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Design and Regulation of Dielectric Switching Phase Transition

Materials Containing Aromatic Cations

ABSTRACT

Phase transition materials with dielectric switching properties will
undergo a reversible transition between the high and low dielectric states
when stimulated by external conditions such as temperature, pressure,
and light illumination. This type of materials stores, transmits, or records
the effects and influences of the electric field on it through the
polarization method, and has important application values in fields such
as energy storage and signal transmission. Due to the complexity of the
intermolecular interactions in the crystal packing structure, there is still a
lack of sufficient in-depth understanding of the relationship between
phase transitions and crystal structures. Therefore, the experimental
discovery of dielectric switch-type phase transition materials always has a
certain degree of contingency. Against this background, a thorough
understanding of the regulation laws of the dielectric switching
performance is of great significance for the research on the controllable
synthesis of dielectric switch-type phase transition materials. In this
thesis, based on the pyridine cations that are easy to rotate or move in the
crystal lattice and thus induce structural phase transitions, 19 kinds of

crystalline compounds were designed and synthesized, and a series of

v
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dielectric switch-type phase transition materials have been successfully
screened out from them. This thesis will be divided into the following
four parts, and discussions will be carried out from aspects such as
synthesis, structure, and properties.

The first part focuses on constructing dielectric switch materials
based on pyridine-based cations and metal halides, where the
organic-inorganic hybrid compound [CsHsN]>[CuBr4] (1) ( CsHgN is the
pyridine cation), the coordination compound [CsHsN],[CuBr:] (2), and
the crown ether host-guest inclusion compound
[(CsHsN)(18-crown-6)].CuBrs (3) were synthesized respectively. The
influence of such different structural types on the phase transition
properties was explored. Differential scanning calorimetry (DSC)
analysis, crystal structure analysis, and dielectric tests showed that
compound 1 underwent a reversible phase transition at 331.3 K, with the
dielectric constant abruptly changing from 5 to 14, and the good cyclicity
of this change makes it an excellent dielectric switch material. Compared
with compounds 2 and 3, it is the moderate intermolecular interactions
between the anions and cations in compound 1 that enable the cations to
have a relatively large movement space to trigger the dielectric
switch-type  phase  transition. Then, the  one-dimensional
organic-inorganic hybrid perovskite compounds [CsHsNF][CdClz]. (4)

and [CsHsNF][CdBr3]a (5) (CsHsNF is the 3-fluoropyridine cation) were
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synthesized to investigate the impact of halogen substitution in the
inorganic anion framework on phase transition properties. Compound 5
underwent a reversible dielectric switch-type phase transition at 384.6 K.
Through the analysis of the Hirshfeld surface and two-dimensional
fingerprint plots, it was found out that the stronger intermolecular
interactions in compound 4 may restrict the molecular movement. It was
difficult for the molecules to move or rotate when the temperature
changed, so compound 4 did not undergo a phase transition.

The second part is about constructing dielectric switch materials
based on pyridine cations and crown ether rings. Using pyridine,
18-crown-6, dibenzo-18-crown-6, as well as perchloric acid,
tetrafluoroboric acid, periodic acid and perrhenic acid as raw materials,
(CsHgN)(18-crown-6)(Cl104)  (6), (CsHeN)(18-crown-6)(BF4)  (7),
(CsHgN)(18-crown-6)(104)  (8), (CsHsN)(18-crown-6)(ReOs)  (9),
(CsHgN)(dibenzo-18-crown-6)(ClO4) (10) were synthesized to explore
the influence of the changes of crown ethers and inorganic anions on the
phase transition properties. DSC analysis, crystal structure analysis and
dielectric tests showed that compounds 6, 7 and 8 underwent reversible
dielectric switch-type phase transitions at 242.9 K, 278.4 K and 212.8 K
respectively. Using the crown ether ring as the stator and introducing
easily rotatable pyridine cations and tetrahedral anions is a good system

for constructing phase transitions. However, when the mass of the
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inorganic anions and the crown ether ring is too heavy (compounds 9 and
10), the molecular motion will be restricted, which is likely to hinder the
occurrence of phase transitions. In addition, the change of anions also has
a certain regulatory effect on the phase transition temperature.

The third part is about constructing dielectric switch materials based
on fluoropyridine cations and 18-crown-6 ether. As a continuation of the
work in the second part, using 3-fluoropyridine, 18-crown-6 ether, and
perchloric acid, tetrafluoroboric acid, hexafluorophosphoric acid, periodic
acid as raw materials, (CsHsNF)(ClO4) (11), (CsHsNF)(18-crown-6)(ClO4)
(12), (CsHsNF)(18-crown-6)(BF4) (13), (CsHsNF)(18-crown-6)(PFe)
(14), (CsHsNF)(18-crown-6)(104) (15) were synthesized to explore the
influence of the fluorination on cations and its effect on phase transition
properties. DSC analysis, crystal structure analysis and dielectric tests
showed that compounds 11, 13 and 14 underwent reversible dielectric
switch-type phase transitions at 337.5 K, 269.5 K and 3414 K,
respectively. After replacing pyridine with the lightest halogen atom, i.e.
fluorine, the impact on molecular mobility is relatively minor. Therefore,
the series of 3-fluoropyridine-based crown ether inclusion compounds
exhibits outstanding phase transition potential, as the series of
pyridine-based crown ether inclusion compounds does.

The fourth part is to explore the influence of cation substitution on

phase transitions based on the introduction of different functional groups.

Vil
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Using 3-bromopyridine, 3-iodopyridine, 3-cyanopyridine, 18-crown-6
ether, and perchloric acid, tetrafluoroboric acid, hexafluorophosphoric
acid as raw materials, (CsHsNBr)(18-crown-6)(BF4) (16) (CsHsNBr i1s
3-bromopyridine cation), (CsHsNI)(18-crown-6)(PFs) (17) (CsHsNI is
3-iodopyridine cation), (CsHsN2)(18-crown-6)(ClOs4 (18) (CsHsNz is
3-cyanopyridine cation), and (CsHsN2)(18-crown-6)(BFs) (19) were
synthesized . DSC analysis, crystal structure analysis, and dielectric tests
showed that none of these four compounds underwent phase transitions.
Compared with the 3-fluoropyridine cation, replacing the fluorine atom at
the 3-position with heavier bromine, iodine, or cyano groups greatly
restricted the movement of the pyridine ring and hindered the occurrence
of phase transitions. In this thesis, a series of dielectric switch-type phase
transition materials were successfully synthesized, verifying the potential
of pyridine and its derivatives in introducing phase transition behaviors,
and exploring the regulatory effects of cation and anion designs on the
structure and dielectric properties, aiming to promoting the development
of the controllable synthesis and applications of functional crystal

materials with phase transitions.

KEY WORDS: crystal, phase transition, dielectric switch, pyridine,

crown ether
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Figure 1-1 Schematic diagram of the relationship between the dielectric constant and
temperature of the dielectric switch-type material
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Figure 1-2 (a) Structural phase transition and (b) dielectric switching property of

[(CH3)2NH]2[KCo(CN)¢]
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Figure 1-3 (a) Crystal structure diagram, (b) DSC curves in the heating-cooling mode, and (c)
temperature-dependent dielectric constant of (N-methylpyrrolidinium)s;SbzClo.oxBrox (x = 0~1)
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Figure 1-4 For [(CH;3)sP]CdCls, crystal structures in the (a) the room temperature phase (b) the
high temperature phase, (¢) DSC curves in the heating-cooling mode, and (d)
temperature-dependent dielectric constant
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| 1-5 [CH3PH;]SnBr3 7£(a) 293 K, (b) 333 K #(c). (d) 383 K NIk Ls#) &

Figure 1-5 Crystal structure of [CH3PH3]SnBr3 at (a) 293 K, (b) 333 K, and (¢), (d) 383 K
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Figure 1-6 (a) DSC curves in the heating-cooling mode, and (b) temperature-dependent
dielectric constant of [CH3PH3]SnBr3
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B 1-7 [2-98 R34 2PbCly () 00 T ARSI L, (b) il T A0 A AR 45 4 6]

Figure 1-7 For [2-fluorobenzylammonium],PbCla, crystal structures at (a) room temperature and

(b) high temperature
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Figure 1-8 For [2-fluorobenzylammonium],PbCly , (a) DSC curves in the heating-cooling mode

and (b) temperature-dependent dielectric constant
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Figure 1-9 For [(CsHsNF2)(18-crown-6)][PFs], crystal structures at (a) room temperature
and (b) high temperature, (c) DSC curves, and (d) temperature-dependent dielectric constant
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Figure 1-10 The DSC curves of (a) [(CICH2CH2NH3)(18-crown-6)][C104] and (b)
[(CICH2CH,NH3)-(18-crown-6)][PFs], the temperature-dependent dielectric constant of (c)
[(CICH2CHNH;)(18-crown-6)][ClO4] and (d) [(CICH2CH,NH3)-(18-crown-6)][PFe]
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Figure 1-11 The temperature-dependent dielectric constant of (a)
[(NH3-TEMPO)(18-crown-6)][PFs] and (b) [(NH3-TEMPO)(18-crown-6)][AsFe] at 1 MHz, the
dielectric switching cycles of (c) [(NH3-TEMPO)(18-crown-6)][PFs] and (d)

[(NH3-TEMPO)(18-crown-6)][AsF]
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Figure 1-12 The crystal structures of [(CHs-CsHs-NHs)(18-7-6)][TFSA] at (a) 173 K and (¢) 293 K, and

the crystal structures of [(CF3-CsHs-NH3)(18-7-6)][TFSA] at (b) 173 K and (d) 293 K
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Figure 1-13 The DSC curves (a) and dielectric curves (b) of [(CH3-CsHa-NH3)(18-7i-6)][TFSA]
and [(CF3-C¢H4-NH3)(18-7-6)][TFSA]
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Figure 1-14 The basic units of the frameworks in the low-temperature phase (a) and the
high-temperature phase (¢) of [C3HsNH2]o[RbFe(CN)s], and the basic units of the frameworks in

the low-temperature phase (b) and the high-temperature phase (d) of [C3HsFNHz]2[RbFe(CN)s]
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Figure 1-15 (a) DSC curves of [CsHeNH:]2[RbFe(CN)s] and [CsHsFNH2][RbFe(CN)s], the
temperature-dependent dielectric curves of (b) [CsHsNH2],[RbFe(CN)s], and (c)
[C3HsFNH;]o[RbFe(CN)s]
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Figure 1-16 [Me3sPCH2X][PbBr3] (X = H, F and Cl): (a) DSC curves, (b) dielectric curves
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Figure 1-17 The dielectric curves of (a) (CH3CH2NH3)3BiCls, (b) (CH3CH2NH3y3BiBrs, (¢)
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DL 3-SR iE N ARPH B T, 18-7-6 N MRS T, ma . DU /<RI
B EE A BH BT, & T (CsHsNF)(18-7i-6)(C104)(12)  (CsHsNF)(18- 76 -6)(BFa4)
(13) . (CsHsNF)(18-7&-6)(PFs) (14) . (CsHsNF)(18-7d-6)(104) (15) o FfX} 5
MEEPIAT T — KRB RAE, fiE A B IF Akl

4 R — D ERFR BB T BURSS S AHAE 2 T 50 R, 5 980 46 g B o R B 4]
LA 3-IR b wE A BB 7, 18-7i-6 N EAAS T, MWHMEB A7, &M 7T
(CsHsNBr)(18-7&-6)(BF4) (16) : LA 3-HlAtbng HFHE 7, 18-7d-6 AT T, 78
SRR NBHE T, AT (CsHsNI)(18-7-6)(PFs) (17) ; LA 3-BUIEMLmE NBHE T,
18-7&-6 9 F A4 537, v SR AT DY Uil N B 1, & 1 (CeHsN2)(18-78-6)(C104)
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(18) + (CeHsN2)(18-7-6)(BF4) (19) , X} 4 MEAEWHtAT T — KA K
fiE, RERMHLEEMIRR,
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£28 ETHMRERXAEFSERaIRH M EFF X

2.1 3|5

HIR A AT 2 W U N C 2 st & i 1 V2 BT A P SRPE At R, E
PyIREE G — I BRI TR T o X S5 R AT A8 22 18] B 20 2R DA R Ak = 2 SR HRLT 5%
MRPT I RS R S K PEAS , A 2 RO 0REE X BRI EHA R, &
ikt o> A LA SPEREZ B 9% 2, & I FU A E Ao MERERH & 1 H R
STBUN, A REEENE, HARAEME RN BEAERE, KRR IR S 5 2
BEhECE S, WmisEMAS, B IsshgRaint, & S HEE BE N
R, DR PR Bt o FELT AR RO AR B R A AR 07981, e i U 5 5 A
BRI AR F A 1 VB DA B C 7 A 55 00 (AR ELAE A, LA A0 2 9 1) R
Ve, BH RSB LA BT AR, AT R %
BUED. BT AEYE, FT I, AREREERLER 3-FMtnE &1, 7
AR &R ESRECAL, ST 5 MALEY, JERI AR 5 X 2T
I IR 22 R RS R AL T BOR A MR BOEEAT TIRABETE, DURR
FAZFIA LIPS RE P

2.2 SKiuiERsay

G : [CsHeN][CuBrs] (1) &4 RALHT (2.2335 g, 10 mmol) /K&
TR & A 25 BE R B AR R (4.0455 g, 20 mmol) ATALEE (1.5820 g, 20 mmol) ]
ORI AR THREHEL 1NN E, o), idRESR FTRERK, K
2P i JE A3 B R AR AR

[CsHsN]o[CuBra] (2) Z¥FALA (2.2335 g, 10 mmol) VARRLE 25 T-/KH,
MERE (1.5820 g,20 mmol) VAT ZBEH, Z G ¥ MMIERIRG, =R FHEEZ 1
NG, I, FTRIERAE IR T IRE AR, KA G1R RIS EEIR &k

[(CsHeN)(18-7&-6)CuBrs (3) KA (2.2335¢g, 10mmol) - MLAE (1.5820 g+
20 mmol) . IR (4.0455g. 20 mmol) Fl 18-7-6 (5.2864 g, 20 mmol)73
BT Ol IREJEESR THAEL VMG, 038, Bl =65 FikE
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AR, KA JEE 2] B AP0 G

[CsHsNF][CACls]y (4) 24 DU/KA R (3.4428 g, 10 mmol) ¥AfRTELE
TR, INEE A B R B EIRIR (2.0228 g, 10 mmol) AT 3-4 e (0.9709
g, 10 mmol) [ ZBHAM . TEEM FHFL 1 /W5, 3k, FriHamE=R
FIREAEKR, RAWHGER A GKRBE,

[CsHsNF][CdBr3]a (5) &4 /K EVEAHR (2.2836 g, 10 mmol) ¥ fELE
LT KA, WINEE A SRR =L (1.1028 g, 10 mmol) F1 3-F Ak iE (0.9709
g, 10 mmol) [ ZBHAM . TR FHFL 1 /W5, IR BIMER, A5
TEZIR FE K, KAW AR A EKR .

s IR A ENR R TE SGWeX-4B S A bkdT, HU/b 8 [ Aok K
BAEEIE T b, InFAFHEEZ A 20 K/ 7040

ZaRFMEAGE (DSC) M. ZREEAENNAE TA (XRS5 K
Discovery X3 AT, MNAFR AL % e, FHE/ BERE R 10 K/ 705

A HL R RE DI s KR SRR R BROIR, AR T iR BRI . A [
TH2828A FHHL/HTAL, TEARFSHR (500 Hz. 1 kHz. 5kHz. 10 kHz. 100 kHz
A1 MHz) AR IR A HR . MR TR I A VR R R, TR 93 K,
X LA A AP R, I A AR AT PR

X R AATH (XRD) « BRIEAMEEE . % 5058 HIC I i) 5 F 145
IR BAL g XS R AT B ¥ R SRR AT B e B X I RATIA e i, R A
B Kodff it , Hp KA sE 4 0.770 A, FEAG G WA AR 1T 5 2 8 AR IR PR s XRD
$df . J582i2 F SHELXLTL OLEX I1LA f DIAMOND S5 {145} i 4 45 ¥4 JE IT- ik
B 5 2 AR

il X FERARATH (PXRD) MK : AT 5 BIFE S B D VP R B T
IR FREAT X RATHIR . 5B B LabX XRD-6100 fiH{X, i&H
i K o 5 SRR AR A « K 20003G BB ETE 10°% 50°2 18], SN 5°
SERGRE, HESREAIAT 5 5 R Mercury 3P0 3 R AT 5 & 45 #7521 1
CIF LA FrASLA0L HH PR AT S8 BRI AR KT L, 330 T 140 B ot A P R 2 2

ZLAMINR: 0 SR AT B O ACIR IR AT T A0 2 . B S 4% 12 100 AELAI,
KB 5 Aok R 5 S BR A, T I EE 5] o I B U (VR A5 P
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AAEEL, TR 50 B2 @ PRSI Fr . BJa A B IR-60 LGl
Xk s S e 7 AT A

2.3 WEW 1 LM ERIR

2.3.1 L&Y 1 BURIE

—~
(=3
~—

(@)

105 4

Measurement

Simulation

Intensity
=3
=
Intensity (a.u.)

