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in the intermediate range an amminocupric tar-
trate ion is formed. This is reduced to the metal
via the 41 state, the reactions being
Cu(NH,;)(Tart)~ 4+ NH; —>

Cu(NH;)y(Tart) + e; E® = —0.04 v.
and
Cu(Hg) = NH; 4+ Tart™ —>

Cu(NH;)(Tart)™ + ¢; B2 = +0.20 v.
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The solubility of +2 copper in M hydroxide is
2.18 X 10—* M.

Gelatin severely distorts the waves of all these
species, especially at concentrations above 0.001%,.
Great stress is laid on the caution that should be
observed in its use if polarographic data are to be
considered to represent the true electrochemical
behavior of substances in solution.

NEw HAVEN, CONNECTICUT RECEIVED MARcH 30, 1949
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A Thermodynamic Study of Liquid Metallic Solutions.

I. The System Lead-Gold

By O. J. KLEPPA

Introduction

In a detailed experimental study of the thermo-
dynamic properties of binary liquid alloy systems,
there are two general ways of approach. Omne
method is to evaluate the activity of a volatile
component (Hg, Zn, Cd, Mg) from vapor pres-
sure measurements. The other method depends
on measuring the electromotive force in reversible
galvanic cells of the type

A@M/AY/(A + B)()
where A denotes the baser (more electropositive)
metal, B the other metal.

If carried out over a sufficiently large composi-
tion and temperature range, both methods will
give us, in principle, all the data required for a
complete evaluation of the thermpdynamic prop-
erties (4. e., free energy, entropy and heat of mix-
ing) for the mixture, using the pure components as
reference states. Both methods have also found
extensive application at moderately high tem-
peratures during the past twenty to twenty-five
years.!

It has not, however, so far been possible to tie
the results of these researches in with any existing
theory of solutions.? This paper is the first report
on a series of investigations started in order, if
possible, to arrive at a clearer understanding of the
factors governing the properties of such liquid me-
tallic solutions.

Experimental Method.—The system lead-
gold is well suited for application of the electro-
motive force method.

Measurements of the electromotive force, E, of
various liquid alloy compositions versus pure liquid
lead immediately give us the relative chemical po-
tential upp in the mixture through the relationship
ppb — ppp’ = —2FyE where Fy is the faraday
constant. The superscript® in this paper refers to
the pure component.

The temperature gradient of the electromotive

(1) A fairly complete bibliography is recently given by John Chip-
man, Discussions Faraday Soc., 4, 23 (1948).

(2) J. H. Hildebrand, ‘‘Solubility,” Reinhold Publishing Corp.,
New York., N. V., 1936.

force, dE/dT, will give the relative partial molar
entropy AS in the mixture in a similar way,
through the relationship

AS = § — S = 2Fy(dE/AT)

These quantities are thus directly available
from measurements. Through the equation

u—u°=f—TA§

we can also immediately calculate the relative par-
tial molar heat content, Lpy, for lead in the mix-
ture.

A knowledge of the partial molar properties for
one of the components over the whole concentra-
tion range makes possible a calculation of the same
properties for the other component by (graphical)
integration of the Gibbs~Duhem~Margules equa-
tion

0d¥y + %d¥; = 0

where Y; is any partial molar quantity for compo-
nent 1, x; is the corresponding mole fraction (or
here atomic fraction).

It should, however, be noted that in the case of
lead-gold, where it was not possible to extend the
measurements into the gold-rich region beyond an
atomic fraction of gold of 0.79, the calculation of
the partial molar properties for gold in the mix-
tures is associated with some uncertainty. This
uncertainty is carried through in any calculation
of the integral thermodynamic properties YV
through the equation

Y = 21¥1 + 27,

Experimental Procedure

The type of cell used in this investigation was similar
to the H-shaped cell extensively applied by H. Seltz and
co-workers.® However, as the study of the lead—gold
system required measurements up to 800-850°, tempera-
tures at which Pyrex will no longer stand up, the cells were
made from fused silica. Although extended heating at
the highest temperatures caused some devitrification of
the cell walls, it was found that these silica cells in general
stood up quite well to the attack of the electrolyte used.
This consisted of a eutectic mixture (m. p. 360°) of lithium

(3) H. Seltz, Trans. Elecirochem. Soc.. T7, 233 (1940).



3276

chloride and potassium chloride with some 5 wt. per cent.
of lead chloride added.

