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SPECTROPHOTOMETRIC STUDIES AND ANALYTICAL
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CHELATES WITH PYRIDINE -2- ALDEHYDE -2- PYRIDYLHYDRAZONE ( PAPH )

Ali Z. Abu Zuhri and Mohammad A. Hannoun

Chemistry Departement, An— Najah National University,
Nablus, West—-Bank .

-po—-als~

X e gy S pe oMeliny ol M pgu 8l SN gy ) pis o g

PG, ols Jdle @ Jal 8 700 de gpi ! Ul Lol & s 5hac Juke g Y- da ]
5515 i CMelidl 0de oy 050 Gaakas SIS . Ul e A£0 L VYO g 5lus Tty kb
Y00 o sl obaze¥l Jolas ol 3] Tz duleas a5 il 50 5l i) 0s cpo iniinie
ol de b o8l I gy el g pis oo JSI V- s - e AN XY LN X
Uad a3y b . (g piand] S My polial] alls oy 055 ) CSIAL Sy S 5 et o5 ISS

ol sde s fe LY aay 3ems G Al

ABSTRACT

Ce (lIl) and Th (IV) reacts with pyridine—2—aldehyde-2—pyridylhydrazone in
agueous solutions containing 50 % ethanol at pH’s 7.75 and 8.45 respectively.
Beer’s law is obeyed over the range 0.0-15.u9 and 0.0-18 ng of cerium and
thorium respectively . The proposed procedure is sensitive , since molar absortivity
is 2.56 x 10* and 3.60 X 10* L.Lmol™* cm™" for Ce (Il ) and Th (IV) respectively . The
composition and stability of these complexes have been determined . The limita-
tion of this procedure and the effect of other ions have been studied .
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INTRODUCTION

Hydrazones, particularly hydrazones of nitrogen — containing heterocyclics
have attracted much attention as analytical reagents , because of their high sen-
sitivity and selectivity . Lionset.al'first reported the analytical properties of these
compounds . Their analytical applications have recently been reviewed by Katyal et.

ald . Various substituted hydrazones have been used for the spectrophotometric
determination of several metal ions+s .

Following our studies in search of new analytical reagents for the spec-
trophotometric determination of Ce ( Ill ) and Th ( IV )16-21 | it was found that the
pyridine-2-aldehyde—2-Pyridylhydrazone ( PAPH ) undergoes a practically sensi-
tive reaction with the above elements . However nothing has yet been reported
about the complexes of PAPH with Ce (lll)and Th (V) ions.

This paper describes the spectrophotometric studies on composition, stabil-
ity and analytical application of Ce (1l ) and Th (IV ) Chelates with PAPH in  buffer
solutions containing 50% ethanol .

EXPERIMNTAL
reagents :

All solutions were prepared with analytical-reagent grade chemicals in doubly
distilled water unless indicated otherwise.

PAPH reagent : PAPH was prepared as previously described by lions! . An
ethanolic solutions of PAPH (10 -3M ) were prepared and stored in an amber—glass
bottom . Buffer Solutions : The buffer solutions used were perchloric acid for pH
values below 3.5, acetic acid—sodium acetate mixture for pH values between 3.5
—6.0, boric acid — borax mixture for PH values between 6.5-9.0, borax—sodium
hydroxide mixture for PH values between 9.5-11.0 , and sodium hudroxide for pH
values above 11.0.

Ce (Ill)and Th (IV) Solutions : Solutions of Ce (Ill)and Th (1V) were prepared
using ANALAR grade nitrate salts .
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Apparatus :

Absorbance curves were measured with a pye Unicam SP8-100 Spec-
trophotometer . A corning model 12 pH meter was used for pH measurements .

procedure :

To a suitable aliquot containing 40 to 80 ugof Ce (1) or Th (1V), add 7.5ml
buffer solution , 7.5ml of alcohol and 5ml of 1.0 x 10-4 M PAPH solutions . Dilute to
25ml with distilled water and shake well. Measure the absorbance in a 1—cm cell
against a reagent blank after 15 min at 205 nm for Ce (Il }-PAPH and at 200 nm for
Th (IV)-PAPH chelates .

RESULTS AND DISCUSSION
Absorption Spectra:

The absorption spectra of the ligand PAPH and of its complexes with Ce (1il)
and Th (IV) are shown in Fig. 1. Itis evident that the maximum absorption of the Ce
(1yand Th (V) complexes is at 205 and 200 nm respectively . The PAPH does not
absorb at these wavelengths .

