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ABSTRACT

2-hydroxy-N'-(1-(pyridin-2-yl)ethylidene)benzohyzike (HPEBH )is found to be a selective and $emsieagent

for the determination of Cd(ll) ifood, water and synthetic samples. HPEBH forms rgie@ored complex (Cd-
HPEBH) with Cd(ll) in aqueous DMF at pH 6.0 showaximum absorbance at 358nm, whereas ligand shows at
310nm.. It is observed that the color developmenimmediate and stable for more than 48 hrs. Bekws is
obeyed in the range of 1.12-11.2 ughaf Cd(ll), with a correlation coefficient 0.999Bhe molar absorptivityz]

and Sandell's sensitivity of the complex are 6.68X1mol*.cm*and 0.028 pug mt respectively. The metal to
reagent ratio is found to be 1:1 by the method af'd and mole ratio methods. The optimized mettasd bieen
successfully applied for the determination of QJl ih food, water and synthetic samples in preseofcdiverse
ions. It is also observed that the obtained resate in good agreement with AAS method. The pezposethod is
fairly sensitive and reproducible.

Keywords: Cd(ll), food, water samples, spectrophotometryd ag-hydroxy--N'(1(pyridin2yl)ethylidene)
benzohydrazide

INTRODUCTION

Cadmium is a very poisonous element, which is Ilgialally nonessential environmental pollutant [1R]affects

the physical and biochemical mechanism of livingtegns. Trace amount of cadmium present in various
environmental matrices such as water, soil, pland$ food materials. According to EPA the acceptdibhd of
cadmium in drinking water is 0.05 mg*1[3]. Cadmium is used in Ni-Cd batteries, pigmentsating and plating
and as stabilizers for plastics [4,5]. Cadmium I aused as a barrier to control the nuclear fissiecause it
absorbs neutrons. The effects of acute cadmiunopivig are kidney problems, anemia, bone marrowrdé&s and
destruction of red blood cells [6]. Low levels ofpesure to cadmium over prolonged periods causgs liood
pressure, prostate cancer, kidney damage, lungecama flu-like disorders [7]. Cadmium intake tel@ace in
human beings via various food materials like livewyshrooms, shell fish, mussels, cocoa powder aied dea
weed [8]. Due to its poisonous nature on everymgystem, it has great importance to determinégréoe levels of
cadmium in environmental matrices. Generally, cagtmhas been determined by FAAS, ETAAS, ICP-AES,-ICP
MS and spectrophotometric methods. Among thesectsghotometric methods are cheaper, suitable for
automation and have comparable sensitivity. Howether reported spectrometric methods for the détetion of
cadmium suffer from one or more disadvantages diéesitivity, selectivity, severe interferences gmdcedural
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complications [9,10]. To the best of my knowledg®ne has been utilized 2-hydroxy-N'-(1-(pyridin{2-y
ethylidene)benzohydrazide (HPEBH) as a analytiealgent for the determination of Cd (ll) in envircamtal

matrices.

In the present communication, we developed a simpbetrophotometric method for the determinatiodfll) in
food, water and synthetic samples using 2-hydrox{Npyridin-2-yl) ethylidene)benzohydrazide (HPHB as a

fairly sensitive and selective analytical reagent.

Table 1: Comparison of present method with othporied spectrophotometric methods

S. A max Beer'srange | ex 107 L.mol*
No. Reagent (nm) pH (ppm) 9 et Ref
4-Hdroxy3, 5dimethoxy benzaldehyde-4-hydroxybenzggtazone
1 (HDMBQ:BH) Y Y ydroxybeniaggt 400 9.0 0.112-1.12 4.81 9
2 Cinnamaldehyde 4-hydroxy benzoylhydrazone (CMHBH) 383 8.0-9.0 0.056-0.562 5.6 1
3 5-methylthiophene-2-carbaxaldehydethiosemicanaE&MTAT) 360 5.0-7.0 0.225-2.25 4.0 1
4 Bipyridyl glyoxal bis(4-phenyl-3-thiosemicarbaz)n 385 9.3 - 4.61 12|
5 1,2 Napyhaquinone-2- thiosemicarbazone 4-sulfaciid 520 6.0-7.0 1.9 13
6 Glyoxal dithiosemicarbazone(GDT) 427 9.0-11.0 31 14
7 Phenanahraquinonemonosemicarbazone (PQMS) 480 9.0 - 15 15
8 2-hydroxy-N'-(1-(pyridin-2-yl) ethylidene)benzainazide 358 6.0 1.12-11.2 6.66 PM

