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Dielectric Relaxation Triggered by Guest Water Molecule Based on the
{(Me,NH,),[Fe,(ox),Cl,J*H,0} (ox=oxalate)

Wang, Bin' Tang, Wen' Zhao, Haixia* Long, Lasheng* Zheng, Lansun
(Collaborative Innovation Center of Chemistry for Energy Materials, State Key Laboratory of Physical Chemistry of

Solid Surfaces and Department of Chemistry, College of Chemistry and Chemical Engineering, Xiamen University,
Xiamen 361005, China)

Abstract It is well known that water is one of the most important chemical constituent in the nature, and thus is regarded as
the genesis of life. Meanwhile, water plays an irreplaceable role in biology process, such as regulating the affinity between
fatty acids and alkyl chains and controlling the conformation of DNA. In the crystal chemistry, water molecules in com-
pounds will also significantly affect its structure, physical and chemical properties. Among them, single crystal to single
crystal (SCSC) transformations induced by water molecules have attracted great attention, because those transformations
often change the physical properties such as magnetic, dielectric and proton conduction. More importantly, it is facile to ob-
tain detailed structural information, which leads to more directly and better understanding the transformation mechanism and
structure-properties relationship. In this work, we report the SCSC transformation in the compound of {(Me,NH,),-
[Fe,(0x),Cly]*H,0}, (ox=oxalate) (1eH,0), which was prepared through the hydrothermal reaction of oxalate and FeCl; in
the presence of dimethylamine chloride. Under vacuum and heating conditions, 1°H,O underwent SCSC transformations,
formed compound 1. 1°H,O and 1 were characterized by X-ray single-crystal diffraction, powder X-ray diffraction, magnetic,
dielectric and thermogravimetric analysis. Magnetic studies on 1eH,O and 1 show that the presence or absence of guest water
molecules had no significant effect on their magnetic interaction. Investigation on the dielectric properties of 1°H,O and 1
reveals that the presence of guest water molecules can influence the dynamic relaxation process of guest amine and water in
the compound. Compound 1<H,0 exhibited three dielectric relaxations at 250 K, 80 K and 50 K respectively, while 1 only
showed a single relaxation process at 80 K. This work sheds light on the further exploration of SCSC transformations associ-
ated with the dielectric relaxation.
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SR RO IR, AT IR - B A AR
A R A HARFE ), RS A -
AR R E IS MG B, AR AR > T
S HL R R AR . SR, 124 A b B - B R B AR
FITRE BE A FEL B 2k FEL R 5 A8 A0 T ST AT g 2 L2421,

ATAEF, TATKHERARNBCAAF FeCly & MAF
B T 1k & Y {(Me;NH,),[Fex(0x),CL,]*H,0}, (ox =
oxalate) (1°H,0). 7EE RN A 1-H,0 KA T H
fn B L G FE AR, 193] T LAY {(Me;NH,),[Fey(0x),Cly] Y,
(1). BEVEW TR R AR K 5 T AEAE S T X G P b A
HAERRA R, AR FIAERESHIT
MBI R, LAY 1-H,0 7E 250 K, 80 K AT 50 K H
W =AM Hshgad R, MEKSTRRE, AW 1
IXATE 80 K AbFR I HS B —5th PR 2.

2 H#ER5
21 BRIBRET

AP 1H,0 B0 13- A S A8 AT DU
144 1-H,0 7E 100 K A1 293 K % 1 7E 173 K 1293 K
LSRR AR T AN AR IR R XRD 0 19 BIAIE SE.
AP R A RS Bk 1 R,

75 293 K I}, fh&9 1-H,0 &5 i T Hplin R, 2500
BN P2i/c, HEAZEHINE 1a FiR. SRS R
EW) 1-H0 B —4EB B8 T4 [Fea(0x),CL]> = RZBH ES
T R T4, 3 I [Fex(ox),CL> ™ — 4k BT
THERZH Fe JR Tl 2 MREEBRARA 2 AN TR
REH) CLR T . 1% [Fea(0x),ClLy)* B /& L% 2 Fel

F1 A 1-H0 M1 FEA GBI 5 R 455
Table 1 Crystallographic data of 1eH,O and 1 at different temperatures

