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ABSTRACT

A simple and sensitive spectrophotometric methadbe®n developed for the determination of palladijrasing
newly synthesized 3-methoxysalcilaldehyde-4-hythenzoylhydrazone (MSHBH) reagent in a micellar iomacbf
CTAB (acidic surfactant). Palladium(ll) forms anamge yellow colored water soluble complex with M@&HBH
reagent in acidic buffer medium pH 4.5. Beer's laleyed in the range 0.2876 to 4.25@8mL of Pd(Il)Anax at
412 nm. The molar absorptivity and Sandell’'s sérisitof colored species are 1.03 Xll0moi*.cni* and 0.0103
png.cn? respectively. Palladium(ll) forms (M: L) 1:1 coregland stability constant of the complex is 9.32xTBe
developed first and second order derivative sp@ttodometric methods were employed for the detetinimadf
palladium(ll) in alloy samples and hydrogenatioriadgst samples.

Key Words: Derivative spectrophotometry, 3-methoxysalcilald#gw-hydroxybenzoylhydrazone (MSHBH),
Cetyltrimethyl ammoniumbromide (CTAB), Palladiun)(ll

INTRODUCTION

The potential application of hydrazone derivatif@sthe spectrophotometric determination of mesaisi has been
reviewed by Singh.et.al [1]. Hydrazones are impuriarganic analytical reagents for the determimatid metal
ions in microgram quantities. They react with mangtal ions forming colored complexes and act adatihg
agents. In general, the technique of solvent etitnads widely used in the spectrophotometric deieation of
metal ions [2-3]. However, organic solvents suclh@szene and chloroform are often carcinogenidctamd cause
environmental pollution. It is significant to dewpla method which does not involve solvent extosctin the light
of good analytical characteristics of hydrazoneseim we report direct (zero order), first orded @®cond order
derivative spectrophotometric determination of Pdfking 3-methoxysalcilaldehyde-4-hydroxybenzogiazone
(MSHBH) in presences of micellar medium withoutaohuing any extraction.

Derivative spectrophotometry is a very useful téghe, in the sense that, it decrease the intereréme. increase
the tolerance limit value of the foreign ions. Tgreat interest towards derivative spectrophotomistigue to the
increased resolution of spectral bands, allowirg dbtection and location of the wavelengths of lyomsolved

components of complex spectra and reducing thectetie spectral background interferences. Becausthese

characteristics, the process of isolation and presentration of active components, usually requiredualitative

and quantitative spectrophotometric proceduresiegh the analysis of complex systems, is compleigoided.

Derivative spectrophotometric methods for the deteation of metal ions [4-6] are not exploited mughmicellar

solution of a surfactant has the ability to enhatfeestability of metal complex and has been @dias a medium
for the spectrophotometric determination of theahetelate [7-9].
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MATERIALS AND METHODS

Apparatus

All absorption measurements were made in a Shintsg{z& microcomputer based UV-Visible spectrophotemequipped
with 1.0 cm quartz cells. The instrumental pararaeteere optimized and the best results were oldainethe
wavelength range 300- 650 nm with a scan speedsfastiral band width 2 nm, wavelength readalfilitynm increment
and wavelength accuracy + 0.5 nm with automatioaleangth correction.

ELICO LI-120 digital pH meter was used for the ptjustments. The reproducibility of the measureméentgithin
0.01 pH.

Sartorius BS/BT 2245 model (Germany make) electranalytical balance having maximum capacity of g2ihd
sensitivity of £ 0.1 mg was used for weighing pwpo

Reagents

Palladium(ll) stock solution: The standard Pd(ll) solution (0.01 M) was predarg dissolving accurately weighed
0.1773 g of PAGI(AR Johnson Matthey & Co. Ltd, London) in a few rat.dilute hydrochloric acid and made up
to the mark with doubly distilled water in a 100-nof volumetric flask and standardized [10]. The king
solutions were prepared by diluting the stock sotuto an appropriate volume.

Buffer Solutions: Buffer solutions were prepared by 1.0 M Hydrocldacid- 1.0 M Sodium acetate (pH 0.5-3.5);
0.2 M Acetic acid — 0.2 M Sodium acetate (pH 4.93);70.25 M Sodium tetra borate decahydrate - 0.1 M
Hydrochloric acid (pH 8.0 — 9.1); 0.25 M Sodiunréeborate decahydrate - 0.1 M sodium hydroxide 9@410.8).

