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Abstract Pyrrole derivatives have been shown to be
completely or partially oxidized within the expandable
channels of the 3D-coordination polymers [(R3Sn)s;Fe
(CN)el, and [(R3Sn)(R3Sn),Fe(CN)¢l,, R and R’ = Me,
n-Bu, or Ph, to give novel class of supramolecular host—
guest systems. The structures and physical properties of
these host—guest systems depend on the reaction time,
nature of the host and guest, the space empty within
the network of the 3D-coordination polymers. Pyrrole
undergoes oxidative polymerization in the channels of the
3D-coordination polymers to form semiconducting dia-
magnetic supramolecular host—guest systems. Whereas
N-methylpyrrole and 2,5-dimethylpyrrole are not poly-
merized under these experimental conditions, but give
paramagnetic charge transfer (CT) supramolecular host—
guest systems.

Introduction

The term coordination polymer very broadly encompasses
any extended structure based on metal ions linked into an
infinite chain, sheet, or three-dimensional architecture by
bridging ligands, usually containing organic carbon [1].
The self-assembly reactions of the binary adducts of
R5SnCl and hexacynoferrate afford 3D-coordination poly-
mers of the type [(R3Sn);Fe(CN)gl,, R = alkyl or aryl as
was supported by X-ray single crystal studies [2—4]. This
type of coordination polymers are example of guest-free
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cyanide bridged 3D-networks which are composed of dis-
torted octahedral [Fe(CN)g] building blocks connected by
(R5Sn) bridges through the cyanide N atoms forming three
infinite nonlinear chains. These compounds have zeolite-
like structures with remarkably wide parallel channels of
diameter ca. 8.8-9.5 A [4-7]. These 3D-coordination
polymers have different potential applications as they act
as ion exchangers [8], oxidative materials [9—12], zeolite-
like catalysis, molecular sieves, 3D-hosts and also as
acceptors forming charge transfer complexes (CTC) [4,
13-16]. The host attractive properties arise from the
availability of the wide channels for trapping organic and
organometallic guest cations G"" into the negatively
charged host lattice [(R3Sn),Fe'(CN)y ], formed by
reduction of the isostructural Fe™™! homologue [14]. One of
the main potential applications of the 3D-coordination
polymers is the preparation of a new class of semicon-
ducting polymers. In which, these 3D-coordination poly-
mers are insulators at room temperature, but when some
heterocyclic compounds have been encapsulated within
their channels, semiconducting supramolecular polymers
should be obtained [13, 14]. Pyrrole compounds have
received considerable attention due to their lower oxidation
potential of 0.8 V (SCE) [14]. On the other hand, the anion
[Fe (CN)6]37 is a mild oxidant whose reduction potential is
around 0.41 V [3]. This trend is in agreement with the
reducing ability of pyrrole compounds toward the
3D-coordination polymers.

In this study, the encapsulation of some pyrrole deriv-
atives acting as guest materials within the channels of the
3D-coordination polymers (host matrix) [(R3Sn)3;Fe(CN)gl,,
and [(R3Sn)(R5'Sn),Fe(CN)¢l,., R and R’ = Me, n-Bu, or
Ph, gives novel semiconducting supramolecular host—guest
systems. Also, this study reports the formation of para-
magnetic CTCs.
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Experimental
Materials and preparations

All chemicals used in this study were the purest grade and
used without further purification. However, pyrrole and its
derivatives were doubly distilled in the dark under vacuum
before use and stored in a sealed ampoule under nitrogen
atmosphere. The 3D-coordination polymers of the type
[(R5Sn);Fe(CN)gl,,, where R = n-Bu (I) or Ph (II) were
prepared by mixing an aqueous solution of K;[Fe(CN)g]
and a stirred solution of R3SnCl in (H,O/acetone), in the
molar ratio 1:3.

The novel mixed bridging organotin-connecting units
were prepared by mixing two different organotin chlorides
R;SnCl and R5SnCl, R and R’ = Me, n-Bu, or Ph, with
respect to the desired reaction stoichiometry and were
added to an aqueous solution of K;[Fe(CN)g].

