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Extractive spectrophotometric determination of palladium(Il) with o-methyl phenyl
thiourea from synthetic mixtures
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A novel method is proposed for the solvent extraction spectrophotometric determination of palladium(ll) using low
concentration of o-methylphenyl thiourea (OMPT). OMPT in chloroform quantitatively extracts trace concentration of
palladium(l1) at 0.8 moldm™ hydrochloric acid media which requires only 10 s equilibriation time, the absorbance of
yellow coloured palladium(I1)-OMPT complex is measured at 340 nm. Complex is stable for more than 70 h. The
composition of extracted species is 1:1, determined by mole ratio, job’s continuous variation method and it is confirmed
by log-log plot. Beer’s law is obeyed in the range of 0.01 pgem™ to 15.0 pgem™. The molar absorptivity and sandell’s
sensitivity are2.85x10°dm®mole*cm™and 0.037 pgem™. Method is free from large number of interferences from cations
and anions. The method is applied for separation of palladium(Il) from multicomponent mixtures and hydrogenation

catalyst.
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1. INTRODUCTION

Palladium(I1) and its alloys have a wide range of
applications in chemical industries. With the
increasing use of palladium(ll) in jewellery and
cosmetic dentistry in the form of alloys [1, 2], the
need arose for development of selective, sensitive,
simple, rapid method for quantitative separation
and determination of palladium(ll). Several
analytical techniques Viz. AAS, ICP-MS, X-ray
fluorescence and spectrophotometric methods are
available for determination of palladium(Il).
Amongst the methods available for determination
of palladium(Il) the spectrophotometric methods
are preferred because these are cheaper, easy to
handle, requires less time and with desired
accuracy.

2-hydroxy-1-naphthelene carboxaldehyde
hydrazine carboxamide [3] has been used for
spectrophotometric determination of palladium(lI).
Beer’s law obeyed over the range of 0.55 pgem™to
250 pgem® A red colored complex of
palladium(1l) with PAR [4] is formed at pH 9.0 to
11.0 and quantitatively extracted into molten
naphthalene. This method has interferences from
cobalt(ll), iron(l) and bismuth(lll) and was
removed by masking with EDTA. 13-
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Bis(hydroxymethyl)benzimidazole-2-thione [5] was
used for extractive spectrophotometric
determination of palladium(ll) from hydrogenation

catalysts. palladium(ll) complexed with 1-(2-
pyridylazo)-2-napthol (PAN) [6] in aqueous
solution was extracted into chloroform.

Components of nonferrous alloys interfere in
determination of palladium (1).3-
phenoxybenzaldoxime [7] was used for extractive
photometric determination of palladium(ll) and
method was applied for determination of
palladium(l1) from catalysts and synthetic mixtures.
Hexane 2-5-dione-bis-(ethylenediamine) [8] forms
pink colored complex with palladium(ll), was
quantitatively extracted at pH 3.5. Extractive
spectrophotometric  determination method was
developed for palladium(ll) using 2-hydroxy-3-
nitro-5-methyl acetophenone oxime [9].
Palladium(Il) was quantitatively extracted from pH
0.0-4.0. The proposed method for extraction
spectrophotometric determination of palladium(ll)
using OMPT as a new reagent when compared with
other extractive spectrophotometric methods it is
found to be more sensitive and selective [10-25]
(Table 1).
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Table 1.

Companzon of present method with other sxtractive spectrophotometric determimation methods of palladim(TT)
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2. EXPERIMENTAL
Instrumentation

A digital spectrophotometer model EL-159
[Elico Make] with matched 10mm quarts cells was
used for absorbance measurements.

