Chemical Bulletin of “Politehnica” University of Ti misoara, ROMANIA
Series of Chemistry and Environmental Engineering
Chem. Bull. " POLITEHNICA" Univ. (Timisoara) Volume 55(69), 2, 2010

Spectrophotometric Determination of Trace Amounts 6
Molybdenum(VI1) Using Salicylaldehyde Acetoacetic Aid Hydrazone

V. Srilalitha, A. Raghavendra Guru Prasad. Raman Kumar , V. Seshagiri
and L. K. Ravindranath

* C.M.R. Institute of Technology, Hyderabad, A.P., mdi

" ICFAI Foundation for Higher Education, HyderabadP Alndia,
e-mail: guruprasadar@yahoo.co.in, Phone: 91 9848894

™ Malla Reddy College of Engineering, Hyderabad, Atlia

Hokkk

Sri Krishnadevaraya University, Anantapur, A.Pdin

Abstract: A simple, sensitive and accurate spectrophotometgthod was proposed for the micro determination of
molybdenum(VI) using salicylaldehyde acetoacetid dnydrazone (SAAH) as a reagent. The method wasdan the
formation of 1:2 complex between the molybdenum(@hd SAAH. The optimum conditions for the deteration were
established. The Beer’s law was applicable in #mge 0.097 to 0.968 pg/mL. The molar absorptioffficeent, Sandell’'s
sensitivity and stability constarft)(of the complex were found to be 160.00 % Lanol™* cm*, 5.998 x 10*pg cm?and
1.425 x 18°respectively. The influence of interferences onpheposed method was studied and presented. Theochet
was successfully applied for the determinationymitisetic mixtures and alloys containing molybdenui(
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1. Introduction with molybdenum(VI) in a medium of pH 1. The color
reaction was instantaneous and the color interditthe
complex solution was found to remain constant fdeast

Molybdenum finds extensive applications in differenfive hours.
fields. The alloys of molybdenum are extensivelgdisn
integrated circuits, anti-friction coatings, catth; aircraft 2. Experimental
parts, missile parts, high temperature vacuum coripks,
furnace components, silicon power devices etc.
Molybdenum is also an essential trace element iman 2.1. Apparatus
physiology [1]. In view of crucial role of molybdem in
different fields, it is necessary to develop sevsit The absorbance measurements were made on a
analytical procedures for its determination in éracShimadzu UV-visible spectrophotometer (Model UV-
amounts. 160A). pH measurements were made using ELICO pH
A variety of methods were reported for the anahjtic meter Model L1-10, ELICO Private Limited, Hyderabad
determination of molybdenum. The procedures includédia.
inductively coupled plasma atomic emission spec#toyn

[2], neutron activation analysis [3], atomic abgimp 2.2. Reagents and chemicals

spectrometry [4-6], spectrophotometry [7-12],

spectrofluorimetry [13], electrochemical methodd, 5], All the chemicals and reagents used were of awmalyti
flow-injection chemiluminescence [18}c. Many of these drade.

procedures suffer from disadvantages such as thejvie The buffer solutions were prepared by mixing 1M

complicated procedures, require preconcentratiogp sthydrochloric acid and 1M sodium acetate (pH 1.0-3utd
and/or a extraction step, hence the analyst shawdys 0.2M acetic acid and 0.2M sodium acetate (pH 305-7.

bear in mind that all manipulations at any stagg nesult 0.01IM solution of SAAH in dimethyl formamide
either in contamination and/or the loss of the yeal In  (DMF) was employed in the present studies.
some cases the analysis requires costly equipmbithw 0.01M solutions of molybdenum(VI) were prepared by

may be out of the reach of a common |aboratorythm diSSOIVing reqUiSite amount of sodium mOlybdate in
present communication, Simp|e, rapid' selective arﬂjstllled water and was standardized [my]US|ng standard
sensitive spectrophotometric method is reported thr Procedure. The working solutions were prepared by
micro determination of molybdenum(Vl) by complexingdiluting the required volume of stock solution to
with SAAH. The reagent gave an orange coloredtigsiu appropriate volume.
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2.3. Synthesis and characterization of SAAH solution required pH, required volume of the SAAH
solution of concentration 4xTOM and 1 mL of
Equimolar solutions of acetoacetic acid hydrazidd a dimethylformamide were added to the flask and the
salicylaldehyde prepared in aqueous methanol wecentents were made up to the mark with distilledewa
refluxed for two hours. The contents were allowecdtdol The absorbance of the solutions was measured ah#i70
to the room temperature and the product was seqthtat against the reagent blank solution.
filtration. The crude product (yield - 86.2 %) oioeed was

filtered, washed with water and dried. The drieddurct 2.5. Preparation of sample solutions
was recrystallised from hot aqueous methanol topget
light yellowish crystals of salicylaldehyde acetetc acid An accurately weighed amount of the alloy sample

hydrazone (Melting point - 220 °C). The compoundswawas dissolved in a mixture of 2 mL of concentrated

characterized by elemental analysis, IR and NMRtsge hydrochloric acid and 10 mL of concentrated nitaicid.

