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A device was fabricated with the help of tin(IV)corrole nanospheres and its conduction

properties have been measured.
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insight into the aggregated porphyrin/metalloporphyrin structures
30 and their unique functions mediated by the excitonic interactions O
between the adjacent magnesium porphyrin units in the highly
ordered aggregates, and to decipher the knowledge for the
construction of newer and efficient classes of bio-inspired NC Q O CN NC O O N
devices. Thus the generation of porphyrin/metalloporphyrin
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Three novel tin(IV)corrole complexes have been prepared and characterized by various spectroscopic
techniques including single crystal X-Ray structural analysis. Packing diagrams of the tin(IV)corroles
revealed that corrolato-tin(IV)-chloride molecules are interconnected by intermolecular C—H:-+Cl
hydrogen bonding interaction. H-++Cl distances are 2.848A, 3.051A, and 2.915 A respectively for the
complexes. In addition, C-H---Cl angles are 119.72°, 144.70°, and 147.08° respectively for the
complexes. It was also observed that in one of the three synthesized complexes, dimers are formed while
in the other two cases 1D infinite polymer chains are formed. Well-defined and nicely organized three-
dimensional hollow nanospheres (SEM images on silicon wafers) with diameters of ca. 676 nm and 661
nm are obtained in the complexes forming 1D polymer chains. By applying thin layer of tin(IV)corrole
nanospheres, on ITO surface (AFM height images of ITO films; ~200 nm in height), a device was
fabricated with the following compositions: Ag/ITO-coated glass/tin(IV)corrole nanospheres/ITO-coated
glass/Ag. On calculating the resistivity (p) of the nanostructured film, it was found to be ~2.4x10% Q.cm,
which falls in the range of semi-insulating semiconductor. CAFM current maps at 10 V bias show bright
spots with 10-20 pA intensity and indicate that the nano-spheres (~250 nm in diameter) are the electron-
conducting pathways in the device. The semi-insulating behavior arises due to the non-facile electron

transfer in HOMOs of the tin(IV)corrole nanospheres.
Introduction ome ome
MeO. MeO.

Green plants use chlorophyll (magnesium porphyrin) aggregates O O
for light harvesting purposes in the nature." ? Inspired by this oMe ome
natural phenomenon, a large number of researchers are actively
involved to mimic the light harvesting complexes found in green NG O O CN NC O O CN
plants and purple bacteria.*!' The ultimate aim of studying the
model systems of light-harvesting complexes is to gain a deeper 1A 1B

CN CN

W

nanostructures (e.g., nano sphere, nano tubes, etc.) and their 2A 2B

. . . . . B
efficient uses for various device fabrications are of utmost ik B

importance for the development of modern electronic devices.'*! O O
In present work, a series of novel Sn(IV) corrole complexes has
been synthesized (Scheme 1). The identity of the tin complexes
has been established by various spectral techniques. The crystal NC O m O CN nc O O CcN
structures of 10-(2,4,5-trimethoxyphenyl)-5,15-bis(4-
3A

cyanophenyl)corrolato-tin(IV)-chloride, 1B, 5,10,15-tris(4- 3»
Cyanophenyl)Corrolato—tin(IV) chloride, 2B and 10-(4- Scheme 1 Structures of the As-corrole 2A, and trans- A,B-corroles 1A and
bromophenyl)-5, 15-bis(4-cyanophenyl)corrolato-tin(IV)-chloride 3A and the corresponding corrolato-tin(IV)-chlorides, 10-(2,4,5-
’ i K ’ 50 trimethoxyphenyl)-5,15-bis(4-cyanophenyl)corrolato-tin(IV)-chloride, 1B,
3B are also reported here. Introduction of a series of electron 5,10, 15-tris(4-cyanophenyl)corrolato-tin(IV)-chloride, 2B and 10-(4-

releasing (like -OMe) and -withdrawing (like -CN) groups in the bromophenyl)-5,15-bis(4-cyanophenyl)corrolato- tin(1V)-chloride, 3B.

