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Abstract: A novel optical sensor was established to determine palladium(II) 
based on the immobilization of 1-(2-pyridylazo)-2-naphthol (PAN) on a triace-
tylcellulose membrane. Palladium ions react with the immobilized PAN and 
cause a decrease in the absorbance of the membrane at 469 nm. The response 
time of the optode was 8–10 min depending on the concentration of Pd(II) ions. 
This sensing phase had a dynamic linear range of 0.10–12.0 µg ml-1 palladium 
ions with a limit of detection of 65 ng ml-1. The sensor can readily be regene-
rated using an ethylenediamine solution. The sensor could be fully regenerated, 
and the color change was fully reversible. The method was successfully applied 
for the determination of Pd(II) in synthetic aqueous solutions and in a hydro-
genation catalyst sample. 

Keywords: optode; 1-(2-pyridylazo)-2-naphthol (PAN); palladium(II); hydro-
genation catalyst; triacetylcelluose. 

INTRODUCTION 

The significance of palladium as a transition metal lies in its wide spectrum 
of application, especially in the electrical and electronic industries, catalyst, den-
tistry and medical devices, jewelry and recently as nano-particles for the develop-
ment of new active catalyst.1–3 It was thus considered worthwhile to explore the 
possibilities of developing a simple, sensitive and selective method for the deter-
mination of traces of palladium in various samples. Many methods have already 
been developed for the determination of palladium in real samples. These are 
based on atomic absorption spectrometry (AAS) and extractive spectrophotomet-
ric methods. 

The AAS instrumental techniques are: atomic absorption (AAS), both flame 
(FAAS) and electrothermal spectrometry (GFAAS).4 Although these methods 
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have good sensitivity, they require expensive instruments, well-controlled experi-
mental conditions and a profound sample preparation. 

The extractive spectrophotometric methods employ many organic complex-
ing reagents5,6 which can be used for the determination of palladium, but they 
suffer from several disadvantages, such as low sensitivity, incomplete extraction 
and interference from a large number of foreign ions.7–9 

In this communication, the first optode for the determination of palladium 
ions is introduced. Although a few sensors exist for the determination of palla-
dium,10–11 there are some difficulties, such as pretreatment, higher detection li-
mits and complex procedures. In the present study, PAN was employed as an io-
nophore because of its ability to form highly colored complexes with transition 
metals12 and its solubility in the membrane phase. It was immobilized on a tri-
acetylcelluose membrane for the determination of low levels of palladium ions. 
The membrane responds to palladium ions by changing in absorbance, it can be 
applied as a relatively selective reagent for Pd(II) at pH 2.0. 

EXPERIMENTAL 

Reagents 

All the reagents such as PAN and ethylenediamine were supplied by Merck and all solu-
tions were prepared with double distilled water. The Pd(II) solution was prepared by dissol-
ving 1.664 g of palladium chloride (Merck) in a minimum amount of 2.0 mol L-1 hydrochloric 
acid solution in a one liter volumetric flask and finally made up to the mark with an identical 
hydrochloric acid solution. It was standardized by an indirect method using EDTA.13 

Apparatus and measurement procedure 

A Shimadzu 1601 PC UV–visible spectrophotometer with 1.0 cm quartz cells was used 
for the absorbance studies. A Jenway model 3510 pH-meter with a combined glass electrode 
was used for pH adjustment. A Sense AA GBC Scientific Equipment atomic absorption spec-
trometer was used to compare the result. 

The membrane prepared according to a procedure given in the literature18 was placed in 
a 2.5 ml trichloroacetic acid buffer (0.20 M) of pH 2.0 for several seconds to reach equili-
brium. The membrane was placed vertically inside a quartz cell, hence, the optical path passed 
straight through the membrane. Then a solution with a specific concentration of analyte was 
added and the difference in the absorbance of the immobilized form of PAN was measured at 
469 nm before and 600 s (equilibration time) after the addition of the analyte. In addition, no 
difference in the absorbance at 469 nm of the membrane was detected in a blank solution 
during 600 s. 

