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水杨醛2L 2甲硫氨酸希夫碱钴 (Ê )配合物

的热分解动力学
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本文合成了一种新的希夫碱配合物,水杨醛2L 2甲硫氨酸—水合钴 (Ê ) , Co (salm et)·H 2O ,并

用非等温热重法研究了它的热分解反应动力学。T G及D T G曲线表明配合物按两步分解:

Co (salm et)·H 2O
142- 175℃

(1)
Co (salm et)

175- 820℃

(2)
CoO

用A rchar微分法和Coats2R edfern 积分法联合求出两步骤的动力学。步骤 (1)、(2)的动力学方程

分别表示如下:

dΑöd t= A ·e- EöR T (1- Α) [ - ln (1- Α) ]

dΑöd t= A ·e- EöR T (1- Α) 2 [ (1- Α) - 1- 1 ]
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THERMOD ECOM POSITION K INETICS OF COBAL T (Ê ) COM PL EX W ITH

SCH IFF BASE D ER IVED FROM SAL ICYLALD EHYD E AND L -M ETH ION INE

M eng Fanqina　　L i Shu lan3 a　　L iu D ex ina　　Yang Zhaoheb

(aD ep artm en t of Chem istry , bS ta te K ey L abora tory of C ry sta l M ateria ls, S hand ong U niversity , J inan 250100)

　　A new Sch iff base comp lex, sa licyla ldehyde2L 2m eth ion ineim ine monohydrate cobalt

(Ê ) , Co (sa lm et)·H 2O , w as syn thesized and its thermodecompo sit ion k inet ics w as invest i2
gated under non2iso therm al condit ion. T G and D T G cu rves indica te that the comp lex decom 2
po sed in tw o step s:

Co (sa lm et)·H 2O
142- 175℃

(1)
Co (salm et)

175- 820℃

(2)
CoO

K inet ics of the tw o step s w as calcu la ted by the com b inat ion of A char d ifferen t ia l and Coats2
R edfern in tegra lm ethods. K inet ic equat ion s of step (1) and (2) can be exp ressed respect ively

as fo llow s:

dΑöd t= A ·e
- EöR T (1- Α) [ - ln (1- Α) ]

dΑöd t= A ·e
- EöR T (1- Α) 2 [ (1- Α) - 1- 1 ]
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1　 In troduction

Cobalt (Ê ) comp lexes of Sch iff bases have been ex ten sively invest iga ted fo r their sign if2
icance as models of natu ra l d ioxygen carriers, and fo r their po ten t ia l app lica t ion in oxygen

sepera t ion and sto rage, ca ta lyt ic ox idat ion, and an t i2cancer m edicine. R ecen t ly, a t temp ts

have been specia lly m ade to exp lo it analagou s comp lexes derived from am ino acids [1～ 3 ], ow ing to

their being p rom ising fo r the understanding of m eta l2p ro tein b inding in b io logica l system s.

A s therm al aspects are essen t ia l to comp lexes, the thermodecompo sit ion p rocess of Co (sa l2
m et )·H 2O w as studied in th is paper by T G2D T G techn ique, and the co rresponding non2
iso therm al k inet ics w as discu ssed.

2　Exper im en ta l
2. 1 Syn thesis and Characteriza t ion of Co (sa lm et)·H 2O

0. 75 g of L 2m eth ion ine w as disso lved in 30 m l of 1∶1 (V öV ) E tOH 2H 2O so lu t ion. To

th is w as added 0. 52 m l of sa licyla ldehyde disso lved in 10 m l of E tOH. L et the react ion p ro2
ceed fo r 2 h rs on a 50℃w ater2bath w h ile st irring. T hen a so lu t ion of 1. 25 g of Co (A c) 2·

4H 2O in 20 m l of bo iling w ater w as added dropw ise to the above Sch iff base so lu t ion under 1

GPa of N 2. T he b row n2yellow p recip ita te w as filtered w h ile kep t w arm an hou r la ter,

w ashed w ith E tOH and H 2O , and dried in a vacuum dessica to r. Y ield, 85. 5%.

A nalysis of the so lid p roduct, Found (w t. % ) : C 43. 58, H 4. 66, N 4. 20, Co 17. 86; Cal2
cd. (w t. % ) : C 43. 90, H 4. 57,N 4. 27, Co 17. 88.

M ajo r IR bands of the comp lex: ΜC= N 1636. 9, ΜC- O 1195. 3, ΜCo- O 473. 6, ΜCo- N = 335. 1

cm - 1.

2. 2 T hermogravim etric A nalysis

T G and D T G cu rves of the comp lex w ere ob ta ined on a Perk in2E lm er T GS22 thermo2
gravim eter. T he heat ing ra te w as p rogramm ed to be 10℃öm in w ith the p ro tect ing stream of

N 2 f low ing at 40 m löm in.

