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Calculations of singlet exciton states of the molecular crystals 
naphthalene and anthracene have been performed by Craig and 
Walsh,l Craig and Hobbins,2 and more recently by Silbey, Jortner, 
Vala and Rice3 and Silbey, Jortner and Rice.4 Theoretical treat- 
ments follow the original work of Davydov for the interaction of a 
molecule and the weak crystal field. Since intermolecular overlap 
in a molecular crystal is small, the interaction between molecules 
may be represented as a multipole expansion. For an intense 
transition (f> 1.0) the Craig method retains only dipole terms in 
the expansion. These dipole sums are evaluated by the Ewald 
Kornfeld procedure or by direct summation over a sphere of 
20-30 A. Silbey et al., however, compute the intermolecular inter- 
actions to 55 A using n-electron wavefunctions or dipole summa- 
tion, and beyond 55 A using dipole sums. The main differences 
in the results of the treatments are due to the contributions of 
these long range interactions. 

The two methods of calculation predict very different values of 
the Davydov splitting of an intense transition. We wish t o  compare 
these results with some experimental values available for naph- 
thalene and anthracene. 

Naphthalene shows intense absorption in the vapour at  2100 A. 
The observed intensity in this region may arise from one or several 
electronic  transition^.^ Calculations of the crystal spectrum have 
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398 MOLECULAR C R Y S T A L S  

previously been performed using solution spectral values rather 
than  free molecule energies and intensities. t The calculations made 
on the basis of vapour spectral values5 are shown in Table 1.  
Interaction integrals are calculated using the crystal dipole sums 
of Craig and Walmsley.6 The calculation of Silbey et al. using 
dipole sums is also given.$ Second order effects are not included 
since for an intense transition there is only slight alteration in the 
calculated splitting. The difference in the calculation by using 
vapour data ( f=1 .3 ,  ;=47530 cm-l) rather than solution data 
quoted by Silbey et al. (f= 1.7, i; = 45500 cm-l) may be seen from 
Table 1 (ii) and (iii). The predicted Davydov splitting is consider- 
ably reduced on using vapour spectral values, but is still much 
greater than that derived from the simpler calculation of Craig and 
Walsh. This is seen in Fig. 1 where. (i) and (iii) from Table 1 are 
compared with experiment. If the free molecule intensity arises 
partially from a further (short-axis polarized) transition in this 
region as has been sugge~ted,~ the calculated splitting will be 
reduced. For an f value of 1.0 the splitting would be 5346 cm-' 
rather than 6770 cm-l (Table 1 (i)). 

Previous experimental data is that of Bree and Thirunamach- 
andran' who observed a b-polarized component at 44850 cm-1, 
f = 0.13. From our investigation Q qualitative information only has 
been obtained. There is a region of absorption from 45000 em-1 
(lib) and 50000 em-' ( I b )  extending to shorter wavelength. The 
intensity of absorption appears slightly greater J-b than I[b. 

These results alone are inadequate in definitely assessing which 

t Table I1 of the paper of Silbey et aL3 gives the solution value for both 
f and E for the intense transition (8-band)-not the vapour phase value &s 

stated. The difference between the transition energies of absorption between 
vapour and solution is 2180 cm-1. Thefvalue of 1.70 should be 1.30.5 

$ Results obtained from using .rr-electron wave functions to compute the 
interactions directly are not very different from those by the dipole method. 

9 Polarized crystal spectra were obtained using a 0.5 m Jarrell Ash Seya 
Namioka vacuum grating monochromator fitted with external optics. 
Crystal samples were sublimation flakes grown from zone refined naph- 
thalene. Difficulty in obtaining and preserving thin crystals ( < 0.1 microns), 
necessary for penetration of the crystal band by the light, limited observa- 
tions to below 52000 cm-1. 
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400 MOLECULAR C R Y S T A L S  

method of calculation is the more applicable although the predic- 
tions of Silbey et al. appear more at variance with experiment. 

The corresponding system in anthracene has been more closely 
studied by Lyons and Morris' from 36000 cm-l to 60000 cm-l. The 

'Experimental Y 2 
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Figure 1. Experimental and calculated crystal bands of naphthalene. 
(A) Method of Craig and Walsh; (B) Method of Silbey, Jortner, Vala and Rice. 
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M O L E C U L A R  C R Y S T A L S  402 

crystal spectrum using vapour spectral datag (c = 
42270 ern-', f = 1.6) is shown in Table 2 for the methods of Craig 
and Hobbins2 and of Silbey, Jortner, Vala and Rice.* Again the 

Figure 2. Experimental and calculated crystal bands of anthacene. 
(A) Method of Craig and Hobbins; (B) Method of Silbey, Jortner and Rice. 
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Davydov splitting using the method of Silbey et al. is considerably 
reduced when vapour values are used. Calculations for other 
electronic transitions in this region observed in solution* are also 
shown (Table 2 (ii) (iii)).? Theory and experiment are compared in 
Fig. 2. 

Free molecule transitions in this region are expected to interact 
to produce a broad crystal spectrum but certain inferences are 
possible. The crystal spectrum from 36000 cm-l to 56000 em-l can 
be accounted for in broad outline using either theory applied to 
the appropriate free molecule transition. In  particular, the 
a-component observed experimentally near 50000 cm-l can only 
arise from the free molecule transition at 42270 cm-l. The inclusion 
of long range interactions in calculating crystal spectra does not 
appear necessary for an intense molecular transition. The method of 
Craig et al. predicts the spectrum more closely than does the method 
of Silbey et at. In particular their predicted a-crystal band lies in 
the region of experimentally observed intense absorption. The 
predicted a-crystal band of Silbey et al. lies outside this observed 
region. 
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