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ABSTRACT

A very simple, ultra-sensitive and selective newcspphotometric method has been developed forrdipa
determination of copper (Il) at ultra-trace leveding extract of flower in presence of aqueous gmigt The extract
of flower has been proposed as a new analyticalgeea for the direct non extractive spectrophotoietr
determination of copper II. The extract of floweacts with copper in an aqueous media to give hlhigbsorbent
pinkish chelate complex. The maximum absorptionokéagined at 510 nm and remains stable for 72h. alerage
molar absorptivity and Sandell’s sensitivity werurid to be 4.71xI®nL* cm ™ and5ug crifof copper I
respectively. Linear calibration graphs were obtinfor 0.01-200 mgt.of Cull. A very large excess of cations,
anions and complexing agent do not interfere indietermination. The method is highly selectivecimpper and
was successfully used for the determination of epjap several standard reference materials as wasllin some
environmental samples. The results of the propaoseithod for biological and food samples were complaravith
AAS and to be in good agreements. The method pagphécision and accuracy.
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INTRODUCTION

Copper is an essential trace nutrient to all plants animals, copper is an industrially importaetath It is used in
coin, wire making, alloys, fashioning, medicine ¢wots, transportation industry and thermal condscfb]. The

amount of copper that contaminates various biokdgémd environmental substances is of concern sinpper
traces promote rancidity and off flavours in fodusverages. The levels of copper in biological sasphay
indicate malefaction or contamination, in addititme accumulation of copper in the human liver gharacteristic
of Wilson'’s disease, jaundice which produces negioland psychiatric defects, and hence theregieat need to
develop simple, sensitive, selective,and inexpensnethod for the determination of copper in envinental,

biological, soil and industrial samples for contims monitoring to establish the levels of coppegnmironmental,
biological matrices.

A simple spectrophotometric method for the deteatiim of copper in industrial, environmental, bigital and
soil samples using 2,5-dimercapto-1,3,4-thiadiazuds been reported by Ahmed et al.[2]. Spectrophetdc
determination of zinc and copper using a liquid evguide capillary cell by Pascoa and his coworg&rand it was
successfully applied to natural water samples.Tprave the performance analytically a rapid synéigisloud
point extraction of trace amounts of copper in®asi samples using spectrophotometry[4]. Copperodisiibomate
is used as a reagent for simultaneous determinafieopper and zinc in environmental samples waldped by
Uddain et al[5]. From literature survey [6-14] gveals that those methods are lengthy, time comsynpH
dependant and in most of interference was highagmdied on limited samples .it is needless to ersgkafurther
that the direct spectrophotometric method is vergranuseful. Turkoglu et al [15] reported a simple
spectrophotometric determination of copper in ratuwvater and pharmaceutical samples with chlorceifgh
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glyoxime. Copper is quantitatively retained with5tdiphenylcarbazone (DPC) on microcrystalline napletta in
the pHrange 6.58.0 from a large volume of aqueous solutions oioves samples as reported by Shishehborea et al
[16]. The liquidliquid extraction of C& ions withorganic solutions containing differentteimg agents was
reported by Marczenko and Eaton [17].Spectrophotaendetermination of copper in environmental wateamples
by solvent extraction of an ion association comptdéxthe dichlorocuprate (l) ion with ethyl violetag been
developed by Yamamoto and Kumamaru [18]. Shished@bet al [19] developed a Spectrophotometric mefbod
the determination of trace copper after preconediom with  1,5Diphenylcarbazone  on
microcrystallinenaphthalene. The very simple, higbénsitive and selective Spectrophotometric promedvas
developed by Ghazy et al [20] for the determinatboopper (ll) in natural water, vitamins and datl steel scrap
samples. A facile, sensitive and selective extvacBpectrophotometric method was developed by Reklaa[21]
for the determination of copper (l)in various wateand alloy samples using a newly
synthesizedreagentr@ethoxy4-hydroxybenzaldehydedromophenylhydrazone.

