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SPECTROPHOTOMETRIC DETERMINATION OF PALLADIUM(II) WITH
N-HYDROXY-N,N’-DIPRENYLBENZANMNIDINE AND 1-(2-PYRIDYLAZO)-2-

NAPHTHOL
SUNMMARY

A simple and sensitive spectropheotometric method for the
determination of palladium{II) has been described. The method
ig based on the saxtractien of palladium(ll) with seven
different hydroxyamidines(HOAs) in the pH range of 3.5 to 6.0.
To enhance the sensitivity of the complex the extracted complex
ia reacted with 1-(2-pyridylazo)-2-naphthol (PAN) in
hydrochloric acid medium. The molar absorptivity of these
complexes lie in the range of (0.76 - 1.58) x 10 1 mo1™l em?
at Amax 610-620 nm. Among the various hydroxyamidines examined,
N-hydroxy-N,N’-diphenylbenzamidine(HDPBA) showed the maximum
colour intensity and 1is therefore selected for detailed
studies. The molar absorptivity of Pd(II)-HDOPBA-PAN complex

1

is 1.58 x 107 1 mo1™ em™ ! at Mpax 620 nm. The detection limit

of the method is 0.1 pug/ml agqueous solution.

The aystem obeys Beer's law upto 4.5 pg/ml of Pd(II) in

organic saolution. The preciaion of the method is <c¢hecked by
taking ten replicate measurements, each containing 3.5 pg/ml
palladium(II}. The relative standard deviation of the method
is found to be + 1.2%. Various analytical parameters have been
studied to obtain optimum experimental condition. Moat of the

common metal ions which are associated with palladium do not
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interfere. Only the serious interference of Cu(Il) and V(V)
are obgerved. However, they could effectively be maaked by
adding EDTA to the test sclution prior to the extraction. The
method has been applied successfully for the recovery of

palladium{II) from synthetic¢ mixtures.
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Palladium 1la one of the major constituents of both
naturally occuring and industrially prepared platinum metal
PPDductS-l It is obtained by the reduction of its salts with
hydrogen, or by deposition of its solutionm in the presence of
zinc.z Palladium is found in ores, concentrates, mattes,
jewellery and in a varjiety of miscellaneous industrial
ptoducts.3 The main wuseg of palladium are in low current
electrical contacts and as a catalysts for hydrogenation in

liquid and gas phase reaction. The use of palladium in

different fields has stimulated the development of new method

for the determination of trace amount of palladium.

A large number of reagentz have bheen employed for the
spectrophotometric determination of palladium. Reagents such asa
tin(II) chloride + rhodamline 6G,6 o-hydroxy hydroquinone-
naphthalein + methylcellulose + cetyltrimethyl ammonium

bromide,? potagaium thioccyanate + rhodamine B,S 4-(3,5-dic¢hlore

-2-pyridylazo)-1,3-diaminobenzene + trichloroacetate II,9

2—(S—bromo—z-pyridylazo)*S—diethylaminophenol,10 Mego-tetrakis

(4-acetoxyphenyl) porphyrin tasodium dodecyl aulphate,11 c,Bp,7,8

12
{(2-chlerophenyl) potphine + aurfactant OP, meago-tetrakia

(p-hydroxyphenyl) porphyrin + agodium lauryl 3u1fate,13 chrome

1
azurcl B + cetyldimethylammonium acetate + triten X -100, 4

o-chlorophenylfluorone + cetyltrimethylammonium bromidels glves
highly sensitive colour reactions with palladium(IIl). The

senaitivity of thease complexes lie in the range of 105 to 108

1 mol_1 cm_l but selectivity is poor aa many metal iona

interfere sercliously in all these nethoda.6-11 Moreover, they
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suffer from many drawbacks like narrow range of acidity,

9-12,12

eritical pH, time consuming, etc. In some of theae

11,12,15

methods heating of the reaction mixture on water bath

at 50-60°C ia requitred for obtalning the nmaximum and consgtant

abgorbance, and complete formation of the complex.

Various other reagents have been empleoyed for the

spectrophotometric determination of palladium like 2-(o~pyridyl)

thiopicolinamide,16 diethylenetriaminepentaacetlic acld,17

N~naphthylaminothioformyl—N'—phenylhydroxylamlne,18 tetrabutyl-

amnonium lodide,19 plc¢oline amidoxime,zo 2-allylthiourea +

21 2—mercapto—ﬁ—naphthothiazole,22 benzyl-

dimethylphenylammonium chloride,23 Z-thiobarbiturice acld,z4 and

othera.25_30 The sensitivity of all these methods are low and

thiocyanate + EDTA,

even the final colour of the complex is measured incenveniently

at lower wavelengths or UV-region.

