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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 Bazlance 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. No 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 bzlanced 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.

Conning

means “PYREX” is a registered trade-mark and indicates manufacture by

Research in Glass

CORNING GLASS WORKS ¢ CORNING, NEW YORK

Visit the CGlass Center at the 1939 New York World’s Fair
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BEYOND THE MICROSCOPE
Lrfends the Range of X-Bay Diffraction

RECOGNIZING the limitations of microscopic
examination, science has looked for and found, in x-ray
crystal analysis, a method of gaining knowledge of the
structure of matter—knowledge hitherto available only by
inference from theoretical considerations, without direct
evidence.

To gain such knowledge, almost any material may be
subjected to x-ray analysis with the assurance that it will
produce on the x-ray film a diffraction pattern the charac-
teristics of which depend not only upon the atoms present
in the material, but also upon their arrangement or the
manner in which they are put together. Hence, the patterns
may be interpreted to establish the chemical identity of a
substance, to distinguish between compounds and mixtures,
to predetermine the behavior of the material under con-
ditions of actual use.

To the metallurgist, this latter interpretation is of vital
importance, for often to learn by x-ray diffraction the state
of orientation of crystals in a given sample of metal is to
determine whether that metal, in its present state, is fit

for the use for which it is intended. Here, alone, is reason
enough for the metallurgist to want to employ x-ray dif-
fraction and to learn about the apparatus available for
his purpose.

Available apparatus now includes the new General Elec-
tric-Hayes X-Ray Diffraction Unit, in the design and manu-
facture of which the requirements of the metallurgist, the
chemist, the physicist in modern industry have been antici-
pated and fulfilled. It is a compact, versatile, safe apparatus
which warrants complete investigation. So that you may
have all the facts about this valuable new tool of industrial
science, write today for your copy of a new catalogue
describing the Diffraction Unit and accessory devices.
Address Department 191.

GENERAL @3 ELECTRIC
X-RAY CORPORATION

2012 JACKSON BLVD, CHICAGO, ILLINOIS
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CENCO PRESSOVAC-4 PUMP

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.

TRADE MARK
SCIENTEILEIC @ LABORATORY
INSTRUMENTS LN\ APPARATUS

1700 IRVING PARK BOULEVARD, CHICAGO, ILL.
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THE 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.

Kimble Blue Line Centrifuge Tubes
have many desirable features: All
tubes are carefully sorted for maxi-
mum wall thickness that will safely
hold the capacity. Necks are rein-
forced with a" ‘machine-tooled finish
which is much stronger than the
ordinary flare. ...

The tapers on tubes with conical
ends are carefully shaped. Calibration
lines and numerals are deeply acid-
etched and filled with the Kimble
Blue Line glass, fused into the ware.
Every tube is annealed and rendered
strain-free in a special lehr, and indi-
vidually inspected to insure freedom
from all defects.

All Kimble Blue Line Centrifuge
Tubes are RETESTED for assured
accuracy.

Foieo Kk

Shown here are two 100 ml. Oil
Centrifuge Tubes required by the
A.S.T.M. and the A. P. I. Also illus-
trated is the popular 15 ml. tube
subdivided into 1/10th ml. divisions.

‘Many types and sizes of Blue Line
Centrifuge Tubes are made by Kimble
for all requirements of industry and

research.
K oK X

STOCKED BY LEADING LABORATORY SUPPLY ;
HOUSES THROUGHOUT THE U. S. AND CANADA K

e« o s The Visible Guarantee of Invisible Quality =+ =+ o

KIMBLE GLASS COMPANY - ... VINELAND, N. J.

NEW YORK +*+» CHICAGO »+-PHILADELPHIA ++DETROIT -+ BOSTON




INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 11, NO. 1

SOME NEW GLASS FUNNELS

RECENTLY ADDED TO OUR STOCK

AN T.CO
AMHT.Ca
ANT.Co

. 5593.
b 7 7
5573. 5574-A. 5574-F.
. 1 essed, Kimble i lass. Designation........ ... . ..., 11G1 11G2 11G3 11G4
D73 _FunnEIS’ M‘?u ol 1 SS, 2 ble Resistant Glass, Average size of pores, microns..90 to 150 40 to 90 15 to 40 5to15
with exact 60° angle which does not vary because of CDmmeter of disc, mm.......... 40 40 40
the method of manufacture. Of heavy glass, with ap;l‘c"'y b concsnndasiontos - ?g = ?g = ig 5 ?g
beaded rim which adds mechanical strength. Rim is Code'\'V"cSQc'if J0LUILIIL Guoac Guoaf  Guoak  Guoam
ground on -inside bevel. With 6-inch stems of small :
bore and narrow outside diameter. 5593-A. Funnels, Biichner, Jena Glass, short wide form.
Diameter, inches.............. 2 214 3 4 Funnels 90 mm diameter and larger are supplied with
g“’;‘b“ ID'CASe. o i avaiaensbits ;é ;g 72 442 convex sintered disc for greater strength.
F T R e e i S s R % “
CodeiWord i et s Gruag Grucm Gru,fg Gruhe Designationt .. 0.0 iUl 17G1 1¥G2  17G3  17G4
10% discount in case lots Average size of pores, microns..90 to 150 40 t0 90, 15 to 40 5 to 15
Bmmeter of dise, mm. : 65 65 28
5574-A. Funnels, Mould Pressed, “Pyrex” brand glass, '“mmty : : : ;;g 5128 ;;g 5120
with exact 60° angle which does not vary because of the Code Word Guobf  Guoce  Guocm Guodk
method of manufacture. Of heavy glass, with beaded rim ?m,gnmmn_ T EREP (;;5(;150 %5(;2 25 Gio 5;)5({,;
L ¥ s & verage size of pores, microns.. 90 to 1 4 to 90 15 to to
which adds u'lechar.ucal strength. RmT is gfound flat on Dlatestarrotidise Mg 90 %0 20 90
top for covering with watch glass. With 150 mm stems Capacity, ml 450 450 450 450
- : ; Each. it e as iy 9.30 9.30 9.30 9.30
of small bore and narrow outside diameter. Code sV ord s Guodp Guodz Guofy  Guoge
Diameter, mm.....c.oovviaess 50 65 75 100
Original package contains.... .. 72 72 60 48 Designation:. ool it 26G1 26G2 26G3 26G4
Bachy Sisau s i e i) 32 35 38 48 Average size of pores, microns.. 90 to 150 40 to 90 15 to 40 5 t,o 15
Net price per original package. .. 2074  22.68 20.52  20.74 CDmm“e’ of disc, mm. 120 120 120 e
CodeWord e aiiicaiine s Gryge Grygo Grygs  Gryge npncxty ) 750 750 - 750
C o 'i’\?‘ ..................... 15.50  15.50 Gls.so és.so_
5574-F. Funnels, Mould Pressed, ‘“Pyrex” brand glass, LDV coteocsootiuons Gilog g8 Cuoou il Glooh B Cogs
5 5 Designation.....oouesvsaes . 151D1 151D2 151D3 151D4
identical with 5574-A but fluted on the inside to increase Average size of pores, microns.. 90 to 150 40 to 90 15 to 40 5to 15
the effective filtering area and to reduce filtering time. Diameter of disc, mm...... 175 175 175 175
Diamttes mmi i 50 65 75 100 Capacity, ml......... . 2700 2700 2700 2700
Original package contains... ... 72 72 60 48 3V Y R Y O O S D L5 37.00 37.00 37.00 37.00
Rt el L e 35 38 ) 53 CodesWVordi et sans sisiasisarnias Guogn Guogo Guogp Guogq
Net price per original package.. 22.68 24.62 22.68 22.90 2 LA 2
Code Word.......ooiviioiae. Gryib  Gryig  Gryit  Gryik | 5593-H. Funnels, Biichner, Slit-Sieve, Jena Glass, with

fused-in glass dise 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.

5593. Funnels, Biichner, 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.

Designation...... oo oiiine 4G3 4G4 3G3 3G4

Average size of pores, microns..15to40 5to15 15to40 5to 15 Inside diameter at plate,

Diameter of disc, mm......... 20 20 30 30 approximate mm....... 50 58 74 98 124

Capac:ty, ] et o 20 20 30 30 Capacxty I e e va ot 50 90 200 450 900
........................ 2.70 2.70 2.65 2.65 R e e e et N R A R 207D, 3.10 3.85 4.65 5.50

Code Word io ramin e et Gunwo Gunwt Gunwy Gunyu Code (W ord iepasinsmsuiiis Guogt Guogu Guogy Guogw Guogz

ARTHUR H. THOMAS COMPANY

RETAIL—WHOLESALE—EXPORT

LABORATORY APPARATUS AND REAGENTS

WEST WASHINGTON SQUARE
PHILADELPHIA, U.S.A.

Cable Address, ‘‘Balance,” Philadelphia




INDUSTRIAL ..« ENGINEERING
CHEMISTRY

ANALYTICAL EDITION 2

Harrison E. Hlowe. Editor

Photoelectric Methods in Analytical Chemistry

- RALPH H. MULLER
New York University, Washington Square College, New York, N, Y.

HOTOELECTRIC 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 attempted to epitomize
the more important 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.

Photometry and Colorimetry

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
means of specifying 5
color or for the meas-
urement of color stimuli
(L, M, 71). His termi- - .
nology is undoubtedly
correct and although a
conservative estimate
would indicate the pres-
ent use of about T I
25,000 ‘‘colorimeters”
in this country alone,
the chemist will prob- <
ably have to define
his concepts more
clearly.

To state the problem c
more definitely, it may
be resolved into two
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 & natural product. This is a true
colorimetric problem in the sense of the physicist’s definition.

it

Fi1GURE 1
logi Io/I = ket = 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 may be obtained either visually
or photoelectrically. The complete treatment of this ques-
tion is beyond the scope of this review; the best statement 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 that 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.

DeriniTIONS. In terms of Figure 1, let monochromatic
light of intensity I, strike the solution of thickness, {, the
concentration of colored substance in this solution being c.
The emergent intensity is 7. According to Lambert-Beer’s
law [usually referred to in this form, although Lambert’s
work was anticipated by Bouguer in 1729 (see M, p. 24)] we
have

I = Ip 10 7%t

If ¢ is expressed in moles per liter and ¢ in centimeters, % is
the molecular extinction coefficient, I/, is the transmission,
T, and logy Iy/I = E (the extinction). It follows that E =
ket and — log T' = E.

Corrections for reflection at 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

El — Ez
or keity = keats
from which

o _ b

C2 t)

If monochromatic light is used, the above procedure is a
truly photometric matching and will be rigorous to the ex-
tent that Beer’s law is obeyed by the system. Usually, how-
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ever, white light is employed and the conditions are not as
rigorously defined asimplied 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. It is advisable to classify
them and discuss each in turn.

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

»

.I;
C Co

N\

Ficure 2. ProTOoMETRIC COMPARISON WITH
PURE SOLVENT

Photoelectric methods are so attractive, and have offered
so much promise of high precision and relief from fatiguing
effort, that they have often been seized upon and utilized with
little regard for sound principle. Little ordered progress can
result from the use of instruments that require empirical cali-
bration for each substance that 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 & 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 instrument would respond to any region of the
visible spectrum with equal precision, indicating transmission
or the extinction. The source would be monochromatic, so
that the extinction would be a linear function of the concen-
tration for any system which obeys Beer’s law. No com-
mercial instrument fulfilling these requirements has been
offered. It is true that Hardy’s photoelectric spectro-
photometer does satisfy these requirements, but this in-
strument 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 & photometric match
or balance and use the photocell merely to indicate this state.

VOL. 11, NO. 1

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

SINGLE-CELL METHODS. A. If weilluminate a rectangular
cell, containing in one compartment pure solvent, ¢ = 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, when ¢ = 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/Z, which is the
transmission, or log Io/I gives the extinction, £ (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, by introducing a compensating wedge, vari-
able aperture, or polarizing equipment, until the response is
identical for the two absorption cells.

The method has often been criticized by proponents of
double photocell circuits, but very precise results have been
obtained which show unquestionable reliability (85, 142, 1/4,
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 (X, 2), or a mirror or
rotating Rochon prism. The transition from one medium to
the other must 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.
With 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.

It is difficult to set any upper limit for the precision of this
method. It is undoubtedly set by the optical refinements
of the instrument. In any projected design it is wise to
keep in mind the recommendations of Hardy (3, 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 illu-
minated at 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.

Two-CerL METHODS. The use of two photocells in some
sort of balanced circuit has been used extensively (48, 78,
118, 182, 187, 140, 178, 180, 226, 229, 236). The method
has the advantage of high differential sensitivity, in that only
differences in intensity are measured. If properly designed,
an instrument 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 that 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 (78, 118, 137, 140).
Successful operation requires (a) linear response of both photo-
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cells; (b) 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 o{)) ained in terms of the compensating device.

Linearity of response of both cells is still required unless com-
pensation is effected in the absorbing branch (intensity increased
to the same extent that the solution decreases it). Requirement
(b) 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 photo-
cells intercept the respective beams (preferably monochromatic)
and the depth of one solution is varied until standard and un-
known 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 must 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-

'I, Ca

dition its displacement will be a linear function of the con-
centration of any colored substance that obeys Beer’s law.
One instrument which used a white light source and an ar-
bitrary slit mechanism for compensation actually reached
the commercial production stage. It was beautifully made
by a well-known company. The instrumental indications
bore no recognizable relationship to the concentration; in-
deed, they were even irregular but withal highly reproducible.
The enormous burden
of point-by-point cali-
‘ L l bration rendered it
valueless for general
utility.
Where precise re-
/ \ sults in absolute
: terms are desired the
} compensation method
Cs I is preferable. Under
Ficure 3. Proromerric Compari-  these conditions
'SON WITH STANDARD SOLUTION fluctuations of the
C1/C: = log Ii/log It light source are of
little consequence.
Since all photoelectric methods possess the inherent pos-
sibility of continuous indication and eventually automatic
registration or control, it 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 accompartied by =
other lines, for each of which the solution exhibits a char-
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acteristic extinction coeffi-
cient, then the total extinc-
tion will be given by (85,

\ T 107):

tl
log, Loy

Z Ditidi
b, Z R

lx where € represents the
1

average extinction coeffi-
cient for the heterogeneous

Figure 4.  PmoromerrRiC  light. Of course, the magni-
ComparisoN AT Two THICK-  t.ds of this error also de-
NESSES

pends upon the nature of
the solution. For a gray
(neutral) colored solution
the error would be zero (¢ =.constant, independent of \);
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 that relative measurements of concentration
can be made more precisely than an absolute measurement
of the extinction coefficient. Table I, taken from Kortiim’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.

Without reference solution
C =1/t — t:) X log Ii/Ih

TABLE I. CONCENTRATION MEASUREMENTS

(Cs = 8.892 X 1075 mole per liter; ds = 1.0917 cm.; dz = 1.9944 em.)
Cz
Mole/liter

4982>(10‘
980

4 979
4.979
4.980
4.978

Av. 4.980 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

C: logl;
CyiE log’l;

An alternative scheme, which the writer has not seen de-
seribed, 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 = ¢;) and then through the other side (thickness of
layer = £,) 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 Iy = kCt + log I}
log In = kCt, + log I,
or
kCt, + log I, = kCt, + log I
and
s H‘t_‘l;l_z) 12
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Now let

th >t
then

L, =1

Further simplification is possible in practice, since the in-
strumental reading may be set equal to 100 for I;; then

weiilios penlyie s 1
c= W =) log T kdlog (0.01 I.)

where

o (tl T ta)

Photoelectric Cells

In modern 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. ;

Vacuum ProrocErn. A highly evacuated cell with a
composite cesium cathode may be taken as typical of this
class. For a central anode
cell we may discuss the char- i
acteristics in terms of Fig- /
ure 9.

The cell is illuminated with
light of intensity I, and under
the influence of the applied
potential, E, an electron cur- B
rent, 7, flows through the load,
R. Here R may represent
an appropriate galvanometer = g|| |||||rL
or the input resistor of an am-
plifier. For constarllfillumina- E
tion current 7 will increase
with applied potential E as F1ure 5. ngl?m[ Proro-
shown in Figure 6, indicating C
the saturation characteristic
above a certain potential. For successively higher intensities
similar curves are obtained (3, I3, Iy, etc.). At very high intensi-
ties 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
agplied potential (O, p. 422; 91). It follows that for precise
photometry some minimum potential, En, 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). Re-
turning to Figure 5 we note that the potential across the cell is

1
] | Is
Hoo e
L — E
I
/ ; P e
=
e :
/ : St 15
o /_,—————————f—’
g :
& | [ et e
ah R
Ellf e ! ‘
B l e e ey I
B L 1
i
7 I
1
;
En

APPLIED POTENTIAL

FiGURE 6. SATURATION CHARACTERISTICS OF A CENTRAL-
ANopE VacuuMm PHOTOCELL
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always less than E, by an amount equal to the voltage drop
across R. In other words

Ec = E — Ri 1)

This is especially important where amplification is used, for
in this case the coupling resistor is usually chosen as high®as
possible (R < 50 megohms). Care must be exercised that the
resulting. 7 drop is not too large, thus bringing the potential

SATURATION PHOTOELECTRIC CURRENT

INTENSITY
F1GURE 7

across the cell to a value below the minimal £,,. A conservative
choice in Z will be 10 per cent in excess of E, 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 Sensttivity. The response of a-vacuum photocell to
different regions of the spectrum depends upon the nature of
the cathode surface and its treatment 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
must 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 but neglect one very important point—i. e., the
characteristics of the light source which is used in such tests.

In general it 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.
It turns out that 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 =FkVn [©))
The constant, 7, has a value between 3 and 4. In other

words, if we expect to reproduce the photocurrent, I, to within
=(.1 per cent, the lamp voltage must not vary by more
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face from which secondary elec-
trons are emitted. This process
may be repeated many times with
a gain of 4 to 8 at each stage. A
single multiplier phototube thus
yields an output comparable with a
cell-multistage amplifier combina-
tion with the added advantage that
the ratio of signal to noise is in-
creased approximately one thousand
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F1Gure 8. CHARACTERISTIC OF

Gas-FiLLED PHOTOCELL

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 at a time. Any statements made without an
exact statement of the condition of the source are therefore
pointless. Some significant and interesting life tests on
vacuum cells have been reported (Z, 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.

It is generally agreed that the strict proportionality between
photocurrent and light intensity is a fundamental law of
photoelectricity, but its realization in prac-
tice demands a carefully designed and con-
structed cell (O, p. 32).

Gas-Filled Cells, The sensitivity of the cell
described above may be increased greatly by
admitting a small amount of rare gas. Argon
at about 0.2-mm. pressure is usually used.
Tonization currents are superimposed on the
primary photoelectric current and the response
may be increased tenfold. Figure 8 shows
typical characteristics of a gas-filled cell. Very
few modern schemes of photometry utilize the

340

MICROAMPERES

INTENSITY

InTENSITY-CURRENT CURVES FOR
Gas-FiLLED PHOTOCELL AS A FUNCTION OF AP-
PLIED POTENTIAL

(A)

FOOT _CANDLES

fold. Cells with split cathodes
and multiple cathodes have been
designed for special problems
(R.C. A. 920). The iconoscope, &

: mosaic consisting of myriads of
photoelements electronically scanned, is an integral part of
one important method of television.

BARrIER-LAYER CELLs. 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, but
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 (@) 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-
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gas-filled cell for the following reasons: L180

Linearity of response is approached as the
potential applied to the cell is reduced, and is at-
tained near the ionization potential of the gas.
Under these conditions the cell is really behaving
like a vacuum cell and all the advantages of am-
plification by ionization have disappeared (Fig-

MILLIVOLTS

ure 9).

If modulated light is used, gas cells show a
definite lag in response.

