2001 7

CHINESE JOURNAL OF INORGANIC CHEMISTRY

Vol. 17, No. 4
July, 2001

La(NCS)s- 4.5H,0 18C6
*
( 710069)
La(NCS) s 4.5H,0-18C6-C.H;OH  298. 15K
[La(NCS):18C6]- 4.5H,0 (1)
[La:(NCS)4(18C6)5]- 9H,O (I, (1) , (I
IR DTG TG DSC 298. 15K 18C6 (1)
(1) , AHS ([La(NCS) 518C6]
- 4.5H,0,s8)  —3196.7kJ: mol !
18C6
0642. 42
[1~3]
18C6 4:3 1:1
4ol , 4:3,1:1,1:2 2:3 (7101,
2:1 Lt 18C6 Biinzli
J. -C. G. Eu(NCS); 18C6 1:1 12l
[13]
La(NCS)s- 4.5H,0-18C6-C.HsOH  298. 15K
1
1.1
18C6 P05
La(NCS);- 4.5H,0 (41 La:
NCS: H,O 1: 2.99: 4. 50
1.2
2001-01-12 :2001-03-02
*

43



502- 17

298. 15 £0. 05K

25 La’*  EDTA
( 1: 1
45 ~50%  H.S0, ,
H,S0, , , ~70%  H.SO.
, 70°C P05 ~0.8kPa )
18C6 .
1.3
RD-1 ( ) 144
, [15.16]
298.15K  1mol KCI( ) 200mol H,0
17.57 +0. 14kJ- mol ' 17117, 556k]- mol '
298.15+0. 1K 18C6 (1)
La(NCS);+ 4.5H,0  18C6-C.HsOH 18C6
(I) La(NCS);+ 4.5H.0  G.HsOH 1:204. 9
x=x+20,
7~9
2
La(NCS);- 4.5H,0-18C6-C.HsOH 298. 15K
1 La(NCS);- 4. 5H,0-18C6-C.HsOH(298. 15K)

Table 1 Solubilities and Refractive Indexes of Saturated Solutions of the Ternary System
La(NCS)s: 4.5H;0-18C6-C:HsOH (298. 15K)

synthetic complex/ wt% saturated solution/wt% wet-solids / wt% .
No. ny solid phase
A C A C A C

1 63. 45 36.59 1. 5207 A

2 70. 14 27.32 68.23 29.25 85.97 12.34 1. 5262 A

3 71.65 23.71 68.51 26.57 84.32 12.12 1. 5290 A +(1)
4 64.61 26.45 64.74 30. 01 62. 04 13.37 1.5117 (1)

5 53.42 34.29 51.53 42.81 55.87 18.93 1. 4741 (D)

6 40. 42 48.89 37.05 58. 04 47.19 32.30 1.4316 (1

7 36.92 48.00 28.31 67.15 46.32 28.19 1.4170 ()

8 29. 68 53.28 10. 43 85.57 40. 67 32.29 1. 3809 (D

9 27. 49 54.63 6.73 89.32 38.42 36. 17 1.3751 (1)
10 21.32 62. 04 2.38 92.45 40. 55 31.05 1. 3668 (D
11 20. 74 61.25 2.34 90. 09 43.11 26.31 1.3705 ()
12 21.17 58.38 2.32 86. 40 41.01 26.96 1.3737 (1) +(m
13 20. 04 54.27 2.33 85.92 37. 64 22.31 1.3773 (In
14 18. 47 52.53 2.31 78.76 35.13 24.01 1.3832 (I
15 15.49 45.88 2.30 63. 67 34.92 20. 03 1. 3985 (M
16 14.87 40.51 1.72 55. 46 32.96 19.58 1. 4050 (In
17 13.72 33.90 2.14 44. 42 34.31 14.47 1.4169 (In
18 0 11.20 1. 4480 B

A= La(NCS)s* 4.5H.0 ; B= 18C6; C= C.HsOH.
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Fig. 1~ Solubility diagram and refractive indexes of saturated solutions of ternary system
La(NCS);+ 4.5H,0-18C6-C.HsOH at 298. 15K

: liquid phase point and wet-solid phase point, X :synthetic complex point of system

1 1 - ( ) 1
, La(NCS)s- 4.5H,0, [La(NCS)5(18C6)]- 4.5H,0 (1)
18C6 1 18C6
298. 15K
(1) (I) ; (I)
, (I
18C6  2:3
2 4.5 ,
3
3.1
(1) () ,
2
Table 2 Molar Ratio of H,O: La(NCS); in Saturated Solutions and" Wet Solid Samples”

No. sample state La(NCS)3/% H>0/% H>0: La(NCS) s

1 saturated solution 40.93 10. 59 4.50

2 saturated solution 29. 41 7.63 4.51

3 saturated solution 8.28 2.13 4.47

4 saturated solution 5.34 1.39 4.53

5 saturated solution 1. 84 0. 84 4.54

6 “ wet solid samples” 32.21 8.34 4.50

7 “ wet solid samples” 34.20 8.91 4.53

8 “ wet solid samples” 29.91 7.73 4.49

9 “ wet solid samples” 27.79 7.13 4.46

10 “ wet solid samples” 26. 18 6.72 4.52
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40 ~50%
(D) (m); . (D) (@
[La(NCS);(18C6) 1D  [La:(NCS)s(18C6)5](V)
3
Table 3 Analytical Data and Drying Conditions for Complexes

