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Abstract

An organic-inorganic hybrid crystals, [1, 5-bis(1-methylimidazolium)pentane]-
[PbBr3], (1), were achieved through mutual diffusion of bi-imidazolium based ionic
liquid and PbBr; solution of DMF in a glass tube. The hybrid solid crystallizes in
orthorhombic space group Fdd2 at room temperature; and is comprised of
one-dimensional [PbBr3]., chains where the neighboring PbBrs coordination octahedra
are linked together via face-sharing mode and the inorganic chains are surrounded by
organic cations. The hybrid solid exhibits dielectric anomaly around 443 K and
dielectric relaxation above 400 K, the dielectric response mechanism was investigated
by variable-temperature X-ray single crystal and powder diffraction as well as DSC
techniques. Fascinatingly, this hybrid solid shows dual band emissions, moreover, the
fluorescence nature of two emission bands exhibits distinct response to temperature,
leading to displaying temperature-dependent fluorescence color, this feature has

promising application in the emission temperature-sensing field.

Keywords: Haloplumbate hybrid; dielectric anomaly; dielectric relaxation; dual band

luminescence; temperature-dependent emission
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Introduction

Multifunctional materials that exhibit different physical properties in a single
phase have potential for use in multifunctional devices.'” A typical multifunctional
material is ferromagnetic semiconductor that combines the capabilities of
semiconductor quantum structures and ferromagnetic multilayers for simultaneous
electrical, magnetic or optical responses.”’ In addition, the magnetically tunable band

gap® and control of magnetism by means of electric fields’"

are simultaneously
achievable in a ferromagnetic semiconductor owing to the existence of large sp-d
exchange interaction between the band electrons and the magnetic transition metal
ions. Another representative example is multiferroic material that the coexistence of
magnetism and ferroelectricity is even more desirable for constructing multifunctional
devices. '

Besides the above-mentioned multifunctional materials that the different
functionalities are mutually coupling, another category of multifunctional material
shows only the coexistence of multiple properties, such a material also has promising
application in the devices with multiple channels responding to external stimuli.'”"°
For example, Sun and coworkers'” reported a series of ionic iridium(IIT) complexes
simultaneously exhibiting mechanochromic, vapochromic and electrochromic
phosphorescence, and the corresponding data-recording device demonstrated that the
multiple data encryption and decryption is achievable via fluorescence lifetime
imaging and time-gated luminescence imaging techniques, respectively.

Up to date, in spite of challenges still remain in the synthesis of material with
desirable multifunctional properties, it is an efficient strategy for design and
preparation of such a material to combine molecular architectures with different types
of functionality in a single phase, this is so-called ‘multifunctional integrating
strategy’. For instance, Tao et al.,'’ recently achieved a fluorescent spin-crossover
(SCO) hybrid by grafting fluorophores (1-pyrenecarboxaldehyde and Rhodamine B)
on one-dimensional SCO Fe" structures, such hybrid materials display expected
one-step SCO behavior and fluorescent properties, particularly showing a coupling
between the transition temperature of SCO and the temperature where the fluorescent
intensity reverses.

In the context of multifunctional material, we target at the dielectric and

fluorescent ones based on the haloplumbate hybrids, because they have fertile
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structures from one- to three-dimension,’ tunable band gapszz’23 and novel

fluorescence nature.”* In addition, it is noted that a haloplumbate-based
amphidynamic crystal with anisotropic molecular order and controllable dynamics”
is achievable if the building blocks with volume-conserving motion (dynamic disorder)
are introduced into the haloplumbate hybrid lattice, since the disorder-to-order
structural transformation frequently occurs in an amphidynamic crystal, this is widely
believed to be coupled to dielectric anomales,”’”® such a haloplumbate-based
amphidynamic crystal probably displays novel dielectric and fluorescent properties
simultaneously.

The imidazolium-based organic cations have been broadly used for making an
ionic liquid since the imidazole ring shows low energy barrier of rotational and
orientational motion in lattice, which is an ideal building block for constructing an
amphidynamic crystal. In this paper, we present a hybrid crystal [1,5-bis(1-methyl-
imidazolium)pentane][PbBr;], designed by the ‘multifunctional integrating strategy’,
this hybrid solid really shows bi-functionality of dielectric anomaly and

temperature-dependent dual band emissions.