In all cases, gelatinous precipitates were formed imme-
diately after mixing, which were filtered off and repeatedly
washed with distilled H,O and acetone, then finally dried
under vacuum at room temperature before use. The purity
and identity of the 3D-coordination polymers were
checked by elemental analysis, IR, and UV spectroscopy.
The supramolecular host—guest systems were prepared by
tribochemical reaction of the dry freshly prepared
3D-coordination polymers at room temperature with an
excess amount of the neat doubly distilled pyrrole and its
derivatives namely; pyrrole, N-methylpyrrole, 2,5-dimeth-
ylpyrrole. The mixture was kept together with continuous
slight grinding for 2 days, whereas the reaction time in the
case of N-methylpyrrole and 2,5-dimethylpyrrole reached to
7-10 days. The reaction rate was greatly increased by the
addition of few drops of water. After the reaction time
mentioned above, no further change in color was observed
indicating that no more guest molecules were incorporated
within the channels of the 3D-coordination polymers (host
matrix). The products were isolated, washed several times
with ethanol, and dried under vacuum.

Instruments

Elemental analysis was performed on a Perkin-Elmer 2400
automatic elemental analyzer. The X-ray diffractograms
were measured on Debye-Scherrer PW 1050 (Cu,K,;
Ni-Filter) instrument from Philips. IR spectra were recor-
ded on Perkin-Elmer 683 spectrophotometer, applying KBr
disk technique in the range of 4000400 cm™'. UV-VIS
absorption spectra were recorded on a Shimadzu 3101 pc
spectrophotometer as Nujol mull matrix. The thermo-
gravimetric analyses (TGA) were performed on Shimadzu
AT-50 thermal analyzer in the range 25 °C up to 800 °C
with heating rate 10 °C/min in a nitrogen atmosphere. The

electrical conductivity was measured by the two-prop
technique on disks, obtained by pressing the samples at
pressure of ca. 10 kg/em? to form a cylindrical disk of
diameter ca. 0.6 cm and thickness ca. 0.15 cm. The cur-
rent, /, for the applied voltage, V, of the samples of high
conductivity values was recorded using a Kiethly 175 A
autoranging multimeter. Whereas, the resistance of the
samples having low conductivity values was recorded
using Kiethly 617 Programmable Electrometer.

Results and discussion
Analytical data

The stoichiometric ratios of the 3D-coordination polymers
and supramolecular host—guest systems were calculated
from the elemental analyses data (Table 1). Pyrrole and its
derivatives react with the 3D-coordination polymers with
an amount less or equal to 1 mol per 1 mol of the
3D-coordination polymers, except compound (3), in which
pyrrole reacts with the 3D-coordination polymers III in the
molar ratio 3:1, Table 1. This stoichiometric ratio was
observed in the reaction of pyrrole with [(Me;E);Fe
(CN)gl» E = Sn or Pb [14]. The results reveal that samples
2, 4-10, and 12 contain some water molecules. This result
was confirmed by studying the TGA curves.

X-ray powder diffraction

Satisfactory agreement is found between the experimental
powder X-ray diffractograms of I and II with the simulated
diffractograms based on the data resulted from the structure
analysis of single crystal X-ray studies of these compounds
[6, 17], suggesting that the finely powdered bulk samples
of T and II should be structurally closely related to the
crystalline forms (Fig. 1). In the structure of I, every
Fe(CN)g group is connected through BusSn bridges to six
other Fe(CN)g units, forming three infinite nonlinear chains
which interlinked into a 3D network. The M(CN)¢ units
display a slightly distorted octahedral geometry and the
Bu3SnN, units are trigonal bipyramids with cyanide
nitrogen atoms in the axial positions. These chains define
various channels in the structure of I, which have a width
of about 8.8 A [6]. On the other hand, the structure of II
reveals that a 3D structure with all six nitrogen atoms from
the Fe(CN)g unit coordinated to tin atoms is not possible
because of steric interference between the bulky Ph;Sn
groups. Thus, one of the CN groups bound to iron is not
coordinated to a tin atom. Instead, its N atom is hydrogen
bonded to the water molecule that is coordinated to a tin
atom. There are three different types of infinite chains in
the structure of II, which define stuffed channels down
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Table 1 Composition, colors, and elemental analyses data of the 3D-coordination polymers and supramolecular host—guest systems