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1
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corrole frameworks will not only influence the energies of the NMR spectra

molecular orbitals of the respective metal complexes but also will The 'H NMR spectrum of 1B exhibits peaks in accordance with

eighteen partially overlapping aromatic protons in the region, ¢ =

9.28-6.94 ppm (Fig. S4t). Four multiplets at & = 9.28-9.25,
60 9.09-9.03, 8.87-8.85, and 8.81-8.79 ppm are easily
distinguishable and are assigned as /- pyrrolic hydrogen atoms.
The aryl ring protons are observed at 8.12-6.94 ppm region. Out
of these signals two singlets are easily distinguishable at 7.78,
and 6.94 ppm. These singlets are assigned as aromatic hydrogen
from 2,4,5-trimethoxyphenyl group. The three methoxy group
protons are observed at 4.19, 4.01, and 3.37 ppm. The 'H NMR
spectrum of 2B also exhibits peaks for twenty partially
overlapping aromatic protons in the region, &= 9.36-7.84 ppm
(Fig. S5%). The 'H NMR spectrum of 3B exhibits peaks
corresponding to twenty partially overlapping aromatic protons in
the region, o= 9.33-7.82 ppm (Fig. S61). All the signals in the
corrolato-tin(IV)-chlorides derivatives show downfield shift
compared to free base corroles. The 'H NMR data thus
unequivocally establish the diamagnetic nature of the tin
75 complexes 1B-3B.

make them as useful precursors for the construction of various
based supramolecular
Corrole, '® a contracted porphyrin analogue, is recently gaining a

other metallo-corrole architectures.

[

lot of interest in research because of their potential superiority in
terms of photophysical properties compared to their analogous
porphyrin  derivatives.'”*  Among the metallo-
porphyrins, research in the field of tin complexes has also gained
impetus in the recent years. These tin complexes may find
suitable use for designing of various optoelectronic based
materials. Although expected to be a more potent candidate than
analogous Sn(IV) porphyrin complexes,*® surprisingly Sn(IV)
corrole based systems are rarely reported in the literature.*’ Self
15 assembled supramolecular Sn(IV) corrole frameworks, in the

form of nanospheres have been synthesized by using noncovalent

various

S
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%
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intermolecular hydrogen bonding interactions in case of 1B and
3B and then one of them has been explored in the field of device
fabrication. Although a sizeable number of literature reports
20 cover the generation of Sn(IV) porphyrin based aggregates and
their various applications,*® however, no reports are yet available
that describe the synthesis and application of Sn(IV) corrole
based aggregates.
Thus the outline of the present work revolves around the 200-
»s synthesis, structural and spectral characterization of three novel
tin(IV)corrole complexes, generation of their aggregates in the
form of nanospheres and application of those nanospheres in the
fabrication of semi-insulating semiconductor device. Semi-
insulating semiconductors have found extensive applications in Z 1004
high speed microelectronic devices, isolation between devices,
and also as sensing materials, like radiation sensor.*’ These semi-
insulators are also frequently used in high-electron-mobility
transistors (HEMT) which serve as the back bone of today’s cell
phone devices.* 0
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Synthesis and Characterization

The free base corroles’! were prepared according to the general
procedure of corrole synthesis.”> For an example, 2,4,5-
trimethoxy benzaldehyde and 5-(4-Cyanophenyl)dipyrromethane
were dissolved in methanol and subsequent oxidation by p-
chloranil resulted in the formation of corrole, 1A' The
corrolato-tin(IV)-chlorides were synthesized by following a
reported synthetic protocol.” In a standard protocol a mixture of
corrole and the tin chloride were refluxed in a solution of DMF
and resulted in the formation of corrolato-tin(IV)-chlorides in
good yields. Purity and identity of the corrolato-tin(IV)-chlorides,
1B, 2B, and 3B are demonstrated by their satisfactory elemental
analyses and by the electro-spray mass spectra (see Experimental
Section).

so UV-Vis and Emission spectra

All the three Sn(IV) corroles 1B, 2B, and 3B exhibited m—>n*
transitions in the ranges 400-650 nm (Fig. S17). All the three
Sn(IV) corroles exhibit strong fluorescence in the red-regions of
the visible spectra at room temperature in dichloromethane
ss solvent (Fig. 1.4

S

Fig. 1 Electronic emission spectrum of 1B, (green line), 2B, (red line) and
3B, (blue line) (Color online) in dichloromethane (Aex= 423 nm).

