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Phase Transitions of Two Coordination Polymers
[MCly( B-ala)], (M=Co, Ni; $-ala=3-Aminopropionic Acid)
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Abstract: Two new isomorphic coordination polymers, [MCly(B-ala)], (M=Co*" (1) or Ni** (2), B-ala=3-aminopropi-
onic acid), were constructed by assembling 3-aminopropionic acid and transition metal chlorides. Their reversible
structural phase transitions were disclosed by differential scanning calorimetry (DSC), variable-temperature single
-crystal X-ray diffraction and dielectric measurements. In 1 and 2, the adjacent M** ions are mix-bridged by two
M-Cl~ ions and a syn-syn carboxylate group from [-ala ligand, resulting in one-dimensional polymeric coor-
dination chains. Both 1 and 2 undergo reversible phase transitions, which occur at critical temperature (7.
T coind of 236, 224 K and 309, 302 K, respectively, with a change of space group between Pnam at the high-
temperature phase (HTP) and Pna2, at the low-temperature phase (LTP). The phase transitions are mainly related
to the dynamic change of ammonium ethyl group from two-fold disorder in HTP to static ordered state in LTP.
Such order-disorder structural phase transitions lead to the coexistence of step-like dielectric anomaly and
dielectric relaxation in the vicinity of the phase transition. CCDC: 1555337, 1_LTP; 1555336, 1_HTP; 1555339,
2_LTP; 1555338, 2_HTP.

Keywords: coordination polymer; structural phase transition; order-disorder phase transition, dielectric anomaly

W H % .2017-07-31, WefB BckE H i .2017-09-21,
R H AR I 4 (No.21290173,91422302,21671202) % B 5 H

MHAEEE RN, E-mail :zhangwx6@mail.sysu.edu.cn , cxm@mail.sysu.edu.cn



2006 Jd Hl fk

#o% 4R %33 %

0 35l

[E] — [ 245 K R 28 b Ak | R 1) 4k R R AR B R TR
HAEFF G | AL AT B AR 5 U A B2 AN
A2 2]z M FEROILZE T b TR
BLW A T - JC 7 22 AL AE filk & 45 k0 AE AR 3 R P AR AT
B E CHERVER, DR IHORE 2 PR 454 Fr B 2H 2 i A3+
an A, HETT R A0 1Y - TC 7 A2 Ak 5 | kR 45 48 Y
XPRRVER G, B AR AR AL — Bl 25 o
filan , @R R F RS Y [(Me,CH),NH,|C1
[(Me,CH),NH,|Br 7, ZEk = 5 N &% FH &5 176 28 i ik
TP AT 7 - JC 7 A2 A B 7= A TP Bl 2 A 30 AR A
PGS AR AR AT N i AR 7L A 2 R L O R 1Y
Bk M RO

21 BH B it AT BRI i TC AL 5 I o7 i
Z AN B A T G 0200 JHG S R o0 ) R 4 o AR
I Y T B IR 2 45 0 A AR S B i AR Ak
M) —AEERA, Fan FRATH RIS R R
J3T Ak P IEE S Ao 55 25 - 15 TC ML BE 4G BT 049 7S 7 5 Bk A
BE A W [C.H  NJ[CACL; 0o HE 2 BH &5 14 23+ 3l
F12E ] FEREIR T o A R s | R A AR G R A
A5 LK S AR R MR i A e — 0 SR AT
— 2 JC A 1) 25 A AE AR A R R e FRATT R B 3-
F IR (CHNO,, [ K B-ala) 1Y R R AR A1) L5 25
FIELFVE IR A BB I T2 Rl & 2R 2
Bl T AT - A AR 3 18 T4 5]
M2 R AR AR I — HEEE IR B R A TEAIE SO
FATFIH B-ala 5 CoCl,+-6H,0 3% NiCl,-6H,0 ¥ 17
FLR  3RA T 2 91 [F) A4 1 — i 4 IR 12 457 2R A 9 [MCl,
(B-ala)](M=Co* (1),Ni* (2)), I FH 22 7~ F1 41 5t # 4
Br AR XS 2 AT S A AR TR A B R AR R T
EATH A T -0 B 25 K AE A8 AL P DL KA L o 3
£

1 SEWHES

1.1 FWiXF 5

S PR R T A, R — b Al A i 1
i, BCA MR X LA (PXRD) EIETE
Bruker D8 ADVANCE(Cu Kar,A=0.154 056 nm) I &
B BE HLHE 40 KV, LU 40 mA 20 454 5 [l 50~
350 Bl & W0 I AR 4 W (TGA) 26 2 7E TA A F] Q50
AE P LL 10 Comin” BWFHRE SR £ N, <
ST AT BE A W 19 22 75 34 B #y(DSC)TIHK 7E TA

