DISSOCIATION CONSTANTS OF ISOMERIC HALOGENO-
PHENOLS

By C. T Abchandam and 8 K K Jatha
INTRODUCTION

The measurements of dissociation constants of vrgame auds
and phenols have {hiown much light on the polar eftects of the substi-
tuent atoms o1 groups Ostwald classified the substituent groups o1
atoms as possessing the negative or positive properties accordmg as
they mcreased o1 decreased the dissociation constant of the aud In
recent yeais many woikers have attempted lo corielate the changes
in dissociation constants with the polar propeities of the substituent
groups Deiiick (] Am Chem Soc, 1911, 33, 1152) has expiessed
that the polai mnfluence ot the substituents can be represented by,

1000
MIBEK / _"llo%)i% » wheie I 15 the dissociation constant of the substi-

tuted acid and K, that of the unsubstituted acid ~ Waters (Pl Mag,
1929, 8, 436) took the view that the change mn free energy of wmzation
1s a measuie of the mfluence of the substituent group, and corielated
the dissociation constants of substituted benzoic acids X —C,H, COOH
with the dipole moment ot the corresponding substituled benzenes
X—CH; He suggested, thal m the absence of any electroni
and steric eflects, log K 15 a lmear function of the dipole moment
Smallwood (] Am Chem Soc, 1932, 54, 3048) emphasized the rela-
tionship between the dissociation conslants and dfi:)ole moments, and
showed that changes m the onizalion of an oigamc acid, are mamly
determined by the magmtude of the ouientation of the clectric moment
associated with ihe substituent group Kirkwood and Westheimer
(] Chem Phys, 1938, 6, 507, 513) have developed a mathematical
relationship connecting K and the electrostatic influence due to sub-
stitution, which has been used by Westheimer and Shookhoff (J Am
Chem Soc, 1939, 61, 355) to account for the changes m the dis.
soctation constants of 4 number of acids

Nathan and Watson (] Chem Soc 1933, 890) have denved
an equation connecting the dissociation constants of subshiuted
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acetic acids with the dipole moments (w) of {he appiopriate
methane dertvatives  According 1o them log K=log K,—x (M+a/£‘)
where ‘x’ and ‘a’ are the constants of the system This 1elationshup has
been extended to aromatic acid by Dippy and co-wotrkeis (Natwe,
1987,139, 591, | Chem Soc, 1938, 357) who found that o hnca
1elationshup existed between the dissociation constants of the meta-
substituled benzoic acids and the dipole moments of the coires-
pondmg benzene dertvatives Meta acids were chosen because they
wete fiee from any wductive or mesomenc effects Dippy and co-
worke1s, however did not attempt to show any relationship to mclude
the o1tho and para substituled acids along with conesponding meta
isomers  In substifuted phenols, no relationship of any kind has
been suggested by any of the above authors

Jenkms (] Chem Soc, 1939, 640, 1137) has cortelaled the
mduclive etfects due to substitution i vaiious ortho, meta and para
posibions m benzoic acids with the dissocialion constants ol coiies-
ponding auds  He has taken F, the field mtensity at the carbon atom
of CCOOH group as a measure ol mductive wfluence of the
substituent group  The gioup C COOH 1s 1egarded as moie or less
a perfect conductor and the caibon atom of the 1ng as the centie
delermining the free eneigy of iomization (-RT In K). The held

ntensity at this carbon atom due fo a dipole situated at a distance
‘" and nclined at an angle 6 to 4’ 1,

F=uA 1+38 cos’9r’
For 1someric halogeno-benzoic acids and halogeno-phenols a straight
line relationship has been observed belween log K and ¥ and for
the latter a proportionality between the mesomeric and the inductve

effects has been assumed Jenkims 1 a recent paper (Natuie, 1940,

145, 149) has also pomted out a relationship between the degeneracy
and the dissociation constants i a ceitain series ot acds

The effect of substitution of vaiious groups m o1gamic acids has
been studied 1n other ways also  The study of Raman spectra and the
frared spectra of substituted acids, phenols and related compounds
have thrown some light on the structure of the compound  Kohliausch
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and Stockmau (Monatsch, 1935, 66, 316) while studymng the Raman
specira of a number of substituted benzoil acid esters observed that
the substitution of groups o1 atoms effected the shift \n CO frequency
m the same manner, i which they increased the dissociation constants
of the acids Paubng (J Am Chem Soc, 1936, 5, 94) and Waulf,
Liddel and Hendricks (Ibid, 1935, 57, 1464, 1936, 58, 2287) have
measured the mifraied spectra of many substituted phenols and
explamned their results on the assumptions of the existence of the
resonance of cus and frans forms of the phenols, but no attempt has so
tar been made to apply this 1dea to the dissociation constants of the
phenols

In the present investigation the dissociation constants of
halogeno-phenols have been measured 1 pure water at 25°C and the
results have been discussed m hght of the above obseivations The
previous data for the halogeno-phenols were obtamned in 30% ethyl
alcohol by Bennet, Brooks and Glasstone (] Chem Soc, 1935, 1821)
and 1n 50% methyl alcohol by Kuhn and Wassermann (Helv Chim
Acta, 1928, 11, 3) by a potentiometric method, which mvolved com-
phications due to the junction potential

