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Neutron-diffraction study of liquid hydrogen iodide
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Neutron-diffraction experiments on liquid DI, HI, and on an equimolar mixture of HI and DI are
presented. All these three samples were in the same thermodynamic state corresponding to the ortho-
baric liquid at T=253 K. The three partial structure factors S»(Q), S„,(Q), S„„(Q)are derived ex-

ploiting the standard isotopic substitution procedure. The corresponding pair correlation functions

g&&(r), gH&(r), and gHH(r) are evaluated and compared with those given by a model that neglects all
orientational correlations. Our data indicate that g»{r) (which is essentially the center-center correla-
tion function) is well reproduced by the pair distribution function of a monatomic Lennard-Jones fluid

and that g»(r ) (which should be sensitive to the correlations between molecular and intermolecular
axes) is very similar to the one derived neglecting orientational correlations. On the contrary, orienta-
tional correlations between the molecular axes are clearly present in the gHH(r), which deviates
significantly from the uncorrelated model results. These facts are consistent with the idea that H bond-

ing is not present in liquid HI and indicate also that the only relevant terms of the anisotropic inter-
molecular potential are those due to the electric multipolar interactions.

PACS number(s): 61.20.—p, 61.12.Ex, 61.12.Gz

INTRODUCTION

Among diatomic liquids the hydrogen halides are par-
ticularly interesting because while the repulsive hard-core
interactions due to electronic overlap can be assumed to
be almost isotropic throughout the series, the anisotropic
interactions (such as those due to multipolar contribu-
tions, charge transfer, and polarization forces) become in-
creasingly important in going to the lighter halides. As a
matter of fact, hydrogen bonding is generally assumed [1]
to be clearly present in HF, to a small degree in HC1 and
should be practically absent in HBr and HI. However
structural information obtained by neutron-diffraction
measurements is somewhat conflicting. A set of experi-
mental determinations of the total structure factor in
liquid DF [2], DC1 [4], and DBr [5] gave radial distribu-
tion functions g ( r) that exhibit a peak interpreted by the
authors as due to H bonds. This peak is present beyond
any doubt in HF while it became less clearly determined
in going to the heavier halides. Moreover another
neutron-diffraction measurement on liquid HC1 has been
performed [3] in which the three partial structure factors
were determined by isotope substitution, but these did
not bring further evidence to support the existence of H
bonds. It seems therefore worthwhile to determine ex-
perimentally the partial structure factors for all the halo-
gen halides at the same corresponding thermodynamic
state. In particular the understanding of the structure of
liquid HI near the melting point is the necessary first step
since the expected weakness of H bonds should allow us

THEORETICAL BACKGROUND

General formalism

We will assume that the measured differential scatter-
ing cross section per molecule can be written as

T

=F(Q)+ go, [1+8 (Q)],4~
(la)

to investigate the structural effects of the anisotropic
terms of the intermolecular potential, namely the mul-
tipolar electrostatic terms, which are present in all halo-
gen halides.

However to our knowledge, there are no x-ray or
neutron-diffraction data on this system. For this reason,
neutron-diffraction measurements have been performed
on liquid HI and DI and on an equimolar mixture of HI
and DI (hereafter labeled HDI). All these three samples
were in the same thermodynamic state corresponding to
the orthobaric liquid at T=253 K (molecular number
density p=0.0123 molecules/A3). The partial structure
factors obtained following the data reduction described in
the next section will be used to investigate the presence of
hydrogen bonding and to clarify the kind of orientational
correlations present in the liquid. The discussion of the
atom-atom partial structure factors in terms of orienta-
tional correlation turns out to be particularly simple in
the case of the hydrogen halides since the coordinates of
the halogen atom are practically coincident with those of
the molecular center of mass.
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where P (Q) is the inelasticity correction to the self-
scattering contribution of atomic species a and

TABLE II. Partial structure factor weighting coefficients as
defined by Eq. (7).

F(Q)= g b bp[S li(Q) f—} ii], (lb) B p C p

S &(Q) 5&—=p J [g &(r) 1]e'—q'dr . (2)

Assuming Eq. (la) we have neglected inelasticity correc-
tions to the interference scattering function F(Q).

