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An inelastic neutron scattering (INS) study of carbon tetrachloride (CCI4 ) at two different 
temperatures within its liquid range is reported. The analysis of the spectra reveals the 
presence of a collective inelastic response throughout the explored Q-range (0.3 A-I <Q<2.2 
A-I). The wave vector dependence of the excitation energies ("dispersion relations") is 
investigated by means of the analysis of the measured spectral intensities in terms of a 
phenomenological (viscoelastic) model. In order to help with the analysis of the experimental 
intensities a molecular dynamics study has been carried out. The analysis of the calculated 
dynamical factors is also performed within the same approximation and the results are tested 
by comparison with those stemming from the experimental observations. 

I. INTRODUCTION 
The question whether collective excitations at a molecu

lar scale (involving distances of the order of a few tens of 
angstroms) are well defined entities in dense fluids has been 
extensively discussed during the last decade. 1 Apart from 
the inherent theoretical problem of assigning a definite phys
ical origin to these vibrations (exception made of those mea
surements performed in the hydrodynamic limit), the rela
tively scarce information obtained from experimental 
means, hindered any further progress in the field. Although 
in simple systems such as liquid metals or rare-gas fluids the 
situation has become to be understood on a quantitative ba
sis,2.3 it remains at earlier states of development for fluids 
composed by nonspherical particles such as all the molecu
lar liquids. In such a case, the difficulties arise from the need 
of separating the collective dynamics from the single-parti
cle excitations (molecular rotations and translations), as 
well as from the fact that the interparticle potential substan
tially deviates from the idealized harmonic behavior. Al
though the first difficulty may be minimized if the experi
ments are performed on cold fluids, where the single-particle 
cross section mainly contributes to the resolution broadened 
elastic line, the problem of how the different intermolecular 
potentials are translated into collective dynamical properties 
at these length-scales, is still an open one. 

On the other hand, apart from the case of liquid hydro
gens, and in particular ofliquid deuterium where the collec
tive response has been shown to be a well defined entity up to 
relatively large momentum transfers,4 it seems clear nowa
days that most of the observable collective features at the 

length and time scales of our interest will manifest them
selves as strongly damped oscillationsS-s which will render 
the analysis of the experimental intensities rather difficult 
unless some recourse is made to additional sources of data 
not amenable to experimentation with the present day 
means. 9,10 In order to derive unambiguous information 
about the collective dynamics of these liquids from the anal
ysis of the experimental intensities several steps have been 
taken. First of all, the low-frequency response embodying all 
the processes involving molecular diffusion and rotations 
(including coherent effects) has been analyzed in detail by 
means of neutron quasielastic scattering using different en
ergy resolutions. 11

,12 From such a study it was possible to 
parameterize the relevant translational and rotational con
tributions to the total dynamic structure factor. 

On the other hand, a set of computer experiments using 
a molecular dynamics (MD) algorithm was carried out in 
order to test the adequacy of the model employed for the 
analysis of neutron scattering intensities, and to extend the 
domain in reciprocal space to regions where it can be seen 
that the observed mode is basically a continuation to larger 
momentum-transfers of what is observable in regions nearer 
the hydrodynamic limit. 

The purpose of the present work was to complement 
some previous studies on systems represented by a broad 
class of intermolecular potentials,S-s with the study ofa rela
tively simple liquid such as carbon tetrachloride (CCI4 ) 

where the intermolecular interaction is overwhelmingly of 
Lennard-Jones-type (L-J) as revealed by quantitative com
parisons of the liquid structure data with several model po-
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tentials. I3 Furthermore, this liquid, which is considered to 
be the molecular analog to liquified rare-gases, represents an 
interesting case in order to ascertain whether the collective 
dynamics of L-J systems show some universal behavior dic
tated by the form ofthe interparticle potential, as it happens 
to be in the case of liquified classical rare-gases. 14 

The main difficulty which arises from the studies on 
collective phenomena in the class of liquids referred above, 
stems from the fact that only broad (strongly damped) fea
tures are observable within the kinematic range accessible to 
thermal neutrons using conventional inelastic neutron scat
tering (INS) spectroscopy, although the existence at larger 
length-scales of propagating short wavelength modes in 
these systems is now clearly established from neutron Bril
louin studies. 15 

The absence of well resolved inelastic peaks will not im
ply that a collective response is not present in the data and, as 
a matter of fact, some previous studies on the same liquid 
using low incident energies 11 have served as reference to test 
the presence of a collective (albeit overdamped, i.e., nonpro
pagating) mode at momentum-transfers achievable by con
ventional neutron inelastic scattering instrumentation. 