754

70 T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000 10 20

Novcrmmbers Wy
B 2-1 4LAm 1 IIQ@)LIAMEIE R, (o) IR X STEAT4T

Figure 2-1 (a) IR spectrum and (b) PXRD patterns of Compound 1 at room temperature

LA T LA AT LA (R B RE AT, A S A 1025 I . FREX 1 mg
EARES,, FAREL 100 mg 7247 (RIRAGER, PIEIRA THFET, BFBS s gt
Ko B FiRb RS HRLE R R b, TR LR B2 B, TN SR A
BB SHUEIR, AT IH LRI R EALFE, BRI, K
2-1(a)F7r, 0T 750-860 cm!. 1020-1062 cm! 1230-1270 cor! 1390-1420 cm!
1550-1590 cm!'\ 1710-1840 cm! FIRFIEIE R B | IERE HIAFAE, S16EY 1 4
FHULHC o

N T BRI EY) 1 WA, AT T iR X 8 R ATH (PXRD) Wl
e K INASE R 5 M Mercury FOPBLALL T 45 06 B2 18 di A AT S5 S AR LR AE,  dn ]
2-1b) s, PIEWIE BERGE, AT E S0 B IR , R THEY)
1 AR &L .
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2.3.2 LEY 1 ISR

3372 K

0.4

0.2
§‘ Heating —p
£ 0.0
N’
2
a 0.2 1 ~a— Cooling

0.4

3314 K

-0.6 T T T T r T r
320 325 330 335 340 345 350 355 360
Temperature (K)

2-2 HAEY 1 ¥ DSC 2k K
Figure 2-2 DSC Curves of Compound 1

DSC 45 FAUESE TAHEY) 1 R ATsAE AR G 2-2 By, it # o,
FE 3372 K AL 7 BB A, TITE PRI IS AR, 7E 331.4 K A HI I B & T
Hee o B IRRRI R Y DL K 5.8 K T JE R T & 1 R A T Rl i
—IRARAR . AL, R IR R R I T AR AR 1S RIS ARAH, ARYEAH = AS*T,
T AMARREE, HHEAIHE (AS) N 9.99 Jmol/K. RIFEH /K% 2 I FEAS =
R*In(N), Hr RASAREL, NAAFEMP AR R HE 2t G N=11,
AR AT R R, N > 1, MHERRURAH - , iHEE N
FMEN 3.33, R TEY 1 AR AT RE A 7- B 7 AL

| 1 ‘ 308K
. N WYY

‘ 330K
de A N N

‘ ‘ l I 320K

' A b 4 308K

10 15 20 25 30 35 40 45 50
20 (degree)
K 2-3 (&Y 1 AR R PXRD J6ib I (T 20 (i 28 308 K A THiR Ja SRR R 21 =

TR 2D

PXRD Intensity (a.u.)

Figure 2-3 Variable-temperature PXRD spectra of Compound 1 (The uppermost red curve at 308 K was

measured after heating and then cooling back to room temperature)
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I AR iR PXRD Bl R — B iiiAEAL . anlEl 2-3 fos, M a1,
MR 308 K FHE S 320 K. 330 K, PXRD ik, W% H ARG B 5 A EiA
Ak o YREETHRF] 360 K, 7 18.41°, 23.58°F1 28.97° b HIAT U4 2%, 1E 17.64°.
27.33°H01 31.44° 40 KL 1B AT . FRURBRIRE 308 K &b, HATHIEMEE
37 B 5 AR TFAG I = IR AR PR 3 — 2. PXRD % (3% i i3 3B AR AGAE SE T L&)
1 R AR ARAR R A, 5 DSC e 45 53—

2.3.3 WEW1 NREEH TR

@ 4

© Heating

—
&——

Cooling

K 2-4 (L&Y 1 15 (2)293 K Fl(b)360 K B (1) & 44 &5 #4

(a) ¥

Figure 2-4 Crystal structures of Compound 1 at (a) 293 K and (b) 360 K

LGP 1 4E 293 K (AR A1 360 K (RilA) NEET 7 AR 5 X 5
LRATI SR SE o« FEZIRARMT, 12 A8 T O R B B R R S I C2/e F
F15) , WS ECN a=28.1882(2) A, b=1428294) A, c=13.9080(3) A,
a=y=90° A=94.671(1)°, @AM V=1621.16(7) A> (£ 2-1) . #K. H#HM
DL SRR S BB S 1 FIBE S 30 SRR ZE R B — B B3 7 [ CuBra]> FI7 AL
WEA HLFHES T e 4B 71 UM IR B B, TR Az [ CuBra]* DU A S5 14

(] 2-4(a)) . Cu-Br #K1F 2.3680(6) A= 2.3828(6) AJulE 421k, Br—Cu—Br

AR 98.915(15)°% 131.210(15)°u Bl N 424k, RAVY Ik 2ms A . 2+
HH FRIREE E B 5 A T PR AS 5 HE B 25 R BUR T R EUE 5 BT T R iR
JEFIE M N-H- - Br &8, MI#IR 7B SRS AR EAFAE. A, N--Br
IR EBEA AR, FLAA RS2 R EE B 4 )y 2.852 AR 2.691 A, SHEHLFHE
THBHARARME T RIFH A, FROEHE T PR A B iR A

ERRAE, SRS B AR AR O R AR R Ce P59 o i
MWSE N a=8.167(2) A, b=14.694(5) A,c=13.948(4) A, a=y=90°4=90.125°,
V=1673.8(8) A> (K 2-1) o EEEILT, At 45 8 7E A A AR FE I PR P2
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1, TEAN IR B RR R . SR, XA 1 TS, (EERAHE, &
WARIEEN C2/c (55 15) , TERRAAR, SRR N Ce F5 9 . X5
— BT, 8T D WL I AR AR, g B A DR S AR S R LR SR
2 MBS 40 SEHOS UM RE AR — PR TG 1 RAE TSRS . fEm
IRAHES, AP 1 A IR TSR L& — AN B 7 [CuBra > FHRE AN T L IE
FH 25 ¥ (& 2-4(b)) » Cu-Br #KA1E 2.3552(128) A% 2.4360(126) A [A], Br—Cu—Br
HAALE 98.305(285)° % 130.743(299)° 2 [6], MaiffAH R . 5 iRAAHA R
&, BT RE T S REUE T HRIRS IR, SR AR R RE R & T B E TR
HAHRIE T RO B E, RWHE b TEshsidsie . Hik, eaw1
AR 25 E AN E THRA F- LA, 5 DSC g R —.

(a) )

o«

oo

L Wy j: Beay =

~ X X

® f

s Y,

gl X

A

PN i :g"\ |«

9y i £

050> is
L \5} I =l

K 2-5 (LAWY 1 (a)fE 293 K Fl(b){E 360 K By a Bl 77 M W22 B I HERL I, (c)fE 293 K Fi(d)
1E 360 K A AR J5 1 2 1] 1 2

(d)
<«
N Y/
- \\.\"’.\7\7784

Figure 2-5 (a) Packing diagram of Compound 1 observed along the a-axis direction at 293K, (b)
observed along the a-axis direction at 360K, (c) distance between adjacent copper atoms at 293K,
(d) distance between adjacent copper atoms at 360K

MR SR G, LAY 1 76 IR AR SR AH I 35 2 B YE R 454
(B 2-5(a) 1] 2-5(b) 7)o MEWE BS 773 A fE[CuBra ] DU I A 2 18], IR AH A
EiE AR N-H---Br SV 0 BE 5550 BI7E 3.417 A% 3.518 ALK 3.247 A% 3.699 A
2 18] o A AN IR AR T N—H---Br A1 C—H---Br U i) BARMS B L2 3 Ff &
4o BBAb, XTGBT T 04T . A 2-5(c) &l 2-5(d) T A H,
S AR AR AR DU T A 2 TR () Cu—Cu 9 5 bsia  J . IXR RUNBEE R T/, &
TR IR, T Cu-Cu ZRIMFEEIE R, AFHE TiEshit 7Rz
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8], AT 5 SR AR R A

F2-1 AW 1 7E 293 K F1 360 K B [ 54k &5 W ks 15 2 8

Compound 1 1
Chemical Formula CioH12BrsCuN; CioH12BrsCuN;
Formula weight 543.37 543.37
Temperature 293 K 360 K
Space group C2/c Cc
Crystal system Monoclinic Monoclinic
al A 8.1882(2) 8.167(2)
b/ A 14.2829(4) 14.694(5)
c/ A 13.9080(3) 13.948(4)
a/° 90 90
pl° 94.671(1) 90.125
/° 90 90
Volume/ A3 1621.16(7) 1673.8(8)
Z 4 4
F(000) 1020.0 1020.0
GOF 1.237 0.990
Ri\[I>20 (])] 0.0378 0.0677
wRa[I >20 (1)] 0.1143 0.2016

2.3.4 LEWM1 BITEBEMR

Dielectric
N e o®

Heating
= Cooling

LIT
.“\
B e
S o
s 2

Dielectric constant (')
o
2z

2
S

w
2

300 310 320 330 340 350 360
Temperature (K)

(c) 18

16

S14

-
S B

Dielectric constant

o N & &

320

330
Temperature (K)

m— | MH7
High dielectric state/switch on

AV

Switch cycles

340 350

Kl 2-6 tLAW 1 (a)7E 1 MHz [0 /& 215 72 v, A H 8 B0 350 1036 B K B o2 &, (b)
S ERAE A [A) 4 R IR B AR MO8 &R, (o)fE 1 MHz S (AT 34 B G EA It

Figure 2-6 For Compound 1, (a) the temperature dependence of the real part of the dielectric

constant under heating/cooling at 1 MHz, (b) the temperature dependence of the real part at

different frequencies, and (c) the measurement of reversible dielectric cycles at 1 MHz
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HATE AR AL A & 0 & AR AR IR L BT, i PERE . JeAF e =
A, L, BATSAEY) 1 AT T rERENN. W 2-6()fr, KL
WD 1 BRI/ i 2 2 “BBs " AR, RIS 331.4 K A
HUH BB AR 5 I, £E 331.4 K IS/ U BCRAE DN 14, =i SR LR H02
R AR 2.8 18, RIER—FPERIE R/ I AR, nI N FIFR. A%
IS S 1 HA A B IF SRR 1 SR R & 20 1 WIS SRS F AR MR 45K
Ao W 2-6(0)Fr, ML EY 1 FEAFSER I i ECR 2L, BEE
FREG, NMHEFEEIER, KR MR, I HARREAEHRA, LY
AN HRILR, 7> Ti2ahfe il B g, sest, il 2-6(c)Fis,
FEREAT A IR, THEAPER BEAT 2 AR E]L RIEEY) 1 BA R 78
MR, S AR P, R SRR K7 o BRI mIT Ul
I, S RN R ST BR B2, HAEPTMIRES T HIRFEE . &
REWS PRIE I\ — FICIRES AN 77— AR, IX 5 AP R A A B R i

o

2.4 L&Y 2 NG RAR

2.4.1 LEY 2 BIFRIE

() (b)
105 4
100 4
95 4 ,;.
€ 90 ] & “‘ Measurement
.g 85 4 % At b
= 50 g
75 4
70
65

500 1000 1500 2000 2500 3000 3500 4000 10 20 30 40 50
Wavenumbers (cm) 20 (degree)

Kl 2-7 fb &Y 2 @ZAMEIE R, (b)s=iEf R X 2Tt &
Figure 2-7 (a) IR spectrum and (b) PXRD patterns of Compound 2 at room temperature
e 2-7(a) s, AL F 750-860 cm™ . 1020-1062 cm™ . 1230-1270 cm™ .
1390-1420 cm'. 1550-1590 cm'y 1710-1840 cm! [{JRFE 1628 B T ML IE I AELE
S54EY 2 45 /AT .
W 2-70)F7R, A 2 MEIRATH PXRD B Mercury ARl 45 R
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W) G LR AT IR A H 5 A B SEASK N, IXR I TG 2 B IR R 2

2.4.2 LEY 2 BIRMEBFIN R BT

—~
o
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~~
o
-

= Heating

=
=

w
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~=— Cooling — Cooling
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b
o
L.
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o
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)
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Dielectric constant (g7)
>

S C R - B
S
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=

-0.4 Heating ——
54

-0.6 ——T—T—T—T— T H T r T
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2-8 A1) 2 fi(a) DSC HiZk &, (b)fE 1 MHz |/ Ha i %5 il 55 A48 A il 2 15
Figure 2-8 For Compound 2, (a) the DSC curves and (b) the curves of the dielectric constant
varying with temperature at 1 MHz

AW 2 76 240-330 K [¥] DSC ik an F & 2-8(a) i, 78 THR AN i 72
o, 2RV I AT I8 (R R T A R U, R I IR I Y TRl A T R AR A AR AT A
W& 2 45 1 MHz R HUH B IR B2 AR Al Ze an ] 2-8(b)FTa,  (EIRE 310-410 K
DX ] A A H AR AR P 22, AR R B iE, RIS 2 1%
DX [B] N A R AEAHAE

2.4.3 L&Y 2 NBRBED R

»
* T e
p—a, b - -~
- -
\ « »< o ed
‘ < = < »
/ b . il
e/ b 2 e .
- e
c [ § »>
= .
e » oB:
- . @Cu
- oN
7 ©C
- | R eH
< F
v @ e S
3 , -
“« N <« et
< 'l & »
e e

2-9 LA 2 76 293 K I (1 (a) S AR 25 KO I, (b) & B HE AL
Figure 2-9 For Compound 2 at 293 K, (a) the crystal structures and (b) the unit cell packing diagram
15 293 K B, A9 2 4hd T HoO R R AR R B P21/e (75 14)
HERSEN a=4.0551(5) A, b=17.6222) A, c¢=8.4030(11)A, a=90°, =
97.248(3)°, y=90°, SEMUAFE V=595.67(13) A® (¥ 2-2) . Cu-Br K 24482 A,
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Br-Cu-Br /70y 180°. @fi&itrh, #ANILNE o 1% 575 CuBra W ¥4 J5
MCALE Ry T80t (B 2-9(a)) o MEIRMERA S, 7E be 1, XFEH)I 15
TR BHS (B 2-9b)) o BRALGY UL, men P i A (e, A LT
SRS T T IAM AR, IR R AMERIT Y, HF B A& 2 BEAS5 0 B T A

XK, BRI T IEnE R & 1 1z sl, I AE 5= A AR

22 & W 2 £E 293 K I AR 45 M A 15 2 50

Compound 2
Chemical Formula CioH10Br2CuN>
Formula weight 381.55
Temperature 293 K
Space group P2y/c
Crystal system Monoclinic
al A 4.0551(5)
b/ A 17.622(2)
c/ A 8.4030(11)
a/° 90
pl° 97.248(3)
/° 90
Volume/ A3 595.67(13)
Z 2
F(000) 366.0
GOF 1.103
Ri[I>20 (D)] 0.0357
WRa[I >20 (I)] 0.0832

2.5 (LAY 3 MM FRRFSR

2.5.1 L&Y 3 BUFKIE

(a)

110

100 4

90 4

Intensity
=3 =) «®
- = =

n
<

40

30

(b)

i Measurement
| I Simulation

Intensity (a.u.)

Wavenumbers (cm1)

T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

T T
10 40 50

20 30
20 (degree)

K 2-10 (&1 3 BIZLAEIE R, (b)Y AR X S 2T K
Figure 2-10 (a) IR spectrum and (b) PXRD patterns of Compound 3 at room temperature

27



8 W YN e VAT

ik 2-10(a) i, A2 F 750-860 cm . 1020-1062 ecm™ . 1230-1270 cm'' .
1390-1420 cm'y 1550-1590 cm'y 1710-1840 cm! [RHFE 142 B 1 AL IE (O AFAE
AL F 1710 em™ PIRFIEVER B T 18-768-6 BEMAEAE, L B AW R 54064 3 14
AN

i 2-1000) 7, AW 3 =IRATH PXRD Kl 5 Mercury BRI ES
KW R, TR H S0 B EARRT N, X R T A 3 BRA Rl
JZ.
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Figure 2-11 For Compound 3, (a) the DSC curves and (b) the curves of the dielectric constant
varying with temperature at 1 MHz
AW 3 78 230-350 K 1] DSC #i £k an & 2-11(a) B, 78 AR A B i
FErb, 2R I T I PR AR AR TS i, BRI G I B P I R AR A AR AT
Mo WG 3TE 1 MHz N A U B iR R A0 i 2 an B 2-11(b) o, TEIRE
315-395 K [X [A] N A HL 2R3k P27, NI RRICA RN B RRE, RLED
3 TR FEIX (] A B KA
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Figure 2-12 For Compound 3 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram
FE 293 K I, &Y 3 4 T O R =4t R 28 PL (75 2)
HBHSEN a=28.902(4) A, b=9.846(4) A, ¢=17.889(8) A, a=100.549(15)°,
B=90.790(17)°, y=95.502(16)°, FhHUAF V=1533.5(12) A® (£ 2-3) . iZ&45H
[RIAN XS FR BTG PR A 18-76E-6 Bk 31 P AEEIE BH 251 AT — M [CuBra* B B 141
i, Hor—AN 18-76-6 BRI E T (B 2-11(a)) « BT Hhitng PH & 1 13k
i N-H--- O S HIEE 18-7-6 Bk /> T 1B EN « M EHER R, 1E be
M, XEERIZr TR B (B 2-12(b) .« BRALEW 1 XL, 2> Tath %
T A 18-jit-6 Tk S5 ALIE b (1 Y B T ABEAE 77, FTREBR 1 7 AN BH 1 1 ig
), BANE 5= AR AR
23 LA 3 1E 293 K I (19 5 1 45 1 15 2 8

Compound 3
Chemical Formula C22H36Br4CuN2O¢
Formula weight 807.68
Temperature 2903 K
Space group Pl
Crystal system Triclinic
al A 8.902(4)
b/ A 9.846(4)
c/ A 17.889(8)
a/° 100.549(15)
p/° 90.790(17)
y/° 95.502(16)
Volume/ A3 1533.5(12)
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Be 2-3 M4 3 5 203K B I S TR 4 M I 12 B

Compound 3
Z 2
F(000) 798.0
GOF 1.031
Ri[I>20 ()] 0.0936
wRa[I >20 (I)] 0.2392

2.6 LEH 4 MBI

2.6.1 L&Y 4 BISRAE

(a) )
105 4
100
. Measurement
55 g ul |
E E‘ A TP N O P |
= 90 4 ]
E E | l ”"' L
g
851 = Simulation

73 T T T T T T
S0 1000 1500 2000 2500 3000 3500 4000 1l|] 2'0

30
Wavenumbers (cm1) 20 (degree)

K 2-13 L&Y 4 (@)L, (b) =i AR X AT &

40 S0

Figure 2-13 (a) IR spectrum and (b) PXRD patterns of Compound 4 at room temperature

W 2-13(a) i, £ F 750-860 cm' . 1020-1062 cm . 1230-1270 cm'' .
1390-1420 cm™. 1550-1590 cm'y 1710-1840 cm! [RFFAE 62 W T AHLIE (47 7E
ALF 1200-1350 em! [FIRFIEIER A T C-F 8 AFTE, LA EAiras R 5 EY 4 11
SE R FHULHC .

