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A simple, sensitive, selective and robust catalytic hydrogen wasthod was developed by novel
dithiocarbamates (ammonium Zjénethyl morpholine dithiocarbamate and ammoniurmeihyl
piperidine dithiocarbamate) using DC polarography. This method was based on the interaction of
Iron(ll) with dithiocarbamates in the pessce of buffer (NECI-NH4,OH) at pH 6.6/6.4 to produce
catdytic hydrogen currents atl.39/1.32/ vs SCE respectively. The @timized experimental
conditions were established loyestigatingthe pH effect supporting electrolyte (N4€I-NH,OH),
andconcentation ofligand Thereafter, dverse ions effeadtn wave height was evaluateddnhance
the selectivityof the present methodAdditionally, the density functional theory calculations of
ammonium 3methyl piperidine dithiocarbamateveaéd a smaller HOMD-LUMO energy gap than
ammonium 2,&imethyl morpholine dithiocarbamates, suggesting that ammoniumetByl
piperidine dithiocarbamatdsave a superior propensityo act asan electrondonor to Iron(ll) The
reported analytical method was successfully iggpior the detection of Iron (II) in different water and
leafy vegetable samples with recoveries ranging frorf@®%.

Keywords: D.C. polarography; Catalytic hydrogen currents; Iron (lI); Ammonium-diethyl
morpholine dithiocarbamates; Ammoniumni&thyl piperidine dithiocarbamates; Water and Leafy
vegetable samples; Density functional theory and HOM®MIO calculations

1. INTRODUCTION

The most important transition metal in living systenirag and serves more in théological
system than any othenetal. Its main role in the body is to carry oxygen to the tissues where it is
neeckd besides other vital function¥he Iron is responsible for the appropriate function of protection
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against microbes and free radicals, energy metabolism and DNA syrjitjedJike total Iron content
presentin an adult body is approximately 4.0 g, i.e. 70 mM, of which about two third is in
haemoglobin.The majority oflron is stored mainly in thapleen liver, and bone marrow which
contain aboutorq uar t er o fronantrest idio ohyodgobin dnd othdreme proteinslt is
widely distributed in foodstuffs and normally about 1.0 mg of Iron is absorbed from food every day
[2]. Due to intermediate bioavailability of Iron inegetarian diets are the common cause of Iron
deficiency in the developing countries [3]. The average Iron content in human milk is lesst 1. 0 ¢
mL™, therefore, Iron spiked foods make a significant impathe Iron intake which isinsufficientin

certain groups of the populatidd]. The main gastrointestinal side effects are associatedmneitinigh

doses of supplemental Iron, esidly when taken on an empty stomach. Excess of Iron in domestic
water causes staining of clothes and imparts astringent tagfe [5

Several analytical techniques such as Chromatography fRayXfluorescence [9], Radio
analytical [10], U\WVisible Speatophotometry [11], and Atomic absorption spectroscopy [12], Flame
atomic absorption spectrometry [13], Inductively coupled plasrass spectrometry [14] have been
reportedfor the analysis of Iron (1) in various samples of environmental importdncspite of the
fact that theabovementionednstruments are sensitive and able to achieve lower detection limits, they
have few drawbacks like neavailable of instrumentation facility in all laboratories, tegquirement
of specialist to handle, and cost inggkions. Therefore, it is necessary to develop a sensitive,
selective, reliable and alternative method for the trace andtrdtra analysis of Iron (Il) in various
water and leafy vegetable samples. In view of these circumstances, simple polarogrhplgude
coupledwith acatalytichydrogen wave (CHW) methodology was used in the present study.