The paper is structured as follows: Sec. II A is devoted 
to giving an account of the experimental conditions under 
which the spectra were recorded and of the various correc
tions that must be applied in order to render magnitudes 
amenable to comparison with the model predictions. Section 
II B summarizes the details of the MD simulations. The 
models used to interpret the experimental results are intro
duced in Sec. III, together with the computational strategy 
followed in the estimation of its parameters. Section IV in
cludes a discussion on the results of the application of the 
models to both the experimental data and to the results of 
MD simulations. We conclude the paper with a resume of 
the main conclusions derived from our study. 

II. EXPERIMENTS 

A. Neutron inelastic scattering 

A preliminary set of experiments was performed using 
the time-of-flight spectrometer IN4, located at one of the 
thermal beamlines of the Institut Laue Langevin (ILL), 
Grenoble. The purpose of these measurements was to esti
mate the dependence of the inelastic background upon the 
energy of the impinging neutrons, since it was clear that no 
clear inelastic response was found in previous low-energy 
measurements. 11 

A substantial enhancement of the inelastic background 
was found (after accounting for the different resolution 
functions involved) when using an incident energy of 10.85 
THz, whereas an experiment using 4.16 THz failed to reveal 
the presence of substantial collective excitation. 

A set of experiments at constant wave vector were per
formed using the triple-axis spectrometer IN8 at the ILL. 16 
The useful kinematic region for this class of experiments 
involves the transfers of rather high energy, at least 1. 5 times 
the frequency corresponding to excitations of sonic modes 
due to the relatively large ratio of specific heats,17 for low Q 
values (near the direct beam) so that a very restrictive colli-

mation has to be used [30' (arc min) in pile, 20' between 
monochromator and sample, 10' between sample and ana
lyzer, and 40' between analyzer and detector]. All of the 
scans were recorded on constant-Q mode with a fixed inci
dent energy of 8.95 THz. 

The monochromator and analyzer used the (002) re
flection of pyrolytic graphite, and the momentum-transfer 
range covered the region 0.3-2.2 A-I including, therefore, 
the Q value for which the structure factor reaches its first 
maximum (Q::::: 1.3 A -1). Both energy gain and loss sides 
were measured for all spectra covering the allowed full kine
matic range. 

The temperature was controlled using a standard "or
ange" cryostat with a regulation better than 0.3 K. Experi
ments were performed at two different temperatures, 254 K 
(just above the melting point) and 310 K. A cylindrical 
vacuum tank of 1 m diam was used to reduce the contribu
tion coming from the diffuse scattering from the air. As a 
matter of fact, the evacuated tank provided a nearly com
plete reduction of the diffuse background. Several runs to 
estimate the instrumental background were carried out clos
ing the beam coming into the analyzer by means of thick 
cadmium slabs. 

The container is based in an original design by Soder
strom et al. 18 and has already been used in a number of 
previous experiments involving molecular liquids.5,6 Such a 
design has proven to reduce to a minimum the multiple scat
tering contribution since the beam is partly collimated by the 
cadmium-coated spacers. Results from the standard 
DISCUS (Ref. 19) code show that multiple scattering con
tributions amount to < 7% in all cases. Several measure
ments were carried out for the empty container at different 
Q-values and standard absorption corrections20 were per
formed prior to any can subtraction. 

