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2 9 Anilinium ion, o-toluidinium ion, phenol 2 o~chorophenol & &2 442 10~40°C
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AqAAE 59 gFe] FAE4E A Jert FoMkE 2t anilinium ions 9] | AFE LE}
FHEEE FoMst R, gEel FARSE Zasgn A 439 ade d=u-EAY 3
A9 F7o 2 Av A}, F phenols & Zo] shgo] Frete 4L FHel FAERSFE A AE)
%718t anilinium ions 9 o] dhA 9] Fztol gled e Fage) ol F de il A
A A stetelE, dH®, 4G°, 4S°, 4V F & A3tz fut-d A& @5

ABSTRACTS. The dissociation constants of anilinium ion, o-toluidinium ion, phenol and o-
chlorophenol were measured spectroscopically in aqueous solution over the temperature range of
10~40°C and at the pressures up to 2,000 bars. The effects of temperature and pressure on the
dissociation of the phenols are the same as those of the ordinary weak acids. Meanwhile the
dissociation constants of anilinium jons are increased with temperature raising and decreased with
pressure elavation. The effects of pressure on the constants can be explained by taking account of
change of charge during dissociation reaction; there are increase in charge in the dissociation of
phenols but anilinium ions are not. Several thermodynamic properties, 4H®, 4G°, 45°, 4V and
B are calculated from those constants, and the dissociation reactions are discussed by them.
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Table 1. Dielectric constants of water.

Press. (bar) D
Temp. (°C) 1 500 1000 1500

10 83.95 85.77 87.37 88.72

20 80.18 81.93 83.44 84.70

30 76.58 78.23) 79.71 80. 86

40 73.85 74.74 76.13 77.31
2. ¢4 H

B AW AST e
phenol 2@ o-chlorophenol o]
I aniline 2 Kanto Chemical Co.2] A& 7+
& 78t AL8-3+9. 3 phenol 7 o-chlorophenol
& 244 Junsei Chemical Co., Kiside Chemical
Co. 8 A e otz Agstd FxE 314
A4 AASR, o-toluidine & FAsH A
g edl gAML gt Zeh 106.24ml
(1.5mole) 9] toluene & 500m! &8ke] S+ uf
% Fetzadd ¥z 4974 656% HNO; 72ml
9} 98% H,SO, 50.3ml & 4 Zda4L HAA
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2 27 3 F£%F7) ZFIh, Ether 2 F
23 o} 4 CaCl; 2 243tz ether & &
HEdch ol Y& HAE YA Sl A 3
A AE gl 9en oA Ao ¢ v
A7l AL A Aok (P-isomer) &R & A
FEFTE FAA 5 Eolste] =4 AYA] o-
toluidine (bp. 22°C)& 4% 4 9ot
gagdos 485E ARAGE 22 4
4P or LR 25 AAT AxsE LF2A
HERT, FHEE 3 AL cell >
cell(Hofer, Germany) =4l 1,500 bar 7}*} 7}t
g 4 9l saphire window 24 37| 250nm
AAE RS EALEE 10°Co) A
4o°c 74A Atelo A 10°C ottt FA P2 252
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Fig. 1. Absorption spectra of (A) aniline (at 25°C, 1 bar,
m=1.37X10-3) and (B) phenol (at 30°C,m=5.14X107%) in acid
(0. 068M HCI), alkali (0.068M NaOH), and buffer solutions.

1AZES e 35 54 48 F (Swiss,
Nova)el A Ak 5t (paraffin oil) & 4§27
2 S04 A2 AYRH FHEE UV-Spec-
trometer (Japan, Shimadzu, UV-210A)2 &34
39z ¢# e Burdon ¢FEA0]# (Burdon, U
SA)EA ddth. @AdAM Ame 4489
FAERA 49 FEI QA2 £
24 F457 v% WA @ 0.068M HCl
LA%9) FAzH Ay A4S 3=
24 0.068M NaOH &4 Fof 48] FAzolrt,
Anilinium ion & o-toluidinium ion-& &4 &
@)= acetate buffer & phenol &} o-chlorophenol
o] A& borax buffer & A3 =6l o) & mua
=mys-<l buffer & A§3te] pH=pK,(HA)7}
=% ok

4% e 28 Fhsht 2 UVYY
o] 9127 Aniline # phenol 8] FrA¥ElL
Fig.13} 2ttt Aniline 8 F5 5 (25, 280
nmol 912 ¥714% & vebdicl, 28y phenol

d7]Adge] 287nm o]z AAH L 269nm =
= 7t A QelA FA0] o H Y

A
4. @3t 8 03

ZAo]| A4% anilinium ion, o-toluidinium
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ionel thdte] 24 FFEE Table 2¢] et
Wi}l o-toluidinium ion, phenol @ o—chloro-
phenol 8] = o9 ¥ £& & vEhdet, o
5 3= AZE @A AgEd #HHx a
2 AL F 9o 73 16)AHAA AL
& 9. K.(HA)#LS 45899 a9 #z4
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Table 2. Optical densities of the anilinium ion

in the acetate buffer solutions at 1., = 280nm.

