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Abstract

A very simple, rapid, highly sensitive and selective non-extractive spectrophotometric method for the
determination of trace amounts of cadmium(II) has been proposed. It is based on the formation of ion association
complex (IA) between iodide complex of cadmium Cd(II) [Cd]42] and polymethine dye Astra Phloxine FF. The color
of the solution changes from red to red-purple. The color of the IA develops completely at temperature less than
18 °C after 5-10 minutes after mixing of reagents and remains constant for several hours. Opitmal concentrations
of HC], AP and KJ are 0.07-0.13 M, 1.2x10-5 M and 6x10-3 M, respectively. The molar absorptivity of the IA is 6.5x104
mol-1L cm-1. The calibration graph is linear between 1x10-7 and 3x10-6 mol L-1 of cadmium (II). The limit of detection
is 5x10-8 mol L1 (1 =5 cm, 0.006 mg L-1). A large excess of over 50 cations, anions and some common complexing
agents do not interfere with the determination. The method was successfully applied in the determination of
cadmium in Wood's alloy and mine water.
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EKCITPECHE, BUCOKOYYTJ/IMBE TA CEJIEKTUBHE CIIEKTPO®OTOMETPUYHE BUSHAYEHHA
KAJIMIIO(11) 3 BAKOPUCTAHHAM IOHHOI'O ACOLIIATY TETPAHOJAOKAZIMIATY (II) 3
ACTPA®JIOKCMHOM

Mexiepanin Xemxasi*, AuZipiit b. Buminikin, CBiT/1ana M. XygsakoBa

/JlHinpoecbkuil HayioHaavbHull yHisepcumem imeHi Onecsi F'onuapa, np. l'azapina, 72, [ninpo, 49010, Ykpaina

AHoTalif

3anponoHOBaHUN JAyKe MNPOCTUI, IBUJAKWIN, BHUCOKOYYT/JIMBUHA Ta CeJIEKTUBHUHA Ge3eKCTpaKLiiHUA
creKTpo$pOoTOMETPUYHHUI METO/ AJIs1 BU3HAYEHH CiJ0BHX KisibkocTel KagMmio(1I). BiH rpyHTy€eThbCAA Ha yTBOpPeHHI
ionHoro acomjary (IA) mixk HoagumaHuMm kommiaekcoM Kaamiio Cd(II) [Cd]4?] Ta mos1iMeTHHOBMM GapBHHUKOM
acrpaduiokcuiom (AP). Kostip po3uuHy 3MiHIOETBCS 3 YEPBOHOr0 Ha YepBOHO-¢iosieToBuil. Kosip IA noBHicTIO
po3BuBa€Thbca npu Temnepatypi MeHme 18 'C yepe3 5-10 XBWJIMH Mic/A 3MillyBaHHS peareHTIB i 3a/JMIIa€ETbCs
NMOCTIHHUM NPOTAroM JeKiabKOoX roguH. OntumanbHi koHueHTpanii HCl, A® Tta K] cranHoBasaTrs 0.07-0.13 M,
1.2x10-5M Ta 6x10-3 M BignoBigHo. Mo/isipHMi KoeQilieHT cBiT/IonOr/IMHAHHA IA ctaHOBUTB 6.5%X104 MoJIb1 J1 M-
1, I'pagyioBanbHuUil rpadik JiHiHHUI y Mexkax Big 1x10-7 go 3x10-6 M kaamilo(II). Mexxa BussBiaeHHs - 5x108 M (1 =
5cm, 0.006 wmr Jrl). Benukuidi HagJIUmMOK mnoHajk 50 KaTioHiB, aHIOHIB Ta [JesSKUX MOUWIHUPEHHUX
KOMILJIEKCOYyTBOPIOBAaUiB He 3aBa)ka€ BHU3Ha4YeHHI0. MeToJA yCHillHO 3aCTOCOBAaHUM JJi1 BU3HAYeHHA KajaMilo y
ciiaBi Bysa Ta maxTHiil BoAi.