In the present work, a sensitive and simple metfowdthe determination of trace amounts of a cop(gr—
Caesalpinia pulcherrima extracts of flowers by sp@hotometry. The influences of some analyticalapzeters
including metal ion concentration, volume of reagetc. on the colour formation were investigatatl.seeds of
Caesalpinia are poisonous. However the seeds oé spacies are edible before the seed reach maferiy
immature seeds of C. pulcherrima) or with treatnf€tbonduc toxicity is reduced after roasting) pdlcherrima is
the most widely cultivated species in the genuss@lainia. It is a striking ornamental plant, widejyown in
domestic and public gardens and has a beautifilbiescence in yellow, red and orange. Its smak sind the fact
that it tolerates pruning well allow it to be pladtin groups to form a hedgerow; it can be alsal useattract
humming birds.

Leaves: Even-bipinnate, alternate, to 24 inches long, Wi pairs of even pinnae, 5-12 pairs of oblonghwiate
leaflets

Flowers: Caesalpiniaceous, yellow, red or pink, with 10gdhread-like stamens, on terminal racemes to 2R2eis
long Fruits: Pods, flatten, to 5 inches long witB Shiny brown, flat seeds

EXPERIMENTAL SECTION

Apparatus
Systronic (106) visible spectrophotometer Shimagradel) atomic absorption spectrophotometer equippith a
microcomputer controlled air —acetylene flame at.8Zm was used for comparing the results.

Reagent and Solutions

All of the chemicals used were of analytical reaggade or the highest purity available. Doublytitlex deionized
water, which is non-absorbent under ultravioletiatidn, was used throughout. Glass vessels wemnete by
soaking in acidified solution of KMn{or K,Cr,Ofollowed by washing with concentrated Hj@nd rinsed several
times with deionized water. Stock solutions andiremmental water samples (1000- mL each) were kept
polypropylene bottles

Copper (Il) standard solution 1.57x10-2 mol [*

A 100-mL amount of stock solution (1 mgmL-1) of @)as prepared by dissolving 392.9mg of coppefasel
pentahydrate (CuS0O5 HO)in doubly distilled deionized water. Aliquots tfissolution were standardized by
iodometric titration.Working standard solutions e@repared by suitable dilutions of the stock soiut

Plant extracts: Crushed Caesalpinia pulcherrima of flowers weteaexed by the following methods.

Extraction at room temperature or cold extraction: 50 g Caesalpinia pulcherrima of flowers were dipjpe100

ml petroleum ether and hexane respectively for athroomtemperature in a stoppered conical flagk straken
periodicallyby electrical stirrer. The extracts wdiltered and filtrate was evaporated under redyseessure on
water bath to obtain crude.

Hot extraction or reflux extraction: 50 g Caesalpinia pulcherrima of flowers were pedlliin 100 ml petroleum

etherand hexane respectively for 2 hr, in a rousttbin flask. The extracts were filtered and fikratas evaporated
under reducedpressure on water bath to obtain crude
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Soxhlet extraction: In this method, 50 g Caesalpinia pulcherrima ofvetrs were extracted in 100 ml petroleum
ether by soxhlet extraction technique for 2 hr. ERracts were filtered and filtrate was evaporatader reduced
pressure to obtain crude.

General procedure

A volume of 0.01-1.0mL of neutral aqueous soluttmmtaining 10-180 pg of copper (ll) in a 10-mL vwoletric
flask was mixed with a Caesalpinia pulcherrimalofvers of extracts used as reagent. The solutichmized well.
After few seconds, the mixture was diluted up tothark with deionized water. After 1 min the absortm was
measured at 510 nm against a corresponding rehtgamk solution. The copper content in an unknownda was
determined using a prepared calibration graph.

RESULTS AND DISCUSSION

Absorption spectra

The absorption spectra of a copper (ll) - Caeswpulcherrima of flowers of extracts solution wasorded using
the spectrophotometer. The absorption spectraeotapper (I1)-Caesalpinia pulcherrima of flowerseafracts are a
asymmetric curve with maximum absorbance at 510minas average molar absorptivity of 1.4 x 105 L+ham-
1 (Fig.1). The reagent blank exhibited negligibbs@bance despite having wavelength at 404 nm.r&hetion
mechanism of the present method is as reporteiearl