Reagents

All of the reagents used were of analytical
reagent grade unless otherwise stated. A standard
stock solution of palladium (1) has been prepared
by dissolving 1.0 g palladium (Il) chloride
(PdCl,)(Loba.Chem.) in 1.0 moldm™ hydrochloric
acid and diluted to 250 cm® in a calibrated flask
with water and was standardized by gravimetric
method [27]. A working standard solution of
palladium(ll) 60 pgem™ was prepared by diluting
the standard stock solution with water. O-methyl
phenyl thiourea [OMPT] has been prepared using
method reported by Frank and Smith [28]. The
working reagent solution (1.0 x 10“moldm™) of
OMPT was prepared in chloroform. Other standard
solutions of different metal ions were prepared by
dissolving their respective salts in water and diluted
suitably. Double distilled water was used
throughout the work.

Recommended procedure

To an aliquot of solution containing 60 pg
Pd(I) in a 25 cm® calibrated flask, enough
hydrochloric acid and water were added to adjust
acidity 0.8 moldm™ with respect to hydrochloric
acid and diluted up to mark with distilled water.
The aqueous solution was equilibriated with 10
cm®, 1.0 x10™ moldm™ o-methyl phenyl thiourea
[OMPT] in chloroform for 10 s, in a 125 cm®
separatory funnel. These two phases were allowed
to separate and yellow colored palladium (l1)-
OMPT complex in organic phase was dried over
anhydrous sodium sulphate. The total volume of
organic phase was made 10 cm?® and absorbance of
palladium(11)-OMPT complex in organic phase was
measured at 340 nm against the reagent blank.

3. RESULTS AND DISCUSSION
Absorption Spectra

The  palladium(I)-OMPT  complex in
chloroform shows the absorption maxima at 340
nm, whereas absorption spectrum due to reagent
blank is negligible (Fig. 1) therefore, all the
absorbance measurements were made at 340 nm
against reagent blank for further spectrophotometric
determination of palladium(ll)
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Effect of acidity

The extraction of palladium(ll) was studied
using different mineral acid media [hydrochloric,
sulphuric, nitric and perchloric acid] using
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Fig 1. Absorption spectra of Pd(I1)-OMPT Complex vs.
OMPT reagent blank. Pd (11)-2.5 ug cm™,5.0 pg cm™>7.5
pgem™,10.0 pgem®; OMPT- 1.0x10™ mol dm™®;
hydrochloric acid - 0.8 moldm’ 3, shaking time 10s.
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Fig 2. Effect of acidity on extraction of Pd(I1)-OMPT
complex. Pd(11)-6.0 ug cm®, OMPT 1.0 x 10 mol dm,
A max, 340 nm, shaking time 10s.

1.0 x 10™mol dm™ reagent (OMPT) in chloroform,
in a range of 0.1 to 10.0 mol dm® acid
concentrations. Complexation was observed in all
acids studied but complete complexation of
palladium(Il)-OMPT complex with maximum
absorbance was observed in the range 0.8 — 8.0
mol dm?® hydrochloric acid media (Fig. 2)
Therefore 0.8 mol dm™® hydrochloric acid
concentration was used for further extraction study.

Choice of solvent

Toluene, xylene, benzene, n-hexane, n-butanol,
n-butylacetate, chloroform were tried for the
extraction of palladium(I1)-OMPT complex (Fig.3).
Amongst the solvents employed for solvent
extraction spectrophotometric determination of
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palladium(ll) chloroform was selected with

maximum extraction effectively.
Effect of reagent concentration

The effect of reagent concentration was studied by
varying OMPT concentration from 1.0 x 10®° mol
dm®to 1.0 x 10° mol dm?in chloroform. It was
observed that the absorption of palladium (I1)-

0.18

0.16

PO T=00nTk
o o o o o
5 & o © o o
2 8 8 2 ® =&

o
o
(5]

solvents

Fig 3. Effect of various solvents on extraction of Pd(ll)-
OMPT complex. Pd(Il) 6.0 pgem™; OMPT-1.0 x 10*
mol dm™ , hydrochloric acid 0.8 mol dm™, A . = 340
nm, shaking time 10s.
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Fig 4. Effect of reagent concentration on extraction of
Pd(11)-OMPT complex. Pd(Il) 6.0 pg cm™®; OMPT 1.0 x
10” to 1.0 x 10 mol dm™, hydrochloric acid 0.8 mol
dm, shaking time 10s.