Many chromogeni¢ reagents have been uged for the

spectrophotomaetric determination of palladium such asg

i(2-pyridylazo) 9esarcinol,31 1-(Z-pyridylazo)-z—naphthol1’32

alone and with N-m-chlorophenyl-p-methoxybenzohydroxamic

acid,33 4~ (2-triazolylazo) resoncinol,34 4-(2-pyridylazo)

reaorcinol + mesityl oxide35 solochrome Red B,36 various other

7- -
azo compounds,3 16 sulphur containing reaaenta,47 53 and many

othequ_Sa reagents. But most of them requlre a prolonged

heating,31 careful control of pH and acldity‘ﬂ-‘3’48'51’53

suffer from a large number of interference from cations and

1,32-36,42-44,53-58 Many of them also have the drawback

34,36,38,46-53

anlona.

of low sensitivity and =some of them are

32,49

unstable too
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In the present inveatigation, N-hydeoxy-N,N’ -
diphenylbenzamidine(HDPBA) la used am an extracting reagent
alongwith PAN to improve the gsensitivity as well as selectivity
of the method. It has been applied satisfactorily for the
recovery of palladidum(II) in saynthetic mixtures. Thus, the
present method is sensitive, selective and precise than the

previougsly reported methods.
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EXPERIMENTAL

APPARATUS - A Carl Zeigg Jena ’'Spekol’ with EK-5 attachment and
matched quartz cells of 1-cem path length, was used for all
abgorbance measurements. A Systronic digital pH-meter type 335

was employed for pH measurement.

STANDARD SOLUTION OF PALLADIUM(II)- A stock solutien of
ralladium{(II) was prepared by dissolving weighed amount of
palladium chloride in 10 ml of hydrochloric acid (10M) sclution
and diluted to 100 ml with distilled water. The stock solution
was standardized gravimetrically using dlmethylglyoxime.59

Working standard sclution was prepared by appropriate dilution

of the stock solution.

CHLOROFORM -~ AR Grade chloroform was used for all experimetal
work.
HYDROXYAMIDINES(HOAs) - These were synthesized a® described in

2

the literature60 and their 0.3% (w/v) or ~ 1.0 ¥10 © M solution

in chloroform was used for extraction purpose.

1-(2-PYRIDYLAZO)-2-NAPHTHOL(PAN) - A 0.1% (w/v) or 4.0 x 107> M

8colution of PAN in l-propanol was used.

BUFFER SOLUTION - Acetic acid - sodium acetate buffer solution
of pH 5.0 was prepared as described in the 1lterature.61
HYDROCHLORIC ACID - A 10 M hydrochlorlce acid solution was
employed for all acidity adjuastment.

SOLUTION OF DIVERSE IONS - The sclution of desired diverse ions

were prepared as in the literature.62 A 1 mg/ml molution of the

iona were prepared.
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All chemicals used were of Analytical Reagent grade (S D

Fine Chem./E. Merck).
PROCEDURE

[A} EXTRACTION OF PALLADIUM(II) WITH HDPBA

An aliquot of the test solution containing upto 70.0 ug
of palladium(II) is transferred to a 125-ml1 separatory funnel.
The pH of the agqueous scolution is maintained at 5.0 + 0.2 by
adding acetate buffer scolution, in a total volume of 10 ml.
This sclution ig equilibrated by shaking for 2 min with 5 ml of
HOPRA solution in chlorcform. The organic phase is separated
and the aguecus phase is washed with 1 x 2 ml ¢of fresh portion
of c¢hloroform. All the axtracts are c¢ollected, drled over
anhydrous sodium sulphate (~ 2g) and transferred to a 10-ml
volumetric flask. The combined extract is made upto the mark
with chlorofeorm. The absorbance of the complex is measured

against reagent blank at Apgx 400 nm.

[B] SPECTROPHOTOMETRIC DETERMINATION OF PALLADIUM(II) UITH
PAN

The chlorcform extract of PA(I1)-HDPBA complex obtained
as above, containing upto 45.0 pg of palladium(II) is placed in
a 125-ml separatory funnel. To thla, 2.5 ml of PAN solution and
1 ml of HCl are added. The mixture is ahaken vigorously for 2
min., The organic layer 1s aeparated and dried over anhydrous
sodium sulphate (~ 2 g). The organic aclution ia transferred to
a 10-ml volumetric flask and filled wuptoe the mark with
l-propanol. The absocrbance of the complex is measured againat

reagent blank at absorption maxima 620 nm.
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RESULTS AND DISCUSSION

[a) EXTRACTION OF PALLADIUM(II) WITH N-HYDROXY-N, N'-

DIPHENYLBENZAMIDINE (HDPBA)

ABSORFPTION SPECTRA

The PA(II)-HDPBA complex in chloroform exhibits maximum
abserbance at absorption maxima 400 nm against reagent blank.
The reagent blank of the above complex showa negligilble
abgsorbance at absorption maxima. The position of >max remained
conatant on variation of metal concentration, ag shown in

Figure 4.1.
EFFECT OF SOLVENTS

Various organic solvents such as chloroform, bengzene,
toluene, xX¥lene, carbon tetrachloride, ethyl acetate and
igsobutyl methyl ketone were tried for the extraction of metal
complex (Table 4.1, Figure 4.2). No extraction of the metal
complex was seen with isobutyl methyl ketone whereas other
golvents exXxtract the complex quantitatively but the sensitivity
of the metal complex in chloroform is high. Therefore,

chloroform was selected as the best extracting selvent.

EFFECT OF pH

The maximum extraction of the Pd(iI])-KEDFBA complex was
obtained in the pH range of 3.5 - 6.0 (Table 4.2, Figurea 4.3).
Therefore, subsequent determinations were performed at pH

5.0 ¢+ 0.2 uaing acetate buffer.

