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CENCO-COOLEY INDEXER FURNACE

Crucible 

FrontCrucible!
H E A R T H  R O T A T E S

N o  m ore  s in g ed  h a n d s  a n d  sc ra m b le d  c ru c ib le s  to  rem o v e  c ru c ib les  fro m  th is  fu rn a c e . A n y  c ru c ib le  in  th e  
h e a tin g  c h a m b e r c a n  b e  b ro u g h t to  th e  d o o r b y  tu rn in g  th e  n u m b e re d  in d ex in g  w heel. T h e  m uffle is c y lin ­
d ric a l a n d  th e  c irc u la r  h e a r th  ro ta te s  w ith  th e  tu rn in g  o f  th e  in d e x e r w hee l. T h is  d e s ig n  n o t  o n ly  e lim in a te s  
a w k w ard n ess  in  h a n d lin g  w o rk  to  a n d  from  th e  h e a tin g  c h a m b e r, b u t  g ives m o re  u n ifo rm  te m p e ra tu re  d is ­
t r ib u t io n  a n d  2 0 %  g re a te r  c ru c ib le  c a p a c i ty  th a n  t h a t  o f  u su a l m uffle fu rn a c e s  o f  c o rre sp o n d in g  d im en sio n s . 
T h e  p y ro m e te r  th e rm o c o u p le  e n te r s  th e  c h a m b e r a b o v e  th e  c e n te r  o f  th e  h e a r th , a n d , w h e n  e x a c t d e te rm in a ­
tio n s  o f  te c h n ic a l c h a ra c te r is tic s  o f  m a te r ia ls  u n d e r  te m p e ra tu re  a re  to  be  m ad e , th e  th e rm o c o u p le  c an  be  
lo w ered  u n ti l  in  in t im a te  c o n ta c t  w ith  th e  w o rk  to  
re g is te r  i t s  e x a c t te m p e ra tu re  a t  a ll tim e s . T h e  
p y ro m e te r  h a s  a  d o u b le  sca le  c a lib ra te d  to  1 1 0 0 °
C e n tig ra d e  a n d  2000° F a h re n h e it .

F o r  115 v o lts , A .C . o r  D .C ., w ith  a  p o w er co n ­
su m p tio n  o f  a p p ro x im a te ly  1300 w a tts .  D im e n ­
sions, o v e r  a ll :  H e ig h t, 15 in ch es : w id th , I 8 V 4 

in c h e s ; d e p th , 16 l/ 2 in ch es . M uffle  sp ace :
H e ig h t, 3 in ch es ; d ia m e te r , 7 in ch es . W id th  o f  
d oo r, 4 1/ 2 in ch es .

13615

C EN C O -C O O LE Y  IN D E X E R  F U R N A C E  

w ith  R h e o s ta t  a n d  P y ro m eter  

$127.50

In te r io r  View o f  N o. 13643 F u rn a c e

S C I E N T I F I C  F p M fr i L A B O R A T O R Y  
INSTRUMENTS A P P A R A T U S

N ew  York  • Boston * C H I C A G O  •  Toronto •  San Francisco

13615
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n w w i m wp- r  J M n e

By a strange coinci­

dence both  Pyrex  

brand Laboratory  

W are and V ycor  

brand Glassware were born in 

war time. "Pyrex” ware was 

introduced shortly after the out­

break of W orld War I— "Vycor 

ware just before the present war 

began. Both are products of 

Corning Research in Glass.

Together with the new Pyrex 

brand Fritted Glassware, re­

cen tly  an n oun ced , 

they help to assure 

the continued inde­

p e n d e n c e  o f th e  

American Laboratory 

Today industries, hospitals 

and schools can pursue their 

laboratory work undeterred, 

confident that, because of Corn­

ing Research and Corning facil­

ities, a ready supply of labora­

tory glassware w ill always be 

available.

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

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



Until the chem ist Priestley suggested  in 
1770 that caoutchouc be used to  erase 
pencil marks, the elastic substance now  
know n as rubber was regarded merely as a 
strange and useless article. Seventy years 
later G oodyear discovered the process o f  
vulcanization, and laid the foundation  o f  
the m odern rubber industry.

Today m ore than  30,000 different arti­
cles ate m ade w holly or in part o f  rubber, 
and new uses are regularly developed. A, 
brief trip th rough  the M erck p lan t dis-

M E R C K  &  C O .  I n c .
N ew  Y ork • Philadelphia

closes many forms o f  rubber em ployed in 
various operations —visual evidence o f  the 
contribu tions made to  the chemical in ­
dustry by the rubber chemist.

Likewise, a visitor to  the laboratory o f  a 
progressive rubber chem ist will no te  the 
many R eagent Chem icals bearing the 
M erck label—p ro o f that M erck has kep t 
pace by supplying the chemicals essential 
for the developm ent o f  new us<£ for, and 
new forms of, a substance once regarded 
merely as a curiosity.

M E R C K  R E A G E N T S
USED BY THE

RUBBER CHEMISTS

A c e to n e  M erck  R ea g en t 
Barium  C h lo rid e  R ea g en t 

C h lo ro fo rm  R eagen t 
B rom ine R eagen t 

Sodium  P e ro x id e  R eagen t

The q u a l ity  of M erck  M inera l 
A cid s  a n d  A m m onia W a te r  
is in  k ee p in g  w ith  tha t of 

M erck  R eagen t C hem icals.

a n u fa  c fu r h iy C /c iti i.i f.i R A H W A Y ,  N .  J.
St. Louis • in  Canada: M erck & Co. Ltd., M ontreal and T oron to

I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 13, No. 2

India rubber manufacturing on the 
banks of the Madeira River, 1875. 
Before the era of the great Rubber 
plantations, native Indians undertook 
the great trouble of penetrating the 
Virgin forests to collect the latex. Re­
turning to their modest huts they 
started to transform it into raw rub­
ber. They poured the liquor over a 
stick turned slowly over a fire so that 
a ball of raw rubber was formed.



February 15, 1941 A N A L Y T I C A L  E D I T I O N 7

Type MU 55 Muffle Fur­
nace at the California 

^  Institute of Technol- 
ogy, Pasadena

LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY
REG. U. S PAT. OFF.

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



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 * T ^
X I  TW K xuLajew T
Ba k e r  & A d a m so n
D iv is io n  of G E N E R A I  C H E M IC A L  C O M P A N Y , 4 0  R ecto r St., N «w  York C .H A r c i c f s
S a lti  O ffices: A tlanta • Baltimore • Boston • Buffalo . Charlotte (N. C.) • Chicago . Cleveland . Denver * Detroit 
Houston . Kansas City . Milwaukee • M inneapolis • Newark (N . J .)  • New York • Philadelphia .  P ittsburgh

Providence (R . I .)  • S t. Louis • U tica <N. Y.)
Pacifie Coast Salem Offices.* San Francisco • Los Angeles • Pacific Northwett Salet Office*: W enatchee (W ash.) .  Yakima (W ash.) 

In  Canada: The Nichols Chemical Company, L im ited  .  M ontreal • Toronto • Vancouver

Vol. 13, No. 2

Matter o f  the Strictest Confidence

When new processes involve 

the use of new chemicals, or 

chemicals with special characteristics, the 

problem often arises as to where these prod­

ucts may be obtained— especially if  indica­

tions are that such chemicals will later be 

required in fairly substantial quantities.

From small laboratory lots through pilot 

plant requirements to quantity production, 

the furnishing of such chemicals is a familiar 

path to Baker & Adamson. Our facilities and

experience can save you time and money.

You may present your problems to us 

knowing that their details will be held in the 

strictest confidence. In addition, we can 

usually offer helpful assistance on specifica­

tions. From then on, your problem is ours. 

You are relieved of details. Your product is 

produced in our plant and delivered to your 

door, known only by number, if  you so desire.

Arrange a conference on your problem to­

day. Write or call nearest office listed below.
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H O S K I N S  PRODUCTS
ELECTRIC H I AT TREA TIN G  FURN ACES • • H EA TIN G  ELEMENT A LLO YS  • • TH ERM O CO UPLE AND 
LEAD WIRE • • PYROMETERS » • WELDING WIRE • • HEAT RESISTANT CASTINGS • • ENAMELING 
FIXTURES • • SPARK PLUG ELECTRODE WIRE • • SPECIAL ALLOYS OF NICKEL • • PROTECTION TUBES

□How the use of the heaviest 
possib le Chrom el w ire . For 
e xa m p le , the 1 1 0 - V  w ire is 
.0 7 2 '  d ia . ,  f or 1 1 0  and  2 2 0  
it would be .0 4 5 ' .

INSULATION

Hoskins electric laboratory furnaces deliver 
the goods, month in and out. Their Chromel 

Units are durable— almost beyond belief. 
W e don’t invite you to abuse these furnaces, 
but if you must force them through an emer­

gency, you‘ll see what a  good factor of 
safety has been built into them. Hoskins 
Furnaces are  dependable. Write to your 

dealer or us. . . . Hoskins Manufacturing 
Company, Detroit, M ich.

#  W hen the unit wears out, a ll you need to 

buy is the Chromel wire itself, which 
comes as a coil.

#  You install the Chromel wire merely by 

wrapping it around the grooved muffle.

#  This furnace can be had, equipped with a 

small inexpensive pyrometer and couple.

#  The sliding door saves heat. To remove a 

crucible you don't need to open the door 

a ll the way.

#  The turns of the Chromel coil are “ con­
densed" to compensate for heat losses at 
the door.

#  These furnaces are availab le as muffle, 
carbon combustion and small crucible 
types, good for 1850-2000° F.

The insu lation  Is 4 W  thick 
a l l  a rou nd . The furnace is w e ll 
m ade in a l l  respects. W e  
d o n ’t b u ild  a  “ c h e a p "  fur­
n ac e , because  a  cheap  fur­
nace  can 't be good . H oskins 
Furnaces are cheaper in  the 
long run.
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A. H. T.  CO. SPECIF ICATION

R U B B E R  S T O P P E R S  H R -1 0 8
IN NEW DESIGNS, MADE OF A BLOOMLESS, BLACK, H EA T-R ESISTIN G  

CO M PO SITIO N  OF SUPERIOR A G IN G  Q U A LITY

V ertica l c ross-sec tion  of 
H R -1 0 8  sem i-so lid  s to p p e r , 

show ing  recessed  to p .

V ertica l c ross-sec tion  of 
H R -1 0 8  one-ho le s to p p e r , 
show ing  H o u g h  fusifo rm  

open ing .

V ertica l c ro ss-sec tion  of 
H R -1 0 8  tw o -h o le  s to p p e r , 
show ing  H o u g h  fu s ifo rm  

open ings.

R U B B E R  S T O P P E R S , H R -108 , A .H .T . Co. Specification . I n c o r p o r a t in g  fo r  th e  f i r s t  t im e  im ­
p r o v e m e n ts  b o th  m  c o m p o s it io n  a n d  in  d e s ig n  w h ic h  a d d  g r e a t ly  to  le n g th  of u se fu l life , u t i l i ty ,  c o n ­
v e n ie n c e  a n d  s a f e ty  in  h a n d lin g . T h e  s to c k  is , in  o u r  o p in io n , s u p e r io r  to  t h a t  u s e d  in  a n y  o th e r  s to p p e r  
? i?W nV£ S /  i i  P ° ssf s.se s g r e a t  e la s t ic i ty ,  c o n ta in s  m o re  t h a n  7 0 %  o f p u r e  v irg in  g u m , c o n ta in s  less  
t h a n  0 .7 5 / 0 s u lp h u r  a n d  is  f re e  f ro m  s u r fa c e  s u lp h u r ;  n o  re c la im e d  r u b b e r  is  u se d . T h e  s to p p e r s  h a v e  
b e e n  fo u n d  m  a c tu a l  u se  to  w i th s ta n d  r e p e a te d  s te a m  p re s s u re  s te r i l iz a t io n  a t  120 °C  a n d  l a b o r a to r y  b o m b  
te s t s  in d ic a te  a  life  a p p r o x im a te ly  five  t im e s  t h a t  o f th e  o r d in a r y  s to p p e r .

S E M I-S O L ID  T Y P E

semi7®°l'd stopper replaces the usual solid plug type. The top is recessed so th a t the upper half of the stopper 
advantages^ sufficient rubber m  the walls to perm it handling in the usual manner. This new design offers the following

increased depth of seal between stopper and neck of bottle, flask, etc., into which it  is compressed; the recessed top 
perm its deeper insertion than  the conventional type because the rubber can flow toward the hollow portion with 
minimum resistance. 1

Eliminates popping out or working loose of stoppers after continued compression in use.
tended periods ° f formmg a Perm anent shoulder which ordinarily occurs when stoppers are compressed for ex-

a tubu.la.tF e because side walls can be pressed toward the hollow portion to  loosen stopper. 
Reduces time required for special boring as only half the stopper m ust be penetrated 
Recessed top fonns a well for lubricants such as water, glycerine, etc., when using a cork borer.
Recessed top reduces the weight and therefore reduces the cost per stopper.

O N E -H O L E  A N D  T W O -H O L E  T Y P E S

The design of the one and two-hole types is the result of the invention of A. T . Hough, consulting leather chemist 
formerly of Pans, France, who suggested replacing the cylindrical bore of the usual stopper by a fusiform opening with in- 

-f t f ° f t  approximately twice as large as the opening visible in either end. These fusiform openings 
are Provided w ith funnel tops and 2 mm sealing rims a t top and bottom  which increase in w idth as the diam eter of the 
inserted tube, etc., increases. This new construction offers the following advantages:

W  ^ 6r , T fietT ’ ,steim s’ e.tc-> can be inserted much more readily than  into conventional stoppers, hu t are held firmly by the elastic sealing rims a t top and bottom.
jiarticu larl^b j^  «tiidents ^  ^  fusiform openings with greater safety than into the usual cylindrical openings, 

The funnel tops of the fusiform openings facilitate entrance of tub ing  etc.
The fusiform openings perm it insertion of much larger tubes than  is possible in the usual cylindrical openings. For 

example, glass tubes from 6 to  11 mm outside diameter, with unfinished ends, and porcelain funnel stems up to 
20 mm diam eter can be inserted m properly lubricated stoppers from sizes No. 5 to 8, incl., w ith comparative 
ease and w ithout special boring. F

The fusiform openings reduce the weight and therefore reduce the cost per stopper.

HR-108 Stoppers are sold by count and not by weight and, because of the low specific gravity  and the new design include 
/0 “ ore stoppers per pound than  m any brands now in wide use for laboratory work. They are packed in 

for economicSS’purehasemg multlples ot a dozen (aPProx- one P0™«* bY weight) of one size, for convenient shelf storage and 
Copy of descriptive pamphlet, giving detailed information as to sizes available, prices, etc., sent upon request.

i i, F *ee. s a m p le s  o f  H R -1 0 8  R u b b e r  S to p p e r s  a re  a v a ila b le — w i th  s o m e  l im i t a t i o n s — f o r  tr ia l  i n  o rg a n ize d  
la b o ra to r ie s . I n  r e q u e s t in g  s a m e ,  p le a s e  s ta t e  s iz e  a n d  s t y le  d e s ire d .

ARTHUR H. THOMAS COMPANY
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LABORATO RY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA,  U. S. A.
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Organic Halogen Compounds in Mineral Oils
D etection , D eterm ination, and Identification

M . S. A G R U S S , G E O R G E  W . A Y E R S , J r ., a n d  H A N S  S C H IN D L E R  
T h e  P u r e  O il C o m p an y , C h ic a g o , 111

DU R IN G  th e  p a s t fifteen years, and  particu larly  during 
th e  p a s t five years, add ition  of organic halogen com­

pounds to  various types of m ineral oils has become a prac­
tice  in  th e  petro leum  industry . These m ixtures include a 
w ide range of products, such as fireproof cleaning solvents, 
cu ttin g  oils, break-in  oils, and  special lubricants. In  almost 
every  case th e  halogen com pound used in  th e  m ixture is a 
chlorine com pound. M ethods for th e  detection, determina­
tion , and  identification of th e  organic halogen com pound or 
com pounds presen t in  m ineral oils are therefore necessary in 
th e  exam ination of such products.

M ethods are  included in th e  p resen t paper for (1) the  deter­
m ination  of to ta l halogen (such as chlorine) in  an  oil, (2) the 
determ ination  of th e  ty p e  of halogen com pound present—
i. e., w hether th e  chlorine is or is n o t a ttached  directly  to  an 
arom atic  ring— and (3) th e  possible identification of the 
halogen com pound present.

D e te r m in a t io n  o f  T o ta l H a lo g e n

A num ber of well-known m ethods have been advanced 
for th e  determ ination  of halogen in organic com pounds or in 
m ineral oils, b u t these consum e too m uch tim e to  be used in 
o rd inary  labora to ry  operations. T he following m ethod, in 
w hich th e  hydrogen chloride form ed during com bustion of the 
m ineral oil in  a P a rr  oxygen bom b is absorbed by  sodium  bi­
carbonate  solution (in th e  bom b), w hich is in  tu rn  titrated  
w ith  stan d ard  silver n itra te  solution by  either th e  M ohr or 
V olhard procedure, is rap id  and  accurate and  has given ex­
cellent results over a period of several years.

P r o c e d u r e . About 20 ml. of distilled water, in which is dis­
solved 0.500 gram of c. p. sodium bicarbonate, are placed in a 
P arr oxygen bomb of 400-ml. capacity. From 0.6 to  0.8 gram of 
the oil to be tested is placed in the weighed oil cup and the weight 
of the charge is determined to the nearest milligram. The cup is 
then placed in the bomb, which is previously arranged so that 
the iron firing wire (10 cm.) touches the oil sample when the cup is 
placed in position. The bomb is tightly  closed and oxygen a t 30 
atmospheres is adm itted, after which the ignition is carried out in 
the usual manner in a container of cold water. After ignition the 
bomb is allowed to  cool (10 minutes) and the pressure is released 
a t  a  uniform rate  such th a t the operation requires not less than 1 
minute.

The bomb is opened and the inside is examined for traces of 
unburned oil and sooty deposit. If either is found, the deter­
mination is discarded. If  complete combustion has taken place, 
the interior of the bomb, including the oil cup, is rinsed with a 
fine je t of distilled w ater into a 400-ml. beaker. The washings 
usually do not exceed 350 ml. To the beaker is added 1 ml. 
of 2.5 per cent potassium chromate indicator solution and the 
halogen content is determined by titration  with 0.05 N  silver

nitrate  solution. In  order to  obtain a  sharp end point, it  is essen­
tial th a t the solution be viewed through bright yellow glass dur­
ing the titra tion  w ith silver n itra te  solution. A blank deter­
mination m ust be carried out, in which 0.500 gram of the e. p .  
sodium bicarbonate, dissolved in exactly the same volume of 
w ater used in the beaker during the test, is titra ted  under the 
same conditions as when the sample was used. The halogen 
content is calculated in the usual m anner after the quantity  of 
silver n itra te  solution used in the blank is subtracted from th a t 
used for the sample.

I f  the particular halogen present—bromine, chlorine, or iodine— 
is unknown, a second sample is burned in the bomb and the 
contents are examined by the usual qualitative procedure.

T ypical resu lts by  th e  above procedure are shown in T able  I .

T a b l e  I. D e t e r m i n a t i o n  o f  T o t a l  H a l o o e n  i n  L u b r i c a t i n g

O i l

H alo g e n  C o m p o u n d  A dd ed
H alo g en

C a lcu la ted F o u n d
% %

n -H e p ty l b ro m id e 0 .0 4 5 0 .0 4 4
0 .4 5 0 0 .4 6 0

n -A m y l ch lo ride 0 .3 3 3 0 .3 2 4
T r ip h e n y lm e th y l ch lo ride 0 .0 1 4 0 014

0 .1 4 2 0 .1 4 0
E th y le n e  d ich lo rid e 0 .0 6 9 0 .0 6 7

0 .6 9 0 0 695
B en z y l ch lo ride 0 .0 2 8 0 029

0 .2 8 0 0 .2 9 4
o -D ich lo ro b en zen e 0 479 0 470

0 .0 4 8 0 .0 5 0

D e t e r m in a t io n  o f  T y p e  o f  H a lo g e n  C o m p o u n d  
P r e s e n t

Procedures given in  th e  lite ra tu re  and  well-known qualita ­
tive  organic tex ts  are  very  indefinite w ith  respect to  experi­
m en ta l details for th e  determ ination  of th e  ty p e  of halogen 
com pound present. P o tassium  and  sodium  hydroxide solu­
tions, bo th  aqueous and  alcoholic, have long been suggested 
as reagents for th is purpose. I t  has been found th a t  1 N  
alcoholic potassium  hydroxide solution w hen boiled 5 m inu tes 
w ith  th e  sam ple does n o t reac t w ith  halogen a ttach ed  to  an 
arom atic  ring  except in  th e  case of iodine w here a positive 
group such as a  carboxyl or a ldehyde group is in th e  ortho  
position. P rac tica lly  all o th er organic halogen com pounds 
are a ttack ed  by  th e  alcoholic potassium  hydroxide solution.

P r o c e d u r e . From  0.1 to 0.2 gram of the halogen compound 
or 8 cc. of mineral oil containing a halogen compound is placed 
in a  15-cm. (6-inch) test tube with 8 cc. of 1 N  alcoholic potas­
sium hydroxide solution (prepared from special potassium hy­
droxide containing not more than  0.002 per cent chlorine and 95
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T a b l e  I I .  R e a c t i v i t y  o f  O r g a n i c  H a l o g e n  C o m p o u n d s

(W ith  1 N  a lcoholic  p o ta ss iu m  h y d rox ide  a n d  s a tu ra te d  s ilv e r n it r a te  
so lu tions)

P ositive  R eaction  w ith  1 Ar A lcoholic K O H
N egative  R eaction  

w ith  1 N  A lcoholic K O H
P ositive  reac tion  

w ith  alcoholic AgNOa
Iso p ro p y l b rom ide 
» -B u ty l ch loride 
Iso b u ty l brom ide 
n -B u ty l brom ide 
n -A m yl ch loride 
n-A rnyl b rom ide 
Isoam y l b rom ide 
Isoam y l chloride 
n -H ep ty l b rom ide 
T rip h en y l m e th y l ch loride 
B enzy l ch loride 
B enzy l b rom ide 
liex ach lo ro e th a n e  
p -P hen y lp h en acy l b ro ­

m ide 
C h lo roaceta l 
D ich lo ropen tane  
C hlo rocyclohexane 
p -N itro b en zy l b rom ide 
B u ta d ien e  te trab ro m id e  
T rich lo roacetic  acid 
C arb o n  te trach lo rid e  
Iodoform
E th y le n e  d ib rom ide 
E th y lid e n e  b rom ide 
o -Iodobenzoic acid
S ligh tly  positive  reac tion  

w ith  alcoholic AgNO»
P ro p y len e  d ichloride 
C hlorex
/3 -P henoxy-£ '-chloroethyl

e th er
M onoch lo roacetic  acid 
M ethy lene  chloride 
C hloroform  
E th y le n e  dichloride 
1,1 ,2 -T rib rom oethane

N eg a tiv e  reac tio n  w ith  
alcoholic AgNOa

A cety lene te trach lo rid e
T rich lo roethy lene
T e trach lo ro e th a n c
P en tach lo ro e th an e
T e trach lo ro e th y len e

C hlorobenzenc
T rich lo robenzene
o-D ichlorobenzene
o t-C hloronaphthalene
p-Chlorodiiphenyl
p-B rom oaniline
C h lorohydroqu inone
B rom obenzenc
a -B ro m o n ap h th a len e
T e trach lo ro n ap h th a len e
p -D ibrom obcnzene
p-D ich lo robenzene
Iodobenzene

per cent ethyl alcohol). The test tube is placed in a steam bath 
for exactly 5 minutes; then 5 cc. of distilled water are added and 
the contents are filtered through W hatman No. 42 filter paper. 
The filtrate is acidified with dilute nitric acid; if turbid it is 
filtered through sufficient filter paper to give a clear solution. 
To this solution is added 0.5 cc. of 0.05 N  silver nitrate solution 
and it is examined for turbidity due to silver halide. Blank 
tests on the reagents are carried out in the same manner. Any 
excess of turbidity over tha t given by a  blank test on the reagents 
used indicates the presence of organic halogen not attached to 
an aromatic ring (except with a  few iodine compounds as stated 
above).

T he results obtained w ith  a num ber of organic halogen 
compounds are shown in Table II . F or purposes of com­
parison, results obtained by  heating the halogen compound 
w ith a  sa tu ra ted  solution of silver n itra te  in absolute alcohol 
are also included.

T he sensitivity of the te s t for the determ ination of organic 
halogen compounds in m ineral oil is shown in T able I I I .

In  case th e  two types of organic halogen compounds are 
present in  the sam e sam ple of m ineral oil, the  halogen no t a t ­
tached to  an arom atic ring m ay usually be removed from  the 
oil by  continued refluxing w ith 1 N  alcoholic potassium  hy­
droxide un til th e  halogen content of the  m ineral oil decreases 
to  a constant value, th is la tte r  value indicating the am ount 
of halogen attached  directly to an arom atic ring.

I d e n tif ic a tio n  o f  H a lo g e n  C o m p o u n d  P r e se n t
M ineral oils containing halogen compounds m ay  be dis­

tilled in  vacuo, the  halogen compounds usually being con­
centrated  in one or more of th e  fractions obtained. Upon 
examining the results obtained by the m ethods m entioned 
above and the physical constants of the  fractions, the halo­
gen compound present usually  is readily identified and a 
derivative m ay be prepared if desired. T his exam ination of 
the fractions is time-consuming and m ay be replaced in  m any 
instances by a  simple procedure by which the halogen com­
pound m ay be extracted from the m ineral oil as a thiuronium  
salt and identified by  m eans of the corresponding thiuronium  
picrate.

P r o c e d u r e . One hundred grams of mineral oil and 50 cc. of 
c. p . benzene are refluxed for 2 hours with 10 cc. of 95 per cent 
ethyl alcohol containing 1 gram of thiourea. The alcohol layer 
is separated and the oil extracted with 25 cc. of hot 95 per cent 
alcohol, after which the two alcohol solutions are combined and 
evaporated to dryness on a steam bath. The resulting thiuro­
nium salt is washed with cold hexane to remove traces of oil, then 
dissolved in 10 cc. of 95 per cent alcohol, and 1 gram of picric 
acid is added. The mixture is heated on the steam bath until 
complete solution is attained, then allowed to cool slowly. The 
thiuronium picrate is filtered oil, washed with 5 cc. of cold 95 
per cent alcohol, then repeatedly recrystallized from 95 per cent 
alcohol until the melting jx>int becomes constant. Usually 
two recrystallizations are sufficient.

T able IV  shows the m elting points of the thiuronium  
picrates obtained by  th is procedure from  several portions of 
lubricating oil to  which had  been added th e  compounds 
listed.

T a b l e  IV . M e l t i n g  P o i n t s  o f  T h i u r o n i u m  P i c r a t e s  D e ­
r i v e d  f r o m  H a l o g e n  C o m p o u n d s  i n  L u b r i c a t i n g  O i l

H alogen C om pound  A dded to  L u b ri­
ca tin g  O il (1%  in  E a c h  C ase)

F o u n d  (p ic ra te
derived  from
halogen  com ­ L ite ra tu re
po u n d  in  oil) v a lue  ( / )

° C. ° C.
151 154
138 142
170
259 260
188 188

n-A m yl chloride 
n -H ep ty l b rom ide 
T rip n en y lm e th y l ch loride 
E th y le n e  d ichloride 
B enzy l ch loride

Since no value for the m elting point of s-triphenylm ethyl 
thiuronium  p icrate was available in  the literature , th is com­
pound was prepared by refluxing triphenylm ethylchloride 
w ith thiourea in alcoholic solution, followed by  addition of 
picric acid and recrystallization from  alcohol. T he m elting 
point was 172° C. and analysis of th e  compound indicated 5.4 
per cent of sulfur (theoretical, 5.85 per cent).

L ite ra tu r e  C ited
(1) Levy, W. J., and Campbell, Neil, J . Chem. Soc., 1939, 1442.
P r e s e n t e d  before  th e  D ivision  of P e tro leu m  C h e m is try  a t  th e  100th 
M eeting  of th e  A m erican  C hem ica l Socie ty , D e tro it, M ich.

N ote on D eterm ination  o f  Silica  
in  Calcined A lum ina

T a b l e  I I I .  S e n s i t i v i t y  o f  T e s t  f o r  H a l o g e n  i n  
L u b r i c a t i n g  O i l

D etec ted  by  T e st 
%

(W here halogen  is  n o t a t ta c h e d  t o  a n  a ro m a tic  ring)
C om pound  M in im um  H alogen  C om p o u n d  M in im u m  H alogen

P re se n t D e te c ted  by T e s t P re sen t
%

H exach lo roethane  
T rich lo roethy lene  
P en ta ch lo ro e th an e  
E th y len e  dichloride 
M onochloroacetic  ac id  
T rich lo roacetic  ac id  
C hlorex

n -A m yl chloride 
n -H e p ty l b rom ide 
B enzy l ch loride 
C hloroform  
C arb o n  te trach lo rid e  
T rip h en y lm eth y l 

cn loride

0.002
0.002
0.001
0 .0 0 5
0 .0 0 5

0.001

0 .0 0 5
0 .0 0 4
0 .0 0 4
0 .0 0 4
0.002
0 .0 0 3
0 .0 0 3

J .  E . ED W A R D S 
154, I l i l lc r o f t  C re sc e n t, O xhey , W a tfo rd , H e r ts ,  E n g la n d

TH E  determ ination of traces of silica in calcined alum ina 
required for the m anufacture of alum inum  presents a 

num ber of difficulties. The au thor has found th a t  silica m ay 
be determ ined in  calcined alum ina colorimetrically as silico- 
m olybdate in  acid solution and th a t th is m ethod is quicker 
and more accurate th an  th e  gravim etric m ethod. I t  m ay  also 
be adap ted  to  m any estim ations of small am ounts of silica or 
silicon.



A Rapid Method for Determining Ferric and 
Ferrous Iron

JO H N  O. PERCIVAL, M errin iac  D ivision of M onsanto  C hcm ical Co., E vere tt, .Mass.

U sin g  p rec ip ita te d  copper as a red u cin g  
a g e n t , d e te r m in a tio n s  o f  ferrous an d  fcrric  
iro n  are carried  o u t  in  le ss  th a n  10 m in u te s ,  
w ith  a m in im u m  o f  e q u ip m e n t a n d  sk ill, 
w ith  c o m m o n  s ta b le  re a g en ts , in  th e  p res­
en c e  o f  large  a m o u n ts  o f  cu p ric , ferrou s, 
m a n g a n o u s , z in c , n ic k e l, an d  ch ro m ic  io n s , 
an d  w ith  a p rec is io n  a n d  a ccu racy  o f  arou n d  
3 p a rts  p er th o u sa n d .

W IT H  m any mills turning to  the use of ferric sulfate for 
pickling brass and other copper alloys, the need for a 

simple rapid m ethod for the determ ination of ferric ion in the 
baths has arisen. (M etals are pickled after high-tempera- 
ture annealing to remove the oxide film and to  produce a 
bright uniform appearance.)

S tandard  m ethods are unsatisfactory for th is purpose be­
cause mills dem and a  method so simple and rapid th a t it can 
be carried ou t beside the b a th  by regular workmen w ithout 
special train ing and w ithout taking much time from their 
other duties. Thus, all methods are eliminated which take 
more th a n  10 m inutes, which require laboratory skill, special 
apparatus, and unusual or unstable reagents, and which are 
expensive or inaccurate in the presence of large am ounts of 
cupric ion.

The m ethod developed to  m eet these requirem ents com­
prises reduction by  finely divided copper, removal of the ex­
cess, and titra tio n  w ith  standard perm anganate.

M etallic copper has been used before for reducing ferric 
salts [1, 3-5 , 7-9), b u t in all cases copper w ith a relatively 
small surface area per un it of weight, such as gauze, turnings, 
or foil, has been used. This makes the procedures several 
times longer than  the present one and necessitates reduction 
in a  boiling solution, which is an undesirable complication in 
itself. For example, Hendel (5), who made a  study  of the 
time required to  reduce various am ounts of iron, found 30 
m inutes’ boiling w ith 32 sq. cm. of copper gauze was required 
to  reduce 125 mg. of iron. This quan tity , and more, is re­
duced in 2 m inutes a t  room tem perature by  the  method de­
scribed.

No one has previously pointed ou t th a t this method is 
capable of determ ining the ferric-ferrous ion ratio  in the pres­
ence of large am ounts of cupric ion.

M a teria ls
A glass-stoppered 250-cc. flask is preferable. Filtration fa­

cilities are desirable but not essential.
Potassium permanganate, 0.1 AT. Commercial anhydrous fer­

ric sulfate (Ferrisul).
Copper metal precipitated powder (a reagent electrolytic prod­

uct was purchased, 98 per cent, of which passed through a 325- 
mesh certified Tyler sieve and 84 per cent of which is in the 
range 10 to 35 microns as determined by a Wagner turbidimeter).

Other reagents used in tests were of ordinary laboratory c .  p . 
grade.

M e th o d
Add 50 cc. of water, 15 cc. of 20 per cent sulfuric acid, and a 

4-cc. sample of filtered pickle bath to the 250-cc. flask. Titrate 
with 0.1 Ar potassium permanganate, add a slight excess of cop­
per metal precipitated powder (0.1 to 0.2 gram), shake violently

2 minutes, filter, and titra te  again. One half the net titer gives 
per cent of ferric sulfate present. For convenience in titration 
the size of sample may be adjusted to give a tite r of 15 to 25 cc. 
There must be an excess of copper present a t the end of the 
shaking, bu t an extremely large excess is not recommended in 
accurate work. For cases where an error of 1 per cent is not 
serious, the filtration may be eliminated by shaking 30 seconds 
with 2 cc. of mercury and titrating rapidly.

C a l c u l a t i o n s .
1 cc. of 0.1 N  KMnO, =  0.019993 grain of Ke2(SO(),

=  0.02 gram of Fea(SOi)s with error of 
only 0.035%

=  0.01519 gram of FeSOi 
=  0.0152 gram of FeSO( with error of 

only 0.066%
% salt =  grams of salt in 100 cc. of solution 
Cc. of K M n04 for 4 cc. of sample X 25 =  cc. of KMnOi for 

100 cc. of solution 
N et cc. of 0.1 iV KMnOi X 25 X 0.02 =  cc. of 0.1 N  KMnO< X 

0.5 =  % of Fe2(SO,)3
(Cc. of 0.1 N  KMnO(, 1st titer, -  Blank) X 25 X 0.0152 =  

cc. of 0.1 N  KMnO, X 0.38 =  %  of FeSO*

T he three different Ferrisul solutions used in testing the 
m ethod arc designated as I, I I , and I I I .  E labora te  precau­
tions or unusual care are no t required and were no t taken  in this 
work except where necessary in the two standard  procedures 
used. D uplicate analyses were m ade in all cases. The g rea t­
est deviation of the duplicate analyses from their average was 
± 0 .5  per cent. T he average deviation was 0.3 per cent. 
(These are percentages of actual value found; in term s of 
per cent ferric sulfate they are, for solutions I  and II , 0.03 
and 0.04 per cent, respectively.) Since th is precision is en­
tirely satisfactory for the purpose a t  hand, no a ttem p t was 
made to  determ ine the lim its of precision a tta inab le  by  this 
m ethod. All per cent concentrations given are equivalent 
to gram s of sa lt per 100 cc. of solution a t  room tem perature.

T a b l e  I. C o m p a r is o n  w i t h  S t a n d a r d  M e t h o d s

Fci(SO«)a F o u n d  
S o lu tion  I S o lu tion  II

SO* m ethod  
C u  m ethod  
SnCLt m ethod

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

12.71

C o m p a r i s o n  w i t h  S t a n d a r d  M e t h o d s  ( T a b l e  I ) .  T he 
sulfur dioxide reduction was carried o u t according to  a  stand­
ardized procedure used here for p lan t control work.

Add the sample containing about 0.75 gram of ferric sulfate to 
200 cc. of distilled water in a 500-ce. flask; raise the pH to point 
of precipitation and pass in a  rapid stream of sulfur dioxide for 
15 seconds. Bring to boil over 5-minute period (must be color­
less) and add 10 cc. of 1 to 1 sulfuric acid. Boil rapidly until 
there is no odor of sulfur dioxide, or a t least 10 minutes. Cool 
and titra te  with 0.1 N  potassium permanganate. Make blank 
correction. About 30 minutes are required.

The stannous chloride reduction and titra tio n  using the 
Z im m erm an-R einhardt preventive solution followed the 
directions of Sw ift (10). The agreem ent of the present 
m ethod w ithin about 2 parts  per thousand w ith these stand­
ard m ethods is thus less th an  experim ental error, and shows 
th a t th e  new m ethod is accurate.

E f f e c t  o f  O t h e r  I o n s . Table I I  shows th a t large am ounts 
of ferrous, cupric, m anganous, zinc, nickel, and chromic ions.

71
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T a b l e  I I . E f f e c t  o f  O t h e r  Io n s
(F errisu l So lu tion  I I I )

 A dded S a lt-------------------.
Fej(SO  *h 

F ound
% %

8 .8 3
FeSO «.7H iO 25 S.SG
CuSO«. 511tO 25 8.81
M nSO *.2H sO 62 S .7S
Z n S 0 * .7 H 20 100 8 .8 7
N iS O ł.G lhO 4 2 .5 8 .8 7
Crj(SO<)i
N aC l

3
25

8.81
13.1

do no t affect the m ethod outside of experim ental error. Chlo­
ride, as would be expected, caused interference.

D isc u ss io n
Aside from the simplicity of a copper reduction m ethod, it 

has the all-im portant advantage here of being applicable d i­
rectly  to  brass pickling baths containing large am ounts of 
cupric ions, which would no t be the case w ith a zinc or stan ­
nous chloride reduction. T he fact th a t  chloride is no t re­
quired as in a  m ercury (2, 6) or silver (11) reduction makes it 
possible to  use a  simple perm anganate titra tion . The ab­
sence of special apparatus, such as a reductor tube or colori­
m etric standards, m akes the method particularly  suited to 
millwork where such equipm ent could be subjected to careless 
handling and breakage. The simple equipm ent used in this 
m ethod is easily replaced w ithout the a tten tion  of a trained 
chemist.

The m ethod requires no special skill and the accuracy and 
precision of the results show th a t interference by  cuprous 
compounds and air oxidation is negligible. T he use of pre­
cipitated copper powder so accelerates the reduction th a t the 
m ethod becomes one of the fastest and sim plest of analytical 
methods, which should recommend its  use in o ther applica­
tions. The precision of the results is consistent w ith  the 
technique used and no results were obtained which would 
indicate th a t the m ethod could n o t be made even m ore pre­
cise th an  3 parts  per thousand, if desired, by  introducing re­
finements.

A ck now led  g m e n t

The au thor wishes to acknowledge the assistance of Dennis 
J . Kelley, who performed m ost of th e  analyses.
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Volumetric Determination of Iron and 
Aluminum in Cement with 8-Hydroxyquinoline

LEO  K A M P F , D iv ision  o f  A n a ly z in g  u n d  T e s t in g ,  P re s id e n t  o f  th e  B o ro u g h  o f  Q u e e n s , L o n g  I s la n d  C ity , N . Y.

IN  T H E  usual procedure (3-10,11,14) f°>' the determ ination 
of iron and alum inum  w ith 8-hydroxyquinoline, the acidity 

is generally set w ith acetic acid and amm onium acetate  a t  a 
pH  close to  7, and an  acetic acid solution of the 8-hydroxy­
quinoline is added to  precip itate the m etals.

R esults obtained by  this procedure are erratic. W hile the 
gravim etric results are satisfactory, the volum etric results are 
consistently low; although the m etals are completely precipi­
ta ted , they  do no t come down completely as the oxine. This 
is due to  the fact th a t the pH  for precipitation as the oxine is 
the sam e as for precipitation of these elem ents as the basic 
acetates. M oyer and Rem ington (12) have shown th a t iron is 
precipitated completely w ith  oxine a t a pH  of 3.45 to  4.00 and 
alum inum  a t  a pH  of 5.0. A t both  these points the basic ace­
ta te  precipitates. W hen the m etals are ignited to  th e  oxides 
the results are satisfactory, b u t w hen the oxine precipitate is 
weighed, the results are a little  low because the basic acetates 
are lighter than  the oxines. In  the volum etric determ ination 
the  m etal which comes down as the basic acetate is no t 
determ ined. T he am ount of error which th is procedure can 
cause will depend on the dilution, the tem perature, and the 
tim e of heating, all of which favor th e  form ation of the  basic 
acetate.

T o  precipitate bo th  iron and alum inum , th e  pH  m ust be 
above 5.0. T he addition  of ta r ta ric  acid prevents the form a­
tion of th e  basic acetate  a t  th is pH , and the m etals can then  be 
precipitated completely as the oxine.

Since d ivalen t iron reacts w ith only 2 instead  of 3 moles of

the oxine, it is necessary to boil the solution w ith  brom ine 
w ater before adding the  oxine.

Two m ethods for the titra tio n  of the oxine precip itate are 
used. The first— to titra te  the oxine directly w ith a  brom ate 
solution before using neocarmine, m ethyl red, or o ther dye as 
the indicator—is no t generally used because the color of the 
dye fades gradually and the end po in t is n o t sharp (7, 13). 
The second m ethod— to add an  excess of the brom ate and 
back-titra te  w ith  potassium  iodide and thiosulfate— cannot 
be used in  the titra tio n  of the iron oxine because the potassium  
iodide also reacts w ith the ferric ion.

The poor end point w ith  th e  first m ethod was therefore 
studied. I t  was found th a t the color produced in this t i tra ­
tion w as no t reversible. A very sm all am ount of the bro­
m ate solution is able to  decolorize a  large am ount of the indi­
cator. Thus, during the titra tion , the indicator is being used 
up by the brom ate. T o elim inate th is i t  is only necessary to  
add m ore indicator when th e  solution s ta rts  to  become de­
colorized. A nother reason for the poor end point is th a t when 
m ethyl red, for example, is used in a w eak acid solution, the 
color change is from red to orange to green to  yellow. The 
final transition  from green to  yellow is very indistinct and i t  is 
easy to  overrun the end point by as m uch as 1 cc. If, how­
ever, the acid concentration is above 15 per cent, the green 
color is elim inated and a  sharp transition  from orange to  
yellow will be observed, th e  red changing to  orange ju s t before 
the end point is reached. A  satisfactory end point can then 
be obtained by direct titra tio n  w ith the brom ate solution.
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R esults obtained w ith these modifications as shown in 
Table I are typical of m any similar determ inations.

To determ ine the iron and alum inum volumetrically the 
two m etals can be precipitated together as the oxine and ti­
tra ted  as indicated above. The iron can then be determined 
volum etrically on a separate portion in the usual way, or de­
termined on th e  same portion oxidimetrically.

To determ ine iron and aluminum in the same solution, both 
were precipitated w ith oxine and titra ted  w ith the brom ate 
solution; then  the iron was titra ted  oxidimetrically in the 
same solution. The first titra tion  gave satisfactory repro­
ducible results, b u t the second did not. W hen the iron was 
titra ted  w ith  potassium  perm anganate by the Zimmerman- 
R einhardt m ethod, the very high results were due, apparently, 
to an oxidation of the oxine. An oxidizing agent w ith lower 
potential (potassium  dichrom ate) gave b e tte r results b u t still 
high. T he iodometric m ethod, which has a much lower po­
tential, was then  tried and, after modification, gave satisfac­
tory  results as shown in Table I.

T a b l e  I. D e t e r m i n a t i o n  o f  I r o n  a n d  A l u m in u m

T a b l e  I I . I n t e r f e r e n c e

Sam ple AUO» P re sen t P jOj P re sen t AlüOi F o u n d
Gram M g. Gram

10 0 .0267 5 0 .0264
11 0 .0267 10 0 .0261
12 0 .0267 15 0 .0 2 5 7
13 0 .0267 20 0 .0 2 5 5
14 0 .0267 25 0 .0 2 5 7

B ro m a te T h iosu lfa te
E rro rm ple M eta l P re sen t T itra tio n T itra tio n

Gram M g.

1 A hO i 0 .0107 0 .0108 +  0 .1
2 AlsO* 0 .0270 0 .0267 - 0 . 3
3 AljOj 0.04S 0 0 .0480 0 .0
4 Fe*Oj 0 .0080 0.0081 .... +  0 .1
5 F eiO j 0 .0186 0 .0185 - 0 . 1

o!Ó Í87 +  0 .1
6 FeaOi 0 .0362 0 .0363

0ÍÓ361
+  0 .1  
- 0 . 1

7 A hO i 0.0261 0 .0267 + 0 .6
FesOi 0 .0196 o !6Í95 - 0 . 1

8 A U O j 0 .0262 o !o259 - 0 . 3
FesOj 0 .0170 0 ! Ó i  73 + 0 .3

9 AbO* 0.0346 0ÍÓ341
0.’Ó ÍÍ4

- 0 . 5
FejO i 0 .0116 - 0 . 2

P roced u re
Dissolve 0.5 gram of cement in perchloric or hydrochloric acid, 

depending on whether the silica is determined by the perchloric 
acid or the ammonium chloride method. After removal of the 
silica, add an excess of 10 ml. of hydrochloric acid, 2 drops of 
methyl red, and 5 ml. of 20 per cent tartaric acid. Make just 
alkaline with concentrated ammonium hydroxide and add 1 to 10 
hydrochloric acid till a slight red color appears. Add 20 ml, of a 
25 per cent solution of ammonium acetate and bring the solution 
to a boil. This procedure sots the pH at 5.8; however, it drops 
to 5.0 after precipitation, because of the release of hydrogen ions 
in the formation of the oxine complex and because the reagent 
contains acetic acid.

Cool slightly and add an excess of the 8-hydroxyquinoline re­
agent (shown by the yellow color of the supernatant liquid). 
Prepare the reagent by dissolving 12.5 grams of oxine in 30 ml. of 
glacial acetic acid and diluting with water to  1 liter. Lot the 
precipitate stand 15 to  30 minutes, filter through a coarse filter 
paper, such as Whatman 41H, keeping the precipitate a t least 
1.25 cm. (0.5 inch) from the top of the paper because the iron 
oxine creeps excessively. Wash with warm water. Wash the 
precipitate back into the original beaker with a  stream of hot 
water and pour 50 ml. of hot 1 to 2 hydrochloric acid over the 
filter paper to dissolve the remaining precipitate into the original 
beaker. H eat carefully till the precipitates just dissolve. Cool, 
add 2 drops of methyl red, and titrate with 0.2 N  bromide-bro- 
mate solution. When nearing the apparent end point, add an­
other 2 drops of methyl red, allowing 15 seconds before continu­
ing the titration. Continue adding 2 drops of the indicator and 
titrating until the color changes to an orange and then a yellow 
within 15 seconds after adding the indicator. For greater ac­
curacy, correct for the amount of bromate used up by the indica­
tor by counting the number of drops of indicator added and de­
termining on a blank the bromate equivalent. Fifteen drops of 
0.5 per cent methyl red are decolorized by 0.10 ml. of bromate 
solution and 10 to 15 drops of indicator are generally used up in a 
titration.

Add a  few drops of the oxine and cool to 15° to 20° C. Add 
about 6 grams of sodium carbonate and then 20 ml. of 15 per

cent potassium iodide. After 5 minutes add 10 ce. of concentrated 
hydrochloric acid and titra te  with 0.02 Ar thiosulfate, adding 
starch when the solution becomes a light yellow. Any color tha t 
develops after this titration should be ignored (this is due to the 
decomposition of the potassium iodide which occurs a t the high 
acidity necessary to keep the iron oxine in solution). The iodo- 
metrie titration must be run immediately after the bromometric 
titration because the iron is reduced on standing.

The bromate solution can be standardized with potassium 
iodide and thiosulfate. The thiosulfate can be standardized 
against potassium dichromate, or both solutions can be stand­
ardized by using the above procedure with Bureau of Standards’ 
Sibley iron ore 27b or standard iron wire.

The interfering elements are large amounts of silica (which 
causes slightly lower results), copper (4), cadmium, cobalt, nickel, 
zinc, titanium, and zirconium. Less than 5 mg. of phosphate do 
not interfere. Table II shows the interference when more than 
5 mg. are present. Magnesium and calcium do not interfere. 
The only interfering elements in this list, besides silica, tha t are 
likely to occur in cements are titanium  and zirconium.

This m ethod has the following advantages for routine lab­
oratory analysis over the amm onium hydroxide m ethod. I t  
is free from m ost of the errors indicated by H illebrand and 
Lundell (7): phosphate ion interference, traces of silica in the 
sample and in  the reagent« (especially am m onia), im proper 
ignition (alum inum  oxide requires 1200° C .), absorption of 
m oisture b y  the ignited oxides, etc.

After the iron and alum inum  are determ ined as above, the 
calcium can be precipitated a t  the same pH  by  the addition  of 
amm onium oxalate and also determ ined volum etrically. 
M agnesium can then  be precipitated by heating to  70° C., 
adding more oxine, then 30 ml. of concentrated amm onium 
hydroxide, stirring for 15 m inutes, and le tting  settle  10 m in­
utes. I t  is determ ined volum etrically in  the same m anner as 
the iron and alum inum . Cem ents contain up to  1 per cent of 
PjOi. This am ount does no t interfere w ith  the oxine method 
b u t is carried down in th e  am m onium  hydroxide m ethod. 
Consequently, this m ethod, in the presence of th is ion, w ill 
give lower results th an  the A. S. T . M . m ethod ( /) . Samples 
7, 8, and 9 are cements w ith only a trace of P 20 6.
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Spectrophotometric and Biological Assay 
of Vitamin A in Oils

N . I I .  C O Y , I I .  L . SA SSA M A N , a n d  A R C H IE  B LA C K  
V ita m in  L a b o ra to ry ,  E . R . S q u ib b  a n d  S o n s , N ew  B ru n sw ic k , N . J .

TH E  discovery in  1928 by  M orton and ITeilbron (ÏS) th a t  
v itam in A has a  characteristic absorption band  in the 
region 320 to  330 pu  has been followed by  num erous publica­

tions on the  use of th is physical fact as a m eans of q u an tita ­
tive m easurem ent of the  am ount of v itam in A in oils. Such 
lite ra tu re  covers th e  im provem ent in experim ental technique, 
irrelevant absorption, proper solvents, forms of vitam in A, 
and, dependent on all these, the correlation of results obtained 
by  physical tes ts w ith  biological assay through th e  proper 
conversion factor.

There is now available a wide varie ty  of spectrophotom ­
eters and photoelectric photom eters used in  th e  physical 
assay of vitam in A. T he V itam in Assay Com m ittee of the 
American D rug M anufacturers’ Association (1) in 1937 and 
again in 1939 made an a ttem p t to  correlate results obtained by 
such instrum ents. An exam ination of these reports reveals a 
divergence among the values of extinction coefficients ob­
tained by  different instrum ents on the same oils, a ttrib u ted  
partially  to  errors in the instrum ents and partially  to  th e  tech­
nique of the operator and experimental conditions.

T he question of irrelevant absorption, or the presence in 
oils of substances which show u ltraviolet absorption, no t nec­
essarily selective, in  the  region of 328 pp  is of g reat im por­
tance in  th e  physical assay of vitam in A. A ttem pts to  correct 
for such absorption have involved the  application of correc­
tion factors (8, 12, 16) or the suggestion of H um e and Chick 
(9), who s ta te  th a t  the irrelevant absorption bears no constant 
relationship to  th e  am ount of vitam in A present, th a t  i t  is 
less for th e  unsaponifiable fraction th an  for th e  oil itself, b u t 
th a t  in oils w ith large concentrations of vitam in A the error is 
insignificant. On the o ther hand, th e  problem is fu rther com­
plicated by  the question as to  w hether the u ltrav io let absorp­
tion a t  328 pp  is a m easurem ent of all the  substances which 
cause v itam in A activ ity  in ra ts.

There are two aspects to this problem. In  the first place Gillam 
et al. (S) and Edisbury et al. (.}) report the presence in oils of a 
new vitamin, vitamin Aj, which also has biological activity, but 
with ultraviolet absorption maximum a t 345 to 350 nn. One 
other vitamin in whale liver oil with absorption maximum a t 290 
Mi has been reported by Willstaedt and Jensen {17), and it is 
possible tha t other forms of the vitamin exist. In  the second 
place, Gray, Hickman, and Brown (ff) report th a t vitamin A in 
fish liver oils is present mainly in the ester form. I t  is further 
implied by Hickman (?) th a t the esters of vitamin A have a 
greater biological activity than the alcohol. This may be due to 
the fact th a t the ester is more stable than the alcohol, as Mead, 
Underhill, and Coward (IS) have found.

All these factors influence the value of the conversion fac­
tor. T he norm al procedure of obtaining the conversion factor 
is by  d irect com putation from  the E  and biological values of 
the  pure substance. In  the case of vitam in A th is  procedure 
is n o t logical because of the instability  of th e  v itam in and  be­
cause some substances which have biological activ ity  similar 
to  v itam in A do no t have absorption m axim a a t  328 pp. 
T he value of 1600 first reported (10) was based no t on pure 
vitam in A b u t on th e  richest concentrate known a t  the  time. 
Since th a t  tim e m any values have been reported.

Hume and Chick (9) state th a t the values vary from 1300 
to 25S0. Morgan et al. (14) indicate that the factor may not be 
the same for cod liver oils as for oils of higher potency. Holmes 
and Corbett (8) report on tests made on crystalline vitamin A 
values from 1600 to 1S00; one test by Darby gave a value of

2100. The 1939 report of the A. D . M. A. committee gave con­
version factors ranging from 1920 to 2780. Barthen and Leonard 
{%) on tests on U. S. P. standard oil report a  value of 2222; Mead, 
Underhill, and Coward (13) report values of 1920 and 2150 for 
two esters and, having made the correction factor for the acid 
fraction of the ester molecules, compute 2000 as the conversion 
factor for vitamin A. Hickman (7), using data  obtained mainly 
from molecular distillation studies, states th a t the conversion 
factor for the esters of vitamin A is higher than for the alcohol, 
th a t each preparation has a characteristic conversion factor, and 
tha t cod liver oils in general have higher factors than  most other 
fish liver oils.

I t  would thus seem th a t, un til some of these m atte rs  are  
fu rther clarified, each laboratory  should obtain  its  own con­
version factors by d irect comparison between the  E  and bio­
logical values of a great variety  of oils. Such a procedure has 
been adopted in this laboratory.

E x p e r im e n ta l P ro ced u re
P h y s i c a l . Two instrum ents, the H ilger v itam eter and 

the ultraviolet spectrophotom eter, were used in the physical 
assay of the oils. Experience w ith  the v itam eter has shown 
th a t  variations in  its  performance lead to  ra th e r inaccurate 
results. The v itam eter, however, is a  simple and speedy 
instrum en t to  operate and has been found excellent for 
m easurem ents prelim inary to  the biological and more accurate 
physical assays.

