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Low-Temperature Heat Capacities and Thermodynamic
Properties of Aqueous Na,B,0, Solution
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Abstract: The molar heat capacities of aqueous Na,B,0; solution with concentration of 0.033 55 mol -kg™ were
measured by a precision automated adiabatic calorimeter in the temperature range from 78 K to 351 K. The fusion
transition at 7=272.905 K was observed from the heat capacity measurements. According to the polynomial
equations of heat capacity as a function of temperature and thermodynamic relationship, the thermodynamic
functions  (H;—H5¢) and  (Sr—Sasisx) of the aqueous borax decahydrate solution were derived in the temperature
range from about 80 to 350 K with an interval of 5 K. The molar enthalpy and entropy of the phase transition were
determined to be 4.536 kJ +mol™ and 16.62 J K™ -mol™. The activity of the solution was determined to be 0.997 63

by using the freezing point depression of the solution based on the liquid-solid phase equilibrium rule.
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Fig.1 Experimental molar heat capacities of aqueous

Na,B,0; solution as a function of temperature
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Table 1 Experimental molar heat capacities of aqueous Na,B,0; solution

T/K Cpu ! (J+K "+ mol™) T/K Cpu ! (J+K "+ mol™) T/K Cpn ! (J+K "+ mol™)
78.378 12.78 184.297 27.62 272916 24 145.73
80.185 12.94 187.235 27.69 272.930 24 609.26
82.409 13.01 190.133 28.10 272.947 26 735.03
84.627 13.20 193.051 28.77 272.969 21 091.51
86.799 13.52 196.002 29.12 273.000 10 180.73
88.922 13.85 198.956 29.44 273.050 8 379.19
90.999 14.16 202.543 29.67 274.925 150.52
93.035 14.51 206.092 29.98 276.986 97.36
95.036 14.81 209.008 30.36 279914 86.33
97.000 15.07 211.947 30.68 282.160 77.85
98.926 15.40 214.900 31.09 284.478 77.81
100.823 15.74 217.873 31.52 286.788 77.68
103.427 16.07 220.812 31.98 289.100 77.43
106.528 16.56 223.767 32.50 291.410 77.36
109.410 17.05 226.735 33.03 293.724 77.50
112.301 17.43 229.653 33.86 296.044 77.06
115.188 17.83 232.572 34.41 298.361 76.96
118.083 18.39 235.536 34.85 300.684 76.98
120.993 18.81 238.523 35.38 303.010 76.63
123.898 19.27 241.978 36.48 305.339 76.43
126.795 19.75 245.404 37.28 307.665 76.42
129.643 20.13 248.316 37.74 309.994 76.32
132.455 20.53 251.255 38.34 312.321 76.17
135.235 20.95 254.205 39.19 314.648 76.07
137.976 21.31 257.103 40.35 316.972 76.05
140.682 21.70 259.988 42.14 319.296 76.15
143.355 22.10 262.885 45.07 321.620 76.04
146.005 22.50 265.688 53.96 323.940 75.90
148.625 22.80 268.423 85.84 326.262 75.85
151.211 23.13 271.463 190.65 328.580 75.80
154.511 23.58 272.373 580.79 330.896 76.07
157.985 24.04 272.716 1525.24 333.213 76.14
160.893 24.33 272.842 4 671.38 335.526 75.90
163.802 24.68 272.877 10 581.56 337.833 75.86
166.717 25.16 272.890 17 333.53 340.140 75.95
169.641 25.68 272.896 26 754.69 342.442 75.90
172.573 26.07 272.899 105 336.75 344.740 75.82
175.506 26.43 272.905 434 431.06 347.030 75.90
178.452 26.81 272.907 58 839.26 349.319 75.84
181.367 27.26 272.910 27 021.30 351.592 75.64
22 BAEBHBRIBLE T=273.15 K B Z 7 e SR ARAA N 0.245 K.,
HI2E 1 AR ME 1 IR A, C, F LA R 2 2 (3) L ()] 1A v R ks

S KAEL I X 07 B IR B A 55 T,=272.905 K, 54K A H, FUEALET ALS,,
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Table 2 Smoothed heat capacities and thermodynamic functions of aqueous Na,B,0; solution

T/K G/ (J- K+ mol™) (Hr—Hows153) / (kJ+ mol™) (Sr=Sxs1sx) / (J- K +mol )
80 12.81 -6.508 -34.06
85 13.42 ~6.443 -33.26
90 14.08 ~6.374 -32.48
95 14.79 -6.302 -31.70
100 15.52 -6.226 -30.92
105 16.28 -6.147 -30.15
110 17.05 -6.063 -29.37
115 17.83 -5.976 -28.60
120 18.61 -5.885 -27.82
125 19.39 -5.790 -27.05
130 20.15 -5.691 -26.27
135 2091 -5.589 -25.50
140 21.65 -5.482 —24.73
145 2237 -5.372 -23.95
150 23.07 -5.259 -23.18
155 23.75 -5.142 2042
160 24.41 -5.022 -21.65
165 25.05 ~4.898 -20.89
170 25.68 -4.771 -20.14
175 26.30 —4.641 -19.38
180 26.90 -4.509 ~18.64
185 27.50 -4373 ~17.89
190 28.09 —4234 -17.15
195 28.70 -4.092 -16.41
200 2931 -3.947 ~15.68
205 29.95 -3.799 -14.95
210 30.61 -3.648 -14.22
215 31.31 -3.493 -13.49
220 32.06 -3.409 -12.76
225 32.87 -3.244 -12.04
230 33.75 -3.074 -11.30
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235 34.71 -2.900 -10.57
240 35.77 -2.720 -9.829
245 36.93 -2.535 -9.081
250 38.23 -2.343 -8.323
255~285 Phase transition — —
285 77.74 -1.018 -3.491
290 77.49 -0.6296 -2.141
295 77.17 -0.2428 -0.8188
298.15 76.97 0 0
300 76.85 0.142 3 0.475 8
305 76.55 0.525 9 1.744
310 76.29 0.908 0 2.987
315 76.10 1.289 4.206
320 75.98 1.669 5.404
325 75.92 2.049 6.581
330 75.91 2.429 7.741
335 75.93 2.808 8.883
340 75.93 3.188 10.01
345 75.89 3.568 11.12
350 75.73 3.947 12.21
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I SCHRUEE 75 A (T)=6 009.5 J-mol ™, Ik 3L
k07 g A5 gk v Al K R 2 UK Y H A2 25 M AC, =
(4.216-2.060) kJ kg™ - K, F H A B M BE IR AR I
—IJFRRA T A1) I A5 2] 0.033 55 mol -kg™' B0
I WG 0,=0.997 63,
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