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B R A N D

B R A N D

SOELET EXTRACTOR
PYREX

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

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

An im portant addition to "Pyrex” brand Extraction Apparatus is this 
new Soxldet Extractor. Fabricated from "Pyrex” brand Balanced  
Glass it introduces a number of new features which contribute to  
speed, econom y and convenience in extraction work.

A  flat precision-ground  p late is used to close the extractory body.
This insures greater econom y, freedom from freezing and perm its ease 
in insertion or rem oval o f sample. T his is done w ithout rem oving the  
condenser itself. Another advantage of th is new  extractor is the fact that 
solvent vapor does n ot pass through the extractor chamber before reaching 
the condenser. Furtherm ore, a m uch larger filtering area is provided which  
perm its faster extraction— saves tim e.

This new Pyrex brand Soxhlet Extractor will, we believe, be welcom ed  
b y every laboratory utilizing extraction apparatus. The joints betw een con
denser and extractor are T  4 5 /5 0  and betw een extractor and flask T  29 /42 . 
I t  is available through leading laboratory supply dealers in the U nited States  
and Canada. Specifications and prices arc given below.
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C H E M I C A L  W O R K S

ANALYTICAL REAGENTS
for Special Analytical Methods

ACID PARA-HYDROXY-PHENYL ARSON IC A. R. ■— •A  specific precipitant for
Titanium  and Zirconium. Simpson & Chandlee, Jour. I. & E. Chem. Anal. Ed., Vol. 10, 
P. 642 (1938). (Reprint on request.)

A M M O N IU M  SULFATE A. R. FOR BLOOD ANALYSIS — ■-Folin 85 Farmer,
Jour. Biol. Chem., Vol. 1 1 , P. 493 (1912).

LEAD ACETATE BASIC ANHYDROUS A. R. For sugar
analysis. W. D . Horne, Jour. Amer. Chem. Soc., Vol. 26, P. 186 
(1904).

POTASSIUM PERSULFATE A. R. LOW  NITROGEN—
Gasometric Micro-Kjeldahl determinations o f Nitrogen. D . D . Van 
Slyke, Jour. Biol. Chem., Vol. 71, P. 235 (1927).

POTASSIUM PERSULFATE A. R. LOW  CHLORINE—
For Determinations of Halogens in Organic Compounds. 
Thompson & Oakdale, Jour. Amer. Chem. Soc., Vol. 55, P. 1292 
(1933).

SODIUM COBALTIC NITRITE A. R. TRUOG—
For Determ inations o f Potassium  in Soils. E . Truog, 
Jour. Amer. Soc. Agron., Vol. 26, P. 537 (1934).

SODIUM TUN GST ATE A. R. FOLIN —
For Determ inations o f Uric Acid in blood. O. Folin, 
Jour. Biol. Chem., Vol. 106, P. 311 (1934).

2nd & Mallinckrodt Sts. 
ST. LOUIS, MO.

CHICAGO  
PHILADELPHIA

MONTREAL
TORONTO

70-74 Gold St. 
NEW YORK, N. Y.
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C O N C E N T R A T E S

A i i o y s
r e f i n e d  m e t a l s

FOR ACCURATE DETERMINATIONS

0F COPPER ™
. ORE SAMPLES

i i t  the mines . . .  in the smelters . . .  at points of 
fa b r ic a tio n  the  w orld  over, B ak er and  A dam son 

. Reagents are used for copper determinations.
This is because metallurgical chemists long have rec

ognized the purity and uniform ity of the Baker and 
Adamson line of reagents . . . and have chosen them 
deliberately as insurance against uncertain results.

A few of the Baker and Adamson Reagents com
monly used in copper and noble metal determinations, 
coded for convenient ordering, are:

FOR COPPER, BRONZE AND B R A S S
Cod« No.

1090 Acid H y d ro ch lo ric , R ea g e n t, A .C .S .
1120 Acid N itric , R ea g e n t, A .C .S.
1180 Acid S u lfu ric , R ea g e n t, A .C .S ., Loio N
1191 Acid S u lfu ro u s , 6%  S o lu tio n , R ea g e n t, A .C .S .
1215 A lu m in u m  M etal, S h e e t,  H eavy, 1 /1 6 "
1293 A m m o n iu m  H y d ro x id e , R ea g e n t, A .C .S .
2111 P o ta ss iu m  F e rro cy a n id e , C rysta l, R ea g e n t, A .C .S .
2120 P o ta ss iu m  Io d id e , C rysta l, R ea g e n t, A .C .S .
2128 P o ta ss iu m  P e rm a n g a n a te , C rysta l, R ea g e n t, A .C .S .
2307 S o d iu m  T h io su lfa te , C rysta l, R ea g e n t, A .C .S.

FOR SELENIUM AND TELLURIUM

1203 Acid T a r ta r ic , P ow der, R ea g e n t, A .C .S .
1739 F e rr ic  N itra te , C rysta l, R ea g e n t, A .C .S .
1769 F e rro u s  S u lfa te , C rysta l, R ea g en t
2301 S o d iu m  S u lfite , A n h yd ro u s , P ow der, R ea g e n t, A .C .S .

FOR GOLD

1820 L ead  M etal, G ranular (T e s t  L e a d )  A g  a n d  B i fre e
2341 S ta n n o u s  C h lo rid e , C rysta l, R ea g e n t, A .C .S.

FOR PLATINUM

1286 A m m o n iu m  C h lo rid e , G ranular, R ea g en t, A .C .S .

S E T T  I N G  T H E  P A C E  I N  C H E M I C A L  P U R I T Y  S I N C E  1 8 8 2  “J J  t
T |  71"

.Ba k e r  A d a m so n
Division of G E N E R A L  C H E M IC A L  C O M P A N Y ,  40 Rector St., N e w  York C.T?
Atlanta • Baltimore • Boston • Buffalo • Charlotte IN.C.) * Chicago • Cleveland • Denver • Houston • Kansas City • Los Angeles 
Milwaukee • Minneapolis • Montezuma (Ga.) • Philadelphia • Pittsburgh • Providence (R. I.) • San Francisco • St. Louis* Utica (N.Y.) 
Wenatchee (Wash.) • Yakima (Wash.) • In Canada: The Nichols Chemical Company, Limited • Montreal • Toronto • Vancouver
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BURETTES

KIMBLE B R A N D  »E X A X

W I T H  INTERCHANGEABLE STOPCOCKS
1. Fabricated  only of au to m a tic -m ach in e-m ad e  tu b in g  o f extrem ely 
un ifo rm  bore.
2.  S tra ig h t and  th ick-w alled . Free of b listers, stones an d  streaks.
3. Annealed in  special retem pering  lehr.
4. Calibrated a t  5 po in ts  a t  20° C. Lined and num bered  by 
au to m atic  m achines.
5. All lines and  num bers are deeply ac id -etched , and  Blue 
Line <£**■*> R etested  B urettes are filled w ith  a durab le , b rillian t 
BLUE GLASS, fused in . <»»»■*«> lines and num era ls  are filled 
w ith WHITE enam el.
6 . <W > graduations extend a t  least halfw ay a round  th e  tube. 
Every 10th line  is a circle; in te rm ed ia te  lines are %  circles.
Blue Line <5E*E> R etested  B urettes  use circles a t  m ain  
poin ts and  sho rt lines a t  o th e r po in ts  to  speed reading.
7. Stopcock barrels sealed directly  to B u re tte  tubes for 
g reater s treng th .
8. Delivery stem s will n o t  tra p  air. Tip openings gauged

I for accurate  delivery. J
9. R ubber w asher prevents slipping, loss and  breakage j

ft of stopcock. a
10. Stopcocks in terchangeably  ground according to spec- m

H  ifications of CS 21-39, N ational B ureau of S tandards.
I ll 11. All B urettes  are retested  to  these to lerances:
^  CAPACITY NORMAX EXAX /•'

¡8 !  10 m l +0.02 m l . ±0.01 m l J R

N O TE : A ll  ty p e s  o f  B u r e t te s  a re  n o w  a va ila b le  w ith  in te rch a n g e a b ly  
g ro u n d  s to p co cks

Stocked  by Leading Laboratory Supply  Houses 
T hroughou t-the  U nited S ta tes and  Canada 

C O P Y R IG H T  1940, K IM B L E GLASS CO.

The V is ib le  G uarantee  o f  In v is ib le  Q u a lity

KIMBLE GLASS CO M PAN Y V IN E L A N D , N. J.
D E T R O I T  • * » O S T O N
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(B e low ) Th is is  a  3-heat 
Hot Plate, 1 2 "  x  1 8 ". It has  
th re e  c ir c u it s ,  c o n t r o l le d  
through the sn a p  sw itch  at 
the end o f  the plate. Tem 
peratures:

475°— 675° — 750° F.

THESE Hoskins FD furnaces are two of several in 
one of the country’s leading laboratories, where 

they run continuously at around 1850° F.r with 
the Chromel elements lasting about 10 months, 
operating at line  vo ltage . The elem ents of 
Hoskins low  voltage furnaces last longerthanthat.

HOSKINS 
PRODUCTS

T w o-h o le d  H igh  Tem perature C o m b u s
tion Furnace. C a n  be run co n tin u ou sly  
at 2300°, a n d  interm ittently at 2400°
F. O pe rate s th rough  a  transform er.

ELECTRIC HEAT T REA TIN G  FU R N A C ES • •  H EA TIN G  ELEMENT A L L O Y S  •  • 

TH ERM O CO UPLE A N D  LEAD W IRE • •  PYR O M ETER S • •  W E LD IN G  W IR E 

• •  HEAT R ESIST A N T  C A S T IN G S  • •  E N A M E LIN G  FIXTU RES • • S P A R K  PLU GS P A R K  PLU G

ELECTRODE W IRE SP E C IA L  A L L O Y S  O F N ICK EL •  •  PR O TECTIO N  TUBES

H O SKINS MANUFACTURING CO M PA N Y, DETROIT, MICHIGAN

(R ight) H o sk in s Hot P lates 
are m ade  in sin g le  an d
3-heat types. Th is one is 
the s in g le  heat M A -1 0 1 ;  
it is 6 "  diam eter. Its Chrom el 
element is ve ry  durab le, 
and  e a sy  to renew .
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FOR an answer, w hy not consider these x-ray 
diffraction patterns. Pattern A is dry shellac in its 

“soluble” incom pletely polymerized form. T he sharp 
rings are from crystalline molecular residues which, 
with suitable treatm ent, combine to produce the 
“ insoluble” form which gives the pattern shown as B. 
Pattern B is o f the type usually obtained from liquids 
and glass,- which is generally considered a super-cooled  
liquid— hence the name “organic glass” for the highly  
polym erized resins.

R esins of synthetic or natural original are o f increas
ing interest in industry— for plastics, paints, varnishes, 
organic bonding compounds, and even textiles and 
fabrics. And since these m aterials are exceedingly  
com plex, characterized by long chain m olecules w ith  or 
W ithout com plicating cross-linkages and side chains, it  
is useless to attem pt unravelling their structures w ith 
out the m ost powerful analytical tools available.

It is significant, therefore, that manufacturers are 
launching com prehensive, long-term x-ray research 
projects in the hope o f learning how to  “ tailor to  the  
jo b ” the long com plex molecule— to produce a belter  
resin at lower cost. These progressive industrialists

have realized that conventional chem ical investigations  
fall far short o f  the goal, and th a t physical m ethods 
other than x-ray diffraction give insufficient insight in to  
the am azingly com plex system s we know as p lastics.

Progress during the last few years in searching out 
the structures o f naturally-occurring m aterials o f  high  
molecular w eights indicates clearly that there is much  
of industrial and scientific value to be gained b y  utiliz
ing the x-ray diffraction m ethod. And even though  
your problem s m ay not be as com plex as those o f resin 
structures, the G -E X R D  unit for x-ray diffraction can 
probably help to solve them  faster— to give you  the 
right answer, plus a dividend in research and engineer
ing tim e saved.

W rite now for full inform ation on x-ray diffraction  
m ethods w ith the G -E X R D  unit. Address D ep t. 191.

GENERAL @  ELECTRIC 
X-RAY CORPORATION
2 0 1 2  J A C K S O N  B L V D .  C H I C A G O ,  IL L . /  U .  S .  A .
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B O T T L E S ,  J A R S  A N D  V I A L S
W ITH  SCREW CAPS OF MOULDED BLACK PLASTIC

S E L E C T E D  F O R  L A B O R A T O R Y  U S E

B o ttle s , r o u n d ,  n a rro w  m o u th ,  
f lin t a n d  a m b e r  ¿ la ss

B o ttle s , ro u n d ,  w ide  m o u th ,  
a m b e r  g la ss  o n ly

B o ttle s , F re n c h  s q u a re s ,  f lin t 
a n d  a m b e r  g lass

D ro p p in g  B o ttle s , F ren c h  
s q u a re s , w ith  p ip e t te  d ro p 
p e rs  a n d  d ro p p in g  ro d s

J a r s ,  ro u n d  
”  sq u a re

D ro p p in g  B o tt le s ,  v ia l ty p e , 
w ith  p ip e t te  d ro p p e rs  a n d  
d ro p p in g  ro d s

B o ttle s , O il S a m p le

C ap s, o f b la c k , m o u ld e d  p h e 
n o lic  re s in ,  w ith  t h r e e  ty p e s  
of l in e rs ,  i. e. c o rk -b a c k e d  
v in y lite , c o rk -b a c k e d  t i n  fo il, 
a n d  r u b b e r

V ials, w ith  s l ig h t  s h o u ld e r  
** u n ifo r m  d ia m e te r

We now offer, for immediate shipment from our stock, an assortment o f Bottles, 
Jars and Vials, with moulded plastic caps, which has been carefully selected for labora
tory purposes.

Because glassware and caps originate in a variety of sources and in some instances are 
available only on factory orders in very large quantities, our listing and stock for im
mediate delivery will, we believe, prove convenient and economical for laboratory use.

All of the Bottles, Jars and Vials are furnished with necks with continuous screw 
thread in accordance with the standards of the Glass Containers Association (G. C. A .). 
The plain and dropper caps, with various types of liners, are similarly threaded and are 
therefore interchangeable on the various shapes with necks of the same size.

Copy of 14-pp. pam phlet EE-116, giving detailed listing of above assortm ent of Bottles, Jars
and Vials, sent upon request.

ARTHUR H. THOMAS COMPANY
RETAIL—W H OLESALE—EX PORT

LABORATORY APPARATUS AND REAGENTS
W E S T  W A S H IN G T O N  SQ U A RE ,  P H IL A D E L P H IA ,  U.S.A.

Cable Address, “B alance,” Philadelphia
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P U B L I S H E D  B Y  T H E  A M E R I C A N  C H E M I C A L  S O C I E T Y  •  H A R R I S O N  E. H O W E ,  E D I T O R

Effect o f Sulfur and Sulfur Compounds in  
Naphtha upon Certain Corrosion Tests

Sensitivity of the Doctor Test

L. M . H E N D E R S O N , M . S . A G R U S S , a n d  G E O R G E  W . A Y E R S , JR .
T h e  P u r e  O il C o m p a n y , C h ica g o , III.

IN THE manufacture of special naphthas it is desirable to 
know the effect of dissolved free sulfur or sulfur com

pounds upon the distillation-corrosion test, the copper- 
strip corrosion tests at 50° C. (122° F.) and 100° C. (212° F.), 
and the doctor test of the naphthas. Since there are few 
data on this subject in the literature, the authors have deter
mined the effects of a number of mercaptans, sulfides, and 
disulfides, and of free sulfur, n-dibutyl sulfone, and thiophene, 
dissolved in Stoddard solvent, varnish makers’ and painters’ 
(V. M. & P.) naphtha, and rubber solvent upon the distil
lation-corrosion test, the copper-strip corrosion testâ t 50° C. 
(122° F.), and the doctor test.

T a b le  I. T e s t s  o n  N a p h th a  S a m p les
(From  M ichigan crude oil)

A .S.T .M . distillation 
In itia l boiling po in t 

5%  recovered 
. recovered 
, recovered 
! recovered 
i recovered 
i recovered 
j recovered 
) recovered 
, recovered 
» recovered 

vo yo recovered 
E n d  point
Recovered, % 
Residue, %
Loss, %

T otal sulfur, %
K auri butanol value

Tests on three of the four naphtha samples used in this 
work are shown in Table I. The fourth sample (Stoddard 
solvent from Texas crude oil) was used for the purpose of 
showing that the results obtained were not specific for 
Michigan naphthas; hence complete tests were not obtained 
on this sample. None of the naphtha samples contained 
free sulfur (mercury test) or mercaptans (doctor and silver 
nitrate titration, 7, tests). They were all sweet to the doctor 
test and did not tarnish copper in the distillation-corrosion 
test or in the copper-strip corrosion test at 122° F. (3 hours).

Stoddard V. M . & P. R ubber
Solvent N aphtha Solvent

,------A. P. I. G ravity  a t 60° F.------ -
54.3 60.7 71.4
° F. ° F. o F'

308 220 118
318 233 139
321 237 147
325 240 158
329 243 169
333 246 176
338 250 186
344 253 196
351 257 206
360 260 217
374 268 234
389 276 254
400 291 264
98 .0 99.0 97.3

1.0 0 .7 0 .7
1 .0 0 .3 2 .0

0.025 0.034 0.010
31.1 34.1 32 .7

Since 0.05 per cent of sulfur possibly represents a maximum 
for any one type of sulfur compound that could be present in 
commercial naphthas and since the most severe conditions 
of test were desired, free sulfur or various organic sulfur com
pounds wTere dissolved in the naphthas in such amount that
0.05 per cent by weight of sulfur wras added. All mercaptans 
used were Eastman materials which were redistilled and the 
middle fractions used immediately for making the naphtha 
solutions.

D istillation-C orrosion T est
For a number of years there have been several types of 

copper-strip corrosion tests involving temperatures in the 
vicinity of the boiling point of the naphtha. Many are 
simple adaptations of the ordinary copper-strip corrosion 
test.

The Philadelphia Production Club (6) stipulates a polished 
strip of 28-gage copper, 0.62 X 4.25 cm. (0.25 X 1.5 inches), in the 
distillation flask and notes the discoloration during the distillation 
test. Birch and Norris (2) added a polished copper strip of 
unmentioned size to the distillation flask and then distilled the 
naphtha to dryness. The latter workers added various mer
captans, sulfides, disulfides, diisoamyl sulfone, diethyl sulfate, and 
thiophene to a specially prepared V. M. & P. naphtha in propor
tions ranging from 0.29 to 0.42 per cent of “combined” sulfur, 
but founa no action on the copper strips in their corrosion tests. 
However, they did obtain pronounced blackening of the copper 
strips when solutions of sulfoxides in the specially prepared 
V. M. & P. naphtha were used.

About 10 years ago a more severe test of this type made its 
appearance and has been very widely used in the manufacture and 
sale of special naphthas. This test, called the distillation- 
corrosion test in the present report, consists of the addition of a 
highly polished copper strip (7.6 X 1.27 cm., 3 X 0.5 inches) to 
the A. S. T. M. distillation flask containing 100 cc. of the naphtha. 
Before the distillation is started the strip is placed in a position 
as nearly vertical as possible, so that one end of the strip will dip 
into the residue at the end of the distillation. The distillation is 
conducted exactly as specified in A. S. T. M. Designation D86-38 
for distillation of gasoline, naphtha, kerosene, and similar petro
leum products, except for the presence of the copper strip. The 
directions must be followed with extreme care in the vicinity of 
the end point of the naphtha. Heating of the flask is stopped as 
soon as the temperature, as noted on the distillation thermometer, 
falls slightly (usually after a temperature drop of about 2.2° C., 
4° F.). The flask containing the copper strip is allowed to cool 
to room temperature before it is taken from the apparatus and 
the strip removed. If the strip is removed too soon, it will be 
colored brilliant green, purple, or red and interpretation of the 
test may be erroneous.
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The results obtained from distillation-corrosion tests on 
naphtha solutions of free sulfur or organic sulfur compounds 
are shown in Table II. A careful examination shows that 
there are two determining factors pertaining to distillation- 
corrosion tests on sulfur compounds in naphtha solution: 
(1) the boiling point of the sulfur compound with reference 
to the boiling range and end point of the solvent, and (2) 
the stability of the sulfur compound at moderately high 
temperatures. The quantity of sulfur compound present will, 
of course, also affect the distillation-corrosion test in many 
instances.

T a b l e  II. E f f e c t  o f  S u l f u r  C o m p o u n d s  u p o n  D i s t i l l a t i o n -  
C o r r o s i o n  T e s t  o f  N a p h t h a s

(0.05% by weight of free or combined sulfur added in each case. 0.0001% 
free sulfur in M ichigan Stoddard solvent gives a fair te st; 0.001% gives a 

bad* test)

Sulfur Compound 
Present

Boiling 
Point of 
Sulfur . 
Com

pound,o F>
 D istillation-Corrosion Test Results® *
M ichigan Texas M ichigan M ichigan
Stoddard  Stoddard V. M .& P . rubber 

solvent solvent naph tha  solvent
<--------------E nd  Point of N aph tha --------------•

400 394 291 264

Good Good Good Good
Bad

94 Good Good Good
154 Fair Good Good
210 Fair Fair Good
260 Poor Fair Fa ir
243 Poor Fair Fair
349 Poor Poor Fair-poor
337 Good Good Good
190 Good Good Good
287 Good Good Good
240 Fair-good Fair Fair
308 Fair F air Fair-poor Fair
335 Fair Fair-poor Fair
441 Fair-poor Poor Fair-poor Fair-poor
418 Fair-poor Fair-poor Fair-poor
307 Good F a ir Poor Bad*
377 Fair Poor Bad* Bad*
442 Fair-poor Bad Bad* Bad*
518 Bad* Bad* Bad* Bad*
1S3 Good Good Good
44 Good

None
Free sulfur 
E thy l m ercaptan 
n-Propyl m ercaptan 
n-B utyl m ercaptan 
n-Amyl m ercaptan 
Isoam yl m ercaptan 
n-H eptyl m ercaptan 
Phenyl m ercaptan
E th y l sulfide 
«-Propyl sulfide 
Isopropyl sulfide 
n-B utyl sulfide 
Isobutyl sulfide 
n-Amyl sulfide 
Isoam yl sulfide
E th y l disulfide 
n-Propyl disulfide 
n-Butyl disulfide 
n-Amyl disulfide 
Thiophene
n-B utyl sulfone, m. p.
° Good, no coating on strip .

Fair, slight discoloration of strip .
Poor, more or less corrosion of strip .
Bad, gray or black coating on strip .
Bad*, black-scaly.

Mercaptans are rather unstable substances (8) at mod
erately high temperatures, breaking down into olefins, hy
drogen sulfide, and other products. The effect of heat on the 
breakdown of mercaptans is strikingly illustrated by the dis
tillation-corrosion results on mercaptans in Stoddard solvent, 
V. M. & P. naphtha, and rubber solvent. The Stoddard 
solvent has the higher distillation range; hence the mercap
tans which have not already distilled over are subjected to a 
much higher temperature than when rubber solvent is used. 
In general, the distillation-corrosion test gives a more cor
roded strip with the higher-boiling naphthas than with the 
lower-boiling ones. Phenyl mercaptan is more stable than 
the aliphatic mercaptans and hence has no noticeable effect 
upon the copper strip either in Stoddard solvent solution or 
in rubber solvent solution. If the mercaptan has a suf
ficiently low boiling point, it distills over completely with the 
naphtha and the distillation-corrosion test is good.

Aliphatic sulfides are somewhat more stable to heat (2, 9) 
than are the corresponding mercaptans. This fact is shown 
in Table II, where the results for aliphatic sulfides are slightly 
better than those for the aliphatic mercaptans of corre
sponding boiling points. Though many of these sulfides have 
boiling points above the end point of the particular solvent 
used, there is insufficient decomposition of the sulfides to give 
bad distillation-corrosion tests. The results indicate that 
the slight corrosion of the copper strip is due in each case to 
the slight breakdown of the sulfide concentrated in the dis
tillation residue.

Disulfides are apparently stable in naphtha solutions at

moderate temperatures, but when decomposition does occur 
(in the distillation residue) very corrosive products are formed. 
If the disulfide can be distilled over with the naphtha, the 
distillation-corrosion test will be satisfactory; otherwise 
copper strips will be obtained which are very badly corroded. 
The lower-boiling disulfides affect the copper strip less when 
dissolved in Stoddard solvent than when dissolved in rubber 
solvent.

Thiophene and n-butyl sulfone in naphtha solution do not 
affect the copper strip in the distillation-corrosion test. 
Thiophanes were not dealt with, since they are simply cyclic 
sulfides and react as such.

The authors have found that 0.0001 per cent of free sulfur 
in Michigan Stoddard solvent is sufficient to affect the dis
tillation-corrosion test. In most cases in which bad distilla
tion-corrosion tests were obtained with solutions of sulfides or 
disulfides in naphtha, the distillation residue contained both 
free sulfur (mercury test) and mercaptans (doctor test after 
hydrogen sulfide removal).

C opper-S trip  Corrosion Test
The eopper-strip corrosion test at 122° F. (3 hours, I)  is 

widely used for all light distillates in the petroleum industry, 
but there are very few data in the literature concerning the 
effect of free sulfur or of sulfur compounds upon this test.

Wirth and Strong (IS) have shown that the smallest amount of 
free sulfur in mid-continent straight-run gasoline or mid-conti
nent cracked gasoline which affects the copper-strip corrosion 
test lies between 0.003 and 0.004 per cent. Wood, Sheely, 
and Trusty (17) found that a 0.26 per cent solution of free 
sulfur in naphtha reacted strongly with copper in the copper- 
strip corrosion test; they also claimed that a solution of isoamyl 
mercaptan in naphtha (corresponding to 0.29 per cent of mer
captan sulfur) reacts mildly with copper. n-Butyl sulfide in 
naphtha (corresponding to 0.30 per cent of sulfide sulfur) was un
reactive to copper, n-propyl disulfide in naphtha (0.36 per cent 
disulfide sulfur) was practically unreactive, and n-butyl sulfone 
in naphtha (0.08 per cent sulfone sulfur) w'as unreactive (17). 
In the presence of air, copper powder reacts with mercaptans in 
hydrocarbon solution at 25° C. to give cuprous mercaptides and 
disulfides, but it is indifferent to alkyl sulfides and disulfides (10).

T a b l e  III. S e n s i t i v i t y  o f  D o c t o r  T e s t “ w i t h  S o l u t i o n s  o f  
M e r c a p t a n s  i n  N a p h t h a s

(M inim um  %  by  weight of m ercap tan  sulfur in  n aph tha  required to  give 
positive doctor test)

M ercaptan

M ichigan
Stoddard
Solvent

M ichigan 
V. M . & P . 

N aph tha

M ichigan
R ubber
Solvent 1° Benzene

E th y l 0.0006 0.0005 0.0006
n-Propyl
n-B utyl

0.0003 0.0003 0.0003
0.00015 0.0002 0.00015 0 * ÔÔÔ5

n-Amyl 0.0002 0.0002 0.0002
Isoam yl 0.0001 0.0002 0.0001
n-H eptyl 0.0001 0.0002 0.0002
Phenyl 0.0010 0.0010 0.0008
° Federal Specifications VV-L-791a.

A 0.05 per cent solution of free sulfur in Michigan Stoddard 
solvent was prepared in the following manner:

An excess of powdered roll sulfur was weighed into a known 
amount of the solvent; after standing for 3 or 4 days, with oc
casional agitation, the suspension was filtered through a weighed 
Gooch crucible and the filtrate carefully removed and saved. 
The sulfur on the Gooch crucible was washed with ether and, 
after drying at 105° C., was weighed. Tests showed that the 
ether washings contained no detectable amount of sulfur. From 
the weight of sulfur dissolved by the Stoddard solvent, calcula
tions were made and the sulfur concentration was adjusted to
0.05 per cent by weight of free sulfur by adding the required 
quantity of fresh Stoddard solvent.

This solution was strongly corrosive to copper in the copper- 
strip test. It wras found that the concentration just affecting 
a copper strip lay between 0.003 and 0.004 per cent free sulfur 
in the Stoddard solvent. Because of this agreement with
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previous work for gasoline (15), no further work was done 
with solutions of free sulfur in V. M. & P. naphtha and rubber 
solvent.

T a h l e  IV. E f f e c t  o f  T y p e  o f  C o n t a i n e r  u p o n  S e n s i t i v i t y  
o f  D o c t o r  T e s t “ w i t h  S o l u t i o n s  o f  M e r c a p t a n s  i n  N a p h t h a
(M inim um  %  by weight of m ercaptan sulfur in M ichigan S toddard  solvent 

required to  give positive doctor test)
4-Ounce Oil T est 5 X 0.75 Inch

B ottle  T est Tube
M ichigan S toddard Solvent

M ercaptan
E th y l 0.0006 0.0006
n-Propyl 0.0003 0.0002
n-B utyl 0.00015 0.00002
n-Am yl 0.0002 0.0003
Isoam yl 0.0001 0.00004
n-H eptyl 0.0001 0.00003
Phenyl 0.0010 0.0006

1° Benzene Solvent 
n -B utyl 0.0005 0.00015

a Federal Specifications VV-L-791a; Commercial S tandard  CS3-38.

The authors have found that the following organic sulfur 
compounds, when dissolved in Michigan Stoddard solvent, 
Michigan V. M. & P. naphtha, or Michigan rubber solvent, 
so that 0.05 per cent of combined sulfur was added, had no 
effect upon the copper-strip corrosion test at 122° F. for 3 
hours:

Mercaptans: ethyl, n-propyl, n-butyl, n-amyl, isoamyl, n- 
heptyl, and phenyl 

Sulfides: ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-amyl, 
and isoamyl 

Disulfides: ethyl, n-propyl, n-butyl, and n-amyl 
Thiophene 
n-Butyl sulfone

If the copper strips are allowed to stand several days in con
tact with the test solutions after the duration of the copper- 
strip corrosion tests, they are changed to a dull copper or gray 
color and the naphtha solutions become somewhat cloudy in 
the case of the mercaptans; under the same conditions there 
is no change in the case of the sulfides, disulfides, and thio
phene. This reactivity shown by the mercaptans agrees with 
the observations of previous workers (10,17).

Sensitivity of the  Doctor Test
Since marketable naphthas must be sweet to the doctor 

test (5,13), a determination of the sensitivity of this test is of 
importance.

Wendt and Diggs (14) showed that a “sour” doctor test is due 
to the presence of mercaptans and/or hydrogen sulfide. There 
is relatively little in the literature to show the minimum concen
trations of various mercaptans necessary to react positively to 
the doctor test.

Wood, Lowy, and Faragher (16) found that 1 part of isoamyl 
mercaptan in 100,000 parts of naphtha (0.0003 per cent of mer
captan sulfur) was distinctly positive to the doctor test.

Boyd (3) showed that the doctor test (U. S. Bureau of Mines 
method) would detect methyl, n-butyl, and n-heptyl mercaptans 
in naphtha in concentrations amounting to 0.002, 0.0002 and 
0.00009 per cent of mercaptan sulfur, respectively, and that 
the Natural Gasoline Association of America method would 
detect n-butyl mercaptan in naphtha amounting to 0.0003 per 
cent of mercaptan sulfur. The Bureau of Mines method for the 
doctor test (12) [similar to that of Dow (4) and to that specified 
for Stoddard solvent (13) ] employs a test tube of unspecified size 
for the doctor test; the method has now been replaced (except 
for Stoddard solvent) by that contained in the Federal Stock 
Catalog (5) in which a ’ ll8-ec. (4-ounce) oil sample bottle is 
used. The N. G. A. A. method mentioned by Boyd is contained 
in specifications effective January 1, 1932, and issued by the 
Natural Gasoline Association of America; it employs a 4-ounce 
bottle for the test. The Universal Oil Products Company has 
stated that a concentration of n-butyl mercaptan greater than 
0.0025 per cent (0.0009 per cent of mercaptan sulfur) can be de
tected by the doctor test described (11) which employs a test 
tube as container rather than a 4-ounce sample bottle.

In Table III the sensitivity of the doctor test (5) is shown 
for solutions of various mercaptans in Michigan Stoddard 
solvent, Michigan V. M. & P. naphtha, and Michigan rubber 
solvent, and also for n-butyl mercaptan in 10 benzene. The 
interesting conclusion can be drawn that with each mcrcaptan 
the sensitivity is practically the same with each of the three 
naphthas. In benzene, however, the sensitivity is less for 
n-butyl mercaptan, the only mercaptan tried out in this sol
vent. The doctor test is a very slow reaction in the cases 
where phenyl mercaptan was used.

Table IV shows the difference in sensitivity of the doctor 
test resulting from the use of an ordinary (12.7 X 1.9 cm., 
5 X 0.75 inch) test tube instead of the specified 4-ounce bottle. 
The difference is due to variation in the interfacial area. It 
is easier to note a slightly sour doctor test carried out in a test 
tube than in a 4-ounce bottle.
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Low-Temperature Set as a Measure o f State o f  
Vulcanization

J .  H . F IE L D IN G , G o o d y e a r  T ire  & R u b b e r  C o m p a n y , A k ro n , O h io

W hen rubber is vulcanized w ith  sulfur, 
its tendency to  freeze under tension  is 
altered. A constan t-tem pera tu re  m ethod 
of evaluating th is  tendency is described. 
The m ethod  is qu an tita tiv e  and  has the  
advantage of sim plicity of equ ipm en t and 
m an ip u la tio n .

IN HIS various patents on vulcanization, Charles Goodyear 
made several references to the change produced in the 

low-temperature behavior of rubber. In his earliest patent 
(7) he stated that vulcanized rubber would not be “injuriously 
affected by exposure to cold”. The reissues of this patent 
(8, 9) stated the problem more clearly. “The leading object 
of my exertions was to render india-rubber capable of resisting 
the action of heat and cold within the range of atmospheric 
temperatures. * * * * When compounded with sulphur, by 
the application of a high degree of artificial heat, I obtained 
good results, and when compounded with sulphur and the 
carbonate of lead I obtained the best results.” * * * The 
new product “is water-proof, permanently and highly elastic 
under all conditions of its use”.

Whether Goodyear was referring to the freezing of rubber 
under tension or under no tension wre do not know, but it is 
probable that he had experienced both effects without dis
tinguishing between them. It is interesting to find now that 
one hundred years later, rubber chemists are still looking at 
this change in low-temperature behavior which he recognized 
as an effect of vulcanization, and are using the effect as a 
measure of degree of vulcanization.

In recent years the T-50 (6) test has gained considerable 
popularity as a quantitative measure of the tendency of rub
ber to freeze under tension. Its popularity is justified, since 
it can be applied over a broad range of cure and since it meas
ures very precisely a seemingly fundamental property of 
rubber. It is, however, not the only means of expressing this 
effect quantitatively. The purpose of the present paper is to 
demonstrate a simpler method which yields surprisingly pre
cise results in spite of the fact that none of the usual scientific 
equipment is used, and no measurements other than length 
measurements are required. Although other papers have ap
proached this subject (1, 5,12-16), none has as yet offered a 
simple substitute for T-50.

M ethods Com pared
In the T-50 test a sample of cured rubber is stretched to a pre

determined elongation at 20° C., chilled to —70° C., and re
leased. The temperature is then raised at a controlled rate, and 
the test piece retracts. The temperature at which it has re
covered 50 per cent of the original elongation is called the T-50 
temperature.

The equipment required consists essentially of a stretching 
clamp in a Dewar flask filled with acetone, a cooling bath of 
acetone and solid carbon dioxide surrounding coils through which 
the acetone of the Dewar flask is circulated, and a suitable heater 
for raising the temperature at a controlled rate.

In the 0° set test the sample is stretched to a predetermined 
elongation immersed in ice water for 2 minutes, released, held 
in ice water 1 minute, and measured. The result is expressed as 
“per cent set”, based on the original unstretched length, or as 
“fractional set”, based on the initial elongation.

The equipment for the 0° set test consists of a stretching clamp

and a constant-temperature bath. The temperature of melting 
ice (0° C.) is the easiest constant temperature to maintain ex
perimentally, and is used for that reason, although within certain 
limits any other constant temperature would be suitable. All 
that is required is a copious supply of ice, and a fair degree of 
forced circulation.

Conditions of Test
In the work reported here, three typical compounds have 

been used: a tread compound, a high-zinc, and a low-zinc 
compound.

T a b le  I . C om pounds T e st ed

Com pound Com pound Com pound 
A B C

R ubber 100 100 100
Channel black 50
Zinc oxide 5 120 50
Sulfur 3 2 .5  4
M ercaptobenzothiazole 1 0 .5  0 .5
Stearic acid 4 1 1
Pine ta r  5
Phenyl-/3-naphthylam ine 1

169 224.0  155.5

The effects of the variables of testing will be illustrated by 
data on compound A. In Table II it is apparent that time 
of freezing between 0.5 and 5 minutes has only a very slight 
effect. Time of retraction between 0.5 minute and 2 minutes 
has even less effect. Purely as a matter of standardization,

F ig u r e  1 . 
F ig u r e  2.

X  INITIAL ELONGATION'

P e r  C e n t  S e t  v s . I n i t i a l  E lo n g a t io n  
F r a c t i o n a l  S e t  v s . I n i t i a l  E lo n g a t io n

4
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the values of 2 minutes’ freezing and 1 minute’s retraction 
have been adopted.

Degree of initial stretch is more important. The data of 
Table II, if plotted, indicate that at an original stretch of 100 
per cent there is practically no set. At 200 per cent, however, 
a very definite amount of freezing can take place. There
after, as the initial stretch is increased, the per cent set in
creases progressively. If this is expressed as a fraction of the 
initial stretch, it appears that beyond about 300 per cent the 
fractional set is not increased by further stretch and might 
even pass through a maximum.

T a b i.e  I I . C o n d itio n s  op T est“
Original Tim e of /----- Set after Various R etraction  Tim es------.
Stretch Freezing 0 .5  min. 1 min. 0 .5  min. 2 min.

% M in. % % % %
300 0 .5 136 133 133 133

1 136 133 133 133
1.5 140 137 137 136

2 140 139 138 136
3 142 140 139 138
5 145 144 142 142

4ÓÓ 2 188 188 186 186
500 2 203 201 198 198
100 2 8 8 8 8
200 2 66 64 64 63

a W ork done on sheets of compound A cured 70 minutes a t  126.6° C. 
T est s trip  was 4 X 2  mm. Each figure is an average of three tests. Pro
cedure: S tretch  a t room tem perature , freeze a t 0° C., release, and measure. 
Set expressed as %  of in itia l length.

This work was repeated at three cures (Table III, Figures 
1 and 2). There are evidently experimental difficulties in 
picking the maximum (if any), but it appears that at the best 
cure and the undercure the fractional set increases up to an 
initial stretch of 250 to 300 per cent, while at the overcure 
it increases up to about 400 per cent. At the undercure, 
moreover, something else happens beyond 450 per cent, 
which brings about an even higher set. None of the possible 
explanations for this has been investigated.

T a b le  III. E f f e c t  o f  D e g r e e  o f  S t r e t c h “
Elongation,

% 35-M inute Cure 70-M inute Cure 140-M inute Cure
A. Per C ent Set Based on Initial Unstretched Length

100 15 6 6
200 122 66 16
250 183 125 22
300 226 147 35
350 257 170 48
400 297 195 63
450 305 203 75
500 400 225 73

B. Retained Fractional Set
100 0.15 0 .06 0 .06
200 0.61 0.33 0 .08
250 0.73 0.50 0.09
300 0.75 0.49 0.12
350 0.74 0.49 0.12
400 0.74 0.49 0.16
450 0.68 0.45 0.17
500 0.80 0.45 0.15

1 Each figure is average of four tests. All work done a t  u L<. according to
>cedure of Table II , using 2 m inutes’ freezing and 1 m inute’s retraction .

All sam ples are compound A, cured a t  126.6° C. as indicated. R etained frac
tional se t is set, as in A, divided by elongation.

As a characteristic measure of state of cure, the fractional 
set could be considered to be practically independent of 
elongation between the limits 250 and 400 per cent. However, 
for everyday use in compounding problems or as a control, 
it is more convenient merely to standardize on 300 per cent 
elongation for tread type stocks (550 per cent for most other 
stocks), and express the result as per cent set, meaning per 
cent of original length.

The effect of freezing temperature was illustrated by curing 
a set of sheets of tread stock at ten logarithmically spaced 
time intervals, and testing at three bath temperatures: 9°, 
0°, and - 9 °  C.

It will be noted (Table IV, Figure 3) that at each tempera
ture the set is high at the undercure and low at the overcure, 
and that the point in cure at which the most rapid transition 
from high to low set occurs is a function of the freezing tem-

F ig u r e  3. S et  at  V a r io u s  T e m p e r a t u r es  t's. T im e  of  
C u r e

perature. The lower the freezing temperature the higher the 
set for a given time of cure, and the higher the state of cure 
at which the rapid transition from high to low set takes place. 
It is possible to read from the curves a property which is 
analogous to T-50. The 9° C. curve crosses the 150 per cent 
set coordinate (0.5 fractional set) at a cure of 42 minutes. To 
put this in the language of T-50, we may say that the 42- 
minute cure has a 0.5 fractional set temperature of 9° C.—  
i. e., it retracts to one half of its initial stretch at 9 0 C. Regard
ing the other curves in similar fashion and interpolating a 
combined sulfur curve, we get the following:

Tim e of Cure 
M in.
42
65
98

T em perature for 0 .5  
F ractional Set 

°C.
Coefficient of 
Vulcanization

%
1.04
1.66
2.32

There is a straight-line relationship between these tempera
ture and combined sulfur data with a slope indicating that 
1 per cent combined sulfur is equivalent to 14° C. in bath 
temperature, which compares well with the published value 
of 13° C. in T-50. This agreement strengthens the belief that 
set measurements at constant temperature are governed by 
the same fundamental properties as T-50, and that from the 
standpoint of useful results, at least, nothing has been lost 
by omitting the chilling at —70° C.

V ariations in  th e  Form ula
Previously published work has shown definitely that T-50 

is more closely connected with combined sulfur than with any 
physical property (6 , 10, 16). This is found true also with 
the 0° set test, although there is evidence that the correlation 
is not perfect.

T a b le  IV. E f f e c t  o f  B a t h  T e m p e r a tu r e “
Cure a t Set a t Set a t Set a t 500%

126.6° C. + 9 °  C. 0° C. - 9 °  C. M odulus
M in. % % % K g ./tq . cm.