The spectrophotometer used was a Judd Lewis ultraviolet 
photometer with vanes carefully refinished and reset and the 
various units rigidly mounted to  the frame of a  10 X 25 cm. (4 
X 10 inch) Bausch and Lomb ultraviolet spectrograph. The 
original mounting of the Judd Lewis photometer has been re-

T a b l e  I. U. S. P. R e f e r e n c e  C o d  L i v e r  O i l  

Oil N o. * 1 $ » .  * E \ C/Ù .
C onversion

F acto r^

F u ll B o ttles  
1 .4 0  (unsap .)
1 .3 6  (unsap .) 0 .1 3
1 .49  (w hole)
1 .3 9  (unsap .) 0 .1 0
1 .49  (w hole)
1 .3 6  (unsap .) 0 .1 3
1 .4 9  (w hole)

P a r tia lly  F illed  B o tt le s '
1 .2 4  (unsap .)
1 .12  (unsap .)
1 .1 5  (unsap .)
1 .1 7  (unsap .)
1 .17  (unsap .) 0 .0 9
1 .26  (w hole)
1 .14  (unsap .) 0 .1 2
1 .2 6  (w hole)

11 1 .24  (unsap .) 0 .0 8
1 .3 2  (w hole)

A verage conversion  fac to r fo r unsapon ified  f rac tio n  
F u ll b o ttle s  
P a r tia lly  filled b o ttle s

A verage  conversion  fac to r for w hole oil 
F u ll bo ttles  
P a r tia lly  filled b o ttle s

5
6
7
8 
9

10

2140
2210
2010
2160
2010
2210
2010

2420
2680
2610
2560
2560
2390
2630
2390
2420
2270

2180 *= 1 .4 %  
2550 * 3 %

2010 * 0 %  
2350 ^  2%

' £ l?m . wLole -  £ l?m . uosap-
& Biological v a lue  ta k e n  as 3000 U. S. P .
« F lu sh ed  w ith  ca rb o n  dioxide a n d  allow ed to  s ta n d  in  re frig e ra to r for 

severa l weeks.
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T a b l e  II. C o d  L i v e r  O il s

Oil N o. e \%1 cm . 1 cm.
U . S. P . X I  C onversion 
(Biological) F ac to r 

U nits per gram
1872 (unsap .)

(w hole)
0 .7 5
1 .00

0 .2 5 2050 2730
2050

1891 (unsap .)
(w hole)

1 .10
1 .30

0 .2 0 3100 2820
2280

1870 (unsap .)
(w hole)

0 .7 0
0 .8 3

0 .0 7 2300 3030
2770

1885 (unsap .)
(w hole)

0 .8 7
0 .9 5

0 .0 8 2100 2700
2530

1847 (unsap .)
(whole)

0 .7 5
0 .8 5

0 .1 0 2400 3200
2820

1838 (unsap .)
(whole)

0 .0 3
0 .8 8

0 .2 5 1800 2800
2050

1859 (unsap .) 0 .8 4 2000 2380

1857 (unsap .)
(w hole)

0 .6 0
0 .8 4

0 .1 8 2300 3490
2740

1928 (unsap .)
(w hole)

0 .0 4
0 .7 0

0 .0 0 1050 2580
2300

1067 (unsap .)
(w hole)

0 .0 0
0 .7 2

0 .0 0 1800 2730
2500

1850 (unsap .)
(w hole)

2 .3 3
2 .7 5

0 .4 2 0000 2570
2190

1833 (unsap .)
(w hole)

0 .7 7
0 .8 5

0 .0 8 2250 2920
2050

1097 (unsap .)
(w hole)

0 .8 7
0 .91

0 .0 4 2050 2300
2250

1699 (unsap .)
(w hole)

0 .8 2
0 .91

0 .0 9 2150 2020
2300

1903 funaap .)
(w hole)

0 .7 0
0 .7 9

0 .0 9 1700 2430
2150

1879 (unsap .) 0 .8 0 2150 2690

1978 (unsap .)
(w hole)

0 .8 4
0 .9 4

0 .1 0 2150 2560
2290

1987 (unsap .)
(w hole)

0 .0 8
0 .8 0

0 .1 8 1000 2350
1860

2013 (unsap .)
(w hole)

0 .5 7
0 .0 0

0 .0 9 1550 2720
2350

2004 (unsap .)
(whole)

0 .5 5
0 .5 8

0 .0 3 1400 2550
2410

2021 (unsap .)
(w hole)

0 .7 8
0 .8 0

0 .0 2 2100 2700
2620

2022 (unsap .)
(w hole)

0 .8 2
0 .9 3

0 .1 1 2000 2440
2150

A verage conversion 
A verage conversion

fac to r for 
fac to r for

unsaponifiab le  frac tio n  2700 *  8 /
whole oil 2370 * 9 /

° E \ ^ c w hole — e Y ? 0 unsap . O n e  per cen t refers to  con cen tra tio n  of 
1 cm . 1  cm.

whole oil before sapon ifica tion .

placed by a more rigid and better aligned single unit mounting 
designed by the Squibb staff. In  this mounting all the photom­
eter units, including the source, are attached to the same unit. 
W ith such a mounting it has been the experience in this labora­
tory th a t in the 8 months of use, once the new photometer setup 
had been brought into adjustm ent (using approximately thirty 
plates), the only subsequent adjustments have been incidental to 
the removal and sharpening of the electrodes as they have worn 
away with use. On replacement of the electrodes a  single plate 
taken varying the height of the are was sufficient to reset the 
source.

The light source used was a  tungsten-steel spark. On cach 
assay plate one exposure with both apertures fully open and no 
absorbing cells in position was made as an adjustment check on 
the equality in intensity of the two beams. The density scale 
of the lower sector of the photometer was calibrated by comparing 
values found with solutions of potassium chromate and potassium 
nitrate with the values recorded in literature. Such concentra­
tions were used as would include the entire scale. All absorption 
maxima of these absorbing salts were used. Such calibration was 
checked on the average after every ten plates had been exposed.

Eastm an spectroscopic plates No. II O were used. Exposures 
with such plates, using Bausch & Lomb 1-cm. cells and slit width 
of 0.03 mm., varied from 2 to 10 seconds. Plates were developed 
for 5 minutes (at 20° C.) in Eastm an D19 developer, washed and 
fixed for 15 minutes, then washed in running water for a t least 30 
minutes.

The actual procedure in the assay of any oil was to weigh out 
directly into a 100-ml. flask a quantity of the fresh oil accurate

to a 0.1 mg. This was then diluted with isopropanol and a vitam- 
eter reading was taken. Dilutions th a t would give a match a t 
a density reading of between 0.50 and 0.95 were used. A similar 
concentration was then placed in one of the photometer cells with 
isopropanol in the compensating cell, and a plate was taken vary­
ing the aperture of the density scale from 0.15 to 0.95 by steps of 
0.05. On such a plate it  was possible to read the m atch point 
a t 328 mm to 0.05 density readings and also to plot the absorption 
curve of the oil. When such a density reading was obtained the 
value of E\%m was calculated from Beer’s law and a second plate 
was taken. On this second plate two or three concentrations 
were used, each covering from six to nine exposures. The test 
solution was thus exposed to the ultraviolet light for not more 
than 1.5 minutes.

Tests made for deterioration of the oils due to irradiation from 
the source when the cells w'ere in their normal position with re­
spect to the source and the aperture was fully open indicated that 
for exposures up to 3 minutes the decrease in the E  value w’as well 
within the error of the instrument. A second weighing was also 
made and a third plate taken with two or three concentrations. 
If the extinction coefficients computed from the plates agreed 
to within 5 per cent for the different weighings no further data 
were taken; if not, a third weighing was made and plate exposed.

Plates, when dry, were placed on a well-illuminated viewing 
stand and examined visually with a jeweler’s loop for density 
match points a t 328 mm- If there was doubt about any match 
point, the plate was projected on a screen using a Bausch & Lomb 
Balopticon projector and the projected image was examined for 
the match point.

With the lower potency oils assays were made on both the whole 
oil and the unsaponifiable fraction. Two methods of saponifica­
tion were used—one, tha t suggested by the Vitamin Assay Com­
mittee of the A. D. M. A. of 1937 (1) with the additional procedure 
tha t the ether was evaporated under carbon dioxide, and the 
other a modified form of this procedure by which in the process 
of saponification and extraction of 1 gram of oil larger amounts 
of ether, alcohol, and water were used than in the first procedure.

Following th is procedure, an accurate determ ination on a 
cod liver oil can be m ade in about 6 hours and on an  oil of 
higher potency in 4 hours.

B i o l o g i c a l . T he U. S. P . X I procedure was followed in all 
cases. A m aster curve was used as an aid in in terpre ting  the 
results and to  increase the accuracy. Precautions were taken 
in the biological assay to  avoid the use of U. S. P. reference oil 
■which had been exposed to  air or had been stored in partially  
filled bottles any appreciable length of time.

Fresh bottles of the oil, as distributed by the U. S. Pharm a­
copoeia Vitamin Committee, were taken a t intervals of 2 to 3 
months, and subdivided into three or five small vials which were 
thoroughly flushed, sealed, and stored in a refrigerator. These 
small vials were then consumed in periods not exceeding 2 to 3 
weeks. These vials and various diluted solutions which were 
used in the tests were always thoroughly flushed with carbon di­
oxide after being opened and then returned to the refrigerator. 
Fresh dilutions were prepared weekly.

R e su lts

In  Table I  values obtained for the U. S. P . reference cod are 
tabulated . E ach E  value recorded represents an  average 
value obtained by following the procedure outlined above for 
the assay of cod liver oils. In  some cases m ore th a n  two 
saponifications were made. In  Tables I I  to IV  th e  results 
for a  series of oils are recorded. The conversion factors were 
obtained by dividing the biological value by  th e  E  value. 
T he average conversion factors for the various types of oils 
and the average per cent errors were calculated.

M any absorption curves of th e  oils have been plotted. 
F or the oils of higher potency the curves are fairly sym m etri­
cal about a pronounced peak around 328 up. In  some of these 
there is evidence of a  “fla t” in the curve a t  310 and  340 to  
350 juju- A comparison of the curves of the whole oils and un­
saponifiable fractions of cods is interesting. In  bo th  cases 
there is a pronounced peak a t  approxim ately 328 /x/x, also 
evidence of a fla t a t  310 and 340 to  350 w ,  b u t the curves for 
the whole oils are more irregular, showing evidence of selec-
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T a b l e  II I . T u n a  a n d  H a l i b u t  L i v e r  O il s

N o.
F l %  U .S .  P . X I 

1 cm . (B iological)
Conversio

F a c to r

1959 58

U nits per gram  
T u n a  L iver Oil

120,000 2070
1902 12 20,000 2170
1897 34 80,000 2350
1909 49 75,000 1530
1023 56 145,000 2590
1741 12 30,000 2500
1910 23 55,600 2420
1917 26 55,300 2130
2016 55 110,000 2000
2023 44 92,000 2090

A verage

1017

conversion  fac to r 2180 =*» 10%
2200 ± 9 %  (om itting

H a lib u t L iver Oil 

07 150,000

1909)

2240
1619 33 70,000 2120
1863 56 140,000 2500
1860 41 110,000 2680
1936 46 100,000 2180
1937 50 105,000 2100
1914 26 61,700 2380
1915 IS 42,400 2360
1692 31 62,000 2000
1988 26 56,000 2150
1989 37 80,000 2160
1990 93 202,000 2170

A verage conversion  fac to r 2250 =*= 0%

tive  absorption in th e  region 260 to  280 pfi, and the curves 
as a  whole are higher th an  those for the unsaponifiable frac­
tions.

D isc u ss io n  o f  R e su lts

An exam ination of Table I  reveals the  fact th a t  th e  E  values 
listed for th e  U. S. P . reference cod liver oil vary  over a  con­
siderable range from the  higher consistent values for the as­
says on full bottles to  the lower varied values on bottles which 
were only partially  filled and were handled as indicated 
above. A  sim ilar falling off of the E  values for th is reference 
oil was reported by M cParlan (11).

There has been no evidence th a t any  loss of v itam in  A has 
occurred in the original bottles of U. S. P . reference samples 
as determ ined by repeated physical tests and biological as­
says. W hether or no t the decrease in the E  values which oc­
cur in the U. S. P . reference oil after standing for some tim e in 
partially  filled bottles is also accompanied by a  decrease in 
vitam in A activ ity  has no t been determ ined b u t is no t be­
lieved to  affect the in terpre tation  of the biological assays, 
since th e  use of such oil has been avoided.

In  T able I I  are listed the conversion factors for 22 cod liver 
oils as obtained by d irect com putation of the biological and 
physical values for the individual oils. T he average of the 
unsaponifiable fraction for these oils is 2700 and th a t for the 
whole oils 2370. Conversion factors for oils of higher potency— 
tuna, halibut, and o ther fish liver oils—are listed in  Tables 
I I I  and IV, giving average values of 2260, 2250, and 2270, 
respectively.

I t  would appear th a t  the conversion factors of the cod liver 
oils or a t  least a  p a r t of them  were higher than  th a t  of the 
U. S. P . reference cod liver oil or samples of the m ore highly 
active tuna, halibut, and  o ther fish oils which were studied. 
These differences cannot be explained by variations in the 
instrum ent, since th e  various oils have been run as received 
in the laboratories. D ifferent oils were run  concurrently 
and results should be comparable. Furtherm ore, the instru­
m en t was calibrated a t  frequent intervals w ith  standard  in­
organic solutions. N either is i t  considered th a t these dif­
ferences are due to  the loss of the vitam in in the process of 
saponification, since two m ethods of saponification were used 
and results agree to  w ithin 5 per cent. M oreover, the values

for the whole oils them selves are greater than  those for the 
o ther oils.

There is no explanation a t  the present tim e for the higher 
conversion factor, b u t th e  inference m ight be m ade th a t  there 
are present in cod liver oils, in  proportions greater th an  in 
oils of higher potency, substances w hich have biological ac­
tiv ity  sim ilar to th a t  of v itam in A b u t do no t have m axim um  
ultraviolet absorption a t  328 pp. F u rth e r w ork on this point 
is in progress.

Sum m ary
T he details of a  spectrophotom etric m ethod of assay of 

vitam in A in fish liver oils and the results of the biological 
and physical assay of 53 such oils are recorded. In  all cases 
assays were m ade on fresh oils and all biological assays were 
m ade on the whole oils.

T he average conversion factors com puted from the meas­
urem ents on 22 cod liver oils yield values of 2700 and 2370 for 
the  unsaponifiable fractions and whole oils, respectively.

The average conversion factors for oils of higher potency 
are 2260 for tuna  liver oils, 2250 for halibu t liver oils, and 
2270 for miscellaneous oils as listed, giving an  average of 2260 
for these oils of higher potency.

Studies on the U. S. P . reference standard  have shown th a t 
th e  E  value gradually decreases w hen th e  oil rem ains in 
partially  filled bottles, even though they  have been flushed 
w ith carbon dioxide and  stored in  a refrigerator.

T a b l e  IV. M i s c e l l a n e o u s  O i l s

N o. T y p e  of Oil E 1 cm.
U. S. P . X I 
(B iological)

C onversion
F a c to r

1839 P ollack 3 .8
U nits per gram  

10,500 2760
1878 P ollack 4 .5 9,500 2110
1899 P ollack 3 .7 8,500 2300
1948 P ollack 3 .5 7,800 2230
1977 P o llack 4 .2 10,200 2430
1934 S h ark 56 135,000 2410
1944 S hark 57 109,000 1910
1979 Sw ord 28 67,000 2390
2019 S hark 109 206,000 1890

A verage conversion  fac to r 2270 =*= 9%
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Polarographic Determination of Nickel and 
Cobalt

Sim ultaneous D eterm ination in  Presence o f Iron, Copper, Chrom ium , and 
M anganese, and Determ ination o f Sm all Am ounts o f  N ickel in  

Cobalt Compounds

JA M E S  J .  L IN G A N E a n d  H E R B E R T  K E R L IN G E R  

D e p a r tm e n t  o f  C h e m is try , U n iv e rs ity  o f  C a lifo rn ia , B erk e ley , C a lif .

TH E  purpose of this paper is to  describe conditions under 
which nickel and cobalt can be determined sim ultane­
ously by the polarographic technique w ith the dropping mer­

cury electrode (2). Heretofore an ammoniacal supporting 
electrolyte has been recommended for the simultaneus polaro­
graphic determ ination of nickel and cobalt (5, 8, 9). How­
ever, the degree of separation of the two waves in ammoniacal 
medium is none too good, and accurate determ ination of the 
nickel is n o t possible when a large am ount of cobalt is pres­
ent (com pare curve 2, Figure 1). The authors have found 
th a t an  excellent separation of the nickel and cobalt waves is 
obtained in supporting electrolytes containing thiocyanate or 
pyridine. T he use of these supporting electrolytes makes 
possible th e  rapid determ ination of small am ounts of nickel 
present as an im purity  in cobalt compounds, and greatly 
improves th e  sim ultaneous determ ination of nickel and co­
balt in iron products (steel).

A p p a ra tu s  an d  E x p er im en ta l T e c h n iq u e
The usual polarographic technique was employed, using a 

Heyrovsky-Shikata type of polarograph for the automatic photo­
graphic recording of the polarograms (1, 2). The H-type of cell, 
with a permanent external calomel electrode as anode, and the 
arrangement of the dropping electrode described by Lingane and 
Laitinen (4) were used for most of the measurements. Air was 
displaced from the cell solutions with nitrogen; the commercial 
tanked gas proved to be sufficiently pure for the present purpose. 
All measurements were made with the cell in a water thermostat 
a t 25° C.

C o m p a riso n  o f  N ick e l-C o b a lt  W aves in  V ariou s  
S u p p o r tin g  E lec tro ly tes

T he polarogram  in Figure 1 shows the waves obtained w ith 
a  m ixture of 0.001 M  nickel ctiloride and 0.002 M  cobalt

20

r

r
r

-0.5 -0-4
E. vj. S C t  Volts

F i g u r e  1 . W a v e s  o f  a  M i x t u r e  o f  N i c k e l  a n d  
C o b a l t  i n  V a r i o u s  S u p p o r t i .n o  E l e c t r o l y t e s  i n  

P r e s e n c e  o f  0.01 P e r  C e n t  G e l a t in

1. 0.001 M  N iC li and  0.002 M  C oC I. in  1 A' KC1
2. 0.001 i f  N iC li and  0.002 M  C oC I. ¡a I A’ N H .C I-1  N  N H .O H
3. 0.0007 M  N iC li an d  0.0013 M  CoCI, in 1 N  KC1 con ta in in g  0.5

M  py rid ine
4. 0.001 M  N iCU an d  0.002 A /C o C lt in 1 N  K C N S
S ta r tin g  p o te n tia l of each  cu rv e  in d ica ted  on  abscissa, an d  d is tan ce  

betw een  each  v e r tic a l line co rresponds to  0.1 v o lt

N i
--------E i f t —

Co D ifference
- 1 . 1 - 1 . 2 0 .1
- 1 . 1 2 - 1 . 3 0 0 .1 8
- 0 . 7 8 - 1 . 0 7 0 .2 9
- 0 . 7 0 - 1 . 0 3 0 .3 3

chloride in different supporting electrolytes. E ach solution 
contained 0.01 per cent gelatin as a  m axim um  suppressor 
(2). The half-wave potentials of nickel and cobalt in these 
media are listed in  T able I.

T a b l e  I. IT a i j - W a v e  P o t e n t i a l s  o f  N i c k e l  a n d  C o b a l t  i n  
D i f f e r e n t  S u p p o r t i n g  E l e c t r o l y t e s

(H alf-w ave p o te n tia ls  in  v o lts  w ith  resp ec t to  th e  s a tu ra te d  ca lom el e lec trode  
a t  25 C .)

S u p p o rtin g  
E lec tro ly te

1 .V KC1
1 N  NII«C1-1 N  N H 4O II
1 N  KC1 +  0.5 M  py rid ine
1 N  K C N S

In  a  non-complex-forming supporting electrolyte the half­
wave potentials of nickel and cobalt are so close together th a t 
a  m ixture of the two produces only a single wave, as shown 
by curve 1 in Figure 1. T he coalescence of the waves in  a  non­
complex-forming supporting electrolyte is fu rther favored by 
the fact th a t  the reduction of the aquo nickel and aquo 
cobaltous ions is irreversible, and th e  waves have an ab­
norm ally small slope.

In  amm oniacal m edium th e  difference between th e  half­
wave potentials of the complex nickel and cobalt ammonio 
ions is large enough so th a t  a  double wave is obtained, as 
shown by curve 2 in Figure 1. However, the waves are still 
no t sufficiently separate to allow an accurate m easurem ent 
of their individual heights, especially if the concentrations of 
nickel and cobalt are disproportionate.

In  pyridine or thiocyanate supporting electrolytes the half­
wave potentials of both  th e  nickel and the cobalt are shifted 
m arkedly to  a  more positive value b u t the nickel wave is 
shifted more than  th a t  of the cobalt; hence, in  such solutions 
an excellent separation of the two waves is obtained, as shown 
by curves 3 and 4 in Figure 1. The complex ions formed in 
pyridine and thiocyanate solutions are reduced reversibly, as 
is evidenced by  the norm al slopes of th e  waves. F u rther­
more, th e  half-wave potentials in pyridine or thiocyanate 
solutions are about w hat one would expect from th e  ordinary 
standard  potentials of nickel and cobalt combined w ith a 
reasonable estim ate of the dissociation constants of the com­
plex ions. This m a tte r will be discussed in a  la ter paper.

I t  will be noted from Figure 1 th a t  th e  wave of cobalt in 
pyridine solution has a very prom inent maximum , in spite of 
the presence of gelatin, b u t the diffusion current following the 
maximum is well defined. T he au thors a ttem pted  to sup­
press th e  cobalt maxim um  in 0.5 M  pyridine hy increasing 
the concentration of gelatin, w ith the  results shown in Figure
2. The small nickel maximum is easily elim inated w ith only 
0.01 per cent gelatin, b u t the cobalt maximum is n o t sup­
pressed even w ith 0.05 per cent gelatin.

The cobalt maximum in pyridine solution in the presence 
of 0.05 per cent gelatin is no t obtained when the concentra­
tion of pyridine is sm aller th an  about 0.2 or 0.3 M  (Figure

77
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I

‘ 0.5 -0 .5  -0 .5  -0.5
E*«. vs. S.C.E Volfs

F i g u r e  2 . I n f l u e n c e  o p  G e l a t i n  C o n c e n t r a t i o n  o n  
N i c k e l  a n d  C o b a l t  M a x i m a  i n  P y r i d i n e  S o l u t i o n

0.002 M  N iC li a n d  0.002 M  C oC lj in 1 N  K C l con ta in ing  0 .5  M  p y r i­
d ine , C o n ce n tra tio n s  of g e la tin : (1) none, (2) 0.01, (3) 0 .02, (4)

0.05 per cen t

3). W ith concentrations of pyridine less than  about 0.2 or 
0.3 M  th e  double nickel-cobalt w ave is very well defined w ith 
no maxima, b u t w ith  increasing concentration of pyridine 
th e  cobalt maximum appears and it  increases w ith increasing 
pyridine concentration.
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-0 .5 - 0 .5 - 0 .5  -0 .5

v s . S .C .E . Volts

F i g u r e  3 .  I n f l u e n c e  o f  P y r i d i n e  C o n c e n t r a t i o n  
o n  N i c k e l  a n d  C o b a l t  W a y e s

0.002 M  N iC lt an d  0.002 Af C oC b  in  1 AT K C l co n ta in in g  0.05 per 
ce n t g e la tin . C o n ce n tra tio n s  of p y rid in e : ( I )  0 .05, (2) 0.1,

(3) 0 .5 , (4) 1 M

W hen a pyridinium  sa lt is also present in the pyridine solu­
tion, the cobalt m axim um  is even larger th an  it  was in th e  fore­
going experim ents in the absence of the pyridinium  ion. 
T his is shown by curve 1 in Figure 4, obtained w ith  a m ixture 
of nickel and cobalt in 0.5 M  pyridine containing 0.5 M  pyri­
dinium  chloride as supporting  electrolyte. However, in  the 
presence of pyridinium  ion th e  cobalt m axim um  is easily 
suppressed by 0.05 per cent gelatin or even less, as shown by 
curve 2.

I t  will be noted from  Figure 4 th a t  th e  final curren t rise 
occurred a t  a more positive potential in  the presence of py ri­
dinium  ion. T his final current rise a t  —1.4 volts is due to  the 
reduction »of the pyridine, which has been investigated by  
Shikata  and T achi (<?). T he reduction potential of the  pyri­
d ine is shifted to  a m ore positive value in  th e  presence of 
pyridinium  salt, owing to  the decrease in  pH  resulting from 
th e  buffering effect of the pyridinium  ion. However, even 
in  th e  presence of an equivalent concentration of pyridinium  
ion, the reduction potential of the pyridine is m ore negative 
than  th a t of the cobalt-pyridine complex and does n o t in ter­
fere w ith the wave of th e  la tter.

T he authors have also m ade a detailed investigation of the 
nickel and cobalt waves in supporting electrolytes contain­
ing thiocyanate, in  which medium th e  waves are slightly more

separated th an  in pyridine solutions (com pare T able I). 
W hen only nickel is to  be determ ined in neu tral solutions, or 
for the determ ination of small am ounts of nickel in  cobalt 
salts, th iocyanate serves very  well as supporting electrolyte. 
However, a  thiocyanate supporting electrolyte is no t very  suit­
able for the sim ultaneous determ ination of bo th  nickel and 
cobalt, because in such solutions the diffusion cu rren t of the 
cobalt is no t well defined and  shows peculiar irregularities, es­
pecially in  acid solutions or in  the presence of am m onium  
salts. These are the m ost likely conditions in  a  practical 
analysis. F o r these reasons th e  use of th iocyanate support­
ing electrolytes cannot be recommended for the sim ultaneous 
determ ination of nickel and cobalt.

S im u lta n e o u s  D e te r m in a t io n  o f  N ic k e l a n d  C ob alt  
in  P resen ce  o f  Iron , C h r o m iu m , M a n g a n ese , a n d  

C opper

Ferric iron is reduced a t  a  potential considerably m ore 
positive than  the calomel zero, and hence its  diffusion cur­
ren t interferes w ith  th e  waves of practically  all other m etal 
ions when i t  is present in large excess. T he au thors have 
found th a t precipitation as hydrous ferric oxide in  pyridine 
solution affords an  excellent separation of relatively  large 
quantities of iron from nickel, cobalt, and copper. Pyridine is 
a  very weak base (K b =  1.4 X  10-9) and a  solution contain­
ing equal concentrations of pyridinium  ion and pyridine has 
a  pH  of abou t 5.2. A t this pH  th e  precipitation of ferric 
hydroxide and its  separation from  nickel and cobalt are 
quan tita tive ly  complete.

T he outstanding advantage in the  use of pyridine is th a t  
the precipitation of the iron can be m ade a t  a  lower pH  than  
when am m onia is used, and hence th e  possibility of coprecipita­
tion of nickel, cobalt, and copper is greatly  lessened.

T he separation of small quantities of nickel and  cobalt 
from a relatively large am ount of iron by the pyridine method 
is dem onstrated by the polarogram  in Figure 5, which was 
obtained under conditions th a t sim ulate the determ ination of 
small am ounts of nickel and cobalt in  steel.

-1 .4

F i g u r e  4 . I n f l u e n c e  o f  G e l a t i n  o n  Co­
b a l t  M a x im u m  i n  P y r i d i n e  S o l u t i o n s  i n  

P r e s e n c e  o f  a  P y r i d i n i u m  S a l t

1. 0 .002  M  NiCl* an d  0.002 M  C oC li in  0.5 M  p y r i­
d in iu m  ch lo ride p lu s  0 .5  M  py rid in e

2. R ep e a ted  a fte r  add ing  0 .05  p e r  ce n t g e la tin

Curve 1 was obtained with a solution prepared by diluting
5.00 ml. of 0.01 M  nickel chloride, 5.00 ml. of 0.01 M  cobalt 
chloride, 2.0 ml. of 12 N  hydrochloric acid, 5.0 ml. of pure pyridine 
(ca. 13 Af), and 5 ml. of 0.2 per cent gelatin to 100 ml. in a volu­
metric flask. Hence this solution was 5 X 10” 4 Af in respect to 
both nickel and cobalt (about 3 mg. of each metal per 100 ml.), 
0.24 N  in pyridinium chloride, 0.4 M  in pyridine, 0.01 per cent 
in gelatin, and had a pH of about 5.4. Curve 2 was obtained 
with a solution prepared in the same way except th a t 0.3 gram of



iron (as ferric chloride) was added before the addition of the 
pyridine. The composition of this solution would correspond to 
about 1 per cent each of nickel and cobalt in a steel. I t  was not 
necessary to filter off the precipitated ferric hydroxide; it  was 
simply allowed to settle for a  few minutes and a 25-ml. sample 
of the clear supernatant solution was taken with a pipet and 
transferred to the polarographic cell for determination of the 
nickel and cobalt.

The heights of the nickel and cobalt waves were exactly 
the same after the precipitation of the ferric hydroxide as in 
the absence of iron, which dem onstrates th a t there was no 
appreciable coprecipitation of these m etals w ith the iron 
under these conditions.

For the determination of nickel and/or cobalt in steel a 0.3- 
to 0.5-gram sample is dissolved in about 5 ml. of concentrated 
hydrochloric acid in a small beaker, and after addition of a few 
drops of concentrated nitric acid to oxidize the iron, the solution 
is evaporated to incipient dryness. The residue is dissolved in 2 
ml. of concentrated hydrochloric acid, and transferred to a 100- 
ml. volumetric flask with 50 to 75 ml. of water. Then 5 ml. of 
pure pyridine are added, followed by sufficient gelatin solution 
to give a concentration of 0.01 per cent, and the mixture is made 
up to the m ark and shaken thoroughly. After allowing a few 
minutes for the ferric hydroxide to settle, a  sample of the clear 
supernatant solution is transferred with a pipet to the polaro­
graphic cell and the polarogram is obtained. The dropping elec­
trode is calibrated with known amounts of nickel and cobalt, or 
with a  standard steel sample, under exactly the same conditions.

February 15, 1941 A N A L Y T I C

Ei t  vj. S.C.E. Volts

F i g u r e  5. S e p a r a t i o n  o f  N i c k e l  
a n d  C o b a l t  f r o m  I r o n  i n  P y r i d i n e  

S o l u t i o n

In  th e  absence of iron, chromic ion is no t precipitated in a 
pyridinium  chloride-pyridine solution of pH  5.4, and the 
chrom ic-pyridine complex th a t is formed is reduced to  the 
chromous sta te  w ith a half-wave potential of —0.95 vo lt vs. 
the  sa tu ra ted  calomel electrode. However, when consider­
ably more ferric iron th an  chromium was present the chro­
m ium  w as com pletely coprecipitated w ith the ferric hydrox­
ide, and  the supernatan t solution did no t show the chromium 
wave. Hence, m oderate am ounts of chromium in steel will 
n o t interfere w ith the determ ination of cobalt and nickel.

M anganous ion in pyridine solution is no t reduced below 
the potential a t  w hich pyridine itself is reduced; hence, 
m anganese does n o t interfere w ith the nickel-cobalt deter­
m ination.

Copper in pyridine solution shows two waves, very similar 
to  the double waves obtained in ammoniacal medium (7), 
w ith half-wave potentials of + 0 .0 5  and —0.25 volt vs. the 
sa tu ra ted  calomel electrode (compare Figure 6). The first 
w ave is due to  the reduction of the cupric-pyridine complex 
to  the  cuprous-pyridine complex, and the second to  the reduc­
tion of the cuprous complex to  the m etal (see Figure 6). The 
copper waves are sufficiently far in advance of th e  nickel and

cobalt waves so th a t copper does no t interfere w ith the nickel- 
cobalt determ ination when its  concentration is about the 
same as (or smaller than) the concentrations of the nickel 
and cobalt. T his is dem onstrated by  the polarogram in 
Figure 0 obtained w ith equal concentrations of copper, nickel, 
and cobalt in a  pyridine solution.

L E D I T I O N 79

Total Applied EM.F. Volts

F i g u r e  6 . S i m u l t a n e o u s  D e t e r ­
m i n a t i o n  o f  C o p p e r ,  N i c k e l ,  a n d  

C o b a l t  i n  P y r i d i n e  S o l u t i o n  
0.001 M  CuSO«, 0.001 M  N iC li. an d  0 001 
M  CoCU in  0.13 M  p y rid in iu m  perch lo ra te  
p lu s  0-13 M  p y rid in e  con ta in in g  0.02 per 

ce n t g e la tin

W hen th e  concentration of copper is no t more th an  about 
ten or tw enty  times th a t of th e  nickel an d /o r cobalt, its  dif­
fusion current can be balanced out, and th e  nickel and cobalt 
determ ined, by th e  “ compensation m ethod” (S). W hen a 
larger excess of copper is present, th e  bulk of i t  m ust be re­
moved before nickel and cobalt can be determ ined. In  such 
a  case i t  is n o t necessary to  rem ove the copper completely, 
b u t only to  reduce its  concentration to  th e  same order of 
m agnitude as the concentration of the nickel and cobalt.

D e te r m in a t io n  o f  S m a ll A m o u n ts  o f  N ic k e l in  
C ob a lt C o m p o u n d s

T he use of pyridine or thiocyanate supporting electrolytes 
makes possible the rapid and accurate determ ination of small 
am ounts of nickel present as an  im purity  in  cobalt and co­
balt compounds. T his is illustrated  in Figure 7.

Curve 1 in this polarogram was obtained from a solution pre­
pared by dissolving a 3.00-gram sample of reagent quality co­
balt sulfate heptahydrate in about 50 ml. of water in a  100-ml. 
volumetric flask, adding 2 ml. of 12 N  hydrochloric acid, 5 ml. of 
pure pyridine, and 5 ml. of 0.2 per cent gelatin, and diluting to 
100 ml. A 75.0-ml. portion of this solution was used for obtaining 
curve 1, which shows a well-defined wave of the nickel impurity. 
After the first curve was obtained, 4.00 ml. of a 9.24 X 10_1 At 
nickel chloride solution were added to  the solution in ¿.he cell and 
curve 2 was recorded. The diffusion current of the nickel is
directly proportional to its concentration, and hence from the
increase in the height of the nickel wave resulting from the addi­
tion of the standard nickel solution the original concentration of 
nickel can be easily computed.

Let V  =  original volume of solution in cell
v = volume of standard nickel solution added

Ci = original molar concentration of nickel 
Caul. — molar concentration of standard nickel solution 

ii =  original diffusion current of nickel 
At =  increase in diffusion current resulting from stand­

ard addition
AC =  increase in concentration due to standard addition
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We then have the following relations

C, =

and

a C = I  =  t V > -

A t (V  +  v) 
vCan.

Therefore,

C, = t'itiCsm.

(1)

(2)

(3)

(4)Ai(F +  v)

In  the present experiment, t‘i =  1.97 microamj>eres, At =  
1.98 microamperes, V — 75.0 ml., v =  4.00 ml., and Cstd. =  
9.24 X 10“ * M . Therefore the original concentration of nickel 
was

«  1.97 X 4 X 9.24 X 10-»
C l ------------- 1.08 X 79-------------  4.60 X 10 M

This corresponds to  0.091 per cent of nickel, or 0.44 per cent 
of nickel sulfate heptahydrate, in the original sample of cobaltous 
sulfate heptahydrate.

T his result is believed to  be accurate to  abou t ± 3  per cent, 
and is a t  least as accurate as the determ ination of th is small 
am ount of nickel would be by  the classical dimethylglyoxime 
procedure. Furtherm ore, the polarographic m ethod is more 
rapid  and less troublesom e than  th e  dimethylglyoxime 
method.

Total Applied E.M.F. Volfi

F i g u r e  7. D e t e r m i n a t i o n  o p  
N i c k e l  I m p u r i t y  i n  C o b a l t o u s  

S u l f a t e

I t  will be noted from Figure 7 th a t in the presence of a 
large excess of cobalt th e  reduction of cobalt begins before the 
diffusion current of the nickel has become entirely constant. 
F or this reason i t  is necessary to  use a  standardized technique 
for m easuring the nickel diffusion current. T he au thors have 
found th a t  reliable and consistent results are obtained when 
the wave height of the original solution and  the wave height 
after addition of the standard  nickel solution are both meas­
ured a t  th e  same potential as shown in Figure 7. In  the pres­
en t case the optim um  potential for th is m easurem ent is 0.10 
to  0.12 volt beyond the half-wave potential. Correction for 
the “ residual cu rren t” is m ade by extrapolation as indicated 
by  the do tted  lines.

F or m axim um  precision the am ount of standard  nickel solu­
tion added should be sufficient ju s t about to  double th e  height 
of th e  original nickel wrave. A fter a  little  experience w ith  a 
given capillary, the  am oun t to  add can be readily estim ated 
from the height of the original wave. Furtherm ore, in  rou­
tine applications of th is m ethod, w ith  th e  sam e capillary and 
w ith all other conditions constant, th e  calibration by  addi­
tion of standard  nickel solution would have to  be m ade only 
once, and in subsequent analyses th e  concentration of nickel 
could be read directly from th e  height of the original nickel 
wave.

T he application of this m ethod to  o ther cobalt compounds 
will be obvious. F or determ ining nickel in m etallic cobalt, 
cobalt oxide, etc., a  sam ple of the m aterial would be dissolved 
in hydrochloric acid, excess pyridine added, and then  the 
foregoing procedure followed. Incidentally , th e  rem oval of 
nickel from cobaltous chloride by  recrystallization from 
w ater is very ineffective. Only 35 per cent of the original 
am ount of nickel (0.15 per cent) present in  a  sample of co­
baltous chloride was rem oved by two recrystallizations.

T he foregoing procedure can also be used for th e  rapid de­
term ination of sm all am ounts of copper, e ither alone or si­
m ultaneously w ith  nickel, in cobalt compounds.

S u m m a r y

In  supporting electrolytes containing pyridine or thiocya- 
na te  th e  half-wave poten tial of nickel is 0.3 volt more positive 
th an  th a t  of cobalt, and the excellent separation of the two 
waves perm its the sim ultaneous determ ination of both 
metals. T he use of a  supporting  electrolyte containing pyri­
dine is preferable to  one containing thiocyanate, because w ith 
the la tte r  the  diffusion cu rren t of cobalt shows peculiar 
irregularities, especially in acid solutions or in the  presence 
of am m onium  salts.

A sharp separation of ferric iron from small am ounts of 
nickel, cobalt, and copper by  precipitation as hydrous ferric 
oxide is obtained w ith  a  supporting electrolyte of pH  equal 
to about 5.4 containing equal concentrations of pyridine and 
a pyridinium  salt. Nickel and cobalt are n o t coprecipitated 
w ith th e  hydrous ferric oxide under these conditions, and the 
m ethod is well suited to  the sim ultaneous determ ination of 
nickel and cobalt in steel. M oderate am ounts of chromium 
in steel are com pletely coprecipitated w ith the hydrous ferric 
oxide, and hence do no t interfere w ith  the determ ination of 
nickel and cobalt. M anganese and small am ounts of copper 
do n o t interfere w ith th e  nickel-cobalt determ ination. Cop­
per gives a  double wrave a t  + 0 .0 5  and —0.25 volt vs. th e  satu­
rated calomel electrode in pyridine solutions, and when pres­
en t in large excess the bulk of it  m ust be rem oved prior to  the 
nickel-cobalt determ ination.

Small am ounts of nickel im purity  in cobalt compounds can 
be rapidly and accurately determ ined in a supporting elec­
tro ly te  containing pyridine or thiocyanate.
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Colorimetric Determination of Phosphorus 
in Iron Ore

H O B A R T  H . W ILL A R D  AND E. JO H N  C E N T E R 1, U n iv e rs ity  o f  M ic h ig a n , A n n  A rb o r, M ic h .

CO L O R IM E T R IC  m ethods have been described for the 
determ ination of phosphorus in iron and steel.

Zinzadze (5) described a method for determining phosphorus 
in the presence of silica, iron, and nitrates, but because of the 
sensitive nature of the molybdenum blue and the time necessary 
to develop it, it does not seem applicable to iron ore. Murray 
and Ashley (S) and Bogatzki (1) described methods for the de­
termination of phosphorus in iron and steel by converting it into 
a yellow complex phosphovanadomolybdate, which according 
to Misson (%), who first suggested this method, has the formula 
(NH4)jPO.i.NH4VOs.16MoOj. The color is very stable and 
undergoes no appreciable color change after 14 days. Murray 
and Ashley (S) used the Pulfrich photometer and worked at 430 
mp. They found, however, tha t high silica interfered with the 
determination, because of the formation of yellow silicomolybdic 
acid.

Of a l l  th e  m e th o d s  
studied this modification 
of M is s o n ’s m e th o d  
seemed the m ost promis­
ing, b u t i t  has two seri­
ous objections: (1) Iron 
ores are usually high in 
silica as compared to 
i r o n s  a n d  s t e e l s ,  a n d  
therefore the formation of 
silicomolybdic acid would 
interfere seriously; (2) 
the iron content of ores 
varies considerably more 
than  th a t of irons and 
steels, and since ferric 
chloride shows a large 
absorption of light a t  430 
m u, the  interference of 
iron would be serious. 
The method which is de- 

these difficulties.
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E x p er im en ta l

In  a ttem p ting  to  determ ine phosphorus b y  measuring the 
in tensity  of a reduced solution of molybdenum blue, it  was 
found th a t  th e  color which had once been developed could not 
be diluted, since its  in tensity  depended on the pH, and th a t a 
variation  in  th e  concentration of stannous chloride added as a 
reducing agen t caused a change in the color. Moreover, con­
siderable tim e was required for the maximum color to  develop. 
For these reasons th is m ethod was abandoned.

I t  was necessary to  find a  reagent which would com­
pletely remove th e  silica and would also remove the yellow 
color of ferric iron. T he hydrochloric acid solution of the ore 
was therefore evaporated w ith perchloric acid, which dehy­
drated  the silica and rendered i t  easily filtered (4). The re­
sulting ferric perchloric solution is practically colorless and 
a t  the same tim e the acid ity  of the solution is correct for the 
form ation of the yellow complex.

A p p a ra tu s
A Coleman Model 10 regional spectrophotometer was used to 

measure the amount of monochromatic light transmitted through

1 P re sen t add ress, O liver I ro n  M in ing  C om pany , H ibb ing , M inn .

the yellow solution. The width of the spectral band used was 
30 in/!. A blank containing iron but no phosphorus was first 
placed in the path of the light and the instrum ent was balanced. 
This was then replaced by the sample and the percentage of 
light transmitted as compared to the blank was measured.

I t  was necessary to allow the lamp to warm up for 10 minutes 
before making any measurements.

T he effect of perchloric acid in  removing the yellow color 
characteristic of ferric chloride is shown in Figure 1, in  which 
curve 2 shows th e  transm ittance for ferric chloride solutions 
and curve 1 for ferric perchlorate. I t  will be noted th a t con­
version of iron into perchlorate has moved th e  region of maxi­
m um  transm ittance into the u ltraviolet and this colorless 
solution now offers no interference in  measuring th e  trans­
m ittance of the yellow phosphovanadom olybdate complex.

The nearer the u ltraviolet region is approached th e  more 
interference by  iron can be expected. On the o ther hand, if 
550 m /i is approached a difference in  the concentration of 
phosphorus makes very little  difference in  the percentage of 
light transm itted , as shown by  Figure 2. Therefore, 450 
m/ji was chosen as the correct wave length because it  is as near 
to  the  u ltravio let as possible w ithout interference from the iron 
content.

E ffect o f  V ary in g  t h e  C o n c e n tr a tio n  o f  P er ch lo r ic  
A cid

P ast a  certain  m inim um  th e  maximum color was developed 
a t  a  low acid concentration. If more th an  13 ml. of perchloric 
acid was used the color did no t develop a  full maximum . 
Less th an  th a t am ount allowed the form ation of a  precipitate 
on the addition of am m onium  m olybdate.

The am ounts of am m onium  vanadate  and am m onium

W A V £  L E N G T H  I N

F i g u r e  2 .  T r a n s m i t t a n c e - W a v e  L e n g t h  
C u r v e s  f o r  T h r e e  I r o n  O r e s

P h o sp h o ru s  (1) 0.019 p e r  ce n t, (2) 0 .0705 p e r  ce n t, (3) 
0.243 p e r  ce n t

81
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m olybdate were alw ays in  excess of the calculated values for 
a 0.500-gram sam ple high in  phosphorus.

R e a g e n ts
A m m o n iu m  V a n a d a t e  S o l u t i o n . T o  2.350 grams of am­

monium metavanadate dissolved in 500 ml. of hot distilled water 
add 20 ml. of 1 to 1 nitric acid and dilute to 1 liter.

A m m o n iu m  M o l y b d a t e  S o l u t i o n . Dissolve 50 grams of 
molybdic acid in a mixture of 200 ml. of distilled water and 40 
ml. of concentrated ammonium hydroxide. F ilter the solution, 
boil the filtrate 20 minutes, and dilute to 500 ml.

T a b l e  I. D a t a  U s e d  i n  P l o t t i n g  T r a n s m i t t a n c e -  
C o n c e n t r a t i o n  C u r v e

P h o sp h o ru s , T ra n sm ittan ce
S am ple P e r  C en t a t  450 m u

S L P  s ta n d a rd , O IM C “, N a tio n a l
B u rea u  of S ta n d a rd s 0 .0 1 9 90. G

11 R , O I M O 0 .0 3 0 8 7 .0
28 CarRo, O I M O 0 .0 3 5 8 4 .4
114 S, O I M O 0 .0 4 9 7 8 .3
W H  s ta n d a rd , O IM C , and  o th e r 

la b o ra to rie s 0 .0 7 0 5 7 0 .5
S oudan  s ta n d a rd , O IM C , an d  o th e r 

lab o ra to rie s 0 .1 1 8 5 7 .1
39 M B , O IM C 0 .1 4 9 5 0 .8
03 M B , O IM C 0 .1 9 6 4 0 .2
29 M B , O IM C 0 .2 2 4 3 5 .9
52 M B , ;O IM C 0 .2 4 3 3 4 .4
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b Sam ples checked a t  O IM C  for so lub le an d  in so lub le  phosphorus.
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C O NC EN TR ATIO N , PER C E N T  

F i g u r e  3 . C o n c e n t r a t i o n  o f  P h o s p h o r u s  v s . T r a n s m i t t a n c e

A fter the developm ent of th e  color the solution should be 
allowed to  stand  a t  least 4 m inutes before m easuring th e  per 
cen t of transm ittance.

If  chlorine is n o t boiled off, i t  has a  tendency to  dissolve the 
filter paper and also causes variations in  the in tensity  of the 
developed color.

Stannous chloride cannot be used to  hasten  th e  solution of 
the ore in  hydrochloric acid because i t  causes a  turbid ity .

Reasonable care should be taken  th a t  no organic m atte r 
comes in  contac t w ith the boiling concentrated perchloric 
acid during the evaporation.

P ro ced u re
Weigh out a 0.5-gram sample of iron ore, place it in a 150-ml. 

beaker, add 10 ml. of concentrated hydrochloric acid, and heat 
the covered solution on a hot plate until the ore is dissolved. I t  
may be necessary to add more hydrochloric acid. When the ore 
is in solution, evaporate the solution almost to dryness (do not 
bake), and add 13 ml. of 70 to 72 per cent c. p . perchloric acid. 
Boil the mixture on the hot plate until the dark ferric solution has 
changed to a straw  yellow color. This usually takes 4 or 5 min­
utes, and a t this point the sample should be fuming strongly. (If 
a  Méker burner is used instead of a hot plate, the time required 
to reach fumes of perchloric acid can be reduced to 2 or 3 min­
utes.) Cool the solution slightly and add from a pipet 10 ml. of 
ammonium vanadate solution. Boil for about 30 seconds to  re­
move any chlorine present, remove the beaker from the hot 
plate, and place it  in a pan of cold water until it  can be held in the 
hand. Wash off the cover glass and sides of the beaker with a 
little distilled water and filter the solution into a 100-ml. volu­
metric flask. Wash the beaker and paper with 15 ml. of am­
monium molybdate solution, added from a small graduate, shake 
thoroughly until the precipitate th a t first forms is dissolved, and 
dilute to the mark. Shake the flask thoroughly and allow it to 
cool either by standing or by immersion in water until it is a t ap­
proximately room temperature.

Place the sample in a  Coleman spectrophotometer, measure 
the transmittance a t 450 in/j. compared to the blank, and from 
the curve read off the percentage of phosphorus. If the ore does 
not dissolve too slowly, the entire procedure may be completed 
in half an hour.

The blank is made by weighing out 0.255 gram of pure iron 
wire and running it  exactly as the regular sample was run.

Figure 3 is the curve obtained by  applying th is  m ethod to  
ten  ores in  which the phosphorus had been carefully deter­
mined by  a standard  m ethod, and  T able I  shows the da ta  
from which i t  w as constructed.

Since th e  concentration of a solution is proportional to  the 
logarithm  of th e  in tensity  of th e  transm itted  light, the loga­
rithm  of th e  transm ittance a t  450 m / i  is p lo tted  against the 
concentration of phosphorus. T he curve passes alm ost 
through th e  100 per cent transm ittance point, which indicates 
th a t the b lank is theoretically correct.

P r e c a u tio n s
T he evaporation w ith  perchloric acid should no t be carried 

beyond the color change because acid will be lost by evapora­
tion and  if th e  acid ity  of the  solution is too low th e  precipitate 
first formed on th e  addition  of am m onium  m olybdate will no t 
dissolve on shaking.

T a b l e  II. P r e c i s i o n  o f  M e t h o d

W H  s ta n d a rd

S L P  s ta n d a rd

T ra n sm itta n c e
a t  450 m/i D ev ia tion

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

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

A v. 9 0 .6

P r e c is io n  o f  th e  M e th o d
Of the ten  sam ples used in  constructing the curve, two are 

selected to  show th e  precision of the  m ethod (Table I I ) .  By 
the m ethod of least squares th e  average deviation for the 
W H  sam ples is calculated to  be approxim ately 0.6 and th a t 
of th e  SL P sam ples 0.35. T he two deviations are typical of 
a ll sam ples run.

On examining Figure 3 i t  is seen th a t for a  sam ple low 
in phosphorus 1 per cent in transm ittance corresponds to 
0.002 per cent of phosphorus, and for a  sample high in phos­
phorus 1 per cent transm ittance corresponds to  approxi­
m ately  0.006 per cent of phosphorus. T hus for th e  W H  
standard  th e  deviation would be, for high phosphorus, 0.006 X 
0.6 =  0.0036 per cent phosphorus, and for low phosphorus, 
0.002 X 0.6 =  0.0012 per cent phosphorus. T he average is 
0.0024. F or th e  SLP standard  the corresponding values are 
0.0021 and 0.0007 per cent, the average being 0.0014 per cent. 
T he average for bo th  sam ples is, in round numbers, 0.002 per 
cent. T his precision is about the same as th a t obtained by 
usual m ethods.

S u m m a r y
T he colorimetric determ ination of phosphorus in  iron ore 

by the  phosphovanadom olybdate m ethod has been greatly 
im proved by converting th e  iron to  colorless ferric perchlorate. 
T his no t only removes interfering silica b u t shortens the tim e 
required, and m akes possible the use of the more favorable
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wave length of 450 m /i .  The transm ittance a t  this wave 
length is determ ined and from a standard curve the percent­
age of phosphorus is calculated.

A ck n o w le d g m en t
T he au thors are indebted to  Eberbach & Son Co., Ann 

A rbor, M ich., for the use of the spectrophotom eter.
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Basic Sulfates of Iron and Aluminum 
in Analytical Separations

J .  G . FA IR C H IL D , U. S. G eo lo g ical S u rv ey , W a s h in g to n , D . C.

A S D E S C R IB E D  in a previous paper (S), a  solution of 
ferric sulfate was used to form a basic ferric alum w ith 

potassium  which was thereby separated from cesium. In  a 
sim ilar m anner, a fter the addition of potassium sulfate an 
excess of iron can be separated from divalent metals, which 
a re  then  determ ined by the usual methods. In  this procedure 
a  basic sulfate of iron and potassium is formed a t  a definite 
pH  and a t  steam  bath  tem perature, 90° C. The precipitation 
of iron is nearly complete, while divalent m etals rem ain in 
solution. A  small p art of any alum inum present is also 
precipitated.

Mellor (7) mentions as products of the hydrolysis of ferric 
alum a few basic sulfates of iron and potassium which vary in 
composition and are microcrystalline. Krueger (5) obtains a 
basic sulfate of iron and ammonium in separating iron from 
cobalt, nickel, zinc, and manganese. He fails to consider the 

resence of aluminum and completes the separation of iron as a 
asic acetate. Ardagh and Bongard (!) obtain good separations 

of nickel and zinc from iron and aluminum in a small volume of 
solution containing a little hydrocliloric acid and 5 grams of am­
monium chloride, to which strong ammonia is added in excess. 
Noyes and Bray (9) separate 2 to 50 mg. of nickel or zinc from 100 
mg. of iron very satisfactorily by the above procedure, but with 
cobalt 1 mg. in 50 is caught in the precipitate of iron. This 
separation is troublesome and requires repetition, especially when 
excessive quantities of iron and aluminum are present. Lundell 
and Knowles (6‘) find tha t nickel only may be satisfactorily sepa­
rated by the Blum method in a single precipitation. The writer 
has observed tha t the separation from aluminum is by far the 
more uncertain. Nickel only can be separated in a faintly acid 
solution containing ammonium sulfate.

Aluminum, like iron, forms a basic sulfate with potassium. A 
patent on basic alum has been issued to Fleischer (4), who heats 
a  solution of alum above 60° C. in a continuous system. T itan­
ium forms no double sulfate, as tested by experiment. According 
to  Mellor (8) magnesium, zinc, or manganese may enter the basic 
sulfate molecule, which resembles alunite in composition but 
contains the same proportion of potassium sulfate as ordinary 
alum. Cobalt also forms a double sulfate with aluminum. Al­
uminum may be separated from beryllium by this method sat­
isfactorily without the use of ammonium sulfate. Britton (2) 
obtains a 90 per cent separation of aluminum from beryllium as 
potassium alum.

P roced u re
T reat a slightly acid solution of ferric sulfate, free from fluoride, 

chloride, ana nitrate, with potassium acid sulfate and partially 
neutralize with dilute ammonia until a precipitate begins to per­
sist. Heat this solution for several hours in a flask lowered di­
rectly into the steam b a th ; a dense, microcrystalline, orange-red 
precipitate is produced. Potassium sulfate yields a less soluble 
precipitate than the ammonium salt. The presence of titanium or 
phosphate renders subsequent filtration slow and the filtrate 
yellow with too much iron. In  such a case, further neutralize the 
filtrate and repeat the hydrolysis. About 5 mg. of iron remain in 
solution. If appreciable quantities of titanium are present, first 
hydrolyze a t 0.1 Ar acidity. Proceed in like manner for phosphate 
after adding titanium  sulfate.