RESULTS AND DISCUSSION 

The absorption spectra of immobilized PAN obtained after equilibration in 
buffer solutions (pH 2.0) containing different concentrations of palladium are 
shown in Fig. 1. The spectral change is because of the addition of Pd(II) ions and 
the complex formation. Considering Fig. 1, the Pd(II) complex has two absorp-
tion peaks at pH 2.0, the first one of which is located on 659 nm and the second 
at 611 nm. Also, it can be seen that upon addition of increasing amounts of Pd(II) 
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ions, the absorbance of the complex increases at the expense of the absorbance of 
free ligand at 469 nm, showing a sharp isosbestic point at 515 nm, supporting the 
formation of a 1:1 metal ion–PAN complex. The wavelength of 469 nm was 
selected for further studies because of the higher sensitivity at this wavelength. 

Fig. 1. Absorption spectra of the 
optode film in response to the 
addition of Pd(II) ions in the con-
centration range 0–14.0 µg mL-1 
at pH 2.0 (A–Z show the in-
crease in concentration of Pd(II) 
ions by the addition of 0.46 µg ml-1 
Pd(II) ions in each interval). 

The absorbance was measured at 469 nm for 1.0×10–5 M (2.0 µg ml–1) pal-
ladium ions at different pH values. The blank membrane (membrane without 
PAN in the buffer solution) was taken as the reference. The absorbance measu-
rement are expressed as absorbance difference, which was defined as the differ-
rence between the absorbance of the immobilized PAN alone and the absorbance 
of the Pd(II)–PAN complex at 469 nm. With increasing pH value from 1.0 to 5.0, 
the difference in the absorbance reached a maximum at pH 2.0 and then de-
creased sharply. This phenomenon might be due to the fact that at low pH values 
(pH < 2), complexation is weak. At pH values higher than 2, Pd(II) forms dif-
ferent hydroxide species (Pd −− )2()OH( n

n ), which make complex formation with 
PAN impossible.26 

The absorbance difference versus the Pd(II) concentration exhibits a linear 
range between 0.10 and 12.0 µg ml–1. The regression equation is: 

 R = 0.0241c + 0.0251 (1) 

where R is the response expressed as the decrease of the absorbance of the film at 
469 nm for a fixed time of 10 min and c is the concentration of Pd(II) in µg ml–1, 
with a correlation coefficient of 0.9987. The detection limit, which was estimated 
as the concentration of analyte producing an analytical signal equal to three times 
the standard deviation of the blank signal, was found to be 65 ng ml–1. 

An important analytical feature of any optode film is its response time. In 
this work, the optode film was found to reach 95 % of the final signal after 8–10 
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min, depending on the concentration of Pd(II) ions. In general, the response time 
was lower in concentrated solutions than in dilute ones. 

The lifetime of membrane was determined by adding a buffer solution (pH 
2.0) in a quartz cell including a film. The signal was recorded at wavelength of 
469 nm over a period of about 24 h. No significant loss of the indicator occurred 
during this time. When the membrane was exposed to light, no drift in the signal 
was observed and the membrane was stable over the period of the experiment 
with no leaching of the indicator. 

Concerning membrane regeneration, the best result was obtained by apply-
ing ethylenediamine, which gave short membrane regeneration times (3–5 s). Af-
ter regeneration before the next palladium concentration measurement, the op-
tode should be placed in buffer (pH 2.0) for 15 min. 

To determine the selectivity of the proposed method, interference of a num-
ber of ions was studied. The main interference was Cu(II), which can be elimi-
nated by 0.10 M ascorbic acid. It is apparent from the study that discrimination 
between different metals can be achieved by the control of several parameters, 
including the absorption wavelength, the pH and the sample contact time in ad-
dition to the use of masking agents. 

The developed optical sensing method for Pd(II) was successfully applied 
for the determination in synthetic aqueous solutions and hydrogenation catalyst. 
Various water samples with different contents of Pd(II) and a hydrogenation ca-
talyst were prepared and analyzed employing the recommended procedure. The 
results were in perfect agreement with those obtained by direct atomic-absorption 
spectrometry. The results are presented in Table I. 

