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INDUSTRIAL
AND

ENGINEERING CHEMISTRY
S C I E N C E  IS POWER

Purity defined — not to "m axi

mum lim it*"— but to A .  deci

m al b y  a c t u a l lo t a n a ly t ic .  
That's the story of th . Baker's

buil t  the ch em ica l  in d u s try !
It is an axiom among chemical men that the 
chemical industry is its own best customer.
For the chemical industry is a large user of lab
oratory chemicals. These chemicals are used for 
the quality control of production. And they are 
essential to research, which has built and ex
panded the industry itself.

Analyzed C. P. Chemicals differ from most lab
oratory chemicals. On the Baker label is the 
actual analysis, not a mere statement of maxi
mum limits of impurities. The actual analysis 
on the label saves the chemist time so import
ant now.
When you next order your laboratory chemicals 
specify by name Baker’s Analyzed C. P. Chemi
cals. You will have no difficulty securing your 
needs. The nation’s foremost laboratory supply 
houses stock and se ll these w ell-kn ow n  and 

highly respected reagents.
J . T. Baker Chemical Co., Executive Offices and Plant: 
Phillipsburg, N. J . Branch Offices: New York, Phila
delphia and Chicago.

One of the greatest tributes to Baker’s Analyzed 
C. P. Chemicals is the fact that many chemical 
companies use these reagents. Chemists in the 
chemical industry know the importance 
of quality.
Through use, these men know that Baker’s

C H E M I C A L  R E S E A R C H



M o d e r n  B u r e t t e  S u p p o r t ,  o n e  o f  30 d i f f e r e n t  C a s ta lo y  A p p l ia n c e s

The Evolution of Laboratory Hardware
T he m eta l app liances now  available to  h o ld , support and m an ip u la te  

th e  apparatus w ith  w hich  laboratorians work are n o  longer m ere “ hard
w are”  sin ce  F isher m odernized  th is  en tire  lin e  by d esign ing  and m an u 
factu rin g  a w hole new  group o f  devices know n as C astaloy Laboratory 
A ppliances.

Each C astaloy A ppliance has every li t t le  d eta il designed  to  perform  
its  in ten d ed  fu n ctio n  m ore sa tisfactorily  th a n  heretofore and F isher’s 
shops m ake th em  w ith  a to leran ce o f  accuracy and a degree o f  precision  
n ot form erly em bodied  in  sim ilar inexpensive apparatus.

C astaloy appliances are stronger th a n  th ose  m ade o f cast iron or 
stam p ed  stee l, th ey  do n o t ru st, th ey  resist  
corrosion, they have d istin ctive  m ech an ica l 
features, th ey  cost less because th ey  la st  
longer and th ey  are a b ig im p rovem en t in  
appearance.

Up - to  - d ate  laboratorians now  u se  
C astaloy A ppliances exclusively because o f  
their  u t ility , con ven ien ce and en d urin g
service.

C a s ta lo y  A p p lia n c e s  a re  A v a ila b le  fr o m  L e a d in g  L a b o r a to r y  S u p p ly  H o u se s
M anufacturers— Distributors

Fisher Scientific Co. q  Eimer a n d  Amend
717 Forbes S t ., Pittsburgh (19), Pa. O oC ' G re e n w ich  and Morton S tre e ts
2109 Locust S t ., St. Louis (3), Mo. Hew York (14), New York

Headquarters for Laboratory Supplies

F R E E  B O O K L E T
T h e  e n t ire  lin e  o f C a s ta lo y  
Modern Laboratory Appliances 
is described and illustrated in 
the booklet "Castaloy Labora
tory Appliances" which w ill be 
sent free on request. W rite  

for your copy today.
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HOSKINS PRODUCTS

•  The heating unit of this FH-303-A 

Combustion Furnace is heavy—it’s 7 

gauge Chromel-A. Hence, it wili stand 

a lot of hard going. This extreme dura

bility constitutes one factor in economy 

of maintenance. Another economy 

feature lies in the fact that the heating 

unit consists merely of the wire itself. 

There is no refractory mounting. The 

com bustion tube p a sses  d irectly  

through the helical coil which is sur

rounded by high-temperature insula

tion. . . . The furnace shown here is a 

relatively new model. Due to its 

increased insulation, it heats up in one- 

third less time, uses 18% less power, 

and has a case temperature 120° F. 

cooler (at 2000° F.) than before. The 

furnace operates on A .C. through a 

small transformer, with temperature 

control through a rheostat. For more 

information on this FH-303-A, of 

minimum maintenance, write to your 

dealer or to us. . . . Hoskins Manufac

turing Company, Detroit, Michigan.

E LE C T R IC  H EA T T R E A T IN G  FU R N A C E S  • • H E A T IN G  ELEM EN T A L L O T S  • • T H E R M O C O U P L E  AND 

LEAD WIRE • • PYROMETERS • • W ELDING W IRE • « HEAT RESISTANT CASTINGS • ■ ENAMELING 

FIXTURES • • SPARK PLUG ELECTRODE W IRE • • SPECIAL ALLO TS OF NICKEL • • PROTECTsON TUBES



VERSATILITY
T he large gratin g spectro
graph by A R L  — D IE TE R T  
offers the m axim um  in  versatil
ity  for both research and analyti
cal control spectroscopy.

T he A  R  L— DIETERT  
large gratin g spectrograph is 

thus a research and control unit. TWO-METER SPECTROGRAPH

T h e base o f  tne spectrograph is an  
alloyed  alum inum  casting o f spe
cia l r ig id  design . T h e un it, m ounted  
on b u ilt-in  shock absorbers, forms 
its ow n  foundation  and is encased  
in a durable m etal cabinet.
O ptical bench equipm ent, such as 
the U niversal Arc-Spark Stand, and 
the Intensity Control Stand, is o f  
advanced design. T h e entire optical 
bench assem bly is o f the utm ost 
rigid ity , resu lting in precise spec
troscopy.

HIGH RESOLUTION

T he A R L  — D IE T E R T  grating  
spectrographs are equ ipped w ith  
selected gratings o f special h igh  
speed, h igh  reso lv in g  and h igh  dis
persion pow er and the orig inal 
gratings are adm irably adapted for 
both em ission and absorption spec
troscopy.

LARGE COVERAGE
A  large m oveable camera covering  
20  inches o f the spectrum, m ay be 
positioned  w ith in  the spectrum  
range o f  1850 to 9200  Angstrom . 
T h e spectrograph m ay be equipped  
w ith  tw o  cameras, resu lting in  a 40  
inch coverage o f  the available 60  
inch spectrum . T his large coverage 
saves tim e and enables a com plete  
spectrom etric analysis to  be made 
on a sam ple from  on e exposure.

SELECTIVITY
A  selective set o f four filter racks, 
w h ich  are m otor positioned , to 
gether w ith  spectrum h eig h t aper
ture, a llow s you to change from  
standard analytical control spectro
m etric settings to research analyses 
at a m om en t’s notice and again re
turn to any o f  the three pre-ar
ranged control analytical settings.

ORDER 24 ,400  Line Per Inch Grating

Coverage Per 
Exposure

Wavelength
Range

1850-9200A 2500A

SECOND 1850-4600A 1250A

ORDER 36 ,600  Line Per Inch Grating

Coverage Per 
Exposure

Wavelength
Range

Dispersion 
A per MM

2100-7000A 1660A

1850-3500A 830A

WRI TE T ODA Y

D escrip tive  lite ra tu re  on  th e  N o . 2 10C 
T w o M ete r  Sp ec trog rap h  is n o w  availabU  
an d  w i l l  be g la d ly  fo rw a rd ed  to  thosi 
in te res ted  in  th is  fine in s tru m en t.

A P P L I E D  R E S E A R C H  L A B O R A T O R I E S  
4336 SAN FERNANDO RD.t GLENDALE 4, CALIF.

H A R R Y  W .  D I E T E R T  C O .  
9330 R0SELAWN AVE., DETROIT 4, MICH.



LEEDS &  NO RTH RUP CO M PA N Y , 4920 STENTON AVE., PH ILA . 44, PA.

LEEDS & N O R T H R U P
M EA SU R IN G  IN STR U M EN TS • T E L E M E T E R S  ■ A U TO M A TIC  C O N T R O LS  • H E A T -T R E A T IN G  FU R N A C ES
Jrl Ad N-9I-700(3)
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Making sure that purchased hydrogen gas is relatively pure presents a key A C  HYDROGEN problem at Pennsylvania Salt Mfg. Co.’s Wyandotte, Mich., plant. If otherV F  n  I  u n v v k n  gases commonly associated with hydrogen were present in substantial quantities,
they could harm both the product and the plant’s hydrogen-using equipment. The gas, which is purchased from Wyandotte Chemicals, next door, is therefore 
subject to a guaranteed analysis of 99.75% hydrogen.

To help maintain this purity, Penn Salt and its neighbor supplier each uses a 
Micromax Gas Analysis Recorder to check at the ends of the line. The instruments not only provide accurate and permanent records, but can warn of any 
deviation by operating an alarm.

Micromax Recorders for gas analysis use the basically sound thermal- 
conductivity principle, and the gas-analysis cells they employ are corrosion proof, since gas-exposed surfaces are all glass. Thus low maintenance is combined with fully automatic action and consistent sensitivity.

If you have a gas-analysis problem, an L&N engineer will gladly send specific 
data on Micromax Recorders.

How “ PENN SALT” 
CH ECK S  PURITY

“Penn Salt” process operator campares 
hydrogen-analysis on successive days, as 
shown by Model R Micromax Recorder. 
Inset shows how closely hydrogen purity 
is recorded.
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Just Dilute Acculute
M ore and m ore A m erica’s  m o st exactin g  and progressive sc ie n t ific  and in d u str ia l laboratories use th e  ACCULUTE service  regularly in  th e  preparation  of th e ir  standard  vo lu m etric  so lu tion s. ACCULUTE am p o u les h old  th e  precise eq u iva len t of th e  n orm ality  sta ted  on th e  labels, so th a t  w h en  co n te n ts  are d ilu ted  to  1,000 m l., th e  sta ted  n orm ality  re su lts  and no su b seq u en t stand ard izin g  is  required.
T he use of th e  ACCULUTE service saves t im e , assures u n ifo rm ity  in  titra tio n . Use of ACCULUTE is  th e  M odern Way of h av in g  on  h an d —w h en  needed—volu m etric  so lu tio n s  of proven  accuracy.
ACCULUTE carbonate free a lka lies com e to  you  in  paraffin a m pou les, so  th a t  th e  ACCULUTE am p ou les m ay be purchased  in  q u a n tit ie s  an d  kept on  h an d  to  respond to  u rgen t n eeds as th e  co n te n ts  o f th e  am p ou les are in d efin ite ly  sta b le.
ACCULUTE stan d ard  vo lu m etric  so lu tio n  service is  co m p lete— over 80 d ifferent su b stan ces  of various n orm alities  available  to  m eet you r in d iv id u al req u irem en ts. W rite for price list. A-50-U
C om plete in stru ctio n s  on  h a n d lin g  ACCULUTE and, where needed, advice on  end  p o in ts , t itra tio n s  and scien tific  references  are supplied  w ith  each  am p ou le.

ANACHEMIA
C H E M I C A L  S P E C I A L T I E S

Easy to O pen! Easy to Prepare!
No special apparatus for opening or w ash ing is required. A form ed glass rod for opening is supplied  w ith  each am poule. Necks of all glass am poules are pre-scratched so th a t an  am poule can be easily  sp lit  in to  two parts by tou ch in g  th e scratch  w ith  th e  heated  rod as illustrated .

GLASSP araffin  am poules are opened  by sim p ly  p assing
' th e heated  rod throu gh

poule are transferred
flask and th e body of SBP t h e  a m p o u l e  i stfc# , $ 9 9 1  washed ou t w ith  aw ashing bottle , allow -

flask. D ilu te co n ten ts  q£ £he fiask t0 looo ml. 
PARAFFIN  w ith  d istilled  w ater andth e standard volu m etric so lu tion  is prepared.

7 0  E.45 St., NEW YORK 17, N.Y.

D ISTR IBU TO R S 
(Slocks Maintained for Prompt Shipmen*)

E. H . SARGENT A CO ., 155—165 E. Superior St., Chicago 11, G EN ERA L LA BO RA TO R Y SUPPLY CO ., 380 Market St.,
III. 1959 E. Jefferson, Detroit 7, Mich. Paterson 3, N. J . Sherwood 2-5050

Serves: The Middle West, Gulf States and Mountain States of Serves: New Jersey
the West PHIPPS & BIRD, Sixth and Byrd Sts., Richmond, Va.

STANDARD SCIENTIFIC SUPPLY CO M PAN Y Serves: Virginia, North Carolina, South Carolina
34—38 West 4th St. W ILL CORPORATION
New York 12, N . Y . Rochester 3, N. Y .

A N A C H EM IA , NEW YORK, Serves: A ll other territories

ACCURATE CONVENIENT.... QUICK
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Glycerine R a tes  H igh
In  N ew -P ro du ct P la n n in g
 H e r e ’s Why!
Gl y c e r i n e ,  known to so many chemists in so many 

different fields, is high on the list in plans for new 
products because it has the right combination o f  properties.

For instance, its viscosity is high and uniform. Its high 
degree o f permanence is o f value in many industrial fields. 
Its wholesomeness is proved in foods, confectionery, ice 
cream, cosmetics, drugs, transparent wrappings. It is useful 
for this reason in textiles, too, especially where products 
touch the skin.
" The chemical reactivity of glycerine is an advantage—in 

the making o f alkyd resins and monoglycerides for paints; 
ester gum for varnishes; polyglycerols and chlorohydrins 
valuable in the food, drug, and resin industries.

The humectancy o f glycerine is another advantage — in 
the processing o f tobaccos, as an ingredient in cosmetics, 
foods, confectionery. Few materials offer such a combina
tion o f  properties advantageous to the manufacturer.

Perhaps glycerine can be o f value to you. For further 
information, write: Glycerine Producers’ Association, L -l, 
295 Madison Avenue, New York 17, N. Y.

Research Laboratories, Chicago, III.

LONG LASTING! Glycerine helps to give products long life — 
keeps them from drying out easily. Think of glycerine when 
you plan new products.

HIGH VISCOSITY! The viscosity of glycerine is a standard. That is one of 
many reasons why this pure, wholesome, versatile material is so valuable 
in the making of cosmetics, such as leg make-up, creams and lotions.

WHOLESOMENESS! Crystal-clear U.S.P. glycer
ine has real food value, substantially equiva
lent to carbohydrate. Naturally sweet. Use 
it in cakes, candies, soft drinks, davorinss!

CHEMICALLY REACTIVE! Many useful chemi
cals can be made from glycerine. Alkyd 
resins, ester gum, monoglycerides, poly- 
dvcerols. and chlorohydrins are a few.

H U M EC TA N CY! Glycerine solutions do not 
markedly differ from glycerine itself in humectant powers. A little goes far. To keep 
a product like tobacco moist, use glycerine.
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CE
It was ten years ago that we first intro
duced our im proved platinum  labora
tory ware. At that tim e, our research lab
oratories had com pleted developm ent of 
a new m etallurgical process whereby the 
cause o f m ost o f  the cracking that occurs 
in  crucibles, during use, can be elim i
nated and by this m eans we have been  
able greatly to prolong the usefu l life  
o f Baker Crucibles.
Since that tim e, we have had no com 
plaints o f  rupture or cracking from  this 
cause.
Send for the new edition o f Data Con
cern ing P la tinum . It contains up to date 
in form ation about platinum  laboratory 
ware together with revised tables that 
will he very usefu l to you.

"mS3

BAKER & CO., IN<
1 1 3  A sto r  S t., N ew a rk  5 ,  N . ,

NEW YOKE 7 OlilCAt
SAN FRANCISCO 2
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The Seko "Dead Beat" Analytical Balance has many features that make it 
superior to ordinary balances wherever accurate and fast weighings are n eces
sary. Using a unique arrangement of two beams graduated directly down to 
1 mg it eliminates all loose weights below 1.1 g.

The Disc index: W hen the magnetic damper brings the pointer to rest, a sub 
pointer is brought coincident with the main pointer and all readings below  
1 mg x 3^o mg are read directly from the disc index, each 3̂ 0 mg appearing 
about 3^6 inch apart. The double pointers, when coincident, form a hair line, 
avoiding parallax, and make the use of a magnifier unnecessary.

Channel notched beams: A channel runs the entire length of the beams.
With this design straight riders with a center flange are used, insuring perfect
seating in the notches, and avoiding any sidesway.

Catalog No. 40225-A........................................................Price 275.00
Catalog No. 40225-B (Gold P la te d )....................Price 290.00

The SEKO “DEAD BEAT” 
Analytical Balance
UTMOST 

ACCURACY 
and SPEED

by
D I R E C T  

R E A D I N G
to 

V20 Milligram

CHICAGO APPARATUS COM PANY CHICAGO 2S2,LA|LLIN O IS
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iS E pills

MERCK
Reagent Chemicals

Many tons of glass of various types are in daily use throughout the Merck 
plant at Rahway, N . J. M any chemical processes are possible only because 
the glass chemist has made available the many kinds of glass necessary for 
the success of such operations.

Regardless of type — lime soda glass, lead-containing glasses, chemical 
glassware, or optical glass—the glass chemist is called upon to devise 
formulas for batches, and to test raw materials as well as finished products.

To a large degree, he also must control durability, thermal expansion, 
elasticity, tensile strength, and many other physical properties.

We are proud that the exacting glass chemist uses Merck Analytical 
Reagents in making his rigid tests and analyses because, like the glass he 
has provided for our use, they are of highest quality and dependability.

Some of the Merck 
R eagents used b y  

Glass Chemists
SODIUM CARBONATE ANHYDROUS 

M e r c k  R e a g e n t
Conforms to  A. C. S. Specifications 

M a x i m u m  I m p u r i t i e s
Insoluble............................................0.010 %
Moisture........................................... 1.0 %
Chloride (C l)................................... 0.003 %
Ammonium compounds (as N ) . . 0.001 %
Phosphate (PO4) ............................ 0.001 %
N H 4OH precipitate.......................0.010 %
Silica (S i0 2) ..................................... 0.005 %
Sulfur compounds (as SO4)  0.003 %
Aluminum (A l)............................... 0.002 %
Arsenic (A s)...................................... 0.0001%
Calcium and Magnesium precip . 0.015 %
H eavy metals (as P b )....................0.0005%
Iron (F e)............................................0.0005%
Potassium (K ).................................0.02 %
POTASSIUM CARBONATE ANHYDROUS 

M e r c k  R e a g e n t
Conforms to  A. C. S. Specifications 

M a x i m u m  I m p u r i t i e s
Insoluble............................................0.010 %
M oisture............................................1.0 %
Chloride and Chlorate (as Cl).. .0.003 % 
Nitrogen compounds (as N ) . . . .0.001 %
Phosphate (PO4) ............................ 0.002 %
Sulfur compounds (as SO4)  0.004 %
N H 4OH precipitate and Silica. .0.01 %
Silica (S i02) ......................................0.005 %
Arsenic (As)...................................... 0.0000%
Calcium & Magnesium precip. . 0.01 %
Heavy metals (as P b ) ....................0.0005%
Iron (F e)............................................0.0005%
Sodium (Na) (flame te st). . abt. 0.02 %

ACID HYDROFLUORIC 
M e r c k  R e a g e n t

Conforms to  A. C. S. Specifications 
A ssay: M inim um  47% H F  

M a x i m u m  I m p u r i t i e s
Non-volatile..................................... 0.003 %
Chloride (C l)....................................0.003 %
Fluosilicic acid (H^SiFe)..............0.25 %
Sulfate (SO4) ................................... 0.005 %
Sulfite (SO2) .....................................0.005 %
Heavy metals (as P b )....................0.0005%
Iron (F e)............................................ 0.0005%

ACID PERCHLORIC 7 0 %
M e r c k  R e a g e n t

Conforms to  A. C. S. Specifications 
M a x i m u m  I m p u r i t i e s

Non-volatile..................................... 0.005 %
Chloride (C l)................................... 0.001 %
Fluorine (F )...................................... 0.0001%
Nitrogen compounds (as N ) . . . . 0.003 %
Sulfate (SO4) ................................... 0.005 %
Ammonia (NH 3) .............................0.001 %
Iron (F e)............................................0.0003%
Lead (Pb) by Dithizone . . not detectable

MERCK & CO., InC. lytiam ifaclusU M g RAHWAY,  N. J .
N ew  York, N . Y . • Philadelphia, P a. • St. L ouis, M o. • E lkton, Va. • Chicago, 111.

I n  C a n a d a :  M E R C K  & CO., L td ., M ontreal and Toronto
Los A ngeles, Calif.
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T H E  LI

Lindberg Box Furnace for chemical 
analyses and metallurgical tests re
quiring heats up to 20 0 0 ° F.

N D B E R G

L A B O R A T O R Y  F U R N A C E
Efficiently and economically handling the carbon determination of steel by 
he volumetric method of analysis . .  . the stellar performance of this com

pact, practical Combustion Tube Furnace stems from years  of experience 
and leadership in the design and manufacture o f industrial furnaces.

Low-resistance, high-temperature G lo b a r heating elements are  employed. 
Various temperatures to 2 5 0 0 ° F. are  dependab ly obtained in the combus
tion tube by regulating power input with a coarse and fine tap  switch. Rated 
power input o f each switch setting registers on an Input Indicator, and tube 
temperatures are  shown by an Indicating Pyrometer. A  knob-controlled 
needle-valve regulates oxygen flow.

See this Combustion Tube Furnace, and other Lindberg Laboratory Fur
naces shown on this pag e , at your laborato ry equipment dealer's.

L I N D B E R G  E N G I N E E R I N G  C O M P A N Y
2450 WEST HUBBARD STREET • CH ICAGO  12, ILLINOIS

The two-purpose Pot Furnace is for 
use with crucibles as well as for im
mersion heat treating. For heats up 
to 2 0 0 0 ° F. WELL KNOWN THRO UGHO UT THE WORLD AS 

LEA D ERS IN D EVELO PIN G  AND M AN UFACTURIN G 
IN D U STR IA L HEAT TREATIN G  EQUIPM ENT
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1. Silicone Vacuum Grease especially designed lor use in high vacuum systems. Of heavy weight and with exceptional film strength it is further characterized by its heat stability, low vapor pressure and chemical resistance.
No. 15517 Dow-Corning Silicone Vacuum LubricantSize...................................................................................... A BSize can, ounces..............................................................  2 8Price, each ........................................................................  1.25 4.50

2 .  No. 27134 G. E. Zahn Viscosimeter convenient for controlling viscosities of paints, varnishes, oils, etc. Capacity, 44 ml. Orifice size A recommended for solvents, thin oils and thin mixtures; B for ordinary oil, mixed paints and lacquers; C for heavy oil and mixture paints; D for extra heavy mixtures; and E for heaviest mixtures. Price, $9.50 each.
3 .  Raney Catalyst is a finely divided alloy of nickel and aluminum made by a patented process. It is inert and keeps indefinitely until activated. Reactions proceed at normal pressures in ordinary laboratory vessels.

No. 23020 Raney CatalystSize....................................................................... A B CContents, pounds.............................................. 2 4 10Each.....................................................................  3 .75  6 .75  16.75
4 .  "Gear-Action" Clamps prevent leaky rubber tubing connections. Can be attached without removing tubing.

No. 12177 "Gear-Action" ClampSize.......................................................................  A BFor tubing, outside diam. inches................  l/ i  to 3/ t 9/i«f° l ‘/ i6Each..............................................................................28 .28
5 .  The Tygomatic Pump dispenses acids with eaSe and safety from standard 5 pint acid bottles. Its resistance to most acids and alkalies is excellent. No. 10006 Tygomatic Pump—Each $3.35
6. No. 27000 Weight Per Gallon Bottle is an aluminum vessel for determining the weight in pounds per gallon and the specific gravity of paint and other liquids. Capacity, 83.3 ml at 20° C. Each $15.

CENTRAL SCIENTIFIC COMPANY
S C I E N T I F I C  I N S T R U M E N T S . A B O R A T O R Y  A P P A R A T U S

NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO
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A  M I L E S T O N E  P A S S E D

With their adoption of a newly-per
fected Polaroid* unit to replace costly 
calcite prisms, these two Spencer Polar
izing Microscopes have passed a long- 
sought milestone in instrument design.

In addition to making lower prices 
possible, the new units provide better 
contrast of image and crispness of in
terference figures. Comparing favorably 
with calcite in all other respects, they 
have won the approval of outstanding 
petrographers.

*Product of the Polaroid

Spencer Polarizing Microscope No. 42 
meets nearly every requirement of the 
geologist, mineralogist, chemist, biolo
gist, and instructor. No. 43 is designed 
for teaching and advanced chemical mi
croscopy. Other models, equipped with  
calcite prisms, are available.

For complete details, write Dept. Z48.

American 1 Optical
C O M P A N Y

S cien tific  Ins tru m en t Division 
Buffalo 11, N ew  York

Corporation.
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EX fl M PLE

Condenser
E ver sin ce  K im b le  began m ak in g  
laboratory  glassw are, c lo se  w atch  
has b een  k ep t o n  d evelop m en ts  
and req u irem en ts in  sc ien ce  and  
industry, to  assure co m p le te ly  
m od ern  d esign . F req u en tly , im 
p rovem en t and d ev elo p m en t are  
su ch  as to create practica lly  a new  
item , d istin ctive  w ith  K im b le .

K im b le  co n tr ib u tio n s in  th e  fie ld  
o f  graduated  lab oratory  glassw are  
are w ell k n ow n . H ere are ju st  
a few  o th er  recen t ex a m p les  o f  
K im b le  progress.

C o n s u l t  l e a d in g  L a b o r a t o r y  S u p p ly  H o u s e s  
throughout the United S ta tes  and Canad a  for 
Kimble Laboratory Glassware to meet YO U R  needs.

• • • 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  • • •

G L A S S  C O M P A N Y
C H I C A G O  •  P H I L A D E L P H I A  •  D E T R U I T

KIMBLE LABORATORY GLASSWARE
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III

Announcing J\[ew MACBETH pH METER 
LINE - O P E R A T E D  

C O N T I N U O U S  I N D I C A T I N G
Line-operated. No batteries whatsoever. Can be left 
on continuously. Direct reading -only one operating 
control. Large, easily read scale. Range from 0 to 
14 pH. ' Untrained users can make ordinary pH 
measurements. Equipped with new electrode system.

W rite for bulletins

M A C B E T H  C O R P O R A T I O N
227 W E S T  17 t h  S T R E E T  N E W  Y O R K  11 , N . Y-

M anufacturers o f Scientific A pparatus Since 1915
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Dow Corning Corporation announces”1 - i Ifci 11 11 It{i§i'fSM -É¿ it. 'S-1W.

c o w  c o r n i n g  m E R c o  n o R D S T R o m  u R i u E  c o m p n n v

S I L I C O N E S distributer for

» . . .  Lubricant No. DC 234-S
DOW CORNINi

# 1  ¡¡I -,
mÊÊÊjÊÊÊM

A DOW CORNING SILICONE PRODUCT

Th e unique p roperties o f this 

silicone lubrican t im prove  

va lve e fficie n cy  in m any  

services, such as resistance 

to displacem ent in steam ing  

out industrial p ip in g .

EFFICIENT TEMPERATURE RANGE:

- 4 0 °  F . to  4 0 0 °  F .
PRO PERTIES:

T h is  c o lo r le s s  lu b r ic a n t  p o s s e s s e s  o u t s ta n d in g  
c h a r a c te r is t ic s  in  th a t  it s  v i s c o s ity  c h a n g e s  
o n ly  s l ig h t ly  o v e r  a  v e r y  w id e  tem p era tu re  
r a n g e , a n d  d u e  to  its  e x tr e m e ly  lo w  v a p o r  p r es
sure it  d o e s  n o t  e v a p o r a te  a p p r e c ia b ly  e v e n  a t  
e le v a te d  te m p era tu res. It is  e x tr e m e ly  r e s is ta n t  
to  h o t  w a ter , s te a m , a n d  h o t  a ir  w ith in  th e  
r a n g e  o f  te m p era tu res s p e c if ie d .

PRINCIPAL SERV IC ES :
S te a m , h o t  w a ter , h o t  a ir , o x y g e n , h ig h  v a c u u m .  
A ls o  d ilu te  so lu t io n s  o f  m in e r a l a c id s ,  ( e x c e p t  
n itr ic  a n d  h y d ro flu o r ic  b e lo w  2 5 0 °  F .); h y d r o 
c h lo r ic  a c id ,  n a tu r a l a n d  s y n th e t ic  ru b b ers, 
a c e t ic  a c id , a c e t ic  a n h y d r id e  a n d  e th y l  a lc o h o l  
b e lo w  2 5 0 °  F.

A c e t ic  A c id  A c e t ic  A n h y d r id e  A ir
A lc o h o ls  A n im a l  O ils  B e erB o ile r  B lo w -O ff  B r in e s  B u ty r ic  A c id  
C a lc iu m  C h lo r id e  C a r b o n a te d  B e v e r a g e s

I
S E R V I C E  R E C O M M E N D A T I O N S

C h lo r in eC o m p r e sso r  S t a t io n sD ig e s te r sD y e sF a tty  A c id s  F e e d  W a ter  L in e s  F la v o r in g  E x tr a c ts  F o o d  P r o d u c ts  G la c ia l  A c e t ic  A c id  
H e liu mH ig h  T e m p er a tu r e s

H o t W a terL in s e e d  O il
L o c o m o t iv e  V a lv e s
L o w  T e m p er a tu r e sM a g n e s iu m  C h lo r id e
M e th y l  A lc o h o lO x y g e nP h e n o lP h o s p h o r u sS o u r  W a s hS te a m

S te a m -O u t L in e s  (C o k e  O v e n s )  S te a m in g -O u t  L in e s
(N a tu r a l  G a s o l in e  P la n t s )  

S y n th e t ic  R u b b e r  P la n t s  T e x t i le  L iq u ors  
V a c u u m  L in e s  V e g e t a b le  O ils  W a s h -O u t L in e s  W a terW a te r  S o f te n in g  P la n t s

Bulletin V -105, issued  b y  the Merco Nordstrom Valve C om p an y, P ittsb u rg h  8 , P e n n s y lv a n ia ,  c o n ta in s  complete inform ation on the proper lubrication o f p r e s sure lubricated valves.

DOW CORNING CORPORATION, MIDLAND, MICHIGAN

New York O ffice: Empire State Building
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A . H. T .  C O . S P E C IF IC A T IO N

SUPPORTS W ITH  COORS PORCELAIN BASE

9340-M

ü
9339-A 9340-A

W IT H  RODS OF A LU M IN U M  ALLOY W ITH  
v A L U M IL IT E  FIN ISH

9341-H

SUPPORTS, COORS PORCELAIN BASE, A. H. T. 
Co. Specification. With base of solid Coors porcelain, 
glazed except on bottom surface, rod of aluminum alloy 
with Alumilite finish and, with the exception of the cir
cular base, each provided with four white rubber feet. 
Coors porcelain was chosen because of its superiority in 
color, in resistance to heat and mechanical shock and in 
stability toward reagents in common laboratory use, and 
because of the ease with which it can be kept clean.

These supports were designed especially for use in 
Micro Chemistry and in research laboratories, but are 
also suitable for a variety of other work where non
corrosion and permanent fine appearance are desirable. 
Bases and rods are sold separately.

9339-A. Supports, Rectangular Base, A. H . T. Co. Specification,as above described, with rod a t side as shown.Size of base, in ch es.. . .  5 X 7 5 X 7 6 ^  X 8 >6H eight of rod, inches. .  12 20 24D iam eter of rod, in ch . . H  Yi
E ach ..................................... 2.45 2J50 4 3 5

9340-A. Ditto, b u t with base 14 inches wide X 7 inches deepand with rod 24 inches high X M-inch diam eter a tmiddle rear; for two b u re tte s.............................  3.50
9340-M. Ditto, b u t with base 9 %  inches wide X 9 inches deepand w ith rod d iam eter a t middle rear. The extra dep th  of the base provides for the  use of burettes with angled tips and adds stab ility  for heavier glassware assemblies.

H eight of rod, inches.................... 24 30 36D iam eter of rod, inch ...................  ^
E ach .................................................. 4.75 5.75 6.00

9341-H. Supports, H orseshoe Base, A. H. T. Co. Specification,as above described. This type base, with 4%  inches clearance between feet, perm its the  placing of beakers, etc., directly on the  table surface in juxtaposition to  the  support rod.
Overall size of base, inches. 7X6>£ 9X 8  11X10H eight of rod, inches  20 24 30D iam eter of rod, inch   % y  y
E ach ............................................  2.75 3.25 5.90

9341-K. Support, Quadruple Base, A. H. T. Co. Specification.A stable base for heavy assemblies, which permits the  placing of beakers, etc., directly  on the  table  to  within 3 inches of the  support rod.
Overall size of base, inches. 8 X 8  10X 10 12X12H eight of rod, inches  20 24 30
E ach ........................................... ilOO 4^75 6.00

9341-L. Support, Circular Base, A. H . T. Co. Specification, with circular base 45/i6 inches diam eter and with rod 12 inches high X j^-inch d iam eter........................  1.75

10%  discount in lojs ot 10 I one cata/0£,ue num£,erI o /o oU > i . i20% " " " '1 100 ) and s,zz on'Y

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

LABORATORY APPARATUS AND REAGENTS
W EST W A SHING TO N SQUARE, P H IL A D E L P H IA  5, PA. U. S. A.

Cable Address, “Balance” Philadelphia



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

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

Academic Training for Analytical Chemistry

Th e  tremendous impetus given to applied science by 
war research has made colleges and universities 

look anew to what the aims of education are and by 
what curriculum they can be achieved. War research 
has often been conducted successfully by staffs who 
could not be called specialists in the fields in which they 
were assigned, but they were nonetheless eminently suc
cessful. For some years analytical chemists who have 
become successful in the newer physical approaches of 
the subject and in microtechniques have often not been 
trained as analysts. Men from graduate schools usu
ally emerge as organic or physical chemists. Because 
of this, the question is often raised, especially in indus
try, “Where can properly qualified analytical chemists 
be found?”

Attention and thought should be given to this prob
lem while our educational structure is undergoing 
changes brought about by the war. Because oppor
tunities in industrial analytical research are available, 
it would seem that the type of training at the under
graduate and graduate levels for these positions should 
be considered. This editorial is written to raise funda
mental questions which should be the concern of all 
those interested in analytical chemistry.

It has been the good fortune of the writer to discuss 
with the heads of many of our larger industrial analyti
cal laboratories the aims and problems of their several 
departments and the type of men and training which, 
in their experience, seems best. They agree that an 
analytical chemist should have fundamental under
graduate training in chemistry, followed by graduate 
work where specialization should come.

Analytical chemistry in industry is usually a means 
t o ward an end. Although attempts at precise definition 
are futile, the men most directly concerned with ana
lytical chemistry in industry can be classified as follows: 
An analytical chemist is one familiar with the means 
but primarily concerned with the end in view. An 
analyst appreciates the end in view but is concerned 
primarily with the means—i.e., with analytical meth
ods—in cases of unusual difficulty. A determinator is 
primarily concerned with the means in run-of-the-mill 
cases. The analytical chemist has been described 
(under other names) by Clarke [J. Chem. Education, 14,

562 (1937)] and by Ashley [Ibid., 19, 589 (1942)]; as 
to the other two classifications, see Lundell [In d . E ng . 
Ch em ., A n a l . E d ., 5, 222 (1933)]. The analytical 
chemist and the analyst, although differing in outlook 
and in experience, must each have abilities of a high 
order; it is with their training that we are chiefly con
cerned.

While emphasis on classical analytical chemistry in 
industry has declined, the expansion and growth of 
analytical chemistry have been tremendous, especially 
along physical and microchemical lines. This growth 
has been dictated by the needs of industry. However, 
much of the credit for this expansion must go to per
sons who have specialized in fields other than analysis. 
Part of the answer to this has been that, until recently, 
industry has not set up analytical departments so that 
research in all branches'of analysis could be carried on. 
It preferred to consider analysis as a routine function.

Research on analytical methods is often carried on 
by departments which are predominantly organic or 
physical. The weakness of this approach is the lack 
of appreciation of the factors of precision and accuracy, 
and failure to coordinate their study of methods, physi
cal and chemical, in the solution of an analytical prob
lem. This divorcing of research from the routine has 
discouraged people from specializing in analysis in col
leges, and consequently they do not seek analytical 
positions when they complete their studies.

It has become increasingly apparent in undergradu
ate schools that analytical chemistry, in common with 
other branches of chemistry, has become too broad for 
an undergraduate to master. Consequently, it is the 
feeling of many in industry that the student should be 
discouraged from specializing in analytical and encour
aged to master fundamentals of chemistry, physics, and 
elementary mathematics. Undergraduate courses in 
chemistry should be designed to provide not analytical 
chemists, nor inorganic chemists, nor physical chemists. 
They should rather provide the fundamental training 
needed to become a chemist.
Training in Fundamentals

Fundamental training in chemistry ought to give 
to the gifted undergraduate a mastery of the principles

747



748 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 17, No. 12

of chemistry as well as of allied subjects. Such train
ing should be planned in harmony with the advice 
that has been given by one university to its under
graduates:

A student, when making his choice of courses, must realize 
that he presumably has before him a lifetime of necessary spe
cialization, but only three or four years of freedom in which to 
study the interrelation of ideas and knowledge, to broaden his 
intellectual interests and human sympathies, to  fit himself to 
take his part as an intelligent man in whatever social and eco
nomic order may lie ahead.

Detailed recommendations for such fundamental 
training cannot be given. Even broad recommenda
tions will not apply with equal force to all colleges or 
universities; for such institutions differ too much among 
themselves, and the high-school training their students 
have received is far from uniform.

Perhaps not over two thirds of a four-year under
graduate course of study will be devoted to technical 
subjects. This time is all too short for the thorough, 
fundamental training of even the gifted students. It 
is suggested, however, that the following measures 
ought to further this objective:

1. Decrease memory work and place less emphasis on descrip, 
tive chemistry. Select the facts taught for their value in illus
trating chemical principles.

2. Begin the emphasis on these principles in the freshman 
course. Make this one of the most important chemistry courses 
offered.

3. Use experiments to  illustrate principles as well as to de
velop manipulative skill.

4. In close cooperation with the English department, use the 
writing of reports on the laboratory exercises as a continuing 
means of improving the student’s command of English. In the 
last two years, encourage the student to use the literature in his 
laboratory work, so as to  familiarize him with technical writing 
in one or two foreign languages, and with the mechanism of 
gathering chemical information.

5. Give specialization after principles have been laid downf 
upon which later specialization in organic, physical, and analytical 
chemistry may take place. Place emphasis upon orderliness and 
neatness.

Graduate W ork in Analytical Chemistry

It is advisable for analytical chemists and analysts to 
have graduate training. The analytical chemist’s 
graduate training should be broader than that of the 
analyst; successful analytical chemists have often done 
graduate work in physical chemistry.

Specialization should come in the graduate courses. 
The undergraduate should know the principles upon 
which a spectrograph operates; the analyst who spe
cializes in spectroscopy should know the characteristics 
of the various instruments, of the different light sources, 
plates, densitometers, and so on. Similar considera
tions apply to the other physical methods, to micro
chemistry, and to “classical” analytical chemistry (the 
analysis of silicate rocks, the separation of substances 
by precipitation, etc.).

To be a successful analytical chemist requires, above 
all, judgment in the selection of approach and the 
method, or methods, which will give the answer with 
required precision and accuracy. This rare judgment 
does not develop successfully in the minds of men who 
specialize only in organic or physical chemistry or 
physics, even though these specialties are a very neces
sary part of analysis.

With the expanding emphasis on all phases of analy
sis, it is important that universities meet this need by 
encouraging men to train for such positions by offering 
suitable courses and graduate research.

The broad training in chemistry favored by many for 
undergraduates is possible in most first-class schools. 
The training of graduate analytical chemists, however, 
appears to be difficult because of a lack of equipment, 
necessarily expensive, for teaching newer instrumental 
techniques and professors who are outstanding in 
analytical chemistry for direction of research. These 
are serious difficulties, and some industrial organiza
tions have tried to solve this by training programs based 
on the up-to-date methods which they themselves have 
developed. This solution of the problem is not one 
which will give strength or encouragement to analytical 
chemistry in our colleges and universities.

L . T .  H a i x e t t ,  Associate Editor



Semiautomatic Spectrographic Analysis
R. H . Z A C H A R IA S O N , R C A  V ic to r D ivision , Radio Corporation of A m erica , Lancaster, Pa.

Semiautomatic devices are described 
which sim plify spectrographic operation 
by reducing considerably the time re
quired for changing the plate after each 
exposure, focusing the electrodes, con
trolling the exposure, and changing the 
electrodes.

20 minutes if a 1-minute exposure is 
allowed for each sample and 0.5 min
ute for the iron reference. Of those 
20 minutes, 7.5 are spent in doing op
erations that can be done faster and 
more efficiently by mechanical means.

The hand-racking method was eliminated by removing the crank handle on the plate-racking mechanism and substituting a 20-cm. (8-inch) wheel (Figure 1). A belt connects this wheel (Figure 1, 1) with the shaft of a small motor (Figure 1, 2), and the outlet on the motor is plugged into an electrical control timer mounted under the spectrograph table in such a manner that the operator can reach it without moving from his normal operating
Figure 1. Plate-Racking Mechanism and Exposure Control Shutter position. Pulley sizes are chosen sothat 7 seconds are required to move the plate 3.5 mm., which corresponds to the length of the slit opening and

W IT H IN  recent years the marked trend has been to take the the desired length of the photographed spectrum. When an
spectrograph out of the research laboratory and put it inta K

the industrial plant. One of the prime advantages 01 the spec same time another advantage is gained by the use of this mecha-
trograph over other analytical methods is the speed with which nism. An exposure with a moving plate can now be made by run-
results can be obtained. In large industrial plants, every second ning the motor continuously during the exposure. This tech-
saved in analyzing material needed for 
production saves many dollars. The 
spectrograph has helped reduce to a 
minimum the time required for analy
sis, but there is still room for im
provement. With this in mind, an 
attempt has been made to simplify 
spectrographic operation by reducing 
to a minimum the time required for 
such operations as changing the plate 
after each exposure, focusing the elec
trodes, controlling the exposure, and 
changing the electrodes.

All these labor-saving devices have 
been used successfully for many months 
in the Lancaster RCA Laboratories.
No spectroscopist should waste his time 
doing these things that simple mechani
cal devices can do for him.

A study of the operations involved in 
making a plate shows that 12 seconds 
are required for the operator to turn 
the plate down after each exposure, 20 
seconds to change a pair of electrodes, 
and 3 seconds to focus the new pair of 
electrodes on the slit. Thus, a plate 
consisting of 12 samples and an iron 
reference requires a total time of Figure 2. Inside V ie w  of Safety Cage
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Figure 3. Rear V ie w  of Safety Cage

1. A .c . arc source 5. Control for bottom electrode holder
2. Spark source 6. Control for upper electrode holder
3. Timer for shutter control 7. Controls for vertical motion of electrodes
4. Button to operate plate-racking mechanism 8. Control for horizontal motion of electrodes

iiique (1- 4) is very useful in determining correct exposure times and the length of time required to burn substances completely.Three seconds are required to move the two electrodes into the correct position, using a swinging arm to judge the correct height. This operation is simplified by mounting a projection bulb (Figure 2, 4) behind the electrodes, so that it will throw an image of the electrodes on the slit.It is often desirable to preburn samples before making the exposure, by means of a magnetically operated shutter (Figure 1,3) in front of the slit. This shutter is plugged into another timer which after the preburning is complete opens the shutter and then after the set time elapses closes the shutter to provide a carefully controlled exposure. Painting the shutter black and white makes it a good screen to receive the image of the electrodes and to aid in focusing them.The largest portion of the time required is that used to change the electrodes. To eliminate this, two semiautomatic rotary electrode holders were built (Figure 2, 1, 2). The upper one is held in a vertical position and the lower in a horizontal position, so that only one pair of electrodes can touch at any one time. Both holders accommodate 13 electrodes, since 13 samples are run on a small plate.The upper copper electrode holder is 1.25 cm. (0.5 inch) thick and 10 cm.(4 inches) in diameter with 13 holes equally spaced on the edge. The upper electrodes and iron reference are placed in these holes and held in place by wing screws. A gear fastened on the end of the holder shaft is engaged by a plunger to ensure proper positioning of the test electrodes. Two bevel gears on the other side of the holder connect to a Bakelite rod extending outside of the safety cage. In this way the operator can change the electrodes from his normal operating position. The back view of the safety cage is shown in Figure 3 with the No. 6 knob connecting to the upper electrode holder.The lower aluminum electrode holder is 15 cm. (6 inches) in diameter.Thirteen holes 0.47 cm. (a/ i6 inch) in

diameter equally spaced hold the small 
3/ i6-inch electrodes; another set of 0.78- cm. (6/ i6-inch) holes are spaced between the smaller holes to hold the large electrodes. An escapement mechanism (Figure 2, 3) can be seen under the holder. Pulling the Bakelite rod extending out of the safety cage (Figure 3, 5) moves the electrodes to the next position. A wing screw holds the aluminum support to the center shaft. Loosening the screw permits moving the holder to take either the small or the large electrodes.It is now possible to change and focus the electrodes in the 7 seconds it takes for the plate to move to the next position. Thus, the time required to run a complete plate is only 15 minutes, including the time necessary to load all the samples. Five minutes out of 20 minutes have been saved and operator fatigue is reduced.

When this equipment was first put into 
use, contamination of the other,, elec
trodes from the pair burning was ex
pected; however, no difficulty was experi
enced. Every type of metal, powder, and 
liquid used normally was tested by 
making every other electrode a blank. 
In no case did the blank show even 
spectroscopic traces of the material in 
the preceding electrode. For that reason, 
no shields were provided to take care of 
electrode sputtering. However, such 
shields could be made if the need ever 

should arise. All the devices described here are used with the 
Bausch & Lomb large Littrow spectrograph but can easily be 
adapted to other instruments according to individual needs.

LITERATURE CITED

(1) Churchill, J. R ., Ind . E ng. Chem., Anal. E d ., 17, 66-74 (1945).
(2) Holiday, E. R ., J .  Sci.Instrum ents, 14, 166-72 (1937).
(3) Richardson, David, “Proceedings of Fifth Summer Conference on

Spectroscopy and Its Applications” , pp. 64-70 (July, 1937), 
New York, John W iley & Sons, 1938.

(4) Standen, G. W., I n d .  E n g .  C h e m ., A n a l .  E d .,  16, 675-80 (1944).

Vol. 17, No. 12

P resented  before the Division of Analytical and M icro C hem istry a t the  
M eeting-in-Print of the American Chemical Society , Septem ber, 1945.

Figure 4 . Side V ie w  of Spectrograph

1. Plate-racking mechanism
2. Safety cage



Evaluation of Spectrographic Analytical Data
H . V .  C H U R C H IL L  a n d  J .  R . C H U R C H IL L  

A lum inum  Company of A m erica , New Kensington, Pa.

The authors have two objects in presenting this paper: (1 ) to furnish 
accuracy and precision data to those interested in the spectro
graphic analysis of metals, and (2 )  to illustrate the value of a simple 
statistical approach to the handling of a large number of separate 
data.

SPEED and accuracy are cardinal criteria in the evaluation 
of analytical methods. In industrial chemical laboratories, 

these criteria must be applied with proper regard to the process 
being controlled and available laboratory personnel. Speed is 
often essential, even though it may mean some sacrifice of accu
racy. Precision or reproducibility of results is of paramount im
portance in such cases. However, with the development of in
strumental methods, which are inherently more nearly objective 
than traditional methods, speed may be gained with no essential 
sacrifice of either accuracy or precision. Typical of such a case is 
the use of emission spectrography in metallurgical analytical lab
oratories.

In most metallurgical uses of the spectrograph, the method re
places chemical methods which produce results adequate in ap
proach to accuracy and precision. Using analytical data derived 
in the routine operation of plant laboratories of Aluminum Com
pany of America, it has been possible to compare the results ob
tained by spectrographic methods with those which would have 
been reported if the work had been done chemically.

It is the practice in Aluminum Company of America plant lab
oratories to analyze chemically on a routine basis a small number 
of the aluminum alloy samples that are analyzed and reported 
spectrographically. Data thus derived are of great value in in
dicating weaknesses in procedures and their application. Proper 
use of the data leads to re-evaluation of the standards used, im
provements in apparatus, changes in laboratory operation, and 
better training of personnel. The analytical data of plant labora
tories clear through the Analytical Division of Aluminum Re
search Laboratories where they are studied.

The continuous flow of data provides valuable information 
about the performance of spectrographic standards and also en
ables the Analytical Division to ascertain what determinations 
and what alloys present specific difficulties. A statistical sum
mary of a portion of the data for 1944 is given in Table I. All the 
spectrographic and chemical analyses were made by standard 
routine procedures (1, 2). The material is arranged as follows:

Data for particular elements are arranged in order of increasing 
average concentration of the element in the group being covered. 
Each average level of concentration may cover either determina
tions made on a particular alloy or determinations made using 
a particular standard. Since the plant laboratories naturally 
tend to analyze chemically any sample which shows any peculiari
ties when analyzed spectrographically, the average composition 
shown is not necessarily representative of the level of composi
tion sought by plant operators, but should be construed as the 
fortuitous average of the concentrations selected for chemical 
checking. I t would be misleading to designate specifically the 
various alloys being tested and thus possibly indicate that the 
average concentrations shown were metallurgical optimums. 
They are averages of concentrations in samples selected for check
ing for other reasons than uniformity or specificity of composition. 
Data have been included regardless of whether they appeared to 
be normal or abnormal. The authors have not included material 
when less than ten data were available for a particular determi
nation. Such data will be included in future studies when the 
amount of data is sufficiently great to be significant.

The terminology used in the tables is largely self-explanatory. 
The treatment of data, the specific calculations illustrated, and 
the interpretation of the results follow the general pattern set by 
standard texts and reference books on statistics (3 , 5, 8) and by 
recent papers (6, 7) dealing with the application of statistical 
methods to similar analytical problems.

ERRORS IN SPECTROGRAPHIC AN A LYSIS

Errors in spectrographic analysis may be divided into two 
categories, random and systematic. Random errors originate 
largely in faulty technique, fluctuations in line voltage, variations 
in humidity, irregularities in photographic emulsions, variations 
in composition or structure from point to point on the sample, and 
errors in calculation. Systematic errors in spectrographic analy
sis arise largely from standardization. They may be caused by 
errors in the values assigned to standard samples, differences in 
metallurgical history of samples and standards, and differences in 
the technique used on standards and samples.

The random differences between spectrographic and chemical 
analyses are measured by the standard deviation, s, which is 
defined mathematically as

. - V 5 Z 5"  n  — 1
d = deviation of individual spectrographic results from chemi

cal results 
n  =  number of comparisons

This equation is more convenient for handling large masses of 
data than the possibly more familiar equation

S (d -  l y
n  — 1

in which d is the average bias of spectrographic results with re
spect to chemical results. The two equations are mathematically 
equivalent.

This term provides a more useful measure of precision than 
almost any other conventional expression. In a normally dis
tributed group of statistics including a sufficient amount of data, 
67% of the data will differ from the mean by no more than one 
standard deviation and 95% of the data is included within two 
standard deviations. The standard deviation is always larger 
than the average error and, while to the casual reader it may pre
sent the data in a less favorable light, it is more useful than the 
average error since it enables a much more complete and rigorous 
interpretation, especially when used in conjunction with the bias.

Since each group of data represents a finite group of spectro
graphic and chemical comparisons, the accuracy with which the 
standard deviation of the population represented by the statistical 
sample is determined will vary with the number of determinations 
sampled and the magnitude of standard deviation. A measure of 
the validity of the standard deviation as the authors have calcu
lated it is provided by its own standard deviation, s,, which is 
calculated from

This quantity will be found virtually negligible for most of the 
data presented. A second type of error is introduced by any de
partures from normal statistical distribution among the original 
data. Such departures will affect the validity of the distributional
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Table I. Statistical Summary

No. of D eterm inations Compared
Average % by Chemical M ethod

Spectrographic vs. Chemical ResultsS tandarddeviation
Silicon

Averagebias
Probability  of Significance of Bias

45 0.08 0.012 + 0.0 004 0 .171761 0.09 0.009 + 0 .0 0 3 0.9999 +106 0.12 0.021 + 0 .0 0 7 0.999346 0.14 0.019 +  0.016 0.9999 +54 0 .16 0.010 -0 .0 1 3 0.9999 +3282 0.17 0.019 -0 .0 0 0 5 0.87508 0 .19 0.023 - 0 .0 0 9 0.9999 +128 0 .23 0.018 - 0 .0 0 6 0.9998107 0.31 0.019 -0 .0 0 1 0 .42136 0.42 0.025 - 0 .0 0 8 0.9997420 0.43 0.028 + 0 .0 0 4 0.996594 0 .62 0.046 +  0.011 0.9999 +207 0.66 0.036 + 0 .0 0 8 0.99914 0 .68 0.059 - 0 .0 1 0.47255 0.92 0.052 + 0 .0 1 1 0.999259 0.99 0.047 - 0 .0 1 8 0.995613 5.05 0.258 + 0 .0 7 2 0.9999 +230 11.70 0.389 + 0 .1 1 0.9999 +
Iron

763 0.13 0.013 -0 .0 0 0 3 0.4751 0.17 0.013 - 0 .0 2 0 0.9999 +82 0.22 0.024 - 0 .0 0 9 0.999821 0 .29 0.030 + 0 .0 0 7 0.9999 +56 0.30 0.029 + 0 .0 0 4 0.691403 0.34 0.033 + 0 .0 1 0 0.9999 +1893 0.37 0.017 + 0 .0 0 9 0.9999 +3288 0.40 0.031 - 0 .0 2 3 0.9999 +57 0.44 0.024 - 0 .0 0 4 0.78112 0.46 0.030 -0 .0 0 4 0.84326 0.49 0.025 - 0 .0 0 6 0.999953 0 .50 0.033 +  0.020 0.9999 +130 0 .50 0.035 - 0 .0 0 8 0.990903 0.55 0.032 + 0 .0 0 4 0.9998179 0.56 0.047 +  0.030 0.9999 +1327 0 .67 0.023 +  0.004 0.9999 +259 1.33 0.055 +  0.010 0.996244 1.44 0.101 +  0.056 0.9999 +163 1.46 0.131 +  0.076 0.9999 +
Copper

311 0 .02 0.002 + 0 .0 0 2 0.9999 +49 0.06 0.015 + 0 .0 0 3 0.8352 0.07 0.013 + 0 .0 0 3 0.89145 0 .16 0.018 + 0 .0 0 9 0.9999 +55 0.16 0.019 - 0 .0 1 4 0.9999 +49 0. 16 0.026 + 0 .0 1 2 0.9981541 0 .30 0.027 - 0 .0 0 9 0.9999 +

No. of D eterm inations Compared

Spectrographic vs.Average %  Chemical Results Probability ofby Chemical S tandard  Average SignificanceM ethod deviation bias of Bias
C opper (contd.)