studies. The solution was evaporated to a small volume, 1:1
The elemental analysis data of the ligand (SAAH}ulphuric acid was added and was evaporated toegsyn

presented in Table 1 reveals that the experimestiies The residue extracted with 15 mL of water was fiemned

are in good agreement with the theoretically calmd into a 100 mL standard flask and was made up tortiek

values. with distilled water. This serves as a stock soiutThe
stock solution was appropriately diluted to obtahe
TABLE 1. Elemental analysis data of the SAAH concentration in the required range. Suitable aliswere
taken and analyzed for the metal by the proposeergé
Percentage of procedure.
C H N
Found 60.81 5.05 13.02
Calculated 60.00 5.45 12.73

3. Results and Discussion
The IR spectral peaks at 3350 tifivy.), 3178 cnt

(intramolecular hydrogen bonded phenolic ~OH), 3682 In order to optimize the experimental variables th
(Ar-H  stretching frequency) , 2960 ©m authors conducted following studies.
( ==C—H group), 2879 cm (methyl group), 2940 cth 3.1. Effect of pH on the absorbance of the complex

(methylene group), 1702 ¢h(carbonyl group), 1663 ch

(amide carbonyl group), 1628 dm(azomethine group), Figure 2 shows the effect of pH on the intensityhaf

4 color reaction. Mo(VI)-SAAH complex solution showed
980 e’ (N-N group) and the peaks ti NMR spectrum maximum absorbance in a medium of pH 1. Hence duarth

recorded in dimethyl sulphoxide using tetrametlgi as analytical investigations were carried out in buffeedia of
internal reference ab 1.30 ppm (methyl proton) 3.23 H1.

ppm (methylene protofi8]), & 4.50 ppm (-OH protopn

0.65 -
: Il
610.90 ppm ( —N—H group in —C—NH—), 06
-
| = ]
59.70 ppm (=C -H of azomethine grouf19]), &6.80 ppm 4 099
as singletp 7.10 ppm as doublet add7.40 ppm as doublet = o5 -
(aromatic protong0] H,, H, and H respectively) confirm =
the following structure for the ligand. 045 1
0.4 T !
CH3—ﬁ—c Hz—ﬁ—N H—N=C—H 0 2 N ¢ g 10 12
0 O HO .
Figure 2. Effect of pH on absorbance. [Mo(VI)] x40° M;
[SAAH] = 4 x10°M
The absorption spectra of solution containing M{VI
Figure 1. Structural formula of Salicylaldehydetaegetic acid SAAH complex against the reagent blank, that of SAA
hydrazone solution against corresponding buffer solution klamd
_ that of metal solution against the respective lugtdution
2.4. General experimental procedure as blank is shown in the Figure 3. The figure rév/dat

_ _ o . Mo(VI)-SAAH complex has maximum absorbance at
Aliquots of solution containing different amounté 0 470 nm. Further neither the metal ion nor the reagent has

molybdenum (V1) (0.097 to 0.968 ug/mL) were transfd  appreciable absorbance at specified wavelength.céden
into a series of 10 mL standard flasks. 5 mL offéauf further investigation was carried out at 470 nm.
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reagent, fixed amount of molybdenum (VI) were taken
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Figure 3: Absorption spectra of
a) SAAH against buffer blank, [SAAH] = 4 x 2™
b) Mo(V1) against buffer blank, [Mo(VI)] = 4 x 10M

¢) Mo(VI)-SAAH complex against reagent blank,
Mo(VI)]=4x10°M, [SAAH]=4x10°M

3.2. Effect of reagent (SAAH) concentration

A series of solutions containing different amouats

appropriate buffer media. The absorbance of thetisols
was recorded at 470 nm using respective reagentiaol
as blank. The studies reveal that, a reagent sxafes fold

was sufficient for the Mo(VI)-SAAH color reaction.