A Fe2 57 BB FREL A v 0o ¢ iy ) R I

FHAR Fel Al Fe2 J5i ¥ —XF &R 7-(Cl1 i Cla)kb+
F AL E, H—XEET(CR M CR)itT kA E.
FH4RELJE T-(Fel F1 Fela, Fe2 1 Fe2b; X} HRACHS: a: 2—
x, =y, —z; b: 2—x, —y, 1—2) L&A T
o E, LR BE 45 /7R L& P {[K(18-crown-6)]-
[Mn(H,0),Cr(ox);]} (18-crown-6 = Ci,HpO6, ox =
oxalate) {1 A RIE ). AHAE R A —EBELE WS o b7 1)
CAAR 5 SRS, Tds b S0 2 I I HESI (B ST).
B B Tl i B (N2--C14% . N1--O1. N1--CI2.
N2'---Cl1°, N2'--CI3. N1---CI2° N1'---O1)uk a2l it 45
7K (N2--01W---02, N2--O1W--Cl1', N2--O1W---CI3?)
5o o BB T BEE B M AR RO B T 5 45 K
(O1W--02. OIW--Cll'. OIW--CI3*. O1W--N2)Ffl —
% BH B F~(N2---C14*. N1--O1. NI--CI2. N2'--ClI?,
N2'--Cl13. N1--CI2°, N1'--O1)/a] JF i i) &0 s A % B,
MR T M =4 g5 O RS 10 1—x, —y,
—z;2: +x, 12—y, —12+z 3. +x, 12—y, 12+z; 4
1—x, 124y, 12—z, 6: +x, —12—y, 12+z K 3. H
S2 F1% S1).

PRI, (L&Y 1-H,0 7£ 352 K Z B Hifa
S, 1E 352 K JFUARE, % 463 K JkHE K4 3.3%, Hik
EHER A AEARKE 2). UG 1-H,0 fEE 5%
TINEE 390 K, FEARER 2 b, ddE AR K TRl 5
bR E, BRENEY 1 PR (ST B
[ AR I 2 R R VR R AR B B AR A, (R SRR
KRIERFIRD T Ia o N AR SRR (0, Wl 2a o,
WA 1°H,0 L RAEK S FIRHRAS R THEY 1. X
—RMHAE 480 K Z AR H BLAEAT 2R 5 DL K Hot R
XRD #4152t —PuEsL. sk, XRD ¥4 (K S3)

1-H,0 1
MR /K 100(2) 293(2) 173(2) 293(2)
HFR CsH,500N,Fe,Cly CsH,500N,Fe,Cly CsH,40sN,Fe,Cl, CsH,40sN,Fe,Cl,

