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Thallium I phenylsuccinic acid coordination polymer as
precursor for preparation of thallium (III) oxide nano
structures by direct thermal decomposition
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A new thallium (I) coordination polymer [T1(PsucH)],, (PsucH = phenylsuccinic acid) has been synthesized and charac-
terized by single crystal X-Ray analysis, elemental analysis and IR spectroscopy. The single crystal X-Ray analysis shows that
this polymer is 2-D along a axis. Flower-like nanostructure thallium (III) oxide, Tl;O3 has been prepared by direct thermal
decomposition of thallium (I) coordination polymer. The nanostructure was characterized by scanning electron microscopy
(SEM), X-Ray powder diffraction (XRD) and IR spectroscopy. The thermal stability of the Tl O3 nanostructure was studied by

thermal gravimetric analysis and differential thermal analysis (TGA /DTA) too.

Keywords: thallium (I); coordination polymer; nanostructure; thallium (I111) oxide

© Wroclaw University of Technology.

1. Introduction

Coordination polymers represent an important
interface between synthetic chemistry and mate-
rial science. There has been recently considerable
interest in the design and synthesis of coordina-
tion polymers for their novel structural architec-
tures and favorable properties of ion exchange, ad-
sorption, nonlinear optics and magnetism [1-14].
However, there still remain many problems to over-
come before the synthesis of coordination poly-
mers with a desired topology is possible. Many
parameters are involved in the formation of the
metal-organic framework (MOF), such as the metal
and its different coordination spheres, the influ-
ence of the counter-anion, the metal/ligand ratio,
the flexibility and nature of the organic building
blocks, the number and orientation of the coordi-
nating sites in the ligands, and the solvent of re-
crystallization [15-20]. Thallium as a heavy ele-
ment of group 13 has two oxidation states of +1
and +3. The number of TI/ supramolecular poly-
mers which has been reported for this metal ion is
significantly lower than for other metal ions. T1 fa-
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vors to form neutral species with anionic ligands.
Thallium (I) usually favors to form T1... TI, Tl... C,
TI. .. H secondary interactions especially on its va-
cant coordination sphere with stereo-chemically
active lone pair which indicates that thallium (I)
ion reflects the capacity to act as both a Lewis acid
and a Lewis base [21-23]. In this paper we describe
one of thallium (I) coordination polymers, thal-
lium (I) phenylsuccinic acid [T1(PsucH)], and its
use for preparation of Tl,O3 nanostructure. Thal-
lium (III) oxide is a highly conductive and de-
generate n-type semiconductor which may have a
potential use in solar cells. A method of produc-
ing Tl,O3 by MOCVD is known. The powder was
characterized by means of powder X-Ray diffrac-
tion (XRD), scanning electron microscopy (SEM),
IR spectroscopy, thermal gravimetry analysis and
differential thermal analysis (TGA and DTA).

2. Experimental section

2.1. Materials and physical techniques

All reagents and solvents for the synthesis and
analysis were commercially available and used as
received. IR spectra were recorded using Perkin-
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Elmer 597 and Nicolet 510P spectrophotometers.
Microanalyses were carried out using a Heraeus
CHN-O-Rapid apparatus mand are uncorrected.
Melting points were measured on an Electrother-
mal 9100 apparatus. X-Ray powder diffraction
(XRD) measurements were performed using an
X’pert diffractometer of Phillips company with
monochromatized CuK,, radiation. The crystallite
size of selected samples was estimated using the
Sherrer formula. Crystallographic measurements
were made at 100(2) K using a Bruker APex II
Kappa CCD area detector. The intensity data were
collected using graphite monochromated Mo-K4,
radiation (A = 0.71073 A). Accurate unit cell pa-
rameters and the orientation matrix were obtained
from least squares refinement. Intensities were in-
tegrated from several series of exposures measured
every 0.5° in w or ¢ using the Apex II. Absorp-
tion corrections were based on equivalent reflec-
tions using SADABS [24], and structures were re-
fined against all Fo? data with hydrogen atoms (on
carbon and oxygen atoms) riding in calculated po-
sitions using SHELXL [25]. The molecular struc-
ture plots were prepared using ORTEP and Mer-
cury [26]. Crystallographic data and details of the
data collection and structure refinements are listed
in Table 1. The observed anisotropic thermal pa-
rameters, the calculated structure factors, and full
lists of bond distances, bond angles and torsion an-
gles are given in the supplementary material. TGA
and DTA curves were recorded using PL-STA 1500
device manufactured by Thermal Science in a static
atmosphere of nitrogen. The nano-oxide with gold
coating was characterized with a scanning electron
microscope (SEM) (Philips XL 30).

2.2. Synthesis of [TI(PsucH)],

The compound [TIl(PsucH)],, was prepared as
follows: 1 mmol of phenylsuccinic acid was dis-
solved in 10 ml methanol and was mixed and
stirred with a solution of 1 mmol (0.057 g) KOH
in 5 ml H,O. Then a solution of 1 mmol TINOj3
in 5 ml H,O was added to the mixture and was
refluxed for 3 h. After filtering, it was allowed
to evaporate for several days and then suitable
white crystals were obtained: Melting point 240 °C,

Anal. Found: C, 30.28; H, 2.21; O, 16.14. Calc.
for C1oHoO4T1: C, 30.21; H, 2.28; O, 16.09%. IR
(cm™!) selected bands: 535 m, 640 m, 850 m,
1166 m, 1285 vs, 1529 m, 2221 w and 3203 vs.

2.3. Preparation of thallium (III) oxide
nanostructure

The [T1(PsucH)], was calcined at 600 °C un-
der air atmosphere. The whole organic component
was combusted and the thallium (III) oxide nano-
structure was produced.