Experimental section
Chemicals and materials

All reagents and chemicals were purchased from commercial sources and used
without further purification. 1,5-bis(1-methylimidazolium)pentane bisbromide, was

synthesized according to the similar procedure described in the literature.™
Preparation of 1

[1, 5-bis(1-methylimidazolium)pentane][PbBr;], (1) This hybrid crystals were
achieved using the process below: PbBr; (0.01mol) mixed KBr (0.012 mol) in DMF
(25 mL) and then heated to 60 °C for 3 hours until all solid dissolved and the mixture
is labeled as solution-A; 1-methylimidazole (0.01 mol) and 1,5-dibromopentane (0.01
mol) were added in acetone (10 mL), then heated to 80 °C for 12 hours until turned
yellow viscous fluid, which is washed with ethyl acetate, and then mixed with 25 mL
DMF, this mixture is labeled as solution-B. Colorless needle-like crystals were

obtained by diffusion of solution-A and solution-B in a glass tube four weeks later,
4
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and the crystals were collected by suction and washed with a little amount of DMF
and methanol in turn. Yield ~69%. Anal. Calc. for C3H»BrgN4Pb,: C, 13.83; H, 1.95;
N, 4.96%. Found: C, 13.88; H, 2.03; N, 4.90%.

The purity of 1 was examined with elemental analyses of C, H and N and powder

X-ray diffraction (Fig. S1).
Physical measurements

Elemental analyses (C, H and N) were performed with an Elementar Vario EL III
analyzer. Thermogravimetric (TG) analysis was performed on a SDT Q600 V20.9
Build 20, in the temperature ranges of 303—873 K under nitrogen atmosphere, and the
heating rate is 5 K min™. Differential Scanning Calorimetry (DSC) measurement was
carried out on a NETZSCH DSC 204F1 Phoenix for powder sample between 273 K
and 473 K, with a temperature scanning rate of 5 K min". IR spectra at room
temperature were recorded on a Bruker VERTEX80V Fourier transform infrared
spectrometer (KBr disc). Powder X-ray diffraction (PXRD) data were collected on a
Bruker D8 Advance powder diffractometer operating at 40 kV and 40 mA using Cu
Ka radiation with A = 1.5418 A. Samples were scanned 20 from 5 to 50°. The
measurements of temperature, frequency dependent dielectric permittivity were
carried out using a concept 80 system (Novocontrol, Germany) in the temperature
ranges of 123-473 K, the sample was prepared in the form of a disk with a 10 mm
diameter and ca.0.86 mm thickness, and the disk was sandwiched between two
parallel copper electrodes; the ac electrical field frequencies span from 1 to 10’ Hz.
Fluorescence spectra were recorded on a Fluorolog Tau-3 Fluorometer for the
powdered crystalline sample at selected temperature. UV-visible absorption spectra
were recorded on a PerkinElmer LAMBDA 950 UV/Vis/NIR spectrophotometer for

solid sample at ambient temperature.
X-ray single crystallography

Single-crystal X-ray diffraction data for 1 were collected at 298, 373 and 413 K

using graphite monochromated Mo Ka (A= 0.71073 A) radiation on a CCD area
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detector (Bruker-SMART). Data reduction and absorption corrections were performed

with the SAINT and SADABS software packages,”” respectively. Structures were

solved by a direct method using the SHELXL-97 software package.”® The

non-hydrogen atoms were anisotropically refined using a full-matrix least-squares

method on F2. All hydrogen atoms were placed at the calculated positions and refined

as riding on the parent atoms. The details of data collection, structure refinement and

crystallography are summarized in Table 1. The C(2) atoms was refined using

disorder model with two sites at 298 K and the site occupation factors were refined.

Table 1: Crystallographic data and refinement parameter of 1

Temperature (K)
Wavelength (A)
Empirical formula
Formula weight
CCDC no.

