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I n  a recent note Sarti-Fantoni' has discussed the effect of deuter- 
ation on the factor group splitting in the lowest excited singlet state 
of crystalline naphthalene. There are two tentative explanations 
for the origin of this splitting, one favoring2 higher transition 
multipole moment couplings, the other suggesting the interaction 
of nearby charge transfer states with the lowest excited ~ i n g l e t . ~  
Good agreement is obtained with experiment in both cases. In  the 
first case, both octupole moment parameters are used to fit the 
spectrum, while in the second case, the position of the first charge 
transfer state relative to the excited singlet state is used to fit the 
spectrum. Because in perdeuteronaphthalene the difference in the 
excitation energy from the ground state to the first excited state 
(tc band) is 118 cm-' larger than the corresponding transition in the 
perhydro compound,-' and since the explanation of the splitting 
invoking charge transfer states requires close proximity of the 
charge transfer state to the a-band, Sarti-Fantoni has suggested 
that there should be a detectable change in the splitting on deuter- 
ation due to the quoted change in zero-point energy. In particular, 
he states that a 15 cm-l shift in the difference (6) between the 

t Present address : Department, of Chemistry, Massachusetts Institute of 
Technology, Cambridge, Massachusetts. 

$ Present address : Department of Chemistry, University of Tel-Aviv, 
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386 M O L E C U L A R  C R Y S T A L S  

charge transfer state and the band can produce a measurable 
change in splitting. 

We find that when the calculation is performed3 using vibronic 
states in the weak coupling model,3* a 20 cm-l change in 6 gives 
rise to a N 2 yo change in the splitting of the 0-0 band and a N 8 yo 
change in the splitting of the 0-1 band (this calculation was per- 
formed with the 0-0 transition of the charge transfer state 300 cm-' 
above the 0-0 transition of the ci band5). Since the experimental 
splitting of the 0-0 transition in both compounds' is 151 _+ 4 cm-' 
and that of the 0-1 transition is 28 5 4 em-' in perhydronaphthalene 
and 26 6 cm-l in the perdeutero compound, we find that these 
changes are within experimental error. With a 30 cm-l change in 6, 
we find the changes in the splittings are N 3 yo in the 0-0 transition 
and 20 yo in the 0-1 transition, again just within experimental error. 

Sarti-Fantonil has also mentioned that in the calculation of the 
band structure using octupole moments, the lowest state in the 
band ( E  versus k) is the ac polarized k = 0 state. We find the same 
state is lowest in the charge transfer calculation, and that the band 
is flat (to within -0.5 crn-l) along the direction k1lc-l. There is 
indirect experimental evidence for the k = 0 state of the ac branch 
being the lowest state in the band.6 

We are not suggesting that the charge transfer state mechanism 
is correct or to be favored, only that the evidence is still not con- 
clusive one way or the other. The calculation of the charge transfer 
state interaction is crude, and can only be considered to be an 
estimate of the effect. However, we believe that this explanation 
cannot be ruled out without the performance of further experiments. 
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P A C T O R  G R O U P  SPLITTING 387 

vibration is changed in frequency. It is impossible a t  present to estimate 
the change in zero point energy of the charge transfer state upon deuter- 
ation. 
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