No. Composition Color Elemental analysis
Found (calc.) %
C H N

I [(n-Bu3Sn);Fe(CN)gl, Reddish brown 46.9 (46.6) 7.9 (7.5) 7.1 (7.8)
I [(Ph3Sn);Fe(CN)gl,,-H,O Brown 56.5 (56.3) 3.73.7) 6.7 (6.6)
III [(n-Bu3Sn)»(Me3Sn)Fe(CN)s],, Faint orange 41.8 (41.5) 6.8 (6.6) 8.6 (8.8)
v [(n-Bu3Sn),(Ph3Sn)Fe(CN)g], Reddish brown 50.7 (50.5) 6.7 (6.1) 7.4 (7.4)
\Y [(Ph3Sn),(Me;Sn)Fe(CN)gl,, Brown 49.9 (50.2) 3.5(3.6) 7.3 (71.8)
1 [(Pyrrole); + (D], Black 48.4 (48.1) 7.0 (7.5) 8.2 (8.5)
2 [(Pyrrole), + (II)],-5H,0O Black 53.7 (54.2) 39 4.3) 7.1 (6.9)
3 [(Pyrrole); + (IID)], Black 46.9 (46.7) 6.3 (6.8) 10.8 (10.9)
4 [(Pyrrole), + (IV)],-:3H,0 Black 48.9 (49.4) 5.7 (6.4) 8.2 (7.8)
5 [(Pyrrole), + (V)],-3H,0 Black 48.4 (49.2) 4.1 4.2) 8.9 (8.2)
6 [(N-Methylpyrrole)o s + (I)],,-SH,O Brown 44.2 (44.7) 8.1 (7.8) 7.5 (1.7
7 [(N-Methylpyrrole), + (I)],,-10H,O Faint green 51.0 (51.3) 49 (4.8) 5.6 (6.4)
8 [(N-Methylpyrrole)o s + (IID)],-3H,0 Brown 41.3 (41.4) 6.2 (6.9) 8.0 (8.9)
9 [(N-Methylpyrrole)o g + (IV)],,-5H,O Buff 47.4 (48.1) 5.7 (6.6) 7.0 (7.3)
10 [(N-Methylpyrrole)o s + (V)1,-10H,O Gray 44.9 (44.6) 5.1 (4.9) 6.9 (7.2)
11 [(2,5-Dimethylpyrrole)o s + (D], Brown 48.8 (48.5) 7.0 (7.7) 8.9 (8.2)
12 [(2,5-Dimethylpyrrole)o s + (ID)],,-5H,O Brown 54.7 (54.5) 5.0 (4.4) 6.2 (6.7)
13 [(2,5-Dimethylpyrrole)o o + (IV)], Brown 52.0 (52.2) 5.8 (6.3) 7.2 (7.9)
14 [(2,5-Dimethylpyrrole)o o + (V)],n Brown 52.1 (52.1) 4.0 4.1) 8.4 (8.3)

different axes [17]. The comparison between the X-ray
diffractograms of the novel mixed bridges 3D-coordination
polymers (III-V) with that of their parents (Fig. 2) indi-
cated that they are isostructural compounds, suggesting that
the novel mixed bridges 3D-SCPs are a mixture of different
connecting units, keeping the same polymeric nature [3, 6,
17]. The structures of these coordination polymers con-
sist of trigonal-bipyramidal (tbp) -C=N—-(R3Sn)-N=C-
bridges acting as connecting units between the slightly
distorted octahedral Fe(CN)g building blocks, forming
three infinite nonlinear chains. The framework structures
create wide parallel channels, which allow encapsulation of
pyrrole derivatives. The increasing of steric bulk of the R
group might force all C—N-Sn angles to become linear,
resulting in a marked expansion of the lattice [2]. Changing
the R group partially from methyl to butyl or phenyl should
result in a higher point group symmetry for the iron atom
that the connectivity of the 3D-lattice is changed, mostly
simplified, because of the steric requirements of the butyl
or phenyl groups.

The X-ray powder diffraction patterns of the supramo-
lecular host—guest systems 1-14 (Fig. 3) indicate that they
are isostructural compounds to the corresponding 3D-coor-
dination polymers. This indicates that there is no change in
the structure of the 3D-coordination polymers meanwhile
the frameworks are little affected by the polymerization of
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pyrrole derivatives within their cavities. This phenomenon
can be justified from the following IR spectra.