30 208 242 253 119
35 192 224 248 148
42 152 214 238 178
50 100 192 225 199
59 55 170 217 212
70 30 136 197 227
85 19 87 172 248

100 17 58 148 250
118 17 39 127 260
140 19 28 99 269

° E ach set figure is average of three  tests, each m odulus average of two. 
W ork done a t three  b a th  tem peratures as indicated  according to  procedure 
of Table II , using 2 m inutes freezing and 1 m inu te’s re trac tion . In itia l 
elongation 300% . Com pound A.
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F ig u re  4.

SO 70
TIUE o r  OISE AT l a 6 .6 ° c .

F ast- a nd  S low-C u r in g  Ca r bo n  B lack

1 .0 0  1 .2 0  1 .1 0  1 .6 0  1 .6 0  2 .0 0  
COEFFICIEOT O f TOICANIZATION

F ig u r e  5. A g r e em e n t  of  S e t  a n d  C om b in e d  S u l f u r , 
C a r bo n  B lack

T a b le  V. S e t  a n d  C om bined  S u l f u r  a s  A f f e c t e d  b y  
B la c k “

Cure a t Coefficient of
126.6° C. Vulcanization 0° Set 500%  M odulus

M in. %
Black A

35 0 .86 225 117
50 1.38 186 172
70 1.75 141 201

Black B
35 1.09 206 128
50 1.59 149 182
70 2.05 86 203

° Compound A with two channel blacks, norm al (A) and fast-curing (B)- 
Coefficient of vulcanization is %  of combined sulfur based on rubber content 200

The effect of variability of carbon black on the rate of cure 
of a Captax stock is often underestimated, because the changes 
in modulus and tensile that it produces, particularly in the 
range of the optimum cure, are rather slight. However, the 
0° set test penetrates beyond these physical effects, and re
veals the true effects on combined sulfur. In Table V is a 
comparison of a fast- and a slow-curing channel black having 
widely different set and combined sulfur values at equal times 
of cure, but very slight differences in modulus (Figure 4). 
However, when cured to equal set values, they have nearly 
equal combined sulfur (Figure 5).

Fast- and slow-curing zinc oxides (S) also have a compara
tively slight effect on modulus, but the effect on 0° set is so 
marked that sharp divisions in state of cure are easily made 
(Table VI, Figure 6). Again the agreement of set with com
bined sulfur is close, but not exact (Figure 7). The same is 
true of fast- and slow-curing rubber (Table VII, Figure 8), 
and it is interesting that the slow-curing rubber has other 
effects on modulus, so that when cured such times that it has 
the same combined sulfur as the fast-curing rubber, its modu
lus is lower (2)—for example, at the 140-minute cure the slow 
rubber has a combined sulfur of 1.38. This combined sulfur 
is reached by the fast rubber in a little less than 100 minutes. 
The modulus figures are, respectively, 108 and 125. Again 
combined sulfur and cold set are closely related (Figure 9).

The data of Tables VIII to X  and Figures 10 to 12 are in
cluded as further evidence that 0° set is unrelated to modulus. 
Unfortunately, combined sulfur data are not available. It 
is possible to vary the total sulfur in a tread stock over the 
range from 1 to 3 of sulfur and still practically duplicate the 
modulus. It is known by experience that with high ac-

TIKE OF CURE AT

F ig u r e  6 . F a s t  an d  S lo w  Z in c  O x id e s

T a b le  VI. C om p a riso n  o f  Z in c  O x id e s “

o° C. Set

“ Two zinc oxides compared in com pound C. 0° C. se t determ ined ac- 
cording to  procedure of Table I I I  using in itia l elongation of 550% .

Cure a t Coefficient of
126.6° C. 700%  M odulus Vulcanization

M in.
Slow-Curing Zinc Oxide

30 98
40 129
50 145 0 .84
60 160 0.95
70 168 1.07
80 175 1.18

100 182 1.48
120 184 1.62

F ast-C uring  Zinc Oxide
30 117
40 140
50 152 0 .99
60 165 1.11
70 175 1.24
80 184 1.36

100 189 1.62
120 195 1.83
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•90 1 .0 0  1 .1 0  l .J O
COEFFICIENT OF VULCANIZATION

F ig u r e  7. A greem en t  of S et  a nd  C om bined  
S u l f u r , Zinc  Ox id e s

T a b l e  V I I .  C o m p a r i s o n  o f  F a s t -  a n d  S lo w - C u r in c .
R u b b e r “

Cure a t Coefficient of
126.6° C. 500%  M odulus Vulcanization 0° C. Set

M  in K g./sq. cm.
Slow-Curing Pale Crepe

50 62 0.71 431
70 80 0.79 419
80 88 405
90 92 390

100 95 l!07 378
120 101 1.19 365
140 104 1.46 330
200 108 250

Fast-C uring Pale Crepe
50 108 1.02 370
70 118 1.21 338
80 123 315
90 124 290

100 126 l!4 8 270
120 128 1.70 195
140 130 1.79 150
200 128 60

a Two types of rubber compared in compound B. 0® C. set determ ined 
according to  procedure of Table I I I  using in itial elongation of 550%.

T a b le  VIII. A m ou nt o f  S u lfu r "
P a rts  of sulfur 0 1.0 1.5 3 .0
P a rts  of Tuads 3 .0 0.25 0 .1
P a rts  of C aptax 1.5 1.5 l!0

C ure a t
126.6° C.

M in.

35 182 143 148 145
50 195 194 197 198
70 197 223 225 218

100 203 243 243 246
140 215 258 259 255
200 213

0° C Set
35 192 250 225 212
50 187 212 175 125
70 204 150 75 50

100 191 62 43 37
140 188 44 36 40
200 184

a Stocks are compound A with sulfur and accelerator varied as indicated.

F ig u r e  S. F a st  a nd  S low R u b b e r

COEFFICIENT OF VULCANIZATION

F ig u r e  9. A g r e em e n t  of S et  a n d  C om
b in e d  S u l f u r , R u b b e r

T a b le  IX. A m o u n t o f  F a t t t  A c id “

C ure a t
126.6° C.

M in.

35 80
50 128
70 162

100 183
140 187

35 214
50 196
70 148

100 77
140 28

-P a r ts  of Stearic A cid- 
2 3

-M odulus 500% -
111
170
206
231
243

123
183
222
251
268

134
192
233
262
282

-0 °  C. S e t-
212
177
101
28
19

211
170

80
25
19

210
161
67
25
19

a Stocks are com pound A with stearic acid varied as indicated.

celeration and low sulfur, we produce a given physical effect 
with less combined sulfur. Zero degree set (Figure 10) varies 
in the same order as this prediction of combined sulfur. It is 
affected greatly by the change in formula, while the physical 
effect is negligible.

As opposed to this, the amount of fatty acid has a very 
great effect on the physical properties of a tread stock, but 
its effect on combined sulfur is small. Figure 11 shows some

change in 0° set as acid is varied, but a much greater change 
in modulus, and in fact a development of modulus in the high- 
acid stock that cannot be attained in the low-acid stock. In 
other words, this represents a large physical effect, accom
panied by a relatively smaller effect on set.

The amount of zinc oxide used for activation in a tread 
stock has a marked effect on physical properties, the higher 
zinc oxide developing higher modulus. As opposed to this,



8 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 12, NO. 1

there is a small difference in 0° set in the opposite sense (Figure 
12)—that is, high zinc oxide produces a high physical state but 
set values indicating a low state.

All these compounds, with the exception of the nonsulfur 
stock (Table VIII), may be considered as normal, present-day 
compounds. With all the normal stocks, set is high at the 
undercure and low at the overcure. The transition from high 
to low is gradual at first, then rapid, and finally gradual again. 
The point of rapid transition is merely the point in cure at

TIKB OT CORE AX U6.e<>C.

F ig u r e  10. V a r io u s  A m o u n ts  o f  S u l f u r  
F ig u r e  1 1 . V a r io u s  A m o u n ts  o f  S t e a r i c  A c id  
F ig u r e  1 2 . V a r io u s  A m o u n ts  o f  Z in c  O x id e

which the 0° set test becomes most sensitive. If a different 
bath temperature were used, it would be most sensitive at 
some other cure (Figure 3). Fortuitously enough, with 0° 
bath temperature the rapid transition takes place near what 
is considered the optimum cure, and for that reason it becomes 
a useful tool in development work, provided due consideration 
is given to the formula variables that are being investigated. 
To be more specific, an estimation of time of cure to reach 
this point of rapid transition or to reach any chosen value of 
set falling within this range immediately gives us the time 
of cure required to reach a standard state of cure—call it 
optimum or anything else. The nonsulfur stock does not 
exhibit this behavior, but it is the writer’s opinion that the 
reason is merely that 0° bath temperature is too low and that 
at a higher temperature such behavior would be found.

T a b l e  X . Am o u n t  of Zin c  O x id e “
■Parts of Zinc Oxide-

Cure a t 
126.6° C. 

M in.

1.0 1.5 2 .0  3 .0 4 .0 5 .6

35 151 140 146 134 133 132
50 177 186 191 196 188 190
70 196 212 227 232 230 223

100 206 229 252 263 263 257
140 194 232 269 280 283 274

35 197 213 214 216 219 220
50 147 168 173 167 180 179
70 59 69 85 83 98 114

100 22 25 27 31 41 40
140 17 19 19 23 25 25

° Stocks are com pound A w ith zinc oxide varied as indicated.

Use as a C ontrol
In control problems we are interested more in the sensitivity 

of a test to variations in the raw material than in the numeri
cal significance of the results. Carbon black, particularly 
when the oxygen content of its surface varies, has a con
siderable effect on rate of cure. One means of estimating this 
effect is the volatile loss of 950° C. This is a purely arbitrary 
test, but we know that when the volatile loss is high the oxygen 
content is high and the rate of cure will be low.

It has been shown above that there is no necessary connec
tion between the numerical values of set and modulus. This 
is because modulus is affected by so many other things besides 
combined sulfur. In the case of carbon black it is affected 
considerably by the reinforcing action of the black in the 
range of the optimum cure and beyond. As a result, changes 
due to the retarding effects of different types of black are 
masked and a certain numerical value of modulus does not 
indicate any definite state of cure. However, at a distinct 
undercure the reverse is true, and in compound A the modulus 
at the 35-minute cure is sensitive to variation in rate of cure 
in carbon black. It can be used as a practical indication of 
rate of cure even though the compound is to be used at much 
higher states of cure.

Zero degree set as a control test should be used at the cure 
at which it is most sensitive and for compound A this is in the 
neighborhood of 70 minutes. In Table X I is shown a series 
of channel blacks having varying effects on rate of cure as 
well as a variation in other properties. Inspection of the 
table reveals good agreement between these three measures of 
rate of cure. Zero degree set at 70 minutes and modulus at 
35 minutes are well in line, low set and high modulus going 
together in indicating a high rate of cure. There is likewise 
a parallelism between set and net volatile, low set and low 
volatile going together. As a matter of interest correlation 
coefficients (Pearson’s) for these two comparisons are: for 
set of modulus —0.90 ±0.03 and for set and volatile 0.87 
±0.04. Both figures indicate a high degree of correlation.
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T a b l e  XI. C o m p a r i s o n  o f  C a r b o n  B l a c k s “
500%  M odulus, 0° C. Set 
35-min. 70-min. 70-min. N et 

B lack T rea tm en t cure cure cure Volatile pH  Rebound
° C.

Series I
c None 94 180 159 8.1 67 .8
D None 107 190 153 7 .3 64.4
E N one 111 186 142 5 .3 59 .2
F N one 110 186 133 6 .7 66 .0
G N one 128 204 125 5 .6 64 .8
H None 122 200 123 5 .8 68 .6
I None 114 189 120 5 .5 59.1

Series I I
J None 117 201 141 6.1 64 .9
K None 128 203 86 4 .9 63 .2

Series III*»
L None 129 200 94 5 .3 4 .5 63 .9

350 121 201 122 6 .2 3 .8
500 105 187 153 6 .2 3 .8
700 135 210 122 5 .8 4 .2
900 178 225 69 4.1 4 .9

1000 175 230 66 3 .5 6 .4
° Channel blacks compared in compound A. Stocks cured a t 126.6° C. 

N et volatile  determ ined by m ethod of Johnson (11). pH  by m ethod of 
W iegand (17). Rebound is average of tw o tests each a t  85 and 140 m inu tes’ 
cure, determ ined on pendulum  (4).

& T rea tm en t consisted in heating with free access to  a ir for 30 m inutes a t 
tem pera tu re  indicated.

Discussion
It must be admitted that the 0° set test will not cover the 

almost unlimited range of cure that the T-50 test will. How
ever, it is applicable over a good part of the curing range of 
most present-day tire compounds and for that reason it is 
not at a practical disadvantage. It has the definite advantage 
of simplicity in equipment, cooling medium, and manipula

tion, and as a control test could be operated by a person un
accustomed to chemical laboratory equipment. In gaining 
this simplicity no precision has been lost.
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Identification o f Commonly Used W axes in  
Admixture

SA M U E L  Z W E IG  AND A B R A H A M  T A U B , C o lu m b ia  U n iv e rs i ty ,  N ew  Y o rk  N . Y .

IN  THE analysis of commercial wax-containing products 
such as cosmetic preparations, polishes, etc., the identifica

tion of the wax components has proved decidedly difficult and 
complex. In recent years, with the growth of the wax polish 
industry and the increased world consumption of waxes for 
other uses, there has arisen a need for a definite procedure for 
the analysis of wax mixtures. In view of the comprehensive
ness of such a problem, this research was confined to the 
identification of the more commonly used waxes such as 
spermaceti, beeswax, carnauba, candelilla, and montan. 
Cognizance was taken of certain allied substances such as 
cetyl alcohol, rosin (colophony), and stearic acid which 
might interfere in the analysis.

Our knowledge of the composition of the natural waxes 
has been made available largely through the compilations of 
Lewkowitsch (14), Allen (1), Griin and Halden (11), Liidecke 
(18), and Better and Davidsohn (8). More recently the 
experiments of Chibnall et al. (4, 5, 6), Francis et al. (7, 8), 
and Piper et al. (20, 21) with melting point determinations 
and x-ray crystal spacing measurements of isolated wax 
fractions have greatly advanced our knowledge of the true 
composition of many natural waxes. Their work has been 
summarized by Gisvold and Rogers (9).

A comparison of the chemical compositions of the com
monly used natural waxes shows that, in general, they consist 
of similar components; in fact, beeswax, carnauba, candelilla, 
and montan contain compounds with identical composition—

i. e., acids, alcohols, and hydrocarbons with 24 to 34 carbon 
atoms. The complexity of the problem is further increased 
by the similarity in properties and relative inertness of the 
saturated homologous compounds with high carbon content, 
such as those found in waxes. Separation of the adjacent 
homologous compounds in the vicinity of Cm to C3( has been 
found (6, 8, 21) difficult or often impossible. Therefore, any 
method based on fractionation of these compounds would be 
impractical for analytical purposes. There are, however, a 
number of outstanding differences in the composite nature of 
these waxes as a whole which may be used as a basis for an 
analytical procedure. These are: variation in proportion of 
acids, alcohols, and hydrocarbons; difference in chain length 
of the two components of the ester; and the presence of 
additional distinctive components such as resinlike substances 
and ketones.

The method outlined here utilizes these differences. 
Through the following procedures a practical system of 
identification has been evolved, which is based on (1) the 
determination of pertinent physical and chemical constants, 
and (2) the quantitative separation of waxes into groups of 
homologous compounds and the determination of the proper
ties of the separated fractions.

Physical an d  C hem ical C onstan ts
Of the various constants frequently used for the evaluation 

of individual waxes, the most indicative for the purpose of
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analysis of wax mixtures are the melting point, saponification 
value, acid value, and acetyl value. The information gained 
as a result of these determinations is described below and 
summarized in the schematic outline. A physical constant of 
particular significance, which at present has not been applied 
to any great extent to waxes, is the dissolution temperature, 
or more precisely the temperature of precipitation of wax 
solutions of definite concentration. This constant was found 
valuable in the detection of carnauba wax and the hydro
carbon wax ozokerite.

P r e c i p i t a t i o n  T e m p e r a t u r e s .  As used in this paper, 
this is the temperature at which a wax solution of definite 
concentration just begins to crystallize as the temperature is

gradually decreased. Preliminary experiments with solu
tions of equal concentrations of various waxes show marked 
differences in the precipitation temperatures. Solutions of 
carnauba wax and ozokerite precipitated at much higher 
temperatures than corresponding solutions of other waxes. 
Furthermore, it was found that the presence of other waxes 
admixed with carnauba and ozokerite did not appreciably 
affect the precipitation temperature. This is in agreement 
with the results found by Armani and Rodano (2) on mixtures 
of paraffin and ozokerite, and by Waentig and Peschek (22) 
on mixtures of fatty acids in certain solvents.

P r o c e d u r e . The finely grated wax is weighed and added to 
10 cc. of solvent contained in a jacketed test tube (the inner tube

WAX MIXTURE
AT LEA ST  30  GRAMS

CONSTANTS
I

SAPONIFICATION VALUE I
BELOW 50  

PARAFFIN 
OZOKERITE 
CETYL ALCOHOL

 !----------
ACID VALUE I
ABOVE 20 

STEARIC ACID (>10%) 
ROSIN (C0L0PH0NY)(>I3%) 
MONTAN @

MEUTINQ P01NX-
ABOVE 75  *C .®  

CARNAUBA (>10%) 
HIGH MELTING POINT 

OZOKERITE AND 
MONTAN

BELOw"165* C.® 
CARNAUBA 

ABSENT (OR 
PRESENT <10%)

I------
A80VE 21 

CARNAUBA (>38%) 
CETYL ALCOHOL (>ll%)

ACETYL VALUE

BELOW 10 
CARNAUBA 
ABSENT(OR 
PRESENT <15%)

PRECIPITATION TEMPERATURES

0.50 GRAM IN IQc.c. OF -n-HEPTANE

iRAM IN IQc.c.OF n -B U T Y L  ALCOHOL
I I 1

ABOVE 53 °C. ABOVE 75 *C.
*  CARNAUBA (> 7 "I0 % )
*  OZOKERITE (>5% )

BELOW 50*C. 
• OZOKERITE *  CARNAUBA 
M .R76#C.(>20%) *  OZOKERITE

ARE ABSENT (OR 
PRESENT < 5 % )

ABOVE 47  *C . ®  
* CARNAUBA 

M.P. 83*C .(> I0% )

I ETH ANO L-SO LU BLE  FRACTION
IF MORE THAN 6 %

EXTRACT WITH 9 5 %  ETHANOL AT 25  °C
fETHANO L-INSO LUBLE FRACTION! 

SAPONIFY WITH I N ALCOHOLIC KOH AND BENZENE

STEARIC ACID (>10%); ACID VALUE > 25
ROSIN 0 15 % ); ACID VALUE >25
CANDELLILA 010% ); ACID VALUE <25
CETYL ALCOHOL 0 5 % ) ; ACETYL VALUE >  10

®

NEUTRALIZE WITH KOH AND EXTRACT WITH ETHER

AQUEOUS SOLUTION 
STEARIC ACID AND ROSIN SOAPS

T  
ACIDIFY 

DISSOLVE ACIDS IN ALCOHOL 
TREAT WITH HCI GAS

(ETHYL STEARATE AND ROSIN ACIDSl 

NEUTRALIZE WITH KOH 
EXTRACT WITH ETHER 

_ L

ETHER SOLUTION 
CETYL ALCOHOL AND 

NONACID FRACTION 
OF CANDELILLA RESIN

ETHER LAYER 
ETHYL STEARATE

AQUEOUS LAYER 
ROSIN SOAP

HYDROLYZE 

*  STEARIC ACID

ACIDIFY AND EXTRACT 
WITH ETHER TO OBTAIN 

ROSIN ACIDS *

IWAX SÖÄPSl 

+  HCI 

IWAX ACIDSl 

+  9 5 %  ETHANOL AT 2 5 *
J ____

fÜÑSAPONIFIABLE M ATTER^ 

+ AMYL ALCOHO L-HCI MIXTURE 
AT I25*C.

KETONES
PRESENT

DETERMINE %  EACH FROM 
ACETYL VALUE 

(CETYL ALCOHOL *  197.5) 
(CANOELILLA R ES IN -<5 )

ISOLUBLE ^FRACTIONl 

IF MORE THAN 7 %

*  BEESWAX 0 2 2 % )
*  SPERMACETI (>15% )

INSOLUBLE 
UPPER OILY LAYER 

HYDROCARBONS

SOLUBLE 
LOWER LAYER 
WAX ALCOHOLS

♦CONCENTRATED HgSO,*

1INS0LUBLE FRACTION 1

IF MORE THAN 2 3 %  
CARNAUBA (>66% )

NONCARBONIZED
HYDROCARBONS

*  PARAFFIN ^
*  OZOKERITE

T
COOL TO 25*C. 
AND FILTER

SOLUBLE INSOLUBLE
FRACTION FRACTION

IF MORE 
THAN 8 %  

★  SPERMACETI 
0 1 6 % )

r
IF MORE 

THAN 3 5 %  
CARNAUBA 

0 6 6 % )

S c h e m a t ic  O u t l i n e  f o r  I d e n t i f ic a t i o n . (All per cent figures are based on weight of original sample of wax mixture.)
A .  V ariations in  com position of m on tan  m ake definite s ta tem e n t concerning q u an tity  impossible.
B . Based on d a ta  from  K och et al. (18) and  Lewkowitsch (16).
C. Candelilla form s a  cloudy so lution in  n-hep tane and  therefore interferes w ith  determ ination  of p recip ita tion  tem peratu res in th is solvent.
D. R osin and candelilla resin  form  cloudy solutions in n-heptane.
E. Absence of a hydrocarbon fraction  (solid a t  25° C.) indicates th e  absence of not only paraffin and ozokerite b u t also of candelilla (> 5  per cent), bees

wax (> 1 0  per cent), and  m ontan.
F. 20 to  30 per cent of raw  ozokerite is a ttack ed  by concentrated  sulfuric acid.
G. H ydrocarbons from candelilla, beeswax, and  m on tan  are carbonized.
H . Since alcohols of o ther waxes are also found in th is fraction  and are closely re la ted  to  carnauba  wax alcohols, this fraction  is of value only when a

high percentage of carnauba is present (over 60 per cent).
T he  per cent figure in parentheses indicates th e  q u an tity  th a t  will alw ays be detected  by  the  de term ination ; when preceded by  " > ” i t  indicates 

th a t  th e  presence of th e  q u a n tity  s ta ted , or more, will be detected . A sm aller q u a n tity  m ay or m ay  no t be detected , depending upon a  knowledge of the 
presence or absence of certa in  o ther waxes. F o r exam ple, m ore th an  8 per cent of wax alcohols soluble in  am yl alcohol-hydrochloric acid a t 25° C. indi
cates sperm aceti (16 per cent). W hen the  sperm aceti p resen t in  the  wax m ixture exceeds 16 per cent, th e  frac tion  soluble in  cold am yl alcoho l-hydro
chloric acid m ixture will always be m ore th a n  8 per cent, and  sperm aceti will always be detected  by  th is de te rm ina tion . However, if th e  sperm aceti in  
th e  wax m ixture is less th a n  16 per cent, wax alcohols soluble in  am yl alcohol-hydrochloric acid m ay  or m ay  no t exceed 8 per cent, depending upon the  
na tu re  and  q u a n tity  of o ther waxes present in  the  m ixture.

Table  I  indicates th a t  th e  per cent of th e  fraction  soluble in am yl alcohol-hydrochlorio  acid for a ll th e  waxes determ ined is: sperm aceti, 48 per cent; 
candelilla, 8 per cen t; beeswax, 5 per cent; carnauba, 3 per cent. As candelilla contains as m uch as 8 per cent of substances soluble in  am yl alcohol- 
hydrochloric acid, sperm aceti cannot be determ ined w ith  certa in ty  unless th is  frac tion  is over 8 per cent of the  to ta l wax m ixture  (16 per cent of sperm a
ceti). However, if th e  approxim ate  q u a n tity  of candelilla a n d /o r  beeswax is first ascertained, less th a n  16 per cent of sperm aceti can be detected. 

W here th e  nam e of a substance is starred , th a t  pa rticu la r de term ination  is of g rea test analy tica l significance for th e  identification  of th e  substance.
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PRECIPITATION TEMPERATURE, *C.

F ig u r e  1. P r e c i p it a t io n  T e m p e r a t u r e s

1 Beeswax, m. p. 60-62° C.
2 M ontan , bleached, m. p. 68° C.
3 C andelilla, m. p. 70.5° C.
4 C arnauba  refined, m. p. 81.5° C.
5 C arnauba  No. 1 yellow, m. p. 83° C.
6 Ozokerite, m. p. 65-67° C.
7 Ozokerite, m. p. 76-78° C.

is 1.5 X 13.75 cm.; the outer, 2.5 X 15 cm.), and then placed in a 
thermostatically controlled bath which has been previously heated 
to a temperature at which the wax will dissolve. The temperature 
of the bath is then allowed to decrease gradually, not more than 
1 ° per minute. The temperature is recorded at the point at which 
crystals just begin to form. In most instances this point is fairly 
sharp. In others, however, because of the gradual precipitation 
the exact temperature is uncertain. The limit of observational 
error is =*= 1 ° C.

R e s u l t s .  The precipitation temperatures in n-heptane 
and n-butyl alcohol are plotted in Figure 1. It is evident 
that the precipitation temperatures of carnauba and ozokerite 
are much higher than those of other waxes. It may, there
fore, be said that if, for example, 0.125 gram of a wax in 10 cc. 
of n-butyl alcohol has a precipitation temperature above 
50° C., it probably contains ozokerite or carnauba. When the 
precipitation temperature of 0.100 gram of wax in 10 cc. of n- 
butyl alcohol is above 64° C., a quantity of high-melting ozo
kerite is present in the wax mixture. In such a case the 
presence of carnauba admixed with ozokerite cannot be de
tected. However, if the wax mixture is then dissolved in n- 
heptane, the order of solubility of the two waxes is reversed 
and carnauba precipitates at a higher temperature than ozo
kerite. A determination of the precipitation temperatures of 
definite concentrations of wax in both n-butyl alcohol and n- 
heptane, therefore, will permit the detection of both ozokerite 
and carnauba. Their presence is further verified by a 
quantitative separation of the wax components and by the 
other constants determined.

Beeswax was omitted from the n-heptane determinations 
because it remains dissolved in concentrations specified even 
at room temperature. Candelilla and rosin (colophony) 
form cloudy solutions in boiling n-hcptane; their presence 
would, therefore, interfere with the determination of the pre
cipitation temperatures in this solvent. However, the pre
cipitation temperatures in n-butyl alcohol are not influenced 
by their presence.

Separation  and  Com parison of Properties of Wax 
Com ponents

The methods described below have the advantage of reason
able simplicity and avoid the formation of troublesome 
emulsions. The properties of the isolated fractions are 
limited to those of specific value in the identification of the 
waxes.

A l c o h o l - S o l u b l e  F r a c t i o n .  Alcohol extraction is an 
established method for the determination of stearic acid and 
rosin in beeswax. In order to extend this procedure to the 
estimation of these substances in other waxes, it is necessary 
to have a knowledge of the quantity as well as the properties 
of the alcohol-soluble fractions of all the waxes.

Procedure. Fifty grams of wax are melted in a 400-cc. beaker 
and extracted by treating with four 150-cc. volumes of boiling 95 
per cent alcohol. The alcohol solution is decanted while hot, 
and allowed to cool to 25° C. The precipitate is then collected on 
a Büchner funnel, washed twice with 50 cc. of cold alcohol, and 
combined with the residue that remains from the original hot 
extraction. The filtrate is evaporated and the residue weighed.

The alcohol-soluble extract of candelilla consists of a clear 
resinous material with characteristic aromatic odor. It is 
completely soluble in cold acetone, alcohol, benzene, ether, 
terpineol, and ethylene chlorohydrin, and partially soluble in 
hot acetic anhydride and in boiling n-heptane and cyclo- 
hexane. In 30 parts of n-heptane 15 per cent of the resin
like material remains undissolved. A reddish purple color 
which changes to dark purple on standing is obtained in the 
Liebermann-Storch test.

The alcohol-soluble material from carnauba consists of a 
greenish, gummy, and resinlike material with a pungent, 
aromatic odor. It shows approximately the same solubilities 
as the candelilla resin, and in 30 parts of cold n-heptane 16.5 
per cent remains undissolved. The result of the Liebermann- 
Storch color reaction is similar to that for candelilla resin.

The alcoholic extracts from beeswax, spermaceti, and 
bleached montan have a soft waxlike consistency, and are 
completely soluble in n-heptane and cyclohexane (the corre
sponding candelilla and carnauba fractions produce cloudy 
solutions when dissolved in these solvents).

A l c o h o l - I n s o l u b l e  F r a c t io n . Ten grams of the fraction in
soluble in 95 per cent alcohol at 25° C. are saponified by boiling 
for 2 hours with a mixture of 50 cc. of benzene and 25 cc. of alco
holic potassium hydroxide (45 grams of potassium hydroxide in 
1000 cc. of absolute alcohol). Fifty cubic centimeters of hot 
water are added and the aqueous layer is drawn off and w'ashed 
with three successive volumes of 50, 30, and 30 cc. of benzene. 
The combined benzene solution is washed with an alkaline aque- 
ous-alcohol mixture (2 to 1). The benzene is evaporated and the 
unsaponifiable matter dried at 110° C. To the soap solution, 15 
cc. of concentrated hydrochloric acid are added and the separated 
acids are shaken out with hot benzene. The benzene layer, sepa
rated from the acid aqueous layer, is washed twice with equal
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volumes of water, and evaporated. The acids are then dried at
110° c.

B y this method the alcohol-insoluble fraction is divided 
into: (1) substances soluble in aqueous alkali after saponifi
cation (chiefly wax acids); and (2) substances insoluble in 
aqueous alkali, but soluble in benzene (chiefly alcohols and 
hydrocarbons, known collectively as the “unsaponifiable mat
ter”).

Acids. The acids are dissolved in twenty parts of hot 95 
per cent alcohol, and the solution is allowed to cool to 25° C. 
and filtered. Two fractions result: (1) acids soluble in cold 
alcohol and (2) acids insoluble in cold alcohol.

Unsaponifiable Matter. For the separation of the alcohols 
and hydrocarbons in this fraction, a modification of Leys’ (17) 
method was used. This method is based upon the insolu
bility of hydrocarbons in a boiling mixture of equal parts of 
fuming hydrochloric acid and amyl alcohol; the alcohols are 
soluble in this mixture at the boiling point. A further sepa
ration of the alcohols is based upon the insolubility in this 
solvent mixture at room temperature of the alcohols with 
more than 22 carbon atoms.

The unsaponifiable matter (from 10 grams of wax) is dissolved 
in 100 ce. of hot amyl alcohol and 100 cc. of concentrated hydro
chloric acid (36 per cent) are added. The mixture is stirred and 
boiled over an asbestos plate for about 5 minutes. The presence 
of hydrocarbons is evidenced by an oily layer on the surface of the 
liquid. Upon cooling, a disk of solidified hydrocarbons can be 
lifted from the lower amyl alcohol-hydrochloric acid layer. The 
residual liquid is filtered through a Büchner funnel and the pre
cipitate washed twice with 25 cc. of amyl alcohol-hydrochloric 
acid mixture. The filter paper with the precipitate is placed in a 
large evaporating dish and boiling water is added. The oily 
layer of wax alcohols rises to the top and solidifies on cooling. 
The filtrate containing the soluble alcohols is washed in a separa
tory funnel wTith hot water until free from hydrochloric acid. 
The amyl alcohol is then evaporated or vacuum-distilled, and the 
alcohols are dried and weighed.

This divides the unsaponifiable matter into three fractions: 
(1) substances insoluble in hot amyl alcohol-hydrochloric 
acid mixture (chiefly hydrocarbons); (2) substances soluble 
in hot amyl alcohol-hydrochloric acid mixture but insoluble 
in cold amyl alcohol-hydrochloric acid mixture (mainly 
alcohols of high molecular weight, such as ceryl or myricyl); 
(3) substances soluble in cold amyl alcohol-hydrochloric acid 
mixture (mainly wax alcohols of low molecular weight, such as 
cetyl alcohol).

The properties of the various fractions separated from 
each wax by the procedure outlined are listed in Table I.

Discussion
The results of the preceding determinations are interpreted 

below. Allied substances such as stearic acid, cetyl alcohol, 
and rosin are included, since they are often found admixed 
with waxes, and their presence may affect the interpretation 
of the results.

From a knowledge of the constants certain generalities may 
be inferred— for example, a low saponification value (below 
50) indicates the presence of paraffin or ozokerite; a very low 
acid value (below 3 or 4) excludes the presence of more than 
10 per cent of beeswax, montan, or candelilla, and indicates 
the absence of rosin or stearic acid. Similarly, a low acetyl 
value (below 10) excludes appreciable quantities of carnauba 
or free cetyl alcohol; a low melting point (below 65° C.) 
shows the absence of more than 10 per cent of carnauba (18, 
16).

The precipitation temperatures indicate the presence or 
absence of ozokerite and carnauba.

An examination of the alcohol-soluble fraction yields valu
able information concerning a wax mixture— for example, 
when the quantity of alcohol extract is below 5 per cent, the 
absence of candelilla, rosin, stearic acid, and cetyl alcohol
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may be definitely inferred. Candelilla contains 20 per cent 
of an alcohol-soluble resinous substance with a low acid value. 
Consequently, the presence of more than 5 per cent of an 
alcohol-soluble material with a high acid value (above 25) 
indicates the presence of acid substances such as stearic acid 
or rosin.

The separation of the constituents of the alcohol-insoluble 
fraction and the determination of their properties yield more 
specific information concerning the wax mixture. The wax 
acids are divisible into two groups on the basis of solubility. 
The acids soluble in cold alcohol are compounds of low mo
lecular weight, chiefly myristic, palmitic, and adjacent ho
mologous acids, with melting point below 51° C. Those 
insoluble are compounds of high molecular weight with carbon 
content from 24 to 34, and melting point above 75° C. The 
entire acid fraction of spermaceti and 75 per cent of the acids of 
beeswax are composed of the lower melting point compounds. 
Therefore, if the alcohol-soluble acid fraction is absent, or 
present in small quantities (less than 7.5 per cent of the entire 
wax), spermaceti and beeswax are either absent or present in 
small quantities. A further verification can be obtained by 
an examination of the wax alcohols.

The wax alcohols have similarly been divided into a fraction 
soluble in cold amyl alcohol-hydrochloric acid mixture and a 
fraction insoluble in this solvent. The entire unsaponifiable 
fraction from spermaceti is composed of alcohols soluble in 
cold amyl alcohol-hydrochloric acid, whereas all the other 
waxes, including beeswax, yield comparatively small per
centages of material soluble in this solvent at 25° C. There
fore, the presence or absence of spermaceti would be indicated 
by the determination of the quantity of material soluble in 
cold amyl alcohol-hydrochloric acid mixture. Since sperma
ceti is essentially the cetyl ester of myristic and lauric acids, 
the ratio of soluble acids to soluble alcohols is approximately 
1 to 1. A higher ratio, such as 1.5 or more of soluble acids to 
one part of soluble alcohols, would therefore indicate the 
presence of beeswax.

The hydrocarbon fraction offers a means for detecting the 
presence of ozokerite or paraffin. The wax hydrocarbons are 
carbonized when heated to 110° C. with concentrated sulfuric 
acid (3, 18), while the paraffin hydrocarbons are unattacked 
and can be extracted from the diluted acid mixture with a 
volatile solvent such as ether or petroleum ether. The 
quantitative determination of ozokerite and paraffin, when 
both are present, is difficult. Graefe’s method (10), often 
employed for this purpose, is based upon the fact that 50 to 
60 per cent of ceresin hydrocarbons are precipitated from their 
solution in carbon disulfide by the addition of a mixture of 
ether and alcohol (1 to 1), whereas paraffins remain in solu
tion. Other methods, based on differences in solubility, 
melting points, and refractive index, are described by Holde 
(12).

The following compilation of the important distinguishing 
characteristics of each wax is presented as a supplement to 
this discussion.

S p e r m a c e t i. The unsaponifiable matter, totaling 48  per cent, 
is found in the fraction soluble in cold amyl alcohol-hydrochloric 
acid. All the acids are soluble in cold ethyl alcohol. When 
added to other waxes, spermaceti causes a lowering of the acid 
value, melting point, and acetyl value. The ethanol-soluble 
fraction is small, and hydrocarbons are absent. _

B e e s w a x . Seventy-five per cent of the acids are soluble in 
cold alcohol. (If spermaceti is present, as indicated by the quan
tity of cold amyl alcohol-hydrochloric acid fraction, the amount 
of acids in excess of the combining ratio of alcohols and acids, 1 to 
1, which form the ester of spermaceti permits the calculation of 
the approximate quantity of beeswax.)

C a rn a tjb a . The precipitation temperatures in n-butyl alcohol 
and in «-heptane are much higher than those of other waxes 
(ozokerite excepted). Hydrocarbons are present in but very 
small amounts (about 1 per cent). The acetyl value is much

higher than that of any other wax studied. The melting point of 
a wax mixture is considerably increased by the addition of small 
quantities of carnauba (13, 16). The acids and alcohols are 
mostly of high molecular weight; consequently, both the cold 
alcohol-soluble acid fraction and the fraction soluble in cold amyl 
alcohol-hydrochloric acid are very small.

C a n d e l i l l a .  The alcohol-soluble fraction consists of a resin
ous material and constitutes approximately 20 per cent of the 
wax. This fraction has a low acid value, in contradistinction to 
rosin (colophony) which has an acid value of about 160. The 
resinous material may be separated from rosin and stearic acid 
by neutralizing the alcohol-soluble fraction with potassium hy
droxide, adding water, and extracting with ether or benzene.

The acid fraction of candelilla is dark brown in color and more 
than 75 per cent is insoluble in cold alcohol. The hydrocarbon 
fraction is relatively large. The hydrocarbons differ from paraf
fin or refined ozokerite hydrocarbons in being readily .carbonized 
by concentrated sulfuric acid.

M o n ta n . Considerable differences are found in the composi
tion of the three varieties of montan, but all invariably contain 
montanic acid (CmHsíOj), free or combined as an ester. The 
proportion of hydrocarbons is large, and ketones have been found 
in the raw and the distilled products. The presence of resinous 
substances and sulfur-containing compounds differentiates the 
raw montan from the distilled and bleached products.

Because of the absence of alcohols, the acetyl value of the un
saponifiable matter of distilled wax is for all practical purposes 
zero, whereas the raw and refined wax contain varying amounts 
of alcohols of high molecular weight, such as ceryl or myricyl. 
The presence of ketones in the unsaponifiable matter is an im
portant clue to the identification of montan. Ketones are esti
mated by reducing with sodium in alcohol to secondary alcohols 
and determining the difference in hydroxyl value before and 
after reduction (S). They may also be estimated by the method 
of Mangouri (19), which is based on the insolubility in boiling 
methyl alcohol of the barium salt of a liydrazone formed when 
the ketones are treated with p-hydrazinebenzoic acid.

P a r a f f in .  The hydrocarbons are not attacked by concen
trated sulfuric acid, whereas wax hydrocarbons are carbonized 
by this acid. The addition of paraffin to a wax mixture appre
ciably lowers the saponification value.

O z o k e r ite . The precipitation temperatures in n-butyl alcohol 
and n-heptane are much higher than those of all the other waxes 
(carnauba excluded). The hydrocarbons of the refined ozokerite 
are not attacked by concentrated sulfuric acid.

The precipitation temperatures of the unattacked hydrocarbons 
can be used to differentiate paraffin qualitatively from ozokerite. 
Graefe’s method (10) may be applied to determine whether both 
are present.

R o s in  (C o lo p h o n y ) . Rosin, which is found in the cold alco
hol-soluble fraction, has a very high acid value (about 160), and 
can be differentiated from stearic acid in that rosin acids are not 
converted into ethyl esters when treated in alcohol solution with 
hydrogen chloride gas (16). Addition of rosin to a wax mixture 
raises the acid value considerably (10 per cent of rosin increases 
the acid value by 16). Color reactions for rosin, such as the 
Liebermann-Storch reaction, are not very reliable since candelilla 
and montan produce similar colors.

S t e a r i c  A c id . This acid, like rosin, is found in the alcohol- 
soluble fraction, and is differentiated from rosin as indicated 
above. The acid value of a wax mixture is increased by 20 when 
10 per cent of stearic acid is added.

C e t y l  A lc o h o l .  This alcohol is identified by the high acetyl 
value of the alcohol-soluble fraction. The acetyl value of the 
entire wax mixture is increased by 20 for each 10 per cent of 
added cetyl alcohol.

Sum m ary

The precipitation temperatures of the waxes in n-butyl 
alcohol and n-heptane are proposed as criteria for the detec
tion of carnauba and ozokerite in a mixture of waxes.

The quantitative separation involves the isolation of an 
ethanol-soluble fraction, fatty acids of high and low molecular 
weight, hydrocarbons, and fatty alcohols of high and low 
molecular weight.

A schematic outline for the identification of waxes in ad- 
. mixture has been developed on a semi quantitative basis.
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Computing Titration Blanks
F R A N C IS  W . G L A Z E , N a t io n a l  B u r e a u  o f  S ta n d a r d s ,  W a s h in g to n ,  D . C .

IN 1936 Park (2) pointed out that if a series of volumetric 
determinations is made under exactly the same conditions, 

except as to the amount of the sample, the value of the blank 
(at zero sample) may be computed by extrapolation of these 
data. As an illustration, he cited a series of four titrations 
of varying amounts of a standardized zinc solution, each in a 
volume of 200 ml., by means of a potassium ferrocyanide solu
tion.

In order to extrapolate these data analytically, he deter
mined the constants of an equation for a straight line passing 
through the four points, by solving each of the six pairs of si
multaneous equations which could be set up from the four 
points, and using the averages of the six pairs of constants so 
computed.

This procedure gives a result which is adequate when the 
data fall in a straight line and are in such excellent alignment 
as those used in Park’s illustration. In fact, for such data an 
extrapolation can be made rapidly and easily by graphical 
means, and the use of a fairly large scale in plotting will ensure 
the required precision. Park’s data, plotted on a condensed 
scale, are shown in Figure 1 (curve 1), in which the value of 
the blank (at zero sample) is represented by the intersection of 
the extrapolated curve on the vertical axis.

