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Fig. 1 - (A) Plot of I/kl (min) versus 1/50[N2H~] M-I;
. (B) plot of (I/5k1) -40 (min) versus 108 [H+]M; and
(C) plot of I/kl)-30 (min) versus I03[phen.] M {IIron(IIJ)]
=7.5 x 10-6 M; temp : 40°. (A) [H+] = 1.0 X 10-1 M;
[HSO;] = 1.7 10-2 M; [phen] = 2.0 x 10-3 M; methanol
= 1 %. (B) [HSO;] = 1.7 X 10-1 M; [N2H.] = 8.0x 1O-3M;
[phen] = 2.0 X 10-3M; methanol = 1%. (C) [H+] =1.0 X
10-8 M; [HSO;] = 9.0 X 10-3 M; [N2H.] = 8.0 x 10-3 M;

methanol = 8 %l}

The effect of varying dielectric constant of the
medium on the rate has been studied using methanol
water mixtures. It is observed that an increase in
methanol content of the medium results in an increase
in the rate (Table 1).

TABLE1 - EFFECT OF ADDED METHANOLON THE OXIDATION
OF HYDR,AZINE BY IRON(III) IN PRESENCE OF I,IO-PHENAN-

THROLINE

{(Iron(m)] = 7.5 X IO-'M; [N.H.] = 8.0 X lO-IM; [H+] =
1.0 X IO-sM, [phen] = 2.0 x 10-8 M temp. = 40°}

MeOH (%, v/v)
1oIk/min-I)

30
4.078

40
5.708

50
9.368

10
1.816

20
2.693

The kl values 1.402, 2.449 and 4.369 X 10-2
min-I• at 40°, 45° and 50°C give: E; = 22.74
kcal. mor- and ~St = -2. 26 e.u at 50°.

The inverse dependence on (H+) suggests the invol-
vement of an unprotonated hydrazine molecule
in the reaction. The oxidising species may be iron
(III) sulphato-l, 10-phenanthroline complex?".
Thus the reaction is between an ion and a dipole.
The results on the effect of dielectric constant on
the rate also confirm this view. The observed inhibi-
tion by 1,10-phenthroline suggests the involvement
of equilibrium (2) (Scheme 1).
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KI
N2H. + H+ ~ N2Ht ... (1)

Ka
[Fe(SO.)mxnl+(3-Zm)+N2H. ~

[Fe(SO.'mXn_l(N2H.)+(3-2m) + X ... (2)
k (I)

I -~ [Fe(SO.'mXa_l]+(2-2m) + N2Hs+H+ ... (3)
slow

fast fast
2N2H. --+ N.H, --+ N2 + 2NH. ...(4)

X = l,lO-phenanthroline
Scheme 1

The proposed mechanism leads to the rate law

Rate =

This rate law demands that a plot of llkl versus
II [N2H4] ., liki versus [X] and l1k1 versus [H+]
should be linear with positive intercepts on the
ordinate axis which is actually found to be so (Fig 1).
Hence it can be concluded that the reaction takes
place by the replacement of a 1,10- phenanthroline
molecule by N2H4 from the oxidising species.
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Physico-chemical Studies on La(III), Prfffl),
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Stepwise and overall formation constants (log (33) of La(lII),
Pr(lII), Nd(lII) and Sm(III) with p-fluoro-, p-chloro-, p-bromc-
and p-methyl-bentoylacetones as well as ligand-proton stability
constant (log K¥) of the ligands have been determined potentio-
metrically in dioxane-water mixture (75 % v/v) at 30° ± o.r in
a medium of constant ionic strength, fL = 0.1 M (NaCl04)·

tPresent address : Vice-Chancellor, Delhi University,
Delhi 110007.
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IN cOl~tinuation o~ our earlier work on the

ch~l.atmg properties of ~-diketonesl-4 with
transition and non-transition bivalent metal ions
we report in this paper the stepwise and overali
formation constants of .La(IlI), Prfffl) Nd(IlI) and
Sm(IlI) chelates of p-fluoro-, p-chlo;o-, p-bromo-
and p-methyl-benzoylacetones. For comparison
similar studies with acetylacetone and benzoylacetone
have also been made.

p-Fluoro-, p-chloro-, p-bromo- and p-metfl.Yl-
benzoylacetones were synthesised as described in"our
papers':", Acetylacetone and benzoyl acetone were
used after distillation. Rare-earth perchlorates
were prepared .by diges.ti~)llof the corresponding rare-
earth oxides with requisite amount of perchloric acid
and the solutions were standardised volumetrically
by EDTA titrations", Dioxane (BDH AR) was
p~rified as described by Weissberger et 'al.6 All sol-
utions were made in 75 % (v/v) dioxane-water mixture.