The instrumental resolution was also measured using a 
vanadium standard, giving a Gaussian shape of half-width at 
half-maximum (HWHM) of ~0.4 THz. In order to account 
for the variation of the energy resolution along the accessible 
window, the width of the resolution function was evaluated 
by means of the RESCAL code21 at each energy-transfer 
value for every constant-Q spectrum. Finally, to enable a 
direct comparison of spectra measured using instruments 
with large differences in energy resolution (i.e., IN6 and IN8 
from ILL), the corrected spectra measured using the triple
axis instrument were deconvolved from resolution effects by 
means of a code based upon a maximum-entropy algorithm 
previously tested for the study of excitations of this kind,5 as 
well as those of magnetic origin.22 

Figure I (a) shows a set of deconvolved spectra mea
sured at IN8 as well as the corresponding quasielastic spec
tra (measured using IN6) which were converted into con
stant Qby means of the INGRID code.23 The IN6 spectra 
were symmetrized in order to extend the energy-loss sides to 
facilitate the comparison. 

As can be seen upon inspection of the graph, broad in
elastic intensity distributions, not present in the quasielastic 
spectra, are clearly apparent in the triple-axis scans. On the 
other hand, the spectra corresponding to momentum-trans
fers below 0.7 A-I show some evidence of the presence of 
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FIG. I.Ca) Logarithm of the spectral intensities measured at T = 254 K for 
the lowest values of the momentum transfer Q. The upper curves corre
spond to the triple-axis spectra deconvolved from resolution effects. The 
lower curves are constant -Q quasielastic spectra (see text). (b) Sample ful
ly corrected spectrum for a wave vector of Q = 0.35 A - '. Note that the 
blow-up at both sides arises from direct-beam contributions which are diffi
cult to subtract. 

weak inelastic side-peaks. As a matter offact, Fig. 1 (b) dis
plays a spectrum corresponding to Q = 0.35 A-I after cor
rections for sample absorption and mUltiple scattering. 
Clear inelastic features are seen at this, relatively low, mo
mentum-transfer which become strongly damped at larger 
wave vectors. However, in order to assess whether such fi
nite-frequency features appearing at wave vectors < 0.7 A-I 
correspond to excitation peaks or are introduced as artifacts 
by the deconvolution procedure, it is required that they also 
manifest themselves in the structure factors computed by 
means of computer simulations and also in the analysis of the 
experimental (not-deconvolved) spectra in terms of a model 
function, as it is described in further sections. 

B. Computer experiments 

The standard program MDTETRA from the CCP5 Li
brary/4 was used to generate the trajectories of 108 mole
cules subject to periodic cubic boundary conditions. Two 
simulations were carried out at two different thermodynam
ic states corresponding to temperatures around 260 and 293 
K, and densities of 1.66 and 1.58 g/cm3

, respectively. Both 
runs started from equilibration of a previous high-tempera
ture configuration and the trajectories were followed for 
over a period of 90 and 80 ps for the low and high tempera
ture runs. 

. The equations of motion are solved by applying the 
Gear predictor-corrector integration method with a time 
step of 5 and 10 fs for the low and high temperature runs. The 
center-of-mass motions were followed using a fifth-order al
gorithm and the Euler equations of motion, specified in qua
ternion form, were solved by a fourth-order algorithm. The 
intermolecular potential used here corresponds to a site-site 
Lennard-Jones as proposed by McDonald et al. 13 

(1) 

where R12 is the vector joining the centers-of-mass of mole
cules 1 and 2 with relative orientations specified by Wi' and 
rap is the distance between atomic sites. The pair potential is 
then given in the usual form 

Uap(rap ) = 4Eap [(uap/raP) 12 - (uap/rap)6] (2) 

and the interaction parameters for the carbon-carbon, car
bon-chlorine, and chlorine-chlorine interactions were re
spectively, E/ kb = 51.2, 72.4, 102.4 K and u = 0.460,0.405, 
0.305 nm - I. The potential was truncated with a site-to-site 
cutoff distance equivalent to one-half of the box width. Sev
eral time-dependent properties such as the velocity (linear 
and angular) correlation functions as well their associated 
memory functions and the scattering functions relevant for 
the analysis of quasielastic neutron scattering spectra have 
been computed, and an account was given in a previous pa
per. 12 

In order to ascertain whether any dispersive behavior 
occurs we have computed in the first instance the longitudi
nal current autocorrelation function, J[ (Q,t), which is close
ly related to the intermediate scattering function, Fcoh (Q,t), 
through25 

d 2 

-2 F(Q,t) = - Q 2J[(Q,t) 
dt 

(3) 

and, consequently, in the frequency domain it can be written 

t»2S( Q,t») = Q 2J[ (Q,t»). (4) 