EXPERIMENTAL SECTION

Apparatus: For absorbance studies a Double beam UV-Visibkctspphotometer (Shimadzu model UV-1800)
with a 1.0 cm quartz cell is used and for measergrof pH (Systronics model 3305) pH meter is ussgectively.
Melting point is determined and is uncorrected. Fopmparative analysis Flame atomic absorption
spectrophotometer (Shimadzu model No: AA-6300)sisd'H NMR spectrum of the ligand is recorded on Jedl 40
MHz NMR spectrometer (JNM-400) and mass spectrurthefligand is recorded on Shimadzu-LCMS with ESI
probe (LC-2010EV). All glassware are washed witmiature of concentrated sulfuric acid and nitrigda¢l:1)
before use.

Reagents and solutionsAll the chemicals used are of analytical reagemtdgror the highest purity available
(Across or Merck). DMF and double distilled watee ased throughout the experiment.

Preparation and characterization of 2-hydroxy-N'-(1-(pyridin-2-yl)ethylidene)benzohydrazide (HPEBH):
Synthesis of 2-hydroxy-N'-(1-(pyridin-2-yl)ethylide)benzohydrazide (HPEBH) is reported by convention
method [16]. In the present study, we developedesrg synthetic route for the synthesis of HPEBHuking
microwave irradiation.

Microwave method: In a 100-mL beaker, 2-Acetyl pyridine (1) [1 gm37nmol] and salicyl hydrazide (1l) [1.1 gm,
7.3 mmol] are dissolved in 10 mL of ethanol. Theks is placed in a domestic microwave oven at\2afis for
30-45 sec. The progress of the reaction is mordtbse TLC. After completion of the reaction, the cgan mixture
is cooled to RT and then washed twice with coldaeth. Finally, the obtained crude product (lllyéscrystallized
from hot ethanol. The structure of the synthesmmpound is confirmed by NMR and mass spectral data.

HN,
N O NH
7\ + Ethanol _ H _
— O Micro wave irradiation N | o
OH 200W OH O N2

Scheme 1:Preparation of 2-hydroxy-N'-(1-(pyridin-2-yl)etlgéne)benzohydrazide (HPEBH)

122



N. C. Gangi Reddyet al J. Chem. Pharm. Res., 2015, 7(11):121-130

Characterization data of HPEBH
Colorless solid; Yield: 1.73 gm (92%); mp 238-220'H NMR (400 MHz, DMSO-g): § 11.80 (s, 1H, -NH),

11.47, (s, 1H, -OH), 8.63 (d, 1KH74.4 Hz, arom H), 8.14 (d, 1KH=7.6 Hz, arom H), 8.02 (d, 1H=7.2 Hz, arom
H) 7.89(t, 1H,J=7.6 Hz, arom H), 7.44 (t, 1H=7.6 Hz, arom H), 7.06-6.99 (m, 2H, arom H), 2.503H, -CH);

MS (ESI): (M+H) 256.10.
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*H NMR spectrum of 2-hydroxy-N'-(1-(pyridin-2-yl)ethylidene)benzohydrazide (HPEBH)
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Mass spectrum of 2-hydroxy-N'-(1-(pyridin-2-yl)ethylidene)benzohydrazide (HPEBH)

Preparation of 0.01M reagent (HPEBH) solution:0.01M HPEBH solution is prepared by dissolving 256§ of
HPEBH in DMF and made up to the mark in a 100-rolumnetric flask with DMF. Dilute solutions are peepd

from this stock solution. Solution.
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Preparation of cadmium (ll) stock solution: 0.01M cadmium solution is prepared by dissolvindl 38g of
cadmium sulphate (CdSO8H,0) (Merck) in de-ionised water containing few dragsoncentrated sulphuric acid
and made up to the mark in a 100-mL volumetrickiladiquots of this solution are standardized WHBTA using
xylenol orange as an indicator [17]. Dilute solasaare prepared from this stock solution. Solutimilarge number
of inorganic ions and complexing agents are preb&@m their analytical grade or equivalent grade avater
soluble salt.