The electrolyte was first melted down in the cell and de-
gassed by heating to 700-800° for a short period of time.
Weighed amounts (totaling 3-4 g.) of gold and lead, and
of pure lead only, were then melted down in their separate
halves of the cell, before the cell was placed in a larger silica
tube heated in an electric tube furnace. To prevent tem-
perature fluctuations, the silica tube contained a lead
“‘bath’’ protected by a chloride melt, into which the cell
was immersed.

Tungsten leads, protected from the electrolyte in the
cell by close fitting alundum thermocouple tubes, were
then inserted, the system closed off and evacuated. The
assembled system is shown in Fig. 1. '

To vacuum

A, outer silica
D, tungsten leads;

Fig. 1.—Experimental arrangement:
tube; B, lead bath; C, silica cell;
T. C. thermocouple.

By using a constant voltage transformer for control of
the power input it was possible to maintain constant tem-
perature in the system to =1° over a period of many hours.

The temperature was measured by a chromel-alumel
thermocouple in contact with the outside bottom of the
silica tube (see Fig. 1, T.C.). It was found in separate
experiments that this thermocouple showed a practically
constant amount of 2° less than the actual temperature
of the lead-bath (in the temperature range used); the re-
ported temperatures are corrected for this difference.
The Chromel-Alumel thermocouples were checked at the
melting points of lead, antimony and silver.
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The electromotive forces, both for cell and thermocouple,
were measured by a Rubicon (type B) potentiometer
which could be read easily to 0.005 mv,

In a period of two to three days some 100-200 inde-
pendent measurements of both temperature and electro-
motive force were carried out at 8-15 different tempera-
tures. When the required data for one alloy composition
had been obtained in this way, nitrogen was admitted into
the system and additional weighed amounts of gold or
lead were added to the alloy electrode, The experiment
was then continued for another two to three days until the
required data for the new composition had been recorded.
After 2 or 3 such consecutive runs, the cell was removed
from the system, and the alloy and reference electrodes
removed from the cooled off cell for analysis.

It was found that the electromotive force measurements
at moderately high temperatures (< 700°) could be re-
produced to =0.02-0.03 mv. At temperaturesabove 700°,
however, scattering increased and the precision dropped to
=0.1-0.2 mv. When measurements were carried out
above 850°, it was no longer found possible to get consistent
results over any prolonged period of time. This pre-
vented extension of the measurements to alloys richer in
gold than about 80 atomic per cent.

The possible presence of gold in the reference electrodes
was checked after completion of the runs by spectrographic
methods. In all cases, except one, it was found that the
gold content was less than 0.02%. This amount is quite
negligible compared with other sources of error. In one
case, however, 0.31%, gold was found in the reference
electrode, indicating accidental contamination of the
reference electrode by transfer of metal from the alloy side
to the pure metal side of the cell. The results of these
runs are not reported.

Analysis by conventional analytical methods of the
alloy electrodes showed, within the analytical error, no
change in composition. The compositions reported are
based on weighed-in amounts.

The lead used in this investigation was ‘‘Baker’s Ana-
lysed’’ with a total of foreign non-volatile matfer of
0.02%. The gold was ‘‘fine gold’’ (99.9% Au) supplied
by Baker and Company.

Experimental Results

The measured electromotive forces for each
alloy composition were plotted vs. temperature.
Over a range of 200-300°, there was never a de-
tectable change in the slope of any of these
curves, and a graphical determination of the tem-
perature gradient of the electromotive force was,
therefore, simple. From the same set of curves the
electromotive forces for the various compositions
at one reference temperature, 600°, were obtained.
As most of the experiments were performed at 450-
700°, it was decided to use 600° as a reference tem-
perature also for alloys which would not be liquid
at this temperature (alloys with less than 32
atomic per cent. lead). This involved an ex-
trapolation of the data for these alloys from
higher temperatures, making use of the simulta-
neously determined temperature gradient of the
electromotive force. The reference state for gold
in all data reported below is the hypothetical un-
dercooled liquid gold.

The experimental results for the various runs
and the corresponding activities apy and “‘entropy
fractions’'* x'py, are recorded in Table I.