][/

Q2000 I, LA 10 °C-min™ - B E N, R F
DA ;722 A F D felf ) [] 25 TH2828 A K %% B+
B, 0340 2 5 B R 10~100 kHz, {8 1 A 3 4R iR 4
1.0V,
1.2 & R

[CoCly(B-ala)], (1): TEHEAH A B-ala(10 mmol,
0.89 g).CoCl,»6H,0(10 mmol ,2.38 g)lh &% 10 mL 7K ,
PR LS 2 A RE AW, K LR E T
FLAETHRAE D AE 80 C R LA 78 & & T nf KAt i
1B R 107 2 H08 100%), 7E3 3 o
A B-ala (0.2 mmol,0.018 g).CoCl,-6H,0 (0.2 mmol,
0.048 g) VA& 3 mL S NEE, %EHEE THRAE T, 7R
120 C R 3 d, 45 20 o] H F 5 i fir S i i 45
P AR 1, SBRAT S 43 B DR il 40 B (b 72
#EHE ST),,

[NiCly( B-ala)], (2): ZIL B WG LS E
P11 2L, R AR CoCly- 6H,0 B 55 ) 5
F Y NiCly- 6H,0 , 7= i Sk #5 €0 BBk ot 4% sl i 4k (=
BRI 100%), 23 ARAT I 53 B i IARE i 4l B2 (b 58
MEHE STy,
1.3 X S&BREHHHm

L&Y 1 F 2 0 B AT S RO o 2
XtaLAB P300DS(Mo Kar,A=0.071 073 nm)fiT $ 1 il
Rigaku R-AXIS SPIDER IP(Mo Kar,A=0.071 073 nm)
AT A e | W R GE R F ABSCORPIRR )7
B AT S A 0 IR B S A RigakuGasFlow GN2 2 ¥
e TR E R 1 W W < o 1 S TR o B P R
SHELX-97#2 1y #E47 il Hr MU & | >k ] B4 17
SERPIIRRIRLEATT , SRS FH fe/N TR ) R S A
HATRGE |, B E PR 22 (E A kB TR AR
T AR bR, AR R AR R R A S AR
T B S I A A, R RCES S
LIS

CCDC:1555337,1_LTP;1555336,1_HTP;1555339,
2_LTP;1555338,2_HTP,

2 ZR5iTie

2.1 DSC &#fr

IR (Rh A BB S2),1 F1 2 4l HE
530 1570 K VA A RARES G0 . DSC K 3R W]
(1), 1 0 2 700032 1 ek BB 3 L PN 45 3R B i — X A
S U XTI 8 I ST BE (T et Thcooling) 73 591 A0
236.224K 1309 302 K, 17 T A1 45 5l 78 3 26 it



%11 W I A5 L T B C A 3B M Cy( B-ala)](M=Co , Ni ; B-ala=3- 2 JE 79 112 1) 25 #4) AH A% 2007

K1 BED1IFH2HREZESH

Table 1 Crystallographic parameters of complexes 1 and 2

Complex 1 2

Formula [CoCLy(C;3H;NO,)] [NiCly(C5H;NO,)]

Formula weight 21691 218.71

Phase 1_LTP 1_HTP 2_LTP 2_HTP
T/K 150 315 150 315
Crystal system Orthorhombic Orthorhombic Orthorhombic Orthorhombic
Space group Pna2, Pnam' Pna2, Pnam*
a/nm 0.676 09(4) 0.678 80(4) 0.665 46(3) 0.668 68(4)
b/ nm 1.280 4(1) 1.256 04(7) 1.285 34(5) 1.268 76(7)
¢/ nm 0.771 18(4) 0.802 95(5) 0.769 05(3) 0.794 61(5)
V/nm? 0.667 56(7) 0.684 60(7) 0.657 80(5) 0.674 14(7)
A 4 4 4 4

D./ (g-cm™) 2.178 2.124 2.208 2.155

All, unique reflection 4711, 1 241 3691, 724 4586, 1 295 3183, 707
Riu 0.072 7 0.053 1 0.040 0 0.024 0
Unique reflection [/>20(])] 1117 637 1271 660

R [I>20(D)) 0.035 7 0.034 5 0.020 8 0.023 0

R, (all data)® 0.044 9 0.038 9 0.021 1 0.024 1
wR, [I>20(D)]" 0.081 3 0.092 2 0.047 9 0.065 3
wR, (all data)® 0.094 5 0.097 1 0.048 0 0.066 0
Flack 0.01(5) — -0.01(1) —
BASF 0.47(6) — 0.29(3) —
Completeness / % 99.4 99.8 100 99.1

GOF 1.036 1.024 1.044 1.025

*R=2NF-IFENZIE); > wR=[ X w(F~F2Y Xw(F)*"; © In order to compare with the unit cells of LTP, non-standard settings

were selected for HTP space group.
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Fig.2 Crystal structures of 1 at the low-temperature phase (a) and the high-temperature phase (b)
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