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ABSTRACT

The ability of surface plasmon resonance (SPR) to the catalytic
determination of Co(ll) was exploited here using oxidation of silver
nanoparticles (AgNPs) as achromogenic reagent with hydrogen peroxide
(H,0,). Thereactionwasfollowed, spectrophotometrically, by tracing the
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AgNPs at 405 nm within 5 min after the initiation of reaction. Under the
optimal experimental conditions, detection limit and relative standard
deviation were 3 ng mL* and 4.6% (1.0 ug mL%; n=7), respectively. The
plot of initial reaction rates asafunction of Co(l1) concentration waslinear

inthe ranges of 6 to 60 ng mL*and 0.6 to 350 pg mL™2.
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INTRODUCTION

Cobdtisvery important minera €l ement for envi-
ronmenta chemistry and human biochemica metabo-
lism>2. Low concentrationsof cobdtinliving organ-
ism and inthe environment makeit very difficult for
analytical determination and therefore often
preconcentration stepsare necessary>4. Different spec-
troscopies and e ectrochemical techniqueshave been
usedfor cobalt determination>¥, Catdytic methodswith
spectrophotometric monitoring for Co(Il) determina-
tion are also reported®4, Catalytic kinetic methods

havethe advantages of |ow cost gpparatus, rapid anay-
sgsand extremely low detection limitscomparablewith
those of theinstrumental methodg!+*¥. Most of these
methods are based on the catal ytic action of cobalt on
the oxidation of various organic reagents. Thiswork
reportsthefirst application of AgNPsaschromogenic
reagent to the determination of Co(ll) ionsusing spec-
trophotometric technique. Theprocedure usesisbased
onthereaction of H,O,withtheAgNPsand catalytic
effect of Co(Il) on redox reaction of them. Thismethod
israpid, smple, selective, and sensitiveand usesonly
AgNPsasreagent.
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EXPERIMENT

Apparatuds

A GBC UV-Visible Cintra6 Spectrophotometer
model, attached to aPentium (1) computer, with 1-
cm quartz cellswas used for the eval uation of optical
characterigticsof thesurface plasmon resonance (SPR)
of AgNPsand recording kinetic spectrophotometric
data. Metrohm 781 pH-meter was used to adjust pH
of thebuffered solutions.

Reagent and solution

All chemicaswereof andytica gradeand used as
received without further purification. Cobalt nitrate
hexahydrous (Co(NQ,),-6H,0) and H,O, solution
(30%) were purchased from Merck. Silver nitrate
(AgNQ,), sodium borohydride (NaBH,) and soluble
starch used for the synthesis of AQNPs. The starch-
stabilized AgNPswere prepared according to previ-
ousreported method with minor modification™.

Procedure

All themeasurementswere performed at 25.0+0.1
°C. The redox reaction was monitored spectrophoto-
metricaly by measuring the change of absorbanceof the
reaction mixtureat 405 nmthatisi__ of SPR peak of
AgNPsat these conditionsagainst areagent blank, as
showninFHgurel. Thefixedtimemethod (4.0 minfrom
theinitiating of reaction) wasused to obtainthesignd.
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Figurel: The SPR spectrum of starch-stabilized AQNPs.

Inatypicd procedure, two sepswereinvolved. Frg,
2.0mL of KH_PO, buffer solution (pH 7.0), 1.0 mL of
AgNPs solution (1.0 x 10 mol L) and appropriate
volumesof Co(ll), intherangeof 0.005—500.0 pgmL*
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weretransferred to 10-mL volumetric flasksand made
up to themark with deionized water. Second, for each
measurement, 1.0 mL of the above solution wastrans-
ferredtoal-cmquartz cel, then, 10 uL of H,0, solu-
tion (5= 102 mol L) wasinjected tothecell by micro-
syringeand after vigorousgtirring, immediatdy, theinitid
absorbance (A, A ) wasrecorded at 405 nm and after
4 min, final absorbance (A,) wasmeasured. Thenet val-
ues(AA=A-A)) wereobtaned by using standard Co(l1)
solutions. Calibration graphswere made based onthe
fixed timemethod by plotting the net val ues of absor-
banceversuscobalt(ll) concentration.

RESULTSAND DISCUSSION

Preliminary investigationsof thesystem

AgNPsinitially react withH,O, toformAg* and
our experimenta resultsshow that AgNPsreactivity to-
wardsH,O, variessignificantly with pH. H.O, is pow-
erful oxidizing agent and itsstandard redox potentid is
dependent onthe pH va ue of the solution:

H,0,+2AgNPS—» 2Ag"+20 H™ Q)
H,0,+2H"+2e—% 2H,0E*=1763V 2
H,0,+2e——% 20H E°=0.867V ©)

Under both conditions, acidic and neutral, theelectro-
chemica potentidsare higher thanthat of Ag/Ag (E°=
0.7996 V). Therefore, H,O, can act as an effective
oxidant for AgNPs.

Theslver NPsweregableinyellow color. Theab-
sorption peak at 405 nm reduced by increasing Co(l1)
concentration in the presence of H,0O, with a color
changeof light yellow to colorless. Figure 2 showsthe
changesof absorbanceat 405 nmduring different time
periodsfor both the catal ytic and non-catal ytic oxida
tionreactionsof AgNPsby H,0O,,. It could be concluded
that Co(ll) has a catalytic effect on the oxidation of
AgNPsby H,O,toformAg*. Ascanbeseenin Figure
2, therewasasignificant variation in the absorbance
valuefor the uppermost reaction up to 240 seconds.

