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CHAPTER IIT

THERMODYNAMIC TONIZATION CONSTANTS OF HYDROXAMIC ACIDS

RESUME

The thermodynamic ionization constants of
hydroxamic acids have been determined in different
mole fractions of dioxan (0.174-0.33) at 25 and
3540.1°C. The pK_ varies linearly with the mole
fraction of dioxan and the linear relationship
have been obtained using the method of least
square, The relevant correlation coefficients have
also been calculated. The thermodynamic parameters,
AGe, AH®  and AAS° are calculated. The effect of
substituent on ilonization of hydroxamic acids is

discussed.,
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INTRODUCTION

The knowledge of ionization constant is essential to
know the order of basicity of the ligand and eitraction
equilibria of the metal ions. Further for the calculation
of the metal ligand stability constants, the ionization
constant plays an important role, With this view, in the
present investigation the thermodynamic ionization constants

of substituted of-phenyl cinnamohydroxamic acids (I)

R, =CH = C -

2

€y

(R1= Phenyl, p~-Cl-phenyl, p~tolyl or m=tolyl and
R,= aryl or substituted aryl ete. )

have been determined in dioxan-water media at 25° and 35°C,

Since most of the hydroxamic acids are sparingly
soluble in water, the mixed aqueous media has been used to

obtain the desired constants,

The pKa were determined by the pH titration method
using glass and saturated calomel electrode, The details of
the method and calculations etc. are essentially the same

as described by Agrawal (1),



Since these acids are insoluble in water but highly
soluble in dioxan, the dioxan~water media have been choosen
for the determination of ionization constants. Moreover,
the dioxan is completely miscible with water and hes a
neutral character. The boiling range of both the solvents
are approximately same., Many of the physical properties of
dioxan-water mixtures, needed for studying the proton-ligand
and metal ligand ionic equilibria, are accurately known and

are easily available (1,2).
Thermodynamic ionization (proton-ligand stability) constants

The thermodynsmic dissociation constants Ka(aq) of

hydroxamic acid, HA,

HA - g 4oa
—_——

in an agueous medium is given by equations (I) and (II).

3 [H:j E‘*_J Yyt - I~

K (1)
a(aq) [H% Ven
HA|
PKo(aq) = ~ 108 {éﬂ + log %%%T - 2 log Vi (I1)

where vy, is the mean activity coefficient of a univalent
ions (yp+ + Yp- = y+) at a given temperature and medium,
it is assumed that the activity coefficient of the unionized

acid yyy, is unity (3,4).
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If the medium is altered by addition of dioxan, then
according to Van Uitert and latter Agrawal et al. (5-10)
the stoichiometric hydrogen ion concentration.[ﬁﬂ can be
obtained from pH meter readings (B) by the following

equation (III)

- log ﬁ%ﬂ = B+ log Uy + log vy, (I11)

The values of log U°H were determined experimentally

by Agrawal and given in the Appendix I, Table 1.

Then from equation (II) and (III) we get

[72) 1/
pK, = B+ log U4 + log + log v, (IV)
A= —

The pKa values, thus determined, are termed as thermo-
dynamic values, for that include correction dve to activity

coefficients. The equation (IV) can be written as

B+ I (V)

) ]

Where £\ log UCH + log ~Tzfr~ + log }Y+ |

]

K

il

The values of A\ calculated by Agrawal (1) are

summarised in Appendix I, Tables 2-3.

If the hydrolysis of the salt is taken into consideration,

the eguation II can be written as



and for mixed aqueous media.

o [ea] + [on 1/

Uy + log [Aﬁ] ~h[OHj + log

Relevant values of pK  as given by Agrawal (1)

@Ka =B + log v+ (VII)

summarised in Appendix I, Table 4, are used to evaluate the

hydroxyl ion concentration.

Thermodynamics functions for ionic equilibria

The standard free energy NG® of the ionization reaction,

HA ——> HY 4 A7, can be determined from the equation (VIII).
A\G° = 2.303 RT K, (VIII)

which can be writtern in a simplified form :

it

NG (298.2°) 5.711 K, (KJ) (IX)

O\ G° (308.2°)

!

