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INDUSTRIAL
AND

ENGINEERING CHEMISTRY
S C I E N C E  IS POWER

ARKS OF DRUG MANUFACTURERS
a r e  s a f e g u a r d e d  i n  t h e  l a b o r a t o r y !

D rugs and  pharm aceu tica ls—the Physicians’ great 
allies. T hey p ro tec t fam ilies. T hey relieve pain. 
They resto re  health .

M anufactu rers of d rugs and  pharm aceu tica ls know  
the pa ram o u n t im portance  of quality . T hey cease­
lessly test to  insure ing red ien t q u a lity  and  fo rm ula  
un ifo rm ity . Every step in  m anu fac tu ring  m ust be 
carefu lly  safeguarded . Lives m ust be p ro tected . R epu­
ta tio n  of p recious tradem arks m ust be m ain ta ined .

In  the labo ra to ries  (p ro d u c t con tro l room s) of 
m any of the lead ing  d ru g  and  pharm aceutical com ­
panies o f A m erica you w ill find a too l of m eas­
u rem en t th a t guards precious tradem arks.

I t  is B aker’s A nalyzed C.P. C hem icals and 
Acids. T he reason these R eagents have been 
selected is ra th e r un ique  fo r B aker’s A nalyzed

C.P. C hem icals bear th is d is tinc tion . Each bo ttle  
has the actual lo t analysis on the label. T he  sm all 
percentages of im purities, as found  by B aker’s 
analysts and by lo t analysis, are p rin ted  on the 
label.

C hem ists w ho  w ork  in  term s of th ird  and  fo u rth  
decim al exactness know  the value of the actual 
analysis ra th er than  a label th a t sim ply bears the 
sta tem en t of m axim um  lim its o f im purities.

So on your nex t order, be sure to  specify B aker’s 
A n a ly z e d  C .P .  C h e m i c a l s  a n d  A c id s .  Y o u r  

favorite  labo ra to ry  supply  house can supply  
you.

J. T. Baker Chem ical Co., Executive Offices an d  Plant: 

Phillipsburg, N ew  Jersey. Branch  Offices: N ew  York, 

Philadelphia  and  Chicago.

Purity defined —  not to "m ax i,  

mum lim it»"—  but to tfw deci­

m al b y  a c tu a l tat a n a ly s U .  

That'» the »tary o f the Balter'»
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M O N T R E A L

C A N A D A

Laboratories have at their command in these four 

conveniently-located d istribu tion  p lants, large  and 

comprehensive stocks o f  both laboratory apparatus 

and reagent chemicals.

Developm ent Laboratories, Chemical Manufactur­

ing Laboratories, Instrument Shops, Glass Shops and 

Service Departments are maintained to help meet the 

laboratory’s requirements for up-to-date equipment.

F i s he r  S c i e n t i f i c  Co .  E i m e r  a n d  A m e n d
717 Forbes S tree t P it ts b u rg h , Pa. 635  G re e n w ic h  S tree t N e w  Y o rk , N . Y.

F i she r  S c i e n t i f i c  Co. Fisher Scientific Co., l t d .
2109  L ocust S tree t St. L ouis, M issou ri 9 0 4  St. Jam es S tree t M o n trea l, P . Q .
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I N D U S

Top — This is one of the Gas Analysis Cabi­
nets which has made history among sulfur- 
burner users, by its speed, its accuracy and 
the small amount of attention it requires. 
The Micromax instrument to which it 
reports is shown at right.

R ight— Whether it is used as a Recorder or 
automatic Controller depends on the user’s 
wishes; this Micromax is outstandingly 
responsive and dependable for either 
service.

HERE ARE RESULTS
From Many Users of Micromax SO2 Control

All around the country— in oil 
refineries, paper mills, steel mills 
and chemical plants— are sulfur 
burners which regularly deliver their 
product— S0 2—-at a concentration 
which is within one per cent of the 
desired strength. This means that 
production is helped—sulfur is saved 
— time of busy men is conserved.

That, in general, is the condition 
we have found by a survey among 
several dozen plants. But we’ve 
found out more— we’ve found how 
this uniformity is maintained. And 
it adds up to a strong endorsement 
of Micromax S02 Recorders and 
Controllers.

For, every single Micromax oper­
ator who replied said that he is hold­
ing S02 to within that one per cent!

Jrl. Ad N-91 (4a)

Idepends on me!
A S lo g a n  For E te r y  A m er ic a n

Furthermore, seventy out of every 
hundred Micromax users said they 
find “no variation” from the desired 
strength! In contrast, only 39 per 
cent of the non-Micromax users 
could claim perfect control, and 35 
per cent were getting results worse 
than any Micromax user reported.

Micromax S02 instruments have 
five features which help explain the 
superiority of their results:
1. T h e  th e rm a l-c o n d u c tiv ity  

method of analysis is used—it’s 
fast, sensitive, all-electric.
Gas is sampled practically at 
the burner, and control is ap­
plied with speed and precision.
All S02 passages are corrosion- 
proof. The only filter is a coke

P- ?>llj 15 9

2.

3.

tower, which requires renewing 
only at long intervals. Even if 
the aspirator pulls some acid 
mist into the analysis cell, the 
operator merely cleans it and 
re-connects it to the filter.

4. Maintenance is no problem; the 
equipment needs no more at­
tention than does a base-metal 
pyrometer.

5. The Micromax Recorder— pre­
cise, sensitive, fully automatic 
and entirely dependable for re­
cording, controlling or both.

An L&N engineer will either call 
to discuss an S02 control problem, 
or will send Folder N -91(l), as you 
prefer.

L E E D S  & N O R T H R U P  C O M P A N Y ,  4920 S T E N T O N  AV E., P H I LA. 44, PA.

LEEDS & N O R T H R U P
M E A S U R IN G  IN S T R U M E N T S T E L E M E T E R S A U T O M A T IC  C O N T R O L S H E A T -T R E A T IN G  F U R N A C E 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. 17, No. 6
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Pump and a Pressovac Pump into a compact, 
economical vacuum source.

It will attain better than 0.01 micron at a speed in excess of 3 liters per second  
without the use of a cold trap. The vapor pressure of Amoil used as the pumping 
medium is so low that the amount of oil vapor diffusing out of the pump is negli­
gible. The "Pyrex” brand glass diffusion pump is of the semi-fractionating type 
although of single-stage construction. The forepressure is provided by a motor- 
driven Cenco Pressovac. The heater current required is .8 to 1.2 amperes.

No. 93270A Vacuum Pump Outfit, Cenco Oil Diffusion Type, for operation on 
115 volts, 60 cycles A.C. is supplied with a sufficient quantity of Amoil at $100.

"Cenco N e w s  C h a ts ,"  c o n ta in in g  in form ation  on n e w  labora tory  item s, are a va ila b le  upon req u es t to 
te c h n ic a l p e rso n n e l in ed u ca tio n a l a n d  in d u s tr ia l in stitu tions.

CENTRAL SCIENTIFIC COMPANY
S C I E N T I F I C  I N S T R U M E N T S  ( T N i T )  L A B O R A T O R Y  A P P A R A T U S

iMrV'oCfr.

NEW YORK TORONTO C H I C A G O  BOSTON SAN FRANCISCO
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a Letter to 
an Advertising Agency*

P o r o c e l

*T h is  letter w a s  written by an  engineer«»not a n  advertising man. It w a s  
intended sim p ly  to supp ly  inform ation for a  Porocel advertisement on this 
page this month. But the letter w a s  so  d e a r  and  concise an outline of Poro- 
ce l's properties that the copywriter said/to himself, “W hy gild the lily ?  
W h y  not just run this letter a s  written and  rece ived?” . . .  so  here it is.
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v te r* :

«r<e*e t

a f d i ^
!  a n  A o « v

C b ie ®^0

P U Y  P O N D S
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I N F R A R E D  T R A N S M I S S I O N

as recorded with this

I N F R A R E D  S P E C T R O M E T E R

T he Perkin-E lm er In frared  Spectrom eter M odel 12B and its  accessories 
are  designed to  m ake the analysis o f com plicated m ixtures o f organic com­
pounds as d irect and  simple as possible. M ost o f the usual bottlenecks 
in infrared spectrophotom etry , such as the calculation o f percen t trans­
mission curves for standard  com pounds, loss and change of composition 
o f sam ples by evaporation , and galvanom eter instab ility  problem s are 
e lim inated by properly designing the equipm ent to  operate on sound phys­
ical principles. T he  instrum en t records directly  the approxim ate percent 
transm ission or optical density  curve of any  sam ple, m aking i t  easy to 
ob ta in  standard  transm ission curves for the pu re  com pounds in a m ixture. 
T he selection o f the optim um  w avelengths for determ ining each com ponent 
o f a new m ixture can be m ade directly  from the pure com pound trans­
mission curves. Precise extinction coefficients for use as standards in quan­
tita tiv e  analysis are obtained from the curves by applying to  them  small 
reproducible corrections (plus or m inus a  few percent). Besides m aking it 
easy to  set u p  new analyses, the im proved equipm ent gives m ore accurate 
results a fter the analytical procedure is set up. T he use o f the electronic 
amplifier* elim inates the custom ary drift and v ibration  problem s of a 
high-sensitivity galvanom eter. T ightly-sealed absorption cells w ith  good 
sam ple handling equipm ent m ake i t  easy to  m easure the  spectra o f low- 
boiling liquids. T heir small volum e perm its the m easurem ent o f a complete 
spectrum  w ith  only a  few ten th s o f a cc. o f sam ple. For gas sam ples, re­
m ovable absorption cells are now available w ith  p a th  lengths up  to  a  m eter, 
m aking possible detection of otherwise im perceptible trace components. 
T he  spectrum  of liquid benzene shown above illustrates the perform ance of 
the Perkin-E lm er In frared  Spectrom eter M odel 12B in recording d irectly  
the percen t transm ission o f a sam ple 0.045 m m - thick. T he  spectrum  is an 
unretouched reproduction of the original record in the range from 7.5 to
14.5 m icrons m ade w ith  an opaque shu tter.
* This amplifier is obtainable only by those working directly or 
indirectly fo r  the Government.

S P E C I A L  F E A T U R E S

Direct recording of percent trans­
mission curves.

Equipped for gas, liquid, and solid 
samples.

Removable absorption cells up to 

100 cm. path.

Tightly-sealed liquid cells.

Convenient cabinet mounting of all 
parts.

High resolution over long spectral 
range with simply changed prisms.

Individual temperature correction of 
wavelength scale for each prism.

Optional horizontal absorption cell 
slide for quick change of cells.

Optical speed f:4.5; 60° prism face 
60 x 75 mm.; off-axis parabolic colli- 
mation.

Compact (12"x31"x9"), sturdy de­
sign; airtight covers to permit reduc­
tion of atmospheric interferences.

Selective shutters to reduce scattered 
light.

Multi-speed wavelength drive.

TH£ P£RKin-<Lm!l\ CORPORATION!
GLcnBROcm-conn-
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MERCK has

THE RIGHT 
COMBINATION

for Laboratory Chemicals
One of the unique “Merck Cross Tables’’ in the 
Merck Analytical Laboratories.

Determ ination of comparative melting points in 
the Merck Research Laboratories.

Fine chemicals for the professions and industry 
since 1818.

A corner of the Merck Packaging Laboratory.

I— MERCK & CO., Inc.
Please send me the following charts:

□  Sensitivity of Q ualitative Reactions

□  Periodic C hart of the Elements

□  Sensitivity C hart

N am e..............................................................................................

C om pany.....................................   Position.

S treet ..............................................................................................

RAHWAY, N.J.— i
IN D . E N G . C H E M - 6-15-45

...................................  I

C ity ............................................................................... S ta te .

L . J
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In the manufacture of Pyrex, Vycor and Corning brand Laboratory Glassware 

some operations are automatic, but skilled hands are usually required somewhere 

along the line. Special apparatus, for example, is almost completely hand fabricated.

In Corning Lamp Shops, complicated apparatus is expertly fabricated by crafts­

men of long experience. O ne out of every three of these highly skilled artisans has 

gone to war. Their sensitive fingers that once manipulated glass in the flame of a 

blow torch now squeeze a trigger. It takes years to make a Lamp W orker—to replace 

them is almost impossible.
Those who remain are doing their utmost to supply the Armed Forces with all 

the Pyrex, Vycor and Corning brand Laboratory Glassware they need.

These are the reasons—and we are sure you will understand—why special appa­
ratus is difficult to obtain and why your laboratory supply dealer may sometimes be 

unable to furnish even our standard catalog items promptly.

W hen Victory comes, then skilled Corning craftsmen will return. Then there 

will be ample stocks at your dealer’s. And then you can obtain the special apparatus 

you need from Corning Lamp Shops.

PYREX,

“Pyrex,” “Vycor” and  “Corning” are registered trade-marks and  indicate manufacture by

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

P y R t X

B A L A N C E D  F O R  A L L - A R O U N D  U S E

brand LABORATORY

C orning
 —means------

R esearch in Glass
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*

I N S T A L L A T I O N
*

*

*
S P E C I A L  S E R V I C E S

It Takes AM This
TO MAKE A COMPLETE ANALYTICAL PROCESS

T HE M A S S  S P E C T R O M E T E R  method of analysis w as developed in Consolidated  

Engineering Com pany's laboratories over a period of five years. By supplementing 

the finest equipment with efficient operating techniques and advanced methods of data  

reduction, the ultimate am ount of usable results are obtained.

*
INSTRUMENT — Each Consolidated Mass Spectrometer is sup­

plied complete in every operating detail.

*
INSTALLATION- Each  instrument

com pletely installed a n d  operating  in every  

detail before  re lease to purchaser. The value 

of this policy of installing the mass spectrome­

ter and training technicians in its operation

and maintenance is demonstrated by the fact that in most installations the in­

strument has been placed in routine operation immediately after installation.

*
I N S T R U C T I O N  — Complete instruction during installation on:

(a) Instrument theory and operation.

(b) Instrument maintenance and service.

(c) Analysis theory and practice.

SPECIAL SERVICES — Engineers are

available for consultation on unusual service or 

operating problems. Consolidated's interest in 

the user and his problems includes continued 

development of both the instrument and its appli­

cation to all analysis problems. Write Depart­

ment 6-B for detailed information on how this analytical tool can help 

with your control, research and development problems.

A v e r a g e  d e l i v e r y  t im e  is 4

ord e r ,  a n d  in s t a l la t io n  a n d  C O N S O L I D A T E D  E N G I N E E R I N G  C O R P .
training are usually completed

in less than 6 months.  5 9 5  E A S T  C O L O R A D O  S T R E E T  • P A S A D E N A ,  C A L I F O R N I A
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F A M I L Y

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

Here are furnaces, the like o f which laboratory  
technicians have never seen— vastly improved in 
both function and appearance. Engineered and 

built by the leaders in developing and manu­
facturing industrial heat-treating equipment, they 

are the last word in efficient and practical 
laboratory furnaces.

The Lindberg Box Furnace designed for fast 
and accurate metallurgical tests and chemical 
analyses heats up to 2000° F. Has built-in trans­
former; "Step less” Input Controller and Indicating 
Pyrometer are contained in a separate metal 
case.

The Lindberg Pot-Crucible Furnace does salt 
or lead bath immersion tempering, hardening 
and annealing, cyaniding and aluminum heat- 
treating. O n  the other hand, as a crucible fur­
nace, it is used for determining critical points of 
steel, melting base  metals, thermocouple cali­
brations and other necessary laboratory o p e ra ­
tions for heats up to 2000°  F.

The Lindberg Combustion Tube Furnace is d e ­
signed for fast carbon and sulphur determina­
tions using the volumetric method of analysis and  
for gravimetric type analyses for carbon d e ­
terminations o f all alloy steels including stainless 
and heat-resisting steels. Heats up to 2500° F.

The Lindberg Hot Plates are for precise, con­
trolled all-round laboratory use for tem pera­
tures up to 950° F. Built-in input control provides 
exact temperature selection.

These furnaces can be secured from your 
laboratory equipment dealer. See him today  

for full information.

L I N D B E R G  E N G I N E E R I N G  C O M P A N Y
2 4 5 0  W EST H U B B A R D  STREET • C H IC A G O  12, IL L IN O IS

Lindberg
WELL K N O W N  T H R O U G H O U T  THE W O R L D  A S

\
L E A D E R S  I N  D E V E L O P I N G  A N D  M A N U F A C T U R I N G  

I N D U S T R I A L  H E A T  T R E A T I N G  E Q U I P M E N T

" T o
—

LD E X C L U S I V E L Y  T H R O U G H L A B O R A T O R Y  E Q U I P M E N T  D E A L E R S
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TH IS  IS  A PART OF THE SPECTRU M  OF AN ALLOY. BY M EASU R ING  TH IS  SPECTRU M , PR EC ISE  QUANTITATIVE 
A N A LYS IS  OF THE CONSTITUENTS IN THE M ETAL W AS M A D E IN 15 M IN U TES FROM  THE T IM E  THE

SA M P LE  W AS BROUGHT INTO THE LABORATORY.

Accurate qualitative and quantitative analysis is being made 
on the A.R.L.-D1ETERT COM PARATOR-DENSITOM - 
ETER after the spectrum of the sample has been photo­
graphed by an A.R.L.-DIETERT SPECTROGRAPH at the 
City Pattern Foundry and Machine Company o f Detroit.

SPECTROGRAPHIC ANALYSIS is not only fast 
but is also economical.

T he total cost is 15 cents per sample for an average 
volume of work. This means that silicon, manganese, 
chromium, nickel, molybdenum and other alloying 
metallic constituents or im purities may be analyzed at 
a cost of 3 cents o r less per quantitative determ ination. 
T w o operators can analyze 100  to 150 samples per 
8-hour day. Or, to put it in  another way, one operator 
alone can now do the same w ork previously requiring 
12  operators using older, conventional m ethods of 
analysis. Seventy-two elements can be speedily identi­
fied on the Comparator-Densitom eter. W ith the Spec­
trograph  a rapid analytical control of raw materials,

and materials in process is obtained. In  addition, iden­
tification or sorting applications and many m iscellane­
ous o r research applications beyond the scope of routine 
analysis are possible.
W hen the "flat surface” sampling technique is employed 
the analysis is virtually non-destructive to castings and 
finished parts. W ith the use of standard samples which 
are available, accuracy is largely a function of rep ro ­
ducibility.
Use A.R.L.-DIETERT matched spectrom etric equip­
ment for maximum accuracy and speed.
Use the A.R.L.-DIETERT staff of spectrographers to 
help you solve your analytical problem s and service 
your spectrographic equipment.

A .R .L .  - DIETERT
A P P L I E D  R E S E A R C H  L A B O R A T O R I E S  
4 3 3 6  S A N  F E R N A N D O  R D „  G L E N D A L E  4 , C ALIF .

... .

- -__

H A R R Y  W .  D I E T E R T  C O .  
9 3 3 0  R O SE L A W N  A  VE., D ETRO IT  4, M ICH .

HUT
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M U f U t  f O R H A C B S

The FD-204 furnace below operates without a 
transformer. The Chromel unit is a coil of wire 
wrapped around a grooved muffle. Easy to 
renew, and durable. Top temperature about 
1800° F. The heating chamber is 7 /̂2" w ide x 
5 V i"  high x  14" long.

HOSKINS PRODUCTS
E L E C T R IC  H E A T  T R E A T IN G  F U R N A C E S  • • H E A T IN G  E L E M E N T  A L L O Y S  • • T H E R M O C O U P L E  A N D  

LEAD  W IRE  • • PYRO M ETERS • • W E LD IN G  W IRE • • HEAT R ES ISTAN T  C A ST IN G S  • » E N A M E L IN G  

FIXTURES • • SP A R K  PLUG ELECTRODE W IRE  • • SP EC IA L  A LLO Y S  O F  N IC K EL  • • PR O TECT IO N  TUBES

This is a double-bore high temperature Com ­
bustion Furnace. It is equipped with A lloy  
No. 10 units and can be run at 2300° F con­
tinuously or 2400° F intermittently. Controlled 
by a regulating transformer.

Hoskins Laboratory Furnaces have for m any  
years found good acceptance because of the 
good service they have so faithfully delivered. 
Their Chromel elements are durable and easy  
to get at. The furnaces shown here are repre­
sentative. Hoskins Manufacturing Com pany, 
Detroit 8, M ichigan.

This FD-104 crucible furnace operates on the 
same principle as the furnace above. Its heat­
ing chamber is 5 " diameter x  5 " deep. . . . 
A ll our furnaces are described in Catalog 58. 
Send for a copy.
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SERVES ESSENTIAL CONTROL LABORATORIES

i / 1/
«  l \  o
<7xÂ x>

B L U E
L I N E

K K
<HÔRMÂX> c z >
1M. RiG. U.S.A..

Consult Lead ing Laboratory Supp ly  H ouse s Throughou t! 
and  C anad a  for K im b le  Laboratory

The Vis ib le  Guarantee of  I n v is i b le  Quality

KIMBLE GLASS COM PANY  • • • • V I N E L A N D ,  N. J.
N E W  Y O R K  • C H I C A G O  • P H I L A D E L P H I A  •  D E T R O I T  • 0 0 S T 0 N  • I N D I A N A P O L I S  • S A N  F R A N C I S C O
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A.H .T . CO. S P E C IF IC A T IO N

G A S T  R O T A R Y  A I R  P U M P S
Now available in two models, i.e. new Heavy Duty Model with capacity of 5.75 cu. ft. of free air per minute, and Portable

Blast and Suction Apparatus with capacity of 1.3 cu. ft. per minute

GAST ROTARY AIR PUM P, Heavy 
Duty Model, A.H.T. Co. Specification.
A quiet, fan-cooled, motor driven unit, 
for continuous or in term ittent use, cap­
able of moving 5.75 cu. ft. of free air per 
minute. Delivers any degree of vacuum 
up to  28 inches of mercury or pressures 
up to  10 lbs. per square inch.

Consisting of pump with slotted, eccentric 
rotor w ith four sliding vanes, coupled to  a  ca­
pacitor-type electric motor, h.p., 1725 r.p.m., 
w ith sleeve bearings and therm al overload circuit 
breaker, mounted upon a metal base on rubber 
feet. R otor is fixed to  J^-inch shaft fitted with 
ballbearings. W ith vacuum gauge, 0 to  30 inches 

of mercury, and pressure gauge 0 to 50 lbs.; oil and air filters on inlet and outlet; pressure relief valve set a t approx. 20 lbs.; 
and two bleeder petcocks for regulating vacuum and pressure.

The combined filter, muffler and trap  on the pressure side is enclosed in cast iron; cartridge can be removed for clean­
ing or replacement. The combined oiling and air filtering device on the vacuum side is enclosed in glass for observation of 
oil level.

Air Pump, Gast Rotary, Heavy Duty Model, as above described, complete w ith vacuum and pressure gauges, 
therm al overload circuit breaker, filters, hose connectors for J4-inch tubing, and 10 ft. cord w ith snap switch 
and plug. Power consumption 460 w atts; net weight 65 lbs. For 115 volts, 60 cycles, single phase, a .c .. . 74.00

Ditto, bu t for 115 volts, d.c....................................................................................................................................................85.00
“ “ “ 230 volts, 60 cycles, single phase, .a.c.........................................................................................................74.00

1033-S.

1033-S.

1033-T.
1033-U.

GAST PORTABLE ROTARY AIR BLAST AND SUCTION APPARATUS, A.H.T. Co. Specifica­
tion. A quiet, air cooled, m otor driven unit, complete with vacuum and pressure gauges, and therm al 
overload circuit breaker; suitable for continuous operation a t pressures not exceeding 20 lbs. or for in­
term itten t use up to 30 lbs.

Consisting of pump w ith four-vane rotor which is integral w ith the shaft 
of a K  h.p. motor. R otor revolves in a precision machined housing. W ith air 
filters and oil trap  directly behind inlet and outlet. Vacuum 
gauge reads 0 to  30 inches of mercury, and pressure gauge 0 to  
50 lbs. W ith  safety valve adjusted a t  30 lbs., and bleeder 
petcocks for regulating pressure and vacuum as desired.

The combined filter, muffle and trap  on pressure side is enclosed 
in cast iron; cartridge can be removed for cleaning or replacement.
The combined oiling and air filtering device on vacuum side is en­
closed in  glass for convenient observation of oil level.

Specifications: speed 1725 r.p .m .; maximum pressure 20 to  30 lbs. per 
sq. in.; free air approx. 1.3 cu. ft. per m inute; operates four small blast lamps; 
maximum vacuum 27 inches of mercury; power consumption 250 w atts; net 
weight 32 lbs.
1033-G . G ast P ortable Rotary Air B last and Suction  A pparatus, A .H .T . Co. Specifica­

tion , as above described, com plete w ith  pressure and vacuum  gauges, therm al 
overload circuit breaker, filters, carrying handle and 10 ft . cord w ith snap
sw itch  and plug. For 110 vo lts , 60 cycles, a .c .....................................................33.50
N O T E  —  A vailab le w ith  m otor for vo ltage and current specifications other 

than  above a t s ligh tly  higher prices.

M o re  d e ta i le d  in fo r m a tio n  s e n t  u p o n  re q u e s t .
1033-G.

ARTHUR H. THOMAS COMPANY
RETA IL  —  W HOLESALE — EXPO RT

LABORATORY APPARATUS AND REAGENTS
W E S T  W A S H IN G T O N  S Q U A R E , P H IL A D E L P H IA  5, U.S.A.

Cable Address “Balance,” Philadelphia



INDUSTRIAL a n d  ENGINEERING CHEMISTRY
P U B L I S H E D  BY
T H E  A M E R I C A N  C H E M I C A L  S O C I E T Y

W A L T E R  J. M U R P H Y ,  
E D I T O R

Spectrographic A na lysis  of Magnesium  A llo y s
B. L. A V E R B A C H 1 

U. S. Radiator Corporation, Geneva, N. Y.

This study describes the spectrography of a magnesium-base alloy 
containing 6 %  aluminum, 3 %  zinc, and 0 .2 0 %  manganese. A  
statistical analysis of the procedure indicated that an accuracy of at 
least ± 5 %  of the contained element was reasonable for this ma­
terial. In addition, methods of casting a representative sample free 
from microshrinkage were investigated.

TH E  spectrographic process is capable of accurately analyz­
ing constituents of fairly high percentage if sufficiently 

rigid conditions are imposed on the process and on the sampling 
procedure. This paper describes a procedure for the rapid analy­
sis of a magnesium-base alloy w ith a nominal composition of 6 % 
aluminum, 3%  zinc, and 0.20% manganese. D uring the es­
tablishm ent of this procedure a study was made of the repro­
ducibility of the process, and of the consistency of the sample it­
self. As experience w ith these analyses was gained it  was real­
ized th a t extremely close control was necessary to  obtain con­
sistent results.

T he spectrographic equipm ent consisted of a spark generator 
of the ro tary  spark type, a high-voltage alternating current arc 
source, a large grating spectrograph, darkroom equipm ent for 
the rapid processing of 35-mm. film, and a photoelectric com- 
parator-densitom eter to measure the location and density of the 
spectral lines. All th is equipm ent was m anufactured by the 
Applied Research Laboratories and the H arry W. D ietert Com­
pany.

A flat sand-cast disk was used on a Petrey spark stand. Dif­
ferent types of specimens were found to  be subject to  extreme 
variations in the zinc and aluminum contents, and for this reason 
methods of casting a suitable spectrograph specimen were also 
investigated.

E Q U IP M E N T

The spectrograph was a standard A RL-D ietert grating instru­
m ent w ith a dispersion of approximately 7 A. per mm. in the 
first order. Thirty-five millimeter Eastm an Spectrum Analysis I 
film was used and was processed in the following manner:

1. Three m inutes in D-19 developer a t  70° F.
2. Five seconds in acetic acid short stop
3. Three m inutes in E astm an liquid x-ray fixer
4. Five minutes in running water
5. Rinse in distilled water
6. Wipe w ith cellulose sponge
7. One m inute in infrared dryer
For excitation, the spark un it was used almost exclusively. 

Some effects of varying the secondary inductance are described 
below, bu t all work was done w ith the inductance a t  its lowest 
possible value, approximately 0.045 mh. There are indications 
th a t even lower inductances m ay be desirable.

The comparator-densitometer was of the type which employs 
a m otor-driven scanning slit 12 microns wide and 1.1 mm. long. 
This instrum ent was set so th a t the transmission reading on

clear film was 100. A t a density of 1.0, therefore, the transmis­
sion reading was 10, and a t  a  density of 2.0 the reading was 1.0. 
For accurate results, the transmission readings were confined 
between 80 and 15, so th a t densities greater than  1.0 could not 
be used. No background corrections were made.

W O R K IN G  C U R V E S

The preparation of emulsion calibration and working curves 
has been adequately described (3, 4). For the emulsion calibra­
tion, a  ground quartz diffusing plate 1 mm. thick was placed in 
front of the spark to give better uniformity along the length of 
the line, bu t this plate was not used during the actual analyses.

The standards which were m ost suitable for this application 
were the flat slabs supplied by the Aluminum Company of 
America. In  several instances the standards of the Dow Chemi­
cal Company were also used. These standards were in approxi­
m ately the same metallurgical condition as the samples and were 
handled in  the same fashion. The range of chemical compositions 
of the various constituents in the standards covered ranges which 
were similar to the range in the samples, so th a t errors due to  the 
effects of one element on the emission characteristics of another 
were minimized. Frequent wet chemical checks were also made. 
Both standards and samples were sparked under the following 
conditions:

Pow er
Prim ary vo ltage
C apacitance
Inductance
Prespark
E xposure tim e
S lit

4 /3  kva.
70 volts  
0.014 m fd.
0 .045  mh.
10 seconds
25 to  35 seconds
60 m icrons X  2.6 mm.

1 P resen t address, W orks L aboratory, G eneral E lectric  C o., Sch en ectad y , 
N . Y .

In  the preparation of all magnesium samples and standards 
the same procedure was used. A 0.16-cm. (0.06-inch) cut was 
taken from one surface w ith a lathe, and this surface was sanded 
w ith a No. 120 Aloxite belt. This surface was used against a 
spectrographically pure carbon rod in the Petrey stand, and the 
conditions mentioned above were maintained.

In  the choice of the analysis lines several conditions m ust be 
considered:

.1 .  There should be no interfering lines of other elements pres­
ent. For best results the background should also be low.

2. This line should have a suitable density for the concen­
tration  range in which i t  is used. For maximum accuracy the 
ratio  of the densities of the analysis line and the reference line 
should be near unity.

3. If possible, the reference and analysis lines should be a 
homologous pair—th a t is, they should react similarly to slight 
changes in excitation conditions. The sta te  of ionization is a 
valuable guide, bu t not always a  completely reliable criterion of a 
homologous pair. After a set of lines has been used for some 
time, this condition m ay be determined from experience.

4. The standard and the analysis lines should be as close to 
each other as possible because of the change in the film gamma 
w ith wave length.

In  practice it was virtually impossible to obtain all these con­
ditions for every line. Since it was desirable to make the entire 
analysis a t one exposure, the lines were split horizontally with a

341
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rotating sector a t the secondary focus. The top half was ex­
posed to  four times as much light as the bottom  half. W ith this 
arrangement aluminum, zinc, magnesium, and manganese lines 
were read on the bottom  half, while iron, silicon, copper, and 
nickel were read on the upper half.
' For each exposure the following lines were read:

W ave L ength ,
À. M g R eference R em arks

A1 3587 3330 N o t hom ologous
Zn 3302 3330 H om ologous
M n 2610 3074 H om ologous
Si 2516 3074 H om ologous
F e 2382 3074 N o t hom ologous
Cu 3274 3074 H om ologous

U nfortunately nickel could not be determined in this exposure, 
and a  separate determination under the following conditions was 
taken:

Pow er
Prespark
Exposure
Inductance

4 /3  kva. 
10 seconds  
50 seconds  
0.365  mh.

atmosphere should be maintained. Changes in exposure time 
were necessary to  follow the changes in the seasons. A daily 
record was kept of the humidity, and it  was evident th a t as the 
relative humidity increased, the exposure time increased.

An ultraviolet lamp was tried a t the rotating spark gap. Pre­
vious reports had indicated th a t irradiation of the rotating 
spark gap should reduce the errors due to variations in excitation. 
The lamp which was installed was one of very small output sup­
plied by the manufacturer. No difference in reproducibility 
was discernible with the lamp in or out, and the consistency stud­
ies shown later were made without the lamp. W ith the rotary 
gap irradiated, exposures had to be increased by about 5 seconds. 
These limited experiments by no means exclude the possibilities 
of improving the reproducibility by irradiating the rotating spark 
gap, since the original experiments were made with a much more 
powerful ultraviolet lamp (about 250 w atts).

In  addition to  these uncontrollable variables, there was a set 
of variables which could be controlled. The 4 /3  kva. power tap 
was chosen to give readable line densities with a reasonable ex­
posure time. At the rotating spark gap a  voltage of 80 volts 
was first used. Later trials, however, indicated th a t 70 volts

The additional exposure and inductance seemed to sensitize
, Ni 3415 . , ,  ,  . , ,

the nickel line, so th a t the „  „ pair was suitable for nickel 
Mg 3074

contents as low as 0.001%. None of the samples contained a de­
tectable am ount of nickel, bu t since the specifications allow only
0.01% nickel, it  was necessary to  check each heat for its presence.

In  some instances plain glass filters made from microscope 
cover glasses were tried directly in front of the film to reduce the 
intensity of a particular line. These filters were very satisfactory, 
since they allowed the exposure condition to  be adjusted so th a t 
the ratios of the densities of the analysis and reference lines were 
close to  unity. The filter did not affect the shape or slope of the 
working curves, bu t for the above procedure no filters were used.

Figure 1 shows some of the working curves for aluminum, zinc, 
and manganese. Similar curves were used for silicon, copper, 
iron, and nickel.

The usability of these curves is dependent to a large extent 
on the slope. If  the curve is too steep it is impossible to  deter­
mine the element concentration with any degree of accuracy, and 
if i t  is excessively shallow it  is difficult to cover the permissible 
range with one curve. The accuracy of the aluminum deter­
mination, shown in Figure 1, is particularly sensitive to the slope 
because of the large percentage of contained aluminum. At 
3587 A. the line is broad and diffuse and is actually composed of 
a number of lines. Experience showed, however, th a t it  followed 
the aluminum content faithfully and seemed to have the shallow­
est slope of the available aluminum lines.

Theoretically these curves should be good indefinitely, bu t 
they m ust be frequently checked against standards. For small 
variations from the curve, small corrections m ay be made, bu t if 
the correction is greater than  5%  of the contained element, the 
entire curve should be redetermined. The exact causes for some 
of these shifts have not been satisfactorily explained. I t  is very 
seldom th a t the entire set of elements will shift a t the same time. 
In  this particular system zinc and aluminum seemed to  be the 
worst offenders, bu t even then they seldom shifted together.

I t  is well known th a t the primary input voltage should be 
carefully controlled for the maximum accuracy. For the best 
results a  large m otor generator set should be used. Unfortu­
nately the 225-volt input to this installation came directly from 
the line, and this may have been a contributing factor to the curve 
shifting. When, however, the input voltage was deliberately 
varied from 200 to 240 it  was impossible to reproduce these shifts 
consistently.

Changes in humidity are often blamed for these variations, and 
for the best results a  constant-temperature, constant-humidity

BATIO Zn 3302 
Mg 3330

RATIO AI 3587 
Mg 3330

Figure 1. Working Curves for 
Aluminum, Manganese, and Zinc
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Table I. Effect of Inductance on Line Densities and Intensity Ratios
Line _________________Transm ission  R eadings__________________

In d u ctan ce, M illihenrys
0 .0 4 5 0 .0 9 0 0 .1 8 0 0 .3 6 5 0 .7 3 0 1 .0 9 5 1 .4 6

Fe 2382 T 6 6 .0 6 7 .0 5 8 .5 7 3 .0 9 2 .5
R 0 .7 4 0 .6 1 0 .5 5 0 .3 9 0 .3 5

Si 2516 T 7 8 .0 7 2 .0 4 8 .0 3 9 .0 6 4 .5 s s . o
R 0 .5 8 0 .5 6 0 .6 5 0 .6 8 0 .7 3 0 .7 3

M n 2610 T 8 0 .0 7 9 .0 7 7 .0 8 6 .0 9 6 .0
R 0 .5 5 0 .4 8 0 .4 0 0 .2 9 0 .2 6

M g 3074 T 4 6 .0 3 6 .0 2 2 .5 1 9 .0 4 4 .0 7 7 .0 9 2 .0
C u 3274 T 5 8 .0 5 5 .0 2 9 .0 2 2 .0 3 5 .0 6 4 .0 7 8 .0

R 0 .8 3 0 .7 5 0 .8 8 0 .9 5 1 .1 5 1 .2 9 1 .61
Zn 3302 T 2 4 .5 1 1 .0 3 .5 1 .2 2 .8 6 .9 1 8 .0

R 1 .3 9 1 .6 9 1 .6 0 1 .4 4 1 .5 1 1 .5 2 1 .5 7
M g 333 0 T 4 4 .0 3 2 .0 1 0 .0 2 .9 7 .0 1 9 .5 4 1 .0
Al 3587 T 1 6 .5 4 6 .0 7 0 .0 9 0 .0

R 1 .6 8 0 .7 7 0 .3 1 0 .0 8

T . A verage of th ree transm ission  readings.
R . In te n s ity  ratio , Zn, A1 w ith 3330; others w ith  3074. P ow er 4 /3  kva. 

Line vo lta g e  235  vo lts ;  in p u t v o lta g e  70  v o lts . A perture 2 , Sector 4 to  1, 
s lit  60  m icrons, prespark 10 seconds, exposure 50 secon d s. In d u ctan ce was 
th e on ly  th in g  changed during th e  experim ent.

provided more uniform results, partly  because the lower voltage 
could be maintained a t a more constant level.

The spacing between the tungsten points of the rotor and the 
sta to r of the rotating gap was very critical. A spacing of
0.25 mm. (0.010 inch) was maintained, and the points were 
turned and spaced frequently to  ensure their accurate alignment. 
For the best results this adjustm ent should be made after a 
number of exposures, so th a t the entire system is somewhat 
near its operating tem perature. Starting from cold, the same 
time of exposure produced stronger and stronger lines until the 
operating tem perature was reached. Bringing the points too 
close together reduced the voltage markedly, and if the back and 
front gaps were not equally spaced erratic results were produced. 
Too much emphasis cannot be placed on maintaining the proper 
spacing a t the ro tary  gap.

clip holding the carbon rod against the stage. If this was not 
done, discharges were ap t to occur a t other places in the circuit.

A ttem pts to  use the high-voltage alternating current arc 
showed th a t this method was not so consistent as the spark 
process for the high percentage elements. For minor constitu­
ents such as iron, copper, silicon, and nickel it was suitable, but 
there was a saving in tim e by making the complete analysis a t 
one exposure with the spark unit.

Changing the secondary inductance had a selective effect on 
the density of the individual lines. Table I shows the transmis­
sion readings for a  series of exposures in which only the inductance 
was changed. As the inductance increased, the density of the 
iron line first increased slightly and then became very weak. 
The intensity ratio, however, showed a  steady decrease. The 
silicon line also went through a maximum density bu t the ratios 
showed a  steady increase as the inductance increased. M anga­
nese showed only a slight effect, bu t as the inductance increased 
it tended to  disappear.

Magnesium 3074 and 3330 both went through a  maximum in­
tensity a t 0.365 mh. Copper and zinc also passed through a 
maximum intensity a t the same value of inductance. Alumi­
num, however, tended to become extremely light as the induc­
tance increased, and eventually the line disappeared.

A suitable system can probably be worked out for any of these 
inductance values, b u t all other work in this report was performed 
a t the lowest possible inductance. In  fact, the above da ta  sug­
gest th a t even lower inductances should be tried.

P R O C E S S  R E P R O D U C IB IL IT Y

To check the reproducibility of the process a run of 108 de­
terminations was made on a standard disk of the following com­
position:

%
Al 5 .8 3
Zn 3 .2 1
M n 0 .2 1
M g B alance

STANDARD SM
MODI
STAf
DEVI
COE
VARI

DARD 
ATlON: 0 0 5 8  
TICIENT OF 
ATION - 056 

1.19

= 119

—  =4  4 6 %  
READIN6S

0 9 8  1.04 1.10 U6 122

RATIO 3587  Al 
3 3 3 0  Mg

Figure 2. Frequency Distribution Chart for 
Aluminum

To prevent sparking between the specimen and the stage it was 
necessary to  keep the stage clean w ith fine emery paper and to 
place a weight on the disk while it  was being sparked. I t  was 
also necessary to  keep the stage clean a t the points where it  con­
tacted  the carbon rod, and to  keep a high pressure on the spring

Ail determinations were made on the same day with all ele­
ments of the process carefully controlled. Frequency-dispersion 
curves were drawn using the standard terminology of the A.S.- 
T .M . (1). For convenience, a  brief description of the terms used 
is given.

X  = arithm etic average 
Mode =  value which occurs m ost frequently

a — standard  deviation =  the square root of the average of 
the squares of the deviations of a set of N  number 
from their average, X  

V  =  coefficient of variation =  ratio  of the standard  de­
viation to the average =  100 a /X  

N  = number of determinations

Figure 2 shows the frequency dispersion characteristics of the 
aluminum determ ination expressed as a function of the intensity 
ratios.

For alum inum : a =  0.058 intensity unit
V  = 4.92%

If these deviations are expressed as percentages of aluminum :

<r =  0.26% Al
V  =  4.46% of the aluminum present

To aid in the interpretation of these results the following addi­
tional statem ents m ay be made:

/  i \
of the to ta l num-If X , a-, andiV  are stated, more than  ^1 —

ber N  observations lie w ithin the closed range, X  =t ter. This is 
true even if the results are obtained under uncontrolled condi­
tions. S tated  another way, at least 75%  of the results m ust 
lie w ithin ± 2a.



344 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. 17, No. 6

However, if we can make the additional statem ent th a t the 
data  were obtained under controlled conditions, then the results 
may be expected to  fall w ithin the limits expressed by the nor­
mal law integral. In  this case a t  least 68.27% are w ithin X  — <r 
and a t  least 95.45% are w ithin X  =*= 2<r.

A glance a t Figure 2 for aluminum, and Figures 3 and 4 for 
zinc and manganese, shows th a t for the conditions used here, the 
results may be confined within the following limits :

A l
Zn
M n

81%  w ith in  X  
85%  w ith in  X  

9 2 . 5 %  w ith in  X

In  other words, conditions were sufficiently standardized to be 
labeled as controlled conditions.

Figure 3 shows the same da ta  for zinc and Figure 4 for man­
ganese. These data  m ay be summarized as follows:

a V  % of R ead in gs w ith in  =*= a

A l 0 .2 6  4 .4 6 %  81
Zn 0 .1 6  5 .0  85
M n 0 .0 1 2  5 .7  9 2 .5

From  these data  we can say th a t for aluminum in this range 
the accuracy m ay be expressed as follows:

STANDARD SM 5; 
AI 5 8 3 %  
Zn 3.21% 
Mn 0.21% 
Mg BAL.

%  READINGS WI1 
ti=$3%

OF MftNGAllESE

AVERAGE 074 
MODE 074 
STAN0AR0 DEVIATION 

0 0 3 5  
COEFFICIENT OF 
VARIATION = 
0 3 5 X 1 0 0  . . .—S"?? *7SI

66 .68 .70 .72 74 76 78 8.0

RATIO 2610 Mn 
3074 Mg

Figure 4. Frequency Distribution Chart for 
Manganese

5.83 =*= 0.26% and 81% of the readings will be w ithin the ex­
pressed range. Similar expressions m ay be w ritten for the zinc 
and manganese. The manganese determ ination is the most 
accurate, since we m ay say 0.210% M n =  0.012 and 92.5% of the 
readings will fall w ithin the expressed range.

SPECTRO iRAPh 1C ANALYS IS 01 ZINC

STANDARD SM 53 
Al 583  %  
Zn 3 21 %  
Mn 0.21 %  
M g BAL

%  READINGS WITHIN 
±6 * 8 5 %

AVS
MOD
STAf
DEVI n
COEI
VAR I
0.07

DARO
VTION *0 .0 7 3  

IfjFlClENT OF 
ATION *

- * 5 . 0 %  

READINGS

1.15 121 127 133 139 145 1.51

RATIO 3302 Zn 
3330 Mg

Figure 3. Frequency Distribution Chart for Zinc

These results are based on 108 determinations on the same 
sample. In  practice three closely spaced determinations were 
taken and the average of the three was used as the result. The 
average of these three has, of course, a  greater possibility of 
falling within the limits of =*=0- than  has any single value. On 
test pieces free from microshrinkage, checks of the spectrograph 
w ith wet chemical analyses showed th a t for aluminum, zinc, and 
manganese results were accurate within ± 5 %  of the contained 
element.

S A M P L E  C O N T R O L

The above data  on reproducibility included any deviations 
in the standard disk as well as in the spectrographic process, but

Figure 5. Vertical Chill-Cast Disk, Type 1

in the limiting case, the process can be no more consistent or re­
liable than the sample itself. Radiographs of the 'standard 
disks, on which the consistency studies were made, showed th a t 
they had substantial areas free from microshrinkage, and could 
therefore be assumed to  be fairly uniform. The consistency 
studies bore this out, bu t some standards were far more consistent 
than  others.

When the problems of sampling 950 kg. (2000 pounds) of mol­
ten magnesium in a representative fashion arise, the conditions 
are somewhat different. Six different types of production speci­
mens were tried. These are described in  Table I I  and illustrated 
in Figures 5, 6, 7, and 8.

Several different types of specimens were made from the same 
ladle for comparison purposes. The sand-cast disks were all 
attached to  the standard tes t bar patterns as illustrated in Fig­
ures 6, 7, and 8. The chill mold was manufactured by the H. W. 
D ietert Company and in use was preheated to about 400° F. 
before pouring. All these specimens were poured from regular 
production heats a t  1350° to  1400° F.

For analysis each specimen was then divided into four equal 
quadrants, as shown in Figure 9.

Each specimen was radiographed, and then the quadrants 
were analyzed spectrographically. These determinations were
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ran t 1, directly in  front of the gate. For this reason quadrant 1 
would be expected to  be low in zinc and aluminum, and Table 
I I I  shows th a t this area was considerably lower in zinc and alumi­
num than  the other three quadrants.

Table IV  gives a similar study for the horizontally sand-cast 
disks shown in Figure 6. These disks were from the same heat as 
the previous chill-cast disks, and the first quadrant—th a t is, the 
quadrant containing the gate—was low in zinc and aluminum 
to about the same extent as the chill-cast disk. The remaining 
three quadrants of the sand-cast disk were, however, somewhat 
more uniform than  the corresponding ones in  the chill-cast disk. 
Zinc content was extremely sensitive to  microshrinkage and the

Figure 6. Horizontal Sand-Cast Disk, Type 2

m ade within a 1.25-cm. (0.5-inch) spot on each quadrant, and 
the average of these three was then taken to  represent the analy­
sis of the quadrant. These quadrants were then  sawed out and 
analyzed for zinc and aluminum by gravim etric methods {2).

Table I I I  summarizes the results for the chill-cast disk, which 
is illustrated in Figure 5. Radiographs of these disks indicated 
th a t each had concentrations of heavy microshrinkage in quad-

T yp e

1
2

Table II. Types of Flat Specimen Disks
D escrip tion

V ertical ch ill-ca st, 2 .5  X  3/ ie  in ch es  
H orizon tal san d -cast 2 3/ie  X  3/ i s  in ch es a ttach ed  to  test  

bar infold
H orizon tal san d -cast, 2 3/i6  X 3/ie  in ch es, chilled  on one  

sid e  in  th e  m old  
H orizon ta l san d -cast ring, 2 3/ ie  X  3/ie, in ch es, w ith  1 

in ch  cen tra l hole  
H orizontal san d -cast disk  2 3/ie  X  3/ ib in ch es, w ith  1 

inch b lin d  riser in  center  
V ertical s lab , 1.375 in ch es w ide, 2 .5  in ches h igh, 0.5  

in ch  th ick  at b o tto m , 0 .375  inch th ick  a t top , a t­
tach ed  to  riser of te s t  bar mold

Figure

5

6

Table III.

M eth od  of Quad-

Chill-Cast Spectrographic Disks
(H ea t 4384 , T y p e  1)

A nalysis rant Al Zn M n Fe Si Cu

D isk  Y

Spectro 1 5 .7 0 2 .6 0 0 .1 9 7 0 .0 5 9 0 .0 5 2 0 .0 0 6
W et 5 .4 3 2 .6 2
Spectro 2 6 .0 7 3 .0 3 0 .1 9 5 0 .0 6 4 0 .0 7 2 0 .0 0 9
W et 5 .8 8 3 .0 1
Spectro 3 « 6 .1 7 3 .0 8 0 .1 8 9 0 .0 6 0 0 .0 7 0 0 .0 0 9
W et 5 .8 5 2 .9 5
Spectro 4 6 .0 8 2 .9 0 0 .1 9 3 0 .0 5 4 0 .0 7 0 0 .0 0 8
W et 5 .8 3 2 .7 1

D isk  P

Spectro 1 5 .5 2 2 .5 5 0 .1 9 5 0 .0 4 0 0 .0 5 1 0 .0 0 6
Spectro 2 5 .8 8 2 .9 0 0 .1 9 2 0 .0 4 0 0 .0 7 0 0 .0 0 6
Spectro 3 6 .3 0 3 .0 6 0 .1 9 2 0 .0 3 7 0 .0 6 8 0 .0 0 9
Spectro 4 6 .1 8 3 . 16 0 .1 8 8 0 .0 3 1 0 .0 7 2 0 .0 0 9 Figure 8. Horizontal Sand-Cast Disk with Blind 

Riser, Type 5

Figure 7. Horizontal Sand-Cast Ring, Type 4
Vertical sand-cast ear attached to riser. Type 6
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Table IV . Sand Cast Spectrographic Disks
(T yp e 2)

M ethod of Quad­
A nalysis rant A1 Zn M n Fe Si Cu

D isk  E t H ea t 4384

Spectro 1 6 .1 5 3 .0 5 0 .1 8 8 0 .0 2 4 0 .0 5 3 0 .0 0 8
W et 5 .5 0 2 .7 1
Spectro 2 6 .1 3 3 .1 8 0 .1 9 2 0 .0 4 6 0 .0 6 6 0 .0 0 9
W et 5 .9 8 2 .9 2
Spectro 3 6 .1 3 3 .1 6 0 .1 9 1 0 .0 3 8 0 .0 7 1 0 .0 0 9
W et 5 .9 2 3 .0 9
Spectro 4 6 .2 0 3 .2 0 0 .1 8 3 0 .0 3 2 0 .0 6 3 0 .0 1 0
W et 5 .9 8 3 .0 1

D isk  E , H ea t 4411

Spectro 1 6 .1 8 2 .9 8 0 .1 7 7 0 .0 2 2 0 .0 5 7 0 .0 0 6
W et 5 .4 5 2 .7 0
Spectro 2 6 .1 5 3 .1 0 0 .1 8 4 0 .0 2 0 0 .0 6 0 0 .0 0 6
W et 5 .8 0 2 ¿94
Spectro 3 5 .9 7 2 .9 8 0 .1 7 8 0 .0 2 1 0 .0 6 1 0 .0 0 5
W et 5 .8 0 2 .9 8
Spectro 4 6 .2 5 2 .9 1 0 .1 7 8 0 .0 2 2 0 .0 5 9 0 .0 0 6
W et 5 .7 5 2 .9 9

variation in the zinc analyses was particularly wide. Figure 10 
shows radiographs of both types of specimens.

A t first glance the spectrographic results seem to be consist­
ently in error on the high side. This is due to  the fact th a t each 
quadrant contains some microshrinkage. A wet chemical analysis 
which dissolves this entire quarter might be considerably lower 
in zinc and aluminum than  a spot spectrographic process which 
is able to  h it areas completely free from microshrinkage. As a 
m atter of fact, radiographs on which the spectrographic spots 
for the previously mentioned disks were located showed that,, 
w ith the exception of the first quadrant, practically all spots oc­
curred on areas substantially free from shrinkage. Under these 
conditions, the spectrographic results could be expected to 
average somewhat higher for zinc and aluminum than  the more 
inclusive wet chemical analyses.

Figure 10. Radiographs of Disks
Above. Chill-cast. Below. Horizontal sand-cast

G A T E

Figure 9. Spectrographic Specimens
Disk and ear divided into quadrants for chemical analysis

aligned. An entire set of new analysis and emulsion calibration 
curves had been drawn, and after the runs had been made, a 
standard was sparked again w ith the following results:

A1 Zn M n Fe
Standard certified analysis 5 .8 3  3 .2 1  0 .2 1 0  0 .0 4 0
C heck resu lts 5 .8 2  3 .2 5  0 .2 1 0  0 .0 5 1

Apparently conditions had been m aintained with reasonable 
uniformity. The wet chemical analyses checked reasonably 
well w ith the spectrograph on sound samples. W hen micro­
shrinkage was present the two methods of analysis varied to  a 
somewhat greater extent.

A glance a t  Tables I I I  and IV shows th a t quadrant 1 was al­
most 0.5%  lower in zinc and aluminum than  the remainder of the 
disk. The radiographs showed th a t these low areas correspond 
almost exactly with the areas of heavy microshrinkage. Micro­
shrinkage is caused by the failure of the low-melting ternary 
eutectic to  fill the  last voids as the m etal solidifies. Since this 
eutectic is considerably higher in zinc and aluminum than  the 
average analysis, its failure to  flow into these last interstices 
causes the average analysis to  be low in zinc and aluminum. 
Manganese does no t enter into the eutectic reaction, and the 
analyses show th a t the concentration of this element remains 
rem arkably constant over the entire disk.

Previous to  this series of experiments, the entire optical and 
electrical system of the spectrograph had been checked and re-

Table V . Chilled Sand-Cast Spectrographic Disks
(H ea t 4384, T yp e 3)

M ethod  of 
A nalysis

Spectro
Spectro
Spectro
Spectro

Spectro
Spectro
Spectro
Spectro

Q uad­
rant A1 Zn

D isk  M

5 .6 5
5 .9 4
5 .7 8
5 .8 7

5 .9 4
6.20
5 .8 1
6 .0 8

3 .1 0  
3.20 
2 .9 8  
3 .0 1

D isk  O

2 .9 4
3 .0 4
2.88
3 .1 2

0 .1 8 4
0 .1 9 3
0 .1 8 7
0 .1 9 1

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

F e

,0 .0 2 8
0 .0 2 9
0 .0 2 8
0 .0 2 9

0 .0 2 6
0.021
0 .0 4 1
0 .0 2 3

Si

0 .0 7 0
0 .0 7 1
0 .0 5 4
0 .0 5 9

0 .0 6 1
0 .0 5 0
0 .0 5 9
0 .0 6 3

Cu

0 .0 0 9
0 .0 0 9
0 .0 0 7
0 .0 0 7

0 .0 0 7
0 .0 0 8
0 .0 0 7
0 .0 0 9



From these experiments it  became evident th a t for uniform 
results it  was necessary either to obtain a sample free from micro­
shrinkage, or to  obtain a  specimen in which the microshrinkage 
was always present in the same region, so th a t it  could be avoided. 
U ntil a better specimen was developed, all analysis was performed 
on quadrant 3  in the horizontally sand-cast disk. By confin ing ; 
the work to  th is quadrant th e  extreme variations shown in the 
first quadrant could be avoided.

F irst the gate on the sand-cast specimen was increased from 
1.25 X 0.47 cm. (0.5 X 0.19 inch) to  0.3 X 5 cm. (0.125 X 2 
inches). This flood-gating produced spotty  microshrinkage 
throughout the disk.

The gate was then  reduced back to  1.25 X 0.47 cm. (0.5 X 0.19 
inch) and the disk was moved from the cope to  the drag. This 
specimen was substantially the same as the original sand-cast 
disk. A blind riser, 2.5 cm. (1 inch) round a t  the base and 5 cm. 
(2 inches) high, was then placed a t  the center. This type of disk 
is shown in Figure 8. Radiographs showed th a t there was heavy 
microshrinkage in the first quadrant. The rest of the disk was 
sound.

