EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2024-07-27

K+TH /) —IV+ P T VA D LRICET
57 X/ BRODEIREDBE

=E, X / SUGAWARA, Kenta

N

(F1T5E / Year)
2008-03-24

(A5 B8H / Date of Granted)
2008-03-24

(%14 / Degree Name)
BX(I%)

(A5 MRS / Degree Grantor)
SEFRE (Hosei University)



2007

LIQUID-LIQUID EQUILIBRIA OF THE TERNARY SYSTEM
WATER+ETHANOL+TRIPOTASSIUM CITRATEAND MEASUREMENT
OF DISTRIBUTION COEFFICIENTS OF SOME AMINOACIDS

06R2112



Abstract

Liquid-Liquid Equilibria (LLE) for the ternary system water + ethanol + tripotassium citrate
(CsHs07K3) were measured at temperatures of (288.15, 298.15 and 308.15) K. The bimodal curves
at each temperature were given using a nonlinear equation. The tie lines were correlated by the
Othmer-Tobias and Bancroft equations. The results of the phase equilibria were predicted using the
nonlinear and Othmer-Tobias equations, nonlinear and Bancroft equations, or Othmer-Tobias and
Bancroft equations. The predictions showed close agreement with experimental values with 0.22,
0.26, and 0.20 % as the average deviations of mass fractions respectively. LLE of quaternary
systems water + ethanol + CgHsO-K3 including five amino acids were measured at temperature of
298.15K. Distribution coefficients of the amino acids were determined. It was found that leucine
and tryptophan were mainly distributed to the top phase, but glycine, glutamine, and arginine to the

bottom phase.

KeyWords: Liquid-Liquid Equilibria , Distribution Coefficient, Amino acid,

Potassium citrate, Ethanol
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Tablel. LLE for the System water (1) + ethanol (2) + C¢Hs0:K; (3)

TIK Top phase Bottom phase
Wy W» W3 Wy W> W3
288.15 0.5172 0.3774 0.10%4 0.5673 0.1618 0.2709
0.4926 0.4403 0.0671 05635 0.1239 0.3126
0.4887 0.4457 0.0656 0.5630 0.1224 0.3146
0.4562 0.4988 0.0450 0.5536 0.1016 0.3448
0.4329 0.5328 0.0343 0.5519 0.0869 0.3612
0.4287 0.5377 0.0336 0.5504 0.0853 0.3643
0.3798 0.6019 0.0183 0.5313 0.0660 0.4027
0.3687 0.6169 0.0144 0.5225 0.0600 0.4175
0.3488 0.6410 0.0102 0.5264 0.0383 0.4353
0.3188 0.6736 0.0076 0.5060 0.0396 0.4544
0.2364 0.7617 0.0019 0.4464 0.0284 0.5252
0.2206 0.7780 0.0014 0.4379 0.0192 0.5429
298.15 05169 0.3914 0.0917 0.5763 0.1465 0.2772
0.4716 0.4756 0.0528 05713 0.1069 0.3218
0.4536 0.5051 0.0413 0.5672 0.0944 0.3384
0.4434 0.5201 0.0365 0.5601 0.0927 0.3472
0.4324 0.5367 0.0309 0.5569 0.0847 0.3584
0.3476 0.6423 0.0101 0.5204 0.0501 0.4295
0.3158 0.6768 0.0074 0.5067 0.0445 0.4488
0.3051 0.6895 0.0054 0.4993 0.0371 0.4636
0.2747 0.7211 0.0042 0.4769 0.0347 0.4884
0.2340 0.7641 0.0019 0.4487 0.0267 0.5246
308.15 0.4737 0.4568 0.0695 0.5768 0.1345 0.2887
0.4493 0.4967 0.0540 0.5737 0.1166 0.3097
0.4239 0.5371 0.0390 0.5687 0.0975 0.3338
0.3995 0.5721 0.0284 0.5594 0.0828 0.3578
0.3663 0.6147 0.0190 0.5475 0.0702 0.3823
0.3303 0.6579 0.0118 05276 0.0573 0.4151
0.2737 0.7209 0.0054 0.4974 0.0404 0.4622
0.2249 0.7722 0.0029 0.4590 0.0342 0.5068
0.1901 0.8083 0.0016 0.4274 0.0303 0.5423
0.1884 0.8100 0.0016 0.4276 0.0300 0.5424
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Table2.Values of Parametersin Equation 1

T/K a b C d R’
288.15 -0.189 -2344 0325 -7.381 0.9961
298.15 -0.202 -2.092 -0.885 -5.442 0.9993
308.15 -0.180 -1.483 -3.411 -1.497 0.9985

Table3. Values of Parametersin Equations 2 and 3

€q.2 eg.3
K kg n R? k r R?
288.15 0.369 1.538 0.9991 1.714 0.593 0.9985
298.15 0.358 1516 0.9995 1.775 0.613 0.9993
308.15 0.306 1.504 0.9998 1.967 0.628 0.9998

Tabled. Deviations of LLE Correlations of the System water (1) + ethanol (2)
+ C¢Hs0-K; (3) by Using Equations 1 and 2, Using Equations 1 and 3,
and Using Equations 2 and 3

egs. 1and 2 egs. land 3
dev(1)[%]dev(2)[%]dev(3)[%]  dev(1)][%]dev(2)[%]dev(3)[ %]
288.15 0.21 0.13 0.19 0.21 0.27 0.24
298.15 0.12 0.33 0.29 0.14 0.39 0.31
308.15 0.16 0.23 0.30 0.11 0.39 0.33
avdev 0.22 0.26
egs. 1and 2

dev(1)[%o]dev(2)[ %o]dev(3)[%]

