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the Budget Benefits of 

THE BALANCED GLASS!

C orning
— m eans— —
R e s e a r c h  in G l a s s

B R A N D
L A B O R A T O R Y  W A R E
Nowhere are the demands made upon glass so diversified, so varied 
and so exacting as in laboratory work. It is here that the different prop­
erties are extremely important. It is here that costs are a real factor. 
And it is here that Balance is most essential.
These varying demands, this necessity for economy, this need for 
balance in the composition of glass, account for the pre-eminent posi­
tion of “Pyrex” Laboratory Ware.
For this glassware is of the Balanced Glass—“Pyrex” brand chemical 
glass. In this glass and in this glass alone are the properties of thermal 
resistance, mechanical strength and chemical stability scientifically 
balanced. N o one property has been enhanced at the expense of another. 
All have been adjusted, have been balanced to insure a combined maxi­
mum value.
Weigh for yourself the budget benefits of this, the balanced glass. Test 
its properties for yourself. Analyze. Compare. Convince yourself of the 
year in, year out savings of “Pyrex” Laboratory Ware—the glassware 
made of Balanced Glass.
“ P Y R E X ” is a registered trade-m ark a n d  indicates manufacture by

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

Visit th e  Glass C enter a t  th e  1939  New York W o rld 's  F air
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BEYOND THE MICROSCOPE
Extends the Range o f X-Ray Dii/raction

R .E C O G N IZ IN G  the lim itations o f microscopic 
examination, science has looked for and found, in x-ray 
crystal analysis, a m ethod o f gaining knowledge o f the 
structure o f m atter—knowledge hitherto  available only by 
inference from  theoretical considerations, without direct 
evidence.

To gain such knowledge, almost any m aterial may be 
subjected to x-ray analysis w ith the  assurance tha t it will 
produce on the  x-ray film a diffraction pattern  the charac­
teristics o f which depend no t only upon the atoms present 
in  the  m aterial, b u t also upon the ir arrangem ent or the 
m anner in which they are pu t together. Hence, the patterns 
may be interpreted  to establish the chemical identity o f a 
substance, to distinguish between compounds and mixtures, 
to predeterm ine the behavior o f the m aterial under con­
ditions o f actual use.

To the m etallurgist, this latter interpretation is o f vital 
im portance, for often to learn  by x-ray diffraction the state 
o f orientation o f crystals in a given sample o f metal is to 
determ ine w hether that metal, in its present state, is fit 2012 JACKSON BLVD. CHICAGO, ILLINO IS

GENERAL f f  ELECTRIC 
X-RAY C O R PO R A TIO N

for the use for which it is intended. H ere, alone, is reason 
enough for the m etallurgist to want to  em ploy x -ray  dif­
fraction and to learn about the apparatus available for 
his purpose.

Available apparatus now includes the  new G eneral Elec- 
tric-IIayes X-Ray Diffraction U nit, in the design and m anu­
facture o f which the requirem ents o f the  m etallurgist, the 
chemist, the physicist in m odern industry have been antici­
pated and fulfilled. I t  is a compact, versatile, safe apparatus 
which warrants complete investigation. So th a t you may 
have all the facts about this valuable new tool o f industrial 
science, w rite today for your copy o f a new catalogue 
describing the Diffraction U nit and accessory devices. 
Address Departm ent 1 91.
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C E N C O  P R E S S O V A C - 4  P U M P
Large free air displacement. . .  34 liters per minute •  Tested to attain a 
vacuum of 0.1 mm or less. . .  test data show all pumps produced so far attain 
much lower pressures •  When compressed air is required. . .  this pump will 
satisfy the need. . .10 lbs per square inch. May be used to circulate or col­
lect gases. . .  fumes from distillations may be conducted to vents •  These 
features are of value to the chemist. . .  and at a price lower than ever before •  
Specify No. 90510A for 115 volts 60 cycle current.

î f i u . a c i E N T i F i j s ;  P S

S C I E N T I F I C  F f c W f i  LA B O R A T O R Y  
INSTRUMENTS A P P A R A T U SREG.usPAT.ofr.

1700 IRVING PARK BOULEVARD, CHICAGO, ILL.
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No. 
4 5 2  45

No.
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? No. 
4 5 1 6 5

K KIMBLE
¿ ¡ I f *« l \  o
<ËX Â X >

B L U E
ETTTE

BRAN
J k  Gmmmwi

CEflTRIFUGE TUBES
T,I HE same high caliber of 

workmanship, quality and finish 
that has made Kimble technical 
glassware the standard of compar­
ison is built into every Blue Line 
Centrifuge Tube.

K im ble  B lue L ine C e n trifu g e  T ubes 
h a v e  m any  d e s ira b le  fe a tu re s : A ll 
tu b e s  a re  ca re fu lly  so rte d  for m axi­
m um  w all th ic k n e ss  th a t w ill safely  
h o ld  th e  c ap ac ity . N e c k s  a re  re in ­
fo rced  w ith  a  ‘m a c h in e -to o le d  finish 
w h ic h  is  m u c h  s t r o n g e r  th a n  th e  
o r d in a r y  f la r e .  .. .

T he ta p e rs  o n  tu b e s  w ith  con ical 
e n d s  a re  ca re fu lly  sh a p e d . C a lib ra tio n  
lin es  a n d  n u m era ls  a re  d e e p ly  acid- 
e tc h e d  a n d  filled  w ith  th e  K im ble 
B lue L ine  g lass, fu sed  in to  th e  w are.
E v ery  tu b e  is  a n n e a le d  a n d  re n d e re d  
s tra in -free  in  a  sp e c ia l  leh r, a n d  in d i­
v id u a lly  in s p e c te d  to  in su re  freedom  
from  a ll d e fec ts .

A ll K im ble  B lue L ine C e n trifu g e  
T ubes a re  R E T E S T E D  fo r a ssu red  
accuracy .

★ ★ ★
S h ow n  h ere  a re  tw o  1 0 0  m l. O il 
C en tr ifu g e  T ubes r e q u ire d  b y  th e
A. S. T. M. an d the A. P. I. A lso  illus­
tra ted  is  the popu lar 15  ml. tube 
su bd iv id ed  into 1/lO th  ml. divisions.

M any ty p e s  a n d  s izes  of B lue Line 
C e n trifu g e  T ubes a re  m a d e  b y  K im ble 
for a ll  re q u ire m e n ts  of in d u s try  and  
re sea rch .

★ *  *
S T O C K E D  B Y  L E A D IN G  L A B O R A T O R Y  S U P P L Y  
H O U S E S  T H R O U G H O U T  T H E  U. S .  A N D  C A N A D A

The Vi s ible  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  * •

KIMBLE GLASS C O M PA N Y  • • • • V IN E L A N D ,  N. J.
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S O M E  NEW  GLASS F U N N E L S
RECENTLY ADDED TO OUR STOCK

5593-H .

5573. Funnels, Mould Pressed, Kimble Resistant Glass, 
with exact 60° angle which does not vary because of 
the method of manufacture. Of heavy glass, with 
beaded rim which adds mechanical strength. Rim is 
ground on inside bevel. With 6-inch stems of small 
bore and narrow outside diameter.
D iam eter, inches.............................  2 2 H  3 4N um ber in  case...............................  72_______ 72_______72______ 48
E ac h ......................   25 .30 .34 .44Code W o rd ........................................ Gruaq Grucm Grufo Gruhc
1 0 %  d iscoun t in case lots

5574-A. Funnels, Mould Pressed, “Pyrex” brand glass,
with exact 60° angle which does not vary because of the 
method of manufacture. Of heavy glass, with beaded rim 
which adds mechanical strength. Rim is ground flat on 
top for covering with watch glass. With 150 mm stems 
of small bore and narrow outside diameter.
D iam eter, m m .................   50 65 75 100O riginal package con ta in s   72_______ 72_______60______48
E a c h ................................................................32 .35 .38 .48N et price per original p a c k a g e .. .  20.74 22.68 20.52 20.74Code W o rd ........................................  Gryge Grygo Grygs Grygv

5574-F. Funnels, Mould Pressed, “Pyrex” brand glass,
identical with 5574-A but fluted on the inside to increase
the effective filtering area and to reduce filtering time.
D iam eter, m m ..................................  50 65 75 100O riginal package con ta in s   72_______ 72_______60______48
E ac h ............................................................... 35 .38 .42 .53N et price per original p a c k a g e .. 22.68 24.62 22.68 22.90Code W o rd ........................................ Gryib Gryig G ryii Qryxk

5593. Funnels, Buchner, Jena Glass, tall narrow form, 
with fused-in sintered filter disc. Tested at the factory by 
subjecting to boiling and the funnels should, therefore, 
withstand use with boiling liquids without breaking.
D esignation ....................................... 4G3 4G4 3G3 3G4A verage size of pores, m icrons.. 15 to  40 5 to  15 15 to  40 5 to  15D iam eter of disc, m m ................... 20 20 30 30C apacity , m l.....................................  2 0 ________20_______30_____ 30
E ac h ..................................................... 2.70 2.70 2.65 2.65Code W o rd ........................................ Gunico Gunwt G unicy Gunyu

D esignation ....................................... 11G1 11G2 11G3 11G4A verage size of pores, m icro ns ..90 to  150 40 to  90 15 to  40 5 to  15D iam eter Of disc, m m ...................  40 40 40 40C apacity , m l................................... 60_______ 60_______60______60
E ac h .....................................................  3.10 3.10 3.10 3.10Code W o rd ........................................  Guoac G uoaf Guoak Guoam

5593-A. Funnels, Büchner, Jena Glass, short wide form.
Funnels 90 mm diameter and larger are supplied with
convex sintered disc for greater strength.
D esignation ........................    17G1_Average size of pores, mic D iam eter of disc, m m . . .C apacity , m l.......................
E ach .......................................Code W o rd .........................................  Guobf
D esignation ..................................    25G1A verage size of pores, mi<D iam eter of disc, m m  —C apacity , m l.......................
E ac h .......................................Code W o rd ........................................  Guodp
D esignation .......................................  26G1A verage size of pores, mi<D iam eter of disc, m m . . .C apacity , m l.......................
E ac h .....................................................  15.50Code W o rd ........................................  Guogf
D esignation ........................   ^151D1A verage size of pores, mi<D iam eter of disc, m m . . .C apacity , m l .   ................................  2700
E ac h .....................................................  37.00C ode W o rd ........................................  Guogn

. 17G1 17G2 17G3 17G4.90  to  150 40 to  90. 15 to  40 5 to  1565 65 * 65 65
140 140 140 140

. 5.20 5.20 5.20 5.20

. Guobf Guoce Guocrn Guodk
. 25G1 25G2 25G3 25G4
.9 0  to  150 40 to  90 15 to  40 5 to  15

90 90 . 90 90
450 450 450 450

9.30 9.30 9.30 9.30
. Guodp Guodx Guofg Guogt
. 26G1 26G2 26G3 26G4
.9 0  to  150 40 to  90 15 to  40 5 to  15

1 2 0 1 2 0 1 2 0 1 2 0
750 750 750 750

. 15.50 15.50 15.50 15.50

. Guogf Guogg Guogh Guogi

. 151D1 151D2 151D3 151D4

.9 0  to  150 40 to  90 15 to  40 5 to  15
175 175 175 175

. 2700 2700 2700 2700
37.00Guogo 37.00Guogp 37.00Guogq

5593-H. Funnels, Biichner, Slit-Sieve, Jena Glass, with 
fused-in glass disc perforated with narrow, elongated slit 
holes arranged in evenly spaced, concentric circles. Slits 
are inverted V-shape to facilitate cleaning from the lower 
side. Upper surface is ground flat. Boiling water can 
be poured on the disc without, danger of breakage, 

p late ,Inside d iam ete r a t  .app ro x im ate  m m ..............  50 58C apacity , m l............................ 50_____ 90
E ac h ............................................ 2.75 3.10C ode W o rd ............................... Guogt Guogu

74 98 124200 450 900
3.85 4.65 5.50Guogv Guogw Guogx

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

LABORATORY APPARATUS AND REAGENTS
W EST W A SH IN G TO N  SQUARE  

P H ILA D E LP H IA , U.S.A.

C able A ddress, “ B a lan ce ,” P h ilade lph ia
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Photoelectric Methods in Analytical Chemistry
RALPH H. MÜLLER 

New York University, W ashington Square College, New York, N. Y.

PHOTOELECTRIC photometry has been an established 
branch of applied physics for half a century. The com­
paratively recent application of these methods to chemical 
problems has been very useful to the analyst, the physical 

chemist, and the biochemist. The best resources of optics 
and electronics are required in this field and abundant litera­
ture is widely scattered in numerous journals and mono­
graphs. In  this review the writer has attem pted to epitomize 
the more im portant facts and methods which are essential 
in chemical applications. Particular stress is placed upon the 
number of excellent monographs in the fields of optics and 
electronics. (These are collected ahead of the rest of the 
bibliography and referred to by letters in the body of the 
paper. Specific references in a monograph contain the page 
number; thus, N , p. 245, refers to page 245 of the monograph 
by Henny.) They afford instrumental and theoretical ap­
proaches which are largely untouched.

P h otom etry  and Colorim etry
The terms “colorimetry,” “the colorimeter,” and “colori­

metric analysis” all suggest to the chemist definite concepts 
as familiar as the balance or other tools of the analytical 
laboratory. The physicist reserves these terms for those 
m e an s  of sp e c ify in g  
color or for the meas­
urement of color stimuli 
(L, M , 71). His termi­
nology is undoubtedly 
correct and although a 
conservative estim ate 
would indicate the pres- 
e n t  u s e  o f a b o u t  
25,000 “ colorim eters” 
in this c o u n try  a lo n e , 
the chemist will prob­
a b ly  h av e  to  d e fin e  
h is  co n cep ts  m ore 
clearly.

To state the problem 
more definitely, it  may 
be re so lv e d  in to  tw o 
categories:

1. The measurements are to describe the color of a system 
in unambiguous, reproducible terms. The problem might 
be to define the color of a dyed fabric, an oil sample, an impure 
organic compound, or a natural product. This is a true 
colorimetric problem in the sense of the physicist’s definition.

H

F igure 1logjo Io/I =* kct “ E

Its solution demands a complete spectrophotometric analy­
sis, or abridged methods in terms of trichromatic coefficients 
either of which may be reduced to the standard I. C. I. ob­
server. The necessary data m ay be obtained either visually 
or photoelectrically. The complete treatm ent of this ques­
tion is beyond the scope of this review; the best statem ent and 
approach to date are given by Gibson (71).

2. The measurements are to furnish information on the 
concentration of a colored substance, or the color produced 
by tha t substance when appropriate reagents are added. If 
there is a definite functional relationship between the inten­
sity or “depth” of this color and the concentration, we shall be 
able to use such measurements for analytical purposes. In 
addition, such measurements may be used to study anomalies 
in the system itself, the existence of equilibria, or incomplete­
ness of reaction and other physico-chemical aspects. If the 
system is measured with sensibly monochromatic light (filters) 
the process is then one of photometry.

Our main interest in this discussion will be the elaboration 
of problems encountered in the second category.

D efin itions . In  terms of Figure 1, let monochromatic 
light of intensity I 0 strike the solution of thickness, i, the 
concentration of colored substance in this solution being c. 
The emergent intensity is I .  According to Lambert-Beer’s 
law [usually referred to in this form, although Lam bert's 
work was anticipated by Bouguer in 1729 (see M , p. 24) ] we 
have

J =  h  10
If c is expressed in moles per liter and t in centimeters, k  is 

the molecular extinction coefficient, 7/ / 0 is the transmission, 
T, and Iogio h f  I  = E  (the extinction). I t  follows tha t E  = 
kct and — log T  =  E.

Corrections for reflection a t the surface of the liquid or the 
container are neglected, as most instruments contain com­
parison cells with pure solvent or standard solution. In  the 
Duboscq colorimeter the depths of two solutions are varied 
until a  match is obtained, under which condition

Fji “  E? 
kc iii =  fccjtj

from which
£iC» !'iu

If monochromatic light is used, the above procedure is a 
truly photometric matching and will be rigorous to the ex­
ten t tha t Beer’s law is obeyed by the system. Usually, how­

1
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ever, white light is employed and the conditions are not as 
rigorously defined as implied by the above equations. Never­
theless, over a limited concentration range, the thickness 
and respective concentrations are inversely related.

Photoelectric Methods
The substitution of photocells for the eye has been ac­

complished in a number of ways. I t  is advisable to classify 
them and discuss each in turn.

In  general it may be said tha t the adaptation of photocells 
to existing visual instruments is poor practice and wholly 
inadvisable. The uninitiated are inclined to place a photo­
cell a t the ocular of a microscope, spectrometer, refractometer, 
or “colorimeter” and then expect extraordinary results. 
The optics of these instrum ents are designed to accommodate 
the optical properties of the human eye and the available 
light is by no means m ost efficiently utilized by a photocell 
pu t in place of the eye (M, p. 422).

F ig u r e  2 . P h o t o m e t r ic  C o m p a r is o n  w it h  
P u r e  S o l v e n t

Photoelectric methods are so attractive, and have offered 
so much promise of high precision and relief from fatiguing 
effort, th a t they have often been seized upon and utilized with 
little regard for sound principle. Little ordered progress can 
result from the use of instruments tha t require empirical cali­
bration for each substance th a t is to be determined and over 
the entire concentration range. We expect our balances, 
refractometers, polarimeters, and potentiometers to yield di­
rect measurements in terms of grams, refractive index, rota­
tion in degrees, and potential differences in volts directly, 
with no particular reference to any substance. We insist 
upon a definite functional relationship (preferably direct) 
between the instrumental indication and the property in 
question. This is not too much to expect of a photoelectric 
photometer.

The ideal instrum ent would respond to any region of the 
visible spectrum with equal precision, indicating transmission 
or the extinction. The source would be monochromatic, so 
th a t the extinction would be a linear function of the concen­
tration for any system which obeys Beer’s law. No com­
mercial instrum ent fulfilling these requirements has been 
offered. I t  is true th a t H ardy’s photoelectric spectro­
photometer does satisfy these requirements, bu t this in­
strum ent was designed for the vastly more complex problem 
of color analysis (true colorimetry) and its cost is naturally 
greater than the simplicity of our problem warrants. Many 
systems, including commercially available instruments, 
have been suggested which approach the specification. 
Others have been recommended in which the sole criterion of 
success is the author’s ability to analyze a given substance 
under rigorously standardized conditions.

In  general, it is preferable to effect a photometric match 
or balance and use the photocell merely to indicate this state.

On the other hand, it m ay be desirable to use the photocur­
rent as a measure of the unbalance, in which case it  is neces­
sary to have constant assurance th a t the photocell responds 
linearly with the light intensity.

S i n g l e - C e l l  M e t h o d s .  A . If  we illuminate a rectangular 
cell, containing in one compartment pure solvent, c =  0, 
and in the other compartment a solution of concentration 
C „  with a parallel beam of monochromatic light, the light 
which strikes the photocell may be called I 0 when c =  0 is 
in the path. Upon substitution of the solution the beam will 
be reduced to intensity I .  If the photocell response is linear, 
the respective photocurrents will measure I / h  which is the 
transmission, or log I 0/ I  gives the extinction, E  (Figure 2).

This principle requires (1) constancy of the light source 
during the interval required to interchange the absorption 
cells, (2) linear response of the photocell, and (3) stability 
of the circuit used to measure the photoelectric current. 
An alternative procedure, which eliminates requirement 2, 
is to decrease I 0 by introducing a compensating wedge, vari­
able aperture, or polarizing “.quipment, until the response is 
identical for the two absorption cells.

The method has often been criticized by proponents of 
double photocell circuits, bu t very precise results have been 
obtained which show unquestionable reliability (86, l if t , 144, 
176).

B. Flicker Methods. A single photocell is used and a 
homogeneous beam is directed alternately through the solu­
tion and solvent by a rotating or vibrating shutter, (B; I ,  
p. 200; 184), total reflecting prism (K, %), or a mirror or 
rotating Rochon prism. The transition from one medium to 
the other m ust be smooth with no intervening dark period. 
Compensation is effected in the reference system until the 
emergent beams striking the photocell are of. equal intensity. 
Any unbalance will give rise to a pulsating photocurrent. 
W ith or without amplification this pulsating current can be 
detected by short-period electrometers or galvanometers 
(D, p. 169), or the latter may be fed with the photocurrent 
after it  has passed through a commutator which is driven 
synchronously with the scanning device (X , p. 228; 184). A 
tuned amplifier with telephone, or bridge-balance indicator 
may be used.

I t  is difficult to set any upper lim it for the precision of this 
method. I t  is undoubtedly set by the optical refinements 
of the instrument. In  any projected design it  is wise to 
keep in mind the recommendations of H ardy (M, p. 294).

The two beams under comparison must have the same spectral quality and state of polarization.The same area of the active surface of the cell must be illu­minated a t the same angle by both beams in rapid succession.The transition from one beam to the other must take place without an intervening dark period.
T w o - C e l l  M e t h o d s .  The use of two photocells in some 

sort of balanced circuit has been used extensively (48, 78, 
118, 132, 137, 140, 173, ISO, 226, 229, 236). The method 
has the advantage of high differential sensitivity, in tha t only 
differences in intensity are measured. If properly designed, 
an instrum ent of this kind will compensate for variations in 
the light source. This is a very useful characteristic but it 
is by no means assured by the mere fact th a t two cells are 
used. As will be shown, some twin-cell circuits are defi­
nitely more unreliable and unstable than substitution 
methods employing a single cell.

This principle may be utilized in several ways:
1. The two photocells are illuminated from a common source, preferably monochromatic, and solution and solvent are placed in the respective beams. Assuming that the cells were initially adjusted for equal response, the net response will now be a measure of the absorption due to the solution (7S, 118, 137, 140). Successful operation requires (a) linear response of both photo-
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cells; (6) identical color sensitivity for the two cells, if white light is used. This is not important if monochromatic light is used, provided condition (a) is satisfied.

2. The above arrangement is used, but optical compensation is effected in the beam passing through the solvent. When the net response of the photocells is reduced to zero, the amount of light absorption is obtained in terms of the compensating device.Linearity of response of both cells is still required unless com­pensation is effected in the absorbing branch (intensity increased to the same extent that the solution decreases it). Requirement (6) in the preceding method holds equally in this case.3. The optical arrangement is similar to that of a Duboscq colorimeter, and the principle, that concentration and solution depth are inversely related, is employed (11, 77). Two photo­cells intercept the respective beams (preferably monochromatic) and the depth of one solution is varied until standard and un­known transmit equally, as indicated by a net photocurrent of zero. There are many commendable features in this method. For a limited concentration range, the demands upon strict monochromaticity of the source are less than in other methods. However, the optical design of the instrument presents great difficulties. The beams passing through the long variable layers must be strictly parallel and adequate stops must be provided to eliminate stray or reflected light. For this reason, existing visual instruments of this type cannot be converted to the photoelectric equivalent with any degree of success. The best criterion of successful design is the ability to secure reproducible settings which are independent of the total cup depth.

In  all balanced arrangements, “reasonably” monochro­
matic light m ust be used if any simple physical interpreta­
tion of the results is desired. Similarly, when compensation 
is effected in the comparison beam, the functional relationship 
between the compensator and the quantity which is being 
measured should be known. For example, a nonselective 
wedge, if carefully made, will change the light intensity 
logarithmically with linear displacement, and under this con­
dition its displacement will be a linear function of the con­
centration of any colored substance th a t obeys Beer’s law. 
One instrum ent which used a white light source and an ar­
bitrary slit mechanism for compensation actually reached 
the commercial production stage. I t  was beautifully made 
by a well-known company. The instrumental indications 
bore no recognizable relationship to the concentration; in­
deed, they were even irregular bu t withal highly reproducible.

The enormous burden 
of point-by-point cali­
bration rendered it 
valueless for general 
utility.

Where precise re­
s u l t s  in  a b s o lu t e  
terms are desired the 
compensation method 
is preferable. Under 
th e s e  c o n d i t i o n s  
fluctuations of the 
light source are of 
little co n seq u e n c e . 

Since all photoelectric methods possess the inherent pos­
sibility of continuous indication and eventually automatic 
registration or control, i t  is of interest to see to what 
extent direct measurement of the photocurrent will be reli­
able.

Some generalization of this procedure may be of interest. 
For work of the highest precision it is advantageous to com­
pare an unknown solution with one of identical nature but 
of a known concentration, preferably of the order of mag­
nitude of the unknown. The results may be expected to be 
somewhat more accurate than a comparison with pure sol­
vent, because the extinction coefficient can be independent of 
the concentration only if the light is strictly monochromatic. 
In  general, if the main spectral line is accompanied by n  
other lines, for each of which the solution exhibits a char-

F io u r e  3 . P h o t o m e t r ic  C o m p a r i­
s o n  w it h  S t a n d a r d  S o l u t io n

C i/C i — log J i/lo g  I t

acteristic extinction coeffi­
cient, then the total extinc­
tion will be given by (86, 
107):

E  =  lo g  ! f  =

log 2 >
I > 10-■tncd = 7cd

F ig u r e  4 . P h o t o m e t r ic  
C o m p a r is o n  a t  T w o  T h ic k ­

n e s s e s
W ith ou t reference so lu tion  C =  l / « i  -  h) X  log I t / h

w here  t re p re s e n ts  th e  
average extinction coeffi­
cient for the heterogeneous 
light. Of course, the magni­
tude of this error also de­
pends upon the nature of 
the solution. For a gray 
(neutral) colored solution 

the error would be zero (e = . constant, independent of X); 
for one with a sharp absorption band it might be very con­
siderable, especially if one worked along the steep sides of the 
band.

This all implies tha t relative measurements of concentration 
can be made more precisely than an absolute measurement 
of the extinction coefficient. Table I, taken from K ortüm ’s 
paper (107), illustrates a case in which the extinction co­
efficient for a given system could be determined to no better 
than =*=0.5 per cent, whereas the concentration of a single solu­
tion compared with a known solution of the same order of 
magnitude could be determined to within =*=0.02 per cent.

T a b l e  I. C o n c e n t r a t io n  M e a s u r e m e n t s
(C» — 8.892 X 10_s mole per lite r ; dt *=* 1.0917 cm .; dx *» 1.9944 cm.)

Cx
M ole/liter

4 .9 8 2  X 10 '*4.9804.9794.9794 .9804 .978
A v. 4 .9 8 0  X  10-» *  0 .001

This advantage may be realized in practice for any of the 
methods discussed above by substituting a standard solution 
for the solvent. Under these conditions the respective in­
tensities emerging from unknown solution and standard solu­
tion (Figure 3) will be given by

ÇiC.
lo g  I ,  
lo g  I ,

An alternative scheme, which the '« T ite r  has not seen de­
scribed, would seem to offer some advantages. The unknown 
solution is contained in a rectangular absorption cell, and is 
viewed alternately through one side (Figure 4) (thickness of 
layer =  ti) and then through the other side (thickness of 
layer =  ij) either by rotating the cell through exactly 90° or 
by a suitable arrangement of prisms in the optical train. 
For the two positions we get:

log h  = kCh +  log h  
log Io -  kCt* +  log h

or

and
kCti -f- log / 1 =  kCti -I- log /j

n  1 iC = —  7T  lo g  -k{.t\ — t l̂ h
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Now let

then

always less than E, by an amount equal to the voltage drop across R. In other words

Further simplification is possible in practice, since the in­
strum ental reading may be set equal to 100 for h ;  then

where
d — (¿i — £2)

Photoelectric Cells
In  modem instruments practically only two types of photo­

cells are employed: the high-vacuum cell and the barrier- 
layer type. Special forms for particular problems will be 
mentioned later.

V a c u u m  P h o t o c e l l .  A highly evacuated cell with a 
composite cesium cathode m ay be taken as typical of this 
class. For a central anode 
cell we may discuss the char­
acteristics in terms of Fig­
ure 5.

F i g u r e d . V a c u u m  P h o t o ­
c e l l

The cell is illuminated with light of intensity I, and under the influence of the applied potential, E, an electron cur­rent, i, flows through the load,R. Here B may represent an appropriate galvanometer or the input resistor of an am­plifier. For constant illumina­tion current i  will increase with applied potential E  as shown in Figure 6, indicating the saturation characteristic above a certain potential. For successively higher intensities similar curves are obtained (h, 13, 1,, etc.). At very high intensi­ties true saturation is not attained and this is commonly observed with central anode cells. Most commercial cells are of this type. Their total output is greater than cells of the central cathode type which give saturation currents with nearly zero applied potential (0, p. 422; 91). I t  follows tha t for precise photometry some minimum potential, Em, must be applied across the cell in order that saturation currents may be obtained for all intensities that are likely to be encountered. If we now plot the corresponding saturation currents against the corresponding light intensities a straight line should result (Figure 7). Re­turning to Figure 5 we note that the potential across the cell is

F i g u r e  6 .
APPLIED POTENTIAL

S a t u r a t io n  C h a r a c t e r is t i c s  o f  a  C e n t r a l -  
A n o d e  V a c u u m  P h o t o c e l l

E  -  R i (1)

This is especially important where amplification is used, for in this case the coupling resistor is usually chosen as highi'as possible (R < 50 megohms). Care must be exercised that the resulting R i drop is not too large, thus bringing the potential

IH TQ ISITY

F ig u r e  7

across the cell to a value below the minimal Em. A conservative choice in E  will be 10 per cent in excess of Em after the above correction has been calculated. An excessively high potential is undesirable because there can be no gain in response but only increasing contribution to leakage currents.
Color Sensitivity. The response of a vacuum photocell to 

different regions of the spectrum depends upon the nature of 
the cathode surface and its treatm ent during manufacture 
(F, p. 161). Since most cells which are manufactured are 
used in sound-picture installations or for industrial control 
work, and are illuminated by incandescent lamp sources, 
they are purposely treated to accentuate the response to long 
wave lengths in order to utilize most efficiently the radiation 
from such sources. This is a decided disadvantage for colori­
metric work; indeed, most of the infrared from such sources 
m ust be screened off by appropriate filters.

Fatigue and Nonlinearity of Response. There is little in­
formation available on the reliability of modern photocells. 
We have inherited many prejudices from the early days when 
cells were individually constructed in the laboratory. They 
undoubtedly bear little resemblance to the semiautomatic 
production of present-day cells. Some widely quoted papers 
(B, 92) give detailed information on the eccentricities of the 
photocell bu t neglect one very im portant point—i. e., the 
characteristics of the light source which is used in such tests.

In  general i t  is advisable to use null or rapid substitution 
methods of photometry in which the cell is merely used as 
an indicator of photometric balance. Nevertheless it would 
be interesting to know just how reliable a good cell can be. 
I t  turns out tha t a photocell might better be used to study the 
constancy of a light source than for the converse test of cell 
stability or linearity. Simple considerations show why this 
is so. Let us imagine a vacuum cell to be illuminated with 
the unfiltered radiation from a 6-volt automobile lamp. Let 
V  designate the lamp voltage and I  the resultant photocurrent. 
Over a very wide range the empirical relationship (Equation 
2) holds (144).

I  =  k V n (2)
The constant, n, has a value between 3 and 4. In  other 

words, if we expect to reproduce the photocurrent, I ,  to within 
=*=0.1 per cent, the lamp voltage m ust not vary  by more
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F ig u r e  9 . I n t e n s it y -C u r r e n t  C u r v e s  f o r  
G a s - F il l e d  P h o t o c e l l  a s  a  F u n c t io n  o f  A p ­

p l ie d  P o t e n t ia l

APPLIED POTENTIAL
F i g u r e  8 . C h a r a c t e r i s t i c  o f  

G a s - F i l l e d  P h o t o c e l l

than a few millivolts. Even if such a lamp is operated from 
storage batteries on the optimum portion of their discharge 
curve, this constancy will not be obtainable for more than a 
few seconds a t  a time. Any statem ents made without an 
exact statem ent of the condition of the source are therefore 
pointless. Some significant and interesting life tests on 
vacuum cells have been reported (I, p. 36). The response of 
several cells was automatically recorded for a period of 12,000 
hours, under sensibly constant illumination. Whatever 
variations in photocurrent did arise, were common to all the 
cells and undoubtedly arose from temporary fluctuations in 
the common source.

I t  is generally agreed tha t the strict proportionality between 
photocurrent and light intensity is a fundamental law of 
photoelectricity, bu t its realization in prac­
tice demands a carefully designed and con­
structed cell (0, p. 32).

Gas-Filled Cells. The sensitivity of the cell 
described above may be increased greatly by 
admitting a small am ount of rare gas. Argon „
a t about 0.2-mm. pressure is usually used. |
Ionization currents are superimposed on the g
primary photoelectric current and the response §
may be increased tenfold. Figure 8 shows g
typical characteristics of a gas-filled cell. Very 
few modern schemes of photom etry utilize the 
gas-filled cell for the following reasons:

face from which secondary elec­
trons are emitted. This process 
may be repeated many times with 
a gain of 4 to 8 a t  each stage. A 
single multiplier phototube thus 
yields an output comparable with a 
cell-multistage amplifier combina­
tion with the added advantage tha t 
the ratio of signal to noise is in­
creased approximately one thousand 
fold. Cells with split cathodes 
and multiple cathodes have been 
designed for special problem s 
(R. C. A. 920). The iconoscope, a 
mosaic consisting of myriads of 

photoelements electronically scanned, is an integral part of 
one im portant method of television.

B a r r i e r - L a y e r  C e l l s .  The most recent addition to the 
family of light-sensitive devices is the barrier-layer cell, 
variously termed the dry-disk, blocking layer, photovoltaic, 
or Sperrschicht cell, or by trade names such as Photronic 
(Weston) or Photox (Westinghouse). The apparent, bu t 
deceptive, simplicity of these cells undoubtedly accounts for 
the recent interest which has arisen in many fields in the ap­
plication of photoelectric methods. The recent monograph 
by Lange (Q) gives an excellent account of the discovery, de­
velopment, and properties of these cells. The second volume 
deals with applications and instruments.

Properties and Characteristics. These cells consist essentially of a plate of copper or iron upon which a semiconducting layer of cuprous oxide or selenium is grown. The semiconductor is covered by a light-transmitting layer of metal—gold, platinum, copper, or lead—which serves as a collector electrode. Upon illumination through the transparent electrode an electron cur­

Linearity of response is approached as the potential applied to the cell is reduced, and is at­tained near the ionization potential of the gas. Under these conditions the cell is really behaving like a vacuum cell and all the advantages of am­plification by ionization have disappeared (Fig­ure 9).If modulated light is used, gas cells show a definite lag in response.High-gain amplifiers with adequate stability are available which entirely offset the slight gain obtained by the use of gas-filled cells.
Special Cells. The high-vacuum cell is avail­

able in many sizes and shapes, with a choice of 
cathode and envelope m aterial (F, p. 161). 
Cells sensitive to the ultraviolet are commer­
cially available. Some of the products of tele­
vision research will undoubtedly be available 
in the future; the multiplier tubes of Zworykin 
(289) and Farnsworth (F, p. 214) are notable ex­
amples. In  these tubes the primary photoelec­
trons are made to collide with a sensitive sur-
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rent flows. In this type no auxiliary source of e. m. f. is required. For this reason Lange has termed these cells photoelements in analogy with galvanic elements. The more important charac­teristics are represented in Figure 10.The photocurrent is very nearly directly proportional to the light intensity for low values of the external circuit resistance, R (Figure 10, A  and B).The open circuit e. m. f.-intensity relationship is shown in Figure 10, C. The linear relationship between E  and log I  has interesting possibilities for colorimetry (H 6) and has been neg­lected or overlooked in American practice, although Lange (Q) has accounted for it on theoretical grounds and shown that a formal analogy with the Nernst equation for a concentration cell predicts the observed phenomenon.The “internal resistance” of the cell decreases with increasing illumination (Figure 10; D).The temperature coefficient is complex and is a function of the external circuit resistance (Figure 10, F).The spectral response extends from the x-ray region to about 1 to 1.2 M  in the infrared. The ordinary cell with a glass window exhibits a response curve as shown in Figure 10, E. Filters have been designed to adjust this response to approximate that of the average human eye (<%, 55, 65, 153).The average cell has an output of about 120 microamperes per lumen. The best high-vacuum cell of the photoemissive type yields 40 to 60 microamperes per lumen. For high levels of illumination robust instruments such as micro- or milliammeters may be used with barrier-layer cells. In direct sunlight 10 milli- amperes have been obtained.
Special Types. For special applications, cells with a dif­

ferential connection have been designed; a split cell for com­
paring two adjacent illuminated fields is available, as well as 
ocular eyepiece types which fit a microscope draw tube. 
Giant cells, consisting of a number of elements connected in 
parallel, are available (Q).

C o m p a r i s o n  o f  E m i s s i v e  a n d  B a r r i e r - L a y e r  T y p e s .  I t  
is im portant to keep in mind the relative advantages and 
limitations of each type of cell. There has been a tendency 
in some circles to regard the barrier-layer cell as vastly su­
perior and simpler than the photoemissive type. This is by 
no means true, depending entirely upon the particular prob­
lem to be investigated. A t very high levels of illumination 
the comparatively heavy currents furnished by a barrier- 
layer cell are impressive. However, in most photometric 
work the available radiation is feeble, especially if a mono­
chromatic beam is employed. A rough comparison under 
these conditions will illustrate the point.

Suppose we consider a photronic cell of sensitivity 120 micro­amperes per lumen, which is receiving radiation of 10 ~6 lumen. The current will be 1.2 X 10 _1° ampere. A good cell of the emissive type (40 microamperes per lumen) under the same conditions will deliver 4 X 10-11 ampere. If we use galvanome­ters of appropriate characteristics and a sensitivity of 10-10 ampere per millimeter, we shall obtain 1.2-mm. and 0.4-mm. deflection, respectively. In each case we shall be able to detect light, but in no sense can it be measured accurately. In the case of the photronic cell the dilemma is genuine because amplifica­tion is impossible, for assuming the load resistance to be 5,000 ohms, the potential drop available is only 0.6 microvolt. This is about the noise level of an amplifier, and while the effect would be detectable it could not bo measured. In the case of the emis­sive type, amplification with a single, stabilized F. I5. 54 tube would solve the problem. As will be shown later, a current of 25 microamperes could be obtained under the above conditions. Thus full-scale deflection could be obtained on a 0-25 micro- ammeter. Assuming 100 scale divisions, the photocurrent could be measured with better than 1 per cent precision.
The barrier-layer cell yields relatively large currents a t  a 

low potential. The internal resistance is low and decreases 
with increasing illumination. The emissive type yields 
smaller currents, bu t it has a very high resistance. Since the 
load should m atch the impedance of the source, it  is readily 
seen why the latter type is amenable to amplification.

Amplifiers. The vast literature of vacuum-tube theory and 
application is directed largely to its most im portant field,

communication. Nevertheless a number of monographs 
deal extensively with noncommunication uses (E , F, K , N , 
P, R, S). A few of the more im portant considerations are 
discussed below.

