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SOME METAL CHELATES OF o-MERCAPTOBENZOQIC ACID
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HE stepwise stability constants of the

chelates of o-mercaptobenzoic acid with
zinc (II), nickel (II), cobalt (II), iron (II),
and manganese (II) have been determined in
45% (v/v) aqueous alcohol at 30°, 40° and
50° C, at an ionic strength of 0-15. The thermo-
dynamic functions AF°, AH° and AS° have
also been evaluated at these temperatures.
The behaviour of iron (III) and copper (II)
towards o-mercaptobenzoic acid has also been
studied. This investigation was undertaken in
order to obtain more information on the manner
in which ‘the mercaptide sulphur complexes
with divalent metal ions and to make com-
parisons with the corresponding oxygen com-

pounds. - The Calvinl!-Bjerrum< potentiometric

titration technique has been used to study the
behaviour of Zn(II), Ni(II1), Co(IIl), Fe(1l)
and Mn(II) with o-mercaptobenzoic acid.
-Previous work on the chelate stabilities of
mercaptoacetic acid,? §-mercaptopropionic acid,?
mercaptosuccinic acid,® 6-mercaptopurinet and
thiooxine? have shown that the Zn(II) complex
is more stable than the corresponding Ni(II)
complex. In addition, these mercaptans tend to
reduce Cu(lIl) to Cu(l). The present study
reveals that o-mercaptobenzoic acid behaves in a
similar manner towards these metal ions.
The general procedure employed for the
determination of chelate formation constants
was to titrate a mixture of the ligand and
mineral acid to which sufficient sodium perchlo-
rate had been added to maintain a constant
ionic strength of 0-15 in the presence and
absence of the metal, with standard sodium
hydroxide solution and determine the pH of
the solution after each addition., The ratio of
the ligand to metal was varied from 1:1 to
1:6. Al solutions were titrated in an atmo-
sphere of nitrogen. All metals were added as
perchlorates. o-Mercaptobenzoic acid (Evans
Chemetics product) was purified as described
by Allen and Mackay.® Aqueous alcohol
(45% v/v) has been used for all titrations.
The ionisation constant of the mercapto group
of o-mercaptobenzoic acid was delermined
gpectrophotometrically and that of the carboxyl
group potentiometrically using the same ionic
strength. Values of the formation function 7
and the negative log of the frec ligand con-
centration pL and log K have been calculated

using the method of Bjerrum® as modified by
Calvin and Wilson,! and the free energy of
complex formation from AF°—=— RTInK, the
ligational enthalpy from

Ao _ 27303 RT; T (log K. —log K))

and entropy from

The titration curves in the presence of metal

ions reveal the overall stoicheiometiry of
the reactions between these ions and o-mer-
captobenzoic acid. The titration curves of

o-mercaptobenzoic acid in the presence of metal
ions correspond to a stoicheiometry of 1:1
and 2:1 o-mercaptobenzoi¢c acid to metal
Conductometric studies also indicate the presence
of these two chelates. Ni(II) forms dark violet,
Zn(1l) colourless, NMn({Il) yellowish-brown,
Co(1I) dark-brown, Fe(II) green, and Fe(Il)
blue chelates, Table I gives the stepwise forma-
tion ‘constants log K, and log K, for these five
metals at 30°, 40° and 50° C. together with AF°,
AH° and AS® values at these three tempera-
tures. From the values given in Table 1 it is
seen that the stabilities of the complexes conform
to the Irving-Williams Series? Mn < Fc¢ < Co
< Ni < Zn. Log K, for o-mercaptogenzoic
acid chelates is greater than the corresponding
values for salicylicl? and anthraniliclt acids.
In this connection it 1is noteworthy that
Sidgwick!® has compared the relative donor
properties of oxygen and sulphur and showed
that, in general, the donor properties of suiphur
are dependent, to a larger extent, on the
acceptor properties of the metal. On the other
hand, according to Sidgwick, oxygen and nitro-
gen may be considered quite simtlar  with
respect 10 their tendency (o complex wilh
metal ions. Therefore, it is nol surprising that
the o-mercaplobenzoic acid Zn(II)-chelate 15
more stable than the salicylic acid and anthra-
nilic acid Zn{ID)-chelates, nor i1s the fact that
there is a reversal in the order of stabilities
between the corresponding Ni(Il) and Zn(ll)-
chelales of mercaplo and aminobenzoic acids,
since Zn (1l would appear lo accept sulphur
as the donor atom more readily than would
nifrogen. It 18 sugpested  that  this may
be attributed 1o a  sterie  effect, since  the
sulphur atom is bigger than the nitrogen aton,



are consistent with the wvalues reportedl!s
already in 50% aqueous dioxane. Nigam and
co-workers!* have reported log K, =9-1 and
log K, =112 for the Zn(Il)-chelate and log
K., = 11-76 in the case of the Co(II)-chelate.l”
Conductometric and potentiometric titrations
in the present work show evidence only for a
1: 2 complex. The present values indicate that
the order log K, > log K, holds good. The
AF° values are negalive and the AH° and AS®
values positive. Thus the heat and entropy
changes favour complex formation. The high
values of the thermodynamic functions may
be attributed to the strength of the metal-
sulphur bond.