A new technique in which flovinjection-cloud point extraction coupled with flame atomic
absorption spectrometric method was reported for the determinaticondfl) and Copper (). In this
method, Eriochrome Cyanine Rhasbeen used as a ligand and extraction medium [15]. A froth
flotation method for the separation and -poacentration of Cobalt (1), Nickel (11), Iron (II) and
Copper (Il) using pheny2-pyridyl ketone oxime prior to flame atomic absorption spectrometric
analysis has been developed by Karimi et al [¥#hile Tsuyoshi Nomura developed a method based
on the indirect polarographic analysis of Iron (II) by means of catalytic oxidatioraofifbsalicylic
acid [17].

Iron (Il) was detected in nanograms amounts using catalytic waves withitdthe presence
of N,N%bis(salicylideng ethylene diamine complex [18]. The catalytic hydrogen waves due to organic
thiol compoundsof Iron (1) and (1) were also identified. Thiourea was used a®m@mplexingagent
for Iron (ll), Cobalt (I) and Manganese (ll) in sodium perchlorate medium by Ravinskii et al [19].
Toropova et al. [20] reported the catalytic hydrogen waves of Iron (I1), Cobalt (II) andl i{igkeith
bis-(2-hydroxyethyl) dithiocarbamate in watethanol medium and using acetate buffer. Fogg and
Lewis [21] presented the kinetic behaviour of Iron (BBlochrome Violet complex at pH 4.7 and
monitored the polarographic waves at the conceatratf 10° M due to the excess of Iron (llI).

EDTA was employed as a ligand for the separation and determination of Iron (Il) and Iron (ll1)
in the presence of acetafeuffer at pH 4.0 in differenenvironmentalsamples [22]. Bond et al [23]
reported a rathod for theanalysisof Iron(ll), Iron(lll) and total Iron from zinc plant electrolyte
samples using EDTA as a chelating agent in 0.1 M citrate solution and adjusted to pH 6.0 with
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ammonia. Thaesults obtained under optimebnditions suggested revergle reaction which was
essentially independent of whether Iron (I) or Iron (lll) standard solutions were used for calibration
purposes [23]. A simple screen priniet selective (Fephosphotungstate iesissociate) electrode and
tricresylphosphatas aplasticizerweredeveloped for the analysis of Iron(ll) in various polluted waters
using potentiometric method [24Mendil et al [25] developed 2;8imethyt4,7-diphenytl,10
phenanthroline as a quecipitating agent for the separation and determinafi@opper(ll), Lead(ll),
Zinc(ll), Iron(lll) and Chromium (lll) in food and water samples using flame atomic absorption
spectrometry

The present work deals with catalytic hydrogen wave based polarographic determination of
Iron(1l) with ammonium 2,&limethyl morpholine dithiocarbamates (ADMIDTC) and ammonium-3
methyl piperidine dithiocarbamate (AMPTC) in the presence of NEI-NH,OH medium. The
results revealethatIron(ll) reduction wave followed a catalytic wave functidhoreover, theoretical
calculatons performed at the density functional (DFT) level to calculate the HQMKO energy
gaps of these ligands, confirmed their electron donating capacities during complexation with the
electron deficient metals.

2. EXPERIMENTAL

2.1. Apparatus

DC polarogaphic analyzers with model €357 and CE25 (Elico Private Ltd, India) coupled
with LR-101 strip chart recorder were used to measure the cwolage curves and mercury height
effect on polarographic currents.-LPO Elico Private. Ltd, India) with commned electrode of
range 113 was used to recottle pH of all the standard and sample solutionsi \iBible spectra for
ADMM -DTC/AMP-DTC and their Iron (lI) complexes were performed using a UV2450
spectrophotometer (Shimadzu).-F Varian 800 was useid confirm the interaction of Iron(ll) with
ADMM -DTC/AMP-DTC.

