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Abstract: Two homogeneous compounds, {(4-CH;-Bz-4-Ph-Py)[Pbl;]}, (1) (4-CHs-Bz-4-Ph-Py=4-methylbenzyl-4-
phenylpyridinium) and {(4-CFs-Bz-4-Ph-Py) [Pbl;]}, (2) (4-CF;-Bz-4-Ph-Py =4-trifluoromethylbenzyl-4-phenylpyri-

dinium), have been synthesized and characterized by elemental analysis and single-crystal X-ray diffraction.

Compound 1 crystallizes in orthorhombic, space group P2,2,2, and compounds 1 and 2 are isostructural. Structure

analyses reveal that iodoplumbate ion exhibits octahedron topology in compounds 1 and 2, and all these

octahedron topologies form 1D polymeric chain through edge-sharing connecting modes. The organic cation fill in
the gap formed by inorganic iodoplumbate polymeric chain. CCDC: 1572362, 1; 1572361, 2.
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0 Introduction

Haloplumbate-based hybrids have been received
considerable research interests due to their tunable
structures from the discrete mononuclear or polynuclear

species  (zero-dimensional, OD) to the infinite variety

with higher dimensionality " (one-dimensional '**),

WeHs B #1.2017-04-22, Wt 2 H 41.2017-08-02,,

two-dimensional™" or three-dimensional®; hereafter
abbr. as 1D, 2D and 3D, respectively) and the wide
range of novel physical properties, beneficial in
optics"™ and electronics!"?",

In the context of haloplumbate-based hybrids, the
perovskite-type ones have attracted tremendous rese-

arch interest. The 3D haloplumbate-based perovskites,

VLR F AR PR35 (No.BK20170145) L9548 HOB T mike A SARF W5 17 _E 35T H (No. 15KIB150019) 7T 5 48 i A% 2 4 K 2 A 52 B B

LRI (No.201511460027Y) 7 B
SRR R A, E-mail :ahchljygj@163.com



1856 Jd Hl fk

&
bt
gl

#o% 4R

CH;NH;Pbl;_Cl,, with much lower exciton binding
energies and intense light absorption over the whole
visible light region have been employed as absorbers
in solar cells. It is remarkable that the records of
certified power conversion efficiencies have being
constantly updated and over merely a few years, the
power conversion efficiency has been enhanced to
209%™, Most recently, the CH;NH;PbI; Cl, perovskites
have been found to show amazing bipolar and bistable
resistive switching behavior with small on-off voltage
lower than 1.0 V in a simple metal-dielectric-metal
capacitor configuration device memory field™. The 2D
haloplumbate-based hybrids, (N-MEDA)-[PbBr,_CI,]
(N-MEDA =N-methylethane-1,2-diammonium, x=0~1.2),
are single-phase white-light emitters, and their broad-
band emission across the entire visible spectrum
arises from corrugated lead halide sheets. Interes-
through halide

“cold” white

emission is tunable

tingly, the
substitution to afford both “warm” and
light in such haloplumbate-based wide-band gap semi-
conductors!. The 1D iodoplumbate-based hybrids were
reported to display ferroelectricity, wherein the
polarization is switchable under an alternating current
electrical field™!.

In addition, a 3D
[(EDAMP),(Pby1,5) -4H,0], (EDAMP =Et,NHCH,CH.Cq

H,NHEL), in which the inorganic framework is built

open-framework  hybrid,

from purely octahedral Pblg units and behaves as a
quantum-wire array, shows a fascinating wavelength-
dependent photochromic behavior™. Tts color changes
from yellow to olive green under illumination with A=
500 nm light and further to dark green with light of
A < 500 nm. Most interestingly, the reversion of the
color for the hybrid can be accomplished by heating,
indicating that this hybrid possesses switchable
photochromic nature. It is well known that a material
with switchable functionality through external stimuli,
such as thermally-triggered, irradiation-induced and
applied pressure, is very useful for application in the
fields of sensors, memory and data storage™?,