The Effect of pH :

The formation of PAPH complexes with Ce (lll) and Th (IV) is highly dependent
on pH. Fig. 2 shows the dependence of absorption on pH . From these results it can
be concluded that the maximum colour development of the above complexes is
achieved by buffering at pH 7.75 and 8.45 for Ce (1ll) and Th (IV) complexes respec-
tively

composition of the complexes

The composition of Ce (il ) and Th (V) complexes , as determined by both the
continuous variation and the mole—ratio methods , was shown to have a metal to

ligand ratio of 1:2
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Abserbarce

viavelength (nm)

Fig. 1 Absorption spectra of PAPH and its complexes :
(a) PAPH
{b) Ce (Il PAPH complex at pH 7.75
(c) Th (IV)-PAPH complex at pH 8.45

a
o5ut b .
g
o33 Q /
/
PRI ‘I
/
@ oFhy /
Q
c /
_8 o.k6 | /
o
o /
8 o to /
< /f
o2y /
06 /
/
c.38} I’
/ ) "

Fig.2 pH dependence of metal complexes :
(@) Ce (Illy ~APH complex.
{b) Th (IV)~PAPH complex .
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Stability and formation of complexes :

The formation of the complexes of Ce (lil) and Th (IV) with PAPH is instantane-
ous. However, a 10-min standing period was allowed for equilibration. Measure-
ment of the absorbance was therefore carried out 15 min after the addition of PAPH
and the absorbance remained constant for 24 h.

The mean values of the apparent stability constant (log B) as well as'the values
of — A G° calculated from the present results are given in Table 1.

Table 1.

Values of log g, —-A G°ana t for PAPH complexes .

~AG? ¢
Type of Complex Log B (KCal/mol) |.mol-cm-1
Th(IV) :2 PAPH 10.30 13.99 3.70x 104
Ce(lil) :2PAPH 9.45 12.84 2.56x 104

Beer’s Law and Molar Absorptivity :

Series of standard solutions of Ce (Il ) and Th (IV) were prepared and com-
plexed with PAPH and then the absorbance of each standard solution was mea-
sured following the procedure recommended above. Beer’'s Law is valid in the
range 0.0-15 pg/ml Ce { Il ) and in the rane 0.0—18ug/ml Th (IV). The molar ab-
sorptivities, as calculated from the linear parts of Beer’s law plots, were 2.56 x 1 0*,
and3.70x 10* 1mol™ em™ for Ce (IIl) and Th (IV) respectively ( Table 1).
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Comparison With Some Other Reagents:

Tables 2 and 3 presents a comparison of the most sensitive reagents for the
spectrophotometric determination of Ce (i) and Th (IV). The use of PAPH as area-
gent for Ce (Ill) and Th (IV) compares favourably in respect of sensitivity with these
reagents. Hence it is evident that the methods reportedww, involving
5-Br—PADAP for the determination of Ce (Il ) anc Th (IV) are more sensitive than

other methods.

Effect of Otherlons:

Synthetic solutions containing a known amount of Ce (Il ) and Th (IV) and vari-
ous amounts of other ions were prepared and the recommended general proce-
dures for the determination of Ce (Il ) and Th (IV) was followed . The tolerance limit
of an ion was fixed as the maximum amount causing an error no greater than 2% in
the absorbance of the solution .

There was no interference from the following ions : chlorate, fluoride, nitrate (
250 ng) sulphite, sulphate, carbonate, acetate, citrate, tartrate , chloride (500ug) ,

No evidence was found in work previously described'?, to support complex
formation in aqueous solutions containing PAPH and the metals Mg {11}, Ca (11},
Sr(Il)y,Ba(ll),Al(lly,La(li), Mo (VI),W(VI), TI(1)Sn(IV)and As (lll}. These
metals should not interfere and therefore were not tested , Mn(ll ), Fe(Il) (100 ng)

should not interfere also . Smalier amounts of Cu (1), Bi (IH), Co (H)and Ni (11} (
> 10ug)caused interfernce.Oxalate, Bromide and lodide interfered seriously .
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Table 2.

Sensitivities of methods for spectrophotometric determination of Ce (Iil).

Method E(lmol-tcm-1) Reference
— Alizarin Complexone 3.0x103 22
—Arsenazolll 23.5x108 23
—2—(5-bromo—2—Pyridylazo)-5—Diethylaminophenol 53.0x1083 18
—1—+2-Pyridylazo) —2—naphthol 3.95x 103 17
- B -Phenoxyvinyl Phosphoric acid 3.60x 1083 24
~Pyridine—2—-aldehyde—2—-Pyridylhydrazone 25.6x108 Present
Table 3.

Sensitivities of methods for spectrophotometric determination of Th (IV) .

Method € (lmol-icm-1) Reference

Acid Alizarin Black SN . 2.3x104 25
P-hydroxy,m—methoxybenzylidene 9.7x103 26
2-aminopyridine

Salicylidene—2—aminopyridine 1.1x104 26
-P-Hydroxybenzylidene—2~-aminopyridine 1.0x103 26
Xylenol orange and Cetyltrimethylammonium 5.5x104 27

bromide
2—(5—bromo—2—pyridylazo)-5~-Diethylaminophenol 1.66x 105 16
Pyridine—2-aldehyde—2-Pyridylhydrazone 3.70x 104 Present
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