Solutions of various diverse ions of suitable coriions were prepared using AR grade chemicdlssddutions
were prepared with doubly distilled water.

CTAB Solution: A 5% solution was prepared by diluting 5.0 g @t@trimethyl ammonium bromide (CTAB) (AR
Romali) to 100 mL with doubly distilled water.

3-methoxysalcilaldehyde-4-hydroxybenzoylhydrazonedution:

The reagent 3-methoxysalcilaldehyde-4-hydroxybeligalyazone (MSHBH) was synthesized by refluxing
equimolar amounts of 3-methoxysalcilaldehyde afgdi-oxybenzoylhydrazide [11]. The structure of M3HRas
given in figure 1.

OCH,
OH
OH
. NH
H N
o

Figure 1 - Structure of 3-methoxysalcilaldehyde-44droxybenzoylhydrazone (MSHBH)

The pKa values are determined by following Phidlipd Merritt method [12]. The UV-Visible spectrapoi (2 x
10° M) solution of ligand was recorded at various palues and by taking the arithmetic mean of the eslu
obtained from the measurements at five differentedengths. The values of deprotonation of ligarel 46 (pk)
and 9.5 (pk). The possible species which may be formed at¢wifft pH values are shown in figure 2.
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Figure 2 - Different species of MSHBH at differentpH

The reagent solution (0.01 M) was prepared by tissp 0.2863 g of MSHBH in 100 mL of Dimethylformade
(DMF). The reagent solution is stable for 48 hours.

Recommended procedures

Determination of palladium(ll) (Zero order):

An aliquot of the solution containing 0.2876 to 368 ug/mL of Pd(ll), 10 mL of buffer pH 4.5, 0.5 mL ofNIF,
1.0 mL of CTAB (5%) and 1.0 mL of MSHBH reagent 18> M were taken in a 25-mL volumetric flask and the
solution was diluted up to the mark with doublytidisd water. The absorbance of the solution wasmedA, ., at
412 nm in a 1.0 cm cell against reagent blank pezpander identical conditions. The measured alasmd was
used to compute the amount of palladium(ll) from tlalibration plot.

Determination of palladium(ll) by first order deriv ative spectrophotometry:

For the above solution of Pd(Il)-MSHBH first ordéerivative spectrum was recorded with a scan spesthg
degrees of freedom 9 in a wavelength range 30G@onén. The first order derivative peak-height (lgswneasured
by peak-zero method at 438 nm. The peak-heightphaited against the amount of Pd(ll) to obtain ¢haébration
curve.

Determination of palladium(ll) by second order derivative spectrophotometry:

For the above solution, second order derivativetspm of Pd(ll) - MSHBH system was recorded witference to
reagent blank with 9 degrees of freedom, in a vength range 300 nm to 650 nm. In the second orelevative
spectrum peak-height at 451 nm was measured frerrdto line of spectrum. Calibration plots werestarcted by
plotting the derivative amplitude against the antewi palladium(ll).

Analysis of alloy samples

0.5 g sample of alloy was digested in 15 mL of amegaa by warming and the solution was evaporatedryness.
The residue was dissolved in 10 mL of diluté@d and resulting solution concentrated to 5.0 wilyted to 50
mL with doubly distilled water, filtered and made to the mark ina 100-mL volumetric flask.

Analysis of hydrogenation catalyst samples

About 0.3 g of catalyst sample was transferred BBO-mL beaker, treated with 5.0 mL of 2.0 M HN@nd

covered. When the solution of gas had diminishedhLOof aqua-regia was added and the solution wapaated
to near dryness on a sand-bath. The residue waslvisl in 5.0 mL of 2.0 M HNQand diluted to mark with
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doubly distilled water in a 250-mL volumetric flasRuitable aliquots were taken and analyzed folagaim(ll)
using recommended procedure discussed above.

RESULTS AND DISCUSSION

The reagent 3-methoxysalcilaldehyde-4-hydroxybelmayrazone (MSHBH) was easily synthesized as ahgrot
schiff base reagent. The color reactions are mauag/to complex formation of MSHBH with divalergfriavalent,
pentavalent and hexavalent metal ions in aqueowdiume In acidic medium, ligand presumably existseimolic
form and co-ordinates the metal ion as mono-araagivte neutral complexes.

