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Abstract: A novel ternary solid complex, Tm(CsHgNS,);(C,HgN,), has been obtained by treating hydrous thulium
chloride, ammonium pyrrolidinedithiocarbamate(APDC) and 1, 10-phenanthroline (o-phen-H,0) in absolute ethan-
ol, and characterized by elemental analysis. The enthalpies of solution of hydrous thulium chloride, APDC, o-
phen-H,0, the mixture of APDC with o-phen+H,0 in absolute ethanol at 298.15 K, and the enthalpy changes of

liquid-phase reaction of formation for Tm(CsHgNS,);(C,HsN,) at different temperatures were measured by using a

. . L S} . ©
RD496- lll microcalorimeter. Fundamental parameters, the activation enthalpy (AH ), the activation entropy (AS>),

L © . —
the activation free energy (AG ), the apparent reaction rate constant (k), the apparent activation energy (E), the

pre-exponential constant (A) and the reaction order (n), were obtained by the combination of the thermochemical

data of the reaction and kinetic equations with the data of thermokinetic experiments. The enthalpy change of co-

. . . . © .
mplex formation from the reaction of reagents in solid phase, A H (s), was calculated on the basis of an appropr-

T m
iate thermochemical cycle and other auxiliary thermodynamic data. The constant-volume combustion energy of the

complex, A U, was determined by a RBC- Il type rotating-bomb calorimeter at 298.15 K. Its standard enthalpy of

. © . S .
combustion, A H ~, and standard enthalpy of formation, A H , were calculated, respectively. Based on a RD496-

IT heat conduction microcalorimeter, a calculation model for determining the specific heat capacity of solid

substances was developed, and the specific heat capacity of the title complex, c¢,, was accordingly determined.
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Fig.1 Schematic thermogram for the heat capacity

measurement of solid

AT HLUR , 22 B A AR [ 20 ) 4 S8 A bR 2 (B
2) . q B P AR B 03 B BT AR I B A OF- 1
A

T I RE IR A B AR, A Bl B T BT
6] K/ B Peltier HL IR 28 M 40 (MR R 1) A FF
T AAE B I B b (PR R 2) R 5 — Bl s v s Y
DR (MR 3) FRAT 3 b vfi o A
(PR A 4) i, s 7 R & (0 e FE N A9 ) 1 i
TR

XA 1

qo = af @
YRR 2.

g =(a+mec)b 2)
XK 3:

q1=(a+mc) 0 )
X R 4:

g2 = (a + my,) 6 4)

K 2 q0.q g1 qo 73R R DU AN R R H DD
Peltier HL 3t J&7 £ 1] 21 3 25 fT il H 10 50 AN SF- i $4
(J); a Jg 7S Mt () WS (- KN 0 Sk 2 2851 i i
P T 1 P IR B (K); meomy omy 4900 R AR R
S — bR o 40 TR B R R A O A ()5 ¢ e
e, SR REIMNRE | 55— R bR M 5T RS R AR v
P LA () - g7 - KT,

(1) ~ (4)nI 15

¢ = [(g=q0)/2mlmic,/(q1=q0) + mx, /(g2=q0)]  (5)

TCRE, HUEE T AR HE) T ) LEIREE ¢ Bl ey,
ST B 2 (5) TH AR DU X RE 7 1 Rh AR o B bR E T
A LS ¢
2 KIEH
i F
K FAEE, Tm05(FE 7, 4B KT 99.99% ) ¥
T 11 st ih i b pH~4 B, U0 Wk 48 24 s,
DUFE L B3 U8, L 25 TR 5 E PO, T & h UK,
fHE, 13 TmCl;-3.65H,0 (L EDTA i 22 #f 22 £k 1 7K
G BE) s APDTC, A R.(ZE 3 B2 24 b2 Bt 25 M HE 1 5 5 0-
phen - H,O,A.R.(_ifg =1k THBRAA); JoK
M AW AR (P 24250 ), a2
B 7K Ak B O B3 2 ST B 1 4 s 6 2% Il i )i 251
JIE AR LI A€ 47 6 A A8 ) s KCL, e al, sz kT
99.99% ( 15—k 1) ),900 CTHLT 8 h 5 &
s SRR, 465 99.999% (B A5 Ak 27 1k

2.1



EHCR I B = O0E A Tm[(CsHgNS,)5(CHN) [ $R Ak 24 1 B 5T - 1335 -

7, T2 =R TR 415 PR A PO, B2 T
JE AN a-ALOS, G IS 4l 4l B K F 99.99% (I
WA — 3K F ) ) RTAE 1900 CFHET 2 h, U
AT RE AR AR B o AHAS (XS 2Ry AR AT SRR B 42
h oo A WE AL, B3 2 3 1 >99%( H A AR A R T
Bk 2 kb)), (AT 28 = Uk UK B R o 4% i 4l
HPLC /4l KF 99.9%, 2 JG A7 1 PO, B 28
T
22 HWAE

