 84 !0
0 .52 10.48 0.49 8.17 94.3 78 .0
0 .80 20.96 0.77 16.88 96.3 77 .0
0.11 11.84 0.10 9 .70 90 .9 82 .0
0 .05 8 .7 8 0.047 6.77 94 .0 77 .0

22.93 123.00 21.36 115.00 93 .2 93 .5
60.22 262.00 57.04 251.00 9 4 .8 96 .0

0 .76 22.7 0 .70 18.5 92 .2 81 .0
291 2 .80 96 .2

6 .65 6.39 96.0
0.37 0 .36 97 .0
1.70 1.60 94.0

Copper Sulfate Method
600 20 0.90 11.52 0 .86 10.99 95 .6 95.4

3 .12 15.75 3 .00 14.7 96 .0 93.4
12.54 62 .9 12.17 59.88 96 .8 95 .2

Chiddey Method
600 20 0 .12 5 .24 0.115 4 .68 89 .5 95 .6

4 .96 20.96 4 .79 19.46 93 .0 96 .5
Ferrous Sulfate-M ercurial Method

0.000 333.3 2 .08 22.21 1.95 19.68 93 .0 90 .0
1.98 19.87 1.80 17.51 91 .0 88.0
0 .30 0 .27 90.0

M eth od

The method for analyzing for gold and silver from cyanide- 
containing solution, which has been proved applicable by 
analysis of simulated cyanide leach solutions of known noble 
metal content, and by check runs on unknowns, follows:

To 2-liter samples (about 66.67 assay tons) of cyanide-contain- 
ing noble metal solution add a solution containing ferrous sulfate 
approximately ten times the weight of the cyanide in the sample. 
Add 50 cc. of a saturated mercuric chloride solution, 5 grams of 
magnesium powder, and 60 cc. of concentrated hydrochloric acid. 
Pour the acid in by portions to prevent bubbling over. If the 
volume of sample taken is much greater than the 66.67 assay tons 
(about 10 liters, 333.3 assay tons), double the amount of mercuric 
chloride, magnesium, and acid used. Allow to stand 6 to 8 hours, 
or overnight. Siphon off the clear liquid and transfer the resi
due from the bottle into a beaker, rinsing out any residue re
maining in the bottle with small portions of water. Let it settle 
for a few minutes and then filter, using a rough quantitative filter 
paper. As the bulk of the residue is being washed onto the filter 
paper, sprinkle in about 20 grams of granular test lead so that the 
two will become intimately mixed. Allow to drain and dry.

On a bone-ash cupel weighing about 60 grams spread a layer of 
test lead, following the general concave shape of the cupel. Re
move as much of the dried residue from the filter paper as is con
venient, mash the lumps, and place in the center of the cupel. 
With a little lead cover the residue remaining on the filter paper, 
wad it up, and place on top of the cupel. Cover the residue 
with more test lead. The total weight of lead used should not 
greatly exceed 45 grams.

Introduce the cupel slowly into the muffle, so that the filter 
paper will be burned and mercury and its salts volatilized. This 
last^mentioned step must be executed cautiously and requires the 
close attention of the analyst; otherwise, a too rapid volatiliza
tion of the mercurial residue will cause spitting and serious losses 
of value, or perhaps salting of an adjacent cupellation. When a 
cupel has been placed in the hottest part of the muffle, increase 
the temperature to nearly 1000° C. and create a reducing atmos
phere by putting near the cupel bits of wood, cork, or like material. 
When the lead nas “uncovered,” as shown by its bright red ap
pearance, cool the muffle to normal cupellation temperatures. 
Upon completing the cupellation, weigh for gold and silver as 
usual in assaying. Table I  lists results of analysis.

Still more accurate results may be obtained by scorification of 
the mercurial noble metal collection residue prior to cupellation. 
I t is recommended that the filter paper with residuebe scorified in a
6.25-cm. (2.5-inch) scorifier. Place in the bottom of the scorifier 
a 10-gram sheet of lead molded to the form of the scorifier. This 
prevents absorption of water and subsequent splattering during 
scorification. Add appropriate amounts of test lead and a little 
silica-borax glass. The scorification can be carried on so as to

yield an 18- to 30-gram button, in which case smaller sized cupels 
may be used.

D iscu ss io n  o f  R e su lts

A few results of analyses for gold and silver from cyanide 
solution by the copper sulfate method (2), and by the Chiddey 
or zinc-lead acetate method (3) are recorded in Table I. The 
percentage recovery is practically the same in the three meth
ods. The chief advantage of the mercurial method is, then, 
simplicity of procedure and application to larger volumes of 
solution. The major loss in the various processes is probably 
gold and silver cupellation loss.

Analyses for gold and silver in 10 liters of cyanide-contain
ing sample show slightly decreased noble metal recovery.

In examining the results of numerous runs it was noticed 
that the gold recovery was between 94 and 96 per cent. If 
95 per cent is considered the av< .ge of recovery, and a cor
rection factor is applied to the eight of gold obtained, in 
most cases the corrected value of old was within 0.01 mg. of 
the theoretical yield.

A p p lica tion  o f  th e  M eth od

The mercurial method is applicable to the assay of a cyanide 
leach solution when accuracy is desired. The corrected re
covery of 0.01 mg. of gold from 66.67 assay tons of solution is 
estimation of the gold value to SO.0053 per ton a t the present 
price of gold (about S35.00 per ounce).

The recovery of silver is subject to errors due to cupella
tion procedure. If, however, silver is determined within 2 
mg. from 66.67 assay tons, the estimation of its value is made 
to within 1.5 cents per ton a t the present variable market quo
tation of 50 cents per ounce.

The method is applicable to a pregnant cyanide leach solu
tion, or more especially to the barren solution from which 
most gold and silver have been removed as a test for complete
ness of extraction. Merits of the method are :

But little attention is required for an individual determina
tion.

A large volume of solution can be used conveniently, thus 
reducing errors in measuring and sampling.

Mercury replaces only those metals below it in the electro
motive series—the noble metals. Salts of copper and other 
base metals in the cyanide leach solution are not reduced.

S u m m a ry

Gold and silver are recovered quantitatively from cyanide 
solutions by a semicolloidal mercury-mercurous chloride 
precipitate in an acid medium, if the cyanide ion is first con
verted to ferrocyanide ion by treatment with ferrous sulfate.

A determinative method for gold and silver in cyanide solu
tions is presented. An accuracy within 0.01 to 0.02 mg. for 
gold and within 2 mg. for silver is obtained from 66.67 assay 
tons'of solution.

But slightly decreased gold and silver recovery is attainable 
from 333.3 assay tons of sample.
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Photom etric Determ ination o f V anillin in
Vanilla Extracts

T . C. D A N IE L S , B Y R O N  E M E R Y , AND D O R O T H Y  PR A T H E R  
U n iv ersity  o f  C a lifo rn ia , C o llege  o f  P h a rm a cy , S a n  F ra n cisco , C alif.

ALTHOUGH the method of Folin and Denis (2) as out- 
l_ lined by the Association of Official Agricultural Chemists 

for the colorimetric determination of vanillin by means of 
phosphotungstic-phosphomolybdic acid reagent is in general 
satisfactory, it was observed that o-iodoxy ammonium ben
zoate develops a color with solutions of vanillin, suitable for 
photometric analysis. Because of the comparative ease of 
duplication of results with photometric methods, it appeared 
desirable to make a more detailed study of the method.
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Leake (5) and his associates (Emerson, 1, and Moody, 6) 
have reported the use of o-iodoxy ammonium benzoate for the 
colorimetric determination of morphine and epinephrine. I t  
was suggested by the above workers that this reagent was 
specific for “free phenolic hydroxyls.” The authors have 
found that it forms color complexes with a relatively large 
number of types of compounds, a more detailed study of which 
will be reported a t a later date.

Greenbaum (4) has developed a satisfactory method for 
the preparation of o-iodoxy benzoic acid and certain of its 
salts. The ammonium salt may be obtained under the trade 
name of “Amidoxyl benzoate” from the Abbott Laboratories. 
North Chicago, 111.

In developing the present method it was observed that the 
color complex was influenced markedly by such variables as 
concentration of the solvent and time allowed for the develop
ment of color. A detailed study was made of the following 
factors in order to determine the extent of the variation: 
degree of absorption of the color for various segments of the 
spectrum, influence of hydrogen-ion concentration on the 
formation of the color, influence of concentration of reagent, 
and influence of time.

E xp erim en ta l

Figure 1 gives the light transmission of the color complex 
for various segments of the spectrum when the spectrum (S) 
filters are used. The maximum absorption occurs a t the

lowest portion of the visible spectrum. Filter S43 was found 
to be most satisfactory for use.

By keeping the time and concentrations of vanillin and 
reagent constant, a study was made of the light transmission 
with change in hydrogen-ion concentration. I t  had been 
previously determined that a strongly acidic solution is 
necessary for the reaction (curve II, Figure 2). At a pH of 
0.85 to 0.94, the absorption is greatest and the color is most 
stable.

Working a t a pH of 0.87 and keeping the concentrations 
of vanillin and reagent constant, a study was made of the 
effect of time on transmission.

T a b l e  I. A n a l y s is  o p  V a n i l l i n  S o l u t io n s

Sample Vanillin Present 
Q./100 cc.

0.100
0 .1 5 0
0.200
0 .2 5 0
0 .3 0 0

Vanillin Found 
By official colori- B y photometric 
metric method method

G./I00 cc. G./100 cc.
0 .1 0 7
0 .1 4 9
0 .1 8 8
0 .2 3 9
0 .2 7 9

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

The results are shown in Figure 2 (curve I). I t  will be 
observed that it requires 15 minutes for the full development 
of color, following which it  remains constant for several 
minutes. Repeated determinations show that best results are 
obtained by starting the readings exactly 15 minutes after the 
addition of the reagent, and by completing the readings 
during the next 5-minute interval.

R e a g e n t s . o-Iodoxy Ammonium Benzoate. Dissolve 1 gram 
of o-iodoxy ammonium benzoate in 200 cc. of distilled water.

Hydrochloric Acid. Employing constant-boiling acid, make 1 
liter of 0.167 N  hydrochloric acid. (See Foulk and Hollings
worth, 3, for table of concentrations of constant-boiling hydro
chloric acid.)

P r o c e d u r e . Pipet 10 cc. of the vanilla extract into a 50-cc. 
volumetric flask, add 25 cc. of water and 5  cc. of 8 per cent lead

pH (n>

F ig u r e  2

320
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acetate solution, and make up to 50 cc. with water. Filter 
through a dry filter. (If a complete analysis is being conducted,
2 cc. of the clear lead filtrate as prepared for the official gravi
metric determination of vanillin and coumarin may be employed.)

Pipet 5 cc. of the clear lead filtrate into a 50-cc. volumetric 
flask and add 25 cc. of 0.167 N  hydrochloric acid. Shake, add
3 cc. of a 0.5 per cent solution (2 cc. are sufficient for lower con
centrations) of o-iodoxy ammonium benzoate, and fill the flask 
to the mark with 0.167 N  hydrochloric acid. Shake thoroughly 
and allow the mixture to stand for exactly 15 minutes. In the 
meantime prepare in the same manner a reference solution, omit
ting the reagent. Transfer to 5-mm. photometer cells and read 
the per cent of transmission on spectrum filter S43. Filtration 
of the color complex is not necessary.

By referring to the concentration curve (Figure 3), the 
concentration of vanillin may be read off directly from the K  
value (cologarithm of per cent transmission) in milligrams per 
liter. This value must be multiplied by 5.0 to convert it to 
milligrams in 100 cc. of the original extract. The straight-line 
graph shows tha t Beer’s law holds within these limits. The 
concentration curve was prepared from known concentra
tions of vanillin (Monsanto).

Table I  shows the results of analysis of vanillin solutions 
of known strength by both the official colorimetric method and 
the above photometric method.

Determinations were made on two samples of commercial 
vanilla extracts in order to compare the method with the 
standard gravimetric procedure. The extractions were made 
in triplicate and the average of the three determinations was 
taken (Table II).

Corning filter (H. E. lantern blue 554, 5.10-mm. thick
ness). A satisfactory concentration curve (Figure 4) is 
obtained by employing 5 cc. of the lead filtrate from 
the vanilla extract and only 2 cc. of the o-iodoxy am
monium benzoate solution. By plotting transmission 
against concentration on semilogarithmic paper w/v 
per cent of vanillin may be read directly from the 
graph. Because of the filter characteristics it is essen
tial, in using this method, to make the readings exactly 
15 minutes after the addition of the reagent. Concen
trations from 0.05 to 0.25 per cent give most satis
factory results. Suitable quantities of the lead filtrate 
from the vanilla extract should be employed to give 
vanillin concentrations in this range.

S u m m a ry

o-Iodoxy ammonium benzoate has been used in the 
quantitative determination of vanillin in vanilla ex
tracts. The method is suitable for use with the Pulfrich 
photometer and with the Cenco-Sanford-Sheard photel- 
ometer. In concentrations of 10 to 70 mg. per liter, the 
color complex gives a concentration curve with the 

Pulfrich photometer that closely approximates Beer’s law. 
In this range determinations may be made with an accurac}r 
of 2 to 3 per cent. Coumarin and other constituents normally 
remaining in the lead filtrate from vanilla extracts do not 
interfere. The method has been used for the past 2 years in 
a student laboratory and is more accurate and convenient 
than the accepted colorimetric procedure.
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T a b l e  II.
Sample

A n a l y s is  o f  V a n il l a  E x t r a c t s

Gravimetric Method 
Q./Î00 cc.

0.360
0.086

Photometric Method 
G./100 cc.

0.365
0.082

Sample 1 was an imitation vanilla extract, colored arti
ficially. Upon extraction and evaporation of the solvent it 
gave residues that were almost free from color. Sample 2 was 
a commercial tincture of vanilla, N. F. V. The residues ob
tained on extraction contained an appreciable amount of 
color and probably should have been further purified.

U se o f  th e  C en co -S a n fo rd -S h ea rd  P h o te lo m eter

The Cenco-Sanford-Sheard photelometer may also be em
ployed for the above method by using a 10-mm. cell and a

The authors wish to acknowledge with thanks the coopera
tion of C. D. Leake for the loan and use of the Cenco-Sanford- 
Sheard photelometer and C. B. Gentle of the Redman Scien
tific Company for the loan of a Corning glass filter and general 
assistance with the photelometer.
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Precipitation o f Calcium in the Presence o f  
Am m onium  Molybdate and Iron
R .  C. W IL E Y  A N D  A L E C  Y E D IN A K , U n iv ersity  o f  M a ry la n d , C o llege  P ark , M d.

OF LATE much interest has been aroused in the deter
mination of the calcium and phosphorus ratio in nutri

tion work. According to a method presented at a meeting 
of the Association of Official Agricultural Chemists (2) one 
must weigh out two charges, one for calcium and one for 
phosphorus. The calcium is precipitated as the oxalate by
2.5 per cent oxalic acid and 3 per cent ammonium oxalate 
and digested, sodium acetate is added, and the precipitate is 
allowed to stand 4 hours and is titrated in the usual way. 
The phosphorus is determined by titrating as the molybdate. 
Another method for calcium and phosphorus has been pub
lished by Washburn and Shear (3), who make the solution 
acid with hydrochloric acid, add oxalic acid, heat, add am
monium hydroxide, digest, cool, filter, and weigh. Phos
phorus is determined on the filtrate from the calcium 
determination.

Sam 
ple

T a b l e  I. D e t e r m in a t io n  o f  C a l c iu m

A. O. A. C. Proposed Sam- A. O. A. C.
Method« Method pie Method®

% % %
1 Skim milk,

grain, bone

2 Miscellaneous 
grains and 
meat meal

3 Fish meal
0 .13

7 .34

1.48
1.48
1.50
1.50  
1.52  
1.47
1.49

0.139  
0. 139 
0.139  
7 .15
7.42
7.42
7.32
7.33

4 Soybean 
meal

0 .34

Dried skim  
milk

1.21
G M eat scrap

10.34

Proposed
Method

%

0 .30
0 .35
0.32
0.31
0.32

1.26
1.27
1.27  

10.25  
10.41 
10.31 
10.15  
10.38

a In University of Maryland Feed Control Laboratory, R. E. Baumgard
ner, chemist.

The following procedure, worked out here, has been suc
cessful for the determination of calcium and phosphorus. 
The phosphorus is first removed by precipitation as am
monium phosphomolybdate and the calcium is determined in 
the filtrate. By this procedure the calcium is precipitated 
quantitatively in the presence of ammonium molybdate and 
iron, under certain conditions.

P rocedure for P h osp h oru s
Weigh out a charge of exactly 5 grams of the finely ground 

sample in an evaporating dish and add about 0.5 gram of sodium 
carbonate. Heat the dish slowly, then at a dull red heat until a 
carbon-free ash is obtained. Then add 30 cc. of concentrated 
nitric acid and 5 cc. of concentrated hydrochloric acid, and heat 
the dish over a water bath to dissolve all soluble matter.

Transfer carefully to a 250-cc. volumetric flask and make up 
to volume. The remaining part of the procedure is the same as 
in the A. O. A. C. volumetric method (/). A considerable excess 
of molybdate is used in all cases. The filtrate and washings from 
the phosphorus determination are used for the determination of 
calcium. Calcium and phosphorus may thus be determined on 
the same sample with one weighing.

P rocedure for C a lc iu m
Make the filtrate from the phosphorus, about 250 cc., slightly 

alkaline with ammonium hydroxide, using a piece of litmus paper 
in the solution as an indicator. Then acidify the solution with 
acetic acid added a few- drops a t a time, the litmus paper again 
serving as an indicator. Concentrated acetic acid may be used 
and an excess of 2 or 3 cc. does no harm. A precipitate at this 
point should be disregarded, so long as the litmus paper shows

that the solution is acid. Add an excess of ammonium oxalate in a 
solution with constant stirring, and boil the solution containing the 
precipitate until the precipitated calcium oxalate settles readily. 
Allow to stand overnight. Filter the calcium oxalate and wash 
free of soluble oxalates with water. Remove the filter paper from 
the funnel, hold it over a beaker, and wash the calcium oxalate 
into the beaker with a stream of water. Replace the filter in the 
funnel and dissolve the remaining calcium oxalate into the beaker 
with alternate washings of dilute sulfuric acid and hot water. 
Titrate in the usual way with standard permanganate.

Table I shows results obtained on samples containing vary
ing percentages of phosphorus and calcium.

To ascertain whether this method of analysis is reliable in 
the presence of iron, 5 cc. of 0.1 N  ferrous ammonium sulfate 
were added to the acid solution of sample 1 containing calcium 
and phosphorus. The solution was then boiled. The re
maining part of the procedure is the same as above. The 
iron had no appreciable effect on the calcium determination.

Table II  gives the results in the presence of the amount 
of iron indicated above.

T a b l e  I I .  C a l c iu m  i n  P r e s e n c e  o p  I r o n

In Solution 
%

1.51

Av.

Found
%

1 .4 8
1 .47
1 .48
1 .48
1 .4 8

As a further check upon the accuracy of the method, 
samples were made up as shown below. The phosphorus 
was precipitated according to the A. O. A. C. volumetric 
method (1), beginning a t the point where the solution is made 
just alkaline with ammonium hydroxide. The calcium was 
determined on the filtrate from the phosphorus determination 
according to the method herein described.

S o l u t i o n  U s e d .  0.1 N  calcium nitrate, prepared by dissolv
ing chemically pure calcium carbonate in nitric acid. This solu
tion was checked carefully as to calcium content.

0.1 N  iron solution prepared from ferrous ammonium sulfate 
and oxidized with nitric acid. This solution contained 1.861 
grams of iron per liter.

0.1 #  acid sodium ammonium phosphate solution, 6.97 grams 
per liter.

Ammonium molybdate solutions, A. O. A. C. volumetric 
method (i).

Table I I I  shows results obtained in determining calcium in 
the presence of ammonium molybdate and ammonium 
molybdate and iron. Suitable blanks were run on all reagents.

D iscu ssio n
The precipitate which is thrown down in the filtrate from 

the phosphorus determination by the ammonium hydroxide 
may not be completely dissolved when the solution is acidified 
with acetic acid, but will disappear when the sample is 
heated after adding ammonium oxalate.

No iron is precipitated while the solution is boiled after 
the addition of ammonium oxalate, probably because the 
oxalate of iron formed is slightly ionized.

When the sample contains considerable iron, the solution 
above the precipitated calcium oxalate will be decidedly 
greenish in color.

The calcium oxalate precipitated from samples high in 
iron has the same appearance as that from samples in which 
no iron is present. I t  was not, however, tested for iron.
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The solution in which the calcium was precipitated had a 
volume of about 250 cc., and contained from 0.25 to about 2 
grams of molybdic oxide in the form of ammonium molybdate.

There was no visible evidence of the reduction of the 
molybdate by the ammonium oxalate.

