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ABSTRACT KEYWORDS
A rapid, simple, sensitive and selective Spectrophotometric method has Copper (11);
been devel oped for the determination of Copper (11) using Cinnamaldehyde Spectrophotometry;
semithiocarbazone (CMTSC). Copper (I1) forms a light yellow coluored Environmental and
water-soluble complex with CMTSC in presence of Triton-X (100) (5%) Vital samples;
(Micellar medium) and the complex shows maximum absorbance whilethe CMTSC;
reagent blank shows negligible absorbance at Imax 400 nm and at pH 9.0. Micellar medium;
Beer’s law was obeyed in the range 0.095-0.953 mg/mL and the optimum Triton-X 100.

concentration range from ringbom plot was 0.190-0.857 mg/mL of Copper
(I1). Themolar absorptivity and Sandell’s sensitivity for the coloured solu-
tion are found to be 4.10x10* L mol-*cnr and 0.0015-pg.cm™ respectively.
Theinterference effect of variousdiverse ions has been studied. The com-
plex shows 1:1 [Cu (I1): CMTSC] stoichiometry with stability constant
5.0x10°. Thestandard deviation of the method in the determination of 0.381-
ug mlt of Copper (11) was0.001. First and second order derivative Spectro-
photometric methods are developed at Imax 420 nm and 440 nm respec-
tively for the determination of Copper (11), which was more sensitive than
the zero order method. The devel oped method has been used for the deter-
mination of Copper (I1) in different Environmental and Vital sampleslike
Beer, Wine, Grains, Nuts, Sheep liver, Buffalo milk and Industrial fly ash,
Species, Allay, Biological and Plant samples.
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INTRODUCTION ful gpproach for determining theconcentration of single

component in mixtureswith overlapping spectraasit

The potentia andytical gpplicationsof hydrazone  may diminaeinterferences. Hydrazonesanditsderiva-
derivatives have been reviewed by Singh et atll. tivesreactswith many meta ionsforming colour com-
Hydrazones areimportant class of knownanalytical  plexesand act as chelating agents. A micellar solution
reagents. Derivative spectrophotometry wasaveryuse-  hastheability to enhancethe stability of meta complex
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and hasbeen utilized asamedium for the spectropho-
tometric determination of themetd chelate>“.

Copper isutilizedindectricd industries, eectronic
industriesandindudtriadly useful dloys. Itiswiddy used
inprinted circuit boards, generators, transformers, com-
puter heat sinks, coins. Because of itsbiostatic prop-
erty itisused asroofing materia for houses. Copper
knobs are used in hospitalsto reduce the transfer of
disease. Copperisessentia for al plantsand animals.
Itisan essentia congtituent of about thirty enzymesand
glycoproteinsand isrequired for the synthesis of he-
moglobin and for somebiological processes.

It dso promotesiron absorption fromthegastrointes-
tind system, isinvolvedinthetransport of ironfromtis-
suesintoplasma, hdpsto maintanmydininthenervous
system, and isimportant in the formation of boneand
braintissues. A deficiency of copper causesdiseasessuch
asanemia Though Copper isan essentia eement, it be-
comes hazardouswhen present in excess. Excessof cop-
per causesjaundice and Wilson disease. Excessof cop-
per inwater isnot only harmful to human beings, but dso
interfereswith thesdlf purification of bulk water and ex-
ertsan adverseeffect onthemicrobiologica trestment of
wastewater. Too much Copper in water has a so been
foundtodamagemarinelife.

EXPERIMENTAL PART

M aterialsand methods

Theabsorbance and pH measurementswere made
on aShimadzu UV-visi ble spectrophotometer (Model
UV-160A) fitted with 1.0 cm Quartz cellsand Elico
digital pH meter (Modd L1 120) respectively. Suitable
settingsfor derivativewereasfollows. Thespectra band
lengthwas5 nm, thewavel ength accuracy was 0.5 nm
with automatic wavel ength correction and therecorder
wasacomputer controlled thermal graphic printer with
acathode ray tube and one degree of freedom in the
wavel ength range 300-800 nm.

Facile synthesisof CMTSC

Thereagent (CMTSC) was prepared by the Sah
and Daniel§° procedure.

Characterization of CMTSC
Thestructureand characterization of CMTSC was
confirmed by IR, NMR and M ass spectra data.
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RESULTSAND DISCUSSION

The chromogenic reagent CM TSC was used for
the spectrophotometric determination of the Copper
(). The Copper (11)-CMTSC complex shows the
maximum absorbance at 400 nm, where the reagent
blank does not absorb appreciably.