The following solutions (total vol., 50 ml) were
prepared and titrated against a carbonate-free O.IM
NaOH,
(i) 0..o5M HCI04 (5 ml) + 0.25 M NaCI04 (20 ml) +

dioxane-water (25 ml, 75 % v/v).
(ii) 0.025 M Ligand (10 ml) + 0.05 M HCI04 (5 ml)

+. 0.25M NaCI04 (20 ml) + dioxane-water
nuxture (15 ml, 75% v/v).

(iii) 0.025M ligand (10 ml) + 0.0025MLn (CI04)3
(10 ml)+0.0~5MHCI04 (5 ml) + 0.25MNaCI04
(20 ml) + dioxane-water (5 ml, 75 %v/v).

Af!er each addition of a definite aliquot of
alkali pH values were recorded with an expanded
pH meter PH 821 equipped with glass electrode -SCE
assembly. The pH-meter was calibrated with aqueous
~uffe:s (pH 4.00 and 9.18) before and after each
titration, All the measurements were carried out at
300 ± 0.10 in an inert atmosphere of nitrogen gas.

Each pH meter reading (B) of a solution in an
aqueous dioxane medium was corrected for non-
aqueous medium with the help of correction factor
according to Van Uitert and Haas", Rao and Mathur"
and Irving and Mahnot". This factor was added in
each pH meter reading (B) in order to obtain the
actual [H+] pertaining to the aqueous-dioxane
solution.

Stepwise formation constants were calculated by
the method of Irving-Rossotti'? as extended by
Berrum-Calvinv'P,

The following equilibria were considered in the
rare earth-a-diketone system.

and ~3 = K1K2K3· where kl' k2 and k3 are the
successive stepwise formation constants and ~3 is
the overall formation constant.
. The values of log kl' log k2 and log k3 for the comp-
lexes of La(IIl), Pr/Ilf), Nd(IlI) and Sm(IlI) with

,
I

NOTES

substituted ~-diketones were calculated from the data
of nA, ~ and pL using Irving-Rossetti'> equations.

T~e n v~lues were calculated from the pH data
bot~med prior t~ the precipitation of metal complexes
during the titration of the metal-ligand mixture with
sodium hydroxide. .

The formation curves were drawn and stepwise
formation constants evaluated at n = 0.5, 1.5 and 2.5
cor:esponping to log «; log K2 and log K3•

1he values of ligand-proton stability constants of
p-fluoro-, p-chloro-,' p-bromo-, p-methyl-benzoy-
lacetones,. acetylacetone and benzoylacetone as well
as stepwise and overall formation constants of
~a(IlI), Pr(IlI), Nd(III), and Sm(IU) ions with above
hgands are listed in Table I.

The ligand-proton stability constant log kH of
benzoyl acetone is higher by 0.10 log unit as comp~red
to . acetylacetone, indicating that benzoyl aceton ate
amon IS a stronger conjugate base or nucleophile than
acetylacetonate a~ion. This is contrary to the expec-
tation If one considers only the electron withdrawing
effect of the phenyl ring. However, in the literature
several examples are known in organic chemistry'v-",

TABLE 1- LIGAND ANION PROTON STABILITY CONSTANT OF
p-FLUORO-, p-CHLORO-, p-BROMO-, p-METHYL-BENZOYLACETONES,
ACETYLACETONE AND BENZOYLACETONE AS WELL AS SUCCESSIVE
STEPWISE AND OVERALL FORMATION CONSTANTS OF La(III)

Pr(I1I), Nd(II1) AND Sm(I1I) COMPLEXES '

(log K~) Forma-
tion

constant

Metal-ion .

Pr+S Nd+a Sm+3La+3

9.90 log Kl 6.50
CHaCOCHaCOCHs

6.86 7.00 7.03
log K. 5.48 5.85 5.95 5.74
log s; 4.09 4.61 4.81 4.26
log (3. 16.07 17.32 17.76 17.03

logKl 6.65
CaH5COCHaCOCHa

7.10 7.24 7.45
log K. 5.53 6.13 6.21 6.00
logKa 4.06 4.61 4.76 4.28
log (33 16.24 17.84 18.21 17.73

logKl

p-FCaH.COCHa COCHs
6.61 6.95 7.08 7.3.4

log K. 5.62 6.06 6.15 6.28
logK3 4.16 4.74 4.81 4.50
log (3. 16.39 17.75 18.04 18.12

p-CICaH.COCHa COCH.
log K; 6.41 6.93 7.16 7.35
logK2 5.38 5.98 6.23 6.16
log s, 4.04 4.78 4.98 4.58
log (3. 15.83 17.69 18.37· 18.09

p-BrC6H.COCHa COCHa
log K; 6.48 7.00 7.13 7.28
log K. 5.40 6.03 6.13 6.08
log Ks 4.06 4.75 4.85 4.35
log (33 15.94 17.78 18.11 17.71