Figure 11 illustrates a simple arrangement of photocell 
and triode which m ay serve for this discussion. The grid and 
plate potentials are adjusted to the rated values for the 
particular triode which is chosen. The photocell battery 
provides a potential high enough to produce saturation cur­
rents for the prevailing light intensities. Upon illumination 
the photocell will deliver a current, i, which flows through 
the high resistance, R, thereby producing a potential differ­
ence, Eg', across its terminals. This will make the grid more 
negative with respect to the cathode and consequently the 
plate current will be reduced by an am ount AI .  The mag­
nitude of this change is governed by an im portant constant 
of the triode known as the m utual conductance, GM. (The 
advent of multigrid tubes has necessitated a more specific des­
ignation, Sp, termed the grid-plate transconductance.) Its  
value is given by:

« » -  ( S ) E- <*>
I t  is expressed in units of reciprocal ohms X 10 ~6 and des­

ignated micromhos. For a given tube the value depends 
upon the plate and grid potentials. An average value suit­
able for the circuit of Figure 11 is 1,000 micromhos. This 
means tha t a change in Eg' of 1 volt will produce a change in 
plate current of AI p = 1 milliampere.

Let us suppose tha t the triode has this value for Gu . If 
R  is equal to 10 megohms, then a photocurrent of 10~7 will 
produce a change of plate current of 1 milliampere. The 
gain is therefore 10~3/1 0 ~7 =  104 or ten thousand fold. This 
is a very conservative case and by no means approaches the 
lim it to which this process can be extended. The factors 
which lim it indefinite gain are as follows:

Grid C urrents. While the grid exerts its control primarily electrostatically, yet in high-gain tub es with large values of Gu, the grid does collect some electrons and a finite current flows in the grid cir­cuit. I t  is obvious that the magnitude of this grid current limits the small cur­rents which can be measured in the in­put circuit.Insulation. Leak­age currents between tube elements, over the glass envelope and at socket terminals, set limits to the gain that can be realized in practice.Ionization Currents. Although modern tubes are very highly evacuated, there is sufficient gas present to furnish positive ioncurrents. If the potentials applied to the tube elements arereduced to low values (below the ionization potentials of the residual gases) this disturbance can be eliminated. This entails a very considerable reduction in gain but it can be overcome, if necessary, by succeeding stages of amplification of the conven­tional type.Photoelectrons and Soft X-Rays. Photoelectrons may be emitted from the metal tube elements because of light from the filament or indirectly heated cathode, and similar disturbances may arise from the soft x-rays emitted by bombardment of the plate by electrons.Special electrometer tubes have been developed in which systematic studies of the above-mentioned difficulties have estab­lished the correct design. The General Electric FP. 54 tube was the first of this class (131). In appropriate circuits, currents as
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necessary recalibration are therefore less frequent. Indus­
trial experience has indicated tha t this practice applies to 
electronic equipment in general, and satisfactory performance 
after 20,000 hours’ use has been reported. On the other 
hand, moderate overloading enhances the brilliance and oc­
casions a favorable shift of energy distribution. This is ex­
emplified by the photoflood lamps used in photography. I t  
is obvious th a t several factors will govern the choice of op­
erating conditions.

Low-voltage lamps may be operated from storage batteries 
or transformers. For the former, a well-charged battery 
should be used and only over the optimum portion of the 
discharge curve. The use of a voltmeter across the lamp 
terminals is pointless except as a rough indication of the op­
erating voltage. Unless a suppressed zero instrum ent is 
available it  can be seen from Equation 2 tha t the photocurrent 
is a much more sensitive indicator of lamp conditions than a 
voltmeter. If it  is necessary to know the lamp voltage, a 
volt box in combination with a simple potentiometer reading 
to ± 0.1 millivolt will suffice.

Operation from a step-down transformer is very convenient 
and fairly constant illumination can be obtained by special

In  general, it should be emphasized th a t many com­
mercial triodes if operated a t subnormal voltages will 
approach electrometer tube performance. The low 
gain m ay be made up by subsequent stages of ampli­
fication in the conventional manner.

L igh t Sources
T u n g s t e n  L a m p s .  The tungsten incandescent 

lamp is one of the most convenient and widely used 
sources for photoelectric measurements. The energy 
distribution throughout the spectrum is not ideal for 
the purpose, as may be seen from Figure 12, particu­
larly if i t  is used with a red-sensitive cesium cell. The 
effect of this energy distribution is best illustrated 
by noting the effective response of a cesium (blue 
response) cell when used with this type of illumi­
nant (Figure 13). The importance of these simple 
considerations cannot be overemphasized. If we keep 
in mind tha t most of the energy is in the infrared and 
very little a t  the shorter wave lengths it will be seen 
tha t all sensitivity curves and effective filter trans­
mission curves may be displaced considerably when they are 
used with an incandescent source.

500  600  700

7JAVE LEiOT’l IN KILLI-MCRONS
F i g t j h e  13. E f f e c t  o f - E n e r g y  D i s t r i b u t i o n  o f  t h e  S o u r c e  u p o n  

P h o t o c e l l  R e s p o n s e

T a b l e  I I . V a l u e s  o f  n
Value of n

C haracteris tic
L um ens, volts W a tts , v o lts  L um ens per w att, volts L am p life, lum ens per w a tt

TV, TV,vacuum gas-filled
3 .5 3 .6
1 . 6 1 .51 .9 2 . 1- 7 . 0 - 6 . 8

A general expression similar to Equation 2 may be used 
to define the characteristics of tungsten lamps (61). Thus

transformers of the three-legged saturation type (Ward 
Leonard Mfg. Co., M t. Vernon, N. Y.). In  all cases of 
alternating current operation an appreciable modulation of 
the light occurs, owing to slight cooling of the filament on 
each half cycle. The photocurrent will be partially modu­
lated a t  twice the line frequency (usually 120 cycles). This is 
im portant in some cases, especially where amplification is 
employed.

M e r c u r y  A r c .  The modern mercury arc is a most con­
venient source, yielding several strong groups of lines in the 
visible spectrum.

The best-known values for exponent n for some properties 
as a function of lamp voltage, V, are given in Table II.

Lamp-life ratings would seem to be primarily of economic 
interest, bu t actually it  is advantageous to choose a light 
source somewhat larger than required and operate it  a t 
slightly subnormal voltage. Replacement and possibly

YellowGreenB lueVioletN ear u ltrav io le t

A.
5791; 5770 54014358: 4348, 4339 4079; 4047366 3 .3 ; 3C62.8; 3655; 3650

The intensity of these lines as a function of lamp wattage 
was carefully investigated by Ktich and Retschinsky and 
others (68,59 , 60,112,166). The absolute intensities as well 
as the relative values depend upon many factors such as lamp

•WAVE LENGTH IN H IL LI-U IC R 0 NS

F i g u r e  12. E n e r g y  D i s t r i b u t i o n  o f  I n c a n d e s c e n t  
S o u r c e

low as 30 electrons per second have been measured (/fl) with this tube. Other electrometer tubes are the Western Electric Company’s D-96475 and the R. C. A. A-154. Westinghouse manufactures semielectrometer tubes of the inverted triode type, the DRII-506 and DRH-507. A further compromise between commercial and electrometer tubes is afforded by their RJ-550 and RJ-553.
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F ig u r e  14. D e f i n i ­
t i o n  o f  F i l t e r  C o n ­

s t a n t s

dimensions, current, voltage, ambient temperature, etc. 
Individual lines can be isolated with reasonable purity  by 
filter combinations. The ordinary mercury pool-cathode 
type is subject to considerable flicker even in a well-ballasted 
circuit. If a high-voltage storage battery  is available, the 
lamp m ay be operated steadily enough to perm it measure­
ments by the substitution method. In  photometric methods 
of the balanced or null type, the flicker is of no consequence, 
provided th a t there is no asymmetric displacement of the 
source.

The rare gas-mercury vapor dis­
charge tubes are very stable, owing 
to the absence of liquid mercury.
The intensity varies almost directly 
with the current through the lamp.
Owing to the rare gas excitation, 
the mercury resonance lines are 
favored and the visible lines are 
relatively weak. As exemplified 
by the Hanovia S2537 lamp, about 
40 per cent of the radiant energy 
is emitted by the first resonance 
line—2537 A.—the tube is feebly 
luminous and no t uncomfortably 
warm. I t  is primarily suited for 
work in the ultraviolet.

Vacuum tu b e - e x c ite d  lam p s 
show considerable promise and 
have been made with high lumi­
nous efficiency (F, p. 182). The 
radiation is practically completely 
modulated a t  the prevailing fre­
quency; the modulation is limited chiefly by the de-ioniza­
tion time.

Rare gas discharge tubes containing argon, neon, or he­
lium, provided with a hot cathode, afford brilliant sources 
with an abundance of lines. The intensity varies practically 
linearly with the current through the lamp. These sources 
will undoubtedly become increasingly im portant as these 
newer illuminants become more generally available.

Stabilized Sources. M ost photometric methods are de­
signed to eliminate the unavoidable flicker or secular varia­
tion of intensity of the source. Nevertheless, a perfectly 
steady source of light, preferably monochromatic, would be 
an extremely useful adjunct in photoelectric photometry. 
Some successful attem pts in this direction include: lamp ex­
cited by a generator driven by a synchronous motor; lamp 
excited by a generator with vacuum-tube field control (F, K , 
N , R ) ; lamp current controlled by a saturable reactor (thy- 
ratron control, F, K , N , R ) ; and current stabilized by a power 
tube shunt (87).

These methods are characterized by an attem pt to  furnish 
a very constant source of current. I t  is likely th a t photo­
electric control of the source itself is more promising, inas­
much as the light intensity usually varies exponentially with 
the current or voltage.

Monochromators and Filters
All bu t the crudest photoelectric measurements demand 

some approximation to monochromaticity of the light source. 
For the highest precision and work requiring information of 
a fundamental nature, spectral isolation, preferably w ith a 
double monochromator, is necessary. Naturally, consider­
able reduction in intensity accompanies this process. Stray 
or scattered radiation is an im portant factor; this can be 
avoided by supplementing the monochromator with filters 
or by  using a second monochromator. I t  is beyond the scope 
of this review to discuss this subject in detail; i t  is dealt with 
in numerous papers and manufacturers’ bulletins (H , M ).

An excellent example of meticulous care in spectral isolation 
has been given recently by Hogness and his co-workers (84) ■

F i l t e r s .  Aside from the fact th a t fundamental information 
about the light absorption of a system can be obtained only 
with monochromatic light, i t  is evident th a t greater sensitivity 
will be obtained if only th a t light which is most strongly 
absorbed is employed for photometry. The use of appro­
priate filters will solve most problems, bu t from this discus­
sion of energy distribution in sources and the selectivity of 
cells it  will be apparent tha t their choice requires some care. 
We may divide filters into several classes.

Liquid or Solution Fillers. Appropriate colored solutions of reasonable stability are described in the literature (90). They are used in rectangular cells of optical glass. Heat-absorbing filters of this class are the common water pell or dilute copper chloride solution. (The use of these well-known adjuncts is burdened with the appearance of bubbles and for this reason heat-absorbing glass filters are gradually replacing them.) In general, this class of filter is used only when no glass filter of the desired transmission is obtainable.Glass Filters. These are available in great variety, the Corning and Jena filters being the best known. Typical transmission values are available in bulletins of the Corning Glass Co., Schott, Jena, and also in handbooks (83, 89). The transmission, T, for a given wave length refers to the ratio of light intensity leaving the second surface to that incident upon the first surface. The transmittance, Ct, is the ratio of intensity incident upon the second surface to that leaving the first surface: In other words, it is the transmission corrected for surface losses (Figure 14). These are due primarily to nonselective reflection and usually amount to 4 per cent a t each surface. Following the notation of Gage (66) we may relate these quantities to the thickness of the filter.Let
T  transm ission  of th e  piece of glass C *=> tra n sm ittan c e  p er m m . of glass Ct -  tra n sm ittan c e  fo r t m m . of glass t  •» th ickness& *=» logio tran sm ittan c e  for 1 -m m . th ickness.

Then from the above
T  ~  0.92 Ct

(due to 8 per cent loss by re­flection) or
Ct =  T /0 .9 2

Since Ct = C‘, logio trans­mittance = logioCi = t, which may be written
/Si -  loElo(F /0 .92 ) =lo g io r -  0.0362

Gage (65) has given a typi­cal example of how the thickness of two pieces of glass of known spectral trans­mission may be computed in order to reduce the re­sponse curve of a photronic
F ig u r e  15. S im p l e  
P h o t o m e t e r  w i t h  V a c u u m  

P h o t o c e l l

F ig u r e  16. St a b il iz e d  E l e c t r o m e t e r  T u b e  C ir c u it
S uitab le  for pho toelec tric  m easurem ents
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F i g u r e  17. V a c u u m - T u b e  B r i d g e  C i r c u i t  
f o r  P h o t o e l e c t r i c  P h o t o m e t r y

F i g u r e S e n s i t i v e  V a c u u m - T u b e  V o l t ­
m e t e r

W ith  preoise in p u t com pensation  for photoeleotrio  pho­to m e try

cell to that of the average eye. For the more exacting problem of computing filters for use with a photocell such that the trichromatic coef­ficients may be obtained in terms directly reducible to the standard I. C. I. observer,Gibson (71) has prepared an excellent summary.Gelatin Filters. Thin films of gelatin in which dyes have been incorporated provide very useful filters, usually mounted between plates of c lear o p tica l glass. The Wratten (48) filters are typi­cal of this class and are widely used, especially in photog­raphy. They are usually more selective than glass filters but they must be handled with great care, especially with re­spect to overheating. Some of them lack permanence be­cause of thermal and photo­chemical changes, although these limitations are clearly indicated by the manufacturers. In cases where their use is preferred, it is advisable to introduce the filter in a position most remote from the light source in order to minimize thermal effects. I t  must not be inferred that gelatin filters stand alone in their su.'iceptibility to heat. Selenium glass filters and probably others are perceptibly affected by increase in temperature and this must be kept in mind a t all times.
C i r c u i t s .  Some circuits are obviously straightforward 

and understandable; others have been recommended by 
chemists because they solved the problem in hand. Wherever 
possible, the writer has attem pted to analyze and interpret 
them physically in order to evaluate their general utility.

Pholoetnissive Type, A, (for single-cell methods with vacuum photo cells). 1. For moderately high intensities the simple arrangement of Figure 15 is satisfactory. A guard ring is at­tached to the photocell as shown in order to minimize leakage. A galvanometer of sensitivity 10-10 ampere per mm. is satis­factory. For some work an Ayrton shunt in the galvanometer circuit is very convenient. Its value should leave the galvanome­ter slightly underdamped. Another great convenience is to supplement the usual scale with a logarithmic scale (86). This simplifies the computation of extinction values.2. The general aspects of amplification have been discussed. Figure 16 shows a typical stabilized circuit using an electrometer tube and a sensitive galvanometer (N, p. 91). The theory and design of stabilized circuits are discussed in several papers (42, 192, 214, 219).
3. The use of vacuum tubes in bridge circuits is exemplified by several examples. In Figure 17 two tubes form adjacent arms of a Wheatstone bridge. When the photocell is dark, the grid bias on the right-hand tube is adjusted until the bridge is balanced. Upon illumination of the photocell, the plate re­

sistance of the left-hand tube decreases and the bridge becomes unbalanced. Balance is then restored by changing the grid bias of this tube. The voltmeter, V, indicates a potential which is equal to the iR  drop in the grid resistor. This, of course, is directly proportional to the photocurrent. In modern practice a twin triode would be used because the common heater and related factors would enhance the stability. Bridge circuits of this sort are less sensitive than the equivalent single-tube circuit, but they are more stable.4. The 6F5 circuit shown in Figure 18 has been used exten­sively in the writer’s laboratory (68). I t  is simply a vacuum- tube voltmeter with a convenient direct-reading bias adjustment. When the photocell is darkened, the zero bias is adjusted to give a standard plate current reading. When the cell is illuminatedwith light coming through the solvent, In, the dials of the poten­tiometer box are set at unity (1.0000) and the working current is adjusted until the standard plate current is again obtained. Now' when the solution is interposed (intensity =  7) the poten­tiometer dial and slide wire are adjusted until the standard plate current is again obtained. The potentiometer now indicates the transmission directly. Since —log' T — kc these trans­mission values enable one to calculate the concentration. In addition, the work­ing current may be measured very simply and can be admitted to the potentiometer in calculated amount for each type of determination (specific values of the ex­tinction coefficient, k).5. For those methods in which two beams strike a single cell alternately (method B) alternating current ampli­fication may be used for the pulsating unbalance-component. Figure 19 shows the connection of photocell cathode di­rectly to the grid of the first tube. Low potentials are used on this tube in con­formity with electrometer tube practice (M, p. 294). This tube may be followed by a multistage amplifier, terminating in the voltage coil of a wattmeter (N, p. 425) or a thyratron controller (N, p. 426; SO). For null indication the bridge balance indicator of Garman is well suited. I t  achieves a sensitivity of a few microvolts, by means of a single multi­electrode tube (66).

F i g u r e  19. P h o t o c e l l  P r e a m p l i f i e r  C o n ­
n e c t i o n

W ith  d ifferential sen s itiv ity  in dependen t of illum ination  level

F i g u r e  2 0 . P h o t o m e t e r  w i t h  L o g a r i t h m i c  
R e s p o n s e

L inear in  concen tration  u n its
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F i g u r e  21. P h o t r o n i c  C e l l  P h o t o m e t e r s
A .  M easurem ent of sho rt-c ircu it cu rren tB. P o ten tio m etrie  m easurem en t of cu rren tC. M easurem en t of open-circu it e. m . f. 

L ogarithm ic  response a t  high levels of illum ination

6. Figure 20 is a direct-reading arrangement (concentration units). The 0D6 tube is of the remote cutoff type, and by a suitable choice of the cathode resistor, it is possible to make the plate current directly proportional to the logarithm of the input voltage (147). Since this voltage is proportional to the light intensity, the plate meter can be calibrated in concentration units directly. The normal component of the plate current must be balanced out, since the logarithmic relation cannot extend to zero plate current. This is an advantage, however; it is equiva­lent to a suppressed zero meter. A choice of grid resistors is available; indeed, these can be selected of such value that they stand in the ratio of the respective extinction coefficients of the various substances which are to be analyzed. A routine instru­ment would therefore bear a selector switch labeled Fe, Mn, Cr, Cu, etc., each representing an input resistor of the appropriate value to suit the extinction coefficient. The plate meter would bear a linear scale reading in micrograms or per cent of the desired constituent. A calibrated shunt would be necessary for the plate meter.Barrier-Layer Type, B. 1. We have seen that the short- circuit current in this type is very nearly directly proportional to the light intensity, provided the external circuit resistance is low. The simplest arrangement consists of the cell connected to a low-resistance microammeter with two variable resistors of low and high resistance as shunts to provide coarse and fine adjustment of the current flowing through the meter (Figure 21). Suitable microammeters of low resistance are available, and recent improvements, such as new alloy steels for the permanent magnet and other innovations, are contributing to the solution of this problem of measuring small currents from a low potential source.The tendency for these cells to “overshoot” must be kept in mind; it is imperative to measure the equilibrium value of the photocurrent.By the substitution method, the transmittancy of a solution relative to pure solvent may be obtained by the ratio of the corresponding photocurrents. In instruments embodying this principle the meter is usually calibrated in 100 divisions, so that the transmission may be read directly. Logarithmic scales have been provided enabling one to read extinction values directly. The Kuder (5, 111) instrument contains a series of translucent scales arbitrarily engraved for direct reading of concentration. This is extremely convenient for rapid work but it would seem to place a great burden of responsibility on the manufacturer of such an instrument, in that any unwar­ranted changes in technique of preparing the solutions would render the scale useless.2. A more flexible scheme is that shown in Figure 21, B. Resistor r must be low enough to allow photocurrents to flow which are directly proportional to the light intensity. The potential difference across r is measured by the simple slide-wire potentiometer. This is a conventional circuit in every respect. The galvanometer resistance should be low—i. e., the instrument should be chosen for high voltage-sensitivity. The slide wire will read per cent transmission directly if initially it is set at 100 when h  is being measured.3. If fairly high levels of illumination are available the logarithmic circuit of Figure 21, C, is useful. As shown pre­viously, the open circuit e. m. f. of a barrier-layer cell is directly proportional to the logarithm of the light intensity. For the average cell this relationship prevails for potentials above 00

millivolts. The potentiometer circuit is essen­tially the Hildebrand arrangement commonly used in electrometric titrations, except for the position of the millivoltmeter. I t  is so chosen that the readings will increase with increasing concentration of the light-absorbing substance. For any colored substance which obeys Beer’s law this circuit will give the concentration directly because of the logarithmic response.Balanced Circuits with Barrier-Layer Cells. Circuit 1. The circuit shown in Figure 22 has often been used, but occasionally with the mis­taken notion that it compensates for fluctuations •in the light source, i'or the analysis of this and the following circuits we shall designate a common light source of intensity, I, which illumi­nates two essentially identical cells, 1 and 2. The light incident upon cell 1 passes through , the sample of transmission T. The respectivephotocurrents, i\ and tj, flow through the gal­vanometer in opposite directions. In this and the remaining cases, absolutely identical photo­cells are not necessary. I t  is merely assumed that each shall exhibit linear response over the prevailing light intensities and that they are initially adjusted (by virtue of position or the use of stops) for equal response. Slight differences in spectral re­sponse are usually of no importance, since most applications demand at least approximately monochromatic light. In this circuit the photocurrents in the two branches are
k T I  and  i t  =» k l

where A; is a constant, ter is The net current through the galvanome-
k U  l  — T) =. k lA (3)

where A is the absorption.

F i g u r e  22. S i m p l e  B a l a n c e d  C i r c u i t  f o r  
B a r r i e r - L a y e r  C e l l s

With a constant source the galvanometer will indicate the absorption directly. If the galvanometer sensitivity is adjusted by means of appropriate shunts it may be set to read full scale (100 divisions) when T  =  0—i. e., when no light strikes cell 1. Under these conditions the scale will indicate per cent absorption.We may seek the condition for compensation for source fluctuations by differentiating Equation 3

Setting
di„ -  k d l  -  k T d l

digIT
we find that kT I  =  k l  or T  =  1.In other words, fluctuations in response will be a minimum when the transmission of the sample is unity and the circuit has the doubtful distinction of perfect compensation when it is not in use. However, if optical compensation is used the compen­sating feature can be retained.Circuit 2 (Figure 23). In this arrangement the two photo­currents, ù and i-i, flow through variable resistors R\ and K2.
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F ig u r e  2 3 . B a l a n c e d  C ir c u it  P o s s e s s in g  
C o m p e n s a t io n  f o r  S o u r c e  F l u c t u a t io n s

Values for the latter may be found such that the poten­tial drops, E, and Eit are equal, under which circum­stances the galvanometer will show zero deflection. The circuit was suggested by Wilcox (£27). No circuit analysis was given and the following treatment which has been confirmed by experiment may be of interest.As before
k T I
k l

an d  Ei 
and  Et

k T IR i
k i n ,

at balance E i =  E2 and therefore kTIRi = kIRi or

The transmission of the sample is given by the ratio of the resistor settings necessary to establish balance. Various con­venient arrangements are possible—for example, R2 may be a Kohlrausch slide wire and Rt an ordinary resistor of the radio “potentiometer” type. The slide wire is set at 100 with the sample removed and balance is established with R\. The sample is then introduced and balance is re-established with the slide wire. The per cent transmission is indicated directly on the slide wire. Both resistors should have very low values for the reasons before-mentioned.Compensation for source variations is inherent in this circuit. The current through the galvanometer is

Differentiating

For

we get

E , -  E, k IR , - k T I R i

dig _  k R i _  k T R i  
d l  to ro

dig
d l

T  R* 
R,

(4)

From this result we see that the fluctuations due to source variations will be at a minimum when the resistors are set in the ratio of the transmission, which is precisely what is done in the process of balancing the circuit. This may be confirmed experi­mentally in simple fashion. Writing Equation 4 in increment form,
Al» -  ^  (R , -  T R ,) k&IRiTO

Since Rt/Rt is the transmission, any value of Rt/Ri may be designated as a virtual transmission, T'. The last equation becomes:

where
(7" -  T ) -  a& T

kR  i 
ro

Figure 24 shows values obtained and plotted according to the above equation. In this test R i was held constant and the in­tensity of the common source was changed by known amounts, AI. The corresponding galvanometer deflections, Ai0l werenoted. Several values of Ai„/A/ were measured for differentsettings of Rt. In each case AT could be computed from thevalue of Ri/R\ — T. These are the abscissas of Figure 24, which shows that the fluctuations approach zero as the difference be­tween R2/.R1 and T  (the true transmission) approaches zero.The limiting case ismost simply shownby s e t t in g  R t / R ,equal to the true transmission. The light source may now be dimmed almost to extinction without causing any percep­tible galvanometer deflection.Circuit 3 (Figure 25). This arrange­ment with various modifications has been  w idely  em ­ployed. Brice (19) has given an analysis of this and related circuits. Neglecting secondary factors, this method may be used to obtain trans­mission values with good compensationfor source variations. Figure 25 shows that the galvanometermay be considered as fed by two cells through universal shunts.In the right-hand branch, R may take the form of a low-resistance Kohlrausch slide wire.The opposing currents through the galvanometer may be written
i'fl =  k T I

F ig u r e  24

R  +  rp
— tcT R +  ro

At balance these currents are equal; hence
x  «  Ta

In other words, x, the slide-wire setting, is directly propor­tional to the transmittancy; indeed, if the initial adjustment is so arranged that when T = 1.00, x is set a t its maximum value,

F ig u r e  2 5 . B a l a n c e d  C ir c u it
D irect read ing , w ith  com pensation  for source fluc­tu a tio n s
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R (100 or 1,000 scale divisions), and a is varied until balance is established, then all successive values of T  will be given by x directly. Whenever electrical balance is established, the ar­rangement should be independent of source fluctuation, as may be seen by differentiating the expression for the net current through the galvanometer.

klz k T I  a
R +  TQ R  +  rg c lx  — cT Ia

where

for

k
R  +  rg

dip,,
d l

dtp
d l

cTa

0, * «  Ta

Fluctuations due to source variations are therefore a t a mini­mum when x  =  Ta, which is, however, the condition of balance as obtained during a measurement.I t  should be emphasized that these considerations have neg­lected secondary factors such-as variation of the internal re­sistance of the cells, overshooting, and fatigue. Considerable care must be exercised in the choice of cells, the optimum level of illumination, and the correct magnitude for the resistance of the measuring circuit. Brice (19) reports deviations of no more than 0.1 to 0.2 division on a 0 to 100 scale, but this was achieved by a very careful study of the above factors. This paper should be consulted for detailed information on balanced circuits of this type.
C hoice o f  In stru m en t

The most reliable instrum ent of general utility  is the 
spectrophotometer. All colorimetric problems can be re­
ferred to the complete information which a photometric curve 
affords. Compromise instrum ents like the gradation pho­
tometer are less costly and enable one to obtain an abridged 
spectropliotometric analysis. For colorimetric chemical 
analysis the visual Duboscq colorimeter is still the most 
versatile and useful instrument. Despite the fact th a t most 
of the photoelectric instruments discussed above may be as 
sensitive or more sensitive than the best visual instrument, 
their use is a t  present restricted to specific applications. This

F ig u r e  2 6 . T w o - C e l l  P h o t o m e t e r
W ith  high d ifferential sen s itiv ity  an d  tu b e  s tab iliza tion  of th e  h igh-vo ltage

is particularly true of existing commercial instruments. 
Almost without exception they employ barrier-layer cells and 
these are notoriously insensitive a t low levels of illumination. 
For this reason it is not surprising to find such instruments 
decidedly inferior for measuring yellow solutions (absorption 
of light a t  shorter wave lengths). This is precisely the diffi­
culty which the user of a visual colorimeter wishes to avoid; 
he usually abhors the task of matching yellow solutions.

In the author's opinion this is largely due to an attem pt of 
investigators as well as manufacturers (for reasons of econ­
omy) to strive for great simplicity. Simplicity of design is 
commendable a t all times, bu t any a ttem pt to improve upon 
a good visual instrum ent operated by a trained observer a t 
once presents a problem which is not simple. Barring the 
imminent discovery of a photocell with the theoretically pos­
sible response, the trend in design of photoelectric photometers 
will be in the direction of vacuum cell-amplifier combinations 
of extreme sensitivity coupled with associated circuits for 
regulation, automatic compensation, and stability main­
tenance (Figure 26). The modem superheterodyne broad­
cast receiver is no model of simplicity; rather i t  represents 
complexity in the interest of ultim ate simplicity (operation). 
To the extent th a t future photometers can be patterned after 
the practices and devices of the radio industry, the costs will 
be materially less and will represent a small fraction of the cost 
of the necessary optical components. This a t  once implies 
tha t the chemist will not be likely to make his own pho­
tometer; there are probably few who would attem pt to con­
struct an analytical balance, though essentially it  is a much 
simpler instrument.

C olorim etric A nalysis
To illustrate a typical case we shall assume tha t a suitable 

color reaction has been selected; further, th a t i t  shall be 
specific for the substance in question or tha t all interfering 
substances have been separated or transformed into com­
plexes, etc., which prevent such interference. In  most of 
the careful work reported in the literature, these chemical 
aspects are adequately treated. The optical problem now 
reduces to the following steps:

1. The region of maximum light absorption must be deter­mined. This is best done with a spectrophotometer or gradation photometer. For the better-known substances, absorption spectra may be found in the literature. If these instruments are not available a hand spectroscope will afford a rough estimate of the region of maximum absorption. Even a rough guess (com­plementary color) is no bar to successful selection of the appro­priate region, but the chance of selecting the most suitable region is roughly in proportion to the elegance of the measurement.2. The light source is now provided with means for selecting this region of the spectrum. The most elegant procedure is to use a monochromator. Next in order of choice is a discontinuous source with suitable filters or a continuous source with composite filters. In every case the energy distri­bution of the source must be combined with the filter characteristic, as explained in Figure 13. In any case some sort of filter must be used. Results obtained with “white” light not only show poor differential sensitivity but the interpretation of the results will be difficult.3. Rate of reaction studies, however simple, must now be made, in order to be sure that the maximum light absorption is being measured. A simple plot of transmission against time after mix­ing will show how much time must elapse before measurements are made. This is best done at several concentrations, especially since higher order kinetics may be involved. The same pro­cedure will detect and evaluate the rate of bleach­ing or fading if it occurs in this system. At thissource point the analyst should not be surprised if heencounters a system in which the rate of color formation is almost equaled by the rate of fading. The literature of colorimetric analysis is replete with examples, and some are the basis of lengthy polemics.4. I t  is now assumed that we shall employ a photometer which is direct-reading in transmission or extinction values or that the functional relationship between light intensity and instrumental indication is known. A series of solutions of known concentration is measured and the extinction coefficient is then calculated. I t  will be evident that this constant is really an “effective extinction coefficient,” especially if filters have been used to render the light approximately monochromatic. To this
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extent all such calibrations are burdened with an instrumental constant or factor. I t is only when all photoelectric photometers employ strictly monochromatic light that a table of appropriate extinction coefficients will be of general value and will eliminate the necessity of individual calibration.5. I n t e r p r e t a t i o n  o p  R e s u l t s .  Reliable photometric measurements of this sort will provide immediate information concerning the validity of Beer’s law. Despite the many con­tradictions in the literature, very careful and precise measure­ments have indicated that it is usually applicable, including colloidal dispersions, provided there is no appreciable change in particle size. There are obvious cases, such as concentrated cupric salts, in which very profound changes in color are asso­ciated w’ith dilution and in such instances pronounced deviations from Beer’s law are to be expected. With the exception of such obvious cases, in which many physical properties of the system would lead one to expect deviations, the existence of a definite extinction coefficient at a given wave length is to be regarded as a fundamental physical property of the system. The failure of Beer’s law should not be claimed unless the experimental method is known to be beyond reproach.

This criterion of colorimetric reactions will become in­
creasingly im portant as photometric practice becomes more 
precise and reliable. A t the present time our fund of color 
reactions is very large, although, unfortunately, very few 
have been investigated rigorously enough to satisfy the above 
criteria. Indeed it  may be said th a t we have far too many 
methods; th a t few will survive critical examination. I t  is 
not the object of this review to discuss these reactions in 
detail nor even to question the expediency of certain pro­
posed tests, bu t rather to emphasize the need for rigorous 
optical and physico-chemical examination of each reaction. 
As a rule the purely analytical aspects such as selectivity, 
interference, etc., have been adequately investigated.

P h otom etr ic  T itra tion s
The type of measurement just discussed places a heavy 

burden of responsibility upon a single photometric measure­
ment. Ordinary volumetric analysis permits high precision 
because a relatively large volume of reagent can be measured 
to within one drop. The actual color change a t  the end 
point is rarely estimated (in the optical sense) to better than 
5 or 10 per cent, yet this change is sufficiently abrupt to afford 
sufficient precision. Photoelectric methods have been used 
to detect such changes (16, 76, 96, lJfi, 142,173,193,194); 
indeed, titrations can be performed automatically (149) 
when a large number of routine analyses w arrant the neces­
sary elaboration in equipment. In  a larger sense, however, 
photometric titrations may supplement or replace the ordinary 
photometric procedure. The well-known “duplication 
method” of colorimetry involves the treatm ent of the un­
known with a large excess of reagent. In  a comparison 
vessel filled with excess reagent, a standard solution of the 
substance is added in am ount sufficient to m atch the color of 
the unknown sample. The conditions necessary for the 
success of this method are completely discussed in standard 
texts and will not be repeated here (105).

For those systems in which it  is applicable, the photo­
electric method m ay be used in a  number of ways—for 
example, a sensitive twin-cell photometer may be used to 
indicate the point a t  which the two solutions have identical 
transmissions. A more laborious bu t very precise procedure 
involves a measurement of the transmission a t uniform 
intervals during the titration. If  Beer’s law is obeyed, a 
plot of —log T  (extinction) will be a linear function of the 
am ount of reagent. Moreover, if the color reaction follows a 
definite stoichiometric law a sharp inflection may be expected 
in the extinction lines when reagent and substance react in 
equivalent amount. The technique is reminiscent of con­
ductance titrations; indeed, the average straight lines may 
be considerably more reliable than the individual points.

The latter method is useful in clearing up certain points of 
theoretical interest. By this method it has been shown 
(148) th a t the gold method for estimating bromides really 
involves the AuBr4~ ion as the light-absorbing species, not 
a wholly unexpected result, but more convincing than in­
direct reasoning or supposition. Similarly, certain peculi­
arities of the starch-iodine system have been studied in this 
manner (147).

I t  is likely tha t studies of this sort would be profitable in 
the case of most colored substances in solution. In  too 
m any cases the composition of the colored substance has been 
inferred from the nature of the solid phase which can be 
obtained from the solution, or as one often suspects, from the 
ease with which an equation m ay be balanced in an ele­
m entary textbook. A classic example is the familiar reaction 
between ferric and thiocyanate ions (190, p. 284).

I t  is not unlikely th a t the results obtainable by the tech­
nique of photoelectric titrations would w arrant the design 
and construction of a recording photometer.

A u tom a tic  In sp ection  and C ontrol
Modern trends in industry show increasing use of auto­

matic measurement and control. M any operations are in 
reality chemical analyses, bu t the operator has been dis­
pensed with and self-regulated, self-calibrated instruments 
take over the burden. Of the various properties of a system 
which lend themselves to analytical purposes, one m ay men­
tion density, viscosity, conductance, dielectric constant, etc. 
No one property is superior; there is hardly ever a “best 
method,” bu t the choice of the determining property and the 
means of measuring it  are governed by the circumstances. 
The cases which will be mentioned are those which solved the 
problem satisfactorily even though alternative schemes 
might have been used. Photoelectric methods have been 
used for the obvious chore of counting objects, classifying, 
and grading according to size, color, or temperature (in­
candescence) (F, I ,  K , N , Q, R, U). D istinctly optical 
criteria of a system naturally lend themselves to photo­
electric methods—for example, turbidity, color, gloss, 
refractive index, optical activity, and opacity (smoke).

The conventional methods of colorimetric analysis have 
been reduced to automatic practice, usually by the expedient 
of by-passing (bleeding) a portion of the system, sampling, 
then injecting an appropriate reagent, after which the mix­
ture is photometered. The measurement in this case may be 
in absolute terms or relative to an arbitrary standard. 
Usually a conventional electrical recorder (recording potenti­
ometer or W heatstone bridge) provides a permanent record. 
For control it  is fitted with limit relays which initiate appro­
priate corrective measures (addition of acid or alkali, change 
of temperature or pressure, etc.). Such installations are 
further complicated by the need for auxiliary equipment, as, 
for example, periodic self-calibration, antihunting mecha­
nisms, or circuits to prevent overcompensation. Unless 
elaborate precautions of this sort are provided by intelligent 
engineering design, the instrum ent or controller is likely to 
act like an unruly monster. The fundamental idea behind 
most photoelectric controls is relatively simple, bu t reference 
to typical installations (K , p 230; 2, 53) shows the expendi­
ture of great ingenuity and care in the realization of the 
scheme from an engineering point of view.

A pplications
While i t  is obvious th a t any suitable colorimetric reaction 

may be treated by appropriate photoelectric means, i t  may 
be helpful to record some instances of actual problems which 
have been solved by the use of photoelectric cells. Further
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possibilities are to be gleaned from standard treatises on 
colorimetry (190, 233). Photoelectric instruments have 
been used in the analysis or measurement of water (3, 17, 
113, 172, 187, 218, 221), gas (21, 22, 74, 120, 191), foods 
(151, 230), steel (9, 194), textiles (4, 20, 179, 185, 189), 
leather (12), titrations (16, 76, 96, 140, 173, 193, 194), com­
bustion (170), colloids (181), serum (155), oils (13, 123, 127, 
178, 202, 203), beer (So, 110, 199), fertilizers (135), sugar 
(83, 177, 196), chlorophyll (73, 188), pH  (122, 124, 125, 
143, 150), reaction kinetics (18, 79, 98,138, 176), dust (100), 
indicators (125, 182), dyes (94, 157), clinical (25, 37, 38, 45, 
46, 101, 103, 121, 168, 175), sedimentation (136), turbidity  
(26, 64, 76, 95, 97, 99, 102, 126, 150, 198), carbon dioxide 
(22), hydrogen sulfide (21), alkalies (93), alkaline earths 
(93), and bacteria (7).

C onclusions
The current literature indicates a widespread and in­

creasing interest in photoelectric methods. Measurements 
have been reported which exceed in precision and reliability 
the values which can be obtained with the very best visual 
instruments (85, 107, 125, 128, 129, 130, 133, 158, 159, 238). 
These results are invariably obtained with instruments 
which embody sound optical theory and practice and the 
best resources of electrical measurements. They are usually 
photoelectric spectrophotometers, and are necessarily elabo­
rate and expensive. Simple compromise instruments have 
been described in great number and are justified by reasons 
of expediency, elimination of fatigue, dr greater speed of 
operation. They rarely justify exaggerated claims of 
superiority over existing visual instruments.

