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2.1 Yb(ClO4)3 * 3H20-18C6-C2H50H(25°C )#ﬁ—’F&Té‘E%
WABTE 25C X =JoHk & Yb(ClO0.) 5 - 3H,0-18C6-C.HsOH #9HH 4k 2 BHF 55 BT 18 B 49 7 WL 3K
FEHWRABFBTEREEIE(ER D, 24 T RERYERERMEGMBRITHLRML(E 1),
F1 ZJEH&FE Yb(CIO)s - 3H.0-18C6-C.HsOH £ 25C M) B M B F A B IT e R
Table 1 Solubility and Refractive Index Data of Ternary System Yb(Cl0.); - 3H:0-18C6-C:HsOH at 25°C

synthelic complex/wt%  saturated solution/wt% wet residue/wt% equilibrium solid phase A x 100  refractive index

A C A C A C A+B "

— —_— 76. 04 23.96 — — A 100. 00 1.4418
78.92 15.06 75.07 20. 07 81.00 12.00 A+(D) 94. 42 1.4538
66.79 25.13 68. 66 28.47 64.25 19.89 (D 95.99 1. 4293
60. 45 24.72 60. 98 36. 12 60.09 17.02 ()] 95. 46 1.4180
53.98 37.88 53. 14 44, 46 56.78  26.49 (1) 95. 68 1.4108
47.02 44.71 45.96 50. 84 50.59 36.75 (n 93.49 1. 4035
46.95 38.05 38.94 55.96 51.59 28.97 (1 88. 42 1. 3989
40. 09 49.02 36.02 56.92 50.62 28.34 (n 83. 61 1.3978
37.99 48.98 39.18 56.33 47.32  32.92 9] 78.27 1. 4007
35.11 50.02 33.26 53.88 40.00 43.06 §0] 72.12 1.4100
37.99 43.02 33.41 50.03 51.63 22.77 1)) 66. 86 1.4180
43.94 23.22 34,53 46.58 45.10 20.13 (D + 64. 64 1.4228
33.96 41.06 24,28 66. Q9 39.54 25.51 m 71. 60 1.3894
29.99 45,98 15.51 79. 81 36.22 31.81 m 76. 82 1.3789
19.26 65.72 10.63 86. 11 32.64 37.14 (t)] 76.53 1.3732
12.02 74.96 1.71 95.74 32.00 35.28 (m 40. 14 1. 3643
11.98 70.92 1.31 91.05 32.20 33.28 m 14. 64 1. 3709
15. 19 59.95 1.36 83.41 31.90 30.91 m 8.20 1. 3750
15.18 44.67 1. 11 62.55 30.19 25.70 ()] 2.75 1. 3950
16. 30 29.71 0.92 42.37 31.09 17.75 m 1. 60 1.4176

— — 0.00 11.20 — — B 0.00 1. 4480

* A = Yb(Cl0.)s - 3H:0; B =18C6; C = C.H;OH
(I) Yb(C10,)5 * 18C6 -+ 3H:0 - 2C;H;0H; () Yb(C10:)s * 2(18C6) * 3H.0 - C;H;0H

1.4000|

1.3600

YXC10:); 3H:0 18C6

B 1 Z3JC4R Yb(CIOM)s - 3H,0-18C6-C:HsOH 7E 25°C B i) ¥ 2 E 1 () FOA AU MR M7 JE 48 (b)
Fig. 1 Solubility diagram and refractive index curve of saturated solutions of ternary system
Yb(CIO4); * 3H,0-18C6-C.H;0H at 25C
e: liquid phase point and wet-solid phase point, X : total composition point of system
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HE B SBHANHENNEEHSRYRRIRTHEE—FEL L ARERE
R AR B IT e R R E R, Wa =AM (B 1 LB AB, BC, CD), #7315
Yb(Cl0:) ; * 3H,0. B24& 4% Yb(ClO4);  18C6 * 3H:0 + 2C.HsOH ()AL A 4 Yb(CIO4)s * 2
(18C6) * 3H,0 + C;HsOH (I) #X} i, B N Yb(ClOs)s * 3H.0 SEAWDHIBIE,C AH
RawD5Memms, BREMEE, EB CHA  KRZANEHE F=0,5MW, 58— FEMIH
BE— I AEH. BTHBRXABMEEE DX, BERSY5SEE 18C6 BItMA A HREMR
B, HEREEL, 5B 18C6 XM MEMEMARRE, XRHRTERAHBLET
RESYE RO TEE. 82, ZKERE 2SCHEBEMAMH KL XM E N =T &, AN
% :Yb(ClO4)5 * 3H,0 59. 58% , 18C6 29. 97% , C:HsOH 10. 54% 5 Yb(Cl0s)s * 3H:0 47.76% ,
18C6 48.05% , C:HsOH 4. 19% , Yb(ClO4)5: 18C6: H.0: C;HsOH BJBE/R LMK 1:1:3:2 5
1:2:3:1, WENNEBRRBIBEHRENITLSY.
2.2 HESHTRPKBITH

