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CsCIl-TmCl;-HCI-H,O System at 25 °C:
Phase Equilibrium and New Solid Phase Compound
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Abstract: The equilibrium solubilities of the quaternary system CsCl-TmCl;-HCI-H,0 was determined at 25 C
and the corresponding equilibrium diagram was constructed. The diagram is a complicated system with limited
solid solutions and formation of a new compound 3CsCl-2TmCl;- 14H,0. The new compound has been character-
ized by XRD, TC-DTG and fluorescence spectrometry. Results show that upconversion spectrum exhibits at 335
nm when exciting at 860 nm, and fluorescence spectrum exhibits at 295 nm and 385 nm when exciting at 240
nm. The compound loses its crystal water by four steps at 50 to 250 °C. Using a heat conduction calorimeter, the
standard molar enthalpy of dissolution of 3CsCl-2TmCl;- 14H,0 was determined to be (-=11.601 + 0.050) kJ - mol™
at 298.15 K.

Key words: quaternary system; phase equilibrium; cesium chloride; thulium chloride; enthalpy of dissolution

TEFRIR A B AR G R R T AL &4,
A G EA B AOCTERE, H LB Meyer JIT
Meyer 38 i 4 4~ ML & & W 3k A T S a0 UG T s fooER, IR TS
MRE,Cl, M,RECI; . M;RE,Cly, MsRECls(M =K .Cs; RE = AN TR ML B A S R 8 8 g =X
Pr Dy Lu) 5528704 52 2L g 4 J& Al e iy = ARSCE ST T otk & CsCl-TmCl;-HCI-H,0
UL E Y, IR TR ERRRIE R P IR 4 Jm AR . 7E 25 CIRF AT O &R, H BYTE T X Meyer 20§
BACDIE AL G — ol XL EY BRI AR X R N 25 T A B R RS s 0T B L
A SR RG] PR 3 BT O H FLA R R 21 B L AN 24 M R 1 B Ak A i -3 T R
R 32 ) 56 1, SCHRIFGE T CsCl SR 15 mIRAR, 5MZA e £ & EhK Rk 2= F ik 2z 3

0 35l

i

Wk A #1:2006-02-20, Wi st B 457 :2006-06-08
T FE A H AR BE2 3 4% B30 H (No.0511044900)
i IEK R N . E-mail : nyqiaozp@eyou.com
HAEH T, 5,43 % R AR BT TT 1) A BAL 2 0 A B AL R



- 1546 -

E I

A EEWE L,
1 SLIGER4
K F
Tm,04(99.99%), TmCl; - 6H,0 % 3C kWY 77 35 1l
7 CsCl.EDTA AgNO; 7S K 3L DU i NaOH 35K
Sy Tt Eh e A sl . il R FER K .
1.2 LTI FEH

SDTQ600 I 4 73 Hr AL FH il # 2 10 C+-min™,
N, it # 100 mL-min™; D/Max-1400X 5} £& ¥ A AT 5
I, % K 35 kV, & i 40 mA,Cu #8135 16°-

1.1

min™'; RD496- I il & 5 $A3+(H [ TR 40 BEAH 9% B
F TARWFSE ) ; F-4500 2640 66, 4 o i
12000 nm-*min',