Sodium thiosulphate solution A 100 ml stock solution of sodium thiosulphate i@1% w/v) was prepared by
dissolving 100 mg of sodium thiosulphate (Merckj100 mL) de-ionized water.

Preparation of buffer solutions:

Hydrochloric acid (1.0M) and sodium acetate (1.0di¢ mixed to get the required pH (1.0-3.5); 0.2Mlism
acetate and 0.2M acetic acid are mixed to getebeired pH (4.0-6.0) and 0.01M Potassium di hydnageosphate
and 0.01M di sodium hydrogen phosphate are mixegetahe required pH (pH 7.0). The pH of the abbuéfer
solutions are measured by a pH meter and finallysaeld suitably.

General analytical procedure for the determinationof cadmium (l1):

An aliquot (1.0 mL) of the solution containing knevamount of cadmium(ll), 4.0 mL of sodium acetateta acid
buffer solution (pH 6.0), 1.0 mL of 0.01% thiosufé solution and 1.0 mL of reagent (HPEB®f) required
concentration are mixed in a 10-mL volumetric flaskd the resulting solution is diluted up to theknaith double
distilled water. The absorbance of this solutiomiasured at 358 nm, against the reagent blank.

RESULTS AND DISCUSSION

In aqueous DMF, in presence of 0.01% thiosulphaligtion at pH 6.0 Cd(ll) reacts with HPEBH and faria green
colored complex, which shows maximum absorban@®@58tnm, against the reagent blank. Hence a detsilety
has been undertaken for the determination of Cd@lhg HPEBH by spectrophotometric method. Thenogtd
method is successfully applied for the determimaid Cd(ll) in water, food and synthetic samplesnal or in
presence of diverse ions.

Absorption spectra of HPEBH and Cd(ll)-HPEBH-complex: Initially absorption spectrum of the HPEBH is
recorded against the solvent blank. The absorgmectrum of Cd(ll)- HPEBH complex igcorded against the
ligand blank. The absorption spectrum of both cax@nd ligand are shown in the figure 1. From theogption
spectra, it is clear that the ligand shows maxinaleorbance at 312 nm, where as the complex showisnona
absorption at 358 nm. Therefore, all the spectedsurements are carried out at 358 nm.

0:6 = MLC
Ligand

0.5 4

0.3 4

Absorbance

0.1 +

0.0 y I
200 250 300 350 400 450
Wavelength
Fig. 1: (A) Absorption spectrum of ligand (HPEBH) V\s. solvent (DMF) blank (B) Absorption spectrum ofcd (II)-HPEBH complex
(MLC) Vs. Ligand blank; Cd(ll) =1.0 mL of 1.0x10“M, HPEBH =1.0 mL of (1.0x10'M), and pH = 6.0
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Effect of pH: Into a series of 10-mL volumetric flasks, 1.0 miLGx(ll) solution (1.0x1dM), 1.0 mL of ligand
solution (1.0x1dM), 1.0 mL of 0.01% thiosulphate solution and 4.0 of buffer of varying pH (1.0 - 7.0) are
added and made up to the mark with double distiNater and the absorbance is measured againsttdzlgak at
358 nm. The absorbance increases from pH: 1.0hé decreases. From this study it is optimizedttiepH 6.0 is
the optimum pH for further studies. (Figure 2)
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Fig.2: Effect of pH on the absorbance of Cd (I1)-HEBH complex; Cd (Il) = 1.0 mL of 1.0x10°M; HPEBH =1.0 mL of 1.0x10°M; A max
=358 nm

Applicability of Beer’s law: The known aliquots of 10.0 mL solutions, each cioitig constant volumes of 4.0 mL
of buffer (pH 6.0), 1.0 mL of 0.01% of thiosulphatelution, 1.0 mL of 1.0xItM of reagent and 1.0 mL of Cd (1)
solutions of concentrations in the range from OMWxto 1.0x10'M (1.12-11.2pg mL") are prepared. The
absorbance of these solutions is measured at 358Angraph plotted between the amount of Cd(ll) atsd
absorbance is as shown in Figure 3. From the gtaplobserved that, a linear plot passing throtighorigin obeys
Beer's law in the range from 1.12-1a®mL™ of Cd (lI). The correlation coefficient is 0.999ish indicates the
linearity between the two variables. The molar apisaty coefficient and sandal’s sensitivity ofetltomplex are
found to be 6.66xT. mol™cm™ and 0.028 pg cifrespectively.