OMPT complex increases with increase in
concentration of reagent from 1.0 x 10° mol dm?
to 1.0 x 10* mol dm™® after this range it become
constant with no any adverse effect of excess
reagent  concentration on  absorbance  of
palladium(11)-OMPT complex (Fig. 4).

Effect of equilibration time and stability of complex

The study of change in absorbance with
variation in equilibration time was carried out over
5 s to 30 min. It has been observed that extraction
was completed in 5s and there was no any adverse

effect of prolonged equilibration on extraction of
palladium(11)-OMPT complex up to 30 min. Hence
10s equilibration time was fixed for further study,
also absorbance of Pd(I1)-OMPT complex was
stable for more than 70h.
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Fig 5. Applicability of Beer’s law to Pd(I)-OMPT
complex. Pd(II) 0.01 to 20.0 ug cm™; OMPT-1.0x10™
mol dm, hydrochloric acid 0.8 mol dm™, Amna= 340 nm,
shaking time 10s.
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Fig 6. Ringbom’s plot for Pd(I1)-OMPT complex. Pd(Il)
1000 to 22500 pg dm™, OMPT 1.0x10* mol dm?,
hydrochloric acid 0.8 mol dm®, Amax = 340 nm, shaking
time 10s.

Beer’s law, molar absorptivity, sandell’s sensitivity
and correlation coefficient

Beer’s law is obeyed over the concentration
range of 0.01 pgem® to 15.0 pgem™® for
palladium(11)-OMPT complex at 340 nm (Fig. 5)
The molar absorptivity and sandell’s sensitivity are
285 x 10° dm’mol’cm® and 0.037 pgem?
respectively. The optimum range as defined by
Ringbom’s [26] plot (Fig. 6) is 3.1 to 13.0 ugem®,
slope of Ringbom’s plot from fig.6 is 0.4655.
Hence, the ratio between the relative error in
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concentration and photometric error is p = 4.655,
and for one percent photometric error, p=0.01,
hence the relative error in concentration is 0.04655.
The correlation coefficient value of Pd(1)-OMPT
complex with an independent variable as
concentration in pgem™ and a dependent variable as
absorbance, was found to be 0.99, indicates a clear
linearity between these variables. The slope value
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Fig 7. Pd(II):OMPT species by job’s variation method.
Pd(11)=OMPT=1.75 x 10*(a)and 2.0x10™* (m) mol dm™®,
hydrochloric acid-0.8 moldm™, A, = 340 nm, shaking
time 10s.
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Fig 9.Plot of log Dpqqy Vs. log Ciomer). PA(11)-6.0pg cm’,
OMPT- 1.0 x 10™* mol dm™, hydrochloric acid - 0.7 mol
dm=and 0.3 mol dm™, A nax = 340 nm, shaking time 10s.
and intercept for the best fitted line were obtained
are 0.02394 and 0.01036. Therefore the content of
palladium(ll) in real samples can be determined
using the straight line equation

Y=0.02394X + 0.01036.

Stiochiometry of the complex

176

Probable composition of extracted species was
ascertained by plotting graph of logD gy against
logComery at 0.7 moldm® and 0.3 moldm™
hydrochloric acid concentrations. The plots are
linear with slopes 1.14 and 1.11 respectively (Fig.
9). The probable composition was 1:1 (Pd(ll):
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Fig 8. Pd(11):OMPT species by mole ratio method. Pd(ll)
= OMPT= 1.75 x 10* (#) and 2.0x10™ (o) mol dm?,
Amax = 340nm, hydrochloric acid 0.8 moldm’, shaking
time 10s.

OMPT). This composition was also verified by
mole ratio method (Fig. 8) and also confirmed by
job’s continuous variation method (Fig. 7).

