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een computed, and the absolute activity coefficients approximately esti-
1ated.
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In the preceding contribution on the activity coefficient of hydrochloric
cid in solutions of ethyl alcohol! measurements of cells are given from
hich it is possible to compute the electromotive forces of the cells, Ag |
.gCl | HCI (my) | He | HC1 (m1) | AgCl | Ag, which are without liquid
inctions. From these measurements and those of the cells, Ag ‘ AgCl ‘
IC1 (ms) | HCI (m1) ‘ AgCl ‘ Ag, with liquid junctions, it is possible to
ompute by an exact thermodynamic method the transference numbers of
he ions of the acid, The present investigation contains the results of
jeasurements of these cells with liquid junctions in alcohol and 50 mole
er cent. alcohol-water mixtures at 25° and the calculation of the trans-
erence numbers.

The preparation of materials and the methods employed in making up
he solutions have been carefully described in the preceding article.

‘The cell consisted of two parts, one containing a 1mm. capillary and the
ther a cup into which the capillary could be fitted and held in place by
1eans of a rubber stopper. The part containing the capillary always con-
ained the same solution (0.01 M hydrochloric acid) which was compared
rith solutions of different concentrations contained in the other half of
he cell. In making a measurement, each half of the cell was filled with
ts solution and the silver electrodes, washed six times with the proper
olution, were inserted in the electrode compartments. Before being con-
iected, each part of the cell was allowed to remain at room temperature,
Jbout 25°, for one hour, so that equilibrium between the electrode and solu-
ion was obtained. The connections were then made, a liquid junction was
sstablished by mixing the solutions from each part in the cup, and the cell
slaced in the thermostat. ‘The stopcocks leading to the electrode chambers
vere kept closed for half to three-quarters of an hour until the cells at-
ained the temperature of the bath. After opening the cocks, readings
»f the electromotive forces were taken every quarter to half an hour until
it least six were obtained, a mean of which constituted a measurement of
he cell. Both solutions were renewed for every measurement.

t THIS JOURNAL, 47, 82 (1925).
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The experimental data are contained in Table I. Solutions A of the
alcohol series were made by diluting one analyzed solution; Solutions B
and C by diluting others. All measurements obtained are included.
The results of the alcohol-water cells are contained in the fifth column.
The series denotation in the first column refers only to alcohol cells.
All concentrations are expressed in moles per 1000 g. of solvent.

TaBLE I
MEASUREMENTS AT 25° oF THE CELLS Ag | AgCl | HCI (mp) | HCI (0.01) | AgCl | Ag
Solvent: Alcohol 50 moles%vzflréghol-water
Series me E ng E

C 0.002 —0.0440 0.001 —0.0742
C .005 - .0169 .002 — .05634
.. .01 .0000 .005 — .0223
A .02 .0204 .01 .0000
A .05 .0439 .02 .0227
A .100 .0614 .05 .0503
A . .200 .0766 1 .0737
A .500 .1004 .2 .0945
A .750 L1122 1. L1534
B 1.699 Co1272 1.5 CL1719
B 3.335 .1419 2, . 1876

In order to obtain the best values of the transference numbers from the
measurements of the cells with and without liquid junctions, the method
employed by MacInnes and Beattie? has been followed. The fundamental
equations for the electromotive forces of cells of types under consideration
with and without liquid junctions may be written

dE, = ch'g%len @ ' (1)
and dE = Q%T dln aw @

respectively, where “‘g.” is the square root of the iomn-activity product.
E, and E are the electromotive forces which are summed up in reference
to any chosen values. ‘Thus, the 0.02 M value referred to the 0.002 M value
of the alcohol series would be 0.0644.
If values of E be plotted as the ordinates and the logarithms of the.
corresponding mean activities as abscissas, a straight line with a slope equal
dE 2 RT

2RT . i1v obtained. . .
TToga or —5— Is necessarily obtaine Numerically, this value equals

0.1183 when common logarithms are employed. Likewise, for values of
dE, 2RT s
a—f()g_a or - 7., which is
a variable, since #, is a variable. The transference number of the cation
at any activity and hence at any concentration is therefore the ratio of

these slopes at corresponding points.

2 MacInnes and Beattie, TrIS JOURNAL, 42, 1117 (1920).

to

E;, a curve is obtained having the slope equal to
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To obtain the slope of the curve with transference, an empirical equation
of the form E; = a + b(log A) + ¢ (log A)?, where 4 is the activity of the .
electrolyte multiplied by 10 and a, b and ¢, are constants, has been em-
ployed. The values of the constants were determined by the method of
least squares from the values of log (a X 10%) or log A, computed from
Table IV of the preceding article and the values of E; in Table I.