2.2. Chemicals and reagents

2,6-dimethyl morpholine, 3nethyl piperidine, carbon disulphide, ammonium chloride, and
ammonia solution were purchasednr S.D. Fine Chemical#ydia. Standard dation of Iron (1) (1.0
e g “hhwas prepared by weighing 3.928 g of Fe(dHISO), (S.D.Fine chemicals, Mumbai, India)
and dissolved in denized doubly distilled water andiluted t01.0 L in a standard flask. ADMM
DTC (0.01 M) was prepared by disgimlg 0.208 g and 0.192 g of ADMMTC and AMRDTC
respectively with deonized doubly distilled water in separate 100 mL volumetric flasks. Freshly
prepared solutions were stored in amber bottles to avoid oxidation/reduction. s®latkns of
ADMM -DTC, AMP-DTC and NH,CI, NH,OH were prepared by appropriate addition of reagents in
250 mL standardlasks and stored in dark plac@ll reagents were of analytical grade used without
further purification.
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2.3. Preparation of ammonium 2:8imethyl morpholine diiocarbamates (ADMMDTC) and
ammonium dnethyl piperidine dithiocarbamates (AMPTC)

The two novel dithiocarbamates were synthesized as per tadier éterature reports [269
with slight modification: To 2,6dimethyl morpholine/d3nethyl piperidine(45 g) in 25 mL of de
ionized double distilled water,acbon disulphide (40 g) was slowhbddedat 5 °C with constant
stirring, followed by steady addition of ammonium hydroxide to neutralize the final prosieet (
Scheme 1db). Thereafter the mixutre wdseatedto ambienttemperature antvo to three washing
were given withpurified acetondo get the final productThe obtainedproduct wadurther purified
andrecrystallization in acenewith anmelting points of 176.82°C (ADMM-DTC) and 192195 °C
(AMP-DTC) at pressure of 740 mmHg.

H,C 0 CH,
H,C 0 CH,4
NH,OH
(A) + S,

5°C . N

N |
H Cx
*HNST s
2.6-Dimethyl Morpholine Ammonium 2,6-dimethyl Morpholine
dithiocarbamate ( ADMM-DTC)
CH;
CH4
NH,OH
(B) +  CS, -
5°C N
N ¢
S
H HNST S
3-Methyl Piperidine Ammonium 3-methy] Piperidine

dithiocarbamate (AMP-DTC)

Scheme 1 Schematic pathway for the preparatioh (A) Ammonium 2,6dimethyl Morpholine
dithiocarbamate (ADMMDTC) (B) Ammonium 3methyl Piperidine dithiocarbamatéAMP-
DTC)

2.4. Experimental procedure

In a 100 mL stagard flask, measured volume of eleetictive species, Iron(ll)supporting
electrolyte (NHCI-NH,OH) and ligands (ADMMDTC/AMP-DTC) were added bynaintaining the
optimum pH of 6.6/6.4 and the solutions welitited with de-ionized doubly distilled waterral then
15 mLwastransferred into a polarographic cell. Téafter, degassing step was carried out for 15 mins
to remove thaelissolved oxygenT he | i gand or the metal on its

0\



Int. J. Electrochem. SciMol. 11, 2016 8031

optimal experimental conditionsThe polargram of the solutionswas recorded using DC
polarography.

2.5. Computational methodology

The computational method was carried out using Gaussian 09 software. The structures of
ligands and the complexes were drawnGnas¥iew 5.0 and saved as Gaussianunfiles. These
input and job files were run on the supercomputer locatethe Centre forHigh-Performance
Computing at Cape Town, South Africa. The geometry optimization of the ligands and complexes
were done using-81g(d) basis set and the band gaergy was calculated from the energy of
HOMO-LUMO orbitals respctively. The UVvisible and FTR calculations were performed using
B3LYP basis set for the geometrically optimized complexes.

