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Study on Phase Chemistry of YbCl;*3H,0 - 18-C-6 — CH;COCH,
System at 25°C and Synthesis and Properties of Solid Complexes

LI Qian — Ding** LIU Hong~ Ke®  REN Fei*  CHANG Zhu - Guo®  REN De— Hou®
{° Depariment of Petrochemucnd Engineering, Xi' an Petrolewn College, Xi' an., 710065)
{® Department of Chemistry, Northuest Universizy, Xi" an, 710069)
( € Pharmacy Deparomens, First Military Medical Unversity . Guangzhou . 510515)

Abstract The solubility of YbCly * 3H;0 ~ 18-C-6 — CH,COCH; systemat 25°C was imvestigated by a
semnimicro method of phase equilibrium study. The refractive indexes of the saturated solutions were
determined. The solubility diagram and refractive index curve of saturated solutions were constructed. The
behavior of water in this system during the equilibrium was examined. The results indicated that there were two
new complexes formed in this system at 25°C . namely 2YbCl, * 18-C-6-6H; 0+ CH;COCH; (1} and YhCl, - 18-C-
6+3H,0:0.5CH;COCH,(2) . Both were of incongruenty in acetone. The influences of salt anions and solvents
on formation of complexes were studied. Based on phase equilibrium data, the solid complexes were prepared.
Their compositions and properties were investigated by IR spectroscopy, DTG ~ TG, DSC, as well as chemical
and elemental analyses. The coordination structures were predicted for the solid complexes YbCl - 18-C-6-
3H,0 and YbCl;+ 18-C-6.
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1.1 EREXNE

YhCly* 3H,0 H 4l A 5 99.99% B Yhy 0y 45 6 mol
~dm IR BRI SN B8 YhCL-6H,0, E M E H &
¥R 80% A IS0, THREBFTHREKZEEE. &5
o E AR A YhCL 3H,0. EB RMEEEHT
HEXEU L MERERRY AR Y EE 18-C-6
ok iin: %

WZS — | BRI WA OE{3 558 440 BILT #5150 0E
Bt TCS -2 W E AW, DSC-2 B E T HME
i, 240 R R GEREREESAT
+0.05C ) ERAREIT FREMUM AT EY
SEE.

1.2 WA E

EREDTARMBEE ABHSKHERLERE
WE. Q0% HS0, THREFTTRELERMR MR
FE S AER R H,50, THRSBFRAS S0C
THEGARERIAE T R-CONZTEHREH
EREB. CHENIRERRB . HYEEZAT
+0.3%.

1.3 HFHEXR

FHEME N T S Bl S
BETHBRANNE, BB SREFEAR AR
A TFERE(25+0.05)C. LR RV EIER 14
AN TH. FEEHARIT s TRESE
[P ¥ 20 o, (R At BB 2 5 MR A VA A 3 e s
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H4E A £ FR YbCL; - 3H,0 - 18-C-6 — CH;COCH,
(25C)HHH ¥ A RERBEN HRF EREHO)
SO ZHEEGRE, FHE 4 X5, BEEL D
BURERLBEMPYESR,ACEASNEE. T
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2.1  YbChL - 3H;0 - 18-C-6 - CH,COCH; &% &
(25C)HR EHER

BARE 25CH =ZTEER YbCl-3H,0 - 18-C-6
- CH;COCH; L+ AR B I M BEERE SR
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FEBIRTmETE —FEE L ERMNFEREN
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R BL AB, BC. CD), 791 & YbCl - 3H,0, B &%
2YhCly - 18-C-66H,0- CH; COCH, { 1) F &L & 45 YhCly
18-C-6"3H,0-0.5CH;COCH; (2 ) Ry B A % B . B 5
YbCl,18-C-6-3H,0 SEEH (LM EEME, C A
AAH)S5(2)83LMmM A BE\ERE.EB, C
BERMWEHEE F=0,H8—- 1M a8E—
AAES B TEMEHEYENRL. BERESY
(2)5 15-C-6 WM S ERE R . HE 1A
wE L, S EM 13-Co MM S EHERE, K
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HEM=TESYW, LA & 55 & YbCl, ' 3H,0,
67.43% ; 18-C-6, 26. 70%; CH;COCH,, 5. 87% 5
YbCh * 3H,0, 53. 22% ; 18-C-6, 42 15% ; CH;COCH,,
4.63% ,H YbCly: 18-C-6: Hy0 : CHL,COCH, BY # F7 BE
M RE.2:1:6:1 5 1:1:3:0.5. WE N AEK
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Tabe 1 Schubilities and refractive of saturated solutions of YbCly* 3H,0 — 18-C-6 — CH; COCH; temary system at 25°C
L 3T A5 4 1% 950 B 4 4
w(%) ol %) wl 9% ) (5118 — X 100% ks
m P m P m p
2583 74.17 0.08 .92 — — m 100.00 1.37%0
14.99 83.94 0.07 99._47 53.491 45.99 m 13.21 1.3675
16.83 79.19 0.05 99.44 63 .44 20.04 m+ (1) 10.53 1/3598
72.67 68.00 0.07 .13 47.68 33.90 (1) 7.94 1.3623
11.81 80.17 0.10 9590 44.00 36.96 (1) 2.4 1.3657
13.42 79.16 0.11 93.89 42.06 9.1 (1) 1.80 1.3681
9.81 78.59 0.09 90.85 37.04 44.09 (1) 0.93 1.371%
10.32 74.43 0.2% E7.01 44 .50 2630 (11+¢2) .97 1.3743
12.00 65.75 0.08 B5.86 31.68 37.54 (2) 0.49 1.38M
10.34 53.%9 0.08 63.46 4655 11.95 (2) 0.22 1.379
9.73 43.53 0.07 57.10 15.99 38.54 (2) 0.18 1.4142
9.25 41.67 0.08 4970 4]1.62 14.38 (2) 0.16 1.4228
8.98 18.62 0.07 43.94 43.94 18.20 (2) 0.12 1.4308
— — 0.00 42.15 — — n 0.00 1.4480
m = Yb(l;*3H,0, n=18-C-6. p = CH,00CH,
1.4500 CHALOCH,
AMR
Da
1
ne 1.4000 5
A
SN
1¥5%60 50 — 0 YECLALO : TE-C-4
YbCl3H,0  oYbCL-3H,0¥% 1806 T