Influence of foreign ions

The effect of the various foreign ions was
investigated in order to find tolerance limit of these
ions in extraction spectrophotometric determination
of Pd(Il) (Table 2). The only interfering ion was
silver (I) because of its precipitation as silver
chloride.

Precision, accuracy and detection limit

To access the reproducibility and accuracy of
the method, absorbance measurements with ten
different identical solutions containing 60 pg
palladium (1) were determined by proposed
method. The average of these ten readings and
standard deviation were determined. Standard
deviation was found to be not more than 0.0013 and
relative standard deviation was less then 0.82%
respectively. It is evident from these results that the
method is precise and accurate. The detection limit
for palladium(I1) for proposed method is
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Table 2. Influence of forsizn on

DA 6.0 ppem™, OMPT 1.0x10* moldm™, hydrockloric acid 0.8 moldm™®,

b e 340 o, shaking time 103

Forsign Added 23 Tolszance  Foreign  Added ac Tolsance
[on limnis{mog) Inn Lot mg
M1} MnCly6H;eo 11 CalW)  Calb0y) 4H,0 0.073
Callly C4aCl,¥H.w 100 FhiII) PHO, ), 10
Fe(lll) (MEHFa(®0): 12,0 10 Wi Wiy 10
Hegll} HaCl; 3 vn L0100y 6H O 1
BifIll) B0y JHD 101 CaflI) ColCly. 8530 10
WD Nilly.6H;0 11 BTl BalCly SH O 10a
Cufll)  CaS0y JHO 10u CafI Cally 2H O 10d
ALTID  ALCLSH O 101 Sr{IT} S 10d
Crlily Crlly 10i T TIHDy 4
Zoflly Zn&0 TH.O 10u Bromide KEr 10d
STV Balll; B0 Flucrida  MaF B
LafOT) La{ 0y, 5H:0 1 Phosphate NaPOy 60
LuT) LiCl i Sulphate K50, 41
oIl (T5:5040, 11 Succinam  (CH,COO0NZY 6H,D 100
BHIV) HPiClg 1 Citzata CeHaD HO 104
Ew{Il} Bull, 8H,0 Malonate CH,(CDOMa), 104
Mgl Mgll.SHO 1 Targate  (CHOH:COOH) 10d
oI} 3ol ¥E,;0 0L07TS Acatate CHyCO0ONa 3HO 104G
Ga[llly Gall 0100 Indide Kl .03
Au(Illy HA=CIOeHO 0. 130 Omalass [COO0H]): ZHLD 10
Ma{VT) (WELjallor ZH,0 7 Thiocynane MELSCH 1
Eb{OL)  Shylh i EDT.A. MaEDTA 0.3
Ba(lll  BeSOu4HD 25 Mitrite Hal Gy 23
In|TIT) [nCl; 45,0 (.13 Mrtrate Baldid, it
R.l{TIT} bl 1 Sy Haghoem 104G
Os(WIID Ol .03 S A 10d
oDy IOl ol

determined, as amount corresponding to thrice the
standard deviation blank value and the limit of
detection is 0.13 pg cm,

4. APPLICATIONS

Determination of palladium(ll) in synthetic
mixtures corresponding to alloys
Various synthetic mixtures were prepared in
laboratory and palladium(ll) was determined using
recommended procedure. The results are in

agreement with those obtained by direct atomic
absorption spectrometry. These results are reported
in Table 3.