49 0 .42 0.041 - 0 .0 0 8 0.8252 1.73 0.146 - 0 .0 1 3 0.48403 3.94 0.081 + 0 .0 9 1 0.9999 +168 4.05 0.145 + 0 .0 3 6 0.998204 4.07 0.155 -0 .0 2 7 0.9931 4.08 0.186 
M anganese

+ 0 .0 6 7 0.95

18 0.03 0.024 + 0 .0 0 4 0.5130 0 .05 0.008 + 0 .0 01 0.5069 0.06 0.024 - 0 .0 0 9 0.997145 0. 16 0.018 + 0 .0 0 9 0.9999 +60 0 .16 0.017 - 0 .0 0 8 0.999541 0 .35 0.027 - 0 .0 1 7 0.99973207 0.60 0.031 - 0 .0 1 0 0.9999 +86 0.61 0.033 - 0 .0 1 5 0.9999624 0.63 0.031 - 0 .0 0 9 0.9999 +145 0 .79 0.036 - 0 .0 1 5 0.9999 +443 1.13 0.040
Magnesium

- 0 .0 1 1 0.9999 +

27 0.04 0.010 - 0 .0 0 2 0.69103 0.36 0.025 + 0 .0 1 4 0.9999 +98 0.54 0.028 -0 .0 1 1 0.999857 0.59 0.032 - 0 .0 0 9 0.96547 0.91 0.042 - 0 .0 0 7 0.9999202 1.19 0.058 -0 .0 3 1 0.9999 +3170 1.47 0.072 -0 .0 1 1 0.9999 +1110 1.48 0.021 + 0 .0 1 1 0.9999 +402 1.56 0.054 -0 .0 4 8 0.9999 +94 1.56 0.055 - 0 .0 0 7 0 .78425 2.37 0.087
Chromium

- 0 .0 6 2 0.9999 +

607 0.01 0.013 +  0.010 0.9999 +29 0.02 0.009 + 0 .0 0 4 0 .98110 0 .20 0.016 +  0.0015 0.6723 0.22 0.021 +  0.010 0.9749 0.23 0.015 +  0.014 0.9999 +81 0.24 0.055 + 0 .0 1 0 0 .8930 0.24 0.019 + 0 .0 1 2 0.99833 0.25 0.013
Nickel

- 0 .0 0 4 0.91

432 2.03 0.073 + 0 .0 006 0 .13205 2.06 0.098 - 0 .0 1 8 0.991

inferences drawn from the standard deviations. Tests for “skew
ness”, “flatness”, and other departures from normality are 
described in standard statistical texts and allowances can be 
made for such departures by using special mathematical devices. 
Analytical data of the type here presented generally approach 
normal distribution to such a degree that the assumption of 
normality does not seriously impair the interpretation. A third 
source of error lies in the fact that the standard deviation prop
erly applies only to a continuous distribution of data. A discon
tinuity is introduced by the fact that all of the authors’ analytical 
results have been rounded off to the nearest hundredth of a per 
cent. When this grouping unit and the standard deviation are of 
similar magnitude, as they are in any of the data presented, a 
correction may be desirable. MacColl (6'), in an excellent statis
tical treatment of analytical data, recommends the use of Shep
pard’s correction in such cases. This correction was not applied, 
since it would not contribute materially to the usefulness of the 
data under consideration.

Systematic errors are measured by the “average bias”. “Av
erage bias” is the algebraic mean difference between chemical and 
spectrographic results, assigning a positive sign when the spec
trographic result is higher and a negative sign when it is lower 
than the chemical result. “Average bias” thus measures the 
tendency of the spectrographic result to run higher or lower than 
the chemical result. It does not represent the systematic error of 
the spectrographic result, but rather the algebraic difference of 
the systematic errors of the spectrographic and chemical results. 
For example, if the mean absolute error of the spectrographic re
sults happened to be —0.02 and that of the chemical results 
+0.05, the bias figure as considered here would be —0.07%.

In considering a particular bias figure, it is important to know 
whether the calculated bias represents a real difference between 
the average chemical and spectrographic analyses or is simply a 
fortuitous result of the random errors of the two methods. A 
means of judging the precision with which the bias is estimated is 
provided by the standard error. The standard error of the bias, 
Sa, is given by the formula

«7 =  -4 =  (III)
V  n

For example, a bias of —0.012 obtained for a group of 512 sam
ples yielding a standard deviation of 0.021 could be expressed as 

0.021— 0.012 ±  y/5 1 2  or “ 0-012 =*= 0.001 if we wished to include in the
bias figure itself a measure of the precision with which it was de
termined. The probability of the bias being real and not merely 
a fortuitous result of statistical sampling errors is indicated by 
the term, “probability of significance of bias” , given in the last 
column of the table. Strictly speaking, this is the probability 
that the observed bias is larger than the bias which might have 
resulted from random errors alone. The probabilities were ob
tained by applying “Students’ t Test” (8) in which

t = (IV)Sd
d = average bias 

Sd = standard error of d
The probability figures were obtained by referring the calcu

lated t values to standard statistical tables (4). Interpolations
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between tabulated figures were made graphically by the use of 
Keuffel and Esser No. 359-23 Probability paper. Special graph 
papers of this type greatly facilitate the representation of statis
tical functions of the type here involved. The probability figures 
were rounded off to 0.01 below 0.99, to 0.001 from 0.990 to 0.999, 
and to 0.0001 from 0.9990 to 0.9999. Reporting the figures to a 
greater number of digits would not be justified because of the er
rors involved in the estimation of the standard deviation. Prob
abilities higher than 0.9999 have been reported as 0.9999-)- to 
avoid the inferences which might be drawn from rounding such 
figures off to 1.0000. The magnitude of the probability assists in 
judging whether the bias is real or fortuitous, but has little direct
bearing on whether its magnitude is of practical significance.
For example, in one of the groups of iron analyses, the bias is 
+0.004 at an average iron content of 0.55%. The probability 
of significance is 0.9998, but a bias of +0.004 is too small to merit 
much consideration.

INTERPRETATION OF D A TA

I t must be remembered in interpreting the data that both the 
bias and the standard deviation are net resultants of both spec- 
trographic and chemical errors. If some means were available 
for determining the absolute bias and the standard deviation of 
the chemical analyses, estimates of the true bias and standard de
viation of the spectrographic results could be obtained by the ap
plication of the formulas

da =  d  +  dc ( V)
s. =  v V  -  (VI)

in which
d, =  the average absolute bias of spectrographic results 
d = the net average bias as given in the tables 

de = the average absolute bias of chemical results s. =  standard deviation of the spectrographic results s =  net standard deviation as given in the table sc =  standard deviation of chemical results
As an example of the interpretation of the data on the basis of the foregoing principles, let us take as an example one of the groups of data on Magnesium in Table I. The following statistics are given for the group selected:

N um ber of determ inations compared 1110
Average % M g by chemical method 1.48
S tandard  deviation 0.021
Spectrographic saib + 0 .0 1 1
Probability  of significance of bias 0.9999 +

Making the assumption of normal distribution, a standard deviation of 0.021 means that the random discrepancies between spectrographic and chemical analyses are 0.021 or less in 67% of cases and 0.042 or less in 95% of cases. The precision with which the standard deviation has been determined is measured by its own standard deviation, s,, calculated from Formula II.

V 2  X 1110
On the average, 67% of the observed standard deviations will fall within s., and 95% within 2s, of the true standard deviation. In this isolated case, we may say, therefore, that there is a 67% chance that the observed standard deviation lies within 0.00045 of 0.021 and a 95% chance that it lies within 0.0009 of 0.021.The bias of +0.011 indicates that, on the average, the spectrographic results tend to be 0.011 higher than the chemical results. The accuracy of this conclusion is measured by the standard error, si, obtained by applying Formula III.

si = -(y )21=r = 0.00063V  1110
The odds are 2 to 1 that the true bias (the bias for an infinite number of samples) is within =*=0.0006 of the observed value of +0.011, and 19 to 1 that it is within =*=0.0013 of +0.011. To test the significance of this bias further, “Students’ t Test” is applied. From Formula IV we obtain

i =  -_ =  17.5Sd
Referring to standard t tables, we find that the chances of obtaining an apparent bias of =*=0.011 or more when no true bias exists is less than 1 in a 1,000,000,000 in this particular case. The probability of significance of the bias is, therefore, far in excess of 0.9999 and is simply reported as 0 .9999+ in the table. The authors, therefore, regard it as a virtual certainty that there is a real difference between spectrographic and chemical results. Had the probability been less than 0.9999, a graphical interpolation would have been required to determine its value.
The example selected happens to represent the magnesium 

analyses obtained on a particular type of alloy, using a particular 
spectrographic standard. Using this standard to analyze a sam
ple of this same alloy having a chemically determined magnesium 
content of 1.48%, and taking both the standard deviation and 
average bias into consideration, we may say that the odds are 
2 to 1 that the spectrographic result will lie between 1.470 
and 1.512%, and 19 to 1 that it will lie between 1.449 and 1.533%. 
Moreover, we have determined the accuracy with which the 
standard deviation and average bias have been determined, and 
have evaluated the probability of the average bias representing 
a real difference between the two methods. If data were available 
for estimating the standard deviation of the chemical results and 
their average bias with respect to true content, we could go even 
further with the interpretation by the application of Formulas 
V and VI. In the absence of such data, our spectrographic data 
can only be compared with chemical data, and our direct interpre
tation tends to give a conservative picture of the precision of spec
trographic analysis.

In the analysis of many alloys, statistical data have been espe
cially valuable in checking the performance of standards. In the 
analysis of many fabrication alloys, a special type of standard, 
known as an “SS” standard, is used. “SS” standards are prepared 
in large quantities and are the daily check standards used in a 
large number of laboratories. When a new standard of the “SS” 
type is first put into service, all the laboratories using the stand
ard submit comparative spectrographic and chemical data. 
These data are carefully analyzed and any apparent bias is care
fully investigated to determine whether the systematic error lies 
in the chemical or in the spectrographic analysis. In most cases 
the effect is found to be attributable to the spectrographic be
havior of the standard, and a compensating change is made in 
the composition assigned to the standard. The application of 
such corrections has usually resulted in the reduction of the bias 
to insignificance in the case of the alloys for which “SS” stand
ards are available. Similar corrective measures are taken when- '  
ever the statistical studies warrant, but the effectiveness of such 
bias corrections diminishes as the total quantity of the standard, 
and hence of the statistical data, is reduced. In all cases, how
ever, the statistical studies provide an excellent check on the per
formance of the standards and the proper execution of the spec
trographic techniques.

It is interesting to note that copper analyses on some alloys 
show rather high biases and standard deviations. A portion of 
this effect is ascribable to the fact that the concentration to be 
determined is rather high, but a large part of the excessive error 
is caused by the fact that some plant laboratories do not regularly 
make this determination spectrographically. Up to the present, 
copper in the neighborhood of 4% has not been determined spec
trographically on certain alloys because the results obtained in 
preliminary tests were not completely satisfactory. Since the 
determination has not been run on a routine basis, the labora
tories have little significant experience to produce data to im
prove the quality of results. However, there are included in the 
table data on a complicated alloy in which, copper is regularly de
termined spectrographically. On this alloy the standard devia
tion was only 0.081 as compared to 0.145, 0.155, and 0.186 for the 
three other groups representing similar copper contents in other 
alloys. The divergence of these standard deviations is caused not
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by any inherent difference in the copper determination among the 
four alloys, but rather by the simple fact that the alloy for which 
the very satisfactory standard deviation of 0.081 was obtained 
is one which is regularly analyzed spectrographically on a large- 
scale routine basis, while the other three alloys are normally ana
lyzed chemically with only an occasional spectrographic analysis 
as a high-speed service to the metallurgical staff.

The results on some alloys are indicative of specific difficulties. 
For example, in some cases being analyzed, the complexity of the 
alloy, its tendency to show serious segregation, and the appar
ently large effects of variations in structure and composition tend 
to  make the spectrographic analyses more variable than one 
would expect for the contents involved. In actual plant labora
tory practice, these variations are ironed out to a large extent by 
making multiple determinations and averaging the results. For 
example, the spectrographic determination of silicon of 11.70% 
average concentration does not show the precision required in 
many laboratories. The low bias suggests that the average of 
quadruplicates might provide acceptable accuracy.

In general, the statistics indicate that analyses regularly made 
spectrographically are of consistently high quality. The magni
tude of the standard deviations and biases is in general no higher 
than would be expected had the comparisons been made among 
chemical analyses made by different routine analysts.
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Determination of Ascorbic A cid
A p p licatio n  of the Indophenol-Xylene Extraction M ethod to Determination 

in Large Numbers of Tomato and Tomato Juice Samples

W A L T E R  L . N E L S O N  a n d  G . FRED  S O M E R S  

School of Nutrition, Cornell University, and U . S . Plant, Soil and Nutrition Laboratory, U . S . Department of A gricu lture , Ithaca, N . Y .

The xy lene method, as modified for rapid determination of ascorbic 
acid in tomatoes and tomato ju ice , is particularly adaptable to the 
determination of large numbers of samples and can be handled with 
accuracy by comparatively inexperienced technicians. The diffi
culties involved in the choice of extractant, clarification of extracts, 
choice of buffer, ascorbic acid losses following addition of buffer, 
and oxid izing substances in xylene are described, and methods of 
avoiding these difficulties are given.

IN  PREVIOUS investigations of the ascorbic acid content of plant 
materials a titrimetric method (6, 7) was used in these labora

tories. In the hands of an experienced operator this method was 
satisfactory and gave values which were in agreement with the 
photometric method of Bessey (I, 16). Critical evaluations of 
the titrimetric method have been presented by various workers 
(8, 9, 11). Since it requires experienced technicians, the authors 
have recently replaced it with the xylene method (8, 4, IT, 18) 
which is more objective, gives good results in the hands of com
paratively inexperienced technicians, and hence is more suitable 
for large-scale routine analyses.

This paper gives a brief description of the xylene method as 
adapted for analysis of large numbers of tomato and tomato juice 
samples, the various difficulties encountered, and the precautions 
which are necessary to avoid them.

REAGENTS

A c e t a t e  B u f f e r .  Dissolve 500 grams of c .p . sodium acetate trihydrate in enough distilled water to make 1 liter of solution; then mix with 1 liter of c.p. glacial acetic acid.
A s c o r b i c  A c id  S t a n d a r d .  Prepare daily by dissolving a weighed amount of the vitamin in some of the acid which is used

for extracting the samples. A solution which contains 20 micrograms per ml. is convenient, and 1- to 7-ml. aliquots of such a solution can be used. The ascorbic acid can be titrated iodo- metrically (2) to test its purity.
X y l e n e .  Use c .p . or reagent grade, providing it meets the test for oxidizing substances (see below). Redistill from glass if oxidizing substances are present.
2 , 6 - D i c h l o r o p h e n o l i n d o p h e n o l  S o l u t i o n .  Prepare by dissolving 40 mg. of the crystals in hot water, filter, cool, and dilute to 100 ml. Store this concentrated solution in the cold room at 3° to 5° C., and dilute about 15 ml. to 100 ml. before use. Use enough of the concentrated dye so that when a 5-ml. aliquot of the diluted dye is mixed with 2 ml. of the buffer and 5 ml. of the extracting acid and then is transferred to 15 ml. of xylene, the xylene solution gives 30% transmission in the Evelyn colorimeter with filter 520.

METHOD AN D APPARATUS

The extract is prepared and filtered essentially as described by Morell (16). The first portion of the filtrate is poured back through the filter if it is not perfectly clear. An aliquot of from 
1 to 10 ml. of the filtrate, depending on the ascorbic acid concentration, is pipetted into a large test tube, and about 2 ml. of the acetate buffer, followed immediately by 5 ml. of the dye, are added from automatic pipets. The solution is mixed thoroughly, but briefly, after each addition. After about 15 seconds, 15 ml. of xylene are added from another automatic pipet, and the tube is stoppered with a rubber stopper and shaken vigorously for 10 to 15 seconds. The xylene layer is drawn through a cotton plug into a colorimeter tube by means of the apparatus illustrated in Figure 1. This solution is read in an Evelyn colorimeter with filter 520 or 515.The use of a rubber stopper has no harmful effect on the xylene solution. However, it is necessary to avoid rubber connections on the automatic pipets by using glass siphons for filling them. It is essential to allow about 15 seconds for the reaction with the dye, because even with moderate amounts of ascorbic acid the reaction is not completed in less time (10).
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The xylene layer can be clarified by any one of three methods. It can be allowed to stand until it is clear, centrifuged, or drawn through a small wad of absorbent cotton (cf. Kirkpatrick, IS). The authors prefer the latter. A fresh cotton plug, which need not be moistened, is inserted for each aliquot. The clarified xylene solutions are read in a photoelectric colorimeter, usually within an hour. Comparisons show that the methods of clarifying the xylene all give the same results. The intensity of the color of the dye after extraction with xylene is stable for at least 3 hours (8), but changes appreciably on standing overnight. The xylene can be used again after distillation in an all-glass still. It is preferable to dry the xylene with calcium chloride before redistilling.

VACUUM 3 m m.—i
I N S I D E  D I A M E T E R

X y l e n e  - 
La y e r

Figure 1 . Apparatus for Clarifying 
X y len e  Solutions of 2,6-Dichlorophenol- 

indophenol

Xylene is drawn through absorbent cotton plus 
into colorimeter tube.

The ascorbic acid concentration of the aliquot is ascertained 
from a standard curve, which is constructed by plotting on semi- 
logarithmic graph paper the per cent transmission of a dye- 
xylene solution against ascorbic acid concentration. The values 
obtained between 35 and 90% transmission show excellent agree
ment with Beer’s law.

When this method is used in routine analyses of tomato samples 
duplicate determinations seldom give transmission values which 
differ by more than one scale division on the Evelyn colorimeter 
galvanometer—i.e., 1%  transmission. Such a difference corre
sponds to from 2 to 4 micrograms of ascorbic acid.

This method gives results which agree satisfactorily with the 
Bessey photometric method (Table I).

DIFFICULTIES AN D  NECESSARY PRECAUTIONS

C h o i c e  o f  E x t r a c t a n t . The authors have compared 3 %  
metaphosphoric acid with the 5% sulfuric-2% metaphosphoric 
acid mixture recommended by Mack and Tressler (14)', with 
fresh acid solutions, identical results were obtained. The au
thors prefer to use 3 %  metaphosphoric acid for the following 
reasons (see also Fujita and Ebihara, 6): I t is more stable at 
room temperature, as is illustrated in Figure 2. The data in this 
figure were obtained by measuring the amount of metaphosphate 
and orthophosphate phosphorus (19) present at various

Table I. Comparison of X y len e  and Bessey Photometric Methods 
for Determination of A scorb ic A c id  in R ipe Tomatoes

Mg. of Ascorbic Acid per 100 Grams of Fresh Fruit
Sample Bessey photom etric XyleneNo. method method

1 24 .0 22.62 25.2 25.63 18.9 18.94 20.3 21.35 19.9 19.26 19.9 19.47 16.1 16.78 17.0 17.0
Av. 20.16 20.09

times. Initially only 86% of the phosphorus was in the form 
of metaphosphate phosphorus. There is about the same percent
age hydrolysis of the metaphosphoric acid in the sulfuric-meta- 
phosphoric acid mixture in 6 hours as in the 3% metaphosphoric 
acid in a week. This necessitates more frequent preparation of 
the extracting acid if a mixture of the two acids is used.

Pure ascorbic arid is more stable in 3% metaphosphoric acid 
than in the metaphosphoric acid-sulfuric acid mixture. The 
3% metaphosphoric acid is preferable, at least in the case of 
fresh tomatoes and canned tomato juices, because it is much 
easier to obtain perfectly clear filtrates using metaphosphoric 
acid alone than the acid mixture. With the former acid, 
the filtrates are nearly always perfectly clear from the start using 
Whatman No. 1 filter paper. With .the mixture, it is usually 
necessary to pour the first portion of the filtrate back through 
the paper.

Other workers have used mixtures of several types of acids with 
metaphosphoric acid for extracting plant materials (IS, 14, SO) 
because they considered a low pH essential to ensure stability 
of the ascorbic acid in the extracts. The authors have found 
that the ascorbic acid in 3% metaphosphoric acid extracts of to
matoes is stable on standing overnight at room temperature. 
Hence, they do not consider the use of a strong acid essential in 
ascorbic acid analyses of tomatoes.

Other stabilizing agents, such as oxalic acid, would presumably 
be satisfactory, provided they meet the tests required of a stabiliz
ing agent; the authors have not tried this acid.

It is essential that approximately clear filtrates be obtained in 
the case of tomatoes and tomato juice because the suspended 
particles carry carotenoids which are extracted by the xylene and 
give an appreciable blank value. Centrifugation is not nearly so 
efficient in removing these carotenoid-carrying particles as is 
filtration. With dehydrated cabbage and sweet and Irish pota
toes clear filtrates are not necessary, as no appreciable xylene- 
extractable pigments have been found in the filtrates. When

Figure 2 . Relative Stability of a 3 %  Metaphosphoric A c id  
Solution and a M ixture of 5 %  Sulfuric and 2 %  Metaphosphoric 

A c id s  at Room Temperature
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applying the method to other products it is ad
visable to extract the filtrate directly with xylene 
and compare the resulting extract with a sample 
of pure xylene. This would indicate the necessity 
of obtaining clear filtrates by refiltration.

C h o i c e  o f  B u f f e r .  With 3% metaphosphoric 
acid as an extractant it makes very little differ
ence whether an acetate buffer, such as that de
scribed above, or the citrate buffer of Bessey (1) 
is used. The final pH of the solution is not critical; 
values anywhere between pH 3 and 4 are satisfac
tory. However, if large amounts of a strong acid 
extractant, such as the 2% metaphosphoric-5%  
sulfuric acid mixture are used, the acetate buffer is preferable 
because of its stronger buffer capacity.

A s c o r b i c  A c id  L o s s e s  F o l l o w i n g  A d d i t i o n  o f  B u f f e r .  
It is essential that the dye and xylene be added immediately 
after the buffer has been added to the extract. Only enough 
time should elapse to permit a completion of reaction of the dye 
with the ascorbic acid. In some tomatoes the ascorbic acid is 
very rapidly destroyed after the buffer is added. This is illus
trated in Figure 3, which shows the behavior of similar extracts 
from two tomatoes; in one case a considerable portion of the as
corbic acid is lost in a very short time after addition of the buffer. 
Similar results are obtained by the xylene and Bessey photo
metric methods (7). The rate of loss in extract A is about as 
rapid as the authors have ever observed. The rate in extract B is 
intermediate. In all extracts studied there was some loss if the 
aliquots were allowed to stand after the buffer was added. How
ever, the amount of ascorbic acid lost during a determination is 
apparently not significant when determinations are made rapidly, 
as described above. The loss occurs as rapidly in extracts that 
have been boiled as it does in unboiled extracts, and hence is 
probably not enzymatic, even if any enzyme is extracted from 
the tomatoes by the acid. It is not accelerated by the addition 
of small quantities of copper and iron salts. The type of knife 
used to cut the fruits likewise makes no difference, as shown by 
comparing a new chromium-plated knife and an old chromium- 
plated knife, on which the brass plate was exposed, with grinding 
the tomatoes directly in the blender without slicing.

Table II. Effect of X y len e  on O xidation of Leuco-2,6-dichlorophenol- 
indophenol

Xylene 1 (Reagent)15min.

29 .833.5  53.399 .5

3033 .853.8  99.5

30min.

303453 .899.5

X ylene 2 (Reagent) X ylene 3 (Technical Grade) 60 7 15 30 60 7 15 30 60m in. m in. m in. m in. m in. m in. min. m in. min.
Per cent transmissiona

30 .534 .35499

29 .832 .5  5292.5

30325181

3031 .84760

30 .3  3 0 .542.339.3

30335194 .5

30335091.5

30 .332 .84686 .5

30.531.83379

Figure 3. Decrease in A sco rb ic  A c id  Content 
of A liq uo ts of Extracts of Tomatoes after Ad d ing  

A cetate  Buffer

The disappearance of ascorbic acid always seems to be more 
rapid in 2-ml. aliquots of the extracts than in 1-ml. aliquots. 
In some cases the reduced ascorbic acid content of a 2-ml. ali
quot 1 hour after adding the buffer was less than that of a 1-ml. 
aliquot which had been similarly treated. As a consequence the 
authors had difficulty getting different sized aliquots to check in 
routine analyses in which several minutes elapsed between adding

° P er cent transm ission as m easured in  an Evelyn colorim eter with filter 520. Time measured from  point of addition of dye to acid solution.

the buffer and the dye. This difficulty disappeared when the 
dye was added as rapidly as possible after the buffer. This loss 
in ascorbic acid occurs when either 3 %  metaphosphoric acid or 
5% sulfuric-2% metaphosphoric acid is used for extracting the 
sample.

O x i d i z in g  S u b s t a n c e s  i n  X y l e n e .  Most c .p . grades of xy
lene are suitable to use in the determination. However, the 
presence of oxidizing substances has been observed in technical 
grades of xylene and occasionally even in reagent grades. The 
effect of these substances on the leuco form of the dye is shown in 
Table II. These values were obtained by taking 5 ml. of 3 %  
metaphosphoric acid containing an appropriate amount of ascor
bic acid, and adding 2 ml. of citrate buffer, 5 ml. of dye solution 
(standardized for 30% transmission), and 15 ml. of xylene. The 
xylene was removed, and the per cent transmission was measured. 
It can be seen that at an ascorbic acid concentration of 160 micro
grams the xylene-dye mixture should show approximately 100% 
transmission, and at 0 ascorbic acid concentration the transmis
sion is approximately 30%. Only in the case of xylene 1 was the 
color relatively stable in the xylene solution; in the other xylene 
samples a fairly rapid development of color was indicated by the 
progressively lower transmission readings obtained when the 
mixture was allowed to stand for various lengths of time. For 
this reason it is always advisable to test the xylene for oxidizing 
substances before use. A simple test consists of completely de
colorizing a small amount of dye solution with ascorbic acid and 
then shaking vigorously with the xylene to be tested. • If no color 
develops in the xylene layer within 10 minutes it is considered 
suitable for use. If oxidizing substances are found the xylene 
should be distilled in an all-glass still.
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Determination of Calcium Content and Total Hardness 
of W a te r

Nephelometric-Photometric Procedure

A B R A H A M  S A IF E R 1, C A P T . S N C . a n d  F R A N K U N  D . C L A R K . SG T .

A rm y of the United States,

A  rapid photometric-nephelometric procedure for the determination 
of calcium in water is described. A  solution of potassium oleate in 
Duponol reacts with ammoniacal solutions of calcium to form a co l
loidal suspension of calcium oleate whose turbidity is proportional 
to the concentration of the calcium present. The degree of turbidity 
is measured in a photoelectric colorimeter with a suitable filter.

THE Third Army Medical Laboratory was faced with the 
problem of doing chemical analyses on water samples from 
Engineer Water Points whose locations and sources of supply 

varied almost daily with military necessity. In addition, chemi
cal analyses for calcium, magnesium, and total hardness were 
performed on water samples from a new type of ion-exchange unit 
which was being tested for field operation. Since this entailed 
Tunning large numbers of these determinations, it was thought 
desirable to attempt to develop a rapid photometric procedure 
for calcium which could compare favorably in accuracy with the 
more complicated and time-consuming gravimetric and volu
metric procedures. This method could then be used in conjunc
tion with an already published procedure for the photometric 
determination of magnesium in water, and the standard formula 
used for the calculation of total hardness.

Although other investigators such as Gregoire and co-workers 
(1, 2) have used potassium oleate as a reagent for the nephelo
metric determination of calcium, it was recognized that mag
nesium was an interfering substance. . Gregoire and Sola (3) made 
use o f . this fact to determine magnesium with the potassium  
oleate reagent. Romeo and Gambordella (6) also used this re
agent for the simultaneous determination of calcium and mag
nesium in water. In the attempt to modify the reagent recom
mended by the latter authors, it was found experimentally that 
the emulsifying agent known as Duponol stabilized the colloidal 
suspension over long periods of time and that its presence pre
vented the formation of magnesium oleate and thus made the 
reaction specific for calcium.

The reaction between calcium ion and the potassium oleate- 
Duponol reagent was then investigated to determine such factors 
as the optimum spectral region for measurement, optimum con
centration of reagents, effect of time of standing, pH, and tem
perature on the colloidal suspension, and effect of various concen
trations of other ions on the reaction.

The optimum concentration of Duponol and the ratio of potas
sium oleate to Duponol were determined experimentally for a 
fixed amount of calcium standard (0.40 mg. of calcium) in a 10- 
ml. volume. The variation of temperature from 15° to 25° C. 
did not affect the transmission values and these transmission 
values remained constant at room temperature after a 30-minute 
time interval. The optimum spectral region for making the 
photometric measurements was found to be about 420 m/x. The 
colloidal suspension was most stable in slightly ammoniacal solu
tion and the addition of ammonia to a sample and the filtration of 
any precipitate formed, previous to the addition of the potassium 
oleate-Duponol reagent, served to remove many of the interfering 
ions. These experimental criteria were then applied to the solu
tion of the problem of the photometric determination of calcium

1 H om e address, 3082 B righton 13th St., Brooklyn, N . Y.

Seventh M edical Laboratory

The method has an average error of ± 4 %  over the range of 0 .0 0 4  to 
0 .28  mg. of calcium in 10  ml. of solution. O n ly  a few ions com
monly present in water interfere; their maximum permissible con
centrations are given. The method can be used in conjunction with 
a previously published method for the determination of magnesium 
in water to determine total hardness.

and total hardness in known and unknown water samples and are 
presented in this paper.

PRINCIPLE O F THE METHOD

Potassium oleate reagent in Duponol solution reacts with cal
cium salts in ammoniacal solution to give a white colloidal sus
pension of calcium oleate. The degree of turbidity is propor
tional to the amount of calcium present over the range from 0.01 
to 0.70 mg. of calcium carbonate (0.004 to 0.28 mg. of calcium) 
in 10 ml. of solution and is measured in a photoelectric colorimeter 
with a suitable filter. Most of the common ions, when present in 
quantities usually found in treated or untreated waters, have 
little or no effect on the reaction.

REAGENTS A N D  APPARATUS

P o t a s s i u m  O l e a t e  R e a g e n t .  This reagent is prepared according to the procedure of Romeo and Gambordella (6): Shake 7.05 grams of oleic acid (Eastman Kodak) with a solution of 1.60 grams of potassium hydroxide in 5 ml. of distilled water. Transfer the emulsion by means of 50 ml. of 70% alcohol to a flask. Reflux the mixture for 1 hour and dilute with distilled water to 250 ml. in a volumetric flask.
D u p o n o l  S o l u t i o n .  Prepare a 3 %  solution in distilled water. Duponol P.O. is an emulsifying reagent sold by the Dyestuffs Department of E. I. du Pont de Nemours and Co., Inc., Wilmington, Del.
P o t a s s i u m  O l e a t e - D u p o n o l  R e a g e n t .  To each 100 ml. of Duponol solution add 20 ml. of potassium oleate reagent. Allow to stand 12 hours or longer and filter off, or remove by centrifuga- , tion, any sediment formed. This reagent is stable at room temperature but will come out of solution at lower temperatures. It can be brought back into solution by warming in an incubator at 37° C.
C a lc i u m  S t a n d a r d  S o l u t i o n .  Dissolve 0.5 gram of pure calcite (calcium carbonate) in a 500-ml. Erlenmeyer flask with a little dilute hydrochloric acid, being careful to avoid spattering. Add about 200 ml. of distilled water and boil for a few minutes to drive off the carbon dioxide. Cool to room temperature and transfer to a 500-ml. volumetric flask. Neutralize with ammonium hydroxide. Make up to volume with carbon dioxide-free distilled water. Store in a glass-stoppered bottle. This standard should be checked for exact calcium content using a gravimetric or permanganate titration procedure. 1.00 ml. =  1.00 mg. of calcium carbonate =  0.40 mg. of calcium.
D i l u t e  C a lc i u m  S t a n d a r d  S o l u t i o n .  Dilute the above standard solution 1 to 10 in a volumetric flask with distilled water.1.00 ml. =  0.10 mg. of calcium carbonate =  0.04 mg. of calcium.An Evelyn photoelectric colorimeter with selected test tubes graduated at 5 and 10 ml. was used in this investigation. A spectral transmittance curve was prepared with a Coleman spectrophotometer, and a wave length of 420 m^ corresponding to Corning filter No. 511-3 mm. was found to be most suitable for this determination.

EXPERIM ENTAL

S t u d i e s  o f  R e a g e n t  C o n c e n t r a t i o n s .  The following 
studies were undertaken to determine the effect of varying the

757
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concentration of Duponol and proportion of potassium oleate re
agent to Duponol solution on the turbidity of a solution having a 
constant calcium content.

Effect of Variation o f Duponol Concentration. The effect of varying the Duponol concentration was determined using 1, 3, 5, 7, and 10% solutions of Duponol. The 3% Duponol concentration was chosen as the most suitable as it gave stable readings after a 20-minute time interval, did not inhibit the formation of the calcium oleate as did the higher concentrations of Duponol, and the turbidity appeared more in the nature of a true colloidal suspension than that given by other concentrations of Duponol.Effect of Variation of Potassium Oleate Reagent. To 10.0-ml. aliquots of 3% Duponol solution were added, respectively, 0.2, 
0 .6 ,  1.0, 1.4, and 2.0 ml. of the potassium oleate reagent and the contents mixed by inversion.

Figure 1. Effect of Variation of Potassium O leate  Reagent

Readings taken after 30-minute waiting period

P r e p a r a t i o n  o p  S t a n d a r d  C u r v e .  Quantities of calcium standard solution ranging from 0.1 to 0.7 mg. of calcium carbonate, or 0.04 to 0.28 mg. of calcium, were pipetted in duplicate into the graduated colorimeter tubes, 0.05 ml. of concentrated ammonium hydroxide was added to each tube, and distilled water added to the 5-ml. mark. The contents were mixed by shaking and 5 ml. of the potassium oleate-Duponol reagent were added with a 5-ml. volumetric pipet. The contents were immediately mixed by inverting each tube several times and the tubes placed in a water bath at 20 ° C. Transmission values were read in the photoelectric colorimeter at a 30-minute time interval against a reagent blank set at 100%. The curve obtained is shown in Figure 1.
P r o c e d u r e  f o r  U n k n o w n  S a m p le s .  Into a 50-ml. volumetric flask 45 ml. of the unknown water sample were measured. The sample was neutralized with concentrated ammonium hydroxide until just alkaline to litmus and 1 ml. of the ammonium hydroxide added in excess. The solution was mixed, diluted to the 50-ml. mark with distilled water, and mixed again. It was allowed to stand for 15 minutes or longer. If a precipitate forms, the sample was filtered through a good grade of filter paper. A2.00-ml. and a 5.00-ml. aliquot were pipetted into graduated colorimeter tubes and the first tube was diluted to the 5.0-ml. mark. For the blank tube 0.05 ml. of concentrated ammonium hydroxide and distilled water were added to the 5-ml. mark. Five milliliters of the potassium oleate-Duponol reagent were added to each tube from a volumetric pipet, and the solution was mixed several times by inversion and read in the photoelectric colorimeter after a 30-minute waiting period, the blank tube being set at 100% transmission. The calcium content is read from the standard curve and the value obtained multiplied by 1.11 to give the actual calcium content of the sample. Where more accurate results are desired the tubes may be placed in a 20° C. water bath during the waiting period.

One milliliter of dilute calcium standard (0.04 mg. of calcium) and 0.05 ml. of concentrated ammonium hydroxide were added to each of five colorimeter tubes, graduated at 5 and 10 ml., and distilled water was added to the 5-ml. mark. The contents of the tube were mixed by shaking and 5 ml. of the various potassium oleate-Duponol reagents were added to each tube with a 5-ml. volumetric pipet. The contents of each tube were immediately mixed by inverting the tube several times. The blank tube containing 5 ml. of distilled water and 5 ml. of the 3% Duponol-2.0 ml. of potassium oleate reagent was set at 100% transmission. The other tubes were then read at various time intervals and the results are given in Figure 1 for the 30-minute 
interval.Since relatively stable values were obtained after 20 minutes’ standing with mixtures containing 1.4 ml. or more of potassium oleate reagent per 10 ml. of the 3% Duponol solution and since there is but little change in transmission values between the 1.4- ml. value and the 2 .0-ml. value, the latter was chosen for the preparation of the combined reagent.

Effect o f Variation of Temperature. For each of the five temperatures shown in Figure 2, 0.20 and 0.50 ml. of the dilute calcium standard (0.08 and 0.20 mg. of calcium) were pipetted in duplicate into the graduated colorimeter tubes, 0.05 ml. of concentrated ammonium hydroxide was added to each tube, and the contents were diluted to the 5-ml. mark and mixed. The tubes were then placed in a water bath maintained at the proper temperature, and after a 30-minute time interval 5 ml. of the potassium oleate-Duponol reagent adjusted to the same temperature were added to each tube with a 5-ml. volumetric pipet. The contents were immediately mixed by inverting several times and the tubes replaced in the bath. The transmission values were read at various time intervals in the photoelectric colorimeter against a reagent blank set at 100% transmission and the results obtained are shown in Figure 2 for the 30-minute time interval.These results indicate that the temperature has little or no effect between 15° and 25° C. but beyond this range a marked increase in transmission values occurs, these values increasing with the temperature. While control of the temperature is not essential for routine analysis, more consistent values have been obtained by maintaining the temperature at about 20 ° C.Effect o f Variation o f A lkalinity. I t has been found experimentally that concentrations of ammonium hydroxide greater than 0.5%, after the final dilution to 10 ml. in the colorimeter tube, have an inhibitory effect on the formation of the colloidal suspension. If the concentration of the ammonium hydroxide is kept below this critical level, variation in the concentration of the ammonium hydroxide has no effect on the transmission values obtained.
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Readings taken after 30-minute waiting period

This procedure will determine the calcium content of water samples in the range of 8 to 350 p.p.m. of calcium carbonate. A1.00-ml. aliquot extends the range of the method to 700 p.p.m. of calcium carbonate, and samples below 8 p.p.m. of calcium carbonate can be determined after the concentration of a suitable aliquot.
D e t e r m i n a t i o n  o p  C a lc i u m  C o n t e n t  o p  K n o w n  S o l u t i o n s .  The calcium content of known solutions was determined in duplicate as given above under the Procedure for Unknowns and the results obtained are given in Table I.

Table I. Determination of Known Samples
Calcium CalciumCarbonate CarbonateSample Present Found Deviation
P.p.m . P.p.m . %

1 500 520 +  4 .02 400 392 -  2 .03 300 310 +  3 .34 200 210 4* o . o5 100 108 +  8 .06 20 22 +  10.0
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CALCIUM-mg.
Figure 3. Spectrophotometric Curve for Calcium

D e t e r m i n a t i o n  o f  t h e  C a l c i u m  C o n t e n t  o f  U n k n o w n  
W a t e r  S a m p le s .  The calcium content of the unknown water samples was determined in duplicate with potassium oleate- Duponol reagent following the procedure given above. A volume of the water sample was then taken so that its total calcium content was about 50 mg. and its calcium content was run in duplicate by both gravimetric and permanganate titration procedures as given by Kolthoff and Sandell (J). The results 
obtained are given in Table II.

D e t e r m i n a t i o n  o f  C a l c i u m ,  M a g n e s iu m ,  a n d  T o t a l  H a r d 
n e s s  i n  K n o w n  W a t e r  S a m p le s .  The magnesium content of 
the water sample was determined photometrically by the method of Ludwig and Johnson (6) which uses Titan yellow as the colorimetric reagent (Table I I I ) . The only modification in their 
procedure was that a solution of 0.05% of the Titan yellow in 2% Duponol was used in the determination, thus eliminating the unstable starch solution. The total hardness was then calculated 
from the formula: Total hardness (as calcium carbonate), p.p.m. =  2.495 Ca +  4.1115 Mg.

Table II. Determination of Unknown Sampl 2S
PotassiumO leate- G ravim etric Potassium DeviationDuponol Procedure as Perm anganate fromSample Procedure CaC204.H 20 Procedure Average

P.p.m . P.p.m . P .p.m . %
1 504 505 508 - 0 .5 92 409 412 409 - 0 .4 93 286 290 289 - 1 .3 84 192 195 192 - 1 .0 45 65 .5 67 .9 64.0 - 0 .7 66 38.0 41 .4 39 .8 - 6 .4 0

Table III. Determination of Known Samples for 
nesium/ and Total Hardness

Calcium,, Mag-

Sample
Calcium C ontent Known Found

Magnesium C ontent Known Found
Total Hardness SoapCalculated Found method

P.p.m . P .p.m . P .p.m . P .p.m . P.p.m .CaCOz P.p.m .CaCOz P .p.m .CaCO»
1 104.5 102101 60.0 58.359 .0 507 494 504493
2 43 .6 42 .941 .9 15.0 17.617.0 170 177 175164
3 20.9 20.420.4 10.0 12.412.6 93.4 102 9090

E f f e c t  o f  I o n s  C o m m o n ly  P r e s e n t  i n  W a t e r .  An investigation was made of the effect of various ions which may be found in treated or untreated water with the purpose of determining their maximum allowable concentration (Table IV).

DISCUSSION

In the preparation of the standard curve, transmission values 
were read at various time intervals for 24 hours; little or no 
change in these values took place after a 30-minute waiting 
period. The spectrophotometric curve obtained by this procedure 
gives a straight line with amounts of calcium from 0.004 to 0.12 
mg. Beyond this value the curve deviates rather sharply but the 
results obtained by this procedure have been found to be highly 
reproducible for values up to 0.28 mg. of calcium even with new 
batches of the potassium oleate-Duponol reagent.

Table IV . Interference of Various Ions

Ion Added as
O ther Ion, P.p.m . 

Calcium, P.p.m .

MaximumPermissibleConcentration,P .p.m .
Cu + + Cu (N 0 3)2 0.13 50F e + + FeCla 0.13 50M n + + M nCl2 0 .5 200°Mg + + M g(N Oi)2 2 .0 1000°Zn + + Zn(NOa)2 1.0 500°A I+ + + AlCla 0 .5 200Sr + + Sr(NO«)2 0 .25 100Pb + + Pb(NOa)2 0 .5 200aAs + + + As2Oa 0.03 10Ba + + BaCl2 1.0 500°
a Interference due to th is ion not investigated beyond concentration given.

The results given in Tables I and II indicate that the method is 
subject to maximum errors up to about 10% in the lower range of 
values but that this error decreases sharply for the higher calcium 
values. The average error for these determinations is approx
imately =*=4% and the results obtained compare favorably with 
the gravimetric or titration procedures. The method is particu
larly useful for carrying out large numbers of determinations, as 
in routine or control analysis of water samples, and where great 
accuracy is not the prime consideration.

The interference of ions other than those given in Table IV  
was also studied: Ag+, H g++, B i+'l‘+, Cd'1"1’, Sb+++, Sn++, 
N i+++, Co+ *, N a+, K \  NH 4+, C 03— , S 0 4— , SO*— , S20 4— , 
C rO r, B40 7— , C4H40 6— , H P 0 4— , F", C20 4— , A sO r, HAs-
0 4— , C1-, B r-, 1 -, C N -, Fe(CN)6- 4, Fe(CN ), , CNS",
5 — , NCfr, N 0 3_, C2H30 2~, C10:r ,  S i03 . No anions below 
concentrations of 500 p.p.m. and few cations in concentrations 
less than 100 p.p.m. interfere with the procedure. Large 
amounts of magnesium, which are a source of difficulty in the 
oxalate procedure, have no effect in this procedure. Even when 
these ions are present in relatively large amounts and the amount 
of turbidity formed by a given concentration of calcium is either 
increased or decreased by the presence of these ions the method 
may still be used if the standard curve is made up in the presence 
of these ions. Such a procedure is now in progress for the photo
metric determination of calcium in biological fluids.
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Determination of Helium Group Gases in Natural Gases 
and in the Atmosphere

G E O R G E  H . C A D Y  a n d  H . P. C A D Y '

University of Washington, Seattle, Wash.

Methods for determining helium plus neon, argon, and krypton plus 
xenon by procedures involving fractional distillation, fractional de
sorption from activated charcoal, and absorption of reactive gases by 
hot calcium are described. The analysis of the atmosphere by these 
techniques agrees well with data of earlier investigators and indicates 
that 100 ml. of dry air, free from carbon d iox ide , contain 0.00232

and University of Kansas, Lawrence, Kan.

ml. of helium plus neon, 0 .0 0 0 1 20 ml. of krypton plus xenon, and 
0.935 nil. of argon. Two of these data are at least equal in accuracy 
to older values, but the figure for argon is probably inferior to the 
commonly accepted volum e, 0 .93 2  ml. Several natural gases, 
rich in nitrogen, were analyzed; none was found to contain a higher 
proportion of any rare gas, except helium, than is present in air.

THIS paper describes a continuation of a study extending 
from 1905 to the present. The first major publication ap
peared in 1907 when one of the authors in collaboration with Mc

Farland (8) presented analyses of natural gases from Kansas, 
Oklahoma, Indiana, West Virginia, Missouri, Louisiana, and 
California, and found high values for the helium content of some 
samples. It was reasonable to expect other elements of the same 
family also in certain natural gases. Accordingly a qualitative 
study was conducted, and both neon and argon were detected in 
some samples (4). Several years later, the senior author and 
Seibel (87) obtained qualitative evidence for the existence of 
krypton and xenon in a few natural gases of Kansas.

During 1927 and 1928 Cady and Cady collaborated in a quan
titative study of several mid-continent natural gases, using de
sorption from activated charcoal to separate the noble gases. 
The results were not published because only the values for helium 
and argon were accurate. It was found, however, that krypton 
could be more easily detected in some gases than in air. Because 
these samples were believed to contain a much higher percentage 
of krypton than the atmosphere, the junior author resumed the 
study in 1939 at the University of Washington and did the work 
reported in this paper. However, none of the natural gases ana
lyzed contained even as high a percentage of krypton and xenon as 
does air. It is possible that other gases may be very rich in these 
rare noble gases, by comparison.with air, but the chance that this 
is true seems poor. Although the study has failed to discover 
a good commercial source for krypton or xenon, the work con
tributes to the art of determining the different noble gases and 
has increased the precision with which the percentage of neon plus 
helium in the atmosphere is known.

Within the period of the authors’ interest, numerous papers 
have reported the content of helium and of argon in gases issuing 
from the earth and of krypton and xenon 
in gases from hot springs, mines, and 
fumaroles, but there are no quantitative 
data regarding the occurrence of the 
latter elements in natural gases associated 
with petroleum.

Very little definite information about 
the occurrence of neon other than 
in the atmosphere has been published.
Many determinations of helium in the 
natural gases of North America have 
been made, but little is known about the 
abundance of the other noble gases.
Most of the analyses which are com
plete, except for the determination of 
neon, have been made upon gases from 
European springs and mines by Moureu 
and Lepape (19, 80) and from fumaroles 
by Sborgi (85).

1 Senior author, deceased M ay 26, 1943.

Extensive reviews (12,18,19,20, 23,34) dealing with the occur
rence of the helium group gases are available. More recent pub
lications in the field include (7 ,1 5 ,25 ,26 ,32 ,35 ,38).

The analytical procedures described below involve the isola
tion of very small amounts of the rare gases, measured at such 
low pressures that rapid diffusion of the gas within the system  
makes unnecessary forced circulation of the gases. Methods in
volving this type of technique have been developed by Paneth 
and co-workers (23).

APPARATUS

Figure 1 shows only the essential features of the apparatus. A buret, A , is used to add measured small samples of gas to the part of the system between stopcocks Ci, Cs, and Cj. The buret is carefully calibrated and is designed to permit samples ranging in volume from 0.25 to 55.0 cc. to be measured with a limit of error decreasing from about 2% to less than 0 .1% of the total amount. This error is smaller than that made in measuring the volumes of the different rare gases obtained from the sample.A McLeod gage, B, measures the gas within the system, the capillary tube above the bulb being used for pressures up to 3.27 X 10~2 mm. of mercury and the larger tube just below the capillary for pressures up to 3.0 mm.Mercury is forced into the gage until its height in the large tube at the side is about the same as that of the top of the capillary. When a reading is to be made, mercury is forced up into the instrument and the levels of the liquid in the capillary and in the large tube are measured on a millimeter scale without allowing either column to fall and without tapping the tubing. This operation is repeated several times, using different positions of the mercury, and using each set of readings to calculate the pressure. The average of these individual values is considered to be the pressure of the gas. By using the large tube instead of the adjacent capillary for establishing one of the mercury levels, a source of error due to sticking of mercury is eliminated. I t is necessary to apply a correction for capillary repulsion and sticking
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in the tube at the top of the gage. The amount of this correction is easily measured when the system is highly evacuated by observing the levels of the mercury menisci at different positions.The authors have found this co rrec tion  substantially constant over several months. It should be confirmed occasionally to detect changes which may occur.A piece of graph paper placed b«- hind the tubing of the gage is used as the millimeter scale and one of the heavy marks is placed on the same level as the top of the bore in the capillary measuring tube. This procedure results in determinations of the pressure which are reproducible to within 0.5% at 2 X 10~3mm. and to a slightly greater accuracy at higher pressures. The absolute error is probably somewhat larger than this.Traps D  and E  are filled with activated charcoal of a type suitable for the adsorption of gases. Coconut charcoal and a granular grade of wood charcoal made from compressed sawdust have been used with equally good results.Trap D  contains 20 grams of charcoal, while E  holds only 4 grams packed in 5-mm. layers between sheets of copper gauze which press against the inner wall of the glass bulb. The metal is used to allow the temperature of the charcoal to be changed rapidly. Both traps may be cooled by immersion in liquid oxygen or some other cold liquid.Vessels F, G, and H  are sections of iron pipe 21 mm. in internal diameter, and 42, 29, and 18 cm. long, respectively. They contain calcium turnings and are closed at the ends by steel disks attached by silver solder. Each piece of pipe is placed within a section of a three-unit split 

electric furnace of the type commonly used for the analysis of organic compounds. Ends of the pipe project far enough from the heating units to prevent melting of the solder. A 35-cm. length of 6.35-mm. outside diameter Monel metal tubing leads from the iron pipe to the glass portion of the system. The metal to glass seal is made with Picein cement.Of the two mercury vapor diffusion pumps, I  is used to evacuate the system and J  to transfer the gas during the analytical operations.
The measuring bulb, M ,  which has a volume of 517.3 cc., is used to measure a gas sample as it is introduced into the fractionating column, L. A capillary tube of small volume connects M  to L. The rubber tubing connecting bulbs N  and M  has a heavy wall and is long enough to permit a pressure of 2 atmospheres to be established within M .  Heavy rubber bands hold the plugs of stopcocks Cs and Cm in place.Mercury is used as the liquid in buret A ,  manometer K ,  and bulbs M  and N .  All glass is Pyrex brand. Most of the tubing has an internal diameter of 7 mm. and the stopcocks other than 

Ci, C,, and Cio are the 6-mm. bore vacuum type manufactured by the Eck and Krebs Company, New York.
Auxiliary equipment includes a Leeds & Northrop Type K  potentiometer for use with the thermocouple used to determine the temperature of the bath surrounding trap E  and a small Bausch & Lomb spectrometer with a constant deviation prism to 

observe the spectrum of the gas compressed into the capillary of the McLeod gage.
A detailed diagram of L  is shown in Figure 2. This column is similar to those of Podbielniak (SO) and others, but is designed to distill a liquefied gas of high nitrogen content. The whole column is shielded by a tall slender Dewar vessel which is strip- 

silvered to permit visibility. A tube of 4-mm. internal diameter, packed with a closely fitting spiral of No. 20 B. & S., gage Nichrome wire, comprises the actual fractionating column. At 
the bottom of the tube is a cylindrical bulb of 1.6-cm. internal

Figure 2 . Fractionating 
Column

diameter and 18-ml. capacity which contains a drip indicator at the end of the column. The whole of the distilling bulb and the lower 79 cm. of the column tube are thermally insulated by a vacuum jacket whose outer wall is a glass tube of 2.3-cm. internal diameter. The walls of the jacket above the bulb are silvered. At the top of the column is a 60-ml. reservoir for liquid oxygen. A single tube leading to the reservoir is used to introduce the liquid refrigerant and to remove the gaseous oxygen set free by evaporation. Vaporized oxygen may escape into the atmosphere either directly and at atmospheric pressure or indirectly through two Hyvac oil pumps, connected in parallel. It is necessary to use the pumps when nitrogen is being distilled under a pressure in the range of 1 to 1.5 atmospheres.A small electrical heater made from a spiral of Nichrome wire, located at the bottom of the boiler bulb, is connected to leads of No. 24 enameled copper wire which enter the column through Picein seals near the top and pass down through the center of the tube. A rheostat regulates the current through the heater to a value which gives the desired reflux rate.The volume of the system enclosed by stopcocks Ci, Ci, Cs, Cs, 
Cs, Ci, and Cs is close to 1030 cc.—the average of the values 1031, 1029, 1029, and 1031 obtained by adding measured quantities of dry air to the system from the gas buret, A .  After adding the air, the pressure in the system was measured using the manometer of the gas buret. When calculating the volume of the system from this pressure, corrections were made for the air remaining in the buret and in the tube of the McLeod gage below the bulb. As an independent check on the volume, all parts of the system were measured while the apparatus was being assembled. The total volume so obtained was 1024 cc. An additional 
6 cc. of volume could easily be present as a result of the glass blowing where tubing was sealed together.

PRELIM INARY OPERATIONS

The apparatus is prepared for use by pumping gas from the system while heating the charcoal traps and the pipes containing calcium. The former are heated to about 200° C. and the latter to about 710° to 850° C. This pumping is continued until most of the gases and vapors have been removed.The following are used as tests of sufficient pumping: (a)After closing stopcocks Ci, C3, Cit Cs, Cs, and C8 and pumping until the pressure within the system remains constant, Ci is closed and the heating of the charcoal trap, E,  is stopped. As the trap cools to room temperature, the pressure within the system should fall to 10-4 mm. of mercury or less. (6) The system is pumped while Ci, Ci, Ci, Ci, and Cs are closed and Cs and Cs are open. During the pumping operation the calcium ovens remain at a bright red heat and the pressure within the system gradually falls to about 10-1 to 10“2 mm. of mercury. When the electric heater units are turned off and Ci  is closed, the pressure falls rapidly. If it drops to 10-3 mm., the removal of gases from F  and 
G  is considered satisfactory, (c) In the case of the calcium in pipe H, heating and pumping are continued many hours. The behavior of the calcium in H  is tested by evacuating the system  to a McLeod gage pressure of about 10“6 mm. with Ci, Ci, Cs, Cs, 
Cs, and Cs closed. After Ci is also closed and pumping is stopped, 
H  is heated to about 710° C. This causes a little gas to be set free from the calcium. The heater unit on H  is then turned off, and the calcium cools slowly to room temperature. Unless the pressure indicated by the McLeod gage falls to 8 X 10-5 mm. or below, the heating and pumping process is continued.Trap D  is ready for use after pumping while heating for only about 0.5 hour. Only the helium and neon need to be completely removed.After vessels E  and H  have been conditioned for use, care is taken to avoid contamination of the reagents by air and other crude mixtures of gases.

A N A LY T IC A L  DETERMINATIONS

1. T o t a l  C o n t e n t  o f  H e l i u m  G r o u p  G a s e s .  The gas to be 
tested is dried, and a sample is measured in gas buret A ,  the vol
ume chosen being such that the noble gas, when occupying 1030 
ml., will have a pressure between 10-3 and 3 X 10“2 mm. Usu
ally a 2.5-ml. sample is satisfactory.

After the system is evacuated and all stopcocks except Cs and 
Cs are closed, gas is admitted from the buret. The active gases are absorbed by the calcium at about 800° C. in F  and G until the pressure becomes nearly constant. Usually 2 or 3 hours are allowed for this step, but a shorter time is sometimes sufficient. 
F  and G  are allowed to cool to room temperature. If the pressure does not fall below 3 X 10~2 mm., the heating is continued.



When it becomes apparent that the calcium in F  and G will absorb very little more gas, the heating is discontinued, and the diffusion pump, J ,  is used to pump all the gas into the upper part of J . Cs and C\ are then closed and C< is opened. The operation of J  is stopped, and the gas is allowed to diffuse throughout the system. The remaining trace of active gas reacts with hot calcium at about 700° C. in H. As the cleanup progresses, the temperature of H  is decreased slowly over about 30 minutes by changing the setting of the rheostat in series with the heater unit. Finally the electricity is turned off and H  cools in about 1 hour nearly to room temperature. As soon as the tube becomes cool, the pressure of the gas within the system is carefully measured, using the McLeod gage. From this pressure is subtracted a small correction term which is the pressure of the reactive gas (probably hydrogen) remaining unabsorbed by the calcium. The difference is considered to be the pressure of the rare gas. The size of the correction term depends upon the length of time > spent pumping gas from the hot calcium and varies from 3 X 10 5 to 8 X 10-s  mm. This term is determined before starting each run by measuring the gas pressure which remains after the system  has been evacuated to a pressure of about 10"6 mm. and the calcium in H  has been heated to 700° C. and subsequently allowed to cool nearly to room temperature. This same procedure is used to establish the correction term used in connection with the other determinations described below. Duplicate determinations of the term agree within 1 X 10'5 mm.From the pressure of the mixture of noble gases, the volume and temperature of the system, and the original volume of the sample, the per cent by volume of noble gas in the sample being analyzed is calculated.
2. H e l iu m  P l u s  N e o n  i n  a  G a s  o f  H i g h  H e l i u m  C o n t e n t .  

Gas remaining from the above determination is used in this pro
cedure.