High-gain amplifiers with adequate stability
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are available which entirely ofiset the slight gain
obtained by the use of gas-filled cells.

Spectal Cells. The high-vacuum cell is avail-
able in many sizes and shapes, with a choice of
cathode and envelope material (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
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(239) and Farnsworth (F, p. 214) are notable ex- 200

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 charac-
teristics 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).

'Ibhe open circuit e. m. f.—intensity relationship is shown in
Figure 10, C. The linear relationship between £ and log I has
interesting possibilities for colorimetry (146) and has been neg-
lected 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 (54, 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 eyepiéce types which fit a microscope draw tube.
Giant cells, consisting of a number of elements connected in
parallel, are available (Q).

CoMPARISON OF EMISSIVE AND BARRIER-LAYER TypEs. It
is important 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. At 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 micro-
amperes per lumen, which is receiving radiation of 107¢ lumen.
The current will be 1.2 X 107 ampere. A good cell of the
emissive type (40 microamperes per lumen) under the same
conditions will deliver 4 X 10~**ampere. If we use galvanome-
ters of appropriate characteristics and a sensitivity of 10~1°
ampere per millimeter, we shall obtain 1.2-mm. and 0.4-mm.
def{‘)action, 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 amplifica-
tion 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 be measured. In the case of the emis-
sive type, amplification with a single, stabilized F. P. 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 at a
low potential. The internal resistance is low and decreases
with increasing illumination. The emissive type yields
smaller currents, but it has a very high resistance. Since the
load should match 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 important field,
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communication. Nevertheless a number of monographs
deal extensively with noncommunication uses (¥, F, K, N,
P, R, S). A few of the more important considerations are
discussed below.

Figure 11 illustrates a simple arrangement of photocell
and triode which may 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, ¢, which flows through
the high resistance, R, thereby producing a potential differ-
ence, Fg’, 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 amount AZ. The mag-
nitude of this change is governed by an important constant
of the triode known as the mutual conductance, G5, (The
advent of multigrid tubes has necessitated a more specific des-
ignation, Sp, termed the grid-plate transconductance.) Its
value is given by:

(oL
Gu = (32) B> 3

It is expressed in units of reciprocal ohms X 10~¢ 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 that a change in Eg’ of 1 volt will produce a change in
plate current of AI, = 1 milliampere.

Let us suppose that the triode has this value for G, 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 1073/10~7 = 10* or ten thousand fold. This
is a very conservative case and by no means approaches the
limit to which this process can be extended. The factors
which limit indefinite gain are as follows:

Grid Currents.
While the grid exerts
its control primarily
electrostatically, yet
in high-gain tubes
with large values of
Gy, the grid does
collect some electrons
and a finite current
flows in the grid cir-
cuit. It is obvious
that the magnitude
of this grid current

)
.

0] ==

~'—|l||| * ||I’——'—l|||lr—J limits the small cur-

rents which can be

Ep.o. Eg Ep measured in the in-
FiGure 11. TRIODE-PHOTOCELL pubcircuit,

Insulation. Leak-
age 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 ion
currents. If the potentials applied to the tube elements are
reduced 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 conven-
tional ty?e.

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 estab-
lished the correct design. The General Electric FP. 54 tube was
the first of this class (131).

CirculT

In appropriate circuits, currents as
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Ficure 12. ENERGY DISTRIBUTION OF INCANDESCENT
SOURCE

" low as 30 electrons per second have been measured (41) 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 DRH-506 and DRH-507. A further compromise between
commercial and electrometer tubes is afforded by their
RJ-550 and RJ-553.

100

In general, it should be emphasized that many com-
mercial triodes if operated at subnormal voltages will
approach electrometer tube performance. The low 80
gain may be made up by subsequent stages of ampli-
fication in the conventional manner.

8

- Light Sources

TunesteEN Lamps. 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 it 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-

RELATIVE ENERCY OR RESPONSE
© -
o o

nant (Figure 13). The importance of these simple e

considerations cannot be overemphasized. If we keep
in mind that most of the energy is in the infrared and
very little at the shorter wave lengths it will be seen
that all sensitivity curves and effective filter trans-
mission curves may be displaced considerably when they are
used with an incandescent source.

TaBrLE II. VALUES OF n
Value of n
Characteristic vacuum gas-filled
Lumens, volts 3. 3.6
Watts, volts 1.6 1.5
Lumens per watt, volts 1.9 2.1
Lamp life, lumens per watt —-7.0 —6.8

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

X1 Vl)"

X, \T:
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, but actually it is advantageous to choose a light
source somewhat larger than required and operate it at
slightly subnormal voltage. Replacement and possibly
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necessary recalibration are therefore less frequent. Indus-
trial experience has indicated that 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. It
is obvious that 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 instrument is
available it can be seen from Equation 2 that 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
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Figure 13. ErrecT oF ENERGY DISTRIBUTION OF THE SOURCE UPON

PrOTOCELL RESPONSE

transformers of the three-legged saturation type (Ward
Leonard Mfg. Co., Mt. 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 at twice the line frequency (usually 120 cycles). Thisis
Important in some cases, especially where amplification is
employed.

Mercury Arc. The modern mercury arc is a most con-
venient source, yielding several strong groups of lines in the
visible spectrum.

A.
Yellow 5791; 5770
Green 5461
Blue 4358; 4348, 4339
Violet 4079; 4047

Near ultraviolet 3663:(;1; §662.8; 3655; 3650

The intensity of these lines as a function of lamp wattage
was carefully investigated by Kiich and Retschinsky and
others (68, 9, 60, 112, 166). The absolute intensities as well
as the relative values depend upon many factors such as lamp
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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 may be operated steadily enough to permit measure-
ments by the substitution method. In photometric methods
of the balanced or null type, the flicker is of no consequence,
provided that 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 I, x
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 $2537 lamp, about
40 per cent of the radiant energy
is emitted by the first resonance

—t —

line—2537 A—the tube is feebly — —= .|
luminous and not uncomfortably ! 0]
warm. It is primarily suited for s
work in the ultraviolet. =

Vacuum tube-excited lamps
show considerable promise and
have been made with high lumi-
nous efficiency (F, p. 182). The
radiation is practically completely
modulated at 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 important as these
newer illuminants become more generally available.

Stabilized Sources. Most 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 attempts 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 (¥, 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 attempt to furnish
a very constant source of current. It is likely that photo-
electric control of the source itself is more promising, inas-
much as the light intensity usually varies exponentially with
the current or voltage.

Figure 14. DEFINI-
TION OF F1uTER CON-
STANTS

Monochromators and Filters

All but 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 with a
double monochromator, is necessary. Naturally, consider-
able reduction in intensity accompanies this process. Stray
or scattered radiation is an important factor; this can be
avoided by supplementing the monochromator with filters
or by using a second monochromator. It is beyond the scope
of this review to discuss this subject in detail; it is dealt with
in numerous papers and manufacturers’ bulletins (H, M).
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An excellent example of meticulous care in spectral isolation
has been given recently by Hogness and his co-workers (84).

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

Liquid or Soluiion Filters. 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 cell or dilute copper
chloride solution. (The use of these well-known adjuncts is
burdened with the appearance of bubbles and for this reason
heat—absorbin[f glass filters are gradually replacing them.) In

eneral, this class of filter is used only when no glass filter of the

esired 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 (82, 89). The transmission, 7', 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, Ci 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 at each surface. Following the notation
of Gage (65) we may relate these quantities to the thickness of
th(iéilter. :

t

T = transmission of the piece of glass

C = transmittance })er mm. of glass

Ct = transmittance for £ mm. of glass

t = thickness |

B = log transmittance for 1-mm. thickness.

Then from the above
T = 092 C

(due to 8 per cent loss by re-
flection) or

Ct = T/0.92

Since C; = C*, logy, trans-
mittance = logwC: = ¢,
which may be written

Bt = log(7'/0.92) =
logT — 0.0362

Gage (656) has given a typi-

'{IMII# cal example of how the
thickness of two pieces of
= glass of known spectral trans-
FIGURE 15. SIMPLE mission may be computed
PHOTOMETER WITH VACUUM in order to reduce the re-
PHOTOCELL sponse curve of a photronic
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cell to that of the average
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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 7R 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 exten-
sively in the writer’s laboratory (68). It 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 illuminated
with light coming through the solvent, Zo, the dials of the poten-
tiometer 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 = I) the poten-
tiometer dial and slide wire are adjusted until the standard plate

current is again obtained. The potentiometer now indicates " =

the transmission directly. Since —log' " = ke these trans-
mission values enable one to calculate
the concentration. In addition, the work-

eye. For the more exacting
problem of comﬁuting filters
for use with a photocell such
that the trichromatic coef-
ficients may be obtained in
terms directly reducible to

| e

ing 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 ex-
tinction coefficient, k).

5. For those methods in which two
beams strike a single cell alternately

the standard I. C. I. observer,

Gibson (71) has prepared an .

excellent summary. R
Gelatin Filters. 'Thin films

(method B) alternating current ampli-
fication may be used for the pulsating
unbalance-component. Figure 19 shows
the connection of photocell cathode di-

of gelatin in which dyes have
been incorporated provide
very useful filters, usually
mounted between plates of
clear optical glass. The
Wratten (43) filters are typi-
cal of this class and are widely GO — L3

used, especially in photog-

iw
i STANDARD B | I! ,,.X,,
raphy. They are usually more °]

POTENTIOMETER

selective than glass filters but
they must be handled with
great care, especially with re-
spect to overheating, Some
of them lack permanence be-
cause of thermal and photo-
chemical 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. It
must not be inferred that gelatin filters stand alone in their
susceptibility to heat. Selenium glass filters and probably
others are perceptibly affected by increase in temperature and
this must be kept in mind at all times.

METER

tometry

Cmreurts. 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 attempted to analyze and interpret
them physically in order to evaluate their general utility.

Photoemissive 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 at-
tached to the photocell as shown in order to minimize leakage.
A galvanometer of sensitivity 10~1° ampere per mm. is satis-
factory. For some work an Ayrton shunt in the galvanometer
circuit is very convenient. Itsvalueshould leave the galvanome-
ter slightly underdamped. Another great convenience is to
supplement the usual scale with a logarithmic scale (85). 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-

rectly to the grid of the first tube. Low

Ficore 18. Sensimive Vicuum-Tuse Vour-

With precise input compensation for photoelectric pho-

potentials are used on this tube in con-
formity with electrometer tube practice
(M, p. 294). This tube may be followed
by a multistage amplifier, terminatin
in the voltage coil of a wattmeter (N,
p. 425) or a thyratron controller (N, p.
426; 80). For null indication the bridge
balance indicator of Garman is well
suited. It achieves a sensitivity of a few
microvolts, by means of a single multi-
electrode tube (66).

6v. T

b

TO
AVPLIFIER

+ < +

Ficure 19. ProrockELL PREAMPLIFIER CON-
NECTION
With differential aensitivilty iellxdepcndent of illumination
ev

Re

P.C. Ra
H"J
-
—|if
B,

FiGURE 20. PHOTOMETER WITH
RESPONSE
Linear in concentration units

Ba By

LoGARrITHMIC



10 INDUSTRIAL AND EN GINEERING CHEMISTRY

Ficure 21. ProrroNIic CELL PHOTOMETERS

A. Measurement of short-circuit eurrent
B. Potentiometric measurement of current
C. Measurement of open-circuit e. m. f.

Logarithmic response at high levels of illumination

6. Figure 20 is a direct-reading arrangement (concentration
units). The 6D6 tube is of the remote cutoff type, and by a
suitable choice of the cathode resistor, R, 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 equiva-
lent 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 instru-
ment 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 unwar-
ranted 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 » 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 /, is being measured.

3. If fairly high levels of illumination are available the
logarithmic circuit of Figure 21, C, is useful. As shown pre-
viously, 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 60

.
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millivolts. The potentiometer circuit is essen-
tially the Hildegrand arrangement commonly
used in electrometric titrations, except for the
position of the millivoltmeter. It 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 mis-
taken notion that it compensates for fluctuations
-in the light source. For the analysis of this
and the following circuits we shall designate a
common light source of intensity, 7, which illumi-
nates two essentially identical cells, 1 and 2.
The light incident upon cell 1 passes through
the sample of transmission 7. The respective
photocurrents, 7; and 7,, flow throngh the gal-
vanometer in opposite directions. In this and
the remaining cases, absolutely identical photo-
cells are not necessary. It 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 re-
sponse are usually of no importance, since most applications
demand at least approximately monochromatic light. In this
circuit the photocurrents in the two branches are

1 = kTI and 12 = kI

where k is a constant.
ter is

The net current through the galvanome-

fg=11 —u=kI(1 —T) =kIA (3)

where 4 is the absorption.

Ficure 22. SmMpLE BarnanceEp CIRcUIT FOR
BARRIER-LAYER CELLS

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 7' = O—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

dig = kdl — kTdI
Setting

dig
Il

we find that k71 = kI 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 Ferfect compensation when it is not
in use. However, if optical compensation is used the compen-
sating feature can be retained.

Circuit 2 (Figure 23). In this arrangement the two photo-
currents, 7; and %, flow through variable resistors R, and R,.
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F1GUure 23. BavrAnceED Circuir PosSESSING
COMPENSATION FOR SOURCE FLUCTUATIONS
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Values for the latter may be found such that the poten-

tial drops, E, and E,, are equal, under which circum-

stances the galvanometer will show zero deflection.

The circuit was suggested by Wilcox (227). No circuit

analysis was given and the following treatment which

has been confirmed by experiment may be of interest.
As before

= kTI and By = kTIR,
2 = kI and B3 = kIR:

at balance E, = E, and therefore kTIR; = kIR, or

R
Tesim
The transmission of the sample is given by the ratio of the
resistor settings necessary to establish balance. Various con-
venient arrangements are possible—for example, R, may be a
Kohlrausch slide wire and R; 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

_E—E L kIR: — kTIR:

@)

7 g 7]
Differentiating
dig _ kB _ KTRy
ar g rg
For
dig
T T
we get
R2
Ty

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 experi-
t1:nentally in simple fashion. Writing Equation 4 in increment
orm,

3 A 3
8ig = 228 (py — 1Ry = IR x (B - 1)

Since R,/R, is the transmission, any value of R,/R; may be
gcmgnated as a virtual transmission, 7. The last equation
ecomes :
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i
Aty it kR o e
AT rou D e 0T

where

kR,
0

a =

Figure 24 shows values obtained and plotted according to the
above equation. In this test R; was held constant and the in-
tensit;i‘ of the common source was changed by known amounts,
AI. The corresponding galvanometer deflections, A7, were
noted. Several values of A7,/Al were measured for different
settings of R.. In each case AT could be computed from the
value of R;/R, — T. These are the abscissas of Figure 24, which
shows that the fluctuations approach zero as the difference be-
tween R,/R, and T (the true transmission) approaches zero.

The fi)miting case is
most simply shown
by setting R,/R,
equal to the true
transmission.  The
light source may now
be dimmed almost to
extinction  without
causing any percep-
tible galvanometer
deflection.

Circuit 3 (Figure
25). This arrange-
ment with various
modifications has
been widely em-
gloyed. Brice (19)

as given an analysis
of this and related
circuits. Neglecting
secondary  factors,

AT this method may be
Eicorg 24 used to obtain trans-
mission values with
good compensation
for source variations. Figure 25 shows that the galvanometer
may 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
a
R+ rg
x
R + rg

igy = kTI
igs = kI
At balance these currents are equal; hence
z = Ta
In other words, z, the slide-wire setting, is directly propor-

tional to the transmittancy; indeed, if the initial adjustment is
so arranged that when 7' = 1.00, z is set at its maximum value,

X

AAAAAAAAA
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Ficure 25. Bavancep Circurr

Direct reading, with compensation for source fluo-
tuations
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R (100 or 1,000 scale divisions), and a is varied until balance is In the author’s opinion this is largely due to an attempt of

gﬁfggg@hedﬁ};’; Vael: self:gtersiscl;le }‘)’ ﬂ;ﬁeogsTeS‘Eﬁlgie%’veﬁleb); r“_’ investigators as well as manufacturers (for reasons of econ-

rangement should be independent of source fluctuation, as may ~ ©My) to strive for great simplicity. Simplicity of design is
be seen by differentiating the expression for the net current commendable at all times, but any attempt to improve upon
through the galvanometer. a good visual instrument operated by a trained observer at
i T once presents a problem which is not simple. Barring the

BH S S e o O S OD) imminent discovery of a photocell with the theoretically pos-

sible response, the trend in design of photoelectric photometers

where will be in the direction of vacuum cell-amplifier combinations
i3 of extreme sensitivity coupled with associated circuits for

S R regulation, automatic compensation, and stability main-

S e tenance (Figure 26). The modern superheterodyne broad-
cast receiver is no model of simplicity; rather it represents

for : complexity in the interest of ultimate simplicity (operation).
i : To the extent that future photometers can be patterned after

=0z =Ta the practices and devices of the radio industry, the costs will

be materially less and will represent a small fraction of the cost

Fluctuations due to source variations are therefore at a mini- of the necessary optical components. This at once implies

mum when 2 = T'a, which is, however, the condition of balance : - . :
b e e e ) that the chemist will not be likely to make his own pho-

It should be emphasized that these considerations have neg-  tometer; there are probably few who would attempt to con-
lected secondary factors suchsas variation of the internal re- struct an analytical balance, though essentially it is a much
sistance of the cells, overshooting, and fatigue. Considerable simpler instrument.
care must be exercised in the choice of cells, the optimum level
of illumination, and the correct magnitude for the resistance of

dig,,
dl

the measuring circuit. Brice (19) reports deviations of no more Colorimetric Analysis
than 0.1 to 0.2 division on a 0 to 100 scale, but this was achieved 3 g -
by a very careful study of the above factors. This paper should To illustrate a typical case we shall assume that a suitable
be consulted for detailed information on balanced circuits of this color reaction has been selected; further, that it shall be
type. specific for the substance in question or that all interfering
. substances have been separated or transformed into com-
Choice of Instrument 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:

The most reliable instrument of general utility is the
spectrophotometer. All colorimetric problems can be re-
ferred to the complete information which a photometric curve
afiomds Combriningnstrimen slice the| s1ads on phios 1. The region of maximum light absorption must be deter-

tometer are less gostly and _enable one to o_btaln. an abrldged mined.  This is best done with a spectrophotometer or gradation
spectrophotometric analysis. For colorimetric ~chemical photometer. For the better-known substances, absorption
analysis the visual Duboscq colorimeter is still the most  spectra may be found in the literature. If these instruments are
versatile and useful instrument. Despite the fact that most not available a hand spectroscope will afford & rough estimate of

TRt . the region of maximum absorption. Even a rough guess (com-
of the photoelectric instruments discussed above may be as plementary color) is no bar to successful selection ofthe appro-

sensitive or more sensitive than the best visual instrument, priate region, but the chance of selecting the most suitable region
their use is at present restricted to specific applications. This is roughly in proportion to the elegance of the measurement.

. 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 distri-
bution 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 ofp 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 mix-
ing 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 pro-
cedure will detect and evaluate the rate of bleach-
ing or fading if it occurs in this system. At this

Ficure 26. Two-CeLL PHOTOMETER
With high differential sensitivity and tube stabilization of the high-voltage source point the analyst should not be surprised if he

encounters a system in which the rate of color
formation is almost equaled by the rate of fading.

is particularly true of existing commercial instruments.  The literature of colorimetric analysis is replete with examples,
Almost without exception they employ barrier-layer cells and an;l soEeigr Zgﬁe E:;‘lsnf; dle?gntilyw%dseﬁﬁsémploy Tt b
these are notorxo‘us}y insensitive at low levels of 11.lumma.t10n. which is direct-reading in transmission or extinction values or
For this reason it is not surprising to find such instruments that the functional relationship between light intensity and
decidedly inferior for measuring yellow solutions (absorption instrumental indication is known. A series of solutions of known
of light at shorter wave lengths). This is precisely the diffi- concentration is measured and the extinction coefficient is then

3 S 2 X : calculated. It will be evident that this constant is really an
culty which the user of a visual colorimeter wishes to avoid; “effective extinction coefficient,” especially if filters have been

he usually abhors the task of matching yellow solutions. 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. It is only when all photoelectric photometers
employ strictly monochromatic light that a table of appropriate
extinction coefficients will be of general value and willpeliminate
the necessity of individual calibration.