Structures

The crystal structures of 1B, 2B, and 3B are shown in Fig. S71,
Fig. S81, and Fig. S9t respectively. The crystal systems are
monoclinic, triclinic, and triclinic and the unit cells have four,
two, and two corrolato-tin(IV)-chloride molecules for 1B, 2B,
and 3B respectively. Important crystallographic parameters for all
the three complexes are presented in Table 1. Bond distances and
angles are comparable with the previously reported other
corrolato-tin(IV) molecules.*’” Tin atoms in all the three
complexes 1B, 2B and 3B are penta-coordinated and the
geometry around the tin atom is distorted square-pyramidal in all
the studied complexes. Vertical displacement of the peripheral
carbon atoms from the N4 corrole planes signifies the distortion
level in all the three corrole complexes (Fig. S107).>® Tin atom

9s does not perfectly fit inside the corrole cavity of none of the three

complexes; instead it is deviated from the N4 corrole planes by

2 | Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]
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Table 1 Crystallographic Data for 10-(2,4,5-trimethoxyphenyl)-5,15-bis(4-cyanophenyl)corrolato-tin(IV)-chloride, 1B, 5,10,15-tris(4-cyanophenyl)
corrolato-tin(IV)-chloride, 2B and 10-(4-bromophenyl)-5,15-bis(4-cyanophenyl)corrolato-tin(IV)-chloride, 3B.

2B 3B

compound codes 1B
molecular formula C4H,7,CINgO3Sn
Fw 817.84
Radiation MoKa
crystal symmetry Monoclinic
space group P21/c

a(A) 17.9986(12)
b(A) 12.5973(9)
c(A) 16.2495(10)
a(deg) 90

Bdeg) 97.845(3)
Ndeg) 90

V(A 3649.8(4)

z 4

4 (mm™) 0.822

T(K) 293(2)
Degea(g cm™) 1.483
2@range (deg) 4.52 t0 60.3
e data (Rin) 10701 (0.0897)
R1 (I>20(D)) 0.0513
WR2 (all data) 0.1435
GOF 1.041

Largest diff. peak and hole(e- A-3) 1.112 and -0.785

C4()H2()C1N7SII C39H2()BI'C1N(,SI]

752.77 806.66
MoKa MoKa
Triclinic Triclinic
P-1 P-1
12.020(5) 8.258(5)
13.221(5) 15.261(5)
15.690(5) 16.642(5)
93.566(5) 111.107(5)
109.752(5) 103.712(5)
106.513(5) 98.450(5)
2215.0(14) 1837.3(14)
2 2

0.668 1.890
293(2) 293K
1.129 1.458

3.45 10 29.63 1.48 to 30.55

12221 (0.0384) 11113 (0.0275)

0.0456 0.0403
0.1243 0.1287
1.096 1.009

1.471 and -1.909 2.415 and -1.680

distances of 0.6130(3) A, 0.6516(4) A and 0.6290(4) A in 1B, 2B
and 3B respectively giving rise to domed conformations in all the
three cases. This leads to a consequent deviation of the pyrrole
ring nitrogen atoms from the 19-atom corrole carbon ring by
distances ranging from 0.0233—0.3601 A in 1B. The meso-
substituted phenyl rings are tilted with respect to the 19-atom
corrole carbon plane by dihedral angles ranging from
48.728—65.135°. In the packing diagram of the corrolato-tin(IV)-
chloride molecules (1B), cyanide groups of two adjacent
corrolato-tin(IV)-chloride molecules are facing towards the same
direction, however methoxy groups of two adjacent corroles are
facing in the opposite direction. The distance between two
neighboring Sn(IV) atoms is 8.12 A. Careful observation of the
packing diagram of 1B reveals that it is actually an assembly of
one dimensional (1D) polymeric chains composed of corrolato-
tin(IV)-chloride molecules interconnected by intermolecular C—
H:+-Cl hydrogen bonding interaction (Fig. 2). The C-H---Cl
hydrogen bonding interaction® [Bonding parameters of C-—
H:++Cl; H-+-Cl: 2.848A; C-+-Cl: 3.405 A; ZC-H:++Cl: 119.72°] is
the driving force for this kind of supramolecular 1D chain
formation and this interaction is rather genuine in nature as is
shown by its bonding parameters in the bracket. However these

Fig. 2 Single-crystal X-ray structure analysis of 1B; C2—H2...CI1 hydrogen
bonding interaction [Bonding parameters of C—H--Cl {D' — H' --= A: C2—

30 H2:CI1; Hew A: 2.848 A; D--A: 3.405 A; /D-H--A: 119.72", symmetry

codes: (i) 1- x, —0.5+y, 0.5-z].