2.6. Sample preparation

The CHW method develodeby ADM-DTC/AMP-DTC was employed to detect then (1) in
different water and leafy vegetable samples. One litre of water samples collected from Renigunta
Industrial Estate and around Amaraja Batteries, Tirupati, India wereopieentrated to 100 mL and
filtered using Whatman filter paper with poresi ze of 0.45 Om prior to
solution was taken for further electrochemical analysis. 5 g of the leafy vegetables grown in the nearby
villages of Tirupati, India were collected, analysed as per toefperted method in the literature [28].
And thereafter, dissolved in 500 ntitiple distilled water except curry leaves which were dissolved in
50 mL. The leafy samplemclude Amaranthviridis (Kuppakeerai), Amarnatipolygonoides(Siri
Keerai), Mentha spata (Mint leaves), Piper Betl®étle leaves) andMurrayakoenigi (curry leaves)
for the detection of Iron (Il) using CHW method.

3. RESULTS AND DISCUSSION

Different optimized experimentalonditionswere developed for thenalysisof Iron (ll) by
CHW method was discussed in this sectidhe larographic studiesf Iron (I1) -dithiocarbamates in
NH,4CI-NH4OH buffer medium wasxamined and found that it gives a pronounced catalytic hydrogen
wawve with peak potential atl.39 and-1.32 V Vs SCE with Amm 2,&imethyl MorDTC and Vs
SCE with Amm 3methyl PipDTC respectively The Iron (lI) diffusion current wave with £ is at-
1.45 V Vs SCE in NECI-NH4OH buffer which was found to be similar with the earlier reports from
the same laboratory [39T he typicad currentvoltage curves of Iron (Hilithiocarbamate complexes
were depicted in the Figures 13\
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Figure 1. DC polarographic cuneof Iron(ll) with (A) ADMM-DTC (i) 0.4 M NH,CI, pH~6.6 (ii)
a+2.0 mM ADMMDTC (iii) a+ 3.0 ppm Iron(ll) (iv) b+ 3.0 ppniron(ll) (B) AMP-DTC (i)
0.4 M NHCI, pH~6.4 (i) a+3.0 mM AMPDTC (iii) a+3.0 ppm Iron(ll) (iv) b+3.0 ppm
Iron(ll) in presence of NkCI-NH,OH medium

3.1. Experimental and computational characterization of dithiocarbamates and their metal complexes
with FTIR and U\Visible spectroscopy

FTIR is the preliminary technique to confirm the chelation of ligand with metal ions. In
generally, dithiocarbamates are thitexi-dentateligands and can be involved in the symmetrical
coordination by donating electrofidm both sulphur atoms as well as unsymmetrically by donating
electrons from one of the two sulphur atoms in chelatbich was confirmed from our previous
studies [29, 30]Our FFIR resultssuggestt h a t-N)3,( -S3) ( Ca n-&) are (criical frequency
modes to be taken into the consideration to find out the nature of dithiocarbanoaiedéentater
bidentat¢ moiety and complexation capability. Interestingly, with reference to Table 1, the Iron (II)
dithiocarbamate solid complexes showed most interdslzerp bands.

Table 1. FT-IR data obtained from experimental and computational techniques for ADMM
DTC/AMP-DTC

Complex Experimental Computational
Frequency modes Frequency modes
) (-_rgg ) jIS)C ) _(18)\/I ) (-!‘9 ) -_gS)C ) _(lS)VI
cm cm cm cm cm cm
ADMM-DTC 1510 985 391 1514.54| 914.21| 395.56
AMP-DTC 1512 984 387 1517.63| 965.8 | 394.75
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The experimental results suggests that thee a k c or r e s pN) stekiching was o
observedat 1510cm*a n d t -8)epeakw@sfound at 985m™. T h €S) stretching frequency
was observedt 391cm™.