Infrared spectra

The IR spectra of the 3D-coordination polymers (I-V)
reveal the presence of the vibrational bands corresponding
to the [Fe"™(CN)¢]’~ building blocks and the organotin
groups (R3Sn) or (R3'Sn), (R and R’ = Me, n-Bu, or Ph)
(Fig. 4; Table 2). The IR spectra exhibit only one intense
band in the region 21402180 cm™", characteristic for the
VEe_cy frequencies of the [Fe(CN)¢]*>~ building blocks.
In addition to, medium bands in the region 400410 cm”!
due to asymmetric vibrations of the Fe'"-C bond. On the
other hand, the medium bands observed within the range
515-598 cm ™' correspond to the various vibration modes
of asymmetric vibrations of Sn—C bond. However, the
absence of the symmetric vibrations of Sn—C bond advo-
cates an exclusive presence of trigonal planar R3Sn units
which are axially anchoring to two cyanide N atoms [18].
In the case of 3D-coordination polymers (III-V), two types
of the asymmetric vg,  are observed. This is due to the
presence of two tbp configured R3Sn and R3'Sn units. The
presence of these bands indicates that these groups still
play the role of linking the octahedral building blocks
[Fe"™(CN)]*~ through direct coordinate bond between the
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Fig. 1 Comparison of the X-ray powder diffraction with the simu-
lated X-ray diffractogram of the single crystals of I and II

nitrogen and the tin atoms. The IR spectra of the supra-
molecular host—guest systems 1-14 exhibit dramatic
decrease in the relative intensity of the vgu_cy band, while
a new strong band appears in the region 2045-2089 cm ™'
corresponding to the vg.i_cy (Fig. 4; Table 2). In addition,
a new medium band appears in the region of
443-461 cm ™ 'corresponding to the Vg , indicating
partial reduction of iron(II) to iron(IT) by N-methylpyrrole
and 2,5-dimethylpyrrole. In the case of the supramolecular
host—guest systems 1-5 and 7, the corresponding
3D-coordination polymers are completely reduced to the
isostructural anionic homologue [(R3Sn);Fe!(CN)(],.
This is gathered by the disappearance of the vpm_cy and
Vgan_c bands, while the medium band at 520 cm™", due to
the stretching vibrations of Sn—C bond, does not show any
significant changes, indicating that the tri-alkyl or aryl tin
groups still play the role of linking the pairs of the iron-
bonded cyanide ligands to form the 3D-network. Moreover,
the IR spectra of the supramolecular host—guest systems 2,
4-10, and 12 show strong broad band in the region 3414—
3505 cm ™! due to the voy of the water molecules. On the
other hand, the IR spectra of the supramolecular host—guest
systems 1-14 (Fig. 4; Table 2) show the characteristic
bands of the pyrrole compounds. The IR spectra of the
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Fig. 2 X-ray diffractograms of the 3D-coordination polymers (III-V)
and their parents I and II
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Fig. 3 X-ray powder diffraction of some of the host—guest systems

supramolecular host—guest systems 1-5 exhibit a medium
band at ca. 1700 cm™' corresponding to the stretching
vibrations of the carbonyl group. This band becomes more
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Fig. 4 Infrared spectra of the
3D-coordination polymers (I-V)
and some of their host—guest
systems
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Table 2 IR spectral data (cm™") of the 3D-coordination polymers and supramolecular host—guest systems
No. Guest Host

VoH VNH VcH Vc=0 Ve=c Ve-N Vel _CN VRell _CN V$n—C VRl VRe'—C
I - - - - - - 2132 - 515 400 -
I - - - - - - 2141 - 582 408 -
I - - - - - - 2140 - 549 406 -
v - - - - - - 2134 - 517, 598 402 -
\% - - - - - - 2143 - 583, 551 410 -
1 - 3145 3032 1707 1560, 1460 1292 - 2089, 2045 520 - 443
2 2423 3136 3049 1705 1567, 1481 1302 - 2067 594 - 451
3 - 3198 3080 1710 1559, 1459 1291 - 2086, 2048 520 - 447
4 3505 3138 3050 1702 1567, 1459 1292 - 2085 524 - 451
5 3423 3154 3050 1705 1550, 1479 1303 - 2067 552 - 451
6 3428 - 3056 - 1564, 1460 1292 2136 2089, 2045 523 405 457
7 3445 - 3049 - 1578, 1481 1305 - 2076 548 - 452
8 3428 - 3080 - 1546, 1460 1291 2176, 2140 2086 552 418 461
9 3445 - 3054 - 1542, 1460 1293 2 182, 2134 2084 527 419 454
10 3428 - 3051 - 1521, 1480 1303 2179 2074 553 - 452
11 - 3240 3080 - 1525, 1459 1291 2180 2086, 2045 545 418 453
12 3414 3239 3049 - 1515, 1480 1264 2138 2069 548 420 453
13 - 3248 3052 - 1518, 1459 1291 2176 2077 527 417 454
14 3245 3049 1524, 1480 1262 2189 2067 553 418 453