Photoelectric cells are available in great variety and a t  low 
cost. Circuit adjuncts such as improved meters, vacuum 
tubes, thyratrons, and indicator tubes are increasingly 
available and in many cases have been designed specifically 
for use with photocells. Countless circuit possibilities have 
been published in various papers and monographs, but a 
very small fraction of these have been applied to chemical 
problems.

Applications have been directed for the most p a rt to 
analysis, and therefore have served as an improved adjunct 
to the highly developed field of colorimetric analysis. In  
addition they have served a  useful purpose in pH  measure­
ments, kinetics, and the study of the composition of colored 
solutes.

The increasing number of problems and the complexity and 
diversity of modern devices seem to imply tha t future re­
search will require greater cooperation between the chemist 
and the radio engineer or th a t each shall become more fully 
acquainted with the problems and resources of the other 
field. Specifically, the engineer is unaware of the nature and 
needs of the chemist’s problems. Similarly, the chemist is, 
in most cases, unfamiliar with the possibilities of electronic 
circuits and how they m ay be modified to suit his purpose. 
One is constantly surprised by the spirit of “rediscovery” 
which seems to pervade the chemical literature dealing with 
photoelectric photometry. For this reason, the writer has 
listed in the bibliography a separate group of monographs. 
Repeated reference is made in the body of this paper to these 
sources; indeed, the review can be considered as little more 
than  a summary of the advice and good counsel which is to 
be found in these sources.
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The Action of Ethanolamine on Woody Tissue
L. E . W IS E , F . C. P E T E R S O N , a n d  W . M . H A R LO W  

N ew  Y ork  S ta te  C o lle g e  o f  F o r es try , S y r a c u se , N . Y .

IN 1937 Van Beckum and R itter (S) published a revised 
technique for the determination of holocellulose, which 

represents very nearly the total carbohydrate fraction of the 
cell wall, as well as p a rt of the methoxyl and the larger share 
of the acetyl groups present in the original wood. In  their 
modification, these investigators used alternate treatm ents 
with chlorine and 95 per cent ethyl alcohol containing 3 per 
cent of monoethanolamine. In  August, 1935, the first ex­
periments with pure anhydrous ethanolamine and dry wood 
were carried out a t Syracuse.

In the authors’ first experiments oven-dried wood samples [large-tooth aspen (nomenclature of species according to 7), which had been subjected to complete analysis by Richard D. Freeman] were extracted with monoethanolamine, just below the boiling point of the solvent (about 168° C.) for 5.25 hours. One hundred cubic centimeters of the base were used for about 3 grams of wood. At the end of the extraction the material was filtered by suction and washed with water until the filtrates were colorless. The brown residue was dried to constant weight. A lignin determination (made by the cold sulfuric acid method of the U. S. Forest Products Laboratory, 6) showed that 2.C2 per cent of lignin remained in the pulp. Based on the original dry wood, this corresponded to 1.73 per cent of lignin.
A summative analysis thus showed the following:

T o ta l loss of wood on ex trac tio n  w ith  e thanolam ine  33 .80R esidual lignin 1.73Cross and  B evan  cellulose (determ ined  b y  R . D . F reem an) 64.42
T ota l 99 .95

A very similar result wras obtained by the ethanolamine 
extraction of spruce wood.

In another experiment (with a view towards complete deligni- fication) 1 gram of oven-dried beech heartwood sawdust was ex­tracted for 5 hours with 50 cc. of ethanolamine in an oil bath kept a t approximately 170° C., so that the solvent in contact with the wood was just below the boiling point. Heating could be carried out satisfactorily in an Erlenmeyer flask, fitted with a funnel, covered with a watch glass. Cork or rubber stoppers were avoided.The mixture was diluted with 50 cc. of water and the residue collected on a fritted-glass crucible, washed with water, and then bleached for 20 minutes with water saturated with chlorine, in a covered beaker but without removing the cellulose residue from the crucible at any time. The contents of the crucible were sucked dry, and the crucible was then filled with a solution of sul- furous acid. After standing 3 minutes this was removed by suc­tion, and the residue washed with water. Crucible and residue were then placed in hot aqueous 3 per cent sodium sulfite solution for 0.5 hour, during which time a faint pink color developed. Although the residue after washing was white, chlorine water, water, sulfurous acid solution, and water successively were again passed through the crucible to assure a final bleach. The residue was thoroughly washed with water containing a trace of ammonia, and the crucible and residue were dried to constant weight.
The following results were obtained:

E th an o lam in e  cellulose 60 .4 , 6 0 .5Cross an d  B evan cellulose on th e  sam e sam ple, determ ined  byR . D . F reem an  (av . of 3 determ inations) 60 .7
Although the analytical procedure by the ethanolamine 

method given for beeehwood should be checked with a large 
number of woods, it  seems probable th a t it  will yield a residue 
comparable to Cross and Bevan cellulose. If so, i t  has much 
to recommend it over the procedure for isolating the latter. 
No preliminary extractions are required, and the manipula­
tions are much simpler.

More recently Harlow and Wise (#), determining cellulose 
in the woody portions of rhizomes of brake fern, obtained

29.4 per cent of cellulose (by the Cross and Bevan method), 
and 30.0 per cent of cellulose (by extraction with pure etha­
nolamine, followed by mild successive treatm ents with 
hydrochloric acid, chlorine water, water, sulfurous acid, and 
water).

Evidently this anhydrous ethanolamine delignification 
gives a residue corresponding very closely to Cross and Bevan 
cellulose, and removes from the W'ood not only most of the 
lignin, but also a large am ount of the “cellulosan” fraction 
and extraneous materials.

In  1925 R itter (5) chlorinated thin  sections of wood and 
observed the treated sections with a microscope. Delignifi­
cation resulted in a separation of the cells, presumably by the 
dissolution of the middle lamella. Similar experiments were 
subsequently made by one of the authors (1 ) and it  was 
further noted th a t the lignin in the secondary walls could be 
removed by mild chlorination before appreciably attacking 
th a t in the middle lamella, as shown by the effect of 72 per 
cent sulfuric acid on such treated material. The substance 
(presumably a precursor of coniferyl aldehyde, S) responsible 
for the phloroglucinol color test for “lignin” was also removed 
upon mild chlorination of thin wood sections.

V isual Effcct o f  M on oeth an olam in e
To determine the visual effect, shown by the microscope, 

of monoethanolamine on thin (10/x) transverse sections 
of woody tissue (cut from blocks of dry sapwood, previ­
ously aspirated under cold water, and stored in 15 per cent 
ethyl alcohol), sections of red pine, sitka spruce, red alder, and 
catalpa were allowed to stand in the cold reagent (15° C.) 
for a number of weeks and examined periodically for possible 
evidences of delignification.

After 3 days portions of the sections were removed, washed 
in  water, and treated with phloroglucinol reagent and 72 per 
cent sulfuric acid, respectively. In  the first instance the 
typical scarlet color obtained on untreated m aterial was not 
seen bu t rather an  orange-red appeared. Treatm ent with 
the acid did not produce any visible disintegration of walls 
resistant in untreated sections.

After 2 weeks in cold ethanolamine the characteristic red 
color with phloroglucinol failed to develop, and all sections 
were yellowish. At this point the secondary walls of the 
two conifers, and the vessel walls in red alder, showed signs 
of partial disintegration when immersed in acid. A t the end 
of 3.5 m onths’ treatm ent with ethanolamine, the secondary 
walls disintegrated almost completely when subjected to 72 
per cent sulfuric acid. In  all cases a middle lamella network 
(Kerr and Bailey’s “compound middle lamella,” 4) remained, 
indicating th a t the cold reagent, although able to remove 
the secondary cell-wall lignin, did not appreciably attack  
tha t of the central layers. Wood sections of cottonwood, 
white fir, tupelo, chestnut, red spruce, eastern red cedar, and 
lodgepole pine were treated for 10 days a t  28° C. and results 
similar to those noted above (at 15° C.) were obtained.

Experiments with boiling ethanolamine on sections of red 
pine, sitka and red spruces, southern white cedar, Deodar 
cedar (Cedrus deodar), bigtree, eastern white pine, western 
hemlock, and Douglas fir, gave results comparable to those 
a t  lower temperatures, except th a t delignification was ac­
complished in a fraction of the time necessary in the cold, and 
further, the true middle lamella or intercellular substance 
was attacked and almost, if not entirely, removed. Usually

18
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from 2 to 6 hours were necessary to delignify sections to the 
point where the cells barely adhered to each other, and were 
completely soluble in 72 per cent sulfuric acid.

In  all cases the visual effect of boiling monoethanolamine 
on wood sections seemed the same as th a t obtained by sub­
jecting them to chlorination, or bromination followed by hot 
dilute sodium sulfite, or 10 per cent ammonium hydroxide. 
These results appear to reinforce the analytical data which 
indicate th a t the am ounts of “ethanolamine cellulose” and 
Cross and Bevan cellulose isolated from a given sample are 
approximately the same.
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Determining Organic Carbon in Soils
A Modification o f the Chromic Acid Reduction Method

E . R . P U R V IS  AND G E O . E . H IG S O N , J k .
V ir g in ia  T ru c k  E x p e r im e n t S ta t io n , N o r fo lk , V a.

TH E current popularity of rapid chemical tests as a means 
for estimating the crop-producing power of a soil makes 
desirable a rapid method for determining the organic carbon 
content of the soil. The chromic acid reduction method as 

proposed by Schollenberger (8, 4), with its various modifica­
tions, is being widely used for this purpose. Constant and 
reproducible results may be obtained with this method, as 
has been shown by Degtjareff (2) and by Ailison (1). Al­
though Allison found tha t the method recovered bu t 86.9 per 
cent of the carbon present when compared to the standard 
furnace combustion method, tliis percentage recovery was so 
near constant for the sixty-six soils studied tha t by use of a 
factor (carbon found by chromic acid reduction multiplied 
by 1.15) he obtained almost identical results with the two 
methods.

Although considerably faster than furnace combustion, the 
Schollenberger method still consumes considerable time when 
a number of determinations are made. A modification 
which would eliminate the necessity of heating each determi­
nation separately, without impairing accuracy, would greatly 
reduce the time factor and would prove of considerable value 
in those laboratories where a large number of determinations 
of soil organic m atter are made in routine analysis. Various 
modifications have been suggested, bu t in these changes the 
accuracy of the method is usually sacrificed. This paper 
presents data obtained in an attem pt to overcome this dif­
ficulty, and describes a procedure th a t has given results in 
close agreement with those obtained by the original Schollen­
berger method.

Briefly stated, the chromic acid reduction method consists 
of oxidizing the organic carbon in a small sample of soil 
(0.2 to 0.5 gram) with a measured quantity of standardized 
chromic acid in sulfuric acid, and determining the extent of 
reduction of the chromic acid by titration with 0.2 N  ferrous 
ammonium sulfate, using diphenylamine as the indicator.

Walkley and Black (5) proposed that the oxidation of the or­ganic matter be induced by the heat of reaction between sulfuric acid and water, but claimed a recover}' of only 60 to 86 per cent of the carbon present. Allison (1) found the maximum tempera­ture obtained in this reaction to approximate 124° C. and stated that this is insufficient to recover a definite fraction of the organic carbon present in different soils.Degtjareff (2) proposed two modifications. In one he brought about the oxidation of the organic carbon by the addition of a mixture of chromic acid and hydrogen peroxide to the soil sample. Walkley and Black (5) showed that this method gives entirely fictitious results, since the hydrogen peroxide reacts differently

with chromic acid in the presence of soil than in the corresponding blank. DegtjarefT’s other proposal consisted in oxidizing the organic matter by heating the acid-soil mixture for 10 minutes at 165° C. in a sulfuric acid bath. He stated that the chromic acid oxidizing solution, prepared by heating for one-half hour at 165° C., shows no change in titer when run according to the above procedure. This would seem to conflict with Schollenbergcr’s in­ference of the importance of temperature-time relationship upon the stability of the chromic acid oxidizing solution. Schollen­berger specified that the acid-soil mixture be heated to 175° C. in approximately 00 seconds over an open flame. Tests show that even this brief heating reduces the titer of the 10-ml. aliquot of a 0.408 AT chromic acid solution to 0.396 N, the loss being due to evaporation and reduction of the chromic acid in direct contact with the glass container which may reach a temperature of 800° C. when heated by an open flame.
To test Degtjareff’s proposal, 10-ml. portions of chromic 

acid solution were placed in 25 by 150 mm. test tubes and 
heated for 10 minutes in a sulfuric acid bath a t various 
temperatures. The results obtained are presented in Table I.

T a b l e  I. T e s t  o f  D e g t j a r e f f ’s  M e t h o d
.T em perature of H jSO< B ath N orm ality  of Loss inC hrom ic Acid N orm ality

° C.
1 0 0 0.408 0 . 0 0 0
1 2 0 0 .408 0 . 0 0 0140 0.400 0 .008160 0.382 0 .026180 0.33G 0.072

Although a number of samples could be oxidized a t once 
by this method, the accuracy of the procedure is greatly im­
paired. The partially reduced chromic acid solution in the 
tube containing soil would naturally lose less in titer than 
would the stronger solution in the blank determination. In 
a determination where the normality of the blank chromic 
acid solution was reduced 0.026, a soil was found to contain 
2.10 per cent of organic carbon. The same soil showed only 
1.74 per cent of organic carbon when higher heating reduced 
the normality of the blank by 0.072.

I t  would seem tha t the accuracy of the method depends 
upon bringing about a rapid oxidation of the organic m atter 
by heating to a temperature sufficiently high to ensure com­
plete oxidation in as short a time as possible in order to pre­
vent loss of titer in the 10-ml. aliquot of the chromic acid 
solution due to evaporation and reduction. As an electric 
oven seemed to offer a means of accomplishing this purpose, 
the oven shown in Figures 1 and 2 was constructed.
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A metal trough, 12.5 X 11.25 X 30 cm. (5 X 4.5 X 12 inches), was made of Cop-r-loy. The ends, sides, and bottom of this trough were lined with two thicknesses of 0.8-cm. (0.3-inch) as­bestos board which was held in place by refractory cement. Next 16 meters (52 feet) of No. 24 Chromel C wire were coiled and fastened to one side of a false bottom of asbestos board cut to fit snugly in the bottom of the box. The wire was then tapped as shown in Figure 2, the completed heating unit drawing ap­proximately 1,440 watts when operated on a 120-volt current.For the top of the oven, two pieces of asbestos board were ce­mented together, and ten 2.66-em. (1.06-inch) holes were drilled through the top in two tiers, providing a close fit for test tubes 25 mm. in diameter. To prevent the test tubes from resting directly on the heating unit, a strip of 0.6-em. (0.25-inch) mesh screen wire was placed approximately 3.75 cm. (1.5 inches) above the heat­ing unit in the oven. This permitted only 3.1 cm. (1.25 inches) of the test tube to be exposed to the direct heat of the oven, therein' reducing the heated surface of the glass and the loss by evaporation.

T a b l e  II. T e s t  o f  O v e n  H e a t in g
O rganic C arb onH ea ted  to H ea ted  to175° C . in 175° C.open flame in  ovenSoil T ype in  90 seconds in 3 m inu tes

% %
Sassafras san d y  loam 0 .6 5 0 .6 4N orfolk fine san d y  loam 0 .8 0 0 .8 0E lk to n  san d y  loam 2 .33 2 .3 6K ey p ort san d y  loam 2 .5 8 2 .6 1D ism al sw am p p ea t 5 .22 5 .2 8

The completed oven is capable of an operating temperature 
of approximately 400° C., and this tem perature is sufficient 
to raise tha t of 10 ml. of chromic acid solution inserted in a 
25 by 150 mm. test tube to 175° C. in approximately 3 min­
utes, Furtherm ore, the normality of the chromic acid solu­
tion is reduced by only 0.008, just two-thirds the reduction 
brought about by heating to 175° C. in 90 seconds over an 
open flame. This lower loss in titer is explained by the 
lower maximum heat of the oven (400° C.) when compared 
to tha t of an open flame (approximately 800° C.), and by the 
fact tha t only the lower third of the test tube is heated, the 
balance of the tube acting as a condenser.

To test oven heating with open-flame heating, five soils 
varying in organic m atter content were chosen. The re­
sults, presented in Table II, show tha t oven heating is quite 
as satisfactory as heating over an open flame. Ten samples 
may be oxidized in 3 minutes, the tubes removed from the 
oven, placed in cold water to be titra ted  later, and ten fresh 
tubes inserted in the oven. One hundred samples m ay be

F ig u r e  2 . D ia g r a m  o p  O v e n

oxidized within an hour with a greater uniformity of heating 
than is possible where an open flame is used.

In the course of the foregoing investigation another minor 
modification, dealing with the preparation of the chromic 
acid oxidizing solution, was made in Schollenberger’s pro­
cedure. I t  is recommended th a t this solution be prepared as 
follows:

Place 10 grams of powdered potassium dichromate, previously oven-dried a t 100 ° C. for one hour, and 500 ml. of a 1 to 1 mixture of phosphoric and sulfuric acids in a 1-liter flask. Then heat the flask in a boiling water bath for 1 hour, occasionally stirring the mixture. Solution of the salt will be complete and the titer of the solution will remain constant, closely approximating 0.4 JV in oxidizing power. The advantage of this modification is twofold. I t  eliminates the necessity of later adding phosphoric acid to activate the diphenylamine indicator during the titration with ferrous ammonium sulfate, and by changing the ratio of phps- phoric to sulfuric acid from 1 to 2, to 1 to 1, a much sharper end point for the titration is obtained. The substitution of the phos­phoric acid for half the sulfuric acid in the oxidizing solution in no way affects the strength of this solution.
S um m ary

An investigation of the temperature-time relationship in 
the determination of the organic carbon of the soil by the 
chromic acid reduction method is reported. A laboratory- 
constructed electric oven which provides a uniform method 
of oxidizing ten samples in 3 minutes is described, along with 
a modification in the preparation of the chromic acid solution 
which saves time and increases the sharpness of the end point 
during the titra tion  with ferrous ammonium sulfate.
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Prevention o f Sticking o f Buret 
Stopcocks

E D W IN  E . M A C Z K O W SK E  
N a t io n a l B u r e a u  o f  S ta n d a r d s , W a sh in g to n , D . C .

AFT E R  considerable trouble with burets used for sodium 
. hydroxide solution, sodium thiosulfate solution, and 

other reagents, i t  was found th a t the sticking of buret stop­
cocks, when no t in use, may be prevented by simply keeping 
the lower part of the buret containing the stopcock immersed 
in a beaker of distilled water.

F i g u r e  1 . O v e n R e c e i v e d  D ecem ber 2, 1938.



Determination of Fluorine
With Special Reference to Analysis o f Natural Phosphates and 

Phosphatic Fertilizers
D . S . R E Y N O L D S  A N D  W . L . H IL L  

B u re a u  o f  C h e m is tr y  a n d  S o ils , U . S . D e p a r tm e n t  o f  A g r ic u ltu r e , W a sh in g to n , D . C.

TH E determination of fluorine in most materials requires 
its separation from other constituents of the sample. 
For this separation volatilization (or distillation) methods, 
being relatively rapid, have been favored whenever the 

fluorine-bearing constituents were readily soluble in acid, 
whereas fusion with alkali compounds with subsequent separa­
tion of the fluorine by rather cumbersome precipitation 
methods has been the rule with acid-insoluble materials. 
The chief carrier of fluorine in natural phosphates is apatite 
(IS), and calcium fluoride has been identified in a few instances 
as a constituent of phosphate rock. Fortunately, both 
compounds can be treated successfully by distillation meth­
ods. On the other hand, fusion with alkali fluxes is not very 
effective in decomposing apatite (22).

The volatilization method (25, 27) used prior to about 5 
years ago was not entirely satisfactory. One of the principal 
difficulties arose from the interfering effect of gelatinous 
silica, which renders the method 
inapplicable to materials tha t 
contain acid-decomposable sili­
cates (23). Furthermore, the 
method of Reynolds and Jacob 
(22), in v o lv in g  fu s io n  and  
acid extraction of the sample 
with subsequent precipitation 
of the fluorine as lead chloro- 
fluoride, was very tedious and 
gave low results on some types 
of phosphate rock, such as 
Tennessee blue rock and Florida 
waste-pond phosphates.

The publication of a volu­
metric method by Willard and 
Winter (28) in 1933 marks a 
great forward step in the analy­
sis of fluorine-containing ma­
te r ia ls .  I n  s im p lic i ty  of 
r e q u is i te  a p p a r a tu s ,  ease  of 
manipulation, speed, and quality 
of results, this is far superior to 
any other known method for the 
analysis of a  wide variety of ma­
terials.

In  the original procedure fluo­
rine is (1) separated from the 
sample (fused with alkali carbon­
ate if the fluorine compounds 
are not decomposed by acid) by 
distillation with sulfuric acid 
or perchloric acid and (2) deter­
mined in the neutralized dis­
tillate, after the addition of an 
equal volume of ethyl alcohol, 
b y  t i t r a t i o n  w ith  s ta n d a r d  
thorium nitrate with the use of 
z irc o n iu m -a liz a r in  indicator.
Armstrong (2) omitted the

zirconium salt from the indicator used for titrating  very small 
amounts of fluorine. Because of the greater sensitivity of 
the simplified indicator to changes in the pH of the solution 
during titration, it  was not satisfactory for the titration  of 
several milligrams of fluorine in a slightly buffered solution 
(20), such as was used a t th a t time. Later, the advent of the 
use of a  buffer solution (16) to control the pH  during titration 
made the addition of a zirconium salt to the indicator un­
necessary for the titration of the larger quantities of fluorine. 
The almost constant attention required to m aintain the 
temperature of distillation within the permissible range by 
the frequent additions of small quantities of water to the 
distilling flask was overcome by means of a form of steam 
distillation (24).

W ith the foregoing improvements the Willard and W inter 
method has been used in this laboratory on a wide variety of 
natural phosphates and phosphatic products. A number of

o b se rv e d  in te r f e r in g  factors 
have been investigated from 
time to time—for example, the 
effect of neutral salts on the 
titration, and the uncertainty 
o f th e  r e s u l ts  o b ta in e d  on 
pyritiferous samples. The re­
sults of these studies are pre­
sented in this paper.

P reparation o f  P ure  
S od iu m  Fluoride

Hoffman and Lundell (14) 
prepared a sodium fluoride of 
high purity  from sodium bicar­
bonate and redistilled hydro­
fluoric acid by a modification 
of the method used by McAdam 
and Smith (19) in their atomic 
w e ig h t w o rk . T h e  a u th o r s  
prepared a very good grade of 
sodium fluoride from reagents 
meeting A. C. S. specifications as 
follows:

Evaporate 100 grams of 48 per cent hydrofluoric acid in a platinum dish to about two-thirds of its volume. Heat 20 grams of sodium bicarbonate and 75 ml. of distilled water in a platinum dish until thesalt dissolves. Filter with the aid of a hard-rubber funnel, and to the clear solution add slowly with constant stirring (platinum rod) the entire amount of p re p a re d  ac id . H e a t th e  acid solution carefully until the carbon dioxide is expelled and the solution becomes clear, then evaporate it to dryness, and gradually increase the tempera­ture to 350° to 400° C. If a

Several factors th a t  cause in terference  
in  th e  d eterm in ation  o f  fluorine were 
stu d ied  by d istillin g  th e  sam p le w ith  per­
ch loric, phosphoric, or su lfu ric  acid  and  
titra tin g  th e  d istilled  fluorine w ith  th o riu m  
so lu tion .

T h e titra tion  is m arkedly affected by  
orth op h osp h ate, su lfa te , and hypochlorite  
ion s and to  a m u ch  less ex ten t by alltali, 
borate, and sulfide ion s. In  th e  con cen ­
tration  range stu d ied  arsen ite, ch lorate, 
and s ilica te  ion s have n o  observable effect. 
Interference is  greatly reduced and a 
sharper end  p o in t is  ob tained  w hen th e  
titra tio n  m ed iu m  is  an  aqueous in stead  o f  
an alcoh olic  so lu tion .

D ifficu lties arise from  su b stan ces, such  
as (1) a lu m in u m  com pounds and gelatin ou s  
silica , th a t  retard th e  d ist illa tio n  o f  
fluorine, and  (2) the d istillin g  acid , p h os­
p h a te , p yritic  su lfur, organic m ateria ls, 
and halogens other th a n  fluorine, th a t  are 
in com p lete ly  separated from  th e  fluorine  
and cause trouble in  th e  su b seq u en t t itra ­
tio n . W hen perchloric acid  is used  as th e  
d istillin g  acid , th e  d istilla tes o f  m o st types  
o f  p h osp h ate  rocks stu d ied  carry n eglig ib le  
q u an tities  o f  perchlorate and phosp h ate. 
T h e separation  o f  fluorine from  pyritic  
su lfu r and organic m a tter  is im proved by  
d istillin g  th e  sam p le in  th e  presence o f  
an excess o f  perm anganate.

21
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flame is used, provision should be made to protect the salt from contact with combustion gases. Continue the gentle ignition under the hood until the escape of hydrofluoric acid ceases, and finally ignite the product to constant weight in a muffle furnace at 650 0 C. Theoretical yield, 10 grams.

As shown volumetrically by comparing its thorium nitrate 
titer with th a t of a  sodium fluoride of known purity  (prepared 
and carefully analyzed several years ago by C. M. Smith of 
the Division of Insecticide Investigations, Bureau of E n to ­
mology and Plant Quarantine), and also gravimetrically by 
conversion to sodium sulfate, the product prepared by the 
authors by the foregoing procedure was 99.7 per cent sodium 
fluoride.
T itra tion  o f A lkali F luoride w ith  T h oriu m  N itrate  

S olu tion
Besides the titration  medium and the presence of interfer­

ing substances, the factors tha t affect the titration  of alkali 
fluoride with thorium nitrate include pH  of the solution, con­
centration of the indicator, fluoride concentration, and tem­
perature. In  the work reported here, the pH  of the solu­

F i g u r e  1 . S t a n d a r d i z a t i o n  o f  T h o r i u m  N i t r a t e  
S o l u t i o n  a g a i n s t  S o d iu m  F l u o r i d e

B y ti tra tio n  of 0.05 to  10 mg. o ff lu o rin e  in  aqueous an d  alcoholio solutions

tion was controlled with the aid of a buffer solution (prepared 
by neutralizing to phenolphthalein 200 ml. of 1 M  mono- 
chloroacetic acid with alkali hydroxide, adding to the neu­
tralized solution 200 ml. of the 1 M  chloroacetic acid, and 
diluting to 1 liter), which with a few indicated exceptions was 
used a t the rate of 0.5 ml. per 10 ml. of initial volume (F.) of 
the solution for titration. One drop of indicator solution 
(0.1 per cent solution of sodium alizarin sulfonate) was used 
for each 10 ml. of initial aqueous solution. W ith the amounts 
of fluorine involved in this work the observed effect of indi­
cator concentration is about the same as th a t noted by 
Dahle et al. (5) in the titration of smaller quantities of fluo­
rine. For example, in the titration of 3.8 mg. of fluorine in 50 
ml. of aqueous solution the authors found tha t a 50 per cent 
decrease or increase in indicator concentration changed the 
titer +0.04 or —0.04 ml., respectively, of 0.04 N  thorium 
nitrate. All titrations were, made a t  room temperature 
(20° to 30° C.). An increase in temperature results in 
slightly lower titers.

T h e  T i t r a t i o n  M e d i u m .  W illard and W inter titrated 
in 50 per cent alcohol. Although Armstrong (1) showed tha t 
the alcohol can be omitted in the titration of up to 0.01 mg. 
of fluorine in buffered solution, only recently Rowley and 
Churchill (26) have proposed tha t the titration of larger 
quantities be conducted in aqueous solution. The omission 
of alcohol would be a desirable simplification.

In  Figure 1 are shown several curves plotted from results 
obtained by titra ting  different quantities of sodium fluoride 
with thorium nitrate solution with and without the use of 
alcohol. In  each case the curves are sensibly straight lines 
over the useful part of the range. Furthermore, the linear 
relationship holds for quantities of fluorine up to 50 mg. a t 
least (results not shown). The blank titration is somewhat 
larger in aqueous than  in alcoholic solutions, and for a given 
normality of thorium nitrate it  increases with F,- (Figure 
1, b). W ith moderately small quantities of fluorine the 
results for aqueous solutions depart from a straight line in 
the vicinity of 0.1 mg. of fluorine, whereas the results for 
alcoholic solutions do not (Figure 1, a). Aside from this 
behavior, which occurs near the lower limit of the range for 
0.01 N  thorium nitrate, aqueous solution is just as satis­
factory as an alcoholic medium for the titration of pure solu­
tions of sodium fluoride. The authors’ experience, in general, 
confirms the observation of Rowley and Churchill (26) tha t a 
more distinct end point is obtained in aqueous solution; 
however, the sharpness of the end point is affected consider­
ably by the initial volume, even though the concentration of 
the indicator be kept constant.

The observation of Lockwood (18) th a t a sharper end point 
is obtained in glycerol-water solution than in ethanol-water 
solution could not be confirmed by the authors.

I n t e r f e r i n g  I o n s .  Willard and W inter (28) state tha t 
“Any ion th a t forms a precipitate or a nondissociated salt 
with fluorine or thorium interferes with the titration—e. g., 
C a++, B a++, F e+++, Al+++, P 0 4 , etc.” Hoskins and
Ferris (16) give quantitative data on the permissible con­
centrations of a number of ions likely to be m et in the dis­
tillates of natural materials. Their experiments, which were 
confined to negative ions (halogen, N 0 3_, CIO,- , S 03 ,
AsOz , S 04— , AsOj , and POj ) in alcoholic solution,
show tha t an appreciable effect appears when the halogen, 
nitrate, or perchlorate concentration reaches about 0.1 M , 
w’hereas the permissible concentration of the other ions is of 
the order of 10~3 M , or less. Quantitative data  on the effect 
of barium chloride and carbon dioxide have appeared recently 
(10). As far as the authors are aware no one has published 
data  on the effect of alkali ions, or the interference of ions, 
with the exception of Cl~ and C10<_ (1 , 9), when the titra ­
tion is made in aqueous solution.
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5.30
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 1 1 1-------1—  ---- 1------
_ (b) T itration of 3.8 mg. of fluorine . 

with 0 .0 4  N thorium solution

1 |  i I
(a) T itrotion of I mg. of fluorine with 

0.01 N thorium solution. i 
N0CIO4

°  V, = 10 ml. of oqueous solu­
tion + 10 ml. of alcohol +
I ml, of buffer, 

a V; = 10 ml. of oqueous solu­
tion + I ml. of buffer.

*  V, = 5 0  ml. of aqueous solu­
tion + 2 .5  ml. of buffer, 

r f t fa ' Standard titrations 
X Quantity of buffer varied

0.02 0 .04  0 .06  0.08 0.10 0.12 0.14 0.16 0.18 0.20
In itia l m o la rity  o f a lka li ion

F ig u r e  2 . E f f e c t  o f  A l k a l i C h l o r i d e s , N it r a t e , a n d  
P e r c h l o r a t e  o n  t h e  T it r a t io n  o f  A l k a l i  F l u o r id e  w it h  

T h o r iu m  N it r a t e

Certain ions, such as chloride, nitrate, and perchlorate, 
cause low results in alcoholic solution, whereas others, such as 
sulfate and orthophosphate, give rise to high results. Fur­
thermore, the effects of chloride, nitrate, and perchlorate are 
quantitatively very much the same, which suggests the possi­
bility of the'accom panying alkali ion being the principal 
source of the interference. If this be true, account m ust be 
taken of the alkali ion introduced in the fluorine salt and in 
the buffer. Accordingly, the effects of the ions are shown 
graphically (Figure 2) by plotting the titers against the molar­
ity  of the alkali ion a t the beginning of the titration. For 
titrations in alcoholic solution the concentration is reckoned 
on the basis of the aqueous solution before the addition of 
alcohol.

W ith 1 mg. of fluorine in alcoholic solution (Figure 2, a) 
the salt effect becomes noticeable a t about 0.03 M , or less 
than one-third of the concentration reported (16) to be per­
missible in the titration of approximately 0.05 mg. of fluorine 
in 50 ml. of alcoholic solution, and with 3.8 mg. of fluorine 
about the same threshold concentration is indicated (Figure 
2, b). Accordingly, the concentrations of sodium ion in 
which sodium fluoride is usually titrated  (standard titrations, 
Figure 2) are below (Figure 2, a) or above (Figure 2, b) the 
threshold of interference in alcoholic solution, depending 
upon the quantity  of fluorine th a t is involved. Moreover, 
alteration of the sodium concentration by varying the vol­
ume of buffer also gave results (Figure 2, b) th a t follow the 
course of the curves for the other salts. These variations in

the amount of buffer had only a slight effect on the pH  of the 
titrated  solution (Table I). The observation th a t the addi­
tion of these salts to  the solution towards the end of the ti­
tration produces little or no effect on the titer indicates tha t 
the interference arises from reactions th a t occur during the 
initial stages of the titration when the fluoride concentration 
is greatest.

As a probable explanation of the effect of sodium ion the 
formation of insoluble compounds, such as NaiThFs (IS, 
p. 606), suggests itself; thus the possibility of potassium or 
ammonium salts causing less interference than sodium salts 
becomes apparent. To investigate this point a dilute solu­
tion of hydrofluoric acid was prepared and adjusted to a 
suitable concentration by titration with thorium solution in 
the customary manner, and standard solutions of potassium 
fluoride and ammonium fluoride were prepared by neutraliz­
ing aliquots of this solution. Aliquots (3.8 mg. of fluorine) 
of these standard fluoride solutions, with and without the 
addition of alkali chloride, were titrated  with thorium nitrate, 
using a buffer prepared from the respective alkali hydroxide. 
The results are plotted in Figure 2, c, and for comparison the 
sodium chloride curve (Figure 2, b) is reproduced. The 
ammonium ion interferes to a much less extent than the 
sodium ion. In  the potassium system the standard titration  
is considerably lower than the corresponding titer in the 
sodium system; furthermore, the effect of added alkali chlo­
ride is also somewhat less.

T a b l e  I .  E f f e c t  o f  B u f f e r  C o n c e n t r a t io n , A l k a l i- I o n  
C o n c e n t r a t io n  a n d  N a t u r e  o f  A l k a l i  I o n  o n  p H  o f  T it r a t e d

S o l u t i o n
T ite r  inT erm s ofAlkali V olume 0.04 N p H  of

F luorine Alkali C hloride of Buffer T horium T itra te d
P resent System® A dded Solution Solution Solu tion  &

Mg. M g. M L M l.
T itra tio n  in  A lcoholic S o lu tion 1c

3 .8 Sodium N one 0 .5 5 .0 5 3 .2 9
3 .8 Sodium None 1 . 0 5 .0 3 3 .3 03 .8 Sodium None 2 . 0 5 .02 3 .2 43 .8 Sodium 50 1 . 0 4 .81 3 .2 83 .8 P otassium None 1 . 0 4 .85 3 .4 0
3 .8 A m m onium N one 1 . 0 5 .05 3 .5 03 .8 A m m onium 50 1 . 0 4 .9 8 3 .4 0

T itra tio n  in  A queous Solution**
1 . 0 Sodium N one 2 .5 1 .40 2 . 8 6
3 .8 Sodium N one 1.25 5 .02 2 .9 2
3 .8 Sodium N one 2 .5 5 .09 2 .8 2
3 .8 Sodium N one 5 .0 5 .1 0 2 .7 8

1 0 . 0 Sodium N one 2 .5 13.35 2 .8 7
3 .8 Sodium 1 , 0 0 0 2 .5 5 .21 2 .8 0
3 .8 P otassium N one 2 .5 4 .9 7 2 .9 0
3 .8 A m m onium None 2 .5 5 .0 0 3 .0 0
3 .8 Am m onium 1 , 0 0 0 2 .5 5 .1 4 2 .9 0

° Sodium  (or potassium  or am m onium ) ion was th e  only a lkali ion  p re sen tin  th e  solu tion .D eterm ined  with th e  glass electrode by  L . M . W hite  of th is  bu reau .« In itia l volum e was 10 ml. of aqueous so lu tion , 10 m l. of alcohol, a n d  th e  indicated  volum e of buffer.d In itia l volum e was 50 ml. of aqueous so lu tion  and  th e  in d ica ted  volum e 
of buffer.

In  aqueous solution the interference effects of alkali 
chlorides, nitrates, and perchlorates become noticeable 
(Figure 2, d) when the total initial sodium concentration is 
0.08 to 0.1 M , depending upon the initial volume of the ti­
trated solution, or about three times the threshold concen­
tration in alcoholic solution. In  the larger volume the titer 
in both the sodium and the ammonium systems was in­
creased by relatively large quantities of alkali chloride (Fig­
ure 2, d), whereas low titers were observed in the other cases 
(Figure 2). In  contrast to the type of salt interference tha t 
gives rise to low results, this effect, observed to be more 
general in the system of ammonium salts, is not lessened 
when the addition of alkali chloride is withheld until the 
titration is nearly completed. Moreover, it does not appear 
to be attributable to pH  effects—for example, after titration



both solutions M and N (Figure 2, d) had a pH  value of 2.90 
(glass electrode).

Of the negative ions th a t cause high results the orthophos­
phate and sulfate ions were investigated (Figure 3). Ortho­
phosphate ion apparently titrates quantitatively, an obser­
vation also noted by Hoskins and Ferris (16), and m ust be 
excluded when titra ting  in alcoholic solution (Figure 3, a). 
W ith aqueous solutions the situation is improved a little, in 
which case the presence of the equivalent of 0.1 mg. of
PO4 would be expected to cause less than 1 per cent error
for am ounts of fluorine in excess of 1 mg. when the initial 
volume is 50 ml.

The interference of sulfate in alcoholic solution depends 
upon the am ount of fluorine present (Figure 3, b), as is also 
indicated by recent data of others (10). Sulfate interference 
has been attributed  (16) on the basis of conductivity data to 
the slight dissociation of thorium sulfate even in very dilute 
solution. The fact tha t sulfate also causes high results in 
the gravimetric determination of fluorine as thorium fluoride 
(11 ) suggests the formation of an insoluble compound of the 
type ThF2SO<. On the other hand, in titrations made in 
aqueous solution sulfate interference disappears almost 
entirely (Figure 3, b), and the small disturbing action th a t 
remains (error of 0.015 mg. of fluorine for 2 mg. of SO< ) 
appears to be independent of the volume.

The effects of a few other substances on the titration were studied briefly. In alcoholic solution (3.8 mg. of fluorine) the presence of 1 mg. of boron trioxide caused no trouble, and 5 mg.

