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Study of relationship among solution concentration-boiling point-saturation
vapor pressure for glycyrrhizic acid solution
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Abstract: Objective Based on the theory of dynamic method for measuring the boiling point-saturated vapor pressure, the
functional relationship between the boiling point and saturation vapor pressure was studied for the glycyrrhizic acid solution. To build
the relationship among the mass fraction of glycyrrhizic acid solution, boiling point and saturation vapor pressure, in order to provide
the experimental data and theoretical basis for the related studies of traditional Chinese medicine concentration process. Methods
The concentration of glycyrrhizic acid was determined by UPLC for different concentration of glycyrrhizic acid solution. Also, the
surface tension of glycyrrhizic acid solution was measured by platinum plate method. Based on dynamic method, the boiling point
was measured with the changing saturated vapor pressure at the different mass fractions of solution. Results The concentration of
glycyrrhizin in the original extract was 99.25 mg/mL, which accounted for 21.5% of the total solid soluble substance. The dilution
process is fully even and conforms to the gradient ratio. When the solution mass fraction was more than 18%, the micelle was formed
gradually in the liquid, reducing the surface tension of the solution. It can be found that the boiling point showed the downward trend
with increasing solution concentration of glycyrrhizic acid, while the pressure was maintained constant in the environment. When the
temperature of solution was hold constant, the saturation vapor pressure of the solution increased with increasing solution concentration
of glycyrrhizic acid, but the trend of this interaction was not obvious between the temperature range (313.0—343.0 K). Conclusion

According to the experimental results, the functional relationship among the concentration, boiling point and saturated vapor pressure

Wks BH#A: 2017-08-25

EEWB: KREMRZENHE (15PTCYSY00030, 16ZXHLGX00170)

BN T ¥ (1983—), J, BUEWIA R, 1L, Wb 22 T2 . E-mail: yu_yang@tjutcm.edu.cn
*BIEEE F B B, oIRG, W, BIARSECHPLAHIZ T . E-mail: lizheng@tjutem.edu.cn



)

Chinese Traditional and Herbal Drugs 25 49 % % 13§ 201841 A

<143 -

of glycyrrhizic acid solution was constructed. While maintaining the concentration vacuum and the heating energy consumption

unchanged in the production process, the glycyrrhizic acid solution temperature should slowly decrease and the evaporation rate

should be moderately accelerated with the increasing mass fraction of solution.

Key words: glycyrrhizic acid; concentrated process; boiling point; saturation vapor pressure; surface tension; UPLC; micelle
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Fig.1 Boiling point-saturation vapor pressure detection device by dynamic method
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Fig. 2 Surface tension for different mass fractions of

glycyrrhizic acid solution
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Fig. 4 Figure of pressure difference-vapor pressure
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Table 1

equilibrium state (mass ratio)

Adjusted value for liquid concentration in

SRR Y% ALIE G % | RAGTER% B IE R %
0.05 0.04 0.25 0.24
0.10 0.09 0.30 0.29
0.15 0.14 0.35 0.34
0.18 0.17 0.40 0.39
0.20 0.19 0.45 0.44
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Table 2 Boiling point-saturation vapor pressure for varied mass fractions of glycyrrhizic acid solution