The partial structure factors contain, generally speak-
ing, both intermolecular and intramolecular contribu-
tions so that we may write

S (Q) Stnter(Q)+Stntra(Q)

In the case of heteronuclear diatomics

1 if a=P
Sintra(g)

iq. trt —'1pt SinQR in(„}g
R

a,P

where b and 0., are, respectively, the coherent scatter-
ing length and total scattering cross section of species a
(see Table I}. The partial structure factors S &(Q) are
defined in terms of the pair distribution functions g &(r)
to be

II
HH=DD
HI =DI

0.649
1.852

—1.414

—0.364
1 ~ 852
0.397

3.311
—3.704

1.025

Orientational correlations

that the local structure is not affected by deuteration, one
can extract the intermolecular partial structure factors
from the F'"'"(Q) functions obtained from three samples
with different deuterium content. In particular the three
partials can be written as linear combinations of the three
measured F'""'(Q):

Sinter(g) g Finter(g)+B Finter(Q)

+C lsFHi' (Q)

The weighting coefficients appropriate for our experiment
are reported in Table II.

S' «n(Q) =N(e 'n 'ct )

(4a)

(4b)

In a diatomic molecular Quid the atomic positions r,.
can be written in terms of the center-of-mass coordinates
r;, of the ith molecule and of the unit vectors u; describ-
ing the orientation of its axis to yield

where the angular brackets indicate thermal averages, r;
the position of atom a belonging to molecule i,R the in-
tramolecular distance, ( u ) its mean-square displace-
ment, and N the total number of molecules.

It can be shown from Eq. (2) that

Sn&(0) =pks TXr

being the isothermal compressibility and kz the
Boltzmann constant.

In terms of our previous definitions, the total inter-
molecular structure factor D(Q}, often used to describe
average intermolecular interference effects, is given by

r, =r,, +R u;,

R(=0, RH —RD=R,
so that we can write

(9)

Sinter(g) ~( e lc 2c ) S (g)

Sinter(g) ~( '~'t lc rtc 1 ' &'tnt 21)

(loa)

(lob)

R being the distance between atom a and the molecular
center of mass.

In view of the large mass ratio between iodine and hy-
drogen (or deuterium) atoms, we will assume

D (g) —'y b
' —2Finter(g)

a Sinter(g) ~(&' lc 2c ' "1) (10c)

where

a

' —2 yb I Sinter(g)
a, P

D (0)= g b F'"'"(0)=pks TXr —1 .

(6a)

(6b)

where S„(Q) is the structure factor for the molecular
centers of mass. The averages appearing in Eqs. (10b)
and (10c) can be calculated using the pair correlation
function g (r,2, co„co2}[6],being

a

In the alkali halides, under the reasonable assumption

1 1(B ) =—
2 Bg(r12, cot, co2)drt2, dc@1,dctt2,l' (4~)'

Species
b. X 10"

cm (10-24 cm~)

TABLE I. Atomic parameters for I, H, and D.

M
(a.u. )

where co, =(8;t}t;) describes the orientation of molecule i
with respect to the space fixed axes.

If orientational correlations are neglected altogether
and the system is isotropic,

H
D

0.528
—0.374

0.667

4.52
81.67
7.63

126.9
1.008
2.00

g(r12 ~1 ~2} g (r12 }

where g„(r,2) is the center-of-mass pair distribution
function. The uncorrelated model yields therefore
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S'„"'„"(Q)=[S„(Q)—1] ""Q
(1 la)

(1 lb)

where we have neglected the Debye-Wailer factors aris-
ing from vibrational motions owing to the limited-Q
range in which [S„(Q)—1)] is different from zero.

It should be noted that owing to the proximity of the
molecular center of mass to the iodine atom, SHt(Q) is
sensitive only to correlations between the orientations of
the molecular axis and the intermolecular vector r,z. It
will therefore reduce to the uncorrelated model result
[Eq. (11b)] when these correlations are weak. Not much
can be said a priori on the existence of this kind of corre-
lation in fluid HI except that if H bonding is present
these correlations should be relevant.

On the contrary SHH(Q) is sensitive also to correla-
tions between the molecular axes of different molecules.
These are certainly present in fluid HI since the value of
the static dielectric constant allows us to evaluate the
Kirkwood correlation factor to be [7]

g =1+%(u,.uz) —=2 .