Temp.

Press. (bar)

C) | Soln 1 500 | 1000 | 1500
NaOH+A%| 1.85 | 1.88 | 1.91 | 1.94
HCI+A 0.10 | 0.10 | 0.10 | 0.10

10 |0.040%+A| 0.51 | 0.42 | 0.3¢4 | 0.27
0.065*+A| 0.57 | 0.38 | 0.31 | 0.24
0.095%+A| 0.40 | 0.31 | 0.24 | 0.16
NaOH+A | 1.85 | 1.89 | 1.92 | 1.95
HCl+A 0.11 | 011 | 0.11 | 011

20 | 0.040+A | 0.70 | 0.60 | 0.51 | 0.43
0.065+A | 0.65 | 0.55 | 0.46 | 0.38
0.095+A | 0.58 | 0.48 | 0.39 | 0.3
NaOH+A | 1.86 | 1.89 | 1.92 | 1.95
HCI+A 0.13 | 0.13 | 0.13 | 0.13

30 [0.040+A | 0.87 | 0.77 | 0.67 | 0.57
0.065+A | 0.82 | 0.72 | 0.62 | 0.53
0.095+A | 0.75 | 0.65 | 0.55 | 0.46
NaOH+A | 1.87 | 1.90 | 1.93 | 1.95
HCl+A | 0.15 | 0.15 | 0.15 | 0.15

40 |0.040+A | 1.02 | 0.93 | 0.83 | 0.75
0.065+A | 0.97 | 0.89 | 0.79 | 0.70
0.095+A | 0.92 | 0.82 | 0.72 | 0.63

A*1; aniline(m=1. 37 x10-9)
0. 040*2; Ionic strength 0.040 in buffer solution
0. 065*3; Ionic strength 0.065 in buffer solution
0.095*; Ionic strength 0.095 in buffer solution

(A) Acetic acid

Table 3. The dissociation

£ anilinium iond] WA 2t JeERQ . o] &
e BF ol ARt I A9 gho|dt,

PK, 32 o2 o] 3= A9 pK,' & I=0
Z &4ete] FalgEdl 2 ARE Table 59
vHER St

Table 414 £E7k SobAd 82 45t =
T FUbgkth. zEv kel Folekd
nium ion 3 o-toluidinium ion & FA3¥l=z
phenol 3 o-chlorophenol & Z7}3lch. o]
anilinium ion 3} o-toluidinium ion o A = 3
Aol Al kel wEst glAwt phenol 7 o-
chlorophenol o] = 3R 9] ZAE Ao nz
skl wek Aol ok Add . ojs
RE ALE HE FAACE Fotus] A9 B
$ol 4% A9 Aoolg e T Byt

Fig. 2 & o—chlorophenol o] ¥ & pK, vs. 1/ T
9] plot 24 o] slopec]A 3sjejurge] 4H®
F (ANAHLZ F8 78 ¢ 2 Fig. 3& 4G°
vs. P2} plot 24 o] sloped]A] 4V E (18)43]
cz2E 7% % gk 42 opEe el
E e uylog AHCS AVE +8 4 At

anili-

i Ry
X
—

4H°=—2. 303R( gl(‘ig/%) , an

28l 4G°, 4S8° F isoequilibrium tempera-

constants of acetic acid and boric acid.

