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Malate complex of aluminium has been studied
DH-metrically in the pH range 2-8-80, A+ reacts
with malic acid in the pH range 2-8-34 to form a
neutral complex (C) with simultaneous liberation of 3
protons. At higher pH, the neutral complex (C) under-
goes step-wise dissociation to form anionic complexes
(CG7) and (C}"). The equilibrium constants of the three
reactions,

Al +H,ML =C+3H*
C =Ci+H+
Ci =2Ci--+H+
are found to be 4:12x107%, 1-91x10-5 and 2:5810-%
respectively.

PAVLINOVA and Vysotskaya® have studied the

complex formation between Al¥* and malic
acid by potentiometric and conductometric titra-
tions. This note reports the pH-metric determi-
nation of stability constants of malate complexes
of AI(III) in the pH range 2-8-8:0.

Aluminium perchlorate was prepared by dis-
solving a known amount of aluminium hydroxide
(prepared frem a knewn amount of aluminium
sulphate) in a known weight of standardized 709,
perchloric acid. The solution was diluted to one
litre and then aluminium estimated as Al,O, (ref. 2)
and as Al(CgHgON); (ref. 3). The excess perchloric
acid present in the solution was neutralized by
standard sodium hydroxide solution after the addi-
tion of knewn amount of malic acid.

The following solutions (total volume 200 ml)
were titrated against 0-1M NaOH:

(i) 6:063 x 104M malic acid 4-0-01M NaClO,
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(i) 4997 x107*M Al(ClO,)3+6-063 x 10*M malic
acid+0-01M NaClO,

(iii) 2-425x10M malic acid+0-01M NaClO,

(iv) 4997 x 104M AIl{ClO4)3+2-425x 103M malic
acid+-0-01M NaClO,

(v) 6:25x10*M sodium malate+0-01M NaClO,

(vi) 4997 x 102M ALClO,)3+6-25 X 10*M sodium
malate+0-01 NaClO,

(vii) 2-5x103M sodium malate-+0-01M NaClO,

(viii) 4997 x 104M Al(CI0O,)g+2-5 X 10-3M sodium
malate+0-01 NaClO,.

As observed in the case of cadmium citrate?,
manganese tartrate® and other systems®?, the
amount of acid liberated during the complex for-
mation between AI3* and malic acid remains the
same even though the metal-ligand ratio is increased
from 1:1-25 to 1:5 indicating the formation of a
1:1 complex. The reaction between malic acid
and aluminium perchlorate [titrations (i)-(iv)] may
be represented by Eq. 1.

AI¥*-H,ML = C-+nH* -]
= [CIx[HT 2)
[AB¥][H,ML]

By proceeding in the same manner as described
in the case of cadmium citrate? system, it can be
shown that,

A[NaOH] —a/bAML] _

—alfb

€]
where A[NaOH]=[NaOH]z—[NaOH]a
kA {ML]=[ML]g—[ML]a -~
—_ 1 ikt S-S SN ikt T it Shi I
“=mn T T M me

.3

ky and k,, the dissociation constants of malic acid8
are 5:5x10™* and 2-1x 105 respectively.

When the formation of the complex is complete,
it can be shown that,

A[NaOH]—afbAML] _
[AICIO)y  — " -8

Using Eq. 4, the » values at different pH can
be calculated frem the titration curves (i) and (ii)
and the values are found to be higher than 3 and
4 at pH >3-6 and 62 respectively. Below pH
3-6, a neutral complex C is formed and assuming
the # value to be 3, below pH 3:6, K values were
czlculated and found to be 4-68x107, 4:22x 108,
4:24x 108, 3-94x10® and 3-52x10°¢ at pH 2-8,
29, 3-0, 3-1 and 3-3 respectively. The mean value
of K 15 4-12x1078.

In the pH range 3-6-6-2, the n values are greater
than 3, but less than 4. This indicates the disso-
ciation of neutral complex (C) according to Eq. 5.