288.15 0.21 0.28 0.23
298.15 0.13 0.17 0.15
308.15 0.13 0.24 0.26
avdev 0.20
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Table5. Solubility Saturated and Crystal State of Five Salts
in Aqueous Solution at 298.2K 99

Solubility
Salts Mass Fraction of Salt  HYdrate Number of Crystal

in Agueous Solution

Cs,SO,  0.645,0.634(273.0K) O(anhydrous)
CeHsO-K;  0.625(288.2K) 1
NaH,PO, 0.485 2

K,HPO, 0.620 3

K,CO4 0.529 3/2
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Table6. LLE for the System water (1) + ethanol (2) + CgHs0:K; (3) + amino acids (4)

Top phase Bottom phase
Wy W, ws  w,x10* Wy W, Wz w,x10*
Gly
0.4914 0.4310 00776 0.079 05724 0.1405 0.2871 0.212 0.372
0.4510 0.4591 0.0899 0.066 05733 0.1534 0.2733 0.196 0.334
0.3388 0.6479 0.0133 0.019 05245 0.0621 0.4134 0.229 0.084
0.3296 0.6571 0.0133 0.020 05123 0.0529 0.4348 0.242 0.082
0.2964 0.6929 0.0107 0.017 05157 0.0593 0.4250 0.230 0.076
0.2835 0.7108 0.0057 0.018 0.4917 0.0434 0.4649 0.304 0.058
0.2413 0.7553 0.0034 0.011 04719 0.0370 0.4911 0.278 0.040
0.2211 0.7770 0.0019 0.014 0.4418 0.0297 0.5285 0.409 0.035
0.2009 0.7964 0.0027 0.012 0.4610 0.0336 0.5054 0.316 0.038
0.1950 0.8024 0.0026 0.011  0.4553 0.0340 0.5107 0.329 0.035
Leu
0.5201 0.3919 0.0880 0.256  0.5749 0.1499 0.2752 0.187 1.369
0.4728 0.4948 0.0324 0.247 05539 0.0899 0.3562 0.124 1.986
0.3310 0.6541 0.0149 0.267 05254 0.0695 0.4051 0.105 2.540
0.2393 0.7539 0.0068 0.283  0.4889 0.0606 0.4505 0.083 3.392
0.1522 0.8467 0.0011 0.300 04216 0.0225 0.5559 0.041 7.246
Gln
0.5272 0.3929 0.0799 0.138 05731 0.1427 0.2842 0.331 0.419
0.4765 0.4707 0.0528 0.140 05669 0.1090 0.3241 0.376 0.372
0.4560 0.5145 0.0295 0.102 05541 0.0837 0.3622 0.392 0.260
0.3717 0.6154 0.0129 0.075 05275 0.0585 0.4140 0.418 0.180
0.3012 0.6894 0.0094 0.080 05129 0.0547 0.4324 0.463 0.173
0.2573 0.7372 0.0055 0.074 0.4955 0.0422 0.4623 0.559 0.133
0.1941 0.8043 0.0016 0.068 0.4417 0.0269 0.5314 0.661 0.102
0.1784 0.8203 0.0013 0.054 0.4305 0.0254 0.5441 0.577 0.094
Trp
0.5037 0.4073 0.0890 0.666 05742 0.1516 0.2742 0.368 1.810
04772 0.4603 0.0625 0.646 05692 0.1210 0.3098 0.286 2.259
0.4377 05320 0.0303 0.754 05498 0.0899 0.3603 0.257 2934
0.3083 0.6812 0.0105 0.781 05187 0.0547 0.4266 0.171 4.557
0.1912 0.8069 0.0019 0.713 0.4426 0.0282 0.5292 0.104 6.834
0.1745 0.8240 0.0015 0.752  0.4329 0.0245 0.5426 0.103 7.300
Arg
0.5014 0.4143 0.0843 0.161 05756 0.1432 0.2812 0.414 0.390
0.4354 05346 0.0300 0.058 0.5534 0.0860 0.3606 0.519 0.111
0.2871 0.7041 0.0088 0.024 05102 0.0527 0.4371 0.571 0.043
0.2516 0.7427 0.0057 0.026  0.4969 0.0423 0.4608 0.755 0.035
0.2044 0.7924 0.0032  0.019  0.4738 0.0337 _0.4925 0.739 0.026




Table7. Amino acids™

Solubility(g/100g water) Isoelectric Point

Classification

Name Structural Formula
H—:_I' H—CiOOH
Glycine :
y FIH.
. CH~CH-CH—-CH=-CO{H
Leucine [
CH; NH,
HN-CO-CH~CH~CH-CO0H
Glutamine |
NH,
i b —CH— L0
Tryptophan | || KH
e
H
KeC=NH=(H~CHACHACH=C00H
Arginine

Vi it

22.5

2.38

3.78

1.06

14.8

5.97

5.98

5.65

5.89

11.15

neutral amino acid

neutral amino acid

acidic amino acid

(amide)

cyclic amino acid

basic amino acid
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