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Preparation, Crystal Structure, Specific Heat Capacity and Thermodynamic
Properties of Diacetatobis(4-Amino-1,2,4-triazole) Zinc
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Abstract: The title complex has been synthesized with 4-amino-1,2,4-triazole ethanol solution and zinc acetate
methanol solution. Single crystals suitable for X-ray measurement were obtained at room temperature. The
crystal is rhombic system, space group Aba2 with crystal parameters of a=0.767 32(7) nm, b=1.664 44(16) nm, c=
1.090 40(11) nm, V=1.392 6(2) nm’, D.=1.936 g-cm™, Z=4, F(000)=720, R,=0.024 6, wR,=0.067 5. The specific
heat capacity of the complex was determined with continuous C, mode of microcalorimeter (Micro-Dsclll). In the
determining temperature range from 283 K to 353 K, the special heat capacity of the complex presents good
quadratic relationship with temperature, the relationship between the specific heat capacity of the complex and
the thermodynamic temperature was C,/(J-g™-K™)==2.021 915+1.749 228x1077-2.358 752x 107 T*, the standard
mole specific heat capacity of the complex was 385.62 J-mol™-K™ in 298.15 K. CCDC: 729090.
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(FE ), E SR 2 A ] VarioEL T T 2 7 #r
A ; 78 [ A 45 50 28 W) EQUINOX-55 AUAdE 37 i 21 40
TEAL ;B S5 A8 I %E R A Bruker SMART APEX I
CCD X-5F 26 B fh A7 S35 B A2 1 0 7 SR FH (3
SETARAM)Micro-DSC I 3 2 2t #4AX
1.2 B EW Zn4-ATZ),(CH,COO0), & B K&

BRNHE

£ 60 CARE M T K& A 1 mmol LFRFER)
10 mL B BV W 2212 0 2] & 3 mmol 4-ATZ 1) 10

ml SEEFE W, PR R B A ROR R
B NG RSV 2 h EERE g i
FRTHE 445 BATHT X FLAGHMAG
FFARARAA 77 #:40% ,m.p.175~178 °C;IR (KBr,cm™)
v:3 320.65,3 216.09,3 107.96,1 641.04,1 588.78,
1537.35,1437.21,1384.72,1210.54,891.41,680.65,
626.44, JCR 7 BTl E fH (%)M . C 27.63,H 3.779,N
31.02; W28 FI 7 Wy i Ak 24 20 R CgHyNgOZn , 1T
AH (%) R :C 27.31 ,H 3.982,N 31.86,
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AT H L FH A=0.071 073 nm [ Mo Ko 145, £1 5%
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MG 18R 1 SHELXL-97 f&J7 , XF &R 7 fdE &
JEF 43 590 R FH 45 1o [ R 45 i) S P R RE TR 1 R AT
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wR,=0.067 5, P=(F+2F /3 ,w=1/[0(F)+(0.058 OP)+
0.0000P], FZ BRI H = 18R Ap,w=250 e-nm™,
RARYE Ap,;,=—279 e-nm™, T TAERLE PII350 it
AL H Siemens SHELXTL 5.10 F2 7 58 B 1, A K
mn R s W2 1,
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Table 1 Crystal data of the title complex
Chemical formula CsHuN:O,Zn ©/ mm™ 1.794
Formula weight 351.64 F(000) 720
Temperature / K 296(2) 0 range / (°) 2.45 to 28.40
Crystal system Orthorhombic Index ranges -9=<h<9, -17<k<19, -12=<I<12
Space group Aba2 Reflections collected 3212
a/ nm 0.767 32(7) Reflections unique 1129
b/ nm 1.664 44(16) Goodness-of-fit on F? 0.994
¢/ nm 1.090 40(11) Final R indices [I>20(])] R=0.024 6, wR,=0.067 5
Crystal size / mm 0.37x0.29x0.18 R indices (all data) R=0.025 2, wR,=0.068 3
Volume / nm’ 1.392 6(2) Wavelength / nm 0.071 073
Z 4 Largest diff. peak and hole / (e-nm™) 250 and -279
D/ (g-em™) 1.936