As a rule, however, the data do not fall in such good align
ment, and may deviate from a straight line nonsystematically. 
In fitting a straight line to such points by eye, considerable 
uncertainty may exist as to its exact location, and a signifi
cant variation may occur in the apparent value for the blank 
as determined by graphical extrapolation. In such a case, an 
appreciable error may also be introduced in computing the 
value of the blank by the procedure Park used, since constants 
computed from adjacent data points are given the same 
weight as those computed from the most widely separated 
points. Hence, it is preferable to fit the curve to the points 
by the method of least squares.

Starting with the equation

t =  a s to (1)

to —
S s 2£ i  — S s S s l  
n S s3 -  ( 2 s ) 2 (2)

If it  is convenient to weigh out or measure the samples in 
the ratio 1:2:3, etc., the following simpler equation can be 
used:

to —
2S1„ -  ! (t) 

n  — 1 tn (3)

This equation can be applied to data of the type reported 
by Park with considerably less calculation than is required 
for the method he used, and with greater precision. The 
data he reported were as follows:

K<Fe(CN)6 Solution 
Ml.
9 .75

19.13
28.50
37.87

Zn Solution 
Ml.
10
20
30
40

Substituting in Equation 3,

fc -  »  +  19313 +  28-50> -  37.87 -  0.SS

Since the data in this illustration are in almost perfect 
alignment, all the above methods (the graphical, Equation 2, 
or Equation 3) give the same result, and the practical advan
tage of using Equation 3 lies only in its brevity. However, 
when there is considerable scatter in the data, the greater 
precision obtained by using the method of least squares is 
important.

A close perusal of curve 2, Figure 1, indicates that the 
points deviate systematically from a straight line. This 
curve was constructed from the following data (1) :

B a(O H )i Solution 
Ml.
1.91
3.47
5.11
6 .62
8 .14

B2O3 Solution 
Ml.

2
4
6
8

10

where t is the titration value in milliliters, s the volume or 
weight of sample taken, a  the titration value per unit sample, • 
and to the blank in milliliters, and making n  titrations, each 
on a different sized sample, it can be shown that :

The blank calculated from these data by means of Equa
tion 3 is 0.415 ml. against a determined blank of 0.27 ml. 
This is too great a deviation for accurate work and necessi
tates the introduction of another term in Equation 1, so that

t =  63s +  as  +  c (4)

where c is used for U, inasmuch as it is no longer the blank, but 
only the intercept of the curve on the ¿-axis.
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Substituting the above values in Equation 4 and solving 
for the constants by means of least squares

t = -0.00375s2 +  0.8255s +  0.26

It is interesting to note how closely c (0.26) agrees with the 
determined value (0.27). The curve of this equation can be 
plotted on a large scale. Then, in making succeeding titra
tions, the amount of sample, s, can be read off the curve by in
terpolation for any quantity of the titrating solution, t, pro
vided the conditions under which the titration is made are 
the same in both cases. If, however, a smooth curve can be 
accurately fitted to the points by eye, a least squares solution 
becomes unnecessary. It would seem advisable that any 
titration data, concerning which there is any question, be 
graphically analyzed before deciding which of the above 
methods of correcting for the blank to use or even before 
applying the blank as ordinarily determined.

For the method of extrapolation to zero sample to be of 
value, the titrations must be accurately done, or a large num
ber of titrations must be made, so that the variations of the 
individual titrations will not unduly affect the accuracy of the 
computed value of the blank. Also, there should be a high

ratio (preferably at least 3 to 1) of the spread between the 
largest and smallest sample to the distance of extrapolation. 
Where the end point is affected by the volume of solution ti
trated, the same volume must be used in all cases. Of course, 
if the end point varies in a nonlinear manner with the size of 
the sample, linear extrapolation is unsatisfactory, and some 
method such as that used in connection with curve 2, Figure 
1, must be used.

It is felt that blanks evaluated by graphical or “analytical” 
extrapolation (or indirectly by interpolation when the rela
tion is nonlinear) are in many cases preferable to directly de
termined blanks, since the former are based on data obtained 
under the actual conditions of the titration. Also, in the par
ticular case where the relation between the titration value and 
the size of the sample is not linear, the blank as ordinarily de
termined is not the true blank, but only the intercept of the 
curve on the i-axis. In this case it is especially necessary to 
take precautions to arrive at a correct value for the blank.

L ite ra tu re  Cited
(1) Glaze and Finn, J . Research Nall. Bur. Standards, 16, 421 (1936).
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Factors Affecting Adsorptive Power o f Magnesia 
for Carotene

G . S . F R A P S , A . R . K E M M E R E R , AND S . M . G R E E N B E R G  
T e x a s  A g r ic u l tu r a l  E x p e r im e n t  S ta t io n ,  C o lleg e  S t a t i o n ,  T ex a s

THE chemical determination of carotene in feeds (6), such 
as alfalfa meal and other plant materials, is now used 
as a regular procedure in many laboratories to estimate the 

vitamin A potency of these feeds. The petroleum ether solu
tion of carotene obtained in this determination, according to 
Shinn and co-workers (8) and Quackenbush and co-workers 
(7), is likely to contain interfering impurities. This has been 
confirmed by Fraps and Kemmerer (1) and a simple method 
for eliminating part or perhaps all of these impurities by 
selective adsorption has been presented. The carotene solu
tion is shaken with specially activated magnesia which ad
sorbs xanthophyll but does not adsorb carotene. Appreciable 
quantities of impurities are removed by this procedure from 
petroleum ether solutions prepared by the usual methods (6) 
for estimating carotene.

Activated magnesia having the necessary properties was 
easily prepared from the magnesium oxide on hand, but when 
this supply ran low and other lots of magnesium oxide were 
tried, the preparations adsorbed carotene and so were not 
suitable for use. It therefore became necessary to study 
methods for the preparation of activated magnesia having 
the desired properties and the factors which affect adsorption 
of carotene.

M ethod of Procedure
The magnesium oxide was activated by heating with an equal 

quantity of water in an evaporating dish for 30 minutes; the 
mixture was broken up with a spatula but not stirred. Stirring 
caused the preparation to absorb carotene. This procedure was 
used in all the work here presented, where the term “activated 
magnesia” is used, and no doubt converted most of the mag
nesium oxide to magnesium hydroxide. The product obtained 
was usually a fine powder which required no treatment other than 
breaking up the lumps. If the activated product was not a fine 
powder, it was finely ground in a mortar. As shown in the pre
vious work (1), heating longer than 30 minutes, or subjection to 
a higher temperature such as that of aniline vapor, caused adsorp
tion of carotene.

The determinations of the adsorptive power for carotene were 
made by shaking 2,5 grams of the powder with 50 cc. of petroleum 
ether (Skellysolve F, b. p. 30° to 76.7° C., 86° to 170 F.) con
taining approximately 2 parts per million of purified carotene 
prepared from S. M. A. crystallized carotene as already described 
(1) and used when fresh, and reading the residual color in a KWSZ 
photoelectric photometer. A test made by Miller, Zscheile, and 
Hogness (4) showed that S. M. A. carotene did not contain colored 
impurities, but the authors purified it further by dissolving it 
in chloroform and precipitating it with methyl alcohol. Adsorp
tion of xanthophyll was determined in a similar way, with use of 
crude xanthophyll prepared from alfalfa leaf meal as already 
described (1).

R esults of W ork
Samples of fifteen magnesium oxides and four magnesium 

hydroxides secured by purchase or by the cooperation of the 
California Chemical Company and Merck & Company were 
studied for their adsorptive power as received and after 
activation, as described above. Although all but one of the 
oxides adsorbed less carotene after activation than before, all 
nineteen samples adsorbed carotene and were not suitable for 
use in the analytical work. The carotene adsorbed ranged 
from 7.5 to 90 per cent of the quantity used. Preparation of 
suitable activated magnesia from commercial magnesium 
oxides or hydroxides by the method described therefore ap
peared almost impossible.

Since the temperature and the time of heating affect the 
physical properties of magnesium oxide prepared from the 
basic carbonate, the effects of heating at high temperatures 
on the adsorptive power of magnesia preparations were 
studied. Magnesium oxides of high adsorptive power were 
activated by heating with water as described above and then 
heated in a mufffe furnace with automatic electrical tem
perature control. For one sample, the percentage of carotene 
adsorbed decreased (Table I) from 95.9 per cent when heated 
at 400° C. to 0.5 per cent at 1000° C. when not activated. 
When activated, the product adsorbed 75.6 per cent of the 
carotene when heated at 400° C., and 0.5 per cent when 
heated at 900° C. This sample of magnesium oxide, when 
heated to 900° C. and activated, adsorbed so little carotene 
that it could be used for the desired purpose.

T a b le  I .  E f f e c t  o f  T e m p e r a tu r e  o f  H e a t in g  A c t iv a te d  
M a g n e s iu m  O x id e  o n  A d so r p t io n  o f  C a r o t e n e

C arotene Adsorbed

T em perature
Tim e of 
H eating

H eated
preparation

A ctivated
heated

prepara tion
0 C. Hours % %

100.0 70 .6
400 i'.o 95.9 75.6
750 0 .5 96.9 25.0
750 1.0 21.3 7.1
900 2 .0 18.8 0 .5

1000 1.0 0 .5 1.2

Samples of thirteen other magnesium oxides were activated 
and heated for 2 hours at 900° C. The adsorptive power of 
some of the magnesium oxides decreased, while others in
creased, but when unactivated, they adsorbed from 18.8 to 
97.9 per cent of the carotene and were unsuitable for use. 
After activation, seven had a lower adsorptive power, two 
had about the same, and five had a higher adsorptive power 
than the similar product before heating, but only two did 
not adsorb carotene and were suitable for use. The other 
thirteen adsorbed from 1.2 to 99.5 per cent of the carotene. 
A number of preparations were usually tested at the same 
time and with the same solution of carotene.

The causes of the differences in the action-of supposedly 
the same kinds of magnesium oxides to the same treatment 
remain to be discovered. It is claimed (5) that at high tem
peratures (800° C. or above) magnesium oxide tends to change 
from an amorphous state to a crystalline structure, and that 
this change is accelerated by such impurities as iron oxide. 
Presence or absence of iron oxide or other impurities might 
contribute to differences in action of the various samples.

In preliminary work it was found that additions of water 
decreased the adsorptive power of activated magnesia for 
carotene. The effects of different amounts of water on adsorp
tion of carotene by activated magnesia or magnesia hydroxide 
are given in Table II. Although the proportion of water 
added to some samples was high, when thoroughly mixed, 
all the water was adsorbed and a powder resulted. The 
adsorption of carotene decreased as more water was added 
until it became zero, but the quantity of water required dif
fered widely with the different samples. The first activated 
sample required the addition of 90 per cent of water to re
duce the adsorption of carotene to zero, the second 40 per 
cent and the third 54 per cent, while the two samples of mag-
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nesium hydroxide required only 10 per cent of water. Addi
tions of small amounts of water (about 10 per cent) to a num.  
ber of other activated preparations reduce the adsorption of 
carotene to zero and render the preparations suitable for use.

T a b le  II. E f f e c t  o f  Q u a n t ity  o f  W a t e r  u p on  A d s o r p t iv e  
P o w e r  o f  M a g n esiu m  H y d r o x id e  f o r  C a r o t e n e

W ater Added
to  5 Grama Carotene X anthophyll 

M ethod of Preparation  Mg(OH)* Adsorbed Adsorbed

JANUARY 15, 1940

Cc. % %
c. p. light m agnesium carbonate ignited 0 .0 73.9

a t  400° C. and  then  activated 0 .3 51.8
1.0 29.1
2 .0 15.0
3 .0 8 .4
3 .5 1.0 100.0
4 .5 0 .0 100.0

c. p. ligh t magnesium carbonate ignited 0 .0 54.5
a t  900° C. and  then activated 0.3 31.7

0 .5 19.5
0 .7 14.1
1.0 10.9
2 .0 0 .0 100.0

A ctivated 2 .0 11.5
2 .5 4 .0
2 .7 0 .0 99.0
3 .0 0 .0 95.2

A ctivated 0 .0 87.2
2 .0 7 .7 100.0
2.25 0 .0 90.2
2.50 0 .0 73 .9

A ctivated 0 .0 94.8
1.0 25.8
1.25 11.0 99.5
1.50 0 .0 97.3

M agnesium hydroxide, M gO .H iO ,
activated 0.50 0 .0 100.0

M agnesium hydroxide, M g 0 .2 H i0 ,
activated 0.50 1.0 100.0

The magnesium oxide used in previous work (1) for pre-
paring suitable activated magnesia had been stored for several 
months in a cardboard container, and contained 16 per cent 
of magnesium carbonate compared with about 5 per cent for 
newly purchased magnesium oxides. It was thought possible 
that carbon dioxide had combined with that portion of the 
magnesia which adsorbed carotene and rendered it inactive. 
Accordingly, the effect of carbon dioxide was tested. Samples 
were placed in a vacuum desiccator fitted with a separatory 
funnel and 10 cc. of 1 to 4 sulfuric acid were run into 2 grams 
of sodium carbonate contained in a small bottle, after the 
desiccator had been partly evacuated. When the reaction 
had gone to completion, the vacuum that remained was 
broken. After the samples remained in contact 
with the carbon dioxide for one week, they were 
activated in the usual way. The treatment 
with carbon dioxide decreased the quantity of 
carotene adsorbed, and one sample did not adsorb 
carotene and was suitable for use. The other 
two adsorbed 4.1 and 7.7 per cent of the carotene, 
respectively, and the addition of 10 per cent of 
water reduced the adsorption of carotene to 
zero and rendered the samples suitable for use.

Since activated magnesia suitable for selective 
adsorption could be prepared by treatment with 
carbon dioxide and water, magnesia was exposed 
to the air in layers 1.25 to 2.5 cm. (0.5 to 1 inch) 
thick and activated with the results given in 
Table III. Six of the nine magnesias, after hav
ing been exposed to the air 2 weeks and activated, 
did not adsorb carotene and were suitable for use.
The other three had a low adsorptive power, and 
could be made suitable for use by mixing 10 per 
cent of water with them.

It is also shown in Table III, that while the 
prepared reagents might not adsorb 

they adsorbed 2.4 to 38.1 per cent

of the carotene after storage for one week. The changes 
in the adsorptive powers for carotene on storage were also 
tested with other preparations. Unactivated and activated 
samples of magnesium oxide which had been previously 
heated at 900° C. for 2 hours in the muffle furnace were 
placed in stoppered bottles and the adsorption of carotene 
was determined at several intervals (Table IV). Storage 
decreased the adsorptive power of some of the 22 samples and 
increased that of others. The effect of storage was irregular; 
one week the adsorption of carotene was higher than the 
previous week, the next week lower, and the next week higher 
or perhaps lower. One activated sample which adsorbed none 
of the carotene when freshly prepared adsorbed 23 per cent 
after one week, 45 per cent after 2 weeks, and 71 per cent 
after 4 weeks. Another sample adsorbed 13 per cent of the 
carotene when fresh, 45 per cent after 1 week, and none after 
2 and 4 weeks.

T a b le  III. C a r o t e n e  A d so r b e d  b y  M a g n e s ia  E x p o se d  t o  
A ir  T w o  W e e k s  a n d  T h e n  A c t iv a te d

C arotene Adsorbed

Freshly
A fter

storage
prepared 1 week

% %
Adsorptive powdered magnesia 0 .0 10.7
Plastic  magnesia 0 .0 22.9
Quick magnesia 0 .5 3 .4
R eagent magnesia 0 .0 10.7
U. S. P . light magnesia 0 .0 38.1
U. S. P . heavy magnesia 0 .0 2 .4
U. S. P. light magnesia 0 .0 , ,
M icron magnesium oxide 2 .4
U. S. P. ligh t magnesium oxide 5 .4

The magnesia preparations which when fresh do not adsorb 
carotene and are suitable for use in this method, may adsorb 
carotene after a week or less and so become unsuitable for 
use. This is undesirable and makes it necessary to test all 
preparations before they are used.

Some preliminary studies with other adsorbents, activated 
and unactivated, included calcium carbonate, hydrated lime, 
barium carbonate, barium hydroxide, calcium oxide, dibasic 
calcium phosphate, tribasic calcium phosphate, calcium sul
fate, charcoal, iron hydroxide, fuller’s earth, aluminum oxide, 
and magnesium carbonate. These tests indicated that mag
nesium carbonate might be the desired adsorbent. A num
ber of samples of magnesium carbonate were therefore tested, 
with the results given in Table V. Three of the seven samples 
as received did not adsorb carotene but adsorbed xanthophyll 
and therefore were suitable for use without treatment. The

T a b le  IV. E f f e c t  o f  T im e o f  S t o r a g e  u p o n  M a g n es iu m  
O x id e s  H e a t e d  a t  900° C.

-C aro tene  A dsorbed-

K ind of M agnesia

U. S. P . special ligh t powder magne
sium  oxide 

A fter activation  
U. S. P . light magnesium oxide 

A fter activation 
U. S. P . light powder magnesium 

oxide 
A fter activation 

A dsorptive powdered m agnesia 
A fter activation 

A dsorptive powdered magnesium 
oxide 

A fter activation 
P lastic  m agnesia 

A fter activation 
P lastic  magnesia 

A fter activation  
U. S. P . heavy magnesium oxide 

A fter activation  
G ranu lar magnesium hydroxide 

A fter activation  
R eagent m agnesium  oxide 90%  pure 

A fter activation  
R eagent magnesium oxide 99%  pure 

A fter activation

Before A fter After After A fter After
storage 1 week 2 weeks 3 weeks 4 weeks 5 weeks

% % % % % %

95.8 80.5 64.0 70.5 77 .8
71.7 82 .6 67 .5 89.3 59.5
97.9 66.7 51.5 58.3 75.2
93.8 89.7 68 .0 7 4 .8 65 .4

93.4 50 .0 78 .6 57 .0
99 .5 67.5 70.1 66 .0
34 .8 5 0 .8 21 .5 71 .2 19.2

0 .0 22.5 45 .0 7 0 .5 19.2

12.8 44 .8 0 .0 0 .0
1 .2 33.2 38 .5 46 .5 42*9

41 .0 68 .4 4 9 .0 70 .6 46 .4
10.3 68.4 44.1 56.2 60 .6
29 .2 28 .9 19.8 19.8
11.8 70.2 4 5 .5 40.1 G2.2
43 .5 48 .7 32 .0 57.2 32 .6
41 .0 71 .9 25.0 43.9 53.4
06 .2 22 .5 6 0 !o 22.5
74 .9 34 .0 62 .6 25 .0
55.4 34.3
14.4 68.2
40.6 53.5
12.4 56.0
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other four samples adsorbed small amounts of carotene as 
received, did not adsorb carotene after activating or after 
10 per cent of water was mixed in, and adsorbed xanthophyll, 
and so were suitable for use. Two of the samples which did 
not adsorb carotene had their adsorptive powers so lowered 
by activation that they did not adsorb all the xanthophyll, 
so the activated preparations were unsuitable for use.

T a b l e  V. E f f e c t  o f  T im e  o f  S t o r a g e  u p o n  A d s o r p t i o n  
P o w e r  o f  M a g n e s i u m  C a r b o n a t e

✓— Carotene Adsorbed— »

M ethod of P reparation  

U . S. P . heavy powder

Original
analysis

%
2 .4

Stored 
1 week

%

Stored 
2 weeks

%

X anthophyll
Adsorbed

%

0.5 cc. HjO added to  5 gram s 0.0 Ö.'Ö o.’o loo !o
A ctivated 0.0 0.0 0.0 100.0

c. p .  powder 3 .4
0.5 cc. H jO added to  5 gram s 0.0 0 .0 o.’o iöö!o
A ctivated 0.0 0.0 0.0 100.0

R eagent, low in sulfate 0.0 0 .5 0 .5 99 .5
A ctivated 0.0 94.5

R eagent 0.0 0.0 0.0 100.0
A ctivated 0.0 94 .2

U. S. P . heavy powder 0.0 0 .5 0.0 100.0

U. S. P . ligh t powder 1.9
0.5 cc. HiO added to  5 grams 0.0 Ö’.Ö o.'o 99 .5
A ctivated 0.0 0.0 0.0 99 .5

U. S. P . powder 7 .2
0.5 cc. HiO added to  5 grams 0.0 Ö.'Ö 0.0 iöö!o
A ctivated 0.0 0.0 0.0 99 .5

Further experiments with magnesium carbonates indicate 
that they are more stable than preparations from magnesium 
oxide, and do not acquire the power of adsorbing carotene 
so quickly. One sample did not adsorb any carotene after 
5 weeks of storage after activation, and, as shown in Table 
V, other samples are likewise stable. Magnesium carbonate at 
present seems to be the best reagent for purifying carotene 
solutions.

In any of the methods outlined above for preparing suitably 
selective magnesia, the magnesia obtained must be able to 
adsorb large amounts of the xanthophyll and no carotene. 
The question then arises as to whether or not such prepara
tions will adsorb other carotinoids which are not so readily 
adsorbed as xanthophyll but which may still contaminate 
carotene solutions. The activated magnesia which was 
found to be suitable in previous work (1) and one of the 
samples heated at 900° C. for 2 hours were shaken with a 
petroleum ether extract of red tomatoes. Both samples 
adsorbed 86 per cent of the pigment present. Tomatoes are 
high in lycopene and since lycopene has only a slightly higher 
adsorbability than carotene, these two samples of activated 
magnesia proved to be highly selective.

Discussion
Many samples of activated magnesia adsorb carotene. 

There is a possibility that the portion of the magnesia which 
adsorbs carotene may be only a small part of the whole. 
Adsorption of gases by magnesia (5) is known to take place, 
and it is possible that the adsorption of carotene is partly due 
to the presence of adsorbed oxygen. The carotene may be 
partly oxidized by the adsorbed oxygen and changed to such 
a form that it can be adsorbed. This theory is supported by 
the work of Gillam et al. {2) who claim that changes take 
place in the chemical structure of carotene when solutions 
of carotene are run through columns of aluminum oxide. 
Holmes et al. (8) have shown also that various materials 
which absorb vitamin A may change its chemical composi
tion.

The action of carbon dioxide and water in reducing the 
adsorption of carotene may be due to displacement of oxygen 
or to inactivation of that portion of the magnesia whicfli 
adsorbs carotene. Treatment with carbon dioxide is more

successful when magnesium oxide is used than when mag
nesium hydroxide is used. This may be explained by the 
theory that the particles of active magnesium oxide which 
adsorb carotene combine with carbon dioxide more readily 
than the remaining magnesium oxide and so are inactivated, 
but when the oxide has been converted to the hydroxide, the 
difference in power of the active particles and the other 
particles to adsorb carbon dioxide is not sufficient to neutral
ize the adsorptive power for carotene. Why different samples 
of magnesium oxide should behave differently in the adsorp
tion of carotene is a subject which offers opportunity for fur
ther study, and indicates a need for investigation of the 
adsorptive power of other materials used in chromatographic 
adsorption work.

S um m ary
The adsorptive powers of magnesium preparations were 

studied in order to secure preparations which adsorb xantho
phyll and do not adsorb carotene and could be used in the 
purification of solutions of carotene in petroleum ether. 
Nineteen samples of magnesia from various sources were 
tested as received and after activation by heating with an 
equal volume of water for 30 minutes on a steam bath. All 
adsorbed carotene and therefore could not be used for puri
fying carotene solutions. Activated magnesia heated in a 
muffle furnace at 400° C. and activated adsorbed 76 per cent 
of the carotene, 25 per cent when the temperature was 750°, 
and 0.5 when the temperature was 900°. When fourteen 
other samples were heated to 900° C. and activated, seven 
had adsorptive powers for carotene lower than before heating, 
two had about the same, and five had higher adsorptive 
powers. The adsorptive powers of the magnesias for carotene 
were lowered as they were mixed with increasing amounts of 
water, until they became zero for the samples tested. Ex
posing magnesia to carbon dioxide, or to the air, lowered the 
adsorptive power of the activated magnesia for carotene. 
All samples of activated magnesia which did not adsorb 
carotene when freshly prepared, adsorbed some carotene 
after a week or less and thus became unsuitable for use in the 
purification of carotene. Some samples of magnesium carbon
ate did not absorb carotene when purchased, while others 
required activation or additions of water. Activated mag
nesium carbonate appears to be more stable than the prepara
tions from magnesium oxide.

Reagents suitable for the purification of carotene in the 
method of selective adsorption can be prepared as follows: 
(1) with a few samples of magnesium oxide or hydroxide by 
mixing in suitable amounts of water; (2) activating and mix
ing in suitable amounts of water; (3) exposure of magnesium 
oxide to the air, activating and mixing water in, if necessary;
(4) magnesium carbonate either as received or after activa
tion, or with addition of a small amount of water. The 
adsorptive power of the reagent for carotene and for xantho
phyll should be measured before it is used.
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Dynamic Fatigue Life o f Rubber
S. M . C A D W E L L , R . A . M E R R IL L , C . M . S L O M A N , AND F . L . Y O S T  

U n i te d  S ta te s  R u b b e r  C o m p a n y , D e t r o i t ,  M ic h .

D y n a m ic  f a t ig u e  is  th e  g r a d u a l  d e te r io r a t io n  a n d  
r u p t u r e  o f  a  r u b b e r  m e m b e r  d u e  to  m e c h a n ic a l  -vi
b r a t io n s  im p o s e d  o n  i t .  T h e  n u m b e r  o f  r e p e a te d  
m e c h a n ic a l  v ib ra t io n s  r e q u ir e d  to  r u p t u r e  t h e  r u b 
b e r  m e m b e r  is re fe r re d  to  h e re  a s  th e  d y n a m ic  
f a t ig u e  l ife  o f  th e  m e m b e r  fo r  t h a t  p a r t i c u l a r  c o n 
d i t io n  o f  v ib ra t io n .  M e n t io n  h a s  b e e n  m a d e  in  
t h e  l i t e r a t u r e  (1—5) t h a t  t h e  d y n a m ic  f a t ig u e  l ife  o f  
r u b b e r  in  e x te n s io n  is  le s s  w h e n  th e  m in im u m  o f  
t h e  o s c i l la tio n  c y c le  fa lls  n e a r  z e ro  s t r a in ;  b u t  
h e re to fo re  n o  c o m p le te  s tu d y  h a s  b e e n  p u b l is h e d .  
T h e  f a t ig u e  liv e s  o f  r u b b e r  a s  a  f u n c t io n  o f  th e  o s 
c i l la t io n  s t r o k e  a re  e x a m in e d  fo r  m in im u m  d is 
t o r t io n s  v a ry in g  f r o m  h ig h  c o m p re s s io n s  t h r o u g h  
a ll  p o ss ib le  e lo n g a t io n s .

T h e  g e n e ra l  d y n a m ic  f a t ig u e  c h a r a c te r i s t i c s  o f  
r u b b e r  in  l in e a r  v ib ra t io n  in  a  d a r k ,  d r y  e n c lo s u re  
a rc  (£mm. =  m in i m u m  l e n g th  d u r in g  th e  v ib r a 
t io n ;  to  =  fre e  u n s t r a in e d  l e n g th ) :  (1) F o r  a
g iv en  o s c i l la t io n  s t r o k e  th e  d y n a m ic  f a t ig u e  l ife  is 
a  m in im u m  -when Lmin. =  Lo; (2) fo r  a  c o n s t a n t  
v a lu e  o f  £min. t h e  d y n a m ic  f a t ig u e  l ife  d e c re a s e s  a s  
th e  o s c i l la tio n  s t r o k e  in c re a s e s ;  (3) fo r  g iv e n  s t r a in  
l im i t s  o f  o s c i l la t io n  th e  d y n a m ic  f a t ig u e  l ife  is 
u s u a l ly  lo w e r t h e  h a r d e r  t h e  s to c k ;  (4) t h e  d y n a m ic  
f a t ig u e  l ife  d e p e n d s  to  a  la rg e  d e g re e  o n  t h e  r u b b e r  
t e m p e r a tu r e .

T h e  d y n a m ic  f a t ig u e  l ife  o f  r u b b e r  w o rk e d  in  
s h e a r  c a n  b e  r e la te d  to  th e  d y n a m ic  f a t ig u e  life  o f  
r u b b e r  v ib ra te d  t h r o u g h  l in e a r  s t r a in s .

IF A rubber member is continuously vibrated it will sooner 
or later crack and ultimately rupture, owing to the re

peated oscillations to which it has been subjected. The 
gradual deterioration of physical and chemical properties 
which accompanies such vibration is called dynamic fatigue. 
The number of such repeated vibrations required to rupture 
the rubber member is here defined as the dynamic fatigue 
life of the member for the particular condition of vibration 
imposed. The authors wish to outline briefly the general 
nature of the results they have obtained in their studies on 
the dynamic fatigue life of rubber and, in particular, to show 
the critical dependence of the life on the imposed oscillation 
conditions.

The dynamic fatigue life of rubber which is being vibrated 
linearly—that is, back and forth along its own length—be

tween constant strain limits will be discussed first. Figures 
1 to 3 facilitate a general statement of the problem and also 
serve to define certain oscillation limits which are of funda
mental importance with reference to the dynamic fatigue life. 
The sketches are conventionalized for the sake of simplicity.

In Figure 1, a is a side view of a cylindrical body of rubber 
bonded between two circular metal end plates. In b this rubber 
member has been placed between two heads of a test machine: 
the position of the stationary head is adjustable; the other head 
oscillates back and forth in a direction parallel to the axis of the 
rubber sample, b, c, and d show various possible test conditions 
resulting from variation of the position of the adjustable head. 
Besides the alteration of the adjustable head (which does not 
change the oscillation stroke) the stroke itself can be changed by 
varying the position of the eccentric connection on the rotating 
wheel.

In Figure 2, a again represents the rubber sample. Its free 
unstrained length is referred to as Lo- b and c show the two ex
tremes in length assumed by the rubber member for a particular 
oscillation condition. The minimum length, which is the condi
tion in b, is referred to as Lmi„.. The maximum length of the 
sample in the oscillation, as illustrated in c, is referred to as 
The difference between L m*t . and Lm;n. is the oscillation stroke,

F ig u r e  1. R u b b e r  S a m p l e  i n  I d e a l iz e d  T e s t  M a c h in e

F ig u r e  2 . R u b b e r  S a m p l e  in  I d e a l iz e d  T e s t  M a c h in e

■“  (100) "  %  oscillation stroke jU

L a i° : ~  U  (100) = % minimum strain { +L q ( — compression
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AL. The actual fatigue machines used in the authors’ experi
mental testing are designed so that AL  and Lmin. can be varied 
independently.

In the following discussion “per cent oscillation stroke” 
and “per cent minimum strain” are mentioned. In order to 
comprehend the significance of the fatigue data it is neces
sary that these variables be clearly understood, for in the final 
analysis they do determine the fatigue life of a sample.

% minimum strain = '̂Ioi°,_— — X 100

% oscillation stroke = Lm,„. ^  jqq _  x  100
JjQ ÀJQ

These definitions involve three specific lengths of the sample 
(I/o, Lm**.., and Lmin.) and are merely certain deformations 
expressed as percentages of the free unstrained length of the 
rubber.

Four different types of oscillation conditions for a constant 
oscillation stroke, AL, are illustrated in Figure 3. (a shows a 
compression vibration cycle in which the maximum length in 
the imposed vibration is less than the free unstrained length of 
the sample. 6 shows a compression-extension vibration cycle in 
which Lmin. is less than L 0 and Lm,r. is greater than L0. c shows 
an oscillation condition in which Lm¡„. is equal to La and Lm„. is 
greater than La. d shows an extension oscillation cycle in which 
both Lmin. and Lm„. are greater than L0.

The two funda
mental problems 
that have been in
vestigated quanti
tatively are: (1)
If AL is kept con
stant, how does 
the fatigue life of 
a rubber unit de
pend on Lmin., for 
any value of L^». 
ranging from high 
c o m p ressio n  to  
any possible exten
sion? (2) If Lmin. 
is kept constant, 
how d o es th e  
d y n a m ic  fatigue 
life of a rubber 
u n it  d ep en d  on 
the magnitude of 
A Lf

C

d

F ig u r e  3. T y p e s  o f  O s c i l l a t io n  
C o n d it io n s  f o r  C o n s t a n t  O s c i l l a 

t i o n  S t r o k e  a L

L inear D ynam ic Fatigue  T est Sam ples
Figure 4 is a photograph of different types of rubber samples 

used by the authors in dynamic fatigue studies of rubber. Tney 
are cylindrical dumbbells of rubber bonded to metal bolt ends, 
shown at A  and B. The effective rubber lengths varied from 2 
inches (sample 1) to 0.125 inch (sample 13), and the ratios of 
diameter to length varied from 1/16 to 8.

M achines for Testing  D ynam ic F atigue  Life of 
R ubber

Figure 5 (upper) shows rubber samples, R, mounted in a slow- 
speed fatigue machine designed by the United States Rubber 
Company. The bottom bars, B, are held fixed and the top bars, 
T, are vibrated up and down. The rubber samples fastened be
tween the two bars are vibrated through constant oscillation 
strokes w'hich can have any value up to 3.5 inches. The minimum 
length of the sample in the vibration cycle can be varied either 
by adjustment of the separation between the bars or by variation 
of the point at which the bolt ends are attached to the bars. Both 
methods are clearly visible in the figure. The vibration fre
quency is 180 cycles per minute.

Figure 5 (lower) shows rubber samples, R, mounted in a high

Jl

Ï
A 1 2 3 4 5  6 7 8

I  1  JL 1

f  f  f  T
B 9  10 11 12 13

F igure  4. T y pe s  of R u b b e r  S a m ples U se d  in  L in e a r  
D ynam ic  F a t ig u e  T e st s

speed dynamic fatigue machine also designed by the United 
States Rubber Company. The two outer circular heads, O, are 
held fixed and the two inner circular heads, I, so-called “wobble 
plates”, are mounted on a shaft arranged to give a nutational mo
tion to the heads, which in turn vibrate all the rubber samples 
back and forth along their own lengths. The minimum length 
of the sample in its vibration cycle can be varied by alteration 
of the separation of the plates, by the screw adjustment shown, 
or by variation of the point at which the bolt ends are attached 
to the plates. The machine is adjusted for a 0.5-inch stroke and 
vibrates at 3600 cycles per minute.

Figure 6 shows a DeMattia fatigue machine with rubber sam
ples, R, being vibrated between a stationary head, S, and an 
eccentric driven head, C; this fatigue machine has a frequency 
of vibration of 660 cycles per minute; its stroke can have any 
value up to 2 inches. The fatigue machine on the right is another 
high-speed dynamic fatigue machine similar to the high-speed 
machine shown in Figure 5 (lower) but with a 0.25-incn stroke.

General N atu re  of L inear D ynam ic F a tigue  Life 
Curve

The general nature of the dynamic fatigue life curve for 
small oscillation strokes, say of the order of 25 per cent, is 
illustrated in Figure 7. The per cent linear strain at the 
minimum length in the oscillation is plotted as abscissa. The 
number of cycles of vibration necessary to completely rupture 
the rubber—that is, its dynamic fatigue life—is plotted in 
arbitrary units as ordinate. The important feature of the 
dynamic fatigue life curve is that the rubber under linear 
vibrations exhibits a minimum dynamic fatigue life in the 
region where Lmin. =  L0—that is, where the return stroke 
brings the sample back to a condition of zero strain. This 
minimum life is bounded both in compression and extension 
by regions of greater fatigue life. The general nature of the 
curve, a minimum bounded on two sides by maxima, remains 
the same whether the dynamic fatigue life is plotted as the 
number of cycles to break the rubber completely into two 
parts or is plotted as the number of cycles to produce a visible 
crack in the rubber.

Mention has been made in published articles (1-5) that the 
mechanical fatigue resistance of rubber is less in extension 
when the minimum of the oscillation falls near zero strain. 
However, no complete study, as given in the present paper, 
has been published in which the fatigue lives of rubber have 
been investigated throughout the compression-extension re
gion as a function of the strain or stress limits.
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F ig u r e  5

(.Upper) R u b b e r  S a m p le s  M o u n te d  in  S lo w -  
S p e e d  F a t ig u e  M a c h in e

(Center) R u b b e r  S a m p le s  M o u n te d  in  H ig h -  
S p e e d  C o n s ta n t -L o a d  F a t ig u e  M a c h in e

(Lower) R u b b e r  S a m p le s  M o u n te d  in  H ig h -  
S p e e d  D y n a m ic  F a t ig u e  M a c h in e

L inear D ynam ic F atigue  Life Curves for a 50 
D urom eter Stock

Figure 8 is a plot of experimental results obtained on a rub
ber stock which has a reading of 50 on a type A Shore du
rometer. The data are for rubber worked indoors in artificial 
lighting and in the absence of oil, grease, or other deteriorat
ing chemical agents. The per cent linear strain at minimum 
length in the oscillation is plotted as abscissa. The dynamic 
fatigue life in terms of the number of cycles for complete 
rupture is plotted as ordinate on a logarithmic scale. On a

linear scale the difference in height between each maximum 
and its corresponding minimum would be greatly enhanced. 
For the 25 per cent oscillation, for example, the fatigue life 
at the minimum is about 6,000,000 cycles, while at the maxi
mum in the extension region it is over 600,000,000 cycles or 
more than 100 times as great. The graph shows results for a 
series of different constant oscillation strokes varying from 
25 to 350 per cent. Each experimental point represents 
numerical averages of from 1 to 20 sample breaks. The graph 
itself contains results on 450 samples of the 50 Shore du

rometer stock.

F or sm all o sc illa tion  strok es, su ch  as 25 or 50 
per cent, there are tw o  m axim um  fa tigu e regions, 
one in ex ten sion  and th e  o ther  in  com pression.

F or large osc illa tion s— for exam ple, 300 per 
cent— there is no d efin ite com pression m axim um .

F or a g iv en  m inim u m  strain  len gth , th e  larger 
th e  osc illa tion  stroke, AL , th e  low er th e  d y
n am ic fa tig u e  life o f th e  rubber.

T h e  fa tig u e  life  hum p in  th e  exten sion  region  
sh ifts  tow ards th e  origin  as th e  o sc illa tion  stroke  
is increased.

This last point is partly due to choice of 
variables, since for a given stock the per cent 
elongation at break is a fairly definite quantity 
and as the oscillation stroke increases the 
Z/min. for which there will be a break in the 
first cycle decreases. No corrections have 
been made in this graph for rubber tempera
ture variations resulting from fatiguing at 
different frequencies or from fatiguing sam
ples of different sizes or shapes. However, 
when such corrections are made to, say, a 
rubber temperature of 100° F., the general 
nature of the curves remains the same.

All rubber stocks considered (which include 
stocks of hardnesses varying from 30 to 80 
Shore durometer, type A) have similar fatigue 
life curves for constant strain conditions of 
oscillation. In general, for the same strain 
conditions of oscillation a harder rubber stock 
will have a lower fatigue life than a softer 
stock.

The compound formula for the 50 durometer 
stock whose experimental dynamic fatigue life 
curves are given in Figure 8 is the following:

R ubber 100
C arbon black 39
Zino oxide 5 .5
Stearic acid 1.5
Pine ta r 4
A ntioxidant 0 .6
R etarder 0 .2
A ccelerator 0 .8
Sulfur 2 .9

Effect of T em pera tu re  on  D ynam ic 
F a tigue  Life

Figure 9 shows how the temperature of 
the rubber during oscillation affects its 
fatigue life. The graph is a composite one
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E L O N G A T IO N  
B R E A K  ON 
F IR S T  C Y C L E

D ynam ic F atigue  Life of 
R ubber V ibrated  in  Shear

F i g u r e  G

(Left) D e M a t -  
t i a  F a t i g u e  
M a c h in e  w it h  
R u b b e r  Sam

p le s

(Right) H ig h -  
S p e e d  D y n a m ic  
F a t ig u e  M a 
c h i n e ,  0 . 2 5 -  

I n c h  S t r o k e

The distinction between this type 
of fatigue testing and the constant- 
strain fatigue testing is that in this 
case the rubber samples are allowed 
to drift, or extend in length with 
time, as they are being dynamically 
fatigued. However, the general 
nature of the fatigue life curves 
obtained under dead loading is 
similar to the fatigue life curves for 
constant strain oscillation; and the 
dynamic fatigue life under “con
stant load” fatigue conditions can 
be calculated from data obtained on 
constant-strain fatigue if changes in 
length accompanying dynamic drift 
are taken into account.

plotted to cover most of the rubber stocks with which 
the authors worked. The ratio of fatigue life at a given 
temperature to that at 100° F. is plotted as ordinate along a 
logarithmic scale. The temperature of the rubber is plotted 
as abscissa. The ordinate of the graph, in other words, gives 
the factor by which the fatigue life of rubber vibrating at a 
rubber temperature of 100° F. must be multiplied in order to 
give the fatigue life which would result for rubber vibrating 
under the same oscillation conditions but at the rubber tem
peratures given along the abscissa.

The temperature of the rubber under the imposed vibra
tion has a pronounced effect on its fatigue life. Consider 
a sample vibrating under certain oscillation conditions and 
at a rubber temperature of 100° F. It will have a given 
fatigue life corresponding to the ratio = 1 . If an iden
tical sample is vibrating under the same oscillation condi
tions but at a much higher rubber temperature, its fatigue 
life will be less because its deterioration results from several 
causes. There is first the effect which would result from 
merely the vibration at 100° F. Then there is the deteriora
tion due to heat aging which would result from keeping the 
sample at this high temperature without vibration. The total 
deterioration in all probability is not the sum of these two 
parts. For example, there may be an interaction between 
temperature and oscillation which alters the amount of de
terioration. Since the relative importance of these variables 
as well as their interaction cannot be given an evaluation 
applicable to all cases of rubber testing and compounding, the 
ratio for high temperatures is indicated as a broad band in 
Figure 9. Likewise, in the low-temperature region a broad 
band is also plotted. At the low temperatures the fatigue 
life depends, among other things, upon the chill characteris
tics of the rubber stock and the total time during which the 
rubber member is being fatigued at the low' temperature.

Linear D ynam ic F atigue  Life u nder C onstan t 
Load Conditions

Figure 5 (center) shows a high-speed constant-loud fatigue 
machine which vibrates the rubber samples at 1800 cycles per 
minute. The oscillation stroke on this machine can be varied 
from 0.125 to 0.75 inch. In this type of testing the rubber sam
ples, R, are loaded with dead weights, IF. The top of the rubber 
sample is vibrated up and down, the weights remaining station
ary, owing to the mismatching of frequencies—that is, the fre
quency of the imposed vibration is very much greater than the 
natural mechanical frequencies of the weights sprung on the rub
ber samples.

