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ABSTRACT. The pK, values of benzoic acid and meta, para-halogen substituted benzoic acids in
MeOH-H:0 mixtures (0~80% of MeOH) have heen determined at 25C using a conductometric method
on the basis of the Fuoss-Kraus equation, and further verified using modified conductometric methed
of Gelb. The dependence of pK, on halogen substituents has been discussed in terms of substituent-
constant (¢), which is devided into electron-withdrawing inductive contribution {g;) and electron-donating
n-resonance one (oz). The linear-dependence of o/s on D! with positive slope and that of oz's on
D~' with negative slope have been interpreted on the basis of field effect and through-space interaction
of n-lone pair of halogen substituent and ionization center via n-system of benzene ring.
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Table 1. pK, values of benzoic acid and halogen substituted benzoic acids obtained by conductometric method

at 25C
wit% of MeOH 0 10 20 30 40 50 60 70 80
Xaseont 0 0059 0123 0194 0273 0360 0457 0.568 0.694
1/DX 107 127 1.35 143 - 1.64 178 1.94 2.12 235
n(Centipoise) 0.984 1.069 1451 1589 1.607 1.565 1443 1249 1.029
A’uco, 4178 3632 3001 2542 2124 1748 150.2 1346 1229
Benzoic acid A° 3922 3504 2886 2402 1924 164.8 140.2 121.3
pK 4.20 439 4.55 4.71* 494 5.18 547 5.72
m-Fluoro- A° 3886 3443 2897 2439 208.0 166.0 138.7 1228 1107
benzoic acid  pX 3.86 4.01 4.12 4.28* 445 4.67 486 5.12 5.39
p-Fluoro- A° 3835 3469 3016 2425 1974 1713 1434 1235
benzoic acid  pK 4.12 4.30 447 4.63* 484 5.08 535 563
m-Chloro- A° 386.7 339.0 2850 2432 1194 162.0 1382 1224 1105
benzoic acid  pK 382 3.96 4.07 4.22* 4140 4.58 4.79 500 524
p-Chloro- A° 389.3 342.2 2929 2407 194.7 165.8 1413 1223
benzoic acid  pk 3.98 417 4.32 4.46* 4.66 495 519 548
m-Bromo- A° 3916 3460 2924 2435 1986 1646 138.2 1184 1096
benzoic acid  pK 3.81 3.93 4.04 4.13* 4.30 4.50 4.66 4.86 5.12
m-Bromo- A° 3856 3411 2898 2396 192.9 1638 1410 1218 1183
benzoic acid  pk 396 4.14 4.29 444 4.64 4.9 5.16 540 568

*avrage pK values without the meodification by Fuoss-Kraus equation. D : dielectric constant ; v | viscosity

A° . molar conductance at infinite dilution,
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Fig. 1. Plots of the pK, values vs 1/D for benzoic
acid and substituted benzoic acids.
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Fig. 2. Plots of the pK, values vs Xyeon for benzoic
acid and substituted benzoic acids.

Table 2. Hammett substituent constants (o) in MeOH-H,O binary mixtures at 25T

wt% of MeOH 0 10 20 30 40 S0 60 70

H 0 0 0 0 0 ¢ t] 1]

m-F 0.34 0.38 043 043 049 051 061 0.60

m-Cl 038 043 048 049 054 0.60 068 0.72

m-Br 0.39 046 0.51 0.58 0.64 0.68 0.81 .86

b-F 0.08 0.09 0.08 0.08 0.10 0.10 012 0.09

p-Cl 0.22 022 023 025 028 023 0.28 0.24

p-Br 0.24 0.25 026 027 0.30 0.28 031 0.32
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Fig. 3. Plots of ¢° ys 1/D for the three meta-and para-
substituted halogens. The diagrams in the bottom
show the plots of R vs 1/D.
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