24
produced only a small increase in the titer, whereas 20 mg. were without effect in aqueous solution. With 1 mg. of fluorine in alcoholic solution 1.3 mg. of S had no effect, though 6.6 mg. lowered the titer about 0.1 ml. The titration of 3.8 mg. of fluorine in alcoholic solution was not affected by the presence of 10 mg. of AsOj . The addition of 15 mg. of silicon dioxide, the largest amount tried, in the form of a solution of sodium silicate had no effect on the titration of 3.8 mg. of fluorine in 50 ml. of aqueous solution. Under the same conditions of titration 40 mg. of CIO3-  added as the sodium salt were without effect. On the other hand, 2.5 mg. of CIO" caused the indicator to fade rapidly. This fading of the indicator was not observed with solutions containing added hypochlorite tha t had been evapo­rated to 5 ml. and diluted to 50 ml. before titration. The inter­ference of free chlorine has been noted by Lockwood (18).

Separation o f F luorine from  Interfering  Substances
Distillation with a nonvolatile acid is the m ost satisfactory 

method for isolating fluorine from natural phosphates. 
Phosphoric, sulfuric, and perchloric acids are available for 
this purpose. The effectiveness of these acids in the isolation 
of fluorine from various types of materials has been studied 
by Reynolds (SI), Dahle and Wichman (6, 7, 8), and Church­
ill et al. (8).

C h o i c e  o k  A c i d  f o r  D i s t i l l a t i o n .  The use of phos­
phoric acid for the distillation of fluorine from phosphate 
materials has been frowned upon, because the distillates 
always contain phosphoric acid, in am ount often sufficient to 
interfere in the subsequent titration  (SI). Phosphoric acid 

is useful, however, with materials th a t contain 
notable amounts of easily oxidizable organic m atter, 
with which the use of perchloric acid would be 
unsafe. The phosphoric acid distillate may, where 
experience shows this course to be worth while, be 
redistilled with perchloric acid for complete separa­
tion of the phosphorus.

According to the experience of this laboratory, 
the use of sulfuric acid as a distilling agent for phos­
phate rock results in poor recovery of fluorine when 
the distillation tem perature is maintained below 
150 0 C. At a higher temperature complete expulsion 
of the fluorine from fused sodium carbonate samples 
is attainable (15) a t  the expense of contamination 
of the distillate with sulfuric acid.

On account of high solubility of its salts per­
chloric acid is the most satisfactory distilling acid, 
though considerable care should be exercised in its use 
directly on samples tha t contain notable amounts of 
organic m atter. A hazard not always recognized 
resides in the use of rubber stoppers in the distilling 
flask. Phosphoric acid has not been found in the 
perchloric acid distillates of 0.1-gram samples of 
phosphate rock (SI). W ith large samples of phos­
phate-rich materia! in the distilling flask the distillate 
does carry more or less orthophosphate (3, S I). 
Furthermore, according to recent observations in 
this laboratory, perchloric acid distillates obtained 
with the aid of stills in which phosphoric acid had 
been used as a distilling agent also contain appre­
ciable quantities of phosphate. Thus, i t  appears 
desirable to provide separate equipment for the use 
of phosphoric acid.

After distillation with perchloric acid the fluorine 
is accompanied by a small am ount of the distilling 
acid, as well as a small am ount of phosphoric acid 
under certain conditions, by practically all of the hy­
drochloric and nitric acids in the sample, and by sul­
fur compounds in the case of pyritiferous samples. 
Boron also distills in part, and arsenic m ay be ex­
pected under certain conditions. The distillate
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F ig u r e  3 . E f f e c t  o f  O r t h o p h o s p h a t e  a n d  S u l f a t e  I o n s  o n  T it r a ­
t i o n  o f  S o d iu m  F l u o r id e  w it h  T h o r iu m  N i t r a t e
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(150 ml.) from 0.1 gram of phosphate rock and 0.05 gram of 
borax contained 5 mg. of boron trioxide. Although all these 
elements m ay be encountered in phosphatic materials, 
pyritic sulfur alone assumes importance in phosphate rock 
analysis, as the quantities of the other elements present in the 
sample are below the limits of interference shown above for 
titration in aqueous systems.

S u b s t a n c e s  T h a t  R e t a r d  t h e  D i s t i l l a t i o n  o f  F l u o r i n e .  
Gelatinous silica (28) and large quantities of soluble aluminum 
salts (7) retard the rate of distillation of fluorine, bu t the 
quantities of these substances usually encountered in com­
mercial phosphate rock are insufficient to interfere seriously. 
Silicates tha t are decomposed by acid also cause difficulty 
by forming on the interior of the flask a coating of precipi­
tated silica, which is capable of retaining fluorine during the 
distillation of fluorine-rich samples only to give it  up, a t 
least in part, during subsequent distillations of samples less 
rich in fluorine, thereby vitiating the results in both instances 
(21). This coating of precipitated silica, which would 
ordinarily be mistaken for etching, is readily removed by 
treatm ent with hot concentrated alkali solution.

T a b l e  II. E f f e c t  o f  E v a p o r a t io n  o f  S o d iu m  F l u o r id e  
S o l u t i o n  o n  T i t e r  w i t h  T h o r iu m  N it r a t e

(Solution was evap ora ted  to  40 to  45 m l. V i  *» 50 m l. of aqueous soln.)
T ite rs  of D uplicate  A pproxim ate E xperim ents Volum e of in  T erm s of

Series Added No. Fluorine® 
M o.

P rocedure

1 .0  D irec t t i t ra t io n  
P lus w aterP lus w ater +  0.05 mg. of SiOi& D istilled  w ith  HC10< to  volum e of 150 m l.
D irect t i tra tio n3 .8

3 .8

10.0

20.0

P l i iq  w f l to r
Plus w ater +  1.9 mg.« of SiOi* P lus w ater +  3.8 mg. of SiOi P lus w ater -f- 7.6 mg. of SiOj 
D istilled  w ith HCIO* to  volum e of 150 ml.P lus 150 m l. of H CIO 4 d istilla te  (blank) + 1 - 9  m g .c of S iO i& 
D istilled  w ith H CIO 4 to  volum e of 150 m l., m ade u p  to  250 m l., and  t i tra te d  50-m l. a li­quo ts  (2 mg. of F)
Sam e as series 4. A liquots =* 4 mg. of F

Solution  a t B eginning of E vapora tion  
MU

N o t evapo­ra te d  150 150 150
N ot evapo­ra ted  300 150 150 150 

150
150

N o t evapo­ra ted  150
N ot evapo­ra te d  150

0.04 N  T ho rium  Solution 
M l.

1 .39 , 1.41
1.40 , . .1 .40 , 1 .401 .41 , 1 .42
5 .0 8 , 5 .10
5 .0 8 , 5 .10  5 .0 2 , 5 .03  5 .0 1 , 5 .03  4 .9S , 4 .96*  
4 .9 8 , 5 .0 0
5 .0 0 , 5 .00
2 .6 3 , 2 .7 2
2 .5 8 , 2 .6 8
5 .2 5 , 5 .30
5 .2 5 , 5 .23

0  A liquots of s tan d a rd  sodium  fluoride so lu tions were used. i> Silica was added  in  th e  form  of a  clear so lu tion  of NaaSiOj.« A pproxim ately  th e  SiOi equ ivalen t of th e  fluorine as HiSiFe. d Ind is tin c t end  poin t.

E v a p o r a t i o n  o f  F l u o r i n e - C o n t a i n i n g  S o l u t i o n s .  In  
the analytical determination of fluorine i t  is frequently con­
venient, if not absolutely necessary, to reduce the relatively 
large volume of neutralized distillate by evaporation. In 
view of the limited size of sample (0.1 gram) heretofore con­
sidered practical in phosphate rock analysis concentration 
seemed desirable, in order to have as much as 3 to 4 mg. of 
fluorine for titration with thorium n itrate solution. More­
over, concentration seemed permissible on the basis of com­
parative results obtained on phosphate rock. More re­
cently, as the result of efforts to locate the cause of low re­
covery of fluorine in the distillates of sodium fluoride, i t  has 
been found th a t under certain conditions, illustrated by 
typical data in Table II, evaporation of alkaline (phendl- 
phthalein) fluorine-containing solutions leads to low titers 
with thorium nitrate solution.

When the involved quantity  of fluorine was 1 mg., evapora­
tion had no observable effect on the result (Table II, series 1). 
The lowered titers of larger quantities of fluorine seem to be 
traceable to the influence of soluble silica (series 2), although

the presence of moderate amounts of soluble silica in un­
evaporated solutions does not affect the titer, and the effect 
of evaporation on the titer of aliquots of distillates (series 4 
and 5) is attributable, a t least in part, to the effect of the 
silica from the distilled fluosilicic acid. The reactions re­
sponsible for the lowered titer have not been determined. 
However, the addition of evaporated blank distillates from 
perchloric acid, which presumably carry only traces of soluble 
silica, also lowered the titer of standard sodium fluoride. 
The latter effect is briefly discussed in the following section.
T a b l e  III. E f f e c t  o f  E v a p o r a t io n  o f  D i s t i l l a t e s  f r o m  

P h o s p h a t e  R o c k  o n  T i t e r  w i t h  T h o r iu m  N it r a t e

Sam pleNo.

120&

56a b
930
948

1253

T ype or Source of P ho sp ha te

F lorida  land  pebble 
Tennessee brow n rock 
Tennessee blue rock 
W yoming 
Idaho

T ite r  of Solutions from  0.1 G ram  of Sample® A B C  
M L M L ML

4 .9 44 .9 7
4 .7 44 .7 6
4 .61«4.63
4.63«
4 .6 2
4.314 .3 0

4 .9 04 .93
4 .6 94.71
4 .60«4 .57
4 .60«4 .6 0
4 .274 .2 7

4 .9 44 .97
4 .7 44 .71
4 .5 8 £4 .5 8
4 .63«4 .6 5
4 .3 44.31

° In  procedure A th e  150-ml. perchloric acid d istilla te  of a  1-gram  sam p le  was m ade up  to  250 m l., from  which a  25-ml. a liquo t was tak en , d ilu te d  to  50 m l., and  t i tra ted  in  aqu eou s  solu tion . Procedure B is th e  sam e as A, except th a t  th e  a liquo t was d ilu ted  to  150 m l. and  th e n  e v ap o ra ted  to  45 to  50 m l., w hereas in  C th e  150-ml. d istilla te  of 0.1 g ram  of th e  rock was evapora ted  to  45 to  50 m l.t> N ationa l B ureau  of S tan d ard s  s tan d a rd  sam ple.« D istilled  in  th e  presence of KMnO*.

The titers (corresponding to 0.1-gram samples) of phos­
phate rock distillates show an observable lowering as a result 
of evaporation (Table III) . The small differences (0.03 to 
0.04 ml. of 0.04 N  thorium solution), however, am ount to 
only 0.02 to 0.03 per cent of the sample.
T a b l e  IV. T h o r iu m  N i t r a t e  C o n s u m e d  b y  B l a n k  D i s t i l ­

l a t e s  f r o m  P e r c h l o r i c  A c id “
T o ta l T ite rs  of D up lica te  E xp eri­m ents in  T erm s ofSeries 0.01 N  T horiumNo. P rocedure  & Solution

M L0.11, 0.10 0 .1 0 , 0 .1 4  0 .3 5 , 0 .3 3 «  0.22, 0.20, 0.22«.d 
0 .3 5 , 0 .3 5  0 .6 8 , 0 .6 7

1 T itra tio n  b lank 150 ml. of d istilla te  from  w ater alone 150 ml. of d istilla te  from  HCIO* N o. 1 150 ml. of d istilla te  from  HCIO* N o. 2
2 150 ml. of a  300-ml. HC10< (N o. 1) d istilla te  150 ml. of sam e d istilla te  a fte r evapora tionand  red istilla tion  (150 ml.)

a 10 ml. of 60 per cen t perchloric acid and  5 m l. of w ater were add ed  to  distilling flask.All titra tio n s  were m ade in  a volum e of 10 m l. of aqueous so lu tion . N eutralized  d istillates were evap ora ted  to  5 to  10 ml.c R esu lts a re  for consecutive 150-ml. portions.d W hen titra tio n  m edium  was 50 per cen t e than o l (20 m l.) corresponding resu lts were 0.13, 0.14, and  0.12 m l.

B l a n k  o n  P e r c h l o r i c  A c i d .  The distillate obtained 
from perchloric acid without added fluorine consumes more 
thorium nitrate than  is required by the titration blank, and 
the am ount varies with different lots of acid and with the 
volume of the distillate (Table IV). Eberz et al. (10) made 
similar observations and recommended tha t the acid be 
purified by continued distillation until the blank became 
zero. Noteworthy in this connection is the near constancy 
of the titers of three successive 150-ml. distillates from one 
lot of acid (series 1). Furthermore, the blank appears to 
accumulate in double distillation (series 2). On the other 
hand, by far the larger p a rt of this blank is evidently due to 
something other than fluorine, because the addition of the 
evaporated blank distillate to a known am ount of sodium 
fluoride solution, oddly enough, gives rise to a slightly lowered 
titer. This tendency towards a negative effect on the titra ­
tion m ay also be noted by comparing the results in Table II  
(series 2 and 3).
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T horium Leadn itra te chlorofluoridet i tra tio n “ m ethod  (15)
% %

3.70 3.743.71 3 .723 .54 3 .473 .55 3 .553.44<* 3 .533.40 3 .583.21 3.263 .20 3 .2 9

R e c o v e r y  o f  F l u o r i n e  b y  D i s t i l l a t i o n  w i t h  P e r ­
c h l o r i c  A c i d .  The recovery of fluorine from solutions of 
sodium fluoride by distillation with perchloric acid and titra­
tion of unevaporated distillates was 100 per cent with 
amounts of fluorine ranging from 1 to about 15 mg. The 
apparent recovery shown by the titers of evaporated distil­
lates was nearly constant (99 per cent) over the range 3 to 
about 15 mg. Below about 3 mg. of fluorine the effect of 
evaporation decreases (Figure 4, a) and becomes negligible 
a t 1 mg., as is indicated in Table II . Above 15 mg. of fluorine 
the recovery was variable. In  view of the fact tha t this 
behavior was not observed in the results for phosphate rock, 
the variable recovery of the larger quantities of fluorine from 
sodium fluoride was not investigated further.

T a b l e  V. F l u o r i n e  i n  P e r c h l o r ic  A c id  D is t il l a t e s  o f  
T y p ic a l  P h o s p h a t e  R o c k s  b y  D if f e r e n t  M e t h o d s  o f  

A n a l y s is
(W eigh t of sam ple, 1 g ram . V olume of d istilla te , 150 ml.)

F luo rine  F ound  T ho  'Sam pleN o. T yp e  or Source of P hosphate

120& F lorida  land  pebble
56a c Tennessee brow n rock

930 Tennessee b lue rock
1253 Idah o  rock

a A liquot of d istilla te  was t i tra te d  d irec tly  in an  in itia l volum e of 50 ml. of aqueous solution.b N ationa l B ureau  of S tan d ard s  s tan d a rd  sam ple N o. 120. C ertificate  value  for fluorine 3.76% .c N atio na l B ureau  of S tan d ard s  s tan d a rd  sam ple N o. 56a. C ertificate value for fluorine 3 .56% .d R esu lts  o bta ined  by  d istilla tion  in  presence of potassium  perm anganate.

T hat the recovery of fluorine from phosphate rocks is 
independent of the quantity  of fluorine in the investigated 
range, 3 to about 40 mg., is shown by the linear relationship 
between the thorium nitrate titers of evaporated distillates 
(not aliquoted) and the weight of sample distilled (Figure 
4, b). The results (Table V) obtained on perchloric acid 
distillates of typical phosphate rocks by titration  with tho­
rium nitrate and by the lead chlorofluoride method (14-) 
agree very closely. T h a t substantially complete recovery 
was realized is indicated by the fact tha t the results thus 
obtained on 1-gram samples of the National Bureau of Stand­
ards standard samples are only slightly different from the 
certified values for these samples. Perchloric acid distillation 
gave low results (0.2 to 0.3 per cent) on phosphate rock 
samples tha t had been fused with sodium carbonate. On 
the other hand, Hoffman and Lundell (15) found th a t a 
preliminary fusion with sodium carbonate improved the 
recovery when sulfuric acid was the distilling acid.

The entire distillate m ay also be titrated w ithout resorting 
to evaporation. The blank correction to the titer, however, 
appears to vary with the type of phosphate. This condition 
is indicated by the intercepts of the curves with the zero 
ordinate in Figure 4, c, where only a part of the investigated 
range is shown.

E l i m i n a t i o n  o f  t h e  E f f e c t  o f  P y i u t i c  S u l f u r .  As 
already indicated, perchloric acid distillates of pyritiferous 
phosphates, such as Tennessee blue rock, carry sulfur in some 
form. In  the case of samples containing 3 to 5 per cent 
(as sulfur trioxide) of pyritic sulfur the determined quantity  
of total sulfur in 150 ml. of distillate from 0.1 gram of sample 
ranged from 1 to 3 mg. of sulfur trioxide. Approximately 
half of th a t distilled was in the sulfate condition after the 
distillate had been neutralized and evaporated to a volume 
of 10 ml. The milkiness of the distillates, which disappears 
upon neutralization and evaporation, is probably due to free
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F ig u r e  4 . R e c o v e r y  o f  F l u o r in e  f r o m  S o d iu m  F l u o ­
r id e  a n d  P h o s p h a t e  R o c k

B y d istilla tion  w ith perchloric acid and  ti tra tio n  in aqueous so lu tion  w ith  th o riu m  n itra te . V olume of d istilla te , 150 ml.

sulfur. Only a trace of hydrogen sulfide could be detected 
a t  the condenser exit during distillation.

The quantities of sulfate sulfur found in the evaporated 
distillates of pyritiferous samples are sufficient to produce 
serious error in the results obtained by titration in an alcoholic 
solution (Figure 3, b), and the error, though greatly reduced, 
is not entirely eliminated by titration in an aqueous system. 
Separation of the sulfur from fluorine can be made much more 
complete in one distillation by adding permanganate to the 
distilling flask before starting the distillation, and its use in 
the absence of more than traces of chloride seems to be en­
tirely unobjectionable. An excess of permanganate should 
be used. Although the am ount needed will depend upon 
the quantity  of oxidizable substance in the sample, the 
authors have found 5 ml. of a  saturated solution of potassium 
permanganate to provide a sufficient excess for 1-gram samples 
of phosphate rock. Accordingly, the sample after transfer 
to the distilling flask is moistened with the permanganate 
solution, perchloric acid is then added, and the distillation is 
conducted in the usual manner. When an excess of per­
m anganate is used, the residue from the distillation is black.

Results for fluorine in a number of pyritiferous and pyrite- 
free phosphates by distillation with and without perman­
ganate and titration in alcoholic and aqueous solutions are
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T a b l e  VI. F l u o r i n e  i n P y r i t i f e r o u s  a n d  P y r i t e - F r e e  P h o s p h a t e s
P yriticSam ple T ype or Source of P hosphate O rganic Sulfur F luorine D ete rm ined  &No. P jOj C a as SOj® D E F G

% % % % % % %
1 2 0 * F lorida  land  pebble 35 .25 0.32<* < 0 . 0 2 3 .71 3 .7 0 3 .71 3 .69Sam ple 120 -f- FeSî 5 .34 4 .2 7 3 .8 7 3 .7 2 3 .7 09Í2 F lo n d a  land  pebble 35.37 0 .3 8 < 0 . 0 2 3.71 3 .6 8 3 .6 9 3 .6 956a c Tennessee brow n rock 32 .82 0.26<* < 0 . 0 2 3 .53 3 .53 3 .5 6 3 .5456 c Tennessee brown rock 3 1 .2 8 0 .2 5 1.19 3 .5 8 3 .43 3 .4 4 3 .4 5448 Tennessee blue rock 32.03 1.37 3 .72 3 .4 9 3 .5 0 3 .5 81049 Tennessee blue rock 31 .22 1Í46 2 . 0 2 3 .23 3 .1 2 3 .03 3 .0 6772 Tennessee blue rock 30.45 0 .3 6 2 .71 3 51 3 .2 7 3 .2 5 3 .22449 Tennessee blue rock 33.65 3 .1 9 4 .1 7 3 .8 2 3 .7 6 3 .7 5930 Tennessee b lue rock 30.97 0 . 2 0 5.21 3 .9 8 3 .51 3 .4 2 3 .4 91138 S outh  C aro lina  land rock 27 .85 0.51 0 .4 6 3 .63 3 .55 3 .5 3 3 .49948 W yom ing, Cokeville 30 .19 2 .69 1.30 3 .6 0 3 .4 5 3 .4 6 3 .4 71253 Idaho , C onda 32.13 > 2 < 0 . 0 2 3 .30 3 .2 3 3 .2 2 3 .2 3

1 0 1 2 M ontana, G arrison 36 .07 < 0 . 2 < 0 . 0 2 4 .54 4 .4 2 4 .4 2 4 .4 2
1 0 1 1 M on tan a , G arrison 27 .03 > 0 . 2 < 0 . 0 2 6 .93 6 .7 9 6 .8 3 6 .8 4
a Unless indicated  o therw ise, results unaccom panied  by inequality  sign a re  those given by  Jacob  el al. (17).b In  p rocedure D  a 150-ml. d istilla te  of 0.1 g ram  of rock was evap ora ted  to  10 ml. and t i tra te d  in 20 ml. of 50 per cen t e than ol; in  E  a 150-mt. d istilla te  of 0.1 g ram  of rock was evap ora ted  to  45 to  50 ml. an d  t i tra te d  in  th is  volum e of aqueous so lu tion; F  is sam e as E  w ith perm an g an a te  d istilla tion ; in  G 0.5 gram  of rock was distilled  w ith perm anganate, th e  150-ml. d istilla te  was m ade up  to  250 ml., and  fluorine was t i tra te d  in an  unevaporated  50-m l. aliquot.c B ureau  of S tan d ard s s tan d a rd  sam ple of phosphate  rock. d R eported  as organic m a tte r  by H offm an and  L undell {15).

T a b l e  V I I .  F l u o r i n e  i n  I g n it e d  P h o s p h a t e  R o c k s

Sam ple T yp e  or Source of Organic P yriticSulfur Ing ited
— F luorine- 
U nignitedNo. P hosphate C° as SOi® sam ple^ sam ple e Difference

% % % % %
1 2 0 «* F lorida  land  pebble 0 .32« < 0 . 0 2 3 .71 3 .71 * 0 . 0 0Sam ple 120 +  FeSi 5 .34 3.31 3 .7 2 - 0 .4 156a«* T ennessee brow n rock 0 .26« < 0 . 0 2 3 .49 3 .56 - 0 .0 756<* Tennessee brow n rock 0 .2 5 1.19 3 .3 5 3 .4 4 - 0 . 0 9449 Tennessee b lue rock 3 .19 3 .5 5 3 .7 6 - 0 . 2 1930 Tennessee blue rock 0 Í 2 0 5.21 3 .24 3 .42 - 0 . 1 8948 W yom ing, Cokeville 2 .69 1.30 3 .40 3 .4 6 - 0 . 0 61253 Idaho , C onda > 2 < 0 . 0 2 3 .16 3 .22 - 0 . 0 6

unit (2Ji), until the volume of the distillate is 150 ml. If the material is pyritiferous, moisten the sample in the distilling flask with 2 to 3 ml. of a saturated solution of potassium permanganate and increase the concentration of the added perchloric acid accordingly. Neutralize (phenolphthalein) the distillate with 1 M  sodium hydroxide and make] it up to a volume of 250 ml. To a 50-ml. aliquot of this solution add 5 drops of alizarin indicator (0.1 per cent aqueous solution of sodium alizarin sul­fonate) and 0.1 M  hydrochloric acid until the pink of the alizarin is discharged. Now add 2.5 ml. of monochloroacetic acid (0.4 Af)-sodium hydroxide (0.2 M) buffer solution and titrate with 0.04 N thorium nitrate solution. The end point is very sharp. About 1 hour is required for a determination.Correct the titer by deducting the titration blank found by titrating a series of sodium fluoride solu­tions covering the range of the amounts of fluorine involved in the analysis. On account of the lower­ing effect of added blank perchloric acid distillates on the titer of sodium fluoride, this blank correc­tion is slightly greater than the true blank.
For control work in which the highest attainable 

accuracy is not necessary the procedure can be 
shortened by distilling 1 gram of rock to a volume 
of 150 ml. and titrating the distilled fluorine di­
rectly in this volume with 0.08 N  thorium solu­
tion, using 15 drops of indicator solution and 7.5 
ml. of buffer solution. Since the end point is not 
sharp, a standard for comparison is desirable.
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Improvement of Vacuum  
Distillation

B O L E S L A W  L U D W IK  D U N IC Z , U n iv e rs ity , Lw ôw , P o la n d

OBTA IN IN G  substances of perfect purity is of the greatest 
importance in both chemical and physical investigations. 

When fractionating devices based on the Anschütz-Thiele 
apparatus are used for vacuum distillation, the purity  of the 
fractions received is doubtful, because of the necessity of 
greasing the stopcock through which the distillate passes. 
Using other devices without this fault, distillation cannot be 
controlled without interrupting the process, which is in­
convenient. This difficulty may be easily avoided by using 
the fractionating contrivance shown in Figure 1.

L .  H ole to  le t in  a ir  V . T o  vacuum  pum p

F ig u r e  2 . S t o p c o c k
O. G rooveP . G reased p a r t  of stopcock E . Sealed side of shell

A stopcock is fitted to this contrivance, the simplest form of which is shown in Figure 2. The plug of the stopcock has a groove, and its exterior is sealed a t one side. The plug is greased only in the upper (broader) part of the groove, and the groove prevents dispersion of grease to its narrower part, which in the device described is greased by the distillate.The manipulation of this device (Figure 1) is simple: The three-way stopcock, S, is so arranged that while the distillate is being collected it is evacuated with pump only through tubes ZZ, but during exchange of the receiving flask it is evacuated through connections X. The hole, T, of stopcock H  is diagonal, for after exchange of the receiving flask it is possible, by suitably adjusting this stopcock and stopcock S, to remove air from the new receiver without disturbing the distillation.
The stopcock m ay also be applied to other apparatus, to 

avoid contamination usually caused by greasing whole plugs— 
in  stopcocks which join tubes filled with mercury, etc. The

M
F ig u r e  3 . C o n n e c t io n  T u b e s  w it h  G r o u n d  

J o in t  
Q. GrooveP . G reased p a r t  of jo in t

inner parts of connection tubes with ground joints should 
also be provided with grooves (Figure 3), as leaking of 
grease out of the joint is always undesirable.
R e c e i v e d  Sep tem ber 3, 1938.

Direct Titration of 
Sulfate

Erythrosin as Internal Indicator
W A L T E R  V. B U R G , U n iv e rs ity  o f  T o le d o , T o le d o , O liio

DU R IN G  recent years several suggestions concerning the 
use of adsorption indicators for the volumetric deter­

mination of sulfate have been advanced.
Wellings (6) reported that, in the presence of magnesium or manganous ions, fluorescein can be used as an internal indicator for the direct titration of sulfate with barium hydroxide. His results indicate an average relative error of somewhat less than 0.5 per cent. However, according to Iyer (#), the end point of this titration is not very sharp. Moreover, nitrate ions were found to interfere with the operation of the indicator, a fact that is the more serious since a removal of these ions would render the determination very complicated. Essentially different from Wellings’ method is the one suggested by Roy (5), who mentioned the possibility of using fluorescein as an external indicator for the indirect titration of sulfate with lead nitrate and potassium sulfate. Though, to the author’s knowledge, no data concerning a practical application of this method have been presented, it appears certain tha t such a determination would be rather time- consuming. In 1936 Ricci (4) published a study of the direct titration of sulfate with lead nitrate in the presence of eosin as internal indicator, reporting an average relative error of 0.33 per cent in 65 analyses of sodium sulfate solutions. In a discus­sion of the effect of variations he stated that if the final volume of solution is much above 30 ml. it is difficult to detect the end­point change, and pointed out that efforts to sharpen the end point by the addition of alcohol did not meet with success. According to Ricci only small percentages of this diluent can be tolerated, while the presence of more alcohol delays the end point so much that the titration becomes impossible.

E rythrosin  as Ind icator
I t  was during a study of the properties of erythrosin 

(tetraiodofluorescein) tha t the very low solubility and 
characteristic violet-red color of its lead sa lt suggested to the 
author the possibility of using it as an internal indicator for 
the direct titration  of sulfate with lead nitrate. However, 
the conditions under which this indicator works best are very 
different from those recommended for the eosin method. 
Preliminary experiments revealed tha t in the titration  of 
sulfate with lead nitrate the replacement of eosin by erythrosin
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causes the color change to sta rt long before the equivalence 
point is reached. In  order to render erythrosin useful as an 
indicator for this titration, it proved necessary to modify the 
relationship between the solubilities of lead sulfate and lead 
erythrosinate to a considerable extent. The influence of 
ethyl alcohol on the solubilities of these two compounds sug­
gested tha t this diluent might be added to the solution to be 
titrated, to bring about a correct end point.

T a b l e  I. T i t r a t i o n  o p  S u l f a t e
SO« SO«N o. P resen t F ou n d E rro r

Gram Gram %
1 0.0482 0 .0483 + 0 .22 0 .0694 0 .0694 0 .03 0 .0857 0 .0860 + 0 .44 0 .1089 0 .1087 - 0 . 25 0 .1156 0 .1159 + 0 .36 0 .1349 0 .1344 - 0 . 47 0 .1541 0 .1536 - 0 . 38 0 .1782 0 .1785 + 0 .29 0 .1927 0 .1925 - 0 . 1

In  order to study this question, a series of titrations of 
sodium sulfate solutions of varying strengths was carried out. 
These solutions were prepared from analytical grade salt and 
standardized gravimetrically either by evaporation and 
weighing of the residue or by precipitating and weighing 
as barium sulfate. Throughout the investigation a 0.1 M  
solution of lead n itrate was used. This solution, also pre­
pared from analytical grade material, was standardized by 
various methods, both gravimetric and volumetric. The 
alcohol employed was absolute ethyl alcohol (95 per cent 
alcohol can also be used with success). The indicator solution 
was a 1 per cent solution of erythrosin B in water.

The investigation revealed th a t by adding adequate 
quantities of alcohol to the sulfate solution accurate results 
can easily be obtained with final volumes (not counting the 
alcohol) ranging from 20 to 70 ml. I t  was found advisable 
to keep the temperature of the solution below 30° C., in order 
to avoid a delay of the end point, and to adjust the solution 
to be titrated  carefully so th a t it  reacted just acid towards 
phenolphthalein. A distinctly basic character caused high 
results, while a certain degree of acidity (pH =  5) did not 
produce any harmful effects.

On the basis of these results a number of procedures were 
tested. In  the procedure described below the amount of sul­
fate to be estimated is limited to approximately 0.19 gram 
and the final volume of aqueous solution to 70 ml. On ex­
ceeding these limits an increasing tendency towards low results 
is noticeable.

Procedure
M a t e r i a l s  a n d  R e a g e n t s .  A 0.1 M  lead nitrate solution, standardized gravimetrically, 1 per cent solution of erythrosin B in water, ethyl alcohol, phenolphthalein solution, and approxi­mately 0.02 N  nitric acid.
P r o c e d u r e .  Transfer a 50-ml. sample, containing between 0.05 and 0.19 gram of sulfate, to a 250-ml. Erlenmeyer flask and render just acid to phenolphthalein by means of approxi­mately 0.02 N  nitric acid. Add 10 ml. of alcohol and 14 djops of indicator. Mix well, so that the color of the solution is a uni­form orange-red. The temperature should not be over 30° C. Run the lead nitrate solution into the flask a t a steady dropping rate and with constant swirling until the increasing persistence of the violet color, produced by each drop of standard, indicates the approach of the end point. Continue the titration very slowly and with vigorous agitation until the color of the whole mixture becomes a distinct violet.
Table I shows the results of a number of typical titrations 

of sodium sulfate solutions carried out according to the above 
procedure. These indicate tha t the method is satisfactory, 
the average relative error being less than 0.3 per cent. The 
same degree of accuracy was obtained in the titration of

solutions containing potassium sulfate or mixtures of potas­
sium and sodium sulfates.

In  order to become well acquainted with the color change 
th a t is characteristic for this determination, it  is best to 
titra te  a few samples of known sulfate content according to 
the procedure just described. As soon as the end point has 
been reached, addition of a drop of lead nitrate solution will 
no longer cause the appearance of a dark spot on the surface 
of the mixture.

Successive T itra tion  o f  C hloride and S u lfa te
Owing to the low solubility of lead chloride, especially in 

an alcoholic medium, all but very small quantities of chloride 
ions interfere with the operation of the indicator. On the 
other hand, the presence of considerable quantities of n itrate 
has no appreciable influence on the end point. This fact 
suggested the use of silver n itrate  for the removal of the 
chloride ions, thus presenting a m ethod for the successive 
titration of chloride and sulfate.

A rapid and accurate method for the estimation of chloride, 
tha t can be combined with the sulfate determination dis­
cussed, is the direct titration with silver nitrate in the presence 
of fluorescein or dichlorofluorescein as adsorption indicators 
(1, S). A preliminary investigation was carried out with 
solutions containing varying quantities of sodium chloride 
and sodium sulfate, prepared from analytical grade salts 
and standardized by the usual gravimetric methods. A 0.1 
N  solution of silver nitrate, also prepared from analytical 
grade material and standardized gravimetrically, was used 
for the various chloride titrations. The indicator solution 
for the latter was a 0.1 per cent solution of sodium fluorescin- 
ate or sodium dichlorofluorescinate in water. The other 
reagents were those employed for the estimation of sulfate 
in the absence of chloride. The following procedure was 
used during the investigation:

Transfer a 50-ml. sample, containing between 0.04 and 0.13 gram of chloride and between 0.10 and 0.38 gram of sulfate, to a 250-ml. Erlenmeyer flask and render just acid to phenolphthalein by means of approximately 0.02 N  nitric acid. Add 4 to 7 drops of the chloride indicator and titrate with silver nitrate in diffuse light. Run the standard solution into the flask a t a steady dropping rate and with constant swirling until the silver chloride starts to flocculate. Continue the titration very slowly and with vigorous agitation until the precipitate turns reddish (end point of the chloride titration). Carefully transfer the contents of the vessel to a 100-ml. volumetric flask, make up to the mark with distilled water, and mix thoroughly. Filter into a dry beaker, after having discarded the first 5 or 10 ml. of the filtrate. Transfer 50 ml. of the clear solution to a 250-ml. Erlenmeyer flask and determine the sulfate according to the directions given above; no further adjustment of the acidity is necessary. Mul­tiply the result of the sulfate titration by two.

T a b l e  II. S u c c e s s i v e  T i t r a t i o n  o p  C h l o r i d e  a n d  S u l f a t e
C l Cl SO* SO«

N o. P resen t F ound E rro r P resen t F o u n d E rro r
Gram Gram % Gram Gram %

1 0 .0464 0 .0463 - 0 . 2 0 .0982 0 .0985 + 0 . 32 0 .0928 0 .0928 0 .0 0 .0982 0 .0979 - 0 . 3
3 0 .1392 0 .1390 - 0 . 1 0 .0982 0 .0987 + 0 . 5
4 0 .0464 0 .0463 - 0 . 2 0 .3851 0 .3 8 44 - 0 . 2
5 0 .0928 0 .0930 + 0 . 2+ 0 .1 0 .3851 0 .3840 - 0 . 3
6 0 .1392 0 .1393 0 .3851 0 .3854 + 0 .1

Table II shows the results of a number of determinations 
carried out by this method. The results are satisfactory 
with regard to both the chloride and sulfate.

C onclusion
From 0.05 to 0.19 gram of sulfate, present in the form of 

sodium or potassium sulfate, can be estimated rapidly and 
accurately by means of the procedure described in this paper.



30 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 11, NO. 1
However, the applicability of the erythrosin method is not 
limited to the conditions set forth in tha t procedure. One 
way of extending the scope of the method is based upon the 
use of standard solutions tha t have concentrations other than 
0.1 M . A few' determinations carried out with 0.05 M  and 
0.2 M  lead nitrate showed tha t with these solutions accurate 
results can easily be obtained, provided the conditions 
(quantities of alcohol and indicator) are adjusted adequately. 
I t  will be worth while to study the titration with these 
standards more closely with the purpose of working out 
analytical procedures for the estimation of amounts of sulfate 
tha t are either larger or smaller than those of the above 
range. Such an extension of the method would also broaden 
the applicability of the successive determination of chloride 
and sulfate tha t has been suggested in this paper. Another

fertile field for further investigation is the replacement of 
ethyl alcohol by diluents th a t can be obtained without legal 
restrictions. Preliminary experiments revealed tha t both 
acetone and isopropyl alcohol give satisfactory results, 
though a somewhat smaller volume is to be used for a given 
titration as compared to ethyl alcohol.

Literalure Cited
(1) Fajans, K., and Hassel, O., Z. Elektrochem., 29, 495-500 (1923).
(2) Iyer, V., J . In d ian  Chem. Soc., 12,164-7 (1935).
(3) Kolthoff, I. M., Lauer, W. M., and Sundo, C. J., J . A m . Chem.

Soc., 51, 3273-7(1929).
(4) Ricci, J. E .,  I n d . E n g . C h e m ., Anal. E d . ,  8, 130-2(1936).
(5) Roy, S. N . , In d ian  Chem. Soc., 12, 584-5 (1935).
(6) Wellings, A. W., Trans. Faraday Soc., 28, 561-4 (1932).
R e c e i v e d  Septem ber 9, 1938.

Glass Electrode for Determining Blood pH at 38° C.
M . K . H O R W IT T  

B io c h e m ic a l R e se a rc h  L a b o ra to ry , E lg in  S l a te  H o s p i ta l ,  E lg in , 111.

T H E procedure for estimating the pH  of blood under 
anaerobic conditions can be facilitated by building a 

glass electrode into the barrel of a hypodermic syringe. (This 
hypodermic electrode is now made by Rascher and Betzhold, 
Inc., Chicago, 111.) The determination can then be made 
directly on blood drawn into the syringe within one minute 
after collection. Any size of barrel may be used, but the 
1.5-cc. size has been found most convenient in this labo­
ratory.

The plungers on the m arket are made of a heat-resisting 
glass, which will not fuse to Corning 015; therefore, it is 
necessary to grind a 7.5-cm. (3-inch) length of soft-glass 
tubing until i t  fits the barrel to be used. This is easily ac­
complished with the aid of a turning lathe, using fine silicon 
carbide powder as an abrasive. One end of this tube is 
closed off with a thin layer of Corning 015; the maximum 
thickness of this layer will depend on the measuring instru­
ments employed. One of the author’s electrodes, which has 
a membrane about 0.25 mm. thick, used in conjunction with

-  +

F i g u r e  1. D i a g r a m  o f  A p p a r a t u s
C orning 015 glass indicated  by  d o tte d  line

a Beckman pH meter, has lasted for more than 5 months, 
during which time several hundred determinations have 
been made.