Until now we have considered 
only the dynamic fatigue of rubber 
worked under linear strains. Similar 

dynamic fatigue relations have been found for rubber vibrated 
in shear.

UJ
MEGA

C Y C L E S
1000

ui

<  o 
</>
o  o
_l

1
K ILO

C Y C L E S
100

-1 0 0 - 5 0  0  1 0 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0

L um"L-o_ (loo) crj7o MINIMUM STRAIN = —Miii
L-r

F ig u r e  8 . E x p e r im e n t a l  D a t a  o n  50 D u r o m e te r  S to c k

7o LINEAR STRAIN AT MINIMUM3 ^¿^•(loo j'x

F ig u r e  7. D ynamic  F a t ig u e  L if e  C u r v e  fo r  S mall 
Osc illa tio n  S trokes

t
DYNAMIC 

FATIGUE LIFE
A V E R A G E  

NUM BER OF 
C Y C LES  FOR 

C O M P LE T E  B R EA K

C O N S T A N T  
O SC ILLA T IO N  

S T R O K E D  

2.5*1* Va, L 0



JANUARY 15, 1940 ANALYTICAL EDITION 23

10

St
Ul O 

\~ 
LJ 

Lü 01

t i
L- 2
o s
o  i-
H- Z <  u  
<r > 

O

o.i

0.01 
-20

/ Y
A / \

/

/d r o

A  de ce
P IN

.PEN C
H A R A

"A T  1C

>S O N  
^ T E R

5U E

F R E
IS T IC

- IV E S

E Z IN  
S  O F

IN  '

S T O C

, \  

\ B
\

/ _1 1 I 1 \
/ ctH A R A C T E R I S T I C S  O F STO C:k\

1 1

F ig u r e  9.

20 40  60 80 100 120 140

RUBBER TEM PERATURE °E

E ffect  of T em pe ra t u r e  on  D ynamic  
F a tig u e  L ife

JMAX
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% m inim um  shear =  — ’ (100)

% maximum shear • ( 100)

a in Figure 10 is a sketch of a double shear unit which consists 
of two identical rectangular bodies of rubber of thickness T 
bonded between two outer metal plates and a central metal 
plate. If the central plate is displaced a distance d relative to 
the two outer plates the rubber is put in shear; and we express 
the magnitude of the shear deflection either as the shear ratio 
d/7' or as the shear percentage (d/21) 100. 6 represents the two 
oscillation extremes of such a unit vibrated in shear. The mini
mum deflection in the shear cycle is the maximum, dmax,.
The shear cycle is then specified as one of vibration between the 
shear percentages (dm\n./T ) 100 and {dmKz./T) 100.

Figure 11 illustrates results obtained on shear samples of the 
50 durometer stock discussed above. The two outer metal 
plates were held fixed, and the central plate was vibrated back 
and forth along its length between two extremes as shown by the 
dotted contours. The oscillation length was a 50 per cent shear 
oscillation. In shear mountings the rubber may be placed in 
lateral strains which are normal to the center plate. Three con
ditions of lateral strain are shown in the figure: 0 per cent, 12.5 
per cent compression, and 25 per cent extension. The first row 
corresponds to a —25 to +25 per cent shear cycle; the second 
row, to a 0 to 50 per cent shear cycle; and the third row, to a 75 
to 125 per cent shear cycle.

The striking observation about these test data is that the 
results in shear fatigue are entirely in accord with what would 
have been predicted from the linear fatigue data.

Consider samples B  and C. B, vibrated between 0 and 50 per 
cent shear, had a fatigue life of 1,000,000 cycles. C, vibrated 
between 75 and 125 per cent shear, had a fatigue life of 15,000,000 
cycles. The shear oscillation cycle for both samples was one of 
50 per cent. C had a much greater fatigue life than did B. This 
is due to the fact that the rubber elements in C were in strain at

all times during the shear cycle, whereas those in B went back to a 
condition of zero strain once each cycle. Essentially the elements 
in C were working up on the linear extension fatigue hump, 
whereas those in B  were being vibrated at the linear fatigue mini
mum.

In sample A  the shear cycle was one from —25 to +25 per cent, 
a total shear cycle of 50 per cent. The fatigue life of A  was seven 
times that of B. Actually A was subjected to an alternating 25 
per cent shear cycle; once from 0 per cent shear to —25 per cent 
shear, then once from 0 per cent shear to +25  per cent shear. 
The double 25 per cent shear cycles are essentially two repeated 
25 per cent shear cycles. A shear unit of this same 50 durometer 
stock vibrating through a single shear cycle of 0 to 25 per cent 
shear has a fatigue life of about 14,000,000 cycles. It is therefore 
consistent that A —each of whose cycles represents two vibrations 
from 0 to 25 per cent—should last only 7,000,000 cycles.

Sample D had a greater life than A; E  had a greater life than 
B. The reason is that the rubber elements were being vibrated 
essentially with a minimum strain which falls in the compression 
region, and on the basis of linear fatigue data D and E  should 
have the higher fatigue fives. In F, however, the dynamic fatigue 
life was considerably less than in C. In F the rubber elements 
which under no shear were under lateral compression were es
sentially relieved from the compression by the extension resulting 
from the higher shear; and the rubber elements were being 
worked in a low dynamic fatigue region near the zero of strain.

Sample G had a higher fatigue life than A; G should have a 
higher life because the rubber elements were always under ex
tension strain during the vibration. Finally, I  had a higher 
dynamic fatigue life than did C. The rubber elements in I  were 
in higher extension than in case C; in other words, the shear strain 
and the lateral extension strain essentially added to place the 
rubber unit in a more favorable fatigue region.
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F i g u r e  11 . D t n a m ic  F a t ig u e  R e s u l t s  o n  S h e a r  S a m p l e s  
o f  50 D u r o m e t e r  S t o c k

Many theories can be devised to explain the way the dy
namic fatigue properties of rubber vary with the strain and 
the strain oscillation conditions, but such theories are still 
conjectures.
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Potentiom etric Determ ination o f Exchangeable 
Hydrogen in Unsaturated Soils

K E N N E T H  A . M A E H L , 159 S o u th  W e s te rn  A ve., S a in t  P a u l ,  M in n .

A SOIL is considered as being in a state of base unsatura
tion when its colloidal complex contains hydrogen which 

can be replaced by other base metals. Base unsaturation has 
long been acknowledged by soil scientists. Robinson (4) 
states that, under field conditions, unless a soil is in equilib
rium with an excess of calcium carbonate, the content of ex
changeable bases may fall below that representing saturation. 
The total exchange capacity of an unsaturated soil, to be cor
rect, must necessarily include the exchangeable hydrogen ex
pressed as milligram equivalents in the same manner as the 
other exchangeable base metals.

D evelopm ent of th e  M ethod
In this method, the soil is treated with a solution of am

monium acetate which liberates the exchangeable hydrogen 
as acetic acid. Advantage is taken of the behavior that a 
neutral ammonium acetate solution exhibits as acetic acid is 
added to it. D ata were first obtained to enable the author 
to observe the difference in potential effected by adding acetic 
acid to a solution of ammonium acetate made alkaline with 
ammonium hydroxide at the outset. The details and opera
tion of the glass electrode used to measure the electrical po
tentials are given below. The data obtained are shown in 
Table I and Figure 1.

T a b l e  I. B e h a v i o r  o f  A l k a l i n e  A m m o n iu m  A c e t a t e  S o l u 
t i o n  T i t r a t e d  P o t e n t i o m e t r i c a l l y  w i t h  A c e t i c  A c id  

[Basis, 500 co. of am m onium  ace ta te  so lu tion  (pH  ad ju sted  to  7.45) ]
Acetio Aoid C um ulative

Added E. M. F. Rise in E . M . F . R ise in  E . M .
Cc. Volt Volt Volt

0 .0 0 0.0264 0 .0000 0.0000
1.00 0.0312 0.0048 0.0048
2 .00 0.0365 0.0053 0.0101
3 .0 0 0.0423 0.0058 0.0159
4 .00 0.0490 0.0067 0.0226
5 .00 0.0560 0.0070 0.0296
6 .00 0.0027 0.0067 0.0363
7 .00 0.0688 0.0061 0.0424
8.00 0.0740 0.0052 0.0476
9 .00 0.0788 0.0048 0.0524

VOLUME OF ACETIC ACID AD DED -ZC .
F i g u r e  1. B e h a v io r  o f  A l k a l i n e  A m m o n iu m  A c e t a t e  S o l u t io n

Basis, 500 cc. of am m onium  ace ta te  solution, p H  value ad justed  to  7.45

Curve A , Figure 1, shows the relationship between the vol
ume of acetic acid added and the rise in potential effected be
fore and after the point of neutrality. Curve B  shows the 
potential rise with each cubic centimeter of acid added. The 
maximum potential rise was obtained during the addition of 
the fourth, fifth, and sixth cubic centimeters of acid. The pH 
value of the solution just preceding the addition of acid in each 
case amounted to 7.19, 7.07, and 6.96, respectively. These 
data show that the greatest slope with uniform curvature will 
be obtained if the ammonium acetate solution is adjusted to a 
pH of 7.07 at the outset.

Table II and Figure 2 show the rise in potential effected 
upon addition of known quantities of standardized acetic acid 
to ammonium acetate solutions of various strengths. In each 
case the pH value of the ammonium acetate solution was ad
justed to 7.07 with ammonium hydroxide before the titration 
was started. A stock solution of 2 N  ammonium acetate was 
made up by weighing out the salt and the pH value was ad
justed to 7.07. Measured portions of this solution were then 
diluted with distilled water to obtain the various strengths de
sired. The pH value was again checked and adjusted to 7.07 
as before. A very small quantity of ammonium hydroxide 
was required in the second case. The curve shown in Figure 
3 was developed from a portion of the data shown for a normal 
solution in Table II. The acetic acid added is calculated to 
milligram equivalents of exchangeable hydrogen present per 
100 grams of soil when leaching a 25- and 50-gram sample.

The data shown in Table II and Figure 2 present a very in
teresting study. At the outset, the rise in potential obtained 
per cubic centimeter of acid added varied in an inverse man
ner; however, as the titration was continued the rise in poten
tial reached the same value in all cases. It is evident that 
solutions weaker than 1 N  will give a larger potential rise per 
milligram equivalent of hydrogen exchanged. Although a 1 
N  solution was used by the author for all determinations made 
thus far, a solution weaker than 1 N  can, no doubt, be em
ployed to advantage on sandy soils having a low total ex

change capacity. If a group of soils con
taining a large amount of exchangeable hy
drogen are to be examined, only the upper 
portion of the curve will be used. In this 
case an advantage would be gained by ad
justing the initial pH value of the ammonium 
acetate leaching solution to a point higher 
than 7.07 (Table I and Figure 1).

The procedure adopted by the author was to 
digest a 25- or 50-gram sample of air-dried soil 
with 300 cc. of 1 N  ammonium acetate solution 
having a pH of 7.07 for a period of at least 24 
hours. The solution was then filtered from the 
soil by means of a Büchner funnel and trans
ferred to a 500-cc. volumetric flask. During 
the filtering operation the Büchner funnel was 
covered with a watch glass to protect the am
monium acetate solution from the atmosphere 
of the laboratory. The soil on the filter was 
then washed with 50-cc. portions of the same 
ammonium acetate solution until a volume of 
500 cc. was reached, care being taken not to 
allow the washing operation to proceed too 
rapidly. The solution in the volumetric flask 
was mixed well by shaking and a small por
tion used to obtain a voltage reading on the 
glass electrode. The milligram equivalents 
of exchangeable hydrogen present in the

24



JANUARY 15, 1940 ANALYTICAL EDITION 25

F ig u iie  2 . R ise  in  P o tentia l  on  Add it io n  ok A cetic A cid
T itra tions m ade w ith N  acetic acid on 500-cc. volume of am m onium  

ace ta te  solution, pH  value ad justed  to  7.07

T a b le  II. B e h a v io r  o f  N e u t r a l  S o lu t io n s  op Ammonium  
A c e t a t e  T i t r a t e d  P o t e n t i o m e t r i c a l l y  w i t h  A c e t ic  A cid

[Basis, 500 cc. of am m onium  ace ta te  solution (pH ad justed  to  7.07)1
N N  Solution 0.5 N  Solution 0.1 N  Solution

Acetic C um ulative Cum ulative C um ulative
Acid Rise in rise in Rise in rise in Rise in rise in

A dded e. m. f. e. m. f. e. m . f. e. m. f. e. m. f. e. m. f.
Cc. Volt Volt Volt Volt Volt Volt

0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.00 0.0073 0.0073 0.0125 0.0125 0.0370 0.0370
2.00 0.0067 0.0140 0.0093 0.0218 0.0153 0.0523
3 .00 0.0058 0.0198 0.0073 0.0291 0.0097 0.0620
4 .00 0.0046 0.0244 0.0057 0.0348 0.0070 0.0690
6 .00 0.0076 0.0320 0.0089 0.0437 0.0103 0.0793
8 .00 0.0060 0.0380 0.0067 0.0504 0.0072 0.0865

11.00 0.0065 0.0445 0.0078 0.0582 0.0082 0.0947
15.00 0.0072 0.0517 0.0073 0.0655 0.0080 0.1027
22.00 0.0091 0.0608 0.0095 0.0750 0.0098 0.1125
30.00 0.0075 0.0683 0.0075 0.0825 0.0082 0.1207
50.00 0.0130 0.0813 0.0133 0.0958 0.0130 0.1337

soil were then obtained from a curve similar to that shown in 
Figure 3. Since nothing was added or taken away from the solu
tion being examined, it could be returned to the volumetric flask 
for use in the determination of the other exchangeable bases.

If a 25-gram sample of soil were treated as described above 
with 500 cc. of the 1 N  ammonium acetate solution used in 
obtaining the data for the curves shown in Figure 3, and the 
potential rise obtained amounted to 0.0140 volt, the milligram 
equivalents of hydrogen exchanged per 100 grams of soil 
would be 8.0. A new curve should be made for each batch of 
ammonium acetate solution that is made up, as a slight dif
ference in the inital pH value affects the slope of the curve 
obtained. This fact is clearly brought out by Table I and 
Figure 1. A variation in the strength of the solution also has 
an effect on the slope of the curve, as is shown by Table II 
and Figure 2.

Discussion
Numerous methods for this determination have been sug

gested and published in recent soil literature. These meth
ods can be placed in two general classes.

1. The exchangeable hydrogen is determined by differ
ence. The exchangeable bases and hydrogen existing on the 
colloidal complex are removed by treatment of the soil with a

solution containing a cation capable of entering the complex 
other than any present in an exchangeable state originally. 
The amounts of exchangeable base metals thus removed are 
then determined quantitatively and expressed as milligram 
equivalents per 100 grams of soil. The total exchange ca
pacity is determined by analyzing the soil quantitatively for 
the amount of cation placed on the complex and this is also 
expressed as milligram equivalents per 100 grams of soil. 
The amount of exchangeable hydrogen is then obtained by 
subtracting the former from the latter.
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While methods of this type are conducive to good results 
when followed by a competent analyst, they embody some 
difficulties and undesirable features. All the exchangeable 
bases must be quantitatively determined before the deter
mination of hydrogen can be attempted. The excess ex
change reagent must be completely removed from the soil 
without removing any of the ions on the exchange complex 
before the total exchange capacity can be determined. Any 
errors incurred in the analytical work are also reflected on the 
exchangeable hydrogen. Included in the methods of this 
type are those of Kelley and Brown (2) and some of those re
viewed by Parker (8).

2. The exchangeable hydrogen is determined directly. 
The exchangeable hydrogen together with the other exchange
able cations is brought into solution as before by treatment of 
the soil with a solution containing a suitable cation followed 
by a titration. In a method of this type, the solution con
taining the exchange reagent must exhibit some buffering 
properties and hence the titration be carried out by means of 
a potentiometer and suitable electrodes. If this solution 
undergoes a marked change in pH through the liberation of 
hydrogen ions, some of the sesquioxides present may be at
tacked and the determination will run correspondingly low. 
If the leaching solution contains a measured amount of free 
base, the excess of which is to be determined after neutraliza
tion of the liberated hydrogen ions, some of the secondary
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silica present will be attacked and the results obtained will be 
correspondingly high.

Included in the methods of this type are those of Hissink
(1) and Schollenberger (5), and some of the methods reviewed 
by Parker (3). Schollenberger (5) advocates treatment of 
the soil with a neutral 1 N  solution of ammonium acetate and 
titration of the acetic acid formed with standardized am
monium hydroxide using a potentiometer and quinhydrone 
electrodes.

■SEAL

T a b le  III. C om parison  op  E x c h a n g e a b l e  H yd r o g en  a nd  
p H  V a l u e s
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F ig u re  4. G la ss  E lectrode  Assem bly

The method described herein is similar to the latter men
tioned in that the same exchange reagent is employed; how
ever, the potentiometric titrations are carried out using a 
glass electrode and only one potentiometric titration is re
quired for a large number of samples.

In Table III are shown the results obtained on the soils of a 
profile from the Red River Valley region in Minnesota. Note 
the agreement between the pH values and the per cent of the 
total exchangeable material which was found to be hydrogen. 
A 25-gram sample of soil was treated with a total of 500 cc. of 
1 N  ammonium acetate solution in each case.

D escription and O peration of E qu ipm en t
This discussion is limited to the glass electrode and poten

tiometric equipment used. All other equipment required can 
be found in an ordinary chemical laboratory.

Figure 4 shows the glass electrode circuit used to produce the 
electrical potentials in the various solutions tested. The poten
tials were measured on a Leeds & Northrup type K potentiometer 
which was brought into balance with the aid of a Leeds & North
rup type R suspension galvanometer and light scale.

The glass electrode was blown very thin and was of such sensi
tivity that a deflection of five spaces was obtained on the light 
scale (stationed at a distance of 120 cm., 4 feet, from the galva
nometer) when the potentiometer was thrown out of balance 0.0010 
volt. The glass electrode and two calomel half-cells were

Soil D ep th

T o tal
Exchange
C apacity

Exchange
able

H ydrogen

Exchange
able

H ydrogen pH

Inches
M illigram  equivalents per 

100 grams %
0 to  3 .5 60.1 2 .9 4 .8 6 .9

3 .5  to  9 41.3 8 .5 20 .6 5 .5
9 to  13 47.0 12.7 27.1 4 .7

13 to  17 47.5 11.2 23.6 4 .7
17 to  21 47 .7 10.2 21.4 4 .8
21 to  25 47 .3 8 .2 17.3 4 .9
25 to  29 46 .0 5 .0 10.9 5 .7
29 to  33 4 5 .8 1.7 3 .7 7.1
33 to  37 39 .0 0 .0 0 .0 7 .9

T a b le  IV. C o m p a riso n  o f  P o t e n t io m e t r ic  T i t r a t i o n s  M a d e  
w it h  C a lo m e l  H a l f - C e l l s  S u b je c t e d  t o  V a r io u s  S e a s o n in g  

P e r io d s
[Basis, 500 cc. of N  am m onium  ace ta te  so lution (pH  value ad justed  to  7.07))

Calomel H alf-C ell Im m ersed Calomel H alf-Cell Im m ersed
in N  Am monium A cetate in N  .Ammonium A cetate

N. Solution for 1 D ay Solution  for 12 D ays
Acetic Cum ulative C um ulative
Acid Rise in rise in Rise in rise in

Added E. m. f. e. m. f. e. m. f. E . m. f. e. m. f. e. m. f.
Cc. Volt Volt Volt Volt Volt Volt
0.00 0.0390 0.0000 0.0000 0.0511 0.0000 0.0000
1.00 0.0469 0.0079 0.0079 0.0587 0.0076 0.0076
2 .00 0.0538 0.0069 0.0148 0.0654 0.0067 0.0143
3 .00 0.0593 0.0055 0.0203 0.0712 0.0058 0.0201
4 .00 0.0638 0.0045 0.0248 0.0757 0.0045 0.0246
6 .00 0.0716 0.0078 0.0326 0.0834 0.0077 0.0323
8 .00 0.0776 0.0060 0.0386 0.0897 0.0063 0.0386

11.00 0.0849 0.0073 0.0459 0.0966 0.0069 0.0455
15.00 0.0922 0.0073 0.0532 0.1039 0.0073 0.0528

mounted on a stand which was so constructed that the danger of 
breaking the electrode was eliminated. At first the glass elec
trode was filled with a saturated solution of potassium chloride. 
As evaporation took place, crystals of potassium chloride dropped 
to the bottom. Further evaporation caused a growth of these 
crystals until eventually they punctured the side of the electrode. 
A period of about 18 months was the average life of an electrode 
of this type. The use of agar solution prevents the formation of 
crystals on the bottom of the electrode and seems to reinforce 
the thin glass membrane. No polarization difficulties were ex
perienced.

The calomel half-cell forming the liquid junction was made up 
using a saturated solution of potassium chloride and agar, as is 
shown in Figure 3, but was immersed in a solution of 1 N  am
monium acetate for some time before being put into service. In 
this way equilibrium conditions were established at the liquid 
junction, and the potentials were constant with no drifting. 
When not in use, this half-cell was kept immersed in a 1 N  am
monium acetate solution.

Until this procedure was adopted considerable difficulty 
was experienced. Table IV shows the potentiometric titra
tion of an ammonium acetate solution when using a calomel 
half-cell which was immersed in 1 N  ammonium acetate solu
tion for 24 hours and the same titration carried out on an equal 
volume of the same solution after the calomel half-cell had 
been immersed in 1 N  ammonium acetate solution for 12 
days. The temperature of the solution was the same for both 
titrations.

When the calomel half-cell was first immersed in the am
monium acetate solution, the potential of the system changed 
0.0025 volt on standing for a period of 20 minutes. This 
change in potential was undoubtedly due to the diffusion of 
ions across the liquid junction. If any current was drawn 
from the cell a further change was produced. After the calo
mel half-cell was immersed for 24 hours the potential change 
on standing for 1 hour was very small and when small amounts 
of current were drawn from the system there was no apparent 
change. After the 12-day period the potentiometer could be 
thrown out of balance as much as 0.5 volt without changing 
the potential of the system. During the 11-day period be
tween titrations, the initial potential of the system changed 
0.0121 volt. The ammonium acetate solution was stored in
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a well-stoppered bottle and did not change appreciably, its 
pH value being checked before each titration was started.

When taking readings, the potentiometer was brought into 
balance in the regular way; however, the zero point was al
ways confirmed by throwing the potentiometer out of balance 
equal amounts on each side (usually 0.0010 volt) to note if 
equal deflections on the light scale were obtained. When 
once the system was set up, readings were obtained with no 
more effort than is required to weigh a sample of material on a 
Chain-omatic balance.

Acknowledgment is given to F. J. Alway and C. O. Rost of 
the Division of Soils, University Farm, Saint Paul, Minn., for

permission to use the division’s potentiometric equipment 
and also to show a portion of the data on a soil profile prior 
to publication.
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A Method for Determ ining Glutamine in  
Plant Tissues

G E O R G E  W . P U C IIE R  a n d  H U B E R T  B R A D F O R D  V IC K E R Y  
C o n n e c t ic u t  A g r ic u l tu r a l  E x p e r im e n t  S t a t i o n ,  N ew  H a v e n , C o n n .

G lu tam ine  is converted to  am m onia  and  
pyrrolidone carboxylic acid by hydrolysis 
in  n e u tra l so lu tion . Conditions have been 
ascertained  u n d er w hich th is  acid can be 
quan tita tive ly  extracted  from  the  m ix tu re  
of p la n t tissue  com ponents. On being hy 
drolyzed, pyrrolidone carboxylic acid is 
converted in to  g lu tam ic  acid; accordingly 
th e  increase in  am ino  n itrogen  du ring  
th is  operation  furn ishes a m easure  o f th e  
g lu tam ine  am ide n itrogen  originally pres
e n t in  th e  tissue. T he details of a  m ethod 
to  determ ine  g lu tam ine , founded on these 
reactions, have been developed and  i t  is 
shown th a t  satisfactory  resu lts  are secured. 
T he new  procedure is n o t proposed as a 
su b s titu te  for th e  convenient and  accura te  
am ide hydrolysis m ethod , b u t as a m ore 
specific m eans of es tim a tin g  g lu tam ine  
when p resen t in  sm all am oun ts  or in  es
pecially unfavorable conditions, such  as in  
th e  presence of a  large excess of asparagine 
or o ther substances th a t  m ig h t in terfere  
w ith  th e  sim pler hydrolytic  m ethod .

THE method of determining glutamine, originally proposed 
by Chibnall and Westall (1) and subsequently modified 

in certain details (3), depends upon the complete hydrolysis of 
this somewhat unstable amide when it is heated to 100° C. 
for 2 hours at a reaction in the range pH 6 to 7. The am
monia liberated under these conditions has been shown to be 
a reasonably trustworthy measure of the glutamine amide 
nitrogen present, and the method leaves little to be desired 
in most practical cases on the scores of convenience or pre
cision. Nevertheless there are other plant components that 
liberate ammonia, though usually in small amounts, under the 
same conditions. Urea and allantoin are two that are found 
in certain plant species, and asparagine, the other widely

distributed plant amide, is not entirely unaffected. Accord
ingly, if reliance is placed on the determination of the unstable 
amide nitrogen, the results may be misleadingly high in cases 
where the proportion of glutamine present is unusually small,1 
and especially in cases where the tissues are unusually rich 
in asparagine. Furthermore, no account is taken of the pos
sibility that unknown plant components that also interfere 
with the method may be occasionally encountered.

The development of a procedure which depends on a more 
specific property of glutamine than the hydrolysis of the un
stable amide group therefore seemed desirable. The present 
method is not suggested as a substitute for the convenient 
amide hydrolysis method, but to be applied as a confirma
tion both qualitative and quantitative in cases of doubt, and 
especially when the proportion of glutamine present is un
usually small. It is necessary to emphasize that no method 
of plant analysis short of the isolation of a characteristic 
crystalline derivative is thoroughly trustworthy in the present 
inadequate state of our knowledge of plant tissue composition.

When glutamine is heated with water at pH 6 to 7, hy
drolysis of the amide group and ring closure to pyrrolidone 
carboxylic acid take place. The liberation of ammonia is, so 
far as is known, precisely quantitative, but the ring closure 
may not be strictly so. The loss of amino nitrogen has been 
shown, however, to be at least 98 per cent, and the silver salt 
of pyrrolidone carboxylic acid has been isolated in an amount 
equivalent to nearly 90 per cent of that calculated from the 
amount of amide hydrolysis. The hydrolysate obtained was 
slightly colored, however, and a trace of brown flocculent 
precipitate separated on the addition of the first drop of silver 
nitrate. This suggests the presence of a small amount of some 
by-product of the reaction (S). Consideration of the solubility 
of the silver salt and the conditions under which it was isolated 
indicates, however, that the amount of glutamine destroyed 
by side reactions is, for most purposes, negligible.

Pyrrolidone carboxylic acid is a relatively strong imino acid 
(pK =  3.32,6) that can be quantitatively extracted with ethyl 
acetate from aqueous solution buffered in the range pH 2 to
3. Furthermore it is easily hydrolyzed, when heated for a

1 T he petioles of rhubarb  leaves furnish a case in  poin t. I t  is shown in 
ano ther com m unication (4) th a t  the  small am ount of glu tam ine present was 
overestim ated by  the  hydroly tic  m ethod since negative values for th e  cal
culated asparagine am ide nitrogen were obtained. W ith  th e  present m ethod, 
th e  calculated asparagine am ide nitrogen values were very  sm all b u t positive 
and  there  is reason to  suppose th a t  they  were in  fac t zero.



Test for Magnesium with  
p-Nitrobenzeneazoresorcinol

The Effect o f Diverse Ions

J. P. MEHLIG AND K. R. JOHNSON 
Oregon State College, Corvallis, Ore.

HE qualitative test for magnesium employing the reagent 
p-nitrobenzeneazoresorcinol, commonly called S. and 0 .  

reagent, which produces a sky-blue lake in a magnesium solu
tion made alkaline with sodium hydroxide, was first proposed 
by Suitsu and Okuma (6) who claimed that 0.002 mg. of 
magnesium can be thereby detected.

Ruigh (4) found that excess of ammonium salts destroys the 
sensitivity of the reagent and that nickel and cobalt interfere by 
giving somewhat similar blue lakes, and stated that after the re
moval of the heavy metals by precipitation as sulfides the test 
is absolutely characteristic. Eegriwe (1) corroborated the inter
ference of nickel and cobalt and added chromic ion to the list. 
Stone (5) stated that ammonium salts and organic matter de
crease the sensitivity. Newell, Pike, and Ficklen (S) claimed 
that the test is not so specific as might be desired and that 
the sensitivity is only 2 parts per million. They stated that 
most of the cations of group II and all those of group III inter
fere, but that only a few of the anions cause trouble.

Engel (2) modified the test by causing a blue stain to be 
formed on the surface of a casserole upon evaporation of the solu
tion and detected 3 X 10"‘ gram of magnesium. His test is valid

T a b l e  I .  E f f e c t  o f  D i v e r s e  I o n s  o n  M a g n e s iu m  T e s t

(10 mg. of m agnesium  present)
Ion W eight

Mg.
R esult

A lum inum 1000 N o interference
Am m onium 100 N o interference

500 N o interference
600 N o interference
650 Slight fading
700 S light fading
750 Interference

A ntim onous 1000 N o interference
Barium 1000 N o interference
B ism uth 1000 N o interference
C adm ium 1000 N o interference
Calcium 1000 N o interference
Chrom ic 10 G reen p p t. interferes
C obaltous 10 Rose-gray p p t. interferes
C upric 10 Blue p p t. interferes
Ferric 10 Brow n p p t. interferes
Ferrous 10 G reen p p t. interferes
Lead 1000 No interference
M anganous 10 Brown p p t. interferes
M ercurio 10 Black p p t. interferes
M ercurous 10 Black pp t. interferes
Niokelous 10 G reen p p t. interferes
Potassium 1000 N o interference
Silver 10 Brow n p p t. interferes 

N o interferenceSodium 1000
Stannic 1000 N o interference
Stannous 1000 N o interference
S trontium 1000 N o interference
Zinc 1000 N o interference
A cetate 1000 N o interference
A rsenate 10 Brown p p t. interferes 

N o interferenceA rsenite 1000
B orate 1000 N o interference
B rom ide 1000 N o interference
C arbonate 1000 N o interference
Chloride 1000 N o interference
C hrom ate 10 Yellow p p t. interferes
Cyanide
Fluoride

1000 N o interference
1000 N o interference

Iodide 1000 N o interference
N itra te 1000 N o interference
N itrite 1000 No interference
O rthophosp hate 1000 N o interference
O xalate 1000 N o interference
Perm anganate 10 P urp le  interferes
Sulfate 1000 N o interference
Sulfide 1000 N o interference
Sulfite 1000 N o interference
Thiocyanate 1000 No interference
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in the presence of any one or all the common ions met in qualita
tive analysis. Acetates, tartrates, and ammonium salts do not 
interfere, but do decrease the sensitivity.

The purpose of the present work was to make a further 
study of ion interference with the test when carried out ac
cording to Ruigh’s directions (4).

P re p ara tio n  of Solutions
p-Nitrobenzeneazoresorcinol solution was made by dissolving 

0.5 gram of the solid reagent in a 1 per cent solution of sodium 
hydroxide and diluting with the solvent to 100 ml.

Test solutions of the cations were prepared from the chloride, 
nitrate, or sulfate salts, while the sodium or potassium salts were 
used for the preparation of the anion solutions. Each milliliter 
contained 10 mg. of the ion in question.

Procedure
The interference studies were made by mixing a given 

volume of the diverse ion solution with 1 ml. of a magnesium 
solution containing 10 mg. of magnesium, adding 1 drop of 
the p-nitrobenzeneazoresorcinol solution, and making the 
solution alkaline with dilute sodium hydroxide solution. If 
there was no interference a sky-blue precipitate could be seen. 
As little as 0.002 mg. of magnesium was easily detected in the 
absence of interference.

The effects on the test of most of the common ions are 
shown in Table I.

D iscussion
Interference is usually due to the formation by the diverse 

ion of a colored precipitate which masks the blue produced 
by the magnesium. Black precipitates are given by mercurous 
and mercuric ions; brown by silver, manganous, ferric, and 
arsenate ions; green by chromic, nickelous, and ferrous ions; 
rose-gray by cobaltous ions; yellow by chromate ions; and 
deep blue by cupric ions. Only arsenate, chromate, and per
manganate of the twenty anions tested interfere. The white 
precipitates formed by aluminum, antimonous, bismuth, 
cadmium, stannic, stannous, and zinc ions do not interfere 
because the blue magnesium lake is not masked by white. 
Ammonium ion does not cause trouble unless present in con
siderable excess. Sixty times as much ammonium as mag
nesium by weight may be present without causing fading.

No claim has ever been made by any investigator that the
S. and O. reagent is a specific test for magnesium. However, 
since the interfering ions are easily removed in the usual 
scheme of qualitative analysis before the test is applied, the 
test is most satisfactory and useful. Aluminum, barium, 
calcium, and strontium, traces of which often are present 
through faulty separations, give a white phosphate precipitate 
which may easily be mistaken for magnesium ammonium 
phosphate in the old classical test for magnesium, but in the 
absence of magnesium they give no blue color whatever when 
the S. and O. test is applied, nor do they interfere with the 
test when magnesium is present. Students in the writers’ 
classes get exceptionally good results with the test.
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S um m ary
The effect of forty-four of the common ions upon the p- 

nitrobenzeneazoresorcinol test for magnesium has been 
studied. Although many of the metals of the first three 
groups interfere, they will have been removed, in the usual 
qualitative procedure, before the test for magnesium is made.

Aluminum, barium, calcium, and strontium ions, which give 
so much trouble in the phosphate test for magnesium through 
the formation of similar white precipitates, do not interfere 
at all with the S. and 0 . test.

Very few anions interfere.

The test, although not specific for magnesium in the strictest 
sense, is very satisfactory, useful, and efficient when properly 
applied.
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Direct Estim ation o f B iological Nitrogen Fixation
A Gasometric Method

C IIA R L E S  H U R W IT Z  AND P . W . W IL S O N , U n iv e rs i ty  o f  W is c o n s in , M a d is o n , W is.

D e m o n s t r a t i o n  of biological nitrogen fixation is
usually accomplished by estimating the total nitrogen 

(before and after incubation) through use of some modifica
tion of the Kjeldahl procedure. Although this technique is 
accurate and reliable whenever a medium initially low in 
nitrogen is employed, the Kjeldahl method is subject to cer
tain inaccuracies when used with substrates high in organic 
nitrogen. During the period of incubation, changes in the 
form of nitrogen occur which may give rise to errors in the 
determination and thus invalidate the apparent gains in 
nitrogen observed (9). Such errors have caused much con
fusion and disagreement among workers in the field of bio
logical nitrogen fixation. It has been proposed, therefore, that 
a direct measure of free nitrogen uptake be a necessary condi
tion for acceptance of claims of nitrogen fixation on substrates 
initially high in total nitrogen, such as plant extracts, germi
nating seeds, and nodules from leguminous plants (S, 9).

The chief difficulty in following this suggestion has been the 
lack of a suitable gasometric method. Although gasometric 
procedures have been used previously for this and similar 
problems in biological nitrogen fixation studies (1,2 , 4, 7), the 
majority possess certain disadvantages which have prevented 
their widespread adoption. Aside from the frequent use of 
complicated and expensive apparatus, they usually employ 
rather large culture flasks in order to provide sufficient oxygen 
for respiration of the biological agent under investigation. 
Under such conditions, the quantity of nitrogen fixed is 
ordinarily too small to detect accurately through gas analysis. 
A second source of error has been the relatively large correc
tions which must be made in order to allow for changes in 
the composition and partial pressures of the various gases in 
the closed system. These objections have been removed 
through development of a technique based on the principle 
of constantly renewing the oxygen as it is consumed in 
respiration.

M ethod
The apparatus employed is shown in Figure 1; details of 

the method are best supplied by actual illustration of its use 
in a test with Azotobader.

To a sterile calibrated Erlenmeyer flask a known volume of 
sterile nitrogen-free medium is added aseptically and 20 ml. of 
40 per cent potassium hydroxide are placed in the inner tube.

The connecting glass tube which leads into the potassium hy
droxide container holds it upright and reduces danger of contami
nation from added oxygen. After the flask is inoculated with 1 
ml. of a 24-hour-old Azotobacler vinelandii culture, it is attached 
to the Novy-Soule respirometer (5) by means of the rubber stop
per and glass tube. Heavy-walled rubber tubing and a high-grade 
rubber stopper impregnated with vaseline are used for connec
tions. The rubber stopper is inserted to a calibration mark on the 
neck of the flask. These connections are securely wired, glycerol 
being used to facilitate fitting. Glass stopcocks are carefully 
greased with Lubriseal, checked for leaks under pressure, and 
secured in place with stout rubber bands.

When connected, the system is placed in a constant-tempera- 
ture room at the desired temperature for 4 hours. Stopcocks 1 
and 3 are then opened momentarily in order to equilibrate the 
system; the stopcocks are closed and the test begins. As oxygen 
is respired, the carbon dioxide evolved is absorbed in the potas
sium hydroxide; hence the rate and quantity of oxygen consump
tion can be followed by the changes in the mercury manometer. 
When the p 02 inside the apparatus reaches approximately 0.15 
atmosphere, as indicated by the reading on the manometer, the 
flask is shaken for several minutes to absorb the carbon dioxide 
completely. The Hg level coming to equilibrium, the final reading 
is taken, and oxygen is added from reservoir B. By means of the 
water system, A, the air in the capillary tube, C, and the three- 
way tailcock 3 on the respirometer is displaced with water which 
in turn is swept out with pure oxygen kept under a slight head 
of mercury in B. When this is accomplished, the tailcock is 
turned to communicate with the closed system, and oxygen is 
added to a pressure of zero. This procedure is carried out as 
often as is required during the period of incubation. In adding 
oxygen to the system and in filling the oxygen reservoir from the 
cylinder, great care must be exercised to exclude air completely.

At the end of the incubation period, oxygen is added to zero 
pressure in the manner just described, stopcock 2 is closed, and 
samples of gas are removed via stopcock 3 for analysis. In the 
authors’ work these are carried out in a special gas apparatus 
which requires 15 to 25 ml. (3), but any standard gas-analysis ap
paratus should be satisfactory. A Kjeldahl analysis is then made 
on the entire contents of the flask.

The gas analysis includes tests for oxygen, carbon dioxide, car
bon monoxide, and combustible gases, but in actual practice 
oxygen and a small quantity of carbon dioxide (about 1 per cent) 
are the only gases which have been found. It is evident that 
through use of the technique described not only is the oxygen 
respired completely replaced, but any free nitrogen fixed will 
show up in the gas analysis as an increase in the oxygen content. 
For this reason, the nitrogen fixed can be calculated from the 
formula:

Mg. of N  fixed = 28 X (ffi - f t ) X 7 X  273 (P  -  vp) 
22.4 X  (I +  273) X 760

in which (?i is per cent of total absorbable gases in the experi
mental flask; Gi is per cent of total absorbable gases in a suitable
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plied with an excess of ammonium chloride served as a 
natural control. Similar data are shown in Figure 2 for rate 
experiments. In the rate experiments a series of cultures 
was set up, and periodically, one flask (in some cases, 
duplicates) was removed and analyzed for nitrogen fixed by 
both the Kjeldahl and gasometric methods— i. e., a Kjeldahl 
analysis was made on the entire contents of the flask after 
taking the gas samples.

Accuracy an d  Sensitiv ity  of M ethod
Experience with the method using Azotobacter cultures, 

germinating seeds, and root nodules from leguminous plants 
(9) indicates that when 500-ml. flasks are used, the total 
errors, including those associated with the gas analyses and 
all necessary manipulation, reach a maximum of about 2.5 
mg. of nitrogen. The method has been designed primarily to 
investigate nitrogen fixation in substrates initially high in 
organic nitrogen. Since on such substrates it is usually 
claimed that 10 to 25 mg. of nitrogen are fixed, it is evident 
that the method is adequate for detection of such quantities. 
Although the Kjeldahl method may be more accurate for 
substrates low in organic nitrogen than is the gasometric pro
cedure, the situation is reversed with many substrates high in 
nitrogen, especially heterogeneous material such as seeds and 
root nodules. For example, statistical treatment of several 
hundred analyses of pea seed by various Kjeldahl methods 
indicated that in a 5-gram sample the estimate of nitrogen has 
a standard deviation of about 5 mg. (8). Therefore, even if 
quadruplicate samples are taken, the standard deviation of 
the difference between the means of the controls and treated 
samples would be 4.1 mg. Since t for 6 degrees of freedom 
equals 2.45 (95 per cent confidence limit), a difference of 9.9 
mg. would be necessary for significance (<?) if a Kjeldahl 
method of analysis is used. In contrast, the gasometric 
method is independent of sampling errors in the initial nitro

gen content of seeds since it measures directly the quantity of 
free nitrogen which disappears from the atmosphere; ordi
narily, a loss of 2.5 mg. of nitrogen should be readily detected. 
For less heterogeneous materials, as nodules, the variance in 
the samples is less, but the sensitivity of the gasometric 
method can be increased through use of smaller flasks, so that 
the latter method still retains its advantage.

S um m ary
A gasometric method is described for detection of uptake 

of free nitrogen by biological agents which is based on the 
principle of quantitatively replacing nitrogen fixed, as well as 
oxygen respired, with oxygen of known purity. Tests with 
Azotobacter cultures indicate that it is reliable and possesses 
reasonable accuracy. Its advantages over Kjeldahl methods 
for use with heterogeneous substrates, as seeds and plant 
tissues, which are initially high in organic nitrogen are dis
cussed.
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Determ ination o f M olybdenum in Cast Iron 
and Steel

C A LV IN  S T E R L IN G  AND W . P . S P U IIR , T h e  I n t e r n a t i o n a l  N ic k e l C o ., I n c . ,  R e s e a rc h  L a b o ra to ry ,  B a y o n n e , N . J .

A com bination of the  alpha-benzoinox- 
im e and  lead m olybdate m ethods for th e  
de te rm ina tion  of m olybdenum  in  ferrous 
m aterials is described. T he critical ign ition  
of the  alplia-benzoinoxim e p rec ip ita te  is 
avoided by dissolving i t  in  a m m o n iu m  
hydroxide and  p rec ip ita ting  and  w eighing 
the m olydcnum  as lead m olybdate  w ith 
o u t fu rth e r  purification.