Crystal system
Space group

a (&)

b(A)

¢ (A)

a (%)

B

7 ()

v (A%)zZ

p (gem™)

F(000)

Flack parameter
Abs. coeff. (mm™)
0 Ranges (data collection; °)
Index ranges

Rint

Independent
reflections/restraints/parameters
Refinement method

Goodness of fit on F~

Ry, wRy® [I>20(D)]

298(2)
0.71073
C13H2,BrgN,Pb,
1128.14
1405651

Orthorhombic

Fdd?
29.498(4)
22.319(3)
7.7732(9)
90.00

90.00

90.00
5117.6(11)/8
2.929

3968
0.07(2)
22.516
2.289 - 25.494
35<h<35
26<k<26
9<1<8
0.00599

2275/1/126

373(2)
0.71073
C/3H2,BrgN,Pb,
1128.14
1411960

Orthorhombic

Fdd2
29.787(5)
22.327(4)
7.8007(12)
90.00

90.00

90.00
5187.9(16)/8
2.889

4016
0.02(4)
22212
2.28-25.49
36<h<33
24<k<26
9<1<9
0.1070

2375/1/116

Full-matrix least-squares method on F*

1.007
0.0346, 0.0728

1.026
0.0572,0.1355

413(2)
0.71073
C13H,BrgN,Pb,
1128.14
1411965

Orthorhombic

Fdd2
29.942(5)
22.309(4)
7.8155(11)
90.00

90.00

90.00
5220.6(14)/8
2.871

4016
0.04(4)
22.073
2.28-25.50
36 <h<33
24<k<26
9<1<9
0.1061

2390/1/116

1.022
0.0599,0.1436
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Ry, wR," [all data] 0.0568,0.0778 0.1018,0.1579 0.1028,0.1681
Residual (e-nm™) 1.000/-1.750 1.732/-1.940 1.733/-1.880

* Ry = YI\Fo| -Fl\Fol, wRy = [YW(EF, - F e w(F, )"
Result and discussion
Crystal structure

Hybrid 1 crystallizes in non-centrosymmetric orthorhombic space group Fdd2 at
298 K in low temperature phase. The asymmetric unit, as shown in Fig. 1a, consists of
one Pb’" jon and three different Br anions together with one half of
1,5-bis(1-methylimidazolium)pentane dication. Pb*" ion is located at an inversion
center and coordinated with six Br™ to form the slightly distorted PbBrs octahedron.
The Pb-Br lengths range from 2.932(2) to 3.194(3) A and the Br-Pb-Br angles fall
within the ranges of 81.47(8)-179.66(5)° at 298 K, these geometry parameters within
the coordination octahedron are comparable to other bromoplumbates.37 Three
different Br ions adopt in the z,-bridged model to connect two neighboring Pb*" ions.
The adjacent PbBrg coordination octahedra are connected together via face-sharing
mode to form uniform [PbBr3], chain along the c-axis direction (Fig. 1b).

The dication is composed of a hydrocarbon chains and two 1-methylimidazolium
head cores and possesses the symmetry of C, point group. The 2-fold rotation axis
passing through the C(1) atom is parallel to the crystallographic c-axis. The
hydrocarbon chain adopts in the completely trans-planar conformation, and two
1-methyl-imidazolyl rings show different orientations and the mean-molecule planes
of two imidazolyl rings make a dihedral angle of 28.5°. The neighboring dications are
aligned into the hexagon-shaped 1D channels along the c-axis direction, and the
inorganic [PbBr3], chains reside in the channels (Fig.l1c). The charge-assisted
H-bonding interactions appear between the CH, groups in the dications and the Br’
ions in the inorganic chains with du). pi3) = 2.775 A and duga).. By = 3.033 A (ref.

Fig. S4 and symmetric codes: #1 = -x, 1.5+y, 1+z and #2 = 1-x, 2-y, z).
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Br(3) Br(2)#1

Fig.1: (a) Molecular structure of 1 at 298 K with non-hydrogen atom labeling and
thermal ellipsoids drawn at the 50% probability level. (b) Face-sharing octahedral
chain of [PbBr;]sand (c) Packing diagram viewed along the c-axis direction (the

symmetric codes: # 1= 0.75+x, 1.25-y, -0.25+z).
Phase transition

The plots of real (¢’) and imaginary (&”) parts of dielectric permittivity vs.
temperature are shown in Fig. 2a and Fig. 2b for 1, respectively. The plots of &’-T
display the characters (1) the dielectric permittivity is temperature-independence with
&' = 12 when the temperature is below 323 K, indicating that the thermally activated
dipole motion is suppressed in the low temperature; then increases quickly and

depends strongly on the ac frequency when the temperature is above 375 K. This

observation demonstrates the existence of dielectric relaxation at elevated temperature.