This journal is © The Royal Society of Chemistry [year]
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Fig. 3 Single-crystal X-ray structure analysis of 2B; C18-H18--CIL{D'-H' Fig. 4 Space filling representation of the rectangular channels (dimension
-:A}: hydrogen bonding interaction [Bonding parameters of C18- =16 x 7 A) in the crystal structure of 5,10,15-tris(4-cyanophenyl)

5 H18...Cl1; H18--CI1: 3.051A; C18---Cl1: 3.849 A; £C18-H18---CI1: 144.70°, corrolato-tin(IV)-chloride, 2B.
symmetry codes: (i) 1-x, 1-vy, 1-z].

one-dimensional (1D) polymeric chains in 1B are not
interconnected instead they are independent of each
10 other. m—n stacking interactions (the shortest distance between
two carbon atoms of the interacting rings was 3.98A) exist
between the C36-C37-C38-C39-C40-C41 (phenyl ring) and C20-
C21-C22-C23-C24-C25 (phenyl ring) in the packing diagram. C-
H----m interactions also exist in the structure, e.g. between C24-
1s H24 and C36-C37-C38-C39-C40-C41 (phenyl ring), C37-H37
and N2-C6-C7-C8-C9 (pyrrole ring). Due to the distorted square-
pyramidal geometry around the central metal atom, the pyrrole ss Fig. 5 Single-crystal X-ray structure analysis of 3B; C12-H12---Cl1 {D-H
ring nitrogen atoms deviate fromothe 19-atom corrole carbon ring --A'thydrogen bonding interaction [Bonding parameters of C12—
by distances of 0.1239—0.4317 A in case of 2B also. The meso- H12...CI1; H12--+CI1: 2.915A; C12---Cl1: 3.730 A; £C12-H12---Cl1: 147.08°,
2 substituted phenyl rings make dihedral angles ranging from symmetry codes: (i) —1+ x, v, z], and C7-H7--N6 {D' ~ H' A} hydrogen
4.7.204—65.049o with the corrole p1.an6. An.alysis of the packing o tZJosng(?R,g C;ntehjzct;oggs Ee-:,o;g;]_gm?ixg it_;lr.s_,’;f an::l;rc\gd el-sl7(|)N26_
diagram of 2B reveals that two neighbouring corrolato-tin(IV)- x, 1-y, — 2.
chloride molecules are interconnected by intermolecular C-—
H---Cl hydrogen bonding interactions and form dimer (Fig. 3).

s The C—H-++Cl hydrogen bonding interaction [Bonding parameters
of C18—H18:++Cl1: HI8-Cl1: 3.051A: CI18+-Cll: 3.849 A: chains composed of corrolato-tin(IV)-chloride molecules,

/CI8-H18+-Cll: 144.70°] dictates such kind of dimer interconnected by intermolecular C—H-+-Cl hydrogen bonding
interaction. This kind of supramolecular 1D linear chain

formation is mainly aided by the C-H-:--Cl hydrogen bonding
interactions [Bonding parameters of C-H:--Cl; H:--Cl: 2.915;&;
C.---Cl: 3.730 10\; ZC — H:---Cl: 147.08°] (Fig. 5). Two of these
70 linear 1D polymeric chains in 3B are interconnected by C-H---N

arrangements (Fig. 4). n—n stacking interactions (the shortest hydrogen bonding interactions [Bonding parameters of C-H---N;

distance between two carbon atoms of the interacting rings was H---N:2.595A; C ---N: 3.285 A; ZC-H---N: 131.32°] and forms
15 3.38 A) exist between the C34-C35-C36-C37-C38-C39 (phenyl a duplex structure. Thus the tin corroles, as described herein, can
ring) and the all four pyrrole rings of corrole in the packing assen?ble. on inFermolecular 1§V€1 through C-H:--Cl hydrogen
diagram. In addition to that, n—r stacking interactions also exist 7> bonding interactions. H.--Cl dlStan.CCS are 2'84.8‘.& 3.051A, and
between the N3-C11-C12-C13-C14 (pyrrole I'il'lg) and N4-C16- 2.915 A for lB, 2B, and 3B respectlvely. In addlthIl, Z/C-H---Cl
C17-C18-C19 (pyrrole ring).Pyrrole ring nitrogen atoms undergo angles .are 119.72°, 144.70°, ‘?nd 147.08° for 1B, 2B, and 3B
deviation by distances ranging from (—0.3179) — (+0.0619) A respectively. Although these dlsotances are very close to the van
with respect to the corrole plane in 3B. Dihedral angles between der Waals cut-off distance (3.0 A) for H---Cl hydrogen bonding,

the meso- substituted phenyl rings and the corrole plane range * however, a plenty of literature reports suggest that these
from 48.727—61.52°. In the packing diagram of the corrolato- interactions should be considered as genuine C—H---Cl hydrogen
bonding interactions.* Fine tuning of these intermolecular

hydrogen bonding interactions leads to different kind of
architectures; linear chains, and molecular sieves. For three of the

is actually an assembly of one dimensional (1D) linear polymeric

formation. The distance between two Sn(IV) ion in the dimer is
6.985 A. However these dimers are not interconnected instead
s they are arranged independently in a particular fashion
throughout the crystal lattice. Along the crystallographic b-axis,
they form rectangular channel (dimension = 16 x 7 A) like