5.906 pK, (KJ) (x)

The expression for the standard enthalphy of reaction,
AAHe (KJ), is obtained by integrating the Vant Hoff equation

for two temperature T,1 and TZ :

K
K

2 & H (T, - Ty) (XT)

1 19,146 T,T

log

2
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Equation (XI) is approximate, since A\ H° varies with
temperature. For measurements at 25° and 35°C equation (XI)

can be simplified as

ANHe (KT) = 176,02 £\ pK, (XII)

Standard entropy changes,2NS5°, 1is computed from Gibbs—
Halmholtz '@ equation (XIII).
DN G° ~ANHe

- B = e (XITI)

At 25 and 35°C equation (XIII) can be reduced to the

following forms :

At 25°C -AAS° (KJ) = 14.033 x 1070 (G° -AH) (XIV a)

]

13.57% x 1072 (NG® —-Z\NH) (XIV D)

i

At 35°C -ANSe (KJ)
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EXPERIMENTAL

The details of the chemicals and reagents used are

described in CHAPTER II.
Hydroxamic acids

These are described in CHAPTER II and recrystalized,

before use, from the mixture of benzene and petroleum ether.
Distilled water

Pure distilled water redistilled over alkaline potassium
permanganate and freed from carbon dioxide was used. It was

tested for the absence of carbonate by Kolthoff's method (11).

Dioxan

p-Dioxan was purified by the method of Weissberger (12).
It was refluxed over the pellets of KOH for sbout 8-10 hrs,
distilled and middle fraction of the distillate refluxed over
metallic sodium for 5-6 hrs. and fractionally distilled. The
middle fraction was used. Its purity was established by
freezing points which varied from 11.65° to 11.80°C
(uncorrected) against the reported range 11.65° to 12.00°C

(13, 14).
Volume percent dioxan

A1l sclutions were made up by volume and the designation.

X percent dioxan (v/v) refers to the mixture obtained by
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mixing X ml of dioxan with (100-X) ml of water. Due allowance
for the contraction in volume on mixing of two solvents, was
made whenever necessary (7,8). Mole fraction of dioxan was

calculated using appropriate values of densities (4).

APPARATUS

A digital Systronics pH meter Model 324 equipped with a
combined glass and calomel electrode was used for the pH
metric measurements. The pH meter was calibrated in dioxan-

water mixtures as described elsewhere (9,10).
DETERMINATION OF IONIZATION CONSTANTS

The titration procedure for determining ionization
constants, was essentially the same given by Agrawal (1,2).
In a titration vessel (thermostated at 25 and 35+0.1°C).

0.01 M hydroxamic acid in 47.5 ml of the solvent of desired
composition was titrated, with 0.5 ml increments of 0,1 M
tetrabutylammonium hydroxide, after being dearated by passage
of nitrogen (presaturated with solvent) for 15 min. The
highest steady B value (pH meter reading) being noted

after each increment.
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RESULTS AND DISCUSSION

Experimental observations on the determination of pKa
for a few sets of titrations are reported in Tables 1-3.
So far thermodynamic pKa of none of these acids have been
reported. The data on the thermodynamic ionization constants
of substituted of-phenyl c¢innamohydroxamic acids in various
dioxan-water media at 25%°and 35°C are given in Tables 4-5,
The average pKa generally falls within a spread of +0,02

but not beyond +0,03 in any case.

In Figs. 1-9, the pKas are plotted against the mole
fraction of dioxan, N5, in the solvent mixtures and
empirical relations derived therefrom are given in Table 6.
The values of thermodynamic functions &G, AAH® and A5°

are summarised in Table 7.

The hydroxamic acids are very weak 'acids but stronger
than phenols, and their acidity have been attributed
essentially to the -OH group. The decrease in the acid
character may be due to intramolecular hydrogen bonding (IT)

which has been proved by ir spectroscopic studies (15-17).
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Determination of pKa of Ne-phenyl-« ~phenyl-p-methoxy cinnamo-

hydroxamic acid in 50% (v/v) dioxan-water media

Structural formula Mol. wt. Temperature

345.40 25+0,1°C
@1 - :

| Concentration : 0,01 M at half

H300-<::>- CH=C-C=0 neutralization. N-Phenyl- «~phenyl-p-
methoxycinnamohydroxamic acid

E:] (0.1727 g) was dissolved in 23.75 ml
of dioxan and 23.75 ml of water.

