This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 21 February 2013, At: 11:19

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

The HCI Stretching Vibration in
HCI/DCI Mixed Crystal

G. Cardini * & V. Schettino 2

% |stituto di Chimica Fisica, Universita di Firenze, Via
G. Capponi 9, 50121, Firenze, Italy
Version of record first published: 21 Mar 2007.

To cite this article: G. Cardini & V. Schettino (1983): The HCI Stretching Vibration in
HCI/DCI Mixed Crystal, Molecular Crystals and Liquid Crystals, 92:2, 15-22

To link to this article: http://dx.doi.org/10.1080/01406568308084513

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568308084513
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:19 21 February 2013

Mol. Cryst. Lig. Cryst. Vol. 92 (Letters), pp. 15-22
0140-6566/83/9201-0015$18.50/0

©1983, Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

THE HC1l STRETCHING VIBRATION IN HC1/DCl MIXED CRYSTAL

G.CARDINI and V.SCHETTINO

Istituto di Chimica Fisica,Universita di Firenze,
Via G.Capponi 9, 50121 Firenze, Italy

(Submitted for publication November 20,1982)

ABSTRACT The HC1 stretching vibration in HC1/DC1 mix-
ed crystals has been studied using model intermolecular
potentials.The contribution of electrostatic and atom-
atom interactions are discussed.

In a recent paper ! we have discussed the intramolecular
vibration of orthorhombic HC1 crystal using an intermolecular
potential that includes interactions among dynamic molecular
dipoles and quadrupoles. All the features of the infrared spec
trum (Davidov and TO-LO splitting,band shape) could be satis-
factorily explained. The intermolecular potential was parame
trized to fit the crystal data with inclusion of long range ef
fects. It can be of interest to checkif the potential is also
suitable to explain the infrared absorption in mixed HC1l/DCl
crystals where dynamic interactions are confined to the limited
region of clusters of the guest molecules and dynamic long range
effects are absent. This check may be of interest also in
connection with studies of HCl clusters in inert matrices 2.
In fact in matrix isolated HCl there is the simultaneous
problem of the static (equilibrium configuration) and vibra-
tional properties of the clusters while in isotopic mixed
crystals the possible structure of the clusters is rigorous
ly known from the crystal structure determination.

THE HC1/DCl1 MIXED CRYSTAL

This study will be confined to the low temperature phase
where HCl and DCl are isomorphic ¥ . Since the bond lenghts
of the isotopic molecules are not greatly different we can
safely assume that the HCl1l molecules arrange in the DCl lat-

15
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tice without substantial distortion of the host lattice.We

will concentrate the attention in the HCl stretching region
of mixed crystals with approximate HC1/DCl ratio 7:100 since
the spectra of crystals with this composition have been care

fully measured by Brunel 43

.In this range of composition
we must deal essentially with isolated molecules and with a
distinct concentration of dimers of the guest molecules,while
the concentration of trimers is negligible ® .Since DC1 crys
tallizes in a slightly distorted face centered cubic struc-
ture ? there are twelve nearest neighbour positions to be
considered about a given origin molecule. The molecular ar-
rangement is shown in Fig.l where it can be seen that the
twelve HC1l dimers can be arranged into four distinct types
differing for the mutual molecular orientation or intermolec
ular separation. This is summarized in Table 1. It is reason

o
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o
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Fig.l- Structure of DCl viewed along the ¢ axis showing near-
est neighbours of a central origin molecule.Solid circles in-
dicate atoms at z=*c/2,open circles indicate atoms at z=0.
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able to assume that the 12 HC1 dimers have the same probabil
ity of occurence in the DCl lattice. As matter of fact,which
ever the structure of the dimer,the same number and type of
hydrogen bonds will be present in the crystal.

THE HCl1 DIMER SPECTRUM

In the concentration range of interest in the present
study,the major problem for the interpretation of the infra
red absorption of the mixed crystal is the calculation of the
vibrational frequencies of the dimer. Calculation are easily
performed with the exciton model already used for the pure
crystal 1 considering the much simpler two molecule system.
Using an electrostatic potential with resonant dipole-dipole,
dipole~quadrupole and quadrupole-quadrupole terms the calcu-
lated splittings for the various possible dimers reported in
Table 2 are obtained. The relative contributions of the vari
ous electrostatic terms are quite different than in the neat
crystal 1 | It is seen from the table that only for the hy-
drogen bonded dimer of type I the splitting is appreciable.
Therefore the absorption for type I dimer shuld be distinct
from the monomer band while the absorption from the other di
mers should overlap with that of the monomer. This is in fact
observed experimentally. In the infrared spectrum only two

Table 1- Intermolecular distances,cell indices and relative
orientations of nearest neighbours in the DCl lattice.

Distance Cell indices relative
Type ° n . ;
(a) of 2 molecule orientation
I 3.6767 (-1-1 0),(-1-1-1)  perpendicular
11 3.7463 (000),(00-1) perpendicular
(-1 00),(-1 0-1)
IIT 3.9756 {( 0-1 0),( 0-1-1) perpendicular
(100),(-100)
Iv 3.8655 i
Yoto,(o-10  parailel

§Indices of the primitive lattice.Origin molecule is in the
(000) cell.
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Table 2- Electrostatic contribution to the frequency shift
(cm-l) of the symmetrical mode of the HCl dimer.