(2) A remarkable dielectric anomaly appears at ca. 443 K, and the peak maximum

slightly shifts towards high temperature as frequency increases.
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Fig. 2: (a, b) Plots of real (¢”) and imaginary (&) parts of dielectric permittivity versus
temperature in 123-473 K at selected frequencies and plot in the inset at f =2 kHz (¢)
DSC curve in a heating run in 350-473 K for 1.

The DSC plot is displayed in Fig.2c for 1, be indicative of two sequential
endothermic events in the heating run. Two quite close thermal anomaly peaks locate
at ca. 440 K and 446 K, respectively, and these are close to the peak temperature of
dielectric anomaly. This observation further conform two sequential phase transitions
undergoing around 443 K. The whole values of AH and AS were estimated to be
0.284 kJ-mol™ and 0.634 J-K™"-mol™ for two sequential phase transitions, respectively.
The small values of AH and AS indicate that the phase transitions at ca. 443 K are
probably related to the strong thermal vibrations of crystal lattice. It is certainly that
the crystal structure in high-temperature phase could address clearly this issue;
unfortunately, we failed to obtain details of the crystal structure in the high
temperature phase due to the poor quality of the single crystal X-ray diffraction data
above the phase transition. And then we determined the single crystal structure of 1 at

373 and 413 K in low-temperature phase, respectively, to inspect the atomic
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displacements at different temperatures, and performed variable temperature powder
X-ray diffraction data collection across the phase transition as well. From Table 1, it is
found that the cell volume V of 1 expends by 1.37% from 298 to 373 K versus 2.01%
from 298 to 441 K, indicating that the change of V' is not so significant. As shown in
Table 2, the atomic displacements related to the molecule motion increases quickly
for all atoms with rising temperature, especially, for the atoms in the cation moiety,
indicating that the dynamic motions of cations become more vigorous, as elevated

temperature, regarding the [PbBr3] anion chain.

The PXRD profiles are shown in Fig. 3a at the selected temperatures for 1,
demonstrating that the position of diffraction peak are almost not changed within the
range of 20 = 5-50° in low- and high-temperature phases, however, the diffraction
intensities decrease dramatically above the temperature of phase transition within the
range of 20 = 25-45° (Fig. 3b), this situation is quite similar to observation in the
liquid crystals.”® *” These results further confirmed the existence of small structural

difference between high- and low-temperature phases.

—— 463K b
@ e . &
— 423K
—373K
| L ——303K ) - [ ——
S =
3 1 | [ (] s N ® A h.&-
E i I L i 1 A A E L
. ; - !
.I A ] | '
1I0 2|O Slﬂ 4'0 5IO 25 3‘0 3'5 4‘0 4I5
20 /degree 20 /degree

Fig. 3: Variable-temperature PXRD profiles of 1 in the ranges of (a) 26 = 5-50° (b) 26
=22-45°,

Dielectric relaxation

The frequency dependences of €' and dielectric loss (tand) are plotted in Fig.4 for
1. The ¢ value drops rapidly in the region of 1-10° Hz (ref. Fig.4a and 4b),
demonstrating that the dynamical dipole motion cannot follow the quickly switching

of the applied electric field at higher frequencies (f > 10° Hz). The curves of &' and

10
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tand against frequency (f) show clear difference between low- and high-temperature
phases; the distinction appears in the f > 10° Hz regime in the &-f plots, and one
rounded maximum emerges in the tand-f plots in low-temperature phase while two
peaks are visible in high-temperature phase. The rounded maximum is strongly
dependent on the ac frequency in both low- and high-temperature phases, whereas the
position of sharp peak is weakly dependent on the ac frequency in high-temperature
phase in the tand-f plots. The frequency-dependent dielectric permittivity and rounded
maximum of dielectric loss (ref. Fig.4c and 4d) indicate the existence of dielectric
relaxation in 1. The Arrhenius equation T = 19 exp(E./kgT) was used for analysis of
relaxation behavior, and 71y is the inverse of the frequency factor, represents
macroscopic relaxation time, T = 1/f,x and fp,c is the maximums of tand vs.
frequency plot at selected temperature, E, denotes the activation energy of relaxation
process, and other symbols in Arrhenius equation have normal meanings. The best fit
for the Int vs. 1000/T plot gave the parameters: 1o = 2.53x10™"® s and E,= 1.383 eV
for the dielectric relaxation (ref. Fig.5), these parameters are comparable to those in
organic-inorganic hybrid [C,H 9N, ][SnCI(N CS)2]2.40
(a) ——373K——378K
—— 383 K—— 388 K
o K a0 K