log Uﬁ

0.20

I I oIz Iv v VI VII

0.1000 M B _oonoentearion LA cofumn 108 % P

Buy MO [ma] [a=] [a"] ~
0.00 7.74 0,010 0,000 - - - -
0.50 9.91 0.009 0.001 9/1 0.954 0.038 11.10
1.00 10.22 0,008 0.002 8/2 0.602  0.071 11.09
1.50 10.43  0.007 0.003 7/3 0.368  0.097 11.10
2.00 10.63 0.006 0.004 6/4 0.176  0.107 11 .11
2.50 10.78 0.505 0.005 5/5 0,000 0.119 11.10
3.00 10,95 0.004 0,006 4/6  ~0.176 0.128 11.10
3.50 11.13 0,003 0.007 3/7 =0.368 0.134 11.10
4,00 11.37 0,002 0.008 2/8  ~0.602  0.143 11.11
4,50 11.72  0.001 0.009 1/9  =0.954  0.150 11.12

el . 1
pKa = B + log Uﬁ + log fzﬁ% + log yi

Results : Average K, = 11.10+0.02
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TABLE 2

Determination of pK, of N-phenyl-& ~phenylcinnamohydroxamic
acid in 60% (v/v) dioxan-water media

Structural formula Mol., wt. Temperature log UI?I
@*N - OH 55,37 3540,1°C 0.42
- CH = C -~ = 0 Concentration : 0,01 M at half
© neutralisation N-Phenyl-e -phenyl
cinnamohydroxamic acid (0.1577 g)

was dissolved in 28.5 ml of dioxan
and 19.0 ml of water.

I 11 11T Iv v
e L sommme
Bu, NOH = a

o il Lo

0.00 7.80 0.010 - 0. 000 - -
0.50 9.89 0,009 0.001 1.47 11.36
1.00 10.21 0.008 0.002 1.16 11.37
1.50 10.41 0.007 0.003 0.95 11.36
2.00 10.58 0,006 0,004 0.77 11.35
2.50 10.74 0,005 0,005 0.61 11.35
3.00 10.89 0.004 0.006 0.45 11.%4
3.50 11.08 0,003 0.007 0.27 11.35
4,00 11.30 0.002 0,008 0,05 11.35
4,50 11.64 .00 0.009 -(.29 11.35

HA| 1
log U}?I + log [ + log =
A= Vo

K, = B+<S, where FAN

Results : Average pK = 11.35:0.02
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TABILE 3

Determination of pKa of N-p-tolyl- X~phenylcinnamohydroxamic acid
in 70% (v/v) dioxan-water media

Structural formula Mol. wt. Temperature log U§
H_C N ~ OH 329.40 25+0.,1°C 0.80

Concentration : 0.01 M at half
neutralisationgip~tolyl- X-phenyl-
@ cinnamohydroxamic acid (0.1647 g)
was dissolved in 33.25 ml of dioxan
and 14.25 ml of water.

I IT I1T Iv v
Titrant B Stoichiometric PN K
0.1000 M concentration a
BquOH [EMJ [A-]

ml

0.00 8.30 0,010 0.000 - -

0.50 11.04 0.009 0.001 1.87 12.91
1.00 11.31 6.008 0,002 1.61 12.92
1.50 11.49 0.007 0.003 1.43 12.92
2.00 11.86 0.006 0,004 1.27 12.93
2.50 11.82 0.005 0.005 1.1 12.93
%3.00 11.99 0.004 0,006 0.95 12.94
3.50 12.15 0.003 0.007 ’ 0.78 12.93
4,00 12.35 0.002 0.008 0.57 12.92
4.50 12.71 0.001 0.009 0.24 12.95

, 4] 1
ﬁ + 1og t@ﬁr + log ~§:

—

pKa =B+, whereN = log U

Results : Average pKa = 12.93+0.02



TABLE 4

Thermodynamic ionization constants of substituted o{-phenyl-
cinnamohydroxamic acids in dioxan-water media at 25°C.