C=Ci+H* ...(5
and

_ [C[HY)
K= il ..{6)

It can be shown as in the case of cadmium citrate
complex? that,

_ (n—3)[H"] -
Kl_‘ —_(T——:;’LT_ ...( )

The values of K; were calculated using Eq. 7
and found to be 1-56x 105, 2:62x 105, 2:33 X103,
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1-69x10°%, and 1-35x 107 at pH 36, 42, 44, 46
and 4-8 respectively; the mean being 1:91x105.

The anionic complex Cj disscciates in the pH
range 6-2-8-4 as: Cij=C*+H* The dissociation
constant will then be given by Eq. 8.

CEIH*)

K= I (8
It can be shown as before that,

_ (n—4)[H"]
K,= G—n) ...{9)

K, values were calculated using Eq. 9. These
are 1°72x 108, 2-83 x 1078, 326 1078 and 2-51x 1078
at pH 6-6, 7-0, 7-4 and 8-0 respectively. The mean
value is 2-58 1078,

The values of K, K;, and K, obtained from titra-
tions (iii) and (iv) are very similar.

The nature of the curves in titrations (v-viii)
are similar. As the ratio of metal to ligand is 1:5
in the case of titrations (vii-viii), the formation of
the complex is complete. As observed in the
titraticns (i) and (ii) in the pH range 3:6-6-2, where
both the complexes C and Cj exist, similar species
are likely to be present in titraticns (vii-viii).

It can be shown as before®7 that,

[M]=[C]+1C3] ...(10)
(ML = _[OMLI=[M]
1+ - B (1)
[C3)=[H*]+ [NaOH] —[M] -+ [HML] (1+ 2
! ...(12)
[Cl=IM]—[C;] ..(13)

K, values were calculated using Eq. 6 and are
3-03 %105, 2:32x10® and 1-26x10% at pH 53,
5:6 and 5-7 respectively. The mean values of K,
is 2-20 x 167 which is in close agreement with that
obtained from titrations (i) and (ii).

Since in the pH range 6-6-8-4 [titrations (i) and
(ii)] both Cj and C% exist, it can be shown in the
case of titrations (vii) and (viii) that

[C3]=[H*]-+-[NaOH] - [HML"] (1+ . [H+])
17 R
—21M]

...(14
[Cil=[M]—[C%]

K, values were calculated using Eq. 8 at different
pH and are found tc be 1-19x1078, 1-63x1078,
178 x 1078, 1-96x10% and 2-47x10® at pH 75,
76, 77, 7-8 and 8-0 respectively. The mean value
of K, is 1-81x10® which is also similar to that
obtained from titrations (i) and (ii).

The authors are thankful to the Ministry of
Education, Government of India, for the award
of a research scholarship to cne of them (N.K.M.)
and to the BSIR, Orissa, for financial assistance
for this investigation.
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The electronic absorption spectra of some nitroso-
naphthols are recorded in organic solvents and dis-
cussed in relation to medium effects and molecular
structure.

IN view of the interesting chelating properties of

nitrosonaphthols it was considered of interest
to study the electronic spectra of a-nitroso-B-naphthol
(I) and some of its derivatives, viz. 3-chloro(II),
3-bromo-(III), 3-iodo-(IV) and 3-carboxy (V) in
organic solvents of varying polarities. For . sake
of comparison @-nitroso-a-naphthol (VI) is also
included in the study.

The parent compounds I and VI were of BDH
quality. II and IIL were obtained by the halogena-
tion®2 of I and IV was obtained from III3. The
3-carboxy derivative (V) was obtained by the
nitrosation of the corresponding hydroxy naphthoic
acid®. The products were purified by crystallization
from the appropriate solvent.

The procedure and apparatus employed were the
same as described previously®.

The electronic spectra of the compounds show
mainly three bands. The bands below 300 nm are
due to n-n* transitions within the naphthyl moiety.
The band in the region 335-380 nm can be
assigned to an intramolecular charge transfer from
the naphthyl ring as donor to the nitroso group
as acceptor®. Such a charge transfer would be
enhanced by charge migration from the OH-group.
Such a mesomeric shift finally leads to the ketoxime
(VII) tautomer, the existence of which has been
confirmed by the IR spectrum.

The results given in Table 1 show that the values
of Amax and e, are dependent on both solvent

,HT..:_’}
40

Q%19
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