The procedure for determining the pH of blood with this 
electrode is as follows:

The plunger (after a preliminary soaking in 0.1 N  hydrochloric acid for 24 hours) is half filled with a solution of 0.1 N  hydrochloric acid containing a slight excess of quinhydrone, and inserted into the barrel on which the metal clip for holding the plunger in place has been retained. Sufficient neutral sterile isotonic saline solution is then drawn into the syringe with needle attached to fill the air spaces in the needle and between the end of the plunger and the barrel. One drop of saline solution will fill all the air spaces in a well-constructed electrode. The syringe is then held in the hand for a few minutes to raise the temperature of the quinhydrone solution. About 1 cc. of blood is drawn into the syringe, all but about 0.2 cc. of which is immediately expelled, the needle is removed, and the syringe is half immersed in a satu­rated potassium chloride solution a t 380 C. The potassium chlo­ride solution serves as both the salt bridge and the constant-tem- perature bath as illustrated in Figure 1. A small calomel half­cell is kept in the potassium chloride bath during the procedure. A small thermometer (not shown in diagram) is also kept in the potassium chloride solution. Sufficient warm water at about 40 ° C. is siphoned to the 50-cc. beaker to keep the contents a t 38° C. Placing the 50-cc. beaker in a 100-cc. beaker helps to in­sulate the contents.
A steady e. m. f. should be obtained within 2 minutes 

after immersion of the electrode in the potassium chloride 
solution, the time being dependent on the difference in tem­
perature between the glass electrode and the calomel half­
cell. Readings taken more than 5 minutes after withdrawal 
of the blood from the vein are not to be trusted because of an 
acid shift which becomes appreciable a t  tha t time. No acid 
shift is observed in blood within the first 3 minutes if the 
temperature is carefully controlled. Clotting does not have 
a measurable effect on the observed pH  (1).

If one is careful to check each electrode with standardized 
buffers before and after each series of determinations, an 
accuracy of better than 0.02 pH  unit m ay be obtained.

Literature Cited
(1) Ferguson, J. H., and DuBois, D., J . Lab. Clin. Med., 21, 603-9

(1936).
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Copper Precipitation Method for Kojic Acid 
Determination

H . N . BA RH A M  
K ansas S ta te  C o llege, M a n h a t t a n ,  K a n s .

K OJIC acid, 2-hydroxymethyl-5-hydroxy-Y-pyrone, may 
be produced in quantity  by the proper fermentation of 

glucose and xylose solutions with members of the Aspergillus 
flavus-oryzae groups of molds. Interest in it has been shown 
because of its possible utilization for industrial purposes. 
I ts  accepted structural formula is:

OAHO—C C—HI! ii H—C C—CH2OH
N > /

Several methods have been employed for its quantitative 
estimation, the merits of which depend upon the quantity 
of the compound present and the nature of the investigation. 
Tamiya (9) and Corbellini and Gregorini (6) used a colori­
metric method based upon the intense red coloration produced 
when kojic acid is treated with ferric chloride. Challenger, 
Klein, and Walker (5) repeatedly extracted culture media 
and washings with ether and weighed the product. Birkin- 
shaw and Raistrick (/+) developed a method of oxidizing kojic 
acid with an alkaline solution of iodine which is suitable in 
the presence of glucose, provided the analysis for glucose is 
made independently. In  the absence of other acids, kojic 
acid may be determined with fair accuracy by titrating  its 
solutions with dilute alkali, using alizarin orange R  (8) or 
phenolphthalein (to full red color over a source of diffused 
light) (8) as indicators.

T a b l e  I. E f f e c t  o f  V a r i a t i o n  o f  C o p p e r  A c e t a t e  C o n c e n ­
t r a t i o n

0.72 N No Alkali N eu tral E qu iv alen t AlkaliC opper C op­ F il­ F il­ F il­Ace­ per tra te C opper tra te C opper tra teta te ko ja te CuO pH koja te CuO pH koja te CuO pH
Cc. Gram % Gram % Gram %

2 0.1715 2 2 .9 4 .2 0 .1740 2 2 .7 5 .9 0 .1742 2 2 .9 6 .45 0 .1647 2 2 .8 5 .0 0 .1667 23.0 6 .0 0 .1706 2 3 .8 6 .010 0 .1564 22.9 5 .2 0 .1566 2 3 .6 5 .7 0 .1567 23.3 5 .815 0 .1459 23.3 5 .2 0.1471 2 3 .2 5 .6 0 .1467 2 3 .0 5 .620 0 .1345 2 3 .3 5 .2 0 .1353 23.1 5 .5 0 .1372 2 3 .4 5 .525 0 .1175 23 .2 5 .2 0 .1266 2 3 .4 5 .4 0 .1275 2 3 .4 5 .5

For most purposes, the most convenient and accurate 
method is to precipitate the kojic acid from its neutralized 
solutions with dilute copper acetate and weigh the dried 
copper kojate. May, Moyer, Wells, and Herrick (8) used 
this method in their experiments; their assumption tha t the 
copper salt was the half-hydrate, (CellsOi^Cu.’/VHO, was 
based upon their value of 22.40 per cent of copper oxide in 
the salt. M aurer (7) found 22.12 per cent of copper oxide 
which is approximately midway between the values cor­
responding to the half-hydrate and monohydrate. The 
molecular formulas, (C(;H50 j)2Cu and (CgHsO^Cu.IIjO, have 
been reported by Y abuta (11) and Traetta-M osca (10), re­
spectively.

For several years, the author and others (1, 2, 3) have 
found it satisfactory to assume tha t copper kojate precipi­

tates as the half-hydrate. In  making the determination, no 
predetermined quantity of the copper acetate precipitant 
was added although it  was common practice to add what was 
believed to be a small excess. More recent experience with 
the method, especially in the analysis of certain derivatives 
of kojic acid which retain the acidic character of the parent 
compound (1), gave the impression tha t the excess of pre­
cipitant is an im portant factor in the accuracy of the method. 
This raised a question as to the validity of the assumption 
of the half-hydrate. I t  was thought desirable, therefore, to 
investigate this factor as well as other conditions surrounding 
the precipitation of copper kojate and the treatm ent of the 
precipitate before weighing.

E xperim ental
P r e c i p i t a t i o n  a n d  C o p p e r  O x i d e  D e t e r m i n a t i o n s .  Unless otherwise stated, all precipitations were made in quadruplicate from solutions having a total volume of approximately 75 cc. and the data given are averages. The precipitates were filtered and washed in Gooch crucibles prepared with all the care required by the usual quantitative procedure. The accuracy of the work with Gooch crucibles was checked against that of fritted glass crucibles of the Gooch type with respect to both the precipitates themselves and the copper oxide derived from them. The copper oxide per­centage was determined by igniting the precipitates to constant weight at ca. 525° C . Copper oxide percentages determined by ignition agreed closely with those determined by iodometry.
K o j i c  A c id .  The kojic acid used in these experiments was carefully purified by repeated crystallizations from water and alcohol, followed by extraction with chloroform. The chloro­form-extracted kojic acid had a melting point of 152-3° C. In all cases, 10-cc. aliquots of 0.1 Ar kojic acid were precipitated and the weights of copper kojate were reported on that basis. The calculated weight of anhydrous copper kojate derivable from this quantity of kojic acid is 0.1729 grain; its calculated copper oxide percentage is 23.01 per cent.
S o d iu m  H y d r o x i d e .  I t was necessary to titrate the solutions with standard alkali before precipitation to bring the pH within the required range and, more especially, to ascertain the maximum kojic acid concentration so that the proper excess of precipitant could be added. The 0.1 N  sodium hydroxide solution used was freshly prepared, since solutions which have stood indefinitely give high results due to silicates dissolved from glass containers.
P r e c i p i t a n t .  The cupric salt to be used as the precipitant must be the salt of a weak acid such as copper acetate. Copper sulfate, for instance, lowers the pH prevailing at the time of pre­cipitation, to the extent that an appreciable fraction of the copper kojate remains in solution. The standard stock solutions of copper acetate were filtered before using to avoid the addition of any basic salt which may have formed on standing. Five cubic centimeters of the precipitant (0.3 or 0.72 N  copper acetate) were added in each experiment except those in which the con­centration of copper acetate was varied.
E f f e c t  o f  V a r i a t i o n  o f  C o p p e r  A c e t a t e .  The concentra­tion of copper acetate was varied in solutions to which no alkali had been added, in those which had been made neutral with alkali (pink color of phenolphthalein), and in those to which the equiva­lent of alkali (full red color of phenolphthalein) had been added. The results of this variation are presented in Table I.
E f f e c t  o f  B u f f e r i n g  w i t h  S o d iu m  A c e t a t e .  For experi­ments involving the variation of sodium acetate concentrations, the two smaller copper acetate concentrations of Table I—2 cc. (ca. 5 cc. of 0.3 Ar) and 5 cc. of 0.72 N—were chosen; nothing was to be gained by using still greater concentrations. Sodium ace­tate solutions (10-cc. portions, or the equivalent) with the ap­proximate normalities 0.1, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, and 8.0 were added to the solutions to be buffered after they had been titrated with 0.1 N  sodium hydroxide to the pink color of phenol­phthalein. pH measurements were made with a Coleman pH electrometer. The results are given in Table II.
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S o l u b i l i t y  o f  C o p p e r  K o j a t e  i n  W a t e r . A  quantity of copper kojate was prepared by adding a slight excess of copper acetate to a solution of kojic acid a t a pH of about 4.0. The dry salt contained 22.8 per cent of copper oxide by ignition and by iodometry. Samples of this copper kojate were stirred with dis­tilled water for 12 hours and the resulting suspensions filtered, dried, and weighed. There was no change in the weights of the samples nor had sufficient salt dissolved for the filtrate to give a perceptible color with ferric chloride (this test for kojic acid is sensitive to 1/200,000) or with ammonium hydroxide.
T a b l e  II. E f f e c t  o f  B u f f e r i n g  w i t h  S o d iu m  A c e t a t e

5 cc. of 0.3 N  C opper 5 cc. of 0.72 N  C opperA ce tate A cetateN orm ality F il­ Fil­o f Sodium C opper tra te C opper tra teA cetate ko ja te CuO pH koja te CuO pH
Gram % Gram %

0 .1 0 .1739 2 2 .9 5 .9 0 .1682 2 3 .3 5 .80 .5 0.1742 2 3 .0 6 .3 0 .1684 23 .3 6 .11 .0 0.1742 2 2 .7 6 .6 0 .1690 23 .5 6 .31 .5 0.1742 22 .8 6 .7 0 .1742 24 .4 6 .42 .0 0 .1738 2 2 .7 6 .8 0 .1744 2 4 .4 6 .53 .0 0 .1742 2 2 .8 7 .0 0 .1800 2 5 .6 6 .74 .0 0 .1740 2 2 .8 7 .2 0 .1802 2 5 .9 6 .96 .0 0 .1739 2 2 .7 7 .4 0 .1822 2 5 .9 7 .08 .0 0 .1743 2 2 .8 7 .6 0 .1826 2 6 .0 7 .2

P r e c i p i t a t i o n  P e r i o d . In order to determine the time re­quired for complete precipitation of copper kojate without basic salt formation, kojic acid solutions, to which had been added the equivalent of 0.1 N  sodium hydroxide, were precipitated by the addition of 5 cc. of 0.3 N  copper acetate. The precipitates were filtered off at intervals, then dried, and weighed. The results are shown in Table III.
T a b l e  III. P r e c i p i t a t i o n  P e r i o d

Hours
C opper K o ja te  

Gram
2 0 .15704 0 .16346 0 .16628 0 .166924 0.171036 0.173248 0.174060 0.174172 0 .1738

D r y i n g  o f  P r e c i p i t a t e s . Ten cubic centimeters of 0.1 iV kojic acid should give 0.1729 gram of copper kojate on the basis of the anhydrous salt. Drying in vacuo over calcium chloride gave constant weights which averaged approximately 0.1740 gram. Drying in an air oven from 6 to 8 hours a t 100° C. also gave weights which averaged approximately 0.1740 gram but with slightly more variation between individual weights. After drying in an air oven for 16 to 24 hours at 100° C. the weights averaged 0.1728 gram but the individual differences were still greater. Continued heating in an air oven at 100° C. or above showed that slow decomposition of the copper kojate occurs and that the resulting weights depend upon the temperature re­corded by the oven and the period of heating. However, pro­longed drying in vacuo at 100° C. gave weights which averaged 0.1736 gram. Heating later at 105° C. in vacuo showed no further change in the weights. Twelve samples, from which this average was calculated, weighed 0.1737, 0.1733, 0.1736, 0.1738, 0.1735,0.1738, 0.1735, 0.1737, 0.1734, 0.1740, 0.1736, and 0.1733 gram, with a spread of 0.0007 gram. This serves to illustrate the dis­tribution and maximum spread of weights which may be expected when the samples are dried without decomposition. Higher tem­peratures in vacuo which might have given constant weights corresponding to the anhydrous salt (0.1729 gram) were not used. If  this could be done without decomposition, it might be expected that individual weights would check even more closely.Copper kojate samples which have been dried in vacuo or in an air oven exhibit no tendency to absorb moisture while stand­ing in air for 24 hours.
D iscu ssion

For an adequate test of the suitability of this method for 
kojic acid determination, i t  is regarded as sufficient to  es­
tablish conditions which perm it the complete precipitation 
of copper kojate w ithout basic salt formation. This in­
formation would also make i t  possible to estimate the extent 
of hydration of copper kojate.

Copper kojate is practically insoluble in distilled water 
and in relatively large concentrations of sodium acetate 
(Table II), since increasing quantities of sodium acetate 
have no effect on the quantity  of copper kojate obtained 
from 10 cc. of 0.1 N  kojic acid. However, copper acetate 
does exert a solvent action on copper kojate proportional to 
the excess of copper acetate in solution (Table I). There­
fore, so far as these experiments are concerned, there is com­
plete precipitation of kojic acid as copper kojate from solu­
tions containing approximately 0.142 gram of kojic acid in 
75 cc. and no more than  50 per cent excess of copper acetate.

An inspection of Table I I  will show also tha t, in experi­
ments in which 10 cc. of 0.1 N  kojic acid were precipitated 
by the addition of 5 cc. of 0.3 N  copper acetate, the weights 
of the precipitates as well as the copper oxide percentages 
are constant within the pH range of 6.0 to 7.5. However, 
if similar precipitations are made with 5 cc. of 0.72 N  copper 
acetate, both the weights of the precipitates and the copper 
oxide percentages increase w ith the pH. The conclusion 
follows, therefore, th a t the precipitation of weights of copper 
kojate greater than approximately 0.1740 gram from 10 cc. 
of 0.1 N  kojic acid is due to the formation of basic salts of 
kojic or acetic acids.

T a b l e  IV. R e p o r t e d  F o r m s  o f  C o p p e r  K o j a t e
F orm  of C opper K o ja te

(CeHjO<)iCu(CÄOOjCu.Vä O(C«HiO<)iCu.HtO

C opper K o ja te  
Gram

0.17290 .17740.1819

C opper Oxide 
%

23.0122 .4321.87

Mention was made above of the different forms of copper 
kojate which have been reported. Which of these forms is 
the true one may be determined by the maximum weight of 
normal copper kojate obtainable from a given quantity  of 
kojic acid. For purposes of comparison, the calculated 
weights of the different forms of copper kojate and correspond­
ing copper oxide percentages equivalent to 10 cc. of 0.1 N  
kojic acid are given in Table IV. In  every instance where 
weights of the order of 0.1774 or 0.1819 gram were obtained, 
there was evidence of basic salt formation. The experi­
mental values, 0.1740 gram of copper kojate and 22.8 per 
cent of copper oxide, agree more closely with corresponding 
values of anhydrous copper kojate than  with those of the 
half-hydrate or monohydrate. When it  is recalled th a t 
copper kojate exhibits no tendency to form hydrates a t  room 
tem perature and, also, th a t prolonged drying in  vacuo a t 
100° to  105° C. reduces slightly the average copper kojate 
weights w ithout decomposition, it  appears a justifiable 
conclusion tha t, under the proper conditions, kojic acid is 
precipitated as anhydrous copper kojate containing a small 
quantity  of strongly adsorbed water.

Su m m ary
The copper precipitation method, when properly carried 

out, is an accurate method for the estimation of kojic acid. 
The solutions to be analyzed should be titra ted  first with 
standard alkali to the full red color of phenolphthalein, 
diluted until the kojic acid concentration is approximately 
0.142 gram in 70 cc., and dilute copper acetate added in an 
excess which does not exceed 50 per cent of the am ount deter­
mined by titration . A t least 48 hours are required for com­
plete precipitation, after which the precipitates are removed 
by filtration, washed, dried, and weighed as anhydrous copper 
kojate, (C6H (04)2Cu. The precipitates m ay be dried w ithout 
decomposition in vacuo over calcium chloride or in a vacuum 
oven a t  100° to  105° C. The pH of the solution is not criti­
cal; i t  is sufficient to keep the filtrates within the pH  range of 
6.0 to  7.5.
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Determination of Active Ingredients and Fatty 
Matter in Surface-Active Agents

R A L P H  H A R T
T h e  H a r t  P r o d u c ts  C o rp ., 1-140 B ro ad w ay , N ew  Y o rk , N . Y.

TH E discovery tha t a sulfo group on a primary carbon of 
an aliphatic chain of the proper molecular weight, which 
may or m ay not be condensed with an aryl group, produces 
compounds th a t possess sudsing and scouring properties has 

led to a flood of patents on synthetic detergents. A good 
many such compounds are now on the m arket and their 
applications in the industries are already extensive and in­
creasing. The synthetic surface-active agents are preferred 
to soap in numerous industrial operations, particularly in 
those processes where hard water is used or where the alkalin­
ity  due to the hydrolysis of soap is objectionable. Practically 
all the products available commercially contain considerable 
quantities of Glauber’s salt, because of the process of manu­
facture or admixture where the product is marketed in the 
form of a  powder. They are usually sold on an “as is” or per­
formance basis, hardly ever on their content of active in­
gredients. No reliable method for estimating the effective 
ingredients in such products seems to have been described in 
the literature.

A method is here outlined for the determination of active 
ingredients in true sulfonic compounds and in sulfuric acid 
esters. I t  is applicable to such products as the sulfated fatty  
alcohols, sulfonated fa tty  acid amides or esters, sulfonated 
alkyl naphthalenes, sulfonated mineral oils, etc., and to 
the older type of sulfonated oils, such as sulfated castor 
or olive oil, sulfated oleic acid, sulfated tallow, etc. In the 
case of the latter type, the trade is accustomed to evaluate 
a given product by its content of fa tty  m atter. The new 
method does not determine the fa tty  m atter directly bu t it 
may readily be calculated from the active ingredients. The 
new method is not so convenient nor rapid, bu t the results are 
believed to be more accurate than those obtained by the usual 
method of acid hydrolysis and extraction; the fatty  m atter 
during hydrolysis may undergo various changes, such as loss 
of glycerol, formation of lactones and lactides, polymeriza­
tion, re-esterification, etc., all of which affect the final weight 
of the fa tty  m atter in both directions, the net effect depending 
upon the conditions of the hydrolysis and the nature of the 
sample. The new rnethod consists essentially of extracting 
the active ingredients with solvents over a concentrated salt 
solution, evaporating the solvent, heating the residue to con­
stant weight, and determining the loss in weight upon ashing 
the residue.

Procedure
R e s i d u e  b e f o r e  A s h i n g . The combined solvent layers from the determination of organically combined sulfuric anhydride by the ammonia method (1) are transferred to a tared 150-ml. beaker. The solvent is evaporated and the residue heated at 105° to 110° C. to constant weight.In the case of sulfuric acid esters it is necessary to stabilize the oil with alkali before heating; otherwise the residue turns black because of decomposition. For ordinary sulfated oils, the addition of 2 ml. of 0.5 ¿V alcoholic potash is sufficient to effect stabilization; with highly sulfated oils, double that quantity is required. The first sign of decomposition is when the residue begins to turn red, owing to the effect of the liberated sulfuric acid on the methyl orange present in the oil. With sulfonic compounds the use of alkali is not required.A more rapid moans of reaching constant w'eight is to heat the beaker, after practically all the solvent has been evaporated on a steam bath, in an oil bath at 135° C. writh stirring for 15- to 20-minute periods. In that event the beaker should be provided with a tared glass rod. If the residue is very viscous or solid, an amount of oleic acid (previously heated for 10 minutes at 150° C.) approximately equal to the weight of the residue is added. This serves to liquefy the residue and hasten evaporation of the sol­vent.
R e s i d u e  a f t e r  A s h i n g . The residue is quantitatively trans­ferred to a tared crucible, preferably platinum. Traces of the residue in the beaker are wiped clean with ashless filter paper moistened with solvents and finally with hot water, and the several pieces of filter paper are added to the crucible. The con­tents of the crucible are burned off and finally ignited until prac­tically all the carbon is consumed; if necessary, the residue may be treated several times with small quantities of 30 per cent hy­drogen peroxide. The ash is then treated with 2 ml. of concen­trated sulfuric acid, the acid is evaporated, and the residue is ignited strongly until the weight is constant, preferably with a blast burner.

T o t a l  A c t i v e  I n g r e d i e n t s .  The difference in weight be­
fore and after ashing represents the loss of organic m atter plus 
sulfur trioxide in the case of ester compounds or sulfur di­
oxide in the case of sulfonic compounds, in accordance with 
the following reactions:

2ROSO,Na = Na,SO, +  (SO, +  C 02, etc.)Active ingredients: Loss upon ignitionester compounds
2RSOsNa = NajSOi +  (SO, +  CO,, etc.)Active ingredients: Loss upon ignitionsulfonic compounds
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T a b l e  I. T o t a l  F a t t y  M a t t e r  a n d  T o t a l  A c t i v e  I n g r e d i e n t s  i n  
S u l f u r i c  A c id  E s t e r s

Hence

-T o ta l  F a t ty  M a tte r  -

S ulfa ted  oleic acid S ulfa ted  casto r oil S ulfated  tallow  S ulfated  b lended  oil®H ighly  su lfa ted  casto r oil S ulfa ted  f a t ty  alcohol*»
°  U sed in  sp inn ing  rayon. b O leyl a n d  cety l alcohols.

I
%

6 1 .66 0 .683.4  7 6 .9  3 1 .72 3 .5

—New- m ethod I I
%

6 1 .86 0 .3  83.1  7 6 .83 1 .3  23 .6

Av.
%

61 .76 0 .5  83 .3  76 .93 1 .52 3 .6

A cid-decom posi- tion  m ethodI
%

6 1 .56 0 .98 2 .976 .43 1 .62 3 .5

I I
%

6 1 .460 .5  8 3 .076 .7  3 1 .42 3 .8

Av.
%

6 1 .5  60 .7  8 3 .076 .6  3 1 .52 3 .7

T o ta l A ctive Ingredien ts, New  M ethod

ROH = ROSOaNa - Fatty Active matter ingredients
NaSCY +  H

I
%

6 6 .565 .6
86.680 .3  4 0 .23 1 .4

Loss upon Ign ition , Purified Sam ple

F a t ty  acid am ide sodium  su lfonate  A lkyl naph tha lene  sodium  su lfonate  A lkyl ary l sodium  su lfonate

Newm ethod,av.
%

8 5 .87 8 .48 0 .2

D irectignition,av .

8 5 .078 .77 9 .9

Sulfuric acid is added to the ash in order to convert into 
sulfates the sulfides and sulfites which are formed upon igni­
tion. The above reactions show th a t the total active ingredi­
ents for both types of compounds, represented by the right- 
hand side of the equations, are equal to the “loss upon igni­
tion” plus one-half of the combined sulfuric anhydride as 
sodium sulfate. Hence, the total active ingredients may be 
calculated from the combined sulfuric anhydride and “ loss 
upon ignition” (corrected as shown below) as follows:

1. Total active ingredients, per cent
_  100 X loss upon ignition (corrected)

weight of sample +
NajSO<

2SO, X % combined SOs
= 0.8875 X % combined SO* +  100 Xloss upon ignition (corrected) 

weight of sample
Where alcoholic potassium hydroxide had been added, the 

loss in weight upon ignition is too high by an am ount equal 
to (K — H) and too low by the corresponding am ount of 
potassium sulfate. The corrections for these two items are 
made as follows:
Correction for (K — H ), in grams

- ( K  -  H )- - P X mg. of KOH added!
KOH ~  ' LÔÔÔ J

= — (0.0006774 X mg. of KOH added) 
Correction for K2SO<, in grams

K,SO, mg. of KOH added 
2KOH X 1,000= 0.001552 X mg. of KOH added

Total correction, grams
=  — 0.0000774 X mg. of KOH added 4- 0.001552 X mg. ofKOH added= +0.0008746 X mg. of KOH added

T ota l F a tty  M atter
In  calculating the fatty  m atter from the active ingredients 

in samples of sulfuric acid esters, it  may be assumed th a t the 
la tter upon hydrolysis yield a hydroxy group for every com­
bined sulfuric anhydride split off, as follows:

ROSOjNa +  H20  = ROH +  NaHSO<Active Fattyingredients matter

I I
%

6 0 .8(¡5.38 6 .380 .23 9 .83 1 .5

Av.
%

66 .76 5 .586 .5  8 0 .3  4 0 .03 1 .5

T a b l e  II. Loss u p o n  I g n i t i o n  o f  P u r i f i e d  S a m p l e s  o f  
S u l f o n i c  C o m p o u n d s  a n d  T o t a l  A c t i v e  I n g r e d i e n t s

T o ta l A ctive In g re ­dien ts, Sam ple "A s I s ,”
New M ethod  I I I  Av.

% % %
2 7 .6  2 7 .3  27 .5  6 4 .9  6 4 .6  6 4 .83 4 .6  3 4 .8  3 4 .7

Consequently the fa tty  m atter is given by the 
following formula:

2. Fatty matter, per cent
= % active ingredients —  —  X %

combined S03 = % active ingredients —1.275 X % com­bined SOsloss upon ignition (corrected) 
weight of sample 0.3875 X % combined SOj

= 100 X

From the last formula, it will be noted tha t an error of 1 
per cent in the combined sulfur trioxide determination will 
affect the fa tty  m atter by less than 0.4 per cent.

Experim ental
S u l f u r i c  A c i d  E s t e r s .  The fa tty  m atter in sulfuric acid 

esters by the new method compared with the fa tty  m atter 
obtained by the acid-decomposition method is given in Table 
I, in which also the total active ingredients are listed.

S u l f o n i c  A c i d s .  A  number of different true sulfonic com­
pounds were dissolved in a small quantity  of water and 
acidified with sulfuric acid, and the solutions were evaporated 
to dryness. The residues were then dissolved in hot alcohol, 
filtered, and again evaporated to constant weights. A  por­
tion of each residue was then extracted according to the new 
method and the loss in weight upon ashing was determined. 
This was compared with the loss in weight upon direct ashing 
of the rest of the residue. The results are given in Table II  
which also includes the total active ingredients contained in 
the original samples.

I t  is evident th a t in the case of sulfonic compounds the loss 
of organic m atter plus volatile sulfur (upon which the new 
method for active ingredients depends) may be determined 
directly by ashing the original sample, provided the moisture 
in the sample is known and there is no other salt present than 
sodium sulfate. This is also true of the sulfuric acid esters, 
but, in addition to the above, it  is necessary to know the 
alkalinity of the sample and whether or not the alkali is so­
dium or potassium.

Sum m ary
An accurate method for the determination of active ingre­

dients in sulfuric acid esters and sulfonic compounds is out­
lined. This depends upon extracting the active ingredients, 
which may be contaminated with sodium sulfate bu t no other 
salts, and determining the loss in weight upon ignition. A 
method is also given for the determination of fa tty  m atter in 
sulfuric acid esters, provided the organically combined sul­
furic anhydride is known.
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Viscometer for Routine Determination^of 
Proteolytic Activity o f Malts
JO H N  R . K O C H , O R LA N D O  N E L S O N , AND LA W R E N C E  E H R N S T  

M a r q u e t te  U n iv e rs ity , M ilw a u k e e , W is.

T he apparatus is  very sim p le  to construct 
and u se. O ne tem peratu re (40° C.) is 
used  for stan dard ization , extraction , d i­
gestion , and viscosity d eterm in ation s. 
B etter t im in g  visib ility  is ob ta ined . Abso­
lu te ly  con stan t vo lum e is assured during  
a series o f  readings.

N o a liq u ot parts are taken  from  a ch an g­
in g  su b strate  after d igestion  is  started , no  
transfer o f  h o t liqu ids to  th e  viscom eter  
is required as specified for th e  gelatin  
in d u stry , there is n o  clogging due to  evapo­
ration  a t th e  tip , and in term ed ia te  cleaning  
is unnecessary betw een  sam p les in  a run.

T he sim p le  design  o f  th e  viscom eter  
perm its three s im u ltan eo u s runs in  less  
th a n  2 hours. T he filled viscom eter can  
be inverted a t once, m ak in g accurate  
extrapolations possib le. N o buffering is 
required. T h e proteo lytic  activ ity  value  
increases w ith  th e  a m o u n t o f  enzym e. 
O ne m in u te  o f  d igestion  corresponds to  
on e p o in t o f  activ ity .

T H E present paper is a continuation of work done a t 
M arquette University on various materials containing 

proteolytic enzymes, as a result of which a paper was pub­
lished on the use of gelatin as a substrate for measuring 
enzyme activity of commercial bating preparations (6). In  
this work the modified Bloom viscometer was used as stand­
ardized for the glue and gelatin industry.

As an outgrowth of this work, the viscometers as shown in 
Figure 1 were developed, for the purpose of eliminating as 
many sources of error as possible and making the operation 
extremely simple. During these experiments E hrnst sug­
gested tha t the viscometer could be nicely adapted to the 
determination of the proteolytic activity of malt.

Robert Wahl, basing his work on research done by Nilson 
(4), found tha t m alt infusions prepared with water acidified 
with a small am ount of bacterial lactic acid (0.1 to 2 per cent) 
would liquefy gelatin to a greater degree than did aqueous 
extracts. Commercial lactic acid and inorganic acids yielded 
no increase in proteolytic activity. W ahl used diluted solu­
tions of pepsin (1 to 10,000 strength) as a standard for com­
parison, allowing them to react on the gelatin under the same 
conditions as the m alt infusions. Later he modified this 
method of comparison (12), and more recently A. Wahl has 
introduced papain as a standard for comparison (10).

The authors’ method of extraction followed the procedure 
of Wahl (12) except tha t no lactic acid was used. As an in­
dication of proteolytic activity, the viscosity of gelatin was 
used instead of setting time. In  1937 Laufer (8) determined 
the proteolytic activity of m alt by means of a gelatin vis­

cosity method and an Ostwald pipet. Although the vis­
cosity of gelatin has often been used to estimate proteolytic 
activity (1, 5, 6, 18), Wahl (12) and Laufer (8) seem to have 
been the first to adapt these methods to malt.

An extensive bibliography on the determination of pro­
teolytic activity in general is given by Orthmann, Surak, and 
Koch (6), and with the paper by Laufer which brings the 
literature on m alt up to date (8) furnishes a rather complete 
survey of the literature.

The purpose of the present investigation has been to adapt 
the new viscometer to the routine determination of the pro­
teolytic activity of malts.

Need for S im p le  M ethod o f D eterm in in g  
P roteolytic  A ctiv ity  o f  M alts

The presence of nitrogenous or albuminoid substances has 
considerable effect on the finished product in regard to clarity 
(7), chill-proofing (7), body, and flavor (11). Because many of 
the substances which are added to beers to prevent haziness 
when chilled are actually enzymes, a knowledge of the pro­
teolytic activity of a m alt is im portant to the m altster as 
well as to the brewer. I t  is possible to determine the

F i g u r e  1. V i s c o m e t e r s
L eft. W ith  rub b e r stopper R ig h t. All-glass type
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proteolytic strength of m alt and then to arrive a t  a clue as 
to its processing.

No method for determining proteolytic activity up to the 
present time has been simple or rapid enough to be generally 
adopted by m alt or brewing laboratories. The viscometer 
presented herewith is as simple to operate as the ordinary 
kitchen egg-timer and the apparatus can be constructed in 
any laboratory without the aid of a glass blower. The deter­
mination is designed to meet the needs of a m alting or brew­
ing laboratory.

The method is based on the well-known principle th a t the 
viscosity of gelatin decreases as it  is attacked by a proteo­
lytic enzyme (1, 8, 6, 6, 13).

The viscometer consists of two Erlenmeyer flasks connected at the necks with a capillary tube. An air tube is provided so that no pressure will be built up in either flask as the viscometer is tilted back and forth. In the type made up with rubber stop­pers the air tube is inside the flasks. If determinations are to be made regularly, the all-glass type can be made (Figure 1, right). In either case, the capillary should have a bore of about 1.5 mm. and be from 2.5 to 3.7 cm. in length. At room temperature 50 cc. of water should go through the capillary in the neighborhood of 35 or 36 seconds. This can be ascertained in advance and a different length or a different bore chosen, so that the finished viscometer will have a convenient and accurate time of flow.
The standardization is made a t the same tem perature as 

the experimental viscosity determinations and all factors 
such as volume, temperature, and pressure m ust necessarily

/ s  30 4 S  /w .  E L A P S E D  7 /M E
F ig u r e  3 . V is c o s it y  D r o p  

S im il a r  V is c o m e t e r s
pH  a t  Beginning, 5.40; a t  E nd , 5.41.M a lt, 5.0G

E L A P S E D  T /n E  
F i g u r e  2 . A T y p i c a l  R u n ,  M a l t  10

pH  a t  B eginning of R un , 5.41; p H  of M alt, 5.68. a t  E n d  of R un , 5.43. V iscom eter 4
R un E lapsed  T im e ■ Flow  T im e

M in . Sec.
1 15 116.82 45 101.73 75 9 1 .44 105 8 4 .25 135 7 8 .46 165 7 4 .5

remain constant throughout the entire series of determina­
tions. If a  number of viscometers are made from one piece of 
capillary tubing, their flow times will be found to be so close 
tha t check results or direct comparisons can be made. On 
the other hand, if the viscometers are not duplicated, the 
standardization takes care of all variations. Different 
laboratories can compare figures for proteolytic activities or 
the  figures for proteolytic activity here given can be used as 
a standard, if reasonable care is taken to select a gelatin of 
approximately the same characteristics. Proteolytic values 
of several laboratories have been found to compare nicely, 
even with operators of very little training.

C om parison o f th e  P roteo ly tic  A ctiv ity  o f M alts
P r e p a r a t i o n  o f  10 P e r  C e n t  G e l a t i n  S o l u t i o n .  In  

the present experimental work a new gelatin solution was 
made for each determination. If extreme accuracy is not 
necessary, larger quantities can be made up and kept in the 
ice box for several days or even longer (IS).

In  order to prepare 250 cc. of 10 per cent gelatin, 25 grains of isinglass or other gelatin of good quality are sprinkled on top of about 125 cc. of distilled water a t room temperature. The gela­tin is stirred well and allowed to stand for a half hour. The beaker is now' immersed in water held at a temperature of 60° to 65° C. and the gelatin stirred until dissolved. The contents of the beaker are transferred to a 250-cc. volumetric flask and the beaker is rinsed repeatedly with warm water. A 10 per cent solution is obtained by making up to the mark.
P r e p a r a t io n  o f  M a l t  I n f u s io n  

C o n t a in in g  P r o t e o l y t ic  E n z y m e . A quantity of malt is finely ground in a Miag-Seck mill, 20 grains are transferred to a 250-cc. beaker, 100 cc. of distilled water at 40° C . are added, and the infusion is well stirred and placed in a water bath at 40° C . The infusion is stirred frequently for 0.5 hour, and then filtered. Thirty- five or 40 cc. are now placed in the water bath at 40° C . and allowed to stand for about 8 minutes. The following steps indicate the method of combining the malt infusion solu­tion and the gelatin solution:1. Twenty-five cubic centimeters of malt infusion at 40° C. are added to 50 cc. of 10 per cent gelatin solu­tion at 40° C. and the time is noted. This is the so-called “zero” or initial time.2. Fifty cubic centimeters of this infusion-gelatin mixture are placed in the viscometer (attempered at 40° C.) and a determination is made in 15 minutes from the zero time. The first run may be made sooner if desired. [The amount taken is actu­ally 50 cc. plus the 1 or 2 cc. (accu­rately determined for each viscometer) trapped on the two sides of the vis­cometer because of the slight extension of the capillary. This extension of the capillary causes the gelatin to run freely from the tip without touching the sides of the Erlenmeyer.]3. Subsequent determinations may be made every 15 minutes thereafter.4. In practically all cases suffi­cient action has taken place in a 2-hour period to give a good graphic history.
Obviously', since all solutions are 

a t  40° C. prior to and after mix­
ing, tem perature changes are held 
to an absolute minimum. A single 
temperature for extraction and di-

p H  of
R un E lapsed  T im e 

M in . 
V iscom eter A

Flow  T im e 
Sec.

1 0 119.02 15 112.03 30 104.84 45 9 8 .05 75 9 0 .56 105 84 .47 135
V iscom eter B

79 .4

1 0 117.52 15 109.63 • 30 102.24 45 97 .25 75 8 9 .86 105 8 2 .57 135 78 .0



JANUARY 15, 1939 ANALYTICAL EDITION 37

G r o w in g  F l o o r , S h o w i n g  M e c h a n is m  f o r  T u r n i n g  G r a i n

gestion has proved very desirable, as it  prevents error due to 
variation in temperature adjustm ent. The temperature 
should be high enough to hasten the action of the enzyme but 
should not exceed the tem perature a t which the enzyme is 
stable. The authors’ experience with m any hundreds of 
runs has placed this a t 40° C.

A T y p i c a l  R u n .  Although viscosities are best re­
ported as kinematic viscosities, as outlined below, they can 
also be reported in terms of seconds for the 50-cc. flow through 
the viscometer. If viscometers of practically the same char­
acteristics are made, the proteolytic 
activity of a series of enzymes can 
readily be compared without need 
foranvstandardization. Standardi­
zation and expression of results 
in kinematic viscosity are necessary 
only when using dissimilar vis­
cometers, or when comparisons are 
to be made between different labo­
ratories.

Figure 2 shows a typical run for 
a malt. Since the solution and vis­
cometer are a t  40° C., time of flow 
can be measured almost immedi­
ately after the viscometer has been 
pu t into the bath . As time elapses, 
the proteolytic enzymes of the 
m alt break down the gelatin and 
its viscosity decreases (Figure 2).
The dotted lines indicate the 
number of minutes required for a 
20 per cent drop in viscosity. This 
is the number of minutes used to 
indicate the proteolytic strength of 
the m alt in question.

Naturally the shorter the time 
taken to produce this 20 per 
cent drop in viscosity, the 
stronger the m alt in proteolytic 
activity.
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As indicated in Figure 2 (malt 10), 
initial time is obtained by extrapolat­
ing the graph. Numerous experi­
ments have shown th a t this gives the 
same time of flow as a blank of gela­
tin  and m alt infusion boiled to kill 
the enzymes and therefore, in experi­
mental runs, a blank determination is 
not necessary. The initial time gives 
a flow of 123 seconds, which multi­
plied by 0.8 gives 98.4 seconds as the 
time when the viscosity has decreased 
20 per cent. Referring to the elapsed 
time on the horizontal axis, it  required 
55 minutes for this particular m alt to 
produce a 20 per cent drop in vis­
cosity.