Palladium(ll) reacts with MSHBH over a wide randgepbl (2.0- 10.0) to form a sparingly soluble orangdiow
colored complex. The colored complex is solubleDiMF. However, the complex was stabilized by empigyi
surfactants.

Absorption spectra:

The absorption spectra of CTAB (5%), MSHBH and [BeNISHBH] complex recorded in optimum conditions
against buffer solution and reagent blank respelstishown in figure 3. The complex shows absorptiaximum

at 412 nm, where the CTAB (5%), reagent (MSHBH)utsioh does not show appreciable absorbance. Therefo
analytical wavelength 412 nm was used for all messents.
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Figure 3 - Zero order absorption spectra of,

a) Reagent (MSHBH) vs. buffer blank.

b) Pd(Il)-MSHBH complex vs. reagent blank.

c) CTAB (5%) vs. buffer blank.

Pd(Il) = 4.2568 pg/mL, [MSHBH] = 4 x 1HM,

pH (4.5) = 10 mL, CTAB (5%) = 1.0 mL, DMF = 0.5 mL.

Effect of pH:

It was observed that the color reaction betweetlPat{d the reagent MSHBH was instantaneous ingt¢je 2.0 to
7.0. The study of the effect of pH on the coloreigity of the complex showed that the maximum aorist
absorbance was obtained in the pH range 3.0 tar&€refore, pH 4.5 was kept constant throughoueRperiment.

Color stability of the complex:

The absorbance of palladium(Il)-MSHBH complex wasasured at different time intervals to ascertaindtiability
of the complex. The full color development of themplex remains constant for five hours after theubation
period of 25 minutes, in presence of surfactants.

Effect of Surfactants:

The effect of various surfactants such as Tritod(0; Sodium dodecyl benzene sulphonate (SDBS) atgll C
trimethyl ammonium bromide (CTAB) on the absorptipnofiles of the Pd(Il)-MSHBH system has been
investigated and presented in table 1. In presefc@TAB the complex is more stable and exhibitedkimam
absorbance. Hence, CTAB is selected for furthatietu
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Table 1 - Effect of various surfactants on the Pd()-MSHBH complex.

Nature Absorbance
Surfactant (5%) of Surfactant| at412 nm
None - 0.385
Triton X-100 Neutral 0.390
CTAB Cationic 0.420
SDBS Anionic 0.247

Effect of CTAB:

A study on the effect of volume of CTAB on absorbarmf the complex indicates that, absorbance ofimibtal
complex remains constant over a range of 0.8 tonfl.5of CTAB (5%). Therefore, 1.0 mL of CTAB (5%) wa
sufficient in all analytical studies. CTAB servesstabilize and sensitize the metal complex.

Effect of MSHBH concentration:

The amount of reagent necessary for full color tpreent of Pd(Il)-MSHBH was established. The stadie
revealed that a 5-fold molar excess of MSHBH reagesufficient for complete and constant color elepment.
Excess of reagent has no effect on the absorpfitreacomplex.

Order of addition of reactants:
The order of addition of metal ion, buffer solutiddMF, surfactant and MSHBH reagent has no adveffget on
the absorbance of the colored complex.

Applicability of Beer's law:

From the calibration plots (figure 4) it was obsahthat, the system obeyed Beer's law in the rdhg876 to

4.2568ug/mL of Pd(Il) with excellent linearity in terms @brrelation coefficient value (r = 0.99). Howevtre

practical range of determination of Pd(ll) obtairiemin Ringbom’s curve is 0.8514 to 4.256@'mL at 412 nm. The
molar absorptivity and Sandell’s sensitivity of tRel(Il)-MSHBH complex are 1.03 x 4@.mol*.cm? and

0.0103pg.cm? respectively. The specific absorptivity of the qdex is 0.097 mL.g.cm™.

0.404 A,,=0.0890X +0.0152

0.32 4

0.24

Absorbance

0.16

0.08

0 1 2 3 4

Amount of Pd(II) (ug/ml)

Figure 4 - Absorbance vs. amount of Pd(ll) (ug/mL).

[MSHBH] = 4 x 10* M, pH (4.5) =10 mL,
CTAB (5%) = 1.0 mL, DMF = 0.5 mL,
Wavelength = 412 nm.

The precision of the method in terms of relatitandard deviation (n =10) for the determination 2f1284ug/mL
of Pd(ll) is 0.01%. Important analytical parametef$d(l)-MSHBH are summarized in table 2.
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Table 2 - Important analytical parameters of Pd(II)-MSHBH complex.