Table 2. UV-Visible data obtained from experimental and computational techniques for ADMM
DTC/AMP-DTC and their Iron(ll) complexes

Dithiocarbamate/ Experimental Computational
Complexes Stability studis Simulation
Wavelength (nm)/Intensity Wavelength

Day-1 Day-2 Day-3 (nmYIntensity
ADMM -DTC 3090.461| 3090.460| 309/0.451 3150.462
AMP-DTC 321/0.573| 321/0.572| 321/0.572 32000.580

Iron(I)-ADMM -DTC | 4040.826| 4040.821| 4030.820 4100.834

Iron(l)-AMP-DTC | 42000.935| 420/0.935| 420/0.931 417/0.933

05
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Figure 2. UV-visible spectroscopic studies of (A) ADMMTC (B) AMP-DTC (C) Iron(Il)>ADMM -
DTC and (D) Iron(IBAMP-DTC for examination of stabilities
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On the other hand, the computational results indicatet he peaks co-N)resp
str et chd)n ga n-8) steteBing frequency were found at 1512, 984 and 387espectively
for Iron(ll)-dithiocarbamte complexes. Based on the obtained FTIR experimental and computational
data, dithiocarbamasgeexhibitsbidentatenature with strong bonding capability towaddsn (1) [29,
30, 40]. The UWvisible spectra of two dithiocarbamates and their metal complexes were measured at
room temperature for three consecutive days as represented in Tabldl@saaded in Figure 2. The
first spectra was recorded immediately after complexation and afterwards in successive 24 h agains
the blank. The results shows that absorbaaoeinsrelatively unaltered over a period of 3 days. This
significantly confirmedhe coordination and stability of Iron(Hiithiocarbamate complexes under the
optimum experimental conditions (Iron@DMM -DTC:-pH: 6.6, NHCI-NH,OH: 0.4 M, ADMM-
DTC: 2.0 mM, Iron(ll): 3.0 ppm and Iron(HADMM -DTC:-pH: 6.4, NHCI-NH,OH: 0.4 M, AMR
DTC: 3.0 mM, Iron(ll): 3.0 ppm. Nevertheless, minor variations in the absorbance of distinctive bands
were noticed with time; without a substantial shift in the absorption peak of spectra.

3.2. CHW method optimization

The effect of pH on solutions containiBd ppm of Iron (1) in 0.4 M NECI-NH,OH for both
ADMM-DTC (2.0 mM) and AMPDTC (3.0 mM) was studied in the range of 5I0. With the
increasen the pH,the heightof the catalytic hydrogen currents increased until the pH of 6.6 and 6.4
was reached usin ADMM-DTC and AMRDTC respectively. Beyond that, currentsponse
decreased linearly with increase in the pMith further increase in pH, the peak potential of the
catalytic currents started shifty towards positive potential, henpéls 6.6 and 6.4 werselected as
optimum to attain the maximu@HWs as illustrated in Figure 3

256 ———r——1r——1——7——1—725

—a— AMPDTC § |
A B ADMM-DTCI

20 - - 20
15- /f/ '\\ .-15

10.: // \\i\ o

Current (pA)
(v1) Juauing

Figure 3. Effect of pH on Iron(IADMM -DTC/AMP-DTC complexes.

The effect of the concentration of the supporting electrolyte;(NHNIH,OH) was carried out
in the range of 0.1 to 0.8 M while keeping the ADMM C/AMP-DTC concentration fixed at 3.0/4.0
mM respectively. The weli e f i ned and i ncrease i n CHEMNBIHSOH wer €
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with both the dithiocarbamates (ADMBTC/AMP-DT C) . The peak s ktartedy h t
decreasing linearly beyond 0.4 M MEI-NH,OH and t he peak potenti al
a positive potentials witln increasen NH4CI-NH,OH throughout the concentration range of study.
Hence, the optimum concentration of 0.4 M JOHNH,OH was maintained for further investigation
as represented Fgure 4

30 v . . r v . v ; v 30
| {_._ AMP-DTC |
25 —s— ADMM-DTC I
L 25
20 -
g )
= 15 B
- =1 (1]
S =1
5 =
3 10 4 15 >
5 4
| 10
0 T T T T v T ¥ ) .
0.0 0.2 0.4 0.6 0.8 1.0

Ammonium Chloride (M)