p-CHaC6H.COCH. COCH.
logKl 6.80 7.25 7.34 7.54
log K. 5.74 6.23 6.53 6.21
log K. 4.13 4.58 4.76 4.34
log (3. 16.67 18.06 18.43 18.09
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where phenyl ring is thought to function as an electron
donor. In such a situation phenyl ring should'be
co-planar with respect to the adjoining conjugated
system. On the basis of measurements of log kIf
of benzoylacetonate made in this study, it is observed
that phenyl group is more electron donating, thereby
conferring more electron density in the enolate part
than the methyl group in acetylacetonate anion.
Further the substitution of fluoro-, chloro- and
b.r0n~o- groups at the para position of the phenyl
flng III benzoyl acetone results in the decrease of
kIf by 0.30, 0.525 and 0.57 log units. This can be
explained on the basis of differing magnitudes of
inductive and mesomeric effects. Fluorine shows
a weak inductive influence but a greater mesomeric
influence, than chlorine and bromine. The latter
two groups although relatively bulky, possess more
inductive influence than the mesomeric effect. On the
basis of these arguments the following sequence of
og kif is proposed : F < Cl < Br

Substitution ofthe methyl group at the para-posi-
tion of the phenyl ring in benzoylacetone, however,
further enhances + I effect in addition to the electron
donating effect of coplanar phenyl ring with respect
to the enolic ring.

In the present work the ligand-proton stability
constant (log KI[) of p-ftuoro-, p-bromo- and p-me-
thyl benzoylacetones as well as benzoylacetone and
acetylacetone have been plotted against negative
logarithms of successive stepwise formation constants
(log K1, log K2 and log K3)and overall formation
constant (log ~J) of the metal complexes formed with
La({[I), Pn Hl), Nd(IIl) and Sm(IfI). In each case
linear relationship is observed. However, a positive
slope is ob.served when log Kt, log K2 and log ~3 are
plotted against log KIf and a negative slope is obtained
when log K3 is plotted against log KIf.

In general' it appears that the greater the nucleo-
philicity of the ligand anion the higher the stability
constant of the metal complexes.

From the data in Table 1 it appears that the- first
formation constant K, steadily increases from La([H)
to Sm(IfI) but second formation constant i~creases
from La([[J) to Nd({[I) only and it decreases at
Sm(UI). Likewise third formation constant increases
from La/Ilf) to Nd([[I) but it again starts decreasinz
at Sm(IfI). This anomaly can be explained on th~
b.asis of sm~l1 radius of Sm(fU) surrounded by bul ky
l igands which cause steric hinderance.
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Detection and determination of diphenylamine is carried out
in 11.0-14.0 M acetic acid and 0.5-1.5 M Isulphuric acid using
potassium hexacyanoferrate(1ll) as oxidant. The violet colour
product of oxidation of diphenylamine has a wavelength of
maximum absorption between 570 and 590 nm, The identification
and dilution limits for the detection are 0.17 {log and 1 : 6 x 10'
respectively. The Beer's law is obeyed in the range 0.34-2.7
ppm, Sandell's sensitivity and molar absorptivity are 0.00845
(log cm-2 and 2 x 104 respectively.

IN an earlier paper", we reported the detection
and determination of chromium(VI) and vana-

dium(V) using diphenylamine as a reagent in the
presence of potassium hexacyanoferrateflff)-. In the
preliminary studies we observed that hexacyano-
ferrate/Il l) acts as an oxidant in a mixture of 11.0-
14.0 M acetic acid and 0.5-1.5 M sulphuric acid.
This is utilized in the estimation of diphenylamine.

A stock solution (O.IM) of potassium hexacyano-
ferrate (III) (BDR, AR) was prepared and standar-
dised iodornetrically- and that (0.1 M) of diphenyla-
mine (E. Merck) in glacial acetic acid (S. Merck).
The solutions were diluted as and when required.

All other chemicals used were of AR grade.
A Carl-Zeiss Spekol spectrophotometer with 1 em

cells was used for optical density measurements.
The detection of diphenylamine was done by spot

test procedure. Glacial acetic acid and sulphuric
acid (S.41M, 2 ml) were mixed and an aliquot of
this solution (0.8 ml) was taken in the cavity of a
spot plate to which 0.1 ml of potassium hexacyano-
ferrate(IfI) (1.0 X 10-4 M) and 0.1 ml of test solution
(1.0 x 10-5 M) were added, mixed with glass rod and
compared with the reagent blank. Descernible bluish-
violet colour was obtained within 10 sec. The identi-
fication limit was found to be 0.17 I-'g and the dilution
limit I : 6 X 106.

+Presented at the Annual Convention 0 Chemists, Waltait
(1978).
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