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N-Bromophthalirnide (NBP) and N-bromosaccharin
(NBSA) have been used for the direct potentiometric and vis­
ual titrations of 3-methyl-l-phenylpyrazol-5-one alone and in
its lanthanide nitrate and perchlorate complexes of the gener­
al formulae, [Ln(MPPMN03hl and [Ln(MPP)6l(Cl04h (where
Ln=La, Pr, Nd, Sm, Gd, Tb, Dy, Ho and Y, and MPP=3­
methyl-l-phenylpyrazol-5-one). The proposed titrimetric
methods using NBP and NBSA are simple and elegant, and
provide better methods for the determination of purity of
these complexes.

Recently N-bromophthalimide (NBP) and
N-bromosaccharin (NBSA) have been developed
in our laboratory as fairly stable oxidimetric ti­
trants in aqueous acetic acid mediuml.z. The title
investigation is in continuation of these studies.
_ The same apparatus which had been used earli­

erl, was employed for the potentiometric method.
Standard solutions t - 0.05 N) of NBP and

NBSA were prepared and stored in amber co­
loured bottles as described earlierl.Z. The lantha­

nide perchlorate and nitrate complexes of 3-me­
thyl-1-phenylpyrazol-5-one (MPP) were prepared

.by the literature method3 and their purities
checked by estimating the lanthanide content
gravimetrically4. The purity of MPP was deter­
mined by standard method5• Standard solutions of
MPP and its complexes (- 0.1 N) were prepared
in 75% (v/v) aq acetic acid. For visual titrations
methyl orange (2% aq) indicator was used.

In the potentiometric method, a measured ali­
quot (3-7 ml) of the sample solution (MPP or the
complex) was diluted to 50 ml with 50% aq acetic
acid in a titration cell and the resulting solution ti­
trated with a standard solution of NBP or NBSA.

Near the equivalence point addition of the titrant
was restricted to 0.1 ml portions and the solution
was stirred for t min before noting the steady
potential. At the equivalence point a potential
jump of about 200 mY was obtained for the addi­
tion of 0.1 ml of either of the oxidants.

In the visual method, an aliquot (5-10 ml) of
the sample solution taken in an iodine flask was
diluted to 100 ml with 50% aq acetic acid. After
adding 2-3 drops of methyl orange indicator the
solution was titrated with standard solution of
NBP or NBSA until there was a distinct colour
change from red to pale yellow. A blank titration
was also carried out along with each determina-

. tion and no blank correction was found necessary.
The results presented in Tables 1 and 2 indic­

ate that both NBP and NBSA can be used as ti­
trants for the determination of MPP and its lan­
thanide complexes with high accuracy and preci­
sion. During the reaction with MPP and its com­
plexes, NBP and NBSA undergo reduction to
yield phthalimide and saccharin, respectivelyl,Z.
MPP undergoes bromination to yield its dibromo
derivative according to the reaction

ClOHlOON+ 2RNBr-+ClOHsONBrz + 2RNHz

where RNBr is NBP or NBSA.

The success of these estimations with NBP and
NBSA is due to the fact that the C-4 and N-2 of

the pyrazolone nucleus have no substituents. The
hydrogen atom at C-4 is easily replaced by the
stronger electrophilic agent6 such as bromonium
ion, Br +. It is observed that one mol of MPP con­
sumes four equivalents (i.e. 2 mol) of oxidant
(NBP or NBSA) in accordance with the above
bromination reaction.

The position of the second bromine atom is
found to be N-2 by the following procedure. It
has been reported that N-bromoamines are ob­
tained by the reaction of N-bromoimides with
amines7• It has also been reported that N-haloa­
mines are easily converted into halogen and
amines whereas C-haloamines are nots. Accor­
dingly, the bromine attached to N-2 of MPP is la­
bile and liberates iodine from acidified potassium
iodide. This is found true and hence MPP is di­
brominated at C-4 and N-2 of the pyrazolone
nucleus.

In view of the fact that one mol of MPP con.,.

sumes 4 equivalents (2 mol) of NBP or NBSA, it
is observed that each of the lanthanide nitrate
complexes, where there are 3 MFP molecules,
consumes 12 equivalents (6 mol) of oxidant, while
each of the lanthanide perchlorate complexes,
where there are 6 MPP molecules, consumes 24
equivalents (12 mol) of oxidant. The advantages
of the proposed methods are (i) simplicity, (ii) ad-
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Tab~ I-Determination of 3-Methyl-I-phenylpyrazol-5-one alone and in Its Lanthanide Complexes Using

N-Bromophthalimide (Ten replicates)Compound*

Potentiometric titrationVisual titration

Range studied

StAv.Range studiedSt.Av.

