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It has been well known that the relatively high
negative Curie temperature @ is often obtained
from the susceptibility ws. temperature data for
the crystalline-stable free radicals. For instance,

=—17°KD and —45°K® for DPPH and violan-
throne-B, respectively. Furthermore, for a number
of solid ionic aromatic free radicals such as TCNQ,
ionic radical® the large singlet-triplet splitting 4
has been observed in the ESR measurement.
Both # and 4 can be related to the exchange interac-
tion J in the crystal. If we assume that every
molecule in solid has interaction with one nearest
neighbor, the relation can be derived by the
Weiss field theory as

A=2]=4k 0| )

It seems improbable for the molecular crystals
that such values of the Curie temperature or the
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S-T splitting are attributable to the simple exchange:
interaction. The large S-T splitting has been
discussed by Hausser and Murrell*> and McConnell®>
introducing the charge transfer structure of Mulliken.
type.

In the present paper we discuss the problem by
the LCMO approach, which will give a simpler
physical image.

The orbitals of the unpaired electrons of two
interacting radicals A and B may be written in the
form of LCMO as

pa=apa® + bpp® }

2 .
pp=app°® + bpa® @

in which ¢°, gis the orbital for the isolated mole-

cule. Then we have the wave function for a pair of”
radicals
¥ an(l,2) = Cloa(lea(2) £ a(2es(1)] 3y
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Uap(1,2) = (1, 2) + a¥s(1,2) + c¥:(1,2) (4) ¥eT(1,2) = V2 __2Sn[§°a°(1)¢30(2) — 0a°(2es°(1)]
where (13)

¥i(1,2) = 9a°(Des®(2)
¥y(1,2) = 0a°(es°(1) ©)
¥y(l,2) = C'[ea’(Dea(2) + ¢5°(1es°(2)]
€ and C' are the normalization constants.
The secular equation derived from (4) is
Hu—w H:s—szsw Hls—slsw
Hyy "‘Snw Hy—W  Hp—8W | =0 (6)
Hla"slaw Hl:!_slsw Hss_w
‘where the relations Hy, = H,y, Hyy=H,; and Sy3=>5,4

are used. Readily factorized, Eq. (6) can be re-
duced to

Hy + Hyy _ Hyy — SiaW
I+ 8, 1+ 8 =0 )
AHy — SuW)  Hp— W
and
(Hyy — Hy) — (1 = Sp)W =10 (€5))]

Equation (7) can be solved by the ordinary method
of approximation and gives the energy of the lowest
singlet state

2(Hy— 813 W)
W. = W.° — 13~ 13 g
T T T Sa)Ha — W) ®@
corresponding to

G =1¢, =0
where

H'Il + HIS
@ ==
Ws 1+ S (10)

On the other hand, from Eq. (8) we can obtain the
solution for the triplet state

an

«corresponding to
6= —¢C, ¢3=0

W.° and W;° are the eigenvalues corresponding
to the wave functions

[pa®(Dee®(2) + ¢a°(2)er°(1)]
(12)

1
wﬂs{l)z) = ‘/2 + 2318

and

respectively. Furthermore, it can be readily veri-
fied that Eq. (9) is equivalent to the equation obtain-
ed by Mulliken’s method, that is, the eigenvalue
for ¥=aW*4-b¥,, while the triplet state is un-
affected by the introduction of the charge transfer
structure. This is the natural consequence result-
ing from Pauli’s principle.
Finally, we can obtain the energy of the S-T
splitting
° o (Hof — 8503 W5%)"
A=W3—WT=W; -—Wr -——'W
(14)

where
Hegy = f Ty HT dr, S5 = f VoW dr (15)

If the higher orbitals ¢,! and ¢g! are taken into
consideration, starting from

¢a=apa® + bpp® + wn‘} (16)
@B = app® + bpa°® + coal
we can finally obtain
W, — Wr = We® — Wr® — (_—‘“——‘—Hs‘}i;; fg"ﬁz:f 2
—_ (Hop — S5 WS°)* + (HTy — ST WT°)? an
Hsyy — Ws° Hr:u — Wr®

where Hty,, 8%, HTy, 8Ty, H*), and HT;; are
the quantities related to

Vs = C"[pa’(Dea'(2) + 0a"(Dea(D)

+ ¢8°(Des*(2) + ¢8°(2es'(1)] (18)
VT = C""pa*(Dpal(2) — pa®(pa’(l)
—¢8°(Des'(2) + ¢°(2)ps'(1)] (19)

in which C''" and C''" are the normalization con-
stants.

In Eq. (17) the fourth and the fifth terms on
the right-hand side are the correcting terms of
small value and tend to cancel each other. Thus,
it seems to be probable that Eq. (14) is a good ap-
proximation for the S-T splitting. In Eq. (14)
the last term on the right-hand side is the contribu-
tion of the intermolecular charge transfer structure.
It should be noted that in this approximation
the intermolecular charge transfer in the triplet
state is absent owing to Pauli’s principle.