Table VI shows th a t the results were very uniform for quad­
rants 2, 3, 4, and a large number of observations showed th a t the 
microshrinkage was always located a t the same point. When

Figure 11. Radiographs
Above. Vertical sand-cast sample 
Center. Horizontal sand-cast disks with 1-inch 

blind riser in center
Below. Sand-cast rings

Table VI. Sand-Cast Disk with 1 -Inch Blind Riser in Center
(T yp e 5 , H ea t 4631)

A nalysis rant A1 Zn M n Fe Si Cu

D isk  K

Spectro * 1 6 .0 0 2 .8 6 0 .1 9 3 0 .0 2 5 0 .0 6 7 0 .0 1 0
W et 5 .9 8 3 .0 1
Spectro 2 5 .8 7 3 .0 0 0 .1 9 4 0 021 0 .0 6 6 0 .0 1 2
W et 5 .9 5 3 .0 4
Spectro 3 5 .8 4 2 .9 8 0 .1 9 3 0 .0 2 2 0 .0 6 4 0 .0 1 4
W et 5 .9 0 3 .0 8
Spectro 4 5 .9 2 3 .0 6 0 .1 9 7 0 .0 1 9 0 .0 6 2 0  012
W et 5 98 3 .0 7

D isk  L

Spectro 1 5 .8 6 3 .0 4 0 .1 9 8 0 .0 2 2 0 .0 6 9 0 .0 1 3
W et 5 .9 1 3 .0 4
Spectro 2 5 .8 5 2 .9 8 0 .2 0 1 0 .0 2 4 0 .0 6 7 0 .0 1 3
W et 5 .7 7 2 .8 8
Spectro 3 6 .0 3 3 .0 4 0 .1 9 4 0 .0 2 4 0 .0 6 4 0 .0 1 2
W et 5 .8 9 3 .0 7
Spectro 4 5 .9 3 3 .0 7 0 .1 9 4 0 .0 2 0 0 .0 6 2 0 .0 1 2
W et 5 .8 8 3 .0 6

A 0 .75-inch  h ole w as drilled from  th e center of th e disk  before d iv id in g  
for w et chem ical an alyses.

Table V II. Ring Sample with 1-Inch Hole in Center
(T yp e 4 , H ea t 4675)

M eth od  of Quad-
A nalysis rant A1 Zn M n F e Si Cu

Spectro 1 6 .0 3  2 .4 2  0 .1 7 2  0 .0 4 6  0 .0 5 1  0 .0 0 5
W et 5 .7 9  2 .9 5
Spectro  2 5 .6 5  2 .6 8  0 175 0 .0 2 1  0 .0 6 5  0 .0 0 8
W et 5 .7 1  2 .9 0
Spectro  3 6 .4 5  2 .7 4  0 .1 6 9  0 .0 1 5  0 .0 6 5  0 .0 0 5
W et . .  “ 2 .9 8
Spectro  4 6 .0 2  3 .1 6  0 .1 9 4  0 .0 2 5  0 .0 7 3  0 .0 0 9
W et . . «  2 .9 4

* D eterm inations erratic.

the  wet chemical analyses in  Table VI were made, therefore, the 
portion in the center w ith the heavy shrinkage was drilled out, 
since this area could always be avoided with the spectrograph. 
Specimens of this type were very satisfactory if precautions were 
taken to  stay  ou t of the center and the first quadrant. This 
specimen checked closely with the wet chemical analyses.

In  an  a ttem p t to  eliminate the shrinkage from this disk a 
large cast-iron chill was molded in the drag directly below the 
gate and riser. The shrinkage disappeared from the gate and 
center b u t reappeared as a fringe of microshrinkage around the 
edge of the chill. This was undesirable, and this type of specimen 
was abandoned.

N ext a ring was cast, as shown in Figure 7. A 1.25 X 0.47 
cm. (0.5 X 0.19 inch) gate was used and the central hole was
2.5 cm. (1 inch) round. Radiographs showed th a t there was 
radial microshrinkage distributed throughout the entire speci­
men. W et chemical analyses, shown in Table VI, were uniform 
because of the evenly distributed microshrinkage, b u t i t  was 
difficult to  check spectrographic results against chemical results, 
since there were many spots of extreme shrinkage randomly 
distributed through the sample. On this basis, the specimen 
was considered unsuitable for analysis. Radiographs of this 
disk are shown in Figure 11.

D eparting on a  radically different approach, a  vertical speci­
men was attached to the riser of the tes t bars as shown in Figure
7. This specimen was 1.25 cm. (0.5 inch) thick a t  the base and
0.9 cm. (0.375 inch) a t  the top. I t  was 3.44 cm. (1.375 inches) 
wide and 6.25 cm. (2.5 inches) high. W ith this method the 
metal was fed progressively to  the top and there was an additional 
pressure from the large riser next to  the ear. Radiographs 
shown in Figure 11 showed th a t there was little mieroshrinkage 
in this specimen.

Table V II shows the analyses for some of these specimens, 
divided for analysis as shown in Figure 9.

The vertical ears showed surprisingly good consistency within 
each quadrant, bu t the variations from quadrant to quadrant 
were surprisingly large, even though no microshrinkage had been 
detected. Possibly the specimen was too thick to prevent gross
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segregation, bu t a t any rate, the possibility of obtaining a  very 
low reading on zinc or aluminum was virtually eliminated.

Figures 12 and 13 show the striking effect of microshrinkage 
on the aluminum and zinc contents. A longitudinal slice was 
taken from a commercial ingot, radiographed, and then spot- 
analyzed by the spectrograph. Each point on the chemical 
traverse is the average of three determinations. The area of 
microshrinkage shown in Figure 12 is outlined on 13, and within 
this area the zinc and aluminum contents are 0.5 to 0.75% lower 
than  in the sound areas. W et chemical analyses confirmed these 
results. This is a  striking argum ent for avoiding areas of heavy 
shrinkage.

Figure 12. Radiograph of Longitudinal Slice 
through an Ingot

The choice of an analytical specimen is one of individual pref­
erence. Certainly, areas of microshrinkage should be avoided, 
since they are in  no way representative of the sound m etal in the 
heat. Precautions should be taken to use a specimen, or a part 
of a specimen, which has been dem onstrated to be consistently 
sound, to  ensure th a t m etal free from shrinkage is used for analy­
sis. Only then can the spectrograph be expected to  check with 
the wet chemical methods.

In  this laboratory, the chill-cast specimen was rejected as en­
tirely unsuitable, and for a long period satisfactory analyses were 
made on the second and th ird  quadrants of the sand-cast disk 
shown in Figure 12. This specimen also had the advantage of 
being autom atically obtained for each heat, since test bars were 
required for every heat. The sand-cast vertical specimen was 
free of shrinkage bu t needs further exploration. For the great­
est absolute accuracy, the horizontal sand-cast disk with the 
blind riser was the best, providing the center and first quadrant 
were avoided.

Several sand-cast disks from the same heat were compared in 
the as cast, solution heat-treated, and solution heat-treated and

Table V III. Vertical Sand-Cast Specimen Attached to Riser
(H eat 4691, T yp e 5)

M ethod  of Q uad­
A nalysis rant A1 Zn M n Fe Si Cu

D isk  SV

Spectro 1 6 .21 2 .9 2 0 .,193 0 .036 0 .072 0 .009
W et 5 .78 2 .9 6
Spectro 2 6 . 13 3 . 15 0 .191 0 .036 0 .072 0 .009
W et 5 .78 3 .0 4
Spectro 3 6 .35 3 .2 5 0 .,177 0 .032 0 .073 0 .010
W et 5 .95 3 .2 2
Spectro 4 6 . 15 3 .0 8 0 . 182 0 .031 0 .072 0 .009
W et 5 .97 3 .2 0

D isk S

Spectro 1 5..95 2 .8 8 0 . 184 0 .035 0 .070 0 .009
2 6. 23 2 .9 2 0 . 192 0 .031 0 ..072 0 .009
3 6. 20 3 .1 8 0 . 195 0 .034 0 .075 0 .010
4 6. 45 3 .1 3 0 . 187 0 .034 0 .070 0 .009

Figure 1 3. Chemical Traverse of Ingot Slice Shown in Figure 12

aged conditions. No improvement was apparent from the heat 
treatm ent, and all specimens were used as cast.

Several attem pts were made to  use a  set of pins or rods as 
specimens. First, rods were drawn from the m elt in Pyrex tubes 
by suction. This produced a  very satisfactory rod bu t it  was 
unusually high in silicon, probably owing to  a reaction between 
the molten magnesium and the glass. Pins were then cast in a 
perm anent mold, bu t preliminary results indicated th a t they 
were no better than the sand-cast flats.

Radiographs showed th a t it  was difficult to  cast a  sound rod 
free from microshrinkage in sand, Pyrex, or perm anent mold. 
Since none of these pins was as consistent as the best technique 
on the flat disks, this series of experiments was abandoned.

C O N C L U S IO N S

These results are preliminary, in th a t they are based on w hat is 
still a  limited experience. I t  is hoped th a t subsequent observa­
tions by a large number of investigators will improve the accuracy 
and reliability of the spectrographic analysis.

1. The spectrograph is capable of analyzing aluminum, zinc, 
and manganese in a  magnesium-base alloy with an accuracy of a t 
least =*=5% of the contained element. This is true for an alloy 
containing approximately 6 %  aluminum, 3%  zinc, and 0.2% 
manganese.

2. Spectrographic analyses should never be made on the 
quadrant of the separately cast disk which contains the gate. 
The presence of microshrinkage causes extreme variations in the 
zinc and aluminum contents.

3. A horizontal sand-cast disk with a blind riser and attached 
to  the test bar mold provides the most consistent sample. The 
areas next to  the gate and in the center should be avoided.
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Neopentane in Refinery Butanes
L. C. JO N E S , Jr., R. A .  FRIEDEL, a n d  G. P. H IN D S , JR.

Houston ReRnery Research Laboratory, Shell O il Company, Incorporated, Houston, Texas

Qualitative study of a straight-run refinery butane stream by infra­
red spectrometry has established the presence of a small amount of 
neopentane. A  spectrophotometric method is described for the 
quantitative analysis of the system propane, n-butane, isobutane,

neopentane, and isopentane. Determinations by this method show 
that neopentane occurs in various Texas crudes to the extent of about
0 .03 %  by volume. The reference spectra necessary for this analysis 
are included.

TH E  occurrence of neopentane in natural gasoline has been 
reported (5 ) bu t no definite evidence of its presence in crude 

oils has been published. The analysis of several crude oils by 
the N ational Bureau of Standards (6) has failed to indicate the 
presence of the hydrocarbon in the samples studied. F urther­
more, low-temperature distillations of butane and pentane 
stream s obtained in topping operations show no trace of neopen­
tane. I t  is generally believed, therefore, th a t the compound is 
not m et in refinery operations. The study of refinery butanes 
by infrared spectrophotom etry in  this investigation has shown, 
however, th a t this is no t the case.

Q U A L IT A T IV E  D E T E R M IN A T IO N  O F  N E O P E N T A N E

An examination of a portion of the infrared spectrum (A 
Figure 1) of a  sample from a n-butane stream  revealed the pres­
ence of a weak absorption band near 7.9 m u which could not be 
attribu ted  to  n-butane or to either of the known impurities, iso. 
butane and isopentane, bu t which corresponded closely to  one of 
the strong absorption bands for neopentane, suggesting the 
presence of th a t hydrocarbon in low concentrations. The ab­
sorption spectra of the pure compounds, presented in Figure 1

W ave Length, M icrons 

Figure 1. Spectra of Refinery Butanes and Pure Hydrocarbons 
in 2.8 to 4.2 mu and 7.0 to 8.2 mu Regions

A l l  curves at 200-mm. pressure In 30-cm. cell. A ,  unfractionated refinery 
butanes. B, concentrate from distillation

for purposes of comparison, were obtained using a recording 
infrared spectrom eter of high resolution (2).

In  order to obtain more conclusive evidence, the neopentane 
of the n-butane sample mentioned above was concentrated by 
distillation. The sample was fractionated in a column of 30 
theoretical plates a t  a  reflux ratio  of 24 to  1. Calculations based 
on Smoker’s equation (7) indicated th a t under these conditions 
less than  0.1% of neopentane (on a charge basis) would be lost 
in the overhead product, n-butane, when the liquid in the kettle 
consisted of 80%  neopentane. Actually, operational difficulties 
prevented the attainm ent of th is degree of enrichment.

Table I. Operating Conditions for Spectrophotometric Analysis of
Butanes

Standard
Pressure

P rincipal W ave S lit (10-C m .
A bsorber L ength

M icro n s
W idth

M m .
Cell)
M m .

Shu tter F ilter

Propane 9 .3 5 0 .5 0 650 M etal M gO
Isob u tan e 8 .4 6 0 .4 5 200 M etal MgO
n -B u tan e 1 3 .7 0 1 .5 0 550 L iF N on e
N eop en tan e 7 .9 6 0 .3 0 100 M etal MgO
Isop en tan e 9 .6 5 0 .5 0 420 M etal M gO

B, Figure 1, shows the spectrum of the concentrate obtained 
by this procedure. The 7.40- and 7.96-mu bands of neopentane 
are both  clearly present in the spectrum, as is also the highly 
characteristic neopentane band structure in the 3.5-mu region.

As a  m atte r of interest the complete spectrum of neopentane 
is presented in  Figure 2. A ttem pts to  purify the very small 
amount of neopentane on hand were unsuccessful, so the spec­
trum  given is one previously obtained in this laboratory using a 
sample of about 90% purity. The agreement w ith an  unpub­
lished neopentane spectrum from another laboratory is satisfac­
tory.

Q U A N T IT A T IV E  D E T E R M IN A T IO N  O F  N E O P E N T A N E

The method developed for the analysis of the system propane, 
»-butane, isobutane, neopentane, and isopentane is an applica­
tion of the general method described by B ratta in  et al. (3). The 
routine infrared spectrophotom eter used was designed by the Shell 
Development Company and is m anufactured by N ational Tech­
nical Laboratories. Operating conditions for the analysis are 
given in Table I.

All the hydrocarbons other than  neopentane used in the cali­
bration were of 9 9 .5 + %  purity  as determined by isotherm al dis­
tillation (4). The best neopentane concentrate available was 
analyzed qualitatively on the recording spectrometer mentioned 
above and found to contain only isobutane as an im purity. An 
isothermal distillation a t 0° C. was performed and the mole per 
cent of isobutane calculated from a plot of vapor pressure vs. 
per cent sample evaporated, using the vapor pressure data  of 
Aston and Messerly (I). The am ount of isobutane thus deter­
mined was 11.5 mole %. Optical densities of the standards were 
corrected for the effects due to  the impurities in all cases. The 
corrected working curves a t  the 7.96-mu neopentane absorption 
band are shown in Figure 3.
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Figure 2. Infrared Spectrum of Neopentane from 2 to 14.5 mu

S lO O

B ratta in ’s graphical m ethod of calculation (3) was employed 
with one modification: Since the deviations from ideal behavior 
are different for C> and C5 hydrocarbons, it  was necessary to  re- 
correct the observed pressures on the basis of an approximate 
analysis obtained using the average deviations for the butanes.

RESU LT S

The results of the analyses of two typical synthetic blends are 
given in Table II . The analysis of several such synthetics in­
dicated th a t the neopentane could be determined to  =*=0.1% 
volume if present in  low concentrations (up to  8 mole %).

The development of this method made it possible to determine 
the source of th e  neopentane and the extent of its  occurrence.

Table II. Analyses of Synthetic Blends
B lend  I B lend  II

C om ponent K now n Found K now n Found
M ole P er Cent

Propane 3 .6 3 .5 0 .0 0 .0
Isob u tan e 1 4 .8 1 5 .7 6 .9 6 .6
n -B utan e 5 9 .8 5 9 .8 8 5 .3 8 5 .6
N eop en tane 8 .2 8 .3 3 .9 4 .0
Isop en tan e 1 3 .7 1 2 .7 3 .9 3 .8

Table III. Analysis of Low-Boiling Fraction from East Texas Crude
H ydrocarbon M ole %

Propane 7 .3
Isob u tan e 1 3 .1
n -B u tan e 6 7 .8
N eop en tane 0 .6
Isop en tan e 1 1 .2

1 0 0 .0

Thus, samples of both E ast and West Texas unstabilized straight- 
run tops were collected and stabilized in the laboratory to 
65° F . still-head tem perature using a column of 20 to 30 
theoretical plates. An analysis of the distillate from stabilization 
of the E ast Texas tops is given in Table II I .

T he concentration of neopentane indicated in this analysis 
corresponds to 0.03% of the crude by volume. Analyses of West 
Texas and Texas-Hobbs crudes showed equal concentrations of 
neopentane. O ther analyses show th a t neopentane is found in

M o le  Fraction 

Figure 3. Optical Densities 

A t  7.96 mu and 100-mm. pressure in 10-mm. cell
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other straight-run Ci streams in the refinery to  the extent of 
about 0.4 mole %.
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P r e s e n t e d  before th e D iv is ion  of P etro leu m  C hem istry  at th e 108t.h M eet­
in g  of th e  A m e r i c a n  C h e m i c a l  S o c i e t y ,  N ew  Y ork, N . Y.

Determination of Aluminum Chloride and Hydrochloric 

A c id  in Hydrocarbon Streams
W A LT E R  G R E E N  a n d  S. R. BAK ER  

Wilshire O il Co., Inc., Norwalk, Calif.

TH E  analytical method presented here does not depend on a 
new principle, since Craig (1) published a similar method in 

1911 for the determination of free acid or aluminum oxide in 
alum and Scott modified this method to  some extent (3, 4). 
M artin published a  method for the determination of aluminum 
in ore which makes use of the reaction between aluminum salts 
and potassium fluoride. Other methods of analysis are discussed 
by Willard and Diehl (5). The method of.M alaprade (2) prob­
ably could be adapted to  the analysis of aluminum chloride and 
hydrogen chloride mixtures bu t requires the use of a potentiom­
eter. The advantage would be th a t iron would not interfere.

The author’s method is a  new application of the use of potas­
sium fluoride, inasmuch as hydrogen chloride or alumina is deter­
mined in addition to  the aluminum chloride and iron chlorides. 
The method does not distinguish between the iron and alumi­
num chlorides. However, in the present application, iron chlo­
rides are not present in sufficient quantities to  cause serious er­
rors in the results.

The method used in this laboratory is rapid and accurate and 
depends upon the fact th a t when a  neutral solution of potassium 
fluoride is added to  an aqueous solution containing aluminum 
chloride and hydrochloric acid, the aluminum chloride is de­
composed into two stable compounds, neutral to  phenolphtha- 
lein. The following reaction is believed to take place:

AlCb +  6K F  +  XHC1 =  A1F3.3KF +  3KC1 +  ZHC1

The free hydrochloric acid may then be accurately titra ted  
with potassium hydroxide. In  the absence of potassium fluoride, 
potassium hydroxide reacts with both the aluminum chloride 
and the hydrochloric acid. The aluminum chloride is found as 
the difference between the potassium hydroxide required in a 
titration without and a titra tion  with potassium fluoride.

A P P A R A T U S  A N D  R E A G E N T S

Three gas-washing bottles.
W et tes t m eter or dry ice trap , depending upon boiling range 

of hydrocarbon stream.
Wide-mouthed Dewar flask.
All reagents were of reagent grade. 0.5 N  potassium hy­

droxide, 0.5 N  hydrochloric acid, and 1% phenolphthalein in­
dicator solution.

P o t a s s i u m  F l u o r i d e  S o l u t i o n . Dissolve 200 grams o f  
potassium fluoride in 400 ml. of carbon dioxide-free distilled 
water, which has been neutralized with hydrochloric acid or 
potassium hydroxide, using phenolphthalein as indicator. This 
solution should be kept in a paraffin-coated bottle.

S A M P L IN G  P R O C E D U R E

The following sampling procedure is designed for sampling 
butane streams containing aluminum chloride and hydrogen 
chloride.

Construct a sampling arrangem ent similar to th a t shown in 
Figures 1 and 2, so th a t a sample may be taken from a circulating, 
steam -trace line. Do not a ttem pt to  warm up the sampling
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connection during sampling, as this m ay cause volatilization 
of the sample before it  reaches the valve.

W ith th e  needle valve closed, screw the sample connection in 
place and a ttach  to its exit three gas-washing bottles followed by 
a  wet test meter. Place 100 ml. of distilled w ater in each bottle. 
Open the m aster valves, so th a t the flow will be partially di­
verted to  pass through the sample line shown, and then care­
fully open the needle valve sufficiently to  allow a moderate 
ra te  of flow'. Pass between 1.416 and 2.832 X 101 cc. (0.5 and 
1 cu. feet) of gas through the meter, close the needle valve, and 
disconnect the absorbers from the sample connection. Close the 
m aster valves, open the bleeder valve to drop the pressure, and 
remove the sample connection.

Wash the aluminum chloride from the needle valve and entry 
tube into a beaker and combine the w'ashings with the contents 
of the gas-washing bottles.

M E T H O D  O F  A N A L Y S I S

D ilute the above washings to a  definite volume and take ali­
quots.

To one aliquot, A, add 10 ml. of 0.5 N  hydrochloric acid and 
10 ml. of potassium fluoride solution. S tir vigorously and titra te  
w ith 0.5 N  potassium hydroxide, using phenolphthalein as indi­
cator until a  pink end point, perm anent for one minute, is 
reached. The difference between the potassium hydroxide ti­
tra tion  and the hydrochloric acid added will be due to  free hy­
drochloric acid or alumina. If the potassium hydroxide titra ­
tion minus the hydrochloric acid titra tion  is positive, the sample 
contains free acid and no alumina. If this difference is negative, 
the reverse is true.

To another aliquot, B, add phenolphthalein and titra te  
with 0.5 N  potassium hydroxide until a pink end point, perma­
nent for one m inute is reached. This titra tion  will show the

T

-txj-

B U T A N E  F L U SH  LIN E

T ^ — B L E E D E R  V A L V E  

' 'S A M P L E  VA LV E

Figure 2. Sample Line Flow Diagram

to ta l hydrogen chloride, made up of hydrogen chloride from alumi­
num chloride and any originally free hydrogen chloride if it  has 
been present.

C A L C U L A T IO N S

Aliquot A, titra tion  of free hydrogen chloride
1. Ml. of KOH X N  -  ml. of HC1 X  N  =

ml. of N  KOH equivalent to free HC1

2. Gram moles of HC1 = ml. of KOH X N  -  ml. of H Cl X N

3. Gram moles of butane =

1000 X F

cu. ft. X (P b — Pv>) X 0.851
460 +  T

4. Mole %  HC1 in butane (neglecting A1C13) =
 gram moles of HC1 X 100

gram moles of HC1 +  gram moles of butane

5. Pounds of A120 3 per barrel of butane a t 60° F. =
(ml. of HC1 X N  -  ml. of KOH X N ) X (460 +  T) (0.0702) 

cu. ft. X F  X {Pb — P w)

Aliquot B, titra tion  of both A1C13 and free HC1 
Pounds of AICI3 per barrel of butane a t 60° F. =

f(ml. of KOH X N ) -  C] X (460 +  T) X 0.183 
cu. ft. X {Pb — Pw) X F

N  =  norm ality of reagent used.
P b =  barom etric pressure, mm. of mercury.
P w =  vapor pressure of w ater a t  T°  F.
T  =  tem perature of w ater in meter, 0 F.
C = ml. of N  potassium hydroxide equivalent to  free hydro­

chloric acid from A 1.
F = fraction of to ta l sample taken for analysis. I t  should be 

the same for A and B.

Carbon dioxide-free w ater should be used w ith the phenol­
phthalein indicator. If  iron is present in more than  traces, a 
separate determ ination should be made and deducted from 
aluminum chloride content found.

R E P R O D U C IB IL IT Y

Duplicate determinations should agree within ±1 .0% , pro­
viding the iron content is negligible or corrections are made for it.

Table I  indicates the accuracy obtainable. The work was 
done on synthetic samples, bu t p lant samples have been found to 
give equally good results (Table II).

Table 1. Analysis of Sampl esH of Known Composition of Aluminum
Chloride and Hydrochloric A c id  by Proposed Method

K F
A lC lj HC1 Solution A lC h HC1 D ifference

Present Present A dded Found Found AlCla HC1
G ram G ram M l. G ram Gram Gram G ram

0 .2 2 3 7 0 .1 8 2 5 1 0 .0 0 .2 2 2 4 0 .1 8 1 1 - 0 .0 0 1 3 - 0 .0 0 1 4
0 .0 2 2 4 0 .1 8 2 5 1 0 .0 0 .0 2 2 4 0 .1 8 0 8 0 .0 0 0 0 - 0 .0 0 1 7
0 .2 2 3 7 0 .0 0 .0 0 .2 2 0 7 0 .0 - 0 .0 0 3 0
0 .0 2 2 4 0 .0 1 8 3 1 0 .0 0 .0221 0 .0 1 8 0 - 0 .0 0 0 3 -0.ÓÓ Ó3
0 .2 2 3 7 0 .0 1 8 3 1 0 .0 0 .2 2 3 2 0 .0 1 8 6 - 0 .0 0 0 5 +  0 .0 0 0 3
0 .0 2 2 4 0 .0 0 .0 0 .0 2 2 0 0 .0 - 0 .0 0 0 4
0 .0 2 2 4 0 .0 1 0 .0 0 .0 2 2 5 0 .0 +  0 .0 0 0 1
0 .0 2 2 4 0 .2 0 0 7 1 0 .0 0 .0 2 2 1 0 .2 0 0 0 - 0 .0 0 0 3 —o !ÓÓÓ7
0 .0 2 2 4 0 .0 1 8 3 1 0 .0 0 .0 2 2 0 0 .0 1 8 0 - 0 .0 0 0 4 - 0 .0 0 0 3

» M ade up from  stock  so lu tion s of a lum inum  chloride and hydrochloric  
acid . A lum inum  chloride con ten t of stock  so lu tions determ ined gravi- 
m etrically  b y  p recip itation  w ith 8-hydroxyquinoline reagent.

Table II. Analysis of Plant Samples“ of Butane Streams for

H yd roxy-
quinoline

P o in t of Sam pling Proposed M ethod M ethod
Lb. A lC U / L b. AU O z/ M ole  % L b. A lC U /
bbl. butane bbl. butane H C l bbl. butane

R eactor 2 .4 2  0 .0 8 .4 0 2 .3 1
. 1 .2 2  0 .0 1 0 .0 0

AlCU saturator 2 .1 7  0 .0 0 .0 2 ! 08
A lC li colum n bottom s 4 .9 4  0 .1 9 0 .0 5 .0 9

3 .0 4  0 .0 0 .0
HC1 colum n overhead 0 .0  0 .0 8 5 .8
HC1 charge 0 .0  0 .0 1 0 .5

a Sam ples taken  from  b utan e isom erization  unit, operated b y  W ilshire
Oil C o.

D IS C U S S IO N

Large errors m ay result from incorrect sampling, since either 
excessive heating or cooling of the sample lines will result in de­
posit of aluminum chloride.

H ot butane should be used for flushing sample lines, since the 
solubility of aluminum chloride is very low in cold butane. 
Large pressure drops in the sampling lines should be avoided, 
as they will cause the butane to  vaporize and deposit aluminum 
chloride especially if the stream is saturated. The sample lines 
leading from the main lines should be maintained a t a tempera­
ture only slightly higher than  th a t of the main lines to  avoid 
separation of aluminum chloride from a saturated stream. This 
can usually be accomplished by use of steam tracing and insula­
tion.
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Determination oí Tetraethyllead in Gasoline

Versatile  Direct Evaporation M ethods

L O U IS  LYK KEN , R. S. TRESEDER, F. D. T U E M M LE R , a n d  V IC T O R  Z A H N  

Shell Development Company, Emeryville, Calif.

Two methods of analysis involving direct evaporation of sample 
with decomposition agent allow accurate quantitative analysis of 
lead in all types of gasoline, special motor fuel blends, and tetra­
ethyllead fluid, regardless of the chemical constituents present. 
These methods, which require no elaborate apparatus, are the result 
of a systematic review and investigation of existing methods for the 
decomposition of tetraethyllead in gasoline and for the determina­
tion of lead in soluble inorganic residues. The proposed methods 
convert the tetraethyllead to inorganic lead by mixing with cold 
hydrochloric acid or iodine, evaporating the resulting mixture to 
dryness, and removing the organic matter by oxidation with nitric, 
perchloric, or sulfuric acids, depending on the nature of the decom­
position used. The lead in the inorganic residue is determined by 
precipitating with a measured amount of dichromate solution and 
determining the excess dichromate by iodometric titration. For 
commercial gasolines, the reproducibility (different operators) of 
the methods is within 0.02 ml. of tetraethyllead per gallon,- for 
commercial tetraethyllead fluids, it is 0 .4 %  lead or better.

SIN C E  the advent of tetraethyllead antiknock gasoline blends 
some 20 years ago, there has been an increasing necessity for 

analyzing all sorts of m otor fuel for small amounts of lead. A t 
the outset, m ost analytical needs were satisfied by methods th a t 
gave a good approximation of the to ta l lead content; bu t w ith 
the scientific development of modern motors and the consequent 
production of fuels requiring closer regulation of antiknock 
qualities, greater analytical accuracy was desired. This situation 
has led to  the development of a num ber of methods which al­
lowed the accurate determination of the lead contained in the 
more volatile type of saturated gasolines, such as straight-run 
aviation gasoline. However, these methods were not always of 
general applicability to  all varieties of leaded fuels, particularly to 
cracked gasolines, alcohol-blend fuels, and modern m otor fuels 
containing nonhydrocarbon additives. As a result, considerable 
difficulties have been encountered in obtaining accurate results 
when using most of the established methods regardless of their 
mode of decomposition of the tetraethyllead (such as precipita­
tion w ith bromine, extraction w ith cold nitric acid, and extrac­
tion w ith hot hydrochloric acid).

Because of the uncertainty regarding the relative m erits of the 
existing procedures, work was undertaken to compare them  under 
comparable conditions. The problem was considered on the 
basis of four natural classifications: reproducibility and relative 
accuracy of the common methods in use a t  the present time; 
satisfactory determ ination of the expected am ount of lead in in­
organic residues w ith special consideration of rapid methods; 
study of the decomposition of the organo-lead compounds w ith 
hydrochloric acid and iodine; and study of satisfactory methods 
for the removal of the organic m atter remaining after the evapora­
tion of gasoline-hydrochloric acid or gasoline-iodine mixtures.

R E V IE W  O F  L IT E R A T U R E

M e t h o d s  o f  D e t e r m i n i n g  T e t r a e t h y l l e a d  i n  G a s o l i n e . 

The following representative methods were chosen for study in 
th a t they were either outstanding or commonly used. A brief 
of the essential procedure, chemistry, and technique is given with 
each method, followed by an initial evaluation of its relative 
merits.

1. Early Shell Method. Precipitate the lead as lead bromide 
by the addition of 50% bromine in carbon tetrachloride; dis­
solve the bromide (without filtering) by extracting w ith concen-

- tra ted  nitric acid; determine the lead in the acid layer by evapo­
rating to  fumes with sulfuric acid; precipitate the lead sulfate 
from 50% ethanol, filter, and weigh in a Gooch crucible (after 
heating to  faint red heat).

The use of the 50% bromine solution is objectionable because 
the vigorous reaction of bromine w ith unsaturated materials 
gives rise to incomplete separation of lead bromide, particularly 
when large amounts of bromine are required. Furthermore, the 
use of bromine should be avoided because of its corrosive action 
on the skin and nasal membrane if spillage should occur. The 
repeated handling necessary to  effect complete extraction of 
the lead bromide w ith nitric acid is cumbersome and is ap t to be 
accompanied by handling losses. The gravimetric determination 
of the inorganic lead is slow bu t accurate and precise.

2. Method of Baldeschwieler (3). E x tract the lead by direct 
action, w ith concentrated nitric acid and water, as lead ion; 
evaporate the acid layer to  fumes with sulfuric and nitric acids, 
precipitate lead sulfate by adding w ater and alcohol; filter and 
weigh lead sulfate in a  Gooch crucible, after heating to  a faint 
red heat.

The nitric acid extracts organic m atter especially from cracked 
gasolines; the extraction is generally slow, incomplete, and 
cumbersome. For gasolines containing appreciable amounts of 
unsaturates, aromatics, or alcohols, the vigorous reaction of 
nitric acid w ith these compounds leads to the formation of pos­
sibly dangerous organic nitrogen compounds. The determina­
tion of the lead is slow bu t generally accurate and precise.

3. I.P . Standard Methods for Testing Petroleum and Its Prod­
ucts (Serial Designation 68/42, IS). Precipitate the lead as 
bromide by the addition of bromine in carbon tetrachloride; 
filter lead bromide in a  dry Gooch crucible; dissolve bromide in 
nitric acid; precipitate lead chromate in solution acid w ith acetic 
acid; filter and weigh lead chromate in a Gooch crucible, after 
drying a t  105° C.

The objections to  bromine are the same as in M ethod 1. The 
lead bromide filtration is sometimes incomplete. The gravi­
metric lead chromate method is tedious, slow, and occasionally 
gives low results, and the composition of the lead chromate is 
variable and uncertain.

4. Method of Catlin and Starrett (7). Precipitate the lead as 
lead bromide by the addition of bromine in carbon tetrachloride; 
filter lead bromide on paper; dissolve bromide by action of di­
lute nitric acid; evaporate to  fumes w ith sulfuric acid; precipi­
ta te  lead sulfate by adding water; filter the lead sulfate and dis­
solve it  in acid ammonium acetate solution; titra te  the lead ion 
with ammonium molybdate solution using tannin as an  outside 
indicator. Standardize molybdate solution against pure lead.

The objections to the use of bromine are the same as in  Method
1. The recovery of lead ions from lead bromide tends to be in­
complete because of the occlusion of the lead salt in the organic 
m aterial obtained. The lead sulfate precipitation is unnecessary 
and is ap t to yield low results. The molybdate titra tion  of the 
lead is accurate and fairly precise.

5. Method of Edgar and Calingaert (5, 11). P recipitate lead 
as bromide by the addition of bromine in carbon tetrachloride; 
filter lead bromide in a dry Gooch crucible and dissolve bromide 
in concentrated and dilute nitric acid; remove excess nitric acid
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and make acid w ith acetic acid; titra te  lead ion w ith ammonium 
molybdate solution using tannin as outside indicator.

Same comments as given for Method 4 except th a t the objec­
tionable lead sulfate precipitation is omitted.

6. Method of von Ulrich (18). Precipitate lead as bromide by 
addition of bromine in  carbon tetrachloride; dissolve the lead 
bromide (without filtering) by extraction with concentrated 
nitric acid; evaporate acid layer to  fumes w ith sulfuric acid in a 
weighed crucible; remove sulfuric acid by evaporation; weigh 
lead as sulfate after igniting a t faint red heat.

The objections to  the use of bromine and nitric acid are the 
same as in M ethod 1. The lead determination is fast bu t lacks 
accuracy and precision.

7. Method of Epler (10). Precipitate lead as bromide by 
addition of bromine in  carbon tetrachloride to  sample diluted 
with kerosene; filter lead bromide in glass crucible, dissolve 
bromide in concentrated and dilute nitric acid; remove excess 
nitric acid and make acid w ith acetic acid; add excess of stand­
ard potassium dichromate solution, digest, and filter the lead 
chromate; titra te  excess dichromate ions iodometrically.

Same objections to  the use of bromine as in M ethod 4. The 
lead determ ination is accurate and precise, provided the thio- 
sulfate solution is standarized against the standard dichromate 
solution.

8. Method of Dosios and Pierri (8). E x trac t the lead from 
gasoline by shaking w ith excess bromine water; evaporate the 
water layer to fumes with sulfuric acid; precipitate lead sulfate 
by addition of 50% ethanol, digest; filter lead sulfate in a 
Gooch crucible; weigh, after igniting a t dull red heat, as lead 
sulfate.

The bromine w ater extraction is slow and fails entirely in the 
presence of cracked gasolines. The lead determination is gen­
erally satisfactory. The method lacks precision owing to the 
small volume of sample used.

9. Method of Birch (3). Shake gasoline with concentrated 
sulfuric acid; distill gasoline off; remove organic m atter by di­
gesting w ith concentrated sulfuric acid and potassium nitrate; 
precipitate lead sulfate w ith cold w ater; filter in a Gooch crucible 
and weigh after ignition a t  a  dull red heat.

This method yields a very large am ount of organic residue 
th a t is impossible to handle unless the sample is entirely com­
posed of low-boiling saturated hydrocarbons. Same comments 
on the lead determination as in Method 2.

10. Method of Ferreri (modified, 12). Reflux gasoline with 
concentrated hydrochloric acid in an Erlenmeyer flask containing 
a loose-fitting water-cooled glass tube hanging in the neck of the 
flask; evaporate the acid and gasoline to dryness; oxidize or­
ganic m atter with concentrated nitric acid; determine lead by 
one of two methods: (1) evaporate to fumes of sulfuric acid, 
precipitate lead sulfate by adding 50% ethanol; filter in Gooch 
crucible and weigh after igniting a t  faint red heat; or (2) remove 
excess of nitric acid, make acid with acetic acid, and titra te  lead 
ion w ith standard molybdate solution using tannin as outside 
indicator.

This method is applicable only to saturated gasoline. W ith 
highly unsaturated gasolines, evaporation of the gasoline-acid 
mixture leaves an organic residue which nitric acid will not com­
pletely remove. Comments on the lead determinations are 
found in Methods 1 and 4.

11. Method of Calingaert and Gambrill (standardized by
A.S.T.M. as serial designation D526-42, 5). Reflux gasoline 
in a  special all-glass combination refluxing vessel and separatory 
funnel w ith concentrated hydrochloric acid; evaporate the acid 
layer to  dryness, oxidize the organic m atter w ith nitric acid, and 
remove excess acid; make solution acid with acetic acid and ti­
tra te  lead ion w ith molybdate using tannin as outside indicator 
(or determine lead gravimetrically as chromate or sulfate).

Although this method is generally applicable to all types of 
gasoline, low results have been found when it is applied to  highly
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Table I. Precision of Selected Existing Methods for Determining 
Lead in Gasoline (Saturated)

M ethod  * Standard
N o. R ep eated  D eterm inations M ean0 Deviation*»

G ram s o f P b  per U. S . gallon

1 2 .3 0 ,  2 .3 2 ,  2 .2 8 , 2 .3 0 ,  2 .2 8 , 2 .2 9 , 2 .3 0 ,
2 .2 9 , 2 .3 0 2 .2 9 6 0 .0 1 2

2 2 .2 9 , 2 .2 3 , 2 .2 7 ,  2 .2 5 ,  2 .2 3 , 2 .2 1 ,  2 .2 6 2 .2 4 9 0 .0 2 5
5 2 .2 0 ,  2 .2 5 , 2 .2 4 ,  2 .2 6 ,  2 .2 4 ,  2 .2 2 , 2 .2 3 ,

2 .2 0 ,  2 .2 6 ,  2 .2 1 ,  2 .2 6 2 .2 3 4 0 .0 2 2
7 2 .2 9 ,  2 .3 2 ,  2 .3 3 ,  2 .2 9 ,  2 .2 8 ,  2 .2 8 , 2 .3 2 2 .3 0 1 0 .0 2 0

10 2 .3 5 ,  2 .3 4 , 2 .3 6 , 2 .3 5 ,  2 .3 2 ,  2 .3 3 , 2 .35 , 2 .3 2 2 .3 4 0 0 .0 1 4
11 2 .2 5 ,2 .3 3 ,2 .3 3 ,2 .3 0 ,2 .3 2 ,  2 .3 3 ,2 .3 2 ,  2 .2 5 2 .3 0 4 0 .0 3 2
12 2 .2 9 , 2 .2 8 , 2 .2 7 ,  2 .2 9 , 2 .2 8 , 2 .2 8 ,  2 .2 7 , 2 .2 9 2 .2 8 1 0 .0 0 8
13 2 .3 1 ,2 .3 0 ,2 .3 1 ,2 .3 0 ,2 .3 1 ,2 .3 1 ,2 .3 1 ,2 .3 1 2 .3 0 8 0 .0 0 4

1 B r2 in  CCI4, gravim etric , su lfa te  (early Shell)
2 HNOa, volu m etric, m olyb d ate (Baldeschw ieler)
5 B n  in  CCU, volu m etric , m olyb d ate (Edgar and C alingaert)
7 B n  in  CCU, volu m etric , chrom ate (Epler)

10 HC1, volu m etric, chrom ate (Ferreri)
11 HC1, volu m etric , m olyb d ate (C alingaert and Gambrill)
12 I2 in  CCU, evap orate, acidim etric (G onick and M ilano)
13 H N O 3 +  KCIO 3, vo lu m etric , chrom ate (Schwartz)
°  M ean n ot intercom parable; several different batches of gasoline used in 

tests .
& Square root of th e m ean of th e squared d eviations.

volatile gasolines and cracked gasolines owing to loss of lead by 
volatilization and interference of organic m atter, respectively. 
This method requires special extraction apparatus and is slow, 
especially in the presence of organic materials soluble in the hot 
acid. Same comments on the lead determinations as in Methods
4, 3, and 1.

12. Method of Gonick and Milano ( I f) .  Mix the gasoline 
w ith a  solution of iodine in carbon tetrachloride, evaporate the 
mixture to dryness w ith the aid of a hot air jet, and oxidize or­
ganic m atter with mixture of nitric acid and potassium chlorate. 
Dissolve the lead salts in water, neutralize carefully, add incre­
ments of 8-hydroxyquinoline solution, and titra te  the acidity 
liberated by the formation of lead hydroxyquinolate.

The iodine decomposition is complete and fast, bu t it  produces 
considerable quantities of carbonaceous m atter w ith unsaturated 
gasolines. In  the la tter case, the oxidation with nitric acid and 
potassium chlorate is sometimes hazardously rapid. The lead 
determination is quick and direct, bu t the alternate addition of 
8-hydroxyquinoline and base solutions is cumbersome and likely 
to give erratic results, generally low.

13. Method of Schivartz (16). E xtract the gasoline w ith cold 
dilute nitric acid solution saturated with potassium chlorate. 
Evaporate the extracts to  dryness, dissolve residue in water, 
precipitate lead as lead chromate, and wash with acetone and 
ether. Dissolve precipitate in acid salt solution, add an excess 
of iodide solution, and titra te  the iodine liberated.

This method is rapid and precise. However, the extraction pro­
cedure is somewhat cumbersome and the ease of extraction ap­
pears to be a function of the chemical nature of the sample.

In  many of the above procedures it  is necessary to make a 
separation between an aqueous and a hydrocarbon phase before 
proceeding with the determination of the inorganic lead extracted 
in the aqueous phase. This requires a transfer between vessels 
which may not be entirely quantitative unless special care is 
taken; there is also the necessity of effecting a complete extrac­
tion of a lead halide from a hydrocarbon solution in which the 
lead salt is appreciably soluble.

Most of the methods for the determ ination of the am ount of ex­
tracted inorganic lead salt, particularly the volumetric methods, 
are applicable only in the complete absence of organic matter. 
A perfectly clear solution is not sufficient evidence of complete 
decomposition of organic material, and in many of the described 
procedures insufficient decomposition results. Generally, it  is 
necessary th a t the dry lead salt residue be free of more than 
traces of brown or black carbonized material.

M e t h o d s  o f  D e t e r m i n i n g  L e a d  i n  I n o r g a n i c  R e s i d u e s . 

A search of the literature for gravimetric and volumetric methods
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suitable for determining lead, in inorganic residues yielded no 
methods of promise th a t had not already been incorporated in 
the various methods for determining the lead content of gasolines. 
Practically all the better methods, not already associated with 
this field, were inapplicable to the amounts of lead th a t might be 
found in 100 ml. of gasoline for the accuracy required.

E X P E R IM E N T A L

E v a l u a t i o n  o r  T y p i c a l  E x i s t i n g  M e t h o d s  f o r  D e t e r m i n ­
i n g  L e a d  i n  G a s o l i n e s . In  order to  determine the possible 
merits of the various methods listed above, preliminary quad­
ruplicate determinations were carried through each procedure 
following the details given in the original reference; no attem pt 
a t  improvements was made. A regular commercial grade of 
E thyl gasoline (saturated) was used as sample. Based on the ex­
perience gained in the preliminary tests, the methods were 
evaluated according to the following considerations: (1) common 
usage a t  the present; (2) apparent reproducibility; (3) apparent 
relative accuracy; (4) ease of manipulation; (5) time required 
for analysis. Those methods th a t were judged im portant from 
these considerations were selected for further comparison on the 
basis of their ultim ate precision. Repeated determinations were 
made by the eight chosen procedures (Table I).

In  order of decreasing precision, the best results were ob­
tained by the method of Schwartz (16), Gonick and Milano (14), 
Ferreri (modified, 12), and the early Shell method (No. 1). I t  
was concluded th a t these four methods give satisfactory precise 
results for straight-run gasolines. No significance was attributed  
to  the variations of the mean results (Table I), since the work 
was done over a  period of several m onths on different batches of 
gasoline. However, all tests by a  given procedure were made 
simultaneously on samples taken from the same batch of gasoline.

D e t e r m i n a t i o n  o f  L e a d  i n  I n o r g a n i c  R e s i d u e s . In  order 
to  establish the accuracy and precision of the determ ination of 
inorganic lead, several accepted methods used for lead analysis 
were compared. The standard deviation and systematic error 
of each method were determined by quadruplicate analysis of 
portions of a standard lead n itrate  solution.

The lead n itra te  solution was carefully prepared from a 
weighed am ount of c.p. “ test lead” . A sample of the test lead 
was found by spectrographic analysis to be free from noticeable 
traces of any im purity; the lead granules had a  very bright 
luster and gave no appreciable loss in weight upon heating a t 
120° C. for several hours. From 280 mg. of test lead ignited 
lead sulfate precipitates equivalent to 99.83% lead were ob­
tained, this figure being the result of the analysis of eight samples.

Method A . Evaporate to fumes with sulfuric acid; precipi­
ta te  lead sulfate with 50% ethanol, digest a t room tem perature; 
filter in Gooch crucible and weigh after ignition a t 650° C. (8).

Method B. Evaporate to  fumes w ith sulfuric acid (twice); 
precipitate lead sulfate w ith ice water, let stand for several hours 
in a bath  of ice w ater; filter in Gooch crucible and ignite a t 
650° C. (2).

Method -C. Evaporate to dryness, add 3 ml. of concentrated 
nitric acid; neutralize with ammonium hydroxide and make acid 
w ith acetic acid, dilute to 450 m l.; precipitate lead chromate in 
boiling solution, digest while hot; filter while warm through 
Gooch crucible and dry a t 120° C. (15).

Method D. Evaporate to fumes w ith sulfuric acid ; precipitate 
lead sulfate w ith water a t room tem perature, digest a t  room 
tem perature; filter, dissolve lead sulfate in dilute acid ammonium 
acetate; dilute to 150 ml., titra te  hot solution w ith ammonium 
molybdate solution, using tannin as indicator (spot plate); 
determine blank; standardize molybdate solution directly 
against pure lead (7).

Method E. Evaporate to dryness; add 3 ml. of concentrated 
nitric acid; neutralize with ammonium hydroxide and make acid 
with acetic acid, dilute to 150 ml.; titra te  hot solution with 
molybdate solution as in M ethod D (5, 11).

Method F. Evaporate to fumes in a large crucible with sul­
furic acid; fume off the sulfuric acid leaving lead sulfate; ignite 
a t 650° C. (18).

Method G. Evaporate to  dryness; dissolve and make acid 
with acetic acid; add excess standard  dichromate a t  room tem­
perature; boil to  precipitate lead chromate; filter; add iodide 
and hydrochloric acid to  filtrate; titra te  w ith standard thio- 
sulfate; standardize thiosulfate against potassium dichromate as 
primary standard (10).

Method H. Evaporate to  dryness, add 3 ml. of concentrated 
nitric acid; neutralize with ammonium hydroxide and make acid 
with acetic acid; add ammonium acetate, dilute to 150 ml., 
precipitate lead chromate in boiling solution with 15 ml. of 10% 
potassium dichromate, filter through Gooch crucible a t room 
tem perature; dry a t  120° C. (5).

Method I. Evaporate to  dryness, dissolve in water, and add 
sodium chloride; neutralize carefully to  m ethyl red indicator, 
titra te  w ith alternate portions of fPhydroxyquinoline solution 
and standard base solution until a  perm anent end point is ob­
tained w ith phenol red indicator (14 )-

Table I I  contains the results obtained by analyzing samples 
containing 0.0700 gram of tes t lead. Apparently all methods 
except B, C, and D are satisfactory for the am ount of lead realiz­
able from 100 ml. of gasoline.

In  order to clarify the unexpected poor precision found for 
the molybdate-tannin direct titra tion  (M ethod E), standard lead 
solutions containing varying amounts of lead were titra ted  by 
this method. I t  was found (Table I I I)  tha t, although the method 
tends to be erratic, it  gives reasonably reproducible results when 
dealing w ith 0 to 70 mg. of lead. However, the spot-plate color 
indication of the end point was difficult and tedious. Experi­
ments w ith various suggested substitutes for tannin as indicator 
(19, 20) failed to reveal any w ith advantages over the usual 0.5% 
tannin solution.

Brunck (4) has proposed the analysis of lead solutions by pre­
cipitating and weighing the lead as lead sulfide. Experiments 
w ith this method indicated th a t it lacks accuracy and precision, 
even when applied under carefully controlled conditions.

Volumetric methods for determining lead, using internal in­
dicators, have been developed making use of hydrolytic (22) re­
actions and precipitation (6) reactions. Extensive work in this 
field has indicated th a t an accurate, precise, and quick determina­
tion of lead m ay be made by hydrolytic and precipitation titra ­
tions, w ith one of several reagents, provided solutions of pure 
lead salts are used. However, attem pts to apply these methods 
to the oxidized inorganic residues obtained from gasoline have 
m et w ith failure; this failure is generally caused by the presence 
of small amounts of some material th a t combines w ith  and pre­
cipitates some of the lead under the conditions of the test or th a t 
interferes w ith the means for determining the end point.

Table II. Standard Deviation and Systematic Error of Various Lead 
Methods

M ethod Standard S ystem atic
N o. Lead F ound, Gram® M ean D ev ia tion Error

A 0 .0 7 0 0 ,0 .0 6 9 7 ,0 .0 6 9 7 ,0 .0 7 0 1 0 .0 6 9 9 0 .0 0 0 1 8 - 0 .0 0 0 1
B 0 .0 6 8 9 ,0 .0 6 7 4 , 0 .0 6 7 7 ,0 .0 6 8 2 0 .0 6 8 2 0 .0 0 0 6 2 - 0 .0 0 1 8
C 0 .0 6 9 1 , 0 .0 6 8 8 , 0 .0 6 9 1 , 0 .0 6 9 2 0 .0 6 9 1 0 .0 0 0 1 6 -  0 .0 0 0 9
D 0 .0 6 7 4 , 0 .0 6 8 4 , 0 .0 6 7 4 , 0 .0 6 7 9 0 .0 6 7 8 0 .0 0 0 4 2 - 0 .0 0 2 2
E 0 .0 7 0 4 ,0 .0 7 0 4 ,0 .0 6 9 4 ,0 .0 7 0 4 0 .0 7 0 2 0 .0 0 0 4 6 +  0 .0 0 0 2
F 0 .0 7 0 0 , 0 .0 7 0 4 , 0 .0 7 0 4 , 0 .0 7 0 9 0 .0 7 0 4 0 .0 0 0 3 4 +  0 .0 0 0 4
G 0 .0 6 9 8 , 0 .0 6 9 4 ,0 .0 6 9 4 , 0 .0 6 9 0 0 .0 6 9 4 0 .0 0 0 2 8 - 0 .0 0 0 6
H 0 .6 0 9 7 , 0 .0 7 0 1 , 0 .0 6 9 6 , 0 .0 6 9 5 0 .0 6 9 7 0 .0 0 0 2 3 - 0 .0 0 0 3
I 0 .0 7 0 0 ,0 .0 7 0 4 , 0 .0 7 0 3 ,0 .0 7 0 6 0 .0 7 0 3 0 .0 0 0 2 1 +  0 .0 0 0 3

® Lead tak en , 0 .0 7 0 0  gram .

Table III. Applicability of Molybdate-Tannin Titration to Varyins 
Quantity of Lead

Taken Lead Found M ean D ev ia tion
Gram G ram  per m l., molybdate solution

0 .0 3 5
0 .0 7 0
0.070®
0 .1 0 0
0 .0

0 .0 0 5 0 3 6 , 0 .0 0 5 0 3 6 , 0 .0 0 5 0 0 0 , 0 .0 0 5 0 7 3  
0 .0 0 5 0 3 6 , 0 .0 0 5 0 5 3 , 0 .0 0 5 0 2 0 , 0 .0 05053  
0 .0 0 5 0 2 0 , 0 .0 0 5 0 3 6 , 0 .0 0 5 0 7 3 , 0 .0 0 5 0 2 0  
0 .0 0 5 0 7 6 , 0 .00 5 0 5 1  
0 .0 0 0 1 0 , 0 .0 0 0 1 0 , 0 .00010® , 0.00010®

0 .0 0 5 0 3 6  
0 .0 0 5 0 4 0  
0 .0 0 5 0 3 6  
0 .0 05063  
0 .0 0 0 1 0

0 .0 0 0 0 2 5
0 .0 0 0 0 1 4
0 .000021

® R un b y  artificial ligh t in  a dark room .
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Volumetric methods depending on the indirect determination of 
lead by oxidimetric titration  of the precipitate (IS, 21), or ex­
cess precipitant (10, 13, 17), have been applied to pure inorganic 
residues. The authors’ experiments indicate th a t these prin­
ciples m ay be applied to  pure lead salt solutions by precipitating 
lead iodate and lead chromate, and th a t the precision and ac­
curacy of the methods are satisfactory. When these methods are 
applied to  inorganic residues from gasolines, the lead chromate 
method gives the most reproducible and accurate results. I t  has 
been found th a t it  is better to titra te  the excess dichromate ions 
than  to titra te  the lead chromate precipitate because of technical 
difficulties in preparing the precipitate for a titra tion  of the de­
sired accuracy.

W ith the method suggested by Epler (10) as a  basis, a  procedure 
was developed for determining lead; an excess of standard potas­
sium dichromate is used to  precipitate the lead, the lead chromate 
is filtered off, and the excess dichromate ions are titra ted  iodo- 
metrically. The details of this method, referred to below as the 
“excess-dichromate” method, are given in the following pro­
posed methods for determining the lead content of gasoline. 
The standard deviation and systematic error of the excess-di­
chromate method are given in Table IV. This method gives re­
liable and accurate results when applied to any gasoline residue 
th a t has been treated  w ith nitric, perchloric, or sulfuric acids, 
provided the residue is completely soluble in ammonium acetate 
solution just acid w ith acetic acid. I t  is applicable in the pres­
ence of 6%  of ammonium acetate, or alkali salts, bu t low results 
m ay be found in the presence of appreciable amounts of am­
monium salts other than  ammonium acetate. The accuracy of 
the excess-dichromate method is independent of the am ount of 
excess dichromate present. The iodometric titra tion  of the lead 
chromate precipitate, when dissolved in sodium chloride-hydro­
chloric acid solution, gives less precise results th a t tend to  be
0.0002 to 0.0006 gram high.

Table IV . Precision, Accuracy, and Applicability of Excess-
Dichromate Method for Lead

Standard S ystem -
Lead 0 .15  N  D ev ia - atic
T aken  KiCttCh Lead F ou n d  M ean  tion  Error
G ram  M l. G ram  G ram  G ram  Gram

0 .0 7 0 0  1 0 .0 0  0 .0 7 0 2 , 0 .0 7 0 0 , 0 .0 7 0 0 , 0 .0 7 0 0  0 .0 7 0 0  0 .0 0 0 1 6  0 .0 0 0 0  
0 .0 7 0 0 , 0 .0 7 0 1 , 0 .0 7 0 1 , 0 .0701  
0 .0 7 0 0 , 0 .0 7 0 0 , 0 .0 7 0 0 , 0 .0700  
0 .0 7 0 0 , 0 .0 7 0 0 , 0 .0 6 9 6 , 0 .0696

0 .0 7 0 0 “ 1 0 .0 0  0 .0 7 0 2 , 0 .0 6 9 8  0 .0 7 0 0    0 .0 0 0 0
0 .0 2 8 0  1 0 .0 0  0 .0 2 7 4 , 0 .0 2 8 4  0 .0 2 7 9    - 0 .0 0 0 1
0 .0 5 6 0  1 0 .0 0  0 .0 5 6 2 , 0 .0 5 5 9  0 0561   + 0 .0 0 0 1
0 .0 7 0 0  1 0 .0 0  0 .0 7 0 1 , 0 .0 7 0 1  0 .0 7 0 1    + 0 .0 0 0 1
0 .0 8 4 0  1 0 .0 0  0 .0 8 3 9 , 0 .0 8 4 0  0 .0 8 4 0    0 .0 0 0 0
0 .0 7 0 0 6 1 0 .0 0  0 .0 7 0 2 ,0 .0 7 0 0 ,0 .0 6 9 8 ,0 .0 7 0 0  0 .0 7 0 0 ...... 0 .0 0 0 0

“ D eterm ination  m ade in presence of K C IO 4.
6 D eterm ination  m ade in  presence of PbSOr and K 2SO4.

