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Prom  th e  t im e  K im b le glass tu b in g  leaves th e  
furnace, 47 d istin c t operations are perform ed to  
produce a fin ished  K im ble B lu e L ine e x a x >̂  

R etested  B u rette . Som e are d one on  in g en io u sly  dc» 
signed  precision  m a ch in es. O thers call for th e  
dexterity  and  k now -how  o f expert craftsm en . Each  
step  in  th e  draw ing, form ing , calibrating , e tch in g , 
te stin g , re testin g , grinding and retem pering  
processes is perform ed w ith  extrem e sk ill and  
care, to  produce a fin ished  b u rette  o f  superior  
d esign , m ateria l and w orkm anship .

C U iU M M tt'
D istr ib u ted  by lead in g  Laboratory S upply  h o u ses  
th ro u g h o u t th e  U n ited  S ta tes  and  C anada.

• T h e  V i s i b l e  G u a r a n t e e  o f  I n v i s i b l e  Q u a l i t y

W - . : p k
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a, contr°I 
by machine" tub‘
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TODD SCIENTIFIC SPECIFICATIONS

PRECISE FRACTIONATION A S S E M B L Y
USED BY TH E NATIONAL BUREAU OF STANDARDS

An efiic ien t and versatile laboratory fraction ation  co lu m n  assem bly w ith  a new  m eth od  o f  
ad iabatic tem perature control for com p lete  fraction ation  o f m an y  types o f organic liqu id  m ix
tures eith er a t atm osp h eric pressure or under vacuum .

Covered by U nited  S tates p a ten t No. 2,387,479. 

FEATURES:
1. F ra c tio n a tio n  efficiency u p  to  50 theo re tical p la tes .
2. F rac tio n a tio n  charges from  2 cc. to  5000 cc., inclusive.
3. T em p era tu re  range from  room  te m p e ra tu re  to  400°C. (752°F.).
4. New precision  device for ad iab a tic  te m p e ra tu re  con tro l.
5. A tm ospheric or vacuum  frac tio n atio n s.
6. T h ree  in te rch an g eab le  fra c tio n a tin g  co lum ns.
7. Im proved sp iral pack ing  for sm all co lum n.
8. Rapid fra c tio n a tio n  w ith  com plete v isability .
9. Easily opera ted  w ith  a m in im u m  of experience.

10. Special m ach in ed  su p p o rts  for assem bling  ap p a ra tu s .
11. P recision  con tro l panel for opera ling  the  eo lu m n ’s “  Staggered 

D ual H eating  U n it”  an d  s till po t.
12. Special a lu m in u m  alloy p o t h e a te r  w ith  low te m p era tu re  lag.
13. All m e ta l p a rts  non-corrosive to  no rm al labo ra to ry  a tm o s

phere.
14. R apidly  assem bled or d ism an tled .

For ad dition al experim ental resu lts, m eth ods of 
operation , and d eta ils , see article, “ E fiicien t and  
V ersatile Laboratory F ractionation  C olum n A ssem 
b ly ,”  by F. Todd, Ind. Eng. Cliern., Anal. Ed., Vol. 17, 
page  175, 1945.

W rite for re p r in t a n d  TECHNICAL BULLETIN 100 for m ore 
d etailed  free in fo rm a tio n  and  prices.

A L L  GLASS VACUUM PUMP
The TODD HYDRO-VAC PUMP is designed to eliminate serious disadvantages inherent in 
the ordinary mechanical vacuum pump, such as is generally used by chemical laboratories for 
the evacuation of distilling apparatus. Since this highly efficient mercury diffusion pump operates 
on the diffusion principle, it is not damaged by the presence of non-condensablo vapors, water, or 
other corrosive vapors which are frequently evolved during distillation processes. In addition, 
this pump is a much less expensive piece of apparatus, is more portable, and occupies less table 
space than a mechanical pump.

H Y D R O - V A C  P U M P

OPERATIONAL DATA:
U ltim ate  vacuum  o f 0.00001 m m . (0.01 m icron).

(w ith w ater asp ira to r fo repum p)
U ltim ate  vacuum  o f 0.000002 m m . (0.002 m icron) o r b e tte r .

(w ith m echan ica l fo repum p)
C alib rated  for m ax im u m  vacuum .
M a in ta in s  100% o f orig inal efficiency on  prolonged use.
N ot dam aged  by m o is tu re , non -condensab leo r corrosive vapors.
Very efficient d u e  to  h ig h  vapor velocity j e t  co n s tru c tio n .
Rapid evacuation  o f ap p a ra tu ses .
A u tom atic  and  s ilen t opera tion .
R equires no m a in te n an c e .
Easily cleaned.
M ercury  reservoir gas or electrically  h ea ted .

W rite  now  f o r  a d d i t io n a l  f r e e  in fo rm a tio n .

*

TODD SC IE N T IF IC  CO M PAN Y
D esigners and  m a n u fa c tu re rs 'o f  special scientific labo ra to ry  ap p a ra tu s .

SPRINGFIELD, PA.
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reason fo r H O S K IN S  p articu lar construction.There s

This FD -2 0 4  furnace w as designed, 
Mr. Chemist, with your interests in 
mind.

E asy  to ge t at to fix . Loosen Chrome! 
heating unit terminals, remove 4 
corner screws and front heat lifts ofi.

O ne p iece muffle around which coiled 
Chrom el units are  ea sily  w ra p p e d  in 
groo ve.

Tw o h e a vy  Chrom el coils in para lle l, 
designed fo r one vo lta ge  only, pro
v id e  most d urable  element.

M ake one renew al and b e  done with 
it. " A  chain is no stronger than its 
w eakest link."

A  d elica te ly  bala n ced  sliding door, 
stays put in an y  position and thus 
conserves heat.

Insulation thick a ll around. You
can't f ry  e g g s  on the top o f this 
furnace. Econom ical on pow er.

•  H o sk in s Lab o rato ry  Fu rn ace s are d e sig n e d  around no one  
feature but w ith  a ll factors in proper b a la n ce  to m ake them  of 
m ost v a lu e  to y o u . Th ese  benefits are: d u rab le  Chrom el elem ents 
. . .  hard to w e a r out but e a sy  to renew ; a re la tiv e ly  cool fu rn a ce  
ca se  fo r com fort and  e co n o m y; a  fu rn a ce  that d e liv e rs  the g o o d s  
month in an d  month out to y o u r com plete  satisfa ctio n . B u y  from  
y o u r d e a le r’s stock . . . H o sk in s M an u factu rin g  C o m p a n y ,  
Detroit, M ich.

W e  have a h an d y little g a d g e t , calle d  a  
H eating Unit C a lcu lato r, that tells how 
to m ake coiled Chrom el units o f 2 7 5  to 
1 ,000  watts. G la d  to g iv e  you one.

This shows the FD-204 assembled. Heating chamber, 
73/a" x 51/4" x  ) 4 \

H O S K I N S  P R O D U C T S
ELECTRIC HEAT TREATING FURNACES* > HEATING ELEMENT ALLOYS • • THERMOCOUPLE AND  

LEAD WIRE • • PYROMETERS " • WELDING WIRE • * HEAT RESISTANT CASTINGS • • ENAMELING 

FIXTURES • • SPARK PLUG ELECTRODE WIRE • • SPECIAL ALLOYS OF NICKEL • ■ PROTECTION TUBES
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L F . Goodrich Chemical Company
s a v a i l a b l e  f o r  s a l e  t h e s e  o r g a n i c  c h e m i c a l :
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A v . « " " “ r

P u r ilY  9 2 %  o

.  *  I  * * # Mixed Ethyl and Dimethy  ̂ C H ' (j
. « • • • • • • ..........  r ^ P r \  I  Mercaptothiazoles c  Hj _  c

O n"'—' • Availoblo in commercia

! N Nitroso D iptenj' A n*“  :  C ‘ “ :
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V_A" ^  •  Available in comm«. 
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" ■ w  :  " " .“ T I T . ..................................

I ! ......................:..........  t c H , - c -
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t t i s ä S “  I  “ * 3 ? — -
M. P. 144L  • L-
P u rity  9 2 %

r .A

For additional information please, write B. F. Goodrich Chemical Company, Department CA-9, Rose Building, Cleveland IS ,  Ohio.

B. F. Goodrich Chemical Company « „is?» -



The Sphero-Lux Microscope Illuminator and Laboratory Light is 
really two lights in one —an intense spotlight source on one side 
of the lamp and a softly diffused illumination from the other side 
of the lamp. Also, with a flip of the finger the lamp housing may 
be rotated so that you can change from a focused beam to a softly diffused 
light at will. Here is a really new, modern and extremely efficient illumi
nator for microscope illumination.

By moving the lens mount the intensity of the beam may be varied and 
the area of the light field may he increased or decreased. The intensity of 
the light is approximately 3000 footcandles at 12 from the source.

Because of the high intensity and the controlled light beam the unit is 
ideal for dark-field microscopy. The beam can he so adjusted as to 
illuminate the entire mirror of the microscope.

For bright-field microscopy the Sphero-Lux lamp housing is merely 
rotated on the base and instead of an intense beam of light the unit emits a 
softly diffused light that is especially desirable for use with the microscope. 
On each of the light openings of the Sphero-Lux is a spring type Filter 
Holder into which may he slipped most standard filters for color correction 
...heat absorption or for special purposes where interference with the light 
beam is useful.

For inspection purposes this light is ideal where plastics, lenses, prisms, 
glassware, translucent or transparent chemicals or other matter requires 
directed light to pick up straie, bubbles, defects, or foreign matter.

For Photography
The Sphero-Lux is equipped to receive a No. 1 photoflood light or a flash 
bulb. Thus it may be used as a light source for photography . . .  photo
microscopy or other types of laboratory photography are facilitated with 
this light source.

Never has a lighting unit been offered the Laboratory that provided such 
versatility as that provided by the Sphero-Lux.

The light housing is constructed of precision drawn aluminum. The con
struction is precision and high quality throughout with emphasis on the 
details that go for long life and trouble-free use.

The base is cast iron finished in fine wrinkle paint and on the underneath 
side is a screw mount for attachment to a standard tripod... Vi-20 tap.

Included*with the Sphero-Lux is a square opaque plate for shutting off 
the light when the lamp opening is not in use.

H I  SIXTH AVENUE
N E W  Y O R K  13, N . Y .

Branch Offices! 5 7  0  9  G R O V E  S T R E E T ,  O A K L A N D ,  C A L I F .

Dimensional Specifications
The Sphero-Lux is 8 '//' overall, the base is 6" in diameter and 
weighs. 1% lbs. The Sphero-Lux Lamp Housing is 6" in diam
eter. The Lense openings are 2!4" in diameter. Fresnel Lense 
Mount may be moved in and out to adjust speed of li^ht beam. 
The light is equipped with a medium screwbase socket. 6' of 
cord and a quality feed through line switch. Overall weight of 
unit is 3 lbs.
L L -1 0 2  Sphero-Lux Laboratory Light complete with A-21

spotlight b u lb .........................................................$17.50

A -2 1  Spotlight bulb 100 watt............................................ 1-25
A -2 5  Daylight diffused filter 2Vt" square........................  t - 00

r BBgf ggffiggSB fsflaftBtsaa PteäüfltM

SPH ERO -LU X Floor Stand Light

This unit consists of a Sphero-Lux

I j r T  V i Lighting Head with a Fresnel i;j
j t f  F >■ Lense opening only. The Fresnel

aŝ Hf: I/ Lense is mounted in a focusable „

I V tube which may he moved back r!
-  —̂  and forth within the Lighting g

I j t i  Housing. This unit is built with an _

I Wypvi Alzak Reflector and comes on a |.|V Floorstand which is adjustable in j

IB m height from approximately 43' to

I I I  68". Floorstand furnished in black |j
m  «3 crackle finish,

M L-202  S p h ero -L u x  
Floor S tand  L igh t 
complete with a A-21 

Spptlight bulb... $33-75

A -21 S p o tlig h t B ulb,
1 0 0  w a tt ................. V I -25  ||

1 1 2  B R O A D W A Y ,  C A M B R I D G E ,  M A S S .

8 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. 18, No. 9
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TO BE A C C U R A T E  
W I T H  T H E

The new Lindberg Volumetric Type Carbon Determinator incorpo
rates features which facilitate faster and more accurate analyses of 
carbon in iron, steel, heat-resisting steel, stainless steel, etc.

The precisely graduated  burette, mounted in front o f a fluores
cent light for rap id  readings, offers an accuracy o f one point of 
carbon . . .  or better. The leveling bottle is free for quick and easy 
leveling. Cups at lowermost and uppermost positions are  provided 
to hold bottle. A  conveniently located micrometer screw in the lower 
cup allows zero  adjustment o f the meniscus before determination starts.

The contact type absorption cham ber permits complete absorption 
in two passes . . . for many alloys one pass is suf
ficient. G la ss tubing in the cham ber assures quick, 
thorough gas dispersion. Burette is w ater jacketed 
and graduated  fo r 1-gram  and V i-gram  samples, 
making the unit a d a p ta b le  fo r full range  use.

The sturdy stand is attractively finished in glossy 
grey baked enamel. A ll g lassw are is Pyrex to min
imize b re a ka ge . Panel mounting eliminates the 
need for clumsy clamps.

Although designed for use with Lindberg Combustion Tube 
Furnaces, this new C arb on Determinator is easily and quickly 
ad a p te d  for operation with any standard high temperature 
combustion tube furnace.

See your Labo ratory Equipment D ealer to day for a d d i
tional details and prices.

L IN D B ER G  E N G IN E E R IN G  C O M P A N Y
2450 WEST HUBBARD STREET. • CHICAGO 12, ILLINOIS

W E L L  K N O W N  T H R O U G H O U T  T H E  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

SOLD E X C L U S I V E L Y  T HROUG H LABORATORY E Q U I P M E N T  DEALERS
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WITH THE 1.5 - METER, ARL SPECTROGRAPH

lie c l eáearc

100,000.000 analyses oi all types of samples during the war years 
have proved the 1.5-Meter, ARL, Original Grating Spectrograph to 
bo the work horse ol all spectrographs. Time tested and the most 
economically priced of its type, this instrument haB earned the repu
tation of being the standard of reliability and efficiency for production 
control.

The instrument has earned this enviable reputation by providing 
day in and day out production control analyses of aluminum, mag
nesium, sine and lead alloys as well as of brasses and low alloy 
stools. A new grating with finer rulings and the use of the second 
order spectrum allows it to be applied to high alloy steel analysis 
also.

The 1.5 Meter is backed by a complete line of integrated companion 
instruments — simple excitation units, film processing equipment, 
projection comparitor-densitometers and supplies — for establishing 
and maintaining the complete spectrographic laboratory.

ARL sales engineers in Detroit, Newark, Pittsburgh, Chicago and Los 
Angeles are available for consultation oh spectrographic applications.

100,000,000
CHEMICAL 
ANALYSES



September, 1946 A N A L Y T I C A L  E D I T I O N 11

Chemists in every field will be 
interested in these features of 
the 1946 edition of the Merck 
Laboratory Chemicals Catalog:

• A  l i s t  o f  M e r c k  L a b o r a t o r y  
C h e m i c a l s  —  u s e d  in  e v e r y  
branch o f in du stry, education, 
an d research.

•  M axim u m  im pu rities o f M erck  
Reagent C hem icals, in clu ding  
those w hich conform  to A C S  
specifications.

•  Proper Storage o f F in e
C hem icals.

•  M olecular a n d A to m icW eig h ts.

• C om prehensive listin g o f M icro- 
analytical Chem icals, A m in o  
A cids, a n d  V itam ins.

•  Conversion ratios.

• C h em ical form ulas.

W rite today for your personal copy o f  
this useful, inform ative catalog.

M erck 8s Co., Inc.
M anufacturing Chemists 
Rahway, N . J.

Please send me a copy o f  the 1946 
M erck Laboratory Chemicals Catalog.

N a m e ..............................................................
(Please indicate title, if  any)

Company or O rganization.....................

MERCK  
LABORATORY CHEMICALS
MERCK & CO., Inc., RAHWAY, N, J.

(ioA earuA &

r fw t t o U t C Ù t ÿ -

the 1946 Merck 
Laboratory Chemicals 

Catalog
NOW  AVAILABLE UPON REQUEST

Street 

C ity. .
la  mmm mum

S ta te .



MILLIAMPERES
O âStCT CUHHCNT

W ELC H

M ODEL NO. 351
MODELS

350— 3J/2 inch round—2.4 inch scale
351—3 Inch square— 2.4 Inch scale 
451—4% inch rectangular— 3.5 inch scale

TYPES

Microammeters 0-20 up to 0-500 
Milliammeters 0-1 up to 0-500 
Ammeters 0-1 up to 0-30
Voltmeters, various ranges, 100 to 50,000 ohms per volt
Zero Center Ammeters
DB Meters
Rectifier Instruments
Thermocouple Meters
Special Scaled Meters

THE PRODUCT OF M ORE T H A N  5 0  Y E A R S ' 
EXPERIENCE IN  BUILDING HIGH  

GRADE IN STRU M EN TS

M ODEL NO. 451

W r ite  f o r  O u r  M e t e r  C a ta lo g .

W. M. WELCH SCIENTIFIC COMPANY
- E s ta b l is h e d  1880-

1515 SEDGWICK STREET, DEPT. A CHICAGO 10, ILLINOIS, U. S. A.

Manufacturers o f Scientific Instruments and Laboratory Apparatus.

Vol. 18, No. 9

D.C. PANEL INSTRUMENTS

• ACCURATE • SPEEDY • DEPENDABLE

E lectrical M easurem ents w ith

WELCH METERS

M ODEL NO. 350

A ccu ra cy  2% o f Full Scale

NOW AVAILABLE PROMPTLY

SPECIAL FEATURES
• A ln ic o  Magnets
• Sapphire Jewel Bearings

• Selected Steel Pivots
• Fume-proof White Metal Scales
• Extremely Rigid Mounting
• Sensitive Movement
• H igh Torque Ratio
• Stable and W ell-Dam ped
• Cases M oulded Bakelite for

Flush Mounting
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Citric A cid
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Magnified to 10 Diameters

W A S T E D  S K I L L . . .  firs t-ra te  resu lts  are n o t o b ta in e d  w itb  

seco n d -ra te  reag en ts . S pecify  M a llin c k ro d t A n a ly tic a l R ea g en ts  to 

a ssu re  b ig b e s t q u a lity  a n d  un ifo rm , d e p e n d a b le  pu rity .
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SMALL LABORATORY MUFFLE FURNACE
With built-in Rheostat and attached Pyrometer

SPECIFICATIO NS
D im ensions—9 l/ i '  wide, 10}4" deep, 1 3 high.
M uffle Size— 4 ' x 3% ' x 3z/ i “.
T e m p e ra tu re — 1850°F. (1000°C.) intermittent; 1500°F. (850°C.) continuous. 
R h eo sta t— “Low,” “Medium,” “High,” and “Booster” Buttons. Snap switch on cord. 
D oor— Counterpoised, providing \ x/ i  square platform when opened.
P y ro m e te r— 2J4 ' scale, in both Centigrade and Fahrenheit.

In many laboratories the number of ashings and 
ignitions is too small to justify the purchase of a stand
ard muffle furnace. To such laboratories we recommend 
this small electric Muffle Furnace.

The muffle has a capacity of 56.25 cubic inches and is 
exceptionally long-lived. There are no exposed heating 
elements and no porcelain lining to crack and break. 
New muffles cost $8.50 and are interchangeable in one 
minute’s time. The cabinet is a one-piece aluminum 
casting wire brush finished. The rheostat is a depend
able heavy-duty winding on porcelain cores and the 
pyrometer is sensitive and accurate.

The rheostat has four positions, low, medium, high, 
and}“booster.” These positions are set a t the factory 
for 500°, 1000°, 1500° and 1900°F. The settings are 
adjustable for intermediate temperatures. When the 
swatch is set on the “booster” button the current is not

flowing through the rheostat but is entering directly 
into the muffle and the temperature can be made to 
rise very rapidly. At 1500 Degrees Fahrenheit the 
Furnace will stand fairly continuous use. On higher 
heats it is well to hold such temperatures for as short 
a time as possible.

8715—MUFFLE FURNACE. Supplied complete with 
Rheostat and Pyrometer; for 110 volts A. C. or
D. C......................................    50.00

8715A—MUFFLE FURNACE. Similar to No. 8715, 
with Rheostat but without Pyrometer; for 110 volts 
A. C. or D. C  .............................................  33.50

8715B—MUFFLE FURNACE. Similar to No. 8715 
but without Rheostat or Pyrometer; for. 110 volts 
A. C. or D. C......................................................... 25.00

WI L L  C O R P O R A T I O N
ROCHESTER 2, N. Y.

BUFFALO APPARATUS CORP., BUFFALO 5, N. Y.

NEW YORK 12, N. Y.
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SPECIALLY PROCESSED
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C e n t r a l  S c i e n t i f i c  C o m p a n y
S c ie n t i f ic  ■ Q p p c re tu l '  ( . L |  |

N e w  York BOSTON San  Francisco C H I C A G O  Los A n g e les  TORONTO Moritreafe|j||
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Specia lly  Processed
for HIGH VACUUM

New Cenco Hyvac O il is'especially processed to assure maximum vacuum pumping 
speed a t low pressures when using Cenco and other mechanical vacuum pumps. I t  is the 
result of exhaustive tests made in the Cenco laboratories on the physical properties of a wide 
variety of vacuum-pump oils. D ata taken from these tests show an increase in pumping speed 
of more than 10%.over that obtained from the former Cenco Hyvac Oil, and as much as 35% 
over that obtained from other oils offered for vacuum pump use.
Obtain maximum pumping speed a t low pressures in your newer models of Cenco IIypervac-20, 
Cenco Megavac, Cenco Hyvac and other vacuum pumps by specifying the new Cenco Hyvac Oil.

No. 93050B Cenco Hyvac Oil in quart glass bo ttle ..............................    .Each S .50
No. 93050C Cenco Hyvac Oil in gallon can.................................................Each 1.60

DEPENDABLE FOR HIGH VACUUM PUMPS
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SEEDERER - KOHLBUSCH

A N A L Y T I C A L  B A L A N C E S
AVAILABLE FOR IMMEDIATE SHIPMENT FROM OUR STOCK

ANALYTICAL BALANCE, CHAIN WEIGHING, 
“SeKo.” With graduated notched beam and generally 
similar to 1823 but of higher sensitivity and with 
improved beam arrest, plane lateral bearings, and a 
black plate glass base inside the case.

S e n sitiv ity —  * /»  m <5 w ith  fu ll load.

C apacity —  200 grants in  each pan.

M agn etic  D am ping D ev ice  —  C on sistin g  of an a lu m in u m  vane  
suspended  bv tw o  fine chains from  exten sion  arm s on the 
esp ecia llv  designed  r ight stirrup , and a perm an en t m agn et  
attach ed  a t  th e factory  to  th e  centra l pillar b y  m eans of a 
bracket. T h e van e m oves b etw een  th e poles of th e m agn et, 
th ereb y se tt in g  up ed d y  currents w hich  check th e m orion  
and bring the p oin ter to  rest a lm ost im m ed ia te ly . T h e  
dam ping force can he varied  or elim in ated  com p lete ly  if 
desired.

1825. Analytical Balance, Chain Weighing, “SeKo” 
No. 468, as above described, with one 0.5 
gram rider but without magnetic damping 
device or weights...................................... 237.50

1827. Ditto, “SeKo” No. 472, identical with 1825 but 
with magnetic damping device............. 256.25

10% discount in lots of 3 )  singly or 1S23,
121-4% “ “ “ “  6“ > 1825 and 1827,
15%  “ “  “ 12 or more ) assorted

M o re  d e ta i le d  in fo r m a t io n  re g a rd in g  a b o v e  
B a la n c e s  s e n t  u p o n  r e q u e s t .

ANALYTICAL BALANCE, CHAIN WEIGHING, 
“SeKo” No. 356. With notched beam which eliminates 
the use of all small weights from 0 . 1  milligram to 1.1 
grams. The beam has a channel running its entire 
length for accurate seating of a rider with flanged 
center. The combination of channeled, notched beam, 
flanged rider and cradle-likc rider carrier makes rider 
manipulation easy and positive. The pointer has a 
bladc-likc end which aids in .overcoming parallax by 
an apparent thickening of the end when the pointer 
and the scale arc not properly aligned.

S en sitiv ity — Vioth m g w ith  fu ll load.
C apacity— 200 gram s in each pan.
C ase —  Of polished  m ah ogany. O verall d im ensions 1GK inches  

lon g X  18Vi in ches h igh  X  9 ^  in ches deep.
B eam  —  Of hardened »aluminum, 6H  in ches lon g . G raduated  

to  1 gram  in  0.1 gram  n otch ed  d iv ision s.
Chain W eigh in g  D e v ic e — R ep laces fractional w eights from  

0.1 m g to  100 m g. C hain  hangs a t  one end from  an arm  
on th e  beam  and a t  the other end from  a hook on a m ovab le  
vernier a ttach ed  to  a graduated  colum n and is m anipulated  
b y  th um b  w heel a t  right.

K n ife E d ges  and P la n es  —  Of polished aga te  throughout.
R e le a se  and A rrest— T h e beam  has a rigid, three p o in t beam  

arrest w ith  fa llaw ay  action  controlled  b y  an eccen tric sh aft.
P a n s  —  Of a lum inum , 2 ^  in ches d iam eter.
A rches —  Of n ickel silver , in sid e d im en sion s 4*4  in ch es wide 

X  8 in ches h igh.

1823. Analytical Balance, Chain Weighing, “SeKo”
No. 356, as above described, without weights
but with one 0.5 gram rider.....................181.25

ARTHUR H. THO M AS COMPANY
'  R E T A IL  — W H O L E SA L E  — E X P O R T

LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U .S .A .

Cable Address “ Balance” Philadelphia
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W A L T E R  J.  M U R P H Y ,  
E D I T O R

A  General Method of Color Grading
RO B ERT H . O S B O R N  a n d  W E S T C O T T  C. K E N Y O N  

Hercules Experiment Station, Hercules Powder Company, Wilmington 99, Del.

A  general method of color grading, based on the I.C.I. system, is 
described. This method is designed for products in which the 
colors of all samples of the given product follow a known relation
ship in color space; only a single number is needed to specify the 
color of a sample. A n  example is given of the setting up of a color- 
grading method for liquid terpene hydrocarbons based on the general 
principles discussed in the paper. A n  empirical expression for the 
locus of chromaticities of a number of representative samples from 
plant production was first established. Next, the chromaticities of 
hypothetical standards were selected such that each tenth-grade 
represented approximately four just perceptible differences. Thirdly,

WHENEVER industry has been confronted with the neces
sity of providing color specifications of a product, one of two 
courses has usually been followed: (a) an attem pt has been 

made to use an existing color system, or (6) a new one has been 
invented. As a result of (a), many materials are now being 
color-graded on the basis of standards which have color character
istics only approximating those of samples of the corresponding. 
grades. As a result of (6), a multiplicity of color-grading systems 
bearing little or no relationship to one another has come into more 
or less general use (4). Such procedures have some justification 
from the standpoint of expediency, but they are very apt to in
crease the confusion which surrounds the already complex sub
ject of color.

Most product color specifications are based on a single-letter 
or single-number system—e.g., U. S. official rosin standards, 
Gardner standards, etc. Only those products having color char
acteristics similar to those of the standards of a given system may 
he graded by tha t system. Other specifications are based 
on a three-number (trichromatic) system—e.g., the Lovibondand 
Munsell systems. At present, the three-number system most 
widely recognized is the I.C.I. tristimulus system of color specifi
cation (7, IS). Practically all classes of products may be graded 
on the basis of a trichromatic system. However, a three-number 
specification is inconvenient to obtain and hard to interpret.

I t  would appear to be a hopeless task to set up a universal 
single-number color-grading system applicable to all types of 
colored materials. However, the first step toward alleviation of 
the-confusion attending the large number of existing single
number color scales might very well consist of reducing these 
scales to a common denominator—i.e., converting them to the 
universal I.C.I. tristimulus system. A good start has already 
been made in this direction (/, 3, 5, 6, 10, 12). Furthermore, 
whenever it is necessary to set up a new scale for a  given product 
or class of products, this scale too should be given in’ terms of 
I.C.I. data. The method by means of which such a scale can be 
set up is' the subject of this paper. I t  is presumed in what fol
lows tha t the reader is familiar with the terminology of the I.C.I. 
system (7, 13).

In order to establish such color scales, one must have access to 
a means for determining the I.C.I. specifications of the materials

actual physical standards composed of mixtures of color-stable 
inorganic salts in aqueous solutions were prepared to match as 
closely as possible the color characteristics of the selected hypo
thetical standards. Suggestions are given for the use of these physi
cal standards in connection with a photoelectric photometer for 
grading unknown samples. The use of similar color scales for 
cellulose plastics and cotton linters is also cited. It is often possible 
to grade products on the basis of existing color scales. A n  example 
is given of the application of the well-known U. S. rosin standards 
and Gardner standards to the grading of Thanite, a liquid insecticide 
ingredient.

under consideration. These can be conveniently calculated from 
spectral transmittance or reflectance curves.

For the purpose of this discussion, the authors wish to draw a 
distinction between “color specification” and “color grading” . 
By the term “color specification” is meant the designation of a 
point in the color solid which corresponds to a plot of the x- 
nnd y-trichromatic coefficients and the luminous transmittance 
or reflectance (F-tristimulus value) of the sample in question. 
By “color grading” is meant the designation qf the position of a 
point relative to a scale of grade numbers or letters on a pre- 
established two-dimensional chromaticity curve or a three- 
dimensional color (chromaticity-Y) curve. Such a curve is the 
locus of points representing the colors of a large number of repre
sentative samples of the given product for which the grading 
method has been devised. The following discussion will make 
this distinction more clear.

Suppose, for example, that we wish to determine the color of a 
given sample of a certain product. One method might consist of 
determining three numbers—e.g., I.C.I. X-, Y-, and /f-tristimulus 
values, or x-, and «/-trichromatic coefficients and Y—with respect 
to some illuminant. Any one set of three such numbers will 
completely specify the appearance of a uniform sanr le for any 
one particular illuminating and viewing condition. However, it 
is difficult for the average person to visualize a color from sucn a 
three-number specification. A specification consisting of but a 
single number would be much more practical. Such a single
number specification could be used if the colore of all samples of a 
given product followed a known relationship in color space.

For example, let us assume tha t the colors of samples of the 
product we are investigating obey a relationship such as tha t 
represented by the space curve AB  of Figure 1. Let us further 
assume th a t we have arbitrarily set up a sequence of numerical 
grades (from 0 to 8 on Figure 1) based on equal increments of x- 
trichromatic coefficient (Az). Then, a determination of any one 
of the three coordinates of a sample color determines uniquely a 
point on the space curve. The position of this point, as read off 
the numerical grading scale, is taken as the single-number speci
fication which we seek.

Such a procedure of determining a single-number color speci
fication is hereafter referred to as color grading, as opposed to 
three-number color specification. Color grading, as defined 
above, can be accomplished only when the plotted product colors 
lie on, or reasonably close to, an average curve such as AB. If

523



524 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. 18, No. 9

the product colors are widely scattered—e.g., if some samples arc 
of various shades of blue, others green, and still others red— 
samples cannot ordinarily be graded on a single scale; it is usually 
necessary to determine a three-number specification for each 
sample.

I t  has been found by repeated experiments in this laboratory 
that the eye has a tendency to neglect reasonably large differ
ences in luminous transmittance during the visual color grading 
of transparent materials. This is fortunate, because, in some 
cases, as in the gradihg of gum rosin, rather large variations in this 
property occur in samples having the same chromât ici ties. 
While some tendency to downgrade samples of low F  value has 
been observed, this tendency is not so marked as one might 
expect. In the color grading of refined products, such as those 
dealt with in this paper, only small differences in F  among sam
ples of the same chromatieity exist. Hence, methods of grading 
have been developed with the aid of.a simple two-dimensional 
chromatieity diagram (i versus y) instead of a three-dimensional 
plot such as that of Figure 1. Frequently, however, variations 
in luminous transmittance or reflectance among samples of the 
same chromatieity are too large to neglect. In such cases, a 
notation giving information regarding F  should accompany each 
single-number grading.

T Y P IC A L  C O L O R  S C A L E

In order to illustrate the foregoing principles, a description will 
be given of the development of a method of grading a series of 
liquid terpene hydrocarbons, all of which had been refined by 
fractional distillation, and samples of which varied in color from 
practically water-white to dark amber. The first step in the 
procedure consisted of obtaining a large number of samples from 
regular plant production. Spectral transmission curves were ob
tained on these samples, and from the curves the i -  and »/-tri
chromatic coefficients and luminous transmittances with respect 
to Illuminant C were calculated. .Representative curves from 
the set are shown in Figure 2, and trichromatic coefficients and 
luminous transmittances are given in Table I for the entire set. 
Figure 3 is a plot of x  versus y  from the data of Table I. Al
though there is some spread of the points, they follow a definite 
locus on the chromatieity diagram.

Table I. x- and y-Trichromatic Coefficients and Luminous Trans
mittances of Samples of Liquid Terpene Hydrocarbons Refined by 

Fractional Distillation
(50-rum. cell th ickness)

Lum inous
T ran sm ittan ce,

am ple N o. X y %
lum inant C 0 .3 1 0 1 0 .3 1 6 3 92

1 0 .3 1 1 0 0 .3 1 9 0 9 0 .4 0
2 0 .3 1 1 1 0 .3 1 8 4 9 0 .6 7
3 0 .3 1 1 2 0 .3 1 9 7 9 0 .7 4
4 0 .3 1 2 0 0 .3 2 0 1 9 0 .2 2
5 0 .3 1 2 8 0 .3 2 1 1 8 9 .2 1
6 0 .3 1 3 1 0 .3 2 2 2 9 0 .7 4
7 0 .3 1 3 4 0 .3 2 2 9 9 0 .2 9
8 0 .3 1 3 5 0 .3 2 2 1 8 9 .3 7
9 0 .3 1 4 6 0 .3 2 4 6 8 9 .7 2
10 0 .3 1 4 8 0 .3 2 5 4 9 0 .7 2
11 0 .3 1 5 5 0 .3 2 7 5 9 0 .3 4
12 0 .3 1 5 6 0 .3 2 6 8 9 0 .0 9
13 0 .3 1 7 4 0 .3 2 9 6 8 9 .1 9
14 0 .3 1 8 5 0 .3 3 0 5 8 8 .0 4
15 0 .3 1 8 5 0 .3 3 1 0 8 8 .9 0
16 0 .3 1 9 8 0 .3 3 2 1 8 8 .0 6
17 0 .3 2 0 6 0 .3 3 4 2 8 9 .6 7
18 0 .3 2 1 5 0 .3 3 5 9 8 7 .7 5
19 0 .3 2 2 6 0 .3 3 8 9 8 9 .5 6
20 0 .3 2 3 9 0 .3 3 9 6 8 9 .0 7
21 0 .3 2 5 3 0 .3 4 0 0 8 6 .2 6
22 0 .3 2 8 7 0 .3 4 8 2 8 8 .7 3
23 0 .3 2 9 9 0 .3 5 0 5 8 7 .9 0

• 24 0 .3 4 1 5 0 .3 6 7 8 8 6 .5 3
25 0 .3 4 1 6 0 .3 6 9 4 8 6 .4 0
26 0 .3 4 8 7 0 .3 8 0 1 8 5 .5 0
27 0 .3 8 7 6 0 .4 1 9 0 7 2 .9 9
28 0 .3 9 4 8 0 .4 2 6 5 7 4 .7 9
29 0 .4 4 8 7 0 .4 7 2 2 6 4 .0 9

In order to aid in establishing the position of this locus, it is 
often helpful, although not always necessary, to rectify the plot— 
i.e., to select coordinates which will yield a straight line. This 
has been done in Figure 4 which was plotted from the data of 
Table II. After coordinates have been selected such that the 
data plot out in a close approximation to a straight line, the usual 
methods of establishing the equation of the curve may be applied. 
In the present case, the equation was found to be

y =  0.3701 log 100 (x -  0 22:6) -  0.0267 (1 1

W A V E LE N G T H  (M IL L IM IC R O N S )

Figure 2. Spectral Transmittance Curves of Typical 
Terpene Hydrocarbons

Cell'thickness, 50 mm.
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by the method of averages. General methods of calculating 
empirical equations may be found in several references (2, 11).

If enough samples are measured to ensure a representative 
cross section of plant production, and if the manufacturing 
process is held constant, this equation may be considered as the 
defining equation of the locus of points representing the colors of 
samples of the product. However, if a t any time the manu
facturing process is modified in such a way as to change the 
character of the color of the samples, a new set of colorimetric 
data should be obtained, and a new equation calculated.

Once the basic defining equation is established, the next step 
consists of setting up standards in terms of which routine grading 
results may be expressed.- The spacing of these standards is an 
entirely arbitrary procedure and depends on the accuracy with 
which it is desired to grade. Generally, there is no point in es
tablishing fractional grade differences which are less than mini
mum perceptible differences. Whether or not they are less can 
be determined by replotting the locus on a uniform chromaticity 
diagram such as that, proposed by Judd (8 , 9). Often, however, 
visual examination of a number of specimens which have small 
perceptible color differences, and whose ehromaticities are known,

Table II. Data for Rectified Plot of Chromaticlties of Terpene 
Hydrocarbons

Figure 3. Chromaticities of Terpene Hydrocarbons
• Terpene hydrocarbons

•  Arbitrarily chosen hypothetical standards 
O  A ctual working standards

Sam ple
N o. X

log  100 X  
j  -  0 .2256 ( x  -  0 .2256) V y  -  0 .3163

Illu m in an t C 0 .3 1 0 1 0 .0 8 4 5 0 .9 2 6 9 0 .3 1 6 3 0
1 0 .3 1 1 0 0 .0 8 5 4 0 .9 3 1 5 0 .3 1 9 0 0 .0 0 2 7
2 0 .3 1 1 1 0 .0 8 5 5 0 .9 3 2 0 0 .3 1 8 4 0.0021
3 0 .3 1 1 2 0 .0 8 5 6 0 .9 3 2 5 0 .3 1 9 7 0 .0 0 3 4
4 0 .3 1 2 0 0 .0 8 6 4 0 .9 3 6 5 0 .3 2 0 1 0 .0 0 3 8
5 0 .3 1 2 8 0 .0 8 7 2 0 .9 4 0 5 0 .3 2 1 1 0 .0 0 4 8
0 0 .3 1 3 1 0 .0 8 7 5 0 .9 4 2 0 0 .3 2 2 2 0 .0 0 5 9
7 0 .3 1 3 4 0 .0 8 7 8 0 .9 4 3 5 0 .3 2 2 9 0 .0 0 6 6
8 0 .3 1 3 5 0 .0 8 7 9 0 .9 4 4 0 0 .3 2 2 1 0 .0 0 5 8
9 0 .3 1 4 6 0 .0 8 9 0 0 .9 4 9 4 0 .3 2 4 6 0 .0 0 8 3
10 0 .3 1 4 8 0 .0 8 9 2 0 .9 5 0 4 0 .3 2 5 4 0 .0 0 9 1
11 0 .3 1 5 5 0 .0 8 9 9 0 .9 5 3 8 0 .3 2 7 5 0.0112
12 0 .3 1 5 6 0 .0 9 0 0 0 .9 5 4 2 0 .3 2 6 8 0 .0 1 0 5
13 0 .3 1 7 4 0 .0 9 1 8 0 .9 6 2 8 0 .3 2 9 6 0 .0 1 3 3
14 0 .3 1 8 5 0 .0 9 2 9 0 .9 6 8 0 0 .3 3 0 5 0 .0 1 4 2
15 0 .3 1 8 5 0 .0 9 2 9 0 .9 6 8 0 0 .3 3 1 0 0 .0 1 4 7
16 0 .3 1 9 8 0 .0 9 4 2 0 .9 7 4 0 0 .3 3 2 1 0 .0 1 5 8
17 0 .3 2 0 6 0 .0 9 5 0 0 .9 7 7 7 0 .3 3 4 2 0 .0 1 7 9
18 0 .3 2 1 5 0 .0 9 5 9 0 .9 8 1 8 0 .3 3 5 9 0 .0 1 9 6
19 0 .3 2 2 6 0 .0 9 7 0 0 .9 8 6 8 0 .3 3 8 9 0 .0 2 2 6
20 0 .3 2 3 9 0 .0 9 8 3 0 .9 9 2 6 0 .3 3 9 6 0 .0 2 3 3
21 0 .3 2 5 3 0 .0 9 9 7 0 .9 9 8 7 0 .3 4 0 0 0 .0 2 3 7
22 0 .3 2 8 7 0 .1 0 3 1 1 .0 1 3 3 0 .3 4 8 2 0 .0 3 1 9
23 0 .3 2 9 9 0 .1 0 4 3 1 .0 1 8 3 0 .3 5 0 5 0 .0 3 4 2
24 0 .3 4 1 5 0 .1 1 5 9 1 .0 6 4 1 0 .3 6 7 8 0 .0 5 1 5
25 0 .3 4 1 6 0 .1 1 6 0 1 .0 6 4 5 0 .3 6 9 4 0 .0 5 3 1
26 0 .3 4 8 7 0 .1 2 3 1 1 .0 9 0 3 0 .3 8 0 1 0 .0 6 3 8
27 0 .3 8 7 6 0 .1 6 2 0 1 .2 0 9 5 0 .4 1 9 0 0 .1 0 2 7
28 0 .3 9 4 8 0 .1 6 9 2 1 .2284 0 .4 2 6 5 0.1102
29 0 .4 4 8 7 0 .2 2 3 1 1 .3 4 8 5 0 .4 7 2 2 0 .1 5 5 9

will be sufficient for the selection of a practical unit of fractional 
grading.

For example, a number of the samples represented on the 
chromaticity diagram of Figure 3 were examined visually, and it 
was decided that two samples having a difference in x-trichromatic 
coefficients of approximately 0.0030 could easily be distinguished 
under ordinary north sky illumination. This difference was 
called one-tenth grade. A Ax of 0.0300, therefore, represents one 
full grade. Actually it was found, by reference to the Judd 
uniform chromaticity diagram, tha t one-tenth grade represents, 
on the average, approximately four just perceptible differences. 
However, for our purpose, the grading unit was considered suf
ficiently small.

The grades increase in .numerical value from ' 0, which repre
sents-a water-white sample—i.e., one having a chromaticity 
equal to that of Illuminant O—to 4, which represents a standard 
about as dark as any sample encountered in the representative 
lot. In Figure 3 are shown the positions of these arbitrarily 
chosen standards on the product locus.

The spacing of standards may be done on the basis of one of 
the other colorimetric quantities instead of x. Thus, certain 
materials might better be graded on the basis of equal increments 

of y, still others on the basis of equal increments of z, 
excitation purity, or dominant wave length. An even 
better method of spacing would be based on equal dis
tances on one of the uniform chromaticity diagrams cited 
above, since equal spacings on these diagrams more closely 
approximate corresponding estimated visual differences 
than equal spacings on the I.C .I. diagram.

Through the medium of such data interlaboratory com
parisons of color scales could readily be made. Color 
scales “ tailor-made” to fit the products for which-they 
were intended could be set up without fear th a t the re
sulting large number of scales would introduce un
warranted complexity. Correspondence between labora
tories involving color scale comparisons would neces
sarily include tables of x, y, and Y  values of numbered 
standards on the scales under discussion. Alternatively, 
one might use equations such as Equation 1 or plots such 
as tha t in Figure 3 for such comparisons.

Figure 4. Rectified Plot of Chromaticities of Terpene Hydrocarbons

S T A N D A R D S

The next step in establishing the grading method con
sists of devising actual physical standards, the chroma-
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ticities of which will match as nearly as possible the chromaticities 
of the arbitrarily chosen hypothetical standards. Physical stand
ards may consist of: (1) specimens of the material itself which are 
chosen to match in color the hypothetical standards; (2) standards 
consisting of combinations of colored glasses; or (3) standards com
posed of mixtures of solutions of organic or inorganic compounds. 
Any set of standards chosen should have the following character
istics: (1) The spectral transmittance curves should be similar in 
character to those of the material being graded. (2) The stand
ards should have reasonably permanent color characteristics 
over a long period of time. (3) Their colors should not be ap
preciably altered by variations in temperature over the range 
from 15° to 30° C. (4) They should be easy to prepare.

X - T R IC H R O M A T I C

Figure 5. Chromaticity Loci of A c id  Aqueous Solu
tions of U 0 2( N 0 3)2.6 H 20 ,  K.PtCIs, and C 0CI2.6 H 2O
1. Various thicknesses of U O îÎ N O s^ .ô H î O  stock solution
2. Various thicknesses of 5 0 %  U Œ K N O a ^ .ô H iO  stock solution

+  5 0 %  KsPtCle stock solution
3. Various thicknesses of 3 5 %  U O s C N O s K ô H s O  stock solution +

6 5 %  foPtCle stock solution
4. Various thicknesses of 2 0 %  U O iiN O a J î.ô H s O  stock solution - f  

, 8 0 %  KsPtCJs stock solution
5. Various thicknesses of 1 0 %  U 0 ï (N 0 3 ) î . 6 H 2 0  stock solution -f-

9 0 %  KîPtCU stock solution
6 . Various thicknesses of KtPtCle stock solution
7. Various thicknesses of 9 4 %  K îPtCls stock solution +  6 %  CoCta.-

6 H 2O  stock solution
8 . Hydrocarbon product locus
9. Various thickness of 9 2 %  KsPtCle stock solution +  8 %  C 0C I2.-

6 H 2O  stock solution 
10. Various thicknesses of C 0C IÎ.6 H 2O  stock solution

Standards prepared from the material itself usually have most 
of the desirable characteristics enumerated above, except that of 
permanence. This characteristic may often be improved by 
sealing the standards in air-tight glass containers under vacuum 
or in inert atmospheres, and by storing them in the dark. When 
using Such standards, their spectral transmittances should be 
checked frequently to determine whether any appreciable change 
in color with time is taking place. I f  small changes do occur, the 
nominal value of each of the standards may be adjusted from time 
to time to compensate for such changes.

Although glass standards are usually satisfactory, it may be 
found tha t because of the limited number of suitable types of 
glass available, it may be impossible to match the hypothetical 
standards accurately. Moreover, the calculations involved in 
determining the relative thicknesses of two or more components 
necessary to match a given hypothetical standard must be re
peated each time it is necessary to replace the standards, unless 
the glasses for the replacement set are taken from the same melts

as used previously. The glass elements' must be accurately 
ground to the calculated thicknesses to avoid error. This 
means that considerable expense is involved in making up a set.

On the other hand, many liquid standards, especially those 
made with acid solutions of certain inorganic salts, have excellent 
color stability and have the great advantage of being easy to pre
pare. I t  may bo difficult to choose a liquid or combination of 
liquids having spectral transmittance curves similar to those of 
the material being color graded. However, in many cases, a 
sufficiently good approximation may be obtained for practical 
grading.

In the present example, a series of liquid standards was pre
pared from acid solutions of the following salts which are known 
to be color-stable: uranyl nitrate hexahydrate, potassium
chloroplatinate, and cobalt chloride hexahydrate. The reason 
for this choice will be evident from an examination of Figure 5, 
which show's the loci of points representing the colors of different 
thicknesses of stock solutions of each of the three salts and of 
various mixtures of stock solutions of these salts on a chromaticity 
diagram, together with the product locus of Figure 3.

The stock solution of potassium chloroplatinate was prepared 
with 1 gram of potassium chloroplatinate plus 50 cc. of concen
trated hydrochloric acid made up to a volume of 500 cc. with 
distilled water. The stock solution of cobalt chloride hcxa- 
hydrate w'as prepared with 1 gram of cobalt chloride hexahydrate 
plus 50 cc. of concentrated hydrochloric acid made up to a volume 
of 500 ee. with distilled water. The stock solution of uranyl 
nitrate hexahydrate was prepared with 2 grams of uranyl nitrate 
hexahydrate made up to a volume of 50 cc. with distilled water.

Since these solutions were known to obey Beer’s law', different 
thicknesses instead of different concentrations were used for 
convenience. Hence, in order to obtain any given locus, spectral 
transmittance curves of only one solution in matched optical cells 
of different thicknesses were run.

In  Figure 5. it will be seen tha t the potassium chloroplatinate 
locus (curve 6) crosses the product locus (curve 8) a t a point near 
the upper end of the diagram. The locus of points representing 
different thicknesses of a 90%-10% mixture of stock solutions 
of the tw'o salts, potassium chloroplatinate and uranyl nitrate, 
respectively (curve 5), crosses the product locus a t a point nearer 
the illumiiiant point. An 80%-20% mixture yields a locus 
(curve 4) which crosses a t a point still nearer, and so on. A plot 
is then made of the z-trichromatic coefficients of the crossing 
points versus the concentration of one of the constituents, as 
shown in Figure 6, a.

In  tho case of standards darker than those represented by the 
crossing point of the potassium chloroplatinate stock solution 
locus, mixtures of potassium chloroplatinate and cobalt chloride 
stock solutions w'ere used to give crossing points on the upper part 
of the product locus. Figure 6, b, is a plot of these crossing 
points versus the concentration of cobalt chloride stock solution. 
From these curves the desired relative concentrations of the stock 
solutions which will yield a locus crossing the product locus a t a 
point representing the chromaticity of a hypothetical standard 
may bo found. Table III  shows the relative concentrations of 
stock solutions of the salts necessary to yield such loci. These 
data were obtained directly from Figure 6.

Table III. Relative Concentrations of Stock Solutions Necessary to 
Yield Loci Which Cross Product Locus at Chromaticities Equal to 

Those of Selected Standards
Stand ard  x -  T rich rom atic

N o . C oefficient

0 0 .3 1 0 0  
(a ctu a lly  0 .3 1 0 1 )

1 0 .3 4 0 0

2 0 .3 7 0 0

3 0 .4 0 0 0

4 0 .4 3 0 0

R e la tiv e  C oncen tration s of 
S tock  S o lu tion s

D istilled  H iO

3 8 .0 %  U O s(N O s)s.6H iO  +  
6 2 .0 %  K iPtC U

1 1 .0 %  U O j(N O j)i.6H iO  +  
8 9 .0 %  K iPtC U

0 .5 %  U O i(N O j)s .6HrO +  
9 9 .5 %  K iP tC li

7 .1 %  C o C l j .S I U O  +  
9 2 .9 %  K iP tC ls
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P E R C E N T  C o C I .  • 6 H 3 O STO C K S O LU T IO N

Figure 6 . x-Trichromatic Coefficients of Crossing Points of 
Solution Loci and Product Locus Versus Relative Con

centration of O ne Solution Constituent

Next, spectral transmittance curves of different thicknesses of 
solutions made up in accordance with Table III  were run, and the 
corresponding chromaticities were computed. The »-trichro
matic coefficients corresponding to the different thicknesses of 
each of these solutions are given in Table IV. The thicknesses, 
t, corresponding to »-trichromatic coefficients equal to those of 
the desired hypothetical standards may then be interpolated from 
the table or from a curve of I versus x.

Since Beer’s law holds, solutions of thickness I are equivalent 
colorimct-rically to 5 cm. of solution diluted in the ratio of t 
parts of original solution to (5 — I) parts of distilled water. 
Using this relationship, the proper concentrations of the various 
constituents in 5 cm. of aqueous solution to yield each of the 
hypothetical standards were determined. These are recorded 
in Table V. The solutions were then made up in accordance 
with the compositions listed in Table V, placed in 5-cm. glass 
absorption cells, and sealed off.

As a final check, spcctrophotometric data were obtained 011 
each standard (Table V). The locus connecting these points on a 
chromaticity diagram should coincide with the product locus. 
In the actual case considered here, the agreement is shown in 
Figure 3.

The foregoing procedure represents a considerable expenditure 
of'labor. However, once the standards have been contrived, 
th'cy may be reproduced with ease a t any time. The cells in 
which the standards were sealed can be made by an experienced 
glass blower for approximately SI.50 each. In this work, o-cm. 
cells were used instead of cells of less thickness, since they are 
somewhat easier to hold within the required thickness tolerance, 
which is of the order of =*= 1%.

F ILTER S

The next step in setting up the grading method is to choose a 
pair of filters to be used on a suitable photoelectric photometer 
for obtaining quantities proportional to the established grades. 
Two filters or filter combinations, one of which is selected to yield

a photocell response proportional to the X-tristimulus value, and 
the other of which is selected to yidld a photocell response pro
portional to the sum of the X-, Y-, and Z-tristimulus values, will 
give, when the ratio of the first to the second is computed, a 
product proportional to the »-trichromatic coefficient (since 

X----------------- = x).
X .+  Y  +  Z  )

However, a pair of filters which would bo more desirable from 
the standpoint of sensitivity and response could be selected from 
an examination of the speetrophotometrie curves of samples of 
the product. I t will be seen from an examination of Figure 2 
tha t from sample to sample, the greatest change takes place in 
the blue and violet regions of the spectrum, while very little 
change takes place in the red region. Hence, for maximum 
sensitivity, one would assume tha t a ratio of blue to red filter 
readings would be the most satisfactory. However, most of the 
commercially available red glasses are of the selenium type. 
These have high temperature coefficients which make them un
reliable for ordinary routine grading purposes. On the other 
hand, amber (orange) filters can be made up from glasses having 
negligible temperature coefficients. I t  will be seen from Figure 
2,that while slightly greater changes occur in the orange than in 
the red region of the spectrum between different samples, the 
changes are still small.compared to those occurring in. the blue 
and violet regions. Amber and violet filters were used with a 
photoelectric photometer to obtain the calibration curve of 
Figure 7, in which instrument readings are plotted against the 
grades of the previously described set of five liquid standards.

Table IV . x  vs. Thickness for Solutions Made Up in Accordance  
with Table III

R ela tiv e  C oncen tration s of 
S tock  S olutions

3 S .0 % U O !(N O 3)! .6 H 1O +
3 2 . 0 %  K i P t c n

11 .0%  U 0 2( N 0 3)!.6H *0  +  
8 0 .0 %  K iP tC li

0 .5 %  UCM NOsb.OIlsO +  
9 0 .5 %  K -P tC l.

7 .1 %  C0CI2.6 II3O +  
9 2 .9 %  Iv .P tC li

T hick n ess, ^ -T richrom atic
Cm. C oefficient
0 0 .3 1 0 1
1 0 .3 4 3 5
1.8 0 .3 6 6 2
3 0 .3 9 4 1
5 0 .4 2 7 1

0 0 .3 1 0 1
1 0 .3 4 3 5
1.8 0 .3 6 7 2
3 0 .3 9 6 7
5 0 .4 3 4 9

0 0 .3 1 0 1
1 0 .3 4 3 4
1.8 0 .3 6 7 3
3 0 .3 9 8 1
5 0 .4 3 7 0

0 0 .3 1 0 1
1 0 .3 4 1 4
1.8 0 .3 6 4 4
3 0 .3 9 4 3
5 0 .4 3 3 1

Table V . Calculated Concentrations of Salts in Aqueous Solutions 
and 5-Cm. Thicknesses to Color Match Hypothetical Standards

S tandard
N o.