1.4 EHRBEHRNERE
e IS A 7 2R (25 ) SETARAM)Micro-DSC

MRS, S 38 25 41y . 78 20~80 °C., N, PRI A5 1%
L FEA N 359.63 mg, P 0.15 °Cemin™ (9 Tl 5
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Table 2 Atomic coordinates(x10*) and equivalent isotropic displacement
Atom x ¥ z Uleq)* Atom x y z Uleq)*
Zn(1) 10 000 5 000 7517(1) 32.6(2) 0(2) 71532)  4091(1) 8 127(1) 46.9(5)
N(1) 85682)  5867(1) 8 316(2) 34.2(3) (1) 7356(2)  5825(1) 9 138(2) 32.4(4)
N(@2) 8660(2)  6657(1) 7 889(2) 41.2(4) C() 74733) 7043(1) 8 490(2) 39.7(5)
N@3) 6628(2) 6 559(1) 9 282(1) 31.8(4) c3) 71103)  4153(1)  6998(2) 34.6(5)
N(4) 5225(3)  6786(2) 10 033(3) 42.7(6) C(4) 5627(4)  3808(2) 6 289(3) 66.2(8)
O(1) 8 270(2) 4 524(1) 6 379(1) 39.1(4)
* U eq is defined as one third of the trace of the orthogonalized Uj tensor.
R3 UEVHBIBREER
Table 3 Selected bond length and angles for the title compound
Zn(1)-N(1) 0.201 2(2) N(1)-C(1) 0.129 5(1) 0(1)-C(3) 0.127 6(1)
Zn(1)-N(1Aa) 0.201 2(2) N(2)-C(2) 0.129 3(1) 0(2)-C(3) 0.123 6(1)
Zn(1)-0(1) 0.198 2(1) N(3)-N(4) 0.140 4(3) C(1)-H(1) 0.093
Zn(1)-0(1A) 0.198 2(1) N(3)-C(1) 0.135 2(2) C(2)-H(2) 0.093
N(1)-N(2) 0.139 5(4) N(3)-C(2) 0.134 8(1) C(3)-C(4) 0.149 1(1)
N(1)-Zn(1)-0(1) 101.09(7) Zn(1)-N(1)-C(1) 130.77(15) N(1)-C(1)-N(3) 109.13(19)
N(1A)-Zn(1)-0(1A) 101.09(7) N(2)-N(1)-C(1) 108.60(18) N(2)-C(2)-N(3) 111.45(19)
N(1)-Zn(1)-N(1A) 128.72(13) N(1)-N(2)-C(2) 105.30(18) 0(1)-C(3)-0(2) 123.25(22)
N(1A)-Zn(1)-0(1) 110.47(7) N(4)-N(3)-C(1) 128.83(21) 0(1)-C(3)-C(4) 116.42(22)
N(1)-Zn(1)-O(1A) 110.47(7) N(4)-N(3)-C(2) 125.56(21) 0(2)-C(3)-C(4) 120.30(25)
0(1)-Zn(1)-0(1A) 102.45(11) C(1)-NB3)-C(2) 105.52(18)
Zn(1)-N(1)-N(2) 120.24(15) Zn(1)-0(1)-C(3) 109.21(14)
*Symmetry transformations used to generate equivalent atoms: A: x~1/2, —y+1, z+1/2.
®4 RELAMOSE
Table 4 Hydrogen bonds of the title compound
D-H--A d(D-H) / nm d(H---A) / nm d(D---A) / nm Z/DHA / (%)
N(4)-H(4B)---O(1) 0.086 0.218 1 0.302 7 167.49
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Fig.1 Molecular structure of the title compound
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Fig.2 Tetrahedral structure of zinc atom
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Fig.3 One-dimensional monolayer structure of

the title compound
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Fig.4 Determination results of the continuous specific
heat capacity of the title compound
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Table 5 Themodynamic functions of the title compound

T/K Hy—Hosis 1 (kJ-mol™) Sr=Swsis / (kJ-mol™-K™) Gr—Gagsys [ (kJ-mol™)
283 -5.693 9 -0.019 6 -0.148 5
288 -3.848 8 -0.013 1 -0.066 6
293 -1.969 5 -0.006 7 -0.017 2
298 -0.057 8 -0.000 2 -0.000 0
303 1.884 0 0.006 3 -0.0152
308 3.8539 0.012 7 -0.062 7
313 5.849 9 0.019 1 -0.142 3
318 7.869 9 0.025 5 -0.254 1
323 99117 0.0319 -0.397 8
328 11.973 4 0.038 3 -0.573 2
333 14.052 8 0.044 5 -0.780 2
338 16.147 9 0.050 8 -1.018 6
343 18.256 6 0.057 0 -1.288 0
348 20.376 9 0.063 1 -1.588 3
353 22.506 5 0.069 2 -1.919 1
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