
NOTES

It was noticed that the rate of propagation of the
step was constant and was of the order of 3·079 X
10-5 cm/sec in pure solution at 2 mA/cm2. When the
concentrat ion of HCl was 10-9 M, there was no signi-
ficant change in the rate of propagation of layers.
The rate of propagation of layers changed to 2·462 X
10-5 cm/sec, when the concentration of HCl in elec-
trolytic bath was increased to 10-5 M. With 10-4 M
HCl the rate further decreased to 2·155 X 10-5 cm/
sec. The layer type of growth changed over to ridge
type of growth with further increase in HCl concentra-
tion in the electrolytic bath.

At 5 mA/cm2 the rate of layer growth formation
was 4·311 X 10-5 cm/sec in pure solution and up to
10-9 M HCl the growth rate was not affected. With
the increase in HCl concentration from 10-8 M to
10-6 M the growth rate decreased to 3·703 X 10-5

f:mjsec. When the concentration of chloride ions
was increased from 10-6 M to 10-4 M layers began to
break up and completely changed over to ridge type
of growth at the concentration of 10-3 M HCI.

In the presence of HBr at 2 mA/cm2 the rate of
propagation of layers remained a!most co~stant up to
10-9 M HBr. With the further increase in HBr con-
-centration to 10-7 M the growth rate changed from
3·079 X 10-5 to' 2·462 X 10-5 cm/sec. When the
concentrat ion of HBr was increased to 10-6 M the
rate further decreased to 1·468 X 10-5 cm/sec. On
mcreasine the concentration to 10-4 M HBr the rateo
reached the minimum value and finally the layers
began to break up at higher concentration of. H~r.

The growth rate of layers was affected at iodide
concentrations of 10-8 M and 10-7 M.

Layers grow on the (100) plane of copp~r bJ: bunch-
ing mechanism. But in pre~ence ~f hahde IO~s ~h:
rate is decreased due to their specific adsorption - .

The author is thankful to Prof. G. K. N. Reddy,
Head of the Department of Chemistry, for encourage-
ment.
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Apparent molar volumes and viscosities of aqueous
solutions of valeric acid and sodium valerate of
different concentrations have been measured at 25°.
It has been found that the viscosity B coefficient for
valerate anion is much ~reater than that for the
valerie acid. The apparent molal volume (</>v) data

(

have been used to calculate the critical micelle
concentration of sodium valerate in water. The
concentration dependence of </>v in the low and the
high concentration regions is explained on the basis
of hydrophobic hydration and micelle formation
due to structural interactions of the solute with
water.

RECENT reviewst! on the properties of aqueous
solutions have stressed the importance of struc-

tural changes introduced by the solute. Small ions
attract water molecules (hydrophilic hydration),
most large organic ions and molecules strengthen the
hydrogen bonds of neighbouring water molecules
(hydrophobic hydration), and intermediate ions break
the structure of water. Three properties namely appa-
rent molal volume (c/>v) , apparent molal heat capacity
and viscosity B coefficient have proved to be sensitive
to hydrophobic hydrations:". The negative volume
of mixing of most non-electrolytes and water, the
negative concentration dependance of C/>V of hydro-
phobic solutes, the presence of a minimum in C/>V and
large increase in volume at critical micelle concentra-
tion (erne), have been all explained on the basis of
structural reinforcement of solvent water in dilute
region and structure breaking effect in concentrated
region of solutions-''.

The aim of the present work is to study the effect
of weak acid molecules(carboxylic acid, from acetic
to valeric acid, in a hypothetical undissociated state)
on solvent water structure and the interaction be-
tween solute molecules, as these acids are known to
form dimers (self-association) in non-aqueous sol-
vents and even in water-'. The volumetric and
viscosity data for acetic to butyric acids in water at
25° already exist in literature. The study has been
extended to valeric acid. There are very few studies=
which differentiate between the interaction of a large
anion and that of a neutral molecule derived from
it, with water. Keeping this point in view, the
viscosity measurements have been carried out for
sodium valerate in water to obtain the individual
ionic B coefficients. For the determination of critical
micelle concentration (erne) and the apparent molal
volume at infinite dilution (which is required for the
application of ionization correction for valerie acid),
the density measurement were made for sodium vale-
rate-water system at 25° for the concentration range
0-1·0 mole/litre.

Valerie acid (May & Baker) was directly used.
Sodium salt of valeric acid was prepared in the labo-
ratory by mixing calculated quantities of the acid
and sodium hydroxide. Slightly less than required
amount of alkali was added to prevent the excess of
sodium ions. The solution was concentrated on a
water-bath and then the salt was precipitated out by
adding a mixture of acetone and ethanol (2: 1). The
salt was recrystallized from absolute ethanol and
dried in an oven at 60°-80° for 4-5 hr. The dried
salt was kept in vacuo for several days.