D e t e r m i n a t i o n  o f  Z i n c  a n d  N i c k e l . Place the solution of 
iron and zinc sulfate in a 500-ml. Kjeldahl flask, add potassium

acid sulfate equal in weight to the ferric oxide probably present, 
dilute to 300 ml., and slowly add dilute ammonia until a slight 
permanent precipitate remains. Place a small funnel in the neck 
of the flask and heat to 90° C. in the steam bath for a t least 4 
hours, or overnight. Hydrolysis with a wired-in stopper yields a 
more granular basic sulfate. Filter while hot. The filtrate should 
be colorless and have a pH close to 2.8, just yellow to thymol 
blue. Evaporate the filtrate and wash water to 150 ml. Filter 
off any precipitate of iron, add methyl orange, and neutralize 
until the color jast remains red, a t a pH of 3.1, which is about 
right for the precipitation of zinc sulfide. Transfer the solution 
to an Erlenmeyer flask, add 2 ml. of 5 per cent mercuric chloride 
solution, and precipitate zinc and mercury with hydrogen sulfide. 
Ignite the filtered and washed sulfides and weigh as zinc oxide in 
the usual way. If cobalt or nickel was originally present the pre­
cipitation of zinc may require repetition.

After removing the greater part of the iron as above, concen­
trate the filtrate and wash water to 300 ml., add methyl orange, 
and neutralize the filtrate until faintly red. Add 5 grams of am­
monium sulfate and hydrolyze in steam for a t least 4 hours. This 
second hydrolysis removes more iron, together with half of any 
aluminum present. Ammonium sulfate keeps nickel in solution. 
Concentrate the filtrate from aluminum to 150 ml., add 2 grams 
of tartaric acid, and precipitate nickel with dimethylglyoxime in 
the usual way.

T he hydrolysis of ferric sulfate begins a t  about pH  1.2 
and some iron rem ains in  solution a t  pH  3.4. T his figure was 
first calculated, then  verified after the hydrolysis by direct 
determ ination in  a  pH  m eter. As the pH  is increased to  3.8 
the basic sulfates become slim y and filter slowly. A t pH  3.8 
the solubility for e ither iron or alum inum  is still abou t 5 mg.

T he hydrolysis of alum inum  sulfate begins a t  abou t pH  
2.8 and is one-half complete a t  p H  3.1. The solubility a t  3.4 
in term s of alum inum  oxide is increased to 35 mg. in the pres­
ence of 10 gram s of am m onium  sulfate.

In  th e  analysis of meteorites, stainless steel, and  some m in­
erals, a  few per cent of th e  d ivalent m etals are present w ith 
large percentages of iron or both iron and alum inum . N um er­
ous quan tita tive  tests were made of th e  behavior of such com­
binations involving cobalt, nickel, zinc, or beryllium.
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Biometry in the Service of Biological Assay
C . I. B L IS S 1, S a n d u sk y , O h io

SO M E chemists m ay wonder how biom etry, or statistics 
applied to  biology, is involved in  the biological assay of 

drug potency. The biom etrician or statistician on the other 
hand m ay be equally puzzled th a t  the pharm acologist and 
chem ist have been willing to work for so long w ithout his 
help. Sometimes he is asked to  evaluate experim ental da ta  
after the laboratory  work has been completed and the pos­
sibility of modifying the original technique has passed. This 
is no more logical than  to  hold an analytical chemist respon­
sible for determ ining the original sugar content of a  sirup 
which m ay have pa rtly  ferm ented before i t  reaches him, 
owing to  im proper preservation. T o realize its  full possibili­
ties, statistical control m ust also s ta r t from the beginning, 
w ith  the original experim ental design. T hen m odern sta tisti­
cal m ethods m ay be expected to  give more precise results 
w ith  fewer anim als and a measure of ju s t how far a  given de­
term ination should be trusted , w hether i t  occurs in a routine 
assay or in developing a new medicinal product.

F or a quan tita tive  approach to  biological assay, one m ust 
first ad ju s t himself to an  order of variation  in the original 
m easurem ents far greater than  th a t custom ary in analytical 
chem istry. Because in m ost cases th is variation agrees 
closely w ith the norm al curve of error, m any advantages are 
a t  once available to  th e  biologist. One distinction m ust be 
em phasized. Consistency w ith the norm al curve of error 
does no t im ply a  fau lty  technique on the p a rt of the experi­
m enter or a  m istake in his m easurem ents. This is an in­
heren t characteristic of m any anim al populations and the 
m ore carefully the anim als are selected and handled and the 
m ore accurately each response is m easured, the more nearly 
they  will adhere to the norm al curve of error.

A ll-o r -N o n e  E ffects o f  D ru gs

T he norm al curve can be dem onstrated m ost readily from 
m easurem ents of the toxicity of the digitalis glucosides to  in­
dividual cats by  slow intravenous infusion.

In  a long series of tests a t the Lilly Research Laboratories, a 
single worker infused the laboratory standard of digitalis or Digi- 
glusin simultaneously into each of 4 cats until its heart stopped. 
The results on 52 of these groups of 4 have been reported recently 
by Bliss and Hanson (S). In  their group No. 2, for example, the 
4 replicated analysts gave the following lethal doses: 29.6, 25.8, 
29.2, and 19.9 cc. per kg, of cat. An analytical chemist might 
consider the first and third replicates in satisfactory agreement, 
the second questionable, and the fourth probably an error in 
analysis. Let us take another set of 4 from the same series, No. 
52, for example, where the 4 replicates gave 28.1, 26.2, 22,5, and 
34.4 cc. per kg., respectively. Ilere it would be more difficult to 
separate the good” from the “ bad” determinations and it is 
evident th a t a rule-of-thumb approach is not of much use. In­
stead we will assume th a t mistakes in titrating the individual cats 
were negligible when compared with the variations in their sus­
ceptibility to  the drug and center our attention upon the nature 
of this variation. For such a study selected groups of 4 are 
clearly less satisfactory than an analysis based upon the entire 
series without selection.

T he first question concerns th e  u n it of com putation, for 
any  un it which m ay be adopted comm its us a t  once to specific 
biological assum ptions as to  the na tu re  of digitalis action. 
T he b e tte r  the basis for these assum ptions, the greater is the 
chance th a t the com putation will lead to  a satisfactory con­
clusion. D igitalis acts directly upon heart tissue and in re­
lating the qu an tity  of d rug which poisons the heart of each 
individual to  its  gross body weight, it  is assumed th a t the

* P re sen t add ress, C o n n ec ticu t A g ricu ltu ra l E x p e rim en t S ta tio n , N ew  
H av en . C onn.

mass of specific hea rt tissue is directly  proportional to  th a t  of 
the rest of the anim al. F o r the present da ta  th is has proved 
to  be a  valid assum ption. Howrever, if the dose in cubic cen­
tim eters of ex trac t per kilogram  is used directly  in  arithm etic 
units, we assume further th a t  the effect of a  given increase in 
dosage is constant, regardless of an individual’s inherent sus­
ceptibility  or of previous dosage. T he w eight of pharm aco­
logical evidence shows th a t to  obtain  a  uniform  increm ent 
in  effect, the  dosage of m ost drugs m ust be increased by  a  
constant proportion or percentage. I t  is be tter, therefore, 
to base our analysis upon th is more likely assum ption by 
transform ing th e  just-lethal dose for each ca t to  logarithm ic 
units. If  the assum ption is ill-founded, sta tistical analysis 
will disprove it.

Only 4 cats were tested in  parallel, although the 52 assays 
covered a  period of 18 m onths. M ore often th an  not, the 
susceptibility of anim als to  the same sam ple of drug varies 
from one te s t day  to  th e  next. To control these unpredict­
able variations pharm acologists have adopted standard  prep­
arations for m any drugs w ith  which new samples can be 
compared by  running bo th  a t  the same tim e. If the reaction 
of cats to  digitalis W'ere to  vary  similarly, th e  m eans of the 
groups of 4 anim als should v a iy  more th an  would be ex­
pected from  the variation w ith in  groups of 4. T his possi­
b ility  has been tested  by  one of the m ost flexible and valuable 
of all sta tistical tools, the analysis of variance. The differ­
ences between th e  log-dose per kilogram for each individual 
ca t and the general m ean for all 52 X  4 or 208 cats are squared 
and summed to obtain  a to ta l sum of squares which is then  
separated in to  two portions, th a t  due to  differences between 
the groups of 4 and th a t  arising from  variations in suscepti­
b ility  w ithin these groups. In  term s of squared deviations 
these sources of variation are additive and we have the sepa­
ration  shown in T able I, where the m ean square or variance

220

DOSE OF D IG ITALIS IN LO G ARITH M S

F i g u r e  1 . V a r i a t i o n  i n  S u s c e p t i b i l i t y  o f  I n d i v i d u a l  
C a t s  t o  D i g i t a l i s  a f t e r  C o r r e c t i o n  f o r  D i f f e r e n c e s  

b e t w e e n  D a y s

F ro m  B liss an d  H anson  (5)
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between assays is 2.44 times as great as th a t within assays or 
groups of 4 , a  difference which would no t be expected by 
chance alone even once in 1000 similar experiments. B y 
avoiding the larger variation between groups and always 
comparing an  unknown w ith a standard upon cats tested in 
parallel, i t  is apparen t th a t fewer animals will suffice in assay­
ing the potency of an  unknown in term s of the laboratory 
standard  of digitalis for any required degree of precision. 
The same principle holds throughout all biological assay.

T a b l e  I .  P a r t i t i o n  b y  A n a l y s is  o f  V a r ia n c e  o f  V a r ia t io n s  
i n  T o x ic it y  o f  D ig i t a l i s  t o  C a t s

[In  te rm s  of d ev ia tions  from  th e  m ean log-dose in  cc. per kg. of c a t; d a ta  
from  B liss an d  H anson  (3) ]

M ean
D egrees of Sum  of S quare  or V ariance S tan d a rd  

V aria tio n  F reedom  S quares V ariance R a tio  D ev ia tion

B etw een assays 
W ith in  assays  

T o ta l

0.52992 
0.66478  
1 .19470

0.010391
0.004261

2 .44
1

0.10193
0.06528

W e are now ready to examine the nature of the variation 
in  susceptibility between cats. The differences between 
the group m eans and the general mean have b een multiplied 
by the ratio  of the standard deviation ( =  y/m e a n  square) 
w ithin assays to th a t between assays and these corrections 
added to  or subtracted  from each individual m easure­
m en t to  bring all of the determ inations to  a common 
basis. T hen  they  could be studied ju s t as if all 208 
cats had been run  simultaneously w ith the same H
precision as was obtainable from groups of 4. The y
num ber of cats dying a t  adjusted doses within each 5
of 2 0  equal log-dose intervals has been plotted along 
the base of Figure 1 in a  block diagram. The smooth £
curve draw n through the tops of these blocks is the 2
com puted norm al curve of error. I t  evidently fits «>
well, as can be shown also by statistical test. The g
fact th a t the variation in susceptibility is sym m et- 3
rical and norm al when measured in term s of the 
logarithm  of th e  just-lethal dose justifies the original as- 2
sum ption underlying the transform ation to logarithms. <

By a simple transform ation th e  “frequency distri- £
bution” along the base of Figure 1 can also be plotted 
as a  stra igh t line and in th is form it is comparable 
to  the m uch larger group of bioassays for-which the 
just-le thal dose cannot be measured individually. The 
d a ta  are converted first to  a  cum ulative form by mov­
ing the block for each dosage interval along the base of 
Figure 1 vertically upw ard until its  lower edge is con­

tiguous w ith the upper edge of the next preceding block. 
They then describe a sym m etrical sigmoid curve conforming 
to  the cum ulative norm al curve of error which intersects 
them . From  the intersection of each observed cum ulative 
num ber of cats w ith the sigmoid norm al curve in Figure 1, 
one could interpolate in abscissal units a  log-dose predicted 
from the response. P lo tting  these predicted log-doses against 
those observed experimentally should define a  stra igh t line 
if the da ta  conform to the norm al curve.

The same result can be accomplished more easily. F re­
quencies are changed to  the percentage of individuals react­
ing a t  all dosages up to  and including each successive log- 
dose. Then these percentages of effect can be transform ed 
by  tables based upon the norm al curve to hypothetical “dos­
ages” in units of the standard  deviation, such as the “norm al 
equivalent deviations” of G addum  (7) or the “probits” of 
Bliss (1). W hen these are plotted against the corresponding 
observed log-doses, a  stra igh t line should result as in the 
da ta  replotted in Figure 2 from Figure 1. AVhen the points 
fall along a stra igh t line, the m ean of the observed log-doses 
is the log-LD50 or the log-dose for 5 probits or 50 per cent 
kill and the reciprocal of their standard  deviation fixes the 
slope of the line from which the log-dose can be interpolated 
for any required percentage effect or vice versa.

In  m ost assays depending upon an  all-or-none reaction, 
the just-effective dose cannot be determ ined for each individ­
ual and separate lo ts of anim als are treated  uniformly w ith 
predeterm ined dosages of drug. The positive reactors in 
each lot, expressed as a percentage, include of course those 
th a t would have reacted a t  all smaller doses. H ence the 
initial da ta  are recorded in a  cum ulative form and th e  rela­
tion between percentage effect and log-dose of drug is typ i­
cally a sym m etrical sigmoid curve. A good example has 
been reported by M orrell, Chapm an, and Allm ark (10) on 
the therapeutic assay of neoarsphenamine from the incidence 
of negative blood smears in the m ale ra t. Six series have 
been adjusted  for differences in over-all susceptibility, plotted 
in Figure 3, and fitted by  the  cum ulative norm al curve. 
S tatistical tes t shows th a t  these observations agree w ith the 
curve rather b e tte r th an  would be expected by  chance. Y et 
even the present am ount of sca tter would inject an  appreciable 
subjective error in  a  sigmoid curve draw n through these 
points merely by inspection. B y transform ing percentages to  
probits the same d a ta  can be p lo tted  as shown in Figure 4 
and fitted b y  the simplest curve of all—a stra igh t line. 
Moreover, the reliability of the curve or of the log-LD50 or

D O SE OF N EO A R SPH EN A M IN E . LO G A R ITH M S

F ig u r e  3. S ig m o id  D o s a g e - E f f e c t  C u r v e  f o r  T h e r a p e u t ic  
A c t io n  o f  N e o a r s p h e n a m in e  i n  M a l e  R a t s  

F rom  d a ta  of M orrell, C h ap m an , an d  A llm ark  (10). S ix in d e p en d en t curves 
superim posed  b y  a d ju s tm e n t of dose.
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F ig u r e  4 . D o s a g e - E f f e c t  C u r v e  o f  F ig u r e  3 
P l o t t e d  i n  L i n e a r  F o r m

Zone of e rro r , d es igna ted  b y  b roken  lines, show s expected  pre~ 
cision fo r one of six  com ponen t series.

of an j' o ther po in t upon it  can be estim ated for any  given odds, 
as shown in  the diagram  by  the broken parabolas. Here 
they  indicate the average lim its which would apply  to  one of 
the 6 series, involving 5 lots each of 20 to  25 rats, and would 
enclose the true  curve in  19 o u t of 20 determ inations (P  —
0.05).

Since th e  biological indicators of d rug action v ary  in  an 
orderly m anner, we can use these curves and the techniques 
for their com putation to  m easure relative potency. Two 
or more dosages of bo th  standard  and unknown are adm inis­
tered and the d a ta  p lo tted  separately on linear coordinates. 
H  the unknow n produces the sam e biological effect as the 
standard , their respective curves should be parallel w ithin 
the lim its of the experim ental error; if the  unknow n has the 
same potency as the standard , the tw o parallel lines should 
coincide, again ■within the lim its of the experim ental error. 
W hen the curves do n o t coincide b u t are parallel, the hori­
zontal distance between them , of course, is th e  same a t  all 
levels of effect and, being a  difference on a  logarithm ic scale 
of dosage, m easures in logarithm s the  ratio  of their potencies. 
By adjusting  the concentration of the unknown, its potency 
can be m ade equal to  th a t  of th e  reference standard . Since 
the error of the ratio  is com puted as an  integral p a rt of the 
assay, the expected variation in this potency will be known.

A convenient example has been given by  Miller, Bliss, 
and B raun (.9) in an  assay comparing the relative potency of 
digitalis in the frog when injected intram uscularly  as com­
pared w ith  standard  injection into th e  lym ph sac. Three 
doses were adm inistered by  each route w ith  the results shown 
in Figure 5. T he log-ratio of potencies and its  standard  
error, designated by  the symbols M  =± s M, were 0.319 *
0.043. Changing th e  route of injection had the same effect, 
therefore, as increasing the potency of the solution of digitalis 
by  209 =*= 20 per cent w hen assayed by  the 1-hour m ethod. 
T he odds are 2 ou t of 3 th a t th e  true  potency did no t differ 
more above or below the estim ated value th an  the standard  
error. B y  successive repetitions of the assay, th is precision 
could be increased to  any  point which m ay be required.

G raded  R esp o n se

So far, we have been considering only all-or-none effects of 
drugs, where a  given reaction is e ither present or absent. 
Although perhaps dea th  occurs more frequently  th an  other 
end points, the m ethod has been applied to  m any criteria,

such as convulsions, systolic standstill of the heart, th e  pres­
ence of cornified cells in  the vaginal epithelium , negative 
blood smears, and survival in a  therapeutic  tes t. A nother 
large group of assays depends upon a  graded response, where 
the ex ten t of the reaction varies w ith  th e  dose. Exam ples 
are the hypoglycemic response of the rab b it to  insulin, the 
height of contraction of guinea pig uterine muscle to  posterior 
p itu ita ry  extract, the level of serum  calcium in the  dog 
following trea tm en t w ith parathyroid  extract, and the grow th 
of depleted mice under different dosages of v itam in A. 
Since each individual reaction is quan tita tive  ra ther th an  
qualitative, i t  contributes m ore inform ation per anim al than  
in  the preceding type. T he sta tistical m ethods suitable for 
an estim ate of M  =*= s,„ differ in m any respects.

The first problem is to  obtain  a  criterion of graded response 
which will p lo t as a stra igh t line against the logarithm  of the 
dose. U nlike the all-or-none reaction, no comprehensive 
transform ation has been discovered as y e t th a t  is applicable 
to  a  wide varie ty  of responses. Since th e  effect th a t it  is 
practicable to  m easure is usually an  empirical composite of 
several factors, which differ widely from one type  of d rug to  
another, a  transform ation as general as G addum ’s N . E . D . 
or the prob it is relatively im probable. W hen graded reac­
tions are studied over a  wide enough range of dosages, they  
tend to  flatten  ou t tow ard a lower lim it or floor and tow ard an 
upper lim it or ceiling, leading to a  sigmoid form. F requently , 
however, an  extended central section does no t differ appreci­
ably from a  s tra igh t line or o ther factors intervene, so th a t 
the curved portion approaching a lim it is never reached.

0 .3  0 .5  0-7 0 0  1.1
DO SE OF D IG IT A L IS , LO G A R ITH M S

F i g u r e  5 . A s s a y  o f  E f f e c t  o f  R o u t e  o f  I n j e c t io n  u p o n  
t h e  P o t e n c y  o f  D ig it a l is  

D a ta  of M iller, B liss, and  B ra u n  (9)

W hen dosages are restricted to  this central section, the da ta  
can be handled b y  a flexible sta tistical procedure known as 
factorial analysis, which has been adapted  for biological as­
say b y  Bliss and M arks (4). Factoria l analysis no t only 
tests w hether the dosage-response curves for standard  and 
unknown can be considered as parallel stra igh t lines b u t 
leads directly  and easily to  an estim ate of the log-ratio of 
potencies and its error, M  =*= sM.

Factorial arrangem ents have the added advantage th a t 
they  are usually  coupled w ith  designs th a t  screen ou t im­
p o rtan t sources of potential error, leading to  unbiased esti­
m ates of drug action and m arked im provem ents in  precision. 
Two statistical techniques contribute to  this end. T he first 
is the balancing of known and suspected variations in  sus­
ceptibility  betw een individual anim als, litters, days of the 
experiment, and o ther qualitative sources, so th a t they  occur
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equally a t  all dosages of the standard and the unknown. 
W ithin these restrictions the assignment of dosages to living 
m aterial is stric tly  random . Then when the test has been 
completed, factors which are extraneous to  the assay can be 
segregated from the effect of dosage and from the experimental 
error by the  analysis of variance, usually with a  marked in­
crease in precision.

F i g u r e  6 . A s s a y  o p  a n  U n k n o w n  
S a m p l e  o f  P a r a t h y r o i d  E x t r a c t  
f r o m  t h e  S e r u m  C a l c i u m  o f  t h e  D o g  

D a ta  of B liss and  R ose (5)

i The second technique is the use of covariance to correct 
graded variations in initial or concom itant m easurem ents 
from the in ternal evidence of each assay. In  the past these 
have been adjusted by  arb itra ry  corrections, often involving 
unrecognized and doubtful assumptions which sometimes 
m ay even increase the error.

T a b l e  I I .  A n a l y s is  o f  V a r i a n c e  o f  a  P a r a t h y r o i d  A s s a y

[A rranged in  five * 1 X 4  L a tin  squares, in te rm s  of th e  final calcium  level 
16 hours a f te r  in jec tio n ; d a ta  from  Bliss and  Itose

V ariance 
M ean  S quare  I la tioCause of Variation

Differences between days 
Differences between dogs 
Unknown vs. standard  
Slope of dosage-response cur 
D eparture from parallelism 
Experim ental error 

Total

D egrees
of Sum  of

F reedom Squares

3 0 .941
19 43 .188

1 3.2S0
c 1 11.705

1 0 .1 0 2
54 27.312
79 80 .588

0 .314
2 .2 7 3  4.49
3 .2 8 0  -  />* 0 -49

11.705 =  B* 23 .1 4
0.1G2
0 .5 0 0  -  s* 1

An example of an arbitrary correction is the rise in the serum 
calcium of the dog as a criterion for the assay of parathyroid ex­
tract. First segregating the differences between_individual dogs, 
which can be used repeatedly, Bliss and Rose (o) showed by co- 
variance th a t all the information needed for the assay is con­
tained in the final measurement of serum calcium 16 to 18 hours 
after injecting the parathyroid extract and nothing is contributed 
by a knowledge of the initial level prior to treatment. Here sta­
tistical analysis has demonstrated tha t the number of bleedings 
and of chemical analyses can be cut in half without any loss of 
precision. Another instance is furnished by the assay of vitamin 
D  from the bone ash of rats, where the use of the percentage ash 
as the criterion of response requires an unproved assumption as 
to  the relation between the organic m atter and the ash in the bone. 
By shifting from the percentage ash to the log-weight of ash for 
measuring the activity of vitamin D, Bliss (2) showed by co- 
variance tha t the weight of bone lost in ashing contributed neg­
ligibly to the assay and tha t the estimate of potency was improved 
to  the same extent as if twice as many rats had been used.

The numerical form of some of these procedures may be illus­
trated by the assay of parathyroid extract from the serum cal­
cium of 20 dogs as recorded 1(5 hours after injection, each tested 
with 2 doses of standard and 2 doses of unknown in a Latin 
square design on 4 different days. The analysis of variance is

given in Table II. To judge the relative importance of each fac­
tor in the assay, we are especially interested in the ratio of its 
mean square to that for error. It is evident tha t the dogs differed 
but little in their mean serum calcium on the 4 days of this par­
ticular test, but tha t precision was improved substantially by 
segregating the over-all differences between individual dogs. 
Since the departure from parallel dosage-response curves for 
standard and for unknown had a smaller mean square than the 
error, the assay was clearly a valid one, as shown graphically in 
Figure 6. The variance ratio shows that the unknown produced 
a significantly greater effect than the standard. Its estimated 
potency was computed readily from D, B, and s as M  = 0.1137 
±  0.0505 or 130 *  15 per cent.

M any o ther applications of statistical m ethods to  biological 
assay still rem ain and there are m any possibilities y e t to  be 
explored. All the above illustrations have been draw n from 
experiments upon laboratory animals, b u t in the final analysis, 
no drug or assay technique can be passed un til i t  has been 
checked clinically. Clinical experim ents offer opportunities 
for improved statistical design and control fully as great as 
those conducted in  the laboratory. In  m any cases relatively 
small changes in procedure would enable the clinician to 
double the reliability of his evidence or to obtain  q u an tita ­
tive conclusions from w hat would otherwise constitute a 
roughly qualitative result. Tim e does no t perm it a further 
exam ination of th is topic.

C h a r a cter ist ic s  o f  a V alid  B io lo g ica l A ssay

1. Different samples of the same drug m ust show the 
same relative potencies in biological assay as under clinical 
test. Since the products assayed biologically are frequently 
complex or im pure mixtures, the patien t m ay no t react to 
the same components as the laboratory  te s t anim al. Gold 
and K w it (8), for example, have shown a threefold difference 
in the reaction of m an to  related cardiac glucosides judged 
as equipotent when tested in cats and frogs.

2. On the coordinates used for biological assay, the curve 
relating response to  log-dose should be a stra igh t line and rela­
tively steep when compared w ith the variation abou t the 
line. E ither the curve should have been shown to  have a 
constant, known slope by repeated test over a considerable 
period of tim e or the slope should be determ ined as an integral 
p a rt of each assay. Assumed relations between dose and 
effect are to  be avoided.

3. The potency of the unknown or sam ple should be de­
term ined by com parative tes t w ith a stable reference standard  
and expressed in units of this standard . In  a determ ination 
of potency the biological reaction has the same function as a 
chemical indicator and biological term s, such as the “ cat 
u n it”  for digitalis, have neither the uniform ity nor the correct 
dimensions for expressing q u an tity  of drug.

4. The living m aterial exposed to  different doses of stand­
ard  and of unknown m ust be as nearly equivalent as i t  can 
be made. Po ten tial sources of variation, such as differences 
between individuals, litters, dates of treatm ent, and sexes, 
should never coincide or be confounded w ith differences in 
trea tm en t b u t w ithin these lim itations th e  dosages and 
samples m ust be assigned a t  random . The analysis of vari­
ance or an equivalent technique should be used to  segregate 
from the estim ate of error th e  sources of variation  th a t have 
been quarantined by  th e  design of the assay. V ariations 
in an initial m easurem ent, such as the initial blood sugar in 
the  rabb it insulin assay, or in a concom itant m easurem ent, 
such as th a t of body weight, should be adjusted no t by  an as­
sumed relation which is som etimes concealed in the defini­
tion of response b u t ra ther from the in ternal evidence of self- 
contained experiments by covariance.

5. A determ ination of potency should always include an  
estim ate of its  error, com puted as an integral p a rt of th e  as­
say. N o t only do the assays of different drugs vary  widely
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in the ir average precision—one of those in  the B ritish P har­
macopoeia (i>) has lim its of 92 to  108 per cent (Staphylococcus 
an titox in), ano ther lim its of 37 to 272 per cent (vitam in A)— 
b u t the precision of the assay of a  single drug varies from 
laboratory  to  laboratory  and from one ru n  to  another in the 
same laboratory . N o assay w ith  an  indeterm inate error can 
be considered satisfactory.
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Determination of Silicon
In Monel Metal, Copper-Silicon A lloys, and S im ilar N onferrous A lloys  

Containing S ilicon

F R E D E R IC K  B . C L A R D Y , H E R M A N  R . M A U PIN , a n d  R . S T E V E N S G IB B S  
C h e m ic a l l a b o r a to r y ,  U n i te d  S ta te s  N avy  Y a rd , P o r t s m o u th ,  Va.

IN  T H E  determ ination of silicon in M onel m etal, copper- 
silicon alloys, and similar nonferrous alloys containing 

silicon, a  rapid, accurate m ethod, to  replace the longer and 
m ore commonly used m ethods of dehydration by nitric-sul­
furic acids or hydrochloric acid and potassium  chlorate, is 
needed for the analysis of a  large num ber of samples. L ittle  
a tten tion  appears to  have been paid to  the use of perchloric 
acid for the dehydration  of silica in  these m aterials. W illard 
and Cake (#) proposed th e  use of perchloric acid as a  dehy­
d ra ting  agen t in  silicon determ ination. B oth they  and Fow­
ler (1) have pointed ou t th e  disadvantages of nitric, sulfuric, 
and hydrochloric acids in  th e  dehydration of silica in steels, 
silicates, and some o ther m etals and alloys. These same dis­
advantages (slow evaporation, slow solution of soluble salts, 
bum ping and spattering  of th e  solution, and the  necessity of 
recovering silica from filtrates) apply to  M onel m etal and 
other nonferrous alloys containing silicon.

T he following procedure, evolved by  this laboratory gives 
accurate results in  from 2 to  3 hours, eliminates the  disadvan­
tages of th e  nitric-sulfuric acid and hydrochloric acid proce­
dures m entioned above, and avoids the bum ping th a t occurs 
when the m etal is first dissolved in n itric  acid and then  fumed 
w ith perchloric acid.

P roced u re for  M o n els
Weigh 2 grams of fine drillings into a 400-ml. Pyrex beaker, 

add 25 ml. of 70 per cent perchloric acid and 1 ml. of concen­
trated  nitric acid, place the beaker on a hot plate, and heat until 
solution of metal is complete. Add a  few more drops of nitric 
acid if necessary to ensure complete solution. Place the beaker 
on an extremely hot electric or gas plate and boil the solution for 
about 10 minutes to  ensure the complete dehydration of silica. 
The beaker may be heated over an open gas flame towards the 
end of this period and the contents of the beaker slowly revolved. 
Cool slightly, add water, and heat until all soluble salts are dis­
solved, boiling the solution a t the end. Filter hot through a 
W hatman No. 41H or similar filter paper. Wash 5 times alter­
nately with a solution containing a  mixture of 1 per cent nitric 
acid and 1 per cent hydrogen peroxide, and with boiling water.

Remove filtrate for the subsequent determination of other ele­
ments and wash the silica residue with hot 10 per cent hydro­
chloric acid and boiling water alternately 5 times and then with 
water until free from acid. Place filter paper in a 30-ml. plati­

num crucible, ignite, cool, and weigh. Volatilize silica with hy­
drofluoric acid plus 3 drops of sulfuric acid, ignite again, cool, and 
reweigh. The loss in weight is silica (SiOj). The residue re­
maining in the crucible will consist of traces of nickel, iron, and 
titanium . This can be fused with pyrosulfate, dissolved in water, 
and added to the filtrate. Some platinum will be introduced 
during this fusion and will be subsequently deposited with the 
copper and weighed as such. This has been found to be extremely 
small and in routine analysis can be disregarded.

T he filtra te  from the silicon determ ination can be used 
for the determ ination of copper, iron, and titan ium  by  the 
following procedure:

Boil filtrate strongly to  remove free chlorine, and add 1 ml. of 
concentrated nitric acid and 5 ml. of concentrated sulfuric acid. 
Keep the volume of solution a t approximately 300 ml. Electro­
plate copper on the platinum cathode a t 0.5 ampere and 3 volts. 
After copper is removed, make the solution weakly ammoniacal 
and determine iron and titanium in the usual manner. Excess 
ammonia will form a  precipitate with perchloric acid.

T able I gives results by  the three m ethods for determ ining 
silicon in samples of M onel m etal. In  each instance th e  fil­
tra tes were evaporated to  dryness twice to  recover silica. N o 
silica w as found in the filtrates from the percliloric-nitfic acid 
treatm ent. In  th e  o ther two cases sufficient silica was found 
to  m ake these evaporations necessary.

T a b l e  I. D e t e r m i n a t i o n  o f  S il i c o n

Perch lo ric- Sulfuric-
H y droch lo ric

A cid -P o ta ss iu m
N itric  A cid N itric  A cid C hloride

% % %
S am ple  1 3 .0 2 -3 .0 3 2 .9 9 -3 .0 1 3 .0 7 -3 .1 0
Sam ple 2 1 .4 9 -1 .4 0 1 .5 0 -1 .4 0 1 .4 8 -1 .4 6
Sam ple 3 3 .0 8 -3 .0 9 3 .0 4 -3 .1 9 3 .0 3 -3 .1 2
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T h e  view s p resen ted  in  th is  a r tic le  a re  those of th e  w rite rs  a n d  sho u ld  n o t be 
construed  as th e  official view s of th e  N av y  D ep a rtm e n t.



Determination of Ascorbic Acid in Citrus 
Fruit Juices

R O B E R T  B A L L E N T IN E  
P hysio logy  L a b o ra to ry , P r in c e to n  U n iv e rs ity , P r in c e to n ,  N . J .

TH E  chemical m ethods for the determ ination of ascorbic 
acid (vitam in C) have been m ainly based on the method 

of Tillm ans, H irsch, and Hirsch (5) employing 2,6-dichloro- 
phenolindophenol or on some modification of the iodometric 
titra tion . In  general the iodometric methods have been sub­
ject to  criticism since they lack specificity and a sharp end 
point, although Stevens (8) has shown th a t by employing a 
double back-titration  in the presence of a high concentration 
of hydrogen ions the iodine end point m ay be made very 
sharp. Further, Tauber and Kleiner (4) have demonstrated 
th a t the iodom etric method is adequate for the determination 
of ascorbic acid in  citrus fru it juices, since interfering sub­
stances are absent. However, in common w ith all iodometric 
methods, the reagents employed in Stevens’ method change 
their tite r  w ith  time, requiring frequent standardization, and 
the double back-titra tion  increases the volumetric error.

In  th e  m ethod presented here, a  direct titra tion  w ith io- 
date  in acid-iodide gives an end point comparable in sharp­
ness w ith  th a t of the above double back-titration method, and 
in addition avoids the necessity for frequent standardization. 
Only one accurately prepared solution is required, and this is 
stable over long periods of time.

In  addition  to  the iodate titra tion  described below', the as­
corbic acid con ten t of the citrus juices wras determined by the 
m ethod of Stevens (3). The juices were also titra ted  by the

T a b l e  I. D e t e r m i n a t i o n  o f  A s c o r b ic  A c id  

S tevens’
In d opheno l T itra tio n Iod ine

A scorbic A scorbic Ascorbic
A cid acid acid

T ak en found R ecovery found
M g. M g. % M g.

1 .7 5 1 .81 103 .4 1 .80
2 .0 0 2 .0 9 104.5 1 .88
2 .0 0 2 .0 9 104 .5 1 .90
3 .0 0 3 .1 0 103 .3 2 .9 6

Io d a te  T itra tio n  
A scorbic

R ecovery
%

102.8
9 4 .0
9 5 .0  
9 8 .6

acid
found

M g.
1.77
2 .0 8
2 .0 7
2 .9 7

R ecovery
%

101 .7
103 .9
103 .6
9 9 .0

M ack and Tressler ( /)  modification of the Tillm ans m ethod 
(6). The indophenol dye, recrystallized from th e  E astm an  
product, was standardized by  the m ethod of M enaker and 
G uerrant {2). All the reagents used in the three m ethods were 
referred to a  single prim ary standard  solution, 0.1 N  potas­
sium iodate.

(0.0167 ili), contains 
For use this stock solu-

T a b l e  I I .  A n a l y s e s  o f  C i t r u s  J u i c e s

M ate ria l
Indopheno l 
T itra t io n  

G./lOO ml.

S tev en s’ Iod ine  T itra tio n  
D ifference 

from  
indophenol 

ti tra tio n  
G./lOO ml. %

/-------------- Io d a te  T itra tio

D ifference 
from  

indophenol 
t i tra t io n  

G./lOO ml. %

n -----------1—■
D ifference

from
S tevens’

iodine
titra tio n

%

Lem on ju ice, 1 0 .0 4 6 0 0 .0470
0 .0471 2 .1

0 .0 4 6 0
0.0461 0 .0 - 2 . 1

Lem on ju ice , 2 0 .0427 0 .0465
0.0461 8 .4

0 .0434
0 .0 4 3 8 2 .1 - 6 . 2

Lem on ju ice , 3 0 .0162 0 .0460 -  0 .5 0 .0462 0 .0 0 .5

L em on ju ice , 4 0 .0396 0 .0397 0 .2 0 .0392 - 1 . 0 - 1 . 2

L em on ju ice, 5 0 .0 4 1 6 0 .0458
0 .0448 8 .8 0 .0424 1 .9 - 6 . 4

O range ju ice , 1 0 .0 4 1 6 0 .0420
0 .0420 0 .9

0 .0419  
0 .0417 0 .5 - 0 . 4

O range ju ice, 2 0 .0388 0 .0390
0 .0388 0 .2

0 .0387
0 .0387 —0 .3 - 0 . 5

O range ju ice , 3 0 .0399 0 .0346
0.0344 1 .7

0 .0342
0.0341 0 .6 - 1 . 1

G ra p e fru it ju ice, 1 0 .0424
0 .0 4 3 0

0 .0461
0 .0470 9 .8

0.0-446
0 .0442 4 .0 - 4 . 5

G rap e fru it ju ice, 2 0 .0 3 7 0
0 .0370

0 .0412
0 .0416 11 .8

0 .0372
0 .0378 1.4 - 9 . 4

R e a g e n t s . Standard iodate, 0.1 N  
3.567 grams of potassium iodate per liter, 
tion is diluted to 0.01 N.

Potassium iodide, 10 per cent solution fresh daily.
Sulfuric acid, 2 N .
Starch indicator is made fresh daily from improved Lintner’s 

soluble starch, using 1 gram per 100 ml. with 2 grams of potas­
sium iodide added.

P r o c e d u r e . Add to 5 ml. of citrus fruit juice 1 ml. of 10 per 
cent potassium iodide and 2 ml. of 2 N  sulfuric acid. T itrate the 
resulting solution with 0.01 N  iodate, adding the reagent drop- 
wise near the end point. I t  is best not to  add the starch until very 
near the end point.

1 ml. of 0.01 N  iodate =  0.88 mg. of ascorbic acid.

R e su lts  a n d  D isc u ss io n

A prelim inary comparison of the three m ethods employed 
for the determ ination of ascorbic acid was carried ou t on solu­
tions of synthetic, crystalline ascorbic acid (M erck). T he re­
sults, presented in  T able I, show th a t the indophenol and the 
iodate titra tion  are in agreem ent, although the absolute 
am ounts recovered wrere slightly high. On the  o ther hand, 
the double back-titration  of Stevens gave slightly low values 
for the ascorbic acid content.

Analyses on citrus juices are recorded in T able I I .  T he re­
sults obtained by the Stevens and iodate m ethods are com­
pared w ith  the ascorbic acid content as determ ined by  the 
M ack and Tressler indophenol titra tio n  as a  standard . S te­
vens’ method gives variable results th a t differ ra ther widely 

from those determ ined by the indophenol
______________  method, being up to  12 per cent too high.

On the o ther hand, the ascorbic acid con­
ten t as determ ined by the iodate m ethod 
agrees w ith th a t found by th e  indophenol 
titra tion . On the basis of these results the 
iodate m ethod can be recommended for 
routine determ inations of ascorbic acid in 
citrus juices.

T he iodate titra tio n  has the following 
advantages over the double back-titration  
m ethod of Stevens: increased accuracy, 
stab ility  of reagents, greater sim plicity and 
rapidity , and more reproducible results.
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Determination of Bromine Addition Number
KARL U H R IG  A N D  IIARRY LEVIN, T he  Texas C om pany , B eacon, N. Y.

A m e th o d  is d escrib ed  for in d ic a t in g  d e­
gree o f  u n sa tu r a tio n  q u ic k ly , b y  d irect  
t itr a t io n  o f  sa m p le  d isso lv ed  in  ch lo ro fo rm  
w ith  a  s ta n d a rd  s o lu t io n  o f  b r o m in e  in  
g la c ia l a c e t ic  a c id , u s in g  th e  co lor  o f  th e  
b r o m in e  i t s e l f  as in d ic a to r . I t  h a s  g iven  
correct r e s u lls  w h e n  a p p lied  to  p u r e  h y d r o ­

carb on s o f  k n o w n  u n s a tu r a t io n , s u c h  as  
c y c lo h cx e n e , d iiso b u te n e , tr iiso b u te n e , e tc .,  
an d  rep ro d u cib le  r e su lts  o n  u n k n o w n s . I t  
w as fo u n d  th a t  th e  so lv e n ts  u se d  in  th e  
a n a ly s is  are fa c to rs  a ffe c t in g  th e  r e su lts .

T h e  m e th o d  m a y  a lso  fin d  u t i l i ty  in  fa t  
a n a ly s is .

SIN C E  i t  is practically impossible to  separate the nu­
m erous components of complex hydrocarbon m ixtures, 

such as naph tha  and gasoline, one m ust still be con ten t w ith  
an  analysis th a t indicates th e  proportions of classes of hy­
drocarbons. M ethods have been published for analytically 
resolving the components of gasoline into four m ajor groups— 
unsaturates, arom atics, naphthenes, and paraffins. A good 
degree of accuracy is frequently claimed for such m ethods of 
analysis when the la tte r  three classes comprise the gasoline; 
m uch less is claimed when unsaturated  hydrocarbons are also 
present.

M odern processes for m anufacturing gasoline have m ade 
unsaturated  hydrocarbons more im portan t than  ever before, 
and accurate knowledge of degree of unsaturation  an urgent 
requirem ent.

T he m any published m ethods for determ ining unsaturation  
of oils, etc., fall in to  two m ajor groups:

1. Those in which the unsaturates are dissolved or chemically 
transformed and separated, such as methods involving the use of 
mercuric acetate {15), sulfur chloride (2), and sulfuric acid (17).

2. Methods based on reactions with halogen, in which un­
saturates are not separated but merely reacted for titrations.

N one of the methods in group 1 is entirely satisfactory. 
B ram e and H un ter (1) found the mercuric acetate (IS) 
m ethod unreliable because different unsaturated  hydrocar­
bons react differently w ith the reagent. The sulfur chloride 
m ethod (2) is ra ther involved for routine use, and procedures 
which employ sulfuric acid (17) are particularly  unsuited for 
m odern cracked gasoline bccause of alkylation reactions which 
sulfuric acid m ay induce (7), causing arom atics and iso- 
paraffins, a t  least, to  appear in the analytical result for ole­
fins.

M ost m ethods of group 2 were developed for the analysis 
of saponifiable fa ts  and oils and their application to  hydro­
carbons meets w ith very lim ited success, the m agnitude of the 
resu lt being influenced to  a  large extent by th e  excess of re­
agent, as can be seen from Figures 1 and 2. T he H ubl, Ila -  
nus, and W ijs procedures are well-knowrn examples of such 
m ethods. M any a ttem p ts have been made to  devise more 
reliable m ethods for determ ining unsaturation . Margosches 
(12) allows an  ethyl alcoholic iodine solution to  react w ith 
hydrocarbons in  presence of w ater. However, o ther investi­
gators (3) report th a t th is m ethod gives values th a t are too 
low. Grosse-Oetringhaus (o) reviewed and investigated nu ­
merous m ethods and concluded th a t K aufm ann’s m ethod (8) 
is reliable. This m ethod was investigated by  the present 
au thors and is discussed below. K aufm ann employs an 
excess of bromine solution in m ethyl alcohol sa tu ra ted  w ith 
sodium bromide and m akes no correction for substitu tion .

T he bromine m ethod of M cllhiney (11) gained prom i­
nence, apparently  because it  provided means for distinguish­
ing brom ine consumed for addition  reactions from th a t for

substitu tion , th e  substitu ted  bromine being calculated from 
the resu ltan t hydrobrom ic acid. Evidence has been accu­
m ulating, however, which discredits th e  general su itability  
of this procedure. P u re  hydrocarbons of known unsaturation  
have yielded results for brom ine addition  num ber by the 
M cllh iney  m ethod which were n o t only too low b u t in  nu­
merous instances wrere negative values, indicating th a t re­
actions o ther th an  addition and substitu tion  occurred during 
th e  analysis. Grosse-Oetringhaus (5) concludes th a t  the 
M cllh iney m ethod is of value only in  those cases where sub­
stitu tion  has no t occurred as indicated by the absence of hy­
drobromic acid in  the reaction products. T he same lim ita­
tion appears to  apply  to the o ther m ethods m entioned—a 
condition probably commonly experienced w ith  saponifiable 
fats, b u t rarely  w ith  hydrocarbon m ixtures.

F iG tm E  1 . E f f e c t  o f  S a m p l e  S i z e  o n  M a g n i t u d e  o f  
I o d i n e  N u m b e r

A m o u n t of reag e n t co n s ta n t an d  in  every  case so  la rge  th a t  a t  leas t 
ha lf w as le f t unconsum ed  a t  end  of te s t .

M ost m ethods for determ ining unsaturation  employ an  ex­
cess of the halogen, apparen tly  to  ensure complete halogéna­
tion, th e  excess being titra ted  a fter the reaction period. 
F rancis (3) seeks to  avoid substitu tion  by  keeping the excess 
of brom ine low' through controlled addition of sulfuric acid to  
h is potassium  brom ide-brom atc reagent which upon acidi­
fication liberates bromine.

To stu d y  the effect of excessive bromine on brom ine addi­
tion  num ber, triisobutene was tested  both by F rancis’ and 
K aufm ann’s methods, using various excesses. T he results 
of these tests are shown in T able I. T riisobutene was chosen 
because its bromine addition num ber could no t be deter-
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F ig u r e  2 . E f f e c t  o f  S a m p l e  S iz e  o n  M a g n it u d e  o f  
I o d in e  N u m b e r

A m o u n t of reag e n t c o n s ta n t an d  in  every  case so large th a t  a t  le as t balf 
w as le ft unconsum ed  a t  end of te st.

mined sim ply and accurately by methods previously em­
ployed by  the authors.

These results clearly indicate a relationship between ex­
cess. of brom ine and m agnitude of bromine number. Though 
theoretical values are obtainable by such methods, they 
suffer the disadvantage of requiring a series of trial titra ­
tions to  determ ine the optimum excess of bromine.

Thom as, Bloch, and H oekstra (16) have improved the 
Francis m ethod by cooling in m any steps. However, the 
present au thors have found even this improved procedure to 
yield low results for triisobutene (58 to  62 vs. theoretical 95) 
and tctraisobutene (45 to  50 vs. theoretical 71). These low 
values have been confirmed by Lewis and B radstreet (10) in 
their fu rther im provem ent of the Francis method, which was 
published after the present paper had been subm itted for pres­
entation  a t  the September, 1940, meeting of the A m e r i c a n  

C h e m i c a l  S o c i e t y .
The da ta  shown in Table I caused the authors to investi­

gate th e  feasibility of titra ting  w ith bromine, since by such 
m eans the brom ine would never be in excess. Morrell and 
Levine (18) described a method based on this principle, ti­
tra tin g  in diffused light w ith bromine solution (4 per cent by 
volume in  carbon tetrachloride) which has been standardized 
against a  pure olefin, olefin-free naph tha  being recommended 
as solvent for the sample.

N orm ann (14) and H ofm ann (6‘) find the nature  of the 
solvent to  be an  im portant factor in brom ination reactions, 
and the present authors find th a t carbon tetrachloride tends 
to  re ta rd  the reaction and frequently renders the end point 
uncertain. Chloroform as solvent for bromine and sample 
was no t consistently satisfactory; nor was olefin-free naphtha 
(A. S. T . M . precipitation naph tha  and K ahlbaum ’s normal 
benzine) an im provem ent when employed as sample solvent. 
T he brom ine addition num ber of triisobutene, for example, 
could no t be obtained w ith naph tha  as sample solvent, though 
i t  was easily determ ined w ith chloroform as sample solvent, 
the titra tion  in each case being made w ith a solution of bro­
mine in glacial acetic acid, using bromine color for end point. 
T he chloroform-glacial acetic acid solvent combination proved 
very satisfactory, end points being sharp and absorption of 
brom ine rapid.

T he question of w hether or no t substitution occurs in the 
proposed method was no t directly investigated because of 
the intricacy of the problem. However, since K aufrnann’s 
and  F rancis’ m ethods give bromine numbers which approach

theoretical addition values as the excess of bromine employed 
becomes smaller, and since the proposed m ethod employs no 
excess of bromine and yields theoretical values, i t  seems a jus­
tified conclusion th a t substitu tion  does no t occur.

T he following are the details of the m ethod adopted by 
the authors.

A p p aratu s anti R ea g en ts

A 10-ml. buret divided in 0.05 ml., a 50-ml. buret divided 
in 0.1 ml., 25-ml. Erlenmeyer flasks, a  5-ml. pipet, a 1-ml. pi- 
pet divided in 0.1 ml., and 250-ml. glasg-stoppcred iodometric 
flasks.

Bromine (2 per cent by volume) in c. r . glacial acetic acid (keep 
in a dark, glass-stoppered bottle), 0.1 A sodium thiosulfate, 
c. p . chloroform, 10 per cent potassium iodide solution, and 
starch solution.

A L  E D I T I O N  91

T a b l e  I .  I n f l u e n c e  o f  E x c e s s  B r o m in e  o n  A p p a r e n t  B ro ­
m in e  A d d it io n  N u m b e r

(H ydrocarbon , triisobu tene)
Size of Excess of B rom ine A ddition  N u m b er
S am ple B rom ine F o u n d  T heo re tica l
Grams M g.

F ran c is ’ M ethod
0 .3 8 2 121 130]
0 .3 8 2 93 127
0.3S 2 70 119
0.3S 2 64 113 95
0 .3 8 2 54 103
0-382 8 97
0 .3 8 2 4 87
0 .3 8 2 2 77

K au fm an n ’s M ethod
0.151 215 120]
0 .151 144 117
0 .151 77 110 95
0.151 10 99
0 .151 0 94

Procedure
Weigh 0.100 to 1.000 gram of sample, depending on the degree 

of unsaturation, into a 250-ml. Erlenmeyer flask and to it  add 
5 ml. of chloroform. Volatile samples are best measured (0.1 to 
1.0 ml.) into 5 ml. of chloroform, and the weight of the sample 
calculated from its gravity. T itrate the sample directly (no 
indicator) with bromine reagent, adding it  until a distinct orange- 
yellow color is obtained which persists for about 15 seconds. 
With a little experience it is possible to add the bromine solution 
rapidly a t first and in 0.05-ml. portions toward the end of the ti­
tration.

The end point is obscure with some dark samples. In these 
cases, add the bromine reagent slowly, especially when approach­
ing the end point, and add with a glass rod one drop of the chloro­
form solution of the sample to about 1 ml. of potassium iodidc- 
starch solution kept in the cavity of a spot plate. The appear­
ance of the blue color marks the end point. This latter procedure 
is recommended only for dark samples w ith which the end point 
cannot otherwise be ascertained.

Determine the titer of the bromine reagent by introducing 
5 ml. of the bromine solution into 25 ml. of 10 per cent potassium 
iodide solution and 5 ml. of c. P. chloroform in a 250-ml. iodo­
metric flask, and titrating promptly with 0.1 N  thiosulfate in the 
usual manner, using starch as indicator toward the end of the 
titration.
C a l c u l a t i o n s :

1 ml. of 0.1 N  thiosulfate =c= 7.992 mg. of bromine

Mg. of Br per ml. of Br reagent X ml. of Br reagent consumed X 100 
wt. of sample in mg.

- bromine addition number

P rec is io n  a n d  A ccu racy

T he precision and accuracy of the proposed method, ap­
plied in a routine m anner, are evidenced by  T able II.

Some samples of diisobutene have been encountered where 
reproducibility has no t been too good—for example, 10 de-
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T a b l e  I I .  B r o m i n e  A d d i t i o n  N u m b e r s

A ctu a l C om position  of S am ples: 
K ah lb a u m  

no rm a l C yclo- D iiso- T riiso -
b enz ine  hexene b u te n e  b u tc n e

100
100

100
100

S ty ren e
B e n z e n e ,___
T oluene, com m ercial 
X ylenes, com m ercial 
T riisop ropy lbenzene, com m ercial 
O leic ac id , c .  p .
C yclohexane, c .  p .
Iso p en ta n e , c .  p .
T e tra iso b u ten e

B rom ine A dd ition  N u m b er 
F o u n d  T h e o re tic a l

0
0

198
193

100 140
100 144

ÍÓÓ 93
100 93

50 ‘¿Ó 100
50 50 100
50 50 71
50 50 71
50 50 43
50 50 45
50 50 46
50 50 46
50 50 46
50 "¿5 25 SO
50 25 25 83
50 25 25 61
50 25 25 57
25 *25 25 25 104
25

C . P .

25 25 25 106
153

0
2-2
3 -3
1 - 1

58
0-0
0-0

69-72

0
194

143

95

97

72

84

59

107

154
0
0
0
0

57
0
0

71

control m ethod to  follow hydrogenation or oxidation (blow­
ing) processes.

In  th is connection a  few experim ents were m ade to  com­
pare the indications of unsaturation  of fa ts  by the new method 
w ith  th a t by the W ijs m ethod. T he results are shown in 
Table IV.

In  the cases of tallow, castor oil, and blown rapeseed oil, 
results by the two m ethods generally agree, while in others 
the difference is large. H ydrogen num bers reported in the 
literature  (4) were calculated to  brom ine and compared w ith 
the results of the o ther two m ethods; however, hydrogen 
num bers were found for only two of th e  fats tested. T he 
hydrogen num ber of linseed oil (== B r 78), which showed 
the biggest difference for results obtained by  the  W ijs and 
d irect titra tio n  methods, checks th a t obtained by  the la tte r. 
T he higher results obtained by the W ijs m ethod m ay be due 
to substitu tion , since the reagent is used in excess. T he di­
vergence in the case of castor oil (hydrogen num ber =c= Br 
50) is unexplained a t  this w riting. Saturation  by brom ine of 
only one double bond of fa ts containing conjugated double 
bonds appears a  partia l explanation, confirmed by the values 
obtained for tung oil whose acids have three conjugated double 
bonds w ith  a  theoretical brom ine addition  num ber of 172.

T he experim ents on fats were no t exhaustive b u t are be­
lieved sufficient to  indicate u tility  for th e  proposed m ethod 
in the fa tty  oil industries.

term inations on a sample varied from 131 to  142 vs. a  theo­
retical bromine addition  num ber of 143. I t  was found, how­
ever, th a t  if one drop of w ater w as added to  the contents of 
th e  flask ju s t before commencing the titra tion , excellent re­
producibility and improved accuracy were obtained, the same 
sample run  10 times yielding results of 139 to  142. T he recom­
m endation to  add a  drop of w ater is m ade for this hydrocar­
bon only, as it  is generally unnecessary and m ay prove detri­
m ental w ith some.

T he results presented in T able I I  indicate th a t although the 
m ethod is prim arily intended for hydrocarbons of th e  gasoline 
range, i t  can successfully be applied to  other compounds, such 
as fa tty  acids and arom atic compounds having an  olefin link­
age; in  the la t te r  th e  arom atic double bond is n o t affected.

T he possible interference of such substances as sulfur di­
oxide, hydrogen sulfide, acids, or m ercaptans, all of which may 
conceivably be present in  naph thas a t  some stage of their 
processing, can be elim inated by  trea ting  th e  naph tha  w ith 
an  alkaline lead solution (doctor solution) and filtering prior 
to  m aking the brom ine num ber test.

The proposed m ethod was found also to  give reproducible 
and  correct values on finished gasolines, neither the  dye nor 
the  lead (3 cc. of tetraethyllead per gallon, 3.785 liters) in ter­
fering.