—— 413K ——418 K
—— 423 K —=—428 K

10 10° 10
Freq./Hz Freq./Hz

1750+
(C) —=—373 K—=—1378K (d)

—+—383 K—+—388 K
—+—393 K——398 K
—+— 403 K—+—408 K
—+—413 K——418K
—a— 423 K—+—428 K
—e—433 K

Tan(s)
Tan(3)

10> 10° 10* 10 10 10" 10

Freq. /Hz Freq./ Hz
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Fig. 4: (a, b) Plots of dielectric permittivity vs. frequency (c, d) dielectric loss (tand)

vs. frequency at selected temperatures for 1.

5 470 460 450 440 430 420 410 400

T T T T

TIK .

= Experimental
-24 ~——Fitting

Int

5, =2.53x10"s
E=1383eV

2.1 22 23 2.4 25
1000/T (K)

Fig. 5: Plots of Int vs. 1000/T of 1 for the relaxation in low frequency region.

The response frequency falls within the regime >10'> Hz for the dielectric
relaxation originated from the electronic transitions or the bond vibrations within a
molecule or an ion-pair, and in the region <10' Hz for the dielectric relaxation arose
from the molecular dipole motion or ionic migration.”' The dielectric relaxation
undergoing below the frequency of 10° Hz is probably related to the dynamic dipole
motion of cations and relative displacement of cations regarding rigid [PbBr;].
anionic chains. To better understand the dielectric relaxation process, we further
analyze the ionic conducting behavior of 1. The impedance plots are shown in Fig.6a
and 6b for 1 at selected temperatures. A clear semicircle appears above 378 K in the
Z”-7’ plot, and its radius decreases with increasing temperature, which indicates that
the decrease of the bulk resistance with rising temperature owing to the relative
motion of cations thermally activated at elevated temperature. The impedance plots
were fitted using equivalent circuit, where each impedance semicircle can be
represent by a resistor, R, and capacitor, C, in parallel. For instance, the Z”’-Z’ plot at
473K was fitted using above-mentioned equivalent circuit to give opc = 7.014x10° S
cm’. The temperature dependent conductivity oq is plotted in the form of Incg. T vs.
1000/T, as shown in Fig.6d, which shows linear relationship in the temperature range
0f 438-473 K, and the activation energy (£,) was estimated to be 1.79 eV, this value is
comparable with that obtained from dielectric relaxation analysis. On the basis of both

dielectric and impedance spectra analysis, it is concluded that the dielectric relaxation
12
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occurring below 10° Hz is attributed to the dipole oriental motion of imidazole rings

in cations and ionic conduction of cations.

(b)

—a—448K
—e—453K

-Z"' 1 G
-Z"[KQ

. L, 470 a0 450 440
= (c) " Exp. - T T T7K T P -
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= T=473K v g
N ] 5 I T sl Ea=1797ev i
2001 5=7.014X 10° S om” b S
[ .S
04 E_:’ .74 b
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Z/a 1000/ T (K"

Fig. 6: (a, b) Typical Nyquist plots at selected temperatures (c) fitting for Nyquist plot
at 473 K and (d) Arrhenius plots for 1.

UV-vis, luminescent spectra and electronic band structure

Fig. 7a shows the optical absorption spectra of 1 in the solid state at room
temperature, indicating the existence of intense absorption below 400 nm. One sharp
peak locates at ca. 210 nm and a broad and asymmetric peak is centered at ca. 320 nm,
these absorption bands are assigned to the electron transition of m*<«—m within the
imidazole rings and from valence band to conducting band within the
one-dimensional inorganic PbBrj chains.”” The band assignment is supported by
electronic band structure analysis (ref. Fig. S6). The optical band gap is estimated to
be 3.44 eV for the one-dimensional inorganic PbBr;~ chain and comparable to the
calculated value (3.57 eV), demonstrating the semiconductor character.

The excitation and emission spectra at selected temperatures are displayed in Fig.

