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ABSTRACT. The dissociation constants of valine and norvaline in aqueous solution were measured
by conductometric method in various temperatures and pressures. The properties of the dissociation
reaction were discussed in term of the thermodynamic properties of reaction. These substituted effects
on the dissociation reaction were discussed on the points of Hammett relation and net charge of the
O and N-atom calculated from CNDO/2 method respectively.
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Table 1. pK, values of valine at various temperatures
and pressures

a) K,

Temp.(T)
P(bar)

15 20 25 30 35

1 229 229 229 231 231
500 220 222 223 224 224
1000 212 215 216 217 217
1500 207 208 209 210 211
2000 200 202 203 204 205
2500 193 197 198 199 200

b) pK;

Temp.(C)

P(bar)
15 20 25 30 35

1 992 975 958 944 930

500 992 977 961 947 933

1000 993 879 963 950 935
1500 995 981 966 953 938

2000 996 984 968 955 940
2500 996 98 971 958 941
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Table 3. Thermodynamic properties for the dissocia-
tion reaction of valine

3) pK:
Table 2. pKa values of norvaline at various tempera- Props.
tures and pressures P(bar)
2 pK, AN° AS® AG® AV®
= (kcal/mol) (e.n/mol) (keal/mol) (ce/mol)
Temp.(C) at 25C at 1000 bar
P(bar)
5 20 25 30 35 1 —-037 -1173 313 15C -82
2 500 —-0.78 -1285 304 20 —76
1241 238 238 237 237 1000 —090 —1291 295 95C —75
50 235 233 232 2;1 2§° 1500 —081 —1228 285 30C —-79
1000 228 225 224 2 224 2000 -102 -1274 277 3T —81
1500 221 2.20 219 2.18 217 2500 —-119 —13.04 270
2000 2.14 2.14 2.13 213 211
2500 2.12 211 2.10 2.09 2,08
b) pK.
b) pK, Props.
P(bar)
Temp.(C) AH® AS° AG® AV®
P(bar) (kcal/mol} (e.s/mol) (kcal/mol) (cc/mol)

15 20 25 30 35

1 1007 991 979 962 950
500 1018 993 979 965 952
1000 1022 1005 990 974 959
1500 1032 1015 998 983 966
2000 1037 1019 1003 987 970
2500 1038 1021 1005 989 974

at 25C at 1000 bar

1 12.58 —1.64 1307 15T 10
500 12.02 —3.56 1311 20t 21
1000 1179 —4.02 1313 25¢ -29
1500 11.55 —4.96 1318 30t -34
2000 1147 —574 1320 35C -27
2500 11.17 —64 13.24
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Table 4. Thermodynamic properties for the dissocia-
tion reaction of norvaline
a) pKl

Props.

AH°® AS*® AG® AV°
(keal/mol) {ew/mol) (kcal/mol} (cc/mol)
at 25C at 1000 bar

P{bar)

1 0.54 —-9.06 324 15C —64
500 097 —7.31 315 20¢ —68
1000 —-0.73 —-778 305 25C -790
1500 —0.72 —7.78 297 30t 170
2000 —0.66 —7.51 290 35C -74
2500 —0.81 —6.84 285
b) pK.
Props.
P(bar)
AH° AS° AG® AV®

(kcal/mol) (eu/mol) (kcal/mol) (cc/mol)
at 25C at 1000 bar

1 1142 —6.10 1334 15C 85
500 12.94 -6.20 1336 20T 84
1000 12.76 —196 1350 25C —74
1500 13.34 —0.74 1362 T -73
2000 13.50 —-062 1368 35C —-62
2500 13.00 -021 1371

golch &, dellA] Ay A3} o) st F7t
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Table 5. Pressure dependence of Hammett parameter,
p for the dissociation reaction of some amino acids
at 25¢C

a) for K,
P =0.2067 r=0.9999
s =0.1990 r=09999
puoo —0.1863 r=0.9988
a,= —045(alanine) —0.55(glycine}
—055(leucine)  —0.60(tryptophane)
—625(p-alanine) —8.60{aminobutyric acid)
—0.16(valine) —0.58(norvaline}
b) for K.
Y =0.0776 r=0.9586
psoe  =0.0796 r=40.9983
pow =0.0856 r=0.987%
a,= —0.5(alanine) 1.0(glycine}
2.5(leucine) 5.5(tryptophane)
—5.3(p-alanine)  —8.7(aminobutyric acid)
2.5(valine) —0.2(norvaline)
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Table 6. The net charge of atoms and dipolemoment of amino acids calculated by CNDO/2 method