T a b l e  III . C o m p a r a t i v e  B r o m i n e  A d d i t i o n  N u m b e r s  b y  
D i r e c t  T i t r a t i o n  a n d  M c I l h in ’f.y  M e t h o d s  o n  U n k n o w n s

B rom ine A dd ition  N u m b er

T a b l e  I V . C o m p a r a t i v e  U n s a t o r a t i o n  o f  F a t s  b y  W i j s  
a n d  D i r e c t  T i t r a t i o n  M e t h o d s

D irec t M c llh in ey
S am ple  N o. ti tra t io n m e thod

1 95 39
2 140 - 5
3 151 24
4 0 0
5 16 5

O th er  A p p lic a tio n s

The authors feel th a t  i t  m ay  be possible to  advance the 
proposed m ethod as a rapid  substitu te  for the usual pro­
cedure for iodine value, as i t  requires only a few m inutes, 
compared w ith over an hour. I t  m ight thus become a useful

N a tu re  of F a t

U n sa tu ra tio n  
b y  W ijs M ethod  

As %  I j As %  B rj

U n sa tu ra tio n  b y  
D ire c t T i tra t io n  M ethod  
A s %  I i  A s %  Br*

Tallow 42 26 44 28
C o ttonseed  oil 112 71 84 53
C as to r oil 90 57 88 55
L a rd  oil 75 47 67 42
Linseed oil 182 115 123 79
R apeseed  oil 105 66 8S 55
B low n rapeseed  

oil 1 63 40 62 39
B low n rapeseed  

oil 2 59 37 61 38
Blow n rapeseed  

oil 3  _ 62 39 53 33
T u n g  oil 89 56
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Aliquant Samples in the Determination 
of Fluorides in Mixed Foods

EDW ARD J .  L A R G E N T
K e t te r in g  L a b o ra to ry  o f  A pp lied  P h y sio lo g y , C ollege o f  M e d ic in e , U n iv e rs ity  o f  C in c in n a ti ,  C in c in n a ti ,  O h io

IN  A STU D Y  of the fluoride content of the normal d iet i t  be­
came necessary to  ash to ta l 24-hour mixed food samples, 

including solids, semisolids, and liquids th a t were no t true 
solutions. (Fluids th a t were true  solutions were collected and 
analyzed separately.) Ashing the sample in its entirety  was 
difficult, fa ts  in the foods causing particular difficulty, and 
the tim e required for drying and ashing the entire sample 
was found to  be prohibitive. Consequently an a ttem p t was 
m ade to  devise a  m ethod of m acerating the sample, mixing 
it  to  homogeneity, and aliquanting.

Since acid digestion could no t be used, mechanical macera­
tion was tried. Grinding and thorough mixing w ith an elec­
tric food m ixer produced such apparent homogeneity as to  
justify  th e  a ttem p t to  use aliquants.

A series of 27 samples ranging from 900 to 1500 grams and 
representing the food intake of an experimental subject on 27 
successive days, was ground and mixed, and 300-gram aliquants 
were removed, both aliquants and remainders being ashed and 
analyzed. The 300-gram sample was usually completely ashed 
and ready for analysis after 6 to 12 hours in the muffle furnace. 
In the case of the large remainder, 4 to 6 times as much time was 
required for drying and ashing.

In  T able I  th e  m ean value of the results on the aliquants 
is compared w ith th a t on the remainders. The mean value of 
the results obtained from the aliquants did no t differ signifi­
cantly  from th a t from the remainders. Especially significant 
is the greater coefficient of variability for fluoride values ob­
tained from  th e  remainders. As the la tte r were bulky, the 
greater variability  of these results is a ttribu ted  to  the dif­
ficulties inherent in handling and ashing such large samples.

Since th e  4.5 to  7.0 grams of ash (and magnesium oxide) 
from 300 gram s of food were greater than  the am ount neces-

T a b l e  I. C o m p a r a t i v e  R e s u l t s

300-gram  aliq u an ts  
R em ainders a fte r  rem ove 

of 300-gram  a liq u an ts

Coefficient
No. of M ean S tan d a rd of

Sam ples F luoride  C o n te n t D ev ia tio n  V ariab ility
M  xerograms Mxerograms

271 248 **=9.2 =**70 28

27 249 ***13.1 =*=101 40

sary for distillation, an  a ttem p t was m ade to  reduce the size 
of the aliquant. Food samples for 25 successive days were 
used to  compare 150-gram aliquants w ith 300-gram quan ti­
ties. Comparison of the m ean value of results obtained by 
analysis of th e  sm aller a liquants w ith th a t  of th e  large ali­
quants is given in  T able II .

No significant differences exist between the mean values 
for the results obtained w ith the two sizes of aliquants. The 
means are stable and there is no significant difference be­
tween their coefficients of variability . Therefore, th e  use of 
a liquants of 150 grams or more will yield satisfactory results.

The second series of samples was obtained some tim e after 
the first. V ariation in  the d iet probably explains the lower 
mean fluoride content of the second series.

T a b l e  II. C o m p a r a t iv e  R e s u l t s

(R em ainders  n o t analyzed)

300-gram  a liq u an ts  
150-gram  a liq u an ts

C oefficient
N o. of M ean S ta n d a rd of

S am ples F luo ride  C o n te n t D ev ia tion V ariab ility
M icrogram s M icrogram s

25 158 >*=0.2 * 4 0 29
25 161 =*=6.S =*=50 31

F i g u r e  1. F o o d  M i x e r

M e th o d

The 24-hour food sample after collection in glass jars is ground 
in a household electric mixer with grinding attachm ent (Figure 
1). The wet weight is determined and magnesium peroxide is 
added a t the rate of 1.0 gram per 100 grams of wet food. (Mag­
nesium peroxide having the lowest fluoride blank obtainable 
should be procured.) The magnesium peroxide is mixed with the 
food for from 0.5 to 1.5 hours, depending upon the time required 
to obtain a  homogeneous mixture. Two 150-gram aliquants are 
weighed into 200-ml. nickel evaporating dishes and dried on an 
electric hot plate. The fats are driven out by charring on an elec­
tric burner and the sample is then placed in the automatically 
controlled electric muffle furnace, set a t 570° C. After complete 
ashing, the ash is weighed and prepared for distillation.

The fluoride is separated from the ash by distillation with 
perchloric acid according to M aclntire and Hammond's (3) modi­
fication of the method of Willard and Winter (4). Silver sulfate, 
as recommended by McClure (2), is added to the ash to  prevent 
volatilization of the chlorides.

The back-titration method of Dahle, Bonnar, and Wichman 
(1) is employed from this point on; the unconcentrated distillate 
is used.
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Determination of Iron by the Zimmerman- 
Reinhardt Method

Effects o f Tem perature and D eterm ination o f B lank

W IL L IA M  R . C R O W E L L , W A Y N E W . L U K E , a n d  T H O M A S  G . M A ST IN  
U n iv e rs ity  o f  C a lifo rn ia , L os A n g e les , C a lif.

IN  T H E  various procedures for determ ination of iron by the 
Zim m erm an-R einhardt m ethod as outlined in standard  

texts on analytical chem istry, there seems to  be a  fairly gen­
eral impression th a t  th e  trea tm en t w ith mercuric chloride and 
the titra tion  w ith  perm anganate are favored by  having the 
solutions a t  a  low ra ther th an  a  high tem perature, and  th a t 
the determ ination of th e  b lank does no t require the  presence 
of ferric chloride in the solution, although i t  is one of the end­
point products.

Regarding the mercuric chloride treatm ent one reads such 
statements as “cool a t least to  room temperature” , “cool com­
pletely’’, “ the temperature should not be over 25° C.”, etc. 
Concerning the permanganate titration the instructions vary 
from “ titrate the cool solution” to “dilute with ice-cold distilled 
water” . In  the m atter of the blank the following quotation is 
typical: “A blank should be carried out on the reagents used in 
the analysis.” In the many articles dealing with the Zimmerman- 
Reinhardt method evidently the temperature effects were not 
considered worthy of special consideration or comment, and there 
appears to  be no detailed information as to the proper method of 
obtaining a blank correction (1-5, 7-10). I t  is of significance to 
note th a t Meineke has shown th a t it  is possible for the ferric 
chloride to be reduced by the mercurous chloride and th a t the 
extent of the reaction depends upon the amount of mercurous 
chloride present (6).

I t  has been the experience of th e  present au thors th a t 
w ithin th e  range of 10° to  40° C. th e  results are little  affected 
by th e  tem perature  during th e  mercuric chloride treatm ent, 
b u t th a t  during the perm anganate titra tio n  there is a  notice­
able advantage in having the tem perature around 30° ra ther 
than  10° C. In  work of approxim ately 0.1 per cent accuracy 
the ferric chloride has an  effect on the  value of th e  blank by no 
m eans negligible. Tables I  and I I  a re  offered in support of 
these statem ents.

T a b l e  I. D e v i a t i o n s  o f  Z im m e r m a n - R e i n h a r d t  f r o m  J o n e s  
R e d u c t o r  M e t h o d

(A t d iffe ren t te m p e ra tu re s  of ad d itio n  of m ercuric  ch lo ride and 
perm an g an a te )

T e m p e ra tu re  of -------T e m p e ra tu re  of T itra tio n ------
H gC Ij A dd ition , 10° C. 20° C . 25 °  C . 30° C. 40° C .

° C . M l. of 0.1122 Ar K M nO i
10 0 .0 5 0 .0 5 0 .0 4 0 .0 4 0 .0 5
20 0.0-4 0 .0 5 0 .0 5 0 .0 5 0 .0 5
25 0 .0 5 0 .0 4 0 .04 0 .04 0 .0 5
30 0 .0 4 0 .0 3 0 .0 3 0 .0 3 0 .0 6
40 0 .0 4 0 .0 3 0 .0 3 0 .0 4 0 .0 6

T able I shows the effects of th e  tem perature of the solu­
tions during th e  m ercurous chloride precipitation and the 
titra tion  w ith perm anganate w ithin the tem perature lim its of 
10° to  40° C. T he deviations are th e  num ber of m illiliters of 
0.1122 N  perm anganate by which the Z im m erm an-R einhardt 
m ethod exceeds th e  Jones reductor m ethod in  the titra tion  of
25.00 ml. of approxim ately 0.17 N  ferric chloride solution. 
U nder th e  conditions of the experim ents the  results are ap­
parently  little  affected by  th e  tem perature of the m ixture dur­
ing th e  mercuric chloride trea tm en t, since the deviations a t  
10° C. are so little  different from  those a t  40° C. I f  there is 
any advantage a t  all i t  is probably a t  the higher tem perature. 
As for the titra tion  tem perature, th e  deviations do n o t indi­
cate th a t  there is any  advantage in cooling th e  solution to

10°, nor does there appear to  be any  harm  in having the  tem ­
perature as high as 30° C. In  the actual titra tions, however, 
the end points a t  30° and 40° were som ew hat sharper and did 
no t fade so rapidly  as a t  the lower tem peratures. I t  is prob­
ably inadvisable to  have th e  titra tio n  tem perature  as high as 
40°, as column 6 begins to  show a definite trend  tow ard higher 
results. In  Tables I  and  I I  all values are th e  results of 3 to 5 
determ inations whose average deviations were n o t greater 
than  0.01 ml.

T a b l e  II . D e t e r m i n a t i o n  o f  B l a n k

V olum e V olum e
T o ta l V olum e V olum e of P re ­ of 0.1022

E x p e ri­ V olum e of of SnCU of FeCla v en tiv e KM nO<
m e n t T em p . S o lu tion S olu tion Solu tion S olu tion R equ ired

° C. MU M l. MU MU M l.
1 10 500 10 20 25 0 .1 6
2 20 500 10 20 25 0 .1 6
3 40 500 10 20 25 0 .1 6
4 26 500 5 10 25 0 .1 2
5 26 300 5 10 25 0 .1 0
6 26 100 5 10 25 0 .0 9
7 26 500 5 0 25 0 .1 0
8 26 500 5 5 25 0 .1 1
9 26 500 5 20 25 0 .1 6

10 26 500 5 10 10 0 .1 4
11 26 500 5 10 40 0 .1 2

T able I I  shows the effects of tem perature, to ta l volum e of 
solution, and  am ounts of stannic chloride, preventive solution, 
and ferric chloride on th e  size of the b lank for th e  am ounts of 
m ercurous chloride, m ercuric chloride, and hydrochloric acid 
th a t  m ight be present in  a typical analysis. T he values of the 
b lank are expressed in  m illilite rs  of 0.1022 N  perm anganate. 
T he results indicate th a t  under th e  procedure used the value 
of the b lank is no t affected by  tem perature  (experim ents 1, 2, 
and 3) nor b y  th e  am oun t of stannic chloride (experiments 
3 and 9), b u t th a t  i t  does depend upon the volum e of the 
solution (experim ents 4, 5, and 6), th e  am oun t of preventive 
solution until a  certain lim it is reached (experim ents 4 ,10 , and 
11), and th e  am ount of ferric chloride (experim ents 4, 7, 8, 
and 9). T he im portan t poin t to  observe is the definite effect 
of the ferric chloride.

T he fac t th a t  the Z im m erm an-R einhardt m ethod is slightly 
higher th an  the  Jones reductor method, even under optim um  
conditions (0.08 per cent), m ay be due to  an  inherent differ­
ence betw een th e  two m ethods or to  personal factors. M ixer 
and D ubois have reported results obtained by  th e  two m eth ­
ods in which the Z im m erm an-R einhardt m ethod was slightly 
lower (0.07 per cent, 6). B am eby’s w ork indicates th a t  this 
m ethod shows no appreciable error (1), while results of Jones 
and Jeffrey (4), H arrison and Perkin (2), and Skrabal (9) 
show trends th a t  are distinctly  high.

R e a g e n ts

Preventive solution: 67 grams of manganous sulfate (MnSO«.- 
4HjO), 175 ml. of phosphoric acid (sp. gr. 1.7), and 133 ml. of 
concentrated sulfuric acid in 1 liter of solution. Stannous chlo­
ride: 50 grams of the iron-free dihydrate to 1 liter of solution 2 N  
in hydrochloric acid. Mercuric chloride: a saturated solution 
containing 5 ml. of 6 iV hydrochloric acid in each liter. Ferric 
chloride: a 0.1695 N  solution 3 N  in hydrochloric acid. Potas­
sium permanganate: 0.1122 N  and 0.1022 N  solutions.
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P roced u re
To standardize the ferric chloride solution by the Jones reduc- 

tor method, 25.00 ml. of solution were fumed with 10 ml. of con­
centrated sulfuric acid, 150 ml. of water were added, and the 
ferric sulfate was dissolved, cooled to room temperature, and 
rinsed through a Jones reductor until the final volume was about 
400 ml. Titration with permanganate followed, the end point 
taken being the appearance of faint pink which persisted for at 
least 30 seconds.

The blank was determined as follows: First, the blank of the 
reductor was determined from the difference between the per­
manganate titers a t room temperature of two 400-ml. solutions 
containing 10 ml. of concentrated sulfuric acid, one of which had 
been passed through the reductor and the other had not. The 
total blank for the process was obtained by adding this blank 
to th a t obtained on 400 ml. of solution containing 25 ml. of the 
iron solution which had been fumed with 10 ml. of concentrated 
sulfuric acid. Titrations of reduced iron solutions and blank de­
terminations made with the addition of 25 ml. of preventive solu­
tion produced the same results but yielded more satisfactory end 
points.

In  the procedure for the Zimmerman-Reinhardt method, which 
closely conformed to tha t of Bameby (1), 25.00 ml. of the ferric 
chloride solution were heated to 90° C., and stannous chloride 
solution was added until the yellow color disappeared, followed 
by 2 drops in excess. The solution was adjusted to the desired 
temperature and 10 ml. of mercuric chloride a t the same tempera­
ture were added with thorough mixing. After about 2 minutes 
the resulting solution was washed into a beaker containing about
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400 ml. of water and 25 ml. of preventive solution. The solution 
was adjusted to the desired temperature and with thorough stir­
ring titrated with permanganate a t an average rate of about 3 
seconds per ml. but more slowly toward the end, until a faint 
pink was obtained which persisted for 15 to 30 seconds.

The blank was determined as follows: The same volume of 
stannous chloride solution as tha t used in reducing the iron 
(approximately 10 ml.) was oxidized with permanganate until 
the solution was faintly pink, and 2 drops of stannous chloride 
solution were added, followed by 10 ml. of mercuric chloride solu­
tion and, after 2 minutes, 420 ml. of water containing 25 ml. of 
preventive solution. Finally 25 ml. of the ferric chloride solu­
tion were introduced, and the solution was allowed to  stand 2 
minutes (the approximate duration of the titration) and titrated 
with permanganate as in the regular determinations. W ith the 
exception of the conditions indicated, the blanks in Table II  were 
obtained by essentially the same procedure.

L ite ra tu r e  C ited
(1) Bameby, O. L., J . Am. Chem. Soc., 36, 1429 (1924).
(2) Harrison and Perkin, Analyst, 33, 43 (1908).
(3) Hauffe, M., C hem .-Z tg21, 894 (1897).
(4) Jones and Jeffrey, Analyst, 34, 306 (1909).
(5) Kolthoff, I. M., Pharm. Weekblad, 61, 1082 (1924).
(6) Meineke, C., Z. Bffenil. Chem., 4 ,  433 (1898).
(7) Mixer and Dubois, J . Am. Chem. Soc., 17, 405 (1895).
(8) Reinhardt, C., Chem.-Ztg., 13, 323 (1889).
(9) Skrabal, A., Z. anal. Chem., 42, 359 (1903).
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Distillation of Foaming Solutions under Vacuum
D ean  R . R ex fo rd , P la t te n s t r a s s c  78, Z iir ic h  7, S w itz e r la n d

D ia g r a m  o f  A p p a r a t u s

A . G lass b u lb  connected  w ith  ru b b er tubes, <?, an d
su p p o rted  b y  lever arm , H , b y  m eans of w ire con­
nec ted  a t  gooseneck

B . R u b b e r  connection  a n d  pinchcock
C. G lass stopcock  w ith  lever arm , H , a t ta c h a i  by  * ire

binding . B etw een  H  a n d  th e  s topcock han d le  are  
tw o  sm all ru b b e r  b locks, one a t  each end  of th e  
h and le, m ak ing  th e  a t ta c h m e n t less n g id  a n a  less 
liab le  to  b reak  .

D . C ou n te rb a lan ce  a t ta c h e d  by  w ire to  H  
B . A ir in ta k e
F . D is tilla tio n  flask
O. E asily  flexible ru b b e r  tu b in g  (vacuum )
H . G lass lever a rm  (b en t from  glass rod)

TH IS  device for the prevention of excessive foaming 
operates on the principle th a t, in the distillation of foam­

ing solutions under vacuum , a slight decrease in vacuum  tem ­
porarily arrests bubble formation and destroys built-up foam 
masses.

The height of bulb A  in respect to the mercury dish is adjusted 
so th a t as the vacuum approaches the point of bubble formation, 
the mercury will have been drawn up into A. The weight of the 
counterbalance, D, is such th a t when A  is full, or nearly so, the 
total weight of the mercury, A , and attached tubing, G, over­
balances D and pulls the lever arm, 11, down, opening stopcock 
C, and allowing a small amount of air to enter the system through 
opening E. The vacuum of the system is thereby lowered, allow­
ing the mercury to fall in its column out of A . The loss in weight 
allows D to  raise the empty bulb, A, and reclose C. The pump, 
operating continuously, then raises the vacuum again and the 
process is repeated.

The pinchcock, B, aids in regulating the frequency of the opera­
tion by partly closing off the A  portion of the system from the 
main vacuum system of which the distillation flask, F, is a  mem­
ber. The partial closure of B  makes a lowering of the vacuum in 
distillation flask, F, system less quickly felt in the A  system, so 
that, once down, the bulb tends to remain down longer than if 
the connection a t B  were left clear. If desired, a similar pinch­
cock (not shown) may be placed in the system between C and F 
above the side connection leading to A . In  this case, an opening 
of C produces more quickly a drop in vacuum in the A  system, 
allowing the mercury to fall faster out of A , thus raising the fre­
quency of the operation but allowing less air to enter the system 
per phase.

The final bend in lever arm, H, a t the point supporting A  should 
not be made until the optimum point for the particular apparatus 
is found. If the arm from C toward A  is too long, a lowering of 
th a t end of the lower arm will produce an undue lowering of the 
height of the mercury column in respect to  the mercury dish and 
the bulb will remain full until the vacuum of the system, measured 
in height of mercury, has fallen to a  point equal to the new height 
of the mercury column. On the other hand, if the arm is too 
short, there will be no appreciable lowering of the mercury 
column and the bulb will seek a point of equilibrium in which 
C will remain partially open and a  constant vacuum will be pro-
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duced. The length of H  from the central axis of C to  the point of 
a ttachm ent to  A  in the  apparatus is about 14 cm.

The degree of vacuum m ay be regulated by adjusting the 
height of the mercury column—i. e., raising or lowering the mer­
cury dish and /o r decreasing the weight, D.

W ith  th e  ap p a ra tu s  described, evacuated  to  12 m m . of 
m ercury  w ith  a glass w ate r pum p, i t  w as possible to  produce 
a  fluctuation  of vacuum  ranging from  5 m m . to  several cen ti­
m eters. T he  sam e fluctuations could be produced as well a t  
low er vacuum s. T he  frequency of th e  operation  could be 
ad ju s ted  from  8 to  20 phases per m inute .

Inasm uch  as a  low ering of vacuum  raises th e  boiling po in t 
of a  substance, fluctuation  of vacuum  in  th is  ap p a ra tu s  will 
produce a  corresponding fluc tuation  in  th e  boiling p o in t of th e  
solvent. T he  sam e precau tion  should be tak en  w ith  th is  ap­
p a ra tu s  as w ith  a m anually  controlled ap p ara tu s— i. e., h ea t 
should be applied  to  th e  d is tilla tion  flask in  such a  w ay  th a t , 
w ith  th e  decreases in vacuum , th e  tem p era tu re  does n o t rise

above th e  decom position p o in t of th e  m ateria l being trea ted . 
W ith  th is  ap p a ra tu s  a  w ate r b a th  w as used, th e  tem pera tu re  
of w hich w as m ain ta ined  a t  a  p o in t below th e  decom position 
tem p era tu re  of th e  m ost heat-sensitive substance in  th e  solu­
tion  being distilled.

If i t  is desired to  carry  on th e  d is tilla tion  in  th e  presence of 
an  in e rt atm osphere (carbon dioxide w as used in  th is case), 
app rop ria te  connections m ay  be m ade from  th e  gas cylinder 
o r generato r to  E.

I f  desired, capillary  tubes m ay  be used in  F. W ith  bad ly  
foam ing solutions, li tt le  advan tage  w as realized, th e  tubes 
tend ing  to  “ blow  u p ” bubbles form ed. If  an  in e rt gas is used, 
gas connections m u s t also be m ade to  th e  capillary  tubes.

T he  ap p a ra tu s  has been successfully used in  th e  d istillation  
of w ate r and  50 per cen t w ater-a lcoho l ex trac ts  of anim al tis­
sues. T he  speed of th e  d is tilla tion  is approxim ately  th e  sam e 
as for a carefu lly  controlled m anual operation .

New Color Reactions for Cannabis sativa Resin
W IL L IA M  JO H N  B L A C K IE , D e p a r tm e n t  o f  A g r ic u l tu r e ,  S u v a , F i j i

TH E  recognition of th e  resinous co n stitu en t of Cannabis 
sativa (Cannabis indica ) has been  rendered  difficult by  

th e  absence of reliable and  specific chem ical tests .
A  clue to  th e  n a tu re  of suspected  m a te ria l can  often  be 

ob ta ined  b y  microscopic exam ination ; th e  odor developed by  
h ea ting  th e  residue of a  pe tro leum  e th e r ex trac t a t  th e  tem ­
p era tu re  of th e  w ate r b a th  is also of d iagnostic value, provided 
th e  residue is free from  lipoid and  o th er m aterials ex tracted  
w ith  th e  resin during  toxicological investigations.

B eam  (1) developed a  delicate te s t, using alcoholic po tas­
sium  hydroxide, and  for m an y  years th is  te s t has been of 
d is tin c t service to  th e  an a ly s t in  th e  E a s t. D o u b t has been 
expressed in  regard  to  its  specificity, and  m oreover i t  has failed 
on  occasions w ith  genuine p lan t m a teria l and pharm acopoeia 
prepara tions.

R ecently , several new color reactions have been developed, 
n o tab ly  those of M unch  (4) and  G ham raw y (S) using p- 
d im ethy lam inobenzaldehyde and  {2) D uquenois and  M ous- 
ta p h a  using vanillin  and  acetaldehyde in  th e  presence of e thy l 
alcohol.

In  th e  D uqu6nois and  M o u stapha  m ethod  th e  colors are 
developed in  th e  presence of hydrochloric acid, and  in  the  
technique of G ham raw y and  of M unch  sulfuric acid is used.

I n  th is  labo ra to ry , a  considerable num ber of sam ples of 
gan ja , charas, and  bhang  come u nder observation  and  it  
w as considered th a t  an  exam ination  of these new m ethods 
would be of d is tinc t service in  connection w ith  forensic chemi­
cal work.

T he reactions of G ham raw y, D uquenois and M oustapha, 
and  M unch  were given b y  fifteen sam ples of Cannabis sativa 
resin  exam ined in  th is  labo ra to ry  and  appear to  be delicate 
te s ts  fo r th e  resin ; definite color reactions are  also obtained 
w ith  benzaldehyde, o-nitrobenzaldehyde, and  salicylaldehyde; 
th e  color is best developed w ith  hydrochloric acid ; th e  
reaction  is n o t ob tained  w ith  aliphatic  aldehydes and  there­
fore appears to  be specific for arom atic  aldehydes of th e  type  
s tud ied ; th e  reaction  can be carried o u t in  th e  presence of 
so lvents o ther th a n  e th y l a lcohol; th e  presence of an  arom atic 
a ldehyde group is essential for th e  reaction  as described in 
th is  paper; and  finally of 104 substances tes ted  b y  th e  tech­
nique, 15 sam ples of Cannabis sativa resin alone gave th e  
reaction .

I n  th is  paper de tec tion  m ethods only are considered 
a lthough  i t  is believed th a t  th e  te s t as carried o u t b y  th e  
au th o r using vanillin, salicylaldehyde, and  p-dim ethylam ino- 
benzaldehyde could be developed in to  a q u an tita tiv e  colori­
m etric  estim ation .

T he sam ples of Cannabis sativa resin exam ined in  th is 
investigation  w ere ob ta ined  b y  th e  ex trac tion  w ith  petroleum  
e ther of ten  separa te  sam ples of p lan t m ateria l of Ind ian  
origin and  five sam ples of th e  crude d rug  seized by  local cus­
tom  and  police officials. T he color changes recorded in  T able 
I  w ere given b y  th e  crude resin, th e  resin a fte r th e  passage 
th rough  a  T sw ett chrom atographic absorp tion  colum n of 
ac tiva ted  alum ina, and  th e  resin  a fte r tre a tm e n t w ith  ac­
tiv a ted  carbon.

E x p e r im e n ta l

In  T ab le  I  are recorded color changes using benzaldehyde, 
vanillin , o-nitrobenzaldehyde, p-dim ethylam inobenzaldehyde, 
and  salicylaldehyde.

T he m ateria ls  and  reagents were tes ted  in  th e  following 
m anner:

A volume of petroleum ether extract containing 2 mg. of the 
resin was either spotted onto a spotting porcelain plate with de­
pressions, or added to  a microtest tube and the solvent allowed to 
evaporate. A quantity  of the aldehyde corresponding to 3 mg. 
contained in 0.5 cc. of the solvent was added to  the resin and the 
m aterial was dissolved by manipulation w ith a microspatula. 
Concentrated hydrochloric acid was then added drop by drop 
from a micropipet until maximum color intensity was developed.

The tes t was carried out also by smearing a  m inute portion of 
the resin on filter paper, adding a  small drop each of benzyl 
alcohol and benzaldehyde, and developing the color w ith con­
centrated hydrochloric acid. The reaction under these condi­
tions is very striking and is of value in the examination of stains 
and minute quantities of the resin.

C olor C h a n g es
In  general under the  conditions of tes ting  described above 

benzaldehyde gave an  in tense v io let color w hich faded 
rapidly . V anillin gave a persisten t green-blue-green colora­
tion  and  in  some cases v io let tinges were no ted . T he blue- 
green color faded gradually , b u t in  a ll cases th e  color w as 
clearly perceptible a fte r  20 m inutes. o-N itrobenzaldehyde,
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T a b l e  I. C o l o r  C h a n g e s  o f  Cannabis sativa R e s i n

Alcohol S o lv en t R ea g en t Color Persistency
M eth y l alcohol A V iolet 1 m inu te

B  G reen -b lu e  green Slow change
C L ittle  change ..............
D  Violet red  Slow change
E  D eep green  Slow fade

E th y l alcohol A V iolet 3 m inu tes
B  D eep b lue green  Slow fading
C B row n yellow  Slow fading
D  V iolet red  Slow fadjng
E  D eep  green Slow fading

l8 o b u ty l a lcohol A V iolet m inu tes
B  G reen -b lu e  green Slow fading
C  B row n yellow 5 m inutes
D  V iolet red  Slow fading
E  D eep  green  Slow fading

A cetone A C loudy v io let 1 m inu te
B C loudy green  Slow fading
C  C loudy brow n 5 m inutes
D  C loudy p in k  Slow fading
E  C loudy  green Slow fading

B en ry l alcohol A V iolet 3 m inutes
B G reen -b lu e  green Slow fading
C  O range Slow fading
D  V iolet red  Slow fading
E  D eep green Slow fading

A. B enzaldehyde . B . V anillin. C . o -N itrobenra ldehyde .
E . S alicy la ldehyde.

R em arks 
F ades  rap id ly
P ercep tib le  green  a fte r  20 m inu tes  
Y ellow-green p rec ip ita te  
C loudy v io let a f te r  20 m inu tes 
Yellow green a f te r  20 m inu tes

F ades in  5 m inu tes 
D eep green  a fte r  20 m inu tes 
P alp  yellow  a f te r  20 m inu tes 
P ink  a f te r  20 m inutes 
G reen a f te r  20 m inu tes

F ades  rap id ly  to  s la te  
B lue green a fte r  20 m inu tes 
Slow fading  to  yellow 
P in k  a fte r  10 m inu tes 
G reen a fte r  20 m inu tes

C om plete  fading  in  5 m inu tes 
L igh t green  a f te r  20 m inu tes  
Yellow in 15 m inu tes  f
L igh t p ink  a f te r  20 m inu tes 
L igh t g reen  a fte r  20 m inu tes

F ades to  Blate in  5 m inu tes  
G reen afte r  20 m inu tes 
Y ellow a f te r  20 m inu tes  
P in k  a fte r  20 m inu tes  
P in k  a f te r  20 m inu tes

D . p -D im ethy lam inobenzaldehyde.

depending on the  solvent used, gave light to brown-yellow 
colorations which persisted up to  20 minutes. W ith p- 
dim ethylam inobenzaldehyde, beautiful violet-red colorations 
were developed which faded slowly, the color however being 
still perceptible after 20 minutes. W ith salicylaldehyde a 
beautiful emerald green color was developed im mediately 
and persisted w ith slow fading for over 20 minutes. The 
color faded to  a  yellow brown in 2 hours. The color changes 
were no t affected by the addition of acetaldehyde as recorded 
by DuquSnois and M oustapha.

T he reaction did no t take place if aliphatic aldehydes re­
placed th e  arom atic aldehydes. W hen experiments were 
performed using acetaldehyde and formaldehyde in the 
m anner described, in no case was color developed. Similarly 
ketones such as acetone and acctophenone fail to  react. 
T h a t the reaction requires the presence of a  free arom atic 
aldehyde group is indicated w ith salicylaldoxime. W hen 
this oxime is used in place of the free aldehydes recorded 
above, no reaction takes place.

E ffect o f  S o lv en t

T he best solvents appeared to  be benzyl alcohol and, in 
m ost cases, isobutyl alcohol. E thy l alcohol gave fair results 
w ith all the.aldehydes, b u t m ethyl alcohol and acetone were 
definitely inferior under the condition of test. This appeared 
to  be due to  e ither th e  insolubility of the reaction products in 
the solvents nam ed or the cloudiness developed by the excess 
acid required to  develop th e  maximum color in these solvents.

E ffect o f  A cid

N either sulfuric, nitric, nor acetic acid was able to develop 
color under the conditions of the test. W ith m ethyl alcohol 
and acetone as m uch as 1 cc. of acid was required to develop 
the color, whereas w ith isobutyl and benzyl alcohols 0.3 to 
0.4 cc. was sufficient.

S p ecific ity

These reactions, which are similar in  type, appear to  be 
specific for Cannabis sativa resin. G ham rawy has tested 60 
drugs, M unch 107 drugs, and D uquinois and M oustapha 
have also recorded the specificity of their technique. In  
this investigation several substances extractable from plant

m aterial w ith  petroleum  ether and 
o ther p lan t products which m ight 
appear in  extracts were tested  by 
the m ethods described above. T he 
following substances failed to  give 
the reactions recorded in T able I.

A l k a l o i d s . Atropine, aconitine, 
berbcrine, brucine, caffeine, cinchonine, 
codeine, colchicum, cocaine, ecgonine, 
homatropine, hydrastine, morphine, 
narceine, nicotine, narcotine, papav­
erine, strychnine, theobromine.

E s s e n t i a l  O i l s . Rosemary, ti-tree, 
croton, verbena, vetiver, nutmeg, amyg- 
dalus, bay, citronella, lemongrass, 
eucalyptus, cajuput, lavender, clove, 
chenopodium, sandalwood, turpentine.

F i x e d  O i l s . C a n d le n u t ,  tung, 
coconut, linseed, mustard dilo, peanut, 
cottonseed, castor, sesame, cedarwood, 
olive, hydnocarpus.

R e s i n s . Gurjun balsam, colophony, 
dammar, guiacum, Canada balsam, 
derris, kauri gum.

T e u p e n e s  a n d  S e s q u i t e k p e n e s . 
Pinene, ccdrene, carvene, camphene, 
vetivene, cadinenc.

S u g a r s . Dextrose, levulose, sucrose, 
mannose, lactose, galactose.

U n c l a s s i f i e d . Mcconic acid, crude opium, citronellol, 
citronellal, camphor, ethyl hydnocarpate, salicin, barbitone, 
nicotinic acid, phytosterol, carotene, ascorbic acid, abietic acid.

I t  is considered, therefore, th a t  th e  reactions recorded in 
Table I take place w ith  a constituent or constituents present 
in Cannabis sativa resin. The reactions have no t been carried 
ou t as y e t w ith m aterial of known physiological activ ity , so 
th a t i t  is no t possible to a ttr ib u te  the reaction to  a  physiologi­
cally active constituent or constituents.

S e n s it iv ity

A lthough th e  color is fleeting, the m ost sensitive reagent 
is benzaldehyde in  benzyl alcohol as solvent. A deep 
violet color is obtained im m ediately w ith am ounts of the 
order of 0.03 mg. Definite reactions can be obtained w ith 
0.1 mg. using vanillin, p-dim ethylam inobenzaldehyde, and 
salicylaldehyde in benzyl alcohol. o-N itrobenzaldehyde does 
no t appear to  be as sensitive as the o ther aldehydes. The 
slow fading in  color of the vanillin, p-dim ethylam inobenz- 
aldehyde, and salicylaldehyde reaction products suggest the 
possibility of colorimetric determ ination, b u t th is po in t has 
no t as y e t been investigated.

C o n c lu sio n

A definite chemical reaction takes place betw een one or 
more active constituents of Ind ian  hem p and certain  arom atic 
aldehydes dissolved in  suitable solvents and in  th e  presence 
of concentrated hydrochloric acid. T he color changes are 
characteristic of the aldehydes and Cannabis saliva resin. 
Of the m aterials tested  Cannabis indica resin alone reacted 
in the m anner described.
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Determination of the Acetyl Group
JO H N  R . M A T C IIE T T  A N D  JO S E P H  L E V IN E  

U . S. B u re a u  o f  N a rc o tic s  L a b o ra to ry ,  W a s h in g to n , D . C.

TH E  determ ination  of acety l content by  m eans of trans- 
esterification in ethanol, followed b y  distillation and 

determ ination of the e thy l acetate so formed, was first de­
scribed by  Perkin (3), who employed sulfuric acid to  catalyze 
th e  reaction. T he original procedure has since been modified 
w ith  a  view to  lessening th e  decomposition of residues and 
driving the reaction to  completion, as well as assuring quan­
tita tive  recovery of ethy l acetate.

Sudborough and Thomas (5) substituted aromatic sulfonic 
acids for sulfuric acid as catalyst, eliminating charring of residues 
together with attendant errors due to formation of sulfur dioxide 
during distillation. Freudenberg (2) employed an interm ittent 
refluxing-distillation technique, adding fresh ethanol to the reac­
tion flask after the first ester had been distilled off and repeating 
the refluxing-distillation sequence. Phillips (4) introduced alcohol 
vapors into the reaction flask from an external generator during 
the distillation. These methods require the accumulation of 
considerable volumes of distillate.

T he method herein described accomplishes th e  rem oval of 
e thy l acetate in  a minim um volume by distillation through 
an efficient fractionating column, arranged for operation 
under to ta l reflux w ith in te rm itten t small volum e take-offs. 
A nearly constant volume is retained in the reaction chamber, 
thereby avoiding concentration of the acid in  the solution, 
and enhancing the likelihood of recovery of th e  deacetylated 
residue if desired. A dvantage is taken of the difference in 
boiling points of the ternary  azeotrope ethy l acetate-ethanol- 
w ater (b. p. 70.2°) and alcohol (b. p . 78.3°), which is suf­
ficiently large to  perm it ready quan tita tive  separation. Con­
centrated aqueous hydrochloric acid is used as cata lyst in 
place of th e  less readily available arom atic sulfonic acids or

th e  objectionable sulfuric acid. I t  is equally effective under 
the specified conditions and  no chloride resulting from  the 
distillation of either hydrochloric acid itself or ethyl clüoride 
m ay be detected in  the hydrolyzed distillate.

T a b l e  I. R e s u l t s

C om pound

D iac c ty l m orph ine  H C i 
C alc ium  ac c ta te .H iO  
A spirin

A cetan ilide

Vol. of 0.1 N  
N nO H A cety l

W eigh t C onsum ed F o u n d C alcd .
Gram M l. % %

0 .8064 3 7 .7 2 0 .1 0 2 0 .3 0
0 .3 2 5 0 3 6 .8 4 8 .6 9 4 8 .8 4
0 .5 0 2 5 2 7 .8 2 3 .7 9 23 .8 8
0 .7247 4 0 .2 2 3 .8 5
0 .7187 3 9 .8 23 .8 1
0 .7 2 4 3 4 0 .3 23 .9 3
0 .7 1 1 8 3 9 .6 5 2 3 .9 5
0 .1 9 0 0 1 4 .0 3 1 .6 8 3 1 .8 5
0 .2 0 3 8 14 .95 31 .5 4
0 .2 0 1 3 14 .9 5 3 1 .9 3
0 .2 0 1 5 1 5 .0 32 .0 1
0 .2 0 8 0 11 .4 5 23 .6 7 24 .01
0 .1897 1 0 .5 2 3 .8 0
0 .2 0 1 8 1 1 .2 23 .8 7
0 .2 0 0 6 11.1 23 .7 9

A cetphenetid ine

T he appara tu s (Figure 1) used is simple and readily  con­
structed , and the procedure involves a m inim um  num ber of 
operations. By suitable modification, the  m ethod can be 
adapted  to sem im icrooperation. T he small final volum e in  the 
receiving flask, in con trast to  th a t  obtained by  o ther pro­
cedures, perm its use of an initially  more d ilu te standard  
alkali solution for the saponification of the e thy l acetate, 
while retaining a  sufficient final concentration to  bring about 
the saponification. Objections to  trans-esterification m ethods 
h itherto  published, noted by C lark (1) on these grounds, are 
thus overcome.

A p p a ra tu s
A 100-ml. round-bottomed flask, A , fitted with a f  12/30 

joint, B, serving as inlet is attached to a 14-mm. tube, C, 55 cm. 
in length, packed with 4-mm. single-turn glass helices for 50 cm. 
of its length. The condenser, D, is set off the top of this column, 
causing the condensate to  return to the head of the column 
through the 4-mm. U-tube, E, of 1- to 2-ml. capacity. The 
take-off, F, consists of a tube and stopcock sealed into the lowest 
point of the U-tube and passing through a two-holed stopper, G, 
to which a 125-ml. Erlenmeyer flask is attached. The tube is 
almost long enough to reach the bottom of the latter flask. 
Through the second hole of the stopper is a  vent protected by a 
soda-lime tube. The apparatus may be washed by flushing 
through the condenser, removing the wash-liquid through opening 
B  by means of a tube attached to a suction fiask.

P ro ced u re
O - A c e t y l . Introduce a suitable sample (equivalent to 10 

to 30 ml. of 0.1 N  alkali) into A  through B, washing it in with a 
total of 50 ml. of pure absolute ethanol, previously freed from 
ester and aldehyde by refluxing and distillation over potassium 
hydroxide and aluminum powaer. Add 2 ml. of concentrated 
aqueous hydrochloric acid and several Carborundum chips to 
serve as boiling points. A ttach a 125-ml. flask containing an 
excess of 0.1 N  sodium hydroxide solution to G, with the end 
of F  extending below the surface of the solution. Immerse the 
receiving flask in an ice bath.

Distill the solution in A as rapidly as possible without flooding 
the column, keeping the stopcock in F  closed. Drain E  through 
the stopcock after each of eight 15-minute intervals. Remove 
the receiving flask, wash the outside of the tube with 5 ml. of 
ethanol, and allow 2 to 3 ml. of distillate to wash through the 
inside. Reflux the solution 0.5 hour. Cool and titra te  the 
excess sodium hydroxide with 0.1 N  acid, using phenolphthalein 
as indicator. Each milliliter of 0 .1N  sodium hydroxide consumed 
is equivalent to 0.0043 gram of acetyl. A blank run on the alco­
hol should not consume more than 0.1 ml. of 0.1 N  sodium 
hydroxide.

98
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N - A c e t y l . Proceed in the manner described above but use 
3 ml. of hydrochloric acid as catalyst and space the take-offs at 
intervals of 30 minutes rather than 15.

T he velocity of the trans-esterification reaction is, of course, 
dependent on the structure of the compound concerned as 
well as th e  concentration of acid, and in general is greater for 
O-acetyl th an  for N -acetyl compounds. T he tim e of re- 
fluxing and am ount of catalyst indicated have been found 
suitable for the substances studied. These include acet-

phenetidine, which reacts with considerable difficulty; hence, 
it  is presumed th a t the conditions specified would suffice for 
m ost compounds.
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Mineral Analysis of Biological Materials
Use o f the Lundegardh Spectrographic Method

M A R Y  A. G R IG G S , R U T H  JO H N S T IN , AND B O N N IE  E . E L L E D G E  
W ellesley  C ollege, W ellesley , M ass .

IN  1929 and 1934 Lundegardh (1 ,2) published the details of 
an accurate quantita tive spectrographic method for the 

determ ination of small quantities of m etals by using an air- 
acetylene flame into which was sprayed a  solution of the sub­
stance under investigation. Since th a t time, m any improve­
m ents in th e  apparatus (4, 10) have simplified the procedure 
w ithout affecting the accuracy and reproducibility of the 
results. This m ethod of excitation for the production of emis­
sion spectra has been shown to be very dependable, and more­
over i t  “ is characterized by a rem arkable absence of interac­
tions between the elements in the course of the analysis” (9). 
This is true  of both anions and cations. The method has 
proved to  be especially valuable for the analysis of biological 
substances of all kinds because, in comparison w ith chemical 
m ethods, it  requires very small am ounts of m aterials, and the 
determ inations are more rapid and usually of a higher degree 
of accuracy.

<r SOLUTION

♦
UK

F ig u r e  1. D ia g r a m  o r  B u r n e r

In  order to  make a thorough study  of the possible uses of the 
LundegS.rdh technique, various types of problems have been 
investigated. A t th is tim e final reports on the special prob­
lems are n o t being made, b u t such results are included as are 
necessary to  show the accuracy and adap tab ility  of the 
m ethod.

Apparatus
The apparatus consists of three distinct parts: a Lundeg&rdh 

air-acetytene burner and the sprayer through which the solution 
is introduced into the flame, a Ililger medium quartz spectro­
graph for photographing the spectra, and a Zeiss spectrum line 
photometer for measuring the intensity of the spectral lines.

The burner (11), sprayer, and nozzle (6) are shown diagram- 
matically in Figure 1. The inverted position of the sprayer per­
mits the use of as little as 2 ml. of the solution.

The arrangement of the burner and the spectrograph is shown 
in Figure 2. In the background are the two manometers that 
indicate accurately the air and acetylene pressures, which can be 
controlled by slight adjustments of the reducing valves on the 
cylinders. The rack a t the left is used for draining the sprayers, 
and the switch box, shown on the table, controls the solenoid 
which operates the shutter in front of the slit.

The burner is set up about 45 mm. in front of the slit and ex­
actly in the line of the optical axis of the spectrograph. The in­
tensity of the light entering the slit is greatly increased by the 
reflection of the flame from a mirror, which is placed so th a t the 
reflected image is also in the line of the optical axis of the spec­
trograph. Lundeg&rdh found tha t the most complete emission 
of most elements takes place in the part of the flame 15 mm. 
above the top of the inner blue cone (4). For this reason the 
height of the burner is adjusted so th a t this portion of the flame 
is directly in front of the slit.

E x p er im en ta l P roced u re

The conditions which produce the maximum intensity of the 
lines without too much background are obtained by exposures of 
2 minutes with an air pressure of 26,366 kg. per square meter 
(37.5 pounds per square inch) and an acetylene pressure of about 
26 cm. of water. Compressed air and acetylene are used from 
the cylinders as purchased. The slit width is 0.05 mm. and the 
length of the slit is only 1 nun., so that forty-two exposures can 
be made on each plate.

Eastman plates No. 33 are used. They are developed for 6 
minutes in a tank with Eastm an high-contrast developer, formula 
D-19, and fixed for 12 minutes with Eastm an acid fixer, formula 
F-5.

The intensities of the spectral lines are determined by examina­
tion of the plate in the mierophotometer. A device for reading 
"near the line” similar to tha t used on the Lundegardh photome­
ter (?) has been attached to the Zeiss instrument. The ratio 
of the reading of the line to the reading of the background is 
called the intensity ratio (3, 5) and is used for the construction 
of the intensity ratio-concentration curve. The values for the 
concentrations are those of four different standard solutions whose
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F ig u r e  2 . S e t - u p  o p  B u r n e r

spectra are photographed on every plate. Two exposures are 
taken of every solution and the average of the two intensity ratios 
is used. At three different intervals on the plate, the spectrum 
of one of the standards is repeated; this makes it possible to 
construct a correction curve if the values show any variations tha t 
might be due to  emission conditions or to the plate emulsion.

In  T able I  the wave lengths and the m aximum and mini­
mum concentrations which are suitable for the. construction 
of th e  concentration-in tensity  ratio  curves, expressed both  
in m olarity  and in gram s per liter of solution, are given for 
each of the m etals used.

Some typical in tensity  ra tio-concentration  curves are 
shown in Figure 3.

A ccu racy

In  order to  investigate the accuracy of th is  m ethod, solu­
tions of known concentrations of a  num ber of th e  m etallic 
ions were prepared and the ions then  determ ined by the 
Lundeg&rdh m ethod, using a single plate, w ith  the results 
presented in T able II .

Table I. W a v e  L e n g t h s  a n d  C o n c e n t r a t io n s  o p  M e t a l s

M eta l
Â .

M o larity
G ram /l.

C alcium 4 226 .7 0 .00001 2 5 -0 .0 0 0 1 0 .0 0 0 5 0 -0 .0 0 4 0
C ob a lt 3526 .8 0 .0 0 0 2 5 -0 .0 0 2 0 .0 1 4 7 -0 .1 1 7 9
C opper 3247 .5 0 .0 0 0 0 2 5 -0 .0 0 0 2 0 .0 0 1 5 9 -0 .0 1 2 7
Iron 3720.1 0 .0 0 0 2 5 -0 .0 0 2 0 .0 1 3 9 5 -0 .1 1 1 6
M agnesium 2852.1 0 .0 0 0 2 5 -0 .0 0 2 0 .0 0 6 1 -0 .0 4 S6
M anganese 4 0 3 0 .S 0 .0000 1 2 5 -0 .0 0 0 1 0 .0 0 0 6 9 -0 .0 0 5 5
N ickel 3524 .5 0 .0 0 0 2 5 -0 .0 0 2 0 .0 1 4 7 -0 .1 1 7 4
P o tass iu m 4044 .2 0 .0 0 0 2 5 -0 .0 0 2 0 .0 0 9 8 -0 .07S
Silver 33S3.9 0 .0 0 0 0 2 5 -0 .0 0 0 2 0 .0 0 2 7 -0 .0 2 1 6
Sodium 3302 .3 0 .0 0 0 5 -0 .0 0 4 0 .0 1 1 5 -0 .0 9 2 0

T a b l e  II. C o m p a r is o n  o f  W e ig h t s  o p  E l e m e n t s  P r e s e n t  w i t h  W e ig h t s  
F o u n d  b y  L u n d e c Ar d h  M e t h o d

C alcium C opper Iro n M agnesium M anganese P o tass iu m Sodium
G ram /l. G ram /l. G ram /l. G ram /l. G ram /l. G ram /l. G ram /l.

P resen t
F ound

0.00301
0.00299
0 .00302
0 .00296

0 .0 0 9 5
0 .0 0 9 2
0 .0092
0 .0 0 9 0

0 .0837
0 .0 8 2 2
0 .0 8 6 0
0 .0S 50

0 .0365
0 .0356
0 .0 3 5 2
0 .0341

0 .00412
0 .00412
0 .00408
0 .00413

0 .0 5 8 7
0 .0583
0 .0 5 3 5
0 .0561

0 .0 6 9 0
0 .0690
0 .0682
0 .0 6 7 4

P resen t
F o u n d

0 .00140
0,00142
0 .00140
0 .00135

0 .0045
0.C042
0 .0047
0 .0044

0 .0391
0 .0404
0 .0366
0 .0 3 9 0

0 .0170  
0 .0178  
0 .0 1 5 8  ' 
0 .0 1 5 8

0 .00192
0 .00192
0 .00192
0 .00199

0 .0274
0 .0264
0 .0 2 8 4
0 .0 2 7 0

0 .0322
0 .0 3 4 5
0 .0 2 9 5
0 .0333

P resen t
F ound

0 .00060
0.00057
0 .00062
0 .00065

0 .0019
0 .0 0 1 7
0 .0022
0 .0017

0 .0167
0 .9166
0.01S1
0 .0 1 6 6

0 .0073
0 .0 0 6 5
0 .0081
0 .0083

0 .00082
0 .00078
O.OOOS7
0 .00094

0 .0 1 1 7
0 .0111
0 .0111
0 .0091

0 .0138
0 .0123
0 ,0 1 3 4
0 .0130

P re p a r a tio n  o f  M a te r ia ls
Since this m ethod dem ands th a t  the m etallic elem ents be 

in solution, th e  preparation of m aterial for th is analysis is a  
m a tte r of g reat im portance. In  the  first place accurately 
calibrated volum etric appara tus and chemicals of the highest 
pu rity  are essential and have been used th roughout th is work. 
Spectrographic tests were m ade on concentrated solutions used 
in, the preparation of all s tandard  solutions and reagents to 
ensure the absence of im purities.

In  order to avoid a  difficulty frequently  encountered in cor­
relating  the results of several investigators—namely, the un­
certa in ty  of th e  m oisture conten t of th e  in itial m aterial—a 
study  of possible m ethods of m oisture determ ination has been 
m ade. T he following procedures have been adopted:

Solid materials are pulverized, weighed, and dried to constant 
weight a t 70° C. Those substances which become darkened or 
charred a t this temperature are spread in thin layers in large flat 
weighing bottles and allowed to stand in desiccators over con­
centrated sulfuric acid until the weight is constant. This usually 
requires about 72 hours. The samples of liquids such as orange 
juice or blood are weighed, and also when possible the volumes 
are measured. Thus the final results can always be definitely 
expressed in relation to  the original material.

Various m ethods for the actual trea tm en t of the m aterial 
have been tried  and digestion w ith n itric  acid and Perhydrol 
has been found to  be very satisfactory. Complete oxidation 
of even large quantities of organic m aterial can be accom­
plished in relatively short periods and the residues are readily 
soluble in w ater or in very dilute n itric acid.

The method adopted for all purposes has been to weigh the 
material directly into 70-ml. Pyrex test tubes calibrated a t 20 ml. 
Nitric acid is added and the tubes are then heated in boiling water 
until any moisture present, as in orange juice, is nearly evaporated 
off. The tubes are then heated in a concentrated sulfuric acid 
bath a t a temperature between 120° and 140° C. until the solution 
is clear. Perhydrol is next added and the tube is carefully heated 
over a microburner. If necessary, small additional portions of 
nitric acid and Perhydrol are added to decolorize the solution 
completely and the solution is finally evaporated nearly to  dry­
ness. I t  can then be diluted to the 20-ml. mark or transferred 
to any small volumetric flask and diluted to volume. I t  may bo 
used both for the spectrographic determination of the trace 
metals and for the various dilutions needed for the more abundant 
elements present.

Com plete oxidation of organic m a tte r  is im portan t because 
it  has been found th a t a  residue m ay contain practically all of 
the calcium and cannot safely be discarded. Lundeg&rdh 
(5) has showij th a t  the presence of n itric  acid of th is concen­
tration  in these solutions does n o t affect th e  spectrographic 
determ inations of the m etals. “Sulfuric acid and nitric acid 
a t  a  concentration of 1 mole had no perceivable effect upon 
any cation.”

Several o ther m ethods for the preparation of th e  m aterial 
were studied and abandoned. D ry-ashing a t  400° was ac­
companied by a loss of about 30 per cent of the to ta l potassium  

and by as m uch as 10 per cent of the cal­
cium. E xtrac tion  by  refluxing w ith 
m olar hydrochloric acid and centrifuging 
or filtering off the organic residue gave 
excellent results for the more plentiful 
elements, b u t could no t be used for the 
trace elements. A sim ilar extraction 
w ith nitric acid showed repeatedly th a t 
the calcium was very largely adsorbed by 
the residue. T he use of any K jeldahl 
m ethod was v itiated  by the large 
q u an tity  of sodium extracted from  the 
Pyrex glass (13).

Since the preparation of various m ate­
rials for analysis m ay involve slight losses 
of some of th e  m etals, the possible re-
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covery of such substances, added in known am ounts a t  the 
beginning of th e  experiment, was studied. Table I I I  shows 
such results for some m etallic ions added to  50-mi. portions 
of orange juice.

For a  d ry  m aterial the recovery was tested by adding 
0.00023 gram  of calcium ion to a 2.4032-gram sample of 
butter-beans before wet-ashing. The calcium recovered was 
0.00020 gram .

T a b l e  I I I .  R e c o v e r y  o f  M e t a l s  A d d e d  t o  O r a n g e  J u i c e

M eta l A dded T o ta l M eta l A dded M eta l
A verage M eta l F ound R ecovered
G ram /l. G ram /l. G ram /l. G ram /l.