5. INTERPRETATION OF REsULTs. Reliable photometric
measurements of this sort will provide immediate information
concerning the validity of Beer’s law. Despite the many con-
tradictions in the literature, very careful and precise measure-
ments 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 asso-
ciated with 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 Ee claimed unless the experimental
method is known to be beyond reproach.

This criterion of colorimetric reactions will become in-
creasingly important as photometric practice becomes more
precise and reliable. At 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 that we have far too many
methods; that few will survive critical examination. It is
not the object of this review to discuss these reactions in
detail nor even to question the expediency of certain pro-
posed tests, but 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.

Photometric Titrations

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 at 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, 140, 142, 1783, 193, 194);
indeed, titrations can be performed automatically (149)
when a large number of routine analyses warrant 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 treatment 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 amount sufficient to match 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 may be used in a number of ways—for
example, a sensitive twin-cell photometer may be used to
indicate the point at which the two solutions have identical
transmissions. A more laborious but very precise procedure
involves a measurement of the transmission at uniform
intervals during the titration. If Beer’s law is obeyed, a
plot of —log T (extinction) will be a linear function of the
amount 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.
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The latter method is useful in clearing up certain points of
theoretical interest. By this method it has been shown
(148) that the gold method for estimating bromides really
involves the AuBr;~ 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).

It is likely that studies of this sort would be profitable in
the case of most colored substances in solution. In too
many 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 may be balanced in an ele-
mentary textbook. A classic example is the familiar reaction
between ferric and thiocyanate ions (190, p. 284).

It is not unlikely that the results obtainable by the tech-
nique of photoelectric titrations would warrant the design
and construction of a recording photometer.

Automatic Inspection and Control

Modern trends in industry show increasing use of auto-
matic measurement and control. Many operations are in
reality chemical analyses, but 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 may men-

_ tion density, viscosity, conductance, dielectric constant, ete.

No one property is superior; there is hardly ever a “best
method,” but 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). Distinctly 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 Wheatstone 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 instrument or controller is likely to
act like an unruly monster. The fundamental idea behind
most photoelectric controls is relatively simple, but reference
to typical installations (K, p 230; 2, 63) shows the expendi-
ture of great ingenuity and care in the realization of the
scheme from an engineering point of view. :

Applications

While it is obvious that any suitable colorimetric reaction
may be treated by appropriate photoelectric means, it may
be helpful to record some instances of actual problems which
have been solved by the use of photoelectric cells. Further



14 INDUSTRIAL AND ENGINEERING CHEMISTRY

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,
118, 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, 178, 193, 194), com-
bustion (170), colloids (181), serum (155), oils (13, 128, 127,
178, 202, 203), beer (35, 110, 199), fertilizers (135), sugar
(83, 177, 196), chlorophyll (78, 188), pH (122, 124, 125,
1/3, 150), reaction kinetics (18, 79, 98, 138, 176), dust (100),
indicators (125, 182), dyes (94, 1567), clinical (25, 87, 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).

Conclusions

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, or greater speed of -

operation. They rarely justify exaggerated claims of
superiority over existing visual instruments.

Photoelectric cells are available in great variety and at 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. i

Applications have been directed for the most part 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 that future re-
search will require greater cooperation between the chemist
and the radio engineer or that 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 may 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. WISE, F. C. PETERSON, AND W. M. HARLOW
New York State College of Forestry, Syracuse, N. Y.

N 1937 Van Beckum and Ritter (8) published a revised .

technique for the determination of holocellulose, which
represents very nearly the total carbohydrate fraction of the
cell wall, as well as part of the methoxyl and the larger share
of the acetyl groups present in the original wood. In their
modification, these investigators used alternate treatments
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 at 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 2.62 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:

Total loss of wood on extraction with ethanolamine 33.80
Residual lignin 1.73
Cross and Bevan cellulose (determined by R. D. Freeman) 64.42

Total 99.95

A very similar result was 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 ex-
tracted for 5 hours with 50 cc. of ethanolamine in an oil bath kept
at 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 ce. 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 suc-
tion, 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
amm}c}mia, and the crucible and residue were dried to constant
weight.

The following. results were obtained:

Ethanolamine cellulose 60.4, 60.5
Cross and Bevan cellulose on the same sample, determined by
R. D. Freeman (av. of 3 determinations) 60.7

Although the analytical procedure by the ethanolamine
method given for beechwood should be checked with a large
number of woods, it seems probable that it will yield a residue
comparable to Cross and Bevan cellulose. If so, it 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 (2), determining cellulose
in the woody portions of rhizomes of brake fern, obtained
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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 treatments 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 wood not only most of the
lignin, but also a lsrge amount of the “cellulosan’ fraction
and extraneous materials.

In 1925 Ritter (6) 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 that the lignin in the secondary walls could be
removed by mild chlorination before appreciably attacking
that 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, 3) responsible
for the phloroglucinol color test for “lignin’’ was also removed
upon mild chlorination of thin wood sections.

Yisual Effect of Monoethanolamine

To determine the visual effect, shown by the microscope,
of monoethanolamine on thin (10u) 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 material was not
seen but rather an orange-red appeared. Treatment 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. At the end
of 3.5 months’ treatment 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 that the cold reagent, although able to remove
the secondary cell-wall lignin, did not appreciably attack
that 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 at 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
at lower temperatures, except that 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
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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 that 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 that the amounts 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 of the Chromic Acid Reduction Method

E. R. PURVIS AND GEO. E. HIGSON, JR.
Virginia Truck Experiment Station, Norfolk, Va.

HE 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 (3, 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 Allison (7). Al-
though Allison found that the method recovered but 86.9 per
cent of the carbon present when compared to the standard
furnace combustion method, this percentage recovery was so
near constant for the sixty-six soils studied that 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 nuwmber 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 matter are made in routine analysis. Various
modifications have been suggested, but in these changes the
accuracy of the method is usually sacrificed. This paper
presents data obtained in an attempt to overcome this dif-
ficulty, and describes a procedure that 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 or-
ganic matter be induced by the heat of reaction between sulfuric
acid and water, but claimed a recovery of only 60 to 86 per cent
of the carbon present. Allison (Z) found the maximum tempera-
ture 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. Degtjareff’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 Schollenberger’s in-
ference of the importance of temperature-time relationship upon
the stability of the chromic acid oxidizing solution. Schollen-
berger specified that the acid-soil mixture be heated to 175° C.
in approximately 90 seconds over an open flame. Tests show
that even this brief heating reduces the titer of the 10-ml. aliquot
of a 0.408 N 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 at various
temperatures. The results obtained are presented in Table I.

.

TasLe I. Test oF DEGTIAREFF'S METHOD

Temperature of Normality of Loss in
HiS0, Bath Chromic Acid Normality

Olfeps:
100 0.408 0.000
120 0.408 0.000
140 0.400 0.008
160 0.382 0.026
180 0.336 0.072

Although a number of samples could be oxidized at 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.

It would seem that the accuracy of the method depends
upon bringing about a rapid oxidation of the organic matter
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 em. (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) as-
bestos 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 ap-
proximately 1,440 watts when operated on a 120-volt current.

For the top of the oven, two pieces of asbestos board were ce-
mented together, and ten 2.66-cm. (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-cm. (0.25-inch) mesh screen wire
was placed approximately 3.75 cm. (1.5 inches) above the heat-
ing unit in the oven. This permitted only 3.1 c¢m. (1.25 inches)
of the test tube to be exposed to the direct heat of the oven,
thereby reducing the heated surface of the glass and the loss by
evaporation.

TasLe II. TEest oF OveEN HEATING
Organic Carbon

Heated to Heated to
175° C. in 175° C.
.open flame . in oven
Soil Type in 90 seconds in 3 minutes
%o Yo
Sassafras sandy loam 0.65 0.64
Norfolk fine sandy loam 0.80 0.80
Elkton sandy loam 2.33 2.36
Keyport sandy loam 2.58 2.61
Dismal swamp peat 5.22 5.28

The completed oven is capable of an operating temperature
of approximately 400° C., and this temperature is sufficient
to raise that of 10 ml. of chromic acid solution inserted in a
25 by 150 mm. test tube to 175° C. in approximately 3 min-
utes. Furthermore, 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 that of an open flame (approximately 800° C.), and by the
fact that 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 matter content were chosen. The re-
sults, presented in Table II, show that 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 titrated later, and ten fresh
tubes inserted in the oven. One hundred samples may be
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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. It is recommended that this solution be prepared as
follows:

Place 10 grams of powdered potassium dichromate, previously
oven-dried at 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 N in
oxidizing power. The advantage of this modification is twofold.
It eliminates the necessity of later adding phosphorie 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 phos-
phoric acid for half the sulfuric acid in the oxidizing solution in
no way affects the strength of this solution.

Summary

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 titration with ferrous ammonium sulfate.
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REecervep September 19, 1938,

Prevention of Sticking of Buret
Stopcocks

EDWIN E. MACZKOWSKE
National Bureau of Standards, Washington, D. C.

FTER considerable trouble with burets used for sodium
hydroxide solution, sodium thiosulfate solution, and
other reagents, it was found that the sticking of buret stop-
cocks, when not in use, may be prevented by simply keeping
the lower part of the buret containing the stopcock immersed
in a beaker of distilled water.

Recervep December 2, 1938.



Determination of Fluorine

With Special Reference to Analysis of Natural Phosphates and
Phosphatic Fertilizers

D. S. REYNOLDS AND W. L. HILL
Bureau of Chemistry and Soils, U. S. Department of Agriculture, Washington, D. C.

HE 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
(12), and calcium fluoride has been identified in a few instances
as & 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

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 at that 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 maintain 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).

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

silica, which renders the method
inapplicable to materials that
contain acid-decomposable sili-
cates (23). Furthermore, the
method of Reynolds and Jacob
(22), involving fusion 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-
terials. In simplicity of
requisite apparatus, 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 aleohol,
by titration with standard
thorium nitrate with the use of
zirconium-alizarin indicator.
Armstrong (2) omitted the

Several factors that cause interference
in the determination of fluorine were
studied by distilling the sample with per-
chloric, phosphoric, or sulfuric acid and
titrating the distilled fluorine with thorium
solution.

The titration is markedly affected by
orthophosphate, sulfate, and hypochlorite
ions and to a much less extent by alkali,
borate, and sulfide ions. In the concen-
tration range studied arsenite, chlorate,
and silicate ions have no observable effect.
Interference is greatly reduced and a
sharper end point is obtained when the
titration medium is an aqueous instead of
an alcoholic solution.

Difficulties arise from substances, such
as (1) aluminum compounds and gelatinous
silica, that retard the distillation of
fluorine, and (2) the distilling acid, phos-
phate, pyritic sulfur, organic materials,
and halogens other than fluorine, that are
incompletely separated from the fluorine
and cause trouble in the subsequent titra-
tion. When perchloric acid is used as the
distilling acid, the distillates of most types
of phosphate rocks studied carry negligible
quantities of perchlorate and phosphate.
The separation of fluorine from pyritic
sulfur and organic matter is improved by
distilling the sample in the presence of
an excess of permanganate.
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observed interfering factors
have been investigated from
time to time—for example, the
effect of neutral salts on the
titration, and the uncertainty
of the results obtained on
pyritiferous samples. The re-
sults of these studies are pre-
sented in this paper.

Preparation of Pure
Sodium 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 (79) in their atomic
weight work. The authors
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 prepared acid. Heat the
acid solution carefully until the
carbon dioxide is expelled and
the solution becomes clear, then
evaporate it to dryness, and
gradually increase the tempera-
ture to 350° to 400° C. If a
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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° C. Theoretical yield, 10 grams.

As shown volumetrically by comparing its thorium nitrate
titer with that 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 Ento-
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.

Titration of Alkali Fluoride with Thorium Nitrate
Solution

Besides the titration medium and the presence of interfer-
ing substances, the factors that 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-
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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 at the rate of 0.5 ml. per 10 ml. of initial volume (V) 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. With the amounts
of fluorine involved in this work the observed effect of indi-
cator concentration is about the same as that noted by
Dahle et al. (6) 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 that a 50 per cent
decrease or increase in indicator concentration changed the
titer 4+0.04 or —0.04 ml., respectively, of 0.04 N thorium
nitrate. All titrations were made at room temperature
(20° to 30° C.). An increase in temperature results in
slightly lower titers.

Tae Trrrarion Meprum. Willard and Winter titrated
in 50 per cent alcohol. Although Armstrong (1) showed that
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 that 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 titrating 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. at
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 V; (Figure
1, b). With 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 oceurs 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) that 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) that a sharper end point
is obtained in glycerol-water solution than in ethanol-water
solution could not be confirmed by the authors.

InTERFERING loNs. Willard and Winter (28) state that
“Any ion that forms a precipitate or a nondissociated salt
with fluorine or thorium interferes with the titration—e. g.,
Catt, Bat®, Fet+t+ Alt++ PO, etc.’” Hoskins and
Ferris (16) give quantitative data on the permissible con-
centrations of a number of ions likely to be met in the dis-
tillates of natural materials. Their experiments, which were
confined to negative ions (halogen, NO;—, ClOs=, SO;

‘AsO;=——,504~—, AsO;——, and PO;~—) inalcoholic solution,

show that an appreciable effect appears when the halogen,
nitrate, or perchlorate concentration reaches about 0.1 M,
whereas the permissible concentration of the other ions is of
the order of 1072 M, or less. Quantitative data on the effect
of barium chloride and carbon dioxide have appeared recently
(10). Asfar 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 ClOs~ (I, 9), when the titra-
tion is made in aqueous solution.



JANUARY 15, 1939
T I T I I
5.30 (o) Titration of Img. of fluorine with ——
#———p] 0.0!' N thorium solution. I
5.20 \\ ¢ NaClO, X |
NaNOsz o V;=10 ml. of aqueous solu-

| Noc%\ tion + 10 ml. of alcohol +

I ml. of buffer.

0 V; = 10 ml. of aqueous solu-
tion + Iml. of buffer.

4 V; = 50 ml. of aqueous solu-

5.10

. T
5 Io__(b) ‘Titrotion of 55.8 mg.I of fluorine _|
: with 0.04 N thorium solution

tion + 2.5 ml. of buffer.
5.00 ”\Q J of & Standard titrations
\ X Quantity of buffer varied
c \
S 490 *NaNO.
= \\ 3 l
3 >
S NaCl+ %Nacm
54,
,E_ T T T T T
‘€ 510 (c) Titration of 3.8 mq. of fluorine in +—
£ presence of different alkali ions.
2 e |
2100 N i
° N NH4Cl
‘g 4.90
S —t ~NaCl
..g 4.80 \ \<‘°
% BN &
3 470 \(L-\OKCI
= 4.60

I I 1 | i I
5.30(— (d) Titration of 3.8 ma. of fluorine

in aqueous solution. M

5.20 =8
/
—
= 9 o | Snec
: > ’_’Z___4>-<gt
priiEd

el e ] v NHCl e

N
002 004 006 008 0.0 0.2 0.14 0l6 0.8 0.20
Initial molarity of alkali ion

Figure 2. Errecr oF ALKALT CHLORIDES, NITRATE, AND
PERCHLORATE ON THE TITRATION OF ALKALI FLUORIDE WITH
TaORTUM NITRATE

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 accompanying alkali ion being the principal
source of the interference. If this be true, account must 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 at 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.

With 1 mg. of fluorine in alcoholic solution (Figure 2, a)
the salt effect becomes noticeable at 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 that is involved. Moreover,
alteration of the sodium concentration by varying the vol-
ume of buffer also gave results (Figure 2, b) that follow the
course of the curves for the other salts. These variations in
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the amount of buffer had only a slight effect on the pH of the
titrated solution (Table I). The observation that 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 that
the interference arises from reactions that 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 Na,ThFs (13,
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, ¢, 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.

TasLe I. Errect oF BUFFER CONCENTRATION, ALKALI-ION
CONCENTRATION AND NATURE OF ALKALI IoN oN PH oF TITRATED
SoLuTION
Titer in
Terms of
Alkali Volume 0.04 N pH of
Fluorine Alkali Chloride of Buffer  Thorium  Titrated
Present System? Added  Solution Solution  Solutionbd
Mg. My. ML Ml.
Titration in Alcoholic Solution¢
3.8 Sodium None 0.5 5.05 3.29
3.8 Sodium None 1.0 5.03 3.30
3.8 Sodium None 2.0 5.02 3.24
3.8 Sodium 50 1.0 4.81 3.28
3.8 Potassium None 1.0 4.85 3.40
3.8 Ammonium None 1.0 5.05 3.50
3.8 Ammonium 50 1.0 4.98 3.40
Titration in Aqueous Solutiond

1.0 Sodium None 2.5 1.40 2.86
3.8 Sodium None 1.25 5.02 2.92
3.8 Sodium None 2.5 5.09 2.82
3.8 Sodium None 5.0 5.10 2.78
10.0 Sodium None 2.5 13.35 2.87
3.8 Sodium 1,000 2.5 5.21 2.80
3.8 Potassium None 2.5 4.97 2.90
3.8 Ammonium None 2.5 5.00 3.00
3.8 Ammonjum 1,000 2.5 5.14 2.90

@ Sodium (or potassium or ammonium) ion was the only alkali ion present
in the solution. % 4

b Determined with the glass electrode by L. M. White of this bureau.

¢ Initial volume was 10 ml. of aqueous solution, 10 ml. of alcohol, and the
indicated volume of buffer. 3 G

d Initial volume was 50 ml of aqueous solution and the indicated volume

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

Of the negative ions that 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 must be
excluded when titrating in alcoholic solution (Figure 3, a).
With aqueous solutions the situation is improved a little, in
which case the presence of the equivalent of 0.1 mg. of
PO, would be expected to cause less than 1 per cent error
for amounts of fluorine in excess of 1 mg. when the initial
volume is 50 ml.

The interference of sulfate in alcoholic solution depends
upon the amount of fluorine present (Figure 3, b), as is also
indicated by recent data of others (10). Sulfate interference
has been attributed (Z6) on the basis of conductivity data to
the slight dissociation of thorium sulfate even in very dilute
solution. The fact that 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 ThF:S0s. On the other hand, in titrations made in
aqueous solution sulfate interference disappears almost
entirely (Figure 3, b), and the small disturbing action that
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.
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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 AsO;=~~. 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 ClO;~ added as the sodium salt were without effect.
On the other hand, 2.5 mg. of ClO~ caused the indicator to fade
rapidly. This fading of the indicator was not observed with
solutions containing added hypochlorite that had been evapo-
rated to 5 ml. and diluted to 50 ml. before titration. The inter-
ference of free chlorine has been noted by Lockwood (18).

Separation of Fluorine from Interfering
Substances

Distillation with a nonvolatile acid is the most 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 (21), Dahle and Wichman (6, 7, 8), and Church-
ill et al. (3).

Cuoice oF Acip FOR DisTinrATION. 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 amount often sufficient to
interfere in the subsequent titration (21). Phosphoric acid

is useful, however, with materials that contain
notable amounts of easily oxidizable organic matter,

with which the use of perchloric acid would be
unsafe. The phosphoric acid distillate may, where
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Ficure 3. ErrEcT OF ORTHOPHOSPHATE AND SULFATE IONS ON TITRA-

TION OF SoDIUM FLUORIDE wiTH THORIUM NITRATE

24 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 may be ex-
pected under certain conditions. The distillate
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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 may 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.