0a
1

x  y  C om position

0 ,3 1 0 4  0 .3 1 8 2  D istilled  HaO

0 .3 3 8 5  0 .3 6 4 6  0 .22  gram  o f IvsPtCU +  2 .64  gram
of UOafNOsJi.OHaO +  10.8 cc, 
of HC1 m ade up to 1 liter  with  
d istilled  H ?0

2 0 .3 6 2 9  0 .3 9 5 2  0 .67  gram  of KaPtCU +  1.66 gram
of UOsCNOs^.GHsO +  33 .6  cc. 
o f HC1 m ade up to  1 liter  with  
d istilled  HtO

3 0 .3 9 8 4  0 .4 3 0 6  1.22 gram s of KiPtCI« +  0.12  gram
of UOaCNOaJa.OIIsO 4- 61.1 cc. 

, of HC1 m ade up to  1 liter  w ith
d istilled  HjO

4 0 .4 3 0 7  0 .4 5 8 9  1.79 gram s of K zPtC h +  0.14 gram
of U 0 s (N 0 j)s .6 H 20  +  96 .2  cc. 
of HC1 m ade up to 1 liter  with  
distilled  HjO

°  C h rom atic ity  differs fro m ,th a t of Illurninant C  because of color o f glass  
cell w indow s.
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Since the grading method was set up on the basis of the I.C.I. 
system, the use of filters other than those yielding I.C.I. specifica
tions will give rise to grading errors if the samples and standards 
are not spectrally similar. A method of correcting for such 
errors is discussed more fully below.

P H O T O E L E C T R IC  P H O T O M E T E R S

The following basic design features in photoelectric photometers 
have been found desirable for trouble-free color grading:

An essentially parallel light beam of just sufficient intensity to 
give adequate sensitivity.

An absorption cell with plane glass windows which should be 
of reasonable optical quality essentially free from disturbing 
color in the glass.

A receiver consisting of one or more barrier-layer photocells, 
the faces of which are illuminated uniformly by the beam of light 
after it has passed through the sample; (these photocells should 
preferably be chosen to  have high internal dark resistance and 
low fatigue).

A set of filters, the spectral transmittances of which prefer
ably are so chosen with respect to the spectral sensitivity of the 
photocell and the spectral distribution of the light source tha t the 
photocell response (depending on the filter) is proportional to one 
of the tristimulus values or to the sum of the three tristimulus 
values of the sample being measured.

An electrical circuit which offers a low external resistance to the 
photocells! The circuit preferably should be of the null type— 
e.g., one in which the desired transmittance readings are obtained 
from a value of resistance read on a dial or slide wire, or from a 
calibrated flux-reducing mechanism in the optical path.

Figure 7. Photometer Calibration Curve

These fundamental characteristics of good design are found in 
several photometers now available on the market. In  the work 
described in this report, a null-type photometer of the authors’ 
own design was used. This instrument is so constructed tha t a 
ratio of one photocell response to another may be read directly 
from a slide wire.

C A L IB R A T IO N

Before unknown samples were graded, a calibration curve was 
prepared by inserting each of the standards in the light beam in

Figure 8 . Spectral Transmittance Curves of Working 
Standards

Slight spectral selectivity of 0 standard due to small amount of color present In 
glass of ce ll windows

turn, and taking the corresponding readings as described above. 
These readings were plotted against the actual grades of the 
standards on a sheet of single-cycle, scmilogarithmic paper. It 
was fortuitous th a t a straight line resulted, as is shown in Figure 
7. This circumstance makes it possible to plot a calibration 
curve with only two standards. In general, however, such a 
calibration would be a curve, and it would be necessary to run a 
complete set of standards each time a calibration was made. 
With some of the authors’ instruments, this is done every few 
days and takes less than 5 minutes.

Samples were graded by pouring them in 5-cm. cells, inserting 
each of the cells in the light beam in turn, and taking instrument 
readings. Each reading was referred to the calibration curve, 
and the grade was read to the nearest tenth grade.

If samples and standards are not spectrally similar, a given 
sample having the same I.C .I. specifications as one of the stand
ards will not necessarily grade the same as the standard on a 
photoelectric photometer using a pair of filters other than those 
carefully designed to yield I.C.I. specifications. However, the 
standards may still be used to check the calibration of the instru
ment periodically if the samples themselves are unstable. ,In  
such a case, the proper corrections may be computed by (1) cal
culating grades of a series of samples from I.C.I. data obtained 
spectrophotometrically and referred to the product locus, (2) 
calculating grades from photoelectric photometer readings re
ferred to a calibration curve obtained for the photometer with 
the selected standards, and (3) computing differences in the grades 
obtained by the two methods. These differences may then be 
used to  correct all readings subsequently made on the photometer.

This procedure will be clarified by describing its application to 
the grading of terpene hydrocarbons. The spectral dissimilarity 
between the samples and the inorganic standards may be seen by 
comparing the transmittance curves of the former (Figure 2)
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with those of the latter (Figure 8). In order to establish a cor
rection for this dissimilarity, the following procedure was used.

A number of samples selected from a group of those falling near 
.the product locus of Figure 3 were assigned fractional grades by 
.interpolating their spectrophotometrically determined x-tri- 
ehromatic coefficients between those of the arbitrarily chosen 
standards listed in Table III . These grades are listed in column 
4; of Table VI. Next, readings were obtained on the grading 
photometer, and were referred to the calibration curve of Figure
7. Fractional grades were again assigned on the basis of this 
calibration curve, and are listed in column 5 of Table VI. Dif
ferences in the grades assigned by the two methods are given in 
column 6. In the case considered here, these differences were 
small enough to be neglected. In  general, however, they could 
be used to correct the original calibration curve.

O T H E R  C O L O R  S C A L E S

This same scheme has also been applied successfully to other 
classes of compounds. Figure 9 represents a number of samples 
of cellulose plastics plotted on an (x, !/)-chromaticity diagram. 
In  this case, the agreement of all samples with a single locus is not 
as good as in the first case. This is partly due to the. fact that 
examples of five different classes of compounds are included in the

Figure 9. Chromaticities of Cellulose Products

O  Cellulose products samples 
#  W orking standards

Figure 10. Chromaticities of Cotton Linters

Table V I. Corrections for Spectral Dissimilarity between Terpene . 
Samples and Inorganic Standards

D esig n a 
tion X V

Grade
D eter
m ined
from
I.C .I .
D a ta

Grade
D eter
m ined
from

P h o to m 
eter

R ead in g AG

6a 0 .3 1 3 3 0 .3 2 2 3 0.11 0 .0 9 - 0.02
20a 0 .3 2 4 1 0 .3 3 8 8 0 .4 7 0 .5 1 0 .0 4
23a 0 .3 3 5 1 0 .3 5 6 9 0 .8 4 0 .9 7 0 .1 3
26a 0 .3 7 5 3 0 .4 1 1 0 2 .1 8 2 .3 1 0 .1 3
28a 0 .4 2 4 1 0 .4 5 6 4 3 .8 0 3 .9 4 0 .1 4

Figure 11. Chromaticities of Thanite Samples, U. S. Rosin 
Standards, and Gardner Standards

O  U . S. rosin standards
} Cell thickness, 50 mm.

figure. The agreement is still close enough, however, to allow 
the same grading scheme to be used for all. Deviations are 
considered less important than the difficulty in applying and 
interpreting a three-number (or even a two-number) specification.

Figure 10 is a product locus for cotton linters plotted from the 
chromaticities of a large number of pressed samples from regular 
plant production. About the same lack of agreement is evident 
here as in Figure 9.

Standards were chosen for both classes of products by means 
of the method described above, and were made of combinations of 
solutions of the same salts as used for the terpene standards.

Well-known color scales may often be applied without error to 
certain classes of products. For example, two types of stand
ards whose use is widespread arc the glass U. S. rosin standards 
sponsored by the United States Department of Agriculture (/), 
and the Gardner color standards used rather extensively in the 
varnish industry (4).

The chromaticity plots of a few standards of each of these two 
types are shown in Figure 11 in order to demonstrate the possi
bility of applying them to a color grading scheme for commercial 
grades of Thanite, a liquid insecticide ingredient. The U. S. 
rosin standards are nearly equally spaced with respect to their x- 
trichromatic coefficients. I t  can readily -be seen tha t they may 
be used for grading the product in question. The Gardner 
standards down to No. 8 also fall on the locus of the product 
points, but their lack of equal or even regular spacing indicates 
that they should be modified to make them more useful in apply
ing or interpreting a color-grading method based on them.

For rough grading these physical standards may often be used 
visually—e.g., in a Nessler tube. I t  would not, of course, be
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valid to use variable thicknesses of a single standard in a Nessler 
tube unless it had been ascertained previously tha t Beer’s law 
was obeyed by the mixtures comprising the standards. In  the 
case of Gardner standards, varying the thickness does not cor
respond to changing the number. This is due to the fact tha t the 
standards are not merely dilutions of the darkest standard, 
but actually have different relative compositions. This condi
tion also holds with the tcrpene Standards discussed above.

S P E C IA L  C O N S ID E R A T IO N S

Very often, a product is encountered in which the chromaticity 
points of a large number of samples have rather wide dispersion— 
i.e., the scattering about the locus is large. In  such a case, it 
may be necessary to set up tolerances. This may be done by 
drawing curves on either side of the product locus, enclosing all 
the points which, from experience, it is decided are “on-color”. 
In the grading of such products, it will probably be necessary to 
determine both the x- and ^-trichromatic coefficients of the 
sample by means of two suitable filter pairs. By reference to a 
curve in which a product locus with its tolerance band is drawn, 
it can be determined whether or not the color of the sample in 
question falls outside or inside the band. Thus, samples whose 
colors fall outside the band should be designated “off-color” , 
and no attem pt should be made to grade them on the foregoing 
basis. However, if it is desired to establish some sort of grad
ing designation for the sample, it may, for example, be given a 
grade which corresponds to tha t of a sample lying on the curve of 
equivalent «-trichromatic, or better still, equivalent excitation 
purity, but with a notation to show tha t it is “off-color” low or 
“off-color” high, depending on whether the sample chromaticity 
lies below or above the tolerance band. Such a scheme may also 
be used to designate samples of low or high F-value.

If the sample is known to bo fluorescent, or if it is hazy, the 
color specification which can be most conveniently applied is that 
which one would normally make visually by means of viewing the 
sample with the aid of a directed beam of light passing through 
the sample toward the eye. This same result may be accom

plished in a photoelectric instrument by excluding the scattered 
or fluorescent light from the receiver. This may easily be done 
by mounting the receiver a t a considerable distance from the 
sample. Sometimes, however, it may be customary to grade 
samples of a certain product by viewing them with more or less 
indirect illumination. Such a case occurs when the grader lines 
up a series of samples on a sheet of white paper near a window. 
I t  will often be found tha t samples graded in this manner will not 
fall in the same order as if they were graded by direct light from 
the window, especially if the samples contain varying amounts of 
haze. Photoelectric grading, to correspond approximately with 
visual grading by indirect illumination, should bo done with the 
sample very near the receiver. If an integrating sphere is used 
as the receiver, the sample may be mounted inside the sphere for 
such a measurement.
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Fluorometric Determination of Aluminum in Steels, Bronzes, 
and Minerals

A L F R E D  W E1SSLER1 A N D  C H A R L E S  E. W H ITE, University of Maryland, Collese Park, Md.

TH E absence of specific sensitive reagents for the determina
tion of aluminum is a notable handicap to the analytical 
chemist. This difficulty is reflected in the laborious procedures re

quired for an accurate gravinletric analysis of small percentages of 
aluminum in steel (1, 6, 12) and in the fact tha t rock analysts 
usually calculate alumina by difference from the R20 3 precipitate 
(5). "

The reagent which has found widest use is aluminon” , ammo
nium aurintricarboxylate (4, 8, 15). In  spite of interference by 
chromium, iron, beryllium, vanadium, titanium, and gallium, it 
has been used for colorimetrically determining from 0.04 to 1.5% 
of aluminum in steel (2), and for low percentages in nonferrous 
alloys (10). Ether extraction and mercury cathode electrolysis 
were used, respectively, as separations in these two procedures.

But the need was still felt for a method, other than spectro- 
graphic (11), suitable for determining down to less than 0.01% of 
aluminum in such materials as steels, bronzes, and minerals. A 
quantitative fluorescence method for aluminum in pure solution 
using the reagent morin (14) was reported subject to several inter

1 P resen t address, N a v a l R esearch L ab oratory , W ashin gton , D . C.

ferences, among them beryllium. However, the very sensitive 
qualitative reagent Pontachrome Blue Black R, a dye which gives 
a  red fluorescence with aluminum (13), suffers from fewer inter
ferences. A promising approach was thus offered, if the details 
could be worked.out for a quantitative determination. The rela
tive interferences in the fluorescence tests for aluminum by Blue 
Black R  and by qucrcetin, an isomer of morin, have already been 
established (3).

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

Measurements were made with a Lumctron fluorescence meter, 
model 402EF, using the 25-ml. cell. The scale was set at 0 and 
100 by means of fluorescing standards which contained known 
amounts of aluminum. Corning filter No. 5874 was used to iso
late the ultraviolet energizing radiation, and sheets of red plas- 
tic to isolate the red fluorescent light emitted. The transmission 
of these filters is shown in Figure 1, as determined by a Beckman 
spectrophotometer.

Standard solution of aluminum, 1.00 mi. = 0.0100 mg. Dis
solve 0.1760 gram of potassium aluminum sulfate crystals in wa
ter, and dilute to 1 liter.

Weaker standard solution of aluminum, 1.00 ml. = 0.00100 
mg. Pipet out 100 ml. of the above solution, and dilute to 1 liter.
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Ammonium acetate solution, 10%. Dissolve 50 grams of the 
salt in water and dilute to 500 ml.

Pontachrome Blue Black R (Color Index 202), 0.1% solution. 
This dye is the sodium or zinc salt of 4-sulfo-2-hydroxy-<*-naph- 
thalene-azo-d-naphthol. Dissolve 0.50 gram in 500 ml. of 95% 
ethyl alcohol, and allow to stand a few days before using. This 
dye may also be purchased under the name Superchrome Blue 
Black (National Aniline Division of Allied Chemical and Dye 
Corporation).

Pontachrome Violet SW (Color Index 169), 0.1% solution. 
Dissolve 0.50 gram in 500 ml. of 95% ethyl alcohol.

Sodium hydroxide solution, 10%. Dissolve 25 grams in 250 
ml. of water in a large platinum dish, with the aid of a platinum 
stirring rod. Store in a ceresin bottle, to avoid aluminum contam
ination from glassware.

Dilute sulfuric acid, 1 lo 9. Pipet 100 ml. of concentrated acid 
into several hundred milliliters of water in a 1000-ml. volumetric 
flask, cool, and dilute to the mark.

E X P E R IM E N T A L

I t  was necessary first to study the elfcct on the fluorescence in
tensity of such variables as pH, amount of dye, amount of alumi
num, time of standing, and temperature.

E f f e c t  o f  pH. A series of twenty solutions was prepared in 
50-ml. volumetric flasks. To each flask were added 0.050 mg. of 
aluminum, 5.0 ml. of 10% ammonium acetate as a buffer, 1.0 ml. 
of 0.1% Blue Black It dye, and quantities of acetic acid or am
monium hydroxide sufficient to give a range of pH from 2.4 to 
9.8. The solutions were diluted to the mark, shaken vigorously, 
and allowed to stand for 2 hours before fluorescence measurements 
were taken. The pH was measured with the laboratory model 
Beckman pH meter. Under these conditions, the optimum pH 
is about 4.8 or 4.9 (Figure 2).

Repetition a t the lower level of 0.010 mg. of aluminum gave 
similar results, except th a t the peak was considerably narrower.

C o n c e n t r a t io n  o f  B l u e  B l a c k  R. A series of 15 solutions of 
50-ml. volume was made up, each containing 0.050 mg. of alu
minum, 0.50 gram of ammonium acetate, 0.10 ml. of glacial acetic 
acid to give a  pH close to the optimum, and amounts of 0:1% dye 
solution varying from none to 5.0 ml. The solutions were al
lowed to stand 80 minutes before readings were taken. I t  is evi
dent from Figure 3 th a t maximum intensity is achieved by the use 
of 1.5 ml. Solutions containing more than this amount showed a 
rapid decrease in fluorescence in those portions furthest from the 
ultraviolet source, indicating a progressive absorption of the en
ergizing radiation.

T im e  o f  S t a n d in g . Since it was known tha t the fluorescence 
did not attain its maximum intensity immediately after mixing, 
the change of intensity with time was investigated. A solution 
was prepared which contained 0.010 mg. of aluminum, 0.50 gram 
of ammonium acetate, 1.0 ml. of 1 to 24 sulfuric acid, and 1.5 ml. 
of 0.1% Blue Black It in a volume of 50 ml. The temperature 
was 24° C. Measurements were made over a period of 1 hour, 
and another reading was taken after 3 hours. Figure 4 shows that 
equilibrium was attained in less than an hour. Repetition of the 
experiment a t the higher level of 0.100 mg. of aluminum gave a 
similar result.

T e m p e r a t u r e . I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  m a x im u m  in-

A  rapid fluorometric method is described for the quantitative deter
mination of from 0 .0 0 1%  to somewhat over 1 %  of aluminum in 
steels, bronzes, and minerals. This represents a range of 0.0002  to 
0.025 mg. of aluminum in a volume of 50 ml. The necessity for 
special microtechnique is avoided by the use of aliquots of a macro- 
sample; the sensitivity is better than 1 part in 100,000,000. For 
small percentages of aluminum, this method surpasses other pro
cedures in speed, sensitivity, accuracy, and freedom from inter
ference. The preferred reagent is the dyestuff Pontachrome Blue 
Black R, which is used at a pH  of 4.8 in buffered solution. Excel
lent results may also be obtained with Pontachrome Vio let SW. 
Electrolysis in a mercury cathode cell serves to eliminate interfering 
ions. Studies have been conducted on the changes in intensity of 
fluorescence under variation of experimental conditions such as 
temperature, time of standing, p H , dye concentration, and aluminum 
concentration. The probable composition of the fluorescent sub
stance has been established by analysis, after amyl alcohol extrac
tion from aqueous solution.

tensity could be obtained in a shorter time by heating the solu
tion, a solution containing 0.010 mg. of aluminum, 0.5 gram of am
monium acetate, and 0.05 ml. of acetic acid was diluted to 48 ml. 
and heated to 70 ° C., and then 1.5 ml. of dye solution were added. 
Readings of fluorescence were taken during the next 1.5 hours, as 
the solution cooled gradually down to room temperature. The 
intensity increases more slowly than tha t of a solution mixed at 
room temperature (Figure 5). Repetition a t the level of 0.020 
mg. of aluminum gave a similar result. The instrument scale was 
reset arbitrarily for each run, so tha t readings arc not necessarily 
transferable from one graph to another.

The effect of cooling was studied next. A 50-ml. solution eon-

Figure 2. Effect of pH  on Fluorescence Intensity.

Figure 1, Transmission of Primary and Secondary Filters
Figure 3. Effect of Blue Black R Concen

tration on Fluorescence Intensity
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Table I. Analysis of Synthetic Standard Steels
Al P resen t S ca le  R eading Al Found

% %
0 .0 0 0  Standard 0.0
0 .0 5 0  Standard 5 0 .0
0.001 1.0 o!ô6i
0 .0 2 6 2 4 .8 0 .0 2 5

2 6 .0 0 .0 2 6
0 .0 5 1 5 1 .4 0 .0 5 1

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

taining 0.020 mg. of aluminum, 0.50 gram of ammonium acetate, 
0.05 ml. of acetic acid, and 1.5 ml. of Blue Black R was allowed to 
stand several hours, and its fiuoresc. nee was measured a t room tem
perature, 25 ° C. Then it was cooled in ice, and the intensity meas
ured a t 10°, 15°,and20°C. The fluorescence increased slightly at 
the lower temperatures. The reading was about 2% greater a t 
10° than a t 25° C.

.

/
f

O 10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  1C
TIME AFTER MIXING,MINUTES

Figure 4. Time Required to Attain Full 
Intensity of Fluorescence

The experimental conditions thus determined for maximum 
reproducibility and convenience were: 1.5 ml. of 0.1% Blue Black 
R  in a 50-ml. volume, a pH about 4.8 resulting from 0.50 gram 
of ammonium acetate plus 0.05 ml. of sulfuric or acetic acid, mix
ing at room temperature, and letting stand a t least one hour be
fore measuring.

C o n c e n t r a t i o n  o p  A l u m i n u m . To determine how nearly the 
flourescence intensity is a linear function of aluminum concentra
tion, a series of 20 solutions was made up. Each contained 0.50 
gram of ammonium acetate, 1.5 ml. of Blue Black R, 0.06 ml. of 
acetic acid, and aluminum varying from 0 up to 0.100 mg., in a 
volume of 50 ml., and was let stand for 2 hours before reading. As 
can be seen from Figure 6, the fluorescence increases in a fairly 
linear manner until a saturation point is reached a t about 0.050 
mg. of aluminum, beyond which the intensity remains almost per
fectly constant.

The flat portion of this curve is only slightly affected by the 
aluminum-dye ratio for small increases of dye beyond 1.5 ml. 
The addition of more dye causes an increase in absorption of both 
the ultraviolet and the emitted light and gives a reduction in all 
the readings. The use of 2 ml. of dye extends the useful portion 
of the curve to 60 micrograms, but greatly reduces the accuracy 
of the lower concentrations.

The experiment was repeated, except that irradiation by higher 
energy ultraviolet was used, by substituting Corning No. 9863 for 
the usual No. 5874 as the primary filter. The former transmits 
down to 2300 A., while the latter, which was used for .all the other 
experiments, transmits only down to 3200 A. The results ob
tained were very similar to the previous ones, except that the 
plateau appeared a t a slightly higher concentration, 0.060 mg.

A similar set.was prepared which covered the range from 0 up 
to 0.020 mg. Figure 7 shows tha t the concentration-intensity re
lation is practically linear up to 0.020 mg. This was repeated 
several times; greater deviations were noticed in the summer, 
when room temperature was about 33 ° C.

To investigate the lower limit of sensitivity, a series covering 
the range up to 0.001 mg. was prepared. Although a fairly linear 
graph was obtained, this was not completely reliable because of 
the rapid decrease in the weak fluorescence during the period of 
irradiation. However, it was easy even visually to distinguish 
among solutions containing 0.0004 and 0.000S mg. of aluminum 
in the 50-ml. volume. This corresponds to a sensitivity of 1 part 
in 125,000,000.

N a t u r e  o p  t h e  F l u o r e s c e n t  S u b s t a n c e . T o determine if pos
sible the formula of the fluorescent complex, a solution of 5 grams 
of Blue Black Rdyestuff and 25 grains of potassium aluminum sul
fate crystals in 300 ml. of water was adjusted to pH about 5.0, by 
the addition of solid ammonium acetate, and allowed to stand a 
few hours. I t  was then extracted with successive 100-ml. por
tions of n-amyl alcohol, and the strongly fluorescent extracts 
were carefully evaporated to dryness. Analysis of the dried resi
due indicated that two dye molecules are combined with 
each aluminum hydroxide molecule. Calculated for AlOHOj- 
'(ObHuNiSOiNaJi: C, 56.74%; H, 2.74%; Al, 3.19%. Found: 
C, 56.64, 58.13%; H, 4.30, 4.58%; Al, 3.19, 3.21%

A n a l y s i s  o p  S y n t h e t i c  S t a n d a r d  S t e e l s . A convenient 
means for quantitatively determining very small amounts of 
aluminum in pure solutions had been established by the foregoing 
work; it still remained to apply the technique to the analysis of 
actual materials, such as steel. Therefore, varying percentages of 
aluminum were added to NBS iron 55a, and the resulting syn
thetic standards were analyzed by Method A, below. Good re
sults were obtained, as shown in Table I.

A n a l y s i s  o f  NBS S t a n d a r d  S t e e l s . Several Bureau of 
Standards steels were analyzed by Method A for acid-soluble 
aluminum content, which is of greater metallurgical interest than 
total aluminum. Table II  shows the accuracy attained for both 
high and low percentages. I t may be noted that the fluorescence 
method offers major advantages in the analysis for low percent
ages, rather than high. Acid-insoluble alumina in steel may also- 
be determined with accuracy (Table III).

A n a l y s i s  o f  NBS S t a n d a r d  B r o n z e s . Several Bureau of 
Standards copper-base alloys, covering a range of aluminum con
tent, were analyzed by Method B, below. The variability of the 
results (Table IV). is less than that on the certificates of standardi
zation.

Figure 5. Time Change of Fluorescence after 
Heating to 7 0 ° C.

A n a l y s i s  o f  NBS S t a n d a r d  M i n e r a l s . Three Bureau of 
Standards minerals were analyzed for alumina by Method C, be
low.. Again, good accuracy and small dispersion of results were 
achieved (Table V).

M E T H O D S  IN  D E T A IL

M e t h o d  A, f o r  S t e e l s . T o  determine acid-soluble aluminum, 
dissolve a 1.000-gram sample in 25.0 ml. of 1 to 9 sulfuric acid, 
and dilute to 500 ml. without filtration. (If the aluminum con
tent is over 0.10%, use a 0.100-gram sample.) Electrolyze a 10- 
ml. aliquot, containing 0.020 gram of steel, for 1 hour in a small 
motor-stirred Melaven mercury cathode cell (7) a t a current of 
0.5 ampere or slightly less. Draw off the solution and rinsings
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into a 50-ml. volumetric flask which contains 5.0 ml. of 10% am
monium acetate plus 1.50 ml. of 0.1% Blue Black R, and dilute to 
the mark. After a t least 1 hour, measure and compare the fluo
rescence intensity of the solutions and of pure aluminum standards 
prepared similarly, including electrolysis, and containing the 
same amounts of acid, buffer, and dye as the unknowns. Inas
much as the calibration curve is nearly linear, only two stand
ards are required, except in most accurate work.
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Dependence of Blue Black R Fluorescence on 
Aluminum Concentration

To determine the acid-insoluble alumina in steel, filter off 
whatever insoluble residue remains after dissolving a 1.000-gram 
sample in 1 to 9 sulfuric acid, using a retentive paper, and wash 
thoroughly with 5 to 95 hydrochloric acid and then water. Ignite 
in a platinum crucible until all carbon is gone, then add 1 ml. of 
1 to 1 sulfuric acid and 5 ml. of hydrofluoric acid. Evaporate 
down to copious fumes of sulfuric acid, allow to cool, wash down 
the sides of the crucible with a few milliliters of water, and evapo
rate and fume strongly again. When cool, transfer to a large plat
inum dish with 50 ml. of water, and heat until the salts dissolve 
completely. Add 10% sodium hydroxide solution until alkaline 
to methyl red, then 1 to 9 sulfuric acid dropwise until barely acid, 
then an excess of 25.0 ml. of 1 to 9 sulfuric acid. Transfer to a 
500-ml. volumetric flask, dilute to the mark, shake well, and pipet 
out a 10-ml. aliquot for mercury cathode electrolysis. Carry out 
the remainder of the analysis in the usual manner.

M e t h o d  B ,  f o r  B r o n z e s . Weigh out a 1.000-gram sample, 
for materials containing 0.10% aluminum or less; for higher per
centages, up to about 1%, use a 0.100-gram sample. Dissolve in 
10 ml. of 1 to 1 nitric acid in a 250-ml. beaker, add 20 ml. of 1 to 1

Table II. Analysis of Bureau of Standards Steels for Acid-Soluble  
Aluminum

S teel

5 5a

to

C ertified  V alue  
%

0 .0 0 1

0.022

106a

106

1 .0 7

1 .0 6  (to ta l)

Found

0 .0 0 1
0 .0 0 1
0 .0 0 1
0 .0 0 1

0.021
0.021
0 .0 2 4
0.022
0.022
0.021
0 .0 2 1
0.022

1 .0 5
1 .0 5  
1 . 1 2  
1 .1 3

1 .0 9
1 .0 9
1 .0 5
1 .0 5

Table III.

S tee l

106a

Analysis of Bureau of Standards Steel for Acid-Insoluble  
Alumina

Certified V alue  
%

0 . 0 1 1

F ou n d
%

0 . 0 1 1
0 . 0 1 1
0 . 0 1 1
0.012

Table IV . Analysis of Standard Bronzes for Aluminum
A lloy C ertified  V alue F ou n d

% %
62 1 .1 3 1 .0 9  

1 .1 4  
1.11

62a 0 .9 2 0 .9 3
0 .9 3
0 .9 5
0 .9 6

62b d .9 7 ' 0 .9 8  
0 .9 5  
0 .9 5  
0 .9 7

63 .0 .0 5 0 .0 4 4
0 .051
0 .0 5 2
0 .0 5 5

124a 0 .0 0 6 0 .0 0 6
0 .0 0 8

sulfuric acid, 'and evaporate down to copious fumes of sulfuric 
acid. Allow to cool, wash down the sides with about 15 ml. of 
water, and again evaporate to strong fumes. (Each evaporation 
may be accomplished in a few minutes by heating the beaker over 
a free flame, with vigorous swirling of the contents.) Cool, dilute 
with 100 ml. of water, make just neutral to methyl red with 10% 
sodium hydroxide, and add 25.0 ml. of 1 to 9 sulfuric acid. Dilute 
to 500 ml., shake well, and pipot a 10-ml. aliquot into the mercury 
cathode cell. After electrolysing for an hour, draw off into a 50- 
ml. volumetric flask containing 5.0 ml. of 10% ammonium ace
tate and 1.50 ml. of 0.1% Blue Black R, and dilute to the mark. 
Let stand at least 1 hour, and then measure the fluorescence and 
compare with tha t of standards prepared similarly and simultane
ously.
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Figure 7. Dependence of Blue Black R Fluorescence on 
Concentration

M e t h o d  C, f o r  M i n e r a l s . For materials consisting largely 
of silica, such as glass sand or silica brick, the following direct 
method is suitable. Weigh 0.100 or 0.500 gram of sample (de
pending on aluminum content) into a 20-ml. platinum crucible, 
add 2 ml. of 1 to  1 sulfuric acid and 10 ml. of hydrofluoric acid, 
and evaporate down to copious fumes. Cool, wash down the 
sides with 10 ml. of water, and again evaporate to heavy fumes. 
Add to 100 ml. of water in a platinum dish, heat until all salts dis
solve, and make just neutral to methyl red with 10% sodium hy
droxide. Then add 25.0 ml. of 1 to 9 sulfuric acid, dilute to 500 
ml., and electrolyze a 10-ml. aliquot in the Melaven cell for an

Table V . Analysis of Standard Minerals for A l
Sam ple C ertified  V alue

%
81 0 .2 6 5

88

102

0 .0 6 7

1 .9 6

F ound
%

0.2G 8
0 .2 7 9
0 .2 8 7

• 0 .0 6 3  
0 .0 6 7  
0 .0 6 3  
0 .0 6 2

1 .9 8
2.01
2 .0 3
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hour. Complete the determination as described in Methods A 
and 15, and calculate the results as aluminum oxide. The blank 
on the complete procedure is very small, about 0.0001 mg. of alu
minum oxide on the 10-ml. aliquot.

For other types of minerals, it is more convenient to proceed 
with the ordinary scheme of analysis, and then apply the fluores
cence method to the determination of alumina in the R ;03 am
monia precipitate. This may be illustrated in the case of NBS 
dolomite No. 88.

Ignite a 1.000-gram sample a t 1100° for 30 minutes, then boil 
with 40 ml. of 1 to  1 hydrochloric acid. Filter off the small in
soluble residue, wash, ignite in a platinum crucible, treat with 5 
drops of 1 to 4 sulfuric acid and 5 ml. of hydrofluoric acid, and 
evaporate to dryness. Then fuse with 0.5 gram of potassium py- 
rosulfate, dissolve the cooled melt in water, and add this solution 
to the original filtrate and washings. Add about 10 grams of am
monium chloride and precipitate the R20 3 as usual with ammo
nia, using methyl red indicator. Filter off the hydroxides, wash 
several times, transfer to a beaker by a jet of water, and dissolve 
by the addition of 25.0 ml. of 1 to 9 sulfuric acid. Tlien dilute the 
solution to 500 ml., pipet out a  10-ml. aliquot for electrolysis, and 
complete the determination in the usual manner.

D IS C U S S IO N

The mercury cathode separation was chosen as most suitable 
here for removing iron, copper, etc.; even a little ferric ion de
stroys fluorescence. Attempts were made to extract the fluores
cent complex from the iron solution with amyl alcohol, and also 
to use sodium hydroxide or cupfcrron for eliminating the iron, but 
none of these gave as good results as the mercury cathode.

MICnOGRAMS IN 50 M L.

Figure 8 . Interference by Titanium and 
Vanadium in Solutions Containing 0.010  

M g. of Aluminum

Such interferences as iron, copper, chromium, nickel, and co
balt are removed quantitatively by mercury cathode electrolysis. 
I t  was of interest to investigate possible interference by titanium, 
vanadium, and zirconium, which are not So removed and which 
are frequently found in steel. Varying quantities of these ions 
were added to fluorescing solutions which contained 0.010 mg. of 
aluminum. Titanium was found to interfere somewhat, and 
pentavalent vanadium more seriously (Figure S), but zirconium,

Table V I. Determination of Aluminum in Titanium and Vanadium
Steels

S teel G ravim etric A nalysis  A lum inum  Found
%

K  O.OGG% A l, O.OS5% Ti • 0 .0 0 4
0.000
0 .0 0 4
0 .0 0 3

L 0 .0 3 1 %  A l, 0 .1 1 %  V 0 .0 5 3
0 .0 5 3
0 .0 5 3
0 .0 5 4

Figure 9. Dependence of Pontachrome V iolet SW  
Fluorescence on Aluminum Concentration

not a t all. Nevertheless, good results were obtained in the fluoro- 
motric determination of aluminum in titanium and vanadium 
steels (Table VI), perhaps because the carbides of the latter are 
insoluble in dilute sulfuric acid.

Pontachrome Violet SW has also been suggested (9) as a fluo
rescence reagent for aluminum; it gives an orange fluorescence at 
5850 to 6250 A, compared with the red fluorescence of Blue Black 
R  a t 6365 to 7000 A. In  the Violet SW dye molecule, a benzene 
ring replaces one of the naphthalene rings in Blue Black R.

Detailed investigations of the suitability of Violet SW as a quan
titative reagent showed tha t wider variations in dye concentration 
could be tolerated, that the dependence of intensity on aluminum 
concentration was almot perfectly linear (Figure 9), and that ac
curate results could be obtained for amounts of aluminum as small 
as a few tenths of a microgram. However, the Violet SW fluores
cence required more careful control of pH, and was destroyed by 
even smaller traces of iron. Therefore, the Blue Black R reagent 
was chosen for the bulk of this work, although analysis of NBS 
and synthetic standard steels were completed with good accuracy', 
using Violet SW.
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Quantitative Determination of Some Inhibitors in Polymers 
by Ultraviolet Light Absorption

F. W . B A N E S  A N D  L. T. EBY, Standard O il Development Company, Elizabeth, N. J.

A  rapid and accurate method of analysis for inhibitors in polymeric 
materials employing ultraviolet light absorption has been developed 
which is especially desirable for inhibitors present in small concen
trations. Correction for linear "background" absorption is made 
without need for direct measurement.

O RGANIC polymeric substances are commonly subject to 
attack by atmospheric oxygen, .which will cause changes in 

the physical properties of the polymers. Inhibitors are usually 
incorporated to prevent or retard polymer degradation caused by 
atmospheric and imposed oxidizing conditions. The use of sta
bilizers is, therefore, very widespread and is especially important 
in synthetic rubbers.

Inhibitor concentration is an important factor in estimating 
the potential stability of a polymer. The concentration require
ments for stabilizing polymers of different types will vary with the 
type of polymer. The use of small concentrations of inhibitor 
has created an urgent need for a more precise method of inhibitor 
analysis. Production control requires an easy and rapid method 
of analysis as well as accurate results, even where higher concen
trations of inhibitor are used. jV-Phenyl-2-naphthylamine (com
monly called phenyl-j8-naphthylaminc) has been used very 
widely in the stabilization of synthetic elastomers and, therefore, 
an effort was made to develop the best analytical method for this 
specific inhibitor. A method of analysis of primary aromatic 
amines involving titration with standardized nitrous acid (5) has 
been applied to its determination; however, when this method 
was used to determine the inhibitor present in a polymer in small 
concentrations, it was found unreliable in the absence of very 
careful control and expert manipulation. Craig (2) estimated the 
concentration of iV-phcnyl-2-naphthylamine in rubber by isola
tion of the hydrochloride. An adaptation of this method to 
Butyl rubber by a turbidimetric measurement of the amine hydro
chloride has been used for production analysis but was unsatis
factory unless very careful control was maintained. An oxida
tive method using eerie sulfate has also been used with somewhat 
more reliable results. Investigation of rapid physical methods 
of analysis revealed tha t Ar-phenyl-2-naphthylamine has a very 
strong absorption in the near-ultraviolet region (4, 6, 7) which is 
very desirable for spectral analysis. Qualitative spectrographic 
determination of various rubber ingredients, including IV-phenyl- 
2-naphthylamine, has been described (S). The use of spectro
photometry now appears to be the best method of analysis for 
iV-phenyl-2-naphthylaminc in polymers.

Since polymers and various blending ingredients are not en
tirely transparent to ultraviolet light, it is necessary to subtract 
the “background” absorption (absorption due to  materials other 
than iY-phenyl-2-naphthylamine) to obtain a true estimation of 
inhibitor concentration in the polymer. A mathematical adap
tation of the method which Wright (8) used in infrared spectros
copy in correcting for the background absorption, without actual 
measurement of the background absorption, was applied to this 
determination with considerable success. The method can be 
satisfactorily used with any polymer which can be dissolved in a 
solvent, or from which the inhibitor can be extracted by a sol
vent, where the background absorption is linear through the 
spectral points or wave lengths a t which the inhibitor exhibits a 
maximum and two adjacent minimum absorptions. The correc
tion for linear background absorption by optical density measure
ments a t three wave lengths is outlined below. Although certain 
forms of this mathematical approach are in use, to the authors’

knowledge it has not been previously reported. (Derivation 
i and first application of this equation to polymer analysis was 

parried out in this laboratory by T. S. Chambers.)
Two assumptions are made: (1) Beer’s law is obeyed and (2) 

the background absorption is linear with wave length over the 
portion of the spectrum involved. The former assumption has 
been, found valid for the concentrations employed. Knowledge 
of the system used in the analysis trill determine whether the lat
ter is true or is a  close approximation which would introduce but 
little error. Figure 1 is a typical illustration of the absorption of 
a solution of polymer containing an inhibitor.

Figure 1. Typical Absorption of Solution of Polymer 
Containing an Inhibitor

K 'min, K m*x, and K mi" are observed specific extinction coef
ficients of the potymcr sample being analyzed for inhibitor con
tent. K imin, K j““ , and /Cl"11“ are .the specific extinction coef
ficients of the background and K -min, K î"°\ and 7vT,in are the 
specific extinction coefficients for the inhibitor. Let x =  frac
tion of inhibitor in polymer; and 1 — x — fraction of polymer or 
background.

Then
J£t min =  xK'imln + G --  x) K i ^ (1)

max =  i / f f ' 1 + G  --  *) K T X (2)

J£min =  x K f " + G -- x) K f " (3)

The K ’s and Ki s are experimentally determined, leaving four 
unknowns. The value of x can be determined without knowing 
Kb s if one of the Kb s is known in terms of the others. From 
Figure 1:

(1 -  x )/ v P x =  (1 -  x )K r "  +
\  m in  _ _  \  m a x

jU  , ¿ 5 -. id -  -  d  -  * ) « “■'] (4)

or

f j “  =  (1 -  n ) K f"  +  nK'b™° (5)

where

535
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Substitute values of iC*min and JfC™'“ fronj Equations 1 and 3 in 
Liquation 5 :

(1 -  n)(K m'a -  xKi“i”) +  n (K " xK[ m‘°)
6 1 — x

Substitute value of 7v“ “x from Equation 7 in Equation 2: 

_  /G“ * -  (1 -  n)K min -  n/C'1“1"
Kfux — (i _  n)K ^in — nK [1

(7)

(8)

Since K D_

LC

where D = optical density =  log 
L  =  cell length =  1 cm.
C =  concentration of polymer in solution in grams per liter 

I  solvent =  intensity of light through pure solvent 
I  solution =  intensity of light through polymer solution

then

% inhibitor in polymer
100[D
C[K?

max 

max —i
(1 — n)Dmla — nD'mta]

(1 — tQÄ™0 — n / f i ”1'"] (9)

E X P E R IM E N T A L

The choice of solvent should be such that it will dissolve both 
polymer and inhibitor and it must be easily obtained in a pure 
state and preferably show low and linear absorption in the spec
tral region employed. Ethylene dichloride and chloroform were 
satisfactory solvents for GR-S and Perbunan. These solvents 
as wejl as carbon tetrachloride and iso-octane were suitable sol
vents for Butyl rubber.

A Beckman quartz prism spectrophotometer (1) with a hydro
gen discharge tube serving as the light source was used for all 
optical density measurements. Quartz cells with a light path of 
1 cm. held the liquid samples.

Extinction coefficients of the inhibitors, in the solvents to be 
used for the analyses, were determined by optical measurements 
at the wave lengths of the maximum and two adjacent minimum 
absorptions best suited for analytical purposes. Several concen
trations were employed and an average extinction coefficient was 
calculated for the inhibitor a t each of the three wave lengths. 
I t  is important that measurements of extinction coefficients of 
inhibitors be made for each instrument, since the exact disper
sion, resolving power, actual slit width, photocell spectral sensi
tivity, and amount of reflected and scattered light of the instru
ment are factors which affect the optical density measurements.

Since only small samples of polymer were employed, care was 
exercised to get truly representative results. This was accom
plished by milling and refining a  sample of rubber from which 
portions were taken for analyses. Milling was also beneficial in 
destroying gel in polymers which would introduce error from light 
reflection. Excessive milling and heating in contact with air 
were avoided.

An accurately weighed portion of polymer was placed in a 
glass-stoppered Erlenmeyer flask and a known volume of solvent 
added from a pipet. Dissolution occurred on standing 1 or 2 
days with occasional shaking, or it was accelerated by stirring or 
heating. A clear sample was removed from any settled insoluble 
material (centrifuging may be used) and transferred to the quartz 
cell for optical density measurements. A matched quartz cell 
containing a solvent control was used as the reference zero optical 
density. The concentration of inhibitor in the polymer was cal
culated by means of Equation 9. Using this procedure, only a 
few minutes are required to determine the inhibitor content of a 
sample of dissolved polymer.

D IS C U S S IO N

The specific extinction coefficients of Ar-phenyl-2-naphthyl- 
amine showed slight variation in numerical value and spectral 
position with the solvent employed. The evaluation of the 
coefficients used in calculations in this paper are given in Table I

Table I. Specific Extinction Coefficients of N-Phenyl-2-naphthyI- 
amine and Uninhibited Polymers
Specific E x tin ctio n  C oefficients, K  (1. g. -1 cm . ~L)

L en gth , P B N  in B u ty l rubber P B N  in G R -S  in P erb un an  in
m/i iso -octan e in  iso -octan e C2H4CI2 C2ILCI2 c 2h 4c u

282 4 9 .7 0 .0 1 - 0 .0 6 5 4 .0
284 5 2 .0 5 1 .5 0 .0 5 0 .0 3
308 8 5 .6 .01-6 .*04 8 5 .0
309 8 3 .5 8 7 .0 0 .0 4 0 .0 2
326 1 3 .2 O .O l“  ’ 1 7 .0
332 1 5 .0 1 5 .0 0 .0 1 0 Ï 0 Ï

and their use permits simplification of Equation 9 to the follow
ing expressions:

% PBN in Butyl rubber =

(D31

% PBN in Perbunan and GR-S =

■ 0.6D325 -  0.4Z)282) :
1.73

_  0.52D332 -  0.48D234)
1.83

( 10 )

( H >

where the solvent for Butyl rubber is iso-octane and th a t for Per
bunan and GR-S is ethylene dichloride. Solutions containing 
about 0.01 gram of iV-phenyl-2-naphthylamine per liter (or about 
0.3 gram of Butyj rubber or 0.05 gram of Perbunan or GR-S per 
100 ml.) were most satisfactory for optical density measurements 
with the Beckman instrument. These solutions have optical 
densities in the range of 0.1 to 1.0 for the wave lengths prescribed.

The advantage of the ultraviolet absorption method for the 
determination of Ar-phenyl-2-naphthylamine in Butyl rubber as 
compared with the turbidimetric determination by precipitated 
hydrochloride is evident from Table II. An oxidation method 
involving eerie sulfate oxidation of the inhibitor gave results in 
good agreement with those obtained by the ultraviolet method.

Table II. Comparison of Methods of Analysis of Butyl Rubber for 
N-Phenyl-2-naphthylamine

% iV -P h en yl-2 -n u p h th y lam in e in  P o lym er  
U ltra v io le t M eth od  

C hem ical M eth od s C orrected U ncorrected
H ydrochloride Ceric for b ack  for b ack 

P o ly m er  C om position turb id im etric su lfa te ground ground

P u re B u ty l rubber 
P ure B u ty l rubber +

0.00 0.00 0.01

0 .25%  P B N “
P ure B u ty l rubber - f

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

2.5%  zinc stea ra te“ 
P u re B u ty l rubber +  

2 .5%  zinc stea ra te  -f-

0.00 0.00 0 .0 3

0.25%  P B N “
B u ty l rubber (light

0 .4 0 0 .2 3 0 .2 6

colored)
B u ty l rubber (dark

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

colored)
B u ty l rubber (dark  

colored) +  0.25%

0 .4 8 0.00 • 0.00 0 .0 9

P B N “

° A dd ed  on  m ill.

0 .4 2 0 .2 5 0 .2 1 0 .3 3

The calculation of inhibitor content by using only the wrave 
length of maximum absorption gives values listed in Table II  as 
uncorrected for background. This calculation represents the 
maximum amount of inhibitor tha t can be in the polymer and is 
made by Equation 12:

=  1.17
£ )3 0 S

(12)

Maximum possible % PBN in polymer =
lOOA308

JÇ308

The un corrected value does not alsvays agree with tha t cor
rected for background absorption but tends to be higher where the 
background absorption is greater.

The dark-colored Butyl rubber sample in Table I I  showed no 
inhibitor present by corrected ultraviolet analysis, while the un-
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Table III. Comparison of Different Methods of Analysis of Buna- 
Type Polymers for N-Phenyl-2-naphthylamine

% A T -Phcnyl-2-naphthylam ine in P o lym er  
U ltra v io le t M eth od  C hem ical m ethod ,

P o ly m er  C om p osition “
U n stab ilized  Perbunan  
Perbunnn +  1.9%  P B N  added  

on m ill (A)
P erb un an  (A ) m illed  10 m in 

u tes  a t  2 0° C.
P erb un an  (A) m illed  10 m in 

u te s  a t  100° C.
P erbunan  (A ) aged  4 d a y s, air  

oven , 85° C.
P erbunan  +  2.0%  P B N  added  

on m ill (B)
P erb un an  com m ercia l p rod uct 

(C)
P erbunan (C ) aged 40 d ays, 

a ir o v en , 6 0° C.
P erb un an , dark colored sto ck  
U n stab ilized  G R -S  
G R -S  +  0 .5%  P B N  added  on  

m ill (A)
G R -S  4- 1.96%  P B N  added  

on m ill (B)
G R -S  (B ) aged  46  d a y s, air 

oven , 60° C.

C orrected  
for b ack 

ground

0 .0 0

1 .91

1.88

1 .8 0

1 .7 9

1 .9 8

1 .6 4

1 .3 2  
1 .8 5  
0 .0 0

0 .5 1

1 .9 6

0 .7 4

U ncorrected  
for b ack 
ground

0.02

1 .9 9

1 .9 6

1 .9 6

1 .8 7

2 .0 5

1 .6 9

1 .4 2
2 .2 6
0 .0 5

0 .5 4

1 .9 9  

1 .2 4

n itrou s acid  
titra tion  of 

IIO A c extract

0 .0 0

1 .9 1

1 .6 5

0 .5 8

1 .9 8

P aren th e tica l le tter  refers to  specific  p o lym er-in h ib itor com p osition s.

Table IV . Effect of A g in g  of Buna-Type Polymers on Ultraviolet Absorption and Inhibitor Analyses
% jy -P h en y l-2 -n ap h th y lam in e  in  P o lym er

U ltra v io le t M ethod  
C orrected  U ncorrectcd

C hem ical m eth od , 
n itrous acid

O ptical D en sity C oncn ., for"back- for b a ck  titr a tio n  of
P o lym er A g in g  C ond ition s 284 m/i 309 m/i 332  m/i G ./L . ground ground H O A c ex tra c t

Perbunan O riginal 
50  d a y s, air

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

o v en , 82° C. 
O riginal 
50 d a y s, air

0 .2 0 6 0 .3 1 3 0 .0 7 6 0 .5 0 0 0 .2 7 1 .0 5
G R -S 0 .4 8 5 0 .8 0 5 0 .1 4 8 0 .5 0 0 1 .8 1 1 .8 5 1 .8 2

G R -S
oven , 8 2° C. 

Original so lu 
0 .3 6 0 0 .3 3 3 0 .1 1 7 0 .5 0 0 0 .3 6 0 .7 7 0 .4 3

tion  
S am e so lu tion  

aged  10 d ays  
in  d iffused  
s u n lig h t a t  
room  tem 

0 .1 5 8 0 .8 7 8 0 .5 4 5 0 .5 0 0 1 .9 6 2.02

1;'f  5--

• ' p eratu re 0.202 0 .7 1 6 0 .6 4 2 0 .5 0 0 1.11 1 .6 5

corrected analysis indicated tha t inhibitor 'was still present. 
Storage stability of this polymer was very poor, indicating that 
inhibitor was absent.

From a large number of inhibitor determinations on Butyl 
rubber containing about 0.25% iV-phenyl-2-naphthylaminc, the 
following probable errors were obtained when corrected for back
ground absorption:

Mean deviation from theoretical ±0.01% PBN
Maximum deviation from theoretical ±0.04% PBN
Mean reproducibility ±0.01% PBN
Maximum deviation from mean ±0.04% PBN

The ultraviolet absorption of GR-S and Perbunan polymers 
which contain small amounts of such impurities as hydroquinone, 
soap, fatty acid, persulfate, and mercaptan is very low as com
pared to that of iV-phenyl-2-naphthylamine. Since larger 
amounts of antioxidant are used in the Buna-type polymers 
(about 2.0%) than in Butyl rubber (about 0.25%), the back
ground absorption of unaged Buna-type polymers is of less sig
nificance in determining the inhibitor contents of the polymers 
by ultraviolet absorption. I t  is then usually necessary to meas
ure the absorption of a polymer solution only a t the wave length 
of maximum absorption (309 mju) and calculate the inhibitor con
centration by Equation 13.

Even fresh polymers may, however, become contaminated 
with impurities by milling or improper washing, so tha t the mag
nitude of the background absorption is increased, thereby making 
a background correction necessary if accurate and reproducible 
results are required. In Table I II  data  are presented illustrating 
the application of1 ultraviolet absorption and Equations 11 and 
13 to the determination of Ar-phcnyl-2-naphthylamine in Buna- 
type polymers. In certain cases the antioxidant was extracted 
from the polymers with glacial acetic acid and the extracts ti
trated with nitrous acid to starch-iodide end points. In these 
cases special precautions were taken to obtain complete extrac
tion and avoid losses which generally accompany this type of 
analysis.

D ata are also presented in Table I I I  to show the effect of nat
ural and imposed oxidizing conditions on the antioxidant contents 
of polymers. Ultraviolet analyses of such polymers show not 
only decreased amounts of antioxidant present in the aged poly
mers, but also a variation in the two methods of calculation 
(Equations 11 and 13) which can be accounted for only by 
assuming tha t oxidation products of the inhibitor and polymer 
are contributing to the background absorption.

Inspection of the absorp-
------------------------------------—  tion spectra of highly oxidized

Perbunan and GR-S polymers 
reveal th a t the characteristic 
peak absorption of the N -  
phenyl-2-naphthylamine at 309 
m/i has been a t least partially 
destroyed, and the absorption 
has become more linear with 
wave length than is the case 
for the absorption of the 
pure inhibitor. Under such 
circumstances, application of 
a background correction re
sults in much more ac
curate evaluations of the in- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  hibitor contents of the poly
mers than either measurement 
of the optical density of the 

polymer solution a t only one wave length, or application of 
analytical procedures which depend on the reaction of a 
functional group of the inhibitor. The nitrous acid titration 
procedure, for example, fails to distinguish oxidation prod
ucts of Ar-phenyl-2-naphthylamine from the pure inhibitor if 
amine groups are present in the oxidation products and if 
these groups will form nitroso derivatives. The work of 
Rehner, Banes, and Robison (7) has demonstrated tha t amine 
compounds may occur in oxidation products of Ar-phenyl-2- 
naphthylamino.

The changes in ultraviolet absorption and inhibitor content 
of Perbunan and GR-S polymers diie to oxidation promoted by 
heat and light are further illustrated in Table IV. The more

Table V . Wave Lengths Applicable  for Ultraviolet Determination 
of Inhibitors

W ave L en gth s in  m/x for

Maximum possible % PBN in Perbunan or GR-S =

A n alyses
Inh ib itor- S o lv en t X 'n i in \ m s x X m in

A m in ox“ E th y len e  d ich loride 246 291 355
A gerite S ta lite “ E th y len e  d ich loride 251 286 353
Inh ib itor 856 7 “ Iso-octan e 246 277 300
¿V -Phenyl-2-nnph-

th y lam in e
Iso-octan e 282 308 326

AT-Pheny 1-2-naph- 
th y lam in e

E th y len e  d ich loride 284 309 332

¿V -Phenyl-2-naph-
th y lam in e

C hloroform 284 309 332

100AT309
K f o =  1.15

D 309
(13)

°  A m in ox , A m in e, k eton e con d en sation  p roduct. A gerite  S ta lite , a lk y l
ated  arom atic a m in e. In h ib itor  8567 , p henolic  typ e.
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probably correct analyses are those obtained where background 
corrections have been made.

This method of analysis has been extended to other inhibitors. 
I t is most reliable where large values for maximum extinction co
efficients are encountered. The wave lengths which were used 
for analyses for certain of these inhibitors in polymers are shown 
in Table V.

C O N C L U S IO N

A spectrophotometric method of analysis for inhibitors in 
polymers has been developed. This method corrects for back
ground absorption and has been found to be rapid and more 
reliable than chemical methods of analyses which were investi
gated.
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A nalysis of Binary Mixtures of Normal A liphatic Dibasic 
A c id s  and Esters1

Use of Com position- M elting Point Relations of the A c id s

D A V ID  F. H O U S T O N  a n d  W A L T E R  A .  V A N  S A N D T 2
Western Regional Research Laboratory, A lbany, Calif., Bureau of Agricultural and Industrial Chemistry, Agricultural Research

Administration, U. S. Department of Agriculture

A n  empirical method is presented for determining the melting ranges 
of fused and quenched samples of dibasic acid mixtures. A p p lica 
tion to binary mixtures of alternate and adjacent acids containing 
six to twelve carbon atoms reveals that compositions may be deter
mined within 1 to 5 % , depending on the composition of the sample. 
Approximate data on eutectic temperatures of the systems are in
cluded.

MIXTURES of similar dibasic acids often occur in oxidation 
products from unsaturated fatty  acids, and existing 

methods for their separation and analysis are somewhat unsatis
factory. Crystallizations yield, with difficulty, only small 
proportions of pure components. The precision of saponification 
or neutralization equivalent determinations is limited by the 7- 
unit difference in equivalent weights of adjacent dibasic homo
logs. Vacuum fractionation of esters gives perhaps the most 
effective separation, but boiling points of adjacent esters are rather 
close, and intermediate fractions inevitably remain. Additional 
composition-property data are desirable for corroborative pur
poses.