Therefore the uncorrelated model is bound to be only a
crude approximation for SHH(Q).

EXPERIMENTAL PROCEDURE AND DATA
ANALYSIS

The experiment has been performed on the spallation
neutron source ISIS at the Rutherford Appleton Labora-
tory (UK) using the small-angle neutron diffractometer
for liquid and amorphous samples (SANDALS) spec-
trometer [8]. The DI sample was contained in a thin-
walled (0.1 cm) rectangular cell made of TiZr with 4.4X2
cm area exposed to the neutron beam and 0.7 crn inter-
nal width. Due to the large scattering cross section of
hydrogen, HI and HDI samples were both contained in
another TiZr cell, having internal width of 0.2 crn.

Pure HI and DI were condensed from the lecture bot-
tles directly into the cell. The HDI sample was previous-
ly prepared in a reservoir bottle, homogenized and then
condensed into the cell. The temperature of the samples
was held fixed at 253+0.5 K by a closed-cycle refrigera-
tor; the temperature difference between the top and the
bottom of the cell, controlled by two thermocouples,
turned out to be less than 1 K.

The pressure was read by a strain gauge with an accu-
racy of +2 kPa and kept slightly higher than the vapor
pressure to avoid bubbling due to local thermal instabili-
ties. During each measurement it remained constant
within 10 kPa.

Neutrons diffracted from liquid samples (HI, DI, HDI)
empty containers, vanadium, and background were col-
lected as a function of the neutron time of flight at eight
scattering angles: (+20. 13', 18.11', 16.23, 14.61). For
each spectrum various runs were recorded in blocks last-
ing typically three hours in order to check the reproduci-
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FIG. 1. Differential scattering cross section per molecule
(averaged over all detectors) as a function of the exchanged
wave vector Q for the three measured samples.

bility of the measurements; they turned out to coincide
within their statistical accuracy.

The time-of-flight spectra of the three samples, empty
can, and vanadium have been corrected for background
intensity multiple scattering, absorption, and when neces-
sary for empty can contributions. Moreover the time of
flight has been converted into the elastic exchanged wave
vector Q. All these operations have been done following
the procedure described in the ATLAS manual [9]. For
each Q value the intensity has been put on absolute basis
using the vanadium spectra.

The differential scattering cross sections per molecule,
averaged over all detectors, are reported in Fig. 1. Fig-
ure 1 shows that at a high-exchanged wave vector, the
differential cross sections are of the order of o, /4n for all
three samples. This is to be expected since, due to the
rather low scattering angles adopted by SANDALS, only
high-energy incident neutrons can contribute in this
momentum range and consequently inelasticity correc-
tions are relatively small. On the contrary in the low-Q
region the effects due to inelasticity become increasingly
important particularly in the hydrogen-rich samples.
The figure shows also that while the intermolecular in-
terference peak at about 1.7 A ' is clearly visible in all
three samples, the intramolecular interference, high-Q os-
cillations are visible only in the DI spectrum.

This is due to the relatively large value of 2b&bz
(0.705 X 10 cm ) compared to the corresponding
values for the other samples (namely, —0.395X10
cm for HI and 0. 155X10 cm for HDI) and to the
relatively small inelasticity corrections in DI, where the
atomic self-scattering appears as an almost flat back-
ground in the range of interest.

In order to obtain from the data in Fig. 1 the F( Q) re-
quired to derive structural information on the fluid, one
must now get rid of the inelasticity-corrected atomic
self-scattering corresponding to the second term on the
right-hand side of Eq. (la). Unfortunately a rigorous
analytical treatment of the inelasticity corrections is not
available for light atoms such as hydrogen and deuteri-
um, we will therefore cope with this problem exploiting
the "ansatz" that the self-scattering is a smooth decreas-
ing function of Q, as suggested by Fig. l.

The procedure we have adopted, after checking that
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FIG. 2. Interference scattering function for the DI sample, as
a function of Q in the range in which the intramolecular in-

terference is largely predominant. Experimental points, ~; best
fit using Eq. (4a) ( ).

FIG. 3. Intermolecular scattering functions, as a function of
Q for the three measured samples. HI( ), DI( A), HDI( ~).

consistent results are obtained for each of the quoted
detectors, is the following.

(i) We first derive the molecular parameters R and
( u ) from the high-Q region of the DI spectrum.

