IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

EXAES studies of molten ZnCI2, RbCI and RbZZnCI4

This article has been downloaded from IOPscience. Please scroll down to see the full text article.
1994 J. Phys.: Condens. Matter 6 3629
(http://iopscience.iop.org/0953-8984/6/20/003)

View the table of contents for this issue, or go to the journal homepage for more

Download details:
IP Address: 171.66.16.147
The article was downloaded on 12/05/2010 at 18:23

Please note that terms and conditions apply.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/6/20
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

). Phys.: Condens. Matter 6 (1994) 3629-3640. Printed in the UK

EXAFS studies of molten ZnCl,, RbCl and Rb,ZnCl,

Li Hefeng, Lu Kunquan, Wu Zhonghua and Dong Jun

Institute of Physics, Chinese Academy of Sciences, Beijing 100080, People’s Republic of
China

Received 17 December 1993, in final form 22 February 1994

Abstract. The local structures of molten ZnCly, RbCl and Rb;ZnCly are megsured with the
EXAFS technique. Several models are used to anatyse the data, and some structural parameters as
well as the radial distribution functions of the nearest-neighbour atoms around Zn or Rb atoms
are obtained. The tetrahedra consisting of four ClI atoms around Zn are found to be dominant and
stable in moften ZnClz. The skewed behaviour of the radial distribution function for Rb—Cl in
molten RbCl is also found, while the local structures around Rb can be regarded as a persistence
of the solid state but with strong short-range disorder, In molten Rb2ZnCly, a network linked
by Zn Cly groups is not found and the nearest-neighbour structures around Rb atoms are more
disordered than in molten RBCL This has also confirmed that the exars method can provide
reliable information about the nearest-neighbour atom-atom coordination for some molten salts,
which is helpful in specifying the pairwise interaction potential,

1. Introduction

The structures of some molten salts have been studied using various methods over the past
decades. The three partial distribution functions in molten ZnCl; were obtained from x-
ray [1] and neutron diffraction [2]. Molecular dynamics simulations [3-5] also provided a
successful description of the melt. According to those studies, the meit consists of a closely
packed Cl~ structure in which Zn>* ions reside in tetrahedrally coordinated sites and the
distribution functions show almost no penetration of like ions in the nearest-neighbour
shell. Allen er al [6] studied the structure of ZnCls in the liquid state with pulsed neutron
diffraction. Considering the character of the total distribution function G(r), they confirmed
that the tetrahedral unit is both well defined and long lived in the melt, which is more usually
associated with covalently bonded liguids, and is in agreement with the result that little
diffusion is taking place in ZnCly at a temperature just above the melting point. Wong and
Lytle [7] also measured the local structure around Zn in the melt with the EXAFS technique,
which yielded somewhat larger values for the Zn—Cl! distance and coordination number than
the previous result.

The three partial pair distribution functions of RbCl just above its melting point
have been determined by applying the technique of neutron scattering to isotopically
doped samples {8]. The first peak of the anion—cation distribution function gy_(r) is
asymmeirically broadened and a small amount of penetration is evident by comparing the
function g+~ (r) with g, (r). The peak position of g4 {r) and the coordination number for
the unlike ions are 3.18 A and 6.9, respectively., The experimentally determined distribution
functions are in good agreement with those taken from molecular dynamics simulation using
the rigid ion and polarizable jon models completed by Dixon and Sangster [9]. In addition,
the structures of molten ZnCly + LiCl and ZnCl; + KCl mixtures were investigated with
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Raman scattering [10] and pulsed neutron diffraction [11] separately. Alien er al [11]
found that the tetrahedral structures of Zn—4Cl are stable as in molten ZnCl; and not readily
perturbed by the addition of another chloride, but the structure of KCl is greatly modified
even by adding a few per cent of ZnCl,.