The dissociation constants of orgamc acids and phenols have
been ineasuted by various methods Apart from the conductivity
method, employed by Dippy and others (Chem Rev 1939, 25, 151)
other methods such as (1) the potentiometric fitration methed and (2)
the electromotive force method of Hained and co-workers (J Am
Chem Soc, 1982, 54, 1350, 1bid , 1930, 52, 5079) have been developed
The potentometiic fitration method, which consists i measurimg
the pH of acid solution at various stages of neutralation, has been
used by Abichandant and Jatkar (Ths Journal 1938, 214, 417) tor
computing the dissociation constants of various hydroxy benzote acids
and phenols, but the 1esults obiamed are not comparable with those by
other methods, because of the complications mvolved due to the use
of a hqud junction and low solubility of the acids

The method of Harned and co-workers (loc cit) has been
successfully used for determmng the dissociation constants of weak
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arganic acwds, and the tesults oblamed are of fugh degree ob e cuacy
The method avoids the use of o hgquud janction and consists m
measutng ihe electiomotive forces of the cells of the type,

H, | HAn(n,), NaAn(m,), NaCliny) | AgCl Ay
The hydiogen electiode i the above combmation van be seplaced by
a qumhydione electiode o1 4 glass elecliode, as the lormer gets
invaiiably poisoned m cettan salt soluttons  The glass electrode has
been used m the above combmation by Maclunes and Belcher (J. Am

Chem Soc, 1933, 85, 2680) tor determumng the fush dissoutation
constant of carbonic acud

The authors m the present mvestigation have made use of a cell
without junction potential m wlich the hydrogen electiode 15 replaced
by a glass electrode {o1 measuning the chssouation constants ot

1someric halogeno-phenols, as the former was found to get puisoned m
the phenol solutions

CarcurLATiON or DissociaTiON CONSTANT

The cell used for the measwements of dissouation constants
was Ag-AgCl, (0 IN)HC! | glass | HAn(in,), NaAN (m_) NaCl(m,) |
AgCl-Ag Smce the glass suiface 15 1eversible {o 11 wn achinty, the
above cell 13 equivalent to the sum of two cells,

(1) Ag-AgCl, 01N HC! | H, and
(2) H, | HAn(m,), NaAn(in,), NaCl(m,) | AgCl Ag
Therefore the potential of the origmal cell 19
E=E + El.
wheie E, 1s the potential of the cell (1) and hav the value--0 3521

(Harned and co-workers, loc cit ), and E, 1s the polential of the cell (2)
E, 1s given by the equation,

RT
Eleu-—-—F—ln My YeMa Yo P |

where E, 1s the e md of the cell H, | HCI, AgCl-Ag al unit activity

For the dissociation of a weak acid HAn, the thermodynamical
dissociation constant K 1s given by

K zmH mAu yH VAn 1
m“‘mmn ““‘*"*ymn o 1
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Combining this cquation with equation I, we have
- - RT My My,  RT Ya Yuan RT
E—-E, + in In m, T TF In . T hK . III
Theiefore [iom the measurement of the onigial cell, we have
RT m, mMy,,  RT Yot Yean  RT

E~-E —E, t i In m. T In . T F In K

Al zero 1omc concentiation the teim involving the achivity
cocffictents of 1ons becomes zero, so that a plot of the left hand side of
the cquation agamnst the 1omic concentration (y) permuts the deter-
miunation of log K by an ealrapolation to =0,

The value ol E, was laken to be ~0 2224 at 25° due {o Harned
and co-woikers (loc at), and the 1onic concentiations weie taken to be
Mgy =My, My, =104 —0ly+Mmeg and m,,=m,+my—my; myg was
detetmmed by a short seiies of successive apptoxumations (Harned
and Embiee, ] Am Chem Soc, 1934, §6, 1042) and mgy from a rough
approsimation ol the hydiolyss constant (Harned, Chem Reviews,
1939, 26, 31) In aclual practice, howevet, it was found that my and
myy could be neglected 1f the value of K 1s between 107 and 10~°

EXPERIMENTAL

Materials —Pure  1eaystallized sodium chlonde and pure
phenols were used for the expcuuments  The puiily of the benzoic acid
and halogeno-phenols was checked by detenmming then melling pomts.
The solutions weie made in conductivily water by adding to it a
weighed quanidy of sodwum chloude and of phenol A weighed
quantity of caibonale fiee sodwm hydioside solution was run m the
above solution and amount of sodum salt formed was calculated For
ithe determmation of the dissoclation constant of benzoic acid, however,
pute sodwm benzoate was used

Cell.—The electiomotive torce medasuiements were made with
a glass electrode mn a cell of the type shown m Fig 1 (This Journal
1941, 23-A, 94) It consisted of a pyrex {ubing about 2 cm m
diamete1 and 20 cm long, with asilver—silver chloride electrode fused at
the botlom The glass electrode used mn the expeiiments was of the
same type as desciibed pieviously — The silver-silver electrode was
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prepared according to the directions of Caimody (J Am. Chem Soc,
1929, 51, 2901)