(ii) We then subtract the appropriate intramolecular
contributions from the three differential cross sections of
Fig. 1.

(iii) We finally fit these resulting cross sections, exclud-
ing the region where strong intermolecular structural in-
terference is present, with a simple analytical function ac-
counting for both high- and low-Q limits of F(Q). This
function that is assumed to represent the atomic self-
scattering is then subtracted from the cross sections in
order to obtain F'""'(Q).

In particular the effective molecular parameters are ob-
tained [point (i)] fitting by means of a MINUIT [10] routine
the 7—25 A ' range of the DI spectrum accounting for
the smooth background by a low-order polynomial (see
Fig. 2). The value obtained for R lies in the 1.61 —1.64 A
range, while ( u ) is of the order of 0.013 A .

As far as the value of R is concerned, our result is con-
sistent with the gas-phase value of 1.609 A [11],although
it suggests the presence of more elongated bonds in the
liquid phase even if one allows for anharmonicity of
zero-point vibrations. Similar results have also been
found in DBr [5]. The value of ( u ) is rather larger than
the one calculated from the knowledge of the vibrational
frequency co, ((u )=h/2m', =5X10 ' A ), but we
must recall that it represents an effective Debye-%aller
amplitude [5].

In subtracting the intramolecular interference term
from the HI and the HDI spectra [point (ii)] we have ac-
counted for the different molecular vibrational frequen-
cies by appropriately scaling the value of (u ), although
this appears to be immaterial as far as the resulting
F'""'(Q)s are concerned.

As far as the inelasticity-corrected atomic self-
scattering is concerned [point (iii)], we have found that in
the range which is of interest to intermolecular interfer-

0
ence effects (namely 0—15 A), self-scattering could be sat-
isfactorily accounted for assuming

—
A, Qg cr, [I+P (Q)]=a +be ' +ce ' . (12)

4~

For each spectrum, the parameter a should be approxi-
mately given by the appropriate value of 0., /4m, in agree-
ment with the requirement

lim F'"'"=0
(Q)Q~ oo

(13)

while the sum (a +b+c) should be determined fulfilling
Eq. (6b). In particular with pksTyT «1 [12], we must
have

Finter = — ~b .
2

(0) ~ a (14)

TABLE III. Parameters describing the atomic self-scattering
as given by Eq. {11).

HI
HDI
DI

a
10 cm

5.96
3.55
0.93

b

10 cm

4.23
2.20
0.47

C

10 cm

2.17
0.88
0.40

{A)

0.31
0.37
0.27

~2

{A)

1.10
0.96
0.90

The totally free parameters A, , and A, z describe, respec-
tively, the slow high-Q and the steeper low-Q decay ob-
served in Fig. l.

The parameters are obtained fitting by means of a
MINUIT routine, Eq. (12) to the data in Fig. 1 in the
3 —10 A ' range [according to Eq. (13)] and to the data
plus (g b ) in the 0.6—1.2 A ' range [according to
Eq. (14)].

The obtained F'""'(Q) are reported in Fig. 3. The pa-
rameters describing the atomic self-scattering are given in
Table III.

The partial intermolecular structure factors SI",""(Q),
SHtH" (Q), SHI'"(Q), calculated using Eq. (7) are reported,
respectively, in Figs. 4(a), 4(b), and 4(c) and in Table IV.

In Fig. 4(a) we also report the structure factor of a
Lennard-Jones (LJ) fluid obtained by molecular-dynamics
simulation at p*=po. =0.805 and T'=k~T/c. =0.76.
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0

These values have been chosen so that when o.=4.05 A
and e/kz =333 K (as determined from the critical con-
stants of HI, namely, T, = 1.26@/kz and

P, = 12.2 X 10 e lo atm), temperature and particle
number density are those of our sample.

In Figs. 4(b) and 4(c) we also report tor compartson the
partial structure factors corresponding to the uncorrelat-
ed model of Eqs. (lla) and (lib) with S„(Q) given by
S&&(Q) following Eq. (10a). Virtually identical results are

obtained using for S„(Q) the LJ fluid structure factor of
Fig. 4(a).