Kinro4oBi cjioBa: BUSHaYeHHS KaJMito; ioHHME acouiaT; acTpadioKcuH; cieKTpodoToMeTpis; cijiaB Byza; maxTHa Boja.
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JKCITPECCHOE, BBICOKOYYBCTBUTEJIbHOE U CEJIEKTUBHOE
CIIEKTPO®OTOMETPUYECKOE OINNPEAEJTEHUE KAAMUA(1I) C UCII0JIb30BAHUEM
MOHHOI'0 ACCOLIUATA TETPAMOJOKAIMHUATA(II) C ACTPA®JIOKCHHOM

Mexuagnuu Xemkasu®*, Augpedt b. BumnukuH, CBetsiaHa H. XyasikoBa

/JlHunpogckuti HayuoHabHbLU yHUBepcumem umenu Oaecst Fonuapa, npocn. l'azapuna, 72, lHunpo, 49010, YkpauHa

AHHoTalus

IlpegiokeH oOYeHb MNPOCTOH, OBICTPLIH,

BBICOKOYYBCTBUTEJIbHBIII M CEJIEKTUBHBIA G6€33KCTPAaKIMOHHbIA

ceKTpopoToOMeTpUYECKHI MeToJ, AJs oOomIpejesieHUusl CJIeAoBbIX KosudecTB Kaamus(Il). OH ocHoBaH Ha
06pa30BaHUU HOHHOTO acconuara (MA) mexay itoauaubiM kommiekcoM Kaamus Cd(1I) [Cd)+2'] 1 mo/IMMeTUHOBBIM
KpacureseM acrpadsiokcuHom (AP). liBeT pacTBopa MeHsSIeTCA C KPacCHOro Ha KpacHo-¢uosieToBblil. liBer UA
NMOJIHOCTBIO Pa3BUBAeTCsA MpU TeMmmnepatrype MeHee 18 °C yepe3 5-10 MMHYT HOCJie CMELIMBAHUA PeareHTOB U
0CTaeTCcs NOCTOAHHBIM B Te4eHHe HeCKOJIbKUX 4acoB. OnTuMaibHble KoHLeHTpauuu HCl, A® u K] cocraBasaoT 0.07-
0.13 M, 1.2x10-> M u 6x10-3 M cooTBeTcTBeHHO. MOJISIpHBII Ko3pduuueHT cBetonoriaomenns UA cocraBisieT
6.5x104 mosb! s cml. [pagynpoBoYHbIi rpaduK JUHeeH B npegesax oT 1x10-7 go 3x10-¢ M kagmus(Il). llpegen
oG6HapyxeHusa - 5x108 M (1 =5 cm, 0.006 mr s1-1). BosibIIOi U36GLITOK GoJiee 50 KATUOHOB, aHNOHOB U HEKOTOPBIX
pacnpocTpaHeHHbIX KOMILJIeKcOOGpa3oBaTesieil He MellaeT ompejeseHHI0. MeToJ ycHellHO NPUMeHeH JJisd

onpejesieHusA KagMud B CIlJyiaBe By,qa Y LIAXTHOM BojAe.

Karuesgble cno06a: onpepeneHre KaJMusi; HOHHBIM accoluaT; acTpadIOKCHH; CIeKTPOPOTOMETpPHS; CIlJIaB Bysa; maxTHas

BOJIA.

Introduction

Cadmium is a highly toxic heavy metal
occurring naturally in the environment. It enters
the biosphere both from natural sources and as a
result of human activity. Compared to other heavy
metals, cadmium and its compounds are relatively
water-soluble. As a result, they are mobile in soil,
as arule more bioavailable and tend to accumulate
in biological organisms, including the human body
[1]. Cadmium can harm human organs, such as the
liver, lungs, and kidneys [2].