Tm™ & it 1] EDTA % & 200 % ; C,HN,S & &t ]
5 Vario EL Il CHNOS JCZ 2 Hr 30 %2 5 & 50
AH (038 1 26 [ Agilent HP-1100 785 8508 A (0 35 4%
% CHLCL,, it 2h Al CH;OH-H,0 , #k %t 7 CH,C1-H,0
(60:40 fA&FRLL), HF H] Zorbax Eclipse XDB-C18(150
x 4.6 mm, K12 5 wm),
23 U #:#|

5 E BEQ VZNDX-550 {857 M-£1 585365 BT,
KBr JE F, 7E 5000~300 cm™ ¥4 [l 4 94 ;RD496- 1T
TR PG TS RBC- TT 75K 2 e s i A 0ol
2.4 EWLWHIE

S0 I FH A KON A . RD496- T AL g 44 i 31
7E 292.15 K,295.15 K,298.15 K F1 301.15 K F iy &
PR N 63.691+0.035,63.931+0.042, 63.994=+
0.030, 1 64.000+£0.026 wV-mW-', 5 298.15 K F
FRal KClA7E L3 1K s i ks o 17.238 + 0.014
kJ +mol ', 5 SCHk{H 17.241+0.018 kJ -mol ™' - 43 22
AT, PR PR T A B R 0.02 %, AH X B AR 254
0.08 %, B 4 B R e ffEff v] & PS50 R P -V
BOR-IORE 4 T A AE R 15 mL A9 85 A9 1l i
b USRS S 4 T A M S N TR B SR A
M2k, 9 5 E AR, T Peltier 50 I 52 6 AN SF-
fr B, T EL I PR AR A T (SRR T R R -
ALOy) AR TR 5 SCERIEAH 25 7F 0.4% AN
RBC- 11 YA %% % 2y 5 #1 ik 10 7 4y o 1 25 498 4% fig
() 32 B2 50 3 R 5 SCRUSIR] | 58 3 I 04 5 Bl s ) T
IR 2 s, BT R 8
TR Sl Bl fefi 2 93 ) s 9 ) AN S B 1) E B
360°TH AR LR K RAS AL, WO T BRAE N (1
564, ffi & S,F,CL,Br,B,P 5 M(%: /8 2k & & 5 )54
JBT () AR BE I S MER , 2 Hh s s B A B A 2R S
) B R B 4R R SR (25.000 0+0.000 5)°C il 2.5
MPa. 0 6 R FH 25 5 X AR A B B v 2% L
3ol SAIE AL IE{EAK Linio-Pyfengdelel-Wsava 233X

TR0 e 2 B T Lo R R R R AT RE Y B
1E, HAG M (17 775.09 + 7.43)J - K, A X A5 4 22
4.18x107%, R T W& & Wi ik & W i dn R B g,
() 000 T W ) TE AR AR A (=T 248.24+3.06)
kJ - mol ™, AH X A5 M 22 0 4.22x107,5 SCHkHE 7 {E
(=7 253.27+1.40)k] - mol "PUHE #4223, HE B FE 6.9
10+,

2 B p ) m R B

Fig.2 A cross-sectional view of the rotating bomb

1: gas-filled valve; 2: flame baffle;
3: Ni-Cr wire for ignition; 4: ball;
5: bevel gear; 6: bomb body;
7: exhaut valve; 8: electrode; 9: bomb cover;
10: pulley; 11: ball bearing; 12: crucible;
13: crucible support
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Table 1 Experimental data of the A H _(1),AH _(2)andAH _(3)

ALH (1Y ALH Q) ALH ()
No. M/mg Q/m]J m/mg Q/m] m/mg Q/mJ

(kJ - mol™) (kJ - mol™) ( kJ-mol™)
1 83.20 -12027.240 -49.302 26.29 3099.238 19.368 31.71 3351.540 20.950
2 83.26 -12026.393 -49.263 26.25 3121.801 19.539 31.77 3393.602 21.173
3 83.27 -12053.231 -49.367 26.27 3171.104 19.832 31.76 3343.271 20.866
4 83.17  -11952.915 -49.015 26.24 3082.010 19.297 31.73 3356.008 20.965
5 83.23  -12046.463 -49.363 26.33 3157.941 19.705 31.68 3315.208 20.746
6 83.19  -12037.991 —49.352 26.28 3117.297 19.488 31.73 3379.615 21.123
Mean+SD —49.277+0.055 19.538+0.082 20.970+0.065