The center-of-mass pair distribution function obtained
inverting Eq. (2) and using Eq. (10a) is reported in Table
V and in Fig. 5(a) together with the corresponding quan-
tity for the LJ fluid. The HH and HI intermolecular pair
distribution functions are reported in Table V and in
Figs. 5(b) and 5(c) together with the corresponding quan-
tities given by the uncorrelated model [see Eqs. (1 la) and
(1 lb)].

r r

(
«& s

[
& & i s

( )

Ir
c

0;—

—1
0

(b)

2 3 4, , 5 6 7 8
~(A)

I I I & j
I

0

(b)

r (A)

T t
I

i I ~ & W Q T- V "r

10

Is
C

0 r ~ ~~ r ~ A
V ~ & ~ " V gg Vg

2I—

.5
r

ss ~ rrsrssiiassrsssr-cs ssrsss+=-=sec ccrc

4 6 8 10 ~r
~s

~r1

(c)

c)

r (A)

Is
r

K

Om

~

—.5 t—

t

~
/

~
/

t

~
/

~ /
~ I

2 4

g(A)

L
6

J
8 10

~ srrssss
0 I 1s~ ~

r

2 4 6 10

FIG. 4. (a) Iodine-iodine experimental partial structure fac-
tor ( ) as determined using Eq. (7) and Table II. Structure
factor of a LJ fluid (~ ), as determined by MD, using
o.=4.05 A, c/k =333 K, and reduced state parameters
p* =0.805 and T =0.76. (b) Hydrogen-hydrogen experimental
partial structure factor ( ) and the prediction of the un-
correlated model [see Eq. ( l lb)] when S«(g) is used to
represent the center-of-mass structure factor (0). (c) Same as
(b) for the hydrogen-iodine partial structure factor.

r (A)

FIG. 5. (a) Iodine-iodine pair distribution function obtained
by Fourier inversion of the experimental data ( ) compared
with the molecular-dynamics results for the LJ fluid of Fig. 4(a)
(~ ). (b) Hydrogen-hydrogen experimental pair distribution
function ( ) compared with the uncorrelated model results
(~ ) from Eq. (11a). (c) As above for the intermolecular
hydrogen-iodine pair distribution function.
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DISCUSSION

The first point we want to discuss is the absence of H
bonding in liquid HI. In analyzing the neutron-total-
diffraction data of DF [2], DCl [4], and DBr [5], the au-
thors argued out that in these systems H bonding is re-
vealed by the presence of a rather well-defined peak in the
total radial distribution function. The ratio of the r value
of this peak to the R value of the intramolecular bond
length is an almost linear increasing function of R; if we
extrapolate this behavior to the case of HI we expect to
find the H-bond peak, if any, in g„,(r) somewhere around
r =3.9 A. Figure 5(c) shows no evidence of such a peak.
Therefore on the basis of the criterion suggested by the
quoted total-diffraction measurements one ought to con-
clude that H bonding is practically absent in HI. This re-
sult is in agreement with the analysis of Ref. [1].

The second point we want to discuss concerns the
orientational correlations in liquid HI and in particular
the existence of correlations between the molecular orien-
tational axes and the intermolecular axes and of those be-
tween orientational axes of different molecules. The simi-
larity between both the SH, (Q) (particularly as far as the
first peak position is concerned) and gH, (r) with the cor-

responding functions of the uncorrelated model [Figs.
4(c) and 5(c)] suggests that although anisotropic terms are
certainly present in the intermolecular potential, correla-
tions between the molecular axis and the intermolecular
vector are rather weak. This is consistent with very weak
or absent H bonds. As a matter of fact the distribution of
H atoms around a given molecule is characterized by a
broad first-neighbor peak and indicates a distance of
closest approach (between the molecular center of mass
and the H atoms) of about 2 A. This value is consistent
with the difference between the center-of-mass closest ap-
proach distance [deduced from Fig. 5(a) to be about 3.6
A] and the intramolecular bond length.

The effect of the anisotropic part of the intermolecular
potential appears to be also irrelevant in determining the
correlations between centers of mass of HI molecules.
Indeed Figs. 4(a) and 5(a) show that these are quite well
reproduced by those of a monatomic LJ system with
values of 0 and c. chosen on the basis of critical point pa-
rameters. Similar results have been obtained by molecu-
lar dynamics simulation on HC1 [13,3].

