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ABSTRACT KEYWORDS
2-acetylfuran isonicotinoyl hydrazone (AFINH) has been synthesized and Biological;
proposed as a new chromogenic reagent for a rapid, simple, selective, Soil;
direct and non-extractive spectrophotometric method is devel oped for the Environmental samples,
determination of mercury (11) in agueous dimethyl formamide (DMF). The Mercury (11);
reagent givesdeep yellow coloured, 1:1 (M: L) complex withmercury (11) in Substituted hydrazones;
sodium acetate-acetic acid buffer medium of pH 5.5 at A _ 365nm. The Spectrophotometry.

colour reaction is instantaneous and the absorbance remains constant for
about 12 hrs. The molar absorptivity of mercury complexis2.3x 10°Lmol-
L enrtand sandell’s sensitivity are found to be 0.0888 pgem2 The method
was successfully applied to anumber of environmental, biological and soil
samples. The results were comparable with those obtained by dithizone
method. The proposed system produced satisfactory results for the deter-
mination of Hg (11). The resultsare quite encouraging and can bring aware-
nessamong thepublic. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION toxicsanceitissolubleinfat, thelipid fractionsof mem-
branes, and brain tissue. Mercury toxicity is caused

Theandytica monitoringof mercuryinenvironmen-  mainly by thefact that it enterstheliving organismand

tal, biologica, industrial and food samplesisextremely
important because of the high toxicity of thismeta both
initsinorganic and organic compounds. An example
for acute mercury poisoning is‘Mina-mata diseases”
which causes mental disturbance, aloss of balance,
speech, sight and hearing, difficulty in swallowing and
finally comaand deathi?. Thetoxicity of mercury de-
pendsonitschemical nature. Inorganic mercury hasa
very highaffinity for protein sulf-hydryl groups, accu-
mulatesin kidneys, whereas organic mercury ismore

reactswith different enzymesinhibiting thecataysisof
basic metabolicreactions®. Theability of living organ-
ismsto convert inorganic mercury to organic mercury
compoundswhich aremoretoxic and accumulateto a
greater extentin sengtivetissues, isasoaconsiderable
fact. Themain sourcesof mercury fromwhichit accu-
mulatesintheenvironment are synthetic adhesives, air
conditioner filters, ama gams, auto exhausts, anatomic
preservatives, antifouling paints, dental ama gams, bat-
teries, cathodetubes, blood bank saline, cinnabar etc.
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M ercury causes serious damagesto human organism,
mainly of neurologica disorder, which canevenleadto
the death of the exposed individualg*. Theother toxic
effectsof mercury ared lergy, anxiety, bad temper, diz-
ziness, emotional disruption, blood pressuredisorder,
cancer, cardiac disorder, chronicinflammation, consti-
pation, intestinal disturbance, irregular heartbest, joint
pain, lessmuscular cgpacity, memory loss, musclepain,
paralysisetc. The severity of these damages depends
on thequantity acquired, the duration of the exposure
and the chemical species of mercury®®. However,
peoplewho eat alot of fish may consumemuch more;
forinstance, aleve of 0.6 mgHgKg?. Fish could pro-
vide 0.15 mg of methyl mercury inonemeal. All these
findings cause great concern regarding public health,
demanding an accurate determination of thismetal ion
at traceand ultra-tracelevelsinwater, biological and
soil samples.

This paper describesthe non-extractive spectro-
photometric determination of mercury (11) asitsAFINH
complex in agueous medium. A closesurvey reveals
that AFINH has so far not been employed for the ana-
Iytical determination of Hg (I1). The present method
does not require asol vent extraction step, hencethe
use of carbon tetrachloride or chloroform as solvents
isavoided which arereported astoxic, environmental
pollutantsand carcinogens. Compared to somerecently
published methodsthe present method here offers sev-
erd distinct advantag.

MATERIALSAND METHODS

The reagent solution (0.01 M) was prepared by
dissolving 50 mg of thecompoundindimethyformamide
(DMF) in 25 ml standard flask. Thereagent solutionis
stablefor atleast 12 h.

Hydrochloric acid (1 M)- sodium acetate (I M)
pH (0.5-3.5); 0.2M NaOAc-0.2M AcOH (pH 4-6)
and2M NH,Cl-2M NH,OH (pH 7-10) solution were
used.