When considerable amounts of magnesium are present, 
double precipitation of the calcium oxalate would no doubt 
be necessary.
T a b l e  III. C a l c iu m  i n  P r e s e n c e  o p  A m m o n iu m  M o l y b d a t e

JUNE 15, 1938

a n d  I r o n
0.1  N Ammonium

0 . 1  N Acid Sodium 0 .1  N Molybdate
Calcium Ammonium Iron Added

Sam Nitrate Phosphate Solution (about 5% Calcium Calcium
ple Added Added Added M oOj) Present Found

Cc. Cc. Cc. Cc. Qram Gram
1 10 .00 25.00 0.00 25.00 0.0200 0.0201
2 10.00 25.00 0.00 25.00 0.0200 0.0201
3 20.00 10.00 0.00 15.00 0.0400 0.0402
4 20.00 20.00 0.00 25.00 0.0400 0.0400
5 25.00 25.00 0.00 30.00 0.0500 0.0501
6 25.00 25.00 25.00 30.00 0.0500 0.0504
7 25.00 10.00 10.00 20.00 0.0500 0.0503
8 25.00 10.00 25.00 20.00 0.0500 0.0501
9 50.00 10.00 10.00 20.00 0.1000 0.1005

Acetic acid and ammonium oxalate dissolve the precipitate 
produced by adding ammonium hydroxide and ammonium 
molybdate to a solution containing the aluminum ion. To 
bring about this solution, heating is necessary. I t  would be

interesting to know if calcium could be quantitatively precipi
tated by the foregoing method in the presence of a con
siderable quantity of aluminum.

The amount of calcium found and of calcium present agreed 
within the limits of analytical error.

S u m m a ry
Both calcium and phosphorus are determined on the same 

charge. Calcium may be accurately determined by pre
cipitating it as the oxalate and titrating with potassium per
manganate after removing the phosphorus as ammonium 
phosphomolybdate.

Moderate amounts of iron do not interfere.
I t  is evident that ammonium molybdate does not interfere 

with the quantitative precipitation of calcium in the pres
ence of a moderate amount of acetic acid and ammonium 
oxalate.

L iteratu re  C ited
(1) Assoc. Official Agr. Chom., Official and Tentative M ethods of

Analysis, 1935.
(2) Meloche, V. W., Clifcorn, L. E ., and Griem, W . B ., J . Assoc.

Official Agr. Chem., 16, 240-5 (1933).
(3) W ashburn, M. L ., and Shear, M. J., J . Biol. Chem., 99, 21-41

(1932).

R e c e i v e d  January 8 , 1938.
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Transposition o f Silver Thiocyanate by Sodium  
Chloride

II. R . CU R TM A N  A N D  W M . P R IM A K , C ity  C ollege, C ollege o f  th e  C ity  o f  N ew  York, N ew  Y ork, N . Y.

IN 1916 Curtman and Harris (1) pointed out that when a 
mixture of silver thiocyanate and silver iodide is treated 

with a 5 per cent solution of sodium chloride and the mixture 
is boiled for several minutes, only the silver thiocyanate is 
transposed. The difference in the behavior of the silver salts 
under these conditions was made the basis for a qualitative 
method for rapidly detecting thiocyanate in the presence of 
iodide. In this investigation, the purpose was to determine 
the optimum conditions for effecting a maximum transposi
tion of silver thiocyanate by sodium chloride solution, and to 
ascertain whether or not the test of Curtman and Harris was 
capable of affording quantitative indications.

E xp erim en ta l
P r e p a r a t io n  o f  S il v e r  T h io c y a n a t e . T o 10 ml. of 0.25 N  

silver nitrate solution were added 3 ml. of concentrated nitric 
acid. The whole was diluted to about 50 ml. and heated to boil
ing, and with constant stirring exactly the desired amount of po
tassium thiocyanate was added dropwise. The mixture wras then 
allowed to boil gently to coagulate the precipitate. After stand
ing for a short time, the precipitate was transferred completely 
to a filter, and washed free from silver.

T r a n s p o s it io n  o f  S il v e r  S a l t . The precipitate and paper 
were transferred to a beaker and treated with a definite volume 
of M  sodium chloride solution. The mixture was boiled for the 
requisite time, and then filtered as rapidly as possible. The 
precipitate and paper were washed free from thiocyanate, and 
the combined filtrate and washings were collected. (Throughout 
this investigation M  sodium chloride was used instead of the 
5 per cent solution used in the original investigation of Curtman 
and Harris, the former being practically equivalent to the latter.)

Q u a n t it a t iv e  D e t e r m in a t io n  o f  T h io c y a n a t e . The thio
cyanate in the filtrate and washings was determined by precipi
tating it as cuprous thiocyanate, dissolving the latter in nitric

acid, and determining the copper iodometrically in the usual 
manner.

C o n t r o l . The sodium thiosulfate was standardized against 
the potassium thiocyanate solution as follows: To 10.00 ml. of 
potassium thiocyanate solution (equivalent to about 100 mg. of 
thiocyanate ion) 60 ml. of M  sodium chloride were added, and the 
thiocyanate was determined as above described. (Duplicate 
determinations were made by boiling the thiocyanate and sodium 
chloride for 5 minutes to determine whether there was any loss 
due to decomposition or boiling. None was discovered.) The 
per cent of transposition was then calculated as follows:

. ... NajSsOi determined ..Per cent transposition — ———77-7------------ -—  x  100
NaiSiOj control

The results of numerous determinations of the per cent of 
transposition are given in Table I.

T a b l e  I. T r a n s p o s it io n  D e t e r m in a t io n s

AgCNS in 
Terms of C N S “

Volume of 
NaCl

Time of 
Boiling Transposition

Mg. Ml. M in . % Mo.
Series A

100 60 2 81.2
100 60 3 91 .6
100 60 5 94.3
100 60 10 94.4

Series B
100 25 6 51.9
100 40 5 91.1
100 60 5 94 .3
100 80 5 94 .8
100 100 5 97 .5

Series C
30 60 5 96.5 28 .9
50 60 5 96.5 48.2

100 60 5 94.3 94.3
150 60 5 61 .2 91.9
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D iscu ssio n
In Series A the time of boiling was varied while the other 

factors were kept constant. The results indicate tha t the 
transposition is reasonably complete after 5 minutes, and that 
further boiling increases the transposition but slightly. Se
ries B was run in order to discover the optimum volume of 
sodium chloride. The results of this series are plotted in 
Figure 1. The curve is seen to level off a t about 60 ml. Ac
cordingly, a volume of 60 ml. was chosen as the standard in 
this work. Series C shows the effect of using varying amounts 
of silver thiocyanate. Up to a certain point all of the silver 
thiocyanate is transposed but, after this point has been 
reached, the per cent of transposition drops, while the amount 
transposed remains practically constant. We must conclude, 
therefore, that the sodium chloride solution becomes saturated 
with respect to CNS~. Therefore, the larger the quantity 
of silver thiocyanate, the larger must be the volume of 
chloride solution required to transpose it.

The foregoing conclusion is in harmony with the mass ac
tion law. The amount of silver thiocyanate transposed is 
governed by the solubility products of silver chloride and sil
ver thiocyanate taken simultaneously:

Car+ X  Cons-  = Si
Cab+ X Cci- =  Ss

Ccnb-  = S./S, X  Car

From the solubility products of silver thiocyanate and
silver chloride, calculated from their solubilities {2), the
number of milligrams of CNS-  in 60 ml. was obtained. 
The values are: 36 mg. a t 25° C. and 245 mg. at 100° G. 
The experimental value is 94 mg. of CNS- , the temperature 
being well above room temperature but certainly falling be
low 100° C. during the process of filtering off the silver chlo
ride and untransposed silver thiocyanate.

S u m m a ry
The most satisfactory conditions for the transposition of 

silver thiocyanate by M  sodium chloride are: For every 100 
mg. of thiocyanate as silver thiocyanate, 60 ml. of M  sodium

ML. of  M SODIUM CHLORIDE

F i g u r e  1 . P e r  C e n t  T r a n s m is s io n  P l o t t e d  a g a i n s t  
M i l l i l i t e r s  o f  M  NaCl

chloride solution are required, and the mixture must be 
boiled for a t least 5 minutes.

Under the above conditions a transposition of about 95 
per cent of the thiocyanate is obtained.

A ck n o w led g m en t
The authors wish to thank L. J. Curtman for suggesting 

this topic for investigation, as well as for his valuable advice 
throughout the work.

L iteratu re  C ited
(1) C urtm an and Harris, J . A m . Chein. Soc., 38, 2622 (1916).
(2) Seidell, “Solubilities,” 2nd ed., New York, D. Van N ostrand Co.,

1919.
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Automatic Cooling Device for Thyratron-Controlled Thermostats
A L F R E D  B . G A R R E T T , T h e  O h io  S ta te  U n iv e r sity , C o lu m b u s , O hio

p F G- GR

"I Ali

Ru  200,000 ohms 
Rt. 50,000 ohms ' 
T.  Thermoregulator 
F . Fan 
H.  Heater 
Tube FG57

F ig u r e  1. D ia g r a m  o f  T h y r a t r o n  C ir c u it

THE thyratron control unit, which is often used to replace 
the relay control unit for thermostats, is adaptable for 

automatic cooling as well as heating by the principle em
ployed in a relay circuit described in an earlier paper (1).

The terminals of the fan circuit are connected in the heater 
circuit in such a manner that the fan and heater form a paral
lel circuit with the thyratron and heater. When the current 
is flowing through the tube the fan is shunted out of the cir
cuit because of the high resistance of the fan motor. When 
no current is flowing through the tube the current will flow 
through the fan-heater circuit, causing the fan to run and 
giving only a very small dissipation of energy from the heater.

Figure 1 shows the conventional thyratron circuit with this 
adaptation.

L itera tu re  C ited
(1) G arrett, A . B .,  In d . E n g . C hem ., 25 , 355 (1933).

R e c e i v e d  April 29, 1938.



Preparing Samples o f Canned Dog Food for 
Proxim ate Chemical Analysis

CA UL J . K O E IIN , L aboratory o f  A n im a l N u tr it io n , A lab am a P o ly te c h n ic  I n s t i tu te ,  A u b u rn , A la.

DURING the course of routine chemical analysis of com
mercial canned dog foods, difficulty was encountered in 

obtaining representative samples of the food for proximate 
chemical analysis. Since there is no official method for the 
analysis of canned dog foods, an attem pt was made to apply 
to these foods the official method of the Association of Official 
Agricultural Chemists (1) for the analysis of canned meat 
products. This was found to be impossible, however, since 
the official method of sampling canned meats calls for initial 
grinding of the contents of the can in a food chopper. Pieces 
of intestine, green bone, and cartilage which are present in 
many dog foods will not pass through a food chopper or will 
pass through unground; furthermore, separated layers of oil 
in the cans are lost in the grinding process or are not thor
oughly incorporated into the bulk of the food. If a small 
sample of the food prepared in this manner is used for analy
sis, a serious error due to inaccurate sampling may result. 
I t  is obvious, therefore, that the existing official methods of 
analysis of the A. 0 . A. C. cannot be applied to canned dog 
foods, and that a new method must be devised.

If the food is dried first, no difficulty is encountered in grind
ing and the material may be thoroughly mixed so that small 
samples may be used for analysis. The salient features of the 
method proposed in this paper are the initial, thorough mix
ing of the fresh food, the use of large samples for the deter
mination of moisture, and the subsequent use of these dried 
samples for the determination of ash, ether extract, crude 
protein, and crude fiber. Results of moisture determinations 
made by the method herein described and of other proximate 
analyses made on the composite samples are presented to 
show the duplicability of results.

P rocedure
The contents of four cans of the dog food to be analyzed were 

emptied into the bowl of a small Hobart mixer by cleanly cutting 
the lid off the can, punching a hole in the bottom, and shaking 
the contents out in one piece. The cans were inverted and the 
separated oil was allowed to drain into the bowl. Any fat or oil 
adhering to the sides of the can was wiped out with a piece of the 
solid food on the end of a spatula. The food was beaten in the 
mixer at slow speed of the wire beater until the mass was broken 
up, and then a t high speed for 2 minutes. The material adhering

to the sides of the bowl was pushed to the bottom with a spatula 
and the beater was again run a t high speed for 2 minutes. The 
oil was thus emulsified and the larger particles were evenly dis
tributed throughout the mass.

Three samples of this material (approximately 100 grams each) 
were spread evenly in thin layers on the bottom of previously 
tared flat-bottomed evaporating dishes 139 mm. in diameter and 
32 mm. deep. The weight was determined as rapidly as possible 
on a heavy-duty laboratory balance with a sensitivity of 10 mg. 
The samples were dried a t 102° =*= 0.5° C. in an electric air oven 
to constant weight (12 to 24 hours), allowed to cool in a desic
cator, and rapidly weighed, and the percentage of moisture was 
calculated from these weights. The samples were combined, 

round to pass through a 40-mesh sieve, thoroughly mixed, and 
ried a t 102° C. for 3 hours to remove the moisture taken up from 

the air during the grinding. The material was cooled in a desic
cator and stored in tightly stoppered bottles. All subsequent 
proximate analyses were made on these composite samples.

In some dog foods, the presence of large amounts of fat 
prevented the passage of the material through the sieve, no 
matter how finely it was ground. Thus it was difficult to as
certain whether or not the sample was finely enough ground 
to be used for erude-fiber and ether-extract determinations. 
In this case a small portion of the ground food was extracted 
with ether and sifted; if it still did not pass through the 40- 
mesh sieve, the original sample was reground as finely as 
possible.

The results of moisture determinations made on 23 brands 
of commercial canned dog food by this method are given in 
Table I, as well as results of other proximate analyses made 
on the composite samples by the official methods of the A. O. 
A. C. CO.

D iscu ssio n
The homogeneity of the samples of canned dog food pre

pared by this method is demonstrated by the excellent agree
ment between samples in Table I. These analyses, with the 
exception of the moisture determinations, were made on the 
composite dry sample and the percentage composition was 
calculated on the fresh basis from the average moisture con
tent of the three individual samples.

Since canned dog food, when spread in thin layers, dries to 
a very porous mass, the residual moisture content may be con-

A n a l y s is  o p  C o m m e r c ia l  C a n n e d  D og F o o d s

Crude Fat-Brand
umber Sample 1

%
1 46.27
2 66.25
3 68.07
4 69.88
5 70.04
6 70.06
7 70.50
8 71.10
9 71.15

10 71.33
1 1 71 .56
12 71.84
13 72 .48
14 73.04
15 73.26
16 73 .88
17 74.81
18 75.71
19 76.39
20 76.30
21 76.95
22 77.46
23 79 .48

T a b l e  I.

Sample 2 Sample 3
% %

46.30 46.43
66.37 66.42
68.20 68 .28
69.89 69.93
70.07 70.30
70 .20 70 .48
70.50 70.57
71 .28 71.79
71.18 71.22
71.46 71 .48
71.57 71.67
71.91 71.91
72.52 72.88
73.22 73 .48
73.45 73.73
73.89 74.02
75.06 75.21
75.72 75.86
76.66 76.71
76.81 76.86
76.99 77 .18
77.53 77.57
79.49 79.69

Ash-
Sample 1 Sample 2

% %
1.70 1.70
4 .2 0 4 .20
3 .83 3 .83
5 .15 5 .15
4 .79 4 .80
2 .80 2.82
2.79 2.81
2 .22 2 .27
3.77 3 .82
1.40 1.42
1.76 1.77
0 .85 0 .85
1.09 1 . 1 1
2 .48 2 .49
2 .78 2.81
3.31 3.31
2 .65 2.66
3.21 3.21
1.80 1.80
2 .26 2 .27
0.90 0.91
0.96 0.96
1.35 1.36

  Crude Protein-
Sample 1 Sample 2

% %
13.82 13.98
13.41 13.46

8.45 8.51
9.61 9 .65
8 .85 8.93

11.31 11.39
10.18 10.19

9.11 9 .13
7.31 7.41

10.40 10.44
12.16 12.28
8 .36 8.42

11.41 11.48
10.77 10.79
7 .09 7.19

10.70 10.73
6.20 6 .24
9 .16 9 .18
9 .44 9 .47
5.61 5 .65
6.56 6 .94
7.30 7 .48
4.65 4 .67

Sample 1 Sample 2
% %

25.39 25.42
3 .86 3 .87
4 .49 4 .66
3.51 3 .53
1 .66 1 .68
4 .76 4 .87
2 .74 2 .7 4
4 .83 4.84
2 .28 2 .32
6 . 12 6.13
3 .6 8 3 .6 8
3 .24 3 .2 4
3 .79 3.79
3 .34 3 .4 8
2.00 2 .07
2 .40 2 .4 0
1.85 1.85
2 .15 2 .15
0 .4 5 0 .46
1.24 1.25
0 .8 0 0.81
1.55 1.56
0 .80 0 .82

- Crude Fiber *
Sample 1 Sample 2

% %
0.85 0.86
1.31 1 .38
0 .84 0 .87
0 .77 0 .79
1 . 1 2 1.13
0.68 0.71
0 .84 0.86
0.67 0.68
1.33 1 .38
1.62 1.65
0 .79 0 .80
0.51 0 .54
0.88 0.88
0 .77 0 .84
0 .84 0.88
0 .93 0 .94
0.88 0.88
0 .7 8 0 .80
1.19 1.24
0 .98 0 .99
2 . 1 2 2 .24
1 . 1 0 1.19
0 .84 0 .85
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sidered negligible in a substance containing 70 to 80 per cent 
moisture. Even though the fresh material is thoroughly 
mixed, a large sample should be used for the moisture deter
mination in order to obtain a representative share of the 
larger particles. After this material has been dried, ground, 
and thoroughly mixed, it  is homogeneous and small samples 
can be used safely for other analyses.

Ether-extract determinations were made on samples stored 
in tightly stoppered bottles a t room temperature for 12 weeks. 
No appreciable difference was noted between these values and 
those obtained from the freshly prepared samples. As the 
other constituents may be considered stable, it appears that 
these samples may be stored for a t least 12 weeks without 
appreciable change in the values obtained by proximate 
chemical analyses. These samples, however, are extremely 
hygroscopic and should not be unduly exposed to the air.

The Dog Food Division of the Institute of American Meat 
Packers (2) has recommended a method for the preparation 
of samples and determination of moisture content of canned 
dog food in which the food is first dried sufficiently to permit 
grinding and the moisture content is calculated. The food is 
then ground, mixed, and subsampled to determine the residual

moisture content. This method is open to the criticism that 
dog foods which have been dried sufficiently to grind easily 
are often hygroscopic enough to take up considerable amounts 
of moisture from the air during the grinding, rendering the 
subsampling inaccurate. Thus the accuracy of the method 
is dependent upon the humidity of the air and the moisture 
content of the food during the grinding process. In the 
method proposed in this paper, this possible source of error 
is eliminated by determining total moisture before the food is 
ground.

The use of the composite dry sample, obtained from the 
moisture determination for the other proximate analyses, elimi
nates to a great extent the errors which usually accumulate 
in the value obtained for nitrogen-free extract.

L itera tu re  C ited
(1) Assoc. Official Agr. Chem., Official and Tentative Methods of

Analysis, 4 th  ed., p. 353 (1935).
(2) Dog Food Division, In stitu te  of American M eat Packers,

‘‘M ethods of Chomical Analysis for Canned Dog Foods.”

R e c e i v e d  February 2, 1938.

Syringe Attachment for Accurate 
Volumetric Work

A L B E R T  L . CH A N EY  
L os A n g e le s  C o u n ty  H o sp ita l, L os A n g e le s , C alif.

BY PROVIDING suitable stops for measuring linear dis
placement, the hypodermic syringe is capable of ex

ceptional accuracy in volumetric measurement, thus replac
ing the volumetric pipet, as has been shown by Krogh and 
Keys (1 ,2).

A modified arrangement as shown in Figure 1 has the ad

vantage of readily eliminating any air bubbles produced dur
ing filling and is also more convenient to handle in use. I t  
is simple in construction and may be attached to the ordinary 
syringe. The shape of the flange, D, a t the top of the ordinary 
syringe makes it very convenient to use as a stop.

The adjustable rod, C (Figure 1), is
threaded into a metal cap, A, which fits over f 01---------- cQi
the end of the plunger and is held in posi
tion after calibration by a lock nut. The 
top of the plunger and the top flange of the 
syringe should be ground on a flat glass 
plate with fine silicon carbide before as
sembly. Naturally this grinding should be 
as nearly at right angles to the axis of the 
syringe as possible. The cap, A, is held on 
the plunger by a threaded collar, B, and a 
suitable washer of fiber or soft metal.

In use the syringe is slowly filled until by 
a slight rotation the end of the rod may slip 
over the projecting flange. The excess liquid 
is then discharged. The exact volume is 
then ready for discharge and by a slight re
verse rotation the rod slips over the side 
of the flange.

The syringe is excellently adapted to 
blood chemical analyses, where the exact 
volume of blood may be measured at the 
time of taking the sample and added di
rectly to the tungstie acid or other pre
cipitating fluid. In  drawing blood it is 
almost impossible to avoid the forma
tion of some gas bubbles or foam. By 
taking slightly more than the desired sam
ple, and then inverting the syringe, the 
bubbles together with the excess sample 
can be discharged into absorbent cotton. F iqurk 2
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A cleaner delivery results from using a needle with the 
syringe, and because of the small size droplets produced ac
curacy is more readily obtained. A 16- or 18-gage needle 
gives drops small enough for ordinary work where 5-cc. sam
ples or larger are used.

Calibration is readily made with distilled water by weighing 
the discharged sample and adjusting the threaded rod which 
may then be locked in position by the locking nut.

By providing two rods of different lengths as shown in 
Figure 2, the syringe may be made to deliver three different 
volumes, one for each rod and one for their difference in 
length—for example, with rods for 2 and 5 cc., a 3-cc. volume 
may be obtained by going from the 5-cc. position to the 2-cc. 
position.