. . . Py
C§2pd Cinnamohydroxamic acid Mole fraction of dioxan, n,
0.174 0.240 0,330
I N-Phenyl- &{-phenyl- 11.10 11.85 12.85
p~methoxy-~
II N~p~Tolyl-e{ -phenyl- 11.36 12.04 13.05
p~methoxy-
I1T N-m~Tolyl~o{~phenyl- 11.30 12.00 12.96
p-methoxy-
v N-p-Chlorophenyl-« - 10.72 11 .40 12.40
phenyl-p-methoxy-
v N-Phenyl- & -phenyl- 10,75 11.60 12,70
VI N-p-Tolyl= L ~phenyl=- 10.85 11.70 12.93
VII N-m-T0lyl-X ~phenyl- 10.80 11.65 12.85
VIII  N-p-Chlorophenyl=- 10,50 11.35 12.50
X ~-phenyl- ‘
IX N~phenyl=-e{~-phenyl=- 11.05 11.80 12.80

3,4,5 trimethoxy~




TABLE 5

Thermodynamic ionization constants of substituted oA-phenyl~
cinnamohydroxamic acids in dioxan-water media at 35°C.

Compd Cinnamohydroxamic acid K

No. a

Mole fraction of dioxan, n,

0.174 0.240 0.330

I N-Phenyl- ~-phenyl- 10.87 11.60 12.60
p-methoxy-

II Nep-Tolyl=-X ~phenyl- 11.08 11.80 12.80
p-methoxy-

ITI N-m-Tolyl-& -phenyl- 11.05 11.70 12.75
p-methoxy-

IV N-p-Chlorophenyl-«& - 10,45 11.15 12.15
phenyl-p-methoxy-

v N-Phenyl- & -phenyl- 10.50 11.35 12.48

VI N-p-Tolyl= X ~phenyl- 10.60 11.50 12.70

VIT N-m-Tolyl=e ~phenyl~ 10.55 11.40 12.60

VIIT  N-p-Chlorophenyl-« - 10.25 11.10 12.25
phenyl-

IX N-Phenyl- A ~phenyl- 10.82 11.55 12.55

3,4,5 trimethoxy-




T T T T T T
- N—OH -
14-0f— | _
H3CO—.-HC-—- C—C=0

i @ @ 250—‘

13.0}— /|

350

m - e

x

< 12.0}- _

1.0} _

- o

10-0}— —
9.0 L ] 1

I T
0-0 0-10 0-20 0-30 0-40
MOLE FRACTION OF DIOXAN

FIG 1: VARIATION OF pKa WITH MOLE
FRACTION OF DIOXAN.



1 I i l 1 l III
i H3C—@— T—OH i
14:0-H3cO{O)-HC=C—C=0 —
- 250—
13:0p— 350
m P —
x
< 12.0f- —
1.0 _
9.0 ] | ! I |

|
0-0 0-10 0-20 0-30 0-40
MOLE FRACTION OF DIOXAN

FIG, 2: VARIATION OF pKa WITH MOLE
FRACTION OF DIOXAN,



1 T T T T 4
H3C i
" ©ry-on -
H3c0{O)-HC=C-C =0 B
140 ~ -
13-0p— 3557
]
x - -
Q.
12.0}— -
110} _
10-0}— ]
9oL | ¢ I 4 1

0:0 0-10 0-20 0-30 0-40
MOLE FRACTION OF DIOXAN

FIG, 3: VARIATION OF pKa WITH MOLE
FRACTION OF DIOXAN.



14-0jH3c0{O)-HC= C-C = 0 ]

13.0} 252

35°
12:0p~ -

10-0— —

9.0 -

8-0 ] | ] l | | 1
-0 0:10 0-20 0-30 0-40

MOLE FRACTION OF DIOXAN,

FI1G 4: VARIATION OF pKa WITH MOLE
FRACTION OF DIOXAN.



T | | ] I | II
_ @ri—-OH -
14-01— @-HC: C—C=0 -
— 25°
13:0|— —
50
2
- 12.0}— —
_ .
11:-0}— -
100 -
9.0L__1 | i l ! | 1 :
00 010 0.20 0.30 0-40
MOLE FRACTION OF DIOXAN

FIG.5: VARIATION OF pKa WITH
FRACTION OF DIOXAN.