Stock solution (1mg L) was prepared by dissolv-
ing 0.2715 g of mercuric chloride (HgCl,) (ARBDH
preandyss) in100-ml doubly distilledwater. Hydrolysis
of mercury wasprevented by adding 2 ml of conc. HCI.
Dilutestandard solutionswere prepared fromthisstock
solution asand when required.
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Recommended procedure

Anaiquot of the solution containing mercury in
Beer’s law validity range, 10 ml of NaOAc - AcOH
buffer solution (pH 5.5) and 1.0 ml of 0.01 M AFINH
weremixedina25-ml volumetric flask and resulting
solution was diluted to the mark with distilled water.
The absorbance of this solution wasmeasured at 365
nm against reagent blank. The measured absorbanceis
used to compute the amount of mercury present inthe
samplesusing pre-determined calibration plot!*Y.

Shimadzu 160A UV-Visible spectrophotometer
equipped with 1.0 pm quartz cell and an Elico model
L1-610 pH meter were used in the present studly.

Preparation of AFINH

Thereagent (AFINH) was prepared by smple con-
densation of 2-acetylfuran andisoniazid. Ina250-ml
Erlenmeyer flask, ahot methonolic solution (5ml) of 2-
aecetylfuran (0.05mal), andisoniazid (0.05moal, 6.659),
dissolvedin 10 ml of hot distilled water were taken.
Suitable quantity (~ 2 ml) of dilutehydrochloric acid
was added to the reaction mixture and refluxed for 4
hours. On cooling the reaction mixture, paleyellow
coloured product (AFINH) was separated out. It was
collected by filtration and washed several timeswith
hot water and 50% cold methanol. Thiscompound was
re-crystallized from ethanol and dried invacuuo. Yied
81%; M.P. 188° C.

Char acterization of AFINH

The compound was characterized by IR and *H-
NMR, Massand U.V-Visible spectral data. Infrared
spectrum of AFINH showsbandsat 3244(s), 3157(m),
3042(m), 2945(s), 1665(v,s), 1599(m), 1571(m),
1528(s), 1477(m), 1284(s), 754 (s), 703(s) and
662(m) cm'! respectively corresponding to u(NH) sec-
ondary, u (C-H) aromatic stretch (Isoniazid), u (C-H)
aromatic stretch (Furanyl), u (C-H) aliphatic stretch-
ing, u(C=0) hydrazine, u(C=N) azomethine, u(C-C)
aromatic ring, u(C-C) aromaticring, u(C-C) arométic
ring, u(C-N) stretch, u(C-H) oop bend (furan), u(N-
N) stretch, u(C-H) oop bend (isoniazid) aromatic ring
vibrations.

'H-NMR spectrum of AFINH (CDCI +DM SO-
d,) showed signasat 2.31 (3H, s), 6.56-8.76(8H, m)
and 10.96(1H, s) dueto CH, and isonicotine + furan
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proton, -NH (imino) groupsof hydrazonerespectively.

Mass spectrum of AFINH shows molecular ion
peak at m/z 252 corresponding to the molecular ion
peak associated with Na (Base peak). Other peaks
duetolossof methyl radical and furanyl radica aredso
observed in mass spectrum.

ThepKavaluesof AFINH

The pKavalues of AFINH were determined by
recording the UV-Visible spectraof micromolar (4 x
10° M) solution of the reagent at various pH values
and by taking the arithmetic means of the values ob-
tained from themeasurementsat different wavelengths
determined spectrophotometrically using Phillip and
Merritt method™. The values of deprotonation of
AFINH are 3.6 (pK,) and 6.3 (pK.) corresponding to
theformation of enol form and conjugated mono anion

form respectively.
RESULTSAND DISCUSSION

Thereagent 2-acetylfuran i soni cotinoyl hydrazone
iseasily prepared under reflux conditions. A 0.001M
solution of AFINH is stablefor morethan two hours.
In buffer medium (pH 5.5), theligand presumably ex-
istsinenolic form and coordinatesthe divalent metal
ion asmono anion. The reagent givesintense colour
reaction only with mercury and show maximum absor-
bance at 355nm. Thereagent (AFINH) isconsidered
aspotential reagent for sel ective spectrophotometric
determination of mercury (I1).