The results of Gantter and Hell (1) for melting points of binary 
mixtures of suberic and azelaic acids indicated th a t this property 
might prove useful. The data, though irregular, showed that 
a marked melting point depression occurred in the system, and 
hence a considerable range of values was available. The lack of 
further published information for similar systems appears trace
able to the fact tha t powdered binary mixtures of dibasic acids fre
quently melt over wide temperature ranges without distinct 
relation to composition.

An empirical method has now been developed for taking melt
ing points which provides results closely related to composition 
and affords its determination within a few per cent. This method 
has been applied to the systems comprising adjacent and alter
nate pairs of acids containing six to twelve carbon atoms.

P R E P A R A T IO N  O F  S A M P L E S

Acids used are presented in Table I. One-gram samples of 
mixtures were prepared by weighing the component acids to 0.2

1 S econd  article  on th is  su b jec t appears on page 541.
1 P resent address, F . E . B ooth  C o., E m eryville , C alif.

mg., bringing the mixtures to complete fusion, stirring them during 
cooling, and powdering the solidified material in a mortar. Por
tions were introduced into capillary tubes 1.0 to 1.5 mm. in di
ameter and liquefied by bolding the tubes in a stirred and rapidly 
heated oil bath. Air bubbles, which frequently developed, were 
dislodged by momentarily removing the tubes and shaking them 
sharply as with a clinical thermometer. The melted samples 
were quenched by quickly transferring the capillary tubes to a 
stream of tap water. Quenched samples were 3 to 5 mm. in 
height. Approximate melting ranges were observed during the 
fusion process and allow rapid temperature adjustment in taking 
the final measurements. '

Table 1. Dibasic A cid s Used for Binary Mixtures
N o . of 
C arbon  
A tom s

0
7
8 
9

A cid

10

11
12

A dip ic
P im elic
Suberic
A zela ic

[Scbacic

1 .1 1-U ndecanedioic
1 .12 -D od ecan ed io ic

C apillary  
M . P .,

° C.
1 5 2 .0

1 0 3 .8 -1 0 4 .3  
1 4 1 .4 -1 4 1 .9  
1 0 0 .G -107 .0

1 3 2 .8 -1 3 3 .1

1 1 0 .3 - 1 1 0 .8
1 2 8 .7 - 1 2 9 .0

Source
E astm an  p rod u ct as re

ce ived
Prepared  from  castor  oil 

acids b y  ox id a tion  w ith  
n itr ic  acid

E astm an  p rod uct, recrysta l-  
lizcd

F rom  12-h vdroxystcaric acid  
b y  m eth od  of H a ll and  
R eid  (2)

WT.%  OF HIGHER MOL. WT. ACID

Figure 1. Composition-Melting Point Curves for Binary Mixtures 
of Odd-Carbon Dibasic A cids

Temperature scale to be shifted as indicated for individual curves
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Table II. Melting Ranges
W eig h t %
of H igher ^  . 
M olecu lar O dd-Odd

of Binary Mixtures of Alternate Dibasic A cids

E v en -E v en
W eigh t Acid C7 +  Cd C9 +  Cii C6 +  Ce Ce +  Cio Cio 4* C l2

0 103. 8 -1 0 4 .3 106. 6 -1 0 7 . 0 152. 0 141. 4 -1 4 1 . 9 132. 8 -1 3 3 . 1
5 101 . 4 -1 0 3 .1 104. 6 -1 0 6 . 7 149. 4 -1 5 0 . 8 139. 3 -1 4 0 . 5 131. 0 -1 3 2 . 7
10 9 9 . 2 - 1 0 1 .4 102 . 4 -1 0 5 . 7 147. 1—149. 5 137. 0 -1 3 8 . 8 129. 0 -1 3 1 . 9
15 97 . 1 -  9 9 .6 100 . 4 -1 0 4 . 1 144.,3 -1 4 7 . 9 134. 2 -1 3 6 . 9 127. 0 -1 3 0 . 9
20 94 . 5 -  9 7 .5 98 .,4 -1 0 2 . 4 141.,9 -1 4 6 .,2 132. 0 -1 3 4 ..9 124. 9 -1 2 9 . 8
25 92 . 2 -  9 4 .9 96 .,3 -1 0 0 . 4 139.,5 -1 4 4 . 3 129. 3 -1 3 2 . 7 122 . 8 -1 2 8 . 4
.30 89. 5 -  9 2 .7 94 . 1 -  9 8 . 2 136..8 -1 4 2 . 1 126. 5 -1 3 0 .,4 120 . 6 -1 2 6 . 6
35 87. 0 -  9 0 .0 9 1 . 7 -  9 5 . 9 134.,0 -1 3 9 . 8 123. 7 -1 2 7 .,7 117..8 -1 2 3 . 6
40 84..3 -  8 7 .4 89.. 4 - 9 3 . 4 131.,1 -1 3 7 . 4 120 .,4 -1 2 4 ..6 115..0 - 120 .. 1
45 81..3 -  8 4 .1 88 .. 4 -  90 ..6 127..5 -1 3 3 .,8 117.,5 -1 2 0 ,.6 113 .1 -1 1 6 ..0
50 81..3 -  8 2 .5 88 . 5 -  89 . 7 122 ,.8 -1 2 9 , 2 114..5 -1 1 6 ,.1 112.,0- 112 ..7
55 84,,9 -  8 7 .2 90 ..7 -  92 . 7 120 ..0 -1 2 4 .,1 112 ..8 -1 1 3 .7 111 ..6-112 . 5
60 87.. 8-  9 0 .1 93,, 1 -  95 . 1 119 .3 -1 1 9 .,7 113..0 -1 1 4 ..0 112 .3 -1 1 3 .7
65 90..4 -  9 2 .6 95 ..4 -  97 .,4 119 .8 - 120 ., 1 115..3 -1 1 7 .2 114 .0 -1 1 6 .8
70 93..0 -  9 4 .8 97.. 7 - 9 9 . .3 122 .2 -1 2 4 .. 1 118..6-121 .6 116 .9 -1 2 0 .3
75 95,.4 -  9 7 .0 99..8 - 101 ..4 124 .9 -1 2 8 .5 121 .2 -1 2 4 .8 119 .2-122 .9
80 9T .9 -  9 9 .2 102 .0 -1 0 3 ,.2 127 .7 -1 3 1 .9 123 .8 -1 2 7 .4 121 .2 -1 2 4 . 7
85 100 ..2 -1 0 1 .4 104 .1 -1 0 5 .2 130 .5 -1 3 4 .8 126 .0 -1 2 9 .5 122 .0 -1 2 5 .9
00 102 ,.5 -1 0 3 .4 106 .1 -1 0 7 ,.0 133 .4 -1 3 7 .8 128 .5 -1 3 1 .2 124 .9 -1 2 7 .2
95 104,.6 -1 0 5 .3 108 .2 -1 0 8 ..9 137 ..3-140 .2 130 .6 -1 3 2 .3 126 .8 -1 2 8 .2
100 106. 6 - 1 0 7 .0 110 ,.3 -1 1 0 ,.8 141 .4 -1 4 1 .9 132 .8 -1 3 3 .1 128 .7 -1 2 9 .0

rapid heating—was constant within 2° or 3° 
for all compositions of a binary system that 
were not grossly crystalline after quenching. 
The temperatures varied from system to 
system as shown in Table IV. Micro
scopical observations showed tha t the phe
nomenon actually consisted in the melting of 
an eutectic mixture.

The occurrence of a constant eutectic tem
perature over a portion of the composition 
range apparently places the binary systems 
in the class characterized by formation of 
solid solutions of limited solubility (Rooze- 
boom’s Type V).

The differences between these eutectic tem
peratures and those obtained from “thaw- 
point” (5, (?) measurements (in which the 
first apparent changes are observed in pow
dered samples) probably result from the 
intentional disturbance of equilibria by 

quenching. The difference between the eutectic temperatures, 
and the melting ranges of the eutectic compositions obtained from 
the graphs (Table IV) may be partially due to measurement of 
different stages of melting, but it is more likely that polymorphism 
of the acids is involved. For example, in the suberic-azelaic sys
tem it was found tha t the melting range at the eutectic composi
tion was 96.7-97.7° C. by the graphical procedure, bu t the eutectic 
temperature over a range of compositions was 91.5-92.5° C. by 
thaw-point measurement or 94-95° C. by heating fused samples 
slowly. Ivoflcr (4) has shown th a t suberic acid can exist in three 
forms, and he reported th a t the transition from Form I  to Form 
I II  is enantiotropic, occurs at about 90 ° C., and is very susceptible 
to superheating or supercooling. Azelaic acid has also been shown 
to be a t least dimorphic. Polymorphism would likely be encoun
tered in binary mixtures of these acids, especially in connection 
with intentional departures from equilibrium conditions. These 
phenomena have not been studied further.

Figure 2. Composition-Melting Point Curves for Binary Mixtures 
of Even-Carbon Dibasic A cids

Temperature scale to be shifted as Indicated for individual curves

D E T E R M IN A T IO N  O F  M E L T IN G  R A N G E

Melting ranges were determined in an electrically heated (7), 
mechanically stirred oil bath. The rate of heating was closely 
controlled by a variable-voltage transformer. Temperatures 
were road on a 76-mm. immersion thermometer calibrated in 
degrees and compared with thermometers having calibrations 
chocked by the National Bureau of Standards. Samples were 
placed next to the bulb of the thermometer and observed through 
a magnifier while under transverse illumination. Bath tempera
tures were brought rapidly (3° to 5° per minute) to a few degrees 
below the expected melting range, and thereafter increased a t 
not over 0.2° C. per minute. The melting range was.recorded 
from the first appearance of clear liquid to the disappearance of 
the last solid particle. Clear liquid first appeared as a partial 
meniscus in most cases, though mixtures which were predomi
nantly one-component sometimes began to melt a t other peripheral 
locations. The lower curves shown in the graphs for the indi
vidual systems represent empirically reproducible temperatures 
for the first appearance of clear liquid, and should not be confused 
with the solidus curves of binary systems having continuous 
series of solid solutions.

EU TECTIC  P H E N O M E N A

A marked change occurred in the gross appearance of the 
quenched samples a t temperatures below the melting points for 
all mixtures in a wide central portion of the composition range. 
The hard waxy surface assumed a soft m atte appearance. The 

■ temperature of this phenomenon—as observed during the initial

C O M P O S IT IO N -M E L T IN G  P O IN T  D A T A

Systems investigated comprise four classes: with (a) alternate, 
even-carbon acids; (6) alternate, odd-carbon acids; (c) adjacent 
acids, with the odd-carbon member of higher molecular weight;

WT.% OF HIGHER MOL. WT. ACID

Figure 3. Composition—Melting Point Curves for Binary Mixtures 
of Adjacent Dibasic A cids with Higher Molecular Weight O dd- 

Carbon A c id
Temperature scale to be shifted as indicated for individual curves
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Table III. Melting Ranges of Binary Mixtures of Adjacent Dibasic A cid s
Weight % 
of H igher  
M olecu lar  

W eigh t A cid

O dd-C arbon A cid  of H igher M olecu lar  
_________________ W eigh t_________________

Cs +  C t C i +  C» Cio ■+■ Cu

E ven -C arh on  A cid  of H igher M olecu lar  
W eigh t

C i +  Ca C t +  Cio Cu +  Cjj
0
5

10
15
20
25
30
35
40
45
50
55
GO
G5
70
75
80
85
90
95

100

149 .2 -
146 .5 -  
143.8-
141 .2 -
138.5-
135 .7 -
132.5-
129.2-
124.8- 
1 2 0 .5
115.6-
110.7- 
105. G
100.7- 

97 .1 -  
9 4 .5  
95 .9 -  
9 8 .4 -

101 . 1-
103 .8 -

1 5 2 .0  
-1 5 0 .9  
-1 4 9 .8  
-1 4 8 .8  
-1 4 7 .5  
-1 4 5 .8  
-144 .1  
-1 4 2 .2  
-1 3 9 .8  
-1 3 7 .2  
-1 3 4 .0  
-1 3 0 .3  
-1 2 4 .8  
-1 1 8 .3  
-111.1 
-1 0 3 .3
- 9 6 .1  
- 9 7 . 0
- 9 9 .9  
-102 .3  
■104.3

1 4 1 .4 - 1 4 1 .9
1 3 9 .0 -1 4 0 .8
1 3 6 .7 -1 3 9 .5
1 3 3 .8 -1 3 7 .8
1 3 1 .0 - 1 3 5 .9  
1 2 8 .2 - 1 3 3 .7
1 2 5 .4 -1 3 1 .0
1 2 2 .6 - Í 2 8 .4
1 1 9 .8 -1 2 5 .5
1 1 6 .8 -1 2 2 .7
1 1 3 .8 - 1 1 9 .7
1 1 0 .8 -1 1 6 .7
1 0 7 .7 -1 1 3 .0
1 0 4 .4 -1 0 8 .7
1 0 0 .7 -1 0 3 .3  
9 6 .7 -  9 7 .7  
9 8 .4 - 1 0 0 .7
100 . 1 - Î 0 2 .5
1 0 2 .1 -1 0 4 .1
1 0 4 .2 - 1 0 5 .6  
1 0 6 .G -1 0 7 .0

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

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

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

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

1 0 2 . 1- 111 .1
1 0 5 .8 -1 1 4 .8
1 0 9 .3 -1 1 8 .2
1 1 2 .9 -1 2 1 .3
1 1 6 .0 - 1 2 4 .4  
1 1 9 .2 -1 2 7 .5
1 2 2 .4 -1 3 0 .2
1 2 5 .5 - 1 3 2 .7
1 2 8 .5 -1 3 5 .1
1 3 1 .5 -1 3 7 .2  
1 3 4 .8 -1 3 9 .0
1 3 8 .1 - 1 4 0 .5  
1 4 1 .4 -1 4 1 .9

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

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

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

1 1 0 .3 -1 1 0 .8
1 0 8 .3 - 1 1 0 .2
1 0 6 .2 -1 0 9 .3
1 0 4 .0 -1 0 8 .0
1 0 2 .2 -1 0 6 .0
1 0 1 .2 -1 0 3 .6  
100 . 8 - 101.6
1 0 3 .0 -1 0 5 .2
1 0 5 .2 - 1 0 8 .5  
1 0 7 .5 - 1 1 1 .6
1 0 9 .7 -1 1 4 .3
1 1 1 .8 -1 1 6 .3
1 1 4 .1 - 1 1 8 .2
1 1 6 .1 -1 1 9 .8
1 1 8 .2 -1 2 1 .3  
120 . 0- 122.8
1 2 1 .9 -1 2 4 .2  
1 2 3 .8 -1 2 5 .7
1 2 5 .7 -1 2 7 .0
1 2 7 .4 -1 2 8 .2
1 2 8 .7 - 1 2 9 .0

The eutectic temperatures fall into 
three groups: (a) below 90° for two
odd-carbon acids; (b) above 110° for 
two even-carbon acids; and (c) be
tween 90° and 105° for adjacent acids. 
The positions of the eutectics occur 
on the side of the lower-melting com
ponent, and tend to approach a cen
tral location as the acids become more 
nearly alike.

R E P R O D U C IB IL IT Y  O F  T H E  D A T A

and (d) adjacent acids, with the even-carbon one higher. The 
data obtained are presented graphically in Figures 1 to 4, in 
which the vertical lines between the curves represent the actual 
determinations. Melting ranges taken from the graphs at com
position intervals of 5% by weight are given in Tables II  and 
III . Approximate eutectic compositions and temperatures from 
the graphs are collected in Table IV.

Figure 4. Composition-Melting Point Curves for B inary Mixtures 
of Adjacent Dibasic A cid s with Higher Molecular Weight Even- 

Carbon A c id
Temperature scale to be shifted as indicated for individual curves

Table IV . Eutectic Temperatures in Binary Mixtures of Dibasic 
A cids

E u tec tic  T em perature
B in ary B y  tran sition B y  graphical M olecu ln r-W eigh t A cid  in
S ystem during h eatin g estim ation E u tec tic  M ixture
6-8 1 1 8 -1 2 0 1 1 9 .3 - 1 1 9 .7 61
S -1 0 1 0 5 -1 0 7 .5 1 1 2 .8 -1 1 3 .5 57
10-12 1 0 6 -1 0 8 .5 111 . 6- 112.2 53
7 -9 7 8 .5 - 8 0 .5 8 0 .7 - 8 1 .0 4 8 .5
9 -1 1 8 2 - 8 4 .5 8 8 .0 - 8 8 .5 48
6 -7 9 1 .5 -9 4 9 4 .3 - 9 4 .7 81
8 -9

: > i, J 1 9 4 -9 5 9 6 .7 - 9 7 .7|'|M A i  A ft « 75
lU —i  i 9 5 - 9 8 .5 y y .U —iu u .4 70
7 - 8 9 1 -9 3 9 3 .2 - 9 3 .6 25
9 -1 0 9 2 - 9 4 .5 9 6 .1 - 9 6 .8 28
11-12 9 7 .5 - 1 0 0 100 . 6- 101.2 2 9 .5

Melting ranges determined by a 
single observer on successive samples 
usually check to ±0.1-0.2° C., and are 
frequently within 0.1° C. for the upper 
limit. Three different observers have

________________ consistently agreed to ±0.2-0.3° C.
for the lower and ±0.1-0.2° C. for the 
higher temperature. An occasional sam

ple behaved erratically, but this effect was readily overcome by 
determinations on duplicate samples. Duplicability of the values 
given in Tables II  and III  may be considered as ±0.25° C. or 
better when the sample size previously indicated is used, and the 
rate of heating through the melting range is not greater than 
0.2° per minute.

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

The precision with which the composition of a mixture of known 
components may be determined depends on its relative position 
in the binary system. Reproducibility of ±0.25° C. in the melt
ing range values corresponds to less than 2.5% by weight for 
most compositions, less than 1% for the most favorable propor
tions, and as much as 5% in the region of single components or 
the flat minima of the even-even systems.

Distinction may be readily made between mixtures of similar 
melting ranges lying on opposite branches of the curve in a known 
binary system. When the components of a mixture are not defi
nitely known, the possibilities will generally be limited to a very 
few by the previous history of the material. The approximate 
eutectic temperature may aid in classifying the mixture, for the 
two types of alternate-acid systems are usually distinguishable 
from each other and from those comprised of adjacent acids. 
Additional evidence obtained from the refractive index (,?) and 
saponification equivalent of the methyl esters or neutralization 
equivalent of the acids will in most cases permit recognition of 
the components and composition of the mixture. Corroboration 
may be had by redetermination of the melting range after addi
tion of a significant proportion of one of the pure components.
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Use of Refractive Indices of Dimethyl Esters

D A V ID  F. H O U S T O N  a n d  J U L IA  S. F U R L O W
Western Regional Research Laboratory, A lbany, Calif., Bureau of Agricultural and Industrial Chemistry, Agricultural Research

Administration, U. S. Department of Agriculture

Measurements on purified dimethyl esters of dibasic acids having 
from six to twelve carbon atoms show that their refractive indices bear 
linear relations to change in temperature and to weight percentage 
of the composition .of binary mixtures. A  change of 0.0001 index 
unit corresponds to 3 to 6 %  change in composition of the mixtures, 
thus approaching by a simple and rapid measurement the accuracy 
obtainable by saponification equivalent determinations.

pressed by the following equations, in which t represents degrees 
Centigrade:

Dimethyl adipato 
Dimethyl suberate 
Dimethyl azelate 
Dimethyl sebacate 
Dimethyl 1,11-undeeanedioate 
Dimethyl 1,12-dodecanedioate

n'„ =  1.4205 -  0.00040s(f -  40) 
K  = 1.4262 -  0.000395(f -  40) 
nh = 1.4284 -  0.000396(i -  40) 
n i  =  1.4307 -  0.00039(f -  40) 
n i  =  1.4329 -  0.00038s(f -  40) 
n i  =  1.4345 -  0.00038(1 -  40)

MEASUREMENT of refractive index presents a convenient 
and rapid means for following the progress of a fractional 

distillation, and extends the information furnished by the ob
served distillation temperatures. W ren careful fractionation 
yields only single components and intermediate binary mixtures, 
a close estimate of composition may be obtained from a knowl
edge of the composition-index relations of binary mixtures. 
This procedure is nicely applicable in the analysis of dibasic 
acids. Distillation of the dimethyl esters is one of the most 
satisfactory ways of separating mixtures of the closely related 
acids, and the approximate compositions of the individual frac
tions can be readily determined through refractive index meas
urements, as is shown in this paper. Further corroboration is 
possible by determination of the melting ranges (S) of the re
covered acids.

P R E P A R A T IO N  O F  M E T H Y L  ESTERS

All esters were prepared from the acids reported in the pre
ceding paper (S) except the C12 ester, which was fractionally 
crystallized from an original methyl ester distillation fraction. 
Properties of the esters are presented in Table I.

Table I. Properties of Esters Used in This Investigation
M eltin g  P o in t of E ster , ° C.N o. of 

Carbon  
A tom s in  

Acid

6
8
9

10
11
12

B o ilin g  P o in t of 
E ster , 0 C.

7 1 . 4 - 7 2 . 0  (0 .2  m m .)
1 1 4 .0 -1 1 4 .4  (4.7 m m .)
1 2 8 .0 -1 2 8 .7  (5 .2  m m .) 
1 4 1 .9 -1 4 2 .2  (6 .0  m m .)
1 2 3 .0 -1 2 4 .5  (2 m m .)

T h is  work

26
17

3 0 .9 - 3 1 .3

L iterature
va lu es

2 6 .4  (4) 
2 0 .3  (7) 
31 (£)

M E A S U R E M E N T  O F  R E F R A C T IV E  IN D E X

Measurement of refractive index was performed with an Abbe- 
type refractometcr which could be read to 0 .0 0 0 1 index unit. 
Temperatures reported for index readings were controlled to
*0.050 C. by rapid circulation of water from a constant-tem- 
perature bath  through the prism jackets of the refractometer. 
All determinations were made on esters which had been freshly 
distilled or stored under reduced pressure to avoid errors caused 
by dissolved gases.

T E M P E R A T U R E -IN D E X  R E L A T IO N S H IP S

Indices were measured a t 5° intervals in the range from 25° to 
50° C. for all temperatures a t which the esters were liquid. The 
expected straight-line relationships were found, and are ex-

1 S econd  a rtic le  in  series; first appears on page 538.

The index values are in agreement with those given by Karvonen 
(4), and the temperature increments are of the same magnitudes 
as those found by M attil and Longenecker (6) for monobasic 
methyl esters and for synthetic glycerides.

NUMBER OF CARBON ATOMS IN ACID

Figure 1. Refractive Indices of Methyl Esters of Normal 
Monobasic and Dibasic Aliphatic A cid s

>1. TV ™  *0 of dimethyl esters of dibasic acids, from Karvonen ( 4)
B .  N * g - °  of dimethyl esters of dibasic acids, this investigation
C .  IV 'jj, - ° o f  methyl esters of monobasic acids, from Mattil and Longenecker (5 )

For any single temperature the indices of the homologous esters 
are represented by a smooth curve as shown in Figure 1. Cor
responding indices for monobasic methyl esters (5) are included 
for comparison, as are those of Karvonen for the dibasic esters a t 
20° C. (value for methyl sebacate is calculated from 28° C. by the 
equation presented above).

C O M P O S IT IO N - IN D E X  R E L A T IO N S H IP  IN  B IN A R Y  M IX T U R E S

Several series of binary mixtures were prepared which repre
sented various possible types, and their refractive indices were 
measured at 40° C. The composition-index relation could be 
represented by a straight line in all cases when the composition 
was expressed as weight percentages, as shown in Figure 2. The 
relation was nonlinear for molecular percentages. Here »again 
the results are in accord with those of M attil and Longenecker 
for monobasic methyl esters.

As the difference in indices of adjacent homologous esters 
varies from about 0.0030 between C« and C7 W ' °  for dimethyl

541
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WEIGHT PERCENT OF HIGHER M O L.-W T. ESTER

Figure 2. Refractive Indices of Binary Mixtures of Dimethyl 
Esters of Dibasic A cid s at 4 0 ° C.

Numbers designate carbon content of component acids

pimelate estimated graphically as 1.4235) to 0.0016 between Cu 
and Cu, a difference of 0.0001 in refractive index corresponds to 
a 3 to 6% change in composition in binary mixtures of adjacent 
esters. This is about the same precision obtainable from equiva
lent weight determinations in which a difference of 0.2 unit cor
responds to approximately 3%.

IN T E R F E R E N C E S

One possible source of error is the presence of dissolved gases. 
If the liquid dimethyl esters are exposed to the atmosphere, the 
refractive index will drop several fourth-place units over a period 
of a day or so. Original values can be obtained following re
distillation or degassing, but are not achieved by the use of 
desiccants. This type of error can be avoided readily by making 
index determinations promptly after distillations, or by storing 
the liquid esters a t reduced pressures.

Methyl esters of monobasic acids such as myristic or palmitic 
may be present in products from oxidative cleavage (1) of un
saturated acids from various sources, although they would 
normally be removed by partitions prior to analysis of the dibasic 
acids. If any remained, they would interfere with the deter
mination of composition by means of refractive index. Methyl 
myristate, for example, distills (6) in the temperature range 
between dimethyl sebacate and undecancdioate, but has a 
refractive index almost as low as dimethyl azelatc (Figure 1). 
In such a case the calculated composition would indicate too 
large a  proportion of the lower molecular-weight component. 
However, the apparent composition derived from determination 
of the saponification equivalent would be in error in the opposite 
direction. Accordingly, agreement between the results obtained 
by the two methods would confirm the absence of monobasic 
esters and enhance the validity of the analysis.
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Volumetric Determination of Magnesium in 
Magnesium Carbonate O res

L O R IN G  R. W IL L IA M S  
Department of Chemistry, University of Nevada, Reno, Nevada

IN D ETERM IN IN G  the magnesium content of carbonates, 
many investigators have used a measured excess of standard 

alkali to precipitate magnesium hydroxide and have determined 
the excess with a standard acid. The outstanding difference in 
the methods is in the indicators used: Ivolthoff (S) used phenol- 
phthalein and dimethyl yellow; Pierce and Geiger (5) used tri
nitrobenzene and bromophenol blue; and IVillstatter and 
\Yaldschmidt-Leitz (7) used thymolphthalein. Most of the 
methods employed more than one indicator and specified the use 
of carbonate-free standard alkali solution. In many investiga
tions the emphasis seemed to be on the saving of time rather than 
a high degree of accuracy.

The chief objectives of this investigation were (1) to develop an 
accurate routine method for the volumetric determination of 
magnesium tha t could be carried out in a reasonable length of 
time and would not require carbonate-free standard alkali, and
(2) to find a single indicator th a t could be used for all the neutral
izations required in the procedure.

T H E O R E T IC A L

In  selecting a single indicator for this investigation two condi
tions had to be satisfied: The iron and aluminum, which are the 
most common impurities found in carbonate ores, should be com
pletely precipitated as the insoluble hydroxides a t the end point, 
and the indicator should show the true equivalence point when 
standard alkali which contains carbonates is neutralized by 
standard acids.

Blum (!) states th a t the precipitation of aluminum hydroxide 
begins a t pH 3 and is complete a t or before pH 7 and recommends, 
the use of methyl red as the indicator. Since ferric hydroxide is 
completely precipitated under the same conditions, aluminum 
and iron can be removed quantitatively a t the methyl red end 
point. There should be no postprecipitation of magnesium 
hydroxide if the neutralization is carefully carried out.

At the methyl orange end point (pH 4) the absorption of carbon 
dioxide shows no decrease in the effective normality of a standard 
alkali solution (6) ; therefore, methyl red (pH 4.2 to 6.3) should
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Table I. Effect of Calcium
G ravim etric

P yrop h osp h ate  M eth od , Proposed  V olum etric M ethod
Prepared M gO  Prepared M gO  Prepared M gO  +  CaCO j

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

A v. 9 8 .3 0 9 8 .2 0 9 8 .2 4

show the true equivalence point when 0.5 Ar sodium hydroxide 
which contains carbonate is titrated  with a standard acid.

Manganese, which is often found as an impurity in carbonate 
ores, is not precipitated as manganous hydroxide a t the methyl 
red end point and could be oxidized to insoluble manganese di
oxide by sodium peroxide in alkaline solution.

Time could be saved by decomposing and fuming the ore with 
sulfuric acid. This would dehydrate the silica and remove excess 
calcium as insoluble calcium sulfate.

E X P E R IM E N T A L

Using methyl red as the indicator, the acid titer of 0.5 Ar carbo
nate-free sodium hydroxide solution was determined before and 
after air was drawn through the. alkali for 10 hours. There was 
no appreciable change in the titer, indicating th a t methyl red 
would show the true equivalence point when carbonates are pres
ent in 0.5 N. sodium hydroxide solution. A double indicator 
titration (phenolphthalein and methyl red) showed tha t 0.4 mg. 
of carbon dioxide had been absorbed per milliliter.

To determine the accuracy of the proposed method the purity , 
of some prepared calcium-free magnesium oxide was determined. 
The oxide was prepared by igniting- magnesium nitrate, c.p., 
Baker’s analyzed, which had been recrystallized from water five 
times. No calcium was found in the final product.

The purity of the prepared magnesium oxide was determined 
gravimetrically by the conventional pyrophosphate method (2) 
and volumetrically by the proposed procedure, using 0.200-gram 
samples. To study the effect of calcium the volumetric deter
minations were repeated, using mixtures of 0.200 gram of prepared 
magnesium oxide and 0.200 gram of precipitated calcium carbo
nate (Table I).

The method was then used on Bureau of Standards samples 
1A, 88, and 104, and three limestone samples from Thorn Smith, 
Detroit, Mich. Since Bureau of Standards sample 104, burned 
magnesite, showed a high magnesium oxide content, a 0.100- 
gram sample was used. The results of these determinations are 
recorded in Table II.

S P E C IA L  R E A G E N T S

Sodium hydroxide solution, 0.50 N  standardized by using sul
famic acid, LaMotte, as the primary standard (6) and 1% methyl 
red solution as the indicator.

Sulfuric acid solution, 0.25 N  standardized using 0.50 N  sodium 
hydroxide solution.

Methyl red indicator solution (4), 1%.

P R O C E D U R E

.Weigh into a beaker 0.500 gram of the carbonate ore and cover 
it with water. Slowly add 10 ml. of 6 A" sulfuric acid, boil until 
the ore is decomposed, and carefully evaporate until all the sul
furic acid has been expelled. Take up the residue in about 25 
ml. of hot water, boil for 2 or 3 minutes to ensure complete solu
tion of all soluble salts, and filter, washing the residue four or five 
times with hot water. This residue is composed of acid-insoluble 
substances such as silica and calcium sulfate. Dilute the filtrate 
to about 100 ml., neutralize with 6 N  sodium hydroxide, and add 
about 0.5 gram of sodium peroxide with stirring. Boil for about 
20 minutes or until the excess sodium peroxide is removed. (If 
manganese is not present in the ore, the peroxide treatm ent may 
be omitted.) Acidify with 6 Ar sulfuric acid and boil for a few 
minutes to ensure the complete solution of all salts. Add 3 or 4 
drops of I % methyl red indicator solution and carefully adjust 
the acidity to the methyl red end point, using 0.50 N  sodium

hydroxide and 0.25 AT sulfuric acid. Boil for a few minutes and 
filter into a 250-ml. volumetric flask, washing the residue of in
soluble hydroxides four or five times with hot water. Just acidify 
the filtrate with 0.25 N  sulfuric acid and add exactly 25 ml. of 
0.50 N  sodium hydroxide. After thorough mixing, cool the con
tents of the flask to room temperature, dilute to exactly 250 ml., 
and pour into a large beaker.

After the precipitate of magnesium hydroxide has settled (20 
to 30 minutes), decant the supernatant liquid through a quanti
tative filter into a 250-ml. volumetric flask containing 50 ml. of 
distilled water until the total volume is exactly 250 ml. Transfer 
the solution to  a large beaker, add one drop of methyl red solu
tion, and titra te  with 0.25 N  sulfuric acid to the end point. The 
titration can be speeded up by adding a drop of phenolphthalein 
solution before the final titration is made: At the phenol
phthalein end point the color change is from red to yellow, occur
ring 10 to 15 drops from the methyl red end point.

D IS C U S S IO N

The results in Table I  show tha t the volumetric values are con
sistent and the average is in good agreement with tha t obtained 
for the pyrophosphate gravimetric determinations. The maxi
mum difference was 0.74% in the four pyrophosphate determina
tions and 0.31% in the eight volumetric determinations. Appre
ciable amounts of calcium had no effect on the determinations.

The values for the ore determinations also show good con
sistency and the averages are comparable with the certified mag
nesium oxide values.
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Table II. Determination of Magnesium O xide  in Carbonate Ores
B ureau  of Standards  

1A 88 104 1
T horn  S m ith  

2 3
(2 .1 9 % ) (2 1 .4 8 % ) (8 5 .6 7 % ) (1 1 .6 4 % ) (1 3 .2 7 % ) (1 4 .1 4 % )

% % % % % %
1 2 .1 9 2 1 .3 8 8 5 .0 0 1 1 .7 5 13 .3 1 1 4 .2 5
2 2 .1 9 2 1 .4 4 8 5 .6 2 11 .6 9 13 .31 14. 19
3 2 .2 5 2 1 .3 8 8 5 .3 1 1 1 .6 3 13.31 1 4 .2 5
4 2 .2 5 2 1 .4 4 8 5 .0 0 1 1 .6 3 1 3 .3 7 1 4 .1 3
5 2 .1 9 2 1 .5 0 8 5 .3 1
6 2 .2 5 2 1 .3 8 8 5 .3 1
7 2 .2 5 2 1 .3 8 8 5 .3 1
8 2 .1 9 2 1 .5 0 8 5 .6 2
9 2 .2 5 2 1 .5 0 8 5 .3 1
10 2 .2 5 2 1 .3 8 8 5 .3 1

A v. 2 .2 3 2 1 .4 3 8 5 .3 1 11.68 1 3 .3 2 1 4 .2 0

The differences can be attributed to unavoidable experimental 
error, for one drop of 0.25 N  sulfuric acid corresponds to about 
0.06% of magnesium oxide for a  0.500-gram sample of ore and 
about 0.31% for a 0.100-gram sample. The maximum difference 
in the Bureau of Standards determinations on the three ores was 
0.29% for sample 104. The volumetric determinations showed a 
maximum difference of 0.62% for the same ore, bu t 0.100-gram 
samples were used which represented a difference of only 2 drops 
of 0.25 Ar sulfuric acid in obtaining the final end points.

Methyl red is the single indicator th a t is used for all the neu
tralizations throughout the procedure. As it  shows the true 
equivalence point in the presence of carbonates, it is not necessary 
to use carbonate-free standard alkali for the determinations. 
Common impurities such as iron and aluminum are completely 
removed as the insoluble hydroxides a t the methyl red end point.

Manganese can be removed by oxidizing it to  the insoluble 
dioxide with sodium peroxide in alkaline solution.

The determination can be carried out in less than 4 hours, and 
the time is shortened if manganese is not present, since the per
oxide treatm ent is not necessary. If the precipitate of mag
nesium hydroxide is small, the final filtration can be carried out 
without allowing the precipitate to settle, thus speeding up the 
determination. For samples of high magnesium content the same 
result can be accomplished by using samples smaller than 0.500 
gram or by using aliquots of the solution obtained from a 0.500- 
gram sample; however, accuracy is sacrificed for speed. Time 
is also saved by using sulfuric acid to  decompos.e the ore and de
hydrate the silica.



544 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. 18, No. 9

S U M M A R Y

The proposed volumetric method for the determination of mag
nesium in carbonate ores involves removal of most of the calcium 
as the sulfate, precipitation of magnesium hydroxide with excess 
standard alkali, and titration of the excess with a standard acid. 
When.methyl red is used as the indicator, 0.50 N  sodium hydrox
ide solution th a t is not carbonate-free can be satisfactorily used. 
Any indicator having the same pH range as methyl red could be 
used, but methyl red was selected because i t  is used in many 
laboratories as an acid-base indicator. Common impurities such 
as iron and aluminum are removed as insoluble hydroxides a t the 
methyl red end point and manganese can be removed by oxidizing 
it to insoluble manganese dioxide with alkali peroxide.

This method gives results th a t are comparable with those ob

tained with the conventional gravimetric pyrophosphate method. 
I t  does not require as much time as the pyrophosphate method 
and should be useful for the routine analysis, of magnesium 
carbonate ores.
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Analysis of O il-So lub le  Petroleum Sulfonates
Extraction-Adsorption  M ethod

F R A N C IS  B R O O K S , E D W A R D  D. PETERS, a n d  L O U IS  L Y K K E N  
Shell Development Company, Emeryville, Calif.

A  relatively simple extraction-adsorption method for the analysis 
of oil-soluble petroleum sulfonates is described. The method is 
applicable to the analysis of sodium and other metal sulfonates and 
is free of lengthy operations and emulsion difficulties. Procedures 
are included for the determination of mineral oil, sulfonic acid soap, 
water, carboxylic acid soap, free alkali, and inorganic salts.

PETROLEUM sulfonic acids are produced by the treatment 
of petroleum distillates with sulfuric acid in refining proc
esses or by the treatm ent of petroleum stocks with oleum in the 

manufacture of medicinal white oils. Some of the sulfonic acids 
formed remain in the oil layer, and the others are found dissolved 
in the acid layer. The former type is frequently referred to as 
"mahogany” acids, while the latter is termed “green” acids. 
Following the sulfonation process, the “acid oil” layer is separated 
from the sludge containing the water-soluble green acids and 
neutralized with caustic, and the crude mahogany soaps are 
extracted with dilute alcohol.

The crude mahogany soaps -obtained in this manner consist 
principally of approximately equal quantities of sulfonic acid 
soaps and mineral oil, with minor amounts of water, carboxylic 
acid soaps, free alkali, and inorganic salts. For the purpose of 
evaluating these mixtures it is desirable to determine their com
positions, particularly the sodium sulfonate contents. Archibald 
and Baldeschwieler (#) have described a procedure of analysis in
volving a rather tedious extraction of the mineral oil with 
petroleum ether from a suspension of the sample in 50% aqueous 
isopropyl alcohol. This procedure is very lengthy and does not 
include a method for determining carboxylic acid soap content. 
More recently, an adsorption method for separating and estimat
ing the constituents has been described by Koch (3). s This 
method involves separation of the sulfonate soaps from the 
mineral oil by passing a petroleum ether solution of the material 
through a column of Attapulgus clay. The mineral oil and 
petroleum ether pass through the clay, and the solution is col
lected, the petroleum ether evaporated, and the mineral oil 
weighed. The sulfonate soap is eluted from the clay with 
methanol and the weight obtained by evaporating the methanol 
from the resulting solution. This is very rapid but is not satis
factory when applied to materials containing appreciable quanti
ties of water or inorganic salts. Experience in this laboratory has

shown tha t the elution of the sulfonate soaps with methanol is in
complete, leading to low values for this component.

During 1944 an extensive program of cooperative testing of 
methods for the analysis of petroleum sulfonates was conducted 
by the A.S.T.M., as a result of which, a method has been pro
posed (1) which covers the determination of mineral oil, sodium 
sulfonate, carboxylate soap, inorganic salt, and free alkali con
tents, combining weight and specific gravity. The method in
volves multiple extractions of an aqueous isopropyl alcohol sus
pension of the sample with petroleum ether. The mineral oil 
passes into the petroleum ether phase and is thus isolated. The 
alcohol phase is then subjected to a number of rather lengthy 
manipulations to separate the sodium sulfonates and carboxylates 
from the remaining constituents. Although the method yields 
fairly accurate and precise data, the manipulations involved are 
both tedious and time-consuming; a complete analysis requires 
about 4 days.

In view of the recognized shortcomings of the A.S.T.M. and 
Archibald-Baldeschwieler methods with regard to time consump
tion, and Koch’s adsorption method with regard to inapplica
bility in the presence of inorganic salts and water as well as in
complete recovery of the adsorbed sulfonates, an attem pt has 
been made by the authors to devise a method of analysis which is 
free of these objections.

This paper presents a new method in which the sulfonic acids, 
carboxylic acids, and mineral oil are separated from the inorganic 
salts by extracting an acidified aqueous suspension of thei sample 
with chloroform. The inorganic salt content is calculated from 
the sulfated residue obtained from the aqueous phase, making 
correction for the alkali residue contributed by the sulfonate, 
carboxylate, and free alkali. A portion of the residue obtained 
from the chloroform extract is titrated potentiometrically for 
strong and weak acids to determine the respective equivalents of 
sulfonic and carboxylic acids present. Another portion of the 
chloroform-soluble residue is neutralized and the mineral oil 
isolated by adsorbing the ̂ ulfonates and carboxylates on Atta
pulgus clay. A schematic diagram of this method of analysis is 
shown in Figure 1.

A P P A R A T U S  A N D  M A T E R IA L S

The percolation apparatus of Koch has been modified some
what to permit the use of pressure and subsequently a more rapid 
rate of flow through the adsorbent.
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The modified percolator is shown in Figure 2. I t  was found 
tha t a pressure of 351 to 703 kg. per square meter (0.5 to 1 pound 
per square inch) forced the liquid through sufficiently rapidly. 
The adsorbent used was the same as tha t recommended by Koch 
(30- to 60-mesh Attapulgus clay which has been calcined at 
487° C., obtained from the Attapulgus Clay Company, 260 
South Broad St., Philadelphia, Pa.).

Inverted-rim beakers of the type described by the A.S.T.M. (?) 
were used for evaporations where there was danger of loss clue to 
“creeping” over the sides.

The chloroform and petroleum ether used were o f  c . p . quality.
A Precision-Shell (4) titrometer was used for the electrometric 

titration of strong and weak acids.

P R O C E D U R E

S e p a r a t i o n  o p  O r g a n ic  a n d  I n o r g a n ic  C o n s t i t u e n t s . 
Introduce approximately 10 grams of sample weighed to the 
nearest centigram into a 100-ml. beaker, add 25 ml. of chloroform, 
and stir to dissolve or disperse the sample.

Transfer quantitatively to a 250-ml. separatory funnel, rinsing 
the beaker and stirring rod with an additional 25 ml. of chloro
form. Rinse the sampling beaker with 50 ml. of 6 N  hydrochloric 
acid and add this solution to the separatory funnel. Shake the 
separatory funnel and contents vigorously, venting frequently. 
Rinse the sampling beaker with- 50 ml. of acetone and add this 
to the separatory funnel. Mix intimately once more and allow 
the two phases to separate. Draw ’the chloroform extract 
(lower phase) into a weighed, inverted-rim beaker. Extract the 
aqueous phase three more times with 25-ml. portions of chloro-
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Figure 1 . Schematic Diagram of Analysis of Petroleum Sulfonate Mixtures

form  an d  co m b in e  th e  
chloroform extracts in the 
inverted-rim beaker.

Evaporate the combined 
chloroform extracts to dry
ness on a steam bath, heat
ing for 15 minutes after the 
disappearance of the odor of 
chloroform. Cool to room 
temperature and weigh the 
beaker and contents.

D e t e r m i n a t io n  o f  F r e e  
S a l t s . Draw the aqueous 
layer obtained above into a 
weighed, ignited platinum 
dish and evaporate to dry
ness on a steam bath. Add 
approximately 2 ml. of 36 N  
sulfuric acid and rotate the 
dish in such a manner as to 
moisten all the residue with 
the acid. Heat carefully (to 
p re v e n t s p i t t in g )  over a 
small flame until fuming 
ceases. Repeat this treat
ment with 1 ml. of sulfuric 
acid. When fuming ceases, 
heat in a mufile furnace at 
800° =*= 50° C . to constant 
weight.

D e t e r m i n a t io n  o f  S u l f o n a t e  a n d  C a r 
b o x y l a t e  S o a p s . Determine the number of 
equivalents of strong and weak acids present 
in 100 grams of the chloroform extract by elec
trometric titration (A.S.T.M. D664-44T) of 
an accurately weighed 1- to 2-gram sample. 
Also analyze this residue for water content by 
the Karl Fischer method. (Place 20 ml. of 
anhydrous pyridine and 10 ml. of anhydrous 
ethyl ether in a 100-ml. glass-stoppered 
volumetric flask and titrate to the red-brown 
Fischer end point. Weigh 0.5 to 1 gram of 
sample in a glass weighing boat, slide the boat 
into the flask, and swirl until the sample is 
completely dissolved. T itrate the solution 
with Fischer reagent to  the original red-brown 
end point. For the preparation and stand
ardization of the Fischer reagent, see A.S.T.M. 
procedure D268-44T, issued under the jurisdic
tion of Committee D -l.)

D e t e r m i n a t io n  o f  M i n e r a l  O i l . Weigh 
approximately 2 grams of the chloroform ex
trac t to  the nearest milligram into a 100-ml. 
beaker. Add sufficient 0.5 N  alcoholic sodium 
hydroxide solution to neutralize completely the 
strong and weak acids present (this volume is 
readily calculated from the data obtained by 
titration above), then add 0.1 ml. in excess. 
Evaporate the alcohol on a steam bath. Add 
25 ml. of petroleum ether and stir to dissolve 
the sample completely. Transfer this solution 
quantitatively to the 250-ml. reservoir of the 
percolation apparatus (Figure 2), rinsing the 
beaker and stirring rod with an additional 25 
ml. of petroleum ether. Apply a pressure of 
0.5 to 1 pound per square inch a t the top of 
the percolator and force the solution through 
the 40-cm. column of adsorbent clay. Force 
an additional 150 ml. of petroleum ether through 
the column in similar fashion. Collect the 
solution which passes through the clay in a 
weighed, inverted-rim beaker and evaporate 
to dryness on a steam bath, heating for 15 
minutes after disappearance of the odor of 
petroleum ether. H eat for 15-minute inter
vals a t 110° C. until the weight loss between 
successive heatings is less than 1 mg.

D e t e r m i n a t io n  o f  W a t e r . Determine the 
water content of the original sample by 
A.S.T.M. Method D9.5-40 or, if the free alkali 
content is low, by the Karl Fischer method.
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D e t e r m i n a t i o n  o f  F r e e  
A l k a l i , Weigh approxi
mately 10 grams of the 
original sample into a 250- 
ml. Erlenmeyer flask, add 
50 ml. of ethyl alcohol and 
50 ml. of benzene, and swirl 
until dissolved. Add 6 or 
7 drops of thymolphthalein 
indicator solution and ti
trate  with standard 0.5 N  
sulfuric acid solution until 
the color matches tha t of 
a standard prepared in the 
same manner except for the 
addition of indicator. This 
is essentially the method 
r e c o m m e n d e d  b y  th e  
A.S.T.M. (I).

D e t e r m i n a t i o n  o f  
S p e c i f i c  G r a v i t y . Fill the 
pycnometer (25-ml. Weld- 
type pycnometer fitted with 
a special stopper having a 
4- to 5-mm. diameter bore) 
with the original sample, 
warming to  70° or SO0 C. 
until all air bubbles have 
risen to the top. Cool to 
15° to 20° C., adding more 
sample if necessary, so that 
the pycnometer re m a in s  
full. Insert the stopper, 
pressing slowly into place 
with a turning motion. If 
the sample is too viscous to 
p e r m it  in s e r t io n  of the 
stopper, carefully warm the 
neck of the pycnometer and 
the stopper with . a small 
Bunsen burner. Place the 
pycnometer, with the cap 
in place, in a bath at 25° =*= 
0.1° C. After 25 minutes, 
remove the p y c n o m e te r ,  
cool to 15° to 20° C., and 
remove any excess sample 
by wiping with a cloth mois
tened w ith  a b e n z e n e -  
alcohol mixture. Replace 
the cap and weigh to the 
nearest milligram. Record 
the sample weight.

C a l c u l a t i o n . Calculate 
the quantities of various 
components present in the 
sample by means of the 
following equations:

Mineral oil content, per 

cent = m m w
(C)(W)

Inorganic salt content, 
per cent =
(100)(H) -  (71 )(A)(E +  e)

IF
(71)(G) 

40

(The value 71 is the com
bining weight of sodium 
sulfate.)

Sodium s u lf o n a te  c o n 
tent, per cent = .
(A) (100 +  22E)

IF
A

X

(The numerical value 312 is the assumed average combining 
weight of the carboxylic acids. The value 22 converts from the 
strong acid to the sodium salt.)

Carboxylate soap content, per cent =
(A)(e)(334)

IF

(The value 334 is the assumed average combining weight of the 
carboxylate soaps.)

(F )C W )Combining weight of sodium sulfonate =

(F)(Ar)(4 0)Free alkali content, as sodium hydroxide, per cent =  -—■ : -

Specific gravity 25°/25° C. = W,
Wc

IIa [Y  +  (312)(«)!

where

A  =  weight of chloroform-soluble organic residue, grains 
C = weight of organic residue used for mineral oil determina

tion
D = weight of mineral oil found 
IF =  weight of original sample taken for analysis 
B  = weight of sulfate ash obtained from aqueous residue 
E  = strong acids, equivalents per 100 grams of organic residue 
e =  weak acids, equivalents per 100 grams of organic residue 
G = free alkali content, per cent 
X  =  mineral oil content of sample, per cent
Y  =  water content of organic residue, per cent .
F =  sodium sulfonate content, per cent
V  =  milliliters of sulfuric acid required to neutralize free

alkali
N  = normality of sulfuric acid

IF) =  weight of sample used in free alkali determination
IF, = weight of sample contained in pycnometer a t 25 0 C.
TFe = weight of water contained in pycnometer in calibrating

R E S U LT S

I 11 Table I are shown the results of analyses of several crude 
petroleum sulfonate samples from various sources,by both the 
extraction-adsorption and A.S.T.M. methods; the two methods 
yield very similar data. In  general, the extraction-adsorption 
method gives slightly higher values for carboxylate soap content 
than the A.S.T.M. method. Both procedures determine this 
component by titrating the free carboxylic acid and calculate the 
carboxylate content on the basis of an assumed (by convention) 
combining weight of 334 for the soap. However, the titration 
carried out in the extraction-adsorption method is considerably 
more direct and hence is believed the more valid.

In Table II are shown the results obtained when the described 
method was applied to a synthetic petroleum sulfonate blend of 
known composition (sample furnished by Stanco, Inc., Elizabeth, 
N. J.). The data obtained compare favorably with the theo
retical composition of the material. The values for sulfonate 
content are slightly lower than the known content, and the 
values for carboxylate content are high. However, the sum of 
carboxylate and sulfonate contents in both analyses compares 
favorably with the known sum of these two quantities. This 
indicates tha t for this particular sample the assumed combining 
weight of the carboxylate soap (334) is too high.

D IS C U S S IO N

The method described differs fundamentally from other extrac
tion methods in th a t the sulfonates are converted to sulfonic acids 
prior to extraction with a solvent. This is generally an advan
tage, because sulfonates of metals other than sodium may thus also 
be analyzed. Such metallic sulfonates do not alter the chloro
form extraction of the free acids but undoubtedly influence the 
results of any method which involves a direct extraction of the 
soaps, in tha t the distribution ratios between the solvents may 
vary considerably. Satisfactory results have been obtained by 
the extraction-adsorption method when applied to the analysis of 
barium and calcium sulfonates.
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Table II. Analysis of Synthetic Sulfonate Sample“ 
Extraction-Adsorption Method

by the

D a ta  O btained K now n
H un 1 R un  2 A v . C om position
5 0 .1 5 0 .1 5 0 .1 4 9 .6
3 9 .5 3 9 .1 3 9 .3 4 0 .6

4 .3 4 .3 4 .3 3 .0
(4 3 .8 ) (4 3 .4 ) (4 3 .6 ) (4 3 .6 )

0.0 0.0 0.0 ■ 0.0
3 .9 3 .9 3 .9 3 .6
3 .3 3 .2 3 .2 3 .1

101.0 100.6 100.8 9 9 .9
405 456 461

C on stitu en t
M ineral o il, %
S odiu m  su lfo n a te , %
S odiu m  carb oxy la te , %
S um  o f su lfon a te  and  carboxylate.,

%
S odiu m  h ydrox id e, %
W ater, %
Inorganic sa lts , %
T o ta l an a lysis , °/o 
C om binin g w eigh t o f sod iu m  

su lfon ate

° Sam ple furn ished  b y  S tan co , In c ., E liza b eth , N . J .

Considerable difficulty with emulsion formation has resulted 
when other extraction methods have been used in analyzing 
petroleum sulfonate mixtures. The function of the acetone in 
the method described is to break the emulsion which forms be
tween the chloroform and dilute acid layers. Isopropyl alcohol 
was tried first as a demulsifying agent and although it broke the 
emulsions quickly, the results wore erroneous, owing to formation 
of sulfonic acid esters with the alcohol. For this reason a  de- 
inulsifier was sought which was unreactive toward the free sul
fonic acid and a t the same time sufficiently volatile to be readily 
evaporated on a steam bath. Acetone fifs these requirements 
very well; it has proved very satisfactory and in all instances 
thus far has resulted in instant and complete separation of the 
aqueous and chloroform phases.

By employing the chloroform extraction procedure, an analysis 
may be completed in 2 days’ elapsed time. This is considerably 
less than the 4 days required in this laboratory for an analysis by 
the A.S.T.M. method, and there are fewer manipulations (weigh
ings, extractions, etc.) than in the A.S.T.M. method, so the 
handling time per determination is appreciably less. In  control 
analyses, where the combining weight of the sodium sulfonate is 
known from previous experience, the method may be further

shortened by eliminating the adsorption step, calculating the 
sulfonate content directly from the strong acid titration of the 
chloroform-soluble residue, and obtaining the mineral oil content 
by difference. This is a  distinct advantage over other extraction 
methods, which permit no such short-cut modifications.

The method described is inapplicable, without sacrificing 
accuracy, to the analysis of materials containing volatile oils. 
The composition of samples of this type can be approximated by 
application of the procedure described, elution of the sulfonates 
from the Attapulgus clay with methanol to recover the adsorbed 
sulfonates and carboxylates, and evaporation of the methanol to 
obtain the weight of sulfonate and carboxylate. The mineral 
oil content is then determined by difference. Generally this pro
cedure leads to sulfonate values low by 0.5 to 2%, and mineral oil 
values high by a corresponding amount, owing to incomplete 
recovery of sulfonate from the clay.

Although chloroform extraction can be applied to green acid 
soaps as well as mahogany acid soaps, the chloroform extract 
from green acid soaps is insoluble in petroleum ether and hence 
the sulfonates and carboxylates cannot be separated from mineral 
oil by the adsorption procedure described. For this reason a t
tempts to apply the method to green acid sulfonates have been 
unsuccessful.
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Composition of Cellulose Esters
Use of Equations and Nomographs
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The composition of cellulose esters in terms of the number of ester 
groups per anhydroglucose unit may be determined readily from 
analytical data by calculations or by reading from nomographs. 
Equations and nomographs are given for cellulose acetates, propio
nates, butyrates, acetate propionates, and acetate butyrates. By 
either method the per cent acetyl and per cent propionyl or butyryl 
in any of these cellulose esters can be easily converted to the num
ber of acetyl, propionyl, or butyryl, and hydroxyl groups per an
hydroglucose unit or vice versa.