0.274 0 .4365 0.281
C alcium 0 .1 5 6 0.274 0 .4320 0 .2 7 6

0.274 0 .4290 0 .2 7 3
4 .6 9 7 .49 4 .8 8

P o tass ium 2 .6 1 4 .69 7.23 4 .6 2
4 .6 9 7 .4 9 4 .8 8
0 .1 9 9 0 .2 9 0 0 .1 8 0

M agnesium 0 .1 1 0 0.199 0 .290 0 .1 8 0
0.199 0.299 0 .189
0 .0230 0.0383 0.0231

Sodium 0 .0152 0 .0230 0 .0375 0 .0223
0 .0230 0 .0356 0 .0204

A p p lica tio n s
The p lan t m aterials investigated were m ainly oranges, 

b u tte r beans, and pectinates. M uch of the prelim inary work 
was done on oranges furnished by the Agricultural Experi­
m ent S tation  a t  Orlando, Fla. Triplicate analyses of one 
variety  of Tem ple oranges are given in  Table IV. I t  is of 
interest to  compare these results w ith those of R oberts and 
G addum  (IS).

T a b l e  IV . A n a l y s is  o f  T e m p l e  O r a n g e s

(G ram s of m eta l pe r lite r  of ju ice  an d  pulp) 
C opper Iro n  M agnesium  M anganese
G ram /l. G ram /l. G ram /l. G ram /l.

Ca o .000025
Mol ar

00005
C o n c e n t r â t ¡ on

. 0 00 1

F ig u r e  3 . C o n c e n t r a t i o n - I n t e n s i t y  R a t io  C u r v e s  f o r  
C a l c i u m  a n d  I r o n

C alcium
G ram /l.

0 .1 5 8
0 .1 5 3
0 .1 5 6

0.000465
0.000466
0.000451

0.00198
0.001S7
0.00209

0 .1 1 2
o.ios
0 .1 0 4

0.000372
0.0003S0
0.000377

P o tass iu m
G ram /l.

2.00
2 .0 6
2 .2 5

S odium
G ram /l.
0.0201
0 .0194
0 .0 2 1 8

This m ethod was also found useful for the analysis of 
aquarium  and natu ra l sea w aters and has been successfully 
applied to  anim al tissues, lenses of ra t eyes, bones, and both 
whole blood and serum. R a t blood samples ranging from 
0.2 to  1.7 gram s were quantita tively  transferred from the 
weighing bottles to  the digestion tubes by trea tm en t w ith 
hot n itric  acid and distilled w ater and the usual wet-ashing 
procedure was followed. One gram  of blood required about 
1 ml. of acid and about 20 drops of Perhydrol for complete 
oxidation. T able V gives the results of triplicate determ ina­
tions m ade on an  experimental ra t  which probably had de­
veloped anemia.

S u m m a r y

The Lundeg&rdh air-acetylene burner used for the excita­
tion of the emission spectra of metallic substances in solution 
is described, together w ith  the Lundeg&rdh m ethod of calcu­

lation of the concentration of these ions in the solutions used. 
A series of results for calcium, copper, iron, magnesium, 
manganese, potassium , and sodium shows a very satisfactory 

recovery of these elem ents when solu-
........................ 1 tions containing known concentrations

are analyzed.
M ethods of drying the biological m ate­

rials are given, followed by  a  discussion 
of m ethods of preparation of these sub­
stances for analysis. Complete oxidation 
w ith n itric  acid and  Perhydrol a t  120°

  ,« to  140° C. is recommended. Recovery
of m etals added to  these m aterials before 

th e  above trea tm en t is excellent.
The wide applicability of the m ethod is evident from its 

successful use in  the analysis of such substances as oranges, 
beans, pectinates, aquarium  'water, ra t  lenses, bones, and 
blood.
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0 .3 4 4 0 0 .00515 0 .1 9 8 0 .0359 0 .2045
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Determination of Metals in Some Pectinates
Com parison o f Photom etric and Spectrograpliic M ethods

P H Y L L IS  A M B L E R  a nd  M A R Y  A . G R IG G S  
W ellesley  C ollege, W ellesley , M ass .

D U R IN G  certain biological investigations, i t  became 
necessary to  determ ine th e  m etal content of cobalt, 

nickel, and bism uth pectinates and of preparations contain­
ing these substances. (The pectinates were obtained from the 
Sardik C om pany and the nickel pectinate gel from E li Lilly 
and Com pany.) Since a  Zeiss-Pulfrich photom eter for colori­
m etric m easurem ents and the  complete spectrograpliic 
equipm ent for analysis by  the Lundeg&rdh (2, 8, 4) method 
were available, these two m ethods were studied in order to 
compare their agreem ent when used for small quantities of 
the m aterials.

T a b l e  I. A v e r a g e  P e r  C e n t  M o i s t u r e  i n  
P e c t i n a t e s

A verage
M oistu re,

%
N ickel p e c tin a te  I 
N ickel p e c tin a te  I I  
N ickel p ec tin a te  I I I  
N ickel p e c tin a te  IV  
N ickel p e c tin a te  gel 
C o b a lt p ec tin a te  
B ism u th  p ec tin a te

7 .64
7.91
4 .5 3
5 .5 2

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

E x p er im en ta l M e th o d s  a n d  R e su lts
As it  was found possible to  d ry  the m aterials to  constant 

weight a t  70° C. w ithout any  change in appearance, this tem ­
perature  was used for the determ ination of m oisture.

In  general, when the d ry  m aterial was prepared for analysis 
by ashing a t  500° C. before trea tm en t w ith  nitric acid, there 
was a slight loss of the metals. F o r this reason and also be­
cause the percentage of to ta l ash was no t im portant, all solu­
tions were prepared by  wet-ashing w ith concentrated nitric 
acid a t  125° to  145° C. un til all organic m aterial was de­
stroyed (1). M ost of the acid was then expelled, and after 
necessary dilutions were made the solutions were ready for 
analysis.

T he Lundeg&rdh spectrograpliic m ethod as used in this 
study  has been described in detail by  Griggs, Johnstin , and 
Elledge ( / ) .  T he spectrum  lines used for nickel and cobalt 
were 3524.5 and 3526.8 A., respectively. T he concentration 
curves for both  the nickel and cobalt were constructed from 
standard  solutions containing from 0.002 to  0.00025 mole per 
liter. T he results of these analyses are given in Tables II, 
I I I ,  and IV. As Lundegilrdh found, th is m ethod of excitation 
does no t produce spectrum  lines suitable for the determ ination 
of bism uth, so th a t no spectrograpliic results could be ob­
tained.

N i c k e l . The photometric method used by M urray and Ash­
ley (6) for the determination of nickel in steel was chosen for the 
analysis of nickel pectinates. The concentration curve was 
prepared by the use of solutions containing 0.2560 to 0.0512 mg. 
of nickel. To each solution citric acid, saturated bromine water, 
ammonia, and dimethyl glyoxime were added before dilution to 
the final volume of 100 ml. The nickelic complex solution has a 
pale wine color. I t  was found necessary to  take the photometer 
readings after 5 minutes had elapsed and to complete them within 
the next 5 minutes in order to avoid change in transmission.

Nickel pectinates I  and I I  were found to  contain some 
silica, which evidently was precipitated w'hen am m onia was 
added and adsorbed the colored nickel complex. I t  was

therefore necessary to  rem ove the silica by  trea tm en t w ith 
hydrofluoric and sulfuric acids before m aking the photom etric 
determ inations.

C o b a l t . The photometric method developed by MacPherson 
and Stewart (5) for the determination of cobalt was adopted. 
The concentration curve was prepared by the use of solutions 
containing 0.02585 to 0.002585 mg. of cobalt. The cobalt 
was oxidized by nitric and hydrochloric acids and a complex 
yellow cobaltic compound was formed by the addition of nitroso- 
R  salt and sodium acetate w ith careful control of temperature and 
pH of the solution, the final volume of which was exactly 25 ml. 
Since the color was not permanent, it was necessary to make all 
photometer readings a t a definite interval (such as 1 hour) after 
the addition of the dye. I t  was also found th a t the concentra- 
tion-transmission curve passed through the origin only when a 
blank solution containing all reagents was used in the com­
parison cup instead of water.

B i s m u t h . For the analysis of bismuth pectinate the colori­
metric method of Rasmussen, Jaekerott, and Schou (7) was 
adapted for use with the photometer. I t  had been found th a t 
dilute solutions of bismuth iodide were yellow in color and th a t 
their light absorption was proportional to the concentration of 
the bismuth. Filter S47 and 20-mm. cups were used in the 
photometer and solutions containing 0.1820 to 0.0455 mg. of 
bismuth were prepared for the construction of the concentration 
curve. In the case of these solutions as well as solutions of the 
pectinate, prepared as described above, it  was necessary to re­
move nitric acid by evaporation in order to  prevent oxidation of 
the iodide. One drop of sulfuric acid and 1 0  ml. of a  10  per cent

T a b l e  II. N i c k e l  i n  N i c k e l  P e c t i n a t e s

N ickel F ound

N ickel P e c tin a te
W eigh t of 

S am ple
P h o to m e tric

m e thod
S pectrograp l

m e tn o a
Gram % %

I 0 .2 2 7 2
0 .1994
0 .2161
0 .2475

0 . 2 2
0 .2 4
0 . 2 1
0 .1 9

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

A v. 0 . 2 2 0 .2 6
II 0 .3 5 5 4

0 .2653
0 .1884
0 .3093
0 .3 2 5 6

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

0 .2 5
0 .2 7
0 .2 5
0 .2 6
0 .2 5

A v. 0 .2 7 0 .2 6
I I I 0 .2299

0 .2131
0 .2631
0 .1 6 9 3
0 .2159

0 .4 6
0 .4 3
0 .4 4
0 .4 5
0 .4 5

0 .4 8
0 .41
0 .4 1
0 .4 3
0 .4 4

Av. 0 .4 5 0 .4 3
IV 0 . 2 2 2 1  

0 .2840  
0 .1603  
0 .1433  
0 .1 8 2 2

0 . 6 8
0 . 6 8
0 .6 7
0 . 6 6
0 .6 7

0 . 6 8
0 . 6 8
0 .6 2
0 .6 5
0 .6 7

Av. 0 .6 7 0 . 6 6

Gel 2 0 .4860
20 .0854
18.8688
19.9490
19.4773

0 .0 0 4 8
0 .0046
0 .0 0 4 6
0 .0 0 4 8
0 .0047

0 .0041
0 .0 0 4 3
0 .0044
0 .0039
0 .0 0 4 5

A v. 0 .0 0 4 7 0 .0042

T a b l e  II I . C o b a l t  i n  C o b a l t  P e c t i n a t e

W eigh t of S am ple 
Gram

0 .2997
0 .2791
0 .2111
0 .2891

C o b a lt F o u n d  
P h o to m e tric  S pectrog raph ic

m e thod  m e tn o a
% %

Av.

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

0 .3 6  
0 .3 4  

N o t d e term ined  
N o t d e term ined  

0 .3 5
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solution of potassium iodide were then added before diluting 
to a volume of 25 ml. The concentration was plotted against 
per cent transmission on a semilogarithmic scale; the graph was 
a straight line passing through the ordinate a t 1 00  per cent, show­
ing th a t Beer's law held for these dilute solutions, and tha t the 
compound was suitable for use in the photometer.

T a b l e  IV . B i s m u t h  i n  B is m u t h  P e c t i n a t e

W eight of S am ple B ism u th  F ound  by  P ho to m e tric  M ethod 
Grain %

0 .2 1 5 5  0 .5 7
0 .2 0 0 0  0 .5 3
0.1S01 0 .5 3
0 .2 5 4 0  0 .5 5
0 .2 8 3 4  0 .5 5

Av. 0 .5 5

C on clu sion s
T he photom etric m ethods presented in this paper show ex­

cellent agreem ent and therefore high precision for the deter­

m ination of very small quantities of nickel, cobalt, and bis­
m uth  in organic m aterials. The spectrographic m ethod used 
for nickel and cobalt has alm ost as good agreem ent and pre­
cision b u t requires som ewhat larger quantities of the m ate­
rials. The la tte r is more rapid, however, if m any samples 
are to  be analyzed. The close agreem ent of the analyses by  
the two m ethods indicates th a t the results are very accurate.

L ite ra tu r e  C ited
(1) Griggs, M. A., Johnstin, R., and EUedge, B. E ., I nd. E nd. Chem.,

Anal. Ed., 13, 99 (1941).
(2) Lundeg&rdh, H., "Die quantitative Spektralanalyso der Ele-

mento” , Teil I and II, Jena, Verlag von Gustav Fischer, 1929 
and 1934.

(3) Lundeg&rdh, H„ Lantbruks-IItSgskol. Ann., 3, 49 (1936).
(4) Lundeg&rdh, H., and Philipson, T., Ann. Agr. College Sweden, 5,

249 (1938).
(5) MacPherson, H. T., and Stewart, J., Biochem. J .,  32, 763 (1938).
(6) M urray, W. M., Jr., and Ashley, S. E . Q ., I n d . E n o . C h e m .,

Anal. Ed., 10, 1 (1938).
(7) Rasmussen, H. B., Jackerott, K. A., and Schou, S. A„ Dansk
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Use o f Thorium Nitrate to D istinguish betw een Pectin  and 
Certain Gums

E . F . B R Y A N T, C a lifo rn ia  F r u i t  G ro w ers E x ch a n g e , R e se a rc h  D e p a r tm e n t ,  O n ta r io ,  C a lif.

I D E N T IF IC A T IO N  of the individuals commonly grouped 
as water-soluble gums is a t  times difficult, as m any of the 

substances react alike to  the same reagent. Pectin is one of 
the m ost difficult of this group to identify, because it  is usually 
precipitated by the reagents which also precipitate the other 
gums. D ifferentiating between pectin and other gums (2, 3) 
requires more tim e and labor than  a  simple precipitation test. 
In  a ttem pting  to  carry ou t work on pectin similar to  th a t 
done by Bonner (1) on pectate it  was found th a t precipitation 
w ith thorium  n itra te  exhibits a novel property of pectin not 
shown by the other gums tested.

If  the substance under examination is a powder containing 
no added m aterials, such as sugar or acid, i t  is m ade up to  a 
1 per cent aqueous sol. Any adm ixture should first be ex­
tracted  w ith 50 per cent alcohol, or can be eliminated by dis­
solving the substance and then precipitating w ith an equal 
volume of alcohol. If  the sample is a liquid preparation, 
the gum should be precipitated as above, so th a t a pure sol of 
known strength  can be made.

Irish  moss, agar, gum arabic, and karaya gum give no

precipitate w ith 50 per cent alcohol; gum tragacan th  gives 
only a  slight precip itate; b u t pectin, quince seed, and locust- 
bean gums give good precipitates.

Of the gums listed in T able I, only Irish  moss, quince seed, 
and pectin give precipitates w ith thorium  n itra te . T he pre­
cipitate from Irish  moss is stringy and opaque and easily 
differentiated, b u t those from quince seed and pectin are alike, 
being of a  firm, gelatinous nature . T he pectin precipitate is 
easily dispersed or in some cases actually  dissolves on adding 
an excess of the thorium  n itra te  solution or dilute acetic 
acid; the quince-seed precipitate w ith thorium  n itra te  is 
unaffected by th is treatm ent. If  the dilute acetic acid is first 
added to  the gum sol, the quince seed will yield a firm gel 
and the pectin shows only a  thickening or very slight gel.

A confirmation of the thorium  n itra te  test for pectin m ay 
be m ade w ith neu tral lead acetate. In  unacidified sols pectin 
and quince seed yield gels, while if acetic acid is added to  the 
sol before the lead acetate, pectin forms a  firm, clear, b rittle  
gel b u t quince-seed gum  gives only a very weak gel or a  vis­
cous sol. This is ju s t the reverse of the thorium  n itra te  test.

To 10 ml. of the aqueous solution of the gum (I 
in 1 0 0 ) add 1 ml. of 10  per cent thorium nitrate 
solution, stir, and allow to stand 2 minutes. If  a 
gel results, the gum is either pectin or quince- 
seed gum. If no gel results it is not pectin.

To differentiate between the two gums: To 10 
ml. of the sol add 1 ml. of 5 N  acetic acid, then 
1 ml. of 10  per cent thorium nitrate solution, stir, 
and allow to stand 2 minutes. If no firm gel re­
sults the gum is pectin; if a  gel forms it  is quince- 
seed gum.

To check the reaction, a  10 per cent solution 
of neutral lead acetate is used and the same proce­
dure carried out as for thorium nitrate.

Table I  shows the gums tested  and  the results 
obtained.

L ite ra tu r e  C ited
(1) Bonner, J., Proc. Acad. Sci. Amsterdam, 38, 349, 

350 (1935).
(2) Jacobs, M . B., “Chemical Analysis of Foods and 
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T a b l e  I. R e a c t i o n s  o p  G u m s  a n d  R e l a t e d  S u b s t a n c e s  w i t h  T h o r iu m  
N i t r a t e  a n d  N e u t r a l  L e a d  A c e t a t e

T h o riu m  N itra te  N eu tra l L ead A cetate4 n  m  1 Cf a.d ii tm n

M ate ria l
U sed

1 0 %
solu tion

and  5 N  
acc tic  acid

1 0 %
solution

an d  5 N  
ace tic  acid

G um  a ra b ic a a a a

L ocust-bcan  
gum  

G um  
tra g a c a n th  

Ir ish  moss

K a ra y a  gum

a

a

S trin g y , w hite  
p rec ip ita te

a

a

a

W hite  g ran u ­
la r precip i­
ta te

a

S lig h t th ic k ­
ening

a

C loudy

a

a

a

C loudy

a

Q uince-seed
gum

F irm  opaque 
gel

F irm  gel F a irly  firm  
gel

V ery  w eak gel, 
a  th icken ing

P ec tin

A gar (0 .5  in ­
s te a d  of 
1 % ) 

M ethy l 
cellulose 

S tarch

F irm , tra n s ­
p a re n t gel 

S lig h t haze

a

V ery w eak pel, 
a  th icken ing  

a

a

a

F irm , tra n s ­
p a re n t gel

a

a

a

F irm , b rit tle , 
clear gel 

a

a

a

* N o  a p p a re n t reac tion .



Determination of Oxygen in Tank Hydrogen
H U B E R T  N . A L Y E A , P r in c c to n  U n iv e rs ity , P r in c e to n ,  N . J .

I N  R ESE A R C H  employing tan k  hydrogen i t  is often de­
sirable to  determ ine th e  presence of traces of oxygen. A 

m ethod is here described for m easuring these traces w ith  an 
error of less than  1 0  per cent for oxygen concentrations of 
0.05 to  0.20 per cent by  volume. W hile the principle in­
volved is far from new (1), the appara tu s shown in the figure 
is considerably simpler and more accurate th an  those pre­
viously described. In  principle, the traces of oxygen are 
burned w ith hydrogen on a glowing platinum  wire. The 
w ater which forms condenses, thereby effecting a disappear­
ance of three volumes, two of hydrogen and one of oxygen, 
for each volum e of oxygen originally present.

A p p a r a t u s . The whole apparatus is  mounted on a wooden 
base 37.5 X 25 cm. (15 X 10 inches) with a backboard of the 
same dimensions. Bulbs C, D, F, and G are all of 100-ml. ca-

iiacity. The slanting manometer, E, is of 2 -mm. capillary tubing 
astened to a 2 0 -cm. length of meter stick, which is inclined to 

give a drop of 2 cm. over its 20-cm. length. A capillary stopcock 
may be conveniently inserted a t E, although this is not essen­
tial. The water jacket surrounding C is made of 50-mm. tubing 
and a cork. A rubber stopper, rather than a glass-tungsten 
seal, is provided for the ignition vessel, D, so tha t the platinum 
wire can be easily replaced if burned out. Two stout tungsten 
lead-in wires are insulated from each other by a 5-mm. glass 
tubing, not shown, which is embedded in the rubber stopper and 
extends up over one wire to the platinum coil. The platinum 
spiral is made from No. 28 wire, 20 cm. long.

A scratch is made on BD  about 3 cm. from B. A  and B  are 
small, two-way capillary stopcocks. Section A l  should be bent out 
from the board. Leveling bulb F  is set in a 5 X 5 cm. ( 2 X 2  
inches) wooden block, hollowed out and filled with plaster of Paris, 
so th a t F may be returned to exactly the same position each time. 
The block is fastened to a  rod which may be clamped into position.

Bulb G rests in an ordinary ring. CE  is filled with mercury and 
D with water. Bulb C and manometer E  must bo kept clean and 
dry a t all times.

P r e l i m i n a r y  O p e r a t i o n s . T he residual a ir in the ap­
paratus m ust first be replaced b y  tan k  hydrogen. Once this 
has been atta ined  the steps in th is section m ay be om itted.

Open passage DBI  and raise G until the water nearly reaches
B. Open passage CB1 and raise F until the mercury pushes into 
BI.  Excess mercury may be caught in a beaker held a t I.  At­
tach the hydrogen sample a t II, open H AI,  and flush out with 
the hydrogen. Then turn the cocks to open passages HABC, 
filling C with hydrogen. Flush out the residual air in BD  by 
opening CDB, running in hydrogen by raising F or lowering G, and 
finally opening D BAI  and CBAI.  Both water and mercury will 
now be a few centimeters from B,  and the tiny volume of gas 
between them will be nearly pure hydrogen. Therefore all subse­
quent measurements may omit these preliminary operations.

M a k in g  a n  A n a l y s is . Open CBAI,  and raise h to empty the 
gas out of CB until mercury again spills out a t I.  Open H A I  to 
flush stopcock; then open HABC  and run in the sample to be 
analyzed, stopping when the mercury reaches a  point near E  on 
the manometer. At this point, switch to HAI,  and finally close

T a b l e  I. C o n s e c u t iv e  R e a d in g s  o n  M ix t u r e s

C om position  of G as b y  V olum e M o v em en t in O xygen
H yd ro g en O xygen M an o m eter F o u n d

% % M m . %
99 .949 0.051 27 0 054
99 .9 0 0 0 . 1 0 0 48 0 096
99 .864 0 .1 3 6 70 0 .1 4 0
99 .937 0 .0 6 3 30 0 .0 6 0
99 .900 0 .0 9 4 50 0 . 1 0 0
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stop cocks A  and B. Record the position of the mercury on 
the manometer scale. Open passage CBD, and run the sample 
over into D, stopping when the mercury is a few centimeters 
from B. The water level will be well below the platinum wire. 
Close B and switch on the electricity, keeping the platinum spiral 
heated to a dull red, not white, heat. With hydrogen containing 
about 0.05 per cent oxygen 10 seconds are sufficient; for 0.20 
per cent oxygen heat for 1 minute, but never any longer. Allow 
the gas to cool for 2  minutes, return it to C, stopping the water at 
the scratch 3 cm. from B, and record the new manometer reading. 
The calibration of the manometer can be calculated from its

slant, but it  is simpler to make a direct measurement with em­
pirical mixtures of oxygen and hydrogen.

Table I  shows th a t a m ovem ent of the m ercury along 1 mm. 
of the m anom eter corresponds to  0 .0 0 2  per cent of oxygen by 
volume in  the sample.

L itera tu re  C ited
(1) Ambler, H. R., Analyst, 55, 677 (1930).

Tungsten-Nickel and Tungsten-Silver Electrode 
Systems in Neutralizations

HA R O LD  G . D IE T R IC H  AND PA U L  J .  B E N D E R  

S te r lin g  C h e m is try  L a b o ra to ry , Y ale  U n iv e rs ity , N ew  H a v en , C o n n .

T H E  bim etallic electrode systems, tungsten-nickel and 
tungsten-silver, were examined to ascertain their value 

for precise w ork in neutralizations involving dilute solutions. 
Kahlenberg and co-workers (1, 4, 5) have especially recom­
mended tungsten as an indicator electrode for neutralizations, 
and among the bim etallic electrode systems suggested by 
these investigators for such reactions are tungsten-nickel 
and tungsten-silver. A fter a precise study of th e  tungsten- 
nickel system  in neutralizations Furm an and Low (S) re­
ported this system  of value in titrations of strong acid w ith 
strong base, and vice versa, for solutions 0.1 N  and above. 
According to  their observations nickel undergoes an  ab rup t 
change in potential a t  a  pH  about th a t a t  which the transition 
of m ethyl orange occurs, b u t is relatively insensitive in the 
region a t  which phenolphthalein changes.

I t  is the purpose of the present paper to show th a t these 
characteristics of the nickel electrode make the tungsten- 
nickel pair unsuitable for precise work in the titra tion  of solu­
tions as dilute as 0.01 N ,  and to describe the results of a  
detailed study  of the tungsten-silver system in neutraliza­
tions involving solutions the approximate concentrations of 
which are between N  and 0.001 N.

M a ter ia ls  an d  P roced ure
Solutions of about the normality desired were prepared from 

reagents of analytical grade, the alkali solutions being nearly free 
of carbonate and the usual precautions being taken to protect 
them from atmospheric carbon dioxide.

Electrodes were of the following B. & S. wire gages: tungsten, 
19; nickel, 8  and 24; silver, 24. After each titration the elec­
trodes were cleaned with sandpaper, then washed with 6  N  
nitric acid and several changes of distilled water. Occasional 
omission of the nitric acid washing seemed to have no bearing 
upon the results.

A definite volume, between 15 and 40 ml., of the solution to 
be titrated was placed in a closed container and the neutraliza­
tion was carried out a t room temperature in an atmosphere of 
nitrogen free of carbon dioxide. While the solution was being 
stirred by a motor-driven stirrer, the course of the titration was 
followed by means of a Leeds & Northrup students’ type poten­
tiometer and accessories. Readings were taken after the e. m. f. 
appeared virtually constant. In the neighborhood of the end 
point these were recorded after each drop of the solution was 
added. The maximum of the A e. m. f /  A ml. was taken as the 
electrometric end point and compared with end points obtained 
either simultaneously or independently with phenolphthalein, 
methyl orange, or methyl red indicators. The color change for 
methyl red was made more distinctive by the presence of methyl­
ene blue. Each of the end-point ratios (ml. oi acid per ml. of 
base) tabulated in the following section represents the mean of 
values derived by three or more titrations. The average devia­
tion from this mean is also given for the electrometric end-point 
ratios.

In  many of the titrations employing the tungsten-silver sys­
tem, the potential of each electrode was checked repeatedly 
against a reference electrode, a 0.1 N  calomel cell—i. e., after 
each addition of reagent in the course of a titration, e. m. f. read­
ings were taken for the systems tungsten-silver, tungsten-calomel, 
and silvcr-calomel.

ce. 0.1 N N a OH 

F ig u r e  1. T it r a t io n  o f  0 .1  N  H y d r o c h l o r ic  A c id

U sing tu ngsten -silver, tungsten -calom el, an d  s ilver-calom el sy stem
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T a b l e  I .  T u n g s t e n - N i c k e l  S y s t e m

(S o lu tion  a d d e d : N aO H , n o rm a lity  app ro x im ate ly  th a t  of so lu tion  being
titra te d )

S o lu tion
T i tra te d

(A pprox im ate
N o rm ality )

0 .1  AT HC1 
0 .1  N  lU SO t 
0 .0 1  N  HC1 
0 .0 1  AT HiSO<

-E n d -P o in t R a t io s -
M eth y l E lec tro - P heno l­ E lec tro -
orange m etric p h tha le in m e tric

M l. acid per m l. base
1 .136 1 .1 3 8  * 0 .0 0 2 1.131 1 .1 3 0  *  0 .001
1 .128 1.129  *  0 .0 0 4 1.118 1 . 1 2 0  *  0 . 0 0 2

1 .062  *  0 .0 0 3 1.015 1 .037  * 0 .0 1
1.069  * 0 .0 0 3 1.043 1 .045  * 0 .0 1

Solu tion

T a b l e  II. T u n g s t e n - S i l v e r  S y s t e m  

So lu tion
T itra te d A dded .--------------—E n d -P o in t R a tio s ---------------- •

(A pprox im a te
N o rm ality )

(A pprox im ate  M eth y l 
N o rm ality ) red

P heno l­
p h th a le in

E lec tro ­
m e tric

M l. acid per m l. base

AT II Cl N  N aO H 1.162 1 .162  *  0 . 0 0 1
Ar H sS04 0 .7745 0 .7741  *  0 .0006

0 .1 A ' HC1 0 .i .A T>Na.OH 0 .8380 0 .8 3 8 8  *  0 .0 0 0 6
0 . 1  iV I1,S04 0 .8294 0 .8 2 9 7  *  0 .0 0 0 6

0 .0 1  N  HC1 0 .0 i  AT N aO H 1.037 1.041  *  0 .001
0 .0 1  Ar HtSO« 1 .060 1 .064  ± 0 .0 0 2

0 .0 0 1  Ar H C l 0 .0 0 i  Ar N aO H 1.007  *  0 .0 0 2
0 . 0 0 ^  H,SCU 1 .0 8 8  *  0 . 0 0 2

N  N aO H * at‘h c i  ! .'! 1Ü 5 6 1 .156  *  0 .001
Ar H iSO i 0 .7 7 2 6 0 .7 7 2 6  *  0 .0003

0 .0 1 ’iV N aO H 0 .0 1  N  H C l 1.037 1 .043  *  0 .001
0 .0 1  Ar HiSO« 1 .060 1 .063  *  0 .001

0 .1  Ar HC1 0 .1  N  N H «O H  0 .9431 0 .9429  *  0 .0003
0 .1  Ar H,SO« ___  0 .6067 .... 0 .6 0 7 0  *  0 .0003

0 .0 1  N  HC1 0 .0 1  Ar N H iO H  1.131 1.132  *  0 .001
0 .0 1  ATH,SO« -----  1 .685 1 .6 8 5  *  0 .0 0 4

N  H C iH jO i Ar N aO H 0 .7 8 6 3 0 .7863  *  0 .0006
0 .1  N  H CsH iO i 0 .1  Ar N aO H 0 .8922 0 .8941  *= 0 .0006

D isc u ss io n

T he da ta  of Table I  confirm the findings of Furm an and 
Low (3) as to  the usefulness of the tungsten-nickel system  for 
precise titra tion  of solutions of strong acids, the concentrations 
of which are 0.1 Ar, b u t indicate th a t the system  is of little  
value in titra ting  0.01 N  solutions. Two m axim a appear 
in  the graphs of A e. m . f ./A  ml. for these titrations. The 
first, excellent and fairly reproducible, corresponds to  the 
m ethyl orange end point of the titra tio n  and, as pointed out 
by Furm an and Low, represents the neutralization of free 
alkali and conversion of carbonate to  bicarbonate. The 
second and sm aller maximum , corresponding to  th e  phenol- 
phthalein end point, is no t always clearly m arked in the ti­
tra tion  of 0.01 N  solutions. I t s  location in graphs for suc­
cessive titra tions varies by  as m uch as 3 per cent, and the 
acid-base ratios for this maximum in seven titra tions show 
an average deviation of 1 per cent from the m ean. T he agree­
m ent between the m ean values for the  electrom etric and 
phenolphthalein end-point ratios in  the  titra tio n  of 0.01 N  
sulfuric acid is, therefore, of little  significance.

R esults of titra tions made w ith th e  tungsten-silver system 
are given in Table II . I t  is evident th a t  this system  furnishes 
a  precise m ethod for titra tin g  a  strong acid w ith a  strong base 
in solutions as d ilu te  as 0.001 N ,  and vice versa for solutions 
as d ilu te as 0.01 N .  In  Figure 1 are shown titra tio n  curves 
typical of those obtained for a single titra tio n  w ith the elec­
trode pairs, tungsten-silver, tungsten-caiomel, and silver- 
calomel. In  these graphs P  m arks the poin t a t  which phenol­
phthalein changed color. I t  will be noted th a t the potential 
of the  silver electrode passes through a minim um in the 
neighborhood of th is colorimetric end point. A t the inflection 
point the m aximum change in  potential is in  the same direc­
tion as th a t of the tungsten  electrode, b u t com paratively so 
small th a t the tungsten-silver system  gives a  curve w ith  a 
significant “break” even in  titra tions of 0.001 N  solutions. 
T he extent of this b reak  is enhanced by the passage of ni­
trogen through the solution.

An a ttem p t was m ade to  see w hether the tungsten-silver 
pair perm its the precise titra tion  of solutions of strong acids

more dilute than  0.001 N .  To th is end 20-ml. samples of ap­
proxim ately 0.01 AT sulfuric acid and hydrochloric acid, re­
spectively, were added to  about 1700 ml. of w ater, and the 
titra tion  was m ade w ith  0.01 N  sodium hydroxide. T he follow­
ing d a ta  indicate th a t the  use of the tungsten-silver system 
leads to  precise results under the conditions ju s t described:

E n d -P o in t R a tio : M l. of 0.01 N  A cid p e r  M l. of 0.01 N  Base 
E lec tro m etric  C o lo rim etric

H jSO«
HC1

0 .0 7 8 6  > 
0 .0 0 4 0

0 .001  
= 0 .0 0 0 2

0 .9789
0.905G

The d a ta  of T able I I  likewise indicate th a t  this system  is 
suitable for the titra tio n  of strong acids w ith  the weak base, 
am m onium  hydroxide, and for the titra tion  of the weak acid, 
acetic acid. T itra tion  curves for th e  form er are similar 
to  those of Figure 1, w ith a  b reak  no t quite so great. Figure 
2  is a typical e. m . f.-m l. graph for the titra tio n  of acetic acid, 
in  w hich the first of two inflection points coincides w ith the 
phenolphthalein end point, P.  G raphs for the behavior of the

cc. N  N a O H

F i g u r e  2 . T i t r a t i o n  o f  N  A c e t i c  A c i d

U sing tu n g s ten -silv e r system

silver-calomel and tungsten-caiom el pairs during the titra tion  
of acetic acid show th a t to  obtain the greatest change in the 
potential of the silver-calomel system  one drop (about 0.03 
ml.) more of sodium hydroxide solution is required than  for 
the tungsten-caiomel system . Consequently th e  electro­
m etric end point of th e  tungsten-silver system  arises alm ost 
w holly from the behavior of the tungsten electrode; upon 
addition of base beyond the electrom etric end point, changes 
in  the potential of the silver electrode offset those of tungsten 
to  such an ex ten t th a t two inflection points are observed. 
Potentiom etric readings were no t recorded un til apparently  
constant. However, i t  is possible th a t in these solutions the 
electrodes approach equilibrium  w ith  extreme slowness and 
th a t the behavior observed is due to  the system ’s no t having 
atta ined  equilibrium  (2). T itra tion  of acetic acid solutions 
less th an  0 .1  N  was no t feasible, as the changes in potential 
were too gradual to  perm it precise determ ination of th e  end 
point. For the same reason i t  was no t possible in  the titra -
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T a b l e  III. C o m p a r is o n  o f  E n d  P o in t s

(S o lu tion  ad d e d : N aO H , approx im ate ly  0.01 N )
Solu tion
T itra te d  /-------------------------- E n d -P o in t R a tio s -------------------------- *

(A pprox im ate  H ydrogen- T u n g s te n - Phenol-
N o rm ality ) calom el silver ph tha le in

0 . 0 1  JV IItSO i 
0 .01  N  HC1

1.022  * 0.001  
0 .0 9 1 8  *  0 .0006

M l. acid per m l. base
1 . 0 2 1  *  0 . 0 0 2  1 .0 2 1
0 .6926  *  0 .0000  0 .6906

tion of sodium carbonate (0.5 N )  w ith hydrochloric acid (N)  
to determ ine precisely the electrical end point corresponding 
to the phcnolphthalein end point. A t the m ethyl orange end 
point of the carbonate titration , however, the tungsten-silver 
system gave a  definite, reproducible electrometric end point.

To determ ine the accuracy, as well as the precision, of the 
tungsten-silver electrode system in titrations of dilute solu­
tions of strong acids, a  comparison was made of end-point 
ratios obtained by  the use of hydrogen-calomel, tungsten-

silver, and phcnolphthalein, respectively. These d a ta  ap ­
pear in Table I I I .

S u m m a r y
The tungsten-nickel electrode system  has no t been found 

satisfactory in neutralizations involving dilute solutions. 
The tungsten-silver system  appears to  furnish precise and 
accurate electrical end points in titra tions of strong acids by 
strong bases as dilute as 0.001 A7, and vice versa for 0.01 N  
solutions. In  titra tions employing more concentrated solu­
tions the system  is of value in the neutralization of strong 
acids by  amm onium hydroxide, of acetic acid by a strong 
base, and of sodium carbonate.

L ite ra tu r e  C ited
(1) Closs-and Kahlenberg, Tram. Eleclrochem. Soc., 54, 369 (1928).
(2) Fuoss, Ind. E no. Chem., Anal. Ed., 1, 125 (1929).
(3) Furman and Low, J . Am. Chem. Soc., 55, 1310 (1933).
(4) Holt and Kahlenberg, Trans. Eleclrochem. Soc., 57, 361 (1930).
(5) Kahlenberg and Krueger, Ibid., 56, 201 (1929).

Extraction and Determination of Pyrethrin I 
in Ground Pyrethrum Flowers

An Im proved A pparatus

JE T H R O  S. V II’, D iv ision  o f  P la n t  N u tr i t io n ,  U n iv e rs ity  o f  C a lifo rn ia , B e rk e ley , C a lif.

M A NY  of the more reliable m ethods (1-4) developed in 
recent years for the extraction of pyrethrum  flowers for 

analysis recommend the use of low-boiling-point petroleum  
ether (20° to  40° C.) as a  solvent, because i t  can completely 
remove the pyrethrins w ithout removing o ther substances 
which will interfere w ith the m ethod subsequently employed 
for the pyrethrin  determ ination, and th is solvent m ay itself 
be easily removed w ith the least am ount of heat, so th a t there 
is little  chance of loss of the pVrethrins.

A simple and inexpensive modification of an  appara tu s for 
the extraction and determ ination of pyrethrin  I in ground 
pyrethrum  flowers is proposed. T he objects of the changes 
are prim arily to  rcduce the loss of petroleum  ether used for 
extraction and to  elim inate transfer of the extracted and sub­
sequently refluxed solution to  a larger container for alcohol 
rem oval. Modifications of th e  condenser am ount to  insertion 
of a  cold-water column into each condenser and use, as a re­
ceiving flask, of a 500-cc. K jeldahl flask w ith  the same size of 
interchangeable ground-glass jo in ts as in the rest of the ap­
para tus. Frothing during the evaporation of alcohol is re­
duced and less a tten tion  is required.

The use of a Soxhlet w ith either an Allihn or a G raham  con­
denser, all w ith ground-glass joints, in a  7- o r 8 -hour extrac­
tion of ground pyrethrum  flowers w ith low-boiling-point 
petroleum  ether has heretofore resulted in a  GO to  75 per cent 
loss of a  150-cc. volume of solvent used, especially during 
w arm w eather (29.44° C., 85° F., or above) or whenever the 
tem perature of w ater used for circulating in condensers is 
m uch above 25° C. T his lias been due chiefly to  inefficient or 
insufficient cooling surface in the condenser rather than  to 
leakage in glass connections.

To remedy the difficulty without increasing the length of the 
condenser so as to make the height of the apparatus too great for 
convenient handling, a double tube equivalent in length (30 to 
42.5 cm., 12 to 17 inches) to the Allihn condenser, and of a  di­
ameter to allow a clearance of 2 to  3 mm. a t the bulb constrictions, 
was constructed (Figure 1). I t  can be inserted into the condenser 
to the bulblike enlargement tha t acts as a rest point, and then
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F i g u r e  2 .  Six E x t r a c t o r s  i n  O p e r a t i o n  w i t h  C o n ­
d e n s e r  M o d i f i c a t i o n s

Single u n a t ta c h e d  condenser m odifier a t  ex trem e rig h t

connected to  receive the outflow of cold circulating water from the 
Allihn condenser before it goes into the next condenser. This 
modification has the effect of a  double condenser, or a condenser 
within a condenser.

According to  several published analytical m ethods (1-4), 
the  extracted  m aterial a fter complete rem oval of th e  solvent 
m ust be refluxed w ith 0.5 N  alcoholic sodium  hydroxide and 
then, w ith about 1 0 0  cc. of w ater, transferred to  a  container 
(500- to  800-cc. beaker) large enough to  accom m odate fro th­

ing, which alw ays takes place during the rem oval of alcohol 
w ith hea t and requires m uch a tten tio n  to  preven t loss of 
sample.

If a 500-cc. Kjeldahl flask, specially made with the same size 
of ground-glass joint as th a t of the Soxhlet and Allihn condenser, 
is substituted for a receiving flask in the initial extraction, refluxing 
and subsequent removal of the alcohol after the addition of water 
may be accomplished without any transfer, by simply heating the 
flask with a very low flame in a Kjeldahl digestion rack. Frothing 
will still exist in the first minutes of boiling and requires some a t­
tention, but this soon diminishes as the removal continues, ac­
companied by a decrease in volume.

Figure 2 shows six complete extractors with the above-men­
tioned modification. Each Kjeldahl flask used as a  receiver is 
immersed in a water bath (45° to 50° C.) resting on an electric hot 
plate, with a slow continuous stream of cold water flowing into 
the bath to replenish the loss of water due to evaporation and at 
the same time prevent the temperature of the bath from rising 
very much above the desired range.

Using the modified apparatus, the loss of e ther and volume 
required for extraction have been reduced approxim ately 50 
and 33 per cent, respectively. In  addition, little  a tten tio n  is 
required during the rem oval of alcohol b y  heat. These modi­
fications have resulted in greater economy, considerable sav­
ing of tim e, and elimination of a health  hazard in th e  excessive 
escape and possible accum ulation of fumes of a highly volatile 
solvent.
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New Photoelectric Fluorimeter and Some 
Applications

F R E D E R IC K  KA VANAGII 
N ew  Y o rk  B o ta n ic a l  G a rd e n , N ew  Y o rk , N . Y.

F L U O R IM E T R IC  m ethods of q uan tita tive  analysis have 
increased in  popularity  in recent years. These methods 

m ust be used w hen the substances to  be determ ined are pres­
en t in  such sm all am ounts th a t  colorimetric m ethods cannot 
be used, b u t are lim ited to  substances which fluoresce when 
irrad ia ted  by  light of the proper wave lengths, usually  be­
tween 3000 and 4500 A.

Fluorim eters of two general types are  in use. One type  of 
in strum en t depends on a  visual comparison of an  unknown 
w ith a  standard  of fluorescence. W hen th e  unaided eye is 
used to  determ ine the m atch of unknow n and standard , the 
sensitivity  of the m ethod is low and decreases w ith increasing 
concentration. T he use of an  instrum ent such as th e  modi­
fied colorim eter of Josephy (?) or a Pulfrich photom eter (12) 
increases sensitivity  and accuracy of m atch over those 
possible by th e  unaided eye.

T he o ther ty p e  of instrum ent employs a  photocell and 
galvanom eter to m easure the fluorescence. M ost European

workers use th e  Cohen (1) fluorimeter, a  simple instrum ent 
w ith a  te s t tube to  hold the fluorescing solution. The fluores­
cence is m easured by a barrier-layer photoelectric cell and a 
high-sensitivity galvanom eter which can be used only a t 
one ten th  to  one fiftieth the full sensitivity  because of fluctua­
tions of lam p in tensity  (4). In  the H ennessy and Cerecedo 
(3) modification, a cuvette w ith rectangular faces holds the 
fluorescing solution; and, apparently , the galvanom eter can 
be used a t  full sensitivity . H and (2), however, uses an  in­
strum en t in which a  relatively insensitive pointer type  of 
galvanom eter is the  m easuring instrum ent. To ob tain  con­
sistent results w ith these instrum ents, the lam p in tensity  
m ust rem ain constant long enough for a  m easurem ent to  be 
m ade of the unknown and then  of the standard .

B y m easuring the fluorescence of an unknown solution in 
term s of a standard  of fluorescence, galvanom eter d rifts and 
sudden movem ents caused by  changes in lam p in tensity  can 
be elim inated. If the ratio  of the  fluorescence of an unknown
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to th a t of a  standard  be measured by a two-photocell bal- 
anced-circuit, a  high-sensitivity galvanom eter can be used 
a t full sensitivity  as a null-point indicator; and the range 
of concentrations m easurable can be changed by  changing the 
concentration of the standard. An instrum ent (made by the 
K lett Mfg. Co., New York, N . Y.) which incorporated these 
features was designed and has been used for a  variety  of meas­
urements for 2 years in  this laboratory. Since no other 
fluorimeter, as yet, employs these principles of design, it  
seems desirable to  describe this one and to indicate how it  
has performed in some of the quantitative procedures in which 
it has been tested.

T h e  F lu o r im eter
The design of the instrum ent is such th a t the potentiom eter 

reading is proportional to the intensity of the fluorescent 
light em itted by the unknown solution.

< / LAMP

CONDENSING
LEN S

- B s
CUVETTE FOR 
STANDARD

•LAMP FILTER 
CUVETTE FO R UNKNOWN 
PHOTRONIC C E L L  FILTER

PHOTRONIC C ELL

F i g u r e  1. A r r a n g e m e n t  o f  O p t ic a l  P a r t s  o f  
F l u o r i m e t e r

Ultraviolet or other lines from a type IT-4 mercury lamp excite 
the fluorescence of the solutions in the cuvettes (Figure 1). 
The lines are isolated by glass filters (the lamp filters). The 
fluorescent light passes through a face of the cuvette that is 
parallel to the ultraviolet light beam, then through another light 
filter (the photocell filter) to a barrier-layer photocell. The two 
cuvettes are irradiated by the same lamp a t the same time; 
one holds the unknown solution; the other, a standard solution, 
usually quinine sulfate. The photocells are arranged in a com­
pensated circuit, so tha t fluctuations in lamp intensity do not 
affect the operation of the instrument. The ratio of the fluo­
rescence of the unknown to th a t of the standard is indicated by a 
built-in potentiometer with a 300-division linear scale.

A portable mirror-type galvanometer with a _ sensitivity of 
0.004 microampere per division is sufficiently sensitive as a null- 
point indicator for most measurements. All the work reported 
here was done with a  Leeds & Northrup Type R galvanometer 
used a t a  sensitivity of 0 .0 0 1  microampere per millimeter, b y  
making the measurements in terms of a standard, all uncertain­
ties caused by fluctuations and drifts of lamp intensity, non­
linear galvanometer scale, and inconstancy of galvanometer 
response are eliminated. (Summerson, 9, gives details concerning 
the advantages of the two-cell balanced circuit.)

The standard must fluoresce more than the unknown. Be­
cause doubling the concentration of the standard halves the 
potentiometer reading for a particular unknown solution, the 
range and sensitivity of the instrument can be changed by c h a f ­
ing the concentration of the standard. Quinine sulfate U. S. i ., 
1 or 2.5 mg. per liter in 0.1 N  sulfuric acid, most often served as a 
standard solution, although glass standards could have been used.

Filters for a particular determ ination m ust be selected w ith 
reference to the absorption bands of the fluorescent substance, 
the concentration range to be measured, and the wave-length 
limits of the light em itted by the fluorescing solution. The 
lam p filter m ust pass lines th a t are absorbed by  the substance 
which is to  fluoresce. For the determ ination of small am ounts 
of m aterial, the lines th a t excite the fluorescence should be as 
near as possible to  absorption peaks of th e  absorption spec­
trum  ,of the fluorescing substance. To obtain a  low and re­
producible blank, the photocell filter m ust absorb those 
lines of the m ercury arc which are passed by the lamp-filter. 
W hen this condition is satisfied, a small am ount of suspended 
m aterial in the solution in the cuvette will no t affect the re­
sponse of the instrum ent.

The determination of some substances can be made more spe­
cific by selecting a photocell filter th a t transmits a band of light not 
much wider than the band of fluorescent light. For example, 
the Corning 306 filter can be used in determining thiochrome; 
but a  306 plus a 430 filter would give a more specific response to 
thiochrome if other substances which gave fluorescent light of 
wave lengths longer than about 5000 Â. were present. The 
filters are all Corning Glass Works polished glass filters and are 
designated by their Corning numbers. The filters are not neces­
sarily of standard thickness, but the thickness is given for each 
filter.

By assuming th a t the in tensity  of the fluorescent light is 
proportional to  the am ount of the exciting ligh t absorbed by  
the unknown solution and th a t Beer’s law holds for th e  ab­
sorption, the relation between the potentiom eter reading, P, 
and the characteristics of th e  fluorescing substance is given by

P  -  K l ( l  -  lO- “ ' 1) -  K l f (1)

in which I  is the in tensity  of the exciting line a t  the lam p end 
of the cuvette, a  is the specific absorption coefficient of the 
substance for the exciting line, c is the concentration of the 
fluorescing substance, and b is the length (36 mm .) of the 
opening in the m ask over the photocell. T he dimensions of 
the m ask determ ine the volume of the solution from which 
the fluorescent ligh t comes and remove the necessity for 
using accurately measured volumes of solution in the cu­
vettes. C onstant K  includes, am ong o ther factors, th e  di­
mensions of the light beam, the area of the  m ask opening, 
the transm ission band of the photocell filter, and the spectral 
sensitivity of the photocell. F or a  particular instrum ent, and

F i g u r e  2 . /  a s  a  F u n c t i o n  o f  a c b  ( E q u a t i o n  1 )
F luorescence of ch lorophyll excited  b y  4358 A. line, of 
qu in in e  by  th e  3660 A. tinea, a n d  of riboflav in  b y  4358 A. 

line



a  given com bination of lam p and photocell filters, standard, 
and substance to  be determ ined, the variables are P  and c.

T he relation between P  and acb was tested by  measuring 
solutions of quinine, riboflavin, and e thy l chlorophyllide for 
sm all and large values of acb by varying both c and the value 
of a  (by changing the wave length of the exciting line). The 
results are given in Figure 2 , in which the m easurem ents are 
indicated by th e  points and the curves are the  graph of /  
against acb. The points are located in  the following m anner: 
The acb is calculated for each concentration of a series of 
m easurem ents and a  value of /  for each concentration is cal­
culated from

/  =  £ / -  (2 ) i  m

where P m is the potentiom eter reading and / „  is the value of 
/  for the highest concentration. T he agreem ent between the 
calculated and m easured values of /  is good for a wide range 
of concentrations. T he concentration, c, is expressed as grams

per lite r and a  =  - j j - — = specific absorption coefficient.

acb =  tCb, where e =  molecular absorption coefficient and 
C =  moles per liter; b is expressed as cm.
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F i g u r e  3 . /  a s  a  F u n c t i o n  o f  acb ( E q u a ­
t i o n  1) W h e n  acb I s  S m a l l

Fluorescence of th e  q u in ine  exc ited  b y  3660 A. lines.
P o ten tio m e te r  read in g  for la rg es t acb (0.8 m g. of q u i­

n ine su lfa te  per lite r)  266

In  some m easurem ents— quinine and thiochrom e, for ex­
ample—large values of acb are no t usually measured. Is  the 
agreem ent as good for small values of acb as for large values, 
and is there a range of concentrations through which the rela­
tion betw een P  and acb is linear? T he calculated curve 
and measured points for a series of concentrations of quinine 
sulfate from 0.1 to  0.8 mg. per lite r in 0.1 N  sulfuric acid are 
given in Figure 3. T he line is stra igh t for values of acb less 
th an  0.02 (0.5 mg. of quinine sulfate per liter) and  slightly 
curved for values up  to  0.032, which is the largest th a t can 
be measured w ith the 1 mg. per lite r quinine standard  and the 
particular Lamp and photocell filters used.

W hether the potentiom eter-concentration curve will be 
nearly stra igh t or strongly curved depends upon th e  value 
of or, the in tensity  of th e  exciting lines, th e  fraction of the

N E E R I N G  C H E M I S T R Y  Vol. 13, No. 2

T a b l e  I. R a n g e  o f  C o n c e n t r a t io n s  o f  S u b s t a n c e s  
D e t e r m in e d  w i t h  F l u o r im e t e r

(“ L ow er” co n c en tra tio n  gives p o te n tio m e te r  read in g  of ap p ro x im a te ly  10 
w ith  filters an d  s ta n d a rd  ind ica ted . F ilte rs  for q u in ine  s ta n d a rd  were 

lam p , 597; p ho tocell, 306.)
S ubstance C o n ce n tra tio n F ilte rs Q uinine

D ete rm ined Low er H ig h est L am p P ho toce ll S tan d a rd
M g. per liter M g. per liter

A lum inum 0 .0 4 0 .9 554 33S 1
0 . 1 6 597 306 1

C hlorophy ll 0 .0 3 0 . 6 585 243 1
0 . 1 5 597 243 1

Q uinine 0 .0 3 0 .9 597 306 1
R iboflavin 0 .0 0 5 0 .1 5 554 351 0 .2 5

0 . 0 2 0 . 6 554 351 1
0 .0 5 2 597 351 2 .5

T hiochrom e 0 .0 0 5 0 . 1 597 306 1

absorbed light em itted as fluorescent light, and th e  spectral 
sensitivity  of the photocell. (The intensity , the  wave length 
of the exciting line, and the spectral sensitivity  of th e  photo­
cell do no t have to be the sam e for the unknown and for the 
standard .) T he concentration range th a t  can be m easured 
for a particular set of conditions always lies betw een zero 
and th e  concentration th a t gives a  potentiom eter reading of 
300. If  the m easurable concentration range is large, the  po­
tentiom eter scale reading-concentration curve will be strongly 
curved; if the range is short, the  potentiom eter-concentration  
curve will approach a  stra igh t line.

A n a ly ses  w ith  t h e  F lu o r im e te r
M ethods for determ ining thiam in, riboflavin, chlorophyll, 

and alum inum  have been tested  w ith th is fluorim eter to  
determ ine the possibilities of the instrum ent and th e  lim ita­
tions of the methods. The solutions did no t necessarily con­
ta in  accurately m easured quantities of th e  substances and no 
a ttem p t was m ade to  establish standard  curves. T he concen­
tra tion  of the standards, the filters, the upper concentration 
of the unknown, and the concentration for which there is a 
potentiom eter reading of 10 are shown in T able I.

In  all the  work reported here, the lam p filter for the stand­
ard  solutions was a  597 (5.25-mm.) and the photocell filter was 
a  306 (3.2-mm.).

T h ia m in . Pure thiochrome was dissolved in n-butanol. The 
first test with this compensated circuit fluorimeter showed that 
thiochrome decomposed rapidly when irradiated by 3660 A. 
lines and was about half destroyed in 10 minutes. By using the 
following procedure accurate measurements were possible:

With the quinine standard in place, put the cuvette containing 
the thiochrome into the instrument and s ta rt a stop watch the 
moment the cuvette enters the beam of ultraviolet light; at 
definite intervals after placing the cuvette in the light beam, 
measure the fluorescence, a t least four times in the first 2  minutes; 
correct the measurements for the fluorescence of the blank; 
plot the logarithm of the corrected potentiometer readings 
against time on semilog paper; and extrapolate to zero time to 
obtain the potentiometer reading of the undecomposed thio­
chrome. These potentiometer readings a t zero time for solutions 
of different concentrations plotted against the concentration 
gave a straight line. If an error of 1 or 2 per cent is of no im­
portance, read the potentiometer as quickly as possible and as­
sume th a t no decomposition has occurred. The upper limit of 
measurement for the thiochrome method for thiamin with this 
fluorimeter is about 150 micrograms of thiamin per liter; the 
lower limit, about 1 microgram per liter.

