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ABSTRACT

The reagent 4-Hydroxy benzaldehyde thiosemicarbazone (4-HBTS) has been synthesized and characterized and its
analytical applications were investigated. The reagent 4-HBTS reacts with aqueous solution of Bi(III) ion in the pH
range of 5.5-6.5 at room temperature and forms a green coloured 1:2 [Bi(II):4-HBTS] complex with stability
constant 2.04x10"'. The complex has maximum absorption at 356 nm. The molar absorptivity and sandell’s
sensitivity for the coloured solution are found to be 1.3X10*M™ cm™ and 0.016075 pg cm™ respectively. Beer’s law
is obeyed in the range of 0.835-8.359 pg/mL. The interference of various diverse ions has been studied. The
procedure was successfully applied to the determination of bismuth in water, industrial waste water samples and also
in different alloy samples.
Keywords: Bismuth (III), 4-Hydroxy benzaldehyde thiosemicarbazone, Spectro Photometry, alloy samples,
industrial waste water.
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INTRODUCTION

Bismuth and its compounds came to be known in the fourteenth century. However the metal at first could
not be distinguished from lead and tin. Its properties were first described towards the middle of the
eighteenth century. It occurs in free state as well as in the combined form. The important sources of
bismuth are bismuth glance Bi,S,, bismuth telluride Bi;Te; and bismuth oxide (Bi,Os;). Bismuth is found
in earth’s crust, up to 0.0002%. It is least toxic among the heavy metals. Bismuth has been used in the
form of sub carbonates and subgalletes for the treatment of diarrhea, dysentery and ulcers. Bismuth is also
used in the manufacture of low melting alloys which finds application in the fusible elements in automatic
sprinklers, special solders, safety plugs in compressed gas cylinders and automatic shutoffs for gas and
electric water heating systems.

Number of organic compounds such as, 2-(4-antipyridyazo)-4,5-dicarboxy methoxybenzoic acid',
Thiourea™, mesotetra(4-Trimethyl ammonium phenyl)porphyrin, Di antipyril thiourea and P-
methyldibromo-arsenazo, have been reported as a sensitive spectrophotometric reagents for the
determination of bismuth(III) ion.*® However these determination methods were suffered from critical pH
range and low tolerance limit of associated metal ions. Other reagents like, N-methyl piperazone4-
carbothioic  acid, Morpholine-4-carbdithioate, potassium  propylxanthate, N,N-bis(2-hydroxy
methyl)glycine and Rivanol in presence of iodine, 2,4,6-triphenyl pyrylium perchlorate and N-(2-
acetarnid7el)3imjnido acetic acid are useful for the determination of bismuth in the pharmaceutical and alloy
samples.”
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Thiosemicarbazones are good analytical reagents.'*"® In this present note a simple, selective and sensitive
spectrophotometric method was developed for the determination of trace amount of Bismuth in alloy
samples using 4-Hydroxybenzaldehydethiosemicarbazone.

EXPERIMENTAL

The absorbance and pH measurements were made on a Shimadzu UV-Visible spectrophotometer (model
UV-160A) fitted with 1.0cm quartz cells and Elico digital pH meter (modelLLI20) respectively.

Preparation and characterization of 4-hydroxy benzaldehyde thiosemicarbazone
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Scheme-1: Preparation of 4-HBTS

The reagent was prepared by the simple condensation of 4-hydroxy-benzaldehyde(1.22gm) with (0.91gm)
of thiosemicarbazide in a clean 250ml round bottomed flask. 4-hydroxybenzaldeyde was dissolved in
100 mL of methanol and thiosemicarbazide was dissolved in hot water. The solutions were mixed and
refluxed for two hours. On cooling brown colored product was formed which was collected by filtration.
It was recrystallized using methanol and dried in vacuum.

The yield was 80% by weight and the M.P. is 207-209 'C. The structure of the compound was established
using both IR and NMR spectra.

