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The Principal Magnetic Susceptibilities
of Tellurium Crystal

McLenaN aND Comen! studied the magnetic
properties of single crystals of tellurium and
found that.the diamagnetic susceptibilities along
and normal to the trigonal axis had the same
value. A study of the crystal structure of
tellurium by Bradley? led him to emphasise the
uniqueness of the {rigonal axis in the crystal.

In this investigation, tellurium crystals were
produced by the method” of slow cooling. The
principal magnetic susceptibilities were deter-
mined by the Guoy method.3

The principal susceptibilities are found to be
— 0-329 parallel to the trigonal axis and
— 0-296 perpendicular to the trigonal axis.?
This leads o a value of 1-11 for the magnetic
anisotropy of the crystal. The susceptibility of
well-annealed polycrystalline tellurium is found
to be — 0-307. This value agrees favourably
with those obtained by previous investigators.
¢ When a tellurium crystal is heated, the sus-
ceptibility parallel to the trigonal axis de-
creases, while the other principal susceptibility
remains constant. At about 220°C., the two
principal values become equal. When the solid
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melts at 450° C., the volume susceptibility de-
creases from — 1-7 to — Q-3.

The influence of small admixtures of tin,
cadmium, bismuth and lead on the magnetic
properties of tellurium single crystal was also
investigated. In all the cases, both the princi-
pal diamagnetic susceptibilities show a decrease
in value. The magnetic anisotropy tends to
unity. The diamagnetic susceptibility in the
polycrystalline state also shows a decrease.
This decrease is found to be larger, the greater
the atomic radius of the element introduced.
The number of valence electrons in the atom
of the added element does not seem to have
any influence on the decrease in the mean
susceptibility of tellurium.

The atomic susceptibility of polycrystalline

~ tellurium is found to be — 39-2 while according

to Kido,” the susceptibility of a gram ion of tel-
lurium (Te+6) is —4-5. The contribution to
the total atomic susceptibility of the element by
the six valence electrons is — 34-7. This indi-
cates that probably the linkages of the six
electrons are not metallic. Tellurium behaves
like a nonmetal from the magnetic point of
view. This conclusion is substantiated by the
large electrical resistance of the element.

Full details will be published elsewhere.,

S. RaMacHANDRA Rao.
S. R. GOVINDARAJAN.
Annamalai University,
Annamalainagar P.O.,
September 4, 1939,
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Determination of Dipole Moment
in Solution
THE apparent electric moment of ortho-, meta-
and para-nitrotoluene is measured in a number
of solvents. When polarization at infinite dilu-
tion is determined using P,—f, curves, it is
found that wherever P, changes rapidly with
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f, the extrapolated value o P, becomes uncertain.
Hedestrand’s method of mathematical extra-
polation to infinite dilution! is found to be
convenient so long as the variation of ¢ and d
with f, is linear. When this is not the case
graphical extrapolation of a¢ and fd, to £, =0
has to be used, and the values are subject to
the inaccuracies of graphical methods.

The Sugden relation? P, = A + B is found
to hold for all the solutions investigated. This
relation can be used to calculate P, which is

the value of P, at%%, ¢, being the dielectric
constant of the solvent. Since the Sugden re-
lation is linear P, can be calculated by mathe-
matical computation. P, so calculated is
found to agree, wherever possible, with the
values obtained from graphical extrapolation
and Hedestrand’s method. The constants A and
B, however, do not carry the significance origin-
ally attached to them by Sugden.2

In order to correlate the values of P, and
the dielectric constant . of the solvent it was
assumed that ooPs=ae’ where ¢ and b are
constants. Hence log P, =1loga + b-log e. The
plot of log P, against log efor solutions of
ortho-, meta- and para-nitrotoluene in different
solvents shows three parallel straight lines.
When the slope of these lines is calculated
using the method of least squares the following
result is obtained :

Correlation

Solute Slope coefficiont
n-Nitrotoluene — 04928 1—-0-00+
sn-Nitrotoluenc —0:5256 | 1—0.010
p-Nitrotoluene —~0.5012 | 1 —0-004

Thus for the substances investigated ooP2=

/«/ —_« This empirical relation differs from
a €solvent

the relation Py o</ Ve pvens suggested by
Jenkins.3 When ¢sP, is calculated from the em-
pirical relations by extrapolating the graph to
¢ — 1 widely different values are obtained.