0.50 5

_ N

0.45 ]
VR

1 /0

()
2 o .
g 0.35 /
o
2 .
e}
< 030 .
o n
| |
0.25 "
/
un"
020 4+—+—+—F—"+—F—"—7——7——7—
440 460 480 500 520 540 560
Wavelength/nm
Fig.1 Absorption spectra of Cu-Flower extract in aqueous solution
0.50
| Bl Bl Bl Bl Bt B Bl By Bl Bl Bl |
0.45 -

0.40 + //

0.35 o | |

0.30 /
0.25 - /

0.20 ; . . ; . ; . : .
0 50 100 150 200

Absorbance
\

Fig.2 Concentration of Copper/mgL'l

1565



Shivaji H. Burungale J. Chem. Pharm. Res., 2014, 6(7):1563-1570

Calibration graph (Beer's law and sensitivity)

The well known equation for a Spectrophotometrialgsis in a very dilute solution was derived froradBs law.
The effect of the metal concentration was studieer ®.01-200 mg 1 for convenience of the measurement. The
absorbance was linear for 0.01-90 mi§ 4t 510nm. Of the four calibration graphs one showthe limit of the
linearity is given in (Fig. 2). The molar absorptioo-efficient and the Sandell.s sensitivity wevarfd to be 1.4 x
105 L mol* cm* and 5 ng cm of copper(ll), respectively. The selected anahltiparameters obtained with the
optimization experiments are summarized in (Table.2

Table 2.Selected analytical parameters obtained kyptimization experiments

Parameters Studied Parameters Studied Paramatdisdst
Wavelength Amax (nm) 400-560nm 510nm
Solvent water Water
Time / h 1-24h 1-24h 1 min.-24 h (preferably 2 mip.
Temperature’C 25+5C 25+5C
Reagent 1-10 mL 5mL
Molar absorption Coefficient/ L molem® | 0.7x164.7x1G 4.71x10
Linear range/mg & 0.001-100 0.01-18
Detection limit /mg [* 10-200 100
Sandell’s Sensitivity /ugch 0.1-100 5
Relative Standard Deviation 0-2 0-2
Regression Co-efficient 0.998-0.9999 0.999

Effect of reagent concentration

Different concentration of Caesalpinia pulcherrirof flowers of extracts were added to a fixed metal
concentration and the absorbance was measureddangdoo the general procedure. It was observedatiang [
of copper metal, the reagent concentration Caesalgiulcherrima produced a constant absorbance wf- C
Caesalpinia pulcherrima (Fig.3). For different cepponcentration (0.5 and 1mg’Lan identical effect of varying
the reagent concentration was noticed. A greateezssxwere not studied. For all subsequent measatgnemL of

reagent was added.
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Fig.3 Effect of reagent as a flower extract on the absorbance

Effect of time

The reaction is very fast. A constant maximum abgoce was obtained just after dilution within feec@nds to
volume and remained strictly constant for over 24 longer period of time was not studied.

Effect of foreign ions

The effect of over 50 ions and complexing agentsherdetermination of only 1 mg'iof Copper (Il) was studied.
The criterion for interference was an absorbandgevearying by more than 5% from the expected védueopper
alone. As can be seen, a large number of ions havsignificant effect on the determination of coppthe
tolerance limit of N@, CIO, SO and PQ* are especially high which is advantageous wittpeesto the
digestion of samples. The quantities of these da/éons mentioned were the actual amounts addedainthe
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tolerance limits. However, for those ions whoseesrtahce limits have been studied, their tolerand®saare
mentioned in (Table 3).

Table 3.Tolerance limits of foreign ions, toleranceatio [Species(x)]/Cu (w/w)

Species x Tolerance Species x Tolerance Species x Tolerance
mg mg mg

Acetate 50 Strontium 200 Lead 85
Bromide 45 Beryllium 125 Thallium 110
Chloride 125 Aluminum 160 Tin 135
Carbonate 40 Bismuth 140 Antimony, 165
Nitrate 35 Iron 100 Vanadium 100
Nitrite 20 Cerium 25 Manganesge 100
Thiocyanate 100 Chromium 40 Cobalt 100
Sulphate 200 Calcium 150 Nickel 150
Sodium 300 Magnesiun 200 Tungsten 100
Potassium 250 Barium 175 Zinc 200