In this study, we report the syntheses, crystal

structures and thermal properties of two iodoplumbate-

based hybrids, {(4-CH;-Bz-4-Ph-Py)[PbL]}, (1) and {(4-

CF3-Bz-4-Ph-Py)[PbLy]}, (2).
1 Experimental

1.1 Materials and general methods

All chemicals and solvents were reagent grade
and used without further purification. Elemental
analyses for C, H and N were performed with an
Elementar Vario EL Il analytic instrument. Powder
(PXRD) data for 1 and 2 were

collected on a Rigaku/max-2550 diffractometer with

X-ray diffraction

Cu Ka radiation (A=0.154 18 nm) at room temperature
with acceleration voltage of 40 kV and current of 40
mA. The data were collected in the 26 range from 5°
to 50°. Electric spray ionization mass spectra were
performed on LCO Fleet ESI Mass Spectrometer.
1.2 Synthesis of {(4-CH;-Bz-4-Ph-Py)[Pbl;]}, (1)
[4-CH;-Bz-4-Ph-Py|Br. 4-Methylbenzyl bromide
(14-CH;-Bz|Br, 370 mg, 2 mmol) and 4-Phenylpyridine
(4-Ph-Py)(310 mg, 2 mmol) were mixed under stirring
(25 mL) at 55 °C and the formed purple

microcrystal product was filtered off, washed with

in acetone

acetone and then dried in vacuum at room tempera-
ture to give 670 mg of [4-CH;:-Bz-4-Ph-Py|Br (Yield:
92%). Elemental analysis calculated for C,HsNBr(%):
C, 67.07; H 5.33; N, 4.12. Found(%): C, 67.02, H,
5.30, N, 4.09. MS-ESI: m/2=260.25 ([4-CH3-Bz-4-Ph-
Py[).

{(4-CH;-Bz-4-Ph-Py)[PbL]}, (1). A mixture of [4-
CH;-Bz-4-Ph-Py|Br and KI and Pbl, with a molar ratio
of 1:1:1 in DMF (25 mL) was placed in an oven and
slowly evaporated at 55 °C for 10~14 days to produce
light yellow needle-shaped crystals in ca. 95% yield.
Elemental analysis calculated for CyHsN,Pbslg(%): C,
23.40; H,1.86; N, 1.44. Found(%): C, 23.36, H, 1.84,
N, 1.41.

1.3 Synthesis of {(4-CF;-Bz-4-Ph-Py)[PbL;]}, (2)

[4-CF3-Bz-4-Ph-Py|Br. The synthesis of [4-CFs-
Bz-4-Ph-Py|Br was similar with [4-CH;-Bz-4-Ph-Py|Br
except 4-trifluoromethylbenzyl bromide ([4-CF;-Bz]Br,
478 mg, 2 mmol) was used instead of [4-CH;-Bz|Br.
Yield: 92%. Elemental analysis calculated for CigH sk
NBr(%): C, 57.89; H 3.84; N, 3.55. Found(%): C,
57.86, H, 3.82, N, 3.53. MS-ESI: m/z=314.25 ([4-CF5-
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Bz-4-Ph-Py[").
{(4-CF5-Bz-4-Ph-Py)[PbL;]}, (2).
2 was similar with 1 except [4-CF;-Bz-4-Ph-Py|Br was
used instead of [4-CH3-Bz-4-Ph-Py|Br. Yield: ca. 95%.
Elemental analysis calculated for CiHsFsN,Pbsls(%):
C, 20.15; H 1.33; N, 1.24. Found(%): C, 20.12, H,
1.30, N, 1.21.
1.4 X-ray crystallography

The synthesis of

The single-crystal X-ray diffraction data for 1
and 2 were collected at 296(2) K with graphite mono-
chromated Mo Ka (A=0.071 073 nm) on a CCD area
detector (Bruker-SMART). Data reductions and absor-

ption corrections were performed with the SAINT and
SADABS software packages™, respectively. Structures
were solved by a direct method using the SHELXL-
2014 software package™. The non-hydrogen atoms were
anisotropically refined using the full-matrix least-
squares method on F2. All hydrogen atoms were placed
at the calculated positions and refined riding on the
parent atoms. The details about data collection, stru-
cture refinement and crystallography are summarized
in Table 1.
CCDC: 1572362, 1; 1572361, 2.