(mmol)

deverror(mmol)deverror
(11 mol)

(%) (11 mol)(%)

MPP

0.03-0.192.70.350.14-0.302.90.39

[La(MPP)3(N03hJ

0.01-0.032.40.340.04-0.081.66.35

[Pr(MPP)3(N03hJ

0.01-0.032.90.330.02-0.063.10.34

[Nd(MPPh(N03hJ

0.01-0.041.30.320.04-0.102.30.31

[Sm(MPP)3(N03)3]

0.02-0.052.60.250.04-0.102.10.23

[Gd(MPP)3(N03h]

0.02-0.042.80.270.04-0.082.20.20

[Tb(MPPh(N03hJ

0.02-0.053.10.370.04-0.083.30.25

[Dy(MPP)3(N03hJ

0.02-0.042.30.170.04-0.083.40.30

Ho(MPPh(N03hJ

0.02-0.041.70.230.04-0.083.30.28

[Y(MPP)3(N03)3]

0.02-0.043.00.260.04-0.072.70.21

[La(MPP)6](CI04h

0.01-0.032.40.280.02-0.052.20.34

[Pr(MPP)6](CIO 4h

0.01-0.034.00.340.02-0.051.70.22

[Nd(MPP)6J(CI04h

0.02-0.031.80.340.03-0.062.60.23

[Sm(MPP)6J(CI04)3

0.02-0.032.70.230.03-0.062.10.18

[Gd(~)6J(CI04)3

0.02-0.031.90.280.03-0.062.30.40

[Tb(MPP)6XClO4h

0.02-0.032.70.180.03-0.062.80.27

[Dy(MPP)6J(CI04h
0.02-0.033.60.330.03-0.064.50.40

[Ho(MPP)6](CI04h

0.02-0.042.40.240.04-0.072.20.19

[Y(MPP)6¥CI04h

0.02-0.052.60.220.04-0.082.50.21

*MPP= 3-Methyl-1-phenylpyrazol-5-one.

Table 2-Determination of 3-Methyl-l-phenylpyrazole-5-one alone and in Its Lanthanide Complexes Using
N-Bromosaccharin (Ten replicates)

Compound* Potentiometric titration Visual titration

Range studiedSt.Av.Range studiedSt.Av.

(mmol)

deverror(mmol)deverror
(11 mol)

(%) (11 mol)(%)

MPP

0.05-0.163.00.320.14-0.302.30.45

[La(MPPh(N03)3J

0.04-0.052.20.210.04-0.081.60.38

[Pr(MPP)3(N03)3]

0.01-0.032.60.380.02-0.063.00.32

[Nd(MPPh(N03hJ
0.01-0.042.30.200.04-0.101.00.24

[Sm(MPPh(N03hJ
0.02-0.052.10.160.04-0.101.30.13

[Gq(MPPh(N03hJ

0.02-0.042.40.180.04-0.082.30.32

[Tb(MPPh(N03hJ

0.02-0.052.60.290.04-0.083.60.24

[Dy(M.Df>h(N03hJ
0.02-0.042.50.200.04-0.082.90.27

[Ho(MPPh(N03hJ
0.02-0.042.30.170.04-0.083.20.38

[Y(MPPh(N03hJ
0.02-0.042.90.260.04-0.073.40.29

[La(MPP)6](CI04h
0.01-0.034.10.340.02-0.032.50.24

[Pr(MPP)6¥CI04h
0.01-0.034.30.380.02-0.053.20.30

[Nd(MPP)6¥ CI04)3
0.02-0.032.90.250.03-0.063.10.27

[Sm(MPP)6J(CI04h
0.02-0.033.70.320.03-0.061.30.21

[Gd(MPP)6](CI04h
0.02-0.032.10.160.03-0.062.00.23

[Tb(MPP)6](ClO4h
0.02-0.043.00.220.03-0.062.80.24

[Dy(MPP)6XCI04h
0.02-'0.033.30.280.03-0.063.60.36

[Ho(MPP)6J(CI04h
0.02-0.042.10.160.04-0.071.70.13

[Y(MPP)6XCI04)3
0.02-0.052.40.220.04-0.082.30.22

*MPP= 3-Methyl-1-phenylpyrazol-5-one.

dition of auxiliary agent such as KBr is not neces­

sary, (iii) the dibrominated products are not pre­

cipitated in 50% aq acetic acid, and (iv) the rea­
gents are stable solids and their solutions have
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better keeping quality. To the best of our knowl­

edge the proposed methods are the first titrimet­
rie methods for the determination of a number of

MPP molecules in the lanthanide complexes.
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