@ Springer
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intense by the addition of few drops of water to the reaction
mixture and disappears when the reaction is carried out
under nitrogen atmosphere and strictly dry conditions [14].
The most acceptable suggestion about the origin of this
band is the attack of the nucleophilic hydroxide ion to the
radical cation of the polypyrrole unit during the polymer-
ization process [19]. This observation reveals the occur-
rence of side reactions when atmospheric oxygen and water
molecules are involved in the polymerization process and
give rise to carbonyl-substituted polymers (Scheme 1).

Electronic absorption spectra

The spectra of the 3D-coordination polymers (I-V) reveal
five intense bands around 220, 260, 300, 320, and 420 nm
(Fig. 5; Table 3). These bands resemble the bands
observed in the absorption spectrum of K;[Fe™(CN)g] at
219, 258, 300, 318, 333, and 419 nm [20]. The first band at
220 nm is due to n—n* transitions from the metal to the
cyanide ligand (M — L band). While, the three bands at
260, 300, and 420 nm have been identified as charge
transfer transitions from the filled bonding orbitals, mainly
of the cyanide ligand, to the hole in the shell of the central
metal ion. They have been assigned as 2T1u(g) - 2T2g,
2T2u(n) — 2T2g, and 2T1u(n) - 2T2g, respectively [18]. The
band of low intensity at 320 nm is due to ligand field (d—d)
transitions of [Fem(CN)(,f— building blocks. The other
bands due to (d—d) transitions (ca. 285 and 370 nm) are
obscured by the more intense broad bands due to L - M
transitions [20, 21].

The electronic absorption spectra of the supramolecular
host—guest systems 1-14 exhibit mainly five bands in the
region 213-515 nm. These bands are due to the electronic
transitions of pyrrole compounds and the 3D-coordination
polymers. The first two bands appear at ca. 220 and
250 nm, due to the 'L, « 'A and 'L, < 'A transitions,
respectively, of the pyrrole moieties within the channels of
the 3D-coordination polymers. The electronic absorption
spectra of the supramolecular host—guest systems 1-5

reveal band at ca. 372 nm. This band resembles the band of
the in situ optical absorption spectra of polyaniline film on
a conducting pt electrode [22]. This band does not observe
in the spectra of the supramolecular host—guest systems
6-14 indicating that N-methylpyrrole and 2,5-dimethyl-
pyrrole do not undergo polymerization within the channels
of the 3D-coordination polymers. On the other hand, the
spectra of the supramolecular host—guest systems 6 and
8-14 display broad bands in the regions 412—-455 and
305-340 nm, due to 7—7n* transitions of [Fem(CN)6]3_ and
[Fe''(CN)e]*~ building blocks, respectively. This indicates
the presence of two iron environment within the channels
of the supramolecular host—guest systems due to partial
reduction of the hosts under the influence of guest mole-
cules. In the case of the supramolecular host—guest systems
1-5 and 7, the 3D-coordination polymers are reduced to the
isostructure Fe'-homologue. This was confirmed by the
presence of only one broad band in the region 306-340 nm
due to the m—m* transitions of [Fe'(CN)g]*~ building
blocks. The charge transfer character of these host—guest
systems 1-14 was supported by the presence of new
absorption bands in the region 448-515 nm corresponding
to the intermolecular CT transitions between the
3D-coordination polymers and pyrrole guest compounds.

