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Inhomogeneous broadening in the optical spectra of im
purity chromophores in crystals and glasses is a manifesta
tion of a static distribution of impurity environments, which 
gives rise to a distribution of the absolute energies for a given 
impurity electronic state. The inhomogeneous line shape for 
a transition from state a to state /3 is obtained from a convo
lution of the probability distribution for the energy of state a, 
P a (E), and iPa (E 'I E), the conditional probability that a 
chromophore has energy E ' in state /3 given that it had ener
gy E in state a. Experiments that involve a transition 
between two states followed by radiative or nonradiative re
laxation to a third state, such as fluorescence line narrowing 
(FLN) or hole burning (HB), provide additional interest
ing information about these absolute distributions and con
ditional probabilities. 

In a 1985 paper,1 Lee, Walsh, and Fayer (LWF) pro
posed a phenomenological model of inhomogeneous broad
ening, which they used to explain a series of FLN and HB 
experiments. They assumed that the energy distributions of 
the individual states are Gaussian in form, and that the con
ditional probabilitiesiPa (E 'IE) are simply equal to Pp (E'). 
Thus all the pairs of absolute energies are completely uncor
related. The model ofL WF has recently been generalized by 
Suter et al. 2 In an alternative viewpoint, which has been dis
cussed by Selzer,3 one assumes that there is a one-to-one 
correspondence between the energy in one state, and the en
ergy in some other state, so that the conditional probabilities 
would all be delta functions. Inhomogeneous broadening 
arises in this model because the absolute energy distributions 
for the two levels have different widths. 

In a recent paper,4 we have developed a molecular theo
ry that describes the response of the inhomogeneous line 
shape after a persistent hole has been burned, to external 
changes in pressure. This effort was motivated by experi
ments performed by Sesselmann et a[.5 We came to realize 
that, using a modified version of our formalism, it is possible 
to develop a theory within which the energy distributions 
and conditional probabilities discussed phenomenologically 
by L WF and Selzer can be calculated from the microscopic 
parameters of a system. In what follows, we will briefly out
line this theory and comment on how the L WF and Selzer 
assumptions are recovered in certain limits. 

We consider a system consisting of a dilute concentra
tion of impurities embedded in a glass or crystal. In some 
zeroth-order scheme, the impurities are characterized by a 
set of levels {a} with energies E~. We then suppose that 
each impurity interacts with a large number of static "de
fects" (which for a crystal would include dislocations, inter
stitials, etc., and for a glass would be the solvent molecules 
themselves4), each of which produces a perturbation Va (R) 
on the ath impurity level, where R is the set of relevant 

defect coordinates, including its position relative to the im
purity. The (normalized) distribution of state a energies is 
then given by 

PaCE) = V- N f dR1···dRNP(R1,···,RN) 

Xo(E- [E~ + itIVa(Ri)]), (1) 

where P(R1, ... ,RN) is the probability distribution function 
for the coordinates of the N defects, normalized to V N, 

where V is the volume of the system. Following the proce
dure outlined in Ref. 4, i.e., making the approximation that 
these defect coordinates are uncorrelated so that 
P(R1, ... ,RN) can be written as a product of single defect 
distribution functions g(Ri ), we find that for a sufficiently 
large defect density p = N IV, the functionpa (E) is a nor
malized Gaussian centered at 

Ea = E~ + p f dRg(R)va (R), 

with standard deviation (Daa) 1/2, where 

Dap =p f dR g(R)va (R)vp (R). 

(2) 

(3) 

Within the same model, the conditional probability connect
ing two states a and /3 is given by 

iPa (E'IE) = 1 f dR1···dRN P(R1,···,RN) 
PaCE) V N 

xo(E- [E~ + itl Va(Ri )]) 

Xo(E' - [E~ + itl vp(Ri ) ]). (4) 

The same set of approximations that lead to the Gaussian 
form for the energy distributions also yield a normalized 
Gaussian (in E') for the conditional probability, centered at 
Ep + (E - Ea )(D apl D aa ), and with standard deviation 
[Dpp - (D~pIDaa)]1/2. 