However the addition of excess of the reagent Eolidoes
not alter the intensity of the color reaction.

Absorbance

3.3. Analytical determination of metal ion
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Figure 4. Analytical determination of Mo (VI) [SAAH: 4 x10°M;

pH = 1;Amax= 470 nm

regression equation is A = 0.650 C + 0.005 (A is
absorbance and C is the concentration Mo(VI) inmLg/
with a correlation coefficient 0.999.

3.4. Stoichiometry of the Mo(VI)-SAAH complex

The stoichiometry of the complex determined by dob’
method of continuous variation and mole ratio mdthas
found to be 1:2 (Metal : Ligand)he corresponding data is
shown in the Figure 5 and 6 respectively. The Btabi
constant determined by Job’s method was found to be
1.425 x 16"
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Figure 5. Job’s method of continuous variation, €ariration of different

aliquots of and Mo(VI) solution and SAAH solutiorb=x 10* M; pH = 1;
Amax= 470 nm
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Figure 6. Mole ratio method; [Mo(VI)] = % 10° M; Concentration of
different aliquots of SAAH solution =£10* M; pH = 1;Anax= 470 nm

3.5. Effect of diverse ions

To assess the expediency of the proposed methed, th
effect of several diverse ions was examined untieady
established optimum conditions. The interference of

The absorbance of the series of solutions confginiryarious ions was determined by measuring the absoeb
different concentrations of the metal ion is deieed. A
linear calibration graph drawn between absorbancetae varying amounts of diverse ions. The tolerancetliweas
metal ion concentration indicates that Mo(VI) cae bconsidered to be the amount that caused a +1%tu®via
determined in the range of 0.097 to 0.968 pg/mLe THhe absorbance value. The tolerance limits of wario
pertaining calibration graph is shown in the FigdreThe diverse ions are given in Table 2.

of solutions containing a constant amount of Mo(®id
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TABLE 2. Tolerance limit of diverseions, [Mo(VI)] = 0.1919 ppm

TABLE 3. Determination of Mo (V1) in synthetic mixtures

3.6. Determination of molybdenum (VI) in synthetic
mixtures

. Tolerance limit | Cation Tolerance limit Mo (VI) pg/mL Recovery* RSD
Anion added @/h) added @) Added Found
Citrate 1.51 Bi(ll1) 0.251 0.20 0.209 105 0.085
Tartrate 2.07 W(VI) 0.0735 0.70 0.716 102 0.037
lodide 1.52 Fe(lll) 0.0782
Thiosulphate 1.49 Mn(l) 0.0330 TABLE 4. Analytical parameters of the proposed method
Oxalate 0.880 Ag(l) 0.0647
Bromide 0.479 Al(lIN) 0.0648
Thiourea 0.609 Cu(ll) 0.0190 Parameter Mo (V1)
Nitrate 0.620 Pb(ll) 0.0829 Beer's law range 0.097 to 0.968 pg/mL
e 040 | o) | 00u0z e deerion o R0 usin,
Th?gf;gtneate 8223 ﬁre]?lll)) 8832; Molar absotption coefficient 160.000 x 1€)I; mol'17<2:m'1
Chloride 0.213 Ssi”gﬁ_'t's Senst't'V'fty 5,99le 41;‘5 ugi(gm
ability constann . X
P;:Szﬁgzte 8??2 Regression equation A =0.650 C + 0.005
- Correlation coefficient 0.999

3.7. Determination of molybdenum (VI) in alloys

The utility of the proposed method was tested by
Satisfactory results were obtained when the methafktermining the metal ion content in various akaynples.
was applied for the determination of molybdenum imhe procedure mentioned in 2.5 and 2.4 was follofeed
synthetic mixtures. The results are shown in thbl@&. the analytical determination of molybdenum(VI). raie
The analytical parameter pertaining to the propasethod  solution is added wherever necessary to mask thessx

is shown in the Table 4.

iron and copper. The results are presented in atdeTs.

TABLE 5. Determination of molybdenum(V1) in different alloy samples

Sample Alloy Composition Molybd;)num(Vl) Error
name / number Certified Calculated %
ses-cru3s7 | N L 02a%: Co = 0.2004 Cu=020%. | 5 512 008

dimet500 | 70 0o b = 0.008%: 2r= 0.0994; T 20098 | 490 474 006
Udimet-700 Cr =15.00%; Co = :}3838%6915 ;1]3;0?‘:/;;8;)0 =5.21%;C=0.08%; 5.01 5.15 0.06

4. Conclusions
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