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ABSTRACT

KEYWORDS

Thispaper dealswith the ssmple, sensitive catalytic hydrogen polarographic
method for the determination of Ni(l1) with Amm Morpholine dithiocarbam-
ate (Amm Mor-DTC) in various water samples and agricultural materials.
The method was based on the catal ytic hydrogen wave of Amm Mor-DTC-
Ni(ll) complex in the presence of NH,CI-NH,OH medium at pH 6.0 and
produce a catalytic hydrogen wave at -1.30 V vs SCE. Various parameters
such aseffect of pH, NH,CI-NH,OH, Amm Mor-DTC, metal ion concentra-
tion and foreign ion effect on peak height were investigated to enhance the
sengitivity of the present method. The obtained results werein good agree-
ment with differential pulse polarographic method in terms of terms of
Student’s ‘t’-test and Variance ratio ‘f’-test. The proposed method was
applied for the determination of Ni(I1) invariouswater samplesand agricul-
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tural materials.

INTRODUCTION

Indugtridly and biologicdly nickel washaving greet
importance®2. Innaturenickd mainly availablein com-
bination with arsenic, antimony and sulphur. Electro-
plating, nickel based batteries, sted and ceramicindus-
trieswerethe common sourcesto enter nickel intoen-
vironment and nickel wasa so used asacatalyst and
coinageel ement in olden days. Severd andyticd meth-
odswere employed such as Spectrophotometry™®, Neu-
tron activation analysis*, Inductively coupled plasma
atomic emissi on spectrophotometryt>®l, Stripping and
Voltammetric analysis™®, Polarography!*®2 Atomic
absorption spectrometry™ and X -ray fluorescence .
Theabovereported methodsare commercid, timecon-
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suming and requiresspecid ingrumentally skilled ana-
lyst for analysi sexcept spectrophotometry and polarog-
raphy.

Inview of thisand speedy growth of analytica field
for monitoring thetraceand toxic metals, therewasan
increasing need to devel op facile, rapid, sensitiveand
s ective, economicaly advantageous (low reagent con-
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Scheme 1: Synthesis of ammonium mor pholine dithiocar -
bamate(AmmMor-DTC)
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Figurel: Polarographiccurveof Nickel(I1) in NH,CI-NH ,OH
mediumin thepresenceof AmmMor-DTC. (a) 0.3M NH CI,
pH ~6.0, (b) a+3.0mM AmmMor-DTC, (c)a+4.0ppm Ni(Il)
(d)b+4.0ppm Ni(ll)

sumption), provides reproducibleresultsin statistical
importance(elimination of subjectiveanayticd errors
and foreign species) and useful andytical tool for quan-
tification of sampleinavariety of rea natura samples
at low detectionlevelsfor seriesof analysisfor thede-
termination of toxic speciesin various environmental
matrices. By kegping thisin view d.c polarography was
selected duetoitspresencein every ordinary laborato-
riesand synthesized anovel small, smple, selective,
economical and eco-friendly ligand for theanalysis of
Ni(I1) inthe present study.

EXPERIMENTAL

Materialsand appar atus

All reagentswereof andytica gradeand deionized
doubly distilled water was used for preparation of all
solutions.

Morpholine hydrochloride, carbon disulphide,
potass umchromate, ammonium chlorideand anmonia
were purchased from S.D Fine Chemicals, Mumbai,
India. A d.crecording polarograph, differential pulse
plarography and p" meter with models CL-358, CL -
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362 and Li-120 were used for polarogram recordings
and pH measurementsrespectively.

Ammonium Morpholinedithiocarbamatewas syn-
thesized by dight modifi cationsin thereported method*2
inour |aboratory and recrystallized in acetoneasshown
inScheme 1.

Stock solutionsof Ammonium Morpholinedithio-
carbamate, NH,Cl and potassium chromate were pre-
pared by appropriate addition of reagentsand chemi-
casin 250 ml standard flask and stored in dark place.

Experimental procedure

A mesasured volume of theNH,CI-NH,OH buffer
and ligand wasadded to therequired of the el ectroactive
gpecies, maintaining theoptimum pH and thesolutionis
made up to 100 ml in beaker with deionized doubly
distilled water and then transferred to the polarographic
cell. Thedissolved oxygen was expelled by bubbling
pure nitrogen through the anal yte solution for 15min.
Polarogram of the sol ution wasrecorded using d.c po-
larography at -1.30 V asshowninfigure 1.