Such figures will enable any pur­
chaser of malts to arrange any number 
of samples in the order of their pro­
teolytic activity.

M a l t  V a l u e s  w i t h  L i k e  V i s ­
c o m e t e r s .  T hat the same lengths of 
capillary cut from the same piece 
will give very similar viscometers, and 
tha t these viscometers will give the 
same elapsed time for a 20 per cent 
drop in viscosity, are clearly indicated 
in Figure 3. The upper curve rep­

resents m alt 8 in viscometer A, while the lower curve 
represents the same m alt in viscometer B. In  either case 
it  required 56 minutes to produce a 20 per cent drop in vis­
cosity.

E f f e c t  o f  P r o c e s s i n g .  In  Figure 4 the curves for malts 
2 and 3 are very similar. These malts were processed alike 
although they came from different sources. M alt 1 was 
made by a different process and has an entirely different 
slope to the curve. This set of curves shows tha t the graphic 
history of the digestion gives valuable information in addi­

tion to giving the minutes necessary for 
a 20 per cent drop.

Experim ental D ata
The maximum proteolytic activity of 

m alt lies between pH of 5 and 6 (S, 13).
In  order to test the viscometer as to 

sensitivity, accuracy, and adaptability (it 
has been used for testing various gelatins

pH  a t  B eginning, 5.36; a t  E nd , 5.12. M a lt 1.

Z J tfO  3 p/tocrsscDAC/X£/  P /to c essc o  /v/wsvfvw rt y

O /S  Jo -f 5  ft.ft.^LAPSED T/H £
F i g u r e  4 . E f f e c t  o f  D i f f e r e n c e  

P r o c e s s in g
(See tables, right)

R un E lapsed  T im e 
M in . 

V iscom eter 3
Flow  T im e 

Sec.
1 15 114.72 45 104.83 75 9 0 .04 105 8 2 .35 135 7 5 .06 165 7 2 .0

p H  a t B eginning, 5.39; a t  E nd , 5.38 M alt 2. 
V iscom eter 2

1 15 115.22 45 108.13 75 102.04 105 9 5 .85 135 8 9 .96 165 8 7 .0
p H  a t  B eginning, 5.41; a t  E nd , 

V iscom eter 4
5.48. M a lt 3

1 15 116.32 45 107.33 75 9 9 .44 105 9 3 .45 135 8 8 .26 165 8 3 .2
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o  / s  Jo -fs /#/>. /2 m s . 3£  L A P  SCO T/HE
F i g u r e  5 . E f f e c t s  o f  V a r i o u s  A m o u n t s  

o f  T r y p s i n
(See tables, right)

1,000 Co. of S ub stra te , 100 G ram s of U. S. G ela tin  7A. p H  of G ela tin  7.4

and many types of proteolytic digestions), 
a large number of runs were made with 
pepsin, trypsin, and papain, chosen to 
cover a wide pH range. The series of curves for trypsin and 
papain (Figures 5 and 6) indicate th a t the viscometer gives 
very dependable results, since activity as determined cor­
responds to the am ount of enzyme present. As a pure un­
buffered gelatin was used, its viscosity was taken as initial 
viscosity and no extrapolation was required.

I t  is evident tha t a very satisfactory set of curves is ob­
tained in each instance. Even 
though the amounts of enzyme 
differ but little, curves do not 
cross as they would if possible 
variables were not automatically 
kept constant by employing 
similar viscometers and method 
of making runs.

The extreme sensitivity is 
shown by the fact th a t the 
upper curve in Figure 5 con­
tains 0.006 gram of trypsin per 
liter, representing an enzyme 
concentration of 6 parts per 
million of substrate.

C h o i c e  o f  a  2 0  P e r  C e n t  
V i s c o s i t y  D r o p  a s  t h e  S t a n d ­
a r d  E n z y m a t i c  C h a n g e .  In 
working out a method of this 
sort i t  is exceedingly im portant 
to note for purposes of compari­
son the time necessary to pro­
duce a given change. As shown 
in Figures 5 and 6, i t  would be 
entirely unsatisfactory to com­
pare the various amounts of 
activity produced in a given 
time. As the curves tend to 
become horizontal, there is very 
little change in viscosity for a 
considerable time. This use of 
c o m p a ra tiv e  times necessary 
to  p ro d u c e  a g iven  change

1,000 Cc. of S ubstrate . 100 G ram s of U . S.G elatin 7A. p H of G ela tin , 7.4
R un  E lap sed  T im e F low  T im e

M in . Sec.
V iscom eter 4, 0.006 G ram  of T rypsin

1 15 320 .02 45 2 31 .83 75 185.64 105 163.45 135 147.56 165 134.3
V iscometer 2. 0.0125 G ram  of T rypsin
1 15 288 .32 45 196.13 75 148.64 105 128.25 135 118.66 165 100.2
V iscom eter 3, 0.0250 G ram  of T rypsin
1 15 228 .62 45 137.83 75 105.64 105 92.15 135 8 2 .66 165 7 8 .2
Viscom eter 2, 0.05000 G ram  of T rypsin
1 15 118.52 45 7 3 .23 75 5 7 .94 105 5 6 .55 135 55.16 165 5 6 .6
V iscom eter 2, 0.5000 G ram  of T rypsin
1 15 4 6 .82 45 4 4 .33 75 4 2 .84 105 4 1 .85 135 4 2 .06 165 4 2 .8

R un  E lapsed  T im e Flow  T im e
M in . Sec.

V iscom eter 2, 0.050 G ram  of P ap a in
1 15 3 77 .82 45 361 .23 75 342.14 105 3 22 .85 135 303 .66 165 297 .6

V iscom eter 3, 0.10 G ram of P ap a in
1 15 3 61 .02 45 3 23 .63 75 298 .44 105 284 .45 135 277.16 165 263 .2

V iscom eter 3, 0.40 G ram  of P ap a in
1 15 321 .22 45 258 .43 75 226.14 105 217 .85 135 201 .46 165 190 .8

V iscom eter 2, 0.50 G ram  of P ap a in
1 15 2 87 .62 45 218 .33 75 178.24 105 158.35 135 144.26 165 140.1

V iscom eter 3, 1.00 G ram  of P ap a in
1 15 243 .82 45 137.63 75 107.44 105 9 8 .75 135 9 2 .36 165 8 8 .6

V iscom eter 4, 1.50 G ram s of P ap a in
1 15 197.22 45 9 7 .83 75 7 9 .64 105 77.15 135 7 2 .66 165 6 1 .2

c o in c id e s  w i th  th e  v ie w s of 
N ort]h rop  a n d  H u sse y  (5 ) , 
Haldane (2), Tauber (9), Laufer 
(S), and others (6).

Figures 7 and 8, made from 
Figures 5 and 6, show very satis­
factory agreement between ob­
served and calculated time neces­
sary to produce a 20 per cent 
drop in viscosity. I t  was found 
tha t a 10 per cent drop was too 
short a time for reaction, as slight 
variations in starting runs, trans­
ferring solutions, and temperature 
changes can produce some error. 
A 30 per cent viscosity drop is 
also very satisfactory, bu t there 
seems to be no justification for 
the extra time tha t would be re­
quired for runs.

C h o i c e  o f  p H  5 t o  6 a s  S t a n d ­
a r d  f o r  R u n s .  In  general the 
plant proteolytic enzymes seem to 
have a broader optimum activity 
curve than the animal proteolytic 
enzymes. P lant proteinases seem 
to center about an average pH 
of between 5 and 6 (S, 18). 
These enzymes are all similar to 

papain and are often referred to as papainases. They have 
an optimum pH  of from 4 to 7 (9). Laufer’s work was done 
a t  a pH  of 5 (S).

The authors’ experience proved tha t the variation in ac­
tiv ity  for pH  between 5 and 6 was within the magnitude of 
experimental error.

The pH  a t the beginning and end of a run varied only a few 
hundredths pH, showing th a t the gelatin 
was more than amply buffered for the deter­
minations. These considerations simplify 
procedure to a great extent, as a gelatin 
with a pH  of from 5 to 6 will surely give 
maximum activity, and buffering is entirely

_ _ á ec zw

/ S  Jo -fs /#».7s so /as 2  
£ L A P S £ 0  T / n C

F i g u r e  6 . E f f e c t s  o f  V a r i o u s  A m o u n t s  
o f  P a p a in

(See tables, le ft)
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O /  2  3  4 S  6 7 6P A  f i r s  E N Z Y M E  8 Y  WE/G-HT
F ig u r e  7 . T im e  R e q u ir e d  f o r  2 0  P e r  C e n t  

V is c o s it y  D r o p , U s in g  T r y p s in
20%  V iscosity D rop

P a r ts  by  W eight of E nzym e C alcu lated
M in .
2 5 .012.56 .253 .1 2

O bserved
M in .
2 5 .013.0  6. 0  3 .0

WPJ/M /ITA T/S/~4C TO A Y /»// OF 7.-/. Q/°T/rtC//7 +0 TO 2V
X - C j l  CUl 4  T SD  
O-sxptr/l/WA/rji
Ci/fives sf/frjo cto.sc OyVC Y O/ZC coots a£ ¿>#/ll//V

o 2 V 6 6 /o /2 /✓  /6 /a ¿o ez £*Z6 XSJo P A P T S  £ /V Z Y /1 E  6 Y  W F IG H T
F ig u r e  8 . T im e  R e q u ir e d  f o r  2 0  P e r  C e n t  

V is c o s it y  D r o p , U s in g  P a p a in
20%  V iscosity D rop

P a rts  by
E nzym e C alcu lated O bserved

M in . M in .
1 133.00 133.02 66.50 6 6 .04 3 3 .25 3 3 .06 22.60 2 2 .08 16.60 17.510 13.30 12.020 6 .6 0 6 .5

unnecessary. W ith the addition of no foreign agents w hat­
ever, retardation or activation of the enzymes in m alt .is out 
of the question.

matic viscosity and comparisons can then be made with 
any laboratory. Graphs similar to Figure 9 allow the ready 
conversion of flow time to kinematic viscosity. Such con­
versions were made in calculating the proteolytic activities

S tan dard ization  o f V iscom eters in  K in em atic  
V iscosity

In  order to clarify the presentation, the standardization of 
viscometers has been postponed to this point. The fact tha t 
only one tem perature is used simplifies the necessary calcula­
tions to a considerable extent. Only two liquids need be 
used and the following sample calculations give the necessary 
constants.

Undoubtedly one will use only kinematic viscosities as 
soon as he has become accustomed to making the determina­
tions. The value for proteolytic activity, P m, is calculated 
in terms of the time necessary for a  20 per cent drop in kine-

C onversion of T im e to  K inem atic  V iscosity, V iscom eter 1
K inem atic K inem aticT im e Viscosity T im e Viscosity

Sec. M illipoises Sec. M  tili  poises
40 11.32 200 107.4850 18.92 210 113.1060 25.81 220 119.2270 32 .30 230 124.8380 3 8 .7 6 240 130.0090 44.61 250 135.30100 50 .56 260 140.90110 56 .42 270 145.23120 62 .23 280 152.00130 67 .82 290 157.50140 77 .97 300 162.98150 79 .37 310 168.82160 85 .00 320 174.00170 90 .64 330 179.80180 9 7 .0 6 340 185.00190 102.80 350 190.59

40 SO 3*0 Séo/¿O /¿O ¿00 ¿40 260
T / r t E  / N  S E C O A /D C

F i g u r e  9 . V is c o m e t e r  C a l ib r a t io n  C u r v e
(See table, left)
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of the pure variety malts and the commercial malts as given 
in the tables.

W ater and a 40 per cent sucrose solution have been found 
convenient liquids for standardization. The runs as de­
scribed above give the number of seconds for 50 cc. to flow. 
This number of seconds is converted into kinematic viscosity 
by means of two constants, A  and B, which are determined 
for the viscometer in question.

T a b l e  I. T y p i c a l  V a l u e s
20%  K inem aticV iscosity D rop Pm

M  in.
50 20080 170110 140140 110170 SO

200 50
230 20
250 0

Kinematic viscosity = At — —, where t is time in seconds and
A and B  are constants.The kinematic viscosities at 40° C. are found in tables prepared by Sheely (8).

Water at 40° C., 0.662 40% sucrose at 40° C., 2.94
It only remains to solve for A and B  as follows:Time for water a t 40° C., 34.5 seconds Time for 40 per cent sucrose at 40° C., 65.4 seconds Then, for sucrose «

2.94 = ¿165.4 - 6o.4
Clearing,

192.423 = A4283.7 -  B (1)
For water,

0.662 =  /134.5 - 34.0
Clearing,

22.839 = A 1190.25 -  B (2)

Subtracting 2 from 1,
169.584 = 3093.45A A = 0.0548

Now solve for B by substituting the value of A  in Equation 1 or2. Taking 2
22.839 = 1190.25 X 0.0548 -  B B = 42.386

Having A  and B, the equation is solved for different flow 
times and a graph similar to Figure 9 is made. Once having 
the calibration curve, no further calculations are necessary 
and the kinematic viscosity for any flow time is easily read 
from the chart. For comparison, a 20 per cent drop in kine­
matic viscosity is now taken instead of a 20 per cent drop in 
seconds of flow.

C a l c u l a t i o n  o f  U n i v e r s a l  V a l u e s  f o r  P r o t e o l y t i c  
A c t i v i t y  o f  M a l t s ,  P m. The values of P m here given 
are calculated in accordance with suggestions made by chemists 
in the Froedtert and other malting laboratories. They are 
very comparable to “diastatic power” figures as used today 
and should be given ready acceptance. They are based on 
kinematic viscosity figures and are therefore readily dupli­
cated in any laboratory. The same m alt will have the same 
P m value, no m atter where tested.

Diastatic power, proof of spirit, and other similar figures 
familiar to the brewing industry  run to about 200 as a maxi­
mum value, the increase in numerical value meaning an in­
crease in the property in question.

The proteolytic strength of m alt varies inversely with the 
time required to effect a 20 per cent drop in kinematic vis­
cosity. Thus a m alt th a t produces a 20 per cent drop in 
viscosity in 50 minutes has a higher proteolytic value than a 
m alt th a t produces a 20 per cent drop in 100 minutes. A 
proteolytic activity of 200 is given to a m alt th a t produces a 
20 per cent drop in 50 minutes. A proteolytic activity of 0 
is given to a m alt th a t produces a 20 per cent drop in 250 or 
more minutes. Thus we have a range of 200 m inutes (250 — 
50) in 20 per cent kinematic viscosity drop against a range of 
200 points in terms of proteolytic activity. Thus a one- 
minute increase in the time required to effect a 20 per cent 
drop in viscosity is equivalent to a decrease of one point in 
proteolytic activity.

T a b l e  II. P u r e  V a r i e t y  M a l t s
V arie ty Oder. Oder. Oder. Ped.#38Wis.

Ped .#38 Ped.#38 Ped.#38 V elvet V elvet V elvet V elvet M anch. M anch .M anch . M anch. P ea t-land
L ocality WÍ8. W aseca,M inn. 111. W aseca,M inn. 111. M on t. M ad i­son,Wis.

M inn. 111. M ont. W is. M inn. 111. M ont. Wis.

B arley  No. C ontrol . . .  C ontro l *932M a lt N o.1,000 kernel weight of m alt 934 *958 881 920 876 ’¿87 ’¿57 ‘Ó33 930 S79 ’¿72 ’939 ’957 ‘¿90 '¿3 0
(dry  basis) G row th  of m alt: 2 3 .2 2 0 .8 25 .73 2 2 .8 2 0 .5 22 .87 3 1 .9 2 20 .39 22.1 2 4 .9 8 28 .98 21 .34 19.62 2 3 .2 5 2 5 .7 5 19.41
D ead 4 1 7 5 3 1 0 1 0 2 4 1 0 0o-Y< 1 1 0 2 11 1 1 1 2 6 0 0 0 0lA -V* 2 8 8 9 19 4 18 20 26 11 2 3 8 34V*“*A 63 62 58 61 46 35 50 62 49 45 26 72 58 45V r- l 30 28 26 23 21 59 30 15 23 35 66 24 33 21O ver 1 0 0 1 0 0 0 1 1 0 1 2 0 1 0E xposed acrospires 10 11 22 4 3 5 8 11 14 1 17 6 12 6M oistu re  of d ried  m alt C h a rac te r  of endosperm : 4 .5 4 .5 4 .0 *4*4 4 .0 4 .4 5 .2 4 .6 4 .4 4 .4 5 .0 4 .4 5 .0 4 .9 6 .2 4 .5
Steely 0 0 0 0 0 0 0 0 0 0 0 0 0 0H alf steely 8 4 0 0 22 1 20 4 39 3 13 0 3 2M ealy 92 96 100 100 78 99 80 96 61 97 87 100 97 98Index  of mellowness 98 !o 9 6 .0 9 8 .0 íóólo 100.0 100.0 8 9 .0 9 9 .5 9 0 .0 9 8 .0 8 0 .5 9 8 .5 9 3 .5 100 .0 9 8 .5 9 9 .0E x tra c t of m alt (d ry  basis) 7 3 .2 7 1 .7 7 5 .7 6 7 .9 7 0 .3 7 3 .4 7 2 .9 7 2 .0 7 0 .7 7 5 .8 7 1 .6 7 2 .2 7 2 .3 7 6 .4 7 4 .9 7 2 .0T im e of inversion 7 > 5 7 10 5 10 7-10 7 > 5 5 5 > 5 > 5 5 > 5 7-10F iltra tio n  tim e 13 14 24 9 15 14 11 17 15 19 13 13 16 17 10 15Color of w ort 1 .4 1 .5 1 .3 1 .4 1 .4 1 .4 1.1 1 .5 1 .5 1 .4 1 .2 1 .4 1 .5 1 .4 1 .3 1 .5T o ta l N  of m alt 1 .97 2 .4 9 1 .68 2 .1 2 2 .3 6 1 .54 2 .3 0 2 .0 2 2 .5 6 1.76 2 .3 0 2 .1 0 2 .5 6 1 .73 2 .2 5 2 .1 6T o ta l p ro te in  of m alt 12.34 15.53 10.52 13.22 14.70 9 .6 4 14.34 12.63 15.96 11.01 14.37 13.13 16.00 10.83 1 4 .02 13.50Soluble N  of w ort 0 .6 6 2 0 .890 0 .630 0.591 0 .6 1 0 0 .510 0 .5 2 0 0 .7 3 0 0 .850 0 .680 0 .5 6 0 0 .7 5 0 0 .9 1 0 0 .6 4 0 0 .8 0 0 0 .6 9 0Soluble N  as p ro te in  of w ort 4 .13 5 .5 8 3 .9 4 3 .6 9 3 .8 3 3 .1 9 3 .2 5 4 .5 5 5 .31 4 .2 3 3 .4 9 4 .6 8 5 .6 8 3 .9 8 5 .0 3 4 .3 3F orm ol n itrogen 0 .130 0 .1 7 8 0.111 0 .0 9 4 0 .0 9 8 0 .0 8 9 0 .081 0 .154 0 .175 0 .1 3 5 0 .089 0 .154 0 .1 8 8 0 .1 1 8 0 .1 5 5Soluble N , %  of to ta l  N 33 .60 35 .86 3 7 .5 6 27 .88 25 .97 3 3 .2 5 2 2 .6 5 3 6 .0 4 3 3 .2 4 3 8 .5 8 24 .30 35.71 3 5 .3 5 3 6 .9 4 3 5 .7 3 3 2 .0 8F orm ol n itrogen , %  of w ort I' 19.64 19.93 17.59 15.91 15.99 17.38 15.55 21 .15 20 .56 19.88 15.92 20 .53 2 0 .7 7 18.47 19.28D ias ta tic  pow er 127 212 113 97 110 74 155 123 171 95 162 153 207 118 259 " Í Í8P ro teo ly tic  ac tiv ity , Pm 149 ' 157 141 88 9 9 .5 111 5 3 .5 169 .5 167 134 6 0 .5 153 .5 172 .5 154 141 179 .5
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Formula for calculating proteolytic activity, Pm:

Pm =  250 -  I
where Pm represents the proteolytic activity of the malt and I the time in minutes for a 20 per cent drop in kinematic viscosity.

As is evident from the above expression, each minute re­
quired for the 20 per cent drop in kinematic viscosity de­
creases the value of P m by one point (Table I).

P roteo ly tic  A ctiv ity  o f  M alts o f  K now n  
C om position

Table I I  indicates constants ordinarily determined, to­
gether w ith the new proteolytic activity of m alt figures, P m. 
Even though these results have been carefully checked, they 
are significant only for these particular samples. Since they 
are pure varieties, they may differ widely from commercial 
samples and also from a pure variety grown under different 
climatic conditions.

Table I I  shows th a t one may expect more variation in 
proteolytic value of pure variety than in the ordinary run of 
commercial malts. Undoubtedly the smaller quantity of 
barley and small-scale processing would allow for more 
variation. The common practice of blending commercial 
malts would tend to make for some uniformity. Some of the 
extremely low proteolytic values in the pure varieties may 
have been caused by a dry season or a poor soil. Commercial 
malts naturally come from favorable localities.

Inspection of Table II  will show proteolytic values be­
tween 53.5 and 179.5 for the pure varieties, while in 
Table I I I  the values run between 172 and 204.

A cknow ledgm ent
The pure variety malts and the major portion of data in 

Table I I  were furnished through the courtesy of J. G. Dickson 
of the University of Wisconsin Agricultural Experiment

T a b l e  III. P r o t e o l y t i c  A c t i v i t y  o p  R e p r e s e n t a t i v e  
C o m m e r c i a l  M a l t s

T im e R equ iredfor 20%  K ine- P ro teo ly ticm atic  V iscosity A ctiv ityM alt D rop Pm  «  250
M in .

1 46 2042 78 1723 76 1744 52 1985 72 1786 77 1737 76 1748 52 1989 50 20010 40 204

Station. The work is supported in part by a grant from the 
United States M altsters Association.
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O C MOTOR) ö 'INDEPENDENT 
STIRRER-SHAFT

BRACE
MOTOR STAND

MASH TUB

ADJUSTABLE 
RING BURNER

A Laboratory Mashing Apparatus
W E S L E Y  M . C L A R K , C o lu m b ia  B rew eries , I n c . ,  T a c o m a , W a sh .

M ALT and cereal analysis for total ex­
tract, the sugar-dextrin ratio, conver­

sion time, and the color of the wort are a 
routine operation for brewery laboratories. 
The test, as described by the M alt Analysis 
Standardization Committee of the American 
Society of Brewing Chemists, specifies strict 
limitations of time and temperatures, as well 
as continuous stirring, held within narrow limits 
as to speed. Since the total time required for 
a m alt analysis is 1 hour and 55 minutes, 
with an additional 10 minutes for cooling, it 
is obvious th a t some kind of mechanical as­
sistance, with a t  least partial autom atic tem­
perature control, is needed.

There are a number of machines on the m arket 
for this purpose, bu t their high price militates 
against their general use, especially in the 
smaller commercial laboratories and those 
breweries where only one or two samples per 
week are required to be analyzed. A labora-

SWITCH
BOX

F i g u r e ^ ] .  S id e  V i e w  o f  A p p a r a t u s

-I----
BRACE

-STIRRER 
CLAMP-NUT



INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 11, NO. 1

INDEPENDENT 
STIRRER-SHAFT

STIRRER
CLAMP-NUT

25.4 cm.

FOLDING-TABLE
LEAF

FOLDING TABLE

F i g u r e  2 . E n d  V ie w  o f  A p p a r a t u s

tory is usually unwilling to invest two to three hundred 
dollars in a piece of equipment th a t has such little and spe­
cialized use.

To meet the need for a low-cost mechanical mashing ap­
paratus w ith semiautomatic tem perature controls, the device 
described below was constructed. I t  is adaptable to a number 
of other uses be­
sides th a t of mash­
ing, and as such 
becomes a valu­
able piece of gen­
e ra l  la b o ra to ry  
e q u ip m e n t— fo r 
example, the in­
troduction of an 
i n d e p e n d e n t  
stirrer shaft serves, 
on the one hand, 
for occasional use 
as a stirrer and on 
the other as a mo­
tive source from 
which a ball mill 
or a shaking ma­
chine may be run.
The pulleys are all 
in te rc h a n g e a b le  
and m ay be run 
d ir e c t ly  off th e

motor or through the mash-tub shaft, thus enabling the 
attainm ent of any desired speed. The four main brass 
mashing stirrers are easily removable and may be re­
placed by glass ones for use in other kinds of chemical reac­
tions.

The cost of the entire machine, including labor of construc­
tion and the motor, did not exceed S50.00.

Figures 1, 2, and 3 show the side, end, and top views, re­
spectively, of the apparatus.

In Figure 1, the large pulley, A, is run by belt from the motor and activates the gear system, S , through gear Bt. I t  is con­nected to the water paddle, / ,  through the loose slotted joint a t D. The entire gear system and pulley may thus be lifted out to give access to the beakers, E. Tne brass stirrers, F, may be replaced by glass or other types by loosening the setscrew, C, beneath the gears, Si, Sj, etc. & is a water-level tube. The perforated false bottom, H, and the stirrer, J, form a unit with the central shaft bearing and top of the mash tub. The top overlapping the tub slightly, and the false bottom, resting upon four brackets, I, give to this system the desired rigidity. The mash tub rests upon the frame, K, and is additionally supported and held in place by two braces. Two thermometer wells (Figure 3) are placed diametri­cally opposite each other in the top, and also serve during cooling, water being introduced through one and siphoned out through the other. Thermometers, which dip into the mash beakers for determination of mash temperatures, are held by buret clamps attached to the four stirrer-shaft housings. Tests have been run on the time required to cool the water bath. Running water at 15° C. into one thermometer well and siphoning out through the other, starting a t 70° C. and using tubing 0.8 cm. in inside diameter, it required 4 minutes to bring the temperature down to tha t of the cooling fluid. The use of a larger or smaller siphon tube would decrease or increase this time.The whole frame, including the motor stand, may be removed from the table by lifting the eight legs out of their drilled holes, M.The 10-cm. (4-inch) ring burner is adjustable on its sup­porting stand, L, and is an adequate source of heat for all details of the analysis. Temperatures with variations not ex­ceeding ±0.25° C. may be maintained for any desired length of time by carefully controlling the height of the burner and the flame.Gears and pulleys of convenient size are obtained by use of a low-speed motor. In the present apparatus with a motor of 1165 r. p. m. and a pulley of 3.17 cm. (1.25 inches), an 18.41-cm. (7.25-inch) pulley, A, on the mash tub is needed. The gear ratio, S 6 to Si (diameters), ¡8 5.71 cm. (2.25 inches) to 12.06 cm. (4.75 inches). This gives to the stirrers the satis­factory speed of 95 r. p. m., which, coupled with a rather high pitch of the blades, is sufficient to swirl the water gently throughout.The mash tub is made of 22-gage copper and its size is governed by the number of beakers it is to accommodate. For four stand­ard malt beakers a diameter of 32 cm. (12.5 inches) and a height of 19.7 cm. (7.25 inches) are satisfactory. The false bottom rests10.2 cm. (4 inches) below the top, and the length of the mashing paddles is20.3 cm. (8 inches).

LEAF

THERMOMETER 
WELLS

F ig u r e  3 . T o p  V ie w  o f  A p p a r a t u s
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A Compact Field Laboratory for Sanitary 
Chemistry

JA M E S  G . W E A R T , I l l in o is  D e p a r tm e n t  o f  P u b lic  H e a l th ,  S p r in g fie ld , III.

T H IS field laboratory was designed for the use of sanitary 
engineers engaged in the wide variety of problems en­

countered by the Departm ent of Public Health and the State 
Sanitary W ater Board. These problems include the super­
vision of all types of w ater-treatm ent plants and sewage 
plants, and the investigation of industrial wastes and stream 
pollution.

For these purposes, the k it was designed to perm it the 
following tests: pH, dissolved oxygen, alkalinity, soap hard­
ness, residual chlorine, carbon dioxide, and temperature. 
Sufficient extra capacity is provided so th a t it can be readily 
adapted to test for iron, nitrites, copper, or ammonia.

A pparatus and M ethods
The case is substantial. Top, sides, and bottom are con­structed of 1.25-cm. (0.5-inch) birch. The finish inside and out is acid- and alkali-resistant. A full-length piano hinge and trunk clasps support the cover. All corners are closed with a lock or pin box joint. Top and bottom comers are protected with trunk corners.In the field, a clean work table is provided by the lid of the case, which is supported by two metal rods which screw into metal floor sockets. The inside of the lid is covered with white celluloid.T h e  b u re t su p p o rt rod is screwed into an­other floor socket. The buret clamp is readily attached. rmF o r b u re ts , 10-ml. serological pipets are adapted by a modifica­tion of an old device, a bead in a rubber tube.The bead is located at the upper end of the

Eipet instead of at the ottom. This permits easy filling and excel­le n t c o n tro l d u rin g  titrations. There are no stopcocks to break.Three of these pipet- burets, one for each of the three standard solu­tions, are held by clips in the removable tray.The test most fre­quently made in this work is the determina­tion of pH. The kit provides for the colori­metric determination of pH over the range of4.0 to 11.0, in steps of 0.2 pH. For demonstra­tion tests and approxi­mations, a wide-range indicator is provided.In the range from pH6.4 to 8.4, which is used m ost fre q u e n tly , the two indicators required are supplied in 59-ml.(2-ounce) bottles. All other indicators are in 29 .6-m l. (1 -ounce) bottles. As but one or two drops of indicator are  needed  for each

test, the amount of indicator supplied is ample. This type of pH equipment was designed about ten years ago a t the laboratories of the Sanitary District of Chicago.
The regular Winkler method is used for dissolved oxygen. The reagents are in Pyrex dilution bottles of 180-ml. capacity, and are dispensed by a Pyrex pipet graduated a t 0.5 and 1.0 ml., fitted in a rubber stopper, and operated by a rubber bulb. Two 118-ml. (4-ounce) ground-glass stoppered bottles, graduated at 100 ml., are provided for the collection of samples and for the test. Sulfuric acid is supplied in 50 per cent strength, rather than concentrated, so that 1 ml. can be added to fill the neck of the bottle. Fifty to sixty dissolved oxygen determinations can be made with the solutions provided.
Alkalinity and soap hardness are determined according to standard methods (2). For the measurement of samples there are a graduate and a calibrated bottle. Distilled water is available for dilution purposes.
Free carbon dioxide can be calculated from the alkalinity and pH, according to the formula of DeMartini (1):

log COi -  6.2874 +  log (H C O !* as C aCOi) -  p H

A slide rule or a log table is, of course, necessary.
For residual chlorine, standards prepared from Scott’s buffered chromate-dichromate solutions are provided.
The o-tolidine furnished contains 20 per cent hydrochloric acid. Tests are made in 59-ml. (2-ounce) oil sample bottles.

F o r a d a p tio n s  to s p e c ia l  w o rk , tw o  dropping bottles, three 59-m l. (2 -ounce) oil sample bottles, and one dilution bottle are pro­vided as surplus. Two sp a re  dosing  p ip e ts  with bulb and rubber stopper are included.The kits were pre­pared by Rascher & Getzold a t a cost of $90 each  in lo ts of ten . The weight is 13.6 kg. (30 pounds).

No claim for per­
fection is made, and 
su g g e s t io n s  fo r  im ­
p ro v e m e n t  a re  in ­
vited.
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M 1 c r o c h  e  m  i s  t  r  y

Determination of Density Differences
By the Flotation Tem perature Method

M E R L E  R A N D A L L  AND B R U C E  L O N G T IN  
U n iv e rs i ty  o f  C a lifo rn ia ,  B e rk e ley , C a lif .

A d escrip tion  o f th e  con stru ctio n  and  
m an ip u la tive  deta ils o f  a flo ta tion  tem ­
perature apparatus as used  for an a ly tica l 
purposes is  given. O f particu lar in terest  
is th e  d evelop m en t o f th e  flo ta tio n  te m ­
perature d eterm in ation  as a d en sity  m icro­
m eth o d . T h e flo ta tion  tem peratu re can  
be determ in ed  to w ith in  0.005° C. in  sa m ­
ples as sm all as 0.1 m l.

A m eth o d  o f  ca lcu la tin g  d en sities  and  
com p osition s from  flo ta tio n  tem peratures  
is d iscu sscd , w h ich  in c lu d es a considera­
tio n  o f  th e th erm al expansion  o f  th e  float, 
changes o f  th e  tem peratu re o f flo ta tio n  in  
th e  reference sam p le , and  d eviation s from  
id ea l so lu tio n  law s. T h e design  o f  a specia l 
slid e  ru le for ca lcu la tin g  th e  p ercen tage  
com p o sition  from  the flo ta tio n  tem pera­
ture is  in d ica ted .

T H E flotation tem perature method for determining small 
differences in density was developed by Richards and 

co-workers (8, 9) into a precision method. I t  is used regu­
larly in the isotopic analysis of heavy water (3, 5). In  con­
nection with a survey of the isotopic ratio of deuterium to 
hydrogen in water from various sources, Briscoe and co­
workers (1) have described details and improvements of the 
method which make it  more rapid and workable.

In  the course of separation of isotopic forms of w ater the 
authors have found i t  necessary to devise “flotation tem­
perature” apparatus which will handle very small samples 
of water. A t the same time they have found certain methods 
of calculation to be time-saving in the treatm ent of results. 
This paper presents their conclusions as to these details of 
the flotation tem perature method.

A pparatus
Figure 1 gives a diagrammatic view of the present apparatus 

as developed in this laboratory. The manual control of 
tem perature is not proposed as any improvement over the 
autom atic control described by Briscoe and others (1); the 
apparatus is easier to build, but the temperature control is

somewhat less certain. The tem perature readings are also 
made less certain, because the tem perature of the sample it­
self cannot be determined directly, if i t  is desired to use small 
volumes of a sample. Nevertheless the flotation tem perature 
as read from the Beckman thermometer is reproducible to 
within 0.005° C., which is sufficiently accurate for most pur­
poses.

The electric buzzer, L, is used to agitate both the thermometer and the sample tube. This prevents sticking of the float and the mercury column of the Beckman thermometer. The copper wire; 0, was originally used to dislodge the float when it became stuck, but with the buzzer it is not needed.The sample, previously purified by distillation first over alka­line permanganate, then from phosphoric acid, and finally by out- gassing, is placed in the tube, A, which contains the Pyrex float, B. Then the temperature of the bath is alternately raised and lowered until the temperature limits, above which the float sinks

F i g u r e  1. F l o t a t io n  T e m p e r a t u r e  A p p a r a t u s
A .  Sam ple te s t tu be  I .B . D ensity  float J .C. L ich t K .D . M irro r L .E . Telescope w ith  cross h a ir  M .F. S tirrer .V.G. T h e rm o s ta t O./ / .  W indow

T h e rm o s ta t con tro l, coldT h e rm o s ta t con tro l, h o tB eckm an therm om eterB uzzerM oto rS iphonsF lo a t reg u la to r
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F ig u b e  2 . M ic r o f l o a t  a n d  M ic b o f l o t a t io n  T u b e

and below which it rises, are brought to within 0.005 °C. In routine analysis for control purposes only, the dis­tillation from phosphoric acid is dispensed with unless the ammonia content of the sample is known to be high.

Sample tubes have also been constructed which are directly connected to the microdistillation apparatus to avoid losses of material.
W ith microfloats and sample tubes constructed 

in this way, the authors have been able to deter­
mine the flotation tem perature of samples as 
small as 0.1 ml. as accurately as with large 
samples in the usual way. This has been verified 
by control analyses in which the same sample 
was tested with different floats and sample tubes.

C alcu la tion  o f  D en sities  and  C om positions
Both the density of the sample and the density 

of the float change with temperature. The flota­
tion tem perature is the tem perature a t  which the 
two densities are the same.

In  Figure 3, curve B  represents the density of 
the sample as a function of temperature, while 
curve F  represents th a t of the float. The inter-

In  agreement with Briscoe and others (1) the 
authors have found tha t removal of dissolved car­
bon dioxide from the sample by heating it to 50° C. 
under vacuum with agitation materially alters the 
observed flotation temperature.

M icroiloats
The microiloats are constructed from thin-walled tubing obtained by drawing out the central portion of a Pyrex test tube to about 2-mm. outside diameter.This tube is sealed a t one end and then the other end is drawn out to a fine long capillary about 3 to 4 mm. away from the sealed end.The most difficult problem is to adjust the density of the float so tha t it will just float in a standard reference sample—e. g., normal water—at a reasonable tempera­ture. The uncompleted float is placed in a small quantity of the standard sample a t the desired tem­perature. As shown in Figure 2a, it rides a little low.If the capillary is broken off a t A, the float will rise until point D is a t the level of the surface.If the portion which projects above the surface is now melted down into a small drop very close to B, the float will still ride with B just a t the surface. Further melting down of the capillary diminishes the volume of the float sufficiently that eventually it will just barely sink. With a little practice this can be done in such a way that the desired adjustment of flotation temperature in the standard sample is obtained in a short time. If the capil­lary is melted down too much, the bulb may be heated just to the softening point; the internal pressure will then cause the bulb to expand very slightly. Very fine adjustment may be obtained by scratching the glass drop very lightly with a file.I t is impossible to obtain sufficiently fine adjustment by using a mercury ballast, since sealing the float causes sufficient change in volume to destroy the adjustment entirely. For this reason the use of mercury ballast is of no value. The method described is the only one which has been found to give satisfactory adjust­ment without too much effort.The completed float should preferably have the shape shown in Figure 2b. With this shape it will float stably in an upright position, owing to the extra weight of glass in the drop a t the bot­tom. Otherwise it will tend to float diagonally and wedge in the sample tube. Floats have been made in this way which arc about the size of a grain of wheat.The sample tube is made as shown in Figure 2c. Its internal diameter is the smallest in which the float will move freely. By using the buzzer, L, the authors have been able to use extremely small clearances without materially affecting the accuracy of the determination. The only disadvantage of a small clearance which they have observed is that the float reacts more slowly to density changes, so that the total time of a determination is increased from the usual 10 minutes to about 15. minutes for the microfloats.

Temperature, °C.
F i g u r e  3. R e l a t io n  o f  D e n s it y  t o  F l o t a t io n  T e m ­

p e r a t u r e

section of the two curves corresponds to the tem perature tB. 
This is the tem perature a t  which float and sample have the 
same densities, and hence is the flotation temperature. Curve 
A  represents the density of another sample whose flotation 
tem perature is tA.

If the density of the float were constant, as represented by 
the horizontal dotted line, the flotation tem perature of 
sample B  would be tB instead of tB. The flotation tem­
peratures of a group of samples would then be the tempera­
tures a t  which the samples all have the same density, equal 
to th a t of the float.