TABLE I. Determination of Pd(II) in synthetic aqueous solutions and a hydrogenation catalyst 
by the proposed optode method and by AAS 

Sample 
Palladium 

claimed, wt. % 
Pd (II) added, 

μg ml-1 
Pd (II) found, μg ml-1 Recovery 

% AAS Method Proposed method 
Solution 1 – 1.50 1.48 1.46 97.3 
Solution 2 – 3.40 3.37 3.33 97.9 
Solution 3 – 5.50 5.52 5.46 99.3 
Solution 4 – 8.80 8.80 8.75 99.4 
Solution 5 – 11.40 11.42 11.45 100.4 
Catalyst 0.03–0.04a – 0.037b 0.035b – 
aThe catalyst 7741-T, which is used in the Amir Kabir Petrochemical Co., Iran, was treated twice with 10 ml 
portions of aqua regia; bthe unit is wt. % 

CONCLUSIONS 

The described optode is easily prepared and provides a simple and inexpen-
sive means for the determination of Pd(II) ions. The membrane responds to 
palladium ion by decreasing absorbance of PAN. The sensor can be regenerated 
readily with a solution of ethylenediamine and has a long lifetime. The response 

2009 Copyright (CC) SCS



 FABRICATION OF PALLADIUM OPTICAL SENSOR 315 

of the optode was reproducible and the optode presented a good selectivity for 
Pd(II) over other metal ions, except for Cu(II) which can be masked using ascor-
bic acid. Since the sensor does not require solvent extraction, it can compete with 
standard optical fibers. The sensor can be applied for the analysis of real samples. 

Acknowledgments. The authors gratefully acknowledge the support of this work by the 
Shiraz Payame Noor University Research Council. 

И З В О Д  

НОВИ ОПТИЧКИ СЕНЗОР ЗА ОДРЕЂИВАЊЕ ПАЛАДИЈУМ(II) ЈОНА 
У ВОДИ И У КАТАЛИЗАТОРУ ЗА ХИДРОГЕНОВАЊЕ 

HOSSEIN TAVALLALI и MARYAM GHANAAT PISHEH 

Payame Noor University (PNU), Shiraz, 71365-944, Iran 

Формиран је нови оптички сензор за одређивање паладијум(II) јона заснован на имо-
билизацији 1-(2-пиридилазо)-2-нафтола (ПАН) на мембрани од триацетилцелулозе. Јони па-
ладијума реагују са имобилисаним ПАН-ом и проузрокују смањење абсорбанције мембране 
на 469 nm. Време одзива сензора је 8–10 min, зависно од концентрације Pd(II) јона. Ова сен-
зорска фаза поседује динамички линеарни одзив у опсегу концентрација Pd(II) јона од 0,10– 
–12,0 µg ml-1, са границом детекције од 65 ng ml-1. Сензор се лако регенерише раствором 
етилендиамина. Он се потпуно регенерише, а промена боје је потпуно повратна. Метод је ус-
пешно примењен за одређивање Pd(II) у синтетичким воденим растворима и у катализатору 
за хидрогеновање. 

(Примљено 1. јула, ревидирано 16. септембра 2008) 

REFERENCES 

1. T. N. Lokhannde, M. A. Anuse, M. B. Chavan, Talanta 46 (1998) 163 
2. R. Sahu, S. M. Sondhi, B. Gupta, Talanta 42 (1995) 401 
3. A. Tunceli, A. R. Turker, Anal. Sci. 16 (2000) 81 
4. R. R. Barefoot, J. C. Van Loon, Talanta 49 (1999) 1 
5. D. G. Gambarov, A. M. Ayubova, S. R. Azimova, Azerb. Khim. Zh. 2 (1981) 122 (in Russian) 
6. A. Kumar, M. F. Hussain, M. Satake, B. K. Puri, Bull. Chem. Soc. Japan 55 (1982) 3455 
7. S. G. Kawathar, R. V. Nimbalkar, J. Ind. Chem. Soc. 74 (1997) 69 
8. A. N. Shetty, V. R. Gadag, Bull. Chem. Soc. Japan 66 (1993) 2536 
9. P. J. Lopez, J. A. M. Leyva, Quim. Anal. 3 (1984) 226 

10. M. Aghamohammadi, N. Alizadeh, Anal. Chim. Acta 480 (2003) 299 
11. N. Pourreza, S. Rastegarzadeh, Can. J. Anal. Sci. Spectros. 49 (2004) 314 
12. F. Lazaro, M. D. Luque de Castro, M. Val Carcel, Anal. Chim. Acta 214 (1988) 217 
13. G. H. Jeffery, J. Bassett, J. Mendham, R. C. Denney, Vogel's Textbook of Quantitative 

Chemical Analysis, 5th Ed., Longman Scientific and Technical, New York, 1989, p. 327 
14. A. Safavi, M. Bagheri, Sens. Actuators B 90 (2003) 143 
15. J. Lurie, Handbook of Analytical Chemistry, Mir Publisher, Moscow, 1978. 

2009 Copyright (CC) SCS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