RESULTSAND DISCUSSION

Effect of pH

The polarogram of 4.0 ppm nickel(I1), 3.0 mM
Amm Mor-DTCinammonium chloridemedium (0.3
M for AmmMor-DTC) wasrecorded inthe pH range
5.0 to 10.0 maintaining 0.002% Triton X-100. Pre-
cipitationsof Ni(Il)-Amm Mor-DTC wasnot formed
a any pH. Thewavelengthincreased upto pH 6.0 and
the peak potentia s shifted towards more negativeval -
ueswithincreasein pH. With further increasein pH the
wavelength decreased. Hence, the pH wherethewave
has maximum hei ght wasfixed astheoptimum va uefor
all other studies. Theresultsobtained are summarized
infigure2.

Effect of supporting el ectrolyteconcentration

Theeffect of supporting el ectrolyte concentration
onthepeak current wasinvestigated by employingthe
solution containing 4.0 ppm Ni(11) and 3.0 mM Amm
Mor-DTC. The concentration of ammonium chloride
was changed in therange of 0.05M to 0.6 M and the
polarogram was recorded mai ntai ning pH of the solu-
tionat 6.0Amm Mor-DTC. Theresultsweregivenin
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Figure2: Effect of pH on Ni(I1)-AmmMor-DTC complex sys-
tem
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Figure4: Effect of reagent concentration on Ni(ll)-amm mor -
DTC complex system

figure 3. The peak height increased with ammonium
chlorideconcentrationupto 0.3M for AmmMor-DTC.
With further increasein concentration thewavelength
decreased. The concentration of ammonium chloride
wasthereforefixed at themaximumwave height value.
The pesk potentia shifted dightly towardspositive po-
tentia withammonium chloride concentration.

Effect of reagent concentration

Theinfluence of Amm Mor-DTC onthe polaro-
graphic characteristicsof Ni(ll)-AmmMor-DTC com-
plex was studied using 4.0 ppm Ni(Il) ionin 0.3 M
ammoniumchlorideforAmmMor-DTC maintaining pH
6.0. TheAmm Mor-DTC concentration wasvariedin
the range 0.2 mM to 4.0 mM. The peak current in-
creased withAmm Mor-DTC concentration and tends
toalimitingvaluesimilar intheformtothe Langmuir
adsorptionisotherm (Figure4 & 5).

Thereagent concentration at maximum wavehe ght
isfixedfor dl studiesas 3.0 mM for Amm Mor-DTC.
The peak potential shifted to more negative potentia
with increasein Amm Mor-DTC concentration and
beyond the optimum concentration the peak potential
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0 0.1 0.z 03 04 0.5 0.6 07 0.8 0.9
Ammoninm chloride, M

Figure3: Effect of Supporting Electrolyteon Ni(l1)-Amm
Mor-DTC complex system
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Figure5: Langmuir adsoption isother m plot of Ni(l1)-amm
mor-DTC complex system

aswell asheight remained constant.
Effect of mercury pressure

Theeffect of the height of themercury columnon
the Ni(1l) Amm Mor-DTC complexes was studied
mai ntai ning the optimum conditions as already fixed.
Thecatdytic current decreased with theincreaseinthe
height of themercury columnandic/vh valuesalso de-
creased, whereasnicke reduction waveincreased with
pressurefollowing diffusion controlled natureandid/ivh
wasconstant (TABLE 1).

Effect of maximum suppressor

For asolution containing Ni(Il) 4.0 ppmand Amm
Mor-DTC (3.0 mM) at pH 6.0, gelatin in the range
0.005 to 0.01% and Triton X-100 0.002 to 0.004 %
are added and the effect was studied.

It was found that the Ni (1) reduction wave was
suppressed dightly by adding gelatin and the catalytic
wavewas reduced to about 10% up to 0.005 % gela-
tin and the decrease was small abovethis concentra-
tion. Thepeak potential shifted towardslessnegative
potentiads.
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Figure6: Effect of Nickel (11) on Peak Current of Ni(11)-Amm
Mor-DTC complex system
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Figure7: Effect of Indifferent lonson Ni(I1)-AmmMor-DTC
complex sysem

Triton X-100 hasno effect on Ni(ll) reduction as
well asonthe catal ytic peak current and peak poten-
tial. But the presence of Triton X-100 improvesthe
catalyticwaveto awell defined and asymmetrical one
with aclear baseline. 0.002% Triton X-100 wasthere-
foremaintainedfor al studies. Theresultsaregivenin
TABLE2.

Effect of temperature

The current-voltage curvesfor the system contain-
ing4.0 ppmNi(I1), 3.0mM AmmMor-DTC and 0.3
M NH,Cl at pH 6.0 inthe presence of 0.002% Triton
X-100 arerecorded at varioustemperaturesfrom 20
to 50°C.

Itisfoundthat withincreaseintemperaturethe cata
Iytic wave height increased and thetemperature coeffi-
cient valueshave gradually fallen down up to 35°C.
Above 35°C the current, i _became completely tem-
peratureindependent.