Concentrations of cadmium in natural water,
drinking water and groundwater are usually less
than 1 pg L-1[3]. The World Health Organization
and the Environmental Protection Agency have
limited the level of cadmium in drinking water to
3.0 pg L1 and 5.0 pg L1, respectively [4]. A direct
spectrophotometric determination of trace Cd(II)
in environmental water samples is difficult or
impossible due to various factors, in particular,
low concentrations and matrix effects [5].
Numerous mine plants produce large quantities of
wastewaters containing many toxic elements,
including cadmium, in Krivoy Rog region. The
typical content of cadmium in such waters is from
1 to 100 pg L1, ie. often higher than the
permissible concentration. It is necessary to have
a sensitive and simple method for the
determination of cadmium in mine waters, which
can be used in laboratories where there are no
instruments for atomic spectroscopy, or in the
case when cadmium must be determined
immediately after sampling.

Many analytical methods based on molecular
(spectrophotometry, luminescence) and atomic
spectroscopy (flame and electro thermal atomic

absorption spectroscopy [2; 6-8], ICP-AES [9] and
X-ray fluorescence [10] techniques) are used to
determine cadmium. These atomic spectroscopy
methods are sensitive and rapid, but they have
some disadvantages, such as time-consuming
chemical manipulations, expensive tools, and
complicated procedures before processing the
sample. Spectrophotometric procedures are still
being developed for cadmium determination [11;
12]. Particular attention is drawn to automated
flow methods [13; 1], because they are simpler
and more economical than other methods.
However, most of these methods suffer from
certain limitations, such as the interference from a
large number of ions, low sensitivity and the need
for extraction into organic solvents or the addition
of a surfactant. Recently, green analytical
chemistry, which relates to the use of
environmentally friendly chemicals, has been of
great interest [14].

Ion association complexes are often used in
chemical analysis, because they allow to achieve
the  maximum  possible  sensitivity  of
spectrophotometric  analysis. Extraction is
commonly used to separate excess of dye. Non-
extractive methods based on a color change that
occurs during the formation of IA have been
proposed recently [15]. We believe that this color
change is associated with the aggregation of dye
cations, which occurs more easily due to the
approximation of dye cations in slightly soluble
crystals of [A. Among others dyes, polymethine
dyes differ in their intensive color and resistance
of the positively charged form to protonation over
a wide pH range. Astra Phloxine (AP) has one of
the highest molar absorptivities and is resistant to



295

Journal of Chemistry and Technologies, 2019, 27(2), 293-303

oxidation. It has already been used in several
studies to develop spectrophotometric
procedures [16; 17].

Thus, there is a need to develop a new method,
which would overcome existing shortcomings in
the determination of cadmium(II). The aim of our

work was to develop a simple, rapid, sensitive, and
selective  non-extractive spectrophotometric
method for the routine determination of Cd(II) in
mine waters. A detailed description of the
conditions for the formation of 1A is given.

Fig. 1. Structure of Astra Phloxine

Experimental part

Reagents and apparatus. All chemicals used
were of analytical-reagent grade of the highest
purity available. Double distilled water was used
throughout the experiment. A working solution of
Cd(I) having a concentration of 10-5 mol L-1 was
prepared by appropriate stepwise dilution of 10-3
mol L1 stock solution (0.03085 g of Cd(NO3):
x4H,0 was dissolved in 100 mL of distilled water).
1 mol L! iodide solution was prepared by
dissolving 16.6 g of potassium iodide in water and
diluting to the mark in a 100 mL volumetric flask.
1 mol L1 hydrochloric acid was prepared by
diluting concentrated hydrochloric acid and
standardized by titration with NaOH. Astra
Phloxine (Basic Red 12, 1, 3, 3-trimethyl-2-[3-
(1,3,3-trimethyl-2 indolinylidene)propenyl]-3H-
indolium chloride) was purchased from Hangzhou
Dayangchem Co., Ltd. (China) and used without
purification. 1 mmol L-! Astra Phloxine stock
solution was prepared by dissolving 0.444 g of AP
in 10 mL of ethanol and diluting to 1000 mL with
purified water. Spectrophotometric
measurements were made with the UV-VIS
spectrophotometer SF-46 (LOMO, Russia) using
glass cells with a pathlength of a 50 mm.