Job’s method of continuous variation: Equi-molar solutions of Cd (Il) ion and reagent HEPE (1.0x10°M
concentration each) is prepared. The metal ancereaglutions are mixed in different proportionseging the total
volume of metal and ligand is constant at 5.0 nmmLe&ch case, 4.0 mL of sodium acetate-acetic adier(pH
6.0),1.0 mL of 0.01% of thiosulphate solution adeled to the mixture and the total volume of theioh is made
up to 10.0 mL with double distilled water. The afimmces of all the solutions are measured at 358gainst their
reagent blanks. The corresponding graph (Figuie djawn between absorbance angW +Vy (where \{ and
are the volumes of the reagent and the metal, césply).From the graph it is identified that theneposition of
metal to ligand complex is 1:1 ratio. The compositof the M-L complex is further confirmed by Moleatio
method (Figure 5 and Figure 6).
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Beer's law
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Fig 3: Applicability of Beer's Law: HPEBH = 1.0 mL of 1.0 x 10'M, Cd (Il) =1.0 mL of (0.1x10°M - 1.0x 10* M), pH=6.0 and A max=
358 nm
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Fig. 4: Job’s method of continuous variations for ®ichiometric ratio between Cd () and HPEBH (1.0x10*M concentration each);
pH=6.0 and A max=358 nm
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Mole ratio method:

a) Effect of ligand concentration In to a 10-mL volumetric flask 1.0 mL of 1.0x4@ Cd (I1) solution, 4.0 mL of
buffer pH 6.0, 1.0 mL of 0.01% of thiosulphate simin and 1.0 mL of varying amounts of (121® 3.0x10'M)
reagent (HPEBH) are added and made up to the mighkdwuble distilled water and measured the absurbat
358 nm against the corresponding reagent blanksn fne results, it is clear that 1.0 mole of ligésmdecessary for
the maximum recovery of 1.0 mole of Cd (Il). Theuks are plotted in the graph 5.
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Fig. 5:Effect of Ligand concentration: HPEBH = 1.0mL of (1.0x 10°-3x10*M), Cd (I1) =1.0 mL of (1.0x 10* M), pH=6.0 and A max =
358 nm

b)Effect of metal ion concentration:

Different molar excesses of Cd (ll) are added toftked amount oHPEBH andabsorbance is measured according
to the standard procedure. It is observed thatehgent (HPEBH) and the metal (Cd(ll)) molar ragid:1. Based
on the above two methods the composition of th€lFdHPEBH complex is confirmed as 1:1 ratio.

Effect of foreign lons:

The effect of various cations which are generallyagiated with the metal ion on the determinatibthe Cd(ll) is

studied by measuring the absorbance of the cadmamplex containing 1 pg mLof Cd(l1) in solution. The effect
of foreign ions on complexation is studied by takihO mL of Cd(ll) solution, 1.0 mL of required a@ntration of
the foreign ion solution, 4.0 mL of sodium acetatetic acid buffer (pH 6.0) and 1.0 mL of HPEBHuwin in a

10-mL standard flask. The total volume of the dolutis brought to 10.0 mL with double distilled wat The

experiment is repeated by changing the concentratidhe diverse ion. The absorbance is measur88&nhm. A

change of + 0.02 is taken as the tolerance linmitrfterference.

The results indicated that Ca(ll), Mg(ll), Hg(Ilhé Mn(ll) do not interfere even when present upb@®0 ug.
Interference due to Al(lll) and Cr(lll) can be téed up to 200Qg, whereas Mo(VI)and W(V) can be tolerated up
to 1000ug only. Extraction of cadmium (Il) is not possilitethe presence of Cu(ll), Co(ll), Ni(ll), Fe (IBn(ll),
Pd(ll), and Pb(ll), due to their severe interfelneven when present in trace amount. In the peceseithiocyanate
and oxalate, determination of Cd(ll) is not possitl% potassium iodide is used for removal of fetence of
Ni(I1), Co(ll). Zn(11) and Pb(ll) in the pH rangeied.
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Fig. 6: Effect of metal concentration: HPEBH =1.0mL of 1.0x 10* M, Cd (lI) =1.0 mL of (0.1x10*M-1.0x 10* M), pH=6.0 and A max=
358 nm

Table 2: Tolerance limit of Foreign ions

Foreign ions Tolerance limi} remarks
Ca(ll), Mg(ll), Hg(ll) and Mn(ll) 5000 ug Less intierence
Al(111) and Cr(l11) 2000 pg Less interference
Mo(VI) and W(V) 1000 pg Moderate interference
Cu(ll), ®Co(Il), ®Ni (1), ®Fe (I1), *Zn(ll) anc®Pb(ll) 200 p¢ More interferenc

®masked with 1.0 % Potassium iodide
Scope of the method:
The optimized method is successfully applied fa tletermination of Cd (ll) in environmental matdgdike food
and water samples.

