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Table 1 Values of M, p, ¢, A, B and A® for CsBr in various 1, 3-BD mass fractions at 298.2 K*

w% M/(g-mol™) pl(g-cm™) & Al(kg"-mol™?) Bl(kg"?-mol™"?-A™") A%(kg"?-mol™?)
0.997 07 78.4
0 18.02 0997 10° 78 4° 0.509 7 0.328 4 0.3912
0.10 19.59 1.000 23 73.5 0.562 4 0.3397 0.430 8
0.20 21.45 1.004 62 69.4 0.614 3 0.350 4 04715
0.30 23.71 1.009 41 64.8 0.682 5 0.363 5 0.5227

FREATEE :u(T) =0.1K, ulp) =0.000 02 g-em™, ule,) = 0.2; A BARHEATEE u, (w) = 0.005,
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£2 2982 KM} CsBriEARIFE /348 (1, 3-BD + H,O)IRSIAEFIT I E, GIRT Ay,
Table2 E, G*/RTand y, of CsBrin (1, 3-BD + H,0) mixed solvent with different mass fractions at 298.2 K*
m/(mol-kg™") E/mV Y. In(my,) G*/RT m/(mol-kg™") E/mV 7. In(my,) G*/RT
w%=0
0.001 8 -32.11 0.9533 -6.3770 -0.000 1 0.079 5 147.82 0.767 8 -2.796 5 -0.029 5
0.003 7 2.66 0.934 8 -5.676 3 -0.000 3 0.116 5 164.75 0.7356 -2.4573 -0.050 7
0.005 7 23.71 0.920 7 -5.2581 -0.000 6 0.158 3 178.36 0.708 2 -2.188 1 -0.078 1
0.008 2 41.78 0.906 4 -4.901 4 -0.001 1 0.2292 194.49 0.673 9 -1.867 8 -0.1307
0.0121 60.51 0.889 0 -4.528 2 -0.001 9 0.307 2 207.11 0.646 0 -1.617 1 -0.1956
0.0171 76.67 0.8719 -4.208 1 -0.003 2 0.439 6 222.12 0.6116 -1.3135 -0.318 9
0.0233 91.49 0.854 2 -3.9150 -0.005 1 0.606 5 235.56 0.5809 -1.043 0 -0.492 1
0.0311 104.80 0.836 4 -3.648 1 -0.007 7 0.794 0 246.79 0.5559 -0.817 7 -0.704 3
0.0399 116.16 0.819 8 -3.4211 -0.011 0 1.0140 257.31 0.5340 -0.6133 -0.971 8
0.057 1 132.71 0.793 8 -3.093 6 -0.018 4
w%=0.10
0.003 4 13.05 0.930 7 -5.7673 -0.000 3 0.158 7 191.65 0.666 7 -2.2463 -0.090 4
0.006 5 44.75 0.906 5 -5.1376 -0.000 9 0.220 4 205.66 0.629 5 -1.9751 -0.144 0
0.0101 66.22 0.886 0 -4.713 0 -0.001 7 0.304 7 218.65 0.5910 -1.714 2 -0.227 6
0.0152 85.13 0.864 2 -4.3349 -0.003 0 0.426 9 232.12 0.549 3 -1.4503 -0.3653
0.0211 100.75 0.844 0 -4.029 6 -0.004 9 0.5815 244.13 0.509 7 -1.216 0 -0.562 6
0.029 7 116.80 0.820 4 -3.7142 -0.008 1 0.7512 253.57 0.476 1 -1.028 2 -0.803 2
0.040 1 130.54 0.797 5 -3.4416 -0.0125 0.873 6 258.77 0.456 0 -0.9203 -0.990 2
0.064 7 152.21 0.756 8 -3.016 4 -0.0250 1.013 1 263.91 0.436 1 -0.816 8 -1.2156
0.104 8 173.67 0.710 6 -2.5975 -0.049 9
w%=0.20
0.009 4 79.46 0.8792 -4.797 8 -0.001 6 0.168 0 208.43 0.625 8 -2.2527 -0.109 8
0.0139 98.23 0.856 5 -4.4295 -0.002 9 0.248 1 224.37 0.575 8 -1.9459 -0.191 8
0.0193 113.35 0.8352 -4.129 8 -0.004 7 0.373 6 240.12 0.5199 -1.6385 -0.343 7
0.026 6 128.09 0.8115 -3.8349 -0.007 6 0.528 6 252.46 0.470 2 -1.3920 -0.562'5
0.0352 140.75 0.789 0 -3.5845 -0.011 4 0.708 9 262.28 0.426 8 -1.1954 -0.852 6
0.046 1 152.68 0.765 3 -3.3447 -0.016 9 0.871 6 268.66 0.3955 -1.0650 -1.142 1
0.074 9 174.11 0.717 9 -2.922 6 -0.0343 1.005 9 272.88 0.373 5 -0.978 7 -1.3992
0.114 5 192.32 0.6715 -2.565 4 -0.063 3
w%=0.30
0.0059 67.44 0.891 8 -5.2532 -0.000 9 0.1539 213.16 0.603 1 -2.376 9 -0.108 1
0.009 6 90.89 0.8655 -4.792 9 -0.001 9 0.2302 229.39 0.548 8 -2.068 7 -0.192 8
0.0147 110.81 0.8379 -4.394 8 -0.003 5 0.3457 244.45 0.490 8 -1.773 8 -0.344 8
0.021 3 128.12 0.810 5 -4.057 1 -0.006 1 0.488 2 256.15 0.439 5 -1.5390 -0.563 9
0.029 2 142.08 0.784 6 -3.776 3 -0.009 7 0.6410 264.37 0.398 0 -1.3659 -0.830 5
0.042 5 158.73 0.750 1 -3.4452 -0.016 7 0.807 6 271.68 0.3623 -1.2287 -1.1535
0.062 4 175.73 0.710 8 =3.1155 -0.029 3 1.003 3 277.67 0.328 6 -1.109 5 -1.5703
0.098 9 195.32 0.658 5 -2.7313 -0.057 1
FBRHEARTIE R :u(T) = 0.1 K, u(m) = 0.001 mol-kg™", u(E) = 0.1 mV; A BFRERHIEE :u (w) =0.005,
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Table 3 Values of E°, a, ¢, d and o of CsBr in
1,3-BD + H,O mixed solvents at 298.2 K*

