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Synthesis, Characterization, Crystal Structure and Kinetics of Thermal Decomposition
of Cadmium(I) Complex with 3-hydroxy-1-adamantanecarboxylic Acid
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Abstract: A Cadmium(Il) complex [Cd(C,H;s(OH)COO),(phen),] - C,oH,s(OH)COOH - 5H,0 was synthesized by hydro-
thermal synthesis from cadmium oxide, phenanthroline and 3-hydroxy-1-adamantane acid (C,;H,s(OH)COOH). It was
characterized by elemental analysis,IR and 'H NMR spectra, TG-DTG. Its crystal structure was determined by single
crystal X-ray diffraction method. The complex, Cs;H»CdN,Oy, crystallizes in the triclinic system, space group
P1 with a=1.258 22(6) nm, b=1.309 36(6) nm, c=1.858 61(8) nm, a=77.032(2)°, B=81.745(2)°, y=62.109(2)°, V=
2.6346(2) nm®, Z=2, M=1149.6, F(000)=1204, D=1.449 Mg-m~, u(Mo Ka)=0.487 mm™. The kinetic parameters
were obtained from the analysis of TG curve by integral and differential methods. The functions of thermal
decomposition reaction mechanism are: fla)=3/2(1-a)**[1/(1-)"*~1]", g(a)=[1/(1-)"*~1]"*, kinetic compensation
effect equation InA,=2.965 8FK,+17.72; InA,=2.983 9E+2.359 5. CCDC: 683030.
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Table 1 Crystal data of the complex

Emipirical formula CsH»CdANLO 4 Absorption coefficient / mm™ 0.487

Formula weight 1 149.6 F(000) 1204

Temperature / K 296(2) Crystal size / mm 0.46 x 0.15 x 0.07
Wavelength / nm 0.0710 73 0 range for data collection / (°) 1.79 to 27.61

Crystal system Triclinic Limiting indices -16<h<16,-17<k<17,-24<[<23
Space group Pl Reflections collected / uniqe 36 457 /11 878

a/ nm 1.258 22(6) Completeness (0 to 27.61°) / % 97.1

b / nm 1.309 36(6) Mo and L, transmission / mm™ 0.966, 0.916

¢/ nm 1.858 61(8) Refinement method Full-matrix least-squares on F?
al (%) 77.032(2) Data / restrints / parameters 11878 /19 /721

B/ 81.745(2) Goodness-of-fit on F* 1.009

v/ 62.109(2) Final R indices (I>20(])) R=0.053 8, wR,=0.145 3
Volume / nm’ 2.634 6(2) R indices (all data) R=0.071 5, wR,=0.158 7

A 2 Largest diff. peak and hole / (e-nm™) 1 700 and -708

Calculated density / (Mg-m™) 1.449
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Table 2 Selected bond distances (nm) and bond angles (°) of the complex
Cd(1)-0(8) 0.231 3(2) C(25)-0(6) 0.143 0(5) Cd(1)-N3) 0.236 6(3)
C(33)-0(4) 0.125 0(4) Cd(1)-N(2) 0.238 6(3) C(33)-0(5) 0.126 7(4)
Cd(1)-0(5) 0.240 2(2) C(34)-N(4) 0.131 2(5) Cd(1)-N(1) 0.244 0(3)
C(43)-N(3) 0.132 8(4) Cd(1)-0(4) 0.252 03) C(44)-N(3) 0.135 0(4)
Cd(1)-N(4) 0.252 1(3) C(45)-N(4) 0.136 1(4) C(17)-0(9) 0.143 5(6)
C(46)-N(1) 0.132 0(5) €(22)-0(7) 0.122 9(4) C(55)-N(2) 0.131 7(5)
€(22)-0(8) 0.128 4(4) C(56)-N(2) 0.136 1(4)
0(8)-Cd(1)-N(3) 97.24(10) 0(4)-Cd(1)-N(4) 162.11(9) 0(8)-Cd(1)-N(2) 86.58(10)
0(1)-C(11)-0(2) 121.4(4) N(3)-Cd(1)-N(2) 152.62(10) 0(7)-C(22)-0(8) 1232(3)
0(8)-Cd(1)-0(5) 119.23(9) 0(4)-C(33)-0(5) 121.3(3) N(3)-Cd(1)-0(5) 83.14(9)
0(5)-Cd(1)-0(4) 52.82(8) N(2)-Cd(1)-0(5) 118.59(9) 0(4)-Cd(1)-C(33) 26.40(9)
0(8)-Cd(1)-N(1) 152.38(10) N(4)-Cd(1)-C(33) 171.48(10) N(3)-Cd(1)-N(1) 99.26(10)
N(2)-Cd(1)-N(4) 85.32(10) N(2)-Cd(1)-N(1) 68.8(1) N(4)-C(34)-C(35) 123.4(4)
0(5)-Cd(1)-N(1) 84.75(9) N(1)-Cd(1)-N4) 80.68(9) 0(8)-Cd(1)-0(4) 83.37(9)
0(5)-Cd(1)-N(4) 144.93(9) N(3)-Cd(1)-0(4) 126.98(9) 0(8)-Cd(1)-N(4) 85.16(9)
N(2)-Cd(1)-0(4) 80.36(9) N(1)-Cd(1)-0(4) 103.75(9) N(3)-Cd(1)-N(4) 68.12(10)
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Table 3 Hydrogen bond distances and angles in the complex 2