METHODS for the analysis of cellulose esters, such as those 
reported from this laboratory, give results in terms of per 

cent “apparent acetyl” (2, 6), per cent acetyl, propionyl, or bu- 
tyryl (7), and per cent hydroxyl (5). From the viewpoint of 
structural organic chemistry, however, i t  is desirable to express 
the composition of these esters in terms of the numbers of sub
stituent groups per anhydroglucose unit. This information is 
required for certain calculations, such as tha t of unit molecular 
weight. Some equations for this purpose have been published by 
Gloor (3), by Malm, Genung, and Williams (5), and in a Navy 
specification (3). Simpler equations have been derived and are

presented here for the cases of cellulose acetates, acetate pro-' 
pionates, and acetate butyrates.

Nomographs have been constructed by means of which this 
conversion from per cent acyl to number of groups per anhydro
glucose unit of cellulose can be made very rapidly for the cases of 
cellulose acetates, propionates, butyrates, acetate propionates, 
and acetate butyrates.

E Q U A T IO N S

The equations given below are based on the general formula 
for the anhydroglucose unit of a cellulose ester, such as an acetate 
propionate.

/ — (OCCH,)W„

(C6H7Os)^ -(OCC2Hs)Ar,  

-H  ( 3 - N . - N , )

The following terminology is used:

a =  weight per cent of acetyl 
p =  weight per cent of propionyl 
b = weight per cent of butyryl



548 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

h — weight per Cent of hydroxyl 
Aro =  number of acetyl groups per anhydroglucose unit 
N p = number of propionyl groups per anhydroglucose unit 
AT =  number of butyryl groups per anhydroglucose unit 
AT = number of hydroxyl groups per anhydroglucose unit

and the unit molecular weight of a cellulose acetate propionate is

M.W.  =  159 +  43AT +  57N p +  3 -  N a -  N p

=  1G2 +  42AT +  56Ar,  • (1)

These calculations assume only three replaceable hydroxyls per 
anhydroglucose unit. This assumption is valid for most ordinary 
cellulose esters. I t  is not strictly true in eases of very degraded 
and low-viscosity celluloses and their derivatives because the 
number of hydroxyl groups on the ends of the chains may be 
significant.

C a s e  o f  C e l l u l o s e  A c e t a t f .. Weight per cent acetyl, which 
may be found by analysis, is 100 times the weight of an acetyl 
group, 43, times the number of such groups, and divided by the 
unit molecular weight:

4300AT 
a ~  162 +  42AT

Solving Equation 2 for A « gives

3.860
AT =

h =

102.4 -  a 

AT =  3 — N a by assumption 

1700(3 - A.) _  1700AT
162 +  42Ar0 288 -  42AT

( 2)

(3)

(4)

(5)

Weight per cent acetyl and weight per cent hydroxyl can be 
converted readily one to the other using the equations:

h = 44.8 -  a 
1.42 (6)

a = 44.8 -  1.42/1 (7)

Vol. 18, No. 9

which were derived from Equations 5 and 3.
C a s e  o f  C e l l u l o s e  A c e t a t e  P r o p i o n a t e . Equations for 

weight per cent acetyl and propionyl are as follows:

4300AT
162 +  42AT +  5 6 AT 

5700AT______
' 162 +  42AT +  56 AT

Solving Equations 8 and 9 simultaneously gives:

3.86a
AT

AT

102.4 — l.OOGp — a 

2.91p
102.4 — l.OOOp — a 

AT =  3 —AT—AT by assumption 

1700ATh =
162 +  42AT +  56AT

(8)

(9)

(10)

( 11)

( 12)

(13)

Tlie corresponding equations for cellulose propionates would 
obviously be Equation 9, omitting the term 42AT in the denom
inator, Equation 11 omitting the a term, and Equations 12 and 
13 omitting the AT terms.

C a s e  o f  C e l l u l o s e  A c e t a t e  B u t y r a t e . The equations for 
weight per cent acetyl and butyryl are:

4300AT
162 +  42AT +  70 AT 

7100 AT
162 +  42AT +  70 AT 

Solving Equations 14 and 15 simultaneously gives:

3.86a
AT = 102.4 -  1.0096 -  a

(14)

(15)

(16)
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Figure 1. Nomograph for Converting Per Cent A cetyl and Per 
Cent Propionyl in Cellulose Acetate Propionate to Number of 
A cety l and Propionyl Groups per Glucose Unit of Cellulose
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Figure 2. Nomograph for Converting Per Cent A cetyl and Per 
Cent Butyryl in Cellulose Acetate Butyrate to Number of Acetyl 

ana Butyryl Groups per Glucose Unit of Cellulose
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Figure 3. Construction of Nomographs

Y  2.33b
4 102.4 -  1.009b -  a { }

Nh — 3 — N a — Nb by assumption (18)

1700A* .
162 +  42iVa +  70 u  '

The corresponding equations for cellulose butyratcs would be 
Equations 15, 17, 18, and 19, omitting the a and Ar„ terms, since 
both are zero in this case.

D e r i v a t i o n '  o f  E q u a t i o n s  f o b  C e l l u l o s e  A c e t a t e  P r o 
p i o n a t e s . The derivation of Equations 10 and 11 from Equa
tions 8 and 9 is shown below to illustrate the method used to 
obtain the equations for the numbers of ester groups.

4300AT* (g)
162 +  42Ar„ +  56Arp

.  =   57Q(W*  ■ (9)
p 162 +  42Ar0 +  56 A , K ‘

Equation 9 is solved for Ar„ and is then substituted in Equation 
8 ana solved to obtain the following expression for N p:

5700 42 X 5700a 56p 4300p

at _  162
p 5700 55.7a ( }—   06

V V
The numerator and denominator of Equation 21 are divided by 

the smallest factor, 55.7, and are multiplied by p to give

Ar. _   M i P   (H)
” 102.4 -  1.006p -  a

The equation for A« derived in the same way is

j\r =  _______ 15?__________ C221
‘ 4300 56 X 4300p K ‘

a 5700a

Table I. Data for Construction of Nomograph
Na Np % A cety l % P ropionyl

1 0 21.1 0
2 0 3 5 .0 0
3 0 4 4 .8 0
0 1 0 2 6 .1
0 2 0 4 1 .6
0 3 , 0 5 1 .8
1 2 1 3 .C 3 6 .1
2 1 2 8 .5 1 8 .9

Figure 4. Relationship between Per Cent A cetyl and Per Cent 
Propionyl and the Numbers of A cety l and Propionyl Groups in 

Cellulose Acetate Propionates

i ,  3.86a ,,...
“ =  102.4 -  1.006p -  a ( J

N O M O G R A P H S

Nomographs for converting per cent actyl to the number of 
groups per anhydroglucose unit have been prepared (Figures 1 and 
2). By this means per cent acetyl and per cent propionyl or 
butyryl in cellulose acetates, propionates, butyrates, acetate 
propionates, and acetate butyrates can be easily converted to the 
number of acetyl, propionyl, or butyryl, and hydroxyl groups per 
anhydroglucose unit.

To use these nomographs lay a ruler across the per cent acetyl 
value on the left scale and per cent propionyl or butyryl value on 
the right scale and read the number of acetyl, propionyl, or bu
tyryl, and hydroxyl groups from the intersections with the corre
sponding scales of the nomograph.

Nomographs suitable for this purpose can be constructed by 
methods such as those of Davis (1) or Van Voorhis (9), or by the 
graphical method described below. Figure 3, which applies to 
cellulose acetates, propionates, and acetate propionates, demon
strates the method of construction used.

Lines were drawn from 0 %  propionyl to the points on the 
acetyl scale corresponding to N ,  =  1, 2, and 3 and from 0 %  
acetyl to the points on the propionyl scale corresponding to ATP =  
1, 2, and 3. The data used are shown in Table I. The line show
ing the number of hydroxyl groups was then drawn from the 
intersection of the lines Aa = 3 and N p =  3, through Ar0 =  2 
and Arp = 2, then A . = 1 and N P — 1 to the base line.

The two lines located by substituting Na = 1 and N p — 2 and 
also =  2 and Arp =  1 in Equations 8 and 9 were drawn next.

The line showing the number of acetyl groups was established 
by drawing a line from the left origin through A, the intersection

/
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of lines N a = 1 and (Np =  2 and N„ =  1), and B, the intersec
tion of lines N a = 2 and (A> =  1 and N .  =  2), to  the line where 
N m = 3. The line for the number of propionyl groups was 
drawn in the same way through points C and D.

The scales for the number of acetyl groups and hydroxyl 
groups were further subdivided by calculations using Equation 2 
or by plotting the number of acetyl groups against per cent 
acetyl, and reading from this graph the acetyl values correspond
ing to the1 desired values of A'„. A straightedge was placed 
across these acetyl values and 0% propionyl, and the points of 
intersections of the acetyl and hydroxyl scales were marked. 
The scale for the number of propionyl groups was subdivided in 
the same way by using data from a corresponding graph, or by 
substituting values of N p in an equation for per cent propionyl 
corresponding to Equation 2.

T r i a n g u l a r  C h a r t s . Malm, Fordyce, and Tanner {4) have 
correlated physical properties such as solubilities, melting points, 
specific gravities, and moisture absorption of these cellulose 
esters with their acyl contents by ineans of triangular diagrams. 
These properties can also be correlated with composition in 
terms of numbers of acetyl and propionyl or butyryl groups per 
anhydroglucose unit by means of Figures 4 and 5.

L IT E R A T U R E  C ITED

( 1)

(2)

(3)
(4)

(5)

( 6)

Davis, D. S., "Em pirical Equations and N om ography” , New 
York, M cGraw-Hill Book Co., 1043.

Genung, L. B., and M alla tt, R. C., I n d .  E n g .  C h e m ., A n a l .  E d . ,  
13, 369-74 (1941).

Gloor, W . E ., I n d .  E n g .  C h e m ., 29, 691 (1937).
M alm , C. J., Fordyce, C. R ., and T anner, H . A., Ibid., 34, 430-5 

(1942).
M alm, C . J., Genung, L. B., and Williams, R . F ., Jr., I n d .  E n g .

C h e m ., A n a l .  E d . ,  14, 935-40 (1942).
M alm, C. J ., Genung, L. B., W illiams, R . F., Jr., and Pile, M . A., 

Ibid., 16, 501-4 (1944).

(7) M alm, C. J., N adeau, G. F ., and Genung, L. B ., Ibid., 14, 292-7
(1942).

(8) N avy  Aeronautical Specifications, RM -5c, for Cellulose Acetate
B utyrate , Section F-4d (26 Septem ber, 1941).

(9) Van Voorhis, M . G., “ How to  M ake Alignment C harts" , New
York, McGraw'-Hill Book Co., 1937.

P r e s e n t e d  before th e  D iv is io n  o f C ellu lose C h em istry  a t  th e 109th  M e etin 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 , A tlan tic  C ity , N . J .

Determination of Cyclopentadiene and Dicyclopentadiene
K A R L  U H R IG , E L E A N O R  L Y N C H 1, A N D  H A R R Y  C. BECKER, Beacon Research Laboratory, The Texas Company, Beacon, N . Y.

Cyclopentadiene in a C 6 fraction is determined by condensation 
with benzaldehyde to highly colored phenylfulvene, the intensity 
of the color of which is a measure of the cyclopentadiene present. 
None of the materials normally associated with it in hydrocarbon 
samples interferes. Oxidation inhibitors must be absent. Since 
cyclopentadiene dimerizes rapidly even at ordinary temperatures, 
the average C5 fraction will contain both monomer and dimer. The 
latter represents available cyclopentadiene because it can easily be 
depolymerized, and the method described for its determination is a 
valuable supplement to the method for determining the monomer. 
The dimer is determined by controlled depolymerization to the 
monomer, which is determined colorimetrically as above. Cyclo
pentadiene originally present as such is determined separately. ,

perathre is raised to about the boiling point of dicyclopentadiene 
(170° C.), the reaction is reversed and the dimer reconverts to

HC CH

\ l  haV
H,

H
C

h c - T E - c h

¿ h

i /sy
H Hi

A MONG the dienes which have assumed importance during 
recent years, cyclopentadiene is one of the most interesting. 

In  addition to a system of conjugated double bonds, it contains an 
active methylene group which enables it to undergo reactions 
th a t make it of interest in the synthetic field. For a thorough re
view of the chemistry and utilization of cyclopentadiene, a paper 
by Wilson and Wells (5) is recommended.

One of the factors which makes cyclopentadiene such a difficult 
compound to work with is its instability. I t can, like the other 
conjugated dienes, be polymerized to rubberlike materials with 
the aid of catalyst, but it also dimerizes spontaneously even at 
room temperature to form dicyclopentadiene. The rate of di- 
merization increases with temperature. However, if the tern-

1 P resen t address. B ioch em ica l L aboratories, M ary  Iin ogen e B a sse tt  
H osp ita l, C ooperatow n, N . Y .

the monomer. This means th a t to know the amount of cyclo
pentadiene originally present in the sample, it is necessary to 
determine both the monomer and the dimer. Methods for de
termining cyclopentadiene are virtually nonexistent. Those 
which are mentioned in the literature are not specific for cyclo
pentadiene and are applicable only if no other dienes are present.

A recent paper by Sefton (2) describes a method for determin
ing cyclopentadiene by means of its heat of reaction with maleic 
anhydride. The author states tha t his method is not specific for 
cyclopentadiene, but he expects little interference, since other 
dienes of the same boiling range react much more slowly.

Since cyclopentadiene is a conjugated dioleftn, it has a very 
strong ultraviolet absorption spectrum. Pickett, Poddock, and 
Sackter (I) have made a careful study of this spectrum, but have 
not used it for the determination of this compound. Since cyclo
pentadiene has a characteristic ultraviolet absorption spectrum, 
it could be determined rather accurately by ultraviolet spectrom
etry if not too many interfering materials such as aromatics 
and conjugated diolefins were present. Infrared spectrometry 
could likewise be used satisfactorily.

EL.



September, 1946 A N A L Y T I C A L  E D I T I O N 551

A colorimetric method which is specific for cyclopentadiene has 
been developed in this laboratory. I t  is based upon the observa
tion by Thiele (3) tha t cyclopentadiene will condense with alde
hydes and ketones to form highly colored fulvenes. Ward (4) 
has utilized this reaction with acetone for the determination of 
cyclopentadiene, but the method is not entirely satisfactory be
cause of the instability of the dimethylfulvene. The present 
method, in which benzaldehyde is used to form the fulvene, is a 
modification and extension of the procedure used by Ward. I t 
can be applied to the determination of cyclopentadiene in Ct frac
tions which contain no inhibitor. None of the compounds nor
mally associated with it causes any interference.

P R E P A R A T IO N  O F  P U R E  C Y C L O P E N T A D IE N E

In conducting this investigation it was necessary to have avail
able pure cyclopentadiene. I t can be conveniently prepared by 
depolymerizing pure dicyclopentadiene, but it cannot be stored 
because of its tendency to dimerize. Therefore, it must be 
freshly prepared each time and used immediately.

A technical grade of dicyclopentadiene (Eastman Kodak Com-

Eany) was vacuum-distilled from a Claisen flask, and the fraction 
oiling a t 82° C. a t 50 mm. of mercury pressure was sufficiently 
pure without further treatment. As the distillate consisted 
largely of the endo form of -dicyclopentadiene (melting point 

32° C.), water a t 32-33° C. was circulated through the condenser 
to prevent its plugging with crystals. The distilled dicyclopen- 
tadicne was stored in a brown bottle under nitrogen. I t  re
mained sufficiently pure for about a month but had to be redis
tilled after tha t period of time.

The dicyclopentadiene purified in this manner was then de
polymerized by cracking in a still equipped with a 60-cm. (24- 
inch) tube packed with short lengths of glass rod which served as a 
rough fractionating column. I t  was provided with an air jacket 
to prevent excess heat loss. Before the distillation was started, 
the entire system was flushed with nitrogen introduced through 
a side arm in the flask. The flow of nitrogen was then stopped 
and the flask heated to the boiling point of dicyclopentadiene 
(about 170° C.) where depolymerization began. The rate of 
heating was so adjusted th a t the overhead vapor temperature 
was 40-41 ° C., and the distillate was caught in a receiver cooled 
with dry ice. A higher vapor temperature would indicate tha t 
the rate of heating was so high th a t dicyclopentadiene was being 
carried over. The heating was discontinued before the flask 
became dry to avoid any possible explosion from peroxides.

Occasionally the distillate was cloudy because of traces of 
moisture or high polymers which accumulated in the condenser, 
but it could be easily clarified by passing it through filter paper. 
This cyclopentadiene was sufficiently pure for use without any 
further treatment. The purity was found to be 99.1% by reac
tion with maleic anhydride and 100.5% by hydrogenation.

MG. C Y C L O P E N T A D IE N E  

Figure 1. Calibration Curves for Various Filters 
Maximum transmission, A .  1. 4 0 7 5 . 2. 4 2 5 0 . 3 . 5000

Characteristics of Fulvenes Formed from 
and Various Aldehydes and Ketones

C olor and C haracteristics

Y ellow  color b ecom in g  darker 
U n stab le , dark red color, slow  reaction  
U n stab le , lig h t red color  
D ark  em ulsion  
G reen em ulsion  

. Y ellow  color turn ing red 
Y ellow  color becom ing  darker  
Y ellow  p rec ip ita te  ,
S tab le  ye llo w  to  red color

Table II. Stability of Color of Phenylfulvene
E lap sed  tim e , m in. 0  15 30 60 120
O ptical d en sity  0 .3 7 2  0 .3 6 6  0 .3 6 6  0 .3 7 2  0 .3 6 6

S E L E C T IO N  O F  R E A G E N T  F O R  D E T E R M IN IN G  C Y C L O P E N T A D IE N E

I t  is always desirable, of course, to have a method which is 
specific for the determination of a particular compound, and the 
Thiele fulvene reaction as used by Ward (4) appeared to be good 
in this respect. However, the dimethylfulvene formed by the 
reaction of cyclopentadiene with acetone was unstable and its 
color changed rapidly. Therefore, a number of other aldehydes 
and ketones were tested in regard to suitability of the color and 
stability of the fulvene. As the results in Table I  indicate, 
phenylfulvene, the condensation product of cyclopentadiene 
and benzaldehyde, was the most promising. Its  yellow-t'o- 
orange color is well suited to colorimetric work, and its stability, 
as indicated in Table II, is good. The absorption curve of phen
ylfulvene, as determined on a Beckman quartz spectrophotom
eter, shows an absorption peak of 3475 A.

A photoelectric colorimeter, the Fisher electrophotometer, was 
used in developing the colorimetric method. To increase the 
selectivity or sensitivity, filters were used to isolate a certain re
gion of the spectrum for measuring the optical density of the 
phenylfulvene solutions. Filters with maximum transmission 
regions below 4000 A. could not be used with the electrophotom
eter because they transm itted too small an amount of energy to 
which the photocells were sensitive. As the wave length of the 
light transm itted by the filter increased, the sensitivity decreased, 
but there was a corresponding increase in the permissible con
centration of cyclopentadiene. This is illustrated in Figure 1 by 
the calibration curves shown for three filters. As a compromise 
between sensitivity and a more extended range of concentration, 
the No. 2 filter was used. I t  will permit the determination of as 
much as 5 mg. of cyclopentadiene in the aliquot.

ST U D IE S  O N  T H E  D E P O L Y M E R IZ A T IO N  O F  D IC Y C L O P E N T A D IE N E

Since cyclopentadiene is known to dimerize readily, some
times spontaneously, the average sample, though originally a  C, 
cut, will contain some dicyclopentadiene. For all practical pur
poses this represents available cyclopentadiene because of the 
ease with which it can be depolymerized to the monomer. I t was 
apparent, therefore, tha t it would be necessary to have a method 
for determining dicyclopentadiene. Numerous chemical and 
physical methods were investigated for this purpose, but none 
was satisfactory. The depolymerization of dicyclopentadiene 
to cyclopentadiene was, therefore, investigated as a possible 
means for determining the dimer. This procedure would be satis
factory if the depolymerization could be made quantitatively, 
because the colorimetric method for cyclopentadiene had proved 
to be accurate. An investigation of the depolymerization reac
tion was carried out in an attem pt to find conditions under which 
it could be made quantitative.

. The depolymerization step is, of course, employed in the prepa
ration of pure cyclopentadiene, but there no attem pt is made to 
carry out the reaction in a quantitative manner. However, from

Table I. Colors and 
Cyclopentadiene
C om pound

A céton e
B onzophenono
A cetop h en one
C yclop en tan on e
S a licy la ld éh yd e
A nisa ld éh yde
C itronellal
V anillin
B en za ldehvd e
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the experience gained in this work, it was possible to  predict some 
of the conditions which would have to be fulfilled: (1) The de
polymerization must be carried out rapidly enough so th a t the 
cyclopentndiene is removed from the heated portion of the reac
tion chamber before it has a chance to redimerize at the elevated 
temperature. (2) The rate of heating must be slow enough so 
tha t no dicyclopentadiene distills without depolymerization.
(3) Some material which has a boiling point a few degrees above 
the depolymerization temperature of dicyclopentadiene must be 
used as a chaser to sweep all the cyclopentadieno completely 
into the cold portion of the apparatus. (4) Some high-boiling 
material to serve as bottoms should be used to minimize the 
danger of explosion if any peroxides are present.

A compromise was necessary if the first two of these conditions 
were to be satisfied; so various temperatures and rates and means 
of heating were investigated. The one which finally proved most 
satisfactory involved the use of an electric heater with exposed 
element and built-in rheostat (Precision Scientific Company 
550-watt heater). The rate of heating could be controlled easily, 
and the depolymerization vessel could be placed directly on the 
heating element to obtain rapid heat transfer. Likewise, the 
entire vessel was heated, so th a t only a small amount of refluxing 
took place.

During the investigation to find the best conditions for dc- 
polymerization, the apparatus used in this work underwent con
siderable evolution. In Figure 2 is shown the form which was 
finally selected. The 25-ml. Erlenmeyer flask is sealed directly 
to the side arm and condenser, so tha t the cyclopentadiene vapors 
have only a short distance to trayel before reaching the cool por
tion of the apparatus. The small V20 standard-taper joint is 
used in rinsing out the condenser after a determination. Marks 
were placed at the 5- ¡Ind 10-ml. points on the receiver, so tha t it 
was possible to judge more accurately the rate a t which the dis
tillate was collected.

The third and fourth conditions listed above were satisfactorily 
fulfilled through the use of decalin (decahydronaphthalene) as a 
chaser and a mineral oil of 100 Saybolt viscosity a t 100 °F . as bot
toms. Of the materials studied, decalin was most satisfactory in 
regard to boiling point and stability. The exact properties of the 
mineral oil used as bottoms are not critical as long, as its initial 
boiling point is well above the boiling range of the decalin used as 
a chaser.

D E T E R M IN A T IO N  O F  C Y C L O P E N T A D IE N E

S c o p e . This method is intended for C5 fractions (18° to 
50° C.) to which no oxidation inhibitor has been added. Higher 
boiling fractions, with the exception of dicyclopentadiene which 
forms from the monomer on storage, must be absent.

A p p a r a t u s . A  photoelectric colorimeter, s u c h  as the AC 
Model Fisher electrophotometer with the appropriate cells and 
light filters.

An assortment of pipets, volumetric flasks, and 50-ml. Erlen
meyer flasks is required for making dilutions.

Reagents. 3% solution of alcoholic potassium hydroxide, 
filtered.

20% by volume solution of U.S.P. or similar grade benzalde- 
hyde in 95% ethanol. This solution must be protected from 
unnecessary contact with air because the benzaldehyde is easily 
oxidized to  benzoic acid.

Dicyclopentadiene, Eastman 80% technical grade.
Ethanol, both 95% and absolute.
P e n t a n e ,  c . r .
P r o c e d u r e . I t  is first necessary to  make a standard calibra

tion curve from pure cyclopentadiene, which is prepared from re
distilled dicyclopentadiene in the manner previously described. 
The cyclopentadiene must bo used immediately to prepare stand
ard dilutions in c.p. pentane, and even these dilute solutions 
should not be used after they arc more than an hour old. These 
solutions should be of such concentrations tha t they are dis
tributed evenly throughout the range which can be covered by 
the particular instrument and filter used. Equal volumes of the 
standard cyclopentadiene solution, 3% alcoholic potassium hy
droxide solution, and 20% alcoholic benzaldehyde solution are

mixed and allowed to stand for 3 minutes before the optical 
density or • per cent transmission is determined. The exact 
volumes of these solutions used depend entirely upon the amount 
of the final mixture required to fill the coll of the colorimeter. 
The blank or reference cell of the colorimeter is filled with the 
same solutions, except th a t the benzaldehyde solution is omitted 
and an equal volume of absolute ethanol is used instead. The 
calibration curve is prepared by plotting the optical density or 
per cent transmission against the weight of cyclopentadiene for 
each of the standard dilutions.

The unknown samples are treated in the same manner as the 
known samples which were used in preparing the calibration 
curve. A measured amount of the sample is diluted to the 
proper concentration with pentane. The sample can be meas
ured either by weighing or by using a known volume if the den
sity is known. A blank solution should again be prepared from 
equal volumes of the pentane dilution of the sample, 3% alcoholic 
potassium hydroxide, and absolute ethanol. The reading ob
tained on the unknown sample is referred to the standard cali
bration curve to obtain the amount of cyclopentadiene present.

Since samples containing diencs usually contain peroxides, 
such samples should be distilled only in presence of oxidation in
hibitors and of “bottoms” in the still pot. Neglect of these pre
cautions may cause explosions. Samples containing cyclopenta
diene require special care in handling, since cylopentadiene has 
been observed to dimerize spontaneously, sometimes explosively.

D E T E R M IN A T IO N  O F  D IC Y C L O P E N T A D IE N E

S c o p e . This method is intended for the determination of di
cyclopentadiene in the C6 fraction. This is dicyclopentadiene 
which has been formed by the dimerization of some of the cyclo- 
pentadienc originally present in the sample. Other higher 
molecular weight compounds and oxidation inhibitors should be 
absent.

A p p a r a t u s . Depolymerization apparatus as shown in Figure 2.
Electric heater with builtrin rheostat similar to Precision Sci

entific Company 550-watt heater.

Figure 2. Apparatus for’Quantitative Depolymeri
zation of Dicyclopentadiene
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Table V I.

1 8 .8 “ 
1 4 .2 ?  
6 7 .0 ,

W eigh t % found after d ays  
C yclop en tad ien e  
D icyc lop en tad ien e  
T o ta l (as cyc lop en tad ien e)

Assortment of pipets and volumetric 
flasks.

Boiling stones.
R e a g e n t s .. Mineral oil of approxi

mately 100 Saybolt viscosity a t 100° F.
Decalin (decahydronaphthalene).
Pentane, c . p .
Ethanol, both 95% and absolute.
P r o c e d u r e . A 5-ml. portion of the 

hydrocarbon sample containing the di
cyclopentadiene, 5 ml. of decalin, 5 ml. 1 
of the mineral oil, and a boiling stone
are added to the 25-ml. Erlenmeyer
flask of the depolymerization apparatus shown in Figure 2. If 
the amount of sample available is less than 5 ml. it should be 
brought to this volume by the addition of pentane. The electric 
heater is placed so tha t the flask rests on the heating coil, and the 
receiver is surrounded by an ice bath. The heat is applied slowly, 
so tha t about 20 minutes are required to distill approximately 5 
ml. of C5 hydrocarbon. The heat should then be increased so that 
the dicyclopentadiene is depolymerized, and decalin distills 
slowly. The distillation of the 5 ml. of chaser should require not 
less than 40 minutes of actual distilling time (not just refluxing). 
When 10 ml. of distillate have been collected, the heater should 
be turned on high for one minute, and then the distillation 
stopped.' Some of the mineral oil will crack-and an additional
milliliter or two of distillate will be collected during this time.
Under no circumstance should the distillation be carried to  dry
ness, because peroxides may be present.

At the conclusion of the distillation, the condenser should be 
rinsed by pouring 2 to 3 ml. of 95% ethanol through the small 
V20 joint, and then the entire contents of the receiver are trans
ferred to a 100-ml. volumetric flask and made to volume with ab
solute ethanol. Aliquots of this solution are analyzed for cyolo- 
pentadione by the colorimetric procedure previously described.

Change in Cyclopentadiene Content of Sample on Storage
C om position  of original sam ple (%  b y  w eight)
0 cyc lop en tad ien e  
0 d icyc lop en tad ien e
0 Ca fraction  of fluid c a ta ly tica lly  cracked n aph th a

0 2 3 4 5 C 7 9 12 16 30
1 8 .8  1 6 .1  1 4 .3  1 2 .5  1 1 .5  1 0 .6  9 .6  8 .0  6 .5  5 .6  2 .9
1 4 .2  1 7 .4  1 8 .7  2 0 .5  2 1 .5  2 2 .4  2 3 .4  2 5 .0  2 6 .5  2 7 .4  3 0 .1
3 3 .0  3 3 .5  3 3 .0  3 3 .0  3 3 .0  3 3 .0  3 3 .0  3 3 .0  3 3 .0  3 3 .0  3 3 .0

Table III. Colorimetric Determination of Cyclopentadiene in 
Pentane Solutions

M illigram s of C yclop en tad ien e
P resen t F ou n d

0 .1 6 0 .1 8
0 .3 2 0 .3 2
0 .6 4 0 .6 5
0 .8 0 0 .8 2
0 .9 6 1.00
1.20 1 .2 6
1 .2 8 1 .3 0
1 .6 0 1 .6 0
2 .4 0 2 .4 6
3 .2 0 3 .2 2
3 .6 0 3 .6 6
4 .0 0 3 .9 8
4 .6 0 4 .6 4

Table IV . Determination of Cyclopentadiene 
Organic Sulfur Compounds

C yclop en tad ien e
E th y l

M ercap tan
•

T h iop h en e
M eth y l
Sulfide

Found P resen t P resen t P resen t P resen t
M g. M g . M g . M g . M g.

0.8 0.8
2 .4 2 .4
4 .0 4 .0
0.8 0.8 2 .0
2 .4 2 .4 . 6.0
4 .1 4 .0 10.0
0.8 0.8 2 .6
2 .4 2 .4 7.8
4 .1 4 .0 1 3 .0
1.6 1.0 r i ' .o

------ 3 .2 3 .2 3 4 .0
1.6 1.0 i  .4 i . 7 5 .6

Dicyclopentadiene is determined as the difference between the 
total cyclopentadiene thus determined and the cyclopentadiene 
present as such in the original sample.

A c c u r a c y  o f  M e t h o d s . The colorimetric method for deter
mining cyclopentadiene appears to be capable of a rather high 
degree of accuracy. The results of a scries of analyses on samples 
made from pentane and cyclopentadiene are shown in Table III. 
Here the maximum error is 0.06 mg. of cyclopentadiene, and the 
average error is 0.03 mg. or 0.3% on the basis of the original 
sample. As far as has been determined a t the present time, the 
method is specific for cyclopentadiene, and certainly none of the 
materials which would normally be associated with it in a hydro
carbon sample causes any interference. Some of the sulfur com
pounds, ethyl mercaptan, methyl sulfide, and thiophene, were 
tried and found to be without effect (Table IV).

The only additional step involved in the determination of di
cyclopentadiene is, of course, the depolymorization reaction. 
This reaction can be carried out quantitatively if sufficient care is 
exercised, and the dicyclopentadiene can be determined accu
rately. In Table V are given the results of analyses made on 
samples containing both the monomer and dimer blended with 
other Cs hydrocarbons. Isoprene and piperylene were present 
in each of these samples, and, since the results were still accurate, 
it is apparent tha t these other conjugated C 6 dienes do not inter
fere.

Additional proof of the accuracy and precision of the method, 
as well as an indication of the need for the method for dicyclo
pentadiene, is shown in Table VI. The sample was prepared by 
adding a known amount of cyclopentadiene and dicyclopenta
diene to the C6 fraction of a fluid catalytically cracked naphtha, 
which was found by analysis to be free of cyclopentadiene. This 
sample was stored at room temperature in a dark bottle and por
tions of it were analyzed after various periods of time. After 
only 2 days a very appreciable change had occurred, and after 
30 days practically all of the cyclopentadiene had dimerized. 
I t  will be noticed th a t in each of these analyses, with the excep
tion of the one on the second day, the total of the monomer and 
dimer was 33.0% or exactly the theoretical amount. This rigor
ous test of the accuracy and reproducibility of the methods indi
cates that they are entirely reliable.
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in Presence of

Table V . Determination of Cyclopentadiene and Dicyclopenta
diene in the Presence of Other C» Hydrocarbons

C om position  ot sam p le  (%  b y  w eight)
P en tan e  
P en ten e-2  
Piperylene  
Isoprene  
C yclop en tad ien e  
D icyc lop en tad ien e  

Found (%  b y  w eight)
C yclop en tad ien e  
D icyc lop en tad ien e

7 3 .2 7 3 .8 4 7 .3 2 3 .9 6 6 .5
9 .9 9 .9 1 9 .7 1 8 .9 9 .8
4 .2 6 .3 1 0 .3 1 9 .9 4 .7
3 .9 1 .9 9 .9 1 9 .6 5 .1
2 .5 4 .9 7 .3 11.8 6.1
6 .3 3 .2 5 .4 5 .8 7 .8

2 .5 4 .9 7 .6 11.8 5 .9
6.2 3 .2 5 .2 5 .6 7 .7
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Rapid Photometric Determination of Iron and Copper 
in Red Phosphorus

J. A .  B R A B S O N , O . A .  S C H A E F F E R 1, A N T H O N Y  T R U C H A N 2, a n d  L a V E R N E  D E A L 3 
Tennessee V alley Authority, Wilson Dam, A la .

Photometric methods for the determination of iron and copper as 
colored complexes with 1,10-phenanthroline and diethyldithio- 
carbamate, respectively, can be adapted to the rapid determination 
of traces of iron and copper in red phosphorus with a precision of 2 
p.p.m. for either component in the ranse 0 to 50 p.p.m. Interfer
ence from aluminum is minimized by addition of ammonium citrate. 
For solution of red phosphorus, oxidation with a bromine-carbon 
tetrachloride mixture is recommended in the analysis for iron, 
whereas oxidation with nitric acid is recommended in the analysis for 
copper.

THE stability of red phosphorus toward atmospheric oxida
tion is decreased markedly by traces of iron and copper. 

The critical stability requirement involved in certain uses of red 
phosphorus reflects a need for precise, and preferably rapid, 
methods for the determination of coutaminative iron and copper. 
Several methods for the determination of traces of iron and copper 
have been published, but none is specifically applicable to the 
analysis of red phosphorus. Yoe and Sarver (6) have prepared a 
bibliography of organic reagents for the determination of iron 
and copper. From a comparison of several photometric methods 
for iron, Woods and Mellon (5) have recommended the 1,10- 
phenanthroline method (2) for general application. Haywood 
and Wood (3) have used the color of the cupric diethyldithio- 
carbamate complex as a basis for the determination of copper in 
ferrous materials tha t had first been dissolved in a mixture of 
phosphoric and sulfuric acids.

In the present work, conditions were established for dissolving 
red phosphorus preparatory to its photometric analysis for iron 
as the ferrous 1,10-phenanthroline complex and for copper as the 
cupric diethyldithiocarbamate complex. The methods of For
tune and Mellon (2) and of Haywood and Wood (S) were adapted 
to the formation of the respective colored complexes. The in
fluence of interfering ions and of other factors on the development 
of color was studied.

Red phosphorus dissolves in dilute nitric acid to form a solution 
of mixed acids of phosphorus. On evaporation of the solution to 
small volume and addition of concentrated nitric acid, the lower 
acids of phosphorus are oxidized to  a mixture of ortho-, meta-, 
and pyrophosphoric acids. Pyro- and metaphosphoric acids do 
not affect the determination of copper but do affect development 
of color in the determination of iron. Although both of these 
acids can be hydrolyzed to orthophosphoric acid, the iron ex
tracted from the glass vessel during the oxidation step is additive 
in the iron analysis. Nitric acid thus is a suitable solvent for the 
determination of copper but not for the determination of iron.

A solution of bromine in carbon tetrachloride reacts smoothly 
with red phosphorus to form crystals of an addition compound of 
phosphorus pentabromidc and carbon tetrachloride (4). Upon 
the addition of water and subsequent evaporation of the carbon 
tetrachloride, the phosphorus pentabromide hydrolyzes to ortho
phosphoric and hydrobromic acids. The hydrobromic acid is 
decomposed by nitric acid. This method for dissolution of the 
sample obviates the disadvantages involved in the use of nitric 
acid as the solvent in an iron determination.

Many samples of commercial red phosphorus yield a yellow to 
brown solution. The objectionable color is bleached' by the

1 P resen t address, H arvard U n iv ers ity , C am bridge, M ass.
5 P resen t address, Purdue U n iv ers ity , L a fa y ette , Ind.
* P resen t address, G eneral E lectr ic  C o., F o r t W ayn e, Ind .

action of potassium chlorate on the hot sirupy solution of phos
phoric acid.

In the analysis of red phosphorus that has been coated with 
hydrous alumina (aluminated) to increase its stability, the alumi
num precipitates as the phosphate and interferes with the 
determination of both iron and copper. Ammonium citrate pre
vents precipitation of the aluminum and can be used without 
special precautions in the copper determination. In  the iron 
determination, however, tests similar to those of Cowling and 
Benne (1) confirmed their observation tha t the citrate ion mark
edly retards the formation of the ferrous 1,10-phenanthroline 
complex. In tests with 30 mg. of aluminum hydroxide per gram 
of phosphorus, a 1 to 1 molar ratio of citric acid to aluminum 
hydroxide proved effective. A slightly greater amount of citric 
acid is specified in the procedure to take care of normal variations 
in samples of red phosphorus. Increase of the additions of re
ducing and color-forming reagents over the amounts used by 
Fortune and Mellon (2) eliminates most of the interference by the 
citrate.

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

Filter photometer, Fisher AC electrophotometer fitted with 
425-him blue and 525-m/x green filters and with 2- and 5-cm. 
absorption cells.

Nitric acid, 70%, redistilled.
Bromine-carbon tetrachloride mixture, 1 volume of bromine to 

3 volumes of redistilled carbon tetrachloride.
Citric acid, 10 grams of the monohydrate per 100 ml. of solu

tion.
Ilydroxylamine hydrochloride, 10 grams per 100 ml. of solu

tion.
1,10-Phenanthroline, 0.1 gram per 100 ml. of solution.
Colloid, 1.0 gram of gum acacia dissolved in 100 ml. of boiling 

water, filtered, and diluted to 200 ml. Prepare fresh daily.
Sodium diethyldithiocarbamate, 0.2 gram per 100 ml. of solu

tion, stored in a dark bottle.
Standard iron solution, 1 ml. =s= 0.01 mg. of iron. Dilute to 1 

liter a 100-ml. aliquot of a solution containing 0.7021 gram of 
ferrous ammonium sulfate hexahydiate and 5 ml. of sulfuric acid 
per liter.

Standard copper solutions. Dissolve 0.2500 gram of pure cop
per in nitric acid and dilqte to 1 liter. Dilute 100 ml. of this 
stock solution to 1 liter for standard solution A (1 ml. =  0.025 
mg. of copper). D ilute 200 ml. of solution A to 1 liter for 
standard solution B (1 ml. =c= 0.005 mg. of copper).

Potassium chlorate, reagent grade.
Indicator. Alkacid test paper (manufactured by Fisher Scien

tific Company).

D E T E R M IN A T IO N  O F  IR O N

P r e p a r a t io n  o f  C a l ib r a t io n  C u r v e s . To a series of 100- 
ml. volumetric flasks add 0 to 28 ml. of the standard iron solution 
in 2-ml. increments. To a second series of the flasks add, from a 
microburet, 0 to 5.00 ml. of the standard iron solution in 0.20-ml. 
increments. Into the contents of . each flask mix 1 ml. of hy- 
droxylamine hydrochloride solution, and allow the mixture to 
stand for 15 minutes. Add 5 ml. of 1,10-phenanthroline solution, 
and adjust the pH to 6 by dropwise addition of dilute ammonium 
hydroxide. This is best accomplished by touching a drop of the 
solution on a stirring rod, to a piece of Alkacid test paper. D ilute 
each solution to  the mark, mix it thoroughly, and allow 1 hour 
for color development. Read the color intensity on a photom
eter equipped with a 525-mu (green) filter. For the solutions 
in the first series, which represent 0 to 280 p.p.m. of iron on the 
basis of a  1-gram sample of red phosphorus, use 2-cm. cylindrical 
cells; for those in the second series, which represent 0 to 50 p.p.m. 
of iron, use 5-cm. rectangular cells. Plot color intensity versus 
p.p.m. of iron.
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B l a n k  D e t e r m i n a t i o n s . Determine the iron content of each 
new preparation of bromine-carbon tetrachloride mixture. 
D ilute 1 volume of phosphoric acid of known iron content with 19 
volumes of distilled water, and measure 44.0 ml. of the solution 
from a buret into each of six 250-ml. beakers. Add the same 
quantities of bromine-carbon tetrachloride mixture and other 
reagents th a t are used in a regular analysis of red phosphorus, 
and put the blanks through the same analytical procedure. Sub
trac t the iron content of the phosphoric acid from the total iron 
found to obtain the blank on the bromine-carbon tetrachloride 
mixture. Subtract the average blank thus obtained from the 
to tal iron found in the analysis of red phosphorus to obtain the 
true iron content of the red phosphorus.

When a large excess of hydroxylamine hydrochloride is used in 
the determination of iron in aluminatcd red phosphorus, run a 
separate blank on this reagent. To 10 ml. of the hydroxylamine 
hydrochloride solution add 5 ml. of 1,10-phenanthroline solution 
and adjust the pH to 6 by dropwise addition of dilute ammonium 
hydroxide. Dilute the solution to 100 ml., mix thoroughly, and 
allow 1 hour for color development. Use three-tenths of the iron 
found as a correction in the analysis of aluminated red phos
phorus.

P r o c e d u r e . Weigh 1.00 gram of red phosphorus into a dry . 
250-ml. beaker. Successively add 75 ml. of carbon tetrachloride, 
75 ml. of distilled water, and 15 ml. of nitric acid. Place the mix
ture under a hood, and add 20 ml. of brómine-carbon tetra
chloride solution, from either a buret or a pipet equipped with a 
suction bulb, a t a rate that will not cause violent reaction. Stir 
the mixture until formation of yellow crystals of PBrt.2CCL 
ceases. Then nest the 250-ml. beaker and its contents in a 400- 
ml. beaker with the lips of the beakers divergent. In the air 
bath thus formed the mixture can be evaporated with fair rapidity 
and without bumping.

Evaporate the liquid on a hot plate a t medium temperature un
til frothing and evolution of dense brown fume occur a t a volunie 
of 5 or 6 ml. If the liquid is colored, add a few potassium 
chlorate crystals and continue the heating until decolorization 
ensues. Avoid prolonged heating lest the beaker be attacked.

Dilute the solution to 100 ml. with distilled water, cover with a 
Pyrex watch glass, and boil a t a rate th a t will decrease the volume 
to about 30 ml. in 45 minutes. Transfer the solution ton, 100-ml. 
volumetric flask, rinse the beaker five or six times with 5-ml. 
portions of distilled water, aiid add the washings to the flask. 
Dilute the solution to 70 ml. The remainder of the procedure 
depends upon whether the original sample of red phosphorus was 
aluminated.

If the original sample was unaluminated, add 1 ml. of hydroxyl
amine hydrochloride solution to the flask. After 15 minutes add 
5 ml. of 1,10-phenanthroline solution, and adjust the pH to 6 
by dropwise addition of ammonium hydroxide. Dilute the solu
tion to the mark, mix it  thoroughly, and allow the color to develop 
for 1 hour. Read the color intensity on a photometer with a 525- 
ium (green) filter. If color intensity indicates more than 50 
p.p.m. of iron, use 2-cm. cylindrical cells; if less than 50 p.p.m., 
use 5-cm. rectangular cells. Rend the iron content from the 
appropriate calibration curve. Correct for the blank on the 
reagents.

If the original sample was aluminated, add 4 ml. of hydroxyl
amine hydrochloride solution to the solution of dilute ortho- 
phosphoric acid in the 100-ml. volumetric flask. After 15 
minutes add 1.0 ml. of citric acid solution, shake the mixture thor
oughly, and cool it to room temperature. Add 10 ml. of 1,10- 
phenanthroline solution, and adjust the pH to 6 by dropwise 
addition of ammonium hydroxide. Dilute the solution to the 
mark, mix it thoroughly, and allow 2 hours for color to develop. 
Read the color intensity and determine the iron content as de
scribed for unaluminated red phosphorus.

F a c t o r s  A f f e c t i n g  C o l o r  D e v e l o p m e n t . The presence of 
orthophosphoric acid narrows the pH range for maximum color 
development. A t the optimum pH of 6 =*= 1, however, quantities 
of orthophosphoric acid equivalent to as much as 2 grams of red 
phosphorus are without effect.

The conditions specified in the procedure for aluminated red 
phosphorus practically overcome interference from the citrate 
that is added to prevent preaipitation of aluminum.

Lead, which may be present in red phosphorus, forms a pre
cipitate. In aluminated samples to which the specified quantity 
of citrate has been added, up to 1500 p.p.m. of lead can be toler
ated.

Neither nickel nor copper interferes in proportions less than 
100 p.p.m. Larger proportions of copper cause high results.
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P r e c i s i o n - a n d  A c c u r a c y . The precision of the method was 
tested by analyzing in multiple a sample of pure red phosphorus, 
both alone and with known additions of iron. From 32 deter
minations in which the maximum deviation from the mean was 
3 p.p.m., the standard deviation of a single value was shown to be
1.2 p.p.m. of iron.

To test the precision of the method on aluminated samples, 12 
samples containing the equivalent of 30 mg. of aluminum hy
droxide as the nitrate were analyzed. The maximum deviation 
from the mean was 2.7 p.p.m., and the standard deviation was 1.6 
p.p.m. of iron. • The accuracy is believed to be as good as the 
precision. Occasional discrepancies in the analysis of less pure 
samples were shown to be due to inhomogeneity of the samples.

D E T E R M IN A T IO N  O F  C O P P E R

P r e p a r a t i o n  o f  C a l i b r a t i o n  C u r v e s . T o a series of 100- 
ml. volumetric flasks add in increments of 1 ml. from a micro- 
buret, from 0 to 12 ml. of standard cdpper solution A (1 ml. 
0.025 mg. of copper) and from 0 to 10 ml. of standard copper solu
tion B (1 ml. c= 0.005 mg. of copper). Then add to each flask 
10 ml. of 3 N  ammonium hydroxide and 10 ml. of the suspension 
of gum acacia. Dilute the mixture to about 70 ml., agitate it 
thoroughly, add 10 ml. of sodium diethyldithiocarbamate solu
tion, and make the volume up to 100 ml. Allow 15 minutes for 
color development. Read the color intensity on a photometer 
fitted with a 425-m/n (blue) filter. For the solutions prepared 
from standard copper solution A, which represent 0 to 120 p.p.m. 
of copper on the basis of a 2.5-gram sample of red phosphorus, use 
2-cm. cylindrical cells; for those prepared from standard copper 
solution B, which represent 0 to 20 p.p.m. of copper, use 5-cm. 
rectangular cells. Plot color intensity versus p.p.m. of copper.

P r o c e d u r e . Weigh a 2.50-gram sample of red phosphorus 
into a 300-ml. tall-form beaker, and add 100 ml. of nitric acid (1 +  
1). Heat the mixture gently to s ta rt the reaction, then allow the 
reaction to proceed in the cold. After the vigorous reaction sub
sides, evaporate the liquid until the evolution of brown fume 
ceases. Add 2 to 5 ml. of concentrated nitric acid to the cooled 
solution and reheat it until the evolution of brown fume ceases. 
Repeat the cycles of adding nitric acid and heating until a cycle 
fails to produce brown fume, then evaporate the liquid to a sirup. 
If the sirup is colored, heat it for a few minutes with about 0.2 
gram of potassium chlorate. Add 10 to 20 ml. of water to the 
cooled solution and reheat it to boiling to remove chlorine and 
oxides of nitrogen. If the solution is not colorless after boiling 
for 10 minutes, re-evaporate it to a sirup and repeat the potasium 
chlorate treatment.

Transfer the degassed solution to a 100-ml. volumetric flask, 
and add 2.0 ml. of citric acid solution. Add ammonia until a 
drop of the solution turns Alkacid test paper a distinct green (pH 
>  8.5). Thoroughly mix 10 ml. of the suspension of gum acacia 
with the ammoniacal solution, and dilute the mixture to 70 ml. 
Add 10 ml. of sodium diethyldithiocarbamate and sufficient water 
to make 100 ml. Measure the color intensity with the photom
eter, using 5-cm. rectangular cells for 0 to 20 p.p.m. of copper 
and 2-cm. cylindrical cells for 20 to 120 p.p.m. of copper. Deter
mine the p.p.m. of copper from the appropriate calibration curve.

F a c t o r s  A f f e c t i n g  C o l o r  D e v e l o p m e n t . The pH must be 
a t least 8.5 for proper color development. A moderate excess of 
ammonium hydroxide does not interfere with color development, 
but a large excess precipitates diammonium phosphate. Phos
phorus is without effect. The added citric acid eliminates inter
ference from aluminum and decolorizes traces of iron which might 
otherwise cause a slight positive error.

Significant errors can be introduced by a few elements that 
form precipitates or colored complexes. Nickel forms a greenish- 
yellow complex with sodium diethyldithiocarbamate. The re
moval of nickel with dimethylglyoxime, as recommended by 
Haywood and Wood (5), introduces an error of about 0.015 mg. 
of copper (6 p.p.m. on basis of a 2.5-gram sample), probably be
cause of the slight solubility of nickel dimethylglyoxime. I t  is 
recommended tha t nickel, if present, be removed with dimethyl
glyoxime and tha t a correction be made for the positive error 
introduced. Lead in amounts greater than 40 p.p.m. in the red 
phosphorus interferes by precipitation. None of the other 
known interfering elements has been detected in red phosphorus.
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P r e c i s io n  a n d  A c c u r a c y . Since red phosphorus of known 
copper content was not available for analysis, the accuracy of the 
method could not be determined. The precision of the method 
was 2 p.p.m. of copper on a sample that analyzed 33 p.p.m. .The 
precision was unaltered by the addition of sufficient standard 
copper solution to raise the copper content of the sample to 80 
p.p.m. Results reproducible within 0.2 p.p.m. have been ob
tained on samples of red phosphorus that contained less than 10  
p.p.m. of copper.
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Simplified Determination of Manganese in Caustic Soda
R A Y M O N D  F. M O R A N  a n d  A L L E N  P. M cC U E  

Control Department, Westvaco Chlorine Products Corporation, South Charleston, W. Va.

A  simple and rapid method for the determination of the,traces of 
mansanese in commercial caustic soda is described. By the use of 
visual comparison instead of photoelectric colorimetry the method 
is made more flexible for use in industrial control laboratories. The 
precision expressed as LU 2 was *0 .11  p.p.m. on a sample containing 
0.30 p.p.m. of manganese.

IN A recent article (2) Williams and Andes described two 
methods for determining the small concentrations of man

ganese usually present in commercial caustic soda. The direct 
method developed the permanganate color by oxidizing with 
periodate the manganese in 20 grams of 50% sodium hydroxide, 
the color being measured in an Eimer and Amend photoelectric 
colorimeter on the 100 ml. of solution finally obtained. The ex
traction method involved the extraction of the manganese salt 
from 100 grams of 50% sodium hydroxide by a chloroform solu
tion of 8-hydroxyquinoline, the reagent subsequently being de
stroyed and the manganese oxidized, after which the perman
ganate color was measured by the colorimeter also in 10 0  ml. of 
solution. The extraction method had an improved precision 
about in the ratio th a t would be expected from the use of a 
fivefold increase in sample size. Unfortunately this increase in 
precision, while neeesssary for some exact analyses, was obtained 
a t the expense of increased complexity and required time for the 
analyses. The direct procedure had an LUi (I) of *0.18 p.p.m. 
which could be obtained only through very careful use of a  sensi
tive photoelectric colorimeter because the developed pink colors 
were so weak.

I t  was necessary to  devise a rapid and simple method for 
manganese which could be applied in laboratories tha t did not 
possess a sensitive colorimeter. Although the colors developed 
by the direct method were weak, they were visible to the eye, 
which led to the attem pt to  adapt the method to Ncssler-tube 
comparison. After some experimentation such a method was 
developed.

S P E C IA L  A P P A R A T U S  A N D  R E A G E N T S

Phosphoric acid, 1  to I. Equal volumes of c.P. 85% ortho- 
phosphoric acid and distilled water.

Treated phosphoric acid, 1 to 10. To 1 liter of distilled water 
add 100 ml. of 85% phosphoric acid. Place in a 2-liter beaker, 
add O.S gram of potassium periodate, and boil vigorously for 20 to 
25 minutes. This boiling should reduce the volume to about 1 
liter, Cool and preserve in a very clean glass-stoppered bottle 
which has been rinsed with the reagent. Do not add water after 
boiling.

Standard manganese solution. Dissolve 0.3077 gram of man- 
ganous sulfate monohydrate in water, add 10 ml. of 85% phos
phoric acid, and dilute to 1  liter in a volumetric flask. Dilute 10

ml. of this solution to  1  liter. One milliliter of tins second solution 
contains 1  microgram of manganese.

Nessler tubes. A set of matched 12-inch 100-ml. Nessler tubes 
should be used. These tubes should have optical glass flat bot
toms and bo held in a stand having an opaque white base.

P R O C E D U R E

Weigh 20 *  1 grams of 50% sodium hydroxide (or the equiva
lent amount of other- concentrations) into a 250-ml. wide
mouthed Erlenmeyer flask and dilute with 50 ml. of water. Add 
50 ml. of 1 to 1 phosphoric acid and 0.8 gram of potassium perio
date. TIeat the solution to boiling and boil vigorously for 20  to 25 
minutes, so tha t 50 to 70 ml. remain at the end of the boiling 
period. Cool to room temperature and dilute to 100 ml. with 
treated phosphoric acid in a 100-ml. graduated cylinder. For 
comparison with knowns, transfer to a Nessler tube th a t has been 
rinsed with about 10  ml. of the treated phosphoric acid.

Simultaneously with the samples, prepare a set of standards 
by adding 4, 6 , 8 , and 10 ml. of the 1 microgram per ml. standard 
manganese solution, equivalent to 0.2, 0.3, 0.4, and 0.5 p.p.m. 
of manganese, to  a series of 250-ml. wide-mouthed Erlenmeyer 
flasks. Proceed as above, beginning with the dilution with 50 
ml. of water. Compare colors and report samples to the nearest 
0.05 p.p.m. These standards should cover the range of most 
samples of commercial liquid caustic soda but, if the sample 
color is lighter or darker, prepare additional standards.

D IS C U S S IO N

I t  was found essential to use the treated phosphoric acid for all 
dilutions to avoid fading. The very small concentrations of per
manganate present in the final solution, though easily perceptible 
to  the eye, are very sensitive to  destruction by slight traces of 
reducing matter. If the treated acid was boiled vigorously and 
all apparatus kept clean, no difficulty was encountered with fad
ing. A few time studies indicated th a t i t  was preferable to use 
the standards for one day only, however.

This method was adaptable to the analysis of large groups of 
samples, the number being limited only by the size of the hot 
plate that was used. I t  was found simple enough to be placed 
in the hands of laboratory technicians having but minimum 
amounts of training. The use of a reagent blank was not neces
sary because standards and samples were prepared with the same 
reagents.

