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Study on the metastable phase equilibria of the aqueous quaternary
system lithium rubidium chloride at 298. 2 K
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Abstract: In this paper, the phase equilibria of the Li", Na", Rb"// CI” — H,O with quaternary lithi-
um rubidium chloride system at 298. 2 K was studied by isothermal evaporation method, and the solubil-
ities, densities and refractive indices of the equilibrated solution were determined experimentally. On the
basis of the measured data, the stereo phase diagram, the dry-salt phase diagram, the density vs compo-
sition diagram and the refractive index versus composition diagram were constructed. Results show that
the quaternary metastable phase diagram at 298. 2 K consists of one invariant point, three univariant
curves, and three crystallization fields corresponding to single salts sodium chloride (NaCl), rubidium
chloride (RbCl), lithium chloride monohydrate (LiCl « H,O). The phase diagrams of the quaternary
system Lit, Nat, Rb*// Cl" — H,Oand Li*, K", Rb"// CI” — H,O at 298. 2 K were compared and
analyzed, and the effects of Na' and K* in the three system Li", Rb"// CI~ — H,O were summarized.
Using the empirical formula of refractive index calculation to the theoretical value of refractive index, the
maximum absolute error between the calculated and experimental data is less than — 0. 0090, which
proves the reliability of the experimental data.
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Tab.1 Reagents used in solubility and analytical
Chemical name Source Irzlnz/a/llj)l;ty Punrliiitcha:(ilon P;lzfi/lju;;;y Analytical method CAS no.
litl'lliflm chloride Chengdu Kelong Chemi- 99.0 calefaction 99.5 titratéon wit}f AgNO; stand 7447-41-8
(LiCD cal Reagent Plant solution for Cl
?I’:’;fjl‘;m chloride f\ﬂiiiﬂ??igpeln f d.New 99.0 calefaction 99.5 ICP-OES 7791-11-9
silver nitrate Sinopharm Chemical Re- 99.8 hone 99. 8 titration with NaCl stand so- 7761-88-8

(AgNO3) agent Co. , Ltd.

lution for Ag™
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Tab. 2 Data of the equilibrium solution in the quaternary system Li"
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— H,0 7£ 298.2 K By1B &4
, Na™, Rb"// CI”— H,O at 298. 2 K*

