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Synthesis, Phase Transition and Dielectric Properties of Ferrate
Cyanogen(l) Hydrogen-Bonding Supramolecular Crystal

ZHENG Xiao-Yuan LIU Yang® LIU Yi QIN Liu-Lei WANG Le LIU Zun-Qi*
(Chemical Engineering College, Xinjiang A gricultural University, Urumgi 830052, China)

Abstract: Synthesis of novel ferric cyanide hydrogen-bonding cage-like supramolecular crystal material (C3HsN,);
[Fe(CN)g| -2 (18-crown-6) -2H,0 (1) by solvent evaporation in methanol solution with imidazole, 18-crown-6 and
ferric cyanide. The structure, thermal energy and electrical properties of the crystal were characterized by vari-
able temperature X-ray diffraction single crystal diffraction, infrared spectroscopy, elemental analysis, thermo-
gravimetric analysis (TG), differential scanning calorimetry (DSC) and dielectric constant test. The space group of
the crystal is P2,/c, which belongs to the monoclinic system at low temperatures. The crystal structure shows that
the cyano-iron complex, the water molecule and the imidazolium cation form a three-dimensional cage structure
with iron atoms as the apex in the form of hydrogen bonds. This resulted in phase transition at around 250 K and
stepped reversible dielectric anomalies in a range of 220~260 K. Temperature variation triggers the cage struc-
ture abrupt change, and at the same time causes dynamic oscillation of supramolecules within the framework of
[Fe(CN)¢J*, thus induces the phase transition of crystal structure. The phase transition temperature interval of the
crystal structure was accompanied with step-like change in dielectric physical properties. The dielectric constant
was reversible and changed from 38 to 43 with temperature increasing from 220 to 280 K. Above 270 K, the
sudden jump in dielectric is caused by water vapor. CCDC:1915513, 1(LT); 1915514 , 1(RT).
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Fig.1 Synthesis of compound 1
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1 KEYWIH X SHLERTHESE
Table 1 X-ray single crystal diffraction data of crystal 1

RT
Temperature / K 100 296
Chemical formula CyHgFeN Oy CyHgFeN O
Formula weight 983.86 983.86
Crystal system Monoclinic Monoclinic
Space group P2/c P2\/c
a/ nm 1.423 47(13) 1.432 73(11)
b/ nm 1.518 34(14) 1.524 18(12)
¢/ nm 2.287 9(2) 2.320 25(17)
B1(° 91.859 0(10) 92.063 0(10)
V/ nm? 4.942 3(8) 5.063 5(7)
A 4 4
D./ (grem™) 1.322 1.291
F(000) 2 092 2 092
©/ mm™ 0.378 0.369
20 range / (°) 0.999~25.01 0.999~25.01
Riu 0.062 0 0.052 6
Ry [I>20(D)) 0.077 5 0.080 4
wR; (all data)® 0.145 1 0.153 2
GOF 1.086 1.035

S R= S (F-IFN SIE); b wR=] Sw(F,P-1FPH S w(F)]™

2 HR5WR

21 HEW IR RENER

EY 1R TR R 2T ORI P2)/c 25
[ HE,100 K B 5 i Z 808 a=1.423 47(13) nm,b=
1.518 34(14) nm,c=2.287 9(2) nm,B=91.859 0(10)°;
296 K B iS40 a=1.432 73(11) nm,b=1.524 18(12)
nm,¢=2.320 25(17) nm,B=92.063 0(10)°, b % i £ 7+
L SN ab o BT —E R R HAK
A S EOLER 1, B 2 AR ARG 1 AR XS FRER
TCALE 2 A 189 BE-6 4 1 3 A BT ALK - 1
NIRRT 2 NER K, Horp1 A 185
fik-6 7> F kA& THEBILTFIHL AT 07.08.09,

010,011,012 B 54 %K 0.515 (LT)F 0.453 (RT),
M O7A ,08A .09A O10A O11A O12A 1 5 A %EH
0.485 (LT)F1 0.547 (RT), Jit ¥ o A 2 1 ol A2 3% W5
ik 53—~ Fifi 4 WP 1) T v 7 — 2 A5 1] A 2 BB Y
iz,