M1 YbCl-3H,0- 18-C-6 - CH,COCH; = FL & 25CH T B B 5 A i e dh 2%
Fig.1 Phase diagram and refractive index curves of saturated solution of YhCl; *3H;0 - 18-C-6 -~ CH;COCH; system at 25°C

®2 HoRRFRIHAANRE

Tabe 2 H,0:Yh(l; molecular ratios of some samples
YhOly[ el 9] H Ol %] H O/ Vbl (B H D VBl ol )] H0[wl %3] H, 0/ Yh(l{ BER H )
53.16 10.28 3.00 39.60 7.56 3.01
39.95 7.70 2.9 15.89 3.4 29
31.04 6.04 3.0 34.88 6.78 3.01
37.57 7.24 2.9 28.99 5.60 .00
26.54 5.17 3Im 39.20 7.60 3.01
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#3 SRR YbXy I,0-15C-6 - CH,COCH, {25C) T EHFHE R
Tabe 3 The major result of phase equlibnum of YbXy*3H,(0— 18-C-6 — CHyCOCH; system at 25°C

&%
X U
Ea 30 R
a- 2 2YhCly - 18-C-6- 66, (1 CH;COCH, ok B g E 8
YBCly- 1B-C-6+3Ha1)- 0. SCH COCH, & ¥ R e 5
NO, - 1 Yhi Ny ), - 18-C-6-3H;0 T itk [ 17]
Clo,- 2 Yh( C104);+ 18-C-6- 3H; 0= 2CH; COCH, 1 e [ A [&]
Th(CIO, )3+ 2( 18-C-6 1 3H, 0 CH,COCH, & e ] i

R LR -EERHLFETIESNTIERAERZ
BB FHeRBAIES SR&MLA.C 5 NOy-
IR AERE IR, QIO (R B R ALRE N BIR it
BEUC AR THRMETS RE 8 TR LY
ghig 3L 448 RE - Cl> RE - O(NQ;~ ) > RE -
O(C10, ™ YR FF R U sk /s . FE (] 9% L e 5L 4 A 2
B, AR TERESRE S Y. N0, 15 1:1
BRSO UGR, nE 18-Co /) 6
AEETRES. YO B PR AR kA,
XEAFTREARMENESD WA TERRA
th BERER LR EC A Y. YB(CO, ), - 3,0 5 18-C-6
EAMPRBEAT 1280 EREESY, HEER
Clo,” BRSNS HEHE KRB E -1 EH.
Hit, EBS RPN HE TFYb(CL0,); - (18-C-
6):3H,0] B HBEL PR S .

2.4 BRANEAESwHEN

YbCly+ 3H,0+18-C-6 - GH,OH R (25C)# &

A EE Wl EE R FERT =FH il B

FIHEL -5 # . 3YbCl - 18-C-6 - 9HL,0 - (H;0H, &~ &
2YbCl; * 18-C-6 * 6H,0 + CGH;OH 5 YbCl, + 18-C-6
3MLO WA AERR A A ARSEKSY. $=24
HEEE RS HEOESY. SRS, T
BH.BAAMEALSOHHE HESHERAHE
MEMR. B4, 2R SH T YbC, 31,0 EHE +
MEERD, SREEPERT S KT
A EE R BERLG RS I EEE. A
I R E SR AW EESERER SHT
REESRENEEN.