RITERTHEGIBPKNTN, BR(E2)XH. TLEREFTEREEHF, B

FEEAMBEYHEE 3IERK,IH—-FHEALRANHEIEERETREN,
2 BoARSEREPAKSHEREBOMRLL
Table 2 H.0: Yb(ClO,); Ratios in Saturation Solutions and Wet Solid Phases

Yb(Cl0.)s/ wt% H:0/ wt% H:0: Yb(Cl04)5 Yb(ClO4)s/wt% H:0/wi% H:0: Yb(ClO4),

45. 39 5.20 3.00 35.88 4.12 3.00
32.32 3.72 3.01 40. 46 4.69 3.03
45.41 5.15 2.97 32.49 3.70 2.98
30. 61 3.51 2.99 28.62 3.26 2.98
41.23 4.78 3.03 28.08 3.12 3.01
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iﬁk“‘?&iﬁ:mﬁm&%& 5 18C6 ZEZ MM A U EhREEE /R EE S 1: 1 IR E Y, HHX
KBBRED, MEZKEERES 1BCoEZMENFRHRER 1:1 5 12 BRBESGY. X5
NOs - tt C104~ mmuﬁﬁmﬁﬁ%o

S5AXKAERFHMESYHERR, X7 H, Y(CI0); « 3H,0 5 18C6 7 LM%
1 (15C), B L R 4:3,1:1,1:2 R 2: 3 AP EA Y MAE 2SCHUEH 4:3,1:1 5 1: 2
=R BRI S, XECEHE, La(Cl0.), - 3H:0 5 18C6 TEZ BB H (25C) . &
IRIMELER 4:3,1:1 5 12 ZMAEFEH RIS Y, M Pr(Cl0); - 3H,0 5 18C6 EZBER
Fep(25C), WER 1115 12 FREETENRSY . XRARB L HEMRELS 18C6 RIKAE
EYHBER ERARIER 111 —BEEY.

AUES, BRPTEESHELE, REMTFEERBUNRNFKE, BER&FHA
SHUBERBE L ERESYRLEEEN, XTHRERERF L ERESYRERLIH—1T
BEEFRE, FUALEREREFETERARTR L 5ERE REK & W AaE,
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Table 3 Analytical Data for the Complexes

% found(caled. )
Yb(CIO4)s 18C6 H:0
indrier with concentrated sutfusic acid 59. 62(59. 69) 33.54(33.47) 6.84(6.84) Yb(ClO.); - 18C6 - 3H.0 (D
44.79(44.72) 50.04(50.15) 5.17(5.13) Yb(CIO4), - 2(18C6) + 3H.0 )
in ais oven at 85 ~ 89C 64.00(64.07) 36.00(35.93) © Yb(ClO4); - 18C6 i\
47.23(47.14) 52.77(52.86) 0 Yb(ClO4)s - 2(18C6) D

HEITR, #BHZ2ELBEENRAYVARSNEBRLA TEERSHESWAREA
FiARR,BEE THRABNHAR, BREYWFH CH:0H 5§ H,0 %R %,
3.2 BEWRLIME

AT T 18C6 REEEWMAIMLIESTER, ATLAE L, B 18C6 #3E THAER
WISZERERGERET W\ E MO BT LEERMCAE LR E T8 B0 L X R
B 18C6 25 T EB FHERM. AWM EW™LFIFE 3360cm~', 1635cm™' 5 3450cm ™',

1655cm =" 4b 7 7K B9 WG IR S e
R4 18C6 R R AL A ¥ T HHE MR ik 55 R Ky BE A48 3B
Table 4 Relative Ratio Values of Absorptive Capacity of some IR Characteristic Absorption
for 18C6 and its Complex -

drying condition complex composition

some IR characteristic absorption/cm ™'

compounds 5(CHy) 2(CH) 7(C-0-Coy) s (etheroyele) ralative ratio values of absorptive capacity
18C6 1333 1278 940 855 1.12:1:1.29:1. 25
Yb(ClO4)5 * 18C6 * 3H:0 1350 1297 922 835 1.10:1: 1. 23: 1. 02
Yb(ClO4)s » 2(18C6) - 3H:0 1352 1290 920 840 1.17:1: 1. 03: 0. 82
Yb(CIO4)s - 18C6 1354 1292 905 830 1.00: 1: 1. 30: 1. 19
YbL(ClIO4)s - 2(18C6) 1355 1290 925 832 1.17:1: 1. 14: 1. 00