XS4 F o 539.74 539.74 521.73 521.73

SRR Hh Hh A Hh
e Monoclinic Monoclinic Monoclinic Monoclinic
7 B P2,/c P2/c P2/c P2/c
a/nm 1.08360(4) 1.09541(6) 1.08592(3) 1.09188(6)
b/nm 1.37526(6) 1.40077(8) 1.35867(3) 1.37243(6)
¢/nm 1.35486(6) 1.35620(8) 1.36300(3) 1.36689(7)
a/(°) 90 90 90 90
BIC) 107.116(5) 107.474(6) 108.379(3) 108.439(6)
2(°) 90 90 90 90
V/nm® 1.92963(15) 1.9849(2) 1.90840(8) 1.94316(17)
VA 4 4 4 4
De/(geem ) 1.853 1.806 1.816 1.783
GOOFs 1.074 1.092 1.006 1.028
R, [I>20(])] 0.0380 0.0486 0.0320 0.0391
WR; (all data) 0.1091 0.1336 0.0578 0.0964
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Figure 1 ORTEP drawing of a fragment of the chain motif in 1+H,O (a)
and 1 (b) at 293 K. All H atoms are omitted for clarity
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Figure 2 (a) The color change in powder of 1°H,0 transfer to 1. (b) TG
of 1°H,0 and 1. (¢) PXRD of 1°H,0 and 1
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AP 1 AE 293 KB i 25 1) W0 o 3 B FLBE AR g 242
AE &40 14H,0 HFE. Wil 16 FoR, (&1 RS &
THARR, ZEEN P2 /e, RRMRE =-S5
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N1---O1) A48 —4EBA B 78 A (N2--C11°. N2---Cl4°,
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N1---O5")HH B 82 1) AU Fh AN B R A T A4 (AR
RAig: 1. —1—x, 124y, —32—z2: —2—x, —y, —2
—z;3: —2—x, 124y, —3/2—z K 3. K S4 f1%E SI).
RN ARSI, 1bEY 1 1) a SR b AL AW
1°H,0 ) o JA0 b A, O~ 73 MY o Bl b W4, 1
G c BRE K, M 1.35620 nm (1+H,0) K%
1.36689 nm (1), # 1 T HiL AW 1 2k
(1.94316(17) nm®)E&/NF 1eH,O ) F AR T (1.9849(2)
nm®). [FIf, HLEY 14H,0 1% ¢ BT R 15 5 RREC AL
[ R AN FH AT 8k B 7 2 [A] 1 PE 5 (Fela-Fel 0.5483 nm,
Fel-Fe2 0.5429 nm, Fe2-Fe2b 0.5507 nm, XfFRAIE: a:
2—x, —y, —z;b:2—x, —y, 1—2)lLLEY 1 BT I
(Fela-Fel 0.5509 nm, Fel-Fe2 0.5434 nm, Fe2-Fe2b
0.5530 nm, XIS a2 —1—x, —y, —2—z; b: —1
—x, —y, —1—z K S5). Ib4h, LAY 1-H,0 FH)
PIAS L P B TR AL T IR, BEE AR
T2, tbEW 1 R FAS —H EBH B AR AL T IR
Z(E 1b f11A 3b).

a
b
.cm2
c o
o1w@
N2
‘ ........ I=
cla4
N2 ®-
o ci3
@

M-X,-y,-2; 24x,112-y,-112+2; 3+x,112-y112+2; *1-x,1/12+y,1/2-2;52-x,-1/12+y,1/12-Z; S+x,-1/2-y,1[2+2;

b -

1-1-x,1/2+y,-3/2-Z; 2-2-X,-y,-2-Z; 3-2-x,1/2+y,-3/2-z.

B3 & 1.H,0 () 1 (b)7E 293 K AN FRATTE. AT ERis
W, TR AR SRR AR T R

Figure 3 The asymmetric unit of 1°H,O (a) and 1 (b) at 293 K, respec-
tively. The non-hydrogen bonded H atoms are omitted for clarity
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Kl S6 s, 1E 6 K & 40 K Z1A], tb&%0 1.H,0 A
WHLF R, NMHFEHARN 6.1, BRI
i, 7E 60 K BT A EGH I T — ANBERIR 1A Fg,
A EE N 6.1 BINE] T 6.8, &S HLIEBE A T i
M 1) s X RS 0y, LB il A0 2 1 388 o o sk /I ol 5 Ui
FEMAREEIG N, 1€ 250 K FHEHIL T — A aprReN g
U, AU 8.5 HEMNEN T 13.0. BN HEIERE A A
R T A R X R B, A F DA A A (1) 3 T 9
/N, RIS AR . A F AR AR A A R A
REEB A EE AT LG R H R (B 4b~4d). RT
FEIIE R X 2y = AN TEAT R, WHA AN a-. -
y-ih TR, HE 4b P EARFE AT A, 250 K BT AR
e ST K TR RS B (a5t ), M 10*° Hz F|
10°° Hz, BEFE ARG B FEIEAE /N, I BLig A 1)
ERE), BEM 0.136 (250 K, 10> Hz)F % 0.120 (300
K, 10°° Hz). fHFERERIE, 60 K A HLIAE R 4L
P 3% B Z A FRIE R (A A sth RO AR R, —AMTE 80 K
BT 1) U (-5t T8) A —/NE 50 K BRI 1 4 U6 (y-th 75).
S-St TEAN p-5th T4 A P AR FE It BT AN -t RS H AR AR
W A [ 1) 305 R AR O 2R -t T AT P D o 4 2% A
10*° Hz FHE £ 10°° Hz, WA K13 M 60 K 7 2]
100 K P&l 4b). [FIFEIEE S B S T DAY 28 1 X
o3 a-ih g, B-ath AN p-sth g = AN IG I FE(E 4c, 4d).