A clean prece of platinum gauce (15x1 cm) was silver
plated m a solution of potassum sitver cyamde, for 8 hours, at
a curient densily of 6 ma per sq cm. The electiode was then
washed 1n running water for about 48 hows and clecliolysed, as
an anode, n a dilute solution of hydiochloric aud for one how al a
curient density of 2 ma persq cm It was found to behave normally
and showed no change of e m f with aging after keeping for about five
days n distilled water

Procedus e —The cell was kept in o1l thermostal, mantaned at
25°C 4= 0092, for about half an how betore making measurements
The electrodes were checked agamnst 0 1 N HCI solution, immecdiately
betorc and after each set ol experiments and the electiomotive torce
recorded was zero Two cells weie used and measwiement with
each solution was 1epeated twice

The push pull electrometer valve potentiometer desciibed pre~
viously was used for recording the electromotive forces The valucs
of tonic concentrations along with the observed electromotive forces
are gwven 1 tables 1 to 11 for each acid

In Figs 1,2, 3 and 4 the 1onic concentiations u have been
plotted agamst the loganthm of the coiresponding dissociation
constants for each phenol  Thus plot when extrapolated to zero 1omic
concentration gives the values of K, the tiuc thermo-dynamical
dissociation constant of each phenol 1 puie water at 25°C
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TaBLE 1
Benzove acrd

Composition of solutions and electromative forces of cells

Solution My, Mg m, o E 25°

I 0 00566 0 01045 000639 001692 | 02395

11 01302 01327 00981 02321 2234
It 00965 01886 00728 02624 2146

v 00683 02328 00526 ’ 02864 2096

\Y 00962 04006 00546 04566 1882

00828 | 07914 1899

|

VI 00795 07082

Calculation of dissociation constant

Solution| my *E%-%E;:IE"— I 1_11{:;51@ log K | K'x10°
I 1000008 6 2591 -20837 | ~4 2184 6 047

IT 000138 59797 —-17548 | ~4 2254 5951

111 00010 5 8308 ~16021 | ~4 2287 5906
v 00010 57456 ~1 5196 | —4 2260 5943

A% 00014 5 3845 -1 1513 | —4 2332 5 844

IV 00009 54128 -11648 | -4 2480 5649

Extrapolated value of K'=K=615x 107",
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TABLE ¥

Phenol

Compositron of solutions and eleclromotive forces of cells

Solution My, mg, m, ‘ p E(25°C)
- _ - .
I 0 00730 001002 0 00603 0 01598 0 3685
II 00880 01436 00848 (02276 0633
II 00847 01760 00765 ‘\ 02518 3966
v 01157 | 01714 01083 f 02790 5584
\Y% 01624 03201 01679 l' 04872 1450
VI 01521 03598 01425 ] 05017 D399
. — i
Calculation of dussociation constant
l
Sofution | gigr e | 108 S TS G T
1 11 8190 -1 9161 -99029 * 1 250
1I 117310 -1 8268 -9 9042 1247
111 11 6176 -~17102 -9 9074 1238
iv 11 6481 ~1 7450 -9 9031 1250
A% 11 4213 -1 5092 -99121 1225
VI 11 3283 -14157 -9 9126 1223

Extrapolated value of K'=K=1,27 x 10-%
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TABLE 3

o0~Chloro Phenol

Composttion of solutions and electromotive forces uf cells
Solution My, My m, “ } E (25°C)
I 0 00855 000852 000734 001586 | 0.4683
11 01056 01300 00884 02184 4570
11 01168 02946 01223 04169 4423
v 00687 | 03663 | 00831 | 04494 | 4406
\Y% 01126 03335 01298 04633 4421
Vi 01587 03359 01444 04803 4357
VI 01671 04455 01576 06031 4296
VIII 01873 04495 01886 | 06381 4314
IX 02152 04954 01839 06793 4246
Calculation of dissociateon comstant
Solution W log 9—3&?&1 log K’ K'x10~°
1 101285 | -20083 | -81202 7582
1 99323 | —18088 -8 19235 7595
I 9 6836 > -1 5507 -8.1329 7 364
v 9.6548 ’ ~15188 | -81360 73811
\Y 9 6802 ~1 5386 -8 1416 7218
Vi 95719 { 14327 —8 1392 7 254
VII 9 4687 l -1 3257 -8 1430 7194
Vi1 94992 | 18503 -8 1489 7,098
X 9 3841 ~1.2368 ~8 1473 7124