SuBSTANCES THAT RETARD THE DISTILLATION OF FLUORINE.
Gelatinous silica (28) and large quantities of soluble aluminum
salts (7) retard the rate of distillation of fluorine, but the
quantities of these substances usually encountered in com-
mercial phosphate rock are insufficient to interfere seriously.
Silicates that 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, at
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
treatment with hot concentrated alkali solution.

TasLe II. ErrecT oF EVAPORATION OF SopiuM FLUORIDE
SoLuTION ON TITER WITH THORIUM NITRATE

(Solution was evaporated to 40 to 45 ml. Vi = 50 ml. of aqueous soln.)
Titers of
- Duplicate

A&prommute Experiments

olume of in Terms of
Solution at 4 N

Series Added Beginning of Thorium
No. Fluorine® Procedure Evaporation  Solution
Mg. Ml, M.
1 1.0  Direct titration Not evapo- 1.39, 1.41
rated
Plus water 150 1540,555%
Plus water -+ 0.05 mg. of Si0:b 150 ., 1.40,1.40
Distilled with HC1O« to volume 150 1.41, 1.42
of 150 ml.
2 3.8  Direct titration Not evapo- 5.08, 5.10
rated
Plus water 300 5.08, 5.10
Plus water + 1.9 mg.¢ of SiO:b 150 5.02, 5.03
Plus water -+ 3.8 mg. of SiO- 150 5.01, 5.03
Plus water + 7.6 mg. of SiO; 150 98, 4.964
3 3.8 Distilled with HC104 to volume 150 4.98, 5.00
of 150 ml.
Plus 150 ml. of HCIOq distillate 150 5.00, 5.00
(blank) + 1.9 mg.¢ of SiO1b
4 10.0  Distilled with HCIO« to volume Not evapo- 2.63, 2.72
of 150 ml., made up to 250 rated
ml., and titrated 50-ml. ali- 150 2.58, 2.68
quots (2 mg. of F)
5 20.0 Sameasseries4. Aliquots =4 Not evapo- 5.25, 5.30

mg. of rate
150 5.25, 5.23

@ Aliquots of standard sodium fluoride solutions were used.

b Silica was added in the form of a clear solution of Na:SiOs.

¢ Approximately the SiO: equivalent of the fluorine as HaSiFs.
d Indistinct end point.

EvAPORATION OF FLUORINE-CONTAINING SoLuTiONs. In
the analytical determination of fluorine it 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 nitrate 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, it has
been found that under certain conditions, illustrated by
typical data in Table II, evaporation of alkaline (phenol-
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
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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, at 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.

TasLe III. ErFEcr oF EVAPORATION OF DISTILLATES FROM
ProsPHATE Rock oN TITER WITH THORIUM NITRATE

Titer of Solutions from 0.1 Gram

Sample ample®
Ng. Type or Source of Phosphate A of SB Dl
M. M. ML,
1205 Florida land pebble 4,94 4,90 4.94
4.97 4.93 4.97
56ab Tennessee brown rock 4.74 4.69 4.74
4.76 4.71 4.71
930 Tennessee blue rock 4.61¢ 4,.60° 4,58¢
4.63 4.57 4.58
948 Wyoming 4.63¢ 4.60¢ 4.63¢
4.62 4.60 4.65
1253 Idaho 4.31 4.27 4.34
4.30 . 4.27 4.31

¢ In procedure A the 150-ml. perchloric acid distillate of a 1-gram sample
was made up to 250 ml., from which a 25-ml. aliquot was taken, diluted to
50 ml., and titrated in aqueous solution. Procedure B is the same as A,
except that the aliquot was diluted to 150 ml. and then evaporated to 45
to 50 ml., whereas in C the 150-ml. distillate of 0.1 gram of the rock was
evaporated to 45 to 50 ml.

b National Bureau of Standards standard sample.

¢ Distilled in the presence of KMnOu.

The titers (corresponding to 0.1-gram samples) of phos-
phate rock distillates show an observable lowering as a result
of evaporation (Table IIT). The small differences (0.03 to
0.04 ml. of 0.04 N thorium solution), however, amount to
only 0.02 to 0.03 per cent of the sample.

TasLe IV. THORIuUM NITRATE CONSUMED BY BLANE DISTIL-
LATES FROM PERCHLORIC AcID?®
Total Titers of
Duplicate Experi-
ments in Terms of

Series 0.01 N Thorium
No. Procedure? Solution
M.
1 Titration blank 0.11,0.10
150 ml. of distillate from water alone 0.10,0.14
150 ml. of distillate from HCIO: No. 1 0.35, 0.33¢
150 ml. of distillate from HClO4 No. 2 0.22,0.20,0.22¢4d
2 150 ml. of & 300-ml. HCIO« }No. 1) distillate 0.35, 0.35
150 ml. of same distillate after evaporation 0.68, 0.67

and redistillation (150 ml.)

@ 10 ml. of 60 per cent perchloric acid and 5 ml. of water were added to
distilling flask. ; i

5 All titrations were made in a volume of 10 ml. of agueous solution.
Neutralized distillates were evaporated to 5 to 10 ml.

¢ Results are for consecutive 150-ml. portions.

d When titration medium was 5?.1Fer cent ethanol (20 ml) corresponding
results were 0.13, 0.14, and 0.12 .

Brank oN PercHLORIC Acip. The distillate obtained
from perchloric acid without added fluorine consumes more
thorium nitrate than is required by the titration blank, and
the amount varies with different lots of acid and with the
volume of the distillate (Table IV). Eberz et al. (10) made
similar observations and recommended that 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 part of this blank is evidently due to
something other than fluorine, because the addition of the
evaporated blank distillate to a known amount of sodium
fluoride solution, oddly enough, gives rise to a slightly lowered
titer. This tendency towards a negative effect on the titra-
tion may also be noted by comparing the results in Table IT
(series 2 and 3).
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RECOVERY OF FLUORINE BY DISTILLATION WITH PER-
caLorIC Acip. 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
at 1 mg., asisindicated in Table II. Above 15 mg. of fluorine
the recovery was variable. In view of the fact that 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.

TasLe V. FrLuorINE IN PERCHLORIC AcIiD DISTILLATES OF
TyricAL PaospHATE Rocks BY DIFFERENT METHODS OF
ANALYSIS

Volume of distillate, 150 ml.)
Fluorine Found

(Weight of sample, 1 gram.,

Thorium a
Sample 3! nitrate chlorofluoride
No. Type or Source of Phosphate titration® method (15)
%o %o
1205 Florida land pebble 3.70 3.74
3.71 3.72
56a¢ Tennessee brown rock 3.54 3.47
3.55 3.55
930 Tennessee blue rock 3.444 3.53
3.46 3.58
1253 Idaho rock 3.21 3.26
3.20 3.29

@ Aliquot of distillate was titrated directly in an initial volume of 50 ml.
of aqueous solution,

b National Bureau of Standards standard sample No. 120. Certificate
value for fluorine 3.76%.
¢ National Bureau of Standards standard sample No. 56a. Certificate

value for fluorine 3.56%
d Results obtained by distillation in presence of potassium permanganate.

That 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. That substantially complete recovery
was realized is indicated by the fact that 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 that had been fused with sodium carbonate. On
the other hand, Hoffman and Lundell (15) found that a
preliminary fusion with sodium carbonate improved the
recovery when sulfuric acid was the distilling acid.

The entire distillate may also be titrated without 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, ¢, where only a part of the investigated
range is shown.

ELMINATION OF THE ErrEcT OF PYRITIC SULFUR. 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 that 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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sulfur. Only a trace of hydrogen sulfide could be detected
at 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 amount 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-
manganate 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

(c) P'hosphc;le rock. Thorium,

6 T T 12
(a) Sodium fluoride. / e
solution was 0.08 N'I

Thorium solution was

5— 0.04 N. Vi= 50 ml.-A— 10—— V; = |50 ml.
|
Direct
4r—— titration ; 8 //

3 ” CEvaporoted__ g /
/  distillate /
/ 4 "j

% 2 I

1 7
7 v
”
V3
7 /
Ky Y 01 02 03 04 O
2 Milligrams o‘f fluonlne Grams of sample —
' l l
22 (b) Phosphate rock. Thorium solution g
was 0,08 N. Vj=50ml. //
20 I 2] W/

® Florida lond pebble No. 120 Y
a Tennessee brown rock No.56a
18— o Tennessee blue rock No.930 with /

permanganate distillation
« ldaho rock No. 1253 /]

. 17
7

» O

Milliliters of standard thorium nitrate solution

oy
7

o 01588 0,2 8# 0,37 0,420,508 0.6 58 0,70 0.8 0.9 1.0
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Ficure 4. REecovERY OF FLUORINE FroM Soprom Fruo-
RIDE AND PHOSPHATE Rock

By distillation with perchloric acid and titration in aqueous solution
with thorium nitrate. Volume of distillate, 150 ml.
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unit (24), until the volume of the distillate is 150

TaBLE VI. FLUORINE IN PYRITIFEROUS AND PyYRITE-FREE PHOSPHATES ml. If the material is ﬂPY"‘tlf?"O“Sr moisten the
S sample in the distilling flask with 2 to 3 ml. of a
; YXIUG % ; saturated solution of potassium permanganate and
§ f Fl b S « 3
Samplel s L ﬁ,g;jf;;g“’- S P10y S as e = uorine Douetmitiec increase the concentration of the added perchloric
% % % e o, oriior acid accordingly. Neutralize (phenolphthalein) the
120¢  Florida land pebble 35.25  0.32¢ <0.02 3.71 3.70 3.71 3.9  Uistillate with 1 3/ S_Odi“]m %"dmxid“ %“d make;it
.. Sample 120 + FeS e = 5.34 427 3.87 3.72 3.70  up to a volume of 250 ml. To a 50-ml. aliquot of
912 g“lorl%n lnng pebble 5 ggg‘; g.ggd 28.83 §7é g.gg gg? ggg this solution add 5 drops of alizarin indicator (0.1
5hac ennessee brown roc. . s .02 .5 - .56 .5 . i i i T =
56 Tennessee brownrock  31.28 025 110 358 3143 344 3145 PO gent 351‘(‘)"?“‘513101,‘ét‘°nm°f.SOd‘,‘ém “tl.'lz‘zf’“ Si‘ﬂk
448  Tennessee blue rock 32.03 3 1.37 ©3.72 3.49 3.50 358 onate) and 0.1 M hydrochloric acid until the pin
l%g genncssee g}"e rocl’: g(l)ig (1).:}3% %(7)% ggi g;g g.gij g.gg of the alizarin is discharged. Now add 2.5 ml. of
s D LR : ¢ ; : Lo Es monochloroacetic acid (0.4 M)-sodium hydroxide
449 Tennessee blue rock 33.65 5 3.19 4,17 3.82 3.76 3.75 . ; "

930  Tennessee blue rock 30.97 0.20  5.21 3.98 3.51 3.42 3.49 (0.2 M) buffer solution and titrate with 0.04 N
1;23 %?uth Cnrocl;nf lquxld rock gg?g 3.2{1} (l).gg g.gg :332-53 g.ig g.zg thorium nitrate solution. The end point is very
YOI 5 0XOVLS : : $ 3 : : : sharp. About 1 hourisrequired for a determination
1253 Idaho, Conda 32.13 >2 <0.02 3.30 3.23 3.22 3.23 2 3 7 ¥ 5 °
1012 Montana, Garrison 36.07 <0.2  <0.02 4.54 4.42 4.42 442 Correct the titer by deducting the titration blank
1011  Montana, Garrison 27.63 >0.2 <0.02 6.93 6.79 6.83 6.84 found by titrating a series of sodium fluoride solu-

2 Unless indicated otherwise, results unaccompanied by inequality sign are those given

by Jacob et al. (17).

b In procedure D a 150-ml. distillate of 0.1 gram of rock was evaporated to 10 ml. and
titrated in 20 ml. of 50 per cent ethanol; in E a 150-mu. distillate of 0.1 gram of rock was
evaporated to 45 to 50 ml. and titrated in this volume of aqueous solution; F is same as
E with permanganate distillation; in G 0.5 gram of rock was distilled with permanganate,

tions covering the range of the amounts of fluorine
involved in the analysis. On account of the lower-
ing effect of added blank perchloric acid distillates
on the titer of sodium fluoride, this blank correc-
tion is slightly greater than the true blank.

the 150-ml. distillate was made up to 250 ml., and fluorine was titrated in an unevaporated

50-ml. aliquot.
¢ Bureau of Standards standard sample of phosphate rock.
d Reported as organic matter by Hofiman and Lundell (15).

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

TaBLE VII. FLUORINE IN IGNTTED PHOSPHATE ROCKS of 150 ml. and titrating the distilled fluorine di-
Pyritic Fluorias rectly in this volume with 0.08 N thorium solu-
Sample Type or Source of Organic Sulfur  Ingited Unignited tion, using 15 drops of indicator solution and 7.5
No. hosphate Ce as S0,% sampled sample¢ Difference L 5 - . %
% % % % % ml. of buffer solution. Since the end point is not
1204 Florida land pebble 0.32¢ <0.02 3.71 3.71 =0.00 sharp, a standard for comparison is desirable.
: Sample 120 + FeS: 5 5.34 3.31 3.72 —0.41
Sng %“ennessee lk))rown roclﬁ ggg’ <(l)(l)§ ggg gzg —88’6 Lit t Cited
56 ennessee brown rock h, .16 S ¥ =0 ratur
449 Tennessee blue rock i 319 355 376 —0.21 e Sato
ggg ;I;;;:me; %gﬁe?}fh, 3;23 ?:56 3;23 %:2(2; :8:6% (1) Armstrong, W. D., Inp. Enxg. CHEM., Anal. Ed., 8,
1253 Idaho, Conda >2 <0.02 3.16 3.22 —0.06 384 (1936).
o See footnote @, Table VI. (2) Armstrong, W. D., J. Am. Chem. Soc., 55, 1741
b Sample was heated in a muffle furnace at 500° C. for 0.5 hour; its fluorine content was (1933).

then determined by procedure E (Table VI)
¢ Fluorine was determined by (i:rocedure F (Table VI).
d Bureau of Standards standard sample of phosphate rock.
¢ Reported as organic matter by Hofiman and Lundell (15).

(3) Churchill, H. V., Bridges, R. W., and Rowley, R.
J., Inp. EnG. CHEM., Anal. Ed., 9, 222 (1937).

(4) Dahle, D., J. Assoc. Official Agr. Chem., 20, 505
(1937).

given in Table VI. At the time these analyses were made
samples larger than 0.1 to 0.2 gram had not been shown to be
permissible, which accounts for the small samples used.
The effect of pyrite on the result for fluorine, as well as the
usefulness of permanganate in its presence, can be most
readily observed by comparing the results for Florida land
pebble 120 with and without added pyrite.

Hoffman and Lundell (16) mention a collaborator’s sug-
gestion that the effect of pyrite can be eliminated by igniting
the sample prior to distillation. Data obtained in this
laboratory (Table VII) show that this treatment causes low
results when the sample contains pyrite.

Other uses for permanganate distillation are worthy of
mention in this connection. Organic substances have been
observed in the distillate of certain research samples that
contained cottonseed meal, in which cases the results for
fluorine were low. With the use of permanganate, however,
satisfactory results were obtained on these materials. Dahle
(4) separated fluorine from large amounts of chloride by
refluxing with sulfuric acid and permanganate prior to the
distillation of the fluorine. The authors have used double
distillation with perchloric acid and permanganate to separate
fluorine from moderately large amounts of chloride.

Procedure for Determining Fluorine in
Phosphate Rock

For accurate and consistent results the authors suggest
the following procedure:

Distill 0.5 gram of the sample and 15 ml. of perchloric acid
(2 + 1) at 125° to 150° C., preferably in a steam-distillation

(5) Dahle, D., Bonnar, R. U., and Wichman, H. J.,
Ibid., 21, 459 (1938).
(6) Dahle, D., and Wichman, H. J., Ibid., 19, 313 (1936).
(7) Ibwd., 19, 320 (1936).
(8) Ibid., 20, 297 (1937).
(9) Dabhle, D., Wichman, H. J., and Bonnar, R. U, Ibid., 21, 468
(1938).
(10) Eberz, W. F., Lamb, F. C., and Lachele, C. E,, Inp. EnaG.
CueEM., Anal. Ed., 10, 259 (1938).
(11) Gooch, F. A., and Kobayashi, M., Am. J. Sei., 45, 370 (1918).
(12) Hendricks, S. B., Hill, W. L., Jacob, K. D., and Jefferson, M. E.,
Inp. Exg. CrEM., 23, 1413 (1931).
Hillebrand, W. F., and Lundell, G. E. F., “Applied Inorganic
Analysis,” New York, John Wiley & Sons, 1929.
Hoffman, J. I., and Lundell, G. E. F., Bur., Standards J. Research,
3, 581 (1929).
Hoffman, J. I., and Lundell, G. E. ¥., J. Research Natl. Bur,
Standards, 20, 607 (1938).
Hoskins, W. M., and Ferris, C. A., Inp. Exc. CHEM., Anal,
Ed., 8, 6 (1936).
(17) Jacob, K. D., Hill, W. L., Marshall, H. L., and Reynolds, D. S.,
U. S. Dept. Agr., T'ech. Bull. 364 (1933).
(18) Lockwood, H. C., Analyst, 62, 775 (1937).
(19) McAdam, Jr., D. J., and Smith, E. F., J. Am. Chem. Soc., 34,
592 (1912).
(20) Reynolds, D. 8., J. Assoc. Official Agr. Chem., 17, 323 (1934).
(21) Ibid., 18, 108 (1935).
(22) Reynolds, D. 8., and Jacob, K. D., Inp. Exc. CuEM., Anal.
Ed., 3, 366 (1931).
(23) Ibid., 3, 371 (1931).
(24) Reynolds, D. S., Kershaw, J. B., and Jacob, K. D., J. Assoc.
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Improvement of Vacuum

Distillation

BOLESLAW LUDWIK DUNICZ, University, Lwow, Poland

BTAINING substances of perfect purity is of the greatest
importance in both chemical and physical investigations.
When fractionating devices based on the Anschiitz-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 withott 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.
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F1cure 1. FRACTIONATING DEVICE . |

L. Hole to let in air
V. To vacuum pump
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Ficure 2. Srtorcock

G. Groove
P, GQGreased part 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 at 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, 7', 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 may 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

e

Ficure 3. ConnecrioN TuBES WITH (GROUND
JOINT

G. Groove
P. Greased part of joint

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.

REcerveDp September 3, 1938.

Direct Titration of

Sulfate

Erythrosin as Internal Indicator
WALTER V. BURG, University of Toledo, Toledo, Ohio

URING 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 (2), 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 & 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 that 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 discus-
sion 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 end-
point 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. ™ .

Erythrosin as Indicator

It was during a study of the properties of erythrosin
(tetraiodofluorescein) that the very low solubility and
characteristic violet-red color of its lead salt 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 that in the titration of
sulfate with lead nitrate the replacement of eosin by erythrosin
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causes the color change to start 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 that this diluent might be added to the solution to be
titrated, to bring about a correct end point.

TABLE I. TITRATION OF SULFATE

80« S04
No. Present Found Error
Gram Gram %
1 0.0482 0.0483 +0.2
2 0.0694 0.0694 0.0
3 0.0857 0.0860 +0.4
4 0.1089 0.1087 -=0.2
5 0.1156 0.1159 +0.3
6 0.1349 0.1344 —0.4
7 0.1541 0.1536 —0.3
8 0.1782 0.1785 +0.2
9 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 nitrate 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 that 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. It 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 that 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

MATERIALS AND REAGENTS. A 0.1 M lead nitrate solution,
standardized gravimetrically, 1 per cent solution of erythrosin
B in water, ethyl alcohol, phenolphthalein solution, and approxi-
mately 0.02 N nitric acid.