0
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EFFECT OF METAL CONCENTRATION ON THE POSITION OF A gay
OF THE P4(IL)-HDPBA COMPLEX IN CHLOROFORM

[A] Cpg(rry ~ 6-58 x 107° M (70.0 png/10 ml organic phase)

-5

[B] Cpyqcr1) = 5.64 x 10 M (60.0 pug/10 ml organic phase)

[C) Cpdcrry = 4.70 x 10‘5 M (50.0 pua/10 a1l organic phase)

{D} Cpgac11y — 3-76 x 10-5 M (30.0 ug/10 al organic phaae)

[E] REAGENT BLANK
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TABLE 4.1 EFFECT OF SOLVENTS ON THE EXTRACTION OF Pd(11)-RDPBA

COMPLEX

Cpac¢1in)

pH = §,

)
-5
o
o
[xed
o

H

[

o

]

[

o

6.58 x 10

5

M (70.0 pg/1i0 ml organic phase)

Molar abaorftivlty
_1 —

1 mol gm
x 10

Chleroform

Benzene

Toluene

Xylene

Carbon tetrachloride

Ethyl acetate

Taobutyl methyl acetate

400

390

400

400
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FIG.4.2 EFFECT OF SOLVENTS ON THE ABRSORBANCE AND >\max
OF THE Pd(11)-HDPBA COMPLEX
-5
CPd(II) = 6.58 x 10 H;
pH = 5.0 +0.2;
c = 1.0 x 10 2 n
HDPBA -0 x :

[A] CHLOROFORM ([B] RENZENE [C] TOLUENE {D] XYLENE
[E] CARBON TETRACHLORIDE [F] ETHYL ACETATE
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EFFECT OF N-HYDROXY-N,N'-DIPHENYLBENZAMIDINE(HDPBA)

The extraction of metal with HDPBA was studied. It was
found that a minimum of 0.69 x 10 2 M solution of HDPBA isa
essential for complete extraction and maximum absorbance of the
complex, and an excess of upte 1.73 x 10_2 M HDPBA had no
adverse effect on the abgorbance of the extracted complex.

2

Thus, all extractions were carried out with 1.0x10 M HDPBA

in ¢hloroform (Table 4.3, Figure 4.4).
EFFECT OF DILUTION, TEMPERATURE AND ELECTROLYTES

The effect of dilution on the extraction of metal
complex was examined. The result shows that the minimum and
constant absorbance wag found, when the volume ratio of organic
to agueous phase was varied from 2:1 to 1:5 (Table 4.4, Figure
4.5). The c¢omplex 13 qQuantitatively extracted in the
temperature range of 15—30°C {Table 4.5). Hence, 1:2 volume
ratio of organic to agueous phase was maintained throughout the
experiment and all extractions were performed at room

temperature 25 + 2°c.

The extraction efficiency of the metal complex was
unaffected in the presence of upto 1 M electroytes viz.

KC1/NHC1/(NHg)2504.

EFFECT OF EXTRACTION TIME, STABILITY OF THE COMPLEX, BEER’S LAW

AND MOLAR ABSORPTIVITY

A shaking time of 2-3 min was sufficient for the maximum

extraction of the PA(II)-HDPBA complex. Prolonged extraction
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TABLE 4.2 EFFECT OF pH OF THE AQUEOUS PHASE ON THE ABSORBANCE
OF PA(II)-HDPBA COMPLEX IN CHLOROFORM

Crpaciry = 5.64 x 1073 (60.0 pg/10 ml aquecua phagse)
c = -2
HDPRBA = 1.0 x 10 M
PH of the aqueous Absorbance at
phase 400 nm

2.0 0.23

3.0 .32

3.5 0.36

1.0 D.26

5.0 D.36

6.0 0.36

6.5 0.33
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TABLE 4.3 EFFECT OF HDPBA CONCENTRATION ON THRE EXTRACTION OF
PA(IT)-HDPBA COMPLEX IN CHLOROFORM

Cpacrr) = 5.64 x 1072 1 (60.0 ug/10 ml aqueous phase)
pH = 5.0 + 0.2
Concentration of HOFBA, M Absorbance at
x 1072 100 nm
________ 0.0 ez
0.50 0.32
0.69 0.36
1.04 D.36
1.38 0.36
1.73 0.36
2.00 0.29
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FIG.4.3 EFFECT OF pH OF THE AQUEOUS PHASE ON THE EXTRACTION AND
ARSORBANCE OF THE Pd(II)-HDPBA COMPLEX IN CHLOROFORM
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FIG.4.4 EFFECT OF HDPBA CONCENTRATION ON THE EXTRACTION OF
PA(I11)-HDPBA COMPLEX IN CHLOROFORM

Cha(rry = 5-64 x 107° M; pH = 5.0 + 0.2.
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TABLE 4.4 EFFECT OF VOLUME RATIO OF ORGANIC TO AQUEOUS PHASE
ON THE EXTRACTION OF Pd(II)-HDPBA COMPLEX IN