J A B e B T 18-5e i -6 4> Tl At 101
(4 A9 DL N=H -+ O 205 19 AH BLAE R R B 2 286 4y
+ BH B [ (18-crown-6) (C3HsN,)]* ( 1) F[(18-crown-6)
(C:HsNy) " (I)(El 2), JCF ) 18-t fik-6 4+ F 5 B+
Ak B K i BB - JE 1 43 B ES - [(18-crown-6)
(CsHsN) I (1), H N-H---0 FH K R 0313 3
nm (LT)H1 0.318 2 nm (RT)(F 2), % BKMEFI 18-crown-
6 3 F 197 18 JE A AR R R EE NI, BOR AR A
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Hydrogen bonds are indicated by dashed lines; Thermal ellipsoids are at 30% probability level;
Symmetry codes: ' —x, —y, —z; " x, —y=1/2, z=1/2; " —x, y+1/2, —z+1/2
2 AEW 1 TERTRNREE T MEAEX FRESH B IC A (a) 100 K, (b) 296 K
Fig.2 Asymmetric structural unit of compound 1 at different temperatures : (a) 100 K, (b) 296 K
x2 UEVINBLFHEHETFHMSEHE
Table 2 Supramolecular cation internal hydrogen bonding data for compound 1
D-H---A d(D-H) / nm d(H---A) / nm d(D---A) / nm LDHA / (°)
LT
N7-H7C---01% 0.087 9 0.332 1 03411 88.348
N7-H7C---027 0.087 9 02323 0.284 3 117915
N7-H7C---03" 0.087 9 0.208 3 0.291 4 157.344
N7-H7C---04% 0.087 9 0.298 8 0.330 8 103.657
N7-H8C---06" 0.088 0 0.347 1 0.348 5 83.649
N11-H11C--07' 0.087 9 0.200 2 0.287 8 173.244
N11-H11C---O7A! 0.087 9 0.257 6 0.326 4 135.706
N11-H11C---08' 0.087 9 0.271 8 0.316 0 112.428
N11-H11C---O8A' 0.087 9 0.192 1 0.269 5 145.832
N11-H11C---09' 0.087 9 0.353 2 0.3327 69.440
N11-H11C---09A 0.087 9 0322 2 0.332 4 88.969
N12-H12C---010' 0.088 0 0.270 0 0.305 9 105.784
N12-H12C---O10A' 0.088 0 0.344 6 0.3353 76.586
RT
N11-H11G---O1* 0.085 9 0.220 3 0.281 4 127.879
N11-H11G---02" 0.0859 0.318 7 0.335 8 94.027
N11-H11C---05" 0.085 9 0.319 8 0.346 1 100.577
N11-H11C---06" 0.085 9 0.224 3 0.302 3 150.944
N9-H9C---07' 0.085 9 0.204 6 0.290 2 174.190
N9-H9C:--O7A 0.085 9 0.261 6 0.328 5 135.524
N9-H9C---011 0.085 9 0352 3 0.335 4 71.727
N9-H9C---O11A 0.085 9 0.321 8 0.3353 91.583
N9-H9C---012' 0.085 9 0.275 2 0.320 4 114.649
N9-H9C---O12A' 0.085 9 0.192 6 0.269 1 147.580
N10-H10C---010' 0.086 0 0.292 7 0.319 5 100.344
N10-H10C---O10A 0.086 0 0.358 6 0.347 5 75.673

Symmetry codes: ' —x, =y, —z; " —x, y+1/2, —z+1/2.
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Fig.3 (a) Oscillating diagram of supramolecular cationic structure [(18-crown-6)(C;HsNy)J* (1); (b) Oscillating diagram of

supramolecular cationic structure [(18-crown-6)(C;HsN,)[* (IT')
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Fig.4 (a) One-dimensional hydrogen bond chain formed by [Fe(CN)¢]* and water molecules; (b) 2D layered structure formed
by (C;HsN,) and [Fe(CN)]* through hydrogen bonds; (c¢) 3D cage-like structure formed by 2D layered structure and

water molecule; (d) Two supramolecular structures of (18-crown-6)(C;HsN,); (e) Cage-like clathrate hydrate structure

filled by supramolecular structure (18-crown-6)(C;HsN,)
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BN 4d ES YR T =4 ARES
FITE 100 F11 296 K Bf LA ES R T i Je £y, P 8]