Such a syringe appears to have the following advantages 
over a pipet, many of which have been already listed by Krogh:

1. I t  is much faster to use, since there is no drainage time.
2. Volatile or poisonous liquids may be handled without 

danger.
3. Considerably greater accuracy is attainable. Using 

well-constructed 10-cc. syringes, calibration is readily carried 
out to 1 mg. or 0.001 cc. of water. For samples smaller 
than 2 cc., greater accuracy can be obtained by using smaller 
syringes.

4. Fluids of increased viscosity or poor drainage are 
measured without increased error.

L itera tu re  C ited
(1) Krogh, A., In d . E n q . C iiem ., Anal. E d ., 7, 130 (1935).
(2) Krogh and Keys, J. Chem. Soc., 1931, 2430.

R e c e i v e d  January 31, 1938.

F ig u r e  2 . E v a p o r a t o r

Apparatus for Evaporating Solutions on Electrodes
IIA R L E Y  A . W ILH ELM  

Iow a S ta te  C ollege, A m es, Iow a

SOME methods of quantitative spectrographic analysis 
involve the evaporation of definite amounts of solutions 

directly on electrodes. Need for an apparatus by means of 
which several evaporations could be carried out simultane
ously and conveniently by one operator developed in the 
author’s laboratory when a number of samples of drinking 
waters were to be analyzed spectrographically for fluorine. 
The apparatus, which was built for that purpose and is de
scribed below, is useful also in other work involving the analy
sis of solutions by spectrographic means.

electrodes firmly in place. A piece of heavy copper sheet, B, 
bent to form a flat-bottomed trough tha t is open at the two ends, 
is fastened in an inverted position on the bottom of the copper bar. 
The bar is about 2 .8  cm. (1 .1 2 5  inches) square by 3 7 .5  cm. (15  
inches) in length.

F ig u r e  1. G o o s e n e c k  P ip e t

Figure 1 shows the gooseneck form of the pipets, made from 
12-mm. glass tubing, that are used in the apparatus. Each pipet 
will hold at least 2 cc. of solution without leaking from the tip. 
However, the solution can be forced out a t the tip by placing a 
finger over the large end of the pipet and pressing down. The 
slight piston action of the finger in the pipet then forces the solu
tion out. A strip of adhesive tape around the body of each 
pipet keeps them from slipping when placed in a wooden clamp.

The arrangement of the pipets, electrodes, and other parts of 
the evaporator is shown in Figure 2, where twenty electrodes and 
a unit of twenty pipets are mounted in position for the evapora
tion of solutions. Twenty other pipets removed from the ap
paratus show more clearly the arrangement of the parts. The 
electrodes fit in holes in the copper bar, A, and setscrews hold the

In using the apparatus, the electrodes and pipets are put in 
place, then measured representative portions of the solutions 
to be analyzed are introduced into the gooseneck pipets. The 
bar is then brought to the proper temperature by regulation 
of the microbumer, and the solutions are forced dropwise 
from the pipets and onto the electrodes where the evapora
tions take place. A t the finish of the process, about 2 drops 
of pure solvent are placed in each pipet in order to transfer 
the last part of each solution to its electrode.

The rate of evaporation depends principally on the bar 
temperature, which is usually maintained high enough for 
rapid evaporation without boiling or spattering of the solu
tions from the electrodes.

R e c e i v e d  February 28, 1938.



An Autom atic Continuous Percolator
M ILTON S. SCHECHTER AND H. L. HALLER 

B ureau of Entom ology an d  P la n t Q uaran tine, U. S. D ep a rtm en t of A gricu lture , W ashington , D. C.

DURING the course of investi
gations of a number of plant 

materials, it  was found neces
sary to percolate the ground 
plants thoroughly with a solvent 
such as ether or petroleum ether. 
Large Soxhlet extractors are rather 
expensive and often do not work so 
efficiently or smoothly as the small 
ones. When nearly complete ex
traction is desired, the usual 
process of percolation is labori
ous and time-consuming. To 
overcome these difficulties, an 
automatic percolator was con
structed which is simple, com
pact, inexpensive, and efficient, 
and, when once regulated, will 
operate for long periods without 
requiring attention and with very 
little loss of solvent.

The apparatus is illustrated in 
the diagram.

The percolator, A, which holds 
the material to be extracted, was 
made by cracking off the bottom 
of a bottle of appropriate size and 
grinding down the sharp edge on a 
flat glass plate with a little silicon 
carbide powder and water. The 
condenser, B, is an efficient and 
compact distilling condenser. Tube 
D should be 10 mm. or more wide 
to permit the unobstructed passage 
of solvent vapor from the three- 
neck flask, C, to the condenser.

To operate the percolator the ap
paratus is assembled as shown in 
the diagram, a small piece of cotton 
being packed loosely in the bottom 
of the percolator so tha t it covers 
the top of tube F. The material to 
be extracted is then packed loosely 
and evenly in the percolator and 
covered with a few sheets of filter 
paper to prevent particles from 
floating into the overflow tube, E. 
The filter paper may be lightly 
weighted down if necessary. Sol
vent is poured into the percolator so 
tha t it percolates through the mate
rial to be extracted and does not 
run into the flask through the over
flow tube. Enough solvent should 
be poured through the material so 
that the three-neck flask is about 
half full. The percolate runs down 
into the flask through tube F, which

contains a stopcock and a side arm 
through which the percolate may be 
sampled at any stage of the percola
tion. The rate of percolation is 
also controlled by adjusting this 
s to p c o c k . The three-neck flask 
is heated on a steam bath (when 
using ether or p e tro le u m  ether). 
The solvent vapors ascend tube D 
and are condensed in the con
denser, and the fresh solvent dis
tills into the top of the percolator 
through the adapter, which is in
serted through a hole in the card
board cover of the percolator. The 
bottom of the adapter should be 
kept above the level of liquid in the 
percolator.

In warm weather it has been 
found advantageous to use a com
pact vertical worm condenser in 
conjimction with the recovery con
denser, B, in place of the adapter 
shown in the diagram. If the sol
vent distills into the percolator faster 
than it percolates through tube F 
into the flask, the excess will overflow 
into tube E  and be returned to the 
flask. A small, very loose plug of 
cotton may be placed at the top of 
tube E  to filter the returning sol
vent free from floating particles, but 
care should be taken not to obstruct 
the overflow of solvent.

The rate of distillation and the 
rate of percolation are regulated so 
that the solvent distills into the per
colator slightly faster than the liquid 
runs into the flask from tube F; 
there should always be a slight re
turn of solvent through the over
flow tube, E. The three-neck flask 
and the percolator may be larger or 
smaller than those shown in the 
diagram. A 2-liter three-neck flask 
used in conjunction with a 3-liter 
percolator has also been used satis
factorily in this laboratory.

When once regulated, the per
colators have been in operation for 
as long as 48 hours without any 
attention and with very little loss 
of solvent. Although it is possible 
to use rubber stoppers even with 
such solvents as petroleum ether, 
provided they fit well into the neck 
of the flask, it is desirable to use 
special stoppers that do not swell 
somuch.

R e c e i v e d  April 26, 1938.
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New Research Laboratory, Columbia Chemical 
D ivision o f the Pittsburgh Plate Glass Company

THE continued expansion of the research activities of 
the Columbia Chemical Division of the Pittsburgh 
Plate Glass Co. made imperative an increase in space and 

facilities. Therefore, an addition to the laboratory, con
siderably larger than the original building, was erected.

The older building consisted of three floors, one floor being 
below the surface of the ground a t the front but above ground 
a t the rear because of the sloping surface. Four floors were 
desired in the new building, and in order to preserve the 
architectural integrity of the combined building it was 
necessary to place one of the new floors partially below ground. 
Viewed from the street, therefore, the building appears to con
sist of two stories. The construction is of brick, colonial 
in effect with its limestone trim. The reinforced concrete 
floors are carried on steel I-beams. All glazing is plate 
glass.

The main entrance leads to a foyer on the second floor 
partitioned in Lumite glass block. Besides clerical offices, 
this floor has the research director’s office, the library, a 
smaller laboratory, and the analytical laboratory. The 
library and the research director’s office have ceilings covered 
with acoustic tile to diminish extraneous sound. The floor 
above, divided into two large rooms, houses the inorganic 
and physical section, the organic section, and a smaller room 
for the microanalytical laboratory. The large rooms have a 
series of alternating laboratory tables and equipment racks.

The laboratory tables are divided along the center by a 
waste trough, shelving, and service lines, and have Alberene 
stone sinks a t each end. Table tops are of treated birch. 
Services a t each table include hot and cold water, 90-pound 
compressed air, 110-volt alternating current, and 220-volt 
direct current. Except for the lead fittings a t each desk, all 
waste lines are of Duriron for corrosion resistance. The 
equipment racks are provided with a stainless-steel rod sys
tem and steam lines in addition to the other services. In the 
new building the laboratory floors are of resilient mastic 
cement and office floors of asphalt tile; in the older part of 
the building the floors are of painted concrete with rubber 
mats, backed with sponge rubber in much-used places. The 
new building has matt-glazed ivory tile as the wall surface. 
Luminaries are recessed flush with the ceiling and utilize 
300-watt lamps.

The microanalytical laboratory is separated from the main 
laboratory room by glass partitions, so that the required 
standards of dustlessness can be maintained. Air coming 
in from the outside is heated by a thermostatically controlled 
radiator unit and filtered through glass wool before entering 
the laboratory. The laboratory is of the standard Pregl 
type, utilizing a Kuhlmann balance and equipped for the 
usual microchemical determinations. The balance is mounted 
on a rubber ball suspension1 which has proved very satis-

1 Kirner, Ind. E no. Chem., Anal. Ed., 9,  300 (1937

329



the main storeroom, with a fireproof, specially ventilated 
room for solvents and other inflammable material. Any 
increase in temperature in this room actuates controls that 
shut the fire door and release carbon dioxide. The technical 
service laboratory, equipped for rubber compounding and 
similar testing work, is also located here. A physical testing 
laboratory is equipped for pH determination (colorimetric, 
glass, antimony, and hydrogen electrodes) and identification 
by refractive index (Abbe refractometer). Other items include 
a light- and dark-field microscope, pétrographie microscope 
for identification work, and photomicrographic and photo

g rap h ic  eq u ip -
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factory. When excavations were being made for the newer 
building, a retaining wall, an integral part of the • older 
building, was battered down by a 4-ton steel ball swung by 
a steam shovel with concussions that made the whole building 
tremble. I t  was possible, however, to carry on the micro
weighings with no noticeable aberration while the pounding 
was going on.

The first floor, also equipped with racks and laboratory 
desks, is reserved for industrial projects requiring the han
dling of materials on a slightly larger scale. This floor holds

m en t. A too l 
room on this floor 
contains a lathe, 
drill press, work 
bench, and glass- 
blowing table.

The basement, 
extending only un
der the newer sec
tion of the build
ing, is devoted to 
pilot-plant work. 
Part of it  has a 
ceiling height of 
15 feet, as com
pared with 9 feet 
for the rest of the 
building, to ac
commodate larger 
pieces of equip
ment. This floor 
is equipped with 
a h ig h -p re ssu re  
(2 5 -p o u n d ) gas 
line for furnacing 
o p e ra tio n s , 440- 
volt a lte rn a tin g  
current, and 140- 
pound steam.

The attic of the 
building is used for storage purposes, but the building is so 
constructed th a t the roof may be raised and another floor 
added when expansion is indicated.

All floors are connected by an elevator, and much of the 
equipment is mounted on wheels so tha t it may be taken to 
any part of the building via the elevator without any trouble. 
A large centrifuge and a motor-generator set prov ding low- 
voltage high-amperage current for electrolytic work are in
cluded in the equipment of this type.

Much special equipment, such as high-pressure autoclaves 
and bombs designed in this laboratory, is in use.

Ventilation throughout the building is accomplished mostly 
through the hoods, which are of the open-face type. Fifteen 
to twenty air changes of the entire building an hour are ex
hausted through the hoods and auxiliary louvres by blowers 
in the attic operating through a Durimet duct system. Fresh 
air enters the building through louvres in the outside wall, 
and is passed through finned-tube heating units before enter
ing the building.

Full use of many of the modern forms of glass are 
made throughout the laboratory, including, besides the 
uses mentioned, such things as tempered glass for special 
hoods and safety laminated glass shields, bound with metal 
edges, for surrounding hazardous operations. These shields, 
easily supported by laboratory clamps, are also used for 
the walls of thermostats housing potentially hazardous ex
periments.



M i c r o c h e  in i s t r y

Ethanolam ine in the Determ ination o f Mercury
In Inorganic and Organic Compounds and Pharmaceutical Preparations

W IL L IA M  II. R A U SC H E R , R en sse la er  P o ly te ch n ic  I n s t i tu te ,  T roy , N . Y .

BECAUSE of the increasing use of mercury compounds in 
medicine and other fields, the determination of mercury 

in its organic and inorganic salts and its organometallic com
pounds is becoming more and more important.

Many methods for the determination of mercury in or
ganic compounds are recorded in the literature. In several 
procedures the organic compound is heated with lime or 
sodium carbonate and the liberated mercury is distilled onto 
gold foil or wire or into a gold cup. so that it may be weighed 
as an amalgam. Some procedures have been adapted to 
work on a micro scale. Other methods employ oxidative de
composition in sealed or open vessels, using such agents as 
nitric acid, bromine water, permanganate, dichromate, per
sulfates, iodine, etc. After the mercury has been converted 
to the ionic form it may be handled by any of the well-known 
methods for determining ionic mercury. Some organic com
pounds when treated with sodium and alcohol give up their 
mercury as metallic mercury, which may be estimated in 
various ways. In the case of some organic compounds direct 
electrolytic determination of the mercury is possible.

During the development of the use of monoethanolamine 
for the determination of halogens in organic compounds 
(2, S) the observation of Meltsner, Wohlberg, and Kleiner 
(1) that the amine would reduce mercury salts in aqueous solu
tion suggested its use in the quantitative determination of 
mercury. I t  has been found possible to determine mercury 
quickly and accurately in inorganic salts, oxides, organic 
salts, organic mercuric halides and nitrates, Mercurochrome, 
pharmaceutical ointments and tablets containing mercury 
compounds, and some compounds of the type I^Hg, by the 
use of monoethanolamine. In some compounds containing 
halogen as well as mercury, the two may be determined simul
taneously.

The general procedure adopted for salts, oxides, Mercuro
chrome, and pharmaceuticals containing such compounds 
consists of simply heating the solid sample with the amine for 
5 minutes, whereupon the mercury is reduced to the metallic 
state and appears as a single globule below the liquid amine. 
The excess amine is quickly removed by filtration, and the 
globule is washed with water, transferred to a halogen filtra
tion microtube, and weighed as such after a simple drying 
procedure. Alternatively, the globule of mercury is dis
solved in nitric acid and titrated by means of thiocjanate.

Compounds which do not respond to the above treatment 
in a reasonable length of time may be handled by exactly the 
same method as tha t used for halogens (2). This procedure 
involves the use of monoethanolamine, sodium, and dioxane.

In some cases the substitution of diethanolamine for mono
ethanolamine enables the mercury to be determined without 
using the general halogen procedure. The apparatus has 
been kept very simple and inexpensive, and the procedure is 
simple and rapid.

Both procedures have been used successfully on micro, 
semimicro, and macro scales. Samples of pure compounds 
varying from about 3 to 370 mg. have been handled with 
practically no variation in technic or apparatus.

The inorganic compounds used were the best analytical 
grade obtainable and were dried by a suitable procedure. 
The organic salts were prepared from the corresponding so
dium salts and were recrystallized several times from a  suit
able solvent. The organometallic compounds were pur
chased and further purified. Pharmaceutical preparations 
were used as purchased from drugstores.

M ateria ls
The monoethanolamine, NHi—CII2—CHjOH, used for the re

duction of the sample was commercial material which was dis
tilled in an all-glass outfit a t atmospheric pressure. The di
ethanolamine, NH(CH2—CHjOH)2, occasionally employed was 
commercial material distilled at reduced pressure in an all-glass 
outfit. The dioxane used as a solvent for removing the base of 
pharmaceutical ointments was commercial material. The diox
ane used with monoethanolamine and sodium for liberating mer
cury bound directly to carbon was made halogen-free when 
halogen was to be determined in the organic compound simul
taneously. For this purpose it was refluxed with monoethanol
amine and sodium and then distilled (2). Acetone employed for 
washing and drying was dried over calcium chloride and dis
tilled. The sodium was halogen-free.

A pparatus
For the reduction of the sample a 25 X 200 mm. Pyrex test tube 

may be used with entire success. A test tube of the same dimen
sions but with a pear-shaped bulb a t the bottom is somewhat 
more convenient, as the mercury globule will lie in the narrow 
part of the pear and thus enable the washing and filtration to be 
carried out more easily. A simple cold-frager reflux condenser 
serves to prevent loss of amine. The apparatus is thus essen
tially the same as tha t employed by the author for determining 
halogens on a micro scale (2). For filtration the usual Pregl 
micro halogen arrangement is used.

M eth od  o f  W eigh in g  S am p les
The samples are weighed in small open weighing bottles made 

by cutting down specimen vials 8 to 10 mm. in diameter and 
polishing the cut ends. The weighing bottles are most con
veniently handled by means of a pair of metal forceps, the prongs 
of which are bent to fit the cylindrical bottle. Solid samples are 
introduced into the bottles by means of a small spatula.



332 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 10, NO. 6

T a b l e  I .  C o n s e c u t i v e  W e i g h t s  o p  F i l t e r  T u b e s  O b t a in e d  
b y  t h e  D r y i n g  P r o c e d u r e  

M g. M g.
Macrobalance'*

1 5975.85 5 5975.80
2 5975.85 6 5975.90
3 5975.85 7 5875.80
4 5975.85 8 5875.85

Microchemical Balance?»
1 5356.891
2 5356.895
3 5356.906 -----
4 5356.893 -----

° 5-minute aspiration, 10-minute standing at balance. 
b 10-minute aspiration, 15-minute standing at balance.

S ta n d a rd iza tio n  o f  V o lu m etr ic  S o lu tio n s
For standardizing the 0.02 N  and 0.05 N  thiocyanate solutions 

used for volumetrically determining the mercury in some sam
ples, the best grade of calomel was used. A weighed sample of 
calomel was reduced to metallic mercury by means of mono
ethanolamine. The mercury was dissolved and titrated with 
the solution to be standardized.

All the details for the reduction and titration are given 
below. This method of standardization was adopted after 
the success of the reduction procedure had been established. 
As a further check on the standardization procedure, the mer
cury from the sample of calomel was determined gravimetri- 
cally as described below before it was dissolved for titration.

M eth od  I
S a l t s , O x i d e s , a n d  M e r c u r o c h r o m e . Slip the weighing 

bottle containing the sample into the digestion tube, add 3 to 5 
ml. of monoethanolamine, and attach the cold finger. Suspend 
the digestion tube loosely from a clamp and gently boil the 
amine with a microburner for at least 5 minutes. In some cases 
colloidal mercury begins to appear as soon as the amine strikes 
the salt. At the boiling temperature the colloidal mercury 
quickly disappears and the reduction is probably complete in a 
very short time, but at least 5 minutes’ boiling should be allowed. 
The mercury appears as a single globule at the bottom of the 
test tube or at the narrow part of the pear. Cool the tube and 
contents rapidly to below 100° C. by lowering the tube into a 
beaker of cold water, and wash down the condenser with water. 
After removing the condenser, add more water to bring the total 
volume to 15 or 20 ml. to reduce the viscosity of the amine. In 
some cases, but not usually, an insoluble material may appear on 
dilution.

When only mercury is to be determined, remove the liquid 
from the tube by the use of the filtration arrangement designed 
by Pregl for the determination of halogens, but employ a blank 
tube without any filtering medium. This reduces the filtration 
time to a m atter of seconds. Correct placing of the lower end 
of the siphon tube facilitates removing the liquid without dis
turbing the mercury. Wash the globule several times with small 
amounts of water and suck this over as above. In each case all 
but a fraction of a milliliter of the wash liquid may be easily re
moved.

Finally bring the globule over to the prepared micro halogen 
filter tube by lowering the siphon over the globule and gently ap
plying suction. If the globule breaks into several smaller glob
ules as it falls on the mat of the filter tube, assemble these by 
gently tapping the tube so that the particles roll around and 
come into contact with each other. Wash the globule several 
times with water and finally several times with dry acetone. 
Remove the filtering tube from the suction flask and thoroughly 
wipe it with moist flannel. Then place it in the filtering ar
rangement with a perfectly dry suction flask, attach a cotton 
filter tube, and aspire a gentle current of air through the tube for 
5 minutes. Finally place the tube near the balance and weigh it 
after 10 minutes. For microwork 10-minute aspiration and 15- 
minute standing are advisable. The filter tubes are of the type 
used for handling the silver halides, and have coarse sintercd- 
glass disks and thick asbestos mats. The mats should be firmly 
pressed with the blunt end of a glass rod to make the upper 
surface as hard as possible. The tubes are prepared for use by 
washing with water and dry acetone and drying as indicated 
above.

Some years ago Willard and Boldyreff (4) tried a somewhat simi- 
ar method of handling metallic mercury, but used macro-

Gooch crucibles with sintered bottoms and with no asbestos. 
They claimed a loss of about 1.3 mg. of mercury in the drying 
process, which was essentially the same as outlined above. In 
their case the mercury was in a finely divided form and the loss 
was probably due to the large surface exposed to the air as it 
streamed through the crucible. The small surface presented by 
the single globule of mercury in the author’s case probably ac
counts for the failure to note such a loss. Fairly good results 
were obtained on a micro scale, where the loss of any such amount 
of mercury as mentioned by Willard and Boldyreff would have 
thrown the percentage of mercury off by as much as 25 per cent 
in some cases.