The mechanism of successive phase transitions in Rb,ZnCly has aroused a great deal of
interest; the properties and structure of this compound have been widely studied [12-15]. At
room temperature, Rb,ZnCl, is paraelectric and has four formula units in an orthorhombic
cell (space group Pnram). It is highly disordered because the four Cl atoms are scattered
around Zn at three distances from 2.233 A to0 2.254 A and Rb atoms occupy two inequivalent
positions, in which there are 8Cl (with five distances from 3.261 A 103,727 A) for Rb(1)~Cl
and 9CI (with six distances from 3.312 A t0 3.861 A) for Rb(2)-Cl [12]. Furthermore, on
increasing temperature from 303 K to 600 K, every ZnCl, group liberates between two
possible orientations, which can enhance the disordered motions of the neighbouring Rb
atoms {13, 14]. Since no structural data have been reported on molten RbyZnCl—4, an
interesting question is, what is its local structure in the liquid state?

In this paper we make an attempt to find out whether the local structures of RbaZnCl,
in the solid state are still retained in its liquid state or whether the melt is separated into
structures similar to those in molten ZnCl, and RbCl respectively, The results are not
only useful for recognizing the character and origin of the interatomic interactions but also
very significant for explaining the phenomenon of melting and the mechanisms of crystal
growth, for example, to discover whether the large static disorder around Rb—Cl in the solid
RbyZnCl, has its origins in the melt,

In our work, the nearest-neighbour coordination structures around Zn and Rb in ZnClg,
RbCl and RbyZnCly melts are obtained using the EXAFS method. The EXAFS technigue
is a powerful tool for measuring the structure of dissolved systems, such as non-crystals,
glasses and liquids in which the long- and even medium-range order is lost. With a suitable
reference, the r-space resolution of EXAFS can be better than that achieved with most
conventional diffraction methods. The characteristic of gaining local siructural information
around the particular type of absorption atom, as well as the backscaitering amplitude
and the phase-shift being very sensitive to the types of backscattering atom, enable it to
directly provide the coordination of interest more conveniently than the neutron diffraction
substitution method. In addition, because the EXAFS method has the ability to determine the
radial distribution function (RDF) with accuracy, the atom—atom pair correlation function
can then be obtained, which is valuable for searching for a svitable model for the pairwise
interaction potential in a molecular dynamics calculation [16]. The conventional data
analysis procedure with the Gaussian approximation is no correct for large disordered
systems. Some new data analysis methods have been established [17-20], The advantages
and limitations of these methods are discussed in [18} and [21].

For a system with large disorder, the cumulant expansion method [17,18] is
inappropriate and the procedure of fitting experimental data with assumed models should
be adopted. In order to overcome some shortcomings of the model-dependent method, in
our work different models are used and compared with caution to find the most competent
one.

In section 2, the sample preparation and the experimental measurement are briefly
described. The details of the data analysis procedure are given in section 3 and finally the
discussion and conclusions are in section 4.
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2. Experimental details

Anhydrous ZnClp, crystalline powder RbCl and single-crystal Rb:ZnCly were each
sufficiently ground into enough fine powder. Then the appropriate weight of each was
well mixed with exactly the right amount of powdered BN, which is a suitable material as
a support because of its high melting point and high temperature stability as well as low
x-ray absorption. Here BN powder was obtained from an alcohol suspension to obtain
small enough particles to ensure that the mixture was sufficiently homogeneous. The
appropriate composition of each mixture was calculated according to the densities and
absorption coefficients of the compounds involved for the appropriate thickness of a sample
to satisfy px < 1.5, Aux € 1.0 where possible; here pux and Apx are the total absorption
and the absorption step just above the edge of a particular atom. All the preparations
above were performed in a large dry box filled with He gas and then the EXAFS samples
were obtained by swiftly pressing the mixture using a pressure machine to form discs with
appropriate thicknesses,

Each sample was heated to above its melting point {Tiy) for 1 h and then cooled down
fo room temperature. Both the heated and unheated samples were examined by x-ray
diffraction to identify that the reaction between the compound of interest and BN had not
taken place even at high temperature.

Most of the EXAFS measurements were carried out on the beam lines 10B and 7C at the
synchrotron radiation source of the Photon Factory in Japan using an Si(311) channel-cut
monochromator (BL-10B) and a Si(111) double-crystal one (BL-7C); the ring current is
about 150-300 mA at 2.5 GeV. The detector system consisted of two ionization chambers
filled with a mixture of Ar and N2. Higher harmonics were eliminated by defuning at BL-
7C, while at BL-10B they were kept as small as possible by choosing appropriate lengths
of the two ionization chambers and an appropriate ratio of the two kinds of gas. the Cu K
edge (8980.3 eV) was used to calibrate the energy scale. For each absorption edge, several
experimental scans were recorded in order to estimate the statistical errors of the resulls.