ProcepurE. 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 approxi-
mately 0.02 N nitric acid. Add 16 ml. of aleohol and 14 drops of
indicator. Mix well, so that the color of the solution is a uni-
form orange-red. The temperature should not be over 30° C.
Run the lead nitrate solution into the flask at 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 distinet 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 that 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
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solutions containing potassium sulfate or mixtures of potas-
sium and sodium sulfates.

In order to become well acquainted with the color change
that is characteristic for this determination, it is best to
titrate 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 Titration of Chloride and Sulfate

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 nitrate
has no appreciable influence on the end point. This fact
suggested the use of silver nitrate for the removal of the
chloride ions, thus presenting a method for the successive
titration of chloride and sulfate.

A rapid and accurate method for the estimation of chloride,
that 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
(I, 8). 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 at 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. ul-
tiply the result of the sulfate titration by two.

TasLe II. Suvccessive TrTRATION OF CHLORIDE AND SULFATE

Cl Cl 80 S04
No. Present Found Error Present Found Error
Gram Gram % Gram Gram %
1 0.0464 0.0463 —0.2 0.0982 0.0985 +0.3
2 0.0928 0.0928 0.0 0.0982 0.0979 —0.3
3 0.1392 0.1390 —-0.1 0.0082 0.0987 +0.5
4 0.0464 0.0463 —=0.2 0.3851 0.3844 —0.2
5 .092: 0.0930 +0.2 0.3851 0.3840 —0.3
6 0.1392 0.1393 +0.1 0.3851 0.3854 +0.1

Table IT 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.

Conclusion

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.
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However, the applicability of the erythrosin method is not
limited to the conditions set forth in that procedure. One
way of extending the scope of the method is based upon the
use of standard solutions that have concentrations other than
0.1 M. A few determinations carried out with 0.05 M and
0.2 M lead nitrate showed that with these solutions accurate

results can easily be obtained, provided the conditions

(quantities of alcohol and indicator) are adjusted adequately.
It 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
that 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 that has been suggested in this paper. Another
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fertile field for further investigation is the replacement of
ethyl alcohol by diluents that can be obtained without legal
restrictions. Preliminary experiments revealed that 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.
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Glass Electrode for Determining Blood pH at 38° C.

M. K. HORWITT
Biochemical Research Laboratory, Elgin State Hospital, Elgin, Il1.

HE 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, Ill.) 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 market 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 it 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
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Ficure 1.
Corning 015 glass indicated by dotted 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 ce. 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 satu-
rated potassium chloride solution at 38° C. The potassium chlo-
ride solution serves as both the salt bridge and the constant-tem-
perature bath as illustrated in Figure 1. A small calomel half-
cell 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 at
38° C. Placing the 50-cc. beaker in a 100-cc. beaker helps to in-
sulate 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 at that 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 (7).

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 may be obtained.
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Copper Precipitation Method for Kojic Acid

Determination

H. N. BARHAM
Kansas State College, Manhattan, Kans.

0JIC 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 Aspergilius

flavus—oryzae groups of molds. Interest in it has been shown

because of its possible utilization for industrial purposes.
Its accepted structural formula is:

I
(]J\
HO—G C—H
J 4
H— C—CH,0H
o/

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 (4) 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) (3) as indicators.

TasLE I. ErrFECT OF VARIATION OF CoPPER ACETATE CONCEN-
TRATION
0.72 N No Alkali Neutral Equivalent Alkali
Copper Cop- il- - Fil-
Ace- per trate Copper trate Copper trate
tate kojate CuO pH kojate CuO pH kojate CuO pH
Ce. Gram % Gram % Gram %
2500171552229 541200 021740 552275 5:0 52 031742:02:2279 70 6.4
5 0.1647 22.8 5.0 0.1667 23.0 6.0 0.1706 23.8 6.0
10.:0:1664 2279 = 5:20.00-1566 23167567 = 0.1667 23:3° 5.8
15 0.1459 23.3 5.2 0.1471 23.2 5.6 0.1467 23.0 5.6
20 0.1345 23.3 5.2 0.13563 23.1 5.5 0.1372 23.4 5.5
25 0.1175 23.2 5.2 < 0.1266 23.4 5.4 0.1275 23.4 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 that the
copper salt was the half-hydrate, (CeH:s0:).Cu.l/-H,0, was
based upon their value of 22.40 per cent of copper oxide in
the salt. Maurer (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, (CsH;04),Cu and (CgH;054).Cu.H,0, have
been reported by Yabuta (11) and Traetta-Mosca (10), re-
spectively.

For several years, the author and others (Z, 2, 3) have
found it satisfactory to assume that copper kojate precipi-
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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 that the excess of pre-
cipitant is an important factor in the accuracy of the method.
This raised a question as to the validity of the assumption
of the half-hydrate. It was thought desirable, therefore, to
investigate this factor as well as other conditions surrounding
the precipitation of copper kojate and the treatment of the
precipitate before weighing.

Experimental

PrecipiTATION AND CoPPER OXIDE DETERMINATIONS. 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 per-
centage 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.

Kouic Acin. The kojic acid used in these experiments was
carefully purified by repeated crystallizations from water and
alcohol, followed by extraction with chloroform. The chloro-
form-extracted kojic acid had a melting point of 152-3° C. In
all cases, 10-cc. aliquots of 0.1 N 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 gram; its calculated copper oxide
percentage is 23.01 per cent,

Soprum Hyproxipe. It 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 higE results due to silicates dissolved from glass containers.

Precieirant. 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 pre-
cipitation, 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 con-
centration of copper acetate was varied.

Errect oF VARIATION OF CopPER ACETATE. The concentra-
tion of copper acetate was varied in solutions to which no alkali
had been aoIl)ded, in those which had been made neutral with alkali
(pink color of phenolphthalein), and in those to which the equiva-
lent of alkali (full red color of phenolphthalein) had been added.
The results of this variation are presented in Table I.

Errect oF BurreriNG witH Sopium AceETATE. For experi-
ments involving the variation of sodium acetate concentrations,
the two smaller copper acetate concentrations of Table I—2 cc.
(ca. 5 cc. of 0.3 N) and 5 ce. of 0.72 N—were chosen; nothing was -
to be gained by using still greater concentrations. Sodium ace-
tate solutions (10-cc. portions, or the equivalent) with the ap-
proximate 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 phenol-
phthalein. pH measurements were made with a Coleman pH
electrometer. The results are given in Table II.
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SovusiLity oF CoppER KoJsaTE IN WATER. A quantity of
copper kojate was prepared by adding a slight excess of copper
acetate to a solution of kojic acid at a pH of about 4.0. The Sry
salt contained 22.8 per cent of copper oxide by ignition and by
iodometry. Samples of this copper kojate were stirred with dis-
tilled 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.

TasLe II. ErFECT OF BUFFERING WITH SODIUM ACETATE
5 cc. of 0.3 N Copper 5 ce. of 0.72 N Copper
Acetate ¥ Acetate
Normality Fil- Fil-
of Sodium  Copper trate Copper trate
Acetate kojate CuO pH kojate CuO pH
Gram % Gram %
0.1 0.1739 22.9 5.9 0.1682 23.3 5.8
0.5 0.1742 23.0 6.3 0.1684 23.3 6.1
1.0 0.1742 22.7 6.6 0.1690 23.5 6.3
1.5 0.1742 22.8 6.7 0.1742 24 .4 6.4
2.0 0.1738 22.7 6.8 0,1744 24.4 6.5
3.0 0.1742 22.8 7.0 0.1800 25.6 6.7
4.0 0.1740 22.8 7.2 0.1802 25.9 6.9
6.0 0.1739 22.7 7.4 0.1822 25.9 7.0
8.0 0.1743 22.8 7.6 0.1826 26.0 7.2

PrecierraTioN Periop. In order to determine the time re-
quired 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
agdition of 5 ce. of 0.3 N copper acetate. The precipitates were
filtered off at intervals, then dried, and weighed. The results are
shown in Table III.

TasrLe III. PrecipiTATION PERIOD
Copper Kojate

Hours Gram
2 0.1570

4 0.1634

6 0.1662

8 0.1669
24 0.1710
36 0.1732
48 0.1740
60 0.1741
72 0.1738

DryiNG oF PrecipiTaTEs. Ten cubic centimeters of 0.1 N
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 at 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 re-
corded by the oven and the period of heating. However, pro-
longed drying in vacuo at 100° C. gave weights which averaged
0.1736 gram. Heating later at 105° C. 7n 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 dis-
tribution and maximum spread of weights which may be expected
when the samples are dried without decomposition. Higher tem-
peratures 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 7n vacuo or in

an air oven exhibit no tendency to absorb moisture while stand-

ing in air for 24 hours.

Discussion

For an adequate test of the suitability of this method for
kojic acid determination, it is regarded as sufficient to es-
tablish conditions which permit the complete precipitation
of copper kojate without basic salt formation. This in-
formation would also make it possible to estimate the extent
of hydration of copper kojate.
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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 ce. 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 II will show also that, in experi-
ments in which 10 ce. of 0.1 N kojic acid were precipitated
by the addition of 5 cc. of 0.3 NV 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 with the pH. The conclusion
follows, therefore, that 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.

TasLe IV. RrrorTED ForMS OF CorpER KOJATE

Form of Copper Kojate Copper Kojate Copper Oxide

Gram %
Ce¢H304)2Cu 0.1729 23.01
CuHiO%:CU.K:H:O 0.1774 22.43
CeH304):Cu.H20 0.1819 21.87

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 that
copper kojate exhibits no tendency to form hydrates at room
temperature and, also, that prolonged drying in vacuo at
100° to 105° C. reduces slightly the average copper kojate
weights without decomposition, it appears a justifiable
conclusion that, under the proper conditions, kojic acid is
precipitated as anhydrous copper kojate containing a small
quantity of strongly adsorbed water.

Summary

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 titrated 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 amount deter-
mined by titration. At 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, (CeHsO4),Cu. The precipitates may be dried without
decomposition #n vacuo over calcium chloride or in a vacuum
oven at 100° to 105° C. The pH of the solution is not criti-
cal; it 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

RALPH HART
The Hart Products Corp., 1440 Broadway, New York, N. Y.

HE discovery that a sulfo group on a primary carbon of

an aliphatic chain of the proper molecular weight, which
may or may not be condensed with an aryl group, produces
compounds that possess sudsing and scouring properties has
led to a flood of patents on synthetic detergents. A good
many such compounds are now on the market 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. It is applicable to such products as the sulfated fatty
alcohols, sulfonated fatty 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 fatty matter. The new
method does not determine the fatty matter directly but it
may readily be calculated from the active ingredients. The
new method is not so convenient nor rapid, but the results are
believed to be more accurate than those obtained by the usual
method of acid hydrolysis and extraction; the fatty matter
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 fatty matter in both directions, the net effect depending -

upon the conditions of the hydrolysis and the nature of the
sample. The new method 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

RESIDUE BEFORE AsHING. The combined solvent layers from
the determination of organically combined sulfuric anhydride b
the ammonia method (Z) 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 N 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 means of reaching constant weight is to heat the
beaker, after practically all the solvent has been evaporated on
a steam bath, in an oil bath at 135° C. with 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 sol-
vent.

RESIDUE AFTER AsHING. The residue is quantitatively trans-
ferred 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 con-
tents of the crucible are burned off and finally ignited until prac-
tically all the carbon is consumed; if necessary, the residue may
be treated several times with small quantities of 30 f)er cent hy-
drogen peroxide. The ash is then treated with 2 ml. of concen-
trated sulfuric acid, the acid is evaporated, and the residue is
ignited strongly until the weight is constant, preferably with a
blast burner.

Toran Active INGrEDIENTS. The difference in weight be-
fore and after ashing represents the loss of organic matter 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:

2ROS0;sNa = Na,SO4 + (SO0; + CO,, etc.)
Active ingredients: Loss upon ignition
ester compounds

2RSO;Na
Active ingredients:
sulfonic compounds

= Na,S0; + (8O; + CO,, ete.)
Loss upon ignition
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TaABLE I. TorAL FATTY MATTER AND TOTAL AcCTIVE INGREDIENTS IN

SuLruric Acip ESTERS

Total Fatty Matter
ew——— Acid-decomposi-

CHEMISTRY VOL. 11, NO. 1
Hence
ROH = ROSO;Na — NaSO,’ + H
Total Active Fatty  Active
Ingredients, matter ingredients

mtitlhod i Itlon ?fthoc[i\ INew %\Ifeth:d

AV, Ve AV,

Ee o G . IlConseql;entlyl{:he fatty matter is given by the
Sulfated oleic acid 61.6 61.8 61.7 61.5 61.4 61.5 66.5 66.8 66.7 e D SELOLTRL S

Sulfated castor oil 60.6 60.3 60.5 60.9 60.5 60.7 65.6 65.3 65.5 s

Sulfated tallow 83.4 83.1 83,3 82.9 83.0 83.0 86.6 86.3 86.5 2. Fatty matter, per cent

Sulfated blended oil® 76.9 76.8 76.9 76.4 76.7 76.6 80.3 80.2 80.3 et g (NaSO,’— H)
Highly sulfated castor oil  31.7 31.3 31.5 31.6 31.4 31.5 40.2 39.8 40.0 = 9 active ingredients — ~—————= X 9,
Sulfated fatty alcohol® 23.5 23.6 23.6. 23.5 23.8 23.7 ' 31.4 '31.5 31.5 S0O;

@ Used in spinning rayon.
5 Oleyl and cetyl alcohols.

combined SO;
%: active ingredients —1.275 X 9, com-
bined SO;

TasLe II. Loss uroN IGNITION OF PURIFIED SAMPLES OF
SurroNic CoMPOUNDS AND TOTAL AcTIVE INGREDIENTS

Loss upon Total Active Ingre-
Ignition, Purified dlents Sampf
Sample “*As
New Direct New
method, ignition, Method

av. av. I Av.

% o % % %
Fatty acid amide sodium sulfonate 85.8 85.0 27.6 27.3 27.5
Alkyl naphthalene sodium sulfonate 78.4 78.7 64.9 64.6 64.8
Alkyl aryl sodium sulfonate 80.2 79.9 34.6 34.8 34.7

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 that 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

N;;(S)?‘ X % combined SO;

= 0.8875 X % combined SO; + 100 X
loss upon ignition (corrected)

weight of sample

Where alcoholic potassium hydroxide had been added, the
loss in weight upon ignition is too high by an amount equal
to (K — H) and too low by the corresponding amount of
potassium sulfate. The corrections for these two items are
made as follows:

+

Correction for (K — H), in grams
(X — H) mg. of KOH added
KOH 1,000
= —(0.0006774 X mg. of KOH added)

Correction for K:SOy, in grams
_ K80,

= 5KoH <
= 0.001552 X mg. of KOH added

mg. of KOH added

Total correction, grams

= —0.0006774 X mg. of KOH added + 0.001552 X mg. of
KOH added

= -+40.0008746 X mg. of KOH added
Total Fatty Matter

In calculating the fatty matter from the active ingredients
in samples of sulfuric acid esters, it may be assumed that the
latter upon hydrolysis yield a hydroxy group for every com-
bined sulfuric anhydride split off, as follows:

ROSO;Na + H,0 = ROH + NaHSO,

Active Fatty
ingredients matter

100 X loss upon ignition (corrected) o

weight of sample
0.3875 X 9% combined SO;

From the last formula, it will be noted that an error of 1
per cent in the combined sulfur trioxide determination will

" affect the fatty matter by less than 0.4 per cent.

Experimental

Surruric Acip Esters. The fatty matter in sulfuric acid
esters by the new method compared with the fatty matter
obtained by the acid-decomposition method is given in Table
I, in which also the total active ingredients are listed.

Surronic Acips. 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 aleohol,
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 IT
which also includes the total active ingredients contained in
the original samples.

It is evident that in the case of sulfonic compounds the loss
of organic matter 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.

Summary

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 but no other
salts, and determining the loss in weight upon ignition. A
method is also given for the determination of fatty matter in
sulfuric acid esters, provided the organically combined sul-
furic anhydride is known.
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Viscometer for Routine Determinationjof
Proteolytic Activity of Malts

JOHN R. KOCH, ORLANDO NELSON, AND LAWRENCE EHRNST
Marquette University, Milwaukee, Wis.

The apparatus is very simple to construct
and use. One temperature (40° C.)
used for standardization, extraction, di-
gestion, and viscosity determinations.
Better timing visibility is obtained. Abso-
lutely constant volume is assured during
a series of readings.

No aliquot parts are taken from a chang-
ing substrate after digestion is started, no
transfer of hot liquids to the viscometer
is required as specified for the gelatin
industry, there is no clogging due to evapo-
ration at the tip, and intermediate cleaning
is unnecessary between samples in a run.

The simple design of the viscometer
permits three simultaneous runs in less
than 2 hours. The filled viscometer can
be inverted at once, making accurate
extrapolations possible. = No buffering is
required. The proteolytic activity value
increases with the amount of enzyme.
One minute of digestion corresponds to
one point of activity.

HE present paper is a continuation of work done at

Marquette 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 Ehrnst sug-
gested that 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 that malt infusions prepared with water acidified
with a small amount of bacterial lactic acid (0.1 to 2 per cent)
would liquefy gelatin to a greater degree than did aqueous
extracts. Commerecial lactic acid and inorganic acids yielded
no increase in proteolytic activity. Wahl 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 malt infusions.
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 that no lactic acid was used. As an in-
dication of profeolytic activity, the viscosity of gelatin was
used instead of setting time. In 1937 Laufer (3) determined
the proteolytic activity of malt by means of a gelatin vis-

Later he modified this
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cosity method and an Ostwald pipet. Although the vis-
cosity of gelatin has often been used to estimate proteolytic
activity (I, 6, 6, 13), Wahl (72) and Laufer (3) 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 malt up to date (3) 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 Simple Method of Determining
Proteolytic Activity of Malts

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 malt is important to the maltster as
well as to the brewer. It is possible to determine the

FIGURE 1. VISCOMETERS
Left. With rubber stopper
Right. All-glass type
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proteolytic strength of malt and then to arrive at 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 malt 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 glassblower. The deter-
mination is designed to meet the needs of a malting or brew-
ing laboratory.

The method is based on the well-known principle that the
viscosity of gelatin decreases as it is attacked by a proteo-
lytic enzyme (1, 3, 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 gack and forth. In the type made up with rubber stog—
pers 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 at the same temperature as

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

/20

75
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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
that 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 forproteolytic 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.

Comparison of the Proteolytic Activity of Malts

PrEPARATION OF 10 PErR CENT GELATIN SOLUTION. 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 (13).

In order to prepare 250 cc. of 10 per cent gelatin, 25 grams of
isinglass or other gelatin of good quality are sprinkled on top of
about 125 ce. of distilled water at room temperature. The gela-
tin 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.

PREPARATION OF MarLr INFUSION
CONTAINING PROTEOLYTIC ENzZYMB.
A quantity of malt is finely ground
in a Miag-Seck mill, 20 grams are
transferred to a 250-cc. beaker, 100 cc.