Extrapolated

value of =K =7783x10""
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TABLF 4

m-Chloro Phenol

Compositron of solutwns and electromotwe fvrces of cells

Solution Mgra Mg m, “ E(25°C)
1 | 000704 | 001141 | 000616 | 001757 | 05014
11 01534 01598 01423 03021 4944
111 01234 02091 00968 03059 4835
v 01431 01827 01261 03088 4896
\ 01306 02544 01388 03932 4861
Vi 01471 03061 01217 04278 4753
VII 01722 04538 01516 06054 4674
VIII 01314 05624 01000 06624 4585
X 01750 06217 01581 07798 4606
Ualculation of dassocration constants
Solution —E':%%‘-gfl-gl log 131139 log K’ K %10
I 10 6836 —1 8848 -8 7988 1623
11 10 5651 -1.7638 -8 8013 1581
111 10.3807 -1 5741 -8 8066 1561
v 10 4839 ~1.6834 -8 8005 1583
AY 10 4247 —~1 6209 —8 8038 1571
Vi 10 2420 -1 4318 -8 8102 1548
VII 101083 ~1 2878 -8 8205 1512
VIII 9 9577 -11314 -8 8263 1491
IX 9 9932 -11623 -8 8309 1476

Extrapolated value of K'=K=164x 10~*
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TABLE 5

p-Chloro Phenol

Composutvon of solutons and electromotive forces of cells

Solution My m, m, | v E(25°C)
I | 001249 | 001224 | 001008 | 002230 | 05226
11 01279 01727 01049 02774 | 5188
§31 01387 02009 01015 08022 | 5068
13% 01560 09163 01378 08389 | 5102
\Y 01554 02724 01370 | 04082 | 5043
V1 01680 03037 01420 | 044535 5006
Vil 01653 03758 01340 ' 05096 | 4940
VIII 02201 } 04305 01904 06207 | 4931
IX f 02764 | 06876 02246 09120 | 4802
Calculation of dissociation constant
Solution W log I@Hé'?lg log K' i Kéx 107"

I | 110855 | 18190 ’ -9 2165 g 6 074

I1 10 8934 ~1 6766 i -9 2168 6 070

11 10 7750 ~1 5612 92138 | 6112

IV | 108325 16110 | 92215 6005

v 10 7327 —1 5100 -9 9227 | 5988

VI 10 6701 ~1 4445 ~9 2956 | 5948

VII 10 5584 ~1 338 -9 2246 5 962

VI 10 5431 —1 3029 ~9 2402 g 5 751

IX 10 3249 ~10725 -9 2524 5593

Extrapolated;alue ot K'=K=628x10"



110

TABLE 6

o~Bromo Phenol

Compostuon of solutions and electromotive forces of cells

Solution Mgy Mg my
I | 000744 | 0.00963 | 000801
I .00800 0 1400 00769
I 01010 02553 00892
v .00848 02426 01085
Vv 00843 03179 00767
VI 01284 04264 01235
VII 01293 05055 01328
Vil 01738 06043 01533
X 01867 06673 01839

14

0.01764
02169
03445
03511
03946
05499
06383
07576
08512

Calculaton of dussociation constant

Solution E_SEO:%Q—IEO log @—Hléngf% log K’
1 10 4467 ~2 0485 -8 3982
I 10 2369 ~1 8368 -8 4001
I1I 99425 -1 5389 ~8 4036
v 10 1354 -17221 ~8 4133
Vv 9 8646 -1 4567 -8 4079
Vi 9 7800 -1 3583 ~8 4267
VII 97327 -1 3078 ~8 4949
VI 9 5990 -1 1642 -8 4348
IX 9.6091 -16191 -8 4400

-

E (25°C)

Extrapolated value of K'=K=410 x 10~*,



111

TABLE

m-Bromo Phenol

7

Composition of solutions and electromotrve for ces of cells

Solution My, my, m, 3 E(25°C)
I | 000544 | 001663 | 000568 | 002231 05011
IT 00537 01971 00576 02547 4960
I 00971 02618 00799 03417 4840
v 00902 02541 01010 03551 4923
\Y% 01081 03625 01088 04713 4814
VI 00742 04076 00785 04861 4800
VII 01004 04979 01031 06010 4746
VIII 01155 06021 01140 07161 4688
Calculation of dissociation constant
E+E,—E Mg, ' ' —
Solut e - T Eacol 1 K'x 10~
olution 50891 log . og K X
I 10 6785 -17978 -8 8807 1316
II 10 5922 ~-17075 -8 8847 1.304
I 10 3892 -14973 -8 8919 1282
AY 10 5296 -16442 -88854 | 1302
\Y 10 8452 —14433 -8 9017 1254
VI 10 3215 -14142 -8 9073 1238
VII 10 2301 -13144 ~8 9157 1.214
VIII 10 1320 ~1 2147 -8 9173 1210
Extrapolated value of K'=K=136 x 107°
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TABLE &

p-Bromo Pheno!