The fact that reproducible weights of the filtering tube can 
be obtained by the described method of washing and drying 
is demonstrated by Table I. Between the consecutive 
weighings, the tubes were washed and dried as previously out
lined.

The mercury may be determined volumetrically if desired.

Wash the globule of mercury in the digestion tube as directed, 
dissolve it in a few drops of concentrated nitric acid, and add a 
few milliliters of water. To ensure the absence of nitrous acid 
and mercurous mercury, add 5 per cent potassium permanganate 
solution dropwise until the permanganate color persists for 5 
minutes. Destroy the excess permanganate with dilute hy
drogen peroxide solution. Before titration with thiocyanate add 
1 to 1 nitric acid and ferric alum indicator. The mercury ion 
may bo titrated with 0.02 N  or 0.05 N  thiocyanate solution, de
pending upon the scale of the work. On a micro scale the ti
tration may be carried out in the digestion tube, but on a macro 
scale it will be necessary to transfer the mercury solution (or 
globule) to an Erlenmeyer flask for titration. The transfer is 
most readily accomplished by using the Pregl filtration arrange
ment. For this purpose place a two-hole rubber stopper in the 
Erlenmeyer with a blank filter tube and apply suction to the 
other hole of the stopper. Rinse the digestion tube and siphon 
well to bring over the last trace of mercury solution.

Other methods of estimating the mercury may be used 
after it has been obtained in the ionic condition.

Reactive halogen in organic or inorganic mercury com
pound will be present in ionic form in the filtrate obtained 
in the first filtering and rinsing step. For determination of 
the halogen, the filtrate is best caught in a 25 X 200 mm. test 
tube. On acidifying with nitric acid and adding silver ni
trate, the halogen may be determined as directed else
where (2).

P h a r m a c e u t i c a l s ,  O i n t m e n t s ,  a n d  T a b l e t s  C o n t a i n i n g  
M e r c u r y  S a l t s  o r  O x i d e s .  Because of the small mercury 
content fairly large samples are necessary, and hence larger 
weighing bottles are used. The only modification of proce
dure necessary is with the ointments, where the ointment base 
must be removed after the reduction. To get rid of the
ointment base, omit the rinsing of the digestion tube and
condenser with water a t the end of the digestion period, and 
filter off the liquefied ointment base and ethanolamine while 
still hot. Use the same filtering arrangement as in the
previous case. Dissolve the last amount of base in hot
dioxane or other suitable solvent and remove it by the 
filtration procedure. Then handle the globule in the usual 
maimer.

With tablets the only new problem is the removal of the 
filler. No modification of the procedure for salts is necessary, 
as the filler is easily sucked away from the globule by the 
rinsing procedure before the globule is transferred to the 
filter tube.

Table I I  gives typical results obtained with a variety of 
compounds and preparations containing mercury.

Method II
O r g a n i c  C o m p o u n d s  O t h e r  T h a n  S a l t s .  Most mercury 

compounds in which mercury is directly attached to a carbon 
atom cannot in general be reduced to metallic mercury by
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T a b l e  II . D e t e r m in a t io n  o f  M e r c u r y  i n  Or g a n ic  a n d  I n o r g a n ic  C o m p o u n d s  a n d  P h a r m a c e u t ic a l  P r e p a r a t io n s

Sam Sam
Compound ple Me hod Mercury Found Theory Compound ple Method Mercury Found Theory

Mg. % % Mg. % %
Mercurous chloride 10.924 9.297 85.11 84.98 Phenylmercuric nitrate 41.61 I-D 24.60 59.12 59.069.588 8.163 85.14 15.02(Cl) 92.00 II 54.35 59.08

124.20 105.50 84.95 101.40 I-D 60.05 59.22
127.75
194.20
368.35
120.25

108.55  
165.05  
312.90  

Va

84.97  
84.99  
84.95  
14.96(C1)

Phenyl mercuric chloride 11.445

24.74

II

II

7 .335

15.90

64.09
1 1 .3 4 (d )
64.27
1 1 .4 0 (d )
64.15

64.07
1 1 .3 8 (d )

Mercuric chloride
131.20 V° 14.93(C1) 35.26 I-D 22.62
1 1 2 . 1 0 82.80 73.82 73 .88 99.05 I-D 63.45 64.06
139.30 102.85 73.84 2 6 .1 2 (d ) 1 1 .3 8 (d )

Mercuric oxide

180.15 V 73.91
26.08(C1) Di-p-tolylmercury 35.40

39.32
II
II

18.19
20.20

51.38
51.37

51.42
40.48

203.45
V
V

92.67
92.68

92.61 12.637
139.60

II
II

6.514
71.80

51.54  
51.43

Mercuric iodide 121.50 53.52 44.05 44.14 32.72 I-D 51.37

156.50 69.10
55.90(1) 55.86(1) Mercurochrome 156.85 I 41.55 26.49 26.7344.15 (H. W. D., dried) 134.60 I 35 .70 26.52
55.83(1) 175.55 I 46.65 26.57

Mercurous iodide 116.80 71.61 61.31 61.25 195.40 I V 26.56

136.80 83.93
38.60(1) 38.75(1) Ammoniated mercury 752.90 I 28.52 3 .79
61.35 ointment, 5% with 933.60 I 35 .40 3 .79
38.62(1) petrolatum base 554.45 I 20.70 3 .7 3

Mercuric oxalate 44.50
180.70

30.93
125.50

69.51
69.45

69.45 637.90
734.10

I
I

24.18
V

3 .79
3 .79

Mercuric ?>-toluate 9 .928 4.226 42.97 42.62 Calomel ointment, 5% 1342.0 I 53.68 4 .00
20.05 8 .55 42.64 1023.4 I 41.31 4 .03
96.00 40.90 42.60

1131.4
1234.6

I Vb 4 .02
Mercuric benzoate 3.227

46.23
1.463

20.95
45.34
45.32

45 .32 I
I

V
V

3.99
3.99

93.55 42.43 45.38 Calomel tablets 265.20 I 53.07 20.01
Mercuric phthalate 11.185

50.88
6.159

28.00
55.06
55.03

55.01 291.60
161.10

I
I

58.11
31.83

Vb
76.29

19.93
19.76

Mercuric succinate
108.70 59.80 55.01 374.30 I

19.92  
20.38

35 .36 22.40 63.35 63 .35 221.70 I 44.71 20.22
67.10 42.50 63.34 Vb 20.25

Mercuric cyanide 115.65 -D V 79.36 79.41 389.20 I 78.65 20.2 1
105.40 I V 79.46

° Mercury from sample used for standardization of thiocyanate. b Mercury determined volumetrically after first determining it gravi metrically.

quantitative reduction of some organic mercury types. Analy
ses done in this way are designated as I-D in Table II.

S u m m ary
A simple and rapid method for the determination of mer

cury in inorganic and organic compounds and in pharma
ceutical preparations has been developed. The process has 
been put on both a gravimetric and volumetric basis. The 
halogens may be determined simultaneously. The method 
may be used on a qualitative basis for the detection of mer
cury in inorganic or organic compounds.

The author was unsuccessful in trying to apply either 
Method I or Method II  to a sample of Merthiolate kindly 
supplied by Eli Lilly and Company.

L itera tu re  C ited
(1) M eltsner, M., Wohlberg, C., and Kleiner, M. J., J .  Am. Chem.

Soc., 57, 2554 (1935).
(2) Rauschcr, W. H., In d . E no. C hem ., Anal. Ed., 9, 296 (1937).
(3) Ibid., 9, 503 (1937).
(4) Willard, H. H., and BoldyrefT, A. W., J . Am. Chem. Soc., 52, 659

(1930).
R e c e i v e d  March 16, 1938.

monoethanolamine in a reasonable time, if a t all. However, 
a number of types of organic mercury compounds may be 
handled successfully by using the general procedure as em
ployed for halogens in organic compounds (2). This involves 
the use of sodium, monoethanolamine, and dioxane in the 
same type of apparatus as in Method I.

Reflux the sample with 3 to 5 ml. of monoethanolamine and 
2 to 3 ml. of dioxane. For microwork add about 0.2 gram of 
sodium in small pieces from time to time, and for larger samples 
use correspondingly larger amounts of sodium. The mercury set 
free by the reduction amalgamates with unreacted sodium and 
appears at the end of a half-hour, refluxing as a small hard pellet 
a t the bottom of the tube. After the heating period, remove the 
liquid contents of the tube as usual and thoroughly wash the pel
let with water in the tube. Cover it with about 5 ml. of water 
and boil the water until the amalgam no longer evolves hydrogen, 
showing that all the sodium has been destroyed. This usually 
takes about 5 minutes. From this point on the procedure is the 
same as in Method I.

Halogen may be determined simultaneously as in Method
I.

Merely substituting diethanolamine for the monoethanol
amine of Method I and refluxing for 30 minutes will give a



Iodom etric M icrodeterm ination o f Selenate 
in  the Presence o f Selenite

H .  AR M  IN  P A G E L  a n d  JA C K SO N  C. M IE R S  
U n iv ers ity  o f  N eb rask a , L in c o ln , N ebr.

GOOCH and Evans (3) studied the conditions necessary 
for an iodometric method of determining selenate in the 

presence of selenite, based on the reaction H 2Se0< +  2HC1 -*■ 
H2SeOj +  Cli +  H20 , which takes place when the mixture 
is distilled. The chlorine evolved is absorbed in potassium 
iodide solution, and the liberated iodine is titrated with 
standard thiosulfate solution. Moser and Prinz (5), in an 
extensive investigation of several methods for the determina
tion of selenium, showed tha t reliable results can be obtained 
by Gooch and Evans’ procedure. In  analyzing mixtures 
containing only a few milligrams of selenate radical in the 
presence of about 0.10 gram of selenite radical, the authors 
were not able to obtain satisfactory results by the procedure 
of Gooch and Evans. The experimental details of a satis
factory procedure, modified to include the use of a reflux 
condenser in the distilling operation, are described below. 
Dolique (1), who used such a modification in analyzing 0.20- 
gram selenate samples, states that the method is accurate to 
about 0.5 per cent.

E xp erim en ta l
The distilling apparatus used in this work is shown in the 

diagram.
The distilling flask was a 125-cc. round-bottomed flask to which 

a ground-glass joint of 12-mm. bore was sealed a t A. A side 
tube was sealed into the bottom, as shown, to provide a con
venient way of passing carbon dioxide through the apparatus. 
In order to prevent accidental breakage of the seal, the side tube 
was fastened securely at E  with a few turns of wire. The reflux 
condenser tube in B  was of 7-mm. bore and 22 cm. long, and the 
delivery tube, C, of 4-mm. bore and 50 cm. long. A tube, D, 
17 mm. by 45 cm., was used as a container for the potassium 
iodide solution used to absorb the chlorine. A film of concen
trated sulfuric acid served to seal the ground-glass joint. An 
ebullition tube 1-mm. bore was used to promote quiet boiling.

A selenic acid solution used as the selenate standard was 
prepared by the method described by Thomsen (6). Por

tions of this solution when treated with hydrochloric acid and 
saturated with sulfur dioxide showed negative results for 
selenious acid. The selenate radical concentration was de
termined gravimetrically by reducing to free selenium with 
sulfurous acid according to the method of Gutbier, Metzner, 
and Lohmann (4). About 50 grams of sample solution were 
used in order to yield about 0.075 gram of selenium. The 
selenium obtained was weighed with a semimicrobalance, 
using certified weights. Duplicate analyses agreed within 
0.2 per cent. In  all the work given in this paper, the selenate 
samples were measured with a weight buret.

T a b l e  I. D e t e r m in a t io n  o f  S e l e n a t e

Selenate Used Selenate Found — Error--------------- .
Mg. M g. Mg. %

81.78 81.74 - 0 .0 4 - 0 . 0 5
70.02 76.02 * 0.00 * 0.00
18.62 18.60 - 0.02 - 0 . 1
18.24 18.20 - 0 . 0 4 - 0.2
8 .24 8 .27 + 0 .0 3 + 0 .4
2 .0 3 “ 2.02 - 0 .0 1 - 0 . 5
1.69 1 .68 - 0 .0 1 - 0.6
1.00 1.07 +  0 .0 1 +  0 .9
1.05» 1.04 - 0 .0 1 - 0 . 9
1.03» 1.05 + 0.02 +  1 .9
0.51 0.50 - 0 .0 1 - 2
0 .3 7 ' 0 .36 - 0.01 - 3
0 .2 7 “ 0 .2 6 - 0.01 - 4
0 .27 0 .2 8 + 0.0 1 + 4

Foreign substance added: “ 0.10 gram SeOi; b 2 .0  grams NaiSOi; c 1 
gram SeOi.

Conductivity water and reagent quality chemicals were 
used throughout. Blanks were run to detect possible traces 
of iodate in the potassium iodide. Since the hydrochloric 
acid concentration remains essentially constant in the distilla
tion process, it was possible to show indirectly the absence of 
active impurities in this reagent. This was done by adding 
a second sample of selenate directly to the distillation residue 
of the previous determination, and then proceeding as usual. 
No significant variations were detected in any case.

Sodium thiosulfate solution (0.01, 0.025, and 0.005 N) was 
standardized against standard potassium iodate solution. 
The titration end points were determined by means of the 
“dead stop” potentiometric method as given by Foulk and 
Bawden (2). The apparatus used was definitely sensitive to
0.01 cc. of 0.005 N  iodine in a volume of 100 cc. A motor- 
driven stirrer was used in all titrations.

P rocedure
The receiver was filled within about 10 cm. of the top with a 

solution containing about 2.5 grams of potassium iodide, and 
placed in position. Sufficient concentrated hydrochloric acid 
and water were then added to the measured selenate sample in 
the distilling flask to give a volume of 60 cc. having 5 N  acidity.

The carbon dioxide flow was next adjusted to a rate of about 
35 cc. per minute, and the reflux condenser turned on. The solu
tion was then heated with a microburner, and distilled for 20 
minutes after the boiling point had been reached. The contents 
of the receiver were transferred to a 250-cc. wide-mouthed 
Erlenmeyer flask, followed by thorough rinsing. In order to re
move any traces of iodine from the inside of the delivery tube, 
the carbon dioxide flow was stopped and a wet rag was momen
tarily touched against the side of the hot distilling flask to pro
duce sufficient decrease of internal pressure to cause the rinse 
water to be drawn into the delivery tube, whereupon the carbon 
dioxide was again turned on to force the liquid out. In order to 
duplicate the acidity conditions of the thiosulfate standardiza-
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tions, 2 cc. of 6 N  hydrochloric acid were then added to the 
liberated iodine solution, followed by immediate titration with 
thiosulfate.

The results of a series of determinations are given in Table
I. The quantities given are in terms of selenate radical.

D iscu ss io n
Table I  shows tha t reliable results were obtained over a 

wide range of selenate samples. Equally good results were 
obtained when 6 N  instead of 5 N hydrochloric acid was used 
in the distillations. Detectable positive errors, due to the 
volatilization of selenium tetrachloride, were found in running 
blanks containing 0.10 gram of selenium dioxide in 7 N  acid, 
while with 8 N  acid positive errors corresponding to 0.4 mg. of 
selenate radical were found. As shown, comparatively large

amounts of sodium sulfate do not interfere. Foreign mate
rials which are either active oxidizers or reducers under the 
given experimental conditions must obviously be absent, 
including bromide and iodide, since these further reduce the 
selenious acid formed to elementary selenium.
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D eterm ination o f Zinc
A  Colorimetric Micromethod

W . L . L O T T , D e p a r tm e n t  o f  A g ro n o m y , C o rn e ll  U n iv e rs i ty ,  I t l i a e a ,  N . Y .

THE colorimetric method presented here for the deter
mination of zinc in soil and agronomic products was de
veloped to meet the special requirements of an investigation 

of the physiological effects of zinc in soil on crops growing 
therein, but should be applicable to the determination of zinc 
in many materials. Of the various methods which have been 
previously devised for the determination of small quantities 
of zinc, probably the most convenient is the turbidimetric 
procedure which depends upon the formation of colloidal 
zinc potassium ferrocyanide. This method, recently revised 
by Boggs and Alben (S), was found by the writer to give good 
results when only approximate values were required. Using 
a photoelectric cell to measure turbidity, the writer found that 
the opacity of the colloidal suspensions increased markedly 
with a short time of aging of the freshly prepared potassium 
ferrocyanide reagent. Other unexplained factors operated to 
cause vagaries in the results obtained. The method of Todd 
and Elvehjem (9), in which zinc is precipitated as zinc am
monium phosphate and calculated from a subsequent colori
metric determination of the phosphate, was found to be un
successful for the small quantities of zinc isolated from 
samples of soil. A search was made for a method that could 
be used to measure reliably some small differences in the zinc 
content of the soils and vegetation in question.

The zinc present in soil may be brought into solution by 
fusion with potassium pyrosulfate and separated from inter
fering elements by means of hydrogen sulfide as most recently 
employed by Boggs and Alben (3). This procedure was 
adopted in the present work. The zinc in plant materials 
may be brought into solution by ashing at 450° to 500° C. 
and extracting the ash with hydrochloric acid as in the proce
dure used by Hibbard (4), or the ash may be fused with po
tassium pyrosulfate to render the zinc soluble. The zinc may 
then be isolated by means of hydrogen sulfide as recommended 
by Hibbard.

Theoretical considerations of the mechanism of combination 
between 8-quinolinol and the ions of heavy metals led M y  
and Bose (7, 8) to experiment with other related compounds 
for use as analytical reagents. Among these was quinaldic 
acid. These authors obtained excellent results when this 
compound was used as a precipitant for the gravimetric de

termination of zinc. Later, they adapted the use of quinaldic 
acid to a micromethod (5, 6).

The findings of R&y and Bose suggested that it might be 
possible to prepare a colored derivative of quinaldic acid 
which not only would precipitate zinc quantitatively but could 
also be used for a colorimetric determination. Colored de
rivatives are obtained from many organic compounds upon 
the introduction of one or more nitro groups into the molecule. 
This was found to be true of quinaldic acid. The method of 
Besthorn and Ibele (2) for the preparation of 5-nitroquinaldic 
acid was employed, and two isomeric compounds were pro
duced, a considerable quantity of 8-nitroquinaldic acid being 
formed. Only the 5-nitro acid was found to precipitate zinc 
in weakly acid solutions. This acid possesses a pale yellow 
color of insufficient intensity for colorimetric measurement. 
When it  is treated with stannous chloride, however, a water- 
soluble reduction product is formed which has a deep orange 
color well suited for colorimetric comparisons. The following 
procedure was devised for the determination of quantities of 
zinc ranging from 0.05 to 1.00 mg.

R ea g en ts  an d  A p p aratu s
The method of Besthorn and Ibele (2) was employed for the 

preparation of 5-nitroquinaldic acid from quinaldic acid obtained 
from the Eastman Kodak Company. The compound thus pre
pared crystallized from water, and after being dried a t 105° C. it 
retained two molecules of water of crystallization. The reagent 
used in this procedure consisted of 0.75 gram of this compound 
dissolved in 100 ml. of warm 95 per cent ethyl alcohol. One 
milliliter of the solution was equivalent to approximately 1 mg. 
of zinc.

Ammonium hydroxide, approximately 3 Ar, was prepared by 
diluting 1 part of concentrated ammonium hydroxide (sp. gr. 
0.90) with 4 parts of distilled water.

Acetic acid, 50 per cent, was prepared by diluting glacial acetic 
acid with an equal volume of distilled water.

Stannous chloride solution consisted of 12.5 grams of SnCls- 
2H20  dissolved in 100 ml. of hydrochloric acid (sp. gr. 1.21) and 
diluted to 500 ml. The solution was preserved by the addition 
of a little metallic tin.

Methyl red indicator solution was made by dissolving 0.1 gram 
of methyl red in 100 ml. of 95 per cent ethyl alcohol.

The colorimeter used was like tha t devised by Yoe and Crump- 
ler (11), but contained a photoelectric cell circuit of greater sen
sitivity as suggested by Wood (10).



336 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 10, NO. 6

T a b l e  I .  I n f l u e n c e  o f  T im e  o f  D ig e s t io n  u p o n  C o m p l e t e 
n e s s  o f  P r e c ip it a t io n  o f  Z in c

Digestion Period Zinc Added Zinc Recovered
M in . Mg. Mg.