Based on this set of experimental data, the
electromotive forces and their temperature gra-
dients for round figure atomic fractions were de-

(4) For an explanation of the term “entropy fraction,” see below,
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TABLE I
Atomic
Run iiena soos B so0e 600° /1000 2'p range, 5C.
2 0.9665 1.40 0.9623 0.12 0.973 450-700
3 .9345 2.75 .9294 .27 .940 450-700
4 .9008 4.25 .8932 .35 .922 450-700
5 .8205 8.81 L7911 .83 .825 450~700
6 7393 14.14 .6866 1.26 746 450-700
7 6715 18.86 .605¢ 1.66 .680 450-700
8 6311 22.91 .5438 2.10 .614 450-700
9 .6054 25.19 5118 2,32 .583 450-700
10 .5935 25.84 .5030 2.35 .579 450-700
11 . 5687 28.70 .4661 2.60 . 547 450-700
12 .5078 35.15 .3927 3.49 .445 500-700
13 .4247 45.80 .2959 4.68 .337 500-700
14 .3336 60.25 66.50 .2015 6.25 .234 600-700
15 2702 74.25 82.45 .1389 8.20 .149 600~780
19 .2135 91.2 101.3 111.4 .0885 10.1 .096 750-830
21 .3697 53.20 .2431 5.56 275 550-650
22 .3031 65.00 72.10 1771 7.10 .192 620-700
23 .2502 78.0 86.4 94.8 .1254 8.4 142 700-800
TasLETI*
1 2 3 4 6 7 8 9 10
600° C. _ 600° C. _ -
upb — p%b ASpb, Lpy, Ly, AH,
%Pb cal, cal. deg. ! Gpb GAu x'pb %’Au cal. cal. cal.
1.000 0 0 1.000 0.000 1.000 0.000 0 Q) 0
0.900 - 205 0.18 0.889 .036 0.913 .045 — 48 —400 - 84
.800 — 460 .42 767 .087 .809 .093 - 93 —-123 - 99
.700 — 780 .71 .638 .150 .699 .144 — 160 75 - 90
.600 -1170 1.08 .509 .229 .581 .204 - 227 198 - 57
.500 —1655 1.60 .385 .322 . 447 .280 - 258 243 - 8
.400 -2250 2.32 .273 .429 .311 .3875 - 225 234 + 50
.300 - 3065 3.28 171 .553 .192 .484 - 198 232 +103
.200 —4450 5.0 .077 716 .081 .637 - 85 203 +145
.100 (—6500) (8.5) .023 .879 .014 .860 -+1000 38 +134
.000 .000 1.000 .000 1.000 Q) 0 0

@ The values in parentheses are based on extrapolation.
liquid gold.

termined by graphical interpolation of the smooth

curve drawn through the experimental points.

The corresponding chemical potentials and partial

molar entropies are recorded in columns 2 and 3,
. Table II.

In column 4 of this table are given the activities
of lead at 600°, while column 5 gives the corre-
sponding activities of gold, calculated by graphical
integration of the atomic ratios versus activity
coefficients. Columns 6 and 7 give, in a similar
way, the “entropy fractions” for lead and gold,
respectively.

The author, in another communication,® has
suggested the use of the “‘entropy fraction’ to in-
dicate the deviations of the partial molar entropies
from those of an ideal solution.

The entropy fraction x{ is defined by the rela-
tionship

ASi = —RInxf
It will be seen that this quantity is related to
the partial molar entropy in the same manner as
(5) O. J. Kleppa, Discussions Faraday Soc., 4, 109 (1948).

The reference state for gold is the hypothetical undercooled

the activity is related to the chemical potential.
If x’ is different from x, the ratio of the two (x'/x)
gives a numerical measure for deviations from the
ideal partial molar entropy. The quantity (x'/x)
might be termed ‘“‘entropy fraction coefficient”
and is particularly useful in graphical integrations
involving the partial molar entropy. Like the
chemical potential, the partial molar entropy goes
numerically to infinity when x goes to zero, while
the activity coefficient and (x’/x) of course remain
finite. This has been made use of in the computa-
tion of the data of column 7.

Plots of activities and ‘‘entropy fractions’ for
both components are given in Fig. 2,

Columns 8, 9 and 10 finally give the calculated
values for relative partial heat contents £ and for
the integral heats of mixing AH. These quanti-
ties are plotted in Fig. 3.