The excess-dichromate method also has distinct operational 
advantages over the molybdate titra tion  method. The time per 
analysis for single tests is approximately the same as for the 
molybdate titra tion ; for multiple analyses there is a distinct 
advantage in time for the excess-dichromate method. In  addi­
tion, the starch end point is generally preferable to the tannin 
spot-plate end point used for the molybdate titration. Generally, 
less experience is required for dependable results by the excess- 
dichromate method than  by other volumetric methods.

The gravimetric determination of lead as lead chromate is not 
recommended for the small amounts of lead usually found in 100 
ml. of gasoline. The principal objection is the varying compo­
sition of the dried or ignited lead chromate. The precipitate 
theoretically contains 64.11% lead; in some cases 63.9% lead
(1) has been taken as a more correct figure. The conditions of 
precipitation and ignition seem to have some influence on the

Table V . Comparison of Gravimetric Chromate Methods for Lead“
«■---------------------------- Lead F ou n d ---------------------------- '

M ethod  Lead Taken / PbC r04 (d ried)---------- * PbC rO i (ignited)
G ram  G ram  Gram

C 0 .0 7 0 0  0 .0 6 9 2 ,0 .0 6 9 6  ...
G 0 .0 7 0 0  0 .0 6 9 6 ,0 .0 6 9 8  ...
H  0 .0 7 0 0  0 .0 6 9 7 ,0 .0 7 0 1 ,0 .0 6 9 6 ,0 .0 6 9 5  0 .0 6 9 6 ,0 .0 6 9 3
H  0 .1 4 0 0  0 .1 4 0 1 ,0 .1 4 0 2 ,0 .1 4 0 1  0 .1 3 9 8 ,0 .1 3 9 6

a D ry in g  a t 110° C .; ign ition  a t 600° C. Factor for Pb im PbCrCb taken  
as 0 .6 4 1 1 .

composition of the precipitated lead chromate. Various common 
procedures used in precipitating and igniting the lead chromate 
are compared in Table V. Details of precipitation procedures 
have been given above.

These results and the data  given in Table I I  indicate th a t when­
ever a gravimetric method for lead is required, the lead is best 
precipitated and weighed as lead sulfate. The precipitation is 
made in a 50% ethanol solution containing excess sulfuric acid. 
The procedure (based on Method A) is essentially as follows:

Add 12 ml. of concentrated sulfuric acid to  the lead solution 
th a t contains no acid-insolubles. Evaporate to  fumes of sulfuric 
acid and continue the fuming until a  water-clear liquid results. 
Use nitric acid or hydrogen peroxide to  aid in the removal of 
organic m atter. Cool to room tem perature and quickly add 100 
ml. of 50% ethanol. Allow the mixture to  stand for several 
hours, and filter through a tared Gooch crucible or porous- 
bottomed porcelain crucible. Transfer and wash the precipitate 
with 50% ethanol containing 4 ml. of concentrated sulfuric acid 
in 100 ml. of solution. Finally wash once w ith absolute ethanol, 
dry for 15 minutes a t 100° C., and ignite to  constant weight a t 
600° C.

The standard deviation of this lead sulfate method (Table II , 
Method A) is ±0.00018 gram; the systematic error is —0.0001 
gram.

D e c o m p o s i t i o n  o f  O r g a n i c  L e a d  C o m p o u n d s  w i t h  H y d r o ­

c h l o r ic  A c i d . Refluxing a gasoline sample w ith concentrated 
hydrochloric acid was successful in extracting the lead from the 
gasoline. Two methods were used: (1) A.S.T.M. method
D526 (5) (M ethod 11) in which the gasoline is extracted w ith 
boiling concentrated hydrochloric acid and boiling water; and
(2) the modified method of Ferreri (12) (Method 10) in which the 
gasoline is refluxed w ith concentrated hydrochloric acid and the 
resulting mixture is evaporated to dryness. The success in ob­
taining results of good reproducibility with these methods sug­
gested th a t more simple conditions might be used to decompose 
tetraethyllead dissolved in  gasoline.

Further study of A.S.T.M. method D526 (5) showed plainly 
th a t the decomposition of the organic lead compounds took 
place quickly and th a t the prolonged time of reflux is necessary 
only for extracting the inorganic lead compounds from the gaso­
line phase. These findings were further substantiated by the 
fact th a t more hydrogen chloride than  would be required to re­
act w ith the tetraethyllead present would quickly dissolve in the 
gasoline layer when the gasoline was refluxed w ith concentrated 
hydrochloric acid. For comparison, a solution of sulfuric acid 
(equivalent in acid strength to concentrated hydrochloric acid) 
was found to  extract only a small fraction of the lead when it was 
refluxed w ith the gasoline in a similar manner. Complete ex­
traction was also achieved using 6 N  hydrochloric acid. Appar­
ently contact w ith an acid in itself does not cause decomposition 
of tetraethyllead under these conditions.

The foregoing observations seem to indicate th a t tetraethyllead 
in gasoline can be completely decomposed by shaking the gaso­
line, a t  room tem perature, w ith concentrated hydrochloric acid. 
This contention was supported by successful extraction, a t room 
tem perature, of all the lead from gasoline th a t had been shaken 
with concentrated hydrochloric acid, by the use of 6 V  hydro­
chloric acid in one instance, and of dilute acetic acid-ammonium 
acetate solution in another instance. In  these experiments 100
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ml. of gasoline were shaken w ith 50 ml. of concentrated hydro­
chloric acid before the extraction trials were made. The extrac­
tions were time-consuming when carried out a t room tem perature. 
I t  was also found th a t the lead chloride compound, formed by 
the reaction of the hydrogen chloride and tetraethyllead, has a 
m arked tendency to adhere tenaciously to glass surfaces.

To indicate further th a t the decomposition of tetraethyllead 
with hydrogen chloride was rapid, 100 ml. of gasoline and 50 ml. 
of concentrated hydrochloric acid were placed in a 500-ml. 
Erlenmeyer flask, and the contents of the flask were immediately 
evaporated to dryness on a hot plate w ith a surface tem perature 
of 250° C. Analysis of the residue showed th a t none of the lead 
was lost by volatilization. I f  the decomposition of the te tra ­
ethyllead were slow, some of the lead should have been lost 
through the volatilization of unchanged tetraethyllead. How­
ever, further tests indicated th a t it  was necessary to  mix the gaso­
line and acid prior to evaporation in order to  ensure complete 
decomposition.

These observations indicate th a t complete conversion of the 
tetraethyllead to inorganic lead compounds can be expected after 
thoroughly mixing the gasoline w ith concentrated hydrochloric 
acid, and evaporating the m ixture to dryness. After m any ex­
periments, the following conditions were found to be adequate: 
Shake 100 ml. of gasoline w ith 50 ml. of concentrated hydro­
chloric acid for 5 minutes in a glass-stoppered Erlenmeyer flask; 
allow the mixture to  stand 10 minutes, and evaporate the mix­
ture to  dryness. The residue is analyzed for lead by any appro­
priate procedure. This method decomposes tetraethyllead th a t 
is dissolved in any saturated, cracked, or blended gasoline motor 
fuel.

A ttem pts were made to decompose the tetraethyllead in gaso­
line by addition of glacial acetic acid, trichloroacetic acid, acetyl 
chloride plus water, or gaseous hydrogen chloride; after thorough 
mixing, the mixtures were evaporated to  dryness. In  no case 
did the recovery of lead exceed 75%.

R e m o v a l  o f  O r g a n i c  M a t t e r  F o r m e d  b y  E v a p o r a t i o n  o f  

G a s o l i n e - H y d r o c h l o r ic  A c id  M i x t u r e s . The evaporation 
of saturated gasolines in the presence of concentrated hydro­
chloric acid leaves only small amounts of organic m atter asso­
ciated w ith the lead chloride residue. Oxidation w ith concen­
tra ted  nitric acid suffices to remove the organic material, so tha t 
there is no appreciable interference w ith the subsequent lead 
determination. However, when cracked gasolines are similarly 
treated, polymerized and charred materials are found in the lead 
chloride residue. These polymerized materials are, as a  rule, in­
completely removed by several evaporations w ith concentrated 
or fuming nitric acid. The oxidized organic m atter remaining 
after the nitric acid treatm ent precipitates lead ions in  a  water 
solution containing ammonium acetate and a small am ount of ex­
cess acetic acid. Therefore, the lead cannot be accurately de­
termined either by the m olybdate titra tion  method or by the 
excess-dichromate method unless these organic substances are 
completely removed.

Interfering organic material can be completely oxidized by 
fuming w ith perchloric acid after the usual nitric acid oxidation. 
W hen the fuming is carried out in an Erlenmeyer flask, so th a t 
a  steady reflux of perchloric acid takes place down the sides of the 
flask, all the organic m atter is removed in 1 or 2 hours. Concen­
tra ted  nitric acid added to  70% perchloric acid is helpful where 
the organic residue resists decomposition. The flask m ust be 
covered by an efficient spray trap  to  avoid mechanical losses 
during the fuming periods. The evaporation should not go to 
dryness; optimum results are obtained when the flask contains 
approximately 0.5 ml. of liquid a t  the end of the fuming period. 
I t  is necessary to neutralize the excess perchloric acid w ith a 
strong base before the lead analysis is made; neutralization with 
ammonium hydroxide often produces low results in the subse­
quent lead analysis. This drastic treatm ent is necessary only 
w ith highly cracked gasolines.

The interfering organic m atter is completely removed by fum­
ing w ith sulfuric acid along w ith occasional additions of nitric 
acid or hydrogen peroxide, or both. This is a desirable and satis­
factory means when determining the lead gravimetrically as 
lead sulfate. I t  is also usable in conjunction w ith the excess- 
dichromate method bu t only after carefully removing almost all 
the sulfuric acid by evaporation, a slow and tedious process. 
For this reason, the perchloric acid oxidation is preferred.

D e c o m p o s i t io n  o f  O r g a n i c  L e a d  C o m p o u n d s  b y  H a l o g e n s . 

Halogens like bromine and iodine give almost instantaneous de­
composition of tetraethyllead w ith the formation of a  lead halo­
gen compound insoluble in gasoline. Bromine is unsatisfactory 
for unsaturated gasoline because it  reacts energetically with 
olefins, producing very undesirable bromination products and 
tending to prevent reaction w ith tetraethyllead. Evaporation 
of an  unsaturated gasoline treated  w ith excess bromine gives a 
residue containing an excessive am ount of carbon (often several 
grams). Difficult oxidation renders this method impractical.

I t  was found th a t iodine behaves in a manner similar to  bro­
mine bu t w ith considerably less reaction w ith unsaturated hydro­
carbons, a fact th a t was independently observed by Gonick and 
Milano (14). Thus, when a mixture of unsaturated gasoline 
and excess of iodine is evaporated, all the lead is found in the 
residue which is readily oxidized w ith sulfuric and nitric acids. 
However, iodine produces considerably more organic residue 
than  is produced by hydrochloric acid under comparable condi­
tions of unsaturation; so much so th a t it  precludes the safe 
application of perchloric acid even after several treatm ents of 
nitric acid.

The use of iodine for decomposing tetraethyllead followed by 
evaporation of the mixture was investigated for two reasons: 
(1) petroleum laboratories are reluctant to  use perchloric acid 
even in carefully worked out procedures; and (2) the mixture of 
iodine and gasoline can be evaporated to  dryness faster and with 
less tendency to spatter than  a two-phase mixture of hydrochloric 
acid and gasoline. However, decomposition by direct evaporation 
w ith hydrochloric acid was found preferable to  decomposition by 
iodine because it  produces a smaller organic residue under com­
parable conditions.

R E C O M M E N D E D  M E T H O D S  F O R  D E T E R M IN A T IO N  O F  
T E T R A E T H Y L L E A D

The following two methods have been thoroughly tested and 
found to give satisfactory results on all types of aviation and 
autom otive gasoline or motor fuel. U nsaturated hydrocarbons, 
acids, bases, and other common organic compounds do no t inter­
fere and do not require preliminary treatm ent. B oth methods 
are applicable to tetraethyllead fluids and concentrates.

The direct hydrochloric acid decomposition method is recom­
mended for general application because, except for gasolines 
unusually high in olefins, it leaves a residue th a t can be freed 
from organic m atter by oxidation with nitric acid alone. I t  is 
also recommended for highly unsaturated gasolines, or other fuel 
blends leaving appreciable organic residues, because the per­
chloric acid oxidation requires less attention than  oxidation with 
nitric and sulfuric acids. The iodine decomposition-iodometric 
method is recommended in those cases in  which the hydrochloric 
acid decomposition method leaves a residue requiring use of per­
chloric acid, when the use of this acid is not possible or allowable.

D IRECT  H Y D R O C H L O R IC  A C ID  D E C O M P O S IT IO N  M E T H O D

The gasoline is shaken w ith cold hydrochloric acid and the 
mixture evaporated to  dryness. Organic m aterial remaining in 
the residue is removed by digesting w ith nitric acid and, if neces­
sary, perchloric acid. After the lead chloride residue is dissolved, 
the lead is determined volumetrically by adding a known volume 
of dichromate solution, filtering out the precipitated lead chro- 
mate, and determining the excess dichromate iodometrically.

A p p a r a t u s . Volumetric flasks, 100-ml. and 50-ml., calibrated 
for gasoline delivery a t 15.6° C.
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Electric hot plate, with a thin asbestos covering, adjusted to 
m aintain a tem perature of 230° to 260° C. as measured by means 
of a thermom eter placed so th a t it  lies flat on the heating surface 
w ith its bulb near the center of the surface.

Air-jet evaporator, having an orifice 3 to  5 mm. in diameter 
and so constructed th a t a  stream of clean, filtered air may be in­
troduced a t  a  rate of not more than 5 liters per minute into a 
500-ml. Erlenmeyer flask a t a point a t  least 30 mm. above the 
surface of the liquid in the flask.

I t  is desirable th a t the evaporator also be equipped with a 
means of heating the air stream to 150° to 175° C. (measured with 
a thermom eter held w ith its bulb in the air stream  a t  a point 10 
mm. below the orifice).

S p e c i a l  R e a g e n t s . Sodium thiosulfate solution, standard 
0.1 N. For highest accuracy, standardize according to  the pro­
cedure given below in Procedure against 25 ml. of a standard 
lead n itrate solution which contains 4 mg. of lead per ml.

Starch Solution. Prepare a paste of 5 grams of arrowroot 
starch and add to  2 liters of boiling water. Boil for 5 to 10 
minutes. To preserve this solution, add 5 to 10 mg. of c.p. 
mercuric iodide to the boiling solution, allow to settle, and use 
only the clear supernatant liquid.

Gasoline diluent, lead-free, saturated, aviation-gasoline base 
stock.

S a m p l e . O btain the sample in a  dark-colored glass bottle 
whenever possible. Fill the container as full as possible consist­
ent with safety, and keep tightly  stoppered to avoid loss of vola­
tile constituents and decomposition of the tetraethyllead by 
acid vapors in the atmosphere. Do not allow the sample to stand 
more than  one or two days before analyzing.

Measure all samples within 2 hours after opening the container; 
do no t sample from partly  filled containers except for approxi­
m ate work. In  sampling, it is recommended th a t the tempera­
ture be adjusted to 15.6° =*= 2° C. by placing the container in a 
bath a t th a t tem perature for 30 minutes or longer before opening. 
For convenience, samples m ay be measured a t moderate room 
tem peratures and the volumes corrected to 60° F. (see Table 
V II); however, to avoid excessive evaporation losses during 
sampling, samples m ust not be taken a t tem peratures above 
30° C. (86° F.).

P r o c e d u r e . In to  a 500-ml. glass-stoppered Erlenmeyer flask, 
introduce quantities of sample and gasoline diluent as indicated 
in Table VI. For gasoline samples, measure and record the 
tem perature (to 1° C.) or, preferably, adjust the tem perature to 
15.6° =*= 2° C. Measure gasoline samples by means of volumet­
ric flasks which have been calibrated for gasoline delivery a t 
15.6° C.; weigh tetraethyllead fluid in a Lunge pipet.

T yp e of Sam ple 
G asoline  

T E L  fluid

Table V I. Recommended Sample Sizes

Sam ple, M l. D ilu en t, M l.
R ange, M l. of 

T E L  per Gallon
0 to  3 
3 to  6 

39 to  45%  Pb

100
50

0 .1 5  to  0 .2 5  gram®
45 to  50 
90 to 100

® W eights based upon present com m ercial tetraethy llead  fluids and an 
optim um  of 70 to  100 m g. of lead present in analysis.

Add 50 ml. of 12 N  hydrochloric acid, stopper tightly, and 
swirl briefly. Loosen the stopper to  release any pressure gen­
erated, restopper tightly, and shake vigorously for 5 to 6 minutes, 
keeping the stopper firmly in place to avoid any loss of liquid. 
Allow the mixture to  stand for 10 to 15 minutes. Carefully re­
move the stopper and rinse it with a small quantity  of water. 
Evaporate the contents of the flask to complete dryness on the 
hot plate, aiding the evaporation by use of the air jet. If a 
sublimate appears on the neck of the flask, remove by carefully 
heating with a Bunsen flame.

Note. Use of the air je t appreciably shortens the evaporation 
time, aids in removing the heavy ends, and reduces spattering when 
analyzing unsaturated  gasolines. W hen analyzing saturated  avia­
tion gasolines, satisfactory results can be obtained w ithout use of the 
air jet.

Allow the flask to  cool, add 5 ml. of 16 N  nitric acid, and with­
out using the air je t evaporate slowly to dryness on a hot plate. 
If the resulting residue contains more than  traces of brown or 
bhlck charred material, repeat the nitric acid evaporation, taking 
care th a t the acid contacts any residue which had spattered 
onto the sides of the flask. If the resulting residue still shows 
more than  traces of carbonized materials, add 5 ml. of 16 N  
nitric acid and 2 ml. of 70% perchloric acid, place a short­
stemmed funnel covered with a ribbed watch glass in the neck

of the flask, and evaporate to  fumes. (Caution. If  improperly 
carried out, the use of perchloric acid m ay lead to an explosion; 
therefore, the face and body should be protected by a mask or 
shield during the fuming with perchloric acid.) Fume for 1 
hour or until the liquid in the flask becomes colorless.

Note. Sufficient heat m ust be supplied by the hot plate to cause 
the perchloric acid to reflux freely down the sides of the  flask. If this 
refluxing does not take place, the oxidation may be incomplete. 
Do not evaporate to dryness, bu t regulate conditions so th a t approxi­
m ately 0.5 ml. of liquid remains in the flask a t the end of the per­
chloric acid treatm ent. The covered funnel is necessary to  trap  any 
spray losses.

Wash down the flask (and funnel if used) with approximately 
75 ml. of water and boil the solution for several minutes. Neu­
tralize the solution to litmus with 6 N  sodium hydroxide solution 
and make the solution just acid to litmus w ith 50% acetic acid 
solution. (Presence of a white precipitate a t this point may in­
dicate incomplete oxidation of the organic residue; m ore than a 
mere cloudiness will cause the results to be in error.)

Add 2 grams of ammonium acetate and, from a pipet, 20 ml. 
of 0.1 N  potassium dichromate solution. H eat the solution just 
below boiling until the precipitate changes to an orange color 
and settles out readily. Cool to  room tem perature; filter 
through a No. 42 W hatm an filter paper into a 500-ml. Erlen­
meyer flask and wash the flask and the filter with three portions 
of cold 2%  ammonium acetate solution. To the combined filtrate 
and washings add 10 ml. of 12 N  hydrochloric acid and 10 ml. of 
10% potassium iodide solution. Allow the solution to  stand 3 to 
4 minutes and titra te  with standard 0.1 N  sodium thiosulfate 
solution until the solution turns yellow; add 3 to 5 ml. of starch 
solution and continue the titration, drop by drop, until the dark 
blue color changes to a clear green. Mix well by swirling after 
each increment of thiosulfate solution.

Make duplicate blank determinations by repeating the entire 
procedure bu t omitting the sample; use the same amount of 
potassium dichromate solution as added in analyzing the sample. 
Use the average of the blank titrations in calculating the results.

C a l c u l a t i o n . Gasoline Samples. Calculate the lead content 
as milliliters of tetraethyllead per U. S . gallon a t  60° F. by means 
of the following equation:

F. =
(B  -  S )(N )  (247.4) 

VTetraethyllead, ml. per gal. a t 60° 
where
S  =  ml. of sodium thiosulfate solution used in analysis 
B = average volume of sodium thiosulfate solution used in 

blank determinations 
N  =  norm ality of sodium thiosulfate solution 
V  - volume of sample a t 60° F., ml. If  sample was measured 

a t a tem perature other th an  15.6 ±  2° C., use for V  the 
appropriate corrected volume given in Table VII.

Tetraethyllead Fluid. Calculate the lead content by means of 
one of the following equations:

Lead content, %  by weight =
(.B  -  S) (N) (6.91)

W

Tetraethyllead, ml. per gram = (B S )(N )  (0.06535)
W  

where
S  =  ml. of sodium thiosulfate solution used in analysis 
B = average volume of sodium thiosulfate solution used in 

blank determinations 
N  =  norm ality of sodium thiosulfate solution 
W  = weight of sample, grams

IO D IN E  D E C O M P O S IT IO N - IO D O M E T R IC  M E T H O D

The tetraethyllead is decomposed by mixing the  gasoline with 
a solution of iodine in carbon tetrachloride. The mixture is 
evaporated to  dryness and any remaining organic material de-

Table VII.
Tem perature, ° C.

10
15
1 5 .6
20
25
30

® 50-m l. sam ple measured.
& 100-m l. sam ple measured.

Gasoline Volumes Corrected to 60°
Volume a t 60° F ., M l.

50.4®
5 0 .1
5 0 .0  
4 9 .8  
4 9 .4
49 .1

100.7& 
100.1 
100.0 
9 9 .5  
9 8 .8  
9 8 .2
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Table V III. Precision and Accuracy of Recommended Direct Evaporation Methods Applied 
to Leaded Gasoline and Tetraethyllead Fluid

(A ll resu lts for gasolin e in ml. of T E L  per U . S. gallon  at 15.6° C .; results for fluid in  % b y  w eight)
Lead C ontent

M aterial

Saturated av ia tion  
gaso lin e0

U nsaturated  motor 
gaso lin e6

T etraethyllead  fluid

U nsatu rated  m otor  
gaso lin e6

T rue

3 .0 8
3 .0 8  
0 .0 5  
0 .2 7

1.02
2 .1 4
2 .0 3
3 .0 3
3 .6 3
3 .6 3  
3 .9 4
4 .6 4  
5 .8 1

4 0 .35d 
3 9 .6 8 e

3 .6 3
3 .9 4

Found

H ydrochloric A cid D ecom p osition  M ethod

<0 .01, <0 .01, <0.01 
2 .0 6 , 2 .0 7 , 2 .0 5 , 2 .0 7 , 2 .0 5 , 2 .0 6 , 2 .0 7  
3 .0 8 ,3 .0 5 ,3 .0 6 ,3 .0 7  
3 .0 7 ,3 .0 9  
3 .0 8 ,3 .0 8 ,3 .0 6  
0 .0 6 ,0 .0 6 ,0 .0 6 ,0 .0 6  
0 .2 8 ,0 .2 8 ,0 .2 8 ,0 .2 8

1 .0 2 ,1 .0 2 ,1 .0 2 ,  1 .0 3
2 .1 2 , 2 .1 4 , 2 .1 5 , 2 .1 6 ,  2 .1 6 , 2 .1 3 , 2 .1 3
2 .0 4 ,2 .0 3 ,2 .0 2 ,2 .0 4
3 .0 1 ,3 .0 1 ,3 .0 2 ,3 .0 1
3 .6 3 ,3 .6 4 ,3 .6 3 ,3 .6 3
3 .6 2 ,3 .6 1 ,3 .6 2 ,3 .6 0 ,3 .6 2 ,3 .6 2 ,3 .6 1 ,3 .6 2  
3 .9 5 ,3 .9 4 ,3 .9 3 ,3 .9 5  
4 .6 4 , 4 .6 4 , 4 .6 5 , 4 .6 3  
5 .8 1 ,5 .7 9 ,5 .8 2 ,5 .7 6

4 0 .3 0 , 4 0 .3 6
4 0 .0 0 , 4 0 .0 0 , 3 9 .9 0 , 3 9 .9 0

Iod in e D ecom p osition — Iodom etric M ethod

3 .6 2 ,3 .6 4 ,3 .6 3 ,3 .6 3 ,3 .6 4 ,3 .6 3 ,3 .6 3
3 .9 5 ,3 .9 4 .3 .9 4

M ean
Standard
D eviation

S ystem atic
Error

< 0 . 01
2..06 0. ÖÖ8
3. 065 0. 011
3. 08 0. 00
3. 075 - 0 . ,005
0 .06 0 ÖÖ + 0 .01
0. 280 0 .00 + 0 .01

1. 023 0. 024 + 0 . 003
2. 14 0. 015 0. 00
2. 03 0. 009 0..00
3. 013 0. 004 0. 017
3..63 0. 005 0..00
3..62 0. 009 - 0 . 00
3..94 0. 009 0. 01
4..64 0. 007 0. 00
5 .795 0. 023 - 0 .015

40 .33 < 0 . 1
39. 95 0. 05 + 0 . .27

3. 63 0. 007 0. 00
3. 94 0 00

a 5%  or less of olefins.
6 A pproxim ately  50%  olefins.
c O xidation  b y  H N O 3 and H 2SO 4 instead  of HCIO 4. 
d B y  A .S .T .M . D 526.
e B y  b rom in e-lead  su lfa te gravim etric m ethod  (4 te s ts ) .

st.royed by treatm ent w ith sulfuric and nitric acids. The lead 
salts are dissolved in ammonium acetate solution and the lead is 
determined volumetrically by adding a known volume of diehro- 
m ate solution, filtering out the precipitated lead chromate, and 
determining th e  excess dichromate iodometrically.

A p p a r a t u s , S p e c i a l  R e a g e n t s , a n d  S a m p l e . Same as in 
preceding method.

P r o c e d u r e . In to  a 500-ml. Erlenmeyer flask, introduce 
quantities of sample and gasoline diluent as indicated in Table 
VI. For gasoline samples, measure and record the tem perature 
(to 1° C.) or, preferably, adjust the tem perature to 15.6° =*= 2 ° C. 
Measure gasoline samples by means of volumetric flasks th a t have 
been calibrated for gasoline delivery a t 15.6° C.; weigh te tra ­
ethyllead fluid in a Lunge pipet.

Add 50 ml. of the iodine solution (saturated solution in carbon 
tetrachloride), swirl to  mix, and allow to  stand for 2 to  3 minutes. 
Evaporate to complete dryness on the hot plate, aiding the 
evaporation by use of the air jet. If a  sublimate appears on the 
neck of the flask, remove by carefully heating with a Bunsen 
flame.

Note. Use of the air je t appreciably shortens the evaporation 
time, aids in removing the heavy ends, and reduces spattering when 
analyzing unsaturated gasolines. When analyzing saturated avia­
tion gasolines, satisfactory results can be obtained without use of the 
air jet.

To the residue, add 2 ml. of 18 N  sulfuric acid and 20 ml. of 
16 N  nitric acid. Evaporate to  strong sulfuric acid fumes on a 
hot plate w ithout using the air jet. Allow the flask to cool for a 
few m inutes and repeat the evaporation w ith 3- to 5-ml. portions 
of 16 N  nitric acid until a  light yellow-colored solution is ob­
tained. Add 1 to  2 ml. of 30% hydrogen peroxide with swirling 
and evaporate to  sulfuric acid fumes. If the solution is not 
colorless (or nearly so), repeat the treatm ent with nitric acid 
and hydrogen peroxide. Should additional sulfuric acid be re­
quired during the oxidation procedure, replenish with not more 
than  2 ml. of .the 18 N  acid. After a colorless solution has been 
obtained, remove the excess sulfuric acid by evaporating to  dry­
ness w ith the aid of an air stream, using only enough air to keep 
the sulfuric acid fumes coming off a t a  steady rate. If  the residue 
is dark in  color, add 3 to  5 ml. of 16 N  nitric acid and evaporate 
.to dryness. Add 70 to 75 ml. of distilled water, boil the solution 
for several minutes, m ake the solution neutral to  litmus with 
6 N  sodium hydroxide, then make just acid with acetic acid. Add 
2 grams of ammonium acetate, heat to boiling, and boil for 2 to 3 
minutes. I f  the residue does not dissolve, add another 2 grams 
of ammonium acetate (but no more) and boil until solution 
occurs.

By means of a pipet, add 20 
ml. of 0.1 N  potassium di­
chromate solution. H eat the 
solution just below boiling until 
the precipitate changes to  an 
orange color . and settles out 
readily. Cool to  room tem ­
perature; f i l t e r  t h r o u g h  a 
No. 42 W hatm an filter paper 
into a 500-ml. Erlenmeyer flask 
and wash the flask and the 
filter w ith three portions of 
cold 2%  ammonium acetate 
solution. To the combined 
filtrate and washings add 10 ml. 
of 12 N  hydrochloric acid and 
10 ml. of 10%  potassium iodide 
solution.

Al low t h e  s o l u t i o n  t o  
stand 3 to 4 minutes and ti­
tra te  w ith standard 0.1 N  
sodium thiosulfate solution 
until the solution turns yellow; 
add 3 to  5 ml. of starch solu­
tion and continue the titration, 
drop by drop, until the dark 
blue color changes to  a clear 
green) Mix well by swirling 
after each increment of thio­
sulfate solution.

Make duplicate blank deter­
minations by repeating the 
entire procedure bu t om itting 
the sample; use the same 

— a mo u n t  of  p o t a s s i u m  d i ­
chromate solution as added in 
analyzing the sample. Use the 

average of the blank titrations in calculating the results. 
C a l c u l a t i o n . Same as in preceding method.

D IS C U S S IO N

During the past 5 years the direct hydrochloric acid decompo­
sition method has been applied successfully to  more than  a 
thousand samples of gasoline. The samples tested have been 
primarily of the saturated type, bu t they have included all varie­
ties of experimental gasoline blends and motor fuels th a t have 
been encountered since the beginning of the present emphasis on 
aviation gasoline. The method has given satisfactory results 
on samples of unsaturated gasoline to which have been added 
several per cent of typical volatile organic compounds, including 
aldehydes, ethers, amines, esters, and alcohols. Only a com­
paratively few samples have been analyzed by the iodine de- 
composition-iodometric method, bu t satisfactory results have 
been obtained in all tests, even though all samples were highly 
unsaturated.

The method is most advantageous in simultaneous analysis of a 
large number of samples; the various operations (such as evap­
oration, filtering, titration, etc.) are such th a t 10 to 15 samples 
can conveniently be carried along together, each sample requir­
ing a minimum of individual attention. Another attractive 
feature is the lack of any special apparatus or technique other 
than th a t common to general analytical practice. The elapsed 
time per analysis is generally 3 to 4 hours, depending on the de­
gree of unsaturation of the sample. However, 12 to 15 individual 
saturated gasoline samples or 8 to 10 highly unsaturated samples 
can be completed in a normal 8-hour day. Untrained as well as 
trained analysts generally m aster the method in several days of 
steady application. Another desirable feature is th a t the method 
is applicable to any gasoline w ithout knowledge of its previous 
treatm ent or of possible contam inants present.

The precision and accuracy of the recommended direct decom­
position procedures were determined by analysis of synthetic 
gasoline blends. The blends were made by mixing weighed por­
tions of aviation base stock or unsaturated motor stock with 
weighed portions of carefully analyzed tetraethyllead fluid in 
such a manner th a t the lead content of the mixture wa»known to
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2 parts in a thousand. The tetraethyllead fluid was analyzed by 
adding the sample to  carbon tetrachloride, adding an excess of 
bromine, carefully evaporating to dryness, and determining the 
lead gravimetrically as lead sulfate or volumetrically by the 
excess-dichromate method.

As shown in Table V III, the precision and accuracy of both 
methods are w ithin the following maximum amounts:

D ifference of R esu lt from  M ean  
One operator D ifferent operators

G asoline, m l. T E L  per gal. 
T E L  fluid, %  Pb

and apparatus
0.01
0 . 2

and apparatus

D ifference of R esu lt from  True Value

G asoline, m l. T E L  per gal.
T E L  fluid, %  Pb

0.02
0 .4

0 .02
0 .4

The application of these methods by inexperienced analysts 
has served to  emphasize certain technical difficulties. Since 
these difficulties may be encountered in other laboratories em­
ploying this method for the first time, the following suggestions 
found useful and expedient in analyzing difficult samples are 
offered:

1. While the  methods as w ritten are readily applicable to 
saturated  or unsaturated hydrocarbons, it  is suggested th a t the 
analyst familiarize himself w ith the technique by analyzing 
ordinary saturated  aviation gasoline blends before attem pting 
other samples. In  such tests, perchloric or sulfuric acid oxidation 
is no t necessary, nitric acid sufficing.

2. For unsaturated samples, for gasolines of unknown com­
position, and for those containing more than  3 ml. of tetraethyl­
lead per gallon, it  is advisable to use 50-ml. samples mixed with 
50 ml. of saturated  aviation gasoline base stock. This is no t to 
reduce loss of volatile lead bu t to  avoid unnecessary problems in 
the determ ination of the lead or in oxidizing extraneous organic 
m aterial. In  some cases, this obviates the necessity of using 
perchloric or sulfuric acids, repeated oxidation with nitric acid 
being sufficient.

3. Any mechanical loss during shaking operations m ust be 
avoided in  application of the hydrochloric acid decomposition 
method. After the shaking is completed, the stopper m ust be 
held firmly in place until all liquid has drained away from the 
stopper.

4. In  the initial evaporation, the flask should be allowed to  
go completely dry (free from vapor) while standing on the hot 
plate m aintained a t  the specified tem perature; in fact, a  short 
baking period is desirable. Any sublim ate in  the neck of the 
flask should be removed by careful heating w ith the flame of a 
burner. These conditions greatly expedite the removal of or­
ganic m atte r later and avoid entirely any possibility of “flashing” 
when the residue is treated with nitric acid.

5. The use of the air-jet evaporator greatly speeds up evapora­
tions, bu t is not absolutely necessary except to avoid bumping 
and spattering when analyzing unsaturated gasolines. The use 
of ho t air not only speeds up evaporations but, more im portant, 
is more effective in avoiding loss by spattering.

6. If  the dry residue is given several thorough preoxidations 
w ith nitric acid (taking care to  trea t any spatterings), there ap­
pears to  be no danger in the subsequent use of perchloric acid; 
no instances of explosions are on record in this laboratory. I t  is 
im portant to  use the funnel-cover glass spray trap  arrangement 
and to  continue the perchloric acid treatm ent until oxidation is 
complete.

7. Unless the analyst is experienced in the use of the excess- 
dichromate lead method, it  is advisable each day to make the 
blank determination specified and to  determine the normality 
of the thiosulfate solution independently, preferably by analyzing 
a standard lead nitrate solution a t  the same time th a t the samples 
are being analyzed. The volume of thiosulfate solution equiva­
len t to  the am ount of lead present is given by the difference be­
tween the sample titra tion  and blank titra tion ; independent 
standardization of the thiosulfate and dichromate solutions is 
unnecessary and increases magnitude of possible errors.

The use of nitric acid and potassium chlorate mixture (14) is 
sometimes advocated as a safe substitute for perchloric acid. 
Under comparable conditions, this mixture can be just as hazard­
ous as perchloric acid, if no t more so. There has been no ap­
parent difficulty in the use of nitric and sulfuric acids for oxida­
tion purposes.

I t  is known th a t extraction w ith aqueous solutions serves to  re­

move certain substances whose presence complicates the oxida­
tion step in these and other methods such as A.S.T.M. D526
(5). This preliminary treatm ent is objectionable because of the 
possibility of mechanical loss of lead and of loss of lead by solu­
bility in the extracting solution. Serious errors were found in 
extracting oxidized gasoline, or gasoline exposed to sunlight, with 
approximately 0.1 N  acid solution, a  loss of 0.15 ml. of te tra­
ethyllead per gallon being found w ith gasoline (containing 3 ml. 
of tetraethyllead per gallon) exposed to the sun for only 20 
minutes.

The direct hydrochloric acid decomposition procedure has 
been found useful in the accurate and dependable removal of iron, 
copper, and other metals from all types of gasoline. The trea t­
m ent leaves an inorganic residue th a t is particularly suited for 
analysis by conventional macro- or micromethods. By suitable 
changes in apparatus, as much as 500 ml. of sample may be 
analyzed for traces of metals.
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C o r r e c t i o n .  In  the article entitled “Tentative Procedure for 
Testing the Variability of Normal and Concentrated Latex” 
[ I n d .  E n g .  C h e m .,  A n a l .  E d . ,  11, 593 (1939)] the formulas 
printed a t  the top of the first column of page 597 should have 
been w ritten as follows:
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3 7  
100 t R*g
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Determining the Arom atic Content of Cracked Gasolines 

by Specific Dispersion

Correction for Olefins

S IG U RD  G R O E N N IN G S ,  Shell Development Company, Emeryville, Calif.

in determining the aromatic content of cracked gasolines by specific 
dispersion, correction must be made for the specific dispersion of the 
olefins. This correction has been calculated from available litera­
ture data and found to vary considerably with the class of olefins, 
with the structure of olefins of the same class, and with the boiling 
point. A n  estimate of the reliability of the recommended correc­
tion factors is presented; also, as far as possible, the accuracy of 
the specific dispersion method has been determined experimentally.

TH IS method, developed by Grosse and W ackher (1), is 
based on the fact th a t the specific dispersion of the aro- 

matics is appreciably higher than  th a t of the saturates (naph- 
thenes and paraffins) which is nearly constant. Hence, the aro­
m atic content of a  gasoline m ay be determined by measuring its 
specific dispersion increment over th a t of the saturates. (This 
presupposes th a t the specific dispersion of the type of aromatics 
present m ay be estim ated w ith satisfactory accuracy, which is 
particularly the case with lower and middle boiling fractions 
containing single aromatics—viz., benzene or toluene.)

The specific dispersion of the olefins is also higher than  th a t 
of the saturates, and when present, as in cracked gasoline stock, 
olefins will cause a  specific dispersion increment which, if not 
corrected for, will give too high a value for the aromatic con­
tent.

The aromatic content m ay be expressed by the following 
equation:
Aromatics, %w =

pS, -  98 -  / ,  X Br No. -  / ,  X M .A .V .l  , 00 +  c  
L 8 a — 98 J

where
%w =  per cent by weight

S , = specific dispersion, nr , Uc X 104 of the sample a t 
20° C.

S„ = specific dispersion of the aromatics present
98 =  estim ated average specific dispersion of the saturates.

[For greater accuracy, the determined specific dis­
persion of the saturates as obtained by silica gel 
treatm ent is used instead of 98. An adaptation of 
the silica gel treatm ent as described by M air and 
Forziati (2) is used.]

/ i  =  factor correcting for the specific dispersion of mono­
olefins and nonconjugated noncyclic diolefins 
present

fz  =  factor correcting for the specific dispersion of con­
jugated diolefins present 

C — correction for the deviation from linearity of the re­
lation of specific dispersion to arom atic content 

M .A .V . = maleic anhydride value
The bromine num ber is expressed as grams of bromine con­

sumed by 100 grams of sample, and the maleic anhydride value 
as milligrams of maleic anhydride consumed by 1 gram of sample.

The necessity of a  good evaluation of the olefin correction may 
be illustrated by the following example: If in calculating the aro­
m atic content of a toluene fraction containing 25% monoolefins, 
one uses a  correction factor which is in error by 15% of its true 
value, the resulting error in  the aromatic content can be shown 
to am ount to  1 %, which is already the expected accuracy of the 
method as applied to olefin-free material. This error increases 
directly with the olefin content.

Calculation of the correction for the simplest and probably 
most commonly occurring olefins from available da ta  is outlined 
below.

C A L C U L A T IO N  O F  O L E F IN  C O R R E C T IO N

The specific dispersion increment due to the presence of olefins 
is very nearly a linear function of the olefin content; for mod­
erately high olefin contents the deviation m ay be considered 
negligible in  view of the accuracy of the method. Since the 
olefin content is measured by the am ount of bromine absorbed, 
the increment is directly proportional to  the theoretical bromine 
number. Hence, the correction factor to be applied equals the 
specific dispersion increment of olefins per un it bromine number 
and is obtained1 by dividing the increment by the theoretical 
bromine number.

S p e c i f i c  D i s p e r s i o n . Since the interest in specific dispersion 
of pure hydrocarbons is relatively recent, only a  limited am ount 
of da ta  m ay be found in the literature. The most comprehen­
sive collection is probably contained in Grosse and W ackher’s 
publication (I). Therefore, their da ta  have been employed in 
the present calculations, bu t augmented and in  p art supple­
m ented by data  accumulated in these laboratories as selected 
best values from a critical literature review.

The magnitude of the specific dispersion of the m ain hydro­
carbon groups—viz., saturates (naphthenes and paraffins), aro-

&
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Figure 1. Specific Dispersion of Aromatics, Olefins, and 
Saturates vs. Boiling Point
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matics, and olefins—is shown graphically in Figure 1 where they 
have been plotted against boiling point (data for olefins from 
Tables I and II).

The average values for naphthenes and for paraffins cannot be 
distinguished from one another. In  general, the specific disper­
sion values for these two groups lie between 97 and 99, varying 
somewhat with the extent and mode of branching and with the 
boiling point. Any trend in this respect has not yet been 
definitely ascertained, owing to  the low accuracy with which most 
of these nffeasurements have been carried out in the past.

The aromatics in gasoline are almost all monocyclic (benzenes), 
the specific dispersion trend of which is approximately as indi­
cated in the graph. (Since bicyclic aromatics have much higher 
specific dispersions, higher boiling fractions containing both 
mono- and bicyclic aromatics cannot be analyzed by the present 
method. Though the lowest boiling bicyclic aromatic, naphtha­
lene, boils a t 218°, traces have been observed in material boiling as 
low as 180° C., due to  azeotropism. This introduces an error in

Table I. Specific Dispersion Increment, i, per Unit Theoretical Bromine Number of Monoolefins
of the Gasoline Range

So +  98  
1 -  B r N o.

Boiling T heo­ T heo­
Point, C retical retical R efer­

Com pound 0 C. N o. M .W . Br N o. So ence0

N oncyclic
2-P enten e (trans) 3 6 .2 5 7 0 .1 3 2 2 7 .9 130 S .D . 0 .1 4 0
2-P enten e (cis) 3 7 .0 5 7 0 .1 3 2 2 7 .9 130 S .D . 0 .1 4 0
2-M eth yl-2-b u ten e 38 5 7 0 .1 3 2 2 7 .9 135 G.W . 0 .1 6 2
4 -M eth y l-l-p en ten e 54 6 8 4 .1 6 1 8 9 .9 124 G .W . 0 .1 3 7
4-M eth y l-2 -p en ten e (cis) 5 4 .7 6 8 4 .1 6 1 8 9 .9 126 S .D . 0 .1 4 7
4-M eth yl-2 -p en ten e (trans) 5 8 .4 6 8 4 .1 6 189 .9 126 S .D . 0 .1 4 7
3-M eth y l-2 -p en ten e (cis) 66 6 8 4 .1 6 189 .9 130 G.W . 0 .1 6 8
3-M eth yl-2 -p en ten e (trans) 68 6 8 4 .1 6 189 .9 130 G.W . 0 .1 6 8
2-M eth yl-2-p en ten e 67 6 8 4 .1 6 189 .9 130 G.W . 0 .1 6 8
1-H exene 6 3 .4 6 8 4 .1 6 189 .9 122 S .D . 0 .1 2 6
3-H exen e (cis) 6 7 .0 6 8 4 .1 6 18 9 .9 12 6 .5 S .D . 0 .1 5 0
3-H exen e (trans) 6 7 .0 6 8 4 .1 6 18 9 .9 127 S .D . 0 .1 5 3
2-H exene 68 6 8 4 .1 6 189 .9 132 G.W . 0 .1 7 9
2 ,4 -D im eth yl-2 -p en ten e 83 7 9 8 .1 8 162 .8 125 G.WT. 0 .1 6 6
1-H eptene 95 7 9 8 .1 8 1 6 2 .8 123 G.W . 0 .1 5 3
3-E th y l-2 -p en ten e 95 7 9 8 .1 8 162 .8 126 •G .W . 0 .1 7 2
2 ,3 ,3 -T rim eth y l-l-b u ten e 7 7 .9 7 9 8 .1 8 1 6 2 .8 123 S .D . 0 .1 5 4
2 ,4 ,4 -T r im eth y l-(l +  2)-p en ten e 1 0 2 .0 8 112 .21 14 2 .4 1 2 1 .7 b 0 .1 6 6
3 -E thyl-3-hexene 119 8 112.21 14 2 .4 123 G .W . 0 .1 7 6
2 -E th y l-l-h ex en e 121 8 112.21 14 2 .4 12 1 .4 G.W . 0 .1 6 4
4-M eth y l-3 -h ep ten e 119 8 112.21 14 2 .4 125 G.W . 0 .1 9 0
2-Propyl- 1-pentene 119 8 112.21 14 2 .4 124 G.W . 0. 183
1-O ctene 124 8 112.21 14 2 .4 119 G.W . 0 .1 4 7
2-O ctene ? 8 112.21 142 .4 121 G.W . 0 .1 6 2
3 -E th yl-3 -h ep ten e 142 9 126 .23 12 6 .6 121 G.W . 0 .1 8 2
2,7-D im ethyl-a;-octene 160 10 140 .26 114 .0 119 G.W . 0 .1 8 4
4-P ropyl-3-heptene 161 10 14 0 .2 6 114 .0 120 G.W . 0 .1 9 3
1-D ecene 163 10 140 .26 114 .0 118 G.W . 0 .1 7 5
4-Propyl-3-decene 221 13 182 .34 8 4 .7 116 G.W . 0 .2 0 5
5-B u tyl-3-n onene (207) 13 18 2 .3 4 8 4 .7 115 G.W . 0. 194

C yclic
C yclopentene 4 4 .1 5 68 .1 1 2 3 4 .7 11 9 .0 S .D . 0 .0 8 9
M eth ylcyclop en ten e 73 6 8 2 .1 4 19 4 .6 122 G.W . 0 .1 2 3
C yclohexene 83 6 8 2 .1 4 19 4 .6 118 .1 S .D . 0 .1 0 3
E th ylcyclop en ten e 108 7 9 6 .1 7 16 6 .2 118 .7 G.W . 0 .1 2 4
l,l-D im eth y l-3 -cy c lo h ex en e 120 8 110 .19 1 4 5 .0 116 G.W . 0. 124
1 ,2 -D im eth y l-(3 -f- 4)-cycloh exen e 125 8 110 .19 1 4 5 .0 114 G.W . 0 .1 1 0
1,3-D im eth yl-3-cycloh exen e 125 8 110 .19 14 5 .0 119 G.W . 0 .1 4 5
1,3- D i m ethyl-4-cyclohexene 127 8 110 .19 1 4 5 .0 122 G.W . 0 .1 6 5
1,3-D im eth yl-5-cycloh exen e 127 8 110 .19 14 5 .0 119 G.W . 0 .1 4 5
1 ,4 -D im eth yl-l-cycloh exen e 127 8 110 .19 14 5 .0 117 G.W . 0 .1 3 1
n -Propylcyclopentene 132 8 110 .19 1 4 5 .0 117 G.W . 0 .1 3 1
1-E th y l-l-cycloh exen e 136 8 110 .19 14 5 .0 117 G.W . 0 .1 3 1
1,2 -D im eth yl- 1-cyclohexene 136 8 110 .19 14 5 .0 121 G.W . 0 .1 5 9
1,1,2-T rim ethyl-4-cyclohexene 139 9 124 .22 1 2 8 .7 118 G.W . 0 .1 5 5
1 .3 -D im eth y l-2 -eth y l-l-cyclop en ten e 140 9 124 .22 128 .7 120 G.W . 0 .1 7 1
ierż-B utylcyclopentene 140 9 12 4 .2 2 128 .7 110 .7 G.W . 0 .0 9 9
1,3,5-Trim ethyl-a:-cyclohexene 140 9 124 .22 12 8 .7 121 G.W . 0 .1 7 9
l,2 ,5 -T rim eth yl-4 -cycloh exen e 145 9 124 .22 1 2 8 .7 117 G.W'. 0 .1 4 8
1,1,2-T rim ethyl-2-cyclohexene 149 9 1 2 4 .2 2 12 8 .7 117 G.W . 0 .1 4 8
1,2 ,3-T rim ethyl-4-cyclohexene 150 9 12 4 .2 2 128 .7 120 G.W . 0 .1 7 1
1,2- D ie th y l-z -cy  clopentene 152 9 124 .22 1 2 8 .7 116 G.W . 0 .1 4 0
1-Isop rop yl-l-eyclohexen e 156 9 12 4 .2 2 1 2 8 .7 116 G.W . 0 .1 4 0
n-B utylcyclopentene 158 9 1 2 4 .2 2 12 8 .7 115 .2 G.W . 0 .1 3 4
l-M eth y l-2 ,5 -d ie th y l-l-cy c lo p en ten e 164 10 138 .24 115 .6 119 G.W . 0 .1 8 2
1 ,2 ,4 ,5 -T etram ethy l-l-cyc loh exen e 166 10 138 .24 115 .6 120 G.W . 0 .1 9 0
ieri-A m ylcyclohexene 167 10 138 .24 11 5 .6 110 G.W . 0 . 104
l-M eth y l-4 -isop rop yl-3 -cyclohexen e 169 10 1 3 8 .2 4 11 5 .6 116 G.Wr. 0 .1 5 6
4-ier/-B utylcyclohexene 174 10 138 .24 115 .6 110 .2 G.W . 0 .1 0 5
1 ,2 ,5 -T rieth y l-l-cyc lop en ten e 182 11 152 .27 1 0 5 .0 116 G.W . 0 .1 7 1
4-/er<-Am ylcyclohexene ? 11 152 .27 1 0 5 .0 10 8 .5 G.W'. 0 .1 0 0
l,3 ,4 -T r im eth y l-l-isop rop yl-3 -cyclo -

hexene (200) 12 166 .30 9 6 .1 112 G.W . 0 .1 4 6

° B oiling  point and specific dispersion: 
hydrocarbons, a critical literature review; 

b D eterm ined  in  th ese laboratories.

S .D . from a Shell D evelopm en t C o. survey  of physical properties of 
G .W . (1 , pp. 615 -2 2 ).

the analysis of the uppermost fraction of motor gasoline, bu t this 
error may be negligible in analysis of the full range gasoline.)

The specific dispersion of the olefins is interm ediate between 
those of the saturates and the aromatics; the conjugated diole­
fins make an exception, as their specific dispersion is higher than 
th a t of the aromatics. There is a distinct difference between the 
cyclic and noncyclic forms of each class of olefins; the specific 
dispersion of the former is lower than  th a t of the latter.

On drawing smooth lines through the points, it  becomes ap­
parent th a t the curves, if extrapolated beyond the gasoline range, 
slowly approach the saturate base line of specific dispersion of 
about 98. These curves are in  general agreement w ith those 
obtained by W ard and K urtz (3). The lines cannot be straight, 
for in th a t case they would eventually intersect the saturate base 
line, which is impossible. (The exceptional direction of the curve 
for cyclic conjugated diolefins may be explained by the combined 
exalting effect of cyclization and olefinic double bonds.)

T h e o r e t i c a l  B r o m i n e  N u m b e r . By the aid of theoretical 
bromine number and the boiling 
points, Figure 2 has been made for 
the purpose of illustrating the 
bromine number trend. The shape 
of the curves will depend on the 
representation and distribution of 
olefins of equal carbon number. 
Although this information is not 
available, it  is probably safe to as­
sume th a t a smooth curve drawn 
through the horizontal lines th a t 
indicate the boiling range of such 
olefins represents the loci of the 
curves fairly well.

S p e c i f i c  D i s p e r s i o n  I n c r e m e n t  
p e r  U n i t  T h e o r e t i c a l  B r o m i n e  

N u m b e r . I t  may be deduced from 
Figures 1 and 2 th a t while the 
specific dispersion increment of the 
olefins and their bromine number 
both decrease w ith rising boiling 
point, the bromine number de­
creases faster than  the specific dis­
persion increment. Hence, the in­
crement per unit bromine number,

• « „ - 9 8  .or i  =  •— , will increase with
B r No. ’

the boiling point (So =  specific 
dispersion of olefin). This is shown 
graphically in Figure 3 obtained 
from calculated values of i  for 
cyclic and noncyclic monoolefins, 
noncyclic nonconjugated diolefins, 
and cyclic and noncyclic conju­
gated diolefins as listed in Tables I 
and II.

T h e  M o n o o l e f i n  C o r r e c t io n  

F a c t o r , f L. The factor / i  with 
which to m ultiply the bromine 
number of a sample to correct for 
the specific dispersion increment 
due to monoolefins is expressed 
by i. As may be seen from Fig­
ure 3, the factors for cyclic and 
noncyclic monoolefins of the same 
boiling point differ appreciably. 
Since the ratio between the con­
tents of these two types of mono­
olefins cannot be determined, it 
m ust be estimated. [An idea of 
the average ratio between cyclic and'
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noncyclic olefin content could 
conceivably be obtained by de­
termining the change in naphthane- 
paraffin ratio after hydrogena­
tion, provided this change could 
be measured w ith sufficient pre­
cision.] Assuming a 50/50 ratio, 
one obtains an /i-curve as shown 
in Figure 4 (the cyclic and non­
cyclic /i-curves transferred from 
Figure 3). This curve, marked 
50/50, very nearly coincides with 
the f-curve for nonconjugated di- 
olefies in Figure 3. Therefore, 
assuming a 50/50 distribution of 
cyclic and noncyclic monoolefins, 
no special correction will be 
needed for nonconjugated non­
cyclic diolefins. This is a fortunate 
coincidence because there is yet 
no method of determining non­
conjugated diolefins in  the pres­
ence of other olefins.

C o n j u g a t e d  D i o l e f i n  C o r r e c ­

t io n  F a c t o r , / 2. In  contradis­
tinction, the specific dispersion 
i n c r e m e n t  p e r  u n i t  bromine 
number of the conjugated diole­
fins differs appreciably from th a t
of the monoolefins (Figure 3). In  analyzing a cracked gasoline 
where numerous types of olefins m ay be present, the portion of the 
total olefin increment due to  conjugated diolefins can be estab­
lished by a direct determ ination of the conjugated diolefin con­
tent in terms of the am ount of maleic anhydride consumed. 
(There are conjugated dienes which do no t react w ith maleic an-

Table II. Specific Dispersion Increment, r, per Unit Theoretical Bromine Number and
Correction Factor, f2 for Diolefins of the Gasoline Range

& 1 CO 00

f t
So - 98 -  h  X 0 .6  X  Br No.®

B r N o. M .A .V .