Composituon of solutions and electromotive forces of cells

Solutions My, my, m, /u E(25°C)
I 0.00919 | 000934 000992 001924 0.5391

I 00759 01215 00764 01977 5304
111 00911 01845 00866 02709 5183
v 01031 02166 00983 08147 5147
\Y 01076 02863 01003 03864 5071
VI 01006 03666 01018 04682 5085
VII 01213 04564 01121 05683 4951
VIII 01229 04569 01201 05768 4968
X 01477 05628 01386 07012 4911

Caleulation of dussvcration constant

Solution —E-—g—g%fgg log @%‘;—?—@ log K’ K'x10-%
I 113215 -2 0628 -9 2587 5512

II 111743 -1.9183 -9 2568 5 537
111 10 9695 -17120 -9 2575 5527
|AY 10 9086 -1 6436 -9 2650 5 433

v 107800 ~15128 | —92672 5 405

VI 107191 ~1 4409 -9 2782 5270
VII 105770 -1 3064 -9 2706 b 363
VIII 10 6058 -1 3301 ~9 2757 5 301
IX 105093 -1 2219 —9 2874 5159

Exlrapolated value of K'=K=565x 10"
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TABLE 9
o-Todo Phenol

Compositron of solutions and electromotire foices of cell

Solution My Mg, m, v l E(25°C)
I 000516 | 001068 | 00sdd | 001612 | 04885

11 00489 01156 00508 01664 1863
11 00809 02363 00816 03179 4673
IV 007 19 02484 | 00763 03249 1664
\ 00808 02850 00851 03731 1649
VI 00726 03186 00863 0404Y 4643
VII 00978 04314 01082 | 05396 | 4551
VIII 01013 05062 01113 06175 | 4511

Calculation of dissociation constants

Solution E _g g’giE" Iogw{-ni‘ni—%‘ log K K’ x 10
I 10 4653 ~1 9944 -8 4707 3383

11 10 4981 ~1.9533 8 1746 3353

I 101049 -1 6302 -8 4747 3.352
v 10 0914 ~1 6140 ~8 4774 3 332
v 10 0660 ~1 5897 -8,4883 3 986
VI 10 0558 ~15719 -8 4839 3 989
Vi1 9 9002 ~14091 | -84911 3.228
VAT 9 8325 13365 | -84960 | 5192

Extrapolate& value of K'=K=344x107"
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TaRLE 10

m-Todo Phenol

Composituom of solutwons and electivinvtive forces of cells

Solutions mg, mg, m, M E(25°C)
I 000479 | 001050 000476 001526 05121
II 00703 01715 00678 02393 4989
111 00518 02143 00505 02658 4942
v 00724 02511 00704 03215 4900
v 01024 02944 01065 04009 4877
V1 .00907 03477 00966 04443 4840
VII 01169 04482 01141 05623 4763
VIl 01049 05417 01088 06505 4731
Caleulation of dussocration constant
Solution |2 s OEg 9—1Eo 10gmli;11101 log K’ K x 10~
1 10 8646 -1 9760 —8 8886 1292
11 10 6413 -1 7500 ~8 8913 1284
111 10 5618 ~1 6666 -8 8952 1.273
v 10 4907 ~1 5881 —8 9026 1251
\Y% 10 4518 ~1 5480 -8 9038 1248
VI 10,3892 -1 4861 -8 9031 1250
VII 102589 -1 3380 -8 9209 1199
VIII 10 2047 ~1 2821 ~8 9226 1.195

Extrapolated value of K'=K=1,32 x 10~°
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TABLE 11

p-Iodo Phenol

Composstion of Svlutions and Eleclh omotwe forces of cells

Solution My, mg, nm, E (25°C)

I 000470 0 00939 000459 001396 05334

II 00655 01679 00633 02310 5181

I 00651 01839 00663 02560 5167

IV 00831 02467 00801 03266 5089

v 00850 05094 00878 03970 5054

Vi 00939 03988 00991 04977 4992

VIl 01027 04055 01014 05067 4973

VIII 01463 05417 01427 06842 4900

Oalculation of dissociation constant

Solution ﬁ%&{i@&. logLnir;‘in-@ log K' K' 4107
I 11 2250 -2 0171 -9 2079 6 195
I 109662 -17602 -9 2060 6 223
III 10 9425 -17293 -9 2132 6.120
v 10 8105 -1 5920 -9 2185 6 046
A% 10 7513 -1 5236 -9 2277 6 920
Vi 10 6464 -~} 4227 -9 2237 6974
VII 106142 -1 3869 -9,2273 5924
VIII 10 4907 ~1 2553 -0 2354 5.315

Extrapolated value of K'=K=6 30 x 107"
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The value of dissociation constant for benzoic acid obtaned by
thie method 15 6 15 % 107", which 15 slightly higher than 6 05 x 10~*
oblamed by Briscoe and Peake (] Phys Chem, 1938, 43, 637) from
¢ m{ measurements of the cells without junction potential, and lowe:
than 6 312x 107° by Biockman and Kilpairick (] Am Chem Soc,
1934, 56, 1483) and 6.295 x 10~° by Saxton and Meier (1ihid 1984, 56,
1918), by the conductivity method The difference 1s due to the fact
that the electiomotive force method 15 not as accwate as the conduc-
tivity method, the electiomotive foice being 1e producible only to 01
mullivolt, on account of the use of a glass electiode and the low aad
concentiations used

In the values ol dissociation constants of Table 12 1someric
phenols m puie water are 1ecorded and compaied with the values
obtamed by other workers