Effect of pH

Theeffect of pH over therangesof 3.0to 11.0on
the SPR bandintensity of oxidation of AgNPsby H,O,
at presenceand absenceof Co(ll) isinvestigated (Fig-
ure3). Maximumintensity of SPR peak at 405 nmwas
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observed at pH 7.0 for both non-catalyzed and cata-
lyzed reactions. The decreasein the SPR band inten-
sity at pH>7 is probably dueto theAg,O formation.
Thus, pH of 7.0 was selected asthe optimum pH for
further studies.

0.5
0.45 -
0.4
0.35

(@)

o
w

0.25

Absorbance

o
()

0.15 4
0.1 1 (b)
0.05 +

0

0 2‘5 5r0 7‘5 1(‘)0 1'25 1.;)0 1"/5 2('10 2'25 2&;0 2;5 300
Time (sec)

Figure2: Typical absorbance-time plot at 405 nm for the

reaction of AgNPswith H,O, intheabsence (a) and at pres-

ence(b) of Co(ll). Conditions: 1.0 x 10“*mol L *AgNPs; 5.0 x

10°mol L*H,O,; 6ngmL-*Co(ll); pH 7.0; 25°C.
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Figure3: Effect of pH on theabsor banceof AgNPswith H.O,
intheabsence(a) and at presence(b) of Co(l1). Conditionsas
inFigure2.

Analytical parameters

A plot of initid reactionratesasafunction of Co(ll)
concentration (Figure4), waslinear intheranges of 6
to 60 ngmL*and 0.6 to 350 pg mL* accordingtothe
equaions.

A =0.0009 C_-0.007 (R =0.9981 for n=6)

and

A=0.003C_+0.076 (R=0.9977for n=5)

where, A, R, C andC_ are absorbance, correlation
coefficient, concentration of Co(ll) inng mL*and con-
centration of Co(Il) in pg mL™, respectively. Thede-
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tection limit, defined asthe average of the blank value
plusthreetimesof itsstandard deviation and relative
standard deviationwere3ngmL*and 4.6% (1.0 ug

mL; n=7), respectively.
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Figure4: Net valueabsor bance-timecurvesfor thereaction
of AgNPswith H,O, at different concentrations(ug mL ™) of
Co(Il) (A) and fixed timecalibration cur vesfor deter mina-
tionof Co(l1) (B,C).
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Effect of H202 concentr ation

Theeffect of H,O, concentrationonthereectionrate
of afixed AgNPsconcentration (1.0 x 104 mol L) for
both non-catd yzed and catd yzed reactionsinvestigated
according to theabove procedure. Therewasasignifi-
cant variationinthenet vaues (AA=A -A)) for theup-
permost reaction upto 5 x 10°mol L* H,O,. There-
fore, aconcentration of 5x 10°mol L* H,O, wasse-
lected asthe optimum concentration for further sudies.

Effect of co-existingions

Thepossibility of water constituents, such asNa,
K-, Ca&, Ba*, CH,COO,NO,, HPO*, Ni*, etc. in-
terferingwith Co(ll) for itscatal ytic effect was consid-
ered. Thefollowingexcessof ionsdid notinterfereinthe
measurement (i.e., caused arelative error of lessthan
5%): morethan 1000-fold of Na', K+, Ca?*, Mg?*, B&,
CH,COO and NO,;; 100-fold of NH,*, HCO,,, SO,*
, Fe*" and AI**; 50-fold of M+, Ni%*, Zn?, Zn?*, Fe?*,
Cr®* and Bi*; 20-fold of Pb*, Cu?** and Cd?**; 10-fold
of C,0, 1-fold of Hg?". Theresults showed that most
of theinvestigated ionsdo not interfereinthe catalytic
oxidationreaction; only Hg?* appeared tointerferewith
of traceamountsof Co(ll) inred samples.

Application toreal samples

Inorder to validate the analytical capability or to
establish thereliability and applicability, the present
method was applied for the determination of Co(ll) in
different water samples. Theresultsof TABLE 1indi-
catethat the Co(11) recoveriesfrom the sampleswere
guantitative, which showsthat cobalt could be deter-
minedinthespecified concentrationrangeinred samples
TABLE 1: Recoveriesresultsfor Co(ll) deter mination in
different water samples

Present

Spiked Found

Sample method ~ Co™ Co™ Recoovery
(pgmLY) gmL?) (ugmr?y )
Tap water BLR? 2.0 2.06+0.7 103.0
Drinkingwater  BLR 20 2.09+0.5 104.5
Waste water® 17.6+0.6 2.0 20.73+0.9  105.7

3Mean of three determinations + standard deviation; "Bellow
of linear range; ‘After dilution by 200 times

CONCLUSION

Inthispaper, anew cata ytic reaction for determi-
nation of Co(lI1) based ontheability of SPR, i.e., oxi-
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dation of AgNPswithH,O.,, isproposed. Thekinetics

of thisreactionwasfoll osve%i by spectrophotometry the
AgNPsandtheresultsindicatethat the proposed method
issatisfactory for the determination of thecobdtindif-
ferent water samples. Thereactiongivesalow limit of

detection of 3ngmL™.
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