B oiling Theo- T heo­
Point, C retical retical R efer­

C om pound 0 C. N o. M .W . Br N o. So ence i h

N on cyclic  N onconjugated
1,2-Pentad iene 4 4 .7 5 6 8 .1 1 4 6 9 .3 158 S .D . 0 . 128
1,5-H exadiene 5 9 .6 6 8 2 .1 4 3 8 9 .2 148 S .D . 0 .1 2 8
1 ,2-H exadiene 78 6 8 2 .1 4 3 8 9 .2 149 S .D . 0 .1 3 1
4-M  e th y l-1,2-pentadiene 70 6 8 2 .1 4 3 8 9 .2 151 S .D . 0 .1 3 6
2,6-D im ethyl-a:,a;-heptadiene 144 9 1 2 4 .2 2 2 5 7 .3 140 G.W . 0 .1 6 3
2 ,6-D im eth yl-l,a ;-h ep tad ien e 144 9 1 2 4 .2 2 2 5 7 .3 143 G.W . 0 .1 7 5
2,6-Dim ethyl-a:,a:-octadiene 163 10 1 3 8 .2 4 2 3 1 .2 135 G.W . 0 .1 6 0
2,6-D im ethyl-x,a:-octadiene ? 10 138 .24 2 3 1 .2 140 G.W . 0 .1 8 2

N on cyclic  C onjugated
2 -M eth y l-l,3 -b u ta d ien e  (iso-

prene) 3 4 .1 5 68 .1 1 4 6 9 .3 225 G .W . 0 .2 7 0 0 .0 6 0
1,3-P entad iene 43 5 6 8 .1 1 4 6 9 .3 243 G .W . 0 .3 0 9 0 .0 7 2
2,3 -D im eth y l- l , 3 -butad iene 70 6 8 2 .1 4 3 8 9 .2 200 G .W . 0 .2 6 2 0 .0 5 5
2 -M eth y l-2 ,4 -p en tad ien e 76 6 8 2 .1 4 3 8 9 .2 226 G.W . 0 .3 2 9 0 .0 7 6
2 -M eth y l-l,3 -p en tad ien e 76 6 8 2 .1 4 3 8 9 .2 226 G.W . 0 .3 2 9 0 .0 7 6
2,4-H exadien e (low  boiling) 76 6 8 2 .1 4 3 8 9 .2 222 G.W . 0 .3 1 9 0 .0 7 2
3 -M eth y l-1,3-pentadiene 78 6 8 2 . 14 3 8 9 .2 225 G .W . 0 .3 2 6 0 .0 7 5
2,4-H exadien e (high boiling) 79 6 8 2 .1 4 3 8 9 .2 232 G .W . 0 .3 4 4 0 .0 8 1
2,3 -D im eth y l-l,3 -p en tad ien e 93 7 9 6 .1 7 3 3 2 .4 208 G .W . 0 .3 3 1 0 .0 7 5
2-M eth y l-2 ,4 -h exad ien e 104 7 9 6 .1 7 3 3 2 .4 226 G .W . 0 .3 8 5 0 .0 9 2
2,4-H eptad iene 105 7 9 6 .1 7 3 3 2 .4 214 G .W . 0 .3 4 9 0 .0 8 1
2-M eth yl-3 ,5 -h ep tad ien e 117 8 11 0 .1 9 2 9 0 .1 206 G .W . 0 .3 7 2 0 .0 8 8
4-M eth yl-2 ,4 -h ep tad ien e 132. 8 110 .19 2 9 0 .1 200 G .W . 0 .3 5 1 0 .0 8 0
7 -M eth y l-2 ,4 -octad ien e 149 9 1 2 4 .2 2 2 5 7 .3 197 G .W . 0 .3 8 4 0 .0 9 0
4 -M eth y l-3 ,5-octad iene 150 9 12 4 .2 2 2 5 7 .3 204 G .W . 0 .4 1 1 0 .0 9 8

C yclic C onjugated
C yclopentad iene 4 0 .4 5 6 6 .1 0 4 8 3 .6 161 S .D . 0 .1 3 0 0 .0 2 5
C yclo -l,3 -h exad ien e 8 0 .3 6 8 0 .1 2 3 9 9 .0 181 S .D . 0.2Ö 8 0 .0 4 6
C yclo -l,3 -h ep tad ien e 121 7 9 4 .1 5 3 3 9 .5 185 G .W . 0 .2 5 6 0 .0 5 7

° f \  obtained  from  curves of F igure 3.

Table III. Olefin Correction Factors for Determination of Aromatic 
Content of Gasoline Fractions by Specific Dispersion

C onjugated D iolefin  F actor fe,
M onoölefin F actor, A C on­ C on­

M id­ N o n cy c lic C yclic jugated ju gated
boiling m ono­ m ono­ noncyclic cyc lic
P oint, olefins, olefins, A +  B diolefins, d iolefins, C +  D

° C. A B 5 0 /5 0 “ C D 5 0 /5 0

40 0 .1 5 0 .0 9 0 .1 2 0 .0 7 0 .0 2 0 .0 5
50 0 .1 5 0 .0 9 0 .1 2 0 .0 7 0 .0 3 0 .0 5
60 0 .1 5 0 .1 0 0 .1 3 0 .0 7 0 .0 3 0 .0 5
70 0 .1 6 0 .1 1 0 .1 3 0 .0 7 0 .0 4 0 .0 6
80 0 .1 6 0 .1 1 0 .1 4 0 .0 8 0 .0 4 0 .0 6
90 0 .1 6 0.1,2 0 .1 4 0 .0 8 0 .0 5 0 .0 6

100 0 .1 7 0 .1 2 0 .1 5 0 .0 8 0 .0 5 0 .0 7
110 0 .1 7 0 .1 3 0 .1 5 0 .0 8 0 .0 6 0 .0 7
120 0 .1 7 0 .1 3 0 .1 5 0 .0 9 0 .0 6 0 .0 7
130 0 .1 8 0 .1 4 0 .1 6 0 .0 9 0 .0 6 0 .0 8
140 0 .1 8 0 .1 4 0 .1 6 0 .0 9 0 .0 7 0 .0 8
150 0 .1 8 0 .1 5 0 .1 6 0 .0 9 0 .0 7 0 .0 8
160 0 .1 8 0 .1 5 0 .1 7 0 .0 9 0 .0 7 0 .0 8
170 0 .1 9 0 .1 6 0 .1 7 0 .1 0 0 .0 7 0 .0 8
180 0 .1 9 0 .1 6 0 .1 7 0 .1 0 0 .0 8 0 .0 9
190 0 .1 9 0 .1 6 0 .1 8 0 .1 0 0 .0 8 0 .0 9
200 0 .1 9 0 .1 7 0 .1 8 0 .1 0 0 .0 8 0 .0 9

° A lso valid  for n onconjugated  diolefins.

hydride and can therefore not be properly accounted for.) This 
correction procedure follows a  similar one employed for some 
years by Shell Oil Company, Inc., Wood River Research Labora­
tories. »

The specific dispersion increment per unit theoretical maleic
g  _ gg

anhydride value is i  =  However, since the conjugated
1V1 .A  . V .

diolefins also brominate, this increment has already been partly 
accounted for as mono-olefin increment, /i, and the latter, ex­
pressed in terms of maleic anhydride value, is

f i  =
Br No. (of conjugated diolefins) 

M .A .V .

BOILING POINT, *C.

The theoretical correction factor for conjugated diolefins is 
therefore

Figure 2. Theoretical Bromine Number and Maleic 
Anhydride Value of Olefins vs. Boiling Point

f i  (theoretical) = So -  9f 
M .A .V . - / >

Br No. 
M .A .V .
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4 0  60  80  100 120 140 160 ISO 2 0 0  220

BOILING POINT, *C

Figure 3. Specific Dispersion Increment per Unit Theoretical 
Bromine Number of Olefins vs. Boiling Point

Actually, conjugated diolefins absorb only some 60% of the 
theoretical am ount of bromine by the methods most reliable for 
determination of monodlefins (which employ essentially organic 
media—i.e., acetic acid, carbon tetrachloride). Hence, the factor

So -  98 -  / i  X 0.6 X B r No. 
h  ~  M .A .V .

will be more applicable.

Example. The noncyclic conjugated diolefin 2,4-heptadiene. 
Boiling point =  105° C., Si, =  214, theoretical Br No. =  332.4, 
theoretical M .A .V . =  1019.

The specific dispersion increment per un it maleic anhydride
So — 98 214 — 98 n , , .  j  11 . .Ivalue is ^  A y  - =  — —  =  0.114. In  the presence of the

other olefins this increment has been partly  corrected for by the 
noncyclic monoolefin factor /i , which a t 105° C. is 0.170 (see 
Figure 4), or, expressed in term s of maleic anhydride value, is 
,  0.6 X Br No. 0.6 X 332.4 _  nnoo  ,  _
/■ M .A .V . 0170 ----- 1019-----------°  033- HenCe> h  ~
0.114 -  0.033 =  0.081.

Calculated values of / 2 for conjugated diolefins are listed 
in  Table I I  and shown graphically in Figure 4. As expected, 
curves similar to  the/i-curves were obtained and the factor of the 
•cyclics is lower than  th a t of the noncyclics. (Although the /*- 
curve of the cyclics is based on three points only, it  m ay safely 
be assumed th a t its  position is approximately as shown.)

Since factor f 2 is a differential correction, it  is valid only when 
a bromine number determ ination is carried out, which in analyses 
of cracked gasolines will always be the case.

R e c o m m e n d e d  O l e f i n  C o r r e c t i o n  F a c t o r s . By aid of the 
curves in Figure 4, Table I I I  has been made for more convenient 
use in analyses of any fraction within the gasoline range. Table 
IV  contains the factors applicable to  the arom atic fractions, 
assuming a  50/50 distribution between cyclic and noncyclic ole­
fins, as well as factors applicable to  the analysis of full range

cracked gasolines (aviation and motor stocks). Since gasolines 
contain more low-boiling than high-boiling olefins, the mid-boiling 
point of the olefins will be lower than  th a t of the gasoline; the 
estim ated figures are based on studies of olefin distributions made 
in these laboratories.

D IS C U S S IO N

I t  is evident from these calculations tha t, for the types of ole­
fins investigated, the specific dispersion increment correction 
factor increases w ith the boiling point. Thus, over the distilling 
interval of gasoline it  is nearly doubled. Furthermore, the factor 
for noncyclic olefins is about one and a  half times as high as for 
cyclic olefins of the same class and of the same boiling point. 
The olefins considered here undoubtedly constitute the over­
whelming m ajority of types present in cracked gasoline stock and 
therefore the calculated correction factors may be sufficient for 
practical purposes. Even if the specific dispersion of other olefins 
were available for calculation of the many individual additional 
factors, they could not be applied because no method exists for 
determination of such olefins in  the presence of other olefins. 
(Straight-chain and cyclodiolefins, mono- and diacetylenes, 
olefin-acetylenes, aromatics and naphthenes w ith olefinic side 
chains, cyclomono and diolefins w ith olefinic side chain, etc.)

These conclusions make it  desirable to modify the statem ent of 
Grosse and W ackher (/, p. 616) regarding the ratio between spe­
cific dispersion increment and bromine number for monoolefins 
and nonconjugated diolefins. Their suggested value of 0.16 for 
this ratio is derived from Figure 4 (1) where the increment of a few 
olefins was plotted against theoretical bromine number, and a

Table IV. Olefin Correction Factors for Determination of A ro ­
matic Content of Whole Gasoline and of the Aromatic Fractions by 

Specific Dispersion
( I t  is assum ed th a t th e  olefins are 50%  cyclic)

M id- M ono­ C onjugated
B oiling B oiling olefin D iolefin

A rom atic R ange, Point, F actor, Factor,
Fraction ° C. 0 C. h h

Benzene 6 0 -  92 76 0 .1 3 5 0 .0 6 0
T oluene 92 -122 107 0 .1 5 0 0 .0 7 0
X ylen es 122-150 136 0 .1 6 0 0 .0 8 0
Cb arom atics 1 50-180 165 0 .1 7 0 0 .0 8 5
H igher arom atics 180-205 192 0 .1 8 0 0 .0 9 0
W hole aviation A bout

gasoline 30 -1 8 0 75° 0 .1 3 5 0 .0 6 0
W hole m otor A bout

gasoline 3 0 -205 90° 0 .1 4 0 0 .0 6 5

a E stim ated  m id-boiling p oin t of olefins present.

40 60  80  100 120 140 160 ' 180 200

BOILING F*0INT, *C.

Figure 4. Specific Dispersion Correction Factors for 
Olefins vs. Boiling Point
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straight line drawn through the points. By using all of Grosse 
and W ackher’s data  (see Figure 5) it  becomes apparent th a t the 
slope varies appreciably w ith the bromine number (and hence 
with the boiling point) as well as w ith the type of olefin.

Neglecting these variations m ay lead to  a  substantial differ­
ence in calculated arom atic content of a  sample, as illustrated by 
the following example:

A benzene fraction containing 25%  monoolefins (cyclic and 
non cyclic 50/50), B r No. 47:

Grosse and W ackher’s correction factor =  0.16
Correction factor f¡ (from Table IV) =  0.135 

W ith a specific dispersion increment of benzene =  189.3 — 98 =

91.3, difference in arom atic content is —o 9 1 3 ^  ^  ^  =
1.3% by weight. This discrepancy will increase directly with 
the olefin content.

Grosse and W ackher’s excellent results w ith known blends 
containing up to 73% olefin m ay be explained by the fact th a t 
in  all their experiments only one olefin was used—namely, 2- 
ethyl-l-hexene, the correction factor for which (0.164, see 
Table I) coincides w ith their factor (0.16).

R e l i a b i l i t y  o p  t h e  F a c t o r s . The accuracy of the factors 
per se is independent of the accuracy of the bromine number 
and maleic anhydride value determinations. However, the 
factors are subject to  the following errors:

1. E rror in estim ation of the properties of olefins of a given 
boiling range. I t  m ay be assumed th a t the position of the spe­
cific dispersion curve for monoolefins is accurate to  ±  1 unit, and 
th a t of the conjugated diolefins to  ± 3  units; furthermore, th a t 
the position of the bromine num ber curve is accurate to ± 5  
units and th a t of the maleic anhydride value curve to  ± 20  units. 
Accumulating these errors for the toluene fraction, the potential 
error amounts to ± 7 %  o f/i and ± 6%  o f /2.

2. E rror in estim ating the specific dispersion of the saturates 
may be 1 unit, resulting in a potential error of ± 4 %  of f i  and 
± 3 %  of / 2.

3. E rror in estim ating the distribution between cyclic and 
noncyclic olefins. If  this be set a t 25%, the error in the factors 
will be ± 7 %  o f /i  and ± 11%  of f%.

4. E rror in estim ating the am ount of bromine absorbed by 
conjugated diolefins. Assuming th a t the error is 20%, this 
amounts to  ±  14% of / 2.

If these errors were noncompensating, which is improbable, 
they would affect the toluene content to  the extent of ± 0 .5%  for 
each 10% monoolefins present, and to the extent of ± 0 .3%  for 
each per cent conjugated olefins present. These estim ates are 
well on the conservative side, since there will usually be consid­
erable compensation.

A C C U R A C Y  O F  T H E  SPEC IFIC  D IS P E R S IO N  M E T H O D

E n u m e r a t i o n  o f  C o n c e i v a b l e  E r r o r s . The magnitude of 
the errors depends on the mid-boiling point of the sample and its 
composition. As a hypothetical example will be chosen a frac­
tion representing the middle boiling range of gasoline and con­
taining only one type of aromatics—viz., an untreated toluene 
concentrate of boiling range 100° to  112° C., mid-boiling point 
106° C., of the following composition:

%w
A rom atics (toluene)
M onoolefins (cyclic  +  n oncyclic , 5 0 /5 0 )  
C onjugated diolefins (cyclic  +  n oncyclic, 5 0 /5 0 )  
N onconjugated  diolefins (not determ inable) 
Saturates

35
30

3

Assuming linear blending, its properties would be as shown 
in Table V (data from Figures 1, 2, and 4).

The effect of each conceivable error on the toluene content, 
calculated from the equation

Toluene, %w = 
j~S, -  ! /i  X BrNo .  ~ / 2 X M .A .V r

Sa -
100 +  c

THEORETICAL BROMINE NUMBER 
( Increasing Boiling Point )

Figure 5. Specific Dispersion Increment vs. Theoretical Bromine 
Number of Monoölefins and Noncyclic Nonconjugated Diolefins

As may be seen from this tabulation, the greatest source of 
error ( ±  1%) is the uncertainty of the distribution between cyclic 
and noncyclic olefins. This observation emphasizes the impor­
tance of the difference in magnitude of the correction factor for 
the two types of olefins. The next largest error (± 0 .7 % ) is due 
to  uncertainty in the locus of the /i-curve. However, in calcu­
lating this error, the errors in the specific dispersion and in bro­
mine number of the pure olefins were allowed to accumulate.

Table V.
In d iv id u ally

Properties
In  th e B lend

H ydrocarbon
Group £-98

Br
N o .

M .-
A .V . £-98

Br
N o.

M .~
A .V .  f i  h

A rom atics 8 6 .6 0 0 3 0 .3 1 0 0
M ono-olefins 2 3 .0 155 0 6 .9 0 4 6 .5 0 0 0 .1 5
C onjugated d io le­

fins 1 0 1 .0 334 1025 3 .0 3 6 .0 1 3 0 .7 5  0 .0 7
N onconju gated

diolefins 4 6 .0 310 0 1 .3 8 9 .3 0 0 0 .1 5
Saturates 0 0 0 0 0 0
T ota l in  blend 4 1 .6 2 6 1 .8 1 3 0 .7 5

will be as shown in Table VI.

To these conceivable errors m ust be added the error involved 
in estim ating the specific dispersion of the aromatics (Sa). As­
suming a fair fractional distillation, as obtained using a 15-plate 
column, no difficulty should be encountered in the benzene and 
toluene fractions. In  the Ca-aromatic fraction this source of 
error should also be small, for, although the fraction contains 
four aromatics, ethylbenzene and o-, m-, and p-xylenes, their 
distribution ratio is fairly constant—viz., 10 to 20 to 50 to  10, 
respectively—so th a t a calculated value of specific dispersion 
may be used. For higher boiling fractions, however, the error 
will increase rapidly owing to the ever-increasing number of 
monocyclic aromatics of undeterminable representation and dis­
tribution. (As previously mentioned, in the uppermost fraction 
the situation may be further complicated by the presence of the 
bicyclic arom atic naphthalene.)
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Table V I. Enumeration of Conceivable Errors in Analysis of a 
Toluene Fraction Containing 3 5 %  Toluene and 3 6 %  by Weight 

Total Olefins

R esulting  
Error in  
T oluene

Probable Errors C on ten t, %

Error in  m easurem ent of specific d ispersion of the sam ple of
0.3 unit® . . . ' ± 0 .3 5

Error in estim ation  of specific dispersion of th e saturates of 1
unit*» ± 0 .1 5

5%  error in  d eterm ination  of Br N o. =  3 units Br N o.  ̂ ± 0 .5 2
10% error in d eterm ination  of M .A .V .  =  3 u n its  M .A .V .  ± 0 .2 4
Error in locus of /i-cu rve  =  0.011 u n it specific dispersion ± 0 .7 0
Error in  locus of / 2-curve =  0 .004 u n it specific dispersion ± 0 .1 4
A ssum ing th e conjugated  diolefins brom inate to  80%  instead

of 60%  . - 0 . 3 4
25%  error in  estim ation  of th e d istrib u tion  b etw een  cyclic

and noncyclic olefins ±  1 .02
25%  error in  th e va lu e of th e lin earity  d eviation  C  =  0.2%

toluene® ± 0 .2

0  Zeiss-Pulfrich  or B ausch  & Lom b precision refractom eter (A bbe not suf­
fic ien tly  accurate). .

b This error is higher for olefin-free m aterial. T h e error m ay be elim inated  
b y  using the actual values for specific dispersion of the saturates (as obtained  
b y  silica  gel treatm ent) instead  of 98.

c C is an ad d itive  correction, th e m agnitude of which depends on th e typ e  
and con ten t of th e arom atics and, to  a sm aller exten t, on the naphthene and  
olefin con ten t. This correction is a t present under in vestigation  in these as 
w ell as in o ther laboratories; it  reaches its  m axim um  a t a lit t le  below  50%  
arom atic con ten t, where i t  varies from  ab out 0.6 to  2.1%  arom atics.

Table V II shows estim ated specific dispersion values for the 
aromatics applicable to  the arom atic cuts, together with the prob­
able error in these values and the errors reflected in the calculated 
arom atic content. Since the magnitude of the la tter error de­
pends on the arom atic content, a  sample containing 35% by 
weight of arom atics is again used as an example in order to make 
a comparison of all conceivable errors possible. The specific

Table V II. Error in Calculated Aromatic Content Due to Uncer­
tainty in Estimation of Specific Dispersion of the Aromatics

A rom atic B oilin g

E stim ated  
Specific 

D ispersion of

Error in 
A rom atic  
C ontent, 

%w, for 35 %w 
A rom atic

Fraction R ange, ° C. A rom atics, Sa C ontent
B enzene 6 0 -  92 18 9 .3 0
Toluene 92-122 184 .6 0
X ylen es 122-150 1 8 0 .0  ±  0 .5 ± 0 .2
C# arom atics 150-180 175 ±  2 ± 0 .9
H igher arom atics 180-205 172 ±  3 ± 1 .4

W hole av ia tion  gasoline A bout
30 -1 8 0 180 ±  1 ± 0 .5

W hole m otor gasoline A bout
3 0 -2 0 5 177 ±  2 ± 0 .9

Table V III. Determination of Aromatics by Specific Dispersion of Unsaturated Gasoline Fractions

P roperties
B oiling range, ° C. 
M id-boiling point, 0 C. 
Brom ine N o ., gram s of Br2 

per 100 grams 
(M onoolefins, %w)
M aleic anhydride value, mg.

M .A . per gram  
(C onjugated  diolefins, %w) 
Specific dispersion, Ss

M onoolefin correction fac- 
factor, f\ (T able III)  

C onjugate i diolefin correc­
tion  factor, f i  (T able III)  

Linearity deviation , C 
Specific dispersion of arom a­

tics, Sa  (T able V II) 
A rom atics from  specific d is­

persion, %w  
A rom atics from  u ltravio let 

spectrophotom etry, %w  
A arom atics, %w

C a ta ly tica lly  C racked G asoline  
B enzene fraction Toluene fraction

71-93
82

126
(67)

31
(2 .5 )
124 .3

9 3 -124
108

83
(50)

28
(2 .7 )
1 3 6 .8

R eform ed U n­
treated  T oluene 

C oncentrate
100-112

106

46
(25)

34
(3 .2 )
135 .9

dispersion value of full gasoline-range aromatics is difficult to 
ascertain because the arom atic distribution varies. The figures 
given in Table V II should therefore be considered as rough esti­
m ates only. I t  is conceivable th a t a fairly good estim ate of the 
arom atic distribution can be obtained by means of quantitative 
silica gel adsorption and desorption. I t  may then develop that 
for straight-run—viz., olefin-free—gasoline of a given source and 
for cracked gasoline processed in a given manner, the specific dis­
persion of the aromatic aggregate m ay be considered fairly con­
stant. Analyses by fractions should yield more reliable results 
than  full range analyses because all factors applicable to  frac­
tions are more nearly correct.

E x p e r i m e n t a l  E v i d e n c e  o f  A c c u r a c y . For this demonstra­
tion have been chosen gasoline fractions of considerable olefin con­
tent, the aromatic content of which can be accurately determined 
by an independent referee method. Employing the ultraviolet 
absorption spectrophotometric method, the aromatic content 
can be determined with an accuracy of =*= 1% of the aromatic con­
tent, provided the sample contains only one type of aromatics. 
Therefore, the test has been restricted to  the analyses of the ben­
zene and the toluene fractions. Results are shown in Table V III.

I t  may be noticed from the last line, entitled A aromatics, tha t 
as a result of accumulation and compensation of the many pos­
sible errors, the deviation from the nearly true value increases 
w ith the olefin content and may amount to  about 2%. Since the 
greatest source of error is the uncertainty in the estimation of 
the ratio between cyclic and noncyclic olefins (see Table VI), the 
arom atic content was also calculated assuming a 25% mistake 
in the estimation of this ratio. As the resulting set of data shows, 
this change alone will, in the case of high olefin content, alter the 
arom atic value by 3%. This discrepancy emphasizes the im­
portance of reliable corrections for the specific dispersion incre­
m ent due to  the presence of olefins.

(Although not required for computation of aromatic content, 
the olefin content has been included in Table VIII  as a m atter of 
orientation. The value of the olefin content likewise depends on 
the distribution of the two types of olefins, cyclic and noncyclic, 
because for a given boiling range their difference in molecular 
weight may amount to as much as ten  units. Since the molecular 
weight of the olefins present in a petroleum fraction cannot be 
determined, it  m ust be estimated.)

A similar test of the accuracy of the specific dispersion method 
as applied to the higher boiling polyaromatic fractions and to full 
range gasolines is not yet feasible because (possibly w ith the ex­
ception of the xylenes fraction) the spectrophotometric method

is no longer sufficiently accurate 
in these ranges to  serve as a ref- 
eree method. I t  is conceivable, 
however, th a t the specific dis­
persion method could be fully 
appraised by analyses of known 
blends composited from hydrocar­
bon groups th a t have been iso­
lated by adsorption and desorp­
tion on silica gel.

H ydroform ate
Toluene

C oncentrate

93 -116
104

10
(6)

4
(0 .4 )
130 .4

0 .0 6
0 .5

0 .0 5
0 .7

0 .0 7

189 .3

1.0

184 .6

0 .1 4  

0 .0 6

0 .1 5  

0 .0 7
1.0

1 8 4 .6

0 .1 4

0 .0 6

0 .1 5  

0 .0 7
1.0

1 8 4 .6

0 .1 4  

0 .0 6

- 0 . 2

a A ssum ing cyclic-noncyclic olefins 
b A ssum ing cyclic-n on cyclic  olefins

11.2

= 0.1 
+ 3 .0

5 0 /5 0 .
7 5 /2 5 .

2 9 .2

3 1 .5
- 2 . 3

3 0 .5

0 .3
- 1.0

3 4 .1

3 5 .8
- 1 . 7

3 5 .0

0 .4
- 0 . É

3 6 .4

3 6 .7
- 0 .3

36.

- 0 . 2
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Determination of Unsaturation in Butyl Rubber
J O H N  REH N ER, Jr., A N D  P R ISC ILLA  G R A Y ,  Esso Laboratories, Standard O il Development Company, Elizabeth, N. J.

A  procedure is described lor determining the unsaturation in Butyl 
rubber. The method is based on the reaction ol the polymer, in 
solution, with ozone to give degraded species, the limiting viscosity 
of which is governed by the original unsaturation. Some relevant 
information is given on the effects of concentration and molecular 
weight on the viscosity of the polymer solution, the stability of the 
ozonized solution, and the effects of certain addition agents. Un­
saturation values based on this method and on one involving reaction 
with iodine chloride are correlated for Butyl rubbers containing 
various diolefin units.

IN A recent publication (4) on unsaturation  in  Butyl rubber 
i t  was pointed ou t tha t, of the various methods th a t had been 

examined, ozone degradation a t  the double bonds appears to 
give the m ost reliable unsaturation data, the values based on the 
limiting viscosity of the degraded polymer being in  reasonably 
good agreem ent w ith those determined by end group analyses. 
This paper describes in some detail the analytical method, to­
gether w ith certain modifications th a t have been introduced with 
the aim of facilitating routine work.

I t  was recognized th a t the earlier procedure had the disadvan­
tage of being too time-consuming, owing mainly to  the steps in 
which the degraded polymer solution is evaporated to  dryness, 
and the residue redissolved in diisobutylene prior to the viscosity 
measurement. An obvious possible im provem ent was to de­
velop a procedure whereby the polymer solution could be ozo­
nized and the viscosity of the degraded solution determined di­
rectly, thus eliminating evaporation and transfer to  a  second 
solvent. I t  was first necessary, however, to  perform the experi­
m ents described below; their significance will be explained in the 
sequel. A further simplification was introduced through the 
use of carbon tetrachloride of ordinary reagent grade instead 
of the highly purified solvent. While this substitution usually 
leads to viscosity-time curves displaying a small negative slope 
in the region where the purified solvent gives unchanged vis­
cosity values, a simple extrapolation to zero tim e gives viscosity 
d ata  th a t are satisfactory w ithin the limits inherent in the 
m ethod. In  view of the practical requirem ents of the method and 
the m agnitude of the experimental error, the extra tim e and 
effort involved in further purification of the solvent appear to  be 
unw arranted.

D E P E N D E N C E  O F  V IS C O S IT Y  IN  C A R B O N  T E T R A C H L O R ID E  O N  
C O N C E N T R A T IO N  A N D  M O L E C U L A R  W E IG H T

As i t  is always necessary to determine the intrinsic viscosity 
from data  obtained a t  finite polymer concentrations, experiments 
were carried ou t to  find the effect of concentration and molecular 
weight on the viscosity. The intrinsic viscosity [77 ] is defined 
by the relation

fo] =  (2.303 lo g * /« ) . — 0 ( ')

where 7jr is the viscosity of the solution relative to  th a t of the sol­
vent, and c is the solute concentration expressed in  grams per 100 
cc. of solution. I t  is apparent th a t if the function given in 
Equation 1 varies strongly w ith concentration, an appreciable 
error m ight be introduced in determining [17] from a single meas­
urem ent.

Polyisobutylene samples covering a wide range of molecular 
weights were dissolved in carbon tetrachloride a t various con­
centrations, and the viscosities of the solutions were measured a t 
20° C. ( I t is known, 2 , th a t the viscosity-molecular weight rela­
tionship for polyisobutylene is virtually identical w ith th a t

for B utyl rubber.) The results are plotted in Figure 1. For 
polyisobutylenes of higher molecular weights the curves have a 
negative slope which increases w ith increasing molecular weight. 
For polymers of sufficiently low molecular weight, such as are ob­
tained on ozonolysis of B utyl solutions, the slope is observed to 
be practically zero. W ith such polymer species i t  is therefore 
possible to use Equation 1 directly w ithout imposing the limiting 
condition. This is a fortunate advantage, since the precision 
of the viscosity measurements increases considerably w ith in­
creasing polymer concentration. The practical aspect of this 
behavior becomes more evident on inspecting the data  given in 
Table I. I t  is seen th a t alm ost any Butyl rubber ordinarily en­
countered will give, upon ozonolysis, a degraded product the 
viscosity function of which will be practically independent of 
polymer concentration in carbon tetrachloride, w ithin the limits 
shown in Figure 1. G R-I, for example, has an unsaturation value 
of-approxim ately 1.0 mole %, and the degraded m aterial will 
have a viscosity-average molecular weight of roughly 10,000.

C O R R E S P O N D IN G  V IS C O S IT IE S  O F  B U TY L  RU BBER  IN  C A R B O N  
T E T R A C H L O R ID E  A N D  D IIS O B U T Y L E N E

In  general, the intrinsic viscosity of a polymer depends on the 
nature of the solvent. In  order to determine the molecular 
weight, and subsequently the original unsaturation, from the 
intrinsic viscosity of the degraded m aterial in carbon tetrachlo­
ride, the corresponding intrinsic viscosity in  diisobutylene m ust 
be known, since i t  is only w ith the la tte r solvent th a t the relation-

Table I.

U nsaturation  of 
Original R ubber

M ole %

0.1
0 .5
1.0
2.0
3 .0

Calculated Molecular Weight Data (or Butyl Rubber 
Degraded by Ozone

O zonized P olym er
N  um ber-average  
m olecular w eight

M n

V iscosity -average  
m olecular w eight

56,100
11,200

5,610
2,805
1,870

M v
102,800

20,560
10,280

5,140
3,425

0.5 1.0
c

1.5 2.0

Figure 1. Effects of Concentration and Molecular Weight on 
Viscosity Function in Carbon Tetrachloride
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ship of viscosity to  molecular weight has been previously deter­
mined (/) . Corresponding viscosities a t  20° in  the two solvents 
were therefore measured for a series of nine B utyl rubbers. The 
unsaturation values of these samples ranged from 0.6 to  1.7 
mole %. Five of the samples were each fractionated into from 
6 to 9 fractions; the remaining samples were milled w ith and 
w ithout addition of small percentages of zinc stearate and phenyl- 
/J-naphthylamine. A plot of the results is given in  Figure 2. 
I t  is seen th a t the intrinsic viscosities in the two solvents are di­
rectly proportional, w ithin the limits of error. From the origi­
nal da ta  it  was found th a t

K  =  [t? ] c C l . /  [ v  ] D lia o b u ty le o e  =  1.255 ±  0.005 (2)

The stra igh t line in Figure 2 is obtained from Equation 2.

ST A B IL IT Y  O F  O Z O N I Z E D  B U TY L  S O L U T IO N

I t  was im portant to  determine whether secondary changes 
occur when the ozonized solution (which m ay contain some dis­
solved ozone) is allowed to  stand for any appreciable time, for 
the analyst m ay no t find i t  expedient to determine the viscosity 
until, say, the following day. A solution of a  B utyl rubber con­
taining no added antioxidant was prepared in  carbon te tra ­
chloride and ozonized for 4 hours. The ozonized oxygen stream 
was then  discontinued, and dry  air was passed through the solu­
tion in order to  sweep out dissolved ozone. Aliquot samples of 
the solution were removed a t known intervals and were allowed to 
stand in glass-stoppered containers until the following day. The 
polymers were then recovered by evaporation and their unsatu­
ration values determined from the respective viscosities in di­
isobutylene. The experiment was repeated with a second sample 
of the same polymer. The average unsaturation  values are given 
in  Table II . I t  is seen tha t, w ithin the experimental error, no

^ c 8Hl6
Figure 2. Corresponding Values of Intrinsic 
Viscosity in Carbon Tetrachloride and in Diiso­

butylene

significant viscosity change occurs when the solution is allowed 
to stand overnight, and aeration after ozonization appears to be 
an unnecessary precaution. I t  is of interest, however, th a t even 
after one hour of aeration, a  positive tes t for ozone could be ob­
tained for the solution (by the potassium iodide test), although 
no odor of ozone was detected. This result m ay be due to the

Table II. Effects of Aeration and Aging on Stability of Ozonized 
Butyl Solution

A eration tim e , m inutes 0  30 60
A verage unsaturation , m ole % 1.4o 1.4o 1.3s

(U nsaturation  for unaged so lu tion , 1 .4 i)

Table III. Effects of M illing and Addition Agents on Unsaturation 
Values of Butyl Polymers

P olym er

Intrinsic  
V iscosity  in  

C arbon T etra­

C orrespond­
ing Intrinsic  

V iscosity U nsatura­

A verage 
U nsaturation  
and Probable

and chloride, b y in  D iiso ­ tion , 
M ole %

Error of Single
T reatm ent E xtrap olation b uty len e O bservation

I (a) 0.20« O.I62 0 .7
(b) 0.24o 0 . 19i 0 .5
(c) 0 .197 0.157 0 .7 0 . 6  ± 0 .0 6
(d) 0.237 0.18# 0 .5
(e) 0.22o 0.17» 0. 6

I I  (a) * 0 .16o 0.127 1 . 0
(ö) 0 .15« 0. 1 2# 1 .0
(c) 0 . 14i O .I I 2 1  • 2 (?) 1 .0  ±  0 .0 3
(d) 0 .15# 0. 1 2« 1 . 0
(e) 0 .14s 0 . 1 1 » 1 . 1

III  (a) 0.14« 0 . 1 1 « 1 . 2
(b) 0.15« 0. 1 2a 1 . 1
(c) 0 . 1 2 ? O.lOi 1.4 1 .3  ±  0 .1 0
(d) 0.13« O.IO7 1 .3
(e) 0.13# 0 . 1 0 1 .3

development of peroxides or to  decomposition products of the 
solvent.

EFFECTS O F  M I L L IN G  A N D  A D D IT IO N  A G E N T S  O N  
U N S A T U R A T IO N  V A L U E S

Experim ents were carried ou t to  determine w hether the pres­
ence of zinc stearate and phenyl-,8-naphthylam ine affects the ana­
lytical procedure. Polymers of varying degrees of unsaturation 
were synthesized in the absence of these substances and were 
treated  in  the following ways:

(а) Original polymer
(б) Milled for 5 minutes a t 150° F. with 0.05-cm. (0.02-inch)

mill roll setting
(c) Milled as in (6) w ith 2.5 parts of zinc stearate
(d) Milled as in (6) w ith 0.5 part of phenyl-/3-naphthylamine
(e) Milled as in (6) with 2.5 parts of zinc stearate and 0.5 part

of phenyl-/3-naphthylamine

The unsaturation values were determined and are given in 
Table I I I . W ithin the limits of error, which is of the order of 
0.1 mole %, the addition agents and the milling treatm ent show 
no significant influence on the determined values.

A P P A R A T U S  A N D  P R O C E D U R E

The ozone generator is of the familiar Siemens type and is oper­
ated  a t 15 kilovolts.

In  order to  obtain higher ozone concentrations, oxygen is used 
in preference to air. Commercial oxygen is taken from a cylinder 
through a reduction valve and is passed, in turn, through 30% 
sodium hydroxide, Drierite, a  flowmeter, and into the generator. 
The ozonized gas passes from the generator through 30% sulfuric 
acid, anhydrous calcium chloride, and into a glass manifold. A 
flow rate  of 10 to 15 cc. per second is commonly used; this m ay 
be varied considerably and is no t critical. The ozone concentra­
tion depends on the flow rate, as well as on the particular genera­
tor. A t the above flow rate  the apparatus used in this laboratory 
gives ozone concentrations of 0.14 to  0.18% with air, and 0.39 to  
0.56 volume % w ith oxygen. I t  was found th a t a t  least within 
these limits, the ozone concentration is not im portant.

The various glass leads between the oxygen cylinder and the 
generator are joined w ith ordinary rubber tubing. Those in the 
immediate vicinity, and on the delivery side, of the generator are 
joined with Koroseal tubing. (The authors are indebted to  T. L. 
Gresham of the B. F. Goodrich Company for a supply of this 
tubing.) Earlier attem pts to  use all-glass connections led to  ex­
cessively rigid equipment.
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The dry ozonized gas passes into the end of a  tubular glass 
manifold which distributes the gas stream  into the ozonizing tubes 
through three side arms. (The number of side arms and ozoniz­
ing tubes can doubtless be increased and thus be adapted to  the 
requirements.) Each connection between the manifold side 
arm s and the ozonizing tubes is made flexible by inserting a piece 
of Koroseal tubing. The side arm s are equipped w ith stopcocks, 
so th a t each tube may be removed w ithout disturbing the opera­
tion. The end of the manifold is equipped w ith a stopcock, so 
th a t the ozone stream  m ay be by-passed. The gas streams issu­
ing from the ozonizing tubes are united in an exit manifold similar 
to  th a t described, and pass into the laboratory hood.

The ozonizing tubes are held by suitable clamps in an  ice-water 
mixture contained in an insulated rectangular trough equipped 
with a fitted cover and a drainage valve. The tubes are made of 
Pyrex, as shown in Figure 3. The dimensions are such th a t each 
tube will contain 100 cc. of liquid when filled to a calibration mark 
near the m idpoint of the neck.

During the run some solvent loss through evaporation takes 
place, and it  is necessary to  make up the resulting solution to a 
definite concentration for the subsequent viscosity measurement. 
This is accomplished by calibrating each tube a t  25°, 30°, and 
35° w ith 159.50 grams of carbon tetrachloride (which occupies 
exactly 100 cc. a t  20°, the tem perature of the viscosity measure­
m ent). The ozonized contents m ay then be diluted to  exact 
volume a t  any known room tem perature; visual interpolation is 
sufficiently exact for interm ediate tem peratures.

In  making a run  three solutions are prepared for each lot of 
B utyl rubber; these are ozonized for 1, 2, and 4 hours, respec­
tively. Samples weighing about 1.5 grams are weighed to  the 
nearest milligram and are dissolved in roughly 40-cc. portions of 
carbon tetrachloride by tumbling for 48 hours in glass-stoppered 
containers. Each solution is then transferred to  an ozonizing 
tube, the residual solution being washed in w ith two 10-cc. por­
tions of the solvent. The tubes are clamped into position in the 
ice-water m ixture and ozonized oxygen is passed through the 
apparatus a t  a ra te  of 10 to  15 cc. per second, the rates through 
the separate ozonizing tubes being occasionally equalized by ad­
justm ent of the stopcocks. The rate of cooling of the solution is 
sufficiently fast to  perm it ozonization immediately after immer­
sion of the tubes in the cold bath.

After one hour the first tube is removed from the apparatus, 
ozonization of the others being allowed to continue for the longer 
periods. A stream  of air is passed through the contents for about 
15 minutes in  order to  sweep out excess ozone, and after the con­
tents have been allowed to stand a t room tem perature for a total 
time of a t  least 0.5 hour they are diluted to exact volume with 
carbon tetrachloride, thoroughly mixed, and the viscosity a t  20°

determined w ith a Ubbelohde suspended-level viscometer, proper 
account being taken of the kinetic energy correction.

T R E A T M E N T  O F  T H E  D A T A

The ratio of the viscosity of the solution to  th a t of the solvent 
gives the relative viscosity, ijr; from this and the concentration, 
c, of the polymer, [77] is calculated by Equation 1. Dividing this 
value by 1.255 (Equation 2), gives the corresponding intrinsic 
viscosity in diisobutylene. The values thus obtained for the 
three solutions are plotted against tim e of ozonization; curves 
such as are shown in Figure 4 are obtained. The linear portion 
of the curve, which usually occurs between the 2- and the 4-hour 
points, bu t which occasionally includes the 1-hour point, is extra­
polated to  zero time. From  the intercept the viscosity-average 
molecular weight, Mv, of the degraded polymer is obtained from 
the following relation (I):

log M , =  5.378 +  1.56 log [,] (3)

The number-average, molecular weight Mn is then given (4) 
by the relation

M n =  M v/ 1.832 (4)

•and the unsaturation, U, of the original polymer, expressed as

HOURS
Figure 4. Typical Ozonization Curves

Figure 5. Correlation of Unsaturation Values for Butyl Rubbers 
Containing Various Diolefin Units
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moles of isoprene units per 100 moles of isobutylene units (mole 
%), follows from

U =  5610/70» (5)

A L T E R N A T IV E  M E T H O D  O F  E S T IM A T IN G  U F R O M  IO D IN E  
C H L O R ID E  D A T A

For a num ber of years this laboratory has employed a modifi­
cation (5) of the Kemp-Wijs method for obtaining comparative 
unsaturation values for B utyl polymers.

In  this routine procedure a 0.3-gram sample of the rubber is 
dissolved in 100 cc. of carbon tetrachloride, 5 cc. of 0.2 N  Wijs 
reagent are added, ahd the mixture is allowed to stand in the dark 
for 1 hour a t room tem perature. Twenty cubic centimeters of 
15% alcoholic potassium iodide are then added, the mixture is 
titra ted  w ith 0.1 TV thiosulfate to  a canary yellow color, 5 cc. of 
0 .5% starch solution are added, and the titra tion  is completed. 
A blank determination is made simultaneously, and from the dif­
ference in the titers the unsaturation value Î7(ICI), in mole %, is 
calculated from the formula

I/(IC1) =  0.281 X (cc. of 0.1 TV thiosulfate)/gram s of sample (6)

I t  has been found invariably th a t these values are approxi­
m ately twice as large as those obtained by the ozonolysis method, 
and it  has been suggested (4) th a t the difference is due to factors, 
such as substitution reactions, commonly encountered in iodine 
chloride determinations. Figure 5 shows the relationship be­
tween the two values of U for a number of B utyl rubber samples 
of varying degrees of unsaturation. The curve for the isoprene 
copolymer was plotted from a quadratic equation by the method

of least squares. W ith the aid of this graph i t  is possible to ob­
tain  a t least approximate values of U from corresponding values 
of {/(ICl) determined by the method described above. More 
recently Kemp and Peters (3) have published an iodine chloride 
procedure for Butyl rubber in which a different solvent and dif­
ferent reaction conditions are employed. I t  is likely th a t their 
method would be capable of similar use in estim ating U by 
this indirect method.

I t  was considered of interest to  include in Figure 5 curves for 
B utyl polymers containing butadiene and dimethylbutadiene, 
respectively, as the diolefin units. Over the unsaturation ranges 
investigated, these m aterials show linear relationships between 
U (ozone) and U (ICl), although the slopes differ by about 20%. 
In  view of the well-known influence of substituent groups on the 
course of the reaction of an olefin w'ith halogens, these differences 
are not surprising.
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Fluorometric Determination of Riboflavin in Eggs
W A LT E R  J. PETERSON, R. S. D EA R ST Y N E, R. E. C O M ST O C K , a n d  V IR G IN IA  W E L D O N  

Department of Animal Industry, North Carolina Agricultural Experiment Station, Raleigh, N. C.

A N U M BER of studies on the riboflavin content of eggs by the 
biological rat-grow th assay (3, 5, 7,11) and the microbio­

logical procedure of Snell and Strong (2, Ą, 12, 13, H )  have been 
reported. Application of the fluorometric method has, how­
ever, been rather limited (1, 8, 9). The early reports of results 
by the rat-grow th method are difficult to  interpret in terms of 
micrograms of riboflavin. The microbiological method, though 
generally considered to provide reliable results, requires special­
ized techniques which are not familiar to all chemists. Since 
extracts of some biological materials m ay exert either inhibitory 
or stim ulating effects ( / / )  in the microbiological procedure, the 
adaptation  of the convenient fluorometric method to  many m a­
terials would seem desirable for purposes of comparison. Ex­
perience w ith fluorometric techniques has shown th a t methods 
which are applicable to certain p lant or animal tissues, m ay need 
considerable modification before they can be used with success 
on other materials.

The riboflavin content of hard-boiled egg white can be con­
veniently determined fluorometrically by a method previously 
proposed for its determ ination in pork products (10). When the 
hard-boiled yolk is used in this determination, however, the 
resulting acid extract (after autoclaving and incubating with 
clarase) is a stable emulsion w^hich does no t provide a clear, read­
able filtrate. I t  was found th a t successful clarification of the 
extract could be accomplished by either of two methods: precipi­
tation  of the extract w ith two volumes of acetone as proposed by 
H and (6) for the fluorometric determ ination of riboflavin in milk, 
or breaking the emulsion by mixing the extract w ith a small 
am ount (5%  of the to tal volume) of chloroform in a Waring 
Blendor for 30 seconds. From the standpoint of analytical 
speed, simplicity of operation, and accuracy, the la tte r method 
was found to be preferable. The acetone precipitation method

has the disadvantage of dissolving the yolk carotenols. This 
necessitates the simultaneous precipitation of an extra aliquot of 
extract w ith acetone containing a known am ount of pure ribo­
flavin, in order to  determine the increment in the fluorometer 
reading due to  the added riboflavin.

In  the following comparison of methods, the eggs used were 
from Rhode Island Red hens which had been receiving a diet con­
taining 6.2 micrograms of riboflavin per gram. In  addition to 
duplicate determinations on individual eggs from different birds, 
analyses were also made of eggs laid on the second successive 
day for the same birds. All eggs were analyzed within a few 
days after being laid.

D E S C R IP T IO N  O F  M E T H O D S

The eggs are hard-boiled for 6 to  10 minutes, peeled, and the 
whites and yolks separated, since they are to  be determined sepa­
rately. The first stage in the preparation of the extract is the 
same for both white and yolk. The entire yolk (weighed) or 10 
to  20 grams of white is dropped into 100 cc. of 0.04 N  sulfuric 
acid in a Waring Blendor and m acerated for 2 minutes a t high 
speed. The creamy mixture obtained is then transferred quanti­
tatively to  a 250- or 300-cc. Erlenmeyer flask, using a minimum 
am ount of water from a wash bottle to effect the transfer. The 
flask is plugged with cotton and autoclaved 15 minutes a t 6.8-kg. 
(15-pounds) pressure. As soon as the flask has cooled, 20 cc. of 
a 2.5% solution of clarase, freshly prepared in a sodium acetate- 
acetic acid buffer, are added. [The buffer solution (pH 4.5) is 
prepared by adding 54.4 cc. of glacial acetic acid to 66.9380 grams 
of anhydrous sodium acetate together with sufficient distilled 
w ater to  obtain a solution of the reagents, and then transferred 
to  a 1-liter volumetric flask and made up to  volume with distilled 
water.] The contents of the flask are mixed thoroughly and 
then incubated a t a tem perature of 45° C. for 24 hours. The 
flask is agitated two or three times during the incubation.

Following the incubation period, the extract is brought to a 
volume of 200 cc. At this point the contents of the flask should
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be thoroughly mixed, either by stoppering the flask and shaking 
thoroughly, or transferring the contents to  a W aring Blendor and 
mixing for 30 seconds.

A t th is stage, the extract of the egg white m ay be filtered or 
clarified by centrifugation and the riboflavin concentration 
determined as previously described (10). The yolk extract, 
however, is a stable emulsion which cannot be clarified by either 
filtration or centrifugation. E ither of the following treatm ents 
will provide clear filtrates.

P r e c i p i t a t i o n  w i t h  A c e t o n e . In to  each of two tes t tubes, 
A and B, are pipetted 5 cc. of the well-mixed yolk extract. Ten 
cubic centimeters of acetone are added to  tube A, and 10 cc. of 
acetone containing 0.15 microgram of riboflavin per cc. to tube
B. Tube B thus contains an increment of 0.1 microgram of 
riboflavin per cc. over tube A. The solutions containing the 
precipitated yolk protein are mixed and filtered through No. 597
S. and S. filter paper. Fluorescence readings on the filtrates 
may be made immediately. W ith the Coleman electronic 
photom eter (Model 12), the instrum ent was adjusted each day 
w ith a sodium fluorescein solution of such strength  tha t, when its 
reading was 100, an aqueous solution containing 0.2 microgram 
of riboflavin per cc. read 70. This range was suitable for most 
yolk extracts prepared in the above manner. Having obtained 
readings for A and B, 0.5 cc. of sodium hydrosulfite solution is 
added to  each tube and readings are taken again. The average 
of these two readings constitutes the reading of the sample blank, 
or C reading. Since acetone extracts become cloudy in a short 
time when treated  w ith sodium hydrosulfite, it  is necessary to 
take readings immediately after each addition. Knowing the 
fluorescence increment due to  0.1 microgram of riboflavin per 
cc. (B — A), the riboflavin concentration is readily calculated (10).

The hvdrosulfite solution was prepared by dissolving 5 grams 
of sodium hydrosulfite in 100 cc. of an ice-cold sodium bicarbon­
ate solution (2 grams of sodium bicarbonate per 100 cc.).

C h l o r o f o r m  T r e a t m e n t . The entire volume of yolk ex­
trac t (200 cc.) is poured into a W aring Blendor, 10 cc. of chloro­
form are added from a buret and the solution is mixed for 30 sec­
onds. After being transferred to  the original flask, the extract is 
perm itted to  stand in  the dark for a t least 30 minutes, after which 
it  is filtered and approximately 20 cc. of filtrate are collected. 
The chloroform treatm ent breaks the emulsion and provides a 
clear filtrate. F iltrates m ay be kept under refrigeration for 
several days w ithout deterioration or change in riboflavin con­
tent. The riboflavin concentration m ay be determined as pre­
viously described for its determination in pork products (10).

I t  is im portant th a t a “ complete b lank” containing all the re­
agents and clarase used in the method be run through the entire 
procedure, and the resulting concentration subtracted from the 
value of the sample extract. This applies to  both the acetone 
and chloroform treatm ents.

Recoveries of riboflavin varied from 97 to 102% when 10, 20, 
30, or 40 micrograms of riboflavin were blended w ith yolk 
samples and analyzed by the chloroform technique.

Table I. Typical Results of Riboflavin Determinations in E39 Yolks
Bird A ceton e M ethod C H C h  M ethod
N o. M ay 10 M ay 11 M ay  10 M ay 11

M icrogram s/gram M icrogram s/g ram

7 3 .4 8 4 .0 7 3 .4 3 3 .5 6
5 3 .0 9 2 .8 3 2 .9 6 2 .8 4

13 3 .1 5 3 .4 3 3 .2 4 3 .2 0
25 4 .6 5 4 .7 4 4 .5 5 4 .3 6

1 4 .0 5 4 .1 0 3 .9 5 4 .0 1
10 4 .1 4 4 .2 6 4 .0 3 4 .4 6

D ISCU SS IO N

Two eggs from each of 18 birds were analyzed. The two eggs 
were in every case laid on successive days. Table I contains 
typical results for yolks obtained by the two clarification proce­
dures. If  the methods are equally accurate, the variation be­
tween eggs by the same bird should be approximately equal, no 
m atte r which is used. The standard deviations of eggs from the 
same bird were' 0.36 and 0.26 microgram for the acetone and 
chloroform techniques, respectively. The difference between 
these values is no t statistically significant b u t i t  should be safe 
to conclude th a t the chloroform method is a t least as accurate as 
the other. I t  will be apparent to  the analyst th a t from the 
standpoint of simplicity of operation and analytical speed, the 
chloroform clarification procedure is much to be preferred.

D uplicate analyses were made on the yolks of each of 12 eggs 
by the chloroform technique, using weighed halves of each yolk 
as duplicates. The standard deviation of duplicates was 0.21 
microgram. Comparing this w ith the standard deviation (0.26 
microgram) for eggs from the same bird where each yolk con­
stitu ted  a sample, it  is apparent th a t variation between eggs laid 
by the same bird on successive days is small.

The standard  deviation for duplicate analyses on whites was
0.15 microgram, and the standard deviation of eggs laid on suc­
cessive days was 0.18 microgram. Again the real day-to-day 
differences m ust have been small. In  neither case, however, 
would it  be safe to  a ttem p t to  deduce the range of values likely to 
be encountered in the eggs of a  single bird over a period of several 
days. There m ight be cyclic changes; in fact, such changes 
could account for some of the observed variation from bird to 
bird.

There were highly significant differences between birds in 
riboflavin content of yolks, whites, and whole eggs, and in 
the ratio of riboflavin in yolks to riboflavin in whites. Mean 
values and standard deviations are listed in Table II . The 
riboflavin content of whole eggs was calculated from values 
obtained on yolks and whites.

Table II. Typical Results, Riboflavin Content of Egg«
Y olk

M icro - M icro ­
g ra m s/g ra m  gram s/g ram  

M ean of 36 eggs 4 .0 9  2 .6 7
Standard dev ia tion  of 

eggs from  different
birds 1 .1 9  0 .4 4

W hite Y o lk /W h ite  W hole E gg  
M icro ­

gram s/g ram  
3 .1 81 .53

0 .5 3

S U M M A R Y

Stable emulsions which interfere in the fluorometric deter­
mination of riboflavin in egg yolks can be clarified by mixing 
the extract in a W aring Blendor with a small am ount of chloro­
form.

Average riboflavin values for all eggs studied were (micro­
grams per gram ): yolk, 4.1; white, 2.7; entire egg, 3.2. Varia­
tions from day to day in the riboflavin content of eggs from 
the same bird were extremely small. The difference in the 
riboflavin content of eggs from different birds on the same ration 
was large and highly significant. The average ratio of riboflavin 
in yolks to riboflavin in  whites was 1.53. The standard deviation 
of the ratio  was 0.48.
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Photometric Determination of Fluosilicic A c id  in 

Hydrofluoric A c id
G E O R G E  N. C A D E  

Phillips Petroleum Company, Research Department, Bartlesville, Okla.

A  method is described which determines 0.005 to 0 .3 %  fluosilicic 
acid in hydrofluoric acid with an average error of ± 0 .0 0 3% . The 
fluosilicic acid is converted to silicomolybdic acid, which is de­
termined photometrically. A s  much as 5 mg. of iron does not 
interfere.

FLU O SILICIC acid in hydrofluoric acid has been determined 
by titra ting  the hydrofluoric acid w ith standard  alkali under 

conditions th a t  prevent hydrolysis of the fluosilicic acid, subse­
quently hydrolyzing the fluosilicic acid, and titra ting  the resulting 
hydrofluoric acid (#, 4, 5, 7). This procedure depends on two 
end points, the first of which is ra ther indistinct, and requires 
large samples (at least 10 grams) for determ inations of low 
fluosilicic acid contents; furtherm ore, the standard  alkali pref­
erably should be free from carbonate and silicate.

Fluosilicic acid, like silicic acid (S), reacts w ith ammonium 
m olybdate to  form silicomolybdic acid (I).

In  the following procedure, this reaction is used for determining 
fluosilicic acid. M ost of the hydrofluoric acid is separated from 
the fluosilicic acid by evaporation in the presence of sodium 
chloride (4) ■ The small am ount remaining as sodium hydrogen 
fluoride is converted to  fluoboric acid, and the fluosilicic acid is 
converted to  silicomolybdic acid, which is determined photo­
metrically. After the blank and the calibration curve have been 
established, a determ ination requires about 1 hour.

A P P A R A T U S  A N D  R E A G E N T S

Fisher AC electrophotometer, w ith 425-mM filter and 23-ml. 
cylindrical cells. Cells pu t together w ith optical cement are not 
suitable.

Sample bomb, 100-ml., preferably of Monel, with 0.6-cm. 
(0.25-inch) brass Hoke valve and adapter for 0.6-cm. (0.25-inch) 
tubing.

Bakelite graduate, 25-ml.
Fluosilicic acid, approximately 1 mg. per ml. Mix 0.3 ml. of 

c.P. 30%  fluosilicic acid with 100 ml. of water. Standardize by 
dissolving in a 25-ml. portion 2 grams of potassium chloride, add­
ing 25 ml. of ethyl alcohol and 5 drops of m ethyl red indicator, 
and titra ting  w ith standard 0.1 A  alkali (6, 8). Use as soon as 
possible after preparation.

Sodium chloride solution, 20 grams per liter.
Boric acid, saturated solution.
Sulfuric acid, 5 N .
Ammonium m olybdate solution, 10%.
Cylinder of dry nitrogen with pressure regulator.