Trap E  is cooled by immersion in a bath of liquid oxygen or nitrogen and stopcock C2 is opened to allow the gases other than helium and neon to become adsorbed. Adsorption occurs rapidly and appears to be complete within about 15 minutes. After waiting about 30 minutes, diffusion pump J  is operated for 5 to 10 minutes to pump all the helium and neon from E. C2 is then closed, J  is turned off, and H  is heated to 700° C. H  is then allowed to cool nearly to room temperature and the pressure of the gas remaining in the system is measured and used to calculate the per cent by volume of helium plus neon.In most natural gases of high helium content, this element is very much more abundant than neon. One may easily find out whether much neon is present by compressing the gas with the McLeod gage to a pressure of about 1 mm. When a spark is caused to pass through the gas by holding the metal end of an ordinary electric leak tester near the upper end of the capillary of the McLeod gage, the light produced by helium is yellow. This color is changed toward the red when neon is present; only a small proportion of neon is required to cause the light from the spark to be orange. If the spectrum is observed with a direct- vision spectroscope, some red lines may be readily observed when the gas mixture contains only 1% neon by volume. If the red lines are not detected, this determination of helium plus neon is for all practical purposes a determination of helium only.
3. H e l i u m  P l u s  N e o n  i n  a  G a s  o f  L o w  H e l i u m  C o n t e n t .  

If a gas—for example, air—has a much smaller content of helium 
and neon than of argon, procedure 2 is not satisfactory, for the 
pressure of helium plus neon is too low to be measured accurately. 
It is preferable that the pressure of the rare gas be over 10- * 
mm.

If the content of helium plus neon is low, a second determination is made using a larger sample of the gas being tested. This sample is measured in the gas buret and its volume is chosen to give a final pressure of helium plus neon in the System of about 10-3 to 2 X 10-2 mm. In the case of air, a sample having a volume between 50 and 1000 ml. is satisfactory. After thoroughly evacuating the system and closing all stopcocks except (A, the sample is introduced, and Ci is closed. Trap D  is then cooled by liquid oxygen or nitrogen and the decrease in pressure within the system is followed by using the McLeod gage. When the pressure becomes constant, diffusion pump J  is used to pump all the gas into the upper part of J . C3 is then closed, J  is turned off, and Ci is opened. The charcoal in trap E  is cooled by liquid oxygen or nitrogen, and the gas is allowed to stand for 15 to 30 minutes, or until there is no further decrease in pressure. J  is used to transfer all the free gas into the upper part of J .  After
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closing Cj, J  is turned off, Ct is opened, and H, which has been previously heated to 700° C., is allowed to cool nearly to room temperature. The pressure of the gas is now measured, and from it  is subtracted the correction term representing the pressure of the reactive gas remaining unabsorbed by calcium. From this corrected pressure, the room temperature, and the volume of the system, one calculates the volume of helium plus neon and uses this quantity to calculate the per cent by volume of the mixture of these two elements in the original sample of gas.

4. N eon. No satisfactory procedure for determining this 
element has been developed during this research. The difficulty 
arises from the fact that activated charcoal must be cooled to 
— 225° C. or below to bring about the quantitative adsorption of 
neon (11, 27). The authors have been unsuccessful in their ef
forts to reach a temperature this low by pumping from a bath of 
evaporating nitrogen. A temperature low enough to cause the 
adsorption of about 80% of the neon was reached, however, and 
two very crude determinations of the element were made in nat
ural gases of small helium content. The method for separating 
neon from helium failed completely for gases of a H e/N e ratio 
above 100.

5. A r g o n  P l u s  K r y p t o n  P l u s  X e n o n .  This determination 
is made immediately following the determination of total helium 
group gas and of helium plus neon by procedures 1 and 2.

At the conclusion of procedure 2, the helium and neon are pumped from the system. C3 and Ci are then closed and C2 is opened. With E  at room temperature, the gas in the system is pumped into the top of J , the period of pumping being about 30 minutes. After closing Ci, J  is turned off. Ct is opened, allowing the gas to diffuse into H , which has been previously heated to redness. After a few minutes, the heating of H  is discontinued and the tube is allowed to cool nearly to room temperature. The pressure, temperature, and volume of the gas remaining in the system are now used to calculate the volume, at standard conditions, and the per cent by volume of argon plus krypton plus xenon. In all samples which have been tested, this quantity is essentially the same as the argon content only.If the volumes have been measured correctly, the percentage of total rare gas (procedure 1) should be equal to the percentage of helium plus neon (procedure 2 or 3) plus the percentage of argon plus krypton plus xenon (procedure 5).

6. K r y p t o n  P l u s  X e n o n .  Before starting this determina
tion, the supply of calcium turnings in tubes F  and G is renewed, 
if necessary, and gas is pumped from the new turnings in the 
manner previously described.

Gases are also pumped from E  until it is certain that the helium group gases have been thoroughly removed. C2 is then closed. The fractionating column, L, is evacuated to a pressure of about 
1 mm. and Cs is closed.L  is prepared for operation by adding enough liquid oxygen to fill the Dewar vessel about halfway to the top. Liquid oxygen is poured through a funnel into the reservoir at the top of the column and gaseous oxygen is then pumped from the inlet-outlet tube to lower the temperature in the head of the column. While the gas is being condensed, as well as during distillation, it is occasionally necessary to replenish the supply of liquid oxygen in the reservoir.The gas to be analyzed is dried, freed from carbon dioxide, and collected in measuring bulb M . From here it is forced into the fractionating column, where it condenses and flows into the distilling bulb. Under a pressure of about 2 atmospheres, air may be easily condensed and collected as a liquid in the bulb. The first liter of gas requires about 0.5 hour to become condensed, for the liquid flowing down the tube continually evaporates until the interior of the column grows cold. After the first liter has been condensed, further gas may usually be added, as rapidly as the gas-measuring bulb can be filled and emptied. The size of the sample suitable for an analysis depends upon the krypton plus xenon content of the gas. If the sample contains over 10-3 cc. but less than 3 X 10“2 cc. of these gases, the procedure gives satisfactory results. In practice, samples ranging from 1.5 to 18 liters have been used. Most of the samples of natural gas had a volume of 2.5 or 3 liters.A gas of high helium content is difficult to condense because the column becomes filled with gaseous helium. The difficulty may be overcome by alternately raising and lowering the leveling bulb
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attached to M , thereby causing gas alternately to flow into and out from the fractionating column. It is sometimes necessary, however, to discard some helium from the column before the whole sample can be introduced. Before discarding helium by opening stopcock Cs for a short time, the leveling bulb is raised and lowered several times until no further condensation seems to occur. This procedure permits substantially all the krypton and xenon to condense in the column.If the gas which has been condensed does not contain as much as 2.5 liters of gaseous methane, this substance is now added until at least 2.5 liters, free from krypton and xenon, are present. The gas for this research has been prepared from methyl iodide using the Grignard reaction.Ct is now closed, and a current of about 1 ampere is passed through the Nichrome heating coil in the condensed liquid in the column. This current is somewhat less than that which causes flooding in the fractionating column. The boiling of the liquefied sample and the return of the condensate to the boiler can be observed through the slit in the strip-silvered Dewa'r flask.After refluxing has been in progress for several minutes, Cs is opened just enough to allow the gas to escape slowly into the apparatus and through Cj and Cn into the atmosphere. As nitrogen distills, manometer K  indicates a pressure of 1.2 to 1.7 atmospheres. During this stage, a constant reflux of about 3 drops per second of liquid nitrogen is maintained and the gaseous nitrogen distillate is withdrawn at a rate of 8 to 10 liters per hour. As the last of the nitrogen distills, the pressure indicated by K  falls rapidly, and when it reaches about one atmosphere, Cn is closed and the Hyvac forepump is started. Oxygen, if present, now distills, and as the last of it passes away the pressure again falls. The temperature at the head of the column is allowed to rise to the boiling point of oxygen at atmospheric pressure, and the distillation is continued at a reduced rate of take-off of gas. As the methane distills, K  indicates a pressure of about 100 mm. No special flowmeter is needed to measure the rate of take-off from the column. With Cj completely opened, the flow rate can be measured simply by means of the McLeod gage. The greater the rate of flow, the higher the pressure indicated by the gage. Distillation of methane is continued until 1 to 1.5 liters of the gas have been discarded. C8 is then closed and the system is evacuated to a pressure below 10 5 mm. Ci is closed and Ct, C6, and Cs are opened.As the distillation has been in progress tubes F  and G have been heated to about 800° C. As the gas enters these tubes it is absorbed by the hot calcium. After most of the gas has become absorbed, the temperature of F  and G is lowered to about 700° C. to reduce the rate of oxidation of the iron by air, and the apparatus is allowed to stand overnight. By the next morning all liquid has evaporated from the distilling bulb of the fractionating column, and the pressure in the system has fallen to about 0.1 to 1 mm. When the heating of F  and G is discontinued, the pressure normally falls to about 3 X 10'2 mm. and it is possible to operate pump J  to collect the gas in J .  Cs is now closed and the pump is turned off.The pressure of the gas in the apparatus is measured, and F  and 
G are again heated to about 800° C. and allowed to cool. If the pressure is lowered appreciably by the action of the hot calcium heating and cooling are repeated until the pressure remains unchanged. The gas is now pumped into J ,  and Ct and Ct are closed. As the gas diffuses back into the system from J , Ct is opened to allow red hot calcium in H  to absorb active gases which remain. As H  cools the pressure falls nearly to that of the noble gas in the system. This noble gas is a mixture of krypton and xenon with a small amount of argon and/or helium. Traces of the latter gases remain even when a very high reflux ratio is maintained as methane is removed from the fractionating column. Normally there is much more argon than helium, but when a natural gas of high helium content is distilled, an appreciable amount of this element is found in the krypton plus xenon fraction.To complete the determination, use is made of a technique similar to that of Peters and Weil (29) to remove the remaining argon and helium from the krypton. The charcoal in E  is cooled with liquid oxygen and the gas allowed to become adsorbed during about 1 hour or until there is no further drop in pressure in the system. The trap is then placed in a bath of alcohol or ether held at a temperature of —101° to - 9 9 °  C. and after waiting for 20 minutes pump J  is set in operation. After pumping has continued for 10 minutes, C2 is closed and J  is turned off. The gas in the system is cleaned up by hot calcium in H, and the pressure of the noble gas pumped off in the 10-minute period is measured.There now follows a repetition of three or four pumping cycles conducted according to a regular plan, each cycle requiring 1 hour. Trap E  is first warmed with warm water for 10 minutes to allow the gases to become desorbed from the charcoal. As this goes on,Ct is closed and the heater on H  is turned on. E  is dried and then
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cooled with liquid oxygen for 10 minutes. The trap is then immersed in alcohol held at —101 ° to —99° and while this temperature is maintained, J  is turned on. After the trap has been kept in the bath for 20 minutes, C2 is opened and is kept open for 10 minutes. The stopcock is again closed and J  is turned off. Ci is now opened to allow the gas to come into contact with hot calcium and after a few minutes the electric heater for tube H  is turned off. When H  has cooled for 10 minutes, the pressure within the system is measured.This cycle is repeated until a graph of the pressure of the pumped-off gas plotted against the number of periods of pumping shows a linear relationship. A straight line is then drawn through the points showing this behavior and the line is extended to the axis corresponding to no pumping. The pressure at which the line intersects the axis is taken as the pressure of the argon and helium removed by pumping. It has been the authors’ experience that two periods of pumping result in the removal of nearly all the argon from the charcoal. Two or three more cycles establish the rate of removal of krypton.Trap E  is now held at about 50° C. for at least 2 hours while gas is pumped into the upper part of J .  C2 is then closed, J  is turned off. Tube H  is heated to redness and is then allowed to cool nearly to room temperature. The pressure of gas in the system is measured carefully and the temperature is observed. The difference between this pressure and the pressure of the argon and helium pumped off at —100° is considered to be the pressure of krypton plus xenon. This value is used to calculate the volume and the per cent by volume of krypton plus xenon.

ORIGIN OF SOM E O F THE A B O V E  METHODS

Rayleigh and Ramsay (38) were the first to isolate and measure 
crude argon by chemically absorbing the other gases of the atmos
phere. The first to use hot metallic calcium as the absorbing 
agent was Moissan (17). Soddy (89) contributed greatly to the 
understanding of the process.

Chlopin and Lukasuk (5) used a modified McLeod gage to 
measure helium, and a few years later Paneth and Peters (28, 24) 
introduced their micromethod which uses the usual form of this 
instrument. The methods of the latter authors and of Peters and 
Weil (29) have been extensively copied in developing the pro
cedures described in the present paper.

The quantitative adsorption of gases other than helium, neon, 
and hydrogen upon activated charcoal was discovered by Dewar
(8) in 1904 and was first used by Cady and McFarland (3) as a 
means for determining helium in natural gases. This method 
has been used successfully and extensively by a large number of 
investigators.

Although helium was separated from neon by selective adsorp
tion upon activated charcoal many years ago (81), the conditions 
for making a quantitative separation of this type were first 
learned by Peters (27).

When both “helium” and “argon” have been determined in 
gases it has been common practice to determine the total rare gas 
and then to determine the “helium” by adsorbing the other gas 
on cold activated charcoal. Such a procedure was first used by 
Moureu and Biquard (21).

The separation of argon from krypton and xenon by fractional 
desorption from activated charcoal at —120° C. was first de
scribed by Valentiner and Schmidt (40). Several years later 
Peters and Weil (29) found that the temperature of charcoal 
could be as high as — 93 ° C. without a great loss of krypton.

Although fractional distillation is commonly used industrially 
for the separation of the rare gases (16), its use for the determi
nation of these elements in moderate sized samples of gas is novel.

A N A LYS IS  O F A IR

As the procedures which have been described were being de
veloped, numerous samples of air were analyzed. At first this 
was done to establish the validity of the methods, but as the 
work approached completion careful determinations of helium 
plus neon and of krypton plus xenon were made, the purpose 
being to increase the certainty with which these quantities are 
known.
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Table I contains data which were taken after the procedures 

had been worked out.
The best literature values for these three quantities are:
Total rare gas 0.935%, the average of eight determinations by Schloesing (86), individual values ranging from 0.9325 to 0.9369%; 0.9335%, the average of nine determinations by Moissan (17), individual values ranging from 0.9323 to 0.9366%.Helium plus neon 0.00236% by Watson (41); 0.00219% by Paneth, Peterson, and Chloupek (25); 0.00222% by Gerling (9, 10); 0.0020% by Claude (6).Krypton plus xenon 0.00011 =*= 0.00001% by Moureu and Lepape (22); 0.000116 ±  0.00001% by Damkohler (7); and0.000152 ±  0.000016% by Brody and Korosy (2). (The latter value is obtained by adding the probable percentage of xenon to the value 1.44 X 104% krypton reported by these authors.)

Table I indicates that the methods of the present research can 
be used in these three determinations with fairly good reproduci
bility. I t is probable that the average values for the second and 
fourth columns are correct to within 1% of the percentage as 
given. The error in the determination of krypton plus xenon 
may be somewhat greater. In the determination of the total rare 
gas, the value of 0.937% should be considered inferior to the av
erage, 0.934%, of the data of Schloesing (86) and Moissan (17). 
Determinations of helium plus neon and of krypton plus xenon as 
given in the fourth and sixth columns are at least as precise as 
any others which have been published and help to recognize the 
better of the conflicting old values.

The determinations of helium plus neon by Paneth, Peterson, 
and Chloupek (25) and by Gerling (10) are probably somewhat on 
the low side because of adsorption of neon by activated charcoal at 
the temperature of liquid air. The older value of Watson (41) 
appears to be superior. He gives the helium content of the at
mosphere as 1 part in 185,000 and the neon content as 1 part in 
55,000, corresponding to 0.00054 and 0.00182% by volume, re
spectively. Another old value, that of Claude (6), is low. He 
subjected a large amount of air to fractional distillation and found
0.0005 and 0.0015% by volume, respectively, for helium and neon.

Table I. Content of Helium  Group Gases in Dry A ir
T otal R are Gas 

Volume of sample
H elium  +  Neon 

Volume of sample
K rypton  +  Xenon 

Volume of sample
used, ml. %  by used, ml. % by volume used, ml. % by volumea t S .T .P . volume a t S .T .P . a t S .T .P .

1.002 0.941 50.43 0.00233 1.024 X 10* 0.0001192.640 0.933 256.2 0.00232 1.83 X 10* 0.000122
0.278 0.942 461.5 0.00230 1 .68  X 10« 0.000119
2.615 0.929 666.0 0.002342.581 0.935 ...2.599

Av.
0.946
0.937 0.00232 0.000120

The krypton plus xenon content of the atmosphere determined 
in the present research agrees well with that reported by Dam
kohler (7) and fairly well with that of Moureu and Lepape (22). 
Since the three independent investigations are in agreement, the 
higher value of Brody and Korosy (2) is probably incorrect.

Combining the data of the present research with those of other 
investigators leads to the conclusion that the content of the rare 
gases other than emanation in dry air is as indicated in Table II.

The list of references given has been critically selected, choos
ing only those determinations which appear to be the most ac
curate. Without doubt, all these gases will eventually be deter
mined with greater precision, but the one most in nee'd of further 
study at present is helium. Most of the uncertainty in the neon 
content of the atmosphere is due to the indefinite knowledge of 
the percentage of helium.

A N A LYSES O F N ATU RAL GASES

Samples of several natural gases have been analyzed using the 
procedures described. Gases of high nitrogen content were 
chosen, because they seemed most likely to be rich in the helium 
group elements. All determinations were made with care, and 
each result as given in Table III is probably correct to one less 
significant figure than is written. A possible exception pertains 
to the percentages of krypton plus xenon; these analyses were 
made before the procedure for separating the last traces of argon 
from krypton plus xenon had been fully developed, and the values 
in the table may be somewhat too high. When air was analyzed 
by the same technique, percentages of krypton plus xenon rang
ing from 0.00014 to 0.00015 by volume were found.

Determinations of oxygen, carbon dioxide, combustible gases, 
and residual “nitrogen” were made using ordinary Orsat type 
equipment and procedures (Table III).

Table II. Helium  Group Gases in Dry A ir
PercentageProbably CorrectE lem ent % by  Volume to  W ithin: L iterature References

Helium 0.0005 0.0001 (1, 6, 41)Neon 0.0018 0.0001 (6 , 10, 25, 41), th is researchArgon 0.932 0.001 (14, 17, 36)K rypton 0.000110 ‘ 0.000006 (2, 7, 22), th is researchXenon 0.000008 0.000003 (7, 22)

I. Gas from Rattlesnake No. 1G well of the Rattlesnake Field in San Juan County, N . M. Sample taken March 20, 1944; gas comes from the Ouray of Mississippiom sand at a depth of 7004 feet.
II. Gas from Bitlabito No. 1 well of the Bitlabito Field in San Juan County, N. M. Samples taken March 13 and November 5, 1944. This is a poor well, the gas accompanying water from a depth of 810 to 900 feet.
III. Gas from Bivins No. A2 well of the Cliffside Field near Amarillo, Tex. The gas comes from the Panhandle Big Lime of the Permian age at a depth of 3208 feet.
IV. Gas from Bivins No. A3 well of the Cliffside Field near Amarillo, Tex. The gas comes from the Blaine Formation of the Permian age at a depth of 740 feet.
V. Casinghead gas from the Bates No. 10 well in the Rock Crossing Field, Wilbarger County, Tex. The gas comes from the Ellenburger lime at a depth of 3805 feet. Collected October 10, 1941.
VI. Gas sample from the high-pressure residual gas line of the Mankins Plant of the Phillips Petroleum Company. The sample was taken June 18, 1941, while the plant was processing gas from the K.M.A. Field, Tex.
VII. Gas from the Olsen No. 1A well located a few miles south of Russell, Kan. The gas comes from the Kansas City Limestone at a depth of 3060 feet. Sample collected in August, 1940.
VIII. Gas from the Dobson No. 2 well at Dexter, Kan. Collected in April, 1940.
IX . Gas from the Harvey well in the Elkhorn Valley in the Northeastern part of Nebraska.
X. Casinghead gas from the Phillips No. 2 Deroin Well, East Watchorn Field, Pawnee County, Okla. Producing from the Wilcox sand at 3900 feet depth.
As a check, samples I and III have been analyzed in the laboratory of the Amarillo Helium Plant of the United States Bureau of Mines.
I. C 02, 2.2%; 0 2, 0.4%; CH4, 12.0%; C2H 6, 3.1%; He, 7.76%; residual nitrogen, 82.3%, which includes the helium and argon.
III. C 02, 0.7%; 0 2, 0.5%; CH4, 60.9%; C2H6, 11.3%; He,1.81%; residual nitrogen, including rare gases, 26.6%.
Except for the determination of C 02 in sample I, there is good agreement of these data with those in Table III. The Bureau of Mines’ value for helium in sample II is 5.86.
The gas reported as Kr +  Xe in Table III was in each case 

mostly krypton, as judged by visual spectroscopic examination.
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Table III.

Sample CO2 O2

I 3 .20  0 .40116 0 .30  0 .40I I I  0 .80  0 .50IV 1.50 1.40V 0 .00  0 .70VI 0 .2 5  1.20V II 0 .5 0  0 .70V IIIe ....................IX  0 .7 0  1.10X 0 .0 0  0 .48
a So little  Ne was present th a t  i ts  spectrum  was no t observed visually in  the  sam ple of H e +  Ne.b D a ta  for CO2, O2 , com bustible gases, and N 2 furnished by  Amarillo Helium P lan t of U. S. Bureau of Mines.c Analyzed only for H e and A. Judging from previous analyses of gas from  the same field, composition is about 0.0%  CO2, 0.1%  O2, 15% com bustible gases, and 83%  N2.

None of the gases tested contained more neon, argon, krypton, 
or xenon than air. One cannot conclude that North American 
natural gases rich in these elements are nonexistent, but the pos
sibility seems sufficiently remote to make a continuation of the 
survey a poor gamble. The relative proportions of the different 
noble gases other than helium are approximately the same as in 
the atmosphere. In this respect the gases resemble the large 
number of samples from European wells, springs, and mines 
tested by Moureu and Lepape (19, 20).

The most interesting sample tested is I which, in addition to its 
surprisingly high helium content, is abnormally rich in argon. 
In proportion to the argon, the krypton content is low, the ratio

^  ~̂~6 being only about 30% of the same ratio for air.
DISCUSSION

The procedures for determining total helium group gases and 
neon plus helium as described are reliable and moderately rapid. 
A total time of 5 hours is adequate for running the two determi
nations. One could probably reduce this to 2 or 3 hours as a rou
tine method. The procedure for krypton plus xenon is also reli
able and as accurate as any method previously described. I t is, 
however, a time-consuming process which requires 8 to 10 man- 
hours of work and a total elapsed time of 24 hours or more.

If one wishes to run complete rare gas analyses on a routine 
basis, he should investigate the possibility of using one or more 
physical methods of analysis—for example, some form of mass 
spectometer might be used rapidly and successfully to determine 
each noble gas in the mixture of these elements isolated from the 
initial sample. Hippie (IS) reports that such an instrument has 
been used to analyze the gas taken from electron tubes.

Desorption from activated charcoal held at definite and con
trolled temperatures works very nicely for removing helium and 
neon from the heavier gases, but is more difficult to use for sep
arating argon from krypton and xenon. The conditions for sep
arating these elements have been described by Valentiner and 
Schmidt (Jfi) and by Peters and Weil (28, 29). The work of 
Peters and Weil is the more thorough; as the result of a study of 
adsorption isotherms, they conclude that argon can be quantita
tively separated from krypton and xenon by adsorbing a mixture 
of these gases upon cold activated charcoal. If the temperature 
of the carbon is then held at —93° to —100° C., argon may be 
quantitatively removed by pumping with a diffusion type pump, 
leaving all the krypton and xenon on the charcoal. The corre
sponding temperature at which one may pump away krypton, 
leaving all the xenon on the charcoal, is given as about —80° C. 
These procedures have been shown by the inventors to be satis
factory for the analysis of mixtures containing approximately 
equal amounts of the different gases. The authors were unsuc
cessful, however, in attempts to analyze crude argon from air by 
this method and found that the procedure needed further de
velopment.

Two factors make the quantitative separation of argon 
from krypton by desorption from charcoal at about 
— 100° C. difficult: Some krypton is removed with the 
argon, and the rate of desorption of argon becomes ex
tremely slow after most of this gas has been removed. 
As a consequence, a continued removal of gas by pumping 
fails to desorb all the argon and carries away an appre
ciable fraction of the krypton. A short pumping period 
is desirable in order to minimize loss of krypton.

The authors have modified the procedure of Peters and 
Weil by measuring the amount of krypton desorbed and 
greatly reducing the pumping time required for the quan
titative removal of argon from cold activated charcoal. 
The cyclic technique described under procedure 6 ac
complishes these changes. The amount of krypton 
pumped off in each cycle is measured and the total 
time of pumping is reduced by loosening the most 

tightly adsorbed portion of the argon. After each period of 
pumping, the argon is desorbed by warming the charcoal. When 
the gas is again adsorbed argon may be rapidly pumped away 
for another 10-minute period. Three 10-minute cycles permit 
quantitative desorption of a small sample of gaseous argon. An 
equally complete removal of argon in a single step requires several 
hours of pumping.

The slow desorption of the last portion of a sample of argon is illustrated by an experiment in which 14.3 ml. of the gas were adsorbed upon 8.5 grams of activated charcoal at —183° C. After the gas had become completely adsorbed, the temperature of the charcoal was increased and held between —99.5° and— 103.5° C. while argon was pumped away. The gas was removed rapidly at first, but the rate decreased to a very low value within 2 hours. A total pumping period of 7 hours was used. During the last 2.5 hours only 0.015 ml. of gas was removed, in spite of the fact that as much as 0.21 ml. remained adsorbed. This rate of desorption is many times smaller than that which is found when one starts to remove a recently adsorbed sample of argon.Samples of argon were adsorbed on the 8.5-gram sample of charcoal at —183° C. The carbon was warmed to about —100° C. and held at this temperature while argon was pumped off for a 
10-minute period.
Volume of argon gas adsorbed, ml. X 10” * 3 .07  3 .42  3 .55  17. 2F raction  removed in 10 m inutes, % 88 85 85 80

Measurements similar to these have been made to determine the fraction of krypton removed from the charcoal held at about— 100° C. during a 10-minute pumping period.
Volume of k rypton gas adsorbed, ml. X 10~2 1 .24  1 .70  2 .07Fraction  removed in  10 m inutes, % 2 .6  2 .4  2 .7

These data indicate that three cycles each containing a 10- minute pumping period should remove 99% of the argon and leave about 92% of the original krypton still adsorbed on the charcoal.
One who is familiar with common methods for analyzing gases 

under atmospheric pressure is inclined to feel that the authors’ 
procedures do not provide for a sufficient circulation of the gas 
over the active reagents, and may propose that a circulating 
pump be installed. The weak point in his reasoning is that he 
does not realize how rapidly gases circulate by diffusion while 
under low pressures. The low-pressure technique has been used 
by several others, who have found circulation by diffusion to be 
adequate.

As an added bit of experimental evidence the authors have measured the rate of adsorption of argon upon the activated charcoal in trap E, both when the gas is pure and when it is mixed with helium. The carbon was held at a temperature of —183° C. and the initial pressure of argon in the system was 9.6 X 10“3 mm. Runs were made with helium present in sufficient amount

Composition of Gases in Per Cent by Vo lum e
Combustible N 2 He Ne A K r +  Xe
15.10 72 .9 7 .55 a 0.890 0.00003340.20 52.6 6 .00 a 0.530 0.00005472.10 24.7 1.73 a 0.196 0.000055

0 . 0 0 9 6 .8 0.047 0.00080 0.290 0.00008268.40 30 .6 0 .19 < 0 .0 0 1 0.124 0.00003688.50 10.0 0.052 a 0.0356 0.00001770.10 28 .0 0 .55 a 0.140 0.0000532 .20 a 0.0780 .20 97.'Ó 0.074 0.0020 0.9375.1 24.1 0.305 a 0.035 Ó. ÓÓÓÓÓÓ66
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to exert a pressure o f: 0.019, 0.0079, and 0.0000 mm. Although the presence of helium appeared to retard the adsorption a little, the effect was not greater than the experimental error. Even in the absence of helium, adsorption of argon was a rather slow process and the presence of helium up to a pressure of 0.02 mm. did not interfere seriously. One half of the argon was adsorbed in2.0 minutes and three fourths in 3.5 minutes. The time required for substantially complete adsorption was about 20 minutes.

While developing the procedure for determining krypton plus 
xenon, several unsuccessful attempts were made to separate 
these two gases from each other by fractional distillation.

A mixture of air or atmospheric nitrogen was distilled with about 3 liters of gaseous methane and 2 liters of carbon tetra- fluoride. Carbon tetrafluoride boils at —128° C., between the boiling points of krypton and xenon. Before testing the procedure it was believed that this substance would carry over the krypton in the distillate and leave the xenon behind in the liquid. As the distillation proceeded, the last part of the methane and the first part of the carbon tetrafluoride to distill were collected and allowed to react with hot calcium. This fraction was thought to contain the krypton but no xenon. The residual carbon tetrafluoride remaining in the still was thought to contain xenon but almost no krypton. In each run the krypton fraction contained an amount of noble gas corresponding to about 0.00014 to 0.00015% of the original sample of air and most of the gas was krypton. The rare gas in the supposed xenon fraction contained little krypton but also very little xenon; it was nearly pure argon. This argon was probably held on the walls of the glass and was, therefore; not removed by fractional distillation.It was definitely established that xenon was carried over with the krypton in this procedure by working with the residue remaining after the evaporation of some commercial liquid oxygen. When this was distilled, the volume of rare gas in the krypton fraction was 7.8 ml. and the volume of rare gas (mostly argon) in the supposed xenon fraction was only 0.018 ml. The volume of xenon should have been about 0.5 ml.

The failure of this method may be easily explained. When a 
mixture of methane and carbon tetrafluoride is liquefied, two 
liquid phases are obtained. In the course of the distillation there 
must be a time when the refluxing liquid in the upper part of the 
column is methane and in the bottom portion is carbon tetrafluo
ride. The liquid methane is many degrees colder than the car
bon tetrafluoride and seems to be the liquid in which both the 
xenon and the krypton are the more soluble. Both krypton and 
xenon are, therefore, concentrated in the top of the column. As 
the last of the liquid methane evaporates these rare gases are car
ried along in the gas stream.
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Determination of Sodium and Potassium 
in Silicates, Addendum

The following note was inadvertently omitted from the article “Determination of Sodium and Potassium in Silicates’’, by Marvin and Woolaver [I n d . E ng . Chem ., Ana l . E d ., 17, 554  (1945)].
The present paper and all results were obtained without knowledge 

of work performed by Lundell and Knowles reported in an article, 
“The Analysis of Soda-Lime Glass” [J. A m . Ceram. Soc., 10, 829 
(1927) ]. On page 849 of this paper the following sentences are signifi
cant: “The most promising rapid methods for determination of
alkalies in  soda-lime glass appear to be those based on attack with 
hydrofluoric and perchloric acids followed by evaporation to dryness 
and careful heating to convert the perchlorates to  oxides and chlorides. 
Such an attack should leave the R2O1 group as oxides, the alkaline 
earths as basic chlorides, and the alkalies as chlorides.” Preliminary 
results based on this outlined procedure are given. Further work 
was proposed on this method of analysis, but there appear to be no 
other results in the literature by Lundell and Knowles up to the 
present time.



Lamp Method for Determination of Hydrogen 
in Liquid Org anic Compounds

S. G . H IN D IN  AND A .  V .  G R O S S E , Houdry Laboratories, Houdry Process Corporation o f Pennsylvania, Linwood, Pa.

This paper proposes a lamp method (or the determination of hydro
gen in liquid organic compounds, especially saturated hydrocarbons. 
The analysis of a series of pure compounds, ranging in volatility 
from diethyl ether to cetane and containing from 10 to 1 6 %  hydro
gen, indicated an average accuracy of 0 .0 3 %  hydrogen and an 
average precision of 0 .0 2 %  hydrogen. A n a lys is of known mix
tures gave results of similar re liab ility . The suggested technique 
does not give the same accuracy with compounds burning with a 
smoky flame. A  special burner for such materials w ill be described.

THERE was need for a simple, reliable, and accurate method 
for the determination of hydrogen in saturated hydrocarbons, 
as a means of estimating the paraffin and naphthene content of 

gasolines. The usual procedure in analyzing organic materials for 
hydrogen is some modification of the Liebig combustion, wherein 
the sample is burned in air or oxygen and the vapors are passed 
over cupric oxide or lead chromate. However, the accuracy of the 
combustion procedure, as a routine method, is only of the order 
0.1 to 0.2% hydrogen and very careful technique, especially in 
handling volatile liquids, is required.

Since gasolines are essentially hydrocarbon in nature, these 
analyses stress only the determination of hydrogen content—the 
procedure is sufficiently accurate so that the carbon content may 
be determined by difference.

The simple technique of the sulfur lamp method (1) was 
adapted to the determination of hydrogen in liquid organic mate
rials. Briefly, the procedure consists in burning the sample with 
air at the end of a cotton wick and collecting the water formed in 
the combustion by a desiccant. This procedure offers several ad
vantages over any of the usual combustion techniques.

The Liebig-type combustion calls for a high order of analytical technique when liquid samples are handled. Furthermore, with highly volatile materials, rather involved modifications of procedure are needed. The present method is simple and does not require a highly skilled analyst. (In the petroleum industry, the lamp method is a routine, plant laboratory procedure.) The rate of combustion is easily controlled, even for low-boiling materials. By merely varying the number of wicks in the burner, and cooling the sample in an ice bath, the entire range of volatilities from diethyl ether to cetane, a C« paraffin, may be covered with no change in procedure.The Liebig-type combustion consumes a large amount of analyst time. The time for a single determination varies from
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Figure 1. Diagram of Apparatus

some 1.5 to perhaps 6 hours, as in the case of the procedure (2) adopted in Army-Navy aviation gasoline specifications for determination of hydrogen content, with an average over-all time of 4 to 6 hours. Of this, about half is operator time. The lamp method requires an over-all time of some 2.5 to 3 hours for a single determination; of this, however, less than 30 minutes is actual analyst time. Thus, an analyst can run some 3 or 4 determinations simultaneously. In the lamp method, tedious weighings of absorption vessels to constant weight are avoided. For a single analysis, only 4 weighings are made: the sample- containing vessel before and after the run and the absorption tube before and after the run. These weighings are carried out only to the nearest milligram.The accuracy of results obtained by . the lamp method, as a  routine procedure, is of the order of 0.03% hydrogen, absolute. The average deviation of repeated analyses from the mean is about 0.02% hydrogen.
The technique described below is not recommended for com

pounds burning with a smoky flame. A modification of the pro
cedure for such compounds will be described later.

EXPERIMENTAL

The apparatus shown in Figure 1 is the standard lamp burner and chimney used in the A.S.T.M. D90-41T procedure, for sulfur determinations, except that the tube leading from the chimney is cut off about 2.5 cm. (1 inch) from the chimney and a 30-cm. (12-inch) length of glass tubing, about 7 mm. in inside diameter, is sealed on at a right angle to the chimney. This is then attached through a short length of rubber tubing to an absorption tube. The air inlet on the chimney is not used, and is closed off with a policeman. The compressed air used in the combustion is purified by passage through calcium chloride and phosphorus pent- oxide. The absorption tube is filled in this manner: 1.25-cm.(0.5-inch) layer of glass wool; 5-cm. (2-inch) layer of 12-mesh calcium chloride; 1.25-cm. (0.5-inch) layer of glass wool; 1.9-cm. (0.75-inch) layer of phosphorus pentoxide; glass wool to the top of the trap. One filling is sufficient for the absorption of some 10 grams of water. The absorption tube is cooled in an ice bath during the run.To make a determination, the weighed absorption tube is connected to the chimney tube and immersed in an ice-water bath. A short length of glass tubing is connected to the exit tube of the absorber (to prevent any possible diffusion of water vapor back into the tube). The burner is then threaded with the cotton wicks, the number of strands used depending on the volatility of the sample—for example, with cyclohexane, six wicks were used; with cetane, four wicks; and with diethyl ether, nine wicks. The air-inlet tube of the burner is stoppered with a policeman, as is the inside tube containing the wicks. Five to 10 ml. of sample are then put in the flask, the burner is inserted, and the whole is quickly weighed (to =<=1 mg.). The lamp is brought to the apparatus, the policemen removed, the air line connected, the burner lighted (using a mierobumer) as soon as the liquid reaches the top of the wick, and the air pressure adjusted so that the flame is maintained beneath the smoking point. The burner is then inserted in the chimney.From this point on, the combustion requires no further attention on the part of the operator. After a period of 1 to 1.5 hours (or longer if desired), the lamp is quickly removed from the chimney, stoppered with the policemen as before, and weighed. The absorption bulb is removed, wiped with cheesecloth, and allowed to stand until it reaches room temperature, when it is weighed (to =*=1 mg.).The per cent hydrogen is calculated from the formula:
„  i , weight of H20  absorbed . .  , ,% hydrogen =  sample burned X 11.191

(using the value 1.0080 for the atomic weight of hydrogen).
A few specific points may be noted in this procedure:
For volatile samples, such as ether or cyclohexane, the flask containing the sample is maintained in an ice bath during the run. For more volatile materials, a dry ice-acetone bath may be used.
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When the flask has been cooled during the combustion, the cooling bath is removed some 10 minutes or so before the end of the run, and the flask is dried with a cloth while still in the chimney and allowed to come to room temperature before being removed.With nonvolatile samples, there is a tendency for moisture to condense in the tube before reaching the absorber, because less sample is burned in a given time and the heat of combustion is insufficient to raise the entire chimney tube to a temperature of 100° C. To prevent this, a 30-cm. (12-inch) length of Nichrome wire, B. & S. No. 22, is loosely wrapped around the chimney tube and connected to a Variac; sufficient current is supplied to maintain the tube at slightly over 100 ° C.The phosphorus pentoxide in the absorption tube serves a dual purpose. It is used primarily to trap any small amounts of water that may have escaped the calcium chloride, and it also indicates any incomplete combustion, with consequent formation of un- saturates, by a decided darkening. A faint coloration in the phosphorus pentoxide may be disregarded.The sample being analyzed must, of course, be dry. With hydrocarbons, filtration through filter paper and use of calcium chloride or other drying agents are usually sufficient.

The above procedure involves a definite, though slight, error. 
The actual amount of the error may, however, be precisely deter
mined and corrected for. It arises from the fact that a measurable 
time elapses between lighting the wick and inserting it in the chim
ney, and between removing the flask after the run and stoppering 
it. The total time involved is of the order of 10 to 20 seconds, 
and should be noted for each analysis. A correction to the results 
may then be applied in this manner:

Let: t =  time for the complete analysis, in secondss =  time lost, as noted above, in secondsw = grams of water absorbed
y =  grams of sample burned

As may be noted, the only change in refractive index occurs in 
the gasolines; however, the average change is only ±0.0004 unit 
and, since these, samples contained components boiling below 
room temperature, a variation of this amount is well within the 
actual handling error.

Actual results of analyses on known mixtures are given in 
Table III.

DISCUSSION

The method presented is simple and the technique may be 
quickly learned by a moderately skilled analyst. No elaborate 
apparatus is used and little operator time per analysis is required. 
There is no difficulty whatever in turning out six to eight (or even 
more) analyses in an 8-hour day.

Although all the authors’ work, with few exceptions, has been 
with hydrocarbons, there is no reason why the procedure in its 
present form, or a slightly modified version, should not be equally 
applicable to a wide variety of organic materials. Thus, for high- 
boiling liquids (>  300° C.), the lamp and burner may be heated, 
to increase the rate of rise of sample in the wick. In the case of 
molecules containing, say, sulfur, the water formed may be 
trapped in a freezing bath, preferably liquid nitrogen, and the 
sulfur oxides determined by the usual chemical procedures.

As an interesting sidelight on the purity of the water formed in 
the combustion, samples of re-heptane and iso-octane were burned 
and the water was collected in a clean receiver cooled in dry ice. 
The densities of both the water samples were 0.9982 ±  0.0001 
grams per ml., at 20° C., and the refractive indices, for the D line 
at 20° C., 1.3329 ±0.0001, in exact agreement with the values for 
pure water.

w X

7/)-  X 11.191 =  % H (uncorrected) V
The correction is: 

t
t — s 

Then,
W

— W  = (grams of water, corrected)

X 11.191 =  % H (corrected) u
To take an actual example, 2.111 grams of heptane gave 3.015 grams of water. The time of the run was 1 hour and 10 minutes, and the “lost” time was 20 seconds. Then,
3.015 X 11.191 =  15.98% H (uncorrected)

4200 -  20 =  3’029 grams ° f H2°  
X 11.191 =  16.06% H (corrected)2.111

For the average analysis, this correction is of the order of 0.05% hydrogen or less.
The results obtained in the analysis of pure 

compounds are indicated in Table I.
A N A LYS IS  OF MIXTURES

Inasmuch as this procedure was developed 
primarily for analysis of mixtures, there must be 
no fractionation during the combustion. With 
the paraffin-naphthene mixtures handled in this 
laboratory, measurement of refractive index 
(Na-D line, at 20° C.) is the simplest method of 
determining whether or not any change in com
position has occurred. Table II indicates the 
results of such measurements and shows that 
fractionation does not take place, even with 
mixtures containing components of widely 
differing volatilities.

Table 1. A n a lys is of Pure Compounds for Per Cent Hydrogen

M aterial AmountBurned W aterForm ed
TimeofR un “ L ost”  H Time (Uncorrected) H(Corrected) H Theoretical

Grams Grams M in. Sec. % % %
n-H eptane 2 . I l l*  3.977 7.890

3.0155.68811.317
70105180

202520
15.9816.0016.05

16.0616.0616.08
16.10

16.07 ±  0 .01
Iso-octane 2.9702.4281.941

4.2033.4062.742
1108060

202010
15.8315.7015.81

15.8815.7715.85
15.88

15.83 ±  0 .04
Cyclohexane 3.2013.327 4.0914.240 9590 2520 14.3014.26 14.3614.31 14.37

14.34 ±  0 .03
M ethylcyclohexane 3.5962.782 4.6003.548 11090 2520 14.3114.27 14.3614.32 14.37

14.34 ± 0 .0 2
C etane 2.3271.6492.208

3.1412.2262.973
1207590

101020
15.1115.11 15.06

15.1315.14 15.12
15.13

15.13 ±  0.01
E thy l alcohol 3.7754.333 4.4185.074 7575 1020 13.0913.10 13.1213.16 13.13

13.14 ±  0.02
Acetone 5.0444.129 4.6873.847 9080 3020 10.4010.43 10.4610.47 10.41

10.47 ±  0 .01
E ther 7.0196.674 8.4918.108 7070 2020 13.5413.59 13.6013.65 13.60

13.63 ±  0 .03
The purity of these reagents is indicated by their properties:

n-H eptaneIso-octaneCyclohexaneM ethylcyclohexaneC etaneE thy l alcoholAcetoneE ther

Refractive Index, D Line a t 20° C.
1.3877 ± 0 .0 0 0 1  1.3914 ± 0 .0 0 0 1  1.4261 ±  0.0001 1.4230 ±  0.0001 1.4346 ±  0.0001

D ensity, 20° C.
0.6837 ± 0 .0 0 0 1  0.6919 ±  0.0001 0.7782 ±  0.0001 0.7694 ±  0.0001 0.7739 ± 0 .0 0 0 1

Rem arks
Certified knock-rating stan d ard  Certified knock-rating standard  M elting point, 5° C.

Publicker Alcohol Co. R .G.A.-General Chemical Co. R .G.A.-General Chemical Co.
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Table II. Measurement of Refractive Indices of M ixtures
R efractive IndexM ost andBoiling least SampleRange, volatile Original afterM ixture composition ° C. components sample burning

Cyclohexane-iso-octane 80-100 1.4262 1.4151 1.41511.3915M ethylcyclohexane—n-heptane 98-101 1.3877 1.4042 1.40421.4231Gasoline cut 100-125 1.4107 1.4107
Aviation gasoline, A 22-166 1.37 1.4172 1.41661.48Aviation gasoline, B 22-166 1.37 1.4135 1.41391.48M otor gasoline, A 24-215 1.38 1.4329 1.43331.49M otor gasoline, B 24-215 1.38 1.4290 1.42861.49

(Accuracy ± 0.0002)

Table III. A n a lys is of M ixtures
Hydrogenn-H eptane-m ethylcyclohexane Actual Determ ined

% %
1 14.90 14.88 ±  0 .042 15.18 15.18 ±  0.013 15.48 15.47 ±  0 .05n-H eptane-benzene 11.99 12.02 ±  0 .02Iso-octane-toluene 11.67 11 .63A viation gasoline 13 .6  ± 0 .1 ° 13.73 ±  0 .02M otor gasoline 12 .9  ± 0 .1 ° 13.07 ± 0 .0 4

° Analyzed by usual carbon-hydrogen combustion procedure (2).

Aromatic materials, and other compounds that burn with a 
smoky flame, may also be handled by making a quantitative dilu
tion with a pure saturate and burning the mixture, since mixtures 
containing as much as 50% by weight of aromatics may be satis
factorily analyzed. The composition of the aromatic may then 
be calculated at only a slight decrease in accuracy.

The apparatus described is crude and the authors have, know
ingly, left it in that condition to make the analysis as simple as 
possible. For greater accuracy, the changes indicated here
with may be made.

Connections should be through ground joints rather than rubber tubing. Similarly, ground-glass caps should be used to close off the burner and chimney.The “lost” time correction could be eliminated by setting up an electrical ignition system in the chimney for lighting the wick, together with a mechanical arrangement for capping the burner before removing it from the chimney.A wick of asbestos fiber, with a platinum tip, may be used to  burn the samples.A second absorption tube may be connected in the line when burning very volatile materials, since, at the high air velocity required for complete combustion, some 2 to 3 mg. of water may carry over from the one absorber.As a final point, weighings may be carried to 0.1 mg. and correction made for reduction to vacuum.
As indicated above, determination of per cent hydrogen alone 

is sufficient for proving the composition of hydrocarbons. For 
this reason, the authors have not attempted to make the proce
dure quantitative for carbon. Some preliminary work indicates 
about 98% conversion to carbon dioxide; however, by minor 
changes of procedure (such as use of oxygen in the air stream, 
oxidation of carbon monoxide, etc.) the method should prove as 
accurate for carbon determination as for hydrogen.

A forthcoming paper will deal with the application of the pro
cedure to the determination of paraffins and naphthenes in gaso
lines, and will indicate some of the types of problems that may 
be solved by this method.
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Determination of 4-Vinyl-1-cyclohexene (Butadiene Dimer) 
in Recycle Styrene

H . A .  L A IT IN E N , A .  S . O 'B R IE N 1, AND S T A N L E Y  W A W Z O N E K 2, W illiam  A lb e rt N oyes Laboratory, University of Illino is, Urbana, III.

Butadiene dimer is determined in recycle styrene by quantitatively 
polymerizing the styrene, using sodium as a catalyst. The vinyl- 
cyclohexene is determined by the iodine chloride method. The 
method is sensitive to 0 .2 %  v inylcyclohexene and is accurate to 
about ± 0 .2 %  (absolute) over a range of 1 to 2 0 %  v in y lcyc lo 
hexene.

THE determination of butadiene dimer in recycle styrene is 
of interest not only in determining the purity of the recycle 

material but also in allowing more accurate material balances in 
the polymerization process. The vinylcyclohexene is steam- 
distilled together with the recycle styrene in the latex stripping 
operation, and therefore the butadiene recovery is decreased and 
the styrene recovery is increased by the dimer formation.

Chemical methods tried in the past have been unsuccessful 
because of the similar reactivities of the two compounds towards

1 P resen t address, E astm an  K odak Com pany, Rochester, N. Y.
2 P resen t address, D epartm en t of C hem istry, S ta te  U niversity  of Iowa, 

Iow a C ity, Iowa.

addition agents. Since styrene shows much greater reactivity in 
polymerization and vinyl group reduction reactions, the possi
bility of removing the interference of styrene by reduction to 
ethylbenzene or by polymerization was considered. Preliminary 
experiments showed that sodium-amalgam reduction of the 
styrene was too slow and incomplete to be practical, while poly
merization proceeded rapidly using sodium as a catalyst.

PURIFICATION O F 4-VINyL-l-CyCLOHEXENE

A Dow Chemical Company product, n™ =  1.4650, was purified by conversion "to the tetrabromide, recrystallization, and debromination.
B r o m i n a t i o n .  The commercial product was brominated under conditions similar to those described for cyclohexene (4).The vinylcyclohexene was purified by shaking with potassium iodide solution, drying, and distilling. The fraction at 126- 128 ° C. was collected. In a 2-liter, three-necked, round-bottomed flask fitted with a 500-ml. separatory funnel, a mechanical stirrer, and a thermometer, was placed a solution of 162 grams of vinylcyclohexene in a mixture of 300 ml. of carbon tetrachloride and 15 ml. of absolute alcohol. The flask was surrounded by an ice- salt bath. The stirrer was started, and when the temperature reached —5°, a solution of 420 grams (134 ml.) of bromine in
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Table I. Effect of Time of Standing and Excess of Reagent on Iodine 
Chloride A d d ition  by Dow V iny lcyc lo hexene

W eight of Sample IC1Added ExcessIC1 Time IC1Used
TheoreticalU nsaturation

Mg. M l. % M in. M l. %
32.88 10 76 10 4.41 77.832.88 10 76 20 4 .75 8 3 .832.88 10 76 80 5.10 90.040.65 20 185 21 6.53 93 .040.65 20 185 45 6.56 93 .540.65 20 185 60 6.52 92.9

290 ml. of carbon tetrachloride was added from the separatory funnel at such a rate that the temperature of the reaction mixture did not exceed + 5 ° . After the addition of the bromine (period of 7 hours) the carbon tetrachloride was removed under vacuum and the residual oil obtained was taken up in petroleum ether (90° to 110° C.) and cooled. The white crystals which formed melted at 73° to 80° C. Yield, 313.2 grams. Recrystallization from petroleum ether (90° to 110° C.) did not change the melting point.
D e b e o m i n a t io n  o p  T e t r a b r o m id e . The vinylcyclohexene tetrabromide was not separated into the cis and trans isomers reported by Lebedev and Sergienko (3) but was used as such in the debromination.In a 2-liter, three-necked, round-bottomed flask fitted with a. 500-mL separatory funnel, a mechanical stirrer, and a reflux condenser, were placed 32 grams of magnesium turnings in 400 ml. of absolute ether. To this well-stirred solution was added a solution of 282 grams of vinylcyclohexene tetrabromide in 400 ml. of dry benzene at such a rate that the ether refluxed gently. The reaction could be started, if slow, by heating the mixture slightly. After completion of the addition of the tetrabromide solution, the resulting mixture was refluxed for 4 hours and then poured onto a mixture of ice and ammonium chloride. The organic layer was separated, washed once with an ammonium chloride solution and twice with water, and then dried over sodium sulfate. The ether and benzene were removed by distillation through a 25-cm. (10-inch) Fenske column and the vinylcyclohexene thus obtained was distilled. The fraction boiling from 126-127° C. was collected. Yield, 25 grams. The vinylcyclohexene was refractionated and a sample boiling at 126-127 ° C. taken, w2D° = 1.4638. Lebedev and Sergienko (S) report n2D° =1.46385, 1.46375, 1.46395.

DETERMINATION OF VINYLCyCLOHEXENE

Several halogen addition methods were tried, to find one which 
could be used with dioxane as a solvent and at the same time 
would give essentially stoichiometric results.

B r o m in e  T it r a t io n . The method of Uhrig and Levin (7 )  
using bromine in glacial acetic acid as the reagent, but using 
dioxane as the sample solvent, was tried in a direct titration to an 
end point. The method gave excellent results for styrene but did 
not yield satisfactory results for vinylcyclohexene because the 
reaction was very slow near the end point.

The slowness was undoubtedly caused by the low reactivity 
of the ring unsaturation. To illustrate, the addition of a 200% 
excess of 0.3 M  bromine solution to a solution of cyclohexene in 
cyclohexane followed by back-titration after 2 minutes of stand
ing resulted in the use of only 93% of the theoretical amount of 
bromine. The addition of excess bromine was unsatisfactory 
owing to appreciable blanks with dioxane.

I o d i n e  B r o m id e  A d d it io n . The Woburn iodine absorption 
method of von Mikusch and Frazier (S), using a 0.16 M  iodine 
bromide solution in glacial acetic acid, was tried on pure cyclo
hexene and on Dow vinylcyclohexene (unpurified).

A large excess of halogen and a long time were required to 
approach theoretical unsaturation. For example, using a 500% 
excess of reagent for 1 hour, a value of 93% of the theoretical un
saturation was obtained for cyclohexene.

I o d i n e  C h l o r id e  A d d i t i o n . Iodine chloride in carbon tetra
chloride has been used as a reagent for determining unsaturation 
of natural rubber by Pummerer and Mann (5) and Pummerer 
and Stark (6) and for butadiene copolymers by Kemp and Peters 
(£). A 0.1 M  solution was found to give a rapid addition of halo

gen using a reasonable excess of reagent, and a negligible blank 
when dioxane was used as the sample solvent.

From the results of Table I it is concluded that an excess of 
around 200% of iodine chloride should be present to obtain re
producible results. The time of standing beyond 20 minutes is 
unimportant. These experiments were done on Dow vinyl
cyclohexene, dissolved in 5-ml. portions of dioxane and allowed 
to stand at room temperature with 0.1072 M  iodine chloride, and 
back-titrated with 0.1 I f thiosulfate after the addition of potas
sium iodide solution.

The results given in Table II were obtained on pure vinyl
cyclohexene. In this series, a known weight of sample in 5 ml. 
of dioxane with 5 ml. of glacial acetic acid was allowed to stand 
20 minutes at 0° C. in the dark with 20 ml. of 0.1026 M  iodine 
chloride solution, and back-titrated in the usual way.

Table II. Iodine Chloride Addition  Using Pure V in y lcyc lo h exe n e
at 0 °W eight of Sample ExcessIC1 IC1 Used TheoreticalU nsaturation

Mg. % M l. %
47.43 134 8 .33  8.35 97 .3  97.528.46 290 5 .01  4 .99 9 7 .5  97.29.49 1070 1.65 1.65 96 .4  96.44.74 2220 0.825 0.835 96 .5  97.5

The excess of reagent is unimportant over a wide range beyond 
150%. With pure cyclohexene a halogen consumption of 97%  
was reached compared with 93% with the unpurified material. 
Under similar conditions, cyclohexene and styrene showed 95.0 
and 97.2% of theoretical halogen addition, respectively.

Using a more concentrated (0.3 M ) iodine chloride in large ex
cess (300%) overnight in the dark at room temperature, an ap
parent unsaturation of 101 to 104% was found for pure vinyl
cyclohexene. Under these conditions a relatively large and 
poorly reproducible blank was obtained for dioxane (0.1 to 0.3 
ml. of iodine chloride). Less than 0.01 ml. of 0.1 M  iodine chlo
ride was used in 20 minutes by 5 ml. of dioxane.

Changing the temperature from room temperature to 0° C. 
made a difference of less than 0.5%. The lower temperature, 
however, gave a smaller and more reproducible polystyrene blank; 
hence a temperature of 0 ° is recommended for the procedure.

PO LYM ERIZATIO N  O F STYRENE BY SODIUM

P o l y s t y r e n e  B l a n k . A series of experiments was carried 
out to determine proper conditions for quantitative polymeriza
tion of styrene. In each of the experiments listed in Table III, 
a mixture of 5 ml. of styrene and 45 ml. of solvent was refluxed 
with 6 grams of sodium. The blanks reported represent the con
sumption of 0.1 M  iodine chloride by a 5-ml. aliquot of the result
ing mixture.

Dioxane which had been purified by prolonged refluxing with 
sodium followed by distillation proved to be the most satisfactory 
solvent. Toluene also appeared promising, but gave a higher 
blank than dioxane. Benzene was unsatisfactory because its 
boiling point is below the melting point of sodium, and a fresh 
surface is necessary for quantitative reaction.

On the assumption that the reason for the blank was the pres
ence of monomeric styrene, experiments designed to allow reduc
tion to follow polymerization were carried out. After 30 minutes 
of refluxing with dioxane, an equal volume of alcohol was added, 
and the refluxing was continued until the sodium was dissolved. 
Considering the dilution by the alcohol, the combined treatment 
had no advantage over polymerization alone. Moreover, the  
dioxane-alcohol mixture is a poor solvent for polystyrene and for 
sodium ethoxide. The blank appears to be caused -mainly by  
polystyrene rather than by residual monomer, since no treatment 
lowered it below a certain minimum (about 0.7% of the iodine 
chloride consumption of the original styrene).
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Another indication that polystyrene is largely responsible for 

the blank is that centrifuging to form clear solutions was found to 
give a smaller and more reproducible blank. However, poly
styrene prepared by peroxide-catalyzed polymerization did not 
use detectable amounts of iodine chloride. Structural differences 
in the sodium-polymerized material may be responsible for a 
different behavior with respect to halogen.

The blank was found to be smaller and more reproducible if 
the sample was cooled to 0 ° in an ice bath before adding the iodine 
chloride and allowed to stand for the reaction atO°.