Calibration curve construction. The amount of
sample corresponding to a final concentration of
cadmium in the range from 2x10-7 to 3x10-¢ mol L-
lwas placed in a 25 mL volumetric flask. Then 2.5
mL of 1 mol L-* HC], 1,5 mL of 1 mol L1 KI and 3
mL of 1x10-4* mol L1 AP solution were sequentially

added. The solution of dye should be added by
small portions with vigorous shaking after each
addition. Finally, the volume was diluted to the
mark with distilled water, the solution was
thoroughly mixed. The absorbance of the complex
was measured at 600 nm against water. The glass
cuvettes must be periodically cleaned with
concentrated nitric acid to remove the residues of
IA precipitate on the cell walls.

Determination of cadmium(Il) in mine waters.
Samples of mine water (250 - 1000 mL) are
filtered (several times, if necessary) using
Whatman filter N2 40, evaporated to almost
dryness, the inner walls of the flask are washed
with a small volume of water and evaporated
many times. Then the residue is quantitatively
transferred to filter paper. The filter is washed
with 10 mL of hot distilled water to dissolve the
salts. The resulting solution is collected in a 25 mL
calibration flask and further the analysis is carried
out as described above. To eliminate the
interfering effect of some metal ions, 1 mL of 0.05
M EDTA, or 1 mL of 1 % ascorbic acid was added
as masking agent.

Analysis of cadmium alloys. A mass of an alloy
sample (Wood or Rose alloy) of is taken in a
beaker, 15 mL of concentrated hydrochloric acid
and 5 mL of concentrated nitric acid are added.
The sample is completely dissolved by heating on
a hot plate. If necessary 10 ml of concentrated
hydrochloric acid are added to complete
dissolution. The resulting solution is filtered
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through a Whatman Ne 40 filter paper into a 100
mL calibrated flask. The residue is washed with a
small volume of water, and the volume is made up
with distilled water. A suitable aliquot (1-5 mL) of
the above solution is taken into a 25 mL calibrated
flask and the cadmium content is determined
using the procedure described above using 3-
methyl-2,6-dimercapto-1,4-thiopyrone as a
masking agent.

Results and discussion

The color reaction between tetraiodocadmiate
and Astra Phloxine. The color change in the
reaction between some anions and cationic dyes
occurs only under specially developed
experimental conditions [15-18]. The
prerequisites for the formation of a specific IA are

A
08

06
04

02

1 L 1

a reasonably high size of counterions and low
solubility of the resulting IA. As an analytical form
for the determination of cadmium(Il), 1A, formed
between a large tetraiodocadmiate anion and a
polymethine dye Astra Phloxine, was chosen. It
was found that a precipitate is easily formed after
mixing concentrated solutions of the above ions.
The color of solution, as well as the precipitate,
markedly differs from the primary color of the dye
and changes from red to red-violet. However,
when the concentration of the complex anion is
lower than 3x10-¢ mol L1, the resulting solution
containing finely dispersed particles of 1A is stable
for a long time. The stability of a finely dispersed
solution of IA depends on its concentration.

1 1 L

200 300 400

500 600 700

A, nm
Fig. 2. Absorption spectra of AP+ (1), IA APz[Cdl4] (2), and AA (3)

The electronic spectrum of the singly charged
AP+ cation in aqueous solution is characterized by
an intensive absorption band with a maximum at
542 nm. Formation of IA leads to two important
changes in the UV-visible spectrum of AP+ It
expands significantly and a shoulder or band
appears at about 600 nm (Fig. 2). We have chosen
this wavelength as analytical. It is also important
that the dye absorbance in this spectral region is
low and less than 0.01.

Optimization of formation conditions of IA.