X=0
Figurel: Sructureof AFINH

Deter mination of mercury (11)

Mercury (I1) reactswithAFINH inacidic pH (5.5)
to givecoloured complexes. Thecolour reactionisin-
stantaneous even at room temperature. The order of
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addition of reagent, meta ion, buffer, 2.5 ml of DMF.
Theabsorbance of the coloured complex remainscon-
stant for morethan 2 hours. A 10-fold molar excess of
thereagentisadequatefor full colour development. Ad-
dition of excessof reagent hasno adverseeffect onthe
absorbance of the complexes. Thesystem obeysBeer’s
law inthe concentration range 3.21-32.1 pg/ml of mer-
cury. Themolar absorptivity and Sanddl’s sensitivity of
the methods for Hg (I1) are found to be 0.41 x 10*
Lmol cm® and 0.0875 pg/cm? respectively. The spe-
cific absorptivity of the systemis0.01142 mi/g*cm?
Hg (11). Therelative standard deviation for ten repli-
cate analysis of Hg (I1) is 0.082 percent. Job’s and
Molar ratio methods gave the composition of the Hg
(1) complexesas 1: 2 (M: L). thestability constants of
Hg (1) complex cd culated by Job’s method is found to
be 1.5 x 10%.

Deter mination of mercury in various water, soil
and biological samples

The present method i sapplied for determination of
mercury in (i) Water samples, (ii) Soil samples, and (iii)
Biologica samples.

Water samples*9

Each filtered (with whattman No. 40) water
sampl €49 (250 ml) was mixed with 10 ml of concen-
trated nitricacidina500 ml didtillationflask. Thesample
was digested in the presence of an excess potassium
permanganate solution according to the method rec-
ommended by Fifield et al®. Thesolutionwascooled
and neutralized with diluteNH,OH solution. Thedigest
wastransferred into a25-ml calibrated flask and di-
|uted up to the mark with deionized water. Theresults
weregivenin TABLE 2.

Soils samples®9 and Biological samples®

Dried fish samplegd®9 and various soil>® samples2
- 5 grams were taken in a 250 ml beaker. A 6 ml of
concentrated nitric acid wasadded and gently heated for
half-an-hour. After the disappearance of thefroth, 6 ml
of 1:1 nitric acid and perchloric acid were added®*.
The contentswere digested for 1 hour and repeatedly
treated with 6 ml portionsof nitric acid and percholoric
acid mixtureuntil the solution becomescolourless. The
acidic solution was evaporated to drynessand there-
aultingwhiteres duewasdissolved inminimum volume
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of 1M nitric acid and madeup tothevolumeina50-ml
volumetricflask. Aliquotsof these solutionsweretaken
for anaysisfollowing therecommended procedure. The
resultsweregiveninTABLE3& 4.

Deter mination of mercury (1)

Mercury (I1) reactswithAFINH inacidic pH (5.5)
to givecoloured complexes. The colour reactionisin-
stantaneous even at room temperature. The order of
addition of reagent, meta ion, buffer, 2.5 ml of DMF.
Theabsorbance of the coloured complex remainscon-
stant for morethan 2 hours. A 10-fold molar excess of
thereagentisadequatefor full colour development. Ad-
dition of excessof reagent hasno adverseeffect onthe
absorbance of the complexes. Thesystem obeysBeer’s
law inthe concentration range 3.21-32.1 pg/ml of mer-
cury. Themolar absorptivity and Sanddl’s sensitivity of
the methods for Hg (I1) are found to be 0.41 x 10*
Lmol* cm™ and 0.0875 pg/cm? respectively. The spe-
cific absorptivity of the systemis0.01142 mi/g*cm?
Hg (I1). Therelative standard deviationsfor ten repli-
cate analysis of Hg (I1) are 0.082 percent. Physico-
chemicd and anyiticd propertiesof thecomplexisgiven
iINTABLE 1

Job’s and Molar ratio methods gave the composi-
tion of the Hg (II) complexesas1:2 (M : L). The
gability congtantsof Hg (11) complex caculated by Job’s
method isfound to be 1.5 x 10%. The structure of Hg