The EXAFS of Zn K edges for ZnCl, samples were measured at 300 K and 613 K (T
= 591 K) and those for RbyZnCly at 823 K (T, = 793 K). The EXAFS of Rb K edges for
RbCl samples were measured at 1023 K (T, = 938 K}, and those for RbaZnCly at 823 K,
All the measurements were taken in the transmission mode.

The EXAFS data of Rb K edge at 80 K were collected at the beam line 4W1B at Beijing
Synchrotron Radiation Facility. The storage ring was running at 2.2 GeV and the curmrent
was about 30 mA. The higher-barmonic elimination and the detector system were the same
as those at BL-7C of the Phoion Factory. The sample was made by rubbing sufficiently
fine RbCl powder onto Scotch tape and several layers were used to achieve a satisfactory
thickness. The sample was then set in a refrigerator.

For the measurements at high temperatures, the samples were heated in a water-cooled
furnace, which was filled with flowing He gas to maintain an appropriate positive pressure
inside in order to protect the sample against oxidization. The temperature was controlled and
monitored using a temperature controller model 18P with an accuracy betier than 1 °C.
The EXAFS measurement started when the sample had been sufficiently melted about 20 min.
The decrease in Apx was small for each molten sample relative to that of the solid state;
while the absorption spectrum of the resolidified sample was compared with that of the
unheated one, only a subtle change was found. These findings indicated that no serious
leakage or oxidization occurred during the measurements.
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3. Data analysis

All the experimental data at high temperatures have been fitted using several types of model
function in our work. These are as follows.

(i) Two-Gaussian-subshell model (MDI). Assuming the nearest-neighbour distribution is
composed to two Gaussian subshells, then the isolated EXAFS functions can be written as

2 1 e}
HOEDD %B(k)e-zk % sin[2k7; + 8(k)] ¢))

where B(k) = SZ(k)F; (ke 2/* The structure parameters N; and F, can be obtained with
the conventional fitting procedure, then the normalized RDF is easily constructed.

(ii) Skewed exponential model {17, I8] (MD2). This kind of model is suitable for the
presence of larger asymmetrical distributions. The normalized effective RDF is

Pm (r) — {[c—-?(r—F)/.l]/'_Z}pf(r)
= (By* /m)(r —~ Ro)" e~ ®¢"%  (r > Ro) (2)

=0 (1" < Re).

Here m = 0,1,2; By is a disorder parameter. The centroid of this distribution or the mean
distance ¥ = Ky + (m + 1}/ Bg. The convolution of this model with Gaussian function
Pg (ie., Pg(r) ® P™(r), which will be referred to as MD3), as a softening model for the
repulsive potential, is effective for obtaining the thermal motion of atoms and static structure
disorder with a broadening of the peak in the distribution. The relevant function form used
to simulate the experimental data is

x (&) = N'BE)(1 + 22) ™" Y? %98 sin[24F + (m + 1)(~z + tan™" 2) + (k)] 3)

where z = 2k/Bp; N’ is an effective coordination number. The normalized real RDF
is p(r) = (I/2)p'(r), where Z is a normalized constant; the real coordination number
N =N [ p'(r)dr.

(iii) Discrete probability distribution model (MD4). Define the effective RDF as [18§, 20]

P(r) = {[e 2D )10/ () = (1/2) expl—y*/207] @

where y = (r — ry)expl—a(r — rp)li rp is the peak position of the distribution; a is
an asymmetric parameter. The spectrum for one shell is simulated using the following
function:

9
x(k) =Y N'P; B(k)sin[2kr; + 5(k)] (5)
J=1
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Figure 1. The magnitndes of the Fourier transform of k%% (k) (Zn K edge)} for ZnCly (zc} and
RbzZnCly (RZC) at varying temperatures.

where

P = P(r)Ar = (1/v/3m)e= 05"

7 =[(0%/2) /2 - )]G 1,

j=12,...,9. The RDFis p(r) = (1/Z)P(r), F = (1/2) ¥ )_ riH; and N = N' 30_, Hj;
here H; = r} ¢*%~#¥2 P;; Z is also a normalized constant.