MOLE



14-0 (O)-cH=c~C=0 —

— ) 250—

13. 04— 350

0 - -
i 12 0f— —
11-0f ' _
10'0'—’ 7 s

9.0 ] ! ! l | |
0.0 0-10 0.20 0-30 0-40

MOLE FRACTION OF DIOXAN

FIG, 6: VARIATION OF pKa WITH MOLE
FRACTION OF DIOXAN.



Ascl '~ T " T o

- N—OH -
|

14-0k @-—CH:C-C::O -
R _1
250
130 —
B 350
) i i
% 12-0}- _
11.-0}— —
10 -0} _

9'0 i ' 1 l 1 l ]
0-0 0-10 0-20 0-30 0-40

MOLE FRACTION OF DIOXAN

FIG, 7:

FRACTION OF DIOXAN.

VARIATION OF pKa WITH MOLE

37



T 7V 1T T | v

= Cl-@—T-—OH .

14:0= (O)-CH=C~C =0 -

©

13.0 -

N 39|

2 120} —

0o,

11.0p —

100} —
9-0 1 | 1 l l !

|
0-0 0-10 0-20 0-30 0-40
MOLE FRACTION OF DIOXAN

FIG.8: VARIATION OF pKa WITH MOLE
FRACTION OF DIOXAN



I I l |
| | | X
- (O N—0H -
14-0l—~ H3CO ! —
H3co_©-HC=C——C=0
~ H3CO @ 3 2592 7
13-0|— . a
350
X 12.00 _
— ——
1.0 —
10; Ot _—
8.0 I S TR N B B

FIG 9

0-0 0-10 0-20 0-30 0-40
MOLE FRACTION OF DIOXAN

VARIATION OF pKa WITH MOLE
FRACTION OF DIOXAN.

33



100

*QUSTOTIIS00 UOTIBIBLIOD = J

~-Axouyjeuray
00" L 638°8 60 LL 00°t 0L°6 TN -G fe~-TAuayd-Y ~TAUSYI~N XTI
00° 1L 20°8 rASMAN 00° 1L IXARE 28 ¢l  ~Tdusyd=- Y -TLusydoaoTyD-d=N*TITA
00" 1L orAde 9L ClL 00° L 06°8 9L°¢lL ~Tduayd~ Y -TATOI~w~N TIA
00° 1L 9g°8 o7 ¢l 00° L 6%°8 e ¢l ~-TAuayd=Yo -TATOI~d~N “IA
00°L 0¢°8 69°2L 00°L 66°8 6%7° 2l ~TAusyd~Yy -TAusyd-N A
: ~fxoyysu-d
00°L Iade L6° 0L 00° L ¢8°8 6L°0L  =Téusyd=- p-~TAusydoaoTyp—~d=-N AT
-~ Axoyiau
00°1L 7176 L6°01L 00° 1L M 79°01L ~d-TAusyd= 0 ~TATOT-Ww~N TIII
~-Axoyjeu
00°1L 9L°6 70 LL 00 L 9%7°6 98°01L ~d-Tdusyd= o~TAT0I~d=-N  II
~Axoy1au
00°L %6°8 60° L1 00° L GL°6 FAAR AN ~d=-TAusyd~ Y -TAusyd~N I
£ e} w I e} w
o + Cum = ®yd o + Cuw = °yd : -op
DeGE D062 pPTOo® JSTWEXoapAUouRUUT) pduwo)

*0oG¢ PUB oGZ 3B SDPIOE OTWEXOJIDPAYOWBUUTO
-Tdusyd=-)e pojnyTisqns JOJ UBXOTP JO UOTIOBJII STOW pue m&@ uU8dM]dQ UOTABTaIJ0O TeoTdardusdg