13
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7b and Fig. 7c for the powder sample of 1. The excitation spectra exhibit two intense
bands in the range of 280-360 nm at low temperature, and two peaks centered at 300
nm and ca. 330 nm (Fig.7b). The peak position of the band centered at 300 nm is
independent on temperature, while the peak position of low energy band centered at
ca. 330 nm shifts towards short wavelength side upon cooling, and the intensity of
both excitation bands increases significantly with decreasing temperature (ref. Fig.
7b). As shown in Fig. S7, hybrid 1 shows weak fluorescence at 300 K upon excitation
of hex = 323 nm, a complicated broad emission band extends from 400 nm to 800 nm
and a maximum locates at ca. 607 nm together with three shoulders at ca. 410, 570
and 680 nm. As the temperature decreases, the obviously dual emission bands were
observed and centered at 450 nm and 680 nm (ref. Fig. S8). The whole fluorescence
intensity is quite sensitive to the temperature, for example, the relative intensity at 10
K is as ca. 1000 times as that at 300 K. The influence of temperature on the
fluorescence intensity is seen more clearly from Fig.8a-8c for two emission bands,
where I; (S;) and I, (S;) represent the fluorescence intensity (peak area) of the shorter
wavelength and longer wavelength emission bands, respectively. It was found that (1)
the fluorescence intensity and the peak area show similar tread with temperature
changing for two emission bands; (2) the fluorescence intensity and the peak area
exhibit monotonous increase for the shorter wavelength emission band whereas

complicated change for the longer wavelength emission band upon cooling.

— 10K
—25K

0.8 (a) (b) :gg:((
0.64

0.4 4

Abs. /a.u.
Intensity (a.u.)

0.2

0.0

200 300 400 500 600 700 800 280 320 360 400
Wavelength / nm Wavelength / nm

14
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Fig. 7: (a) UV-Vis absorption spectrum (b) excitation and (c, d) emission spectra of 1

at selected temperatures.

It is well understood for the enhancement of emission in low temperature owing to
the decay process of the lowest excited state nonradiative internal conversion to the
ground state easy undergoing in high temperature regarding low temperature. It is
noted that the shorter wavelength emission band center is independent on the
temperature while its intensity is quite sensitive to temperature, as well as the band
maximum slightly moves to the high energy side and the fluorescence intensity
increases slowly for the longer wavelength emission band upon cooling. Generally,
the emission spectra of molecule and semiconductor show distinct characters in band
width and response to temperature. The band emitting from molecule shows narrow
half width of peak and temperature-independent band center with respect to the broad
half width of peak and temperature-dependent band center observed in a
semiconductor. The half width of peak of emission band is related to the vibration
level distribution of ground state in molecule or the width of valence band in
semiconductor (from the bottom to the top of valence band). By contrast with the
width of valence band in a semiconductor, the vibration level distribution of ground
state in the molecule is quite narrow. The temperature change affect the vibration
population in ground electronic state for a molecule or the valence band electron
population in a semiconductor, thus, the influence of temperature change on the
transition energy is more significant for the emission of semiconductor than that of
the molecule. On the basis of the analysis above, the shorter and longer wavelength

emission bands in 1 are assigned to m<—7* electron transition within the imidazole
15
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rings and the electron transition from conducting band to valence band within the

one-dimensional PbBr; chains, respectively.
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Fig.8: (a) Peak intensity and (b) Peak area of PL spectrum at selected temperature (c)

Peak intensity and area ratio at selected temperatures.

The intensity ratio between two emission bands is quite sensitive to temperature
for 1, as a result, the emission color gradually evolves from blue to orange from 10 to
300 K. The corresponding CIE coordinates of 1 exhibit an easy intuitive change
(Fig.9 and Table S2), a typical blue light emission occurs in the temperature ranges of
10-25 K, and with the CIE coordinate of (0.19, 0.08) at 10 K and (0.28, 0.14) at 25 K,
respectively. When the temperature increased to 40 K, the emission color is red, the
CIE coordinate is (0.39, 0.21). From 40 to 100 K, the emission color gamut shift
slowly from red to orange. As the temperature is close to 125 K, hybrid 1 emits
orange light, its’ CIE coordinate locates at (0.58, 0.39). The emission color has a mild
change when temperature is above 125 K and it mainly keep in the region of orange

until the temperature up to 300 K. The luminescent materials, which emission natures
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are sensitive to environment, have wide and potential applications as chemical sensors.
A vapoluminescence material, which is the matter referring to changes in
photoluminescence properties in the course of vapor exposure, such a material can be
used for detection of other analytes (e.g., oxygen, humidity in air, ions in solution,
acids or bases,'* some volatile organic compounds).” Most recently, Tang and
coworkers reported an ytterbium complex, [Yb(tta);DFQZ] where Htta =
thenoyltrifluoroacetone and DFQZ = 2-N, N-diethylamino-9,9-dibutyl-7-(4,6-bis(3,5-
dimethylpyrazolyl)-1,3,5-triazin-2-yl)fluorine, which shows the unusual thermally
promoted sensitization of Yb’" luminescence, and its excellent performance can be
used as a NIR-emission temperature-sensing material. To the best of our knowledge,
the compounds with emission being sensitive to temperature have being seldom
reported regarding the luminescence compounds, which luminescent nature is
sensitive to oxygen, humidity in air, ions in solution, acids or bases, volatile organic

compounds.