3　Results and D iscussion

F ig. 1　T G and D T G curves of Co (salm et)·H 2O

3. 1 T herm al D ecompo sit ion P rocess

T he T G and D T G cu rves of the comp lex

are show n in F ig. 1, w h ich indica te that the

comp lex decompo sed in tw o step s. T he first

w eigh t2lo ss stage has an decompo sit ion tem 2
pera tu re range of 142～ 175℃, w ith a w eigh t

lo ss of 5. 67% , w h ich co rresponds to the lo ss

of a mo lecu le of w ater (ca lcd. 5. 49% ). T he

second stage show s the con t inuou s w eigh t

lo ss betw een 175 and 820℃, and on ly 20. 88% of the o rig inal samp le w as lef t. W ith its ca l2
cu la ted w eigh t percen tage of 22. 80% , CoO is suppo sed to be the final p roduct. T he above

decompo sit ion p rocess is thu s suggested as:
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Co (salm et)·H 2O
142- 175℃

(1)
Co (salm et)

175- 820℃

(2)
CoO

T he fact tha t the w ater mo lecu le lo st a t qu ite a h igh temperatu re suggests tha t the H 2O

coo rdinated w ith the m eta l ion. T h is conclu sion is favo red by the fou r2coo rd inate fea tu re of

cobalt (Ê ) [4 ], and help s to deduce the st ructu re of the comp lex as: w ith N , O , O of the

Sch iff base ligand [5 ]and O of the w ater as its fou r coo rd inate a tom s, respect ively.

3. 2 N on2Iso therm al K inet ics

O n the basis of 19 k inet ic funct ion s in bo th differen t ia l and in tegra l fo rm s common ly

u sed in recen t review s[6 ] , non2iso therm al k inet ics of the tw o step s w as invest iga ted u sing

A char d ifferen t ia l m ethod [7 ] and Coats2R edfern in tegra l m ethod [8 ].

Table 1　Data for Step (1) of Thermodecomposition of Co (sa lmet)·H2O

Obta ined from TG and D TG Curves

N o. Αi T i (K) (dΑöd t) i ( s- 1)

1 0. 1716 428 0. 1062
2 0. 2525 431 0. 1592
3 0. 3416 433 0. 1796
4 0. 4241 435 0. 2062
5 0. 5214 437 0. 2450
6 0. 6188 439 0. 2246
7 0. 7310 441 0. 1837
8 0. 7921 443 0. 1543
9 0. 9472 446 0. 1013

Table 2　Data for Step (2) of Thermodecomposition of Co (sa lmet)·H2O

Obta ined from TG and D TG Curves

N o. Αi T i (K) (dΑöd t) i ( s- 1)

1 0. 3160 583 0. 0454
2 0. 3661 585 0. 0517
3 0. 4190 587 0. 0581
4 0. 4751 589 0. 0599
5 0. 5276 591 0. 0594
6 0. 5798 593 0. 0574
7 0. 6382 595 0. 0524
8 0. 6762 597 0. 0434
9 0. 7178 599 0. 0361
10 0. 7566 601 0. 0318

T he o rig inal k inet ic data fo r step (1) and (2) ob ta ined from the T G and D T G cu rves are

listed in T ab le 1 and 2, respect ively, in w h ich T i is the temperatu re a t any po in t i on the T G

and D T G cu rves, Αi is the co rresponding decompo sit ion ra te.

(dΑöd t) i= Β(dW ödT ) iö(W 0- W ∞) in w h ich (dW ödT ) i is the heigh t of the peak in the

D T G cu rve, Β is the heat ing ra te and, W 0 and W ∞ are the in it ia l and final w eigh t of that

stage, respect ively. Calcu la ted k inet ic param eters (E , A ) and co rrela t ion coeff icien ts (r) of
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step (1) and (2) are listed in T ab le 3 and 4.

Table 3　Results of Analysis of the Data for Step (1) in Table 1 by Achar

D ifferen tia lM ethod and Coats-Redfern In tegra l M ethod

function in tegral m ethod differen tial m ethod

N o. E (kJömo l) lnA ( s- 1) û rû E (kJömo l) lnA ( s- 1) û rû
1 294. 98 78. 01 0. 9846 150. 09 39. 46 0. 8094