Effect of Nickel(I1) on peak current

The effect of nickel ionintherange 0.051t0 6.0
ppmisstudied on the peak current in the presence of

—= Full Paper
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Figure8: Differential Pulse Polarographic curve of Nickel
(1) inNH,CI-NH ,OH mediumin the presenceof Amm Mor -
DTC. Current Range: 100 uA Scanrate : 6 mV/S, Pulse Am-
plitude: 50mV Droptime: 1 Sec, Manganese(I1) : 0.001 ppm
optimum concentrationsof Amm Mor-DTC and am-
monium chlorideat fixed pH and Triton X-100. The
current-voltage curves show that the peak height in-
creased linearly withthemetd ion concentrationinthe
range0.05 ppmt0 6.0 ppmwithwithAmm Mor-DTC.
Theresultsobtained were presented infigure6.

TheNi(I1) reduction wave aso increaseswith in-
creasein metal concentration without any shift in peak
potentid. Thecata yticwaveasoincreaseslinearly with
nickel concentration.

Effect of foreignions

Variousmetd ionscommonly associated with nickdl
like Fe(Il), Cu(ll), Cr(V1), Zn(I1), Mo(VI1) & Al(l1I)
have been used in the present study to evaluate the
changesthat occur inthe catayticwaveof Ni(ll)-Amm
Mor-DTC system. The concentration of Ni(ll) was
maintained at 4.0 ppm and 100 fold excess of foreign
ionsareadded. Of dl themeta ionsstudied Fe(I1) and
Cu(ll) form precipitateswith dithiocarbamatein the
conditionswhereNi(I)-Amm Mor-DTC complex gives
acatalytic wave. Al(I11) does not interfere whereas
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TABLE 1: Effect of mercury pressureon Ni(l1)-AmmMor-
DTC complex

System Amm mor-DTC
Ni(ll), ppm 4.0
NH,CI, M 0.3
Dithiocarbamate, mM 3.0
pH 6.0
S.  Height of the mercury column, Amm mor-DTC
No cm Current, Ichh

nA

1 21 24.00 4.357
2 26 21.00 3.578
3 31 19.00 3.024
4 36 18.75 2.843

TABLE 2: Effect of maximum suppressorson Ni(ll)-amm
mor -DTC complex

System Amm mor-DTC
Ni(Il), ppm 4.0
NH4CI, M 0.3
Dithiocarbamate, mM 3.0
pH 6.0
S ) Current, pA
M aximum suppressor, %
No Amm mor-DTC
A. Gelatin
0.000 24.00
0.005 21.60
0.010 19.44
B. Triton X-100
0.000 24.00
0.002 24.00
0.004 24.00

Cr(VI) givescataytic current with peak potentiasat -
1.56V and-1.65V vs SCE and suggeststhat asimul-
taneousdetermination of Ni(ll) & Cr(V1) waspossible
without any separation or adding masking agents. Zn(11)
interferesinthedetermination of Ni(ll) but was masked
by adding 5ml of 2% sodiumtartratesolution. Mo(V1)
severely interferes by increasing the wave height of
Ni(I1) and shifting the peek potentia towardsmorenega:
tivevalues. Se(IV), Te(1V), Ce(IV) and Sn(l1) d'sodo
not interfereupto 100fold excesswith thenickd-Amm
Mor-DTC system.

Anionssuch asfluoride, bromide, iodide, tartrate,
sulphate, thiosulphate, phosphate, carbonate, oxalate,
nitriteand nitratedo not interferewith the catal ytic cur-

CHEMICAL TECHNOLOGY

rent of Ni(ll)-Amm Mor-DTC. Perchlorate and thio-
cyanateinterferewith thewave by reducingthewave
height nearly 40 % and EDTA interferes severely by
completely suppressing thenickd catayticwave.

Effect of indifferent cations

Theeffect of neutrd sdtsontheNi(Il)-AmmMor-
DTC catalytic waves has been studied by adding sev-
eral concentrationsof different chlorides of sodium,
potassum, lithium and ca cium keeping thevaueof the
quantitativeexperimenta conditionsinthesolution con-
stant. Theincreaseinionic strength dueto theaddition
of neutrd saltsresulted inacontinuousdecrease of cata
lytic current and the decrease of waveheight inthe pres-
enceof sodium chloridewaslittlelesstothat of potas-
sum chlorideand thedecreaseismorefor lithium chlo-
ride and much morefor calcium chloride (Figure 7).
The peak potential was shifted towardsless negative
potentid inall cases.

Application of thecatalyticmethod toreal samples

Themethod was extended to theanaysisof trace
quantitiesof nickel invariouswater samples, agricul-
tura materia sand synthetic mixtures. Thesamplesare
prepared adapting the procedure givenin chapter I11.