The blank did not change when the time of standing with 
iodine chloride at 0 ° was varied between 20 minutes and 1 hour. 
When alcohol reduction followed the polymerization, however, a 
rapidly changing blank was observed (Table III). For this reason 
also, the use of alcohol was abandoned.

Metallic sodium and 40% sodium amalgam were both found 
to be efficient catalysts. Using equivalent amounts of sodium, 
the blanks obtained with the two catalysts were the same. Since 
amalgamation appeared to possess no advantage, metallic sodium 
is recommended in the final procedure.

Using 5 ml. of styrene with 45 ml. of dioxane, the amount of 
sodium was unimportant if it exceeded 3 grams. The best pro
cedure found was to use 6 grams of sodium, with vigorous shaking 
during refluxing to break up the sodium into small drops. The 
use of a drying tube at the top of the reflux condenser was un
necessary if no condensation of moisture had occurred inside the 
reflux condenser. Drying of the condenser tubes before each ex
periment is recommended.

The polymerization reaction is essentially complete in 20 to 30 
minutes. However, owing to uncontrollable variations in condi
tions, the time required for quantitative polymerization varied 
from one experiment to another. In the procedure, a 1-hour time 
is specified, followed by the titration of another aliquot after a 
second hour. Blanks with pure styrene run in parallel with the 
unknowns help to control variations in conditions.

Increasing the amount of styrene from 5 to 10 ml. in a total 
volume of 50 ml. led to an increased and more variable blank. 
The viscosity of the polystyrene solution increased to the extent 
that handling the solution became difficult.

The polymerization was not noticeably affected by the presence 
of ferf-butyl catechol as an inhibitor in the styrene in amounts 
up to 100 p.p.m.

PROCEDURE

R e a g e n t s .  Iodine Chloride. A 0.1 M  (0.2 N ) solution in carbon tetrachloride made by dissolving about 5 ml. of technical

Table 111. Variation of Blank with Conditions of Polym erization 
and Iodine Chloride A d d ition

C atalyst Tim e of ICI Addition 0.1 MSolvent Reflux
M in.

Tem p. Time 
° C. M in.

ICI Used 
Ml.

Dioxane Na 30 0 20 0.43 , 0 .42 0 .38, 0 .44 0 .34, 0 .28Na 60 0 20 0.33 , 0 .31 0 .28 , 0 .39 0 .29N a 30 30 20 0 .40 , 0 .60Na 60 0 60 0 .3840%  Na-H g 30 0 20 0.3440%  Na-Hg 60 ' 0 20 0 .32 , 0 .34
Dioxane- Na 60 0 20 0.18 , 0 .21alcohol Na 60 0 60 0.71Na 60 0 120 1.5240%  Na-Hg 45 0 20 0.21
Toluene N a 30 0 20 0.9540%  Na-Hg 30 0 20 0 .95
Toluene-aleohol 40%  N a-H g 45 0 20 0 .14 , 0.21

Table IV .  A n a lys is of Known Mixtures
Vinylcyclohexene Vinylcyclohexene Error,Added Found Absolute

% % %
11.13 11.18 + 0 .0 511.18 +  0.0511.19 +  0.0611.21 +  0.08
5.51 5.42 - 0 .0 95.42 - 0 .0 9
2 .78 2.97 + 0 .1 92.98 +  0 .202.97 +  0.192.98 + 0 .2 0
1.12 1.04 - 0 .0 81.07 - 0 .0 50.93 - 0 .1 90.96 - 0 .1 6

iodine chloride in 1 liter of technical carbon tetrachloride. The reagent can also be prepared from the elements by the method of Kemp and Mueller (1), substituting carbon tetrachloride for glacial acetic acid as the solvent.Glacial acetic acid, c .p . grade.Sodium thiosulfate, 0.1 N , standardized against potassium iodate.Potassium iodide, 15% aqueous solution.Metallic sodium, technical grade.Dioxane. Purified by prolonged refluxing with metallic sodium until the surface remains bright (usually 24 hours or more), followed by distillation from the sodium. The dioxane should not. be allowed to stand more than 10 days before use.
M e t h o d .  Dry the styrene sample by shaking with anhydrous sodium sulfate. Deliver 5 ml. of sample into a tared 50-ml. volumetric flask and weigh to 0.01 gram. Make up to the mark with dioxane. Pour the solution into a 300-ml. round-bottomed flask provided with a dry standard-taper ground-glass joint condenser. Quantitative transfer is not necessary. Add about 6 grams of freshly cut sodium (the sodium should not be finely cut, but in 3 or 4 pieces). Heat to boiling on a hot plate and reflux for 1 hour. Shake the flask vigorously at intervals to break up 

the sodium into finely divided pieces.Centrifuge a portion of the mixture, using about 10 ml. in each of two centrifuge tubes. Three to 5 minutes of centrifuging at moderate speed is adequate. Into a 125-ml. glass-stoppered Erlenmeyer flask (or ipdine flask) containing about 5 ml. of glacial acetic acid, pipet a 5-ml. aliquot of the clear solution. Cool the flask in an ice bath and pipet accurately 20 ml. of 0.1 M  iodine chloride solution into the flask. Allow the solution to stand 20 to 30 minutes in the dark at 0° C. Add 15 ml. of 15% potassium iodide solution, shake well, and titrate at once with 0.1 N  thio
sulfate.Run a blank experiment using pure styrene containing no vinylcyclohexene (but containing up to 100 p.p.m. of ieri-butyl catechol if desired) with the unknown.Test for completeness of polymerization by allowing the remaining solution to reflux for another hour, titrating another 
aliquot as above.

C a l c u l a t i o n s .  A factor of 100/97 is included to correct for incomplete halogenation.
• , , , (A -  B) X N  X 27 .0Per cent vinylcyclohexene =  ---------- >S‘ X 0 97-----------

where A  =  volume of sodium thiosulfate required to titrate blankB  =  volume of sodium thiosulfate required to titrate unknownN  = normality of sodium thiosulfate
S  =  sample weight in grams

A N A LYS IS  O F KNOWN MIXTURES OF V IN YLCYCLO H EXEN E AND 
STYRENE

Known mixtures of pure styrene and pure vinylcyclohexene 
were made up and analyzed by the procedure given above. From 
the results given in Table IV, which are typical, it is apparent 
that there is no systematic error in the determination. The dis
crepancies are apparently due to variations in the blank, since 
the values given represent various titrations, but only a single 
polymerization, for each sample.
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PRECISION, ACCURACY, SENSITIVITY

The volumetric determination has a precision of =<=0.5% (rela
tive), but a constant error of —3% which can be corrected by a 
suitable factor.

The accuracy of the method is limited by the reproducibility 
of the blank. After one hour of polymerization, the blank corre
sponded to 0.30 =<= 0.05 ml. of 0.1 M  iodine chloride. A variation 
of 0.05 ml. in the blank corresponds to 0.27 mg. of vinylcyclo- 
hexene in each aliquot portion or about 0,05% (absolute) in the 
original sample.

From the results in Table IV, the over-all accuracy appears 
to be ±0.2%  (absolute). The sensitivity is likewise of the order 
of 0 .2%.
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Spectrochemical Determination oí Small Amounts oí 
Aluminum in Steel

R O B ER T  SP IER S , P H IL IP  F IS C H ER , a n d  K E N N E T H  L . P R O C T O R  

Industrial Test Laboratory, United States N avy Yard , Philadelphia, Pa.

A  spectrochemical method is described For the determination of 
aluminum in steels with a range from 20 to 500 micrograms per 
sample. Colorimetric procedures proved unsuitable because of the 
presence of interfering ions which could not be completely elim i
nated. A  method was developed employing a mercury cathode 
separation and a final spectrographic procedure of sparking a con
centrated solution of aluminum.

AN INVESTIGATIONAL project at this laboratory required 
an accurate determination of trace amounts of aluminum 

in corrosion-resistant steels. A number of photometric procedures 
were attempted with the use of organic reagents including aurin- 
tricarboxylie acid (6, 11, 15,16, 18, 21-85, 80-84), morin (7, 16), 
hematoxylin (18, 15, 17), and alizarin S (2, 6 , 15, 29, 84). After 
intensive studies, constituting examinations of exact pH control, • 
interfering ions, and various chemical separations, colorimetric 
methods for the determination of aluminum were found imprac
tical for the materials to be tested.

A spectrochemical procedure was then developed with satis
factory results. The aluminum was separated by a mercury 
cathode electrolysis (14, 82, 24) and the spectrographic procedure 
was employed with an iron salt added as an internal standard. A 
spark solution method (27) which has a high degree of reproduci
bility was found to be more suitable in this case than the usual arc 
method (4). A Bausch & Lomb large Littrow spectrograph was 
used and a quartz prism was found to have sufficient resolving 
power and optical efficiency. DensitomStric measurements of the 
spectral lines were made for accurate determination of the alu
minum content.

PREPARATION O F STANDARDS

S t a n d a r d  A lu m in u m  S o l u t i o n  (1 ml. =  0.020 mg. of aluminum). Dissolve 0.020 gram of pure aluminum metal in 10 ml. of hydrochloric acid (1 to 1). When solution is completed, add 10 ml. of sulfuric acid ( l  to 1) and evaporate to fumes of sulfuric acid. Cool, transfer to a 1000-ml. volumetric flask, and dilute to the mark.
I n t e r n a l  R e f e r e n c e  S t a n d a r d  (1 ml. =  3.75 mg. of iron). Dissolve 3.750 grams of pure iron wire in 40 ml. of sulfuric acid (1 to 1). Cool the solution, transfer to a 1000-ml. volumetric flask, and dilute to the mark.
S p e c t r o g r a p h i c  S t a n d a r d s .  Dissolve samples of a corrosion-resistant steel (18 Cr-8 Ni) containing no aluminum in covered 50-ml. beakers with 10 ml. of hydrochloric acid (1 to 1) and

10 ml. of sulfuric acid (1 to 4). Add increments of the standard aluminum solution to give a range from 0.002 to 0.05% aluminum. Carry out the aluminum separation according to the outlined chemical procedure. The spectrographic working curve is obtained from the values of these standards.

CHEM ICAL PROCEDURE

Dissolve a 0.5-gram sample in a covered 50-ml. beaker with 10 ml. of hydrochloric acid (1 to 1) and 10 ml. of sulfuric acid (1 to4). When solution is complete, remove and rinse cover glass, and evaporate slowly to light fumes of sulfuric acid on an asbestos hot plate. Cool somewhat, add 10 ml. of distilled water, redissolve, and evaporate again to light fumes of sulfuric acid. Cool slightly, add 30 ml. of distilled water, and dissolve the salts on a n  asbestos hot plate.Filter through a Whatman 11-cm. No. 40 filter paper into a  mercury cathode cell containing approximately 25 to 30 ml. of clean mercury, rinsing beaker and washing the filter paper several times with distilled water, and reserve the filtrate. Transfer the filter paper containing the insoluble aluminum oxide to a platinum crucible, char, and ignite the residue. Add a small measured amount (approximately 0.25 gram) of sodium carbonate and fuse over a Meker burner. Cool, transfer the crucible to a 100-ml. beaker containing 50 ml. of boiling distilled water, and continue boiling until the fused mass is completely dissolved. Rinse the crucible with distilled water, transfer the solution to the reserved filtrate, and adjust the volume to 200 ml.Electrolyze at 7 volts and 2.5 to 4 amperes for at least 2 hours or until solution is colorless. When electrolysis is complete, drain the mercury and rinse the electrodes with distilled water into the electrolyzed solution.Filter through a Whatman 11-cm. No. 40 filter paper into a 250- ml. beaker, rinsing the cell and washing the filter paper several times with distilled water, and evaporate on a hot plate to 20 to 25 ml. Transfer the solution to a 50-ml. beaker, rinsing carefully with 10 ml. of distilled water, and continue evaporation to 3 to 4 ml. Cool, add 1.0 ml. of internal standard solution, adjust volume to 5.0 ml. with distilled water in a 10-ml. mixing flask, and mix well. The solution is now ready for spectrographic analysis.
P r e c a u t i o n s .  All reagents must be tested spectrographically for aluminum. All glassware should be Pyrex.It is advisable to run a control through the entire procedure. This may be prepared by adding a known quantity of standard aluminum solution to a steel in which this element is found to be absent.

DESCRIPTION OF MERCURY CATHODE CELL

The cell consists of a 250-ml. beaker with a glass stopcock leading from the lower edge. A wire fused into the petcock, through the side, is terminated to a platinum wire which is in contact w ith
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Table I. A nalyses of Synthetic Standards
M axim um  Devia- M axim um  Devia-

A log I  . . tion  fromA m ountA1 Added \ F e / A1 Recovered Added
% % %

A1 »  3961.527 Ä. Fe =  3927.922 A.
0.002 -  6 0.0025 0.0005-  6 0.0025-  7 0.0020
0.004 -  2 0.0033 0.0008-  2 0.00330 0.00400 0.0040+  2 0.0046+  3 0.0048+  3 0.0048
0 .005 +  2 * 0.0046 0.0005+  3 0.0046+  3 0.0050+  5 0.0055
0.006 +  4 0.0052 0.0008+  5 0.0055+  6 0.0058+  6 0.0058+  7 0.0060+  8 0.0065
0.008 +  10 0.0075 0.0005+  11 0.0080
0.010 +  13 0.0092 0.0010+  14 0.0095+  15 0.0100+  15 0.0100+  16 0.0105+  18 0.0110
0.015 + 2 3 0.0145 0.0005+  24 0.0150+ 2 4 0.0150+  24 0.0150+  24 0.0150

A log I  . tion  fromA l \ Am ountA1 Added \ F e / A1 Recovered Added
% % %

A1 -  3944.034 Â. Fe -  3927.922 A.
0.010 +  1 0.0100 0.000

+  1 0.0100
+  1 0.0100

0.015 +  5 0.014 0.001+  7 0.015+  9 0.016
0.020 +  11 0.019 0.001+  12 0.020+  12 0.020+  12 0.020+  12 0.020+  13 0.020
0.025 +  16 0.023 0.002+  19 0.026+  19 0.026
0.030 +  22 0.029 0.003+ 2 2 0.029+  23 0.030+  23 0.030+ 2 5 0.033+ 2 5 0.033
0.040 + 2 8 0.038 0.002+ 2 8 0.038+  31 0.042
0.050 + 3 4 0.050 0.001+ 3 4 0.050+ 3 5 0.051

the mercury. About 25 to 30 ml. of mercury are sufficient to form a satisfactory layer. A platinum gauze anode, 2.5 cm. (1 inch) in diameter and 5 cm. (2 inches) long, is held above the mercury layer and adjustments up and down in conjunction with a rheostat will vary the voltage and current flow. The mercury is agitated by a steady flow of air through a capillary tube reaching to the bottom of the mercury layer.
SPECTROGRAPHIC PROCEDURE

The carbon electrodes used in the spectrographic procedure are prepared by cutting carbon rods 0.78 X 30 cm. (6/ie X 12 inches) into 5-cm. (2-inch) lengths. The ends of the electrodes are polished by using a Jarrel-Ash cutter and they are then heated in a muffle at 510° C. for 1 hour. The electrodes are sparked for 75 seconds.One drop of the solution, prepared by the above chemical procedure, is placed on each of two flat-top carbon electrodes which are sparked for 75 seconds immediately after the solution has been absorbed (8 , 27). No condensing lens or prespark is used in recording the spectra. A Bausch & Lomb large Littrow spectrograph is used with an uncontrolled condensed spark source. This high-tension spark generator consists of a 0.45-kv.a. step-up transformer delivering 15,000 volts from alternating current supply at 110 volts, 60 cycle. A 0.005-microfarad condenser produces a heavy condensed spark. A self-induction coil aids in elimination of air lines. The maximum inductance of 20 .microhenries is used. The optical stand is placed 38 cm. (15 inches) from the slit and the spark gap is set at 3 mm.Eastman No. 33 plates, 10 X 25 cm. (4 X 10 inches), are used. The plates are developed 4 minutes in D-19 at 18° C., fixed for 15 minutes, washed from 20 to 30 minutes, and dried. The calibration of the plate is based on the method described by Pierce and Nachtrieb (19)—i.e., the use of a direct current arc between iron electrodes and a rotating logarithmic step sector. The densities 
of the iron reference line 3927.922 A. and the aluminum line 
3961.527 A. (12) are read on a Leeds & Northrup recording microphotometer when the aluminum content is from 0.002 to 0.012%, 
while the aluminum line 3944.034 A. is read when the aluminum content is from 0.012 to 0.050%. The aluminum content is determined by the use of a working curve drawn by plotting A log 
I  against percentage aluminum. Standard solutions were

VFe/prepared according to the method outlined under spectrographic standards.

DISCUSSION

The colorimetric procedures employing morin (7, 15), hema
toxylin (IS, 15 ,17), and alizarin S (2, 5, 15, 29, 34) were found to 
be of little value because of erratic results due to the unsuitability 
of the material to be analyzed. A great deal of investigation was 
carried out using aurintricarboxylic acid (6, 11 ,15 ,16 ,18 , 21-25, 
30-34) as a color reagent. It was discovered that an exact con
trol of pH was necessary before the addition of the aluminum

Table II. Reproducib ility of Determinations
SampleNo. A1 Recovered 

%
M aximumD eviation

%
1755 0.0020.0030.003

0.001

1756 0.0140.0150.015
0.001 '

1757 0.0210.0210.022
0.001

1758 . 0 .0220.0230.023
0.001

Alloy 1 0.0030.0030.003
0.000

Alloy 2 0.0030.0030.003
0.000

Alloy 3 0.0050.0060.006
0.001

Alloy 4 0.0060.0060.0060.006

0.000

B.S. 101b 0.0020.0030.003
0.001

All results rounded off to  th ree  places.



color reagent and after the reduction in color intensity with ammo
nium carbonate {21, 32). With this control excellent results were 
obtained with pure solutions. However, erratic results were pro
duced on actual samples, due mainly to interfering ions {15, 18, 
22, 24).

In  the  analysis of a steel, when a color development is the final 
product, it  is either necessary to remove ions producing interfering 
colors or to separate the element to be determined. Where trace 
amounts are concerned it is not practical to precipitate such mi
nute quantities of aluminum as the oxine (1, 3, 9, 10, 23, 28) or 
phosphate {26), and a separation of the interfering substances by 
precipitation {20) would cause losses due to adsorption (7). A 
mercury cathode electrolysis {14, 22, 24) was found to produce the 
most satisfactory separation but trace amounts of iron and chro
mium as well as titanium, vanadium, zirconium, columbium, tung
sten, and manganese which are not eliminated, interfered singly 
or in toto with the various color reagents {15, 18, 22, 24). Iron 
and vanadium are especially sensitive to aurintricarboxylic acid, 
forming a lake of the same color as that produced by aluminum.

In view of the foregoing difficulties, a spectrochemical proce
dure was developed by separating the aluminum with a mercury 
cathode electrolysis {14, 22, 24), after incorporating the alumina 
by fusion with sodium carbonate {14) and then sparking the con
centrated solution using a large Littrow spectrograph with a 
quartz prism. No interference was found due to impurities pres
ent when the aluminum lines 3961.527 or 3944.034 A. and the iron 
reference line 3927.922 A. were employed. This was established 
by adding quantities of these ions in amounts far exceeding those 
present under actual operating conditions. Because of slight 
contamination of aluminum in most reagents and in view of the 
trace amounts sought, it was necessary to check all reagents. 
The reagents were found satisfactory, although they contained 
very small traces of aluminum. Inasmuch as the same amount of 
reagents was used in constructing the working curve as was needed
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for the complete chemical procedure, no correction was necessary 
for the aluminum present. Small amounts of aluminum were 
present in the carbon electrodes and sparking the electrodes for 75 
seconds was found sufficient to remove all the aluminum impu
rity, as a further exposure showed no aluminum to be present.

Figure 1 demonstrates the  working curves when using the alu
minum line 3961.527 A. for aluminum ranging from 0.002 to 
0.012%  and the aluminum line 3944.034 A. for aluminum ranging 
from 0.012 to 0.050%. The method of least squares was used in 
constructing the straight-line portion of both curves.

It will be noticed that there is a curvature in the lower portion 
of curve 2 in Figure 1. This curvature begins at the value of 
0.004% aluminum where the aluminum and iron lines are of 
equal density. This change in slope from 0.002 to 0.004% alu
minum may be construed as being a factor of relatively high pro
portion of spectral background in relation to the density of the 
spectral lines at these lower limits.

Table I indicates the reproducibility and accuracy obtained by 
using synthetic standards prepared by adding increments of 
standard aluminum solution to a corrosion-resistant steel con
taining no aluminum. The reproducibility of a number of sam
ples analyzed is shown in Table II.

Further investigation is being conducted now at this laboratory 
for the determination of zirconium by a similar procedure.
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Spectrophotometric Determination of Titanium in Steels
A L F R E D  W E IS S LE R , Naval Research Laboratory, Washington, D . C.

Absorption spectra have been determined for the hydrogen peroxide 
complexes of titanium and vanadium in the presence of 1 gram of 
iron, in perchloric-phosphoric acid solution. These spectra furnish 
the basis for improved rapid, accurate methods for the determination 
of from 0 .5  to 6  mg. of titanium in iron, steel, vanadium steel, and 
stainless steel, without separating the titanium or using hydrofluoric 
acid,- accuracy approaching one part per hundred may be obtained. 
Details are given for a method of determining metallic and 
combined titanium in steel, which has given good reproducibility.

THE desirability of a more rapid method of accurate analysis 
for titanium in steels has been emphasized by recent interest 
in the effects of metallic versus combined titanium on harden- 

ability, in titanium-stabilized stainless steels, and in welding 
steels containing small amounts of vanadium and titanium. 
Spectrophotometric analysis appeared to offer an opportunity 
to eliminate time-consuming separations.

The standard procedure for titanium analysis in steel includes 
a cupferron separation from the bulk of the iron, prior to the 
addition of hydrogen peroxide and comparison of the intensity 
of the yellow color (1, 2). However, some recent methods omit 
such a separation (6, 8, 9) and, for example, decolorize the iron 
by the addition of phosphoric acid. In the presence of much of 
colored ions such as chromium, nickel, or iron, the visual colori
metric determination of titanium is difficult. The large amounts 
of chromium in stainless steels may be separated by sodium car
bonate plus sodium peroxide (12), mercury cathode electrolysis 
(5), boiling perchloric acid and sodium chloride (13), or filtration 
of chromic acid out of 70% perchloric acid solution (16). If the 
interfering element vanadium is present in the steel, it may be 
separated by sodium carbonate fusion (4).

Some popularity has been achieved by other colorimetric re
agents for titanium, such as gallic acid (15), thymol (10), and 
chromotropic acid, l,8-dihydroxynaphthalene-3,6-disulfonic acid

Figure 1 . Absorption Spectra of Titanium-Peroxide 
Complex

In phosphoric-perchloric acid solution containing 1 gram of iron

(5). In general, these require preliminary separation of titanium. 
Considerable interest has been evinced in the ratio of metallic 
to combined titanium in steel (7, 11), and methods for separating 
the two have suggested the use of various dilutions of hydro
chloric acid (3, 14, 17).

EXPERIM ENTAL WORK

The apparatus and reagents have been described (18).
A series of synthetic standard titanium steels was prepared by 

adding varying amounts of titanium solution to 1 gram of N.B.S. 
iron 55a. These were then treated as described in Method A, 
below, and the absorption spectra measured from 360 to 600 m/i. 
Figure 1 show's that the peak absorption is at 400 m/i, and it is 
narrower than in the absence of phosphoric acid, w'here the peak 
is at 410 m/i. Figure 2 indicates that even in the presence of 1 
gram of iron, a linear relation exists between titanium concen
tration and optical density at 400 and at 460 m^.

To investigate interference by vanadium, a series of synthetic 
standard vanadium steels was prepared by adding varying 
amounts of vanadium solution to 1 gram of iron 55a. These were 
then treated as described in Method A, and the absorption spec
tra measured from 360 to 620 m/i, as shown in Figure 3. Even 
in the presence of 1 gram of iron, Beer’s law is valid at 400 and 
460 mp, as shown in Figure 4.

S i m u l t a n e o u s  D e t e r m i n a t i o n  o f  T i t a n i u m  a n d  V a n a 
d iu m  i n  S t e e l .  It was observed that when 1 gram of steel 
is treated as in Method A, the presence of 1 mg. of titanium gives 
a density of 0.269 at 400 m/i, and 0.134 at 460 m/i. Under similar 
conditions, 1 mg. of vanadium gives an optical density of 0.057 
at 400 m/i, and 0.091 at 460 m/i. If x  represents the number of 
milligrams of titanium, y  the number of milligrams of vanadium,

Figure 2. Linearity of Titanium Concentration-Deniity 
Relation

In presence of 1 gram of iron
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Figure 3. Absorption Spectra of Vanadium- 
Peroxide Complex

In phosphoric-perchloric acid solution containing 1 gram of iron

and the two absorb independently of each other, the following 
simultaneous equations can be set up:

0.269 x  +  0.057 y =  Dm  0.134 x  +  0.091 ÿ =  U«o
These can be solved to give:

x  — 5.40 D400 — 3.3S Dm0 y  =  15.9 Dm  -  7.54 Dm
It can be seen that small errors in reading density will affect 

the vanadium result more than the titanium.
As a test of the above equations, several synthetic vanadium- 

titanium standard steels were prepared and analyzed by Method 
A, measuring the density of each solution at 400 and at 460 
m/s. Table I shows the accuracy of the results; as was expected, 
the vanadium errors are the greater. As a further test, several 
standard cast irons of known titanium and vanadium content were 
analyzed by Method A. Table II shows the extremely accurate

Table I. Simultaneous Determination of Titanium and Vanadium 
in Synthetic Standard Steels

(1 gram  of s tandard  55a plus varying am ounts of V and T i, w ith 10 ml. of HCIO4 and 4 ml. of 1:1 HjPCh, d ilu ted  to  50 ml.)
Sample Ti Added V Added D am D am T i Found V Found

% % % %
1 0.050 0.050 0.172 0.116 0.054 0.0522 0.050 0.400 0.366 0.430 0.052 0.4063 0.100 0.200 0.370 0.298 0.100 0.1950.389 0.311 0.104 0.2004 0.200 0.200 0.640 0.436 0.201 0.2100.649 0.440 0.200 • 0.2115 0.300 0.200 0.902 0.570 0.295 0.2286 0.100 0.600 0.600 0.660 0.101 0.598

Table II . A n a lys is  of Standard Cast Irons Containing Titanium and 
Vanadium

TiSample Dam Dam Found E rror
% %

Std. 6d, 0.139% Ti and 0.209%  V 0.393 0.215 0.139 0.0000.392 0.215 0.139 0.000Std. 7c, 0.067%  Ti and 0.042% V 0.206 0.130 0.067 0.0000.207 0.130 0.068 +  0.001Std. 74, 0.114%  Ti and 0.018% V 0.323 0.177 0.114 0.0000.322 0.177 0.114 0.000Std . 82, 0.048%  Ti and 0.011%  V 0.142 0.078 0.049 +  0.0010.143 0.078 0.049 + 0 .0 0 1
Av. 0.0004

Figure 4 . Linearity of Vanadium Concentration-Density Relation 

In presence of 1 gram of iron

results obtained for titanium; however, the vanadium results 
proved to be rather high. This subject was not pursued further, 
since the major interest was in titanium.

Although the molybdenum-peroxide complex shows an in
tense peak at 330 my, it is impossible to make measurements in 
that region, in the presence of 1 gram of iron, because of the 
strong absorption of ferric perchlorate in the ultraviolet.

Table III. Determination of Titanium in Synthetic Standards of 
Stainless Steel without Separating Titanium

(0.5 gram  of Std. 101b plus varying am ounts of titanium )
Ti Added Dam Ti Recovered E rror

% % %
0.00 0.0400 .10 0.180 0ÜÔ3 o !ÔÔ30 .20 ‘ 0.320 0.206 0.006
0 .30 0.453 0.304 0.004
0 .40 0.580 0.397 - 0 .0 0 30 .50 0.722 0.501 0.001
0 .60 0.855 0.600 0.0010.70 0.997 0.704 0.004
0 .80 1.132 0.803 0.003

Av. 0.003

D e t e r m i n a t i o n  o p  T i t a n i u m  i n  S t a i n l e s s  S t e e l s .  In view 
of the great monochromaticity available, the possibility pre
sented itself of an accurate determination of titanium in stainless 
steel, without separation from the nickel, chromium, iron, etc. 
A series of synthetic standard titanium stainless steels was pre
pared by adding varying amounts of titanium solution to 0.500- 
gram samples of N.B.S. standard 18-8 steel 101b. These were 
then analyzed by Method B, described below. Table III shows 
the high accuracy of the results obtained, using the experimental 
finding that under these conditions 1 mg. gives an optical density 
of 0.272 at 400 m/x, and subtracting as a blank the density 0.040 
given by 101b itself. To investigate possible interference |)y 
columbium and tungsten, a similar series was prepared from 
standard 123a (0.002% Ti, 0.75% Cb, 0.11% W) and analyzed 
by Method B; Table IV shows that the results are accurate even 
in this case. Further, adding up to 0.5% of columbium to stand
ard steel 121 caused an error of less than 0 .01% of titanium.

Three standard stainless steels of known titanium content were 
analyzed by Method B. Table V shows that the corrected re
sults for 121 and 121a are good, but those for 123a indicate a 
rather high relative error, with absolute error only 0.004%.
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Table IV . Détermination of Titanium in Synthetic Standards of 
0 .7 5 %  Columbium, 0 .1 1 %  Tungsten Stainless Stee l, without 

Separating Titanium
(0.5 gram  of Std. 123a plus varying am ounts of titan ium )

Ti Present D m T i Found E rro r
% % %

0.002 0.036 0.007 0.005
0.202 0.312 0.210 0.008
0.402 0.582 0.409 0.007
0.602 0.862 0.614 0.012
0.802 1.135 0.815 0.013

Av. 0 .009

Table V . A n a lys is  of Standard Titanium Stainless Steels
Certified T i Found Ti CorrectedSteel T itanium Dm o U ncorrected for M o and V

% % %
Std. 121 0 .394 0.547 0.403 0.3950.542 0 .398 0.390
Std. 121a 0.361 0.489 0.360 0.3510.492 0.362 0.353
Std. 123a 0.002 0.036 0.026 0.0070.034 0.025 0.006

D e t e r m i n a t i o n  o p  M e t a l l i c  a n d  C o m b in e d  T i t a n i u m  i n  
S t e e l .  Reproducible results for metallic and combined titanium 
in steel were obtained by Method C, as shown in Table VI, even 
when 2 to 1 hydrochloric acid was substituted for the 1 to 1 acid. 
It was found important to use close-textured filter paper for the 
separation; medium-textured paper allows some of the finer 
particles to pass through. Since most of the combined titanium  
in steel is present as titanium carbonitride, the validity of 
the method was tested by adding 30 and 40 mg. of titanium  
carbonitride to 1-gram samples of iron 55a, and analyzing for 
metallic (or soluble) titanium as in Method C. Only a negligibly 
small fraction of the carbonitride was soluble in the dilute hy
drochloric acid under these conditions. Method C omits use of 
phosphoric acid to decolorize iron. Although not necessarily ad
vantageous this is a permissible variation, since ferric perchlorate 
is nearly colorless. However, in this case, titanium-free steels give 
a blank of density 0.026 at 410 mu for the acid-soluble portion, 
and this blank must be subtracted from all such readings. Optical 
density at 410 m y  resulting from 1 mg. of titanium under these 
conditions is 0.304, so that slightly greater sensitivity is attained.

METHODS IN D ETAIL

M e t h o d  A, f o r  L o w - A l l o t  I r o n  a n d  S t e e l .  Dissolve 1.000 gram of sample in 10 ml. of 1 to 1 nitric acid plus 10 ml. of 70% perchloric acid, by warming in a 125-ml. Phillips beaker. Evaporate to fumes of perchloric acid, and continue heating vigorously until the fumes become transparent two thirds of the way up the beaker. Cool rapidly in water, in order to minimize peroxide formation. Add 25 ml. of water to dissolve the salts, then 4 ml. of 1 to 1 phosphoric acid. Destroy any yellow color due to chromate by adding 3 or 4 drops of sulfurous acid, or more if necessary. To remove silica and graphite, filter through a 9- cm. Whatman No. 40 paper into a 50-ml. volumetric flask. Wash thoroughly with several small portions of water, dilute to

the mark, and mix thoroughly. Measure the optical density at 400 and 460 my  of a 3-ml. portion to which one drop of 30% hydrogen peroxide has been added, using as a blank a similar portion to which one drop of water has been added. Even in the presence of varying amounts of vanadium, the percentage of titanium in the steel is equal to 0.640 D m  — 0.388 Dm- If vanadium and molybdenum are known to be absent, then the percentage of titanium is simply Dm/2.69. If the vanadium and molybdenum percentages are known, the titanium percentage is equal to D«o/2.69 minus one tenth of the molybdenum percentage minus one fifth of the vanadium percentage. These correction factors are calculated from the optical densities at 400 m/z.
M e t h o d  B, f o r  S t a i n l e s s  S t e e l .  Dissolve a 0.500-gram sample in 15 ml. of 1 to 1 hydrochloric acid plus 2 ml. of nitric acid in a 125-ml. Phillips beaker. Add 10 ml. of 70% perchloric acid; evaporate, fume, and cool as in Method A. Add 20 ml. of water to dissolve the salts, 4 ml. of 1 to 1 phosphoric acid, and

5.0 ml. of saturated sulfurous acid, to reduce the chromium completely. Warm gently 10 or 15 minutes to expel excess sulfurous acid, filter through a 9-cm. No. 40 paper into a 50-ml. volumetric flask, wash thoroughly with several small portions of water, and dilute to the mark. Measure the optical density at 400 mu of a peroxidized portion against an unperoxidized portion. Then the percentage of titanium is D«»/1.36 minus one tenth of the molybdenum percentage minus one fifth of the vanadium percentage.
M e t h o d  C , f o r  M e t a l l i c  a n d  C o m b in e d  T i t a n i u m  i n  S t e e l .  Transfer a 1.000-gram sample to a 125-ml. Phillips beaker, add 25 ml. of 1 to 1 hydrochloric acid, and dissolve by moderate heating. After one hour (by which time action has ceased) filter through a 9-cm. No. 42 paper, and wash carefully with 5 to 95 hydrochloric acid. Catch filtrate and washings in a 250-ml. Phillips beaker, and add 10 ml. of perchloric acid and about 5 ml. of nitric acid. Evaporate, fume strongly, and continue as in Method A, except for omitting the phosphoric acid, and measuring the optical density at 410 my. Then in the absence of much vanadium or molybdenum, the percentage of metallic titanium  in the steel is (D„ 0 — 0.26)/3.04. A density of 0.026 is obtained when 1 gram of a titanium-free steel is analyzed by this procedure.The combined titanium is determined as follows: Return the insoluble residue and paper from the first filtration to the original 125-ml. Phillips beaker. Add 7 ml. of perchloric acid and about 30 ml. of nitric acid, and digest at moderate heat until all organic matter is destroyed. Then evaporate to fumes of perchloric acid and fume vigorously for 3 minutes. Cool in water, add 25 ml. of water and 3 drops of sulfurous acid, and filter through a 9-cm. No. 40 paper into a 50-ml. volumetric flask. Wash thoroughly with several small portions of water, dilute to the mark, mix well, and determine the optical density at 410 mju. Then Da0/3.04  gives the percentage of combined titanium in the steel.
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Table V I .  Determination of M eta llic  and Combined Titanium in Steel
A. Solution in  1:1 HC1 B. Solution in 2 :1  HC1

Sample T otalT itanium

Sum of metallic andM etallic Combined combined titan ium  titan ium  titan ium

Sum of metallic andM etallic Combined combined titan ium  titan ium  titan ium
% % % % % % %

Std. 82 (0.048% Ti) 0.0480.047 0.0000.000 0.0480 .048 0.0480.048 0.0000.000 0.0490.049 0.0490.049
GM O 0.0590.060 0.0000.000 0.0590.057 0.0590.057 0.0010.001 0.0590.057 0 .0600.058
G M P 0.1010.102 0.0030.003 0.0950.095 0.0970.098 0.0010.001 0.0970.097 0.0980.098
G M R 0.1890.189 0.0020.003 0.1830.182 0.1850.185 0.0050.004 0.1840.182 0.1890.186
GM S 0.3500.352 0.0100.012 0.3350.339 0.3450.351 0.0110.011 0.3410.342 0.3520.353
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Use of Enzyme in Riboflavin Determination
Free and Combined Riboflavin

L A W R E N C E  R O S N E R 1, E V E L Y N  L E R N E R , a n d  H O W A R D  J .  C A N N O N  

Laboratory of V itam in Technology, Chicago, III.

Fluorometric determination of riboflavin in certain products of natural 
origin by a method involving adsorption on Florisil without pre
liminary enzyme digestion gives low results, which are due to non
adsorption of a fraction of the riboflavin on Florisil. Evidence is

presented that nonadsorption of part of the riboflavin is not due 
to physical factors alone but also to a difference in character between 
adsorbed and nonadsorbed riboflavin. The nonadsorbable, "com 
b ined" riboflavin is converted to the adsorbable form by enzyme.

IN THE fluorometric determination of riboflavin by a method 
employing a Florisil column the authors have observed that 

higher results are obtained on many natural products when en
zyme incubation is included than when this step is omitted 
(Table I). The microbiological data clearly support the higher 
values.

Table I. Riboflavin Va lues with and without Enzym e Treatment
Fluorom etric MicrobiologicalSample W ith enzyme W ithout enzyme (S)

7/(7. y/g• y/g-
D ried brew ers' yeast 30.1 15.5 33.1Y east extract 145 77 .6 138Liver ex tract 300 196 312Dried liver 91.1 58.1 90 .7Enriched white bread 2 .23 1.92 2.54Dried skim  milk 12.4 11.0 12.0

Other workers have indicated that the use of enzyme gives 
higher results. Peterson, Brady, and Shaw (6 ), for example, 
found that the use of clarase yields increased riboflavin values 
for pork products. McLaren, Cover, and Pearson (4) used a 
takadiastase-papain mixture on meats. Cheldelin, Eppright, 
Snell, and Guirard (2) recommended the use of enzymes on many 
products. The data appearing in the literature indicate that 
enzymes facilitate the extraction of riboflavin. The authors 
have investigated a number of aspects of the enhancement of 
riboflavin values by the use of enzyme and believe they have 
evidence that the increase in values observed in their laboratory 
is not due to an extraction effect of the enzyme but rather to the 
release of riboflavin from a bound form. This does not imply 
that the enzyme does not aid in extraction of riboflavin from cer
tain products.

The method used in these studies is similar to that of Andrews 
(■1)•

The sample is extracted in a volumetric flask with 0.1 N  sul
furic acid for 1 hour in a boiling water bath, followed by incuba
tion for 1 hour with 0.3 gram of polidase a t pH 4.5 and 48° C. 
When no enzyme treatment was used the reaction was still ad
justed to pH 4.5. If a significant amount of pigment is present, 
the mixture is a t this point treated with potassium permanganate 
and hydrogen peroxide. I t  is then made to volume and filtered, 
and an aliquot is passed through a Florisil column (12 cm. X 8 
mm.). The column is washed with water and the riboflavin 
eluted with 20% pyridine in 2% acetic acid. The fluorescence 
of the eluate is measured and compared to that of a known amount 
of riboflavin added to the unknown. A blank is obtained by the 
addition of solid sodium hydrosulfite.

To determine whether the higher riboflavin values when en
zyme is used are a result of a more efficient extraction, the au
thors extracted samples with 0.1 N  sulfuric acid and filtered the 
extract. This filtered extract was then given enzyme treatment

* Present address, N ational Oil Products Co., H arrison, N . J.

and carried through the usual procedure. The values obtained 
by enzyme treatment of the filtered extract as compared to those 
from enzyme treatment of an unfiltered sample are shown in 
Table II. The evidence definitely indicates that extraction by 
enzyme is not a factor in the increased values.

The authors then sought to learn why part of the riboflavin 
escapes determination when enzyme treatment is omitted. 
Either part of the riboflavin fluoresces to a different degree than 
the remainder or it is lost on the Florisil column.

To test the first possibility the fluorescence of extracts not re
ceiving enzyme treatment was determined without use of the 
column. The data obtained are compared with results by the 
usual method in Table III . Values compare very favorably, in
dicating no change in fluorescence upon enzyme treatment. 
Thus it appeared that loss of riboflavin occurred on the Florisil 
column, either by nonadsorption on the column or, if adsorbed, 
by nonelution with the pyridine mixture. If riboflavin is not ad
sorbed it should be capable of being recovered in the drippings 
from the column. To determine whether this would be the case, 
an aliquot of the extract obtained without enzyme treatment was 
put through the column, the drippings were collected together 
with the washings, and the adsorbed riboflavin was eluted with 
pyridine mixture. I t  was found that the fluorescence of the un
adsorbed drippings plus the washings represent the difference 
between values obtained with and without enzyme treatment 
(Table IV).

The excellent agreement between the calculated and deter
mined total riboflavin shown in Table IV eliminates the possi
bility that riboflavin may be adsorbed and not eluted.

In  the authors’ initial experiments the amount of riboflavin 
found in the unadsorbed drippings and tha t eluted from the 
column were variable for a given sample. Apparently the ribo
flavin passing through the column was not entirely unadsorbed

Table II. Riboflavin Values Obtained by Enzyme Treatment of 
Filtered and Unfiltered Extracts”

Sample

Dried brewers’ yeast Enriched white bread Dried skim  milk

Unfiltered E x tract 
y/g•

30.12.2311.7

F iltered E xtract 
y/g- 

29 .6  2 .28  
12.2

° F iltered and unfiltered extracts incubated with 0 .4 %  polidase for 1 hour a t  pH  4.5 and 45° C.

Table II I. Comparison of Riboflavin Values Using N o Enzyme and 
N o Column with Those Using Enzyme and Column

Sample

D ried yeast D ried yeast Liver extract Enriched white bread

E nzym e and Column 
7/(7.
30.193.1  2992.23

No Enzyme and No Column
y/g•
30.1 . 91 .9  300 
2.20

778
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Table IV .  Comparison of the Sum of Riboflavin Fractions with the 
Determined Total

Riboflavin T otal Riboflavin
Adsorbed Unadsorbed Calcu D eterSample on column on column lated mined

7 /  0» y /  0» y/o> 7  ZO
D ried yeast 6 .7 2 4 .9 31 .6 ZO AY east ex tract 66.7 4 6 .3 103 111Liver ex tract 196 87 283 300Dried skim  milk 9 .65 2 .51 12.2 12.4Dried whey 44.2 3 .2 4 7 .4 48 .4Enriched white bread 1.90 0 .35 2 .2 5  2 .20

Table V .  O ccurrence of Riboflavin in Drippings from Florisil 
Column

Enzym e T reatm ent
1 2 18Fraction  of drippings None hour“ hours0 hours0

7 7 7 7

1. Original 10-ml. aliquot*-f 15 ml. of boiling w ater 0 .23 0 .60 0 .16 0 .172. N ext 25 ml. of boiling w ater 2 .79 1.30 0 .46 0 .153. N ext 25 ml. of boiling w ater 1.65 0 .38 0 .24 0 .024. N ext 25 ml. of boiling w ater 0 .74 0 .15 0 .08 05. N ext 25 ml. of boiling w ater 0 .37 0 .15 0 .08 06. N ext 25 ml. of boiling w ater 0 .23 0 .16 0 07. N ext 25 ml. of boiling w ater 0.11 0 .15 0 08. N ext 25 ml. of boiling w ater 0 .07 0 .17 0 0T o ta l drippings (200 ml.) 6 .2 3 .1 1 .0 0 .34E lua te  from  column 4 .8 8 .3 10.7 10.7
•  Incubated  with 0.4%  polidase a t  pH  4.5 and 45° C.* Prepared from  yeast ex tract. A 10-ml. a liquot contained 11.9 micro- gram s of to ta l riboflavin by direct determ ination .

and the amount depended upon the thoroughness of the washing. 
They therefore studied the effect of extent of washing upon the 
amount of riboflavin held on the column (Table V). Boiling 
water was used for washing, since it was found much more effi
cient than water at room temperature in clearing the column of 
unadsorbed riboflavin. Under this severe washing there is a 
significant amount of unadsorbed riboflavin even after a 2-hour 
incubation with enzyme.

Hoffer, Alcock, and Geddes (3) found riboflavin to be incom
pletely adsorbed from extracts of flour. These workers demon
strated that such factors as concentration, volume, clarity of 
extracts, and the particular lot of Florisil used affected the ad
sorption characteristics of riboflavin. Rubin and De Ritter (7) 
interpreted the action of enzyme in improving the adsorption of 
riboflavin on the basis of producing greater clarity in the ex
tracts.

On the other hand, in a preliminary report (6), the authors 
advanced the suggestion that riboflavin exists in certain extracts 
not only as free riboflavin but also combined in a form which is 
not adsorbed, or is more weakly adsorbed, on Florisil. The en
zyme then acts to split this combined riboflavin to an adsorbable 
form.

If there is interference with adsorption of riboflavin from ex
tracts of natural products, such as liver and yeast, pure riboflavin 
added to these extracts should not be quantitatively recovered 
in the pyridine eluate after Florisil adsorption. The results of 
experiments to test this point are shown in Table VI. The good 
recovery of added riboflavin shows that the adsorptive capacity 
of the Florisil is unimpaired and argues against any assumption 
of significant interference with the adsorption of free riboflavin 
from such extracts. In the case of the yeast extract (Table VI) 
only 52% of the riboflavin originally present was adsorbed on the 
column; however, 91% of the added pure riboflavin was ad
sorbed. Furthermore, the drippings and washings were frac
tionated as illustrated in Table V; the added riboflavin did not 
alter the pattern of riboflavin occurrence in the drippings. The 
most plausible explanation for these data is that the riboflavin 
which is not adsorbed on the Florisil is different from free ribo
flavin.

The suggestion of Rubin and De Ritter (7) that the enzyme 
simply acts to produce clearer extracts may well be considered 
with such low-potency materials as cereals where rather large 
samples must be taken for analysis. However, in the case of 
yeast and liver extracts the extracts filtered a t pH 4.5 are clear 
even though incubation with enzyme is omitted. Incubation of 
these clear extracts with enzyme with no further filtration results 
in the same increase in riboflavin adsorption as previously indi
cated.

Rubin and De Ritter (7) tested the adsorption on Florisil of 
riboflavin phosphate and riboflavin succinate and concluded that 
these forms are fairly completely adsorbed. However, their 
data show only 86% of the phosphate to be adsorbed on a single 
column, as against 100% of free riboflavin. In their experiments 
the column was washed with only 25 ml. of hot water. Since 
the authors have shown that a more drastic washing is necessary 
to remove the unadsorbed riboflavin completely, Rifbin and De 
R itter’s data on riboflavin phosphate cannot be regarded as cast
ing doubt upon the existence of combined riboflavin in extracts 
of natural products. On the other hand, their data do indicate 
that even in pure solution the adsorption behavior of riboflavin 
phosphate differs from that of free riboflavin.

I t  is of interest to consider what significance the behavior of 
combined riboflavin might have in riboflavin determination. 
When a Florisil column is used in estimation of riboflavin in 
natural products treatment with enzyme is indicated. Methods 
which omit the enzyme step when using a column risk the loss of 
the combined riboflavin. I t  has been the authors’ experience 
that when the hydrosulfite blank is low, substantially the same 
results are obtained when fluorescence of the extract is read di
rectly as when enzyme treatment and column are included 
(Table III). However, when considerable color occurs in the 
extract poor results are obtained without use of the column.

Yeast was found to contain a larger proportion of combined 
riboflavin than any other material tested, values up to 80% of the 
total having been determined.

Table V I .  Recovery of Riboflavin A d d e d  to Extracts of Natural 
Products“

No Added Ribo 10 M icrogram s offlavin Riboflavin AddedRibo Ribo Recovery offlavin Ribo flavin RiboflavinRiboflavin eluted flavin eluted E lutedin from in from fromSample drippings column drippings column Column
7 7 7 7 %

Y east extract 5 .38  5 .74 5.42 14.8 91Liver extract 2 .89  11.7 3 .09 2 2 .0 103
a No em ym e trea tm en t used, ex tracts a t p H  4.5, columns washed with 100 ml. of boiling water.
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Lead in Smelter Products
A Rapid Polarographic Method

W IL L IA M  H E R E D , Indiana University Extension D ivision, East Chicago, Ind ., AND G R A C E  R. H E R E D , International Smelting and Refining
Company, East Chicago, Ind.

A n  improved quantitative method for lead in smelter products has 
been devised in which preliminary separations are unnecessary for 
the materials investigated. A n  acceptable degree of accuracy is 
obtained and the time required is reduced considerably. Diffusion 
current constants for lead in 1 N  hydrochloric acid and in alkaline 
tartrate are reported.

THE isolation and determination of lead in complex materials 
such as flue dusts and slags are tedious if the usual precipi

tation as sulfate and determination by the molybdate titration 
are used. For accurate results the lead sulfate must be purified 
prior to titration, which further complicates the analysis. The 
method presented in this paper simplifies the decomposition of the 
material and obviates preliminary separations.

EXPERIMENTAL

A manual polarograph was used in the greater part of the in
vestigation. Diffusion currents were measured with a Leeds & 
Northrup Type P galvanometer, and a Shallcross Ayrton shunt 
having nine sensitivity settings. The galvanometer was equipped 
with a telescope and a scale calibrated by means of known cur
rents; the sensitivity was determined by the usual method (2) im
mediately after each set of determinations.

The potentiometric bridge consisted of 6.7 meters of B. & S. 
No. 20 Nichrome wire, wound uniformly on a 20.3-cm. cylinder. 
The hardness of Nichrome permitted the use of an efficient slid
ing copper contact which could be replaced when worn. The 
uniformity of the winding was checked a t 15.2-cm. intervals by 
the Wheatstone bridge method; the error did not exceed 0.1% 
a t any point. Bridge settings could be read to 0.001 volt. The 
potential drop was standardized frequently against a Weston cell.

Once the shape of the curve had been determined, it was found 
sufficient in subsequent analyses to record four points of the linear 
portion of the residual current and a single point a t the limiting 
current. Extrapolation of the residual current to the voltage 
corresponding to the final point yielded excellent results. A 
Model X II Sargent Heyrovsk^ polarograph was used in part of 
the preliminary determinations of the nature of the plot of cur
rent against voltage. The manual polarograph is satisfactory 
even in this capacity if the deflections corresponding to small 
voltage increments are plotted directly; the time required to 
obtain a complete curve in this manner compares favorably with 
that needed to complete and process a photographic record. 
The greater precision of current and voltage determinations with 
the manual instrument, moreover, is of considerable importance 
for investigational purposes.

The dropping electrode assembly is shown in Figure 1. The 
20-ml. electrolytic cells were designed to permit removal of oxygen 
from solutions prior to attachment of the cell to the dropping 
electrode, thus permitting the analysis of a solution while others 
were being degassed. An upturned side arm received the salt 
bridge of the saturated calomel electrode described elsewhere (/). 
The electrolytic cell was closed with a one-hole stopper carrying 
a short glass tube wide enough to permit the insertion of either the 
nitrogen-inlet capillary or the dropping electrode. Rubber 
sleeves on the dropping electrode and on the salt bridge prevented 
diffusion of air during the determination. Tank nitrogen satu
rated with water vapor was used without further purification. 
Sodium sulfite was found unsatisfactory. In  all cases measure
ments were made with the cell in a water thermostat a t 25° =*=
0.1° C.

The dropping electrode assembly was the same as that de
scribed by Lingane and Laitinen (4). Provision was made, how
ever, to permit the raising and lowering of the entire assembly 
without changing the height of the mercury column. I t  was also 
found advantageous to make the connection of the dropping 
electrode to the lower end of the stand tube rigid by means of a

Heyrovsky tubing with an internal diameter of 0.05 mm. A 
mercury column height of 76.4 cm. was maintained throughout. 
The rate of mercury flow, m, was determined with the capillary 
tip immersed in water a t 25° C. Four determinations of m 
over a period of 4 months gave a value of 1.540 =•= 0.002 mg. per 
second. The drop time was about 4.2 seconds a t 0.55 volt and 
3.8 seconds at 0.95 volt. The resistance of the entire assembly 
including the calomel cell was approximately 300 ohms. The 
half-wave potentials reported were corrected for the IR  drop in 
the assembly.

A 10 millimolar solution of lead was prepared by dissolving 
2.072 grams of 99.9% lead metal in 50 ml. of 4 M  nitric acid and 
diluting to 1 liter. The supporting electrolytes used were 1 N  
hydrochloric acid and alkaline tartrate, a medium 0.5 M  in so
dium tartrate and 0.1 N  in sodium hydroxide; these solutions 
were made from reagent grade materials, and were accurate to 
2%, an adequate tolerance for such media. The maximum sup
pressors consisted of a 0.2% solution of gelatin containing toluene 
as a preservative, and a 0.1% solution of sodium methyl red. A 
dust of accurately known lead content was not available; it was 
found necessary, therefore, to prepare such a sample. Its com
position and consistency were approximately those of the flue dust 
used in part of the investigation. This “synthetic” dust consisted 
of lead in the form of lead dust, assayed lead oxide, and lead di
oxide to which were added zinc oxide, arsenic trioxide, antimony 
trioxide, ferric oxide, silicic acid, calcium carbonate, sulfur, car
bon, and cupric oxide. The mixture was ground in a ball mill 
until homogeneous.

PROCEDURE

D e c o m p o s i t i o n  o p  S a m p le  a n d  P r e p a r a t i o n  p o r  A n a l y s i s .  
Thoroughly mix a 0.2-gram sample of the smelter product with 
2 grams of reagent grade sodium peroxide in a 12.5-cm. (5-inch) 
Pyrex test tube; place an additional 0.3 gram of peroxide on top 
of the mixture. Fuse the material by rotating the test tube slowly 
in a Bunsen flame, being careful not to make the initial application 
of heat too rapid. After the melt has become homogeneous in 
color, a period of 3 to 5 minutes, remove the test tube from the

flame and allow it to cool, 
during which time the test tube 
cracks. Break the test tube 
into a beaker. Add enough 
water to cover the material, 
but not more than 50 ml. 
Allow to stand until th e  
material has completely sepa
rated. from the glass frag
ments (about 15 minutes); 
otherwise a clear solution may 
be unobtainable in the subse
quent treatment.

Add 25 ml. of concentrated 
hydrochloric acid rapidly, stir
ring to aid complete solution 
of the yellow precipitate com
monly obtained. Chlorine is 
evolved, and a clear yellow 
s o lu t io n  results. Dissolve 
about 3 grams of tartaric acid

Rubber Sleeves

Metal Jacket 

Paraffin

paraffin-filled metal jacket around the connection, as shown in 
Figure 1. The capillary consisted of a 7-cm. length of Sargent

12 mm.

Figure 1 . Dropping Electrode 
A ssem bly

780
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Table I. A n a lys is  of Representative Smelter Products
Polarographie  M ethod

Volum etrio A lkalineM ethod, 1 N  HC1, No. of ta r tra te , No. ofM ateria l Analyzed %  Lead® % lead detns. % lead detns.
Synthetic s tan d ard  d u st, (actu a l lead con ten t, 49 .81% ) 4 9 .0  ± 0 . 6  4 9 .6  ± 0 . 3  5 4 9 .4  ± 0 . 6  5B last furnace flue dust 4 9 .2  ± 0 . 2  5 0 .4  ± 0 . 3  7 4 8 .3  ± 0 . 7  8High-lead zinc fum e 4 9 .Zb 4 9 .6  ±  0 .7  3 4 6 .7  ±  0 .4  3P rim ary  copper-anode slim efum e 2 4 .1& ,c . .  25.1 ±  0 .3  5B last furnace slag . 4 .7 1 6 e . .  4 .07  ±  0 .0 8  54.44f>»<*

° Precip itation  as lead sulfa te  with no purification, and titra tio n  with m olybdate using external ind ica tor, unless otherw ise sta ted . b P la n t assay.c W ave in  HC1 n o t well defined. d Lead sulfate freed from  calcium  sulfate.

in the acid solution to prevent the precipitation of antimony upon 
dilution. A slight precipitate causes no difficulty in analysis; 
a heavy precipitate, however, makes sampling difficult and may 
retain lead.

Dilute the solution to 100 ml. in a volumetric flask. Taking 
into account the fact that the resulting solution is approximately 
3 N  in hydrochloric acid, mix aliquots of the solution with the 
proper supporting electrolyte (see following paragraph). Maxi
ma may be suppressed by the addition of gelatin, an end con
centration of 0.01%. Sodium methyl red may be substituted 
for gelatin in the alkaline tartrate medium.