For each model mentioned above, the backscattering amplitude B(k) and the phase
shift 8(k) can be extracted from the literatwre. In practice, the energy difference AEg is
added as a fitting parameter, For the spectra taken at different temperatures for the three
samples ZnCl;, RbCl and Rb,ZnCl; we subtracted the pre-edge background by fitting pre-
edge data with the Victoreen formula. They were converted to & space using the formula
k = [2m(E — Eg)1'/?/h by setting Ky at a haif of the absorption jump. (k) was obtained
with the equation x (k) = [p(k} — uo(k))/ Ay, where ug(k) is a cubic spline curve best
fitting average behaviour of w(k) above the absorption edge; App is the edge jump.

3.1, Zn—Cl shell

The fast Fourier transform of % (k) was calculated in the k range 2.49-11.35 A~! for
the Zn K-edge absorption spectra; during the transform a Hanning window function as
described by Sayers and co-workers [18] was used with the parameter F ~ 0.2. The
Fourier transform magnitudes for ZnCl, and Rb,ZnCly at different temperatures are shown
in figure 1. It is obvious that for the molten ZnCl, the main peak of the first-neighbour
shell about Zn is slightly shifted to large r and the peak height decreases relative to that
of the solid state at the rcom temperature. The local structures around the Zn atoms in the
two melts are also compared in figure 1. It should be noted that even in the twe different
melts, the local structures around the Zn atoms are similar just above their melting points.
The back Fourier transform was carried out with a range from 0.92 Ato235A, and a
Hanning window with F ~ 0.2 was also used. The filtered function &%y, (k) from the Zn-Cl
single-shell contribution to EXAFS was then obtained.
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At room temperature there are 4 Cl neighbours to Zn with mean distance 2.273 A for
ZnCl, [22] and it is reasonable 10 take this as a reference with the Gaussian model to obtain
the RDFs of the two melts. The value of 52 was calculated using the FEFF408 program [23],
and A could also be estimated from the calculations. The backscattering amplitude and
phase shift of the Zn-Cl atom pair were extracted from the &%x; (k) function.

MD4 has been used to achieve RDFs of the melts. In (5), there are five parameters can
be given by simulation: they are N', ry, 0%, @ and AEy. For a = 0 the effective distribution
is Gaussian, ¢ > 0, skews the distribution on the large-r side, and @ < O skews it in the
small-r side. However, this model has its limitations; besides the common problems in
curve fitting, it is found that the results are reasonable only for small values of a, and it is
difficult to give a quantitative interpretation of the parameter a describing the real disorder,
On the other hand, using this effective method, we can obtain reasonable results with an
acceptable accuracy as tabulated in table 1. @ is a factor describing the goodness of fit,
defined as [3_,(x™ — x" "Y1 2[5, (7)1, where x,'F denotes the experimental data
and xf* the fitting data. The error bars in table 1 were obtained by analysing separately
different scans under the same experimental situation. They include the deviation resuiting
from the experimental procedure and data analysis (e.g., the different isolation window sizes
and different fitting ranges). The normalized RDFs can easily be obtained. One can find
from figure 2 that the distributions of the nearest-neighbour Cl atoms around Zn atoms in
the melts are broader than that in the solid ZnCl, and the functions present little asymmetry,

) 5
o]
a 4
=
.3
=
o 2
[z
@ 1

0

1.8 2.4 3.0
r(4)

Figure 2. The normalized roFs for the nearest-neighbour atoms (CI} around Zn in ZnCly at
300 K (solid line) and 613 K (long-dashed line)} and RbaZaCly at 823 K (short-dashed line)
obtained from model-dependent method mp4.