CHLOROFORM
CpdacIry = 60.0 ug
pH = 5.0 + 0.2
Cypppa = 1.0 x 107%
Volume ratlo of orgsnlc  Absorbance at
to aqueous phase 400 nm
"""""" 1T e
1 1 0.36
1 : 2 0.36
1 3 0.36
T : 4 D.36
1 5 D.36
1 6 0.31
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TABLE 4.5 EFFECT OF TEMPERATURE OF THE AQUEOUS PHASE ON THE
EXTRACTION OF P4(11)-HDPBA COMPLEX IN CHLOROFORM

Cpacrry = 5.64 x 1077 M (60.0 pg/10 ml agqueous phase)
pH = 5.0 + 0.2
Cupppa = 1.0 x 1072 n
Temperature of the Absorbance at
agueous phase, °c 400 nm
""" o T s
12 0.30
15 0.36
20 0.36
25 0.36
o 0.36
35 0.32

40 0.22
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time had no adverse effec¢t on the complete formation of the
metal complex. The stability of the complex was found to be
12 hr. The PA(II)-HDPBA complex obeys Beer’s law upto 7.0 ppnm
(70.0 ug/10 ml organic solution). The molar absorptivity of

3 -1 -1

this complex in chloroform ig found to be 6.4 xi10” 1 mol cim

at Agay 400 nm,

[B] SPECTROPHOTOMETRIC DETERMINATION OF PALLADIUM(II) WITH

1-(2-PYRIDYLAZO)-2-NAPHTHOL(PAN)

The Pd(l1I)-HDPBA extract, after reacting with PAN in

acidic medium forms a green coloured PA(II)-HDPBA-PAN complex.
ABSORPTION SPECTRA

The absorption spectra of the metal complex formed with
saeven different hydroxyamidines(HOAs) and 1-(2-pyridylazo)}-2-
napththol(PAN) in chloroform + l-propancol mixture shows maximum
absorbance at Apax 610-620 nm against their respective reagent
blanka. The reagent blank of N-hydroxy-N,N’-diphenylbenzamidine
(HDPBA) alongwith PAN against chloroform + l-propancl mixture
shows gome absorbance at absorption maxima of the metal
complex. Hence, it was used as reference for all absorbance
measurements. The PAd(1I1)-HDPBA complex alongwith PAN exhibits
maximum absorbance than the metal complexes of seven different
hydroxyamidines(HOQAa) (Table 4.6,Figure 4.6). Therefore, HDPBA
ia selected for all experimental work. The poaition of Amax

iz wunchanged at different metal concentractions, ashown in

Figure 4.7.
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TABLE 4.6 EFFECT OF NATURE OF HYDROXYAMIDINES ON THE
ABSORBANCE OF THE Pd(II)-HOA-PAN COMPLEXES IN
CHLOROFORM + 1-PROPANOL MIXTURE

Cpac1iy = 2-35 x 107° M (25.0 pg/10 ml organic phase)
¢ ~ 1.0 107% 1
HOAs i -U x
CHCI = 1.0 M
_ -3
CPAN = 1.0 x 10 by ]

r ) Molar ahs-
| Ph € = H~Fh'| arplivily

Hydroxyanidines | ! | Ph" Mh' Ph >\lax l uml-1 3

(HOAs) | PhU-N- D4 | nm X 104

L _}

M-Hydroxy-N, N'-diphenylbenzamidine ~LiHs L it ~Lifls 620 1.58

N-Hydroxy-N-(3-chiorophenyl}-N'-{2- 3-Cl-Cibig 2-CHy-CgHy Lt 613 1.37

aethylphenyl]l benzamidine

N-Hydroxy-H-phenyl-N'-(3-chlorophenyl) -CiHs 3-C1-CzHg -CaHs 420 1.28

benzamidine

N-Hydroxy-N-{4~chiorophenyl)-N'-12- 4-C1-CpHa 2-CHz-CiHy 2-Cl-CgHy 620 1.19

methylphenyl t-2~chlargbenzaridine

N-Hydroxy-N-(2-chiorophenyl)-N'-(3- 2-C1-CgHg 3-C1-CyHy 2-C1-Cty 410 1.06
chlorophenyli-2-chlarebenzamidine

N-Hydroxy-H-(4-chlorophenyl)-N'-(3- 4-Cl-CeHy 3-C1-ChHe 2-C1-Cety 420 1.02
chloraphenyl}-2-chleraobenzamidine

N-Hydroxy-N-(2-chlorophenyl)-N'-(4- 2-C1-{gHy -C1-CgHy 2-C1-Cgy 15 0.7
chlorophenyl}-2-chlorobenzaniding
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ABSORPTION SPECTRA OF PALLADIUM(II) COMPLEX UITH DIFFERENT
HYDROXYAMIDINES(HGAa) AND PAN "AGAINST THEIR RESPECTIVE
REAGENT BLANKS IN CHLOROFORM + 1-PROPANOL MIXTURE

