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ABSTRACT

Schiff’s bases o-Vanillidine-2-amino-benzothiazole (VBT), o-Vanillidine-2-
amino-4-methylbenzothiazole (VMBT), o-Vanillidine-2-amino-6-
and o-Vanillidine-2-amino-6-
bromobenzothiazole (VBBT) were prepared and characterized by elemental
analysis, m.p and spectral studies. The four newly synthesized Schiff’s
bases were used as chromogenic reagents in the spectrophotometric deter-

chlorobenzothiazole (VCBT),
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mination of Copper. At pH 5.89 these Schiff ’s bases react with Copper ions
at room temperature to form 1:2 [Metal: Ligand] complexes. Beer’s law is
obeyed over the range 0.4ug mL*t03.8ug mL'of copper. Metal ions like
zinc, cadmium, cobalt, iron, lead and mercury do not interfere. The pro-
posed method offers the advantages of sensitivity, rapidity, selectivity and
simplicity without any prior separation and extraction. The method has
been successfully applied for the determination of traces of copper in in-
dustrial effluent samples. © 2011 Trade SciencelInc. - INDIA

INTRODUCTION

Copper isan essential micro-nutrient requiredin
the growth of both plantsand animals. Inanimals, it
hel psinthe production of blood haemoglobinandin
plants; copper playsarolein seed production, disease
resistance and regul ation of water. Both humansand
animal's need some amounts of copper intheir diets,
but very high concentrations of copper can betoxic
causing adverseeffects. Themaost common symptoms
of copper toxicity areinjury tored blood cdlls, injury to
lungs, aswell asdamageto liver and pancreatic func-
tions. Copper deficiency leadsto defect in the pigmen-
tation, boneformation, reproduction andinthegrowth®,

But, it ishighly toxic above certain limitsto organisms
likecertaindgae, fungi and many bacteriaor viruses??.
Inaddition, accumul ation of copper inhumanliverisa
characteristic of Wilson disease, which produces neu-
rologica and psychiatric defectd?. Copper inwater exist
asadivaention, Cu*. Levelsover 0.05mg/L arenot
naturally encountered in ground water. The U.S. Envi-
ronmental ProtectionAgency (EPA) hasset aguidance
level for the USA limiting copper in drinking water to
1.3mg/L. TheWorld Health Organi zation, an organi-
zation that many countriesof theworld rely upon for
health guidance, has established a2 mg/L. copper guid-
ancelevd. Becauseof increasing industridization and
intensification of production, thereexistsahigh degree
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Scheme 1 : Chemical reaction for the synthesis of schiff’s
basesand their copper complexes

of risk and danger to natural systemsandinthisregard
alsotothegroundwater. Dueto theincreasing aware-
ness of the environmental impact of heavy metalsde-
termination of meta ionsin environmental sampleshas
been one of themost important topi cs. Copper inenvi-
ronmental samplesaredueto discharge of minetail-
ings, disposal of fly ashes, and disposal of municipal
andindustria wastes®.

Most metd ions can be detected in environmental
samplesusing analytical methods such asinductively
coupled plasmaatomic spectrometry flow injection
atomic absorption etc®. Ascompared with other tech-
niques spectrophotometry isvery smpleand less ex-
pensivefor determination of elementsin avariety of
samples.

Insearch of new sensitiveand selective organic re-
agents, athorough study of variousbenzothiazole azo
dyes and benzothiazole Schiff ’s bases has been made!™
161, Schiff,sbases have great concern of many analytic
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chemist. Benzothiazole Schiff’s bases, having
multidentate coordination Stesareattractiveandytica
reagents, Sncemany of them form complexeswithtran-
sition metal ions, they form stable 1:2 [metal :ligand)]
complexes'” 9, Synthesischaracterization and antifun-
gal activities of schiff’s bases derived from
benzothiazol e, salicyladehyde are common. But uses
of schiff’s bases as analytical reagents are less com-
mon[2025]_

Thiswork has been aimed to develop asensitive
and specific spectrophotometric method for the deter-
mination of copper, based on theformation of colored
complexes, which are formed by the reaction of the
copper ionwith o-vanillidine-2-aminobenzothiazoleand
itsderivatives. Four new schiff ’s bases, o-vanillidine-
2-amino-benzothiazole (VBT), o-vanillidine-2-amino-
4-methylbenzothiazole(VMBT), o-vanillidine-2-amino-
6-chlorobenzothiazole(V CBT), and o-vanillidine-2-
amino-6-bromobenzothiazole(VBBT) and their respec-
tive copper complexeswere synthesized and charac-
terized by dementa analysis, mp., mass, *HNMR, IR
and U.V spectra. Optimum conditionsfor the determi-
nation of copper ions such as wave length; pH and
rangesof goplicability of theBeer’s law are included. A
further advantage of thismethod isthat, an extraction
procedureisnot required and theanaytical procedure
isthereforevery smple. Thismethodisreatively free
from interferenceof themetal ionslikezinc, cadmium,
cobalt, lead mercury and iron. The method has been
successfully applied for the determination of copper in
someindudtrid effluent samples.