Effect of acidity. It was established that several
factors have a significant influence on the
absorbance of I4, including acidity, concentration

of dye and iodide ions, temperature and time of
reaction. The nature and concentration of the acid
are especially important, since complex anion is
stable only in a comparatively narrow range of
acidity and, in addition, the simultaneous reaction
with anions of acid should be taken into account.
The effect of nitric, sulfuric, hydrochloric and
phosphoric acid was studied. Hydrochloric acid
was found to be the most suitable. A wider range
of optimal acidity and higher absorbance were
found when hydrochloric acid was used for
acidification. Absorbance of specific 1A was
maximal and constant in the range of HCI
concentrations from 0.07 to 0.13 M. Absorbance
decreases outside this range of acidity (Fig. 3).
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Fig. 3. Effect of the acidity on the absorbance of IA
AP2[Cdl4]. Cca =2x10-6 M, Cxj= 0.1 M, Cap = 1.4x10-5 M,
A=600nm,1=5cm

Effect of iodide concentration on the formation
and absorbance of complex. The effect of potassium
iodide concentration on the formation of the ion
association complex in an aqueous solution was
studied. The concentration of KI ranged from 0.01
to 0.12 M. The constant and maximum absorbance
of the complex was observed when the
concentration of iodide in the aqueous solution
exceeded 0.05 M (Fig. 4). For further work, 6x10-3
M potassium iodide was used. Even with a large
excess of iodide ions, the absorbance does not
grow, which indicates the formation of a saturated
complex with the composition of Cdl42-.

A

07 [
06 [
05 [
04 [
03 [
02 [
01 [

0 0.02 0.04 o006 0.08 010 0.12
C 1, mol L?

Fig. 4. Effect of the KI concentration on the absorbance
of IA AP2[Cdl4].Ccaqn = 2x10-6¢ M, Cha= 0.1 M,
Cap=1.4x105M,A=600nm,1 =5 cm

Effect of Astra Phloxine concentration on the
absorbance of IA. The effect of concentration of
Astra Phloxine on the color development of the [A

complex was studied. Absorbance of IA increases
to 1.2x10-> M and then levels off (Fig. 4). This
concentration was used in further experiments.
The inflection point on the saturation curve does
not correspond to composition of IA, i.e. IA can be
assigned to complexes with medium stability.
However, in comparison with the case of the
formation of IA with singly charged anions, the
optimal concentration is much bigger.
A

0.7
06
05 [
04 r1
03T
021
01r

0 0.4 0.8 1.2 1.6 2.0
Cap +10° mol L1
Fig. 5. Effect of the AP concentration on the
absorbance of IA AP2[Cdl4]. Cca= 2%x10-6 M, Cha= 0.1 M,
Cx=0.1M,A=600nm,l=5cm

IA of the singly charged [Bils] anion with AP~ is
completely formed, starting from 1.2x10-5 M.

Effect of time and temperature. The behavior of
cadmium IA in time differs from this for other
studied specific 1As. Typically, specific 1As are
formed instantly. In the example studied in this
work, most of the color appears very quickly, but
complete absorbance develops within about 5-10
minutes depending on the temperature (Fig. 6a).
After that, the absorbance remains constant for at
least 4 hours.

In this work, it was shown for the first time that
the temperature of a solution substantially affects
the stability and absorbance of the formed specific
IA. The influence of temperature on the formation
of 1A was studied in the range from 5 to 30 °C. It
was found that the absorbance of the solution
decreases markedly and does not reach its
maximum value if the temperature of the solution
is above 18°C. At a higher temperature, the IA
precipitate dissolves, causing the dye aggregates
to disaggregate, that results in the absorbance
decrease. Therefore, we recommend coolling
distilled water, all reagents and sample solutions
before starting the experiment.
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Fig. 6. Effect of temperature (a) and time (b) on the
absorbance of IA APz[Cdl4]

Reaction chemistry and composition of the
specific ion association complex. The change in the
solution color is associated with the formation of
a specific ion association complex between AP
cations and anions of the iodide complex of
cadmium (II). The reaction chemistry involves the
formation of iodide complexes in the first stage,
which may have stoichiometry for Cd2+:1-as1:3
or 1:4. The inflection point on the continuous
variation curve does not correspond to the correct
stoichiometry of the complex when saturated with
iodide or dye. Therefore, the composition of the
complex was examined by Job’s method. It can be
seen from Fig. 7 that the maximum on the curve is
approximately situated at a molar ratio of dye to
complex anion of 0.67 : 0.33 or 2 : 1. Hence, there
are two AP cations in the molecule of IA, and
formula of IA should be written as AP,[Cdl4].

