Trade Science Ine.

ISSN : 0974 - 7451 Volume 7 Issue 9

Snviconmental Science

A Tndéian Journal

= QGommaunicotions

ESAIJ, 7(9), 2012 [332-337]

Development of rapid, accurate optode for low level detection of
cobalt in potable water

Yellajyosula L.N.Murthy**, Bhagavathula S.Diwakar?, Boddeti Govindh?,
Nagalakshmi Karthikeyan?, Rajendra Singh?
10rganic Resear ch L abs, Department of Organic Chemistry, AndhraUniver sity, Visakahpatnam - 530 003, (INDIA)
DRDO (ER& | PR), DRDO H.Q.Rajaji Marg, New Delhi - 110 105, (INDIA)
E-mail: murthyyln@gmail.com
Received: 11" June, 2012 ; Accepted: 17" August, 2012

ABSTRACT

The present investigations describe a novel absorption-based optode for
cobalt(l1) detection. m-(mercapto acetamido)phenol (L") is used as a specific
ligand for Co?* in water, which undergo a color change from colourless to
purple red by the formation of the corresponding monochelated complex
[CoL]. Thecharacterization of an optical sensor membraneisdescribed for
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the determination of Co?* ionsbased on the immobilization of m-(mercapto
acetamido) phenol (L’) on a triacetylcellulose membrane. The response
time of the optode was about 0.5-3 min, depending on the concentration of

cobat(ll)ions.  © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Cobdt isanimportant element, not only for indus-
try but for biologica systems. Itisan essentia micronu-
trientfor dl living systems. Itispresentinvitamin B12,
whichisinvolved inthe production of red blood cells
(RBC) and the prevention of perniciousanemia. How-
ever, inlarger amountsat higher concentrations, itis
toxic and causes pulmonary disorders, dertitis, nausca
and vomiting?. Dissolved cobat occursintheenviron-
ment at concentrations ranging 0.5-12 ug L1in sea
water and upto 100 pg L inwastewater’®. Duetothe
importance of cobalt, itsdetection from associated ele-
ments by spot detectionishighly desirable. Metal ions
weregeneraly determined with atomi c aasorption spec-
trophotometry (AAS) or inductively coupled plasma

atomic emission spectrophotometry (ICPAES). But,
separation and s multaneousdetermination of mixtures
of metal ionsastheir metal-chelateswith an organic
chelating reagent by reversed-phase high- performance
liquid chromatography (RPHPLC) had been accepted
ininorganic analysisin recent yearg*.

Thedesignand synthesisof new chemosensorsfor
metd ionsisanimportant task inthefied of supramo-
lecular chemistry dueto their fundamenta rolein bio-
logica, environmental and chemica processes. Envi-
ronmental contamination of toxic heavy metalscanre-
sult in death or severe damageto brain. Over recent
decades, considerable progress has been madein ana
lytical methodol ogy for detection, including voltametry,
mass spectrometry, atomic absorption or emiss on pec-
trometry and chromatography. Although the methods
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aresengtiveand accurate, most requiretedioussample
pre-treatment, sophisticated performance and/or ex-
pens ve equipment. Optochemica sensorscan offer ad-
vantagesintermsof size, cost, not requiring areference
element and thefact that analytical signa isfreeof the
influenceof an eectromagnetic field®. Cal culation of
theinorganic complexation of cobdt usnganion-pair-
ingmodel and stability congtants® showsthat itisweekly
complexed by inorganicligand.

Ontheother hand, thereisevidencethat cobaltis
strongly complexed by organicligand especidly inbur-
dened watersand solids?. Fromtheliterature reports,
a-nitroso B-naphthol, rubeanic acid, sodium-1-nitroso-
2-hydroxy naphthalene 3:6 disulphonte, sodium
thiosul phate and ammonium thiocyanate are used as
reagentsfor the detection of cobat in micro amounts.
The spot test reagents are subsequently devel oped for
the detection of cobalt are 2-nitroso-1-naphthol-4-
sulphonic acid, chromotropic acid dioxime, p-nitro-
phenyl hydrazoneof di acetyl monoximeand p-nitro-
phenyl hydrazone of 3-hydroxy amino pentan-2-one.
There are so many reports-?4 on the extractive spec-
troscopic determination of cobalt. m- (mercapto
acetamido) phenol isone such reagent attracted usto-
wardsthe detection of cobalt selectively. In continua-
tion of our investigations?® to devel op optical sensors
for the detection of metal ionsselectively herewere-
port, an ecofriendly sensor (with out PV C binding) for
the detection of cobalt in water samples. Theoptical
sensor wastested in presence of different metal ions
and it gaveresponsefor cobalt ionsonly inthebasic
medium. The selectivity of thereagent isupto 1 ppm
levels. Color change was observed from colorlessto
purplered.