Water samples

Onelitreof thewater samplescollected from In-
dustrial estate and around Amarargjabatteries (Tirupati
town, Chittoor Dt.) are preconcentrated to 100 ml.

Agricultural materials

5 g of Hibiscus cannabinus (Gongura), Rumex
vesi carius(Chukkaku) and 10 g of Phaeolusvulgaris
(Beans), Pisum sativum (Peas) sasmplesare digested
by dry ash method and made up to 25 ml with double
digtilled water.

Theamount of nickel present inthe samplesisde-
termined by referringitscurrent tothecalibration curve
drawn with standard solutions of Ni(ll). Theamount
of metal ion obtained by catalytic polarographic
method wasfurther supported by differentia pulsepo-
larographic method. TheresultsinTABLE 3& 4re-
vealsthat thevariouswater samplesanayzed contain
traces of nickel within thetolerancelimitsand the per-
centage recovery val ues obtained with Amm Mor-
DTC was comparable and in good agreement with
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TABLE 3: Determination of Ni(11) withAmm Mor-DTC inwater samplesaround Tirupati, Chittoor District, A.PINDIA

|. Industrial estate

Il. Amararaja batteries

Amm Mor-DTC
NH,CI, M 0.3
Dithiocarbamate, mM 3.0
Triton X-100% 0.002
pH 6.0
Catalytic hydrogen current method(DC) DPP method
Amm Mor-DTC Amm Mor-DTC
Sample®  Ni(11) Added, Ni(IT) Ni(IT)
ppm Found, Recovery(%)=R.S.D" t&ts-t* te;-** Found, Recovery(%)+R.S.D"
ppm ppm
1.0 1.08 97.00+2.21 244 0.56 1.10 99.00+2.63
12 1.33 98.33+2.45 1.62 0.21 134 99.16+2.72
16 1.66 98.12+2.41 1.30 0.09 1.68 99.37+2.74
18 1.84 98.33+£2.45 1.49 0.16 1.86 99.44+2.80
2.0 2.07 99.50+2.89 1.08 0.07 2.07 99.50+2.89
1.0 1.10 97.00+2.21 1.56 0.19 111 98.00+2.39
12 1.33 98.33+£2.45 175 0.38 134 99.16+2.72
I 16 1.65 99.32+2.74 1.18 0.05 1.66 100.00+2.98
18 192 100.00+2.98 1.00 0.02 1.92 100.00+2.98
2.0 2.05 99.00+2.63 1.05 0.03 2.09 99.50+2.89

a5 ml of the concentrated sample is used, "Relative standard deviation(n=6), *1% level of significance, **5% level of significance

TABLE 4: Deter mination of Ni(I1) with Amm M or-DTC inagricultur al samplesaround Tirupati, Chittoor Digrict, A.P.INDIA

System Amm Mor-DTC

NH,CI, M 0.3

Dithiocarbamate, mM 3.0

Triton X-100% 0.002

pH 6.0

Catalytic hydrogen current method(DC) DPP method
Scientifsice:llnl]_pgg Lame _ . Amm mor-DTC : Amm mor-DTC
i Igﬁnc]ided, Fou’\rj1|d(l,lgpm Recg/g'é(bm)i t-test* f-test**  Ni(Il) Found, ppm Recovery(%)£R.S.D°
L eafy vegetables
Hibiscus cannabinus/ Gongura 1.0 1.04 99.00+2.75 1.03 0.09 1.04 99.00+2.75
Rumex vesicariug Chukkaku 1.0 1.07 98.00+2.60 125 039 1.08 99.00+2.75
Vegetables

Phaeolus vulgaris/Bean 1.0 1.02 99.00+2.75 120 026 113 100.00+2.90
Pisum sativum/Peas 1.0 118 99.00+2.75 136 055 119 100.00+2.90

35 ml of the concentrated sampleis used, °PRelative Sandard Deviation(n=6), *1% level of significance, **5% level of significance

differentia pulsepolarography dataand thetypica dif-
ferentia pulse polarographic curvewasshowninfig-

ure 8. Thenickel content present in agricultural ma-
terials, Hibiscus cannabinus (Gongura), Rumex
vesi carius(Chukkaku), Phaeolusvulgaris (Bean) and

Pisum sativum (Peas) show that the values arein

——

agreement with the standard values reported(*®
(TABLE 3 & 4).

CONCLUSIONS

The devel oped method wassimple, rapid, selec-
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tiveand reproduciblefor thedetermination of Ni(I1) in
variousenvironmenta samples. Theligand synthesized
in present investigation isselectivetowardsthe Ni(11),
enhanced the detection limits up to ppb levels. The
present method wasfreefrominterfering effect which
indicatesthe sengtivity of themethod and the obtained
resultswerein good agreement with the DPP method.
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