Muiray and Gordon have measured the dissociation constants
in 50% methyl alcohol and corrected them foi1 aqueous solutions by
multiplying all the values by a factor, K aqueous/K 50% CH,OH
for phenol  Then 1esults tor o-chloro phenol aie veiry low, while the
values fo1 p- and m-chloto phenols, are m agieement with those
obtaimned m the present mvestigation
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DISCUSSION

The wmtroduction of a substituent group o1 atom wm phenol
in various postions, meieases the dissocation constant There are
at leasl two mnfuences the nductive miluence (1) and the meso-
meite nfluence (M), which the substituent groups of atoms exert
on the dissouating hydrogen. The mductive mflucnce which arsses
from the clectric dipole of the substituent, mereases or decreases
the dissociation constant, accordmg as the substituents possess the
election attractng o1 eleclion repellng dipole respechively  The
halogen atoms due {o stiong election attracting cipole (--1) m-
crease the dissociation constant of substituled phenols  The mductive
influence of halogen atoms can be best stuched from the data for the
inete substituted compounds, as this mfluence m ortho and para
compounds 1s modified by the mesomeric disturbances

Substituent m-F m-Cl m T m -1

~log K 9 280 8785 8 868 S 878
The above resulls show that the magmtude of mductive influence
duc to the substitution of halogen atoms 1s m the order CI>Br>],
which 15 identical with that mdicated by the study of velouty co-
efficients of reactions of m-halogen-bensyl chlondes (Bennet and
Jones, ] Chem Soc, 1985, 1815)  The mela-tluoroplicnol, however,
shows a lower dissociation constant, which 1s probably due to mductive
influence, bemng affected by the relayed modified influences of the
mesomeric type, by the following mechanism.
< \,—-—-~0H

>
[

(Dippy and Lewns, | Chem. Soc, 1936, 644)

The mesomenic influence (M), wiuch 15 also known as the
permanent electrometric mlluence, 1s the oulcome of the 1esonance mn
the molecule In satwated conjugate system o mugration ol clectrons
mvolving co-valency changes, takes place, winch results in 1esonance.
Accordmng {o Ingold (Chem Rev, 1984, 15, 244) and Bianch and co-
workers (J Ain Chem Soc, 1984, 56, 1850), the mesomernie mfluence
m p-halogeno phenols 15 due to the resonance belween the two forms.,
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a —/\’ >—H o= N

f 1

The substitution of halogen atoms, 1 07tho and paza positions
to the hydroxyl, brings about practically the same kind of resonance as
the hydroxyl group, due to the presence of a pau of unshared electrons
on the carbon atom attached to the benzene ring  This resonance has
a tendency to deciease the dissociation constant The magnitude of
the mesomeric influence (as will be shown later) diminishes in the
order F>CI>Br>I

Jenkins (loc cit) has calculated the mnductive influence 1n the
substituled halogeno-benzoic acids and halogeno-phenols i terms of F,
the field inlensity and ), the electrostatic potential at the caibon atom
to which the carboxyl or hydroxyl group 1s attached A plot of F or +
against log K for these acids shows that the inductive mfluence of the
substituent 1s largely responsible for the observed acid strengths F,
the field wmicnsily has been calculated from ihe equation F=gu
A/T+Cos%/1* and the electiostatic potential from the equation =g
Cos 6/1% by taking the latest vapour values of dipole moments (x, the
dipole moments of corresponding mono halogeno-benzenes) due to
Groves and Sugden (J Chem Soc, 1937, 1992) The values of r
(the dislance belween the carbon atom and the centie of the dipole)
arc calculated fiom the values of interionic distances by Paul-
ing and Huggms (Z Kust, 1934, 87, 205) and 6 (the angle at
which r 1s mchned to the direction of the dipole) mn each case was
calculated trignometiically  The values of F for halogeno-phenols are
given m the following table along with the log of coiresponding dis-
sociation constants

—~log K F
Phenol 9 897 -£0 000
o — Fluorophenol . 8 810% 419
m— " . 9.280% 106
P " . 9 951* 075

* Bennet, Biooks, and Glasstone (loc cit)
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Since the mtenome distances we expreswod e Angstoom ks
and dipole moments i Debye umts, the absolute vabie o held
mtensity 15 F x 10°

The values of fog K, m pute water, 505 vthvl aleohiol and 50%
methyl alcohol are plotted agaunst F o Fros 2 3 ad 4 wiach show
that for chloto, bromo and wdo-phenols, thve pomts tor wnsubstituted
phenol and for meta and para womers he on the sane straeht loe,
The graphs indicate that the mesomene mtluene e pos g souters 1s
very small  The change m dissocttion constant o thie, manly due to
the mduchive mfluence  The small mesonene wilnence w these
compounds, however, dunnshes mthe order 12O i st disappeans
tolally m the odo-compound, & seen trom the oseeedudy small
devialion of the pomts for the pwa womcrs I g luorophenal, the
induchive mbuence 1 complelely modidied by strongg iesomnene
mfluence which 15 very much o escess ol that «osasting tnother
halogeno-phenols A comparative dala tor the hvdeolvas of - p-halo-
genated benzyl chlonde (Bennel and Joues, loo at ) shows that the
veloaly coefficient of reaction tor Huvto-compound 1 very much larger
than for other halogenaled compounds, tevedalmg o strong mesomeric
effect The cqualion for the iclaionslup of low K with ¥, after
converting the common logaithms to the Naptenan logarithms, 1
gwven by, In K,=In K,—~gF (h
where K, 1s the dissouation constant ot the substituted phenol, K, that
of the unsubstituted phenol and 815 the slope ot e, wluch 1y constant
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for any parbicular scties  The value of 8 fo1 chloro- bromo- and
1odo-phenols ae as {ollows
Substituent Cl Br 1
A 24 6 25 8 311
The slope of the Iime ncreases with the dimunished electro-negativity
of the substiluent alom  Since the absolute value of field intensity 1s
F x10% the ahsolute value of the slope 1s 8 x 107