Actually, the density of sample B  a t  its flotation tempera­
ture is less than tha t of sample A  a t  its flotation tem perature 
by the am ount As/ . The ratio A s,/(tA — tB) is the average 
thermal coefficient of the density of the float over the tem­
perature interval (tA, tB). If the bob expands linearly with 
temperature according to the equation

V/(tB) = V/(,tÀ)[ 1 +  a(lB — ¿a)] (1)

where a is the coefficient of cubical expansion of the float, 
then the ratio, sf  (tB)/sf  (tA), of densities of the float a t  the 
two temperatures is

1
1 4- a(tB — tA) (2)
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Since the coefficient of expansion, o, of glass is very small, 

this expression may be rewritten to a high degree of approxi­
mation as

A8/ =  Sj ( I a)  -  s/ ( tB)  =  s , ( tA) a  ( t B — U )  (3 )
Richards (8, 9) has proposed the use of the flotation tem­

perature method as a means of determining the coefficient 
of expansion of the float. The method would consist in pre­
paring a float of the desired material and determining its 
flotation tem peratures in two standard liquids whose densi­
ties are well known over a wide tem perature range. Equa­
tion 3 may then be used to calculate a, the desired coefficient.

Vf(ts) ~ f ( t i  \
* \ fA |B I

n(d3 o) Iaa, nb
F i g u r e  4 . S l i d e  R u l e  f o r  C a l c u l a t io n  o f  M o l e  F r a c t io n  

o f  D e u t e r i u m  O x i d e  f r o m  F l o t a t io n  T e m p e r a t u r e

Referring again to Figure 3, the difference in density be­
tween substance A  and substance B  a t  the temperature tB is 
given as

S fl(iii) -  Sa U b )  =  ¡ 3 a ( ( a )  -  a x ( i f l ) )  -  A s, (4 )

If the density, of substance A  is known accurately
over the working range of temperature, Equation 4 m ay be 
used in calculating the density of the substance B  a t  the 
tem perature tB.

Longsworth (6) has recently redetermined the densities 
of mixtures of H 20 15 and D20 18 a t  25° C. He concludes tha t 
the mole fraction of DjO16 in a sample m ay be obtained from 
the value, As, of the increase in density of the sample over 
th a t of normal water by the equation

n (D jO) =  9.2351 A s / ( 1 - 0.0309 As) (5)
From  the data of Lewis and Macdonald (Jf) as recalculated 

by Farkas (2) i t  is seen tha t, for pure D20 , As varies by less 
than four parts per thousand over the range from 15° to 
35° C., in which flotation temperatures of water are usually 
determined. In  the more dilute solutions the percentage 
variation of As with tem perature in this range should be 
about the same or less. Hence to within 0.5 per cent Equa­
tion 5 also holds for temperatures other than 25° C. in this 
interval.

For dilute solutions in which the density increment, As, 
is less than  0.05—i. e., solutions containing less than 0.50 
mole fraction of DjO—Equation 5 may be w ritten to suf­
ficient approximation as

n (D jO) =  9.235 As (6)
Furthermore, if substance A  is taken as normal water, 

Equation 4 gives As for sample B  a t the tem perature tB 
which is ordinarily in the range from 15° to 35° C. The two 
equations may therefore be used to  calculate the mole frac­
tion n(DjO) of DjO in the sample from the observed flotation 
tem peratures if the difference is known to be due only to DjO.

These calculations m ay be simplified by the use of a spe­
cially constructed slide rule. For Pyrex glass floats a is 
9.6 X 10-« per ° C. The density s /t^ ) is adjusted equal to 
th a t of normal water a t  some convenient temperature, t A, 
preferably between 20° and 25° C. The term  As, is always 
relatively small, so th a t 8,(1 A) m ay be taken with sufficient 
accuracy as unity  for any tem perature in this range (actually 
it  lies between 0.997 and 0.998). Hence, S /^ 9 .6  X 10_e- 
( iB — tA) ,  and As for the sample a t  tB is given as

As = [sx(ij) -  9.6 X 10~Ha ] -  [sa«a) -  9-6 X 10~«iB
The slide rule is constructed by laying off a nonuniform 

tem perature scale on one slide and a mole fraction scale on 
the other, as shown in Figure 4. The tem perature scale is 
obtained by plotting values of the function

}(t) = sA(t) -  9.6 X 10-« I
for even decimal values of the tem perature. The densities, 

(£), of normal water may be obtained from the In ter­
national Critical Tables for the desired temperatures, w ithout 
interpolation. The mole fraction scale is a  uniform scale 

whose un it is 1/9.235 times the unit used in plotting 
the function, f(t) . The slide rule is used by placing 
the tem perature tA over the mole fraction Nx of D 20  in 
the standard sample, and reading the mole fraction, 
n b, of D20  in the sample opposite the flotation tem ­
perature, tB, of the sample.

In  calculating the mole fraction of H 20 18 in a sample 
from the flotation temperature, when the sample con­
tains only H 20 18 in am ounts essentially different from 
normal water, the same method m ay be used. How­

ever, if we assume the density of pure H 2Ow to be 1.111 
[Randall and Longtin have found some slight evidence in 
favor of this value, from studies of the refractive index of 
w ater enriched in H 20 18 (7)], the factor 9.235 for propor­
tionality  between mole fraction and density m ust be replaced 
by 9.00.

If the approximations assumed in analysis of heavy water 
cannot be applied, the calculations of compositions m ay still 
be carried out accurately by means of the graphical construc­
tion of Figure 3. For this purpose a series of density curves— 
e. g., A  and B—is drawn, one for each mole fraction of 
solute. Then for a particular float the appropriate curve F  
is drawn. Corresponding to  any particular flotation tem­
perature, tB, a point on the curve F  is located. The mole 
fraction of solute in the sample is read from the solution 
density curve which passes through this point. The same 
diagram m ay be used for different floats by drawing in a dif­
ferent curve, F, for each float. This m ethod does not in­
volve any assumptions as to  linear expansion of the float, or 
independence of the density increm ent of solutions and the 
tem perature.
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Spectrographic Microdetermination o f Copper
L E W IS  H . R O G E R S ,1 U n iv e rs ity  o f  F lo r id a  A g r ic u l tu ra l  E x p e r im e n t  S ta t io n ,  G a in esv ille , F la .

T H E  need for a precise method for determining small 
proportions of copper in agricultural materials has led 

to the study of a spectrographic procedure. The advantages 
of spectrographic analysis over chemical analysis in speed 
and sensitivity are well known and in the method described 
below it has the additional advantage of eliminating all re­
agents except one. Microchemical methods for copper 
usually involve solution of the sample, one or more pre­
cipitations, and various other manipulations which increase 
the possibility of contamination with copper or of an ap­
preciable loss of copper, when very small proportions are 
concerned. The procedure described here was designed to 
eliminate these m anipulations in so far as possible.

There have been many determinations of copper with the 
spectrograph. Among those who have worked with biological 
materials are Gerlach and his co-workers (4, 5, 9), van Eyk 
(1), and Ramage and his co-workers (S, 10), who have used 
the following elements as internal standards in one or more 
of their studies: cobalt, molybdenum, silver, sodium, and
tin. E ither tin  or cadmium is used as the internal standard 
in the procedure described here.

Langstroth and M cRae (7) have pointed out tha t a de­
sirable internal standard element should behave in the dis­
charge very much like the element being determined and tha t 
the two should have as nearly as possible the same ionization 
potential. When copper lines 3247 and 3273 are being used, 
tin  line 3262 is convenient, and in addition tin  has other 
characteristics which make its use as an internal standard 
appropriate (see Table I).

T a b l e  I .  I n t e r n a l  S t a n d a r d s
Ion ization

E lem en t P o te n tia l B oiling P o in t W ave L ength
e-volta ° <7. Â .

3247
C u 7 .6 8 2310 3273
Sn 7 .3 0 2270 3262
C d 8 .9 6 767 3261

Tin and copper have boiling points very nearly the same, 
and this should contribute to a similarity of behavior in the 
arc discharge, and hence increase the precision of the de­
termination. Occasionally, however, tin  is detected in the 
sample in  the qualitative spectrographic analysis which is 
always made first; in this event, another internal standard 
m ust be chosen, which in this study has been cadmium. 
Table I  indicates th a t cadmium is not as satisfactory as tin  
as an internal standard for the determination of copper, a t 
least with regard to the characteristics discussed above.

Procedure
A large quartz Littrow spectrograph and nonrecording 

microphotometer have been used here, and essentially the 
internal standard procedure of Nitchie and Standen (8) has 
been followed. The magnified image of the direct-current 
arc source (220 volts, graphite electrodes, 10 amperes) was 
focused on the slit of the spectrograph with a condensing 
lens. The arc was always maintained until the sample was 
completely volatilized.

Since the purest commercial graphite electrodes available 
frequently contain detectable copper, all electrodes have been 
purified, following the solvent purification procedure of 
Standen and Kovach (11). As all c. p . chemicals examined 
a t  this laboratory have contained spectrographically detect-

1 P re se n t add ress, 222 U n iv ers ity  A ve., I th a c a , N . Y.

able copper, some purification is necessary before a base 
mixture for the calibration curve can be prepared. This has 
been accomplished by the use of the basic magnesium car­
bonate procedure as proposed by Steinberg (IS). As many 
as ten recrystallizations did not remove copper as effectively 
as one treatm ent with magnesium carbonate.

The calibration curve was prepared by making up a base 
mixture of purified salts which approximated in its composi­
tion the proportions of the macroconstituents known to 
occur in the material to be analyzed. For example, a base 
mixture for the analysis of orange leaves would contain 40 
grams of calcium carbonate, 2 grams of magnesium oxide, 6 
grams of potassium sulfate, and 2 grams of sodium chloride. 
This mixture approximates the proportions as given by 
Kelley and Cummins (6) as shown in Table II.

T a b l e  I I .  B a s e  M i x t u r e s
K elley and C um m ins’ D a ta  S yn th etio  M ix tu re

% %
C alcium  3 1 .4  3 2 .0M agnesium  1 .73  2 .4P otassium  6 .4 0  5 .4Sodium  0 .7 8  1 .6Sulfur 0 .9 7  2 .2C hlorine 0 .9 5  2 .4Carbonate®  5 0 .6 5  4 8 .0

“ C alcu la ted  (cf. G addum , 3).

To weighed portions of the mixture (carefully homogenized) equal volumes of the standard tin solution and known volumes of a standard copper solution were added to give various stand­ards over the range of concentrations (in this study 0.001 to 0.1 per cent) occurring in the material to be analyzed. The standards were dried, carefully homogenized in an agate mortar, and spectrographed. Twenty spectrograms were made of each standard; these were photometered, the average ratios of the copper-tin densities were determined, and a calibration curve was plotted on semilogarithmic paper with ratios as abscissa and concentration as ordinate.Samples were ashed a t 450° C., the ash was homogenized, and to weighed portions was added tin solution equivalent in volume to that added to the standards. These were dried, homogenized, spectrographed in quintuplícate, and photo­metered exactly as in the case of the standards.
P recision  and Accuracy

Factors affecting precision are nonuniformity of the 
sample, contamination, variation of exposure conditions 
(wandering of the arc, change of line voltage), photometric 
errors, and perhaps others. Every effort has been made to 
reduce the effects of these variables. Solutions of the 
samples would, no doubt, increase the precision, bu t a t  the 
same time would introduce unnecessary manipulation and 
the possibility of contamination with acids; with the pre­
cision required this is an unnecessary risk.

As a  measure of the precision of this procedure, the prob­
able error of the mean result has been calculated for a large 
number of samples which were analyzed in quintuplícate. 
In  general, this was found to be about 5 or 6 per cent, although 
it  was sometimes less. For example, in one set of 22 samples, 
the greatest probable error was 9.6 per cent of the mean, and 
the smallest 1.1 per cent, with an average of 4.5 per cent.

Factors affecting the accuracy are incomplete burning, 
influence of varying major constituents on the volatility and 
“excitability” of the copper and internal standard atoms, and 
perhaps others. In  this study, the sample has always been 
completely burned, and, since standards are prepared which 
simulate approximately the composition of the unknowns, the
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influence of this factor is minimized. Langstroth and 
M cRae (7) advocate the use of a spectroscopic buffer tha t 
will prevent reasonable variations in the extraneous com­
position of the samples from materially altering the trans­
port phenomena. No spectroscopic buffer has been employed 
in this study, bu t its use presents interesting possibilities. 
I t  has been found here tha t when a calibration curve is pre­
pared with a base material consisting, for example, of po­
tassium chloride only, the slope is appreciably different from 
tha t of the calibration curve prepared writh  a base mixture 
containing calcium, magnesium, sodium, and potassium in 
the proportions indicated above for a representative orange 
leaf ash. This effect is more pronounced with cadmium than 
with tin  as the internal standard. Therefore, plant samples 
containing large proportions of potassium may require a 
different calibration curve from those containing large pro­
portions of calcium. The use of a spectroscopic buffer may 
obviate this difficulty.

D iscu ssion
This method m ay readily be extended to include both 

larger and smaller proportions of copper. The lower limit 
of spectrographic detectability of copper is less than 0.0001 
per cent, and there is no upper limit. Above 0.1 per cent 
it  would probably become desirable to utilize other copper 
lines than those used here, since their extreme sensitivity 
gives a plate blackening too great for convenient measure­
ment.

The use of solutions of the samples has other objections 
than the one mentioned above. Of particular importance is 
the retention of copper in the insoluble residue. In  addition, 
when solutions are dried on graphite electrodes, there is 
always some penetration, making it  difficult to determine 
when the sample is completel y volatilized. This penetration 
has been prevented by some workers by treating the elec­

trodes with kerosene or paraffin, bu t it  has been found tha t 
this introduces some copper contamination.

A cknow ledgm ent
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and L. L. Rusoff for assistance in the laboratory.
Su m m ary

A procedure is described for the quantitative spectrographic 
determination of copper in biological materials in the range 
0.001 to 0.1 per cent by direct arcing of the ash. The prob­
able error of the method is about 5 per cent.
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A Simplified Method of Preparing Microscopic Glass Spheres
K A R L  S O L L N E R ,1 N ew  Y o rk  S t a te  C ollege o f  A g r ic u l tu re , C o rn e ll U n iv e rs ity , I th a c a ,  N . Y .

W ELL-defined microscopic spheres of glass (and similar 
high-melting substances) would be of considerable 

value for certain physico-chemical experiments if they could 
be prepared conveniently, bu t such m aterial is not available 
commercially.

Sklarew (2) described in 1934 a method by which micro­
scopic glass spheres may be produced by blowing glass powder 
through a blast lamp into a white-hot heat chamber which is 
connected to a steel pipe 300 cm. long and 90 cm. wide, lead­
ing to a ISO X 180 X 180 cm. cardboard settling chamber. 
The space required for this arrangem ent is not always avail­
able however, and the method is not very efficient as far as 
the quality of the product is concerned, m any particles re­
taining more or less irregular shapes.

An attem pt to use Sklarew’s method in a moderately sized 
apparatus failed: I t  was difficult to keep the whole system 
sufficiently clean and the smallest particles, in which the 
author was most interested, did not settle down and thus were 
lost.

The method described below was finally found satisfactory 
for preparing the microscopic glass spheres needed for certain 
model experiments on colloids, adhesion experiments (now in

1 P resen t address, U niv ersity  of M inneso ta, M inneapolis, M inn.

progress) using Buzdgh’s method (1), bu t using geometrically 
well-defined bodies instead of irregularly shaped ones.

The underlying idea can easily be gathered from Figure 1.
Oxygen is passed through a moderately sized glass bottle, A, containing some glass powder. A suitable orifice, B, and, if neces­sary, a slight agitation of the bottle cause the oxygen stream to be loaded with glass powder. The oxygen may be passed through a small settling chamber C, before reaching the torch, E, through the rubber tubing, D. Gas is fed to the torch through a side arm. The flame originating at the orifice, F, is directed by hand against the surface of the water which fills the dish, G, up to the rim.The particles carried with the oxygen pass through the flame in which they are molten, forming spheres. These spheres are thrown into the water, probably by centrifugal forces originating in the curvature of the flame when it strikes the water surface.
On microscopic examination, the particles are seen to be 

perfect spheres, entirely independent of each other, the smaller 
ones, of course, showing vivid Brownian movement. Among 
thousands of particles usually not a single imperfect sphere 
is found. They seem, except perhaps for the very biggest 
ones prepared thus far, free from internal strain, w'hen tested 
microscopically between crossed Nicol prisms.

The whole arrangement is so simple th a t usually the first 
attem pt will be successful, if a few precautions are taken.
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The gas and oxygen streams should be steady and properly 
adjusted; the quantity  of glass powder carried by the oxygen 
should not be excessive and should be carried along uniformly 
and steadily. Thick-walled rubber tubing with a narrow 
bore should be used to secure high gas velocities; wider and 
thin-walled tubes lead to the formation of glass powder de­
posits owing to low oxygen velocities or kinks. Such deposits 
have a tendency to be blown out suddenly; then an excessive 
quantity  of particles passes through the flame simultaneously 
and is not melted properly.

All containers, rubber tubes, etc., should be dry, and the 
glass powder should be carefully dried a t increased tempera­
ture. If everything is dry each glass particle forms a single 
independent glass sphere; if the particles stick together be­
cause of moisture, these aggregates melt as units, forming big 
spheres tha t sometimes contain air bubbles.

Several commercial hand torches proved useful, particularly 
the type where the oxygen stream (carrying the powder) 
emerges a t  the orifice surrounded by a gas stream (Figure 2, 
upper). To avoid abrasion of metal by the sharp edges of the 
powder, the author used a simple quartz-glass torch (Figure 
2, lower) to which a Pyrex glass tubing was fixed in the posi­
tion indicated, below the torch, its  constricted end being 
under the orifice of the torch a few millimeters back of it. 
Through the Pyrex tube some gas was fed, in order to sur­
round the torch flame with combustible gas. In  this manner 
every particle was sure to  travel through a hot zone. W ithout 
this precaution, a few particles might occasionally slip 
through, without being melted completely.

The size and stiffness of the flame should be adjusted to 
the size and the melting point of the particles. A flame length 
of 5 to 10 cm. is sufficient for glass particles below 10¡x di­
ameter, bu t a hydrogen flame m ust be used for Pyrex. Small 
dishes—e. g., crystallizing—are suitable containers for the 
water.

The lower limit of particle size to which the method may be 
applied lies below th a t of microscopic visibility; the upper 
limit is probably determined by the flame size and the ability 
of the oxygen stream to carry big particles. Thus far the 
method has worked equally well with particles from below 
0.5 up to 50n diameter, no a ttem pt being made to apply it  to 
bigger particles.

I t  is advisable to prepare many small lots instead of one 
large one because of the possible appearance of nonspherical 
particles due to the sudden discharge of deposits, as mentioned 
above. Each small lot is examined microscopically before 
it is mixed with the others.

The use of hydrogen prevents the dissolution of carbon

dioxide (and other impurities) in the water. 
Removal of such impurities can always easily 
be accomplished by repeated centrifuging out 
and redispersing of the particles in distilled 
water.

The simplicity of the method described al­
lows in most cases the use of glass spheres 
prepared shortly beforehand, so th a t the time 
for a possible interaction between the glass 
and the water becomes greatly reduced. Even 
with soft glass such an interaction seems, to be 
much less serious than might be expected— 
several samples of glass spheres prepared from 
soft glass (Williams and Hopkins, London, 
England) kept for a period of more than  2 
years in water and aqueous solutions showed 
no detectable change, except th a t the dis­
tilled water showed a weakly alkaline reaction. 
But, of course, the particles are perfect spheres, 
absolutely independent of each other and show­
ing lively Browmian movement when stirred up 

by shaking. When considering the possibility of a chemical in­
teraction between the spheres and the water, one m ust always 
remember tha t one is dealing with smooth surfaces, probably 
rather free from microfissures as compared with the original 
glass powder.

O x y g e n

G a s

Oxyg en

F ig u r e  2.
G a s

T o u c h e s

Though in the author’s opinion the interaction between 
glass and water is not likely to go so far as to be a seriously 
disturbing factor when experimenting with the spheres, it is 
advisable to use freshly prepared spheres of resistant glass—  
e. g., Pyrex—or if possible of quartz.

An occasional a ttem pt to prepare quartz spheres in a  hy- 
drogen-oxygen flame was not altogether successful; only the 
smallest particles were melted, often forming imperfect 
spheres. B ut there is no doubt th a t a more suitable torch 
and a bigger flame, or still better an acetylene-oxygen flame, 
would yield satisfactory results with quartz.
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A New Apparatus for Microsublimation
B E V E R L Y  L . C L A R K E  AND H . W . H E R M A N C E  

B e ll T e le p h o n e  L a b o ra to r ie s ,  N ew  Y o rk , N . Y .

T H E  term  sublimation describes the transition of a sub­
stance between its vapor and solid states w ithout pas­

sage through the intermediate liquid state. If on raising the 
tem perature of a solid substance the vapor pressure reaches 
760 mm. before the fusion point is attained, the substance 
will sublime when heated in an open vessel under atmos­
pheric pressure (iodine, ammonium chloride). Even if a 
substance has its triple point below 760 mm., it  can be made 
to undergo true sublimation by heating in  vacuo.

Where sublimation is feasible, i t  is frequently a useful 
technique in analysis, particularly in microanalysis. In  a 
suitable apparatus separations can be effected on micro- 
samples, and it  is often possible to produce sublimates tha t 
are readily identifiable under the microscope by their crystal 
form and habit. In  synthetic work sublimation has been 
found useful in the purification of materials. In  the authors’ 
laboratory the apparatus to be described has also proved 
convenient for the separation, by  simple distillation, of the 
volatile and condensable components of minute samples— 
e. g., dust particles. In  such cases the condensate takes 
the form of liquid droplets or amorphous or imperfectly 
crystalline masses, or a mixture of these.

The essential requirement for sublimation is a chamber so 
divided tha t a temperature difference can be maintained be­
tween two surfaces, on the warmer of which is placed the 
m aterial to be sublimed. This tem perature difference, Ad, 
will raise the pressure of the vapor in equilibrium with the 
solid by an am ount A p. The molecules leave the specimen 
surface, therefore, under a pressure p  +  Ap  bu t are returned 
from the cooled sublimate a t  a pressure p, with the net result 
tha t material is transferred from the warmer to the cooler 
surface a t a rate proportional to A p. If 6 be kept below the 
fusion point of the substance, a solid condensate will always 
form and crystalline deposits usually result, since they are 
produced by the addition of molecules directly from the vapor 
state. Since for solids in general the p-d relationship is not 
linear, one should, for maximum speed of sublimation, op­
erate a t  the steepest portion of the p-d curve. The distance 
separating the hot and cold surfaces should be as small as 
practicable, since the speed of transfer is naturally affected 
by molecular collisions occurring in this space. These colli­
sions can also be reduced by evacuating the sublimation 
chamber. I t  will be obvious also th a t heavy molecules will 
be transferred more slowly than lighter ones, since the velocity 
of molecules in a vapor is inversely proportional to their 
molecular weight.

Various methods have been used in carrying out micro­
sublimation. For the simplest qualitative purposes the 
material may be heated on a microscope slide and condensed 
on a second slide held immediately above and cooled by a 
drop of water placed on its upper surface. Lack of tem­
perature control and incomplete recovery of the volatilized 
material are obvious disadvantages of the method. Im ­
provements consist in placing the slide on a heated aluminum 
block provided with a thermometer, a glass ring separating 
the two slides.

When the sublimation is to be continued for longer periods, 
however, and under more carefully controlled conditions, 
more perm anent arrangements are desirable, which provide 
for continuous cooling by water or air circulation as well as 
for evacuation of the sublimation space.

W ith the limitations of existing devices in mind, an a t­

tem pt was made to construct one which would combine, to 
the greatest practicable extent, the best features of each, 
together with original improvements designed to meet exist­
ing needs.

A pparatus
The apparatus consists essentially of a cylindrical metal 

heating block, surmounted by a cooling block of the same 
diameter. The blocks are maintained in coaxial alignment 
by a pair of guide rods over which the upper block slides. A 
glass ring, ground into grooves in the opposing faces of the 
blocks, separates them. W ater or air, circulating through 
the upper block, cools the glass slip which receives the sub­
limate. The sublimation chamber is removable and fits into 
a plunger mechanism in the heater block. A spring, acting 
against this plunger, forces the chamber up against the 
cooled glass slip. Details are given in Figure 1.

The Duralumin heating block, A, is spool-shaped to accommo­date the heater winding, Z, of Nichrome wire. This winding is center tapped and the two sections may be connected in series or parallel, giving two heat ranges. At the center of the block an appropriately shaped well, D, accommodates a snugly fitting plunger, E, also of Duralumin. The main body of the plunger is bored out to form a receptacle for holding the sublimation cup, F. Proper alignment of the plunger and well surfaces, necessary for smooth movement, is maintained by a rod extension which fits the lower, narrowed portion of the well. A light helical spring, S, seated in a recessed portion of this lower well serves to force the plunger upward against the cooling block.The interchangeable sublimation cups are of standard outside dimensions but have a variety of inside shapes and sizes such as are shown in details Fi-F,, suited to different uses. The cup is about 0.5 mm. higher than the accommodating receptacle in the plunger. This prevents the latter from touching the cooling unit, which would result in an undesirable transfer of heat with conse­quent loss of efficiency. The well is of sufficient depth to permit pressing the plunger completely into the block. Fine grooves, filed longitudinally into the sliding surface of the plunger, permit passage of air to and from the well. From points diametrically opposite on the upper spool flange, two 0.6-cm. (0.25-inch) holes, U, are drilled to a depth within 1 or 2 mm. of the well. Beyond the block, they are continued in the form of sleeves, about 2 cm. in length. One of these holes accommodates the thermometer for measuring the block temperature. The other holds the thermo­regulator unit.The vertical guide rods, I, which hold the upper block in align­ment, are set in the upper face of the heater block a t points 900 from the thermometer and thcrmoregulator holes and about 5 mm. from the edge. These rods are fluted to reduce heat conduc­tion. The upper face of the heater block also contains a circular groove, J , 2 mm. deep and 3 mm. in breadth. The cooling block has an identical groove cut in its lower face. The glass ring, L, which separates the blocks has its edges ground into these grooves. If the apparatus is to stand on the table, short brass rods may be set into the bottom of the block to provide feet. For panel mounting, the block is supported by three 0.47-cm. (0.19-inch) steel rods threaded into the spool flanges at right angles to the thermometer and regulator. Two of these rods enter the top flange, and one enters the bottom. The metal surface of the spool is covered with thin asbestos paper, the heater coils are then put in place, and the space between the flanges is filled with Alundum cement. The heater coil leads are brought out through three holes in the bottom flange, each fitted with a ceramic insu­lating bushing.The cooling block, B, is constructed of brass. On its lower face a central cylindrical extension, W, carries the metal slide, C, on which the glass slip is held by a tiny spring clip, T. The slide projects slightly above the retaining slot to prevent fouling the edges of the glass slip when it is removed from the block as well as to reduce unnecessary heat transmission. A stop pin, F,
50
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fitting a small recess a t the back end of the slide, prevents slipping past the center point. The slide may therefore be taken out for inspection and put back with assurance that the glass slip which it carries will be returned to its original position relative to the sub­limation cup. A small knob a t the front end of the slide facili­tates its removal. The whole arrangement is shown in greater detail in C\.A well, G, is drilled from the top of the block, down into the cylindrical extension, IF, to within 2 mm. of the bottom of the slide slot. Near the top of the block at points diametrically opposite, holes are drilled which communicate with the well. Outwardly each of these terminates in a 2.5-cm. (1-inch) length of 0.6-cm. (0.25-inch) tubing for hose connection Q. Water or air circulating through these tubes is forced to traverse the full depth of the well to obtain maximum cooling a t the bottom, by means of a metal baffle, II, fitting tightly against its walls in a plane at right angles to the axis of the inlet and outlet tubes. A V-shaped notch at the lower end of this baffle allows passage of the cooling fluid. The top of the well is closed by the plug­shaped end of a Bakelite or hard-rubber handle, A", threaded into it. A rubber washer between the bottom of this handle and the edges of the baffle seals off the two sections of the well. A 0.6- cm. (0.25-inch) hole, N, is drilled diagonally from the top face of the block into the lower portion of the well on the exit side of the baffle. This accommodates a thermometer for measuring the temperature of the outflowing cooling fluid. At the top of this hole, a small recess permits the insertion of a rubber ring, making a water-tight fitting for the thermometer. A small hole is also drilled downward through the block to a point just inside the circular groove on the lower face. On the upper face, this hole terminates in a tubular hose connection, V, that serves to evacu­ate the space enclosed by the glass ring when the blocks are brought together.Holes near the edge of the block, 90° from the inlet and outlet tubes, are provided for the guide rods, and should obviously be placed so tha t the blocks are coaxially aligned. A spring catch, M, which snaps into a notch at the top of one of the guide rods is

F ig u r e  2 . C o m p l e t e  S u b l im a t io n  A p p a r a t u s  S h o w in g  
D e t a il s  o f  P a n e l  M o u n t in g

mounted on the upper face of the cooling block and serves to hold the blocks apart during preparatory manipulations. The glass separating ring, L, should be of heavy-walled Pyrex tubing with the ends ground to parallel planes. Its height is such that when ground into the grooves, the cooling slide is held within 2 mm. of the heater-block face. Grinding in should be finished with 600-mesh Carborundum and should continue until leakage is very slight when connected to the suction line. I t  should be possible to maintain a 76-cm. (30-inch) vacuum with the average pump.
W.L

F ig u r e  3 . W ir in g  D ia g r a m

The thermoregulator used in this assembly obviously must be small and yet constructed to cover a wide range of temperatures. Such range cannot be obtained through raising or lowering of the contact point. I t  is necessary to introduce or to remove mercury from the expanding column. As may be seen in the drawing, this is done by providing a reservoir with ground-in glass plunger similar to that used in hypodermic syringes. The capacity of the reservoir is controlled by an aluminum screw, R, of largo diameter, acting against the plunger. This reservoir is joined directly to a small L-shaped regulator. Adjustment of the contact level by the knurled screw, R', a t the top provides the fine adjustment.
Use of the apparatus is extremely simple. The cooling 

block is raised until the catch engages the notch in the guide 
rod. The glass rin g 'is  removed and the slide withdrawn. 
A thoroughly clean microscope cover slip is placed on the 
slide, with its edge under the spring clip and its center ap­
proximately a t  the center of the slide. (A tiny  punch mark 
on the slide to denote the axis of the assembly is helpful.) 
The m aterial is placed in one of the sublimation cups and 
this, in turn, placed in the plunger. The glass ring is re­
placed, care being taken to see tha t no dust has fallen into 
the groove. The cooling block is lowered until it rests on the 
glass ring. Rotating in alternate directions with the fingers 
when the suction is turned on helps to seat the ring in the 
grooves. C urrent and cooling water or air are then turned 
on.

The process is stopped by simply turning off the suction 
and raising the cooling block. The plunger rises out of the 
block with the sublimation cup and the tem perature quickly 
drops. By removing the plunger with forceps and replacing 
the cup a second sublimation m ay be started without cooling 
the block.

D iscussion
The interchangeable cups provide convenient adaptation 

to varying types of specimens. The capacity of the sub­
liming chamber m ay be thus reduced to a few cubic milli­
meters when dust particles or single crystals are dealt with. 
On the other hand, it  m ay be large enough to accommodate 
small mechanical parts, the surface of which is to be ex­
amined for traces of waxy or oily m atter as well as for volatile 
inorganic substances such as mercury or ammonium chloride.
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Microdistillation of high-boiling substances under reduced 
pressure can also be carried out satisfactorily. When the 
quantity  distilled is very small, or the viscosity of the dis­
tillate is high so tha t coalescence of the deposited droplets is 
prevented, the distillate is received on the cooled cover glass, 
as in sublimation. Larger quantities of more fluid substances 
are condensed on the arrangement shown in detail X  (Figure 
1). Here the regular cooling slide which holds the cover glass is 
replaced by one of silver which carries a cylindrical process 
on its lower face. The end of this cylinder is bored out to 
form a funnel-shaped reservoir inverted over the rising vapors 
which condense in it. Plating with gold or platinum affords 
protection from corrosive products. When a metal cup is 
used, a ring of glass or ceramic m aterial interposed between 
its edge and the condenser slide reduces unnecessary heat 
transfer. Liquids not too viscous m ay be concentrated in 
the narrow “stem” of the funnel by centrifuging. From this 
they may be withdrawn with capillary tubes.

If the edges of the glass ring enclosing the evacuated space 
between the blocks are in perfectly parallel planes and grind­
ing into the grooves is done carefully, little leakage of air 
occurs. However, even if this were considerable, it still 
would have little disturbing effect on the material in the 
sublimation cup, since communication is established only 
through leakage between the cup edge and the cover slip. 
Vapors tending to pass outward m ust therefore traverse the 
cooled surface of the la tter and condense. As a result, 
quantitative recovery is closely approached, even in vacuum 
sublimation. A ttainm ent of this goal is also furthered by 
the sharp temperature gradient maintained between the cup 
walls and the receiving slip. This facilitates the concentra­
tion of all the sublimate on a sharply defined area with prac­
tically no loss due to partial condensation on zones of inter­
mediate temperature.

Alignment of the cooling block on guide rods and retention 
of the glass slip by a removable metal slide have distinct 
advantages. When the upper unit is raised, the slip and 
sublimate which it  contains are lifted from the cup with a 
purely vertical motion, without interruption of the cooling. 
In  this way smearing of the deposit and accidental volatili­
zation of sublimate through leaving the uncooled slip, even 
for a short time, on the heated cup are both entirely pre­
vented. When the weight of the cooling block is removed, 
the sublhnation cup is forced out of the heater block by the 
spring acting on the plunger. Volatilization of material is 
thus arrested. This feature, combined with the slide, per­
m itting quick removal of the glass slip, simplifies the problem 
of changing the slips a t regular intervals when fractional sub­
limation or distillation is desired. No cooling of the heater 
block is necessary.

The use of metal for construction of the essential parts of 
the apparatus makes possible a more compact and less fragile 
unit and perm its higher operating temperatures. The 
thermostatically controlled electrical heating makes it  prac­
ticable to carry on sublimation or distillation over long 
periods of time with accurate control. The cooling of the 
receiving slip can be regulated by varying the rate of flow' of 
the water or air through the upper block. The thermometer 
on the outgoing side of the baffle indicates the heat trans­
ferred.

The writers have found it  convenient to m ount the ap­
paratus, together with electrical equipment, pressure gage, 
water outlets, etcx on a Bakelite panel which may be fas­
tened to the wall or to a suitable rack, thus conserving table 
space. A complete portable unit is thereby provided, and 
the necessity of making flimsy connections between scattered 
pieces of equipment is eliminated. The photographs in 
Figure 2 show such an assembly. The electrical circuit is 
given in Figure 3.

I t  is the authors’ belief tha t an extension of the idea of 
panel mounting to other forms of microchemical equipment 
would distinctly improve both the efficiency and appearance 
of the laboratory.
R e c e i v e d  Septem ber 30, 1938. P resen ted  before th e  M icrochem ical Sec­
tion  a t  th e  92nd M eeting  of th e  A m erican C hem ical Society , P ittsb u rg h , P a., 
Sep tem ber 7 to  11, 1936.

Hydrogen Electrode for 
pH Microdeterminations

II. A . F R E D IA N I  
L o u is ia n a  S t a te  U n iv e rs ity , U n iv e rs i ty , L a .

T H E  apparatus illustrated has been found useful in this 
laboratory for determining pH  on volumes ranging from 

5 to 60 cu. mm., having the advantages (and disadvantages) 
of the hydrogen electrode bu t being more satisfactory with 
small volumes.

The electrode is constructed by cutting off the ends of a 1-mm. bore capillary stop­cock, leaving approximately 8 cm. on each side of the cock. One end, 6, is widened into a cup-shaped cell capable of holding a maximum of 0.1 ml. A small bead is formed on the end of a 3-cm. length of No. 20 platinum wire, flattened to a thin disk (1.5-mm. radius) and sealed in position as shown, c, with the thin edge in line with the capillary bore.As calomel half cell the inner element, e, of the E. H. Sargent calomel electrode assembly, S-30,445, may be used without modification.I \ \ \  A satisfactory bridge is formed by soak-( > ) \  ing a piece of No. 50 cotton thread in'  saturated potassium chloride solution andthen placing as shown, d. Natural and artificial silks, ramie, etc., are also satis­factory.The electrode is plated by immersing the cell end in the ordinary plating (1) solutions and connecting as cathode. The electrode is washed by immersing in dis­tilled water, the residual droplets being blown out by passing purified hydrogen through a.After thorough cleansing, the electrode is inverted and connected to the calomel half cell as shown. If the cock is closed, when the solution is introduced into the cell by a micropipet the trapped gas in the capillary prevents the solution from drop­ping out of the cell. With a slight hydro­gen pressure on a, turning the stopcockpermits the gas to pass through the celland form small bubbles, which are blown up to the mouth of the cell, coming in contact with both the blacked platinum disk and thread bridge. At the mouth the bubble breaks, the solution immediately flowing down the inside of the cell to the neck and forming a new bubble. Best results have been obtained when approximately 30 bubbles per minute formed. Equilibrium is reached very rapidly.
To determine the accuracy of this cell buffer solutions

ranging in pH from 2.4 to 10.2 (in steps of 0.4 pH) were pre­
pared and studied. The e. m. f. values recorded, using a type 
K-2 potentiometer, checked those obtained using a Hildebrand- 
type electrode on larger volumes of the same solutions.

L iterature C ited
(1) Popoff, Kunz, and Snow, J . Phys. Chem., 32, 1056-60 (1928). 
R e c e i v e d  November 7, 1938.
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A Microdistillation Apparatus
With Receiver for D istilling under Reduced Pressure

S. A . SH R A D E R  AND J .  E . R IT Z E R  
T h e  D ow  C h e m ic a l C o ., M id la n d , M ic h .

An all-g la ss apparatus com b in in g  a re­
ceiver o f  new  design  with, a m icro d istillin g  
co lu m n  for th e  d istilla tio n  o f h ig h -b o ilin g  
liq u id s is  described. T h e  receiver allow s  
several fractions o f  th e  d istilla te  to  b e col­
lected  w ith o u t in terru p tin g  th e  pressure  
u n der w h ich  th e  d istilla tio n  is  perform ed.

D esign  an d  m eth o d  o f  con stru ctin g  th e  
apparatus for 0.5 to  2.0 gram s o f  m ateria l 
are given.

T h e apparatus is easily  cleaned  an d  as­
sem b led , and sh orten s th e  t im e  required for 
a d istilla tion .

S IN C E  their introduction in industrial laboratories, micro­
procedures have constantly required improvements to 

reduce further the mechanical manipulations, thus broaden­
ing the field of application of some of the micromethods al­
ready familiar to industry.

Although several devices for micro- 
distillation under reduced pressure (2,8) 
have been reported, no attem pt has 
been made to complete the distillation 
without interruption of the pressure un­
der which the distillation is performed.
This laboratory was confronted with 
the need for an apparatus for distilling 
small quantities of substituted benzene 
compounds. These compounds for 
the m ost p a rt boiled a t 225° to 325° C., 
and the apparatus here described seems 
an improvement justifying a communi­
cation a t  this time, although the work is 
still in progress.