The use of such functions has some advantages when com
pared to the dynamic structure factor, S(Q,t»), namely, the 
oscillatory nature of the longitudinal current autocorrela
tion, J[ ( Q,t), at very short times renders spectra less affected 
by windowing effects than those stemming from the slower 
decaying intermediate scattering function, F( Q,t). Further
more, because ofthet»2 factor in Eq. (3), the high frequency 
region of the spectra appears enhanced while the low fre
quency region (quasielastic) is depleted allowing, therefore, 
an easier tracking of the high frequency propagative modes. 
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FIG. 2. Spectra of the normalized longitudinal current autocorrelation 
function at T = 264 K as a function of the frequency for the lowest six val
ues of the momentum transfer accessible in our MD simulation. The low 
wave vector functions show a finite intercept value on the ordinate axis due 
to windowing effects. 

This effect can be seen in Fig. 2, where a set of these functions 
is depicted for different Q-values. The fact that the computed 
currents at certain Q-values do not exhibit the proper limit
ing behavior when w""O can be atributed to the use of a finite 
window function for the Fourier transformation into the fre
quency space. Such an effect is specially severe for low-Q 
values where the intermediate scattering functions have not 
completely decayed. Figure 3 plots the value of the frequen
cy W for which the function J I (Q,w) reaches its maxi
m~m m~~' Q, for the entire Q-range explored at T = 260 K. 
From this plot, it is readily apparent that the "dispersion" 
observed for Wmax follows what it is expected for a propaga
tive acoustic excitation, but now a shift towards higher fre
quencies occurs due to the ai factor in Eq. (4). 
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FIG. 3. Frequency of the maxima of the longitudinal current spectra for the 
lowest temperature MD simulation (T = 264 K) as a function of the mo
mentum transfer. Error bars have been estimated as the HWHM ofthe win
dow function used for Fourier transforming the current autocorrelation 
function. 

III. DATA ANALYSIS AND RESULTS 

The measured double differential cross section can be 
written as a sum of quasielastic and inelastic contributions, 

(5) 

The quasielastic contributions arise from coherent and 
incoherent effects and have been modeled from the parame
terization described in Ref. 12. For the coherent part of the 
inelastic cross section we have used a model originally pro
posed by Lovesey for simple liquids26 and successfully used 
in similar analyses in molecular liquids. 5

,6 The model rests 
upon the viscoelastic approximation and describes the col
lective inelastic contribution in terms of only two param
eters, Wo and WI' related to the second and fourth moments 
of the dynamical structure factor, S( Q,w ), respectively. The 
model also includes a single relaxation time for which we 
adopt a Maxwellian form. This amounts to writing, 

(~)COh = kf Bsc(Q)[ 1 1 
dOdw inel k; 1 _ exp( ~h;) 

w6 (wr - (6)7 
X----~~~~~~--~~ 

[W7(W2 _ wr)] 2 + (w2 - (6)2 

=.Bsc (Q)SviSC (Q,w), (6) 

with 7 given by 

7 - I = 2.J (wr - w6 ) hr (7) 

and Bsc (Q) is an amplitude factor. 
It should be remarked at this point that due to the una

vailability of closed-form expressions to calculate the rel
evant sum-rules for the two frequency moments for a molec
ular fluid, the derived parameters should be taken as 
"effective" ones, although for a fluid composed by highly 
symmetrical particles they are expected to show some trends 
in qualitative agreement with those expected for a monato
mic liquid. In particular, they should reach a maximum 
around the Brillouin zone-boundary (halfway to the maxi
mum of the static structure factor for the molecular centers) 
and a broad minimum at wave vectors where the structure 
factor shows its maximum. 

Finally the described scattering law is convolved with 
the measured resolution function, R (Q,w), and the calculat
ed intensity is compared with that observed experimentally 

where the symbol ® means convolution. 
The model scattering law used to analyze the simulation 

data differs from the one described above mainly in the ab
sence of contributions stemming from rotational compo
nents since the simulation only gives information of centers 
of mass motions. 