S e l e c t i o n  o p  S u p p o r t i n g  E l e c t r o l y t e .  Lead waves are 
well defined in 0.1 N  potassium chloride, 1 N  hydrochloric acid, 
1 N  nitric acid, 1 N  sodium hydroxide, and in various tartrate 
media (S). In complex materials such as are encountered in 
smelter product analysis, the choice of a suitable electrolyte de
pends upon the nature and relative proportion of elements other 
than lead. In  any case the limiting current must be well defined, 
and the residual current must be linear for a sufficient voltage 
span to permit extrapolation. The present authors recommend 
1 N  hydrochloric acid as a medium in cases where the prior depo
sition of constituents does not interfere with normal develop
ment of the lead wave. Alkaline tartrate (a medium 0.5 M  in 
sodium tartrate and 0.1 N  in sodium hydroxide) is often applicable 
where the constituents of the sample do not permit the use of 
hydrochloric acid. If 1 N  sodium hydroxide is used with an 
external reference electrode, it is advisable to employ an inter
mediate agar plug and salt bridge (I) to avoid contamination of 
the agar bridge of the calomel electrode.

A n a l y s i s .  Transfer the prepared solution to an electrolysis 
cell. Remove dissolved air with nitrogen; 15 to 20 minutes’ de
gassing time is usually sufficient for 15-ml. samples. Using either 
a mercury pool anode or an external reference electrode, elec- 
trolyze the solution from about 0.10 to 0.60 volt vs. the saturated 
calomel electrode if hydrochloric acid is the supporting electro
lyte, or from about 0.50 to 1.00 volt'df alkaline tartra te is used.

RESULTS

The ratio of diffusion current to concentration, id/C, for lead 
in 1 N  hydrochloric acid a t 25° C. was found to be 6.47 *  0.05 
microampere liters per millimole (eleven determinations). 
Gelatin (0.01%) was present as a maximum suppressor in six of 
the determinations; well-defined waves with no significant 
change in the relative diffusion currents were also obtained in the 
absence of gelatin. Since the capillary used in this investigation 
had a constant, m2/3f1/*, of 1.69 mg.3/3 sec._1/s, the more funda

mental “diffusion current constant” , may be calcu

lated as 3.83. Although this constant is directly applicable to 
practical analyses with different capillaries, a deviation of the 
constant has been noted (6 ) among capillaries whose values of 
mJ/3ji/s differ widely. As yet there is no standard mi / , t1H to 
which data can be reduced for comparison. In  order to compare 
the constant determined in this investigation with that of 3.86 
previously reported on the basis of an m 8 fHl n  value of about 2.31
(S), reference was made to the empirical relationship found by 
Lingane and Loveridge (5). The present constant 3.83 referred 
to an m 2 value of 2.31 thus becomes approximately 3.76.

The id/C  ratio for lead in alkaline tartrate 
a t 25° C. was found to be 4.22 =*= 0.03 (four 
determinations). The diffusion current constant 
is 2.52, m2/3i1/6 being 1.67. When reduced to 
the capillary constant referred to above, the value 
obtained, 2.48, is comparable to that of 2.39 pre
viously reported (3). ,

The half-wave potential for lead was found to 
be —0.43 volt vs. S.C.E. in 1 N  hydrochloric 
acid, and —0.75 volt in alkaline tartrate. The 
voltage span required for full development of the 
diffusion current in both media was about 0.25 
volt; this differs from the span of 0.4 volt in alka
line tartrate found by Lingane (3).

The results obtained are summarized in 
Table I.

The blast furnace flue dust and the high-lead zinc fume were 
chosen as representative of high-lead samples. The primary 
copper-anode slime fume was representative of products high in 
antimony and containing a great variety of substances. The 
blast furnace slag was included as representative < ’material low 
in lead and high in silica.

DISCUSSION

The absolute accuracy of the method cannot be evaluated ex
cept with reference to the synthetic standard dust, the only 
sample of accurately known lead content. I t  is significant that 
the polarographic analysis of the standard dust was accurate to 
better than 1 % .  In  some cases in which there is poor agreement 
between volumetric and polarographic results, it is likely that the 
latter may be more reliable, considering the method of decompo
sition and preliminary separations involved in the volumetric 
method. This assumption is supported by the low result ob
tained in the molybdate titration of the synthetic standard dust, 
and by the precision of the polarographic analyses. In  the case 
of the blast furnace slag, the agreement between the two methods 
was improved considerably when the lead sulfate was reprecipi
tated before titration.

No explanation is offered for the discrepancy in the polaro
graphic blast furnace flue dust analyses using hydrochloric acid 
and alkaline tartrate as supporting electrolytes. The polaro
graphic analysis of the high-lead zinc fume illustrates the fact 
that each mixture presents a distinct problem as far as selection of 
electrolyte is concerned.

The time required for polarographic analysis is less than that 
for the molybdate titration. The preparation of a sample for the 
former analysis, for instance, involves only a brief 5-minute fu
sion whereas the usual acid treatment for the volumetric method 
requires about an hour. Once the polarographic method is 
placed on a routine basis, it is estimated that not more than 40 
minutes of actual work are required for each sample, as compared 
with about 70 minutes for the volumetric method.
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Porc-Sizc Distribution in Porous Materials
Pressure Porosimeter and Determination of 
Complete Macropore-Size Distributions’

H . L .  RITTER a n d  L . C . D R A K E  

Socony-Vacuum O il  C o ., Paulsboro, N . J .

A  method lor determining the macropore-size distribution in a 
porous so lid , as well as the derived distributions for some typical 
porous materials, is presented. A  glass dilatometer placed in a 
thermostated high-pressure bomb is used to measure the small changes 
in volume of a mass of mercury, in which the porous material under 
investigation is immersed, when the mercury is subjected to varying 
external pressure.

DETERMINATION of total pore volume is a routine meas
urement in most laboratories dealing with porous materials. 

The value usually is calculated as the difference of two specific 
volumes (reciprocal density). Thus the internal pore volume 
is the difference between the reciprocals of real density and par
ticle density; the intergranular (void) volume is the difference 
between the reciprocals of bulk density and particle density; 
and the sum of pore and void volumes is the difference between the 
reciprocals of bulk and real densities. [The nomenclature of 
McBain (10) is followed in identifying the several densities, as
suming (with some error) tha t real and true densities are equal.] 
The total internal pore volume is then calculated from observa 
tions of the real and particle densities, determined, for example, 
by the usual pycnometric method using water and mercury, re
spectively, as the displacement liquids.

In  processes involving diffusion rates and the availability of 
internal surface to  large molecules, a knowledge of total pore 
volume is less important than a knowledge of the fraction of total 
pore volume contributed by pores in a given size range—i.e., of 
the distribution of pore sizes. I t  is convenient to classify the in
ternal pores of porous materials roughly in two ranges. Present 
usage (2) applies the name “micropores” to those having radii 
smaller than 100 A.; “macropores” to those larger than 100 A. 
The division of the pore volume of a given porous material into 
micro- and macropores implies the existence of a distribution in 
size, yet little work has been done in the determination of such 
distribution functions.

Rabinowitsh and Fortunatów (12) have determined the re
spective fractions of micro- and macropores in a number of porous 
solids by means of the Kelvin equation. Pore-size distributions 
in the micro region have been determined qualitatively using the 
Kelvin equation by Kubełka (8) whose work is largely invali
dated by neglect of adsorption. The adsorption equation of 
Brunauer, Deming, Deming, and Teller (8) may be of some use 
in this connection, but is open to the criticism that it does not 
satisfactorily combine the simultaneous effects of adsorption and 
capillary condensation. Jellinek and Fankuchen (7) have used 
the scattering of x-rays a t very small angles to evaluate pore 
size (or particle size) but assumed a constant average size. The 
unpublished work of Shull (1Ą) on low-angle x-ray scattering 
takes into consideration a pore-size distribution; but, this method 
not only cannot conveniently be used for pores larger than per
haps 500 A. in radius, but the results in terms of pore size may 
also be open to  question. This paper presents a method for de
termining the macropore-size distribution in a porous solid as well 
as the derived distributions for some typical porous materials.

Washburn (16) has pointed out the fact that surface tension 
opposes the entrance into a small pore of any liquid having an

1 F irst p a rt of paper on “ Pore-Size D istribu tion  in  Porous M aterials” . 
Second p a rt is found on page 787.

angle of contact greater than 90° (the common phenomenon of 
capillary depression); that this opposition may be overcome by 
the application of external pressure; and that the pressure re
quired to fill a given pore is a measure of the size of the pore. 
Henderson, Ridgway, and Ross (6) have used this principle in a 
very limited way, and Loisy (9) has proposed the use of the same 
principle in a study of pore-size distributions.

The relation (quoted by Washburn) giving the pressure re
quired to force liquid into a pore of given size is

pr =  —2 a cos 0 (1)

where p is the pressure, r the pore radius, a the surface tension, 
and 0 the contact angle. I t  may be derived as follows: In a pore 
of circular cross section, the surface tension acts along the circle 
of contact over a length equal to the perimeter of the circle. This 
force is 2 xr<r. Normal to the plane of the circle of contact, the 
force tending to squeeze the liquid out of the pore is — 2imr cos 0. 
(The negative sign arises from the fact that the angle between the 
direction of action of the surface tension and the positive normal 
to the plane of contact is r  — 0. Since 0 >  90 °, the term — 2m o  X 
cos 0 is intrinsically positive.) Opposing this force is the applied 
pressure acting over the area of the circle of contact with a force 
equal to r r 2p. At equilibrium these opposing forces are equal: 
— 2-irnr cos 0 =  whence Equation 1 follows immediately.

From this relation it appears that a porous material under 
zero pressure will “absorb” none of any nonwetting liquid in 
which it is immersed. When the pressure is raised to  some finite 
value, the liquid will penetrate and fill all pores having radii 
greater than that calculated from Equation 1. [The authors 
have arbitrarily excluded from the category of “pores” all those 
openings having radii greater than that given by 1 for p = 25 
pounds per sq. inch (1.75 kg. per sq. cm.). This is the lowest 
pressure to which their samples are subjected and corresponds 
to a radius of about 43,000 A., which is below the limit of resolu
tion of the unaided eye.] As the pressure is increased the 
amount of liquid “absorbed” increases monotonically at a rate 
proportional to the differential pore volume due to pores of size 
corresponding to the instantaneous pressure. Thus, a given 
pore-size distribution gives rise to a unique pressuring curve; 
and, conversely, a given pressuring curve affords a unique deter
mination of the pore-size distribution.

SOURCES O F ERROR

Deviation from the assumed circular cross section is an impor
tant source of error. I t should, however, be noted that this as
sumption appears in Equation 1 only through the ratio, 2/r, of 
perimeter to area. For noncircukr cross sections, this ratio will 
still be of the order of the reciprocal of some average radius al
though the constant, 2, may change. The effect here will be 
only to change the radii calculated from Equation 1 for various 
pressures by a constant factor. The shape of the distribution 
curve and order of magnitude of the calculated radii will not be 
appreciably different.

The question of the correct contact angle between liquid and 
solid is uncertain. The authors have adapted this experimental 
method to the use of mercury as the working liquid, inasmuch as 
mercury has a contact angle greater than 900 for most solids, and 
have measured contact angles for mercury on a large variety of
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materials by the height-of-sessile-drop method (11), obtaining 
values ranging from 135° to 142° (1). While the surfaces used 
were in equilibrium with air a t normal humidity, and the contact 
angles thus measured are probably high because of adsorbed 
moisture, it would seem that the internal surfaces of the porous 
materials must be similarly contaminated; and th a t the meas
ured contact angle is close to the true value required in applica
tion of Equation 1. The authors have assumed an average con
tact angle of 140° in this study. Differentiation of Equation 1 
and elimination of p give

—  =  — A® tan 6r (2)

as the fractional error incurred in calculated pore radius by an 
error of A® in contact angle. For ® in the neighborhood of 140 ", 
Ar /r  for a 1° error in contact angle is only about 1.5%. This 
error is probably smaller than th a t caused by taking the perimeter 
to cross-sectional area ratio as 2/r, and moreover operates in the 
same manner in its ultimate effect on the distribution curve.

If 8 is not in the neighborhood of 140°, the only effect is the 
same magnification or reduction in the scale of pore-radius values, 
although the size of the error may be considerably more serious. 
Table I shows the variation in calculated pore radius with ap
plied pressure for contact angles of 140 ° (used in this investiga
tion), 112° (found by Washburn for mercury on glass, 15), and 
180° (the extreme case).

The pore radius calculated by this method is the radius of the 
opening to the pore. If there exist in the material pores which are 
considerably larger than the largest entrances to  them, these 
pores will be measured as of the size of the largest opening. Inas
much as availability of internal surface is determined by the size 
of opening to a pore, however, this is an advantage in that it 
gives the total volume of pores available to penetrants of any given
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■ m - INTERNAL GLASS BRIDGE

CATALYST BULB 
12 MM 0. D. PYREX

Pressure Porosimeter

size. In point of availability, if one is concerned with molecules 
20 A. in diameter, it is less important to know that a certain pore 
has a diameter of 40 k .  than that the largest entrance to  it is only 
15 A. In this connection, see (13).

PRESSURE POROSIMETER

Experimentally, the essential problem is to measure the small 
changes in volume of a mass of mercury, in which the porous 
material under investigation is immersed, when the mercury is 
subjected to varying external pressure. The volume changes are 
measured electrically in a glass dilatometer placed in a thermo
stated high-pressure bomb and subjected to fluid pressure up to
10,000 pounds per sq. inch (700 kg. per sq. cm.); (Using® = 140° 
and a =  480 dynes per cm, Equation 1 gives 107 A. as the pore 
radius in equilibrium at 10,000 pounds per sq. inch. Thus, in
vestigations up to 10,000 pounds per sq. inch just cover the 
macropore range.)

The dilatometer is of the usual one-piece type. Samples vary
ing from 1 to 20 grams are normally charged, and the capillary 
tubing has a cross-sectional area of about 0.04 cc. per cm. Larger 
or smaller capillary tubing may be used for very porous or slightly 
porous material.

The dilatometer is provided with a device for observing the 
height of mercury in the capillary when enclosed in an opaque 
metal bomb. A metal wire is strung tau t along the inside of the 
capillary tubing and made one arm of a resistance bridge. The 
length of exposed wire is then equal to the length of capillary 
not filled with mercury. Since the mercury column will act as a 
conductor of effectively zero resistance, shorting out more or less 
of the wire as the mercury is raised or lowered, the resistance of 
the wire-mercury conductor is a measure of the mercury height.

Table I. Variation of Pore Radius with Pressure for Several Values of 
Contact A n g le

Pressure, Pore R adius for C ontact Angles of:P.8.i. 140° 112° 180°
À. À . À.

25 42,680 20,840 55,680100 10,670 5,210 13,920200 5,330 2,600 6,960300 3,560 1,740 4,640
400 2,670 1,300 3,480500 2,135 1,040 2,780700 1,520 744 1,990

1,000 1,067 521 1,3921,500 712 347 9282,000 533 260 696
3,000 356 174 464
4,000 267 130 3485,000 214 104 278
6,000 178 87 232
7,000 152 74 1998,000 133 65 174
9,000 119 58 155

10,000 107 52 139
Figure 1 . M ercury Dilatometer



If the tubing is of uniform diameter and the wire of uniform re
sistance, then the change in resistance of the wire-mercury con
ductor will be a direct measure of the change in volume of the 
mercury.

Figure 1 is a diagram of the dilatometer. The wire is looped 
over a bridge fused across the junction of capillary to bulb, and 
passes up through the capillary and out through side holes in the 
tubing. The ends are separately anchored between cushioned 
nuts threaded on an insulating screw. Another nut provided 
with locknut is threaded on the inner end of the screw, so that 
when this nut is tightened the screw is backed out of the tube 
and the wire thereby stretched taut. The smooth glass bridge 
allows the tension to equalize over both branches and obviates 
separate tightening. The authors have used No. 32 platinum 
wire. Platinum is used because it is the only common metal 
with an air-stable surface not attacked by mercury, and this size 
is a compromise between sturdiness and flexibility.

The dilatometer is calibrated directly in cubic centimeters per 
ohm by taking coordinated readings of resistance and weight of 
mercury buretted from a stopcock sealed temporarily to the bot
tom of the dilatometer, while the latter is held at 0° C. in an ice 
bath. For convenience, only those dilatometers exhibiting a 
constant cubic centimeter per ohm conversion factor are retained 
for use. Dilatometer 5, for example, had an average conversion 
factor of 0.608 cc. per ohm with an average deviation over its use
ful length of 0.002 cc. per ohm.
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✓•-TO VACUUM

The dilatometer is filled with sample through its open bottom, 
sealed off, and placed in the filling pistol as shown in Figure 2. 
The pistol is evacuated at about 10-3 mm. of mercury for 30 
minutes, during which time the mercury is poured back and forth 
several times between the reservoir and the barrel of the pistol. 
Finally, the pistol is up-ended with the dilatometer head down, 
isolated from the vacuum line, and the vacuum broken by re
moving the stopcock plug. Atmospheric pressure forces mercury 
through the dilatometer head and fills the entire vessel with mer
cury.

In  operation, the filled dilatometer is placed in a high- 
pressure bomb with one end of the resistance wire grounded 
and the other brought through an insulated lead in the bomb 
head. (The high-pressure insulated lead is a product of the 
American Instrument Company, Silver Spring, Md.) Pres
sures up to 2000 pounds per sq. inch are supplied from a full 
cylinder of nitrogen and read on a dial gage (=*= 10 pounds 
per sq. inch) cafibrated against a dead weight gage. Pres
sures from 2000 to 10,000 pounds per sq. inch are generated 
by forcing oil into the bomb with a hand-operated Bosch 
fuel-injection pump and read directly on the dead weight 
gage. The initial 2000 pounds per sq. inch of gas pressure 
provide a cushion a t the top of the bomb which prevents oil 
from the Bosch pump from spilling over into the top of the 
dilatometer a t the higher pressures and consequent fouling 
of the capillary tube.

Pressuring is stopped from time to time and coordinated 
readings of pressure and resistance are made. With some 
materials there is a measurable rate of penetration and time 
is allowed for the resistance to rise to its equilibrium 
value. When the pressure,is rapidly applied there is a 
noticeable rise in temperature and time is allowed for the 
system to cool and the resistance to fall to its equilibrium

value. Corrections to the observed gage pressure are made by 
adding atmospheric pressure plus the average mercury height in 
the dilatometer. Table II  gives typical data for five porous 
materials investigated. The final pressuring curve is obtained by 
plotting against observed pressure (corrected), p, the volume of 
mercury “absorbed” per gram of porous material, Fo — F. 
Typical pressuring curves are shown in Figures 3 and 6.

The compressibility of mercury and the change of resistance 
with pressure of platinum are both negligible in this pressure 
range. This supposition was satisfactorily checked by filling the 
dilatometer with mercury only and pressuring to 10,000 pounds 
per sq. inch.

PORE-SIZE DISTRIBUTION

Let the total volume of all pores having radii between r and r +  
dr be

d V  =  D(r)dr (3)

where D  (r) is the distribution function for pore size. From Equa
tion 1, assuming constant <r and 0,

pdr +  rdp = 0 (4)

Eliminating r and dr from Equations 1, 3, and 4 gives
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500 1000
ABSOLUTE PR E SSU R E, p s. I.

1500 2000

Figure 3. Pressuring Curves for Some Porous Materials

dV  =  D(r) 2 <7(~  - dp = -D {r )  r-  dp (5')

The volume measured by the dilatometer is the volume of al 
pores having radii greater than r—i.e., the total pore volume, F«, 
decreased by the volume, F, of pores smaller than r. Thus the 
pressuring curves plot F 0 — F  as a function of p. The slope of 

d(F , -  F) dV  . ., the pressuring curve, ——^ -----   = — is then an experimen
tally determinable quantity and Equation 5 ' may now be re
written in the form

D{r) = p d(V„ -  V) 
r dp

in which all the terms on the right are known or determinable.
Values of the derivative in Equation 5 required to evaluate 

D(r) are readily obtained by graphical differentiation. For a 
number of values of p, the pressuring curve is differentiated to ob
tain d(Vo — V )/dp , r is calculated from Equation 1, and D(r) is 
calculated from Equation 5. Plotting D{r) against r gives the 
distribution curve.

Curve A  of Figure 3 is the pressuring curve for a sample of 
diatomaceous earth (Celite catalyst carrier Type 296 furnished
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Figure 4 . Distribution Functions for Diatomaccous Earth and 
Fritted Glass

by Johns-Manville Corp.) heated to 550° C. for 16 hours. By 
differentiating and applying Equation 5, the circled points in the 
plot of Figure 4 were obtained. The points appear to form a modi
fied Maxwellian distribution, and an attem pt was made to fit a 
curve of the form

D ( r ) = 4 ( $ ) " e x p ( ~ 5 ) (6)

to these points. Equation 6 contains three arbitrary constants— 
A , n, and r0—for adjustment to the experimental points. The 
method of least squares is not applicable to this fitting, but other 
methods may be applied. The method chosen here was to deter
mine the three constants from three salient features of the curve. 
Inspection of the plotted points affords an estimate of rm, the pore 
radius corresponding to the peak of the distribution; Z)„, the 
value of D {f) a t this point; and Vo, the pore volume determined 
from either the densities or the extrapolated value for Vo — V  asp  —*■ CO .

By equating dD(r)/d r  to zero, it is found that

rm =  roV~n 

Placing this value of rm in Equation 6 gives 

Dm =  A (n /e )n

(7)

(8)

Integrating Equation 3 from zero to infinity with D{r) given 
by Equation 6 gives

Vo =  A rmV(n +  \) /2 y /~ n  

Eliminating A  from Equations 8 and 9 gives

(9)

( r a /e ^ y /  n  rmDm 
r (n  + | )  2 F,

(10)

which may be solved for n. Equations 7 and 8 then serve to 
find ro and A .

For the diatomaceous earth of Figure 4, rm and D„ were esti
mated to be4100 A. and 17.5 X 10~'cc. per A., respectively. Table 
I I  gives Vo — 1.045 cc. From these data, n  =  0.58, r, *» 5380 A.., 
and A  =  4.16 X 10-4 cc. per A. The upper curve of Figure 4 
is a plot of Equation 6 with these values for the constants. This 
distribution may perhaps be regarded as the “normal” distribu
tion for pores in a porous solid, and the indicated agreement be
tween the postulated distribution and tha t found experimentally 
is satisfactory. The area under this curve is the total pore vol
ume, F«.

The average pore radius is defined as

/ : rD (r)dr/V , (11)

Given the numerical function, D(r), r may be calculated by 
some process of numerical integration. A value for an average 
pore radius may also be obtained from the measured volume per 
surface ratio for the pores. Table II  gives values for the pore 
volume calculated from measured densities, surface area by the 
BET method (4), average pore radius calculated from these 
values, and average pore radius calculated from Equation 11.

Figure 5 . Distribution Function (or Porous Plate

In  the case of the “normal” distribution of Equation 6, Equa
tion 11 may be reduced to

_ T(n +  1)
r(n +  i) ro (12)

Table II. Physical Data on Some Porous Materials
AveragePore RadiusDisM acro- Total tr ib u V t-V  a t  Pressures of: pore Pore tion200 500 1000 2000 5000 Vol Vol M acro - Surface'5 V /S func-p.s.i. p.s.i. p.s.i. p.s.i. p.s.i. ume ume pores Area ra tio4* tion®

Cc. per gram Cc./g .« Cc./g. 6 % Sq. m ./g.
0.460 0.918 1.013 1.040 1.045 1.049 1.14 92 4 .2 5430 45800.003 0.093 0.152 0.162 0.172 0.173 0.172 100 1 .6 2150 18600.012 0.159 0.168 0.169 0.169 0.169 0.175 97 0 .69 5100 41900.002 0.009 0.071 0.123 0.166 0.195 0.518 27 223 46 < 5 0 /0.040 0.108 0.133 0.152 0.168 0.178 0.657 37 323 40 < 5 0 /

100 p.s.i.

D iatom aceous earth  0.132 Coors porous p late  0.001 Pyrex U F  fritted  glass 0.001 A ctivated  clay 0.001Pelleted gel 0.003
° E quals Vo-V a t  10,000 p.s.i. b C alculated  from  real and particle  densities.* B E T  m ethod, using N i a t its  norm al b.p.d R adius of uniform  circular cylinder having B E T  surface and volume equal to  to ta l pore volume (A.).
• F rom  f  «= J * r D ( r ) d r / 4/'Z)(r)dr(A .)./  E stim ated  from  Figure 7.

For the diatomaceous earth, f  calculated from Equation 12 is 
4990 A. compared with 5430 and 4580 obtained by the other 
methods.

The average pore radius calculated from Equation 11 is always 
less than that calculated by assuming a geometric model for the

pores and using the volume/
________________________  surface ratio, providing the

p o ro s im e te r  has measured 
essentially all of the total 
pore volume—i.e., providing 
there is no significant micro
pore volume. This presum
ably is because r in Equation 
11 refers not to the radius of 
the pore but to the radius of 
the largest opening to the 
pore. This value of r is neces
sarily not greater than the true 
pore radius, and is, in general, 
smaller. Thus a comparison of 
the last two columns of Table 
II  affords a qualitative meas
ure of “ink-bottle” pores in
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those cases where “% macropores” is near 100. The paper 
following this one will discuss the “ink-bottle” pore shape 
phenomenon in connection with the hysteresis observed during 
depressuring (5).

N O N N O R M A L A N D  INCOMPLETE DISTRIBUTIONS

Curve B  of Figure 3 is the pressuring curve for a fine-pore 
fritted glass (Pyrex fritted glass, ultrafine porosity, kindly fur
nished by Corning Glass Works), and the lower curve of Figure 4 
shows the derived distribution function. No information on the 
particle size classification prior to sintering is available from the 
manufacturers, but this distribution is probably not “normal” . 
(An attem pt was made to fit these points to a displaced Gaussian 
distribution, but the best fit is rather poor. The curve drawn is 
merely a smooth curve through the points.) The sharp cutoff 
on both sides of the peak seems to indicate that a relatively nar
row range of particle sizes is retained for sintering, with a conse
quent narrow range of pore sizes. The average pore diameter of 
8400 A. is in good agreement with the manufacturer’s statement 
that filtrates through this porous body are usually bacterially 
sterile.

Curve C of Figure 3 is the pressuring curve for another ceramic 
material, Coors porous plate (No. 760, Coors Porcelain Co., 
Golden, Colo.), the derived distribution for which is plotted in 
Figure 5. The sharp drop in frequency of occurrence of pore 
sizes a t about 3000 A. is remarkable. Thus, pores of radius 3500 A. 
are present to the extent of only 3% of the pores of radius 2700 A. 
The distribution to the left of the peak is a great deal wider 
and appears Maxwellian. One is tempted to presume tha t the 
derived distribution is a part of a wider and “normal” parent dis
tribution such as is shown dotted in the figure, and such as might 
be obtained by a very efficient classification process that removes 
the large-pore portion. Advice from the manufacturers, how
ever, indicates tha t this presumption is incorrect.

Figure 6 . Pressuring Curves for Activated C lay and Silica A lum ina
G e l

The method is not restricted to macropore structure. While 
this investigation is limited to pressures up to 10,000 pounds per 
sq. inch (down to 100 A. in pore radius), the principle applies 
down to pore sizes so small that the concepts of surface tension 
and contact angle break down—i.e., to where the pores are no 
longer large compared to the atomic dimensions of mercury. 
Thus, in materials to whose pore volume there is a significant 
contribution from micropores, the entire distribution is not de
rivable from pressuring only to 10,000 pounds per sq. inch; but 
pressuring to 50,000 pounds per sq. inch (corresponding to r = 20 A., the probable lower limit) would give valuable data for 
elucidating micropore size distributions. Nevertheless, pressur
ing curves up to 10,000 pounds per sq. inch even for materials

Figure 7 . Distribution Functions for Materials of Figure 6

largely microporous are of value even without the distribution. 
Such data will be presented and discussed in a later paper (5).

Partial distributions for two microporous materials, an acti
vated clay and a pelleted silica-alumina gel, are shown in Figure 
7, taken from the pressuring curves of Figure 6. The pelleted 
gel shows a superposition of two distributions (one incomplete 
here); one is the micropore distribution, the other a macrodistri
bution presumably due to pelleting of relatively large gel par
ticles. The clay catalyst shows only a continuous distribution 
extending well into the micro region. Table II shows that the 
area under the incomplete peaks (micropore volume) in both 
cases must be 3 to 4 times the area under the curves to the right 
of r = 100 A. With this in mind, one can estimate the approxi
mate average pore radius at about 50 A. for both samples.
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Macropore-Size Distributions in 
Some Typical Porous Substances

L . C . D R A K E  a n d  H . L .  R ITTER  

Socony-Vacuum  O il ,  C o ., Paulsboro, N . J .

Macropore-size distributions in typical porous substances have been 
measured, using the pressure porosimeter described in the previous 
paper. Substances investigated include fuller’s earth, diatomaceous 
earths, silica-alumina gels, flint quartz, porous iron, activated clay 
pellets and porous desiccants.

POROUS materials are characterized by two related quanti
ties: a particle density which is appreciably lower than the 

real or true density of the material, and a surface area which is 
greater than the observable geometric surface area. Porous ma
terials differ widely in each of these characteristics; for example, 
the particle density of some diatomaceous earths is only 20% of 
the true density, and some activated carbons have surface areas 
500,000 times the external geometric area, while the particle

ISecond p a rt of paper on “ Pore-Size D istribu tion  in  Porous M aterials." 
F irs t p a rt is found on page 782.

density of a porous filter plate may be 70% of its real density, and 
its surface area is only 1000 times its geometric area.

The pores within a granule of porous material may also vary 
widely in absolute dimensions, from those readily seen by the 
naked eye (10® A. in diameter) to those with diameters of only 4 
or 5 A. I t  is obvious that the large pores contribute very little 
to the total surface area of the material. Wicke {11) estimated 
that the surface area contributed by pores averaging 20 A. in 
diameter in a sample of charcoal is 1500 sq. meters per gram, 
while the surface area contributed by a practically equal volume 
of pores averaging 20,000 A. in diameter is only 1.7 sq. meters. 
This ratio of surface area contribution by large and small pores 
will vary from one material to another, depending upon the pore- 
size distribution.

Although these large or macropores contribute little to the 
total surface area, they may serve an important function as dis
tributing arteries to the smaller or micropores (2, 4, 10). The 
rate of adsorption or catalytic action is intimately tied up with 

the diffusion velocity of the reactants into the porous 
material and this is governed in part by the quantity 
and size distribution of the macropores.

A rough value for the average diameter of the pores
of a material may be calculated from total pore
volume and surface area measurements (5). Thus, as
suming uniform cylindrical pores we have:

4 X pore volume 
surface area

The values in the last column of 
Table II  were calculated from this 
relationship. I t  is obvious that
with materials having a wide range
of pore sizes such values have little 
significance.

Pore diameters may also be cal
culated from adsorption data by 
means of the Kelvin equation (I). 
Adsorption values at high relative 
pressures, corresponding to con
densation in macropores, are, how
ever, extremely difficult to obtain 
and extrapolations from lower rela
tive pressures are of dubious utility.

Persorption studies are also of 
little help in macropore-size stud
ies because of the lack of a variety 
of molecules of the necessary di
mensions.

The penetration of porous solids 
by mercury may be easily dem
onstrated with simple apparatus 
a t pressures under 20 pounds per 
sq. inch. The data in Table I 
were obtained with a 40-cc. glass 
bulb dilatometer attached to a 2- 
mm. bore capillary arm. In these 
measurements the samples were 
evacuated, covered with mercury, 
thermostated at 40° C., and the 
position of the mercury level noted. 
The pressure on top of the mercury 
in the dilatometer was lowered by 
means of a Hy-Vac pump or in-

Table I. Variation of M acroporosity Measured at Low  Pressures

M aterial
Volume of M ercury Removed from ( — ) and Forced in to  ( +  ) Pores, Cc. per G ram  X 10 “4 a t M m . of Hg Pressure Indicated 

550 660 860 1070 1300« 1460 1560 1660
2 Coors porous p late  —2 .4  —2 .2  —1.2  —0 .3  06 A ctivated clay —3 .3  —2 .7  —1.3  —0 .3  05 Fuller’s earth  —10 . . .  —3 .4  —1 .8  03 D iatom aceous earth  —56 —37 —22 —10 016 Type M fritted  glass —300 —150 —66 —22 0
° A tm ospheric pressure plus m ercury height in dilatom eter.

+ 0 .9  + 1 .6  + 1 .8+ 0 .8  + 1 .4+  2 .3  + 2 .8  + 4 .0+  28 + 5 1  + 136+  210 +330  +420 Pore diameter =

Table II. Physical Properties of Porous Materials

M aterial

10
11
12

A ctivated  clay A ctivated clay Fuller’s earth D iatom aceous earth  D iatom aceous earth

BauxiteA ctivated alum ina Silica gel

Columbia carbon Darco carbon

13A Silica-alumina gel 13B Silica-alumina gel 13C Silica-alumina gel 13D Silica-alumina gel 13E Silica-alumina gel 13F Silica-alum ina gel 13G Silica-alumina gel

1
21415

F lin t quartz Coors porous p late Porous iron F ritted  glass

MeshSize Surface D ensity
(Tyler) Area“ Bulk Particle^ Real

Sq. m ./g . Gram/cc.
C lay Type

4-6 223 0 .68 1.111 2.6144-6 147 0.81 1.242 2.4955-7 129 0 .55 0.860 2.6604-6 4 .2 0.32 0.631 2.2654-8 <  1 0 .29 0.470 2.327
Desiccant Type

8-14 228 0 .88 1.575 3.6228-14 175 0 .81 1.547 3.6754-8 669 0 .77 1.226 2.251
A ctivated Carbons

6-8 1397 0 .42 0.754 1.8974-12 560 0 .36 0.732 2.086
Gel Type

4-8 280 1.00 1.558 2.3694-8 404 0 .75 1.175 2.3884-8 467 0 .69 1.126 2.3774-8 372 0 .64 0.962 2.3784-8 409 0 .55 0.860 2.4024-6 323 0 .55 0.932 2.4054-6 201 0 .6 8 1.050 2.343
M iscellaneous M aterials

4-6 <  1 1.53 2.610 2.6418-20 1 .6 1.00 1.801 2.6124-6 <  1 5.77 7 .868-14 0 .69 0 .87 1.608 2.237

Pore Volume*
T otal

0.5180.4050.7871.141.7

0.3600.3880.371

0.802
0.888

0 432 0.463 0.620 0.747 0.657 0.527

M acro
Ce./g.

0.1950.1650.5621.0491.5

0.124 0.123 0.0072

0.3440.685

0.0047
0.01000.01800.02820.1780.147

Average_________ PoreM acr0 Diameter«*
%

38417192
88

34321.9

4377

0.8
1.1
2.22 .93 .82728

0.0044 0.0044 0 172 0.1730 046 0 037 0 .175  0.169

100
1008097

Â.

93
110244

11,000

638924

2363

334340677381105

4,300 
5,100

•  C alculated from  low -tem perature nitrogen adsorption isotherm s by means of the  B runauer, E m m ett, Teller m ethod (5).• Bulk densities by  hand tapping in a  250-cc. g raduate, particle density  by  m ercury displacem ent, real density  by w ater displacement.• T o tal pore volumes obtained from difference betw een reciprocals of particle and real densities; m acropore volume from volume of m ercury absorbed a t 10,000 p.s.i. pressure.4 Average pore d iam eters calculated from pore volume and surface area m easurements.
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Figure 1 . M acropore Vo lum e of Fuller's Earth and Activated 
C lay Pellets

Figure 2 . Macropore Volum e of Porous Desiccants

creased with a bulb aspirator. These data show clearly the great 
difference in the volume of the very large pores of these porous 
materials.

The pressure porosimeter previously described (9) was used 
in this work. The materials were obtained from the following 
sources: (1) flint quartz from New England Quartz Co., New 
York, N. Y.; (2) Coors porous plate No. 760 from Coors Porce
lain Co., Golden, Colo.; (3) diatomaceous earth, Celite catalyst 
carrier Type 296, C-20883, from Johns-Manville Corp., New 
York, N. Y.; (4) diatomaceous earth, Celite catalyst carrier 
Type VI, C-20882, from Johns-Manville; (5) fuller’s earth, ex
truded pellets from Attapulgus Clay Co., Philadelphia, Pa.; (6) 
activated clay, extruded pellets, from Filtrol Corp., Los Angeles, 
Calif.; (7) activated clay, extruded pellets after service in cata
lytic cracking unit; (8) activated carbon, Columbia pellets, from 
Carbide and Carbon Chemical Corporation, New York, N. Y.;
(9) activated carbon, Darco granules from Darco Corporation, 
New York, N. Y.; (10) bauxite, granules from Porocel Corp., 
Philadelphia, Pa.; (11) activated alumina, granules from Alumi
num Ore Co., Pittsburgh, Pa.; (12) silica gel, granules from 
Davison Chemical Co., Baltimore, Md.; (13) silica-alumina gels, 
laboratory and plant samples; A, B, C, D, and E  are nonpel
leted; F and G are pelleted; (14) porous iron, briquet, from 
Metals Disintegrating Co., Inc., Elizabeth, N. J.; (15) fritted 
glass, UF porosity from Corning Glass Works, Corning, N. Y.; 
(16) fritted glass, M porosity from Corning Glass Works, Corn
ing, N. Y.

In  all determinations the porous samples were heated for 16 
hours a t 540° C. with the exception of the fritted glass, Coors 
porous plate, porous iron, activated carbon, carbon on activated 
clay, and diatomaceous earth samples. These latter were oven- 
dried a t about 150° C. The samples were evacuated for 0.5 hour 
a t 0.001 mm. of mercury pressure a t room temperatures prior to

covering with mercury. Weight of the samples varied from 1 to 
20 grams, depending upon the dilatometer and macroporosity.

The macropore volumes calculated from particle and real densi
ties are based on particle densities determined at a total absolute 
pressure of about 17 pounds, while the base pressure in the high- 
pressure dilatometer was about 25 pounds. This difference in 
pressure is negligible except with materials having a large number 
of very large pores—e.g., diatomaceous earth. The data of 
Table I  give a measure of this variable. Unavoidable jarring of 
the dilatometer prior to the initial resistance reading is also a 
source of error with materials having very large pores.

Samples were exposed to atmospheric conditions for only a 
short time prior to sealing in the dilatometer, but they must have 
contained some adsorbed water.

These materials had received widely varying temperature and 
other processing treatments during their preparation. I t  is not 
claimed tha t these individual samples are truly representative 
of their types.

RESULTS

The data obtained are presented in Figures 1 to 10 in which 
the volume of mercury absorbed in cubic centimeters per gram of 
porous solid is plotted against applied pressure. Pore diameters 
(140° contact angle) corresponding to the pressures shown are 
also indicated in these figures. Although macropore-size dis
tributions are not explicitly exhibited in these curves, such dis
tributions are implied in their shapes, and are in fact derivable 
by methods previously outlined (9). The physical properties of 
all these materials are tabulated in Table II.

A c t i v a t e d  C l a y  a n d  F u l l e r ’s  E a r t h .  Both materials 
had been extruded and cut to  form small pellets. The activated 
clay had been acid-leached prior to extrusion and had been par
tially deactivated by service in a catalytic cracking unit.. The 
total surface areas of these samples were approximately equal, 
but the distribution of macropores varies widely (Figure 1). 
The absence of extremely large pores in the fuller’s earth and the 
large quantity of small macropores are clearly shown.

P o r o u s  D e s i c c a n t s .  These materials have been heated 
much higher than they would have been for commercial utiliza- 
tion„but the relative positions of the curves of Figure 2 probably 
would not be changed. The absence of many macropores in the 
silica gel is noteworthy. The total pore volumes of these ma
terials are within 7% of each other but their surface areas differ 
by about 400%.

Although the data presented by Henderson, Ridgway, and Ross
(6) for their sample of bauxite are very sketchy and they give 
measurements at 30 and 900 pounds per sq. inch pressure only,

Figure 3 . M acropore Volum e of Diatomaceous Earths and 
A ctivated Carbons
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we may make a comparison between their value of 0.29 cc. per 
gram for the total pores not filled at 900 pounds per sq. inch 
pressure and the authors’ value of 0.32 cc. per gram obtained from 
a total pore volume of 0.36 cc. per gram less the 0.04 cc. per gram 
value obtained a t 900 pounds per sq. inch. Similar values for 
fuller’s earth, however, are not so close. Their value was 0.57 
cc. per gram; the authors’, 0.78 cc. per gram. There may be a 
considerable difference between the authors’ samples and those 
used by Henderson, Ridgway, and Ross.

D i a t o m a c e o u s  E a r t h s  a n d  A c t i v a t e d  C a r b o n s .  These 
materials are considered together because of their utilization as 
catalyst carriers. The diatomaceous earth samples had been 
fired at a high temperature, judging by their physical appearance. 
Unfired diatomaceous earths with reported surface areas of about 
30 sq. meters per gram would be expected to have substantially 
different macropore volumes from the two samples whose data 
are reported here. As is pointed out under the discussion of 
hysteresis, the diatomaceous earth, sample 4, was not materially 
colored by absorbed mercury when removed from the test but 
contained appreciable quantities of mercury within the pellet. 
This indicates the absence of any small macro ink-bottle pores 
and this fact is borne out by the low surface area and the flatness 
of its curve in Figure 3. The complete distribution curve for 
diatomaceous earth, sample 3, has already been presented (9).

A marked difference in the distribution of macropores in the 
two activated carbons is also shown in Figure 3. The distribu
tion of very large macropores in the two samples is essentially the 
same, but there are very few small macropores in sample 8.

S i l i c a - A l u m i n a  G e l s .  The silica-alumina gels presented in 
Figure 4 show the relatively wide distribution of macropores with
in samples prepared by different methods. The absence of any 
flattening of these curves at high pressures is noteworthy as in
dicating a relatively small proportion of macropores.

The definite increase in macropore volume with decrease in 
particle and bulk density may also be noted from the data in 
Table II.

S i l i c a - A l u m i n a  G e l  a n d  F l i n t  Q u a r t z .  Although flint 
quartz because of its low total pore volume would not normally 
be classed as a porous material, the data in Figure 5 show that 
it has a few relatively large pores. The macropore volume at 
4000 pounds per sq. inch pressure is equal to the total pore volume 
calculated from particle and true densities. The silica-alumina 
gel sample with a total macropore volume practically equal to 
that of the flint quartz has a uniform distribution of macropores.

P o r o u s  I r o n .  The porous iron sample was obtained from a 
small experimental briquet. Material was not available for the 
usual particle and real density measurements, the particle density 
value shown in Table II  having been obtained from the weight 
and geometric volume of the briquet, while the true density is a

85^360 534 356PORE DIAMETER, A.

Figure 5 . Macropore Volum e of Flint Quartz and Silica- 
A lum ina G e l
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2
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Figure 6 . M acropore Vo lum e of Porous Iron

handbook value for iron. The low value for the calculated per
centage of macropores, 80%, is no doubt due either to the destruc
tion of very large pores when the briquet was granulated or to  
the presence of a large number of very large pores.

E f f e c t  o f  M e t h o d  o f  P r e p a r a t i o n .  Macropores may be 
incorporated in individual particles during the course of prepar
ing the sample. This is shown in Figure 7 in which the macropore 
distribution of pelleted gel (13F) particles may be contrasted with 
that of gel particles (13E) which had not been ground and re
consolidated by pelleting.

E f f e c t  o f  C a r b o n  D e p o s i t i o n .  When hydrocarbons are 
cracked on clay catalysts a deposition of carbon is left in the 
pores of the catalyst particles. The data plotted in Figure 8 
show that small amounts, 1.2%, of such carbon exert only a 
minor plugging effect in the macropores. This carbon was de
posited by cracking light gas oil a t 800 ° F. followed by thoroughly 
purging out the cracked products with nitrogen. The sample 
was pumped out at room temperature in the usual manner prior 
to  covering with mercury.

E f f e c t  o f  M e s h  S iz e  o n  M a c r o p o r o s i t t .  In  most of the 
determinations reported here the granules or particles were be
tween 4- and 14-mesh, usually relatively narrow-mesh sizes. 
The effect on macropore volume of granulating to smaller mesh 
sizes is shown in Figure 9. Reducing the size of the high-macro- 
pore-volume activated clay granules from 4- to 6-mesh to 20- to 
28-mesh decreased the macropore volume, while similar size re
duction of the low-macropore-volume silica alumina gels increased 
the macropore volume. These effects may be explained by 
assuming tha t some large pores are actually destroyed in the case 
of the clay catalyst, while with the gel catalyst more macropore 
volume is available in the smaller granules because some such 
pores are actually blocked off from contact with the mercury in 
the larger particles.
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Figure 7 . Macropore Volum e of Silica-A lum ina G e ls Prepared 
by Different Methods

Figure 9 . Effect of M esh Size on M acropore Vo lum e of A c t i
vated C lay and Silica-A lum ina G els

H y s t e r e s i s .  The appearance of the samples after the
10,000 pounds per sq. inch measurements varied widely. The 
gels, with the exception of those that had been pelleted, con
tained very little mercury, while the fuller’s earth, activated 
clay, pelleted gels, bauxite, activated carbon, diatomaceous 
earth, and activated alumina samples contained considerable 
quantities of mercury. For example, the activated clay pellets 
contained 148% by weight of mercury after each pellet had been 
bounced to remove any that was loosely held. Pellets subjected 
to 2000 pounds per sq. inch pressure were light gray in color, 
while samples removed after a 10,000 pounds per sq. inch test 
were very dark gray. Pellets cut in half showed that the mer
cury was uniformly dispersed throughout the particle.

Diatomaceous earth, material No. 4, was substantially different

Table III. Hysteresis in M acroporosity Determinations
_____________ M acropore Volume____________
Occupied bym ercury a t Occupied by  m ercury a t 2510,000 p.s.i. p.s.i. pressure a fte r 10,000-M aterial pressure p.s.i. measurements

Percentage of totalCc. / q. Cc. / q. macropore volume
6 A ctivated clay 0.191 0.130 *68.1

10 Bauxite 0.124 0.068 54.84 Diatomaceou« earth 1.49 1.47 98 .88 A ctivated carbon 0.344 0.285 82 .8
9 A ctivated carbon 0.685 0.551 80.6

13G Pelleted silica-alumina gelSilica-alumina gel
0.147 0.090 61.3

13E 0.0282 0.0001 0 .415 F ritted  glass 0.161 0.0436 27.1

Figure 8. Effect of Carbon Deposition on Macropore Volum e 
of Activated C lay Pellets

Figure 10 . Hysteresis in M acropore Vo lum e Measurements

from both the activated clay and the gel catalysts. Upon re
moval from the 10,000 pounds per sq. inch test the individual 
granules were only very slightly darker but very much heavier 
than when charged, some samples having increased as much as 
1600% in weight. When halved with a knife a globule of mer
cury appeared, the individual halves having practically the same 
appearance as halves which had never been in contact with 
mercury. When the two sections were again halved more mer
cury globules appeared.

In addition to the varying appearances of the samples after the 
test, it was noted that, with most of the samples, upon releasing 
the pressure after a 10,000 pounds per sq. inch test the desorption 
curve did not follow the absorption curve. Two examples of this 
phenomenon are presented in Figure 10. With some of the 
samples the desorption of the mercury at the lower pressure 
occurred slowly but seemed to approach a definite equilibrium.

Measurements of the hysteresis encountered with the various 
materials used in this investigation are presented in Table III, 
in which the volume of mercury remaining in the pores of the 
materials after reducing the pressure from 10,000 to 25 pounds 
per sq. inch is shown. The last column of this table presents 
values which are a direct measure of the number or quantity of 
pores from which the mercury is not desorbed. The very large 
difference between the pelleted and nonpelleted silica alumina 
gels, 13G and 13E, as well as the extremely high value for the 
diatomaceous earth is worth noting.

If the pores of these materials were either uniform in diameter 
or V-shaped one would expect the mercury to flow out when the 
applied pressure is released. If, however, there are pores with



December, 1945 A N A L Y T I C A L  E D I T I O N 791

small mouths, the so-called ink-bottle pores (7, 8), they would not 
be expected to empty when the pressure is released.
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Rapid Method ior Determination of Copper in Steel
Especially Suitable for Foundry Control

FR ED ER IC K  B. C L A R D Y , J O H N  C . E D W A R D S , a n d  J O H N  L . L E A V IT T  

Chemical Laboratory, Norfolk N avy Yard , Portsmouth, V a .

A  method is described for the rapid and accurate determination of 
copper in plain and a lloy  steels for foundry control. The total time 
for the analysis is approximately 15 minutes. Its accuracy makes it 
suitable as a standard method for copper in steel up to 1 .3 %  with a 
maximum error of less than ± 0 .0 2 . The method involves precipita
tion of copper as cuprous thiocyanate from a perchloric acid solution 
and subsequent titration of the cuprous thiocyanate by the Andrews 
method, using chloroform and potassium iodate.

IN THE manufacture of electrical steel the advent of copper- 
bearing steel scrap makes mandatory a rapid analytical 

method for the determination of copper. For the purpose of 
foundry control such a method must permit a determination to 
be made within 15 minutes and must be reasonably accurate.

Direct electrolytic procedures, as established by Frediani and 
Hale (7), Silyerman, Goodman, and Walter (20), and Levine and 
Seaman (14), require a minimum of 40 minutes to 2 hours after 
solution of the metal, as well as a correction if molybdenum is 
present.

No volumetric procedures for the direct determination of cop
per in the presence of iron were found by the writers, although 
Lundell (15) in the titration of nickel using potassium thiocyanate 
and silver nitrate, states that copper would titrate as nickel. If 
such a method were devised for copper, the necessary correction 
for nickel would introduce another step and make the method 
too lengthy.

Direct colorimetric and polarographic methods were not in
vestigated. Spectrographic procedures were not considered, 
since no spectrograph was available.

Indirect methods—that is, methods which involve a prelimi
nary separation of the great bulk of the iron from the copper— 
were studied. All involve solution of the metal and subsequent 
precipitation of the copper with hydrogen sulfide (15, 19, 23), 
sodium thiosulfate (15, 19, 23), sodium thiocyanate (2, 3, 15, 
23), aluminum metal (19), organic précipitants (27), or internal 
electrolysis (17). Final determination of the per cent copper 
present can be accomplished by various methods: electrolyti- 
cally, eolorimetrically, by ignition to the oxide of the sulfide pre
cipitate, by precipitation with a-benzoinoxime and subsequent 
ignition to the oxide, by titration to the removal of the blue color 
complex by potassium cyanide, by titration of the reduced salt 
with potassium bromate using chloroform [Jamieson’s modifica
tion of Andrews method (1, 10) ), by titration of the oxidized salt

of copper with the iodide-thiosulfate procedure, and by titration of 
cuprous thiocyanate with iodate (23).

In the procedures reviewed for the separation of copper from 
iron, solution of the metal by dilute sulfuric acid is recommended. 
The action of this acid results in the formation of ferrous iron, 
metallic copper, and cuprous copper. In this condition the cop
per can be quantitatively precipitated. The time required to dis
solve the metal varies with the metal and its particle size, but in 
most cases complete solution cannot be effected in less than 15 
minutes.

This fact established a pattern that it was found necessary to 
follow: (1) dissolve the metal in nitric acid in order to effect its 
immediate solution, (2) fume with perchloric acid to remove the 
nitric acid, (3) add sulfurous acid to reduce the iron and copper,
(4) add sodium thiocyanate to precipitate the copper and permit 
its separation from iron, and (5) titrate the cuprous thiocyanate 
by the Andrews method.

Step 1 affords practically instantaneous solution of the metal. 
Step 2 removes the oxidizing acid and replaces it with a nonoxi
dizing acid (perchloric is nonoxidizing in the cold). Step 3 re
duces the copper to a form in which it will precipitate and the 

'iron to a form in which it will not interfere with the precipitation. 
This step could have been effected by stannous chloride, but there 
was danger of the latter hydrolyzing during filtration and causing 
erroneous results. In step 4 sodium thiocyanate causes almost 
immediate precipitation of copper, when the solution is properly 
buffered, and the precipitate is not contaminated by sulfur as 
would be true if hydrogen sulfide or sodium thiosulfate were used. 
Step 5 was adopted because the copper was in the ideal form for 
this titration and it was deemed more accurate in the reaction of 
cuprous to cupric ion. Other procedures were used successfully 
after the copper was oxidized to the cupric form, but were not 
adopted, as the oxidation of the copper introduced one extra 
step that was felt unnecessary.

REAGENTS REQUIRED

Nitric acid, 15 N , chemically pure, reagent grade.
Perchloric acid, 70 to 72%, chemically pure, reagent grade.
Hydrofluoric acid, concentrated, chemically pure, reagent 

grade.
Hydrochloric acid, 12 N , chemically pure, reagent grade.
Sodium thiocyanate, c.p., 5%, water solution.
Gelatin, 2%, water solution.
Sulfur dioxide, c .p .,  saturated water solution.
Sodium acetate, c .p .,  reagent grade.
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Chloroform, c.p., reagent grade.
I o d i n e  M o n o c h l o r i d e  S o l u t i o n .  Dissolve 10 grams of 

c.p. potassium iodide and 6.44 grams of c .p . potassium iodate in 
75 ml. of distilled water. Add 75 ml. of hydrochloric acid and 
5 ml. of chloroform. Put in glass-stoppered bottle and adjust 
exactly to  a very faint iodine color in the chloroform layer by 
shaking and adding dilute potassium iodide or iodate as the case 
may require. When not in use keep the solution of iodine mono
chloride in a cool, dark place.

P o t a s s i u m  I o d a t e ,  c .p . ,  Standard solution. Dissolve 1.1784 
grams in 1 liter of distilled water. One milliliter is equivalent 
to 0.0%% of copper based on a 1-gram sample. (This salt is 
sufficiently pure to use as a primary standard.)

PROCEDURE

Dissolve a 1-gram sample of steel in a mixture of 5 ml. of per
chloric acid and 5 ml. of nitric acid in a 300-ml. Berzelius beaker. 
Add 2 drops of hydrofluoric acid to remove silica. Fume gently 
to remove nitric acid and until iron perchlorate salts precipitate. 
Do not heat these salts to decomposition, as sparingly soluble 
iron oxide is formed. Cool slightly and dilute with approximately 
20 ml. of distilled water. Add 10 ml. of sodium thiocyanate, 
boil, add 100 ml. of sulfurous acid and 5 grams of sodium acetate, 
boil, add' a few drops of a gelatin solution, and stir. Cool in an 
ice bath and add ice to the solution. When chilled, filter through 
a Shimer filter tube, using a filter pad made from a mixture of 
one each of thoroughly pulped No. 40 and No. 41, 12.5-cm. 
Whatman’s filter paper. Wash with cool, oxygen-free, distilled 
water until free of sulfur dioxide. Remove the filter pad and 
insert it into a separatory funnel containing 25 ml. of chloroform, 
60 ml. of hydrochloric acid, 40 ml. of cool, boiled, distilled water, 
and 3 drops of iodine monochloride solution. Shake the solution 
and pad vigorously and titrate the solution with potassium io
date solution until the pink color in the chloroform layer dis
appears, which is the end point of the titration. Add the iodate 
solution gradually, and shake the solution vigorously after each 
addition.

RESULTS

Table I indicates the optimum precision of the method. These 
results were obtained without regarding the time element.

Table I I  shows results obtained under conditions similar to 
foundry control when the time factor is important.

Table I. Determination of Copper

Bureau of S tandards No.of
D eviation from %  C u Presen t %  CuStandard A naly M axi Aver I “ 0 ",Found PresNo. T ype of M aterial ses mum age ent

21c Acid open hearth 4 0.010 0.006 0.044 0.050111a Nickel-molybdenum 3 0.001 0.000 0.079 0.07932c Chrom ium -nickel 3 0.003 0.002 0.097 0.09915b Basic open hearth  Basic electric 3 0.003 0.002 0.147 0.14565b 4 0.007 0.001 0.206 0.20520c Acid open hearth 4 0.005 0.003 0.258 0.25535a Acid open hearth 5 0.011 0.002 0.265 0.267

SyntheticStandards
1

Bureau of S tandards Std. Sample 13d plus G rains of Copper
0.00128 7 0.010 0.002 0.148 0.1502 0.00255 5 0.005 0.002 0.275 0.2773 0.00383 5 0.004 0.001 0.403 0.4044 0.00510 6 0.010 0.005 0.527 0.5325 0.00893 5 0.011 0.001 0.894 0.8936 0.01275 5 0.017 0.001 1.297 1.296

PRECAUTIONS

For the purpose of expediting the results, the amount of per
chloric acid specified is such tha t the residual acid left will be 
adequately buffered by the amount of sodium acetate added. If 
the solution is fumed too vigorously, insoluble iron salts are 
formed, yet if the solution is not fumed adequately the resulting 
solution will be too acid for the copper to precipitate quantita
tively. Experience will quickly establish the proper fuming 
point.

