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BE4 K m AR H=F SHEA
(P 7, DTSRI ENLAL T S0, P9 % 710060)

X A

HE  PURIH (NaEtdee + 3H,0) FIABIEME MR ( o-phen + H,0) 5/KA L4 (TbCLy + 3. 75H,0) 1 JG/K L ifil
3T ZICREET AW . A= B fOC R 43 B FLAL R Tb (Btodtc)s (phen). IR YIS0 R AR A9 T To?
5 NaBt.dtc "9 B 7 XK Bc A7, [FI 55 phen B &R T30S BCAE . ] Calvet A ETHINE T 298. 15 K F il
A A I A4S ACHS (1), 8 (=21.819 0. 055) kJ + mol ', i i # Ak 22 45 B8 71380 T &1 A0 AR B I 7 45 28
A HS (s), }9(128.476 £0.675) kI * mol =", A8 SO R W9 1 AR A BRSO I 3 sl i . RS 26 sh st
s AL A 9 B9 TE 2R BRBERE AU A (- 17646.95 +8.64) kI * mol ', Z T B HARMEIRBESS A HS FBRIEZE AL
55 ArHS S (= 17666. 16 +8.64) kI * mol =" Fl( —1084. 04 £9. 49) kJ * mol ™.
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295.15.298. 15 1 301. 15 K A REGE AT T HLAR
FE, A H M A s BHAE 298. 15 K B 1000 Q, 100
mW fH DRI R4 100 s, 340 R AR E S 50N
(63.691 £0.035). (63.799 £0.042). (63.901 +
0. 030) 1 (64. 000 £0. 026) mV-W~'. 7£ 298.15 K
B T ik 4l KC1AE 5 B 7K s #d 8
(17. 581 +0. 039) kJ *mol ', 53CHR[10]1MEL(17. 584 +
0.007)kJ * mol~' —3K . HCA 118 2558 A I
() FE 2SI AR 5 SCHR [0 1 AR R] . oK %% i s s P i
THRE Y FRE 45 R M (17. 584 0. 007) J-K .

LT AR BRI IS AR 19 23 B i 5 3
[N K 1 T S % i S S VAR Y ) Sl o o<
1.4 BmMEYHERK

¥ TbCl; * 3. 75H,0 NaEtdtc *+ 3H,O #l phen *
H.O H%EE /R L (1: 3: 1) 430l TS 5t D i Jook £ 1
b BRI B VRS 1, 10- 2R RS S TR A,
FEAE G BEFE T 22 0% T I ST Bl i B W 1 H v
NS¢ EE J5 FEEFE 30 min, B9 FHJCK £ B0k
WEOR G, B4 CHCL, 4b 3, =9 & T A
PO, THEEEFES .

2 #HR5IE
2.1 E&EYRIERTHT

e A 0 2 o A 45 R AT, w% (Cale. ): Tb
20.27, C 41.37, H 4.89 , N 8.93, S 24.54; w%
(Exp. ): Tb 20.28, C 41.29, H 4.92, N 8.99, S
24. 52. AIHEM AL 2= 2 B Tb (Et.dtc); (phen).
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XTER R KA 0 TR SR SR 12153 By
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1587.1561 il 1504 cm~', C — H 1A #M25 il 417 sh &
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No. 7 {5 R4 - = JCRE A4 Tb(Etodtc )s (phen ) (1 #fh 7 J5 769
T1  AuHS (1) AwHS (2)FIAGHS (3 )BI LI # 1E
Table 1  Experimental data of AwHS (1), AwHS (2) and AwHS (3)
S
No m/mg Q/m] 7&"‘[{%(1) m/mg 0/mJ 7A”°'H§(2) m/mg Q/mJ _AaH B)
kJ * mol ! kJ * mol ! kJ * mol !
1 79.93 -7117.958 —29. 641 36.07 7935. 321 49. 566 31.71 3351. 540 20. 950
2 79.85 —6868. 900 —28.633 36.02 7916. 679 49. 518 31.77 3393. 602 21.173
3 79.88 —7056.672 —29. 402 36.09 8010. 432 50. 007 31.76 3343. 271 20. 866
4 79.86 —-6921.273 —28. 845 36.02 7911. 509 49. 485 31.73 3356. 008 20. 965
5 79.87 -6898. 114 —28. 748 36.05 7968. 605 49. 801 31.68 3315. 208 20. 746
6 79.85 —6803. 592 —28. 361 36. 04 7972. 883 49. 842 31.73 3379. 615 21. 123
Ave —28.938 £0. 217 49. 703 £0. 094 20.970 £0. 071
T2 Awe HIF A HE (1)HISEIEHIE
Table2  Experimental data of Anix H5 and Awi HS (1)

No Q:1/m]J Amix HS /kJ * mol ™! Q2/mJ AHS (1) / kI + mol ™!