A C C U R A C Y  A N D  P R E C IS IO N

The method was tested for precision under routine conditions 
(7) by allowing seven routine analysts, previously unacquainted 
with the method, to  make a total of 2 1  determinations on one 
sample of commercial 50% caustic soda. An average of 0.30 
p.p.m. was obtained with an LU 2 of *0.11 p.p.m. No single 
result differed from the average by more than 0.05 p.p.m. To test 
the accuracy, the same sample was carefully analyzed by the
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direct method (2) to obtain values of 0.30 and 0.33 p.p.m., and' 
by the extraction method (2) to obtain results of 0.31 and 0.33 
p.p.m. All results agreed with the average within the precision 
of the methods.

All precision criteria mentioned in this article were obtained 
by the techniques described by Moran (/). The LUi results, or 
limits of uncertainty under ideal conditions, were calculated from 
the results of ten replicate analyses made by one experienced 
chemist a t one time on one sample, the LUi being expressed as 
three standard deviations. The LUi result, or limit of uncer
tainty under routine conditions, represents three standard devia
tions derived from a larger number of analyses made by routine 
technicians a t various times on the same sample. Obviously the 
LUi test is open to more variations than the LUi test. When the 
LUi result on the currently described method was found satis
factory, no necessity for obtaining an LUi was seen.

A series of 17 consecutive tank-car shipments of 50% caustic 
soda was analyzed by both the authors’ laboratory and the labora
tory of the consignee of the shipments. The averages of the two 
series of tests were 0.33 and 0.32 p.p.m., with no result on any 
one shipment differing by more than 0.05 p.p.m.

I t  may seem somewhat surprising tha t by substituting visual 
comparison for instrument comparison an actual gain in precision 
was obtained. The limiting precision of the direct method (2) 
under the best conditions was ±0.18 p.p.m, while the present 
method had a precision of ± 0 . 1 1  p.p.m. under routine conditions. 
While the modifications introduced into the current method 
may have improved precision somewhat, it is the authors’ belief 
that the normal human eye may be superior for detecting slight 
changes in very light colors unless an exceptionably stable and 
sensitive photoelectric colorimeter is available.
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Determination of Total Beta-Carotene in Sweet Potatoes 
and Sweet Potato Products

A n  Improved M ethod

RO B ER T T. O ’C O N N O R , D O R O T H Y  C. H E IN Z E L M A N , a n d  M E R R ILL  E. JE F F E R S O N  
Southern Regional Research Laboratory, New Orleans, La.

A  new method for the routine determination of carotene in sweet 
potatoes, sweet potato products, and by-products has been evolved 
from study of the various previously proposed methods. Con
sideration of the three essential steps of carotene analysis— i.e., 
extraction, purification, and spectrophotometric measurement— led 
to the selection of ethyl alcohol as a solvent for the extraction/ of a 
dicalcium phosphate adsorption column for the purification; and 
of a synthetic hydrocarbon as a solvent for use in the spectrophoto
metric measurements.

DURING the course of analysis of a large number of samples 
incident to investigations on the methods of commercial 

extraction of carotene from sweet potatoes (24) and by-products 
of sweet potato starch manufacture (1), and on the stability of 
carotene in dehydrated sweet potatoes during storage (2), it be
came evident tha t no completely satisfactory method for the rou
tine determination of carotene in sweet potatoes and sweet po
tato products and by-products is available in the 'literature. 
Consequently, detailed examinations have been made of the three 

-essential steps in the procedure: (1 ) extraction of the carotene, 
(2) purification of the extracted carotene, and (3) spectrophoto
metric measurement of the finally purified carotene.

This communication presents the procedure finally adopted 
for the routine determination of total /3-carotene in sweet pota
toes and sweet potato products, evolved from studies and tests 
made of the various proposed changes in different steps in the 
procedure which have appeared in the literature. Though the 
procedure-is especially adapted to sweet potatoes and sweet po
tato products, the section dealing with spectrophotometric meas
urement should be satisfactory for the evaluation of total /S- 
carotene extracted and purified from other natural products. 
I t  is recognized tha t a variety of extraction and purification pro-

ccdures are required for satisfactorily analyzing different prod
ucts for /3-carotene. ‘ However, the basic observations outlined 
regarding extraction and purification are equally applicable to 
the analysis of any material for carotene.

A N A L Y T I C A L  P R O C E D U R E

Weigh into 250-ml. ground-glass-stoppered Erlenmeyer flasks
0.5 to 5.0 grams of the finely divided sweet potato or sweet potato 
product. A food chopper provides a convenient method for grind
ing the sample. A portion of the ground sample from the chopper 
should be retained for moisture determination. The sample size 
will, of course, depend upon the’ expected carotene content. The 
final solution should contain approximately 2  mg. of carotene per 
liter for measurement through a 1-cm. coll. For fresh sweet 
potatoes a 5-gram sample, for dehydrated sweet potatoes a 2.5- 
gram sample, and for the high carotene-containing coagulum 
described elsewhere (/) a 0.5-gram sample will be satisfactory. 
If the sample is dehydrated, reconstitution by boiling in the 
Erlenmeyer flask for 30 minutes with about 40 ml. of water should 
precede the extraction.

Add 100 ml. of cold 95% ethyl alcohol to the Erlenmeyer flask 
and extract the carotene by shaking with a mechanical shaker for 
30 minutes. Filter the extract through a sintered-glass funnel, 
using vacuum. Use 90% methyl alcohol followed by a small 
quantity of iso-octane to effect the transfer from the flask to  the 
funnel. Wash the solid material on the sintered-glass funnel with 
small portions of the same two solvents. Transfer the filtrate 
quantitatively to a separatory funnel.

Grind in a  mortar to a fine powder the solid material remaining 
on the sintered-glass funnel and re-extract as before with ethyl 
alcohol. Continue the extraction until a colorless extract is ob
tained and the residue is snow-white. Usually, a second extrac
tion is sufficient for a fresh sweet potato. For a dehydrated 
sample a third extraction may be required, while a very high- 
carotene coagulum may require additional extractions.

Add 100 ml. of water and 2 to 3 grams of sodium chloride to the 
separatory funnel containing the combined extracts. Shake, and 
when the two phases have separated, transfer the alcohol-water 
layer to a second separatory funnel. Extract this solution with
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Table I. Comparison of A lcoholic Potassium Hydroxide Refluxing 
and Cold A lcohol Shaking Methods for Extraction of Carotene

C arotene C on ten t, C arotene C on ten t,
A lcoh olic  P otass iu m  C old A lcohol

Sjuraple N o . . H yd rox id e R eflu x in g  Shak ing
M o ./kg . M g./kg.

1 1 1 0 .0  1 2 5 .0
2 1 1 0 .5  1 2 7 .5
3 3 2 .8  3 0 .0
4 14 2 .1  1 0 4 .7
5  1 5 9 .0  1 9 8 .0
0 9 1 .5  1 1 5 .0
7  9 S .8  1 1 2 .5

a 25- to 30-ml. portion of iso-octane, adding the iso-octane layer 
to the first separatory funnel. Continue this partition with 
fresh portions of iso-octane until the iso-octane remains colorless, 
combining these extracts in the first separatory funnel.

Filter the iso-octane solution through anhydrous sodium sul
fate and then pour the entire solution, or an aliquot thereof, 
through an adsorption column of dicalcium phosphate and Dyno, 
previously prepared by the methods described by Moore (14). 
Collect the filtrate from the column in a volumetric flask. Wash 
the column with iso-octane and dilute the filtrate to a volume con
taining approximately 2  mg. per liter for measurement through 1 - 
cm. cells. Use correspondingly more dilute solutions if longer- 
cells are used. Measure the optical density of this solution in a 
spectrophotometer a t 450 and 476 m i. Calculate the carotene 
content of the sample from the equations:

_ , optical density a t 450 m i 1,000,000Carotene, mg. per kg. = — -------------  X ------ ^ -----

_ . optical density at 476 m>i 1,000,000
Carotene, mg. per kg. = -------------------   x   d -----

where c is the concentration of the sample in the final aliquot 
measured, expressed in grams per liter, and I is the length, in cen
timeters, of the absorption cell used for the measurements. 
Report the average of the two calculations, which should not 
vary by more than 0.2 to 0.3%, as the carotene content of the 
sample.

E X T R A C T IO N  O F  C A R O T E N E

A complete extraction of the unchanged carotene must be ef
fected for a satisfactory determination of carotene in the sweet 
potato. The hot alcoholic potash extraction procedure of Peter
son, Hughes, and Freeman {IS), based on the earlier work of 
W illstatter and Stoll {26) and of Guilbert (<?), has probably been 
the basis for the most commonly used procedure. I t  has been 
shown by Lease and Mitchell {1 1 ) and confirmed by Fraps, 
Meinke, and Kcmmercr {5) that in the saponification step the 
alcoholic potash reacts with the sWeet potato substance, yielding 
a resinous material from which the carotene can be extracted only 
with difficulty, and then never completely. I t  is well known tha t 
carotene is isomerized by alkalies. Carter and Gillam (S) and 
Zechmeister and Tuzson {29) have shown clearly tha t heating 
solutions containing carotenes will also cause considerable isom
erization. I t is, therefore,' essential for a satisfactory deter
mination of carotene in the sweet potato that a complete e x - ' 
traction of the unchanged carotene be carried out without sa
ponification and without heating. Of various solvents tested for 
their relative efficiency in the extraction of carotene in the cold, 
ethyl alcohol (95%) proved the most satisfactory. This is the 
solvent used by Lease and Mitchell {11 ) and recently recom
mended by the Association of Official Agricultural Chemists in 
proposed changes to make their method for crude carotene in 
dried hays applicable to sweet potatoes {10). To permit simul- 

' taneous extraction of from 6 to 1 2  samples, a mechanical shaker was
preferable to Waring Blendors. In the procedure recommended 
the solution from the last extraction should be colorless and the 
residues should be snow-white. (In the extraction of carotene 
from sweet potato material by saponification methods a white 
residue cannot be obtained.) Any chlorophyll retained in the 
solution will be removed in the purification step. Values for

Carotene obtained from the same samples by the saponification 
and by' the cold alcohol extractions are compared in Table I. 
The purification and method of final evaluation W'ere identical.

P U R IF IC A T IO N  O F  E X T R A C T E D  C A R O T E N E

The two general methods by w'hich the iso-octane solution may 
be purified by removal of other carotenes, carotenoid pigments, 
and chlorophyll are phasic and chromatographic separations. 
Independent experiments described by many workers have 
shown clearly th a t phasic separations are not quantitative {Ą, 13). 
The use of chromatographic techniques has been studied by 
many and summarized by Zechmeister {27) and by Zechmeister 
and Cholnoky {28). Complete chromatographic analysis in
volving the separation of the various isomers is not practical for 
routine analytical procedures {16). I t  is preferable that the ad
sorbent retain noncarotene impurities and permit the carotene 
in solution to pass through the column, completely purified and 
ready for final speetrophotometric measurement. This require
ment is met in the so-called liquid chromatographic column tech
nique of Zechmeister {27). Study of many adsorbents led to 
the selection of dicalcium phosphate, recommended by Moore 
{18). For reasons given below', petroleum ether solvents or the 
so-called “pure” hexanes and heptanes obtained from them, w'ere 
considered unsatisfactory for the speetrophotometric measure
ments, and purified 2,2,4-trimethylpentane, or iso-octane, was 
selected.

In purifying the carotene solution by use of the dicalcium phos
phate column, the chlorophyll, if present, is adsorbed as a green 
band near the top of the column, the various noncarotene carot- 
enoids appear as poorly defined bands throughout the middle 
of the column, and the purified carotene passes through the 
column. Table I I  compares values for /3-carotene from the same 
samples when the purification w'as made by the phasic separation 
and when it wras made by chromatographic adsorption. The 
methods of extraction and final measurement of the purified 
solutions w'ere identical.

WAVE: LEN G TH  (mp)

Figure 1. Molecular Extinction Curve of Pure /3-Carotene in 
Carbon Disulfide

O  0-Carotene prepared and measured In the Southern Regional Research 
Laboratory

#  0-Carotene prepared and measured by  Smith (2 3 )

i
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W A V E  L E N G T H  (nnp)

Figure 2. Molecular Extinction Curve of Pure a-Carotene in’ 
Carbon Disulfide

O  a-Carotcne prepared and measured in the Southern Regional Research 
Laboratory

%  a-Carotene prepared and measured by Smith (2 3 )

Table II. Comparison of Phasic Separation and Chromatographic 
Column Methods of Purification of Extracted Carotene Samples

S am ple N o .
C aroten e C on ten t, 
P h asic  Separation  

Mg../kg.

1 7 6 .7
4 6 .3
2 0 .5
50.0
6 5 .0

4 5 0 .0
9 5 0 .0

C aroten e C o n ten t, 
C hrom atographic  

Pu rification  
M g ./kg.

1 6 0 .0
3 6 .3
1 5 .5
4 0 .0
5 3 .8

4 3 5 .0
9 0 0 .0

S P E C T R O P H O T O M E T R IC  M E A S U R E M E N T  O F  P U R IF IE D  C A R O T E N E

Speetrophotometric methods, when properly used for, the quan
titative evaluation of the concentration of a substance in solu
tion, are more sensitive, more precise, and more accurate than 
visual or photoelectric methods. In using speetrophotometric 
methods, certain precautions must be observed rigidly. The 
spectrophotometer must provide adequate spectral isolation and 
be capable of permitting reproducible and accurate measurements 
of extinction coefficients. The solutions must be purified of sub
stances having interfering absorption. The solvent selected and 
jused must be reproducible in purity and composition. The ex
tinction coefficients, a t appropriately selected wave-length posi
tions of characteristic adsorption, must be carefully determined 
from the most highly purified standards obtainable.

C a l i b r a t i o n  o f  S p e c t r o p h o t o m e t e r . The Cenco-Sheard 
spectrophotelometer used in these investigations was equipped 
with an aluminum replica grating to provide a smooth over-all 
response. The wave-length drum readings were calibrated by 
visual observation of the atomic lines from an A-H-4 mercury 
vapor lamp, and adjustments made in the positioning of the grat-. 
ing until agreement between the drum readings and true wave 
length of the mercuiy lines averaged within 0.3 to 0.4 m Fur
ther checks which assured satisfactory performance of the instru
ment included a comparison of the absorption curve of an equi- 
molecular mixture of potassium chromate and cupric sulfate 
pentahydrate, the solution proposed by Weigert (25) for calibra-

tion of spectrophotometers, with the curves obtained by W eigert. 
(25) and by Smith (23) and a comparison of the transmission 
curve of a Corning didymium filter glass, CG No. 512, a t a con
stant effective slit width of 5 m u , with the transmission curve of 
the identical glass obtained from a General Electric recording 
spectrophotometer a t the National Bureau of Standards.

Test of linearity of over-all response was made by plotting 
brightness measurements in foot-candles, as obtained by use of a 
small spot photometer, against intensities as read from the gal
vanometer of the spectrophotometer. Test for constancy of the 
intensity ratios was made by measuring the initial intensity and 
the transm itted intensity of a neutral glass filter over a series of 
varying original intensity levels. Both tests show tha t the re
sponse of the instrument is strictly linear and reliable only when 
galvanometer deflections are more than 2 cm. Consequently, 
in all studies reported in this paper the carotene samples were di
luted until suitably large deflections for accurate measurement 
w'ere obtained. A suitable concentration is about 2 mg. per liter, 
when 1 -cm. absorption cells are used.

P u r i f i c a t i o n  o f  S o l v e n t s . The hydrocarbon and petro
leum ether solvents were purified by adsorbent methods employ
ing chromatographic columns of silica gel as described by Graff, 
O’Connor, and Skau (6). The carbon disulfide was purified by 
the methods described by O bach(I7) and by Sameshima (20).

P u r i f i c a t i o n  o f  C r y s t a l l i n e  C a r o t e n e . The pure a- and 
d-carotenes obtained from the S.M.A. Corporation were repuri
fied by repeatedly subjecting petroleum ether solutions to chro
matographic purification through aluminum oxide columns, re- 
crystallizing from 95% ethyl alcohol and dioxane, and carefully 
drying over phosphorus pentoxide. These procedures were con
tinued until no increase in the magnitude of the absorption co
efficients was observed and the measured values agreed with 
those reported in the literature. The finally purified carotenes 
gave single-banded adsorption on alumina columns and no ad
sorption on dicalcium phosphate columns.

In Figure 1 the logarithm of the molecular extinction coefficient 
(extinction coefficient times molecular weight, or logarithm 
2?lc°m.r) is plotted against the wave length in millimicrons. This 
figure show's the excellent agreement between the data for the (3- 
carotene purified in this manner and those obtained by Smith 
(23). Figure 2 shows similar agreement for «-carotene, which 
was purified in an identical manner.

S o l v e n t  E f f e c t s . The widely used procedure of Peterson, 
Hughes, and Freeman (18) employs a spectrophotometer for 
the final measurement of the carotene solution. Optical density 
measurements are made a t 450, 470, and 480 nn/i. Through the 
use of recommended extinction coefficients given in Table I II  
for a choice of three solvents, these absorption measurements are 
converted into concentration of carotene by use of the Beer- 
Lambert law'. I t  has been observed by others (10, 15) th a t this 
method does not yield reproducible results, particularly when 
studied in collaborative work. The same value for the carotene 
content is not obtained when measurements are made at the 
specified wave lengths, with the specified solvents. With care
fully purified carotenes the extinction coefficients are consider
ably different from those recommended. Speetrophotometric 
curves of the purified carotene in any of the recommended sol
vents (Table III) show no apparent reason for the selection of the 
particular w'ave lengths for measurement of the concentration. 
I t is reasonable to postulate, and will be proved by experiments, 
that these discrepancies are due primarily to a shift in character
istic absorption occasioned by differences in solvents actually 1 
used and not due to instrumentation errors nor to impurities.

Table III. Extinction Coefficients for /3-Carotene (78)

W ave L en gth

4500
4550
4700
4800

80%  E th y l E th er  
20%  E th y l A lcohol 

M iller {12)

247
243
210
221

P etro leu m  E th er  
(B .p . 4 0 -6 0 °  C .), 

S eib ert“

243 ’
231
207
212

S k e lly so lv e  B  
(B .p . 6 0 -7 0 °  C .), 

A u th ors6
238
227
200
212

° C oefficients o b ta in ed  from  H . F . S eib ert, S .M .A . C orporation , C leve lan d , 
O hio, an d  checked  b y  au thors.

6 S k e lly so lve  B , a sp ecia l com m ercia l grade of petroleu m  eth er , can  be 
su ccessfu lly  su b stitu ted  for petroleu m  eth er  (b .p . 40° to  60 °  C .) in th e  
m odified m eth od  d escribed.
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These discrepancies are not due to instrument performance or 
calibration, as they are observed after tests described above have 
shown the performance of the spectrophotometer used to be sat
isfactory.

The influence of impurities in the extracted carotene in causing 
the shift of wave-length positions of characteristic absorption 
can be shown to be insignificantly small. The extracted caro
tene purified by the adsorption method described and by the 
phasic separation and the crystalline /3-carotene repurified by 
the exhaustive process outlined, all contain varying amounts of 
impurities. The crystalline /3-carotene is probably very pure 
(compare Figure 1). The extracted carotene purified by ad
sorption contains only isomers of /3-carotene, while tha t purified 
by phasic separation undoubtedly contains other noncarotene 
carotcnoids as well. When these three preparations are dis
solved in either of the hyrocarbon solvents recommended by 
Peterson, Hughes, and Freeman (IS) identical absorption curves, 
as regards the wave-length position of characteristic absorption, 
are obtained. When they are dissolved in the second hydrocar
bon solvent again identical absorption curves are obtained, which 
differ, however, considerably from the first set of curves. The 
fact tha t the three preparations give identical curves in the same 
solvent shows tha t impurities are not responsible for the shift of 
characteristic absorption. The fact th a t different curves are 
obtained in the two hydrocarbon solvents is indicative of a solvent 
effect. Furthermore, the repurified carotene in the hydrocarbon 
solvent docs not give a curve which agrees with tha t given by 
Peterson, Hughes, and Payne (19). However, the same caro
tene in carbon disulfide gives a curve which agrees exactly with 
the one observed by Smith (33). This is again an indication of 
solvent effect.

Moore (13) has shown that, by careful chromatographic sepa
ration on dicalcium phosphate columns, a number of unnamed 
noncarotene carotcnoids can be removed from the /3-carotene 
extracted by the phasic separation. These experiments have 
been confirmed here. As these impurities resemble a-carotene 
in absorption properties, the contamination of pure /3-carotene 
with a-carotene should approximate, qualitatively a t least, the 
effect produced by impurities. Hence, to samples of the purified 
/3-carotene, various amounts of a-carotene were added. Table 
IV shows the effects of a-carotene upon the absorption of /8-caro
tene. The. maximum difference in the wave-length position of 
maxima and minima of the two pure pigments is about 5 m/a. 
The 50% alpha-50%  beta mixture is found to have absorption 
maxima and minimum about midway between the corresponding 
points of the pure components, about 2 to 3 ma from either, 
while 25% of alpha changed the absorption position of the pure 
/3-carotene by only a little over 1 m/a. Consequently, the effect 
of less than 25% a-carotene or alpha-like absorbing impurities in 
/3-carotene would be to produce a shift in the absorption spectra 
of the latter by an amount undetectable with the usual photo
electric spectrophotometer. But the difference in absorption 
positions between the petroleum ether solution of carotene pre
pared in this laboratory and tha t apparently used as a basis for 
obtaining the extinction coefficients in this solvent is about 5 mp. 
The magnitude of the shift cannot be accounted for by contam
ination of the extracted /3-carotene by small amounts of alpha
like absorbing carotenes and non carotene carotenoid impurities.

Table IV . Effect of a-Carotene upon the Wave-Length Position of 
the Absorption of (3-Carotene in Iso-octane Solution

C aroten e M ixture
% B eta % A lpha

m/x
M axim a

m u
M inim um

m u

100 0 450 476 465
90 10 449 475 465
75 25 44S 474 464
50 50 447 474 462
25 75 446 473 462

0 ¿00 444 473 460

I t  must be recognized tha t petroleum ethers are actually mix
tures of straight-chain, iso, and cyclic hydrocarbons and, al
though prepared under rigidly specified procedures, may vary 
greatly in performance as spectropliotometric solvents. Gris
wold and co-workers (7) have shown the impossibility of prepar
ing a truly pure hydrocarbon from such mixtures.

The importance of solvent in the study of the spectral absorp
tion of carotcnoids has been emphasized by others. Carter and 
Gillam (3) showed the wide spectral range over which the -posi
tions of maximum absorption shift with the use of different frac
tions of petroleum ether. Zscheile et al. (SO) report inability to 
obtain reproducible results with petroleum ether fractions dis
tilling over a range of 20 0 C.

In the present investigations a commercial petroleum ether 
(Skellysolve F) was subjected to a careful fractionation and the 
absorption of the repurified a- and /3-carotenes was measured in 
each fraction. The wave-length positions of maxima and mini
mum, tabulated in Table V, show tha t a maximum shift of wave
length positions -of 6 m/u occurred between the first and fifth 
fractions. The variations in the composition of the hydro
carbon mixtures produced a shift in the absorption spectra of the 
carotenes, so tha t the extinction values a t specified wave lengths 
are greatly affected. Particularly when measurements for the 
determination of to tal carotene are made a t positions other than 
across the rather broad maxima, such as at the points of inter
section of the alpha and beta absorption curves, which may occur 
on rather steep portions of the curves, a shift in the position of 
the absorption will produce a considerable error in the quantita
tive measurement. For example, from an absorption curve 
for /3-carotene in a  petroleum ether fraction, the extinction co
efficient a t 485 him is 160, a t 480 m/x it is 204, while a t 490 ma it 
is only 120. Hence, any change in the character of the solvent, 
such as a use of a different petroleum ether fraction which will 
produce a shift in the bands as much as 5 m/x, can affect the value 
of the extinction coefficient at the predescribed wave-length po
sition to the extent tha t quantitative measurement is meaning
less. Fractions which introduce smaller wave-length changes 
still introduce serious error in any quantitative determination.

Table V .  Wave-Length Positions of Maxima and Minimum of 
Absorption of Carotenes in Petroleum Ether and Petroleum Ether 

Fractions
P etro leu m  E th ers and ô-C aroten e a-C aro ten e

B o ilin g  R anges M axim a M inim um M axim a M inim um
m/x m/x m/x m/x

S kellv8olve F , A .S .T .M ., 448 464 444 458
3 0 ° -6 0 °  C. 474 470

F raction  3 0 ° -3 5 °  C. 446 462 442 456
472 469

F raction  3 5 ° -4 0 °  C. 447 464 444 458
474 470

F raction  4 0 ° -5 5 °  C. 450 465 445 459
475 471

F raction  5 5 ° -6 0 °  C. 452 466 446 460
476 472

S k e lly so lve  B , A .S .T .M ., 450 466 445 459
6 0 ° -7 0 °  C. 476 472

To illustrate the effect of the use of varying solvents upon the 
determined value of the carotene concentration, a sample of the 
very carefully purified and dried /3-carotene was divided into 
numerous portions and dissolved in the petroleum ethers, Skelly- 
solves, fractions from Skellysolve F, and other solvents for which 
extinction coefficients for /3-carotene are available. For compari
son, extinction coefficients in iso-octane (recommended later) were 
included. The concentration of the /3-carotene in each solution 
was then determined. The results are tabulated in Table VI. 
"Use of the petroleum ether solvents and the corresponding co
efficients results in an error of approximately 5 to 6 % of the caro
tene content. From the data obtained for the five fractions of 
Skellysolve F, with the use of the petroleum ether coefficients for 
Skellysolve F, it will be noted th a t the value for the 35° to 40° C
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Table V I. Influence of Solvent on the Spectrophotometric Estimation of /3-Carotene
M easured  C aroten e C on ten t

Source
E xtin ction
C oefficient

£ k./1.
^ 1  cm .

A B C

W ave
length

E x tin c
tion  coef

fic ien t
C aro
tene

W ave
len g th

E x tin c
tion  coef

fic ien t
C aro
tene

W ave
len g th

E x tin c
tion  coef

fic ien t
C aro
ten e

A verage
carotene

W eighed
C aroten e
C o n ten t

D is -
crepanc

m u M g ./ i . m /i M g ./ l . m u M g ./l . M g ./ l . M g ./ l . %

P etro leu m  E th ers and T h eir  F raction s w ith  A.O.AJU... C oefficients

(18)
(18)
(18)
(18)
(IS )
(18)

450
450
450
450
450
450

243
243
243
243
243
238

1 .3 8  
1 .5 4  
1 .3 4
1 .3 9  
1 .4 8  
1 .5 3

.4 7 0  
470  • 
470  
470  
470  
470

207
207
207
207
207
200

1 .4 3  
1 .6 5
1 .4 0
1 .4 0  
1 .51  
1 .5 6

480
480
480
480
480
480

212 
212 
212  
212 
212 

.  212

1 .2 9  
1 .4 5  
1 .2 7  
1 .3 7
1 .43
1 .4 3

1 .3 7
1 .5 5
1 .3 4
1 .3 9
1 .4 7
1 .51

1 .4 3
1 .61
1 .3 6
1 .51
1 .6 0
1 .6 0

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

(18) 450 238 1 .6 1 470 200 1 .6 4 480 212 1 .5 6 1 .6 0 1 .7 0 5 .9

O ther S o lv en ts  w ith  E x tin ctio n  C oefficients from  th e  L iterature

T h is  paper  
(23)

450
484

245
•196

1 .9 9
2 .0 3

476
513

219
174

2 .0 0
2 .0 3

1 .9 9 5
2 .0 3 0

1 .9 9 4  
2 .0 3 4

0 .0
0 .2

(21)
(30)
(22)

447
450
455

245
258
240

1 .8 5
1 .4 0
1 .3 4

465
466  
480

200
206
210

1 .9 2
1 .4 6
1 .3 6

475
478

211
228

1 .9 6
1 .41

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

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

0 .6
2 .7
2 .2

S o lven t

S k e lly so lv e  F , A .S .T .M .,  
3 0 -0 0 °  C.

F raction  3 0 -3 5 °  C. 
F raction  3 5 -4 0 °  C. 
Fraction  4 0 -5 5 °  C. 
F raction  5 5 -6 0 °  C. 
F raction  5 5 -0 0 °  C. 

S k ellv so lve  B , A .S .T .M .,  
0 0 -7 0 °  C.

iso -o ctn n c°
C arbon disulfide*»
P etroleum  eth er , b .p . 4 0 -  

55° C .n 
Hexane**
Heptane®

a R oh m  & H aas, b .p . 9 8 -9 9 °  C. Purified  b y  ad sorb en t m ethod  (6).
*> Purified  b y  ch em ica l m eth od s (17 , 20 ).
c Prepared b y  fraction ation  from  S k e lly so lve  F . Purified  b y  ad sorb en t m ethod  (6). 
à E astm an  K od ak  C o. sy n th e tic , b .p . (58-09° C. Purified  b y  ad sorbent m ethod  (d).
« E astm an  K odak  C o. sy n th e tic , b .p . 9 8 -9 8 .5 °  C . Purified  b y  ad sorb en t m eth od  (6).

fraction is in rather good agreement with the correct concentra
tion. The lower boiling fraction shows a somewhat poorer 
agreement. With the higher boiling fractions agreement is very 
poor. Better values are obtained from the 55 ° to GO 0 C. fraction 
of Skellysolve F  when the coefficients for Skellysolve B are used.

When the pure /3-carotene is analyzed from solutions in iso
octane with the coefficients recommended in Table VII, in carbon 
disulfide with coefficients from Smith (S3), and in a petroleum 
ether fraction from coefficients furnished by Seibert (31), very

W * V E  l e n g t h  (m p )

Figure 3. Molecular Extinction Curves of Pure 
a- and Pure /3-Carotenes in 2,2,4-Trimethylpen- 

tane (Iso-octane)
#  a-Carotenc A  /3-Carotene

good agreement with the true concentrations is obtained. Use of 
Eastman Kodak Company synthetic hexane and heptane with 
coefficients from Zscheile (SO) and Shrewsbury (22), respectively, 
yields carotene values somewhat too low. The hexane used by 
Zscheile (30) was obtained from petroleum ether and boils from 
65° to 67° C. The maxima of /3-carotene in this solvent were 
reported at 450 and 478 m/i. The hexane used in this laboratory 
is a synthetic prodhct boiling from 6 8 ° to 69° C. arid the /3-earo- 
tene maxima were observed a t 448 and 476 mt±. The heptane used 
here was also a synthetic product, boiling from 98° to 98.5° C., 
and the maxima for /3-carotene were found a t 453 and 478 mu. 
Shrewsbury (22) does not describe his heptane but reports ab
sorption maxima a t 455 and 480 m/i. Consequently, the 2  to 
3% discrepancies between the determined values of the /3-caro
tene concentration and true values in these two solvents may 
be due to slight solvent effects.

The conclusion which can be obtained from the data  given in 
Table VI is th a t very accurate determination of carotene, by use 
of spectrophotometric measurements and published extinction 
coefficients can be obtained only if an exact description of the 
solvent in which they were measured is given and if th a t identical 
solvent is used.

I m p r o v e d  P r o c e d u r e .  To.provide a method for the final 
determination of carotene by spectrophotometric measurement 
of the absorption of a prepared solution of the sample, arid cal
culation of the concentration, by the use of Beer’s law, from co
efficients provided, a solvent which can be duplicated exactly in 
other laboratories must be selected. Petroleum ether fractions 
cannot be used with satisfaction. Griswold and his co-workers
(7) have shown the presence of a large number of compounds in 
the petroleum ether fractions commonly used, and the impossi
bility of obtaining pure straight-chain hydrocarbons by fractiona
tion. Commercially pure hexane and heptane have been sug
gested as solvents in the analysis for carotene (22, 30), but these 
are recognized as mixtures.

Iso-octane (2,2,4-trimethylpentane), the synthetic hydrocarbon 
introduced as a solvent in spectrophotometry by Hogness and 
co-workers (9) because of its ease of purification, was selected. 
This solvent can be obtained in a  very pure state, is readily avail
able, and its cost is not excessive. In Figure 3 the spectral ab
sorption curves of the pure a- and /3-carotenes in iso-octane are 
compared. Table VII is a tabulation of data from the absorption 
curves of the two carotenes in iso-octane solution. For the de
termination of /3-carotene in a solution free from all interfering 
carotenoids, as prepared by the methods described earlier, meas



urements a t 450 and 476 him, peaks of the /3-carotene bands, and 
use of the corresponding extinction coefficients, 245 and 219, 
respectively, permit a  very accurate determination.

The method described has been used for the analyses of hun
dreds of samples of fresh and dehydrated sweet potatoes arid of 
various sweet potato products. Table V III shows representative 
results over the wide range of concentrations encountered in the 
analyses of these materials. The analysis of a carefully purified 
carotene by the complete method has been included in Table VI. 
After the spcctrophotometric measurements have been com-
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Table V II. Extinction Coefficients for Determining Carotenes in 
2,2,4-Trimethylpentane (Iso-octane)

E x tin ctio n  
W ave C oefficien t 

C arotene L en gth  cm  A bsorp tion

mu

I. P u re a -caro ten e 444 252 . M axim um
473 234 M axim um  

II. Pure (3-carotcne 450  245 M axim um
476 219 M axim um

I II . T o ta l (crude) caroten e 449 242 E q u a lity
465 202 E q u a lity
477  218  E q u a lity

IV . /3-C arotenc in  th e  p resen ce of 460  A lp ha  182 M axim um
alp h a or a lp h a-lik e  ab sorb- B e ta  214  D ifference  
m g im p u rities 486 A lpha 110 M axim um

B eta  176 D ifference

Table V III. Analyses of Sweet Potatoes and Various Sweet Potato
Products by Proposed Method

C aroten e C on ten t
S am ple N o . and D eterm in a - D eterm ina-.

D escrip tion tion  A tio n  B A verage
M g./kg. M y./k g . M g ./k g .

Fresh  sw eet p o ta to
1 4 9 .0 5 0 .0 4 9 .5
o 3 7 .5 3 9 .5 3 8 .5
3 5 1 .0 5 1 .0 5 1 .0
4 4 5 .0 4 5 .0 4 5 .0
5 4 5 .0 4 5 .6 4 5 .3 ’

S w eet p o ta to  dried
1 1 6 4 .0 1 6 4 .0 1 6 4 .0
2 1 3 5 .0 1 3 8 .0 1 3 6 .5
3 1 4 5 .0 1 4 7 .0 1 4 6 .0
4 1 5 3 .0 1 5 2 .0 1 5 2 .5
5 1 6 1 .0 1 6 4 .0 1 6 2 .5

D eh yd ra ted  sw e e t p o ta to  (im m ed i .
a te ly  a fter d eh ydration )

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

D eh yd ra ted  sw e e t p o ta to  (a fter 30
d a y s ’ storage under air)

1 1 0 8 .0 1 1 0 .0 1 0 9 .0
2 1 0 7 .0 1 1 1 .0 ‘ 1 0 9 .0
3 1 3 0 .0 1 2 7 .0 1 2 8 .5
4 •1 1 8 .0 1 1 8 .0 1 1 8 .0
5 9 9 .0 1 0 0 .0 9 9 .5

D eh yd ra ted  sw e et p o ta to  (a fter  30
d a y s ’ storage under COi)

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

S w eet p o ta to  coagu lu m  from  starch
p la n t w aste  w ater (1)

1 7 3 0 .0 7 3 0 .0 7 3 0 .0
2 11 1 0 .0 11 1 0 .0 11 1 0 .0
3 5 9 0 .0 GOO. 0 5 9 5 .0
4 4 5 0 .0 4 3 5 .0 4 4 2 .5
5 8 8 8 .0 8 8 8 .0 8 8 8 .0

S w eet p o ta to  starch
I o :6 0 .4 0 .5
2 2 .4 2 .2 2 .3

S w eet p o ta to  pulp  dried  (after re
m ov a l of starch  and pectin )

1 3 2 .0 3 0 .2 3 1 .1
2 2 2 .5 2 2 .5 2 2 .5
3 3 6 .7 4 3 .3 4 0 .0
4 5 0 .8 5 0 .S 5 0 .8
5 2 6 .2 3 0 .0 2 8 .1

R esid ue from  sw e e t p o ta to  starch
p la n t w aste  a fter  rem oval of
coagu lu m

î 1 3 .3  1 0 .8  1 2 .0
S w eet p o ta to  p u lp  residue

1 4 0 .0  5 0 .0  4 9 .5
2 8 7 .5  8 7 .5  8 7 .5
3 8 5 .0  8 5 .0  8 5 .0
4 5 0 .8  5 0 .8  5 0 .8
5 • 9 0 .0  1 0 0 .0  9 5 .0

pleted, the carotene solutions are collected for recovery of the 
iso-octane by fractionation and chromatographic purification 
(5). In this manner the same supply of the solvent is used again 
and again and the final cost of the solvent is even less than when 
petroleum ether fractions, which cannot be recovered in this 
manner without considerable change in character, are used.
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S U M M A R Y

The three essential steps in the analysis for carotene—extraction, 
purification, and spectrophotometric measurement—have 'been 
studied in detail and from these studies a modified method has 
been proposed for the analysis of total /3-carotene in sweet pota
toes and sweet potato products.

I t  has been shown th a t the inconsistencies noted in the use of 
published extinction coefficients for carotene in petroleum ether 
fractions cannot be due solely to the presence of noncarotene im
purities in the solutions and that they are due to the variable 
character of these mixed solvents. The easily purified solvent 
previously introduced into spectrophotometry, iso-octane (2,2,4- 
trimethylpentane), has been proposed for use in carotene analysis, 
and extinction coefficients in this solvent have been furnished.

Use of the proposed method has been illustrated by representa
tive results in the analysis of various fresh and dehydrated sweet 
potatoes and sweet potato products.
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Study of M illin Technique for Determination of Carbon and 
Hydrogen in Coal

R. J. G R A C E  A N D  A .  W. G A U G E R , Mineral Industries Experiment Station, The Pennsylvania State College, State College, Pa.

The M illin technique for determination of carbon and hydrogen in 
coal has been studied. The procedures have been controlled by 
analysis of pure organic compounds and the technique has been 
found satisfactory for many other substances that are amenable to 
analysis by combustion.

THE purpose of the work described in this paper has been to 
verify a new rapid technique first described by Millin (3) 
for the macrodetermination of carbon and hydrogen in coal. 

The procedures used have been controlled by the analysis of pure 
organic compounds, and the technique developed has been found 
to give satisfactory results for many other substances which are 
amenable to analysis by combustion.

Analysis for carbon and hydrogen content of coal requires from 
1 to 2 hours by the standard A.S.T.M. method (D-271-44). With 
the Millin procedure results for bituminous coal and anthracite 
are available in 25 and 45 minutes, respectively. The essential 
differences between the method described by Millin and that 
recommended by the A.S.T.M. are in the rate of oxygen flow, 
100 ml. per minute in the former and 3 bubbles per second in the 
latter, and the substitution of silver turnings for a portion of the 
copper oxide in the combustion tube. The now procedure has 
been adapted for use with standard equipment and requires only 
the slight modification, noted above, from standard practice in 
charging the combustion tube.

A P P A R A T U S

A general view of the apparatus used is shown in Figure 1; 
parts indicated by numbers are:

1. Needle valve and gage on supply tank of oxygen
2. Flowmeter
3. Preheating furnace filled with copper oxide wire, operating 

temperature 850° C.
• 4. Anhydrone tube for absorption of water vapor

5. Ascarite tube for absorption of carbon dioxide
6 . Anhydrone-phosphorus pentoxide tube for final elimination 

of water vapor
7. Movable heating unit, about 13 cm. long, which serves to 

heat the inlet of the combustion tube and the boat containing the 
substance being analyzed, operating temperature 850 0 to 900 ° C.

8 . Transparent section of combustion tube, 10 cm. in length
9. Movable heating unit, 33 cm. in length, used to heat the 

copper oxide wire and silver turnings, operating temperature 
850° C.

10. Stationary furnace, 23 cm. in length, used for heating the 
lead chromnte section, operating temperature 600 ° C.

11. Spun copper sliield
1 2 . Nesbitt bulb filled with Anhydrone
13. Nesbitt bulb filled with Ascarite
The fused quartz combustion tube used in this work (Figure 2) 

was made to specifications by the Amersil Company, Inc., Chest
nut Avenue, Hillside, N. J. Its  most convenient feature is the 
10-cm. clear section 25 cm. from the charging end, which allows 
the operator to observe the combustion of the sample during the 
whole course of the determination. The reagents in the tube are 
separated in the usual manner by copper screen plugs. The mov
able copper oxide spiral a t the entrance end is also fashioned from 
copper screening. The silver used is in the form of turnings 
tamped tightly together.

The spun copper shield over the exit end of the combustion tube 
serves to conduct heat from the furnace to the projecting end of 
the tube, thereby eliminating condensation of water vapor.

■The Nesbitt bulbs used hold about 75 grams of 8  X 20 mesh 
Ascarite and are usable for a t least 10 runs, thus allowing ample 
excess of reagents to  ensure complete absorption of the carbon 
dioxide.

Figure 2 illustrates the positions and lengths of packing ma
terials used.

P R O C E D U R E

With the furnaces at their operating temperatures the com
bustion train is tested in the usual manner until blanks indicate 
the apparatus is in a satisfactory condition. A gain of not more 
than 0.5 mg. in either absorption tube is considered satisfactory. 
Newly prepared tubes are conditioned by burning a small sample

under normal operating pro
cedure. After obtaining satis
factory conditions, absorp
tion tubes 12 and 13 are a t
tached and the boat contain
ing the sample to be analyzed 
is inserted into the tube and 
moved to the clear section, 
followed by the copper oxide 
wire spiral. Furnace 7, which 
is at about 500° C., is a t the 
extreme end of the stand. 
The oxygen needle valve, 1, 
is adjusted so tha t the flow
meter indicates a rate of 10 0  
ml. per minute. The rheostat 
of furnace 7 is adjusted so 
th a t the unit will operate at 
850° C., a temperature which 
it attains within a few 
minutes. Furnace 7 is slowly 
moved up to the boat and 
within 10  minutes will have 
completely covered it. After 
about 5 minutes both heaters 
7 and 9 are pulled to the 
extreme end of the stand, so 
tha t furnace 7 is in its original 
position over the copper oxide 
spiral and a portion of heater 
9 is over the clear section 
containing the charge. TheFigure 1. General View of Apparatus
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rheostat on heater 7 is then adjusted to its original temperature 
setting, and after 5 more minutes, heater 9 is returned to its 
original position and the flow of oxygen is continued for another 
5 minutes. At the end of this time (total of 25 minutes) the ab
sorption tubes are shut off under pressure and then the flow of 
oxygen is cut off. A blowout tube, not indicated, which auto
matically controls the maximum pressure in the system makes this 
last step possible; it also prevents the manometer fluid from 
being forced into the train in event of misadjustment of the needle 
valve.

At the completion of the above steps the absorption tubes are 
placed near the balance and the train is ready for the next run. 
The tubes are allowed to cool to balance temperature, vented to 
the atmosphere for a few seconds while being wiped with a damp 
chamois skin, and then weighed, using a similar tube as counter
poise on the balance.

F D G D

Table I. Tests on Bureau of Standards Samples

Figure 2. Fused Quartz Combustion Tube
A .  Charging end
B .  Removable, oxid ized, copper screen spiral
C .  Transparent section for combustion boat
D .  O x id ize d  copper screen plugs
E .  Cupric oxide (wire form)
F .  Silver turnings 
C .  Lead chromate

All results for bituminous coals reported oh in this paper were 
obtained by this procedure. In  the paper by Millin (S) a time of 
2 0  minutes is given for the analysis of coals; this lower rate may 
be due to the longer length of combustion tubing which was em
ployed, thereby allowing the use of 35 cm. of copper oxide and 10 
cm. of silver turnings in the center furnace, whereas the authors 
were limited, because of the standard design of the apparatus, to 
23 cm. of copper oxide and 10 cm. of silver turnings. No indica
tion was given tha t any of the samples analyzed were anthracites. 
In the case of anthracites more time was found necessary for 
complete combustion of the samples; hence the regular pro
cedure was changed to allow heater 7 to be placed over the charge 
immediately and to remain there 10 to 15 minutes longer than 
usual.

The procedure was used for various other materials which, be
cause of their greater volatility, required slight changes in tech
nique. The increase in time required was used to volatilize the 
material slowly without allowing it to catch fire; the rate of 
oxygen flow’ wTas decreased slightly in some cases, although this 
was more of a conservative measure than a necessity.

In  the preliminary’ tests to establish a minimum time for com
bustion, tw’o Ascarite absorption tubes w’ere'placed in series on 
the train; the second in the series w’ould show a gain if the first 
did not completely absorb all carbon dioxide formed during com
bustion. Through this procedure it was found tha t Fisher-type 
tubes, w’hich have about one fourth the capacity for Ascarite as 
the Nesbitt tubes finally adopted, were too small to  absorb the 
carbon dioxide quantitatively. To test for complete conversion 
of the carbon to carbon dioxide a bubbler tube containing a solu
tion of palladous chloride {4) was attached to the end of the 
train.

R E S U L T S  A N D  D IS C U S S IO N

Table I show’s typical results obtained using Bureau of Stand
ards samples of sucrose and benzoic acid. In  each case the igni
tion period wras completed in 25 minutes and the sample tubes

Sucrosec, % 4 2 .0 8 4 2 .0 6
„  H , % 
B en zo ic  acid

6 .5 0 6 .4 9

c, % 6 8 .0 7 6 8 .7 5
H , % 4 .9 4 4 .9 9

4 2 .OS 
G .44

4

T heoretical

4 2 .0 8
6 .4 8

6 8 .8 3
4.9G

were removed and allow’ed to cool before weighings were made. 
In the case of benzoic acid the slightly low’ results for carbon may 
be attributed to the rapid rate a t which the substance volatilized;. 
no alteration in time of, combustion wras tried on this substance.

Table I I  gives results of analysis of a bituminous coal sample by 
the standard A.S.T.M. and Millin procedures. Tables I II  and IV 
give results by the Millin procedure on anthracites, bituminous 
coals, carburetting oil, tar, abietic acid, and liquid hydrogena
tion products.

Sucrose is generally used as a control standard in combustion 
analysis. The data in Table I show’ tha t the Millin procedure is 
satisfactory.in the analysis of sucrose. Table II  shows the results 
obtained with the two methods on a sample of bituminous coal 
which w’as air-dried and ground to pass a  250-micron (No. 60) 
sieve. All other samples of coal used were prepared in like man
ner. The specified permissible difference for duplicate analysis,

Table II. Comparative Results by A .S.T .M . and M illin Procedures
on a Bituminous Coal

M eth od 1 2 3
T im e,
M in.

A .S .T .M .c, %
H , %

8 4 .0 0
4 .1 3

8 3 .9 1
4 .1 0

8 4 .1 9
4 .1 2

120

M illinc, %
H , %

8 4 .2 0  
4 . 13

8 4 .2 0
4 .1 0

8 4 .3 0  
4 .1 0

25

Table III. Typical Results on Coals by M illin Procedure

T im e C arbon H ydrogen
S am ple of C om  R un R un D iffer ftu n R un D iffer

D esign ation b u stion 1 2 ence 1 2 ence
M in . % % % % % %

B itu m in ou s coal 
A 25 7 9 .1 9 7 9 .1 4 0 .0 5 4 .6 2 4 .6 6 0 .0 4
B 25 7 5 .2 7 7 5 .2 7 0 .0 0 5 .1 8 5 .2 1 0 .0 3
C 25 8 2 .9 1 8 2 .6 5 0 .2 5 4 .3 2 4 .3 0 0 .0 2
D 25 7 2 .6 6 7 2 .3 8 0 .2 S 4 .8 9 4 .8 7 0 .0 2
E 25 7 9 .2 1 7 9 .1 5 0 .0 6 5 .0 6 5 .0 1 0 .0 5

A nth racite
F 40 8 1 .6 5 8 1 .6 0 0 .0 5 2 .0 1 2 .0 6 0 .0 5
G 40 7 9 .0 8 7 9 .0 9 0 .0 1 2 .3 9 2 .4 3 0 .0 4
H 40 8 0 .8 7 8 1 .0 4 0 .1 7  • 2 .4 7 2 .4 4 0 .0 3
I 40 8 4 .3 6 8 4 .3 2 0 .0 4 2 .1 5 2 .1 2 0 .0 3
J 40 8 5 .1 4 8 5 .1 2 0 .0 2 2 .0 9 2 .1 0 0 .0 1

Table IV . Typical Results on Organic Materials by the M illin  
Procedure

(T im e of com b u stion , 75  m inutes)

S am ple  
D esign ation

C arb urettin g  oil 
K 
L 
M 

Tar 
N  
O 
P

A b ietic  acid
(recrysta llized)

Q
Liquid  h yd rogen a

tion  p roducts
R  
S 
T  
U

C arbon D ifference H ydrogen D ifference
R un R un or R un R un or

1 2 T h eoretica l 1 2 T h eoretica l

% % % % % %

8 4 .9 2 8 4 .7 0 0 .2 2 1 3 .8 2 1 3 .8 0 0 .0 2
8 5 .4 9 8 5 .5 7 0 .0 8 1 3 .8 9 1 3 .8 6 0 .0 3
8 5 .4 4 8 5 .2 4 0 .2 0 13 .71 1 3 .7 6 0 .0 5

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

7 9 .3 5 7 9 .3 0 7 9 .4 0 9 .8 7 9 .9 0 1 0 .0 0

8 7 .6 8 8 7 .7 3 0 .0 5 1 2 .1 4 1 2 .1 2 0 .0 2
8 8 .1 3 8 S .1 9 0 .0 6 11 78 1 1 .7 3 0 .0 5
S S .6 8 8 8 .6 7 0 .0 1 1 0 .9 5 1 0 .9 9 0 .0 4
8 8 .9 2 8 8 .9 3 0 .0 1 1 0 .9 1 1 0 .9 1 0 .0 0
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Table V .  Statistical Analysis for Carbon and Hydrogen
8 Srt' m ' s '  B '

A nth racites '
5 5 .7 4  9 1 .7 3
B itu m in ou s coals 
3 4 .1 0  9 1 .1 0  124

C arbon, A .S .T .M . p erm issib le difference 

208  100 0 .1 8 1

M in. M ax. 2 n  m  
% %

0.3%

207 100 0 .1 7 2  0 .4  < 1 0 0

50 0 .4 2 0  118 48  0 .3 1 7  0 .4  < 5 0 0

H yd rogen, A .S .T .M . p erm issib le d ifference =» 0 .07%

211 100 0 .0 4 9  211 100 0 .0 4 9  0 .2  < 2 0 0

50  0 .1 4 3  121 48  0 .0 8 8  0 .8  < 5 0 0

A nthracites 
0 .3 4  3 .3 0

B itum inous coals 
0 .3 4  5 .7 8  127

M in. M inim um  va lu e for s in g le  d eterm in ation .
M ax. M axim um  va lu e for sin g le d eterm in ation .
2 « . T o ta l num ber of an alyses reported. 
m. N um b er of sam ples.
8. S tandard error of d ifference betw een  d u p lica tes an a lyses.
2 n ' ,  m ' . s '.  V alues of 2 n , m , and s  a fter e lim in atin g  sam ples for w h ich . 

an alyses show ed  ev id en ce of gross error.
B ': A pp roxim ate m easure of n orm ality  of d istrib u tion  of errors a fter

elim ination  of gross errors.
y '.-  C alcu lated  frequency o f exceed in g  A .S .T .M . “ perm issib le” difference  

b etw een  d u p lica te  d eterm in ation s per th ousan d .
< 1 0  =«0 to 9 .9 , < 2 0  =  10 to 19.9, < 1 0 0  =  50 to 9 .9 9 , < 2 0 0  => 100 to 199, etc .

according to A.S.T.M. standards on coal and coke (1), is 0.30% 
for carbon and 0.07% for hydrogen. That the duplicates obtained 
by this new procedure fall well within these limits is shown by the 
data of Table III, where a maximum difference of 0.28% is given 
for carbon and of 0.05% for hydrogen. Duplicate results that 
fall within the specified tolerances are generally obtained from 
two analyses, a third analysis being necessary only occasionally. 
In this respec.t it is usually the carbon value that is outside the 
tolerance and seldom the hydrogen.

Several other types of materials were analyzed (Table IV). 
It was found necessary, owing to the greater volatility of these 
substances, to lengthen the time of combustion to 75 minutes. 
Aside from this increase in time, which is considerably shorter 
than tha t used in the older method, the method works consistently 
well. The abietic acid analyzed was allowed to stand for some 
time before an analysis was made on it and may have been of 
questionable purity. The liquid hydrogenation products may 
have contained traces of water. They were separated by dis
tillation and dried over phosphorus pentoxide and were expected 
to be pure hydrocarbons.

Table V summarizes the results obtained from a statistical 
analysis of 10 0  sets of values for percentages of carbon and hydro

gen in 100 different samples of anthracite coals. These data were 
calculated in a  manner identical to that used by Lowry and 
Junge {2). For comparison purposes data submitted by this 
laboratory and reported by Lowry and Junge (2) for 50 sets of 
values on 50 different samples of bituminous coals are included.

. An examination of Table V shows tha t values of B ’ in every case 
are less than unity; the data themselves do not give an indica
tion‘of departure from normality.

The values of the frequency, y ’, show a decided improvement 
in the case of both carbon and hydrogen, as do the values of s 
and s'. Analytical procedures are frequently controlled by the 
use of statistical methods, to give the equivalent of a “ reason
able” permissible difference, which may be defined as tha t dif
ference between duplicate determinations which would not re
quire a third determination more than 50 times in 1000. A 
“reasonable” permissible difference equal to 1.96 s' would yield a 
value of y ' — 50.

In comparing the two methods it appears tha t a “reasonable” 
permissible difference for carbon by the Millin procedure would be 
calculated from the data on anthracites to be 0.34% and by the 
A.S.T.M. method on bituminous coals to be 0.62%, and simi
larly for hydrogen 0.10 and 0.17%.

Inasmuch as the data reported were obtained in small groups 
(never more than ten samples were run consecutively) and the 
whole group was collected over a  period of 3 years, with four 
different operators during that period, it seems reasonable that 
for routine operation the limits should not be expanded. The 
following quotation from Selvig’s comment (5) on the paper of 
Lowry and Junge {2) seems appropriate:

I t  is not surprising tha t difficulties were experienced in the'ulti
mate analysis in determining carbon and hydrogen, as this 
analysis requires a higher degree of manipulative skill and good 
condition of the combustion train, both of which are difficult to 
attain if determinations are made a t irregular intervals. Here 
possibly it would be better not to raise the permissible difference 
between duplicate determinations but to make multiplícate 
rather than duplicate determinations to obtain the required pre
cision.
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Estimation of O xygen in Inert "O xygen-Free” Atmospheres
E. H . W IN S L O W  A N D  H . A .  L IE B H A F S K Y , Research Laboratory, General Electric Company, Schenectady, N . Y.

A  GROWING number of industrial processes require atmos
pheres in which the oxygen content is far below 0 .0 1 % by 

volume. An analytical method capable of dealing with these 
jninutc concentrations of oxygen in atmospheres inert to the re
agents employed is described below.