10 0 . 1 0 0.090
10 0 . 1 0 0.080
15 0 . 10 0 . 10
15 0 .10 0.095
30 0 . 1 0 0 . 10
30 0 .10 0 . 1 1

24 hours 0 . 1 0 0 . 1 0
24 hours 0 . 10 0.095

10 0 .50 0.494
10 0 .50 0.494
15 0 .50 0.499
15 0 .50 0.500
30 0 .50 0.500
30 0.50 0.501

24 hours 0 .50 0.498
24 hours 0 .50 0.499

T a b l e  I I .  E f f e c t  o f  E x c e s s  R e a g e n t  o n  P r e c ip it a t io n  o f  
Z in c  b y  5 - N it r o q u in a l d ic  A cid

of Reagent Zinc Present Zinc Recovered
% M g. M g.
25 0.20 0.200
25 0.20 0.198

144 0.20 0.200
144 0.20 0.197
213 0.20 0.200
213 0.20 0.199
340 0.20 0.200
340 0.20 0.202

25 0.50 0.501
25 0 .50 0.502

144 0 .50 0.502
144 0 .50 0.499
213 0 .5 0 0.500
213 0 .50 0.500
340 0 .50 0.500
340 0.50 0.498

A n a ly tica l P rocedure
The quantity of zinc to be taken for a determination will 

vary with the type of colorimeter to be employed. Quanti
ties ranging from 0.05 to 1.00 mg. were easily within the range 
of the colorimeter described above. The zinc, having been 
previously separated from interfering substances by a method 
such as the one suggested by Boggs and Alben (S), was 
brought into solution by means of hydrochloric acid, and was 
then determined by the following procedure:

An aliquot containing 0.05 to 1.00 nig. of zinc is pipetted into 
a 30-ml. beaker. The volume is brought to 5 to 10 ml. by evapo
rating or diluting as necessary. A drop of methyl red indicator 
is added and the solution made just alkaline with 3 Ar ammonium 
hydroxide. Acetic acid is added until the solution is dis
tinctly acid (1 to 2 drops). The solution is heated to near boil
ing and 5-nitroquinaldic acid solution is added in slight excess of 
tha t necessary to bring about complete precipitation. The 
beaker and contents are allowed to stand on the hot plate for 30 
minutes without boiling. The precipitate is filtered off by means 
of an asbestos filter stick, and the beaker and filter are washed 
five times with boiling water from a wash bottle. The precipi
tate is dissolved in 5 ml. of hot stannous chloride solution, and 
heated to boiling. Any asbestos tha t may be present is filtered 
off and the solution is cooled to room temperature, and compared 
in the colorimeter with standards prepared by the same proce
dure from solutions containing known quantities of zinc. The 
standard and unknown must be at the same temperature a t the 
time of reading.

When a photoelectric colorimeter is used for the determination, 
it is convenient to make use of a graph prepared from readings 
made on standard solutions. The colorimeter readings in micro
amperes are plotted as ordinates, and the quantities of zinc em
ployed as abscissas. A curve is thus obtained which may be 
used for reading off the quantity of zinc corresponding to any 
reading of the colorimeter. This expedient eliminates the neces
sity for preparing standards every time that determinations are 
to be made.

The precision which may be obtained by this method in the 
measurement of the zinc in standard solutions is illustrated 
by the close agreement between values in Table II.

C o n d itio n s In flu e n c in g  P rec ip ita tio n
A c i d i t y .  The zinc salt of 5-nitroquinaldic acid dissolves 

readily in solutions of the more highly ionized acids, but re
mains insoluble in solutions having pH values in the range
2.5 to 8.0.

In order to determine the range of hydrogen-ion concentration 
within which precipitation might be complete, a series of experi
ments was carried out with 0.5-mg. portions of zinc in the form of 
the chloride. A standard solution was prepared by dissolving 1 
gram of c. p . metallic zinc in hydrochloric acid and diluting to 
1000 ml. One hundred milliliters of this solution were diluted 
to 1000 ml. and several 5-ml. portions were pipetted into 30-ml. 
beakers. Various acidities were obtained by adding different 

uantities of hydrochloric acid, acetic acid, and ammonium hy- 
roxide to different beakers, using methyl orange, methyl red,

and phenolphthalein indicators to cover a wide range of pH 
values. The zinc was then precipitated and determined by the 
above procedure. The filtrates from which the precipitates were 
separated were immediately cooled and their pH values deter
mined employing a glass electrode (Beckman pH meter).

The results obtained are shown graphically in Figure 1. 
The precipitation of zinc is found to be complete within the 
range of pH 2.5 to 8.0. The use of acetic acid and methyl 
red indicator as recommended in the procedure gives acidities 
lying well within these limits.

0.6

0 2.0 4 .0  6 .0  8 .0  10.0
F ig u r e  1. I n f l u e n c e  o f  H y d r o g e n - I o n  C o n c e n t r a 

t io n  o n  P r e c ip it a t io n  o f  Z in c

T im e  o f  D i g e s t i o n .  The time of digestion necessary for 
complete precipitation was determined as follows:

Two series of solutions of zinc chloride containing 0.5 and 0.1 
mg. of zinc, respectively, were treated with an excess of 5-nitro- 
quinaldic acid after adjustment of acidity, and were digested on 
the steam bath for periods ranging from 10 minutes to 24 hours. 
The precipitates were then filtered off, and their zinc contents de
termined as previously described.

The figures in Table I indicate that precipitation had 
reached a maximum value after digesting for 15 minutes. In 
most instances'the supernatant solutions were still turbid at 
the end of this time, and digestion for 30 minutes resulted in 
clear solutions. I t  might be deemed best, therefore, to digest 
for 30 minutes to reduce the possibility of fine particles pass
ing through the filter.

A d s o r p t i o n  o f  E x c e s s  R e a g e n t .  Two series of precipi
tations were carried out with 0.5- and 0.2-mg. portions of 
zinc, with acidities and digestion periods as given in the pro
cedure. 5-Nitroquinaldic acid was added in excesses amount
ing to 25, 144, 213, and 340 per cent greater than the theoreti
cal amounts needed for complete precipitation. The pre
cipitates were filtered off and determinations made by the 
procedure given. The results (Table II) show that the pre
cipitates did not adsorb appreciable quantities of the excess
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T a b l e  III. E f f e c t  o f  A m m on iu m  C h l o r i d e  o n  P r e c i p i t a t i o n

NH«C1 Concentration
o f  Z in c

Zinc Present Zinc Recovered
N Mg. M g.

0.0 0.20 0.195
0.0 0.20 0.200
0 .15 0.20 0.200
0.15 0.20 0.200
0 .70 0.20 0.200
0 .70 0.20 0.198
1 .0 0.20 0.193
1 . 0 0.20 0.190
0.0 0.50 0.500
0.0 0 .50 0.497
0 .15 0.50 0.500
0 .15 0 .50 0.500
0 .70 0.50 0.503
0.70 0 .50 0.495
1 .0 0.50 0.475
1 .0 0 .50 0.480

reagent, regardless of the quantity of precipitant used. Evi
dently the excess of 5-nitroquinaldic acid is readily removed 
by the hot wash water. The close agreement between these 
values also indicates the degree of precision obtained with this 
reagent.

I n t e r f e r i n g  S u b s t a n c e s .  Interfering substances are 
liable to be of frequent occurrence since many metals are pre
cipitated under the conditions of this method. Tests showed 
that 5-nitroquinaldic acid forms insoluble precipitates with 
silver, lead, mercury, copper, iron, manganese, cobalt, and 
nickel in weakly acid solutions. With respect to its nonspeci
ficity as an analytical reagent, 5-nitroquinaldic acid is simi
lar to 8-quinolinol (1).

I t  is necessary to separate zinc from any or all the metals 
listed above before an accurate determination can be made by 
this method. This is best accomplished by means of hydro
gen sulfide as already mentioned. The zinc sulfide so ob
tained is brought into solution by means of hydrochloric acid. 
I t  was found tha t ammonium chloride formed by neutralizing 
acid in such solutions with ammonium hydroxide may inhibit 
complete precipitation of the zinc within the digestion period 
of 30 minutes. Results given in Table III  show the concen
trations of ammonium chloride that may be tolerated. Com
plete recovery of zinc may be accomplished in the presence of 
ammonium chloride in concentrations as high as 0.7 N  but 
not from solutions of higher concentration. Before making 
determinations by this procedure it is best, therefore, to avoid 
the use of large quantities of acid in dissolving the precipitates 
of zinc sulfide. Similar concentrations of sodium chloride 
also inhibit complete precipitation, so that sodium hydroxide 
offers no advantage over ammonium hydroxide for the neu
tralization of the acid.

C o n d itio n s In flu en c in g  C olor I n te n s ity

High concentrations of acid were found to decrease the 
depth of color, as shown by Table IV. Portions of 5-nitro
quinaldic acid solution equivalent to 0.5 and 0.2 mg. of zinc, 
respectively, were pipetted to beakers, and the alcohol was 
evaporated by warming gently. Concentrated hydrochloric 
acid was added in increments to different beakers, and the 
solutions were treated with equal quantities of a hot solution 
of stannous chloride. The resulting solutions were nearly 
colorless a t higher acid concentrations but were distinctly 
colored a t the lower concentrations. Most of the solutions, 
however, developed full color intensity upon being diluted 
to volume in the tube of the colorimeter. The results show 
that the intensity of color was not appreciably influenced by 
differences in concentration of acid within the range 0.24 N  
to 0.84 N. The quantity of hydrochloric acid found adequate 
for dissolving and reducing the precipitates obtained in this

T a b l e  IV. E f f e c t  o f  C o n c e n t r a t i o n  o f  A c id  o n  D e p t h  o f
C o lo r

Acid Concentration Colorimeter Reading“ Zinc Equivalence
N Microamperes M g.

0 .24 82.1 0.20
0 .48 82 .0 0.20
0.60 81 .8 0 .2 1
0.72 82 .0 0.20
0.84 82.1 0.20
1.08 83.0 0 .17
1 .2 0 85.5 0.15
1.40 89 .5 0 . 10
0 .24 63 .8 0 .50
0 .48 63.6 0 .50
0 .60 64 .0 0.50
0 .72 63 .8 0 .50
0 .84 63 .6 0.51
1.08 65 .2 0 .47
1 .2 0 67 .0 0 .42
1.40 69 .2 0 .39

°  Represents per cent of light transmitted by colored solution.

method gives a normality of 0.24 upon dilution for the color
imeter. Hence, the acidity is sufficiently low for accuracy.

Variation in temperature of the solutions a t the time of 
reading was found to have considerable influence on the depth 
of color. At high temperatures the solutions are more in
tensely colored than at room temperature, and considerable 
error may occur in determinations if readings are made with 
standard and unknown at different temperatures.

The intensity of color of the solutions of reduced 5-nitro
quinaldic acid was found to be independent of the-concentra
tions of stannous chloride over the range 0.075 to 0.40 per 
cent SnCl2-2H20.

The color of the solutions is stable. The solutions tested 
were found to give the same readings after standing for 24 
hours as they gave immediately after reduction.

S p ectra l A b sorp tion  o f  th e  C olored S o lu tio n s

Spectrophotometric measurements made on solutions of 5- 
nitroquinaldic acid reduced by stannous chloride showed that 
such solutions absorb light in the visible portion of the spec
trum between 4000 and 6000 A., and transmit almost com
pletely the higher wave lengths. The violet, blue, and lower 
half of the green bands are absorbed by concentrated solu
tions, while the upper half of the green band and the yellow 
and red bands are transmitted. I t  is apparent, therefore, that 
filters which transmit the violet, blue, or the lower half of the 
green bands of the spectrum may be used in colorimeters with 
this reagent.

D iscu ss io n

The range of quantities of zinc conveniently determinable 
by the technic described in the analytical procedure was 
found to be 0.05 to 1.0 mg. Quantities as large as 2 mg. have 
been determined by the same procedure. I t  was necessary, 
however, to dilute the colored solutions to concentrations 
suitable for the photoelectric colorimeter. . When such dilu
tions were carried out, an extra 5-ml. portion of stannous 
chloride solution was added, so that sufficient acid was pres
ent to prevent hydrolysis of the stannous chloride. Omission 
of this precaution sometimes resulted in turbid solutions. 
The range of quantities of zinc determinable by this method is, 
therefore, limited to 0.05 to 2.0 mg. Extension of the range 
to larger or smaller quantities would require further modifica
tions of technic.

5-Nitroquinaldic acid is expensive to prepare by present 
methods. Quinaldic acid was selling for S3.60 per 10 grams 
a t the time it was purchased for this work. Since the yield 
on nitration is less than 50 per cent of the theoretical, the re
agent seems rather costly for use other than for microdeter-
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minations, although it should serve admirably for gravimet
ric macrodeterminations. The cost of reagent for a single 
microdetermination is estimated to be about 2.5 cents, which 
is not prohibitive.

S u m m a ry
A procedure which has been successfully used for the colori

metric microdetermination of the zinc content of agronomic 
materials is described. The method is applicable for the de
termination of quantities of zinc ranging from 0.05 to 1.0 mg.

After a preliminary separation of the zinc from interfering 
elements, 5-nitroquinaMic acid is used as a precipitating 
agent. The precipitate is filtered from the excess reagent, 
and converted into an orange-colored, water-soluble com
pound by reduction with stannous chloride. The intensity 
of color is measured by means of a photoelectric colorimeter.

Precipitation of zinc by 5-nitroquinaldic acid is complete 
within a range of pH 2.5 to pH 8.0 after digestion for 30 
minutes. Ammonium chloride and sodium chloride in con
centrations greater than 0.7 N  inhibit the complete precipita
tion of the zinc.

The intensity of color of the reduction product of 5-nitro- 
quinaldic acid is independent of the acid concentration at 
acidities lower than 0.8 N  and of the concentration of stan

nous chloride. The intensity of color increases appreciably 
with rise in temperature of the solutions, making it necessary 
to carry out all readings at the same temperature.
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A Copper Tube Preheater
W . M acN E V IN  AND H . S . C LA R K , O h io  S ta te  U n iv e r sity , C o lu m b u s , O hio

MANY references occur in the literature to the construc
tion and use of preheaters or “catalyzer tubes” for 

burning oxidizable impurities present in air and commercial 
oxygen gas. The following is a description of a preheater for

R //V G  S T A iV Û

use in microanalyses of carbon and hydrogen. In addition 
to being very efficient, it has the advantages of simplicity 
extreme ruggedness, and low cost of construction.

The preheater is made from a 1-meter length of commercial 
copper tubing approximately 5 mm. in outside diameter with 
walls 1 mm. thick. Because it has been found convenient to 
stand the preheater on the shelf a t the back of the desk, this 
length is greater than may otherwise be needed. At a distance 
of 30 cm. from the inlet end (see figure), the tubing is wound 
several times around a pipe of small diameter (1 cm.), forming 
a compact coil. The coil is clamped in a horizontal position at 
burner height. At either end of the coil, the tubing is bent down
ward a t right angles and slightly towards the front of the desk 
in order to clear the shelf. The inlet and exit ends are attached 
with rubber connections to the pressure regulator and purifying 
line, respectively. To prevent the rubber connections from being 
overheated, the two ends are surrounded by water jackets. These 
consist of 6-cm. lengths of 20-mm. glass tubing fitted a t their 
lower ends over rubber stoppers of proper size. The jackets are 
conveniently filled with water from a wash bottle, once a week 
being sufficiently often even when the apparatus is in constant use.

The coil is heated with a Pittsburgh burner and wing top. 
When first prepared, after flushing out with grease solvents, the 
copper tube is heated to redness over its entire length with a 
stream of oxygen passing through. On further heating the coil 
becomes filled with copper oxide scale, thus providing efficient 
contact with the entering gas.

Two such preheaters have been in daily use in this labora
tory for over 6 months without developing leaks through cor
rosion a t the heating surface.

In order to test the efficiency of this type of preheater, a 
number of blanks were run using compressed air directly from 
the laboratory line. Although this air was saturated with 
colloidal oil and other organic impurities, negligible blanks 
were obtained. This is probably the most rigorous test 
possible of the efficiency of the preheater in converting the 
organic vapors into absorbable products.

R e c e i v e d  March 1, 1938.



The Cathode Ray-Tube Polarograph
Theory of Method

R . H . M U L L E R , R . L. G A R M A N , M . E . D R 0 Z , a n d  J . P E T R A S  
C h em ica l L a b oratories o f  W a sh in g to n  S q u a re  C o llege , N ew  Y ork  U n iv e r sity , N ew  Y ork , N . Y.

TH E polarograpk as developed by Heyrovsky and his co
workers is an instrument well known to electrochemists 
and analysts. The theory and applications have been sum

marized in several monographs (1, 2). The recording of 
current-potential curves of a dropping mercury electrode may 
be accomplished in a number of ways. Heyrovsky gives 
adequate reasons for preferring the photographic method, such

as performance of the record, etc. I t  would seem natural to 
utilize the cathode ray oscillograph for this purpose, but in 
practice a number of difficulties arise. Oscillograph practice 
requires rapid recurrence of the phenomenon if a persistent 
stationary image is desired. I t  is true tha t transient images 
can be photographed, but this procedure would nullify the 
advantage of a continuous picture of what is going on. If 

we attem pt to sweep through the range of 
potentials very rapidly in order to produce a 
persistent stationary pattern, the question arises 
whether the electrode equilibria can keep pace 
with the rapidly changing potentials.

The authors have found a solution to this 
problem and the instrument based on this 
method yields values identical with those based 
upon the conventional Heyrovsky method.

T heory
Let curve OAHBC of Figure 1 represent an ideal

ized Heyrovsky polarogram for a certain ion. The 
potential, V, corresponding to point II, is the 
HaUnvellenpotential and represents a characteristic 
identifying value, for the given ion. Now imagine 
a small sinusoidal alternating potential of peak 
value, A 7, applied to series with the main poten
tial, V. The current, I, will now vary about the 
mean value, H, to produce a wave, S, of the same 
wave form and frequency, but with an amplitude 
which depends upon the steepness of curve AHB. 
If the main direct current potential, V, is now 
shifted the sine wave, S, will become distorted at 
its upper or lower portion because of intersection 
with the nonlinear portions of the curve at B or 
A. If this curve, S, is continuously viewed on an 
oscillograph screen it will be almost perfectly sinu
soidal ana undistorted when and only when V has
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a value corresponding to the mid-point of the current-potential 
curve (at H). Conversely, the appearance of such undistorted 
waves, as V  is varied from zero to the maximum value of deposi
tion potentials, will serve to detect and identify the characteristic 
potentials.

T lic  In s tr u m e n t
The circuit is shown in Figure 2, left. Battery B supplies the 

potentials through regulating resistor R\ and voltage divider Rt. 
The voltmeter, V, indicates the applied potential. The small 
alternating potential in series with the direct current potential is 
supplied by step-down transformer T\ and voltage divider Rs. 
The lead to the dropping mercury cathodc passes through the 
high-gain, low primary-impedance transformer, TV The sec
ondary of this transformer is connected to the vertical deflector 
plates of the cathode ray oscillograph. If the oscillograph is not 
provided with a built-in amplifier or one of sufficient gain (3000 
to 5000 X) it must be preceded by a voltage amplifier stage. The 
horizontal deflector plates are driven by the usual sweep circuit 
and in most cases means are provided for locking in the sweep 
with the phenomenon under investigation (synchronizing con
trol).

The authors have eliminated the customary leveling bulb for 
supplying mercury to the dropping electrode in the interest of 
compactness and convenience of manipulation and to facilitate 
careful electrical shielding of the electrode assembly.

Figure 2, right, shows a simple arrangement of pressure bottle 
PB, rubber bulb B, and two-way stopcock S  with a micro bubble 
regulator, R. Manometer M  gives a rough indication of the 
driving air pressure. Actually, the rate of dropping of mercury 
is the best criterion of satisfactory operation, and this is quickly 
adjusted by means of the stopcock by-pass. Since very little 
mercury is used, the air reservoir requires very infrequent at
tention.

Figure 3 shows a photograph of the instrument. The oscil
lograph is on the right. The main case on the left contains the 
circuit and controls. The voltmeter indicates the critical direct 
current potentials. The left-hand dial controls the voltage 
divider, k 2. The right-hand dial, R)t governs the magnitude of 
the alternating current potential. Toggle switches are provided 
for the battery and alternating current supply. The small 
copper case mounted on the right side of the instrument contains 
the electrode assembly and can be tightly closed by means of a 
copper door. The electrode connections pass directly through 
the wall through insulated connectors (“banana plug” type). 
The case is grounded during operation. Connection to the os
cillograph is made through shielded cable. Reasonably careful 
shielding and the absence of loose, rambling wares are essential 
for satisfactory operation.

O p eration
A typical polarogram as obtained by this instrument is 

shown in Figure 4. In this case the solution contained a 
small amount of cadmium ion (5 mg.), 0.002 M . At an ap
plied potential of 0.63 volt the oscillograph pattern is as shown 
in a. Potentials slightly less than this value yield the dis
torted curve, b, whereas a t slightly higher potentials another 
distorted curve, c, results. This behavior is explained in the

m m
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discussion of Figure 1. On a complete analysis the operator 
merely increases the potential, V, manually from zero to the 
maximum and notes the potentials at which symmetrical 
waves appear. The process can be repeated as often as de
sired. For feeble curves (traces of ion) the gain control may 
be stepped up in order to miss none. Under these circum
stances the maxima due to large amounts of other ions will 
produce high deflections, beyond the edge of the screen, but 
the instrument is not damaged as a delicate galvanometer 
would be.

The entire pattern disappears when a mercury droplet 
falls from the capillary. A new curve appears almost im
mediately, and the momentary interruption is not disturbing, 
inasmuch as the general technic requires fairly slow dropping 
rates.

The observed potentials are very reproducible and vary by 
only a few millivolts—0.627 to 0.629 in the above case. Fur
thermore they are identical with the values obtained in the 
conventional way—with a voltage divider and galvanometer.

In all cases in which the new instrument was compared 
with the “manual” method it was absolutely necessary to cor
rect the observed potentials for the anode potential as meas
ured against the solution with a calomel electrode in the con
ventional way. Authorities (1, 2) agree that this is necessary 
to obtain the standard value for each ion as recorded in the 
literature. Thus for zinc ion (0.001 M ) the authors observed 
a value of —1.110 volts, and the anode potential correction 
was 0.041 volt yielding —1.069 volts for the Halbwellen- 
potential. The accepted value is —1.06 volts.