3. Results and discussion

Reaction of phenylsuccinic acid ligand with
thallium (I) nitrate provided a single crystal of
[T1(PsucH)],. The single crystal structure shows
that this compound in the solid state is a 2-D poly-
mer along a-axis and crystallizes in the monoclinic
space group P 2/c respectively (Table 1).

The deprotonated carboxylate group on the lig-
and acts as both chelating and bridging group so
that O2 bridges to two thallium atoms, while O1
bridges to one thallium atom. The O4 atom of de-
protonated carboxylic acid acts as a bridging group
between 3 thallium atoms. There is only one thal-
lium atom with coordination number 8 and bond
distance between 2.74 — 3.26 A. It seems that the
6S? lone pair electron of thallium is inactive in
this polymer. There is no secondary interaction of
T1...Tl, Tl...H and TI...C in the structure too
(Figs. 1 and 2).

Nanostructure of Tl,O3 has been generated by
thermal decomposition of [Tl(PsucH)],. The fi-
nal product upon calcination of [Tl(PsucH)], at
600 °C, identified based on its IR, XRD patterns,
TGA and DTA analysis, is Tl,Os3.

Fig. 3 shows an X-Ray powder diffraction
pattern of Tl,O3 nano-structure after calcination
of [T1(PsucH)], compound. The XRD pattern of
T1,03 nanostructure after calcination is almost the
same, and it is in a good agreement with a typi-
cal structure of Tl,O3 diffraction pattern (JCPDS
No.33-1404). The diffraction peaks shown in Fig. 3
accord with the cubic crystal system with the
space group of P 2;/c and lattice parameters of
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Table 1. Crystal data and structure refinement for [T1(PsucH)],,.

Identification code A
Empirical formula CioHyoO4T1
Formula weight 397.54
Temperature 291(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2(1)/c

Unit cell dimensions
b=6.7680(11) A
c = 9.8850(16) A

a=15.6680(12) A
B =96.207(9)°
Y =90°

o =90°.

Volume 1042.1(3) A3
Z 4

Density (calculated) 2.534 Mg/m?
Absorption coefficient 15.489 mm™!
F(000) 728

Crystal size

Theta range for data collection
Index ranges

Reflections collected 4516
Independent reflections
Completeness to theta = 25.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I > 2sigma(I)]
R indices (all data)

Largest diff. peak and hole

1.023

0.22 x 0.11 x 0.09 mm?
2.62 to 25.50°.
—18<h<18,-7<k<8,—-11<1<10

1802 [R(int) = 0.1108]

93.3 %

Semi-empirical from equivalents
0.3371 and 0.1323

Full-matrix least-squares on F?
1802/0/112

R1 =0.0905, wR2 = 0.2266
R1=10.1148, wR2 = 0.2479
5.504 and —4.248 ¢ 3

a = 10.5700 A and Z = 16. There is no unknown
peak in the XRD pattern, what means that no im-
purities were detected. Sharp diffraction peaks in-
dicate good crystallinity of TI,O3; nanostructure
prepared from the [TI(PsucH)], compound. The
broadening of the peaks indicates that the particles
were of nanometer scale. The average grain size D
has been estimated from the Scherer formula:

D=0.8911/Bcos6 (D

where A is the X-Ray wavelength (0.17889 nm),
and 6 and B are the diffraction angle and full-

width at half maximum of an observed peak, re-
spectively [27, 28]. Upon the main peak, the ave-
rage size of the particles in the sample was calcu-
lated to be 95 nm, which is in agreement with that
observed from the SEM image (Fig. 4).

It shows that the amount of crystalline phase
in the final product is very high. Thermogravi-
metric analysis and differential thermal analysis
(TGA/DTA) were carried out to show that the prod-
uct after calcination of [T1(PsucH)], did not con-
tain any impurities. There is no noticeable loss of
weight in the TGA curve that would prove the ex-
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Fig. 1. Crystal packing for [TI(PsucH)],.

istence of thallium (III) oxide which does not de-
compose in this temperature range. The broad peak
at DTA may be due to inaccuracy of the measuring
instrument (Fig. 5).

4. Conclusion

One thallium (I) coordination polymer
[T1(PsucH)],, was synthesized and characterized
by single crystal X-Ray analysis, elemental anal-
ysis and IR spectroscopy. We have successfully
synthesized nanocrystalline Tl,O3 nanoparticles
through calcination of a new TI(I) coordination
polymer. As it was previously mentioned the
synthesis of nano TI,O3 is not possible by usual
method such as sonochemical and hydrothermal
and here we have shown that coordination polymer
could be a very good precursor for synthesis of
nanothallium (III) oxide and we hope nanometal
oxide particles with different shapes, obtained
from different polymer precursors.

Fig. 2. ORTEP representation of the molecular struc-
tures of [TI(PsucH)],. Thermal ellipsoids are
drawn at the 50 % probability level.
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Fig. 3. The XRD pattern of Tl,O3 produced by calcina-
tion of [T1(PsucH)],,.

Fig. 4. The SEM image of Tl,O3; nanoparticles pro-
duced by calcination of [TI(PsucH)],,.
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Fig. 5. TGA-DTA curves of Tl,O3 nano-structure pro-
duced by calcinations of [TI(PsucH)],.

5. Supplementary material

Complete bond lengths and angles, coordinates
and displacement parameters have been deposited
at Cambridge Crystallography Data Center. Sup-
plementary data are available from the CCDC, 12
Union Road, Cambridge CB2 1EZ, UK on request,
quoting the deposition number 850743 for com-
pound 1.
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