Applications

The present method was successfully applied tal#termination of copper (ll) in series of synthaticxtures of
various compositions (Table 4) and also in numlbeeal samples, e.g. several standards alloys etsg Table 5).
The method was also extended to the determinatfoonopper in a number of environmental water samples
biological and soil samples. In view of the unknowomposition of environmental water samples, theesa
equivalent portions of each sample was analyzedcégper content; recoveries in both .spiked. (Adtedhe
samples before the mineralization and dissolutamg the .unspiked. Conditions are in good agreeifiatile 6).
The results of biological and food analyses by sppbotometric method were found to be in excellgreement
with those obtained by AAS (Table 7). The resultsal samples analysis by the spectrophotometethiod are
shown in (Table 8). The speciation of Cu(l) andIQug mixtures are shown in(Table 9)

Determination of copper in synthetic mixture

Several synthetic mixtures of varying compositieonstaining copper (ll) and diverse ions of knowmaentrations
were determined by the present method using taraata masking agent and the results were fouba taighly
reproducible. The results are shown in (Table 4ukate recoveries were achieved in all solutions.

Table 4 :Determination of copper in synthetic mixtue

Sr. No. Synthetic Mixtures Recovery of Copper(%)a
1 Cu (1) + Zn (lI) 99.67
2 Cu (1) + Fe(ll) 99.45
3 Cu (I) + Cd (I) 99.60
4 Cu (1) + Fe (1) + Al (1) 98.97
5 Cu (I) + Zn (I) + Cd (I 98.85

a. Average of the five replicate determinations

Table 5.Deatermination of copper in certified refeence materials

Copper (%)a RSD
Sample| Certified Referencp Material (Compositio, % Certified Found (%)
value (n=5)
BAS-CRM-10g Sn, 0.21.Zn, 30. Al, 3.34.Pb, 0.023. Ni, 0.06. E86. Mn, 1.36.
(high tensile): Cu, 60.8. 60.8. 60.3. 13
BAS-CRM-5¢g Cu, 67.4. Sn, 1.09. Pb,2.23. Zn, 2Ri60.33. P, 0.01. Cu, 67.4 Cu. 64| 1.p
Brass, Class-1 Pb, 0.00. Fe, 0.01. Cu, 70.61. 7@61. | Cu, 70.56, 14

a.Average of the five replicate determinations
b.The measure of precision is the relative standidation (RSD).

Determination of copper in alloys, steels and brag<Certified reference materials)

A 0.1g amount of an alloy or steel or brass saroplgaining 0.18 - 70.61% of copper was accuratedighed and
placed in a 50mLErlenmeyer flask. To it, 10mL ofncentrated HN@and 1-mL of concentrated,80, were
carefully added and then covered with a watch glasi the brisk reaction subsides. The solutiors Wwaated and
simmered gently after the addition of another 5rilcancentrated HNQuntil all carbides were decomposed. The
solution was carefully evaporated to dense whitedsi to drive off the oxides of nitrogen and theaoled to room
temperature (25+5)0C. After suitable dilution witleionized water, the contents of the Erlenmeyeskflaere
warmed to dissolve the soluble salts.The solutias then cooled and neutralized with a dilute,8H solution in
the presence of 1-2mLof 0.01% (w/v) tartrate solutiThe resulting solution filtered, if necessatiyrough
Whatman no. 40 filter paper into a 25mL calibratiagk.The residue (silica and tungstic acid) washea with a
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small volume (5mL) of hot (1:99) sulfuric acid, lfmlved by water, the filtration and washing werelected in the
same calibrated flask and the volume was made tipetonark with deionized water. A suitable aliq(®#2mL) of
the above solution was taken into a 10mL calibrdtask and the copper content was determined asrided
procedure using Caesalpinia pulcherrima as ageaged on five replicate analyses, the average ctmatien of
copper determined by spectrophotometric methodvealin good agreement with the certified valuese fésults

are given in (Table5).