1 73. 360 9.170 —-174. 191 —-21.774

2 74. 266 9. 283 —-175. 043 —-21. 880

3 72.746 9.093 —-173. 568 —21. 696

4 73. 096 9.137 —174. 572 —21.822

5 74. 097 9. 262 -176. 214 —-22.027

6 71. 842 8. 980 —-173.732 —-21.717

Ave 73.234 +£0. 401 9. 154 £0. 050 —174. 553 £0. 437 —21.819 £0. 055

=Py B B AR 200 58 Sy BrF T R 20 0, BlAS
52,1 AR AR R B0 Z W AR
ICP-AES J5 ikl , 45 5 AH Hh Th* M B 6 x
107* mg « L', BPVEAH TP LT JC To? 4%, i 45 2R
AT A8 B A S vy 2 58 4 4 T 5 B ICP-AES 45
T AT H B AR AL R B RN 7. 85 x
1072 mol = L=, FEHI/IN, 7T LIk Ry 7=y i i 1 02
w1 N IR T A DAAS Y PR S P rp A
S B 7 4 AVRORH B 7 B 7 < ik R IE 7, A b2
PEI I ST 1Y
PRI, s R R A BRI s A8
AHS (s) = AHS (1) +3 AwHS (2) +
AHS (3) + AwicHS + AHS (1)

=[(-28.938+0.217) + 3(49. 703 0. 094) +

(20.970 0. 071) + (9. 154 0. 050) +

(-21.819+0.055)]1kJ * mol !
=(128.476 0. 675) kJ * mol "

Tb (Et.dtc ); (phen )& 8 2 B e B2 #45) 15

SHEITE
WA A B N BT DE , 2R A B4 Hr, AT
R bR R A 4 T AR SO ) 1 TR RS, U B
Do R — AN SO . E SR AT R, SO A A S
SERSFAR A TR 3. MROCHR (14 14 T 19315 A Ak
PRR 3 Bt BIAT R 2 Ok SO, 1 8l 2= FE g
SR TR 4.
2.5 Tb(Et.dtc); (phen )18 #5588 M 7E FA 4R

2.4

ERERBITE
2.5.1  ThlEtdtc)s( phen) &y 8 2k b 46 Il €
T R 40 1 L S AR e B 1 I o T 1 5 R R
b g T 7 TR AR A . SRR B R e RE A T 5K
AT
WAT —aG —5.97b
m

K, AU FIAFER AR BERE(T - ¢71), W&
RBC-II T A BE S (J « K1), AT EIAC A
1EME, a 29 PRIEFE Ni-Cr S K Z P KE (em), G
& Ni-Cr JUK2Z I A5ERE (0.9 + cm™'), 5. 97 &4l
FWHE 1 mL 0. 1000 mol * L' NaOH ¥ I A0 il i
B A K RN FR K (0 - mL—"), b RIS PRI FE
0. 1000 mol * L' NaOH & AR (mL), m il
FE R . R IR R BT 45 S8 T3 5, I
BN JE B A (= 17646. 95 +8. 64) kJ * mol .
2.5.2  TblEhdic)s(phen) & 47 6 & ve k&

PR LA AR ERRPE 8 R Ac HS298. 15 K Fil
100 kPa I, 41 BRARSRLE SN (R 5 A% -

Tb (Et2dtc); (phen) (s) +%Oz(g) =%Tb203(s) +

AU=

27C0,(g) + 19H,0(1) +650:(g) +%Nz(g) (1)
I LR e L L

A HS =A. U +AnRT (2)

An=nGPH) — n,ULH) (3)

K, An NP5 ROV SR EZ %, R=
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Table 3~ Thermokinetic data of formation reaction of liquid-phase
292.15 K 295.15 K 298.15 K 301.15 K

3 4 -1 : -4 i
t/s H:/ Ho w t/s Hi/ Hy w t/s H:/ Ho w t/s Hi/ Hy Ll{ll/d[)

J-s J-s J-s J-s
160 0.4789 1. 0206 115 0. 3843 9.2164 170 0. 5258 7. 8246 155 0.6913 3. 1719
165 0. 4954 1. 0001 120 0.4021 9. 0754 175 0. 5424 7. 6681 160 0.7117 3.0781
170 0.5117 9. 8287 125 0. 4197 8. 9030 180 0. 5586 7. 4960 165 0.7314 2.9531
175 0. 5276 9. 6403 130 0.4370 8. 7305 185 0. 5746 7.3238 170 0.7503 2. 8438
180 0. 5432 9.4519 135 0. 4540 8.5738 190 0. 5902 7.1830 175  0.7684 2. 7344
185 0. 5586 9.2635 140 0. 4707 8. 4014 195 0. 6055 7.0108 180 0.7858 2. 5938
190 0.5736 9. 0751 145 0. 4870 8. 2603 200 0. 6205 6. 8544 185  0.8023 2. 4688
195 0. 5883 8.8710 150 0. 5030 8. 1036 205 0. 6351 6. 6979 190  0.8180 2.3438
200 0. 6026 8. 6825 155 0.5187 7.9312 210 0. 6493 6. 5414 195 0.8329 2.2344
205 0.6167 8.4784 160 0.5341 7.7901 215 0. 6632 6. 3849 200  0.8470 2. 1094
210 0. 6304 8. 2900 165 0. 5491 7.6333 220 0. 6768 6. 2284 205  0.8603 1. 9844