Characterization

The IR spectrum of the compound was recorded using Perkin-Elmer 137 IR spectrometer in KBr.
The peaks observed at 3458 cm™ and 3342 cm™ may be assighned to symmetric and assymetric (-N-H)
steching frequency of primary amino group. The peak observed at 3028 cm™ may be assighned to Ar-H
stretching frequency of benzene ring, and the C=N stretching frequency of azomethine was observed at
1595cm™. The peak observed at 3218-3092 cm™ has assighned for —OH group stretching frequency. The
observed strong peak at 1056 cm™ may assigned to C=S$ stretching frequency. The peaks observed in the
range of 1530-1360 cm' frequency were charecteristic aromatic ring stretching frequency.

The 'H-NMR spectrum of the compound was recorded with DRX300 NMR spectrometer in
DMF solvent. The peak observed at 8 value 10.74(H) was charecterstic of phenolic -OH group. The peak
found at & value 7.86(4H) may be due to aromatic protons, the peak observed at & value 6.8 (2H) may be
due to —-NH, protons attached to thionylgroup (C=S) and the peak observed at ¢ value 9.0 is due to
aldehydic proton. The peak at & value 11.5 may be due to -NH proton (azomethine).

Preparation of the solutions

Bi (IT) solution

1.2126 g of bismuth nitrate (AR, BDH, India) was dissolved in doubly distilled water in a 250 mLl
volumetric flask to get 1 x 10> M solution and standardized. The stock solution was suitably diluted to
get the required concentration
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Stock solution of the reagent

0.195 g of recrystallized sample of the reagent 4-hydroxybenzaldehyde thiosemicarbazone was dissolved
in DMF in a 100 mL volumetric flask to obtain the stock solution (0.1 M), and it was suitably diluted to
get the required concentration. Fresh reagent solutions were prepared as and when required.

Buffer solutions

The buffer solutions are prepared by mixing 1M hydrochloric acid and 1M Sodium acetate (pH
1.0-3.0) and 0.2M acetic acid and 0.2M sodium acetate (pH 3.5-7.0). Exact pH of the solution was
measured using a pH meter.

Procedure

1 mLof 1 x 10° M bismuth nitrate solution, 10 mLof buffer solution of required pH, 1 mL of 1 x
107 M 4-hydroxy benzaldehyde thiosemicarbazone are taken in a 25 mL standard flask. The contents of
the flask were made up to the mark with doubly distilled water. The solution has shaken well for uniform
concentration. The blank solution is also prepared on the same lines but without containing the metal ion.
The spectrum of the experimental solution is recorded in the wavelength range 350 to 700 nm against the
respective blank solution.

RESULTS AND DISCUSSIONS
Bi (III) reacts with 4-HBTS in weak acidic pH to give a green coloured water soluble species. The colour
reaction between Bi (II) and 4-HBTS is instantaneous even at room temperature. The maximum
absorbance A« of the green coloured species (complex) was observed at 356 nm which remains constant
for 24 hours. Studies on the effect of pH on the absorbance revealed that the maximum colour was formed
in a solution of pH 6.5. A tenfold excess of the reagent is adequate for complete colour development.
Addition of excess of reagent has no adverse effect on absorbance.

The studies relating to the effect of Bi (II) revealed that a linear relationship exists between the
metal ion concentration and the absorbance in the range of 0.837-8.359 pg/mL. The molar absorptivity
and sandell’s sensitivity are 1.2x10* L.mol "cm™ and 1.64x10” ug/cm® respectively. The effect of the
reagent on absorbance is also studied, linear relationship has not found between the reagent and the
absorbance. As the metal ion Bi (III) forms a coloured complex with reagent, an attempt is made to
determine the composition and the stability of the complex. Job’s method and mole ratio method are
conducted to make these determinations. It is noticed that the Bi(III) ions form a stable green coloured 1:2
[M:L,] complex with 4-hydroxy benzaldehyde thiosemicarbazone. The stability constant of the complex
was found to be 2.04x10"",
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Fig.-1: (a) Beer’s Law verification; Fig.-1: (b) Job’s method for the determination of
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Table-1: Physico-chemical and analytical characteristics of Bi(IIT)- 4-HBTS

Characteristics Results
A max (nm) 356
p " range (optimum) 5.5-6.5

Moles of the reagent required per mole of metal ion for | 10 folds
complete colour development

Molar absoptivity (Lmole "cm ) 1.2x10"L.mol "cm™'
Sandell’s sensitivity(ug/cm®) 1.64x107
Composition of the complex (M:L 2ratio) 1:2

stability constant of the complex 2.04x10"

Standard deviation in the determination of 0.003447
1.17pg/ml of Bi(Ill) for ten determinations.