A set of center-of-mass S( Q,w) coherent dynamic struc
ture factor data obtained from the simulation at 260 K is 
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FIG. 4. Time Fourier transform of the normalized intermediate scattering 
function F ooh (Q,t) for liquid CCI. at T = 264 K for the five lowest values of 
momentum transfer accessible in our MD simulation. 

shown in Fig. 4 as a function of the frequency v (v = OJ/21T", 

OJ being the angular frequency). As it can be seen from the 
graph, weIl resolved Brillouin side peaks are not found in 
most of the Q-range accessible to our computer experiments, 
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FIG. 6.(a) Square roots of the second and fourth normalized frequency 
moments derived from fits to the viscoelastic model. On the lower branch, 
open circles represent the llIo values derived from fittings to the MD simula
tion S( Q,IlI) and full circles represent those derived from fittings to the ex
perimental spectra. On the upper branch, open squares represent the Ill/ 

values derived from the fittings to the MD simulation spectra and full 
squares represent those derived from fittings to the measured intensities. 
The temperatures for the MD simulation experimental data are 264 and 254 
K, respectively. The slope of the solid line at low Qvalues corresponds to the 
reported adiabatic sound velocity in Ref. 17for T= 264K. (b) Same as (a) 
but for the temperatures of T= 310 K for the experimental data and 
T = 293 K for the simulation data. 

an exception is made of the data corresponding to the lowest 
Q spectrum (Q = 0.24 A-I). Beyond that value the mode 
becomes heavily damped. 

A nonlinear least-squares fitting program was assem
bled in order to estimate the values of the model parameters 
(A sc ' B sc ' OJo, and OJI) which best fitted the experimental 
intensities for each momentum transfer value. In most cases, 
an initial search for the minimum of the objective function 
was conducted by means of a constrained version of the 
"simplex" algorithm and the resulting values of the model 
parameters were further optimized through a gradient 
search procedure. 

Good fits were obtained in all cases and the fitted values 
ofthe parameters are given in Fig. 6 as weIl as the estimated 
variances which are indicated by means of a vertical bar. 

Several comments are in order regarding the spectra 
plotted in Fig. 5. First and foremost, although the inelastic 
response is rather weak at low momentum-transfers, it is 
clearly present even in the lowest achieved value of Q. On the 
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other hal!d, small inelastic peaks are clearly apparent up to 
Q = 0.5 A-I whose position agrees with the one appearing 
in the deconvolved spectra as well as with the position of the 
shoulders of the fitted model functions. Finally, at wave vec
tors approaching the maxima of the static structure factor 
S( Q), most of the intensity has merged into the central peak, 
which may be interpreted as a manifestation of the "simple
liquid" character of this material. 

The spectra obtained from the MD simulation were ana
lyzed following the same procedure, bearing in mind the nec
essary adjustments on the model mentioned above, and in 
this case the values of the viscoelastic parameters were deter
mined with rather low fitting errors. The results are also 
found in Fig. 6. 

IV. DISCUSSION 

From the comparison of the "dispersion relations" ob
tained from the analysis of the experimental (see Fig. 6) and 
MD data a great level of agreement follows. This is particu
larly the case for Q-values far from the region where the 
dispersion reaches its maximum. However, it is not surpris
ing that certain discrepancies appear since it should be re
called that our MD simulation results only apply to center
of-mass motion. One may argue that the reason for such 
discrepancies is likely to be found in the couplings between 
rotational degrees of freedom and collective modes. These 
couplings are not contemplated in the viscoelastic model, 
originally formulated for monatomic fluids, and imply a cer
tain character of "effectiveness" for the model parameters 
when applied to a molecular fluid. The similarity of the ob
served "dispersion relations" with those reported for liquid 
argon9

,1Q should also be mentioned. In the case ofliquid Ar 
at temperatures well above the melting point a "propagation 
gap" is readily apparent for Q values around the maximum 
in the center-of-mass structure factor, Scm (Q). This "gap" 
has not been found in the high temperature experiment since 
liJo never falls to zero value. If, following the suggestion 
made by Cohen,9 the existence of the "gap" in liquid Ar 
stems from the competition between elastic (restoring) and 
dissipative forces we would conclude that in the case of CCl4 

the former prevail and there exists a continuous propagation 
of sonic modes through the measured momentum transfer 
range. 