w% E°mV oA d(kg-mol') d(kg*-mol?) o/mV

0 288.25 2.86 0.004 2 0.000 22 0.12
0.10  305.40 2.74 -0.050 0 -0.000 15 0.19
0.20 322.87 2.45 -0.079 1 -0.000 26 0.27
0.30  334.07 2.27 -0.089 4 -0.000 09 0.26

FREARTELE :u(T) = 0.1 K5 & WAREAHHE L :u (w) = 0.005,
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Table 4 Values of E©, f°, ', C? and ¢ of CsBr in various
mass fractions of 1,3-BD + H,O mixed solvents at 298.2 K*

W% E°mV p%(kg-mol™) A'/(kg-mol™) C%(kg?-mol?) o/mV

0 288.14 0.022 9 0.0459 0.000 92 0.18
0.10 305.67 —-0.036 0 0.0159 0.000 83 0.25
0.20 322.85 -0.0752 0.002 4 0.000 77 0.31
0.30 334.09 —-0.091 3 -0.0125 0.000 76 0.29

FRHEARTELE :u(T) = 0.1 K A BFRHERTIEE 1, (w) = 0.005,
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Fig.4 The change of y, with molality of CsBr at 298.2 K
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Fig. 5 Change of G*/RT with molality of CsBr at 298.2 K
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Table 5 Values of E© and AG® of CsBr + (1, 3-BD + H,0)
mixture at 298.2 K*

W% ECmV AGO/(KI-mol™)
0 288.20 0

0.10 305.54 1.68

0.20 322.86 3.35

0.30 334.08 443

BRI EE u(T) = 0.1 K5 ARES BAHESE 4 (w) = 0.005,
u,(AG?) = 0.05 kJ-mol™' .
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Thermodynamic Properties of the (CsBr + 1, 3-Butanediol + H,0)
System at 298.2 K

YU Changji*, LONG lJiajia’, DU Yanping’, XIE Peijing, ZHOU Jinpeng, WANG Wenjie
(School of Environmental and Chemical Engineering, Xi'an Polytechnic University , Xi'an Key Laboratory
of Textile Chemical Engineering Auxiliaries , Xi'an, 710048, China)

Abstract: Salt lake brine system contains important cesium resources, and the study on the thermodynamic
properties of the cesium system can provide basis for the comprehensive development of salt lake brine. Ce-
sium ion selective electrode (Cs—ISE) and bromine ion selective electrode (Br—-ISE) were used to compose
the cell Cs—ISE | CsBr (m), 1, 3-butanediol (1, 3-BD) (w), H,0O (1-w) | Br-ISE, the electric potential
of CsBrin (1, 3-BD+H,0) mixed solvent at 298.2 K was measured, where the mass fraction of 1, 3-BD in
the (1, 3-BD+H,0) solvent mixture w% = 0, 0.10, 0.20, 0.30. By associating Nernst equation with Debye-
Hiickel model and Pitzer model respectively, the thermodynamic properties of (CsBr+1, 3-BD+H,0) sys-
tem are obtained, activity coefficients (y,), excess Gibbs energy (G*) and standard Gibbs energies of trans-
ference (AG"). The comparison results show that both the extended Debye-Hiickel and Pitzer models can
accurately describe the system. The activity coefficient y, decreases with the increase of CsBr content in the
mixed system. When the CsBr content is constant, y. decreases with the increase of 1, 3-BD content in the
mixed solvent. The experimental results show that the system AG" > 0, indicates that the transference of
CsBr from water to the (1, 3-BD + water) solvent mixture is not spontaneous.

Key words: Potentiometric method; CsBr; Activity coefficient; Debye-Hiickel model; Pitzer model