PRIV L APV G Oy i B TE A A A E T 1
2 B SCRRP,

2 GRS

2.1 Mtk % CsCl-TmCl-HCI-H,0 #is EE
1 HUIEHK R CsCl-TmCl,-HCI-H,0 7E 25 °C
A ) 3% B B4 S H AR IR T = /A TE CsCl-TmCl5-H,0

B R, L AR R

%®1 MWit{k%H CsCl-TmCl-HCI-H,0(25C)M A B R E= K& CsCl-TmClyH,0 ERIE B HIE
Table 1 Solubility of the quaternary system CsCl-TmCl;-HCI-H,O at 25 °C and central projection
data on the trigonal base CsCl-TmCl;-H,O
Composition of solution / (w, %) Composition of residue / (w, %) 4
No.  Composition in tetrahedral Composition on trigonal base Composition in tetrahedral Composition on trigonal base :}Ti
HCI CsCl TmCl; CsCl TmCl, HCI CsCl TmCl, CsCl TmCl,
wye=11.18%
1 12.75  47.28 0 54.19 0 — — — — — A
2 11.29  46.08 4.01 51.94 4.52 1.76 92.27 0.73 93.92 0.74 A
3 10.77  45.29 6.64 50.76 7.44 1.60 91.93 1.08 93.42 1.10 A
4(E) 1028 4452 8.98 49.62 10.01 2.07 79.78 10.62 81.47 10.84 A+S;
5 1091  43.27 8.69 48.57 9.75 4.66 58.64  20.28 61.51 21.27 S
6 10.86  39.80 11.40 44.65 12.79 3.02 58.68  26.32 60.51 27.14 S
7 11.15  37.01 12.88 41.65 14.50 3.68 54.61 27.59 56.70 28.64 S
8(E,) 11.65 3491 13.40 39.51 15.17 291 47.64 2892 49.07 29.79 S, + B
9, 11.88 35.28 12.75 40.04 14.47 4.80 42.03 28.39 44.15 31.05 S, + B
10 12.12 33.32 13.68 37.91 15.57 5.53 36.52 29.33 38.66 31.05 B
11 1249 2897 15.53 33.10 17.75 4.80 3546  31.57 37.25 33.16 B
12 11.28 26.68 18.74 30.07 21.12 4.00 35.07 33.71 36.53 35.11 B
13 1047 2374 2181 26.52 24.36 3.61 33.60 34.56 34.86 35.85 B
14(E) 10.28 17.96 26.12 20.02 29.11 2.20 24.42 46.11 24.97 47.15 B+ C
15(E;)  10.62 17.84  25.56 19.96 28.60 1.91 15.12  54.15 15.41 55.20 B+C
16 11.04 13.53  26.69 15.21 30.00 2.32 253 6242 2.59 63.90 C
17 10.96 9.88  28.39 11.10 31.88 1.83 142 64.89 1.45 66.10 C
18 10.67 5.14 3090 5.75 34.59 2.12 1.00  63.39 1.02 64.76 C
19 10.94 2.82  31.56 3.17 35.44 1.99 0.24  64.66 0.24 65.97 C
20 11.28 0 32.13 0 36.21 — — — — — C

Eutonic point (average): E;: CsCl 49.62%, TmCl; 10.01%; E,: CsCl 39.77%, TmCl; 14.82%; E;: CsCl 19.99%, TmCl; 28.86%.
A: CsCl; S: solid solution (CsCl + 3CsCl-2TmCl;- 14H,0); B: 3CsCl-2TmCl;- 14H,0; C: TmCl;-6H,0.
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Fig.1  Solubility diagram of the quaternary system CsCl-
TmCl;-HCI-H,0 projected on the trigonal base
CsCl-TmCL-H,0
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Fig.2 X-ray powder diffraction pattern of compound 3CsCl-
2TmCl;- 14H,0
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Fig.3 TG-DTG curves of compound 3CsCl-2TmCl;- 14H,0
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Fig.4 Excitation and emission 3D spectra of 3CsCl-
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Fig.5 Excitation spectrum (a) and upconversion

luminesence spectrum (b) of 3CsCl+

2TmCl,- 14H,0
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Table 2 Enthalpy of dissolution 3CsCl-2TmCl;-
14H,0 in 8 mL water at 25.15 °C

No. mlg 0./ mJ AHS /1 (kJ-mol™)
1 00690  -590.487 ~11.186
2 00722 -649272 11765
3 00725  -615.897 -11.117
4 00701  -620.757 ~11582
5 00723  -682.672 -12.356
Mean AH =(=11.601  0.050) kJ - mol”

m is the mass of sample, (. is the heat of dissolution and

S} .1 .
A H_ is the standard molar enthalpy of dissolution.
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