The precipitate of cuprous thiocyanate is very finely divided

and the filter pad must be packed comparatively tight to prevent 
loss of the precipitate.

The wash water must be cool and free from oxygen.
If the precipitate and filter pad are not washed free of sulfur 

dioxide, erroneously high results will occur.
The chloroform-hydrochloric acid mixture should be cool and 

must not contain any oxidizing substance.
Other insoluble thiocyanates must not be present.

CONCLUSION

The procedure outlined gives accurate results within the re
quired time. Its  limitations are well under the maximum error 
of =*= 0.02%, which is adequate for most work. The faults may be 
overcome when a better coagulant is found and a better filtering 
mechanism is devised.

Bureau of S tandards S tandard  No.
20c35a

a Analyst A. * Analyst B.

Table II. Determination of Copper
(Acid O pen-H earth Steel Ueed)

M aximum D eviation from  % Average No. of Tim e, Cu PresentAnalyses M inutes Max. Av.
6« 1615 0.0130.007 0.0040.004

% Cu Found
0.2510.263

% Cu Present
0.2550.267
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Determination of W ater Content in O ils
M . M . A C K E R  a n d  H . A .  F R E D IA N I 

Eimer and A m en d , N ew  Yo rk , N . Y.

RECENT publications (1, 2, 4) have definitely shown the 
Karl Fischer reagent to have great merit for the determina

tion of water. Insufficient emphasis, however, has been placed 
upon pitfalls that may be encountered in adapting this reagent 
and technique to a new control method. Properly employed, with 
due regard to necessary precautions in manipulation, the Karl 
Fischer method lends itself readily to accurate and rapid water 
determinations. Improperly used, erroneous results and lack of 
reproducibility become the rule rather than the exception.

The adaptation of this method to the determination of mois
ture in oils (insulating and lubricating, both new and used) is 
possible only with careful and painstaking adherence to a pre
determined uniform technique. Since the variable limits to be 
encountered in this field are water contents of 5 to 200 p.p.m., 
the general procedure of McKinney and Hall (5) recommending 
sample sizes between 50 and 150 mg. of water cannot be pursued. 
The titration of a variable multiphase system as undertaken by 
Aepli and McCarter (1) leaves much to be desired. The excellent 
visual titration method proposed by Flowers (3) is usable only 
with clear, colorless oils and requires a well trained, practiced 
operator.

Flowers’ method consists of a visual titration using from 10 to 
200 grams of sample and a titration solvent consisting of 10 ml. of 
absolute methanol and 50 ml. of dried benzene. To quote, “it 
has been found necessary to hold the duration of each determina
tion within narrow limits. A stopwatch should be used to time 
the titration of the blank and the titration of the sample.” When 
samples larger than 30 ml. in volume are used a multiphase system 
results. For large samples and dark oils the end point becomes 
difficult to see. With the fighting arrangement and titration 
care suggested and with a little practice it becomes possible for a 
trained observer to carry out accurate determinations by this 
procedure.

Some of the major difficulties tha t must be considered in the 
formulation of a satisfactory technique for this determination are:

1. The actual quantities of water encountered are exception
ally small if samples of convenient size are to be used.

2. Many samples are dark colored, limiting the use of a visual 
titration method.

3. The Karl Fischer reagent and its decomposition products 
are generally immiscible with the majority of samples encoun
tered. Addition of methanol alone does not alleviate this condi
tion.

4. The quantity of water present in most solvents tha t may 
be employed as titration media is apt to  be much greater than 
th a t present in the sample itself, necessitating relatively large 
blanks.

5. Samples of high water content may be heterogeneous.

The authors’ interest in this problem was aroused some time 
ago because of the difficulties encountered by laboratories cooper
ating with Committee D-9, Section N, Subcommittee IV, of the 
A.S.T.M. The work so far accomplished indicates tha t the Karl 
Fischer method can be employed satisfactorily for this determina
tion but tha t adherence to  the recommended technique must be 
unfailing.

REAGENTS A N D  APPARATUS

Eimer & Amend Karl Fischer reagent and standard water in 
methanol were used throughout. To enable the use of larger 
volumes of reagent and thus minimize errors of measurement, the 
freshly mixed, strong Karl Fischer reagent should be diluted with 
sufficient anhydrous c.p. methanol and pyridine (best grades 
available) in ratio 3 to 1, so that the final strength will approx
imate 1 ml. of Karl Fischer reagent =  2.0 mg. of water.

As titration solvent a mixture of anhydrous chloroform and 
methanol was found most suitable. Technical chloroform was

found to contain appreciable amounts of moisture. The major 
portion (to cut down on size of blank) was removed by adding 
0.37 kg. (l lb.) of 6- to 16-mesh freshly dried silica gel to a 11.3-kg. 
(25-lb.) can of chloroform and letting stand for 3 or 4 days with 
occasional agitation. The chloroform decanted was found to 
contain less than 5 p.p.m. of water. A good grade of c.p. methanol 
(conforming to A.C.S. specifications) was used. Methanol 
containing more than 0.02% water (determined by Karl Fischer 
titration) was rejected, in order to keep the solvent blank a t a 
minimum. The solvent blank is compensated for automatically 
in the method employed. The use of benzene, ethyl ether, 
petroleum ether, naphtha, methanol, isopropanol, carbon tetra
chloride, and tetrachloroethane was investigated. The chloro- 
form-methanol system was the only one found satisfactory under 
all conditions. All titrations carried out in this medium resulted 
in homogeneous single-phase systems. All types of oils investi
gated as well as the reagent and its decomposition products are 
soluble in the quantity recommended and troublesome multi
phase liquid-liquid, liquid-solid, or liquid-fiquid-solid systems are 
not encountered.

The qualitative unit alone of the Fisher Senior titrimeter 
(Catalog No. 9-312) employing the polarized platinum-platinum 
electrode system was used for indicating the potentiometric end 
point. The end point is fully as sensitive as tha t of the dead-stop 
method of Wernimont and Hopkinson (6). Titrations were 
carried out in flat-bottomed, extraction-type Pyrex flasks of 250- 
ml. capacity. The setup was essentially the same as that of 
Almy et al. (3). A split, two-holed, machined Bakelite stopper 
was used to prevent contamination by atmospheric moisture.

A stop watch was essential for ascertaining the end points.

PROCEDURE

Best results are obtained with rigid adherence to the following 
details:

Place 100 ml. of dehydrated chloroform and 25 ml. of anhy
drous methanol in the 250-ml. titration flask and set on the stand 
with Bakelite stopper, stirrer electrode, and buret for Karl Fischer 
reagent in position. Adequately protect the buret containing the 
Karl Fischer reagent from atmospheric moisture with silica gel or 
other suitable drying medium. Use a Castaloy buret regulator 
(Eimer and Amend Catalog No. 3-886) to give a consistently 
uniform dropping rate. Add 15 to 20 drops of Karl Fischer re
agent, turn on stirrer, and then adjust the cathode ray tube 
(magic eye) control so that the eye is closed. Continue adding 
the reagent 5 drops (0.1 ml.) a t a time. After each addition the 
eye will open and then slowly close. The end point is reached 
when the eye remains steadily open for a minimum of 30 seconds 
after the reagent has been added. This initial end point repre
sents a blank for the titration solvent and the volume of reagent 
used need not be recorded. Immediately after this blank is 
reached, pipet 25 ml. of standard water in methanol into the flask. 
Do not permit the flask to remain open to the atmosphere longer 
than necessary. Again titrate to an end point, recording the 
volume of Karl Fischer reagent used. Do not readjust the eye 
control but leave it as initially set for all subsequent titrations.

In  titrating the standard water solution add approximately 
80% of the required Karl Fischer reagent rapidly (add 10 ml. if 
the reagent is of the above recommended strength and if the “ 1 
ml. equals 1 mg.” standard water solution is used). Complete 
the titration by 5-drop additions until the 30-second end point is 
again reached. The water equivalent of the reagent then may be 
accurately calculated. Duplicate runs should check to within 
0.1 ml. Discard the titrated solution, again add chloroform and 
methanol to the flask, titrate to a 30-second end point, add the 
unknown oil sample, and retitrate using 5-drop increments. 
Samples weighing 40 to 60 grams yield most consistent results. 
These samples may best be taken by filling a 175-ml.. (6-ounce) 
screw-cap bottle with the sample, weighing to the nearest 0.5 
gram, pouring an estimated 50-gram sample into the flask, and 
ascertaining the exact weight used by difference.

DISCUSSION

Unlike most recent publications on this technique, the authors 
recommend direct titration with the Karl Fischer reagent. I t  is
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Table I. Decomposition of Reagent
Excess R eagent Added T otal Decomposition Time(after Reaching E nd Point) (with Agitation)

M l. Sec.
0 .15  1750 .3 0  2950 .45  435

well known that the Karl Fischer reagent deteriorates on stand
ing. The iodine-consuming reaction, noted by Almy (%) even in 
completely sealed systems, is accelerated by impurities present in 
the pyridine. This decomposition necessitates adequate control 
of the rate of titration for utmost reproducibility. In the com
monly used back-titration methods excess Karl Fischer reagent 
is added to the sample being titrated and the excess reagent is de
termined by use of standard water in methanol. During the 
period while the excess Karl Fischer reagent is in contact with the 
solution its decomposition adds an unknown factor to the prob
lem. The magnitude of the decomposition will depend upon the 
nature of other materials already present in solution and the 
length of time required for back-titration.

Obviously, in a direct titration method there will be no excess 
Karl Fischer reagent until all the water present has reacted. Use 
of a completely closed titration vessel in this laboratory indicated 
tha t in the presence of nothing but methanol and its own 
decomposition products, decomposition of the reagent did occur, 
as indicated in Table I.

Titrating with 0.1-ml. increments thus yields an adequate end 
point before decomposition of the reagent enters the picture.

Because of the nature of this reagent, the authors feel it is in
advisable to attempt to obtain 1-drop end points. Precision of 
this magnitude is obtainable only with extremely rigid control 
of conditions. Even with completely closed systems, slight varia
tions in the length of time required to add samples are sufficient 
to  prevent duplication of end points to this degree. Back-titra
tion is dangerous because an additional step is added to the pro
cedure, the titration time is extended, and the effect of decompo
sition of the reagent and contamination by atmospheric moisture 
is accentuated.

Actually, in order to assure a perfectly homogeneous 
titration medium the weight ratio of chloroform to sam-

Table II. Light O il
W eight of Sample H*0 Found Deviation from Average

Grama P .p.m . P .p.m .
48 61 .8 +  16.860 52.1 +  7 .249 57.1 +  12.262 45.1 +  0 .267 41.7 -  3 .250 4 6 .0 +  2 .940 70.0 + 2 5 .972 32 .0 - 1 2 .959 44.6 -  0 .351 45.1 +  0 .242 54 .8 +  9 .974 31.1 - 1 3 .856 54.0 -  0 .944 44.9 0 .052 44.2 -  0 .771 30.2 - 1 4 .770 32.9 - 1 2 .047 48.9 +  4 .064 41.2 -  3 .754 30 .5 - 1 4 .456 45.9 +  1 .057 40.3 -  4 .656 45.9 +  1 .069 43 .0 -  1.928 46.2 +  1.366 42 .5 -  2 .446 54 .0 +  9 .167 42 .0 -  2 .965 43 .5 -  1.462 45.3 +  0 .4

At . 44.9

pie taken should be 2 to 1. If conditions necessitate the use of oil 
samples larger than 70 grams, more chloroform should be used in 
the titration solvent than tha t recommended above.

Tables II and III  represent the data obtainable. A precision 
of 10% (of the water content) is assured. This precision should 
be satisfactory, considering the small quantities involved.

In Table II are listed the data for a series of 30 analyses of a 
light oil.

The samples were taken from a single container and run on 
successive days, using different strengths of Karl Fischer reagent. 
Results indicate that there is not a progressive increase in mois
ture content. Because occasional results are erratic, it is strongly 
recommended that at least 3 samples be titrated each time and 
that obviously high results be discarded.

Table III. Transformer O il
W eight of Deviation fromSample HiO Average

Grams P.p.m . P .p.m .
New Transform er Oil

77 25.2 -  4 .156 34.5 +  5 .254 31.4 +  2.144 30.2 +  0 .950 29 .0 -  0 .352 27.9 -  1.441 26.6
Av. 29.3

Used T ransform er Oil

-  2 .7

47 123.0 +  16.240 118.0 +  11.251 98.0 -  8 .884 93 .0 - 1 3 .879 102.0
Av. 106.8

-  4 .8

About 20% of the results obtained deviate from the average by 
more than 10 p.p.m. The same care was used in handling all 
samples. No relationship between magnitude of the error and 
atmospheric humidity could be found, indicating that the expo
sure while transferring from weighing bottle to titration vessel 
could not be causing the abnormally high results. The abnor
mally low results are j ust as unexplainable. A satisfactory proce
dure, in the authors’ laboratory, has been to run at least 3 samples 
of all unknowns. The average of all 3 is used if no determination 
is far off from the other 2.

If any single determination is definitely much higher or lower 
than the other two it is discarded and the average of the two 
closer determinations used. If the eight values in Table II, 
deviating by 10 or more p.p.m. are eliminated, the average of 
the remaining 22 determinations is 45.8 p.p.m. Using this 
average and redetermining the deviations the average deviation 
becomes 6.1%.

The data in Tables III  are on samples recently received on a 
round robin from the A.S.T.M. The precision implied by these 
results is sufficiently adequate for routine testing of such oils.
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Determination of Ether Vapor in Gaseous Mixtures
Separation and Determination in Gaseous Mixtures Containing Ethylene and 

Determination of Dissolved Ethylene in Ethyl Ether
C . C . M E L O C H E  a n d  W . G . FR ED R IC K 1 

Chemical Laboratory, University of M ich igan, A n n  A rb o r, M ich .

A  method for the separation and determination of ether vapor in 
gases containing ethylene consists of absorption of the ether vapor 
by hydroferrocyanic acid suspended in 3 to 2 sulfuric acid contained 
in a single gas pipet. The subsequent determination of oxygen in 
the dissolved gases recovered is unaffected by previous use of the 
hydroferrocyanic acid reagent, providing a gas mixture of similar 
composition has previously been shaken with the reagent.

SINCE ethylene is usually formed in the processes employed 
for the manufacture of ether, a good method for determining 

dissolved ethylene is desirable in a complete examination for all 
possible impurities. I t  was found tha t the solution of the prob
lem could be based upon the formation of a compound of low 
vapor pressure containing ether of crystallization, in particular 
upon the compound formed between ether and hydroferrocyanic 
acid (/, 2).

PREPARATIO N O F REAGEN T

Hydroferrocyanic acid was prepared (4) by dissolving 56 
grams of potassium ferrocyanide crystals in 100 ml. of hot water, 
adding 300 grams of crushed ice together with a piece of solid 
carbon dioxide, adding 400 ml. of concentrated hydrochloric acid, 
and immediately filtering the white precipitate through a Buch
ner funnel containing some dry ice. The solution was kept at 
0° C. during the operation. The filtrate, which soon turned blue, 
was discarded. The active reagent for ether was then prepared 
by adding the entire yield of free unwashed acid to 150 ml. of 
concentrated sulfuric acid under a well ventilated hood. Ac
cording to Chrotien (3) a stable addition compound with sulfuric 
acid is formed in the cold. The mixture became warm, evolved 
hydrogen chloride and possibly some carbon monoxide', and 
part of the solid went into solution. After further degassing by 
shaking and suction, 100 ml. of water were added and the mix
ture was well stirred. A fine white precipitate formed which re
mained in suspension. The mixture was stored in a glass-stop
pered bottle and allowed to stand a t room temperature. Ap
proximately 100 ml. of this suspension of hydroferrocyanic acid 
in sulfuric acid were decanted into a small single Hempel gas 
pipet, leaving any coarse crystals behind. If the tubing of the 
gas pipet other than the capillary tubing was of large diameter— 
e.g., 12 mm.—and the precipitate was occasionally stirred by in
troduction of nitrogen through the capillary no trouble was ex
perienced with clogging. The reagent kept well in such a pipet 
without any special precaution to exclude oxygen.

A N A LYSES  O F SYNTHETIC GASEO US MIXTURES

Synthetic gaseous mixtures containing ether vapor, ethylene, 
and hydrogen were prepared in order to check the accuracy of the 
analytical separation of ether vapor from ethylene. The admix
ture of air or oxygen was avoided and mercury was used as the 
retaining liquid. On analysis of this mixture ether vapor was 
determined by the hydroferrocyanic acid suspension contained 
in a Hempel pipet as described above, using 5 passes and shaking 
the pipet. Ethylene was determined by absorption with 100% 
sulfuric acid containing nickel sulfate and silver sulfate as cata
lysts (7), and hydrogen was obtained by difference.

I t  was found that once the reagent had been saturated with the 
other gases in the mixture, it became specific for ether vapor. A 
measured volume of oxygen shaken with the previously saturated 
reagent was recovered quantitatively. The reagent after stand-

1 Presen t address, Bureau of Industria l Hygiene, D etro it D epartm ent of 
H ealth, D etro it, M ich.

ing in a single Hempel pipet in contact with air for several weeks 
showed little if any visible change and was still available for the 
quantitative absorption of ether vapor. For ether vapor concen
trations under 10% the reagent may be used continuously, but 
for higher concentrations the reagent must be allowed to stand 
in the pipet for a few hours between analyses if quantitative re
covery is desired. Gases recovered in the boiling out method
(5) rarely contain more than 3% of ether vapor. The data in 
Table I  illustrate the value of this reagent.

Moreover, the use of the hydroferrocyanic acid reagent to de
termine the partial pressure of ether vapor in mixtures of ethylene 
and nitrogen saturated with ether vapor at a low temperature— 
e.g., 0° C.—gave values which agreed with the published values
(6) for the vapor pressure of ether a t the same temperature. The 
volume per cent of ethylene in the residual gas as determined by 
fuming sulfuric acid was found to agree with the value obtained 
in the original gaseous mixture before saturation with ether vapor, 
showing tha t the separation was accurate.

There should be no difficulty in determining small amounts of 
ether vapor in ethylene—for example, a few tenths of 1%—since 
the hydroferrocyanic acid reagent is more effective for smaller 
concentrations of ether vapor. The size of the sample of the 
volatile solvent can be increased to 500 ml. or a much larger

Table 1. A nalyses of Synthetic Gaseous M ixtures Containing
Ether V ap o r, Ethylen e , and Hydrogen

C onstituent Present Found D eviation
% % %

E th er vapor*‘ 6 .6 6 .6 0 .0E thylene“ 80 .0 8 0 .0 0 .0H ydrogen“ 13.4 13.4 0 .0
E th er vapor 6 .6 6.6 0 .0Ethylene 80 .0 79.9 - 0 . 1Hydrogen 13.4 13.5 + 0 .1
E th er vapor 42 .3 42.4 +  0 .1Ethylene 4 3 .0 42.9 - 0 . 1Hydrogen 14.7 14.7 0 .0
E th er vapor 42 .3 42.3 0 .0Ethylene 4 3 .0 42 .8 - 0 . 2Hydrogen 14.7 14.9 + 0 .2
E th er vapor 42 .3 42.1 - 0 . 2Ethylene 43 .0 4 3 .0 0 .0Hydrogen 14.7 14.9 +  0 .2

“ Triplicate analyses of th is m ixture gave the  sam e results, b u t a fourth showed slight deviations as indicated in Table II .

Table II. Recovery of Ethylene and Nitrogen Dissolved in or 
M ixed  with 500 M l. of Ether

(0° C .t 760 mm.)
Deviation, Ml. ofNitrogen Ethylene Ethylene D eviation, E th y le n e /100Added“ Added Recovered Ethylene Ml. of E ther

M l. M l. M l. M l.
0 .00 40 .00 39.20 - 0 .8 0 - 0 .1 60 .00 43.08 41.50 - 1 .5 8 - 0 .3 20 .00 41.80 41.05 - 0 .7 5 - 0 .1 50 .00 71.80 70.80 - 1 .0 0 - 0 .2 032.00 38.60 38.50 - 0 .1 0 - 0 .0 231.90 39.70 39.50 - 0 .2 0 - 0 .0 432.00 40.00 39.90 - 0 .1 0 - 0 .0 2

•  Nitrogen when added was recovered in each case quan titatively .
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volume if the size of bulb A  (5 , Figure 1) is increased. A gas 
buret of special design with graduated tubing of small diameter 
a t the lower end would make possible precise determination of a 
very small volume of ether vapor. The authors made no deter
minations of amounts of ether vapor less than 6.6 volume %, 
though results indicated that the 0.5 to 3.0% of ether vapor com
monly present was satisfactorily removed by the hydroferro- 
cyanic acid reagent (Table II).

Solutions containing ether and known amounts of dissolved 
ethylene and nitrogen were then prepared and analyzed by the 
boiling out method (6). The ether vapor was removed from the 
recovered gases by the hydroferrocyanic acid reagent and the 
ethylene determined by the method mentioned above. I t  will be 
noted in Table II  tha t with a moderate partial pressure of ethyl
ene (55 volume %  or less) in the dissolved gases recovered the 
determination of ethylene is quantitative. The removal of ether 
vapor in this manner thus makes possible the subsequent deter
mination of ethylene by customary methods and also the deter
mination of total dissolved gas if ethylene is present.
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Determination of Dissolved Gases in Volatile Liquids
A Boiling-Out Method

C . C . M E L O C H E  a n d  W . G . FR ED R IC K 1 

Chemical Laboratory, University of M ichigan, A n n  A rb o r, M ich .

A  highly satisfactory method for the recovery of gases dissolved 
in ether and other volatile solvents has been devised, based upon 
the principle of boiling out in a partial vacuum, using a reflux con
denser cooled b y  dry ice , removing the small amount of residual 
solvent vapor by chemical means, and transferring the recovered 
gases to a gas buret for measurement and analysis. .The low tempera
ture em ployed minimizes the risk of side reactions. Results can be 
obtained with an absolute accuracy of about 0 .03  volume %  or 
better, referred to the volume of the liquid sample for all concentra
tions of dissolved fixed gases in ether such as air, nitrogen, and o xy 
gen, and for moderate partial pressures of the more soluble gases 
such as methane in the gaseous mixture recovered.

O NE of the oldest methods for the recovery of dissolved 
gases in aqueous solvents is the so-called boiling-out proc

ess. Many of the methods (I, 3, 6-9) used for the determination 
of dissolved gases may be regarded as modifications of this pro
cedure. In  the present case the dissolved gases in a volatile sol
vent such as ether are removed by boiling out and evacuation, 
using an efficient reflux condenser, cooled by a suitable refriger
ant. The small amount of solvent vapor remaining is removed 
by a selective absorbent contained in a gas pipet, thus avoiding 
the necessity of fractional distillation. The advantages of the 
present method are: applicability to  volatile solvents, minimiz
ing of side reactions and of the decomposition of unstable solvents, 
use of large samples with consequent greater accuracy, simpler 
technique, and less expense.

The sublimation method (3) suitably modified was also inves
tigated by the authors and found to have several important ad
vantages—namely, quantitative removal of solvent vapor from 
the gases recovered, elimination of possible side reactions, avoid
ance of the decomposition of unstable solvents and of the forma
tion of constant-boiling mixtures, special suitability for the test
ing of boiled-out solvents for freedom from dissolved gases, and

1 Present address, B ureau of Industria l Hygiene, D etro it D epartm ent of 
H ealth, D etro it, Mich.

better adaptability for semimicroprocedure. However, the 
method is more complicated and the apparatus and materials 
are more expensive than in the boiling-out method. At the low 
temperatures suited for the sublimation of the solvent, some 
gases, such as carbon dioxide and propylene, may be left in the 
sublimate. A higher vacuum is required, liquid air or preferably 
liquid nitrogen is often needed, and large samples are not feasible. 
The very ingenious method of Swanson and Hulett (S), though 
well adapted to the determination of dissolved gases in aqueous 
solutions, is not generally available for the determination of dis
solved gases in highly volatile solvents.

A PPARATUS FOR THE BOILING-OUT M ETHOD

The apparatus which is shown diagrammatically in Figure 1 re
sembles in several respects that of Lorah, Williams, and Thomp
son (3). I t  is made entirely of Pyrex and consists essentially of 
a boiling out bulb, A , of 1000-ml. capacity, provided with a 
bulbed reflux condenser, B, which is connected by means of the 
tube, ti, to the Geissler-Van Slyke (11) pump, C, D. t¡ has an 
internal diameter of 8 mm., is provided with the hump, h, and 
slopes toward the condenser. The mercury-sealed ground-glass 
joints, jz and j>, permit removal of the tube for cleaning. The 
Geissler-Van Slyke mercury pump includes the expansion cham
ber, C, of about 170-ml. capacity, the trap, D, of about 30-ml. 
capacity, and a three-necked 500-ml. Woulff bottle, E. The 
upper bulb of the sampling pipet, F, has a capacity of 100 ml. 
and the lower bulb a capacity of 100 to 300 ml. or more. The 
entire apparatus is mounted on a rigid steel frame not shown.

PROCEDURE FOR DETERMINATION O F GASES IN SYNTHETIC SAM PLES

In  order to carry out the determination of dissolved gases the 
Woulff bottle, E, is filled with purified mercury, the three stop
pers of E  are securely wired down, and a suitable mercury-filled 
gas buret is attached at a. All stopcocks and ground joints are 
lubricated with a special dextrin-glycerol-mannitol lubricant (5) 
insoluble in ether. In the examination of synthetic samples, 
pipet F previously calibrated is evacuated by means of a good oil 
pump and charged with a measured amount of well boiled-out 
ether of analytical reagent quality and measured amounts of the 
desired gas or gases. Before ether is admitted to the evacuated 
pipet, F, tube h is lowered well below the undisturbed surface of 
the ether and filled with ether by gentle suction on tube U, bring-
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ing the first few milliliters of ether into tube U and closing stop
cock St. After introduction of the measured amount of well 
boiled-out ether into F  by appropriate adjustment of St, this 
stopcock is turned so that the unused ether in tubes U and tt can 
be removed. A leveling bulb is now attached to tt  by pressure 
tubing, and all air in U and in the pressure tubing is displaced by 
mercury. The gas is then brought into solution in the ether in F  
by pressure exerted on raising the leveling bulb and by shaking. 
The charged pipet F ,  is then attached at j \  and the annular spaces 
of ju  j i ,  and j i  are filled with mercury.

Alter all air is expelled from the buret and capillary tube, t%, the 
entire Geissler-Van Slyke pump, C, D, is filled with mercury 
above S t  but below j t  by application of compressed air a t St. 
A layer of mercury is placed a t the bottom of the jacket of the 
bulbed condenser, B , to protect the rubber stopper. The 
jacket is then filled with solid carbon dioxide and acetone. 
With stopcock S i open to A , but stopcocks Si, St, S 7 closed, the 
apparatus is thoroughly evacuated through St. Stopcock S t 
is now closed and the previously prepared synthetic sample 
is introduced a t Si. By means of the Geissler-Van Slyke 
pump, C, D, operated by compressed air and vacuum at St, 
the evolved gas slightly contaminated with ether vapor is 
gradually transferred to  the buret. If any liquid ether appears 
in pump chamber C, stopcock S t is turned so that all liquid 
ether, but no gas, may be transferred to  trap D. By means 
of a coil of slightly heated resistance wire wound around the 
lower third of the distillation bulb, the frost tha t collects on 
the bulb is kept melted for the most part, until no further bubbles 
of gas collect a t the tip of the mercury pump on the upward 
stroke.

A N A LY S IS  O F G A SEO U S MIXTURE RECOVERED

The gases normally present are nitrogen and oxygen. Small 
amounts of methane, carbon dioxide, hydrogen, and ethylene

Table I. Recovery of Tank N itrosen Dissolved in or M ixed  with 
75 M l. of Ether
(0° C., 760 mm.) D eviation, Ml. ofN itrogen Nitrogen N itro g en /100Added Recovered D eviation Ml. of E ther

M l. M l. M l.
16.49 16.51 +  0 .02 +  0 .0318.01 18.00 - 0 .0 1 - 0 .0 119.67 19.59 - 0 . 0 8 - 0 .1 117.22 17.31 +  0 .09 + 0 .1 215.42 15.47 +  0 .05 +  0 .07

Table II. Recovery of Carbon D ioxide-Free A ir  Dissolved in or 
M ixed  with 300 M l. of Ether

Air Added

(0° C., 760 mm.)

Air® Recovered Deviation
D eviation, M l. of A ir/100 M l. of E ther

M l. M l. M l.
75.00 75.04 +  0 .04 +  0.0181.97 81.92 - 0 .0 5 - 0 .0 268.45 68.49 +  0.04 +  0.0127.02 27.10 +  0 .08 +  0 .0373.15 73.20 +  0 .05 +  0 .02

° Air recovered contained in each case 20.9 or 21.0%  oxygen.

Table Recovery of Tank O xyg en  Dissolved in or M ixed  with 
300 M l. of Ether
(0° C., 760 mm.)

Oxygen Added 
M l.

87.6380 .0740.49

OxygenRecovered
M l.

87.6980 .0540.42

D eviation
M l.

+ 0 .0 6
-0.02- 0 .0 7

D eviation, Ml. of O xygen/100 M l. of E ther

+ 0.02 
-0.01 
-0.02

may also be present. The ether vapor, which constitutes 0.5 
to  3% of the gaseous phase, and any traces of alcohol vapor are 
first removed by a pipet containing fuming sulfuric acid, or pref
erably 70% perchloric acid. Solutions formed by the reaction 
of perchloric acid dihydrate and liquid ether in the ratio of 2 to 1 
by volume had a negligible vapor pressure (0 mm. of mercury) at 
25° C. as measured in the Van Slyke manometric apparatus. 
No trouble with explosions was ever experienced in this connec
tion, but the use of an explosion screen is recommended. The 
gases recovered are determined by customary methods, except 
tha t traces of hydrogen are estimated by the method of Zeng- 
helis {12) slightly modified. Ethylene or other unsaturated hy
drocarbon gases if present would be removed with the ether 
vapor. The separation of ether vapor from ethylene will be dis
cussed in another paper {If).

RESULTS

The results for the recovery of dissolved nitrogen, air, oxygen, 
and methane are given in Tables I  to IV, inclusive. The volumes 
of all gases and gaseous mixtures have been calculated to 0° C. 
and 760 mm. The ether contained in pipet F  was in all cases at 
room temperature, about 25° C., and the gases were dissolved 
to as large an extent as possible. The quantitative recovery of 
the gaseous mixture added was regarded in some cases as suffi
ciently indicative of the success attained without further analysis. 
Recovery of the gases above mentioned is highly satisfactory.

INDEPENDENT CHECK ON TECHNIQUE O F SAM PLING

In  order to make certain tha t the error in sampling was neg
ligible, dry carbon dioxide-free air was passed a t a slow rate for

Table IV . Recovery of M ethane-Tank Nitrogen M ixtures Dissolved 
in or M ixed  with 500 M l. of Ether

Gaseous
(0°

Gaseous
C., 760 mm.) D eviation, M l. of GaseousM ixture M ixture M ix tu re /100Added® Recovered ® D eviation M l. of E ther

M l. M l. M l. .
70.00 69.60 - 0 . 4 0 - 0 .0 871.55 70.20 - 1 .3 5 - 0 .2 782.47 81.45 - 1 .0 2 - 0 .2 075.10 74.20 - 0 . 9 0 - 0 .1 875.49 76.02 + 0 .5 3 + 0 .1 179.63 79.60 - 0 .0 3 - 0 .0 140.27 40.22 - 0 .0 5 - 0 .0 116.50 16.52 +  0.02 +  0 .0015.18 15.15 - 0 .0 3 - 0 .0 1

the first four experim ents m ethane-nitrogen m ixture contained 90%m ethane and in the las t five 50% m ethane.
Liquids
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Table V .  Comparison of Results O btained by Boiling-Out and 
Van S lyke Methods

Gas a t  S .T .P . per Ml. of E ther a t 24° C. 
Barom etric Pressure Boiling out method Van Slyke method

M m . of Hg M l. Ml.
737.5739.6 741.0

0.08760.0900.0910
0.08750.0910.0915

many hours through analytical reagent ether contained in a 1- 
liter flask immersed in a constant-temperature bath kept at 
240 C. The total dissolved gas was then determined by the boiling- 
out method and by the manometric method of Van Slyke (10). 
Preliminary experiments made with the Van Slyke apparatus 
had shown tha t the addition of 2.0 ml. of degassed 70 to 72% 
perchloric acid to 1.0 ml. of well boiled-out ether reduced the vapor- 
pressure of the mixture to a negligible value and tha t perchloric 
acid was preferable to sulfuric acid or phosphoric acid for this 
purpose. The results are given in Table V.

The agreement between the results obtained by the two widely 
different methods is sufficient to warrant the conclusion tha t the 
error in the technique of sampling in the case of the boiling-out 
method is negligible.

PROCEDURE FOR ROUTINE DETERMINATION O F GASES IN ETHER OF 
UNKNOW N G A S  CONTENT

In routine work on samples of unknown gas content, pipet F 
may be used as before for the volumetric measurement of the 
samples of ether, except tha t no gas of any sort is introduced 
into the evacuated pipet other than the gases originally present in 
the ether. If the apparatus is to be used exclusively for the rou

tine examination of ether samples, ground joint ji and pipet F 
may be omitted and 20 cm. or more of 5-mm. glass tubing sealed 
on below stopcock Si. The samples may then be conveniently 
measured by difference in weight of the original container before 
and after removal.
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Observations on the Rare Earths
Extraction of Ytterbium from Rare Earth Mixtures with Sodium Amalgam

T H E R A L D  M O E L L E R  AN D  H O W A R D  E . K R E M E R S 1, N oyes Chemical Laboratory, University of Illino is, Urbana, III.

O UTSTANDING among recent developments in the separa
tion of the rare earth elements are the methods involving 

direct reduction of certain of the trivalent rare earth ions to 
amalgams from aqueous solutions. Thus, by electrolytic reduc
tion a t a mercury cathode in alkaline acetate solutions containing 
potassium citrate and potassium carbonate, McCoy (5 , 6) pre
pared europium, ytterbium, and samarium amalgams in yields 
decreasing in this order. By this method, europium was readily 
removed from rare earth mixtures (6) and ytterbium was extracted 
with somewhat less efficiency (7). While McCoy was unable 
to obtain amalgams of the other rare earth elements by this pro
cedure, he did obtain europium, ytterbium, and samarium amal
gams by treating acetate solutions containing citrate and potas
sium carbonate with potassium amalgam (5 , 6).

In an important series of papers, Marsh (8-11) showed that 
the same three elements could be extracted as amalgams by shak
ing acidic acetate (or chloride) solutions with dilute sodium 
amalgam, the vigorous reactions in acidic media resulting in more 
efficient reductions than the milder reactions in the alkaline media 
used by McCoy. Indeed, under such conditions, Marsh (8) was 
able to produce amalgams with lanthanum, cerium, praseodym
ium, neodymium, and gadolinium as well, although the tendencies 
toward amalgamation were far less with these elements than with

1 Present address, Lindsay Light and Chemical Company, W est Chicago,
111.

europium, ytterbium, and samarium. Agitation of acetate solu 
tions with liquid sodium amalgam with maintenance of a suitable 
acidity permitted the separation of samarium from its neighbors
(9), the separation of ytterbium and purification of lutecium
(10), and the isolation of europium (11), all with comparatively 
high efficiencies.

Reduction procedures previously employed in this laboratory 
for the separation of ytterbium (1, 13, 14) depended upon the 
isolation of ytterbous sulfate, but since ytterbous sulfate is 
appreciably soluble (4), these procedures did not quantitatively 
remove ytterbium from the other rare earth elements. Applica
tion of the sodium amalgam extraction technique of Marsh to 
some of the authors’ materials overcame this lack of quantitative 
ytterbium removal. While the observations of Marsh were sub
stantiated in their major details, additional results on some 
phases of the method apparently not investigated by Marsh ap
peared worth reporting. In  addition, a qualitative colorimetric 
test for ytterbium and a new method for the removal of sodium 
ion from rare earth mixtures are discussed.

M ATERIALS AND APPARATUS

All rare earth materials used were from the stock accumulated 
a t the University of Illinois. Other chemicals were of analytical 
reagent quality and were used without further purification.

Solid sodium amalgam was prepared from sodium metal and 
mercury by combination under oil (3). Liquid amalgams were
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Direct reduction of ytterbic ion to ytterbium amalgam by sodium 
amalgam in acidic solutions has been verified as an excellent method 
for the removal of ytterbium from rare earth fractions and the puri
fication of ytterbium and materials containing ytterbium. In dilute 
solutions, the efficiency of the extraction is inversely proportional 
to the coordinating tendency of the anion. In more concentrated 
solutions, acetates are preferable because of the formation of stable, 
amalgam-containing sludges in the presence of chloride or perchlo
rate. Ions, such as nitrate, which are reducible by sodium amalgam 
must be absent. For most satisfactory results, extractions should be 
made in the pH  range 4  to 6 . Dissolution of the amalgams to the 
green ytterbous ion in acid solution offers a qualitative colorimetric 
test for the detection of as little as 0 .00 2  gram of ytterbic oxide in a 
mixture. Sodium salts which accumulate in rare earth materials in 
these procedures are effectively removed by precipitation of the 
rare earth elements with ammonium succinate.

prepared from the stock solid by addition of calculated weights of 
mercury.

All spectrophotometric measurements used for analysis were 
made with a Coleman Model 10S spectrophotometer equipped 
with a 10 mti slit. This instrument was calibrated against pure 
ytterbium material {IS) and against erbium and thulium ma
terials previously analyzed by the National Bureau of Standards. 
Measurements of pH values were made with a Beckman Labora
tory Model G pH meter, the glass electrode of which had been 
calibrated against a 0.05 M  potassium acid phthalate solution.

EXTRACTION O F YTTERBIUM FROM SOLUTIONS CONTAINING 
V ARIO US ANIO NS

Although Marsh found acetate solutions superior to -chloride 
solutions (5), he reported no really comparative studies. Such 
studies seemed desirable, not only for establishing the optimum 
conditions for the extraction of ytterbium but also for determin
ing the effects of acid strength and coordinating tendency of the 
anion upon the reducibility of the cation. The latter seemed of 
particular importance because the oxidation potentials of metals 
against their cations are often influenced by the presence of co
ordinating anions.

From a number of salts, the acetate, dichloroacetate, formate, 
chloride, and perchlorate were selected as being not only repre
sentative but also easy to prepare. The nitrate was excluded 
because previous experiments had shown that nitrate solutions, 
or even acetate solutions' containing nitrate, yield no ytterbium 
amalgam when treated with sodium amalgam, probably because 
of preferential reduction of the nitrate. In addition, alkaline 
citrate solutions were studied to afford a comparison of the pro
cedure with that of McCoy {5, 6 , 7).

Ytterbium acetate, dichloroacetate, formate, chloride, and per
chlorate solutions were prepared by digesting 1-gram portions of 
pure ytterbic oxide with excesses of ,1 to 1 acids (concentrated 
acids diluted with equal volumes of water) on a steam bath until 
dissolution was complete, evaporating to dryness to remove most 
of thle excess acids, and diluting to 300 ml. A citrate solution 
was prepared by mixing an acetate solution containing the 
equivalent of 1 gram of ytterbic oxide with a solution containing 
8 grams of sodium citrate and then adding sodium hydroxide to 
pH  7.

These solutions were extracted with 0.7-gram portions of 
sodium as 0.1% amalgam for varying lengths of time by vigor
ously stirring the aqueous and amalgam layers together mechani
cally at a definite and reproducible rate. The acidities of the 
acetate, dichloroacetate, formate, chloride, and perchlorate solu
tions were maintained at pH 4 to 6 by periodic additions of 1 to 1 
acids. No acid was added to the citrate solution. The amal
gams (all still containing sodium) were withdrawn and com
pletely decomposed by covering with dilute hydrochloric acid 
and aspirating air through them until mercurous chloride formed. 
From the resulting aqueous solutions and washings, ytterbium 
was recovered by oxalate precipitation and determined as oxide.

Plotted in Figure 1 are the yields, expressed as percentage of 
ytterbium initially present, for acetate, formate, chloride, per

chlorate, and citrate solutions. Dichloroacetate solutions re
acted with sodium amalgam but yielded practically no ytterbium 
amalgam.

I t  is apparent that the extent of extraction was inversely pro
portional to the coordinating tendency of the anion. With per
chlorate, chloride, and formate solutions, amalgam formation 
was the same up to a maximum. Beyond this, however, the 
stability of ytterbium amalgam in contact with dilute acid in
creased from formate to perchlorate. Thus the reduction of 
ytterbic ion to the amalgam seems to be most easily effected in 
the presence of the most weakly coordinating anion, and coordi
nating anions appear to render ytterbic ion more resistant to re
duction.

Acid strength was apparently without influence upon amalgam 
formation, since the results for perchlorate, chloride, and formate 
solutions Were nearly the same. Citrate solutions were definitely 
inferior to the acidic solutions employed. The increased effi
ciency of Marsh’s procedure over that of McCoy is thus indicated.

The appearance of the apple-green color of the hydrated ytter
bous ion (indicated by arrows in Figure 1) corresponded closely 
with the point of maximum extraction. Direct reduction to the 
amalgam is apparently followed by dissolution of the ytterbium 
as the divalent material upon excessive contact between the 
aqueous and amalgam layers. In order to achieve maximum 
efficiency in actual extractions, amalgamation should therefore be 
continued only to the appearance of this green color.

The greater desirability of more concentrated solutions for 
larger scale separations indicated an extension of the extraction 
technique to these conditions. For this purpose, an oxide mix
ture, analyzing spectrophotometrically {15) to 69% Yb20 3, 6% 
TnuOj, and 3% Er20 3 with undetermined amounts of yttrium and 
lutecium, was used as a source. Perchlorate, chloride, formate, 
and acetate solutions, each containing the equivalent of 10 grams 
of this oxide mixture in 125 ml., were each shaken with a total of 7 
grams of sodium as 0.2% amalgam in a 1-liter separatory funnel. 
Acid was added during each extraction, and in all instances the 
amalgams contained sodium when withdrawn.

Because of the formation of stable sludges containing the amal
gams, perchlorate and chloride solutions were unsatisfactory un
der these conditions of increased concentration. Acetate and 
formate solutions gave favorable results, but acetate solutions 
permitted the more ready separation of aqueous and amalgam 
layers. After five extractions, each of 1 to 2 minutes’ duration, 
with fresh portions of sodium amalgam, 97% of the ytterbium 
initially present was removed from acetate and formate solutions. 
Although extraction at 50° C. was slightly more efficient than at 
room temperature, the differences were not large.

EXTRACTION OF YTTERBIUM ACETATE SOLUTIONS A T  VA RIO U S 
ACIDITIES

To test the effect of hydrogen-ion concentration upon extrac
tion efficiency, acetate solutions containing the equivalent of 1 
gram of pure ytterbic oxide in 50 ml. were extracted with 3 grams

Figure 1 . Extraction of Ytterbium in the Presence of 
Various An ions
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Table I. Removal of Ytterbium from M ixtures
Num berof Com position as Per C ent OxideInven tory Gram s of R2O3 E xtrac TmjOa YbiOs LujOjNo. Original Residue tions Io R a Ia R° Ia R°

LU-3 11.2 1.52 5 1 9 36 < 0 .2 63 91LU-4 74.3 10.0 11 1 4 61 < 0 .3 37 95LU-5 11.6 0 .65 5 1 17 87 4 12 81LTJ-6 18.8 3.13 4 3 20 75 6 22 74LU-TM -1 39.1 2.61 8 6 55 87 5 7 40T-4 b 4 .6 1.32 5 26 88 65 < 4T M -5 C 14.4 7 .04 3 47 88 45 < 1
° I, in itial m aterial; R, residue.6 Average atom ic weight 156.c Original m ixture contained 7%  (La, Y, Ho, Er)20s.

of sodium as 0.1% amalgam until about two thirds of the sodium 
had reacted in each instance, the solutions being maintained at 
predetermined pH values by addition of glacial acetic acid. Ex
tractions in pH ranges of 4 to 5, 5 to 6, and 6 to 7 indicated the 
greatest efficiency and ease of control in the pH interval 5.0 to 
5.5. In the pH range 4 to 6, 93.5 to 95.8% of the ytterbium 
initially present was removed in one extraction, but a t higher 
acidities, premature decompositions of the amalgams gave less 
extraction. Precipitation of ytterbic hydroxide at pH 6.5 (12) 
limits extractions to more acid solutions.

SEPARATIO N OF YTTERBIUM FROM MIXTURES

Several lutecium- and thulium-rich mixtures were converted to 
acetate solutions by digesting the oxides for several days with 
dilute acetic acid on a steam bath. The nearly saturated acetate 
solutions were shaken with 3 to 11 portions of 0.1 to 0.8% sodium 
amalgam in a separatory funnel for 1 to 10 minutes per extraction, 
acetic acid being added periodically to maintain acidity. In each 
instance, the total quantity of sodium used amounted to 1 to 3 
times the weight of ytterbium initially present.

The results are presented in Table I. Ytterbium and thulium 
analyses were made spectrophotometrically upon nitrate solutions 
(IB). Lutecium contents were obtained by difference, since the 
arc spectra of these samples showed the presence of negligible 
quantities of rare earth elements other than ytterbium, thulium, 
and lutecium. The limit of detection of ytterbium by the spec- 
trophotometric method was 0.2 to 0.3% of ytterbic oxide. None 
of the extracts showed spectrophotometric evidence of thulium.

These data substantiate the observations of Marsh (10). 
Acetate solutions apparently have sufficient latitude as to the 
extraction of ytterbium tha t precise acidity control can be sacri
ficed on a laboratory scale.

Q U A LITA T IV E  DETECTION O F YTTERBIUM

The apple-green color of the hydrated ytterbous ion produced 
in the decomposition of sodium-ytterbium amalgams with 1 to 2 
N  hydrochloric acid offers a method for the detection of ytterbium 
in rare earth mixtures.

To 5 ml. of the nearly neutral rare earth chloride solution in a 
test tube are added 5 ml. of 0.1 % sodium amalgam. The mixture 
is shaken for about 15 seconds, and about 10 drops of concen
trated hydrochloric acid are added immediately from a buret. 
The mixture is again shaken for several seconds to remove the 
bulk of the sodium from the amalgam. As soon as the evolution 
of hydrogen diminishes, an apple-green color appears if 0.002 
gram or more of ytterbic oxide is present. The duration of the 
green color depends upon the quantity of ytterbium present. 
Natural and synthetic mixtures yielded green colors lasting from 
1 to 2 seconds for 0.002 gram of ytterbic oxide to 2 to 5 minutes 
for 0.1 gram. The color is most apparent after the bulk of the 
sodium in the amalgam has reacted.

Although samarium gives a momentary red color (samarous 
ion) under these conditions, this does not limit the applicability 
of the test, for mixtures containing appreciable quantities of both 
samarium and ytterbium are seldom encountered. The green 
colors of the trivalent praseodymium and thulium ions cannot be 
regarded as important interferences, for praseodymium-ytter- 
bium combinations are uncommon and the thulium color is 
apparent only in fairly concentrated solutions. None of the 
other rare earth ions yields a color under these conditions.

The green color is also developed in acetate and sulfate solu

tions, but the limit of detection (0.01 gram of ytterbic oxide) is 
not so favorable. Ions such as nitrate and bromate, which are 
reduced by sodium amalgam, must be absent, for in their presence 
ytterbium does not form an amalgam. Larger quantities of 
sodium amalgam may overcome this difficulty.

RECOVERY O F SODIUM-FREE RARE EARTH M ATERIALS

Precipitation of the rare earth elements from extract and resi
due solutions with oxalic acid removed the bulk of the sodium 
ion, but appreciable quantities still remained, possibly because of 
the slight tendency of the relatively small trivalent ions of the 
heavier members of the rare earth series to form oxalato com
plexes containing sodium. The sebacate precipitation procedure 
of Whittemore and James (16) will eliminate sodium held in this 
fashion, but the precipitates are extremely light and voluminous 
and are difficult to ignite without loss due to puffing.

Better results are obtained by precipitating with ammonium 
succinate. A single oxalate precipitation, followed by dissolution 
of the resulting oxides in nitric acid and two successive succinate 
precipitations removed all but a trace (enough to yield a sodium 
flame test of 1 to 5 seconds’ duration) of sodium from materials 
containing more than half their weight of sodium salts. Such 
succinate precipitates are crystalline, easily removed by filtration, 
and readily convertible to oxides by ignition. The success of 
succinate over oxalate precipitation may be due to the reduced 
tendency of the succinate ion to enter into the chelate rings 
essential to coordination among such dibasic acid radicals.

Succinate precipitation was best effected by adding three to 
four times the theoretical quantity of hot 10% ammonium suc
cinate solution to a boiling, nearly neutral chloride or nitrate solu
tion containing the equivalent of not more than 5%  rare earth 
oxides. After digestion overnight on the steam bath, the precipi
tates were readily removed by filtration and were washed with 
2% ammonium succinate solution.

Rough solubility measurements upon succinates prepared from 
purified rare earth materials indicated that approximately the 
equivalent of 0.05 to 0 .2  gram of rare earth oxide per liter re- 
mained< in the succinate mother liquors. Solubilities increase 
with increase in atomic number of the rare earth element. These 
solubilities are of the same order as the value of 0:0575 gram of 
yttrium oxide per liter reported for the solubility of yttrium suc
cinate in boiling water (2). Microanalyses indicated the lantha
num and ytterbium precipitates to be LaiiCJLOds.SHjO and 
Yb2(C(H ,0()3.9 H20 , respectively.
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Glass Perforated Plate Distillation Column
W . M . L A N G D O N  AN D  D . J .  T O B IN , University of Illino is, Urbana, III.

The distillation column described consists of perforated glass plates, 
downpipes, and plate spacers, which may be inserted without sealing 
into a glass column-tube. Plates may be inserted or removed as in a 
packed column, allowing operating characteristics to be varied over 
a wide range. The column is easily constructed.

P LATE columns (2, 5, 6) have been preferred for many frac
tional distillation operations in the laboratory because of 

their large throughput and relatively constant operating charac
teristics. However, except in the case of the metal sieve plate 
columns (5), the difficulties involved in their construction have 
resulted in general use of packed or film-type fractionating col
umns. The column described in this article employs glass per
forated plates which may be easily constructed. These plates 
may be inserted or removed in a manner comparable to a packed 
column, allowing the operating characteristics to be varied over 
a wide range.

DESCRIPTION O F PERFORATED PLA TE COLUMN

The column (Figure 1) consists of perforated glass plates, 
downpipes, and plate spacers (together with baffles in some 
cases), which may be inserted without sealing into a glass col
umn-tube. Tolerances greater than 0.4 mm. in 25 may be per
mitted in the plate and spacer diameters, so that the column-tube 
may be a selected piece of stock tubing. (The selection was 
based on the outside diameter and the wall thickness at the ends 
of the tube.) The plates and spacers are held in place by means 
of a weight sealed to the spacer resting upon the top plate.

The plates are sintered-glass disks, 3 mm. thick and 25 mm. in 
diameter. When assembled in the column with the spacers, the 
effective diameter of the top surface is 22 mm. They are provided 
with 60 perforations, 0.85 mm. in diameter, a t radii of 9, 7, 5, 
3, and 0 mm., with 24, 19, 10, 6, and 1 hole, respectively. The 
plates are also provided with a 6-mm. downpipe hole located at a 
radius of 6.5 mm. The method of making these plates is de
scribed below.

The downpipes consist of pieces of 6-mm. tubing shaped as 
illustrated in Figure 1. The flared end of downpipe C is made by 
blowing a bubble, 8 to 10 mm. in diameter, flattening one side, 
and cutting it off a t the desired height with an emery wheel. The 
flap on the bottom is formed by sealing the end and notching it. 
Except in the tests with the 15-plate column (Table III) the slots 
faced the wall of the column. The columns using these down
pipes employed a bottom downpipe with a liquid seal. Down-

?ipe E  was used in the final test with the 48-plate column (Table 
V, B). The weir notch is cut half-way through the rolled rim 

and is 2 mm. wide. The lower edge of this weir is 1 to 2 mm. 
above the surface of the plate. When placed in the plate the 
weir is positioned to face the wall of the column. The bottom 
end is constricted by fire-polishing and then expanded to 1.5-mm. 
inside diameter by pushing a rod of this size through while it is 
still hot. The bottom end is 4 mm. above the plate below.

The spacers are made of short lengths of 25-mm. tubing, se
lected to fit the column-tube, 28 mm., as closely as possible without 
binding. The columns with 50-mm. plate spacing employ a set 
of three spacers (Figure 1, B ). Each spacer is 12 mm. long with 
three knobs sealed to the top, making the effective length approx
imately 16 mm. In  some tests the plates are baffled by sealing a 
plate of glass in the center of the spacer resting upon the plate. 
The baffle and spacer are a t least 3 mm. higher than the overflow 
weir. Figure 1, C, shows a baffle permitting flow around both 
ends. Weirs 5 mm. high are provided a t the ends of this baffle. 
Figure 1, D, shows an around-the-end baffle; the clearances at 
the ends are 1 to 2 mm. The spacers used in the 48-plate, spaced 
26 mm., column (Figure 1, E) are constructed from a 23-mm. 
length of tubing. This tube is slotted 5 mm. from the bottom, 
leaving two sections of wall, 4 mm. wide, for support. The out
side edges of these sections are grooved half-way through. The 
top of the spacer is slotted in the same manner but at right angles 
to the bottom slots. The slotted section is cut away, leaving two

prongs, which are beveled so that the upper, outside edge does 
not contact the wall of the column-tube.

The weight used in holding the plates and spacers together con
sists of a short piece of 8-mm. tubing filled with mercury. This 
is sealed to the spacer resting upon the top plate (Figure 1, F), so 
that it does not interfere with the liquid or vapor flow.

The column is best assembled by dropping the plates (and 
downpipes) with a spacer resting on the top individually into the 
column, which is filled with water. The column is held a t an 
angle, so that the downpipe slides into the position desired. The 
spacer keeps the plate perpendicular to the axis of the tube; 
otherwise the plate falls askew and tends to wedge in the spacer 
on the plate below. A more rapid method of assembling is to 
allow water to flow up through the column at a rate just sufficient 
to float the plates. The plates and spacers may then be stacked 
in from the top down. Variations in dimensions of the pieces 
make it difficult to adjust the water rate correctly. The column 
is dismantled by floating the pieces out in the reverse manner. 
The plates and spacers cannot be dropped in or out of a dry tube, 
as they invariably become wedged.

CONSTRUCTION O F PERFORATED PLATES

The die shown in Figure 2 is used in forming the plates. The 
three 0.6-em. (0.25-inch) plates (B, D, E ) are drilled with holes 
corresponding to the perforations and the downpipe hole of the 
plate. The scale of the die is 15% greater than that of the final 
plate to allow for shrinkage during the firing. The perforating 
pins, G, 1 mm. in diameter, and F, 7 mm. in diameter, are soldered 
into the holes drilled in plate E. The fourth plate, C, 2 mm. 
thick, is drilled with a 40-mm. hole in the center and is used to 
hold the ring mold, H, containing the powdered glass, during the 
perforating operation. H  consists of a ring 3 mm. long, whose in
side diameter is about 20% larger than the column-tube diameter 
into which the plate is to be inserted. The outside diameter of the 
ring mold is such tha t it may be pressed into the centering hole in 
plate C. All four plates are aligned by means of the guide rods. A .

The powdered glass is made by grinding scrap Pyrex in a ball 
mill until it is approximately 350-mesh and finer. The powder is 
moistened with water until a coherent mass is obtained. This 
moistened glass is pressed into the ring mold, H, which rests upon 
a piece of filter paper, and the upper surface wiped smooth with a 
metal plate. After removal of the filter paper the glass is coated 
with lubricating oil, the upper surface covered with a piece of 
tissue paper, and the mass perforated in the die. Plates C and D  
are lifted off the die together and wiped apart. The perforated 
mass, after removing the tissue paper, is pushed out of the mold, 
allowed to dry in the air for 15 minutes, then baked at 600 0 C. for 
15 minutes in a muffle furnace open to the air, so as to burn out 
the oil. The powdery disk is rubbed lightly on both sides, to 
smooth the surfaces and remove any foreign matter, and the 
holes are blown clear.

