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Broadening of the pure rotational transitions of a dissolved
molecule cannot occur if this molecule is embedded in a medium
that is always perfectly isotropic. The aim of this seminar is to
indicate that there is a relation between rotational linebroadening
and the anisotropy of local density fluctuations around the rotat-
ing molecule. It is in fact possible to derive an expression which
quantitatively relates rotational linewidths to certain 4-point
density correlation functions. Rotational linewidth measurements
may therefore be used to obtain information about higher order
density correlation functions. Most of the topics mentioned in
this seminar have been discussed in a number of publications (1,
2,3), to which the reader is referred for more details.

The interaction between a linear molecule, dissolved in a
noble gas fluid, and the atoms of that fluid may be written as,
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where T is the unit vector along the axis of the linear molecule,
R4 is tEe distance of the i-th atom to the molecule, and v(r) is
tte r-dependent part of the k-th term in the Legendre polynomial
expansion of the atom-molecule intermolecular potential. In eqn.1
pairwise additivity of intermolecular interactions has been assumed.
Defining p(R) as the number density at distance R from the molecule,
eqn.1 may be rewritten in the following way:

V(1-11) =, E (47T/2L+1)Ykm(lp)f v56(R)p(-11)YL(IB) 2.
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Equation 2 clearly shows that the perturbation acting on the mole-
cule depends on the size, range and spherical symmetry of the local
density fluctuations around the dissolved probe molecule. Through-
out the following, it will be assumed that we are dealing with a
very dilute solution ( one linear rotor, dissolved in N noble gas
atoms, with N>>1). The problem we are interested in, is the re-
lation between the molecular motions in the host fluid, and the
rotational linewidths of the dissolved (quantized) rotor. AB a
first approximation, one may neglect the effect of the anisotropy
of the atom-molecule interaction on the time evolution of the
translational coordinates in the fluid; i.e. one assumes that, as
far as translational motions are concerned, the molecule behaves
as a spherical particle which interacts with its neighbours through
a potential vo(r). If the translational degrees of freedom may be
treated classically, the above assumption allows one to use, for
instance, standard Molecular Dynamics techniques (4) to compute
the trajectories of the particles in the system (5). Supposing,
for the moment, that the time-dependence of the translational
coordinates (an4 hence the time-dependence of the fluctuating
local density p(r) ) is known, we may compute the, now explicitly
time-dependent, anisotropic interaction V(1 ), using eqn.2.
This time-dependent interaction, added as P a perturbation to the
free rotor hamiltonian of the molecule, determines tilt time evo-
lution of the rotational degrees of freedom. Given V(I ;t) one may,
in principle, solve the Schr8dinger equation for the P rotational
motion of the molecule and thereupon compute, for instance, the
dipole moment correlation function of the rotor. The shape of the
rotational far infrared spectrum of the molecule is related,
through Fourier transform, to the molecular dipole moment correlat-
ion function. Hence, knowledge of the time dependent local density
fluctuations in a fluid allows us, in principle, to determine the
shape of the rotational far infrared spectrum of a weakly anisotro-
pic probe molecule. In practice, however, explicit solution of the
time dependent Schr8dinger equation is not feasible. One should
therefore look for a simple, approximate way to compute the dipole
moment correlation function , given V(i ;t).

Space does not permit us to discussPhow such an approximate ex-
pression for the dipole moment correlation function may be ob-
tained (see however refs.2,3). We just state the result that, by
making a few assumptions that seem plausible for weakly anisotropic
quantized rotors, one may obtain an explicit relation between ro-
tational linewidths, and time correlation functions of the fol-
lowing form:
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Where <p(r;O)p(r';0> is the correlation function of the density at

distance r from the probe at time 0 and the density at distance r'
at time t. The r-dependent part of the k-th term in the Legendre
polynomial expansion of the intermolecular potential, v(r) ,deter-
mines the range of density fluctuations that may influence the ro-
tational motion (this range is typically of Ihe order of one mole-

Pz(lr.lr,)cular diameter). The Legendre polynomial in eqn.3
guarantees that only those density fluctuations that have the
same symmetry as the leading terms of the intermolecular potential,
have a non-negligible effect on the rotational motion.

The Fourier-Laplace transform of WO is denoted by G(w) :

CO

G(w) E f exp(-iwt) g(t) dt
0

For reference sake, we give the explicit relation between the line-
width r4÷ of a rotational transition between two levels j and j',
and the' ' function G (w)

k
defined above
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r =
-2

E [K(j,f,k)G0(0)+ E M(ij",k)Gt(wjj") +

E WV,i",k)Git(wrj,) ]/(2k+l)

r0j,

4.

5.

The coefficients K(j,f,k) and M(j,j",k) may be expressed in terms
of 3-3 and 6-3 symbols (2,3). It is essential to note that the line-
width r, is determined by the values of the Gt(w) at frequencies
that correspond to level spacings in the unperturbed rotor. This
fact is important, because it limits the number of probe molecules
that may be used in an actual experiment to investigate local den-
sity fluctuations in fluids. Clearly, as_090(44is determined by the
density-density correlation function <p(rO)p(r';0> , it will be
non-zero only in the frequency domain characteristic of translatio-
nal motions in fluids. If one wishes to study Gt(w) experimentally,
one should therefore select a probe molecule that has thermally
populated rotational transitions precisely in this frequency range.
In the far infrared linewidth measurements described in ref.6, HCk
was used to probe local density fluctuations in argon, at different
fluid densities. HCk is a suitable probe molecule in this case, be-
cause its rotational transitions cover the entire relevant frequency
range. For an analysis of these experimental data in terms of local
density fluctuations, and a comparison with the results of Molecular
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Dynamics calculations on the same system (5), the reader is referred
to refs.2 and 3.

The correlation function <p(r;O)p(r';0> appearing in eqn.3,
is actually related to a 4-point density correlation function:

4-

ff

6.

where nr and nH are the probe- and host number densities respectively.

Similar 4-point density correlation functions play a role in col-
lision induced dipolar absorption in noble gas mixtures, in which
case the quantity corresponding to gt(t) (eqn.3), is the correlation
function of the collision induced dipole:

</lind(0)"lind(t) ffff 11(r)P(r')

4
dr

4
dr'. <nA (R' *0)n

B
(r;O)n

A (R';t)nH(111-1-rf;t)> dR dR'

7.

nA and n denote the number densities of atoms A and B respectively.

The correlation function of the collision induced polarizability
distortion, that plays a role in collision induced depolarized
light scattering in monatomic fluids, may similarly be expressed in
terms of 4-point density correlation functions. We have therefore
at our disposition a number of experimental techniques that probe
different (more or less complementary) parts of 4-point density
correlation functions in fluids. Obviously, none of the experiments
mentioned above will provide us with sufficient information to
allow unambiguous determination of a 4-point density correlation
function. However, as these experiments probe different angular
and radial parts of 4-point density correlation functions, it is
to be expected that,combining these different experimental tech-
niques,it will be easier to discriminate between the various
theoretical models for 4-point density correlation functions (7,8,3)
that have been proposed.

This work is part of the research of the Foundation for Fun-
damental Research of Matter (FOM) and was made possible by finan-
cial support from the Netherlands Organization for Pure Research
(Z.W.0.).
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