Type d-4 d-gq a-q total
I - 0.51 - 3.22 - 3.17 - 6.90
II - 0.30 2.81 - 2.92 - 0.41
I11 -1.74 0.08 - 0.19 - 1.85
Iv 1.11 0.00 - 1.02 0.09

d-d= dipole-dipole; d-q = dipole-quadrupole; g-g = guadru-
pole-quadrupole

side peaks are observed,symmetrically displaced with respect
to the monomer peak a5

The calculated splitting for type I dimer is,however,
only of about 14 cm” ! compared to the experimental observa-
tion of 22 cm~! *,3
the observed discrepancy. The first can be a temperature ef
fect. In fact the crystal structure has been determined at
100°K and the infrared experiment has been performed at 40°K

and 20°k “*+5 . In the high temperature phase there is an ap
7

There are various possible sourcesof

preciable temperature variation of the lattice constant
A similar variaticn can be expected for the low temperature
crystal,also by comparison with known data on the other sim
ple crystals. With the reduction of the intermolecular sepa
ration,the electrostatic interation could consequently in-
crease.As a matter of fact in crystalline HCl and DCl some
effect of the temperature on the factor group splitting has
been found experimentally “'8'9,

It is difficult to estimate a priori the extent of var
iation of unity cell parameters in DCl. However,in the tem-
perature range from 100°K to 40°K a 4% decrease of the near
est neighbours distance is reasonable and would lead to a
2.5 cm ! increase of the dimer splitting. The unit cell con
traction can thus have an effect on the splitting but cannot
fully explain the observed discrepancy between calculated and
observed values.
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We also investigated the contribution to the dimer split
ting of short range interactions represented by atom-atom po-
tentials. A special atom-atom was used for the hydrogen bond
ed Cl-.- Hcontact. Alternatively,the interaction of the hy-
drogen-bonded pair was represented by a Morse potential.

The parameters of the potentials were taken from lattice dy
namics calculation on pure HCl crystal 10,11

The atom-atom cntribution is appreciable only for type
I dimer,as discussed below.

In an isclated two molecules system the atom-atom in-
teraction gives rise to a splitting of the order of 15-20
cm™! depending on the type of potential used. This split-
ting is asymmetric in the sense that it is mainly due to
differences in the diagonal terms of the interaction matrix,
since the intermolecular interaction in an isolated dimer
is essentially asymmetric.

The splitting due to atom-atom interactions of an HCl
dimer embedded in a linear chain of DCl molecules is on the
contrary small and symmetrical with respect to the frequency
of the monomer,the value being of the order of 1-2 cm'l,a
result comparable to that obtained for the pure crystal.

These calculations assumed that the HCl--:-+HCl and BCl-
--DC1 potentials were identical. On the basis of the results
obtained for an isolated dimer it can be guessed that a lar-
ger atom-atom contribution would be obtained by assuming
that the interaction of an HCl molecules with an identical
or with an isotopic molecule are not identical. This is not
unconceivable for the hydrogen-bond contacts 12 | We have
made attempts to make reasonable changes in the parameter of
the Morse potential representing the minimum of potential
1 can be obtained.

In conclusion it is seen that if the effects of the tem
perature lowering and short range contribution are includes
as described above a dimer splitting of 20 cm~! can be ob-
tained,in good agreement with experimental observations.

curve. A splitting as large as 4 cm™

INTENSITY DISTRIBUTION IN THE INFRARED SPECTRUM

The calculation described above show that the infrared
spectrum of the HCl trapped in the isotopic crystal should
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Relative Intensity
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2710 2740 cm!
Fig.2- Calculated (upper curve) and observed (lower curve)

infrared absorption in HC1/DCl mixed crystals,with composi
tion 7.5 :100

consist of a central peak,due to the monomer and to type II,
III,IV dimers,and two side peaks due to type I dimer.In the
infrared spectrum it is found that the "monomer" peak has an
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half width of 5 cm™ compared to a half width of 1.5 cm !
for the dimer peaks. The larger width of the "monomer" peak
can be explained as arising from overlap of different bands.
We have calculated the infrared spectrum of the mixed crys-
tal in the HCl1l stretching region with the following assump-
tions:
a)the half width of the bands is 1.5 cm™';
b)the type I dimer splitting is 20 em™? including electro-
static and atom-atom contribution,as discussed above;
c)the relative abundance of the monomer with respect to the
dimers follows the distribution law reported by Behringer §;
d)the intensity of the dimer peaks has been calculated in the
oriented gas approximation 1
The observed and calculated spectra are compared in Fig.2,
where it can be seen that the agreement is reasonable.
The calculated ratio of the central to the side peaks
intensity is approximately 15 to be compared with an extimat
ed experimental ratio of 10.
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