-5 -2
3.29 x 10 M; CHoaa ~ 1.0 x 10 M:
1.0 M; Cppy = 1.2 x 10 ° M,

1l

Crpdcl11)
Ciea =

[A] N-HYDROXY-N,N'-DIPHENYLBENZAMIDINE

[B] N-HYDROXY-N-(3-CHLOROPHENYL)-N’—-(Z-METHYLPHENYL)-
BENZAMIDINE

[C] N-BYDROXY-N-PHENYL-N'-(3-CHLOROPHENYL)-BENZAMIDINE

{D] N-HYDROXY-N-(4-CHLOROPHENYL)-N'-(2-HNETHYLPHENYL)-2-

CHLOROBENZAMIDINE
[E] N-HYDROXY-N-(2-CHLOROPHENYL)-N'-(3-CHLOROPHENYL)-2-
CHLOROBENZAMIDINE
[F) N-HYDROXY-N-(4-CHLOROPHENYL)-N‘-(3-CHLOGROPHENYL)-2-
CHLOROBENZANIDINE

[G] N-HYDROXY-N-(2-CHLOROPHENYL)-N'-(4-CHLOROPHENYL)-2-

CHLOROBENZAMIDINE
[H) REAGENT BLANK OF N-HYDROXY-N,N'-DIPHENYLBENZAMIDINE
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EFFECT OF DILUENT

Various diluents such as ethancl, methanol, acetone and
l-propancl alongwith chloroform have been tested to increase
the sensitivity of the complex. It was found that the
sensitivity of the complex is high im 1-propanol alongwith
chloroform (Table 4.7). Hence, 1-propancl was used for all

abzorbance measurements.
EFFECT QF ACIDITY

The effect of acidity on the colour intensity of the
PAd(I1I)~-HDPBA-PAN complex was studied. It was found that
0.5-2.0 M hydrochloric acid is essential for conastant and
maximum absorbance of the complex (Table 4.8, Figure {4.8).
Therefore, a 1.0 M hydrochloric acid wasg used for full colour

development of the complex.
EFFECT OF 1-(2-PYRIDYLAZQO)-Z-NAPHTHOL(PAN)

For c¢onstant and maximum absorbance of the metal

complex, (0.8-1.4) x 10"3 M PAN asolutions were necegsary (Table

4.9, Figure 4.%). Hence, 1.0 x 10-3 M PAN eolution was gelected

for full colour development.,

STANDING TIME, STABILITY OF THE COMPLEX AND ORDER OF ADDITION

OF REAGENTS

The colour development of the complex was found to be
instantaneous and the absorbance of the complex was conatant
upto 24 hr at room temperature 25 + 2°C. The arder in which

the reagents were added was found to be immaterial.
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TABLE 4.7 EFFECT OF DILUENTS ON THE COLOUR INTENSITY OF THE
PA(11)-HDPBA-PAN COMPLEX 1IN CHLOROFORM + DILUENT

MIXTURE
Cpac1r) = 3.29 x 107° M (35.0 pg/10 ml organic phase)
-2
CHDPBA = 1.0 x 10 M
CHC]. = 1.0 4
-5
CPAN = 1.0 x 10 M
Diluent hmax Molar absori)tivity
nm 1 mol Em
x 10
1-Propancl 620 1.58
Acetone 620 1.04
Ethanol 620 1.02

Methanol 620 1.02



137

TABLE 4.8 EFFECT OF ACIDITY ON THE COLOUR DEVELOPMENT OF THE
Pd(11)~-HDPBA-PAN COMPLEX IN CHLOROFORM + 1-PROPANOL

MIXTURE
Cpacriy = 3.29 x 107> M (35.0 ug/l0 ml aqueous phase)
-2
CHDPBA = 1.0 x 10 M
-3
CpAN = 1.0 x 10 v}
Concentration of Absorbance at
HCl, M 620 nm
0.1 0.39
n.2 0.42
0.3 0.46
0.5% g.52
1.0 0.52
1.5 0.52
2.0 0.52
2.2 0.48
2.5 0.43



138

TABLE 4.9 EFFECT OF PAN CONCENTRATION ON THE COMPLEX FORMATION
AND COLOUR DEVELOPMENT OF THE P4A(11)-HDPBA-PAN
COMPLEX IN CHLOROFORM + 1-PROPANOL MIXTURE

Cpacrry = 3.29 x 1075 (35.0 pg/10 ml aqueoua phase)
Cupppa = 1.0 x 1072 m
Cuci = 1.0 M
Concentration o€ PAW, M Avaorbance at
x 1073 620 nm
"""""""""" oa  aas
0.6 0.47
0.8 0.52
1.0 0.52
1.2 0.52
1.4 0.52
1.5 G.48
1.6 0.45
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FIG.4.9 EFFECT OF PAN CONCENTRATION ON THE ABSORBANCE OF
PA(II)-BEDPBA-PAN COMPLEX IN CHLOROFORM + 1-PROPANOL MIXTURE

-5 _2
Cpacyyy = 3-29 x10 ° M; Cypppa = 1-0 x10 ° M; Cygey = 1.0 K.
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BEER’S LAU, CORRELATION COEFFICIENT AND OPTIMUM CONCENTRATION

RANGE

The PA(II)-HDPBA-PAN complex obeys Beer’s law upto
4.5 ppm (45.0 pmg/10 ml organic solution} with a corralation
coefficient63 value of 0.98. The optimum concentration range
evaluated from calibration curve ig found to be 1.5-4.0 ppm

(15.0-40.0 pg/10 ml organic solution) (Table 4.10,Figure 4.10).