4

S

tin(IV)-chloride molecules (3B), cyanide and bromide groups of
45 two adjacent corrolato-tin(IV)-chloride molecules are facing
towards the same direction. The distance between two

neighbouring Sn(IV) ion is 8.258(5) A Packing diagram of 3B above mentioned 1D supramolecular networks, it was observed
indicates that it that in one case it forms dimers and in other two cases it forms

1D infinite polymer chains.

4 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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Self aggregates of tin(IV)corroles

The nano-aggregates of tin corroles were developed in
dichloromethane (DCM) and petroleum ether solvent mixture and
after drop casting was dried in open air, on a silicon wafer. The
s generated aggregates were then examined by using SEM and
AFM techniques. The SEM images of the aggregates are shown
in Fig. 6 and Fig. 8 respectively. In the cases of complexes 1B
and 3B, well defined and nicely organized three-dimensional
hollow nanospheres with diameter of ca. 676 nm (Fig. 6 and Fig.
10 7) and 661 nm (Fig. 8 and Fig. 9) were obtained. However in the
case of complex 2B, no such three-dimensional well organized
objects were obtained. These observations can be explained with
the help of Srinivasarao model.”> According to this model, any
molecular material, when dissolved in a solvent or solvent
15 mixture denser than water and dried in open air, gives rise to two-
dimensional air bubbles for those molecules where negligible

Fig. 8 SEM images of the 3B in DCM—Hexane mixture; nanospheres are
35 seen.

% Occurence

400 500 600 700 800
Diameter (nm)
O g Gl Fig. 9 Particle size distribution histograms of nanospheres of 3B.

Fig. 6 SEM images of the 1B nanospheres in DCM—Hexane mixture.

20

N - -
QL Carbon Nitrogen
2 40-
]
S
-
S
(@) 204
e
e\ 7 Oxygen Chlorine Tin
N i o |
Fig. 10 EDX element map obtained from the surface of the nanospheres
500 600 . 700 800 900 of 1B showing the presence of the entire constituent elements: C, N, O,
Diameter (nm) Snand Cl.

Fig. 7 Particle size distribution histograms of nanospheres of 1B.

45 formation of 1D infinite polymer chains in 1B and 3B only but
not in the case of 2B. The justification behind the formation of
three-dimensional objects with specific morphology can be
understood with the help of solute-solvent interaction during the
solvation processes which affects the thermodynamic and kinetic

so factors for the generation of aggregates.”®>’ EDAX analysis of
the individual nanospheres obtained from 1B molecules clearly
confirm their composition and it indicates that spheres are
actually composed of 1B molecules only (Fig. 10).

intermolecular interactions exist and three-dimensional networks
25 for those molecules where there is a significant intermolecular
interaction. In the present case of study, as the density of DCM is
higher than that of water and also due to the presence of
significant intermolecular interaction in the complexes 1B, and
3B, three-dimensional well organized objects were formed
30 specifically in 1B and 3B only. With reference to this, it should
be mentioned here, that from X-ray crystal structure analysis it
has been observed that intermolecular interactions resulted in the

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 0000 | 5
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Fig. 11 (a) Schematic presentation of the device {Ag/ITO/1B-nanospheres/ITO/Ag}, (b) I-V characteristics of the device, (c) AFM images showed the 1B-
nanospheres, and (d) Current mapping of 1B-nanospheres by conductive atomic force microscopy.

s All the elements of 1B are present in those spheres and their
weight percentages are also very close to their actual weight
percentages in the 1B molecules. EDAX analysis of the
individual nanospheres obtained from 3B molecules also

generates same information like 1B molecules (Fig. S117).

10 I-V characteristics and CAFM measurements

A device was fabricated with the following composition:
Ag/ITO-coated glass/1B-nanospheres/ITO-coated glass/Ag (see
the experimental section and Fig. 11a). Fig. 11b shows I-V
characteristics of the device. From the [-V characteristics, it
15 appears that the current increases linearly with increasing voltage,
indicating an Ohmic characteristic of the device. It also appears
that the potential barrier at the interface between the ITO/1B-
nanospheres is very low. The resistance of the nanostructured
film, generated from 1B-nanospheres, has been obtained from the
20 reciprocal of the slope of the I-V plot. The observed resistance
was found to be ~ 4.8x107 Q. From the I-V plots, it appears that
the Ohmic characteristic of the device is maintained up to +10 V.

