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ABSTRACT Lxpressions for the cnergies of mtersction of the threo components
of the transition moment of u polor moleculo along threo rectangular axes in the erysial
with the permancut dipoles of the nearcst neighbours have boen derived, 1t has been
shown that as theso energies of the three componenis are different from each other the
absoption band ls expeeted to bo spht up into three components, as phserved exporimen-
tully in many cases,

INTRODUCTION

It has beon pointed out emlier (Sirkar, 1961) that the ultraviolet absorption
spectra of many aromatic polar molecules in the crystulline state show splitting
of individual hands mto three components. T{ was suggested that thw splitting
nught be due to nteraction between tho transition moment of the molecule and
the perrfianent dipoles of the swrrounding molacules,  An attempt hus boen made
in this noto to explain in more detail how such’ splitting origmatos,

In Davydov's theory (Davydov, 1948) of factor group splitting in the case
of crystals like those f anthracene or naphthalenc belonging to the space group
(%, with two centrosymmetrical molecules per unit cell, two wave functions of
the unit cell are given by

e 1 -
Y= Vﬁ(% Fib)

1
Vﬂ = Vﬁ‘(%l"'ﬁz)s
where y; and i, aro respectively the wave functions of the crystal when the first
and tho second molecule in a particular unit cell are excited,

The wave function of the whole crystal is built up with the help of y* and y#
for individual umt cells using the cxpression given by Seitz (1036) as the suitable
representation of the translational group. Denoting the wave function of the
k-th representation by @%B (kgi,k) corresponding to %P, we have

‘ % eitkout+lprbeca) Y8 L. (2)
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whore kq, ky. k, wre the resolved parts of the wave vector along the erystal axes
and g, v, © are the nuniher of translations along «, b, ¢ axes required to roach the
unit ¢ell under consideration,  Here the summation is {0 be tuken over the unit
cello in the erystal.  Putting this expression for ¢o%(hykyke in the Schrédinger
oyuation and oblaming swtable Hermitian scalur products, the expression for the
excitntion enorgy of the crystal corresponding to the wave function ¢ of the
crystal in given by

-
Alle = 'y wy b DL EmM =g | Vg 8
= Awy+ DOy (3)

where D= 2@ 5| Via| @'t ~datr| Vi | o, CY

Iy is the vesonance intoraction integral, ', und w, are the excited state and ground
state energies of the p-th moelecule m the vapour state, all the other molecules heing
in the ground state, @', and @, arve the corresponding wave funclions of the mole-
cule, ¥y is the potental energy operator for the interaction between the p-th
and I-th moleenles, the summation being taken over all the molecules except the
p-th one, and (! is the energy of interaction hetween the two moleenles of the unit

coll.

Sinuarly,

ABR = w'y—w,— O D Iy )
So, AB—ALP = 204-T,,—1'n (6)

In Davydov’s theory applied to the erystal of anthracene it has been assumed
(Craig and Hobbins, 1955) that the transition moment m the plane of the mole-
cule in the unit cell can be vesolved along the b-uxis and in the ac planc of the
erystal, vespectively wnd that the former component corresponds to the wave
function ¢f and the latter to ¢®.  The splitting hetween these two conmponents
i# given by Eqn.(6). 1t has been pointed out eurbier (Sirkar, 1961) that when the
value of the oscillator strength f iy very small the fourth term in Eqn. (3) produces
the splitting only with a shifted component having negligible mtensity.

A attempt is now made {o euleulato the interaction of noighbouring permanerit
dipoles on the trunsition moment of polar molecules in the crystalline state by
applying Davydov’s” theory in a modified form,

Davydor's theory extended to polar molecules

According t6 Davydov’s theory the second term D in the expression for the
exoitation energy (Eyn. 3) gives the differenco botwoen the integral of interaction
of & molecule 1n the oxcited state with all the other unexcited moleculos in the
crystal and the interaction between the moleculo in the ground stato and all other
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unexcited molecules. The value of D remains the same for hotl the wave functions
¢ and ¢#, Hence, thoe corresponding components of the band being shufted by
the same amount by tlus term, no splitbing is produced by these internctions,
If it is assumed that the molecules 1 the erystal have permanent dipoles, the
interaction between the transition moment of any molecule and all other mole-
cules m the latlice is to Lo taken into consideration, As pointed out carher
(Sukar, 1961) the expression for the mteraction hetween two {ransition moments
can be modified to obtain the interaction hotween a neighbouring  permanont
moment and the transition moment. This interaction I 1s given by

I="° l::lls" L {2 cos Oy, cos O = cos Oy cos Opy~-con Oy, cos Oy,) (7)
where jg und | M) are respectively the permanent moment of the I-th molecule
and the transition moment of the k-th molecule, ri 8 the distance hetween the
molecules O, 0y, O, ave the ungles mude by the dipole with 7 and two other
rectangular axes perpendicular to ry and O, O, Ui, ave the angles made hy
transition moment with ry and two other axes purallel to the y and z axes
mentionaed above.

Taking the casce of o monochnie crystal with the dimensions a, b, ¢ and /4 of the
unit cell and assuming that the transition moment can be resolved mto three com-
ponents | M|, |My,| and | M;| ulong the directions of @ cos ff, b- and c-uxes, the
interaction I, between | M| and the permanent dipoles of the nearest transla-
tionally equivalent molecules caleulated from Eqn. (7) is gwven by

D 2 - o
I, = —e| M|ucos 0, cos 0, {f_ﬁ%:w)— :,a ﬂc]J } . (8)

Here 0,, 6, and 0, aro the angles made by the transition moment and 4/, 0,' and
04 are those made by the permuanent dipole with the directions of @ cos fi, b-uxis
and c-axis rospectively., Similarly, tho interaction betwoon tho component of
*| My| wlong the b-axis and the nearest neighhouring dipoles is given hy

) [ 2 1 1
I, = —elM|pcos 0y cos Oy {i;"’ e ,';a} e (9

and

1, = —e| M| pcos 0y cos By {2 - 1 } o (10)

c A

It is evident from Eqns.(8), (9) and (10) that the interactions of the different
components of the transition moment with the permanent dipoles of the nearest
neighbours are different from each other. Hence, thess components in the ab-



104 S. C. Sirkar

sorption spectra arc expected to be separated from each other, tha magnitude of
separution depending on the differences of the axial lengths of the unit cell and
the orientations of [ M| and g with respect to the axes.

If there he two molecules in the unit cell, the interactions I, I’y and I',
hetween the componenis | M|, | M,| and | M| of the first molecule with the
permanent. dipole of the second molecule are to be added to I,, I, and I, respec-
tively and it is evident that interactions (7,4-1'z), (I,4-1',) and (I.4-I';) will
be quite different from each other,
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