£2 AnHFAH(1)HEREE
. o )
Table 2 Experimental data of the A, 4 _and AH

No. Q/mJ ALH 1] -mol™) Qo/mJ AH/(kJ-mol™)
1 84.809 10.601 -258.803 -32.350
2 86.293 10.787 -261.473 -32.684
3 84.231 10.529 -261.222 -32.653
4 86.064 10.508 -259.657 -32.457
5 83.987 10.498 -259.721 -32.465
6 85.006 10.626 -259.185 -32.398
Mean + SD 85.065 + 0.384 10.592 + 0.044 -260.010 + 0.446 -32.501 + 0.056

%3

AL FEIRFAFM 5 R (298.15 K)
Table 3 Thermochemical cycle and results for Aso,HZ‘ (298.15 K)

Reaction ALHOIK) -+ mol™)
1 TmCly+3.65H,0(s) + 428C,H;0H(l) = (TmCly-3.65H,0) - 428C,H;OH(1) -49.277 + 0.055
2 3APDC(s) + 3x856 C,HOH() = 3(APDC -856C,H;OH)(1) 19.538 + 0.082
3 o-phen-H,0(s) + 856 C,H;0H(l) = (o-phen - H,0)-856C,H;OH(1) 20.970 + 0.065
3[APDC-856C,H;OH(1)] + [(o-phen-H,0)-856C,H;OH(l
* =[(3APDC)(a-phen-H(zz)])-(3[(><826+856)(C)2H50H)(l) ! 10592 = 0.084
s [(TmCly- 3.65H,0) - 428C,H,0H(1)+3[APDC - 856 C.H;OH(1)[+{ (o-phen - H,0) - 856 C,H;0H(1)] 501 5 0056
= Tm(PDC)s(phen)(s) + 3NH,C1()+3.65 H,0 - (428+3x856+856)C,H;0H(1)
6 TmCl,-3.65H,0(s) + 3APDC(s) +o-phen-H,0(s) = Tm(PDC);(phen)(s) + 3NH,CI(s)+3.65H,0(1) 8.398 + 0.270
7 3.65H,0(1)+(428+3x856+856)C,H;OH(l) = 3.65H,0 - (428+3x856+856) -C,H;OH(l) 0
RGN ZBEROWAT I AR F) , TARBEME MR JE SRR 2 B8 (% 5) .
HEEARH, In iﬂ) = Ink + nln‘l—ﬂ) )
3.4 WHERRRMNESHITE \H, di | H,
T 2 490 1 5 RO A2 O R T 0 . YRR Ik = Ind — 2 ®)
JZ R S — AT 335 07 (W), AR [ BB 9 340 ) . RT
2 2 45 B A S 0 BCHE T3 4. R K 2 RO it AG, = RTIn7 - ®
A AR A SN CIIENC R e R € RS N S )
RSO 5 5 A 2 b 0 B T SR 2 AT I 149 20 g =-fp + g +thy (10)
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Table 4 Thermokinetic data of liquid-phase of formation reaction

292.15 K 295.15 K 298.15 K 301.15 K

" H./H, dH,/ dt e H. ! H, dH; / dt " H. ! H, dH; / dt " H./ H, dH /dt

/(kJ-s™) /(kJ-s™) /(kJ-s™) /(kJ-s7™)
185  0.3343 3.8938 145 03732 29.624 40 0.2065 21.596 245 0.6568 10.781
190 0.3447 3.8467 150 0.3879 29.154 45 0.2401 20.970 250 0.666 1 10.611
195 0.3550 3.8153 155 0.4025 28.841 50 0.2732 20.500 255 0.6752 10.438
200 03652 3.7839 160 0.4169 28.370 55 0.3057 19.874 260  0.6841 10.266
205  0.3753 3.7368 165 04311 27.900 60 0.3374 19.405 265  0.6928 10.078
210 0.3854 3.7054 170 0.4451 27.587 65 0.3682 18.779 270 0.7014 99.063
215 03953 3.6740 175 0.4589 27.116 70 0.3980 18.310 275 0.7098 97.500
220 04051 3.6269 180  0.4725 26.803 75 0.4268 17.684 280  0.7181 95.781
225 04148 3.5955 185 0.4858 26.333 80 0.4546 17.214 285  0.7263 94.063
230 0.4244 3.5641 190 0.4989 25.862 85 0.4813 16.745 290 0.7336 92.500

Hy = 0.5228 J (292.15 K), 0.1908 J (295.15 K), 0.118 1 J (298.15 K) and 0.07499 J (301.15 K)
x5 WMHEERRMHNEMAGHZESH

Table 5 Kinetic, thermodynamic parameters of liquid-phase reaction of formation

/K ks n r B mol?)  Ind P AGT/ mol™)  AH/(k)-mol™)  AST/(Jmol KT rt
20215 12692 0.6075 09984 87.70
20515 15469 05963 0.9986 88.14
50.429 14070 0.9995 47.922 ~136.198 0.9995
20815 19133  0.6002 0.9994 88.53
301.15 23548  0.6072 0.9999 88.93