D iscu ss io n

So far no mention has been made of the quantitative as
pects of the instrument. Reference to Figure 1 will show that 
the final deflection of the cathode ray beam a t the Halbwellen- 
potenlial depends upon the gain of the amplifier, the value of

V, and the height of the “Heyrovsky curve” for the particu
lar ion under observation. The gain of the amplifier may 
be held constant and A V  adjusted to some predetermined 
value. Investigations are in progress for the determination 
of suitable values of the voltage under various conditions of 
operation, so that quantitative estimation may be accom
plished with the instrument.

The complete instrument, including the oscillograph but 
not labor, costs $150.

S u m m a ry
Current voltage curves taken with an oscillograph using a 

small series alternating current potential yield patterns which 
are interpretable on the basis of the conventional Heyrovsky 
method.

The polarograms are viewed continuously and require no 
photographing or recording.

The actual identification is in terms of the same potentials 
used by the classical methods.

The introduction of the small alternating current compo
nent does not give rise to any complications; the observed 
values are the same as those obtained with direct current.

The analysis can be repeated indefinitely and the results 
are continuously visible to the operator.

Sensitivity control is not hampered by possible damage to 
the recording instrument.
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Electrolytic Silver Wool in the Filling of Microcombustion Tubes
W . M acN E V IN  

O h io  S ta te  U n iv ers ity , C o lu m b u s , O hio

IN PREPARING the universal combustion tube filling of 
Pregl for use in carbon and hydrogen analysis, it is gen

erally recommended (2, 3) tha t loosely wound silver wire 
rolls or wads be used. There are obvious mechanical diffi
culties in this procedure in preparing a closely packed and 
uniformly distributed filling, and in addition the wire does not 
offer the maximum surface per unit weight. Recently Elek 
(1) has advocated the use of rolls of silver gauze because of 
their greater surface.

I t  has been found in this laboratory that a “silver wool” 
produced by electrolysis of metallic silver has several advan
tages over silver wire. Finely divided silver wool may readily 
be prepared electrolytically according to well-known methods 
for purifying silver. A description of a simple electrolytic 
cell is given by Richards (Jf). By varying the current through 
the cell, the crystal size of the deposit can be controlled. In 
this way crystals have been obtained having a diameter of
0.005 to 0.05 mm. and length of 3 to 8 mm. When removed 
from the electrolytic cell, the crystals are in the form of closely 
interwoven clusters, and are conveniently handled with 
pincers in filling the combustion tube. The interwoven clus
ters facilitate the uniform packing of the tube. Satisfactory

results are obtained without the preliminary ignitions in hy
drogen and oxygen, thus saving time.

In general 2 to 3 grams of the crystals are sufficient where 
4 to 5 grams of wire (2) are needed. Such crystals present a 
much greater surface than silver wire of the same dimensions, 
owing to many imperfections visible under the microscope. 
Because of the greater surface, the silver wool often outlives 
the rest of the tube filling.

Thus the qualities attributed to electrolytic silver wool are 
such as to warrant its preparation and use in microchemical 
laboratories in preference to the wire form.
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M echanism o f Absorption o f Oxides o f Nitrogen  
by Lead Peroxide in  M icrocombustions

W . R . K IR N E R , C oal R esea rch  L aboratory , C arn eg ie  I n s t i tu te  o f  T e ch n o lo g y , P it ts b u r g h , P a .

IN CONNECTION with the direct gasometric microde
termination of oxygen in nitrogen-containing organic com

pounds, developed in this laboratory (14), it was necessary to 
make a study of the reaction which occurs when oxides of 
nitrogen, formed during the combustion of such substances, 
are absorbed by the lead peroxide present in the combustion 
tube. I t  is the purpose of this paper to describe the quanti
tative study made of the reaction of nitric oxide and also ni
trogen peroxide with lead peroxide.

There is very little information in the literature regarding 
the specific oxides of nitrogen which are formed during the 
combustion of nitrogen-containing compounds. Some investi
gators (2, 4, 5,11, IS, 16) believe nitrogen peroxide is the ulti
mate oxide formed, whereas others (IB, 17) favor nitric oxide 
and still others (21) believe that nitrous oxide is also likely to 
be present. Many other investigators make no attem pt to 
distinguish between these oxides, and in discussing their reac
tions merely refer collectively to oxides of nitrogen.

The literature is likewise not specific as to the mechanism of 
the reaction between the various oxides of nitrogen and lead 
peroxide. Dennstedt and Hassler (5) claim tha t nitric oxide 
can pass over lead peroxide without being absorbed, whereas 
Auden and Fowler (1 ) state that a basic lead nitrate is formed, 
the reaction starting a t a temperature as low as 15° C., and 
attaining a maximum above 130° C., with only traces of ni
trite being formed. Sabatier and Senderens (23) demon
strated that nitric oxide on reaction with metallic peroxides 
formed nitrogen peroxide, the metallic peroxide being reduced.

In aqueous suspension and in the absence of air they claimed 
tha t nitric oxide and lead peroxide first formed lead nitrite, 
which was later converted to a basic nitrite. Moser, how
ever (19), illustrates the reaction between nitric oxide and 
lead peroxide with the following equations:

PbOi +  2NO — >  Pb(NOj)j (1)
3PbOa +  2NO — > Pb(NOj)2-PbO +  PbO (2)

Muller and Barck (20) state that nitric oxide is completely 
absorbed by lead peroxide a t room temperature, forming lead 
nitrite, as in Equation 1, and tha t at temperatures above 
200° C. oxygen begins to be liberated from the lead peroxide. 
Lindner (17) found that at 180° C. 0.465 gram of lead peroxide 
absorbed nitric oxide a t first rapidly and then more slowly, 
and after 6 days had taken up 32 cc. According to Equation 
1 the lead peroxide should have absorbed 87 cc., and, accord
ing to Equation 2, 29 cc.

Kopfer (16), Dennstedt and Hassler (4), Friedrich (11), and 
Hermann (12) believe that nitrogen peroxide reacts with lead 
peroxide, forming lead nitrate according to the following equa
tion:

PbO, +  2NO, — >- Pb(NOs)j (3)

The work to be described was undertaken because the 
literature failed to yield specific information, required in con
nection with the investigation previously mentioned, regard
ing these questions.
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The combustion train (Figure 1) was identical to that devised 
by Pregl for the carbon and hydrogen microdetermination, 
except that the side-arm combustion tube had an 8-cm. 0.1-mm. 
capillary sealed to the exit end. The purpose of this capillary 
was to transfer the effluent gases, as rapidly as possible, to the 
weighed micro absorption tube containing purified lead peroxide 
which was kept at a temperature of about 185° C. by means of 
an aluminum block heated by a microburner. The gas flow was 
maintained at 3.0 to 3.5 cc. per minute by means of the pressure 
regulator and Mariotte bottle.

In the experiments using nitrogen for sweeping, the pressure 
regulator and bubble counter were filled with the sodium /3-anthra- 
quinone sulfonate-sodium hydrosulfite mixture recommended by 
Fieser (10) for removing oxygen. In filling the gasometer with 
nitrogen (water pumped), the gas was taken from a high-pressure 
cylinder and passed through a Milligan gas-washing bottle con
taining the oxygen absorbent. When oxygen was used for 
sweeping, the pressure regulator was filled with dilute potassium 
hydroxide ana the bubble counter with 40 per cent potassium 
hydroxide. From the bubble counter the gases traversed a 
small U-tube, containing Ascarite and P2Os-pumice, and then 
entered the side arm of the combustion tube. The combustion 
tube contained only a 40 per cent palladium-asbestos catalyst, 
the same that was used in the previous work on the simultaneous 
determination of carbon, hydrogen, and oxygen (13). No silver 
was present in the combustion tube, as statements have appeared 
in the literature (3, 9), although unconfirmed (4, 7, IS, 20), that 
silver is capable of reducing oxides of nitrogen to elementary 
nitrogen.

P rep a ra tio n  o f  N itr ic  O xide
The nitric oxide was prepared by the method of Emich (6) in 

the apparatus illustrated in Figure 2. In the first work the air 
in the apparatus was displaced by generating nitric oxide for 
some time, the waste gas being absorbed in concentrated ferrous 
sulfate solution in tube A. In  the later work the air in the 
apparatus was removed by evacuating the entire generator and 
purifying train with a water pump connected through a large 
U-tube, containing phosphorus pentoxide, attached at B. Nitric 
oxide was then generated until it had displaced the vacuum. 
The apparatus was again evacuated and refilled with nitric 
oxide before the gas pipet was attached. Then the nitric oxide 
was passed through the calibrated gas pipet (volume = 2.003 cc.), 
for some time before taking the experimental sample. The 
nitric oxide was absolutely colorless.

C o m b u stio n  P roced u re
Before starting the actual experiments the lead peroxide ab

sorption tube was conditioned by placing it in the heated alumi
num block and passing nitrogen (or oxygen) through it for some

time. Then, using technic identical to that of an actual run, but 
with no nitric oxide added, wiping-weighing experiments were 
made so as to determine the weight characteristics of the absorp
tion tube. The weight of the absorption tube could be dupli
cated to within =*= 0.003 mg. in these blank determinations. In 
these experiments the absorption tube was placed in the heated 
aluminum block and connected to the combustion train and the 
gas was allowed to flow through it for 45 minutes after first 
passing through the heated combustion tube. Then the alu
minum block was removed and the absorption tube allowed to 
cool for 10 minutes, with the gas still passing through it, after 
which it was disconnected from the combustion train, taken to 
the balance room, wiped, fitted with tight-fitting pins to hinder 
diffusion and allowed to stand outside the balance for 10 minutes, 
then placed in the balance and weighed at the end of an addi
tional 5 minutes.

In an actual experiment the combustion tube was heated and 
gas passed through it for some time. Then the absorption tube 
was put into the heated aluminum block and attached to the 
combustion train, and the procedure described above was fol
lowed, so as to get the initial weight of the absorption tube. 
During this time the nitric oxide generator was made air-free. 
After being weighed the absorption tube was placed in the heated 
aluminum block and connected to the combustion train, but the 
water from the Mariotte bottle was not started until later. The 
atmospheric pressure and temperature in the immediate vicinity 
of the gas pipet were read, the stopcock on the latter w'as closed, 
and the pipet was rapidly disconnected from the generator and 
attached to the front end of the combustion tube by means of a 
rubber stopper. During the experiment the generator was 
stoppered at B and stopcock C turned so that the nitric oxide, 
which continued to generate slowly, went to waste and was 
absorbed in ferrous sulfate solution in flask D.

The siphon tube of the Mariotte bottle was then lowered, so 
that the flow of gas started and was maintained at the proper 
rate. Then the leveling bulb was raised to a height of 7 to 8 
cm. above the horizontal arm of the pipet and the scratched 
stopcock, E, was opened cautiously so that the mercury entered 
the pipet and slowly and regularly displaced the nitric oxide, 
10 to 15 minutes usually being required. When the mercury 
reached the end of the horizontal capillary of the pipet, which 
extended into the combustion tube, stopcock E  was closed. The 
nitric oxide which had entered was then swept through the com
bustion tube and into the absorption tube and continued until 
45 minutes had elapsed from the time of starting the nitric 
oxide. At the end of this time the aluminum block was removed 
and gas passed for an additional 10 minutes, after which the 
absorption tube was removed, taken to the balance room, wiped, 
fitted with tight-fitting pins, and weighed after the appropriate 
interval. A total of 150 to 175 cc. of gas was passed through 
the absorption tube during the 55-minute interval.

GENERATOR

F ig u r e  2 .  A p p a r a t u s  f o r  P r e p a r a t io n  o f  N it r ic  O x i d e
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During the period while the absorption tube was standing next 
to the balance, the gas pipet was transferred from the combustion 
tube back to the generator, the leveling bulb lowered, stopcock E  
opened, and the mercury displaced by nitric oxide, the mercury 
level being finally carefully adjusted to the top of stopcock E; 
the latter was then turned so that the nitric oxide continued to 
pass to waste and was absorbed in ferrous sulfate solution in 
tube A.

After the increase in weight of the absorption tube had been 
determined it was again placed in the heated aluminum block 
and connected with the combustion train. The atmospheric 
pressure and temperature of the pipet were again read, stopcock 
E  was closed, the pipet was transferred to the front of the com
bustion tube, and the entire experiment was repeated. Besides 
the experiments made with the combustion tube heated, several 
runs were made with the combustion tube a t room temperature.

N itr ic  O xide S w ep t w ith  N itrogen
The results of the above experiments are shown in Table I. 

The most striking fact brought out in the table is the ex
tremely small increases in weight of the absorption tube in the 
early experiments and also the manner in which these increases 
practically double in successive experiments made on the 
same day until a practically constant value of 64 to 65 per 
cent is reached after Experiment 10.

T a b l e  I. N i t r i c  O x id e - L e a d  P e r o x i d e  R e a c t i o n  
  Nitric Oxide-------------------------- .

Expt.
No.

a Time for 
addition Pressure Temp.

Volume 
added 

N. T. P.
W eight
added

Increase, PbOj 
Absorption Tube

M in . M m . H  g ° C. Cc. Mg. Mg. %
1 10.5 731.3 25.7 1.762 2.361 0.024 1 .0 2
2 7 732.2 25 .0 1.768 2.369 0.048 2 .03
3 10 732.5 25 .0 1.769 2.370 0.104 4 .39
4 7 736.5 23 .5 1.787 2.395 0.090 3 .76
5 7 736.4 23 .8 1.785 2.392 0.183 7 .65
6 12 741 .0 24.9 1.790 2.399 0.227 9 .46
7 18 740.6 25 .9 1.783 2.389 0.499 20 .89
8 14 740.4 26.3 1.780 2.385 0.709 29.73
9 23 740.2 27 .0 1.775 2.379 0.824 34.64

10 14 740.2 28 .0 1.769 2.371 1.262 53.23
1 1 13 739.2 29.4 1.759 2.357 1.561 66.23
12 12 738.0 28 .0 1.764 2.364 1.481 62.65
13 22 738.2 28 .6 1.761 2.360 1.412 59.83
14 12 738.0 29.5 1.755 2.353 1.515 64.39
15 20 740.5 28.9 1.765 2.365 1 .539 65.07
16 10 740.4 30.0 1.758 2.356 1.511 64.13
17 1 1 739.8 30.9 1.752 2.347 1.490 63.49

18 10
Combustion Tube at Room 
738 .2  26 .2  1.775

Temperature 
2 .379  1.606 67.51

19 13 738.0 27.7 1.766 2.367 1.503 63.50
20 14 737.6 29 .0 1.757 2.355 1.833 77.83
a The horizontal spaces separate experiments made on succeeding days.

A possible explanation of this behavior is that a t the start of 
the experiments the hot palladium-asbestos catalyst (maxi
mum temperature about 600° C.) almost completely reduces 
the nitric oxide to nitrogen, so that very little of it reaches the 
lead peroxide. As more nitric oxide is passed through the cata
lyst the latter, owing to oxidation, gradually loses its reductive 
ability, so that after Experiment 10 the nitric oxide is proba
bly passing through practically unchanged. Calculation shows 
that in Experiments 1 to 10 sufficient nitric oxide could theoreti
cally have oxidized, to palladous oxide, over 20 per cent 
of the palladium present which is then no longer effective in 
reducing nitric oxide. Twenty per cent possibly represents 
the amount of the total palladium present which is sufficiently 
exposed to undergo a surface reaction. I t  is known that 
palladium undergoes oxidation a t temperatures of 600° to 
700° C . (18) and that nitric oxide is an oxidizing agent at these 
temperatures and, when reduced by many metals, is quanti
tatively converted to nitrogen (S, 22). At the start of the 
experiments the palladium-asbestos had a gray, metallic ap
pearance and after the experiments were completed it was 
brown, indicating oxidation. The following experiments sup
port the above explanation:

After Experiment 8, 17.2 mg. (12.8 cc. N. T. P.) of nitric 
oxide are unaccounted for. If this amount had passed through

the lead peroxide tube it should have reached the water in the 
Mariotte bottle and then been oxidized to higher oxides of 
nitrogen by the air present in the top of the bottle. These, in 
turn, should have been detectable by the sensitive diphenyl- 
amine test. However, such a test, made after completion of 
Experiment 8, was negative.

Experiments 18, 19, and 20 were made with the combustion 
tube a t room temperature. The amount of nitric oxide ab
sorbed by the lead peroxide in each of these experiments was 
essentially the same as when the combustion tube was heated. 
The variations in the results of the room temperature experi
ments can probably be ascribed to adsorption of nitric oxide on 
the oxidized palladium-asbestos.

T a b l e  II. N it r ic  O x i d e - L e a d  P e r o x id e  R e a c t io n

Nitric Oxide Found
E xpt. No. Theoretical Found Theoretical

Mg. Mg. %
1 1 1.729 1.561 90.30
12 1.734 1.481 85.42
13 1.731 1.412 81.58
14 1.725 1.515 87.81
15 1.735 1.539 88.72
16 1.728 1.511 87.44
17 1.722 1.490 86.55

Combustion Tube a t Room Temperature
18 1.745 1.606 92.05
19 1.736 1.503 86.60
20 1.727 1.833 106.13

From these results it can be inferred that the catalyst is no 
longer effective and, whether hot or cold, permits the nitric 
oxide to pass through it without reaction. I t  is therefore 
concluded that when successive experiments yield practically 
constant increases in weight of the lead peroxide tube, begin
ning with Experiment 11, the palladium-asbestos catalyst has 
ceased to react and allows the nitric oxide to enter, unchanged, 
into the lead peroxide tube.

In searching for an equation to express quantitatively the 
results of these reactions it was obvious that Equations 1 and 
2, given by Moser, are inadequate, since in no case was the in
crease in weight of the lead peroxide tube equal to the weight 
of nitric oxide added. The only quantitative data which could 
be found in the literature for the reaction between nitric oxide 
and lead peroxide, up to saturation, were those given by 
Lindner (17), who also pointed out that Moser’s equations 
did not fit his data. Taking Lindner’s data and applying 
them to various equations finally yielded the following:

NO +  P b02 — >- N 0 2 +  PbO
N 0 2 +  NO — >  N20 3
P b02 +  N20 , — >  Pb(N 02)2 +  7=0,

2NO +  2Pb02 — >- Pb(N 02)2-Pb0 +  V20 2 (4)

In this equation a half molecule of oxygen is liberated for 
each pair of nitric oxide molecules which react with the lead 
peroxide. Using this equation and calculating the “appar
ent” amount of nitric oxide which would be absorbed by the
0.465 gram of lead peroxide used by Lindner gives 32.6 cc.; 
Lindner found that 32 cc. were absorbed.

The above equation includes the mechanism suggested by 
Sabatier and Senderens and also yields the final product which 
they claim is formed in aqueous suspension. While Auden 
and Fowler claim that a basic lead nitrate is formed in this re
action, they give no details of their experimental procedure. 
Since lead nitrite is said to be extremely unstable, it  is possible 
that during the isolation of their product the basic nitrite was 
oxidized to basic nitrate. Finally, the formation of a basic 
nitrite could account for the harmful influence nitric oxide has 
upon lead peroxide in its effect on the determination of carbon, 
as pointed out by Lindner.

Using the above equation for the calculation of the results 
and including only data in which the nitric oxide absorption 
had become constant, yield the results shown in Table II. 
The fact that, with the exception of the last experiment, the 
percentages do not reach 100, may be explained as due to in
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complete absorption of the nitric oxide by the lead peroxide. 
The incomplete absorption of nitric oxide by lead peroxide, 
when in contact for relatively short periods, agrees with quali
tative statements of previous investigators. The value in 
excess of 100 per cent, obtained in Experiment 20, is probably 
due to adsorption effects.

N itr ic  O xide S w ep t w ith  O xygen

In these experiments the procedure was exactly the same as 
described above except that oxygen was used for sweeping. 
W ien the nitric oxide was added to the combustion tube from 
the gas pipet brown vapors could be seen at the point where 
the two gases came into contact. These experiments have 
much more significance, as regards comparison with conditions 
which actually exist during a combustion, than those already 
described, since nitrogen peroxide is a much more likely end 
product from a properly conducted combustion of a nitro
gen-containing compound (14 ) than is nitric oxide.

R esu lts

The results of the nitrogen peroxide experiments are given 
in Table III. Before starting this series of experiments the 
lead peroxide absorption tube was conditioned with oxygen as 
already described. In contrast to the nitric oxide experiments, 
the first experiment with nitrogen peroxide yields an increase 
in weight of the lead peroxide tube which is of the same order 
of magnitude as the later ones.