Table 3: Concentration levels of Cd(ll) in food senples

Concentration of Concentration of
R Cd(l Cd(ll Standard
S.No.| Name of the Samplg Scientific name By ,&A)S in the é)rzzsent Deviation
Method®(ppm) method(ppm)*
1 Wheat grain Triticum aesivum 0.010 0.009 0.0006
2 Cabbage Brassica oleracea 0.61 0.59 0.0040
3 Carrot Daucas carota 0.037 0.035 0.0004
4 Potato Solanum tuberosum 0.000 0.000 0.0000
5 Tomatc Lycopersicon esculentt 0.0z 0.01 0.002(
6 Vepakt Azadirachta indic 0.30¢ 0.301 0.000¢
7 Thotakura Amaranthus gangeticus 0.110 0.107 0.0010
8 Chukkaku Rumex vesicarius 0.093 0.091 0.0006
9 Caulif flower green | Brassica deraceavarbatutieq 0.160 0.157 0.0010

*Average of five readings 2Atomic absorption spectroscopy
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Table 4: Determination of Cd (ll) in water samples

Sample Cd(Il) (ng/L)- (Spiked) c d(C|:|c)> [Lilezf&g“&r;tor:o d COQ;%TZ:;?P ng);tiggl) Recovery (%)
Waste watér 100 102.10 101.98 101.98
50C 510.1( 510.0( 102.0(
Sea watér 10C 10180 101.5( 101.5(
500 507.6 507.55 101.51
Tap watet 100 101.00 100.98 100.98
500 505.03 504,50 100.90

*Collected from industrial area, KadapaBay of Bengal, NelloréYogi Vemana University, Kadapa.

Determination of Cd(ll) in food and water samples: Food and water samples are collected from varitasep

in and around Kadapa, A.P. India. The collectedias are digested as per the procedure reportix iliterature
[18, 19]. The prepared solutions are analyzed aaegrto the optimized proceduréhe obtained results are shown
in table-3 and table-4.

Preparation of synthetic mixtures:

Metal ion solutions of Cli, F&*, C&*, Ni¥*, Mn?*, zr?*, Hg*, P&*, P8* and Cd*are prepared from Merck-
analytical grade stock standards of concentrati@@Oing/L. The synthetic water solutions are thempared by
mixing the different metal ions as prescribed ie thble.5. The aliquot is analyzed for Cd(ll), gsiHPEBH
adopting the recommended procedure.

Table 5: Determination of Cd(ll) in synthetic water samples

Metal 1 Metal 2 Metal 3 Metal 4 AAS Present % of
Samples Method

(2ug/mL) | (2pg/mL) | (2ug/mL) | (4pg/mL) | (ng/mL) (ug/mL) recovery
1 Fe Co Ni Cd 3.97 3.96 99.00
2 Co Ni Mn Cd 3.99 3.98 99.50
3 Fe Zn Ni Cd 3.97 3.95 98.75
4 Pb Co Ni Cd 3.96 3.96 99.00
5 Cu Pd Mn Cd 3.98 3.96 99.00

CONCLUSION

A rapid spectrophotometric method for the detertiomaof Cd(ll) in food materials, water and syetic samples
has been developed by using fairly sensitive atet8ee HPEBH as an analytical reagent. The progpasethod

offers advantages like good sensitivity, selecgtjvieliability, reproducibility, less interferenemd immediate color
development. The developed method is found to lmtifative comparable to other standard methods. mblar

absorptivity of the complex (6.66 x10 mol*cm™) reveals that the ligand is highly sensitive fat @) when

compared with other hydrazones. Hence, HPE8HN alternative ligand for the spectrophotomedgtermination
of trace amount of Cd (ll) in various environmentadtrices.
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