The system does not seem to exhibit any significant 
change with temperature in "dispersion" data and is in line 
with the measurements of the static structure factor reported 
by Misawa,27 which shows little variation in the range of 
temperatures corresponding to our experiment. In this re
spect, it should be mentioned that no attempt was made to 
measure spectra at higher temperatures since the decrease in 
the adiabatic sound velocity and the larger diffusional and 
rotational contributions would render the separation of sin
gle particle and collective effects rather difficult. 

The quasilinear behavior exhibited by the low-Q parts 
obtained for the MD "dispersion relations" can be extrapo
lated to give the isothermal sound velocity, CI (Q), 1 

LtQ_oliJo(Q) =c,(Q)Q. (9~ 
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FIG. 7.(a) Maxwellian relaxation times obtained according to Eq. (7) as a 
function of the momentum transfer Q for the MD simulation data analysis. 
Full circles, are the results for the T = 264 K run and squares are for the 
T = 293 K run. (b) Longitudinal viscosities as a function of the momentum 
transfer for the simulation data. Full circles, are the results for the T = 264 
K run and squares are for the T = 293 K run. Intercepts represent the mac
roscopic values measured for the shear viscosities reported in Ref. 17. 

The sound velocity value found at both temperatures agrees 
well with those deduced from ultrasonic and light scattering 
measurements as reported by Samios et a/. 17 (1041 and 938 
ms -I at 260 and 293 K, respectively). However, one should 
bear in mind the fact that at this length scale the sound veloc
ity has become a wave vector dependent quantity and there
fore cannot be related to hydrodynamic sound in an easy 
way. 

The relaxation times computed according to Eq. (9) 
from the viscoelastic parameters are presented in Fig. 7 as a 
function of the corresponding momentum transfers. A sec
ondary maximum occurs at values of Q corresponding to the 
secondary minimum in the "dispersion relation," that is for 
values of Q for which the static structure factor shows its 
first maximum. 

A longitudinal viscosity can be defined from the liJo and 
liJ l effective moments in terms of 

1Jlong (Q,O) = n~ [liJ: - liJ~ ] 7, (10) 
Q 

where nM represents the mass density and the derived wave
vector-dependent viscosity coefficients are also shown in 
Fig. 7. As it can be seen from the graph the computed longi-
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tudinal viscosities do not show any noticeable change with 
the temperature within the momentum-transfer range ex
plored in the present set of experiments. Although the hy
drodynamic values for the shear viscosity17 could be ap
proached from the low-Q part of the curve, the present data 
indicate that the characteristic distances (correlation 
lengths) associated with the referred transport properties 
are at least one order of magnitude larger than the ones 
accessible to thermal neutrons. In such a respect, it would be 
worth estimating the ratio between the hydrodynamic bulk 
and shear viscosities (not available in the consulted litera
ture), since it may be expected from the data presented 
above that the bulk-viscosity coefficient should be rather 
small, so that no pronounced wave vector dependence can be 
observed for this magnitude. On the other hand, it is well 
known from ultrasonic28 and light scattering studies that the 
thermal contribution to the Brillouin linewidth cannot be 
discarded since the relatively large specific heat ratio 
(r = 1.45) will render a heat conduction contribution of the 
order of 0.068 THz which is not negligible compared with 
the cited viscous contributions. 

On the other hand, the obtained results can be ration
alized if one takes into consideration the available ultrasonic 
studies,28 where the sound attenuation coefficient was ex
plained in terms of intermolecular relaxation of the internal 
vibrational modes. Such a behavior was further confirmed 
by the lack of any frequency dispersion of the acoustic at
tenuation up to frequencies of 0.2 GHz,z9 and therefore this 
explains the absence of noticeable frequency and wave vec
tor dependence for the viscosity coefficient. As a matter of 
fact, the measured ultrasonic attenuation29 gives a coeffi
cient alf2 = 500.10 - 7 cm - 1 S2 which is one order ofmagni
tude higher than the corresponding classical absorption co
efficient (Le., that calculated from shear and heat 
conduction terms alone) and such an excess absorption has 
been explained in terms of a collisional mechanism for the 
lowest lying internal vibrational modes.29 

An estimation of the limiting Q-value signing the 
change to an overdamped regime can be made from the rela
tionship30 

(11) 

and it can be easily seen from the graphs that such values are 
around 0.35 A - I for the temperatures studied. Therefore, 
the mode crosses into the nonpropagative regime (over
damped) at nearly the beginning of the explored momen
tum-transfer range. 