EXPERIMENTAL

Apparatus

Infrared Spectrawererecordedin KBr disk ona
Perkin EImer FT-IR. *H NMR spectra on a Bruker
advanced 600, MHZ spectrometer in CDCI and thermo
DFS doubl e focusing magnetic sector mass spectro-
photometer for mass spectral measurements. ThepH
isdetermined withamode 7007 Digisun dectronicpH
meter with combined glasscalomel eectrode. Graphite
furnace Atomic A bsorption Spectrometer isused for
theandysisof cationsinwater samples. Shimadzu UV
double beam spectrophotometer was used for spec-
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trophotometric measurements.
Reagents

All thereagentswere of anaytical gradeand were
prepared with doubly distilled water.0.05 % (w/v)
Schiff ’s base solutions were prepared by dissolving ap-
propriateamountsof VBT, VMBT,VCBT and VBBT
in methanol. o-vanillin was purchased from Sigma
Aldrich (Germany), 0.2 M aceticacidand 0.2 M so-
dium acetateswere used for pH adjustments.

2-aminobenzothiazole, 2-amino-4-
methyl benzothiazole, 2-amino-6-chlorobenzothiazole
and 2-amino-6-bromobenzothiazoleswere prepared
starting from the corresponding a-Phenyl thioureas?.
The a-phenyl thioureaand a-phenyl 4-methy thioureas
werecyclized with thionyl chloride, toyield thecorre-
sponding benzothiazoles?. o-phenyl-6-chloro and -
6-bromothioureas were cyclized with concentrated
sulphuric acid and hydrobromic acid toyield 2-amino-
6-chl oro benzothiazol e and 2-amino-6-bromobenzo-
thiazol€?®. Thereagentswere further purified by re-
crystdlization and verified by meting points.

Synthesis of the reagents

(1) Synthesisof o-vanillidine-2-amino-4-methyl-
benzo- thiazole(VMBT)

2-amino-4-methylbenzothiazole (1.66 g, 10 mmoal)
wasdissolved in absolute ethanol (15mL) andthen o-
vanillin(1.10 g) wasadded to thissolutiondongwitha
drop of piperidine. Themixturewasrefluxedfor 3hours
and kept for eight hours. Theyellowish orange solid
obtained wasfiltered and washed several timeswith
cold ethanol, dried and recrystallized from carbon tet-
rachloridetoyiedydlow crystdlinesolid.

—— Fyll Peper

TABLE 1: Spectral datafor thedeter mination of copper ions
using VBT, VMBT, VCBT and VBBT Schiff’s bases as spec-
trophotometricreagents

Parameters Cu-VBT Cu-VMBT Cu-VCBT Cu-VBBT
Brownish Brownish Brownish Brownish
Color
yellow yellow yellow yellow
Amax 450 450 450 450
Stability 30 minutes 30 minutes 30 minutes 30 minutes

Molar absorptivity,

O L oL 1T 287x10° 294x10°  22x10°  1.53x10°
(Eif:rn'gﬂ‘)bm’s ade  0116-0.81 0.075-0.78 0.12-09  0.3-0.9
Limit of Detection 0.038 0.098 0.07 0.045
Sensitivity 22x10°  214x10° 29x10° 4.12x10°
Standard deviation 001352 003092 002506 0.02511
Limit of quantification 0.13 0.33 0.24 0.15
Regression (1) 09996 09855 09955  0.9995
Slope 10616 09373 10522 16713
Intercept 000047 000365 -0.0049  0.00035
Correlation coefficient 09998 09927 09978  0.9998
(2) Analysisof VMBT

C,H,,N,O.S requires 64.41%C, 4.73% and
9.39%N; found 64.48% C, 4.7% H and 9.36% N;
yellow crystalline solid, m.p 176C. IR (KBr)v cm™:
3434 (O-H), 1596 (C=N), 1258 (C-0). *H NMR
(CDCI, TMS;8) ppm: 2.76 (5-CH,), 3.96 (5-OCH,),
6.8-7.4 (m, aromatic protons), 9.3 (s,-CH=N), 12.53
(s,-OH). The—OH signal at 12.53 ppm disappeared
upontheaddition of D,O tothesolution, indicating that

itisanacidic proton. Mass spectrum M* ion peak 298.