2 338. 05 89. 56 0. 9922 233. 83 62. 25 0. 9447

3 357. 21 93. 48 0. 9948 271. 86 71. 39 0. 9712

4 396. 89 104. 71 0. 9978 342. 67 91. 22 0. 9902

5 261. 29 66. 12 0. 9805 102. 36 23. 71 0. 6856

6 538. 50 144. 66 0. 9941 555. 09 150. 69 0. 9858

7 227. 59 60. 39 0. 9979 211. 40 57. 39 0. 9806

8 149. 31 38. 52 0. 9979 133. 11 35. 55 0. 9614

9 110. 16 27. 50 0. 9979 93. 97 24. 54 0. 9334

10 71. 02 16. 34 0. 9977 54. 83 13. 42 0. 8486

11 51. 45 10. 65 0. 9976 35. 26 7. 77 0. 7276

12 180. 34 46. 22 0. 9957 105. 19 26. 97 0. 9222

13 194. 81 49. 95 0. 9977 140. 59 36. 48 0. 9675

14 143. 86 36. 44 0. 9838 - 1. 02 - 2. 07 0. 0123

15 68. 29 15. 28 0. 9820 - 76. 59 - 23. 19 0. 7341

16 43. 11 8. 01 0. 9799 - 101. 77 - 30. 39 0. 8364

17 30. 52 4. 26 0. 9775 - 114. 37 - 34. 09 0. 8706

18 356. 28 96. 83 0. 9775 423. 82 116. 87 0. 9582

19 98. 95 24. 96 0. 8954 317. 61 86. 44 0. 9694

Table 4　Results of Analysis of the Data for Step (2) in Table 2 by Achar

D ifferen tia lM ethod and Coats-Redfern In tegra l M ethod

function in tegral m ethod differen tial m ethod

N o. E (kJömo l) lnA ( s- 1) û rû E (kJömo l) lnA ( s- 1) û rû
1 272. 04 51. 62 0. 9868 74. 44 12. 15 0. 5784

2 312. 78 59. 59 0. 9906 146. 71 26. 53 0. 8266

3 329. 41 61. 59 0. 9919 176. 18 31. 16 0. 8763

4 363. 09 68. 72 0. 9942 232. 39 42. 87 0. 9305

5 237. 35 41. 94 0. 9846 25. 38 - 0. 45 0. 2432

6 475. 53 92. 04 0. 9981 401. 06 77. 99 0. 9827

7 203. 38 38. 41 0. 9963 102. 15 18. 58 0. 8371

8 132. 31 23. 62 0. 9961 31. 08 3. 81 0. 4535

9 96. 77 16. 13 0. 9959 - 4. 46 - 3. 65 0. 0763

10 61. 23 8. 50 0. 9955 - 40. 01 - 11. 24 0. 5852

11 43. 46 4. 56 0. 9949 - 57. 76 - 15. 11 0. 7304

12 164. 26 29. 35 0. 9922 17. 82 0. 33 0. 232

13 176. 63 31. 60 0. 9938 45. 93 5. 77 0. 5375

14 131. 09 22. 89 0. 9858 - 66. 51 - 16. 54 0. 6261

15 60. 63 8. 13 0. 9834 - 136. 98 - 31. 23 0. 8857

16 37. 14 2. 97 0. 9803 - 160. 47 - 36. 3 0. 9205

17 25. 39 0. 26 0. 9764 - 172. 21 - 38. 92 0. 9333

18 299. 76 58. 84 0. 9997 270. 81 53. 69 0. 9826

19 74. 49 11. 89 0. 9937 186. 48 35. 44 0. 9536
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T he resu lts ob ta ined from the tw o differen t m ethods are app rox im ately the sam e w hen

based on funct ion N o. 7 fo r step (1) and funct ion N o. 18 fo r step (2) , w h ich co rrespond to

the m echan ism s of nuclea t ion and grow th (n= 1) and second o rder chem ical react ion, respec2
t ively. T he k inet ic equat ion s are exp ressed as fo llow s:

step (1) : dΑöd t= A ·e- E öR T (1- Α) [ - ln (1- Α) ]

step (2) : dΑöd t= A ·e- E öR T (1- Α) 2 [ (1- Α) - 1- 1 ]

References

[1 ] Casella, L. , Gullo t t i, M. , Inorg. Chem. , 22, 242 (1983).

[2 ] Jazw insk i, J. et a l, J . Chem. S oc. , Chem. Comm. , 169 (1987).

[3 ] M ala N ath et a l, Ind ia J . Chem. , 32A , 108 (1993).

[4 ] Chen, D. , M artell, A. E. , Sun, Y. , Inorg. Chem. , 28, 2647 (1989).

[5 ] L i Shu lan, L iu D exin et a l, A cta Ch im ica S in ica , 53, 343～ 348 (1995).

[6 ] L i Yuzheng, T herm al A nalysis ( in Ch inese) , Beijing, Q inghua U niversity P ress, p. 94～ 96 (1987).

[7 ] A char, B. N. , P roc. In t. C lay Conf. , Jerusalem , 1, p. 67 (1966).

[8 ] Coats, A. W. , R edfern, J. P. , N atu re,L ond on, 201, 68 (1964).

·534·第 4期　 水杨醛2L 2甲硫氨酸希夫碱钴 (Ê )配合物的热分解动力学