P R O C E D U R E

P r e p a r a t i o n  o p  C a l i b r a t i o n  C u r v e . Mix, in each of five 
50-ml. volumetric flasks, 15 ml. of water, 10 ml. of the sodium 
chloride solution, a known volume (0.20 to 5.00 ml.) of the 
standard fluosilicic acid, 10 ml. of the boric acid, 2 ml. of the sul­
furic acid, and 5 ml. of the ammonium molybdate solution. 
In  each case dilute to  the mark, mix, and allow to  stand for 10 
minutes. D eterm ine the Scale A reading w ith the electro­
photom eter for each solution. P lo t milligrams of fluosilicic acid 
against Scale A readings.

T r e a t m e n t  o p  S a m p l e . In to  the evacuated sample bomb 
draw a 60- to  80-gram sample, and weigh to  the nearest milli­
gram. P ipet 10 ml. of the sodium chloride solution into the 
Bakelite graduate. Clamp the bomb valve-downward and 
connect the valve and th a t of the cylinder of nitrogen to a  Saran 
tee by means of 0.6-cm. (0.25-inch) Saran tubing. To the third 
opening of the tee connect a piece of Saran tubing th a t extends 
almost to  the bottom  of the graduate, which is fitted with a neo­

prene stopper bored to  fit the tubing loosely enough to permit 
the escape of effluent nitrogen. Pass nitrogen into the solution 
a t the rate  of 1 or 2 bubbles per second. Carefully open the 
valve on the bomb, and allow 1 to 5 grams of acid to  be absorbed 
in  the solution, adjusting the flow rate  so th a t significant quanti­
ties of acid mist do not escape. Close the valve on the bomb and 
continue the flow of nitrogen for about 5 minutes. Transfer the 
contents of the graduate to a 100-ml. platinum  dish and evapo­
rate  to  dryness a t 100° C. on a steam bath. Dissolve the residue 
in about 15 ml. of water, mix with 10 ml. of the boric acid solu­
tion, filter if turbid, and transfer to a  50-ml. volumetric flask. 
Add 2 ml. of the sulfuric acid and 5 ml. of the ammonium molyb­
date, dilute to  the mark, mix, and allow to  stand for 10 minutes. 
Determine the Scale A reading with the electrophotometer, and 
determine, from the calibration curve, the weight of fluosilicic 
acid present.

D e t e r m i n a t i o n  o p  B l a n k . A blank is necessary to compen­
sate for silica in the reagents, which is changed by hydrofluoric 
acid to  fluosilicic acid; no blank is necessary in the calibration, 
where hydrofluoric acid is substantially absent. Determ ine the 
blank by making two determinations, one with a 1-gram sample 
and the other with a 5- to 7-gram sample of a hydrofluoric acid 
low in fluosilicic acid, and by extrapolating the results to  find 
the fluosilicic acid corresponding to  a 0-gram sample.

Although the foregoing procedure is described for anhydrous 
hydrofluoric acid, it is easily adaptable for aqueous acid by the 
use of a  platinum  sample container (7) and omission of the use of 
nitrogen.

P R E C IS IO N  A N D  A C C U R A C Y

Synthetic mixtures were prepared by dissolving known weights 
of optical quartz, previously acid-washed and ignited, in known 
weights of anhydrous hydrofluoric acid in a Monel sample bomb. 
The results of determinations of fluosilicic acid in these samples 
by the photom etric method are given in Table I.

The accuracy and the precision of the photom etric method are 
indicated by an average error of ±0.003%  calculated from the 
data  in Table I.

D eterm inations, in which known amounts of iron were added 
to hydrofluoric acid samples of known fluosilicic acid content, 
showed th a t as much as 5 mg. of iron, which is more than  is or-

Table I. Determination of Fluosilicic A c id  in Synthetic Mixtures 
with Hydrofluoric Ac id

W eight of 
Sam ple H 2SiFe A dd ed 41 HaSiFe Found & Error
G ram s % % %
5 .5 1 2 0 .0 0 0 0 .0 0 9 c
4 .4 6 9 0 .0 0 0 0 .0 0 9 c
2 .3 1 3 0 .1 8 7 0 .1 8 1 - 6 ! oo6
1 .6 7 4 0 .1 8 7 0 .1 8 4 - 0 . 0 0 3
1 .1 8 8 0 .3 0 6 0 .3 1 5 +  0 .0 0 9
1 .0 2 7 0 .3 0 6 0 .2 9 8 - 0 . 0 0 8
2 .2 7 3 0 .1 4 2 0 .1 4 5 +  0 .0 0 3
1 .8 8 5 0 .1 4 2 0 .1 4 7 +  0 .0 0 5
3 .3 3 0 0 .1 0 1 0 .1 0 0 - 0 . 0 0 1
1 .9 8 5 0 .1 0 1 0 .1 0 6 +  0 .0 0 5
2 .4 3 0 0 .0 6 8 0 .0 6 8 0 .0 0 0
2 .9 4 1 0 .0 6 8 0 .0 6 5 - 0 . 0 0 3
4 .4 7 9 0.011 0 .0 1 6 +  0 .0 0 5
2 .9 8 4 0.011 0 .0 1 0 - 0.001
3 .9 0 9 0.011 0.011 0 .0 0 0
4 .7 5 6 0 .0 0 6 0 .0 0 9 +  0 .0 0 3
4 .3 2 0 0 .0 0 6 0 .0 0 7 +  0 .0 0 1
4 .2 7 4 0 .0 0 6 0 .0 0 8 +  0 .0 0 2
1 .6 7 0 0 . 048d 0 .0 4 5 - 0 . 0 0 3

a A dded as SiC>2.
- C orrected for HaSiFe originally  p resent in  H F  and for blank. 
0 H^SiFe originally present in  H F . 
d D eterm ined  volu m etrically  (7).
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dinarily found in a  1- to  5-gram sample of commercial hydro­
fluoric acid (5), does no t interfere.
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Determination of Vitam in C  in the Presence of Interfering 

Reducing Substances

Selective Oxidation-Reduction M ethod

A U B R E Y  P. STEW ART, Jr., a n d  P A U L  F. S H A R P  

Research Laboratory, Golden State Co., Ltd., San Francisco, Calif.

In a selective oxidation-reduction method for the analysis of true 
vitamin C, ascorbic acid and interfering substances are catalytically 
oxidized by the addition of concentrated cucumber juice (ascorbic 
acid oxidase), followed by the specific reduction of dehydroas- 
corbic acid to ascorbic acid by a suspension of Escherichia coli or 
Staphylococcus albus. The ascorbic acid thus formed is then deter­

mined by indophenol dye titration. The bacterial suspension re­
duces dehydroascorbic acid formed by the action of the oxidase on 
ascorbic acid, in addition to any dehydroascorbic acid present in 
the original sample, thus permitting a measure of total vitamin C. 
The method has been successful when applied to milk products, 
canned fruit and vegetable juices, urine, and blood plasma.

RED U C ED  ascorbic acid is often estim ated by merely acidi­
fying a solution of the m aterial to  be analyzed and titra ting  

directly w ith a standardized solution of 2,6-dichlorophenolindo- 
phenol. This procedure is satisfactory for some foods, including 
raw and pasteurized milk (16). However, some products contain 
other reducing substances which react readily w ith the indophenol 
dye solution. In  this second group are included milk products 
and other foods which have been subjected to ra ther high tem ­
peratures—for example, sterilized canned vegetables and evapo­
rated milk.

Various methods have been proposed for estim ating vitam in 
C in the presence of interfering substances (1, 2, 3, 7, 9 ,10 ,12 ,13 , 
14, 19, 20, 21) and King (8) reviewed the literature in 1941. In  
m any instances interfering substances arise when hydrogen sulfide 
is used for the reduction of dehydroascorbic acid. The lack of 
specificity of methods for the determ ination of ascorbic acid, 
particularly after hydrogen sulfide reduction of dehydroascorbic 
acid, as well as a method for minimizing the effect of interfering 
substances has been discussed by Hochberg, Melnick, and Oser 
(7).

The method described here provides for the determ ination of 
both reduced and dehydroascorbic acid as well as interfering re­
ducing substances. I t  is based on the enzyme-catalyzed oxida­
tion of ascorbic acid and interfering substances by concentrated 
cucumber juice (ascorbic acid oxidase) w ith subsequent specific 
reduction of dehydroascorbic acid to  ascorbic acid by a suspen­
sion of Escherichia coli or Staphylococcus albus.

O X ID A T IO N  O F  A S C O R B IC  A C ID  A N D  R E D U C IN G  S U B S T A N C E S

The oxidation of ascorbic acid to dehydroascorbic acid can be 
accomplished very rapidly by the addition of ascorbic acid oxidase 
(17, 18) in the form of concentrated cucumber juice. This oxida­
tion requires exactly one atom of oxygen per molecule of ascorbic 
acid, and does no t proceed beyond the dehydroascorbic acid 
stage (6).

Heating milk to a high tem perature produces reducing sub-

M I N U T E 5

Figure 1. Oxidation of Ascorbic A c id  and Interfering 
Substances Catalyzed by Cucumber Juice

Dehydroascorbic acid determined by reduction with E. coli or S. albus
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stances which are partially or completely oxidized by the addi­
tion of concentrated cucumber juice (Figure 1). Canned or bot­
tled fruit and vegetable juices contain interfering reducing sub­
stances, whose oxidation is catalyzed by cucumber juice. Thus 
the basic assumption made by some investigators th a t ascorbic 
acid oxidase is specific for catalyzing the oxidation of ascorbic 
acid does not appear to be true in the above cases. However, 
the possibility th a t unpurified cucumber juice may contain addi­
tional enzyme systems which bring about this seeming lack of 
specificity has not been investigated.

R E D U C T IO N  O F  D E H Y D R O A S C O R B IC  A C ID

The oxidation of ascorbic acid catalyzed by cucumber juice 
can be reversed by the reduction of dehydroascorbic acid to as­
corbic acid by a suspension of Escherichia coli or Staphylococcus 
albus. The use of E. coli was proposed by Gunsalus and Hand 
(5) for the determ ination of dehydroascorbic acid in milk, fruit 
juices, and urine. The bacterial reduction of dehydroascorbic 
acid in tire authors’ method is a modification of th a t given by 
Gunsalus and H and which increases its applicability.

The bacterial reduction is very rapid and apparently specific 
for dehydroascorbic acjd. I t  thus presents a distinct advantage 
over hydrogen sulfide whjch has a tendency to reduce other sub­
stances and requires a longer time.

The specificity of the bacterial reduction is illustrated in Figure
1. Milk wqs freed fropo ascorbic acid by cucumber juice and the 
resulting dehydroascorbic acid was destroyed by heating. Re­
ducing substances were produced by heating a t 100° C. for 30 
minutes. The am ount produced corresponded to 17 mg. per 
liter of interfering substances expressed as reduced ascorbic acid 
as determined by indophenol titration . To this heated milk 
were added 32 mg. per liter of ascorbic acid, making a total of 49 
mg. per liter of ascorbic acid plus interfering substances.

The addition of 0.1% cucumber juice concentrate caused a 
decrease in titra tion  corresponding to the oxidation of ascorbic 
acid and interfering substances. At intervals samples were re­
moved, an E. coli or S . albus suspension was added, and after in­
tubation  for 25 minutes a t 35° 0 , they were titra ted  with indo- 
pheno! dye solution. The results were identical with both or­
gan ises, The increase in titra tion  after the addition of E. coli 
or S . albus was taken as a measure of the am ount of dehydroas­
corbic acid formed during the tiipe interval. This dehydroascor­
bic acid was subtracted from the original 32 mg. per liter of as­
corbic acid to obtain the am ount of ascorbic acid present at any 
time during the oxidation catalyzed by cucumber juice. The 
am ount of interfering reducing substances was then calculated 
by subtracting ascorbic acid from the to ta l amount of reducing 
substances as represented by the direct indophenol titration of 
samples taken during the reaction period.

As shown in Figure 1, all ascorbic acid and almost all interfer­
ing substances were catalytically oxidized by cucumber juice 
concentrate w ithin 15 minutes. All the ascorbic acid oxidized to 
dehydroascorbic acid was recovered by bacterial reduction, bu t 
po bacterial reduction of oxidized interfering substances took 
plape.

The specificity of E- coli and S. albus has also been determined 
for other reducing substances after oxidation catalyzed by cu­
cumber juice. No reduction of substances other than  dehydro­
ascorbic acid was obtained }n sterilized evaporated milk, glucose 
solutions heated w ith acjd and alkali, or a number of canned 
fruit and vegetable juices. Known amounts of ascorbic acid 
added to these materials could be entirely accounted for by the 
difference in indophenol titra tion  values after oxidation by cu­
cumber juice and subsequent reduction by E :  coli or S. albus. 
This has also been determined for whole milk powder especially 
prepared from milk containing no vitam in C and known quanti­
fies of ascorbic acid added after processing. This specificity is 
apparently an advantage over the 2,4-dinitrophenylhydrazine 
method for determining dehydroascorbic acid as proposed by Roe

and Oesterling (15). The only evidence for nonspecific bacterial 
reduction was in the case of d-isodehydroascorbic acid, which was 
reduced a t about one third the rate  of Z-dehydroascorbic acid. 
However, the possibility th a t nonspecific reduction m ay take 
place in some materials and under certain conditions cannot be 
excluded from the above work and this point should be checked 
for each material being analyzed.

A detailed study has been made concerning certain factors 
which affect the bacterial reduction of dehydroascorbic acid.

No reduction was obtained unless the living organisms were 
present. Reducing the number of viable organisms by heating 
or by freezing and thawing resulted in loss in activity.

A large number of organisms were tested, coliforms and coccus 
forms being found most likely to reduce dehydroascorbic acid. 
Of 88 strains of coliform organisms, almost half were able to re­
duce dehydroascorbic acid.

Complete recovery of dehydroascorbic acid by bacterial reduc­
tion was no t obtained a t  tem peratures above 40° C. or a t pH 
values above 6.2 because of the rapid destruction of dehydroas­
corbic acid. A tem perature of 35° C. and a pH of 5.9 were found 
most satisfactory for reducing dehydroascorbic acid within a 
reasonably short tim e using a minimum am ount of bacterial sus­
pension and w ithout irreversible destruction.

Oxygen determinations have been made in which it was dis­
covered th a t only after the complete removal of oxygen from 
solution was there any reduction of dehydroascorbic acid unless 
sodium cyanide was added. The bacteria themselves remove 
oxygen from solution and thus establish anaerobic conditions.

Oxygen removal by E. coli and S. albus is very slow in a phos­
phate buffer solution, bu t becomes very rapid when 0.1%  cucum­
ber juice concentrate is added. Small amounts of added cucum­
ber juice, in addition to shortening the period required for com­
plete oxygen removal, also increase the rate of actual reduction 
of dehydroascorbic acid. This factor in cucumber juice is heat- 
stable.

Gunsalus and H and (5) were able to reduce dehydroascorbic 
acid in milk, urine, and fruit juices by means of a suspension of 
E. coli, bu t were unable to obtain any reduction in composite 
vegetable or sauerkraut juice. They sta te  th a t in  these two juices 
the E. coli acted instead as an oxidation catalyst to decrease the 
ascorbic acid present.

The authors have investigated this seeming inability of E. coli 
to reduce dehydroascorbic acid under certain conditions. Appar­
ently E. coli forms a  compound or complex when incubated with 
vegetable juices, and this can oxidize ascorbic acid in acid solu­
tion below a pH of about 3.5.

When E. coli is incubated with sauerkraut juice there is rapid 
and complete reduction of dehydroascorbic acid to ascorbic acid. 
Subsequent acidification to a pH below 3.5 causes the rapid oxida­
tion of this ascorbic acid and an indophenol dye titration under 
these conditions is either very small or a blank, depending on how 
fast the dye is added w ith respect to the rate  of oxidation caused 
by the compound or complex. Any dye which is reduced by as­
corbic acid is then gradually reoxidized and the pink end point 
tends to increase in color on standing. Ascorbic acid formed from 
dehydroascorbic acid by E. coli in sauerkraut juice can be titrated  
w ith indophenol dye a t a  pH  of 4.5 w ithout interference by any 
oxidation reaction. However, the mixture must be heated or 
phenol m ust be added prior to the titra tion  a t pH 4.5 to inactivate 
the E. coli, since otherwise the bacteria tend to reduce the dye at 
this pH and give false values. H eating the mixture before titra t­
ing a t a  pH below 3.5 has no effect, since the compound or com­
plex is apparently heat-stable.

When sauerkraut juice is made 0.001 M  with respect to sodium 
cyanide the formation of an oxidizing compound or complex is 
apparently inhibited, bu t the dehydroascorbic acid reducing sys­
tem  of E. coli is left to function intact. The ascorbic acid formed



under these conditions can be titra ted  w ith indophenol dye solu­
tion a t pH less than  3.5 w ithout interference. Sodium cyanide 
also enables E. coli to reduce dehydroascorbic acid in buffer solu­
tion before anaerobic conditions are established.

Vegetable juices in general behave like sauerkraut juice when 
incubated w ith a suspension of E. coli and then analyzed for as­
corbic acid by indophenol dye titra tion  a t a pH less than 3.5. The 
same effect has also been noticed in the case of some samples of 
urine.

A strain of Staphylococcus albus has been found which rapidly 
reduces dehydroascorbic acid to  ascorbic acid in vegetable juices 
w ithout the production of an interfering compound or complex. 
This strain  of S. albus has been used satisfactorily for the analysis 
of vitam in C in a  large number of vegetable juices, urine, and 
blood plasma. The indophenol dye titrations for ascorbic acid 
can be made a t  a pH below 3.5, which eliminates the necessity 
for heating or adding phenol and titra ting  a t pH 4.5 as in the case 
of E. coli.

R E A G E N T S

P r e p a r a t i o n  o f  D t e  S o l u t i o n . Dissolve 0.135 gram of 
sodium 2,6-dichlorobenzenoneindophenol in 200 ml. of hot, 
distilled water. Filter into a 1-liter volumetric flask and add 
more ho t w ater until the blue colored m aterial has passed through 
the filter. Adjust to  room tem perature and make up to volume 
w ith distilled water.

S t a n d a r d i z a t i o n  o f  D y e  S o l u t i o n . Prepare a standard 
solution of M ohr’s salt (11) by dissolving 0.500 gram in 1 liter of 
distilled w ater containing 10 ml. of concentrated sulfuric acid. 
Add a  5-ml. portion of the ferrous solution to  10 ml. of 3%  m eta- 
phosphoric acid and titra te  to  a  stable pink color w ith the indo­
phenol dye solution. After subtracting a  comparable blank, the 
titra tion  is equivalent to  0.562 mg. of ascorbic acid, or 0.562/dye 
titra tion  is the dye strength per ml. The ferrous solution is stable 
for a t least a  month, b u t the indophenol dye solution m ust be 
standardized daily and a  fresh solution prepared every week or 
10 days.

C u c u m b e r  J u i c e  C o n c e n t r a t e . The authors have found 
differences in varieties of cucumbers w ith regard to  the ability of 
their expressed juice to  catalyze the oxidation of ascorbic acid. 
Therefore, several varieties should be tested before selecting one 
for preparation of the concentrated enzyme. The W hite Spine 
variety, about 15 cm. (6 inches) in length, is satisfactory for this 
purpose. The cucumbers should be frozen (the authors have 
found it convenient to store the cucumbers in the frozen sta te  for 
periods as long as one year) and thawed, after which the juice 
m ay be drained and concentrated to  V uth  the original volume 
by pervaporation (17) and filtered. Such preparations have been 
kept for several weeks when stored a t 10° C. with a trace of 
toluene as a preservative. The activity should be such th a t 0.1 
ml. in 100 ml. of solution containing 4 mg. of ascorbic acid will 
catalyze complete oxidation in less than  5 minutes a t pH 5.9 and 
10° C. Larger amounts of cucumber juice interfere w ith analysis 
of vitam in C when E. coli is used.

B a c t e r i a l  S u s p e n s i o n s . The authors have been able to pre­
pare very active suspensions by growth on solid media with sub­
sequent washing into phosphate buffer. A larger number of 
media have been investigated for the preparation of E. coli sus­
pensions before making the final selection. The same medium 
has been used for growing S. albus, although whether or no t it is 
the best for this organism was not determined.

A young culture is more active th an  one allowed to  grow long 
enough to  possess an old population. An incubation tem perature 
of 32° C. and a growth period of 24 hours were found to be most 
suited for the preparation of an active bacterial suspension.

Of a large number of organisms tested, three ivere selected as 
being the most active for reducing dehydroascorbic acid. One of 
the most active E. coli strains was the “Crookes” strain  of Esselen 
and Fuller (4) which is listed in the American Type Culture 
Collection as No. 8739. The authors have isolated a slightly more 
active coliform which has been listed in the A.T.C.C. as No. 9492. 
The most satisfactory strain  of S. albus found has been listed as 
No. 9491. •

F o r m u l a  a n d  P r e p a r a t i o n  o f  M e d i a

D ifco  proteose tryp ton e agar 225 gram s
D ifco  v ea l infusion m edium  25 grams
D extrose 10 grams
D istilled  water 5000 m l.

June, 1945

Dissolve the ingredients by heating and distribute 75 ml. to 
each of 65 flat pint flasks. Wine ovals are well suited for this pur­
pose. Plug the flasks with cotton and autoclave a t 7.7 kg. (17 
pounds) for 25 minutes. Remove from the autoclave and allow 
the media to  harden w ith the flasks flat to give a maximum sur­
face area. This medium sets into a firm gel which is not easily 
broken and supports excellent growth.

Inoculate about 10 ml. of sterile nutrient broth with three or 
four loops of E. coli or S. albus from an agar slant. Shake well 
and immediately inoculate each of three flasks w ith 2 ml. of the 
broth culture, making certain th a t the inoculum is evenly dis­
tributed  over the agar surface. Incubate a t 32° C. for 24 hours. 
Add 10 ml. of nutrient broth to  each of the three flasks and harvest 
by gently rocking until the growth is removed from the agar sur­
face. Transfer the broth suspension from the three flasks to  100 
ml. of nutrient broth, making a to ta l of approximately 130 ml. 
of broth suspension. Inoculate each of 62 flasks w ith 2 ml. of 
this heavy suspension and incubate a t 32° C. for 24 hours. H ar­
vest the contents of each flask in 10 ml. of 0.05 M  sterile phosphate 
buffer a t pH  5.9. One liter of the buffer contains 6.13 grams of 
K H 2PO4 and 1.79 grams of N a2H P04.12H20 . Combine the crops 
and centrifuge the buffer suspension, discard the supernatant 
liquid, and resuspend in an equal volume of buffer. R epeat for a 
to ta l of three washings and finally resuspend in a volume of 400 
ml. Store in a refrigerator. A suspension of E. coli prepared in 
this m anner should contain between 100 and 200 billion, viable 
count, per ml. Suspensions of S . albus tend to have a lower 
viable count.

Suspensions of E. coli have been stored a t 8 ° C. for over 4 
months w ithout appreciable loss in activity. Suspensions of S. 
albus are not so stable and usually have to  be discarded after 
about 2 weeks.

D e t e r m i n a t i o n  o f  A c t i v it y  o f  B a c t e r i a l  S u s p e n s i o n s . 
Dissolve 2 to  4 mg. of ascorbic acid in 100 ml. of cold (10° C.) 
pH 5.9 buffer. Accurately measure 10 ml. of the solution into a 
test tube containing 1.0 ml. of the bacterial suspension and a drop 
of cucumber juice concentrate diluted 1 to 10 with w ater and in­
cubate for about 15 minutes a t  35° C. In  the meantime, add 0.1 
ml. of cucumber juice concentrate to  the remaining ascorbic acid 
solution and hold for 5 minutes, or until all ascorbic acid has 
been oxidized to  dehydroascorbic acid. Im mediately add 10 ml. 
of the dehydroascorbic acid solution to  1.0 ml. of bacterial sus­
pension in another test tube and incubate a t 35° C. for 25 minutes 
in a w ater bath. A t the end of the incubation periods, pour the 
contents of the tubes into separate 25-ml. portions of 0.1 A  sul­
furic acid and titra te  a t once with indophenol dye solution. The 
two titrations should be equal if complete reduction of dehydro­
ascorbic acid has taken place.

I t  is im portant th a t the dehydroascorbic acid solution be kept 
cold until the bacterial suspension is added and the entire pro­
cedure carried out rapidly or irreversible destruction of dehydro­
ascorbic acid will take place. Less bacterial suspension may be 
used, although it  is good practice to  use rather large excesses to 
make certain the reduction occurs rapidly before any dehydro­
ascorbic acid is lost.

M E T H O D

The method is given here as applied to evaporated milk and 
whole milk powder. Modifications m ust be made for the analysis 
of other foods.

Evaporated milk should be chilled thoroughly before analysis. 
Dilute 100 ml. to  a to tal volume of 200 ml. with cold 0.07% acetic 
acid. The final pH should be about 5.9. Reconstitute whole 
milk powder with cold distilled water and a  little acetic acid. 
This is best accomplished by mixing 230 ml. of water, 1.5 ml. of 
10% acetic acid, and 0.5 ml. of detergent (Igepal OTA, General 
Dyestuff Corp.) in a Waring Blendor and adding 31.25 grams of 
whole milk powder. If the volume after mixing is less than  250 
ml., make up to  th a t volume with a little distilled water.

Immediately add 0.1 ml. of cucumber juice concentrate to  100 
ml. of reconstituted milk and allow to stand for about 10 minutes. 
Pipet a  10-ml. aliquot into a  200-ml. beaker containing 25 ml. of 
0.1 iV sulfuric acid. While the pipet is draining, transfer another 
10-ml. aliquot into a test tube containing 1.0 ml. of E. coli sus­
pension and place in a w ater bath  maintained a t 35° C. T itrate  
the aliquot added to the sulfuric acid with indophenol dye solu­
tion to  a pink color which persists for 30 seconds. Incubate the 
other aliquot with E. coli for 25 minutes, add acid, and titra te  
with indophenol dye. The difference in the two titrations, mul­
tiplied by the dye factor, is equivalent to the amount of total
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Table I. Reduced Ascorbic Ac id, Dehydroascorbic Ac id, and 
Reducing Groups Other Than Ascorbic A c id  in Canned Fruit and 

Vegetable juices, Dairy Products, Urine, and Blood Plasma

C anned Fru it or 
V egetab le Juice

Orange, unsw eetened
G rapefruit, unsw eetened
P ineapple , unsw eetened
A pple
Parsley
L ettu ce
Sauerkraut N o . 1 
Sauerkraut N o . 2

D a iry  Products
R econ stitu ted  evaporated  m ilk  

(10 brands)
R econ stitu ted  spray process 

w hole m ilk  pow der (100 sam ­
ples)

M arket m ilk from  retail stores in  
San Francisco-O akland  area  
(10 brands and 269 sam ples) 

M arket m ilk from  hom es of con­
sum ers in  San F rancisco-O ak ­
land area (5 brands and 144 
sam ples)

U rine
1
2
3
4
5
6
7

B lood  Plasm a
1
2

A scorbic
D eh ydro­
ascorbic

R educing  
Groups 

O ther Than  
Ascorbic

A cid A cid Acid
,/1 0 0  m l. M g . /100 m l. M g ./100

60 0 9
36 0 6

8 0 2
3 1 1

41 0 53
4 0 7
4 0 8
1 0 1

0 .2 5 0 .0 2 .3

1 .2 5 0 .0 0 .3

0 .3 7 0 .2 4 0 .0

0 .3 5 0 .2 6 0 .0

0 .2 8 0 .0 9 0 .4 7
1 .1 4 0 .3 2 2 .2 8
0 .7 0 0 .5 2 0 .9 1
5 .5 0 0 .4 5 1 .8 5
0 .6 5 0 .4 5 1 .41
0 .1 3 0 .2 6 0 .7 1
0 .5 9 0 .0 6 0 .2 5

0 .8 0 0 .3 2 0 .2 9
0 .8 1 0 .3 3 0 .0 0
1 .1 7 0 .0 0 0 .0 0

vitam in C in 10 ml. of reconstituted milk. This m ay be m ulti­
plied by 100 to  express the values in the usual terms of mg. per 
liter.

If the relative amounts of ascorbic acid and dehydroascorbic 
acid are to  be determined, two additional titrations are required:
(1) immediately after reconstituting and (2) after incubating 
w ith E. coli 10 ml. of milk to which no cucumber juice has been 
added. The difference in  titrations is equivalent to  the am ount 
of dehydroascorbic acid originally present. This difference may 
be subtracted from to ta l vitam in C to  obtain the am ount of as­
corbic acid in the sample.

The selective oxidation-reduction method just described has 
been used in the authors’ laboratories for the analysis of several 
thousand samples of milk products. I t  has adapted itself well 
for routine procedure in the hands of laboratory technicians. 
W ith a little practice, the analyst can duplicate titrations to 
w ithin about 0.05 ml., or approximately 0.4 mg. of vitamin C per 
liter. One person during an ordinary working day can easily 
analyze 30 samples of whole milk powder or evaporated milk by 
this method.

A number of canned or bottled fruit and vegetable juices 
available in retail stores have also been tested for vitam in C by 
this method as well as for recovery of added ascorbic acid. These 
juices included grapefruit, orange, pineapple, lemon, peach, 
papaya, guava, lime, pear, apple, celery, cucumber, parsley, car­
rot, lettuce, w ater cress, composite vegetable, rhubarb, and sauer­
k rau t juice. The method was satisfactory when either E. coli or 
S. albus was used for the fru it juices and when S . albus was used 
for the reduction in vegetable juices. The juices contained little 
or no original dehydroascorbic acid, bu t many, especially vege­
table juices, contained rather large amounts of reducing sub­
stances other than  ascorbic acid which caused no interference 
w ith this method.

In  general, fruit and vegetable juices were chilled before analy­
sis and were diluted w ith a cold buffer solution containing a  pre­
determined am ount of alkali, so as to make the final concentra­

tion of vitam in C less than  5 mg. per 100 ml. and the pH  5.9 to
6.0. A 3%  metaphosphoric acid solution was used instead of 
0.1 A  sulfuric acid for the indophenol titration. No attem pt has 
been made to  extend the method to highly colored materials 
which are difficult to ti tra te  visually with indophenol dye. How­
ever, no particular difficulty should be found in adapting the 
method to colorimeter measurements for such materials.

The method has also been applied to urine and blood plasma. 
S. albus was used for these analyses and the general procedure 
was the same as for fruit and vegetable juices. Urine and blood 
plasma were adjusted to a satisfactory pH  by merely adding an 
equal am ount of 0.25 M  phosphate buffer of pH 5.9 before adding 
cucumber juice and the bacterial suspension.

Some typical analyses of canned fruit and vegetable juices, 
dairy products, urine, and blood plasma are presented in Table I.

Occasionally a  solution is so well buffered th a t the addition of 
acid prior to indophenol titration  is insufficient to cause the inac­
tivation of the bacterial suspension. In  such cases the addition 
of a small am ount of phenol has been helpful to prevent the bac­
terial reduction of the dye itself. I t  is often necessary to subtract 
a blank caused by the presence of small amounts of reducing 
substances in  the bacterial suspensions. These substances come 
from certain lots of media and are difficult to remove completely 
from the suspensions by washing. The reduction of dye by the 
bacteria themselves should be carefully checked from time to 
time in order to avoid serious errors in the determination.
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Electrolytic Determination of Copper and Z inc

In Brass Plating Baths and in Brass Electrodeposits
A .  S. M IC EL I A N D  R. E. M O S H E R ,  Motor Products Development Laboratory, U. S. Rubber Company, Detroit, Mich.

IN  A PR IO R  paper (I) reference was made to  the present electro­
lytic method for zinc and copper, in which the copper and 

zinc are codeposited from a cyanide solution containing am­
monium sulfate and ethanolamine, the deposit is dissolved in 
sulfuric and nitric acids, and the copper is deposited. During 
the intervening m onths the procedure has proved more conven­
ien t and rapid than  was reported, w ithout sacrificing precision 
and accuracy. I t  has been successfully used for the determina­
tion of copper and zinc in  brass plating baths and in electro­
deposited brass and has also been adapted to the determination of 
cadmium, zinc, or copper in plating baths.

Recently, a  procedure similar to the present one has been re­
ported by Verdin (2). However, his method requires 3 hours 
for the determ ination of copper and zinc while the present 
method requires from 45 to  50 minutes.

A P P A R A T U S

The electrolytic apparatus used consists of one stationary 
platinum  gauze electrode (3.5 cm. in  diam eter and 4 cm. high) 
and one central revolving platinum  gauze electrode (2 cm. in 
diam eter and 4 cm. high) w ith a 6-volt rectifier operating from 
a 110-volt alternating current line. The machine is equipped 
w ith an electric hot p latedor heating the sample and a  reversing 
switch for changing the polarity of the electrodes. The only 
other pieces of apparatus required are an  ordinary analytical 
balance and a drying oven.

Table 1. Accuracy of Method
S ub stan ce (P lu s B lank) E lectrod ep osit Error

G ram Gram

Stock  b rass-p lating so lu tion  (blank) 0 .2 5 9 0
Ferrocyanide 0 .2 5 9 4 + 0 .0 0 0 4
Silicon  (added as silicate) 0 .2 5 8 7 - 0 .0 0 0 3
A rsenic (added as arsenite) 0 .2 6 6 5 +  0 .0 0 7 5
Lead (added as p lum bite) 0 .2 6 6 4 +  0 .0 0 7 4
N ick el (added as cyan id e com plex) 0 .2 6 9 2 +  0 .0 1 0 2
A n tim on y (added as an tim on ite) 0 .2 6 1 5 +  0 .0 0 2 5
Tin (added as stan n ite ) 0 .2 6 4 8 +  0 .0 0 5 8

S O L U T IO N S

Supporting electrolyte, 200 grams of ammonium sulfate and 
40 ml. of Eastm an K odak ethanolamine (practical) per liter. 
This solution should be filtered before it  is used.

Acid mixture, 2 parts of 18 N  sulfuric acid to  1 part of 6 N  
nitric acid.

Sodium sulfide, 25 grams of sodium sulfide nonahydrate per 
50 ml. of solution.

Sodium cyanide, 5%  solution. -
Brass electrodeposit stripping solution. A solution 8 N  in 

ammonium hydroxide and containing 25 grams of ammonium 
persulfate per liter; 5 drops of 30% hydrogen peroxide are added 
to  each 25-ml. portion of this solution before i t  is used.

P R O C E D U R E  F O R  A N A L Y S I S  O F  B R A S S - P L A T IN G  S O L U T IO N

Centrifuge a portion of the cyanide brass-plating solution to 
be analyzed. Pipet 10 ml. of the clear solution into a 180-ml. 
electrolytic beaker and add 50 ml. of the supporting electrolyte. 
H eat just to  boiling and using a weighed platinum  electrode, 
electrolyze in a covered beaker a t  2.5 to  3.0 amperes, maintaining 
a  tem perature of 80° C. Wash down the sides of the beaker 
serveral times during the process of electrolysis. A fter the 
sample has run for 15 minutes, tes t for completeness of copper 
removal by mixing on a spot plate 1 drop of the solution and 1 
drop of concentrated hydrochloric acid, then adding 1 drop of 
the sodium sulfide tes t solution. A brown color indicates th a t 
the copper has not been completely removed.

W hen the electrodeposition is complete, wash the electrode 
w ith distilled water, dip it  in dry acetone, and heat in the oven 
a t  110° C. for 5 minutes. Cool and weigh.

Place the weighed electrode in  a 180-ml. electrolytic beaker and

add 3 ml. of the prepared acid mixture. Allow a portion 
brass to  dissolve in the acid. W ithout removing the electrode 
from the beaker, connect the electrode and after adding enough 
water to  cover the brass deposit, strip  the brass electrolytically 
by reversing the original polarity and electrolyzing a t  0.5 to  1 
ampere till the  platinum  is bare (about 5 m inutes). The po­
larity  is now returned to  normal and the copper deposition is 
begun, first a t  0.5 ampere until the electrode is covered (about 
1 minute) and then a t  1.5 amperes until deposition is complete 
(about 10 m inutes). Wash, dry, cool, and weigh the electrode 
to determine copper. The weight of copper subtracted from 
th a t of brass gives the weight of zinc.

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

Using a solution of cellulose acetate in ethyl acetate, mask off 
10 sq. inches (65 sq. cm.) of plate area. Deliver the stripping 
solution from a buret and run it over this area to  be stripped until 
the base m etal is clean. Transfer the collected solution of copper 
and zinc to  a 180-ml. electrolytic beaker and boil for 5 to 10 min­
utes to destroy persulfate. Add the sodium cyanide solution until 
the blue color of the copper-ammonia complex vanishes and then 
add 50 ml. of the supporting electrolyte. From this point on, 
proceed exactly as in  the brass-plating solution analysis.

IN T E R FE R E N C E S

Since the ordinary brass-plating bath  contains traces of certain 
metallic impurities and up to 2 grams of sodium ferrocyanide per 
liter, the influence of these substances on the accuracy of the 
method was checked. Ten milligrams of the m etal or radical 
under study were added as a sodium salt to 10 ml. of a stock 
brass-plating solution and the recommended electrolytic proce­
dure was followed (Table I).

I t  is clear from Table I th a t accurate results cannot be expected 
in the presence of lead, arsenic, antimony, tin, or nickel. When 
the plating characteristics of the bath  point to a possible metallic 
contamination, a direct chemical analysis for the im purity be­
comes necessary. Such cases are, however, rare.

D IS C U S S IO N

In  the development of the present procedure, the aim was to 
find a  suitable means of freeing copper and zinc in the brass- 
plating bath  from their more stable complexes and converting 
these metals into complexes perm itting rapid yet quantitative 
deposition of brass. In  the search for a  suitable electrolyte it 
was found th a t ammonium hydroxide speeded the deposition 
of brass. However, because of the rapidity  with which the am­
monia was driven out of solution by heating and gas evolution 
a t the electrodes, it  was not satisfactory. Consequently experi­
ments were made w ith other water-soluble amino compounds: 
2-am ino-l-butanol, hydroxylammonium sulfate, glycine, sul- 
fanilic acid, ethanolamine, diethanolamine, and triethanolamine. 
Of these compounds, ethanolamine gave the best deposit and the 
most consistent results. All these compounds gave denser and 
brighter plates than  does ammonia.

A further large increase in the speed of deposition was accom­
plished through heating to 80° to 90° C., electrolyzing a t a  high 
current density, and using a large concentration of ammonium 
sulfate, the la tte r salt serving largely to decompose any free so­
dium cyanide in the solution. W ith this combination of electro­
lyte and plating conditions, the deposition of brass can be made 
extremely rapid. To illustrate the speed of deposition by the 
present procedure, four 10-ml. samples of a stock brass-plating 
solution were electrolyzed for 5, 7.5, 10, and 15 minutes, re­
spectively. Of the 0.2387 gram of brass contained in each, the 
amounts remaining undeposited a t the interruption of plating
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were, respectively, 0.0263, 0.0138, 0.0007, and 0.0000 gram. 
Thus w ithout undue haste on the p art of the analyst, the copper 
and zinc content of a brass-plating bath (or the copper-zinc ratio 
of a brass plate) can be readily determined in 45 minutes.

Perhaps the greatest disadvantage encountered is th a t some 
hydrocyanic acid is evolved during the electrolysis. However, 
experience has shown th a t if the electrolytic machines are placed 
in or close to a hood in a well-ventilated room, the method pre­
sents no hazard from cyanide fumes.

The precision and accuracy of the method are satisfactory. 
The average weights of copper and zinc for twenty-five 10-ml. 
samples of standard brass solution were 0.2210 and 0.0169 gram, 
respectively, and the average deviation was ±0.0003 gram for 
both copper and zinc. The solution was standardized by the 
methods of Miceli and Larson (I) and was found to contain 
0.2211 gram of copper and 0.0167 gram of zinc per 10 ml.

While the method is hardly an umpire method, it  has been 
found entirely satisfactory for production and experimental con­
trol work. The simplicity of the technique involved is also of 
benefit, especially when the analyses are turned over to  a new 
operator.
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Standards in Vitamin A  A ssay s

U .S .P . Reference Cod Liver O i l  vs. Beta-Carotene

E L IZ A B E T H  CROFTS C A L L IS O N  a n d  E L S A  ORENT-KEILES 
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Evidence from both biological and spectrophotometric data is pre­
sented showing that U.S.P. reference cod liver oil No. 2 contains 
less than 1700 international units of vitamin A  per gram and there­
fore that the U.S.P. vitamin A  unit cannot be considered identical 
with the international unit for that vitamin. A s  a result of this dis­
crepancy, assays of vitamin A  value performed by bioassay using 
U.S.P. reference cod liver oil No. 2 as the standard and expressed 
in terms of international units may be from 30 to 4 4 %  higher than 
the actual value. Data are also presented showing the instability of 
vitamin A  as it occurs in U.S.P. reference cod liver oil No. 2. Pure 
0-carotene may be used as a standard for the bioassay of vitamin A  
until a more stable and satisfactory standard is developed.

IN C ON NECTION  w ith a study of the utilization of carotene, 
iri which the vitam in A value of a number of samples of car­

rots was determined by both spectrophotometric and biological 
methods, evidence has been accumulated indicating th a t U.S.P. 
reference cod liver oil No. 2 is lower in vitam in A potency than 
1700 international units per gram and thus th a t the U.S.P. and 
international vitam in A units are not “ identical” . As a result of 
this discrepancy, vitam in A values determined by the bioassay 
method, using U.S.P. reference oil No. 2 as a standard and ex­
pressed in terms of international units, appear higher than  they 
are in reality.

B I O A S S A Y  D A T A

The biological assays were conducted in accordance with the 
method outlined in the U. S. Pharmacopoeia X I, a  to tal of 324 
animals being used in the experiments. Both male and female 
rats from the authors’ stock colony were used and the groups of 
animals to be compared were composed of equal numbers of sex- 
litte r mates. The laboratory in which the animals were kept was 
m aintained a t 78° to 82° F. (25.56° to 27.78° C.).

One reference group of animals received U.S.P. reference oil 
No. 2 in an am ount providing 14 units of vitam in A per week, 
basing calculations on the value assigned to this oil of 1700 units 
per gram. I t  was planned tha t a  second reference group should 
receive /3-carotene (pure /3-carotene, SMA Corp.) equivalent to 
the cod liver oil in vitam in A value, considering 0.6 microgram 
of 0-carotene as equivalent to 1 international unit.

As soon as it became apparent th a t there was a considerable 
difference between the growth rates of the animals receiving cod 
liver oil and those receiving 0-carotene, the 0-carotene content of

the solutions used for feeding was determined spectrophotomet- 
rically. An aliquot of 0.5 cc. of the 0-carotene solution as diluted 
for feeding was weighed and diluted to  25 cc. with a  1 to 1 mixture 
of purified Skellysolve, fraction C, and ethyl alcohol. The ab­
sorptions a t wave lengths 430, 450, and 480 my. were read by 
means of a photoelectric spectrophotometer, using a Hilger 
double monochromator, and absorbencies of an equal amount of 
cottonseed oil measured a t the same wave lengths subtracted 
from these readings. The average ratios between the absorptions 
a t 430 and 450 m y  and at 480 and 450 m y were 73.6 and 88.1%, 
respectively. These ratios indicate th a t some small amount of 
im purity was present in the supposedly pure 0-carotene and point 
to  the necessity for further purification of even the best commer­
cial preparations.

Calculation of the amount of 0-carotene present in each solu­
tion was based on the average extinction coefficient for 0-carotene 
of 0.2487. This coefficient has frequently been obtained with 
these same solvents in the laboratory of the Bureau of D airy In ­
dustry, the highest extinction coefficient for pure 0-carotene in 
petroleum ether-ethyl alcohol obtained in this laboratory being 
0.2455. The average value thus obtained for the series of solu­
tions was 25.6 micrograms of 0-ca.rotene per gram of solution, 
which is equivalent to  23.4 micrograms per cc., using 0.915 as the 
specific gravity of the cottonseed oil a t the tem perature of the 
experiment room. This value represents the maximum amount 
of 0-carotene present in the solutions and has been used in calcu­
lating the 0-carotene intake of the experimental animals (Table I).

The U.S.P. reference oil was diluted prior to feeding each week, 
using cottonseed oil containing 0.01%  hydroquinone as the dilu­
ent. No sample of reference Toil was used beyond the expiration 
date marked on the bottle. The concentrated standard solutions 
of 0-carotene in cottonseed oil were diluted a t weekly intervals 
for feeding. The solutions were stored in the dark a t a tem pera­
ture below 0° C. a t all times when not actually in use. Supple­
ments, fed thrice weekly from a calibrated syringe, were pre­
pared so th a t each dose was contained in 0.1 cc. of the cottonseed 
oil solution. The five assays reported were performed over a 
period of 2 years; five different lots of U.S.P. reference oil and 
five different standard solutions of 0-carotene were used.

I t  was found on analysis of the results th a t in every case the 
animals receiving 0-carotene made greater average gains over 
the 4-week period of assay than  did their litter mates receiving a 
supposedly somewhat greater am ount of vitamin A from the 
U.S.P. reference oil. As a result of this discrepancy, the vitamin 
A value of the four samples of carrots under assay in this study 
appeared to be from 30 to 44% less when 0-carotene was used as 
the standard than when U.S.P. reference oil was the standard on 
which the calculations were based (see Table I).



June, 1945 A N A L Y T I C A L  E D I T I O N 379

Table I. Comparison of U.S.P. Reference Cod Liver O il No. 2 and 0-Carotene as Standards in the
Bioassay of Vitamin A  Value

A v. W eight Gain per W eek with
N o . of Standard Error of A nim als R eceiving: V itam in A Value of Carrots

A nim als in U .S .P . reference On basis of
E ach  A ssay cod liver  o il, /3-carotene, 

7 . 0 2 7  per w eek&
U .S .P . ref- On basis of

A ssay G roup“ 14 I .U . per week erence o il /3-carotene D ifference
G ram s G ram s ,------ 1. U ./1 0 0  g.-------> I .  U ./1 0 0  g. %

C arrots, N o . 1 10 1 2 .8  ±  1 .3 7 1 5 .8  ±  2 .0 7 6,365  4,180 2,185 34
C arrots, N o . 2 15 9 .2  ±  1 .7 7 1 4 .0  ±  1 .4 8 17,500 9 ,750 7,750 44
C arrots, N o . 3 8 1 1 .0  ±  0 .9 1 1 4 .6  ±  1 .8 8 6 ,8 3 0  4 ,775 2,055 30
C arrots, N o. 4 15 1 2 .4  ±  2 .'04 1 4 .4  ±  2 .0 2 13,335 9 ,360 3,975 30
/3-C arotenec vs.

U .S .P . refer­
ence o il N o. 2 28 1 0 .0  ±  0 .6 8 3 1 3 .3  =*= 0 .6 5 5
" Sex-litter m ates were assigned to  five groups w hich received U .S .P . reference cod liver  o il, fi-carotene, supple­

m en ts of carrots at tw o  leve ls , and no sup p lem ent, resp ectively , 
b D eterm ined  b y  spectrop h otom etric analysis.
c T hree groups of sex-litter  m ates w ere used in  th is exp erim en t, receiving reference cod liver o il, /3-carotene, and 

n o  su p p lem en t, resp ectively .

were lower—i.e., the E\%m 325 
m y  values were 0.772 and 0.785 
and the E \  620 m/r values
were 0.1117 and 0.1135, respec­
tively, again calculating the E  
per I.U . as above. This clearly 
demonstrates th a t the variability 
observed in the vitam in A con­
ten t of the samples of the ref­
erence cod liver oil No. 2 is not 
entirely due to  destruction of 
vitamin A following the opening 
of the bottle in the laboratory. 
Three of the samples of the refer­
ence oils used in the bioassays de­
scribed in this report gave E  
325 m y  values of 0.728, 0.790, 
and 0.756, respectively.

In  order to verify these data, 14 male and 14 female sex-litter 
m ate pairs of animals were given the standard doses of reference 
cod liver oil and 0-carotene used in the bioassays, respectively, 
resulting in similar findings. The rats receiving carotene gained 
approximately one third more weight during the assay period 
than  did those receiving the U.S.P. reference cod liver oil (Table I).

Baxter and Robeson (7) reported a  biological potency for v ita­
m in A 0-naphthoate of 3,440,000 U.S.P. X I units per gram and 
compared it  w ith a value of 2,225,000 international units per 
gram as found by Underhill and Coward (6) for the same vitam in 
A ester. This is a difference of more than  50%, which was a t­
tributed by Baxter and Robeson (1) to a lack of uniformity in 
bioassay procedures among different laboratories. However, 
the discrepancy could well have been due, a t least in part, to  the 
fact th a t U.S.P. reference oil No. 2 was used as a standard by 
Baxter and Robeson (1) while Underhill and Coward employed 
the international standard 0-carotene in their bioassays.

S P E C T R O P H O T O M E T R IC  D A T A

The unsuitability of the U.S.P. reference cod liver oil No. 2 
as a standard in spectrophotom etric and colorimetric work is 
well known and the reasons therefor have been discussed (£, 6), 
not the least of these being its chemical instability. This insta­
bility becomes of increased importance in biological assays, 
where the use of the sample for a single assay usually extends 
over a period of a t  least 1 month. In  a series of such assays one 
sample of the oil m ight be in use over the full 6-m onth period, 
during which it is guaranteed to be safe.

Wiseman and Cary (7) of the Bureau of D airy Industry, Agri­
cultural Research Administration, found E\%m 325 m y  values 
for the nonsaponifiable fraction varying from 0.764 to 0.88, in a 
series of U.S.P. reference oils No. 2 picked up from several labora­
tories in the W ashington area and still considered as usable stand­
ards by the laboratories. In  an attem pt to  determine the sources 
of these variations, they analyzed immediately upon delivery two 
bottles of the U.S.P. reference oil No. 2, which had been packed 
in dry ice and were in transit less than  24 hours. The absorption 
of the nonsaponifiable fraction a t both 325 m^ and 620 m/x, after 
treatm ent w ith antimony trichloride reagent, was measured by 
means of a  photoelectric spectrophotometer using a Hilger double 
monochromator. The values for E\%m 325 him were 0.870 and 
0.873 and the values for E \  620 m/i were 0.1242 and 0.1244,
respectively, using the rated potency of the oil in calculating the 
E  per I.U.

After aliquots had been removed for analysis, the bottles were 
resealed under nitrogen, stored a t  reduced tem peratures, and re­
analyzed 11 m onths later. At this time the E\%m_ 325 m y  value 
had dropped to  0.675 and the E \  ^ / m1' 620 my value was lowered 
proportionately to 0.098. A bout a year after the first samples of 
reference oil had been received, two additional bottles were ob­
tained, the same precautions being observed in shipping and 
handling; in this case the values for the freshly opened samples

D IS C U S S IO N

Oser, Melnick, and Pader (5) s ta te  th a t “ when parallel tests on 
the reference oil are used as the basis for arriving a t factors for 
converting E  values to biological unitage in unknown oils, serious 
complications result” , and th a t “errors in estim ating potency in 
relation to the U.S.P. reference oil may fall within the limits of 
error of the bioassay and are difficult to prove” .

Hume (3 ) has questioned the assumption th a t the international 
and U.S.P. vitam in A units are equivalent, basing this conclusion 
upon the results of a series of collaborative tests using the U.S.P. 
reference cod liver oil No. 1; an exhaustive statistical analysis of 
these results has recently appeared.

In  the case of vitam in A bioassays, the limits of error are rather 
wider than in other types of assay—for instance, as reported by 
Irwin (4) in his statistical examination of the accuracy of vitamin 
A assays, the lim its of error of vitam in A value (P  =  0.99) ob­
tained from testing several thousand animals lay between 65 and 
154%. I t  is when attem pting  more precise measurements, such 
as the establishment of a conversion factor for spectrophotometric 
values, th a t the inaccuracies of the bioassay become troublesome 
and for this reason are considered significant.

However, even from a practical viewpoint, a  systematic error 
of 30 to 44% invariably in the same direction—i.e., increasing the 
apparent vitam in A value—becomes im portant, especially when 
one considers th a t the only direct way a t present of arriving a t 
the vitam in A values of food is by bioassay. Figures of this kind 
are in widespread use as the basis of calculations for dietary sur­
veys. To the rather wide range of error inherent in the vitam in A 
bioassay there should not be added a constant error of this mag­
nitude through the use of a standard as unstable as the U.S.P. 
reference cod liver oil No. 2. At present, pure 0-carotene appears 
to be a more reliable standard for use in vitam in A bioassay than  
the U.S.P. reference cod liver oil No. 2 and one which could 
easily be replaced by a vitam in A standard, when a satisfactory 
preparation is available.
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Colorimetric Determination of Nickel with Dimethylglyoxime
A .  M . M IT C H ELL  WITH M . G. M E L L O N ,  Purdue University, Lafayette, Ind.

A  spectrophotometric study was made of the colorimetric method 
involving formation of a soluble red complex by treating nickelic ion 
in ammoniacal solution with dimethylglyoxime. Beer's law applies 
for concentrations from 0.1 to 5 p.p.m. of nickel, using 1.000-cm. 
absorption cells. The aqueous system is unstable, but sufficient 
ethanol makes the color stable for 30 minutes. O f the ions soluble 
under the conditions used, only auric, cobaltous, and dichromate 
interfere seriously. Metals which precipitate in ammoniacal solu­
tion are removed in the procedure, unless it is possible to prevent 
precipitation through some suitable reaction.

IN 1924 Feigl reported (5) th a t a strong red hue develops when 
a solution containing nickel is oxidized with lead dioxide, 

basified w ith sodium hydroxide, and allowed to react with a 
solution of dimethylglyoxime. To convert the nickel to the 
necessary quadrivalent sta te  Rollet (12) recommended bromine 
w ater as a  more convenient oxidant in applying the reaction 
quantitatively. W ith this reagent the color develops rapidly 
w ithout heating. Although Fairhall questioned the general 
soundness of the method (4), its use has been expanding (2). 
Examples of commercial applications are the determination of 
nickel in aluminum alloys (6), copper-base alloys (6, 14 , 16), iron 
ore (1), silicate rocks (13), and steel (3, 6-10,15). Extraction of 
the colored complex with ether has been suggested (11).

In  view of the apparent industrial importance of this method, 
it  seemed worth while to make a spectrophotometric study of 
the colored system before beginning closely related work. This 
paper is a summary of the general results obtained.

APPARATUS A N D  SOLUTIONS

T ransm ittancy measurements were made in 1.000-cm. cells 
with a  General Electric spectrophotom eter adjusted for a spec­
tral band width of 10 mp.

A stock solution of nickel sulfate, NiS04.6H 20 , was prepared 
by suitable dilution of a gravimetrically analyzed solution. In  
the study of the effect of diverse ions, n itrate, chloride, or sul-

Wavelenglh, in mp

Wavelength, in mp

fate salts were used for cations, and alkali m etal salts for anions. 
The color-forming reagent, dimethylglyoxime, was 0.1 %  ethanolic 
solution. The bromine w ater was a saturated  solution. The 
concentrated ammonia w ater was reagent quality, and the eth­
anol was 95% material.

THE COLOR REACTION

The procedure for the colorimetric determination of nickel 
differs from the gravimetric method chiefly in the oxidation to  a  
higher valence sta te  by bromine water before addition of di­
methylglyoxime. In  this state the compound formed is a red, 
soluble complex which, according to Feigl (5), has the structure 
[H 0 N = C (C H 3)C(CH s) = N 0 ] 2N i= 0 .

E f f e c t  o f  R e a g e n t  C o n c e n t r a t i o n . An excess of bromine 
water, recognized by the yellow color of the solution, is necessary 
to ensure complete oxidation of the nickel, and therefore com­
plete color development. The bromine w ater is added first.

Next comes the concentrated ammonia water, its function 
being to eliminate excess bromine and to adjust the pH  value. 
The reagent is added dropwise until the yellow color from excess 
bromine disappears. Then 5 ml. more are added, although 
the color is unaffected by using any volume between 1 and 5 ml. 
in a to ta l volume of 50 ml. A t pH  values lower than  those thus 
achieved, the color intensity is less as one goes toward neutrality.

Approximately 1 ml. of 0.1% solution of dimethylglyoxime 
is required to produce maximum color with 1 p.p.m. of nickel. 
Excess reagent, a t least up to 20 ml., has no further effect.

E f f e c t  o f  S o l v e n t . The intensity, stability, and wave 
length of the transm ittancy minima of the colored system depend 
upon the solvent present.

Water. The solutions whose transm ittancy curves are shown 
in Figure 1 (2 p.p.m. of nickel) contained only the ethanol intro­
duced in 10 ml. of the color-forming reagent. The color did not 
reach maximum intensity within an hour in the region of the 
543 mp transm ittancy minimum. Presumably this indicates a 
slow shift of some equilibrium reaction. I t  may be noted th a t the 
color has begun to fade a t  445 mp before reaching maximum in­
tensity a t  543 mp. This aqueous solution was too unstable to be 
satisfactory for analytical determinations. Incidentally, there 
are two isobestic points in this series of tim e-study curves, one a t 
455 mp and one a t 416 mp.

