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Summary: Spectrophotometric determination of mercury (Il) is carried out with 8-hydroxy-
quinoline as a complexing reagent in aqueous phase using cationic surfactant cetylpyridinium
chloride (CPC). Beer’s law is obeyed over the concentration range 0.5-4.0 pug mi". The Aper
molar absorption, molar absorptivity and Sandell's sensitivity was 395 nm; €mar (x 10* mol™!
cm™) is 0.65 and (30.9) ng cm™. Validation of this method has been made by comparing the
results with those obtained by Atomic Absorption Spectroscopy (AAS). No significant
difference is observed in the results obtained by the two methods at 95 % confidence !evel. The
method is simple, accurate, economical and can be applied for the determination of mercury

(I1) in industrial waste-water samples.

Introduction

The determination of mercury in biological
material is important because this metal is toxic.
Mercury has no metabolic function to perform in
human body and therefore may be considered
potentially harmful. 8-Hydroxyquinoline is used as a
complexing reagent and reacts with almost every
metal in the periodic table to form uncharged chelates
[1-2]. Several spectrophotometric methods have been
developed in which the solvent extraction step is
conveniently replaced by the use of a surfactant [3-4].
Due to the solubility of several compounds in
micelles (aggregates of surfactants), many analytical
techniques for the determination of metal ions in
aqueous system have been developed and modified
[5-13]. Micellar media is mainly used to enhance the
absorption sensitivities, thus simplitying the system
by replacing the toxic organic solvents. The deter-
mination of Cu(lI), Co(II) and Ni(lI) as complexes of
mmoniumpyrrolodinedithiocarbamate in  cationic
micellar media has been reported earlier [14].

8-hydroxyquinoline has a hydrogen atom that
is replaceable by a metal, and a hetrocyclic nitrogen
atom, which forms with this, metals a five-membered
ring [15]. It is a bidentate ligand and forms stable
complexes with several metal ions, a typical reaction
is followed:
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In the present work, cetylpyridinium chloride
(CPC) has been utilized as micellar media for the
determination of Hg(II) metal ions using 8-hydroxy-
quinoline. The method was successfully applied to
the determination of these metal ions in industrial
waste-water samples.

Results and Discussion

Fig. (1) (A) shows the absorption spectra of 8-
hydroxyquinoline, the absorption maxima is at 344
nm, (B) Hg(Il)-8-hydroxyquinoline complex with
absorpticn maxima at 395 nm. It seems that micelle
in solution was formed at 0.02 M CPC. Fig. (2)
shows a graph of the absorption maxima (A, 344-
nm) of the solution containing varying amounts of 8-
hydroxyquinoline. It can be seen that the absorption
increases with an increase in the concentration of 8-
hydroxyquinoline up to 5 x 10° M. Fig. (3) shows
the absorption maxima at pH 9.0. Fig. (4) shows
calibration graph of obtained by plotting absorption
maxima against varying concentration of metal ions.
Metal to ligand ratio in the complex is 1:2 (M: L).
The complex remained stable for 2 h. The molar
absorptivity of the method is 0.65 x (10* mol'cm™).
The Sandell's sensitivity values is (30.9) ng cm™.
Detection limit is (30.85) ng ml"'. The improvement
was found in the Sandell's sensitivity and detection
limit than reported by P. Becher et al., [15].

Composition

Composition of the complex formed under
experimental conditions was investigated by Job's
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Fig. 1: Absorption spectra of Hg(Il) with 8-
hydroxyquinoline in SDS 1% (A) 8-
Hydroxyquinoline 6 x 105 M, (B) Hg(Il)-8-
hydroxyquinoline complex, Hg 2 mg mL™".
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Fig. 2: Effect of 8-hydrocquinoline conc. on the
absornance of Hg(11) complex in CPC.
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Fig. 3: Effect of pH on the absorbance of Hg(Il)-8-
hydroxyquinoline complex .
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Fig. 4: Calibration graph
quinoline complex.
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Fig. 5: Job’s plot of metal:ligand ratio.

method of continuous variations. Fig. (5) Plot of
absorbance versus mole fraction of the metal ion
shows at maximum which corresponds to 1:2 (M: L)
ratio in the complex for M(II) ions.