D-H---A D-H / nm H---A / nm D---A/ nm D-H---A /(%)
O1W-HIWA-02W 0.086(5) 0.226(6) 0.283 4(6) 124(6)
02-H2-08' 0.085(8) 0.179(4) 0.263 0(4) 168(5)
O1W-H1WB-03" 0.086(3) 0.224(6) 0.278 9(5) 121(6)
03-H3-01W* 0.086(7) 0.238(6) 0.278 9(5) 110(5)
02W-H2WA-O1W 0.085(8) 0.215(4) 0.283 4(6) 138(5)
02W-H2WB-09* 0.085(6) 0.239(5) 0.279 4(6) 110(4)
05W-H5WA-04" 0.085(4) 0.200(5) 0.284 2(4) 170(5)
03W-H3WA-O1" 0.086(6) 0.203(3) 0.281 4(5) 151(5)
06-H6-03W* 0.085(3) 0.215(5) 0.282 8(5) 137(6)
03W-H3WB-04W 0.086(6) 0.198(6) 0.282 8(6) 169(7)
04W-H4WA-05 0.085(6) 0.199(6) 0.282 9(4) 170(6)
04W-H4WB-03W 0.085(4) 0.208(3) 0.282 8(6) 146(5)
09-H9-04W" 0.086(6) 0.196(3) 0.278 2(6) 161.(7)
05W-H5WB-05W* 0.085(3) 0.212 5(19) 0.295 6(7) 167(6)
Symmetry transformations used to generate equivalent atoms: ' 2—x, —y, 1-z; " 1-x, 1=y, 1-z; ™ =14x, y, 23 ™ 1-n, =y, 1-z;

V-, 1=y, =z ¥ L4x, y, 23 —x, 1-y, —2.
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Table 4 Some integral and differential coefficient kinetic function
Symbol Integral kinetic function Differential coefficient kinetic function Mechanism
D1 o 1/2a) One-dimensional diffusion
1D3 1-(2/3)a—(1-a)* B2)[(1-a) =17 Three-dimensional diffusion (cylindrical symmetry)
2D3 [1-(1-)""P (3/2)(1-a™[1 (1—04)”3]’1 Three-dimensional diffusion (spherical symmetry)
3D3 [(1+a)*-1P (372)(T+a)™ [ (1+) =17 Three-dimensional diffusion
4D3 [1/(1-c)"=1]" (372)(1-a)* [ 1/(1-) =17 Three-dimensional diffusion
Al —In(1-a) -« Random nucleation and nuclei growth (n=1)
Al5 [~In(1-c) (3/2)(1-a)[~In(1-cx)]" Random nucleation and nuclei growth (n=1.5)
A2 [~In(1-c)]"™ 2(1-a)[=In(1-a)]" Random nucleation and nuclei growth (n=2)
R3 1-(1-a)” 3(1-a)®” Contractingsphere (spherical symmetry)
P1 o 1 Exponential nucleation
P2 a” 20 Exponential nucleation
P3 a” 30 Exponential nucleation
P4 a o™ Exponential nucleation
2 (1—a)'-1 (1-ap? Chemical reaction
Cl15 (1-a)™ 2(1-a)* Chemical reaction
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Table 5 Non-isothermal Kkinetic data of thermal
decomposition of the complex

Data No. a; T:
1 0.390 855 83.24
2 0.494 126 87.12
3 0.609 16 91.01
4 0.734 653 94.92
5 0.853 608 98.91
6 0.942 499 103.01
7 0.983 024 107.33
232 HudlEAbER