3.2. Rb-Cl! shell

The first step to isolate the Rb—Cl shell EXAFS function is similar to that for the Zn—Cl shell;
here the transform from % to r space is over the range 2.1-11.1 A~). The magnitudes of
Fourier transforms for RbCI and Rb,ZnCly meits are plotted in figure 3. It should be pointed
out that there is a peak with relatively strong intensity at small r in each magnitude (not
plotted in the figure, to stress the local structure around Rb), which has been recognized as a
product from multielectron excitation [24]. Such a peak could be completely removed if the
o curve was forced to pass through the step in the absorption spectra (the position is about
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Table 1. Structural parameters for the nearest-neighbour shell of Cl atoms around Zn in the
molten salts ZnCly (2¢) and RbzZnCly (r2zc). The data are obtained using a model-dependent
method (Mp4). @ is a factor describing the goodness of fit.

300 K 613 K (z¢), 823 K (rzc)
R R a? a
Method Sample N 7N N {A) (x 1072 &%) (AN 0
MD4 2 — — 43+02 231£001 17401 =0.23::00%  0.10
REC - — 42402 228+001 18401 —0.21£008 0.11
= 40[22] 227[22] 3931 229[3] —_ — —
RZC 407121 224712) — - — - _

135 eV above the edge), but it is argued that the result is unreliable because the artificially
distorted pp obscures the meaningful information about the Rb—Cl shell, especially for a
large disordered melt with relatively weak EXAFS intensity. Fortunately, the spurious peak
at about 0.9 A is far from the peak of interest, so there is no harm in retaining it. For
molten RbCl, figure 3 shows that the first peak of Rb—Cl reduces and shifts to smail »
relative to the solid. Such a large reduction is due to very strong disorder, which results
in significant asymmetry in distribution. In figure 3(b), the comparison between the molten
RbCl and RbyZnCly shows that the asymmetric degrees of Rb-Cl distributions are different
in the two melts. The back Fourier transform was taken in the range 1.8 A< r < 3.1 A
with a window function as mentioned previously.

JF(r}| (arb. units)

r(4)

Figure 3. The magnitudes of the Fourier transforms of By (k) (Rb, K edge) for (a) RbCl at
80 K, (b) RbCI at 1023 K (solid line) and RbaZnCly at 823 K (dashed line).

The next step is to obtain the RDFs of the melts. The structure of the RbCI crystal is
NaCl type with 6 ClI neighbours to Rb at 3.291 A [25]. The spectrum of RbCl at 80 K
was taken as a reference to analyse the Rb-edge data. The values of o and A were also
calculated theoretically uvsing the FEFF program, so the RDF of RbCl at 80 K could be
easily constructed, as shown in figure 4(a). Model-dependent methods were applied and



3636 HLietal

E 4
= N
g 3
o Rt
P
L 1 l
=
2 Ot

2
) —— RbC1
b t (b
a3 1.2 ) B — Rb,Znll,
=
£ 0.6
o
-
Fe
= 0.0
5 ; ,

2 3 4 5

r(4)

Figure 4. (a) The normalized RDFs of the nearest-neighbour atoms (CI) around Rb in solid
*80 K) and liquid RbCl {1023 X). (b) The rDFs of the first shell around Rb in molten RbC)
(1023 K) and RbZnCls (823 K) are compared.

some models, such as MD1, MD2, MD3 (m = 0) and MD4, were tried in turn by fitting the
experimental curve k°y; (k) over the range 2.1-11.1 A", but for the first three models,
the results were unreasonable and unacceptable; for the last one the fitting procedure was
simply difficult to continue even though varying the initial parameters. On the other hand,
the model MD3 (m = 1), i.e.,, p'(r) ® G{r) was then applied and found to be appropriate
for obtaining the RDFs of the two melis; it gave the structural parameters with tolerable
goodness of fit (assuming the Rb atom penetration into the first shell is very small and can
be neglected). In table 2, C2 = o2 + 2/B3, which reflects the degree of disorder in the
sample; the error bars in the table are calculated as previously but with somewhat larger
values, which are due to the relatively Jarge error owing to the poor signai-to-noise ratio
for the spectra of the melts. The normalized RDFs of the two melts were then obtained as
presented in figure 4. It can be noted from table 2 that there are 4.84-0.9 Cl atoms at a mean
distance 3.28+0.07 A in the Rb—Cl shell for the molten RbCl and 7.640.6 Cl atoms at a
distance 3.4140.04 A for the molten RbyZnCl,. Figure 4(a) indicates that in the first shell
the Cl atoms have a rather wider distance distribution in the RbCl melt than in its solid.
Figure 4(b) compares the RDFs of the two different melts; it is found that for Rb,ZnCly the
range of distance distribution is slightly larger than that for RbCl, which is also reflected in
the difference between their values of o* + 2/BZ,