Figure2: Sructureof Hg (1) complex with AFINH

(AFINH), complexisgiveninFigure 2.
Tolerancelimitsof foreign ions

Theeffect of various cationsand anionswhich are
generaly associated with the metal ionin the determi-
nation of Hg (1) was studied by measuring the absor-
bance of the mercury complex containing 3.21 mg/mli
of mercury (I1) in solution. Anerror of £2% in the ab-
sorbancereading was considered tolerable. Thetoler-

TABLE 1: Physico-chemical and analytical properties of
Hg-AFINH complex

S.No. Characteristics Hg-AFINH
1 Apax (NM) 420
2 Mean absorbance 0.2062 + 0.0032
3 pH range (optimum) 5.0-8.0
a4 Mole pf reagent required per mole of 150ld
meta ion for full colour devel opment
5 Timestability of the complex (in hours) 12
6 Beer'slaw validity range (ug/ml) 3.21-32.10
7 Molar absorptivity (lit mol*cm™®) 0.41x10*
8  Specific absorptivity (ml gem™®) 0.01142
9  Sanddl's sensitivity (ug of Hg (II) cm™) 0.0875
10 _Compositi on of the cc_)mpl ex as obtained 1:2
in Job's and molar ratio methods (M : L)
11 Stability constant of the complex 1.5x 10
12 Standard deviation 0.0066 *
13 Relative Standard deviation (RSD), (co- 0.082 %

efficient of variation)
In the determination of 3.21 pg/ml of mercury (I1)

ancelimit (TL) vauesin ug/ml (ppm) for various anions
and cationsin AFINH method are as follows Citrate
(1632), tartrate (662), lodide (757), thiourea(185), ni-
trate (372), phosphate (196), Sul phate (192), bicarbon-
ate (120), bromide (160), chloride (126), acetate (94),
fluoride (117); V®* (95); W®* (185); Cd* (58); Mn?*
(33); Zr* (28); Mg* (23); Co* (18); Cr¢* (5); Cu?*
(4); Zn?* (3); Fe** (56); Pt* (2); Fe?* (6); Au (1), TI™
(2); Ag* (1); Pd* (0.3). Higher amounts of Fe** (56)
do not interferein the presence of 78 ug/ml of fluoride.
Larger amountsof Cu?* do not interfereinthe presence
of 200 ug/ml of iodide.

TABLE 2: Deter mination of mercury in someenvironmental
water samples

Amount of mercury®found (ug/ml)
AFINH method Dithizone method

Name of the samples

Sed’ water 1.06 1.00
Waste water 3.29 3.29
Laboratory” water 1.93 1.85
Tap water 0.65 0.69
Well water 0.92 0.84
Drain® water 3.15 3.18
River’ 0.62 0.61

2, Aver age of three determinations; . Tungabhadrariver water,
(Kurnool); ©. Bay of Bengal, (Chennai); “. Laboratory water,
(Dept. of Chemistry, S.K.U. Anantapur); & Anantapur town,
Drain Water.
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TABLE 3: Determination of mercury in soil samples

Amount of mercury® found (ug/ml)
AFINH method Dithizone method

Name of the samples

Urban sail 0.98 0.98
Agricultural soil 0.45 0.41
Road side sail 1.68 1.62

aAver age of three determinations.

TABLE 4: Determination of mercury in biological samples

) Amount of mercury? found (ng/ml of
Liver y (ng

samples driedIin.-:'r).
AINHH method Dithizone method
Fish liver 1.28 0.84
Sheep liver 0.83 0.86

aAverage of five determinations

The present method (AFINH) was applied for the
determination of Hg (I1) when present d oneand present
inwater, biological and soil samplesand resultswere
compared with dithizone method .

APPLICATIONS

Mercury was estimated in variouswater samples,
biologica and soil samplesby employing the present
method. Theresultsare presentedin TABLE 2

CONCLUSIONS

The present study clearly indicatesthat the mer-
cury content can be determined in ultratracelevel in
water, biologica and soil samplesusing present method.
All thesefindings causegreat concern regarding public
hedlth demanding an accuratedetermination of thismeta
ionand it may provide awarenessamong the public.

—— Fyll Peper
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