A MODIFICATION of Knowles’ (2) alpha-benzoinoxime 
method for the determination of molybdenum was 

adopted as a standard procedure in this laboratory during 
1935. The method was accurate and more rapid than the 
former practice, which involved separation by hydrogen sul
fide and weighing as lead molybdate. However, the ignition 
of the molybdenum compound of alpha-benzoinoxime to 
molybdic oxide at temperatures below 550° C. was trouble

some. The operation required at least an hour, and demanded 
accurate control of the temperature in order to avoid losses of' 
molybdenum. In addition, it was necessary to correct the 
weight of the oxide for small amounts of impurities.

The authors have succeeded in overcoming these annoy
ances by dissolving the alpha-benzoinoxime precipitate in 
ammonia, filtering off the insoluble impurities, and precipitat
ing the molybdenum as lead molybdate. This procedure 
yields a pure precipitate containing a favorably low percentage 
of molybdenum, and which may be ignited quickly under easily 
obtained conditions.

A nalytical P rocedure
R e a g e n t s .  The following reagents were prepared, using; 

reagent grade chemicals with the exception of perchloric acid. 
As a matter of economy the technical grade acid is used in all 
routine work.

N i t r i c - P e r c h l o r i c  A c id  M ix t u r e .  M ix  3 v o lu m es of 68 t o  
70 per cen t tech n ica l grade perchloric ac id  w ith  1 v o lu m e  of 
nitr ic  acid  (sp . gr. 1.42) and 1 vo lu m e of w ater.

P o ta s s iu m  D ic h r o m a te  S o lu t io n .  Dissolve 1.41 grams of 
potassium dichromate in water and dilute to 100 ml. Each, 
milliliter contains 5 mg. of chromium.
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F e r r o u s  S u l f a t e ,  5 P e r  C e n t  S o lu t io n .  Dissolve 50 grams 
of ferrous ammonium sulfate hexahvdrate in water, add 50 ml. of 
1 to 1 sulfuric acid, and dilute to 1 liter.

A lp h a -B e n z o in o x im e , 2 P e r  C e n t  S o lu t io n .  Dissolve 2 
grams of alpha-benzoinoxime in 100 ml. of ethyl alcohol.

L e a d  A c e t a t e  B u f f e r  M ix t u r e .  Dissolve 4 grams of lead 
acetate trihydrate in a solution containing 275 ml. of water, 550 
ml. of ammonium hydroxide (sp. gr. 0.90), 900 ml. of 50 per cent 
acetic acid, and 275 ml. of hydrochloric acid (sp. gr. 1.19). Let 
stand overnight and filter.

P r e p a r a t io n  o f  t h e  S o lu t io n .  Transfer 3 to 5 grams of steel 
or cast iron to a 600-ml. beaker and add 50 to 70 ml. of nitric- 
perchloric acid mixture. Cover the beaker and heat gently until 
action ceases. Remove the watch glass, and add 1 to 3 ml. of 
hydrofluoric acid.

Add sufficient potassium chromate solution to cast-iron samples 
to make the total chromium content of the solution at least 25 
mg. The chromium catalyzes the destruction of graphite and 
carbides by boiling perchloric acid.

Evaporate the solution from the open beaker until heavy white 
fumes appear. Continue heating until volatile acids are driven 
from the beaker and the perchloric acid comes to a boil. Cover 
the beaker with a watch glass and boil gently until carbides and 
graphite are decomposed. The rate of boiling should not be high 
enough to cause excessive losses of perchloric acid.

Remove the beaker from the hot plate and allow to cool until 
the perchlorates crystallize. Dilute the solution to 100 ml. and 
stir, heating if necessary, until the salts have dissolved. Filter 
off any insoluble residue.

P r e c ip i t a t io n  b y  A lp h a -B e n z o in o x im e . Cool the prepared 
solution below 20° C. and add ferrous sulfate until the solution 
has clear blue-green color that is not changed by adding a slight 
excess. Dilute to 400 ml. and cool to 5° to 10 °C. in an ice bath. 
Pieces of clean ice may be added to the solution itself.

Add 10 ml. of alpha-benzoinoxime solution slowly while stir
ring. Add an additional 0.5 ml. for each milligram of molyb
denum present. Add bromine water while stirring until the solu
tion is tinted a pale yellow, and then add 3 to 4 ml. more of 
reagent. Let stand 5 to 10 minutes in the ice bath with oc
casional stirring.

Filter the precipitate on a 15-cm. rapid paper and wash with 
cold 2 to 98 sulfuric acid containing a few milliliters of reagent. 
Fill the paper with washing solution and allow it to drain com
pletely before breaking up the cake with the stream from the 
wash bottle.

Treat the filtrate with more reagent as a check on the complete 
separation of molybdenum. Needlelike crystals will deposit on 
standing if sufficient excess reagent has been added.

R e p r e c ip i t a t io n  o f  M o ly b d e n u m  a s  L e a d  M o ly b d a te .  
Transfer the precipitate back to the original beaker by means of 
a jet of water. Add 10 ml. of ammonia and 10 ml. of 30 per cent 
hydrogen peroxide, dilute to 75 ml., and boil until the evolution 
of oxygen ceases. Filter through the original paper and wash the 
paper and small residue with hot ammonia (2 to 98).

Pour the hot ammoniacal molybdenum solution into 100 ml. 
of boiling lead acetate buffer mixture slowly while stirring, boil 
gently until the precipitate coagulates, and allow to settle for 30 
minutes. If the precipitate is small, the settling period should be 
extended to several hours or overnight.

Filter the precipitation on a close-texture paper containing a 
little paper pulp, wash thoroughly with hot 2 per cent ammonium 
acetate solution containing a few milliliters of acetic acid, and 
ignite the paper and residue in a porcelain crucible placed just 
inside a muffle furnace operating at a dull red heat. Weigh as 
lead molybdate containing 26.14 per cent of molybdenum.

A nalytical D ata
The method was established by more than 50 experimental 

runs on National Bureau of Standards No. 107 Ni-Cr-Mo 
cast iron and No. I l l  Ni-Mo steel. The recommended an
alyses for these materials are:

Sample T O G O M n P S Si
107 2 .57 1.86 0.706 0.197 0.090 2 .34
111 0.202 0.662 0.023 0.020 0 .292

Cu Ni Cr V M o W
107 0.074 0.807 0.455 0 .015 0.687 0.002
111 0.122 1.75 0.272 0.003 0.215

a T o tal carbon.
& G raphitic  carbon.

Twelve cooperating analysts reported values for molyb
denum in the following ranges:

No. 107, 0 .076 to 0 .70  %  M o 
N o . I l l ,  0 .20  to 0 .223 %  Mo

The recommended procedure gave the following results 
on these samples:
No. 107: 0 .6 8 7 ,0 .6 9 7 ,0 .7 0 0 ,0 .0 8 7 ,0 .6 9 8 ,0 .6 8 5 ,0 .6 8 9 . A v„  0 .6 9 2 %  M o 
No. I l l :  0 .2 0 1 ,0 .2 0 8 ,0 .2 2 1 ,0 .2 1 7 ,0 .2 1 4 ,0 .2 1 6 ,0 .2 1 7 . A v .,0 .2 1 3 % M o

D iscussion

The authors’ work on this method was initiated by the ob
servation that the alpha-benzoinoxime precipitate is freely 
soluble in fixed alkali. A long series of experiments on es
sentially the method recommended, but using sodium hy
droxide as a solvent, gave results that were consistently high 
by 0.01 to 0.05 per cent of molybdenum. The error was 
found to be caused by silica introduced by corrosion of the 
glassware by the small amount of caustic used. When nickel 
beakers were substituted for Pyrex the results were normal. 
By substituting ammonium hydroxide for sodium hydroxide 
the corrosion of glass was reduced to the point where it could 
be neglected. However, the precipitate dissolves more slowly 
in ammonia than in sodium hydroxide, making it essential to 
remove it completely from the paper for the treatment with 
ammonia.

The small amount of iron carried down by the alpha- 
benzoinoxime precipitate is partially precipitated by the 
alkaline solvent. When hydrogen peroxide is added the pre
cipitation is complete, allowing the impurities to be removed 
by the subsequent filtration.

A pplication of th e  M ethod

Alpha-benzoinoxime is nearly specific for molybdenum  
under the prescribed conditions. Tungsten, tantalum, and 
columbium are the only interfering elements that might be 
found in ferrous materials. The authors have not tested the 
method on any of the comparatively rare cases in which one 
or more of these elements is associated with molybdenum, 
but the following notes should serve as a guide when such com
plex alloys are encountered.

An insoluble residue in the normally clear perchloric acid 
solution of the sample is an indication of the presence of inter
fering elements. Tantalum or columbium alone would be pre
cipitated and filtered off. The determination would then fol
low its usual course. If appreciable amounts of titanium were 
also present, the precipitation of the earth acids would be in
complete. The soluble fraction would be carried down in the 
first molybdenum precipitation. An abnormally large am
monia-insoluble would be found, and probably recovery of 
occluded molybdenum would be in order.

The chief offender is tungsten. In some cases it will be 
completely precipitated by the perchloric acid treatment, but 
it is never safe to assume this. Any tungsten remaining as a 
soluble complex with phosphorus or molybdenum itself will 
be weighed with the lead molybdate. Probably the best line 
of attack on tungsten steels will include a preliminary separa
tion of molybdenum from tungsten by hydrogen sulfide. 
Arrington and Rice (1) have thoroughly covered this problem.

Occasionally, when the percentage of molybdenum is very 
high, as in corrosion-resistant nickel-chromium steels, some of 
the molybdenum is precipitated as the oxide in the prepared 
solution. The difficulty in such cases is overcome by repeating 
the determination on a smaller weight of sample.

The useful field of application of the recommended pro
cedure includes practically all of the tungsten-free molyb
denum-bearing irons and steels.

L ite ra tu re  C ited
(1) Arrington and Rice, Bur. M ines Rept. Investigations 3441, 39-

59 (1939).
(2) Knowles Bur. Standards J . Research, 9, 1 (1932).
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yatem T em pera
No. tu re , ° C.

1 25
2 25
3 25
4 25
5 25
6 01
7 15 [
8 30
9 30

10 30
11 30
12 25
13
14 0
15 and
16 20
17

18 25
19 25
20 25
21 40 to  60
22 25
23 27
24 23
25 25
26 27
27 22
28 0 an d  25
29 25
30 25

31 25
32 25
33 25

T a b l e  I. T e r n a r y  S y s t e m s

System
B enzene-acetic ac id -w ater 
A cetone-chloroform -w ater 
T o luene-acetic  a cid -w ater 
T o luene-m ethy l a lcoho l-w ater 
Acetic aoid-chloroform -w ater

n -B u ty l a lco h o l-w a ter-m eth y l alcohol

T rie thy lam ine-w ater-e thy l alcohol 
T rie thy lam ine-w ater-d ie thy l e ther 
T rie thylam ine-w ater-phenol 
Pyrid ine-benzene-w ater 
W ate r-e th y l ace ta te -m e th y l aloohol 
W ater-e th y l a ce ta te -e th y l alcohol 
W ate r-e th y l aceta te-iaopropy l alcohol 
W ater-e th y l ace ta te -n -p ro p y l alcohol 
W ate r-e th y l a ce ta te -ie ri-b u ty l alcohol

E th y l alcohol-cyclohexane-w ater 
M ethy l alcohol-cyclohexane-w ater 
B enzene-ethy l a lcohol-w ater 
W ater-e th y l a lcohol-isoam yl alcohol, etc. 
G lycol-xylene-acetone 
G lycol-toluene-acetone 
G lycol-chlorobenzene-acetone 
G lycol-brom obenzene-acetone 
G lycol-benzene-acetone 
G lvcol-nitrobenzene-acetone 
E tn y l a lcoho l-e thy l e th e r-w a te r 
W ater-hyd rogen  brom ide-iaoam yl alcohol 
W ater-hyd rogen  b rom ide-isobu ty l aloo

hol
W ater-hyd rogen  ch lo ride-isobu ty l alcohol 
W ater-hyd rogen  chloride-cyclohexanone 
W ater-hyd rogen  iod ide-isobu ty l alcohol

R eference
No.

(3, 5, 16) 
(5)

{19)
jß \
{21)

T HE literature gives many ternary systems, containing 
one pair of nonconsolute liquids and forming two liquid 

phases, with limited tie-line data; in order to obtain further 
data without recourse to experiment, interpolation is neces
sary.

Direct interpolation on a triangular graph is unsatisfac
tory, but it may be effected accurately by several indirect 
methods.

P

F i g u r e  1

A study of ternary equilibrium curves for two-liquid phase 
systems containing one pair of nonconsolute liquids makes it 
clear that the critical point is not necessarily at the maximum 
of the isotherm, and hence the tie lines are not parallel to the 
base of the triangle. The critical point may, however, be 
brought to the maximum of the isotherm by altering the units 
of plotting on the triangular graph. Hand (3) gives an in
teresting account of such a method, whereby tie lines may be 
obtained parallel to the triangle base and interpolation is 
simplified.

In the second method described in the International Critical 
Tables (Jf), lines are drawn from conjugate points of a tie 
line parallel, respectively, to the two sides of the triangle and 
intersecting at a point. By repeating for other tie lines, a 
series of points is obtained forming a conjugate curve from 
which tie lines may be interpolated.

A similar method has been described by Sherwood (11), in 
which a line is drawn from one conjugate point parallel to the 
base, to intersect a second line from the other conjugate point 
parallel to the side of the triangle. A series of points of in
tersection for several tie lines may be joined to form a con
jugate curve from which other tie lines may be interpolated.

In what appear to be the most accurately determined 
systems (3, 6,14 ,  15,19), the tie lines may be produced to a 
point focus on the extended base line of the triangle. In 
many systems, however, the tie lines when produced do not 
exhibit such a point focus, while in other systems the ex-
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tended tie lines appear to be tangential to a curve, as shown 
by Van Dyck and Saal (13).

Insufficient information is available at the moment to de
termine whether the point focus is a general case and whether 
any deviations therefrom in a particular system may be due, 
as is not completely improbable, to inaccurate tie-line data, to 
the presence of an unsuspected fourth component as an im
purity, or to compound formation.

Of these methods, the first three necessitate a knowledge 
of a considerable amount of tie-line data. The fourth method, 
where applicable, requires only a knowledge of one accurately 
determined tie line. The method described in the present 
paper requires only a knowledge of two accurately determined 
tie lines.

If the weight percentages of the two nonconsolute liquids 
are plotted on rectangular coordinates the binodal curve ap
proximates a rectangular hyperbola. This is shown in Figure 
1, for the system benzene-ethyl alcohol-water due to Varteres- 
sian and Fenske (14), where benzene and water are the two 
nonconsolutes. Points representing tie-line data are located 
on the curve and numbered. Corresponding numbers are on

opposite branches of the hyperbola. These correspondingly 
- numbered points can be joined to form tie lines.

A plot of weight percentage of the first nonconsolute con
stituent in one liquid phase against the weight percentage of 
the second nonconsolute constituent in the other liquid phase 
in equilibrium with the first gives a smooth tie-line curve. 
This tie-line curve, K P  in Figure 1, intersects the isotherm at 
the critical point, K,  and from its form would appear to have 
exponential characteristics.

With two exceptions, the thirty-three ternary systems given 
in Table I gave tie-line curves of similar form. The two ex
ceptions are pyridine-benzene-water (20) and ethyl ether- 
ethyl alcohol-water (S), in both of which a change in the slope 
or direction of the tie lines occurs. Anomalies of this nature 
have been explained on the assumption of compound forma
tion in the liquid system, analogous to that said to occur in 
the lead-tin-zinc system described by Wright (21). In the 
opinion of the authors the most probable explanation of these 
exceptions is that the experimental data available for the two 
systems are inaccurate. This is undoubtedly the case, for the 
pyridine-benzene-water system (20).

Butyl accohol-
ESTER -WATER [nj

WEIGHT PERCENT OF SECOND NON- CONSOLUTE CONSTITUENT IN OTHER LIQUID PH A SE
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Instead of deriving a general expression which would apply 
to such tie-line curves in normal ternary systems, a selected 
system was employed as a standard, and a chart was con
structed which would reduce all tie-line curves to straight 
lines. As a standard it was necessary to employ an accurately 
determined system from a reliable source. Several such 
systems are given in the more recent literature (9, 14, 19).

The system finally selected was toluene-acetic acid-water, 
due to Woodman (19). In this system, water and toluene are 
the two nonconsolute liquids and a plot of weight per cent 
of the first nonconsolute constituent, in this case toluene, as 
ordinate against weight per cent of second nonconsolute con
stituent, water, as abscissa gives the usual tie-line curve 
shown in Figure 2. This curve terminates in the critical point, 
K ,  and the point, P, which represents the mutual solubility of 
toluene and water.

The tie-line curve reduced to a straight line must contain 
both K  and P. Therefore K  and P  may be joined by a straight 
line and a special weight percentage vertical scale constructed 
to replace the original ordinate as shown in Figure 2. Using 
the original vertical scale on the left of Figure 2 in conjunc
tion with the tie-line curve and straight line K P ,  the new 
vertical scale on the right of the figure is obtained by the con
struction shown as dotted lines on the figure. In this way a 
chart is obtained on which the toluene-acetic acid-water tie- 
line data can be plotted as a straight line.

It was found that the tie-line data of other systems, when 
plotted on this chart, also gave straight lines. Examples based 
on data in the literature for the ternary systems detailed in 
Table I were tested and, with the exception of the two anoma
lous systems already mentioned, gave straight lines as shown 
in Figure 3. To avoid confusion, only a portion of the systems 
detailed in Table I appear in Figure 3.

I t follows, therefore, that by employing a chart of this na
ture the determination of tie-line data resolves itself into 
the determination of the critical point and of the mutual solu
bility of the two nonconsolute constituents. The mutual 
solubility, together with one, or better two, experimentally 
determined tie lines would be equally suitable and might 
often be preferred, owing to the difficulty in determining 
the critical point.

Although the proposed method appears to be applicable 
to the systems cited, twenty-six of these thirt3r-three systems 
contain water as one of the three components and, until data 
for more nonaqueous systems are available to test the pro
posed method more completely, general applicability cannot 
be claimed. The proposed method has been applied only to 
ternary systems of two liquid phases containing a closed 
binodal curve and having a single pair of nonconsolute con
stituents. There would, however, appear to be no reason 
why the method should not be applied to ternary systems of 
two liquid phases containing two or three binodal curves and 
having two or three pairs of nonconsolute constituents,

always providing the closed binodal curves defining the 
. areas of heterogeneity do not overlap.

An interesting case is that of a two-liquid-phase ternary 
system having two pairs of nonconsolute constituents, where 
the area of heterogeneity is defined by a band. An example 
of this is the system aniline-heptane-methyl cyclohexane at 
25° C., studied by Varteressian and Fenske (14). The treat
ment of systems of this type in a manner similar to that de
scribed above for systems having a closed binodal curve 
could not be tried, owing to lack of data in the literature. 
The use of a chart constructed from a system where the area 
of heterogeneity is defined by a band would be necessary to 
try out the proposed method for such cases.

A chart constructed from a system where the area of hetero
geneity is defined by a closed curve could hardly be applied 
to the band-type system, and the plotting of Varteressian 
and Fenske’s data for aniline-heptane-cyclohexane on the 
chart, constructed as described above, does not yield a 
straight line. The conjugate curves obtained for the aniline- 
heptane-cyclohexane system by the method of Sherwood (11) 
and by that described in the International Critical Tables (4) 
are both straight lines. If this were general for band-type 
systems it would afford a simple method of obtaining tie 
lines from a knowledge of the mutual solubilities of the two 
pairs of nonconsolute constituents.
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Tie Lines in  Ternary Liquid Systems
IR V IN  B A C H M A N  

U. S. I n d u s t r i a l  C h e m ic a ls ,  I n c . ,  F a ir f ie ld ,  M d .

T HE direct interpolation of tie-line data on ternary system 
graphs is inaccurate. Most methods of indirect inter

polation require considerable experimental data. The method 
of Brancker, Hunter, and Nash ( i ) , ‘which requires only two 
experimentally determined tie lines, reduces tie-line curves to 
straight lines by adopting a variably dimensioned ordinate 
axis based arbitrarily on Woodman’s (6) data for the toluene- 
acetic acid-water system. This method requires consider
able plotting to obtain the dimensions of the ordinate axis.

The method described in the present paper requires only 
two experimentally determined points and reduces tie-line 
curves to straight lines on rectangular coordinates.

If A  and B are the nonconsolute components of a ternary 
liquid system, then a plot of weight per cent A  in the A-rich 
layer against weight per cent B  in the 5-rich layer will produce, 
as Brancker, Hunter, and Nash pointed out, a typical tie-line 
curve. The equation of these curves, we find, is

xy =  ax +  by (1)

where x = weight per cent A  
y = weight per cent B 
a and b = constants

This equation, when written in the form

x = ax/y  +  b (2)

shows that a plot of x  against the ratio of x  to y will produce a 
straight line. Consequently, if weight per cent A  of the A-rich 
layer is plotted against the ratio of weight per cent A  of the A-
rich layer to weight per cent B  of the -B-rich layer, a straight line
should result.

Figures 1 and 2 show such plots for a number of ternary 
systems. For convenience, the lines are plotted to different 
ordinate scales on the same diagram, and their positions, 
therefore, bear no relation to each other. A few points which 
fail to fall in line are near the critical point or near the maxi
mum of the equilibrium curve. The accurate determination 
of tie lines in these regions is difficult and the experimental 
data are probably in error.
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The use of the above method in conjunction with the 
previously determined equilibrium curve to interpolate tie- 
line data is simple and rapid. From the two experimentally 
determined tie lines the straight line plot is drawn as shown 
in the diagrams. The ratio of A  to B  may be read from the 
graphs for any given value of A .  The value of B  is then 
readily calculated. The values of A  and B  are sufficient to

T a b l e  I . T e r n a r y  S y s t e m s  S h o w n  i n  F i g u r e s  1 a n d  2
System R eference

No. System No.
1 Benzene-alcohol-w ater a t  20° C. 3)2 Toluene-alcohol-w ater a t  20° C. (3)
3 B enzene-acetic  a c id -w ater a t 25° C. (2)4 C hloroform -acetone-w ater a t  25° C. (2)
5 C hloroform -acetio  ac id -w ater a t  25° C. (0)6 Benzene-alcohol-w ater a t  25° C. U)7 T oluene-acetic  a c id -w ater a t 25° C. (Ô)

locate the compositions of the conjugate solutions on the 
ternary equilibrium curve.

As an alternative method, Equation 2 may be solved for 
the values of the constants a and b from the known values for 
x  and y. The relationship between the nonconsolute composi
tions shown by Equation 2 may yield a valuable clue as to 
the nature of equilibrium laws governing ternary systems.
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T HF, direct interpolation of tie-line data on ternary system  
graphs is inaccurate. Most methods of indirect inter

polation require considerable experimental data. The method 
of Brancker, Hunter, and Nash (i),-which requires only two 
experimentally determined tie lines, reduces tie-line curves to 
straight lines by adopting a variably dimensioned ordinate 
axis based arbitrarily on Woodman’s (5) data for the toluene- 
acetic acid-water system. This method requires consider
able plotting to obtain the dimensions of the ordinate axis.

The method described in the present paper requires only 
two experimentally determined points and reduces tie-line 
curves to straight lines on rectangular coordinates.

If A and B  are the nonconsolute components of a ternary 
liquid system, then a plot of weight per cent A  in the A-rich 
layer against weight per cent B  in the /3-rich layer will produce, 
as Brancker, Hunter, and Nash pointed out, a typical tie-line 
curve. The equation of these curves, we find, is

xy — ax +  by (1)

where x  =  weight per cent A  
y — weight per cent B 
a and 6 =  constants

This equation, when written in the form

x = ax/y +  b (2)

shows that a plot of x  against the ratio of x  to y will produce a 
straight line. Consequently, if weight per cent A  of the A-rich 
layer is plotted against the ratio of weight per cent A of the A-
rich layer to weight per cent B  of the B-rich layer, a straight line
should result.

Figures 1 and 2 show such plots for a number of ternary 
systems. For convenience, the lines are plotted to different 
ordinate scales on the same diagram, and their positions, 
therefore, bear no relation to each other. A few points which 
fail to fall in line are near the critical point or near the maxi
mum of the equilibrium curve. The accurate determination 
of tie lines in these regions is difficult and the experimental 
data are probably in error.
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The use of the above method in conjunction with the 
previously determined equilibrium curve to interpolate tie- 
line data is simple and rapid. From the two experimentally 
determined tie lines the straight line plot is drawn as shown 
in the diagrams. The ratio of A  to B  may be read from the 
graphs for any given value of A .  The value of B  is then 
readily calculated. The values of A  and B  are sufficient to

T a b l e  I. T e r n a r y  S y s t e m s  S h o w n  i n  F i g u r e s  1 a n d  2
System Reference

No. System No.
1 B enzene-alcohol-w ater a t  20° C. 3)2 Toluene-alcohol-w ater a t  20° C. (3)
3 B enzene-acetio  ac id -w ater a t  25° C. (5)
4 C hloroform -acetone-w ater a t  25° C. (2)
5 C hloroform -acetic a cid -w ater a t  25° C. (e)
6 Benzene-alcohol-w ater a t  25° C. U)7 T oluene-acetic  a cid -w ater a t  25° C. (5)

locate the compositions of the conjugate solutions on the 
ternary equilibrium curve.

As an alternative method, Equation 2 may be solved for 
the values of the constants a and b from the known values for 
x  and y. The relationship between the nonconsolute composi
tions shown by Equation 2 may yield a valuable clue as to 
the nature of equilibrium laws governing ternary systems.
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A Qualitative Test for Oxygen in Organic 
Compounds

D A V ID  D A V ID S O N  
B ro o k ly n  C o lleg e , B ro o k ly n , N . Y .

I N  KAMM’s (7) popular scheme of qualitative organic 
analysis, indifferent compounds (those insoluble in water, 

dilute potassium hydroxide, and dilute hydrochloric acid) are 
divided on the basis of element tests into two groups, one 
containing nitrogen and sulfur compounds and the other 
hydrocarbons and their oxygen derivatives. (Halogens may 
also be present in either group.) The second group is then 
further classified into two subgroups on the basis of solubility 
in cold concentrated sulfuric acid. Paraffins and aromatic 
hydrocarbons (and their halogen derivatives) are generally 
insoluble in this medium, while oxygen-containing compounds 
(alcohols, ethers, aldehydes, ketones, esters, etc.) generally 
dissolve in or at least react noticeably with this solvent.

This solubility test with cold concentrated sulfuric acid is, 
therefore, essentially a qualitative test for oxygen (nitrogen 
and sulfur being excluded). However, many unsaturated 
hydrocarbons (olefins, acetylenes, etc.) dissolve, in or react 
with this reagent and thus fall into the same analytical group 
as the oxygen compounds. An effort to reduce the bulk of 
this sulfuric acid-soluble group was made by Shriner and 
Fuson (IS) who suggested the use of 85 per cent phosphoric 
acid as an auxiliary solvent for liquid substances soluble in 
sulfuric acid. This solvent serves to eliminate most un
saturated hydrocarbons but, unfortunately, also so many oxy
gen compounds as to make its use of doubtful value.

Two types of exceptions to the general rules for solubility 
in concentrated sulfuric acid are illustrated by: (1) false
negative tests, in which aromatic ethers such as diphenyl 
ether and halogenated olefins such as tetrachloroethylene do 
not dissolve; and (2) false positive tests, in which “pseudo 
salts” such as triphenylchloromethane dissolve (with the 
evolution of hydrogen chloride).

Aside from these exceptions, difficulties are often experi
enced by students in testing solid compounds. Thus, solid 
alcohols (such as cetyl alcohol or p-tolyl carbinol) which react 
with sulfuric acid to form solid products may appear to be in
soluble. This difficulty may usually be avoided by using 
very finely divided material and rubbing it vigorously against 
the wall of the test tube during the test. On the other hand, 
since some time must be allowed under these conditions even 
for a truly soluble solid, certain aromatic hydrocarbons which 
sulfonate readily (acenaphthene, anthracene) may appear to 
be soluble.

All in all, it appears that, in spite of Kamm’s view that 
tests for oxygen are unnecessary (7, p. 137), these circum
stances warrant a search for a satisfactory qualitative test for 
this element in organic compounds or, at least, in those con
taining neither nitrogen nor sulfur. While this paper was in 
preparation an article by Bowen, Bourland, and Degering (2) 
appeared, describing a qualitative test for oxygen in organic 
compounds based on the formation of carbon dioxide on heat
ing the compound with carbon. Since the compounds tested 
are not mentioned, the generality of the test cannot be judged. 
Both air and water interfere with the test, entailing consider
able care in its execution.

Piccard (10) suggested taking advantage of the varied color 
of iodine solutions in hydrocarbons (violet) and in oxygen 
compounds (brown). The very dilute solutions recom
mended (1 to 1,000,000) required examining a long length of

solution (90 cm.), which is cumbersome. Although Clarke (8) 
modified this inconvenient procedure (using 10 cc. of 1 to  
40,000 solution in a test tube), the method does not appear to  
have come into general use. A cursory trial by the writer 
indicated difficulty with the two-color comparison of Piccard 
and Hermann (11), who  found the color of solutions dependent 
on the temperature. This led to the thought that if a colored 
substance could be found which was soluble in oxygen com
pounds but insoluble in hydrocarbons an inverse solubility 
test might be employed as a qualitative test for oxygen, which 
would involve only one color.

A New T est
The recollection that the so-called ferric thiocyanate (ferric 

hexathiocyanatoferriate, 12) can be extracted with ether from 
aqueous solution prompted its trial. Solid ferric thiocyanate 
prepared by evaporating an ether solution proved to be in
soluble in common hydrocarbons and their halogen deriva
tives but soluble in the widest variety of oxygen compounds. 
The literature of this salt revealed numerous earlier observa
tions on its solubility in organic liquids. As will be seen from 
Table I, these point directly to the application suggested in 
this paper.

To avoid the unwieldy systematic nomenclature, as well as 
the inaccurate designation ferric thiocyanate, it is proposed 
to term the test described in this paper the "ferrox” test. 
A more convenient method of applying the ferrox test is by 
means of filter paper impregnated with the complex salt.

T a b l e  I. S o l u b i l i t y  o p  F e r r i c  T h i o c y a n a t e  i n  O r g a n i c  
S o l v e n t s

Soluble Insoluble

E th y l aloohol (1, 4)
Isoam yl alcohol (1, 5, 8, 9, 14) 
E th y l e ther (1, 4, 9, 14) 
A cetone (8)
E th y l ace ta te  (9)
A m yl ace ta te  (8)

C hloroform  (8, 9 ,14) ,  brom oform  (8) 
C arbon te trach lo ride  (14)
E th y len e  dibrom ide (8)
P e n tan e  (14 ), p etro leum  ether (14 ) 
A m ylenes (6)
B enzene (8, 9, 14)a 
Toluene (5), xylene (8)

° C o n tra ry  to  these reports, Schlesinger and  Van V alkenburgh (12) claim  
to  have dealt w ith solutions of ferric th iocyanate  in  benzene. In  th e  p resen t 
s tu d y  benzene rem ained absolu tely  colorless in  the  presence of ferric th io- 
cyanate.

Procedure
One gram of ferric chloride and 1 gram of potassium thiocya

nate are dissolved separately in 10 cc. of methanol, and the solu
tions are mixed and filtered to remove the precipitated potassium 
chloride. Filter paper is drenched with the resulting solution 
and air-dried. More than one dipping may be necessary to pro
duce a product having a greenish reflex resembling fuchsine crys
tals. The paper is then cut into small squares (5 mm.) and pre
served in a well-stoppered container protected from sunlight. 
Under such conditions the test paper may be preserved for 
months.

In carrying out the test a small square of the ferrox paper is 
stirred with a few drops of the liquid to be tested. Solids are 
tested as saturated solutions in hydrocarbons (or halogenated 
derivatives) in which appreciable solubility is observed. (Cau
tion: Commercial chloroform contains alcohol as a preserva
tive.) A positive test is evidenced by a deep wine-colored solu
tion; hence traces of oxygen compounds in hydrocarbons may be 
detected. Mineral acids and hydrogen peroxide bleach ferrox 
paper.

40
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R esu lts
Positive tests were obtained with numerous oxygen com

pounds, including: benzyl, allyl, cetyl, and ¿erf-amyl alcohols, 
cyclohexanol, glycerol, cholesterol, »-amyl ether, methyl- 
p-cresyl ether, phenetole, benzaldehyde, piperonal, aceto- 
phenone, benzophenone, 2-acetonaphthone, camphor, ethyl 
benzoate, butyl phthalate, butyl oleate, ethyl chloroacetate, 
olive oil, cottonseed oil, stearic acid, and benzoic anhydride. 
Negative tests were obtained with hexane, mineral oil, terpin- 
ene, pinene, benzene, toluene, anthracene, washed chloroform, 
carbon tetrachloride, bromoform, s-dichloroethylene, allyl 
chloride, propylene chloride, ierf-amyl chloride, isoamyl 
iodide, benzyl chloride, 1-bromonaphthalene, diphenyl ether, 
methyl naphthyl ether, and triphenyl carbinol.

These results confirm those reported in Table I and indicate 
that positive results are always reliable but that false nega
tives are obtained with certain aromatic ethers such as di
phenyl ether and with triphenyl carbinol. Several alkyl 
halides supplied by a well-known manufacturer were found to 
be contaminated with oxygen compounds— namely, cyclo- 
hexyl chloride, cyclohexyl bromide, n-amyl bromide, tori-butyl 
chloride, isobutyl bromide, and ¿erf-butyl bromide. The test 
has been useful in checking the quality of student preparations 
of alkyl halides (butyl bromide and terf-butyl chloride), as well 
as to detect the contamination of mineral oil by vegetable 
oil.

The ferrox test is designed for use with compounds falling 
into Kamm’s analytical group known as “indifferent com
pounds of C, H, and C, H, 0  (7)” . The absence of elements 
other than these (except halogens) must be assured. Nitro
gen compounds such as the amines dissolve the reagent. Few 
sulfur compounds have been tested, but among these carbon 
disulfide reacts negatively while benzyl sulfide yields a positive 
test.

S um m ary
A qualitative test for oxygen in organic compounds con

taining neither nitrogen nor sulfur is based on the general 
solubility of ferric hexathiocyanatoferriate (so-called ferric 
thiocyanate) in oxygen derivatives as contrasted with its 
complete insolubility in hydrocarbons and their halogen 
derivatives.

The name “ferrox” is proposed for this test. The ferrox 
test is suitable for the detection of small amounts of oxygen 
compounds in hydrocarbons or their halogen derivatives.

The claim of Schlesinger and Van Valkenburgh that ferric 
hexathiocyanatoferriate dissolves in benzene could not be con
firmed.
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Qualitative Spectrographic Analysis in  the Arc,
with Graphite Electrodes

W . C . P IE R C E , O . R A M IR E Z  T O R R E S , a n d  W . W .

T he m ethods an d  ap p a ra tu s  used  for 
q u a lita tiv e  spectrog raph ic  analysis w ith  a 
d irec t c u rre n t arc  are  described. F rom  
com parative stud ies o f anode an d  ca thode 
excita tion  i t  is concluded th a t  anode exci
ta tio n  is generally  preferab le. T he  factors 
affecting th e  sensitiv ity  o f de tec tio n  o f an  
e lem en t arc  discussed, an d  sensitiv ity  d a ta  
are given for typ ical analyses.

T HE direct current arc, between graphite electrodes, is 
the most widely applicable source for qualitative spec

trographic analysis. This source may be used equally well 
for metals and alloys, nonconducting solids, and solutions. 
Because of the general usefulness of the arc method a study 
has been made of its applications and limitations.

E q u ip m en t
A quartz Littrow spectrograph (Hilger E l) is used for this 

work, since in many analyses smaller instruments do not possess 
sufficient dispersion. Accessory equipment includes an optical

M A R S H A L L , U n iv e r s i ty  o f  C h ic a g o , C h ic a g o , 111.

bench permanently aligned with the slit, a hood to enclose the 
arc, a lens system for slit illumination, an electrode holder, and a 
reducing sector. The complete assembly is shown in Figure 1.

The hood is particularly important, for protection of the 
operator from light and fumes and of the sample from contamina
tion by vaporized metals from previous samples. When an ade
quate ventilating fan is available, the open-back type, shown in 
Figure 1, is recommended because it permits ready access to the 
arc controls at all times. There is a dark-glass window on the 
side near the operator and a 2-cm. opening on the front.

The source is a 220-volt generator. Experience has shown that 
steadier arc operation is obtained with 220 volts than with a 
110-volt supply, although the arc drop is only 45 volts, at 10 
amperes. Two 22-ohm resistors in series with the arc are used 
for current control. One of the resistors may be shorted, with a 
snap switch, so that the current can be instantly changed from 
5 to 10 amperes after the arc is started.

Various types of slit illumination have been tested; the 
lens arrangement of Twyman and Simeon (4) as shown in 
Figure 2 has been found very satisfactory, particularly if 
the same arrangement is to be used for both qualitative and 
quantitative analyses.

The first lens, L\, forms a sharp image of the electrodes on a 
screen which has an opening 3 mm. in height. Only the light 
passing this opening reaches the slit; the electrode heights are 
so adjusted that the light from the incandescent carbons is inter-
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F ig u r e  1. A ccessory  E q u ipm e n t

trodes contain boron and silicon in appreciable amounts, and 
traces of copper, calcium, magnesium, and sodium. A prelimi
nary 1-minute arcing at 10 amperes will remove nearly all the 
copper and sodium, greatly reduce the amount of magnesium 
and calcium, and to some extent reduce the amounts of silicon 
and boron. This treatment is not advisable when the electrode 
is to be used for the analysis of solutions, since it leaves the 
graphite in a very porous condition.

The treated electrodes are, except for boron and silicon, as 
free of impurities as any of the spectroscopically pure grades 
which were tested. In fact, use of the treated electrodes is often 
advantageous because when electrodes are purchased in a puri
fied condition they may become contaminated in the drilling 
operation. The acid treatment is inexpensive and requires little 
of the operator’s time. For silicon and boron analyses purified 
graphite elcctrodes made by high-temperature treatment in 
vacuo, by the Dow Chemical Company, are the best that have 
been tested. Copper electrodes may also be used for boron 
analyses.

Two sizes of electrodes are recommended, 6.3 mm. (0.25 inch) 
for use with solutions, and 4.8 mm. (0.187 inch) for use with solid 
samples. Before purification craters varying in depth from 5 to 
12 mm. arc drilled in the lower electrodes. An assortment of 
depths is prepared with each batch. The crater wall is made as 
thin as possible in the electrodes for use with solid samples, to 
reduce the amount of carbon which is vaporized during the arcing 
of the sample. A wall thickness of about 0.8 mm. is used in the 
electrodes prepared for the analysis of solutions to prevent 

leakage of solution through the wall. The drill 
is set in an end cutting tool, so that the depth 
of the crater is automatically regulated, and 
the top edge is made flat in the single opera
tion. Drilling is done in a lathe, with the drill 
stationary and the electrode rotated at high 
speed.

cepted by the screen, and the central portion of the arc column 
is used for illumination. The second lens, Li, is arranged to 
project a slightly convergent beam onto the slit. To adjust the 
position of this lens the slit is opened wide and the lens so placed 
that the projection of the screen opening just fills the collimator 
lens. The advantages of this illumination system are: (1) The 
intensity is high, (2) the slit is uniformly illuminated from top 
to bottom, (3) wandering of the arc does not affect spectrum 
intensity nearly so much as when a single lens is used for slit 
illumination, and (4) background is reduced by keeping the light 
of the glowing electrodes from the spectrograph.

The arc stand, Figure 3, was designed to give instantaneous 
control of the arc position at all times.

Vertical adjustments of the two electrodes are separately 
made by a rack and pinion movement. Horizontal adjustment of 
the two electrodes is made simultaneously by turning the stand, 
which is set in a socket clamp on the optical bench. Details of 
construction are apparent in the photograph. The side arms are 
12.5-mm. brass rods, 15 cm. in length, insulated bv mounting on 
Bakelite blocks. The insulation has been found sufficient for 
use with an alternating current arc at 2200 volts, and for a moder
ately high voltage spark. The electrodes are carried by thin- 
walled stainless-steel adapters, 7 cm. in length, which form 
spring clamps to grip the tips of the carbon rods. These adapters 
are advantageous in permitting rapid changing of electrodes, in 
protecting the insulation from high temperatures, and in economy 
of electrode material (the projecting portion of the electrode need 
not exceed 10 mm. in length). An alignment pointer, shown 
between the two arms, is used for making height adjustments 
before an exposure. During the exposure the pointer is swung 
to one side.

Electrodes prepared from commercial Acheson graphite rods 
are used for most analyses. They are purified by refluxing for 
two 10-hour periods in equal parts of nitric and hydrochloric 
acids, then by refluxing in 6 M  hydrochloric acid, with a change 
every 10 hours, until a test spectrum shows sufficient purity. 
Finally the electrodes are rinsed in distilled water and dried on 
a hot plate in a porcelain evaporating dish. The treated elec

C atliodc vs. Anode E xcita tion
Comparative studies have been made of 

anode and cathode excitation for 2-mg. sam
ples of analyzed bronze, silicon, and dolo
mite, and for electrode blanks. The electrodes 
were 3 mm. in diameter, since that size is 
recommended for use with the cathode layer 

method (1). Duplicate spectra were taken by the following 
arrangements:

1. An enlarged image of the cathode region of the arc was 
projected onto the slit, by use of a single lens. The lower elec
trode, containing the sample, was made the cathode.

2. The sample was placed in the anode, and the central por
tion of the arc column was used as source, employing the same 
lens arrangement as above.

3. The Twyman-Simcon lens arrangement was used, with 
sample in cathode. The cathode region of the arc column was 
permitted to pass the screen.

4. With the lens arrangement as above, the sample was 
placed in the anode, and the central portion of the arc column 
used for illumination.

The spectra obtained were inspected for lines showing 
cathode enhancement, lines appearing only in the cathode 
region, and relative sensitivity in the various arrangements. 
The conclusions were:

1. When the amount of sample is very small, as in the 
electrode blanks, there is a marked gain in sensitivity in the 
cathode layer method. In the actual analysis of samples all 
constituents that could be detected by the cathode layer 
arrangement were also found by anode arcing with the 
Twyman-Simeon lens arrangement.