“Linear correlation coefficient.
A, Ho 23 B EBIASOU N T IR 0O ETRY, B,y pm g AST R TRALA, ko SR 22 R
S s I [ B 0 B2 R () ¥ 20 i 2 % o
A EHARMEIS SW;}T; ama%%?;iﬁ 35 AU
Y T ZI| e N e Y VAL S . ~ . .

ig *)d; / fdff; HM% 1?(;3 k j; 5; ﬁ;i S W T 25 F B P RIB R 0 LA  9)
e o L TR 6. AL AR AR B 3

= R ] il . S — v =T
B, R AU ’Tﬁ’éxg/ %, N BTG T 4107, BT R (R 2 (7-9)x 10 JH I RE )7
WHG b BV, AG R A AR, AH . gl T A (B SRl 1.64272 o) 1 R T

6 ZTERREVRHNERABZHE"
Table 6 Heat and heat capability data for the empty cell and the standard substances (298.15 K)

Heats of disequilibriumand specific

heat capacity Empty cell Standard a-Al,O, Sublimed benzoic acid
q(1) / mJ 4453.908 4959.916 6088.611
q(2) / mJ] 4444.543 4962.776 6080.422
q(3)/ m] 4432.133 4977.771 6094.207
q(4) / m] 4447.035 4984.568 6098.640
q(5) / mJ 4438.165 4967.144 6075.115
q(6) / mJ 4450.647 4983.760 6073.035
¢ (Meanz= SD)/m] 4444.405 = 3.295 4972.656 + 4.403 6085.005 + 4.265
The relative standard deviation® 7.414 x 10 8.855 x 10* 7.009 x 10
Specific heat capacity ¢/(J - mol™-K™) 78.707 + 2.677 (79.03%) 145923 + 0.513 (145.327%)

N

'SD = ’f R ‘RSD = SfD
X
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$9(99.03 + 1.28)J-mol™- K™,
3.6 BEVHIIREERERS
TC G R JEC 1 T 2 R e B I o 45 SR L3 7
BC A W0 1 A o BE IR R BE 5 S 298.15 K i 100
kPa T, FRAEBR b S I (1) 45 A8, HofE ol (12) =X
At (13) K15 (-18180.82 + 8.46) kJ-mol™,
Tm(CsHgNS,)5(CHgNo)(s) + 167/204(g)

— 12Tm04(s) + 27CO, (2) + 5/2N(e) 1
AH. = AU+ AnRT (12)
An = n(F=H0) - n (1 40) (13)

Kb, An AW 5 RN EY R Z 2% R=
8.314 J-K'-mol™, T=298 K,
F 4 77 R (1), ] Hess &R0l iF ARG 0

i R P R P R
AHS = [ (tma0s, ) + 27047 (CO., g) +

2

C) S)
16A.H (H.0,1) + 650, ¢ )] - AH,
= [ (~1888.66 = 5.86) + 27(-393.51

0.13) + 16(-285.830 + 0.042) +
6(-296.81 + 0.20)]kJ+ mol™ —
(~18 180.82 + 8.46) kJ - mol™

= (-599.91 + 9.73) kJ-mol?!

P AH (Tmy0s, 5) F1 AH(COy, g), AH (H,0, 1),

m

AHC (SO, g)fI{HIR B SRR,

PRUEEE IR AR RS A R U (E, S S A —
TEBIRRENE , By il & A A

R7 BREYMBEENETRRENESER

Table 7 Experimental results for the combustion energies of the complex and Thianthrene

No. of Mass of complexes

Calibrated heat of

Calibrated heat of  Calibrated Al Combustion energy of

Compound - eriments mig compound wire Q./]  acid Qy/] /K compound — AU/ (J+ &)
Complex 1 0.80232 12.60 161623 11248 22889.36

2 0.81537 12.60 164252 11424 2287445

3 0.81260 12.60 1636.94 1.1369 22838.99

4 0.81835 12.60 1648.52 1.1470 22883.74

5 0.82068 1170 165321 1.1487 2285097

6 0.82165 11.70 1655.17 1.1528 22910.31

Mean  SD 22874.62 + 10.65
Thianthrene 1 0.48860 12.60 1383.69 0.9998 33514.62

2 0.48886 1170 1384.41 1.0015 33558.98

3 0.49011 12.60 1387.90 1.0028 33511.58

4 0.48798 12.60 1381.96 0.9977 33484.26

5 0.48835 12.60 1382.99 0.9977 33456.78

6 0.48823 12.60 1382.65 0.9992 3352031

Mean + SD

33507.76 + 14.13
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