The disk is given a final firing in a muffle furnace at 925° C. 
for 5 to 6 minutes. The firing time, which varies a little with 
each batch of glass and the manner of forming it, is determined 
in the following manner: After the disk is placed in the furnace 
it is observed periodically. During the firing the disk will curl up 
and then flatten out. I t  is removed from the furnace 2 minutes 
after it has flattened out. The disk so formed will be nonporous 
and about as strong as a solid piece of clear glass. I t  will have 
shrunk about 15%. The lines and holes are very sharp and there 
is no apparent distortion except for a slight amount at the outer 
edge of the downpipe hole. During the firing the disk is sup
ported by a piece of porous clay plate which, in turn, rests upon a 
piece of refractory material resistant to thermal shock. In  gen
eral, the clay plate can be used for only one firing, after which it 
tends to break apart.

The downpipe hole is drilled true and the plate ground to fit 
the column-tube in which it is to  be inserted.

COLUMN DESIGN

S p a c e r s .  The spacers are designed for the purpose of holding 
the plates apart (and level), retaining the liquid on the plate, and 
preventing vapor leakage around the sides. Spacers with knobs 
on both top and bottom allow considerable vapor leakage 
due to irregularities in the column-tube internal diameter.
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Spacers without knobs drain the liquid from the plates by “wick 
action” , causing the plates to run dry at relatively high distilla
tion speeds. They would presumably “short out” the liquid 
which runs down between the column-tube and the spacer.

Spacers consisting of a short piece of tubing with knobs on the 
bottom edge cause the plate to run dry at low speeds, but this is 
not serious if the spacer is 12 mm. long, and there is practically no 
vapor leakage. Spacers consisting of short pieces of tubing with 
knobs on the top retain the liquid on the plate at very low distil
lation speeds. There is some vapor leakage around the sides, but 
this is small if the length of the spacer tube is sufficient for the 
liquid on the plate to splash over it. This type of spacer is pre
ferred because, in addition to retaining the liquid on the plate at 
low speeds, it assists in assembling the column. (The spacer 
with knobs on the bottom permits the plate to fall askew when it 
is being assembled, sometimes causing the plate to wedge in the 
column.) No difference in plate efficiency was observed with 
either of the latter two types.

I t  was found necessary to make the spacer (without knobs or 
prongs) between 12 and 25 mm. long. Spacers shorter or longer 
than this would invariably wedge in the column. Consequently, 
for plate spacings greater than 30 mm., two or more spacers are 
necessary. For spacings less than this the single spacer (Figure 1, 
E) is used. This spacer is simpler to construct than those with 
knobs sealed on; in addition, the supporting prongs are perfectly 
level. The wall supports for the bottom slots are set at right 
angles to the prongs and their outside edges notched to ensure 
that the liquid which runs down the prongs from the plate above 
mixes with the liquid on the plate. The prongs are beveled to 
prevent contact with the plate edge and column-tube wall and 
decrease the amount of liquid running off the plates by way of the 
prongs.

These spacers have the disadvantage of retaining some liquid 
between them and the column wall. However, this liquid has 
shown no noticeable effect on the distillations made with these 
columns. I t  may be that there is sufficient circulation due to 
wick action to prevent it from being stagnant. This effect is be
ing considered in future work.

D ownpipes. The downpipes are constructed to  make them 
independent of their alignment.

A downpipe utilizing a well in the plate below, while having 
better operating characteristics, would require careful positioning 
during the assembling. There is the further possibility that 
some of the plates might get out of line during the handling of the 
column. The well also has the disadvantage of cutting down the 
active area of the plates. The important factors of the downpipe 
are its sealing, stability, and reflux capacity. In order to put this 
column on the line it is necessary for the plates to be sealed by 
liquid running from the top plate down.

The downpipe consisting of a 4-mm. tube with a rod inside 
(column la, Table I) was found to be self-sealing a t moderate

Table I. Preliminary Tests with Benzene-Ethylene Dichloride
Four plates, spaced 50 mm., were used in all cases except column 4 which had 3 plates, spaced 70 mm. T h e  downpipes shown in Figure 1, C, were used ■except for column 1. Column 1 employed 4-mm. tubes, open a t the end, with a 1-mra. rod inside.The tests were m ade over the  range 55 to  65 mole %  benzene and the p late ■efficiencies based on an assum ed relative volatility  of 1.08.

W eir P la te  Efficiency, %° D istillation  R ate, H oldup per Plate, ML
Pressure D rop per Plate,

C olum n H eight,M m. Moles per Min.0 .1  0 .25  0 .4  0 .7 Actual Theoretical Mm. of 1 W ater |
la& 1 55 60 55 0 .9 -1 .5 1 .6 -2 .7 12-252a& 5 65 65 60 1 .9 -2 .9 2 .9 -4 .92bc 5 70 65 652c<* 5 75 (60) 653a& 12 85 75 70 70 2 .5 ‘-3 .0 3 .0 -4 .33bc 12 70 65 653 d / 12 90 90 75 65 2 .4*—2 .9 2 .7 -4 .5 16-354a& 20 85 75 70 . . 5 .5 -4 .5 6 .5 -6 .4
° Efficiencies for baffled plates c, d, f  were calculated as if top p late  was also baffled.b Unbaffled plate.c B ottom  3 plates baffled, perm itting flow around both ends of baffle. No weirs a t ends of baffle.d Same as & with weirs a t end of baffle (Figure 1, C).e Holdup was 2.9 ml. per p late a t distillation rates of 0.7 mole per m inute and  less./  Bottom  3 plates baffled, around-the-end baffle (Figure 1, D). Baffles arranged a t righ t angles to  each other.

SPACER 
IMPROVED TYPE

PLATE WEIGHT

SECTION X-X AROUND -THE-ENO BAFFLING

SPACER 
BAFFLE-AND-WEIR TYPE

BOTTOM PLATE SUPPORT

Figure 1. Inserted Plate Column 
Arrangements
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Table II. 15-Plate, Spaced 50 M m ., Column“
Pres Av.Holdup per P late sure H eight

Mole No. of Plate Theo D rop of Liquid in
D istillation Rate*» Per C ent Plates Efficiency Actual retical per P late Dow npipe0

M m .
M ol./m in . L ./h r. X V % M l. Ml. water M m.

C arbon Tetrachloride-B enzene
0 .05 0 .3 21.2 56.6 13.5 90 2 .1 2 .3 15 23
0 .09 0 .5 20 .5 55.7 13.3 89 2 .2 2 .50 .14 0 .8 21.7 54.9 12.6 84 2 .3 2 .7 15 23
0 .28 1.6 2 3 .0 5 3 .5 11.5 77 2 .5 3 .3
0.31 1 .8 26.2 52 .8 9 .9 (66) 2 .5 3 .8 18 25
0 .40 2 .3 2 3 .5 5 2 .8 10.9 73 2 .6 3 .6
0 .50 2 .9 24.2 51.7 10.2 68 2 .9 4 .8 20 27
0 .55 3 .2 23.9 50.9 9 .9 66 3 .0 4 .6
0.62 3 .6 23.7 50 .0 9 .6 64 3 .1 4 .8 24 30
0 .83 4 .8 23 .7 50 .0 9 .6 64 2 .8 4 .4 29 37

n •H eptane-M ethy l Cyclohexane
0 .13 1.1 37 .2 59.6 11.5 770 .21 1 .8 33 .7 55.6 11.4 760 .33 2 .9 3 5 .6 53.6 . 9 .3 620 .50 4 .3 35 .6 52.1 8 .5 570 .58 5 .0 35 .1 50.7 8.1 54

° Same as column 3a, T able  I. k M easured a t bo ttom  of column, c H eight above p late  below.

Table III. 48-Plate, Spaced 26 M m ., Column
D istillation Mole TheoreticalR ate0 Per C ent Plates

M ol./m in . L ./h r . x y
A. Downpipes (Figure 1, C) w ith 5-M m . Weirs 

C arbon tetrachloride-benzene

P lateEfficiency
%

0 .19 1.1 9 .3 73.3 3 2 .0 670 .25 1.4 10.3 71.9 29 .8 620 .30 1 .7 11.3 70.6 27.7 580.39 2 .2 8 .7 68 .9 27 .9 58
n-■Heptane-methyl cyclohexane

0 .20 1.7 23.3 67 .0 23 .8 500.25 2 .1 21.2 63.4 23.4 490.25 2 .1 22.7 63.7 22.4 47
B. Downpipes (Figure 1, E ) with 1- to  2-M m. Weirs

Carbon tetrachloride-benzene
Holdup, 1.0 to  1.1 ml. per plate. Pressure drop, 13 to  17 mm. of w:per plate

0 .11 0 .6 5 .5 65.0 27.5 570 .19 1.1 6 .3 65.9 27.3 570 .23 1 .3 9 .5 70.4 28.7 600 .28 1.6 8 .0 67.2 27 .0 560 .28 1.6 8 .0 68.4 27 .8 580 .28 1.6 8 .5 68.4 27.4 570 .30 1.7 7 .0 67.2 27 .8 580 .35 2 .0 6 .2 63.7 25.9 540 .35 2 .0 3 .8 62.9 27.9 580 .35 2 .0 3 .0 60.0 27.2 57
riH eptane-m ethy l cyclohexane

H oldup, 1.0 to  1.2 ml. per plate. Pressure drop, 9 to  11 mm. of wper plate
0 .10 0 .8 27.6 69 .6 22 .5 470 .12 1 .0 27.9 67 .3 21.0 440 .12 1 .0 26 .8 67.1 21.6 450.17 1.4 28.3 66.0 20.0 420.17 1.4 27.9 67 .5 21.2 440 .25 2.1 27.9 67.5 21.2 440.29 2 .4 26.3 71 .2 24.3 510 .29 2 .4 24.7 68 .5 23 .8 49

° M easured a t bottom  of column.

distillation rates but was unsatisfactory because of its low 
capacity. The downpipe consisting of a 6-mm. tube with a flap 
over the bottom (Figure 1, C) was used in all the tests except 
with column la  and the final ones with the 48-plate column 
(Table III, B). This downpipe requires that the column be put 
on the line by flooding the top of the column and then sealing the 
plates by turning the still heat off and on. I t  has the disadvan
tage that if any plate unseals the column goes off the line and the 
liquid condensate floods out the top of the column. No trouble 
was ever occasioned by a plate unsealing when the overflow weirs 
were 10 mm. or higher. These downpipes were also satisfactory 
for smaller weir heights at high distillation rates; however, they 
would invariably unseal at distillation rates less than 1 liter per 
hour unless very carefully made. Unsealing is caused by the

liquid overflow entraining a vapor bubble 
into the downpipe. If the vapor bubble 
is large enough the downpipe would be
come vapor-locked and the liquid flow 
stop. In some cases the liquid would back 
up in the downpipe, sucking in a vapor 
bubble and unsealing the plate.

The downpipe with a constriction at the 
bottom (Figure 1, E) was found to be stable 
at all distillation rates and weir heights. 
Its important characteristic is that it is 
self-sealing at high distillation rates, the 
limiting rate being determined by the de
gree of constriction. A constriction of 1.5- 
mm. inside diameter, used here, self-seals 
at 2 liters per hour when used with ra-heptane- 
methyl cyclohexane and has approximately 
the same capacity as the other type (Fig
ure 1, C). The notched • weir used with 
this downpipe has better operating charac
teristics than the horizontal overflow weirs. 
The liquid overflow does not entrain any 
vapor bubbles and there is less buildup 
of liquid on the plate with increasing distilla
tion rate. I t  also takes up less space, making 

_____________  it easier to use with baffled spacers.

EXPERIM ENTAL

The various columns were tested using the arrangements shown 
in Figure 1.

The four- and three-plate column, used for the preliminary 
tests, was insulated by a single glass heating jacket. The 15- 
and 48-plate columns were insulated by the heating jacket previ
ously described (6). The 48-plate column assembly is pictured in 
Figures 3 and 4. The heat was supplied by either a bare wire 
immersion heater or by an external heating element wrapped 
about a 120-mm. length of 30-mm. tubing sealed at an angle to 
the bottom of the still flask.

All tests were made at total reflux. Equilibrium samples 
were collected by allowing the reflux to flow both over and through 
the top and bottom receivers (only the bottom receiver shown in 
Figure 1, A ). The distillation rate, in liters per hour of liquid at 
the boiling point, was determined at the bottom of the column

Figure 2 . D ie for Forming Perforated 
Plates

The rate in moles per minute was calculated using 85, 95, and 140 
ml. per mole for benzene-ethylene dichloride, carbon tetra
chloride-benzene, and n-heptane-methyl cyclohexane, respec
tively. The operating holdup (not including nondrainable 
liquid) was determined by the method of Oldershaw (7). The 
pressure drop through the column was measured by a manometer 
tube attached to the sampling line of the bottom receiver.

The ethylene dichloride and benzene used in the preliminary 
tests (Table I) were unpurified reagents. The benzene, carbon
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tetrachloride, and methyl cyclohexane (Tables II  and I I I )  were 
purified by fractionation in a 25-mm. column packed with 120 cm

of 0.3-cm. (0 .1 2 5 -in ch ) 
glass helices. Light and 
heavy ends were removed 
until they showed no differ
ence from the feed liquid 
as determined by an Abbe 
r e f r a c to m e te r .  The n- 
heptane was “technical” 
grade obtained from the 
P h i l l i p s  Petroleum Com
pany and was used without 
further purification.

The compositions of the 
various samples were de
termined from their refrac
tive indices as measured 
by an Abbe refractometer. 
The data of Rosanoff and 
Easley (§) on benzene- 
e t h y l e n e  dichloride and 
carbon tetrachloride-ben
zene and of Bromiley and 
Quiggle (I) on n-heptane- 
methyl cyclohexane were 
used in calculating the mole 
per cent.

The number of plates 
w e re  d e t e r m i n e d  by 
Fenske’s equation (3):

n  =  log j [{y)/{ 1 -  y)] X 
[(1 -  x)/{x)}\ -F- log a

where x — liquid leaving the 
bottom plate, 
mole % more 
volatile

y = liquid e n te r in g  
the top plate, 
mole % more 
volatile

a  =  relative volatil
ity

For the systems benzene- 
ethylene dichloride and n-

Table IV . Number of Plates vs. Composition
(Referred to  5 mole %)

Carbon tetrachloride-Benzene 
[a =  1 +  0.00238 (91.8 -  x)J

% n % n % n
6 1.0 31 12.9 56 22 .67 1.9 32 13.2 57 23.18 2 .7 33 13.6 58 23.79 3 .4 34 13.9 59 24.210 4 .1 35 14.3 60 24.8

11 4 .7 36 14.6 61 25.412 5 .2 37 15.0 62 26 .013 5 .8 38 15.3 63 26.614 6 .3 39 15.7 64 27.315 6 .7 40 16.0 65 2 8 .0
16 7 .2 41 16.4 66 28.717 7 .6 42 16.8 67 29.518 8 .1 43 17.1 68 30.319 8 .5 44 17.5 69 31.220 8 .9 45 17.9 70 32.1
21 9 .3 46 18.3 71 33 .022 9 .7 47 18.7 72 34.123 10.0 48 19.1 73 35 .224 10.4 49 19.5 74 36.425 10.8 50 19.9 75 37.7
26 11.1 51 20.3 76 39.127 11.5 52 20 .8 77 40 .728 11.8 53 21.2 78 42 .429 12.2 54 21.7 79 44.330 12.5 55 22 .2 80 46 .5

Figure 3. 48-Plate, Spaced 
26 M m ., Column

Figure 4. Close-Up of 48-Plate Column

Indicating spray height with 1- to 2-mm. weirs 
when distilling carbon tetrachloride-benzene 

at 0.35 mole per minute (Table III, B)

heptane-methyl cyclohexane, average values of a were employed. 
In the case of carbon tetrachloride-benzene, where a varies with 
composition, the theoretical plates for any composition referred to 
5 mole % liquid leaving the first plate were calculated (Table IV).- 
The theoretical plates for any run are the difference in values 
corresponding to the top and bottom sample compositions.

Benzene-ethylene dichloride was arbitrarily assumed to have a 
relative volatility of 1.08 over the range of compositions used in 
the tests (55 to 65 mole % benzene), so as to make the results 
comparable to those for carbon tetrachloride-benzene. The 
value of 1.083, recommended by Griswold (4), was used for the 
relative volatility of n-heptane-methyl cyclohexane. For the 
system, carbon tetrachloride-benzene, the relative volatility was 
taken to be:

a  =  1 +  0.00238 (91.8 -  x)

where x  = mole % carbon tetrachloride.
The average deviation of log a calculated from the 

above relationship is 6% from the logs of the ob
served values of Rosanoff and Easley (8) over the 
range of compositions, 10 to 70 mole % carbon 
tetrachloride.

PLATE EFFICIENCIES

Plates with 1- (column la) and 5-mm. weirs (column 
2a) were found to have plate efficiencies of 55 and 
65% (Table I), respectively, when tested in a four- 
plate column with benzene-ethylene dichloride (rela
tive volatility assumed to be 1.08). Weirs of 12 
(column 3a) and 20 mm. (column 4a) gave the same 
result, having efficiencies varying from 85 to 70% 
with distillation rates of 0.1 to 0.7 mole per minute. 
The use of baffles permitting liquid’ flow around 
both ends (columns 2b, 2c, and 3b) had little effect 
in the case of the 1- and 5-mm. weirs, and decreased 
the efficiency 15 to 5% in the case of tlm 12-mm. 
weirs. However, around-the-end baffles (column 3d) 
increased the efficiency of the latter 5 to 15% over 
most of the distillation range, the efficiency falling 
off 5% near the flood point.

Column 3a was checked in a 15-plate, spaced 50 
mm., column (Table II) and columns 2a and la  in a 
48-plate, spaced 26 mm., column (Table III) with 
carbon tetrachloride-benzene and ra-heptane-methyl 
cyc lohexane . T h e  re su lts  with carbon tetra
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chloride-benzene were approximately 10% higher than those with 
n-heptane-methyl cyclohexane. This may be due to inaccuracies 
in the liquid-vapor equilibrium values used, though it was ob
served that the plate action was slightly frothier for the latter sys
tem. I t  appears that there is no appreciable liquid entrainment 
in the vapor stream, since 50- and 25-mm. plate spacings gave the 
same efficiencies.

I t  may be that the increase of efficiency with increased weir 
height is primarily a result of the better mixing of the liquid due 
to its longer detention time on the plate. Oldershaw (7) ob
tained efficiencies comparable to column 3d with a liquid holdup 
similar to column la. The method of construction employed by 
him would be expected to give very even plate action and com
plete mixing of the liquid, independent of the holdup. The in
serted plates, which are not perfectly horizontal and perhaps with 
slightly irregular perforations, were observed to be only partly ac
tive at low distillation rates. (At speeds less than 0.2 mole per 
minute some of the plates employing 1-mm. wiers would run 
dry.) This should cause preferential liquid flow and “shorting 
out” of part of the plate. The effect is most pronounced in the 
case of the weirs permitting flow around both ends (cf. columns 3a 
and 3c).

A comparison with Oldershaw’s column 4 (7) shows tha t the 
same efficiencies were obtained with column 3d. His liquid holdup 
is much better, being 0.57 to 2.23 ml. per theoretical plate com

pared to 2.7 to 4.5. The smaller holdup used in his column en
ables him to use a plate spacing of 25 mm. whereas column 3d re
quires a minimum spacing of 30 mm. Column la  (Table III, B) 
has a similar holdup but an H.E.T.P. approximately 50% 
greater. This could be decreased by the use of around-the-end 
baffies.

I t  is estimated that approximately 16 man-hours are required 
by the authors to construct a complete 48-plate column (Table 
III, B), exclusive of the time necessary for making the die and 
setting up the equipment used. Since this latter factor may be a 
major handicap to their use, the G. Frederick Smith Chemical 
Co., Columbus, Ohio, has offered to make these columns available 
to those interested.
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A  New Mercury Manometer
JE S S E  W E R N E R

Process Development Department, General A n ilin e  and Film C orp ., G rasselli, N . J .

THE simplest and most generally used type of manometer 
for organic work is the closed-end U-type mercury manometer. 
However, it is somewhat difficult to fill (4), and an even worse 

drawback is the fact tha t it must be cleaned and refilled or boiled 
out periodically because of the accumulation of air bubbles in the 
closed end (5).

Rechenberg (8) has devised a 
more intricate manometer of 
this type which overcomes these 
difficulties to a large extent, 
and Zimmerli (5 , 6) has im
proved and modified it to  make 
it more practical. This latter 
manometer is, however, much 
larger than the original U-type, 
and consequently unwieldy.
In  addition, excessive quanti
ties of mercury are needed 
for its operation. When de
sired for use in  a barosta t 
a s s e m b l y ,  i t  c a n n o t be 
readily mounted on a small 
c o n tro l  p an e l, an d  when 
once mounted, it must be 
removed regularly for til t
ing in order to  remove air 
bubbles.

I t  was therefore considered desirable to design a mercury ma
nometer tha t would be as simple and compact as the closed-end 
U-type and a t the same time could be rid of air bubbles without 
emptying or dismantling from a stationary setup. After nu
merous experiments with different modifications of Zimmerli’s 
design (5 , 6) a  suitable model was arrived at. Its construction is 
shown in the accompanying figure.

The manometer is ca. 200 mm. in height and 45 mm. wide. 
The arms are constructed of 17-mm. Pyrex tubing and placed 6 
mm. apart for easy reading on an etched-glass sliding scale 
mounted centrally behind them. The bottom is made from 2- 
mm. bore capillary tubing. Height to the bottom of stopcock A  
is 160 mm. Both stopcocks are 2-mm. bore, vacuum-tight, and 
standard taper. The cup is 18 mm. high and of 13-mm. tubing. 
For the upper connection, 8-mm. tubing is used. The outlet is 
made from 2-mm. bore capillary tubing.

The top of arm A  is uniformly tapered down under the cock to  
prevent bubbles from collecting anywhere other than a t the very 
top. The plug of.stopcock B  is scored slightly on opposite ends to  
prevent a mercury hammer upon opening.

A small amount of Dow Corning Silicone grease is used to lu
bricate the stopcocks. In  order to fill the manometer, the requisite 
amount of pure and dry mercury is added to the unmounted 
manometer through the cup, with both stopcocks open. The 
cup is sealed by a stopper, and the manometer evacuated by 
means of a good pump. By warming gently, or tilting to the 
horizontal and tapping, the air bubbles are removed. Stopcock 
A  is closed and a slow stream of air allowed to bleed into side B .  
The manometer is now ready for use.

Should an air bubble develop a t the top of side A , the manom
eter is attached to a vacuum pump with both stopcocks closed. 
When a good vacuum is obtained, stopcock A  is slowly opened 
clockwise and then counterclockwise. A small amount of mer
cury will be pulled through, and all the entrapped gas removed. 
In normal use, stopcock A is always kept closed. When enough 
mercury has accumulated above stopcock A, it is allowed to drop- 
into side B  after releasing the vacuum above the cocks. When 
under atmospheric pressure, the height of the mercury in side 
B  should be about 20 mm. above the bend. Normal precautions. 
(I, 2) should be taken for high-vacuum work.
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Qualitative Spot Tests for Rubber Polymers
H . P . B U R C H F IELD  

Naugatuck Chemical Division of the U . S . Rubber C o ., Naugatuck, Conn.

A  new color reaction is described which serves to characterize 
natural rubber, G R -S , and Perbunan. Confirmatory tests included 
in the same operation distinguish between the remaining commer
c ia lly  important types. For routine assortment of scrap, spot tests 
are proposed, which are carried out by holding impregnated filter 
paper strips in the smoke emitted when the sample is branded with 
a metal rod heated to redness. Color changes indicate the nature 
of the polymer. Laboratory methods of value in the examination 
of special samples are also discussed.

TO ELIMINATE processing difficulties and ensure the pro
duction of standard natural and synthetic rubber reclaims, 

the scrap used as the raw material must be carefully segregated. 
When mold markings are lost, or large consignments of miscel
laneous scrap are received, methods for distinguishing between 
the basic polymers are necessary.

This paper describes a new color reaction which will serve to 
•characterize natural rubber, GR-S, and Perbunan. Confirmatory 
tests included in the same operation distinguish between the re
maining commercially important types. The procedure is suf
ficiently rapid to be practical in the testing of representative sam
ples from carload shipments, or for establishing the identity of 
materials on which indecisive results are obtained by less specific 
methods.

For the routine assortment of scrap, spot tests are proposed 
which are carried out by holding impregnated filter paper strips 
in  the smoke emitted when the sample is branded with a metal rod 
heated to redness. Color changes take place which indicate the 
nature of the polymer. One test distinguishes between natural 
rubber and GR-S, a second is specific for Butyl, while a third dif
ferentiates Neoprene GN, Neoprene ILS, and Perbunan from 
one another and from the hydrocarbon rubbers. The spot reac
tions can be carried out very rapidly, and are particularly useful 
when large numbers of samples must be examined.

Several laboratory methods for the identification of the com
ponents of mixtures are discussed. While they require too much 
time for routine testing, they are of value in the examination of 
special samples.

In a previous publication (I) a procedure for the identification 
<of natural and synthetic rubbers was described. The test de
pends primarily on an approximate determination of the pH and 
specific gravity of the products obtained by destructive distilla
tion of the sample. Although the method is adequate in many 
applications, the inclusion of color tests to distinguish the hydro
carbon rubbers is desirable. The difference in specific gravity be
tween the pyrolyzates obtained from natural rubber and GR-S 
is small, and to reproduce the test requires carefully controlled 
experimental conditions, and occasionally a preliminary extrac
tion to remove organic compounding ingredients.

As reactions can be carried out more conveniently on the pyroly
zates than on the original materials, these were first investigated 
in order to obtain sufficiently rapid tests for plant control work. 
Although GR-S contains aromatic nuclei, and natural rubber is 
purely aliphatic, this distinction does not apply to their pyroly- 
.zates, for while the primary decomposition products of rubber are 
isoprene and dipentene, a number of aromatics are produced 
through secondary reactions (7). A more rapid and definite dis
tinction can be made by reacting the pyrolyzates with materials 
capable of condensing with compounds containing labile hydro
gen atoms. Of the reagents investigated, p-dimethylaminobenz- 
aldehyde was found to be the most effective, and yields colored

condensation products with the distillates from a number of poly
mers, which are sufficiently characteristic to serve as criteria of 
identity.

The reaction is carried out by distilling the pyrolyzate from a 
rubber sample into a dilute alcoholic hydrochloric acid solution 
of the aldehyde. An initial color is produced which is intensified 
and altered by diluting the reaction mixture with methanol 
and heating on a water bath. The distillate from natural rubber 
produces an intense violet-blue, and that from GR-S a green. 
Perbunan yields a red product, neoprene a yellow-green, and 
Butyl a blue-green of comparatively low intensity.

The pyrolysis test previously described (I) has been rear
ranged to include the aldehyde reaction. The indicator and buffer 
systems are completely revised, but accomplish essentially the 
same purpose as those described in the earlier paper. The alka
linity test for Perbunan and the drop test for natural rubber are 
omitted, as the aldehyde reaction is more specific.

Solution I  contains p-dimethylaminobenzaldehyde in dilute alco
holic hydrochloric acid to which hydroquinone is added as a 
stabilizer. The specific gravity is adjusted to 0.851 with ethylene 
glycol, so that Butyl rubber can be distinguished from the other 
polymers by the low density of its pyrolysis product. Solution 
II contains Metanil yellow and bromocresol green in a citrate 
buffer. The initial color is green, which changes to yellow in the 
presence of acetic acid and to red in the presence of hydrochloric 
acid. These color changes are used for distinguishing polymers 
which yield organic acids and those which contain chlorine, from 
one another, and from materials which give neutral or alkaline 
products on decomposition.

In  place of the previously specified heating element and quartz 
tubes, 10 X 75 mm. soft glass test tubes heated with a micro
burner are employed. This is made possible by the fact that the 
color tests do not vary as widely with respect to experimental con
ditions as the drop tests. The tubes are inexpensive and can be 
discarded after one use. In addition to the added speed and con
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Figure 1 . Absorption Spectra of p-D im ethylam inO ' 
benzaldehyde Reaction Products with Polymer 

Pyrolyzates

I. Natural rubber. II. 50-50 rubber-GR-S mixture. III. GR-S
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venience of making the tests, a smaller sample is required, which 
is often of importance in the analysis of surface coatings or other 
materials which are available only in small quantities and must be 
laboriously removed from the supporting fabric.

Table I describes the reactions which occur when the decompo
sition products from the compounded polymers are distilled into 
the test solutions. In the case of the aldehyde reaction, both the 
initial color and that obtained after dilution and heating are listed. 
The table includes the types in most common use, and two simple 
mixtures, in which both components are present in considerable 
amounts.

REAGENTS

S o l u t i o n  I. Dissolve 1.0 gram of p-dimethylaminobenzalde- 
hyde and 0.01 gram of hydroquinone in 100 ml. of absolute meth
anol. Add 5 ml. of concentrated hydrochloric acid and 10 ml. of 
ethylene glycol. Adjust the specific gravity to 0.851 a t 25°/4° C. 
by the addition of a calculated amount of solvent. The reagent 
is stable over a period of several months when stored in a brown 
bottle.

S o l u t i o n  II. Dissolve 2.00 grams of sodium citrate, 0.20 
gram of citric acid, 0.03 gram of bromocresol green, and 0.03 
gram of Metanil yellow in 500 ml. of distilled water.

PROCEDURE

Place approximately 0.5 gram of the sample in a 10 X 75 mm. 
test tube and attach a 4-mm. outside diameter side arm by means 
of a cork. Suspend the tube by a wire from a ring stand and heat 
with a microburner until the sample begins to decompose. Avoid 
localized overheating to prevent softening of the glass.

When vapors appear a t the mouth of the side arm, immerse the 
end beneath the surface of 1.5 ml. of solution II  contained in a 10 
X 75 mm. tube. After it is evident whether a color change will 
take place or not, remove the tube and continue the distillation 
into 1.5 ml. of solution I. Permit the tubes to cool for a minute or 
two and shake. Note the position of the droplet in solution I and 
the color changes which take place. Transfer solution I to a 
16 X 150 mm. test tube and add 5 ml. of absolute methanol. 
Heat on a water bath a t 100° C. for 3 minutes and note the color 
which develops. A description of the reactions obtained is given 
in Table I.

If the absence of other interfering polymers has been established 
by the above test and the principal interest lies in the detection 
of natural rubber and GR-S, repeat the experiment on a 0.2- 
to 0.3-gram chloroform-extracted sample. Collect the total dis
tillate under 1.5 ml. of solution I and note the color of the solu
tion before and after heating. If a blue-green to green-blue color 
is obtained, it is probable that the sample is a rubber-GR-S mix
ture or a natural rubber reclaim. Test for the presence of crude 
rubber by the Weber method (1), and if necessary confirm the 
presence of GR-S by the coupling procedure (§).

Table I. Pyro lysis Tests
Solution I Solution II,

M aterial In itia l color Color a fte r heating Color
B lank Pale yellow Pale yellow GreenP olyvinyl chloride Yellow Yellow RedNeoprene GN Yellow Pale yellow green RedN e o p re n e  IL S , n e o p re n e -P e r -  bunan  m ixtures Orange red Red Yellow to  red
P erbunan Orange red R ed Green
G R-S Yellow green Green Green
50 G R -S-50 rubber Olive green Green blue Green
N atu ra l rubber Brown Violet blue Green
B uty l Yellow (droplet floats) Pale blue green GreenP olyvinyl aceta te Yellow Pale yellow green Yellow

p-Dimethylaminobenzaldehyde has been used for the colori
metric estimation of pyrrole (4), indole (9), menthol (6), and a 
number of biological materials. The reaction with pyrrole de
pends upon the formation of a pyrrolenine compound which gives 
a  deep red color in hydrochloric acid solution (3, 10) '. No attem pt 
has been made to isolate those compounds in the pyrolyzates of 
the elastomers which give rise to the colored products. However, 
i t  is evident that the reaction depends upon the production of

compounds containing labile hydrogen atoms which react with 
the aldehyde with the elimination of water to form colored salts of 
the type

(c h *)* ci_

On the addition of alkali the solutions become yellow, but on 
acidification the initial colors reappear. On prolonged standing 
fading takes place. This is particularly noticeable in the case of 
natural rubber where the solution changes from violet-blue to 
violet during the course of a few hours.

Absorption curves of the reaction products of the pyrolyzates 
obtained from vulcanized chloroform-extracted samples are shown 
in Figures 1 and 2. The optical measurements were made with 
a Beckman spectrophotometer, and the specific extinction coef
ficients calculated from the weights of the distillates and the dilu
tions employed. The curve for natural rubber exhibits a maxi
mum at 550 tclh, and that for GR-S a maximum of approximately 
one-half the intensity at 620 mix. Composite curves are obtained 
on mixtures of the two polymers, the shape of the curve depend
ing upon the percentage composition. The reaction product ob
tained from Perbunan has an intense band a t 540 m/i, while that 
from neoprene absorbs weakly at 540 and 635 m^. The curves are 
not quantitatively reproducible, but the differences in absorption 
between the products obtained from the various polymers are suf
ficient to allow for accurate identification over a wide range of 
compounding.

The wave lengths at which maximum absorption takes place 
are independent of the state of cure, although in general more in
tense colors are obtained from vulcanizates than from crude poly
mers. A series of natural rubber samples in which the sulfur con
tent was varied from 1.5 to 12 parts produced colors differing 
only in intensity from that obtained from pale crepe.

By making absorption measurements a t 550 and 620 mji on the 
qualitative test solutions obtained in the analysis of natural rub
ber, GR-S, and Perbunan, density ratio values characteristic of

5 2 0  5  6 0  6 0 0
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Figure 2. Absorption Spectra of p-Dimethylamino- 
benzaldehyde Reaction Products with Polymer 

Pyrolyzates

I. Perbunan. II. Neoprene



808 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 17, No. 12

Table II. Density Ratio Values of Q ualitative Test Solutions
Com position R  (E xtracted) R (U nextracted)

C rude Perbunan 3.21Com pounded Perbunan 3.1*8 2 .83Reclaimed Perbunan 2.56 2.04Pale crepe 1.46Com pounded rubber 1.42 1.43Carcass reclaim 1.23 1.30G rade F  cam elback 1.11 1.1050 rubber-50 GR-S 1.14 1.10G rade C cam elback 0 .90 0.89C rude GR-S 0 .74Com pounded GR-S 0.74 0 .72G rade A cam elback 0.73 0.73GR-S reclaim 0.82 0 .75

the polymers can be obtained. These serve as numerical indexes 
of the reproducibility of the test and can be used in the evaluation 
of interfering substances. If the measurements are made on solu
tions of the same concentration at both wave lengths, the ratio of 
the optical densities will be independent of absolute concentra
tion if the validity of the Beer-Lambert law is assumed.

R _ (logT) 550 

(log I f  ) 620

Measurements made on a series of diluted test solutions with 
a Lumetron colorimeter using monochromatic filters of 30 ran band 
width indicate that the density ratio varies from 0.7 to 0.8 for 
GR-S, from 1.3 to 1.6 for natural rubber, and from 2.8 to 3.3 for 
Perbunan. Intermediate values are obtained on mixtures and 
reclaims.

Typical ratios obtained on extracted and unextracted samples 
are shown in Table II. Each value represents the average of four 
independent determinations on the same sample.* The standard 
deviations are 0.11 for Perbunan, 0.04 for natural rubber, and 
0.02 for GR-S. While chloroform extraction may result in a 
change in ratio, the change is usually not great enough to alter 
the color of the solution.

I t  can be shown that the density ratio of the solution obtained 
from a binary mixture can be calculated from the percentage 
composition and the relative extinctions of the components, pro
viding it is assumed that the reactive constituents are produced 
in the same proportions in which the polymers occur in the sam
ple. Where K \  and L \  are the relative specific extinction coef
ficients of natural rubber and GR-S, and P  is the per cent GR-S, 
this equation takes the following form:

jj 100 H550 4~ P  (Amo — Km)
100 K m  -f- P  (1,620 — A 620)

If a value of unity is arbitrarily assigned to K ^ ,  the remaining 
constants can be evaluated from the density ratios of solutions 
prepared from the pure materials and a mixture of known com
position. While the reproducibility of the test does not justify an 
exact method of calculation, the relationship is useful in estab
lishing the range of applicability of the color reaction. If a den
sity ratio difference of 0.2 is the smallest which can be visually ob
served, it can be calculated that the limit of detection of GR-S in 
the presence of natural rubber is about 35%, while the limit of de
tection of natural rubber in the presence of GR-S is about 20%.

SPOT TESTS

When time is not an important factor, the pyrolysis procedure 
described above is recommended. However, when large numbers 
of samples must be tested, the use of spot methods has been

found convenient. The general procedure is to dip a prepared in
dicator paper into a wetting solution and hold it in the smoke- 
which is emitted when the sample is branded with a metal rod 
heated to redness. A characteristic color reaction is obtained in 4- 
to 6 seconds.

For the detection of neoprene and Perbunan, the papers are im
pregnated with Metanil yellow and cupric acetate and dipped in 
an alcoholic solution of benzidine dihydrochloride prior to use. 
If the polymer contains chlorine, a red color is produced by the 
action of the liberated hydrochloric acid on the acid-base indi
cator. This will ordinarily serve as a test for neoprene or poly
vinyl chloride, although other chlorine-containing polymers give 
similar results. If the sample is Perbunan or a polymer contain
ing nitrile nitrogen, a green color appears due to the pres
ence of cyanide radicals in the decomposition products. This 
reaction, which takes place in the presence of benzidine and 
copper acetate, has been widely used for the detection of hydro
cyanic acid in air (5 ). The color is normally blue but is modified 
to a green by the color of the acid-base indicator. If substantial 
amounts of both chlorine and nitrile nitrogen are present as in 
Neoprene ILS, and neoprene-Perbunan mixtures, both colors ap
pear in bands on the filter paper strip, the green color appearing 
on the wet zone, and the red color most prominently on the dry 
portion of the paper. In the presence of the hydrocarbon rubbers 
no color changes are observed, although the paper may darken 
on drying. The presence of GR-S or natural rubber in admixture 
with either of these types does not alter the results obtained by the 
test, but the appearance of the colors may be delayed by dilution 
of the active constituents.

Butyl rubber is distinguished from natural rubber and GR-S 
by the use of blank filter paper strips which are immersed in a 
solution of mercuric sulfate in dilute sulfuric acid prior to making 
the tests. The pyrolyzate obtained from Butyl yields a brilliant 
yellow color, while rubber and GR-S produce dull browns. The 
test depends on the presence of isobutylene in the decomposition 
products, which reacts with mercuric sulfate to form a complex 
with empirical formula corresponding to C4H8(HgS04.Hg0)3 (2).

The most useful test in the series is that which distinguishes 
natural rubber from GR-S. The materials required are prepared 
indicator paper strips impregnated with p-dimethylaminobenzal- 
dehyde, and a 30% solution of trichloroacetic acid in isopropanol. 
A strip of indicator paper is dipped in the acid solution and held 
in the smoke emitted when a hot rod is held against the surface of 
the polymer. Rubber produces an intense blue coloration and 
GR-S a green. Mixtures containing equal parts of the two sub
stances test as GR-S, although the green may be modified to a 
blue-green. Samples containing 25 parts and less of GR-S test 
as natural rubber. The principal difficulty is caused by indecision 
in the classification of mixtures. The test is of value only for 
distinguishing GR-S from natural rubber, as the other polymers 
also give color reactions. While by careful observation, it is pos
sible to distinguish some of the other types, more specific tests 
are preferred. Butyl produces a blackish coloration which fades 
to a pale lavender on standing 3 to 4 minutes. Perbunan produces 
a green color, but if the paper is held close to the heating unit until 
dry, a reddish brown spot appears. Neoprene gives a reaction 
almost indistinguishable from that of GR-S. Although the re
action is not specific, it may be used without supporting tests in 
many instances where it is only necessary to distinguish between 
natural rubber and GR-S.

A summary of the reactions obtainable by use of the spot tests 
is shown in Table III. If the origin and most probably composi
tion of the sample are unknown, the pyrolysis procedure is recom
mended. However, if a distinction must be made between a 
limited number of possibilities, the spot tests offer definite advan
tages with regard to economy of time and ease of manipulation.

APPARATUS

The tests can be conveniently carried out by use of a triangular 
file heated to redness in a Bunsen flame. When large numbers of 
samples are to be tested or where the presence of an open flame is 
undesirable, an electrically heated nickel-chromium knife can be 
employed. Units adaptable to the purpose are available from the 
Sta-Warm Electric Company, Ravenna, Ohio. The blade should 
be curved so that it can be easily applied to the surface of the 
rubber and the end filed to a width of about I cm. to 
decrease the heating area and increase the temperature. When 
operated a t a dull red heat, a test can be obtained in 4 to 6 sec
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onds. The organic residue burns off between applications, and 
the inorganic deposit which slowly accumulates can be scraped 
off with a file.

INDICATOR PAPERS AN D REAGENTS

N e o p r e n e - P e r b u n a n  T e s t .  Dissolve 2.0 grams of cupric 
acetate and 0.25 gram of Metanil yellow in 500 ml. of methanol. 
Impregnate filter paper squares with the solution, dry, and cut 
into strips. Dissolve 2.5 grams of benzidine dihydrochloride in a 
mixture of 500 ml. of methanol and 500 ml. of water. Add 10 ml. 
of a 0.1% aqueous solution of hydroquinone. Store in a brown 
bottle. A precipitate forms on standing, but if the solution is 
protected from light and air, it can be used for several months.

B u t y l  T e s t .  Use blank filter paper strips. T o  prepare the 
wetting solution, add 5.0 grams of yellow mercuric oxide t o  a mix
ture of 15 ml. of concentrated sulfuric acid and 80 ml. of water. 
Bring to a boil and continue heating until the oxide dissolves. 
Cool and make the volume up to 100 ml. with water.

R u b b e r - G R - S  T e s t .  Impregnate filter paper squares with a 
solution of 3 grams of p-dimethylaminobenzaldehyde and 0.05 
gram of hydroquinone in 100 ml. of ethyl ether. Dry and cut 
into strips. Papers stored in brown glass bottles show no dis
coloration and retain their activity after several weeks’ storage. 
On prolonged storage under adverse conditions, the aldehyde 
oxidizes and the tests become progressively less distinct. To pre
pare the wetting solution, dissolve 30 grams of trichloroacetic 
acid in isopropanol and make the volume up to 100 ml. This 
solution must be used with care, and contact with the skin should 
be avoided.

Table III. Spot Tests
Neoprene-PerbunanT est

Neoprene G N  RedP erbunan  GreenNeoprene ILS,neoprene-Perbunan m ixtures R ed/green  B u ty l B lankN atu ral rubber B lankG R-S B lank

PROCEDURE

Wet a 1-cm. section of the test paper with the correspond
ing impregnating solution and hold it in a parallel position 
about 5 mm. from the surface of the heating element which 
is pressed against the rubber sample. If the evolution of 
vapor is sufficiently rapid, an adequate test is obtained in 4 to 6 
seconds. In testing for natural rubber and GR-S, it is desirable 
to continue the test until the color which is formed can be seen 
through the back of the paper. The hue should be judged from 
the appearance of the paper facing the heating element. Charring 
the paper and overdeveloping the color should be avoided.

The reactions which are obtained from the various polymers, 
using the three types of indicator papers, are summarized in 
Table III.

DETECTION O F MIXTURES

A general procedure for the detection of mixtures requires more 
specific and detailed methods than those described. However, by 
careful observation of the results obtained by the pyrolysis pro
cedure, it is frequently possible to detect deviations from normal 
behavior which will indicate the need for a more complete analy
sis.

Compounds containing natural rubber and GR-S present in 
approximately equal amounts yield green-blue reaction products 
which are readily distinguishable from those of the pure materials. 
The test is not applicable to compounds in which the minor con
stituent comprises less than 25 to 35% of the total polymer, as the 
colors are difficult to match and may be simulated by the pres
ence of other materials. Natural rubber reclaims produce green- 
blue to blue colors which differ in appearance from those obtained 
on compounds based on crude rubber and may suggest the pres
ence of GR-S as the minor constituents of a mixture. In  such 
cases more specific tests must be applied to make identification 
certain.

Experiments on samples of known composition indicate that 
the Weber test (I) can be used to detect natural rubber in the 
presence of GR-S, neoprene, and Perbunan. Positive reactions 
are obtained from natural rubber (Hevea), guayule, and balata. 
A violet color of low intensity is obtained on testing polyvinyl 
acetate. Natural rubber reclaim gives a red-violet color which is 
distinguishable from the opaque blue-violet obtained on testing 
samples containing crude rubber.

A qualitative test for GR-S in the presence of .natural rubber is 
described in a recent publication (8). The extracted sample is 
nitrated, reduced, and diazotized. The formation of a crimson 
azo dyestuff on coupling with /3-naphthol indicates the presence of 
GR-S, or more generally, the presence of a polymer containing 
aromatic groups. The method is of value whenever a laboratory 
procedure can be used and will serve to establish the presence of 
GR-S in small amounts.

Perbunan is readily detected in the presence of neoprene by the 
reaction with p-dimethylaminobenzaldehyde, as the intense red 
color masks the yellow-green of the neoprene (Figure 2). On 
testing Neoprene ILS which contains both nitrile nitrogen and 
chlorine, positive tests for both groups are obtained in the initial 
pyrolysis procedure. The acid-base indicator confirms the pres
ence of an acidic material in the decomposition products, while the 
aldehyde reaction indicates the presence of a nitrogenous poly
mer. Perbunan can also be satisfactorily detected in mixtures 
by the copper acetate-benzidine reaction or by the Prussian blue 
test (1).

The presence of neoprene as a minor constituent in mixtures is 
established by use of the Beilstein test when the low concentra
tion and the presence of alkaline compounding ingredients ob
scure the normal acid reaction.

A copper wire is heated to redness and touched to the sample. 
If, on reheating, a brilliant green color is imparted to the flame, 
a compound containing chlorine is present. Polyvinyl chloride 
and other nonvulcanizable polymers can be distinguished from 
neoprene by extracting the sample with acetone and examining the 
residue obtained on evaporating the solvent for the presence 
of a resinous material of high chlorine content. Neoprene is not 
removed from vulcanized compounds by acetone extraction. This 
procedure is of general value for distinguishing curing from non
curing polymers when present in mixtures. The choice of the 
solvent and the method of isolating the extractible polymer from 
the residue must be decided in each case from a knowledge of the 
properties of both constituents.

DISCUSSION

The pyrolysis procedure has been applied to compounds pre
pared in the laboratory, and to a large number of commercial 
samples, including most of the standard reclaims. The color re
actions give more consistent results than the specific gravity tests
(I) on unextracted samples, and vary less widely with experi
mental conditions. When circumstances permit, it is preferable 
to make the tests on extracted samples, but in many cases this 
step is unnecessary. The density ratio values (Table II) illus
trate the normal variations between extracted and unextracted 
samples. In most cases the differences are too small to be de
tected visually, and are less than those obtained on testing ex
tracted samples containing the same polymer taken from different 
compounds.

The best evidence for the reliability of the test is provided by 
the successful testing of reclaimed rubbers, for they may be re
garded as composite samples of the different types of compounds 
used within a commodity group. In addition, they are subjected 
to a devulcanizing process in which considerable amounts of soft
ening agents are added, and which is accompanied by partial deg
radation of the original polymer.

A number of materials which are commonly found in rubber 
products yield pyrolyzates which react with jo-dimethylamino- 
benzaldehyde (Table IV). While color reactions are obtained 
on many of them, in general the intensities are of the same order

B uty l R u b b er-T est GR-S T est

Yellow . . . .Brown BlueBrown Green
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Table IV .

M aterial
Solvenol M ineral rubber B R T  7 7 asphalt Pine ta r  C um ar E X  Polyvinyl alcohol Cellulose

Color Reactions of Nonrubber Materials

In itia l Test
No reactionYellowOrangePale yellow green Yellow No reaction Yellow green No reaction

A fter D ilution and H eating
No reaction Pale green yellow RedPale yellow greenGreenGreenPale yellow green Pale orange

M IL L IM IC R O N S
Figure 3. Ultraviolet Absorption Spectra of Pyroly- 

zates from Uncompounded Polymers in Iso-octane

I. GR-S. II. Natural rubber

or less than those obtained from the polymers, and as in the case 
of natural rubber-GR-S mixtures, a considerable amount of the 
minor constituent must be present before a noticeable alteration 
in hue is obtained.

The pyrolysis procedure is preferred for general testing pur
poses. However, the spot reactions are more convenient when it 
is necessary to test a large number of samples to confirm the pres
ence of a particular polymer type, such as in the segregation of 
mixed natural rubber-GR-S consignments, or in the separation of 
Perbunan and Neoprene ILS scrap from neoprene prior to reclaim
ing. In some cases it is convenient to use the spot tests for Butyl 
and neoprene in conjunction with the pyrolysis procedure, and 
eliminate the pH tests made with solution II. The spot test for 
natural rubber and GR-S gives well defined results on compounds 
prepared from pure gum stocks, and can be used in most applica
tions. When the sample is based on a mixture of the two poly
mers, the intermediate color which is obtained is more easily dis
tinguished when the reaction is carried out in solution. However,

if the sample contains a large amount of cellulose which cannot be 
separated mechanically before making the test, the spot reaction 
should be used, as the aqueous products which are formed on de
composition of the cellulose retard the development of the color in 
alcohol solution.

The tests described provide a rapid, accurate method for the 
identification of the principal polymer types likely to be present 
in commercial rubber samples. When mixtures containing con
siderable amounts of both components are encountered, tests in
termediate between those of the pure materials are usually ob
tained. In some instances a positive identification can be made 
on the basis of these tests alone; in others, more detailed methods 
of analysis must be employed.

In the foregoing discussion the reactions of the polymers have 
been classified under specific types which represent the most com
monly used members of groups of closely related materials—for 
instance, the reactions which serve to classify compounds based 
on pale crepe are equally applicable to guayule and balata. Most 
of these reactions, while useful for distinguishing polymers and 
groups of polymers from one another, provide insufficient evidence 
for a fundamental proof of structure.

I t  is possible that the pyrolysis technique can be used for the 
evaluation of polymers by the application of quantitative meth
ods to the analysis of the distillates. The radicals formed on 
thermal decomposition should give rise to compounds, the nature 
of which are predetermined by the structure and composition of 
the original materials. An application is illustrated in Figure 3, 
in which the ultraviolet absorption spectra of the pyrolyzates 
from uncompounded natural rubber and GR-S are shown. The 
appearance of the absorption bands clearly reflects a difference 
in composition between the two substances. As the products 
formed in pyrolytic reactions usually vary with experimental 
conditions, it is evident that these factors must be carefully con
trolled before useful data can be obtained. While the optical and 
chemical properties of the pyrolysis products are of potential 
analytical interest, the application of quantitative methods is be
yond the scope of this discussion.
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Sintered-Glass Valves
Application to Spectrometer Calibration and to Preparation 

of Known Mixtures
R . C . T A Y L O R  A N D  W . S. Y O U N G  

The A tlan tic  Refining C o ., Philadelphia, Pa.

A  method which utilizes sintered disk valves is presented for both the 
storage and use of liquid and gaseous calibrating compounds and 
mixtures. A  technique also involving a sintered-disk valve is pre
sented for preparing small quantities of liquid mixtures having ac
curately known compositions. These methods should find consider
able application in the calibration and testing in infrared and mass 
spectrometers, particularly where calibrating compounds are available 
only in very small quantities.

THE recent application of mass and infrared spectrometers 
to the analysis of complex hydrocarbon mixtures necessitates 

the repeated use of large numbers of highly purified compounds 
for calibrating and testing purposes. At present the methods 
in use for handling such compounds, which in many cases are 
available only in small quantities, are only partially adequate 
and often excessively time-consuming. There appears to be a 
need for methods of storing and using these calibrating compounds, 
and for preparing, storing, and using known mixtures of them 
which would be more rapid than existing methods, would handle 
liquids as well as gases in a uniform manner, would be free from 
the disadvantages common to the use of stopcocks, and would 
tend to conserve the limited supplies of pure hydrocarbons avail
able.

P r i n c i p l e  o f  M e t h o d .  The usefulness of the sintered-glass 
disk valve for introducing calibrating compounds into a mass 
spectrometer was originally proposed and successfully demon
strated by Hunter (S). The extension and development of this 
technique have proved highly successful, and it is felt that the 
principle may be applied equally well to infrared spectrometers. 
The control of gas flow by means of such sintered-glass disks has 
been proposed several times, particularly by Pyrtz (£), Stock 
(6, 7), and Prausnitz (5). The disks used are porous to  gases 
and liquids in general, but nonporous to mercury. Material may 
be transferred simply by touching together two sintered disks, 
thereby displacing the mercury seal covering them and allowing 
flow to take place through the disks.

APPARATUS A N D  PROCEDURE

I n t r o d u c t i o n  S y s te m  a n d  S t o r a g e  V e s s e l s .  The appa
ratus shown in Figure 1 consists of three types of storage vessels, 
A , B , and C, and two alternate types of introduction systems, D 
and E. A  may be used to store both liquids and gases for mass 
spectrometer calibration, where the amount of material needed 
is relatively small. For infrared calibration, larger vessels such 
as B  or C may be more suitable for storing gaseous compounds 
or mixtures. Commercial 10-mm. sintered disks of “F ” poros
ity are used in all these vessels. The disks are covered with 
mercury to a depth of about 10 mm. to prevent the entrance of 
air into the vessels. Either D or E  may be used in conjunction 
with the storage vessels for introducing material into the spec
trometer inlet system.

Inlet system D consists of a small sintered disk, a, sealed into 
tubing of 3-mm. outside diameter. The end of a is sealed from 
the atmosphere by mercury contained in the removable cup, b. 
Handle c is provided for moving b after the storage vessel is in 
place around a. A piece of spring ware, d, wound in a helix keeps 
c fixed firmly in place. Guides e make for easy manipulation of 
b, when immersed in the mercury seal, and cover /  protects the 
assembly when not in use. This system allows advantage to be 
taken of the simpler construction of gas vessel B, but suffers the

disadvantage of requiring somewhat careful manipulation. Sys
tem E  is considerably more simple in construction and use than 
D, and is preferred on that account.

The method of introducing calibrating compounds and known 
gaseous mixtures into the spectrometer with the apparatus de
scribed consists of the following steps:

With system D either A  or B  is brought to inlet device D and 
held so that the mercury seal of the storage vessel covers 6. b 
is lowered by means of c until its top clears a, and is then swung 
to one side and raised so that the bottom of b is somewhat above a. 
A  or B  is then raised until the two sintered disks touch. When 
sufficient material has been transferred contact between the 
disks is broken, b replaced around a, and the storage vessel re
moved.

With system E, A  is completely immersed, except for the handle 
in the mercury seal of E, and then brought upward until the two 
sintered disks touch. C is immersed to the point where its mer
cury seal clears the inlet sintered disk. I t  is then moved over 
and upward, thus contacting the two disks and transferring ma
terial.

By this procedure no air can enter the spectrometer inlet sys
tem ; consequently pumping out air between additions of calibrat
ing compounds is not necessary. Compounds having vapor 
pressures as low as 1 mm. of mercury readily pass through the 
disks, while flow from tubes filled with gas at 1 atmosphere is 
easily controlled. Table I shows the approximate rate of flow 
of gases into an evacuated system through a sintered-glass valve 
similar to the ones described.

TO s p e c t r o m e t e r  i n l e t  s y s t e m

10'S 8  Y

- f *  C O V ER

INLET SYSTEM S

Figure 1. Storage Vessels
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Table I. Approxim ate Rate of Flow through Sintered Glass V a lve  
into Evacuated System

Pressure in  Vessel 
M m . o f mercury

7603201501064830
12

Flow R ate 
C c./m m ./m inute

64002300140054044013047

A , B, and C are originally filled by distillation through the inlet 
tubes with the mercury seals in place, following thorough evacua
tion. The tubes are sealed off after freezing the liquid or gas 
with liquid nitrogen placed around the bottom of A, or the cooling 
tubes of B  and C. When dealing with mixtures mild thermal 
convection should be resorted to in order to assure a completely 
homogeneous phase. Filling may also be accomplished directly 
through the disk except when the use of rubber tubing is objec
tionable and complete evacuation is necessary. With the mer
cury seal in place the vessel is attached to the vacuum system 
with a short piece of rubber tubing slipped over the sintered disk. 
The vessel is tilted until the disk is uncovered and then evacuated 
through the disk. With a pressure on the pump side of 20 to 50 
microns the pressure in the vessel can be reduced to approxi
mately 100 microns after 5 to 6 minutes’ pumping. Gas samples 
may then be expanded into the vessel, and the seal replaced by 
allowing the mercury to cover the disk once more. Liquid 
samples may be pipetted into a vessel evacuated in this manner, 
as described under Mixture Apparatus, after removal from the 
vacuum system. Gas samples which should not be in contact 
with rubber tubing may be introduced after evacuation as above 
through a second sintered disk immersed in the mercury seal of 
the storage vessel. Pumping out may also be accomplished with
out rubber tubing by using this second sintered disk, but it has 
been found considerably more time-consuming and for this 
reason is not recommended.