Limits of Error in Computed Data.—The limits
of error in the basic data of Table II (columns
2 and 3) are estimated to gemnerally less than
=19, for the chemical potentials and to =2-39%,
for the partial molar entropies. This estimation
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T T I the liquid alloys rich in gold.
Legend T The phase diagram in this system was

{experimenta! )

0.9 \ S Xl (oxpormanter) worked out by Vogel.® From his data we
: N s 04 (corcurated) find that the liquid in equilibrium with the

oy, {calculated)

\ p solid solution of lead in gold at 600° has an

/ atomic fraction of lead of 0.314. As the solid
o7 solubility of lead in gold is probably of the

. o7
\ / order of 0.05% or less at 600°7 we can neglect
it in our calculations without introducing any

\ V4 .
' N appreciable error.
- \ The equilibrium condition is then simply

§05 \\

#'au (solid) = uay (in solution)

™

We must accordingly calculate the chemical

88 potential of pure solid gold at 600°, referred

0.3 7 N to pure liquid undercooled gold of the same
/ ! ! temperature. This immediately also gives

’ the chemical potential of gold in the solution.

For the process Au(l) = Au(s) K. K. Kelley?®
01 N gives AH = —3030 cal. at the melting point
A ; P of gold (1336°K.). In the lack of data for

__‘,,Jp" | ! ; f , the specific heat of undercooled liquid gold,

Au 0.1 03 0.5 0.7 09 pbpb We make the reasonable assumption that
. ACp = 0 and find for the considered process

Atomic fraction, x pp—>.

Fig. 2.—Activities and “entropy fractions’’ in the system #auey — wlauqy = 2.268T — 3030
Au (D-Pb (1), whence
is based primarily on the reproducibility of the log aas = 0.4957 — (662.3/7)

{

-+400

cal./mole

measurements, the temperature fluctuations dur- At 600° we calculate ¢ay = 0.546 while this inves-
ing the experiments and on the possible error in- tigation gives @a, = 0.538 for xpy = 0.314. In
volved in the graphical interpolations. view of the assumptions made and the possible
These errors cannot seriously ,
affect the calculated values for ] | ,L ! ]
the activity and “‘entropy frac- | ‘ ]
tion” for lead. However, the rela- 1 ‘ |
tive partial molar heat content, ] i ! i
Lpy, is derived as a difference be- L/‘//_%_\j\ }
tween two large numbers, and may +200
accordingly be associated with a h T [
considerably greater uncertainty. 2 ot
In the subsequent calculations aH S
of the activities and ‘‘entropy frac- \ \ \
tions’’ for gold more serious error
may also be involved, because of
the required extrapolation of the -
data for lead into the most gold- T
rich region (bracketed values in P /
columns 2 and 3) and the uncer- —200 2
tainty associated with the graph- \\_J,./‘ ~ \
ical integration. What is said '
above about the uncertainty in | B
the partial molar heat content, is Au 01 0.3 0.5 0.7 09 Pb
even_more the case for Lay than Atomic fraction,  py—3>-.
forCfg)barison with Other Data.— Fig. 3.—Relative partial molar Z:da;xj;fgr?ll) heats of mixing in the system
Unfortunately, there are no calo- '
rimetric data available for the system lead-gold. error involved in our computations of the activi-
These would have represented a very desirable ties of gold in the solutions, this agreement must
check on the thermal data. However, by com- be considered quite satisfactory.
parison with the equilibrium phase diagram, ) o v 2 suorg. atigem. Chom., 48, 11 (1008,
we have an independent method for deter- (7) M. Hans,en, »Aufbau der Zweistoflegierungen,” Berlin, 1936.
mination of the chemical potential of gold in (8) K. K. Kelley, U. S. Bureau of Mines Bull. 398 (1936).
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Thermodynamic Properties of Au.Pb.—By
further study of the phase diagram for lead-
gold, it will be seen that between the tempera-
tures 420 and 254°, various liquid mixtures are in
equilibrium with solid Au,Pb, and that between
254 and 215° other mixtures are in equilibrium
with solid AuPb,.

We shall use our thermodynamic data for the
liquid extrapolated to the appropriate tempera-
tures to calculate the free energy of formation AF
for Au,Pb(s), with reference to the pure liquid
metals of the same temperatures. In these calcu-
lations it is assumed that there is no change in the
partial molar entropies in the liquid with tempera-
ture. At equilibrium conditions

&’pb (in AuPb) = upy (in solution)
#'ae (in AugPb) = u,, (in solution)
For the process
2Au(l, undercooled) 4 Pb(l) = Au,Pb(s)
we then have
AF = 2 puy + ppy

The results of these calculations are recorded in
Table III.