Table 1 Crystallographic and structure refinement data for 1 and 2

Compound 2
Formula weight 848.26 902.23
Space group P222 P222
Crystal system Orthorhombic Orthorhombic
a/ nm 2.164 1(4) 2.175 6(3)
b/ nm 2.407 9(4) 2.445 0(4)
¢/ nm 0.451 37(8) 0.455 10(8)
V[ nm?® 2.352 1(7) 2.420 8(7)
A 2 2
D./ (gem™) 3.046 3.108
F(000) 1 896 1992
w/ mm 15.989 15.560
0 range for data collection / (°) 1.936~25 1.911~25.009
Index ranges 5<h<25-28<k<28,-5sl<5 -25<h<25-29<k<25-5=<I[<5
R 0.077 0 0.072 8
Independent reflection, restraint, parameter 4148, 168, 221 4 264, 88, 259
Refinement method Full-matrix least-squares on F*
Goodness of fit on F* 1.086 1.051

Ry, wR, [1>20(1)]
R\, wR; (all data)

(80) e (AP)uin / (€ -nm™) 2481, -3 672

R=0.087 4, wR,=0.225 4
R=0.095 1, wR,=0.230 0

R=0.081 1, wR,=0.201 0
R=0.089 2, wR,=0.205 3
2492, -2 789

Ri=SNE-IFIE), wR=[ S (S F2-F24 S w(FA"™
2 Results and discussion

2.1 Description of crystal structure

Compound 1 crystallizes in the P2,2,2 space
group at room temperature. The asymmetric unit, as
shown in Fig.1, consists of one Pb* ion and three
different 1~ anions together with one 4-CH;-Bz-4-Ph-

Py cation. The Pb** ion locates at an inversion center

and is coordinated with six I~ to form the slightly
distorted Pbls octahedron. The Pb-1 lengths range from
0.282 48(46) to 0.358 35(27) nm and the I-Pb-I angles
fall within the range of 80.393(74)°~171.711(108)° at
296 K, these geometry parameters within the coor-
dination octahedron are comparable to other iodoplu-
mbates. Three different 1~ ions adopt the us-bridged

model to connect three neighboring Ph?* ions. The
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Hydrogen atoms are non-labled for clarity

Fig.1 ORTEP view of 1 with thermal ellipsoids at 30%
probability level

Fig.2 Edge-sharing octahedral chain of [Phslg], in
compounds 1 and 2: (a) Stick and ball model;
(b) polyhedron model

adjacent Pbls coordination octahedral are connected
together via the edge-sharing mode to form a uniform
[Pb;ly], chain along the a-axis direction (Fig.2).

The cation is composed of a 4-phenylpyridine
and a 4-methylbenzyl, the neighboring cations are
aligned into quadrilateral-shaped 1D channels, and the
inorganic [Ph;lo], chains reside in the channels (Fig.3).
Charged-assisted  H-bonding interactions appear
between the CH, groups in the cations and the 1™ ions

in the inorganic chains. Compound 2 (Fig.4 ~5) is

Hydrogen atoms are non-labled for clarity

ORTEP view of 2 with thermal ellipsoids at 30%
probability level

Fig.5 Molecular packing diagram for compound 2
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isostructural with compound 1.
2.2 Thermal stability and powder X-ray
diffraction (PXRD)

To examine the thermal stability of compounds 1
and 2, TG analyses were carried out (Fig.7). The TG
study of compound 1 shows a weight loss of 26.09%
from 27 to 340 °C, corresponding to the loss of cation.
Then the compound starts to decomposes at 340 °C,
corresponding to the loss of anion. In the case of
compound 2, a weight loss of 31.47% from 19 to 345
°C, corresponding to the loss of cation. Then the com-
pound 2 starts to decompose at 345 °C, corresponding
to the loss of anion.

Powder

X-ray diffraction (PXRD)

experiments were carried out for 1 and 2 at room

analysis

Simulated

“‘ ‘ Experimental

temperature to characterize their purity. As shown in
Fig.7, the measured peak positions closely match the
simulated peak positions, indicative of pure

products.
1004

801
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Fig.6 TGA curves of compounds 1 and 2
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Fig.7  PXRD patterns of compounds 1 and 2
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