2. Arcing conditions are more uniform and reproducible 
when an anode arc is used. The anode arc burns more 
steadily than the cathode arc, and strikes directly to the 
bead of sample when the latter is of conducting material. 
The cathode arc tends to wander about the rim of the crater 
and to vaporize more carbon, for a given weight of sample, 
than the anode arc. In many cases the cathode arc con
sumed the electrode to such an extent that a portion of the 
sample rolled from the crater and was lost. Wandering of
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the arc is particularly objectionable when the cathode method 
is used with larger electrodes, such as are required for the 
analysis of solutions.

3. When the cathode layer method is employed the use 
of single lens slit illumination is recommended, because the 
lines obtained arc wedge-shaped and can be more readily 
differentiated from bands than can faint lines of uniform 
intensity from top to bottom. It is somewhat more difficult 
to obtain' uniform illumination conditions with a single 
lens than with the Twyman-Simeon arrangement.

4. The cathode layer method is recommended for the 
detection of impurities in electrodes. For all other types of 
analysis that have been studied, where the amount of sample 
is not limited, anode excitation has been found preferable 
from the viewpoint of convenience and equal to cathode ex
citation in sensitivity.

A rcing T echn ique
The most important factor in spectrographic analysis is 

the technique employed in arcing the sample. In general, 
conditions are sought that will provide a uniform and con
tinuous vaporization of the sample with a minimum vapori
zation of carbon from the electrode. The following methods 
are employed, for the types of sample listed, subject to varia
tions as indicated by experience with particular samples:

S o l id  A l l o y s  o r  M e t a l s  (oxides or salts that are reduced to 
metals). The sample of 5 to 20 mg. is placed in the crater of a 
4.8-mm. electrode. If volatile constituents, such as mercury or 
cadmium, are sought the crater is 10 to 12 mm. in depth; other
wise a shallow crater 5 to 8  mm. in depth may be used. A n  ex
posure is made with the lower electrode the positive pole, the 
electrode is removed from the holder, and the crater wall is cut 
away to expose the bead of sample. The plate is racked down 
and another exposure is made; this exposure is continued until 
the sample is completely consumed. With a slit width of 0.01 to 
0 .0 2  mm. the exposure time will vary from 60 to 150 seconds in 
the ultraviolet region, and from 20 to 50 seconds in the visible 
region, depending upon the speed of the plate employed. When 
complete vaporization of the sample requires longer time, a re
ducing sector before the slit is used to make the effective exposure 
of the correct duration.

F ig u r e  3 . A r c  S t a n d

N o n c o n d u c t in g  S o l id s .  The size of sample and electrode 
and the depth of crater, are the same as-specified above. The 
first exposure is made until the operator can recognize, by the 
behavior of the arc and the color of the light, that no more sample 
is being consumed. The electrode is now cut down to expose the 
lower end of the crater and a second exposure is made until all 
the sample is consumed. Certain samples are found to sputter 
from the crater when the arc is first struck; this ioss can be 
minimized by placing 5 to 10 mg. of anhydrous sodium carbonate 
in the crater, above the sample, to form a flux when the arc is 
struck.

S o lu t io n s .  A 6.3-mm. electrode is used, in order that the 
crater may hold as much as 0.05 to 0.10 ml. of solution. The 
electrode is treated with a dilute solution of paraffin oil in ligroin 
or with kerosene, to render the carbon impervious to water solu
tions. A measured portion of sample is slowly run into the crater 
from a capillary pipet, with care to prevent entrapping air bub
bles, and the solution is evaporated to dryness on a hot plate or 
in an oven. The dried residue is arced as described above. 
Steadier arc operation is obtained when the upper electrode con
tains a crater than when it is pointed.

In the analysis of very viscous solutions flat end electrodes 
may advantageously be employed. A drop of solution is placed 
on the end of the electrode and evaporated to dryness. In this 
case the sample is placed upon both the lower and upper elec
trodes. If the sample is consumed before a sufficient exposure 
is obtained, the electrodes are reimpregnated and several ex
posures made without altering the plate position.

A nalysis of Spcclra
Every exposure is accompanied by an iron arc reference 

spectrum, placed directly above the sample spectrum and 
slightly overlapping it. A Hartman diaphragm is used to 
impress the two spectra in proper relation without moving 
the plate holder. The opening for the reference spectrum is 
1 mm. in height, and that for the sample spectrum is 1.5 mm.

The method of identification has previously been de
scribed (S). The reference and sample spectra are projected, 
at 10 X magnification, onto charts which contain iron refer
ence lines and analysis lines of the more common elements. 
When additional elements are sought, such as the rare earths 
which are not included in the chart, a list of the important 
analysis lines of these elements is made and the positions of 
the lines are traced on cardboard strips that can be clipped to 
the master chart as desired. Reference points on the master 
charts and the additional cards ensure reproducible place
ment.

The examination of spectra by projection has been found 
far more rapid than direct examination of the plate, and can 
be done without eyestrain. The sensitivity is fully as high 
as in direct examination of a plate; in general, any line that 
can be seen by use of a plate lens can be seen in the projected 
image.

Sensitiv ity
The sensitivity of spectrographic detection depends upon 

so many factors that it is impossible to make a general state
ment regarding the minimum amount of a given element 
that can be detected. Among the factors which affect the 
sensitivity the more important are:

B a c k g r o u n d  I n t e n s i t y .  Detection of an element demands 
that the intensity of its lines be stronger than the background 
radiation. When graphite electrodes are used there is a back
ground of CN (and other) bands, which is extremely heavy in 
the region 3400 to 5000 A. Fortunately the electrode background 
is much lighter in the region 2500 to 3400 A., where the best 
analysis lines for many of the elements occur. Elements whose 
most sensitive lines occur in the region of heavy background can
not be detected in as low concentration as elements giving lines 
on the same intensity in a region relatively free of background. 
Because of this it is sometimes of advantage to employ a metal, 
rather than a graphite, supporting electrode. The sample can 
often be obtained in the form of a metal rod, which can be arced 
or sparked w'ithout the use of a supporting electrode; generally 
such a procedure is desirable when it can be applied. For ex-
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ample, chromium has been detected by sparking the original 
metal in cases where it could not be identified in arc spectra made 
with graphite electrodes.

In addition to the background from the electrode there is 
always some background from the sample, either as bands or as 
continuous radiation from incandescent particles. The magni
tude of this background will vary with the sample. Samples 
containing a high percentage of silicon are particularly high in 
background, owing to band spectra.

I n t e r f e r i n g  L i n e s .  Positive identification of an element 
requires the presence of a sufficient number of lines to minimize 
the probability of coincidences. When the spectrum of a sample 
contains few lines identification of an impurity may bo made 
from a single line or characteristic group of lines, but when the 
sample spectrum is complex a single impurity line does not es
tablish an identification unless it can be shown that this line is 
not a weak lino of some other constituent, and this is often dif
ficult to prove. The sensitivity for a given element depends, 
therefore, upon the nature of the mixture which is examined. 
For example, lead can be positively identified in many biological 
samples by the single strong line at 2833 A., but the identifica
tion of lead in a metal sample containing large amounts of chro
mium, manganese, etc., may require the presence of a sufficient 
amount to give several lines.

C o n d i t i o n s  o p  V a p o r i z a t i o n .  The conditions under which 
an element is vaporized may markedly affect the sensitivity of 
detection. Volatile elements, such as cadmium or mercury, may 
escape detection if the sample is arced in a shallow crater, whereas 
high intensity may be obtained if the sample is placed in a deep 
crater.

At times the sensitivity may be increased by the presence of a 
foreign element that raises the temperature at which the spec
trum is excited. This effect was demonstrated by a series of 
spectra in which the amounts of trace elements in the arc were 
kept constant while the amount of a chief constituent was varied. 
Brass samples having the analysis

E lem ent P er C en t
M icrogram s 

in  Arc E lem ent P er C ent
M icrogram s 

in  Are

Cu 88 176 Sb 0 .2 0 .4
Sn 8 16 Ni 0 .1 0 .2
Zn 2 4 Fe 0 .1 0 .2
Pb 1.5 3

were weighed out in 0.0002-gram portions. Spectra were made 
of the brass samples alone, and of brass samples with 10 mg. of 
spectroscopically pure copper added. In the latter case, although 
the percentages of the trace elements were reduced to one fiftieth 
the original value, the intensity of lead, tin, zinc, and antimony 
lines was found to be greatly increased; several weaker lines of 
these constituents, which were not visible in the spectra of the 
undiluted sample, appeared in the spectra taken with added 
copper. The constituents whose intensity is enhanced by dilution 
are those of greatest volatility, which apparently are lost when 
the amount of sample is small.

Analysis of K now n Sam ples
Sensitivity tests have been made with various types of 

samples of known chemical analysis. The results are of in
terest, not as representing ultimate limits, but as illustrations 
of the variations in sensitivities that may be encountered.

1. A 25 per cent sodium hydroxide solution (sample and 
chemical analysis furnished by J. S. Owens) was analyzed ac
cording to the method given above for concentrated solutions, 
with the following results:

E lem ent
P e r C ent 

(D ry  Basis) Found E lem en t
P er C ent 

(D ry  Basis) Found
P b 0.0001 W Al 0.0007 S
Sr 0 .0003 W Fe 0.00036 S -M
Ca 0.002 S Si 0 .004 S
N i 0.00013 — M g 0.0002 S -M
C u 0.00014 S M n 0.0001 W

S, strong; M , m edium ; W , w eak; ■—, missing.

The sensitivities are very high because of the simplicity of 
the sample spectrum and the low background. The dried residue 
did not penetrate the electrodes deeply, and there was little 
vaporization of carbon from the electrodes.

2. A dolomite, whose major constituents are calcium and 
magnesium, was analyzed. The results for the minor constitu
ents are:

E lem en t
Fe
A1
Ti
Mn

P er C en t 
(as Oxide)

0.08G
0.069
0.004
0 .009

F ound
S
S

E lem en t
Sr
N a
K
P

P er C ent 
(as Oxide)

0 .01
0 .0 8
0 .0 3
0 .00 2

Found
M
S

The sensitivities are somewhat less than those found for the 
sodium hydroxide sample because of greater electrode back
ground; vaporization of the sample from within a crater causes 
more vaporization of carbon.

3. From a sample of silicon the following results were ob
tained:

P er C ent
E lem ent

P e r C ent 
(as E lem ent) Found E lem en t

Si 9 6 .9 S Ni
Fe 0 .0 5 S C r
M n 0.034 S Zr
P 0 .008 —— Ti
Cu 0 .0 2 S

0.002
0 .025
0 .025
0 .10

W
W
S

The background was very heavy because of bands from silicon 
compounds. Consequently nickel was not found, although in 
brass samples it has readily been identified at percentages of 
0.001 or lower. Chromium could be identified only by the lines 
at 4254-75-90 A.; no other lines could be detected. Only two 
lines were identified for zirconium. Titanium at 0.10 per cent 
gave many lines.

4. A pig iron, shown by chemical analysis to contain 0.012 
per cent of chromium and 0.08 per cent of phosphorus, was 
analyzed for these elements. When the powdered sample was 
arced in the usual manner only two chromium lines could be de
tected, and these were so faint that identification was doubtful. 
No lines were found for phosphorus. The greater portion of the 
iron was removed by dissolving the sample, converting all con
stituents to chlorides, and extracting ferric chloride with ether. 
The extracted solution was evaporated to dryness and reanalyzed. 
The identification of chromium was now positive, but phosphorus 
was not found. Other elements present, such as manganese and 
nickel, gave much stronger lines in the concentrated residues.

5. A series of lead samples (provided by J. N. Mrgudich), 
prepared by adding known amounts of trace elements to a nearly 
pure lead, was studied. In this series the amounts of the trace 
elements were halved in each successive dilution, and the sensi
tivity limits could be accurately determined. The following re
sults were obtained:

E lem ent
Cd
M g
Sn

Sensitiv ity
L im it,

%
0 .003

< 0 .0 0 0 8
0.005

E lem ent
Bi
Ag
C u

Sensitiv ity
L im it,

%
< 0 .0 0 0 8
< 0 .0 0 0 8
<0.0001

Practically all the cadmium was found in the first arcing frac
tion before the crater was cut down. Magnesium was present 
in the electrode carbon, and the limit is not definite. Copper 
likewise is present in tne electrode, but at a concentration of 
0.0001 per cent the sample gives a stronger line than the electrode 
blank (no. electrode absolutely free of copper and magnesium has 
ever been found in this work).

In all the above analyses the samples were approximately 
10 mg. in weight. A percentage of 0.01 corresponds to about 
1 microgram of the trace element. In favorable cases as little 
as 0.01 microgram was detected, but in unfavorable cases as 
much as 3 micrograms might be missed. These results are 
in general agreement with the sensitivity results given by 
Owens (2) except for the use of the cathode layer method.

To extend the scope of sensitivity data, permission has 
been obtained to include some results of other laboratories,

T a b l e  I .  S e n s i t iv i t y  f o r  T r a c e  E l e m e n t s  i n  L e a d

E lem ent
L im it.

% E lem ent
L im it,

%
Sb 0.001 Ni O.OOOX“
Cd 0.005 Ag 0.0001
In 0 .0 0 X “ Sn 0 .0005

0 .0 0 X “ Bi 0 .0003
P t o.ooox» C u 0.0001
TI O.OOOX“ M g 0.000005
As 0.01 Pd 0.001
C a o.ooooox* Te 0 .01
Fe 0.001 Zn 0 .01

°  X  =  >  5
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T a b l e  II. S e n s i t i v i t y  f o r  T r a c e  E l e m e n t s  i n  B i o l o g i c a l  
A s h  i n  S p e c t r a l  R e g i o n  2500-3400 Ä .

E lem ent Lino D etec tab le  in  Arc 
Microgram

A1 3083 0 .02
3093 0 .0 2

Sb 2598 0 .40
Bi 3068 0 .04
Cd 3201 0.40
Cr 2830 0.50

2843 0.50
2986 0 .2 0

Cu 3274 0 .02
Fe 3021 0 .02
P b 2833 0 .02
M g 2790 )

2803 [ 
2582 (

< 0 .0 2

M u 2594'»
2795 t 
2798 f  
280U

0.02

H r 2537 0 .20
Ni 3051 0 .40
Ag 3281 < 0 .0 2
Sn 2840 0 .02

and these are presented in Tables I and II. The lead analyses 
were furnished by R. D . McLennan and A. J. Phillips of the 
American Smelting and Refining Company. Exact experi
mental details are not available; the sample was arced in a 
supporting graphite electrode which was made the anode, 
and in general conditions were about the same as described

in this paper. Data for the ash of biological material were 
furnished by Jacob Cholak, Kettering Laboratory of Applied 
Physiology, University of Cincinnati, who evaporated a solu
tion of the ash in the crater of a graphite electrode and used 
an anode arc. The limits given for the biological ash are the 
lower limits for quantitative analyses and in some cases the 
lower limit of detectability lies at considerably smaller values. 
The limits given for the detection of traces in lead samples are 
not regarded by the authors as ultimate limits, but represent 
those prevailing under the experimental conditions em
ployed, with samples weighing 25 mg.
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Continual Observation o f Changes in W eight 
at Oven Tem peratures

An Apparatus for Use in the Study o f  Drying Rates and in the Oxidation o f Oils

A. C . l iE C K E L  a n d  A. G . S H A R P  
U . S . R e g io n a l  S o y b e a n  I n d u s t r i a l  P r o d u c t s  L a b o r a to r y ,  U r b a n a ,  111.

T HE apparatus described in this paper was developed for 
the quantitative study of problems involving a gain or 

loss in weight. Problems of the first type are chiefly associ
ated with the oil obtained from the soybean because it is used 
in the drying oil industry where the capacity to absorb oxygen 
is an index of its usefulness for that purpose, and the decrease 
of this capacity is an indication of the deterioration of the oil.

Problems of the second type—involving a loss in weight— 
arise in the study of drying rates. From the curves obtained 
in such studies, the proper temperature and time for the de
termination of moisture may be ascertained and the values 
for the moisture content resulting from the various methods 
of analysis may be correlated.

It appears probable from preliminary experiments that the 
sensitivity and versatility of the apparatus should make it 
useful in many industries where a knowledge of the extent and 
rate of atmospheric oxidation or dehydration is important. 
For example, it should aid in the study of the oxidative rancid
ity in edible fats of both vegetable and animal origin, the 
aging of rubber, the classification of lubricating oils, the test
ing of oxidation inhibitors, and the classification of catalysts 
responsible for the deterioration of lubricating oils and edible 
oils, or for accelerating the drying of paints.

D escrip tion  of A ppara tus
The apparatus consists essentially of a Jolly spring suspended 

above an oven and suspending within the oven a suitable con

tainer for the sample to be investigated, and a device for ac
curately observing changes in the elongation of the spring.

The desirability of observing changes in samples exposed to 
various atmospheres led to enclosing the system, and the sensi
tivity of the long spring to changes in temperature necessitated 
a water jacket, A, for the circulation of water from a constant- 
temperature bath. In order to minimize the possibility of con
vection currents of warm air reaching the spring, J,  through the 
tube, B, B  was extended and three baffles, C, were introduced 
just above the oven. The baffles have so efficiently prevented 
further upward movement of the warm air that practically all the 
heat is dissipated below the first two. Without water circulating 
through the jacket, the temperature rise in the spring chamber is 
less than 2° when the temperature of the oven is raised from room 
temperature to 105° C. With circulating water, the chamber 
remains at a constant temperature about 0.2° C. above that of 
the bath even when the temperature of the bath varies as much 
as 10° from the room temperature. This close agreement in tem
perature between the bath and the jacket is made possible by 
rapid circulation of the bath liquid. The capacity of the jacket 
is 100 cc. and, since 1 liter of water per minute is circulated 
through the jacket, a complete change is effected every 6 seconds.

The spring is of the lighter type usually used in the Jolly balance 
and has a capacity of 9 grams with an elongation of about 5 cm. 
per gram. This type of spring is designed to give uniform elonga
tion over the entire working range, although in this apparatus 
the total change in elongation is seldom as much as 1.5 cm. The 
sensitivity is such that a change of 2 mg. in the suspended weight 
will produce a change of 0.1 mm. in the elongation. It is advis
able to recalibrate the spring at intervals.

Two types of devices for observing the changes in elongation 
have been used. In the first (Figure 1), a millimeter scale, D, 
is fastened in tube B, very near to its center, and a long pointer,
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H, is attached at right angles to the suspen
sion extending from the spring to the sample 
container. It is necessary to have the pointer 
rest lightly on the scale in order to avoid 
parallax, and to tap the tube before taking a 
reading in order to make sure that the pointer 
is free. A hand lens is used in making the 
reading.

The second device (Figure 2) has a scale,
E, attached to the suspension and, by means 
of a short-focus lens, an image of the scale is 
projected onto a small ground-glass screen 
carrying a fine cross hair. As the scale moves 
with the change in weight of the sample, its 
image moves past the stationary cross hair, per
mitting an accurate determination of the 
movement. By the proper choice of lens and 
its position relative to that of the scale, a con
siderable magnification can be attained, permit
ting a direct reading without the use of a 
hand lens.

Two methods of enclosing the sample have 
been developed. In one type (Figure 1), a des
iccator is placed inside the oven, attached by 
a ground-glass connection to tube B extending 
through the top of the oven. A leveling plate,
G, must be used beneath the desiccator, since, 
each time a sample is introduced and the con
nection is made with the upper portion of the 
apparatus, it is necessary to realign the entire 
apparatus to make sure that the spring and 
suspension are hanging free of the walls of the 
enclosing tube. The other or vacuum oven 
type (Figure 2) has the spring enclosure per
manently aligned and is attached to the vacuum 
chamber itself, which eliminates all operations 
except that of attaching the sample container 
to the suspension.

D rying R a te  S tudies

Drying rate curves may be obtained 
rapidly and with accuracy by the use of 
this apparatus. The curves shown in Fig
ure 3 represent the drying rate of ground 
soybeans in an air oven at 105° C. Both 
curves were obtained on the same afternoon 
from two 3-gram samples of a single batch 
of beans. The maximum difference between 
the two curves is 0.07 per cent of moisture.

Another method of obtaining such curves 
involves placing a number of weighed sam
ples in an oven, removing specimens at in
tervals, cooling them in a desiccator, and 
finally weighing. Besides involving con
siderable time, the method is subject to 
several errors, at least one of which is in
determinable. This error is due to the 
period of cooling in the desiccator, during 
which time the sample may lose more mois
ture, or, when dry, actually compete with 
the desiccant for any available moisture.

O xidation of Oils
Se m id r y in g  a n d  D r y in g  O i l s . Typical of the results ob

tained by the use of this apparatus are the oxygen absorption 
curves shown in Figure 4, which were obtained with soybean 
oil dispersed on filter paper, F. The oxidations were carried 
on in an atmosphere of dry oxygen at a temperature of 80° C. 
up to the points on the curve marked A,  at which the tempera
ture of the oven w’as raised to 105° C.

These curves are presented merely as examples of the useful
ness of the apparatus in such investigations and to delineate 
the approach to the problems involved. From this point of 
view the curves may be discussed.

The first point to be studied will be the extreme left or “loss 
in weight” portion of the curve. A preliminary experiment

4 0 /5 0

F ig u r e  1 F ig u r e  2

performed in an atmosphere of nitrogen indicated that a loss 
in weight due to volatile matter and a gain in weight due to 
oxidation are concurrent. In curve 2 a loss in weight is ob
served, which is 1.5 per cent greater than is apparent in curve 
1, although the observations were made on samples from a 
single batch of oil which was stored in a glass-stoppered bot
tle. Curve 2 was obtained from measurements made on a 
sample withdrawn after the bottle containing the oil had been 
exposed to the light for a number of weeks.

Following the “loss in weight” portion of the curve there is 
evident in the case of curve 1 a short “induction” period 
amounting to 1.5 hours which is followed by oxygen absorp
tion. The period of rapid oxidation seems to proceed at ap
proximately the same rate, but it must be noted that the oil 
which had been exposed to light, and which suffered the
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TIME IN HOURS

F ig u r e  5 . Ox id a t io n  op L u b ric a t 
in g  O il

there was no previous evidence of a loss 
of volatile matter over a long period of 
time (13 hours) at 80° C.

L u b r i c a t i n g  O i l s .  As an example of 
the application of this apparatus to the 
investigation of problems other than those 
that are being conducted in this labora
tory, a sample of lubricating oil dispersed 
on filter paper was oxidized in an atmos
phere of dry oxygen at a temperature of 
130° C., with the results that have been 
plotted in the curve shown in Figure 5. 
After an initial rapid loss in weight due to 
volatile matter, the sample absorbed 1.44 
per cent of oxygen (calculated on the 
volatile matter-free basis). Because of 
the importance of oxidation in the “gum
ming” of lubricants and because of the 
empirical nature of existing tests, it seems 
that this apparatus should offer a more 
rigorous method for comparing the oxidiz
ability of lubricants, as well as providing 
a method for studying the effect of oxi
dation inhibitors and various metallic cata
lysts of these reactions.

L ite ra tu re  C ited
(1) Nakamura, Mitsuo, J .  Soc. Chem. In d .,  

Japan, 40, Suppl. Bind., 225-9 (1937).
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greater initial loss in weight, absorbed 1.76 per cent less oxy
gen, calculated on the basis of the low point in the curve (vola
tile matter-free basis), than did the fresh oil. The original 
oil (curve 1) was stable for the entire period of observation, 
13 hours, following the maximum absorption of oxygen, 
whereas the deteriorated oil reached a maximum and then 
immediately started to lose some volatile material.

The temperature of 80° C. at which the oxygen absorption 
was carried out was chosen on the basis of reported evidence 
(1) that the peroxides of soybean oil decompose at 110° C. 
The very rapid loss in weight, following the rise in tempera
ture of the oven to 105° C., seems especially indicative of 
abrupt peroxide decomposition in the fresh oil (curve 1) since

T IM E IN M IN U T ES  

F ig u r e  3 . D r y in g  R a t e  C u r v e s

10 15 20 25 30

T IM E  IN H O U R S

C urve 1, O 
C urve 2, A

F ig u r e  4 . O x i d a t i o n  o f  S o y b e a n  O il



A Hot Wire Cutter for 
Glass Tubing

A . A H IR S C H 1 
S e w e rag e  a n d  W a te r  B o a rd , N ew  O r le a n s ,  L a .

AN EXTREM ELY simple glass cutter, by which pressure 
j tx.  of a glowing wire looped around the glass shape is secured 
by means of suspended weights, is shown in the figure. This 
device produces clean breaks and is instantly adjustable to 
any size of glass tubing or bottles.

Current is supplied through a lamp bank to binding posts 
on the 350-gram brass-weights, W,  which hang from the ends 
of the resistance wire, R. R  is looped once around the ob
ject to be cut, thereby making one and a half turns in contact 
with the glass. Porcelain beads, B, such as are used on com
mutator brush leads, are strung on the wire to separate the 
adjoining arcs and to provide thermal insulation on the 
redundant half turn.

W ien  using No. 25 B.W.G. Nichrome or Chromel A re
sistance wire about 100 cm. long, 1000 watts’ load in the lamp 
bank connected to the 110-volt house circuit produces a com
plete circumferential crack in large-diameter ordinary glass 
tubing within a minute of heating. A file scratch made at the 
top of the tube where the two wire segments approach un
insulated contact tends to guide the cut.

1 P resen t address, Louisiana D ep artm en t of E ducation , D ivision of T rade  
and  In d u stria l E duca tion , B aton  Rouge, L a.

To la n a p  
b a n k

An Im proved Magnesite Crucible
W E L T O N  J .  C R O O K , JO H N  R . C U N N IN G H A M , a n d  J A M E S  R . C A D Y  

S ta n f o r d  U n iv e rs i ty ,  C a lif i

A new  m eth o d  of p roducing  m agnesite  
crucibles for labora to ry  purposes is p ro 
posed. T he  base m ate ria l is crushed  m ag
nesite  b rick  w hich  is s in te red  a t  2000° C. in  
a g raph ite  m old placed in  a  h igh-frequency  
fu rnace . C rucibles m ade in  th is  m an n e r 
have been  found  to  be im pervious to  liqu id  
basic  slags w hich  n o t only p e rm eate  h u t  
ac tua lly  d isin teg ra te  com m ercially  avail
able m agnesia  an d  m agnesite  crucibles.

I N  CONNECTION with a laboratory investigation of slags 
which is being conducted in the Mining Department of 

Stanford University, it was found that the commercially 
available magnesia and magnesite crucibles, which were used 
in the production of high-lime slags, were entirely inadequate 
because of excessive porosity and a tendency to disintegra
tion at working temperatures.

I t was desired to produce a crucible in which basic slags 
could be melted without prohibitive attack on the walls, and 
which would be sufficiently impervious to hold very fluid 
slags.

The type of crucible finally produced withstood successfully 
the conditions of freedom from excessive chemical attack, 
porosity, and disintegration due to expansion, at a working 
temperature of 1600° C.

Previous Investiga tions

A considerable amount of work has been done on the subject 
of the production of magnesia crucibles for laboratory use. 
A study of the literature reveals that the method of procedure 
varies in only two general respects— namely, the binders used 
to hold the unfused magnesia and the temperature at which 
the molded crucibles are fired.

Jordan, Patterson, and Phelps (2) moistened <  100-mesh 
dead-burned magnesia with a 2 per cent magnesium chloride 
hexahydrate solution, molded this material into graphite molds 
and, after drying the molds containing the crucibles fired them 
at from 1600° to 1S00° C. Swanger and Caldwell (6) used the 
same procedure, but added less moisture and obtained an equally 
satisfactory crucible. Salmang and Planz (4) used a much 
higher proportion of magnesium chloride, and found that denser 
crucibles were obtained when carefully sized magnesia was used. 
Mehl (S) mixed shellac with calcined c. p.  magnesia and molded 
the crucibles in a brass mold. The crucibles were then dried at 
from 100° to 130° C., and fired in an electric furnace. Schuette 
(5) tamped <60-mesh periclase, a commercial fused magnesium 
oxide electric furnace product containing 95 per cent of mag
nesium oxide, into graphite molds. No hinder was used. The 
crucibles were then fired at about 2500° C. in a high-frequency 
furnace. Barrett and Holbrook (1) used a similar procedure, 
except that a 1.5 to 3.0 per cent aqueous solution of boric acid 
was used as a binder.

M ethod  of M an u fac tu re

The method of manufacture is similar to that used by the 
U. S. Bureau of Mines in making pure magnesia crucibles—

48
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%
SiOj 8.68
FeO 1.78
FciO* 4 .68
CaO 5.99
M gO 78.00
(T ota l Fe 4 .66)

that is, the crucible mix, ground to the proper grain size, is 
placed in a carbon mold and fired in an induction furnace. 
The essential difference in the new method is that crushed 
magnesite brick, which contains iron oxide and silica, is 
substituted for the pure magnesia used by the bureau.

bles were porous, the material was reground to pass a 48- 
mesh screen. A screen analysis of the reground material gave 
the following result:

M esh W eight %
Grams

<48. >  65 306.0 24 .6
> 100 274.5 22 .0
>200 324 .5 26 .0
<200 343 .0 27 .3

The various screen sizes were remixed, in the proportions
given below, to give grain size proportions that agreed with
a mixture found satisfactory by the Bureau of Mines (1).

M esh % .

<05 , > 100  31 .4
> 200  3 0 .8
<200 3 7 .8

There is probably an ideal mix containing just sufficient 
particles of each size to fill all voids. This would correspond 
with the aggregate sizing used in mixing a perfectly made 
concrete. Since there is in the new crucible a recrystalliza
tion of the magnesia grains accompanied by a precipitation of 
cementing material, this factor is not so important in this 
case.

A number of crucibles were made with varying amounts of 
moisture in the mix; in almost every case the crucibles 
failed by inward collapse of the walls, due to steam pressure 
developed between the crucible and the mold. It was found 
that only 1 ml. of water in 175 grams of mix gave a crucible 
that was dry enough to resist collapse by steam pressure, and 
yet damp enough to stand well in the mold. It is essential 
that this amount of moisture be thoroughly mixed with the 
dry material, and that the mix be packed in the mold before 
it can dry out.

In some cases a saturated solution of boric acid was used for 
dampening the mix, in the expectation that the binding 
action of the boric acid would prevent collapse of the crucible 
wall. When the correct amount of moisture was established, 
no difference could be detected between the use of tap water 
and boric acid solution. A saturated solution of magnesium 
chloride was also tried as a binder but, again, no improvement 
over tap water was observed.

The following method of filling the mold was found the most 
satisfactory:

An amount of crucible mix between 150 and 175 grams was 
weighed out, depending upon the height of side walls desired, 
and was dampened with 1 ml. of tap water by spreading and 
working with a spatula until the moisture was uniformly dis
tributed. Between 30 and 40 grams of this mix were placed 
in the mold to form the crucible bottom. A tapered wooden

The mold in which the crucible is 
packed and fired is shown in Figure 1, 
as it rests within the induction fur
nace. The mold material is graphite 
from an electric furnace electrode. 
This machines easily, and forms a 
smooth surface.

The first crucibles fired were made 
with the brick mixture crushed to pass 
a 38-mesh screen but, as these cruci

F ig u r e  2. C r u c ib l e  W a l l  ( X  100), 
T h in  S ec tio n

F ig u r e  3. C r u c ih l e  W a l l  (X  4 0 0 ), 
T h in  S e c tio n

T R A N S IT E
COVER

F U R N A C E  
C O IL

S IL IC A  TUBE

N O R B L A C K  
I

GRAPHITE
SLEEV E

GRAPHITE 
M O LD

F i g u r e  1. I n d u c t i o n  F u r n a c e  a n d  G r a p h i t e  M o l d

The magnesite used in the new crucible is a common type of 
refractory used in furnace construction. I t  is made up of 
magnesia grains cemented together with magnesium and 
calcium ferrite (2Ca0 .Fe203, 2M g0.Fe20 3), and contains ap
proximately 8 per cent of silica. It crushes easily to about 
38 mesh; but finer grinding is resisted by the hard, dense 
magnesia particles. This brick ma
terial has the following analysis:
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F i g u r e  4. C r u c ib l e  W a l l  (  X  1000)
Polished section , show ing m etallic  iron, 

magnesia, and  b inding  m ateria l

plug was placed in the mold and centered with a spirit level. 
The remainder of the mix was packed around the plug by lightly 
tapping the mold on a solid support. The mold, plug, and mix 
were then vibrated on a “Hum-mer” shaking screen until the 
plug could be turned with difficulty by the fingers. The mold 
was placed in its graphite sleeve, in the furnace, before the 
wooden plug was removed.

isotropic magnesia particles. It was evident that the mag
nesia recrystallized and formed grains considerably larger 
than the original particles in the brick. Surrounding these 
grains and making a perfect bond with them is the cementing 
material described above (Figures 2 and 3, thin sections).

Scattered through the cementing material are globules of 
iron or, more exactly, iron carbide, the shape and character 
of which are shown in Figure 4 (polished section). These 
globules are formed from the decomposition of the ferrite 
and the subsequent reduction of the resulting iron oxide. 
The metallic iron formed by this reaction was finally car- 
burized by the carbon monoxide in the furnace atmosphere. 
A 10-second treatment of a polished section of the crucible, 
with a 5 per cent copper sulfate solution, resulted in the pre
cipitation of metallic copper upon the globules. However, 
although these particles were highly magnetic, they were 
also very hard and brittle. Other tests confirmed the fact 
that the iron-bearing material was in the form of carbide.

No difficulty was encountered in heating the crucible to 
the effective burning temperature of 2000° C. In fact, so 
great was the rate of heating when the current was full on, 
that the crucibles were generally cracked about half-way up 
the side wall. This cracking was caused by a large differential 
in heating the top and bottom of the mold, which was over
come by slower and more uniform heating. A burning 
temperature of 2000° C. was selected after some experimenta
tion. Crucibles burned at lower temperatures were found to 
be porous, and the contained iron readily oxidized when sub
sequently heated at 1500° C. in the oxidizing atmosphere 
of a gas-fired melting furnace. Evidently the ferrites in the 
original mix are not decomposed much below 2000° C. Tem
peratures higher than 2000° C. were not used for fear of 
slumping the walls of the crucible. After firing at the proper 
temperature for approximately 0.5 hour, the current was shut 
off and the crucibles were allowed to cool undisturbed in the 
high-frequency furnace.

C haracte r o f th e  P ro d u c t

F ig u r e  5. S lag  ( X  1000)
Polished section , showing m agnetite  crys

ta ls  in  a m atrix  oi ferrous ak erm an ite

When one of the finished crucibles was heated in an oxidiz
ing atmosphere at 1500° C. for 20 minutes, the zone of oxida
tion was found to be not over 0.08 cm. (0.03 inch) in depth. 
The iron particles in this zone were oxidized to ferric oxide 
and combined with the periclase to form ferrite. Further 
oxidation seemed to be prevented by the density of the 
crucible.

The novel properties of the mag
nesite crucibles produced by this 
method are due to a complete change 
in the nature of the original ferrite 
binding material, accompanied by 
a recrystallization of the magnesia 
grains. Ferrites forming the bind
ing material of the original brick are 
completely decomposed at 2000° C. 
in the reducing atmosphere of the 
carbon mold. The calcium and mag
nesium oxides are set free, and 
combine with the silica to form di
calcium and dimagnesium silicate. 
A study of a thin section of the 
finished crucible revealed this silicate 
mixture as having parallel extinc
tion and lathe-shaped crystals. This 
cementing material surrounded the

F ig u r e  6. C r u c ib l e  W a l l  a n d  S lag 
( X  7)

T hin  section . U pper (dark) area  is slag.

F ig u r e  7. C r u c ib l e  W a ll- S lag 
I n t e r f a c e  (X  1000)

Polished section . D ark  area  is slag.
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P ractica l T est o f Crucible
To determine the suitability of these crucibles as containers 

for molten slags, a charge consisting of approximately equal 
parts of lime, silica, and ferric oxide, which had been found 
to  corrode and permeate commercial magnesia and magnesite 
crucibles, was melted in one of the new crucibles. The 
melting time was about one-half hour. A final temperature 
of 1500° C. was reached. At this temperature a quiet melt 
had been obtained, and the slag was in a very fluid condition. 
The gas was then shut oil from the furnace, and the crucible 
and contents were allowed to cool slowly in the furnace.

The analysis of this slag, after melting and slow cooling, was 
found to be as follows:

%
SiO. 26 .24
FeO 14.03
FciO i 21.27
CaO 30 .60
M gO 8 .53

A polished section showed that this slag contained den
drites of magnetite embedded in a background of ferrous 
akermanite (2 C a0.F e0 .2S i02), as shown in Figure 5.

Figures 6 and 7 are micrographs showing the boundary 
between the slag and the crucible. This boundary is rela
tively sharp, and the crucible wall was practically impervious 
to the slag.
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A Vapor-Proof Laboratory Stirrer
G E O R G E  C A L IN G A E R T , E th y l  G a s o l in e  C o r p o r a t io n ,  D e t r o i t ,  M ic h .

A  VAPOR-PROOF laboratory stirrer with readily available 
oil-impregnated bronze bearings has been used in this 

laboratory, in preference to the conventional glass-in-glass 
mercury-seal bearing, for carrying out reactions which call 
for stirring in a closed system. This stirrer is an improvement 
over the older type since it can be used for high-speed stirring 
operations, is neither fragile nor cumbersome, eliminates the 
use of mercury, and does not trap liquid during the operation. 
The oil-impregnated bronze bearings employed in its con
struction offer enough resistance to the flow of vapor to pre
vent leakage, even when the apparatus is operated under 
slight pressure or vacuum, and it operates much more 
smoothly than the conventional mercury-seal stirrer.

The latest and best design, illustrated in Figure 1 (left), com
prises a 1.59-cm. (0.31-inch) steel drill rod, A,  fitted at one end 
with a mixing device such as a small bronze propeller from 2.2 
to 7.5 cm. in diameter, depending on the size of the reaction 
vessel opening. Such a propeller is obtainable in a variety of 
sizes from shops supplying parts for toy motor boats.

An equally satisfactory type of mixing device is the centrifugal

Eump illustrated in Figure 1 (center). The combination holder, 
earing, and seal is a 25-cm. length of 0.95-cm. (0.375-inch) 

brass pipe, C, equipped at both ends with a pressed-in oilless 
bearing, B, about 1.92 cm. (0.75 inch) long and 1.59 cm. (0.31 
inch) in inside diameter. These bearings are available on the 
market in numerous sizes and from various manufacturers (for 
example, Bound Brook Oilless Bearing Company, Bunting 
Brass & Bronze Company, Amplex Division of the Chrysler 
Corp., Johnson Bronze Company, Nolu Oilless Bearing Company, 
and Paramount Oilless Bearing Company).

A typical setup using this type of stirrer is illustrated in Figure 
1 (right). The brass pipe is fitted into the stopper of the flask, 
and after this has been lined up and clamped, the upper end of 
the stirrer shaft is connected to the motor shaft by means of a 
short piece of heavy-walled rubber tubing.

Stirrers of this type have been used repeatedly in flasks 
containing boiling organic solvents without any leakage or 
deterioration of the bearings. When corrosive liquids are 
used, the stirrer may be constructed of stainless steel or some 
other suitable corrosion-resistant alloy.



Removal of Adhered Rubber Stoppers
A . J .  B A IL E Y , U n iv e r s i ty  o f  M in n e s o ta ,  M in n e a p o l i s ,  M in n .

O N E method of removing adhered rubber stoppers from 
thermometers, Büchner funnels, tubing, etc., is so sim

ple that it appears inevitable that it has been known and used. 
A search of the literature and a canvass of fellow research 
men, however, have failed to bring to light any knowledge of 
existence, and it would appear desirable to emphasize its un
usual effectiveness.

F i g u r e  1

The only equipment required is a small triangular file, such as 
is usually used for marking glass tubing before breaking. Hold
ing the thermometer in one hand, the tapered hexagonal shank of 
the file is inserted under the stopper next to the glass for perhaps

an eighth of an inch. As shown in Figure 1, the top of the 
technician’s right hand is rotated toward his body. Since the 
shank of the file is pinched between the rubber and the glass, 
which have widely different coefficients of friction, rotation causes 
the side next the glass to slide, while that next the rubber merely 
grips the rubber and sinks in. Continued rotation tears the 
rubber from the glass by lifting the rubber vertically away from 
the glass surface. After a portion of the thermometer periphery 
has loosened, the axis of the file (as shown in Figure 1) is shifted 
by movement of the technician’s hand toward his body, so that 
as the file shank moves around the thermometer, it becomes in
serted more and more under the stopper until finally the tip ap
pears at the opposite end.

In this laboratory, no stopper has failed to yield to this 
treatment. Stoppers which other workers had been unable 
to remove (without cutting) were submitted as a test of the 
method and were removed by a file shank quickly and effort
lessly. It has operated on hard stoppers as well as gum 
stoppers, while size has little or no effect. It is equally effec
tive in removing tubing stuck to high-vacuum apparatus, and 
not only has greater ease and speed but is much less likely to 
break complex glass tubing systems than cutting off the rub
ber tubing with a knife.

Rubber tubing or stoppers close to a neck or side tube may 
be removed almost as easily, the only modification necessary 
being that of working almost one revolution in one direction 
and then reversing until the side tube blocks the way again, 
with a little manipulation at an angle to loosen the rubber 
immediately behind the side tube. Partial loosening ob
tained by some methods necessitates jerking or pulling to re
move the rubber, with some probability of breaking. Since 
the rubber can be completely loosened with a file shank, this 
danger is eliminated.

A Method for Assembling Thermocouples
I I .  M . T R IM B L E , O k la h o m a  A g r ic u l tu r a l  a n d  M c c h a n ic a l  C o lle g e , S t i l lw a te r ,  O k la .

B RAIDED Fiberglas sleeving, which is coming into use as 
an insulating material for armature and other wires, 

may be used to advantage in assembling thermocouples.

Suppose that a copper-constantan couple is to be constructed. 
The leads to the potentiometer will, of course, be of copper. 
Double cotton-covered, enameled, or asbestos-covered wires may 
be used, or the individual bare wires may be enclosed in Fiberglas 
sleeving of small size. As many constantan wires as there are to 
be junctions in the couple, and one less than this number of copper 
wires, are cut to the desired length. They are gathered into a 
bundle, the end is doubled back so that no sharp point is ex
posed, and the bundle is then threaded through a piece of sleev
ing somewhat longer than the wires by expanding the sleeving 
and pushing it over the advancing end of the bundle, then strip
ping it back.