TaBLE III

Atomic Equil,

fraction, temp., — AF
XPb °K. (AuzPb) ~ AF/T 108 X 1/T

0.4382 696 4223 6.067 1,437
.4880 681 4268 6.267 1.468
. 5381 656 4327 6.615 1.524
.5885 628 4407 7.017 1.592
6390 593 4495 7.580 1.686
.6694 565 4526 8.010 1.769
.6899 548 4541 8.226 1,824

The data in the first two columns are taken from
Vogel,® AF is calculated from the equation above
after the appropriate extrapolation of our ex-
perimental data has been carried out. In Fig. 4,
AF/T is plotted versus 1/T in the usual way, and
from the slope we find

AH = —6000 = 300 cal.
Hence, for the entropy of formation at 692°K.
AS = (AH — AF)/T = —2.6 = 05

In the lack of data for the specific heat of under-
cooled liquid gold and Au,Pb, we shall not try to
evaluate the standard heat of formation of Au,Pb
at room temperature.

Discussion

The thermodynamic properties of the liquid
mixture of gold and lead can be summarized as
follows. The heat of mixing is small (=100 cal.).
The considerable deviation of the solution from
Raoult’s law can be attributed largely to an anom-
alously high entropy of mixing.

Any discussion trying to explain the properties
of this mixture should perhaps be focused on the
entropy of mixing rather than on the heat (en-
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8.000 i N J .
1400 1.500 1.600 1.700
1/T 100,
Fig. 4.

7.000

—AF/T.

ergy) of mixing.® Unfortunately, the factors con-
tributing to entropy deviations in metallic mix-
tures are even less understood than those deciding
energetic deviations. Although theories exist
which try to account for entropy deviations due
to one single factor only, no attempt has been
made so far to get a more complete understanding
of their concerted effect. Among the single fac-
tors which, although not mutually independent,
undoubtedly may play a role in the determination
of the entropy of mixing are the following:

Effect on AS
Neg.
Pos.
Neg.

Pactor Reference

Short range order
Net volume change AV >0
on mixing AV <0
Diff. in space req. of each
component Pos.
Change in sp. heats on mix-
ing Pos. or neg. ves
Change in codrdination no.
on mixing

Fowler and Guggenheim10
Scatchard!

Hildebrand!t

Pos. (?) or neg.

The only one of these factors on which we have
any decisive information in the case of the gold—
lead system, is the difference in space requirement
of the gold atom and lead atom, respectively.

At the melting point the atomic volume of lig-
uid lead is 19.4 cm.? per g. atom, while the corre-
sponding figure for gold is 11.5 cm.? If a correc-
tion is introduced for the thermal expansion
between the melting points and our reference
temperature 600°, the difference between the two
would be still greater,

It is found, however, that the formulas derived
to correct the entropy of mixing for a difference in
volume of the two components are quite unable to
account for a positive deviation of our order of
magnitude.!?

If data had been available for the net volume
change on mixing, the formulas derived by Scat-
chard' might perhaps have explained the excess
entropy of mixing. However, without density
measurements on liquid lead-gold mixtures, we

(9) A more complete discussion of the factors causing anomalous
entropies of mixing in liquid metallic mixtures will be givenin a later
communication in this series,

(10) R. Fowler and E A. Guggenheim, *’Statistical Thermody-
namics,” Cambridge University Press, 1939,

(11) G. Scatchard, Trans. Faraday Soc., 88, 160 (1937).
(12) J. H. Hildebrand, J. Chem. Phys., 18, 225 (1947).
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shall not be able to bring the discussion to a con-
clusion on this point.
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Summary

The chemical potentials and partial molar en-
tropies of mixing for lead in liquid lead-gold mix-

STANLEY E. POLCHLOPEK AND J. HAROLD SMITH
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tures have been determined by the electromotive
force method for compositions up to 79 atomic per
cent. gold.

From these data have been calculated for both
components activities at 600°, ‘‘entropy frac-
tions,” and relative partial and integral molar
heats of mixing. It was found that the deviation
of this mixture from Raoult’s law can be largely at-
tributed to a non-ideal entropy of mixing.

The heat and free energies of formation for
Au,Pb(s) from liquid lead and undercooled liquid
gold at about 400° were calculated using informa-
tion from the established equilibrium phase dia-
gram of Au-Pb and from this investigation.