pK, pK; O(net charge) N(net charge) Dipole moment Total energy(eV)
norvaline 2.38(2.36) 9.79(972) ~-02325 —0.0113 15.73 —2533.64
valine 2.29(234) 958(962) —0.2356 —0.0184 15.36 -253348
alanine 234(234)  9.79(9.69) -{.2381 —0.0058 15.59 —2060.19
4-aminobutyric acid 4.03(4.02) 10.48(10.40) —0.2500 -0.0099 27.95 —2296.96
6-aminocaproric acid (443) (10.75) —0.2575 —0.0040 3994 —-2770.35
r=10.9468 r=0.9117 r=0.9606(pK;)

(alanine %)) r=0.9703(pK>)
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Vol. 35, No. 2, 1991

A @ 3% AUz 454 =ae(y) g
oX AA[AZL 9& Aolzhe AL A2 4 Qo

¥ ATE TIY Jl2ges4 d7e)e) Ade
2 olFolhon o)e Fe HAHE =uth

2 & 2 8

—

. J. P. Greenstein and M. Winitz, “Chemistry of
Amino Acids”, Vol. 1, Robert Krieger Pup. Co.
New York, USA., 1984.

2. H. M. Walborsky and J. H. Lang, f Am. Chem.

Soc.. 78. 4314(1956).

3. E. J. King, J. Am. Chem. Soc, 82, 3575(1960).

4. E. J. King and G. W. King, /| Am. Chem. Soc,
78, 1089(1956).

5. E. J. King, /. Am. Chem. Soc, 78, 6020{1956),

6. 1. Wyman and T. L. McMeekin, . Am. Chem. Soc.,
58, 908(1933).
7. H. Ley, Ber, 42, 354(1909~1910).
8. 0. A, Mclnnes, [ Am. Chem. Soc., 50, 2587(1928).
9. J. P. Greenstein, f Biol Chem. 96, 499(1932).
10. J. U. Hwang, Y. U. Kwak, and ). W. Jung, } Korean
Chem. Soc, 33, 343(1989).

11. H. S. Harned and R. A. Robinson, Trans. Faraday
Soc., 86, 973(1940).

12. M. May and W. A. Felsing, | Am. Chem, Soc,
73, 406(1951).

13. J. U. Hwang, W. B, Lee, J. K Choe, and H. S.
Lee, [ Korean Chem. Soc, 31, 395, 400(1987).

14. 8. K. Knudson and }. P. Idoux, J Org. Chem.,
4, 520(1979).

15. T. Yonezawa, ¢f al, “Introduction to Quantum



110 EIER - #hkib - BET - FXR

Chemistry”, p. 178, Kagakudojin, Kyoto, 1974.

16. R. W. Taft, M. Taagepera, J. L. M. Abboud, J.
F. Woif, D. ). DeFree, W. J. Hehre, J. E. Bartmess,
and R. T. Mclver, Jr., . Am. Chem. Soc, 100,
7765(1978).

17. QCPE Program No. 389, Indiana Univ., Chemistry
Dept.. USA.

18. J. Donohue, J. Am. Chem. Soc, 72, 949(1950).

19, L. E. Sutton, “Table of Interatomic Distances and
Configulation in Molecules and Ton”, Eyre and

Spottiswoode Ltd, London, 1958,

20. Harned and Robinson, “The Physical Chemistry
of Electrolytic Solution” p.508~514 Reinhoid,
New York, N.T. 1943.

21. A. Fischer, B. R. Mann, and J. Vaughan, /. Chem.
Soc. 1093(1961).

22. ). U. Hwang, Bull Korean Chem. Soc. 8, 237
(1987).

23. Kirkwood J. G. and F. H. Westheimer, J. Chem.
Phys. 6, 506, 513(1938),

Jowurnal of the Korean Chemicai Society