9 {IgVi



*15oGC 1B aJge sageyjuaged UT USATS sonfea syj

, " Tou ¢ Ut ST S~ pue, _Touw 03 UuT 8ae 4 rpue o<
<l Li7780%7) (oL°%4) (oz*82%) (6L°83) (L9°LLE) (88°¢9) -Axoy3ewTay G o¢
> 22°80% LOWh OL°¢L 60°82¢ LOTWY7 6£°.9 LG LLE 8%tot  LLT¢9 ~TAuayd=-» - TAusyd-N XT
gz 48g) (2¢°2L) (60°262) (¢6°cq9) (60°%2e) (26°09) ~TAueyd
IAAR =11 Loty BETCL ¢0°26Z  LOtHh  28°%9 L6°¢ze Lotwy  L6°6E = -TAusydoaoTyp-d-y IITA
(g 2iy) (6¢°%L) (G2°9LE) (Le°29) (LL°8%2) (62°29)
62° 2Ly LOH7  6£°¢L  20°GLE L0 ¢6°99 LL°062 Lot 88°L9 ~TAusyd- Y -TATOI-W~N  IIA
(L2°897) (86°4L) (48°¢thir) (06°49) (40°cse) (86°29) )
¥1°801% 80  §8°¢l 2LT¢hy 02°6L  28°99 68° 162 Lo"%h 96719  ~TAusyd-)o -TA10I-d-N IA
(LG i) (89°¢L) (8L °cLL) (10°29) (%0°%4E) (66°19)
Oy hlh  CL°8Y €62l  B0°ZLE LO°Hh  G2°99 68 ¢he L0t 6L L9 ~TAusyd- Y -TAusyd~N A
(72°9L¢) (€L LL) (9L°962) (£8°69) (gg°cbl) (0L°19)  =Axoyjzeu-d-TAusyd-)p
22°9LE L0y 28°0L  0OL°962 L0y LL° 69 LL*26lL €6 Ly TAANRS! ~TAusydoao ryo=d=-|y AT
(2L°029) (82°6L) (lewwe) (L£°69) (61L°882) (72°69) - fxoyysu=-d
26618 86°9¢ LO#,  60°H#RE  LOHh €689 96°.L82 L0"hHh ¢G* 79 =~TAuayd=)o =TATOI~w~N  TII
(9¢° 82y ) (L6°6L) (Let2Le) (L9°69) (g6°8Le) (27°49) -Axoygsu-d
62° 8l Ot €6 %, 9L 2LE w2 2h 9QL'89 LL°8Le 62°6% 88°%9  -Tdusyd- P -TATOI~d~N  "IT
(ag-zLy) (6£°0L) (Lz e2es) (6%°89) (89°L2%) (8L°%9) -£xoygou-d
YAFAR, Lot 6£°¢L 9LT2Le Lot 89°99 0G°L2e 8o 6£°¢9 ~TAusyd= X -TAuayd~N I
08 V-  oH N oD N 08 = om.,Q. AV 08 - om.ﬂV. 0D
0£¢°0 oy rAde) #7L1°0
pIoe *ON
Sy ‘UBXOTpP JO uUoIlOBRIT BTON OTWBXOIPAYOWRBUUT) pduon

*DoGE PUB DoE2

1B SPTOB OTURXOJIPAYOUWBUUTO

-TAuoyd=Y pPoIN3ITISINE JO UOTIBZTUOT 9UJ JOJ SONTBA G7 PUE H N7 °oH </ sa9rsuwered OTuBUAPOULISY ],

L FI4VL



102

Medium effects

Most of the hydroxamic acids have lower solubility in
water consequently the équilibrium studies have been made
in mixed solvent systems. Of the various solvent systems
chosen the mixture of water and dioxan appears to be the

most convenient.

The equilibrium of hydroxamic acid (HA) when dissolved

in the solvent (SH) can be represented

HA + SH — SH; + A% (1)

The ionization equilibrium of an acid or of a base is
affected by the solvent change, not only because of the
acidity or basicity of the solvent but also of its dielectric
constant and the ability of the solvent to solvate the various
species. The electrosta{io work necessary to charge an
isolated speciles HA, which is assumed to be spherical with
radius Ty, and charge Zy,.e, in a medium of dielectric
constant D, is given by the Born equation (18).

2 2
NA'ZHA’G

G AT HAT
2 &gy

(2)

electrostatic ©

(e = electronic charge; N, = Avogadro constant)
A

Application of this eq.{2) to acid-base reaction (1)
leads to a net change in free energy per mol as shown in
eq (2), if only pure electrostatic interactions are

considered (19).
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N, .e® 1 72 22
D Goqoctrostatic = 2 Tart T fA I =2 (3)
2¢ SH A HA

2

Thus the free energy difference/SNOG for the ionization
of a mol of HA in solvent 1 and solvent 2 with dielectric
constant ¢4 and € 5o respectively, provided that the radii

of the reactants are the same in the both solvents, is given

by eq.(4)