Thecalibration grgphfollowsthestraight-lineequa
tionY=ac+ b; wherecisthe concentration of thesolu-
tion, Y ismeasured absorbance or pesk height and aand
b arecongants. By subgtitutingthe Cu (11)-CMTSC com-
plex experimental datainthe Beer’s law equation, the
calibration equations are calculated as Imax 400 nm
=0.64906X +0.00279for zero order dataand Imax 420
nmM=0.49291X-4.37273x10*for firs derivaivedataand
Imax 440 nm =0.73488X+0.00284 for second order
derivetivedaawhichgivesthedraght lines.
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Sructureof CMTSC

1o, =0.64906X+0.00279 {/’{

Amplitude

0.0 DIZ 'Z-!-i- IZII'E EI!G 1.IEI
Amountof Cu (l)-pgfml

Figurel: AbsorbanceVsAmount of Cu (11) Cu (11)=21.5x 10

M CMTSC =3x10%M; Triton-X100(5%) =0.5ml pH =9.0;

Amax =400 nm.

Interference

Inorder to assesstheanalyticd potentid of the pro-
posed methods, the effects of somediverseionswhich
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Cu (I1) = 1.5x10-6 M; CMTSC = 3x10-3 M; Triton-X100 = 0.5
ml; pH = 9.0; Imax = 420 nm

Figure2: Cu (I11)-CMTSC-first derivativespectra
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Cu (I1) = 1.5x10-6 M; CMTSC = 3x10-3 M; Triton-X100 = 0.5
ml; pH = 9.0; Imax = 440 nm

Figure3: Cu (11)-CM TSC-second derivative spectra

often accompany Cu (1) wasexamined by carrying out
thedetermination of 0.476 pg/ml of Cu (1) in the pres-
enceof foragnionsfor CMTSC. Thetolerancelimitof a
foreignion wastaken astheamount of foreignionre-
quired to cause an error of = 2% in the absorbance or
amplitude. Thedataobtained inthe derivative method
wasasoincorporated. Thedatasuggest that severd as-
sociated anionsand cationsdo not interferewhen they
were present in large excess, such aslodide, Nitrate,
Thiocyanide, and Bromide, Strontium (1), Sdenium (11),
Barium(I1), Strontium (V) and Tungsten (V1). Thetoler-
ancelimit vauesfor many anionsand cationsweremore

TABLE 1: Spectrophotometric deter mination of copper (1)
in beer and wine

Sample Certified *Amount of Cu (I1) found (ug/ml)

name  value Zero Error D1 Error D2 Error

order (%) (%) (%)
Beer 532 5312 -0.15 3.317 -0.09 3.319 -0.03
Wine 7.45 743 -026 7.44 -0.13 7.44 -0.13

—= Fyll Peper

TABLE 2: Spectrophotometric deter mination of copper (11)
in somegrains

Copper quantity

Sample AAS
name value 2€ro RSD D1 RSD D2 RSD
order (%) (%) (%)
PhaseolusSp  24.38 24.35 0.12 24.37 0.04 24.37 0.04
Vicia Faba 26.4 26.34 0.22 26.37 0.11 26.39 0.03

TABLE 3: Determination of copper (I1) in sheep liver, buffalo
milk and industrial fly ash

*Composition of Cu (11) found (%)

Sample Certified

name value Zero Error D1 Error D2 Error

order (%) (%) (%)
Sheep 16.81 16.83 0.11 16.85 0.23 16.89 0.47
liver . . . . . . .
Emf;a]o 410 4.09 -0.24 412 048 412 0.48
Industrial g5 598 .03 601 016 603 049
fly ash

TABLE 4: Spectrophotometric deter mination of copper (11)
in somenuts

Copper quantity
Zero RSD RSD RSD
order (%) P (%) P? (%)
JuglansSp 850 845 059 848 023 845 023
PIUNUS 5996 2023 0.10 29.25 0.04 29.24 0.04
amygdalus

PistaciaSp 16.90 16.85 0.29 16.87 0.17 16.89 0.05

AAS
value

Sample
name

TABLE 5: Spectrophotometric deter mination of copper (11)
in some spices

Copper quantity

Sample AAS

name value Zero RSD D1 RSD D2 RSD
order (%) (%) (%)

Sumac 165 1.64 061 1.643 042 1.645 0.30

Cuty 07 063 1111 0.67 447 069 1.49

Powder

Maggih 29 283 247 287 104 289 034

TABLE 6: Spectrophotometric deter mination of copper (11)
in biological materials

Biological AAS * Copper (I1) found (ng/g)

Sample Method Z€ro Error Error Error
P oder %) P w) P? )
Sdfgnd 1.098 1.093 -0.45 1.095 -0.27 1.097 0.09
g’i'l“S‘ard 2251 2247 -017 2249 -0.08 2.249 -0.08
Seedsm € 12640 12545 -0.75 12.613 -0.21 12.34 -0.04
Ground = 5465 5426 -073 5456 -018 5462 -0.07
nut seed
Chocolates 7 1973 -1690 198 -0.36 2005 -0.10
(Eclairs)

* Aver age of five determinations
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inderivativemethod. Theinterferenceof aedmetd
ionssuch aslron (111) and Copper (I1) was decreased
by adding masking agent phosphate.