MOLAR ABSORPTIVITY, SENSITIVITY AND DETECTION LIMIT

The molar absorptivity of the ternary complexes of seven

different hydroxyamidines (HOAs} and PAN lie in the range of

1

(0.76-1.58)x10% 1 mol™ em™! at Agax 610-620 nm. The molar

abgorptivity of the Pd(II)-HDPBA-PAN complex, calculated in

terms of palladium{ll), ls found to be 1.58 x 10% 1 mor™? en?.

The Sandell’'s aensitivity6q of the method is 0.0067 pg/cmz for
0.001 absorbance unit. The l1imit of detection for the metal

ion is 0.1 pgz/ml aqueous sclution.

PRECISION OF THE METHOD AND CONFIDENCE LIMIT

Statistical studiez have been carried cut in order to
check the precision of the method. Ten replicate measurements
each containing 35 pg/10 ml of palladium(Il) were performed. A
calculated value of mean absorbance and astandard deviation were

found to be 0.52 and * 0.0063. The relative standard deviation

of the method was found to be + 1.2%. The confidence limit63 of

the method in terms of mean absorbance and molar absorptivity

wete found to be (0.52 + 0.0045) and (1.58 + 0.01) x 10%

1 :nol-1 cm 1, respectively at 9%5% probability (Table 4.11).
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TABLE 4.10 CALIBRATION CURVE DATA AND CORRELATION COEFFICIENT
FOR THE DETERMINATION OF PALLADIUM(II) AS
PAd(II)-HDPBA-PAN COMPLEX IN CHLOROFORM + 1-PROPANOL

MIXTURE
-2
CHDPBA = 1.0 x 10 H
_ -3
CPAN = 1.0 » 10 M
CHCI = 1.0¥
No. of obser- Concentration of Absorbance Correlation
vation Pd(I1) in at 620 nm coefficient
organic solution
n X1 = ug/10 ml Yi r
10.0 .15
15.0 6.22
20.0 0.31
25.0 D.37
8 an. g 0.45 0.98
35.0 0.52
40.0 D.59

15.0 G.67
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143

TABLE 4.11 DETERMINATION OF PRECISION OF THE METHOD

CPac11) = 3.29 x 107> M (35.0 ug/i0 ml agueous phase)
c _ -2
EppBa = 1.0 x 10 M
CHCl = 1.0M
R ~3
Cpan = 1.6 x 10 M
No. of Absorhante Mean Standard Relative Value of *$* Confidence r m
obser- at 620 om  absorbanfe deviation standard at 95% cenfi- 1limit 1 |
ation deviation  dence level | ret+ ) |
VN
| |
- -t
In teras of  In ierss of mcl-
mean abser-  ar absorplivily
hance Pmol o
| ¥ 45 +% X 104
0,52
0.32
0.51
0.53
10 0.52 0,52 0.0063 .2 2.262 {(0.5240,0045)  {1.5840.01)
0.52
6.5¢
0.52
0.54

0.52
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EFFECT OF DIVERSE 10NS

To study the effect of diverse ions, variable amounts of
foreign icons were introduced to a fixed amount of palladium(II)
and the absorbance was measured as above described procedure.
The method is free from the interferences of common metal ions
except Cu(lII) and V(V) which were effectively masksd by the
addition of EDTA prior to extraction. The tolerance limit of
various diverse ions in the determination of 3.5 pg/ml are

summariged in Table 4.12.
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TABLE 4.12 EFFECT OF DIVERSE 1ONS ON THE DETERMINATION OF 35.0
png PALLADIUM(II)

Ton Added aa Tolerance 1imit?
mg

ety casoq. SHzo  o.0s%

(V) NH4 V03 6.05%

Au(Ilil) AuCliy. 2H0 0.1

Ru(lll) RuCl 4y D.4

Rh(III) RhC1 1y c.4

Pt(IV) PtCl, 0.5

Da(VI) Na 2080, 0.5

Co(11) CoS04. 6HZ0 0.8

Ni(II) NiS04z. 6H30 0.8

Fe(I11) FeCly. 6H30 0.8

As(I1I) As 04 2.0

Thiocyanate KSCN 2.0

Iodide KI 2.0

Fluoride NaF 2.0

Cr(1II) Crz(S04)3 Alp(S04)3. 24Hy0 3.0

Ti(Iv) K2Ti0(C204)2 . %Ho0 3.0

Mo(VI) (NHg ) gMo092024 . 4H20 4.0

U(vI) NapW04. 2H;0 4.0



TABLE 4.12 (Contd.)
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Citrate

Oxalate

Pergsulphate

Cd(II)

Pb(II)

2o{Il)

Mg(1I)

Ca(ll)

Sr{ll)

Ba(Il)

EDTA

Tartrate

NasC204
Na;520p
3CdS0,. 8HZ0
Pb(NO3)
Zr0Cl,. 8HZ0
Mg504. 7H30
CaClgy. H,0
Sr5094

BaCl

Na,-EDTA

4 Causing error in absorbance less than + 2%.

a HMasked by 1 ml of 0.2% (w/v) EDTA solution.

