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7. Chavacter Table.

THE structure assumed for the P, molecule is that of a regular tetrahedron,
the atoms being situated at its corners. Evidence from various fields of
investigation is strongly in favour of such a structure and hence other possi-
bilities are not considered here. The model belongs to the tetrahedral point

group Ty The character table and the selection rules appropriate to this
group are given below.

Tz Group.

T4 s E 8 C, 3G, ’ 6o 68, n; n'; Raman | Infra-red
A 1 1 1 1 1 1 1 P f
A, 1 1 1 | -1 | —1 0 0
E 2 -1 2 0 0 1 1 D {
¥, 3 0 -1 -1 1 1 0
F, 3 0 -1 1 -1 2 1 D active
ki 1 8 3 6 6
X 12 0 0 2 0
7% S T I 0 12 0
e .6 0 2 2 0
R . 8 0 6 12 0

The notation employed is the same as that already given in earlier papers
by us in these Proceedings. It is seen from the table that we should expect
three normal frequencies one of them being single, one doubly degenerate
and one triply degenerate. All the three are active in Raman effect whereas
only one is active in infra-red absorption. Of the three lines that are to be
accordingly expected in Raman effect, the single frequency coming under the
total symmetric class A; should be perfectly polarised and the remaining two

119
A5




120 S. Bhagavantam and T. Venkatarayudu

being degenerate should be completely depolarised. ‘The experimental

results! in respect of the Raman effect in phosphorus are in entire agreement
with the above conclusions.

2. Novmal Co-ordinates and Modes.

The principal axes, X, V, Z, are shown in Fig. 1. 'They are obtained by
joining the middle points of opposite sides of the tetrahedron and the positive
directions are indicated by the letters X, V, Z. The co-ordinates of each

1

Frc. 1.

atom in any mode of oscillation are expressed with respect to a parallel
co-ordinate system with the equilibrium position of the atom as the origin.
The normal co-ordinates derived from the character table and the orthoga-

nality relations are given below. The first six relate to pure translations
and rotations.

Qr =2x1 + % +%3 -+ %,
Q, =1 +Y: +v3s +ya

.. F; (3)
Q. =2z; + 2y + 23 + 2,4
wa =¥V1 — Y2 — V3 +y4+21—-22+23—34-
Quy =%1 — %3 — X3 + x4 + 21 + 2, — 23 — 2, F, (3)
Quz = X1 — Xy + %3 — x4 TY1 +Y2—Ya — Vs
Q4 =X1 T Xz — X3 — X4 +YV1— Yot V3 — Vg + 21 — 2 — 23 + 24 Ay

Qo =Y1— Y2 +¥3 — ¥y — 21 + 22 + 25 — 2, c
—_ D) E (2)

Qs =2x; + 2%, —2%;— 2%, —y; +¥o— Vs +Ya— 21 + 22 + 23— Zg

Qaa =V1 — Y2 — Y3 + Vi -+ 2L — 2 +23— 2,

Qas =X; — X3 — X3 T+ X4 + 2y + 2y —

Qs =Xy — X3 + X3 — X4 + 31 +y2—y3-y4

23 — 24

.. .. Fp (3)

! S. Bhagavantam, Ind. Jour. Phys., 1930, 5, 35; C. S. Venkateswaran, Proc. Ind. Acad.
Sci., 1937, 4, 345.
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The modes of oscillation in respect of Q;, Q,, and Q,, are shown dia-
grammatically in Fig. 2. In the case of Q;, the actual displacements which
each atom undergoes are shown. In the other two modes, the components

SR e Rl T e L e e R R

of the displacements of each atom along the three axes are shown separately.

The representation follows closely the method adopted by Born% in connec-
tion with AB, molecules.

3. Potential Energy Function and Normal Frequencies.

The potential energy function chosen involves primary valence and
directed valence forces and is given by:

2 Optik, Julius Springer, 1933.
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2V =K, (A Rpp?+ (A Rp)® + (A Ryg*+ (A Rgy)?
— (A Rog)* + (A Ry . )2
— Ko (A $213)? F (A ¢a10)?® + (A $314)® + (A (/)1232)“ * (A;A (/)13;
(A e (A dral (A 1) + (A dae)® (B P
(A brga)?+ (A Pags)?l. 1L
where R,-;-(denotes the distance between the 7th .and the 7th aton;:l(lﬂl(:lf;;fl ;
the arzﬁzﬁé between the two valence bonds 77 and j&. In z.d[ the ‘11 .1 nomne
mndes the variations AR and A¢ are then calculated mn the‘ ubf}f\t ;31' fos
and the potential energies evaluated. The corresponding kinetic cufl tii 11;
are written down and the following relations obtained from the equd §
of motion

Y _4K1

7

1 6K,
A'Z 2%[ Kl + “'R’?]

1 8K ‘
A3:;¢[2K1+ Rzz] .- - o (l)

where R is the length of each valence bond and m is the mass of the phos-
phorus atom. vy, v, and v, corresponding respectively to the reprc&‘-eutn:-
tions A,;, K and F, may now easily be obtained from the relation A == dav®
Assuming »; and vy as 606 and 468 cm.~! respectively, we obtain v, directly
from the relations (1) as 344. This compares well with the obsecrved
valte mamely 363. We may also evaluate K, and K, if we assign a valuc
for R We assume® that R=2-21 x 10-8 cm. and obtain Ky =1-68 x L(°
dvoes em. and K. =0-396 x 10~ dynes cm./radian.

£

We can utilise the value of K, thus obtained for calculating the

frequency that is to be expected of 2 P = P molecule.
constant appropriate to this case as 3K,
+42. This may

sbtained from band spectra.

Taking the force
the oscillation frequency may be
be compared with the experimental value 779

4. Specific Heat of Phosphorus.

[oe specific heat of phosphorus is calculated at 9°
cawnties on account of the Debye functions and
ccrresponding to the observ
nbtained is 19-8 calores w

C. by assigning 12
evaluating the three Finstcin
ed normal frequencies 606, 468, 363.
hereas the experimental value availablet
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« O ¥a.2€ 13 taken irom 7,

andolt Borustein Tabellen_ and is due to Ewald.
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for yellow phosphorus at 9° C. is 22.0 calories. FExperimental data in
respect of the specific heat of phosphorus at different temperatures is not
available,

,, 5. Summary.

Assuming a potential energy function based on primary valence and
directed valence forces, expressions are obtained by group theoretical
methods for the normal frequencies of the tetrahedral molecule P,. The
numerical values of the observed frequencies are in agreement with the
theoretical expressions and yield K; =1-:68 x 10° dynes/cm. and K, =
0-396 x10-1! dynes cm./radian for the primary valence and directed valence
force constants respectively. On the assumption that this value of K,
refers to a single bond, the oscillation frequency that is to be expected of
P = P molecule is calculated as 742 and compared with the wvalue 779
obtained from band spectra. The calculated specific heat at 9°C. is 19-8

calories which is in good agreement with the experimental value, namely
22 -0 calories,