Jenkms (loc cit) plotted the electrostatic potential (V) agamnst
log K fo1 the halogeno-phenols and obseived that only meta compounds
showed a dcviation trom the straight line relationship This was
attributed by him to the existence of induclive influence (~I) only m
meta compounds, and mduclive and mesomeric (~I+M) mfluences 1n
ortho and pasa compounds This view 15 based on the assumed
proportionalily between the mesomeric and mductive nfluences m
ortho and par e positions, for which no evidence has been given In
the present wveshigation, the plot of log K against F (Fig 2, 3 and 4),
reveals a deviation of the v2¢ho compound from the 1elationship given
by cquation (1) Tlus dewiation of the vrého compound, however,
cannot be accounted for on the inductive and mesomeric mnfluences
only Even if a proportionality 1s assumed to exist between the
mesomeric and inductive mfluences in ortho and pare positions, the
dissoctation constant will deciease to a shght extent, since the
mesomer ¢ mfluence in pare compounds 1s very small compaied with
the mduclive flucnce

The abnormal behaviout of the ortho compound can be satis-
factorily cxplained, if it 1s assumed that compound has two resonating

structures as tollows
H H

~ §
/Cl ‘) Cl
N/

1 {cz8)

—

1 (frans)

IT (ces) bemg distinctly acid weakening m character
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Pauling (1 Am Cheme Soc, 13658, 0 B prond o0 ot that
m phenol the € O hond has a double o charw oy ad He hvidiogen
atom hes we the plae o the nmey Ot coanaphion plenel
molecule cant be assumed (o have two didforont ool nnanans, wliel
however we wdentwal  Inoortho subshitated moue hodoo mophienols
the two stroctures T oand Iare nof vbonbn b T boro s whnh the
hydiogen of the hivdonyl group 1 tuned by ad e abisttuent
alom has been termed by Paaboe, s e o o v ed e other w
which il 1s turned away froun the sabanhineed dowe e fran, b

The study ol mbtrwed poctoa o e pleowal aed ol halo-
genaled phenols mcathou-tetr whlanel wlutwns by Wy, iddel and
Henducks (J Am Chenn Soc, 1056, 58, 22871 toveoal o a sngle
absorplion peak  al 7050 o * ton ple nol el twe dhsenplion
peaks one at 6890 cm bk other al SO0 P ar the Todoes e phenols
These absorption peahs are dine o the vl ot the b tdng of
O -II hond m molevules aned are the fust ovetdones of the uwun re
quency W 3H00 L PooPanbing oo vy o oxplameod e oconenonee
of these peaks on the assumplion that theve e tae s, e and
trans, of the halogenated phonols we carbon totrac dornde solubions
The peak al 7050 ¢ ! has been atbuibuted o the S o wd at
6890 cm Y to eos lorm From e arcaob poade it ey Toecn aasuned
that the ers torm ontmumbors the frany tone Foena wnd Maollet
(J de Physique et le Radmm, 1933, 8, 281) hwe  observed the
second absorphion peak m the case b pure componnds at 6620 o™
mstead of al 6890 v ' and the decrease b heen atfobuted by
Pauling to the presence of wmtramol cular hond m pure compounds
From the study ol mfrared spectia it 15 obvions that the two peaks are
due to the degencracy of the trequency 7050 c Y, die o the two (e
and frams) 1esomance lotms of the molecule of wineh the es
predominant

In the ¢ form of o-chloto, o bromo and o wdo phenols, the
atliaction of the pw tally stuclded profon (hydrogen atom with some
posttive chaige) by a negahve aom, mvalves @ weak hivdrogen bond
due to the stabiizing mituence of the O . ¢l mtcraction This
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internal bondig decitases the posiive charge on dissociating hydrogen
and deutcases the dissocation constant  Thus 1 the case of o7 tho
substiuled compounds the effect due to OH  Cl interaction 1s
supetimposed on the mductive and mesomeric mfuences  Tlus
cltect deacases m the order Cl, B, I as shown by the decrease 1
log K from {he relationshup In K=In K, —pF

Substituent Cl Br I
deciease m—log K 2+4 23 22
This order 18 m accordance with the decreasing OH

halogen
interaction ot the halogen atoms

The cxistence of internal OH bonding 1s also shown by

catechol and pyrogallol, the mfiated spectra of which are in agree-
ment with the tollowing configutations (Pauling loc cit)