D esign  o f  A pparatus
The flask and column of the appa­

ratus are similar to th a t of Clarke and 
Hermance (1). The design of the side- 
arm  delivery tube and th a t of the re­
ceiver for collecting the distillate were 
perfected in this laboratory during the • 
past 2 years. The flask has a greatly 
flattened bottom ; the size m ay be 
varied to suit special conditions or par­
ticular liquids. When a thin layer of 
30-mesh silicon carbide or clean sea 
sand is used in place of boiling chips, as 
is customary in macrodistillations, 
evaporation takes place without active 
ebullition, thus eliminating bumping.
An extremely small holdup becomes 
necessary, and this requirement can be 
fulfilled by using a Vigreux column.

The internal projections made by punching indentations in 
the column act as baffles to arrest accidental spray and re­
duce the volume of the column to a minimum.

The receiver is constructed for easy removal of the frac­
tions when the distillation is completed. The all-glass re­
ceiver has the advantage th a t no contamination from rubber 
stoppers is possible, and the desired am ount of distillate can 
be estimated for each fraction before collecting the succeed­
ing portion.

The apparatus shown in Figure 1, designed for volumes of
0.5 to 2.0 grams of m aterial, is easily cleaned and assembled 
and relatively easy to manipulate. I t  has a holdup (weight 
of m aterial in apparatus when the distilling flask has become 
dry) of approximately 0.08 to 0.12 gram of liquid, the column 
being 7 to 15 cm. in length and approximately 6 mm. in in­
side diameter. The receiver (Figure 1) contains small glass 
cups, each having a capacity of 0.10 ml. These cups are ar­
ranged in a circle of nine or more, so th a t  each succeeding 
fraction distilled can be collected by rotating the entire 
receiver around jo in t/ .  The number of cups is variable with 
the thickness of the glass tubing used and the size of the 
glass joint, in. The details of the unassembled apparatus 
are shown in Figure 2. A condenser was not necessary for 

most of the liquids distilled in 
this laboratory. When low-boil­
ing liquids are distilled, the side 
arm  e may be wrapped with a 
cloth containing powdered solid 
carbon dioxide.

C on stru ction a l D eta ils
The distilling flask, a, is a flat- bottomed bulb of 4-ml. capacity- having neck with stopper to fit. The neck and stopper are made 

from a T  7/25 ground joint. Onto the top of the flask is sealed a 6.5- mm. tube, c, which is approxi­mately 0.75 mm. in wall thickness and contains as many internal pro­jections (4 to 5 mm. from center to center) as is convenient. The column has an outside jacket, d, 15 mm. in outside diameter, evacu­ated with a mercury vapor pump. The jacket is wrapped with alu­minum foil further to insulate column c.A 5-mm. tube is sealed to the top of the column and bent downward to form side arm e. The lower 
end of the tube has a T 7/25 glass joint to which is sealed a 5- mm. tubing, g. The latter is ground on a wheel to an angle, the long side being 9 mm. and the short side 4 mm. from the small end of the male part of the ground joint, /. To the long side of tube g is sealed a 1.0-mm. glass rod, tapering to 0.8 mm. The length of the glass rod varies with the distance the receiving cups, j, are placed fromF i g u r e  1 . D i a g r a m  o p  A p p a r a t u s  

54



■JANUARY 15, 1939 ANALYTICAL EDITION 55

F ig u r e  2 . D e t a il s  o f  U n a s s e m b l e d  A p p a r a t u s

the exit end of the side arm, the most convenient length being 225 to 290 mm.Several different arrangements have been tried for conducting the drops of liquid from the side arm into the receiving cups, the one described above proving the most satisfactory. The only requirements for continuous transfer of the liquid from the side arm to the cups are: the glass rod, h, must be smoothly sealed to the lower end of the side arm with the end of the rod extending directly over the cups; and the apparatus must be entirely free from grease.The receiving cups, j , for collecting the distillate are made from 4-mm. thin-walled glass tubing which is sealed to 4-min. glass rod k. The rods with the cups are sealed to a 10-mm. glass rod, I, and the latter is made a part of the removal male glass joint, n. This latter operation is performed by closing the small end of the male joint and sealing the 10-mm. glass rod to the center of this closure. A 6-mm. hole (Figure 2) is then blown opposite this connection to permit evacuation of the ap­paratus by attaching tubing to vacuum pump at o.The distilling flask is heated by means of an oil bath, which is stirred mechanically by a small air-driven stirrer. A thermome­ter in the oil .bath is the only means of measuring the tempera­ture.A 1-mm. layer of clean sea sand or 30-mesh silicon carbide is placed on the bottom of the flask and the liquid is inserted with a pipet through neck 6. The flask is connected to the receiver and the apparatus evacuated to the desired pressure. The tem­perature of the oil bath is then slowly raised until a steady reflux is maintained in the column. To do this it is necessary to adjust the temperature of the oil bath to =*=1.0° C. to permit only one or two small drops of the liquid to be distilled during 3 minutes. If a large amount of liquid is driven over, the column floods and the efficiency of the apparatus is impaired. A uniform reflux is essential for best results.Arbitrary fractions are collected by rotating the receiver con­taining the glass cups around joint /, rather than at m, there being less resistance, especially when a high vacuum is main­tained. When the distillation is complete, air is allowed to enter the apparatus at o, and the lower part of receiver n is re­moved. The refractive index, boiling point, and chemical analysis, if desired, are determined on the separate fractions by well-known micromethods.
The receiver described here has been used with the Vigreux- 

type column, and the column described by Craig for

high-boiling liquids. The latter was used in those cases 
where the liquid did not wet the glass surface. A short 
ground-glass joint was placed between the flat-bottomed 
flask and the column used by Craig to facilitate introduction 
of the resistance wire and the inner part of the column.

T ests on  a S y n th etic  M ixture
Although the apparatus described has been used primarily 

for determining the boiling range of organic liquids obtained 
in small amounts, actual tests on the separation of synthetic 
mixtures were made to be sure of the value of the apparatus.

F i g u r e  3 . T e s t s  o n  50-50 M i x t u r e  o f  I s o a m y l  
S a l i c y l a t e  a n d  C a p r y l i c  A c id

□ Separation obtained by Craig’s column O Vigreux column with evacuated jacket and receiver A Vigreux column without evacuated jacket but with receiver

The curves (Figure 3) represent graphically a comparison 
of the results obtained with a 50-50 mixture (per cent by 
weight) of caprylic acid and isoamyl salicylate. The analy­
ses were made by the refractive index method. Curve 1 
represente the separation given by the column described by 
Craig bu t without the receiver. Curve 2 is the separation ob­
tained with a 15-cm. column and the receiver as described in 
this paper. Curve 3 represents the results obtained with an 
apparatus similar to the one described, bu t w ithout the 
evacuated jacket surrounding the Vigreux column. In  each 
case 1 gram of the mixture was used and the distillation was 
done under 1-mm. pressure.

L iterature C ited
(1) Clarke, B. L., and Hermanee, H. W., Mikrochemie, 18, 289

(1935).(2) Craig, L. C., Ind. E ng. Chem., Anal. Ed., 9, 441 (1937).
(3) Peakes, L. V., Jr., Mikrochemie, 18, 100 (1935).
R e c e i v e d  September 26, 1938. Presented before the Microchemical 
Section at the 96th Meeting of the American Chemical Society, Milwaukee, Wis., September 5 to 9, 1938.



THE METCALF RESEARCH LABORATORY AT 
BROWN UNIVERSITY

H A R T L E Y  C . E C K S T R O M  
B ro w n  U n iv e rs ity , P ro v id e n c e , R . I .

T H E new Metcalf Research Laboratory, the construction 
of which was made possible by a gift of half a million 

dollars from former Senator Jesse 'H . Metcalf, stands on the 
Brown Campus adjacent to the Jesse Metcalf Memorial 
Laboratory, a gift from Mr. Metcalf in 1922. The architec­
ture of the new laboratory, like tha t of the older structure, is 
Georgian and harmonizes with other nearby buildings. In 
addition to the building, M r. M etcalf’s gift provides for much 
new research equipment and endowment for research.

The new laboratory is a three-story structure, with base­
ment, having a length of 130 feet and a width of 48 feet. Its  
primary purpose is to provide research facilities for the staff 
and students of the Departm ent of Chemistry. I t  also 
houses the laboratories of undergraduate physical chemistry 
and the combined libraries of the Departments of Chemistry, 
Physics, and Mathematics.

The arrangement of laboratories and service rooms will be 
evident from the floor plans. The corridor walls divide the 
building so th a t the laboratories on either side have a depth of 
19 feet. The corridor ends a t a transverse partition wall a t 
the west side in order to provide some larger rooms, 30 X 45 
feet, which m ay be used intact or divided suitably to meet the 
need for laboratories of unusual size and shape.

In  the basement are laboratories for photochemical and 
spectroscopic research, the machine shop, generator and 
switchboard room, storerooms, and the air-conditioning unit. 
Undergraduate physical chemistry is provided with a large 
laboratory on the west end of the first floor, as well as several 
small laboratories, a dark room, and a storeroom. Except 
for one office, the remaining space on the first floor has been

divided into small laboratories, all equipped w ith light-tight 
blinds. On the second floor are located offices, a conference 
room, research rooms, and service rooms which include a 
storeroom, an instrum ent room, a balance room, and a con­
ductance room. Altogether, there are twenty-two research 
laboratories capable of accommodating thirty-five laboratory 
workers very  comfortably.

Numerous rooms are provided for special purposes; they 
include the microphotometer room, grating room, spark room, 
special spectroscopic laboratories, two darkrooms, and com­
puting room. The combined chemistry, mathematics, and 
physics libraries are housed on the third floor, where there are 
two levels of stacks accommodating 60,000 volumes. In 
addition, there are a reading room, three offices, and a small 
conference room. Additional reading room is provided by 
means of carrells along the south and north walls a t the end of 
the stacks. A small freight elevator connects all three floors 
and the basement. I t  is located next to the stock rooms, thus 
providing an easy means of transporting heavy equipment 
and stock from one floor to another.

The entire building was designed so th a t it m ay easily be 
adapted to any type of research. The only perm anent floor 
fixture in any laboratory is the sink. All sinks are Karcite 
and are provided with steam and steam mixers. All chemical 
desks and tables are constructed of steel with Transite tops 
and are portable. Around the walls of all laboratories, pipes 
for gas, water, and air are attached to racks by means of 
small brackets and a special pipe for water drainage is hung 
below these. This arrangement perm its the moving of 
tables, desks, ammonia benches, and special apparatus to any

56
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Below. L a y o u t  o f  
L a b o r a t o r y  o
Setup of freezing point apparatus

Above. L a y o u t  o p  
L a b o r a t o r y  213

S E C O N D  F L O O R

nating current circuit is run along the walls in a 4 X 4 inch 
steel trough with hinged front, fastened to the wall racks 
above the pipes for water, gas, air, and drain. W henever it 
becomes necessary to add other electrical services, the con­
ductors may be laid in this trough. All laboratory circuits, 
except special circuits, are provided with individual circuit 
breakers. The special circuits terminate in safety switches. 
This, again, permits changes to be made in the wiring of any 
laboratory without inconvenience to workers in the rest of the 
building.

The photographs illustrate the flexibility of the arrange­
ment adopted. The steel trough conduit, the water, gas, and 
air pipes, and the water drain are clearly visible. A unit of 
two circuit breakers and a special circuit safety switch is 
visible in Laboratory 213. The design and construction of 
the ammonia benches and the manner in which they are con­
nected to the services may also be seen in Laboratories 204 
and 213.

Since the building is fire-proof throughout, with the interior 
walls and facing of vitrified tile, it was necessary to provide an 
easy means of hanging pipes, conduits, and wires, and of sus­
pending special apparatus, such as galvanometer suspensions. 
This was accomplished by means of ceiling inserts which are 
regularly spaced a t 4-foot intervals in all laboratories, starting 
1 foot from all walls. By means of special hangers, any type 
of apparatus or pipe m ay be readily hung without boring holes 
in either the walls or the ceiling. In  Laboratory 213 the pipes 
for gas and air are run across the ceiling to the middle of the

8 A

F l o o r  P l a n s

p art of a laboratory with the necessary services always avail­
able. All the services—water, gas, air, and steam—tha t supply 
a laboratory m ay be shut off in tha t laboratory, so tha t any 
necessary changes may be made in a laboratory without dis­
rupting the work in any other p a rt of the building. Since all 
pipes and electrical conduits are exposed, changes may be 
easily made.

Each laboratory is also provided with 110- and 220-volt 
alternating current, 110-volt direct current of 35 amperes 
capacity, and two special circuits with a carrying capacity up 
to 100 amperes. These circuits run directly to the switch­
board in the basement. In  all laboratories, the 110-volt alter­

F I R S T



room for use with a blast lamp and two galvanometer sus­
pensions and numerous wires are shown hung from the inserts 
in Laboratory 5.

The undergraduate physical chemistry laboratory and 
several other laboratories are equipped with hoods which are 
constructed of black composition stone with glass doors. 
Each hood is provided with a sink, and with water, gas, air, 
steam, and electrical services. The table tops in the hoods 
are removable, so th a t racks, similar to those of the ammonia 
benches, may be set up inside the hoods. Each hood is pro­
vided with an individual exhaust fan. All other laboratories 
are provided with ducts for fume ventilation. N ot more 
than two laboratories are connected to one exhaust fan and all 
fans have a capacity of 900 cubic feet per minute. The ducts 
are constructed of Transite pipe. The fans are placed just 
under the roof, and each fan has its own exhaust to the 
atmosphere, so th a t there is no danger of a down draft re­
turning the exhausted fumes to another laboratory.

N ear the south wall in the basement of the building provi­
sion has been made for hanging a 110-foot absorption tube for 
spectroscopic work. On the west side, in the basement, a 
special thermally insulated room has been provided for a 21- 
foot grating which will be used with a modified Eagle mount­
ing, and has been so arranged tha t the grating may be used in 
conjunction with the absorption tube. The machine shop, 
which is 50 feet long and IS feet wide, provides ample facilities 
for machine work and apparatus construction required for re­
search purposes. In  one corner of the shop, a small student 
shop has been provided and equipped with a small lathe, drill

press, and other tools. The shop is lighted by means of m er­
cury vapor lamps. Fume ventilation is provided by means of 
an open-faced hood. All machines are individually driven by 
means of three-phase motors. Since the basement labora­
tories have no windows, it  was found necessary to air-condi­
tion the basement. The air-conditioning equipment has a 
capacity of 2,000 cubic feet per minute.

On the second floor, a special room has been fitted up for 
conductance work. In  this laboratory is a shielded, sound­
proof room which holds the bridge used for conductance 
measurements. Connected to the balance room is a ther­
mally insulated room which is used to house a microbalance. 
The balance room itself is used only for special balances of 
high sensitivity; other balances are distributed in the various 
laboratories as needed.

Every effort has been made to ensure adequate lighting in 
all parts of the building. Each research laboratory, depend­
ing upon size, has from two to six ceiling fixtures, each of 350- 
w att capacity. In  addition, a special ceiling receptacle with 
its own switch is provided to supply additional lights as 
required.

Each research laboratory is furnished with a chemical desk 
which has three drawers, plain tables, a glass-blowing table, 
an ammonia bench, a storage cabinet, a clothes locker, and a 
desk with lamp and chair and a bookcase. Each ammonia 
bench is furnished with gas, water, air, and electricity. The 
chemical desks are open underneath and have no lockers for 
storage; adequate storage space is provided in 72 X 36 X 18 
inch cabinets.
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A N D  R E T E N T I O N  ARE

IDENTICAL IN EVERY

SHEET OF A  GRADE

y

MU N K T E L L S
^ w e d iiL

FILTER PAP ER
The reliable uniformity of each grade of Munktells 
Swedish Filter Paper is your assurance of freedom 
from varying ash content, accidental impurities, un­
necessarily high ash and differences in speed or 
retention.

The reasons for Munktells superior characteristics 
are simple. Climatic conditions and remarkable pur­
ity of the water available at the point of manufacture 
are incomparable. Furthermore, Munktells has the 
accumulated experience of 100 years of paper 
production.

Ten grades of Munktells Filter Paper are avail­
able, each designed to serve definite requirements. 
If you are not already familiar with the various grades 
and recommended applications write for a copy of 
"Munktells Swedish Filter Paper Bulletin." Samples of 
each grade willalsobesent,withoutcharge,on request.

S H R G E n TL H B O R R T O R V  S U P P L I E S
E.H.Sargent & Company • 155 East Superior St., Chicago



10 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 11, NO. 1

Subscription Rates
American Chemical Society Publications

1. Journal American Chemical Society....................................  § 8.50
2. Chemical A bstracts...................................................................  12.00
3. Industrial and Engineering Chemistry.

a. Industrial E d itio n ...........................................  S3.00
b. Analytical E d itio n ........................................... 2.50
c. News E d itio n ....................................................  1.50
3a and 3b together................................................ 5.00
3a, 3b and 3c (i. e., complete jo u rn a l)..............  6.00

10% discount for combinations of 1, 2 and (or) 3 (complete). Postage 
to foreign countries outside the Pan American Postal Union extra as 
follows: 1, S I.50; 2, $2.10; 3a, S1.20; 3b and 3c, SO.60 each; 3 
complete, $2.40. Canadian postage one-third these rates.
Single copies of current volumes, 75 cents each, except 3b ($.50) and 
3c ($.10).

BACK N U M BER S AND VOLUM ES
Jour. Am. Chem. Soc., Vols. 28-60 (only ones available), each.............. S 9 .00Index to Vols. 1-20..................................................................   1.00Single copies, some prior to Vol. 28, each.............................................  .80Chemical Abstracts, Vols. 1-32, including 1st and 2nd DecennialIndexes....................................................................................................  645.00Vols. 9-15, each............................................................................................. 20.00Vols. 16-32, each........................................................................................... 15.00

Single copies, except Index Nos., each...................................................  .80Annual Index, each y ea r............................................................................  2 .502nd Decennial Index, 5 Volumes.............................................................  50.00Ordered with 3rd Decennial Index before June 1, 1939, orfor replacem ent............................................................................  25.003rd Decennial Index, 5 Volumes..............................................................  100.00Contingent discount of 50%  to individual members, contributing firms, 
educational institutions and public libraries in the United States. Industrial and Engineering Chemistry

Industrial Edition, Vols. 1-30 .........................   270.00Vols. 9-30, each .......................................  9 .00Single copies, each .................................................. .80
Analytical Edition, Vols. 1-10 .................................................................  40.00Vols. 4, 5, 7, 9, 10, each .......................................  4 .00Single copies, when available, through Vol. 8,

e a c h ......................................................................  .60Single copies, Vols. 9-10, each............................ .50News Edition, Vols. 1-16, each......................................................  2 .00Single copies.............................................................  .10
Volumes not priced singly, available only in complete sets.Members, for personal use, 20%  discount from above prices, except completesets, Decennial Indexes, and single copies of the News Edition.

Advance payment is required in all cases and m ust be m ade by postal order or check payable in U. S. currency on a  bank in the United States.
D O M ESTIC SH IPM E N T S. Single copies are sent by mail. Full volumes and sets are sent in the United S tates and Canada express collect.
FO R E IG N  SH IPM E N T S. Additional charge for postage. Foreign ship­m ents will be sent by mail either a t purchaser’s risk or by registered mail a t  postage cost plus 5%  of invoice additional for registry; minimum charge, 75 cents. Large shipments will be delivered free, if desired, to  responsible forward­ing agents in New York, further charges to be paid by the purchaser on receipt.
The Society will not be responsible for loss due to change of address unless notification is received ten days in advance of issue. Claims for non-receipt 

m ust be made within 60 days of date of issue. “Missing from files” cannot be accepted as evidence of non-receipt. If change of address means a  change of position, please indicate its nature.
Subscribers desiring their journals forwarded from an old address should always notify their Postm aster and leave necessary postage.
The names of members and subscribers, whose journals cannot be delivered by the Post-Office Departm ent, will be cut off the mailing list a t  once, and will not be restored until correct addresses have been furnished.
In  the  absence of other information, the notices of change of address received 

from the Post-Office D epartm ent will be considered as correct, and the mailing 
list changed accordingly.

Address communications relating to the foregoing to 
CHARLES L. PARSONS, Business M anager, Mills Building, W ashington, D.C.



JANUARY 15, 1939 ANALYTICAL EDITION 11

HOW FAST IS YOUR CENTRIFUGE TURNING?

A  N E W  ta c h o m e te r  h a s  b e e n  e s p e c i a l l y  d e s ig n e d  
a n d  b u i lt  fo r  a p p l ic a t io n  to  a l l  In te rn a t io n a l S i z e  1 a n d  
S iz e  2  C e n t r i fu g e s . T h e  u se r c a n  n o w  t e l l  a t  a  g la n c e  
th e  s p e e d  a t  w h ic h  th e  m a c h in e  is  ru n n in g  fo r  a n y  se tt in g  
o f  th e  p o in t e r  o n  th e  r h e o s ta t .

I N D I C A T I N G  T A C H O M E T E R
for

International Size 1 and Size 2 Centrifuges
with

Speed range from 0  to 6 0 0 0  in steps of 1 00  r.p.m.

T h e  ta c h o m e te r  m o u n tin g  c o n s is t s  o f  a  t w o  p i e c e  b a k e -  
l i t e  c a s in g ,  th e  in n e r  p i e c e  o f  w h ic h  is p e r m a n e n t ly  fa s te n e d  
to  c e n t r i fu g e  c o v e r .  T h e  o u t e r  p i e c e  is a d ju s t a b le  b y  
m e a n s o f  t w o  th u m b  s c r e w s  to  m ake u p  f o r  th e  d i f f e r e n c e  
in  h e ig h t  b e t w e e n  th e  s ta n d a r d  h o r iz o n t a l  t y p e  h e a d s , 
c o n ic a l  h e a d s  a n d  b a s k e t  t y p e  h e a d s .

D r iv e  is  b y  m ean s o f  a  r u b b e r  t ip  in t e r p o s e d  b e t w e e n  
th e  t o p  e n d  o f  th e  m o to r  sh a ft  a n d  th e  ta c h o m e te r  stem  w h e n  
th e  c e n t r i fu g e  c o v e r  is  c l o s e d .

T h e  n e w  ta c h o m e te r  c a n  b e  a t ta c h e d  to  a n y  S iz e  1 ( T y p e  C  
o r  T y p e  S B )  o r  S iz e  2  C e n t r i fu g e  n o w  in s e r v ic e .

Selling Price $ 1 8 . 0 0

I N T E R N A T I O N A L  
E Q U I P M E N T  C O.

352  Western A venue

B O S T O N ,  M A S S .

Mdkers of Fine Centrifuges

Identification of A lk yl Groups

WHEN determining the amount of alkyl linked to oxygen or 
nitrogen, identification of the alkyl group is often desired. 

This is possible if the alkyl iodide obtained by the usual Zeisel 
method is distilled into 3,5-dinitrobenzoic acid silver salt, as 
described by Furter, Tlelv. Chim. Acta, 21, 872 (1938). Further 
reaction with a-naphthylamine, and fractional crystallization, 
permit the identification of two or three different alkyl groups in 
the presence of each other.

Eastman 3,5-Dinitrobenzoic Acid and Eastman a-Naphthyla- 
mine are supplied in a purified grade suitable for such analyses. 
An abstract of their use in the above method will be forwarded 
upon request. . . . Eastman Kodak Company, Chemical Sales 
Division, Rochester, N. Y.

E A S T M A N  O R G A N I C  C H E M I C A L S
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h C  PRODUCTION OF CHEMICAL PORCELAIN 
IS THE TOP RUNG OF THE CERAMIC LADDERPARR I N S T R U M E N T S

tOORS 
JJ. S. A,

I N S T R U M E N TCOMPANY • Moline, 111.

NON-FADING 
GLASS COLOR STANDARDS

for 
S u p er io r

pH 
CONTROL

Spencer Polarizing M icroscopes are specially 
designed to provide a quick and accurate method for analyzing crystalline m aterials. 
They m ay also be used for alm ost any micro­scopic exam ination as well as for m easuring and counting. They accom m odate many different 
com binations of optical equipm ent.

The Ahrens prism used in the  analyzer gives a wide field of view. T he polarizer, w ith Ahrens prism, can be used w ithout the condenser, or the condenser w ithout the polarizer. W rite 
D ept. N48 for com plete details.

For nearly a century , Spencer optical instrum ents have been noted fo r  their high precision and mechanical perfection.Spencer Lens Company
REFRACTOMETERS 
COLORIMETERS 
SPECTROMETERS 
PROJECTORS

M o re t h a n  800,000 H E L L IG E  G lass  C o lo r S ta n d a r d s  
h av e  b e e n  so ld  in  d iv ersified  fie ld s  th r o u g h o u t  th e  
w o rld . T h e y  a re  p e r m a n e n t ly  re lia b le  a n d  p e r p e tu a l l y  
g u a r a n te e d  a g a in s t  fa d in g , e l im in a te  g u essw o rk , a n d  
a re  e c o n o m ic a l, c o n v e n ie n t  a n d  ea sy  to  u se .

H E L L IG E  C O M PA R A T O R S, in c o rp o ra t in g  th e s e  
n o n - f a d in g  s ta n d a r d s  fo r  p H  a n d  n u m e r o u s  o th e r  
te s ts ,  a re  e n jo y in g  a n  in c re a s in g  p o p u la r i ty .  In v e s t i ­
g a te  to d a y !

S e n d  fo r  B u lle t in  N o. 605

H E L L I G E ,  I N C .
3718 N o r th e rn  B o u le v a rd  L o n g  I s la n d  C ity , N . Y. MICROSCOPES i-É P F N rn T

MICROTOMES l rb  ~
PHOTOMICROGRAPHIC l l BurrALO j 
EQUIPMENT

For use in low pressure catalytic research

W ri te  f o r  B u l l e t in  E-54
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E C O N O M I Z E  < £ )
W ITH

PLATINUM

U n d e r  p resen t  m a rk e t  cond itions even th e  
initial inv es tm en t is un usua lly  favo rab le .

W i th o u t  d o u b t  th is  is th e  ideal t im e to  acq u ire  a 
com plete  set of P la t in u m  la b o ra to ry  equ ipm ent, 
a n d  to  exchange superfluous sc rap  fo r n e w  w ares .

T h e  A m e r i c a n  P l a t i n u m  W o r k s
N EW AR K , N . J .

M ea su re d  in  te rm s  of leng th  of service, 
g rea te s t  speed a n d  accu racy , a n d  high 
exchange value, th e  p ro r a te d  cost of 
p la t in u m  w a re s  is a lw a y s  ex trem e ly  low .

When there is anything to be done which involves fixed time, just set the “reminder” indicator to the timing interval desired; a pleasing chime will call you when the time has elapsed. In­tervals may be changed or cancelled whenever required. If not nearby at termination of the interval, the insistent MINUTE-MINDER bell will continue to chime until you shut it off.

Easy O peration  
T urning right hand knob sets 
reminder indicator on outer dial 
for an interval. W hen depressed 
knob shuts off signal chime. To 
s ta r t counting bell, tu rn  red in­
dicator away from, and back to, 
zero. Knob on left sets clock 
dial hands.

The New Synchronous Motor Operated

Min u t e  
in d e r

w ith  the  “ M elron o te" Secon d C oun tin g  B ell

#1190B (illustrated)
Sm artly designed case of black 
and white bakelite. Self-start- 
ing m otor, 60 cycles, 110 V, and 
2 color dial. Complete, with 
rubber covered cord and switch 
plug, ready for operation.

$6.50

A Dependable Clock
The electric MINUTE- M IN D ER  provides always accurate-to-the- second time at a glance and, when required, serves as an unfailing reminder of the ter­mination of pre-set in­tervals up to 1 hour and 55 minutes.

Efficient Interval Timer
R y m ea n s o f  th e  “Metronote” counting bell feature, an audible signal is repeated, once every second, exactly, as long as required. Sweep second hand pro­vides added conveni­ence. Ruilt for long, trouble-free service.

A. DAIGGER & COMPANY
159TW e s t  K i n z i e  S t r e e t  LABORATORY SUPPLIES C h i c a g o ,  I l l i n o i s
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N B A C H
COLLOI D
M I L L . .
A  rugged homogenizing 

machine for processing 

materials on a continuous 

production basis.

T h e  E p p e n b a c h  mill  m a k e s  it p o s s ib le  for  the 
c h e m ist  to  p ro ce ss  materials  on  a c o n t in u o u s  
p ro d u c t io n  basis.  This mill  cuts fibrous part i­
c le s ,  grinds hard p a rt ic les ,  r e d u c e s  o i l  em u ls ion  
g l o b u le s  to  v e r y  fine d im e n s io n s ,  a n d  d isch a rg e s  
them  c o o l  . . .  a rad ica l  d e p a r tu re  from a n y  o ther  
c o l lo id a l  e q u ip m e n t .

D isc h a r g e  o f  th e  f in ish ed  materia l  w ith  te m p e r a ­
ture c o n tro l  a n d  th e  e l im in a t io n  o f  a n y  p o s s ib le  
air are  o n l y  a f e w  o f  th e  m a n y  im po rtan t  features  
o f  this mill .  R o to r s  a n d  stators are  m a d e  o f  im ­
p r o v e d  s te e l s  that are  g lass-hard  a n d  sta in less  
a n d  w il l  gr ind  v e r y  a b ra s iv e  m ateria ls  fo r  lo n g  
p e r io d s  o f  t im e .  T h e  b o d y  o f  th e  stan dard  
mills  is c o n st ru c te d  o f  cast  iron a n d  b r o n z e ,  
w h i le  th e  sa n ita ry  m ills  is o f  n ic k e l  silver .  
A l l - s t a in le s s  mills  a re  furn ished  on  re q u e s t  at 
s l ig h t ly  h ig h e r  p r ices .

The mills are self-cleaning, or can be taken apart 
if desired. The m ill is absolutely silent and w ill 
run on a 24 hour a day basis if so desired. In 
experimenting, a small amount of material can 
be used and by-passed to  a llow  the material to  
circulate, w hile the adjustment gap is set down 
to the desired fineness. This by-pass arrange­
ment also makes it possible to fill d irectly  into 
jars or containers, using the m ill both as a pro­
duction unit and as a filling  machine.

Eppenbach C o llo id  M i l l— size B— 2 hp.— motor 
speed 3540 rpm. under load— 3 to 30 gals, per 
hour capacity— 1 7 " X  17 " X  4 0 " dimensions—  
price $709 .50  fob. State whether standard or 
sanitary model is desired.

THE C H E M IC A L  RUBBER CO.
1900  West 112th Street, Cleveland, O h io

E P P E [ % T T ^ |  
Important A d v a n t a g e s ^

offered by
\co

JENA Fritted Glass Filters
•J Complete visibility during filtration and 

extraction,
2  Convenient and exact weighing.
3  Complete drying — constant weight at 

110 C.
4  Insoluble (except to hydrofluoric acid and 

hot concentrated alkalies).
5  Large filtering surface.
6 Can be easily cleaned.
7  Not affected by filtration of liquids such as 

Fehling’s Solution, Ammonia, Concentrated 
Alkali Hydroxide, and Concentrated Sul­
phuric Acid.

Available in porosities of 1 to S/3 covering a range of 
filtrations from coarse precipitates to the filtration of 
broths containing bacteria.

A t leading laboratory supply dealers
C atatogue  J L  270, w ith  a  full listing  of fr i t te d  glass filte rs  in  all 
form s such as crucibles, funnels , gas tu bes au d  special a p p a ra tu s , 
will be sen t on req u est.

F IS H -S C H U R M A N  C O R P ., 250 E . 4 3 rd  S t . ,  N ew  Y o rk  C ity  1
U . S. A gen ts, Jen a  G lass W orks, S ch o tt & G en.

F i s K - S c h u r m a
WANTED/
Back Journals of the  American Chemical Society 
INDUSTRIAL AND ENGINEERING CHEMISTRY
Industrial Edition—Vol. 27, No. 11 @ .25 each28, No. 1, 3 and 4 @ .25 each29, No. 3 @ .25 cachAnalytical Edition—Vol. 6, Nos. 3 @ .50 each and No. 6 @ .25 each8, No. 1 @ .25 each News Edition—Vol. 5, No. 6 @ .25 each 6 No. 1 @ .25 each
CHEMICAL ABSTRACTS
Vol. 1, Nos. 12, 13, 14, 16 and 22 @ $1.00 each Vol. 1, Nos. 2, 3, 15, 17, 18, 19, 20, 23 and Index @ .75 each 1, Nos. 4, 5, 8, 9, 10 and 24 @ .50 each1, Nos. 1, 6, 7, 11 and 21 @ .25 cach

2, Nos. 1, 3, 6, 7, 8, 11, 17 and 19 @ .75 each
2, Nos. 2 ,4 , 5, 9, 10, 12, 13, 14, 15, 16, 18,20, 21,22, 23 and 24 @ .50 each
3, Nos. 1 ,2 ,4 ,6 , 7, 8 ,9 ,10 ,11 ,12 ,13 ,14 ,15 ,16 ,17 ,18 , 19, 20,21, 22, 23,24 and Index @ .25 each4, Nos. 1, 2, 5, 8, 9, 15, 16, 17, 22 and 24 @ .25 each5, Nos. 1, 6, 10, 11, 12, 13, 14, 15, 16, 17 and 24 @ .25 each30, Nos. 5 and 6 @ .50 each

JOUR. AMER. CHEM. SOCIETY
Vol. 58, Nos. 2 and 3 @ .25 each

Address all packages to the American Chemical Society, 20th and Northampton Streets, Easton, Pa., and pay trans­
portation charges. Express collect packages will be refused. Be certain that your name and address appear thereon. Also send memorandum to Charles L  Parsons, Secretary, Mills Building, Washington, D. C. Journals must be received in good condition. This offer is subject to withdrawal without notice.
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BRAUN DIRECT-DRIVEN PULVERIZER

TH E L A S T  W O R D
IN  L A B O R A T O R Y  P U L V E R IZ E R S

The Braun Direct-Driven Pulverizer is the most up-to-date and efficient machine yet manufactured for reducing samples in assay, metallurgical and industrial laboratories.
This Pulverizer has many advantages in the laboratory. It is compact—takes up a space of less than two by three feet. It is driven by a built-in 2 h.p. motor, eliminating all belts, pulleys and shafting.
The motor is fully protected against stalling by a thermal relay, and against dust by a dust collector. The Pulverizer is ball bearing eguipped throughout.
Like all Braun Pulverizers, it reduces ma­
terial l/4 inch or finer to a pulp of the desired mesh in a single operation. It is easy to clean, easy to operate, easy to maintain. No lubri­
cation is ever reguired.
W rite D ep t. I - 1 for B u lle t in  C-115, w h ic h  gives  

c o m p le te  d e ta ils .

S o l a r
C O N D U C T I V I T Y  BR I DGE

5818

This is a'portable, self-contained, stu rdy  and easy to 
operate adaptation of the W heatstone Bridge for 
measurement of resistance and electrolytic conduc­
tiv ity  th a t finds m any applications. I t  m ay be 
used for checking the purity of distilled water, the 
chlorine concentration of tap  water and the routine 
examination and control of waters used in various 
processes or for boiler feed. I t  has been found of 
value for determining the concentration of pure solu­
tions or a change in concentration of mixed solutions 
as well as for the conductivity of electrolytes. I t  is 
likewise recommended for checking moisture content 
of soils as well as soluble salts present and numerous 
other purposes. The two m ajor purposes for this 
instrum ent are the measuring of specific resistance 
of electrolytes and for ordinary resistance measure­
ments whore an A.C. bridge m ay be employed. 
The accuracy of measurements is within 2 percent 
except for the extreme ends of calibration and are 
independent of line voltage variations. I t  employs 
an A.C. bridge with cathode ray visual null indi­
cator, the calibration not depending upon a delicate 
galvanometer. I t  can be used for resistance meas­
urements from 0.2 to  250,000 ohms so th a t it will 
be found useful in calibrating rheostats, potentiome­
ters, etc.

5818 C O N D U C T IV IT Y  B R ID G E— Solar. Com­
plete with tubes and conductivity cell; in walnut 
case with operating directions; for operation on 
110-125 volts, 50 to  60 cycles A.C...................... 75.00

This conductivity bridge is described in more 
detail on Page 281 of our new Catalog available to established laboratories on request.BRAUN

C O R P O R A T I O N
Los Angeles, California
* Seattle, Washington 

SCIENTIFIC SUPPLIES CO.
2260 East Fifteenth Street

San Francisco, Calif. 
BRAUN-KNECHT-HEIMANN-CO. L A B O R A T O R Y  A P P A R A T U S  

A N D  C H E M I C A L S
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HOSKINS 
PRODUCTS

ELECTRIC HEAT TREATING FURNACES • • HEATING ELEMENT ALLOYS • • 

THERMOCOUPLE AND LEAD WIRE ■ • PYROMETERS • • WELDING WIRE 

• • HEAT RESISTANT CASTINGS • • ENAMELING FIXTURES • • SPARK PLUG 

ELECTRODE WIRE • • SPECIAL ALLOYS OF NICKEL • • PROTECTION TUBES

H O SKIN S M ANUFACTURING C O M PA N Y, DETROIT, M ICH IGAN

BACK IN 1910
This Hoskins Furnace  
Is N o w  28  Years  O ld ,  
But Is S t i l l  in  U s e .
The Western Railroad Supply Company 
use this little Hoskins Furnace in solder­
ing eyelets on wire leads. “A girl will 
clean and dip about 1200 leads per 
hour, at both ends,” they say. The 
Chromel element has, of course, been 
replaced many times, but the cost of 
the furnace has long since been 
“charged off.” A good investment, 
indeed. For full description of all 
Hoskins Furnaces, send for Catalog 56.

If you have any problem, involving heat, w e  likely can g ive you some help. 
As makers of Chromel heating-element alloys w e 'll g ladly help you w ith your 
electric heating problems. Or if you need an a lloy  to withstand heat, w e ’ll tell 
you about A lloy  502, that is availab le in cast and hot-rolled forms. . . .  If you 
wish to measure temperatures, w e ’ll show you how  Hoskins Pyrometers and 
Chromel Couples can be applied to the job. You are invited to w rite us.

If you a re  interested in h eat resisting castings, w e invite 
you to send fo r  fo ld er, "EVERY SHAPE AND FO RM ."

The Chromel elem ents o f  Hoskins Furnaces a r e  noted fo r  their du rab il­
ity. They a re  h ard  to w e a r  out, but you'll find them e a s y  to renew .

(Left) Hoskins High 
Tem perature Com ­
bustion Furnace, b e ­
ing used to  ca lib ra te  
platinum couples.

(Right] Hoskins Port­
a b le  M eter, with a 
Chrom el couple, is 
h a n d y  fo r  " c h e c k ”  
purposes.