WK 2-130) s, a4 B ZEIRATH PXRD El#E 5 Mercury FAFBIL45
RWIE FEE T, AT H 56 B AR N, KR a4 BARERZE
FE.
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2.6.2 1LEY 4 B RFNNT B R

(a) (b)

0.15
5.0 4 Heating
0.10 % .
~s—— Cooling .5 1 Cooling
=
@ e

=~ 0.05

z
~ 0.00 4
o]
@
~ -0.05
-0.10 1 Heating —
0.15 .\

T T T T T T T T 34 ———T —T—TT
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Kl 2-14 5% 4 (a) DSC £, (b)7E 1 MHz 47 HU 6 Hi bl IR R A2 4k ith 2% ]
Figure 2-14 For Compound 4, (a) the DSC curves and (b) the curves of the dielectric constant
varying with temperature at 1 MHz

1AW 4 78 210-300 K () DSC B2k an & 2-14(a) B, 78R AN B i
PR, 2 H I AT I R A R S g, R S I P Y Bl P O R A AR AT
No MG 4 1E 1 MHz T/ HH BBEIR 2 A At & an 1] 2-14(0) s, #E iR
315-405 K [X AN /- Bl 2R B AT 27, AN RRBEE KIA BSTFE, RMLED)
4 TEAZIR FEIX (8] B K AEARAR

2.6.3 1LEY 4 NBRIFER D

Kl 2-15 (&M 4 (a)fE 293 K I 11 s 4 45 1"]@ (b) fim i HE A
Figure 2-15 For Compound 4 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram
FE 293 K I, &) 4 455 T X FRIG SRS R 2R P21/e (75 14)
HBHSEN a=9.9686(7) A, b=13.3596(9) A, ¢=6.75703) A, a=y=90°, S
=91.884(3)°, AEHUAAR V'=2899.39(10) A® (% 2-4) . il 2-15(a)fiw, L&
4 1) A S K8 B —AN[CACTs] B 7RI — AN 3-FAHL e BH 25 4. B T HA
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CdCle \THAAZE K, oy Cd 75 6 A CLR TR, fA Cd 72 A
HZIACLET, A 4 )8 T —4AN-TH R 451 (&Y 4
£ 293 K B I HERR G M ] 2-15(b) 7, CdCls J\ TR (14 25 A B 7 3 3 A ARG
(T AL TSR, TEPRAE R [CACs]n B, 3-8 mE BH &5 11 T FH A8 26 BH &5 1

IR AERE ]

F2-4 &Y 4 (E 293 K I ) SR 45 MK 15 2 80

Compound 4
Chemical Formula CsHsCdCI:FN
Formula weight 316.86
Temperature 293 K
Space group P2i/c
Crystal system Monoclinic
al A 9.9686(7)
b/ A 13.3596(9)
c/ A 6.7570(3)
a/° 90
pl° 91.884(3)
/° 90
Volume/ A3 899.39(10)
Z 4
F(000) 600.0
GOF 2.340
Ri[I>20 ()] 0.0173
WRa[I >20 (I)] 0.0423

2.7 W& 5 LA RIS

2.7.1 L&Y 5 BIFRIE

~
oo
g
—_
o
e

-
=
S

%3
[

Intensity
Intensity (a.u.)

o
S

85

500 1000 1500 2000 2500 3000 3500 4000
Wavenumbers (cml)
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T
20

20 (déogree) “

Kl 2-16 H&1 5 BI@ZAMHDEIER, (b)Y AR X S 2T K
Figure 2-16 (a) IR spectrum and (b) PXRD patterns of Compound 5 at room temperature
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ik 2-16(a) i, £ F 750-860 cm . 1020-1062 cm . 1230-1270 cm'' .
1390-1420 cm'y 1550-1590 cm'y 1710-1840 cm! [RHFE 142 B 1 AL IE (O AFAE
ALF 1200-1350 em! FIRHIFIERIA T C-F 8 AFLE, LB g REED 5 1
ZEREAHILAC .

WK 2-16(b)Fias, WA S FIERATY PXRD Bl 5 Mercury B BLILLE
KW R, TR H S0 B EARRT N, X R T A 5 BRA Rl
JZ.

2.7.2 L&Y 5 BB

1.5
3835 K
1.0 -
~&— Cooling

0.5 -
-
=
é 0.0 -
Q
£-0.5

Heating —»
1.0 -
151 3932 K
340 350 360 370 380 390 400
Temperature (K)

Kl 2-17 &4 5 ¥ DSC #h4k K
Figure 2-17 DSC curves of Compound 5
DSC AR &5 RAUESE T &) 5 AT I0AAS . Gl 2-17 fras, AEn#ad iz
H, 7£392.2 K AL I 1B WA SR, AR RR IR R, E 383.5 K AbHH I
RO i o B0 AR R RIC I T DA K, 8.7 K I JE WA TR &4 5 RAE T
W — AR . BeAh, AR (AS) N 13.73 Jmol/K. HRIEHE /K242 Tz
AS=R*In(N), THEH N FIME K 5.21, P THEY S AR Be A 7 - 5 48
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l l | I l l3|lK I

4091
J\, A w

Mon

I M h II ”ﬂl \ 393K ll

' I I I I 370K \

I “ I I‘ ””"M 13llK h

10 20

PXRD Intensity (a.u.)

40 50

20 (de:gree)
K 2-18 tLAW) 5 AR PXRD Ytk B (THEB AT (i 2k 308 K AT fa SR ] 21 %
2D

Figure 2-18 Variable-temperature PXRD spectra of Compound 5 (The uppermost red curve at 308 K was
measured after heating and then cooling back to room temperature)

& 5 I E AR iR PXRD KR kit — D AHAR . Wil 2-18 Fros, ¥
FAEY 5, M 311K THES 370 K. 393 K, PXRD ik, W% A fih B 5%
A ERAEN. GREETHEE] 409 K, 1F 12.84°. 17.82°. 23.18°. 26.48°. 28.70°
F1 33.66°40 AT 2%, 7F 18.36°. 22.28°F11 27.86°4b K I T B AT % .
WIS 311 K &b, ST E . AL E -SRI a6 i == 5 A 1 B — 2
PXRD P35 i Fi iR Z AR IESE 7AW 5 il ARAR k4, 5 DSC e 45
R

2.7.3 LEY 5 HRAEEH TR

(a)

K 2-19 (b5 5 (a)fE 293 K I R 45 /9 181, HEER A 08 30%,  (b)7E 400 K i
frd RS/, BEER 5 A RN 30%
Figure 2-19 The crystal structures of Compound 5 (a) at 293 K with an ellipsoid occupancy rate of

30%, (b) at 400 K with an ellipsoid occupancy rate of 30%
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SHLE 5 4F 293 K CEIAR) A1 400 K GRilAH) NEHT 7 AR 5 X 5
AT SEMME « AELED) 4 455 T R RAE, RN, 28 EE T+
ORI =R R AR PLUF S 2), SHCN a=7.04792) A, b=7.66153) A,
c=9.8250(4) A, a=70.741(1)°, f=287.739(1)°, y=83.247(1)°, ML V=
497.36(3) A* (%2-5) o BEK. HAUULERIERIE RIS 5 Ikt 7. Wl
2-19)f7~, ALEY) 5 HIFRARE R B —N[CdBrs] B 7 A1 —A> 3-FhL e BH & 1
N Z IR B CdBre \HIALEH, HH 0 Cd JRT5 6 4 Br JEFRLALAI L,
B Cd JR T2 8355 34 Br JiE 1. CdBre \ IR £ H &M M, Cd-Br K
u Hl 7R 2.7314(7) A & 2.8298(5) A 2 IA], Br-Cd-Br ## ffi 7 82.778(18)° &
96.754(18)° Z B2 Ak, o 73T H1 ) 3-3RUMLRE BH 8BS T4 T 6 P IRAS, 3-9MEIEH B+
R F AR T BB P IR B N-H- - Br 28, R 7 A
A RS R IR AR AP LE

M, e, S AR AR A O S FR I AL R P2un (FF
F1D . WIS ECN a=7.858(11) A, b="7.139(8) A, ¢ = 10.080(12) A, o =y = 90°,
p=112.78(4)°, V=521.4(11)A% (% 2-5) . 8K, #MLLLEEERE S W
3K 6 RIS 8. 7EmNRAHNS, LAY S MR S = EAMHEL. Cd-Br #KE
FEITE 2.7974(34) A% 2.8263(28) A |A], Br—Cd-Br #ff7E 82.964(3)° & 97.036(3)°
Z I N T B LB AT S 2 5, il T & 5 75 293 K (]
2-19(a)) 1400 K (& 2-19(b)) THIdAEEMEERE], FTLAE W, FEERE T &,
3-SR BH B8 7 % JE I VIR R B 3 OK, RSP T A I T R R ), R
SR S SAEE, H 3-SRENE PH T T . BRI, AHARIR AR L% S
PR T T — 4 B B B 42 25 B B LRH B 1 1 ig 3/ # 3)

X 2-5 AW 5 7E 293 K A1 400 K I [ 54k 45 /) k5 15 2 5

Compound 5 5
Chemical Formula CsHsBrsCdFN CsHsBrsCdFN
Formula weight 450.21 450.21
Temperature 2903 K 400 K
Space group Pl P2i/n
Crystal system Triclinic Monoclinic
al A 7.0479(2) 7.858(11)
b/ A 7.6615(3) 7.139(8)
c/ A 9.8250(4) 10.080(12)
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93 2-5 (AW 5 AE 293 K 1 400 K B 1 & 44 45 M A 15 2 5

Compound 5 5
al° 70.741(1) 90
B° 87.739(1) 112.78(4)
y/° 83.247(1) 90
Volume/ A3 497.36(3) 521.4(11)
Z 2 2
F(000) 408.0 408.0
GOF 3.006 2.868
Ri[I>20 ()] 0.0645 0.0766
WRA[I >20 (I)] 0.1448 0.2843
2.7.4 L& 5 BITEBIMER
(@), L —
1204 — z
. .F -100 kHz 1
457 Heating . o | —10ur o
£ Cooling . $1004 5K - o o]
2 404 b f E —1LkHz ST
‘; . g 804 ——3500 Hz e
= u
g 35 o g o 4
E [ 1 'E 60 1 ] ..Il-.l...:.. C:'.... ¢ AAA#W“
g 30 § .l.':o: 0.0.."' * o 4¥ JSptBitLLES
= T A vy
B N 7Y ‘“0:1
s A e
20 1
20 T r T r T T T T T T
360 370 380 390 400 410 380 385 390 395 400 405
Temperature (K) Temperature (K)

K220 (L& 5 (a)fE 1 MHz [N/ AT, S o Bse i R BE AR R &R (b)SE

P8 AE AN TR T 1) 1L S8 R G 2R

Figure 2-20 For Compound 5, (a) the temperature dependence of the real part of the dielectric

constant under heating/cooling at 1 MHz, (b) the temperature dependence of the real part at

different frequencies

SHLEY) S AT T AR . Wi 2-20() TR, RIGED) S BERE
ALK T 2 I BRI TR, 7E R 3 384.6 KN L H LR HRAE 30
BT, 7 384.6 K N U UK ERARAR N 45, i S HI BRI s
) 1.6 1. il 2-20(b) 7, MBS 5 FEAN RSN 597 U Hl i 2k
B SRS, A EEOE R, X2 —MIEEI R I HAHRIREA AR,
RPN BRI R, 7> TS RE R LR
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2.8 LEYI4H 5 KB TEIBE(ER 2

(@)

Io’

28 de 28 |4
26 26

H~Cl 38.0% . .

1.0
() =(0.8660.1.1694) 0g || (UdIR(OA977,L107)

qoﬁ dl

A 060810

K 2-21 ()b &% 4 F(b) &) 5 7 293 K I () Hirshfeld 320, ()b &9 4 M(dLED S
£ 293 K I ) 2D FREUA 1
Figure 2-21 (a) The Hirshfeld surface of Compound 4 at 293 K, (b) The Hirshfeld surface of
Compound 5 at 293 K, (c) The 2D fingerprint plot of Compound 4 at 293 K, (d) The 2D
fingerprint plot of Compound 5 at 293 K

it — BIR B G 5 MR E AR R B SRR R R, WS
V4. 5 =R BT AER BT 28, Bl 2-21(a)-(d) M 72 53 N &)
4. 5[ Hirshfeld K i f1 2D $5 40, H, 206X K 7R Hirshfeld X i
WA EAE 71, X BRI EY 4. SIWEBEIEH J1. 2D 1840w
PAE M S5 s th SRR B D g R /DOl 56T+ Hirshfeld 3 [ A1 2D 45 40K
WS B W3 2-6. 1651 5 7 =il N K AR AL &) 4 R K AEAHZR
JRRZ: S5EMSHW, a4 dERE, T RIMEERERE, 7
TBE R T, RN A UK B s i e B, AR5 AR

®2-6 fbEY 4 MALEY) 5 B T 1 Hinside—Clouside & F AT & M ELHI, P2 diy T
i/}j de u&ilzi/)] dnormo

LB Hinside—Cloutside mean d; mean d. mean dyorm
Surface area (%)

WwEY 4 0.380 1.6287 1.9239 0.3778

P Hinside—Broutside mean d; mean de mean dyorm
Surface area (%)

wEw) 5 0.401 1.6489 2.0414 0.4033
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2.9 KRB

gi BRIk, FATE BT AT EP[CsHN][CuBr] (1D BChfk
HWI[CsHsN[CuBra] (2) PAR F %4 G W[(CsHeN)(18-7i-6)]2CuBry (3) o Hiff
FRIM, EW1AE 331.4 K I RAERTWAEAE, DSC. /i B AR AR iR B R X 5
LRATSTIESE T HARAR M R A . A BEEOTTE R AR A (R A )4 . SR 5t 485
TR, &Y 1 A AR A VA BB HLBH B 6 5 -0 7 AR S5 R B
THAERER M EEH, BRE T REBRMIZE)HHE . ST NS spIRES
ONVRARAS, W= A TP OCREE . ST, e 2 1 3 RRAEMAE. e
W 2 AN A AR 1T e J5 DR A A R SR T A RO, BR 1 7 I B B 132 3
WAEY) 3 AN IR AR AEAR R PT R J5 R] 2 7 Pk R P 30 i S B bk v v E LS i o,
173 B 1) T Rk E BH S 1R 3. BRI, B BH B AT R A AR AT df Ak 5 1 T 2K
FAAR UL R A B SRR B AR KRG o G B B 88 1R] iR A ELAE R AN /& Kk, H
BH &S T2 3 2 AR OR, WA 5 51 R A B IF SR AUARAS

HRCT A A NL- N AL — 4R 85 50 4k & Y [CsHsNF][CACL], (4)
[CsHsNF][CdBr3]n (5) , BRI, AW S 1E 384.6 K B KA A4S, DSC.
A LA AT AR iR PXRD UESE T H AR MR A . A T E & (R S 2 )
RS, SR, ACEY) 4 RS, ICEET TS 4. 5 1 Hirshfeld %
A —4E 2D) RGN T, SEW s Mk, & 40 dER, 5T
[F]AH LA FH SR 5, 43 18 2 i R 4843, iR FE AR b B X DL R AR 38 B Bl e
NI Gy r= A A AR
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¥ 3E ETMIERETSSHI MR BT KH

3.1 5|5

BET R 14 73 T ARAS AR 254 BN 4 T R R AR LS00, o e kAR
NEMIST, HiEAE B R S TR T, TS T ASS S 7. &
SRRl S AR TARR, TR o T 454 o IX B a5 M 15 5 1 5 T el
B, AR T RS B, 87 RS Bt o T AR AR B
k& RS, FAER D T U 18-7d-6. 15-78-5 B 4 I 18-7&-6
W, 2 AABH B 7 A ML B & 18 Hs™, HU5 257 45 ReO4 BFs ™ PF6 « FeCla™+
TFSA S5S0881031041 - — g e it BT ek ok (1) 45 R AH AR AL AR P 29y AR LR 2

(D AHEMAEEREZE:  GD aBies::  GiD s rFmE -5
AR, SERr b, REE AR LS AT A R BR A —Fh, R BRI
EZLIP

A E BRI TS A 9 A 18-5e-6 F1 2K 18-7e-6 BN FAK 71, ALRERH & 1
BT, A ZF 1) CuBr? BRI THLER ClOs  BFs 104\ ReO4”
NP7, GRT AR T R EARMEY), FERI AR RS X ST A
HLI . DSC R & R AE T BOW H A5 A AV gk AT T IR AE, ik th A
L R AR AR R AR o

3.2 SKLuiERsy

i (CsHeN)(18-76-6)(Cl04) (6) ZAMEHE (0.7910 g, 10 mmol) A 18-
-6 (2.6430 g, 10 mmol) FMEZEE T/KH, REKEAMKR (70%, 1.4351¢,
10 mmoD) & F Z. & Ja i L ng A1 18-7-6 (VR A /KR . =R IHHEL 1
NS, SRR BVAME, ARG E TR MBI, RAWE 53] A EPUR k.