380
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Ethanol. Difficulties w ith the aqueous system were avoided 
by increasing the concentration of ethanol. Both the intensity 
and the stability  of the  color were found to  be dependent upon 
the concentration of th is solvent. A to tal of 27.5 ml. of ethanol 
is the optimum volume for dilution to  50 ml. On using 10 ml. of 
dimethylglyoxime reagent and 17.5 ml. (± 2 .5  ml.) of ethanol, the 
colored system showed the first significant fading after 30 minutes 
(see Figure 2). The solutions for these curves were identical in 
composition w ith those used for Figure 1, except in  the concen­
tration  of ethanol. I f  less th an  17.5 ml. of ethanol is used, the 
color shows characteristics approaching those of the aqueous 
system. H igher concentrations of ethanol increase the ra te  of 
fading.

The range of the method, using the ethanol-stabilized system, 
is 0.1 to 5 p.p.m. w ith a  1.000-em. absorption cell (see Figure 3). 
This system conforms to Beer’s law within these concentrations, 
as determined by measurements a t 445 and 543.m/i.

E f f e c t  o f  D i v e r s e  I o n s . In  studying th e  effect of diverse 
ions the standard nickel solution was measured w ith a 2-ml. 
pipet into a  50-ml. volumetric flask. To this were added 3 ml. 
of the solution containing the diverse ion and the solution was 
mixed. A fter adding an excess of 1 ml. of bromine water, con­
centrated ammonia w ater was added dropwise to  remove the 
yellow color and then  5 ml. in excess. Following the successive 
addition of 10 ml. of dimethylglyoxime solution and 17.5 ml. of 
ethanol, the solution was diluted to volume w ith distilled water.

In  general, the effect of 600 p.p.m. of diverse ion was deter­
mined. I f  interference was noted, successively smaller amounts 
were used until the change in transm ittancy a t  445 m/i amounted 
to  no more than  2 % of the nickel, an error considered permissible 
in such colorimetric measurements. I f  600 p.p.m. of the ion did 
not interfere, i t  was assumed th a t the ion would not cause diffi­
culty. Table I  summarizes im portant interferences.

Of the diverse ions studied, the following did not interfere in 
concentrations 300 times th a t of the nickel: acetate, arsenate, 
arsenite, benzoate, borate, bromide, carbonate, chloride, citrate, 
cyanide, fluoride, formate, iodate, lactate, molybdate, n itrate, 
nitrite, oxalate, perchlorate, periodate, orthophosphate, pyro­
phosphate, sulfate, sulfite, ta rtra te , tungstate, lithium, potassium, 
and sodium.
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Table I. Effect of Diverse Ions

Ion A dded as A m ount Error
A m ount

Perm issib le

c i o « - KClOa

P .p .m .
600

%
2

P .p .m .
600

CraOï ” K 2Cr20 ; 10 4 5
SeO i " “ N a2SeO« 200 2 .5 100
N C S - K N C S 400 1 400
A u + + + AuCls 25 2 .5 20
Cd + + C d(N O *)2 600 0 .5 600
Ca + + C a(N O ,)2 100 1 100
C o + + C o(N O a)2 5 1 10
Zn + + Z n(N O s)2 600 0 .5 600

The following ions precipitate and m ust be removed unless 
their interference can be prevented by complexation or other 
applicable reaction: chlorostannous, chlorostannic, iodide, per­
manganate, silicate, thiosulfate, vanadate, aluminum, antimony, 
barium, beryllium, bismuth, cerium, chromium, copper, ferrous, 
ferric, lead, magnesium, manganese, mercuric, mercurous, 
platinum, silver, strontium, thorium, titanium , uranyl, and zir­
conium.

Auric, cobaltous, and dichromate ions interfere because of 
their color. Figure 4 illustrates the nature of the effect. Cer­
ta in  colorless ions interfere when present in large amounts. Ex­
amples are the anions chlorate, selenate, and thiocyanate, and 
the cations cadmium, calcium, and zinc.

From this study of the interference of ions, it  is evident th a t 
the analysis of various materials, such as alloys, is likely to  involve 
a  separation of certain cations before developing the color of the 
nickel complex. In  a  specific case it  may be possible to  eliminate 
interference by complexation. Thus, ta rtaric  acid functions in 
this manner for iron in steel analysis (9).

RECOMMENDED PROCEDURE

T r e a t m e n t  o f  S a m p l e . Weigh or measure by volume a quan­
tity  of sample containing 0.5 mg. of nickel or less. The proper
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treatm ent of materials depends, of course, on the nature of the 
sample. When in solution, make the system just acidic by 
means of hydrochloric acid and /o r ammonia water.

S e p a r a t i o n  a n d  M e a s u r e m e n t . After bringing the solution 
to  a faint yellow with bromine water, add 2 ml. in excess, then 
10 ml. of concentrated ammonia water. If  a precipitate forms, 
stir well and filter, receiving the filtrate in a  100-ml. volumetric 
flask. If no precipitation occurs, omit the remainder of the sepa­
ration procedure. Redissolve any precipitate in a minimum 
am ount of hydrochloric acid (1 to 1). Reprecipitate by adding 1 
ml. of bromine water and 4 ml. of concentrated ammonia water. 
Filter, -wash, and add the second filtrate to the first. To the 
combined filtrates add 35 ml. of 95% ethanol and 20 ml. of 3.1% 
ethanolic dimethylglyoxime reagent. Dilute to  volume, mix well, 
and measure by suitable means. A filter such as Corning No. 
440 Signal green is recommended for filter photometers.
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Determination of M oisture in Naval Stores Products

By the Karl Fischer M ethod

V IC T O R  E. G R O T L ISCH  a n d  H A R O L D  N. BURSTEIN 

Naval Stores Section, Cotton and Fiber Branch, Office of Marketing Services, U. S. Department of Agriculture, Washington, D. C.

D ISSOLVED moisture in terpene solvents such as turpentine, 
pinene, dipentene, and pine oil affects their suitability for 

certain purposes. For example, turpentine for packaging and 
distribution in m etal cans, pinene for use as a chemical raw m ate­
rial (synthetic camphor), and pine oil for textile preparations and 
insecticides m ust carry only a relatively small quantity  of dis­
solved or occluded moisture. Cloud point determinations for 
moisture are no t applicable to these products, owing to  possible 
separation of crystalline compounds (terpene alcohols, resin 
acids), and also to  the very low tem peratures th a t would have 
to be employed to freeze out the m inute quantities of water 
present. M oisture in pine oils has heretofore been determined 
by refluxing the oil w ith a miscible solvent having a  very low 
solubility for water, such as toluene, and collecting the water 
which separates from the distillate in  a calibrated trap. W ith 
turpentine and the other terpene solvents, the normal percentage 
of w ater is too small to be determined in th a t way.

To determine such small quantities of moisture, it appeared 
th a t a very sensitive method would be required, such as the K arl 
Fischer method (5), preferably as modified by Smith, B ryant, 
and M itchell (7). This has recently been adopted by the 
American Society for Testing M aterials (2) as a tentative standard 
method for determining moisture in lacquer solvents and diluents. 
A number of papers on various applications of this method have 
appeared in the A n a l y t i c a l  E d i t i o n  over a period of years. 
Almy, Griffin, and Wilcox (I ) discussed its use for determining 
water in glues and sirups. W ernimont and Hopkinson (8) and 
M cKinney and Hall (6) described electrometric devices for de­
termining when the end point of the reaction has been reached. 
No great difficulty has been experienced in the application of the 
m ethod to  determining moisture in naval stores products such 
as those previously enumerated, w ithout such equipment, bu t 
it  was found th a t certain variations or adaptations of the Smith, 
B ryant, and Mitchell procedure were necessary and advantageous 
for this type of analysis.

The K arl Fischer reagent can be purchased ready-made from 
a t least one laboratory supply house. The experiments de­

scribed herein were performed using a reagent prepared and 
standardized according to the procedure of Smith, B ryant, and 
Mitchell, except th a t gaseous sulfur dioxide was used.

MOISTURE IN PINE OIL

The determ ination of moisture in pine oil by th is method 
proved to  be rapid and rather simple, w ith results which were 
in very good agreement w ith those obtained by the method usu­
ally used (A.S.T.M. M ethod D -95 for w ater in petroleum prod­
ucts, 3). No additional solvent was required, and excellent 
checks were obtained on relatively small samples requiring a 
minimum of reagent. Since the end point w ith a small sample 
was sharp, no advantage could be found in using a larger sample 
of oil requiring from 40 to  50 ml. of reagent. The results ob­
tained on a  variety  of pine oils and pine oil constituents are 
given in Table I, along w ith the results for moisture content as 
determined by the distillation method.

P r o c e d u r e  f o r  P i n e  O i l  (the reversal in the usual order of 
titra tion  was found to  give a  closer detection of the end point). 
Accurately pipet 10 ml. of the Fischer reagent into a 50-ml. 
Erlenmeyer flask, stopper, and weigh. Immediately run in the 
pine oil from a 10-ml. microburet, w ith shaking, until the red- 
brown iodine color ju s t disappears. A t the end point, the change 
from red-brown to the orange-yellow color of the spent solution 
is sharp. The weight of the added pine oil is obtained by weigh­
ing the flask, or calculating from the specific gravity or density. 
D uplicate titrations should check to  within 0.2 ml.

Calculate the moisture content as follows:

D . t  r x A v 1 „„ T  X  APer cent w ater = ----------  X 100, or . .  — _g ' V X D

where
T  = tite r or moisture value of 1 ml. of reagent
A  = ml. of reagent used
g = weight of sample
D = density (or specific gravity) of sample

The above proportions hold for ordinary pine oil, of up to 0.5% 
moisture content. For larger moisture content, 20 ml. of reagent
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Table I. Moisture Content of Pine O ils and Terpene Solvents
M oisture C ontent 

A uthors’ 
A .S .T .M . procedure, 

test F ischer
D -9 5  reagent

%
0 .4 6 , 0 .4 6  
0 .3 4 , 0 .3 4  
0 .8 7 , 0 .8 7  
0 .5 0 ,  0.,52  
0 .4 2 , 0 .4 1  
0 .8 6 , 0 .8 5  
0 .4 2 , 0 .4 4  
0 .7 8 , 0 .8 0  
0 .1 3  
0 .0 7 5

0 .0 1 2 ,0 .0 1 5  

0.020,0.021 
0 .0 3 2  

0 .0 7 4  

0.380®  

0 .0 2 2 ,0 .0 2 6  

0.110
0 .0 1 7 ,0 .0 1 8

0 .0 4 2 ,0 .0 4 9  
0 .2 8

0 .0 6 4  
0 .0 3 1  
0 .0 7 8

Sam ple
%

1. S team -d istilled  am ber p ine o il 0 .4 5
2. S team -d istilled  w ater-w h ite p in e oil 0 .3 5
3. S yn th etic  p ine o il, A 1 .0 8
4. S yn th etic  p in e oil, B 0 .5 1
5. D estru ctive ly  d istilled  pine oil 0 .4 4
6. D estru ctive ly  d istilled  pine o il 1 .04
7. C om m ercial terp ineo l 0 .4 3
8. F en ch y l a lcohol
9. R ed istilled  p in e o il 0 .0 0

10. R ed istilled  terp ineol 0 .0 0
11. G um  sp irits  of turp en tin e, fresh, from  drum at

p a in t store
12. G um  spirits of turp en tin e, fresh, from  southern

storage tank
13. G um  sp ir its  of turpentine from  original can

packed in South
14. G um  sp irits  of turp en tin e, o ld , from  p artly  filled

can
15. G um  spirits of tu rp en tin e, very  old , no longer

m eet specifications
16. S team -d istilled  wood tu rp en tin e from  drum  at

p a in t store
17. S team -d istilled  wood tu rp en tin e from  can filled

at p lan t, old
18. S team -d istilled  wood turp en tin e, fresh , from

drum a t  p a in t store
19. Su lfa te wood tu rp en tin e, glass b o ttle  packed at

p lan t
20. Su lfa te wood tu rp en tin e, o ld , from  p artly  filled can
21. D estru ctive ly  d istilled  wood turp en tin e, sam ple

as received from  m anufacturer
22. P inane, from  H ercules Pow der Co.
23. P ara-th inner, from  H ercules Pow der Co.
24. cr-Pinene, from  steam -d istilled  tu rpentine, from

drum  sam pled a t  p lan t »
25. /3-Pinene, from  gum tu rpentine, old , laboratory

sam ple
26. D ip en ten e , old

0 .0 8 1

0 .1 3
0 .2 5

° D ecom posed  reagent a t first. T est sa tisfactory  on cooling to  5 °  C.

are recommended. For anhydrous pine oil, on the other hand, 
much less than  10 ml. of reagent would be required, so it is pref­
erable to pipet 10 ml. of the sample, weigh, and titra te  w ith the 
reagent to  a red-brown end point.

Only two samples gave results no t in agreement w ith the re­
flux distillation method. In  the case of sample 3, a synthetic 
pine oil, there is evidence of the presence of polyhydroxy alcohols 
which are easily decomposed to  form w ater as one of the end 
products on heating. Sample 6 was a very old (at least 15 years) 
bottled sample on which no previous data  were available. Here 
again, i t  is possible th a t the presence of low-boiling constituents 
miscible with water, such as wood naphtha, or which decom­
posed on heating to form water, gave a  high w ater recovery by 
the ordinary method of determining w ater in pine oil.

Samples 9 and 10 are included to  sim ulate or represent com­
mercially anhydrous pine oils of very low m oisture content. 
They were prepared by redistilling commercial samples of regular 
pine oil and of terpineol, w ith recovery of the m aterial after the 
initial moisture-containing portion had been rejected. The 
greater sensitivity of the K arl Fischer method over the ordinary 
distillation m ethod for such anhydrous pine oils is brought out 
by the results shown.

TERPENE HYDROCARBON SOLVENTS

Turpentine, pinene, and related terpene hydrocarbons did not 
lend themselves to direct titra tion  w ith the Fischer reagent, be­
cause of the formation of a precipitate which prevented any obser­
vation of the end point. I t  was possible to  overcome this difficulty 
by the use of excess pyridine which apparently  prevents the for­
m ation of or dissolves the insoluble compound. As turpentine 
and methanol are no t miscible in all proportions, the reaction 
m ixture forms two layers, the upper one consisting of the tu r­
pentine w ith some methanol and pyridine in solution, the lower 
one probably a saturated  solution of the pyridine salts in m eth­
anol. M ost of the color developed during the course of the re­

action is absorbed by the bottom layer, which gradually takes on 
the orange-yellow color of the spent reagent. The end point is 
best observed while the contents of the flask are being vigorously 
whirled, the change from the orange-yellow to the red-brown 
being easily discernible. When the layers settle and separate, 
the bottom  layer will be red-brown, the upper layer light yellow 
or almost colorless.

P r o c e d u r e  f o r  T e r p e n e  S o l v e n t s . I t  is advisable to set up 
three burets, two of 50-ml. capacity for dry pyridine and Fischer 
reagent, respectively, and one 10-ml. microburet for additional 
Fischer reagent.

Run 20 ml. of dry pyridine into a  250-ml. Erlenmeyer flask and 
titra te  with the reagent from the larger buret to a red-brown. If 
the pyridine has not been sufficiently dried, 30 ml. or more of 
reagent may be required. Then add pyridine dropwise until 
the red-brown color is ju s t discharged. Stopper and weigh the 
flask.

P ipet in 100 ml. of the turpentine or terpene solvent under test, 
stopper, and weigh again. If the turpentine is highly oxidized, 
a reaction may take place with the spent reagent present, indi­
cated by evolution of heat and decomposition of the spent reagent, 
with liberation of free iodine. In such case, s ta rt over, and place 
the flask w ith the pyridine in an ice bath, adding the turpentine 
slowly with gentle mixing.

Add the reagent from the microburet with vigorous shaking of 
the flask. Stop occasionally and allow the layers to separate, so 
the color of the bottom  layer can be observed. The change from 
the orange-yellow to the red-brown color a t  the end point may 
require a  slight excess of reagent, bu t this will not affect the re­
sults greatly. M ost turpentines will require 6 to 10 ml. of re­
agent. The average of two titrations agreeing within 0.5 ml. can 
be taken. Calculate the percentage of moisture as w ith pine oil.

The results obtained on a number of samples of turpentine and 
related terpene solvents, shown in Table I, cover a  rather wide 
range of condition of sample and moisture content. No com­
parable results by any other method are available, since no other 
suitable method has been developed. The Zerewitinoff method
(9) could not be used, as it  measures alcohols as well as water, and 
Chadwick and Palkin (4) showed th a t small quantities of alcohols 
were present in turpentine. The results appear to be of logical 
magnitude and in correlation w ith the source, identity, appear­
ance, and age of the various samples. Possible sources of error 
either through addition of iodine to the double bond of pinene, 
or through liberation of free iodine by terpene peroxides were con­
sidered. Such reactions generally take place rather slowly, and 
would occur after the main reaction of the reagent w ith the water. 
Free iodine present a t the end point of the reaction is absorbed 
by the terpene solvents only after the reaction m ixture has 
stood for about 30 minutes, as an end point will endure for ap­
proximately this length of time. These observations were also 
substantiated by the findings of M cKinney and Hall, who 
showed th a t only a negligible quantity  of iodine is absorbed by 
pinene or pine oil, under the conditions of the test.

In  order to test as completely as possible the accuracy of this 
procedure, check analyses were made on samples of gum turpen­
tine, dried by refluxing over calcium oxide and redistilled. 
Known quantities of w ater were introduced by adding measured 
volumes of the standard moisture solution, the amounts of water 
added being comparable w ith the quantities actually found in 
authentic samples. Results: calculated for water, from weight 
of water added: 0.020, 0.034, 0.062, and 0.089%; found: 0.020, 
0.034, 0.062, and 0.090%.
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Estimation of Riboflavin, Thiamine, and 

N  -Methylnicotinamide

Rapid Field M ethods
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Rapid field methods for estimating riboflavin, thiamine, and N 1- 
methylnicotinamide in small volumes of urine are described. They 
employ simple, rugged apparatus and visual fluorometry, and can be 
used under primitive field conditions.

TH E stimulus of repeated surveys has led to the development 
of a field nutrition laboratory for use even under primitive 

conditions (4). The primary requirements for field chemical 
methods are th a t they should demand small samples, should 
require the transportation of the least possible bulk of reagents, 
should allow ease and rapidity of manipulation, and should em­
ploy simple apparatus th a t is rugged and light in weight. The 
methods described below satisfy these requirements and in addi­
tion have two features not common to  orthodox fluorometric 
methods. (1) Visual fluorometers allow readings to be made with 
as little as 0.5 ml. of solution, and in contrast to  the usual types 
of delicate photoelectric fluorometers are rugged and do not 
demand stable sources of power. (2) All reactions are carried 
out in a single glass vessel to avoid the necessity of transferring, 
filtering, fractionating, or centrifuging and to make the methods 
faster than the usual chemical estimations of riboflavin, thiamine, 
and ¿V^-methylnicotinamide.

RIBOFLAVIN

P r i n c i p l e . The riboflavin in urine i s  extracted into isobutyl 
alcohol after preliminary treatm ent w ith potassium perm an­
ganate followed by hydrogen peroxide in  the presence of pyridine 
and acetic acid (5).

A p p a r a t u s . A source of ultraviolet light consists of a General 
Electric Type H-4 mercury vapor bulb enclosed in a box with 
louvers for air cooling and a Wood filter for absorbing visible light. 
A General Electric autotransform er Type 59G18 is placed in 
series between the bulb and any suitable source of 110-volt 
alternating current. In  the field simple motor generators with­
out line stabilization can be used.

Fluorometric comparator consisting of a thin wooden rack 
containing 10 Corning glass-stoppered thin-walled 2-ml. test 
tubes, outside diam eter 10 mm. and length 75 mm. Holes are 
bored so th a t these tubes which contain standard solutions are 
flanked by em pty holes to hold 10 X 75 mm. thin-walled test 
tubes containing the unknown solution. The rack is constructed 
to slide conveniently in a direction perpendicular to the ultraviolet 
ray and 8 cm. from the Wood filter. On the side of the rack 
nearest the eye a suitable yellow filter is fixed. I t  should have 
maximal transmission a t 560 m/j.

A suitable darkened room for reading unknown solutions. 
This need not be completely light-tight.

Glass-stoppered test tubes of 10-ml. capacity are conveniently 
made from standard 10-ml. glass-stoppered footed mixing cylin­
ders by removing the foot with a sharp tap  of a tack hammer and 
rounding the bottom  in the blast lamp.

Suitable beakers, delivery pipets, and other usual appurte­
nances, including a  large number of 10 X 75 mm. thin-walled 
test tubes. One special pipet th a t is of great assistance is an 
autom atic syringe pipet calibrated to  deliver 1.5 ml.

R e a g e n t s . Oxalic acid, dry, powdered. A mixture of 1 
part pyridine and 1 p art glacial acetic acid. Aqueous 4%  po­
tassium perm anganate. Aqueous 3%  hydrogen peroxide.

Isobutyl alcohol of low blank. ra-Butyl alcohol is equally sat­
isfactory. Each fresh batch of alcohol should be examined before 
use before the ultraviolet light and redistilled if there is percep­
tible fluorescence.

Anhydrous sodium sulfate.

P r o c e d u r e . Freshly voided urine collected in glass vessels 
or unwaxed paper cups of low blank is stored in amber glass 
bottles w ith the addition of about 100 mg. of oxalic acid for every 
25 ml. of urine. Ponting (<?) has emphasized the suitability of 
oxalic acid for stabilizing ascorbic acid, and in addition riboflavin, 
thiamine, and V 1-methylnicotinamide are maximally stable a t the 
acidity obtained by the above step.

All manipulations should be carried out in diffuse light. In  
the experience of this laboratory only direct sunlight destroys 
riboflavin rapidly enough to  make extreme precautions necessary 
against light.

One-half milliliter of urine is delivered into a 10-ml. glass- 
stoppered test tube, and 0.5 ml. of the pyridine-glacial acetic 
acid mixture is added. One drop of potassium permanganate is 
added and mixing is effected by gentle shaking of the rack. The 
time of standing may be anywhere from 0.5 to 5 minutes a t this 
stage w ithout affecting the results. Two drops of hydrogen per­
oxide are added and mixed by gentle shaking of the rack. The 
perm anganate should be destroyed wfthin a few seconds. If it 
is not, another drop of hydrogen peroxide may be necessary. In  
tem peratures near freezing the tube m ay be gently warmed in a 
water bath  a t  70° F.

Isobutyl alcohol (1.5 ml.) is added by means of either an  or­
dinary pipet or preferably an autom atic syringe pipet, which 
avoids getting unpleasant vapors in the mouth. The glass 
stopper is inserted and the tube is shaken vigorously by hand with 
an up and down motion 25 times. The distribution coefficient of 
riboflavin between the aqueous phase and the alcohol-pyridine- 
acetic acid phase is such th a t more shaking is unnecessary. The 
test tube is allowed to stand in the rack until the  aqueous phase 
is nearly separated. This usually takes from 1 to 5 minutes, be­
ing faster the higher the tem perature. The glass stopper is re­
moved, a small wide-mouthed funnel is placed in the neck of the 
tube, and a  small spatula of sodium sulfate is added to  the tube. 
A gentle rotary motion im parted to the tube assists clearing of the 
alcohol layer. The tube is allowed to stand in the rack until i t  
is water-clear, which usually takes 1 to  2 minutes; a few turns 
on a hand centrifuge will materially hasten this step.

Approximately 1 ml. of the alcohol layer is transferred to a 
standard thin-walled Pyrex test tube of dimensions 10 X 75 mm. 
This is best achieved w ith a small syringe fitted w ith a lum bar 
puncture needle, bu t any pipet can be used. Two precautions 
are necessary: The needle m ust be washed immediately after the 
completion of a run to avoid corrosion of the needle after pro­
longed action of pyridine and acetic acid. The pipet or syringe 
need be rinsed with isobutyl alcohol between deliveries only when 
one expects wide variations in vitam in concentrations between 
samples. Reading is conducted before the ultraviolet lamp. 
The alcohol solutions remain stable for a t least 2 hours even a t 
high temperatures. There is invariably a silvery blue fluores­
cence, which is absorbed by a  suitable yellow filter, and is not 
destroyed by ultraviolet light. After the initial reading if one 
wishes to  obtain true riboflavin it is necessary to expose the 
solution to strong ultraviolet light for an hour or more. If this 
step is om itted satisfactory comparative results are still obtained, 
since it  has been found in 90 random specimens of urine from 90 
different subjects th a t the am ount of fluorescence not destroyed 
by ultraviolet light is rem arkably constant, and amounts to about 
one half of the initial reading. In  specimens collected after 
loading tests, the concentration of riboflavin is usually so high 
th a t the ultraviolet stable fluorescence amounts a t  the most to 
one fifth of the initial reading.

S t a n d a r d  S o l u t i o n s . Standards are prepared by running 
appropriate dilutions of riboflavin w ith the reagents and tech­
nique described above. Solutions are conveniently prepared from 
vitam in tablets supplied by reputable drug houses, provided each 
batch is assayed before use. A convenient range of riboflavin 
standards consists of samples equivalent to  0, 25, 50, 75, 100, 125, 
150, 200, 250, and 300 micrograms per 100 ml. of original solu­
tions. These m ust be checked daily or oftener with a fresh
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standard, and renewed when the exposure to  ultraviolet light has 
significantly changed them.

THIAMINE A N D  N'. METHYLNICOTINAMIDE

These two substances are estim ated by methods so similar th a t 
they are best discussed together except in the last steps. The 
method of Hennessy and Cerecedo (5) and the modifications of 
Egana and Meiklejohn (0) have been incorporated in the 
present analysis of thiamine and the method of N ajjar and Wood 
(7) has been followed for estim ating iV^-methylnicotinamide. A 
considerable saving in time and manipulation has been achieved 
by adsorbing both substances on activated zeolite and eluting 
with potassium chloride not in a base-exchange column bu t in the 
vessels where thiamine is converted to thiochrome and where 
factor F 2 is formed by addition of alkali. Both vitam in deriva­
tives are shaken into isobutyl alcohol and arc estim ated by visual 
fluorometry.

A p p a r a t u s . All equipm ent is the same as for riboflavin, ex­
cept th a t no light filter is used in  the fluorometric comparator.

R e a g e n t s . Oxalic acid.
Activated zeolite. Considerable time, patience, and some­

times experimentation are required to  get a satisfactory product 
which will settle ou t rapidly and also adsorb thiam ine well. 
Commercial zeolite is crushed in a stone crusher or suitable mor­
tar. Perm utit and Decalso are as good as zeolite. T hat portion 
of the product which will pass a 100-mesh sieve is saved and sus­
pended in 1%  acetic acid in distilled w ater in large cylinders. 
The granules which settle to the bottom  rapidly—th a t is, in 
about 2 minutes—are separated from the lighter particles by 
decanting and are boiled 3 times w ith 1 %  acetic acid with settling 
and decanting between fresh additions of acetic acid. The 
product is washed w ith distilled w ater and dried in th e  oven a t 
110° C. I t  should be a  white homogeneous powder and when 
about 200 mg. are shaken w ith w ater in a 10-ml. mixing cylinder 
all the  particles should settle rapidly to  the bottom  in not more 
than  2 minutes. There may be great variability from batch to 
batch. W hen test runs w ith synthetic thiam ine are made, re­
covery is sometimes poor and the product m ay have to be reac­
tivated  by the technique of N ajjar and Wood (7). If  addition of 
ferrieyanide results in the formation of Prussian blue, the prod­
uct has to  be washed w ith warm fairly strong solutions of hy­
drochloric or nitric acid. W hen a  satisfactory product is finally 
obtained, its activity  remains constant for months if it is kept dry.

Aqueous potassium chloride, approximately 25%. A t tem­
peratures near freezing the solubility properties necessitate lower 
concentrations.

Aqueous 15% sodium hydroxide.
Aqueous 0.25% potassium ferrieyanide. This should be made 

up fresh every day, most conveniently from weighed samples 
stored dry in small stoppered test tubes.

Isobutyl alcohol. This m ust have a blank of essentially zero 
and each new batch has to be tested before use. I t  can be re­
covered by redistillation of the residue after analysis, n- 
B utyl alcohol can be used instead of isobutyl.

D ilute acetic acid, approximately 1% in distilled water.
P r o c e d u r e . Urine is collected and stored as under riboflavin. 

A^-Methylnicotinamide is stable for days and thiamine for weeks 
even a t  high environmental temperatures. The initial steps are 
identical for W '-methylnicotinamide and thiamine, and it is 
therefore convenient to run both a t the same time bu t with 
separate aliquots until the final stages, which are differentiated 
below.

Two milliliters of urine are pipetted into a glass-stoppered 
test tube. I f  the urine is likely to be high, 0.5 ml. is used. About 
200 mg. of zeolite are delivered from a small spatula into the tube, 
most easily through a small funnel, and mixed by about 10 rapid 
vigorous shakes of the rack.

(1) In  the case of urine from normal men neither preliminary 
treatm ent w ith isobutyl alcohol to  remove interfering substances 
in the estim ation of thiamine nor preliminary treatm ent with 
Norite to remove substances interfering w ith the estim ation of 
A^methylnicotinam ide has any significant effect in the present 
method and both can be omitted with safety. (2) The adsorption 
of thiamine and W ^methylnicotinamide on the zeolite is not crit­
ically affected by acidity in the present method. So long as the 
urine is between pH  3 and 6 recovery of added thiamine is essen­
tially the same. Oxalic acid added to the urine as specified 
provides this acidity. (3) The time of standing a t this stage is 
not critical.

Adsorption is complete after 10 shakes. Approximately 8 ml. 
of acidified water are added to  the tube, the top is closed w ith a

clean finger, and the tube is mixed by inversion 10 times. After a 
few seconds’ standing in  the rack until the particles of zeolite 
have begun to settle, the few particles adherent to  the top and 
sides are washed down by closing the top w ith a clean finger and 
administering a single sharp upward jerk. The tube is replaced 
in the rack until the zeolite particles have settled to the bottom. 
In  urine containing oxalic acid there is usually slight perm anent 
turbidity which is disregarded in deciding when the zeolite has 
settled. The supernatant fluid is withdrawn by means of suc­
tion through a long needle of stainless steel and is discarded. A 
syringe or vacuum pump may be used.

Approximately 8 ml. of acid are added and the processes of 
standing, inversion, and removal of the supernatant fluid are 
repeated. This washing step is critical in the estim ation of both 
A^-methylnicotinamide and thiamine bu t for different reasons. 
In  the case of thiamine, if washing is not effective, the fluores­
cence obtained in the final step is off-color w ith a silvery blue ad­
mixture to  the true thiochrome mauve and reading is wholly 
unsatisfactory. T ap w ater can usually be used instead of dis­
tilled w ater bu t it may be necessary to add more acetic acid and 
sometimes even to wash three times before the thiochrome color 
is satisfactory. Thiamine is firmly bound to the zeolite and re­
peated washings remove the interfering substances without 
affecting the thiamine. Experim entation determines how many 
washings with the available w ater supply are required in order to  
get satisfactory results for thiamine. In  the case of A'|-methyl- 
nicotinamide in contrast to thiamine each washing diminishes 
the final fluorescence. Apparently jV^-methylnicotinamide is 
relatively easily washed off the zeolite, whereas thiam ine is firmly 
bound. In  making routine surveys it  is therefore essential to  
adopt and follow scrupulously a fixed technique of washing in 
order to  be able to  compare values for iV '-methylnicotinamide 
from one place to  another.

Potassium chloride (0.5 ml.) is added to the tube and the rack 
is shaken gently, so as to  mix the zeolite w ith the potassium chlo­
ride but not to streak the zeolite far up the sides. The tim e nec­
essary for elution does not exceed 30 seconds. From this point 
on the estimations of A^-methylnicotinamide and thiamine are 
different.

Final Steps for Thiamine. Potassium ferrieyanide (0.1 ml.) 
is added and mixed by a  few gentle shakes of the rack; 0.25 ml. 
of sodium hydroxide is added and mixed with a gentle shake of the 
rack. The tim e necessary for completing the oxidation from 
thiamine to  thiochrome is only a  few seconds. Once formed in 
this mixture it  is stable for a t least 0.5 hour. (Although thio­
chrome in alkaline aqueous solutions is destroyed in a  relatively 
short time, a considerable body of experimental data  has been 
obtained, demonstrating th a t in the presence of zeolite it  is 
stable for periods up to 0.5 hour.) Isobutyl alcohol (2 ml.) is 
added, the glass stopper is inserted, and the tube is shaken vigor­
ously 25 times up  and down its long axis. This num ber of shakes 
ensures complete distribution of thiochrome between the alcohol 
and aqueous phases; more shaking is superfluous. The tube is 
allowed to stand in the rack until separation of the phases is al­
most complete or is centrifuged a few seconds in a hand centrifuge 
if separation is unsatisfactory, as it sometimes is in cold places. 
About 1 ml. of the supernatant fluid is transferred to a small test 
tube by means of a  pipet or a syringe and needle, and the fluores­
cence is m atched in the visual comparator against standards pre­
pared by running solutions of thiamine hydrochloride through the 
method, thus compensating for variability in the reagents. Con­
venient standards are 0, 5, 10, 15, 20, 30, 50, 75, 100, 150, and 200

Table I. Reproducibility of Results with Aqueous Solutions and 
Recovery from Normal Urine

A m oun t R ecovered

Substance

R iboflavin

T hiam ine hydrochloride

Ari-M eth y l n icotinam ide chloride

A m oun t N orm al
A dded W ater urine

M icrogram s -per 100 ml.
25 25 25
50 52 47

100 102 110
150 145 150
200 190 210

5 6 5
10 11 10
20 20 20
50 52 52

100 100 102

250 250 250
500 500 600

1000 1100 1100
2000 1900 2100
4000 3950 4100
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Table II. Comparison of Field Methods with Usual Laboratory 
Methods

Substance
C oncentration  of V itam in  

M ethod  Sam ple 1 Sam ple 2 Sam ple 3
M icrogram s per 100 m l.

R iboflavin P resent field 40 60 70
R iboflavin N ajjar (5) 40 56 75
T hiam ine P resent field 13 20 50
Thiam ine E gan a and M eiklejohn (H) 10 18 52
A ^ -M ethyln ico-

tinam ide Present field 250 250 500
iV^-M ethylnico-

tinam ide N ajjar and W ood (7) 300 300 550

micrograms of thiamine hydrochloride per 100 ml. The fluores­
cence of the isobutyl layer is stable for several days even in high 
temperatures.

In  the urine of normal young men, not receiving drugs and not 
deficient, no correction for F! or F 2 need be made unless the ratio 
of iV‘-methyl nicotinamide to  thiamine is high. In  the present 
method, such an occurrence is detected a t once because the 
thiochrome color is then distinctly tinged with a  greenish com­
ponent, and blank correction can be made. Such specimens have 
been rare in any of the surveys so far conducted by this labora­
tory. N ajjar and K etron (6 i have recently demonstrated that 
in the usual case the F 2 correction is small in magnitude and 
becomes im portant only in samples low in thiamine.

Final Steps for N l-Methylnicotinamide. Two milliliters of iso­
butyl alcohol are delivered into the tube (no mixing is necessary 
a t this point), 0.25 ml. of sodium hydroxide is added, and the tube 
is stoppered with its glass stopper and shaken 25 times as under 
thiamine. The addition of sodium hydroxide should be followed 
by shaking a t once, because factor F 2 in aqueous alkaline solution 
breaks down to nonfluoreseent end products within a very few 
minutes bu t is stable in the isobutyl layer for hours. The tube 
is replaced in the rack until separation of the phases is complete, 
or it is centrifuged for a few seconds in a hand centrifuge. One 
milliliter of the supernatant layer is transferred to  a small test 
tube as under thiamine.

Maximal F 2 fluorescence is developed relatively slowly, so 
tha t reading m ust be made not sooner than 5 minutes after the 
shaking with sodium hydroxide. Fluorescence is m atched in 
the comparator against standard solutions of F 2 in isobutyl 
alcohol, prepared by running a  series of appropriate aqueous 
solutions of Ari-methylnicotinamide chloride through all stages 
of the method. A convenient series of aqueous standards is 0, 
0.25, 0.5, 0.75, 1.0, 1.5, 2.5, 3.75, 5.0, 7.5, and 10.0 mg. per 100 
ml. (In the field it  is sometimes convenient to use aqueous 
solutions of quinine sulfate dissolved in approximately 0.1 N  
sulfuric acid. The relation between the two types of standard 
is linear, as is shown by an experiment in which standards of F 2 
representing aqueous solutions of Ari-methylnicotinamide chlo­
ride in the concentrations 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.5, 3.75,
5.0, and 7.5 mg. per 100 ml. of m atched quinine standards which 
read 0, 5, 10, 15, 20, 30, 50, 75, 100, and 150 micrograms of 
quinine sulfate per 100 ml. The quinine color is not a  perfect 
m atch against F 2 but is satisfactory.) No blank correction is 
made unless the apparent concentration of A^-methylnicotin- 
amide is over 1.5 mg. per 100 ml., the blank correction being in­
significant for normal urine of low concentrations.

R ESU LT S  A N D  D IS C U S S IO N

The present methods yield reproducible results with aqueous 
solutions of riboflavin, thiamine hydrochloride, and Ari-methyl- 
nicotinamide chloride, and recovery is satisfactory when these 
substances are added to  urine (Table I). The method for N 1- 
methylnicotinamide compares favorably w ith th a t of Coulson, 
Ellinger, and Holden (1). (Reference standards should be ob­
tained from E. Fullerton Cook, Chairman, U. 8 . Pharmacopoeial 
Revision Committee, 43rd St. and Woodland Ave., Philadelphia 
4, Pa. Synthetic Ari-methylnicotinamide chloride is obtainable 
from W. A. Taylor Co., Baltimore, Md.)

W ith the urine of well-fed young men who are no t receiving 
drugs substantially the same results are obtained by the present 
methods and by the methods from which they are derived. 
Typical results for samples of low, intermediate, and high con­
centrations are presented in Table II. W ith some kinds of ab­
normal urine, preliminary treatm ent of the urine is necessary 
before reliable results can'be obtained. For instance, when men

are receiving atabrine or quinine, thiamine can be estim ated 
accurately after the urine has been treated with isobutyl alcohol 
and a very small amount of Norite A; and accurate estimations 
of W -methylnicotinamide are possible after the urine has been 
shaken with a relatively large am ount of Norite A.

Means and ranges are given in Table I I I  for field surveys con­
ducted by this laboratory under a variety of climatic conditions. 
Such data show the type of results th a t m ay be expected in popu­
lations of supposedly well-fed healthy young men. They were 
all living on field rations, some of which had been supplemented 
with yeast or synthetic vitamins. This accounts for the high 
values sometimes observed.

The present field methods are so rapid th a t four technicians 
can perform duplicate estimations of riboflavin, thiamine, and 
Ari-methylnicotinamide in 100 specimens of urine in 2 working 
days without undue haste. As described above, they are appli­
cable to  urine from healthy, well-fed subjects, and should not be 
applied to urine from other types of subjects without careful com­
parison with standard laboratory methods. Systematic work is 
now in progress on modifications in procedure th a t may be neces­
sary for burned patients, for patients receiving drugs, and for 
frankly deficient patients. The specificity of the present meth­
ods for testing urines from normal subjects is th a t of the stand­
ard procedures from which they were derived. The most re­
liable results are perhaps for vitam in tolerance tests, in which 
any increment in urinary excretion m ust be due to the test dose.

Table III. Urinary Excretion of Vitamins“
Thiam ine  

M ean R ange  
M icrogram s per 

hour

A 'r-M ethylnicotinam ide  
M ean R ange

R iboflavin  
M ean R ange

M g. per hour M icrogram s per hour

149 M en in  th e M ojave D esert  

2 0 -  7 0 .1 5  0 - 1 .0 0  40 2 -1 5 7

85 M en in  Subarctic C onditions (6 O bservations E ach)
11 1 -66  0 .3 0  0 - 1 .3 0  50 13 -320

35 M en in  N ew  E ngland  Spring and A utum n (3 O bservations E ach)
4 1 -  9 0 .3 0  0 .0 5 - 0 .8 5  35  12 -120

595 M en in  th e R ock y  M ou n tain s, Sum m er (2 O bservations E ach)
13 1 -6 5  0 .4 5  0 .0 5 - 2 .1 0  41 3 -2 4 6

°  Specim ens co llected  in  m orning a fter arising b u t before b reakfast.

ACKNOWLEDGMENTS

The work presented in this paper was financed in part under a 
contract, recommended by the Committee on Medical Research, 
between the Office of Scientific Research and Development and 
the President and Fellows of H arvard College. Financial as­
sistance is acknowledged from the Corn Industries Research 
Foundation and from the N utrition Foundation, Inc.

LITERATURE CITED

(1) Coulson, R. A., Ellinger, P ., and Holden, M., Biochem. J .,  38,
150 (1944).

(2) Egana, E., and Meiklejohn, A. P., J . Biol. Chem., 141, 859 (1941).
(3) Hennessy, D. J., and Cerecedo, L. R., J . A m . Chem. Soc., 61, 179

(1939).
(4) Johnson, R. E ., War Med. (in press).
(5) N ajjar, V. A., J . Biol. Chem., 141, 355 (1941).
(6) N ajjar, V. A., and Ketron, K. C., Ibid., 152, 579 (1944).
(7) N ajjar, V. A., and Wood, R. W., Proc. Soc. Expt. Biol. Med., 44,

386 (1940).
(8) Ponting, J . D., I n d .  E n g .  C h e m ., A n a l .  E d .,  15, 389 (1943).

C o r r e c t i o n . In  the article on “Colorimetric Estimation of 
Aluminum in Aluminum Steel” [ I n d . E n o . C h e m ., A n a l . E d ., 17, 
206 (1945) ], an error occurred under the heading “Solutions Re­
quired” . Both the first and second paragraphs should read “add 
1 ml. of 10% benzoic acid in methanol” .

C . H o w a r d  C r a f t  
G. R. M a k e p e a c e



Vacuum  Drying Apparatus for Unstable Polymeric 

Materials
A .  R. K E M P  AND W. G. STRAITIFF 

Bell Telephone Laboratories, Murray Hill, N. J.

DU RIN G  the course of research conducted in these labora­
tories on unsaturated high molecular weight polymers like 

natural rubber, GR-S, etc., there developed a  need for an effi­
cient drying apparatus capable of rapidly and completely remov­
ing from these materials volatile substances such as water, ace­

tone, benzene, while ensuring protection against oxidation. The 
regular laboratory drying methods, such as the use of a high 
static vacuum in a  vacuum  desiccator or a constantly changing 
inert atmosphere a t  ordinary tem perature, were found slow and 
inefficient, thus being the source of considerable delay in the

THERMOMETER

FLOW
M ETER

HOUSE
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PRE-
PURIFIEDm a n o m e t e r

a t m o s p h e r e

t o  v a c u u m
PUMP

STANDARD
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BENCH

TRAP

VACUUM
PUMP

o .  o ,  o r o ,

O L» G H o ft , K » y ,G ^ 01

Figure 1. Diagram of Apparatus
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prosecution of the research work. Because of the susceptibility 
of the above materials to oxidation the use of open electrically 
heated ovens is inadvisable.

Experience has shown th a t the rate  of drying of rubber and 
rubberlike materials is dependent upon tem perature, the amount 
of exposed surface area per un it weight of the material, the type 
and am ount of the sorbed m atter, and the concentration of the 
volatile m atte r in the atmosphere (humidity) surrounding the 
surface of the rubber. By making use of presently available 
laboratory equipm ent the authors have constructed a highly 
efficient drying apparatus a t  moderate cost which employs both 
elevated tem peratures and a constantly changing inert atm os­
phere to  accelerate the drying process and a t  the same tim e pro­
tect the m aterial against oxidation. A sketch of the apparatus 
is shown in Figure 1. The apparatus is operated a t  low pressures 
for the purpose of obtaining as much as possible an oxygen-free 
atmosphere and for the most economical use of the inert gas.

C O N S T R U C T IO N  A N D  O P E R A T IO N

The apparatus is supported on a  standard 120-cm. (4-foot) 
wooden-top chemical table. The oven is a stainless steel auto­
m atic temperature-controlled W ebber electric vacuum oven 
(American Instrum ent Company, No. 4-158 A) with a tempera­
ture range of 20° to  150° C. The vacuum chamber is made of 
pressed steel and plated w ith nickel over copper for air-tightness. 
A small-diameter lead gasket serves as a  very effective airtight 
seal for the removable door.

The accessory equipm ent consists of a 6.3-cu. m eter (224-cu. 
foot) tan k  of prepurified nitrogen (Air Reduction Company) 
w ith an oxygen content of less than  0.002% by volume. The 
nitrogen gas is dispensed by a double-stage regulator through a 
flowmeter filled w ith dibutylphthalate and into the upper con-

Figure 2. Rate of Removal of Moisture from Smoked Sheet

1. In vacuum desiccator under 3-mm. pressure over PsO s at 25 C.
2. in vacuum-drying apparatus at 55° C.
3. in vacuum-drying apparatus at 80° C.

nection to the vacuum chamber. The exit valve of the vacuum 
chamber is connected to  a  mercury manometer and to  a series of 
two three-way stopcocks w ith leads attached to  the house 
vacuum system, to the atmosphere, and to  a Duo-Seal vacuum 
pump. A glass trap  is included in the line to  remove condensable 
vapors during the operation of the system, solid carbon dioxide 
in acetone being used as the coolant. Vibrations are held to a 
minimum by mounting the pump on a rubber m at 0.6 cm. 
(0.25 inch) in thickness. All connections are made w ith heavy- 
walled rubber tubing. For airtightness all rubber-to-glass and 
rubber-to-metal joints are cemented w ith shellac. The flow­
m eter and manometer are supported by m etal rods (not shown in 
sketch) attached to the wooden table top.

The apparatus is operated by placing the samples on stainless 
steel wire-mesh trays in the vacuum chamber and securing the 
door tightly in place by means of the screw-clamp handle.

[Figure 3. Rate of Removal of Acetone from Smoked Sheet

1. In vacuum desiccator under 3-mm. pressure at 25°  C.
2. In vacuum-drying apparatus at 50° C.

Figure 4. Rate of Removal of Benzene from Smoked Sheet

1. In vacuum desiccator under 3-mm. pressure at 27° C.
2. In vacuum-drying apparatus at 55° C.
3. In vacuum-drying apparatus at 80°  C.



The vacuum chamber is evacuated and recharged to  atmospheric 
pressure w ith the prepurified nitrogen. This is repeated twice. 
W hen the mercury manom eter becomes steady the valve a t­
tached to  the gas regulator is opened slightly to where the differ­
ence in the two levels of the dibutylphthalate in the flowmeter is 
3 mm. w ith an orifice of about 2.0 mm. This corresponds to  a 
gas flow of 78 liters of expanded gas per hour by the flowmeter 
which was calibrated a t  atmospheric pressure w ith a  w et-test gas 
meter. The samples are removed by shutting off the vacuum 
and filling the vacuum  chamber w ith nitrogen to slightly above 
atmospheric pressure. The stopcock arrangement provides for 
the immediate release of the vacuum outside the pump as a safe­
guard against drawing the pum p oil into the system. After 
cooling to  room tem perature, the m aterials are weighed and the 
operation is repeated until a  constant weight is obtained. The 
house vacuum system serves well for overnight drying or when a 
considerable am ount of volatile m atter is to  be removed.

FACTORS INFLUENCING DRYING RATE OF RUBBER

The rate of drying of rubberlike materials depends upon a 
num ber of factors. Elevated tem peratures, a large exposed sur­

June, 1945 A N A L Y T I C

face, and a rapidly changing low “ hum idity” atmosphere favor 
rapid drying. Figures 2, 3, and 4 show, for example, the effect 
of tem perature on the rate  of removal of water, acetone, and 
benzene from a 3.75-cm. (1.5-inch) square 0.3-cm. (0.125-inch) 
thick piece of Grade A smoked sheet rubber. Curves designated 
as 1 represent the slow rate  of drying under ordinary laboratory 
conditions, as compared w ith curves 2 and 3 which show a much 
more rapid ra te  when carried out in the drying apparatus at 
elevated tem peratures. By increasing the tem perature to 
110° C. it  was found th a t it  required about 0.5 hour to  remove 
5%  of moisture from the smoked sheet. The same drying rate 
was found in cases where the drying was carried out a t  atmos­
pheric pressure instead of under vacuum. This indicates th a t 
the drying process depends principally upon diffusion rather 
than  evaporation from the liquid phase.

In  drying delicate biological substances there exists a need for 
safe and efficient drying procedures and it  is hoped th a t the 
present work may assist others in this connection.
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Instrument for Measuring Thickness of Nonconducting 

Films A p p lie d  over Nonmagnetic M etals
A L L E N  L. A L E X A N D E R ,  PETER K IN G , a n d  J. E. D IN G ER  

Naval Research Laboratory, Washington, D. C.

The extensive application of camouflage paint to military aircraft, 
whose paint surfaces are constructed largely from the light metals 
and their alloys, emphasized the need for a nondestructive method 
for measuring thickness of paint films applied to nonmagnetic metals. 
In aircraft painting, control of Rim thickness is doubly important be­

cause of strict weight allowance and the necessity of providing a 
durable Rnish. A n  instrument is described for making such measure­
ments and data are presented illustrating its use. The gage satisfac­
torily measures coatings containing metallic as well as nonmetallic 
pigments.

IN T H E  study of the properties of pain t films, methods for 
determining thickness have been helpful in making more uni­

form measurements, since some properties of pain t films are 
dependent largely upon the thickness a t  which they are applied 
to  any given surface. In  the past, the most common instrum ents 
for measuring dry film thicknesses have been based on a magnetic 
principle which results in their use for the study of films applied 
to surfaces of magnetic metals only. Lack of a similar method 
for studying films applied to the light m etals and their alloys has 
proved a handicap to  pain t technicians studying finishing m a­
terials for aircraft, whose painted m etal surfaces are alm ost in­
variably constructed of aluminum and magnesium or their 
alloys.

P ain t technologists are familiar w ith the ordinary type of gage 
making use of the magnetic principle, illustrated by the Aminco- 
Brenner Magnegage (I) and the G.E. enamel thickness m eter 
(3). These instrum ents have proved m ost valuable in aiding 
the pain t technologist to hold film thickness w ithin given limits 
in order to study closely various properties of the film which are 
largely dependent upon the thickness a t  which it  is applied. For 
studying films applied to  nonmagnetic metals, resort has been 
made to the measurem ent of film thickness by means of dial 
gages or micrometers which involve either the m easurem ent of 
th e  panel thickness before paint is applied or the destruction of a t 
least a  portion of the  film usually somewhere near the edge of a 
sample panel. T he method discussed herein describes a means 
for measuring the thickness of films applied to  nonmagnetic con­
ducting substances w ithout destroying the film a t  any point, 
regardless of the area involved. The outstanding lim itation of 
the instrum ent in its  present stage of development is the fact

th a t measurements cannot be made on curved surfaces, and sur­
faces no t providing a  level area as much as 1 inch in diam eter 
cannot be measured accurately.

The instrum ent has been successfully used over aluminum, 
various aluminum alloys, copper, brass, and magnesium, and 
should perform adequately over any conducting metal which is 
nonmagnetic.

DESCRIPTION OF APPARATUS

W hen an alternating current flows in a coil near the surface 
of a nonmagnetic metal, eddy currents are set up in the m etal 
which will affect the inductance of the coil when placed upon or 
near the surface of th e  metal. The instrum ent was designed 
w ith the thought of utilizing th is phenomenon (£).

The measuring instrum ent makes use of the heterodyne 
principle in order to  compare the variable frequency of one 
oscillator w ith the fixed frequency of another. The LC  (in­
ductance and capacity) product of the variable oscillator is 
adjusted to  equal the fixed value of the fixed oscillator. The 
value of L  for the variable oscillator depends on the distance of a 
pickup coil from the nonmagnetic conducting surface. The 
value of C necessary to make LC, the required value, is con­
trolled by a  variable air condenser. This is the usual type of 
condenser found in an  ordinary radio set. By using a frequency 
of 50 kc. or greater, the  inductance, as the pickup coil approaches 
the metal, is independent of the thickness of the metal, providing 
it  is not less than  0.02 inch.

Consider two oscillators, one of which is fixed whereas the 
other is variable. The two oscillators beat against each other, 
producing an  audible note having a frequency equal to the differ­
ence of the two oscillator frequencies. By adjusting the capaci­
tance in the variable oscillator circuit by means of a condenser,
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this tone can be eliminated. The extent of adjustm ent depends 
upon the exact distance of the pickup coil from the base metal, 
which in  tu rn  depends upon the thickness of the insulating layer. 
The audible note can be heard by means of ear phones which are 
preferred on a portable model or better, perhaps, by means of an 
amplifier and a loud speaker which are preferred in the laboratory 
instrum ent. In  each case a buzzing sound is produced, char­
acteristic of poor radio reception, as a result of considerable inter­
ference.

Figure 1 is a  diagramm atic sketch of the portable instrum ent 
which is powered by dry  cells and can be conveniently carried 
into the field for making measurements on equipm ent in use. 
Figure 2 illustrates this instrum ent fully assembled. Figure 3 
is a diagramm atic sketch of the laboratory instrum ent, whose 
sensitivity is somewhat higher and whose power is derived from a 
regular 115-volt alternating current supply. This apparatus is 
shown fully assembled in Figure 4.

The pickup unit, Figure 5, consists of a lattice-wound coil con­
veniently m ounted in  a  Bakelite holder. The sensitivity of the 
apparatus has been shown to  be independent of the value of the 
inductance of this coil for a  given value of the LC  product—i.e., 
for a given frequency. Referring again to  Figure 5, the outer 
shell of Bakelite, 1, is cemented to  the bottom  covering, 4, and 
the entire inside painted w ith Aquadag to  provide electrostatic 
shielding. The 16-millihenry coil, B, is connected to  the coil 
holder, 2, which in tu rn  is fastened to a brass weight, 3. The 
center conductor, A , is soldered to one end of the coil, B. The 
shield of the cable is grounded to  the chassis of the apparatus and 
to  the brass weight. This is also connected to  the other end of 
the coil. A cable clamp, C, removes all strain  from internal wire 
connections. The brass weight, 3, incorporated in the pickup 
unit ensures th a t the same pressure is always applied to  any given 
surface under measurement.

Except in cases where the film being measured is exceptionally 
soft, this pressure is no t sufficient to  deform or deface the film to 
any degree. The area of the conducting surface of the pickup 
un it is so large relative to  its weight th a t the pressure of the unit 
area is small indeed. A denser weight over the same area might 
prove even more effective in obtaining reproducible results. 
The pickup un it should always be placed lightly on the surface 
of the film to  be measured and no artificial pressure should be 
applied.

USE OF THE INSTRUMENT

Although it  is possible to  calibrate dial numbers to read di­
rectly in mils, readings may be readily referred to  calibration 
curves, which perm its the use of standard dials. Calibration 
curves were prepared by measuring the thickness of uniform 
sheets of insulating m aterial of various thicknesses a t  several 
points by means of a micrometer. Sheets of cellophane or 
Pliofilm are suitable for this purpose. The same sheets were 
then placed over a bare piece of nonmagnetic m etal and addi­
tional measurements made by means of the thickness gage. The 
pickup un it was placed over the insulating material, its weight 
being sufficient to  press the film tightly  against the m etal to ob­
tain  easily reproducible dial readings. In  this manner, a number 
of known points were obtained for the calibration curves by select­
ing film sheets whose thicknesses occurred in the range of interest. 
The use of this method is also convenient for checking the accu­
racy of the instrum ent from tim e to  time during operation.

The technique was followed in preparing two sets of curves for 
the laboratory instrum ent which operates in two separate ranges 
of thickness. The left-hand dial (Figure 4) is used for measuring 
thicknesses a t  0 to  10 mils. The right-hand dial is used for 
measuring thicknesses a t 0 to 25 mils. T he curve obtained for 
the 0 to  10 range is practically a straight line except for those 
points where the film is extremely thin. All thicknesses above 
0.5 mil are easily determined, b u t smaller measurements are 
ra ther difficult, inasmuch as this is below the practical lim itation 
of calibration for the instrum ent. Over the 0- to  10-mil range 
there are about 20 dial divisions for each mil thickness. I t  is 
possible, therefore, to  adjust the dial to  one division, which de­
scribes an increment of 0.05 mil. Since the dial can be read to 
about 0.25 division, i t  is apparent th a t the sensitivity of the 
instrum ent is limited only by the areas involved in placing the 
pickup unit uniformly on portions of the film to be measured.