S o i
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ATALT EXTRACT g66
BECINNING OF RUN
END OF RUN.

of distilled water at 40° C. are added,
and the infusion is well stirred and
57 placed in a water bath at 40° C.
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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 solu-
tion 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 solu-
tion 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
i 40° C.) and a determination is made
| in 15 minutes from the zero time.
F S S S : The first run may be made sooner if

FLOW T/IME IN SECONDS
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0 /5 30 45 /HA.
ELAPSED TINTE

Lwnrs. desired. [The amount taken is actu-
ally 50 cc. plus the 1 or 2 ce. (accu-
rately determined for each viscometer)

EIGURE g VI\SICOSITY Drop wire trapped on the two sides of the vis-
ey IMILAR VISCOMETERS e e C
H at Beginning, 5.40; at End, 5.41 pH of SRR Sl AT
E L N Talt¥5.00 e of the capillary. . This extension of
2§ Rin Flapsad Tinie Flow Time the capillary causes the gelatin to run
i reely from the tip without touchin
Min, Sec. freely f the tip without touching
TS R VIS S S T Vi biatertA the sides of the Erlenmeyer.]
0 /5 30 45 /e 2 urs. 3 1 0 119.0 3. Subsequent determinations may
ELAPSED T/ME % :lig 1(1)2.2 be ma(%e every 15lrlninutes thereafter.
104. 4. In practically all cases suffi-
Figure 2. A Tyercar Ron, Marr 10 :3, ;g 33‘2 cient action has taken place in a 2-hour
pH at Beginning of Run, 5.41; at End of Run, 5.43. 6 105 84.4 eriod to give a good graphic history.
pH of Malt, 5.68. Viscometer 4 7 135 79.4 5 = Eo Sel 4
Run Elapsed Time: Flow Time s " ‘, .
Min. ° Reol i v‘“°(;“°t” 2 B Obviously, since all solutions are
1 15 116.8 2 15 1096 at 40° C. prior to and after mix-
2 45 101.7 3 30 102.2 ;
3 75 91.4 4 45 97.2 ing, temperature changes are held
: 185 S g N5 5918 to an absolute minimum. A single
6 165 74.5 7 135 78.0 temperature for extraction and di-
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GrowING FLOOR, SHOWING MECHANISM FOR TURNING GRAIN

gestion has proved very desirable, as it prevents error due to
variation in temperature adjustment. The temperature
should be high enough to hasten the action of the enzyme but
should not.exceed the temperature at which the enzyme is
stable. The authors’ experience with many hundreds of
runs has placed this at 40° C.

A TyrprcaL Run. 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

ANALYTICAL EDITION 37

As indicated in Figure 2 (malt 10),
initial time is obtained by extrapolat-
ing the graph. Numerous experi-
ments have shown that this gives the
same time of flow as a blank of gela-
tin and malt 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 malt 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.

Mavr Varves witE Likg Vis-
coMETERS. That the same lengths of
capillary cut from the same piece
will give very similar viscometers, and
that 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 malt 8 in viscometer A, while the lower curve
represents the same malt in viscometer B. In either case
it required 56 minutes to produce a 20 per cent drop in vis-
cosity.

Errect oF ProcessiNg. In Figure 4 the curves for malts
2 and 3 are very similar. These malts were processed alike
although they came from different sources. Malt 1 was
made by a different process and has an entirely different
slope to the curve. This set of curves shows that the graphic
history of the digestion gives valuable information in addi-
tion to giving the minutes necessary for
a 20 per cent drop.

foranystandardization. Standardi- 2 XZY Experimental Data
zation and expression of results -\
in kinematic viscosity are necessary sk The maximum proteolytic activity of
only when using dissimilar vis- [ malt lies between pH of 5 and 6 (3, 13).
cometers, or when comparisons are ol In order to test the viscometer as to
to be made between different labo- o | sensitivity, accuracy, gmd ada}ptabmty.(lt
ratories. Q= has been used for testing various gelatins
Figure 2 shows a typical run for % i
amalt. Since the solution and vis- ) i D
cometer are at 40° C., time of flow &) /00 §- pHRat Begmm;:gl. 5433:'1‘.&& End, 5'1]?‘i IYI(‘?lt 1.
can be measured almost immedi- > i e am:ﬁn.]me Ogec.m
ately after the viscometer has been > Viscometer 3
putinto the bath. As time elapses, § i . i i,
the proteolytic enzymes of the N 3 7 9020
malt break down the gelatin and L 2qv0 3 5 1% 750
its viscosity decreases (Figure 2). % | Lpppas ik 6 i (o
The dotted lines indicate the N | AL pH at Beginning, 5.39; at End, 5.38 Malt 2.
number of minutes required for a i E 1 le?-meter - 115.2
20 per cent drop in viscosity. This i 2 45 108.1
is the number of minutes used to . 3 108 1938
irllldicatci, the proteolytic strength of i o ags Sty
the malt in question. sk ;
Naturally %he shorter the time 70 . T = b Bemnmg'\fifcl‘:m::f :d' 2
taken to produce this 20 per 2 ?Lj‘joé’g-g 7/,\,[2’"& 1 15 16.3
cent drop in viscosit the ;
stronger ’Ehe malt in prgrt’eolytic AT E?ﬁ&&gg e i 163 9.4
s 5 135 88.2
activity. (See tables, right) 6 165 83.2
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3% 1,000 Ce. of Substrate. 100 Grams of U. S.
 34E SEC.AVERASESOY GELATIN Gelatin 7A. pH of Gelatin, 7.4
3 Run Elapsed Time Flow Time
320 Min. Sec.

3oo Viscometer 4, 0.006 Gram of Trypsin
1 15 320.0
Q<o 2 45 231.8
260 3 75 185.6
4 105 163.4
S 240 lm YPSIN USED f/-rﬂ 5 135 147.5
o220 pH 7 6 165 134.3
")200 Viscometer 2, 0.0125 Gram of Trypsin
= 1 15 288.3
~ /8o 2 45 196.1
(i 3 75 148.6
& /60 4 105 128.2
X 5 135 118.6
K 7490 6 165 100.2
20 Viscometer 3, 0.0250 Gram of Trypsin
1 15 228.6
N : t s
e G 4 105 92.1
60 5 135 82.6
4o 6 165 78.2
I X Viscometer 2, 0.05000 Gram of Trypsin
20 L L 1 1 L i & 1 1 1 15 118.5
o /5 3o 45 Jwe 2 s, 3 g ;g g‘;g
ELAPSED TINE 4 105 56.5
5 135 55.1
Ficure 5. ErrECTS OF VARIOUS AMOUNTS 6 165 56.6

oF TRYPSIN
(See tables, right)

and many types of proteolytic digestions),

O3 O GO RO
—
S
(53]

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 that the viscometer gives
very dependable results, since activity as determined cor-
responds to the amount of enzyme present. As a pure un-
buffered gelatin was used, its viscosity was taken as initial
viscosity and no extrapolation was required.

It is evident that 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 that 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.

CroicE oF A 20 Per CeNT
ViscosiTy DROP AS THE STAND-
ARD ENzymaric CHANGE. In
working out a method of this
sort it is exceedingly important
to note for purposes of compari-
son the time necessary to pro-
duce a given change. As shown
in Figures 5 and 6, it 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
comparative times necessary
to produce a given change

1,000 Cc. of Substrate, 100 Grams of U. S.
Gelatin 7A. pH of Gelatin 7.4

Run Elapsed Time Flow Time
Min. Sec.
Viscometer 2, 0.050 Gram of Papain
1 15 377.8
2 45 361.2
3 75 342.1
4 105 322.8
5 135 303.6
6 165 297.6
Viscometer 3, 0.10 Gram of Papain
1 15 361.0
2 45 323.6
3 75 298.4
4 105 284.4
5 135 277.1
6 165 263.2
Viscometer 3, 0.40 Gram of Papain
1 15 321.2
2 45 258.4
3 75 226.1
4 105 217.8
5 135 201.4
6 165 190.8
Viscometer 2, 0.50 Gram of Papain
1 15 287.6
2 45 218.3
3 75 178.2
4 105 158.3
5 135 144.2
6 165 140.1
Viscometer 3, 1.00 Gram of Papain
1 15 243.8
2 45 137.6
3 75 107 .4
4 105 98.7
5 135 92.3
6 165 88.6
Viscometer 4, 1.50 Grams of Papain
1 15 197.2
2 45 97.8
3 75 79.6
4 105 77.1
5 135 72.6
6 165 61.2

VOL. 11, NO. 1

coincides with the views of
Northrop and Hussey (6),
Haldane (2), Tauber (9), Laufer
(3), 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. It was found
that 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, but there
seems to be no justification for
the extra time that would be re-
quired for runs.

Cuoice or PH 5 T0 6 AS STAND-
ARD FOR Rouns. In general the
plant proteolytic enzymes seem to
have a broader optimum activity
curve than the animal proteolytic
enzymes. Plant proteinases seem
to center about an average pH
of between 5 and 6 (3, 13).
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
at a pH of 5 (3).
The authors’ experience proved that the variation in ac-
tivity for pH between 5 and 6 was within the magnitude of
experimental error.
The pH at the beginning and end of a run varied only a few

hundredths pH, showing that 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

FLOW T/ME IN SECONDS

O /530 45 /e 75 90 105 2w, Fwns.
ELAPSED TIMTE

FI1Gure 6. Errects oF VARIOUS AMOUNTS

OF PAPAIN
(See tables, left)
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= TRYPSIN AT A
B J‘AT/OJFACTORY

MINUTES FOR A 20% V/SCOSITY OROP
S NALGRALGANTGIINARARIIT N NN

Q
o

2 J ¥ 5 é 7
PARTS ENZYITE BY WEIGHT

Ficure 7. TimMe REQUIRED For 20 Per CENT
Viscosity Drop, Using TRYPSIN

209% Viscosity Drop

Parts by
Weight of
Enzyme Calculated Observed
Min, Min.
1 25.0 25.0
2 12.5 13.0
4 6.25 6.0
8 3.12 3.0

unnecessary. With the addition of no foreign agents what-
ever, retardation or activation of the enzymes in malt is out
of the question.

Standardization of Viscometers in Kinematic
Viscosity

In order to clarify the presentation, the standardization of
viscometers has been postponed to this point. The fact that
only one temperature 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,,, is calculated
in terms of the time necessary for a 20 per cent drop in kine-

Conversion of Time to Kinematic Viscosity, Viscometer 1

;i Kinematic Kinematic
Time Viscosity Time Viscosity
Sec. Millipoises Sec. Millipoises

40 11.32 200 107.48

50 18.92 210 113.10

60 25.81 220 119.22

70 32.30 230 124,83

80 38.76 240 130.00

90 44.61 250 135.30
100 50.56 260 140.90
110 56.42 270 145.23
120 62.23 2 152.00
130 67.82 290 157.50
140 77.97 300 162.98
150 79.37 310 168.82
160 320 174.00
170 90.64 330 179.80
180 97.06 340 185,00
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Ficure 8. TiME ReEQUIRED For 20 Prr CENT
Viscosity Drop, Using PAPAIN

20% Viscosity Drop

Parts by

Weight of

Enzyme Calculated Observed

Min. Min.

1 133.00 133.0
2 66.50 66.0 N
4 33.25 33.0
6 22.60 22.0
8 16.60 17.6
10 13.30 12.0
20 6.60 6.5

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

2/0F
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2 K
N 700 F
~
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N2 .
Q i
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| AL ke sE
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3 JD UrABIOLUTE VIECOSITY IV CENTIPOIIES
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/0
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FIGURE 9. ViscoMETER CALIBRATION CURVE

(See table, left)
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of the pure variety malts and the commercial malts as given
in the tables.

Water 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, 4 and B, which are determined
for the viscometer in question.

TaBLE I. TypicAL VALUES
20% Kinematic

Viscosity Drop Pm
Min.

50 200

80 170

110 140

140 110

170 80

200 50

230 20

250 0

Kinematic viscosity = At — ITS’, where £ 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
409, sucrose at 40° C., 2.94

It only remains to solve for A and B as follows:

Time for water at 40° C., 34.5 seconds

Time for 40 per cent sucrose at 40° C., 65.4 seconds
Then, for sucrose
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Subtracting 2 from 1,

169.55‘3&1 3093.454

0.0548

Now solve for B by substituting the value of 4 in Equation 1 or
2. Taking 2

1190.25 X 0.0548 — B

92,839
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.

CALCULATION OF UNIVERSAL VALUES FOR PROTEOLYTIC
Activity oF Mawnrs, P,. The values of P, 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 malt will have the same
P,, value, no matter 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 malt varies 1nversely with the
time required to effect a 20 per cent drop in kinematic vis-

b B cosity. Thus a malt that produces a 20 per cent drop in
2.94 = A65.4 — 5 viscosity in 50 minutes has a higher proteolytic value than a
: malt that produces a 20 per cent drop in 100 minutes. A
Clearing, proteolytic activity of 200 is given to a malt that produces a
192.423 = 442837 — B ) _20 per cent drop in 50 minutes. A proteolytic actlylty of 0
is given to a malt that produces a 20 per cent drop in 250 or
For water, more minutes. Thus we have a range of 200 minutes (250 —
A e B 50) in 20 per cent kinematic viscosity drop against a range of
VSR ELOR DR T RE 200 points in terms of proteolytic activity. Thus a one-
Clearing minute increase in the time required to effect a 20 per cent
/ drop in viscosity is equivalent to a decrease of one point in
22.839 = A1190.25 — B (2) proteolytic activity.
TABLE II. PuURE VARIETY MALTS
Variety Oder. Oder. Oder. Ped. Ped. Ped. Ped. Velvet Velvet Velvet Velvet Manch. Manch.Manch. Manch. Peat-
g #38 §38 438 438 land
Locality Wis. Waseca, Ill. Wis. Waseca, I1I. Mont. Madi- Minn. 11l. Mont. Wis. Minn. Ill. Mont. Wis.
Minn. Minn. son,
: Wis.
Barley No. Contro! ... Control ... 1s
Malt No. : 93¢ 958 881 920 876 887 857 933 930 879 872 939 957 890 830 932
1,000 kernel weight of malt
(dry basis) 23.2 20.8 25.73 22.8 20.5 22.87 31.92 20.39 22.1 24.98 28.98 21.34 19.62 23.25 25.75 19.41
GrI%th of malt:
4 1 7 5 3 1 0 1 0 2 4 1 0 0
0-1/4 1 1 0 2 11 1 1 1 2 6 0 0 0 0
l/«—‘/z o 2 8 8 9 19 4 18 20 26 11 2 8 34
V¥ i 63 62 58 61 46 35 50 62 49 45 26 72 58 45
1 s 30 o8 26 23 21 59 30 15 23 35 66 24 33 21
ver 1 S 0 Qieane 1 0 0 0 1 1 0 1 2 0 1 0
Exposed acrospires ey 10 11 T 22 4 3 5 8 11 14 1 17 12
Moisture of dried malt 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
Chsnrmiter of endosperm:
tee 0 (1} 0 0 0 0 0 0
Hall:steely o 8 4 s 0 0 22 1 20 4 38 g 1g 8 g 2
Mealy 92 0B s 100 100 78 99 80 96 61 97 87 10 97 98
Index of mellowness 98.0 96.0 98.0 100.0 100.0 100.0 89.0 99.5 90.0 98.0 80.5 98.5 93.5 100.0 98.5 99.0
Extract of malt (dry basis) 73.2 71.7  75.7 67.9 70.3 73.4 72.9 72.0 70.7 75.8 71.6 72.2 72.3 76.4 74.9 72.0
Time of inversion 7 >5 7 1 10 7-10 7 >5 5 5 >5 >5 >5 7-10
Filtration time 13 14 24 9 15 14 11 17 15 19 13 13 16 17 10 15
Color of wort R SRR SR ST L IR S SR ek SR o8 Sl S NIRRT S
Total N of malt 1.97 2.49 1.68 2.12 2.36 1.54 2.30 2.02 2.56 1.76 2.30 2.10 2.56 1.73 2.25 2.16
Total protein of malt 12.34 15.53 10.52 13,22 14.70 9.64 14.34 12.63 15.96 11.01 14.37 13,13 16.00 10.83 14.02 13.50
Soluble N of wort 0.662 0.890 0.630 0.591 0.610 0.510 0.520 0.730 0.850 0.680 0.560 0.750 0.910 0.640 0.800 0.690
Soluble N as protein of wort  4.13 5.58 3.94 3.69 3, 3,19 3.25 4.55 5.31 4.23 3.49 4.68 5.68 3.98 5.03 4.33
Fornlx)ol nitrogen 0.130 0.178 0.111 0.094 0.098 0.089 0.081 0.154 0.175 0.135 0.089 0.154 0.188 0.118 0.155 ...
Soluble N, % of total N 33.60 35.86 37.56 27.88 25.97 33.25 22.65 36.04 33.24 38.58 24.30 35.71 35.35 36.94 B85.73 32.08
Formol nitrogen, % of wort N 19.64 19.93 17.59 15.91 15,99 17.38 15.55 21.15 20.56 19.88 15.92 20.53 20,77 18.47 19.28 ...
Diastatic power 127, 212 113 97 110 74 155 123 171 95 162 153 207 118 259 118
Proteolytic activity, Pm 149 ' 157 141 88 99.5 111 53.5 169.5 167 134 60.5 153.5 172.5 154 141 179.5
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Formula for calculating proteolytic activity, Pp,:
P, =250 — ¢t

where P,, represents the proteolytic activity of the malt and ¢
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,, by one point (Table I).

Proteolytic Activity of Malts of Known
Composition

Table II indicates constants ordinarily determined, to-
gether with the new proteolytic activity of malt figures, P,,.
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 II shows that 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 IIT the values run between 172 and 204.
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TaBLE ITI. PROTEOLYTIC ACTIVITY OF REPRESENTATIVE
CoMMERCIAL MALTS

Time Required

for 203{, Kine- Proteolytic
matic Viscosity Activity
Malt Drop Pm = 250—t
Min
1 46 204
2 78 172
3 76 174
4 52 198
5 72 178
6 77 173
7 76 174
8 52 198
9 50 200
10 46 204

Station. The work is supported in part by a grant from the
United States Maltsters Association.
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A Laboratory Mashing Apparatus

WESLEY M. CLARK, Columbia Breweries, Inc., Tacoma, Wash.
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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 Malt 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 malt analysis is 1 hour and 55 minutes,
with an additional 10 minutes for cooling, it
is obvious that some kind of mechanical as-
sistance, with at least partial automatic tem-
perature control, is needed.

There are a number of machines on the market
for this purpose, but their high price militates
against their general use, especially in the
smaller commercial laboratories and those

SWITCH
BOX

M e =

| breweries where only one or two samples per

Ficure;1l. SipE VIEW OF APPARATUS

week are required to be analyzed. A labora-
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FiGure 2. END VIEW OF APPARATUS

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

To meet the need for a low-cost mechanical mashing ap-
paratus with semiautomatic temperature controls, the device
described below was constructed. Itisadaptable to a number
of other uses be-
sides that of mash-
ing, and as such
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motor or through the mash-tub shaft, thus enabling the
attainment 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 $50.00.

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

. In Figure 1, the large pulley, 4, is run by belt from the motor
and activates the gear system, B, through gear B;. It is con-
nected to the water paddle, J, through the loose slotted joint at D.
The entire gear system and pulley may thus be lifted out to give
access to the beakers, B. The brass stirrers, F, may be replaced
by glass or other ty(p;es by loosening the setscrew, C, beneath the
gears, By, By, 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, 7, 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 diametri-
cally 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 at 70° C. and using tubing 0.8 cm. in inside
diameter, it required 4 minutes to bring the temperature down
to that of the cooling fluid. The use of & 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,

The 10-cm. (4-inch) ring burner is adjustable on its sup-
porting stand, L, and is an adequate source of heat for all
details of the analysis. Temperatures with variations not ex-
ceeding =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) IF ey, A, on the mash tub is needed.
The gear ratio, Bs to B; (diameters), i8 5.71 cm. (2.25 inches)
to 12.06 cm. (4.75 inches). This gives to the stirrers the satis-
factory 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 stand-

ard malt beakers a
diameter of 32 cm.
(12.5 inches) and

becomes a valu-
able piece of gen-
eral laboratory
equipment—for
example, the in-
troduction of an
independent
stirrer shaft serves,
on the one hand,
for occasional use /
as 8 stirrer and on ).’
{

20.5cm.