This observation is a significant improvement from the earlier
values as reported by Schwab er al®® They used the self-
»s assembled  nanorods  obtained meso-tetrakis(4-
sulfonatophenyl)porphine for the first time and observed that in
the dark it acts like an insulator in the voltage range of -0.5 to
+0.5 V, with a resistance of 2.4x10% Q. This resistance value is
very close to our observed resistance value. The resistivity (p) of
30 the nanostructured film was obtained by using the equation™: p =
RA/t, where R is the resistance, A is the effective area of the
electrode, and ¢ is the thickness of the nanostructured film (Fig.
11a). The effective thickness of the nanostructured film was
confirmed from the AFM height profile which turned out to be
35 ~200 nm (Fig. 11c) and thus, perfectly suits for device
application. By making an assumption that the thickness of the
nanostructured film is uniform over the ITO surface, the
resistivity (p) of the device was calculated to be ~2.4x10® Q.cm
and was found to fall in the zone of semi-insulating materials.
4 Theses semi-insulators have found extensive applications in
developing high-electron-mobility transistors. To understand the
current conduction pathways in the device and also the local

from

6 | Journal Name, [year], [vol], 00—00
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electrical properties, conductive atomic force microscopy
(cAFM) measurements of the 1B-nanospheres/ITO configuration
were performed by using a Pt coated Si tip (radius ~ 30 nm).
Stable images were obtained upon continuous scans on different
regions of the device and confirm that the molecules are
uniformly and strongly bound to the ITO surface. cAFM current
maps at 10 V bias show bright spots with 10-20 pA intensity
(Fig. 11d) which indicate that nano-spheres are preferentially
electron-conducting pathways in the device. It is evident from the
CAFM measurements that these active domains are spherical in
shape with an average size of ~250 nm in diameter (shown by the
yellow circle in Fig. 11d). The semi-insulating behaviour of the
nanospheres can be easily understood from the qualitative model
described by Schwab et al. All the measurements were carried out
in dark (i.e., no photo excitation was present during the
experiment). We can consider the aggregated Sn(IV) corrole
based nanospheres as assemblies/groups of Sn(IV) corrole
molecules. The spatially localized HOMOs of the Sn(IV) corrole
molecules®®are the conduction pathways in the device. As the
electron coupling is less in filled HOMOs, therefore, electron
transfer occurs mainly through hoping mechanism. Electron
transports through filled HOMOs are not at all facile and it
requires the access of the higher energy levels as discussed in
earlier reports.’ 6%

Conclusions

We have presented here the synthesis of three novel
tin(IV)corrole  derivatives. Purity and identity of these
tin(IV)corroles derivatives have been demonstrated by various
spectroscopic techniques and elemental analysis. The '"H NMR
spectra of the tin(IV)corroles derivatives show sharp resonances,
which indicate their diamagnetic characteristics. Careful
observation of the packing diagrams of 1B and 3B reveals
assemblies of one dimensional (1D) polymeric chains composed
of corrolato-tin(IV)-chloride throughout the crystal lattice. The
C-H---Cl hydrogen bonding interaction is the driving force for
this kind of supra-molecular 1D chain formation. However in
case of 2B, packing diagram indicate that neighbouring corrolato-
tin(IV)-chloride molecules are interconnected by intermolecular
C-H:---ClI hydrogen bonding interactions to form dimers. In the
cases of complexes 1B and 3B, well defined and nicely organized
three-dimensional hollow nanospheres with diameter of ca. 676
nm (1B) and 661 nm (3B) were obtained (SEM images on silicon
wafers). However in the case of complex 2B, no such three-
dimensional well organized objects were obtained. A device was
fabricated with the following compositions: Ag/ITO-coated
glass/1B-nanospheres/ITO-coated glass/Ag. The resistance of the
nanostructured film, generated from 1B-nanospheres, has been
obtained from the the slope of the I-V plot. The observed
resistance was found to be ~ 4.8x107 Q, which falls in the range
of semi-insulating materials. cAFM current maps at 10 V bias
showed bright spots with 10-20 pA intensity confirming the fact
that nanospheres are preferentially electron-conducting pathways
in the device. The spatially localized HOMOs of the Sn(IV)
corrole molecules have been speculated to be the conduction
pathways in the device. From the obtained resistivity profile, the
nanostructured film can be better called as a semi-insulator.
These semi-insulating tin(IV) corroles can be useful from the

100

105

110

perspective of the construction of high-electron-mobility
transistors (HEMT).