Equilibrium solutions composition,

Janecke index of dry salt

Density/  Refractive Equilibrium
No. w(B) X 10% JCLiCD +J (NaCDh + J(RbCD =100
(g+cm ?) index/(np) Solid Phase
w(LICD  w(NaCD  w(RbCD w(H:0) J(LICD  J(NaCDh) J(RbCD J(H:O)
1,A 1. 2584 1. 4245 42.18 0.10 0. 00 57.72 99. 83 0.17 0. 00 321. 45 Lil+NaCl
2 1. 2656 1. 4230 39.52 0. 25 2.99 57.23 96. 98 0. 45 2.57 330. 44 Lil+ NaCl
3 1. 3054 1. 4235 39. 88 0. 24 8. 24 51. 64 92.87 0.41 6.73 282.99 Lil+NaCl
4 1. 3299 1. 4268 37.22 0.25 10. 25 52.27 90. 79 0. 45 8. 77 300.03 Lil+ NaCl
5 1. 3570 1. 4400 41.77 0.21 12.69 45.33 90. 08 0. 33 9. 60 230.01 Lil+ NaCl
6 1. 3703 1. 4365 39.23 0.21 14.52 46. 04 88.22 0. 33 11. 45 243.62 Lil+NaCl
7 1. 3782 1.4279 34. 35 0.25 14.42 50.98 86. 77 0.47 12.77 302.98 Lil+NaCl
8 1. 3907 1. 4287 35.57 0.23 18. 47 45.73 84. 27 0. 40 15. 34 254.93 Lil+ NaCl
9 1. 3960 1. 4295 32.01 0.23 19.02 48.74 82.41 0.43 17.16 295.22 Lil+NaCl
10,E 1.4118 1. 4310 32.04 0.24 20. 87 46. 86 81. 05 0. 44 18. 51 278.94  Lil+NaCl+RbCl
11.B 1.4171 1. 4324 29.74 0.00 23.22 47. 04 78.51 0. 00 21.49 292.21 Lil+RbCl
12.C 1. 4394 1. 3950 0. 00 13.54 33.02 53. 44 0. 00 45.90 54. 10 587.65 NaCl+RbCl
13 1. 4470 1. 3968 0.77 13.47 31.63 54.13 3.57 45.15 51.27 588.91 NaCl+RbCl
14 1. 4477 1. 3960 1.42 12.87 30. 09 55. 62 6.66 43.82 49.52 614. 46 NaCl+RbCl
15 1. 4079 1. 3950 2.40 12. 82 28.50 56. 28 11.08 42. 85 46. 06 610.47 NaCl+RbCl
16 1.4181 1. 3968 3.54 12.58 28.17 55.71 15.70 40. 49 43. 81 581. 66 NaCl+RbCl
17 1.4181 1.3972 3.72 12.35 27.82 56. 10 16.57 39.94 43.48 588. 54 NaCl+RbCl
18 1. 4218 1. 3971 3.94 12.30 27.43 56.33 17.52 39.70 42.78 589.63 NaCl+RbCl
19 1. 4158 1. 3970 4.24 11.91 27.04 56. 80 18.98 38.63 42.39 597.74 NaCl+RbCl
20 1.4218 1. 3972 4.59 11.79 27.04 56.58 20. 28 37.81 41.91 588. 55 NaCl+RbCl
21 1. 4196 1. 3976 5.39 10. 92 26.98 56.72 23.66 34.79 41.55 586. 40 NaCl+ RbCl
22 1.4105 1. 3979 6.13 10. 47 26.19 57.21 26.78 33.13 40. 08 587.67 NaCl+RbCl
23 1. 4067 1. 3980 7.16 9.51 25.63 57.70 31.07 29.92 39.01 589. 31 NaCl+RbCl
24 1. 3941 1. 3990 9.56 7.55 25. 36 57.52 39. 95 22.89 37.16 565. 68 NaCl+RbCl
25 1. 3876 1. 3991 10. 92 6.32 24. 37 58. 40 45.40 19. 07 35.53 571.56 NaCl+RbCl
26 1. 3664 1. 3990 12. 34 5.24 23.11 59. 31 50. 91 15.68 33.41 575.54 NaCl+RbCl
27 1. 3688 1. 4006 14.23 4,44 22.15 59.18 56.43 12.77 30. 80 552. 40 NaCl+RbCl
28 1. 3561 1.4016 15. 50 3. 60 21.45 59. 45 60. 47 10. 19 29. 34 545.90 NaCl+RbCl
29 1. 3426 1.4035 18. 44 2.56 20.62 58. 38 66.98 6.76 26.26 499.03 NaCl+RbCl
30 1. 3547 1. 4087 21.45 1.16 20. 06 57.32 73.14 2.87 23.98 459.92 NaCl+RbCl
32 1. 3656 1.4149 24.00 1.05 21.16 53.78 74.58 2.36 23.05 393. 24 NaCl+RbCl
* Note: Standard uncertainties u are «(T)=0.10 K; u,(p)=0.05; u,(0)=2.0 X 107% g+ em™*; u,(n,) =1.0xX107"; w(B) =mass frac-

tion of B; Lil=LiCl -« H,O.
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Tab. 3 Comparison of the calculated and experimental val-

ues of refractive indices in the quaternary system

Li", Na", Rb"// Cl" — H,0 at 298.2 K

Refractive index
No. w(RbCD

Experimental Calculated  Absolute error
1,A 0. 00 1.4245 1. 4275 —0. 0030
2 2.99 1. 4230 1. 4253 —0.0023
3 8.24 1.4235 1.4324 —0.0089
4 10. 25 1. 4268 1. 4287 0.0019
5 12.69 1. 4400 1. 4422 —0.0022
6 14.52 1. 4365 1. 4385 —0.0020
7 14. 42 1.4279 1. 4270 0. 0009
8 18. 47 1.4287 1. 4347 —0. 0060
9 19.02 1.4295 1.4271 0.0024
10,E 20. 87 1. 4310 1.4294 0.0016
11,B 23.22 1.4324 1. 4265 0.0059
12.C 33.02 1. 3950 1. 3950 0. 0000
13 31.63 1.3968 1. 3950 0.0018
14 30.09 1. 3960 1. 3935 0.0025
15 28.50 1. 3950 1. 3938 0.0012
16 28.17 1.3968 1. 3955 0.0013
17 27.82 1.3972 1.3951 0.0021
18 27.43 1. 3971 1. 3951 0.0020
19 27.04 1.3970 1. 3946 0.0024
20 27.04 1.3972 1.3951 0.0021
21 26.98 1.3976 1. 3953 0.0023
22 26.19 1. 3979 1. 3952 0.0027
23 25.63 1. 3980 1. 3951 0.0029
24 25. 36 1. 3990 1. 3967 0.0023
25 24,37 1.3991 1. 3963 0.0028
26 23.11 1. 3990 1. 3961 0.0029
27 22.15 1. 4006 1. 3978 0.0028
28 21.45 1. 4016 1. 3983 0.0033
29 20. 62 1.4035 1.4021 0.0014
30 20. 06 1. 4087 1. 4057 0.0030
32 21.16 1. 4139 1.4127 0.0012
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