54k &9 1-H,0 AF, 1hE&9 1 R AR H

a is

10°Hz ~ 10 Hz _
10 Hz » 10" Hz |

- 10"°Hz -
16F 10 Hz
14} o3

08 12bas

6.4

10F 62

L 6.
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T/K
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15 16 17 le 9 2
1000/T (K)

Y
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T8, WK 5 FioR, £ 6 K & 40 K 208, (&% 1 A
L B R B T R T, 7R 40 K B EE BN
6.4. B IR RS — 2T, /£ 80 K P Il 7 —
BRI FLUE, A RN 6.4 BEME T 7.0 [FIE,
A LU A B A A0 R T v T ) R X RS B, A FH )
KA Pt AR () 3G IR/, F LR A A0 1R 38 i a2
PN ZA TR IR X 510 A Y 1-H,0 1 -t iR X
AHIE, EL 1eH,0 R iGE X ZEE 5. Kk, HROIRZ
SRR -, [FIFE, M FASRERN A F R 0 i
WA LA IR A B 75 (] 5b, Sc).

H B 5b (A FEFFE T A, 80 K PHT A/ B H ke IG5
PUH TR R RS R A A5 (B-5tT8), M 1070 Hz # 10%°
Hz, B AEEIG N BAR AR AL K, I HIZ 0 ) s #e
. HBUEM 0.0502 (76 K, 10*° Hz)F% % 0.00765 (98 K,
10°° Hz). B/ HLpEER I Sc il &, i v B 3 AL
AR
222 NRsRFH

IRBA S, 1oH,0 A 1 HeOSTE R BE AR A A Fa AR A
& Debye A HLATRAT A, %R B W TGAT NIRE
Al BEERA AW R I R G BE & AR AR K o T B A
WA K. N T PR R SRR, T
B4 e ST A, XA HATIA, A E A
A0 1eH0 FI 113t 75 0ok R 1 5 A4 B8 AN 5th 74 ) (7).
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WHE, AT RIS AR A, AR 1 g2 TR 48 8 2 0 A s & L.

Figure 4 Variable-temperature permittivity spectrum of 1°H,O. The real part (¢') of the dielectric constant (a) and dielectric loss (b) dependence on tem-
perature at different frequency for 1°H,O, inset is the real part (¢') of the dielectric constant (a) and dielectric loss (b) at low temperature. The imaginary
parts of dielectric constant dependence on different frequency near 50 K (c¢) and 250 K (d) of 1°H,0, inset is the fitting diagram of Arrhenius formula.

122

http://sioc-journal.cn

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2021, 79, 119—125



% % iz
a b
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Sk
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B s a1 AR IR EL () ARSE TR RS, AEEDVIGRX A RSB EL (b) AR T M BBFeE, WIGEDy 80 K K
T EARFEI; (o) NSRRI FLRE AR IR, POARI 93 TS B 2 A sl & L.

Figure 5 Variable-temperature permittivity spectrum of 1. The real part (¢') of the dielectric constant (a) and dielectric loss (b) dependence on tempera-
ture at different frequency for 1, inset is the dielectric loss at around 80 K. (¢) The imaginary parts of dielectric constant dependence on different frequen-

cy, inset is the fitting diagram of Arrhenius formula.

R4 Arrhenius A2,

E

ot M

-
—=we
T

Hrp E, RIELRE, © 2RI A, wo TR ETH T (0=
1/79), k VIR 2EZHH. X =AM b Bod AT oF
HAT LS BRI E, A 7o (R 2).

R2 AW 1-H0 M1 AL TR E AN 70

Table 2 Activation energy (E,) and relaxation time (7o) for each relaxa-
tion process in 1°H,0 and 1

i 1-H,0 1
E, Ty E, )
a-ih# 0.521eV 9.0X10 Ps
f-ib#% 0.148eV  5.88X10 s 0.1768 eV 1.58X10 s
- 0.0855eV  2.07X10 s

A 1°H,0 H a-sth G IS RS LR E, 79 0.521 eV,
TR A 7099.0 X 1075 5. X EE 1eH,0 #£ 293 K #1100 K
s T AR, TR X, A —A Me,NH, FHE
T& T WP EE PSR S7). Hik, HEATAE
1°H,0 1 o-ith B 2 = ZIHFE T Me,NH, FHE 71
-, FN, o-oh K E e RN RTIR 2
SC R R IE 14k A&, G0 [(CH;),NH,][Zn(HCOO)s] -
[(CH3),NH,][M(HCOO);] (M=Ni, Mn)" i — FF &[0 &
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A3 - T P38 3 T 75 B (035 Ak B /MR — 50
FALE Y1 RPN Me,NH, BH 2 77 B ANE X AN
FPRPIRES, BITE 1 AR a-7hi4.