The effects of the anisotropic part of the intermolecular
potential are on the contrary rather evident in the H-H
correlation functions. Indeed Figs. 4(b) and 5(b) show

TABLE IV. Intermolecular partial structure factors of liquid HI.

0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.30
2.40
2.50
2.60
2.70
2.80
2.90
3.00
3.10
3.20
3.30
3.40
3.50
3.60
3.70

SHH(Q)

—1.079
—1.058
—1.076
—0.999
—0.881
—0.771
—0.709
—0.613
—0.476
—0.368
—0.318
—0.291
—0.208
—0.164
—0.048
—0.018

0.043
0.078
0.061
0.052
0.038
0.032
0.013
0.001
0.014

—0.029
—0.020
—0.023
—0.018
—0.008
—0.005
—0.024
—0.032

SHi(Q)

—0.923
—0.902
—0.860
—0.814
—0.761
—0.697
—0.608
—0.519
—0.410
—0.250
—0.032

0.183
0.129

—0.002
—0.086
—0.095
—0.067
—0.029

0.018
0.009
0.003
0.022
0.021
0.013

—0.010
—0.001
—0.007
—0.006

0.016
0.015
0.021
0.043
0.043

Sir(Q)

—0.856
—0.837
—0.770
—0.744
—0.729
—0.683
—0.581
—0.466
—0.306

0.020
0.710
1.430
1.552
0.962
0.405
0.160

—0.059
—0.178
—0.235
—0.164
—0.111
—0.125
—0.086
—0.019

0.042
0.104
0.116
0.121
0.053
0.027

—0.010
—0.063
—0.080

3.80
3.90
4.00
4.10
4.20
4.30
4.40
4.50
4.60
4.70
4.80
4.90
5.00
5.20
5.40
5.60
5.80
6.00
6.20
6.40
6.60
6.80
7.00
7.20
7.40
7.60
7.80
8.00
8.40
8.80
9.20
9.60

10.00

SHH(Q)

—0.006
—0.013
—0.053
—0.017
—0.057
—0.030
—0.038
—0.053
—0.061

0.026
—0.015
—0.013
—0.020
—0.016
—0.032
—0.011
—0.007

0.041
0.009
0.003
0.003
0.021
0.078
0.060
0.014

—0.004
0.036

—0.038
0.052

—0.038
—0.060

0.001
0.010

Sw(Q)

0.031
0.031
0.016

—0.010
—0.001
—0.012
—0.006
—0.004

0.007
—0.022
—0.005

0.000
0.012

—0.020
0.003

—0.011
—0.012
—0.019
—0.019
—0.008

0.010
—0.004
—0.016
—0.005
—0.001

0.000
—0.023

0.023
—0.022

0.043
0.022
0.007

—0.025

Sn(Q)

—0.110
—0.118
—0.038
—0.019

0.046
0.060
0.084
0.122
0.121
0.035
0.036

—0.004
—0.043
—0.012
—0.024

0.008
0.053
0.011
0.064
0.043

—0.001
—0.014
—0.046
—0.059
—0.009
—0.001
—0.022
—0.011
—0.049
—0.052

0.056
0.002
0.046



46 NEUTRON-Dlt't'RACTION STUDY OF LIQUID HYDROGEN IODIDE 4715

that both SHH(Q) and gHH(r) are quite different from the
corresponding quantities obtained from the uncorrelated
model. As a matter of fact SHH(Q) is sensitive both to
correlations between the molecular symmetry axis and
the intermolecular vector as well as to correlations be-
tween the molecular axes of different molecules. Since we
have seen that the former are not particularly strong in
fluid HI we must conclude that the main effect of the an-
isotropic intermolecular interactions is to produce a no-
ticeable amount of the latter which also determines the
value of the dielectric constant. As a matter of fact the
distribution of H atoms around a given H atom displays a
maximum at 3.5 A, which is not present in the uncorre-
lated case that, on the contrary, displays only a broad
feature centered around 4.5 A, corresponding roughly to
the center-of-mass first-neighbor distance. Moreover,
Fig. 5(b) shows that the hydrogen-hydrogen closest-
approach distance in liquid HI (-2 A) is much larger
than the one given by the uncorrelated model. Therefore,
as a consequence of the orientational correlations in
liquid HI, hydrogen atoms are on the average closer to
each other than the iodine atoms but are restricted to
stay at least 2 A apart.