HRAE 53 H 535 a=(M M)/ (M—M,)
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Table 6 Fitted data for the first stage thermal decomposition of the complex

Integral kinetic

Integral kinetic differential coefficient kinetic

No. E / (kJ-mol™) InA r E / (kJ-mol™) InA r
D1 -58.040 9 -17.697 0.4825 82.400 89 21.876 6 0.951 2
1D3 34.023 38 9.868 7 0.549 2 118.599 2 32.404 75 0.9858
2D3 87.953 81 27.267 0.9721 145.503 3 41.733 2 0.996 7
3D3 -69.54 -26.346 0.653 3 69.458 48 14.902 23 0.944 1
4D3 249.735 9 81.893 0.972 1 253.360 8 78.705 81 0.987 6
Al 66.064 71 22.156 0.968 2 93.557 44 26.736 58 0.998 1
Al5 32.837 81 10.785 0.905 9 60.332 2 15.332 77 0.998
A2 37.201 82 11.586 0.956 5 43.718 34 9.5281 68 0.997 8
R3 12.137 61 2.848 2 0.556 3 72.905 47 18.382 16 0.999 8
P1 -95.719 1 -32.471 0.825 1 44.202 21 9.1823 75 0.978 4
P2 -117.851 -40.205 0.899 1 19.057 35 0.3012 53 0.970 8
P3 -125.225 -42.597 09159 10.676 01 -2.958 2 0.958 5
P4 -128.917 -44.148 0.923 2 6.4851 69 -4.797 18 0.937 3
Cc2 227.8452 76.782 0.9289 172.357 5 54.022 57 0.965 8
Cl.5 146.958 3 48.776 0.941 57.991 81 15.114 1 0.898 9

InA,=2.9839E,+2.3595,

SE k.

[1] TAN Jing-Ming(¥# 5 W), GUO Jian-Wei(38 2 4E), LIU Sa(X!
. Advances in Fine Petrochemicals, 2003,9(4):46~50

[2] HU Xiao-Chun (%] B¢ %#), KONG Li-Chun(fL % %), FENG
Yun-Long (% = J&), et al. Journal of Zhejiang Normal
University(Nat. Sci.), 2004,27(2):152~154

[3] DEGE Jihu(#%#% # F), HUANG Ru-Dan(# W1 /}), LI Yang-
Guang (% [ J%), et al. Chem. J Chin. Univ. (Gaodeng
Xuexiao Huaxue Xuebao), 2004,25(2):212~215

[4] SHAO Yun (i f0), LI Chun-Xia(%* % #), ZHU Dong-
Sheng (& % J1). Journal of Northeast Normal University,
2005,37(3):45~48

[5] Markus G, Bernhard K K. Inorg. Chim. Acta, 1997,265:271~
274

[6] FENG Yun-Long(#% = J), HU Xiao-Chun(# B¢ %), KONG
Li-Chun (fL 2 %). Chinese Journal of Applied Chemistry,
2002,19(11):1109~1111

[7] ZHU Zhi-Li(BL & J1), FENG Yun-Long(¥% = JZ), LIN Hong

(M ). Journal of the Chinese Rare Earth Society, 2005,
23(5):641~644

[8] Nakamoto K(Huang D R, Wang R Q Translation). Infrared
and Raman Spectra of Inorganic and Coordination Compou-
nds (T MU Fm Be A AL & 4 09 40 Sh Fe 45 % K 3% ). Beijing:
Chemical Industrial Press, 1986.235~238

[9] Cai T J, Jiang W J, Peng Z S, et al. Kristallogr. NCS, 2006,
221:231~232

[10]SUN Ya-Guang (¥ . 0%), GAO En-Jun (i B ), WEI De-
Zhou (BRTEWYN), et al. Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2005,21:897~899

[11]Sen S, Saha M K, Kundu P, et al. Inorganica Chimica Acta,
1999,288:118~121

[12]Shi X, Zhu G S, Fang Q R, et al. Eur. J. Inorg. Chem., 2004:
185~191

[13]CHEN Jing-Hong (W& %), LI Chuan-Ru(% 1% ). Thermal
Analysis and Application(# 2 #7 B 3 5 ). Bejing: Science
Press, 1985.177~181

[14]LI Yu-Zeng (% 4 3). Thermal Analysis (# 2 #7). Beijing:
Tsinghua University Press, 1987.91~107.

[15]Hu R Z, Yang Z Q. Liang Y J. Thermochim. Acta, 1988,
123:135~151