Oxygen a t concentrations near 0 .0 0 0 1% in 1  liter of gas a t room 
temperature and atmospheric pressure exerts a pressure below 
1 micron and weighs about 1 microgram. The successful analysis 
of such a sample could be accomplished; but only by taking ex
treme precautions to eliminate measurable contamination before 
liberation of iodine and by determining this iodine in a solution 
that could be exposed almost with impunity to the atmosphere.

C H O IC E  O F  M E T H O D

Of the chemical methods for estimating oxygen, the two most 
promising for further refinement seemed those involving the oxi
dation of ferrous or of manganous compounds in alkaline media.

The use of ferrous salts for the determination of oxygen was 
originated by Mohr (2, 8) and developed further by Shaw {11). 
who determined the ferric ion colorimetrically with thiocyanate 
in acid solution, the blank being near 0.008% oxygen. The por
tion of this blank traceable to the ferrous ammonium sulfate was 
practically eliminated in this laboratory by leaving acid ferrous 
ammonium sulfate solutions overnight on the steam bath in con
tact with pure aluminum. Unfortunately, the oxidation, by the 
laboratory air, of ferrous ion in acid solutions could not be suffi
ciently reduced.

The use of manganous hydroxide and an iodide to determine, 
oxygen dissolved in water was developed by Winkler {12) in a 
classic investigation. In this sensitive method, the oxidized 
manganous hydroxide liberates upon acidification an amount of 
iodine equivalent to the dissolved oxygen initially present. Vari- 
ous investigators {1 , 8, If, 6, 9, 10) have adapted this scheme 
to the determination of oxygen in gases. Hand (4) demonstrated
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A  practical, sensitive, and reasonably reliable method, based upon 
the liberation oF iodine by oxidized manganous hydroxide, has been 
developed for the determination of oxygen at concentrations above 
0.0001 %  by volume in a liter of gas at atmospheric pressure; 0.01 %  
is perhaps the concentration most convenient for the method. The- 
decreasing reactivity of manganous hydroxide as its surface becomes 
oxidized sets the useful upper limit for the method near 0 .1 %  oxy
gen. The final iodine determination, whether spectrophotometric 
(0 .0 0 1 %  oxygen or less) or by titration with thiosulfate, must be 
carried out in solutions stable toward air.

tha t great sensitivity could be achieved in this way. His method 
suffers from the drawback tha t the sample m ust be introduced 
into a complicated apparatus tha t has been previously evacuated, 
and his preparation of standards is open to objection.

S T A B IL IT Y  O F  S T A N D A R D  IO D IN E  S O L U T IO N S

Standard solutions containing iodine in microgram amounts, 
with and without added starch, were investigated on the G.E. 
recording spectrophotometer (7) in order to find conditions under 
which handling in contact with air would not cause appreciable 
oxidation of iodide.

The first standards were prepared according to Hand (4) by 
adding known amounts of permanganate ion to acid iodide solu
tions. After the permanganate had reacted, these standards 
continued to deepen rapidly in color. This instability ("after- 
bluing” or “oxygen error” ), which is well’known in iodometry, 
showed these solutions to  be useless for the authors’ purposes.

Satisfactory standards were finally made from known perman
ganate solutions.

Figure 1. Transmittance Curves for Iodine Standards with 1 Cc. 
of Starch

The various reagents were added to glass-stoppered graduates 
in the order: 2 cc. of 1 N  scrdium hydroxidc-0.1 M  potassium 
iodide solution; 1 cc. of 3 jV sulfuric acid; 0.5 cc. of 0.5 M  man
ganous chloride; 0.001 N  or 0.0001 N  permanganate solution, 
freshly prepared by dilution; 2  cc. of 0.6 M  sodium bicarbonate; 
1 % starch, 0 .1  or 1 .0  cc.; finally, boiled distilled water to a 
volume of 27 cc. The bicarbonate neutralizes acid and provides 
an inert atmosphere. I t  was blown in to  ensure rapid action and 
to prevent the undesired precipitation of manganous carbonate. 
This addition of bicarbonate leaves the solution weakly acid; 
more was subsequently added dropwise to raise the pH to about 
5.

In preparing standards from iodine solutions by the foregoing 
procedure, the permanganate w-as omitted, and the known iodine 
solution was added after the bicarbonate.

A representative family of absorption curves for the starch- 
iodine complex thus prepared is shown in Figure 1. Even with 
scrupulous cleanliness, a little color, representing usually a few 
tenths microgram of oxygen, developed when neither perman
ganate nor iodine w-as added; the “reagent blank” curve of 
Figure 1 is an example. The wave length for maximum absorp
tion shifts tow-ard the red as the concentration of the starch- 
iodine complex increases. In making the Beer’s law calculations, 
70 for the reagent blank and I  for the standard were taken at the 
wave length of maximum absorption.

The stability of standard solutions made according to the fore
going method was tested on the spectrophotometer. The curve in 
Figure 2, for example, was obtained by having the instrument 
record continuously for 26 minutes the transmittance of a stand
ard containing the blue starch-iodine complex a t  a concentration 
equivalent to about 0.4 microgram of oxygen. (The instrument 
draws one complete curve every 3 minutes.) Standards con
taining starch cannot be kept for more than a few- hours before 
blue particles begin to separate; this separation may have begun 
in the test of Figure 2, for the transmittance actually increased a 
little during the test. In any case, there was no indication of 
appreciable “oxygen error” in this-or similar experiments.

Beer’s law- plots are show-n in Figure 3 for three sets of standards. 
An insufficiency of starch appears to be responsible for the rela
tively low- light absorption a t the higher concentrations (compare 
curves A and B). In the most dilute range, the permanganate 
standards (curve C) absorbed less light than corresponding ones 
prepared w-ith iodine (curve B), possibly because the reaction was 
quenched too soon in the attem pt to reduce the risk of oxidation 
of iodide by air.

The spectrophotometric work thus proved tha t unw-anted 
iodine formation could be made negligible. I t  also proved that 
the estimation of oxygen at concentrations below about 0 .0 0 1% 
in 1  liter of gas can be carried out spectrophotometrically on the 
equivalent afnount of iodine.

M E T H O D  F O R  O X Y G E N

R e a g e n t s . A solution 1  N  in sodium hydroxide and 0.1 M  
in potassium iodide; 3 N  sulfuric acid; 0.5 M  manganous chloride, 
slightly acid; 0.6 M  sodium bicarbonate; 0.002 N  (or another 
suitable concentration) sodium thiosulfate stabilized w-ith sodium 
carbonate, freshly prepared by dilution; an inert gas containing 
no oxygen detectable by the present method.

The “oxygenTfree” gas in this work w-as hydrogen tha t had been 
passed slowly ( 1 1 0  cc. per minute) in an all-glass system over 
copper a t 600 ° C. and then over sodium hydroxide pellets to re
move hydrogen sulfide. A 6-liter bulb inserted after the sodium 
hydroxide served as a reservoir, so th a t 1  liter of hydrogen could 
be w-ithdrawn rather suddenly without diminishing the effective
ness of the purifier.

All solutions use'd for oxygen determinations were kept in gas 
washing bottles through which “oxygen-free" hydrogen w-as 
bubbled continuously. Rubber tubing used in connecting these 
and other vessels to the purification system was kept a t a mini
mum.

The purity  of the manganous chloride, which must be low in 
iron, is especially im portant; but all chemicals should be of high 
quality. The fact th a t repeated analyses of the purified hydrogen 
snowed no detectable iodine proved th a t the reagents and the
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Figure 2. Stability Test on Permanganate Standard
Curve retraced continuously over 26-minute period in spectrophotometer

manipulation were good enough to keep oxygen or oxygenlike 
impurities below 1  microgram of equivalent oxygen.

A p p a r a t u s  a n d  M a n i p u l a t i o n . The 1 -liter reaction vessel 
(Figure 4) must be dry and clean; drops of a liquid tha t has been 
in contact with air must be avoided. Whenever glass apparatus 
(pipet included) has been in contact with manganous solutions 
and with oxygen, films of oxidized manganous compounds may be 
present; such films can usually be removed with strong hydro
chloric acid. After a determination in which the oxygen content 
exceeded 0 .1 %, however, sodium sulfite was added along with the 
acid in the cleaning process. Boiled water and acetone were used 
for rinsing. Stopcocks were carefully greased and cleaned between 
determinations. Only vacuum-tested stopcocks were used, And 
these had occasionally to be changed, probably because of attack 
by the alkaline solutions.

The gas sample was usually obtained by streaming the gas to 
be analyzed for several hours through the reaction vessel. After 
the two stopcocks nearest the spherical bulb had been closed, the 
section below the lower stopcock was filled with water and tightly 
corked.

The solutions were introduced in the following order from the 
cylindrical reservoir into the spherical bulb: 10  cc. of sodium

Table I. Time of Shaking at Different Concentrations of Residual 
Oxygen

N o. T im e of S hak ing R esid u a l O xygen O xygen  Found
H o u r  8 % by volum e %  by volum e

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

1.50

1.00

0.50

2.0 3.0 4.0 5.0 6.0 7 0
Micrograms of equivalent oxygen odded.

Figure 3. Beer's Law Curves for Iodine and Permanganate 
Standards

liydroxide-potassium iodide solution; 5 cc. of manganous chloride ;
8.5 cc. of sulfuric acid. No m atter what the solution, it was 
transferred by means of a pipet from the gas washing bottle into 
the clean, dry cylindrical reservoir through the female ground 
joint. The apparatus was then connected by means of the upper 
male ground joint (Figure 4). to the 6-liter bulb in the oxygen-free 
hydrogen train. The outlet from the cylindrical reservoir was 
connected to a bubbling bottle filled with sulfuric acid. The 
“oxygen-free” hydrogen was bubbled for 10  minutes through the 
solution in the reservoir; then the outlet was connected to the 
rough vacuum, whereupon the gas space in the reservoir was 
twice evacuated and refilled with the hydrogen. With all four 
stopcocks closed, the reaction vessel was disconnected, and the 
solution was transferred to the bulb by cooling the latter under 
the tap, by opening the necessary stopcock, and by careful shak
ing. The cylindrical reservoir was next cleaned with strong 
hydrochloric acid, and rinsed with boiled water. The stopcock 
and joints affected were regreased, and the reaction vessel was 
reconnected to the hydrogen train to receive the next solution.

After the first two solutions had been introduced into the 
bulb, the reservoir and the attached tubes were filled with boiled 
distilled water, and the two upper stopcocks were closed. The 
vessel was then rotated by hand to form manganous hydroxide 
and to distribute it uniformly. I t  was next wrapped in a towel 
and strapped centrally to the table of a  rotary shaker and shaken 
(usually for 2 hours) a t a rate near 165 cycles per minute. Finally 
the sulfuric acid was transferred into the bulb in the manner de
scribed above. • -

The acid iodine solution was then drained out of the reaction 
vessel, and the pH raised rapidly to a value between 4 and 6  by 
adding sodium bicarbonate solution. Such solutions in glass- 
stoppered flasks could be kept in the dark without gaining appre
ciably in iodine content, which is not surprising since their com
positions approximated those of the stable standards discussed 
above. Usually the iodine was titrated on an aliquot portion of 
the solution with thiosulfate, 0.002 N  or stronger, 1 cc. of starch 
having been added.

S e n s i t i v i t y  a n d  R e l i a b i l i t y . The work of Winkler (12 ) 
and subsequent experience with his method leave no doubt that 
the oxidation of manganous hydroxide and the subsequent libera

tion of iodine affords the best chemi
cal method for estimating oxygen dis
solved in water. On this basis, the present 
method may be considered reliable, pro
vided th a t (1 ) the blank is negligible,
(2 ) the time of shaking is long enough 
to reduce all the oxygen, and (3) there 
is negligible “oxygen error” when the final 
solutions are handled in contact with air. 
Proof of the lqst point was given above.

When “oxygen-free” hydrogen was ana
lyzed, no oxygen could be detected by 
the present method, the blank being con
siderably less than 1  microgram of oxygen. 
A similar result, was obtained on the 
evacuated reaction vessel when no leaks 
occurred. This proves a negligible blank 
and also shows that oxygen adsorbed 
on the walls may be neglected. The last 
conclusion is in accord with the litera
ture (.5).

W hat constitutes a sufficiently long 
time of shaking is more difficult to es
tablish, owing to the decrease in the re
activity of manganous hydroxide as its 
surface becomes oxidized. This decrease 
in reactivity was demonstrated in two 
series of experiments (Tables I and II).

In the experiments of Table I, the re
action vessel -was exhausted to the pres
sure corresponding to the per cent re- 

Figure 4. siduai oxygen, and immediately filled
Reaction Bulb to  atmospheric pressure with "oxygen-
for O xygen free” hydrogen. Oxygen d e term in a-
u  c t e r m i-  ̂ , . , , .

nations tions gave the results m the last
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Table II. Results on Nitrosen at Various Partial Pressures

No. T im e of Shaking
O xygen  in 

R ea ctio n  V essel
O xygen  in 
N itrogen

H ours % by volum e %  by volum e
1 2 .5 0 /4 5 0 .2 2
2 2 0 .0 1 2 0 .5 0
3 2 0 .0 3 0 0 .5 2

column. I t  is obvious tha t the requisite time of shaking increases 
with the initial oxygen concentration.

In the experiments of Table II, varying pressures of nitrogen 
that contained 0.45 =*= 0.05% oxygen according to a careful Orsat 
analysis were left in the reaction vessel and supplemented with 
“oxygen-free” hydrogen as above. The percentages in the last 
column are to be compared with 0.45%; the others are the initial 
concentrations in the reaction vessel.

The results cited set the upper limit of usefulness for the 
method near 0 .1 %; more concentrated samples should be diluted 
if they must be analyzed in this way. The useful lower limit is 
near 0 .0 0 0 1%; 0 .0 1 % is perhaps the most favorable concen
tration, The color change in the manganous hydroxide during 
the analysis is a  rough guide to the oxygen content of the sample.

I t has not been possible to fix the precision of the method, 
which will obviously be lowest near 0.0001% oxygen. Duplicate 
determinations on nitrogen known to be very low in oxygen each 
gave 0.0004%. Certainly the precision is not so high as Winkler’s 
(IS) ; the reader may form his own estimate from Tables I  and II.

The method is unreliable at pressures much below atmospheric. 
Numerous failures were encountered in attem pts to establish 
blanks by analyzing for oxygen in the evacuated reaction vessels, 
and there is no doubt tha t leaks were responsible.

The time required for a determination lies between 4 and 8 
hours.
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Volumetric Determination of Aluminum
A p p lie d  to A n a ly se s  of S ilica -A lu m in a  Catalysts

M A R G IE  N . H A L E 1
Esso Laboratories, Standard O il Company of New Jersey, Louisiana Division, Baton Rouge, La.

A  volumetric method for the determination of aluminum in sllica- 
alumina catalysts is described, which is more rapid and more ac
curate than conventional gravimetric methods. The aluminum sul
fate solution, containing tartrate, is neutralized with lithium hy
droxide, and an excess of potassium fluoride is added. The potas
sium hydroxide released by the formation of the aluminum complex 
is titrated with hydrochloric acid.

A CTIVITY studies of silica-alumina catalysts recently carried 
out a t these laboratories necessitated a large number of 

aluminum determinations. I t was important tha t these deter
minations be carried out as rapidly as possible and still retain a 
high degree of accuracy, and tha t the method employed be ap
plicable, in the presence of moderate amounts of other substances, 
such as iron, magnesium, and alkalies.

The conventional method involving hydrolysis of the aluminum 
with ammonia, filtering, igniting, and weighing, was not only 
time-consuming but also subject to  interference by other hy
drolyzable materials present. A method often used is one in 
which the residue, after treatm ent with hydrofluoric acid and 
ignition, is calculated as alumina. This procedure is also time- 
consuming because of difficulty in igniting the residue to a con
stant weight, and alumina values thus obtained include all other 
metals present in the sample.

Several volumetric procedures for the determination of alumi
num (1- 6) are based on the titration of either the acid liberated 
on addition of sodium tartra te  (or citrate) or the hydroxide 
liberated on addition of potassium fluoride.

The most generally applicable of the volumetric methods for 
aluminum appears to be the one recently described by Snyder
(4). In this procedure the aluminum salt is neutralized to a

1 P resent ad dress, C h em istry  D ep artm en t, P u rd u e U n iv ers ity , W est  
L afayette, Ind.

phenolphthalein end point with barium hydroxide in the pres
ence of sodium potassium tartrate. An excess of potassium 
fluoride is then added to release potassium hydroxide, which is 
titrated with standard acid.

AI(OH)3 -f  6KF — A1F3. 3KF +  3KOII

As stated by Snyder, this method cannot be applied in the 
presence of sulfate because of the precipitation of barium sulfate. 
In the analysis of silica-alumina catalysts large amounts of sulfate 
are necessarily present because of the methods required for dis
solving the samples. The purpose of this paper is to describe the 
modifications tha t have been made in the method developed by 
Snyder which make it suitable for the rapid and accurate deter
mination of aluminum in silica-alumina catalysts.

Since barium hydroxide could not be used for the neutraliza
tion of the aluminum salt, another base had to be found. The fact 
reported by Snyder tha t sodium and potassium hydroxides give 
erratic and inaccurate results was confirmed. I t  was found that 
lithium hydroxide has none of the undesirable characteristics of 
sodium and potassium hydroxides and does not form an insoluble 
sulfate as does the barium hydroxide. I t  was decided from a 
study of the potentiometric titration curves, and confirmed by 
experience, th a t thyunolphtlialein is a more suitable indicator 
than phenolphthalein.

E X P E R IM E N T A L

Apparatus and R eagents. Mechanical stirrer. Platinum 
dish, 100 ml. Potassium fluoride, 30% solution neutralized to 
phenolphthalein and stored in a wax-lined bottle. _ Sodium 
tartra te, 25% solution. Thymolphthalein, 0.1% in ethanol. 
Aluminum sulfate solution, 0.5 N , prepared by dissolving 55.535 
grams of aluminum sulfate octadepahydrate in  1  liter of water. 
The alumina content of the aluminum sulfate was found by ig
niting, samples a t 2000° F. and weighing. Hydrochloric acid
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0.5 N, standardized against the aluminum sulfate solution. 
Lithium hydroxide, 0.5 N, standardized against the 0.5 N  
hydrochloric acid. (Ratio of milliliters of hydrochloric acid to 
milliliters of lithium hydroxide is equal to R.) All reagents 
were c . p . grade and were used without further purification.

P r o c e d u r e . Weigh a  1.0 to 1.5-gram sample into a platinum 
dish and ignite to remove carbon and ammonium salts. Cool, 
moisten the sample with water, and add 10  ml. of hydrochloric 
acid. Cautiously add hydrofluoric acid until the sample is com
pletely dissolved. Evaporate the solution to dryness and ignite 
a t red heat for a few seconds. Fuse the residue with approxi
mately 3 grams of anhydrous potassium bisulfate over a low flame 
until no undissolved particles remain. Cool, dissolve the fusion 
in 80 ml. of water, and transfer to a 400-ml. tall-form beaker.

Place the beaker containing the dissolved sample under the 
mechanical stirrer and titra te  with the lithium hydroxide. When 
most of the free acid is neutralized, as evidenced by the appear
ance of traces of precipitate in the solution, add 6 to 8 drops of 
thymolphthalein indicator and 25 ml. of 25% sodium tartrate. 
If the solution contains considerable magnesium or lead or more 
than 0.3 gram of aluminum oxide, add 50 ml. of the sodium tar
trate. Continue the titration until appearance of a blue color, 
permanent for 30 seconds, and add 0.1 to 0.2-ml. excess of lithium 
hydroxide. Back-titrate with the 0.5 N  hydrochloric acid until 
the blue color just disappears. Record the readings of the hydro
chloric acid and lithium hydroxide burets as A i and Ii\, respec
tively. Add 25 ml. of 30% potassium fluoride. The solution 
becomes blue immediately because of the liberation of hydroxyl 
ions. T itrate with the hydrochloric acid until the blue color 
disappears and add 1-ml. excess. Back-titrate with the lithium 
hydroxide until the blue color reappears. Record the readings of 
the hydrochloric acid and lithium hydroxide burets as A 2 and R2, 
respectively. The back-titrations are necessary to ensure sharp, 
permanent end points.

C a l c u l a t i o n s .

Weight % of A120 3 = [A -  (B X R)j X N  X0.017 X 100 
weight of sample

where A — A 2 — A 1 (volume of HC1)- 
Ii -  B 2 — R[ (volume of LiOH) 
N  =  normality of HC1 

ml. of HC1 R  = ratio — ftv v Q  ml. of LiOH
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Table II. Effect of Interfering Substances
Im pu rity A1 A dded A1 F ou n d D ifference

G ram  G ram Gram
Iron 0 .0 6 3 8  0 .0 6 3 8 0 .0 0 0 0

N ick el
0 .0 8 5 9  0 .0 8 5 6 - 0 .0 0 0 3
0 .0 8 5 9  0 .0 8 5 6 - 0 .0 0 0 3

C opper
0 .1 4 2 9  0 .1 4 2 0 - 0 .0 0 0 9
0 .0 8 5 9  0 .0861 +  0 .0 0 0 2

M agnesium 0 .0 8 5 9  0 .0 8 6 2 + 0 .0 0 0 3

C alcium
0 .1 4 2 9  0 .1 4 3 2 + 0 .0 0 0 3
0 .0 8 5 9  0 .0 8 6 4 +  0 .0 0 0 5

Sodiu m
0 .1 4 2 9  0 .1431 +  0 .0 0 0 2
0 .0 8 5 9  0 .0 8 5 0 - 0 .0 0 0 9

Potassiu m
0 .1 4 2 9  0 .1 4 2 6 - 0 .0 0 0 3
0 .0 6 3 8  0 .0 6 3 8 0 .0 0 0 0

Lead
0 .1 4 2 9  0 .1 4 2 1 - 0 .0 0 0 8
0 .0 8 5 9  0 .0 8 4 6 - 0 .0 0 1 3

C hrom ium 0 .0 8 5 9  0 .0 8 5 2 - 0 .0 0 0 7
M an gan ese 0 .1 4 2 9  C olor obscures end  p oin t
A m m onium 0 .1 4 2 9  N o  end  p o in t
Tin 0 .1 4 2 9  0 .1 3 2 1 - 0 .0 1 0 8
P h osp h ate 0 .1 4 2 9  0 .1 4 3 8 + 0 .0 0 0 9

Table III. Analysis of Synthetic Samples
Sam ple AUOj A dd ed , % A120> F ou n d , %

1 1 5 .3 2 1 5 .3 0
2 15 .3 2 1 5 .3 9
3 1 5 .3 2 1 5 .3 4
4 1 5 .3 2 1 5 .3 2
5 1 5 .3 2 15 .3 1

Table IV . Analysis of Routine Laboratory Samples
S am ple T y p e  of C a ta ly st AJjOj, W t. %

1 SiOr-AUOj 4 .5 4
• 4 .5 6

2 SiOt-AUO« 7 .7 3
7 .6 9

3 SiO t-A ljO i 9 .2 0
9 .2 2

4 SiO t-A ljO j 1 4 .7 3
1 4 .7 7

5 SiOr-AljO* 1 7 .7 0
1 7 .6 5

6 SiOj-AUOj 2 6 .6 0
2 6 .6 4

7 SiO t-A ljO j 3 0 .6 0
3 0 .5 0

T i t r a t i o n  o p  K n o w n  S o l u t i o n s . The reliability of the 
method was tested by titrating a number of solutions of known 
aluminum content. The solutions were prepared by dissolving 
aluminum wire in sulfuric acid or sodium hydroxide and by dis
solving aluminum sulfate in water. The composition of the 
solution prepared from aluminum sulfate was found by evapo
rating aliquots to dryness, igniting to AI2O3 a t 2000° F., and 
weighing. The results of these analyses are listed in Table I.

Table I. Analysis of Known Aluminum Solutions
S o lu tion  Prepared from  AI2O3 A dded  A liO i Found

G ram  G ram

A1 wire 
A1 wire 
A1 wire  
Al*(SO<)a 
A ltfSO O i 
A h(SO «)i

0 .0 0 3 8
0 .0 6 3 8
0 .0 8 3 0
0..1532
0 .1 5 3 2
0 .1 5 3 2

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

"  I n t e r f e r e n c e s . A study was made of the effects of the ions 
that may sometimes be present in silica-alumina catalysts. The 
impurities were added so as to be approximately equivalent to 
5% of the material in a  sample. Of the ions tested, only ammo
nium, tin, and manganese caused significant interference. Larger 
amounts of the colored ions, such as copper, chromium, and 
nickel, obscure the end points. The results of the interference 
studies are shown in Table II. I t  was found th a t a fivefold excess 
of iron and magnesia does not interfere if sufficient tartra te  is 
added.

A n a l y s i s  o f  S a m p l e s . Several synthetic samples were pre
pared by adding 15.32% aluminum oxide to pure silica. Re
peated analyses of these samples are shown in Table III.

The precision th a t is obtained when the procedure is applied 
on a routine basis is illustrated by the results in Table IV. These 
analyses were made on a few typical catalyst samples th a t were 
submitted to the analytical laboratory for aluminum determina
tions.

D IS C U S S IO N

The volumetric method reduces the time required for a deter
mination of aluminum in catalysts from about 8  hours by the 
gravimetric method to about 2 hours. This means a saving 
not only in time but also in expensive platinum apparatus.

I t  is necessary tha t the hydrochloric acid be standardized 
against standard aluminum sulfate solutions. The normality of 
the solution used in the work reported here was about 3% higher 
when determined by the titration of aluminum than when stand
ardized against sodium carbonate. Since this work was com
pleted, it has been found th a t aluminum potassium sulfate caD 
be used as a primary standard for the hydrochloric acid solution.

When fairly large amounts of other ions th a t form complexes 
with tartra te  are present, more of the sodium tartra te  solution 
must be added or low results will be obtained. Examples of such 
ions are lead, iron, and magnesium.
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Activated G lycerol Dichloro hydrin
A  New  Colorim etric Reagent for Vitam in A

A L B E R T  E. S O B E L  a n d  H A R O L D  W ERBIN  
Pediatric Research Laboratory and Department of Biochemistry, The Jewish Hospital of Brooklyn, Brooklyn, N. Y.

Activated glycerol dichlorohydrin is suggested as a new reagent 
to replace glycerol dichlorohydrin as obtained from various manufac
turers, which has been found unreliable as a colorimetric reagent 
for vitamin A .  The activated reagent is prepared by vacuum dis
tillation of glycerol dichlorohydrin with antimony trichloride. 
A  spectrophotometric study was made of the violet color produced 
by the addition of activated glycerol dichlorohydrin to a solution of 
vitamin A  in chloroform. The color has been found to be stable 
from 2 to 10 minutes after addition of the reagent at the wave length 
of maximum absorption, 555 m/r. The color obeys Beer's law 
over a wide range. Free and esterified vitamin A  give the same 
extinction coefficient with the.reagent. The interference of vitamin 
D 2 and related sterols is negligible. Vitamin A  and carotene can be 
determined simultaneously by reading at 555 and 800 mn on the 
Beckman spectrophotometer or carotene interference can be evalu
ated by the method of Dann and Evelyn. The activated reagent is 
unaffected by traces of moisture found in the atmosphere on the 
most humid days, and leaves no deposit of antimony oxychloride on 
the cuvettes.

RECEN TLY . (4) the authors proposed the use of practical 
glycerol dichlorohydrin as a new reagent for the quantita

tive estimation of vitamin A. Later it was found tha t glycerol 
dichlorohydrin from other firms, and most of th a t from Eastman 
Kodak, did not give color when added to vitamin A.

By distilling glycerol dichlorohydrin with 1 to 5% antimony 
trichloride at 4- to 40-mm. pressure, a reagent was obtained which 
reacted with vitamin A as did the practical material. Activation 
could also be obtained by the addition of concentrated hy
drochloric acid, acetyl chloride, phosphorus pentachloride, 
anhydrous aluminum chloride, and benzoyl chloride. Concen
trated sulfuric acid, zinc chloride, and stannic chloride gave blue 
colors which did not change to violet. Glycerol 2,3-dichloro- 
hydrin, glycerol 1,3-dibromohydrin, and glycerol 2,3-dichloro- 
hydrin when activated gave blue colors changing to violet. 
Acetylated glycerol dichlorohydrin does not react with vitamin A 
even when activated.

The concentration of antimony calculated as the trichloride 
in the activated reagent varied from a trace to 0.67%. The 
activation of the reagent, however, is not due to antimony tri
chloride per se, since glycerol dichlorohydrin to which 0 .1 'to  
1 .0 % of antimony trichloride is added is inactive toward vitamin 
A.

Although activated and practical glycerol dichlorohydrin re
act in an apparently similar manner with vitamin A, several dif
ferences were observed which indicates that they are not iden
tical. (1) The absorption spectrum produced on the addition 
of carotene to the two reagents is different (see Figure 1). Be
tween 400 and 550 m# the color given with activated glycerol 
dichlorohydrin has a much lower absorption curve than the 
color produced with the practical reagent. (2) With the 
practical reagent a t 550 mn a t the end of 15 minutes the L  values 
of vitamin D2, ergosterol, and 7-dehydrocholesterol are 11.2S, 
1.13, and O.OS (S), respectively, while with the activated reagent 
the L  values are 6.90, 0.25, and 0.29, respectively. [The term 
l \  was introduced by Dann and Evelyn (1 ) for use with photo
electric colorimeters which employ a band width of light 30 to 40 
nm wide. The authors have used the term with a Coleman 
universal spectrophotometer model 1 1  because it employs a band

of light 35 mja wide (4). Throughout this paper is used
for work done on the Coleman model 11 spectrophotometer, and 

cm. f°r work done on the Beckman quartz spectrophotometer. ]
(3) The L  value with vitamin A of the practical glycerol di
chlorohydrin varied betrveen 1 0 1 0  and 1 1 0 0 , th a t of the activated 
reagent varied between 1100 and 1270.

A study was made of the reproducibility of the activated 
reagent under constant use and kept a t room temperature. 
From Table I  it can be seen tha t three different batches of 
glycerol dichlorohydrin vacuum-distilled with 2 % antimony 
trichloride gave average L \°̂ m , 550 ran, a t 2 minutes, using con
centrations of vitamin A between 2 and 5 micrograms, of 1210,

Table I. Stability of Reagent Glycreol Dichlorohydrin Distilled 
with 2 %  Antimony Trichloride

B atch  N o. D a te  T ested * 550  mji

1 Ju ne 6

A verage va lu e  
for 2 to  5 y  of 

v itam in  A

1210 =*= 33

S ingle d eter
m in ation  on 
2 to  5 7  of 
v itam in  A

June 14 1210
Ju ne 20 1270
J u n e 27 1240
J u ly  9 1200
J u ly  16 1260

2 A ug. 7 1230 ±  42
A ug. 29 1230
S ep t. 7 1190

3 S ep t. 24 1170 =* 17
O ct. 2 1165
O ct. 8 l i 4 0  * 4
O ct. 15 1160 ±  14
O ct. 22 . . . . . . . 1180
O ct. 26 1160
N o v . 2 1140
D ec. 17 1115

WAVELENGTH, IN -mu
Figure 1. Absorption Curves of Green Colors Produced by 
Activated and Practical G lycerol Dichlorohydrin on Carotene
9 0 %  o f (3t 1 0 %  o f a .  5.0  ml. oF reaction mixture contained 108.8 mlcrosrams o 

carotene. Readings taken on Coleman spectrophotometer
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Figure 2. Absorption Curves of V io let Colors Produced by 
4.89 Micrograms of A lcohol and 4.90 Micrograms of Acetate  

with Activated Glycerol Dichlorohydrin

Total volume of reaction mixture in each case, 5 .0 ml. Readings taken on 
Beckman spectrophotometer
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Figure 3. Stability of V io let Color Produced by Action of 4.07 Micro
grams of Vitamin A  with Activated Glycerol Dichlorohydrin

A s  shown by density readings on Beckman spectrophotometer at 555 mft, Total volume 
of reaction mixture, 5.0 ml.

1235, and 1170. Although there is a 10% difference in the 
values between batches 1 and 3, it has been the authors’ experi
ence th a t when reagents are prepared from the same batch under _ 
constant conditions of pressure and antimony trichloride concen
tration, reproducible reagents result. (By reproducible reagents 
are meant those th a t give the same with vitamin A.) One 
batch of activated glycerol dichlorohydrin kept in a Pyrex 
bottle in the absence of light lost only 5% of its activity in 14 
months.

From Table I  can be had a measure of the stability of the 
reagent. The third column gives the average value and
the average deviation from this value for three batches of acti
vated glycerol dichlorohydrin, for concentrations of vitamin A 
between 2 and 5 micrograms. In the last column are presented

cm. values for single determinations for one particular concen
tration of vitamin A between 2 and 5 micrograms. I t can be 
seen from the table tha t the reagent possesses good stability
for about 2 months. After tha t time there is a slow decrease in 

1 ̂ 7the L x value given by the reagent.
In Figure 2 is presented the absorption spectrum taken on the 

Beckman spectrophotometer from 320 to 750 mu of the violet 
color produced by the reaction of activated glycerol dichloro- 
-hydrin with crystalline vitamin A alcohol and crystalline vitamin 
A acetate. In  order to be within the period of stability for the 
maxima, the readings were taken from 2  to 10  minutes after 
mixing the reagents because the violet color was found to be 
stable from 2 to 10 minutes, as seen in Figure 3.

The {cJlh of the color produced by the action of activated 
glycerol dichlorohydrin • on the crystalline alcohol was 1270 
a t its maximum wave lengths of 553 to 556 m^, while the E\^°m 
of the color produced with the crystalline acetate a t its maximum 
wave lengths of 553 to 556 ran was 1350 calculated for vitamin A 
content.

The shapes of the two curves are very similar. The smaller 
extinction of the alcohol compared to tha t of the acetate may have

been due to either of two reasons: deterioration of the alcohol 
or an inherent difference in the reaction of the alcohol and a'ce- 
tate with activated glycerol dichlorohydrin.

In order to determine which of these conclusions was the cor
rect one, the extinctions of the colors produced by the action 
of activated glycerol dichlorohydrin on a distilled natural ester 
concentrate and upon the unsaponifiable fraction of the same con
centrate were calculated from the observed density readings at 
the maxima. Figure 4 shows the absorption curves of these 
colors. For the whole oil, the Ii\ °{°n_ a t the maxima of 553 to 556 
ni/u was 1420, while tha t for the unsaponifiable extract was 1410. 
Obviously, there is no appreciable difference in the behavior of 
the alcohol and ester toward glycerol dichlorohydrin, between 400 
to 750 ran, and the lower extinction observed above is probably 
due to some deterioration of the crystalline alcohol. (The E\*%m 
325 m/ii, in absolute ethanol of the crystalline vitamin A alcohol 
was 1740, and its extinction ratios of 300/328 and 350/328 ran 
were 0.69 and 0.49, respectively.) The upward trend of the curve 

from 400 to 320 ran was due to something in the particular 
batch of concentrate used which reacted with the acti
vated reagent, because using the same batch of reagent 
and other batches of concentrate, the upward sweep was 
not observed, nor was it observed with crystalline vitamin 
A alcohol and acetate (see Figure 2).

Since most of the authors’ work on vitamin A determi
nations is done on the less expensive Coleman model 11 
spectrophotometer, the absorption spectrum of the violet 
color produced with the whole oil of the above concentrate 
and activated glycerol dichlorohydrin was read from 400 
to 700 ran on this instrument. I t  is plotted in Figure 5 
along with the absorption spectrum of the same color 
taken on the Beckman spectrophotometer. On the 

Coleman, the L \^ m_ was 1140 at the maximum of 550 m^, while 
on the Beckman the was 1420 a t the maximum wave lengths 
of 553 to 556 m/u. Not only has the wave length of the maxi
mum shifted in using the Coleman, but the height of the maximum 
has decreased and is more flat. This is to be expected, since the 
Coleman employs a band width of about 35 ni/i as compared to 
the band width of 5 mn or less which the authors used with the 
Beckman instrument. Similar results were obtained by Mellon
(2) using two spectrophotometers, one with a band width of 5 
m/u, the other with a band width of 35 ran- Upon plotting the 
per cent transmittancy of a Corning glass 512, he found tha t with
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Figure 4. Absorption Curves of Colors Produced by Activated 
Glycerol Dichlorohydrin on a Natural Vitamin A  Ester Concen
trate (3.71 Micrograms of Vitamin A )  and on Unsaponifiable 
Fraction of Same Batch of Concentrate (4.47 Micrograms of 

Vitamin A )
Total volume of reaction mixture in each case, 5 .0  ml.

spectrophotometer
Readings taken on Beckman
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Table II. Relation between Concentration and Extinction C o
efficient of Color Produced on Addition of Activated Glycerol 

Dichlorohydrin to Vitamin A
C oncentration  of P 

V itam in  A , 7/5 M l.
1 % K c r .  T r tn “
1 cm . 000 niM

r l%  550 
L \  cm . ooU

0 .9 4 1020 1060
1 .3 6 1250 1130
1 .8 7 1290 1140
2 .7 3 1340 1140
2 .8 1 1300 1110
3 .7 4 1330 1110
4 .6 8 1330 1100
6 .8 2 1310 1060
8 .1 8 1290 1050
9 .3 6 1290 1010

1 3 .6 3 1250 970
18 .7 1 1180 900
2 8 .0 7 1090 800

B eckm an  spectrop h otom eter.

/SOO

I
Nj

II
5!

/coo

500 ■ISO SOO 5 5 0  6 0 0

WAY£LENGTHj W  him
6 5 0 7 0 0

Figure 5. Absorption Spectrum on Beckman and Coleman 
Spectrophotometers of V io let Color Produced by Activated 
Glycerol Dichlorohydrin with 4.82 Micrograms of Vitamin A  

of a Whole Vitamin A  Natural Ester Concentrate 
Total volume of reaction mixture in each case, 5.0 ml.

Coleman spectrophotometer is used and 7.35 with the Beckman 
spectrophotometer. This may be compared with a 5% inter
ference in the antimony trichloride method.

The carotene interference may be evaluated by the method of 
Dann and Evelyn (I) with activated glycerol dichlorohydrin, 
just as in the case of antimony trichloride.

A second method of evaluating carotene is suggested from the 
data plotted in Figure 7, where the absorption spectra of crystal
line vitamin A acetate and carotene treated with activated 
glycerol dichlorohydrin are compared. Above 630 m/i the vita
min A color no longer absorbs light, whereas the carotene color 
continues absorbing light beyond this, point. Thus, by taking 
readings at two wave lengths, 555 and 800 mju, one can evaluate 
both carotene and vitamin A, as the optical densities are additive 
as shown in Table IV. •

A P P A R A T U S

A B e c k m a n  M o d e l  DU Q u a r t z  S p e c t r o p h o t o m e t e r  with a 
tungsten light source, and Corex ceils of 1.00-em. absorption path 
was employed for the region of 320 to 750 m^. The wave
length setting of the instrument was calibrated with 405 and 546 
m î lines obtained by using a mercury arc as a light source. 
Throughout the measurements the sensitivity knob was kept at 
three turns from its clockwise limit. The slit width was varied 
to get 100% transmission of the blank. The following table 
shows the variation of slit width and band width with the wave 
length for readings of the violet color produced with activated 
glycerol dichlorohydrin.
W ave L en gth  R ange, 

rn ß
3 2 0 -3 9 0
4 0 0 -5 0 0
5 0 0 -6 0 0
600 -6 3 0
630 -7 0 0

S lit  W id th  V ariation , 
M m .

1 .8 - 0 .1 5
0 .0 7 5 - 0 .0 2 8
0 .0 2 8 -0 .0 4 2
0 .0 4 2 - 0 .0 6 4
0 .0 6 4 -0 .0 4 0

B an d  W id th  V ariation , 
m / i

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

Readings were taken a t 1 mu intervals near the maxima, other
wise a t  10  mM intervals.

C o l e m a n  U n i v e r s a l  S p e c t r o p h o t o m e t e r , model 11, was 
used for measurements with a PC-4 filter in the region of 400 to 
700 mu. The instrument was calibrated according to the 
directions given by the manufacturer. This instrument employs 
a band of light 35 m,u wide (which can be located with a precision 
of less than 2 m.u). For this reason values are reported
instead of E \^0m values, which are used for monochromatic light. 
Direct readings of per cent transmission were made on the gal
vanometer scale by setting the blank a t 100. The absorption 
path was 1.3 cm. Readings were taken a t 10 mu intervals.

the latter type of instrument some maxima not only were de
creased (had lower extinction values) and shifted, but might even 
be eliminated altogether.

Figure 6 shows the density per unit of absorption path as a 
function of the concentration of vitamin A from 1 to 28 micro
grams for both the Coleman and Beckman spectrophotometers. 
Density and per cent transmission readings- were made a t the 
end of 2 minutes. Tabic II  shows the E ^ m, and for vari
ous concentrations of vitamin A. On the Beckman, a nearly lin- 

. ear relation was observed between 1.36 and 13.63 micrograms of 
vitamin A. Between these two values, the average extinction 
was 1300, with an average deviation of ±24. On the Coleman 
a nearly linear relation was observed within a smaller range of 
vitamin A concentration than on the Beckman. Between 1.36 
and 4.68 micrograms, the average L i^ n. was 1120 ±  15. Al
though higher concentrations of vitamin A were not tested with 
this batch of reagent, the authors have found tha t the nearly 
linear relation does hold up to about 5.5 micrograms on the 
Coleman.

The interference of carotene, vitamin D2, and other related 
sterols in the estimation of vitamin A with activated glycerol 
dichlorohydrin was studied by measuring the absorption of the 
colored solutions produced under the same conditions as were 
employed for vitamin-A measurements. As seen in Table III, 
the interferences with the exception of carotene are negligible. 
The error due to an equal weight of carotene is 11.0% when the

R E A G E N T S

G l y c e r o l  D i c h l o r o h y d r i n , practical grade of Eastman 
Kodak. l,3-dichloro-2-hydroxypropane from Ohio Chemical 
Mfg. Co. A  mixture of the 1,3- and 2 ,3 -diehlorohydrins from 
the Shell Chemical Co.

A c t i v a t e d > G l y c e r o l  D i c h l o r o h y d r i n . To 1000 ml. of any 
of the above’ glycerol diohlorohydrins were added 10 0  ml. of 
chloroform containing .10 to 50 grams of dissolved antimony

Table III. Interference of Carotene, Vitamin D2, and Related Sterols 
on Reaction of Glycerol Dichlorohydrin with Vitamin A

T im e a fter  A dding Interfer
C oncen R eagen t ence a t  2
tration 2 M in. 5 M in. 10 M in. M inutes

M g ./100  
m l. %

* i L . X 555 V itam in  A 0 .0 6 1390 1390 1390

* î c m . X 555 C arotene 1 .31 102 114 122 7 .3 5

4 1 L X 550 V itam in  A 0 .0 6 1150 1150 1150

L l ? m . X 5 5 ° C arotene 2 .1 8 126 132 132 1 1 .0 0

L l ? m . X 5 5 ° C alciferol 6 2 .6 1 .7 9 4 .0 3 6 .2 5 0 .1 6

L î ? m . X 5 5 0 E rgosterol 5 2 .2 0 .1 4 0 .1 4 0 .1 9 0 .0 1

¿ l f m .  X 550 7-D eh yd ro -  
ch o lestero l 3 3 .4 0 .2 1 0 .2 1 0 .2 1 0 .0 2

L l ? m . X 550 C holesterol 1 6 0 .0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
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Figure 6. Relation between Absorption at Maximum, 
and Vitamin Concentration

Total volume oF reaction mixture, 5.0 ml.

trichloride (prepared without anhydrous precautions). Later, 
it was found that the solid can be added directly. The solutions 
were mixed and distilled under a reduced pressure of 4 to 40 mm. 
of mercury in an all-glass apparatus. The chloroform fraction 
was discarded and the product collected and stored in a dry glass- 
stoppered bottle a t  room temperature. The dichlorohydrins 
from the Shell Chemical Co. were somewhat less satisfactoiy in 
the preparation of activated glycerol dichlorohydrin because 
they required two distillations with antimony trichloride before 
a colorless reagent was obtained. The product thus obtained 
became colored in 3 to 4 weeks.

C h l o r o f o r m , a n a l y t i c a l  r e a g e n t  g r a d e ,  d r i e d  o v e r  a n h y d r o u s  
s o d iu m  s u l f a t e ,  d i s t i l le d ,  a n d  k e p t  o v e r  t h e  s a m e  d r y i n g  a g e n t .

A n t im o n y  T r i c h l o r i d e , reagent grade, Merck.
C r y s t a l l i n e  V i t a m in  A  A l c o h o l  and crystalline vitamin A  

acetate from Distillation Products, Inc.
D i s t i l l e d  V i t a m in  A N a t u r a l  E s t e r  C o n c e n t r a t e , Con

trol No. PC-3, from Distillation Products, Inc., which comes in 
sealed gelatin capsules. The 1?}^, of the concentrate in ab
solute ethanol was. 100.75. Taking the from crystalline
vitamin A as 17S0, the concentrate was found to contain 5.65% 

, vitamin A. The concentrate from each capsule was used for 
one day only. The above data for the oil were supplied by Dis
tillation Products, Inc., and were confirmed by the authors’ 
measurements.

C O L O R  D E V E L O P M E N T

All dilutions were made, and all colors were developed in a 
const ant-tempcrature bath a t 25° C.

To 4.0 ml. of activated glycerol dichlorohydrin in a 1 0 -ml. 
glass-stoppered cylinder, was added 1  ml. of chloroform contain
ing the desired concentration of vitamin A, carotene, or both. 
The mixture was shaken several times to ensure homogeneity and 
placed in the water bath until ready to be read in the spectro
photometer.

All density readings reported in this paper are the averages of 
duplicate determinations.

S U M M A R Y

Glycerol dichlorohydrin from various sources does not always 
produce color with vitamin A. By distilling glycerol dichloro
hydrin with 1 to 5% of antimony trichloride under reduced pres
sure, a reagent results which behaves similarly to practical glycerol 
dichlorohydrin in giving a transient blue, then violet, color with 
vitamin A which is stable for 8  minutes, is not affected by traces 
of moisture present in the atmosphere on the most humid days, 
and does not leave a white deposit of antimony oxychloride on 
the cuvettes. The activated reagent differs from the practical 
in its behavior toward carotene and various sterols.

WAVELENGTH, IN m
Figure 7. Absorption Curves of the Colors Produced by Activated 
Glycerol Dichlorohydrin on 4.90 Micrograms of Vitamin A  Acetate and 

65.44 Micrograms of Carotene

9 0 %  of (3, 1 0 %  of a . Total volume of the reaction mixture in each case, 5.0 ml. 
Readings taken on Beckman spectrophotometer

Table IV . M ixed Color Method for Estimation of Vitamin A  and 
Carotene Mixtures by Activated Glycerol Dichlorohydrin

V itam in  A C arotene O bserved Dfinsity* C alcu la ted  D en sity
555 m/i 800 m/t 555 m/i 800  m/i

y /m l . y /m l .
3 .9 8 0 .1 1 5 0 .0 0

1CK88 0 .0 2 7 0.13G
*21.7G 0 .0 5 0 0 .2 9 1
3 2 .0 4 0 .0 8 5 0 .4 3 9
4 3 .5 2 0 .1 1 3 0 .5 8 0

3 .9 8 1 0 .8 8 0 .1 4 6 0 .1 3 1 0 Ü 4 2 o! 136
3 .9 8 2 1 .7 0 0 .1 7 3 0 .2 8 4 0 .1 7 1 0 .2 9 1
3 .9 8 3 2 .0 4 0 .1 9 8 0 .4 4 2 0 .2 0 0 0 .4 3 9
3 .9 8 4 3 .5 2 0 .2 2 4 0 .5 8 0 0 .2 2 8 0 .5 8 0

The absorption spectrum was taken on the Beckman spectro
photometer between 320 and 750 m/u of the violet color produced 
by the action of activated glycerol dichlorohydrin with crystalline 
vitamin A alcohol, crystalline vitamin A acetate, a natural ester 
concentrate, and its unsaponifiable fraction. In ciich case the 
observed maxima were between 553 and 556 mu- The of
the vitamin A in the natural ester concentrate and its unsaponi
fiable fraction were almost identical, 1420 and 1410, respectively. 
A nearly linear relationship was observed a t 555 m^ between 1.26 
and 13.63 micrograms of vitamin A and optical density.

On the Coleman model 11 spectrophotometer, the maximum 
has shifted to 550 mju. The L i™ . value is about 20% lower than 
the value on the Beckman. On the Coleman, a nearly
linear relationship between vitamin- concentration and optical 
density existed between 2 and 5.5 micrograms of vitamin A.

Under the conditions employed for vitamin A determinations 
using activated glycerol dichlorohydrin, the interference of 
vitamin D and related sterols is negligible.

The carotene interference can be evaluated by the method of 
Dann and Evelyn or by reading at 555 and 800 niu on the Beck
man spectrophotometer, since the violet vitamin A color does 
not absorb at 800 m
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Amperometric Titration of Cyanide with Silver Nitrate, 
Using the Rotating Platinum Electrode

H . A .  L A IT IN E N , W. P. JE N N IN G S , A N D  T. D. P A R K S 1, Noyes Chemical Laboratory, University of Illinois, Urbana, ML

The amperometric titration of cyanide with silver is equal in accu
racy and precision to the visual Denlgès method, and is applicable at 
much higher dilution. Chloride, bromide, hydroxide, and high 
concentrations of potassium nitrate or sulfate do not interfere.

IT  HAS been shown by Thompson (19), who used very pure 
potassium cyanide as a primary standard substance, that the 

silver nitrate titration of cyanide to Ag(CN)2~ is more accurate 
than the mercuric chloride titration Wick (SI) showed, however, 
that the potentiometric mercuric chloride titration is accurate. 
The original method of Liebig (IS), based on the formation of a 
turbidity due to silver cyanide, is subject to error in alkaline (8, 
18) and ammoniacal (8, SI) solution. The Denigbs (4) titration, 
based on a turbidity due to silver iodide in the presence of am
monia, gives high results in the presence of a large excess of 
ammonia (8, 9, SO, SI), but yields accurate results if the concen
tration of ammonia is carefully regulated (8, 9,19,21).

The potentiometric titration of cyanide with silver has been 
described by Treadwell (20), Muller and Lauterbach (16), and 
Clark (2 ). Wick (2 1 ) concluded th a t the potentiometric titra
tion gives accurate results. Read and Read (17) suggested a bi
metallic electrode titration, and Gregory and Hughan (6), using 
the null-point equivalence potential method of Cavanagh (1 ), 
report tha t the potentiometric method is superior to the Liebig 
method (5) for the determination of cyanide in plating solutions. 
The potentiometric method has also been used for the indirect 
determination of nickel (14), cobalt (15), and zinc (7, 13).

The successful amperometric titrations *>f halides with silver 
nitrate using the rotating platinum electrode (10 , 1 1 ) suggested 
a similar method for cyanide. The present paper describes an 
accurate comparison of the amperometric end point with the 
Dcnigds titration, which has been proved to  be accurate to 
within 0 .2 % and probably 0 .1 % by reference to pure potassium 
cyanide (19) and to the potentiometric end point (19, 21).

E X P E R IM E N T A L

A 0.500 N  solution of reagent quality silver nitrate and a 1.0 M  
solution of c.p. potassium cyanide in 0.1 N  sodium hydroxide 
were compared accurately, using weight burets, finishing each 
titration with 0.01 N  silver nitrate prepared by diluting a known 
weight of stock solution to a known volume, and using a volume 
buret for the final titration. The end point was observed by 
both the visual (Denigbs) and amperometric methods. No blank 
correction was applied to the visual end point.

For the amperometric titration, the apparatus and technique 
previously described (10) were used, with the mercury-mercuric 
iodide-potassium iodide reference electrode and a galvanometer 
sensitivity of about 0.02 microampere per mm. The residual 
current before the end point was extremely small, and very sharp 
end points were observed. Between titrations, the silver was 
removed from the platinum electrode by anodic polarization or 
by using nitric acid to prevent an anodic residual current due to 
dissolution of silver in the cyanide solution. If nitric acid was 
used-to remove the silver, the electrode was allowed to stand in 
ammonium hydroxide solution for a few minutes before rinsing 
with water and using it again.

In Table I, experimental data are presented for the titration 
of 20-gram samples of 1.0 A/ potassium cyanide, diluted to about 
100 ml. with 0.1 Ar sodium hydroxide to give a final cyanide 
concentration of 0.2 M  (0.1 N  with respect to silver). For pur
poses of calculation, the silver nitrate solution was assumed to be

1 P resen t ad dress. Shell D ev e lo p m en t C o ., E m er y v ille , C alif.

exactly 0.5 N  (weight basis). The two end points are compar
able in precision and yield the same answer to about 0 .1 % in the 
titration of 0.1 M cyanide.

To compare the two end points for more dilute solutions of 
cyanide, accurate dilutions of the two stock solutions were made 
by diluting known weights of stock solution to known volumes. 
All dilutions were carried out with 0.1 I  sodium hydroxide, to 
prevent loss of hydrogen cyanide by hydrolysis. The dilute solu
tions were then compared by the usual volumetric technique, 
using as a basis of calculation the average normality of stock 
cyanide solution determined by the visual end point (Table I). 
The results of the comparison arc given in Table II.

The two end points were comparable in precision and ac
curacy a t cyanide concentrations as low as 0 .0 0 2  N.

The visual end point became indistinct a t 2 X 10“ * N  cyanide 
and failed a t higher dilutions, whereas a distinct amperometric 
end point was still observed in titrating 4 X 10“c N  cyanide (8 X 
10~ 8 M) with 5 X 1 0 -4  N  silver nitrate. In  general, i t is recom
mended tha t for the amperometric titration a fivefold more 
concentrated silver solution than cyanide be used to avoid the 
necessity of correcting the current for dilution effect. For the 
titration of very dilute cyanide, the lowest practical limit for 
silver nitrate concentration is of the order of 5 X 10-4  Ar to obtain 
a distinct end point.