(CsHeN)(18-7i-6)(BFs) (7) F&KtIE (0.7910 g, 10 mmol) Al 18-7&-6 (2.6430 g,
10 mmol) ¥EMRAE 2 1K, RJEH YRR (40%, 2.1953 g, 10 mmoD) ¥#
TG fE R nEREE R 18-56-6 MR G KR . =R ML 1/ E,
JER BRI, RIEESNE FIERK, KRAWHE GRS A GIUR &K,
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(CsHgN)(18-75-6)(104) (8) s&¥fitE (0.7910 g, 10 mmol) A1 18-7&-6 (2.6430 g,
10 mmol) EAFE LB F/KF, REH =R (2.2764 g, 10 mmol) & T 45
T INRIERE R 18-76-6 FITRAAKIEHR Y« fEZIR THFEL 1/ 5, TSR
W, SRIGAEEIR FICEZEKR, KAV G130 R e,

(CsHeN)(18-75-6)(ReOs) (9) ZH5MLNE (0.1582 g, 2 mmol) 1 18-76-6 (0.5286 g,
2 mmol) VERMEZRET/KP, BEH =R (75%, 0.7362 g, 2mmol) T4
Ji S5 IRk E A 18-56-6 IR G KR . E=IR ML 1 AR, JiEs
FVEW, REAEEIR NBCE AR, KRAMWE G2 B IRk,

(CsHeN)(Z= K HF 18-7e-6)(Cl04) (100 SZH5HEmE (0.7910 g, 10 mmol) ¥ fi
LB KT, ZFIH-18-7-6 (2.6430 g, 10 mmol) BMA=EFlEd, =R
i (70%, 1.4351¢g, 10 mmoD) & T LM+, WIRIR G EMEZER FHFEZ) 1 /)
G, MWIERBNAM, RIEEER TIMERK, KRAWRHEADE AR R,

3.3 L&Y 6 LM B

3.3.1 L&Y 6 BUFKIE

—_
(=3

80 4
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Intensity
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=
M

Intensity (a.u.)

Simulation

]
<
L

0 T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000 10 20 30
Wavenumbers (cm-1) 20 (degree)

40 50

Kl 3-1 (&Y 6 @AM EIEE, (b)=iRBAR X ST K
Figure 3-1 (a) IR spectrum and (b) PXRD patterns of Compound 6 at room temperature
W 3-1(@) Fras, ALF 750-860 cm™. 1020-1062 cm™' . 1230-1270 cm™ .
1390-1420 cm'. 1550-1590 cm!y 1710-1840 cm! [{JRFAE 162 B T ILIE I AF1E
AT 1710 em™ (HFAEIESRBA T 18-7c-6 MIAELE, UL B & 5 LE1) 6 45
AHVLHEC o
W 3-100)F7R, EY) 6 = iRATH PXRD K5 Mercury HAH-HALL45

40



8 W YN e VAT

W) G LR AT IR A H 5 A B SEASK N, IX R TG 6 R IR R 2

3.3.2 L&Y 6 MR R

1.0 - 233.6 K
~+—Cooling
0.5 4
z
£ 0.0 -
Q
)
2-0.5
1.0 VHeating—»
L5 2443 K

230 240 250 260 270 280
Temperature (K)

K 3-2 L&) 6 ¥ DSC i 2k &l
Figure 3-2 DSC curves of Compound 6
DSC M) 25 RAESE T A& 6 [ AR . inf&] 3-2 fow, AR R IR R
£ 233.6 K AL 7 B R AR, TTAETHRIE AR, 7E 244.3 K AL HI I BA S 78
PG . ARBE AR TBCRIE R L 2 10.7 K GG R B TAL & 6 RAE T Al
M—AAE . thah, HEAEIREA (AS) A 11.76 J/mol/K. IRIEHIK2% 2 %
AS = R*In(N), TFHH N BN 4.11, R THED 6 AW BE—H F-TTH L.

3.3.3 L&Y 6 R LE DR

K 3-3 ALEY) 6 (a)fE 293 K I AR 45 f 18 (A H R 5D 5 (b)fE 93 K IR SR 45 4 18
Figure 3-3 The crystal structures of compound 6 (a) at 293 K (omit H atoms) and (b) at 93 K
SHGEY) 6 75 93 K (IGIEAD F1293 K (EEAMD FHHT 7R IR B X 4
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LA S5 AN 5E o FE S IRARIT % d A8 T PO 0 RRIK IEAE f R 2 (B Prma (JF
F62), MWSECHN a=28.8227(18) A, b=10.7042) A, c=23.6375) A, a=p=
y=90°, SHEAAFRY V=22322(8) A% (3R 3-1) . fEEIRMNS, L&Y 6 HIFEALL
B TE I — AN 18-71-6 43, — /ML IE BH 25 7 A1 — A i SR B 25 7 4L, o 18-
-6 43T AIMLIERH B T E LT, SE RS Tl — AN E R T =E L, =4
ARTFHELF (K 3-33) -

TEARIGAHES, Z A8 T DX AR I R RS ABE P2ie PS5 14) , &
M2 HN a=10.402(6) A, b=26.365(5)A, ¢=25.6344)A, a=y=90°, =
113.575(13)° FRAEARRN V= 6443(4) A> (K 3-1) . SRR M1 0%
AGIER T &P 6 A T ARAE . TEMRIRAHES, (&) 6 S A Ss 558 B — A
18-7-6 701, —/NMEBERHE T — s &R & T4 (B 3-3(b)) , 5=
FEAS IR 5 BTl P A T AR BN 2% , IR AR Hh v SR B B8 7 0 RS
AR S R AR A5 SRR T 1876 > TR AR I B TN - Sk T
ZEFIRRAE, 5 DSC MREE R4 .

2 3-1 (L& 6 £ 293 K A1 93 K I 1 & 44 45 # k5 156 2 3

Compound 6 6
Chemical Formula C17H30CINO1o C17H30CINO1o
Formula weight 443.87 443.87
Temperature 293 K 93K
Space group Pnma P2i/c
Crystal system Orthorhombic Monoclinic
al A 8.8227(18) 10.402(6)
b/ A 10.704(2) 26.365(5)
c/ A 23.637(5) 25.634(4)
al® 90 90
Br° 90 113.575(13)
y/° 90 90
Volume/ A3 2232.2(8) 6443(4)
Z 4 12
F(000) 944.0 2832.0
GOF 1.321 1.373
Ri[I>20 ()] 0.1369 0.0649
WRa[1>20 (1)] 0.2947 0.1539
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3.3.4 L& 6 IMERIMER
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Kl 3-4 (L5 6 (a)fE 1 MHz B INA/AEIT, A oo Bose 38 IR BRI OC &, (b) &
FSTE 7S [F) 451 2 T 11 3 85 0 3856 &R
Figure 3-4 For Compound 6, (a) the temperature dependence of the real part of the dielectric
constant under heating/cooling at 1 MHz, (b) the temperature dependence of the real part at
different frequencies
XIWEY) 6 #EAT T/ EREIN . Wil 3-4(a) o, KIALEY) 6 bR E 4L
e i & 23 “BrBh i BIRAR, FE =R F) 242.9 K I B SR RRAE 11.5
BiiT, £ 242.9 K 4y B H UK AR RARAR N 8.3, Eidt A KA U BUR KA
AW 14 £ K 3-40)FR, WENEY 6 ARSI 1/ i H Hok fE th 26,
FHAR IR LA R ARAL, RIAANFAEN BIMBIR, 7 TIZshReg IR L3
k.

/.

3.4 LEW 7 WEMIMERIR

3.4.1 1LE 7 BIFRIE
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@ =
g 90 = Measurement
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K 3-5 (WEW T K@ AHDEIE IR, (b)) R X G2 ATH K

Figure 3-5 (a) IR spectrum and (b) PXRD patterns of Compound 7 at room temperature
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WK 3-5()ffr s, AT 750-860 cm™ . 1020-1062 cm™ . 1230-1270 cm'' .
1390-1420 cm'y 1550-1590 cm'y 1710-1840 cm! [RHFE 142 B 1 AL IE (O AFAE
AT 1710 em™ PIRFIEVER B T 18-768-6 BEMAEAE, L B AW R 540640 7 104
AN

nkE 3-5(0)Fn, EY 7 I ERATH PXRD Kl 5 Mercury FAFHLIILE R
W) LR AT SN R B 5 o B A B, IR T A S T A IR w2l

3.4.2 L&Y 7 BB

0.8
272.5K
0.6 - .
~&— Cooling
0.4 -
0.2 -
z
0.0
E
o -002
)
2-0.4
0.6{ Heating —p
0.8
1.0 280.2 K
260 270 280 290 300
Temperature (K)

3-6 fb&) 7 1) DSC HiZk ]
Figure 3-6 DSC curves of Compound 7
DSC A 45 FAUESE THEY) 7 (TR AR 4l 3-6 B, fE R R,
FE272.5 K AL 7 B S R A, T AE RSO AR, 7E 280.2 KA H I 2 IR
He o SR IR IR R DL K 7.7 KRG JE R T & 7 KA T R
—RAAE . AL, THRARREAE (AS) N 8.19 Jmol/K. RIEILIRZE = FFEAS =
R*In(N), tHEH NEMEN 2.69, KW TALEY) 7 KIAHA AT RE A Fr- o 2L .
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3.4.3 LEM 7 RS R

)

Kl 3-7 (b &1 7 (a)fE 300 K I (Y AR S5 K 18 (s H IR 1), (b)fE 273 K I [ & 14
G5 1
Figure 3-7 The crystal structures of compound 7 (a) at 300 K (omit H atoms) and (b) at 273 K
SHLE) T AE 273 K (RIEAR) F1300 K (GRiRARD) NEET 7 AR A f X 5
LRATI SR 5E o TERIEMIRY, ZEARL A 6 —FER T Ot BRI IEAS i &
2 ARE Poma (5% 62) , WS KN a =8.8109(6) A, b=10.6196(7) A, c=
23.5540(16) A, a=p=y=90°, ERMIARI V=2203.93) A> (¥3-2) . f£293K
I, LA T ARG AN 18-7E-6 23T, — NI FH S 1A — AN U R B
B (B 3-7(a)) , b 18-7i-6 43, MHLIE BH 25 AU R B 25 23 i
HLF
TEARIGAH BT, % S A LRI A 6 — % & T Lo X Bk 1 A} i 2 25 (B P21/
(F5 1D , SRSECHN a=9.8504(8) A, b=7.7401(7) A, ¢=19.2663(17) A,
a=y=90° B=95490(3)°, AR V=14555(2)A* (¥ 3-2) . fuSHAE
KEEMA MR ERAGER THEY 7 KA TR . TEARRAER, &Y 7 SRR
FEITH IR B —A™ 18-3-6 73T, — ANMHE PH B 1 F1—A> i SR BT 85 4L (11 3-3 (b)),
SRR Z, H T RERCR R IRsh i eE, (KRS 18-7-6 4+ NF
FEIRZS - A8 U S A S5 M 2 5 SRR W T 18-7-6 2> T 1B FE- T B2 1 S5 M AH2S,
5 DSC M4 R & .
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X322 AW 7 7 300 K A1 273 K I [ 54 45 /RS 15 2 5

Compound 7 7
Chemical Formula C17H30BF4NO¢ C17H30BF4NO¢
Formula weight 431.23 431.23
Temperature 300K 273 K
Space group Pnma P2i/n
Crystal system Orthorhombic Monoclinic
al A 8.8109(6) 9.8054(8)
b/ A 10.6196(7) 7.7401(7)
c/ A 23.5540(16) 19.2663(17)
a/® 90 90
p° 90 95.490(3)
/° 90 90
Volume/ A? 2203.9(3) 1455.5(2)
V4 4 2
F(000) 912.0 624.0
GOF 1.300 1.365
Ri[I>20 (])] 0.1299 0.0805
wRo[I>20 (1)] 0.1720 0.2725

3.4.4 AWM TN EMR

@ b)

0] —— 1MHz i
100 kHz
10 kHz

73
=

Heating

Cooling

e
=}

Dielectric constant (£')
~ (2
g 2

Dielectric consta
E

—-
=)

/ 20

0 T T T T T 0 T T T T T

240 250 260 270 280 290 300 240 250 260 270 280 290 300
Temperature (K) Temperature (K)

K3-8 (b &1 7 (a)fE 1| MHz N /A H T, S2 iR BRI OC 22, (b)SE M AE A )
A2 I I AR OR R
Figure 3-8 For Compound 7, (a) the temperature dependence of the real part of the dielectric
constant under heating/cooling at 1 MHz, (b) the temperature dependence of the real part at
different frequencies
XALER 7 #AT T Bk Re . 0 3-8(a) s, RIALED 7 BEIREAR
B i Hh L 23 “PrBR AL AR, EZIR S 278.4 K N/ FUH B AERF(E 25.4
BT, 7£ 278.4 K I B HUR A RAEAR Y 13.1, i AR/ EEUR I B
A0 1.9 £ WE 3-8(b)an, MEEY T FEAFRIZ T 1)) B H R R it 2,
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BEAE PR BRI, A HH B K, X2 — R IEH IR - JF BARR IR AR AR AL,
RN HIERING, 7> TEslfeis iR LRz,

3.5 L&Y 8 MG RN

3.5.1 &4 8 BUFKIE

(a)

100

95
3 Measurement

| ‘l Simulation

—_
o

Intensity
& 2

2 2
Intensity (a.u.)

)
7]

=
=

o
n

500 1000 1500 2000 2500 3000 3500 4000 10 2 30
avenumbers (cm) 20 (degree)

K 3-9 (a8 ML AMDEIE A, (b)Fi R X G2 AT K

50

Figure 3-9 (a) IR spectrum and (b) PXRD patterns of Compound 8 at room temperature

W 3-9(a)Fras, ALF 750-860 cm™. 1020-1062 cm' . 1230-1270 cm™ .
1390-1420 cm'. 1550-1590 cm!y 1710-1840 cm! [{JRFAE 162 B T ILIE I AF1E
AT 1710 em™ (HFAEIESR B T 18-7c-6 BAAFLE, DL & REMLGY) 8 (M4
AR EIUNIG

i 3-900)FiR, EY) 8 (I =iRATH PXRD K5 Mercury HBA-HALL 45
Wy PR, TSI H A0 B R A B, X T a8 R IRE At .

3.5.2 L&Y 8 WM R R

0.3 4 2213K
1 ‘ ‘ Heating ——p

-0.3 4

=4
5]

s o
=4 -
1

.
e
=

I
o
Q
=3
=2
5
()]

DSC (mW)

-0.4 1 2129K

200 210 220 230 240 250 260 270 280
Temperature (K)

K 3-10 th&%) 8 I DSC £k

Figure 3-10 DSC curves of Compound 8
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DSC Ml 45 FAESE V&) 8 BT . 4] 3-10 fow, fERiR S
i, 7E 221.3 K AL T 0 SR, T AR TR R, A 212.9 K b H IR R
PRI . SRBE RS IE RL DL K 8.4 K FIFAT G R T &1 8 KA T W]
W —BARAS . BeAh, HHEERIEA (AS) A 8.42 Jmol/K. HRIEIL/R2L S L
AS=R*In(N), THEH N FME K 2.75, RE T HEY 8 AR W] e A 7 -7 2

3.5.3 L&Y 8 HRAKLEHI TR

b) o
g oc
4 { b 5 oN

J¥5% o % % »
B lisg m w
o %5 "/‘.")h o t-:" p
t\ ol {,a :‘i';h. K

b § .
% z*\: }
& e Y o o

o e <
SV g g

Kl 3-11 (LAY 8 (a)fE 293 K I iR 25/ 8], (b) dl L HERR Bl (4% H 1)
Figure 3-11 For Compound 8 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram (omit H atoms)

SHALEY) 8 1 293 K CEEIRARD FHHT TSR B X S RATIH 45 MM E . 7E
SURAANS, ZRAFEY 6 SWEY T — R T O RRIG IEAS 5 & 25 18]
Pnma (75 62) , S ECHN a=89390(7) A, b=109191(11) A, c=23.7643)A,
a=p=y=90°, FHHUAFL V=2319.6(4) A> (£ 3-3) . =M, LAY 8K
A RS AL B — AN 18-7iE-6 43, — ANIHLIE BH B A — AN s R B 2 T2 e, Hop
18-5-6 43 MIMLIE BHES T E O P, MR & 7R T, AR
TFF, —AZELEF, ~ANUELF (B 3-1D « BT A 8 AR B RIE,
SRAE A AR TRLRE LT M IR S A b 4, H F T SRR IR P T s 72, TevE 3RS
A DARAT 0 di i 2, (R & 8 (s R S R R 45 M 5 &9 6. 7 AHIF,
PRI B SN 1Z 50 G 64 7 2L, o7 50T E5 M B A i FE PR 2 B L
Feas, 5| A5 HARAS .
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33 (AW 8 1E 293K B 1 7k 45 K K 15 2 4L

Compound 8
Chemical Formula C17H30INO19
Formula weight 535.32
Compound 8
Temperature 293 K
Space group Pnma
Crystal system Orthorhombic
al A 8.9390(7)
b/ A 10.9191(11)
c/ A 23.764(3)
a/® 90
p/° 90
/° 90
Volume/ A3 2319.6(4)
V4 4
F(000) 1088.0
GOF 1.533
Ri[I>20 ()] 0.0808
wRa[I >20 (1)) 0.2109

3.5.4 &8 HIMEMR

—~
o
=
-
0
~
=5
~
N
N

. = 1 MHz

~14 Heating :_\20 1 — 100 kHz
& Cooling " & = 10 kHz
=z " =184
= - =
=13 " =
% o <
: / : £
S " e
51 . S =
212 - 2144 =
= i
bt - s
> o ®
T e 12 4
A A

104

10
8 T T T T T
190 200 210 220 230 240 250 260 270 160 180 200 220 240 260 280
Temperature (K) Temperature (K)

Kl 3-12 AW 8 (a)fE 1 MHz BIII#/A R, A B B i B KB R, (b)sk
HAE AN [F) A5 R (3 AR Ok &

Figure 3-12 For Compound 8, (a) the temperature dependence of the real part of the dielectric
constant under heating/cooling at 1 MHz, (b) the temperature dependence of the real part at
different frequencies

SHLAEY) 8 BT T A m M RE I . Wl 3-12() i, RILAY) 8 Bl JE
AL A B 2 I BR L TR, AE IR E] 212.8 K B A B B AERRAE 11.5
BfiT, fE 212.8 K N U BUKAE R A 10.3, E/r AR/ BE R B
A 11 A W 3-12(b)Fw, WENEY) 8 EARIANER N B B HOE FE th 2k,
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BEAE PR BRI, A HH B K, X2 — R IEH IR - JF BARR IR AR AR AL,
RN HIERING, 7> TEslfeis iR LRz,

3.6 L& 9 LM B

3.6.1 L&Y 9 BUFRIE

—_
o

' ‘l ' l Simulation

Intensity (a.u.)