4% 9% 14% 17% 19%
BE/K  ESkPa  BFE/K  EJikPa  BE/K  EJy/kPa BE/K EJkPa  BE/K K Ji/kPa
304.2 4.54 304.5 4.62 304.3 5.13 299.9 433 299.8 431
312.8 6.92 310.8 6.52 3112 7.22 309.5 7.01 307.9 6.87
3183 9.18 316.9 9.08 3153 8.93 314.7 9.13 314.1 9.10
3233 11.67 321.6 11.58 320.4 11.58 3195 11.59 318.2 11.72
3275 14.55 3259 14.43 324.8 14.54 323.4 14.20 322.8 14.70
330.6 17.37 329.4 16.96 327.8 16.86 327.1 16.96 325.8 17.04
333.9 19.95 3324 19.84 331.4 20.05 329.7 19.18 3295 20.22
336.6 22.82 3353 22.89 3339 22.60 3324 21.79 332.1 22.99
339.0 25.71 337.4 25.46 336.7 25.78 334.9 2477 334.6 25.93
341.6 28.95 339.9 28.38 339.2 28.96 337.4 27.75 337.2 28.97
343 .4 31.51 342.1 31.48 341.0 31.53 339.7 30.96 339.0 31.54
346.0 3478 344.2 34.61 343.4 35.15 341.4 33.52 341.1 34.68
348.0 37.88 346.3 38.15 344.8 37.50 343 .4 36.75 343.1 37.78
349.6 41.12 348.1 41.07 347.1 41.25 345.2 39.82 345.0 41.20
351.3 44.11 349.8 44.43 3483 43.79 347.0 43.23 346.6 44.09
353.0 4736 351.2 47.29 350.1 4738 348.7 46.48 3483 47.36
3544 50.37 353.0 50.96 351.7 50.59 350.2 49.47 349.8 50.41
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gx2
4% 9% 14% 17% 19%
BE/K  ESikPa  BE/K  EJikPa  BE/K  EJykPa WK EJikPa BE/K K Ji/kPa
356.5 55.04 354.1 53.49 353.1 53.56 3524 53.96 351.2 53.51
358.2 58.81 356.0 57.80 355.2 5831 354.0 58.10 352.9 57.28
359.9 63.40 357.9 62.32 356.9 62.46 355.6 62.22 354.0 60.04
361.4 67.60 359.6 66.82 358.4 66.49 357.5 66.96 3553 63.28
363.1 71.93 361.2 70.66 359.9 70.76 359.0 70.80 356.7 66.81
364.6 76.08 362.7 75.10 361.6 75.12 361.4 75.06 3583 70.80
366.2 80.27 364.3 79.68 363.0 79.32 362.6 79.42 360.1 75.85
368.1 86.08 366.2 85.18 364.7 84.38 363.7 84.95 363.3 84.98
369.7 90.77 367.8 89.50 366.7 91.23 366.5 90.16 364.9 89.69
371.0 94.55 369.6 95.08 368.1 94.61 367.1 93.69 366.3 94.58
373.2 101.33 371.2 101.33 370.8 101.33 370.5 101.33 368.2 101.33
24% 29% 34% 39% 44.6%
WK EJikPa /K EJjkPa RAE/K EJikPa RE/K JEJikPa RE/K JEJi/kPa
301.7 4.95 299.2 4.63 301.2 5.14 299.6 4.65 298.8 4.62
310.1 7.60 308.0 7.19 308.6 7.48 306.7 6.83 307.1 6.98
314.8 9.75 3124 9.18 313.7 9.82 312.0 9.16 312.0 9.10
319.6 12.53 317.1 11.65 318.6 12.66 316.8 11.90 316.8 11.83
323.6 15.29 320.9 14.17 3225 15.40 320.7 14.50 320.6 14.41
3272 18.27 3253 17.61 3253 17.89 324.0 17.33 324.1 17.29
329.9 20.84 327.9 20.15 3282 20.73 326.8 19.89 326.9 20.08
3323 23.43 3303 2257 331.0 23.82 3295 2276 329.7 22.76
334.9 26.43 333.0 25.75 333.5 26.69 331.6 25.34 331.9 25.44
337.4 29.79 335.5 29.13 337.4 32.46 333.9 28.41 334.2 28.72
339.1 32.49 337.2 31.47 339.5 35.50 336.3 31.96 336.3 31.69
341.0 35.60 339.2 34.57 3415 39.11 338.1 35.06 338.2 34.86
3432 38.85 341.1 38.04 343.0 41.83 339.9 38.07 340.1 38.09
344.7 41.92 343.1 41.17 3447 45.04 341.4 40.78 341.7 40.97
346.3 4491 344.7 4423 346.3 48.18 343.0 43.96 343.7 44.77
348.1 48.37 346.0 47.10 347.8 51.48 344.8 47.53 345.6 48.90
349.7 51.89 347.6 50.29 349.1 54.49 346.2 50.57 347.0 52.22
351.0 54.86 349.1 53.68 350.6 58.08 348.0 54.74 348.9 56.70
3524 5821 350.5 56.75 352.4 62.74 349.8 59.08 350.4 60.15
353.6 61.16 351.9 60.27 354.0 66.72 351.6 63.48 352.0 64.40
354.9 64.31 353.1 63.35 354.4 68.50 353.1 67.46 353.6 68.79
356.1 67.45 354.4 66.50 355.4 70.78 3545 71.29 354.8 72.04
357.6 71.72 357.2 74.23 357.0 75.10 355.7 75.14 356.0 75.86
359.1 75.94 359.1 78.48 3593 79.14 3573 79.56 357.8 80.99
360.7 80.38 361.6 82.57 361.1 83.85 359.2 83.67 359.2 84.37
363.8 89.96 363.1 86.87 363.5 88.04 361.9 88.27 361.4 89.29
365.4 94.65 365.4 93.06 365.2 93.75 363.8 93.80 363.5 93.76

368.1 101.33 368.1 101.33 367.3 101.33 366.2 101.33 365.4 101.33
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Fig. 5 Functional relation between InP’ and 1/T at varied concentration of glycyrrhizic acid
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Table 3 Value of latent heat of vaporization at varied mass

fractions of glycyrrhizic acid

HE% FAE (kI kg ™) ”

5.0 2413 0.999 8
10.0 2434 0.999 7
15.0 2399 0.999 5
18.0 2363 0.999 3
20.0 2362 0.999 8
25.0 2391 0.999 5
30.0 2347 0.998 4
35.0 2363 0.998 7
40.0 2409 0.998 5
44.6 2412 0.998 8
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Fig. 6 Function of boiling point and surface tension at the

varied mass fractions of glycyrrhizic acid
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