Thermogravimetric analysis

The thermograms of the 3D-coordination polymers I-V
(Table 4) usually start by the decomposition of the easy
volatile (R3Sn) connecting units from the room tempera-
ture up to 270 °C, in addition to the gradual loss of
cyanide groups as cyanogen molecules (CN),. Above ca.
270 °C, the cyanide-linked frame work is no longer stable
and a structural breakdown occurs that finally involves
oxidation of iron and tin to form oxides at ca. 420 °C.
The thermolysis of III starts by the loss of one water
molecule from the room temperature to 104 °C, con-
firming the elemental analyses data. On the other hand,
the thermograms of the supramolecular host—guest
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Fig. 5 The electronic 1.00 T T
absorption spectra (as Nujol : j
mull) of the 3D-coordination
polymers and some host—guest
systems
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systems 2, 4-10, and 12 exhibit multi-steps. During the
first step, the water of crystallization is lost between the
room temperature to 150 °C [23]. The coordinated water
molecules and the guest moiety are released at the tem-
perature range (150-390 °C) as well as the decomposition
of the 3D-network, started by the decomposition of the
(R3Sn) connecting units in addition to the gradual loss of
the cyanide groups. This step indicates that some of the
water molecules are coordinated to some tin atoms
O — Sn via the formation of the hydrogen bonding with
cyanide group. At higher temperature up to 800 °C, the
supramolecular host—-guest systems suffer further com-
plete decomposition to give a highly stable mixed oxide
residue.

Magnetic measurements

All the 3D-coordination polymers [-V are paramagnetic
with g, in the range of 2.08-2.50 BM. The paramagnetic

@ Springer
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behavior is due to the presence of low-spin iron(IIl), which
has a (dE)’electronic configuration with one unpaired
electron in the dy, orbital forming with the cyanide ions a
distorted octahedral [Fem(CN)6]37 structure [24, 25].

The host—-guest SCPs 1-5 and 7 exhibit diamagnetic
behavior. This result is due to complete reduction of
[Fe"™(CN)¢]*~ building blocks to [Fe"(CN)¢]*~ building
blocks by pyrrole or N-methylpyrrole. On the other hand,
the supramolecular host—guest systems 6 and 8—14 exhibit
paramagnetic character in the range 1.03—-1.22 BM due to
the presence of stable octahedral [FeIH(CN)6]3_ building
blocks with large energy gap between the ground state 2T2g
and the first excited state 2Eg. The effective magnetic
moment values of these supramolecular host—guest systems
are less than the corresponding 3D-coordination polymers.
This is attributed to the presence of mixed iron environ-
ment [Fem(CN)(,]3_ and [FeH(CN)c,]4_ building blocks
indicating partial reduction of the 3D-SCPs by N-methyl-
pyrrole and 2,5-dimethylpyrrole.
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Table 3 The electronic absorption spectral data and the magnetic moments (BM) of the 3D-coordination polymers and supramolecular

host—guest systems

No. L, «'A L, <« 'A —T* CT Yetr (BM)
Polyemeraldine Fe""-CN Fe''-CN

I - - - 422 - - 2.32
II - - - 421 - - 2.30
111 - - - 415 - - 2.19
v - - - 417 - - 2.23
Y - - - 422 - - 2.46
1 220 245 371 - 330 450 -

2 225 260 370 - 338 480 -

3 218 240 375 - 320 448 -

4 218 250 371 - 330 465 -

5 225 262 373 - 325 480 -

6 217 238 - 418 305 493 1.02
7 228 259 - - 340 507 -

8 219 251 - 412 306 453 1.22
9 216 241 - 412 310 478 1.07
10 218 260 - 450 335 505 1.03
11 215 245 - 440 327 500 1.15
12 220 263 - 451 323 500 1.10
13 215 258 - 455 331 511 1.01
14 213 248 - 402 320 515 1.19

Table 4 Thermogravimetric analyses data of some the 3D-coordination polymers and supramolecular host—guest systems

No. Temperature ranges °C (weight loss %) Final product calc. (found) %
A B C D

I 27-246 (46.2) 246-800 (10.5) 0.5Fe;03 + 2.55n0,
43.6 (43.3)

I 30-104 (1.4) 104-248 (49.2) 248-800 (7.3) 0.5Fe;03 4 3Sn0,
41.6 (42.1)

I 22-175 (5.0) 175-246 (34.7) 246-800 (10.7) 0.5Fe,03 + 2.6Sn0,
49.3 (49.7)

v 25-250 (40.3) 250-800 (12.6) 0.5Fe,03 + 3SnO,
46.6 (47.1)

\% 25-95 (4.2) 95-271 (33.1) 271-800 (12.9) 0.5Fe,03 + 3SnO,
49.4 (49.2)