Thus we have:
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Substance Miiller | Sugden| Author|Jenkins
c.c. c.c. c.c. c.c.
o-Nitrotoluene ..| 369 454 487 556
m-Nitrotoluene ..| 451 552 608 692

p-Nitrotoluene ..| 503 618 666 Bl

It is found that no agreement is possible be-
tween gas P, derived from different empirical
relations so long as extrapolation is carried out
to e =1. From a reconsideration of the data
in hand it appears that there is good reason to
suspect the wvalidity of extrapolation to e =1
for the gaseous state. The empirical relations
have been derived from results obtained from
measurement on solutions and as such may be
considered as applicable only so far as the
liquid state is concerned. Once the transition
from a liquid state to a gaseous state sets in
there is no evidence to assume that the pro-
longation of the graph in that form is wvalid.
On the other hand, it seems reasonable to
assume that during transition the changes in
the dielectric constant are unaccompanied by
changes in the molecular polarization. This

leads us to assume a horizontal portion on the

-1
graph P, — f—:%—_f after the transition point is
rcached. This constant value of P, may be
taken as gasP.,.

Le Févret has found that the dielectric con-
stant of benzene, carbon tetrachloride, carbon
disulphide and other ligquids is nearly the same
at the critical temperature of the respective
liquids. This may be called the critical di-
electric constant. Assuming the constancy of
the critical dielectric constant a rough idea may
be obtained about the magnitude of the di-
electric constant when the transition is occur-
ring at room temperature. For benzene the
critical dielectric constant given by Le Févre
is 1-35. The transition dielectric constant ¢
at temperature t° C. may be calculated from

€t=€c+’ddf

rature, ¢ critical

(t — T.) where T, = critical tempe-
dielectric constant, and
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—%—% — —0-002. The transition dielectric con-

stant works out to be 1-88 for benzene at 20° C.

As a preliminary, the results of Parts® for
solution in benzene of iso-propyl chloride, iso-
propyl bromide, sec-butyl bromide, and n-butyl
iodide are recalculated using the Sugden relation
P,=A— B €+2 and evaluating P, for e—};:
0:2269 (e=—=1-88). The electric moment cal-
culated from this wvalue is in good agreement
with the value obtained by Groves and Sugden®
from measurements in the gaseous state.

Parts Groves &

(recalculatcd)l Sugden

Iso-propyl chlorde } 2.14 2:15
Iso-propyl bromide .. 218 2:19
Sec-butyl bromide 2:21 2.20
n-butyl iodide . 2.07 2.08

When the Sugden relation is used for one
solute in different solvents it is found that a
value 1-7 for the transition dielectric constant
yields concordant results. It may further be
noted that when the relations of Jenkins and
the author are each extrapolated to ¢e=1-7
there is a general unification in the values ob-
tained from the different relations.

P, calculated from different relations

Substanc Miiller] Sogden | Author| Jenkins
ub € c.c. c.c. c.c. c.c.
o-Nitrotoluere 369 | 368 374 385
m-Nitrotoluene ..| 451 456 466 472
p-Nitrotoluene ..| 503 513 511 521

As a further test the results of Miller? for
nitrobenzene, acetone and chlorobenzene in
various solvents were recalculated using the
Sugden relation extrapolated to ¢=1:7. The
same was done for Jenkins’ results for nitro-
benzene.? The agreement between the recalcu-
lated values and those from

is good

determined
in the gaseous state
enough to support the assumptions,

measurements
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K reealeulated M gas
Nitrobenzened .. .. 4.19

4.23

Nitrobenzene? .. .. 4 -21}
Chlorobznzene? .. .. 1.69 169
Acetone? .. .. 2.85 2.85

The results are of a preliminary character.
Work is in progress and detailed calculations
will be published later.

D. J. Davar,
Royal Institute of Science,
Bombay,
August 21, 1939.
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Photo-cells and the Measurement of
Quantity of Light
THE use of 'a photo-cell for measuring the
quantity of light corresponds to the use of a
galvanometer for measuring the quantity of
electricity. If light from a source of candle
power (C.P.) be allowed to fall on a photo-cell
of area A for a time At, then it can be easily
shown! that ‘

(c

5,0 = KA ) At = KQ (1)

where Sg denotes the ballls‘mc sensitivity of the
galvanometer, 4 the kick observed, r the dis-
tance between the photo-cell and the light
source, Q the quantity of light and K is a
constant.

We have determined the constant K by using
two complimentary methods which may be
called the light-flash method and the dark-flash
method respectively.

In the light-flash method, a lamp of candle
power 13-5 (15 watts) was allowed to fall from