Figure 4. Effect of supporting electrolyte concentration on IrorRADMM -DTC/AMP-DTC
complexes

The solutions containing 3.0 ppm of Iron (1), 0.4 M supportingteddyte (NH,CI-NH,OH)
for both ADMM-DTC/AMP-DTC were fixed and the dithiocarbamate concentration was varied from
0.5 to 6.0 mM maintaining the pH of thelstion at 6.6/6.4 for ADMMDTC/AMP-DTC respectively.
The peak current does not vary linearly witH abncentrations of ligand whiclare typical
characteristic nature of catalytic waves as showkigare 5
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Figure 5. Effect of ligand concentration on IrondADMM -DTC/AMP-DTC complexes.
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Figure 6. Langmuir adsorptiomsotherm plot of Iron(ll) ADMM -DTC/AMP-DTC complexes.

The obtained results indicatedfiat the wave heighof Iron(ll)-dithocarbamate complexes
increased linearly witthe concentration afithiocarbamate up to 2.0/3.0 mM for ADMBITC/AMP-

DTC respectivel. With further increase irconcentrationthe CHW6 s hei ght are i
concentration and shows that the complexes were highly stable. Therefore, 2.0/3.0 mM concentrations
weref xed for furthemdfhgquakfdit i o Q]Q}r\lﬁgajmmarMmate}

results instraight lines Figure § and authorizesthe adsorptionprocess on the surface of working
electrode.

The effect of mercury column height was studimdvarying it volume and the polarograms
were recorded for 3.0 ppm of Iron(ll) tptimize experimental conditions for quantificatiolm the
analytical data shown in Table 3, it was found Bdi W6 s a s ¢ Bvle |l leaseased wit
of the mecury columnsuggestinghat thewavesare catalytic in naturehich was confirmed from our
previous studies [46]

Table 3.Effect of height of mercury column on lron@8DMM -DTC/AMP-DTC systems.

Height of the Iron(Il)-ADMM -DTC Iron(Il)-AMP-DTC
mercury column = o
om Currenf i./vh Curren i./vh
21 24.00 5.487 27.00 6.142
26 23.50 3.224 26.50 4.257
31 22.25 2.551 26.00 3.548
36 21.00 1.984 25.00 2.596
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Figure 7. Effect of concentration of Iron(ll) on peak current of Iron@NPMM -DTC/AMP-DTC
complexes.

The polarogramsof the system with Iron (HADMM-DTC/AMP-DTC complexes were
recorded at temperatures varying from 15 td@5It was notedhat with anincreasen temperaturg
the CHW height and temperature coefficient value decreasedaiiadrherefore, theciC H Wawsre
completely independeratbove 3F°C. The effect ofron(ll) concentration in the range 0.1 to 6.0 ppm
was studied on the peak current in the presence of optimal ligand (dithiocarbamates) and supporting
electrolyte concdmations at fixed pHs. Thebtainedcurves shows that theave height increased
linearly with the Iron(ll) concentration in the range of 0.1 to 6.0 ppm with ADBMMC/AMP-DTC as
shown inFigure 7 The Iron(ll) reduction wave increased with increase in neaatentration without
any shi ft i n peak potenti al and i nterestingl
concentration.

3.3. Computational discussion

3.3.1. HOMGLUMO calculations

It is well known that the electron correlation is important tfeg transition metal complexes
and the motion of the electroase governed by their instantaneous positions rather than the average
positions of other electrons. For DFT calculations, a mathematical representation of the molecular
orbitals of the molecel or the basis set is specified which restricts the position of an electron in a
particular region. Larger basis set leads to accurate approximations of the molecular orbitals. For the
HOMO-LUMO calculations of the ligands and complexes discussed in teemr study, -319(d)
basis set was chosen. The spatial distribution of the orbitals of the ligands, ADMMand AMR
DTC calculated using DFT/81g(d) have been illustrated fingure8.