Determination of copper in environmental water samfes

Each filtered (with Whatman No.40) environmentatevasample (1000mL) wasevaporated nearly to drywibsa
mixture of 2mL of concentrated,HO, and 5mL ofconcentrated HN@o sulfur trioxide fumes in a fume cupboard
following a method recommended by Greenberg etAdter cooling additions ofsmL of concentrated HN®as
repeated and heating to a dense fume continuedtibthe solution became colorless. The solutiors Ween cooled
and neutralized with dilute NJ®H in thepresence of 1-2mL of a 0.01% (w/v) tar@rsolution. The resulting
solution was then filtered and quantitatively tfensed into a 25mLcalibrated flask and made uphto mark with
deionized water. An aliquot (1-2mL) of this precentrated water sample was pipetted into a 10mbicakd flask
and the copper content was determined as descubedr the general procedure using Caesalpinia euiala
agent. The results are given in (Table 6).

Table 6.Determination of copper in some environmemi water samples

Cu/ug !
Sample Added I:()Ldeecovery *+s (%)
0 40
Tap water 100 140 iggfg-g
500 542 +0.
0 35
Wellwater 0| 100 136 igg-gfg-g
500 535 60.
0 60.0
River water 100 161.0 1006204
500 566.0 0.
0 43.0
Lake water 100 144.0 e
500 545.0 9tl.
0 130.0
Drain water 100 238.0 1319
500 640.0 720,

Table 6.Determination of copper in pharmaceutical peparations

Certified
Pharmaceuticals Form value Found | Recovery
mg /tablet %
mg / tablet
3.41 100.6
3.57 105.3
SUPRADYNE | CuSQ 5H20 3.39 378 111
3.10 91.3
53 106
MULTIRICH | Copper 50 jgﬁ? 32‘35
52.07 104.14
0.108 108
0.092 92
MULTIVITE CuSQ,. 5H20 01 0.101 101
0.105 105
1.36 68.0
0.8623 43.1
GBION Copper 2.0 0.8922 44.6
0.954 47.7
0.40 80
0.3047 60.94
NEXBLEND Cuo 05 0.3542 70.84
0.3148 62.96

Determination of copper in pharmaceutical samples

The sample was then ashes in a Muffle furnace @t°56r a 2h in the presence of 10mL concentratedcrétcid.
Then at the following content of each beaker wenmmletely evaporated and cooled at room temperauné of
distilled water to each beaker and warmed slighflye content of each beaker was filtered and nigzechwith
dilute ammonia in the presence of 1-2mL of 0.01%v)wartrate solution, transferred quantitativetyoi a 10mL
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calibrated flask and made up to the mark with de®hwater.A suitable aliquot (1-2mL) of the firsdlution was
pipetted into a 10-mL calibrated flask and the @ppontent was determined as described under theragle
procedure using a Caesalpinia pulcherrima soluéisragent. The results of the pharmaceutical armlygethe
Spectrophotometric method were found to be in ésehgreement with those obtained by AAS.

Determination of copper in soil samples

An air-dried homogenized soil sample (100g) wasieately weighed and placed in a100mL micro-Kjeldidutk.

The sample was digested in the presence of anzinddagent. The content of flask was filtrated tlglo Whatman
No. 40 filter paper into a 25mLcalibrated flaskdameutralized with dilute ammonia in the presenicé-amL of a
0.01 %( wiv) tartrate solution. It was then dilutgal to the mark with deionized water. A suitabligabts (1-2mL)
were transferred into a 10mL calibrated flask amel ¢copper content was determined as described wederal
procedure using a Caesalpinia pulcherrima solw®agent. The results are given in (Table 8).

Table 8.Determination of copper in some surface da@amples

Serial No. | Copper pg/100 g Sample source
S1 20.5:1 Agriculture soil
S2 50.8:1.8 River soil
S3 100.G:1.6 Traffic soil
S4 75.%2.0 Roadside soll
CONCLUSION

It is a new approach and alternative of standarthaaefor copper. In the present work, a simple isiers selective
and inexpensive method with Cu (ll) - Caesalpinigcperrima was developed for the determinationagper in
environmental, industrial, pharmaceutical and saiinples. The method also offers a very efficieotedure for
speciation analysis, factors such as the low cb#ieinstrument, easy handling, portable, lackf requirement
for consumables, and almost no maintenance, hausedaspectrophotometry to remain a popular teckeniqu
particularly in laboratories of developing coungrieith limited budgets. The sensitivity in terms tbB molar
absorptivity € = 4.71x10L mol™* cmi?) and precision in terms of the relative standaedtiation of the present
method are very reliable for the determinationager in real samples.
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