500 1000 1500 2000 2500 3000 3500 4000 10 20 30
‘Wavenumbers (cm1) 260 (degree)

B 3-13 (&M 9 MI)ZLAM G, (b)s Ik K X AT

Figure 3-13 (a) IR spectrum and (b) PXRD patterns of Compound 9 at room temperature

W 3-13(a) i, £ F 750-860 cm™ . 1020-1062 ecm . 1230-1270 cm'! .
1390-1420 cm'. 1550-1590 cm!y 1710-1840 cm! ({JREFE 1628 B T ML IE I AELE
BT 1710 e [HFFIGZR B T 18-78-6 BEIIAZTE, LL AT EL &) 9 (4
FAFHVCHL .

& 3-13(b) A, A& 9 K EiRATH PXRD B 5 Mercury BRI 45
RWE FEE T, ATt H 560 BHEAR N, KR 7HEY 9 AR 2L
JZ.

3.6.2 (L& 9 BRI B AR

(3)0.4 b) 30
0.3 25 Heating
~
0.2 . » = Cooling
-~¢—— Cooling <20
o~ J =
gy |2 /
15
& oo g
2 o
& 014 £ /
=
T
0.21 Heating ——p a5
0.3
0
0.4

210 220 230 240 250 260 270 280 290 300 300 320 340 360 380 400 420
Temperature (K) Temperature (K)

3-14 1b&% 9 (a) DSC HIZRE, (b)ZE 1| MHz A B Bt 15 A8 1k il 28

Figure 3-14 For Compound 9, (a) the DSC curves and (b) the curves of the dielectric constant

varying with temperature at | MHz
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GRUTRE R 2 A S

5 9 #£ 210-300 K ) DSC H1 £ 1 3-14(a) o, £ THEAN PR i 2
A R AT HH I T T R R PR DA AT TS, R LA I R B 9 T R AR A AR AT
WA 9 1E 1 MHz T/ H Bt A 26 an ] 3-14(0) s, #EiRFE 310-410 K
DX [ A A L 2 BT 22, AN IR R B 5w i, R G 9 TE1ZIR
DX 8] N A R A AR

3.6.3 L& 9 HRAELEH TR

Kl 3-15 (L& 9 (a)fE 293 K I [ A AR S5 K 181, (b) il i HE AR

Figure 3-15 For Compound 9 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram

£ 293K I, &Y 9 & T AL BRI B AR R 2 P2i/e (P55 14)
HBBESEON a=9.436509) A, b=13.2969(12) A, ¢ =17.6861(14) A, a=y=90°,
£ =91.963(3)°, ELMIAKFR V=2217.9(3) A* (K 3-4) . L& 9 MMk LEFH—
AN 18-7-6 431+ —ANMLIE PH & 10— = BRIR B B 72 e, G rvmih g BH 25 1A
FHELTRE (B 3-15) « NRAEFERMAEER, 15 be [, XIS THIG
ZEHES (E 3-15(b)) o BBILE 6. 7. 8 XTLL, 1AW 9 MR FRIE AR,
ZER ) ReOs 1 T-HE C10s. BFy~, 104 B 5, FEIGEASAL > T8 ] %
BT HORBRG, A 5 = AR

R 3-4 AW 9 TE 293 K I IR 81 45 R RS 12 280

Compound 9
Chemical Formula C17H30NO10Re
Formula weight 594.63
Temperature 293 K
Space group P2y/c
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8238 3-4 AW 9 E 293 K I I AR 45 #1582 8

Compound 9
Crystal system Monoclinic
al A 9.4365(9)
b/ A 13.2969(12)
c/ A 17.6861(14)
a/° 90
pl° 91.963(3)
y/° 90
Volume/ A3 2217.9(3)
Z 4
F(000) 1176.0
GOF 1.781
Ri[I>20 (D] 0.0478
WRa[I >20 (I)] 0.1366

3.7 LAY 10 KM RRIS

3.7.1 L&Y 10 BURIE

Y
(a) (b)
100 4
80 .
E
% 3 _.‘,J\,WUH\ M\ . p Measurement
£ o0 4 1 LA
= £ Simulation
= z
a0 =
204
S00 1000 1500 2000 2500 3000 3500 4000 10 20 30 40 50
Wavenumbers (cm1) 20 (degree)

3-16 L&Y 10 [)LLIMDERE R, (b) iR AR X AT E
Figure 3-16 (a) IR spectrum and (b) PXRD patterns of Compound 10 at room temperature

WK 3-16(a) frx, AT 750-860 em . 1020-1062 cm'y 1230-1270 cm™ .
1390-1420 cm™'. 1550-1590 cm'y 1710-1840 cm [{JRFAE 16 2% B 1 ILIE I AF1E
AT 1710 e [RARFAEUE R B T 18-7i8-6 BRIIAFAE, ALT 750cm™ IR AEIERIT |
RIAAEAR, LB as R 5 E4) 10 45 /AL .

i 3-16(b) i, A& 10 ()= iRATH PXRD K5 Mercury B RALL 45
Ry & R, AT RIEE S50 B AN N, X R T A 10 BA RS
Az,

52



8 W YN e VAT

3.7.2 L& 10 BYPAME BN/ TR M BT AR

(@), by
0.24 Heating
~—Cooling el .
, Cooling
o =
z Z
=
50.0 g
% g
Zo1 E 15
=
U
0.21 _ S
Heating ———jp-
0.3
5
320 330 340 350 360 200 220 240 260 280 300 320
Temperature (K) Temperature (K)

Kl 3-17 5% 10 (a) DSC HIZkE, (b)fE | MHz /- HL ' BB iR B AR A0 it 2 14
Figure 3-17 For Compound 10, (a) the DSC curves and (b) the curves of the dielectric constant
varying with temperature at 1 MHz

A9 10 78 320-365 K 1) DSC #i 2k an_E &l 3-17(a) o, 18 FHE AT R 1 i
FEA, 2R 3 AT T8 (B A T S R e, R I R IR Y TRl A T R A AR AR AT
Mo AW 10 75 1 MHz v HH B8R 24k it 2k an 1] 3-17(0) B, TR
210-310 K X ] N/ HL i e B4R P 2%, AR A RN LA, R &)
10 7% X [8) N A K AEAHAE

3.7.3 (L&Y 10 GRS

@ p ® b
b\* f " A Neab,
a L /AZ‘L \k /"\ .

. e 64 . }’d’ ~“ 3 3 A?k&,o‘

) & E #¢§ i))};"ﬁi = P
TR s T Wep S B -4
'\ R WS 2 A ) 1‘90}"1".;1\ s ec
R RE 2 e B

% JHL

N e N e &AW |
=3 - S Yy

% ,»“;A;"«‘ T R

g V¥t ok i L

Y el «:»i;\
o

K 3-18 L& 4 10 (a)fE 293 K I (¥ S AR 45 MY B, (b) it g HE AR
Figure 3-18 For Compound 10 at 293 K, (a) the crystal structures and (b) the unit cell packing

diagram

£ 293K I, LA 10 455 T ORI =/ R W E PL OFS D
HEWSECN a=11373(4) A, b=11.391(5) A, ¢ =12.270(5) A, a = 111.300(14)°,
B =106.750(13)°, y=107.325(13)°, #fAF V'=1266.3(9) A® (R 3-5) . &Y
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10 [ d A S5 R EH— A 28 - 18-768-6 431 — NI IE BH 25 7 F— A i &R B 29 1
HAY, FEARmEnE S AT E TP IRE, mERIE TSR T, A
W TFRETFIRE (B 3-18(a) o MEAHERRAER, 7€ ac i, EHERSTH
TS (K 3-18(b)) o« FRILEH 6 XTLL, LAWY 10 45 5 TS5BS i i
Fz o, RF RV g BH B R0 i SRR B & T I B L T, BT ESRME 1845
-6 ik 7 BRI T FASNITERI RN, SECEAN T HRoc s H, 102 [ A7 5 [
i, R T FRE s, IR S AR .

F3-5 L& W 10 £E 293 K I I &b 4R 45 1 RS 15 2 8

Compound 10
Chemical Formula C25H30CINO1o
Formula weight 539.95
Temperature 293 K
Space group P1
Crystal system Triclinic
al A 11.373(4)
b/ A 11.391(5)
c/ A 12.270(5)
al® 111.300(14)
p/° 106.705(13)
/° 107.325(13)
Volume/ A3 1266.3(9)
V4 2
F(000) 568.0
GOF 1.416
Ri[I>20 ()] 0.1086
WRa[I >20 (I)] 0.3085

3.8 KRB/

ZELRTR, AT EEELAYI(CsHN)(18-7E-6)(Cl04) (6) + (CsHeN)(18-
Jt-6)(BFs) (7)  (CsHeN)(18-7-6)(104) (8) . (CsHeN)(18 -7i- 6)(ReOs) (9) .
(CsHeN)(— 2 18-7-6)(Cl0s) (10) . WFFER I, EaW 6 1E 242.9 K I kA= w]
WA, WA T TE 278.4 K MHRAE RIS, (L&) 8 75 212.8 K R A wl i
HAE, DSC. A HIIARIESL T HAHARM R AE . A BTE R KA A 2 8] af
WY, BAREEH TR B, BT AT IR AR BT U R T R A B R/ BT S
WG FP- TP A8, BEREREAS, BapREFARRNESRE, R4 “rdir
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%7 k. (A 9 PROFIET ReO 5 CIO -, BE:\ 107 MILEE, FE5HE
AR, TR THPEIR . 6 a Y 10 300 T RIPERRE, —%F-18-
-6 AL 1876 (S, W) T 40 TA0IEY, TR S (e, LA
BIBARNT, FEAHLIE AR . RSO EALITE TR ke, 5T
LA 543, IR TR, IR, 18 T 0 RSt —
S
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248 ETRRMERETS 18-8-6 RNLTF EHH

4.1 515

5 H/D [RIA7 R RN K4, H/F BORAT LR K4 s AH AR i B2, B 9 Ak
TR B RS 2T R . BT C-F B R s, AR B
VERE, WIARTEMNAL, AR RIFRTIES, B4k, I F R TRl Rt IR T
SRR IS S F T &5, BSIANA RERE M g2 A
QI 5| B 5 — AR 5 A0 B AR R A R SR A X LS R AL S, HYF
BARAE AL AL A H Ak BE 5 T S 70 H I A A 1 05-1070,

VN )R oS S o I w5 AL e ST g S L NN O = % i ]
NG, A 3-5ntne N R AR PH T, 18-76-6 AR ST, ClO4 s BF4 1047
PFs AMIES T, & HCT ToAead, IR AR B ah X P EATa . A st
DSC SERAE T BOW H A AL BT BEAT T IR T

4.2 SLERERSY

H: (CsHsNF)(ClOs) (11) /2% 3-5knE (0.9710 g, 10 mmol) VA fRAE 2%
BrKd, SRIEKEAER (70%, 1.4351 g, 10 mmol) VAT Z.F& /5 s 3-8t
WEKIEI o FEZWR NIECFEL 1 /NI 5, i IEAR 20A W, SREEEIR FTIEEK,
ALV EE S ETIISRERA BN 4 NS

(CsHsNF)(18-7-6)(C104) (12) 2% 3-FtnE (0.9710 g, 10 mmol) F1 18-
-6 (2.6430 g, 10 mmol) ¥ARFE B FI/KH, REKEEER (70%, 1.4351 ¢,
10 mmol) AT Z i J5 i i # 3-FUkne Al 18-7e-6 IR A KIEW . =i I
P2y 1 JE, IERREVAR, REEER TINERK, RAMEGERE A G
R

(CsHsNF)(18-7i£-6)(BF4) (13) 244 3-%MtiE (0.9710 g, 10 mmol) F1 18-5
-6 (2.6430 g, 10 mmol) VAMRLEZ BT /KH, SRR IUFRMER (40%, 2.1953 g,
10 mmol) ¥ £ Ja i m 2] 3-Fut g fl 18-7-6 IR & /KR + . fE=E T
P21 E, B RNAW, REEER FINEZEK, RAWEGREEGIR
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LINGTIEENS

(CsHsNF)(18-7i-6)(PFs) (14) &% 3-5MtAE (0.9710 g, 10 mmol) F1 18-7&
-6 (2.6430 g, 10 mmol) WAfEIE LB TIKH, RIEH/SEBER (70%, 2.4830 g,
10 mmol) & T Z i J5 i n# 3-kne A1 18-7e-6 IR A KIEW . =i I
P2 1 /NB S, IR RN, REEER TEZK, KRAWHGEE A A%k
HRAR A

(CsHsNF)(18-7i£-6)(104) (15) 7244 3-5MLAE (0.9710 g, 10 mmol) F1 18-7
-6 (2.6430 g, 10 mmol) FMFFE LB F/KH, RJEH =R (2.2764 g, 10 mmol)
BT OB SR ne 1 18-76-6 MR AKIEW . fEEE FHEEL 1/ 5,
IR ENER, AREEESIR FIE K, KW ER 2R OIUR Bk,

4.3 AW 1 WM RIR

4.3.1 L&Y 1 FIFRIE

(a) (b)
100
95 H
90 4 ~
= Measurement
g5 ] <
2804 = TTW '_ .
] & Simulation
751 =
70 4
65
500 1000 1500 2000 2500 3000 3500 4000 10 S0

Wavenumbers (cm1) * 20 (deg'ree)
Bl 4-1 (&M 11 JI@)ZLAM G, (b)s Ik K X S ERATH

Figure 4-1 (a) IR spectrum and (b) PXRD patterns of Compound 11 at room temperature

W 4-1(a)fras, £ F 750-860 cm™ . 1020-1062 cm™ . 1230-1270 cm™ .
1390-1420 cm'. 1550-1590 cm!y 1710-1840 cm! [({JREFE 1638 B T ML IE I AELE
ALF 1200-1350 em! [AFAEIERIH T C-F 8ERIFE, U ESIERSHAEY 11
(£ A UL IE -

wmE 4-10)FR, WEY 11 K ERATH PXRD B 5 Mercury BRI 4h
RWIE R, AT H S0 B E AR, XEW THEY 11 BA R
aifz .
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4.3.2 a1 PR RS

0.6
337.5K
0.4 / \ ~&—Cooling
0.2 4
z
é 0.0 4
Q
& -0.2
0.4 Heating = \F
-0.6 3493 K
320 330 340 350 360

Temperature (K)

Kl 4-2 k& 11 () DSC 28
Figure 4-2 DSC curves of Compound 11

DSC MR 45 FAUESE TAE ) 11 FIngAEAE . & 4-2 fos, 7EFHR IS 2
Hr, E 3493 K AL IR 7 BB ISR ge, TAEFRIRERE, 7E 337.5 K AL I &
PRI i o B0 AR R R DL K 11.8 K ARG G R B T & 11 RAE T
L — AR . A, THEARENEE (AS) N 1.59 Jmol/K. ARAEHIR2LE T
FEAS = R*In(N), M5 NIGERN 121, R TG 11 ARG -
AL

<

; A A'A ALLA A,A 341K
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Figure 4-3 Variable-temperature PXRD spectra of Compound 11
A 11 @ AR iR PXRD B — P iAEAE . W& 4-3 fizR, 0T
fb&9 11, M 309 K FHEF] 311 K. 321 K A1 341 K, PXRD Eifirh, &A% H
A B HEA B, SREETHREF] 361 K, 7F 14.92°, 18.56°, 21.12°, 22.14°,
22.76°. 24.80°. 26.68°. 27.42°. 30.00°4b IATHTUETH 2%, £ 15.54°, 24.04°H1 25.42°
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AERBLT BrifTitg. PXRD BHER B ETIRIF TEY 1 BRI RE, 5
DSC M 5E &5 1 —3

4.3.3 &Y 1 NEEKEHS

f (b) " }\L?i\’

4,‘*;% N
w'x "**ﬂ*‘x*’“»

Bl 4-4 (LAY 11 () 7E 293 K B [ @k 45 M I, (b)) dh il HEFLIE
Figure 4-4 For Compound 11 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram

