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It is sho\\n that the non-radiative decay of the fluorescing state CIE Large polyatomic molecules might 
exhibit nn inverse or retarded deuteration effect. 

It is presently accepted that the rate of “non- 
radiative” processes in aromatic hydrocarbons 
tend to decrease upon deuteration. However, 
conclusive experimental evidence for this effect 
is known only for the process of intersystem 
crossing from the first excited triplet state (Tl) 
to the ground state (So), where the quantum 
yield of phosphorescence is enhanced upon deu- 
teration [llJ. Studies [Z] of the fluorescence of 
these molecules in condensed media have failed 
to observe an isotopic effect. Recently [3], how- 
ever, the rake of intersystem crossing ir. the 

fluorescing state (lB2u) of benzene was found to 
be two fold greater in CgHg than in C6D6, a sim- 
ilar effect was recorded for azulene [4]. 

state of the upper state (Qs) and the manifold of 
highly excited vibronic levels (#I) of the lower 
electronic state which are degenerate with it. 
The eigenstates (&J of the molecular hamilto- 
nian are taken to be superpositions of @s and 
@ZI: 

The major routes of this non-radiative proc- 
ess are assumed to be S1 - T1 and S1 - T2, 
with the S1 - So assumed to be unimportant. The 
effect of the second triplet state is clear from 
the drastic enhancement of the fluorescent yield 
in anthracene in going from solution to solid 
(where the major change is the relative positions 
of S1 and T2). The rate of the S1 - T2 process 
depends on the energy separation between the 
electronic states S1 and T2; this separation is 
known to be small in benzene and anthracene 

(W 1000 cm-l) and may indeed be small in sim- 
ilar molecules. 

If the manifold of levels (ql) are considered to 
be equalLy spaced with energy separation E, and 
if it is assumed that the hamiltonian matrix ele- 
ments of $~s with the (+i) quasi degenerate with 
it are constant and equal to V, then the coef- 
ficient CZ: is given by 

1q” = V2 

(E, - _Q + (7+u2 ’ 
(2) 

provided that Vp = V/E >> 1. This gives a Lo- 
renizian line with width A given by 

A= 21;V212p. (3) 

The interaction matrix element. V, can be writ- 
ten as the product of the Franck-Condon factor, 
S, and an electronic part K. . 

Using the same theory, it was shown 151 that 
According to the model for radiationless 

transitions in polyatomic molecules, there is a 
the rate of the non-radiative process $s - 4~ is 
given by K,, a l/7 = A/E. The isotopic deutera- 

simple relation between the non-radiative rate tion effect for these processes is due to the pS2 
and the width of the optical absorption to the 
relaxing state [5]. This line width is caused by 

term in K,,. It has been shown [ll] that the pS2 

the interaction between the zeroth order vibronic 
term is sensitive to deuteration only for large 
electronic energy separations. 
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In the present note, we will discuss the effect 
of deuteration on the S1 - T2 process (for which 
the electronic energy separation is small). We 
shall show “chat if the Sl -T2 process is dominant 
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over the S1 - T1 process, then the non-radiative 
decay rate is e&mced upon deuteration (we 
should perhaps write the S1 - Tp process as 
Sl--) T2 -, Tl since T1 provides the manifold of 
states for the non-radiative process)_ 

In essence the situation for the case of inter- 
est is the following: we assume a set of zeroth 
order vibronic levels which consist of the fol- 
lowing vibronic wavefunctions 

(a) the lowest vibronic wave function Gs of 
the first excited singlet S1, 

(b) the ground vibronic level $6~ of the second 
triplet state T2, which is nearly degenerate 
with Qs. 

(c) a dense (quasi continuum) manifold {@;I 
of vibrationally highly excited vibronic levels of 
the first triplet state Tl. 

The compound eigenstates of the molecular 
hamiltonian consist of superpositions of the ze- 
roth order molecular states; i.e., 

(4) 

The off-diagonal matrix elements of the molecu- 
lar hamiltonian in the crude adiabatic represen- 
tation are given by: 

(ms IHI bT) = V SO ’ (5) 

(&, IHI Q = v;, f (6) 

(7) 

where v$ib and V&, refer to vibronic and spin 
orbital coupling respectively. Assuming 
V&b >> Vgo which is usually the case, we first 
construct the compound states ( $J} which are 
the superpositions of (PT and {@i) which diago- 
nalize the triplet sub-matrix of the molecular 
hamiltonian; hence, 

(8) 

The molecular eigenstates pCln are then given by: 

The relevant matrix elements are: 

(@,I4 9s) = *s 3 
(4 J/d 4J’j = E$ J,J’ 9 

The level @T is broadened due to the vibronic 
interactions with the manifold (@i) . the width of 
the lorentzian amplitude distribution [4LJTI 2 is 
given by: 

AT = 2aV2 
vib ‘i ’ (13 1 

The state @J is physically superimposed on the 
manifold {@J), this manifold density of states- 
pJ, is equal to pi (to a good approximation) so 
that pJ = pi z p. The matrix element VJ can be 
displayed in the form *: 

v,=cd v J 
T T SO==T %o (14) 

neglecting the terms Vi,bfsince we are assum- 
ing the S1 -+ T1 process to be slow. Making use 
of the Lorentzian distribution of the amplitude 
(412, i.e. 

lag2 = @ib 

(EJ-ET)2++~$ 
(15) 

The rate of the S1 - T2 process will be given by: 

where we have assumed that VJ is B constant and 
is equal to VJ(EJ = Es) (i.e. that essentiaLLy Qs 
interacts only with the states in the Jcontinuum 
close to Es in energy). We are interested in 
Ay/AF . For the region AEs, T -cc f AT the fol- 
lowing relation results. 

(17) 

whereas fol- the region m,, T >> $ + the ratio 
will be of the form: 

* This approtimation is valid when +s is superimposed 
on $T, or in the case where some Franck-Condon 
overlap factor dominates, the set { 4~1 refers to the 
Iower vibrnnic 1eveIs of the second triplet state. In 
fact +T can be any vibronic level provided it is of 
the proper symmetry. 
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The turning point. i,e. the point for which 
K$ = _Vy will be aken by: 
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Thus. the SI - T2 non-radiative p: ocess will 
show an inverse or retarded isotopic deuteration 
effect for small singlet triplet separation. Since 
this is the case for many aromatic molecules, we 
expect this effect to be of general importance. In 
fact it might be responsible. at least to some ex- 
tent. for the absence of pronounced deuteration 

effect in many of these molecules. Tentatively 
this last argument applies for all cases where the 
fluorescing 81 state lies below the second triplet 
state. 
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Because of an error in the analytic expression for 
the dipolar integral for a 1s atomic orbital the follow- 
ing ccrrections should be made: On page 519 the prin- 
cipal components of the contact-dipolar coupling tensor 

J(23) - -39.10 Hz. For 13C-H, (J:,23’ -Jy3))CH = 
ttHH’ - 
= -18.8 Hz, and for CH4, 

21.8 -1.3 -2.5 

Jg3C-D = -1.3 25.0 -3.2 Hz. 

-2.5 -3.2 -46. U 

The second word of the last paragraph is vicinal. On 
page 520 the two tensors for ethylene are 

~(23) 
@HH’ = 

-5.1 22.8 0.0 -4.5 23.5 0.0 

22.8 16.2 0.0 and 23.5 16.1 0.0 Hz. 

0.0 0.0 -11.1 1 0.0 0.0 -11.6 
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