Two additional copper wires to serve as potentiometer leads 
are introduced near the middle of the length of sleeving surround
ing the bundle of wires and threaded through it as before, one to 
either end. Now one of these lead wires is attached through a 
resistance of 100 or 200 ohms to one terminal of any convenient 
battery, and the other pole is connected through a milliammeter 
to an exploratory wire. By touching this exploratory wire to 
various ends of the copper wires at one end the lead wire is found. 
It is paired with one of the constantan wires and the two are 
twisted together and fastened by soldering or welding. The other 
end of the constantan wire which has just been connected may be 
found and connected to one of the copper wires. The various 
wires are thus sought out and connected one after another, the 
second lead wire being connected last. The lengths of the dif
ferent pairs should be varied somewhat, so that no two junctions 
at one end fall together. The junctions may now be dipped into

insulating varnish which is baked on. The sleeving is drawn 
snugly over the bundle of wires, and its end is cut off beyond 
the junctions and closed by binding it with fine wires or with 
insulating varnish, which is baked on. The lead wires are also 
threaded through a piece of the sleeving, leaving short projecting 
ends for attachment to the potentiometer. It is then bound to that 
containing the bundle of wires with fine wire to complete the couple.

Thermocouples assembled in this way are flexible and 
readily adapted to various assemblies without the necessity 
of handling a tangle of loose wires, they occupy less space 
than those assembled in glass, porcelain, or metal tubes, and 
they are not readily broken. Their insulation permits their 
ends to be slipped into wells or metal protecting tubes, with 
or without paraffin to aid in conducting heat. They have 
long lives, give relatively low rates of heat leak from appara
tus, and are at least as constant in calibration as couples 
assembled in other ways. Couples with as many as five junc
tions have been assembled in this manner and used, but still 
more complex ones offer no difficulties.

Fiberglas sleeving may be had with internal diameters of 
0.067 to 0.5 inch. The 0.125-inch size has been found best 
for the couples which the author has made. When braided 
with a small percentage of cotton to give it strength it pro
vides satisfactory insulation somewhat above 100° C. When 
the cotton is burned out it tends to become brittle and to 
break when flexed, but its intrinsic insulating properties are 
not impaired.



D eterm ination o f Sulfur in  Organic Compounds
A New M icrochem ical Method

E . W . D . H U F F M A N ,1 U n iv e rs i ty  o f  C o lo ra d o , B o u ld e r ,  C o lo .

A new  m eth o d  for th e  d e te rm in a tio n  of 
su lfu r in  organic  com pounds is described 
an d  th e  in h e re n t errors arc  discussed. 
T he m eth o d  applies to  com pounds c o n ta in 
ing  no  o th er elem ents th a n  carbon, h y 
drogen, n itrogen , su lfu r, and  oxygen. T he 
m eth o d  consists o f two p a rts  (1) a reaction  
betw een the  oxides o f su lfu r, form ed d u rin g  
a  ca ta ly tic  com bustion , and  m eta llic  silver 
w ith  th e  q u a n tita tiv e  fo rm ation  of silver 
su lfa te ; (2) th e  clectrodcposition  o f th e  
silver from  th e  silver su lfa te . T he p la tin g  
is carried o u t in  d ilu te  isopropyl alcohol 
so lu tion . C arbon-hydrogen values m ay  be 
ob tained  sim ultaneously .

I T IS well known that the silver filling in the carbon- 
hydrogen combustion tube is vigorously attacked when 

compounds containing sulfur are burned and that silver sul
fate is formed. It was found that with compounds contain
ing no elements other than carbon, hydrogen, oxygen, and 
sulfur good results could be obtained for carbon and hydrogen 
when only silver was present in the tube filling; evidently 
all the sulfur was retained. This has recently been con
firmed (5).

Reactions between the oxides of sulfur and elemental silver 
in an atmosphere of oxygen have been reported (2, 9). That 
the reaction with sulfur trioxide is quantitative was pointed 
out by Dennstedt (2), and by Kirner (4), who suggested the 
possibility of using this reaction as a basis for a sulfur 
determination.

the basis of a new method for determining sulfur in organic 
compounds which may contain carbon, hydrogen, nitrogen, 
and oxygen. The factor, S:2 Ag, is very favorable, 1 mg. of 
sulfur being equivalent to 6.73 mg. of silver. The method 
has been in use for about 3 years, during which time many 
modifications have been studied. The apparatus and pro
cedure described below were found to be the best.

A pparatus
The combustion tube is made from Jena Supremax glass 10 

mm. in diameter (Figure 1), and is equipped with a side arm, a. 
Forty-two centimeters from the side arm and extending for about 
20 cm. the tube is indented on top so that the indentations dip 
to within 1 mm. of the top of the platinum-gauze boats (Figure 1, 
II, and Figure 2) which contain the silver pellets. Two boats, 
B, are shown in position in Figure 1. These boats (Figure 2)

-4-5 nun.-

F i g u r e  1 . C o m b u s t io n  T u b e

The formation of silver sulfate plus a subsequent electro
deposition of the silver from the silver sulfate has been made

1 P resen t address, H uffm an M icroanaly tical Laboratories, 505 M ajestic  
B ldg., D enver, Colo.

F i g u r e  2. B o a t

are made of 52-mesh gauze, are semicylindrical in shape, and 
are reinforced around the top with a platinum wire. The in
dentations are easily made by placing one of the boats in posi
tion, heating the glass with the oxygen-gas torch, and pulling 
the glass down toward the top of the boat. If well annealed, 
this portion is as strong as the rest of the tube. The tube extends 
beyond the indentations about 7 cm. This exit end is equipped 
with a cork and protecting tube, C, conveniently made from a 
13 X 100 mm. Pyrex test tube, and has a drawn-down end for 
rubber tubing.

C o m b u s t i o n  T r a i n .  Oxygen and nitrogen are used. Run
ning in parallel from the two cylinders are a pressure regulator, 
precision pinchclamp, bubble counter, and preheater. The pre

heater for oxygen is filled with “molecular” 
silver; the one for nitrogen with finely divided 
reduced copper. The preheaters converge to 
a three-way stopcock which is connected to the 
side arm of the combustion tube through an 
Anhydrone tube. The exit end of the com
bustion tube is connected to a Mariotte bottle, 
the side arm of which is kept in a horizontal 
position during use. It is best to use steamed- 
out rubber tubing for all connections up to the 
combustion tube.

The section of the tube just before the in
dentations contains platinum contacts (Figure 1,2?) of any type. 
A very efficient contact, which effects a thorough mixing of the 
gases, is pictured in Figure 3. The cylinder, which is only slightly 
less in diameter than the combustion tube, is made of fine- 
meshed platinum gauze. Strung on a light platinum wire are

53
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circular baffles made of thin platinum foil, placed at right angles 
to the axis of the cylinder and fitting the cylinder snugly.

The sections containing the platinum contacts and the silver 
pellets in the platinum gauze boats are best heated electrically 
and with furnaces about 20 cm. long which may be pushed back 
from the tube without disturbing it. The type of long furnace 
described by Hallett (S) has been found convenient.

W--------------------- — 7 0  nun.------------------—------?|

F i g u r e  3 . C o n t a c t

The contacts are maintained at about 600° C., and the silver 
at about 450° C. Both furnaces should be equipped with ther
mocouples, particularly the one for the silver. The section con
taining the silver may be heated with gas, this part being held 
in a centrally bored aluminum bar 5 cm. in diameter and the 
apparatus arranged so that the tube may be pushed forward for 
cooling.

E l e c t r o l y t i c  A p p a r a t u s .  The assembled cell is shown in 
Figure 4, A.  The upper part is made of 28-mm. and the lower 
of 19-mm. (outside diameter) Pyrex glass tubing. A  small 
amount of ground glass (ca. 40-mesh) is sintered to the bottom, 
E, to aid even boiling. During electrolysis the silver pellets are

held in part B. Above this is a tube, C, 5 mm. in outside di
ameter, and flared at the bottom, the flare being 4 mm. less than 
the diameter of the cell at this point. Three feet are fused onto 
the flare to hold it centrally. The platinum gauze boats are 
placed around tube C during electrolysis; one, D, is shown in 
position.

The electrodes are held in the upper portion of the cell on an 
electrode holder similar to the one described by Clarke and 
Hermance (1). The flare on the central tube of the holder is 
just large enough to accommodate the end of tube C loosely; if 
larger, it interferes with the desired circulation throughout the 
whole cell. The electrodes are of the same design and diameter 
as those described by Clarke and Hermance (18 and 9 mm.) 
but are 22 to 23 mm. in height. The electrode holder is made 
proportionately longer. The baffle, fitting into the top of the 
cell and holder, has a glass rod fused on below the smaller bulb, 
long enough to contact tube C and help hold it in place. The 
cell is heated from below with a microburner, a current being set 
up through tube C and the central tube of the holder. To re
move the solution after electrolysis a siphon tube (Figure 4, 
F), connected to an aspirator through a suction flask, fits into 
the cell in place of the baffle and extends into the silver.

Small clips, especially for the cathode, are preferable to mer
cury cups for connecting the leads.

A conventional electrical hookup is used. The current con
sumption is very low, so that a bank of three dry cells in series 
is adequate as a source. Radio volume controls may be used 
as rheostats. A 0- to 50-milliameter and a 0- to 5-voltmeter are 
employed.

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

Sam ple 

D iphenyl sulfene

Thiodipbenylam ine

Sulfanilio acid

Benzene sulfonam ide

Sulfonal

Benzotliiazolethiol

2,2 '-D ithiobi8benzothiazole

T hiourea

D ithiooxam ide

Sam ple Ag Ag Ag, Difference S S
W eight Found T heory from  T heory U ncorrected C orrected

M b . Mg. Mg. Mg. % % %

3.019 2.979 2.984 - 0 .0 0 5 - 0 . 1 8 14.66 14.69
4.101 4.035 4.054 - 0 .0 1 9 - 0 .4 7 14.62 14.65
3.555 3.511 3.514 -0 .0 0 3 - 0 . 0 8 14.68 14.70
3.457 3.413 3.417 - 0 .0 0 4 - 0 . 1 2 14.67 14.70
2.386 2 .350 2.359 - 0 .0 0 3 - 0 .1 1 14.67 14.70
2.004 1.980 1.981 -0 .0 0 1 - 0 . 0 5 14.68 14.71
1.217 1.199 1.203 -0 .0 0 4 - 0 . 3 0 14.64 14.67

1.408 1.579 1.590 -0 .0 1 1 - 0 .6 6 15.98 16.02
2.987 3.229 3.234 - 0 .0 0 5 - 0 . 1 6 16.06 16.10
5.170 5.592 5.604 - 0 .0 1 2 - 0 .2 2 16.05 16.09
4.523 4.882 4.897 - 0 .0 1 5 - 0 .3 1 16.04 16.07
3.002 3.248 3.251 - 0 .0 0 3 - 0 . 0 8 16.08 16.11
0 .996 1.075 1.078 -0 .0 0 3 - 0 . 3 2 16.04 16.07

2.296 2.851 2.860 - 0 .0 0 9 - 0 . 3 0 18.45 18.49
3.237 4.023 4.033 - 0 .0 1 0 - 0 . 2 4 18.47 18.50
5.275 6.560 6.572 - 0 .0 1 2 - 0 . 1 8 18.48 18.52

2 .758 3.765 3 .786 - 0 .0 2 1 - 0 . 5 5 20 .28 20 .33
2.749 3 .768 3.773 - 0 .0 0 5 - 0 . 1 2 20 .37 20.41
3.984 5.455 5.469 - 0 .0 1 4 - 0 . 2 5 20 .35 20.39
4 .236 5.803 5.814 - 0 .0 1 1 - 0 . 2 0 20.36 20 .40
1.878 2.570 2.578 - 0 .0 0 8 - 0 . 3 0 20.33 20 .38
1.011 1.387 1.388 - 0 .0 0 1 - 0 . 0 8 20 .39 20 .42

3.052 5.752 5 .768 - 0 .0 1 6 - 0 . 2 8 28 .00 28 .06
2.799 5.285 5.290 - 0 .0 0 5 - 0 . 1 0 28 .06 28.11
2.135 4.029 4.035 - 0 .0 0 6 - 0 . 1 5 28 .04 28 .10
3.996 7.534 7.552 - 0 .0 1 8 - 0 . 2 4 28 .02 28.07

4.188 10.776 10.806 - 0 .0 3 0 - 0 . 2 8 38 .23 38 .31
3 .398 8.747 8.707 - 0 .0 2 0 - 0 . 2 3 38 .25 38 .33
3.403 8.753 8.780 - 0 .0 2 7 - 0 .3 1 38 .22 38 .30
2.112 5.435 5.449 -0 .0 1 4 - 0 . 2 6 38 .24 38 .32
2.439 6.286 6.293 - 0 .0 0 7 - 0 .1 1 38 .30 38 .37
2.265 5.834 5.844 - 0 .0 1 0 - 0 . 1 7 38 .27 38 .35
3.010 7 .758 7.766 -0 .0 0 8 - 0 . 1 0 38 .30 38 .38
1.200 3.094 3.096 -0 .0 0 2 - 0 . 0 7 38 .31 38 .39

3.412 8.841 8.857 - 0 .0 1 6 - 0 . 1 8 38 .50 38 .58
3.9S4 10.311 10.342 - 0 .0 3 1 - 0 . 3 0 38 .46 38 .53
2.771 7.184 7.193 - 0 .0 0 9 - 0 . 1 2 38 .52 38 .60
1.548 4 .008 4 .018 -0 .0 1 0 - 0 . 2 6 38 .47 38 .55
1.185 3.073 3.076 -0 .0 0 3 - 0 . 1 0 38 .53 38.61
2.092 5.415 5.431 - 0 .0 1 6 - 0 . 2 9 38 .46 38 .54
4.244 10.995 11.017 -0 .0 2 2 - 0 . 2 0 38 .50 38 .57
3.118 8.069 8.094 - 0 .0 2 5 - 0 .3 1 38 .45 38.53
5.012 12.975 13.010 - 0 .0 3 5 - 0 .2 7 38 .47 38 .55

2.871 8.122 8 .138 - 0 .0 1 6 - 0 . 1 9 42 .04 42 .12
5.086 14.387 14.416 - 0 .0 2 9 - 0 .2 0 42 .03 42 .12
4.477 12.041 12.690 - 0 .0 4 9 - 0 . 3 9 41 .96 42 .04
3.810 10.789 10.799 - 0 .0 1 0 - 0 . 0 9 42 .08 42 .16
3.193 9.045 9.050 -0 .0 0 5 - 0 . 0 6 42 .09 42 .18
2.027 5.725 5.745 - 0 .0 2 0 - 0 . 3 4 41 .97 42 .05
1.226 3.467 3.475 - 0 .0 0 8 - 0 .2 3 42 .02 42 .10

1.994 7 .138 7.159 -0 .0 2 1 - 0 .2 9 53 .19 53 .30
2.341 8.373 8.405 - 0 .0 3 2 - 0 . 4 0 53.15 53 .25
2.939 10.527 10.552 - 0 .0 2 5 - 0 .2 3 53 .22 53 .33
3.172 11.359 11.388 - 0 .0 2 9 - 0 .2 6 53.21 53 .32

S
T heory

%
14.69

16.09

18.61

20 .40

28 .08

38 .34

38 .57

42 .12

53 .35
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R eagents
Silver pellets, 1 mm. in diameter and 1 mm. high, are made with 

a punch 1 mm. in diameter from sheet silver 1 mm. thick, rolled 
from a bar at least 5 mm. thick. The silver should be of 
“spectrographic fine” grade, and the pellets should be as dense 
as possible. One ounce (31 grams) of the sheet makes enough 
pellets for two fillings. The new pellets are treated with hot 
1 to 1 sulfuric acid to remove foreign matter from the punch, etc.

Molecular silver is prepared in the usual way, and used in the 
oxygen preheater. Copper, 40-mesh, is reduced in hydrogen and 
used in the nitrogen preheater. Isopropyl alcohol, analyzed 
grade, magnesium sulfate heptahydrate, analyzed grade, an 
oxygen cylinder a nitrogen cylinder, and distilled water are also 
required.

Procedure
The silver pellets, which are kept under a little isopropyl 

alcohol in a glass-stoppered test tube, are transferred to the 
platinum gauze boats with the aid of a glass rod flattened at one 
end. The gauze boats are best held on a small glass stand, 
similar in design to the stand usually used for carbon and hydro
gen absorption tubes, which is kept in a small petri dish. The 
boats should be filled just level with the top, so that they will pass 
easily under the depressions in the combustion tube. The filled 
boats are placed in an oven (110° C.) for 5 minutes to drive off 
the isopropyl alcohol and are then transferred with platinum- 
tipped forceps directly from the oven into the exit end of the 
combustion tube through which a stream of oxygen (4 to 5 cc. 
per minute) is passing. They are pushed into place with a 
platinum wire fastened to a thin glass rod. As soon as the boats 
are in place and connection is made to the Mariotte bottle, the 
furnaces, already at the proper temperatures, are pulled over 
the tube.

A maximum of four boats, each containing 2.5 to 3 grams of 
pellets, are employed. One boat will handle up to about 0.5 mg. 
of sulfur; two boats, 1.5 mg.; three boats, 2.5 mg; four boats, 
4 mg. (Three boats were used for all samples reported in Table

In 2 to 3 minutes after the furnaces are over the tube the 
sample is introduced in a platinum boat and the combustion car
ried out with the usual precautions. After the sample has been 
burned away, the tube is heated through again, starting about 
3 cm. in front of the original position of the wire gauze. The 
tube is heated directly, the flame encircling it. Although no 
backlash is usually visible, small amounts of material almost 
invariably pass backward during combustion, and on the second 
heating a minute drop or thin white fumes may form as the 
burner approaches the furnace. After the second heating is 
completed the three-way stopcock is turned and nitrogen passed 
through the tube at a rate of 10 cc. per minute. After 50 cc. of 
nitrogen have passed through the tube the furnaces are pushed 
back and the silver filling is allowed to cool in the nitrogen stream 
(the silver may be left in this condition under pressure in nitrogen 
overnight).

The clean, dry cell with tube C in place (Figure 4) is kept in the 
oven during the combustion. When the silver is near room tem
perature the cell is removed from the oven (a 150-cc. Erlenmeyer 
flask is a convenient stand for the hot cell) and a few drops of 
isopropyl alcohol are added. This volatilizes and displaces most 
of the air. The boats of pellets are immediately withdrawn from 
the tube and dropped into the cell, so that they fall around tube 
C, and 3 cc. of isopropyl alcohol are added. The cell is tapped 
so that the pellets fall out of the boats into the bottom of the 
cell (Figure 4, B). The electrodes on the holder are placed in 
the cell (Figure 4, A) and the cell is clamped on a stand over the 
microburner. (The cathode is cleaned with hot concentrated 
nitric acid, rinsed with distilled water, dried in an oven at 
110° C. for 10 minutes, cooled, and weighed.) The isopropyl 
alcohol is heated to boiling and 1 cc. of a 3 per cent magnesium 
sulfate solution is added, followed by hot distilled water up to the 
bottom of the electrode holder. The solution is allowed to mix 
for a minute or so. Meanwhile electrical contact is made, except
ing for the electrolyte, and the voltage is set near 1.5 volts. The 
cell is then filled with hot distilled water to 1 to 2 mm. above the 
central tube of the electrode holder and the baffle is inserted. 
The flame is so adjusted that the boiling is vigorous and even. 
Boiling must be continued throughout the deposition.

The voltage is so adjusted that 15 milliamperes flow (1 to 1.5 
volts). In a very few minutes, depending upon the quantity of 
silver ion present, when about 98 per cent has been deposited, 
there is an abrupt drop in conductance. The voltage is readjusted 
(2 to 2.5 volts), so that 20 milliamperes flow and this is con
tinued for 30 minutes, during which there will be an abrupt in

crease in conductance. However, it is not .necessary to re
adjust the current.

If the cell was well cleaned there will be a continuous flow of 
condensate from the baffle down the cell walls. Any drops that 
form should be washed down with distilled water about 15 
minutes before the end of the deposition.

At the end of 30 minutes the flame is extinguished, the baffle 
removed, and the siphon inserted. The solution is siphoned off 
while cold distilled water is introduced into the cell until the 
current flow indicates that the electrolyte has been displaced. 
The cell is then allowed to empty, the electrical contact is broken, 
and the silver pellets are immediately covered with a little 
isopropyl alcohol.

The holder with the electrodes is removed to a clean dish, the 
cathode removed with platinum tipped forceps, and the lead 
washed with a spray of distilled water. The cathode is hung 
in the oven for 10 minutes (110° C.), then removed to near the 
balance, and weighed when cool.

The electrode holder and anode are covered to protect them 
from dust. It is not necessary to clean the anode between 
depositions if properly used and protected.

Some of the silver pellets adhere in clusters, which are broken 
up with a glass rod in either the cell or test tube. These clusters 
interfere only as they make the filling of the boats more difficult. 
If another analysis is to follow immediately, the boats are filled 
directly from the cell; if not, the pellets and isopropyl alcohol 
are transferred to the stoppered test tube.

Table I presents a recent series of determinations on known 
compounds, interspersed with determinations on unknown 
materials. Before calculating the per cent of sulfur an 
amount equal to 0.2 per cent of the weight of the silver found 
is added to the weight of the silver.

S e ttin g  Up New A ppara tus
Before a new setup is used it is necessary to carry out the 

full procedure, employing a large excess of sulfur and prefer
ably using about 0.05 cc. of concentrated sulfuric acid. (The
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excess sulfuric acid is driven out the open end of the combus
tion tube.) The silver should be completely coated with 
silver sulfate, but it is not necessary to plate all the silver 
from the silver sulfate formed. The silver is boiled in the 
plating solution for 15 minutes and the solution is siphoned off. 
The electrodes are then introduced, fresh solvent is added, and 
the deposition is carried to completion as described above.

T a b l e  II. R e s u l t s  o f  P l a t i n g

AgiSO« Ag Ag
Sam ple Found T heory -----------Ag E rror----------.

Mg. M 0. Mg. Mo. %
2.022 1.398 1.399 - 0 .0 0 1 - 0 .0 7
4 .276 2.960 2.959 + 0 .0 0 1 + 0 .0 4
5 .117 3 .538 3.541 - 0 .0 0 3 - 0 .0 9
7 .167 4.949 4.959 - 0 .0 1 0 - 0 . 2 0
8 .974 6.205 6.209 - 0 .0 0 4 - 0 .0 7

11.106 7 .678 7.684 - 0 .0 0 6 - 0 . 0 8
13.878 9.600 9.603 - 0 .0 0 3 - 0 .0 3
15.010 10.377 10.386 - 0 .0 0 9 - 0 . 0 9
16.854 11.655 11.663 - 0 .0 0 8 - 0 .0 7
19.445 13.437 13.455 - 0 .0 1 8 - 0 . 1 3
23.663 16.352 16.373 -0 .0 2 1 - 0 .1 3
25.182 17.403 17.424 - 0 .0 2 1 - 0 . 1 2
39.893 27.580 27.601 - 0 .0 2 1 - 0 . 0 8

Silver Pellets P resen t during Electrolysis
2 .470 1.710 1.709 + 0 .0 0 1 + 0 .0 6
5.231 3.621 3.619 + 0 .0 0 2 + 0 .0 6
7.053 4.879 4.880 - 0 .0 0 1 - 0 .0 2

10.262 7.094 7.101 - 0 .0 0 7 - 0 .1 0
11.314 7.832 7.828 + 0 .0 0 4 + 0 .0 5
13.006 8.994 8.999 - 0 .0 0 5 - 0 .0 5
15.765 10.905 10.908 - 0 .0 0 3 - 0 .0 3
20.006 13.839 13.846 -0 .0 0 7 - 0 .0 5
21.134 14.606 14.623 -0 .0 1 7 - 0 .1 1
23.232 16.073 16.075 -0 .0 0 2 - 0 .0 1

The new combustion tube will retain a small amount of 
sulfur, apparently as alkali sulfate. The section of the tube 
around the silver may become cloudy. The tube may be 
washed out with distilled water (in which case the first result 
will be slightly low) or used without further treatment.

Treating the pellets with exccss sulfur serves to loosen any 
small adhering fragments and to increase their surface by 
etching, making a more active filling.

It is essential that the platinum gauze boats be boiled in a 
solution of silver sulfate.

After the deposition is complete a blank should be run to 
make sure that the silver is in good condition. The pro
cedure is carried out in full as described, except that no 
compound is burned (unless it contains no elements other 
than carbon, hydrogen, oxygen, and nitrogen). A drop of 
1 N  sulfuric acid is added to the plating mixture to simulate 
the actual conditions of electrolysis. The blank determined 
in this way should not exceed 0.01 mg. and is usually less than 
0.005 mg.

P la tin g

An anodic deposit of silver peroxide, or peroxysulfate, is 
formed when silver sulfate is plated from neutral or slightly 
acid solutions. Reported in the literature are successful 
analytical methods involving cyanide or ammoniacal solu
tions. Cyanide dissolves silver readily, and it was found 
that ammonium hydroxide does to a small extent. A search 
was made for a solution conducive to good plating which did 
not attack the elemental silver, so that a separate washing 
of the pellets would not be necessary.

As the anodic deposit of silver peroxide, formed when only 
the simple silver ion is present, is a good oxidizing agent, 
it was proposed to introduce a reducing agent which would 
set the silver free, so that it would be transferred to the 
cathode. Ethanol was tried first; no anode deposit was 
formed but the plate on the cathode was not very adherent, 
probably because of the formation of acetic acid. Weak 
acids have a tendency to promote a somewhat inferior plate. 
A very excellent plate is obtained with a secondary alcohol;

isopropyl alcohol has proved the best. An attempt was made 
to use secondary butyl alcohol, which has a boiling point very 
near that of the solution, but a number of high results were 
obtained and it was found that traces of a resinous material, 
insoluble in water and only difficultly soluble in alcohol and 
ether, were formed. The reaction is apparently much more 
complex than was first assumed. If the anode is coated with 
the peroxide and then an attempt is made to transfer the 
silver to the cathode using the dilute isopropyl alcohol solu
tion, only small percentages are transferred in long periods 
of plating. The peroxide is apparently reduced, but the 
resulting silver is not readily transferred. This may be 
further illustrated by attempting to transfer elemental silver 
from the anode to the cathode. No indication of the reduc
tion of the silver sulfate by the boiling isopropyl alcohol has 
been observed.

It is essential that the solution be at or very near the boil
ing point throughout the deposition, as the anodic deposit 
forms at lower temperatures, and that the electrodes com
plete electrical contact immediately upon immersion. (If 
the solution cools, the anode must be cleaned before the next 
deposition.)

It is unnecessary to rinse the cathode with any solvent 
other than water, but alcohol and ether may be used to speed 
up the drying if desired.

Results of plating are shown in Table II.

D iscussion

T h e  B l a n k . The nitrogen and the magnesium sulfate 
are used to control the blank. If the silver is allowed to cool 
in a stream of oxygen a thin layer of silver oxide is formed, 
equivalent to about 0.050 mg. of silver for 5 grams of pellets. 
Silver oxide decomposes with increase in temperature and 
the decomposition pressure at 450° C. is extremely high (6). 
It reforms upon cooling in the presence of oxygen. If the 
oxygen is displaced with nitrogen and the silver is allowed to 
cool in an atmosphere of nitrogen the oxide does not form. 
The few drops of isopropyl alcohol added to the hot cell 
serve to displace the air and protect the silver if it has not 
been allowed to cool completely to room temperature. Even 
when this factor is controlled there will remain a variable 
blank amounting to as much as 0.03 mg. for 5 grams of 
pellets, due to colloidal solution of the silver in the boiling 
solvent. If an electrolyte is added this effect is minimized 
and the blank will be about 0.005 mg.

Thirty milligrams of magnesium sulfate heptahydrate, 
added in solution as a matter of convenience in measuring, 
have been found sufficient; larger amounts increase the plating 
time. The magnesium sulfate is not essential to the plating, 
but is a factor in controlling the blank. The doubly charged 
magnesium ion is more effective than an ion with single 
charge.

Because of the tendency of silver to go into colloidal sus
pension the use of very finely divided silver (molecular 
silver) is out of the question.

If the pellets are mostly coated with silver sulfate, both 
factors of the blank are greatly minimized. The coated 
portion will not be readily attacked by the oxygen, and the 
silver sulfate is an electrolyte and serves to minimize the 
formation of colloidal silver. It was found that good results 
could be obtained in the absence of nitrogen and added elec
trolyte if the amount of sulfur involved fell within certain 
limits relative to the amount of silver filling.

The use of preheaters depends on the purity of the oxygen 
and nitrogen available. There are usually traces of oxygen 
in the nitrogen. Just what is present in the oxygen that 
causes the slight increase in blank value has not been de
termined. In the absence of the preheaters the blank values
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and analytical results are more variable; the blank value 
averages slightly higher than 0.01 mg.

A small variable was encountered in connection with the 
distilled water, which was made in an all-Pyrex glass still 
having two Kjeldahl traps. Tap water, treated with a little 
potassium permanganate and distilled once, was satisfactory 
most of the time, but on two or three occasions increases in 
blank values were traced to it. If a few pieces of silver foil 
are placed in the boiling flask the water is consistently good.

The reagents must be free of metals which will be deposited 
under the same conditions of plating. The only one en
countered was iron. One sample of magnesium sulfate was 
found to contain 0.02 per cent of iron and one sample of silver 
was contaminated with iron. Both led to high results.

It is best to protect the combustion tube by connecting it 
to a Mariotte bottle, particularly if gas heating is employed. 
Apparently sulfurous fumes from the gas diffuse into the 
open combustion tube, leading to a higher blank value in the 
silver nearest the exit end.

If the pellets are in daily use the blank value remains low, 
but if they stand for some time, even in the isopropyl alcohol, 
a higher result (0.01 to 0.03 mg.) will be obtained on the 
following determination. Pellets that have stood for some 
time should be boiled in the plating solution for a few minutes 
before use.

C o m b u s t io n . The temperature of the platinum contacts 
should be maintained at about 600° C. At temperatures 
exceeding 700° C. low results were obtained and if the 
platinum contacts were washed the resulting solution gave a 
test for sulfate— very weak after one combustion, but ap
preciable after two or three. This phenomenon was not 
noticed at the lower temperature.

It is recommended that the silver be heated to about 
450° C. Quantitative formation of silver sulfate was found to 
take place at 350° C., but the capacity of the silver filling was 
very low at this temperature. The silver becomes more and 
more active as the temperature increases and good results 
were obtained at 550° C. At temperatures approaching 
500° C. and above the silver pellets form clusters that are 
difficult to remove from the boats. (All temperatures were 
checked with a high-temperature mercury thermometer.)

Since the temperature necessary for quantitative formation 
of sulfur trioxide in the system 2SO2 +  0 2 2SO3 is 400° C. 
(5), sulfur dioxide may also be quantitatively retained by 
the silver (9).

C o r r e c t io n  F a c t o r . A s illustrated in Table I ,  the results 
are on the average low by an amount very close to 0.2 per cent 
of the silver theoretically available. (This value was not 
determined by direct averaging but results were weighted, de
pending upon the course of the individual determinations.) 
The error is not so evident where small amounts of sulfur are 
concerned but is obvious with the larger quantities. This 
error was made the subject of a rather intensive investigation, 
but has only been certainly accounted for in part.

One small positive error in the method— the blank— is 
proportional to the amount of silver surface present but is so 
small that it can be considered constant. Table II shows 
that the plating results are all low, as is to be expected. In 
the absence of the silver pellets this amounts to a little less 
than 0.1 per cent and in their presence to about 0.05 per cent, 
about 0.15 per cent of the silver theoretically available re
mains to be accounted for.

It is essential that the platinum gauze boats be boiled in a 
silver sulfate solution before being used. Silver is deposited 
on the platinum during this boiling, primarily in proportion 
to the amount of platinum surface present. Four gauze boats 
will increase in weight by about 0.15 mg. If this silver coating 
is not removed an extremely small amount, if any, is deposited 
on a second treatment in the boiling solution. If these boats

with their silver coating are used to hold the silver pellets 
during the combustion, a certain amount of this coating will 
probably be transformed into silver sulfate which would be 
washed off the platinum in the solution and an equivalent 
amount of silver redeposited. The fraction of the coating 
attacked would be proportional to the amount of sulfur 
involved and consequently to the amount of silver deposited 
electrically on the cathode. To test this idea part of the 
surface of the boats was cleaned and plating carried out. The 
order of magnitude of the gain in weight of the boats and the 
deficiency in the weight of the silver on the cathode checked 
with the order of magnitude of the error involved in the 
method.

--------------------------- - ,8  cm . -------------------------------

F ig u r e  5

£  To reproduce accurately the conditions of analysis in these 
experiments would be very difficult because of the manner 
in which the silver is attacked by the oxides of sulfur. Five 
grams of pellets when treated with an excess of sulfur will 
form silver sulfate equivalent to 60 to 70 mg. of silver. How
ever, a 5-gram filling will retain quantitatively less than 20 per 
cent of this amount. The silver already coated continues to 
form silver sulfate, but the efficiency drops more and more 
as the coating becomes thicker. (It is essential that at least 
1 cm. of silver appear free of coating in every analysis.)

Because of this deposition of the silver on the platinum 
in the boiling solution and the incomplete transfer of silver 
from the anode to the cathode, the electrodes should complete 
electrical contact upon being immersed in the solution.

It appeared probable that if porcelain boats were sub
stituted for the platinum ones the difficulty would be sur
mounted. Through the cooperation of the Coors Porcelain 
Company and II. W. Ryland of that organization porcelain 
boats were made, the same size and shape as the platinum 
boats, and were perforated like the bottom of a Gooch crucible 
to allow greater access of the silver to the gas stream. The 
results obtained, however, were low to the same extent as with 
the platinum. Because of obvious mechanical difficulties 
these porcelain boats had a much smaller capacity than the 
platinum ones and a close fit in the combustion tube under 
the depressions was difficult to obtain. Only small amounts 
of sulfur could be used. Therefore another scheme was 
tried.

A combustion tube was constructed with a short removable 
section in the same position as the indentations in the tube 
already described (Figure 5). There was no leakage around 
the ground joints under working conditions. This section of 
tube containing the silver was removed after the combustion 
and placed in a cell similar to the one described, except that 
the lower part was made long enough to accommodate the 
section. The removable section served to replace tube C 
(Figure 4) after the pellets had fallen to the bottom of the 
cell. However, the results obtained with this apparatus were 
still low by a quantity closely equivalent to 0.2 per cent of 
the theoretically available silver.

Another error may be introduced by the porcelain or glass, 
but it is curious that the order of magnitude is the same as 
with the platinum boats.

It is likely that the mechanical difficulties involved with 
the porcelain boats could be overcome and these used instead
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of the platinum. The ground-joint apparatus is also usable. 
The author prefers the platinum boats because of simplicity 
and ease of handling.

Compounds containing halogen cannot be analyzed for 
sulfur by this method, because the halogens are also retained 
by the silver. A somewhat similar method for the determina
tion of halogens is now being studied.

A silver filling worked very well in the carbon-hydrogen 
combustion tube for substances containing no other elements 
than carbon, hydrogen, oxygen, and sulfur (8). It is obvious 
that carbon and hydrogen could be determined simultaneously 
with sulfur on such compounds. Very little modification 
of the apparatus is required.

The combustion tube is drawn out and a neck sealed on in the 
usual manner. The boats of silver are introduced through the 
mouth of the combustion tube, followed by the platinum con
tacts which must consequently be removed for each analysis. 
After the combustion and before the introduction of the nitrogen 
the absorption tubes are removed and air is aspirated through 
them (7). A choking plug and lead dioxide may be introduced 
and nitrogen compounds analyzed. In this case it is necessary

to prepare the usual carbon-hydrogen tube filling, including the 
silver used for the heat transfer between the furnace and the 
mortar, cutting this tube about 1 cm. beyond the silver and 
sealing it onto the combustion tube (Figure 1) just beyond the 
indentations.

The carbon and hydrogen values obtained are of the usual 
accuracy.
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New Apparatus for Qualitative Sem im icroanalysis
II. II. BARBER, University o f M innesota, M inneapolis, M inn.

T HE steady development and application of semimicro
methods to qualitative analysis have demonstrated to 

both the student and the teacher in analytical courses the 
possibility of introducing smaller apparatus than is generally 
used and a change in technique in the filtration, evaporation, 
and treatment of precipitates with various reagents in ion 
separations.

The type of equipment required in qualitative semimicro
analysis, which will materially decrease the time of analysis 
and simplify the procedure, may be easily and inexpensively 
placed in the hands of each student.

A pparatus
L ip p e d  T e s t  T u b e .  This tube is a No. 2370 Pyrex test tube 

which has been lipped to facilitate pouring liquids from it. 
The test tube fits the cups of the usual semimicrocentrifuges 
and has been found the most convenient in size for semimicro
work.

F i l t e r  T u b e .  This tube is made from a No. 2370 lipped 
Pyrex test tube. The side arm is cone-shaped and rimmed 
to  8 mm. to accommodate the end of a suction bulb.

C apacity  5ml.

I'cm.

-Lömm.
F ig u r e  2. S e m i-
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F ig u r e  1. L ip p e d  T e s t  T u b e  a n d  F il t e r  T u b e s

A modified type of this filter tube is also shown. On the 
inside of the side arm, which has an inside diameter of 8 mm., 
is placed a small M. & S. valve (rubber) with the point project
ing toward the outer end of the arm. This valve limits the 
flow of air or liquid to one direc
tion: from the tube to the outer 
end.

S e m im ic r o f u n n e l .  This funnel 
is of special construction and is de
signed to be used with the filter 
tubes. In use the stem above the 
constricted part is packed with 
ordinary surgical cotton or Corning 
Brand fiber glass (No. 008, Catalog 
No. 9940). The depth and hard
ness of packing of the filter medium 
determine the retentiveness of the 
filter and the rate of filtration. The 
Monel spatula (No. 7027, of the
Wilkens-Anderson Co.) has been found most convenient for 
packing, as its handle is slightly less than 5 mm. in diameter 

and may, therefore, be used in pressing down the 
cotton or glass fiber into the stem of the funnel. 
When glass fiber is used as a filter medium, it 
need seldom be changed and is not acted on by 
chemicals which do not react with glass.

P r e s s u r e  F i l t e r  T u b e .  This tube is de
signed to be used with the lipped test tube and 
suction bulb. Its outside diameter is slightly 
less than the inside diameter of the lipped test 
tube. The volume of liquid held by the pressure 
filter tube is somewhat less than the volume of 
the test tube below the constricted end of the 

filter tube. The top of the tube is flared so that it will rest 
on the top of test tube No. 2370, when inserted therein. 
The constricted end of the filter tube is packed with surgical 
cotton or glass fiber in the same manner as the filter medium 
in the semimicrofunnel.

In use, the tube is packed with the filter medium and inserted 
in the tube. The solution to be filtered is poured into the filter 
tube, and a pressure is applied to the solution by means of the

M&S Valve 
(rubber)
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rubber bulb, being easily regulated by the pressure exerted by 
the hand on the bulb. In case the solution must be hot while 
filtered, the assembly may be placed in a hot water bath, or a 
small amount of the filtrate in the test tube may be heated while 
the solution is filtered. The solution may also be filtered by use 
of the centrifuge. The need for the centrifuge is eliminated by 
the use of the pressure bulb in most cases.

2mm. -I cm.

.5mm.

6 mm.
Sla ss tubing

F i g u r e  3 . P r e s s u r e  F i l t e r  T u b e , V a c u u m - P r e s s u r e  B u l b , a n d  
F i l t e r  S t ic k

The experience of the author and students in class work 
in qualitative semimicroanalysis has proved, to the author’s 
satisfaction, the superiority of the pressure-bulb technique 
over that of the centrifuge. The advantages are these: (1) 
Each student may have the 3-piece assembly. (2) The cost 
of the assembly is about 25 cents. (3) The rate of filtration 
and clearness of filtrate may be observed and regulated by 
the pressure applied to the bulb. (4) The solution may be kept 
hot while filtered. (5) The filtrate is in the lipped test tube 
and ready for ion testing or treatment. (6) The precipitate 
is on the filter medium in the tapered tube and is ready for 
washing and ion testing. (7) Flocculent or light precipitates, 
which are not thrown out from the filtrate by the centrifuge, 
may be separated by pressure filtration.

The only disadvantage noted was the possibility of a stu
dent's exerting too great a pressure on the bulb during filtra
tion or after the filtrate has passed through the filter. In 
either case the solution is liable to be blown onto the hands of 
the operator. Proper precautions must be used here, as in 
any procedure which involves the use of apparatus and chemi
cals.

V a c u u m - P r e s s u r e  B u l b .  The vacuum-pressure bulb is a 
common rubber ear syringe and may be used as a suction 
pump or as a pressure pump. As a suction pump it is used 
■with the filter tubes. As a pressure pump it is used with the 
pressure filter tube. The amount of suction this bulb will pro
duce depends on the thickness of the walls of the bulb and 
the resilience of the rubber used in its construction. The 
pressure which may be obtained depends on the grip of the 
analyst, the strength of the bulb, and the strength of the ap
paratus on which it is used. The ordinary ear syringe has all 
the strength the average analyst will care to exert when it is 
used as a pressure pump in semimicroanalysis.

The syringe which best served its purpose is made by the 
Davol Rubber Company, Providence, R. I., and is the stand
ard ear and ulcer syringe, No. 527, capacity 60 cc. (2 ounces). 
This bulb, when new, will lift a column of mercury to the 
height of 8 cm., and a pressure may be easily obtained equal 
to 30 cm. of mercury. Bulbs that would produce a greater 
vacuum could be developed.

The taper on these bulbs and the give of the rubber render 
them particularly suited for semimicrowork. When the bulb

is depressed and the end inserted in the side arm of the filter 
tube, the tube may be set in a rack and filtration allowed to 
proceed while the analyst turns to other work. When used as 
a pressure bulb, the filter tube may be lifted out and held in 
an upright position when the flat end of the bulb is set on the 
table, thereby eliminating contamination.

F i l t e r  S t i c k .  This type of apparatus finds some use. A 
plug of cotton or glass fiber is packed into the flared end.