Results
Parameter Zero order First Second
order derivative | order derivative

Amax (nm) 412 438 451
Limit of Detection (ug/mL) 0.0959 - -
Limit of Quantization (ug/mL) 0.2876 - -
Beer's law range (ug/mL) 0.2876 t0 4.2568 0.2876.6825| 0.2876 to 4.682b
Regression equation Y= a + bx
Slope (b) 0.0890 0.0547 0.0864
Intercept (a) 0.0152 -0.0014 -0.0020
Correlation coefficient (r) 0.9987 0.9996 0.9993

Composition and stability of the complex:
The composition of the complex is determined by'sl@ontinuous variation method and molar ratio rodtls
found to be 1:1 [Pd(ll): MSHBH]. The stability caast of the complex is determined as 9.32 % i Job’s

method.

Derivative spectrophotometry is a useful technigeeause it decreases the interference i.e. incthas®lerance
limit value of foreign ions and may be advantagéoused for the determination of metal ion havingapping
spectra. The conceptual simplicity, relatively duind easy realization, increased selectivity ia #imalysis of
minor components is the main reasons why the istérederivative spectra is constantly growing foactical
applications. The recommended derivative procetlasebeen employed for the determination of palladil).

The typical first order and second order derivatpgectra are shown in figure 5 and figure 6 re$pegt This
shows that, the derivative amplitude measured &t48 for first order and 451 nm for second ordes feand to

be proportional to the amount of palladium(ll).

0.25
— (4257 pafml
0.2 - —— 17027 pg/mL
— 554 pgfml
n1= | —a— 34054 pg/mL
0.15 ——4 2568 g/mL

Amplitude

Y

440 465

th

-0.05

Wavelength (nm)
Figure 5 - Typical first order derivative spectra d Pd(Il)-MSHBH vs. reagent.

Pd(Il) (ug/ml) = 0.4257; 1.7027; 2.5541; 3.4054; 4.2568,
[MSHBH] = 4 x 10* M, pH (4.5) = 10 mL,
CTAB (5%) = 1.0 mL, DMF = 0.5 mL.

Effect of diverse ions:
The effect of various diverse ions in the determdgmaof Pd(Il) was studied to determine the toleetimit of

foreign ion in the present method. The toleranodtliof a foreign ion was taken as the amount o&ifgm ion
required to cause an error + 2% in the absorbanaenplitude. The results are given in table 3.
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Figure 6 - Typical Second order derivative spectraf Pd(Il)-MSHBH vs. reagent.

Pd(ll) (g/mL) = 0.4257; 1.7027; 2.5541; 3.40542868,
[MSHBH] = 4 x 10* M, pH (4.5) = 10 mL,
CTAB (5%) = 1.0 mL, DMF = 0.5 mL.

Table 3 - Tolerance limit of foreign ion in the deérmination of 2.1284 pg/mL of palladium(ll).

lon added Tolerance limit (ug/mL) lon added Tolerance limit (ug/mL)
Zero order| First ordef Second order Zero orger tBider | Second order
Tartarate 2967 2967 3656 La(lll) 33 56 56
Tetraborate 2456 2456 2846 Ce(lV 28 56 56
Sulphate 1921 1921 2171 Ru(ll) 50 50 50
Bromide 1917 1918 1918 Cd(l 18 45 45
Phosphate 1899 1899 2125 Hg(ll 16 40 40
Nitrate 1240 1240 1856 Ag(l) 26 26 26
Urea 1206 1206 1206 Au(ll) 16 16 16
Acetate 709 945 945 W(VI) 6.0 15 15
Fluoride 380 380 406 Zn(ll) 8.0 13 13
Citrate 76 152 152 Mo(VI) 0.2,10| 0.2,10 0.2, 10
Ascorbic acid 35 212 212 Zr(1V) 3.0 7.0 7.0
Oxalate 35 176 176 U(Vvi) 4.0 4.0 4.0
Thiourea 61 61 61 Fe(ll1) 2% 2.2°,4.5° 3.4°4.5°
Pb(l1) 414 560 602 Ti(IV) 4.0 4.0 4.0
Sh(lll) 244 244 303 Li(l) 3.0 4.0 4.0
Ba(ll) 165 220 220 Cr(VI) 2.0 3.0 4.0
Bi(lll) 167 167 167 Rh(ll) 25 25 25
Se(lV) 158 158 158 Co(ll) 2.0 2.0 2.0
Mn(ll) 110 110 110 Ni(l1) 1.0 1.0 1.0
As(I1l) 75 75 75 Th(lV) 1.0 1.0 2.0
Sn(ll) 57 95 95 Cu(ll) 05 01°] 1.0901¢| 1.090.1°
Sr(ll) 35 53 53 V(V) 0.2 0.4 0.4