Experimental section
Materials

The precursors pyrrole,  p-chloranil, and 2.4.,5-
trimethoxybenzaldehyde were purchased from Aldrich, USA. 4-
cyano benzaldehyde, 4-bromo benzaldehyde and tin(II) chloride
were purchased from Merck, India. Other chemicals were of
reagent grade. Hexane and CH,Cl, were distilled from KOH and
CaH, respectively. For spectroscopy and electrochemical studies

HPLC grade solvents were used. The free base corroles 10-(2,4,5-

Trimethoxyphenyl)-5,15-bis(4-cyanophenyl)corrole, 1A,
5,10,15-Tris(4-cyanophenyl)corrole, ~ 2A,”  and  10-(4-
Bromophenyl)-5,15-bis(4-cyanophenyl)corrole, 3A% were

prepared according to published procedures.
Characterization

UV-Vis spectral studies were performed on a Perkin—Elmer
LAMBDA-750spectrophotometer. Emission spectral studies were
performed on a Perkin Elmer, LS 55 spectrophotometer using
optical cell of 1 cm path length. The elemental analyses were
carried out with a Perkin—Elmer 240C elemental analyzer. The
NMR measurements were carried out using a Bruker AVANCE
400 NMR spectrometer. Chemical shifts are expressed in parts
per million (ppm) relative to residual chloroform (6= 7.26).
Electrospray mass spectra were recorded on a Bruker Micro
TOF—QII mass spectrometer. SEM images of the nanoparticles
were captured by using a field emission gun scanning electron
microscope (FEGSEM) system (Zeiss, Germany make, Supra
55). For fabrication of tin(IV) corrole based devices, ITO-coated
glass was used as the substrate. The electrical transport property
of Ag/ITO-coated glass/1B-nanospheres/ITO-coated glass/Ag
was measured by studying -V characteristics using a source
meter (Keithley, 2410) based measurement setup. All
measurements were carried out on several sets of samples to
ensure the repeatability and reproducibility. Conducting atomic
force microscopy (cAFM) was used to measure the local electric
properties of the samples. cAFM was carried out by ex-situ
atomic force microscopy (AFM) (Asylum Research, MFP3D) in
the contact mode with a Pt coated Si cantilever (from NT-MDT)
having a radius of curvature of ~35 nm. For each sample, several
images were taken from different regions to check the uniformity
and to estimate the average conducting area.

Crystal Structure Determination

Single crystals of 10-(2,4,5-Trimethoxyphenyl)-5,15-bis(4-
cyanophenyl)corrolato-tin(IV)-chloride, 1B, 5,10,15-tris(4-
cyanophenyl)corrolato-tin(IV)-chloride, 2B and 10-(4-

bromophenyl)-5,15-bis(4-cyanophenyl)corrolato-tin(IV)-chloride,
3B were grown by slow diffusion of solutions of the 1B, 2B and
3B into hexane, followed by
evaporation under atmospheric conditions. The crystal data of 1B,
2B and 3B were collected on a Bruker Kappa APEX II CCD
diffractometer at 293 K. Selected data collection parameters and
other crystallographic results are summarized in Table 1. All data
were corrected for Lorentz polarization and absorption effects.
The program package SHELXTL®' was used for structure

in dichloromethane slow
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solution and full matrix least squares refinement on F>. Hydrogen
atoms were included in the refinement using the riding model.
Disordered solvent molecules were taken out using SQUEEZE®
command in PLATON. CCDC 988125, CCDC 988126, and
CCDC 988127 contain the supplementary crystallographic data
for 1B, 2B, and 3B respectively. These data can be obtained free
of charge via www.ccdc.cam.ac.uk/data_request/cif.

Syntheses

10-(2,4,5-Trimethoxyphenyl)-5,15-
bis(4cyanophenyl)corrolato-tin(IV)-chloride, 1B