A NG = (DG - (AG )y

electrostatic)Z electrostatic

2 2 2
Nye L U 7 TN\ ()
2 TSH) Ta THA ./ \&2 = &1

Since the free energy of reaction G is related to

the equilibrium constant Ka

G = - RT in K (5)

Then according to eq.(4), eq.(5) can be written as

(K,), NA.eZ 1 zﬁ zﬁA 1 1 6
————— T2 + - J -
(X,), 2 RT PSHZ Ty Tua / \&2 €1

Under these conditions, eq.(6) predicts that the

logarithm of the ionization constant Ka of HA should be
inversely proportional to the dielectric constant of the

solvent in which the HA is dissolved. In several cases
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nearly linear relationships have been reported (20-22),
while instances of failure from linearity too have not
been uncommon (23). When pKa of hydroxamic acids are
plotted against 1/D, it is observed that fairly a linear

relationship is observed.
Mole fraction of dioxan

Agrawal et al. observed that the pKa of hydroxamic
acids increases with the increase in mole fraction of
dioxan (n2) (1,4,24-30). This is because a solvent of low
dielectric constant increases the electrostatic forces
between the ions and thereby facilitates the formation of
molecular species. The pKa of hydroxamic acids studied here
are plotted against the mole fraction of dioxan, a linear
relationship is observed, Figs. 1-9. The experimental values
of pKa for almost all hydroxamic acids indicate a maximum
deviation of 0.05 or about 0.5% in pKa from linearity.
Linear equations between pKa and n, and respective correlation
coefficients, r, given in Table 6 have been calculated by
method of least square. Interpolation of pKa by these
eguations is more convenient than by the graphs, while the

accuracy is almost of the same order.
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Thermodynamic functions

The data on A G, AAH® and4MS° are given in Table 7.
The pKas have been determined with the precision of +0.02 to

0.03 and hence AG® is estimated between +0.13 and +0.17 KJ.

The temperature coefficient method is used here for
the computation of D H°, It is apparent from equation (XIII)
that error of 0.01 in pKa 0.01 in pKa causes an error of
1.76 KJ ind\H° while the magnitude of error in DK, depends
on the cancellation or addition of errors of an individual

set of pKa determined at two temperatures,

It is observed that there is a general tendency of
increase in magnitude of AS® with increase in dioxan

content of the solvent medium.

SUBSTITUENT EFFECTS ON pKa VALUES

The hydroxamic acids under study can be classified in

the following groups.

Category I Compounds with p-methoxy substitution in
C-phenyl ring (e.g. & -phenyl-p-methoxy
cinnamo-) with methyl or C1l substitution

in N-phenyl ring.

Category II  Compounds with o(-phenyl in C-phenyl ring
with methyl or Cl substitution in N-~phenyl

ring.
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An examination of the pKa values of categories I and II
reveal that the order of acid strength of methyl and chloro-

substitution in N-phenyl ring follow the order

CHy - N - OH 3
Cat T pK_ l @ ~ OH
H,c0{O) CH = ¢ - C = 0
}1300@ CH = C -

5 o)

Compd No. II 11T

~N - OH c1 -\O N- OH

|
HBCO-—O/-CH:C..‘C:O> HzCO {()-CH = C - (Lo
© ©

Compd No., I Iv .

BElectronic substituents, such as methyl group in the meta
and p-position weaken the aromatic acids whereas chloro group
strengthen the acid. Acid weakening of mets and para isomers
is generally explained by the positive inductive (electron
repelling) effect. The high acid strength of the compound IV
having chloro substituent is due to the mesomeric effect

arising from the resonance of the benzenoid forms (31,32).



Substitution of methyl group in N-phenyl ring causes
a gradual aclid weakening. The similar trend of acid
weakening is obtained with o{-phenyl cinnamo hydroxamic

acids category II1.

Cat. II pKa
H.C

e 40 - o "0~

| \
-CH=C-C=O \ ~CHv= ¢ = C =0 .
&7 Omg

Compd.No, VI VIT

- OH

— =2

- N
|
C

©
ziéj_ =0 y -CH=C -C =20

Compd. No. v VIII

.-» CH
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~ OH c1~-(O)- v - oH.
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