When copper (II) salt was added to a solu-
tion of o-mercaptobenzoic acid previously
degassed with nitrogen, a brown precipitate was
formed immediately. Copper(1l) was reduced
to Ccippe_r(l). Study of the complexes formed
by univalent copper with disulphidesit reveal
the formation of the copper(l) complex of the
corresponding disulphide,

When Fe(IIl) salt was added to a solution
of o-mercaptobenzoic acid in the presence of
dilute sulphuric acid, the solution immediately
turned green and then bluish as more iron was
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TABLE 1
Temperature © C. Zua (I1) Ni (119 Co (II) Fe (I1) Mn (I1I)
lmg ch:r
30 8:-4483 70792 60264 54533 5+0438
490 85990 73435 6-1951 H+5697 51458
50 8+8389 7- 6439 6-3475 37158 52774
AN F1Q {Keal, imole)
30 -11-71 - Y817 -— 8356 - 74561 - 6943
40 -12-32 —10-52 — 8-876 - 7980 — 7-372
50 — 1307 —11-30 — 9:385 — 8:450 — 7802
L\Hj,ﬁ{!{*eal.'mn]a)
30-40 G-540 11+48 7-321 5+053 4427
4050 11-10 13- 80 7050 6761 G-088
,&Slﬂ (ecl.imole-deg)
30 0. 24 7031 bl-75 4162 37750
40 67+55 THe8] 51+33 44+ 39 40-35
50 71-82 7802 5090 4709 42+99
lﬂg Kg
30 5-9932 44559 4-4354 44092 40531
40 6-2035 4-6404 4+ 5509 44812 4-1845
50 6+ 284> 4-8032 4-6074 46218 42800
AFg° (K, cal. mole’
U - 8-310 — 513800 -~ 6-1561 ~ H+11H — 5622
40 — X888 — 66460 — 6519 - b-419 — 5985
50 ~ 8+439 - 7-101 ~ 6945 ~ 6-832 - 6327
| leED (K cal.imole!
30-40 0.]26 8:007 4+969 3125 5670
40-50 8-:-8Y 7532 G770 6-5u4 4-419
&Sgg(ca],fmaﬁa-dag.}
30 37+53 4G+82 36+ 70 30-50 37+30
40 56-37 4605 3960 35-89 35+27
b0 ho+20 45+30 4247 41-30 3329
The stability constants of the Ni(lI)-chelates added, with the formation of a precipitate.

Attempis to use this reaction for the titrimetric
estimation of iron or o-mercaptiobenzoic acid
were not successful.

1. Calvin, M. and Wilson, K., /. Awier. Chem. Soc.,
1945, 67, 2003.

2. RBjerram, )., Bleial Ammune Formaticn im Agqueous
Sol..tion. P, 1laase and Son, Copenhagen, (941,

3. Leusing, D. L., /. Amer. Chem. Soc,, 1958, 80, 4180.

4. Fernando, Q. and Kreiser, H., /éd., 1958, 80, 4429,

5. Cheney, G..- Fernando, Q. and Freiser, H., /. Phys
Chemr., 1959, 83, 2055,

6. —, kieiser, H, and Femando, Q., /. Amer. Chem.
Soc., 1958, 81, 261]J,

7. Corsino, A., Fernando, Q. and ¥reiser, H., Awdl,
Cheme., 1963, 35, 1424.

8. Allen, C F. H. and Mackay, 1. D., Organic Syntkese:.

Collective Volume 2, Kdited by Biatt, A. H,, John
Wiley and Sons Inc., New Y ork, 1861 Ed., p. 580C.
g, Irving. H. and Wiliams, R. J. P., A Chem. Soc,,
1953, p. 3192,
10. Pertin, D. D, Nature, 1958, 182, 14},
11. Lumme, P. O., Swomen Kemistilehti,, 1958, 31B,
938.  Jbid., 1960, 33 (¥), 25.
12. Sidgwick, N. V., /. Chem. Soc., 1941, p, 433.
13. larionov, S. V., Shul'man, V. M. and Podol’skaya,
L. A., ZA, Neorgan. Krim., 1964, 9 (10), 23335.
14. Kumar, A N, and Nigam, H. L., /»d, J, Chm.,
1867, 35, 48.
., — and Katyal,
33 (3-4), 160.,
16, Hemmerich, P., Beineit, H.
Angery. Chem, 1966, 78, 449,

16, — M., J. Prakt, Chem., 18686,

and Vanngard, J,,