G 1-H,0 A1 1 ) g-th 18, AR FE X A AH
I, W RE A I BeE. S A AL AR, BTl
CIPREIREGINE SR VAL S = Sl il o st/ Wb f = e 23 1 ]
gk, FAHERA N ZimE S —HZHE 58—
YEBE R A BT 0. (HJ2 1-H,0 R 5t BRI (] BE 5
KT 1 TR ], X ] R PR B I R B R AR AR A K.
e 293 K (&%) 1-H,0 F1 1 SR I &9
1-H,0: N2-H--Cl4* 0.3300(7) nm, N1---H-O5> 0.2929(7)
nm, N1-H---CI2 0.3141(6) nm, N2'-H---C13 0.3407(19) nm,
N1'-H--O1 0.2778(14) nm, NI1-H--O1 0.3095(6) nm,
N2'-H---CI1% 0.3422(19) nm, N1'-H1---CI2° 0.3344(15) nm,
SFRACES: 30 +x, 12—y, 11242z 4: 1—x, 124y, 12—z
5:2—x, =124y, 12—z 6: +x, —12—y, 12+z 1k
AW 1: N2-H--C11? 0.3336(5) nm, N2-H---C14° 0.3330(5)
nm, N1-H---CI2 0.3189(4) nm, N1-H--O5' 0.2920(5) nm,
N1-H--O01 0.3034(5) nm; XFRARS: 10 —1—x, 12+y,
—3/2—z; 20 —2—x, —y, —2—z 3: —2—x, 12+y,
—3/2—z), NAsEEMNEE BE, &Y 1-H,0 i)
SHHEZ R TIAEY 1 PRE. SEREE K,
SUBEE SR, (155 RAAY 1-H,0 KA 4R 2
Kt X 5@ A AR A 1-H,0 it
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T ] (5.88X 107 s)ELAL AW 1 5t ¥ A 8] (1.58 X
1077 )y KRG, FRLEY 1-H,0 HITEILRE
(0.148 eV)LLAL AW 1 IITEHLAE(0.1768 eV AT BE 2 H
TAED) 1-H,0 L F MK G, S35 — 48 25
VB R — P BH S - 140 A B IR 855 028, R T st i AT
1M p-sth G WAUNAZLE T &9 1-H,0 1, iE1LRE E,
N 0.0855 eV, BBIRI A 70y 2.07 X107 s. R B G5t
B FIEARE D, SIRET A K. AT 1eH,0 7E
100 K 1 df gy, o LUR I A5 — > Me,NH, FH
BT RA, T HZ B S 5t &
(NH,)»(adp)[Zn,(0x)s]*3H,O (adp=adipic acid ' H1fZES
TH2 s S8 B SR+ ea . Rk, "Ll
Wi -Gt FE R R AR EE A LT Me,NH, FHE -7
(1138 38 1.
2.3 WS

R4 1.H,0 F1 1 7€ 293 K [ b 45 K vl 0, BEE /K
TR E, T Fe-Fe ZIAIMRE B K AEHIN AR 1L,
1-H,O A (1) #H 48 5 A 8k B 1 2 0] 1Y) BE 7 (Fela-Fel
0.5483 nm, Fel-Fe2 0.5429 nm, Fe2-Fe2b 0.5507 nm, X
FRARES: a: 2—x, —y, —z; b: 2—x, —y, 1= T1HA
Y1 AR AR B T 2 ] ) #E 2 (Fela-Fel 0.5509
nm, Fel-Fe2 0.5434 nm, Fe2-Fe2b 0.5530 nm, X FRACHS:
ar —1—x, —y, —2—z; b: —1—x, —y, —1—z), K
PERRE 2 R e 2 (18] S5). RAEEW) 1-H,0 1t
CARELPY, B 7 Xt —F R, X 1eH,0 A1 1
FIREPE ) EAT T AR, E 1000 Oe HISMINEES T, —%#
£ 2 K #| 300 K i IX N R WE 6 Frw, T
1°H,0, HZR yn TN 6.86 c®smol ™' oK J-Fiti 5 R 1)
FEARIZ ML/, 7E 2 K FEKE 0.178 cm’smol 'sK, %8l
TEAEE RRTEVE . XT 100 K 3 300 K HIREAL 508 14
TR BN e EHEITIE, JEFEREH C=9.02
cm’smol oK, #MUTH L 6=—90.60 K, i8] 1:H,0 H 17
TE R RHEAT A