From the alcohol series, it was found that E,, referred to 0.002 M acid,
is given?® by

E, = —0,11085 + 0.09629 (log 4) —0.008772 (log 4)2 3)
whernce the slope of the curve is given by

dEyp

dTog 4 = 0.09629 — 0.007544 (log 4) (4)
and #, by
dErp dEr
dlogd dlogd
fe= —gF - = B1is3 — 0.81395 — 0.063777 (log 4) (5)
dlog 4

In the case of the 50 mole per cent. water-alcohol series, F; referred to the
0.001 M acid is given* by
E, = —0.08850 -+ 0.08989 (log 4) —0.000764 (log 4)? (6)
and e = 0.7598 — 0.01292 (log 4) )
In Table I are given the values of #, at round concentrations (moles
per 1000 g. of solvent) computed by Equations 5 and 7.

TasLe II

CATiON TRANSFERENCE NUMBER oF HYDROCHLORIC ACID IN ALcoHOL AND 50 MoLg
PER CENT. ALCOHOL-WATER MIXTURES AT 25°

P .. 0.001 0.002 0.005 0.01 0.02 0.05
Solvent—Alcohol, #e....vvvvivivnnn, L7538 .738 .718 .702 . 687 .669
Solvent—50 mole %, Alcohol-Water; #¢ 747 744 .740 .736 .733 .728
Mo st iesnsennnseiraiersancenranns 0.1 0.2 05 1.0 1.3 2.0 2.5 30 3.5

Solvent—Aleohol; #g. .vvvvive i .654  .641 ,626 0.610 0.602 0.595 0.589 0.584 0.580

Solvent-—50 mole % Alcohol-Water; ne .725 .722 .717 713 .710 .707 ,706

Lapworth and Partington® obtained 0.63- for the mean cation trans-
ference number between 0.0731 and 1.114 N alcohol solutions, which value
is in good agreement with the above.

8 The mean deviation, positive and negative, of the observed results from those com-
puted by this equation was 1.6% of the total electromotive force. The sum of the posi-
tive and negative values of course equalled zero.

4 The mean deviation, positive and negative, in this series from those computed by
this equation was 0.5%, of the total electromotive force. Therefore, it would seem that
reproducibility of the electromotive forces of this kind becomes more difficult as the
solvent contains more alcohol.

¢ TLapworth and Partington, J. Chem. Soc., 99, 1417 (1911).
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Summary
1. Measurements of the cells Ag | AgCl| HCI (m) | HCI (m) | AgCl
‘ Ag at 25° with alcohol and 50 mole per cent. alcohol-water mixtures have
been presented.
2. By the method employed by MacInnes and Beattie the cation
transference numbers in these solutions have been calculated.
PHILADELPHIA, PENNSYLVANIA
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In a previous article,! the authors reported the results of a rather ex-
tended investigation of the luminescence of compounds of the type RMgX,
where R is an organic radical and X a halogen. The effect of several fac-
tors on the color and on the brightness of the luminescence was discussed.
It was shown that, in order to obtain light from these compounds in ether
solution, on oxidation with oxygen, it is necessary for the magnesium to be
attached directly to an unsaturated carbon atom in R.

It is the purpose of the present article to record observations of a few
new compounds, to describe work on the spectra of the luminescence, and
to give the results of an attempt to secure quantitative measurements of
the brightness of the chemiluminescence.

" Extension of Previous Investigations

One of the factors discussed in the previous article referred to, is the na-
ture of the oxidizing agent used. It was shown that while benzene tri-
ozonide had been reported as giving some light, the only other oxidizing
agent of any importance is oxygen, which is much more effective than any-
thing else tried. Certain organic peroxides, however, are found to give some
light. The writers are indebted to Professor Henry Gilman of the Uni-
versity of Iowa for the information that benzoyl peroxide, ethyl peroxide,
and diacetone peroxide, give light. Tests show, however, at least with
benzoyl peroxide, that the light so obtained is faint compared with that
from oxygen. ‘The tests were made on such representative compounds as
CeH:;MgBr, p-BrCeHMgBr and p-CICsH,MgBr. '

The question of obtaining light from compounds containing other metals
than magnesium was also discussed in the article referred to. Zinc
compounds were shown not to be luminescent and mercury compounds
were also so reported. The work on the mercury compounds has been

1 Dufford, Calvert and Nightingale, Turs JoOURNAL, 45, 2058 (1923).