Figure 2 illustrates a microburet, A , made from selected 
thermometer tubing. One end is ground to a cone around the 
capillary, so that contact with the sintered disk, B, is assured. 
The disk shown is a commercial 10-mm. immersion filter of “F” 
porosity, covered with a mercury seal to exclude air from the 
spectrometer inlet system. Thermometer tubing may be ob
tained to deliver as little as 1.5 X 10~4 ml. per cm. length, and 
which will experimentally reproduce the volume delivered to 
within =*=0.7 X 10”6 ml.

Liquids are introduced by means of the microburet as follows: 
The top of the buret is fitted with either a rubber medicine 
dropper bulb or a 1-ml. hypodermic syringe, and an excess of 
liquid compound over that needed is brought up into the capil
lary. The buret is taken from the liquid and the bulb or syringe 
removed. The buret is then inverted momentarily, whereupon 
liquid will run back from the tip. The conical end is carefully 
dried and the buret brought slowly back toward the vertical, 
allowing the liquid to approach the tip. When it just reaches 
the tip the movement of liquid is stopped by adjusting the angle 
of the buret and liquid volume is read with the buret tip just 
above the surface of the mercury seal (Figure 2). The tip is then 
carefully immersed beneath the mercury surface and the buret 
brought back to the vertical. The tip of the buret is touched 
to the sintered disk, whereupon liquid will be transferred from the 
buret through the disk. Breaking contact between the two 
stops the flow of liquid, and a final buret reading gives the amount 
of liquid introduced.

M i x t u r e  A p p a r a t u s .  The apparatus for preparing liquid 
mixtures is shown in Figure 3.

lary pipet is properly drawn out, quantities of each component 
from 1 to 20 mg. can be estimated, before weighing, within 30%, 
thus allowing a mixture to be made up to approximately any 
desired composition.

For the preparation of semimicroquantities of mixture (ap
proximately 10 to 100 mg.) a microbalance should be used and 
weighings carried out to 0.002 mg. For larger quantities an 
ordinary analytical balance may be used, with weighings made 
to 0.1 mg.

To prepare liquid mixtures the weighing bottle must be evacu
ated before use, in order for liquids to pass through the disk and 
into the bottle. This is accomplished by connecting the original 
open end of the sintered disk tube to a vacuum system, placing 
the mercury seal in position, and evacuating the bottle to several 
microns’ pressure. The tube is then sealed off 2 to 3 cm. from 
the sintered disk and is ready for use. Any liquids may be used, 
so long as the sum of the partial pressures in the weighing bottle 
is sufficiently low to allow the liquids added to pass through the 
disk. This pressure, for one disk used, was found to be approxi
mately atmospheric. The weighing bottle assembly, which 
should weigh from 10 to 20 grams, is tared on a microbalance, and 
a small amount of one of the liquid components to be introduced 
is drawn up into the capillary pipet. The end of the pipet is 
carefully wiped diy, immersed in the mercury seal, and touched 
to the sintered disk, whereupon the liquid is drawn into the 
weighing bottle. The pipet tip is removed from the disk when 
sufficient liquid has been transferred. A second weighing then 
accurately determines the amount of liquid added. This process 
is repeated until as many components as desired have been added.

The lower portion of the weighing bottle is then immersed in a 
cooling medium such as liquid nitrogen to condense into the 
bottle any material still remaining in the sintered disk. The 
bottle is alternately warmed to room temperature and cooled 
slightly several times to help mix its contents and is then care
fully inverted under mercury, taking care that no air enters 
through the sintered disk. Gentle shaking will then complete 
the mixing operation. The original mercury cup is removed 
under mercury, thereby allowing access to the sintered disk. By 
thus inverting the tube, the liquid in the weighing bottle comes 
in contact with the disk and permits a sample of the liquid phase 
to be withdrawn by touching the disk of the weighing bottle to a 
second sintered disk placed under the mercury surface and con
nected to the spectrometer inlet system (Figure 2).

Where the accuracy attainable with a balance is not required, 
a microburet may be used to introduce the components into the 
weighing bottle.

M ICRO B U R ET -^
0IS K .IO M M -

TO  S P E C T R O M E T E R  
IM L ET  S Y S T E M

V
Figure 2 . M icroburet

I t  consists of a weighing bottle made from a short length of 
glass tubing of 5-mm. outside diameter fitted at one end with a 
small sintered disk. Around the disk end of the weighing bottle, 
and held in place by a rubber ring, is placed a short length of 
10-mm. outside diameter glass tubing acting as a cup to hold a 
mercury seal over the sintered disk. Glass legs attached to this 
tubing hold the assembly upright on a balance pan.

A pipet, for adding components to the weighing bottle, is made 
by drawing out a piece of 6-mm. tubing to a fine capillary, and 
placing a rubber medicine dropper bulb over the large end. The 
size of the capillary is determined by the amount of each com
ponent to be added and the accuracy with which it is desired to 
approximate the final composition of the mixture. If the capil-

S o u r c e s  o p  E r r o r .  Certain factors in the method were 
given consideration because of their potential source of error.

Loss of Mercury from  the Seal Due to Slicking on the Pipet. Re
peated immersions and withdrawals of the pipet from the mer
cury seal showed that the amount of mercury adhering to the 
pipet was in all cases less than 0.005 mg. For a 10-mg. quantity 
of component this factor would therefore contribute less than
0.05% error to  the determination of such component.

Trapping of Liquid in  the Mercury Seal. I t  was anticipated 
that some error could be introduced should liquid leak from the
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pipet into the mercury seal during immersion and not be trans
ferred through the sintered disk. This factor was investigated 
by allowing the end of the pipet to remain wet with a drop of 
2,2,4-trimethylpentane before immersion in the mercury seal. 
Such a condition was always indicated by a rapid drift of the 
balance pointer when the bottle was weighed. Evaporation of 
the iso-octane, however, was complete in 10 to 15 minutes and the 
bottle always attained its original weight to within ±0.002 mg., 
indicating that error from this source was negligible or within the 
limit of precision of the microbalance. Relatively nonvolatile 
liquids could cause error, but such leakage of liquid into the mer
cury never inadvertently occurred in over 100 weighings using 
proper precautions.

Reproducibility of Weighings with. Microbalance. Inasmuch as 
weighings were always made by difference, the principal error, 
introduced by the balance was the uncertainty of weighings. 
This was found to be ±0.002 mg. for the microbalance used in 
this work, and for a 10-mg. quantity of component would cause 
an  error of ±0.02%  in the determination of each component.

Table II. Mass Spectrometer A n a lys is of n-Pentane-lso-octane 
M ixture

Figure 3. Weighing Bottle and Pipet

Change of Composition in  Weighing Bottle. Some difference in 
composition between the liquid and gas phases coexisting in the 
weighing bottle would be expected because of the difference in 
relative volatility of the components. This effect was estimated 
by assuming an equimolal mixture of 2,2,4-trimethylpentane and 
n-octane to  be present in the bottle at room temperature, with a 
vapor-liquid ratio of 2. From vapor pressure data it was cal
culated tha t the equilibrium concentration of iso-octane in the 
liquid phase under these conditions would be 49.98 mole %. 
This represents an error of 0.04% based on either component. 
For mixtures with greater vapor pressure differences this error 
will increase, but will not exceed 0.5% for the extreme case of a 
vapor pressure difference of 600 mm. of mercury. The effect can 
be reduced somewhat by decreasing the vapor-liquid ratio, but it 
does not seem experimentally feasible to decrease this much 
below 1.

Holdup in  Sintered Disk. Usually the analysis of the first 
sample withdrawn through the disk will be somewhat in error, 
probably because of holdup in the sintered disk, which has the 
effect of trapping a small volume of material with somewhat 
different composition than the main body of the mixture. The 
volume trapped in this manner is ordinarily completely with
drawn with the first sample through the disk and by rejecting this 
sample the disk is sufficiently purged. The volume thus removed 
and the difference in composition between it and the known com
position are both so small tha t no measurable change in mixture 
composition results from this procedure. The first sample 
through the disk must also be rejected when gas mixtures are 
introduced by means of the inlet systems illustrated in Figure 1.

Change in  Composition Caused by Flow through Sintered Disk. 
Some change in composition of the mixture might be due to  flow 
through the sintered disk. No estimate of this effect was at
tempted, however, because of the indeterminate flow conditions 
existing during transfer. Instead, a mixture of n-pentane and 
iso-octane was prepared according to the method described

Composition by weight
33.3

Mole %  Iso-octane
Through two sintered disks (liquid phase)

30.5°33 .53 2 .232 .732.634.1  34 .5
Av. of last 6 33 .5  

° F irst sam ple through disk is usually erroneous, owing to holdup.

Table III. Mass Spectrometer A n a lys is of Hydrogen-n-Pentane 
M ixture

(Atmospheric pressure)
Mole % Hydrogen

Through twoThroughstopcock
85 .784.684.4

Av. 84 .9

sintered disks
* 84 .884.7 85 .0

84 .8

specifically to test the sintered disk system for mixtures intro
duced as the liquid phase. Table II shows the results of seven 
consecutive analyses of the same known mixture. The first 
analysis shows the usual deviation attributable to  holdup in the 
disk; the next six analyses are considered satisfactory checks of 
the known composition.

To test further the suitability of the sintered disk system for 
the introduction of gaseous mixtures a hydrogen-n-pentane mix
ture was prepared. Table I II  shows six analyses of this mixture 
sampled at atmospheric pressure from the same storage vessel 
and taken alternately through a stopcock and a sintered-glass 
valve. I t  is apparent that no significant difference exists be
tween the two methods of introduction.

In  order to determine at what pressures composition changes 
would occur due to differential effusion through the disks gaseous 
mixtures of hydrogen-re-pentane, methane-n-pentane, and 
ethane-n-pentane were analyzed a t several pressures. From the 
data thus obtained the separation factor a  was calculated:

Separation factor, a = N / l - N
n / l —n

where N  =  mole fraction of one component in the effused 
phase

n  =  mole fraction of the same component remaining 
in storage vessel

Table IV shows the variation in separation factor with pressure 
for the three gas mixtures. I t  is evident for the hydrogen-n- 
pentane mixture tha t measurable change in composition begins 
to occur in the region of 500 mm. of mercury. For methane-n- 
pentane and ethane-n-pentane mixtures this point is closer to

Table IV . Separation Factor, a , as a Function of Pressure
Gas M ixtures

Pressure, Mm. H ydrogen- M ethane- E th a n e -
of M ercury n-pentane n-pentane n-pentane

760 1.00 1.00 1.00
500 1.02 1.00 1.00
400 1.04 1.00 1.00300 1.19 1.02 1.02
200 1.55 1.05 1.05
100 2.25 1.18 1.09

50 3.10 1.45 1.26
25 1.93 1.50
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Table V .  Typical Known M ixture

Com ponent
W eightDesired,Mg.

W eightObtained,Mg. % by W eight
W eight % by M ass Spectrom eter

Predicted Standard  Deviation for M ass Spectrom eter Analysis
3,3-Dim ethylhexane 2 .0 1.899 3 .6 4 .4  4 .2 0 .82,5-Dim ethylhexane 15.0 18.096 34.6 3 3 .5  34 .5 0 .42,4-Dim ethylhexane 15.0 15.729 30.1 29.1  29.7 0 .82,3,4-Trim ethylpentane 10.0 9.612 18.4 18.9 19.7 0 .32,2,3-Trim ethylpentane 5 .0 6.274 12.0 ' o i l 11-9 1 .02,2-Dim ethylhexane 0 .5 0.667 1.3 1 .0

300 mm. of mercury. To guard against error from this source, 
when using sintered disk valves, it is therefore essential to store 
mixtures of compounds of widely different molecular weights 
close to atmospheric pressure.

S i n t e r e d  D i s k s .  The smaller sintered disks illustrated in 
Figures 1 and 3 are not available commercially and were made in 
the laboratory. The preparation of similar disks presents no 
difficulties and has been described several times (1, 4, 8). The 
following method, however, has been found particularly con
venient for the present purpose.

C A R B O N  SW AGING 

T O O L

Figure 4 . Apparatus for Preparing Sintered Disks

Pieces of Pyrex tubing are thoroughly crushed in a mortar, or 
by other suitable means, and the portion passing through a 200- 
but held on a 300-mesh sieve is collected for use. A mold is next 
prepared by drilling a hole 3 to 4 cm. deep in a small carbon 
block (Figure 4), so as to provide a close fit for the glass tube. 
The tube is ground down to a sharp tapered edge as shown and 
cut to a length of 5 to 6 cm. A small quantity of the powdered 
glass is placed on a flat surface and the tapered end of the glass 
tube pressed into the pile. A close-fitting glass rod is inserted 
into the top of the tube and the powdered glass tamped into the 
tapered end until a packed layer about 2 mm. deep is formed. 
The tube is then carefully transferred to the carbon mold, tapered 
end down, and the powdered glass given a final tamping with the 
glass rod to form it into the bottom of the mold. The mold con
taining the tube is placed in a muffle furnace and held at approxi
mately 1800° F. for several minutes, or until the protruding por
tion of the glass tube sags to an almost horizontal position. The 
mold is then removed from the furnace and allowed to cool. 
When the tube is removed from the mold, it will be found that 
the powdered glass has sintered together but has also shrunk away 
from the glass tube somewhat. To effect a tight seal between the 
two, a carbon rod is drilled with a tapered hole (Figure 4) just 
large enough to allow the sintered end of the glass tube to enter. 
The glass tube is then cut off at the bend and sealed to a 10-em. 
length of larger tubing which acts as a handle.

The end of the carbon rod containing the tapered hole is next 
heated with a torch to a red heat. The flame is removed and the 
sintered disk tube quickly pressed into the hole and rapidly 
rotated. _ This swages the glass tube around the sintered disk 
and provides a tight seal between the two. To test the disk for 
porosity the open end is connected to a vacuum system and the 
sintered end immersed in mercury. If no mercury leaks through 
after the tube is completely evacuated, it is satisfactory in this

respect. The tube is then removed from the mer
cury. If air now leaks through the disk into the 
vacuum system it is sufficiently porous for use. Ini
tial heating time, amount of swaging, and the size 
distribution of glass particles help determine final 
porosity. A little experience will show how these 
variables must be controlled to yield the most satis
factory disk.

APPLICATIONS A N D  A D V A N TA G ES

S p e c t r o m e t e r  I n l e t  S y s te m s .  Applied to a mass 
spectrometer the arrangements shown in Figure 1 
have been found convenient for introducing both 
liquid and gaseous calibrating compounds and known 

mixtures into the spectrometer inlet system.
An alternate method of introducing liquid compounds involves 

the use of a microburet such as shown in Figure 2. This method 
is useful where the presence of dissolved air in the compound is  
not objectionable, and where a pressure-volume measurement of 
the compound in the gaseous form is not practicable.

P r e p a r a t i o n  o f  M i x t u r e s .  In  addition to the calibration of 
spectrometers with pure compounds, it frequently is desirable to 
test over-all performance or computational methods by analyzing 
known mixtures of normally liquid compounds. Ordinary 
methods of preparation are unsatisfactory when dealing with the 
small volumes of pure calibrating compounds now available. By 
means of the semimicromethod described, however, mixtures 
may be made from as many components as desired and individ
ual components may be weighed in amounts as low as 1 mg. or 
less with the aid of a microbalance. The method may be readily 
extended to macroquantities without sacrificing its advantageous 
features, and these liquid mixtures may be stored and introduced 
with the same sintered disk tubes used for their preparation 
(Figure 3). The chief interest in this method for the authors 
centered around its usefulness in determining the accuracy of 
mass spectrometer methods applied to certain hydrocarbon 
analyses, particularly of normally liquid compounds. Table V 
illustrates the results obtained for a typical known liquid mixture 
consisting of six octanes. The last column gives the calculated 
standard deviation to be expected for such a mixture, based on 
the known mass spectra of the pure components.

A d v a n t a g e s .  The principal advantages of this sintered disk 
technique are: The material contained in the storage vessels is  
kept free from air and water; the use of stopcocks, which might 
cause trouble due to leakage or absorption, and which need peri
odic regrcasing, is eliminated; no pumping out to-remove air is  
necessary before introducing material into the spectrometer; 
any pure compound or mixture may be introduced with but little 
manipulation; and liquid mixtures may be prepared rapidly and 
accurately with either semimicro or macroquantities of material.
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Improved Distilling Head for Laboratory Fractionating Columns
B. G . Z IM M E R M A N 1, General A n ilin e  W orks, Grasselli, N . J .

D ISTILLING heads are generally of two types, the partial 
vapor condensation and the total vapor condensation head. 

The partial vapor condensation head first employed by Peter and 
Baker (8) now has been almost entirely replaced by the total con
densation head.

Bruun (1, S) was among the first to design a satisfactory total 
vapor condensation head for laboratory columns. His design is 
generally satisfactory for most purposes, but lacks ease of opera
tion and is not applicable to distillation of immiscible and corrosive 
liquids. Many other (8-11) different designs, which are gener
ally satisfactory for laboratory distilling columns, are now in use; 
but each, including the one now proposed, possesses some dis
advantage. I t  is very difficult to design a distilling head which 
will eliminate all disadvantages, but this paper presents a satis
factory distilling head which has been in operation for more than 
five years.

1. All parts are made of glass, and therefore may be used for 
distilling corrosive liquids, including inorganic acids except hy
drofluoric.

2. All stopcocks and joints are precision ground. These re
quire very little, if any, lubricant and work well under high vac
uum.

3. I t  is easy to operate. The nipples of the stopcocks are 
accurately calibrated and the reflux ratio is determined by 
counting the drops. Once the reflux ratio is set, the ratio will 
remain constant for an indefinite period of time.

4. The temperature of the reflux and the product is easily 
determined.

5. Vapor temperature may be accurately determined during 
fractionation period.

1 P resen t address, M orton Chemical Co., G reensboro, N. C.

6. The column 
may be operated 
under total reflux 
without leaks to  
the product take
off line.

7. I t  has very 
low  h o ld u p  o f  
liquid.

8. T h e  t e m 
p e r a t u r e  of the 
r e f lu x  m a y  b e  
v a r i e d  b y  t h e  
amount of cooling 
w a te r  that flows 
through the con
denser.

9. Itismechani- 
cally strong.

Figure 1 'shows 
the side view of 
th e  d is t i l la t io n  
head, while Figure 
2 shows the front 
v iew . In  a c tu a l  
operation, the dis
tillation head is en
tirely covered with 
asbestos rope to en
sure more closely 
a d ia b e tic  condi
tions. The stop

cocks, if precision ground, require very little, if any, lubrication.
This device requires a degree of skill too great for fabrication 

by an amateur glass blower. However, it can easily be made by 
a professional glass blower or purchased a t relatively low cost 
from Otto R. Greiner Company, Newark, N. J. This type of 
distillation head may be made to fit any size of fractionating 
column for laboratory or pilot-plant use. The design, as illus
trated, has been used with a 1.5-inch inside diameter-48-inch 
laboratory column for more than 5 years with excellent results.

For ordinary distillations, the thermometer wells for the re
flux and distillate may be omitted, thus reducing the cost of the 
head.
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C O R R E S P O N D E N C E

Thermal Decomposition of Perchlorates and Determination 
of Sodium and Potassium in Silicates

Sir : Marvin and Woolaver (#) have studied thermal decomposi
tion of seven perchlorates with aid of the thermobalance. Their 
findings are interesting and important, because most textbooks, hav
ing in mind alkali perchlorates, state that “perchlorates upon being 
strongly heated are converted into chlorides with liberation of oxy
gen” . M arvin and Woolaver find that ferric perchlorate and the per
chlorates of magnesium and aluminum are completely changed to 
oxides, while calcium perchlorate is to  some extent changed to oxide.

With respect to  the calcium salt, they find that the residue corre
sponds fairly closely to CaO.20CaCl2. (It should be pointed out 
that in the article as published there is a printer’s error and capital O 
appears instead of a zero.) It is a bit unfortunate that this formula 
was given at all, for it is based 011 a single weight of residue obtained 
on heating a sample of perchlorate which was not perfectly anhydrous. 
I would call attention to the fact that the weight of residue obtained 
on heating Ca(C104)2 was only 1.45% low if only CaCli were formed, 
and with LiClCb the error was —3.2%, with NaClCb —0.74%, and 
with KCIO4 —1.45%. It is regrettable, therefore, that the residue 
obtairted on heating Ca(C104)2 was not dissolved in water and titrated  
with acid in the presence of methyl orange. This would have been 
better proof of formation of some CaO.

The authors state that with the thermobalance decomposition 
points were obtained within a few degrees, but the data presented in 
plots do not show complete decomposition. Thus the curve in Fig
ure 4 for conversion of Fe(ClC>4)3 stops at approximately 235° where 
loss in weight is only 39 mg., whereas complete conversion of 0.092 
gram of anhydrous FeCClCh)* calls for loss of over 71 mg.

The argument that alkali perchlorates are decomposed into chlo
rides with loss of oxygen seems sound. On the other hand, assump
tion that perchlorates of iron, magnesium, and aluminum are simply 
hydrolyzed into oxide and HCIO4 does not appear to be proved. If 
hydrolysis takes place completely one would expect this within 100° 
of boiling point of water, when the decomposition takes place in an 
open dish. But ferric perchlorate does not appear completely 
changed to oxide when the temperature of 225° is reached, and in the 
case of magnesium perchlorate only 81% of the expected loss in 
weight occurs when 425° is reached on the assumption that the per
chlorate was anhydrous at the start. Of course, if the sample were 
MgC104.6H20 at the start, one would expect considerable 
hydrolysis to take place, but the plot shows a loss of only 55 mg. and 
87 mg. of MgC 104 .6H 20 contain 42 mg. of water of crystallization. 
Every mole of perchlorate requires 4 of water for its hydrolysis. 
Does it  seem reasonable that 4 moles of water remain for each mole 
of undecomposed MgCClCbh after a temperature of 425° has been 
reached? The data given do not prove that conversion of perchlo
rates of iron, magnesium, and aluminum is entirely the result of 
hydrolysis.

A method for determining sodium and potassium (1) is based on 
heating a silicate writh HCIO4 and HF in platinum and converting per
chlorates formed to chlorides and oxides by ignition in  glass to 550°. 
After dissolving in water and precipitating the calcium and magne
sium as oxalate and oxinate, respectively, the chlorides were weighed 
in  glass. In the analysis of 6 samples of silicates, 20 to 24 mg. of 
NaCl +  KC1 were weighed in “250-ml. tall-form beakers”. The re
sults agreed better with the Bureau of Standards results than the 
results obtained with KCIO4 recorded in the previous article (2). 
We older chemists would never have dared to weigh 20 mg. of residue 
by difference in a 250-ml. glass beaker. We used to employ platinum  
dishes and with platinum it is much easier to get constant weights 
than with glass. Remarkably good agreement was obtained (I) with 
the Bureau of Standards values, but no analysis was made of actual 
sodium and potassium contents. One would expect some attack on 
glass by the rigorous treatment and, in carrying out the J. L. Smith 
procedure, we always had to make allowance for alkalies picked up

from the glass and from reagents. Apparently in the experiments of 
Marvin and Woolaver, loss in alkali during ignition of perchlorates 
happened to compensate the gain in weight from glass vessels and 
from reagents.

William T. HallRochester, Mass.

Sir : Professor Hall suggests that in order to determine the pres
ence of calcium oxide the residue might have been dissolved in water 
and titrated with acid. This was performed during the course of our 
experiments and we are sure that calcium oxide is present because of 
the alkalinity of the resulting solution. A quantitative value on the 
amount of calcium oxide would undoubtedly be of little significance 
because it  would probably vary from one sample to another. Also I 
would like to point out that after this suggested formula the state
ment is made that it “has no particular significance” .

Comment is also made on the fact that the curves do not indicate 
complete decomposition of samples. The purpose of the paper, as 
illustrated by Figures 1 and 2, is to  show a sharp point of inflection 
indicating that decomposition begins at a definite temperature and 
will continue, faster and faster, over an indefinite range upwards. 
The curves for iron, magnesium, and aluminum perchlorates should 
be viewed in contrast with Figures 2 and 3 rather than in comparison. 
There was no interest or intent to carry these curves through to com
plete decomposition. Of course, the ultim ate purpose of the paper 
was to show that a maximum temperature would be required to break 
down these common perchlorates for analysis for sodium and potas
sium.

The comment regarding possible mechanism of breakdown of per
chlorates is of interest, but we made no effort to  prove that it  followed 
a definite mechanism. We simply offered a possible explanation for 
the decomposition.

On the method for determining sodium and potassium (1), Professor 
Hall refers to decomposition of perchlorates in glass. This decom
position cannot be performed in platinum because of the serious at
tack of the platinum dish. Checks were carried out in quartz dishes 
against the same work in glass vessels, the error being of such small 
magnitude that it  was considered entirely feasible to  use Pyrex.

Blank results were carried on ¡throughout this work, and all indica
tions point to the reasonable conclusion that results obtained by this 
method are accurate. There were numerous side experiments and 
tests performed in connection with this research that could not be in
cluded in  the article because of the necessity for conciseness.

G e o r g e  G . M a r v in
Cambridge, Mass.
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U S E  O F  C O U N T E R  C U R R E N T  C O M P E N S A T I O N

com
tes coun^f c“r comera- 

in c o r p o r a ^ ; ,  |mpr0, . -

Before Compensating for 
Constituents A and B

Constituent C is the element to be de
termined, but under the conditions illus
trated, the concentrations of constitu
ents A  and B are so large that C can
not be measured at maximum sensitiv
ity and accuracy.

After Compensating for 
Constituents A and B

This clearly illustrates the im portant a d 
vantages of current com pensation . . . 
constituent C can now be measured 
with maximum accuracy and without 
the necessity for tim e-consum ing chem 
ical removal o f constituents A  and B.

C a t  f u l l  
s c a l e  d e 

f l e c t i o n  
a fte r  co m 

p e n s a t i o n  
of  A  and B.

The application of polarographic methods of 
analysis expands steadily. Some of the applica
tions of the Heyrovsky Polarographs now in use 
are —  Analysis of waters for trace constituents 
•  Observation of deterioration of transformer 
oils • Detection of incipient lead poisoning • 
Organic research. Analysis of: Brass • Ferrous 
alloys • Lead alloys • Magnesium alloys • 
Nickel alloys • Zinc alloys • Metallic impur
ities in aluminum • Lead and zinc in paints • 
Major constituents in plating solutions • Ceram
ics and glasses • Raw materials for production 
of rubber • Vulcanized rubber for identification 
of specific ingredients • Foods • Paper ash and 
pulping liquors.

S-29301 POLAROGRAPH— Heyrovsky, American Model XII, India 
cating-Recording, With Current Compensator. Complete with acces
sories. For operation from 115 volts, A.C. 60 cycle circuits $550.00

E. H. SARGENT & COMPANY 
155-156 EAST SUPERIOR STREET, CHICAGO 11, ILLINOIS

M ichigan D ivision: 1959 East Jefferson, D etroit 7, Michigan

V- ‘ «W »
¿*4 \

m  i

<*■ V •/  ""':v

V "

M “ '  * f A d i
*

HS'movsKY POLAROQRAP*„ « W l XII
* . c ,

•  Accuracy; rapidity; the possibility of 
detecting and identifying minute quanti
ties and of making simultaneous determi
nations of several components; small sam
ple requirement; preservation of sample 
and permanent photographic recording 
of every analysis, are some of the reasons 
w hy the H eyrovsky Polarograph is so 
widely used.

The procedures established thus far by 
no means define the field of polarography 
— the perfected instrumental system, of 
the Heyrovsky Polarograph creates un
limited possibilities for analytical and re
search applications.

A b ib liog raphy  of m ore than  700 papers 
dealing with the polarographic method of an
alysis and a booklet discussing the Polarograph 
and polarographic analysis are available w ith
out charge on request.

STOCK
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ADAMS S a f e t y - H e a d  CENTRIFUGE
Improved Model As Supplied to U. S. Army and Navy

This centrifuge offers important advantages over the conventional units. The tubes 
are suspended at a fixed 520 angle — thus faster sedimentation is achieved by the 
shorter distance particles are required to trave l. . . creating mass, and reaching the 
bottom more quickly. The tubes remain in the angular position and no stirring up 
of sediment results.

CT-1001 ADAMS SENIOR SAFETY-HEAD CENTRIFUGE for SIX 
15 ml. TUBES.
Exclusive of tubes or s h i e l d s .................................................. Each $49.50
CT-1000 Same as above, but complete with six round bottom brass 
shields with rubber cushions and three each graduated and ungraduated 
taper bottom 15 ml. glass tubes.
Without protective cap or u n d e r g u a rd ...................................Each $52.50
CT-1055 UNDERGUARD........................................................Each $ 3.50
CT-1050 PROTECTIVE C A P ......................................... Each $ 2.50
Above centrifuges have universal motors for 110-volt A. C. or D. C.
current. Additional charge of $2.00 is made for 220-volt universal motors.

* With underguard No. CT-1055 with six 15 ml. tubes 
loaded. 4200 R.P.M. on A. C. with same load.

MICRO and SEMI-MICRO tubes (5 ml. to 0.5 ml.) can be accommodated by pur
chasing extra shields. No adapters are required.
Other ADAMS CENTRIFUGES are described in our new literature Form 309-R3/EC. 
Write for a copy.

5000* R.P.M. on D.C.
CLAY-AD AM S C Q Ü
E 44 EAST 23rd STREET, NEW YORK 10, N Y

A D A M S )

W f

G L A S S  A B S O R P T I O N  C E L L S . . . .

O F  F I N E  Q U A L I T Y

“ *  h y K le t t .--------

Sole m anufacturer in the  
'A' U n i t e d  S t a t e s  of  fused  'A' 

E l e c t r o p h o r e s i s  Cel ls .

M akers o f complete 
Electrophoresis Apparatus

Fused in an electric furnace with cement 
that is acid, alkali and solvent resistant. 

Optical Flat Walls. Many stock sizes are 
available. Special sizes made to order.

K / e ä

KLETT SCIENTIFIC PRODUCTS'
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, N e w  York, N .  y .
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OMETER

DESIGNED FOR HIGH VACUUM
OF MATERIALS

ATLAS 
TWIN-ARC 
WEATHER -

High vacuum systems, where pressures are down 
in the micron range, require highly specialized 
valves. NRC packless valves have been designed 
by experienced high vacuum engineers for effi
cient operation at such extreme low pressures.

•

If you are considering the installation of vacuum 
equipment, be sure to discuss your problem with 
an NRC engineer before you buy. NRC high 
vacuum installations are daily playing more and 
more important parts in industrial applications. 
NRC research and development engineers are 
constantly seeking new industrial uses for high 
vacuum processes. Their knowledge and prac
tical experience are available to you.

•

Write for fu ll data on NRC High Vacuum valves or for 
latest information on industrial high vacuum.

ATLAS FADE-OMETER
T h e  recogn ized  standard testin g  

m a ch in e  for  d e term in in g  th e  fastness 
to  l ig h t  o f  any m ateria l or  finishes. 
S p e c im e n s  a r e  r o ta te d  a r o u n d  th e  
A tlas E nclosed  V io le t  A rc —  the  
closest approach  to  natural su n lig h t  
— in  m asked holders. A u to m atic  tem 
perature co n tro l to  w ith in  ± 3 °  F. 
and h u m id ity  regu lated  by a con 
stant reservoir acco rd in g  to  req u ire
m ents o f  tests. O peration  is com 
p le te ly  au tom atic  w ith o u t atten tion  
from  operator; can be left in  con 
tin u o u s op era tio n  o v ern ig h t.

*  O rig inators and so le m anufacturers o f a cce le ra ted  te s t
ing dev ices fo r  a quarte r  of o cen tu ry , th e  A tla s Fade- 
O m eter. W eather-O m eter, Launder-O m eter a re  the accep ted  
standard  a cce le ra te d  testin g  machines a ll over the w o rld .

. . . twice the speed of single arc machine
F aith fu lly  d u p licates the com b in ed  w ea th er in g  effects 
o f  su n ligh t, rain , h eavy  d ew  and therm al shock; accel
erated to  reduce years o f  actual w e a th er in g  to  a few  
days o f  testing .

T h e  n ew  T w in -A rc  W eather-O m eter  is eq u ip p ed  
to  take large s ize  specim ens in  order to  m eet the  n ew  
Federal Specifications d em an d in g  accelerated  w ea th 
e r in g  tests. F u ll au tom atic  con tro l o f  l ig h t  and w ater  
p eriod s is p rov id ed  by th e  A tlas cycle  tim er u n it  
w h ich  can b e  set to  m eet standard and special requ ire
m ents o f  w e a th e r in g  tests. A  d irect read in g  therm al 
regu lator, autom atic  shut-off sw itch  and a ru n n in g  
t im e  m eter are in clu d ed  as standard eq u ip m en t. A fter  
settin g  exp osu re  cycles on  th e  con tro l pan el, the  
W eather-O m eter  can b e  safe ly  le ft  in  con tin u ou s op er
a tion  o v er n ig h t w ith o u t a tten tion  ex cep t to  replace  
carbons on ce  in  24 hours.

T h e  A tlas W eather-O m eter  proves th e  d u rab ility  
o f  m ateria ls u n d er exact co n d itio n s  o f  w eath erin g  
fo u n d  in  actual use in  ou td o o r  exp osu re.

NATIONAL RESEARCH CORPORATION
B O S T O N  1 5 .  M A S S A C H U S E T T S ,  U . S . A . ATLAS ELECTRIC DEVICES CO.

361 W .s t  S uperio r S tre e t, C h icago  10, Illinois
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T E MP E R AT U R E S
up to  2500° F .

fo r  y o u r  sm al l  
h e a t in g  o p e ra t io n s

with the B u r r e l l

L ittle  G i a n t
This high-temperature box-type furnace with 
heating chamber 4" wide x 31/ 2" high x 4" 
deep, provides convenient space for:

•  Technical Research
•  Heat Treating
•  Cement Testing
•  Ceramic Firing
•  Glaze Testing
•  Alumina Ignitions
•  Chem ical Fusions
•  Insulation Fusing
•  Tool Hardening

For complete information on all types of box, 
tube, muffle or pit high-temperature furnaces, 
write for Burrell Catalog F-241.

B u rr ell
T E C H N I C A L  SU PP LY  C O M P A N Y
1 9 3 6 -4 2  Fifth A venue Pittsburgh (19), Pa.

f o r  G J w t U c a l A n & h fA U

Through the 
M easurem ent of

PHOTOELECTRIC 
COLORIMETER 

and
FL U O R E S C E N C E  M ETER

CHEMICAL ANA LY SIS: b y  t r a n s 
m is s io n  in  t h e  v i s i b l e  a n d  u l t r a  
v i o l e t  r a n g e .
V ITAM IN  D E T E R M I N A T I O N : b y  
f lu o r e s c e n c e  (V i ta m in s  Bi a n d  B2). 
COLOR M EASUREMENTS: o n  l iq 
u id s ,  s o l i d s ,  p o w d e r s ,  p a s t e « ,  
p a p e r ,  f a b r i c s ,  l a c q u e r s ,  p a i n t s ,  
a n d  m a n y  o t h e r  m a t e r i a l s .

SCHAAR & COMPANY
C o m p le te  L a b o ra to ry  Eq u ip m en t  

7 4 8  W . LEXINGTON STREET CHICAGO 7

COLEMAN 

pH

ELECTROMETER

A  limited number 

of these famous 

reliable pH  elec

trometers are now 

available. W e sug

gest ordering Im

mediately.

Used in hundreds of mills for control of pH of whlte- 
water, beater operation and more recently In manu
facture of weather-proof containers, using Casco Resin 
No. 18, with starch.
Guarantees uniformity of sheet, perfect printing sur
face, strengthens folding quality.
Single scale, 0-13 pH by 0 -1  pH divislqns. Complete 
with Sealed Ag-Ag C l Glass and Reference Electrodes, 
buffer solution, tubes, batteries. Price $180.00.

W rite for Catalog IE  12

W l l i K E n S - I I N D E R S O N  C O .
I l l  NORTH CANAL S TR EET  * CH ICA G 06. ILLINOIS
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B A R N S T E A D  en gin eers have designed  
an in exp en sive  p ortab le w ater bath w hich  com 
b in es the b est features o f  standard m od els w ith  
several orig ina l im provem ents. T h e exclu siv e  bottle  
feed  p erm its the bath to be used  w herever there 
is  an e lectr ic  o u tle t for  heating. B usy research and 
industria l ch em ists can now  have a w ater hath 
handy w herever th ey  m ay b e  w orking. H andsom e, 
durable M onel m etal exterior.

Saves T im e— Saves W o rk — Saves Space  
Ask your laboratory supply dealer for B arnstead B u lletin  
N o. 108 con ta in in g  com p lete  d escrip tion  and specifications.

R a rn s te a d
H U P  S H U  & STERILIZER CO. b e

12 LANESVILLE TERRACE, BOSTON 31, MASS.

ADVANTAGEOUS SEPARATIONS—  RAPIDLY
W ITH

Laboratory Mixers

w i t h  Q lecisU M 'U G  c o n t r o l

GRAVIMETRIC REAGENT FOR  
COPPER, ZINC, CADMIUM, 
URANIUM

Quinaldic Acid shows promise of becoming a 

very useful analytical tool, and is now ava ilab le  

In commercial quantities at reasonable cost. 

TOWER M O N O GRA PH  No. 10 describing the 

uses and properties of Quinaldic Acid will be 

sent upon request.

P R IC E S

25 grams $1 .00

100 grams 3 .25

5 00  grams 9 .50

Technical Quinaldic Acid in 25 lb. drums 

F.O .B. Rochester, N. Y.

0
 TO W ER

D RUG & CH EM ICAL COM PAN Y  

P .O . Box 2 5 4  Rochester T, N.Y.

VARIABLE SPEED AT FULL TORQUE 
THYRATRON TUBE CONTROLLED 

DIRECT DRIVE AND GEAR DRIVE IN ONE MOTOR 
DC CONTROL ON AC

This n ew  adjustable sp eed  m ixer is a shunt w ou nd  DC  
b all b earin g  h ead  motor, w ith  the d irect d rive and gear  
d rive shafts both ex ten d ed  and usab le. The motor is  driven  
b y a p h a se  shift thyratron tube contro lled  rectifier, w h ich  
converts the alternating current of the  m ains to d irect 
current. The field  and the arm ature of the motor are fed  
separately by 2— 2050 RCA ga s rectifier tubes.

The sp e ed  on  the d irect d rive shaft is  about 300 rpm  to 
4000 rpm in  step less control, and  the sp e ed  of the gear- 
driven shaft is  3^4th the d irect or armature sp eed . The 
high -sp eed  shaft can  b e  sta lled  w ithout dam age w h ile  the  
safe load  on the slow -speed  shaft should  not b e  over 6.5  
in ch  pounds for lon g  life  of the  worm  and gear  drive. 
This torque is, of course, m ore than n e ed e d  for ordinary  
laboratory requirem ents.

The m ixer m ay be run either clockw ise or counter
clockwise.

A ttachm ents sup p lied  with the m ixer are a sta in less steel 
shaft Y ‘ d iam eter with a sta in less steel propeller; a Y." 
diam eter p u lley  w h ich  can  b e  attached  to either  shaft for 
driving calorim eters; g lass stirrers in  3 n eck  flasks, etc.

Complete u nit as illustrated for operation on 110 
volts, 60 cycles single phase 
but without stand. Each $ 6 5 .0 0

¿ [ jip M J ia lu /x . £ t .
G L A S S  BLO W IN G  LA B O R A TO R Y  S U P P L IE S  C H E M IC A L S  V
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Cv&uf. Aduaniaae ¿n 'Welch, jbua-Secd
'U g c u u s k  P tu n p A .•  UNEXCELLED IN  

PERFORMANCE 
A N D DURABILITY

No. 1405-H

DUO-SEAL VACUUM PUMP, Motor Driven. Vacuum .05 m icron— free air capacity of 33.4liters per m inute................................................. $140.00With larger motor giving 57 liters free air capacity per minute and vacuum of 0.1 m icron $155.00

F aster P u m pin g a t  A l l  Pressures
RUN SILENTLY, as there are no external vanes or springs.
CONTINUOUS, RELIABLE OPERATION. 
LONGER LIFE, as internal vane actually improves with wear.

A very fast working pump, owing to its 
relatively large capacity at low operating speed of 300 R.P.M.

This is the most widely specified Vacuum 
Pump for general purposes where good capacity and high vacuum are required.

Prompt Shipment Assured.
Write for FREE 32-page booklet on Welch 
Duo-Seal Pumps and Vacuum Technique

W . M. W e l c h  S c i e n t i f i c  C o m p a n y
1515 S ed g w ick  St., D ept. A  Established 1880 C h ica g o  10, Illinois, U .S .A .

T B E  PARR-Dennis M elting Point A pparatus is 
u sed  in  the rapid  testin g  of an y  m aterial w h ich  e x 
h ib its a sharp  m elting  point b e tw een  room  tem 
perature and 2 5 0 °  C . It w ill b e  found usefu l in  re
search , control tests, an a lyses, and  other work  
in  w h ich  freq u en t m elting  point determ inations are  
m ade. It is  cap a b le  of g iv in g  resu lts w ith  an  a c 
cu racy  eq u iv a len t to that of other standard m ethods

and, for those  m aterials w h ich  tend  to d ecom p ose  
before their m eltin g  tem perature is  reach ed , the  
rapid ity of th is m ethod perm its e v en  grea ter  a c 
cu racy  than  is  p ossib le  w ith  slow er tests. The ap
paratus features a therm o-regulator, an  im proved  
heater  w ith  a  p ilot ligh t, and  a constantan e lem en t  
w ith a knife e d g e  contact, w h ich  sim plify control 
and prom ote e a se  of operation.

Fox com plete details see your dealer 
or write direct to factory.

P A R R I N S T R U M E N TC O M P A N Y  - M o lin e , 111.
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Permanent reliability o f H ellige Glass Color 
Standards, accuracy o f color comparison, sim
plicity of the technique, and compactness o f  the 
apparatus, are exclusive features o f H ellige Com
parators not found in any similar outfits.

MORE TH AN TW O MILLION H ellige Glass 
Color Standards have been sold for control 
methods in the most diversified fields. This large 
distribution to users all over the world is, we 
believe, overwhelming proof of their superiority.

Write today jor Bulletin No. 602

H E L L I G E
I N C O R . P O R . A T E D

3718 NORTHERN BLVD.. LONG ISLAND C IT Y  1. N .Y

H EA D Q U A R T ER S  FOR COLORIMETRIC APPARATUS

W E  G E T  p e r e e c t  

e m u l s i o n

E V E R T  T 1 N V E

a

L A B O R A T O R Y  H o m o g e n i z e r
S a v e s  T i m e  —  G e t s  B e t t e r  R e s u l t s !
•  Hundreds o f laboratories are saving precious 
exp erim en ta l tim e and valuab le  m ateria ls— 
they’re getting perfect émulsification and perma
nent suspension—with International Hand Hom- 
ogenizers! Microphotos at right show superiority 
o f homogenization.

A sturdily-built item o f laboratory equipment 
— easily operated and kept clean. Pressure on 
hand lever ejects p erfectly  em u lsified  flu id .
Molded aluminum; height 10V5 inches. Piston is 
stainless steel. Still immediately available from pre
w ar stock ! Only $6.50 complete — order direct or 
from your supply house. Satisfaction Guaranteed.

Above: W ith H and 
Homogenizer. 

Below: W ith mor
ta r  and pestle.

HAND
HOMOGENIZER,

IN T E R N A T IO N A L  E M U L S IF IE R S ,  IN C .
2 4 0 1  S u rr e y  C o u r t , C h ica g o , III.

L U M E  T R 0 N
Photoelectric COLORIMETER and FLUORESCENCE METER

A high precision instrument of unusual 
flexibility for all tests involving . . .

TRANSMISSIONFLUORESCENCE
TURBIDITYU. V. ABSORPTION

Mod. 402EF for determination of Vit. Bj and Bj

Also
Colorimeters Densitometers
Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters

Write for Literature Prompt Delivery

P H O T O V O L T  C O R P .
95 Madison A v e . N ew  York 1 6 , N . Y .

FOR BETTER

Q y n é iü ù

H E L L I G E

Î I A S S  ( O I O R  

S T A N D A R D S
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COL EMAN I N S T R U ME N T S
p recis io n  too ls for the tech n o lo g ist
Atom ic bom bs, m ilitary hosp itals, a ta b rin e , steel, vitam ins, exp losives —  in w a r and  
p e a c e  C o lem an  Instruments help  the m akers of vital m ateria ls. These precision  
instrum ents a re  for the p ra ctica l man w ho w ants accurate  d e p e n d a b le  d ata  d elivered  
with a  minimum of o perating  effort. C o lem an  Instruments a re  truly p racticab le  —  
sensitive and  ru g g e d — serve as w ell in the p lant as in the lab . In p lanning your 
production p ro ce sse s— rem em ber that m odern  an a ly tica l methods m ake d irect  
savings in time and  m a te ria l— w rite for these new  bulletins.

pH ELECTROMETERS— Bulletin A-207  
SPECTROPHOTOMETERS and PHOTOFLUOROM ETERS — Bulletin A-208  

BUFFER TABLETS — Bulletin A-20S

'COLEMAN

C O L E M A N  E L E C T R I C  C O M P A N Y  
3  1 8  M A D I S O N  S T . .  M A Y W O O D ,  I L L .  

S A l l S  O F F I C i  . N E W  Y O R K■'* ' - , i . ' S ■ " • p ■■■ iMBBr*

p H  E L E C T R O M E T E R S  
P H O T O F L U O R O M E T E R S  
S P E C T R O P H O T O M E T E R S

Greater Accuracy in Absolute Units

FISH-SCHORMAN CORPORATION 
230 E ast 45th S tree t, N ew  Yerk 17, N . Y.

Fish-Schnm ia

PALO-MYERS presents
THE NEW
G&DpH 

E le c t r o m e te r
Versatile Accurate
Continuous Inexpensive 
Direct Simple

Self Contained

As pioneers in the field of electronic pH meas
urements, we confidently recommend the G & D  
Electrometer, which combines accuracy, sim
plicity and sound electronic design.

Direct continuous read
ing, w ith o u t m anual 
balancing.
M inim um  of p re lim i
nary adjustments.
No adjustments during 
operation.
Sturdy, factory  sealed 
glass electrode.

Literature On Request

Range; 0 to 14 pH —0 to 
500 milli volts.
Accuracy, plus or minus 
0.05 pH  r e la t iv e  to  
buffer standard.
Unexcelled for pH and 
oxidation - reduction ti
trations.

For de term in ing  th e  absolu te  viscosity o f gases, liquids, 
oils, p lastic, syrups, o r  viscous tars. D irect read ings in 
centipoises fo r  c en tis to k esj. F rom  0.01 to  1 ,000,000 
centipoises. Accuracy: 0 .1%  to  0 .5% . D ifference in vis
cosity betw een d istilled  and tap  w ater can be m easured.

T h e  fa lling  tim e o f the  ball m ultip lied  by o th e r given 
^actors show s the  absolute viscosity in  cen tipo ises. Small 
sam ple f3 0  cc) requ ired . Results consistent and re p ro 
ducible.

New Bulletin H V -3 0 3  in print
Order direct or from leading laboratory supply dealers

HOEPPLER
V ISCO SIM ETER
Absolute viscosity according 
to the Falling Ball Principle

m T ^ A I^ 'M Y E R S  inc.
V  81 READE STREET, NEW YORK 7, N. Y.
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S C / f y / y
0 ^ % C H A I N  w 4 ^ / c

(Sadie equipment O F  A L L  M O D E R N  

T E S T I N G  L A B O R A T O R I E S

C o o r s  P o r c e l a in  C o m p a n y
COLDEN. COLORADO

POCKET MICROSCOPE
For General Laboratory Use

Equipped with fully 
achromatic lens sys
tem 40x, 50x and 60x 
in same tube. Eye 
p iece can be used as 
separate 15x loupe.

$ 15.00
In Leather Case

A. DAIGGER & CO.
Laboratory Apparatus and Reagents

159 West Kinzie Street • Chicago

EXPLOSION PROOF CENTRIFUGE
Sui table For

CLASS 1— GROUP 0 LOCATIONS
TH E INTERNATIONAL MODEL BE CENTRI
FUGE is equipped with a 3450 r.p.m. explosion proof 
adjustable speed motor suitable for Class 1 — Group D  
locations. A vapor proof controller is mounted perma
nently on the guard bowl and connected through con
duit and explosion proof fittings to  the motor. In 
addition to the 11" diameter basket style heads, inter
changeable tube carrying heads are available for 15, 50, 
100 and 250 ml. tubes and bottles.
TH E INTERNATIONAL MODEL AE is similar to 
the BE, but is equipped with a 1750 r.p.m. adjust
able speed explosion proof motor and controller. It is 
designed chiefly for making the B. S. & W. Test on 
petroleum.

Further information upon request

INTERNATIONAL EQUIPMENT CO.
352 Western Avenue Boston 35, Mass.
M akers o f Fine Centrifuges for M ore than Forty Years
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A  New B A R N S T E A D

WATER BATH

with 6 Important Features!
* Bottle Feed for Portability
* Rod Clamps Perm anently Attached

* Inside Flask Shelf

* Convenient Test Tube Holder
* Monel M etal Exterior
* Built-in Switches and Pilot Light

Here's a portable, highly durable, low-cost water bath with many 
desirable new time saving and efficiency .features — expertly 
built by Barnstead. The exclusive bottle feed — which makes the 
bath portable — automatically supplies the make-up water as 
needed. One filling of the bottle will operate the bath for more 
than 10 hours on low heat or from 4 to 5 hours on high heat.

Specifications: Cylindrical, electrically heated bath of Monel 
metal construction with tinned copper interior. Equipped with 
two 500 watt heating elements with individual switches. Center 
opening is 5 Jf 6" diameter with concentric covers for smaller 
openings of 4 6", Z'yff,", 2'Ke" and 1^6"■ The six numbered 
outside holes are 3% 6" in diameter with concentric covers for 
smaller openings of 2^f g" and l/-ig". Fittings include bottle holder» 
2-qt. glass bottle, switches, pilot light, drain petcock, 2 nickeled 
brass rods, hose nipples, concentric covers, test tube holder, 6' 
cord and plug. Diameter of bath 15". Space required 18" x 21". 
Height of body 7" — to top of bottle 15". Net weight 24 pounds, 
shipping weight 40 pounds.

No. ASL-41386 110 volts
No. ASL-41386 220 volts $59.««

Order Today!

his instrument retains 
a ll of the advantages 
of the w e ll established 
Hercules method without 
any  of its disadvantages. 
Range extended to cover 
from 75 to 1,000,000 
centlpolses Constant tem
perature jacket built-in. 
Automatic timer can be 
furnished upon request. 
Write for bulletin No. 451.

U. S. PATENT NO 2,252,572 LICENSED 
UNDER HERCULES POWDER CO PATENTS

337 CENTRAL AVE, 
JERSEY CITY 7 ,  N. J.

109 W . Hubbard St., Chicago 10 , Illinois

MODEL GRP

FOR HEAT TREATIN G 
S M A L L  T O O L S  AN D 
P A R TS , T E S T IN G  AND 
LA B O R A TO R Y  W O R K .

FAST H EA TIN G — 1500°
F. in 30 min.Teniperature 
controlled by four point 
swi tch  set  fo r  500° ,
1000°, 1500° and 1850° F.
T h e s e  s e t t i n g s  easily
changed by adjusting bands on rheostat coils. Depend- 
able indicating pyrometer is calibrated in both Fahren
heit and Centigrade scales.
UNIFORM TEM PERATURE— Heating element of highest 
quality nickel-chromium alloy forms a continuous coil 
and is embedded in sides, top and bottom of muffle 
chamber. This construction assures uniform temper
ature and protects element from damage and oxidation- 
Complete muffle unit is replaceable.
PORTABLE—Body is aluminum. Total weight, 17 lbs. 
Muffle chamber, 4" x 3 Va ” x 3%"; furnace overall, 
914" x 1314" x 1014". Supplied with attachment cord. 
Operates on A.C. and D.C., 115 or 230 V. (be sure to 
specify voltage). Max. power consumption 1200 watts.
Model GRP complete. 115 V.................$42.50; 230 V.................$47.50

See your supply house or write

THERMO ELECTRIC MFG. CO., ¡478 W . Locust S t .. Dubuque, lo .
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0? le x ttle

•  For gas, a ir and liquids
•  Acid and corrosion resisting

•  Unaffected by oil, gasoline,
alcohol, or water

•  Does not deteriorate with age
•  High dielectric strength
•  Withstands repeated flexing

(flexing life 10-‘12 times that 
of rubber)

•  Transparent, almost colorless

No. 8793—TYGON  FLEXIBLE TUBING

Inside Diam. W all Thick. Price
Inches Inches Per 100 Feet
1/8 1/16 $ 13.20
3/16 1/16 18.86
1/4 1/16 22.79
5/16 1/16 27.53
3/8 1/16 32.29
Quantity Discounts: 25 feet, 10%;

Inside Diam. W all Thick. Price 
Inches Inches Per 100 Feet
1/2
5/8
3 /4
1

3/32
3/32
1/8
1/8

$ 62.20 
76.57 

124.51 
160.10

SCHAAR & COMPANY
C o m p le te  L a b o ra to ry  E q u ip m en t  

7 4 8  W . LEXINGTON STREET CHICAGO 7

itA * -6 0

SIV JC A

GOOD NEWS
MELTERS & METALLURGISTS

or dis*°'v,n9

Uco pr°<*ue*‘  P l „ re compW« 

^ eCV,°n '

A m E R S I L  C O M P A N Y  I n c * .
CHESTNUT A V EN U E HILLSIDE 5, N. J .

Klett......
Photometers

fC le ttS u m m e A A a + i

P h otoelectric  
Q la l l  C e ll  

C o lo r im e te r

No. 900-3

74« Klett
fy lu o sU m e ie si

Designed for 
rapid and accurate 
d e te r m in a t io n  of
thiam in, riboflavin, and other substances which 
fluoresce in  solution. The sensitivity'and sta 
bility are such that it  has been found particu
larly useful in  determining very sm all am ounts 
of these substances.

J L
rKLETT SCIENTIFIC PRODUCTS:

ELECTROPHORESIS APPARATUS •  BIO-COLORIMETERS 
GLASS ABSORPTION CELLS •  COLORIMETER NEPHELOM- 
ETERS •  GLASS STANDARDS « KLETT REAGENTS

Klett M anu fac tu r in g  Co.
179 E AS T  8 7 TH S T R E E T  N E W Y O R K ,  N . Y.
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SODIUM PHOSPHATL

B I B L I O T E K A  G Ł Ó W N A  
P o l i te c h n ik i  Ś lą s k ie j

III the manufacture of laxatives... urinary 
acidif iers. . .  or other pharmaceuticals, 
when your process calls for a medicinal 
grade (U.S.P.) Disodium Phosphate, you 
can depend upon Baker & Adamson to 
meet your production schedule month 
after month with this pure, crystalline 
product.
W h a t e v e r  your requirements, remember
B&A is geared to the needs of leaders in 
the Industry . . . producing in extensive,

modern plant facilities . . . using all thei 
priceless experience gained in 63 years of 
manufacturing reagents to “decimal- 
point” purity.
W ha t  better source of supply for the phar
maceutical manufacturer who must have 
quality chemicals in quantity for his op
erations! For your needs—choose B&A 
Disodium Phosphate, U .S.P.. . .  pure, re
liable, readily available in barrel, ton, or 
even carload lots.

I
I
I
I
I
1
I
I
I
1
I
I
1
I
I

* Disodium Phosphate, 
U.S.P., is one of many basic 
pharmaceutical chemicals 
available in commercial 
quantities from B&A to
day. For these high-purity 
products—or for a special 
chemical “custom made” 
to your specific formula, 
consult nearest B&A Tech
nical Service Office below.

.

AKER ^ADAMSON
Division of GENERAL CHEMICAL COMPANY, 40 Rector St., NewYork 6, N.Y. I 
Salei and Technical Service O ffices: Atlanta • Baltimore • Boston • Bridgeport (Conn.) • Buffalo 
Charlotte (N. C.) • Chicago • Cleveland • Denver • Detroit • Houston • Kansas City • Los Angeles 
Minneapolis • New  York • Philadelphia • Pittsburgh • Providence (R. I.) • San Francisco • Seattle 

St. Louis • Utica (N. Y.) • Wenatchee • Yakima (Wash.)
In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wis.

In Canada: The Nichols Chemical Company, limited • Montreal • Toronto • Vancouver