Hy=0.3123 J(292. 15 K), 0. 2103 J(295. 15 K), 0. 1742 J(298. 15 K) and 0. 0750 J(301. 15 K)

H,, the total heat; H,, the reaction heat in a certain time; d H;/d t, the exothermic rate at time ¢

x4 BWHERRMHAZRNNESE
Table 4  Kinetic, thermodynamic parameters of liquid-phase reaction of formation
T/K  10° k/s™' n R*  E/kJ*mol”' InA R AGS/KI*mol™ AHS/KI*mol™' ASS/J mol~'* K" R

292.15  4.8484 0.6032 0.9995
295.15  5.8918 0.6084 0.9998
298.15  7.0017 0.5948 0.9999
301.15  8.6890 0. 6008 0.9986

46. 87

13.9630 0.9977

84.45
84.86
85.32
85. 66

44. 4034 —137. 0864 0. 9975

 linear correlation coefficient

&5 Tb(Etdtc);(phen)HERIRIERE KI5 R

Table 5  Experimental results for the combustion energy of the Tb (Et.dtc); (phen)
No. Mass of sample /g calibratefi heat of calibrated heat of acid calibrated combustion energy of sample
combustion g./J gn/J AT/K -AcU/T - g7!
1 0. 72684 11.70 1477.31 1. 0037 22497. 18
2 0. 73013 11.70 1484. 06 1. 0093 22522. 89
3 0. 72755 12. 60 1478. 84 1. 0069 22550. 06
4 0. 73002 12. 60 1483. 86 1. 0070 22469. 32
5 0. 72545 12. 60 1474. 57 1. 0026 22515. 87
6 0. 72589 12. 60 1475. 46 1. 0028 22505. 89
Ave 22510.20 +11. 02

8.314J + K-' * mol™!, T=298.15 K. 1545 E N

(—17666. 16 +8.64) kJ * mol .

2.5.3  ThlEhdic)s(phen) 847 & & 1
WAk 2 R 2 (1), ] Hess & A A 4k &

Py R A TR

AHS (Tb(Etdtc)s(phen), s) = [(1/2)AHST (Th,Os, s) +
27A:HS (CO,, g) + 19AHE (H,0, 1) +
6AHS (SO, g) + (5/2)AHS (N, g) ] -

A. HS (Tb(Etdtc); (phen), s)

(4)

Hrp AHO (Th,05,8) = (-1827.6 +2. 0)kJ *mol ~' .
ArHS(COs, g) = (=393.51 0. 13) kI*mol ',
AHS (H,0, 1) = (—285.830 0. 042) kJ *mol " Al

AHS (SO,, g) = (—296. 81 £0.20) kJ *mol " 43 7
BCFSCHk[15]. B2 R R
ArHS [ (Tb(Etodtc); (phen), s) =

(—=1084. 04 £9.49) kJ * mol .

3 & it

S 25 R, AR A S LA ) T (Etedte)s -
(phen) 564> A IAEJC/K B i il KA & Ak 5
NaEt.dtc *3H.O F1 o-phen *H.O S L il 15 , Hb SCHk
(51 oK LEms TR E . e —5F 1
A FIAFN 3 U 5 B NBLAL AL &Y, FEAR R
IR A ISR U D ] 285 A5 0 A R 2 RS e T A 3
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Thermochemistry of the Ternary Complex Tb (Et.dtc)s(phen) *

Jiao Bao-Juan Zhu Li Yang Xu-Wu Gao Sheng-Li Shi Qi-Zhen

( Department of Chemistry, Northwest University, Shaanxi Key Laboratory of Physico-inorgaric Chemistry, Xi' an

Chen San-Ping
710069)

Abstract
bamate (NaEt.dtc ), 1, 10-phenanthroline ( 0-phen*H>O) and low hydrated terbium chloride in absolute ethanol. IR

The ternary solid complex, Tb (Et.dtc)s(phen), has been synthesized with sodium diethyldithiocar-

spectrum of the complex showed that the Tb** coordinated with six sulfur atoms of three NaEt.dtc and two nitro-
gen atoms of phen. The enthalpies change of liquid-phase reaction of formation, A, HS (1), was determined as
(—21.819£0.055) kJ * mol " at 298. 15 K by a microcalorimeter, the enthalpies change of the solid-phase re-
action of formation, A: HS (s), was calculated as(128. 476 +0. 675) kJ * mol~' on the basis of a thermochemical
cycle. The thermodynamic of reaction of formation was studied by changing the temperature of liquid-phase reac-
tion. The constant-volume combustion energy of the complex, A. U, was determined as( — 17646. 95 +8. 64) kJ -

mol "' by a precise rotating-bomb calorimeter at 298. 15 K. Its standard enthalpies of combustion, A. HS, and stan-
dard enthalpies of formation, A¢ HS, were calculated as( — 17666. 16 +8. 64) kJ * mol~' and ( —1084. 04 +9. 49)
kJ * mol ™', respectively.

Constant-volume combustion

Keywords:  Tb(Et.dtc);(phen),

energy,

Microcalorimeter, Thermodynamics,

Standard mole enthalpy of formation
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