A similar effect although less pronounced was found

also in HCl [3]. However since HCl was measured at
T/T, -0.9 the results cannot be simply scaled to our HI
data for which T/T, -0.6.

CONCLUSION

Our experimental diffraction data allow a calculation
of the three partial atom-atom correlations of liquid HI.
The main results are the following.

(I) There is no detectable evidence of H bonding in
such a liquid.

(2) The anisotropic terms in the HI intermolecular po-
tential do not appear to influence the center-center pair
correlations. This evidence together with molecular-
dynamics results for liquids composed of homonuclear di-
atomic molecules [14] suggests that anisotropic overlap
contributions in the intermolecular potential should
indeed be negligible in HI and that the only noticeable
anisotropic contributions are therefore those due to elec-
tric multipoles.

(3) These anisotropic contributions influence the struc-
ture of the fluid only through the onset of a noticeable
amount of correlation between the orientation of the
molecular axes of different rnolecules. These correlations

TABLE V. Intermolecular partial pair distribution function of liquid HI.

0.00
0.40
0.80
1.20
1.60
2.01
2.11
2.20
2.31
2.41
2.51
2.61
2.71
2.80
2.91
3.00
3.12
3.21
3.31
3.41
3.52
3.62
3.70
3.81
3.92
4.00
4.12
4.29
4.42
4.51
4.60
4.69
4.79

gHH(~)

0.000
0.000
0.000
0.000
0.000
0.003
0.010
0.009
0.095
0.244
0.388
0.523
0.649
0.767
0.921
1.012
1.077
1.089
1.089
1.093
1.105
1 ~ 122
1.129
1.134
1.121
1.103
1.061
1.003
0.979
0.973
0.971
0.970
0.967

g„,«)

0.000
0.000
0.000
0.000
0.000
0.050
0.262
0.337
0.385
0.378
0.380
0.418
0.474
0.528
0.597
0.641
0.695
0.742
0.799
0.868
0.946
1.008
1.037
1.064
1.083
1.095
1.109
1.114
1 ~ 118
1.119
1.119
1.124
1.130

gzx«)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.349
0.755
1.128
1.751
2.302
2.342
2.295
2.215
2.096
1.946

4.88
5.03
5.13
5.24
5.34
5.45
5.56
5.67
5.79
5.90
6.02
6.14
6.27
6.39
6.52
6.65
6.78
6.92
7.06
7.20
7.35
7.50
7.65
7.80
7.96
8.12
8.28
8.45
8.62
8.79
9.33
9.71

10.10

gHH(r)

0.966
0.974
0.986
1.001
1.016
1.025
1.029
1.031
1.031
1.030
1.032
1.034
1.035
1.035
1.034
1.030
1.024
1.015
1.006
1.000
0.996
0.994
0.992
0.989
0.987
0.987
0.987
0.988
0.990
0.995
1.006
1.007
1.004

g„g«)

1.136
1.138
1.137
1.132
1.125
1.114
1.100
1.080
1.052
1.014
0.972
0.939
0.918
0.906
0.901
0.901
0.904
0.912
0.924
0.937
0.951
0.965
0.984
1.006
1.025
1.036
1.043
1.047
1.047
1.045
1.023
0.996
0.977

gxx«)

1.784
1.536
1.352
1.143
1.000
0.907
0.863
0.835
0.814
0.786
0.739
0.680
0.631
0.602
0.593
0.601
0.630
0.689
0.780
0.867
0.936
0.997
1.070
1.144
1.194
1.213
1.217
1.211
1.194
1.162
0.998
0.913
0.895
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appear in the partial structure factor SHH(Q) and are
those which determine the value of the Kirkwood corre-
lation factor.

We want to point out that these conclusions have been
reached by the determination of three partial structure
factors and they could have hardly been achieved by an
analysis of a single diffraction measurement.

More detailed information on the local molecular

configurations responsible for the orientational correla-
tions observed in these systems can be achieved by a
proper modeling of g(r, 2, co„co&) and by computer simu-
lation experiments [15]. Work is in progress in this direc-
tion keeping in mind that, using computer experiments
for such purposes, one must always be sure that the
adopted potential model is able to reproduce the experi-
mental partial structure factors.
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