chemical analysis/ % *

drying condition complex composition .
La(NCS)s 18C6 H.0
40 ~50% H.S0. [La(NCS);(18C6)]- 4.5H.0 (I) 47.59(47.55) 40.06(40.14) 12.35(12.31)
40 ~50% H.S04 [Lax(NCS)4(18C6)3]- 9H.0 (II) 39.52(39.60) 50.21(50.14) 10.27(10.26)
HS04(concentrated) [La(NCS)(18C6) ] (W) 54.28(54.23) 45.72(45.77)  0(0)
H2S04( concentrated ) [La>(NCS)6(18C6)5] (IV) 55.76(55.87) 44.23(44.13) 0(0)
* : The data in parentheses are calculated values
3.2
270-30 La(NCS) 5 4. 5H,0, 18C6, (D)
4 (1) () ,18C6  1100cm ™' C-0-C
20cm ™! 990cm ! C-0-C 22
28cm ! 18C6  La** (18] La(NCS);- 4.5H,0 ,NCS- NC
2080cm !, ., 2048 1995c¢m™! . m
2023cm™" (1) () NCS~ NCS-
N La’* (I) NCS~
4
Table 4 Main IR Absorption for the Compounds (¢cm~!)
compounds Ven Snes Vas(€-0-C) Vs(c-0-C) t om, Vou Vou
La(NCS);- 4.5H.0  2080(vs)  481(w) 3432(bh)  1624(s)
457 (w)
18C6 1100(vs) 990(s) 1295(s)
1040(s) 1258(s)
() 2048 (vs) 477(w)  1080(vs) 968(s) 1288(s) 3418(b)  1588(w)
1995 (w) 437(w)  1032(s) 1244 (m) 1566(m)
(I 2023(vs)  480(w)  1080(ws)  962(s) 1286(s)  3370(b)  1604(s)
448(w)  1030(s) 1243 (m) 1582(m)
3.3
DDS-11A 298. 15K, 10 °mol- L'  C,HsOH ,
La(NCS);- 4.5H.0 (I @ 1.62x107°, 2.59%x10°°
2.69 x107°S: m* mol !
3.4
TGA-2950 ( ) m v )
DTG-TG TG 5

DSC-2C(PE )
DSC 5
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La(NCS)s- 4.5H.0(s) +18C6- nC,HsOH(1)

A [La(NCS)s(18C6)]- 4.5H,0 - nC.HsOH(1) (1)
[La(NCS);(18C6) |- 4.5H.0(s) + nC2HsOH (1)
o [La(NCS)s(18C6)]- 4.5H.0- nC.HsOH(1) (2)
18C6(s) + nC.HsOH(1) A 18C6+ nC,HsOH(1) (3)
(1) +(3) - (2) .

La(NCS);+ 4.5H,0(s) +18C6(s) [La(NCS);(18C6) ]+ 4.5H.0(s) (4)
AH4 = AHl + AH3 - AHz

AHZ ([La(NCS)3(18C6) |- 4.5H:0, s) (5)
AH, + AHS (La(NCS)s- 4.5H,0,s) + AHSF (18C6, s)
4.5H,0(s) 18C6(s) [La(NCS)s(18C6)]- 4.5H,0(s) AH,
6
5
Table 5 DTG, TG and DSC Results of Complex (), (V)
DTG peak weight loss/ % . DSC peak
compounds thermal decomposition
temp. /K found caled. temp. /K
(m 598. 62 58.20 58.78 [La(NCS)3(18C6) |-La(NCS)3+ 1/2La:0s  593.25 (endothermic)
(D 452.28 18.46 18. 62 [La;(NCS)6(18C6)s]-[La(NCS)5(18C6) | 393. 04 (endothermic)
589.82 66. 33 66. 46 [La(NCS);(18C6) |-La(NCS)s* 1/2La:0s  589.37 (endothermic)
6
Table 6 Heats of the Thermochemical Cycle at 298. 15K
AH:/ (kJ:- mol ") AH>/ (kJ: mol ") AH;/ (k] mol ") AH,/ (kJ- mol ")
-79.55+1.03 22.32+0.10 46.17 0. 24 -55.70
(5) AHE (18C6, 5) 18C6
(s) —-1388.7 +7.3kJ: mol ', AHF(La(NCS)s 4.5H,0, s) (1]

-1752. 1kJ- mol ', AHZ ([La(NCS)s(18C6) |- 4.5H.0,s) —3196.7k]-

mol 7!
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Study on Coordination Behavior between La(NCS);- 4. 5H,O and
Crown Ether 18C6 in Absolute Ethanol and Thermochemistry

XUE Gang-Lin® DANG Gao-Chao YANG Yi-Xin
WANG Xia-Fang REN De-Hou ZHANG Quan-Zhen
( Department of Chemistry, Northwest University, Xi~ an 710069)

The solubilities of the ternary system, La(NCS)s- 4. 5H.0-18C6-C.HsOH, have been investi-
gated by a semimicro method at 298. 15K for study of phase equilibrium and the refractive indexes of
saturated solutions have been determined. The results indicate that there are two kinds of coordi-
nation compounds formed in the system, their chemical compositions are: [La(NCS)s(18C6) |-
4. 5H,0 (I) and [Lax(NCS)s(18C6)5]- 9H,O (1), (I) is congruently soluble, and (II) is incongruently
soluble. The coordination compounds (I) and (II) have been prepared on the basis of the phase e-
quilibrium and characterized by IR, DTG, TG, DSC and conductivity measurements. The integral
heats of solution of 18C6 and the coordination compound (I) in C.HsOH have been measured
calorimetrically at 298. 15K. By means of a thermochemical cycle suggested in this paper,
the standard molar enthalpy of formation for (I) was obtained and the value AHS ([La(NCS) ;
(18C6) |- 4.5H,0, s) = —3196.7k]- mol ™' was recommended.

Keywords: phase equilibrium complex crown ether 18C6

lanthanum isothiocyanate standard molar enthalpy of formation