Study of interference's by foreign ions

In the determination of Hg(Il) ions with 8-
hydroxyquinoline in presence of 0.02 M % CPC,
interference by foreign ions were studied and all the
results are shown in the Table-2. For these metal ions
KSCN, KCIO; and sodium tartarate did not interfere
until their amount reached 1000 pg ml'. Inter-
ference of Cd (II), Co(II), Ni(II) and Pb(II) is serious
than other species. Interference was eliminated by
adjusting pH of the complex.

Validation of method

Proposed method was verified by standard
addition method, and the results were compared with
AAS, which are in good agreement as given in Table-
3.

Table-1: Analytical characteristics of Hg (II)-8-
hydroxyquinoline complex in the presence of
surfactant (CPC).

Characteristics _Hg@D

Beer’s law range (ug ml™") 0.5-4.0

Absorption maxima 395

(Amax (nm): (@) micellar

(b) CCly 390

Molar absorptivity 0.65

x (10* molcm™) by micellar

Molar absorptivity 0.66

(10* mol'cm™) by extraction

Sandell’s sensitivity (ng cm™) 309

Detection limit (ng ml™') 30.8

pH 9

[CPC] (M) 0.02

[Reagent] (10°*M) 5

RSD + 0.03

At95%, n=6
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Table-2: Tolerance limits (ug ml™) for interference's
of metal ions and salts with 8-hydroxyquinoline in
0.02M CPC

lon / salt Hg(Il)
KSCN 1000
NaF 600
Na;C;O. 200
KCIOs 1000
Natartarate 1000
Naycitrate 500
Mg (I 150
Al(IIN) 200
Cd(In 2

Co (1) 4

Cr (Il 50
Cr(VI) 8
Fe(IIl) 15
Mn(II) 80
Ni(II) 5
Pb(Il) 3
Zn(11) 50
Cu(ll) 100

The conc. of metal ions is 2 pg ml”

Table-3: Percent recovery (%) of known samples

added to tap water
Metal Amount added Amount found Recovery
ions (ug ml™) (ugmL™) (%)
“Hg) 1.0 0.99 99+ 1
At 95%, n=6

Table-4: Determination of Hg(II) ions in industrial
wastewater samples

Sample Metal ions determined
Present method AAS method
Mercury Mercury (ug ml™)
(ug mI")

Industrial waste  0.50 0.51

water from Kotri  (0.40) 0.4)

SITE

At 95%, n = 6, coefficient of variation is given in parenthesis.
Application
The proposed spectrophotometric method was

applied for the determination of Hg(Il) in industrial
wastewater samples. Results are shown in Table-4.

Experimental

A UV/ Vis Spectrophotometer Perkin Elmer
model Lambda 2 was used throughout this study.
Atomic absorption spectrophotometer, model Spectra
AA. 20 Varian was used for metal ion determination.
The Pye Model 292 pH meter was used.

Reagents

All chemicals used were analytical gradﬁ rea-
gents (Merck and Fluka A.G) unless otherwise stated.

SPECTROPHOTOMETRIC DETERMINATION OF Hg(ll)

Standard Hg(Il) stock solutions of (100 pg mI™") were
prepared dissolving their nitrate salt. Other metal ions
solutions were prepared from their nitrate or chloride
salts. Surfactant (CPC) 0.02 M solution was prepared
by dissolving that in a 100 ml volumetric flask, and
was diluting to the mark with double distilled water.
Buffer solution of pH 9 was prepared by taking 0.025
M sodium borate (50 ml) and 0.1 HCl (4.6 ml)
mixtures and adjusting the volume to 100 ml
according to Perrin and Dempsey [16].

Procedure

Spectrophotometric metal ion determination in
micellar solution

Appropriate volumes of stock solutions of
metal ions, 8-hydroxyquinoline, and surfactant CPC
0.02 M were added and made up to 25 ml volume
with distilled water having metal ions concentration
0.06-10 pg ml™, concentration of 8-hydroxyquinoline
5 x 107 and 0.02 M surfactant. The pH values and
analytical wavelength used are listed in Table-1.

Spectrophotometric metal ion determination after
extraction with CCl,

Appropriate volumes of stock metal, 8-
hydroxyquinoline and aqueous buffer solutions were
placed in a separating funnel and 10 ml of CCl, was
added. The organic layer was transferred to a 25 ml
volumetric flask. In order to obtain complete extrac-
tion, the process was repeated twice, with 10 ml and
then once with 5.0 mL of CCl,. For the 25.0 ml total
volume of the organic layer, absorbance was measu-
red at the 390 nm wavelengths for metal ions.