K,

N 1 1000 1500

10 K.=1.730X10 2. 128X 10-5 2.099%10-5 3.252x10-5
pK,=4.762 4.762 4.569 4.482

20 1.74 %105 2. 157X10-5 2.736X10-5 3. 208105

4.756 4.666 4.563 4.482
30 1.750X10-5 2.153X10-5 2,730 X105 3. 200 10-5

4.762 4.667 4.564 4.483
40 1.702X10-5 2.093%10-5 2. 655105 3.200X10-5

4.760 4.679 4.576 4.495
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(B) Boric acid

- BREE - ANIEE - RhEEE - e

K,
Ty 20 1 500 1000 1500

K,=4. 198100 8.900 X 10-10 1. 751 X 10-9 4.009X10-?

pK,=9.377 9.051 8.757 8.301
5. 272X 10-10 1.051X10-9 2,009 X019 4.112X10-°

9.278 8.978 8.697 8.368
6. 3241010 1. 246X 10-° 2. 264109 4.364X 109

9.199 8.904 8.645 8.360
7.430X100 1. 441X 109 2. 563X 102 4.607X10°0

9.12 8841 8. 591 8.337

Table 4. Dissociation constants of weak acids in various ionic strength Anilinium ion (m=1.37x10-3).

T P(bar) 1 500 1000 1500
=]
0 I 0.040 0.065 0.095| 0.040 0.065 0.095( 0.040 0.065 0.095| 0.040 0.065 0.095
« 0.234 0.211 0.171{ 0.180 0.157 0.118 | 0.133 0.116 0.077 | 0.092 0.076 0.003
10 —logr:| 0.075 0.089 0.102| 0.072 0.087 0.099| 0.071 0.084 0.096 | 0.069 0.083 0.094
K.’ 5.157 5.157 5.244 | 5.187 5.228 5.348 | 5.241 5.285 5.456 | 5.338 5.401 5.761
a 0.337 0.309 0.269| 0.275 0.247 0.208| 0.221 0.194 0.155| 0.174 0.147 0.109
20 —logyy| 0.078 0.090 0.103| 0.074 0.088 0.100( 0.072 0.086 0.098 | 0.070 0.084 0.096
pK. 4.898 4.926 4.984 | 4.939 4.794 5.047 | 4.966 5.010 5.104 | 5018 5.078 5.202
a 0.428 0.399 0.358 | 0.364 0.335 0.295| 0.302 0.274 0.253 | 0.242 0.220 0.181
30 —logy:] 0.777 0.092 0.105| 0.075 0.089 0.102| 0.073 0.087 0.100 | 0.071 05085 O0.097
K., 4.734 4.756 4.806 ) 4.759 4.787 4.841 | 4.782 4.813 4.877 | 4.837 4.863 4.945
« 0.506 0.477 0.448 | 0.446 0.423 0.383 | 0.382 0.360 0.320 | 0.333 0.306 0.267
40 —logr:| 0.078 0.094 0.107 | 0.075 0.091 0.104 | 0.074 0.089 0.101 | 0.073 0.087 0.099
K. 4.603 4.621 4.646 | 4.623 4.632 4.678 | 4.637 4.648 4.701 | 4.651 4.677 4.736
i 115 - T T f
85t -
{
| - 1bar ‘ .
L 50 1.0 ; wt A
B |
PKa L w g N
8o L o R . § 0
- i c 2
7T st 0
1
L ‘ 10
37 EY ETA 3%

071

Fig. 2. Temperature dependence of pK, for

o~chlorophenol under various pressure.

P/bar

Fig. 3. Pressure dependence of 4G for the
o—chlorophenol at several temperatures.
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Table 5. Dissociation constants of weak acids in zero ionic strengh.
(A) Anilinium ion (CeHsNH3t+ H0=2CeHsNH,+H;0*)
£ (bar) 1 500 1000 1500
pK

T(°C) pK, K,/K; pK, K,/Ky pK, K,/K; pK, K,/K;
10 5. 036 1. 00 5. 080 0.90 5.120 0.82 5.180 0.72
20 4.828 1.00 4. 860 0.93 4. 886 087 4.910 0.83
30 4. 680 1.00 4.700 0.95 4.728 0. 89 4.758 0.84
40 4. 560 1.00 4. 560 0.97 4. 586 0.94 4. 608 0. 90
(B) o-Toluidinium ion (CeH4CH3NH;3++H0=CeHCH3NH;+-H;0+)

\P?{’lr)\ 1 500 1000 1500
p

T(°C) pK, K,/Ky pK. K,/Ky pK, K,/Ky pK, K,/ K1
10 4.748 1.00 4. 818 0.85 4.608 0.69 4. 992 0.57
20 4. 548 1.00 4.632 0.82 4. 699 0.72 4.754 0.62
30 4. 350 1.00 4.424 0.84 4.454 0.79 4.502 0.70
40 4.142 1.00 4.222 0.83 4. 292 0.71 4. 358 0.61
(C) Phenol (CeH;0H--H:0=CeHs0-+H30*)

s Fban) 1 500 1000 1500

pK

T(OC) PKa Kp/Kl PKa Kp/Kl PKa Kp/Kl PKa Kp/Kl
10 10. 170 1.00 10. 024 1. 40 9. 940 1.70 9. 862 2.03
20 9. 952 1.00 9.770 1.52 9.510 2.77 9.234 5.22
30 9. 820 1.00 9. 580 1.74 9. 340 3.02 9.126 4.94
40 9. 698 1. 00 9. 420 1.90 9.188 3.24 8. 940 5.73