The composition of IA was confirmed by
chemical analysis of a slightly soluble salt
precipitated from a concentrated solution of IA. 10
mL of 10-* M Cd?* were mixed with 5 mL of 1 M KI.
After that, an excess of dye was added (15 mL of
10-5 M). The precipitate was filtered, washed with
distilled water and air-dried. The content of the
dye was determined after dissolving in a certain
volume of dimethylformamide. We calculated the
values of molar absorptivity coefficients for two
possible compositions of IA and compared with
the theoretical one. For the IA with a composition
of Rhodamine 6G to Cdl4+? = 2:1, the theoretical
molar absorptivity should be 105000, and the
experimentally found value was almost the same
and equal to 102000. The same composition for IA
was proposed in [1].

0.4

0.6 0.8 1.0

(Car/CapP+Ccudi2)

Fig. 7. Determination of composition of IA using continuous variation method
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The contrast change in the color of the 1A is well
explained by the theory of excitons [15]. The
approach of dye ions occurs naturally when a
precipitate is formed between the dye cations and
the anions of iodide complex of cadmium(II). The
conditions are created for the m-m interaction of
aromatic systems of the dye molecules. In this
way, formation of dimers of more highly ordered
dye aggregates is promoted. The result of exciton
splitting of excited states in the aggregated dye is
a strong spectral shift of the absorption band. The
formation of extremely poorly soluble particles of
basic dyes with HPAs is of great importance in
stimulating dye aggregation.

Calibration Graph (Beer’s Law and Sensitivity).
Under the optimal conditions found for the
formation reaction of IA AP,[Cd]4], the calibration
curve was linear from 1x10-7 to 3x10-¢ mol L! of
Cd(1I). The equation of the calibration graph was
A = (0.325+0.004) x Ccqqa, and the correlation
coefficient was 0.9990. The detection limit of the
present method was 5x108 M. The molar

absorptivity of the complex with respect to Cd(II)
was 6.5x104 mol! L. cmt at 600 nm. The value of
the molar absorptivity or the slope of calibration
graph can be perfectly reproduced if the
determination is carried out under the conditions
recommended in section 2.2.

Interference study. The selectivity of the proposed
method was examined by adding various
concentrations of interfering ions in a Cd(II)
solution containing 2x10-6 mol L1 of metal ion.
Tolerance limits of various ions are summarized in
Table 1. It was noted that most ions do not have
influence on the determination of Cd(II). Alkaline,
alkaline earth, Al(IIl), most transition metal ions
do not interfere with the determination of Cd(II)
with alarge excess. Hg(I1), Bi(III), Pd(1I), Ag(I) and
other metals of the platinum group ions cannot be
tolerated. It was found that preliminary
precipitation with 3-methyl-2,6-dimercapto-1,4-
thiopyrone [19-21] can be used to separate these
ions completely. The results show that the
proposed method is highly selective.

Table 1

Tolerance limits for the determination of 2x10-6 mol L-1 of Cd(II) with the developed method

Ion tested

Tolerance limit, mol L-1

Na+*, K*, NH4*, NO3-, SO32-
Mg2+, Ca2*, Sr2+, Ba2+, Be2*
Br-

Ni(II), Co(II), Mn(II), Cr(II)
Al(I1I), Fe(ID), Fe(11I)
As(V), Se(1V)

Cu(lII), Zn(ID

Zr(IV), Ta(V)

Mo(VI)

W(vI)

Pd(1I)

Pt(IV)

Ag(1), Hg(ID)

Pb(1D), Bi(III)