RSD 0.0824

Interference studies

Influence of various cations and anions on the absorbance values is studied and the data is
presented in the Table 2 the cations were chosen in such a way so that they either belong to the same
group (or) same period. The effect of neighboring metals of bismuth in the periodic table is studied.

Table-2: Tolerance limit of foreign ions in the determination of bismuth in
the determination of 0.15ug/ml of Bi (III).

Ion added | Tolerance limit (ug/ml) Ton added Tolerance limit

(Anions) (Cations) (ug/ml)
Todide 507.6 Manganese(II) 11.0
Bromide 319.6 Cobalt(II) 1.17
Chloride 141.8 Lead(I) 2.5
Nitrate 496.0 Cadmium(II) 4.5
Iso cyanide | 232.0 Iron(1I) 2.2
Fluoride 75.9 Nickel(II) 2.4
Tartarate 1104.0 Magnesium(II) 0.6
Thio urea 182.64 Zinc(II) 1.8

The tolerance limit in each case is expressed in ug/mL. Most of the general anions do not show much
interference. It is seen from the data that all the metal ions interfere in the determination of bismuth as the
tolerance limits are low.
Analysis of synthetic mixtures

In order to extend the utility of the proposed method, it was used for the determination of Bi (III)
content in synthetic mixtures corresponding to alloys like lipowitz’s and solder alloys. The results are
reported in table-3. Comparision of present method with other reported spectrophotometric methods for
the determination of Bismuth is presented in Table- 4

Table-3: Determination of Bi (II) in bismuth based alloys

Alloy Sample Certified Composition (%) Amount of Bi (IIT) (%) Relative error
Present found ? (%)

Bi Solder alloy Bi-40, Pb-40,Sn-20 40 39.25 -1.875

Lipowitz’s alloy Bi-50,Pb-26.7,Sn-13.3, Cd-10 | 50 50.15 +0.3

a Average of five detrerminations.
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Table-4: Comparision of present method with other reported spectrophotometric methods for the determination of

Bismuth

Reagent name pH Amax Molar Beer’s law range | Ref

absorptivity (ug/ml)/ppm.

(Lmole ~

lem 1
1-amino-4,4,6- SM 470 6.5x10° 7-24ppm 19
trimethyl(1H,4H) perchloric
pyimidine-2-thiol acid
Semi —xylanol orange - 540 4.2x10" 10-30pg/ml 20
1(4'-Bromophenyl) 4.4,6- | 0.3M HCI 410 6.501x10° 7-24ppm 21
Trimethyl (1H,4H)-
Pyrimidine-2-Thiol
Di ethylene tri amine | 1.6M 270 - 1-40 pg/ml. 22
penta-acetic acid perchloric

acid
4-Hydroxy benzaldeyde | 6.5 356 1.2x10° 0.837- Present
thiosemicarbazone 8.35%ug/ml. method
CONCLUSIONS

The methods described in this paper allows for the rapid, precise and reliable determination of trace
amounts of Bismuth in some alloy samples using 4-Hydroxy benzaldehyde thiosemicarbazone. The main
benefits of the procedure are the enhanced sensitivity of the spectrophotometric method, low cost, fairly
easy operation and speed of analysis.

XN R WD =

—
W= O

,_
o

15.

16.

17.

BISMUTH IN ALLOY SAMPLES 861

REFERENCES
M.Zhang, D.Bencaiwu, L.Hengehuan and L.J. Huaxue. Fenci, 31, 285 (1995).
Z.fu and L.jianyan, Huaxue Fenci, 30, 40 (1994)
V.I.Simonenko, Yul. Mushkalo and Sukhan, Ukrkhim Zh, 59, 1306 (1993).
H.Xia, Weiwang .Guifang, Huaxue.,. Yakuang Ceshi, 11, 318 (1992).
L.I. Torpov and M.I. Degtev, ZavodLab, 58, 9, (1992).
Haoyi Yang, Guisheng Wu and Lihua Jianyan, Huaxue Fenci ,26,195 (1990).
A.L Singla., A.K. Malik and A.L. Rao ,J. Inst.Chem., 64, 147 (1992).
B.K. Puri., C.L. Sethi., and A. Kumar., Michrochim Acta , 1, 361 (1983).
U.V. Naidu, K.V.S.. Murthy and G.R.K.. Naidu, Asian J. Chem., 3,287, (1991).