All the solutions were prepared fresh in doubly
distilled water. The viscosity measurements were
made using a Tuan and FUOSS13type viscometer (time
of flow for water at 25° was 465·00 ± 0·2 see) in a
specially made thermostatic bath (accuracy ± 0·005°)
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TABLE 1 - ApPARENT MOLAR VOLUME AND VISCOSITY DATA

VO ~E
dq,v

Viscosity Viscosity2 de(ml/rnole) (ml/mole) A B
coefficient coefficient

34'69 -2,3 +0'220
51,53 -5,5 +0'107 +0·002 0·110

-0,006 0'250
84·60 -7,9 Negative -0,013 0,270

102,55 -6,6 -1·200 +0·040 0'260
86·90 -8,0 -0'110 0·800

Solute

Formic acid
Acetic acid
Propionic acid
Butyric acid
Valerie acid
Sodium valerate

in which water from U-I0 ultra-thermostatic bath
(accuracy ± 0·02°) was circulated. Prior to the
measurements, the viscometer was calibrated with
a 20% sucrose solution. The accuracy in the visco-
meter measurements was better than 0·1 %. Evalua-
tion of the results was done by the well-known Jones-
Dole viscosity equation. The variation of the para-
meter Yj,-lh/c (where Yj,-1 is specific viscosity) was
plotted as a fu~ction of ylc (c = mo~es/litre). f~r
valeric acid, sodium valerate, and acetic, propionic
and butyric acids (data obtained from literature'").
From the slopes and intercepts of the curves the
viscosity B and A coefficients] were calculated
(Table 1).

From the density data (accuracy ± 0,00005), the
apparent molal volumes (4)v) were calculated using
Eq.l

cpv = 1000 (do-d) + M2 ... (1)
c.do do

where M 2 is the molecular weight of solute and do
and d are the densities of solvent and solution respec
tively. The necessary ioniz~tion. correction was
applied for the 4>vdata of ,,-alenc acid by the ~eth?d
of King+'. The extrapolation of 4>vcurve to infinite
dilution yields 4>\1 (= -r~,partial molal volume of
solute at infinite dilution), which enables one to cal-
culate the excess partial molal volume W~E=
170 _ V~, where V~ is the molal volume of solute).
The values of -r;, -r;E and d4>v/dc (the slope of the
plot of 4>v versus c) for. valeric ~cid along ~th the
similar data for other aCIds obtained from literature
are shown in Table 1.

In the concentration range investigated for sodium
valerate, the 4>v values, followir,tg the method of
Redlich and Mayer", were descnbed by Eq. 2

4>v'= 4>vo+ he ... (2)

where 4>v'= 4>vo-1·868 ylc. Values of limiting
partial molal volume -r; = 4>voand the ~lope ~ were
obtained from the plot of 4>v-1'868 yI c against c.
These values are also shown in Table 1. The prob-
able error in the 4>vo values is ± 1 ml/mole in the
present study.

+The degrees of dissociation for these aci?-sdo not exceed
the value of 2% in the studied concentration range, hen~e
the ccrrection for ionization was thought to be negli-
gible.
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.The 17;E values obtained in this work, on comparison
WIth those reported for alcoholt" and amines-? show
that V2E for methyl to butyl alcohols are in the
ran~e -2·0 to -6·0 ml/mole and for corresponding
amines -6·0 to -10·0 mljrnole, while the corres-
pondin~ acids show. values of -5·5 to -8·0 ml/mole.
-r:hus, It can be said that the acids have compara-
tively more pronounced effect on solvent water than
alcohols which have similar effect as the amines
Since V;E represents the effect of solute-solvent
in~eractions, this analysis clearly points out (although
aCl~ molecules have four proton accepting sites while
ammes have twO)16 the loss of acid molecules in the
cavities of solvent water. This tendency of the-
~olute mol~cul~s to c~use hydrophobic hydration
m~reases WIth Increase In chain length up to butyric
acid and then appears a saturation effect in the case
of valeric acid.

It has been established that the concentration
variation of 4>v represents the solute-solute inter-
action. The study of d4>v/dc (Table 1) also shows
that formic and acetic acid molecules appear to be
structure breakers while butyric and valeric acids.
a.re structure forming solutes (the former have posi-
tive valu~s and the latt~r negative values). Kingll

has explal~ed t.he n.ega~lve .slope for butyric acid in
terms of Its dimerization m solution. On similar
grounds, the negative d4>v/dc value for valeric acid
can also be explained.

Table 1 shows that each addition of -CH group-
contributes about 17·0 ml/mole volume to vo~ This.
value of -r; (--:CH2) is in close agreement with that
of alcohols, armnes and hydrocarbons-e. Thus it can
be said that acid molecules exert similar effect on
water structure as the amines and alcohols. The-
lower members of the homologue appear to be struc-
ture breakers to a slight extent while the higher
members have struc~ure forming tendency.