6 16-125 (2.1) 125-198 (9.7) 198-241 (28.0) 241-00 (15.6) 0.5Fe;03 4 3Sn0,
43.0 (44.6)

7 18-150 (5.5) 150-395 (41.8) 395-620 (9.8) 620-00 (7.8) 0.5Fe;03 + 3Sn0,
34.9 (35.1)

9 16-150 (6.8) 150-300 (39.9) 300-800 (11.3) 0.5Fe,03 + 3Sn0O,
41.0 (42.0)

10 18-140 (6.2) 140-300 (36.8) 300-800 (16.2) 0.5Fe,03 + 3Sn0,
40.3 (40.8)

12 15-131 (6.4) 131-235 (37.0) 235-800 (23.3) 0.5Fe,03 + 2.6Sn0,

33.0 (33.3)
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Conductivity measurements

All the 3D-coordination polymers -V exhibit insulator
character with conductivity values in the range of 10~'°
~107'* S cm™". This behavior is due to the absence of
mobile electrons or ions. On the other hand, the supra-
molecular host—guest systems 1-5 behave as semiconduc-
tors having conductivities in the range 1.33 x 107*
—2.88 x 107® S cm™'. These values are less than that of
the polypyrrole prepared by chemical polymerization or
electropolymerization (in the range of 5 x 107°-1072),
which is considered as a conducting polymers [26, 27]. It
was found that the conductivity of polypyrrole is highly
dependent on polymerization conditions as well as the
steric interaction which affect the conjugation of the
n-system and reduce the conductivity [28]. The low con-
ductivity value may suggest that polypyrrole are present in
the neutral form within the cavities of the 3D-coordination
polymers [29]. The low conductivity reflects the absence of
the metallic absorption around 1040 nm in the electronic

-3.0 4
4

5

\U\QN?:
1\.\.\
\.\.\.\.\

-3.5 1

6.0 T T T T T T T T T 1
22 24 26 2.8 3.0 32 34
1000/T

Fig. 6 Log 0.ys 1000/T for the host—guest systems 1-5

Scheme 2 Polymerization
mechanism of pyrrole through
radical-radical coupling

I
H

0o
|
H

H
O%'ZH“
H

Neutral trlmer(pyrrole black)
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absorption spectra of these supramolecular host—guest
systems [28]. The semiconducting character of these
compounds was supported by studying the variation of
DC-electrical conductivity as a function of temperature
(Fig. 6). The positive temperature coefficients of electrical
conductivity indicating semiconducting behavior. By con-
trast, the host—guest SCPs 6-14 exhibit very low conduc-
tivity at room temperature in the range 2.86-7.35 x 107'2
S em™. This is due to presence of the substituents at the
pyrrole ring, where the conductivity decreases as the
number of substituent increases [30].

Conclusion

It can be concluded that, pyrrole undergoes oxidative
polymerization within the cavities of the 3D-SCPs to pro-
vide semiconducting supramolecular host—guest systems.
The polymerization was assumed to proceed by a free
radical mechanism involving formation of repeated dicta-
tion dimmers. The first step involves the oxidation of the
monomer to radical cations. The next step is a coupling of
two radical cations which mainly occurs in the a-position
accompanied by deprotonation leading to a neutral dimer.
Theoretical and experimental studies have indicated that
the monomer subunits are incorporated into the chain
preferentially through the o,0/-linkage due to the higher
reactivity in o-position than in the f-position of the
monomer [31-33]. Chain propagation then proceeds by
oxidation of the neutral dimer to form the dimer radical
cation, which can combine chemically with other mono-
meric, dimeric or oligomeric cation radicals to extend the
chain (Scheme 2).

On the other hand, N-methylpyrrole and 2,5-dimethyl
pyrrole are not polymerized, under these conditions, within
the cavities of the 3D-coordination polymers. Generally,
the presence of the substituents in «-position prevent
electropolymerization process which occurs through

i %ZH%

chatlon dimer Neutral dimer

26
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o0 -linkage [33]. Therefore, the presence of two methyl
groups in 0,0’ -positions, in the case of 2,5-dimethylpyrrole,
prevent the chain propagation of the polymerization pro-
cess. Also, N-methylpyrrole does not undergo polymeri-
zation within the cavities of the 3D-coordination polymers
due to steric interaction which inhibit the polymerization
process [34-36].
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