There are two important limits to consider. First, if the 
potential vp (R) = AVa (R), where A is a constant, then the 
conditional probability i{3a (E'IE) is a delta function: 
o(E' -Ep - (E-Ea)A). Thus the two states are com
pletely correlated, which is the Selzer limit. As an example of 
this case, consider an impurity with a permanent dipole mo
ment in state a interacting with randomly distributed dipo
lar defects. Ifin state/3 the permanent dipole changes magni
tude but not direction, then vp (R) = AVa (R). Another 
example involves an impurity that interacts via a Lennard
Jones potential with randomly positioned solvent molecules. 

3880 J. Chem. Phys. 90 (7), 1 April 1989 0021-9606/89/073880-02$02.10 © 1989 American Institute of Physics 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

129.237.46.100 On: Tue, 16 Sep 2014 18:51:18



Letters to the Editor 

In the approximation that only the € (and not the u) param
eter ofthe Lennard-Jones interaction changes in going from 
state a to state {3, this again gives vp (R) = AVa (R). 

However, for other models of the impurity-defect inter
action where vp (R) #Ava (R), the conditional probability 
will be Gaussian with a width given above. For potentials 
such that Dap <,Daa,Dpp [see Eq. (3)], then 
/Pa (E'IE) zPp (E'), which is the uncorrelated LWF an
satz. L WF argue that a wide variety of experiments, espe
ciallyan interesting antihole separation study,1 can be un
derstood on the basis of the uncorrelated model. However, 
this conclusion rests on making additional assumptions in
volving the correlations between the states of the original 
chromophore andthe photoproduct. Within the microscop
ic framework described above, the correlations between all 
states arise naturally, and hopefully it will be possible to 
analyze these experiments in detail. 

Once the energy distributions and conditional probabili
ties are determined, any experimental observable can then be 
calculated. For example, the a -+{3 transition line shape can 
be obtained by 

Ipa (!l.E) 

= J dE J dE'8(E' - E - !l.E)/Pa (E'IE)Pa (E). (5) 

Evaluating Eq. (5) gives a Gaussian line shape (in !l.E) cen
tered at Ep - Ea, and with standard deviation 
(Dpp + Daa - 2Dap) 1/2. As a final example, consider a 
FLN experiment where the a -+{3 transition is excited with a 
narrow band laser, and the line shape of the ensuing fluores
cence from the {3 state to a third state r is studied. The flu
orescence line shape, as a function of the initial laser energy 
E L , can be written in terms of the initial a state distribution 

and the conditional probabilities connecting the a and {3 
states and the {3 and r states, as 

Iyp (!l.E;EL) = J dE J dE' J dE"8(E' - E" - !l.E) 

X8(E' -E-EL)/yp(E"IE') 

X/(Ja (E'IE)Pa (E). (6) 

It is then straightforward to evaluate Eq. (6) in terms of the 
microscopic parameters. 

To conclude, this communication shows how the condi
tional probabilities and absolute energy distributions needed 
to interpret a variety of optical experiments can be obtained 
from a microscopic model of inhomogeneous broadening. 
Specific choices for the perturbations Va (R) can then be in
voked to analyze results from different experimental sys
tems. 
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Fifty years ago Gorter pointed out a collisional mecha
nism for alignment of the rotational angular momentum vec
tor j of a diatomic molecule. 1 If the relative velocity vectors 
in the collisions have a preferred spatial direction k, mole
cules rotating with j parallel to k present a broadside target 
and thus suffer drastic randomizing impacts more often than 
those with j perpendicular to k. The alignment produced 
may be described by a Legendre expansion, 
1 + a2P2 (j.k) + .... Only even order terms appear and a2 is 
negative when j prefers to be perpendicular to k. Gorter's 
alignment mechanism has been invoked in models for polar
ization of interstellar absorption lines,2 transport properties 
of gases,3 and many other phenomena. It has also long been 

recognized4 that this mechanism might be exploited in su
personic beams to enable studies of steric effects in collision 
processes, especially the stereodynamics of chemical reac
tions.5 

However, as yet the only experimental demonstrations 
of substantial rotational alignment in supersonic beams per
tain to alkali dimers6--9 (with a2 as large as - 0.4). Similar 
experiments have found puny alignment for neat iodine 
beams7 (a2 only - 0.0056) and equivocal results for iodine 
seeded in a CO2 beam.4 This accounts for the prevalent view, 
which regards the alkali dimers as exceptional (due to un
usually long bond lengths or facile atom exchange) and as
sumes rotational alignment in supersonic expansions is typi-
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