. T a b l e  III. N it r o g e n  P e r o x i d e - L e a d  P e r o x i d e  R e a c t io n

.------------------- Nitric Oxide-
Time

for Volume n o 2
Expt. addi added Weight W eight Increase, PbOj
No. tion Pressure Temp. N. T. P. added added Absorption Tube

M in . M m .  Hg ° C. Cc. Mg. Mo. M g. %
1 1 1 744 .8 32.1 1.756 2.354 3.609 3.057 84.70
2 14 743.8 33 .7 1.745 2.339 3.585 3.026 84.40
3 1 1 743.6 32 .9 1.749 2.344 3.594 3.132 87.15
4 10 742 .6 29 .8 1.765 2.365 3.626 3.034 83 .68
5 15 741.8 30 .2 1.760 2.359 3.617 3.024 83.61
6 10 740.8 3 1 .0 1.753 2.350 3.603 3.077 85.41

Combustion Tube a t Room Temperature
7 12 737.8 28 .8 1.759 2.357 3.614 2.627 72 .69
8 12 737.6 29 .3 1.756 2.353 3.607 3.108 86.16
9 10 736.5 30.3 1.747 2.342 3.590 3.262 90.86

Combustion Tube Heated after Absorption Tube Reattached; 
N o NO Added

10    0 .962

After obtaining the above data the next step was to find an 
equation which would fit. Since the increase in weight of the 
lead peroxide tube never equaled the weight of nitrogen perox
ide added, which was recently confirmed by Friedrich (11), it 
was apparent that the reaction is not as simple as Equation 3 
above, given by Dennstedt, would indicate. Kopfer and also 
Dennstedt state that (neutral) lead nitrate is formed accord
ing to Equation 3, but they give no experimental proof of the 
fact, although Dennstedt claims that the lead nitrate could 
be extracted from the lead peroxide with a 33 per cent alcohol 
solution and the weight of the material thus extracted agreed 
with the increase in weight of the lead peroxide when calcu
lated as lead nitrate. However, he did not prove that the 
residue left on evaporation of the extract was really lead ni
trate. Hermann (12) pointed out the possibility of a reaction 
between lead peroxide and alcohol during this extraction 
process.

After the entire series of experiments was completed, the 
water in the M ariotte bottle was again tested for oxides of 
nitrogen with diphenylamine-sulfuric acid and only a trace 
found to be present. However, on dissolving the contents of 
the PjOs-pumice protection tube in water, the solution gave a 
strong test for oxides of nitrogen.

The following equation was found to explain satisfactorily 
the reaction which occurred between the nitrogen peroxide and 
the lead peroxide:

2NO +  0 2 — > 2N02
2NOa +  2PbOj — > Pb(N 03):-Pb0 +  V20 2 (5)

According to this equation the net gain in weight of the 
lead peroxide corresponds to about 85 per cent of the total 
weight of nitrogen peroxide added. Table IV gives the re
sults of calculations based on the above equation. Since the 
first experiment made with the combustion tube a t room tem
perature (Experiment 7) yielded a value lower than the rest, 
it was suspected that nitrogen peroxide or nitrogen tetroxide 
was adsorbed or absorbed on the catalyst. In order to verify 
this suspicion the lead peroxide tube, after being weighed at 
the end of Experiment 9, was again attached to the combus
tion tube which was then heated and, after it had attained 
its full temperature, oxygen was passed through as in a 
normal experiment. The lead peroxide tube gained 0.962 mg., 
which is somewhat higher than the deficit shown by Experi
ment 7 but definitely shows that nitrogen peroxide was present 
in the combustion tube.

T a b l e  IV. N i t r o g e n  P e r o x i d e - L e a d  P e r o x i d e  R e a c t i o n
Nitrogen Peroxide Found

Expt. No. Theoretical Found Theoretical
Mg. Mg. %

1 2.982 3.057 102.5
2 2.962 3.026 102 .2
3 2.969 3.132 105.5
4 2.995 3.034 101.3
5 2.988 3.024 1 0 1 . 2
6 2.976 3.077 103.4

Combustion Tube at Room Temperature
7 2.986 2.627 87.98
8 2.980 3.108 104.3
9 2.966 3.262 1 10 . 0

In order to get some information as to whether the above 
reaction products were nitrites or nitrates, the lead peroxide 
was removed from the absorption tube after all the above ex
periments were completed and extracted three times with 75- 
cc. portions of a 33 per cent alcohol solution. The extracts 
were filtered and evaporated to dryness at room temperature 
by blowing filtered air into the beakers containing them. The 
successive fractions yielded practically white, crystalline 
residues, the weights of the fractions being, respectively, I  =  
150 mg., II =  101 rag., I l l  =  22 mg., a total of 273 mg. Sum
ming up the individual increases in weight of the lead peroxide 
tube in all the experiments and calculating the amount of lead 
nitrite which would have been formed according to Equation 
4 in the nitric oxide-nitrogen experiments yielded 96.83 mg., 
while in the nitric oxide-oxygen experiments the amount of 
lead nitrate, formed according to Equation 5, was calculated 
and yielded 156.24 mgl, a total increase in weight of 253.07 
mg. If lead nitrate and not lead nitrite was the product ul
timately formed in the nitric oxide-nitrogen experiments, the 
increase in weight would theoretically be 107.19 mg., making 
the total 263.43 mg., which agrees fairly well with the 273-mg. 
increase in weight actually found. This confirms roughly 
Dennstedt’s statement that the weight of product isolated by 
extraction agrees with the increase in weight of the lead perox
ide calculated as lead nitrate.

During evaporation of the solvent the substance extracted 
undergoes some change, for it was found that the residues were 
insoluble in the solvent originally used to extract them and 
were also insoluble in distilled water. W ien put into suspen
sion, acidified with sulfuric acid, warmed to 40° C., and ti
trated with 0.1 N  potassium permanganate only a few drops of 
the permanganate were reduced, so that only traces of ni
trite could be present. I t  is, of course, possible that a lead 
nitrite was formed in the nitric oxide experiments and subse
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quently oxidized to nitrate during the conditioning of the lead 
peroxide tube in preparation for the nitrogen peroxide experi
ments, or during the latter experiments, a t which time the ni
trite would have been subjected to a temperature of 185° C. in 
an atmosphere of oxygen; oxidation might also have occurred 
during the evaporation of the solvent in the air stream. I t 
also appears that during the evaporation of the solvent, the 
lead nitrate (if that is what was extracted, which is the opinion 
of Dennstedt) was converted to a basic nitrate which was no 
longer soluble in the solvent in which it was originally soluble.

S u m m a ry

1. A quantitative study has been made of the reaction be
tween nitrogen peroxide (also nitric oxide) and lead peroxide 
under conditions similar to those existing in microcombustions.

2. Previous equations given to represent these reactions do 
not fit the experimental facts. The following equations agree 
best with the data obtained in the present work:

2NO +  2Pb02 — >- Pb(NOj)j-PbO +  V.Oj (4)
2NOa +  2Pb02 > Pb(NOj)rPbO +  V,Oa (5)

Equation 4 also agrees with quantitative data obtained by 
Lindner.

3. The increase in weight of the lead peroxide, calculated 
as lead nitrate according to Equations 4 and 5, agrees roughly 
with the weight of product extracted from it by a 33 per cent 
alcohol solution and confirms Dennstedt’s statement to this 
effect. However, the residue which is weighed does not ap
pear to be lead nitrate, as claimed by Dennstedt, since it is not 
soluble in the solvent used to extract it, after the original sol
vent is removed. The presence of nitrite, beyond a trace,

could not be detected in the residue, although it  is possible 
that any nitrite originally formed was oxidized to nitrate be
fore or during attempts a t isolation.
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Identification o f  Sulfanilam ide
JO H N  V . SC U D I  

D e p a r tm e n t o f  P a th o lo g y , H a r le m  H o sp ita l, N ew  Y ork , N . Y .

RECENTLY quantitative methods for the colorimetric 
determination of sulfanilamide in biological media have 

been reported (8, 12, 13, 17). Since these are diazotization 
procedures and will not differentiate arylamines, a method 
involving the use of sodium hypochlorite was suggested (17) 
to distinguish para-substituted amines from other aromatic 
amines. None of these methods is entirely specific, and since 
the drug has been found to possess toxic properties and 
fatalities have been reported as a result of its administration 
(1,2 ,7 ,14, IB, 19), it was considered essential for toxicological 
purposes to devise microscopic tests by which the presence of 
sulfanilamide could be conclusively demonstrated.

I t  has been pointed out (18) that sulfanilamide is a variant 
vinylog of urea, giving an analogous dixanthyl derivative. 
This reaction is slow, and crystallization does not occur from 
solutions containing 100 mg. per cent of the drug when 
treated according to the method of Fosse (6). Like urea, 
sulfanilamide undergoes a formol condensation in neutral and 
slightly alkaline media. The product appears to be a polymer 
of the urea-formaldehyde type. This reaction is applicable 
to dilute solutions, the condensation of 10 to 15 gamma of 
sulfanilamide being visible microscopically. Using one drop 
(0.04 cc.) of sulfanilamide solution (50 mg. per cent) crystals 
of l-amino-2, 6-diiodobenzene-4-sulfonamide (16) may be

prepared. Crystals of the picrate may be prepared through 
hydrochloride formation, using one drop of 30 mg. per cent 
solution or less.

Fuller (8) isolated sulfanilamide from urine as the highly 
insoluble mercury salt. Using 0.50 cc. of aqueous sulfanilam
ide and 0.30 cc. of standard dilute Nessler’s reagent, pre
cipitations occurred in 1 to 5 minutes a t and above concen
trations of 60 mg. per cent. At a concentration of 40 mg. 
per cent, a turbidity occurred on standing for 12 hours, 
whereas a t lower concentrations the solutions remained clear. 
Dilute solutions of the drug may be titrated with mercuric 
nitrate as in the Liebig method (11) for the determination of 
urea. The precipitation is such that gravimetric methods 
may be employed, or the precipitate may be dissolved in 
dilute acid and the sulfanilamide determined colorimetrically 
by diazotization procedures. (At concentrations of 0.5 to 
2.0 mg. per cent, the mercury does not interfere with the color 
formation.) Microscopically, the crystals obtained are 
very small, somewhat transparent, and highly flocculated. 
I t  was not found possible to single out crystals of clear defi
nition. However, the precipitation of as little as 10 to 15 
gamma of sulfanilamide may be observed, preferably in a 
dark field.

Sulfanilamide forms a silver salt, but it was not found
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practicable to reduce this procedure to microscopic propor
tions. Like other aromatic amines, sulfanilamide is oxidized 
with the formation of evanescent colors by the action of 
ammonium persulfate. This color is stabilized somewhat by 
the presence of silver ions (3). I t  is deep pink-yellow a t 10 
but negligible a t 1.0 mg. per cent. The color fades within 
half an hour.

Boiling solutions of the drug with one-tenth of a volume of 
concentrated nitric acid gave a faint yellow color which be
came intensified upon the addition of sodium hydroxide to 
alkalinity. This color is due to a soluble substance which 
exhibits a nitrolic acid type of tautomerism. I t  was very 
intense for solutions containing 100 grams per cent, intense at 
10, but negligible a t 1 mg. per cent of the drug. Erdmann’s 
reagent gives the same color phenomena, due presumably to 
the same nitration processes.

Like aniline, sulfanilamide forms a urea derivative when 
treated according to the method of Davis and Blanchard (4). 
I t  was not found practicable to reduce this reaction to micro 
dimensions according to the method of Emich (5). Minute 
amounts of the crystalline substance treated with a drop of 
acetic anhydride in the cold on a microscope slide are con
verted to crystals of the acetylsulfanilamide. However, if 
2 drops of acetic anhydride are used and the reaction mixture 
is boiled over a micro flame, needles of the diacetylsulfanil- 
amide separate in cooling. Two or three milligrams suffice 
for these tests.

E xp erim en ta l
F o r m o l  C o n d e n s a t i o n .  One drop (0.04 cc.) of 100 mg. per 

cent sulfanilamide solution, 1 drop of 40 per cent formalin, and 
1 drop of 10 per cent sodium carbonate were mixed on a micro
scope slide and the mixture was evaporated to dryness on a water 
batn. The residue was extracted with 2-drop portions of warm 
water until free of soluble salts. The product (m. p. 235-240° C. 
decomposition) appeared as transparent spheres at high magnifi
cations. I t  was soluble in caustic and warm concentrated hy
drochloric acid. The test is sensitive to one drop of 30 mg. per 
cent solution, or 12 gamma. The product prepared in 0.01 M  
amounts by the method of Hug (10) appears to be the urea- 
formaldehyde type, although molecular weight determinations 
were unsuccessful because of the insolubility of the product. Cal
culated for (CsHsOjSNj)* : N = 14.29. Found: N = 14.40.

1 -A m in o -2 ,6 -D i io d o b e n z e n e -4 ^ S it l fo n a m id e .  One drop of 
sulfanilamide solution (5 0  to 1 00  mg, per cent) and 1 drop of 
iodine monochloride solution were evaporated to dryness. A 
drop of water was added to dryness and a second drop of hot 
water was added, stirred, and drawn off with absorbent filter 
paper. Alkali-soluble, water- and acid-insoluble needles were 
obtained (m. p. 2 6 5 °  C. decomposition, Iff). Purification was 
repeated when the crystals were colored, and occasionally it was 
necessary to evaporate the product with a drop of dilute alcohol 
to obtain good crystals. The iodine monochloride solution was 
prepared by adding slowly and with stirring 6.6 grams of sodium 
iodate to 1 1 .0  grams of potassium iodide in 8 5  cc. of 6  N  hydro
chloric acid.

P i c r a t e .  One drop of concentrated hydrochloric acid and 1 
drop of sulfanilamide solution were evaporated to dryness. The 
hydrochloride (9, m. p. 235-237° C.) was converted to the picrate 
by the addition of a small drop of saturated picric acid solution. 
The test is sensitive to 1 drop of 30 mg. per cent solution: long 
yellow needles (m. p. 179-180° C.). Calculated for C12H11O9N6S: 
N = 17.45. Found: N = 17.28, 17.37.

M e r c u r y  S a l t .  T o  one drop (0 .0 4  cc.) of sulfanilamide solu
tion and 1 drop of mercuric nitrate solution, 1 drop of 10 per cent 
sodium carbonate was added. A highly flocculated, transparent, 
white precipitate formed. The particles were extremely small. 
I t  was not found possible to single out crystals of good definition. 
The test is best performed in a dark field or against a black back- 

round. Macroscopically the substance has a yellow tint. It 
issolves in dilute acids and the sulfanilamide amino group may 

be diazotized.
The mercuric nitrate reagent was prepared by dissolving a 

small amount in water with sufficient nitric acid to prevent pre
cipitation upon dilution. I t  was then diluted until, when mixed 
with an equal volume of 100 mg. per cent sulfanilamide, it gave 
a pure white precipitate upon the addition of sodium carbonate 
(10 per cent). At this dilution, addition of sodium carbonate to

the reagent alone imparted only a slightly yellow tinge to the solu
tion.

S i l v e r  S a l t .  One mole of sulfanilamide (0.400 gram) and ] 
mole of silver nitrate were dissolved in 120 ce. of water and 2 
drops of concentrated ammonium hydroxide were added. A 
white precipitation occurred. The reaction mixture was boiled 
and filtered hot and on cooling white needles separated. The 
yield was 0.280 gram or 43 per cent. Calculated for CsHjOjNiSAg: 
Ag = 38.70. Found: Ag = 38.28.

D i - ( p - S u l f a m i d o p h e n y l )  U r e a .  Treatment of sulfanilamide 
hydrochloride with urea, according to the method of Davis and 
Blanchard (4) gave poor yields of the product. The yields were 
increased slightly upon prolonged treatment, with renewal of 
urea. The product is soluble in caustic, insoluble in acids, and 
may be hydrolyzed by hot acids, liberating sulfanilamide: white 
needles (m. p. 270-271° C. decomposition). Calculated for 
CuHuO^N,: N = 15.13. Found: N = 15.12, 15.00, 15.12.

D i a c e t y l s u l f a n i l a m i d e .  A few small crystals of sulfanil
amide treated on a microscope slide with a drop of acetic an 
hydride were observed to change to the acetylsulfanilamide. 
Washed with ether, the product (16) melted at 214° C. When 2 
acetic anhydride were used and the mixture was boiled over a 
drops of microflame, crystals of the diacetylsulfanilamide 
separated on oooling. Washed with ether the product, white 
needles, melted at 240-2420 C. with decomposition.

In macroscopic amounts the sulfanilamide was boiled for 10 
minutes in an excess of acetic anhydride. The product did not 
diazotize. Hydrolysis at 100° C. with 2 N  hydrochloric acid 
liberated sulfanilamide. Recrystallized from dilute alcohol (m. p. 
244° C. decomposition). Calculated for CioHi20<SNj: N = 
10.94. Found: N = 10.64.

S u m m a ry

The reactions of sulfanilamide with formalin, iodine 
monochloride, picric acid, and various mercuric salts have 
been reduced to microscopic proportions and by means of 
these as little as 10 to 40 gamma of sulfanilamide may be 
identified. Sulfanilamide has been found to undergo a 
phenol-like reaction with nitric acid. Ammonium persulfate 
has been observed to produce evanescent colors with the 
drug, and this color has been stabilized somewhat by the 
presence of silver ions. Diacetylsulfanilamide and di-(p- 
sulfamidophenyl)urea have been prepared.
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Berenberg for technical assistance.
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An Improved Capillary Clamp
H E R B E R T  K . A L B E R , B io ch em ic a l R esea rch  F o u n d a tio n  o f  th e  F ra n k lin  I n s t i tu te ,  P h ila d e lp h ia , P a.

IN MANY microchemical procedures it frequently be
comes necessary to measure the diameter of glass tubing 

or capillaries—the test tubes of the microchemist—with a 
high degree of accuracy. To make this measurement, the 
object is placed vertically in the optical axis of the micro
scope and the diameter is determined with a previously 
calibrated micrometer eyepiece. If such measurements are 
made frequently—in routine analyses or in courses on micro- 
technic (2, 4, 5)—the use of a special capillary clamp is rec
ommended which facilitates the mounting of the object. 
Such holders have been described (2, 4, 5); Figure 1 shows an 
improved design. (This capillary clamp is obtainable from 
the Arthur H. Thomas Co., Philadelphia, Pa.)

The advantages of this inexpensive clamp of nickel-plated brass 
over previous forms are as follows: The heavy trapezoidal base 
plate stabilizes the clamp, so that the tendency towards tilting 
is considerably reduced, even if heavier objects have to be sup
ported, such as Pregl’s absorption tubes, in which the dimensions 
of the capillary endings must be accurately verified (2, p. 227). 
The dimensions of this base plate are chosen in accordance with 
the average dimensions of the ordinary rotating microscope 
stages. The side screws allow a fine adjustment of the pressure 
exerted by the spring clamps against the capillaries. Objects of 
different diameters are held safely; the single groove on the 
back (Figure 1) has a diameter of 2 mm. and serves to clamp tubes 
of diameters up to 10 mm.; the 3 fine grooves, 0.8 mm. in diameter

and the same distance apart, hold smaller objects of diameters 
below 2 mm. As the spring exerts only a slight pressure against 
the horizontal arm, which is 13 mm. high and 4 mm. thick, thin- 
walled capillaries, 0.3 mm. or less in outside diameter, are not bent, 
a condition which would interfere with the passage of the light 
beam, a t least in some instances. For extremely fine objects, 
such as fibers, capillary rods, etc., a thin piece of rubber sheet is 
placed over the grooves as a cushion. The spring clamps are 
easily renewed if they lose their elasticity.

The numerous possible applications include: deter
mination of the bore of capillaries used for all qualitative 
experiments (4, p. 36; o) ; observation of the color of liquids 
in capillaries (coloriscopic capillary, 2, p. 226; 4, P- 93; 5); 
comparison of three colors by means of the three grooves, 
thus eliminating any doubtful observations in sensitive color 
tests where the reagent itself has a slight color (blank tests in 
Feigl’s spot tests); standardization of capillary pipets used 
in Emich’s schlieren experiments (4, p. 46; 5, p. 40); holding 
of needle electrodes during the observation of metallic de
posits; and control of further manipulations (1; 2, p. 236).

Recently (3), this clamp has rendered excellent service in 
determining the extremely small bore a t the fine tip of weigh
ing capillaries used when liquids of high vapor pressure or 
high hygroscopieity are to be weighed for quantitative milli
gram procedures. According to the experience of the author, 
the bores must be within the range of 0.03 to 0.05 mm. 
to prevent any evaporation or moisture absorption during 
the weighing procedure, since these capillaries should not be 
sealed.
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A “ L ong B urner” A dapter for B unsen  B urners
A L E X A N D E R  K N O L L  AND JO H N  SC IIU K A L , D e p a r tm e n t o f  C h em istr y , C o lu m b ia  U n iv ersity , N ew  Y ork , N . Y .

THE adapter pictured here fits over the barrel of a Tirrill 
or other type of Bunsen burner, and may be used in place 
of the common “long burner” in the micro and semimicro 

combustion methods of ultimate organic analysis and for bend
ing glass tubing of large diameter. I t  is inexpensive and 
easily regulated as to size of flame and height. I t  will burn 
natural gas and water gas satisfactorily.

I t  consists of a brass pipe of standard 0.094-inch stock, 7 
inches long and 1 inch in outside diameter. The ends of the 
pipe are closed flush by means of two brazed caps. Two rows 
of thirty-six holes 0.056 inch in diameter and 0.19 inch 
apart are drilled along the top of the burner piece.

The barrel, of 0.094-inch stock is 4.5 inches long and about
0.5 inch in inside diameter. I t  is threaded and soldered into 
the bottom of the burner piece a t the center. A set screw 
near the bottom of the barrel allows adjustment of the 
height.
R e c e i v e d  March 8, 1938.
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MORE than 1500 pages of scientific chemical laboratory apparatus and chemical reagents. 1246 pages of which 
constitute the most complete and extensively varied lines of chemical laboratory apparatus available, includ-

ing a  great quantity of new  and highly improved equipment applicable to every field. Every item is accurately 
illustrated, descriptions are complete and contain current specifications, and prices are the most recent available.

The chemical catalog has a  very complete listing of organic chemicals; culture media; biological stains; 
reagent chemicals of C.P., U.S.P., N.F., and Technical grades; standard solutions; minerals; ores; micro chemicals; etc.

