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The full width and structure oftri~let Frenkel excitons in organic 

molecular crystals demands the determination of all the different 

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

the so-called translationally equivalent (TE) and translationally 

inequivalent (T1) interactions must be detennined. Both kinds of 

interactions'have-;been determinedl in crystals where one interaction pre­

sumably dominates the other. The optical spectra of neat2,3 and 

isotopically doped4,s 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- resonance7,S of the different cluster states of 1,4-

dibromonaphthalen~ demonstrated that the dominant interaction is between 

nnlecules stacked along the translational axis. These observations were 

consistent with the measurement of the diffusion tensor elements9 and the ' 

zero field splittingslO for the triplet exciton. Recently the optical detec­

tion of magnetic resonance, in zero field, from excitonsll and dimers12 

was used to determine the relative importance of the intermolecular 

interactions in 1,2,4,S-tetrachlorobenzene crystal, where the exciton 
, 's 11 

,splittings are relatively small. ' 

Although many of the stationary properties of. the exciton states 

seem to be adequately described by the dominant interaction '(T1 or TE), 

the relat1vely small interactions cannot be completel}' ignored particularly 

in cases where the exciton structure is very sensi ti ve to the anisotropy 

of the interactions~ Studies of triplet exciton band structure in 

crystals where both interactions are large could therefore improve our 

'understanding of the relationship between the exciton structure and the 
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directional and spatial nature of exciton .migration. For example, one might 

find a simple correspondence between exciton spli ttings and the crystal 

packing. In addition, the effect of these multidimensional interactions 

on relaxations and scattering amongst the exciton states could be established. 

In this connmmication we report our observation of a large trans la­

tiona11y equivalent splitting (17±1 em-I) ~ the lowest energy triplet 

state of 9,10-diazaanthracene (phenazine) crystal, where the Davydov 

l ' , .,- b 4 -1 13 Th . 1 h· ch sp 1tt1ng 1S .l\J1own to e em. e opt1ca measurements, W 1 

refer only to the pure electronic origin of single crystals at 1. SK, 

clearly show that the translationally equivalent splitting is approximately· 

four tiriles larger than the Davydov spli tting13 which is also large. This 

means that both interactions must be included in. describing the full 

structure of the triplet exciton band: The magnetic resonance experirilents!l 

. on the other hand, give the spin splittings in the phosphorescent state 

of isotopically mixed phenazine crystals. 

Both optical and magnetic resonance experiments were performed 011 

the same crystal DlOtmted inside a broad-band microwave helix in a helitun 

Dewar. The zero fi~ld optically detected14 magnetic resonance spectra 

were obtained by monitoring the phosphorescence from the single crystals 

. grown from the melt by the Bridgeman technique. Different guest concen­

trations were used in these experiments to identify the resonance pair 

emission. 

The phosphorescence spectra of the isotopically mixed crystals at 

1.SK show a strong origin band (we refer here to the 0,0 band) at 

"'6470 A. As in the absorption spectrum,13 the emission lacks a rich 
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vibronic·progressiori. in agreement with previous phosphorescence spectra15 

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~Furthennore, 

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

. at any given concentration. Therefore, the observation of a monomer-
. . 

. diiner splitting,together with the fact that there .is no transition moment 

between the grotmd state and the minus state of the dimer ,assigns the 

· pair totranslationally equivalent molecules.botmd bya resonance 

interaction, STE. The Davydov splitting (4 em-I), obtained by Clarke 

and Hochstrasser,13 gives a pailWise resonance splitting for the transla­

tionally inequivalent molecules of O. 5 on-I. Thus the ratio of the total 

splittings is 

&m/STI = 4.2 (1) 

. .. .. .'. 16 
whereas the ratlo of BTE/.BTI ::: 8.5. 

The two monoclinic structure of phenazine, a and B, were detennined 

by Herbstein and SChmidt.17 ,18 The a structure, obtained from the melt 
· . 

· grown crystals,19 has :two molecules in the tmit cell,· space group P2r!a. 
. 0 

The cell parameters are a = 13.22, b = 5.06, c = 7.088 A and B = 109 0 13'. 

A close examination of this crystal structure reveals that theb-axis 

resonance interaction is expected to be the largest if the distance 

between the interacting centers is the crucial parameter in detennining 

the overlap. The extension of the Jortner, Rice, Katz and Choi20 

1T-electron exchange calculation to phenazine2l predicted a large 
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trans1ationa11y equivalent interaction. Thus, these experiments give 

some support to the description of exciton sp1i ttings using 'If-electron" 

exchange theory. Naturally J more acc~rateevaluation of. the exchange 

integral, especially with the. inclusion of (J electrons, is important for 

close examination of the experimental results. 

Fina11y~ the optically detected EPR transitions in zero field were 

observed in the isotopic mixed crystals. Our preliminary results give 

Inl + lEI = 2562.8 MHz, 

and (2) 

21EI = 640.3 MHz. 

The results are in good agreement with those of phenazine in bipheny122 

and suggest that the magnetic prop~rties of the 3B2u (short-axis) state13 

resemble those of anthracene. The EPRspectra show a structure, the 

analysis of which could give information about coherence in the transla­

tionally equivalent and translationally inequivalent dimers similar to 

those reported by Zewail -and Harris. 12 Furthermore, the nitrogen 

quadrupole and hyperfine splittings may determine the nature of excitation 

d · °b 0 • th 0 7,23 De 01 f th 0 I d 0 1str1 ut10nm e pa1r. . ta1 s 0 e opt1ca an. magnet1c reso-

nance studies will be published in a forthcoming paper. 
. . I • 
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FIGURE CAPTION 

F.igure 1: . The resonance pair spectra of phenazine-h8 in phenazine-d8 

at different. guest concentrations: A = 0.5%, B = 3.1% and 

C = 5.7% (by weight). The Davydov-type sp1ittings are not seen 

in the spectra because of the large 1inewidth of the optical 

emis,sion. 
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.OF PHENAZINE CRYSTAL 

B 

c 

4.3 em-I 
I I. 

I 1 
DIMER MONOMER 

Energy 

Fig. 1 

.' . 
",J 

• 4 

i 
lJ ' 

XBL 746-'1038 



u v v \J .... • u 

P------------------LEGALNOTICE--------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 



'" 

TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

... ~.--