&1 IRETEAT AL A 1.H,0 JEAAH R, F
F I T B9 6.88 cm’emol oK FF: B 1R 1 FRARIZ T
RN, 7E2 K FEKE 0.078 c’emol '*K. % 100 K 3] 300
K MM ZE=HIEEITIE, BAEEEEH C=9.55
cm’emol oK, FMUTHE 0=—111.57 K. N T EBILE
V) 1-H,0 F1 1 REVE B 1 2 TR I REAS AR, RAT TR
BT 20 M — 2R NG B LA (1) 2 2N Q2) X B M A
PEREAT TRVA P ORIE AT L, X 1H,0, J=
—8.585 cm !, g=2.0, R=3.85X107°; Mixftk&a1, J
=—8.496 cm ', g=2.0, R=4.788X 107> Hrh JZHi
AR, ¢ ZRUERETF, R ZRER=X [(mDovs—
(XmT)calcd]z/ Z[(an obs]z)-
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ZE 00, U T B R B AR R AR OK 7 T IR AE AE X
Fe-Fe 2 [AJf) [ Bkl & 5 P BOA B 252

3 4

A TAES, ATHRE T S Y {(MeNH,),-
[Fex(0x),Cl,]*H,0}, (ox = oxalate) (1+H,0) Al {t & 4
{(Me;NH,),[Fey(0x),Cly]}, (1) 8] f) B i 2] 5 3 A
FEXT 3 I AR IR A BB AT TR AL, R SRR
. BARK DTS S XL &Y IR A B 55
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41 EMEMK

AN 1. H,0 FEARTE SCHR 301438 77513 T ) £ 1.
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ZAF T INFAEE 390 K -7 2 h B EIL A 1.

&9 1.H,0 JTTER A HTHIR{E N C: 17.80, H: 3.36,
N: 5.12; S2{E >y C: 17.85, H: 3.18, N: 5.11. 1+H,0 £L.4k
BIEKBr, cm™'): 3592.9 (w), 3444.4 (w), 3178.3 (m),
2800.3 (w), 2437.7 (w), 1693.3 (s), 1610.3 (s), 1461.9 (m),
1346.1 (m), 1301.8 (m), 1012.5 (m), 800.4 (m), 474.4 (s),
445.5 (w) (K S6).

WEP 1 TR STEIR{EN C: 18.42, H: 3.09, N:
537, SZME A C: 18.43, H: 3.34, N: 5.26. 1 ZLAMNERE
(KBr, cm '): 3589.1 (w), 3415.5 (w), 3158.9 (m), 2802.2
(W), 2435.8 (w), 1695.2 (s), 1606.5 (s), 1461.9 (m), 1346.1
(m), 1303.7 (m), 1012.5 (m), 802.3 (s), 474.4 (s), 453.9
(w) (F S8).

4.2 FRIRGEHIRIE
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AT B S EHE (8 SR ARSI IE. 7E OLEX 2 A%
ShelXS %, ShelXT F£ /¥ il AL S5 H), 15 FH ShelXL 727 (3
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[ S PR B AN G RSS2 gl g b i) SR 1 g i 7
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BEATH3E. A Quantum Design /A ] [ XL-7 4Rz 24
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IV RO R X SR ATHAGEAT X S 8ebn RATHML, A
FA4AF: Cu-Ko 58, 2=0.154056 nm, B LN 15 mA,
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RS T, BL10 Kemin ' T HEFE SR, WK £
1000 C 26 N AT &P A K.
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