If you do not have copies of the scientific laboratory apparatus catalog No. 50 an d  chemical reagent catalog No. 
55, write for your set today. You will find them to be the most valuable reference and buying m edia available.
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Hydrogen Ion Indicators

Fi f t y  indicators covering the entire pH  range are included in 
the catalog, Eastman Organic Chemicals, List No. 29. Careful 

laboratory tests assure the dependability and uniformity of these 
products. The sulfonphthalein indicators are tested spectroplio- 
tometrically to insure maximum color change and sensitivity.

There has recently been prepared a table giving the solvents 
employed and the concentrations in which these Eastm an indi
cators are generally used. A copy of this table and a chart showing 
the pH  ranges and color changes of the indicators may be had free 
upon request.. . .  Eastm an Kodak Company, Chemical Sales 

Division, Rochester, N. Y.

E A S T M A N  O R G A N I C  C H E M I C A L S

THE BECKMAN INDUSTRIAL METER
P U T S  pH C O N T R O L  A T  Y O U R  F I N G E R T I P !

À  D o  w a te r  s o lu t io n s  p la y  a  p a r t  in  y o u r  m a n u 
fa c tu r in g  p r o c e sse s?  I f  t h e y  d o , t h e n  in v e s t ig a te  
B e c k m a n  p H  C o n tr o l m e th o d s  fo r  im p r o v in g  t h e  
q u a l i t y  a n d  u n ifo r m ity  o f  y o u r  p r o d u c t  !

T h e  B e c k m a n  I n d u s tr ia l  M e te r  i s  e s p e c ia lly  d e 
s ig n e d  to  g iv e  p r e c is io n  p H  r e a d in g s  u n d e r  t h e  s e 
vere  c o n d it io n s  o f  p la n t  a n d  fa c to r y  u s e .  I t s  
o p e r a t io n  is  e x tr e m e ly  s im p le .  M e r e ly  d ip  t h e  
e le c tr o d e s  in t o  t h e  t e s t  s o lu t io n ,  t o u c h  a  b u t to n ,  
a n d  t h e  m e te r  n e e d le  in s ta n tly  a n d  au tom atica lly  
sw in g s  to  t h e  e x a c t  p H  v a lu e . I f  y o u  w a n t  con 
tinu ous  r e a d in g s  j u s t  lo c k  t h e  b u t t o n  d o w n .

PROFIT THROUGH BECKMAN pH  CONTROL

An im p o rta n t fe a tu re  is th e  Sealed and Shielded 
Glass Electrode. You can use it  p ractica lly  an y 
where . . . ¡n vats and tanks  . . .  In m oist earths, 
cheeses, sem i-solids . . .  in oxidizing and reducing  
agents. I t  is u nusually  rugged, and its shield
ing gives com plete freedom  fro m  e lectro -static  
interferences.

*  ★ ★ A t  t h e  t o u c h  o f  a  b u t t o n  o n  t h e  B e c k m a n  I n -  ★ ★ ★ 
d u a tr ia l M e te r  t h e  n e e d le  in s ta n tly  a n d  auto~  

m atica lly  s w in g s  to  t h e  e x a c t  p H  v a lu e !

W rite  fo r  d e ta ile d  in fo r m a t io n  o n  p H  c o n tr o l  in  
y o u r  in d u s tr y . A sk  fo r  B u l le t in  A -6 w h ic h  d e 
sc r ib e s  t h e  I n d u s tr ia l  M e te r . N o  o b lig a t io n , o f  
co u r se .
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T h e r e
a r e ( w v )

P l a t i n u m  
D i s h e s
fo r  every  k n o w n  

laboratory or plant 

need •  •
A skf or Catalog F- 16  describing A .P .W . PLATINUM  LABORATORY WARES

’̂ ^ 'H E T H E R  you  w an t a platinum  dish for iron' 7 C . .
and steel, fertilizer, w ater, w ine, foods, flours, 

or any o ther purpose, you can either find i t  in the 
APW Catalogue or we can make it  to your order.

Dishes can be made in heavier w eights than
 catalogued; we recommend these for extra

service. Reinforced rims of various practical types 
also furnished.

SIZE or shape im m aterial, we can make them from A LL are hand hammered from new ly and specially 
micro sizes up to any capacity for p lant use. refined platinum .

We invite your inquiries for new or exchange orders.

THE AMERICAN PLATINUM WORKS N J “ j " St

A N Y  ELE C TR O D E  S Y S T E M

PRECISE pH DETERMINATIONS

Th e H EL L IG E  pH-Meter 

now available with

A T E N F O L D  IN C R EA SE O F S E N S I

T IV IT Y  A N D  P R E C IS IO N  O VER  AN  

IN T E R V A L  O F 2 pH U N IT S  SE

LEC TED  A T  W IL L  — T h is  lim ite d -  

range precision w ith in  0.005 pH u n it  

o b ta in e d  in te r c h a n g e a b ly  w ith  

regular operation by th row ing  a 

sw itch.

H E L L I G E ,  I N C .
3718 Northern Blvd. 

Long Island City, N. Y.

E IT H E R  pH U N IT S  

OR V O LTS
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CotH&KUt ftUSHELDON
LABORATORY FURNITURE

G -95-S

This is the 40th Anniversary of E. H . Sheldon 8: Company as 
a m anufacturer of Laboratory Furniture for Industries, Hos
pitals and Colleges. The past five years have seen revolutionary 
developments brought about by laboratory discoveries. We 
have endeavored to keep in step with scientific progress by an 
intensive period of development designed to increase the effi
ciency of our furniture. This applies to m any new service con
nections, chemical resisting materials, new methods o f ventilat
ing, and the incorporation of safety features necessitated by up to 
date laboratory practice. Our catalog will be of value to those 
equipping laboratories. W rite for the Industrial Edition today.

S au U u fi. . .  *toi o& lum e. . .  

w ill te il yausi 1938 ¿iosuj,
a starch plant obtains “extra” grade, instead of 

"common". . .  a sewage plant reduced chemical costs 
through more accurate Cameron pH tests... a paper plant 
increased strength of sheet and now uses cheaper pulp. ■. 
a leather plant eliminated spoilage by matching color 
shades perfectly... body cavity investigations are simply 
done in the medical laboratory!

A N Y  ELECTRODE
may be used. All commcrcial electrodes, your own 
or use the Cameron electrodes, GUARANTEED 
FOR ONE YEAR against chemical change!

FO R  SCHOOL O R  P L A N T
For pH of colored, viscous, turbid, oxidizing and 
reducing liquids. Oxidation-Reduction studies are 
carried on without disturbing connections!

SU ST A IN E D  A C C U R A C Y
Elimination of miniature radio parts and half-size 
b a tte r ie s  assures continued accuracy! Tha 
Cameron is not a “ field” instrument.

J E N A  GI

These Jena Fritted Glass "B uchner" Funnels are o f special advantage for 
the filtration o f liquids such as Fehling's S o l., am monia, cold  concen
trated alkali hydroxide , sulphuric acid , and other corrosive liquids which 
attack filter paper. M a d e  entire ly  of glass, readily  cleansed, therefore 
econom ical.

Num ber 3 G  1 7 G  2 5 G
Porosity 3 and 4  1 to  4  1 to  4
D iam . of disc, mm. 3 0  6 5  9 0
H e igh t above disc, mm. 4 5  5 0  8 5
D iam . o f tube, mm. 7 -8  1 0  15
Capacity, cc. 3 0  1 4 0  4 5 0
Price, each $ 2 .6 5  $ 5 .2 0  $ 9 .3 0

See catalog for other sizes

J E N A  G l a s s
F i l t e r  C r u c i b l e s

Specially adapted for use where precipitates are to be dried to con
stant weight at 1 1 0 °  C . Can be placed d irectly  In to  drying oven 
at temperatures up to 1 5 0 °  C ,  and coo lcd  in  a desiccator or In the  
air. Large filtering area Is especially useful.

Num ber 1 0 G  1 G  S G
Porosity 3 and 3 1 , 3 ,  and A  1 , 3 ,  and 4
Diam . of disc, mm. 2 0  A 0  AO
H eight above disc, mm. 3 0  A S  4 0
Capacity, cc. 1 5  3 0  50
Price, each $ 1 .5 5  1 1 .5 5  $ 2 .2 0

A t  lead ing la b o ra to ry  supp ly dealers

Send for our new catalogue J L  2 7 0  on Jena Fritted Glass Filters and 
relative apparatus.

F IS H -S C H U R M A N  C O R P O R A T IO N , 2 5 0  East 43rd  S t., N e w  York  
U . S. Agents— Jena Glass W orks , Schott &  G en .

A n  h e u s e r -B u s c h ,  
In c .

O rth m a n n  L abora
to r ies  

P fistcr  & V ogel 
T a n n in g  C o. 

M a ra th o n  C h em  .Co. 
In s t ,  o f  P aper  

C h em istry

M ayo C lin ic  
A b b o tt  L a b o rator ies  
S ta te  U . o f  Iow a  
C lin to n  C o m p a n y  
A . E . S ta le y  M fg . C o. 
H o le p r o o f H osiery

U n iv . o f  N eb rask a

rn iQ WRITE today fo r  Bulletin  615. The Cameron 
pH  M eter is a UNIVERSAL in stru m e n t fo r p la n t 

or school.
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A  Partial List o f  Recent

A M E R I C A N  CHEMI CA L S O C I E T Y  
M O N O G R A P H S

SULFURIC ACID MANUFACTURE. A. M. Fairlie. 
111. 656 p......................................................................... $9.75

Describing both the nitration (cham ber) processes and the contact 
processes as practiced in the United  States and abroad, It deals with many 
developments of prime importance to the sulfuric acid Industry which have 
been evolved and placed on a practical working basis during the last ten 
years— flash roasting processes, liqu id -coo led  chambers of the new M ills -  
Packard and Gaillard-Parrish types, new tower processes, a new contact 
process, new sulfur burners, sulfur spray nozzles for molten sulphur, sulfur-fired 
steam boilers, new vanadium and platinum catalysts, the expansion of the 
use of vanadium-mass, self-contained heat-exchange converters, etc.

There Is no previous book in any language that describes all these recent 
developments w ith an array of up-to-date details, pertaining to equipment 
and methods of operation used In modern manufacturing practice.

REACTIONS OF PURE HYDROCARBONS. Gustav 
Egloff. 111. 897 p ..................................................... $16.75

A  comprehensive study o f the reactions of pure hydrocarbons resulting 
from thermal, catalytic, photochem ical, and electrical treatment.

It correlates, explains and criticizes the tremendous mass of work done  
on this subject by  upwards of 1 2 0 0  different investigators, orig inally  pub
lished in hundreds o f different technical Journals, government reports and 
scientific treatises.

M ot on ly  technologists in such industries as petroleum , gas, rubber, 
plastics, naval stores and synthetic organic chemical products w ill find It 
essential, but it should also be of the greatest possible interest for research 
workers throughout the realm of organic chemistry.

THE CHEMISTRY OF NATURAL PRODUCTS 
BELATED TO PIIENANTHRENE. L. F. Fieser.
III. Second Edition. 456 p.......................................$7.00

Presented at a tim e when active interest is at a peak, the book provides a 
comprehensive and thoroughly readable account o f the remarkable dis
closures o f the recent research. Each subject is developed separately, but 
special attention is given to the matter o f correlation.

Surveys o f the historical background of the problems, discussions o f the 
physiological functions and actions o f the compounds, lucid expositions 
of the work of determining the structures, and analyses of the facts pertain
ing to  the origin and metabolism of the natural compounds, provide an 
unusually comprehensive understanding of this essentially new branch of 
organic or b iological chemistry.

CORROSION RESISTANCE OF METALS AND 
ALLOYS. R. J. McKay and R. Worthington. 111. 
492 p................................................................................ $7.00

The on ly  general work on corrosion which has appeared since the develop
ment, during the last decade, o f the newer know ledge of corrosion. The 
thought and data o f modem corrosion know ledge have been consolidated 
under one plan and In one easily understandable unit, making accurate 
comparison between different metals and between different corrosion con* 
dltlons possible. A  concise outline o f the theory of corrosion is included  
as w ell as data from test and experience on modem  corrosion problems

This book fills In the gap between modern works on the corrosion o 
Individual metals on the one hand, and on specific theories of corrosion 
on the other, and summarizes the vital points o f such treatise.

CARBON DIOXIDE. 
111. 285 p .......................

E . L. Quinn and C. L. Jones. 
..............................................$7.50

The present volum e contains chapters on the history o f the Industry, the 
occurrence of carbon d iox ide  in nature, by-product carbon d io x id e  from 
fermentation, the coke process, absorption and desorption, chemical 
properties o f carbon d io x id e , manufacture o f solid carbon d io x id e , uses of 
carbon d iox ide .

Developm ents in this industry are traced with a discussion o f the process 
of fermentation, methods of purifying by-product carbon d io x id e , lique
faction, various refrigeration cycles, the methods of forming and storing 
he finished solid product. Coke process is considered in some deta il, 

together with a discussion o f absorption tower and ly e  boiler design.
N ow here else in literature is the present know ledge and data of the 

physical and chemical properties, the industrial preparation and the applica
tions o f solid , liqu id  and gaseous carbon d io x id e  so com pletely  summarized.

MODERN METHODS OF REFIN IN G  LUBRICAT
ING OILS. Vladimir A. Kalichevsky. 111. 240 p. 
 $6.00

This new refinery technique Is exposed for the first tim e in a clear and con
cise manner showing the logical structure o f the modern refinery operations 
and the app licab ility  o f the individual processes to the general scheme of 
refining. Problems connected with everyday refinery practice as w ell as 
those o f particular interest to research chemists or plant executives arc dis
cussed in detail thus giving an invaluable assistance to all persons directly  
or rem otely connected with the actual refinery operations.

CHEMISTRY AND TECHNOLOGY OF RUBBER. 
Edited by Carroll C. Davis and John T. Blake. Pub
lished under the auspices of the Rubber Division of the 
American Chemical Society. Profusely illustrated. 
944 p.............................................................................. $15.00

Remarkably comprehensive in its scope, this official publication o f the  
A .  C . S. Rubber Division has at last provided an authoritative reference 
book on both the theoretical and practical aspects o f rubber technology. 
Each chapter has been contributed by  an expert or group o f collaborators, 
especially em inent in their own particular fields, w ith the result that the  
book has a universal appeal to the research investigator and student, as 
w ell as to the routine analyst, to the developm ent engineer, and to the  
factory com pounder. It is both a practical manual and an authoritative  
reference work. It belongs in all technical libraries, In plant laboratories, 
and In factory offices.

O uts ide  the rubber industry itself, this monograph w ill prove invaluable  
to research and developm ent men in  the numerous industries supplying  
materials for use in rubber com pounding. Engineers in the petroleum and 
chemical industries, which are now considering synthetic substitutes for 
natural rubber, also w ill be much stimulated by the manner in which the dis
tinctive, resilient properties o f rubber are correlated with physical structure 
rather than with chemical com position. F ina lly , this book w ill be In
dispensable for consumers o f rubber; for the textile  plants which are now  
em ploying liqu id  latex very extensively; for the footwear and clothing 
industries which are constantly using rubber products to  an increasing 
extent; for autom otive and other mechanical design engineers interested 
in the dampening of vibration and the elim ination o f noise; and the indus
trial maintenance engineers everyw here, who are increasingly using rubber 
mechanical goods for factory and field Installations, as for instance the grow
ing use of rubber containers.

POLYMERIZATION AND ITS APPLICATIONS IN 
TH E FIELDS OF RUBBER, SYNTHETIC RESINS, 
AND PETROLEUM. Robert E. Burk, Archie J. 
Weith, Howard E. Thompson, and Ira Williams. About 
320 p. Ill......................................................................$7.50

In many varied fields of science and industry we encounter the term 
"po lym eriza tion" denoting a type  of reaction of very great scientific and 
commercial interest. U ntil quite recently the mechanism o f polym eriza
tion was an unexplored region on the map of science. Today, as this 
authoritative book explains, it is realized to be the foundation of the 
rapid ly  expanding plastics industry.

Through the light it casts on the reactions of drying oils I t  is of vast im 
portance in the paint and varnish industry, in petroleum  technology an 
understanding of polym erization has opened huge possibilities for the 
utilization o f hitherto waste products and today m illions are being in
vested in polym erization plants. Synthetic rubber has becom e a reality  
on ly  by  the study o f polym erization.

The broad field of cellulose chemistry is replete with problems In which 
polym erization plays a great part.

This book should enable research workers in many fields to  review the ir 
unsolved problems in the light o f a great new b o d y  of chemical know ledge.

The four authors are chemists long identified with research in this in 
teresting fie ld , and each specializing in the significance of polym erization  
n a different branch of technology.

REINHOLD PUBLISHING CORPORATION 330 w .  42  St., New  York, u .s .a .
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COLEMAN ELECTRIC COMPANY, Inc.
310 M AD ISON STREET MAYWOOD, ILLIN O IS

pH and CHLORINE

A
COMPLETE
LINE

CONTROL
EQUIP
MENT

with 
a 5 YEAR 

GUARANTEE

LONG RANGE SLIDE COMPARATOR
Consists of a complete Slide Comparator; any 2-7 
additional color standard slides; vials of indicator so
lution, with O.S cc pipettes; 14-5cc test tubes; all con
tained in wood carrying case.

A ll color standards guaranteed fo r  5 years.
Price complete with any 3 slides—$40.00 

Add $7.50 for each additional color standard slide 
Enslow Slide Chlorimeter, for chlorine control, $17.50
Modern pH and Chlorine Control

A 65-page handbook containing a simple explanation of pH 
control (both colorimetric and electrometric), its practical ap
plication to numerous problems and descriptions of our equip
ment for colorimetric pH, chlorine and phosphate controh sent 
free on request. 50 page catalog describing the C olem an Glass 
Electrode, also sent on request.

W. A. TAYLOR & CO., INC.
877 Linden Ave. Baltimore, Md.

The Peterson Line of laboratory furniture is complete. 
Catalog N o . 2 0  contains pictures and complete speci
fications of 1 9 0  standard items of laboratory furniture 
and accessories, built to meet today's needs in a mod
ern plant by skilled mechanics and expert cabinet mak
ers. In addition, 81 separate standard items of furniture 
for the library, reading or conference room are similarly 
described. Send for your copy of this new catalog 
today.

Specially designed units or complete in
stallations designed and constructed with 
the same painstaking care, can be supplied 
to meet your particular requirements.

LEONARD PETERSON & CO., INC.
1 2 2 2  Fullerton A v e . Chicago, III.

C O M I N G  E V E N T S  
C A S T  T H E I R

In 1933 the first Coleman pH Electrometer was  
announced. This instrument incorporated sealed 
Glass Electrodes, impulse am plification, A .P .cor- 
rector and other precision features which late
comers in this field now  stress as “ n ew ” !

In an early issue of this ¡ournal, Coleman w ill 
announce practicable automatic pH equipment 
utilizing the Glass Electrode and designed to oper
ate in conjunction w ith  standard type automatic 
recorders and controllers. This equipment w ill be 
licensed under existing patents, fu lly  protecting 
users. Proved from the start, not an experim ent, 
this equipment combines the best practice in auto
matic recorders w ith  the best practice in electronic 
amplifiers.

Send fo r  th is pH fa ct book. A  
m ine o f  in form ation  on  this 
v ita l su b ject. C on tain s ch arts, 
d a ta , co m plete  b ib lio g ra p h y . 
A ls o  p ictures a n d  d escrib es  
com plete C o lem an  lin e o f  pH 
E lectrom eters. W rite to d a y  fo r 
y o u r co p y .
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R outine
Viscom eter

A highly sensitive appara tu s especially adap ted  for work w ith capillary viscom eters.
I t  embodies the following desirable features.

A sensitive tem pera tu re  control w hich holds the  tem pera tu re  of the b a th  liquid to 
w ithin =*= 0 .02°F . from below room tem perature  to  210°F ., in all parts  o f the bath .

T he container is a single wall Pyrex glass ja r . As w ater can be used for the  bath  
liquid , m axim um  visibility results.

T he above illustration shows the b a th  in use w ith the new modified O stw ald vis
com eters as designed by D rs. M . R . Fenske and M . R. C annon a t the Pennsylvania S tate 
College. S lightly modified holders enable the b a th  to  be used w ith o ther types o f viscom eters.

Full details and prices furnished upon request.

OTTO R. GREIN ER CO.
55 Plane Street MANUFACTURERS & DISTRIBUTORS OF LABORATORY s u p p l i e s  Newark, N. J .
T elephone H um bold t 2-5884-5

N E W - A C C  U R A T E - C O N V E N I E N T

THE MODIFIED
OSTWALD VISCOMETERS

Constant Temperature Bath for Use With Capillary Viscometers
A. S. T. M. DESIGNATION D-445-37T

M aster
V iscom eter

REFERENCES

Oil & Gas Journal, Vol. 34, No. 47, April 9, 
1936. Page 45.
A. S. T. M. Bulletin, Report of Committee D-2 
on Petroleum Products and Lubricants.
A. S. T. M. Designation D-44S-37T.

As the first commercial manufacturers of 
the “ Modified Ostwald Viscometers”  de
veloped by Drs. M. R. Fenske and M. R. 
Cannon at the Penn State College, we take 

pleasure in announcing the development of a precision 
instrument for selecting accurately, specified capillary 
bores. This will enable you to set up the most strin
gent specifications for the manufacture of viscometers 
for your specific purpose.