CHicAGo, ILLINOIS RECEIVED APRIL 6, 1949
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Composition of Ferric Thiocyanate at High Concentrations

By STANLEY E. POLCHLOPEK! AND J. HAROLD SMITH

Several recent investigations?~® have established
by a variety of methods that in dilute solution the
composition of the ferric thiocyanate complex is
FeSCN*+. Mpgller® used conductivity measure-
ments to identify complexes such as Fe(SCN),™*
and Fe(SCN),™, in more concentrated solutions.
In an earlier study Schlesinger and VanValken-
burg’ had concluded that Fe(SCN)¢™® was re-
sponsible for the red color of ferric thiocyanate
solutions on the basis of boiling point elevation
and freezing point depression data and absorp-
tion spectra.

It has been the purpose of this investigation to
study the formation of higher ferric thiocyanate
complexes at high concentrations by means of the
spectrophotometer, using the method developed by
Job® and modified by Vosburgh and Cooper.®
Gould and Vosburgh® used this method of continu-
ous variations and found the 1:1 complex at low
concentrations, but the method has never been
applied to high concentrations of ferric thiocya-
nate probably because of the very intense color of a
concentrated solution. This intense color made
necessary the use of very thin absorption cells and
the development of a technique for handling these
cells.

(1) From a thesis submitted in June, 1948, by Stanley E. Polchlo.
pek to the Graduate School of the University of Massachusetts in
partial fulfilment of the requirements for the degree of Master of
Science.

(2) Bent and French, THIS JoURNAL, 63, 568 (1941).

(3) Edmonds and Birnbaum, ibid., 68, 1471 (1941).

(4) Frank and Oswalt, 7bid., 69, 1321 (1947).

(56) Gould and Vosburgh, ibid., 64, 1630 (1942).

(6) Max Mpgller, *Studies on Aqueous Solutions of Ferric Thio-
cyanate,” Dana Bogtrykerri, Copenhagen, 1937,

(7) Schlesinger and Van Valkenburg, Tuis JourNaL, 53, 1212
(1931),

(8) Job, Ann. chim., (10) 9, 113 (1928).

(9) Vosburgh and Cooper, THIS JOURNAL, 68, 437 (1941),

Experimental

Ferric nitrate and potassium thiocyanate were selected
as reactants to avoid the formation of other complexes.
The ferric nitrate solutions were standardized against sul-
fato-ceric acid; the potassium thiocyanate solutions were
standardized against silver nitrate. Potassium nitrate
solutions were used to maintain constant ionic strength
whenever possible. The determinations on 0.1 and 0.25
M solutions were made with the potassium thiocyanate
solutions brought to the ionic strength and pH of the ferric
nitrate. Check determinations were made without bring-
ing the potassium thiocyanate to the pH of the ferric ni-
trate and it was found that the absorption maxima re-
mained the same as with the pH adjusted potassium thio-
cyanate. In 1.0 M solutions it was not possible because
of solubility considerations to bring potassium thiocya-
nate to the same ionic strength as the ferric nitrate and only
the pH was adjusted. In the 2.0 M solutions studied
neither the pH nor the ionic strength were adjusted. It
should be noted that with the high acidity of the thio-
cyanate solution measurements of optical density had to
be made immediately because of the instability of these
solutions.

Absorption spectra were determined for solutions in
which the ratio of iron(III) to thiocyanate ranged from
1:1 to 1:6 at 0.1 and 0.25 M concentrations. These
spectra were determined by keeping the volume of the
iron{III) solution constant and increasing the volume of
thiocyanate. In order that the final volume of ferric
thiocyanate be the same for each determination after
mixing the components a potassium nitrate solution of the
same ionic strength and pH was added each time in ap-
propriate volume.

The absorption measurements were taken with a Beck-
man D, U. Quartz Spectrophotometer. The band widths
used in the determinations ranged from 0.8 mgu of spectrum
at a wave length of 400 to 4 mu of spectrum at a wave
length of 600 mu according to data supplied by the manu-
facturer. The absorption cells used in these measurements
were made from “‘special grade, colorless’’ microscope
slides (A. H. Thomas Co.). Two thin slips of a plastic
sheet (or thin cover glasses) were sandwiched between the
microscope slides in such a manner that the plastic or
glass separators were at both ends of the cell and the cen-
ter area could be filled with liquid. The cells were clamped
at both ends with spring back metal paper clamps. The