Table I. Comparison of Visual and Amperometric End Points in 
Titration of 0.1 At Cyanide

V =  v isu a l, A *= am perom etric end  p o in t
N orm ality- of D ev ia tion

K C N AgNO* S tock  K C N , from End
Solution Solution C aled. M ean P o in t

G ram s G ram s %
1 9 .7 3 7 2 0 .0 6 8 0 .5 0 8 3 9 - 0 . 0 7 V
19 .8 0 6 2 0 .1 6 8 0 .5 0 9 1 4 +  0 .0 8 V
1 9 .1 4 2 19 .479 0 .5 0 8 8 0 + 0 .0 1 V
2 0 .4 7 0 2 0 .8 2 8 0 .5 0 8 7 4 0 .0 0 V
2 0 .1 8 5 2 0 .5 3 2 0 .5 0 8 6 4 - 0 . 0 3 V

A v . 0 .5 0 8 7 3 =*=0.04

1 9 .8 5 3 2 0 .1 7 3 0 .5 0 8 0 8 +  0 .0 2 A
1 8 .7 6 3 1 9 .0 5 8 0 .5 0 7 8 6 - 0 . 0 6 A
2 0 .9 2 0 2 1 .2 7 8 0 .5 0 8 5 6 +  0 .0 8 A
1 9 .9 6 7 2 0 .3 0 2 0 .5 0 8 3 9 + 0 .0 5 A
19.911 2 0 .2 2 5 0 .5 0 7 9 1 - 0 . 0 5 A

A v. 0 .5 0 8 1 6 =*=0.05

Table II. Comparison of Visual and Amperometric Titration of 
100 M l. of Dilute Potassium Cyanide In 0.1 N  Sodium Hydroxide 

; with Silver Nitrate
A pp roxim ate  

N orm ality  of  
C yan id e E n d  P o in t % Ërror

A verage  
Error, %

0 .0 2 V isual +  0 .3 ,  + 0 . 2 ,  + 0 . 3 , +  0 .3

A m perom etric
‘ + 0 . 5 , + 0 . 1  

- 0 . 3 ,  - 0 . 3 ,  - 0 . 4 , 0 .4

x  i o  -» V isual
- 0 . 4 ,  - 0 . 4  

+  1 .0 ,  + 0 . 8 ,  + 0 . 8 , +  0 .8

A m perom etric
+ 0 . 7 ,  + 0 . 7  

- 0 . 4 ,  - 0 . 1 ,  - 0 . 1 , - 0 . 2

2 X  1 0 “ « V isual
- 0 . 1 ,  - 0 . 1  

- 0 . 3 ,  - 3 . 1 ,  - 3 . 3 , — 2 .7

A m perom etric
- 3 . 3 ,  - 3 . 6  

- 2 . 7 ,  - 2 . 7 ,  - 2 . 6 , - 2 . 6

2 X  IO '* V isual
- 2 . 4  

N o  end p o in t
+  2 .3A m perom etric +  6 .5 ,  — 1 .6 , + 1 .1 »  

+  0 .7 ,  + 4 . 9  
N o end p o in t4 X  IO"« V isual

+ 4 . 9A m perom etric +  9 .2 ,  + 1 2 .8 ,  + 2 . 3 ,
+  2 .3 ,  - 2 . 3
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% Error
A verage  
Error, %

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

Table III. Effect of Salts and Hydroxide In Titration of 0.002 N
Cyanide

(In  0.1 jV  sodiu m  hydroxid e unless oth erw ise sta ted )

S a lt  A dded
0 .0 0 1  N  IvCl 
0 .0 0 4  Af IvCl 
0 .1  Ar KC1 
0 .0 0 1  Ar K B r  
0 .0 0 4  N  K B r  
0 .1  N  K B r
1 .0 A 7 K N O j +  0 .0 2  AT N aO II  
1 .0 1 V K N O . +  1 .0  JV N aO H  
0 .5  .1/ KsSOr +  0 .0 2  A7 N aO H  
S atd . K ,S O . +  1 .0 A '  N aO H

E F F E C T  O F  C H L O R ID E ,  B R O M ID E , H Y D R O X ID E ,  A N D  H IG H  
C O N C E N T R A T IO N S  O F  S A L T S•

A series of titrations of 0.002 N  cyanide in the presence of 
various concentrations of chloride, bromide, hydroxide, nitrate, 
and sulfate was carried out (Table III). The errors again were 
computed with reference to  the visual end point titration of 0 .1  A  . 
cyanide. In  general the results are accurate to within 0.5% in the 
presence of 50-fold excess of chloride or bromide or in 1 N  salt 
solutions. High concentrations of alkali tend to give low results.

IN T E R F E R E N C E S

Iodide, sulfide, sulfhydryl compounds, etc., which form ex
tremely insoluble silver salts, or materials which form more 
stable complexes with silver than cyanide does, will, in general, 
interfere.
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V ap o r-Liq u id  Equilibrium Still for M iscible Liquids
D O N A L D  T. C. G ILL E S P IE , Australian Scientific Research Liaison Office, Australia House, Strand, London, W .C. 2, England

A  new apparatus is described for the determination of vapor-liquid 
equilibrium data/ it consists of an electrically heated still fitted 
with a Cottrell pump, a vapor-liquld disengagement chamber, and a 
condensate trap. Both the boiling liquid and the vapor circulate 
within the apparatus, and boiling points may be determined with 
accuracy, as the system ensures complete equilibrium between the 
two phases. A  simple test for the entrainment of liquid in the 
vapor is described, and it is shown that in the new apparatus less 
than 0 .0 5 %  entrainment occurs with negligible effect upon equi
librium data.

VAPOR-liquid equilibrium determinations reported by dif
ferent investigators frequently show wide inconsistencies, 
and it is only rarely th a t a new examination of a system confirms 

previous results. Very few systems are known to form ideal 
solutions, whereby the vapor-liquid relationships may be cal
culated by Raoult’s law from vapor pressures, and the engineer 
must usually depend upon experimental data for the design of 
distillation and other contacting equipment. I t  is, therefore, not 
surprising to find th a t such equipment frequently does not oper
ate to the predicted specifications, and the need for greater re
liability in equilibrium determinations is very evident. There is 
also a need for the accurate measurement of other physical prop
erties of systems, such as boiling points and vapor prossure- 
temperature relationships, which enable the calculation of ac
tivity coefficients for the mathematical correlation and extension 
of results.

Many different forms of apparatus have been proposed for the 
examination of the vapor-liquid relationships of miscible liquids. 
Some of the more recent are those of Jones, Schoenbom, and Col
burn (5), Langdon and Keyes {6), Othmer (7), and the modifica
tions by York and Holmes {10). From a careful analysis of 
these and other forms, it would appear th a t no one type of

apparatus so far described is entirely free from possible sources of 
error, and a still operating on a new principle is described in this 
paper in the hope th a t it ma}7 assist in progress towards the 
elimination of these faults, and a t the same time make it possible 
to determine accurately the true boiling points of the mixtures 
being investigated.

Various methods have been adopted to prevent partial con
densation and refluxing of the vapors. These methods fall gen
erally into one or other of two main classes, in which either the' 
vapor line is jacketed w ith.the same vapors, or some form of ex
ternal heating is applied to the exposed vapor-conveying sections, 
respectively. Combinations of the two methods are also de
scribed. Vapor-jacketing when used alone does not appear to be 
a fully effective means of reflux-prevention. This is particularly 
evident with liquids of high boiling point, with which refluxing 
from the jacketed vapor line may become visibly quite pro
nounced. Further, in considerations of apparatus of this type
(7), the enrichment of the vapors with respect to the more volatile 
component before they reach the vapor line does not appear al
ways to have been recognized. I t  is obvious th a t this enrichment 
can occur by partial condensation on the outer body of the still 
a t all points above the level of the boiling liquid.

In several forms of apparatus, external heating is adopted to 
compensate for heat losses from the upper parts of the still {I, 
5, 6, 8, 10) and so prevent refluxing of the vapors, although the 
danger of evaporation of thin films and spray droplets on such 
heated surfaces has been pointed out (7). Despite this possi
bility of error, the method appears to have been used successfully. 
Carey and Lewis (I) have surrounded the entire vaporization 
chamber with an accurately hdirted jacket, and the careful tech
nique of these investigatorsjias led Jones el al. {&) to concede tha t 
the possible sources of error in this type of apparatus may not be 
important when special precautions arc taken. Nevertheless, it
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must be considered a disadvantage th a t the accuracy of results 
should depend upon strict operating conditions which cannot al
ways be defined clearly.

Very little attention has been given to the difficulties which 
are undoubtedly associated with ensuring equilibrium between a 
boiling liquid mixture and its vapor, and it has usually been as
sumed th a t the vapor attains this equilibrium during a relatively 
short passage through the liquid in the boiling vessel, or in a sepa
rate equilibrium chamber. This assumption has not been con
firmed in ebullioscopic investigations, where, until the develop
ment of the Cottrell device (4), elaborate precautions and a skill
ful technique were necessary to obtain complete equilibrium, and 
hence a steady boiling point. I t  is difficult to assess the signifi
cance of this in vapor-liquid equilibrium determinations, but it is 
unlikely tha t the vapors produced by normal boiling in a flask 
are in true equilibrium with the main bulk of the liquid.

Of more obvious importance is the possibility of local hetero
geneity within the boiling liquid, due to the returning condensed 
vapor. I t  has been assumed th a t the agitation induced by the 
boiling liquid is sufficient to ensure prompt and thorough mixing 
of the still contents (7). The validity of this assumption has 
been questioned by Langdon and Keyes (6‘), who found it neces
sary to provide mechanical agitation in their equilibrium still. 
Jones, Schoenborn, and Colburn (6) also point out th a t the re
turning liquid may tend to flasli-vaporize because of its lower 
boiling point, but it is doubtful whether these authors achieve 
any improvement in this regard by returning the condensate as a 
somewhat superheated vapor. The heterogeneity of the still 
contents may be further aggravated by the fluctuations in the 
condensate level in the wide-bore return line usually adopted.

In  work previously reported in .the literature, i t  is usual for 
the steady operation of the equilibrium still to be interrupted in 
some wray before taking samples of the boiling liquid and conden
sate. Errors may then be introduced into equilibrium data by 
changes in the composition of the still contents prior to and during

sampling (6, 7), either by loss 
of vapor from the still, or by 
the return of excess condensate 
during the period usually al
lowed for boiling to cease. 
Langdon and Keyes (6) were 
able to prevent the drainage 
of the condensate line in their 
apparatus, but found it neces
sary to analyze successive 
samples of the boiling liquid 
and extrapolate the data to 
obtain a  value for the composi
tion of the liquid a t the com
mencement of the. sampling 
period. More reliable results 
should be obtained if both 
liquid and condensed vapor 

•samples are taken simultaneously, under such conditions th a t the 
equilibrium established within the apparatus is not disturbed.

The need for accurate temperature data as w-ell as vapor- 
liquid equilibrium compositions has been emphasized recently
(2 ), but hitherto had received little attention. Precise tempera
ture measurements may be ensured by the use of the Cottrell 
pump, which is incorporated in the equilibrium still due to Col
burn, and described by Chilton (S) and Scatcliard, Raymond, and 
Gilmann (5). Most forms of apparatus, however, provide for 
measurement of temperature in the vapor phase only, or in the 
boiling liquid in close proximity to the source of heat. If it could 
be assumed tha t under these conditions both the liquid and the 
vapor in contact with the thermometer represent the desired 
equilibrium conditions, either of these methods wrould be accu
rate, but it is usual for such data to show obvious inconsistencies 
in temperature measurements.

T H E  A P P A R A T U S

In  the design of the new apparatus, an attem pt has been made 
to contribute further towards the elimination of the defects dis
cussed above. The apparatus is illustrated in Figure 1. I t  is 
based on the well-established vapor-reeirculation principle, but 
differs essentially from others of this type in tha t the boiling 
liquid is also circulated rapidly, as represented schematically in 
Figure 2, and in this regard the apparatus resembles tha t de
scribed by Swietoslawski (0 ) for the determination of boiling 
points. The liquid and vapor are not permitted to separate 
within the boiler, but are maintained in intimate contact as they 
pass up the modified Cottrell pump to the thermometer, and 
thence to the vapor-liquid disengagement chamber (see Figure 
1). The conditions prevailing within the Cottrell tube during 
the operation of the apparatus are ideally designed to achieve the 
desired equilibrium between liquid and vapor and enable the 
boiling points of the mixtures under examination to be deter
mined with complete accuracy. In  the disengagement chamber 
the vapors are separated from the boiling liquid, and pass to the 
condensate system in such a manner tha t refluxing is virtually 
impossible. The stream of hot liquid disengaged from the vapor 
within the chamber is combined with the recycling condensate 
before it returns to the boiler, and it is clear that, a t equilibrium, 
the liquid-vapor mixture leaving the boiler is identical in quantity 
and composition with the combined liquid streams returning to 
it. This procedure is very convenient, as it ensures steadiness of 
composition within the boiler, and leaves no possibility of uneven 
fiash-vaporization due to local points of heterogeneity.

The apparatus is sturdy, and may be readily constructed in 
Pyrex by. glass-blowers of average ability. Variations in the di
mensions may be made to suit the conditions of an investigation, 
but those indicated by Figure 1 wall be found convenient for most 
systems, with possibly the exception of the wide Cottrell tube 
( 10  mm. in outside diameter), which is designed primarily for the

Figure 2
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U

Figure 3. Internal Heating Element

low vapor density of systems 
under reduced pressure, and 
a somewhat smaller tube (8 
mm. in outside diameter) 
may be found better for 
p re s s u re s  around atmos
pheric.

The relatively small boiler 
( c a p a c i ty  approximately 
10 0  cc.) is provided with 
both external and internal 
heating elements. The bulk 
of the heat requirements 
should be applied exter
nally, but the internal ele
ment will usually be found 
essential in order to main
tain the steady boiling rate 
required for the successful 
operation of the apparatus.

The external heater is 
made by winding a suitable 
length of Nichrome wire 
on a thin layer of as
bestos paper, or micanite,
around the boiler, and subsequently covering with asbestos cord 
or tape. The internal element may conveniently be made from
37.5 cm. (15 inches) of 28-gage platinum wire, compactly wound 
in three concentric coils, and attached to tungsten leads fused in 
a standard cone joint, as shown in Figure 3. This forms a simple, 
easily removable heating unit, which will ensure a steady vigorous 
ebullition of vapors even in liquids which are very prone to 
bumping. An c.m.f. of approximately 6 volts will provide suffi
cient current for this heater.

The vapors generated within the boiler carry a stream of liquid 
into the Cottrell tube, and thus a liquid-vapor mixture is pumped 
up to the thermometer. This mixture is then directed down
wards into the disengagement chamber, which consists of three 
concentric tubes, through the inner of which the mixture enters. 
Probably because of its dowmvard momentum, the liquid is sepa
rated cleanly from the vapor a t the bottom of this tube, and it 
flows away to return to the boiler. The disengaged vapors pass 
upwards a short distance within the space between the inner and 
intermediate tubes of the chamber and then escape to the outer 
jacket, through which they pass dowmvards to the condenser. 
The disengagement chamber is thus jacketed with the issuing 
vapors.

In systems of high boiling point, where radiation losses may 
permit some condensation of the vapor during the short travel 
upwards in the chamber, heat losses may be balanced by suitable 
external heating. Since both liquid and vapor which may be in 
the outer jacket pass to the condensate system, neither slight 
heating nor cooling of the outer walls can introduce any errors in 
the condensate composition.

The condenser and condensate trap present no new features. 
The condensate trap is essentially the same as th a t described by 
Othmer (7) ; i t  has been provided with a standard-taper joint, to 
which a further condenser may be fitted if desired, and this in turn 
is connected to a suitable system for precise pressure regulation.

Overflow from the condensate trap is returned to rejoin the cir
culating hot liquid through a small drip counter and capillary 
tube. There is very little liquid holdup within the capillary, 
which also serves to damp out fluctuations of the liquid level 
during boiling. The combined liquid and condensed vapor 
streams re-enter the boiler through a small tube v'bich passes to 
near the bottom of the vessel, and the mouth is so placed and 
shaped that there is no tendency for vapor bubbles to pass out 
through it. -

In operation, the apparatus should be filled and the boiling 
rate adjusted so as to maintain the steady pumping of a mixture 
of liquid and vapor through the Cottrell tube, and the liquid level 
is best kept fluctuating gently just above the capillary, in the 
drip counter. These conditions will be found satisfied by a wide

range of boiling rates, but the volume of liquid within the Boiler 
will require adjustment to within a few' milliliters. A very rapid 
boiling rate will cause visible entrainment in the disengagement 
chamber; uneven or slow boiling allows vapor to pass up the 
Cottrell pump v'ithout entraining a stream of liquid, thus making 
this device ineffective. Strictly self-consistent data may be ob
tained over a wide range of operating conditions within these 
clearly defined conditions.

After allowing sufficient time of operation to ensure steady con
ditions within the apparatus, samples of the boiling liquid and 
condensed vapor arc best taken simultaneously, without inter
rupting the heating in any way. The sample of boiling liquid 
should be collected in a small flask immersed in an ice bath, or it 
may be necessary in some cases to attach a small cooler to the 
sampling outlet ((f).

I t  is hoped th a t data obtained using the apparatus will become 
available for publication at a later date.

E N T R A IN M E N T

With so short a distance within the disengagement chamber 
between the point of separation of liquid and vapor, the possi
bilities of entrainment are obvious, although none could be ob
served during trials of the apparatus over a w'ide range of boiling 
rates. The fine droplets which are characteristically found above 
the surface of some boiling liquids, due to collapsing vapor 
bubbles, appear to be entirely absent.

A simple test has been used to detect and quantitatively meas
ure the entrainment. This test may be applied to any form of 
vapor-liquid equilibrium apparatus so far described, and may 
also be useful for the indication of evaporation of spray droplets 
from superheated surfaces. The boiler of the apparatus is 
charged with a 2 0 % solution of potassium chloride, the conden
sate trap filled with distilled water, and the system allowed to 
boil a t a  constant rate for several hours, a t the end of which the 
contents of the trap are tested for chloride by the standard opales
cence method with silver nitrate. The results for a number of 
different boiling rates are given in Table I, and it is evident that 
the maximum entrainment obtained w'ould not have any sig
nificant effect upon vapor-liquid equilibrium data.

Table I. Entrainment of Liquid in Vapor
V oltage  
A pplied  

to  l lc a tc r
D istilla tio n P otass iu m  C hloride in

R a te L iquid C ond en sate E n tra in m en t
V olts M l . /m in . % % %
100 3 .2 20 0 .0 0 1 0 .0 0 5
125 5 .5 20 0 .0 0 5 0 .0 2 5
150 7 .5 20 0 .0 1 0 .0 5
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Determination of 2,2-bis-p-Chlorophenyl-1/l/l- 
trichioroethane in Technical D D T

A  M  icroscopical M ethod

W A L T E R  M c C R O N E , A N N E T T E  S M E D A L , a n d  V IC T O R  G ILP IN  
Armour Resjarch Foundation, Illinois Institute of Technology, Chicago, III.

A  microscopical method for analysis of mixtures of organic com
pounds is proposed, which depends on the influence of impurities 
on the rate of crystallization of the major component from the melt. 
The method is applicable to a large number of industrially important 
systems such as TN T or other explosives, pharmaceuticals, dye inter-

TECHXICAL DDT usually contains about 75% of the com
pound 2 ,2-bis-p-chlorophenyl-l, 1 , 1-trichlorocthane (p,p'~ 
DDT), about 15% of the isomer 2-o-chli5rophenyl-2-p'-chloro- 

phcnyl-l,l,l-trichlofoethane (o,//-DDT), and about 10% of 
other by-products of the reaction (5). Since the activity of DDT 
as an insecticide depends to a large extent on the amount of 
p,p'-DDT, it is important to be able to analyze quantitatively for 
this isomer. For this purpose, probably the most accurate of 
several methods of analyzing the technical material has been 
proposed by Cristol, Hayes, and Haller (2 ). This method is 
based on the insolubility of p,p '-D DT in 75% aqueous ethanol. 
The method is accurate (within 1%) and the technique is simple; 
it docs, however, require temperature control and at least 8 
hours for an analysis.

A microscopical method based on the rate of crystal growth of 
?Vp'-DDT from the melt is described below. The basis for this 
analysis is the observation th a t'ra te  of crystallization from the 
melt is a function of its purity (Figure 1). A pure compound 
will crystallize much more rapidly than the same compound in a 
less pure state. The nature of the impurity is not so important in 
most cases, since the mechanism of the decrease in rate of growth 
is almost entirely due to the interference of impurity molecules on 
crystal formation. If an adsorption effect were encountered 
where molecules of one impurity were adsorbed on the growing 
crystal faces, it would then be necessary to prepare the known rate 
curves on mixtures containing the same compounds tha t would be 
encountered in practice.

The technique of analyzing mixtures by determining the rate of 
crystallization of the principal component is applicable to  a num
ber of systems. I t  is limited, in general, to those mixtures that
( 1 ) do not decompose or sublime on melting; (2 ) can be super
cooled to a  constant known temperature before complete solidi
fication; and (3) grow at a measurable rate at a convenient 
temperature. The method has the particular advantages of 
speed and the application to systems of isomers where no good 
absolute procedure for analysis exists. The method is applicable 
to a large number of industrially important systems such as 
TN T or other explosives, pharmaceuticals, dye intermediates, or 
almost any organic reaction product.

The basic assumption, made at the sta rt of the present work, 
is tha t a technical sample of DDT containing 75% p,p'-D DT ’ 
would behave in the same way as a mixture of 75% p,p'-DDT 
and 25% o,p'-DDT—in other words, tha t crystals of p,p'-DDT 
would grow at the same rate whether the melt contained only 
p,p '-D DT and o,p'-DDT or all the usual impurities and by
products were present. The final results have indicated the 
validity of this assumption.

A possible limitation of the method is the fact th a t compounds 
insoluble in the melt do not affect the rate of growth. A 50:50 
mixture of p,p'-D DT and an insoluble component such as water,

mediates, or almost any organic reaction product. The application
of this method to the determination of p ,p '-D D T in technical DDT
is described. It is possible by this method to analyze samples of
technical DD T on a routine basis of one sample every 10 to 15
minutes with an accuracy of better than ± 0 .5 %  p ^ '-D D T .•

glass, dirt, or fibers would appear to be 100% p,p'-D DT by this 
method. The microscope would, however, show the presence of 
extraneous materials of this sort. On the other hand, extrane
ous solid impurities will not interfere with the analysis by this 
method except in so far as they interfere with the observation of 
the crystal front. This would occur only if the per cent solids 
was very high; in any case, the method of sampling suggested 
below would eliminate the possibility.

Since the rate of growth of crystals from the melt is also a func
tion of the temperature, it is necessary to control, or be able to 
measure, the temperature. I t  is sufficient in an actual analysis 
to determine the temperature by supporting a thermometer with 
the bulb on the microscope stage near the preparation. I t  was 
necessary during the standardization work on this analysis to use 
a simple hot stage (Figure 2) to allow rapid changes in tempera
ture and accurate control of any temperature desired. Although 
the dimensions of this hot stage are flexible, the difficulty of con
struction increases with the size of the chamber. The stage is 
heated with circulating liquid, usually water, whose temperature 
is controlled by a constant-tcmperature bath. Care must be 
exercised tha t the thermometer in the system records the tem
perature of the water as near the hot stage chamber as possible.

The rate of growth is determined using a microscope equipped 
with an eyepiece having a micrometer scale.- The eyepiece 
micrometer scale must be calibrated in the usual way (1 ) with a 
stage micrometer scale before use. An eyepiece scale such that 
each division corresponds to about 5 microns or less is best. To 
increase the visibility of the crystal front of the p,p'-DDT, 
crossed Xicols may be used (Figure 1). (In this case the eye
piece micrometer scale must -be calibrated with the analyzer 
Nicol in place.)

Certain precautions must be observed in order to obtain ac
curate results. The most important of these is sampling. Most 
industrial mixtures are not thoroughly mixed when considered 
microscopically. It is possible to  obtain 50-mg. samples of 
technical DDT from a single container that vary as much as 6 % 
in amount of p,p'-DDT. To eliminate this problem, which is 
common to all methods of microanalysis, a quick and efficient 
method of sampling must be used. This is provided for technical 
D D T by melting (avoid superheating above 120° C.) a 3- to 4- 
gram sample in an evaporating dish on a hot plate, stirring the 
liquid for a minute with a glass rod before removing the micro
sample of one drop with the rod and placing it on a clean micro
scope slide. Other precautions almost as important as sampling 
are discussed below.

The hot preparation must be allowed to  come to temperature 
equilibrium with the surroundings before being placed on the 
microscope stage (about 2  minutes) and must be allowed to come 
to complete equilibrium on the microscope stage (2  minutes) be
fore a measurement is made.
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93% p,p'-DDT; 7% o, p'-DDT 100% p, p1-DDT; 0% 0,p'-DDT

Figure 1. Growing Crystal Fronts of p ,p '-D D T in Mixtures of p ,p '-D D T and o,p'-DDT. X  200
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To prevent heating of the preparation the light source must 
be as low in intensity as possible and still furnish easy observa
tion of the crystal front. Normal illumination is probably satis
factory, especially if crossed Nicols are used. For best results a 
heat-absorbing filter—e.g., Aklo filter made by Corning—should

Figure 2. Diagram of a Simple Circulating Liquid H ot Stage

be used. I t is also possible to determine a temperature correc
tion by placing the thermometer bulb in place of the preparation 
for 1  to 2  minutes to obtain the temperature difference between 
the recorded value and the preparation. In general, a  tempera
ture difference of 0.1° C. is equivalent to a  percentage difference 
of 0.3%; hence the temperature must be as accurate afe possible. 
With normal diffuse illumination, crossed Nicols, and a heat- 
absorbing filter the heat gain in the preparation will be less than 
0.1° C.

The measurement should be made for a  time 
sufficiently long to give a  reading of a t least 10  
eyepiece micrometer divisions. This will require 
as long as 15 minutes for very impure D D T (at 
low temperatures) but nearly pure D D T will re
quire only 2 to 3 minutes.

The method would bo more accurate and re
quire less time if a permanent temperature con
trol were available. This would be practical if 
a  large number of routine analyses were neces
sary. For .an occasional analysis or for a small 
number of analyses it is neither desirable nor 
necessary to go to the trouble to obtain tem
perature control. The results will be only slightly 
less accurate when no control is used (±0.5%  
compared with ±0.3% ). Because of the heat
ing effect of the illumination, the results without • 
temperature control will tend to be high by 
perhaps 0.2 to 0.3%.

For the most accurate analysis of a number of 
samples of D D T the hot stage shown in Figure 
2  should be used with a  constant temperature 
of about 30° C. With this arrangement results 
having a precision of ±0.3%  a t the rate of one 
analysis every 10  minutes are easily possible.

P R O C E D U R E  F O R  A N A L Y S I S  O F  D D T M IX T U R E S  
F O R  p ,p '-D D T

A small sample (3 to 4 grams) is melted with 
as little superheating as possible on a hot plate 
(to avoid slight decomposition or volatilizing one 
or more components, the temperature should not

exceed 120° C.). The melt, is mixed by stirring for about one 
minute with a glass rod. One drop is then placed on a clean 
microscope slide and covered with a clean cover glass. The coyer 
glass is pressed down firmly to give a thin film of DDT. If 
necessary, the preparation is seeded a t the edge of the coyer glass 

with a crystal of p,p'-D DT to initiate growth. The 
preparation is then allowed to cool for 2  minutes before 
placing on the microscope stage. At this same time a 
thermometer is placed on the stage with the bulb near 
the preparation. After 2 more minutes on the micro
scope stage the temperature is recorded and the crystal 
front focused with the eyepiece micrometer scale. The 
rate of growth of the p,p'-D DT is determined over a 
period of 5 to  10 minutes. The temperature is noted 
several times during the determination, so th a t the 
average may be used in determining the per cent p,'p'- 
DDT. The rate of growth expressed in microns in 5 
minutes and the average temperature are used in the 
graph (Figure 3) to determine the per cent p,p'~ 
DDT.

If a temperature-controlled hot stage is used, less 
time is required to reach equilibrium. If the 'slide, 
usually a microscope slide cut in half 2.5 X 3.75 cm. 
(1 X 1.5 inches), is placed on the hot stage with a drop 
of water between the slide and stage to increase the 
rate of fieat flow, the rate of crystal growth can be 
measured as soon as the crystal front becomes well 
formed.

A N A L Y T I C A L  R E S U LT S  W ITH K N O W N  M IX T U R E S  O F  
o .p '-D D T

p ,p '-D D T  A N D

Mixtures of pure p,p'-DDT, melting point 108.5-109° C., with 
o,p'-DDT, melting point 74.0-74.5° C., have been studied by 
the procedure outlined above. These mixtures, ranging in com
position from 65 to 100% ;>,//-DDT, were melted and thoroughly 
mixed with a fine glass rod before being covered with a cover glass.

Figure 3.

R A T E  O F  C R Y S T A L L IZ A T IO N  O F  p . p ' - D D T  
(M icrons in 5 m inutes)

Rate of Growth of Crystal Front of p ,p '-D D T as a Function of Purity 
of Mixture

The authors will be glad to furnish large reproductions of this graph to anyone requesting a copy

...
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Six of these preparations having compositions of 65, 72, 81, 82, 
93, and 100% p,p'-D DT were used to determine the relation be
tween rate of growth of p,p'-D DT and composition. These data 
were plotted, smoothed by graphical means, and replotted as 
shown in Figure 3. All the data taken on known mixtures gave 
rates which checked to =±=0.6 micron. This corresponds to about 
±0.3%  p,p'-D DT a t 30° C. and a mixture of 80% p,p'-DDT. 
The error would be higher for lower temperatures and smaller 
percentages of p,p '-D DT and less a t higher temperatures and 
concentrations of p,p'-DDT.

The results of the application of the method of analysis to three 
commercially available samples of technical DDT are shown in 
Table I. A comparison of the rate of crystallization method of 
analysis with the recrystallization from 75% ethanol procedure of 
Cristol, Hayes, and Haller (2) is given by comparison of the 
analytical data by the two methods. The same samples were 
analyzed by both procedures and the data are presented in Tables 
I and II. The two methods check very well with each other. 
The data in Table II were obtained by as careful work as pos
sible by an experienced analytical chemist. The data in Table 
I were obtained with no temperature control and no particular 
precautions or care not described completely above.

Table I. Analysis of Samples of Technical D D T by Rate of 
Crystallization of p ,p '-D D T from the M elt

Table

S am ple I Sam ple II Sam ple I II

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

A verage 7 5 .3 7 3 .5 7 1 .9
M axim um  d ev ia tion 0 .7 1 .2 0 .9
A verage d ev ia tion 0 .3 0 .5 0 .4

I t  is possible with care to double the precision of the method, 
but this may not be advisable because the accuracy of the method 
is not known. The accuracy is based on the analysis of known 
mixtures of p,p '-D D T and o,p'-DDT and the effect of the other 
by-products and impurities on the rate of crystallization of p,p'- 
D DT is assumed to be equivalent to an equal quantity of o,p'- 
DDT. There is no way to check this hypothesis accurately. 
The fact that the results agree within 1 % with results obtained by 
the method of Cristol, Hayes, and Haller is significant only within 
the limits of error in th a t agreement—namely, 1% . Claims of 
accuracy beyond tha t limit of less than 1 % are unfortunately 
not justified.

Table II. Analysis of Samples of Technical D D T by Recrystalliza- 
• tion from Saturated 7 5 %  Ethanol

S am ple I

Av.

7 5 .7
7 0 .4
7 6 .0

S am ple II

7 2 .9
7 4 .5
7 3 .7

S am ple I I I

6 9 .9
7 2 .1
7 1 .0

Further study of the rate data leads to an interesting and sig
nificant observation. The Arrhenius relation between the reac
tion velocity and temperature, in gaseous and liquid systems, is 
given by the equation

Slope and Intercepts for Curves of Log Rate against 
Reciprocal Temperature

P er C en t  
P u rity ■ r i x 1 0 1 E  X  103 L og D

100 7 .2 7 3 3 .2 2 6 .3
93 6 .8 7 3 1 .5 2 4 .7
82 G.56 3 0 .0 2 3 .5
72 G. 24 28 . G 2 2 .1
G5 5 .7 8 2 6 .5 2 0 .3

log k = 2.303R X +  B

Figure 4. Result of Application of Arrhenius Rate Equation 
to Rate of Crystallization of p ,p '-D D T

where the symbols have their usual significance. This equation is 
found to represent the data of the present work (see Figure 4) if 
k is considered to be the linear rate of crystallization. The 
Arrhenius constants, determined in the usual way, are presented 
in Table III.

The significance of the constant E  (which is analogous to the 
activation energy in a  chemical reaction) is probably based on the 
energy required for a molecule to assume a  position relative to the 
crystal front convenient for crystallization. I t  would be inter
esting to study the effect of molecular symmetry on this energy 
constant. Presumably a symmetrical molecule would have less 
difficulty orienting itself on the crystal front than an unsym- 
metrical molecule and consequently should have a lower value 
for A.

If the rate of crystallization is plotted against the log of per 
cent impurity a  series of curves of the linear type y — m(x — a) 
is obtained (Figure 5). The common abscissa of these lines, 
estimated from the figure, is 1.625 (ca. 42% impurity). Calcu
lated values of the slopes for the various temperatures are pre
sented in Table IV.

A linear relation is found to exist between the log of the abso
lute value of the slope, m, and the reciprocal of the absolute tem-
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Table IV . Variation of Curve Slopes (Figure 5) with Temperature
T em perature.

°C . Slope (x — 1) L og Slope (1 / T )  X  10», °K .

34 270 2 .4 3 1 3 .2 5 7
33 23G 2 .3 7 3 3 .2 6 8
32 202 2 .3 0 4 3 .2 7 9
31 168 2 .2 2 5 3 .2 8 9
30 139 2 .1 4 3 3 .3 0 0
29 114 2 .0 5 3 3 .3 1 1
28 9 5 .9 1 .9 8 2 3 .3 2 2
27 8 0 .6 1 .9 0 6 3 .3 3 3
26 6 7 .8 1 .831 3 .3 4 4
25 5 6 .9 1 .7 5 5 3 .3 5 6
24 4 6 .5 1 .667 3 .3 6 7
23 3 8 .8 1 .5 8 9 3 .3 7 8
22 3 0 .8 1 .489 3 .3 9 0
21 24 . S 1 .3 9 4 3 .4 0 1

perature (Figure 5, inset), 
equation

This curve is represented by the

log m  — 26.37 7.34 X  103

Table V . Comparison of Observed

R a te

and Calculated Values
D ev ia tio n  * 

from
R a te  Observed

Im pu rity
'%

T em p eratu re
°C .

(O bserved) (C alcu lated) V alue
%

2 27 90 60 33
3 27 83 69 17
4 27 72 ' 78 8 .3
5 27 7 2 , 74 2 .8
5 33 218 224 2 .8
6 27 67 68 1 .5
6 33 200 204 2 .0

7 30 109 107 1 .8
7 33 184 187 1 .6

18 24 17 17 0
18 31 01 62 1 .6
19 26 23 23 0
28 22 5 .5 5 .4 1 .8
28 25 10 9 .8 2 .0

30 •27 13 12 7 .7
30 33 36 36 0
32 27 12 12 0
32 33 30 29 3 .3
34 27 10 7 .4 . 2G
3G 27 9 . 5 .5 39

T  = absolute temperature

Substitution of/(T ) for m gives the complete equation

7 ‘11 y  1 n 3
log R =  26.37 -  „V - +  log (1.625 -  loge)

R =  rate of crystallization, microns in 5 minutes 
T  = absolute temperature 
c — per cent impurity in mixture

Table V indicates the range of validity of this equation.
The portions of Table V above 28 and below 7% impurity are 

extrapolations of the equation beyond the region covered by the 
lines of Figure 5. In the range between 5 and 32% impurity, 

where the equation fits the data well, the 
calculated values for low rates are probably 
the more trustworthy, since it is difficult to 
interpolate low rate readings on Figure 3 within 
10  to 2 0 %.

It. is interesting to note that the experi
mental rate of crystallization does not fall 
to zero with approximately equal amounts of 
pure and impure material, as the curves in 

• Figure 5 indicate. Dotted lines for two of 
the curves show the true trend, which may 
be directed toward zero rate a t 10 0 % im
purity. Although this region is theoretically 
interesting, it would be difficult and time- 
consuming to investigate experimentally.

A C K N O W L E D G M E N T

LOG PERCENT' IM PURITY

Figure 5. Rate of Crystallization vs. Log Per Cent Impurity
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NOTES ON A N A L Y T IC A L  PROCEDURES

lodometric M ethod of A n a ly s is  for O rgan ic  Peroxides
K E N Z IE  N O Z A K I 1 

Converse Memorial Laboratory, Harvard University, Cambridge, Mass.

BECAUSE of its accuracy, reliability, and general appli
cability, the iodoinetric method of analysis for organic per

oxides has been utilized more often than any other. In spite of 
this wide usage, rarely have two groups of workers earried out 
the analysis in the same solvent. This is due primarily to the 
fact that the solvents used heretofore have not . been completely 
satisfactory. Acetic acid has been used often, but, because of the 
rapid oxidation of iodide ions by atmospheric oxygen, the analyses 
must be carried out in an inert atmosphere of nitrogen (1) or 
carbon dioxide (4). Acetone is' not very satisfactory because it 
reacts with iodine in the presence of water (2, 3). Alcohols re
quire no precautions against oxygen, but the liberation of iodine 
is slow and the solutions must be heated to incipient boiling (S). 
Most other solvents have been eliminated because of unfavorable 
side reactions or the low solubility of the reactants in the medium.

Table I. lodometric Peroxide Analyses with A cetic  Anhydride
% A ctiv e  O xygen  a fter  S tand ing

P eroxid e 5 m in. 15 m in. 20  m in.

B en zoy l p eroxide (50-m g. sam ple) G .60 G .60 6 .6 0
6 .5 9 6 .6 1 6 .6 0

Peroxide in  isop rop yl eth er 0 .0 4 9 3 0 .0 6 0 1 0 .0 6 0 1
0 .0 6 0 1

Peroxide in  n -b u ty l eth er 0 .0 2 4 7 0 .0 3 2 5 0 .0 3 3 5
0 .0 3 3 5

P eroxid e in  g ly cery l tr io lea te 0 .0 3 3 5 0 .0 4 0 7
0 .0 4 0 7
0 .0 4 8 8

0 .4 0 6

P eroxide in  d ia lly l p h th a la te 0 .0 4 0 1 0 .0 4 8 8

The author has found that acetic anhydride is an excellent 
solvent for iodometric peroxide analyses. I t  is a good solvent 
for both peroxides and sodium iodide, it does not react with iodine, 
no precautions against oxygen are necessary, and the iodide- 
peroxide reactions are rapid when it is used as the solvent. In 
addition, the use of starch indicator (after dilution with water) 
makes possible the carrying out of accurate analyses on colored 
solutions.

A N A L Y T I C A L  P R O C E D U R E

The peroxide sample is placed in a glass-stoppered Erlenmeyer 
flask and 5 to 10 ml. of reagent acetic anhydride and 1 gram of 
powdered sodium iodide are added. After swirling to dissolve 
the iodide, the solution is allowed to stand for 5 to ‘20 minutes. 
Water (50 to 75 ml.) is added, the mixture is shaken vigorously 

Tor about a half minute, and the iodine is titrated with standard 
thiosulfate, using starch indicator. With very dilute solutions a 
slight positive correction of the starch end point may be necessary.

When polymers or other water-insoluble substances are present 
in the peroxide sample, it is advantageous to add a small amount 
of chloroform to the initial reaction mixture. After the subse
quent addition of water, a two-phase system results which may 
oe titrated in the usual manner to a starch end point or by ol> 
serving the disappearance of the iodine color in the chloroform 
layer.

The acetic anhydride should not contain much acetic acid, 
since the rate of the atmospheric oxygen-iodide reaction is accel
erated by acetic acid. Mallinckrodt reagcnt-grade acetic an
hydride from a freshly opened bottle gave a blank of less than

1 P resen t address, S he ll D ev e lo p m en t C o ., E m eryv ille , Calif.

0 .0 1  nd. of 0 .1  N  thiosulfate after standing for 20 minutes with 
sodium iodide in air. Technical acetic anhydride has been used 
T ut it sometimes requires a small correction factor.

The method has been used most often with benzoyl peroxide 
(purified by adding three times a chloroform solution to cold 
methanol with stirring) and it has been found that 50-mg. samples 
can be correctly analyzed to w ithin.0.2% (Table I). Other acyl 
peroxides gave results which were as reproducible as those with 
benzoyl peroxide. In  the application of the method to peroxygen 
in ethers and cthyiene derivatives, slightly longer reaction times 
were necessary to ensure complete reaction. A few typical ex
amples are given in Table I.

Most substances do not interfere with the method, as is evident 
from Table II. Pyridine interferes when starch indicator is used 
but is harmless in its absence. The addition of phenols appears 
to result in slightly low results. Some ethylene derivatives react 
rapidly enough with iodine to cause trouble. Although the addi
tion of acrylonitrile, methacrylonitrile, vinyl acetate, methyl 
acrylate, and allyl acetate resulted in nearly quantitative analy
ses, styrene and oleic acid reacted slightly and cyclohexene con
siderably under the; experimental conditions. Thus, peroxygen 
analyses in the presence of ethylene derivatives—e.g., vegetable 
oils—require preliminary tests to determine the importance of 
iodine addition.

Table II. Effect of A dded  Substances on Analysis of Benzoyl 
Peroxide

(I m l. of added  su b sta n ce , 50  m g. of p erox ide , and 10 m l. of so lv en t)

A dded  S u b stan ces
%  P erox id e b y  

A n alysis

N on e 9 9 .8
B en zen e , to lu en e 9 9 .8
C arbon tetrach lorid e, chloroform 9 9 .8
E th y l a ce ta te , e th an ol 
C ycloh exan e, aceton e

9 9 .8
9 9 .8

N itrob en zen e 9 9 .7
P yr id in e  (w ith o u t starch ) 9 9 .7
A cry lon itr ile , m eth acry lon itr ile 9 9 .8
V in y l a ce ta te , m eth y l a cry la te 9 9 .7
A lly l a ce ta te 9 9 .4
S tyren e 9 8 .0
O leic acid 9 7 .0
C ycloh exen e
P h en o l

8 0 .0
9 8 .5

7>-Cresol 9 8 .5
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Small A ll-G la s s  G round-Jo int Filters
M IL T O N  T. B U SH , Department of Pharmacology, Vanderbilt University School of M edicine, Nashville, Tenn.

NOT long ago Craig and Post (0) described several small all-glass 
centrifugal filters in which the filtration takes place between 

the ground surfaces of a filter body and the filter stick. This 
paper describes an extension of this principle of filtering between 
ground surfaces, in which use is made of short standard-taper 
rough-ground joints. A preliminary description of one of these 
filters has been given (1). This development not only makes 
possible a much greater variety of filter designs, but a t the same 
time confers several advantages on this type of filter in addition 
to those pointed out by Craig and Post. The filters can be used 
in the centrifuge in essentially the same manner as described by 
those authors, or they can be used in conventional setups for suc
tion or positive pressure, but are not well suited for gravity filtra
tion.

The T  (Vio) filtcr-grindings have at least three distinct advan
tages over the very short, irregular-taper and low-angle grindings 
described by Craig and Post: The parts are interchangeable; 
the sticks always seat properly; and the sticks can be seated 
firmly so that they remain in place—-no spring is required. An 
additional development consists of the variation of the “porosity” 
of the filters by controlling the fineness of the grinding—e.g., 
various porosities can be made by grinding with Carborundum 
powder of various sizes.

Several ground filters are illustrated in Figure 1. Various 
designs of filter bodies are represented by II, E, A , C, I, and G; 
of filter sticks by 1, 2, 3, 4, 5, and 6 . D is a simple test-tube re
ceiver with a heavy inside rim. B  and B ' are supporting tubes, 
the la tter having a tiny vent. F and F ' are funnels, the latter of 
light wall. Rubber supports (about 1 mm. thick) are used 
where indicated. Most glass parts were fabricated from stand- 
ard-wall Pyrex tubing. The ground joints were made on the tubes 
with tlic aid of T  graphite and cast iron tapers for shaping and 
grinding, or commercial T  full-length joints were scaled to  the 
larger tubing. Either before or after sealing, the joint was 
ground on a cast iron ‘/io taper with 150-mesh Carborundum- 
water mixture. The sealing operation destroys the top 10 to  20 
mm. of the grinding on the full-length joints, leaving a ground 
surface of 10- to 15-mm. length. While finishing the lower end 
of this joint in the blow torch the bottom 5 mm. of grinding 
may or may not be destroyed. In  any case control of the di
ameter and length of ground zone on both the body of the filter 
and the filter stick is simple when commercial T  ground joints 
are used. Ilf commercial f  “blank” (unground) joints could be 
used, the cost of these filters should be reduced. ]

No doubt tapers other than Vio would also be 
suitable. Several porosities can be had for a given i
filter body by grinding each of several filter sticks |
with a different mesh of Carborundum. For 
general purposes 150-mcsh Carborundum has been 
found satisfactory for all grindings. I t  is feasible 
to make these filter surfaces simply by grinding 
commercial joints against each other with Car
borundum. This procedure is likely to destroy 
the interchangeability.

All the filters illustrated in Figuro 1 are shown 
arranged for use in the 10 0 -cc. brass cups of a 
No. 2 International centrifuge: G, 77, and I  can 
also be adapted for positive pressure, H  and I  for 
negative pressure. Other designs are readily 
constructed, such as heated or cooled, and larger 
or smaller capacity filters. Various styles of filter 
sticks can be used with various filter bodies.

The filter body, 7, in conjunction with stick 3 
(or 5, etc.) can be used in the same ways as a Corn
ing 15 F  fritted filter.

Combination E4FE  is similar to one of Craig 
and Post. The weight of 774 is supported a t the 
glass-to-glass contact of filter stick 4 and funnel F, 
between which liquid readily passes because they 
are not blown perfectly symmet rical. Although the

weight of E 4 has been as much as 30 to 40 grams, no breakages have 
occurred at 1580 r.p.m. The ground neck of E, sticks 4 and 4', and 
funnel F should, of course, be made of reasonably heavy wall 
(about 1.5 mm. thick). The vented stick, 4 ', is useful if it is de
sired to filter a hot solution. For handling hot solutions in vola
tile solvents bottle A  with vented stick 1  is better, because there 
is less evaporation loss.

Setup GUB'F'E is arranged1 for positive pressure or centrifugal 
filtration of a solution preliminary to carrying out crystallization 
or precipitation in E. A short-stemmed version of I  can be used 
in place of G, and C can be the receiver in  place of E. (The 
supports B and B ' are better made of aluminum than of glass.)

Combination 7767? is designed as an internally heated extractor. 
Solvent can be distilled from E  through 6 to a condenser and 
thence returned to 77. Filtration can be hastened from time to 
time by centrifugation. Filter sticks such as 6 can be made 
shorter, and provided with a loose cap to prevent material from 
falling into E  when 77 is charged with material to be extracted. 
Another arrangement similar to 7/6/7 has been described (7). 
To avoid breakage this design should not be centrifuged a t speeds 
much higher than 10 0 0  r.p.m.

Setup AIBC2  is shown in position for centrifugally filtering a 
hot solution (to free it from debris) preliminary to  crystallization. 
In  dissolving the material the solvent can be rcfluxed while A 1 
is hung from a hook through the eye of 1. The maximum volume 
which can be so handled is slightly less than half the total ca
pacity of A. During the crystallization in C, this bottle is kept 
closed by the filter stick by hanging the bottle with a hook through 
the eye of 2. After equilibrium between crystals and solution is 
established, the filtration is accomplished by centrifuging ar
rangement C27). This closed “ filtcr-bottle” design, C2, is espe
cially advantageous for small-scale solubility determinations, and 
quantitative handling of recrystallizations or precipitations by 
centrifugal filtration. Only the one tube must be handled on the 
balance. Before hanging in the balance the outside of C is wiped 
if necessary with a wet cloth, washed with tap  water, then with 
redistilled acetone. With a similar glass tube as counterpoise 
the weight is thus easily obtained accurate to ± 0 .1  mg. or better. 
The weighings are made with the bottle closed for the determina
tion of the weight of solution and (after filtration) of the wet 
crystals; and with the bottle open (the filter stick pushed in and 
the tube lying on the balance pan) for getting the weight of the 
dry (or drying) crystals. The rate of loss of methanol vapor 
through a dry filter grinding T  10/8 is about 6 mg. in 24 hours at 
25° C.

The rate of filtration in the centrifuge from such a closed bottle 
is only very slightly less than through an open filter if the bottle 
is not over half full, the temperature of the contents is a t or below 
tha t of the centrifuge when the stick is pulled up, and the receiver

w  x J
Figure 1. Ground-Joint Filters
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has a  vent—a tiny hole punched near the top of D suffices. (The 
vent is less helpful the smaller the volume to be filtered.) I t  is 
often possible to take advantage of nearly the full capacity of the 
bottle by removing some of the clear supernatant with a pipet 
before the filtration. Sometimes a few cubic millimeters of dry 
ice are added to a bottle three-fourths full just before pulling up 
the stick; the filtration is as rapid as through an open or vented 
filter.

The rate of filtration througlrthe f  filters ground with 150-mesh 
Carborundum is very high, even though the length of the ground 
zone of contact is as much as 5 to 10 mm.

A filter such as I  (Figure 1) having f  10/8 was compared with a 
Coming 15 F fritted filter. Both were fitted with rubber collars 
and placed on receivers such as D, then charged with 10.0 of dis
tilled water and centrifuged a t 1580 r.p.m .; both filters let 
through 8.5 cc. in 2 minutes. If the receiver had no vent the 
ground filter was dry in a total of 3 minutes but the fritted filter 
held 1 cc. for a t least 5 minutes; if the receiver had a vent both 
filters were dry in 3 minutes. The holdup of the ground filter 
was 0.05 cc., of the fritted filter 0.15 cc.

The retentiveness (in the centrifuge) of these two filters was 
comparable: both prevented the passage of any visible amount 
of barium sulfate when tested by the method of Scribner and 
Wilson (S); both readily allowed Staphylococcus aureus (1 /a di
ameter) to pass through. (It is hoped tha t ground filters can be 
made which will retain the Staphylococcus and other bacteria. 
Experiments on this are being continued.)

There is room in the No. 2 International centrifuge (100-cc. 
brass cups) for a total length of filter plus receiver of 22.5 mm. 
when these.have outside diameter of 25 mm. or less. Filters of

type C2 weighing 30 to 50 grams have been repeatedly carried 
by receiver D without breakage a t 1850 r.p.m. Still longer 
(larger capacity) filter bottles can be made for use with smaller 
capacity receivers in cases where much of the supernatant solu
tion can be pipetted off before filtration. I t  would be wise to 
make them smaller and/or from lighter wall tubing if, for special 
purposes, speeds of 2000 r.p.m. or more are desired. The speed 
of 1580 r'.p.m. has often given a holdup of only 20 mg. of mother 
liquor on 1  gram of moderate sized crystals.

S U M M A R Y

Small (up to 30 cc.) all-glass filters are described in which filtra
tion occurs between standard-taper rough-ground surfaces. 
These filters are equal to or superior to small Corning F  fritted 
filters in the following respects: they give equal rates of filtration, 
and have equal retentiveness; They have smaller holdup, are 
much easier to clean, and do not contaminate preparations with 
particles of glass. In adaptability of design they have distinct 
advantages over the filter's described by Crajg and Post. A new 
filter bottle is described which is particularly suitable for use in 
the centrifuge for determinations of solubility and for quantita
tive handling of reorystallizations and precipitations.

L IT E R A T U R E  C ITED

(1) Bush, Dickison, Ward, and Avery, / .  Pharmacol., 85, 241 (1946).
(2) Craig and Post, I nd . E ng . Chem ., Anal. E d .,  16, 413 (1944).
(3) Scribner and Wilson, J. Research Rati. Bur. Standards, 34, 453-8

(1945).

F unds for carry ing  o u t th is work were k ind ly  supplied  by  the  M allinckrodfc 
C hem ical W orks.

Solution Intake Unit for Improved O peration of the Flame Photometer
A .  T. M Y ER S, Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, U. S. Department of

Agriculture, Beltsville, Md.

IN USING a recent model of a commercial flame photometer, 
annoying drift and fatigue of the phototube were encoun

tered (I). As a  result one standard solution had to be run alter
nately with the sample solution tested. An improved solution 
intake unit has been added to the atomizing system' which in
creases the speed and accuracy of operation.
. Figure 1 shows the original solution intake and the improved 

unit. With this double capillary intake and the three-way stop
cock, the standard solution Chn be left in the system continuously, 
changing only the beaker containing the sample solution, which 
is alternated with a beaker of distilled water for flushing the 
atomizing system. A sample reading can be made very quickly, 
after setting the instrument on the 10 0 -mark with the standard 
solution. In other words, the time allowed for drifting of the

Figure 1. Original and Improved Solution Intake Unit for Flame 
Photometer

phototube has been kept a t a minimum. However, the most im
portant improvement is the elimination of the extra operation of 
handling the standard solution -which now stays continuously in 
the system.

A further possible improvement is shown in Figure 2, where a 
four-way stopcock allows a beaker of distilled water to be added 
for flushing the atomizing system. This distilled rvater remains 
continuously in the system like the standard solution; thus the 
operator need handle only the beaker containing the sample 
solution.

A C K N O W L E D G M E N T

The assistance of Jane L. Showacre in trying out the new unit 
is appreciated. . .

L IT E R A T U R E  C ITED

(1) Barnes, R. B„ Richardson, D., Berry, J. W., and Hood, R. L„ 
I n d .  E n g .  C h e m ., A n a l .  E d . ,  17, 605-11 (1945).
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Cleaning Laboratory Glassware
D A N IE L  L. H A R R IS  a n d  H E R S C H E L  K .  M IT C H E L L  
School of Biological Sciences, Siapford University, Calif.

THE device illustrated iti Fig
ure 1  lias proved particularly 
useful in cleaning laboratory 

glassware with corrosive fluids 
such as chromic acid or sulfuric- 
nitric acid mixtures. I t  is also 
useful for drying glassware with 
organic solvents such as acetone, 
or for making collodion mem
branes in test tubes. The unit is 
constructed of Pyrex and can be 
heated directly if* hot cleaning 
solution is desired.

A ,  4  to 5-inch funnel; B ,  0.5  
to 1.0-liter flask; C ,  constriction 
in 1 0 -mm. tube, internal diam
eter, 2  to 3 m m j D ,  m edicine- 
dropper bulb/ E ,  60-m l. rubber 
bulb; F ,  8 -mm. tubing/ G .  
throat, about 18-mm. internal 

diameter
In operation, a flask, beaker, 

etc., is inverted inside the funnel,
A, directly over the throat, G.
Aorupt pressure on the rubber 
bulb, E, produces a strong je t of fluid which floods the walls of 
the vessel and then drains back into the funnel. On release of 
the bulb, the excess fluid is sucked back into chamber B. Flasks, 
test tubes, beakers, bottles, and graduates are acid-cleaned in this 
manner very rapidly. Flasks, for example, have been acid- 
treated a t a rate of over 750 per hour.

If the vessels being cleaned contain a large amount of reducing 
material which can wash back into the chamber, the cleaning 
solution will deteriorate. However, in normal use this does not 
occur. Most of the cleaning action probably occurs in the 
film of acid left in the flask. T hat this film of acid is suffi
cient to clean the glassware thoroughly, if the flasks are left 
standing for a short time, is indicated by the fact th a t after rins
ing with distilled water, interference rings form within 1  or 2 
minutes.

The small medicinc-dropper bulb, D, is removed when the 
chamber is being filled. To prevent accidents, it is wise to  re
move D whenever the device is not actually in use.

BOOK REVIEWS
Qualitative Organic M icroanalysis. Frank Schneider, iv +  218 

pages. John Wiley & Sons, Inc., 440 Fourth  Avc, New York 16, 
N . Y., 1946. Price, S3.50.

In  this short book the author has a ttem pted  to  create a "guide to 
the microtechniques required for the identification of organic com
pounds” . The first half of the m anual consists of a compilation of 
num erous published microm ethods applicable to  fundam ental organic 
operations. The la tte r half is an abbreviated treatm ent of the prob
lem s of qualitative  organic analysis along with laboratory  directions 
for preparing about 30 derivatives.

Techniques of separation and the handling of m ixtures are not 
adequately treated  by the  author, and consequently he had no reason 
to discuss some of the  newer practical microm ethods for this work. 
One th inks particularly  of diffusion analysis and chrom atography. 
The la tte r m ight have been m entioned under the heading “purifica
tion of the sam ple” .