SHGEYI 11 78 293 K NHET T AR I 5 X SHERATS 25 E o i id s T
HLO T FR I R R BB P2i/e P95 14) , @S ECN a=5.12441) A, b=
17.8203) A, ¢=8.1994(12) A, a=y=90°, B=102.649(4)°, FMIAFN ="730.55(18) A
(R 4-D o (L&Y 1 ARG H—A 3-5H e B & T A — AN S R &7
R, BTG 3-8tk e BH &5 7 A v SR 91 B8 1 il N-H---O B AHIEH: (K

4-4(a)) o MNEARHERRAES, ab T, XFER>THITZEAS) (K 4-4(b))
SORAEA AR TR DL g i i A b 4, H E T A e i P TR 7, TR SRS
A LB I S AR 22 5080 5 SCHRIRIE A TE 232 K RN 248 K 4817 45 M MR AR AT I 7
SUBRAHLLET, A& 11 STEnE B T2, SIN T HUS T, A RXEFRIE B
=7 b R R3m AR AR R EIN, BT PHE T ahRe 22 n0 3 in, AR
FER LUK IR R T R =02 F1 3493 Ko BARRAETELEY 11 iR 41,
B455 DSC 73 5, AT AFHEI AR AR B R 2 0 2 5 1 T 3-98UA i B 25 7 A

AR T A - AR
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R A1 AW 1116 293 K B (1 0 1 45 /4 R 18 2 50

Compound 11
Chemical Formula CsHsCIFNOg4
Formula weight 197.55
Temperature 203 K
Space group P2i/c
Crystal system Monoclinic
al A 5.1244(7)
b/ A 17.820(3)
c/ A 8.1944(12)
a/® 90
p/° 102.649(4)
/° 90
Volume/ A3 730.55(18)
V4 4
F(000) 400.0
GOF 1.796
Ri[1>20 (])] 0.1351
WRa[I >20 (1)] 0.2996

4.3.4 EY 11 BN BEMR

(2) (b) 400
1401 ) — 1MHz
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K\Qtﬂ
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32I0 3:;0 3:10 350 3&0 3'.70 300 310 320 330 340 350 360 370
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B 4-5 L& W 11 (a)7E 1| MHz II08/A 50 R, A B $0se i il IR 6 R, (b) 5K
B A AN [ 9 2R T (0 38 B AR % R
Figure 4-5 For Compound 11, (a) the temperature dependence of the real part of the dielectric
constant under heating/cooling at 1 MHz, (b) the temperature dependence of the real part at
different frequencies
SHLED 11 AT T/ R i 4-5() T, RIULEDI 11 B
AL A 2R I PRI (AR, 7R E IR 356.8 K A HELH B Z4ERFTE 91.2
BT, 7F 356.8 K I/ U HUR AR SRR 133.4, i RS B B2
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HASH) 1.5 £ o dn& 4-5(b) o, MIEAL-E ) 11 AEAS RIS T H /1 R o Al 2
2k, BEEDRES, NMRFEEOER, X MIEFIHR. I HAARRE AR
AL, RGN RIBRING, 7> TBslfes iR LR 2.

4.4 LE 12 NG RRIAR

4.4.1 L&Y 12 HIFRIE

(a) (b)
100 4
90 4 -
& E Measurement
=
§ 80 4 ?
E 5
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60
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Bl 4-6 thEM 12 fI()ZLAM G, (b)s Ik K X AT
Figure 4-6 (a) IR spectrum and (b) PXRD patterns of Compound 12 at room temperature

W 4-6(a) i~ , £ F 750-860 cm™ . 1020-1062 cm™ . 1230-1270 cm™ .
1390-1420 cm'. 1550-1590 cm'y 1710-1840 cm! [{JREFE 1628 B T ML IE I AELE
LT 1710 cm! (OHFAEIER B T 18-76-6 BERIAELE, AT 1200-1350 cm™ (RFAEIE
RKPT C-F I, LR SHED 12 AT .

W 4-6(b)FTR, A 12 FEIRATH PXRD -5 Mercury HF B4,
RWp& R, AT B E S0 B AR R, X R T A 12 AR SR
A
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4. 4.2 (L& 12 IR BRI BB B AR
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Figure 4-7 For Compound 12, (a) the DSC curves and (b) the curves of the dielectric constant
varying with temperature at 1 MHz

A9 12 78 320-390 K (1) DSC #hZktn & 4-7(a)frx, A8 FHilR AN R 1) 3
PR, 2 H I T T P R R T S A, TR E I I Bl P T R A AR AR AT
Mo A& 12 78 1 MHz N4 R B8 IR B2 AR Ak i Ze i B 4-7(b) s, AR E
160-300 K [X ] /1 By it 4 B4R T 2%, BRI RN LA, R G
12 7E %30 B X 8] A 5 R AEARAS

4.4.3 LEW 12 MRAERTHT

) ./L‘*‘/%:.
5 "\* 3 o - o
e .
g °c:$,\~§ :
=T % N
A=
sl o o
‘%. .*: i
O X
P
ERl
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«F

Kl 4-8 L& 12 (a)fE 293 K W B Sk 45 H 1&, (b)) & i HE AR
Figure 4-8 For Compound 12 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram
7£ 293K I, A& 12 458 T R RR I =R R PL PS5 2)
HMBWESE N a=799%73) A, b=1023654) A, c=10.80094) A, o=
118.086(1)°, B =100.527(1)°, y =97.377(2)°, SRR V=743.10(5) A® (& 4-2).

62



8 W YN e VAT

WA 12 (R B — A 18-7E-6 70 F+ —A> 3-FRALIE BH 25 Al — > i SR
BB F A, Hor 18-76-6 7 T I AM R T LA 0.7: 0.3 2T FP, AR
BT TFHELTRE (H4-8@) « MEERMAEE, XKD THRIOZEE
5 (K 4-8(b)) « S 11 ML 72 7> 18-5d-6 70 TIF 5 3-FALAE
FHES TR, FHE TR B AR 3, IR S L. S51eaw
6 AHEL, AT 3-sntne B4 T kg, =R BRI S 6 (K Pama ZE A 12
() PL, 2[R PR B BRI =AY, TR A S MR ik s b, I EALS
P12 h 2 T RHESF I F 5B O 5 R T B A EAER, BRI T 771230,
PR AN 5 7= HE AR AR

42 AW 12 £E 293 K I B AR 45 RS 15 2 8

Compound 12
Chemical Formula C22H34CLF2N2014
Formula weight 659.41
Temperature 293 K
Space group Pl
Crystal system Triclinic
al A 7.9967(3)
b/ A 10.2365(4)
c/ A 10.8009(4)
a/° 118.086(1)
pl° 100.527(1)
/° 97.377(2)
Volume/ A3 743.10(5)
Z 1
F(000) 344.0
GOF 1.474
Ri[I>20 ()] 0.0642
WRa[I >20 (I)] 0.1902
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Figure 4-9 (a) IR spectrum and (b) PXRD patterns of Compound 13 at room temperature

WK 4-9(a)fr 7~ , AT 750-860 cm™ . 1020-1062 cm™ . 1230-1270 cm'' .
1390-1420 cm'y 1550-1590 cm'y 1710-1840 cm [RIHFE 42 B 1 AL IE (O AFAE
AT 1710 em™ PIRFIEUEREH T 18-78-6 IAFLE, AT 1200-1350 cm™! [RRFIEIER
T C-F BIAFE, VLI d R 5ED 13 HIZ5HAHITRL .

N 4-9b) R, WEW 13 I EIRATH PXRD K3 5 Mercury BEHRAIL4E
Rwy & RERE, ATHEREH S0 B AN, X R T A 13 AR
A
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Figure 4-10 DSC curves of Compound 13
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DSC MR K45 SRAESE 74 &% 13 WAl iAEAR . anf& 4-10 Prow, £ IR IR
i, 7F 263.1 K AL I T B SR, T AR FHRE R, A 269.5 K Ab B I
PRI o SR AAT G T DL K 6.4 K IR G RBH TR & 13 RAET
AL —RARAR . AL, THRARENEAE (AS) N 9.83 J/mol/K. ARHEH /K22 7
F2AS = R*In(N), 115 N WA N 3.25, RFTHED 13 FIAEE RS AP-T
FPA

4.5.3 LAY 13 @A LER TR

Kl 4-11 (LAY 13 (a)7E 293 K B I AR5 6, (b)7E 243 K B 1 & 1k &5 #4 B

Figure 4-11 The crystal structures of compound 13 (a) at 293 K and (b) at 273 K
STLA YD 13 75 243 K (IRIEAD A1293 K (CFIEAD N7 748 5 X
SHERATI AR E . TESIRARRT, ZE AR A 12 — R8T HO X ) =41
mARTEEE PL (JF52) , WESE N a=8.1821(5 A, b=9.9342(1) A, c=
10.7601(8) A, a=62.807(2)°, f=71403(2)°, y=81.953(2)°, FufUfAH V="7373009) A
(£4-3) o £293K I, &Y 13 KfRRSHH—A 18-7d-6 70T, —4> 3-
FIERE PH B T A0 — AN R B B 2B, A 1 3-RUAHE e B 25 A 18-5e6-6 47
i@ N-H---O $EAER:, Hh 18-7-6 43T AN E R T A PIA R T LL 0.5:
0.5 7%y, MRS LT HELTRES (B 4-11) .
FEARIRARR,, ZAREE T =R R W PL (75 2) , ARSI
A, RS ECN a=10.60773) A, b=1121783) A, ¢=13.7804(4) A, a=
89.081(1)°, f=78.717(1)°, y=64.956(1)°, ShMIARFR V=1452.80(7) A> (£ 4-3).
TEARIRARET, A& 13 1 ARSI R B —A> 18-7-6 73 F, —A> 3-FikrE e
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B —ANEIER I S P AR (B 4-11(b)) » FTFR 3-Fntk e BH &5 1A 18-
-6 4y TR N-H---O #EAES:, SEEAANFNRZ, BT E R T HIR
ARG, IIRAH PR i TN 58 A FPIRES, USRI & b TP E TR .
AR A AR EE R I 58 45 R T F- TR SR T AR, 5 DSC AL R4
XA —AESE T A 13 AT ARAE . 54069 6 Ak &9 12 AT, fb
EW 13 540G 7 ML, 3-RknE B T IbnE, GRS ANIRRE S 8UHERAT
E e, DR T ARG SR Z RISC R R RN, ZHE R B
T RS A3 (B AH FLAE FH 45 22 075 THI (6 10 ) 52 1)

X 43 LA W 13 1F 293 K il 243 K B [ 54K 45 M ks 18 2 51

Compound 13 13
Chemical Formula C22H34B2F10N206 C22H34B2F10N206
Formula weight 634.13 634.13
Temperature 293K 243 K
Space group Pl Pl
Crystal system Triclinic Triclinic
a/ A 8.1821(5) 10.6077(3)
b/ A 9.9342(7) 11.2178(3)
c/ A 10.7601(8) 13.7804(4)
a/° 62.807(2) 89.081(1)
plr° 71.403(2) 78.717(1)
y/° 81.953(2) 64.956(1)
Volume/ A3 737.30(9) 1452.80(7)
Z 1 2
F(000) 328.0 656.0
GOF 1.428 1.450
Ri[I>20 ()] 0.1304 0.0698
wRa[I >20 (1)) 0.2564 0.1999
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Figure 4-12 For Compound 13, (a) the temperature dependence of the real part of the dielectric
constant under heating/cooling at 1 MHz, (b) the temperature dependence of the real part at
different frequencies

XA 13 34T 7 tERelllik . il 4-12(a) o, RIS 13 B
FEARAR I BT 2 S B “Br B AL AR, FE =R F 269.5 K IS HUE B 4ERRAE
40.1 BT, 7£ 269.5 K I HUH BUR A2 RN 84.0, s/ LA A L R AIK
A 2.1 £ . W& 4-12(0) R, MENEY) 13 LEA RIS TS K/ sH B
FEMZE, BEEMREC, AHREBIER, X —FiEEIR. I AR E A
BRARN, RUIAFAEN MBI R, 7> Tiashaeg il Eaig e,
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Figure 4-13 (a) IR spectrum and (b) PXRD patterns of Compound 14 at room temperature

ik 4-13(a)Fra~, £ F 750-860 cm . 1020-1062 cm™ . 1230-1270 cm'' .
1390-1420 cm™'. 1550-1590 cm™'y 1710-1840 cm! [R4FAE 16 W T ALIE (OAELE,
A7 F 1710 em™ FURFAEIER T T 18-7ek-6 BRI A7AE, fiiF 1200-1350 cm [HFFAEIE
KT C-FRIFE, D EAERSHED 14 AT .

i 4-13(b) i, A& 14 (= IRATH PXRD Bl 5 Mercury BAHRALL 45
RV R, ATt H S0 B IHEAX R, KR THEY 14 BH IR
aifg.

4.6.2 LEH 14 BRI

04 3414 K
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Q
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041 T
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-0.6 T
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Figure 4-14 DSC curves of Compound 14
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DSC M 45 SRAESE T A& 14 HIRT A AR . & 4-14 Fros, FETHRIS AR,
£ 347.5 K Ab BB B e, e PRIROS AR A, 7E 3414 K AL I T B B
MR A o AR50 I AU T DL R, 6.1 K BRI JE R THL & 14 RAE T AT
W —BARAS . BhAh, THEARIEA (AS) N 6.38 J/mol/K. HRIEIL/RK2L S L
AS=R*In(N), THEH N IER 2.16, KW TAEY 14 AT G- 7-L)7
A,

4.6.3 LEM 14 HREER TR

Kl 4-15 tb-5%0 14 78 293 K B ) (a) iR 45 f B, (b) i B HE AR

Figure 4-15 For Compound 14 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram
GG 14 1E 293 K AT 1 AR B0 X S ERATI 45 o %A R T

UL FR IS R RBE P2ve P55 14) , BRSECN a=9.2792) A, b=
13.33003) A, c¢=18401(4) A, a=y=90° B=71.403(2)°, FfUiAFR V'=2271.19) A®

(R 4-4) . 1£293K I, L&Y 14 B RAREE R HI—> 18-7-6 701, — 13-4
MLk R BH B 1 A0 — DN U IR B B8 1 4Lk, FLh SR B B T T E LIRS

(K 4-15(a)) - I\ ARIRHERR A FE TR, £E be THT, X AR 201 50 2 B HES (B 4-15(b)) .
SARAEAR AR TR DL B el S A a5 4, AF E T AR A U, TOVE SRS
AT DAARAIT 14 i 0 2 2000

X 44 b5 14 18 293 K B [ 54K 45 M k18 2 8

Compound 14
Chemical Formula Ci17H20F7NOgP
Formula weight 507.38
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K 4-4 B Y 14 78 293 K I 1 SRR S5 1 kS 15 2 50

Compound 14
Temperature 203 K
Space group P2i/c

Crystal system Monoclinic
al A 9.279(2)
b/ A 13.330(3)
c/ A 18.401(4)
a/® 90
p/° 93.831(8)
y/° 90
Volume/ A3 2271.1(9)
V4 4
F(000) 1056.0
GOF 1.484
Ri[I>20 (D] 0.0703
wRa[I >20 (I)] 0.2260

4.6.4 1kEM14 I BIER
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4-16 (). G 14 7£ | MHz (04 H T, SEE IR FE AR BC &R, (b) S8 HME A [
ST IR KOG R
Figure 4-16 For Compound 14, (a) the temperature dependence of the real part of the dielectric
constant under heating/cooling at 1 MHz, (b) the temperature dependence of the real part at
different frequencies

LG 14 347 7 A EReI. W 4-16(a) i, KIALEY 14 BEIR
FEAAG R T G 20 “BABR AL IR, FE=IR A 341.4 K W FUH S 4E R 7
21.2 (i, 1€ 341.4 K B U BUR AR 27.8, midr AT B HUR K
A 1.3 5. WKl 4-16(00)Frs, MEEY) 14 FEANFSZE TS 1) L EUR
FEMhZL, BEEMZBRAL, NRFHIER, X2 —FEEMER . I HAHLE A
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Figure 4-17 (a) IR spectrum and (b) PXRD patterns of Compound 15 at room temperature

WK 4-17a) i, £2F 750-860 cm™ . 1020-1062 ecm . 1230-1270 cm'! .
1390-1420 cm™'. 1550-1590 cm'y 1710-1840 cm! [FRFAE 62 W T AHLIE (R 47 7E
AT 1710 em™ (FFAEIER B T 18-7&-6 BEIAELE, AT 1200-1350 cm! [FARFAIE I
R|T C-FIFE, U EERENEY 15 M4 MMEUTH.

WK 4-17(0) 7, HEP) 15 [ EIRATH PXRD Kl 5 Mercury #AF R,
R4 R, AT EH S0 8 FAK B, XK T A 15 BA TR &
AR

4.7.2 (L&Y 15 BURRMEBRANT BB RS
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Figure 4-18 For Compound 15, (a) the DSC curves and (b) the curves of the dielectric constant

varying with temperature at | MHz
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A 15 175 240-305 K 1) DSC £ an F1&] 4-18(a) P, £E F- i A1 Bt (14 3
PR, 2 H I T T F R A T S, TR E I I Bl P T R AR AR AR AT
Mo A& 15 #E 1 MHz N4 B HOa IR A0 it 2R 1] 4-18(b) o, FE IR L
305-380 K XA N A HL I 2R B0 27, BN REEE RIS FE, RILEY)
15 TE1Z IR E X IR N A R AE AR

4.7.3 L& 15 RIREH S

Kl 4-19 tL& %) 15 75 293 K B E‘J(a)%%%*@@l, (b) & i HE A & h
Figure 4-19 For Compound 15 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram

78 293K I, A& 15 25 5 T HO X IR SR R S (B P21/c (P55 14D,
HERSECN a=9.292603) A, b=13.2785(4) A, ¢=18.1800(7) A, a=y=90°,
[ =93.188(1)°, fbJERFN V'=2239.79(13) A3 (£ 4-5) . (L&Y 15 (b iARSEFy
N 1856 731y A 3-FRMENE B A — S R B 1 R (] 4-19(a))
JRFAE 3-FILRERH 25 7 F0 18-76-6 4 Filid N-H---O #EAHER:, Y] e+
[FIFERT 18-56-6 73T idid N-H---O S AHIER: . WA AR, 7€ be ll, X
FER 2 FRoeZ B HES (B 4-19(b) « S540A4 8 ML, FH 3-gntbne £ 4% 1t
WE, iR AFAEE ALY 8 1) Pnma A EY 15 1 P2i/e, fifAXS FRVE G
I, AR T .