Sodium dodecylbenzenesulfonate
Citric acid

Triton X-100

EDTA

Thiourea

0.1
0.1

0.01

0.01
0.001
0.001
4x10-4
1x10-+4
2x10-3
5x10-5
5x10-7
5x10-5
5x10-7
1x10-6

2x10-6
0.01
0.01

1x10-6

5x103

Analysis of real samples. The proposed method
was successfully applied for the analysis of Cd(II)
in environmental water samples, such as mine and
drinking water. Most spectrophotometric
methods for the determination of cadmium in
natural and marine waters require preliminary
concentration of cadmium [14]. The concentration
of cadmium in natural and sea water is a few

ug L-1. The concentration of cadmium found in U.S.
drinking water is from 0.4 to 60 pg L1 [22]. The
results of the analysis of mine water were in
excellent agreement with the results obtained
using atomic absorption spectroscopy (Table 2).
The content of cadmium was determined in
Certified Reference Material.
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Table 2
Content of cadmium in samples of mine water of Krivoy
Rog district
Sample C(Cd), C(Cd), ppm Found, RSD,
ppm Proposed %* %**
AAS method
method
18 0.0100 0.0112 112 2.4
5 0.0090 0.0024 103 4.2
7 0.0080 0.0093 104 1.7
0.0006
0.0084 +
0.0014

* Found: C(Cd) found by proposed method/C(Cd) found by
AAS methodx100%
** RSD Relative standard deviation

Wood alloy contained 12.5% Sn, 25% Pb, 50 %
Bi, and 12.5 % Cd. It was found (P = 0.95, n = 5)
12.69 + 0.33 with S; = 0.021. Interfering effect of
Bi(IlI) was eliminated by preliminary adding 2 mL
of 104 M 3-methyl-2,6-dimercapto-1,4-
thiopyrone solution to the aliquot of analyzed
sample and filtrating the resulting precipitate.

Comparison of methods. The characteristics of
the method were compared with similar
published spectrophotometric data for the
determination of Cd(II). A comparison of the
sensitivity of various reagents is given in Table 3.
It also shows that the proposed method is simple,
rapid and selective. The method does not require
heating, aging or extracting with organic solvents.

Table 3

Comparison of the sensitivity of the methods for the spectrophotometric determination of cadmium(II)

Molar Linearity range, Amax, NM Limit of Reference
absorptivity, mg L1 detection, mg L-1
mol1 L cm!
2.94x104 0.50 - 5.05 378 0.5035 12
5.2x104 3-44 600 0.96 22
6.1x104 0.04-2 685 0.04 23
4.03x103 5.62 -16.86 440 28 24
1.75x10% 0.5-4.0 550 0.2 25
2.5x105 0.42-9.2 510 4.5 26
2.05x104 0.5-6.0 630-640 0.13 27
5.3x103 0.1-30 396 0.1 28
6.5x104 0.011-0.34 600 0.006 Present
work
Conclusions method can be considered as specific for
A new simple, sensitive, selective and cadmium(ll) ions. The proposed method is more

inexpensive non-extractive spectrophotometric
method for the determination of cadmium(II) has
been developed. The method is based on the
formation of the ion association complex between
the anionic iodide complex of cadmium(Il) and
polymethine dye Astra Phloxine as a color reagent.
The detection limit of the present method is
5x10-8 M. It was found that the molar absorptivity
of the ion associate is 6.5x104 mol-! L cm-! at
600 nm.

The proposed method has several important
advantages. It does not include extraction
separation of excess dye. This eliminates the use
of organic solvents, and this method can be
considered as «green analytical procedure».
Reagents used are available and inexpensive.
Excessive amount of reagent in the sample
solution does not interfere with determination,
which is a significant advantage in comparison
with other groups of reagents. The most common
ions do not interfere with the determination and,
when dimercaptothiopyrone is used, the proposed

selective than other procedures recommended in
the literature, requiring the use of masking agents
only in exceptional cases.

The simplicity of the method allows its use for
the routine determination of cadmium(Il) in a
variety of samples. The proposed method was
successfully applied for the analysis of Cd(II) in
different samples such as mine, drinking waters
and alloys. The results of the analysis of mine
water by the spectrophotometric method were in
excellent agreement with the results obtained
using AAS. There was no significant difference
between the certified cadmium content and the
one found by analyzing the certified reference
material. Considering the high sensitivity,
selectivity, and reproducibility of the proposed
methodology, it can be recommended as an
arbitration procedure. Another important feature
of the method is that it can be easily automated.
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