Tolerance limit

10

10

10

io

#
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COMPOSITION AND REACTION MECHANISHM

The stoichiometry of the complex was determined by
curve~fitting method. The results obtained indicate that the
metal to ligand ratiec in PA(II)~HDPBA and Pd(II)-HDPBA-PAN
complexes are 1:2 and 1:1:1, respectively. This is in support
with the formation of a similar kind of complex, reported by

Agrawal et al.32

PROCEDURE
[a] DETERMINATION OF THE RATIO OF HDPBA

The test solution containing 60.0 pg PAd(II) was placed
in a 125-ml separatory funnel. The buffer solution was added so
that the pH of the aqueous phasge is maintained around 5.0 + 0.2
in a final volume cof 10 ml. The metal ion was extracted with
varying known concentration of HDPBA solution in chloroform as
in the procedure describe above. The absorbance of the complex
wag meagured against reagent blank. The digtribution ratic of

the metal ion was computed as in chapter II.

The graph was plotted between logarithmic wvalue of
distribution ratio (D = Agq / Apgyx-Aeq) of the metal versus
log molar concentration of the reagent. The slope of the curve
was found to be 2.0 (Table 4.13, Figure 4.11). Thus, molar

ratio of palladium(Il) to HDPBA is 1:2 in PdA(]I1)-HDPBA complex.

(B} DETERMINATION OF THE RATIO OF PAN

An aliquot of the test solution containing 35.0 g
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TABLE 4.13 CURVE - FITTING METHOD FOR THE DETERMINATION OF
RATIO OF PALLADIUM(II) TO HDPBA 1IN Pd(II)-HDPBA
COMPLEX IN CHLOROFORM

CPd(II) = 5.64 x 1EI“5 M (60.0 pg/l0 ml aguecus phase)
pH = 5.0 + 0.2
Concentration of Aeg
HDPBA in organlic Log M D= ~-=-=—--- Log D
phase, M Apax—Aeq
-2
x 10
0.6 ~-2.22 11.0 1.04
0.5 -2.30 8.0 0.%0
0.1 ~2.40 5.0 0.70

e W R R M M AL A e ey W WY M N M M M M e e W R AR MR ALk e A ey = P A Sk A e e e = P AL A = — —
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Amax

Log

1
Z

Log [HDPEM:!

FIG.4.11 CURVE-FITTING METHOD FOR THE DETERMINATION OF PALLADIUM(II)
TO HDPBA RATIO IN Pd(II)-HDPBA COMPLEX, FORMED IN CHLOROFORM

5

CPd(II) = 5.64 x 10 M;
pH = 5.0 + 0.2;
% = 400 nm.

max



PA(I1) waa tranaferred to a 125-ml separatory funnel. The cH
of the aqueous phase was adjugted around 5.0 + 0.2 in a total
volume of 10 ml wusing acetate buffer and the metal was
extracted with HDPBA solution in chloroform. The extract was
reacted with a varying known concentration of PAN solution in
1.0 M HCl medium. The absocrbance of the ternary complex was

measured at 620 nm againgt reagent blank.

The logarithmic value of the distribution ratio of metal
was plotted versus log molar concentration of the reagents
(Table 4.14, Figure 4.12). The slope of the curve was found
to be 1.0. .Hence, the ratioc of metal to PAN is found to be 1:1
in Pd(II)Y-HDPBA-PAN complex. Thus the result ghows that on
addition of PAN to the chloroform extract of Pd(I1)-HDPBA

complex, one molecule of HDPBA is replaced by one molecule of

PAN.

The overall reaction mechaniam for the extractioen and

c¢olour reaction with PAN can be written as :

2
P’ + 2 [HDPBA], ====2 [Pd(DPBA)y], + 2K

[PA(DPBA) 2], + [PANl,- <===2 [Pd.DPBA.PAN},» + [HDPBA],w

Where abbreviations HDPBA and PAN, and subscripts o,0°
and o"” denote N-hydroxy-N,N’'-diphenylbenzamidine, 1-(2-pyridyl-
azo)-2-naphthel, and chloroform, l-propanol and c¢hloroform +

l1-propancl mixture, regpectively.
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TABLE 4.14 CURVE - FITTING METHOD FOR THE DETERMINATION OF
PALLADIUM(II) TO PAN RATIO 1IN Pd(II)-HDPBA-PAN
COMPLEX IN CHLOROFORM + 1-PROPANOL MIXTURE

3.29 x 10 > M (35.0 pg/10 ml aqueoua phase)

Cpd(1r) =
C = 1.0 x 107%™
HDPBA = X
CHc1l = 1.0H
Concentration of Aeq
PAN in organic Log M Dz —-mm—o- Log D
hagse, M A -A
P -3 max “eq
x 10
0.6 -3.22 8.45 0.93
0.5 -3.30 6.43 0.80
0.4 -3.40 4.78 0._48
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Log
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Log EsAﬂ]

FIG.4.12 CURVE-FITTING METHOD FOR THE DETERMINATION OF PALLADIUM(II) TO
PAN RATIO IN PdA(II)-HDPBA-PAN COMPLEX, FORMED IN CHLOROFORM

+ 1-PROPANOL MIXTURE

Cpacr1y = 3.29 x 107> n;
c = 1.0 x 107% M,
HDPBA -0 x ;
CHCI = 1.0 ﬂ,
% = 620 nm.

max
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APPLICATION OF THE METHOD

The application of the present method has besen tried for

the analyais of the metal in synthetic mixtures (Table 4.15).