. L.A. Botano, P.A. Gonzaiez and M.F. Bermojo, Michro Chem. J, 37,200 (1991).

. E.C. Lopez and C.M. Hernandez, An Cienc , 46,25, (1987).

. J.A Orthuno, J.T. Sanchez —Pedrenoc and Ballesta, An Quim Ser B.83, 101 (1987).

. P.A. Gonzalez, M.F. Bermejo, S.C. Baluja, S.Rodriguez and M. Cristiana, Micro chem. J.,

31,368 (1985).

. Smitha Nigam, M.H.Patel and Arabinda Ray, Synthetic. React. Inorg. Met-org. Chem, 28(7)

1187(1995)

K.Hussain Reddy, P.Sambasiva Reddy,
Biochemistry, 77, 169(1999).

Noriko chikaraishi kasuga, Kiyoshi Sekino, Chisa koume, Nobuhiro Simada, Motoki Ishjkawa
andKenji Nomiya, Journal of Inorganic Biochemistry, , 84,627(2001)

Javier Garcia Tojal, Jose Pizarro, Africa Garecia-Orad, Ana Rocio Peroz-Saz,Maria Ugald
Antonia Alvarezdiaz, Jaun Luis Serra,Maria Isbel Arriortus and Teofilo Roio, Journal of
Inorganic Biochemisry, 86,627(2001).

and P.Ravindra Babu., Journal of inorganic

S. K. Padmanabhaand S. V. Rao



RASAYAN J. Chem.
Vol.4, No.4 (2011), 857-862

18. El Mostapha Jouad, Amedeerio, Magali Allain, Mustayeen A.Khan and Gilles M. Bouet,
Polyhedron, 20,67(2001)

19. S.H. Gaikwad, S.V Mahamuni, M.A. Anuse., IJCT . 12 (3) 365(2005).

20. Zhonan, Yuren-Quing, Yaoxu-Zhang and Luzhi-Ren., Talanta 36 (7) 733(1989).

21. G.B. Kolekar T.N.Lokhande, P.N. Bhosale and M.A.Anuse. Analytical letters, 31(13) 2241
(1998).

22. P. Nenova, D.Kantcheva , B.Karadakov., Talanta, .25(11-12), 691(1978).

[RJC-855/2011]

Chemical, Enbironmental and Pharmaceutical Regearch

www.ijcepr.com

ISSN: 2229-3892(Print); ISSN: 2229-5283(Online)
[Abstracted in : Chemical Abstracts Service , American Chemical Society, USA and CAB(I) , UK]

ijCEPr widely covers all fields of Chemical, Environmental and Pharmaceutical Research.
Manuscript Categories: Full-length paper, Review Articles, Short/Rapid Communications.
Manuscripts should be addressed to:
E-mail: ijcepr @gmail.com

Water: Research & Development
[Water R&D]
www.waterrnd.com
ISSN: 2249-2003
[Abstracted in : Chemical Abstracts Service, USA and CAB(I) , UK]

WaterR&D is an international Research Journal, dedicated to “Water’. It is a truly interdisciplinary journal on water
science and technology. It’ll showcase the latest research related to Water in the field of chemistry, physics,
biology, agricultural, food, pharmaceutical science, and environmental, oceanographic, and atmospheric science. It
includes publication of reviews, regular research papers, case studies, communications and short notes.
Manuscript Categories: Full-length paper, Review Articles, Short/Rapid Communications.
Manuscripts should be addressed to:

E-mail: waterrd @gmail.com

Adopt GREEN CHEMISTRY
Save Our Planet.
We publish papers of Green Chemistry on priority.

If you think that you may be a potential reviewer in field of your interest, write us at rasayanjournal @ gmail.com
with your detailed resume and recent color photograph.

BISMUTH IN ALLOY SAMPLES 862 S. K. Padmanabhaand S. V. Rao