Caution. Butanol can remove enough grease from an ap­
parently clean stopcock of a separatory funnel to give an appre­
ciable fluorescence, and more fluorescing substance from a W hat­
man No. 42 filter paper used to remove suspended material than 
is contained in some solutions of thiochrome.

R ib o f l a v in . Riboflavin can be determined either fluori- 
metrically or colorimetrically. Supplee, Bender, and Jensen
(10) compared visually the fluorescence of an unknown with a 
series of standards containing known amounts of riboflavin. 
Josephy (7), using a  modified Duboscq-type colorimeter with 
sodium fluorescein as a  standard, could determine amounts as 
small as 0.3 microgram in a 2-ml. sample. The methods using 
photoelectric fluorimeters for determining the fluorescence of
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F i g u r e  4 . C o m p a r i s o n  o f  C a l ib r a t i o n  
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Low er cu rve  an d  scale of concen tra tions  are  for colorime­
te r  (42 filte r). U pper cu rve  and  scale a t  to p  are  for 
fluo rim eter using a  554 lam p  filter an d  a  351 photocell 

filter

riboflavin are more accurate and sensitive than the visual methods 
and the results can be corrected for the presence of nonriboflavin 
fluorescing and light-absorbing substances as Hodson and Norris
(5) have done.

This fluorimeter and a IClett-Summerson colorimeter (9) 
equipped with 42 filter have been compared over a wide range of 
concentrations of riboflavin dissolved in 60 per cent acetone. 
The colorimeter was satisfactory for concentrations between 1 
and 20 mg. of riboflavin per liter (Figure 4). The fluorimeter 
could be used for concentrations between 0.005 and 2 mg. per 
liter (Table I). By the selection of various filters and quinine 
standards, several ranges of concentrations could be determined 
with the fluorimeter. Measurements could be made by the 
fluorimetric method on solutions too dilute to give any response 
with the colorimeter. Not only did the fluorimeter determine 
smaller amounts of riboflavin than the colorimeter, but small 
amounts of suspended material did not interfere with the deter­
minations as they did with the colorimetric determinations.

The riboflavin, or similar substance, produced by several fungi 
in solutions in which they had grown, was measured by the 
method of Hodson and Norris (5). The results will be pub­
lished elsewhere.

The corrections of Hodson and Norris for light-absorbing and 
nonriboflavin fluorescing substances are most easily applied when 
the potentiometer readings are proportional to the concentration 
of riboflavin. This condition was satisfied when a 554 (5.2- 
inm.) lamp filter was used a t concentrations below 0.3 mg. of 
riboflavin per liter (Figure 4).

C h l o r o p h y l l . The fluorescence of chlorophyll has been 
used in characterizing it for many years. Zscheile (IS) found 
most of the fluorescence of an ether solution of chlorophyll a 
and of chlorophyll b to be between 6200 and 7600 A. This 
fluorescence can be used to determine very small quantities of 
chlorophyll.

A series of dilutions of an unknown mixture of crystalline ethyl 
chlorophyllide a and 6 prepared by F. M. Schertz was made in 
n-butanol and used to determine a calibration curve for the 
fluorimeter. A 243 (3.3-mm.) filter, which cuts off wave lengths 
less than 6100 A. and transmits freely above 6300 A., was placed 
over the photocell tha t measured the fluorescence of the chloro­
phyll. Results for two lamp filters are given (Table I). The 
585 (1.5-mm.) filter transmits the violet and ultraviolet lines of 
the mercury arc with little absorption. The lines passed by this 
filter excite the fluorescence of chlorophyll to such an extent that

the highest concentration tha t can be determined with the 1 mg. 
per liter standard is low (0.6 mg. per liter, Table I); and, con­
sequently, the calibration curve is straight. The 597 (5.25-mm.) 
lamp filter which passes only the ultraviolet lines excites much 
less fluorescence than the 585 filter, with the result th a t the 
highest concentration th a t can be determined is 5 mg. per liter; 
and the calibration curve is strongly curved. The thermocouple 
photometer method of Johnston and Weintraub (6 ) has a  sen­
sitivity almost as high as the fluorimetric method bu t is more 
difficult to use and requires more time for its operation. Both 
the colorimeteric and fluorimetric methods for total chlorophyll 
probably give different results for different ratios of chlorophyll 
a and b for the same total concentration.

If the chlorophyll solution is treated with dilute sulfuric acid, 
there is a  rapid decrease in fluorescence to about 70 per cent of 
the original value as the result of conversion of chlorophyll into 
pheophytins. In quantitative work, the precautions recom­
mended by Maekinney (8) m ust be observed.

To demonstrate the value of the fluorimetric method, the chloro­
phyll content of one Lemna minor was determined. The plant 
(fresh weight 2  mg.) was ground with a few milliliters of n- 
butanol, diluted to 2 0  ml. with n-butanol, and the fluorescence 
determined. The potentiometer reading was 39. Reference 
to the appropriate calibration curve indicated th a t the plant con­
tained 6  micrograms of chlorophyll.

A l u m i n u m . White (11) has given a review of recent work on 
fluorimetric methods applied to inorganic analysis. As an ex­
ample of the application of the instrument to inorganic analysis, 
a calibration curve was made for the morin method of determin­
ing aluminum. The method was slightly different from the 
one used by White and Lowe (12).

To the aluminum in an acetate buffer a t pH 4, 1 ml. of aqueous 
morin solution (0.75 gram per liter of morin, Eastman) was 
added, and the sample was diluted to 25 ml. with the acetate 
buffer solution. The results are given in Table I. The calibra­
tion curve for the filter combination 597-306 was straight up to 
0 .6  mg. per liter and then curved toward the concentration axis 
for higher concentrations. The filter combination 554-338 gives 
a linear calibration curve to 0.3 mg. per liter and a slightly curved 
one for higher concentrations. The former filter combination 
gives about five times the range and the latter filter combina­
tion gives a t least three times the sensitivity of the instrument of 
White and Lowe. No effort was made to obtain conditions of 
maximum sensitivity.

O th er  U ses for  F lu o r im e le r

The fluorimeter is provided w ith two photocells, one in 
each light beam, which can be connected to  the potentiom eter 
to  form a K lett-Sum m erson type of colorimeter. F o r this 
reason, th e  potentiom eter has the logarithm ic scale of th a t 
colorimeter in addition to  the linear scale of the fluorimeter. 
The colorimeter can be used w ith th e  lines in th e  visible spec­
trum  and th e  3660 lines of the m ercury arc which can be 
isolated by glass filters, or the m ercury lam p can be replaced 
by  an incandescent lam p to  use th e  instrum ent as a  color­
im eter of the usual type w ith filters th a t  isolate narrow  spec­
tra l regions. The colorimeter has the same linear calibration 
curve for substances th a t follow B eer’s law and the ease of cor­
rection for blanks th a t is characteristic of the K lett-Sum m er­
son colorimeter.
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Hydrometer for Turpentine Indicating 
Pounds per Gallon

W. C . S M IT H , B u re a u  o f  A g r ic u ltu ra l  C h e m is try  a n d  E n g in e e r in g , U . S . D e p a r tm e n t  o f  A g r ic u ltu re ,  W a s h in g to n ,  D . C.

I N  C O M M E R C E  turpentine is m easured by bo th  volume 
and weight. Domestic transactions are based on units 

of the standard  gallon and the avoirdupois pound; and trans­
portation  charges are computed from weight. A lo t of tu r­
pentine m ay be subjected to a considerable variation in tem ­
perature. While its  weight will be affected b u t slightly by  
such changes, its  volume will vary  w ith  th e  tem perature in 
accordance w ith its coefficient of expansion.

T he weight of a known volume of w ater and o ther liquids 
of unvarying composition a t  a  definite tem perature, or the 
volume of a  known w eight when facilities for actual deter­
m inations are no t available, can be calculated from stand­
ard date . For turpentine and other liquids whose composi­
tion and properties vary  i t  is necessary to  determ ine the 
w eight of a  u n it volume before such calculations can be made.

Federal specification LLL-T-791a requires th a t  turpen tine 
for use by the G overnm ent be purchased by  volume, the un it 
being a  gallon of 231 cubic inches a t  60° F ., or by w eight in 
units of pounds or hundred pounds, and gives directions for 
correcting gallonage to  the standard  tem perature of 60° F . 
and for determ ining the w eight of a gallon in pounds. A 
gallon of acceptable turpen tine m ust weigh from  7.16 to  7.29 
pounds a t  60° F . In  making volume corrections a coefficient 
of 0.000945 per degree Centigrade, or 0.000525 per degree 
Fahrenheit, is used. T he specific gravity  of a sample is de­
termined a t  15.5° C ./15 .50 C. by any  m ethod th a t is accu­
ra te  w ithin two point3 in th e  fourth decimal place, and the 
w eight of a gallon in pounds is determ ined by m ultiplying the 
figure thus obtained by 8.33.

Tables are available (1, 8, 4) for converting observed spe­
cific gravity  and Baumé readings taken a t  other tem pera­
tures to  true  values a t  60° F . and also tables showing the

pounds per gallon corresponding to 
various degrees B aum 6  and specific 
gravities. T he change in density 
in gram s per m illiliter of tu rpen­
tine from 10° to  40° C. is given (1) 
as well as th e  change in  w eight in 
pounds of a  gallon of turpentine 
from 20° to  110° F . M).

Specific g rav ity  m ay  be deter­
m ined by th e  pycnom eter or weigh­
ing bottle, the W estphal balance, 
and the hydrom eter. B aum i gravity  
is determ ined w ith  th e  B aum 6  hy ­
drom eter. Because of low cost, p o rt­
ability , and sim plicity of operation, 
hydrom eters commonly are used for 
turpentine, and properly used will 
give results of accuracy commensu­
ra te  w ith th a t obtained in commer­
cial weighing and gaging of liquids.

A m e th o d  fo r  w e ig h t - v o lu m e  
conversion of tu rpentine which will 
elim inate or reduce the  use of 
tables is obviously desirable. A 

hydrom eter indicating w eight in a ir in  pounds per gallon 
a t  60° F . was no t available, although hydrom eters for 
reading per cen t of alcohol and sugar and o ther special 
scales are in  common use. An instrum en t m anufacturer 
constructed four experim ental hydrom eters having 5-inch 
scales graduated as shown in Figure 1; over-all length, 12 
inches; d iam eter of float cham ber, 1 inch; and length of 
stem , 7 inches. These instrum ents, on standardization  by  the

T a b l e  I. W e ig h t  i n  Am  i n  P o u n d s  p e r  G a l l o n  o f  T u r p e n t i n e  p r o m  3 2 °  t o  9 5 °  F .
T e m p era tu re  
of H eading ,

•  F . 
32 7 .261 7.271 7 .281 7 .2 9 0 7 .3 0 0 7 .3 1 0 7 .3 2 0 7 .3 3 0 7 .3 4 0 7 .3 5 0 7 .3 6 0 7 .3 6 9 7 .3 7 9 7 .3 8 0
34 7 .2 5 4 7 .2 6 4 7 .274 7 .2 8 3 7 .2 9 3 7 .303 7 .3 1 3 7 .3 2 3 7 .3 3 3 7 .3 4 3 7 .3 5 3 7 .5 6 2 7 .3 7 2 7 .3 8 2
36 7 .2 4 7 7 .2 5 7 7 .2 6 7 7 .2 7 6 7 .2 8 6 7 .2 9 6 7 .3 0 6 7 .3 1 6 7 .3 2 5 7 .3 3 5 7 .3 4 5 7 .3 6 5 7 .3 7 5 7 .3 8 5
38 7 .2 4 9 7 .2 3 9 7.249 7 .2 5 9 7 .2 6 9 7 .2 7 9 7 .2 8 9 7 .2 9 9 7 .3 0 8 7 .3 1 8 7 .3 2 8 7 .3 3 8 7 .3 4 8 7 .3 5 8
40 7 .2 3 2 7 .242 7 .2 5 2 7 .2 6 2 7 .2 7 2 7 .2 8 2 7 .2 9 2 7 .3 0 2 7 .311 7 .321 7 .331 7 .341 7 .351 7 .3 6 1
42 7 .2 2 5 7 .2 3 5 7 .2 4 5 7 255 7 .2 6 5 7 .2 7 4 7 .284 7 .2 9 4 7 .3 0 4 7 .3 1 4 7 .3 2 4 7 .3 3 4 7 .3 4 4 7 .3 5 4
44 7 .2 1 8 7 .2 2 8 7 .2 3 8 7 .2 4 7 7 .2 5 7 7 .2 6 7 7 .2 7 7 7 .2 8 7 7 .2 9 7 7 .3 0 7 7 .3 1 7 7 .3 2 7 7 .3 3 7 7 .3 4 7
46 7 .2 1 0 7 .2 2 0 7 .2 3 0 7 .2 4 0 7 .2 5 0 7 .2 6 0 7 .2 7 0 7 .2 8 0 7 .2 9 0 7 .3 0 0 7 .3 1 0 7 .3 1 9 7 .3 2 9 7 .3 3 9
48 7 .2 0 3 7 .2 1 3 7 .2 2 3 7 .2 3 3 7 .2 4 3 7 .2 5 3 7 .2 6 3 7 .2 7 3 7 .2 8 3 7 .2 0 3 7 .3 0 3 7 .3 0 2 7 .3 2 2 7 .3 3 2
50 7 .1 9 6 7 .2 0 6 7 .2 1 6 7 .2 2 6 7 .2 3 6 7 .2 4 6 7 .2 5 6 7 .2 6 6 7 .2 7 6 7 .2 8 6 7 .2 9 6 7 .3 0 5 7 .3 1 5 7 .3 2 5
52 7 .189 7 .199 7 .2 0 9 7 .2 1 9 7 .2 2 9 7 .2 3 9 7 .2 4 9 7 .259 7 .2 6 9 7 ,2 7 8 7 .2 8 8 7 .2 9 8 7 .3 0 8 7 .3 1 8
54 7 .1 8 2 7 .1 9 2 7 .2 0 2 7 .211 7 .221 7 .231 7.241 7 .251 7 .261 7 .271 7 .2 8 1 7 .291 7 .3 0 1 7 .311
56 7 .1 7 4 7 .1 8 4 7 .1 9 4 7 .2 0 4 7 .214 7 .224 7 .2 3 4 7 .2 4 4 7 .2 5 4 7 .2 6 4 7 .2 7 4 7 .2 8 4 7 .2 9 4 7 .3 0 4
58 7 .1 6 7 7 .1 7 7 7 .1 8 7 7 .1 9 7 7 .2 0 7 7 .2 1 7 7 .2 2 7 7 .2 3 7 7 .2 4 7 7 .2 5 7 7 .2 6 7 7 .2 7 7 7 .2 8 7 7 .2 9 7

60 7 .1 6 0 7 .1 7 0 7 .1 8 0 7 .1 9 0 7 .2 0 0 7 .2 1 0 7 .2 2 0 7 .2 3 0 7 .2 4 0 7 .2 5 0 7 .2 6 0 7 .2 7 0 7 .2 8 0 7 .2 9 0

62 7 .1 5 2 7 .1 6 2 7 .1 7 2 7 .1 8 2 7 .1 9 2 7 .202 7 .2 1 2 7 .2 2 2 7 .2 3 2 7 .2 4 2 7 .2 5 2 7 .2 6 7 .2 7 2 7 .2 8 2
64 7 .1 4 5 7 .1 5 5 7 .1 6 5 7 .1 7 5 7 .1 8 5 7 .1 9 5 7 .2 0 5 7 .2 1 5 7 .2 2 5 7 .2 3 5 7 .2 4 5 7 .2 5 7 .2 6 5 7 .2 7 5
6 6 7 .1 3 7 7 .1 4 7 7 .1 5 7 7 .1 6 7 7 .1 7 7 7 .1 8 7 7 .1 9 7 7 .2 0 7 7 .2 1 7 7 .2 2 7 7 .2 3 7 7.247 7 .257 7 .2 6 7
6 8 7 .1 3 0 7 .1 4 0 7 .1 5 0 7 .1 6 0 7 .1 7 0 7 .1 8 0 7 .1 9 0 7 .2 0 0 7 .2 1 0 7 .2 2 0 7 .2 3 0 7 .2 4 0 7 .250 7 .2 6 0
70 7 .1 2 2 7 .1 3 2 7 .142 7 .1 5 2 7 .1 6 2 7 .1 7 2 7 .1 8 2 7 .1 9 2 7 .2 0 2 7 .2 1 2 7 .2 2 3 7 .2 3 3 7.243 7 .2 5 3
72 7 .114 7 .1 2 4 7 .1 3 4 7 .1 4 4 7 .1 5 4 7 .1 6 4 7 .1 7 4 7 .1 8 5 7 .1 9 5 7 .2 0 5 7 .2 1 5 7 .2 2 5 7 .235 7 .2 4 5
74 7 .107 7 .1 1 7 7 .1 2 7 7 .1 3 7 7 .1 4 7 7 .1 5 7 7 .1 6 7 7 .1 7 8 7 .1 8 8 7 .1 9 8 7 .2 0 8 7 .2 1 8 7 .2 2 8 7 .2 3 8
76 7 .0 9 9 7 .1 0 9 7 .1 1 9 7 .1 2 9 7 .1 3 9 7 .1 4 9 7 .1 5 9 7 .1 7 0 7 .1 8 0 7 .1 9 0 7 .2 0 0 7 .2 1 0 7 .2 2 0 7 .2 3 0
78 7 .0 9 2 7 .1 0 2 7 .112 7 .1 2 2 7 .1 3 2 7 .1 4 2 7 .1 5 2 7 .1 6 2 7 .1 7 2 7 .1 8 3 7 .1 9 3 7 .2 0 3 7 .2 1 3 7 .2 2 3
80 7 .0 8 4 7 .0 9 4 7 .104 7 .1 1 4 7 .1 2 4 7 .1 3 4 7 .1 4 4 7 .1 5 5 7 .1 6 5 7 .1 7 5 7 .1 8 5 7 .1 9 5 7 .2 0 5 7 .2 1 5
82 7 .0 7 6 7 .0S 6 7 .0 9 6 7 .1 0 6 7 .1 1 6 7 .1 2 7 7 .1 3 7 7 .1 4 7 7 .1 5 7 7 .1 6 7 7 .1 7 7 7 .1 8 8 7 .1 9 S 7 .2 0 8
S4 7 .0 6 9 7 .079 7 .0S 9 7 .0 9 9 7 .1 0 9 7 .1 1 9 7 .1 2 9 7 .1 4 0 7 .1 5 0 7 .1 6 0 7 .1 7 0 7 . ISO 7 .1 9 1 7 .2 0 1
8 6 7 .061 7.071 7.081 7 .0 9 2 7 .1 0 2 7 .1 1 2 7 .1 2 2 7 .1 3 2 7 .1 4 2 7 .1 5 2 7 .1 6 2 7 .1 7 3 7 .1 8 3 7 193
SS 7 .054 7 .0 6 4 7 .0 7 4 7.0S4 7 .0 9 4 7 .1 0 4 7 .1 1 4 7 .1 2 5 7 .1 3 5 7 .1 4 5 7 .1 5 5 7 .1 6 5 7 .1 7 5 7 .1 8 6
90 7 .0 4 6 7 .0 5 6 7 .0 6 6 7 .0 7 6 7 .0 8 7 7 .097 7 .1 0 7 7 .1 1 7 7 .1 2 7 7 .1 3 7 7 .1 4 8 7 .1 5 8 7 .1 6 8 7 .1 7 8
92 7 .0 3 9 7 .049 7 .0 5 9 7 .0 6 9 7 .0 7 9 7 .0 8 9 7 .0 9 9 7 .1 0 9 7 .1 2 0 7 .1 3 0 7 .1 4 0 7 .1 5 0 7 .1 6 0 7 .1 7 1
94 7.031 7.041 7 .051 7.061 7 .071 7 .0 8 2 7 .0 9 2 7 .1 0 2 7 .1 1 2 7 .1 2 2 7 .1 3 2 7 .1 4 3 7 .1 5 3 7 .1 6 3
95 7 .0 2 7 7 .0 3 7 7 .0 4 7 7 .05S 7 .0 6 8 7 .0 7 8 7 .0 8 8 7 .09S 7 .1 0 8 7 .1 1 9 7 .1 2 9 7 .1 3 9 7 .1 4 9 7 .1 5 9
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To obtain the true weight in air of turpentine a t  the standard 
temperature of 60° F. from observed readings taken a t other 
temperatures on a pounds per gallon hydrometer standardized 
for 60° F., locate observed reading, by interpolation if necessary, 
in horizontal line opposite temperature a t which reading was 
made, and follow in vertical column to corresponding reading at 
60°, which is the true weight in air a t 60°.

T he therm al expansion of destructively distilled or wood 
spirits of turpentine has been indicated ( /)  as about 1 0  per 
cent greater than  th a t of either gum spirits of turpen tine or 
steam-distilled wood turpentine. I t  is probable th a t  the m a­
terial produced a t  th a t  date  (1911) differed m arkedly from 
present-day destructively distilled wood turpentine. The 
w riter has found arom atic hydrocarbons in very old destruc­
tively distilled wood turpentine, the presence of which would 
increase the therm al expansion of the turpentine. N o data  
have been found on the therm al expansion of sulfate wood 
turpentine. In  order to  determ ine th e  relative therm al ex­
pansions of the four kinds of turpentine and to  te s t the new 
hydrom eter, three sam ples of sulfate wood, three of destruc­
tively distilled wood, two of steam-distilled wood, and two 
of gum spirits representing current production were ob­
tained. Readings on both  th e  specific gravity  and the 
pounds per gallon hydrom eter were taken  on each sample 
a t  34°, 6 8 °, and 95° F . These tests showed th a t therm al ex­
pansion of tu rpentine is independent of kind. Therefore, the 
tables for specific and Baum é gravity  hydrom eters (3), and 

I ' i g t o e  2. R e a d i n g  H y d r o m e t e r s  Table I  and Figure 3 m ay be used for any of the four kinds of
turpentine.

T he accuracy of a  determ ination will depend on the  ac- 
N ational B ureau of Standards, were found to  require maxi- curacy of the hydrom eter and therm om eter and the care
mum scale corrections of 0.002. The comparison liquid used w ith which they  are used. T o obtain the highest degree of
in the standardization  was mineral oil, which has a  surface accuracy, bo th  th e  hydrom eter and the  therm om eter should
tension very  close to  th a t of turpentine. T he coefficient of be standardized by the N ational B ureau of S tandards,
cubical expansion of the glass used in the 
instrum ents w as sta ted  by the manufac­
turer to  be 0.000027 per degree Centigrade, 
or 0.000015 per degree Fahrenheit.

T he difference between the observed 
reading and  correct value is approxi­
m ately 0 .0 0 1  pound per gallon for each 
10° F . above or below 60° F ., subtracted 
from observed readings m ade above 
60° F . and added to  those m ade below 
this tem perature. A sample on which a 
hydrom eter reading a t  80° F . showed 
7.150 pounds per gallon has a true  weight 
in a ir a t  80° F . of 7.148 pounds per gallon.
Such small corrections generally need not 
be applied, since th e  lim it of accuracy in 
reading th e  hydrom eter is =*=0 .0 0 1 , and 
a change of only 0.3° F . in the sample 
will result in a  change of 0 .0 0 1  in hydrom­
eter reading.

Table I  and Figure 3 are designed pri­
marily to  convert observed hydrom eter 
readings a t  o ther tem peratures to  pounds 
per gallon a t  60° F . They m ay be used, 
w ith corrections above noted, for deter­
mining change in w eight of a  gallon of 
turpentine w ith tem perature. The data  
used as a  guide in preparing Table I  (3) 
were obtained experim entally from 14 sam­
ples of gum  spirits of turpentine and 
two samples of steam-distilled wood tu r­
pentine using a  specific gravity  hydrom ­
eter m ade of th e  sam e type  of glass used 
in the pounds per gallon hydrom eter and 
constructed by  the same m anufacturer.
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M e th o d  o f  R ea d in g  H y d ro m eters

Fill a clear glass jar or cylinder having a height equal to the 
length of the hydrometer and an inside diameter a t least 1 inch 
greater than the diameter of the hydrometer bulb to within about 
2  inches of the top with the turpentine to be tested; place a  ther­
mometer in the jar, and set it  on a table in a sheltered place. 
Carefully immerse the hydrometer in the turpentine to a point 
slightly below th a t to  which it naturally sinks and then allow it 
to float freely. Be sure the hydrometer is not in contact with the 
jar or the thermometer. When the temperature as registered by 
the thermometer has become stationary and the turpentine and 
the hydrometer are free from air bubbles and arc a t rest, place 
the eye slightly below the plane of the surface of the turpentine 
(Figure 2, left) and raise the eye slowly until this surface seen as 
an ellipse appears to be a straight line (Figure 2, right). Take 
the reading of the instrument a t the point a t which this line cuts 
the hydrometer scale (£). The third decimal on the scale must be 
determined by interpolating (estimating) from the smallest divi­
sion on the scale. Record the reading of the hydrometer and the 
thermometer (first making corrections if instruments have been 
standardized). If the temperature of the turpentine is not 60°, 
the weight per gallon at 60° and other temperatures may be ob­
tained from Tabic I or Figure 3.
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An enlargement of Figure 3 on millimeter cross-section paper 
may be obtained by writing the Naval Stores Research Division, 
Bureau of Agricultural Chemistry and Engineering, Washing­
ton, D. C.

W hile hydrom eters indicating pounds per gallon are not 
a t  present listed by instrum ent m akers and appara tus supply 
firms, a num ber of instrum ent m akers have indicated th a t 
they  can furnish instrum ents suitable for use w ith turpentine.

This type of hydrom eter of suitable range w ith accom­
panying tables or graphs should be useful for the weight- 
volume conversion of m ineral oils and o ther liquids.

L ite ra tu r e  C ited

(1) Bearce, H. W., Bur. Standards, Tech. Paper 9 (April, 1912).
(2) Natl. Bur. Standards, “ National Standard Petroleum Oil Tables” ,

Circ. C410, p. 4 (March 4, 1936).
(3) Smith, W. C„ and Veitch, F. P., U. S. Dopt. Agr., Circ. 110 (Feb.,

1930).
(4) Veitch, F. P., and Grotlisch, V. E., U. S. Dept. Agr., Bull. 898

(Nov., 1920; revised Sept., 1921).
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Rapid Method for  Calibration o f Flowm eters
H E R M A N  J .  M E U R O N 1, S ta n fo rd  U n iv e rs ity , C alif.

I T  O FT E N  becomes necessary to  construct and calibrate 
a flowmeter or to  calibrate a capillary tube  for a flowmeter 

w ith interchangeable capillaries in a  laboratory  where no 
calibration apparatus is im m ediately available.

U nder such circum stances the m ost useful m ethod of cali­
bration  for laboratory m eters using relatively low pressures 
consists of displacem ent of the gas by a  liquid, thus forcing 
the gas through the flowmeter. T he following advantages are 
obtained: simple construction from ordinary laboratory  ap­
para tus; precision, accuracy, and rap id ity  of calibration m eas­
urem ents due to  upw ard displacem ent of gas; and economy 
of calibrating liquid (if o ther than  w ater is used).

M ost m ethods (1) displace a liquid, such as w ater, by the 
gas after the gas has passed through the flowmeter. If a t 
th e  end of a known tim e the volum e of liquid used is meas­
ured, th e  volum e of gas flowing per un it tim e can be calcu­
lated. How'ever, in such techniques downward displacem ent 
of liquid tends to create a  back pressure which changes the 
ra te  of flow as th e  head of the liquid changes.

As i t  was necessary to carry ou t a  num ber of calibrations, 
the following procedure was devised:

An arrangement B  and C (Figure 1), giving a constant head 
(or any such device), allows water to  run into a calibrated mixing 
cylinder of 1- or 2-liter capacity. B  may be an inverted 2-liter 
bottle with the bottom removed. The stream of water is con­
trolled by means of a stopcock or screw clamp, A;  a stopcock is 
more satisfactory. The water displaces the sample of gas in the 
cylinder, forcing it  through the flowmeter. Since the inlet tube 
into the cylinder is bent, there is no splash, and readings are easily 
made on the cylinder. When A  is adjusted to  a  convenient 
pressure differential, indicated by the liquid in the flowmeter, a 
stop watch is started and the level in the cylinder is noted. 
This is usually about 200 to 300 ml., so th a t a large cylinder 
calibrated like a graduate of the same size is desirable.

From these measurements the volume per unit time flowing 
through the flowmeter can be calculated. This operation is 
repeated for various pressure differentials of the indicating liquid 
in the flowmeter by regulating A. I t  is convenient to  construct 
a graph, plotting pressure differential against volume per unit 
time.

1 P resen t address. U . S . Food  and  D rug  A dm in istra tion , F edera l Office 
B ldg., San F rancisco , Calif.

The design of the apparatus perm its, w ith slight modifica­
tion, use of any gas desired.

If w ater is undesirable as a  calibration liquid, m ercury or 
oil m ay be substitu ted , the appara tus being designed so th a t 
there is no loss of liquid.

T he dropping m ercury m ethod, on a smaller scale than 
herein described, is especially adapted  to  the calibration of 
sensitive meters, measuring the continuous flow of small 
quantities.

L ite ra tu r e  C ited
(1) Smith, G. W„ I nd. E.vo. Chem., Anal. F.d., 4, 244 (1932).



Carbon Train for Control Analysis
L O U IS S IN G E R , HO W A RD J .  ST A R K , A N D  JO H N  A. K R Y N IT S K Y , N aval R e se a rc h  L a b o ra to ry , A n a c o s lia , I) . C.

O F  T H E  m ethods now being used for the determ ination 
of carbon in steel, the combustion method has proved 

m ost satisfactory from the point of view of accuracy and gen­
eral applicability . On occasion, however, as for some pur­
poses of control work, greater speed is demanded than  th a t 
afforded by  the o rdinaiy  combustion method. I t  is the pur­
pose of th is paper to  show how, by an adaptation of the or­
dinary combustion train , more rapid analyses m ay be ob­
tained.

Practically all tex ts of quan tita tive analysis include dis­
cussion of the ordinary combustion method for carbon in 
steel and a  description of a  carbon train . This being the case, 
only those modifications of the tra in  will be discussed which 
serve to  speed up  the analysis.

M o d ifica tio n s o f  T rain
H a s t e n i n g  t h e  S w e e p i n g  P r o c e s s . A large part of the time 

taken for an analysis is used in the sweeping process, in which the 
gaseous products formed in the combustion of the sample must 
be swept out of the combustion tube and absorbed. This sweep­
ing period may be considerably shortened by reducing the volume 
through which the gas must be passed. Such volume reduction 
is effected by inserting in the exit end of the tube a quartz plug 
(A, Figure I), made by sealing off both ends of a piece of quartz 
tubing. The outside diameter of the plug should be only slightly 
less than the inside diameter of the combustion tube. In the

train described, the quartz plug was 2.34 cm. (0.906 inch) in out­
side diameter and the inside of the combustion tube was 2 .5  cm. 
(1 inch).

R e m o v a l  o f  S u l f u r  G a s e s  a n d  W a t e r  V a i>o r . Following 
the combustion tube is an absorption tube, B, of about 50- to 
60-cc. capacity which is attached to the combustion tube by 
means of a short piece of heavy-walled rubber tubing. I t  is half 
filled with 2 0 -mesh zinc to remove sulfur gases (1) and the balance 
is packed with Anhydrone.

A r r a n g e m e n t  o f  T r a i n . Considerable time may be saved 
by setting up the carbon train for easy manipulation. Following 
the three-way stopcock (Figure 2) is a  0.47-cm. (0.188-inch) 
copper tube, E, rigidly secured by means of a table clamp, F, rod, 
G, and clamp holder, II, and extended into and close to the base 
of the balance. With this arrangement it  is necessary to hold 
the balance door only slightly open during weighing. This nar­
row opening does not sensibly affect the weighing.

The copper tube in the balance terminates in a one-hole rubber 
stopper, C. The tube extends half way into the stopper, leav­
ing the other half to accommodate the weighed absorber, B. The 
combination of copper tube and stopper should be rigid enough 
to act as the only support of the weighed absorber. Using this 
support, the absorber can be handled with one hand.

A sketch of the weighed absorber, including dimensions, is seen 
in Figure 3. Another absorber of the same dimensions, also 
filled with Asearitc and Anhydrone, is used as a counterpoise (.4, 
Figure 2). This counterpoise is necessary, as the effluent gas, 
oxygen, exerts an increased buoyant effect on the weighed ab­
sorber (B, Figure 2) over th a t of air. The absorbers may be 
interchanged when the weighed absorber 13 exhausted. Both 
are left unstoppered during the entire time of an analysis. Weigh­
ing with the absorber open introduces no error.

M e t h o d  o f  W e i g h i n g . Since stress is placed upon speed, it

ZD=o
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S e t - u p  o f  C a r b o n  T r a in

is necessary to use a fast method of weighing; accordingly, the 
single deflection method (2 ) was employed. 1  his method is rapid 
ana does not involve a  loss in sensitivity as when using a mag­
netic damper. The authors used a chainomatic balance of ordi­
nary sensitivity (0.25 division per 0.1 mg).

B o a t s  a n d  C o v e r s . For combustion of the sample an Alun- 
dum boat 8.75 cm. (3.5 inches) long, 1.25 cm. (0.5 inch) wide, 
and 0.78 cm. (0.31 inch) deep is used. The boat is provided 
with an Alundum cover to protect the combustion tube from 
flying particles of ignited oxide. By eliminating the bedding 
material, a more rapid ignition of the sample is obtained, but 
it is necessary to use a new boat every third or fourth analysis. 
Prior to use, a large number of boats and covers are burned out 
a t 900° to 1000° C. for about 0.5 hour in a muffle furnace, and are 
then stored in  a large desiccator until ready for use.

L o a d in g  t h e  B o a t  f o r  A n a l y s i s . In the boat is placed a 
0.500-gram steel sample together with approximately 0.5 gram 
of tin  shot, which promotes rapid combustion of the sample. 
The combustion tube is kept a t  a  temperature of 1150° to 
1200° C., using a furnace with globar heating elements.

P u r i f i c a t i o n  a n d  M e t e r i n g  o f  G a s . The following devices 
are used for the regulation and purification of oxygen: a  gas 
regulator for the oxygen tank (an Air Reduction Company com­
bination gage and regulator was found very satisfactory); an 
ordinary calibrated U-tube gage to  measure the gas flow; a soda- 
lime tower to remove carbon dioxide; and a tower of Anhydrone 
to remove moisture.

I t  is also advisable to  provide the combustion tube with a clear 
glass window. A simple and inexpensive device is the glass T- 
tube of Figure 4, which fits into the rubber stopper of the com­
bustion tuoe. A bulb is blown on the glass T-tube, so th a t the 
operator may sec the boat in the combustion tube.

P ro ced u re  for  A n a ly s is
The gas flow from the oxygen cylinder is adjusted so th a t it 

is between 250 and 300 cc. per minute. No further adjustment 
of gas flow is made, except th a t necessary to maintain th e  speci­
fied flow rate. A t the beginning of a series of determinations 
the weighed absorber is set in place on the train  in the rubber 
stopper (C, Figure 2) and flushed with oxygen for several minutes. 
This preliminary flushing is necessary only jrh en  the absorption 
tube has been allowed to stand in the air for some time, so th a t ap­
preciable diffusion has taken place. When the absorber is to be 
weighed the three-way stopcock (D , Figure 2 ) is turned so that 
oxygen from the combustion tube exhausts into the air; weighing 
while a stream of gas is directed into the balance would not be 
advisable. The absorber is now taken from the stopper, sus­
pended from the stirrup of the balance, and weighed. I t  is then 
replaced on the train  and gas is passed through it  by proper ad­
justm ent of the stopcock.

One-half gram of tin is placed in the boat, the cover is put 
in place, ana the boat and contents are pushed into the combus­
tion tube. The boat is pushed as close as possible to the quartz 
plug without a t the same time moving it out of the hot zone of 
the combustion tube (Figure 1), in order to make rapid flushing 
possible. With the temperature of the combustion tube between 
1150° and 1200° C. in every case the sample burned rapidly. 
Rapid burning is attended by a stream of glowing oxides from the 
sample.

The time th a t elapses after 
introduction of the boat into 
the combustion tube, before 
rapid ignition sets in, varies 
somewhat with the composi­
tion of the steel, the size of the 
sample, and its form (shot, 
drillings, etc.). In  the case of 
drillings, for plain carbon 
steels, rapid ignition sets in 
within 30 seconds after intro­
duction of the sample. Using 
the Bureau of Standards sam­
ples, which are millings, be­
tween 30 and 60 seconds 
elapse before rapid combus­
tion sets in. In  the case of 
shot, w'hich is the form in 
which the control chemist 
usually receives the sample 
for analysis, a  sample of 1 2 - to 
14-mesh is suitable. Usually 
one minute is necessary to 
burn the sample completely 
after ignition once starts. At 
the end of this time, the tube 

must be flushed for 30 seconds. After flushing, the oxygen is 
exhausted into the air and the absorber is immediately weighed.

Thus the absorber is ready for weighing 2.5 minutes after in­
troduction of the sample into the combustion tube. The total 
time of an analysis will depend on the skill of the operator. How­
ever, using the carbon train  described and weighing by single 
deflection, an analysis can be made in 4 minutes.

In the manipulation of the train, several features represent a 
departure from conventional practice. No attem pt is made to 
regulate the gas flow during the analysis. The flow rate is set 
a t the start of a series of analyses and the only change is the path 
the gas takes, as controlled by the three-way stopcock (D, 
Figure 2). During a  combustion, the gas is passed through the 
absorber; while the absorber is being weighed the gas is allowed 
to escape into the air. The absorber is a t all times kept in the 
balance case, which minimizes any error in weighing due to tem­
perature difference between absorber and balance. The ab­
sorber is left unstoppered a t  all times and weighings are made 
as rapidly as possible.

D isc u ss io n  o f  R e su lts
T able I  contains the results obtained using Bureau of 

S tandards samples. These include two alloy steels which 
are difficult to  burn  and a  cast iron. W ith  th e  exception of

T a b l e  I. D e t e r m i n a t i o n  o f  C a r b o n

B u reau  of 
S tan d a rd s

Sam ple Certified C arbon C arbon
N o. V alue P resen t

%
P la in  C arb o n  Steels

F ound
%

E rro r
%

l i d 0 . 2 0 2 0 . 2 0 0 . 2 1 + 0 . 0 1
0 . 2 0 2 0 . 2 0 0 . 2 0 N one
0 . 2 0 2 0 . 2 0 0 . 2 1 + 0 . 0 1

1 2 d 0 .4 1 8 0 .4 2 0 .4 0 - 0 . 0 2
0 .4 1 8 0 .4 2 0 .41 - 0 . 0 1

1 0 0 0 .6 1 7 0 .6 2 0 .6 3 + 0 . 0 1
0 .6 1 7 0 .6 2 0 .6 2 N one

130 0 .4 5 4 0 .4 5 0 .4 5 N one
0 .4 5 4 0 .4 5 0 .4 6 + 0 . 0 1

72a 0 .3 1 7 0 .3 2 0 .3 2 N one
14b 0 .8 1 7 0 .8 2 0 .8 1 - 0 . 0 1

0 .8 1 7 0 .8 2 0 .8 0 - 0 . 0 2
72 0 .294 0 .2 9 0 .3 0 + 0 . 0 1

0 .294 0 .2 9 0 .3 0 + 0 . 0 1
15b 0 . 1 0 1 0 . 1 0 0 . 1 0 N one

0 . 1 0 1 0 . 1 0 0 . 1 0 N one
13c 0 .5 7 3 0 .5 7 0 .5 5 - 0 . 0 2

121 (C R  18% ,

0 .5 7 3 0 .5 7  

A lloy S teels

0 .5 7 N one

N i 8 % ) 0 .0 5 7 0 .0 6 0 .0 7 + 0 . 0 1
0 .057 0 .0 6 0 .0 7 +  0 . 0 1

126 (N i 36 .4% ) 0 .0 3 4 0 .0 3 0 .0 3 N one
0 .034 0 .0 3  

C a s t Iro n

0 .0 4 +  0 . 0 1

Öß 2 . 8 6 2 . 8 6 2 .91 + 0 .0 5
2 . 8 6 2 . 8 6 2 . 8 8 + 0 . 0 2  

A v. * 0 .0 1
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the cast iron, which showed in one determ ination an error of 
+ 0 .0 5  per cent, the  greatest error for any determ ination was
0.02 per cent. M ost of the analyses show either an error of
0 .0 1  per cent or no error a t  all.

The certificate values of the second column are rounded and 
listed as percentage of carbon present in column 3. I t  is 
these la tte r  values th a t  are compared w ith the results ob­
tained, because the m agnitude of the weight change in the

absorber restricts expression of results to  two significant 
figures.

L ite ra tu r e  C ited
(1) Bright, H. A., and Lundcll, G. E. F., Bur. Standards J. Research,

5, 943 (1930).
(2) Brinton, P. II. M. P., / .  Am. Chem. Soc., 41, 1151 (1919).
O p i n i o n s  expressed in  th is  artic le  a re  those  of th e  w rite rs  an d  d o  n o t neces­
sa rily  reflect th e  ideas of th e  N av a l 8 ervice.

Simple Tests to Indicate the Condition of an 
Analytical Balance

LEO NARD C. K R E ID E R , B e th e l C ollege, N o r th  N e w to n , K a n sa s

I T  O FTE N  falls to the lo t of a  teacher of quantita tive 
analysis or an  industrial chemist to  determ ine w hether a 

balance is in satisfactory weighing condition. This paper 
presents a simple and rapid m ethod of balance testing th a t 
is sufficiently exacting for m ost purposes. The fundam ental 
principles upon which this brief series of tes ts is based are well 
recognized, b u t the method of application is believed to  be 
new. A recent paper (1) gives valuable additional informa­
tion from  th e  instrum ent repairm an’s point of view.

The following points should be considered:

1. The general condition of the balance must be acceptable.
2. The rest point should be constant for any particular load 

when the mass on each of the pans is equal.
3. The balance must be of the proper degree of sensitivity. 

(Sensitivity is understood in this paper to be numerically equal 
to the deflection on the pointer scale caused by the addition of a 
1-mg. load to a single pan of the balance.)

4. The balance must give weighings th a t are closely repro­
ducible.

5. The balance must have lever arms of nearly equal length.

These points are intim ately interrelated—for example, an 
imperfect knife-edge m ay cause the balance to  perform poorly 
in respect to  points 2, 3, and 4.

Po in t 1 is no t readily tested  quantitatively , b u t a  careful 
inspection will usually suffice.

Make sure th a t the beam releases, pan rests, rider carrier, 
chain weight devices, and other moving parts are in good me­
chanical condition. See tha t the knife-edges are separated from 
their bearing plates by the beam lift to a gap of about 0 .1  mm. 
and th a t when the beam lift is released all three knife-edges make 
contact with their plates over the whole edge gently and simul­
taneously. This is essential to  the life of the edges. Metal parts 
well finished and free from corrosion are desirable, but do not 
necessarily indicate an accurate balance.

The inform ation sought in  points 2 and 3 can be obtained 
quan tita tively  by the following m ethod:

Place the balance on a  firm support in a part of a  room where a 
fairly constant temperature prevails (away from radiators, open 
windows, and other drafts, out of direct sunlight, and removed 
from other hot light sources). Level the balance with the set­
screws provided in the base. If  the balance has recently been 
moved from another location, open the door of the case and allow 
a t least an hour for the balance to attain room temperature.

After the balance has been brought to the 6axne temperature 
as its environment, determine the data required to construct a 
table similar to  Table I. For this purpose select two sets of 
analytical weights, Wt and IPi. I t  is convenient, but not neces­
sary, to  have the sets agree within fairly narrow limits. They need 
not be calibrated. If  two sets of weights are not available, one 
can make shift with only one set—for example, if the data a t 2 0  
grams’ load are to be determined, one could call the two 1 0 -gram 
weights together Wi and the 20-gram weight W,.

Table I records da ta  obtained in  applying this m ethod to  a 
typical stu d en t balance. T he principle involved is th a t of 
double weighings first devised by  Gauss.

T a b l e  I. D a t a  f o r  S t u d e n t  B a l a n c e

W eigh t of R est R est
A verage

R es t R est S ensitiv ity ,
W i an d  W t Point«1, P o in t* , P o in t, C Point«, E

(E ach) -4 B (A  +  B ) /2 D (B  -  D)
Grams

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

1 0 0 9 .3 1 1 . 1 1 0 . 2 10.3 0 . 8

* W i on le ft p an , W t on r ig h t pan . 
k TTi on le ft p an , TFi on r ig h t pan .
•  W t on  le f t pan , W \ +  1 m g. on r ig h t pan .

C onstancy of the values in column C would satisfy po in t 2. 
If the rest po in t in  C should shift by as m uch as two or three 
pointer scale divisions between loads of zero w eight and  1 0 0  
gram s’ weight on each pan, the balance would no t be accept­
able for determ ining absolute m ass values, b u t m ight prove 
acceptable for certain types of gravim etric analysis where the 
determ ination of small differences in m ass only is required. 
The balance tested (Table I) , where the rest point shifts 1 .2  
scale divisions between zero w eight and 1 0 0  gram s’ w eight load 
on each pan on the basis of a  sensitivity  of 0 .8  a t  1 0 0  gram s’ 
load, would cause an error of 1.5 mg. in  determ ining a  100- 
gram  load. T his am ounts to  a  deviation of only 0.0015 per 
cent, which would be negligible for m ost work.

I t  is w orth while to  tes t the effect of changing the  position 
of the masses from the centers of the pans to the edges and see 
if th e  value of the res t point is thereby changed. D efects of 
the end knife-edges m ay sometimes be detected by  this 
method, whereas they  m ay rem ain unnoticed when the masses 
on the pans are perfectly centered. T he po in t of rest should 
also be checked by  using swings of small am plitude and then 
swings of considerably greater am plitude. Difference between 
the two values indicates worn, nonparallel, or otherwise 
fau lty  knife-edges.

If the balance is to  be used where the requirem ents are only 
m oderately exacting (point 3), the sensitivity  (column E)  
should have a  numerical value of a t  least 2  and preferably 3  
or 4 a t  zero load on the balance pans. T he sensitivity  of a 
balance should rem ain nearly constan t o r should decrease 
slowly and regularly w ith increasing load on the balance 
pans. T he fall in sensitivity is usually due to  a  difference in 
level between the middle and th e  end knife-edges, and m ay be 
caused by bending of the beam under the load, by  w ear of the 
knife-edges, or by  no t sharpening them  uniformly. In  gen­
eral, i t  is n o t safe to  use a  balance for loads th a t  reduce the 
sensitivity to  less than  40 per cent of th e  value w ith zero load.
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W eights of 90 to  100 gram s should be the maximum allowed 
on each pan  of the balance th a t is serving as our example.

Point 4 could be determ ined by again getting the rest point 
of the balance w ith pans em pty  after securing the d a ta  of 
T able I . If  this checks w ith the corresponding value in  the 
table w ithin 0 .2  pointer scale division, the balance is satisfac­
tory. If fu rther checks on th is point are desired, one can re­
peat the weiglrings a t  any  pan load.

Point 5 is easily tested as follows:

An object of mass M  (a 20-gram weight is convenient) is placed 
on the left-hand balance pan and counterbalanced with other 
weights from the set and their sum, S, is recorded. M  is then 
transferred to the right-hand balance pan and again counter­
balanced with weights from the set and their sum, S ', is recorded. 
If L  equals the length of the left lever arm and R  equals the length 
of the right lever arm of the balance, from the principle of the 
lever

and
M L  =  R S  (1 )

M R  = L S '  (2)

If we divide Equation 2 by Equation 1 we get

R / L  =  V S 7 S  (3)

On developing the quantity under the radical sign in terms of a 
series of powers of x and S, where x represents the difference be­
tween S '  and S  (S' -  S  =*= x), we get the series

X
2 S 16 S 3' (4)

In  applying this to the balance, x is always very small as com­
pared to S;  so the equation reduces essentially to

R
L 1 ± x

2  S (5)

The upper sign is used where S '  is greater than S  and the lower 
sign is used when S '  is less than S. In  a good balance the R /L  
value should be 1.0 =*= 0.00002. In  dealing with comparative 
values, as in gravimetric analysis, an R / L  value of 1.0 =*= 0.0002 
can be tolerated without appreciable error in the final result.

In  deciding w hether a balance is suitable for the w ork a t 
hand, one m ust also know th e  probable lim its of error in tro ­
duced by factors o ther than  th e  balance. The balance m ay 
be used w ithout hesitation if i t  is twice as accurate as the least 
accurate of any  of the o ther m easurem ents involved. I t  is 
very probable th a t  more errors in  studen t and commercial 
work are due to uncalibrated or poorly calibrated weights than  
to inaccurate balances. M oreover, m anipulative techniques, 
aside from weighing, usually introduce far larger errors than  
can be accounted for by  the inaccuracy of weighing; and  the 
percentage of error of m any analytical m ethods, due to  such 
things as end-point errors, solubility of precipitates, adsorp­
tion, deliquescence, inability  to m easure volumes accurately, 
etc., is far greater than  m ost of us would to lerate in an 
analytical balance.

L ite ra tu r e  C ited
(1) Craig, A„ I nd. Enq. Chem., Anal. Ed., 11, 581 (1939).
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Useful Centrifuge Accessories C. R . JO H N S O N , U n iv e rs ity  o f  T ex as, A u s tin ,  T ex as , AND
HA RVEY M IL L E R , Q u a r te r m a s te r  L a b o ra to ry , S a n  A n to n io  

G e n e ra l D e p o t, F o r t  S a m  H o u s to n , T ex as

W H E N  reagents are to  be purified rapidly and efficiently by crystalliza­
tion, centrifugal draining of the crystals is essential. U nfortunately, 

convenient and inexpensive centrifuge accessories for this purpose are 
scarce, particularly  for crystallizations which m ust be carried ou t on a 
small laboratory scale. T he basket-head type of apparatus is expensive, 
cannot easily be m ade w ithout special equipm ent, and is n o t very con­
venient for use w ith small quantities of m aterial, or in any  case where very 
high purity  is required. Accessories which perm it the adapta tion  of various 
sizes of B uchner funnels or Gooch crucibles as baskets are no t quite so ex­
pensive, b u t are unsatisfactory in  o ther respects.

T he perforated cup type of accessory, in which both  crystals and liquid 
are completely enclosed during centrifuging, is especially suitable for small 
quantities of m aterial. M ade from platinum  or gold, such an accessory is 
universally useful, b u t the cost is prohibitive for m ost laboratories. A 
plated apparatus m ight seem to  offer a  suitable substitu te , b u t inquiries 
indicate th a t  the cost of any  practical design is ra ther high. Accessories of 
this type m ade from the m ethyl m ethacrylate resin Lucite are inexpensive 
and for m any purposes fully as useful as if they  were m ade from one of the 
noble m etals. Lucite is alm ost completely insoluble in w ater solutions of 
salts, acids, and dilute alkalies, and in  straight-chain hydrocarbons. How­
ever, i t  cannot be heated much above 70° C. and is soluble in many 
organic solvents.

The au thors have designed two accessories which m ay be machined from 
stock sizes of Lucite sheet, rod, and tubing to  fit s tandard  centrifuge cups.
T he inner cup of the small model has 61 holes drilled in  a hexagonal pattern  
w ith a  No. 70 B . & S. gage drill. T he inner cup of the larger model has 
interchangeable bottom  plates, each w ith 169 No. 60 or No. 70 holes.

E igh t complete accessories were m ade for -S3.50 each, including the cost 
of labor and m aterial. This is one eighth the lowest quotation  obtained for 
a  single se t m ade from  any  suitable combination of base m etals, and one 
fifteenth the  cost of a  small basket-head accessory m ade from  manganese 
bronze. T he economy is even greater, since the Lucite accessories are more 
generally useful with w ater solutions than  those m ade from base m etal alloys.

H-31 mm. CH 
*—  4 0  mm. D. —H

o>

r* 0  ~̂ j



Ultraviolet Photometer
Quantitative M easurement o f Sm all Traces o f  Solvent Vapors in Air

V. F . HA NSO N, E . I .  d u  P o n t  tie N e m o u rs  &  C o., In c .,  N ia g a ra  F a lls ,  N. Y.

A n  u ltr a v io le t  p h o to m e te r  h a s  b een  d e­
velop ed  for  rap id ly  m e a su r in g  c o n ce n tr a ­
t io n s  o f  tr ic h lo r o e t liy le n e  as lo w  as 10 p . p . 
m . a n d  p erc h lo ro e tliy len e  as lo w  as 0.3 p . p . 
m . in  a ir . I t  is  a p p lica b le  to  m a n y  tox ic  
o rg a n ic  vapors in  co n c e n tr a tio n s  as lo w  as 
0.13 p. p . m . I ts  o p era tio n  d ep en d s o n  th e  
p a rtia l o p a c ity  o f  th e se  vapors to  u ltr a ­
v io le t l ig h t . I t  is sp ec ific  for  vapors h a v in g  
a s tr o n g  a b so rp tio n  in  th e  2537 A- reg io n  o f  
th e  sp e c tr u m  (T a b ic  I ) . S p ecia l m easu res  
m u s t  be ta k e n  w h e n  m ix tu re s  o f  su c h  su b ­
s ta n c e s  are p resen t.

T h e  in s tr u m e n t  is  p o rta b le , d irect-rea d -  
in g , a n d  cap ab le  o f  m a k in g  a t  le a s t  tw o  d e­
te r m in a t io n s  p er m in u te  o n  su b sta n c e s  for  
w h ic h  i t  h a s  b een  p rev iou sly  sta n d a rd ized .

D e ta ils  o f  p r in c ip le s  o f  o p era tio n , co n ­
s tr u c t io n , a n d  a p p lica tio n  are g iven .

T H E  increasing use of chlorinated solvents, particularly 
trichloroethylene and perchloroetliylene, in  degreasing, 

d ry  cleaning, and extraction has led to  an urgent need for a 
rapid and reliable analytical method for determ ining solvent 
concentrations in the a ir in  the working areas.

Such an  analytical method is needed in  studying the 
causes of solvent losses for both economic and health  hazard 
reasons. R esults of analyses should be instantly  available to 
check changes in concentrations during the various opera­
tions. T he method should be simple, so th a t special tech­
nicians are no t required, and the equipm ent should be portable 
and sensitive to  concentrations as low as 2 0  parts  per million. 
H ealth, insurance, and labor agencies of several sta tes have 
requested some of th e  operators using these solvents to 
check their equipm ent to  preclude the possibility of health 
hazards arising as a result of excessive solvent losses, which are 
generally due to  fau lty  operation or defective equipment.

M e th o d s  o f  A n a ly ses E x ta n t

T he following analytical methods have been used w ith 
varying degrees of success:

1. Thermal decomposition of the solvent followed by absorp­
tion and measurement of the products of decomposition 
(4, 8. 9, IS)

2 . Alcoholic absorption-colorimetric method (1)
3. Specific gravity measurements (5)
4. Refractive index measurement (6, 10)
5. Weight gained by charcoal absorption (S)
6 . Thermal conductivity (14)
7. Vapor pressure of condensed solvent (S, 7, 11)
8 . Flame tests (IS)

A critical inspection of these methods indicated th a t none 
fully m et th e  requirem ents set forth  above. Therefore, the 
R . & H . Tri-Per-A nalyzer was developed to determ ine micro­
quantities of trichloroethylene and perchloroetliylene (known 
as “T ri” and “P er” to  the trade) in air.