Since m any difficult industrial problem s in  the field of organic iden
tification are being solved every day by m ethods of chemical micros
copy, it would seem th a t  the au thor ought to  have offered more en
couragem ent to  the reader in the  use of the  microscope as a  tool in 
organic analysis. H e  m entions the scarcity of optical d a ta  fcr organic 
compounds; ye t he does not list even the m ost valuable literature 
sources cf such d a ta  now in existence. For instance, there is no men-

tion of W inchell’s recent book which lists optical d a ta  for over :l 
thousand organic compounds, or of the B arker tables which are being 
published in England.

The first portion of the  book dealing with organic operations is 
abundantly  provided with diagrams of thq m ieroapparatus recom
mended. Such a collection should prove a useful rem inder to even 
the experienced organic chemist who m ay have seen them  before. 
U nfortunately some of the pieces drawn are too large to  be practical 
for true  microwork—i.e., 30 to 100 mg. of substance—being more 
suitable for "subm acro” work, 0.5 to 1.5 ml. Y et this criticism 
docs not detract from the usefulness of the  m anual.

The book is free from typographical errors and is a ttractively  
printed in a medium-sized type suitable for studen t use. On pages 121 
and 122 the author uses "crystalline form” indiscrim inately when he 
m eans "crystal h ab it"  in some instances. Another slip is the frequent 
use of the word “microscopic” for the more appropriate “microscopi
cal” .

In  spite of our criticism the book fills a useful purpose and is a 
pioneer in the field which it covers. J. A. K uck

Standard  M ethods for Testing Petroleum  and Its Products. 7th
edition. 550 pages. In s titu te  of Petroleum , 26 Portland Place, 
London, W .l, England; and American Society for Testing M ate
rials, 1916 Race St., Philadelphia 3, Pa. Price, 15s. or S3.25.

An added feature is a  list of new methods, revisions of m ethods and 
specifications, and withdrawals. Two new m ethods have been added, 
and 21 standards and two specifications have been effected by various 
changes. The conversion tables for petroleum  oils have been w ith
drawn.

One of the new m ethods is a modification of a  test for the dete r
m ination of carbon disulfide in ta r  and its  products to  be applied to 
petroleum  products. The o ther new m ethod is intended to detect 
the coagulation of bitum en emulsions a t  low tem peratures.

The m ethod for knock rating of aviation fuel (weak mixture) has 
been rew ritten  to correspond to the A .S.T.M . form at. Several 
changes have been m ade in the knock ra ting  m ethods for experimental 
fuels over 100-octane num ber and for m otor fuel.

Changes in procedure and in terpreta tion  of tests are few. A larger 
sample is perm itted  in the test for low acidity . Copper strip  tests for 
corrosive sulfur are to be interpreted as one of six classifications of 
color change. M ethods for the determ ination of tetraethyllead in 
m otor fuel by  brom ination and hydrochloric acid are modified. The 
brom ination m ethod is no t applicable directly  to blends containing 
alcohol and is no t recommended for fuels containing a high percentage 
of unsaturated  hydrocarbons.

Modifications are indicated in apparatus for the following m ethods: 
distillation of liquid asphaltic bitum en, drop po in t of greases, flash 
point (closed) by means of the PensKy-M artens apparatus, penetra
tion of bitum inous m aterials, recovery of asphaltic bitum en from 
asphalts, residue on evaporation of kerosene and trac to r fuel, sludging 
value of transform er oil, softening point of asphaltic bitum en (ring- 
and-ball m ethod), viscosity by the Redwood apparatus, and water 
and sediment by  means of centrifuge.

Editorial changes have been m ade in m ethods for ash of petroleum  
products, color by m eans of the Lovibond tintom eter, distillation of 
crude petroleum , and sam pling petroleum  and petroleum  products.

The title  of the specification for wartim e hydrom eters now has an 
emergency sta tus. M odifications in the specifications for wartime 
standard  therm om eters arc more extensive.' F . E. B u c h a n

A b stra cts— Spectrochem ical A n a ly s is
The Ohio Valley Spectrographic Society announces the  publication 

and d istribution of Collected A bstracts Published during 1945 on 
Spectrochemical Analysis, compiled by Edwin S. Hodge. The 64- 
page lithographed booklet contains verbatim  copy of all the abstracts 
published in  1945 by Chemical Abstracts on articles dealing with 
spectrochemical analysis. Over SO references are cited, covering all 
the latest reported  developm ents in the  science, including analysis 
of alloys, direct-reading instrum ents, arid other progress. The sub
ject m atte r is arranged according to  twelve topics and is well indexed.

The book is available from the  Ohio Valley Spectrographic So
ciety, Engineers Club Bldg., D ayton, Ohio, a t  SI per copy if cash is 
sent with order; S I.25 when billing is required.

hü
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INSTRUMENTS 
for Polarographie Analysis
Potentiometrie Pen Chart Recording 
SARGENT MODEL XX POLAROGRAPH
—the latest development in polarographic instrumen
tation, incorporates a specially designed continuously 
balanced strip chart recorder—not affected by vibration. 
Polarogram recordings are continuously visible from be
ginning to end of analysis—prompt readjustment can be 
made at any stage in the progress of a polarogram. 28 cm 
chart specially calibrated, permits direct reading of large 
step heights and voltage ordinates—making the deter
mination of half wave potentials and diffusion currents a 
simple, rapid procedure.
S-29303 POLAROGRAPH— Model XX, Visible Chart Recording, 
Sargent. Complete with 3 vessels S-29306; 1 electrode 
S-29340; 21 cm capillary tubing S-29350: 1 mercury reservoir, 
125 ml, S-44345: 3 stoppers tor vessels; 3 ft.-Neoprene tubing; 
connecting wires; 3 rglls chart paper S-29341 ; 1 bottle of ink 
S-29342; 2 pens S-29343; and 1 tool kit S-29344. For operation 
from 115 volt A.C. 60 cycle circuit..............................$1500.00

Indicating-Photographic Recording 
MODEL XII HEYR0VSKY POLAROGRAPH

Visual deflection and photographic recording for cur
rent—150 millimeter current axis—current sensitivity 
approximately 4 x 10‘9 ampere per millimeter, permit
ting analysis of solutions as dilute as 10-6 normal—pro
vision for uni-directional voltage change through both 
anodic and cathodic ranges—instant manual adjustment 
of record position and applied voltage—recording sys
tem is motor driven.
S-29301 POLAROGRAPH— Heyrovsky, American Model XII, In
dicating-Recording, Complete wlfh 3 vessels, S-29305, 30 mm;
1 electrode, S-29340. 21 cm capillary tubing, S-29350; 4 pkgs. 
bromide paper, S-29347; 3 ft. Neoprene tubing, 3/16 Inch; 3 
stoppers for vessels; mercury reservoir, 125 ml, S-44345; and 
connecting wires. For operation from 115 volt A.C. 60 cycle 
circu it............................................................................. $550.00

E. H. SARGENT & COMPANY, 155-165 East Superior Street, Chicago 11, Illinois
M ichigan  Division: 1959 East Jefferson, D e tro it  7, Michigan
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•  A c c u r a t e
•
•  L o w  p r i c e d
•  E a s y  to  u s e
•  P o r t a b l e
•  D e p e n d a b l e
•  V e r s a t i l e

FO R  ROUTINE  
a n d  RESEARCH:

•  C lin ic a l T fs ts
•  p H  M easurem en ts
•  M etallurgical

,  Turbidity Measure
«  G e n e r a l  C o l o r i 

m e t r i c  A n a l y s i s

Series 400 m odels a v a i l
a b le  fo r  D .C. lines or 
sto rage batteries. A lso  Se
rie s 402E and 402EF for  
accurate v itam in  a n a ly s is, 
u ltra-v io le t absorption, flu
o re s c e n c e  m e a s u re m e n ts  
an d  gen eral co lorim etric or 
turbid im etric a n a ly s is.

2 4 2 1  / 9 —Lumetron Photoelectric C o lorim e
ter M odel 400-A . W ith exte rn al v o lta ge  
sta b ilize r, s ix  color filters and tw elve  
ca re fu lly  selected and m atched tubes. 
For 110 volt, 60 cycle , d u o n  a a  
A .C .  current................................  ■ O U . U U
2 4 2 1 / 1 0 - S a m e  as 2421/9, but w ith  v o lt
a g e  s ta b ilize r  mounted in a w ooden ca rry 
in g  case for easy c f c l O A  A A
p o rta b ility ................   O O . U U
2 4 2 1 / 8 —Sam e a s  2421/9, but w ithout 
s t a b i l i z e r ;  f o r  u s e  w h e r e  v o l t a g e  
flu ctuatio ns are at a  ^ 1 1 1 0
m inim um .................................. ^ 1  I j C e w V /

FULL INFORMATION ON REQUEST

SCHAAR & COMPANY
Complete Laboratory Equipment 

7 5 4  WEST LEXINGTON ST., CHICAGO

&  f o r  Q u a l i t y

INDUSTRIAL 
LA BO RA TO R y TABLE 6610

F OR  M O R E  T H A N  50 Y E A R S
Peterson laboratory furniture has come through the past half 
century with a reputation for quality and integrity which, to shrewd 
buyers, has been the keynote for sound satisfaction.

Today, Peterson furniture receives 1st consideration from some of 
the nation's largest users who have specified "Peterson” for one 
decade after another.

L et Peterson Experts help  you p lan  a n y  changes or a d 
ditions  you m a y require . . . .  N o obligation is incurred.

LEONARD PETERSON & CO.,Inc.
1222-34 FULLERTON AVE. CHICAGO 14, U .S .A .

GLASS A B S O R P T IO N  C E L L S ------
OF FINE QUALITY

K le t t  ,

Fused in  an  e lec tric  fu rn ace  w ith cem ent 

tha t is acid , alkali an d  solvent resistant.

M dkers o f complete 
Electrophoresis Apparatus ■ KLETT sc ien t if ic  p r o d u c t s

KLETT-SUMMERSON PHOTOELECTRIC COLORIMETERS * 
COLORIMETERS • NEPHELOMETERS • FLUORIMETERS • BIO
COLORIMETERS * COMPARATORS • ELECTROPHORESIS 
APPARATUS • GLASS STANDARDS * GLASS CELLS * 

KLETT REAGENTS

MANUFACTURING CO., 1 7 7  East 8 7 th Street, New York, N. Y.

Sole m a n u fa c tu re r  in th e  
-fa U n i t e d  S t a t e s  of f u s e d  ★  

E l e c t r o p h o r e s i s  C e l l s .

O p tica l Flat W alls. M any stock sizes a re  

availab le . Special sizes m ade to o rder.
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New L a M o t t e  H-C Chlorine C o m p a r a t o r
(For High Chlorine Concentrations—

1.0 to 200 ppm. and above)

A special Chlorine 
U nit designed for uses 
where a high residual 
of 1 . 0  ppm. o r more of 
chlorine is maintained.
Price, complete with 
instructions, $12.50.

T he H-C Chlorine 
Com parator is one of 
a complete new line of LaMotte Chlorine Units. Em
bodies latest approved developments, such as control 
of color development, pH, etc., with a new series of 
interchangeable 15 mm. chlorine color standards em
bracing the entire useful range. The new LaMotte 
o-Tolidine reagent is used with all LaMotte units, and 
may be purchased separately, in various package sizes. 
W rite for descriptive booklet.

L a M o tte  R o u le tte  C o m p a ra to r
(.Standard Type)

T his model was especially designed for accuracy in 
m aking pH  determ inations. T he LaMotte Permanent 
Color Standards are contained in a revolving drum — 
always in  place— perm itting immediate pH determina
tions, w ith simplicity and convenience. The set is port
able, operating from any light socket. Highly recom 
mended for research and special control work. Range, 
any three sets of standards in intervals o f 0 .2  pH . Ac
curacy 0 . 1  pH. Complete, f.o.b. Tow son 4, M d., $75.00. 
I f  you do not have the LaMotte A  B C of pH  Control Hand
book, a complimentary copy w ill be sent upon request without 
obligation.

L a M o t t e  C h e m ic a l  P rod u c ts  Co.
(Originators of Practical Application of pH  Control) 

Dept. F Tow son 4, Md.

REMLER APPOINTED 
Agent for

W A  R A S S E T S  

A D M I N I S T R A T I O N

(Under Contract No. 5 9 A -3 -4 8 ) 

. . .  to handle and sell a 
wide variety of

E L E C T R O N I C  
E Q U I P M E N T

released for civilian use

Write for Bulletin Z - 1 A  

Remler Company Ltd., 2107 Bryant St., San Francisco 10, Calif.

R E M L E R  Since 1918

Pioneers in Electronics & Plastics

CELITE* 
ANALYTICAL FILTER AID I

\  filtrates |

 J  a t faste r !

I  1 f io w  rates

19

* R c ir. U .S .  P a t .  O ff.

SPECIALLY PROCESSED to permit an unusual 
degree of accuracy, Johns-M anville Celite 

Analytical Filter Aid is preferred by leading labo
ratories for all types of analytical filtrations. -

Invaluable for removing gummy, gelatinous, 
flocculent or semi-colloidal precipitates, many of 
which are unfilterable by other methods . . . Celite 
Analytical Filter Aid is also used in the treatment 
and purification of valuable chemical solutions, 
biological extracts, etc. Brilliantly clear filtrates 
at high flow rates are produced.

The highest quality dia- 
tomaceous silica is proc
essed-in the J-M  Labora
tory for this exacting job 
. . .  further refined by acid 
trea tm ent and d istilled  
water washing. As a re
su lt, C elite  A n a ly tica l 
Filter Aid reaches your 
laboratory ready for use, 
insoluble and in e r t . . .  as
suring complete purity in 
the finished product.

O ther special Celite Filter Aids 
fo r laboratory  and commercial use:

Filter-Cel L ab o ra to ry  S ta n d a rd , fo r  th e  s ta n d a rd i
zation  o f  filtra tion  p ro ced u re .

Celite 5 2 1 , specia lly  refined  fo r  th e  m o st exacting  
clarifica tion  p rocesses.

F or com ple te  in fo rm atio n , w rite  Johns-M anv ille ,
22 East 4 0 th  S treet, N ew  Y o rk  16, N . Y.
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N O W OmpSi&oedt ffa ch et

QUICK SAFE

GYCO heating jackets bring new standards of safety, 
speed and economy to your laboratory heating prob
lems. GYCO jackets are sturdily constructed of 
highly insulating fiber glass cloth and layers of fiber 
glass wool.
The construction and position of the heating element 
provides the major innovation in the GYCO heating 
jacket. These elements, made of Safeway electrical 
resistance heating wire, are entirely insulated with glass 
yarn, then woven into a snake-like coil which is sewn 
with glass yarn in spiral fashion directly to the inner 
surface of the jacket. This intimate contact of tire ele
ment with the vessel to be heated makes for fast, eco
nomical operation and ease of constant control of tem
perature. By using more wire of the same wattage, 
surface temperatures are kept down, thereby making 
the insulation more effective. The heating element 
can be operated below the visible glow point causing 
very little oxidation of the heating wire and no over
heating of the insulation. Therefore, the life of the 
heating jacket is greatly increased.
All GYCO jackets have a built-in iron-constantan 
thermocouple, ending in an “AN” type iron-constantan 
plug for hooking up to the pyrometer of the GYCO

ECONOMICAL

Pyro-tran. (This plug may be removed for use with 
any other pyrometer of similar type.) Heat control is 
achieved by using a GYCO Pyro-tran or any suitable 
variable transformer.
GYCO heating jackets are made to fit all standard flask 
sizes. Special sizes can be made to order. Tubular 
shapes for heating columns are also available.
Since hemispherical units are most widely used, GYCO 
jackets are standardized in that form. As an accessory, 
we provide jacket tops which may be used with any 
jacket. They are available with elements for extra 
heat requirements, or without elements for insulating 
purposes only. These tops rest securely in place with
out need for troublesome lacings or slide-fasteners 
around the jacket. To facilitate removal of a jacket 
top without disturbing the entire set up of columns, etc. 
a small vertical zipper permits opening the jacket top 
to slip on or off around flask necks. All jacket tops 
with elements are furnished with a dual_ socket plug 
so that they may be connected with the jacket to the 
same transformer.

For more detailed information write for 
Bulletin C-100 or see the GYCO jackets at 
the Chemical Show in Chicago, Booth 76.

GYCO jackets are distributed exclusively by

S C I E N T I F I C  C L A S S APPARATUS COMPANY, Inc. 
B loom field , New Jersey
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i f t s  SfiVJiftAL occasions We have referred, in this column, to 
the recent developments in electronics and hinted tha t new 

and unexpected things might be done with “ triggers and gates” . 
Until a  careful, definitive outline of these developments is written 
for the chemist, we wish to discuss them briefly, primarily to indi
cate why they should be of interest to the analyst. We do this 
partly in self-defense, because we have used these terms so freely.

Before the advent of television techniques, it was customary 
to regard the role of electronics primarily as one of amplification. 
Any phenomenon which could be converted to an equivalent 
electrical quantity would be amplified until it was measurable by 
relatively rugged meters. By means of compensation or null- 
metliod techniques it was often possible to use the amplifier solely 
as an indicator or criterion of balance. Under these circumstances 
even the cautious and suspicious investigator could be assured 
that the mysterious and uncertain vagaries of the amplifier did 
not affect the results of his measurements. The widely used prin
ciple of inverse feedback or degeneration has modified this state 
of affairs and for some time it has been possible to obtain high de
grees of amplification relatively independent of tube characteris
tics and supply voltage.

The needs of television, radar, and related techniques have 
given rise to  other approaches. They arc concerned with the 
precise determination of time intervals and to the extent tha t 
various phenomena can be translated into terms of elapsed time, 
however short., they are of wide and general applicability.

'I 'u tffie s i Qe+iesuUanA.

The initiation of any' timing mechanism and its subsequent 
Stopping must be very rapid and definite, particularly if the time 
interval is short. I t  is best accomplished by a sharp impulse or 
transient potential. Pulse generators of great variety are avail
able, and since it is often their function to set off or activate other 
circuits they arc often called trigger circuits or generators. They 
belong to the general class of relaxation oscillators which are 
characterized by two stable states of equilibrium with a highly 
unstable intermediate state. A pair of vacuum tubes in an oscil
lator of this sort, can be made to exhibit the following properties: 
One of the pair is normally in the nonconducting state while the 

- other is passing its rated value of current. If a small disturbance 
occurs in the circuit (accidental or intentional) the conducting 
tube will rapidly energize the quiescent, tube and its own output 
will drop to zero. This transition or switching is a cumulative 
process and can be made to occur in a microsecond or fraction 
thereof. ‘In comparison with a conventional sinusoidal oscillator, 
this generator is very jerky and violent in its action and its out
put approximates a square wave—rthat is, the plate potentials 
abruptly' rise and fall between certain limits. The violent and 
abrupt transitions thus provide the means for producing sharply 
defined pulses or triggers.

Oscillators of this class have many uses and can be modified to 
meet a variety of requirements. One of the oldest examples is the 
multivibrator which was invented in 1919. In its simplest form it 
consists of two triodes, each of which is capacitatively coupled to 
the other. In the free-running condition, each tube extinguishes

the other in turn  and the system oscillates violently at a period 
which is quite simply controlled by capacitance and resistance 
values. In  a simple modification, one tube may be kept inopera
tive (biased) indefinitely or until a signal is applied to its grid. 
Upon receipt of the signal the multivibrator will execute an oscil
lation and return to the inoperative or standby condition.

A variation of this class is very aptly termed the “flip-flop” . 
This circuit is normally' quiescent but upon receipt of a signal it 
will "flip” to the new condition and remain there for a definite in
terval and then rapidly “flop” back to the original condition. To 
Ihosc who may' be horrified by' the "flippant” terminology', it 
might be well to point out that it was first used by our British 
cousins, and on most occasions we have been content to regard 
them as the custodians of our mutual heritage.

Another example is afforded by the blocking oscillator which 
normally executes sinusoidal oscillations a t extremely high fre
quencies, but is arranged to block or throttle itself after perform
ing a single cycle of operations. After this blocking action is dis
sipated, it undergoes another brief burst and so on. This has 
been referred to as a “suicide circuit” , but when the action is oc
curring several thousand times a second, tha t designation be- 
comes somewhat unconvincing.

The fact that the output of most relaxation oscillators approxi
mates a square wave, or can be made to do so by subsequent 
limiting or clipping is one of the reasons for many additional uses 
of these devices. I t  furnishes the means of producung very' ac
curate time delay functions. If the square wave is differentiated 
a positive and negative pulse are produced and these will be sep
arated or spaced in time according to the width of the square 
wave. Differentiation is exactly what the term implies in its 
mathematical sense. A signal or pulse is produced in proportion 
to the time rate of change of the potential, which is obviously 
grcatest a t the sides of the square wave. I t  is actually achieved 
by coupling with a small series capacitor and large shunt resistor. 
It. is now apparent perhaps why this succession of triggers can be 
so useful. The positive trigger may be used to initiate an event, 
and’the negative trigger (as such, or upon inversion to a positive 
trigger) to terminate the event. The time interval between the 
triggers can be varied accurately and a t will.

A single square wave has many uses aside from its utility in 
producing triggers. A common use is as a “gate” or short-term 
switch. If it is used as a negative gate it may be employed to 
switch off or inactivftte a circuit for a definite period and then rap
idly restore it to its sensitive condition. In  the same sense it may 
)>e used as a “time vernier” for accurate interpolation.

A common example is afforded by the electronic switch which is: 
a useful adj unct to the cathode ray' oscillograph. Its  function is to 
permit the simultaneous viewing of two distinct phenomena on 
a single cathode ray tube. The electronic switch accomplishes, 
this by alternately “gating” or switching off the separate ampli
fiers which are receiving the two phenomena. The output of both 
amplifiers drives the oscillograph. The phenomena are then pre
sented alternately a t high speed and thus appear to be presented 
simultaneously. Other provisions enable one to superimpose the- 
images or to separate them in the vertical direction.

Trigger generators and gates can be interconnected in an almost.

21
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M cLEOD G A U G E S
with 3  Important Features
1  I N T R I N S I C  A C C U R A C Y

Uniformity of bore of closed capillary and the flattening ol 
■ upper end in order to precisely check the zero point.

Scales are graduated in both the "Square1 and Linear system, 
the former permitting more sensitive observations. Readings can 
be made in microns and equivalent mm. values.
Precise calibration of ratio of volumes.

2  S T U R D Y ,  C O M P A C T L Y  S H O R T ,  S I M P L E  C O N 
S T R U C T I O N

“ Trap at top preventing overflow of mercury.
Extra heavy wall mercury reservoir.
3 -way stopcock with tail outlet tilted, preventing overflow of mer
cury in tube.
Specially designed air filter preventing contamination ot system. 
Constriction of«main tube preventing strain or breakage of flask 
by sudden return of mercury.

3 W I D E  R A N G E
For maximum sensitivity this series of gauges offers adequate 

■ selection of working range desired.

J - 1 8 6 6 9 — N o .  1
Range

S ca le  High Vacuum Low Vacuum

Square. 0.005 mic. (5 X  10 -6  mm.) 200 mic. 
Linear 0.005 mm. 0 .20  mm.

C om plete w ith stand ............. S65.00

J - 1 8 6 6 9  — N o .  2
Range

Scale H igh Vacuum  Low Vacuum

Square 0.05  mic. (5 X  10-5  mm 
Linear 0.02 mm.

) 1000 mic. 
1.0 mm.

Com plete w ith stand ...................... $65.00

J - 1 8 6 6 9  — N o .  3
Range

Scale H igh Vacuum Low Vacuum

Square 0.1 m ic. (10 -4  mm.) 
Linear 0.1 mm.

4000 mic. 
4.0 mm.

Com plete with stan d ...................... ........... $65.00

J - 1 8 6 6 9 — N o .  4
Range

Scale High Vacuum  Low Vacuum

Square. 0.01 mm. 
Linear 0.1 mm.

15 mm. 
15 mm.

C om plete w ith  s ta n d . ......................... §63.00

I LABORATORY APPARATUS & REAGENTS •■ INDUSTRIAL CHEMICALS |

109 W. Hubbard St. Chicago 10, Illinois

unlimited number of ways to provide complex sequences of opera
tions, switching, coding of impulses, and delay operations. In 
many ways they can replaee mechanical devices, particularly if 
high-speed operation is required.

The period of a relaxation oscillator is easily controlled by 
changing resistance, capacitance, or the control voltages. There
fore any phenomenon which can be converted to a change in one 
of these variables can be made to vary the rate of the oscillator. 
For example, a change in dielectric constant would change the 
value of a capacitor and therefore control the period of the oscil
lator. Similarly a change in light intensity could bo used to 
change the resistance of a phototube, or the resultant photocur
rent could produce a change in one of the control voltages.

Since the final measurement is in terms of elapsed tiifte or a 
time delay, it might be expected tha t the conventional use of a 
meter is unnecessary or impractical. In  most cases the cathode 
ray tube is the most convenient indicator. In  some instances it is 
possible to make the final measurement with much simpler de- 
rices. For example, if a  delayed trigger is produced, the delay of 
which is a function of light intensity, then one can provide another 
delay circuit which is precisely adjustable and proceed to find the 
time delay which is necessary to match the delay of the light meas
uring circuit, The correct value can be indicated by combining 
the two delayed triggers and using them to actuate an indicating 
tube. The latter is so arranged th a t only the simultaneous ap
pearance of each trigger will cause it to function.

To the extent th a t trigger circuits can replace some of the con
ventional methods, one can expect more positive and definite be
havior on the part of our measuring devices. I t  is not surprising 
th a t the extraordinarily critical requirements of television scan
ning and reproduction are best met by this class of devices. Con
versely, their success in this field is the best indication of their 
reliability. A further measure of their precision may be inferred 
from range values which are attainable in radar which, in the best 
cases, is expressible in matters of yards. Fifty yards or so is ti av- 
ersed by light or radar echoes in a very short time interval!

It. may be evident from the general properties of these circuits 
th a t the oscillograph is practically indispensable in any work in
volving their use; indeed the oscillograph is often the most con
venient. derice as a final indicator. Conversely, trigger circuits, 
have greatly improved oscillographic technique. Whenever 
transient phenomena are viewed it is often impossible to see 
those parts of the trace which are moving very rapidly. I t  is 
common practice to apply an intensifying pulse to the tube during 
these intervals to restore the pattern brilliance. Another useful 
practice consists in the periodic application of blanking pulses to 
the beam. In  this way, a pattern  can be punctuated by known 
time markers. Interpolating gates also have their uses. \  ery 
frequently a limited portion of a recurrent phenomenon is ot in
terest and th a t portion may be selected by a suitable gate and the 
rest of the trace eliminated: A t the instant a t which this gate 
appears, a very fast sweep is generated in the oscillograph and the 
restricted portion of the phenomenon can be spread out over the 
entire screen. This is greatly superior to the older method of gross
horizontal expansion. ■ .

The fundamentals of these techniques arc available in several 
monographs and the more recent developments a r t  appearing 
currently in Electronics. Among the more useful sources arc: 
"Television”, Zworykin, V. K., and Morton, G. A , John W lley, 
New York, 1940; “Ultra-High Frequency Techniques , J. Lr. 
Braincrd, Ed., D. Van Nostrand, 1942; “Electrical Counting , 
W. B. Lewis, Macmillan, New York, 1943; “Time Bases , O. b. 
Puckle, John Wiley, New York, 1943; “Basic Radio , J. H. 
Hoag D. Van Nostrand, New York, 1942. M ost recent methods 
will appear in “M .I.T.—Radiation Laboratory Series” the tost 
volumes of which are promised by McGraw-Hill for early 19 .
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We know how im portant it is to  you 
to  have L aborato ry  A pparatus and 
C. P. Chemicals stocked near you for 
quick ordering and delivery. Complete 
stocks are near you.

IN  C L E V E L A N D
1945 East 97th Street • Telephone: CEdar 6300

IN  D E T R O IT
9240 Hubbell Avenue • Telephone: Verm ont 6-6300

IN  C IN C IN N A T I
224-226 M ain Street • Telephone: Parkway 3711

IN  P H IL A D E L P H IA
Jackson & Swanson Streets • Telephone: Dewey 6770
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HARSHÁW SCIENTIFIC
DIVISION OF THE HARSHAW CHEMICAL CO. 

CLEVELAND 6. OHIO



SERVING THE O PTICAL SCIENCES 
THAT BROADEN MAN’S HO RIZO N

Tfl«
P € R K i n - € L I M R

CORPORflTIOn
GttflBROOK'COnn.

A T U R B I D I M E T E R  W I T H O U T  S T A N D A R D S

tf-OA. MEASUREMENT 
OF TURBIDITY (SiOs) 

gf| ' DETERMINATION OF 
SULFATE (SO<) 

AND OTHER 
APPLICATIONS

The H ellige Turbidim eter is based on  
the Tyndall effect and, therefore, does 
not require any standard suspensions. 
ACCURATE, FOOLPROOF and UNI
VERSAL, this p recise instrument is 
ideal for turbidity and sulfate deter
m inations of w ater and of suspended  
matter in general. Turbidity measure
ment can  b e  m ade down to zero- 
turbid w ater.

The Perkin-Elmer Model 12-D Recording Infrared Spectrometer

The Versatile 
Infrared Spectrometer

S e n d  fo r  In form ation  a n d  P rices.The Perkin-Elmer Model 12-B Infrared Spectrometer 
has been developed to meet two primary require
ments of infrared spectroscopists:

1 That it be applicable to the solution of 
the greatest possible variety of problems. 

0  That it give the best performance 
possible in accuracy, resolution and 
reliability.

The versatility of the instrument is. shown by the 
wide range of accessories obtainable for use on dif
ferent problems—interchangeable prisms, many kinds 
of absorption cells, auxiliary source attachments, etc., 
and by the varied fields in which it is being used— 
the chemical, pharmaceutical and petroleum indus
tries, cancer research, the study of molecular struc
tures and many others. Its performance is demon
strated by the spectrum shown below.

I N C O R P O R A T E D

3718 NORTHERN BLVD., LONG ISLAND C IT Y  I, N .Y

i d e n t i f y  t h e  c o n t e n t s
Recordings o f  

the 4-2/j. carbon 
dioxide band 
made with a 

LiF Prism. 
The band was 
recorded, the 

zero raised, 
and the band 

recorded again 
to demonstrate 

resolution, re- 
productibility 
and stability.

LABORATORY”  ™ LGs
Why risk  labels that soak, fall o r burn off. 
W rite directly on the container w ith Blaisdell 
"Laboratory” M arking Pencils.Theirm arks are 
brilliant, legible, w aterproof and perm anent 
. .  . will not run at temperatures up to 300° C.
. . .  yet they can be scrubbed off w ith a dam p 
cloth. Try one and prove it for yourself.

Made in 365-T Crimson Red 370-T  Yellow
these colors: 3 6 8 -T  Blue 3 7 3 -T  Black

O rd e r  from  y o u r  d e a le r  01  u .  s .  I’m . o s .

Mail this coupon for FREE SAMPLE

J 3 /a is d e /7 ’ p e n c i l  c o m p a n y
141 B erk ley  St., P h ila d e lp h ia  4 4 ,  Pa ., D ep t. EC-2

c*■ Send me sample of No. —

C I T Y .  Z O N E .  S T A T E .
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For D eterm in ation  o f V itam in  A 
in  F ish  Oils and  Blood Serum

A C T I V A T E D  G D II
(G lycerol D ichlorhydrin)

VITAM IN A REAGENT

ACTIVATED GDH forms a color with Vitamin A 
which is stable for a t least 8 minutes, permitting 
its absorption to be determined with ease.

The reagent is unaffected by traces of moisture and 
is non-corrosive. Requires no special precautions 
in handling.

J. Biol. Chem. 159, 681 
Ref. S o b e l  and W e r b i n .  (1945). Fed. Proc. 5,

155 (1946). Abstr. ACS 
Meeting, April 1946.

Manual describing use of reagent furnished with 
each bottle.

500 gram s — $9.50

A d d itio n a l in fo rm a tio n  gladly 
fu rn ish ed  on request.

J. B . Shoh an  Laboratories 
Research Products and Processes 

78 W heeler P o in t R oad, Newark 5, N . J.
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E L E C T R IC  B A C T E R I O L O G I C A L  
IN C U B A T O R S

C O L E M A N  IN S T R U M E N T S , IN C .
M ayw ood, Illinois

beautifully designed to fit into any laboratory.

Heating elements are placed in walls as well as 
bottom to insure t  0.25°C with no dead spots. 

For full information 
write for Cat. N o . 100 

Immediate Delivery

NATIO N AL A PP LIA N C E CO.
1400 N. W. 14th Ave. 

PORTLAND 9, OREGON

COLEMAN INSTRUMENTS
precision tools for the technologist
Atom ic bom bs, m ilitary hospitals, a fab rin e, steel, vitam ins, exp losives — in w ar and 
peace Colem an Instruments help the m akers of vital m aterials. These precision 
instruments are  fo r the practical man who wants accurate d e p e n d a b le  data delivered 
with a minimum o f o peratin g effort. Colem an Instruments are truly practicab le  — 
sensitive an d  ru gged  — serve as w ell In the plant as in the lab. In p lanning your 
production processes— rem em ber that modern  an alytica l methods m ake direct 
savings in time and m ateria l— write fo r these new bulletins.

p H  E L E C T R O M E T E R S — B u lle tin  - 2 0 7  
S P E C T R O P H O T O M E T E R S  a n d  P H O T O F L U O R O M E T E R S  — B u lle tin  -2 0 8  

B U F F E R  T A B L E T S  —  B u lle t in  -2 0 5
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LABORATORY WARES of all description. 
Boats, Liners, Stills and Retorts. 

ELECTRODES for electrolitic processes. 

PLATINUM AND PALLADIUM CATALYSTS. 
Salts and Solutions of the Platinum Metals.

HIGHEST PRICES PAID # 
* FOR SCRAP PLATINUM

W E  IN V IT E  Y O U R  IN Q U IR IE S  A N D  W IL L  B E  G L A D  
T O  S E N D  O N  R E Q U E S T  O U R  N E W  F O L D E R  1 -20 ,

"PLATINUM,  GOLD & SILVER FOR 
SCIENCE, INDUSTRY & THE ARTS "

THE AMERICAN PLATINUM WORKS
231 NEW JERSEY R.R. AVE., NEWARK 5, N. J. 

PRECIOUS METALS SINCE 1875

T R A C E R L A B

A U T O S C A L E R

for

. . . Once You Initiate Action

•  Automatic operation with precision timer, electronic
no internal adjustments counting circuit

#  Fixed statistical error for
•  Automatically stops after eaoh setling of the 3cale

predetermined number of selector switch
counts up to 4,096; or pro- ^  short resolving time; and
vides relay control contacts self.caiibrating

•  Self-contained unit includ- •  Can be used with all stand
ing high voltage supply, ard Geiger-Mueller tubes

You set two knobs, choose range, push button 
and that's all! The Tracerlab Autoscaler does the 
rest. Four exclusive features. Rapid, easy 
operation. No internal adjustments.

Tracerlab Inc. also offers other instruments, 
tracer compounds and routine radioactivity 
analyses service. WRITE FOR CATALOG.

r a c e r \t i
I N C .

551 O liver S t ., B oston , M ass.

Radio Activity Measurements

COMPLETELY AUTOMATIC
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COORS PORCELAIN COM PANY
GOLDEN, COLORADO

U. S. PATENT NO 2,252,572 LICENSED 
UNDER HERCULES POWDER CO PATENTS

LABORATORY 
E Q U IP M E N T

I n d u s tr ia l  L a b o r a to r y  C e n te r  T a b le

S H E L D O N ’S lo n g , continuous, an d  su ccessfu l e x p e r ie n c e ;  
e ffic ie n t p la n n in g  se rv ic e , an d  u n su rp a sse d  production  
fa c ilit ie s  com bine to p ro v id e  the  utm ost in u t ility  and  
econ om y in La b o ra to ry  Equipm ent. Le t  SH E LD O N  P la n n in g  
E n g in e e rs  h e lp  you  p la n  y o u r  r e s e a r c h  a n d  control 
La b o ra to rie s.

instrument retains 
all of the advantages 
of the well established 
Hercules method without 
any of its disadvantages. 
Range extended to cover 
from 75 to 1,000,000  
centipoises Constant tem
perature jacket built-in. 
Automatic timer can be 
furnished upon request. 
Write for bulletin No. 451.

S H E L D O N ’S ne w  In d u stria l C a ta lo g  fo r  C hem ical 
an d  P h y sic a l La b o ra to ry , X - r a y ,  M e ta llo gra p h ie  * 
an d  D a rk  Room  F ix e d  Equipm en t is  no w  on the  
p re ss. R e se rv e  y o u r co p y  to d a y .



ELECTRIC MUFFLE 
FU R N ACE . « .

Model O FE  
for Shop 

and Laboratory
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Fisher Scientific Co.
717 Forbes St., Pittsburgh (1 9 ), Pa.
2 1 0 9  Locust St., St. Lo u is (3 ), M o.

E i me r  and A mend

CAUL SCHLEICHER & SCIIUELL CO.
Plant and. Laboratories: SOUTH LEE, MASS.

Executive Offices: 116-118 WEST 14th STR EET 
NEW YORK, N. Y.

* C arefu lly  Prepared

* R e lia b ly  A n a ly zed

* S c ien tific a lly
P a ck a g ed

Analytical chemists preler the reagent chemicals 

which make up the comprehensive stocks at Fisher- 

Eimer and Amend plants because they are manu

factured to meet specific standards of purity. The 

E. & A. Tested Purity Reagent line complies with 

A. C. S. requirements, and the exact analysis is 

reported on each label.

W hatever the chemist's needs, they can be met by 

drawing on the very large Fisher-E. & A. stocks. 

Facilities are also maintained for manufacturing 

special preparations.

C h em icals w ith  A pparatus from :

•  M uffle o f  ceram - 
i c a l l y  b o n d e d  
a lu m in u m  o x id e  is  
r e p la c e a b le  c o m 
p le te  w ith  n ickel-  
c h r o m e  h e a t i n g  
e 1 e m e  n t . N e w  
co iled  h ea tin g  e le 
m en t can b e  fur
n ish ed  for  rew in d 
in g  o ld  m uffle core.

S P E C IF IC A T IO N S
S iz e — O verall 22"  x  34"  x  1 8 " ’ 
Muffle c h a m b e r — 6" x  5 "  x  10"  
O p e ra tin g  te m p e ra tu re

C on tin u ou s 1 6 0 0 °  F . 
In term itten t 1 9 0 0 °F .

C u r re n t  consum ption
2 3 0 0  W atts m ax im u m  

S h ip p in g  w e ig h t — 170 lbs.
P r ic e — 115 V . or 2 3 0  V . $ 1 9 4 .0 0  
A  stu rd y , m odern e le c t r ic  f u r 
n a c e , w ith  m axim um  co nve n
ie n ce  and econ om y in o p e ra t io n .

O n th e in stru m en t p a n e l is  m ou n ted  a 
d e p e n d a b le  p y r o m e te r  c a l ib r a t e d  to  
2 0 0 0 °  F. and 1 1 0 0 °  C ., and  a syn ch ro
n o u s  m o to r  d r iv e n  p e r c e n ta g e  t im e r  
w h ich  con tro ls  th e current in p u t. B y turn
in g  th e "TE M C O T R O L ” k n ob  th e  h ea t
in g  p eriod  is ad justab le from  2 %  to  98%  
o f  a o n e  m in u te  cycle, g iv in g  c lo se  tem 
perature se lection  o v er  th e fu ll h ea tin g  
range.

S e e  y o u r su p p ly  house o r  -w rite

THERMO E LE C T R IC  MFG. CO .
478 W . Lo c u st  S t . ,  Dubuque, la .

FINE ANALYTICAL 
FILTERPAPERS
SINCE EIG H TEEN  F IF T Y -S IX

TST

G reenw ich  and Morton Streets 
N e w  Y o rk  (1 4 ) ,  N e w  Y o rk
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BOTTIE

Get CARBON CO N TÎN T of Iron
I nr Steel in %  MINUTES!

Less expensive and more effective than other 
units • Reduces human error to a minimum 

Se lf contained and sturd ily built

4 ja .V u j M /, T P ie te tt C o m p a n y
9 3 2 6  R O S E L A W N  A VE .

The “Insa-Grip" is made of flexible, heat resisting rubber 
and is designed to provide a superior grip for laboratory wash 
bottles and flasks.

It eliminates all makeshift arrangements and has all the 
features required of a good flask grip. The "Insa-Grip" 
insulates against heat, the ridged neck prevents slipping, 
the apron protects the heel of the hand from burns, the rubber 
from which it is made is resistant to nearly all laboratory re
agents, the color provides identification and it can be 
quickly transferred from a broken flask to a new one.

Installation requires wetting the flask neck and the inside 
of the "Insa-Grip" with soap and water and slipping into 
place.

"Insa-Grips" are available in two colors, red for dangerous 
or combustible liquids and black for distilled water and 
simple solutions. Two sizes are made to fit the conventional 
500 or 1000 ml. vial or ring neck type of boiling flasks, such 
as Corning Nos. 4060 and 4180.

•
No. 2117 “Insa-Grips" for wash bottles and flasks.
Type num ber................................. 1  2 3 4
Color  Red Red Black Black
For flask, capacity ml................... 1000 500 1000 500
Each......................................................90 .90 .90 .90
Per dozen, one type only, 10% discount.

THE CHEMICAL RUBBER CO.
Scientific Equipment, Analytical Chemicals, Laboratory Supplies 

H A N D B O O K  O F  C H E M IS T R Y  A N D  P H Y S IC S

2310 Superior Ave. •  Cleveland 14, Ohio

*7h e

P à n d tic a l a n d  O e tA lfn e -e iia J d e .

" I N S A - G R I P "
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Accurate pH 
or C hlorine  
Tests in Less 
than 1 Minute!
T ay lo r L ong R an g e  p H  Slide C o m p ara to r 
holds a n y  3 to  9 color s ta n d a rd  slides 
w ith in  ran g e  o f p H  0.2 to  13.6.

R ead ily  p o rtab le . I t ’s easy to  m ake a  
d e te rm in a tio n  w ith  a  T ay lo r C o m p ara to r. Sim ply  place 
p rep ared  sam ple  in base, m ove color s ta n d a rd  slide u n til 
color m a tch  is ob ta in ed  a n d  read  d irec t from  values engraved 
on th e  slide.

Se ts for general p H  an d  chlorine  con tro l. Also p H , color, 
n itro g en , n itra te , n itr i te ,  chlorine, iron, m anganese, am m onia, 
copper a n d  fluoride in m unicipal and  in d u stria l w a te r  purifica
tio n . p H , p h o sp h a te , chlorine, silica, am m onia  an d  n i tra te  
for boiler w a ter, e tc . All a re  lig h t in w eight, p o rtab le , in 
expensive an d  sim ple to  o p e ra te . All liqu id  color s tan d ard s  

carry  an  U N L IM IT E D  G U A R A N 
T E E  A G A IN S T  F A D IN G .

V A L U A B L E  R E F E R E N C E  B O O K  — FR EE
88  fac t-packed  pages con ta in  authoritative exp la 
na tions  o f p l l  a n d  Chlorine Control . . . theo
retical a n d  practica l . . . give recom m endations  
fo r  34 d ifferen t in d u s tr ia l app lica tions. Taylor  
O utfits are described a n d  illu s tra ted  . . . pro
cedures are expla ined . Y o u 'l l  use it o ften . . See 
y o u r  dealer today , or w rite direct to

f a
Laboratory  

WASH BOTTLES
c u tc L

FLASKS

CATALOG N o. 
2117



T A B E R  I N S T R U M E N T  C O R P .
111 IE G ou ndry St., N orth To n aw an d a, N . Y.

The Taber Test Proves What Wears Best

K le t t . . . .
P h o to m e te r s

M an u fa c tu r in g  Co .
S T R E E T  N E W  Y O R K ,  N . Y .

. . . p a i n t  -  t e x t i l e s  -  l e a t h e r  - r u b b e r

P A L O - T R A V IS

P A R T IC L E  S IZ E  A P P A R A T U S  

O F F E R S

A ccu racy  Versatility

Ease of M anipulation Rapidity

The sedimentation principle on which this instrument 
operates makes it possible to determine the sub

sieve range, from 325 mesh down to 2 microns. 
Elaborate calculations are eliminated by the use of 
a graphical solution or a slide rule calculator, both 

of which are furnished with the instrument.

Determination may be made on any substance, pro
viding there is a liquid medium available, in which 
the substance is inso lub le/and a wetting agent that 

will disperse the particles.

Write for particulars of Merr M odel

T > A I^ - M Y E R S  i n c .

81 READE STREET, NEW YORK 7, N. Y.

K .ie Ź t-  £ u -tr u n e /U o -n -

P h o to  e tech U c

Ql&U C eil 
Q olo^U tnet& i

I k e .  K U t t

ty h u v iiM e t& i

N o . 2070

D esigned  for th e  
rapid and accurate  
d e t e r m i n a t i o n  o f  
th ia m in , riboflavin, and  other su b stan ces w hich  
fluoresce in  so lu tio n . T he sen s itiv ity  and s ta 
b ility  are su ch  th a t it  h a s  b een  found  p articu 
larly  u sefu l in  d e term in in g  very sm a ll am ou n ts  
of th ese  su b stan ces.

= K L E T T  SCIENTIFIC P R 0 D U C T S =
ELECTROPHORESIS APPARATUS •  BIO-COLORIMETERS 
GLASS ABSORPTION CELLS •  COLORIMETER NEPHELOM
ETERS •  GLASS STANDARDS •  KLETT REAGENTS

Vol. 18, No, 9

T h i s  fast ,  s c ient if ic  m e t h o d  f o r  m e a s u r in g  r e s i s ta n c e  t o  s u r f a c e  ab ra -  •
s io n  r ev e a l s  t h e  p e r t i n e n t  fact s i n  a m a t t e r  o f  m i n u t e s .  E l im in a t e s
t i m e - c o n s u m i n g ,  e x p e n s i v e  p e r f o r m a n c e  te s t s .  U s e d  b y  h u n d r e d s  of  

m a n u f a c t u r e r s  fo r d e t e r m i n i n g  s u r f a c e  w e a r in g  
q u a l i t i e s  o f  p a in t ,  l a c q u e r ,  p las t ic s ,  l e a t h e r ,  r u b b e r ,  
p a p e r ,  m e ta l s ,  etc .

Y O U R S  o n  r e q u e s t  —  M a n u a l  e x p la i n in g  
fu ll y  t h e  T a b e r  M e t h o d  a n d  th e  r e a s o n s  
w h y  it  p a y s  to  p r e - t e s t .  ( A l s o  i n c l u d e d —  

b r o c h u r e  o n  st i f fn ess  a n d  re s i l i e n c e  t e s t i n g  w i th  the  
T a b e r  V - 5  S t if fnes s  G a u g e . )

The TABER A BRA SER surf ace-tests



S ave  7
ON FREQUENT  

WEI GHI NGS  
3 MI LLI GRAMS  
TO 50 GRAMS

Model B Precision Balance 

Assaying Production Control
FOR USE IN :
Analytical work Assaying

Manufacture of:
Lamps Radio tubes
Chemicals Textiles

W a tch e s
Explosives

W herev er you have repetitive  w eigh ing  operations 
in the range of 3 m illig ram s to 50 gram s, the R oller- 
Sm ith M odel B Precision Balance can save tim e and 
m oney because of its ease of operation , large d irect 
read ing  scale and h igh  degree of accuracy. For full 
details , request C atalog  4540.

ROLLERSmiTH
1766 W .  MARKET STREET

BETHLEHEM, PA.
In C a n a d a : R o ller-Sm iih  M arsla nd, L id ., K itchener, O nfario

A IR C R A FT  IN S T R U M E N TS  •  8W ITC H G EA R  
T C H E 8  •  R E L A Y S •  P R E C IS IO N  B A LA N C ES

E L E C T R IC A L  IN D IC A T IN G  IN S T R U M E N TS  
A IR  & O IL  C IR C U IT  B R E A K E R S  •  RO TA RY £

Portable  B A L A N C E

R U G G E D  • C O M P A C T  
L I G H T  • A C C U R A T E

This handy portable balance with patented features 
is ideally suited for field or laboratory where any 
kind of routine rough weighing is required. Weigh
ing only 2 V2 pounds and equipped w ith an ingenious 
device which completely secures the moving parts, 
this new portable balance may be carried anywhere 
without damage.
Designed so that it is ' “set-up” and always ready for 
instant use, it is unnecessary to assemble any parts 
before using or to take parts down after using. 
The balance is constructed with precision and 
weighs accurately. It has an all aluminum cabinet, 
finished attractively, w ith sliding doors.

The ideal instrument for  
your personal laboratory!

It will be found useful in educational laboratories, 
industrial laboratories, dental laboratories, photog
raphers, jewelers, etc.
CAPACITY ‘ 100 grams
SENSITIVITY 10 milligrams
BEAM Aluminum w ith  protective

construction
KNIVES AND BEARINGS Finely ground tool steel 
CABINET ’ Front and back doors remov

able 8" high x 10" wide x 3 *  
deep

BASE Black wood w ith  compart
ments for set of weights and 
balance pans

INDICATOR Equipped w ith  adjustment to
zero

N o . 1 1 5 0 0  V O L A N D  P O R T A B L E  B A LA N CE
Model 20, complete with set of weights and balance 
pans. E ach  $ 2 4 .7 5

NEW Y O R K  L A B O R A T O R Y  S U P P L Y  C O . ,  I N C .
78 VARICK STREET NEW YORK 13, N. Y.

V O L A N D  P O R T A B L E  BA L A N C E  N O . 2 0

A m ersil tran s lu c en t a n d  tra n sp a re n t silica w a re  lab o ra 
to ry  eq u ip m e n t w ill n o t c o n tam in a te  e ith e r n e u tra l  
sa lt o r  a lk a li so lu tions. T h u s  w h e th e r  you a re  ru n n in g  
a  h ig h  te m p e ra tu re  chem ical reac tion , co llecting  ho t 
corrosive  liq u id s, o r  re fin in g  o r  s in te rin g  m etals, A m ersil 
lab o ra to ry  w a re  assures a p u re  p ro d u c t. N o n -p o ro s ity , 
h ig h  e lectrical resistiv ity  a t  a ll te m p e ra tu re  a n d  th e  
ab ility  to  w ith s tan d  severe  th e rm a l shocks a re  a d d itio n a l 
characte ris tics w h ich  m ake  fo r  successful test com pletions.

Send fo r  ca ta lo g  w h ich  briefly  illu s tra te s  a  few  o f fused 
silica a n d  fused  q u a rtz  p ro d u c ts  so ld  u n d e r  th e  tra d e  
nam e "A m ersil" .

* TRADE NAME 

REGISTERED
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SCHAAR & COMPANY
Complete Laboratory Equipment 

74 8 W. LEXINGTON STREET CHICAGO 7

L U M E T R O N
Photoelectric COLORIMETER and FLUORESCENCE METER

A high precision instrument of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

Mod. 402EF for determ ination of Vit. Bi and B;

Also
Colorimeters Densitometers
Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters

Write lor Literature Prompt D elivery

PHOTOVOLT CORP.
95 Madison A ve. New York 16, N. Y.

To Users of
RAPID VOLUMETRIC CARBON 

DETERM INATORS

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

¿ n  A C C U R A T E  T I M I N G
L A B

Vol. 18, No. 9

A difference in temperature between the cooling  
and leveling fluids, causes error and inconsistent 
results.

The new Leco Circulating Pump maintains identi
cal temperatures in both liquids. The fluids do 
not come in contact with contaminating material 
and the temperature of the fluids is not affected in 
passing through the pump.

This results in a marked improvement in every type 
of volumetric carbon analysis installation. Incon
sistent results are eliminated. Accuracy is in
creased.

•  2  h o u r r a n g e  (1 2 0  m inutes)

•  15-se con d  ca lib ra tio n s

•  E a s ily  estim ate 5 -se co n d  in*
te ry a ls

•  H ig h ly  a cc u ra te

•  R in g s  fo r  5  seco nd s

•  C h ro m e  a n d  b la c k  fin ish

•  Tw o h a n d s, fo r  in cre a se d  p re 
cision

Developed by the manufacturers of the Leco Carbon 
and Leco Sulphur Determinators.

Laboratory Equipm ent Corp.
B en ton  H arbor, M ich igan

No. 9 3 5 0 /5  
G.E. In te rv a l  

T im er
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WEATHER-OMETER
•  Accelerated weathering of 

fabrics, finishes, paints, rub

ber, plastics, and hundreds of 

other products used in out

door service can be conduct

ed in the laboratory with the 

Weather-Ometer. The dete

riorating effects of outdoor 

exposure can be reproduced 

in the Weather-Ometer by 

controllable cycles of light, 

water spray, selected temper

atures and humidity.

A few days in the Weather- 

Ometer equals years of outdoor service. Operation is fu lly  

automatic, the Weather-Ometer can be run continuously w ith

out attention 24 hours a day.

%Í4e<i ñ í¿  i  * ł *BS Weafher-Ometers
/>j \ Launder-Ometers 

even , tf te  co w itc t ) , , .  .
Fade-Ometers

S A L E S  O F F IC E S  IN  P R IN C IP L E  C IT IE S  IN  U. S .  A . .  A N D  L O N D O N

Greater Accuracy in Absolute Units

HOEPPLER
VISCOSIMETER

Absolute viscosity according 
to the Falling Ball Principle

For d eterm in in g  th e ab so lu te  v isco sity  o f  g a ses , liq u id s , 
o ils ,  p lastic , syrups, o r  v iscou s tars. D ire c t read in gs in  
ce n tip o ise s  (o r  cen tisto k es). From  0 .0 1  to  1 ,0 0 0 ,0 0 0  
c e n tip o ise s . A ccuracy: 0 .1%  to  0 .5 % . D ifferen ce  in  v is
co sity  b etw een  d istilled  and tap  w ater can b e  m easured .

T h e  fa ll in g  tim e o f  th e ball m u ltip lied  by o th er  g iven  
factors sh o w s th e ab so lu te  v isco s ity  in  c e n tip o ise s . Sm all 
sam p le  (3 0  cc) required . R esults c o n s is ten t and rep rod u cib le .

W rite today for new Bulletin H V -3 0 3 .
O rder direct or from leading laboratory supply dealers. 

M a n u f a c tu r e d  b y  
F ISH -SC H U R M A N  CO RPORA TIO N  

230 E a s t 45 th  S t r e e t ,  N ew  Y ork  17, N . Y.

f i s h - S c h u r m

ATLAS ELECTRIC DEVICES CO.
36Í W est Superior Street, Chicago 10. Illinois
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Surfacing a lens with Balcote* requires a coat
ing that i? optically one-quarter of one wave
leng th  of lig h t th ick  . . . w h ich  is only four 
millionths of an inch!

Special equipment, in a matter of minutes, de
posits a skin on the glass with exact control of 
thickness, producing the Balcoted surface. The 
accomplishment of this operation on a produc
tion basis represents the evolution of methods 
and materials on which Bausch & Lomb optical 
scientists have worked for many years.

Bausch Si Lomb Optical Co., 609-9 St. Paul 
Street, Rochester 2, New York.

‘Balcote Transm ission Film is the revolutionary Bausch 
& Lomb lens surface treatment which reduces reflection 
and glare, and permits the passage of more light.

BAUSCH & LOMB
Cooperating with Men of Science since 1853

A Skin 4/1,000,000" Thick