Applications

The method proposed in the present studieswas
applied for the determination of Copper (1) in Beer,

TABLE 7: Spectrophotometric deter mination of copper (11) in alloy samples

*Amount of Cu (1) found (ug/ml)

Alloy Sample Certified value
Zeroorder Error (%) D1 Error (%) D2 Error (%)
(d) BCS179/3a 58.50 58.47 -0.05 58.49 -0.01 58.49 -0.01
(b)BCS 180/2b 68.12 68.09 -0.04 68.11 -0.15 68.11 -0.01
(c) Tin base white metal 458 453 -1.11 455 -0.65 457 -0.21
(d) Devard’s’ alloy (Berther alloy) 48.91 48.78 -0.26 48.83 -0.16 48.89 -0.04
(e) BAS 106 4.10 4.05 -1.23 4.08 -0.49 4.09 -0.24
() BCS 179/3a 58.50 58.45 -0.08 58.47 -0.05 58.49 -0.01
TABLE 8: Spectrophotometric deter mination copper (11) indifferent plant samples
Sample name AAS Copper quantity
Zeroorder RSD (%) D1 RSD (%) D2 RSD (%)
Spinacia oleraca 15 1.48 1.35 1.487 0.874 1.49 0.67
Beta vulgarisv.cilca 1.23 1.21 1.65 1.22 0.82 1.22 0.82
Aplum gravealens 1.08 1.06 1.88 1.07 0.93 1.07 0.93
Raphanus sativus 1.08 1.07 0.93 1.075 0.46 1.079 0.09
Hibiscus esaculuntus 6.80 6.73 1.04 6.78 0.29 6.78 0.29
Foeniculum vulgare 17.01 16.93 0.43 16.95 0.35 16.98 0.17
Visit 1.3 1.275 1.91 1.282 1.40 1.289 0.85
Helianthus annuus 8.42 8.35 0.83 8.37 0.59 8.40 0.23
Raphnus sativus 11.40 11.32 0.70 11.37 0.26 11.39 0.08
L epidoum sativum 28.80 28.75 0.17 28.79 0.03 28.79 0.03
Foeniculum vulgare 19.30 19.23 0.36 19.27 0.15 19.29 0.05
Lactuca sativa 9.30 9.25 0.54 9.28 0.21 9.28 0.21
B.oleracea V.Capitata 125 12.42 0.80 12.45 0.64 12.49 0.40
B.oleracea V .Botry tis 145 14.45 0.34 14.48 0.13 14.48 0.13

Wine, Grains, Nuts, Sheep liver, Buff omilk and Indus-
trid fly ash, Specis, Alloy, Biologica and Plant samples.

CONCLUSION

The proposed methods are simpl e, accurate and
have advantagesover the reported methodswhich suf-
fer frominterferenceby large number of ionsor require
elther heating or extraction or arelesssengitive. Some
factorssuchasinitia cost of instrument, technica know-
how, consumable and costly maintenance of technique
restrict thewider applicability of thesetechniques, par-
ticularly inlaboratorieswith limited budget in devel op-
ing countriesand for fieldwork areto betaken asthe
consideration for the determination of Copper (11) at
microgram quantities, anumber of hydrazone deriva-

tivesand several analytical techniquessuch asAAS,
ICP-AES, ICP, X-Ray fluorescence spectroscopy and
UV-visi ble spectrophotometry are employed. Among
them Spectrophotometric methods are preferred be-
causethey are cheaper and easy to handle. In genera
thetechniqueof solvent extraction waswidely usedin
the spectrophotometric determination of metal ions.
However, organi c solvents such as benzeneand chlo-
roform are often carcinogenic, toxic and cause envi-
ronmental pollution. Itissignificant to develop amethod
which doesnot involve solvent extraction.

PRECISIONANDACCURACY

The precision and accuracy of the proposed meth-
odsarestudied by anayzing (10 replicates) of Copper
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(I1) and the RSD vauewasfound to be 0.39%.
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