A direct comparison with data for liquid argon is pre
cluded by the fact that no equivalent thermodynamical 
states have been reported. The reduced parameters of state 
T* = kb TIE and n* = ncr for the low temperature mea
surement are T* = 2.82 and n* = 0.32, respectively, and the 
closest set or reported data are given for T * = 2.45 and 
n* = 0.19 which corresponds to a dense-fluid phase and has 
shown clear inelastic peaks in a recent neutron Brillouin 
study.15 The required number density to match the present 
observations would be - 8 atoms nm - I which would corre
spond to a pressure 1.6 times higher than the one of20 MPa 
reported in Ref. 15. An extrapolation of data given in Fig. 3 

of Ref. 15 to the required pressure (-32 MPa) indicates 
that an inelastic peak somewhat narrower than the one for 
the 20 MPa case should be observable. Furthermore, the 
extrapolation of its width to the Q = 0.24 A-I value corre
sponding to the lowest wave vector explored in the simula
tion gives a linewidth of 0.58 THz which compares quite 
favorably with that depicted in Fig. 4. 

V. CONCLUSIONS 

The interplay between computer simulation and inelas
tic neutron scattering has enabled a consistent analysis ofthe 
neutron scattering spectra of liquid carbon tetrachloride. 
The difficulties found in analyzing this liquid in comparison 
with some other molecular fluids4,6 stems from the fact that 
exception is made of the lowest achievable wave vectors, the 
sound mode always exhibits a strong damped character. The 
spatial dispersion of the excitation shows some characteris
tics reminiscent of those observed in rare-gas fluids, and 
shows some indication of negative dispersion as predicted 
for simple-fluids by some kinetic theory approaches. 1O Al
though some alternatives different from the one employed to 
analyze the data already exist, such as the mode-coupling 
approach developed by Cohen et al.,9 we have chosen a sim
plified phenomenological analysis since as it has been shown 
by Lovesey30 the two approaches should be equivalent under 
certain conditions, and on the other hand, because the for
mer approach requires a larger number of free param
eters.9•10 

A comparison with the spatial dispersion of the collec
tive mode with those already reported for liquids composed 
of strong polar or hydrogen bonded molecules,5,6 reveals 
that not only do the dispersion curves show a rather different 
shape but also the wave vector dependence of the damping 
terms appears to be significatively different. 

The collective dynamics liquid carbon tetrachloride can 
be understood on a qualitative basis, in terms of that corre
sponding to an L-J liquid properly scaled with the potential 
parameters. However, even in the hydrodynamic limit, the 
comparison of several transport properties based upon cor
responding states arguments l4 has been shown to lead to 
large errors in the prediction of thermodynamical properties 
from scaling from simple monatomic liquids. In such a re
spect, it could be worth performing some extension of the 
principle of corresponding states where the effects of nons
phericity caused by the molecular shapes are explicitly taken 
into account as a correction term. 

It would be worth trying to carry out neutron inelastic 
measurements as well as simulations in order to cover a 
broad range of thermodynamic conditions, mainly exploring 
high pressure and temperature regions, where significant 
changes in the liquid structure have been reported,z7 as well 
as in the disordered (plastic) crystal phase where well de
fined excitations have been found in a previous computer 
simulation. 13 

Finally, it should be emphasized the need of a more 
elaborate formulation of the viscoelastic model where apart 
from the correlations arising from thermal conduction, the 
coupling between the heat flux and the momentum current is 
explicitly taken into account. Such an effect appears to be 
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noticeable in this liquid and further progress should be fo
cused onto some phenomenological modeling of it. 
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