OH
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MATERIALSAND METHODS

ThelR spectrawererecorded on Schimadzu FTIR
Affinity. All absorption spectra were recorded in
Schimadzu U-3010 UV—Vis spectrometer and concen-
trationswere measured by Schimadzu AA-6300 Flame
AtomicAbsorption spectrometer. Ligand was synthe-
sized and characterized by the method showed bel ow.
Themetd ionsarechloridesdtsof Ag(l), Cu(ll), Zn(1l),
Cd(11), Pb(11), Hg(l1), Fe(Il), Fe(ll), Ni(ll), Ca(ll),
Na(l) and Mg(Il) whichwere purchased fromAldrich,
Merk and used asrecaived. All of other chemicalsused
herewere analytical reagents. Sampleswere prepared
using 3D-water throughout thework.

Cobalt(l1) solutions

Cobdt(l1) Solutionsof 1, 10, 50 and 100 ppm con-
centrationswere prepared in Nal gene bottlesby mix-
ing the appropriate mass of acobalt atomic absorption
standard (1000 ppm) with deionised water.

Synthesisof m-(mer capto acetamido) phenol4

The synthesisof ligand was presented in scheme 1.
Equimolar amounts of mercapto acetic acid (0.01
moles) and m-amino phenol (0.01 moles) were con-
densed at about 110°C for 3 hours under aperiphera
layer of 1:1 benzene and toluene using amoderately
long air condenser. After 3 hrs, the reaction mixture
wasl|eft for cooling to room temperature, awhite col our
solid separated slowly. The solid wasfiltered and the
solid was scrubbed with 1% ag. HCI for threetimesto
remove the unreacted reactants. The crude solid was
recrystalized from ethanol to obtain colourlesscrystals.
The pure compound thus obtained was characterized
by spectroscopic methods.
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Scheme1: Synthesisof m-(mer capto acetamido) phenol

Sample preparation for spectr oscopic measur e-
ment
Thechloridesatsof Ag(l), Cu(ll), Zn(I1), Cd(ll),

Pb(11), Hg(I1), Fe(Il), Fe(I1), Ni(ll), Ca(ll), Na(l) and
Mg(I1) weredissolved into deionised water to prepare

the stock solutionswith the concentration of 1.0x10™
M, syntheticligand wasdissolvedinthe mixed solution
of EtOH:H,O (v/v =50:50) to givethe stock solution
(1.0x10° to 2.0x10™ M). The prepared stock solu-
tion of themetal ionsand ligand weredirectly usedin
the spectroscopic measurement.
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Thereagent, m-(mercapto acetamido) phenol was
dissolvedin5ml of ethanol and madeto adurry form.
Then cellulose paper (4x2 cm size) wasdippedintoit
and air dried. Thereagent coated cellul ose paper was
used as an optodefor the detection of cobalt ion. Be-
fore commencement to the test, optode was dipped
into asolution of NH,OH for maintaining basic atmo-
sphere. Now place a drop of test solution on the
optode. If the colour of the optode changesfrom color
lessto purplered, it indicatesthe presence of cobalt
(I ioninthetest solution.

Optochemical chads

A solution of ligand (L”) was prepared by dissolv-
ing 0.250g of m-(mercapto acetamido) phenol in 100
ml of ethanol. Whatman no. 1 qualitativefilter paper
was cut into 25mm chads. Each chad wasthen treated
withtheligand solution and allowedto air dry. These
optical sensorswere coated by adipping method. This
techniqueinvolved dipping the chad, clamped at one
end, into asolution containing ligand. Thefilmwasa-
lowed todry inair and ahomogeneousfilm remained
onthechad. Theresponse characteristicsof the sensor
werediscussedintheTABLE 1

Prepar ation of the complex

Anehanalic solutionof Co(Il) chloridehexahydrate
(0.469g,2m.mol) was added drop wiseto theligand
(Im.mole) solutionin ethanal whilestirringfollowed by
theaddition of 2-3 dropsof triethylamine. Thereaction
mixturewasrefluxed for 3-4 hrsafter cooling, refriger-
ated overnight. The crystalsthusobtai ned werefiltered
and washed successively with ethanol and ether and
driedinvacuo.

RESULTSAND DISCUSSIONS

Deter mination of ligand with metal ionsusing spec-
troscopy

UV-Visspectra

Therecognition betweenligand and different metal
cationswereinvestigated by UV—Vis spectroscopy in
EtOH: H,O (v/v = 50:50) solution. Thestock solutions

of ligand and meta ionswerepreparedin 1.0x10"° mol/
L and 1.0x10"® mol/L concentrationsrespectively. From

the absorption spectrum of ligandin EtOH: H,O (viv =
50:50) solution, it wasfound that an intensive absorp-
tion band appeared in visibleregion at 480 nm, which
could be assigned asthe chargetransfer (CT) absor-
bance [asobserved in other compoundswith intramo-
lecular chargetransfer (ICT)] character. Variation of
absorption spectraof ligand upon addition of different
metd cationsincluding Fe**, Ni%*, Hg?", Zrne*, Cd?, Cu?,
Fe**, Ag', Pb*, dkali metal and alkaline earth metal
cationsisrecorded and shown in Figure 1. However,

TABLE 1: Responsecharacteristics of sensor

Par ameter Characteristics
Detection limit 1ppm
Response time <40s
pH range 6.5-10
Shdlf life 6 months
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Figurel: UV-Visspectral data of thedifferent metal ions
withtheligand (L).
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Figure?2: (a) Blank solution of ligand in ethanal; (b) colour
change of theligand solution with the addition of cobalt (I1)
ions(1.0x10*M)
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it wasfound that themaximum absorption of ligand shifts
from 410 to 480 nm upon addition of Co?*. Thestudies
showed an obvious colour changefrom colourlessto
purplered whichwasobserved by naked eye, asshown
inFigure 2. Theseresultsindicatethat theligand had
high binding affinity towards Co?* ions.

