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Abstract

Pyridine derivatives acting as guest species can be oxidized by the three-dimensional polymeric host
[(Me;Pb);Fe(CN); 1, forming yellow to brown or red colored CT complexes depending on the degree of
charge transfer. The donor molecules can be intercalated within the cavity of the polymeric host in a
1/1 ratio after completion of the reaction. The CT complexes are weak semiconductors under the
experimental conditions used.

Introduction

Organotin(IV) and organolead(IV) compounds of the type (R;MX) (M = Sn or
Pb; R = alkyl or aryl; X = halide) can react with hexacyanide d-transition metal
ions (Fe, Co) to form three-dimensionally linked coordination polymers [1,2]
[R;M],M“%CN),,L, (n = 3). These polymeric complexes are of particular interest
since they have Zeolite like structure and form a three-dimensional network in

which up to one-third of the {M?-C=N —’/hlli\‘_ N=CYL chains are linear
[3]. The large expandable cavities are capable of containing organic groups [3,4].
Nitrogen bases (e.g. pyridine) have been intercalated into FeOCI layers [5,6].
Pyridine with FeOClI yields a material exhibiting a good electrical conductivity [7],
analyzing as (pyridine), ;;FeOCI [8], in which radical-cation-mediated dimerization
of pyridine occurs [9] and in which the pyridine plane is perpendicular (and the
C,-axis parallel) to the layer planes [10]. Furthermore, the superconducting transi-
tion temperatures of some transition metal dichalcogenides were found to be
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strongly affected by absorption of pyridine molecules between successive layers [11]
(e.g. (pyridine), sTa$S,) [12].

In the present study, intercalated charge transfer (CT) complexes, in which
pyridine and some pyridine derivatives are present as guest molecules (G) in an
[(Me;Pb);Fe(CN), 1, () host matrix, have been prepared and characterized.

Experimental

The compounds Me,PbCl and K,Fe(CN), in 3/1 molar ratio were dissolved in
the minimum amount of water under nitrogen atmosphere in the dark to yield
[(Me,Pb);Fe(CN)L, (). The orange precipitate was filtered off and washed with
water and then with CH,Cl, and dried under vacuum at room temperature. The
purity and identity of the product were checked by elemental analysis, and IR and
UV spectroscopy (Tables 1 and 2). Strictly anhydrous conditions were used in
preparations of the intercalated CT complexes. The dry freshly prepared I was
added to an excess of neat doubly-distilled pyridine derivatives in the dark under
nitrogen with continuous grinding or sonication. The colored CT complexes were
collected at intervals, washed with ethanol, and dried in vacuum.

The UV spectra were recorded on a Shimadzu 240 W spectrophotometer and
the IR spectra on a Perkin—Elmer model 577 spectrophotometer (as KBr discs).
The EPR spectra were recorded on a JEOL spectrophotometer model JES-FE2XG.
The magnetic susceptibility was determined with a Johnson-Matthey susceptome-
ter devised by D.F. Evans. The electrical conductivity at 300 K was measured with
a Super Megohmmeter electrometer model 170, as previously described [13].

Results and discussion

The reactions of [(Me;Pb),Fe(CN)¢], with an excess of neat pyridine or its
derivatives yield charge transfer intercalated complexes analyzing as [(GXMe;Pb),
Fe(CN),],. These CT complexes are built up of electron donor and acceptor
molecules which can stack independently to form either segregated systems or
mixed systems [14]. Pyridine derivatives acting as guest donors are oxidized by the
host polymer, which acts as the acceptor, to form yellow to brown or red CT
complexes, depending on the degree of charge transfer. The rate of the charge
transfer increases with the number of methyl substituents on the pyridine ring. The
charge transfer character of the complexes was supported by elemental analysis,
UV, IR, EPR spectra and magnetic measurements. The elemental analyses of the

Table 1
Elemental analysis data for I and its CT complexes
Compound Calc. (found) (%)

C H N Pb Fe
I 18.59 (18.26) 2.81 (3.02) 8.67 (8.34) 64.15 (64.22) 5.76 (5.68)
I (Pyr) 22.91(21.68) 3.05(3.02) 9.35(9.11) 59.33 (60.41) 5.34 (5.59)
I (MePyr) 23.72 (24.19) 329331 9.22 (8.82) 58.49 (58.31) 5.27 (5.08)
1(2,6-di-MePyr) 24.52 (24.10) 3.44 (3.38) 9.10(8.74) 57.74 (58.11) 5.20 (5.06)

1(2,4,6-tri-MePyr) 25.33 (25.90) 349(3.22) 8.99 (9.06) 57.05 (56.89) 5.14 (5.09)
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CT complexes present after completion of the reaction indicate that the guest
molecules are intercalated within the cavity of the polymeric host in a 1/1 ratio
(Table 1). The UV spectra of the solid CT complexes exhibit a new absorption
band around 420 or 495 nm corresponding to intermolecular CT transitions (Table
2). The Fe!! ions are reduced, partially or completely, to Fe!! ions, depending on
the time of reaction and on the extent of grinding or sonication, which causes a
significant rate enhancement. The IR spectra of the CT complexes show bands at
2120 and 2116 cm ™! corresponding to vibrations of the [Fe™(CN),]~3 system and
bands around 2072, 2059, 2013 and 449 cm ™! corresponding to vibrations of the
[Fe™(CN),]~* system (Table 2). This indicates partial reduction of Fe' ions. On
the other hand, if the reaction is left long enough to go to completion, the IR
bands above 2100 cm ™! disappear, indicating complete reduction of Fe' jons. The
band at 495 cm™! attributed to vibrations of the Pb—C band shows no significant
change on complexation.

Further support for the occurrence of charge transfer from the.guest to the
polymeric host comes from magnetic and EPR measurements. The paramagnetism
of the polymeric host decreases upon CT complex formation and the product is
diamagnetic when reaction is complete (Table 2). The polymeric host exhibits a
broad signal with g = 1.9921 typical of low-spin octahedrally-surrounded Fe'" ions
[15]; the signal falls in intensity during the reaction with the guest molecules until
it is absent when reaction is complete and only Fe ions are present.

The CT complexes have higher conductivities than I. However, they are weak
semiconductors under our experimental conditions, even though they would be
expected to behave as conductors or at least good semiconductors. Syntheses of
similar novel CT complexes that may have the hoped-for good electrical conductiv-
ities [14] are currently in progress.
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