When the thickness of the coating exceeds 10 mils, the right- 
hand dial is used. However, the sensitivity is decreased some­
what, owing to the fact th a t the 25 mils are spread over the same 
dial range as are the 10 mils on the first scale. In  addition, the

Figure 1. Portable Battery-Operated Film-Thickness Gage



noise ceases, the left-hand dial remaining a t  zero. 
The pickup is next placed upon the film to be 
measured and a similar buzzing noise is produced. 
By turning the left-hand dial carefully until 
the noise is eliminated, a  dial reading is obtained 
which can be referred to  the calibration curve 
and the thickness read in  mils. This arrange­
m ent is used for measurements of the 0- to  10- 
mil range. In  order to measure films on the 0- 
to  25-mil range, the zero setting is obtained by 
the left-hand dial and the measurement made by 
adjusting the right-hand dial until the  noise is 
eliminated. The dial reading is converted to 
mils by reference to  a calibration curve.

The dials m ust always be turned counter­
clockwise from the low reading toward the high 
one. There is a considerable range on the dial 
scale over which no sound is heard, owing to 
the fact th a t the two oscillators couple. If  the 
approach is made in a clockwise direction, the 
result obtained will be meaningless. I t  is 
possible to redesign the instrum ent to  eliminate 
this possibility b u t only a t a  considerable sacri­
fice in the simplicity of the circuit.

U ntil the  circuits have had an  opportunity  
to warm up, the zero setting has a tendency 

to drift somewhat over a narrow range; therefore, when the 
instrum ent is used after a short warm-up period, i t  should be 
checked a t  frequent intervals.

TYPICAL MEASUREMENTS

In  order to  illustrate the wide adaptability  of the instrum ent 
to th e  measurem ent of several types of coatings applied to  differ­
en t alloys w ith several surface treatm ents, a num ber of experi­
m ents were made.

Panels were prepared from 24ST Alclad aluminum, 24ST a lu ­
minum, 17ST aluminum, and 75ST aluminum as well as zinc-
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Figure 2. Assembled Portable Instrument

approxim ate linear relationship existing in the first case does not 
hold over th e  entire range.

T he actual operation of the instrum ent is simple and rapid. 
After the power is applied, the instrum ent should be allowed to 
warm up for several minutes. If  i t  is to  be used in term ittently  
during the day, i t  should be left on continuously. To adjust the 
zero setting, the pickup coil is placed upon a sheet of bare m etal 
of the type over which the film is applied. In  making measure­
m ents on laboratory panels, the uncoated back of the finished 
panel serves well. W hen the contact surface of the pickup un it 
is placed on the bare metal, both  dials are set a t zero, in  which 
case a buzzing noise is produced. The frequency of this noise is 
gradually diminished by turning the right-hand dial until the

Figure 3. Laboratory Alternating Current Film-Thickness Gage



Figure 4. Assembled Laboratory Instrument

Table I. Comparison of Thickness Measurement Methods over 
Chemically Cleaned Metals

Thickness by T hickness by
Panel No.® M icrom eter E lectrical Gage

M ils M ils

AL-01 1 .5 1 .6
A L-02 1 .4 1 .1
AL-03 1 .0 1 .0
A L-04 1 .4 1 .4

24ST-01 1 .8 1 .6
24ST-02 2 .1 2 .5
24ST-03 0 .9 1 .0
24ST -04 1 .5 1 .7

17ST-01 1 .6 1 .9
17ST-02 1 .8 2 .6
17ST-03 1 .0 1 .0
17ST-04 1 .4 1 .7

75ST-01 2 .7 1 .6
75ST-02 2 .0 2 .2
75ST-03 1 .1 0 .9
75ST -04 1 .5 1 .6

B - l 1 .8 1 .7
B-2 2 .0 2 .2
B-3 0 .9 0 .3
B-4 1 .5 1 .5

M -l 1 .6 1 .5
M -2 1 .9 2 .1
M -3 0 .7 0 .4
M -4 1 .2 1 .7

a A L. 25S T  A lclad a lum inum  01. 2 coats of A N -L -21 w hite lacquer
24S T . 24S T  alum inum  a lloy  02. 2 coats of A N -L -21 black lacquer
17ST. 17ST alum inum  a lloy  03. 1 coat of M -543 enam el
75ST . 75S T  alum inum  a lloy  04. 2 coats of alum inized A N -T T -L -51
B . Zinc-C u brass lacquer (12 ounces per gal.)
M . M agnesium  alloy  (J1H )

copper brass and magnesium alloy (J1H). In  one instance, each 
of the above metals was solvent-cleaned and then primed with 
two coats of zinc chromate primer AN-TT-P-656A. Following 
the primer, one series was finished w ith two coats of AN-L-21 
white lacquer. A second set was finished w ith two coats of 
AN-L-21 black lacquer. A th ird  set received one coat of M-543 
enamel, and a fourth set was finished w ith two coats of AN-TT- 
L-51 clear lacquer pigmented w ith 12 ounces of aluminum 
powder (extra fine lining) per gallon. All panels were allowed 
to  dry for several days before measurements were made.

Prior to  the application of paint, the thickness of each panel 
was carefully measured a t  a number of points over the areas th a t 
could be reached by a micrometer and remeasured after the 
coatings were applied. Values derived in this m anner were cor­
related w ith measurements made by the instrum ent. W ith the 
thickness gage it  was possible to  make measurements over the 
entire surface of the panel ra ther than  somewhere near the edges 
as is necessary when using the micrometer.

Table I lists the results obtained by the  use of each method. 
From  a study of these data, i t  is apparent th a t some small differ­
ences exist in  results obtained by the two methods. Because the

pickup un it of the film gage has a diam eter of 
about 1.5 inches and the micrometer approxi­
m ately 0.25 inch, some variation is to  be ex­
pected. F or example, a  pigment particle could 
tilt the  pickup coil enough to  account for some 
of the differences, while the chance of covering 
a single particle w ith the micrometer is much 
smaller. Such discrepancies can largely be over­
come by making several measurements and 
selecting an average.

In  th e  data  listed in  Tables I through I I I , 
a t  least four micrometer measurements were 
made on the bare panel. The average thick­
nesses of the panel measurements were used 
against each of the individual measurements 
obtained on the finished panel to  obtain a 
number of readings. The average of four 
readings is listed in the tables of data. Similarly, 
a minimum of four measurements was made 
with the film thickness gage and the average 
reported in the listed data.

Table I I  lists the results obtained when the pain t systems 
described above were applied to  aluminum and magnesium alloy 
which had been surface-treated before painting.

The aluminum alloys were solvent-cleaned and then given a 
chromic acid anodization, whereas the magnesium alloy panels 
were solvent-cleaned, immersed in 15 to  20% hydrofluoric acid 
a t  room tem perature for several minutes, rinsed in  cold water, 
and then placed in  a boiling 10 to  15% solution of potassium 
dichromate. They were finally rinsed w ith hot w ater and allowed 
to  dry in  the air for a few minutes before application of the first 
prime coat.
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Figure 5. Assembly of Paint Gage Pickup Unit

Table II. Comparison of Thickness Measurement Methods over 
Chemically Treated Metals

Thickness b y T hickness by
Panel No.® M icrom eter E lectrical G age

M ils M ils
AL-11 2 .1 2 .0
AL-12 2 .0 2 .2
AL-13 1 .4 1 .2
A L-14 1 .8 2 .0

24ST-11 2 .1 2 .0
24ST-12 1 .8 2 .3
24ST-13 1 .1 1 .5
24ST-14 1 .9 2 .2

17ST-11 2 .2 3 .0
17ST-12 2 .1 1 .3
17ST-13 1 .3 1 .8
17ST-14 2 .0 2 .5

75ST-11 2 .3 2 .5
75ST-12 2 .0 2 .5
75ST-13 1 .3 1 .4
75ST-14 2 .0 1 .8

M - l l 2 .1 2 .4
M -12 1 .8 2 .6
M -l 3 0 .9 1 .5
M -14 1 .5 2 .8

a P an el designations sam e as in  T able I.
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Finally a set of da ta  was obtained (Table I I I )  in  which the 
panels were merely cleaned and given finishing coats w ithout 
prior application of primer.

Table III. Comparison of Thickness Measurement Methods over 
Solvent Cleaned Metals without Primer

Thickness b y T h ickness by
P an el N o .“ M icrom eter E lectrical Gage

M ils M ils

AL-21 2 .6 3 .0
A L-22 2 .2 2 .5
A L-23 1 .6 1 .5
A L-24 1 .0 1 .2

24ST -21 2 .8 2 .8
24ST -22 2 .1 2 .2
24ST-23 1 .8 2 .1
24ST -24 1 .4 1 .5

17ST-21 2 .5 * 2 .8
17ST-22 2 .1 2 .3
17ST-23 1 .8 1 .8
17ST-24 1 .2 1 .5

B-21 2 .3 2 .9
B -22 2 .3 3 .0
B -23 1 .8 1 .7
B -24 1 .3 1 .5

M -21 2 .3 2 .5
M -22 2 .1 2 .3
M -23 1 .5 1 .5
M -24 1 .1 1 .1

el designations sam e as in  T able I.

The first instrum ent was designed to  measure the thickness 
of an insulating layer over a nonmagnetic conductor. I t  seemed 
to  be of interest to  determine the effect of a slightly conducting 
coat applied to  a nonmagnetic conductor. Some clear lacquer 
was pigmented to  produce a film displaying conductivity. The 
thickness of the film was first determined w ith the micrometer 
and finally by the electrical gage. In  every instance the results 
agreed as closely as those presented in  the tables for nonconduct­
ing films. This appeared surprising a t  first but, when i t  is con­
sidered th a t the pain t is an extremely poor conductor compared 
to  th e  m etal underneath, th e  result is somewhat understandable. 
However, a point can be reached where the film whose thickness 
to  be measured displays a conductivity approaching th a t of the

metal, in which case a situation is reached where the electrical 
gage will no longer function.

DISCUSSION A N D  SUMM ARY

From  an examination of the data  i t  is evident th a t the average 
readings made by the electrical gage are on the average slightly 
higher than  those obtained by the  micrometer. Reasons for this 
differential have been pointed out. In  a very few instances 
micrometer readings are higher. More uniform agreem ent was 
obtained on unprimed panels (Table I I I ) , which m ay be explained 
by the fact th a t the primer pigment was no t so well dispersed as 
were the top coat pigments; this resulted in a slight unevenness 
in the primer coat and was accentuated as the film was built up 
by additional coats. In  one or two instances where the film was 
thin, wider discrepancies exist, b u t these readings fall below the 
0.5-mil range where calibration of the instrum ent is m uch less 
accurate. As film thickness increases, the accuracy of the 
measurem ent is greater.

Among the advantages of the gage is the fact th a t measure­
ments can be made rapidly and w ith reproducible accuracy. No 
lim it of its  usefulness is imposed by the type of m etal over which 
the film is applied except th a t i t  be nonmagnetic. In  this respect 
i t  complements the magnetic instrum ents (7, 3) so widely used 
throughout the coatings industry. Accuracy is lim ited more by 
the nature  of the film surface on which the pickup coil m ust rest 
during operation than  by the sensitivity of the instrum ent itself.

Films applied to curved surfaces cannot be measured accurately 
and a flat surface as much as 1 inch in diam eter is necessary. 
I f  the edge of the pickup coil is placed nearer th an  0.5 inch to  the 
edge of the panel the inductance of the coil is affected. Finally, 
the zero point m ust be adjusted by contact w ith a sample of the 
unpainted metal.
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Determination of Iodine in Thyroid by Cerate Oxidim etry
D. T. E N G L IS  A N D  A U G U S T A  A .  K N O E P F E L M A C H E R ,  Noyes Chemical Laboratory, University of Illinois, Urbana, I

DU R IN G  the examination of a  num ber of methods for esti­
m ating iodine in thyroid and other organic materials, a t­

tention was given to  a method proposed by H ilty  and Wilson (7) 
which involved an oxidation of iodide ion by eerie sulfate. I t  
became evident during the examination of the method th a t the 
reaction postulated by the authors for the oxidation

N al +  6C e(S04)2 +  3H20
HC1

NalCh +  3Ce2(S 04)3 +  3H2S 0 4 (1)

was incorrect. Under the conditions employed i t  could be as­
sumed (Ü) th a t the reaction would proceed as follows:

21- +  4Ce + -
HC1

2C1- 4C e+++ +  2IC1 (2)

This was confirmed experimentally by the addition of chloro­
form and observance of the appearance of the iodine color in  this 
layer in the initial stages of the reaction and later change to  the 
light brown color as the iodine was oxidized to iodine mono­
chloride. This method of detection of the end point was

checked agains tthe  one using the o-phenanthroline indicator with 
satisfactory agreement.

Upon this basis the equivalence of each atom  of iodine is 2 in­
stead of 6. H ilty  and Wilson (7) state th a t “each cubic centi­
m eter of 0.005 N  eerie sulfate is equivalent to  0.0003178 gram of 
iodine in thyroid combination” . This is correct upon the basis of 
Equation 2, b u t no t of 1. Hence, the results reported are prop­
erly evaluated and the conclusions drawn from them  are not in­
validated, even if they  are no t in accordance w ith the assumed 
reaction.

The formulation of the expression for the calculation of the 
norm ality of the eerie sulfate is misleading. I t  should be repre­
sented simply as

Ml. of Ce(SO»)2 required X its N  =  ml. of F eS 04 X its  N
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Determining the Hydroxyl Content of Certain Organic  

Compounds

M acro- and Semimicromethods

C. L. O G G , W. L. PORTER, A N D  C. O . W ILLITS, Eastern Regional Research Laboratory, Philadelphia, Pa.

A  modification of macroprocedures for determining the hydroxyl 
content of hydroxylated fatty acids and alcohols is described, in 
which an internal indicator is used. For colored solutions a potentio- 
metric method has been developed. A  semimicroprocedure using 
an internal indicator is also presented. A n  acetylating solution of 1 
volume of acetic anhydride in 3 volumes of pyridine and a hot-water 
hydrolysis are used.

TH E  West, Hoagland, and Curtis (14 ) modification of the 
Verley and Bôlsing (IS) procedure for determining hydroxyl 

specifies the acétylation of fats and fatlike material with a solution 
of 1 volume of acetic anhydride in 7 volumes of pyridine, followed 
by hydrolysis w ith hot w ater and titration  of the acid formed with 
alcoholic alkali solution. Peterson and West (10) recommended 
an  acetylating solution of 1 volume of acetic anhydride in 2 vol­
umes of pyridine, and M arks and Morrell (6) adopted the use of 
a solution of 1 volume of acetic anhydride in 3 volumes of pyri­
dine. In  the last two procedures, the excess acetic anhydride is 
hydrolyzed by adding ice w ater to  the reaction mixture. Malm, 
Genung, and Williams (5) studied the effects of time, tem perature, 
and concentration of the acetic anhydride in the anhydride-pyri- 
dine solution on the acétylation of cellulose derivatives. They 
found th a t an acétylation period of 24 hours was required to  ob­
tain calculated free hydroxyl values when they used a 0.5 molar 
acetic anhydride reagent (1 p art of acetic anhydride to  19 parts of 
pyridine). T itrations were conducted electrometrically in an 
open beaker.

The methods of West, Hoagland, and Curtis and of M arks and 
Morrell gave low results w ith hydroxylated higher fa tty  aids, 
certain oxidation products of higher fa tty  acids, and long-chain 
alcohols analyzed in this laboratory. However, by combining the 
acetic anhydride acetylating solution of M arks and Morrell with 
the hot-water hydrolysis and the homogenization w ith n-butanol 
of West, Hoagland, and Curtis, good results were obtained on the 
types of material mentioned. Since a  concentration of 1 p art of 
acetic anhydride in 7 parts of pyridine gave incomplete acetyla- 
tion, the more dilute solution of Malm, Genung, and Williams 
was not investigated. O ther work (1-4, 8 ,9 ,1 1 , IS) has been de­
scribed in which both acetic anhydride and acetyl chloride were 
used for determining the hydroxyl content of organic compounds.

In  each of the methods, except th a t of M alm et al., an internal 
indicator is employed, which limits the accuracy of analysis of 
samples producing dark solutions. For these materials a  proce­
dure using potentiom etric titrations was developed. When the 
reaction was carried ou t in  the usual manner in an iodine flask, it 
was necessary to  transfer the reaction mixture to a beaker to  make 
the potentiometric titration. D uring this transfer, small amounts 
of acetic acid were inevitably lost, introducing relatively large er­
rors. To eliminate these errors, a modified iodine flask was de­
signed th a t would perm it the electrometric titra tion  to  be made 
in the reaction vessel when a  Beckman pH  m eter equipped with 
extension electrodes is used.

This flask (Figure 1) was made by sealing side arms containing 
No. 16 standard taper stoppers on opposite sides of a 250-ml.

flask. The side arms allow 
the tips of the electrodes to  
be immersed in the solution 
without touching the bottom 
of the flask.

A semimicromethod using 
the same reagents employed 
for the macrodetermination 
was developed for analyzing 
samples too small for the 
m acroprocedure. A glass- 
stoppered, pear-shaped flask 
(Figure 2) was designed so 
th a t the small volumes of the 
sample and of the reagent 
would be held in the conical 
tip, ensuring complete mix­
ing. A 50-ml. flask provides 
sufficient volume for the ad­
dition of the titra ting  solu­
tion. Four tenths milliliter 
of the acetic anhydride-pyri- 
dine solution (1 to  3) is used, 
since this quantity  is sufficient 
for complete acetylation and 
also requires less than 25 ml. 
of 0.1 N  alkali for neutraliza­
tion. This volume of reagent 
permits the use of a 25-ml. 
buret (calibrated), which 
delivers a measured volume 
with the necessary accuracy.

The acetylating reagent is 
measured from an S-shaped 
capillary buret of 1-mm. bore 
(Figure 2) having a mercuryFigure 1. Modified Iodine Flask for Potentiometric Titrations
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column in contact w ith the solution. The buret is filled and the 
reagent expelled by releasing and applying pressure to  the rubber 
tubing which serves as the mercury well of the buret. This is 
done by manipulating two screw clamps, A  and B, in contact 
with the rubber tubing. Since a fixed volume of the acetic 
anhydride-pyridine reagent is to  be delivered, two hair fines are 
placed on the buret a t the poir
of approximately 0.4 ml.

: points th a t would allow the delivery

REAGENTS

Acetylating reagent. One volume of A.C.S. grade acetic an­
hydride mixed with 3 volumes of reagent grade pyridine. 

ra-Butanol (Eastm an Kodak, practical).

tra te  with 0.5 A  alcoholic alkali to pH  9.8 (volume A ). M ake a 
blank determination (volume B ) on 3.00 ml. of the acetic anhy­
dride-pyridine solution.

Determine the free acid of the sample by repeating the proce­
dure described above, using pyridine instead of acetic anhydride- 
pyridine solution and adding 5 ml. of neutral ethanol ju s t prior 
to the titration to make the solution homogeneous. Shake well 
and titra te  with 0.5 A  alcoholic alkali. Calculate the volume of 
alkali required to neutralize the acidity of 1 gram of the sample 
(volume C).

C a l c u l a t i o n .

— (-4 — C  X wt. of sample for —OH determination)] X 

AT X ¿ g ,  X 100

weight of sample fo r—OH determination
% OH

Because of the ease of manipulation, it is recommended th a t for 
colorless solutions ordinary iodine flasks and the mixed indicator 
be used with this procedure instead of the special flasks and the 
potentiometric titration.

Mixed indicator solution (4). One p art of 0.1%  aqueous solu­
tion of cresol red neutralized w ith sodium hydroxide and 3 parts 
of 0 .1% thym ol blue neutralized w ith sodium hydroxide.

S tandard alcoholic sodium hydroxide solutions. Macropro­
cedure, approximately 0.5 A . Semimicroprocedure, approxi­
m ately 0.1 A.

Prepare the solutions from saturated  aqueous soldium hydrox­
ide solution (approximately 18 A ) and aldehyde-free ethanol 
made by alkaline aluminum reduction. Standardize the alcoholic 
solutions to  ± 2  parts per 1000 against either potassium acid 
phthalate or a  standard acid of approximately the same normal­
ity , using the mixed indicator.

MACROPROCEDURE

Place a weighed sample containing from 1 to 2.5 milfiequiva- 
lents of hydroxyl in the modified iodine flask and add exactly 3.00 
ml. of the acetic anhydride-pyridine solution (1 to  3) from a reser­
voir-type 5-ml. microburet w ith a  D rierite protecting tube in the 
reservoir. Moisten all stoppers of the flask w ith pyridine and 
place th e  two stoppers firmly in the electrode arms. The center, 
or main stopper, should be loosely seated. Place the flask on a 
steam bath . After heating for 45 minutes, add 5 to  6 ml. of water 
to  the cup of the flask and loosen the stopper in such a manner as 
to  rinse the stopper and inside walls of the flask. Continue heat­
ing for 2 minutes and then cool under the tap  w ith the main 
stopper partly  removed. W ith 10-ml. of re-butanol rinse the 
three stoppers and inside walls of both the flask and side arms. 
Insert the glass and calomel electrodes in the side arms and ti-

SEM! MICROPROCEDURE

Weigh a  sample having a  hydroxyl content equivalent to  ap­
proximately 2 ml. of 0.1 A  alkali directly into the dry, pear-shaped 
reaction flask. D raw  the acetic anhydride-pyridine reagent into 
the S-shaped buret to a point below the lower hairline. Wipe the 
tip  of the bu ret w ith a towel and then w ith the fingertips to de­
posit a  slightly oily film, which ensures a more uniform removal of 
the reagent from the tip. Hold the inside wall of a  beaker against 
the buret tip and bring the mercury meniscus to the lower mark 
by carefully closing the screw clamp, A. Replace the beaker with 
the reaction flask held so th a t the buret tip  touches the inner wall, 
and ro tate the flask as the reagent is slowly discharged from the 
buret by tightening A  and then  B  un til the meniscus is even with 
the upper m ark. Im mediately connect the flask to a  water- 
cooled condenser and seal the glass joint with a few drops of pyri­
dine. Place the flask and the condenser on a steam bath  with the 
tip  of the flask extending approximately 1.25 cm. (0.5 inch) 
through a tightly  fitting ring. Acetylate for 30 minutes, add 3 ml. 
of distilled w ater through the condenser, and hydrolyze by heat­
ing for 2 minutes longer if no carboxyl groups are present or 30 
m inutes longer if the sample contains organic acids.

Add 1 ml. of pyridine to the cup and disconnect the flask in such 
a  manner th a t the pyridine rinses the condenser tip. Loosely in­
sert a  stopper and immediately cool the flask to  room tem perature 
under running water. Add 3 ml. of re-butanol to  the cup and 
loosen the stopper so th a t the stopper and the walls of the flask 
are rinsed. Add 3 drops of the mixed indicator and cover the 
flask w ith a  rubber dam, held in place by a  rubber band, to  pre­
vent the contents from absorbing carbon dioxide from the air 
near the end of the titration. Insert the buret tip  through a  pin­
hole in the dam and titra te  the excess of acetic acid and any acid 
in the sample with 0.1 A  alcoholic sodium hydroxide un til the 
solution changes to  gray (volume A ) .

M ake a  blank determ ination on the acetic anhydride-pyridine 
solution (volume B ) . Determine any free acid as described in the 
macroprocedure or by dissolving the sample in ethanol which has

Table I. Effect of Strength and A g e  of Acetic Anhydride-Pyridine 
Mixture on Macrodetermination of Hydroxyl in Dihydroxystearic 

A c id  and O ley l A lcohol

Sam ple

D ih ydr oxysteari c 
acid®

Oleyl alcohol l h

Oleyl alcohol 2 ft

°  T h eoretical 1 
ft T heoretical '

R atio  of
anhydride

to V olum e, % H yd roxyl
pyrid ine ml. Age Found A verage

(1 :7 3 Fresh 10 .5 1 1 0 .2 9 1 0 .3 9
, 1 :7 6 Fresh 1 0 .5 4 1 0 .4 8 10 .5 1
3 1 :7 3 4 days 1 0 .3 8 10 .1 2 1 0 .2 5

1:3 3 Fresh 10 .8 3 1 0 .7 8 10 .8 1
[1 :3 3 4 days 1 0 .8 8 10 .7 4 10 .8 1

(1 :7 3 Fresh 5 .2 0 5 .4 6 5 .3 3
11 :7 6 Fresh 6 .2 5 6 .2 4 6 .2 5
1 :7 3 4 days 3 .9 7 3 .4 9 3 .7 3

(1 :3 3 Fresh 6 .3 0 6 .3 1 6 .3 1

(1 :7 3 Fresh 5 .6 0 5 .3 4 5 .4 7
1 :7 3 4 days 4 .5 9 4 .1 0 4 .3 5
1 :3 3 Fresh 6 .3 4 6 .3 9 6 .3 7
1 :3 3 4 days 6 .3 5 6 .4 0 6 .3 8

, OH =  1 0 .7 5 ; w eight of sam ple =  0 .2  gram . 
, OH =  6 .3 4 ;  w eight of sam ple =  0 .8  gram .

Figure 2. Capillary Buret and Semimicro 
Reaction Flasks for Semimicromethod
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Fisure 3. Titration Curve for Reaction Mixture

Table II. Macrodetermination of Hydroxyl
Ind icator M eth od P oten tiom etric  M eth od T h eo­

Sam ple 1 2 A v. 1 2 A v. retical
% % % % % % %

D ih ydroxystearic acid 1 0 .7 8 10 .7 3 10 .7 6 1 0 .7 2 1 0 .8 1 1 0 .7 7 1 0 .7 5
M on oh ydroxystearic

acid 5 .6 0 5 .5 8 5 .5 9 5 .7 0 5 .6 2 5 .6 6 5 .6 9
O leyl alcohol 1 6 .3 0 6 .3 1 6 .3 1 6 .3 4
O leyl alcohol 2 6 .3 4 6 .3 9 6 .3 7 6 .3 4
M eth y l ricinoleate 5 .4 7 5 .6 2 5 .5 5 5 .4 4
Cyclohexanol® (E a s t­

m an K od ak  W hite
Label) 1 6 .4 5 16. 55 1 6 .5 0 1 6 .5 8 1 6 .5 8 1 6 .5 8 16 .8 1

B en zy l alcohol® (E a st­
m an K odak  W hite
Label) 1 5 .3 6 1 5 .3 5 1 5 .3 6 1 5 .3 5 1 5 .3 7 1 5 .3 6 15 .7 3

N o . 4588 (dark colored ) b 2 .4 0 2 .7 6 2 .5 8 2 .5 0 2 .5 0
N o . 5565 (dark co lored )c 2 .0 5 i . 96 2 .0 1
N o . 5687 (dark colored ) b 1 .61 1 .51 1 .5 6

® N o t further purified.
b R esidues le ft in  p o t a fter d istilla tion  of m eth y l esters of fa tty  acids. 
c R esid ue le ft  in  p ot after d istilla tion  of an oxid ized  o leic acid  polym er.

been previously neutralized (mixed indicator), and titra ting  
w ith 0.1 N  alcoholic sodium hydroxide, using a rubber dam. 
From this titra tion  calculate the volume of 0.1 N  sodium hydrox­
ide equivalent to the free acid in a 1-gram sample (volume C). 
The calculations are the same as for the macroprocedure.

DISCUSSION

The titration  curve for alcoholic alkali versus acetic acid in a 
pyridine-w ater-ii-butanol-ethanol solution is shown in Figure 3. 
The point of color change for the mixed indicator in this solution 
was a t  pH 9.8. Since the vertical portion of the curve extends be­
tween 9.2 and 10.3, a pH  of 9.8 was selected for the potentiometric 
end point to  make the potentiom etric and indicator procedures 
interchangeable.

As indicated in Table I, both the age and the strength of the 
acetic anhydride-pyridine acetylating solution are im portant. 
The reagent made by mixing 1 volume of acetic anhydride with 
3 volumes of pyridine gave theoretical results and remained ef­
fective for a t  least 4 days. A 1 to  7 acetic anhydride-pyridine 
solution was so dilute th a t it  resulted in incomplete acetylation, 
as shown by the data  for dihydroxystearic acid and oleyl alcohol. 
As this reagent aged, it  became less effective as an acetylating 
agent, giving still lower results. The 1 to 3 acetic anhydride- 
pyridine solution permits the use of reagent grade pyridine with-

out its further purification, since a sufficient ex­
cess of the acetic anhydride is assured for com­
plete acetylation of the sample, even though some 
has been consumed by moisture or other impuri­
ties in the pyridine.

For colorless solutions, identical values were 
obtained by the indicator method and the 
potentiometric method, as shown in Table II. 
Good precision was obtained with both methods. 
The cyclohexanol and benzyl alcohol, Eastm an 
Kodak Company W hite Label reagents, were 
not further purified. The compounds for which 
theoretical values are cited were established 
as pure by such physical and chemical con­
stants as iodine value, neutralization equiva­
lent, saponification equivalent, melting point, 
and carbçn and hydrogen analysis.

In  the semimicroprocedure, i t  was necessary 
to carry out the reaction under water-cooled 
condensers to prevent the loss of small 
amounts of acetic anhydride during the acetyla­
tion. This loss also occurred in the macroproce­
dure, bu t here it  was so small th a t it  was not 
detected by titration  with 0.5 N  alkali.

The longer hydrolysis time required in the semi­
microprocedure for samples containing organic acids 
was probably due to  the formation of small amounts 
of mixed anhydrides, which are more difficult to hy­
drolyze than  is acetic anhydride. High semimicro 
hydroxyl values were obtained w ith the 2-minute 
hydrolyses, probably owing to  the failure to  hydro­
lyze these mixed anhydrides completely. Since high 
values were not obtained by the macroprocedure, 
it  was assumed th a t only small amounts of mixed 
anhydride were formed in either the semimicro or the 
macromethods and th a t the am ount unhydrolyzed 
after the 2-m inute heating period was not significant 
in the macroprocedure.

To obtain accurate hydroxyl values in the semi­
microprocedure, all solutions m ust be protected from 
carbon dioxide during the titrations. This can best 
be done by covering the flask w ith a rubber dam and 
inserting the tip  of the buret through a pinhole in the 
dam.

Table I I I  presents a comparison of the values obtained by the 
semmicro- and macroprocedures.

Groups such as prim ary and secondary amines, and sulfhydryl, 
which contain active hydrogen and form acetylated products not 
hydrolyzed by hot water, interfere in the analysis. Comparison 
of the method of Mitchell, Hawkins, and Smith (7) for determin­
ing primary and secondary amines w ith the one herein described 
indicates th a t it  m ay be possible to adapt this hydroxyl method 
to the determination of these amines and other interfering sub­
stances of the type noted above. Any compound which under­
goes condensation to  produce hydroxyl groups, such as aldehydes, 
interferes in the procedure described.

Table III. Determination of Hydroxyl by Semimicromethod
S em im icro V alues A ver­ M acro

Sam ple 1 2 3 age V alues T heory
% % % % % %

D ih ydroxystearic acid 1 0 .7 2 10 .7 9 1 0 .7 3 1 0 .7 5 1 0 .7 6 1 0 .7 5
O leyl alcohol 1 6 .3 0 6 .3 8 6 .3 0 6 .3 3 6 .3 1 6 .3 4
Partheniol 7 .6 1 7 .6 5 7 .6 3 7 .6 4
C yclohexanol (E a st­

m an K odak  W hite
Label) 16 .6 1 1 6 .5 8 1 6 .4 3 1 6 .5 4 1 6 .5 0 16 .8 1

B en zy l ä lcohol (E a st­
m an K odak  W hite
Label) 1 5 .3 3 1 5 .2 9 1 5 .4 6 1 5 .3 6 1 5 .3 6 1 5 .7 3
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Semimicro-Kjeldahl Nitrogen Determination
IR V IN G  A L L A N  K A Y E 1 a n d  N A T H A N  W E IN ER  

Research Laboralary, Endo Products, Inc., Richmond Hill 18, N. Y.

IN T H E  course of an investigation involving the preparation of 
derivatives of a-aminopyridine, a convenient and accurate 

m ethod for analyzing these compounds was needed. A t the 
tim e this project was initiated, the K jeldahl nitrogen m ethod of 
Pepkowitz and Shive (8), recently published, seemed to  fill this 
need. These authors claimed th a t their m ethod, in  which per­
chloric acid is used to  hasten  digestion of the sample, is applicable 
to  the semimicroanalysis of organic compounds and reported 
some results bearing ou t this contention.

Several nitrogen heterocyclic compounds, prepared in  this 
laboratory, were analyzed by  their procedure, b u t in  every case 
the result obtained was much lower th an  the calculated value. 
The method was then  used in  the analysis of organic compounds 
which had been purified by repeated recrystallizations and then 
thoroughly dried. Table I  shows th a t low values were obtained 
in every analysis.

W hen 2 to 10 mg. of nitrogen, in the form of ammonium sulfate, 
were carried through th e  m ethod, no loss of nitrogen was ob­
served, even w ith long periods of digestion. I t  seems, therefore, 
th a t loss of nitrogen occurred before the nitrogen in  the organic 
compound was converted to ammonium hydrogen sulfate.

The K jeldahl nitrogen method described by Clark (1) was se­
lected next and used in the analysis of several well-known pure 
organic compounds and research preparations. Excellent results 
were obtained in  all bu t one case (see Table I ) . N itrogen hetero­
cyclic compounds and nitro compounds (polynitro compounds, 
too, were accurately analyzed) as well as amines and amides 
yielded their nitrogen quantitatively  in this method of digestion. 
C lark (I) found th a t the method has its lim itations in the cases 
of certain semicarbazones. To these m ust be added amino- 
pyrine which gave low results on analysis.

Several slight changes were made in the m ethod in order to 
adap t it  to  the facilities a t the authors’ disposal. These modifi­
cations, i t  is believed, make the m ethod easier to  use in the aver­
age organic laboratory, where the K jeldahl nitrogen m ethod is 
not a frequent analysis, and increase its accuracy.

The sample is weighed by difference on aluminum foil rather 
than  on cigaret paper. Less time is consumed in the weighing 
and digestion of the sample (since it  is no longer necessary to  di­
gest the paper in addition to  the sample) and a smaller blank is 
obtained (the cigaret paper contains an  appreciable am ount of 
n itrogen).

Ordinary tes t tubes, 175 mm. long w ith an internal diam eter of 
20 mm., are substitu ted  for the digestion flasks. (These test 
tubes can be heated in  an ordinary digestion rack w ith micro­

burners rather than  w ith the more elaborate electric heaters.) 
Less w’ash w ater is needed in transferring the digested sample 
quantitatively to  the distilling apparatus. The resulting smaller 
volume of liquid to be steam-distilled lessens the likelihood of the 
alkaline reaction m ixture bumping over into the distillate.

The mercuric oxide and potassium sulfate used in  the digestion 
are more conveniently used in the form of an intim ate mixture 
which can be added with a spatu la made from a 190-mm. length 
of glass tubing 6 mm. in inside diameter, sealed near one end in

Table I. Determination of Nitrogen
N itrogen  Found

N am e or T yp e M olecular
M eth od  of 
P epk ow itz

M odified  
m ethod  of N itrogen

of C om pound Form ula and S hive Clark C alcu lated

3 -N itro-4-am in o-
phenetole C 8H 10N 2O3

%
1 3 .4 1
1 3 .4 0

% %

1 5 .3 8
3-N itro-2-am in o-

to lu en e C 7H 8N 2O2
10 .2 1
1 0 .6 5 1 8 .4 2

o-D in itrob en zene C 6H4N 204 1 2 .4 0 16 .6 7

Sulfan ilam ide C 6H 8N 2 0 2 S
1 2 .4 8
1 5 .5 9 i é  .‘¿8 1 6 .2 7

Sulfa th iazo le C 9H 9 N 3 0 2 S
1 5 .7 7
1 5 .8 5

1 6 .2 6
1 6 .4 7 1 6 .4 6

Phén ob arb ita l C 12H 1 2 0 3 N 2

1 5 .7 8

1 1 .8 7

1 6 .6 0
1 6 .5 7
12 .1 1  1 2 .0 9 1 2 .0 5

A m inopyrine C 13H 1 7 0 N 3

11 .8 2
1 1 .9 3
11 .8 7
3 0 .6 7

1 2 .3 0  1 1 .9 5  
14 .7 3  
14 .5 7  
3 1 .4 4

1 8 .1 8

T heobrom ine C7H 8 0 2 N 4 3 1 .1 1

A cetop h en etid in C 10H 13O2N
2 9 .9 6 .

7 .2 3
7 .1 8

2 8 .9 0

3 1 .5 6
7 .8 2
7 .7 8
7 .8 6

2 9 .7 3

7 .8 2

2-A m inopyrid ine C6H 6N 2 2 9 .7 7

K-88A® C9 H 2 4 0 N 2C 12
2 8 .9 9
10 .0 6 1 1 .4 5 1 1 .3 3

W-105& C8H 9 0 2 N S
9 .8 9
6 .8 0 7 .7 3 7 .6 5

W-106& C 8H 9 0 2 N S
6 .8 9 7 .7 3

7 .6 5 7 .6 5

W-145& C 8H 9 0 2 N S
7 .7 2
7 .6 8 7 .6 5

W-143A& C9Hh0 8N2S 1 2 .4 4  1 2 .5 8 1 2 .3 9

W-143B& C9H 1 1 0 3 N 2S
12 .4 1  12 .3 6  
12 .4 6 1 2 .3 9

W-143C& . C9H 1 1 0 3 N 2 12 .4 0 1 2 .3 9
K -1 5 7 M CI4H 13N 3 0 4 1 4 .5 2  1 4 .5 9 1 4 .6 3

K -1 5 0 M .« C 22H 20O11N 6
14 .6 3
1 5 .3 1 1 5 .4 7

K -1 7 0 c»^.« C 24H 2 4 0 1 1 N 6 1 4 .7 0  1 4 .7 4 1 4 .6 8

K -1 7 4 c C 16H 1 9 0 3 N 2
1 4 .5 6
14 .7 3 1 4 .7 3

K -1 7 5 c C 18H 2 3 0 2 N 8
1 4 .7 7
1 3 .3 9 13 .4 1

K -1 3 7 c»e C22H 2 1 0 9 N 6
1 3 .3 7
1 4 .0 4  1 4 .1 0 1 4 .0 3

K -1 4 3 c>e C 24H 2 5 0 9 N 5
1 3 .9 4
13 .1 5 1 3 .2 8

T hebaine CI9H 2 1 0 3 N
13 .2 4

4 .4 8 4 .5 0
D ih ydrothebain e C i9H 230iN 4 .5 1 4 .4 7
D ih ydrocodeinone C 18H 21O3N 4 .5 9 4 .6 8

°  S u b stitu ted  diam ine. c D er iv a tiv e  of a-am in op yrid in e.
b D er iv a tiv e  of .am inophenol C om pound contains n itro  group.

con ta in in g  th io  or th io l group. 6 S a lt of picric acid.
1 Present address, B rook lyn  C ollege, B rook lyn , N . Y .



a sharp flame and bent a t  right angles to  the rem ainder of the 
tubing so as to  form a cup 19 mm. in height. The cup delivers 
about 500 mg. of the mixture.

The mixed indicator of M a and Zuaga {£) gives a  sharper end 
point in the final titra tion  than  the m ethyl red indicator recom­
mended by Clark. The end point is reached when the solution 
is almost colorless, the sharp interval between the red color of the 
acid solution and the green color of the alkaline solution. Two 
milliliters of 2 % boric acid solution are used instead of the same 
volume of the 4%  solution.

A more precise end point is obtained by titra ting  the distillate 
with 0.3 N  hydrochloric acid until the indicator turns red and 
then back-titrating w ith approximately 0.003 N  sodium hydrox­
ide, standardized before use, until the solution becomes almost 
colorless.

If an ordinary laboratory balance, damped or undamped, 
ra ther than  a semimicro- or microbalance, is the only means of 
weighing the sample, as is the case in this laboratory, samples of 
20 ±  3 mg. should be used in the analysis. The factor of sensi­
tiv ity  of the balance should be adjusted to  0.10 to  0.12 in  order 
to  weigh a  sample of this m agnitude w ith the accuracy demanded 
by the method. I t  is advisable, also, to  use calibrated weights. 
T he volume of distillate collected in the steam-distillation is 
extremely im portant and depends upon the am ount of nitrogen 
in the sample. For samples containing up to 5 mg. of nitrogen,
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Clark recommends collecting a volume of 8 ml. with the tip  of the 
condenser under the surface of the boric acid solution and 1 ml. 
more w ith the end of the condenser above the surface of the boric 
acid. For the amounts of nitrogen th a t may be found in samples 
of about 20 mg. it  has been found safer to collect 13 ml. of dis­
tillate followed by 2 ml. more for washing down the sides of the 
receiver (a 50-ml. Erlenmeyer flask).

W ith these changes the K jeldahl nitrogen determ ination can be 
carried out in a relatively short period of time, as contrasted with 
such time-consuming procedures as the carbon and hydrogen or 
Dumas determinations, on small amounts of sample and with the 
analytical equipm ent usually found in the average organic re­
search laboratory. A fter a few runs, results w ithin 1 % of theory, 
with an average error of ± 0 .5% , can be obtained.
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Microdetermination of Copper with the Polarograph
C H R ISTO PH ER  CARRU TH ERS, The Barnard Free Skin and Cancer Hospital and Washinrjton University, St. Louis, Mo.

CO PPE R  was first determined by amperometric titra tion  by 
precipitation w ith salicylaldoxime by Neuberger (4). 

However, i t  was thought feasible to  determine copper by measur­
ing the amounts of salicylaldoxime removed by cupric ions under 
the right conditions rather than  by measuring the diffusion 
current of copper.

APPARATUS A N D  REAGENTS

Hevrovskf' polarograph, Model X I (E. H. Sargent & Co.).
Phosphate buffer mixtures, pH  5.4, 0.067 M  and 0.083 M  with 

respect to both disodium phosphate and monopotassium phos­
phate.

S tandard copper solution made approximately 0.06 N  from 
copper sulfate and the copper content determined iodometrically 
by the method of Foote and Vance (.3).

Salicylaldoxime (Eastm an), the oxime content of which was 
determined by adding a weighed sample of the oxime in 95% alco­
hol to  an excess (calculated) of the diluted standard copper solu­
tion, and the copper salt of the salicylaldoxime precipitated by 
the procedure of Biefeld and Howe (1). Representative samples 
of the lot used throughout this work contained 99.34% salicyl­
aldoxime.

The stock solutions of salicylaldoxime were kept in the ice box 
until ready for use. A solution of 3.61 X 10” 4 M  oxime as pre­
cipitant was prepared as follows: To 20 ml. of the alcoholic stock 
solution (1000 mg. of oxime dissolved in 100 ml. of 95% alcohol) 
in a 200-ml. volumetric flask were added 180 ml. of 0.067 M  phos­
phate buffer, the resulting mixture being 0.059 M  in  phosphate 
buffer and 7.22 X 10“ 3 M  in  salicylaldoxime. Then 5 ml. of this 
solution were made up to  100 ml. in  a volumetric flask w ith 
0.067 M  buffer to  give 3.61 X 10” 4 M  oxime in the buffer mixture 
of about 0.065 M .

EXPERIMENTAL

E f f e c t  o f  pH  u p o n  C u r r e n t - V o l t a g e  C u r v e s  o f  S a l i ­

c y l a l d o x i m e . The influence of pH  was studied to ascertain a t 
w hat pH (necessarily above th a t a t which copper is quantita­
tively precipitated, 1) the best defined current-voltage curves 
could be obtained. The results are shown in Table I; maxi­
mum height of the wave occurred a t pH 3.7 and 5.4.

The calibration data  (Table II) were obtained by dissolving 
1000 mg. (993.4 mg. of oxime) of salicylaldoxime in 100 ml. of 
95%  alcohol to  make the stock solution. By diluting portions of 
this alcoholic solution w ith 0.067 M  phosphate buffer, 1.4 to 7.2 X 
10” 4 M  solutions were made. Finally portions of the la tte r were

diluted w ith the buffer solution to  make 0.578 to  4.309 X 10” 4 M  
solutions of salicylaldoxime, all of which had practically the same 
low ethanol content.

The diffusion currents were measured (4) and the polarograms 
made after placing the salicylaldoxime solutions in shell vials and 
then removing any oxygen w ith a stream of nitrogen bubbles. 
The rate  of flow of mercury for the capillary in milligrams per 
second, m, and the drop time in seconds (5) were measured a t a 
potential of —1.2 volts (in the supporting electrolyte) with respect 
to the saturated calomel electrode. For the 0.575 to 4.309 X 
10” 4 M  salicylaldoxime solutions i,i/C  is constant (Table II) and 
either the relationship i i /C  = K  or a calibration curve can be 
used for the analysis of copper.

PROCEDURE FOR STANDARD COPPER SOLUTIONS

The copper sulfate standard stock solution was diluted with 
distilled w ater to  make various concentrations of cupric ions. 
Various dilutions of other standard copper sulfate stock solution 
were prepared and samples not exceeding 10 ml. were delivered 
from recalibrated pipets into 50-ml. volumetric flasks. Samples 
of less than  10 ml. were made up to 10 ml. by the addition of dis­
tilled water. Then 40 ml. of 0.083 M  phosphate buffer contain­
ing salicylaldoxime were added, so th a t the final molarity was 
0.067 M . A blank w ithout cupric ions bu t containing 10 ml. of 
distilled w ater was diluted to the m ark w ith the salicylaldoxime- 
phosphate buffer solution. This blank gave the am ount of 
salicylaldoxime originally present. Blank and standards were 
allowed to stand overnight to ensure complete precipitation of the 
copper salt in the standards. After determining the am ount of 
oxime left in solution from the calibration curve after precipita­
tion of the copper salt, the am ount of copper recovered was easily 
calculated. The recovery of copper from 0.1516 to  0.6029 mg. is 
shown in Table II I , the error being from 1 to  3% . M olarities of 
the salicylaldoxime solutions used for precipitation are also shown.

Sample Calculation. The blank containing distilled water and 
salicylaldoxime in 50 ml. gave a diffusion current of 1.49 micro­
amperes (corrected) which corresponded to  1.86 X 10-4 M  sali­
cylaldoxime from the calibration curve. A sample containing 
0.1904 mg. of copper in 50 ml. had a corrected diffusion current of 
0.50 microampere which was equivalent to  0.62 X 10” 4 M  sali­
cylaldoxime. Then 1.86 X 10” 4 — 0.62 X 10” 4 gave 1.24 X 
10” 4 M  salicylaldoxime removed by cupric ions. In  milligrams 
of salicylaldoxime this amounted to  1.24 X 10” 4 X 137.4 or 
0.017 gram or 1.7 mg. per liter, or 0.085 mg. in  50 ml. Since 1 
mg. of salicylaldoxime will precipitate 0.2314 mg. of copper, the 
copper recovered was 0.085 X 0.2314 or 0.1966 mg.

Solutions of such salicylaldoxime concentration should be 
used th a t the difference between the diffusion current of the
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Table III. Assay of Known Copper Sulfate Solutions
blank and of the lowest concentration of copper is sufficient for 
accurate measurement.

For the determ ination of small quantities of copper either the 
molarity of the salicylaldoxime has to  be decreased, or the pre­
cipitation reaction m ust be carried out in a smaller volume, so 
th a t the difference in the diffusion current between the blank 
and the standard will be large enough for accurate measurement.

For 3.8 to  22.8 micrograms of copper about 1 X 10“ 5 ikf sali­
cylaldoxime in 50 ml. would give a sufficient difference in the 
measurement of id bu t it  was found th a t the oxime was no t suf­
ficiently concentrated to  precipitate the copper. Then the stand­
ards were delivered to  5- and 10-ml. volumetric flasks and diluted 
with 4 or 8 ml., respectively, of 0.083 M  buffer containing about 
1.15 X 10” 4 M  salicylaldoxime. Precipitation occurred im­
mediately and since a few micrograms of copper were sufficient to 
lower the oxime molarity below th a t of the blank, an accurate 
measurement of id was possible. The results on the recovery of 
3.8 to  74 micrograms of copper are shown in Table I I I ; 3.8 to  15.2 
micrograms could be determined w ith an error of about 3% . 
As w ith the larger amounts of copper, the volumetric flasks were 
allowed to  stand  overnight to  ensure complete precipitation of 
the copper salt of salicylaldoxime.

IN F L U E N C E  O F  O T H E R  IO N S

Since this method was devised primarily for the determ ination 
of copper in animal tissue, the effect of sodium, potassium, cal­
cium, magnesium, and iron upon the recovery of small amounts 
of copper was investigated. In  the m ajority of anim al tissues 
iron is the only element found in sufficient am ount th a t might 
interfere. Since the author has already completed the mineral 
analysis of normal and hyperplastic epidermis (£), i t  was possible 
to calculate the am ount of each mineral found in the epidermis 
per mouse and to ascertain their effect upon the procedure.

Assuming th a t the hyperplastic epidermis from 20 mice would 
be used for an analysis, and calculating the am ount of minerals 
th a t would be present in 5 ml. of buffer-salicylaldoxime solution, 
the la tte r was made up to contain the following m etals as chlo­
rides:

1.7 X 10” 2 M  in K ; 1.4 X 10” 4 M  in N a; 1.5 X 10” 3 M  in Mg;
2.0 X 10” 4 M  in Ca; 1.33 X 10” 3ili in Fe (ferric)

The am ount of iron added was in the ratio  of 20 Fe to  1 Cu, a 
ratio exceeding th a t found in normal and hyperplastic epidermis 
according to  preliminary work. W hen the mineral mixture was 
added to the phosphate buffer, ferric phosphate precipitated im­
mediately, bu t the solution was used w ithout filtering to  determine 
its effect upon the recovery of small amounts of copper.
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Table I. Wave-Height Change for Approximately 1 X 10 4 M 
Salicylaldoxime with pH  of Supporting Electrolyte

S upporting D iffusion Current*
E lectro ly te pH (U ncorrected)

M icroam peres

P otassiu m  acid p hthalate 3 .7 1 .5 4
P hosphate buffer 5 .4 1 .47
P hosphate buffer 6 .7 1 .0 0
P hosphate buffer 
N H 4C I-N H 4OH

7 .8 0 .2 7
9 .1 N o w ave

°  C onstants for dropping m ercury electrode: m  =  1.657 m g. sec. "l ; i =  
2 .9 9 sec .;  h ~ 53 cm . D iffusion current m easured a t  —1.2 vo lts  w ith  respect 
to  saturated  calom el electrode.

Table II. Calibration Data for Salicylaldoxime
(Various concentrations of sa licy la ldoxim e in 0 .067 M  phosphate buffer of 
pH  5.4 a t 25° C. Air rem oved w ith  nitrogen, h = 64 cm . t = 2.74  sec. 
m  = 1.015 m g. s e c .-1. D iffusion currents m easured a t —1.2 vo lts  w ith re­

spect to  saturated  calom el electrode)

Salicylaldoxim e Observed Corrected id /C
M  X  10-* M icroam peres M icroam p ./m m ole /1 .

4 .3 0 9 3 .5 1 3 .4 2 7 .9 4
3 .6 0 0 2 .9 5 2 .8 6 7 .9 4
2 .8 8 4 2 .3 7 2 .2 8 7 .9 0
2 .1 5 6 1 .79 1 .7 0 7 .8 8
1 .8 0 0 1 .5 4 1 .4 5 8 .0 5
1 .437 1 .2 5 1 .16 8 .0 7
0 .5 7 5 0 .5 6 0 .4 7 8 .1 7
0 .0 0 0 0 .0 9 °

° R esidual current of supporting  e lectro ly te alone.

M olarity of C opper C opper
Salicylaldoxim e Added R ecovered Difference

M  X  10-* M g. M g. M g.

6 .3 0 .6029 0 .6 0 9 6 - 0 .0 0 6 7
3 .4 0 .4 5 5 6 0 .4 5 0 6 - 0 .0 0 5 0
3 .4 0 .3 7 9 9 0 .3 7 2 9 - 0 .0 0 7 0
3 .4 0 .3 0 4 8 0 .3 0 1 5 - 0 .0 0 3 3
1 .8 0 .1 9 0 4 0 .1 9 6 6 + 0 .0 0 6 2
1 .8 0 .1 5 1 6 0 .1 4 9 0 - 0 .0 0 2 6
0 .9 0  to  1 17 0 .0 7 5 9 0 .0 7 6 1 +  0 .0 0 0 2

0 .0 5 7 0 0 .0571 +  0 .0 0 0 1
0 .0 3 8 1 0 .0 3 7 3 - 0 .0 0 0 8
0 .0 2 2 8 0 .0 2 3 2 +  0 .0 0 0 4
0 .0 1 5 2 0 .0 1 5 5 +  0 .0 0 0 3
0 .0 0 7 6 0 .0 0 7 8 +  0 .0 0 0 2
0 .0 0 3 8 0 .0 0 3 9 + 0 .0 0 0 1

Table IV. Assay of Known Copper Sulfate Solutions
[In presence of N a , K , M g, Ca, and F e  (ferric) chlorides]

M olarity  of C opper C opper
Salicylaldoxim e A dded R ecovered Difference

M  X  1 0-* Micrograms M icrogram s M icrogram s

0 .9 4  to 0 .9 6 3 8 .0 3 8 .9 - 0 . 9
3 0 .4 3 1 .3 +  1 .1
2 2 .8 2 3 .8 +  1 .0

7 .6 7 .3 - 0 . 3
3 .8 3 .6 - 0 . 2

Since 3.8 to 30.4 micrograms could be recovered w ith an error 
of 4 to  5% , the effect of the minerals was no t appreciable (Table 
IV). Under the conditions in these experiments ferric phosphate 
does not react w ith the salicylaldoxime nor does ferric iron pro­
duce a diffusion current. However, the residual current of the 
mineral phosphate buffer m ixture was 0.14 microampere.

The im portance of having the same composition of supporting 
electrolyte in the calibration data  and in the determ ination of 
unknowns is exemplified by the fact th a t ir was increased by 
0.05 microampere by the presence of the minerals added. Al­
though this was a small increase, it  affected id considerably when 
the concentration of salicylaldoxime was low.

Zinc interferes in the determ ination of copper, since the current- 
voltage curve of this metal, which is not precipitated as a salicyl­
aldoxime salt under the conditions of this experiment, starts  a t 
about —1.0 volt w ith respect to the saturated  calomel electrode 
and thus makes impossible the m easurem ent no t only of ir (in 
the presence of m aterial containing zinc) bu t also of id of salicyl­
aldoxime since both waves plateau a t about the same applied po­
tential. Zinc interferes also a t pH  3.7 and 6.7.

SUMM ARY

Salicylaldoxime was investigated as a reagent for the polaro- 
graphie determ ination of small amounts of copper.

I t  was found th a t the diffusion current of this reagent in a 
phosphate buffer m ixture of pH 5.4 is proportional to its concen­
tration, and th a t the wave height decreased from pH  3.7 to 7.8, 
disappearing a t pH  9.1. The half-wave potential of salicylal­
doxime a t  pH 5.4 is around —0.98 volt w ith respect to the sat­
urated calomel electrode. From 0.1516 to 0.6029 mg. of copper 
can be determined w ith an error of about 1 to  3% , and 3.8 to 
15.2 micrograms with an error of about 3%.

Sodium, potassium, calcium, magnesium, and ferric iron do not 
interfere, whereas zinc interferes strongly.
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Spectrophotometric M ethod  for Determining Formaldehyde1

C L A R K  E. BRICKER a n d  H IL D IN G  R. J O H N S O N  

Research Laboratories, Heyden Chemical Corporation, Garfield, N. J.

A LTHOUGH there have been many publications dealing 
w ith the determination of formaldehyde and higher ali­

phatic aldehydes, no reference has been found to  a specific spec­
trophotom etric method for determining formaldehyde.

Denigès (S) suggested a method for detecting formaldehyde 
in the presence of higher aliphatic aldehydes by making use of 
the fact th a t the color produced by acetaldehyde and higher 
aldehydes w ith Schiff’s reagent disappears on standing a few 
hours, whereas th a t given by formaldehyde increases in intensity. 
Blaedel and Blacet (1) have made this method sem iquantitative 
by using a  colorimeter to  measure the magenta color after the 
solution has stood 6 hours.

This method, involving Schiff’s reagent, leaves much to be de­
sired: Because of the instability of the fuchsin reagent, i t  is 
necessary to make up fresh standards every day. For rapid 
control work, 6 hours is too long a period to  wait for a formalde­
hyde determination. On standing 6 hours, a slight m agenta 
color is sometimes obtained from the reagent alone.