• I t  consists of an extremely sensitive and stable ultraviolet 
photometer with a built-in sampling and standardizing system. 
Its operation depends on the partial opacity of solvent vapors to 
certain bands of light in the ultraviolet region of the spectrum. 
Ease of operation makes it possible for a layman to make a com­
plete survey of solvent concentrations in an area of a  plant in a 
half hour’s time. Concentrations from 1 0  to 2000 p. p. m. of 
trichloroethylene and 0.3 to 500 p. p. m. of perehloroethylene can 
be measured, and higher concentrations can be determined by 
making slight modifications in the instrument. I t  is common 
practice to make two determinations per minute of trichloro­
ethylene vapor in concentration as low as 1 0  p. p. m. (by volume) 
or as low as 0.3 p. p. m. of perehloroethylene vapor in air. The 
analyses are made as rapidly as samples can be pumped through 
the instrument, the results of the analyses being instantly avail­
able.

T a b l e  I. S e n s i t i v i t y  o p  P h o t o m e t e r

S ensitiv ity , 
pe r Scale D iv ision  

P .  p .  m.

M ercury
T e tra e th y lle a d

0 . 0 0 0 1  (approx .
0 .1 3

X ylene 0 . 2
M onochlorobensene 0 .3
A niline 0 .3
P ereh lo roethy lene 0 .5
C hloroprene 0 .5
T oluene 1 . 0
B enzene 1 . 2
V inylacety lene 1 . 0
Phosgene 5
A cetone 5
E thy lbenzene 5
P entachloroetlxane 7
H ydrogen  sulfide 8
T rich lo roethy lene 1 0
C arb o n  disulfide 1 2
G asoline (B lue Sunoco) 50

P h o to m e te r  In sen sitiv e  to :
M ethy lene  ch loride E th y l alcohui
C arb o n  te trach lo rid e A m yl alcohol 

E th y l ac e ta teE th y len e  dichloride
T e trach lo ro e th a n e E th y l Cellosolve 

M eth y l C ellosolve 
D ow tnerm  A

C hloroform
M eth y l ch loride
V iny l ch loride 
M e th y l alcohol

W ater v ap o r

While the instrum ent was developed prim arily for tri­
chloroethylene and perehloroethylene, i t  m ay be used equally 
well on m any toxie vapors, b u t is insensitive to  others (Table
D.

An instrum ent operating on similar principles has been used 
for measuring m crcury concentrations in a ir (15).

T h eo ry  o f  O p eration

All substances absorb light a t  some region of the spectrum . 
If a  spectral region exists where a  vapor has a  high absorption 
and the diluent a high transmission, the concentration of the 
vapor can be measured in term s of light absorbed. T he ideal 
instrum ent would be one using a m onochrom atic source of 
light of wave length corresponding to  the maximum absorp­
tion of the vapor and a  minim um absorption of the diluent 
and a highly sensitive and stable light-m easuring device 
sensitive only to  this wave length.

The operation of th is analyzer is based on the Beer-Lam - 
bert law which sta tes th a t the light absorption depends on the 
distance traversed and the m olar concentration of the light 
absorbent. Thus, a  u n it layer of u n it concentration absorbs 
as m uch light as a  layer of twice the thickness and half the 
concentration. T he Beer-Lam bert law is then

I  =  /„IQ--'“

119
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1 0 -4
-755- r =  4 45 X 10*’ mole per 
2 2 4  liter

then I  =  /„10-~J (3)

Log 10 j  = d£(i 

so tha t

Log 10 ~  =  1.9]X 4.45 X 1 0 " ' X 
1 15 =  1.27 X 10~5

F i g u r e  1. P h o t o m e t e r

where 1 is the in tensity  of the transm itted  light, / o is the 
in tensity  of the incident light, a is the extinction coefficient 
for common logarithm s, c is the molar concentration of 
the ligh t absorbent, and d is the thickncss of the layer 
m easured in centim eters.

I t  is very im portan t to note th a t these relations favor meas­
urem ents of low concentrations of the light absorbent—i. e., 
there is a  greater percentage difference in light absorbed by 
small quantities than  by larger quantities of absorbent.

T he o ther analytical methods used for measuring small 
traces of vapors operate on a  linear relationship, and have the 
obvious disadvantage for low concentrations of giving the 
same increm ental differences regardless of concentration. 
T hus, while a un it absolute error in a reading a t  high concen­
trations m ight result in  a  low relative error, the same absolute 
error a t  low concentrations would result in a high relative 
error.

T he following average extinction coefficients were found to 
hold for a light consisting of 90 per cent 2537 Â. radiation 
(extinction coefficients, a, are calculated for log base 1 0 ): 
trichloroethylene, 1.9; perchloroethylene, 45.

Selecting the following requirements:
Light cell length, d, 15 cm.
Minimum concentration of tri- 

ehloroethylene to be detected,
1 0  p. p. m.

Minimum molar concentration

I t  is thusev iden t th a t the photom ­
eter m ust be capable of detecting 
changes in  light in tensity  of 0.003 
per cent in  order to detec t 1 0  p. p. m. 
of trichloroethylene.

The change in transm itted  light 
due to  the presence of solvent vapors 
is measured by the change in  resist­
ance of a sodium photocell whose 
peak sensitivity is a t  about 3000 A. 
Instead  of m easuring the voltage 
drop across a fixed resistor in series 
w ith this photocell, a  second photo­
cell is used as both a series resistor 
and as a  m eans for partia lly  com­
pensating for changes in the light 
ou tp u t from  the low-pressure m er­
cury vapor lam p. T he photocell 
voltage is impressed on the grid of a 
battery-operated  pentode which 
amplifies the changes in photocell 
voltage. These changes are in­
dicated on a  m icroam m eter in  the 
p late circuit of the tube. All m eas­
urem ents are m ade when the light to  
the two photocells is equal, to  elimi­
nate errors due to changes in b a tte ry  

voltage and tube characteristics.

R .  &  H .  T r i - P e r - A n a ly z e r

The instrum ent and accessories are self-contained in  a  carry­
ing case weighing 16 kg. (35 pounds). Figure 1 shows the 
instrum ent set up  for use. Figure 2  shows the panels re­
moved from the case.

A n a l y z e r  U n i t . The analyzer unit is composed of the fol­
lowing elements:

Optical and Light-Measuring Systems. Low-pressure 5-watt 
mercury vapor lamp emitting 2537 A. ultraviolet light, lamp 
stabilizer networks, 15-cm. sample cell provided with quartz 
windows, two General Electric FJ76 sodium phototubes operating 
in a bridge network, vacuum tube electrometer with a  micro­
ammeter balance indicator, and micrometer “light valve”.

Sampling System. Charcoal absorption tube, porous filter, 
sampling pump, and control valve.

The schem atic draw ing (Figure 3) shows th e  arrangem ent 
of the equipm ent.

E l e c t r o m e t e r  B a l a n c e  I n d i c a t o r . An RCA32 tube oper­
ating a t reduced heater and plate voltage to reduce grid current 
and increase stability is mounted near the phototubes. The tube 
control leads pass through the partition into the battery com­
partment. Grid bias control and phototube balancing potentiom-

the ratio of light transmitted by 
solvent-free air to air containing 10  
p. p. m. of trichloroethylene, is ap­

proxim ately^ =  1.00003.
F i g u r e  2 . I n s t r u m e n t  w i t h  P a n e l s  R e m o v e d  f o r  I n s p e c t i o n
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F i g u r e  3 . S c h e m a t ic  D ia g r a m  o f  P h o t o m e t e r

eters with the plate microammeter are mounted in the battery 
compartment. A switch is provided to ground the grid to 
standardize the electrometer.

The combination of voltage and current control with the com­
pensating reference photocell, integral sample cell, and light valve 
and rapid sampling and standardizing systems were all found 
necessary to provide the sensitivity and stability to measure 
changes in light intensity of less than 0.003 per cent.

O p t i c a l  a n d  L i g h t - M e a s u r i n g  S y s t e m s . After attempting 
to use light-splitting, collimating, and optical wedges for in­
creasing and distributing the light to the two photocells, the 
simple optical system shown in Figures 2, 3, and 4 was adopted. 
While greater sensitivity could be obtained with a longer light 
cell than the 15 cm. used, the decrease in light intensity on the 
photocells reduced the instrument stability, more than offsetting 
the advantage of increased sensitivity. Space was also consid­
ered an im portant factor in designing a portable rugged field 
instrument.

The light from the 5-watt General Electric sterilization lamp 
passes through the light cell (Figure 4) which is mounted on the 
instrument panel. Light is also transmitted to the reference

?hototube through an adjustable slit below the lamp (Figure 2 ). 
he light to the two phototubes is approximately equalized by 

adjusting the light slit on the reference photocell. The fine 
balance is attained by the voltage divider (“Standardize” , Figure 
3) across the phototube battery. This fine balance consists of a 
radio potentiometer in series with two fixed resistors to limit the 
range of the electrical adjustment. The light is thus balanced 
when the voltage drop from the common wire of the phototubes 
to the ground is zero.

The simple micrometer screw proved to be a  very satisfactory 
method for measuring the light tha t was absorbed.

In operating the instrument, the two phototubes are first 
balanced as described, with solvent-free air in the test chamber 
and the “Concentration Index” set a t zero. Then the instru­
ment three-way valve is switched to  “Test Air” , and the "Con­
centration Index” micrometer is raised until the original balance 
is restored. Thus, by decreasing the area of the shadow cast by 
the “Concentration Index” screw on the phototube, the amount 
of light tha t is absorbed by the test air is compensated for in a 
manner th a t permits very simple measurement.

One complete turn of the "Concentration Index” dial elevates 
the screw 1 mm. The dial, being divided in 100 parts, makes a 
change of 0.0031 per cent per dial division on the photocell based 
on the ratio of the area of the shadow cast by the screw on the 
phototube to the area of the phototube element.

Concentrations of various vapors in terms of “Concentration 
Index” dial divisions are plotted on Figure 5. For convenience, 
calibration curves for the trichloroethylene and perchloroethylene 
are mounted on the instrument panel.

Since it is impossible to 
secure equally  balanced 

QEXHAUST phototubes, special care was
required to stabilize the 
ultraviolet lamp, which was 

FJ 7 6 found to be extremely sensi­
tive to voltage and tempera­
ture changes. The lamp has 
the negative volt-ampere 
characteristic of an electric 
arc, making it necessary to 
provide a constant current 
netw ork to  m ain ta in  a 
steady current regardless of 
changes in lamp voltage and 
im pedance arising  from 
changes in lamp pressure 

STANDARDIZE 0IKJ temperature. A reso­
nant circuit consisting of 
equal inductive and capaci­
tive reactances connected in 
the form of a  square was 
found to give excellent cur­
rent control as long as the 
line voltage was constant. 

0-.2  MA. This network was made up
from radio chokes and by­
pass condensers, the imped­
ance of each component 
being equal to the lamp 
impedance. These elements 
were selected to operate the 
lamp a t about half the 
normal current to minimize 
changes in lamp character­
istics with time.

A Sola constant-voltage transformer proved satisfactory for 
controlling the lamp voltage in spite of normal variations in line 
voltage.

S a m p l i n g  S y s t e m . T he successful use of the analyzer de­
pended as much on the sam pling system  adopted as on the 
optical system.

The sample is pumped first through a charcoal tube which re­
moves all traces of solvent vapors. A tube 3.12 cm. (1.25 inches) 
in inside diameter and 15 cm. (6  inches) long was found effective 
in reducing solvent concentrations from 600 to less than 1 p. p. m. 
After the instrument is balanced a t the zero point, the three-way 
valve is turned so th a t the sample by-passes the charcoal tube, 
passing through a porous Alfrax filter before it enters the sample 
cell. This filter is mounted on the screw top of the filter tube, 
from which it is readily removable for cleaning and inspection. 
The frequency of cleaning depends on the type of atmosphere to 
which the instrument is subjected. Unless paint spray, oil, or 
similar contaminant is encountered, it has been necessary to 
clean the cell about three times per year.

F i g u r e  4 .  D e t a i l s  o f  S a m p l in g  S y s t e m
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F i g u r e  5 . C a l i b r a t i o n  C u r v e s

Accurate results depend on rapid circulation of the sample 
through the instrument. Changing the sample about 20 times 
per minute permits frequent checks of the zero point, which is 
im portant for attaining high accuracy a t low concentrations giv­
ing up to 10 scale division deflection. Motor-driven pumps were 
troublesome because of lubrication; however, a small cotton filter 
was effective in keeping the oil from being blown by the pump 
into the instrument. I t  was found necessary to force the sample 
through the cell in order to maintain substantially atmospheric 
pressure on the sample. Suction of the sample through the cell 
was unsatisfactory because of cell pressure variations.

C a lib ra tio n  a n d  A ccu racy  o f  A n a lyzer

T he analyzer is periodically cheeked by adding carefully 
measured quantities of liquid solvent to  a  850-liter (30-cubic 
foot) fum atorium  in which an  electric circulating fan is 
m ounted. A fter the solvent sample has been thoroughly 
mixed w ith the air, i t  is passed through the instrum ent. A t 
least three readings are m ade a t  each concentration, and the 
average dial readings are then  plotted against the known con­
centrations. Figure 5 shows the calibration curves for the 
m aterials listed in  T able I, a t  22° C. and 760-mm. pressure. 
U nless pressure and tem peratures differ greatly  from these 
values, corrections need no t be applied. T he instrum ent is 
about 25 times as sensitive to  perchloroethylene as to  tri- 
chloroethylene.

T he instrum ent has been checked six times in the year th a t 
i t  has been in  service, during which it has traveled over 50,000 
miles w ithout serious accidents th a t affected its accuracy. 
Except for one occasion when a gum m y film was found on the 
q u a rtz  windows, the recalibration checked the initial calibra­

tion within 2  scale divisions up to concentrations of 1 0 0 0  
p. p. m. of trichloroethylene.

There is a  gradual decrease in instrum ent sensitivity  due to  
changes in the spectral o u tp u t of the lam p. E rrors due to 
such changes can be minimized by  making periodic recalibra­
tions. One or two points on the curve are generally sufficient 
to check the calibration.

B y taking the average of two or three readings, i t  is possible 
to  obtain  check results w ithin one scale division on the “Con­
centration Index” dial. T he absolute lim its of accuracy 
vary w ith concentration according to  the B eer-Lam bert law.

For the low concentrations of vapors shown on Figure 5 the 
calibration curve follows a stra igh t line from 1 0 0  to 1 0 0 0  
p. p. m.

Based on a  tolerance of one dial division, the lim its of 
accuracy of the instrum ent for trichloroethylene and per­
chloroethylene in a ir free from any  o ther substance listed in 
Table I, to  which the instrum ent is sensitive, will be:

C o n ce n tra tio n  
of V apor 
P . p . TO.

0 -5 0
50-200

200-G00

L im it of E rro r 
T rich lo roe thy lene  P erch lo roethy lene

P . p. to. P. p. w.

*15
t 20
*=24

* 0 .0 5
*0 .91
* 0 .9 7

The lim its of accuracy of the instrum ent for the o ther sub­
stances listed would be the differences in  concentrations re­
quired to  produce one scale division change on the “ Concen­
tration  Index” .

T a b l e  II. F ie l d  T e s t  R e p o r t  o n  V a p o r  C o n c e n t r a t i o n s  
N e a r  D e g r e a s e r

(S o lven t used, tr ich lo roethy lene . D eg reaser ty p e , v apo r-s lu sh . Use, 
c leaning  m eta ls, stee l. C ap a c ity  opera tio n , 7 5 % . V apor co n c en tra tio n s , 

p. p . m . b y  volum e)
E x h a u s t S ystem

L ocation  M achine

45 cm. (18 inches) abo v e  le ft fro n t end  Id ling

45 cm . (18 inches) abo v e  cen te r fro n t Id ling

45 cm . (18 inches) above rig h t f ro n t end  Idling

A v.

O p e ra to r’s nose level S lushing

45 cm . (18 inches) abo v e  left fro n t end W orking

On Off
\  p. TO. P. p. r

125 2 0 0
300 170
250 160
2 2 0 125
224 164

190 170
n o 150
125 150
125 150
128 155

170 150
125 2 0 0
125 2 2 0
1 0 0 240
128 2 0 2

150 125
150 300

250
2 2 0

150 249

360
2 0 0
380
310
340

2 0 0 0
1 2 0 0
400
875
674

T he charcoal should be changed when the zero cannot be 
checked when comparing clean and contam inated air. This 
is ordinarily about once in  2 0  operating hours.

O p era tio n  o f  A n alyzer
In  m aking a  survey of concentrations in a  working area near 

equipm ent using solvents to  which the instrum ent is sensitive, 
as listed in  Table I, the  following procedure is recommended:

Allow instrument to warm up for 10 to 15 minutes. Turn on 
amplifier lever switch. Press lever switch to right, and set meter 
pointer to  mid-scale (1 0 0  on a 2 0 0 -microampere meter) by ad-
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justing “ Bias Control” . S tart pump, set valve on “Standard 
Air” and “Concentration Index on zero. Bring meter to mid­
scale by adjusting light slit for coarse adjustment and “Stand­
ardize” for fine adjustment. After meter reaches equilibrium, 
shift valve to  “Test Air” . Turn “Concentration Index” dial 
until meter returns to mid-scale. Return valve to “Standard 
Air” to  check zero. Determine concentration by applying 
average readings to calibration curves.

The motor-driven pump should not be operated in explosive 
atmospheres because of sparking brushes. A hand pump is pro­
vided for such conditions.

Table I I  indicates the detailed da ta  th a t can be obtained 
in less th an  one hour in a  survey of the concentrations of tri- 
chloroethylene near a degreasing unit. The abnorm ally high 
peaks of concentration would not appear in other analytical 
methods listed above, except possibly w ith the interferometer.

M isc e lla n e o u s  A p p lic a tio n s  for A n alyzer
In  addition to  the routine analyses of air for solvent con­

centration, this instrum ent has m any potential applications 
because of its  sensitivity and speed of response. Some of 
these are determ ination of efficiency of solvent absorbents, 
checking efficacy of gas masks, determ ination of concentra­
tions of certain vapors in gaseous products from chemical 
reactions, determ ination of concentrations of certain flam­
mable vapors, and checking performance of fume-disposal 
systems.

The instrum ent m ay be modified to  operate continually and 
m ay be adapted for autom atic control of chemical processes 
or for use w ith other vapors.

By using selective absorbents, it  is possible to  determ ine the 
concentration of various components of m ixtures of vapors.
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Simply Constructed Color Comparator
R IC H A R D  II . W IL H E L M , P r in c e to n  U n iv e rs ity , P r in c e to n ,  N . J .

T H E  object of a color com parator is to  bring color images 
from reflecting or lum inous surfaces into closely adjacent 

fields, thereby enabling the eye to  compare the colors with 
sensitivity. These instrum ents are generally constructed 
w ith optical prisms. D uring the course of a  ra te  study in 
which the progress of the process was followed by color 
changes, th e  inexpensive color com parator herein described 
was constructed. I ts  operation depends upon the fact th a t 
curved bars of certain resins will transm it light w ithout ap ­
preciable loss through the curved surfaces. A lthough Plexi­
glas was used, any  acrylate or m ethacrylate resin w ith similar 
optical properties would be equally satisfactory.

F i q u r e  1 , P a r t s  a n d  A s s e m b l y  o p  C o m p a r a t o r

The component parts and the assembly of the comparator are 
shown in Figure 1. Two straight cylindrical rods of resin, A,  
6  inches long and 0.75 inch in diameter, were softened by heating 
to about 1 1 0 ° C. and one end of each was bent through an angle 
of about 30°. One half of the remaining straight portion of each 
rod was removed by milling, leaving flat surfaces, B, as shown. 
With a strip of reflecting aluminum foil, C, between them the two 
surfaces were cemented together by an adhesive made from some 
of the resin dissolved in equal parts of carbon tetrachloride and 
chloroform. A strong bond and excellent internal reflection a t 
the surface of the bond were thus obtained.

To prevent stray light from entering the lateral surfaces of the 
instrument, it became necessary to coat these with an opaque 
lacquer which still allowed internal reflection to  take place. A 
coating made from aluminum powder dispersed in the above- 
mentioned resin solution was satisfactory. F lat surfaces, per­
pendicular to the resin rod a t each point, were ground with fine 
emery a t D, where the light enters the comparator, and a t E, 
the eyepiece, where it emerges. A final polish on these surfaces 
was obtained with a finely divided abrasive metal polish.

A small convex lens in a brass tube (not shown) was fitted to 
the eyepiece of the comparator. By focusing this lens upon the 
resin surface, E, the two half-circle fields appeared to be uni­
formly illuminated with diffused light. In using the comparator 
the usual care was taken to provide illumination of equal intensity 
upon both colored surfaces.

An angle of 60° between incident light sources was the only 
one tried and is no t necessarily the maxim um  practical angle 
for a  com parator of this type.



Determination of Copper in Plant Materials
Using the D ropping M ercury E lectrode

J .  F IE L D IN G  R E E D  a n d  R A L P H  W . C U M M IN G S 
D e p a r tm e n t  o f  A g ro n o m y , C o rn e ll U n iv e rs ity , I th a c a ,  N . Y.

T H E  use of the dropping m ercury electrode in analysis for 
copper has received some a tten tion  and should be adap t­

able to  the determ ination of copper in p lan t m aterial and in 
soils. T he earlier investigations of Shikata (8), M andi (S), 
and R oncato and Bassani (7) were of a prelim inary nature, did 
no t include lim its of copper or of interfering m aterials, and 
were no t conclusive. Thanheiser and M aassen (11) reported 
the polarograph to  be very useful in  analysis of steel for cop­
per in  the presence of o ther m etals and H ohn (2) in his mono­
graph included an  outline for copper determ ination in  brass 
and  m etal alloys. Suchy (10) used the dropping m ercury 
electrode for sim ultaneous estim ation of copper, bism uth, 
lead, and cadmium, and S tou t (9) suggested a  procedure for 
polarographic estim ation of copper.

In  th is investigation the  regulating solutions suggested by 
the above authors were tried  in  the presence of any in ter­
fering m aterials th a t  m ight be present in  p lan t m aterials and 
a  m ethod was worked ou t for the polarographic determ ination 
of copper in  p lan t m aterials.

T e sts  o f  R e g u la t in g  S o lu t io n s
Since ferric iron interferes w ith th e  determ ination of copper, 

it  m ust be elim inated quan tita tive ly  from solution. This may 
be done w ith  inappreciable loss of copper by  adding an excess 
of am m onium  hydroxide to  th e  boiling solution and filtering. 
In  testing the  suitability  of th e  various regulating solutions 
for copper, direct polarographic determ inations were m ade of 
copper (as copper sulfate pen tahydrate) added to  these solu­
tions. Then, in addition, copper standards were acidified w ith 
sulfuric acid and carried through th e  am m onium  hydroxide 
trea tm en t, th e  filtrates were evaporated to  dryness, and the 
residues were taken  up in th e  regulating solutions and polaro- 
graphed.

S tou t’s solution of am m onium  ace ta te -ta rta ric  acid and 
H ohn’s Grundlosung A were elim inated as giving unsatisfac­
to ry  curves. In  neither case could the curves be repeated 
w ith any  quan tita tive  precision. H ohn’s Grundlosung C is 
a  strongly ammoniacal solution of am m onium  chloride con­
taining m ethyl cellulose as a stabilizing colloid. In  order to 
pass nitrogen through this solution to  free i t  of oxygen i t  was 
necessary to  add caprylic alcohol to prevent foaming over 
(5). A lthough there is some irregularity  in th e  curves pro­
duced in this solution, it  is possible to use i t  for higher con­
centrations of copper. A t concentrations below 4 micrograms 
of copper per ml. of solution, the curves were unsatisfactory 
because the linear spread of the copper “break”  (along the 
voltage axis) was so great as to  make m easurem ent diffi­

cult where quantities of copper are sm all and the wave height 
is correspondingly small.

Suchy (10) recom mends as a  regulating solution a 10 per 
cent solution of sodium potassium  ta r tra te . T his solution is 
alkaline owing to  hydrolysis. O ther solutions used by  Suchy 
were acid and alkaline solutions of sodium citra te  and sodium 
ta r tra te . All these solutions of Suchy’s were tried  w ith  va­
rious copper concentrations. W here the copper solution was 
acidified w ith sulfuric acid, neutralized w ith  an  excess of 
amm onium hydroxide, filtered, washed, evaporated to  d ry ­
ness, and taken  up in th e  various solutions of Suchy, free am ­
m onia was liberated on addition  of any  of the alkaline solutions 
and unsatisfactory curves resulted.

The m ost satisfactory curves were obtained w ith acid so­
dium  citrate  (pH  3.8 to 4.2), m ade by  mixing equal quan ti­
ties of 0.5 M  sodium hydroxide and  0.5 M  citric acid. I t  was 
com paratively easy to  free th is solution of dissolved oxygen, 
requiring 1 0  to  2 0  m inutes of bubbling in  pure nitrogen, 
whereas the alkaline solutions required 60 to  80 m inutes. 
W here copper alone was added to  the regulating solution and 
polarographed (w ithout the acidification, neutralization, 
filtration, etc.) there was a tendency tow ard a  slight maxi­
m um . T his was overcome by  the addition  of 1.0 ml. of
0.05 per cent acid fuchsin, Ca>Hi7N 3(S0 20 Na)s, to  every 10 
ml. of regulating solution.

T a b l e  I. B a s e  M i x t u r e

M ate ria l E lem en t
M g.

%  in
P la n t“ M ate ria l E lem e n t

M g.

%  in  
Plant®

KC1 
N aiCO i 
CaC ii
M ljS 0 t .7 H ,0

F Æ U .6 H .O  
A!,CU.12HjO 
SiO i (silicic acid)

1 0 . 0  K
1 .0  N a

1 0 .0  C a
5 .0  M g
2 .0  P
1 .0  Fe 
0 .2  Al

2 0 .0  Si

1 . 0
0 . 1
1 . 0
0 .5
0 . 2
0 . 1
0 . 0 2
2 . 0

M nSO i
N iS04.7H *0
C 0 CI1.6 H 1O
P b C lj
C dC lj.2H jO
Z nS0 4 .7 H t0
CuSO«.5HiO
A sjOi

0 .2  M n 
0 .0 5  N i 
0 .0 5  C o 
0 .0 5  P b  
0 .0 5  C d  
0  05 Zn 
0 .0 5  C u  
0 .0 5  As

0 . 0 2
0 .0 0 5
0 .0 0 5
0 .0 0 5
0 .0 0 5
0 005
0 .0 0 5
0 .0 0 5

° A ssum ing 1 .0-gram  p la n t sam p le  rep re sen ted  in  10-m l. so lu tion .

In te r fe r in g  M a te r ia ls
To determ ine the concentration lim its of m aterials o ther 

th an  copper which m ay occur in  the p lan t ash w ithout in ter­
fering w ith the determ ination  of copper, solutions were made 
up  containing all of those cations or anions th a t are likely to 
appear in an ashed sam ple. T he basic synthetic  solution 
which approxim ates p lan t ash is listed in Table I.

Now a series of solutions was prepared in which each con-

124
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F i g u r e  1. R e c o v e r y  o p  C o p p e r  A d d e d  t o  P l a n t  
M a t e r ia l

1, 2. 3 . A shing  m ethods referred  to  in  te x t. S en sitiv ity  1 /30 , 
d ro p  r a te  2.5 seconds, d is tance  betw een abscissas 0.15 vo lt

stituen t was varied in concentration, holding the o ther con­
stituen ts constant. The solutions were then  treated  w ith 
am m onium  hydroxide, filtered, washed, and evaporated to 
dryness, the residue was taken up in  the acid sodium citrate, 
fuchsin was added, and copper was determ ined polarographi- 
cally.

F i g u r e  2 . C o m p a r i s o n  o f  C o p p e r  A l o n e  a n d  C o p p e r  P l u s  
F o r e i g n  M a t e r i a l s  a n d  T r e a t m e n t  

S en sitiv ity  1 /150 , d ro p  ra te  2.5 seconds, d is tan ce  betw een abscissa« 0.15 
vo lt

When the copper concentration was m aintained a t  5 micro­
grams per ml. (assuming 1 .0  gram of p lan t m aterial ashed and 
taken up  in 1 0  ml. of regulating solution, this is equivalent 
to 0.005 per cent copper), there was no interference from any 
of the m aterials considered even when present a t  concen­
trations ten  times as great as listed in Table I. F rom  this it 
was evident th a t there would be no interference from any of 
these elem ents a t  concentrations th a t greatly exceed their 
norm al concentration in p lan t m aterial.

The anode potential was measured against the saturated  
calomel half-cell so as to correct the half-wave potential for it. 
There was little  variation in anode potential and this opera­
tion m ight well be om itted in routine determ inations. In the 
regulating solution used, the corrected half-wave potential for 
copper was —0.15 volt.

A sh in g  P roced ure
A fter the method proved satisfactory for copper determ ina­

tions in  synthetic p lan t ash, a num ber of different p lan t m a­

terials were ashed in  the following ways and copper was de­
termined polarographically by  the method used w ith  the 
synthetic ash:

1. A wet-ashing procedure involving nitric, sulfuric, and 
perchloric acids.

2 . Ignition in a muffle furnace a t 450° C. for 12 to 16 hours.
3. Addition of nitric acid followed by ignition a t 450° C. for 

12  to 16 hours, addition of nitric acid again followed by reignition 
in the muffle.

4. Ignition in a muffle furnace a t 650° C. for 1 2  to 16 hours.

To determ ine the effectiveness of the ashing procedures for 
recovery of added copper, 160 micrograms of copperas CuSOj.- 
5H sO were added to  th e  p lan t m aterials and the above ashing 
procedures were repeated. In  all the dry-ashing trials, sepa­
rate  samples after ignition were taken  up  independently in 
hydrochloric and in sulfuric acid. In  only the wet-ashing 
procedure was added copper recovered. T his supports the 
conclusions presented by  M itchell (Jf) w ith  regard to  the de­
term ination of traces of copper. In  Figure 1 are given curves 
illustrating the ineffectiveness of two dry-ashing procedures 
commonly used. A b lank was run on the reagents used in  the 
wet-ashing procedure to  see w hat p a rt of the “ recovered” 
copper was in the reagents themselves. The acids carried 
through the procedure and taken  u p  in regulating solution 
gave 4 micrograms of copper, and the p lan t m aterial w ith 
unadded copper gave 10 micrograms of copper. These are 
small in  comparison w ith the am ount added for recovery, 160 
micrograms of copper.

P rop osed  M eth o d
Place 0.5 to 2.0 grams of plant material in a 30-ml. Kjeldahl 

flask. Add 5 ml. of concentrated nitric acid, heat until brown 
fumes are evolved, add 1 ml. of concentrated sulfuric acid, and 
heat until charring begins, all the nitric acid being driven off. 
Add 1 to 2 ml. of 60 per cent perchloric acid and continue heat­
ing until the solution is colorless or a pale yellow and the excess 
perchloric acid is driven off. Dilute to 15 to 20 ml., heat to boil­
ing, add a slight excess of concentrated ammonium hydroxide, 
boil for a minute, filter, and wash with slightly ammoniacal 
water. Evaporate the filtrate to dryness, take up the residue in 
9 ml. of acid sodium citrate (made by mixing equal quantities of 
0.5 M  sodium hydroxide and 0.5 M  citric acid), add 1 ml. of 
0.05 per cent acid fuchsin, and determine the copper polaro-
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F i g u r e  3. C o m p a r is o n  o p  C o p p e r  A l o n e  a n d  C o p p e r  P l u s  
F o r e i g n  M a t e r i a l s  a n d  T r e a t m e n t

S ensitiv ity  1 /3 0 , d ro p  ra te  2.5 seconds, d istaoce  betw een  abscissa« 0 .15  
vo lt



126 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 13, No. 2

F i g u r e  4 .  C o m p a r is o n - o f  C o p p e r  A l o n e  a n d  C o p p e r  
P l u s  F o r e i g n  M a t e r i a l s  a n d  T r e a t m e n t

S en s itiv ity  1 /1 0 , d ro p  r a te  2.5 seconds, d is ta n ce  b etw een  abscissas 
0 .15 vo lt

graphically. Oxygen is removed from the solution prior to  the 
determination by bubbling in pure nitrogen.

L im its  o f  M e th o d
In  order to determ ine the range of copper concentration for 

which the m ethod is applicable, synthetic solutions were 
again m ade up  which approxim ated ashed p lan t m aterials 
and whose composition was the same as th a t given in  T able I. 
In  th is case the copper content of these solutions was varied, 
and they  were analyzed for copper by  the procedure suggested. 
T he polarograms obtained were compared w ith others ob­
tained by adding similar concentrations of copper to  the 
sodium citrate  solution, adding fuchsin, and polarographing. 
The equipm ent used in  obtaining the current-voltage curves 
was the same as th a t described by the au thors in  a  previous 
paper (6 ). The results of these determ inations are indicated 
in Figures 2 to  5 and summarized in Table II .

The m easurem ents of wave height were m ade by  the so- 
called “ intersection po in t" m ethod denoted as m ethod C by 
Borcherdt et al. ( /) . T he accuracy, if several measurem ents 
are made and averaged, is about 0.5 mm. T his obviously

T a b l e  II.

F ig u re  2 

F ig u re  3 

F igu re  4 

F ig u re  5

COPPER

F i g u r e  5 . C o m p a r is o n  o f  C o p p e r  A l o n e  a n d  C o p ­
p e r  P l u s  F o r e i g n  M a t e r i a l s  a n d  T r e a t m e n t

S en sitiv ity  1 /5 , d ro p  ra te  2.5 seconds, d is ta n ce  betw een  abscissas 
0.15 vo lt

1/150
1/150
1/150
1 /30
1 /30
1/30
1/10
1/10
1/10
1 /5
1/5
1 /5

C o m p a r i s o n  o f  C o p p e r  A l o n e  a n d  C o p p e r  P l u s  F o r e i g n  M a t e r i a l s  a n d  
T r e a t m e n t

C opper A dded 
y /m l .
200 
100 

64
32 
16 

8
4 
1
0 .5
0 .5  
0 .2  

B lank

G alvanom ete r
S ensitiv ity

W ave H eigh t, 
C u  A lone 

Mm.
5 0 .0
2 6 .0
1 5 .5
4 3 .5  
2 2 .0  
12 .0
2 1 .0

9 .5
5 .5

12.0
9 .5  
0 .0

C orrec ted  C u  
C on cen tra tio n , 
C u  A dded  +  

B lank  
y /m l .

200
100

64
32
16

8 .3
4 .3
1 .3  
0 .8 4

0 .84
0 .5 4
0 .3 4

W ave H eigh t, 
C u  +  In te r ­

fering 
M ate ria ls

5 0 .0
2 5 .0
1 6 .0
4 2 .0
2 1 .0  
11 .0
2 0 .0
1 0 .5

5 .5
1 1 .0

8 .5
5 .5

C orrec ted  C u  
C o n cen tra tio n , 
C u  A dded  +  

B lank  
y /m l .

200
100
64
32
16
8 .4
4 .4
1 .4  
0 .8 7
0 .8 7
0 .5 7
0 .3 7

means th a t a  greater per­
centage error is involved 
where the wave heights are 
small. T he lim its of the 
m ethod were from 2 0 0  to  0 .2  
microgram of copper per ml. 
Expressed on a p lan t basis, if 
the procedure were carried 
ou t as outlined, using 1 gram 
of p lan t m aterial and taking 
up in  1 0  ml. of regulating solu­
tion, th is would am oun t to a 
range of from 0 .2  to 0 .0 0 0 2  
per cent of copper in  the plant. 
T he upper lim it could be ex­
tended by  using a lower gal­
vanom eter sensitivity  or by 
diluting the solution.

Even in the case of the copper alone the “b lan k ” was as 
high as 0.37 microgram per ml. I t  is evident th a t  a  b lank 
is necessary for correction purposes and th a t  w ith a  b lank of 
this m agnitude i t  would n o t be possible to  determ ine concen­
trations less th an  th is am ount. In  order to avoid extra 
trouble in redistilling w ater and special purification of re­
agents, it  would probably be b e tte r to  select a  2 -gram  sample 
of p lant m aterial where unusually small am ounts of copper 
are expected.

P la n t  M a ter ia ls
To illustrate the effectiveness of the m ethod on plants 

som ewhat higher in copper, analyses were m ade of lettuce, 
the seeds of which had been pretreated  w ith copper. The 
polarograms for these p lan ts are shown in Figure 6 . Dry- 
ashing m ethods gave less than  50 per cent of the copper 
found by  wet-ashing these p lants.

S u m m a r y
A method for the determ ination of copper in p lan t m a­

terials is proposed which involves the use of the dropping mer-
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F i g u r e  6 . C o p p e r  i n  L e t t u c e
(1) S e n s itiv ity  1 /3 0 ,0 .0 0 4 %  C u ; (2) sensitiv ity  1 /1 0 ,0 .0 0 3 %
C u : (3) sen s itiv ity  1 /30 , 0 .000%  C u. D rop  ra te  2.5 seconds, 

d is ta n ce  betw een abscissas 0.15 vo lt

cury electrode. Copper is determined in the presence of all 
the constituents ordinarily present in p lan t ash except those 
th a t are rem oved by  addition of a slight excess of ammonium 
hydroxide. N o interference is offered by any of the cations 
or anions likely to be found in  p lan t ash even when present in 
com paratively large quantities.

Copper added to p lan t materials as copper sulfate could

not be recovered by any  of the dry-ashing m ethods used. A 
wet-ashing procedure was adopted involving final solution in 
sulfuric acid.

Limits of the method using a 1-gram sam ple of p lan t m a­
terial are from 0 .2  per cent or greater to 0 .0 0 0 2  per cent of cop­
per in the plant.
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Systematic Qualitative Organic Microanalysis
C om parative Study o f  P roced ures o f  M icroextraction

W IL L IA M  G . B A IT  AND H E R B E R T  K . A L B E R  
B io ch e m ic a l R e se a rc h  F o u n d a t io n  o f  th e  F ra n k l in  I n s t i tu t e ,  P h ila d e lp h ia ,  I’e n n a .

E X T R A C T IO N  procedures constitute an im portant step 
in the scheme of organic analysis on a  micro scale 

( / ,  2). These procedures are of two types: the removal of an 
active ingredient from a heterogeneous m ixture and the re­
moval of undesirable m aterial from an im pure product. Sepa­
ration of the active principle from a crude drug m ixture is an 
example of the first type; the preparation of derivatives and 
their consequent purification, an  example of the second.

In control laboratories, where tim e is lim ited, methods 
which require less sample and consequently less extraction 
time are of d istinct advantage, provided th a t the results are 
comparable to  those obtained when using conventional ap ­
paratus. T his investigation includes only methods for ex­
traction of solid substances by heated solvents and excludes 
liquid-liquid extraction processes. The m erits of a standard 
macro-Soxhlet, a  semimicro-Soxhlet extractor and representa­
tive m icroextractors are compared.

Several m icroextractors, developed in recent years, were 
constructed for special investigations. T he authors are not 
cognizant of any  study  dealing w ith the use of an extractor 
for general purposes involving the quantita tive recovery of 
both extractive and residue.

T he two types of extraction apparatus are siphoning and 
percolating; these m ay be of simple or complex design.

The macro-Soxhlet, its semimicro counterpart (commercially 
listed as “micro” Soxhlet extractor), the Colegrave (7), and the 
Wasitzky (21) extractors belong to the siphoning group. Ex­
tractors using the principle of percolation have been developed 
by Titus and Meloche (20), Gorbach (13), Hetterich (14), and 
Slqtta.

Slotta’s extractor (18), which is not described in the literature, 
is shown in Figure 4. A glass crucible with sintered-glass bottom 
holds the material to be extracted. Crucibles of different porosi­
ties may be substituted to correspond with the particle size of the

substance and surface tension of the solvent. A Dimroth con­
denser reduces the over-all height of the apparatus. The receiv­
ing flask is connected to the extraction chamber by a ground- 
glass joint; an apparent disadvantage is the weight of this flask, 
approximately 15 grams, which reduces the accuracy when very 
small amounts of extracted material are weighed. When solution 
is transferred there is always the added risk of accidental loss. 
Two glass inserts of 5- and 10-ml. capacity, respectively, together 
with a distribution tube, serve for the extraction of small amounts 
of liquid.

Because of similarity of design to one or another of the micro­
extractors mentioned, the apparatus of Blount (5), Browning (6 ), 
Fulton (10), Garner (11), and Gettens (12) were not included in 
this investigation.

F a c to rs  In flu e n c in g  E x trac tio n

S o l v e n t s . Solvents were selected so th a t volatile and 
m oderately volatile, low and high boiling, low and high sur­
face tension m enstrua were included. A solvent, having 
special affinity for an extractable m aterial likely to  be present 
is preferable. The influence of atm ospheric m oisture on the 
solvent is reduced by using drying tubes on top  of the con­
densers.

The range of boiling points of solvents tried was between 
35° and 100° C. a t  norm al pressure. The boiling point in  a 
completely enclosed extracting system, o r one w ith a com­
paratively small condenser, m ay be slightly higher, especially 
in the case of a  very volatile liquid. Decomposition of n a tu ­
ral products when extracted w ith common solvents m ay 
occur if the boiling points, a t  atm ospheric conditions, are 
high. These two dangers m ay be avoided by the application 
of reduced pressure in the extraction apparatus (13, 20, 21).

T he surface tension is ano ther influence in  obtaining a 
sm ooth-running extraction. The range of surface tensions 
encountered in common solvents for liquid-air interface, ex-
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A ß  C D
FIGURE 1. COMPARISON OF METHODS OP EVAPORATION

A .  H ea tin g  from  u n d e rn ea th
B . H ea tin g  from  above, w ith  C hrom olox  ring
C. S pon tan eo u s ev a p o ra tio n
D. H ea tin g  from  u n d e rn ea th  b u t  rem ov ing  v ap o r phase  by  a  j e t  of a ir

pressed in  dynes per cm., includes: ethy l ether 20° C. =  17, 
35° C. =  15; ethyl alcohol 20° C. =  22, 70° C. =  18; and 
w ater 20° C. =  73, 100° C. =  59. In  the lower range of sur­
face tensions the effect is m ainly th a t of penetrability  of the 
solid; Lehrecke (16) s ta tes th a t  the penetrability  of an  or­
ganic solvent in to  a  solid is inversely proportional to  the sur­
face tension. In  the higher range, difficulties w ith  the re- 
fluxing liquid are encountered.

S y s t e m s  S t u d i e d . Salicylic acid and kieselguhr extracted 
w ith ether, anthracene and starch  extracted w ith ether, and 
sodium chloride and alum inum  oxide extracted w ith  w ater, 
were the m ixtures and solvents tested  in  comparing the 
macro- and sem im icroextractors. Because of mechanical 
difficulties, salicylic acid mixed w ith sand and extracted w ith 
ether, caffeine and barium  sulfate extracted w ith alcohol, and 
sodium chloride and sand extracted w ith w ater, were used for 
comparing the m icroextractors. The salicylic acid-sand 
m ixture was no t used in the m acroapparatus because of the 
great variation  in  bulk, which was appreciable b u t less notice­
able when used in the sm aller extractors.

All the m ixtures were tested in  various ratios, so as to  have 
the solid com ponents approxim ately equal in  weight, the 
soluble p a r t in excess, and th e  insoluble portion in excess. 
T he las t m entioned would correspond to  the extraction of 
m aterial in  which th e  percentage of soluble m a tte r  is small 
(tow ards the lower lim its of the weighing range of a micro­
chemical balance).

C o n ta in er  for S a m p le

T o compare the m erits of the m aterials from which con­
tainers are commonly constructed, filter paper in the form of 
dishes, disks, and thim bles; A lundum  thim bles; vessels w ith 
sintered glass bottom s; and platinum  as well as M onel m etal 
containers were studied.

I t  is very difficult to obtain constant weight on large masses of 
filter paper owing to its hygroscopicity. By using standardized 
procedures (15) or certain precautions to prevent access of mois­
ture, the weights of paper thimbles can be reproduced within the 
limits of accuracy of either method, bu t these procedures are very 
cumbersome. In  the majority of cases, this difficulty in obtain­
ing constant weights of the filter paper used in some extractors 
prevented accurate determination of the residue. Even though 
the filter paper thimbles were subjected to a preliminary extrac­
tion, fibers were carried over during the extraction proper and 
had to  be removed by centrifuging—a step that involves two un­
necessary transfers.

Although it  was possible to obtain constant weight with filter 
thimbles of Alundum, they were unsatisfactory for use with the

apparatus on hand because of the retention of solvent within the 
thimble, which resulted in overflowing. The use of crucibles with 
sintered glass bottoms has been advocated in some microextrac­
tors—e. g., S lotta’s and Browning’s (6)—and constancy of weight 
has been reported, provided definite weighing conditions are 
maintained. From experience with similar apparatus in quan­
titative microanalysis, it can be deduced th a t the weight con­
stancy will certainly remain within ± 2 0  micrograms.

From  the  analytical view point platinum  appears to  be the 
m ost satisfactory m aterial for thim bles or dishes, since i t  is 
inert to  m ost solvents, can a tta in  constan t w eight quickly, 
and is readily obtainable in any  desired form. A possible 
objection is its  in itial cost, although if i t  is utilized over a 
long period of tim e the cost is well d istribu ted , for i t  seldom 
needs replacing. Prelim inary experim ents indicate th a t 
o ther m etals m ay be substitu ted , b u t they  lack th e  general 
applicability  of platinum .

P o r o s i t y . Conflicting sta tem ents have been m ade re ­
garding the suitable porosity of sintered glass p lates when 
the solvent is removed by gravity . B lount (5) recommends 
G2, while Browning (6) suggests G3.

T ests conducted in  the present investigation, using Jena 
products, showed th a t  sintered glass p lates of porosity  Gj 
were satisfactory for use w ith alcohol, while G< filters were 
no t sufficiently fa s t if accum ulation of solvent was to  be 
avoided (for porosity gradings see P rausnitz, 17). The 
porosities as listed by Ace Glass, Incorporated, would cor­
respond as follows: Jena O to  Ace A; I t o B ;  2 to C ;  3 to D ;  
and 4 to  —.

F i o u b e  2 .  H i n g e d  C i r c u l a r  H e a t e r

T he platinum  filter dishes of D onau (5), or th e  N eubauer 
filter crucibles, bo th  having a  m a t betw een tw o perforated 
platinum  surfaces, m ay be m ade up by  adjusting  th e  thickness 
of the m a t to  su it the conditions of the experiment.

T i m e  R e q u i r e d  f o r  C o m p l e t e  E x t r a c t i o n . T he tim e 
required for the exhaustion of the extractable m aterial from 
the  sample is best determ ined by  successive extractions un til 
the w eight of th e  last flask substitu ted  shows no fu rther in­
crease.

A nother method, frequently used in alkaloidal assaying, 
consists of rem oving a  little  of th e  freshly siphoned or per­
colated solution and  testing i t  w ith  th e  proper reagent until 
negative results are obtained.

In  order to  d istribu te  the solvent evenly upon the surface 
of the sam ple and prevent channeling, Prausnitz  (17) con­
structed  the “icicle crown” condenser tip , w hich was later 
incorporated in G orbach’s ex tractor (IS).  T he m ore effec­
tive d istribution  of the condensate results in  a shorter extrac­
tion  time.

S p e c ia l P ro ced u res an d  A p p a ra tu s  D eve lop ed

E v a p o r a t i o n  o p  S o l v e n t  a f t e r  E x t r a c t i o n . To distill o ff 
the solvent and a t the same time prevent creeping of the solid



material, the vapors above the surface of the liquid are removed 
by blowing air onto it  or by applying heat from the top (I, 4). 
In the latter method, a Chromolox resistance ring of 150 watts 
(outer diameter 65 mm., inner diameter 25 mm., and 5 mm. thick) 
is placed around the upper part of the vessel and gradually lowered 
as evaporation proceeds.

A comparison of these methods, with the usual one of heating 
from underneath, is presented in Figure 1, corresponding receiving 
flasks containing equal amounts of ether and of salicylic acid were 
used. The picture, taken with a polaroid screen to remove reflected 
highlights, illustrates clearly the advantages and disadvantages 
of the methods applied.

H i n g e d  C i r c u l a r  H b a t e b . The condensation of solvent in 
the ground-glass joints of most of the extractors examined not 
only resulted in a direct loss, but was also a source of annoyance 
because of the suction formed when some of the solvent in the 
joints evaporated. To overcome this, Titus and Meloche (80) 
warmed the joint of their apparatus by winding resistance wire 
around it  and heating by passage of an electric current. To 
avoid winding all the glass joints, a generally applicable device 
was constructed (Figure 2). The outside, circular, hinged elec­
tric heater consists of a  hollow cylinder of hardened asbestos ce­
ment, cut in halves in the axial plane and with halves hinged to­
gether. Each half of the cylinder is wound vertically with 300 
cm. (10 feet) of No. 26 B. and S. Nichrome wire having a resist­
ance of 2.61 ohms per 30 cm. (1 foot), with one of the hinges serv­
ing as a contact. A slide-wire resistance of 24 ohms and 3.3 
amperes is placed in series with the heater, so th a t the amount of 
heat radiated may be controlled. The hinge allows observation 
of the rate of boiling and permits the heater to be removed from 
the extractor simply by disconnecting one of the contacts leading 
to the external wiring.

In  experiments using water as a solvent it  was extremely diffi­
cult to  prevent excessive condensation on the walls of the outer 
shell (as in T itus and Melochc’s and Gorbach’s apparatus) and 
on the inner walls of the reservoir in Colegrave’s and Wasitzky’s 
extractors. In  one experiment some of the condensed solvent 
dripped onto the hot shell of the Gorbach apparatus and cracked 
it. The application of the external heater prevented recurrence

H UBBER
.S L E E V E

GROUND JO INT

SINTERED G L A S S  
   BOTTOM

IN SER T S  FOR 
EXTRACTION 
OF LIQ U IDS

SU PPO R T  FO R 
C R U C IBLE  OR 

IN SER T S

PERFO RATED
»BOTTOM

TH IM BLE

F ig u r e  3 . M ic r o e x t r a c t o r s  F i g u r e  4 . M ic r o e x t r a c t o r s
L eft. H e tte r ic h  ty p e  l*it. M odified C olegrave ty p e
R ig h t . W aaiteky  ty p e  R ig h t. S lo tta  ty p e
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T a b l e  I . C o m p a r i s o n  o f  V o l u m e  M e a s u r e m e n t s  i n  S e m im i c r o - 
AND MlCROEXTRACTORS

eth y l alcohol: 2 0 °

A p p a ra tu s
Sem im icro-Soxhlet 
T i tu s  a n d  M eioche 
G orbach
C olegrave (im proved)
W asitzky
H e tte rich
S lo tta

snts used, dynes pe r cm .: e th y l e th e r : 20° C . “  17, 35° C . — 15 
C . -  22, 70° C . -  18; w a te r: 20° C . -  73, 100° C . -  59)

V olum e of whole 
cham ber to  in itia l 
vo lum e of liquid, 

ml.

V olum e re ta in ed  in 
ex trac tio n  th im b le  
before rem oval to  
in itia l vo lum e of 

liquid , ml.

Volum e 
of whole 
cham ber 

to  volum e 
re ta in ed  in  
ex trac tio n  

th im b le  
before 

rem oval, 
ml. C o n ta c t

2 5 :2 0  -  1 .2 8 :2 0  -  0 .4 3 Long
125:5  -  25 0 .2 :5  -  0 .0 1 025 V ariable

• 5 5 :2  -  28 0 . 2 : 2  -  0 . 1 280 S hort
0 0 : 1 0  -  0 4 :1 0  -  0 .4 15 Long
6 0 :1 0  -  6 2 .5 :1 0  -  0 .2 5 24 Long

M edium9 : 1 - 9 0 . 2 : 1  — 0 . 2 45
5 0 :2 0  -  2 .5 0 .5 :2 0  -  0 .0 3 1 0 0 V ariable

P r o c e d u r e  f o r  M ic r o e x t r a c t i o n s . Each flask, extraction 
or weighing, is tared with an object of similar material—i. e., a 
Pyrex flask with a  Pyrex beaker and objects of soft glass with soft 
glass flasks of approximately the same size and shape. The 
Pyrex flasks for the macro- and semimicro-Soxhlet extractors are 
carefully tested for electrostatic charges (19); otherwise con­
stancy cannot be obtained for the initial weighing. The receiv­
ing vessels for the microapparatus are made of either soft or "Jena 
Geräte” glass. The ingredients for the centigram and milligram 
extraction processes are weighed separately to obtain the exact 
weight of each component present. The charging tubes with 
ground caps (S) are employed for the direct introduction of the 
solid constituents and all weighings are made on a microchemical 
balance. The weighing flasks, after thorough cleaning and dry­
ing, are placed in the balance case to  come to temperature equi­
librium and then weighed under the same conditions as described 
below for the extract.

After weighing the sample and flask, the required amount of 
solvent is pipetted into the flask and the latter is set in the proper 
position, so tha t movements within the shell are minimized.

The soluble and insoluble materials are placed in the thimble 
and gently mixed with a glass rod which is later rinsed with a 
little of the solvent. Besides washing off any sample tha t may 
adhere to the rod, the few drops of solvent moisten the sample 
and filter paper, thus preventing splashing when the first drop or 
two of solvent fall from the condenser tip.

A maximum period of one hour is usually adequate to exhaust 
the soluble portion from the mixture in each microextractor. 
Only if it is found tha t insufficient extract (as calculated from the 
original sample taken) is obtained should a longer extraction time 
be used.

After completion of the extraction the apparatus is dismantled. 
Where a very volatile solvent is used, it  is advisable to  wash off 
the tip  of the siphon, funnel, or thimble with a few 
drops of solvent. The receiving flasks of the ap- _ _ _ _ _  
paratus are removed and evaporation of solvent is 
commenced. After apparent dryness is reached, 
each flask is put into trie drying'oven for 5 minutes 
a t a temperature of 5° C. above the boiling point of 
the solvent used. The flasks are then placed in turn 
for 10 minutes each on a Petri dish and in the balance 
case to attain  temperature equilibrium, and weighed 
after 25 minutes from the time of removal from the 
oven. All transfers from one place to another are 
made with forceps.

The amount of extract found is compared with the 
amount of soluble material taken and the percentage 
of error of recovery calculated from these figures; 
the error is not calculated from the total amount of 
sample taken.

the following generalized conclusions m ay be 
drawn.

The greater the ratio  of the volum e of the 
whole cham ber to the in itial volum e of liquid, the 
less satisfactory is the extractor for use w ith high- 
boiling solvents w ith high surface tensions.

T he sm aller (w ithin practical lim its) the ratio 
of volume retained in the extraction  thim ble be­
fore rem oval to  initial volume of liquid, the  more 
satisfactory the extraction process becomes, w ith 
regard to  the quan tita tive  recovery, especially in 
the case of the extraction of slightly soluble sub­
stances.