The above conclusions drawn on the basis of volu-
~etri~ behaviou! are substantially supported by the
Vl~COSlty behaviour of these acids in water. The
a~lds are characterized (Table 1) by comparatively
high B coefficient values when compared with alco-
hols~8, but the values are similar to those of amines-".
Agalr,t one can note. that as the chain length (hydro-
phobIC character) ~ncreases, viscosity B coefficient
Increases in magrutude for alcohols and amines
while a saturation effect occurs in the case of:
acids.



NOTES

The plot cPv-1'868 yc for sodium valerate passes
-through a minimum at a concentration of 0·5-0·6
moles litre". Desnoyers and Arel" have explained
-the occurrence of minimum in cPv for alkyl ammo-
nium salts in water on the basis of hydrophobic
'hydration (before minimum) and micellization (after
minimum). Seen in this light the cmc value for
sodium valerate is 0·5 mole litre"! which is in excellent
agreement with the value reported from osmotic
coefficient study of this salt2o.

From the viscosity behaviour of this salt, it can
be seen that viscosity B coefficient is very high.
'Subtracting the B coefficient value of sodium ion
(0·08)12 from the total, one can obtain the value for
valerate ion (0·72). When this value is compared
with the value for acetate ion (0·25)12, it can be said
-that valerate ion is a strong structure former than
acetate ion, which is expected since the hydrophobic
residue in valerate ion is more strong than acetate
ion. The comparison of ionic B coefficient with
molecular B coefficients shows that ions have very
hieh values (acetic acid = 0·12, valerie acid = 0·26).
The behaviour of acetate ion has been explained by
Gurney= on the basis that acetate ion is stabilized by
forming stronger hydrogen bonds than the acid mole-
-cule. The same explanation can be applied to ex-
-plain the behaviour of valerate ion. Thu~ strong
ion-solvent interactions should lead to higher B
coefficient for anion than that of the parent molecule
which is indeed the case.
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Kinetics & Mechanism of Oxidation
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The kinetics of o.xidation of isobutyric acid (IBA)
and diglycolic acid (DIGA) have been carried out in
the temperature range 15-45° in aqueous sulphuric
acid medium. The reaction is overall second order-
first order with respect to each reactant. The absence
of spectral changes of manganese (III) acetate on
adding diglycolic acid and isobutyric acid confirms
the outer-sphere interaction of the substrate and the
oxidant. The energy of activation and other thermo-
dynamic parameters have been evaluated and dis-
cussed. A mechanism involving free radical inter-
mediate is proposed.

THE kinetics of oxidation of alcohols, carboxylic
acids, ketones and aldehydes by manganese(III)

have been widely studied. Manganes~(III) pyro-
phosphate', manganese(III) sulphate-, manganese(III)
perchlorates-! and manganese (III) acetates." have
been used as oxidants. Manganese(III) acetate has
been mostly used in non-aqueous medium. The
kinetics of reaction of manganese(III) perchlorate
with isobutyric acid has been studied by Wells
et al.3. But no detailed kinetic study has so far
been made for the oxidation of isobutyric acid (IBA)
and diglycolic acid (DGA) by manganese(III) acetate
in aqueous medium.

Manganese (III) acetate was prepared as per the
literature procedures. Isobutyric acid Was purified
by distillation under reduced pressure. Diglycolic
acid (Fluka), sulphuric acid (Basynth, AR, sp. gr.
1·8), sodium bisulphate (E. Merck) and manganese-
(II) acetate {LR, BDH) were used as such.

The reaction system consisted of manganese(III)
acetate (4 X 10-3M) , substrate (0·04 to 0'4M), [H+]
(2·5M) with a total volume of 50 ml and at an
ionic strength of 2·6M. All the components except
manganese(III) acetate Were placed in a reaction
flask which Was thermostated. At definite intervals,
after adding manganese(III) acetate, 2 ml aliquots
were taken and run into 2% potassium iodide
solution to arrest the reaction. The resulting solu-
tion of iodine was titrated against standard sodium
thiosulphate solution.

At constant [substrate], [H2S04] (2'5M), fl. (2'6M)
and temperature, a first order dependence with
respect to ~Mn3+] was observed. The plot of
-RMn versus [Mn3+] was linear with zero intercept
(Fig. 1). At constant [Mn3+] (0'004M), lH2S0

4
]

(2'5M), fl. (2'6M) and temperature variation of
excess of [substrate] gave increasing rates with
increasing [substratej.. From the linear plots of
log [Mn3+] versus time, the pseudo unimolecular

tPresented in the Symposium in Chemistry at Ll T,
Madras, 11 December 1977.
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