MOTOR

the other as & mo-
tive source from
which a ball mill
or a shaking ma-

SWITCH &
BOX

FOLDING TABLE LEAF

a height of 19.7 cm.
(7.25 inches) are
satisfactory. The
false bottom rests
10.2 cm. (4 inches)
below the top, and
the length of the
mashing paddles is

20.3 cm. (8 inches).
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A Compact Field Laboratory for Sanitary
Chemistry

JAMES G. WEART, Illinois Department of Public Health, Springfield, Ill.

HIS field laboratory was designed for the use of sanitary

engineers engaged in the wide variety of problems en-
countered by the Department of Public Health and the State
Sanitary Water Board. These problems include the super-
vision of all types of water-treatment plants and sewage
plants, and the investigation of industrial wastes and stream
pollution.

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

Apparatus and Methods

The case is substantial. Top, sides, and bottom are con-
structed 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 corners 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.

The buret support
rod is screwed into an-
other floor socket. The
buret clamp is readily

attached. W
For burets, 10-ml.
serological pipets are

adapted by a modifica-
tion of an old device, a
bead in a rubber tube.
The bead is located at
the upper end of the
_pipet instead of at the
Eottom. This permits
easy filling and excel-
lent control during
titrations.  There are
no stopcocks to break.
Three of these pipet-
burets, one for each of
the three standard solu-
tions, are held by clips
in the removable tray.
The test most fre-
quently made in this
work is the determina-
tion of pH. The kit
provides for the colori-
metric determination of
pH over the range of
4.0 to 11.0, in steps of
0.2pH. Fordemonstra-
tion tests and approxi-
mations, a wide-range
indicator is provided.
In the range from pH
6.4 to 8.4, which is used
most frequently, the
two indicators required
are supplied in 59-ml.
(2-ounce) bottles. All
other indicators are in
29.6-ml. (l-ounce)
bottles. As but one or
two drops of indicator
are needed for each
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test, the amount of indicator supplied is ample. This type of pH
equipment was designed about ten years ago at 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 at 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 sampfes 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 (7):

log COs = 6.2874 - log (HCO3~ as CaCOs) — pH

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.

For adaptions to
special work, two
dropping bottles, three
59-ml. (2-ounce) oil
sample bottles, and one
dilution bottle are pro-
vided as surplus. Two
spare dosing pipets
with bulb and rubber
stopper are included.

The kits were pre-
ﬁared by Rascher &

etzold at a cost of $90
each in lots of ten.
The weight is 13.6 kg.
(30 pounds).

No claim for per-
fection is made, and
suggestions for im-
provement are in-
vited.
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Determination of Density Differences

By the Flotation Temperature Method

MERLE RANDALL AND BRUCE LONGTIN
University of California, Berkeley, Calif.

A description of the construction and
manipulative details of a flotation tem-
perature apparatus as used for analytical
purposes is given. Of particular interest
is the development of the flotation tem-
perature determination as a density micro-
method. The flotation temperature can

" be determined to within 0.005° C. in sam-
ples as small as 0.1 ml.

A method of calculating densities and
compositions from flotation temperatures
is discussed, which includes a considera-
tion of the thermal expansion of the float,
changes of the temperature of flotation in
the reference sample, and deviations from
ideal solution laws. The design of a special
slide rule for calculating the percentage
composition from the flotation tempera-
ture is indicated.

HE flotation temperature method for determining small

differences in density was developed by Richards and
co-workers (8, 9) into a precision method. It is used regu-
larly in the isotopic analysis of heavy water (3, 6). 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 water the
authors have found it necessary to devise “flotation tem-
perature” apparatus which will handle very small samples
of water. At the same time they have found certain methods
of calculation to be time-saving in the treatment of results.
This paper presents their conclusions as to these details of
the flotation temperature method.

Apparatus

Figure 1 gives a diagrammatic view of the present apparatus
as developed in this laboratory. The manual control of
temperature is not proposed as any improvement over the
automatic control described by Briscoe and others (1); the
apparatus is easier to build, but the temperature control is
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somewhat less certain. The temperature readings are also
made less certain, because the temperature of the sample it-
self cannot be determined directly, if it is desired to use small
volumes of a sample. Nevertheless the flotation temperature
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, O, 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 alka-
line 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

F1GURE 1. FLOTATION TEMPERATURE APPARATUS
A. BSample test tube I. Thermostat control, cold
B.  Density float J. Thermostat control, hot
C. Light K. Beckman thermometer
D. Mirror L. Buzzer
E. Telescope with cross hair M. Motor
F. Stirrer N. Siphons
G. Thermostat 0. Float regulator
H, Window
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and below which it rises, are brought to within 0.005° C.
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MICROFLOAT AND MICROFLOTATION TUBE
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Sample tubes have also been constructed which are
directly connected to the microdistillation apparatus
to avoid losses of material. :

With microfloats and sample tubes constructed
in this way, the authors have been able to deter-
mine the flotation temperature 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.

Calculation of Densities and
Compositions :

Both the density of the sample and the density
of the float change with temperature. The flota-
tion temperature is the temperature at 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 I represents that of the float. The inter-

Y @D ) i

In routine analysis for control purposes only, the dis-
tillation from phosphoric acid is dispensed with unless
}tl};ehammonia'content of the sample is known to be
igh. /
In agreement with Briscoe and others (1) the
authors have found that 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.

Microfloats

The microfloats 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 at 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.

Density of Sample

The most difficult problem is to adjust the density of
the float so that it will just float in a standard reference
sample—e. g., normal water—at a reasonable tempera-
ture. The uncompleted float is placed in a small
quantity of the standard sample at the desired tem-

erature. As shown in Figure 2a, it rides a little low.
?f the capillary is broken off at 4, the float will rise until
point B is at 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 at 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 capil-
lary 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.

It 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 adjust-
ment without too much effort.

The completed float should preferably have the shape shown
in Figure 25. With this shape it will float stably in an upright
position, owing to the extra weight of glass in the drop at the bot-
tom. Otherwise it will tend to float diagonally and wedge in
the sample tube. Floats have been made in this way which are
about the size of a grain of wheat. 2

The sample tube is made as shown in Figure 2¢. Its internal
diameter is the smallest in which the float will move freely. By

using the buzzer, L, the authors haye 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.
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Ficure 3. ReraTioN oF DENsSITY TO FLorATiON TEM-

PERATURE

section of the two curves corresponds to the temperature ¢5.
This is the temperature at which float and sample have the
same densities, and hence is the flotation temperature. Curve
A represents the density of another sample whose flotation
temperature is ¢,.

If the density of the float were constant, as represented by
the horizontal dotted line, the flotation temperature of
sample B would be ¢;’ instead of f{;. The flotation tem-
peratures of a group of samples would then be the tempera-
tures at which the samples all have the same density, equal
to that of the float.

Actually, the density of sample B at its flotation tempera-
ture is less than that of sample A at its flotation temperature
by the amount As,. The ratio As/(t, — tz) is the average
thermal coefficient of the density of the float over the tem-
perature interval (¢, ¢3). If the bob expands linearly with
temperature according to the equation

Vilts) = V(ta)[1 + alts — ta)] Q)
where @ is the coefficient of cubical expansion of the float,
then the ratio, s, (¢5)/s; (t4), of densities of the float at the
two temperatures is

1

§(ts)/5/(ta) = Vi(ta)/Vi(ts) = T Ea=12)

(2)
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Since the coefficient of expansion, a, of glass is very small,
this expression may be rewritten to a high degree of approxi-
mation as

A8 = /(ta) — 8/(tn) = 5(ta) a (ts — ta) (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 temperatures in two standard liquids whose densi-
ties are well known over a wide temperature range. Equa-
tion 3 may then be used to calculate a, the desired coefficient.

L) -1 —”I,
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Figure 4. Stme Rure ror CArLcurATION OF MorLeE FRrAcTION

oF DEUTERIUM OXIDE FROM FLOTATION TEMPERATURE

Referring again to Figure 3, the difference in density be-
tween substance A and substance B at the temperature ¢ is
given as

sp(ts) — sa(ls) = {sa(ta) — sa(ta)} — Ay (4

If the density, s,(f,), of substance A is known accurately
over the working range of temperature, Equation 4 may be
used in calculating the density of the substance B at the
temperature p.

Longsworth (6) has recently redetermined the densities
of mixtures of Hy0¢ and D,08 at 25° C. He concludes that
the mole fraction of D,0¢ in a sample may be obtained from
the value, As, of the increase in density of the sample over
that of normal water by the equation

N(D.0) = 9.2351 As/(1—0.0309 As) (5)

From the data of Lewis and Macdonald (4) as recalculated
by Farkas (2) it is seen that, for pure D,0, 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 temperature 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 D,0—Equation 5 may be written to suf-
ficient approximation as

N(D.0) = 9.235As (6)

Furthermore, if substance A is taken as normal water,
Equation 4 gives As for sample B at the temperature iz
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(D.0) of D,0 in the sample from the observed flotation
temperatures if the difference is known to be due only to D.0.

These calculations may 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
that of normal water at some convenient temperature, £,,
preferably between 20° and 25° C. The term As, is always
relatively small, so that s(,) may be taken with sufficient
accuraey as unity for any temperature in this range (actually
it lies between 0.997 and 0.998). Hence, §,=29.6 X 105
(tz — t4), and As for the sample at ¢ is given as

VOL. 11, NO. 1
As = [34(t4) — 9.6 X 107%4] — [s4(t4) — 9.6 X 10~%p

The slide rule is constructed by laying off a nonuniform
temperature scale on one slide and a mole fraction scale on
the other, as shown in Figure 4. The temperature scale is
obtained by plotting values of the function

J(t) = sa(t) — 9.6 X 10-5¢

for even decimal values of the temperature. The densities,

s4 (1), of normal water may be obtained from the Inter-

national Critical Tables for the desired temperatures, without

interpolation. The mole fraction scale is a uniform scale
whose unit is 1/9.235 times the unit used in plotting
the function, f(f). The slide rule is used by placing
the temperature ¢, over the mole fraction N, of D,0 in
the standard sample, and reading the mole fraction,
Ng, of D;O in the sample opposite the flotation tem-
perature, ¢z, of the sample.

In calculating the mole fraction of H;O in a sample
from the flotation temperature, when the sample con-
tains only H1O® in amounts essentially different from
normal water, the same method may be used. How-

ever, if we assume the density of pure H}O® to be 1.111
[Randall and Longtin have found some slight evidence in
favor of this value, from studies of the refractive index of
water enriched in H}0®8 (7)], the factor 9.235 for propor-
tionality between mole fraction and density must be replaced
by 9.00.

If the approximations assumed in analysis of heavy water
cannot be applied, the calculations of compositions may 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, ¢z, 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 may be used for different floats by drawing in a dif-
ferent curve, F, for each float. This method does not in-
volve any assumptions as to linear expansion of the float, or
independence of the density increment of solutions and the
temperature.
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Spectrographic Microdetermination of Copper

LEWIS H. ROGERS,! University of Florida Agricultural Experiment Station, Gainesville, Fla.

HE 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 manipulations 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, 6, 9), van Eyk
(1), and Ramage and his co-workers (2, 10), who have used
the following elements as internal standards in one or more
of their studies: -cobalt, molybdenum, silver, sodium, and
tin. Either tin or cadmium is used as the internal standard
in the procedure described here.

Langstroth and McRae (?) have pointed out that a de-
sirable internal standard element should behave in the dis-
charge very much like the element being determined and that
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).

TABLE I. INTERNAL STANDARDS
Ionization 5
Element Potential Boiling Point Wave Length

e-volts °C. A.

3247

Cu 7.68 2310 3273
Sn 7.30 2270 3262
Cd 8.96 767 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
must be chosen, which in this study has been cadmium.
Table I indicates that cadmium is not as satisfactory as tin
as an internal standard for the determination of copper, at
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
at this laboratory have contained spectrographically detect-

1 Present address, 222 University Ave., Ithaca, N. Y.
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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 (12). As many
as ten recrystallizations did not remove copper as effectively
as one treatment 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.

TaBLE II. Base MIXTURES

Kelley and
Cummins’ Data Synthetic Mixture
% %o
Calcium 31.4 32.0
Magnesium 1.73 2.4
Potassium 6.40 5.4
odium 0.78 1.6
Sulfur 0.97 2.2
Chlorine 0.95 2.4
Carbonate® 50.65 48.0

@ Caleulated (cf. Gaddum, 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 gi

ﬁg’e various stand-
ards 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 spectrogﬂ'aphed. 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 at 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 quintuplicate, and photo-
metered exactly as in tﬂs case of the standards.

Precision 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, but at 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 quintuplicate.
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
McRae (?) advocate the use of ‘a spectroscopic buffer that
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, but its use presents interesting possibilities.
It has been found here that 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
that of the calibration curve prepared with a base mixture
containing calecium, 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.

Discussion

This method may 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 completely volatilized. This penetration
has been prevented by some workers by treating the elec-

VOL. 11, NO. 1

trodes with kerosene or paraffin, but it has been found that
this introduces some copper contamination.
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Summary

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

KARL SOLLNER,! New York State College of Agriculture, Cornell University, Ithaca, N. Y.

ELIL-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, but such material 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 180 X 180 X 180 cm. cardboard settling chamber.
The space required for this arrangement is not always avail-
able however, and the method is not very efficient as far as
the quality of the product is concerned, many particles re-
taining more or less irregular shapes.

An attempt to use Sklarew’s method in a moderately sized
apparatus failed: It 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 Present address, University of Minnesota, Minneapolis, Minn.

progress) using Buzdgh’s method (1), but 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, 4,
containing some glass powder. A suitable orifice, B, and, if neces-
sary, a slight agitation of the bottle cause the oxygen stream to be
loaded with glass powder. The oxygen may bée 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, when tested
microscopically between crossed Nicol prisms.

The whole arrangement is so simple that usually the first
attempt will be successful, if a few precautions are taken.
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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 that 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 that the dis-
tilled water showed a weakly alkaline reaction.

Ficure 1. DIAGRAM OF APPARATUS

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, ete., should be dry, and the
glass powder should be carefully dried at 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 that sometimes contain air bubbles.

Several commercial hand torches proved useful, particularly
the type where the oxygen stream (carrying the powder)
emerges at 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 sureto travel through a hot zone. Without
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 em. is sufficient for glass particles below 10u di-
ameter, but a hydrogen flame must 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 that 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 50u diameter, no attempt being made to apply it to
bigger particles.

It 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

But, of course, the particles are perfect spheres,
absolutely independent of each other and show-
ing lively Brownian movement when stirred up
by shaking. When considering the possibility of a chemical in-
teraction between the spheres and the water, one must always
remember that one is dealing with smooth surfaces, probably
rather free from microfissures as compared with the original

glass powder.
\X =0 Xygen

—_Gas

Cj\ —Oxygen
N

Gas

Figure 2. TORCHES

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 attempt to prepare quartz spheres in a hy-
drogen-oxygen flame was not altogether successful; only the
smallest particles were melted, often forming imperfect
spheres. But there is no doubt that 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 Microsublimationv

BEVERLY L. CLARKE AND H. W. HERMANCE
Bell Telephone Laboratories, New York, N. Y.

HE term sublimation describes the transition of a sub-

stance between its vapor and solid states without pas-
sage through the intermediate liquid state. If on raising the
temperature 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 n vacuo.

Where sublimation is feasible, it 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 that
are readily identifiable under the microscope by their erystal
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 that a temperature difference can be maintained be-
tween two surfaces, on the warmer of which is placed the
material to be sublimed. This temperature difference, Af,
will raise the pressure of the vapor in equilibrium with the
solid by an amount Ap. The molecules leave the specimen
surface, therefore, under a pressure p + Ap but are returned
from the cooled sublimate at a pressure p, with the net result
that material is transferred from the warmer to the cooler
surface at a rate proportional to Ap. 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 -0 relationship is not
linear, one should, for maximum speed of sublimation, op-
erate at the steepest portion of the p-8 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. It will be obvious also that 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 & 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 permanent arrangements are desirable, which provide
for continuous cooling by water or air circulation as well as
for evacuation of the sublimation space.

With the limitations of existing devices in mind, an at-
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tempt 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.

Apparatus

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. Water 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, 4, is spool-shaped to accommo-
date 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, necessar:
for smooth movement, is maintained by a rod extension whic
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 Elunger 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 F,—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 conse-
quent 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 sgool 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 thermo-
regulator unit.

The vertical guide rods, , which hold the upper block in align-
ment, are set in the upper face of the heater block at points 90°
from the thermometer and thermoregulator holes and about 5
mm. from the edge. These rods are fluted to reduce heat conduc-
tion. 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 hasits 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 insu-
lating bushing. s

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, 7. 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, ¥,
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Figure 1.

DIAGRAM OF SUBLIMATION APPARATUS SHOWING DETAILS oF CONSTRUCTION
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fitting a small recess at 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 sub-
limation cup. A small knob at the front end of the slide facili-
tates 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
cYIindrical extension, W, 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 . Water or
air circulating through these tubes is forced to traverse the full
depth of the well to obtain maximum cooling at the bottom, by
means of a metal baffle, H, fitting tightly against its walls in a

lane at right angles to the axis of the inlet and outlet tubes. A

-shaped notch at the lower end of this baffle allows passage of
the cooling fluid. The top of the well is closed by the plug-
shaped end of a Bakelite or hard-rubber handle, K, 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-
em. (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
bafle. 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 evacu-
ate 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 that the blocks are coaxially aligned. A spring catch,
M, which snaps into a notch at the top of one of the guide rods is

COMPLETE SUBLIMATION APPARATUS SHOWING
DEeraiLs oF PANEL MOUNTING

FicUure 2.
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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. It should be
possible to maintain a 76-cm. (30-inch) vacuum with the average

pump.
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Ficure 3. WIRING DIAGRAM

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. It isnecessary 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 serew, R, of large diameter,

acting against the plunger. This reservoir is joined directly to a
small I-shaped regulator. Adjustment of the contact level by
the knurled screw, R’, at 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 ring’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 at the center of the slide. (A tiny punch mark
on the slide to denote the axis of the assembly is helpful.)
The material 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 that 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. Current 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 temperature quickly
drops. By removing the plunger with forceps and replacing
the cup a second sublimation may be started without cooling
the block.

Discussion

The interchangeable cups provide convenient adaptation
to varying types of specimens. The capacity of the sub-
liming chamber may be thus reduced to a few cubic milli-
meters when dust particles or single crystals are dealt with.
On the other hand, it may be large enough to accommodate
small mechanical parts, the surface of which is to be ex-
amined for traces of waxy or oily matter 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 that coalescence of the deposited droplets is
prevented, the distillate is received on the cooled cover glass,
asin 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 material interposed between
its edge and the condenser slide reduces unnecessary heat
transfer. Liquids not too viscous may 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 must therefore traverse the
cooled surface of the latter and condense. As a result,
quantitative recovery is closely approached, even in vacuum
sublimation. Attainment 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 sublimation 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-
mitting quick removal of the glass slip, simplifies the problem
of changing the slips at 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 permits 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 mount the ap-
paratus, together with electrical equipment, pressure gage,
water outlets, etc,, 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. :
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It is the authors’ belief that an extension of the idea of
panel mounting to other forms of microchemical equipment
would distinetly improve both the efficiency and appearance
of the laboratory.

Recervep September 30, 1938. Presented before the Microchemical Sec-
tion at the 92nd Meeting of the American Chemical Society, Pittsburgh, Pa.,
September 7 to 11, 1936.

Hydrogen Electrode for

pH Microdeterminations

H. A. FREDIANI
Louisiana State University, University, La.

HE 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 but being more satisfactory with
small volumes.