3 BEYMERIE
3.1 ARSHEEENNER
eSS EE IR LEIWERA T &

4 ALUESH TEFEELHENERYARSH
AT AT RSN Es AR HER.

£4 BEEHNSGFER(%)
Tabe 4 Analvical data and drying for the complexes

T4 % Yh(l, 15-C-6 H.0 C H (=g i i
2Yb(l; - 18-C-6-6H,0-
70% W50,  57.65(57.67) 27.30{27.28) 11.15(11.15) 17.3%17.29)  4.26(4.15)
0.65CH,COCH,(3)
80% W50,  59.96(60.01) 28.45(28.38} 11.55(11.610 15.65(15.48)  4.10(3,69) 2YbCl, - 18-C-6+6H,014)
80% Ho50,  46.69(46.74) 44 28(44.211  9.0319.04)  24.35(24.10)  4.91{5.06) Yhel; - 18-C-6-3H, 00 5)
8% H,50,  51.38(51.39) 42.62042.61) Q 26.85(26.51)  4.29(4 45) Yh(l, - 18-C-6(8)
EeARpitEA.

3.2 REPATIEE

£ 570 18-C-6 REACH Y LIS AT I e
BOWMES,ERE 18-C-6 1FE TRER KIS ERL
i BB A8, & ] R B A8 % L TE AL
HHAEEETHEN T .RH 1BC625 X
T RIELAL.

A (4) 5 (5) 5517 3360 em™!,1621 em ™1
3370 cm ', 1631 em ™1 4b K a5 O B U 0, U A IS
S hEH KD TFHETE, YbClL - 3H,0 857~ | i g o
S FLZF 3380 om ' 5 1628 em” L. T I O W R A TR
WY ERK9.1:0.48:1:0.62 5 1:0.85. X
HATEBR AP RRRELZEHENER.
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k35 BESEAWS18C6 T EBUE{an ") 5 X B ERHE L E
Tabe 5 The relative ratio of absorptive capacity of some IR characteristic absorption for the 18-C-6 and it's complex

H&w oL CHa) L C—0—0) 2l CHy Vv { C—0—C) Pt CHy ) WES WK AT R o0
18-C-6 1278 o 1120 855 1:1.29:1.18:1.25
2YBC, - 18-C-6-6H,0 1250 955 1095 837 1:0.87:0 95:0.90
ThCl * 18-€-6+ 3H,0 1255 957 1098 B3% 1:0.65:0,89:0.86

SCER[3 )3 B &3 RECL - 18-C-6-4H,0( RE =
Sm,Gd. Th) RFEWH ., SREHRBIERLRR, P22,
5 6] B, T {¥ &5 # 1  [ RECL ( H,0),18-C-6] C, *
2H,0. F {1 EE 54 YbCl; - 18-C-6-3H,0(5) L ki
A A {2 558 [ YBCI{ Ha0),18-C-61Cly* H,0, K
H 18-C-6 By 6 IR 1 43 Bl T 52 B 25 6 ] &) 2
MY TFHRHEETS 1 MAEFERLET Y & F,
B ¥R 9.

FHrER[10] 8 L RS S 1 INDO 1T H 4
Bal M. EX KR AW YhC,;-18-C6 . B T

140.39°C

7.78(7.74)
AH=73.69 k) -mol '

2YbCl,* 18-C-6+6H,0

0.5YbCly*1.5YbOC] 18-C-6

2YdCly* 18-C-6'2H;0

18-C-6 6 MEETERMT YO &F4. 2F3 1
SETHHNNERFMFEMELSGT Y 8T R
k9.
3.3 EAYRERSH

AT -2 M EETEHAREH4S
{(S)MPKETH.BETENHN DIC 5 TG # £,
BTG RN THMESYHATELR, S
SRR GBE AR DTG BE . F5 Mk
SEASEMNITRME) M T A DSC-2 A iE
ETHBESHARGHITH WG -ty #
BRBRE.ERRTA.

183.05T

17.61(17.54)
AH = 40,49 K ol -

359.T1C
43 .78(43.79)

2YROCI

115 2% 236.90°C
Yb(Cl,+18-C-6+3H,0 3 003,000 YbClylS—C—G'ZHJ)m’
AH=83.27 IJ-mol ™'
YbOrl1 0.88(18-C-6) LT s
: Y 66.81067.01) Y0

HTHELRMBTRYLE, IR EIELE
RS W)E SN KERYFE =N E St
18-C-6 B4 E MR Wr ok B0 R EH =8 P & 18-C-6. AL
EH(4)1E 359. 77 CHBR L& 5 & ™8 2 YDOCL. i ic
SEPSHE_S R R ARAKSE SR EER
18-C-6 BT 12, B S — SR B 5 81 (18-C-6 IR A
Yhy 0.

MR HHEMNATRSYHRSBIRED
TR LB S LEN.
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