‘a’ Masked with 1187 pg/mL of tartarate,
‘b’ Masked with 228 pg/mL of fluoride,

‘c’ Masked with 760 pg/mL of phosphate,
‘d’ Masked with 61 pg/mL of thiourea,

‘e’ Masked with 35 pg/mL of ascorbic acid.

The data obtained in derivative method is also ripemted. The data suggest that several commosiycaged

anions and cations do not interfere in the deteation of Pd(Il) using MSHBH reagent, when they prasn large

excess. However, metals like Ni(ll), Th(IV) and Vj(Were seriously interfered. The tolerance limingdny anions
and cations are more in derivative method when @wetpto zero order. This shows that derivative wekik more

selective than zero order spectrophotometric metiibd Cu(ll) metal was interfered even masking wliiburea or

ascorbic acid. The interference of associated niatalsuch as Mo(VI) decreased on masking witlatateé and the
interference of Fe(lll) was decreased by maskint fuoride and phosphate.

Applications
The spectrophotometric determination of Pd(ll) e talloy samples and hydrogenation catalyst samplre

carried out by employing the recommended proceduiiown aliquot of the sample solution was takerai25-
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mL volumetric flask containing 10 mL of buffer sthn pH 4.5, 0.5 mL of DMF, 1.0 mL of CTAB (5%) arid0
mL of MSHBH reagent 1xI®M solutions. The contents in the flask were magléothe mark with doubly distilled
water. The amount of palladium(ll) present in theamples was computed from a pre-determined ctbbralot
and results are summarized in table 4 and tabbspectively.

Table 4 - Determination of Pd(ll) in alloy samples

Sample composition Amount found* (%) RSD (%
Zero order| First orde Second order Zero orgder tBimder | Second order

Pd, 72; Ag, 26; Ni, 2 %; 72.6 72.4 71.7 - 0.83 59). +0.42

Pd, 60; Au 40%; 58.9 59.1 59.3 +1.83 +1.5 +1.11

Pd, 95, Ru, 4; Rh, 1%; 94.2 94.6 95.3 + 0.84 +042 -031

(Sgg'?sﬁ’gg?g'g&e;)m'”era 743 75.4 746 +093| - 053 +0.53

* Average value of five determinations.
Table 5 - Determination of Pd(ll) in hydrogenationcatalyst samples.
Sample Amount of Pd(ll) Amount found* (%) RSD (%)
present (%) Zero order| Firstordef Second order Zero orfler tBhder | Second order

Pd-CaCQ 5 4.91 4.92 4.94 +1.8 +1.6 +1.2
Pd-BaCQ 5 4.89 491 4.96 +2.2 +1.8 +0.8
Pd-BaSQ 5 5.12 5.09 4.93 -2.4 -1.8 +1.4
Pd-charcoal 10 9.87 9.91 10.08 +1.3 + 0.9 -0.8

* Average value of five determinations.
CONCLUSION

The present method, using MSHBH as spectrophotiamegagent for the determination of Pd(ll) in prese of

CTAB is simple, rapid, reasonably sensitive aneéaele. This method was favorably compared withvianesly

reported spectrophotometric methods [13-19]. Mdsthe spectrophotometric methods involve eitheraetion

[13-15] or heating of the reaction mixture [16]. Wiever, heating at a specific temperature for a lormg or

extraction of components is laborious and time oomeg. The present method is not laborious andetieeno need
of heating the components or pre-extraction. Lang@unts of tartarate, tetraborate, sulphate, brepnptosphate,
nitrate, lead(ll), antimony(lll), barium(ll), bisrth(lll), selenium(lV) and manganese(ll), moderateoant of the
tin(ll), mercury(ll), silver(l), zinc(ll) and molytlenum(VI) do not interfere in the present methokisTnethod is
also free from the interference of lanthanum(ldysenium(lll) and other rare earth metals. Furtiher CTAB

enhances the stability of the metal complex.
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