(D) o-Chlorophenol (CsHsCIOH+H;0=CeHsClO~+Hz0%)

‘P\“’;) 1 500 1000 1500
P
k pK, K,/K; pK, K,/K; pK, K,/K pK, K,/K;
10 8.308 1.00 8.200 1.28 8.048 1.82 7.940 | 2.33
20 8.186 1.00 8.080 1.28 7.970 1.64 7. 862 2.11
30 8. 060 1.00 7.940 1.32 7.848 1.63 7.760 2.00
40 7.798 1.00 7.884 1.24 7.760 1.65 7.676 2.00
ture & 242 g AdA 7 5 sloh Table 6| FeEFA QLT
4G°=—2.303RTlogK, (T=208°K) (19) oE de 2d AHT RS dE Rel=z 4
g AR AelHdo FLAE Tk
aso=4E"24G (7ogegK) (20 o Ao Se o) el g
T 2N A Table 48] AFAAH 257 L7 3
d(4H°) A A+E $7184 HE Zojch  anilinjum
ﬁ:m 2D

oldANA T 4H®, 4G°, 45°, 4V, BE¥
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Table 6. Thermodynamic parameters of the dissociation reaction.

(A) Anilinium jon (CeHsNHa++H;0:=C¢HsNHz+H30%)

P 4H° AG° o T 4V
(bar) (kcal/mole) (kcal/mole) (cal/mole-deg) cC) (ml/mole)
1 6. 39 6.48 0.32 10 4.28
500 6. 68 6. 55 0. 47 20 2.65
1000 6. 97 6.58 1.31 30 2. 52
1500 7.28 6. 62 2.21 40 3.57

av. 3.23; =385°K

(B) o-Toluidinium ion (CeH CH3NHg++H,0=CsH,CH;NH;+H50+)

P 4H° 4G° ° T av
(bar) (kcal/mole) (kcal/mole) (cal/mole-deg) (&) (ml/mole)
1 7.75 6.05 5.70 10 8.95
500 8.13 6. 16 6. 16 20 7.98
1000 8. 47 6. 25 7.50 30 6.43
1500 8.76 6.33 8.15 40 7.77

(C) Phenol (CgHsOH+H;0=CgHs0-+-H30+)

av. 7.78; f=420°K

P 4H° 4G° ° T 4V
(bar) (keal/mole) (kcal/mole) (cal/mole-deg) °C) (ml/mole)
1 7.55 13. 50 —19.97 10 —22.2
500 7.24 13. 26 —10. 20 20 —28.1
1000 6. 86 12.97 —20.50 30 —26.5
1500 6. 51 12. 67 —20. 67 40 —29.8

av. —12.1; §=380°K

(D) o-Chlorophenol (CgHsCIOH +H:0-=2CeHsCl0~-+H30+)

P AH® © ° T a4V
(bar) (kcal/mole) (kcal/mole) (cal/mole-deg) °C) {ml/mole)
1 5. 08 11.09 —20. 16 10 —13.4
500 4.77 10. 94 —-20.03 20 -11.3
1000 4.38 10.78 —21.48 30 —10.9
1500 4.01 10. 64 —22.24 40 —12.6

= A2 ¥ #gorA el FMY 5 F
Z4gteh, E AV ko] ¥ golmz F 4] Fo
7t FE ¢ Utk ol AL il Fbst
= A GolEs} dAse]  FHlurgol Az
=g %3t phenol 3 o-chlorophenol o 4] =
tHo] Zrsld 4HC9 4G°E ¥9 oA
gH o] FALFE pagh E AV e & &

av. —12.1; §=380°K

8 golmz A FIs} g ole ¢
Hol Fritskd dejA LA Ee] & sojrtx
AAR ol ol W Lelsst dojutr] = el
dlejubgol FEE %k 283 isoequill-
brium temperature &= 2}z 385, 420, 970,
BPKEA 5% AYeEdAd dgw ANE

Bz gl
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