0.5

Fig. 9: CIE chromaticity diagram showing the fluorescence color of 1 at selected

temperatures.
Conclusion

In summary, we designed and prepared a bi-functional hybrid solid [I,
5-bis(1-methylimidazolium)pentane][PbBr3], via introducing imidazolium derivatives
with low rotation energy barrier into inorganic [PbBrs],, lattice. The hybrid shows
dielectric anomaly at ca. 443 K, and dielectric relaxation at the temperature above 400

K. The study of frequency-dependent dielectric spectra and impedance spectra
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revealed that the dielectric relaxation is related to the orientation motion of imidazole
rings in the cations and relative displacements of cations with regard to rigid [PbBrs].
chain. The hybrid emits dual band fluorescence, which two emission bands exhibit
distinct response to temperature, such novel nature has promising application in the
emission temperature-sensing field. This study suggested that we probably achieve
the multi-functional hybrid materials via integrating different functionality building

blocks in a hybrid lattice.
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Table 2: Atom displacement parameters (Ueq, U11, Up and Usz) of 1 at 298, 373 and 441 K
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U/ (107)A7 Uy, / (10H)A? U, / (10%)A? Us / (10%)A?

T/K 298 373 441 298 373 441 298 373 441 298 373 441
Pb(1) 4.01(2) 5594) 629(5) 3.943) 555(6) 633(7) 4.22(3) 5.83(7) 6.648) 3.883) 5.37(6)  5.91(7)
Br(1) 4.96(4) 6.81(9) 7.76(9) 4.07(8) 5.51(13) 6.40(14) 523(8) 7.14(18) 832(19) 5.57(8) 7.77(18) 8.58(19)
Br(2) 627(5 836(1 9.35(11 4.81(9) 7.10(17) 7.94(17) 6.38(9) 8.1(2) 9.2(2) 7.6(1)  9.8(2) 10.92)

0) )
Br(3) 6.00(4) 827(9) 931(1 65(1) 9.58(18) 11.01(19 4.01(7) 5.33(17) 6.05(18) 7.52(9) 9.9(2) 10.92)

0) )
N(1)  65(4) 828 92(9) 55(10) 5.7(14)  7.3(15)  32(7)  43(15)  3.9(14)  10.9(1  15(3) 16(3)
2)

NQ2) 54(3) 6.6(6) 7.7(6) 5008) 6.0(13)  67(13) 497 53(15) 6.8(16) 62(7) 85(16)  9.5(17)
C(l) 182) 214  27(7)  8(3) 18(7) 34(16)  19(5)  6(4) 7(4) 29(7)  39(14)  41(18)
CQ) 76(12) 377 31(6) Q) 24(7) 21(7) 102)  35(9) 32(11)  5.7(19)  53(13)  39(12)
C(2y  7.020) 10(5) 4(3) 6(4)
C(3) 96(7) 11.6(13 13.7(1  6.4(13) 10(2) 11(3) 5.9(10)  8(2) 7(2) 15.92) 18(4) 23(5)

) 6)
C4) 493) 677 78(7) 4709  7.6(17)  93(19)  3.3(8)  3.1(15)  53(18)  6(4) 10(2) 8.8(19)
C(5) 79(5) 102(11 12.6(1  7.6(13) 8(2) 8(2) 8.6(13) 12(3) 18(5) 8.6(13  10(2) 12(3)

) 5)
C(6) 7.1(6)  88(11) 10.6(1  52(12) 7(2) 11(3) 4.9(10)  8(3) 8(3) 4.9(10)  11(3) 13(3)

2)

C(7) 72(5) 10.1(11 122(1  62(12) 13(3) 14(3) 5.9(10)  6(2) 6(2) 5.7(10)  11(3) 16(3)

) 3)
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