Determination of Hg(Il) in industrial waste-water

Industrial wastewater sample, 11 obtained
from industrial effluent collected from Kotri SITE
area was filtered using Whatman No. 2 filter paper.
Concentrated nitric acid 4 ml and 30 % hydrogen
peroxide 2 ml were added to the filtrate. The resul-
ting solution was preconcentrated in an oven at 110
°C to a final volume of 25 ml. Appropriate amounts
of surfactant and 8-hydroxyquinoline was added to a
25 ml calibrated flask to obtain final concentration of
0.02 M and 5 x 10”*™ 8-hydroxyquinoline. Then 5 ml
of the sample was added and the absorbance was
measured against blank reagent. The same sample, 5-
ml was diluted to 25 ml with double distilled water
for AAS analysis (Table-4).



‘(bL61)

‘uopuor] ‘[leH pue uewdey)) ‘7o4uo)) uoj v
puv pd aof siaffng ‘Kesdwaq ‘g ‘uiad ‘q'd
"(9961) 18%

‘d Y04 MIN ‘Ije( [92IBIA ‘| ‘SariaS 2oua1ds
wpppfing (‘pd) YIS [ W Wl ‘Iyosg ‘d
(€002) ‘(D)

Oy ‘snapony a2y 193ueyq ‘| ‘W pue Ieys 'y ‘D
"(0002) €68 ‘TS ‘vrupip] 104D 'H ‘Unj °f

‘(1002) 66 ‘ST “wayD  y4n ‘oey [TV pue
[oqned "M e S'd ‘e N Y MW ) VY
(¥002) €¥1 (09T “yod 00§ ‘waydr
I93ueyg ‘] ‘W pue 0JWOOS 'Y ‘D ‘reys 'y ‘D
(6661) ¥1S

‘IL “wayD ‘Jouy ‘Quo0) ‘@ 'd ‘MYz W uif ‘X
"(b861) TEI1 ‘9§ “way) ouy

‘Aes10q 'O ‘[ ‘eMeqeH "D ‘[ ‘9AOT AUID [ ]
"(T661) £0€ ‘P9T D1y Wty

‘Jouy ‘MRZZIdd 'J 10A3ld ‘g 'V ‘omeurereqd ‘g
(2661) 8E1T ‘¥9 “way) ouy ‘epe)O "L

"(T661) 14T ‘¥9T

“vpy wry) [puy ‘[9p3JA Zues§ 'y pue osuojy
epren ] [ ‘Zo[ezuoD ‘g 'J ‘erren T Y
"(P661) LSET

‘Iy ‘Dol ‘TR °f "d pue Suoy 1 ‘WD D 'H

6Ly S00Z ‘S ON ‘LT ‘IOA ™Med 0§ way) inop

91

Sl

R4
€l

1

01

(9861) 1912
‘§S “wiayD ‘Jpuy ‘Zopuewldj " ‘W ZUeS VW b
(P661) 6L1 1y ‘Diuvp]
‘®I9A 'S pue BULRIN T W ‘sdipuy ueS ‘d ‘W
(€L61) LY61 ‘Sp “wayD puy ‘suowuni§ ‘f*M T
‘(1L61) 6¥€
‘96 ‘1sAjpuy 337 "W "d UOS[IM\ g ‘d ‘O8ef [ [

-

SIIUIIAYNY

"109f01d s1y3 Joj uorssiuo)) uoreonpy JoySiy ays jo
uoddns [eroueuy ay3 sa3pa[mow|oe Joyine sy

yudw3papmouydy

'SYV Aq paureiqo sanjea
Ayl yim Juowdaide oY) ul are poyrew juasaid ayy
Aq pauruuajep sojdwes Iajemajsem ur syusjuod ([1)SH
'SJUSAJOS  OIUBSIO OIXO0) UM uonoenxs ssoejdas
pue uoisioaid paroidunt pue ‘AjAno9[as Iapaq ‘AjA
-nisuas 198313 yim pidel pue spduuts st poyrowr 3y
‘uonnjos snoanbe Ul DJD JO BIPSW Je[[IJTW IIUOIIED
ur jaurjournbAxoipAy-g Juisn A[30211p N0 paLLIEd 3q
ued (J])3H JO sjunowe des} JO UOHRUIULISDJ

suoisnpuo)

OYWOOS 'V "D ANV ¥VHS 'V *D




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