5 AT LAE I HESR A AR A DL, /1 BE R 96.675° (LT)74E
2 91.247° (RT), a3z #A 5 H1 108.738° (LT) 22L&
106.964° (RT), 78R F.oT J& £ 1 B0 5 3L Fe (CN)o >
R SR DR AN (TR G0 S . oY s ]
EEEAHAS  BAE IR AT 4> T BB 7 1A IO
RENSED,
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Table 3 Supramolecular cation external hydrogen bond data for compound 1

D-H---A d(D-H) / nm d(H--A) / nm d(D---A) / nm £DHA /(%)
LT
O1W-HIWB---N2" 0.085 9 0.197 2 0.281 4 166.21
O1W-HIWA---N3" 0.086 0 0.197 1 0.280 6 163.45
02W-H2WB---N1* 0.086 6 0.196 5 02820 179.09
02W-H2WA---N4" 0.085 6 0.196 7 0.280 2 164.86
N9-HOC---N5" 0.088 0 0.206 0 0.282 2 144.37
N10-H10C---N6" 0.087 9 0.205 0 0.280 2 14291
RT
OIW-H1WB---N2* 0.081 5 0.196 0 0.279 6 168.52
OIW-HIWA---N6" 0.085 8 0.195 6 0.279 5 165.50
02W-H2WA---N1* 0.095 1 0.196 3 0.280 6 171.03
02W-H2WB---N5* 0.085 5 0.195 6 0.280 9 175.73
N8-H8C:--N3* 0.085 9 02112 0.286 2 145.56
N7-H7C---N4* 0.085 9 0.206 5 0.282 4 146.92
Symmetry code: " x, —y—1/2, z—=1/2.
Heating

108.738°

K5 Aba 1 ZEARERR T i =4 R4,

22 EW1HLIIEER X SHEMARLTH

AW 1A SR TR KBr KA 76 4 000~
400 em™ B N HEATLL AN 25 R WA 6 iR, 45
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Tk .C=N MR 0% 2 152 em™ HE T 2SR
H-C=N HERI AR AR i 20 ARG ETAT L4y
Br it 18-5e fik-6 BRI BKEUIR 3 Fh 4 B o ¥ FE A
THEW 1,

1EZ R T (296 K)WH A5 9 1 09 83 R A7 5 &1
(E 7a), 5ZAYE R T 5525 RS 2] 1

4: (a) 100 K, (b) 296 K
Fig.5 Three-dimensional cage-like structure of compound 1 at different temperatures: (a) 100 K, (b) 296 K

XRD Bl (B 7b) #E47 X} He, 7T LA H 525 E AR
F I 7 W) A g, AT ARSE AL A9 1 B 2540
REA TN IR 1 R B — A SR
2.3 WMESH DSC

RAYTT ,#E 300~850 K i I xifb &4 1 i
17 TG 1 DTA Wik, FHR 3 %K 10 K-min™, Kl 8 /&
AW 10 TG A DTA #h £ &, K AT Al 7
306.24 K 2247, DTA Ml Bl #ge | Rk G
Y1 s SR, ATRE S AN TR, IR
306.24~347.14 K J 53 i 0 56 — B B, S i & A
2% o R R 3.66 %, 5K A T I BRI R



412 Jd Hl fk

#o% 4R %36 &

Transmittance / %

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™!

Fe fa® 1R IgE
Fig.6 IR spectrum of compound 1
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Fig.7 XRD pattern (a) and simulated pattern (b) of

compound 1
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Fig.8 TG and DTA curves of compound 1
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Fig.9 DSC curves of compound 1
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Fig.10  Dielectric constant of compound 1
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