More recently, Hoffpauir, Buckaloo, and G uthrie (6) have 
suggested a  method for determining combined formaldehyde in 
organic compounds involving a hydrolysis in 12 N  sulfuric acid 
followed by a  formaldehyde determ ination according to  the 
method of Blaedel and Blacet (1 ). Because this method gave un­
satisfactory results when applied to certain formais and a  rapid 
and sensitive method was needed for determining formaldehyde 
in the presence of higher aliphatic aldehydes, a search was made 
for a reaction which would lead to  a specific tes t for formalde­
hyde.

Eegriwe (5) proposed chromotropic acid (1,8-dihydroxynaph- 
thalene-3,6-disulfonic acid) as a spot reagent for detecting form­
aldehyde. He recommended heating a drop of the solution to  
be tested for formaldehyde with a  small amount of chromotropic 
acid in 72% sulfuric acid for 10 m inutes a t 60° C. Formalde­
hyde gave a purple color, whereas acetaldehyde, propionaldéhyde, 
butyraldéhyde, isobutyraldéhyde, isovaleraldehyde, croton- 
aldehyde, chloral hydrate, glyoxal, benzaldehyde, salicylaldé­
hyde, phthalic aldehyde, vanillin, and cinnamic aldehyde gave 
no reaction. Glyceric aldehyde gave a yellow color and furfural 
gave a brownish color. Acetic acid, formic acid, oxalic acid, 
acetone, glycerol, glucose, and mannose also gave no reaction in 
the spot test.

Boyd and Logan (2) used chromotropic acid for the colorimet­
ric determ ination of formaldehyde which was liberated from 
serine by periodate oxidation and then distilled from the reac­
tion mixture. These authors used a Duboscq colorimeter for 
their measurements, and sta te  th a t for an  accuracy of 2 % the 
unknown should have a formaldehyde concentration within 50% 
of the standard.

I t  seemed likely, therefore, th a t chromotropic acid was specific 
for formaldehyde and if proper conditions could be found for 
developing the purple color, a spectrophotometric method could 
be obtained.

RECOMMENDED PROCEDURE

Prepare a  solution of chromotropic acid by dissolving 2.5 
grams of the dry powder in 25 ml. of water, and filter if there is 
any insoluble material. Although this solution gradually changes 
color on standing, it is perfectly stable as far as color develop­
m ent is concerned for 2 weeks. However, since the color of the 
reagent does change on standing, it  is desirable to  run a reagent 
blank each day and make all readings for the day against this 
blank. The calibration curve remains the same if this pre­
caution is observed.

The sample to  be analyzed should not contain over 100 micro- 
grams of formaldehyde and should have a volume of 0.4 to 0.9 
ml. I f  a dry sample is to be analyzed, take a  suitable weight of 
sample in a  test tube (18 X 150 mm., preferably glass-stoppered) 
and add 0.5 ml. of w ater to it. After 0.5 ml. of the chromotropic 
acid solution is added, slowly pour 5 ml. of concentrated sulfuric

1 S ince th e galley  proof of this paper was received, an article b y  D . A. 
M acFayden , J .  B io l. Chem ., 158, 107 (1945), has appeared in  w hich chrom o- 
tropic acid  is tested  under different conditions, but w hich substantiates th e  
results of th is  paper.

acid into the test tube with continuous shaking. Then stopper 
the test tube and place it  in a beaker of boiling water for 30 
minutes. Cool the test tube and after diluting the contents of 
the test tube and cooling again, dilute the solution to approxi­
m ately 50 ml. in a volumetric flask. When the diluted solution 
has reached room tem perature, adjust the volume accurately 
to 50 ml. and read the transmission of the colored solution against 
a reagent blank a t  570 m/j. Then, after the extinction (extinc­
tion =  log 1 /T ) for the solution is computed, the am ount of 
formaldehyde equivalent to this extinction can be evaluated from 
the calibration curve. The percentage of formaldehyde in the 
sample is calculated by dividing the weight of formaldehyde 
found by weight of the original sample and multiplying by 100.

EXPERIMENTAL

In  the preliminary experiments, a  small amount of formalde­
hyde in 1 ml. of solution in a test tube was treated with 60 mg. 
of chromotropic acid and 5 ml. of 72% sulfuric acid and then 
heated a t  60° C. ±  1° for 1 hour in a constant-temperature bath. 
After this solution was diluted to 50 ml., a transmission curve 
(using a  spectral band width of 2 to 4 m/i) was run. A mini­
mum in the transmission curve was found a t 570 m/i. However, 
when an attem pt was made to  set up a calibration curve by 
plotting the extinction versus the concentration of formaldehyde, 
a concave curve instead of a straight line was obtained.

The conditions which affect the development of the purple 
color were then critically investigated. Technical chromotropic 
acid as obtained from one source was lumpy and was found to  
contain about 40%  sodium chloride. When this technical re­
agent was used, erratic results were obtained. Before any con­
clusive work could be done, it  was necessary to have some fairly 
pure chromotropic acid.

This technical reagent can be purified by dissolving 10 grams 
in 100 ml. of water, filtering off the insoluble m aterial, evaporating 
the filtrate to  8 to 10 ml., and then  adding about 250 ml. of etha­
nol. A nearly white crystalline m aterial separates which can be 
filtered and dried. I t  was found later th a t chromotropic acid 
obtained from the Eastm an Kodak Company, although sold as a 
practical grade, contains little or no chloride and can be used 
w ithout purification. Chromotropic acid for spot tests (ST-13) 
from Paragon Testing Laboratories was equivalent to the puri­
fied material. Eastm an Kodak reagent, spot test reagent, and 
the purified chromotropic acid gave identical results.

In  the preliminary experiments, the conditions for color forma­
tion had to be carefully duplicated in order to ensure reproducible 
results. In  this connection, it  was found th a t the intensity  of 
color increased slowly when the reaction mixture was heated for 
longer than  1 hour a t 60° C. Therefore, i t  seemed likely th a t a 
higher tem perature for heating the m ixture and a higher sulfuric 
acid concentration would give more sensitive and possibly more 
uniform results.

Accordingly, 50 mg. of chromotropic acid in 0.5 ml. of water 
were added to 50 micrograms of formaldehyde in 0.5 ml. of w ater 
in test tubes. These solutions were treated with various amounts 
of concentrated sulfuric acid. The solutions were heated for 30

Table I. Effect of Sulfuric A c id  Concentration
Sulfuric T ransm ission E xtin ction

A cid  A dded a t  570 m/i ( —log T )
M L  %
1  6 9 .0  0 .16 0
2 3 3 .8  0 .4 70
3  3 2 .5  0 .489
4 3 3 .0  0 .4 8 1
5 3 2 .5  0 .4 87
6 3 3 .3  0 .4 7 7
7  3 2 .9  0 .4 83
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Table II. Effect of Bath Temperature
T em perature  

of H eatin g, ° C.

60
70
80
90

100
120

E xtin ction

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

Table III. Effect of Heating Time at 100°
T im e of H eating,

M in. E xtin ction

0 0 .3 2 8
5 0 .6 8 3
7 0 .7 6 5

10 0 .8 5 0
15 0 .8 9 5
30 0 .9 0 6
45 0 .8 9 8
60 0 .8 9 0

minutes in a boiling w ater bath  and then diluted to 50 ml. in volu­
metric flasks. The results in Table I  show th a t the color de­
veloped is constant regardless of the acid concentration as long 
as a t  least 3 ml. of concentrated sulfuric acid are used for each 
ml. of water.

To determine the optimum tem perature for developing the 
purple color, six samples, each containing 50 micrograms of 
formaldehyde and 50 mg. of chromotropic acid in 1 ml. of water, 
were treated w ith 5 ml. of concentrated sulfuric acid. These 
solutions were heated a t various tem peratures for 30 minutes and 
then diluted to 50 ml. (Table II) .

From Table II , it is obvious th a t the tem perature a t which the 
color is developed is not too critical. However, for convenience 
and for obtaining complete hydrolysis of various formals, all solu­
tions were heated in a boiling w ater ba th  for 30 minutes.

In  order to determine the most favorable time of heating, 5 ml. 
of concentrated sulfuric acid were added to  test tubes containing 
0.10 mg. of formaldehyde and 50 mg. of chromotropic acid in 1 
ml. of water. These solutions were heated for various lengths of 
time in a boiling w ater bath. The results are tabulated in Table 
II I . I t  can be seen th a t if a  solution is heated for a t least 30 
minutes a t 100° C., complete color development is obtained.

Experiments were carried out according to the established 
procedure, w ith 0.06 mg. of formaldehyde, to determine the op­
timum concentration of reagent. The results shown in Table IV 
indicate th a t a  500 to  1 ratio of reagent to formaldehyde is nec­
essary. In  another series of experiments, it  was found th a t 0.1 
mg. is the maximum am ount of formaldehyde th a t can be con­
veniently determined by this method. Therefore, 50 mg. of re­
agent should be used for each determination.

The next uncertainty was the stability of the purple color. 
The color from 20 and 80 micrograms of formaldehyde was de­
veloped according to the recommended procedure. The ex­
tinctions of these solutions were read as soon as they were diluted 
to  50 ml. and cooled to  room tem perature, and then a t  various 
intervals. The results are tabulated in Table V.

Obviously, the color is stable for a t  least 48 hours and in all 
probability for much longer. However, it  is necessary to  allow 
the solutions to reach room tem perature before taking the 
spectrophotometric readings. The extinction of the purple 
solution is directly proportional to  the tem perature of the solu­

Table IV . Effect ot Chromotropic A c id  Concentration
W eight R a tio  of R eagen t  

to  Form aldehyde
10:1 
50:1  

100:1 
500:1

E xtin ction  
a t 570 m/i

0 .2 3 5
0 .5 3 2
0 .6 2 0
0 .6 3 0

tion. If  this precaution is not observed, the stability of the color 
m ay not appear to be so good as shown in Table V.

The recommended procedure was used to obtain transmission 
curves on a reagent blank and three different concentrations of 
formaldehyde. Figure 1 shows th a t the minimum of the colored 
solution is a t 570 mn and th a t this minimum is independent of 
the concentration of formaldehyde. I t  is apparent th a t the 
blank is only 97% transm itting a t 570 m/i. Therefore, it  is neces­
sary to make all calibration readings against a reagent blank.

A calibration curve, using various amounts of formaldehyde, 
was made. This curve is practically linear up to an extinction 
of 0.750 bu t beyond this value the absorption starts  to deviate 
slightly from Beer’s law. Since the absorption is so reproduc­
ible, it  is possible to  determine as much as 0.10 mg. of formalde­
hyde by referring to the calibration curve.

INTERFERENCES

Using the recommended procedure, formaldehyde is the only 
aldehyde tha t has been found which will react with chromotropic 
acid to give a purple color. This is in agreement w ith the origi­
nal reference to this reagent (-5). However, any compound th a t 
will give formaldehyde on hydrolysis with sulfuric acid will give 
a purple color.

Table V. Stability of Color
E xtin ction

F orm aldehyde, y Im m ed iately A fter 12 hours A fter 48 hours

20 0 .2 0 5 0 .2 0 5 0 .2 0 8
80 0 .7 5 1 0 .7 5 2 0 .7 5 0

Methanol and ethanol do not react with the reagent and there­
fore, by using 0.5-gram samples, i t  is possible to determine as 
little  as 2 p.p.m. of formaldehyde in these alcohols.

Higher aliphatic alcohols seem to hinder the formation of the 
formaldehyde color. The effect of »-propyl alcohol is much 
less than  th a t of »-amyl (Table VI).

Acetaldehyde, acrolein, and /3-hydroxypropionaldehyde give a 
yellowish brown color with chromotropic acid and in addition  
interfere markedly with the formaldehyde test. However, it is 
possible to determine 0.04 mg. of formaldehyde in the presence of 
4 mg. of acetaldehyde by using 300 mg. instead of the customary 
50 mg. of reagent. So far, a method to eliminate the interference 
of acrolein and /3-hydroxypropionaldehyde has not been found.

Benzaldehyde alone does not react with the reagent, nor does it  
inhibit the formation of the formaldehyde color. Therefore,

WAVE - L E N O T H  IN MILLIMIC R ON S

Figure 1. Transmission Curves
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Table V I. Effect of n-Propyl and n-Am yl Alcohols
W eight R atio , 
Propyl A lcohol 

to Form aldehyde

5 :1
10:1
15:1

A m yl A lcohol 
to  Form aldehyde

2:1
5 :1

10:1
100:1

Form aldehyde
A dded

M g.
0 .0 3 5
0 .0 3 5
0 .0 3 5

0 .0 4 4
0 .0 4 4
0 .0 4 4
0 .0 4 4

Form aldehyde
Found

M g.
0 .0 3 5
0 .0 3 3
0 .0 3 3

0 .0 4 2
0 .0 3 7
0 .0 3 0
0.021

F orm aldehyde Form aldehyde
T heory Found®

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

1 0 0 .0 102

Table V II. Determination oi Formaldehyde in Formals

M aterial

M eth ylal (7.3%  m ethanol)
P entaerythrito l d iform al 
P entaerythrito l m onoform al 
Piperonal 
n -Propyl formal*»
Trioxane

° N o  free form aldehyde found in  an y  of these sam ples.
*» P u rity  n o t know n. B y  th e  2 ,4-d in itrophenylhydrazine procedure, 

19.9%  form aldehyd e was found.

very small amounts (0.02%) of formaldehyde can be determined 
in the presence of this aromatic aldehyde and probably in the 
presence of other aromatic aldehydes.

Acetone, while i t  does not give a color w ith chromotropic acid, 
causes the purple color due to formaldehyde to fade when the 
solution is diluted w ith water. However, this interference can 
be eliminated by diluting the solution to 50 ml. w ith 18 N  sul­
furic acid instead of water. As little as 1 part of formaldehyde 
in 5000 parts of acetone can be accurately determined by this 
modification.

Diacetone alcohol and methyl ethyl ketone interfere very 
markedly w ith the development of the formaldehyde color. In  
the presence of 200 mg. of each of these materials, 0.04 mg. of 
formaldehyde could not be detected.

The mechanism of the reaction between formaldehyde and 
chromotropic acid has not been investigated. For this reason, no 
explanation can be offered to account for the various interferences 
mentioned.

RESULTS A N D  APPLICATIONS

The method described in this paper can be used to determine 
free formaldehyde or combined formaldehyde which is liberated 
by acid hydrolysis. Various formais which were subjected to 
the recommended procedure were quantitatively hydrolyzed. 
Some of the results are tabulated in Table VII.

Several dilute formaldehyde solutions which were standardized 
by the bisulfite-iodine method (4) and by the dimedone method 
(7) were analyzed by the chromotropic acid procedure. The 
agreement was within 3%.

Although all spectrophotometric readings were made w ith a 
Beckman Quartz Spectrophotometer, there is no apparent reason 
why a photom eter w ith a filter having a  maximum transmittance 
a t about 570 m#* could not be used. In  view of the stability of 
the purple color, it  seems likely th a t a t least sem iquantitative 
results could be obtained by matching the colors of unknowns 
visually w ith standards prepared in the same way. The stand­
ards would not have to be prepared more than once a week.

The method described in this paper is rapid and accurate. As 
little as I microgram of formaldehyde ;n 1 ml. of solution can be 
detected. Accuracy of the method is certainly well within 5%.
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BOOK REVIEW
The Amino Acid Composition of Proteins and Foods. R. J . Block

and Diana Bolling. 396 pages. Charles C. Thomas, Springfield,
111., 1945. Price, $6.50.

The recent pronounced increase in amount of research attention 
paid to proteins and amino acids, particularly with respect to the 
roles they play in nutrition, makes this book timely. No previous 
text or reference book contains in such detail the published amino 
acid analyses of proteins and foods. In  addition, the authors have 
rendered a distinct service by outlining and discussing in detail the 
methods used for the determ ination of amino acids.

The first eight chapters—Diamino Acids, Aromatic Amino Acids, 
Sulfur-Containing Amino Acids, /3-Hydroxy Amino Acids, “Leu­
cines” , Dicarboxylic Aunino Acids, Glycine and Alanine, and Proline 
and Hydroxyproline—contain the available information on methods 
of estimation and occurrence. In  m any cases sufficient detail is in­
cluded, so th a t the determinations can be made without reference to 
the original papers. The authors suggest which methods are most 
reliable and comment pertinently  on the various alternate proce­
dures. The tables are extensive and inclusive and contain m any 
hitherto unpublished analyses. Although m any of the data are en­
tirely unreliable and of historical interest only, they  should make ex­
tensive early literature searches unnecessary for future workers in 
this field. The authors indicate which of the analytical results they 
consider to be the closest approximations to true values.

I t  is unfortunate, although doubtless unavoidable, th a t the refer­
ences are complete only through p a rt of 1943. Inasm uch as a  con­
siderable number of im portant papers dealing with amino acid m eth­
ods and analyses have appeared since then, the m ost acceptable 
results for the more difficultly determinable amino acids in m any 
cases are now no longer the same as those included in the tables. In 
particular, da ta  obtained by microbiological methods have required 
some revision of previous data on the amino acid composition of pro­
teins and foods.

Chapter IX  describes general m ethods for the hydrolysis of pro­
teins, the separation and determination of amino acids, and tests for 
carbohydrates.

Chapter X  includes a series of 14 tables of amino acid compositions 
of proteins. Here the entire amino acid moiety is represented, in 
contrast to the tables in the previous chapters in which the amino 
acids are presented individually or in groups of two or three.

The three tables in the final chapter on the essential amino acid 
requirem ent of man include an estim ated annual average per capita 
consumption of essential amino acids, the daily essential amino acid 
requirements, and the percentage of optimal daily requirements sup­
plied by 100 grams of proteins from several of the commonest foods.

The bibliography of more than 700 references and the author and 
subject indexes have been carefully prepared and help to make the 
book a handy m anual for ready reference. Protein chemists and those 
interested in the protein phases of nutrition will use it as such.

H a r o l d  S. O l c o t t



NOTES ON ANALYTICAL PROCEDURES

Catalytic A c t iv ity  of Selenates in the Kjeldahl M ethod  
for Determination of Nitrogen

ROBERT S. D A L R y M P L E  a n d  G. B R O O K S  K IN G  

Department of Chemistry, State College of Washington, Pullman, Wash.

Although selenates have been found to be more effective catalysts 
in the Kjeldahl digestion for protein nitrogen than elemental sele­
nium, prolonged digestion gives low results.

IN 1931, Lauro W) discovered th a t small amounts of selenium 
were effective in catalyzing the decomposition of proteins in 

K jeldahl digestions. Although the action of selenium, selenium 
oxychloride, and certain selenites in catalyzing these decomposi­
tions has been fairly extensively investigated since th a t time, 
there appears to  be no study of the effect of selenates on di­
gestion time.

Sreenivasan and Sadasivan (7) employed copper selenate in a 
study of the mechanism of selenium catalysis, b u t did not report 
the effect of the salt on digestion time. They proposed a mech­
anism for the catalysis in which selenium is alternately oxidized 
to  selenious acid and reduced to  elemental selenium. The sele­
nium, after complete oxidation of protein, is present as selenious 
acid. However, in  the presence of mercuric oxide, all the 
selenium is presumably oxidized to selenic acid. Osborn and 
K rasnitz (5) report th a t a  combination of mercuric oxide and 
selenium acts much more effectively than either mercuric oxide 
or selenium alone in catalyzing the decomposition of proteins. 
In  view of this fact and in the event th a t selenic acid does play a 
role in selenium catalysis in the presence of mercuric oxide, 
possibly a selenate would be more effective as a catalyst than  
either selenium or a selenite.

The purpose of the present investigation was to determine the 
relative catalytic action of several selenates in the Kjeldahl 
determination and compare their effectiveness to  elemental 
selenium in this respect.

EXPERIMENTAL

The determinations were carried out with the conventional 
K jeldahl apparatus in the usual manner, using a  gas flame as a 
source of heat. Elem ental selenium used was a  preparation of 
Eimer and Amend. The selenates were prepared by treating 
analytical reagent carbonates of the m etals with selenic acid, 
the preparation of which has been described ($). Th# salts were 
twice recrystallized from water. The selenates in hydrated form 
were weighed out in amounts such th a t the selenium content of 
each sample was 0.10 to  0.15 gram. This was added directly to 
the weighed sample of protein. B radstreet (#) reports th a t more 
than  0.25 gram of selenium gives low results. The digestions

Protein
Sam ple

N o.

I I

T im e
H ours

1

Table I. Effect of Selenium Catalysts

Se C uSeO ) CaSeOt
N T im e N T im e N T im e N T im e N
% H ours % H ours % H ours % H ours %

2 .5 9 6 2 .6 3 2
2 .5
3
6

2 .5 9  
2 .6 3
2 .6 0  
2 .3 0

2
3
4

2 .5 6
2 .6 1
2 .5 1

2
3

2 .4 9
2 .6 1

1 .6 7 0 .5 0 .3 7 0 .5 0 .9 8 0 .5 0 .9 4 0 .5 0 .5 7
0 .7 5 0 .8 4 0 .7 5 1 .3 7 0 .7 5 1 .3 9 0 .7 5 0 .9 7
1 1 .2 0 1 1 .5 5 1 1 .5 9 1 1 .3 2
1 .2 5 1 .4 4 1 .2 5 1 .6 6 1 .3 3 1 .6 2 1 .2 5 1 .4 7
1 .5 1 .4 6 1 .5 1 .6 7 1 .5 1 .6 7 1 .5 1 .5 5
2 1 .51 2 1 .6 6 2 1 .6 4 2 1 .6 0
2 .5 1 .6 3 2 .5 1 .5 9 2 .5 1 .6 0 2 .5 1 .6 6
3 1 .6 7 3

4
1 .5 0
1 .3 6

3 1 .5 7 3 1 .6 1

Time In Hours 
Figure 1. Effect of Selenates on Digestion Time

were carried out for varying lengths of time in the presence of the 
four catalysts: selenium, copper selenate, calcium selenate, and 
cadmium selenate. All analyses represent the average of at 
least two determinations. The results of duplicate determina­
tions were in error by no more than  0.2%.

While the data  recorded in Table I are only a  portion of those 
obtained in the study, they are fairly representative. Sample I 
was pea meal, very difficult to  decompose completely. Six hours 
were required for the decomposition using metallic selenium as a 
catalyst; with copper selenate the tim e was cut to  2.5 hours; 
w ith calcium selenate to  3 hours; and with cadmium selenate to 
3.5 hours. N itrogen obtained by the official method (Kjeldahl- 
Gunning-Arnold) is somewhat lower than the maximum obtained 
using selenium or selenates as catalysts. However, in three other 
samples, da ta  for one only of which are included here, the nitrogen 
content by the official method agreed well with the maximum 
values obtained with the selenium or selenate catalysts. D ata  
for sample No. I I  are shown graphically in  Figure 1.

DISCUSSION

I t  is evident from the data  th a t the three selenates were m ark­
edly more effective in catalyzing the digestion than  selenium in 
the elemental form. Although the relative effectiveness of the 

selenates in general is not pronounced, copper 
selenate and cadmium selenate proved some­
w hat more effective than  cadmium selenate in 
all the determinations carried out. I t  was noted 
th a t clearing of the digestion mass is no criterion 
as to  completeness of digestion, a  fact previously 
reported by Ashton (1). The tim e of digestion 
is an im portant factor in the accuracy of the re­
sults. Reference to  Figure 1 shows th a t the 
nitrogen obtained, except when elemental 
selenium is the catalyst, rises to a maximum and 
then falls off. The danger of loss of nitrogen 
on prolonged digestions with selenium catalysts 
has been reported by Sandstedt (6). I t  would not 
appear practicable, therefore, to  employ selenates 
as catalysts, since the digestion time for maximum

CdSeO)

403
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yield of nitrogen would have to be rather accurately determined 
and controlled for each type of protein sample.
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A n  Automatic G a s  Circulating Pump
J. H. S IM O N S ,  T. J. BRICE, a n d  W. H. P E A R L S O N  

School of Chemistry and Physics, The Pennsylvania State College, State College, Pa.

A N AUTOM ATIC gas circulating pump for use on a vacuum 
i system has been devised and used w ith satisfactory results 

in this laboratory. The design of the pump and the controls is 
shown in the diagram.

The pump consists of two small one-way valves and two 50-cc. 
bulbs arranged as shown. Gas is drawn in through valve A  by 
lowering the mercury in C, thus reducing the pressure inside the 
pump below th a t of the system; the lowering of the mercury 
is accomplished by applying a vacuum on bulb D. In  this step 
B  acts as a check valve. W hen the mercury has been lowered 
sufficiently so th a t C is empty, the cycle is reversed by letting 
air into D and allowing the mercury to  flow back into C. Gas 
is forced ou t through B  while A  acts as the check valve. The 
pump used by the authors made a complete cycle once a m inute 
a t  200-mm. pressure. This period could be varied by changes in 
the dimensions of the various parts of the apparatus.

The levels of the mercury in A  and B  are adjusted by means of 
the reservoirs below them. The pump can be made to  operate a t 
pressures as low as 3 to 4 mm. by suitably adjusting these levels. 
This is the pressure required to  overcome the resistance of the 
mercury check valves. If other check valves were used this 
minimum m ight be reduced. Residual gas in the pump can be 
let out into the system  by drawing the mercury down into the 
reservoirs.

The pump was designed to operate w ith a continually varying 
pressure inside the system. This is accomplished by construct­
ing the right arm  of the U-tube of small-bore tubing; pressure 
variations register on this arm  while the maximum height in C 
remains practically unchanged. The height between the bot­
tom of this small-bore tubing and the top of C should exceed the 
mercury equivalent of one atmosphere pressure for safe opera­
tion a t  pressures down to a few millimeters.

The minimum operating pressure in millimeters of mercury is 
equal to or greater than  the height of the bottom  of C above the 
upper contact on D, plus the resistance of one check valve, and 
the lowest pressure reached by the operating vacuum pump. 
The maximum operating pressure is equal to  or less than  the 
atmospheric pressure, minus the resistance of one check valve, 
minus the height of the top of C above the lower contact on D. 
The operating range of pressures for any set of fixed dimensions 
or level of bulb D  is the difference between the maximum and 
m inim um  operating pressures and is equal to  atmospheric pres­
sure minus the sum of the distance between the top and bottom  
of C, the distance between the top and bottom  contacts on D, the 
lowest pressure of the operating pump, and twice the resistance 
of one check valve. For safety of operation, so th a t mercury 
from C does not enter the valve chambers, the minimum pressure 
encountered in millimeters of mercury plus the height of the top 
of C above the rest level of the mercury in the small-bore tubing 
should be equal to  or greater than  atmospheric pressure.

For operating a t  pressures down to a few millimeters the upper 
contact on D m ust be below the bottom  of C by a t  least the lowest 
pressure of the operating pump plus the resistance of one check 
valve. The maximum operating pressure under these conditions 
is equal to  atmospheric pressure minus the height between the 
lower contact on D  and the top of C. Of course, the lower D 
is the shorter the period of operation but the lower the maximum 
pressure. For operating a t  pressures above th is maximum D 
m ust be raised relative to C. In  this case the minimum pressure 
a t  which the pump will operate will increase by the amount th a t 
the upper contact of D  is raised above the highest level th a t it 
could have for operating down to a few millimeters. The height 
of D  can be made adjustable by connecting it  to the glass system 
by a flexible rubber tubing.

The operation of the pump is made autom atic by an electrical 
device based on the fact th a t it  requires less force to hold an iron 
core in a solenoid than  to lift it into this position against the 
force of gravity, particularly as the vacuum below the air leak 
provides an additional resistance to be overcome in lifting the 
solenoid core.

When the mercury starts rising in the right arm of the U-tube, 
it  completes a  circuit through the sealed-in contact a t the bottom  
of bulb D. The current through the solenoid is sufficient to 
support the weight of the rod, bu t not sufficient to lift the rod 
and overcome the vacuum force, so the air leak remains closed. 
The mercury continues to  rise until it  makes contact w ith the 
lead a t  the top of D. A larger current then flows through the 
solenoid, and the rod is pulled off the air leak. This contact is 
immediately broken, since air rushes into D and the mercury 
starts to  fall. The air leak does not close, since the current 
through the lower contact is sufficient to  hold the rod in the 
solenoid. The mercury continues to fall until the lower contact 
is broken. A t this point no current flows through the solenoid, 
the rod falls, closing the air leak, and the cycle is repeated.

In  the original apparatus an ordinary aspirator supplied the 
vacuum and an air leak of 7-mm. tubing was used. The stop 
on the air leak was made of 0.6-cm. (0.25-inch) iron rod and 
weighed 15 grams. The open end of the glass tube was ground 
flat. A cork was fitted to  the lower end of the plunger rod by 
means of a centrally bored hole. The rod entered this hole p art­
way through the cork. The hole was enlarged a t the lower end, 
and a rubber disk cemented to the bottom face. An air cushion 
was thus provided above the rubber disk. A direct current 
solenoid of approximately 400 turns was used, which required 
a  current of 2.3 amperes to overcome both forces on the rod and
1.0 ampere to  m aintain the weight of the rod. Resistances E  and 
F  were approximately 50 and 30 ohms.

Alternating current could be used by using an alternating 
current solenoid; the design could be further modified by using 
relays to cut down the current through the mercury.



lune, 1945 A N A L Y T I C A L  E D I T I O N

V

l * 0 , 2 t c o * p u l 6

v i s » » t t B

G i »  ,APt o ot -.„«.WiaY

s ttiP

Ç>\\lC

ia tlC
• 0 oVatoSta P

W o P ^ e 0 t ^ e d s e

1« ® ” ^  » ! “ “ ‘ r coW « « ‘ “ °  ' ,  ■>»«*- 

°< »‘̂ e, 1 W  * * S  r » “ “ " “ '

gec« °

, * > «  " 2 ^ 4Æ
¿ iIlg -n te r^ te to e°  

“»,w

o i  ï ° e ta
o i coCClp a  COO' 

a ta te s  a

tuieS' w  baVa^ce i

^ eCOÏa *

c o ^ r
Ütv î.eq u e  C h 'c ° q °

S ^ c e ' '
S » P C

ç o l

s a * g
t b t

. 0»4Y

,( ,5  t o S '  '  oe» 0'1* 7
A ** . je^^»s0",

MiehiO01’

Kiichi9an
ow si°n *

' 4 mbéJ
S C I E N T I F I C  L A B O R A T O R Y  S U P P L I E S



18 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. 17, No. 6

Braun Chipmunk Crusher & U A  Pulverizer 

With Close-Coupled V-Belt Drive

C O M B I N E D  TO S A V E  
T I M E — L A B O R — SPACE
B R A U N  C H IP M U N K  C R U S H E R  —  This crusher is 

so sturdily built that it stands up, year-in and year- 

out, under the heavy punishment o i crushing hard 

rock and other metallurgical samples. N o  other 

crusher of similar dim ensions can approach the 

Chipm unk in the amount of material handled in a 

given length of time.

B R A U N  U A  P U L V E R IZ E R  —  For the tough task 

of continuous fine reduction of ores and metal­

lurgical samples this pulverizer can be depended  

upon to stay on the job. Sim ple construction, a 

minimum of moving parts and direct, powerful drive 

without gears help prevent expensive, time-wasting 

maintenance delays.

V -B E L T  A S S E M B L Y  —  Com bined in a modern 

V -b e lt  assembly these efficient, powerful machines 

sim plify the work of laboratory sample reduction. 

This convenient arrangement saves time, labor, space  

and expense.

W rite Dept. 1-6 for complete information.
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To Save Your Time
W H A T M A N  Hardened Ash- 

less D isks for Gooch Crucibles 
are great time savers in the busy 
laboratories o f modern industry.

Ju st drop one in a Gooch 
crucible, w et, turn on the suction 
and you are ready to filter.

T hey are made in tw o porosi­
ties. N o. 540 is medium rapid 
and retentive for a ll but the very 
finest precipitates. N o. 542 is 
very retentive, therefore not as 
rapid filtering as N o. 540. Both 
grades are almost unbelievably 
strong when w et, the ash w eight 
is infinitesimal in the sizes used.

T hey are available in three 
sizes —  2 .1  cm, 2.4 cm and 3.7 
cm diameter.

Order a box from your dealer 
today and say to yourself as 
dozens o f Chemists have said: 
“ W hy didn’t someone think of 
these years ago?’ ’

H . REEV E ANG EL & CO., INC.
7-11 Spruce S t. New York 7, N. Y.

ÏB R A U N
C O R P O R A T I O N
2260 East Fifteenth Street Los Angeles, California

San Francisco, Cali/. Seattle, W ashington
BRAUN-KNECHT-HEIMANN-CO. SCIENTIFIC SUPPLIES CO.
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T h e  Parr VB valve, Style A101 is only 
two inches long, but it withstands 
10,000 psi. static pressure in  either 
direction, and  is recom m ended for 
working pressures up  to 3,000 psi. with 
either gases or fluids. It is now available 
from stock with brass body . . . stainless 
steel needle  . . .  % in. m ale pipe th read  
ends . . . and  0.05 in. bore. O ther sizes 
of screw  threads and bores can  be  m ade 
to suit specifications. W rite us for d e ­
tailed description and prices, stating 
your requirem ents.

YOU CAN DEPEND ON PARR FOR 

ACCURACY PRECISION

DURABILITY

P A R R I N S T R U M E N T
COMPANY • Moline, 111

The Parr m anual on oxygen bomb calorimetry is 

again availab le  for distribution to interested parties.

K l e t t ..............
Photometers

PhotoelecttU c 

Q lcM . GeU. 
C o lo A im e te s i

No. 900-3

For th e  varied needs o£ industria l, clin ica l 
and agricultural laboratories. C om plete  
and se lf contained  — no accessory eq u ip ­
m en t necessary. Fused cells for readings on  
so lu tion  depths of 2.5, 10, 20, and 40 m m . 
Selective ligh t filters available.

K le tt
fy lu o sU m e t& i

No. 2071

D esigned for  th e  
rapid and accurate  
d e t e r m in a t i o n  o f
th iam in , riboflavin, and other substances w hich  
fluoresce in  so lu tion . The sen sitiv ity  and s ta ­
b ility  are su ch  th a t it  has been found particu ­
larly u sefu l in  determ in ing  very sm all am ounts  
of these substances.

To further increase its  adaptability  a separate  
circu it and scale is  provided for colorim etric  
determ inations.

J L
=KLETT SCIENTIFIC PRODUCTS-

ELECTROPHORESIS APPARATUS •  BIO-COLORIMETERS 
GLASS ABSORPTION CELLS •  COLORIMETER NEPHELOM­
ETERS •  GLASS STANDARDS •  KLETT REAGENTS

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

K l e t t M a n u f a c t u r i n g  C o .
179 E A S T  8 7 T H  S T R E E T  N E W  Y O R K ,  N .  Y.
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FOR WRITING ON G L A S S  AND PORCELAIN

G O L D  S E A L  P E R M A N E N T  L A B O R A T O R Y  IN K S
GOLD SEAL Laboratory Inks will find immediate use in Chemical, Biological, Bacteriological, Hospital and 
Industrial Laboratories . . . indeed anywhere where glass and porcelain are used.
GOLD SEAL Laboratory Inks are ready to use with clean steel pen, brush or rubber stamp, and will write 
as finely as paper inks, which makes them invaluable for labelling of small glass and porcelain surfaces as 
on microscopic slides and small containers. They are non-acid, non-corrosive, non-injurious and non- 
inflammable. They are resistant to acid, alkali, the usual laboratory solvents and high temperatures. The 
inks are available in four colors . . . Red, White, Blue and Black.

A-1403 GOLD SEAL Laboratory Ink, box of four 1-ounce bottles, one
each of red, white, blue and black ............................................. $2.00

A-1405 to A-1408 GOLD SEAL Laboratory Ink, red (A-1405), white 
(A-1406), blue (A-1407) or black (A-1408).
O ne ounce bottles..........................................Each $.50, dozen $5.40
Eight ounce bottles............................................................... Each $3.00

CLAY-ADAMS COJH
44 EAST 23rd STREET, HEW TURK 10, N.

A D A M S )

m w

EXPLOSION PROOF CENTRIFUGE
S u i t a b l e  Fo r

CLASS 1— GROUP 0 LOCATIONS
T H E INTERN ATION AL MODEL BE C E N TR I­
FUGE is equipped with a 3450 r.p.m. explosion proof 
adjustable speed motor suitable for Class 1 — Group D 
locations. A vapor proof controller is mounted perma­
nently on the guard bowl and connected through con­
duit and explosion proof fittings to the motor. In 
addition to the 11" diameter basket style heads, inter­
changeable tube carrying heads are available for 15, 50, 
100 and 250 ml. tubes and bottles.

T H E  INTERNATIONAL A10DEL AE is similar to 
the BE, bu t is equipped with a 1750 r.p.m . adjust­
able speed explosion proof motor and controller. I t  is 
designed chiefly for making the B. S. & W. Test on 
petroleum.

Further information upon request •

IN T E R N A T IO N A L  E Q U IP M E N T  C O .
352 Western Avenue Boston 35, Mass.

M akers o f  Fine Centrifuges for M o re  than Forty Years
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SCIENTIFIC GLRSS PPPPRPTU5 tDMpnr

1 Catalog  
INumber

Dimensions, Inches
A B C D

9637 17 M 15 21H 1 5 *
9638 1 7 * 20 25% 1 7 *
9639 1 7 * 20 25Vs 1 7 *

WRITE
FOR
64

CATALOG

C atalog  
N um ber  
“  9637

9638
9639

Number 
oi Tubes 

1 
2 
4

E ach

230.00
295.00
390.00

WELCH DUO-SEAL VACUUM PUMPS

J l i n Â b e S u j ,
COMBUSTION TUBE FURNACES

9637 9638 9639

This is a sturdy unit designed for standard combustions, special 
organic analyses and modern two-minute volumetric method of 
carbon and sulfur determination. The high-temperature range is 
equally desirable and applicable to gravimetric methods of carbon 
and sulfur determinations, especially on high-alloy steel. Avail­
able in single, two and four tube sizes. Low-voltage, high-tem­
perature type Globar elements perm it heating operation to 2500°F. 
Temperature is regulated by a built-in variable voltage trans­
former. An ammeter is furnished to guide the operator in select­
ing the proper input for the Globar elements, thus assuring maxi­
mum element life. The high resistance pyrometer indicates the 
correct operating tem perature and the signal light shows when the 
furnace is in operation. The pyrometer and ammeter are installed 
in the lower portion of the furnace shell.
Courses of high-temperature insulating slab and refractory brick 
are solidly enclosed in a heavy sheet steel shell. Terminal con­
nections are fully protected and the elements are easily acces­
sible for maintenance. Takes tubes from 1 inch to 1 *  inches O.D.

Heating 
Length, Power,
Inches Watts

2000 
3000

N o. 140S-H

DUO-SEAL VACUUM  PUMP, Motor Driven.
Vacuum .05 micron —  free air capacity of 33.4
liters per m inute........................................... $ 140.00
With larger motor givin g 57 liters free  air capacity 
per minute and vacuum of 0 .1 m icron $ 155 .0 0

W. M. W elch Scientific  C o m p a n y
1518 Sedgwick Street Established 1880 Chicago 10, Illinois, U.S.A.

For 110 or 220 volts, 60 cycle operation only, 25 cycle — 
Price on application.

T h e a b o v e  p r ices in c lu d e  v a r ia b le  v o lta g e  transform er, 
a m m eter , in d ica tin g  p yrom eter , p la tin u m  rhodium  ther­
m o co u p le , s ig n a l lig h t and  adapter rings for IV2,  1 Vi and  
1 in ch  O.D. tub es.

• ELECTRONICS
• DISTILLATIONS
• FREEZING 
. DRYING
. QUIET RUNNING

are designed for continuous/ heavy- 
duty service. Actually improve 
with use.

Greater free-air capacity and higher 
ultimate vacuum assure faster 
pumping at all presssures

G U A R A N T E E D  V A C U U M
0.5 Micron (.00005 mm Hg.) 

FREE A IR  C A P A C IT Y
33.4 Liters Per Minute 

O P T IM U M  O P E R A T IN G  SPEED
300 Revolutions Per Minute 

O IL  REQ U IRED
650 ml. Duo-Seal O il

W rite  fo r  FREE 32-page b o o k le t o n  W elch  
D uo-Sea l P u m p s  a n d  V a cu u m  T ech n iq u es



22 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. 17, No. 6

M a n y  fa c to rs  e n te r  in to  effic ient p la n n in g  
a n d  in s ta lla t io n  o f  a  la b o ra to ry .  B ecau se  
o f  th is  th e  p la n n in g  o f  a  la b o ra t o r y  is  not 
m e re ly  a  m a tte r  o f  se le c t in g  eq u ip m e n t, 
b u t  a  t a s k  th a t  d e m a n d s  a  h ig h  a n d  
s p e c ia liz e d  t y p e  o f  c re a t iv e  u n d e r s ta n d in g ,  
s k il l,  a n d  lo n g ,  p ra c t ica l e x p e r ie n c e .

W h a t  S h e l d o n  P la n n in g  E n g in e e rs  h a v e  
a c c o m p lish e d  fo r  o th e rs  is a  d e p e n d a b le  
in d e x  o f  w h a t  can  b e  d o n e  fo r  y o u . A c ­
q u a in t  u s  w ith  y o u r  la b o ra t o r y  n e e d s  a n d  
y o u r  p la n n in g  p ro b le m s  . . . S h e ld o n  P la n ­
n in g  E n g in e e rs  w ill b e  h a p p y  to  w o rk  
w ith  yo u .

m E L I / U I I  &  C O M P A N Y  
M U S K E G O N ,  M I C H I G A N

r  •

IB " ' T ’ r
nrr-m  i
^ H T T l

No Techn ica l Training Required to Make

/iccm ate determinations
with a PHOTOVOLT

R E F L E C T I O N

;  g l o s s  I « « «

Designed to measure both diffuse 
reflection (whiteness, brightness, 
color) and specular reflection (shini­
ness, gloss)

*  P a p e r  b r ig h tn e s s  te sts  
» D e te r g e n c y  te sts
*  P a in t  g lo s s  te sts, a n d  m a n y  

o th e r s
*  L in e — o r  b a t t e r y - o p e r a t e d  

m o d e ls
.  T w e lv e  in t e rc h a n g e a b le  se a rch  

u n it s

W R ITE  TOR C O M P U TE 
IN FO RM A TIO N

For solid surfaces of ever/ description, 
for powders, pastes an d  opaque liquids. 
To the basic instrument can be attached 
any of a  number of search units, each 
engineered especially for one or more 
specific purposes. A  variety of color fil­
ters is also available, including those for 
ICI Tristimulus values.

/ Vi P R E C I S I O N  - B O R E

ë S t é r & â li G L A S S  t u b i n g
V v 7 ,,T I ' l "  . . . n o w  ava ila b le  in many types of glasses

H e r e ’s interesting new s for the engineer-designer or p roduction  m an 
confronted w ith  prob lem s req u iring  precise internal diameters in  glass 
tub in g  fo rm ulated  o f special m aterials in  order to g ive  a desired com b ina ­
t ion  of p hy sica l and chem ical properties.

"G lo - t e c h ,” the new  technique for re fo rm ing  the internal diam eters of 
g lass to sp lit -ha ir accuracies, has been successfully applied to a w ide  range 
o f com m ercial glasses, in c lu d in g  new  fo rm ulas developed specifically for 
electronic app lications and fo r instrum ents of measurement and control, 
such as h ig h  accuracy manometers, barom eters and precision  burettes. 

T h is  new  technique is  com pletely described in  ou r profuse ly-illustrated 
cata log  9 5 -A — m ay w e send yo u  a copy? O u t  recom m endations are a va il­
able w ith o u t  the s ligh test ob liga t ion  on yo u r  part.

FISCHER & PORTER COMPANY HATBORO, PENNSYLVAN IA

SC H A A R  & COM PA NY
Com p lete  Laboratory  Equipm ent  

754  W .  L E X I N G T O N  STREET C H I C A G O
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C o o r s  P o r c e l a in  C o m p a n y
G O L D E N , C O L O R A D O

CHEM ICAL AND  SCIENTIFIC 
PORCELAIN  W ARE L U M E T R O N

Photoelectric COLORIMETER and FLUORESCENCE METER
A high precision instrum ent of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

Mod. 402EF for determination of Vit. Bi and Bj

Also
Colorimeters Densitometers
Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters

W rite fo r  L iterature P rom pt D elivery

PHOTOVOLT CORP.
95 Madison Ave. New York 16, N. Y.

C L A S S  A B S O R P T I O N  C E L L S . . . .
O F  F I N E  Q U A L I T Y

m a d e  b y K l d t _____

Sole manufacturer in the 
★  U n i t ed  S t a t e s  of  fu se d  ★  

E l e c t r o p h o r e s i s  C e l l s .

M akers o f com plete  
E lectrophoresis Apparatus

Kleä
Literature sent 
Upon Request .

Fused in an electric furnace with cement 

that is acid, alkali and solvent resistant.

Optical Flat Walls. Many stock sizes are 

available. Special sizes made to order.

KLETT SCIENTIFIC PRODUCTS-
KLETT-SU M M ERSO N  PHOTOELECTRIC COLORIMETERS • 

COLORIMETER NEPHELOMETERS • FLUORIMETERS • B IO ­

COLORIMETERS • ELECTROPHORESIS APPARATUS • 

G LA SS  STANDARDS • KLETT REAGENTS

MANUFACTURING CO., 177 East 87th Street, N e w  York, N .  y .
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Catalog No. 44, Part One, marks our thirty-fifth anniver­
sary. With it the laboratory worker has at hand for ready 
reference a complete listing of glassware and porcelain- 
ware, a representative listing of the smaller pieces of appar­
atus used every day in the modern laboratory, and a careful 
selection of the larger pieces of equipment.

Catalog No. 44, Part One, features the complete listing of 
Corning Glass Works’ Pyrex brand laboratory glassware, 
Kimble Glass Co’s. Normax, Exax and Kimble brands lab­
oratory glassware, and Coors Laboratory Porcelain. You 
will find it to be an invaluable reference book, and will 
appreciate its simplicity, brevity, and completeness.

SCHMR &  COMPANY

No Emulsion Failures
with the LAB ORATORY H O M O G EN IZER

•  Test samples, experimental 
batches perfectly homogenized 
quickly, conveniently. Perma­
nent suspension w ith no failures 
— if  ingredient-ratio  is sound. 
The microphotos above show 
higher degree of dispersion.

Hundreds in daily laboratory 
use. Easy and simple to  operate

and keep clean. Save time and 
m ateria ls . C apacity , 1 to 10 
ounces; sturdily made of molded 
aluminum; stainless steel piston. 
Height, 101/2 inches. Still avail­
able from pre-war stock. Only 
$6.50 complete, direct or from 
your laboratory supply house. 
Satisfaction Guaranteed !

HAND

HOMOGENIZED
IN T E R N A T IO N A L  E M U L S IF IE R S , IN C .

2 4 0 1  S u rre y  C o u rt , C h ica g o , III.

W ith H and  
Homogenizer

W ith Mortar 
and Pestle

FOR THE ACCURATE ANALYSIS 

OF WATER, SEWAGE, AND  

INDUSTRIAL WASTES AND  

HYDROGEN ION CONTROL

W RITE TODAY FOR 

BULLETIN No. 602

H E L L IG E ,  IN C .
3718 NORTHERN BOULEVARD  

LONG ISLAND C ITY  1, N. Y.

H E L L I G E

A Q U A - T E S T E R
u d t U

GLA SS  COLOR 
S T A N D A R D S
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ELECTRIC DRYING OVEN
For general drying work at 
temperatures up to 175° C.

A. DAIGGER & CO.
L abo ra to ry  A p p a ra tu s  a n d  R ea g en ts  

159 W est K in zie  S treet C hicago 10

The inside m easurem ents are: 10 inches high, 12 inches wide
and 10 inches deep. C urren t consum ption, 660 w atts.
Complete w ith pilot lam p, six feet of connect 
ing cord and  plug. For 110 or 220 volts, 
specify voltage when ordering. pi-; ea.$3 5 J2

FS A l l -G la s s  Stirrer Filter-Cel 
Laboratory Standard

Never varies

No. 3545

C o n s t r u c t e d  of 
a s b e s to s  w o o d  
trim m ed w ith  s ta in ­
less steel. The door 
has a spring la tch . 
Two nickel-plated 
flat wire shelves are 
furnished and can 
be set in  th ree  posi- 
t i o n s .  H e a t i n g  
units, located in  
th e  bo ttom , are 
e a s i l y  r e m o v e d ,  
m aking r e p l a c e ­
m en t simple and 
perm its changing 
u n its  for 110 or 220 
volts.

The th e rm osta t is 
of the  expanding 
m eta l type which 
m akes and breaks 
t h e  c u r r e n t  t o  
=fc/’̂ ° C. The te m ­
pera ture  variation 
as shown by th e  
therm om eter, how­
e v e r ,  is  slightly 
m ore due to  the 
la ten t heat in  the  
coils.

Holds vacuum or pressure without mercury seal
Differences as great as 60 mm between inside 
and outside o f  flask cause no leakage.

Apparatus, as supplied, consists o f  bearing 
and shaft precisely fitted to each other.

Recommended for all types o f  chemical 
work, particularly for organic and electro­
chemical research, since no problem of chemi­
cal effect o f the stirrer or its seal arises. The 
reaction mixture is in contact with glass only.

At all leading Laboratory Supply Dealers.

Bulletin S-299 upon request

in properties and characteristics

JOHNS-MANVILLE Filter-C el, Laboratory Standard, 
perm its the m ost accurate m easurem ent o f  filtra­

tio n  characteristics p o ss ib le  today.

For con tro lled -test filtrations . . . for experim ental 
w ork  w ith  new  equipm ent, p rocesses and products 
. . . such u n ch angin g  properties as com p lete  h o m o ­
gen eity , norm al and uniform  co lor , specific gravity  
and particle size range . . . have m ade it invaluable  
to  la b o ra to r ie s , m anufactu rers and  g o v ern m en t  
agen cies . It is used extensively  for standardized  
tests such as the E lliott o n  raw sugar.

Selected  from  the sam e raw  m aterials that have 
supp lied  J-M  h igh est quality filter aids for m ore  
than 30 years and expertly processed  in  the Johns- 
M anville laboratory . . . Filter-Cel, Laboratory  
Standard, is perm anently standardized . . .  its p rop ­
erties do  n ot vary, regard less o f  the date o f  purchase.

Other specia l Cellte * Filter A id s fo r  
laboratory and commercial use:
C e l i t e  A n a l y t i c a l  f i l t e r  A id .  

For analytical filtrations o f  the 
highest type. CELITE N O . 521, 
specially refined for the most ex­
acting clarification processes.

For c o m p le te  in fo rm a tio n  
write Johns-Manville, 22 E. 40th  
Street, N ew  York 16, N . Y.

*Reg. U. S. P at. Off.

FISH -SC H U R M A N  CORPORATION 
230 E a s t 45 th  S tr e e t ,  N ew  Y ork  17, N . Y .

F is li-S c lm m u i
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PERCHLORIC ACID, Reagent, A. C. S. 

7 0 - 7 2 %  HC I0d

in f lo w  sheets of the fu ture/
T

NEW and varied industrial roles are being drafted today for 
B&A Reagent Perchloric Acid, for this "B&A Quality” product 
has already proved adaptable to the needs of process engineers 
as well as laboratory chemists.

Whatever your requirements . . .  small bottle lots for labora­
tory applications . . .  or carboy shipments by the carload for 
production use . . .  you will find this Baker & Adamson reagent 
meets exacting A. C. S. specifications. Into its making goes all 
the skill and science B&A has gained in 63 years of "Setting 
the Pace in Chemical Purity!’

Why not investigate the potentialities of this versatile product 
now? You may find it fills the gap in your process flow sheet 
as no other chemical will. Specify B&A Code No. 1144.

T

ACID PERCHLORIC, 70-72%, REAGENT, A. C. S.
H C IO 4 M. W . 100.47

A ssay (HCIO4 ) _____  70-72%

M ax im u m  L im it  o f  I m p u r i t i e s
N o n v o la t ile   _________   .0.003 %

C l  1 0.001 %
Total N __

NHs ___

S O 4 _____

F e _______

....... 0.001 %

  0.001 %
 .0.001 %

  0.0001%
  0.0001%
  0.001 %

In % ,  1 or 7 lb. bottles or 70 and 165 lb. carboys 

Other strengths a lso  available

Heavy M etals (as Pb)___

SiO-j ____________________

Sales a n d  Technical Service Offices: Atlanta • Baltimore • Boston • B ridgeport (Conn.) • Buffalo 

Charlotte (N. C.) *  C h icago  • C leve land  • Denver • Detroit • Houston • Kansas C ity • Los A ngele s 

M inneapo lis  • N ew  York *  Philadelphia • Pittsburgh • Providence (R. I.) • San  Francisco • Seattle 

S I. Louis • Utica (N . Y.) * W enatchee * Yakim a (Wash.)

In W isconsin : G eneral Chem ical W isconsin  Corporation, M ilwaukee, W is.

In  C anad a : The N icho ls  Chem ica l C om p any, Limited • M ontrea l • Taranto • Vancouver



I l PRECISION I
O R A T O R Y

O R A T O R
The evaporation of solutions for the purpose of reducing volumes 

and concentrating solids is one of the more frequently encoun­

tered operations common to many production and research 

problems. However, many laboratories still carry ort with the out­
moded steam cones and round bottom flasks as basic equipment.

Developed in cooperation with the Clinton Company, Clinton, 

Iowa, this evaporator is constructed on the same general prin­

ciples as large industrial units, for the evaporation of aqueous 

solutions to recover dissolved solids. It will duplicate closely 

results obtained with commercial-sized tube evaporators. Bumping 

is eliminated and protein or other food product solutions, almost 

impossible to handle in flasks because of excessive foaming, can 

be evaporated with little or no difficulty. Evaporation us rapid 

and easily carried on. Ideally suited for experimental study 

on agricultural residues.

PERFO RM A N CE

On tests using water, the model shown will evaporate 1 3  liters 
per hour (26.4 lbs. per hour), with an evaporator having a surface 

area of .5 sq. ft., or the equivalent of 53 lbs. per sq. ft. per hour. 
On tests conducted on corn steep liquor, the evaporation Vvas 
equivalent to 45 lbs. per sq. ft. per hour.

FEATURES

Made entirely of Pyrex glass and stainless steel to eliminaf 
corrosion. Model shown has a maximum capacity of 3,000 cc 

of liquid and will handle batches as small as 500 cc. Heating 

tube— 18-8 stainless steel, with a surface area of .5 sq. ft. Built-in 
dual vapor condensate traps and drawoff cock. Steam inlet con­

nection, steam valve and pressure gauge.

W RITE FOR FURTHER DETAILS

raii'osiiM SCIENTIFIC COMPANY
r  I .  ■ mm p M  ■ ^  ■ w  m m  1736-54  N. S p rin g fie ld  A v e ., C h icago  47 , U .S .A .

(fin e e A A . a n d  B u ild e M . o f  S c ie n t if ic  f le ie a A c it  a n d  P 'u o d n d io n  C o n P io l S e ^ u ip n ie n t



7.5X to 150X Magnification . . .  Stereoscopically
In  the precision w ork 
which optical science 
has made possible, the 

Bausch & Lomb W ide Field Stereo­
scopic M icroscope perform s a vital 
service . . . w ith a range o f magnifi­
cations which fills the interval where 
the usefulness of the hand magnifier 
leaves off and that o f the standard 
laboratory m icroscope begins.

N o other m icroscope serves so 
many branches o f science so use­
fully. In  some, its range o f m agni­
fication . . . from  7.5 X to 150X . . . 
is adequate and all that is required. 
In others, it is used for preparing

specimens for examination at higher 
powers. In  factories and machine 
shops it is used as a w orking too l in 
the assembly of very fine parts, as 
an instrum ent for precision inspec­
tion of parts and finished assemblies. 
It is used by the geologist in  the 
field, by the bacteriologist for colony 
counting, and in scores o f other 
ways in  science and industry.

The usefulness o f the B&L instru­
ment is increased by the fact that it 
shows an erect, uninverted image of 
the object under examination, in 
three dimensions.

In its many adaptations it is now

serving American war needs on all 
fronts . . .  as i t  will serve many needs 
when production restrictions are 
lifted. Because o f current military 
demands upon Bausch & Lomb fa­
cilities, a preference rating is still 
desirable. W rite for complete in­
formation. Bausch & Lomb Optical 
Co., Rochester 2, N. Y.

BAUSCH & LOMB
E S T A B L I S H E D  1 8 5 3

M akers o f  O ptical G lass a n d  a  Complete L in e  o f  O ptica l Instrum ents fo r  M il ita r y  Use, E ducation , Research, Industry, a n d  E yesight Correction a n d  Conservation