H o t  W a t e r  B a t h .  This apparatus is essentially a holder for 
test tube No. 2370. The metal part is made from aluminum
1.56-mm. (0.06-inch) sheet. The holes in the upper plate are 
14 mm. in diameter, numbered, and spaced 18 mm. from center 
to center. The holes in the lower-plate are 8 mm. in diameter 
and set directly opposite the holes in the upper plate. The 
outside diameter of the plate is 85 mm. This size of holder 
fits into a 600-ml. Pyrex beaker. A small electric hot plate 
is most convenient for heating the water in the beaker.

M ethod Used in  Q ualita tive  Sem im icroanalysis 
for G roup II ( i)

Adjust the acid concentration, place the test tube, which con
tains 1 ml. of filtrate from Group I, in the hot water bath, and 
precipitate Group II with hydrogen sulfide gas. (The concentra
tion of the unknown solution is 0.01 gram-ion.) Pour the solution 
and precipitate into the pressure filter tube, which has been

Claced in a test tube, and filter by the use of the vacuum-pressure 
ulb. Wash the precipitate in the pressure filter tube with about 

1 ml. of acidified hydrochloric acid hydrogen sulfide water, adding 
a few drops at a time, and set aside filtrate for Group III pre
cipitation.

Place the tube which contains Group II precipitate inside a 
clean test tube to which has been added 1 ml. of solvent for Divi
sion B, Group II, and add 1 ml. of solvent for Division B, 
Group II. Gently boil the solution in test tube. The solution 
in the pressure filter tube will be heated and will dissolve Division 
B, Group II, and run through the filter medium into the test tube. 
If the precipitate is packed, stir with a rod while heating the test 
tube. Wash the undissolved portion, Division A, with solvent 
for Division B. Wash off outside of tube which contains Division 
A and place it in a clean test tube to which has been added 1 ml. 
of 1 N  sulfuric acid. To Division A precipitate add a few drops of 
concentrated nitric acid. Gently boil the sulfuric acid solution. 
Division A precipitate will dissolve and the solution is washed 
through the filter into the test tube which contains the sulfuric 
acid. Boil off the nitric-sulfuric acid solution and heat to sulfur 
trioxide fumes.

-0 .5  c m - -8.5  cm.

F ig u r e  4 . T e s t  T u b e  H o l d e r
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Cool the tube, add 1 ml. of water, and warm. Filter through 
cotton filter medium by use of the filter tube-semimicrofunnel 
assembly, using vacuum-pressure bulb for vacuum. Wash the 
lead sulfate precipitate, dissolve in ammonium acetate-acetic acid 
solution, and test the solution for lead by use of potassium chro- 
mate.

To the filtrate containing the sulfates of copper, cadmium, and 
bismuth, add ammonium hydroxide until distinctly alkaline. 
Filter off the bismuth hydroxide by use of the filter tube-semi
microfunnel assembly. Add a drop of dilute hydrochloric acid to 
bismuth hydroxide on filter, and then a drop of cinchonine-potas- 
sium iodide solution. A yellow-orange precipitate confirms bis
muth.

Divide the copper-cadmium solution into two parts. To one 
add a drop of sodium diethyl dithiocarbamate; brown precipitate 
confirms copper. To the other tube add potassium cyanide until 
the blue color of the copper ammonium complex is discharged, 
and then add 5 drops of sodium diethyl dithiocarbamate; a white 
precipitate confirms cadmium.

D i v i s i o n  B. Reprecipitate the sulfides and filter through pres
sure filter tube. Treat the sulfides in tube with 6 N  hydrochloric 
acid in the same manner as was used for separating Divisions A 
and B. Antimony and tin chlorides wall be in the test tube. The 
sulfides of mercury and arsenic will remain on the filter medium 
(glass fiber) in the pressure filter tube.

Divide the antimony and tin solution into two parts. To test 
for antimony, add 2 drops of saturated solution of potassium ni
trite and a drop of rhodamine B solution. A fluorescent reddish 
violet color shows the presence of antimony. To test for tin, 
reduce to stannous condition with aluminum and add 2 drops 
of cacothelein reagent. A reddish violet coloration shows the 
presence of tin.

Treat the sulfides of mercury (sodium hydroxide-sodium sulfide 
reagent used for separating Division B from Division A) and 
arsenic on the filter with 1 ml. of dilute ammonium hydroxide. 
Use bulb to force the arsenic solution through filter medium into 
the test tube. The mercuric sulfide remains on the filter.

To test for arsenic, place the test tube in the hot water bath, 
add 1 ml. of a 3 per cent solution of hydrogen peroxide, and allow 
to stand for about 1 minute, and add 2 or 3 drops of magnesium 
nitrate mixture. A white precipitate shows the presence of 
arsenic. To confirm the presence of arsenic, add to the solution 
2 drops of N  silver nitrate solution, and then add acetic acid drop 
by drop until the white precipitate just dissolves, and a drop or 
two in excess. A reddish to deep red precipitate confirms the 
presence of arsenic.

To test for mercury, dissolve the mercuric sulfide in a few drops 
of dilute hydrochloric acid and 5 per cent sodium hypochlorite solu
tion, warming if necessary. Force the dissolved solution into the 
test tube, add a drop of concentrated ammonium hydroxide and a 
drop of potassium iodide solution, and make strongly alkaline with 
sodium hydroxide. A brown precipitate confirms the presence of 
mercury.

Precipitation, filtration, and ion identification for the other 
groups may be conveniently and quickly carried out by the 
use of this vest-pocket assembly.

S um m ary
Apparatus of special design for qualitative semimicroan

alysis is described and its use is set forth in an abridged 
scheme for Group II.

This apparatus is suitable for general courses in qualitative 
analysis in colleges and high schools and is especially adapt
able to field and industrial laboratories and analytical sub
stations.

L ite ra tu re  C ited
(1) Barber, H. H., “Semimicro Qualitative Analysis” (mimeo

graphed), University of Minnesota Press, 1939.

M icrodeterm ination o f Iron with the Silver 
Reductor

S Y L V A N  M . E D M O N D S  a n d  N A T H A N  B IR N B A U M , C o lle g e  o f  t h e  C ity  o f  N ew  Y o rk , N ew  Y o rk , N . Y .

T he hydrogen  peroxide in te rfe rence  of iron  
in  th e  m ic ro d e te rm in a tio n  of iron  w ith  th e  
silver red u c to r can  be avoided by u s in g  a 
considerably sm aller red u c to r co lum n. A 
sim plified p rocedure is p resen ted  for th e  
m ic ro d e te rm in a tio n  of iron .

T HE high precision attainable in the determination of 
iron using the silver reductor and eerie sulfate was shown 

(S) to extend down to quantities of iron of the order of about 
10 mg. Fryling and Tooley (1) adapted the reductor to the 
microdetermination of iron. They found that in determina
tions involving 1.5 mg. of iron in which the final titer is about 
2.5 ml. of 0.01 M  eerie sulfate the reductor blank was much 
too large and unreproducible. They demonstrated that this 
blank was caused by the formation of hydrogen peroxide in 
the reductor. To overcome this difficulty they designed a 
reductor in which the operations of reduction and rinsing are 
carried out under an atmosphere of hydrogen. In this way the 
hydrogen peroxide blank was reduced considerably although 
not entirely eliminated. The authors have found that this 
precaution is unnecessary, provided a small reductor is used. 
Because of the small size of the column the volume of acid 
required to wash it free of iron may be reduced considerably 
and in this way the peroxide blank made negligible.

The micromethod described in this paper is a direct adapta
tion of the macroprocedure of Walden, Hammett, and

Edmonds (S), the scale of apparatus having been reduced in 
proportion to the absolute amount of iron to be determined. 
The direct application of a well-established macroprocedure 
to the determination of microquantities of an ion may, as 
in this case, introduce unexpected errors and difficulties. 
When, therefore, the absolute quantity of the ion to be de
termined is lowered, the scale of apparatus should be reduced 
accordingly.

M ateria ls
Ceric sulfate (0.01 M) was prepared by dilution from the 0.1 M  

reagent that had been standardized against Bureau of Standards 
sodium oxalate by the method of Walden, Hammett, and Chap
man (2).

A 0.1 M  ferric alum solution was standardized by reduction in 
the silver reductor and titration with 0.1 M  ceric sulfate following 
the method of Walden, Hammett, and Edmonds (S). A 0.002 M  
solution was then prepared by dilution from the 0.1 M  ferric 
alum.

Hydrochloric acid (1 M) was prepared from the redistilled con
stant-boiling acid. This precaution was found necessary, since 
the best grade of acid available contained 0.0001 per cent of iron. 
Since approximately 3 ml. of this acid would be required in a 
determination, 0.003 mg. of iron would be introduced, equivalent 
to 0.006 ml. of 0.01 M  ceric sulfate.

Silver R educto r
The reductor is of the usual design but approximately 20 cm. in 

length and 1 cm. in inside diameter. A buret may be adapted for 
this purpose. About 7 grams of silver are required and are pre
pared by precipitation with copper (3). Experiments showed 
that with a reductor of this size the wash liquid may be reduced
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to 20 ml. The hydrochloric acid wash is added in small portions, 
each being allowed to drain down to the top of the column before 
the next is added. The first two or three portions are used to 
rinse the beaker that had contained the iron solution.

In d ica to r Correction w ith  P h en an th ro lin e - 
Ferrous Ion

For titrations with eerie sulfate conducted in a volume of 
about 250 ml., one drop of 0.025 M  o-phenanthroline-ferrous 
indicator solution is satisfactory. Walden, Hammett, and 
Edmonds (S) showed that for titrations with 0.01 M  eerie 
sulfate of small quantities of iron requiring a titer of about 
10 ml., the indicator correction is very small (less than 1 per 
cent of the titer) and reproducible. Fryling and Tooley (1) 
used about the same amount of indicator, but since the cor
rection represented as much as 5 per cent of the final titer 
they advised the careful pipetting of a correspondingly larger 
volume of a more dilute indicator solution that had been 
standardized against eerie sulfate. There appears to be no 
particular advantage in the use of so large an amount of in
dicator in the microdetermination, since the most striking 
color change takes place after the greater part of the indicator 
has been oxidized. Thus the authors have found that the 
amount of indicator can be reduced to 2 drops of 0.001 M  
solution. The indicator correction is then only 0.010 ml. of
0.01 M  eerie sulfate as determined by direct titration in 30 
ml. of 1 M  hydrochloric acid to the disappearance of the in
dicator color.

R eductor B lank
When 30 ml. of 1 M  hydrochloric acid are passed through 

the reductor, the solution is treated with 2 drops of 0.001 M  
o-phenanthroline-ferrous indicator, and the mixture is ti
trated to the disappearance of the indicator color, 0.016 =*=
0.001 ml. of 0.01 M  eerie sulfate is required. Allowing 0.010 
ml. as the volume of oxidant required to bleach the indicator, 
the remaining 0.006 ml. is probably consumed by a trace of 
peroxide formed in the reductor. The situation is different, 
however, when the solution passing through the reductor con

T a b l e  I . T e s t  A n a l y s e s

Fe T aken Ce(SOOi Fe Found E rro r in Fe
Mg. Ml. Mo. MO.

0.686 1.127 0.687 + 0 .0 0 1
0.686 1.133 0.690 + 0 .0 0 4
0.686 1.122 0.6S4 - 0 .0 0 2
0.686 1.135 0.692 + 0 .0 0 6
1.372 2.254 1.374 + 0 .0 0 2
1.372 2.253 1.373 + 0 .0 0 1
1.372 2.249 1.371 -0 .0 0 1
1.372 2.246 1.369 - 0 .0 0 3
1.372 2.249 1.371 -0 .0 0 1
2.058 3.380 2.060 + 0 .0 0 2
2.058 3.383 2.062 + 0 .0 0 4
2.058 3.381 2.061 + 0 .0 0 3
2.058 3.386 2.064 + 0 .0 0 6
2.744 4.497 2.741 -0 .0 0 3
2.744 4.505 2.746 + 0 .0 0 2
2.744 4.502 2.744 0.000
2.744 4.505 2.746 + 0 .0 0 2

tains iron, for then some iron reoxidized by a trace of per
oxide would probably be reduced before it leaves the reductor. 
Thus the error would certainly be less than that represented 
by the total reductor blank of 0.006 ml. which would be equiva
lent to a negative error of 0.003 mg. of iron. Table I shows, 
moreover, that no correction is needed beyond that for the 
indicator blank.

M ethod of Analysis
Ten milliliters of 1 M  hydrochloric acid solution containing the 

iron as ferric alum were poured through the reductor at a rate of 
10 ml. per minute, and the column was rinsed with 20 ml. of 1 .1/ 
hydrochloric acid. Two drops of 0.001 M  o-phenanthroline- 
ferrous indicator were added and the mixture was titrated with
0.010916 M  eerie sulfate using a calibrated 5-ml. microburet.

The results of the test analyses are given in Table I. The 
indicator correction of 0.010 ml. has been subtracted in each 
case.

L ite ra tu re  Cited
(1) Fryling and Tooley, J . Am. Chem. Soc., 58, 826 (1936).
(2) Walden, Hammett, and Chapman, Ibid., 55, 2649 (1933).
(3) Walden, Hammett, and Edmonds, Ibid., 56, 350 (1934).

Preparation o f Microscopic Glass Spheres
C. R . B L O O M Q U IS T  AND A. C L A R K , B a t tc l l e  M e m o r ia l  I n s t i t u t e ,  C o lu m b u s ,  O h io

D URING work on a study of the solid-liquid interface it 
became desirable to prepare a relatively large quantity 

of microscopic particles of known surface area. The use of 
glass spheres was suggested by Bishop (1), who mentioned 
the fact that perfect glass spheres may be prepared by passing 
powdered glass through the flame of a blast lamp, but did not 
give details of the process. Recently, Sollner (S) described 
a method of preparing the spheres in a similar manner and 
collecting them by directing the flame against a water surface 
so that the fused particles are thrown into the water. He 
stated that it was impossible to prepare spheres of Pyrex glass 
in this manner without the use of an oxy-hydrogen flame.

The method used in this work is basically the same as that 
described by Sollner, but instead of collecting the fused par
ticles in water, the authors have found it more convenient 
to cool the gases and glass particles from the flame by passing 
them through a short length of pipe and then drawing them 
by suction into the bag of an ordinary household vacuum 
cleaner. In this way it is possible to prepare spheres up to

25 microns in diameter from ordinary Pyrex glass by using a 
laboratory blast lamp with natural or city gas and compressed 
air.

The glass powder is prepared by wet-grinding Pyrex tubing in 
a ball mill with steel balls. After several hours’ grinding the 
suspension is poured into a 2-liter beaker and stirred thoroughly- 
the particles which have not settled in 5 minutes are decanted 
and allowed to settle completely. These particles are treated 
with chromic acid cleaning solution to remove impurities, washed 
free of sulfate ion, and dried thoroughly.

The apparatus used in preparing the spheres is shown in Figure
1. The glass powder, which has been thoroughly dried at 110° C., 
is placed in a wide-mouthed bottle of approximately 200-cc. 
capacity. The gas is ignited and the compressed air turned on 
gradually until a flame of the proper size is obtained. A large 
“brush” flame extending about one half the length of the stove 
pipe works well. The stove pipe is 63.5 cm. (25 inches) long and 
12.5 cm. (5 inches) in diameter. As soon as the flame is burning 
evenly and steadily, the vacuum cleaner motor is turned on and 
allowed to run until sufficient particles are collected or the 
vacuum-cleaner bag becomes too hot. A 20-cm. (8-inch) glass 
funnel attached to the suction end of the vacuum cleaner and
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closely surrounding the exit end of the stove pipe helps to direct 
the glass spheres into the collecting bag without any great loss 
of the particles to the atmosphere.

It is essential that the order of operation be exactly as given 
above, for if the vacuum cleaner is turned on before a steady 
flame is obtained the particles collected will generally include 
some irregularly-shaped powder. The bottle containing the 
glass powder should be agitated at intervals to ensure a steady 
stream of the powder through the flame. The spheres removed

F ig u r e  2. P hotom icrograph  op G la ss  
S p h e r e s  ( X  460)

VACUUM C LEA N ER

G L A SS  POWDER

F ig u r e  1. A pp a r a t u s  fo r  P r e p a r in g  M icroscopic  G lass

from the vacuum-cleaner bag are contaminated with lint and 
dust; this is easily removed by treating with chromic acid clean
ing solution and washing until the spheres are free of all soluble 
material.

The sizes of the spheres prepared in this manner vary from 
about 25 microns to some so small that they are scarcely 
visible at a magnification of 1000 diameters. To separate 
them into fractions of nearly uniform diameter is somewhat 
tedious but not difficult. The procedure used is an adapta
tion of that given by Cummings (2). All spheres settling in 
10 minutes or less are discarded; those settling in the suc
cessive 20-, 40-, 80-, and 160-minute intervals are separated 
and the process of settling and fractionating is repeated on 
each of these fractions until the supernatant water becomes 
clear in the settling interval. On the average, it requires 12 
to 15 successive decantations to effect complete separation.

The particles still in suspension after the 
last interval are allowed to settle overnight 
and any residue not settling during this time 
is discarded. About 75 grams of each of the 

c o m p r e s s e d  20-, 40-, 80-, and 160-minute fractions were 
prepared in 10 days’ time.

In the final fractions at least 96 per cent 
of the particles, by actual count, were per
fect spheres. A photomicrograph of the 
particles in the 80-minute fraction is shown 
in Figure 2. The mean diameters of the 

S p h e r e s  particles in each fraction, settled for 20, 40,
80, and 160 minutes, and overnight, respec
tively, were 15.2, 10.6, 7.2, 5.2, and 3.3 

microns. In each fraction at least 90 per cent of the particles 
were within 2 microns of the average size given. Fractions 
of more uniform particle size may be obtained by using in
termediate settling intervals.
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A NEW  P R O D U C T IV E  IN D U S T R IA L

HEYROVSKY MICRO PO LARO G RAPH
Investigations can now be carried far beyond present limits, revealing previously hidden product 

characteristics and enlarging the available store of data for the solution of refinement and control 
problems.

The efficacy of polarographic analysis is no longer a m atter of conjecture. I t  is ever becoming 
more firmly established in research fields as evidenced by the following recent papers about the widely 
varied applications of the Ileyrovsky Micro Polarograph.

II. Adkins, F. W. Cox, Relative oxidation-reduction reactivities of keytones and aldehydes and applica
tions in synthesis. J. of Amer. Chem. Soc., 60 (1938) 1151-1159. G. T. Borcherdt, II. Adkins, Tautom - 
erization of an optically active azomethine. J. Amer. Chem. Soc., 60 (1938) 3-6. S. Karslen, The 
use of the dropping mercury kathode as a rapid method for the determination of soil oxygen. Amer. 
J. of Botany, 25 (1938) 14. W. Kemula, M . Michalski, Polarographic Researches: Quantitative 
analysis for sodium and potassium. A tti del X  Congresso Internazionale di Chimica in Rom a (1938). 
R. II. Muller, J . F. Petras, A rapid method for traces of metals by the dropping mercury electrode. 
J. Amer. Chem. Soc., 60 (1938) 2990-2993. I  .Tachi, On the anomalous polarogram of camphor. The 
polarographic study of bilirubin. Mem. College of Agricult. Kyoto Univ. No. 42 (M arch 1938) 1-65.
I . Tachi, Electrolytic reduction potentials of organic compounds. X X Y II Furfuraldehyde. J . Agri. 
Chem. Soc. Japan, 14, (1938), 1371-4. A . Walkley, The polarographic method as applied to the chemi
cal analysis of metals. Australian Chem. Institu te  Journal and Proceed., Vol. 5, No. 8, (August 1938) 
291-311. A. Zapletalek, Polarographic Studies with the Dropping M ercury Cathode. P a rt LX X V II. 
A test for the presence of methyl alcohol in ethyl alcohol. Czechoslovak Communications, Collection 
X I, No. 1, 1939.

A  complete bibliography of polarographic literature and an illustrated publication about the Model X  
Heyrovsky Micro Polarograph is available on request. Write for copies, they ivill be mailed promptly 
ivithout charge.

5  H R  G E I 1 T
L O B O R R T Ü R V  S U P P L I E S
E.H.Sargent & Co. • 1 5 5 -1 6 5  East Superior St., Chicago
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Identification of Organic Acids
REAGENT—Benzyl-iso-thiourea Hydrochloride 

METHOD—Identification by m elting points of derivatives 

REFERENCE—Veibel and Ottung, Bull. soc. ch im .,
6, 1434. (1939)

C o n d e n s a t i o n  of benzyl-iso-thiourea hydrochloride with an organic 
acid results in the formation of a salt that has a definite m elting point. 
The wide variance in the m elting points of the derivatives of similar 
acids makes possible accurate identification of them — even differentia
tion of the three isomeric phthalic acids.

Eastm an Benzyl-iso-thiourea Hydrochloride, N o. 2124, is of a 
purity that makes it particularly suitable for such work. An abstract 
of the recommended procedure and a list of the m elting points of the 
derivatives of a number of acids will be forwarded upon request. . . . 
Eastm an Kodak Company, Chem ical Sales D iv ision , 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

USE CHEMCO L A B O R A T O R Y  PA IN TS
FOR PROTECTION OF LABORATORY PLANT AND EQUIPMENT

CIIEMCO Laboratory Paints represent a new departure in the application of rub
ber resins to specialized protective and decorative coatings. A superior grade of 
crepe rubber serves as the base of CHEMCO Black, Gloss White, and Battleship 
Gray paints, and each color constitutes a finish that has been found most practical 
and satisfactory for the use intended. In the manufacture of these paints, the crepe 
rubber is chemically treated and then compounded with the necessary pigments and 
modifying resins according to three distinct formulas. The resulting products, 
though intended for different applications, all possess the many desirable qualities 
of rubber, namely: resistance to water, acids, alkalies and abrasion.

H jT  C M H  R u m s  « A M  ^

LABORATORY PAIMÏ J
0 * M K A I  A N D  C O IIItO U O N  RtJttW 1*

GLOSS WHITE
IHt CHEMICAL RUBBER COMfV" 

I W. Ittrii S tm t  C k w W « 0*

------- -V" r—

BLACK

DURABLE RU B BE R -B A SE  
SURFACE COATINGS 

CORRECTLY FORMULATED 
FOR SPEC IFIC  USES IN 

TH E
C H EM ICAL LABORATORY

A 100% Pliolite resin, high 
gloss coating which has unusu
ally high resistance to moisture, 
m ost acids, alkalies, corrosive 
salts, and fumes. Bakes ou t a t 
110° C. H as excellent abrasion 
resistance, and becomes insol
uble in gasoline and similar sol
vents after several weeks expo
sure to direct su nli ght. Recom
mended for ringstands, test- 
tube racks, course laboratory 
balances, hoods, desktops, sinks, 
etc. Price: P in t, 75 cents;
Quart, $1.45; Gallon, $5.50.

GLOSS WHITE
Em bodies the advantages of 

rubber resin pain t in a practical 
^loss wall white. Intended for 
interior decoration in labora
tories, for application to walls, 
ceilings, and other surfaces of 
brick, concrete, plaster, or wall- 
boara. Easy-brushing, non
sagging, fast-drying. Easy to 
clean due to its  hard  surface, 
and resistance to alkaline clean
ers. Odorless a fter solvent 
evaporates. Non-toxic a t  any 
time. Price: P in t, 85 cents;
Quart, $1.60; Gallon, $6.25.

GRAY
A 100% rubber resin pain t 

specially comi>ounded to  pro
vide the m aximum in toughness, 
durability , and abrasion-resist- 
ance. Tops in its  ability  to 
w ithstand ordinary foot traffic 
and even the  heavy scuffing of 
m etal wheels. Excellent for 
coating concrete and floors of 
every^ type. Also suitable for 
painting doors, woodwork, cabi
nets, shelves, and the lower p a rt 
of sidewalls. Price: P in t, 80
cents; Q uart, $1.55; Gallon, 
$6 .00 .

THE C H E M I C A L  R U B B E R  C O M P A N Y
1900 W. 112th Street Cleveland, O hio
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THE ULTIMATE COLORIMETER

. . .  N O W !
1  IIE DILLER PHOTOELECTRIC COLORIMETER  

— th e resu lt o f six years of d evelopm en t and search ing  
te s ts— is now  available for u se. . . . B u ilt to th e  s ta n d 
ards of re liab ility  and flexib ility  dem anded by research  
and  in d u str ia l laboratories, it  possesses—a t th e  sam e  
tim e— th e  ruggedness and s im p lic ity  of operation  
required for rou tin e  an a lysis in  th e  c lin ic , refinery, or 
wherever co lorim etric  an a ly s is is done.

Four m ajor factors— PRECISIO N, FLE X IBILITY , 
SIM PLICITY, and  LOW COST are com bined  in  th is  
in s tru m en t by th e  use  o f tw o exclusive princip les—
(1.) C onverg ing -D iverg ing  L ig h t B eam *  an d , (2.) A d 
ju s ta b le  R o lle r-W ed g e  S p e c im e n  S u p p o r t.*

By th e  use of th is  exclusive optical sy stem  t (Con- 
verging-D iverging L ight B eam )— ordinary m atch ed  
te s t tu b es in  w h ich  th e  preparation  is m ade can be 
used as sp ecim en  con ta in ers. T ubes m ay be from  
6 m m  to  22 m m  in  ou ts id e  d iam eter, requiring .5 cc 
and  5 cc o f so lu tio n  respectively. . . . T h is  sy stem  
perm its th e  use  of th e  d en sest filters and provides 
en ou gh  extra power to  enab le th e  u se of a 10% sta n d 
ard in stead  of th e  usual w ater— th u s , in  th e  case of 
dark so lu tio n s , a ten fo ld  increase in  accuracy (.02%) 
is secured.

In  a d d ition  th is  exclusive op tica l sy stem  p erm its  
th e  u se  of a sturdy  qu ick  a c tin g  m eter; and an  ex
trem ely  low  resistan ce  c ircu it across th e  p hotocell 
resu ltin g  in  a sharper d ifferential effect and provides 
a greater range th rou gh  w hich  Beer’s Law holds. For 
a given len g th  of lig h t beam  th rou gh  th e  so lu tio n , th e  
D iller C olorim eter uses by far th e  sm a llest vo lum e of 
so lu tion .

T ubes are held firm ly w ith o u t scratch in g  by th e  
A djustab le W edge Roller w h ich  is easily  ad justed  to  
accom m od ate  th e  desired size o f th e  tu b e . D esign  of 
th e  R oller W edge assures th a t  th e  tu b es w ill alw ays 
fa ll in  exactly  th e  sam e p osition —an im p ortan t fea 
ture for precision  work.

F ilters are standard 2" x 2" and are arranged to  
qu ick ly  reach  tem peratu re eq u ilib riu m — th ey  are 
readily accessib le  and are cooled for m a in ten an ce  of 
th e ir  spectral characteristics.

■ O ther refinem en ts in c lu d e: (1.) a three d im en 
sion a l focu ssin g , so lid ly  m ou n ted  lam p  w h ich  is h eat 
in su la ted  from  th e  in stru m en t. (2.) an  advanced type  
of voltage regu lator to  m a in ta in  lam p  voltage to  
ab so lu te  con stan cy . (3.) a ph otocell c ircu it designed  
to  protect th e  cell from  “ d r ift” and  “ fa t ig u e .” (4.) a 
lon g  scale provided w ith  kn ife  edge p oin ter and m irror 
for parallax.

A pplication  of th e  D iller C olorim eter in clu d es:  
color m a tch in g , color d eterm in ation , colorim etric  
an a lysis , and  tu rb id im etry . It h an d les a ll so lu tio n s  
from  extrem ely  lig h t to  extrem ely  dark w ith  equal 
efficiency.

G R 1662 P h o to e le c t r ic  C o lo r im e te r  w i th  15 C .P . l a m p  i n 
c lu d in g  10 m a tc h e d  20 m m  “ P y re x ”  tu b e s ,  2 f i l te r s  a n d  v o lta g e  
r e g u la to r  $145.00 n e t .

G R1663 A s a b o v e  b u t  w ith  32 C .P . l a m p  $165.00 n e t .

* P a t e n t  p e n d in g .
t  P u b l i s h e d  i n  J .  B io l. C h e m . 115, 315 (1936) I .  M . D ille r .

THE EMIL GREINER COM PANY
161 Sixth Avenue New York, N. Y.

'

:

The

M ic r o sc o p e  

with 

w ide  

ad ap tab ility
The Spencer No. 33 Mi
croscope is adaptable to 
almost any type of mi
croscopic observation, 
because it accommo
dates all Spencer microscope accessories.

It is designed for convenience in quickly chang
ing magnifications or types of illumination, for 
photomicrography, for measuring, counting or 
the examination of materials. It has many 
exclusive Spencer features.

Spencer instruments have earned world-wide 
recognition for their optical excellence and 
mechanical perfection.. .for their lifetime pre
cision features.

Write Dept. A. 48 for catalogs describ
ing Spencer laboratory instruments.

Spencer Lens Company
m i c r o s c o p e s
M IC R O T O M E S
P H O T O M IC R O G R A P H IC
E Q U IP M EN T

REFRAC TO  METERS 
CO LO R IM E T ER S  
SPECTROMETERS 
PROJECTORS

C A S E I N
and Its Industrial Applications

E d w i n  S u t e r m e i s t e r  a n d  F r e d e r i c k  L. B r o w n e

Second Edition, Completely Rewritten
Technical research on many new casein products has brought 
about such far-reaching changes in manufacturing processes 
that a second greatly expanded edition of this Monograph, 
originally published in 1927, became essential.

In addition to increased use in the paper, leather and glue 
industries, three spectacular developments have tremen
dously enlarged the demand for casein, namely, plastics; 
casein paste paint; and casein fibre, which may soon rival 
rayon in commercial importance. These recent develop
ments arc described in detail arid critically evaluated.

On the theoretical side great progress has been made to
ward a better understanding of this complex protein. The 
organic and physical chemistry of casein are discussed at 
length, and avenues for further research are opened up.

Contents—Introduction, Casein in Milk and Its Isolation, 
The Organic Chemistry of Casein, The Physical Chemistry 
of Casein, The Manufacture of Casein, Testing and Analysis 
of Caseins, Storage of Casein, Casein Plastics, Casein Glues, 
Casein in Paper Making, Casein Paints, Casein in the 
Leather Industry, Alimentary and Medicinal Uses of Casein, 
Miscellaneous Uses of Casein and Statistics, Index.

448 Pages A. C. S. Monograph Illustrated S6.50

Reinhold Publishing Corp. 330 w. 42 st„NewYork,N.Y.
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C E N C O  - S H E A R D  - S A N F O R D

P H O T E L O M E T E R
(Patent Nos. 2,051,317 and 2,051,320)

D H O T EL O M E T R IC  methods of analysis replace many of the usual colorimetric methods with slight 
■ modifications in procedure. No comparison standards are needed. A single calibration for any par
ticular unknown holds indefinitely. Sucn simplification in laboratory practice greatly facilitates the work 
and saves much time in im portant analyses. For example, in the colorimetric determination of molyb
denum in steel, preparation of a new reference sample is required every few hours; with the “Photel- 
ometer,” a single calibration holds indefinitely.

PRESENT ANALYTICAL APPLICATIONS FOR “PHOTELOMETER”
Food Analysis
Lead in  m icrogram s
Copper
Iron
Carotene
Flavin

Steel Analysis
M olybdenum
M anganese
Copper
C hrom ium
T ita n iu m
Vanadium

W ater Analysis
A m m on ia
M agnesium
Calcium
S u lpha tes
N itra tes
N itrites
A lu m in u m
Chlorine

M iscellaneous
Chrom e Plating  

Solu tions  
S u lp h ite  Liquors 
T ann in  Liquors  
Sod ium  C hrom ate  
So d iu m  D ichrom ate

For Full Inform ation , Ask For B ulletin  No. 104F

C H IC A G O  
1700  Irving Pk. Blvd. 

Lakeview 
Station

S C I E N T I F I C  
INSTRUMENTS

LABO RATO RY 
A P P A R A T U S

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

B O S T O N  
79  Amherst St. 
Cambridge A  

Station

M  ore A c c u r a t e — M o r e  Ra p i d — M  ore Rel i able  

Than A  

Co l or i met er
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W I L L C O R P O R A T I O N  

R O C H E S T E R ,  N.  Y.
Offices and Warehouses 

W ill Corporation, 596 Broadway, New Y ork  C ity  
Buffalo Apparatus Corp., Buffalo, N. Y.

The Things You W ANT 
in Electrolytic Apparatus

Braun M o d e l PC 6-unit Electrolytic Outfit

T he o u ts ta n d in g  fea tu res  th a t  m ake  B rau n  Elec
tro ly tic  O utfits th e  choice o f exacting  techn ica l 
workers the  world over are precisely those  w hich  
they  w ould dem an d  if  th ey  were to  d ic ta te  th e  
specifications them selves, because these  ou tfits  
were designed w ith  th e  req u irem en ts  of the  busy, 
th o u g h tfu l opera to r fo rem ost in  m in d .

Consider these important features:

•  R esu lts arc u n iform  and accurate.
•  D eterm in ation s arc m ade rapidly, saving tim e in  

rou tin e  analyses.
•  B raun E lectro lytic  O utfits are easy to  operate.
•  E lectrodc u n its  ro ta te  in d ep en d en tly .

E lectrical sy stem s arc d esigned  for m ax im u m  co n 
ven ience and efficiency.

•  S turd ily  and  sim p ly  con stru cted . M any u n its  20 
years old  and  m ore are st ill in  satisfactory  operation .

•  Two m od els fill every need . M odel CB is  designed  
for heavy rou tin e  d eterm in ation s. M odel PC per
m its  in d ep en d en t d e term in ation s o f  various m eta ls  
sim u lta n eo u sly . B oth  m od els are available in  2,
4 and  6 u n it  ou tfits .

For complete information write for Bulletins B-131 and 
C-112. Address Dept. 1-1.

The
RHEOTROL

R eplacing R heostats for Furnaces, 
Ovens, Heaters, etc.

F E A T U R E S
•  S tep less—ran g e  0 to  100%
•  W asteless
•  Inexpensive
•  No M a in te n a n c e

O P E R A T I O N
T he R heotrol is  a  sim p le , easily  ad justed  in p u t co n 
troller. I t  e lim in a tes  pow er con su m in g  resistors, 
u sin g  ro ta tin g  cam s to  operate sw itch es to  m ake and  
break control. “ O n-O ff” contro l of h ea tin g  rate is 
effected once every m in u te  in terval. To se t th e  
R heotrol to  th e  desired p ercentage of in p u t, m erely  
loosen  th u m b  screw  on dial, tu rn  d ial to  reading  
w anted  and  retig h ten  th u m b  screw.

W rite for deta iled  in form ation  and price.

L A B O R A T O R Y  A P P A R A T U S  

A N D  C H E M I C A L S

BRAUN
C O R P O R A T I O N

Los Angeles, California
Seattle, Washington 

SCIENTIFIC SUPPLIES CO.

2260 East Fifteenth Street
San Francisco.'Caiit. '  

BRAUN-KNECHT-HEIMANN-CO.
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BURRELL TECHNICAL SUPPLY COMPANY
1936-42 FIFTH AVENUE PITTSBURGH. PA. U.S.A.

STANDARD

BURRELL
■ CAS -ANALYSIS APPARATUS

I BURREÙ .TECHNICAL SUPPLY CQ. 
PITTSBURGH, PA.

Do you know about Oxsorbent and Cosorbent—the fastest, most thoroughly modern gas absorbents?

SHOWING FRANCIS AUTO-BUBBLERS 

AND SAFETY COMBUSTION PIPETTE

The essential specifications for quality P L A T I N U M  WARES

Y o u r
B u r r e l l  L a b e l

SPECIAL PURE PLATINUM , w ith  EMF of not 
more than .5 M V  against CP platinum at 1200°C.

T H O R O U G H  W O R K M A N S H I P  i n c l u d i n g  
com plete hammering by hand o f all vessels.

W e guarantee these specifications w ith  the fam iliar trade mark < § )

A M E R I C A N  

P L A T I N U M  

W O R K S
Est. 1875 

Newark New Jersey

m
=u

m
a y

m
éuj

m

g u a r a n te e s
“ B U IL D -U P” FL E X IB IL IT Y  

AUTO-BUBBLER PIPE T T E S 

INTERCHANGEABLE PARTS 

M ODERN ACCESSORIES 

CONVENIENT OPERATION 

REPRO DUCIBLE ANALYSES 

M ORE ACCURATE RESULTS

EVERY PIECE OF GEN

UINE BURRELL APPARA

TUS IS PLAINLY MARKED

The
“ B uild-U p” Idea

You  buy either Laboratory or 
Portable M od e ls  in accordance 
with your current needs. . . .

Anytim e  later, you may 
change or expand this same 
apparatus to com ply with your 
future requirements...............

ASK FO R  BURRELL CATALOG 79 AND MANUAL

Ask for our catalog No. 17.
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Cf/ie, PRO D U C TIO N  O F C H E M IC A L  P O R C E L A IN  / 
v V  IS  THE T O P  R U N C  O F THE C E R A M IC  LA D D ER  I* P A R R  I N S T R U M E N T S

I N S T R U M E N T
COMPANY • M oline, 111.

« g »  « g »  « g »  « p »  « o »  « □ »  « D »  « g »

Y e a rs  o f u se  h a v e  s h o w n  t h e  P a r r  G la s s  B lo w ers  
G o g g le s  to  b e  a  d e p e n d a b le  s a f e g u a r d  fo r  e y e s ig h t  in  
m a n y  a p p l ic a t io n s .  T h e y  e ffe c tiv e ly  re d u c e  th e  so 
d iu m  g la re  w h ic h  is  p r e s e n t  in  v a r io u s  h e a t in g  o p e ra 
t io n s  s u c h  a s  b ra z in g ,  s i lv e r - s o ld e r in g , c y a n id e  c a s e -  
h a r d e n in g  a n d ,  o f c o u rs e ,  g la s s  b lo w in g .

A l th o u g h  th e s e  g o g g les a c t  a s  a  b a r r i e r  fo r  s o d iu m  
l ig h t ,  a c tu a l ly  t h e y  a re  q u i te  t r a n s p a r e n t  a n d  w ill 
a llo w  t h e  f re e  p a s sa g e  of 41 p e r  c e n t  o f o r d in a r y  d a y 
l ig h t .  As a  r e s u l t  t h e  w e a re r  d o e s  n o t  h a v e  to  re m o v e  
th e  g o g g les in  o rd e r  to  see  in  d e ta i l  o b je c ts  o t h e r  t h a n  
th e  h e a te d  w o rk , s u c h  a s  b lu e p r in t s ,  i n s t r u c t i o n  
s h e e ts  a n d  to o ls .

I n  t h e  i n te r e s t s  o f  b e t t e r  s ig h t  a n d  b e t t e r  a p p a r a tu s  
e v e ry  l a b o r a to r y  s h o u ld  p o sse ss  a t  le a s t  o n e  p a i r  o f 
th e s e  g o g g les .

W rite  fo r  B u lle tin  E-59 fo r  d e ta ils .

w ith
HELLIGE

COMPARATORS
M ore th a n  800,000 HELLIGE G lass Color Standards 

have b een  sold  in  diversified fields th ro u g h o u t th e  
w orld. T here are p erm an en tly  reliable and  p e r p e tu a lly  
gu aran teed  aga in st fad ing, e lim in a te  guessw ork, and  
are econom ical, con ven ien t and easy to  use.

HELLIGE COMPARATORS, incorporating  th ese  
n o n -fa d in g  standards for pH  and n u m erou s other  
te s ts , are en joyin g  an  in creasin g  p opu larity . In vesti
gate  today!

Send for B u lle tin  N o. 60S

H E L L I G E ,  I N C .
3718 N orthern Boulevard L ong Island  C ity, N. Y.

L U M E T R O N
P H O T O - E L E C T R I C

C O L O R I M E T E R

NON-FADING  
GLASS COLOR STANDARDS

True Transmission
Measurements

Reproducible
Readings

Linear Response

H IG H L Y  S E N S IT IV E  U N IV E R S A L L Y  A P P L IC A B L E

F O R  A L L  C O L O R IM E T R IC  A N D  A B R ID G E D  
S P E C T R O P H O T O M E T R IC  D E T E R M IN A T IO N S

Line operated, yet fully balanced for line voltage varia
tions and spectral changes of lamp.

Zero-potential circuit and low light intensity operation 
for linear and consistent photocell response.

1" plane parallel sample holders with adapters for test 
tubes and microcells. Models available with 6" 
sample holders for accurate measurement of ex
tremely transparent liquids.

Optical multiplier for accurate measurement of extremely 
dark liquids.

Models available with ample sensitivity to be used with 
monochromatic filters for abridged spectrophotome
try.

PHOTOVOLT CORPORATION
10 E. 4 0T H  ST. N E W  Y O R K  C ITY

B A R R IE R -L A Y E R  P H O T O C E L L S  P H O T O -E L E C T R IC  L IG H T M E T E R S

for
Superior

pH
CONTROL

a n d
WATER

ANALYSIS

Coors Chemical Porcelain W are used so extensively in research and routine 
control of manufacturing operations in every laboratory of any  size  any
where, whether in educational in stitu tion s or hosp ita ls, m anufacturing  
plants, etc., is itself vitally dependent upon a laboratory from its ve ry  in 
ception. Everything connected with the manufacture of chemical porcelain 
ware is a laboratory problem from start to finish.
Three laboratories provide work for skilled individuals w ho are constantly  
making careful analysis of raw materials and checking all products in proc
ess or com pleted. In these modern laboratories Coors Chem ica l and Sci
entific Porcelain W are  is subjected to tests to determine the following prop
erties: Resistance to thermal shock; softening temperaturo of glaze; resist
ance of glaze to attack by  chemicals; mechanical strength and various other 
properties physical and electrical. It must be remembered, however, that 
important as formal tests undoubtedly aro, the best test for any material is 
that of actual service. "Porcelain by Coors, U .S.A .'' is a phrase  as full of 
m ean ing as the ware is full of wear. C O O R S , U S A  stands for everything 
that is fine and true in porcelain ware. Craftsmanship that is traditional. Va l
ue without parallel.

For re try  laboratory nreJ a ch tm n t tan ordrr ju i t  I he piece 
o f  porcelain he requirrt from  Coors. Likewise. he can always  
depend upon Coors' dealert and distributors throughout the 
world  to  make his investment in Chemical and Scientific Ware 

go the farthest.

C O O R S
P O R C E L A I N
C O M P A N Y
O O L D I N  ♦ C O L O R A D O