R 45 AW 15 78 293 K 1 Ak 45 MRS 18 2 5

Compound 15
Chemical Formula C17H20FINO1o
Formula weight 553.31
Temperature 293 K
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3% 4-5 AW 15 7E 293 K B 1 & 7k 45 1 K 15 2 5L

Compound 15
Space group P2i/c
Crystal system Monoclinic
al A 9.2926(3)
b/ A 13.2785(4)
c/ A 18.1800(7)
a/° 90
p/° 93.188(1)
y/° 90
Volume/ A3 2239.79(13)
Z 4
F(000) 1120.0
GOF 1.641
Ri[I>20 (])] 0.0325
wRa[I >20 (1)) 0.0792

4.9 KRB

2t EFTR, AT (CsHaNF)(ClOs) (11) . (CsHsNF)(18-7£-6)(C10s) (12) .
(CsH4NF)(18-7&-6)(BFs) (13) . (CsH4NF)(18-7E-6)(PFs) (14) . (CsHaNF)(18 -
t-6)104) (15) o WFFLRBL, L& 11 7 337.5 K I RAE M AR, fbai 13
1E 269.5 K B RAEAT WA S, LAY 14 75 341.4 K B RAEFTTAHAS, DSC. /i H
TAAI AR IR R X S RATHHIESS T HARR MR AE . /B ETE S KBS
Z IR e . B EERL S AT R B, S AT R AR AR AT VA R T e TR A A AR
B H/BU T IA F- P A, Sa RS AREIRES, =4 “Ar
TER7 Rt SRR KRR T, HERREZE, M0 FI83lae I miEs),
JIT LA 3-SRk e Pk 0 5 ) 3R B AL e Sl T L5 P R A — AR SR B TR L AR A AR T
T30 AR, SRARSUSIR AR AR AT Sy S A AR U FE A P A R 0 1, BT T
LA ELAE F R S S 2, BT R B AEREE M 1) 3 T B SRS AT SR L i
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VIR R ST I XA R T 3R

i
il
[
1
I
i
N
m}
R
=1

5.1 5|5

i QN A2 T8 3o 1R T e e B 22 A AR A R 538 23 1 O Bk FLE A A LM S5 )
BEPEOON, 5 AR TR R, AR AR 1 5y 5 A e o810,
(B AR LE 3 E, 0t it AR Sl A AR AR AT 9 Rl RE 7 28 S KM o A A B A B 1 %
BHE T HE BEHIR G BAR R R 50 TEshRE hZ MK &, WHIRNE N 3-
TRIENE | 3-BINE B 3- T LML e 9 2 AR BH & 1, 18-7-6 v E4470F, ClOs\ BFy
o PFs A& T, AR T DR > T BB AL G, JFRI AR IR 55 X AT
SFe . DSC MR AL T BO A M AP REEAT T IRABE T

5.2 SLIERSY

A l: (CsHsNBr)(18-7&-6)(BFs) (16) &4 3-utknE (1.5800 g, 10 mmol)
A1 18-7i-6 (2.6430 g, 10 mmol) FEMALE LB F/KH, RJEHIUHMEE (40%,
2.1953 g, 10 mmol) &+ Z NG INE 3-IRMENE R 18-7:-6 VR A /KGR . 78
F AL 1B S, ISR, RS ER NEEK, RAFE GRS
ETIISRERIS NI AN

(CsHsNI)(18-7i-6)(PFs) (17) 244 3-fttAiE (2.0500 g, 10 mmol) F1 18-7&
-6 (2.6430 g, 10 mmol) AMELE T/KY, REHSHEBEIR (70%, 2.4830 g,
10 mmol) & T Z i J5 i 2 3-flnbne A1 18-7e-6 IR A /KIEWR . =i I H
P2 1 /NB S, I IER RN, REEER TEZK, KRAWHGEE A A%k
INGTIEEN

(CeHsN2)(18-7i£-6)(C104) (18) J&4f 3-FIEMLIE (1.0412 g, 10 mmol) A 18-
-6 (2.6430 g, 10 mmol) WEALE LB T/KH, REKEEKR (70%, 1.4351g,
10 mmol) ¥ £ Ja i m 2 3-5ukng fl 18-7-6 IR & /KR + . fE=E T
P2 1B S, IR RNET, RETEER TEZRK, KAWAGEE A6k
L INGTIEENS

(CeHsN2)(18-7i£-6)(BF4) (19) &Mt 3-FFEMENE (1.0412 g, 10 mmol) F1 18-
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-6 (2.6430 g, 10 mmol) ML 2 & T /K, SAJEK DUSEIIER (40%, 1.4351 g,
10 mmol) & T 2N J5 i B ML e A1 18-76-6 MR A . A= FHHEZ 1
AN IR BIVER, REAEEIR NIE AR, R4V G2 E Bk .
5.3 1L &4 16 BILEMIME RS

5.3.1 L& 16 FIFRIE

(a) (b)

110

100
20
0 .

0

Measurement

o0

Intensity
-

Simulation

Intensity (a.u.)

60 +

20 ~

40 4

S00 1000 1500 2000 2500 3000 3500 4000 10 40 50

Wavenumbers (cm-1) " 20 (deélg'ee)
Bl 5-1 A &W 16 () 205 IR, (b)s Ik K X I AT

Figure 5-1 (a) IR spectrum and (b) PXRD patterns of Compound 16 at room temperature

W 5-1(@) Fras, ALF 750-860 cm™ . 1020-1062 cm' . 1230-1270 cm™ .
1390-1420 cm'. 15501590 cm!y 1710-1840 cm! [R4FAE 16 W T AELIE (OAELE,
LT 1710 em! (ARG B T 18-7&-6 BEIAELE, AT 700-800 cm! [RFFAIEIER
TR R C-Br 8INAFAE, DL Eargs RELEY 16 IS5 HIAHILAL

i 5-10) R, WEY) 16 = iRATH PXRD Bl 5 Mercury HAF AL 45
RWIG R, AT E S0 EIEAX R, XERH THEY 16 BA IR
aifg.
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5.3.2 (L& 16 BUAREBAN TR D4R

(), (b)
304
0.3 1 Heating
&5 254
0.2 B Cooling
=
i =
~o1 ~— Cooling 5 201
= z
E«0.0- 315
o =2
w
£0.1- < 104
=
U
21 Heating ——p E 51
-0.3 4 0 /
0.4 T T r r r T r T T T T T T T T T
210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390
Temperate (K)

Temperature (K
Kl 5-2 tb&% 16 (a) DSC £, (b)7E 1 MHz A B & £t i i A2 1h it 28 1]
Figure 5-2 For Compound 16, (a) the DSC curves and (b) the curves of the dielectric constant
varying with temperature at 1 MHz

A4 16 15 210-300 K 1) DSC £ F1&] 5-2 (), £EF il A B 13
PR, 25 H I T T R A T S, TR E I I Bl P T R AR AR AR AT
Mo AW 16 76 1 MHz A B B iR B AR 26 & 5-2 (0)FioR, 1R
315-380 K X [H] A A FE R 384727, BN RE A KI L Re i, RIHAEY)
16 7E 1% B X 8] A 5 A R AEARAS

5.3.3 L&Y 16 FIRALE T

5] 5-3 LA 16 75 293 K I ¥ (a) iR 5 18], (b) it MO HEAR &
Figure 5-3 For Compound 16 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram
7 293K I}, 1L 16 25 5T X BRI S it i R 28 [ P20/ 755 11D,
HEmMZBECN a=10.9360(6) A, b=28.6623(6) A, ¢=16.5756(10) A, a=y=90°,
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£ =94.103(2)°, FMAEFR V'=1566.20(17) A% (£ 5-1) . &% 16 M) SRS
—/N 18 -j&-6 43—~ 3-VRMEE BH B A — A DY S R 91 B T A R (] 5-3(a)) e
M AHERA S BE R, 1E ac T, KPR F o0l BH5 (B 5-300) « 54E
Yo7 A3 FHLG, A 16 HIPH BT 1 SE S 3Rt R PR R A
SRS, WTIARARTE . IX R BN BH & F TS, & 38 KR 22 m]
CURTHHIARIERE , HEM4R TR0 =R A m il o, (B R shae it m, Al

F5-1 tLEW 16 1E 293 K I I &b 1K 45 1 k15 2 31

Compound 16
Chemical Formula C2H34B2Br2FsN2Og
Formula weight 755.93
Temperature 293 K
Space group P2i/n
Crystal system Monoclinic
al A 10.9360(6)
b/ A 8.6623(6)
c/ A 16.5756(10)
a/° 90
pl° 94.103(2)
/° 90
Volume/ A3 1566.20(17)
Z 2
F(000) 760.0
GOF 1.603
Ri[I>20 ()] 0.0849
WRa[I >20 (I)] 0.2649
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/.

5.4 LEW 17 NEHMRMAR

5.4.1 L& 17 HIFRIE

(a)

110

—_
=
~—

100

o
=

Measurement

Intensity
=)
=

~1
=

Simulation

Intensity (a.u.)

o
=

50

40+ T T
500 1000 1500 2000 2500 3000 3500 4000 10 20 30
Wavenumbers (cm1) 20 (degree)

T
40 30

B 5-4 1B 17 ()L AMGHE R, (b)Z IR A X AT

Figure 5-4 (a) IR spectrum and (b) PXRD patterns of Compound 17 at room temperature

W 5-4(a)fras, £ F 750-860 cm™ . 1020-1062 cm™ . 1230-1270 cm™ .
1390-1420 cm™. 1550-1590 cm'y 1710-1840 cm! [RRFAE 62 W T AHLIE (R 47 7E
ALF 1710 em (FFAEIER B T 18-7&-6 BEIIAFELE, A7 T 600-800 cm! [RIRFIEIER
T RIE DS IR C1 BAALE, DL T E SR 54059 17 FIZEHIARICRL .

WKl 5-4) i, G 17 EIRATH PXRD K 5 Mercury BRI 4
R4 R, AT BOE 5008 AR N, XERH T A 17 BARE
AR

542 L& 17 BIFRMERFIN BB

a b
(@), (b)
10 4
0.3 1 — Heating
0.2 Cooling & 54 Cooling
=
= 2
E g %]
= 0.0 S
2 2
2014 g 44 /
&
0.2 =
— "]
0.3 Heating ——pm- z /
0.4

. T T T T T T T T 0 —T—TTTT —T
210 220 230 240 250 260 270 280 290 300 310 315 320 325 330 335 340 345 350 355
Temperature (K) Temperature (K)

5-5 L& 17 (a) DSC BHZRE, (b)7E 1 MHz A i bt IR A4k i 28 1]
Figure 5-5 For Compound 17, (a) the DSC curves and (b) the curves of the dielectric constant

varying with temperature at | MHz
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A 17 78 210-300 K 1) DSC #iZktn & 5-5(a)frx, A8 FH il Al R 1) i
PR, 2 H I T T F R A T S, TR E I I Bl P T R AR AR AR AT
Mo A& 17 78 1 MHz N4 R B8 IR B2 AR Ak it Ze B 5-5(b) o, AR JE
315-355 K X [A] A H i 2R304k P22, BN RRA RI B RRE, REMLEY
17 FE %R E X 8] N 38 A K AEARAE

5.4.3 WEM 1T WREEHR I

Kl 5-6 A& 17 1E 293 K I (a) A AR Z5 R B, (b) it HERA &)
Figure 5-6 For Compound 17 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram

£ 293K I, LG 17 25 50 T o0 FR I SRt & R 23 A P2i/n 75 1),
HRRSECN a=9.8759(6) A, b=19.5009(13) A, ¢=13.3891(10) A, a=y=90°,
f=105.878(2)°, FHMAAR V'=2480.2(3) A> (¥ 5-2) . L&YW 17 KA L #
—AN18-7&-6 431+ — A 3-MntnE BH B R0 — NS B ER B 5 2k (P 5-6(a))o
M AHERA S BER, 1E be T, PRI F o0l B HS (B 5-6(0)) « S5H&E
Y14 HLL, (AW 17 RRIRHE ik 4% 7 SE E Y 3-nknE, BRI PRE] T AT
iz )y, AT AHARH 2% .

52 AW 17 5 293 K I Ak 45 MRS 18 2 5K

Compound 17
Chemical Formula Ci17H29FsINOsP
Formula weight 615.28
Temperature 293 K
Space group P2i/n
Crystal system Monoclinic
al A 9.8759(6)
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B3¢ 5-2 G 17 18 293 K I I &b 1 55 1485 12 2 4

Compound 17
b/ A 19.5009(13)
c/ A 13.3891(10)
a/° 90
p/° 105.878(2)
y/° 90
Volume/ A3 2480.2(3)
Z 4
F(000) 1232.0
GOF 1.648
Ri[I>20 ()] 0.0642
wRa[I >20 (I)] 0.1975

5.5 LAY 18 KILEHIM FRRIST

5.5.1 (L& 18 FUFRAE

—_
v
N
—_
=)
Nt

-
e
3

e

Measurement

Intensit;
%
Intensity (a.u.)

)
S

Simulation

60

500 1000 1500 2000 2500 3000 3500 4000 10 20 40 50

Wavenambers (e 20 dereo
Bl 5-7 A& 18 M) ZLAM G R, (b)s Ik K X S ERATH
Figure 5-7 (a) IR spectrum and (b) PXRD patterns of Compound 18 at room temperature
Wk 5-7(a)fr s, AT 750-860 cm™ . 1020-1062 ecm . 1230-1270 cm'' .
1390-1420 cm™. 1550-1590 cm'y 1710-1840 cm! [FRFAE 62 W T LI (47 7E
AL 1710 em! (AFAEIER ] T 18-7i-6 BEFIAFLE, 7T 2120-2260 cm! [RHFAEIE
RIPT C=NBIFAE, PR S HEY) 18 BT
i 5-7(0)Fas, HEY) 18 = IRATH PXRD K1 5 Mercury BRI SS
WA FE R, ATt R E S0 BIEARNT N, XK THAEY 18 AR m M4
FE.
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5.5.2 (L &1 18 KU BRAINT BB 47

(a) (b)
) 454
_________-—————'__— .
40+ Heating
0.1 w— i 5 -
Cooling L s Cooling
-
_ =
Z 0.0 2 304
E £
= g 254
2 2
a1 § 20 1
Heating ———m= o 154
0.2 = ol
- ]
54
0.3 T T T T T T T T
240 250 260 270 280 290 320 340 360 380 400 420
Temperature (K) Temperature (K)

Kl 5-8 {b&%) 18 (a) DSC HIZE], (b)7E 1 MHz 47 FUH Hi bl I R A2 4k ith 2% ]
Figure 5-8 For Compound 18, (a) the DSC curves and (b) the curves of the dielectric constant
varying with temperature at 1 MHz

1A 18 78 235-300 K 1) DSC 2k an 11 5-8(a) Az, 78T+l Al R 1) i
FEA, 2R 3 AT T8 (R R R T S e, R I IR IR Y TRl A T R AR AR AR AT
N AEY 18 £ 1 MHz N 47 HL o B8 I B2 A8 10 th 2k an 1] 5-8(b) o, 2 il JiE
320-410 K X [8] A/ FE D 23822, BN BRI R e ke, RIE )
18 TE1Z IR FE X [B] A B R AEARAE

5.5.3 1L&EH 18 GRS

b g

e A,
oS

e W

> e b8
%
o @
o
)

o,
e b0
-
.,“.4\’
e b
]
Z

RS Xa

% 9"
® [

e
ot @
. i ¥ P
L]

A=
. b
e

Kl 5-9 &) 18 £ 293 K I i (a) Sl AR S5 K 14, (b) i Ji HE AR
Figure 5-9 For Compound 18 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram
£ 293K BF, A& 18 25 5 T H DX AR =R/ RS EH#E PL F 5 2)
H WS HN a=8.6846(10) A, b =199719(10) A, c¢=10.836(13) A, o=
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66.007(4)°, B=66.363(3)°, y=281.521(3)°, AL iERL V="781.47(16) A® (3 5-3).
WA 18 (M ARE I —A> 18-78-6 7 7. —A> 3-FAEMIEHE T — P E
RUIE AN (B 5-9a) » WSIEHERMES, 1€ be M, XFEM T 50
BHES (B 5-90b)) o A6 ML, a4 18 o i PH B T Mt e A% 5 &
(¥) 3-IEnEmE, [RIBR G T Ak T iz sh, FrRAREI 3-4nttne 1k &4 12
—FE, MWK

R 5-3 A 18 7E 293 K I I 44 45 # RS 18 2 8K

Compound 18
Chemical Formula Co4H34CIbN4O 14
Formula weight 673.45
Temperature 2903 K
Space group Pl
Crystal system Triclinic
al A 8.6846(10)
b/ A 9.9719(10)
c/ A 10.7836(13)
a/° 66.007(4)
pl° 66.363(3)
y/° 81.521(3)
Volume/ A3 781.47(16)
Z 1
F(000) 352.0
GOF 1.431
Ri[I>20 (])] 0.0737
WRa[I >20 (I)] 0.2164

5.6 &1 19 WM AR

5.6.1 L& 19 BIFRIE

~
=3
~

(@)

100

©
by

Intensity
©
=4
Intensity (a.u.)