Effect of pH

C. Appadoo et al .*® reported that the absorption
band remains constant at pH 9.0 and showed asingle
peak at 480 nm. Hencewe carried out thewholereac-
tionsat pH 9.0.

IR spectra

ThelR spectraof ligand and complex were stud-
ied to know the chelating group. The IR spectrawere
recorded on KBr pellet method. The IR spectra of
ligand showed a strong stretching vibrationsat 3321
cm-1 correspondsto—NH group of amide, 3448 cm-1
correspondsto phenolic—OH group, 1639 cm-1 for
the carbonyl stretching of the amide carbonyl and a
strong band at 2549 cm-1 correspondsto S-H stretch-
ing of thiol group, asshownin Figure 3. ThelR spec-
traof thecomplex isrepresented in Figure 4. From
thefigurewe observed the absenceof thiol stretching
and ashift in the carbonyl stretching values. Hence,
these above observations support usto consider that
the coordination occurred through the carbonyl oxy-
gen and thethio group of theligand. FurtherinthelR
spectraof the complex, there aretwo absorption bands
inthefar infrared region 420-440 cmt and 480-520
cm*which areassigned to M-O and M-Svibrations

respectively.

/
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Figure3: IR spectraof ligand (L)
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Figure4: IR spectraof complex CoL’

The chads prepared has afast response time of
<40 s (measured with stopwatch) and can be used for
aperiod of six monthswith good ability. Thesensor is
highly suitablefor usein aqueoussolutions. The sensor
showed high selectivity to cobalt ionswithout any pH
addition over alarge number of mono-, bi- and triva-
lent cations. By “naked-eye” detection, a lower limit of
1 ppm Co?* could be seeninthese solutions (Figure6).
Tofurther quantify the detection limit, aconventiona
UV-Visible spectrometer was employed to record the
changesin the absorption spectra. Theinitia volumeof
Co? was 1 ppm and thefinal volumewas 100 ppm.

Figure5: Tentative structure of the cobalt comple_x with
ligand (L)

lppm

10ppm  SO0ppm 100 ppm
Figure6: Opto chemical chadsfor detection of cobalt at 1,
10, 50, 100 ppm levels

Effect of diverseions
For study thediverseions effect in the spot test, a
drop of cobat solution (1.0x102 M) wasmixed witha
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drop of solution containing foreignion (1.0x102 M)
and proceeded as described above. Thecolour change
was compared with blank prepared under smilar con-
ditions containing no foreign ion. Calcium(ll),
Mercury(ll), Lead(l1l), Barium(ll), Magnesium(l1),
Manganese(Il), Nickel (1), Iron(l1), Iron(l11), Zinc(11)
and silver(1l) did not interfere even when they are
present inlarge excessby thisoptical chemical chads
method. From the above observationsit isevident that
thereagent isspecific for the spot detection of cobatin
environmental and drinking water samplesinstanta-
neously. None of the other reagents earlier reported
were as sensitive or selective than m-(mercapto
acetamido)-phenol.

ANALYTICALAPPLICATION

Toinvestigatethe potential use of the new sensor
in complex matrices, an attempt was made to deter-
mine Co?* ionsin nearby industria waste-water, river
water, and in tap water samples. The sampleswere
collected by aroutinetechnique, preserved and stored
in polyethylene bottlesand analyzed within 12 hrs of
the collection. Each samplewasanalyzedin triplicate,
using the chads by standard addition method which
showed good resultsand al so using flame atomic ab-
sorption spectrometry (FAAS) asa standard method
(TABLE?2).

TABLE 2: Analysisof water samplesby AAS& optical chads

. Co(ll
ﬁé Water sample* Co(tl))ll) Sdeitg;uon concengtr:zltion
by FAAS
1 Tapwater
2 Ground water - 0.2 ppm
3 Industrial water  Light red colour 2 ppm
4  Seawater Light red colour 0.8 ppm

CONCLUSION

The present study demonstrates arapid, simple,
highly selective procedure for the development of a
cellulose based optica sensor for Co(ll) determination
at tracelevels (ppm). It showsagood selectivity for
Co** over other metal cations. An obvious colour
changefrom colourlessto purplered was observed by

the naked eyes, in other words, asigna could beeasily
read by the naked eye without resort to any spectro-
scopi ¢ instrumentation. Our method ismainly focused
for household and industria purpose. The capability of
the sensor for cobdt determination waskept for at least
6 monthswithout any changeinthephysical and chemica
characteristics of the sensor. The sensor can beapplied
for thedetermination of cobalt in different red samples
with good precision and accuracy.
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