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The full width and strueture of_triplet Frenkei excitons in organic

_mblecular crystals demands the determination of all the different

interactions between molecules in the crystal lattice. In other words,

the so-called translationally equivaleht (TE) and'trahslationally

inequivalent (TI) interactions must be determined. Both kinds of
interactions-have-been dete_rmined1 in crystals where one interaction pre-

sumably dominates the-other. The optical spectra of neat
isotopically dopedﬁ4_’5 naphthalene crystals identified the resonance

interaction in the‘triplet state as. translationally inequivalent (Davydov-

. type interaction). On the other hand, the'optical abSorption6 to, emission7

from, and magnetic resonance738'of the different cluster states of 1,4-
dibromonaphthalenz demonstfated,that the dominaht interaction is between -
molecules stacked along the translatiOnal axis. “These obserﬁations were
consistent w1th the measurement of the dlffu51on tensor elem.ents9 and the -
zero f1e1d spllttlngs1 for the tr1p1et exciton. Recently the optical detec-
tion of magnetic resonance, in zero- f1e1d ‘from exc1tons11 amd'dimers12
was used to deternune the relatlve importance of the intermolecular
1nteract10ns in 1,2,4,5- tetrachlorobenzene crystal, where the exc1tonr
sp11tt1ngs are relatlvely small 8,11 | |
| Although many of the statlonary propertles of the exc1ton states
seem to be adequately described by the dominant 1nteract10n (TI or TE),
the relatively small interactions camnot be completely.lgnored partlcularly
in cases where the exciton.étrﬁcture is very senSitive to the anisotropy

of the interaCtiOnsQ» Studies of triblet exciton band structure in

'crystals where both interactions are large could therefore improve our

?undefstanding of the relationship between the exciton structure and the
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directional and spaﬁial naturehof exciten,migrqtion. For example, one might
find a simple correspondeneehbetween'excitdn Splittinge and the crystal
packing. In addition, the effect of these multidimensional interactions : .-
on relaxations andvscattering amongst the exciton stafes could be estehlished.
~ In this communication we report our observation of a 1arge‘transla—
tionally equiValentvsplitting (17+1 cm;l).iq the lowest energy. triplet
state of 9;10-diazeanthracene (phenazine) crystal, where the Davydov

1 13 The optical measurements, which

splitting is known to be 4 cm
refer only to the pure electronlc origin of single crystals at 1.5K,
clearly show that the translationally equivalent splitting is approximately

four times larger than the Davydov Splitti_ng13

which is also large. This
means that hgzh_interactions must be included in descfibing the full
structure of the friplet exciton band.” The magnetic resonance experiments,
_on the other hand, give the spin splittings in the phosphorescent state
of 1sotop1cally mlxed phena21ne crystals.

Both optical and magnetlc resonance experiments were perfermedbon
the same crystal mounted‘inside a broad-band microwave helix ih a helium

d14 magnetlc resonance spectra

. Dewar. The zero field optically detecte
were obtalned by monitoring the phosphorescence from the single crystals
~grown from the melt by the Brldgeman technique. leferent guest concen- {
trations were ﬁsed in theSe.eXperiments_to identify the resonance pair
emission. | | |

The phesphorescencevspectra of the isotopically.mixed crystals at
1.5K show a efroﬁg origin band (we refer‘here to the 0,0_band);at

13

~6470 A. As in the absorption spectrum, > the emission lacks a rich



‘vibronic progression in agreement with previous phosphorescence spectra

" whereas the ratio of BTE/BTI = é;S;

j'bvaerbétein and Schmidt.

“l‘grown crystals,
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taken for phenazine in EPA glass. The spectrum of the 0,0 band, shown

in Figure 1, for different guest concentrations shows that the resonance

pair emission increases as the concentration increases. ‘Furthermore,

there was no other emission detected at higher energy to the monomer

vﬂat'any_givén concentration. Therefore, the observation of a monomer-
* dimer splitting,together with the fact that there is no transition moment

" between the ground state and the minus state of the dimer,assigns the

' pair to translationally equivalent molecules bound by a resonance

interaction, Brg- The DavydoV‘splitting 4 cm_l), obtained by Clarke

and Hbchstrasser,I; gives a pairwise resonance splitting for the transla-

1

tionally inequivaient molecules of 0.5 cm *. Thus the ratio of the total

splittings is

Ste/S11 = 4.2 S @

16

The two monoclinic structure of phenazine, o and B, were determined

17’18‘.The a structure, bbtained from the melt

19 has two mblecules in the unit cell, space group‘PZi/a.
The cell parameters are a = 13.22, b = 5.06, c = 7.088 A and 8 = 109° 13'.

A close examinatidn of this crystal structure reveals that the b-axis

" resonance interaction is expected to be the largest if the distance

between the interacting centers is the crucial parameter in determining

the overlap. - The extension of the Jortnér,_Rice, Katz and Choi20

m-electron exchange calculation to phenazine'21 predicted a large
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translationaily eouivalent interaction. Thus;vthese experimente give
 some supoort’to_the description of exoiton splittings using m-electron
.exchange theory. NetUrally, more aCcurate.evaluéfion'oflthe exchange S -
integral, especially with the inciusion of ¢ electrons, is important for
close examination of the experlmental results
Flnally, the optically detected EPR tran51t10ns in zero field were

observed in the 1sotop1c mixed crystals Our preliminary results give

ID| + |E| = 2562.8 MHz, |
and e o | . (2)

2|E| 1 640.3 Miz.

The resulrs are in_good_agreement with those of phenazine in biphenyl22

and_épggest that the magnetic properties of the'sB2u (short-axis) statel”
resemble those of anthracene. The EPR spectra show a Struoture, the
analysis of which cou1d giveeinfornmtioh about coherence in the transla-
tiOnally equivalent end‘translationally inequivalent dimers similar to
 ‘those Treported by Zewailjand,Harris.l2 Furthermore, the nitrogen
rquadrupole and hyperfine eplittings may determinevthe nature of excitation

7,23

dlstributlon in the pair. ‘Details of the optical and magnetic reso-

nance studles w111 be. publlshed in a forthcoming paper. | : | 7
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‘resonance, static and superexchange shi
. man, J. Chem Phys. 55, 724 (1971)] must be taken into consideration.
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: Figure 1:
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FIGURE CAPTION
The resonance pair spectra of phehazine-h8 in phenazine-d8
at different“gueStrchcentrétionS: A =0.5%, B=3.1% and
C=5.7% (by weight). The Davydov-tYpe.spliftihgs are not seen
in the spectra because of the large linewidth of the optical

emission.
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