@
b3

80

75
500 1000 1500 2000 2500 3000 3500 4000 10 50

Wavenumbers (cm7) » 20(d;0gree)
5-10 HEY 19 HI()LLAMGIE K, (b)) IRM AR X G ATH K

Figure 5-10 (a) IR spectrum and (b) PXRD patterns of Compound 19 at room temperature
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ik 5-10(a)Fr~, £ F 750-860 cm . 1020-1062 cm™ . 1230-1270 cm'' .
1390-1420 cm'y 1550-1590 cm'y 1710-1840 cm! [RHFE 142 B 1 AL IE (O AFAE
AT 1710 e (FFAEIEZR I T 18-7&-6 BEMIAFELE, 7T 2120-2260 cm! [FHFAIEIE
KT C=N I, LLESITER S5EY) 19 MZ5 I AHILAC .

il 5-10(b) s, A& 19 ) FIRATH PXRD Kl 5 Mercury #AT A
SRR G R, AT E S0 B R AR, X R THEY 19 HARE

5.5.2 (L& 19 VAR RAN TR DR

(a) (b)
0.15 4
200
0.10 - Heating
'w .
0.05 - ~s— (Cooling ::’150 i Cooling
= 0.00 - s
£ g
=005 5100
< 2
-0.10 1 5
= § 50
0151 Heating —pm~ =
-0.20 A
e | 0
-0.25
220 230 240 250 260 270 280 290 3&0 3:10 3&0 Sél] 4II]0
Temperature (K) Temperature (K)

5-11 LAY 19 (2) DSC HIZE I, (b)7E 1 MHz A\ HE ' 250b6 15 5 Ak il 2% P
Figure 5-11 For Compound 19, (a) the DSC curves and (b) the curves of the dielectric constant
varying with temperature at 1 MHz

&) 19 1£ 215-300 K /) DSC HiZan E& 5-11(a) o, £ETHRANPE iR i)t
FRAp, [ H 3 T T8 I A R e, DR O T P L P T R A A AR A T
Mo A& 19 #E 1 MHz N/ B8 £l iR B2 A A i 2 ] 5-11(0) B, FE TR BE
320-400 K [X 0] N A HL i 2R B 0P 27, AN RREH RN B R, R &Y
19 TEIZ I FE X [F] 4 B35 KA.
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Kl 5-12 A& 19 £ 293 K I 1 (a) fi A S5 44 B, (b)) i i HE A
Figure 5-12 For Compound 19 at 293 K, (a) the crystal structures and (b) the unit cell packing
diagram

1E 293K B, A& 19 4585 T O R =R &R PL (F 5 2)
HEMZHN a=286700013) A, b=98182(14) A, ¢ =10.7227(16) A, a =
66.277(4)°, B =66.648(5)°, y=281.386(5)°, HEMIAFI V'=767.12) A3 (K 5-4) .
WA 19 I RAREE A FH— A 18-78-6 43T+ — > 3-FUAL AL IE FH B8 1 F1— A U 3
R BT Es T2 (B 5-12(a)) o AP DUGRIMIER B & 7 4b T P 7 IRES o
WHERRMEE, 1€ be [, RXFEM>THRTZBEHY (B 5-12(b) « 5HEY7
HALL, &1 19 T BB ik 8% 1 58 S 3-FUEEE, PRI T AR 1
183, MRS 2 .

RS54 AW 19 75 293 K I AR 45 F RS 18 2 8

Compound 19
Chemical Formula C24H34B2FsN4Os
Formula weight 648.17
Temperature 293 K
Space group Pl
Crystal system Triclinic
al A 8.6700(13)
b/ A 9.8182(14)
c/ A 10.7227(16)
a/° 66.277(4)
pl° 66.648(5)
y/° 81.386(5)
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832 5-4 G 19 £ 293 K I 1 & 1k 45 1 K 15 2 5

Compound 19
Volume/ A3 767.1(2)
Z 1
F(000) 336.0
GOF 1.403
Ri[I>20 (])] 0.0583
WRI >20 (])] 0.1844

5.7 KEINE

zi BRI, & T (CsHsNBr)(18-7&-6)(BFs) (16) . (CsHsNI)(18-7i-6)(PFs)
(17) + (CeHsN2)(18-7-6)(Cl0s) (18) . (CeHsNy)(18-7-6)(BFs) (19) . 55U
T 3-LRE RIS, 18 3O sE B O E R IR i FUE,
TEARRAREE LIRS T LnE SR s sl, BRAS T AR MR A o X R BITEN 43 T AT
T, BRI R AR, sEEREAK 7 IR B ANE 3R 7= A K
1 o
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FOE GRERE

FEARWSCH, AT WiT& BRI A B IF ek, AT 19 Ffb &9 (G
6-1) , o ANUAE G, H—r: BT 5 &8 A i S #
FFRMEL, ALFE[CsHeN]2[CuBrs] (1) . [CsHsN][CuBra] (2) . [(CsHeN)(18-7&
-6)]2CuBrs (3) . [CsHsNF][CdCl], (4) FI[CsHsNF][CdBr3]n (5) . 55 4
Fe Tk B R T 5 E MR SR BT AR, 4 (CsHeN)(18-7&-6)(C104) (6)
(CsHeN)(18 -5&- 6)(BF4) (7) « (CsHsN)(18-7i-6)(104) (8) « (CsHsN)(18-7&-6)(ReOx)
(9) FI(CsHeN)( -2 IF-18-7i-6)(Cl04) (10) o FE=%F5r: FEFHARMIEH & T
5 18-7-6 M A HLIT A B, A% (CsHsNF)(ClO4) (11) . (CsHsNF)(18-7&-6)(ClO4)
(12) . (CsHsNF)(18-ji-6)(BF4) (13) . (CsHsNF)(18-ji-6)(PF) (14) F1 (CsHsN)(18-
jiE-6)(104) (15) o FEPUHRS;: JETPHES T 5 A HIAIER R A s I ARG AL
R, 45 (CsHsNBr)(18-7i-6)(BF4)(16) . (CsHsNI)(18-7i-6)(PF6)(17), (CeHsN2)(18-
Jt-6)(Cl04) (18) FN(CeHsNo)(18-7E-6)(BFs) (19) o FEXFIX Ui S Hidk4T T — &
B PR SRR AE -

MR REW, (L&MW 1. 5. 6. 7. 8. 11, 13 F1 14 X )\ Fh¥) i 75 15 5 A2
WRRAE T AT, FHHRMERR TN BT MR WE 2. 3. 4. 9,
10, 12, 15, 16. 17. 18 Al 19 LR FE v WITE FEl A ARG /B, 1A KA
FEJAHAS o

W E A 1. 2 A0 3 BEAT TR, R IRBARH B 2 TR A ELAE
FRT AR ZE R T 2 ARAR DL A HEF RARF I A AR RS20 o SR B 8 2 ) (¥ A
HAEFRAR K, BB 2 AR, W25 5 RN BIFREMEAE. 2
JE B YA EY) 4 A0 5, BRI E T e R AU, 456 Hirshfeld 2R AT — 4
(2D) FRGUEE AT, RILWE S T E A TAE S 5, 4> T8 3h i R 4 4,
I AR A e LUK RIS S B E e B, AR SRR .

5 R TS T AEREA R, LS 6. 7. 8 9 AT XTLL,
RIMAERA & T AR BRI AL SO0 T, B M & R & 1 DRI &
TR PR B B T 5 KD 18-7eE-6 TR ARA S 5 K AE S ITT R BUARAR , T4
R BRER B AN R AR . XL &9 6 A1 10 BEAT X B, R ISR B 8 1 A0
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BHES T ANVRRIRE LS, (A B K IF-18-7-6 FEHAR K. AT HLEHE T
FMFEEEO T, EEEAFIENAE 7 e, 20 les 5 s, WRAMA
rmrREVESE iy, RN, B 7 I SR AN A IR B A — e R

= IRR F BURKUE BEIA XS AHAZ AR, 3-F8UAL e 5 45 1 IEE, 5
e kR T, HEBIREZ G, X7 TI8sife /ismBuh, Frid 3-autne
e MR S AR S AN NE T B S0 R 51— FE R B 1T 3R H (KA BT SR AR AR [ 78
T30 B, AR A ARAT 9 S AR L R R A I FAN R R 1, T 7
[EIAH AR P A S 22, BT e SR & 1) 70 7 e it SRS AT R L Iz

SR VYR 7 R 2 N FH 1 B0 el R OO A AR RS2, 7 3-Ar3E U 1 B oy
SR B UL, IR AEEM RIE S, BEAG TR AR A . IR IILERS 43
TREAT B, BRI RIEAAR KA, SR EAN 7T R EALIE SR 717
A R

i EPTR, ASCPREX 19 B S YIRIWEFOR Dy e T SS BUR AR AR
HIBcTH R S SEI M 5 BT E L o S B AR AR S ARASRA R AT 7T H R 32 252 Tx
R BRI 48 AR DRt LA ¥t SRT, A BT SRR B R SEI SR bR
LA ARAC A BR ZEE ,  ARRASFEAE LA R 5 AT IR AR :

(1) BE5Sr T RARASARL 0 ] F2 0T RIS

R — RIWTTT, BIRKAE T EWESRAE NRIEA W/ TR SIS
FAAZ RS BT SR B 77 T R B AR KB 7, AEL 2Tk T 454 - PR RE R B2
VIR ICTEI R G ML TR o T BRI SR — PRI BRSO 3 13l i B Aok
MR I3 F 7K WO Bt — b B AR HLEE, DI RCE 2 10 RAT R

(2) S HIFRARHKI R PR R A1 2 ThREAL

FEARWRSC Y, BT BAT ARt & % T 24 B S G
Y, JExt L BE IR AR I PSR PEREREAT T HID IR, (HI SRR EESC BN S
DARA N TARREZ S O REFIEAENE. BERIFRE SIS . ik
Shk b, R RS I LR RE S UL, IFE G TR S A AR, SRR HIT R
VEREMI BRI S5 QTR o RO, A Sl A 1Y) 2 RPN AR (11 AR B v
FARRE RSO FEBL 2 A D BERFE 1 R 4P 6 5 Ja IR AEA T T R RS, SRR K
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Brli—Cul—Br2 98.915(15)
Br2—Cul—Br2i  100.560(14)
KFREEERS: (1) —~x, y, 3/2-z

% 2 A& 1 7 360 K I =3 22 1 K A £

BEC[A] A
Br1—Cul 2.3563(133) Br1—Cul—Br2 100.821(565)
Br2—Cul 2.3552(128) Br1—Cul—Br3 130.155(301)
Br3—Cul 2.4360(126) Br1—Cul—Br4 98.305(285)
Br4—Cul 2.3733(129) Br2—Cul—Br3 101.747(271)
Br2—Cul—Br4 130.743(299)
Br3—Cul—Br4 99.525(562)

% 3 41L& 1 76 293 K A5 5

D—H--A D—HI[A] H---A[A] D--A[A] D—H---[A]
NI—H6---Br2  0.860 2.691 3.417 142.97
NI—H6---Brl!  0.860 2.852 3.518 135.64
C4—H4---Brli  0.930 3.012 3.716 133.72
Cl—HI---Brl!  0.930 3.069 3.639 121.21
C2—H2---Brlii  0.930 3.120 3.858 137.56

MFREAENS: (1) —x, y, 3/2-z; (i) 112x, y-1/2, 2/3-z; (iii) -x, 1-y, 1-z

% 4 1h&W0 1 78 360 K I S5 S5

D—H--A D—H[A] H-A[A] D-—A[A] D—H[A]
N1—HI1B---Br3 0.860 2.412 3.247 163.88
Cl—H1---Br2 0.930 2.736 3.483 137.98
NIA—HIAA---Brd'  0.860 2.745 3.444 139.49
N2A—H2AA---Brlf  0.860 2.881 3.699 159.42
C10—H10---Brafi 0.930 3.049 3.717 130.09
C9—H9---Brl" 0.930 2.858 3.637 142.04
C7—H7---Brl" 0.930 2.955 3.678 135.73
C6—H6---Brl' 0.930 2.895 3.694 144.79
C6—H6---Br4' 0.930 2.997 3.756 139.84
C2A—H2A---Br3v 0.930 3.021 3.718 133.01
C4A—H4A-Br3! 0.930 2.875 3.508 126.45
C4A—H4A--Br4! 0.930 2.821 3.652 149.41
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ZEIff s 4 LA 14 360 K A5 S5

D—H:-A D—HI[A] H--A[A] D---A[A] D—H-[A]
C5A—HSA---Br3i 0.930 2.976 3.558 122.07
CI0OA—HI10A---Br4'  0.930 2.876 3.716 152.36
C9A—HOIA---Brli 0.930 2.784 3.617 149.60
C7A—HT7A---Brl¥ 0.930 2.617 3.434 147.01
C7A—HT7A:--Br4" 0.930 2.783 3.451 129.60
C6A—HG6A - -Bréi 0.930 2.986 3.741 139.33
C2—H2B---Br3" 0.930 2912 3.703 143.67
C5—HS5---Br2vii 0.930 2.940 3.643 133.47

KFRERAERD: () x+1, y, z; (ii) x+1, 2-y, z-1/2; (iii) x+1/2, 3/2-y, z-1/2; (iv) x+1/2, y-1/2,
z-1; (v)x+1, y, z-1; (vi)x, 2-y, z-1/2; (vii) x+1/2, y-1/2, z

B 5 A& 5 1E 293 K I 32 3 4K A £y
HKA] A
Brl—Cdl  2.8298(5) Brl—Cd1—Br2  84.589(19)
Br2—Cdl  2.7650(8) Brl—Cd1—Br3  83.246(18)
Br3—Cdl  2.7542(6) Br2—Cdl—Br3  84.428(19)

Brl—Cdl1—Brl!  180.000
Brl—Cd1—Br2  95.411(19)
Brl—Cd1—Br3'  96.754(18)
Br2—Cdl—Br2'  179.991
Br2—Cd1—Br3'  95.572(19)
MBS : () 1x, 1-y, -z

By 6 1LaW 5 7E 400 K I 37 5 4K A £
KA B[]
Brl—Cdl  2.8298(5) Brl—Cd1—Br2  97.036(42)
Br2—Cdl  2.7650(8) Brl—Cd1—Br3  94.631(43)
Br3—Cdl  2.7542(6) Br2—Cdl1—Br3  83.294(39)

Brl—Cdl—Brli  179.983(46)
Brl—Cd1—Br2'  82.964(39)
Brl—Cd1—Br3'  85.369(39)
Br2—Cdl—Br2  180.000
Br2—Cd1—Br3'  96.706(42)
MEAENS: () 1x, 1y, 1-z
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M 7 ALEW) 5 7E 293 K A S5

D—H--A D—HI[A] H--A[A] D-A[A] D—H---[A]
C4—H4---Br3i 0.930 2.866 3.768 164.01
C5—H5---Br2il 0.930 2.928 3.678 138.69
C5—H5---F1ii 0.930 2.560 3.309 137.84
N1—HIA---Br1"¥  0.860 2.854 3.520 135.51
C3—H3-Br3¥ 0.930 3.035 3.833 144.97
KFRERAERD: () x+1, y+1, z-1; (i) x+1, y+1, z; (i) x+1, y, z; (iv) -x+1, y+2, -z; (V)
X, y+l, z-1

Bt 8 1h&W) 5 7F 400 K I S8 S5

D—H:-A D—H[A] H--A[A] D---A[A] D—H-[A]
C3—H3--Brl 0.930 2.841 3.586 137.95
NI—HIA---Br2!  0.860 2.804 3.646 166.63
C5—HS5--Br3il 0.930 2.955 3.623 130.01

SRR EEAERS: (1) -x+1, -y, -z+2; (ii) X, -y, -z+1
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B O

I 2y, 5 R I) =4 70 S 1 SO i AR AR TR R ) )5, 4 3Ri8
(R AEIX = AE AT DASS IR 4 Z B, mIAL AT Z AT

AREENV IR SCHE A T A 20 38 S AN A R T C 58 i, MR % R 31 H
B SRR, 1 SC R AN E AR AN EE SR A i (0 AN /K o TEIX B SCH S
TErR, ARSI AR T &M AR Erde R — g i MEsuE W, it
B AR, TSR SRS BEAE TR 52 2 FE VR, S IXFEI A B, SCMRAT E I,
FRAN 223X 2 MU 1, 5 F MMV AR ST o T I 1) 114 52 T 2 77 2R 2R b J i R 5% v PR
!

TR HENY 2 bR, FAE A AL 2 1) AR IX = 4P b 25 7 3 2 20 A 1) 4
A2 T T R, AR 1) K1 2 7 2 T A 2l DA e [ 245 B R AR g A it
gitto [y, FERSCSIERE RS, RIESZE KK BEEM O, £ E—Jf
a4 R AR 2 R R TR

itz Ah, REFEN A E KWL 7 IR, AT 552 F1T6 A
FC AR e I R, R 58 AT o B s BRI SR R R SBUR X
DTSR AR FAN A SO, ATIE T3 2 S B FE B, 7 58 BUEE VR SCIRIX B i ]
B, s TREZ AR, WRE TRZWETENL.

FRIEAEARAIBIE FOM AR b, DU =5 0 R R k0o FHT AN SE
FE R Z T IARFEN .
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