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MJSSBAUER SPECTROSCOPY STUDIES OF POLYACETYLENE DOPED WITH
SELECTED METAL HALIDES

Z. KUCHARSKI, M. JOZEFOWICZ, J. SUWALSKI ,
Institute af Atomic Energy 05-400 Otwock - Swierk (Poland)

A. PRON®, S. LEFRANT

Laboratoire de Physigue Cristalline [ERA CNRS n° 13),
Université de Nantes, 2, rue de la Houssiniére -
44072 Nantes Cédex (France)

Abstract Highly conducting derivatives of polyacetylene
formed in the redox reactions with FeClB, FeBr3 and SnCly
have been studied by Mossbauer spectroscopy. From the tem-
perature dependence of the recoil-free fraction, the
Mossbauer lattice temperatures By, of the following binary
compounds {CH(FeCl,)y},, {CH(FeBrg),}, and {CH(SNC1g) },,
were calculated as 83K, 120K and 85K respectively. It has
been also shown that it is possible to synthesize a terna-
ry compound {CH(SnClg), (FeCly),}, through consecutive
reactions of (CHi, with SnCly and FeClz. 178sn and 57Fe
Mossbauer parameters of the ternary compound do not change
significantly as compared to the ones of the corresponding
binary compounds {CH(SnClSJy}X and {EH(FeC14]y}x indica-
ting that the inserted species of different chemical na-
ture do not influence mutually their coordination spheres.

INTRODUCTION

Mossbauer spectroscopy has proven to be an extremally useful
technigue in the studies of low dimensional system containing
Mossbauer nuclei. In particular, from the examination of Mossbauer
spectroscopic data extracted from the experiments covering an
appropriate temperature range, significant information concerning
charge transfer, oxidation state of the dopant and lattice dyna-
mics can be gained.

To date the following conducting derivatives of polyacetylene

have been studied by means of Mossbauer spectroscapy

133



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:50 20 February 2013

134 Z. KUCHARSKI et al.

{CH(FeCl4) by, (13,02),(3) {CH(FeBrg)y}, (4), {CH(I3)}, (5),(6),
{cH(sbFg) 1y (73, {CH(SnClg)y}, (8). In this communication we
report Mossbauer lattice temperature, 8y .measurements for
{CH(FeClg) )y, {cH(FeBrg)y}, and {CH(SnCl5]y}x. In addition we
have studied the possibility of & ternary compound formation
through consscutive reactions of (CH), with SnCls and FeClg.

EXPERIMENTAL

All reactions and manipulations were performed using standard
vacuum line technique or inert atmosphers. (CH), film was prepa-
red by a modification of the method of Ito et al. (9). The oxi-
dations with feCly and FeBrz were carried out at RT in nitrome-
thane solutions of 0.2 M and 0.3 M respectively whereas the
oxidations with tin chloride were carried out in the solution
consisting of 10 volume parts of SnCl4 and 1 volume part of dry
nitromethane. In all cases the samples were repeatedly washed
with pure, dry nitromethane and then vacuum dried.

In the preparation of the ternary compound a strip of polya-
cetylene was first treated with SnCls for 48 h., identically as
described above, and then treated with 0.1 M solution of FeClg
for 5 min. The final product was washed with dry CH3NO, and then
pumpsed. The Mossbauer spectra were recorded in the temperature
range 4.2 - 298K using standard transmission geometry. The
spectra were fitted with Lorentz shape lines by the least sguare
methad.

RESULTS
In all cases studied, the resonant absorption strongly depended
on the temperature. Since all ln%%}lET = f(T) plots were lirear

we were able to calculate the Mossbausr lattice temperatures,

8m, for all three systems. In the calculaticns, we have followed
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TABLE I Mossbauer parameters of 57fe and M%n in (CHJX
doped with iron chloride, iron bromide and tin
chloride anion.

82g8/2 1.s. dlnA/dT dIS/dT B 8' M
Sample o ™1 wm 5”1
(4.2K) (4.2K)
1. {CH(FeClyl l,  0.33 20.01 0.30 #0.03 -1.26x10°2  -5.354x107% 10425 89:8
2. {CH(FeBrg) },  0.32 *0.06 0.33 0.03 - - 120 -
3. {CH(SnClg},),  0.635:0.013  0.552¢0.008 -1.98x1072 - 95¢3 -

TABLE II M98n and °’Fe Massbauer parameters of
{CH(SnC15) 0, gag (FeClylp gqqd,- Composition
determlneg from mass uptake assuming SnClg
and FeCly as the intercalated anions.

Type of IS mm/s QS mm/s F1/2 mm/'s

Mossbauer

nucleus 4,2K 78K 4,2 78K 4.2K 78K
119gq 0.524 | 0.494 | 0.812 0.532 | 0.927 | 0.825

+.0G7 +,0114 +.013 +,021 +.010 0.018

57¢q 0.356 | 0.341 | 0.334 | o.381 | o0.805 | o0.s88
+.012 | +.018 | +.026 | +.046 | +.019 | +.036
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a procedure rscommended by Herber et al. (10). The Oy was calcu-
lated according to the formula :

E -3 )1/2

O = 5" WeFF KainAzaT
In the case of {CH[FBC14)y}x we have estimated M eff. from the

slope of the temperature dependence of the isomer shift. In the
case of {CH[FeBr4]y}x and {CH(SnClg)y},. similar corrections for
M eff. were not possible due to low values of IS as compared to
the half width of the peaks and their overlap. The reported
values are therefore only rough estimates of Oy. Mossbauer
parameters of the ternary compounds are collected in Table 2.
Similarly as in the case of the corresponding binary compounds,
the resonant absorption is strongly temperature dependent in-

creasing with the decrease of the temperature.

DISCUSSION AND CONCLUSIONS

Low Mossbauer lattice temperaturs, GM, is a general feature in
intercalated low dimensional systems like lammellar compounds
of graphite (11) or FeQCl (10). This low value indicates loose
packing of the intercalated specles and some degree of mobility
at temperatures close to RT.

The Mossbauer lattice temperatures of all three polyacety-
lene - metal halide anions systems studied are similar and
significantly lower than in the case of FeCly intercalated gra-
phite whose BM is 164K. It should be pointed cut that only in
the case of {CH(FeC14]y}X the exact value of Oy has been obtained
since we were unable to calculate the corrections for M eff in
the case of {CH(FeBryly}, and {CH(SnCl5)y},. In the presence of
covalency, the correction for M eff. always lowers the BM by
10-20K so the true values of GM FeBr4- and 9y SnClg- are much
closer to SM FeCl4—' It can be therefore postulated that in
doped polyacetylene GM does not depend on the inserted anion but

is rather governed by the linearity of polycarbonium cation and
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its low value is determined by the two-fold coordination of car-
bon atoms in (CH)y chains.

The results of this research also prove that it is possible
to from a ternary compound by consecutive reaction of (CH), with
SnClg and FeClj.

Close similarity of the Mossbauer parameters of

{cH(snC1.) (FeCl,).}, with the ones of corresponding binary com-
5y 4’z %
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pounds {CH(SNClg) )y and {CH(FeCl4)}, indicate that the inserted

species of different chemical nature do not influence mutually

their coordination spheres.
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