The electrode is constructed by cutting
off the ends of a 1-mm. bore capillary stop-
cock, leaving approximately 8 em. on
each side of the cock. One end, b, is
widened into a cup-shaped cell capable of
holding & 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

osition as shown, ¢, with the thin edge in

\ : ine with the capillary bore.
As calomel half cell the inner element,
1 e, of the E. H. Sargent calomel electrode

assembly, S-30,445, may be used without
modification.

A satisfactory bridge is formed by soak-
ing a piece of No. 50 cotton thread in
saturated potassium chloride solution and
then placing as shown, d. Natural and
artificial silks, ramie, etec., are also satis-
factory.

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 dis-
tilled 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 drop-
ping out of the cell. With a slight hydro-
gen pressure on a, turning the stopcock
permits the gas to pass through the cell
and 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 anew bubble. Best
results have been obtained when approximately 30 bubbles per
minute formed. Equilibrium is reached very rapidly.

1C
{

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-
paréd 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.

Literature Cited
(1) Popoff, Kunz, and Snow, J. Phys. Chem., 32, 1056-60 (1928).

Recervep November 7, 1938.



A Microdistillation Apparatus

With Receiver for Distilling under Reduced Pressure

S. A. SHRADER AnD J. E. RITZER
The Dow Chemical Co., Midland, Mich.

An all-glass apparatus combining a re-
ceiver of new design with a microdistilling
column for the distillation of high-boiling
liquids is described. The receiver allows
several fractions of the distillate to be col-
lected without interrupting the pressure
under which the distillation is performed.

Design and method of constructing the
apparatus for 0.5 to 2.0 grams of material
are given.

The apparatus is easily cleaned and as-
sembled, and shortens the time required for
a distillation.

-

INCE 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, 3)
have been reported, no attempt 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 most part boiled at 225° to 325° C.,
and the apparatus here described seems
an improvement justifying a communi-
cation at this time, although the work is
still in progress. b

Design of Apparatus 4

The flask and column of the appa-
ratus are similar to that of Clarke and
Hermance (1). The design of the side-
arm delivery tube and that of the re- a
ceiver for collecting the distillate were
perfected in this laboratory during the - iy
past 2 years. The flask has a greatly 1em,
flattened bottom; the size may 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.

FiGure 1. DIAGRAM OF APPARATUS

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 that no contamination from rubber
stoppers is possible, and the desired amount 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 material, is easily cleaned and assembled
and relatively easy to manipulate. It has a holdup (weight
of material 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 c¢m. in length and approximately 5 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 that each succeeding
fraction distilled can be collected by rotating the entire
receiver around joint f. The number of cups is variable with
the thickness of the glass tubing used and the size of the
glass joint, m. 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.

2 H3)

O
T
=

Constructional Details

The distilling flask, a, is a flat-

h bottomed bulb of 4-ml. capacity
having neck with stopper to fit.

The neck and stopper are made

J from a ¥ 7/25 ground joint. Onto
the top of the flask is sealed a 6.5-
mm. tube, ¢, which is approxi-
mately 0.75 mm. in wall thickness
and contains as many internal pro-
jections (4 to 5 mm. from center
to center) as is convenient. The
column has an outside jacket, d,
15 mm. in outside diameter, evacu-
ated with a mercury vapor Eump.
The jacket is wrapped with alu-
minum 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 § 7/25
glass joint to which is sealed a 5-
mm. tubing, g. Thelatteris 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, f.
To the long side of tube g is sealed
a 1.0-mm. glass rod, tapering to
-0 0.8 mm. The lengtﬁ of the glass

rod varies with the distance the
receiving cups, j, are placed from
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F1GURE 2. DETAILS OF UNASSEMBLED APPARATUS

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, A, 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-mm.
glass rod k. The rods with the cups are sealed to a 10-mm.
glass rod, [, 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 ogposite this connection to permit evacuation of the ap-
paratus by attachinﬁ 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 thermome-
ter in the oil bath is the only means of measuring the tempera-
ture.

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 b. The flask is connected to the receiver
and the apparatus evacuated to the desired pressure. The tem-
perature 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 con-
taining the glass cups around joint f, rather than at m, there
being less resistance, especially when a high vacuum is main-
tained. When the distillation is complete, air is allowed to
enter the apparatus at o, and the lower part of receiver 7 is re-
moved. 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
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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.

Tests on a Synthetic Mixture

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.
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Ficure 3. TEesTs OoN 50-50 MixTURE OF IsoAMYL
SALIcYLATE AND CaAPrYLIC AcID

O 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
represents the separation given by the column described by
Craig but 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, but without 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.
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THE METCALF RESEARCH LABORATORY AT
BROWN UNIVERSITY

HARTLEY C. ECKSTROM

Brown University, Providence, R. 1.

HE 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. Metealf in 1922. The architec-
ture of the new laboratory, like that of the older structure, is
Georgian and harmonizes with other nearby buildings. In
addition to the building, Mr. Metcalf’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 Department of Chemistry. It 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 that the laboratories on either side have a depth of
19 feet. The corridor ends at a transverse partition wall at
the west side in order to provide some larger rooms, 30 X 45
feet, which may 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 with light-tight
blinds. On the second floor are located offices, a conference
room, research rooms, and service rooms which include a
storeroom, an instrument 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
includ e 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 at the end of
the stacks. A small freight elevator connects all three floors
and the basement. Itislocated 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 that it may easily be
adapted to any type of research. The only permanent 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 permits the moving of
tables, desks, ammonia benches, and special apparatus to any
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part of a laboratory with the necessary services always avail-
able. All the services—water, gas, air, and steam—that supply
a laboratory may be shut off in that laboratory, so that any
necessary changes may be made in a laboratory without dis-
rupting the work in any other part of the building. Since all
pipes and electrical conduits are exposed, changes may be
easily made.

Bach 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-
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Below. Layout oF
LABORATORY 5

Setup of freezing point
apparatus

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. Whenever 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 workersin 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 at 4-foot intervals in all laboratories, starting
1 foot from all walls. By means of special hangers, any type
of apparatus or pipe may 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
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Layour OF LABORA-
TORY 204

New parallel high-resistance bridge
and thermostat on right

Right.

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 that 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. Not 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 that there is no danger of a down draft re-
turning the exhausted fumes to another laboratory.

Near 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 that the grating may be used in
conjunction with the absorption tube. The machine shop,
which is 50 feet long and 18 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

VOL. 11, NO. 1

Left. MACHINE SHOP

press, and other tools. The shop is lighted by means of mer-
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-
watt 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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ASH CONTENT, SPEED

AND RETENTION ARE

IDENTICAL IN EVERY
SHEET OF A GRADE

Y MUNKTELLS
SWQCZL.”A
FILTER PAPER

The rellqble umformnty,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 Bullefin.” Samples of |
each grade willalso be sent without chorge,on request.

SARGENT

LABORATORY SUPPLIES
E.H.Sargent & Company * I55 East Superior 5t., Chicago -
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HOW FAST IS YOUR CENTRIFUGE TURNING?

A NEW tachometer has been especially designed
and built for application to all International Size 1 and
Size 2 Centrifuges. The user can now tell at a glance
the speed at which the machine is running for any setting
of the pointer on the rheostat.

INDICATINGFTABHDMETER

International Size 1 and Size 2 Centrifuges
with
Speed range from 0 to 6000 in steps of 100 r.p.m.

G20

The tachometer mounting consists of a two piece bake-
lite casing, the inner piece of which is permanently fastened

to centrifuge cover. The outer piece is adjustable by
means of two thumb screws to make up for the difference I N T E R NAT I U NAI_

in height between the standard horizontal type heads,

Shloilheed i o et Bmeileadsh E[] U I P M E N T c 0 :

Drive is by means of a rubber tip interposed between

the top end of the motor shaft and the tachometer stem when 359 Western Avenue
the centrifuge cover is closed.
The new tach ter can be attached to any Size 1 (Type C BOSTON, MASS_

or Type SB) or Size 2 Centrifuge now in service.

Se”ing Piice $18 00 Makers of Fine Centrifuges

Identification of Alkyl Groups

HEN 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, Helv. 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
Divsion, Rochester, N. Y.

EASTMAN ORGANIC CHEMICALS
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NON-FADING
GLASS COLOR STANDARDS |

for ,
Superior
pH ?
CONTROL |

with

HELLIGE

COMPARATORS

More than 800,000 HELLIGE Glass Color Standards
have been sold in diversified fields throughout the
world. They are permanently reliable and perpetually
guaranteed against fading, eliminate guesswork, and
are economical, convenient and easy to use.

HELLIGE COMPARATORS, incorporating these
non-fading standards for pH and numerous other
tests, are enjoying an increasing popularity. Investi-
gate today!

Send for Bulletin No. 605

HELLIGE, INC.

3718 Northern Boulevard Long Island City, N. Y.

PARR INSTRUMENTS

CATALYTIC APPARATUS

For use in low pressure catalytic research.

Write for Bulletin E-54

INSTRUMENT
COMPANY - Moline, I1l.

PAR

Spencer
POLARIZING MICROSCOPES

Spencer Polarizing Microscopes are specially
designed to provide a quick and accurate
method for analyzing crystalline materials.
They may also be used for almost any micro-
scopic examination as well as for measuring and
counting. They accommodate many different
combinations of optical equipment.

The Ahrens prism used in the analyzer gives
a wide field of view. The polarizer, with Ahrens
prism, can be used without the condenser, or
the condenser without the polarizer. Write
Dept. N48 for complete details.

For nearly a century, Spencer oph'm_l
instruments have been noted for their
high precision and mechanical perfection.

Spencer Lens Company

MICROSCOPES ZPENCER RETSSSMEI‘;.RS
MICROTOME%G PHIC gPoECTROMETERS
PHOTOMICROGRA [ BUrTALQ |

EQUIPMENT PROJECTORS

£

/l(’, PRODUCTION OF CHEMICAL PORCELAIN !
IS THE TOP RUNG OF THE CERAMIC LADDER . ~

NN NN - NS
[ Before the body used in the manufac-
ture of Coors Chemical and Scientific
ware can be put into storage in more or
less solid form the great excess of
water necessary in the grinding process
must be removed. This is accomplished
by means of a filter press. The filter
press consists of a frame upon which
metal plates are supported. These
plates have a center hole for passage of
the slip and drainage holes for removal
of the water. Between the plates are
chemically treated filter cloths. The
“slip” passes from one plate to the next
by means of a center hole and then ex-
pands into the hollowed out spaces be-
tween, filling the press. Most excess
water passes off through the cloth while
the solid matter is retained. After an
hour or more, between each two plates
a solid cake or body is formed as shown
in the picture. From the Filter Presses
the cakes of clay are placed in storage
cellars where they are beaten into a ho-
mogeneous mass and allowed to age
for about three months.

If you have a laboratory problem, wherein porce- ;

lain ware may have a part, we suggest you contact PORCELAIN -

your neaest dealee of Coors USA Porceloin Ware. COMP ANY 5 i
GOLDEN +

EN\7ZENZZANNZZ4) %

VOL. 11, NO. 1




JANUARY 15, 1938 ANALYTICAL EDITION 13

ECONOMIZE

WITH

PLATINUM

Measured in terms of length of service,
greatest speed and accuracy, and high
exchange value, the prorated cost of
platinum wares 1s always extremely low.

Under present market conditions even the
initial investment is unusually favorable.

Without doubt this is the ideal time to acquire a
complete set of Platinum laboratory equipment,
and to exchange superfluous scrap for new wares.

THE AMERICAN PLATINUM WORKS
NEWARK, N. J.

Easy Operation The New Synchronous Motor Operated #1190B (illustrated)

Turning right hand knob sets
reminder indicator on outer dial

Smartly designed case of black
and white bakelite. Self-start-

for an interval. When depressed
knob shuts off signal chime. To
start counting bell, turn red in-
dicator away from, and back to,
zero. Knob on left sets clock
dial hands.

A Dependable Clock

The electric MINUTE-
MINDER provides
always accurate-to-the-
second time at a glance
and, when required,
serves as an unfailing
reminder of the ter-
mination of pre-set in-
tervals up to 1 hour
and 55 minutes.

INUTE
INDER

with the “Metronole” Second Counting Bell

ing motor, 60 cycles, 110 V, and
2 color dial. Complete, with
rubber covered cord and switch
plug, ready for operation.

$6.50

Efficient Interval Timer

By means of the
“Metronote’”’ counting
bell feature, an audible
signal is repeated, once
every second, exactly,
as long as required.
Sweep second hand pro-
vides added conveni-
ence. Built for long,
trouble-free service.

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. In-
tervals 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.

A. DAIGGER & COMPANY

159" West Kinzie Street LABORATORY SUPPLIES - Chicago, lllinois
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EPPENBAC
COLLOI
MILL ..

Important Advantages
offered by

£
JENA Fritted Glass Filters

1 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.

production basis.

6 Can be easily cleaned.
7 Not affected by filtration of liquids such as

izin Fehling’s Solution, Ammonia, Concentrated
A rUSSGCI homOSen ] Alkali Hydroxide, and Concentrated: Sul:
machine for processing phuric Acid.

Available in porosities of 1 to 5/3 covering a range of

materia|s on acontinuous filtrations from coarse precipitates to the filtration of

broths containing bacteria,

At leading laboratory supply dealers

Catalogue JL 270, with a full listing of fritted glass filters in all
forms such as crucibles, funnels, gas tubes and special apparatus,

The Eppenbach mill makes it possible for the
chemist to process materials on a continuous
production basis. This mill cuts fibrous parti-
cles, grinds hard particles, reduces oil emulsion
globules to very fine dimensions, and discharges
them cool . . . a radical departure from any other
colloidal equipment.

Discharge of the finished material with tempera-
ture control and the elimination of any possible
air are only a few of the many important features
of this mill. Rotors and stators are made of im-
proved steels that are glass-hard and stainless
and will grind very abrasive materials for long
periods of time. The body of the standard
mills is constructed of cast iron and bronze,
while the sanitary mills is of nickel silver.
All-stainless mills are furnished on request at
slightly higher prices.

The mills are self-cleaning, or can be taken apart
if desired. The mill is absolutely silent and will
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 allow the material to
circulate, while the adjustment gap is set down
to the desired fineness. This by-pass arrange-
ment also makes it possible to fill directly into
jars or containers, using the mill both as a pro-
duction unit and as a filling machine.

Eppenbach Colloid Mill—size B—2 hp.—motor
speed 3540 rpm. under load—3 to 30 gals. per
hour capacity—17” X 17" X 40" dimensions—
price $709.50 fob. State whether standard or
sanitary model is desired.

TH E C H E M I C AL R U BBE R Co. Be certain that your name and address appear thereon. Also

1900 West 112th Street, Cleveland, Ohio

will be sent on request.

FISH-SCHURMAN CORP., 250 E. 43rd St., New York City
U. S. Agents, Jena Glass Works, Schott & Gen.

=S¢

WANTED!

Back Journals of the
American Chemical Society

INDUSTRIAL AND ENGINEERING
CHEMISTRY

Industrial Edition—Vol. 27, No. 11 @ .25 cach

28, No. 1, 3 and 4 @ .25 cach

29, No. 3 @ .25 cach
Analytical Edition—Vol. 6, Nosﬂ 3 @ .50 each and No. 6 @ .25

cac

8, No. 1 @ .25 cach

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 cach
1, Nos. 1, 6, 7, 11 and 21 @ .25 each
7, 8,11,17 and 19 @ .75 each
9,10, 12, 13, 14, 15, 16, 18, 20, 21, 22, 23
0 cach
3, Nos. 1,2,4,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18,
1,22, 23, 24 and Index @ .25 eac
,8,9,15,16, 17,22 and 24 @ .25 each
0, 11, 12, 13, 14, 15, 16, 17 and 24 @ .25

h
30, ?tc)s. 5 and 6 @ .50 ecach
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.

send memorandum to Charles L. Parsons, Secrctary, 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 Gl
CONDUCTIVITY BRIDGE

THE LAST WORD
IN LABORATORY PULVERIZERS

5818
The Braun Direct-Driven Pulverizer is the

most up-to-date and efficient machine yet This is a'leortnble, selff—cogtui‘l%rehd. sturdy uIr}\d ey to
. : operate adaptation of the eatstone Bridge for
manufaCtljlred for 1jeducm'g samples 11?1 assayy measurement of resistance and electrolytic conduc-
metallurgical and industrial laboratories. tivity that finds many applications. It may be
used for checking the purity of distilled water, the
This Pulverizer has many advantages in the chlorine tconcentdl‘ation o{ tz;p water anddthc routine
: i examination and control of waters used in various
laboratory. It is CompaCt takes ,U‘p a pRaCE processes or for boiler feed. It has been found -of
of less than two bY three feet. It is driven bY value for determining the concentration of pure solu-
a builtin 2 h.p. motor, eliminating all belts, tionSﬁra?mrégc i3 conceniahion.of ntlixledtﬁolutgl}s
: as well as for the conductivity of electrolytes. is
pulleys and Shaﬂlng- likewise recommended for checking moisture content
: : ; of soils as well as soluble salts present and numerous
The motor is quY protected agamst stalhng bY other purposes. The two major purposes for this
a thermal relay, and against dust bY a dust instrument are the measuring of specific resistance
S ; : of electrolytes and for ordinary resistance measure-

collector. The Pulverizer is ball bearing e g e
: .C. ge may be employed.
equlpped throughout. The accuracy of measurements is within 2 percent
: except for the extreme ends of calibration and are
Like all Braun Pulverizers, it reduces ma- independent of line voltage variations. It employs
; : 3 ; an A.C. bridge with cathode ray visual null indi-
terial l/ 4 1n_Ch or finer to a pulp of the desired cator, the calibration not depending upon a delicate
mesh in a smgle operation. Itis easy to clean, galvanometer. It can be used for resistance meas-
easy to operate, easy to maintain. No lubri- urements from 0.2 to 250,000 ohms so that it will
cation is ever require d be found useful in calibrating rheostats, potentiome-

4 ters, ete.

Write Dept. I-1 for Bulletin C-115, which gives 5818 CONDUCTIVITY BRIDGE—Solar. Com-
1 41 i : plete with tubes and conductivity cell; in walnut
complete details. case with operating directions; for operation on
110-125 volts, 50 to 60 cycles A.C........... 75.00

This conductivily bridge is described in more
detail on Page 281 of our new Calalog available
; to established laboratories on request.
CORPORATION l l l“ I CORPORATION
2260 East Fifteenth Street Los Angeles, California ROCHESTER, N. Y.

San Francisco, Calif. Seattle, Washington
BRAUN‘-:;N};gm"-;ImMA‘NN—CO. SCIENTIFIC SUPPLIES CO. oA BEO R A T"O RY A P PEARA T UES
: A N D CHEMICALS
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BACK IN 1910

This Hoskins Furnace

Is Now 28 Years Old,
But Is Still in Use.

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
g Chromel element has, of course, been
B 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.

ity. They are hard to wear out, but you'll find them easy to renew.

(Left) Hoskins High
Temperature Com-
bustion Furnace, be-
ing used to calibrate
platinum couples.

I\

The Chromel elements of Hoskins Furnaces are noted for their durabil- ’ s \\ \l

e — /"L
—

o e “4*
(Right) Hoskins Port-

able Meter, with a
Chromel couple, is
handy for "check”
purposes.

%)

If you are interested in heat resisting castings, we invite
* you to send for folder, “"EVERY SHAPE AND FORM."

~

If you have any problem, involving heat, we likely can give you some help. ¢
As makers of Chromel heating-element alloys we’ll gladly help you with your
electric heating problems. Or if you need an alloy to withstand heat, we’ll tell
you about Alloy 502, that is available in cast and hot-rolled forms. . . . If you
wish to measure temperatures, we'll show you how Hoskins Pyrometers and
Chromel Couples can be applied to the job. You are invited to write us.

H 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
I RODUC I s HOSKINS MANUFACTURING COMPANY, DETROIT, MICHIGAN

HEATING JELEMENT