Determination of palladium(ll) from hydrogenation

catalyst
Proposed extraction spectrophotometric
determination method was applied for the

determination of palladium(ll) in hydrogenation
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Table 3. Separation of palladium (1) from synthetic mixtures corresponding to alloys

Amount of palladium(I1)
Composition of alloy 0
(%) Taken (xg) Found (pg) SD R.S.D(%)
AAS PM?
Oakay alloy (Pd 18.2;
PL18.2: Ni 54.2: V 9.1) 60 59.96 59.94 | 0.345 0.58
Jewelry alloy (Pd 95.0;
Rh4.0: Ru1.0) 60 59.95 59.92 | 0.896 1.50
Stibopalladinate alloy
(Pd 75.0: Sb 25.0) 60 59.97 59.95 | 0.745 1.24
Pd-Cu allc%gPd 60; Cu 60 59.95 59.92 | 0486 0.1
PM? : Present method, average of five determinations.
Table 4. Determination of palladium (1) in hydrogenation catalyst
Amount of palladium(Il)
Hydrogenation catalyst Taken Found (ug) S.D. R.S.D. C.L.
(ng) AAS PM? (%) a=0.95
Palladium on activated
charcoal (Pd-C, 30 29.88 29.80 0.155 0.52 0.25
30%Pd)
Palladium on activated
charcoal (Pd-C, 5.0 4.95 4.95 0.033 0.66 0.052
5.0%Pd)
Palladium on barium
sulphate (Pd-Baso,, 5.0 4.94 4.93 0.020 0.41 0.032
5.0%Pd)
catalysts (Table 4), Palladium on activated charcoal REFERENCES

[29] (Pd-C,30%), palladium on barium sulphate
[29] (Pd-BaSo0,5%), palladium on activated
charcoal [29] (Pd-C,5%). About 0.3 gm of the
catalyst sample was treated twice with 10 cm?®
portion of aqua regia, then evaporated to 5 cm®, and
on cooling distilled water was added to it .it was
filtered using whatmann filter paper no.41 and
filtrate was transferred into 250 cm?® calibrated
flask.

The residue was washed with 20 cm® of 2.0 mol
dm™ nitric acid and then with distilled water.
Finally the sample was made up to mark with
distilled water and suitable aliquots of this solution
were then analyzed as per recommended procedure
for palladium (Il) determination. The results
obtained are in agreement with those obtained by
direct atomic absorption spectrometry (Table 4).
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EKCTPAKILIMOHHO CITEKTPO®OTOMETPUYHO OITPEJEJISIHE HA TTAJIAJIUUA (11) C O-METHIJI-
OEHMJIKAPBAMU /I B CUHTETUYHU CPEN
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Tlocteomna Ha 13 maif, 2011 r.; npuera na 21 noemspu, 2011 r.
(Pesrome)

[pensnoxkeH € HOB METO/1 32 €KCTPAKIMOHHO CHEKTPOPOTOMETPUUHO OINPEACIISHE Ha MaNaIni,u3M0I3BaiKi HUCKA
KOHIIEHTpaIu Ha O-metuin-¢enmnkapbamun (OMPT). TlocneqHusaT peakTHB W3BJIMYA KOJIUYECTBEHO W3 XJIOpodopm
cenu ot manaauii (1) B cpena wa 0.8 mol dm™ conna kucennna. PaBHoBecuero ce pocrura camo 3a 10 CeKYHJIH.
Abcopbiusra Ha xbaTO-0o1BeTeHus kKommuieke nanaaui (11)-OMPT ce ompezens npu 340 nm. KoMIuiekehT e cTrabuiieH
3a moBeuye oT 70 yaca. MOJapHOTO CHOTHOLIEHHE Ha EKCTpaXHUpaHWTEe KOMIIOHEHTH € 1:1 M € MOTBBP/AEHO B JBOWHHO-
JIOTApUTMHUIHH KOOpAWHATH. 3aKOHBT Ha Beer ce crmaspa B maTepBana ot 0.01 mo 15.0 pg cm®. MonapHata abcopOmms
U yyBCTBUTENHOCTTa o CaHzpen ca 2.85x10° dm®molecm™ and 0.037 pgcm'z. MeToasT He ce BIHsAE OT TOJISIM Opoid
KaTHOHM M aHMOHHM. Toll Moke 1na ce mpmiara 3a pasgensHe Ha namaguii (1) oT MHOro-KOMIIOHEHTHH CMECH U
KaTann3aTopH 33 XUIPHUPAHE.
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