H
T N
]/\/" 1/\/0 .
\‘ /J\ ()/H \)\\O/H
€ itechal Pyiogallol

[u these compounds  (as i the case of o2tho halogenated
phenols) (he altraction of {he partially shielded proton by the nega-
tive oxygen ol the adjomung hydioxyl group stabilizes the configuration
and mvolves & weak hydiogen bond This mteinal OH O bond
decreases the ronising character of the hydrogen, and results mn a
decrease 1 the second dissociation constant of the phenol

K, K,
Calechol T5x 107" 837 x107"
Py1ogallol 967 x 107" 230x10""

of Abichandant and Jatkar (oo ut)

Since the eneigy of mieinal OH O bond 15 four tumes the
energy OH. .Cl bond (Paulng, Nature of the Chemucal Bond, Cornel
Universily Press, 1939, Page 303) the OH.. O bond should depress
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the dissoctatton constant more than the OH 0 Doand does Tl
cxistence of  OILLO bond has also been proponnded Ty Bake
(Nature, 1956, 187, 236) m ortho-lydroxy honzon acid b account fo
s anomalous fust dissoctation constuntt () T8 shonld be o espocted
that the second dissouation constant o thes aoed would b very small
and of the same order as that of cilechal The seconed dissocation
constant of this aad has been actuedly ol B0 be {20x 1008
(Abichandant and Jathat, foc at)

The lowcr dissotabion constant ot o Hieophenol s howeer,
duce to @ stiong mesomenic ellet, and ot o wm me mlernal O
bondimg  The mbrared spectra ob this compound show s ouly smgle
peak al 7010 e Y corresponding only to the fans stiactnre ob the
compound

SorviNt Kreron

The dissoctation constants ol the halogeno-phonols have bean
micaswied by many worhers moagqueous alcohol solutons and the
values ()1‘:[:).&1)110(1 are substantially Tower than mowader, doe o the
Jower dielectie constant of the medume From the graph of Jog K
agamst Bt s seen thal the slopes of Tines for w0 parhicular senes m
dillerent alcohohe solution and i water, we th same Tl does not
scem o bear oul the suggestion ol Wynne  Joncs (Chonnstiy and
Industry, 1933, 52, 273), that the organc aonds of sinnlar tvpe do not
give the same order of strength m all solvents

The results of the dissocabion constants - ditterent diwelecte
nieded, show that o the womerie halogenophonols the value of
Jogauthm of dissouiation constants v versly propothwond to loganthm
ol the diclectne constant ol the medmm  The values 200, ethyl
aleobol by Branch, Yabroft and Bettnian, howover, do not tollow ths
1elationshup, though the order of stiength lor v wwous, o) tho, meta and
paia somers 15 wantained

SUMMARY
The dissoctation constants ot henzowe aud, phenol and somene
chloro, bromo and 10do phenols were determuned m water at 20°C
by means of cells without jund tion potential using « glass electrode.
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The cells used for the measurement were of {he type, Ag-AgCli,

(0 IN) HCI | glass | HAn(m,), NaAn(m,), NaCl(m;) | AgCl-Ag  Fol-
lowmg values of K are obtamed

Benzowe aad , .. 615%x1078
Phenol 127 x10°%
o Chlorophenol . oo T73%10°°
m— " " . 164x10-°
o, . . 6928x10°"
o-Bromophenol . . 410x10-°°
M- " " . . 136x107°
o> " y 565x107%
o-Todophenol . 344x10°°
M- " " . .. 132x%x10°°
. . 630 x 107"

The values for benzowe acd and phenol ate i farr agiecment with
those obtaumed previously by the conductivity method The values
of the dissociation constants of 1someric halogeno-phenols m water aie
substantially higher than those wm aqueous alcoholic solution found by
other workers because of the lugh dielecliic constant of the medmum
From the values mn different dielectiic media, 1t 1s observed that log K
15 mversly proportional to log D

The mductive and mesomeric mfluences on dissociation constant
due to the mlioduction of halogen atoms mn phenol, have been discussed
Both the influences aie in the order CI>Br>I, the former increasing
the dissociation constant and the laiter decieasing il

The value of F, the field mntensity atl the cairbon atom (to which
the hydioxyl gioup 1s attached) due to the electric dipole of the
substittuent group has bemn calculaled foi all halogeno-phenols  The
merease m the cdissociation conslants of meta and para substituled
compounds has been shown to be due to the predominant inductive
mfluence, the mesomeric mfluence bemg almost neglgible

The anomdlous dissociation constant of the o7 ¢ho compound has
heen ¢aplamed on the basis of the {wo 1esonance foims,
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the existence of which Las heen discussed by Panling from the study
of mfiarcd speclia of o7 bk compounds The ees lovm has heen lound
to be predommant and wmvolves an anteinal OIT - Cl bonding winch s
actd weakening m characler, duc to the atttachion ol the partially
shielded prolon by the negative atom
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