1B was prepared by slight modifications of the available
procedure of corrolato-tin(IV)-chloride synthesis.”” 100 mg (0.15
mmol) of the free base corrole, 1A was dissolved in 20 mL of
DMF. Then 285 mg (1.50 mmol) of tin(Il) chloride was added to
the reaction vessel under reflux condition and the stirring was
continued till 1 h. Formation of the product was confirmed by
TLC examination. The solvent was removed completely by rotary
evaporation. The crude product was then purified by column
chromatography using silica gel (100-200 mesh) with
dichloromethane as eluent. After recrystallization from
dichloromethane and hexane, 81 mg (100 wumol) of pure
crystallline compound was collected (66%). Anal. Calcd (found)
for C4;H»;CINgO5Sn (1B): C, 61.68 (61.52); H, 3.33 (3.49); N,
10.28 (10.13). Apa/nm (/M 'em™) in dichloromethane: 423
(176330), 532 (5477), 572 (9850), 605 (24910) (Fig. S1). 'H
NMR (400 MHz, CDCl;) & 9.28 — 9.25 (m, 2H), 9.09 — 9.03 (m,
2H), 8.87- 8.85(m, 2H), 8.81 — 8.79(m, 2H), 8.12 (broad s, 8H),
7.78 (s, 1H), 6.94 (s, 1H), 4.19 (s, 3H), 4.01 (s, 3H), 3.37 (s, 3H).
1B displayed strong fluorescence at 618.5 nm and 673 nm in
dichloromethane (Fig. 1). The electrospray mass spectrum of 1B
in acetonitrile showed peaks centered at m/z 818.07
corresponding to [1B] * (818.08 calcd for Cy4,H,,CINgO3Sn).

5,10,15-tris(4-cyanophenyl)-corrolato-tin(IV)-chloride, 2B

2B was synthesized by a procedure similar to 1B, starting with
100 mg (0.166 mmol) of the free base corrole, 2A and 315.5 mg
(1.66 mmol) of tin(II) chloride. The crude product was purified
by column chromatography using silica gel (100-200 mesh) with
20% MeCN and 80% dichloromethane as eluent. After
purification, the compound was kept for recrysallization to afford
crystals of 2B (81 mg, 110 umol, 67%). Anal. Calcd (found) for
C4H0CIN;Sn (2B):C, 63.82 (63.69); H, 2.68 (2.78); N, 13.02
(12.91). Apay/nm (e/M'em™) in dichloromethane: 424 (210000),
532 (10556), 569 (13037), 604 (27927) (Fig. S11). 'H NMR (400
MHz, CDCl;) 6 9.36 — 9.31 (m, 2H), 9.16 — 9.12 (m, 2H), 8.88 —
8.84 (m, 4H), 8.57 (d, J = 7.5 Hz, 2H), 8.35 — 7.84 (m, 10H). 2B
displayed strong fluorescence at 619 nm and 672.5 nm in
dichloromethane (Fig. 1). The electrospray mass spectrum of
5,10,15-tris(4-cyanophenyl)-corrolato-tin(IV)-chloride, 2B in
acetonitrile showed peaks centered at m/z 753.034
corresponding to [2B] * (753.049 calcd for C4oH,,CIN;Sn).

10-(4-Bromophenyl)-5,15-bis(4-cyanophenyl)-corrolato-
tin(IV)-chloride, 3B

3B was synthesized by a procedure similar to 1B, starting with
100 mg (0.153 mmol) of the free base corrole, 3A and 290.1 mg
(1.53 mmol) of tin(Il) chloride. The crude product was then
purified by column chromatography using silica gel (100-200
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mesh) with 20% MeCN and 80% dichloromethane as eluent.
After purification, the compound was kept for recrysallization to
afford crystals of 3B (85 mg, 110 umol, 69%). Anal. Calcd
(found) for C3HyBrCINgSn (3B):C, 58.07 (58.52); H, 2.50
(2.60); N, 1042 (10.79). Agp/nm (/M 'em™)  in
dichloromethane: 423 (160700), 529 (6680), 570 (7251), 606
(18995) (Fig. S11). "H NMR (400 MHz, CDCl;) & 9.33 — 9.29
(m, 2H), 9.14 — 9.08 (m, 2H), 8.95 — 8.90 (m, 2H), 8.86 — 8.81
(m, 2H), 8.30 — 7.82 (m, 12H). *C NMR(101 MHz, CDCLy) &
111.0, 112.1, 1164, 118.5, 119.1, 122.9, 126.6, 127.3, 129.2,
130.9, 131.0, 131.7, 135.2, 1354, 136.2, 138.4, 139.6, 140.2,
143.7, 145.0 (Fig. S21). 3B displayed strong fluorescence at
618.8 nm and 671 nm in dichloromethane (Fig. 1). The
electrospray mass spectrum of 10-(4-bromophenyl)-5,15-bis(4-
cyanophenyl)-corrolato- tin(IV)-chloride, 3B in acetonitrile
showed peaks centered at m/z 771.001 corresponding to

s [3B—CI] * (770.995 calcd for C39H,,BrNgSn).
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