The synthetic mixtures were prepared by mixing a various
known concentration of platinum metals in a fixed amount of
palladium(ll) and the palladium(II} content are determined as

in the previously described procedure.
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TABLE 4.15 RECOVERY OF PALLADIUM(II) FROM SYNTHETIC MIXTURES

A e e W L W AL il e B e o P Hom e e ok o ek e e et ek e e el i i e ek b WAl U o o i it

Eoclution Composition of the PAd(II) found Recovery Relative

No. Synthetic mixturea atandard
a
deviation
ng % *, 0%
1. PA(35)+Rh(400)+Ru(400) 35.0 100.0 1.2
2. Pa(35)+P+(500)+0e(400) 34.0 97.1 1.2
Au(100)
3, PA(35)+08(500)+Pt(500) 35.0 108.0 1.1
a. Pd(35)+Rh(400)+Ru(400) 33.0 94.3 1.3
+Pt(500)+0a(500)
5. Pd(35)+Au(100)+Ft(400) 35.0 100.0 1.1
a Average of 8ix determinations

Figures in parentheses ahow concentration of metal iong in
pg per 10 ml agueous phase.



COMPARISON WITH OTHER METHODS

The spectral characteristicag of the various
gpectrophotometric methods are shown in Table 4.16 and compared
with present method. The comparison reveals that the present
method 1is superior to other reported methods in terms of

gelectivity.
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TRBLE 4.6 COMPARATIVE STUDY OF SOME SPECTROPHDTOMETAIC METHOD FOR THE DETERMINATION OF PALLADIUM

Reagenis pHfAcidity Solvent }\max Malar ahsarp- Remarks Refer-
tivity ence
nw I mo!l " cm
N-&-Chloraphenyl-p- 2.8-3.4  Ispamyl 620 12000 Baxisum absorbanee is 13
sethoxybenzohydrovamic alcohel achieved afier 20 min,
acid + 1-{2-Pyridylazo} Fe,V,Ti,Co and Ni
-Z-naphthoi interfere and can be
nagked by using diffe-
rent masking agenls.
t-{E8-Pyridylazel-2- 3.0-3,5  Chloroform &3 1??33.33* Lo,A9 and Fe interfers.
naphthel 32
4~(2-Pyridylazelres-  4.5-5.0  Benzane 410 3900 Cu,V,,Th,EDTA and this- 35
oreinol+esityl axide urea inlerfere severely,
sensitivily is poor.
2-Thicharbiteric 1.5 Water 34 10000 Pracedure is time can-
acid suming,method require 24
rigid contrel of expe-
rinental ronditions.
Glyoxal Bis{4-phenyl- %.& &0% Dimethy- 635 3200 fe,Bi,Hg,V,Ni,Co,Au and
3-thiosemicarbazone) 1formamide g interfere and masked 53
by EOTA,
Thigsemicarbazone 1.8-4.0  Cyclohexanel 405 6400 Sensitivily is very low, 52
4-13,5-Dichlore-2- 2N Benzene 500 84000 Reaction is completed ¢
pyridylazo)-1,3-di-  HoSly after 10 min, Hg and
aminobenzene + Tri~ Au inlerfere seriously.
chlercacetate II
2' Hydroxy-4-nethoxy 2.5 Isebulyl me- 280 7300 fu,Cr,2n and EDTA %
-5'-chlorachalconic thyl ketene interfere,
pXine
2-0 -Pyridylithiopi~  5.0-8.0  Ethanol + Bi- 410 8000 Poor sensitivity. 14
calinamide nelhylformanide

Conld..



TABLE 4.16 (Conid.)
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Reagents pH/hcidity Selvent >\|ax Molar absarp- Remarks Refer-

tivity ence
i) 1mol o

g-Chlarophenyfivorane 5.5 - 410 10400 Procedure is time con- 15

tCelyltrieethyl aemn- suming, pH is critical.

nium bromide

a-Hydroxyhydroquin- 4.7-53.5  dater 525 127000 Fe,Cu,Al and Cr inter- 7

enephihalein + Methyl~ fere, Cu and Al masked

tellulose + Cetyltri- by citric acid.

aethyl ammonium bromide

ThiocaprolactamtChloride - 400 5200 fu,Bi,Pt,Hg,Ag and Cu

ThiscaprolaclamtBromide - Chloroform 400 4300 interfere. 55

Thiscaprolactamtlodide - 400 8700

Benzyldimethylphenyl- 3.4-5.8  {,2-Dichlore- - 5340 Poar sensilivity 23

ammonium chioride ethare

H-Hydroxy-N', N'-di-  3,5-6.0  Chierofora 520 15800 Cu,V interfere and Present

phenylbenzamidina + + 1-Fropanol masked by EDTA. nethed

i-(2-Pyridylazo)~2-

naphthol

# Calculated from Sandell’s sensitivity.
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CONCLUSION

The proposad method is based on the formation of green

coloured complex by the reaction of palladium(II) with HDPBA

and PAN. It removes many drawbacks of the c¢lassical PAN
method a8 well a® other reported methods. The method is
sengitive, @selective and reproducible. It is free from the

interferences of almost all common metal ions assoclated with
palladium. It hag been applied sauccesgssfully for the

determination of palladium(IIl) in synthetic mixtures.
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