T he value of the ratio  of the  volum e of the whole 
cham ber to  th e  volume retained in  the extraction 
thim ble before removal is dependent upon the 
m ethod of removal of solution; for percolation the 
differences are no t very significant, whereas for the 

siphoning m ethod the different values assume im portance.
As observed in th e  extractors of H etterich  and Gorbach, 

the volume of the reservoir is so small th a t w hen evaporation 
takes place and condensate of liquid of higher surface tension 
(as w ater) forms on the inside of the extraction cham ber, 
very little  solvent rem ains in the reservoir.

C om p arison  o f  M acro- a n d  S e m im ic r o -S o x h le t  
A p p aratu s

Table I I  shows the results obtained when using a  semi­
micro-Soxhlet extractor; they  are a t  least equivalent to those 
of the conventional macro-Soxhlet extractor. In  addition, 
however, im portan t advantages are offered by  the use of the 
sm aller appara tus: The period of extraction is shorter, up 
to two th irds of the tim e for m oderately soluble substances, 
although w ith a very soluble constituent mixed w ith an  ex­
cess of inert m aterial th e  tim e of complete extraction rem ains 
the sam e for bo th  m acro- and semimicroprocedures; less 
m aterial is required; less space is occupied; no additional 
m anipulations are introduced; and the initial cost is very 
favorable. Based upon these advantages, the selection of the 
semimicro-Soxhlet extractor instead of the m acroapparatus 
as the standard  for the following investigations is justified.

The accuracy of the macro-Soxhlet extractor, ± 1 .9  per 
cent, was com puted from 25 determ inations w ith  varying 
solvents, m ixtures, and ratios of ingredients, and calculated

T a b l e  II. R f.s u l t s  O b t a i n e d  w i t h  M a c r o -  a n d  S e m i m i c r o -

npon t
Solv

Salicylic ac id -k iesel- 
guh r w ith  e th e r

S alicy lic ac id -k iese l- 
g iih r w ith  alcohol

T he details of construction of the micro­
extractors used are shown in Figures 3, 4, and 5, 
draw n to relative size.

T able I  shows the ratios of im portant 
volume m easurem ents of appara tus and sol­
vents in the extraction process. T he value of 
“ sho rt” in column 5 corresponds to  an  average 
in terval of less th an  1 m inute and “long” to 
about 4 or more m inutes. F rom  T able I, and 
from experience in m any extraction procedures,

A n th ra cen e -s ta r  ch 
w ith  e th e r

S odium  c h lo rid e - 
a lu m in u m  oxide 
w ith  w ate r

Ratio®

S o x h l e t  E x t r a c t o r s

•------ — M acro ex trac to r----------*
W eigh t of Sam ple

A ctive in - R ecov- 
T o ta l g red ien t ery

-------S em im icroex trao to r------
W eigh t of S am ple

A ctive in- R ecov- 
T o ta l g red ien t ery

Grams Gram Or70 Gram Gram %
1:9 1 . 0 0 0 0 0 . 1 0 0 0 9 7 .0 0 .2004 0 . 0 2 0 0 100 .5

1 .8020 0 .1802 9 9 .5 0 .2036 0 .0 2 0 4 101 .5
1 .5002 0 .1 5 0 0 9 9 .5 0 .1 9 8 2 0 .0 1 9 8 100 .5
1 .6290 0 .1 6 2 9 1 0 0 . 0 0 . 2 0 1 2 0 . 0 2 0 1 101 .5
2 . 0 0 0 0 0 . 2 0 0 0 9 6 .5 0 . 2 1 1 2 0 . 0 2 1 1 9 9 .0
1.0054 0 .1 0 0 5 1 0 1 . 0 0 .1 9 8 0 0 .0 1 9 8 101 .5

1 :9 1.1207 0 . 1 1 2 1 1 0 2 . 0
1.0462 0 .1 0 4 6 1 0 0 . 0
1 .1315 0 .1132 9 8 .5
1 .0184 0 .1 0 1 8 102 .5

1 :9 1.0785 0 .1079 103 .0 0 .2232 0 .0 2 2 3 9 9 .5
1.0519 0 .1 0 5 2 1 0 0 . 0 0 .2072 0 .0207 9 9 .0
1.0297 0 .1 0 3 0 9 S .5 0 .2381 0 .0 2 3 8 9 9 .0
1.0686 0 .1 0 6 9 9 8 .0 0 .2 5 7 0 0 .0257 9 9 .0

1 : 1 1 . 0 0 0 0 0 .5 0 0 0 9 9 .5 0 . 2 0 0 0 0 . 1 0 0 0 9 9 .5
1.0004 0 .5 0 0 0 9 8 .5 0 .2 0 0 4 0 . 1 0 0 2 9 9 .0

1 :9 1 .0005 0 . 1 0 0 0 103 .0 0 .2 1 8 3 0 .0 2 1 8 9 9 .0
1 .0048 0 .1 0 0 5 1 0 0 . 0 0 .2 0 7 5 0 .0 2 0 8 9 9 .5. . . 0 .2 0 6 8 0 .0207 9 7 .5

0 .2051 0 .0 2 0 5 102 .5
1 : 1 l!ÓÓÓ0 0 .5 0 0 0 101 .5 0 . 2 0 2 2 0 . 1 0 1 1 1 0 0 . 0

1.0109 0 .5 0 5 0 9 5 .0 0 .2025 0 .1013 9 7 .5
g red ien t to  p a r ts of in e r t ing red ien t.
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C om ponen ts and  
S o lven t

T a b l e  I I I .  C o m p a r is o n  o f  M ic r o  e x t r a c t o r s

(E xperim en ta l cond itions: ra tio  of ac tiv e  to  in e rt ing red ien t, 1 :1 ; ex trac tio n  tim e, 1 hour) 
Sem im icro-Soxhlet T itu s  and  M eloche G orbach  C olegrave (M odified) W asitzky

E x tra c ta b le  E x trac ta b le  E x trac ta b le  c E x trac ta b le  E x trac ta b le
su b stan ce  R ecovery  substance  R ecovery  substance  R ecovery  su b stan ce  R ecovery  su b stan ce  R ecovery

I le tte ric h  
E x tra c ta b le  
su b stan ce  R ecovery

Mg. % M o. % M o. % M o. or/C Mo- cf
15.93 1 0 2 16.78 9 4 .0 25 .26 9 4 .5 1 2 . 6 6 103 9 .7 0 106
2 0 .9 6 1 0 0 33 .33 9 8 .5 28.97 9 7 .0 19.42 1 0 1 11.42 108
24 .5 8 9 8 .5 0 .4 2 ° 6 4 .5 2 .14° 9 4 .0 0 .716 65

11.94C 9 9 .0 8 8 .2 5 ' 1 0 0 61.31«* 9 9 .5

11.33 100.5 2 .97 1 0 1
25 .03 1 0 1 4 .43 9 3 .0

26 .87 100.5 9 .6 6 1 0 2 4 .5 8 104 6 .3 8 9 9 .5 2 6 .5 3 105
15.24 9 9 .0 9 .0 6 102.5 7 .42 1 0 0 8 .9 9 9 9 .0 21.23* 1 0 1
18.54 1 0 1 1.06° 108 0 .6 1 ° 127rf 1 .426 105* 1 . 8 8 * 1 0 2

40.94* 1 0 1 24 .37 / 9 9 .5 4 3 .7 6 / 9 9 .5 5 1 .6 0 / 1 0 1

23 .8 3 1 0 0 14.02 1 0 0 11.63 9 9 .0 9 .97 9 9 .5
21 .4 6 1 0 2 10.57 1 0 0 9.81 101 .5 11 .48 103
20 .1 6 9 9 .0 1.37b 9 9 .0 2.08* 104* 1.53* 1 0 1

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

Salicylic ac id -sa n d  
w ith  e th er

Salicylic ac id -sa n d  
w ith  alcohol

CafT eine-barium  su l­
fa te  w ith  alcohol

Sodium  ch lo ride- 
sand  w ith  w ate r

a R a tio  1 :100 . * R a tio  1 :50 . e R a tio  100:1 . H igh resu lts  p robab ly  due  to  m echanical ca rry ing -over of in e rt m a teria l,
tran sfe rred  to  fresh  rece iver. /  R a tio  5 0 :1 . o F re q u e n t bum ping , p ro b ab ly  d u e  to  sh ap e  of receiver.

M q.
13 .17

9 .1 0
9 .7 6
0.91b

2.6-4
2 .84
1.18*

10 .78 /

4 .37a
5 .74

%
9 9 .0  

114
9 8 .0
9 8 .0

106
9 6 .0  

102 .5
9 9 .5

9 2 .5
7 4 .0

'  S o lu tion  cen trifuged  and

for the am ount extracted. Maximum single deviations from 
the theoretical values were + 3 .3  and —9.0 per cent (one case 
each). Average deviations from the mean value were + 1 .8  
and —3.3 per cent. The accuracy of the semimicro-Soxhlet 
extractor, ± 1 .85  per cent, was calculated in the same 
way from 28 determ inations. M aximum single deviations 
from the theoretical values were + 5 .9  and -6 .7  per cent 
(one case each). Average deviations from the mean value 
were + 2 .1  and —1.7 per cent. N o t all the values taken for 
this evaluation appear in Table II.

M ic r o e x t r a c to r s

A fu rther comparison is made between the semi­
m icroextractor and the various microextractors in 
Table I I I ,  which is self-explanatory.

Similar experiments have been carried ou t for the 
ratios of active to  inert ingredient: 100 to 1, 50 to 
1, 10 to  1, 1 to  10, 1 to  50, and 1 to 100. On the 
basis of these observations, the following general­
ized conclusions can be drawn for each individual 
m icroextractor:

T it o s  a n d  M e l o c h e  A p p a r a t u s . Satisfactory for 
use when the solid components are equally proportioned, 
when the soluble material is in excess, and with high- 
boiling solvents.

G o r b a c h  A p p a r a t u s . Satisfactory for use when 
the solid components are equally proportioned, when 
the soluble material is in excess, and when the inert 
material is not too finely divided. This extractor is 
equipped with an “icicle” distribution crown which 
permits faster extraction. For liquids having a sur­
face tension near tha t of water, this apparatus is not 
recommended.

C o l e g r a v e  A p p a r a t u s  (O r i g i n a l  a n d  I m p r o v e d  
F o r m ) .  Satisfactory for use when the solid components 
are equally proportioned, when the soluble portion is 
in excess, and when water is the solvent. This ex­
tractor is one of the least expensive to purchase.

W a s it z k y  A p p a r a t u s . Satisfactory when the soluble 
material is in excess of the inert. In general, this ex­
tractor is similar to the improved Colegrave apparatus 
with ground-joint condenser and is superior to the 
simple one.

H e t t e r i c h  A p p a r a t u s . Satisfactory for use when 
the soluble material is in excess and when the solvent is 
low boiling, but unsatisfactory in the present form for 
use with water as solvent.

From the values in  T able I I I , one can deduce th a t 
the accuracy and precision of the determ inations of 
the ex tract in the m icroextraetors fall w ithin the range 
calculated for the macro- and semimicro-Soxhlet ex­
tractors—i. e., ± 2 .0  per cent. G reater errors will 
occur as one approaches the unfavorable extremes

for the microextractors studied; this investigation has sug­
gested the lim its of practicability  and greater variations 
should be avoided. An accuracy of 0.75 per cent has been 
claimed for some m icroextractors (9), b u t will be obtained 
only in very special cases. T he present investigation has 
clearly shown th a t, in  general, ± 2 .0  per cent is a  reasonable 
accuracy to  expect.

The advantages of the m icroextractors, even over the 
sem im icroapparatus, m ay be summarized as: a  shorter to tal 
extraction time, the possibility of using smaller am ounts of

SUPPO RTIN G
RING

ORIGINAL
THIMBLE

RECEIVING
FLA SK

GROUND 
MODIFIED JOINT 

THIMBLE

OUTSIDE 
GROUND.* [ 

JO IN T

F i o u b e  5 .  M ic r o e x t r a c t o r s  
Left . T i tu s  a n d  M eloche ty p e  
R ig h t. G o rbach  ty p e
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m aterial (lim ited only by  the weighing accuracy of the avail­
able microchemical balance), and the com parative sturdiness 
of th e  apparatus. T he less commonly used principle of per­
colation gives b e tte r service w ith  respect to  general applica­
bility  th an  siphoning (Soxhlet). The apparatus developed 
by  T itus and Meloche is easier to  m anipulate th an  the one 
introduced by Gorbach. One feature, however, which is 
seldom applied in any of the known macro- or m icroextractors 
is incorporated in tbe G orbach apparatus—namely, the use 
of a platinum  filter dish as a  container for the m aterial to  be 
extracted. F ilte r devices of m etal perm it th e  highest pre­
cision in  weighing and m axim um  percentage of recovery of 
the residual m a tte r w ithout any contam ination from the 
filtering m aterial.

The weighing of milligram am ounts of residue on com para­
tively large filter paper surfaces (extraction thim bles) will 
no t give reliable results, and the m icroanalyst has to  face 
the fac t th a t all extractors of the siphoning type using paper 
thim bles are lim ited to  the determ ination of the extractable 
m atter.

T he difficulties in weighing the residual m aterial in the 
apparatus examined prevented the developm ent of a  general 
form ula for the efficiency of an  extraction process and of 
num erical term s for the evaluation of the various factors in­
fluencing the extraction.

To accomplish this, a satisfactory microextractor should use the 
principle of percolation of the solvent through the sample which 
is held in a  platinum container provided with a filter layer of 
platinum-iridium sponge. The sample should be agitated by 
means of hot solvent vapors in order to increase the temperature, 
and condensation of the solvent effected by means of a short-stem 
water condenser having a device for distributing the refluxed sol­
vent. For convenience the sample container should be attached 
to the condenser, with the latter connected to the outer shell by 
means of an outside ground joint. The receiver for the extract 
should be of low weight, preferably of platinum, and of larger top 
surface to  allow fast evaporation from the top without loss due to 
creeping. Protection from the influence of atmospheric mois­
ture m ust also be considered. The ratio of solvent volume to 
solvent in the thimble should be about 50 to 1, with the ratio of

chamber volume to initial volume of solvent as small as practical. 
A circular hinged heater supplying uniform heat to  all sides is 
recommended for the proposed extractor.
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Pressure Regulator for  M icrodeterm ination o f Carbon

T H E  modified flowmeter 
d e s c r ib e d  h e r e  h a s  

proved satisfactory as a 
pressure regulator for micro- 
combustions. T he chief ad ­
vantages are th a t  i t  avoids 
the use of a  hydrostatic  pres­
sure head and perm its a 
perm anent ad justm en t of 
the pressure to  be m ade, if 
desired. I t  is particularly  
suitable for undergraduate 
students tak ing  their first 
course in  analytical chemis­
try , and i t  has been used in 
this laboratory  w ith success 
over a  period of years.

The regulator is shown in 
the accompanying figure. The 
oxygen gas enters a t A  and, 
depending upon the height of 
mercury in the overflow tube, 
B, will exert a certain pressure 
on the capillary, D. This 
pressure is registered on the 
mercury manometer, C, which

and Hydrogen
JO H N  E. VANCE 

Y ale  U n iv e rs ity , N ew  H a v e n , C o n n .

has a paper millimeter scale behind it. The rate of flow through F 
to the furnace depends upon the size of the capillary as well as 
upon the head of mercury. A convenient size for the capillary is
0.2 to 0.3 mm.; this will give a flow of 4 to 6  cc. per minute with 
an appropriate pressure.

The capillary may be drawn out, and the piece of glass tubing 
into which it is sealed held in the manometer by means of rubber 
tubing. The rate of flow is then measured: the capillary is re­
moved for alteration and the flow remeasured until the proper size 
has been found, after which the glass is sealed in place. Once 
fixed, there should be no need for change, and since the gas flows 
upward through the capillary, it cannot become clogged by for­
eign matter.

If desired, the device may be calibrated by measuring the flow 
under a few different pressure heads. The pressure may be 
varied by use of the bulb, E.  The results of such a calibration 
are reproducible and, when plotted, may be interpolated to  give 
an exact gage of the flow for any pressure. This is a convenience 
if the sweeping out process a t the end of a combustion is to be 
hastened. If a  single flow is sufficient, there is no need for E, 
and the overflow tube may be sealed off a t the bottom and filled 
with the proper amount of mercury.

In operation, the oxygen is permitted to overflow in B  a t a rate 
of about one bubble a  second. At this rate of overflow there is no 
appreciable variation in the pressure.



Semimicro- and Miero-Kjeldahl 
Steam-Distillation Unit

J .  H . B R A N T AND D . C. S IE V E R S , T en n e ssee  E a s tm a n  C o rp o ra tio n , K in g sp o r t ,  T e n n .

T H E  steam -distillation of liberated ammonia in the Kjel- 
dahl nitrogen determ ination has been the subject of con­

siderable study.
The well-known apparatus of Pam as and W agner, utilized 

by Pregl (6 ), is fam iliar to those concerned w ith microanaly­
ses. I t s  chief difficulties lie in its bulkiness and the necessity 
for an elaborately constructed vacuum-insulated distilling 
chamber.

This la tter fault has been eliminated in various ways. Kem- 
merer and H allett (4) used an improved steam-generating unit, 
which was only a slight improvement over the original apparatus. 
Fife (£) placed a steam chamber between the steam generator and 
the distilling chamber. Allen (1) clamped his digestion flask to a 
steam generator. Rcdemann (7) modified Alien’s design and 
adapted it to the semimicrodetermination. The one-piece, all-

?lass apparatus of Kirk (5) was a vast improvement in design, 
n place of a  vacuum-insulated distilling chamber, he used a 

steam-jacketed chamber, the steam from which entered the dis­
tilling chamber and effected the distillation.

The appara tu s described here is a modified form of the 
K irk apparatus, simpler in construction and made more flexi­
ble by the use of standard  taper joints.

The construction of the apparatus is apparen t from Figure
1. T he volume of the distilling chamber is large enough to 
perm it vigorous distillation w ith­
out frothing and  mechanical 
movem ent of solution into bulb 
A.

O p eration
The procedure follows the 

method given by H arte (3). A 
sample, sufficient to yield 2 to 5 mg. 
of nitrogen, is digested in a 1 0 0 -cc.
Kjeldahl flask with sulfuric acid 
and any of the well-known cata­
lysts. When digestion is complete, 
the sample is cooled, diluted with 
2 0  cc. of ammonia-free distilled 
water, and transferred to the dis­
tilling chamber, A,  by means of 
the funnel, B. Both the Kjeldahl 
flaak and the funnel are rinsed suc­
cessively with three 5 -cc. portions of water.

Stopcock C is closed and the condenser 
tube, D. is immersed in a  known quantity 
of standard acid in a  flask, E  (not shown).
Sodium hydroxide (50 per cent) is added 
to the sample in A  through B  and the 
funnel is again rinsed down with three 5-cc. 
portions of water. This is adequate to 
ensure complete removal of sample and 
caustic from the funnel and bulb, A,  to 
the distilling chamber, A.

Although the apparatus has been found 
entirely satisfactory as described, a tip 
attached to funnel B,  extending into bulb 
A, as discussed by Redemann (7), repre­
sents a possible modification.

The distilling tube, A, is now about one- 
third full. A 200-cc. round-bottomed flask,
F (not shown), containing 100 cc. of am- 
monia-free distilled water, is connected to 
G. A flame is applied to  F  and the steam 
generated heats the jacket, H, preventing 
condensation in A, and enters the distill­
ing chamber through tube I.  Thisrequires 
about 4 minutes’ heating time. After 
allowing the distillation to proceed for 10 
minutes, E  is lowered and the distillation is 
continued for another 2  minutes to  ensure

T a b l e  I. D e t e r m i n a t i o n  o f  N i t r o g e n

T im e of 
D iatilla-

(N itro g en  p resen t, 4.087 m g.)

N itrogen
tion F ound E rro r D ev ia tion  from  M ean
M in . M g. Mg. % M g. %

1 0 4 .0 8 5 - 0 . 0 0 2 - 0 . 0 5 * 0 . 0 0 0 * 0 . 0 0
4 .0 8 2 - 0 .0 0 5 - 0 . 1 2 - 0 . 0 0 3 — 0 .0 7
4 .0 8 8 + 0 . 0 0 1 + 0 . 0 2 +  0 .0 0 3 + 0 .0 7
4 .0 8 2 - 0 .0 0 5 - 0 . 1 2 - 0 .0 0 3 - 0 . 0 7
4 .0 9 0 + 0 .0 0 3 +  0 .0 7 + 0 .0 0 5 + 0 . 1 2
4 .0 8 0 - 0 .0 0 7 - 0 . 1 7 - 0 .0 0 5 - 0 . 1 2

4 4 .0 8 0 - 0 .0 0 7 - 0 . 1 7 - 0 .0 0 5 - 0 . 1 2
4 .0 8 2 - 0 .0 0 5 - 0 . 1 2 - 0 . 0 0 3 - 0 . 0 7
4 .0 8 8 + 0 . 0 0 1 + 0 . 0 2 + 0 .0 0 3 +  0 .0 7

Av.
4 .0 9 0
4 .0 8 5

+ 0 .0 0 3 + 0 .0 7 + 0 .0 0 5 +  0 . 1 2

4-MM.
STOP

COCK

7.5 CM. DIA,

2.5 CM.

F i g u r e  1 . A p p a r a t u s  
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complete rinsing of the condenser tube. The end of the condenser 
tube is then rinsed off with two 3-cc. portions of water and the 
flask is removed. The excess of acid is determined by titrating 
with standard alkali, using methyl red as the indicator. The 
flame is removed before the titration is made. As the generating 
flask, F, cools, the residue in A  is withdrawn through I .  Suc­
cessive rinsings with distilled water, introduced a t B, will be re­
moved through I  as F  continues to cool.

Before using, the apparatus is steamed out thoroughly by dis­
tilling 100 cc. of water through it. As long as the flame is kept at 
F no sucking back is caused by contact of steam on tube A  and

walls of G.
The complete outfit may 

be mounted on one ring 
stand and thus is completely 
portable. The to tal height 
of 95 cm. (38 inches), in­
cluding the burner, is no 
great inconvenience and is 
compensated for by the 
simplicity of design and 
stability.

The water used was dis­
tilled off alkaline perman­
ganate until it  showed no 
ammonia by Nessler’s re­
agent. The standard acid 
was prepared from constant- 
boiling hydrochloric acid. 
The standard alkali was pre­
pared from 50 per cent so­

dium hydroxide and standardized against 
Bureau of Standards acid potassium 
phthalate.

P erfo rm a n ce
To te s t the performance, a  standard 

solution of am m onium  sulfate was used. 
Table I  shows the results obtained by  use 
of this apparatus. Shorter periods of 
tim e than  those recommended give re­
sults which are in good agreem ent w ith 
the theoretical figures.
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McGilvrey Hall at Kent State University
C. F . IIU M O L D  

K e n t  S ta te  U n iv e rs ity , K e n t ,  O h io

O F  T H E  five s ta te  universities in Ohio, K en t S ta te  Uni­
versity  is the un it for the northeastern section of the 

sta te . M cGilvrey H all is its  new science building, con­
structed as a jo in t s ta te  and federal project begun late  in 1939 
and completed by  November, 1940, a t  a  cost of §1,153,386.

T he building has four floors and  is in the shape of an L. 
I t  is placed on the northerly slope of th e  glacial term inal 
m oraine in such position th a t ground entrance is made to 
each of the first three floors. I t  is supported throughout 
by a  heavy continuous steel skeleton entirely concealed within 
the m asonry. T he walls are of building brick and tile, faced 
on th e  outside w ith brownish-white glazed brick. T he trim ­
ming is of native sandstone. T he corridor walls have their 
lower two fifths faced w ith  browTiish glazed tile brick. The 
walls and ceilings are of acoustic plaster, and the floors are 
of heavy concrete base surfaced w ith composition slab tiles.

M cG ilvrey H all has two wings, A and B. T he ceiling-floor 
distance throughout each is 12 feet. E xcept in the end 
rooms, the room depth  is 24 feet, and th e  corridors are 10

feet wide. T he room partitions are of rem ovable tile or light 
wood and plaster to  adm it of ready changes.

W ing A is 236 feet long and has end parts  74 feet wide and 
m id-bays 65 feet wide. I t  is used by the C hem istry and 
Physics D epartm ent. T he easterly end is connected by a  
tunnel to K en t H all to  give access to  all the  m ain buildings of 
the university. Over the tunnel is a  prom enade giving open- 
a ir comm unication to  the same buildings.

W ing B, 180 feet long and 65 feet wide, is used by the De­
partm ents of Biology and Geography. A connecting passage 
bridges over the ground floor a t  the no rth  end and provides 
communication a t  each level between th e  second, th ird , and 
fourth floors. T he ground space under th e  bridge affords ac­
cess for vehicles from Lincoln Avenue to  th e  loading p la t­
forms in the angle m ade by th e  back walls of the two wings.

All the plumbing, piping, and conduits are exposed and are 
carried in stirrups suspended 2  feet under the ceilings w ithin 
the rooms. The heating and ventilating  system  is of the 
univent-in-outer-wall type, operated in conjunction w ith a



system of exhaust and blower fans located in a penthouse on 
the roof. H ea t is supplied by steam  from the university’s 
central power p lant. T he lighting is on a liberal scale and is 
provided by an indirect system of lamps in white globes, 
using alternating  current a t  115 volts.

E l e c t r i c  P o w e r . Both alternating and direct current is 
distributed to  all parts of the building. The alternating current 
is provided by a set of transformers taking energy from the 
outside commercial high-tension line and delivering it a t 2 2 0  
and 115 volts to a main panel which distributes current to 
unit distributing panels. The main distribution panel is of

February 15, 1941 A N A L Y T I C

the enclosed safety type which permits access to any separate 
circuit only after it has been disconnected from its current 
source. Each circuit in the system is protected by an automatic 
cutout.

High-tension alternating current may be drawn a t the main 
. distributing panel and is led to the electrochemistry laboratory 

and to the advanced physics laboratory.
The direct current is furnished by two storage batteries of the 

lead accumulator type charged by a motor generator set. One 
battery delivers a maximum voltage of 2 2 0  volts and the other a 
maximum voltage of 110 volts. Each battery delivers current 
to the same common distribution panel, from which any de­
sired voltages can be delivered to unit panels in the different
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P l a n s  o f  S e c o n d , T h i r d , a n d  F o u r t h  F l o o r s  o f  M c G il v r e y  H a l l , W i n o  A

C. S to rage  cup b o a rd
D. D um b-w aiter

F. F o cau lt pendu lum  sh a ft 
F M . F acu lty  m en 's  to ile t

F W . F a c u lty  w om en 's  to ile t 
H . F um e hood

L . L ec tu re  ta b le  
S. S tu d e n t w ork ta b le
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rooms, permitting wide ranges of voltages and currents to  the 
terminals on desks and work tables.

D i s t i l l e d  W a t e r . Distilled water is furnished by two com­
pletely automatic Barnstead stills, operated with either steam or 
gas, which have capacities of 5 gallons per hour for wing A and 
2 gallons per hour for wing B. These stills are located in pent­
houses. The distilled water is distributed by gravity through 
aluminum pipes to one point in each laboratory.

H y d r o g e n  S u l f i d e . Hydrogen sulfide is delivered from a 
gasometer in the penthouse on the roof of wing A to each hood 
compartment in the two freshman chemistry laboratories and 
in the qualitative chemistry laboratory through rubber-fabric 
pipes. The gasometer is charged from commercial cylinders.

E l e v a t o r . The elevator, located in wing A, is an Otis auto­
matic electric type. Access to  the carriage is had from the 
corridor and from the storage room on each floor.

G e n e r a l  F a c i l i t i e s . Alternating and direct current, gas, 
air pressure a t 15 pounds, vacuum, and hot and cold water are 
provided a t each lecture table, student’s work table, and hood, 
and a t one or more places along the walls of each laboratory and 
lecture room. These facilities arc liberal in each of the re­
search rooms.

The compressed air pump and the vacuum pump are operated 
by electricity and are completely automatic. The vacuum pump 
is protected by a  filter against solids and corrosive liquids and 
gases.

Wing A has in its central part a Focault pendulum shaft which 
permits of a suspension of 80 feet in the clear.

T he striking features of the building are the liberality of 
the lighting, th e  large ventilating capacity, th e  large number 
of electrical outlets and of gas cocks, and  the easy accessibility 
to  ho t and cold w ater, and each laboratory  and recitation 
room has a t  least one commodious research room and an 
am ple storage room attached to  it and leading directly off 
from it.

P h y s ic s  L ab oratories

T he freshman, second year, and advanced physics labora­
tories are located on the ground floor of wing A. E ach student 
work table  is equipped w ith 8  a lternating  cu rren t 115-volt out­
lets, 8  d irect current outlets, 16 gas cocks, 8  vacuum  cocks, 
8  pressure cocks, and a  central sink w ith  4 cold and 2 hot 
w ater faucets. E ach laboratory  has wall w ork tables equipped 
w ith the same num ber of each kind of service as the m ain 
tables.

T he freshm an physics laboratory  and the  advanced phys­
ics laboratory each has a darkroom  attached  and all three 
have large appara tus rooms attached . A fully equipped 
photography room is a ttached  to the darkroom  of the fresh­
m an physics laboratory.

T he m agnetism  laboratory  is on th e  second floor of wing 
A. I t  has four w ork desks of solid m asonry w ithout metal, 
4 by 6  feet, w ith  A lberene tops 4 inches thick. E lectric cur­
ren t is available from an independent ou tle t rising from the 
floor alongside each table. These nonm agnetic tables are 
built up from  th e  firm ground under th e  floor. E ach student 
table in th is laboratory  is equipped w ith  2  a lternating  current 
220-volt, 2 a lternating  current 115-volt, 2 direct current out­
lets, and 2  gas cocks.

G en era l S c ie n c e  L ab oratory

T he general science laboratory  is located on the second 
floor of wing A. T he studen t work tables are equipped on 
each side w ith 6  alternating  current 115-volt and 6  d irect 
current outlets, 6  gas cocks, and a  central sink w ith  ho t and 
cold w ater. A research laboratory and an apparatus storage 
room are attached.

C h em istry  L ab oratories

E ach laboratory  has liberal hood facilities along the inner 
walls and on the work tables. All hoods are provided w ith

liberal connections for a lternating  and d irect current, gas, 
hydrogen sulfide, distilled w ater, and ho t and cold water, 
and w ith sinks between the hood com partm ents. One or two 
showers in each laboratory are conveniently located for use 
in case of accidental catching fire of clothing. T he lighting in 
the laboratories is on an unusually liberal scale and is bril­
liant, one 200-w att 115-volt M azda lam p per 83 square feet of 
floor surface, approxim ately throughout. All draw ers and 
lockers have a  master-keyed system  of locks for use by  the 
departm ent when the places are no t assigned to  students; 
also hasps for studen t use w ith locks of the ir own purchase.

E ach studen t table in the two freshm an laboratories and in 
the qualitative chem istry laboratory  has on each side 40 
drawers for equipm ent, giving 960 work places for studen ts in 
freshman chem istry and 480 in qualita tive chem istry. These 
tables are fu rther equipped on each side w ith 5 alternating 
current 115-volt and 5 d irect cu rren t outlets, 5 pressure out­
lets, 5 cold w ater taps, 10 gas cocks, and 3 dow n-draft fume 
hoods.

A balance room accom m odating 52 balances on 13 tables 
is located between the two freshm an chem istry laboratories. 
The lighting here is brilliant, there being eight 200-watt 
M azda lam ps over the 840 square feet of floor surface.

In  the organic, quan tita tive, physical chem istry, biochemis­
try, and pharm acy laboratories each studen t work table has 
on each side 9 drawers w ith a  locker under each for studen t 
equipm ent, giving 126 places for students in organic chemis­
try , 162 places in quan tita tive  analysis, 72 places in bio­
chemistry, 36 places in pharm acy, and 72 places in physical 
chemistry.

E ach work table in the organic, quan tita tive , physical, 
biochemistry, and pharm acy laboratories is supplied on each 
side w ith 3 alternating  current 115-volt, 3 d irect current ou t­
lets, 3 vacuum  taps, 3 pressure taps, 3 cold w ater taps, 3 
steam  taps, 6  gas cocks, and 3 dow n-draft fume hoods.

An ample research room and a storage room are connected 
w ith each of these laboratories. T he physical chemistry 
room has in addition a  darkroom  and a  large d irect current 
d istributing panel.

The balance room between th e  tw o quan tita tive  labora­
tories accom m odates 24 balances on 6  tables. T he lighting in 
this room is supplied by four 200-w att M azda lamps.

W in g  B

W ing B has laboratories and recitation  rooms for physi­
ology, com parative anatom y, ecology, general zoology, 
general botany, bacteriology, pathology, p lan t physiology, 
geology, and geography. E ach  laboratory  has liberal space 
for side-wall cupboards, storage rooms, and research rooms. 
T he com parative anatom y, ecology, general zoology, gen­
eral botany, and general biology laboratories are equipped 
w ith studen t work tables designed to  have w ork space on one 
side only, to perm it all s tudents to  face th e  same direction for 
instructional purposes. E ach w ork tab le  is equipped w ith 24 
drawers for studen t equipm ent and 6  a lternating  current 115- 
vo lt outlets. H o t and  cold w ater are  available a t  end sinks. 
A dditional sinks and w ork-table spaces are provided along 
the walls.

In  the physiology laboratory  each stu d en t tab le  is pro­
vided on each side w ith  1 2  lockers and 1 2  drawers, alternating  
current 115-volt and 3 direct current outlets, 12 gas cocks, and 
12 pressure taps. H o t and cold w ater are available a t  the 
end sinks. This laboratory  also has a  large fume hood and 
a  large direct current d istribution  panel.

E ach studen t work table  in the bacteriology laboratory 
has 24 draw ers on each side, 8  gas cocks, 4 cold w ater taps, 
and 4 electrical outlets. H o t and cold w ater are available a t  
the end sinks.
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A NEW  SEMI-MICRO CENTRIFUGE

COMPLETE ENCLOSURE OF HEAD PROTECTS OPERATO RS
A chromium plated aluminum casing l/ t inch thick, com pletely encloses conical 

head and motor. There are no externally moving parts . . .  there is no possibility  
for injury from accidental contact w ith an exposed, revolving head.

Speeds: 3400 r.p.m. on 110 volt A.C. circuits and 4000 r.p.m. on 110 volt 
D.C . circuits . . . complete precipitation in 30 to 120 seconds . . . practical to filter 
by simple decantation for routine separations.

The conical head, made of solid aluminum, accom modates 4 shields that carry 
4 X  Vs inch test tubes or 5 ml conical centrifuge tubes. With adapters it  can carry 
shields for 0 .5 ,1 , 2 and 3 ml standard centrifuge tubes and 10 X 75 mm test tubes.

Quiet, stable and free of vibration. Three solid rubber feet prevent creeping.
H eight, 7 1/* inches; diameter, 9 1/« inches; weight, 9V i pounds. An “on” and 
“off” switch is located in the base of the centrifuge.

SARGENT SEMI-MICRO SAFETY CENTRIFUGE 
CATALOG NO . S -4 6 7 9 7

Complete with four place conical head, 4 shields w ith rubber cushions to
take 4 X  l/ i  inch test tubes or 5 ml conical centrifuge tubes, cord and 
plug, but w ithout glassware. For operation from 110 volt A.C. or D .C .
circuits.............................................................................................................................  $34 • 00

S-46804 Shield. For use with No. 46797 centrifuge. Takes 4 X lA  inch
test tubes or 5 ml conical centrifuge tubes. E ach ........................................  .65

S-46808 Adapter. Used with N o. 46797 semi-micro centrifuge to take 
No. 46802 shield which accommodates 0.5, 1, and 2 ml centrifuge tubes 
and N o. 46803 shields for 3 ml centrifuge tubes and 10 X  75 mm test
tubes. E ach .................................................................................................................  .25

S-46802 Shield. For 0.5, 1 and 2 ml centrifuge tubes. E ach ......  .55
S-46803 Shield. For 3 ml centrifuge tubes and 10 X  75 mm test tub es  .60

S H R G E n  T
L O B O R H T O R V  S U P P L I E 5
E .H .S arg en t & Co. • 1 5 5 -1 6 5  E a s t  S u p e rio r  S t .. Chicago
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IN T E R N A T IO N A L

are w ell known for the following reasons:

C o n s tru c te d  fo r  la rg e  c a p a c it ie s  •  A d a p ta b le  to  c o n ta in e r s  o f  v a r i­
o u s  sizes  a n d  s h a p e s  •  V a riab le  sp e e d  f ro m  100 to  600 I t .  I*. M . •  
E ffec tive  d u a l  m o t io n  •  L arg e  m o to r  w i th  f r ic t io n  d riv e  •  M assive 
b a se  fo r  g re a te r  s ta b il i ty .

Size 2 S h a k e r  w ith  6 -p lac e  h e a d  
a d a p te d  fo r  500-1000 m l.  b o t t le s  
a n d  p in t  a n d  q u a r t  size  o rd in a ry  
f r u i t  j a r s .

A m otion is produced sim ilar to shaking by hand, b u t m uch more rapid 
and effective. I t  is no t only reciprocating up and down, b u t also elliptical 
and produces w ithin the  container a circulation as well as concussion of the 
fluid. M ore com pact construction is obtained by employing a  satisfactory 
friction drive in place of the  conventional be lt drive.
•  In ternational B ottle  Shaking M achines can also be  furnished w ith an 

explosion proof m otor for hazardous locations or when volatile m aterials 
are being used.

•  T he Size 2 Shaker can be furnished w ith a  varie ty  of heads including the 
following:

4-place to accom m odate bottles of 500-1000 ml. capacity  as well as 
p in t and q u a rt size ordinary  fru it jars.

6-place (as illustrated)—bottles and ja rs  as above.
24-place for ordinary spu tum  bottles or one ounce bottles.
10-place for bottles o f 500-1000 ml. capacity  and p in t and q u a rt size 

ordinary fru it jars.
12-place for Erlenm eyer flasks of 300-500 nil. capacity .
4-place for 50 ml. round bo ttom  tubes or small flasks up to  150 m l. in 

capacity.
Bulletin S Describes S izes 1 and  2  Shakers

I N T E R N A T I O N A L  E Q U I P M E N T  C O .
352 Western Avenue Boston, Mass., U. S. A .

Makers of Fine Centrifuges

A A NEW CARBON 
COMBUSTION FURNACE

for fast  a c c u r a t e  d e t e r m i n a t i o n s

T H E  Sobers Vertical Combustion Furnace is designed for speed and 

accuracy in the determinations of carbon by the direct combustion 

method. It is readily adaptable for other uses such as heat treatment of 

small delicate parts in protective atmospheres or for determination of 

sulphur with properly selected absorption train. (Operation may be 

continuous at 2 3 0 0 °F )/ or may be operated continuously at 2 3 0 0 °F . 

Uses inexpensive hand made crucibles.

W rite for Bulletin H D -1 0 4 0  for com plete details 

Sob«.» Vertical Combustion Fumnc, on this new economical furnace.
Height 3 4 H "  Diam«Ur 16"

THE CHEMICAL RUBBER COMPANY
WEST 112th ST. AND LOCUST AVENUE . . . . . .  CLEVELAND, OHIO
L A B O R A T O R Y  A P P A R A T U S  •  C H E M IC A L S  •  R U B B E R  G O O D S  H A N D B O O K  O F  C H E M I S T R Y  A N D  P H Y S I C S
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Amperometric Determination of Cobalt
R EA G EN T — a-Nitroso-/3-naphthol 

M ETHOD— Amperometric titration 

REFEREN CE— KolthofF and Langer, J. Amer. Chem. Soc., 62, 3172  (1940)

£  OB A L T  m ay  be determ ined rapidly and accu rate ly  by  am perom etric  

titra tion  w ith  a-nitroso-jS-naphthol, u sing  th e  dropping m ercury  

electrode as indicator electrode. An accuracy of 0.5%  or b etter  is p os­

sible w hen the q u a n tity  of cob a lt is of th e  order of 1 to  20 rag. T h e  titra ­

tion  is best carried ou t in an a ce ta te  buffer. E a stm a n  P  lf.28 a -N itro so -  

(3-naphthol is of a p urity  th a t is su itab le  for th is procedure.

W rite  fo r  an abstract of the article in  which the am perom etric  
determ ination  of cobalt is  described. . . . E astm an  K odak  
C om pany, Chem ical Sales D iv is io n , Rochester, N . Y .

EH
KODAK.

' T h e r e  a r e  m o r e  than 3 3 0 0 '

E A S T M A N  O R G A N I C  C H E M I C A L S

Pfaltg &  Bauer, Inc. EMPIRE STATE BUILDING, NEW YORK

Í The FLUOROPHOTOMETER
Pot. App lied  For

•  For the rapid  and accurate  determ ination of vitamin* 

and other substances having distinct ad van tages over 

biological methods of assay . A ccu racy  to .001 micro- 

grom. M ay be used for m icto-analysis, potentiometric, 

t it ra tio n , o x id a tio n  a n d  red u ctio n  

potentials.

has been  found involoable In 
the pharm aceutical, dairy , cereal, bak ing , yeast, food, 
rubber, petroleum , and  m ineral Industrie» ond in m eta­
bolic »ludio» in plants and  animal» w here rap id  and 
accurate  analyses ore e»»ential.

e The value of the instrum ent Is greofly enhanced  by 
the availab ility  of num erous accessories including test 
tubes, micro-cuvettes, as  well as  special filter com bina­
tions for the determ ination  of specific substonces. M anu­
factured in U.S.A. by the p ioneers in fluorom etric m ea­
suring instruments.

W rite for Sooklet I



Los Angeles. California
> Seattle, Washington 
SCIENTIFIC SUPPLIES CO.

BRAUN
C O R P O R A T I O N
22B0 East Fifteenth Street

Son Francisco, Calit. ^  
BRAUNKNECHT-HEIMANN-CO.

B ra u n  M odel PC  6 -u n it  E lec tro ly tic  O u tfit

Use Electrolytic Apparatus 
that Meets Today’s Needs
T h e  o u t s t a n d in g  f e a tu r e s  t h a t  m a k e  B r a u n  E le c ­
t r o ly t ic  O u tf it s  t h e  c h o ic e  o f  e x a c t in g  t e c h n ic a l  
w o rk er s  t h e  w o r ld  over  a re  p r e c is e ly  t h o s e  w h ic h  
t h e y  w o u ld  d e m a n d  if  t h e y  w er e  to  d ic t a te  t h e  
s p e c if ic a t io n s  th e m s e lv e s ,  b e c a u s e  t h e s e  o u t f i t s  
w er e  d e s ig n e d  w ith  t h e  r e q u ir e m e n ts  o f  t h e  
b u s y  t h o u g h t f u l  o p e r a to r  fo r e m o s t  in  m in d .

Consider th ese  im p o r ta n t  fea tu re s :
•  R e su lts  are  u n ifo rm  an d  ac c u ra te .
•  D ete rm in atio n s are  m a d e  rap id ly , sav in g  t im e  in  

ro u tin e  an a ly se s . .
•  B r a u n  E lectro ly tic  O u tfits  are  easy  to  operate .
•  E lectrod e  u n its  ro ta te  in d epen d en tly .
•  E lec tr ica l sy ste m s are d e sign ed  for m a x im u m  c o n ­

venience a n d  efficiency.
•  S tu rd ily  an d  s im p ly  c o n stru c te d . M an y  u n it s  20 

y ears o ld  an d  m ore  are  s t i l l  in  sa t is fa c to ry  o p e ra ­
tion .

•  Tw o m o d e ls  fill every need . M odel C B  is  design ed  
fo r  heavy ro u tin e  d e te rm in a t io n s . M o del PC  p e r­
m its  in d ep en d en t d e te rm in a tio n s  o f v a rio u s  m e ta ls  
s im u lta n e o u sly . B o th  m o d e ls  are  av a ilab le  in  2,
4 an d  6 u n it  ou tfits .

F o r  c o m p le t e  in fo r m a t io n  w r ite  fo r  B u l le t in s  
B -131 a n d  C -112 . A d d r e ss  D e p t . 1 -2 .

The New Lightweight Champ! 

Compact and Rugged

THERMOSTATIC HOT PLATE
by PRECISION

For A ll Light Duty Laboratory Heating Jobs

3075-H

3075-K

Vol. 13, No. 2

3075-J

COMPACT—measuring diameter by 2 '  high.

LIGHTWEIGHT—weighs only \]Ą lbs.

THERMOSTATIC CONTROL by means of a built- 
in bi-metallic therm ostat with a  handy external 
control handle. Specific temperatures may be 
reproduced and maintained.

TEMPERATURE RANGE approximately 100 to 
550 F.

ECONOMICAL—because the current is on only when 
the temperature of the Hot Plate drops below 
desired setting.

DURABLE HEATING ELEMENT fully enclosed and 
fastened to the under side of the cast iron plate. 
Sturdy metal case has baked-on crystalline finish, 
resisting acids and alkalies.

ANNULAR OPENING permits heating objects larger 
than plate.

3075-H Complete with 6  ft. Cord and Plug.
For 110 Volts A.C. only..................  $5.50

3075-J Same as above, but with Support 
Rod Clamp. For 1 1 0  Volts Á.C. 
o n ly ..................................................... 6.25

3075-K Same as above, bu t mounted on 
heavy cast iron Support Base. 
Support Rod. For 110 Volts A.C. 
only...................................................... 9.00

Replacement heating element for all types. 2.75

A ll  types easily incorpora ted  into 
apparatus train or se tup .

A. DAIGGER & CO.
L aboratory Supplies and Chem icals

159 WEST KINZIE STREET • CH ICAGO

DAIGGER



'  National \
Standards for half 

pint to gallon measures 
as furnished to the states 

by action  of C o n g ress in 
1836. For over a century these 
m easures of the N a tio n a l 

Bureau of Standards have 
rem ained  un ch an g ed , 

a g u id e  for the 
v nation. y
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F i x e d  S t a n d a r d s . . .

M A L L I N C K R O D T  
C H E M I C A L  W O R K S

Fully dependable as the National Standards for capacity measures 
and Mallinckrodt A.R. Chemicals. Analytical accuracy is facili­
tated and made more certain because of their precision. Every 
Mallinckrodt Analytical Reagent is made to pre-determined 
standards of purity with the most sensitive devices known to 
chemical science.

Send for new catalogue of Mallinckrodt Analytical Reagents 
and other chemicals for laboratory use. It contains detailed 
descriptions of chemicals for every type of analytical work . . . 
gravimetric, gasometric, colorimetric or titrimetric.

ALWAYS SPECIFY R EA G EN T S  IN M AN U FAC TU R ER ’S O R IG IN A L PACKAGES

St . Lo u is  .  C h ic a g o  .  N e w  Y o r k  .  P h il a d e l p h ia



W A N T E D /
R evised  to  J a n . 1, 1941

B a c k  J o u r n a ls  o£ t h e  
A m e r ic a n  C h e m ic a l  S o c ie ty  

JO U R N A L  O F  T H E  A M E R IC A N  
C H E M IC A L  S O C IE T Y

Vol. 61, N o. 3 @  .50 each

C H E M IC A L  A B S T R A C T S
33, N o. 5 @ .50 each

IN D U S T R IA L  A N D  E N G IN E E R IN G  
C H E M IS T R Y  

I n d u s tr ia l  E d it io n
Vol. 1, N o. 1 @ .75 each 

1, Nos. 2, 7 @  .50 each

Address all packages to the American Chemical Society, 
20th and Northam pton Streets, Easton, Pa., and pay trans­
portation charges. Express collect packages will be refused. 
Be certain tha t your name and address appear thereon. 
Also send memorandum to Charles L. Parsons, Business 
Manager, Mills Building, Washington, D. C. Journals 
must be received in good condition. This offer supersedes 
all previous ones and i3 subject to withdrawal without notice.

HOMOGENIZER!
...Saves Time

L aM o tte  B lo ck  C o m p ara to r

This compact LaM otte Outfit greatly facilitates sim­
ple, accurate Hydrogen Ion Measurements.

P o rta b le — C on ven ien t — In expensive
Complete with any one set of La M otte Permanent 

Color Standards, together with a supply of the corre­
sponding indicator solution and marked test tubes. 
Even with highly colored or turbid solutions determina­
tions can he made with accuracy. Full instructions 
accompany each unit.

Complete, f. o. b. Baltimore, $12.50

L aM o tte  R an g e  F in d in g  In d ic a to r  S o lu t io n s
For use in determining approximate pH values of un­

known solutions as a guide to the selection of the proper 
single range indicator for accurate pH determination. 
In 50, 1 0 0  and 500 cc containers. Complete information 
on request.

La MOTTE
C H E M I C A L  P R O D U C T S  CO.
Originators of Practical Application of pH  Control 
D ep t. F T o w so n , B altim ore , M d.

and Materials

International Erauhlfierj, Inc.

p i D, pt  î4 0 9  Sm,y Co8rt'  Chk*so' lu-

HMD HOMOGENIZEH
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s
L aM O T T E  C H E M I C A L  
C O N T R O L  S E R V I C E

Aboie— uriiX Hand Homoçtnitcr 
Beùjw— with mortar and -pude

F o r liquid batches o f 1 to  10 oz. 
M erely  p o u r m ix tu re  in to  bowl 

and  press hand-lever. H om ogenizes in s ta n tly  
— each stro k e  o f hand-lever ejects  a j e t  o f  com ­
pletely em ulsified liquid . P rov ides  perm an en t 
suspension for em ulsions— no failures, if  in ­
g red ien t ra tio  is sound. In  pho to s a t  le ft, no te  
fine degree o f  d ispersion secured (above) com ­
pared  to  coarseness o f sam e m ix tu re  em ulsified 
w ith  m o rta r and  pestle  (below).

H undreds  o f laborato ries use th e  H an d  H om o- 
genizer because i t  saves tim e, avoids m ateria l 
w aste. P o rtab le , easy  to  op era te  and  d e a n , 
s trong ly  b u ilt o f m olded alum inum , w ith  s ta in ­
less steel p iston . 10l/ j  in . h igh, 12 oz. bow l. 
O nly $4.95 com plete—order d irec t o r  from  your 
labo ra to ry  supp ly  house (sa tisfac tion  g u aran ­
teed)— or w rite  for fu rth e r details.
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Three heat ranges. High, 9 0 0 ° -1 5 0 0 °  F. Medium, 
4 0 0 ° -9 0 0 °  F. Low, 0 ° -4 0 0 °  F. Large, accurate  
Pyrometer aids in  definite tem perature control and in 
securing exact duplication of results.

Interior dim ensions, 4 ]4," x  3% " x  O verall
dim ensions, 8" x  11" x  11". O perates on 110 volts, 
A. C., or D. C. (Special voltages, dim ensions or tem ­
perature ran ges to order.)

Huppert Furnaces are ruggedly built for heavy duty 
service, w ith stainless steel housing and with no ex­
posed  contacts.

W R IT E  FO R  F R E E  CATALO G

K . H . H U P P E R T
1603 S. Michigan Ave., Chicago, 111.

A M E R I C A H  I N S T R U M E N T  CO.
«O lt G E O R G IA  A V E N U E  • S ILV E R  S P R IN G . M A R Y LA N D

P E H N I Y L V A N I A  SALT
M A N  U /f A / t  T U R I N G  C o/jth P A N Y

HUPPERT
LABORATORY

r-S U P E R  PRESSURE-
& Catalytic Hydrogenation

EQUIPMENT
YOUR n eed s for apparatus em ploying high  

pressures and tem peratures for the investiga­
tion of catalytic chem ical reactions and other 
phenom ena can  b e met successfu lly  by Am inco  
techn icians. A  sp ecia l shop departm ent is main­
tained for producing designs in high-strength  
m aterials for all phases of superpressure tech ­
nique, on a laboratory or semi-works scale.

Foil e tch ing  and  frosting  electric light bulbs 
and o ther glass p ro d u cts , for cleaning stain less steels, 
for bleaching straw , and for m any o th e r industri al p u r­
poses, hydrofluoric acid possesses m any advantages.

P articu larly  valuable to  the industria l user is th e  
high grade hydrofluoric acid m ade by  Pennsylvania 
Salt M anufacturing  C om pany, who purchased  the 
facilities o f S terling P roducts Com pany', E aston , Pa., 
a year or so ago.

M eeting the most exacting  requ irem en ts, this 
hydrofluoric acid is availab le  in five s tren g th s for 
d o m e s tic  u s e rs — 30%, 48%, 52%, 60% a n d  80%. 
Also, for export, th e re  is supplied  71-75% acid. 
Shipm ent o f hydrofluoric acid is in ru b b e r d rum s for 
streng th s under 60%. S tronger grades o f the acid 
are packed in steel con tainers.

F or com plete in form ation  applicab le to  your p ro b ­
lems, w rite  to  P ennsy lvan ia  S alt M an u fac tu rin g  Co., 
W idener B ldg., P h ilade lph ia , P a .—-New Y ork • C h i­
cago - S t. Louis • P ittsb u rg h  . T acom a . W yando tte .

FURNACES
•

A ccurate— Sturdy 
Outstanding Values 

•
M odel illustrated

$ 3 7 .50
COMPLETE

Ever s in ce  th e  in c e p tio n  o f  
su p e rp re s su re  t e c h n i q u e ,  
A m inco  h as  m a in ta in e d  th e  
le ad in g  p o s itio n  in  th is  field. 
I t  bu ilt th e  first h ig h -p re ssu re  
la b o ra to ry  a p p a ra tu s  in  th e  
U . S., a n d  has s in ce  kep t 
ab rea st o f  th e  la tes t d e v e lo p ­
m en ts  in  th is  m o d e rn  te ch ­
nique.

T he  bomb shaker illustra ted  
■was designed by A m inco fo r  
the synthetic hydrogenation o f  
organic substances.

Write for Catalog 406P
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Simple, rapid and reliable means for quantitative measure­
ments of the various 13 complexes as well as Vitamins A and C— by 
transm ittance, fluorescence, or both— are provided by the Coleman 
Universal Spectrophotometer. The broad applicability  of this new 
instrum ent in speeding or sim plifying analytical procedures, coupled 
with a price that brings it within reach of any serious chemist, makes 
the Coleman Model 11 a development you can’t afford to overlook.

The Universal perm its dial-selection of a m onochrom atic lightband 
approxim ately 35 mmu. wide, anywhere within the 300-800 mmu. 
range. The self-contained galvanometer may either be read directly 
in percent transmission, or used as a null device in a novel potentio- 
metric circuit, practically  elim inating galvanometer and cell errors.

F or complete details about the Universal Spectrophotometer, ask 
fo r Bulletin 204.

I

U V  Illum inator 
fo r  Flu o re s c e n t M a te ria ls

This accessory fits into place on the 
Spectrophotometer panel, automati­
cally lines up to accurately project a 
beam of filtered ultra-violet light di­
rectly into the sample. Fluorescence 
values are measured and compared as 
easily and accurately as those for 
monochromatic light transmission.

I

COLEMAN ELECTRIC CO., INC.
3 2 4  M A D I S O N  S T .  .  M A Y W O O D ,  I L L .

U N I V E R S A L
B Y  T H E  M A K E R S  O F  T H E  C O L E M A N  p H  E L E C T R O M E T E R