¥E 1000 ~ 1200cm ' [&) 18C6 5 C10." ¥R WA T B &, JE B3R T 38 A9 R Wowd , Jo 8k A i
IX 8] B3 4T 510 M 21 CLO, - B B2 43 18 1T o Hathaway 145 tH . We B 9 C10,7E 620 ~ 630cm -’ 4k
W — i UG ELAIAY Cl0.~ 41 BI7E 615 ~ 625 5 640 ~ 660cm =" FURBT A1 5 Th7 3 145 B 132 B9
Cl0.~7E 610 ~ 620625 ~ 635 5 640 ~ 660cm ™' AL W43 5t =AMk, B2 & Wy B L0 S it %299 .
FEESYM, FRTE 620cm ™' LbFH —RIES, 7 ~645cm ' bR H — /A %; ME& W), NIE ~
620cm ™' AbH —REH IR, XRHALERS YA, Cl0.- B MBI AWEL, MERS WS,
ClO. BREBEMUAFHES. BEWVE 6155 650cm ' B BFH Mg, FRERSYVHEH
BEGRA, TEAWODRZE 618cm™' 4G —RIESH, 7 ~ 647cm ™' LbTBH —H ik, HHEE
PV, ClO. BMFFHRNEM. REVEHWHIEREMAELIEREKMEWRRBE.
3.3 EEWMHARS T

A TGS-2 AN ER T EASRAEYDAWAKLETH, B8 T ENM DICE TG
2,8 TC MEEN THHRSYHASMIR, RS5FIIETESIBRIBNNBREAME
BIHEREARARAMTNEETAHRSDMAMNGRSTTH, WEBTEREY—LIHE
TERMBE, FROIITES F. XELEREETRIIAIBIEOHE R LBEFS L
Mo



ZHRES: Yb(ClO.)s 3H10 18C6-CH;OH & & (25C ) WAL E R . 809 -

LR BEEREYHE RS HER
%5 EAWMIMWAK DTG.TG & DSC KR
Table 5 DTG, TG and Results of Complexes () and (V)
DGT peak  weightlossness . DSC peak AH
complex thermal decomposition process
temp. /°C  found(caled) /% temp. /°C /(kJ * mol™')
i 59.5 6.9 6.84 Yb(ClIO4); - 18C6 - 3H:0—Yb(ClO4), - 18C6 85.4 11.83
132.6 13.8 13.54  Yb(ClO4); * 18C6—5Yb(Cl0.); - 4(18C6) 126. 1 201.07
— 15.5 15.21 S5Yb(CIO4); - 4(18C6)—4Yb(Cl0.); - 3(18C6) — -
375.1 - — fast decomposition explosive 360. 4 ~9669. 2
v 70. 1 4.6 5.13  Yb(CIO4)s * 2(18C6) + 3H,0—Yb(ClO4); * 2(18C6) — 332.1
118.5 10.4  10.14  Yb(ClO4)s - 2(18C6)—5Yb(ClO4)s - 9(18C6) . 125.8 —
189.7 30.0 32.7t  5Yb(Cl04)s - 9(18C6)—10Yb(ClO4)s « 9(18C6) 176.0 -524.8
— 34.4  34.47 10Yb(ClO4)s - 9(18C6)—6Yb(Cl0.)s - 5(18C6) - —
394. 1 78.3  78.70 6Yb(CIO4); * 5(18C6) —YbOCI(fast decomposition) ~ 361.5 -2074.6
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tions are: Yb(ClO4)s *

Studies on Phase Chemistry of Yb(ClO,)s + 3H.0-18C6-C.:HsOH System
at 25°C and Synthesis Characterization of Solid Complexes

LI Qian-Ding' LIU Xiang' CHANG Zhu-Guo* REN De-Hou?'
(" Department of Petrochemical Engineering, Xi’ an Petroleum Institwte, Xi’ an 710065)
(* Department of chemistry, Northwest University, Xi’ an 710069)

The solubilities of Yb(ClO4)3 * 3H:0-18C6-C:HsOH terary system at 25°C were invstigated by

a semimicro method for study of phase equilibrium . and the refractive indexes of saturated solutions
were determined. The behavior of water in this system during the equilibrium was examined. The
results indicate that there are two kinds of complexes formed in the system, their chemical composi-
18C6 * 3H:0 * 2C.Hs0H (I) and Yb(Cl0.)5 * 18C6 + 3H,0 - C.HsOH. Both
are incongruently soluble in EtOH. The influences of rare earth ions and salt anions on formation of
complexes were discussed. The two solid complexes have been prepared, and their compositions and

properties have been investigated by chemical analysis, IR, DTG and DSC. According to the DSC, the

enthalpies of some steps during the decomposition have been obtained for complexes (I} and (V) .

Keywords: ytterbium perchlorate complex crown ether18C6 ternary system
phase equilibrium