It should be pointed out that the RDF obtained from EXAFS data is mainly the RDF of the
first-nearest-neighbour atoms around the absorption atom. For larger disordered systems,
the second- and higher-nearest neighbours make a measurable contribution to the full BEXAFS
only in the low-k region [18]. The information about these atoms is almost lost owing to
the lower limit kp, ~ 2 A~! in the data analysis presented here, so the RDF obtained from
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Table 2. Best-fit parameters for the first-neighbour sheil of Cl atoms around Rb in the molten
RLCI (Re) and RbpZnCly (Rzc) using the model PH{r) @ G{r) (Mp3). Here €2 = 02 + 2/B],
@ is a factor describing the goodness of fit.

300 K 1023 K (Rrc), 823 K (Rzc)

R R a? Bp Cy
Method Sample » (&) N (A) (x 1073 A%) (A~ (x1072A%H @
MD3 RC —_ — 4.8+0.9 328+0.07 2.9:1.0 42407 12203 0.17
RZC — - 76406 3.41+£0.04 57403 33402 19+02 0.20

RC 60(25] 329[25] 69(8] 3I18[8] — — — —
rze  75[12) 352{12] — - —_ — — _

—
4]

4
=
=2

0

[y
[\
T

o
o
T

RDF (arb. units)
o
(o]

Figure 5. The normalized rDFs of the nearest-neighbour atoms (C1) around Rb in moiten RbCI
cbtained from neutron scattering {solid line) and ExXars (dashed line) are compared. The rRoF of
the neutron experiment as shown in the inset is quoted from [8].

EXAFS data is only loosely related to the function g4 (r) determined from neutron diffraction
with isotopic substitution. Figure 5 shows the difference between the two normalized RDFs
obtained with neutron [8] and EXAFS experiments.

4. Discussion and conclusions

The structures of moiten ZnCl;, RbCl and RbZnCl; have been studied using EXAFS
technique. Some RDFs of these compounds in the solid and liquid states are obtained with
madel-dependent methods. For molten ZnCly, the model-dependent method with discrete
probability distribution is appropriate, and we find the first-neighbour shell around Zn has
4.3+0.2 CI atoms at a mean distance of 2,3140.01 A, whereas the coordination number
and the bond leungth obtained from the npeutron scattering experiment [6] are 3.94:0.1
and 2.2940.01 A, respectively, The RDF (figure 2) presents little asymmetry and slight
broadening, which indicates that either the local structures around Zn atoms are very stable
or the short-range order in the solid state persists just above its melting point. Considering
the atomic-thermal motion, the result implies the CI atoms are in slow exchange among the
(ZnCly)*~ and other complexes or, as described by Enderby and Barnes [26), the complexes
themselves undergo cooperative motion, which is also consistent with the differences in
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properties from other 2:1 molten salts, e.g., its particularly small self-diffusion coefficient
angd low electrical conductivity.

The model-dependent (P'(r) @ G(r)) has been applied to determine the local structure
for molten RbCl and the results have been confirmed by comparison with those from the
other attempts. To our surprise, the disorder in the melt is so large that the peak from the
Rb—Cl contribution in the Fourier transform magnitude is very weak, which is also one of
the origins of error in the results, On average there are 4.820.9 C] neighbours for each Rb,
which is smaller than the value of 6.9 from neutron experiments [8}. This disagreement
is fair and reasonable for such a large disordered system, because the EXAFS data analysis
was restricted to the range 2.1 A~! < k < 11.1 A-!; as described in section 3, the lack of
the low-k contribution has led us to miss the information on a few atoms at larger nearest-
neighbour distances from the absorption atom. From figure 5 the Cl atoms are found in
the first-neighbour shell around Rb with a distance distribution range from 2.8 A to 4.5 A,
as well as the RDF having significant asymetry behaviour. Considering that the mean
distance is about 3.28 A, the density of solid RbCl is 2.80 g cm™2 and that of the liquid
2.09 g cm™3, the following semi-empirical formula {26] is well satisfied by our results:

nt™ =nE(Vo/ W) (R /7F) (6)

where V; and V; are the molar volumes of the liquid and solid states, which can be calculated
from their density values; n}~ and 7}~ are structure parameters for Rb—Cl coordination in
the solid state; Ff' ~ = 3.2840.07 A from our results. ni~, which is the nearest-neighbour
number of C1 atoms around Rb in the liquid state, is about 4.4 obtained from (6); this is
very near 4.8 determined here. The fact that (6) is satisfied implies that the short-range
order in molten RbCl is similar to that of the solid, but the disorder is larger, which is due
to the high mobility of Rb* and C1~ atoms. It should be pointed out that because of a small
amount of Rb moving into the first-neighbour shell, and in addition the non-transferability
of the phase shift and backscattering amplitude (even though we are only interested in
the first shell and take AE, as a fitting parameter), due to the large distance distribution,
the quantitative results for the melt are only average ones and not very accurate, but are
adequate to gain valuable structural information.

For molten RbyZnCly, the local structures around Zn and Rb have been investigated
using the same methods as for molten ZaCl, and RbC, respectively. Table 1 indicates there
are 4.240.2 Cl atoms around Zn in the melt at a slightly larger mean distance, 2.2840.01 A,
than that in the solid Rb.ZnCls. The increase in distance is due to thermal expansion, similar
to that in molten ZnCly. Figure 2 shows that the RDF of molten RbaZnCly has almost no
asymmetry but has some differences from that of molten ZnCl;, such as the deviations
between their maximum positions and their different asymmetries (even though these are
small} and distribution ranges, which suggest that the environments around the ZnCly groups
in the melts RbyZnCl, are not the same as those in molten ZnCl,, which contains tetrahedral
units linked via corner sharing of Cl ions to form a network. A reasonable situation is that
the network does not exist in molten Rb;ZnCly, Le., the ZnCly is isolated as in solid
RbyZnCly and also very stable in the liquid state.

Table 2 gives the local structural parameters around Rb in molten Rb2ZnCl,: there are
7.6-£0.6 Cl atoms neighbouring with Rb and the degree of short-range disorder is even larger
than that in molten RbCl because of the smaller value of disorder parameter By (4.2+0.7 A
for RbCl and 3.3+0.2 A" for RbyZnCl,). This is also indicated in figure 4(b) by comparing
their RDFs. The two distribution patterns are similar but the RDF of RbyZnCly is slightly
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shifted to large r (the mean distance is 3.413-0.04 A) without too steep a leading edge but
with a small increase in the large-r side relative to that of molten RbCl. It can therefore be
regarded that the average coordination number results from solid-state RbyZnCly (Rb(1)}-
8Cl, Rb{2)-9Cl), and not from molten RbCl, taking account of a reasonable reduction by
the mobility of ions in the melt.

It can be concluded that the Zn—4Cl coordination exists in the form of the isolated ZnCly
complexes and that these are relatively stable or have small disorder in themselves, but Rb
atoms with larger mobility among these complexes have, at any rate, larger disordered
local structures with neighbouring Cl atoms (possibly a small amount of penetration of Zn
is negligible during data analysis, which would mainly affect the goodness of fit). It is
interesting that these characteristics of the Jocal structure in the melt can also be found,
to some extent, in the crystalline RboZnCly, e.g., Rb atoms have very large disordered
environments. Knowing the relation between the structures of a melt and the comresponding
crystal is without doubt significant for our understanding of the structural urit and the
mechanisms of crystal growth. The results here are consistent with that of Allen et al [11],
considering the molten Rb2ZnCly as a mixture of the two melts ZnCl; and RbCl, and RbCI
can be regarded as a netwoark breaker.

Furthermore, the skewed shape of the RDF (figure 4) enables us to substitute the
excluded-velume model [19] for the microscopic potential of the jon—ion pair interaction,
in which a softened ‘hard-sphere’ repulsive potential was used. The steep leading edge of
the RDF here also indicates that the core—core repulsion between the Rb* and Cl~ must be
rather strong, which will be helpful in specifying and selecting the model potentials in our
further work of studying the molten Rb;ZnCl, using molecular dynamics.
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