(3) Synthesisof VBT, VCBT and VBBT Schiff’s
bases

Pure o-vanillidine-2-amino-benzothiazole (VBT)
prepared from 2-aminobenzothiazole (1.5 g) witho-
vanillin (1.10g), o-vanillidine-2-amino-6-
chlorobenzothiazole (V CBT) prepared from 2-amino-
6-chlorobenzothiazole (1.84g) with o-vanillin (1.10g),
and o-Vanillidine-2-amino-6-bromobenzothiazole
(VBBT) prepared from 2-amino-6-bromobenzothiazole
(2.29 g) with o-vanillin (1.10 g) respectively in abso-
lute ethanol. The yellow solids of VBT, VCBT and
VBBT weredried and recrystallized from carbon tetra
chloride.

(4) Analysisof VBT
CH,N,O,Srequires 63.36% C, 4.25% H and

15 12
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TABLE 2: Effect of interferingionsor substances. (0.59ug mL*Copper added)

Copper found

Copper found

Copper found Copper Found

lonsor _ 'Ijolerance_1 (ng mL'l) Error_1 (ng mL"t Error_l (pgmL'l Error_1 (ng mL'l) Error_1
substances limit (ugmL™) i, g (meml?) iyt M8mLY) ipyegr 8 ™ML ihveeT (8 MLY)
Cl- 70 0.059 0.0 0.059 0.0 0.059 0.0 0.059 0.0
so,* 103 0.050 -0.009 0.052 -0.007 0.049 -0.01 0.048 0.059
NO;~ 90 0.059 0.0 0.059 0.0 0.059 0.0 0.059 0.0
F- 38 0.063 0.004 0.645 0.586 0.064 0.005 0.067 0.008
PO, 122 0.068 0.009 0.07 0.011 0.073 0.014 0.072 0.013
DMG 1194 0.050 -0.009 0.049 -0.01 0.050 -0.009 0.052 -0.007
Thiourea 170 0.0 -0.059 0.0 -0.059 0.0 -0.059 0.0 -0.059
Hg'™ 1.25 0.052 -0.007 0.055 -0.004 0.054 -0.005 0.055 -0.004
Pb*? 1.08 0.044 -0.015 0.042 -0.017 0.042 -0.017 0.044 -0.015
Fe* 2.02 0.052 -0.007 0.054 -0.005 0.054 -0.005 0.053 -0.006
Cd*? 212 0.054 -0.005 0.056 -0.003 0.053 -0.006 0.054 -0.005
Zn*? 2.02 0.049 -0.01 0.048 -0.011 0.048 -0.011 0.044 -0.015
Co*? 1.95 0.056 -0.003 0.057 0.002 0.057 -0.002 0.055 -0.004
Ni*2 1.09 0.045 -0.014 0.042 -0.017 0.044 -0.015 0.040 -0.019

9.85% N; found 63.36% C, 4.24% H and 9.84% N;
yellow crystalinesolid, m.p 164°C. IR (KBr) vem™:
3432 (O-H), 1593(C=N), 1255(C-0). 1H NMR
(CDCI,, TMS, §) ppm: 3.9 (s, -OCH,), 6.9t08.0 (m,
aromatic protons), 9.3 (s,-CH=N), 12.49(s,-OH).
M ass spectrum M+ ion peak 284.

(5 Analysisof VCBT
CH,,CIN,O,Srequires56.52% C, 3.48% H and

8.790/135 Nl;lfound 56.50% C, 3.49% H and 8.79% N;
yellow crystalline solid, m.p 224°C. IR (KBr)v cm™:
3440(0-H), 1596(C=N), 1247 (C-0). *H NMR
(CDCl, TMS, 3) ppm: 3.9 (s-OCH,), 6.9t0 8.0 (m,
aromatic protons), 9.3 (s,-CH=N), 12.38 (s-OH).
Mass spectrum M* ion peak 318.

(6) Analysisof VBBT
CH,,BrN. O Srequires49.60% C, 3.05% H and

7.710/135 Nl;lfound 49.58% C, 3.02% H and 7.74% N;
yellow crystallinesolid, m.p 234°C. IR (KBr,) vem?
3432(0-H) 1592 (C=N), 1259 (C-0O). 'H NMR
(CDCl, TMS, §) ppm): 3.15(s,-OCH,), 6.8t0 8.0 (m,
aromatic protons), 9.3(s,-CH=N), 12.38 (s,-OH).
M ass spectrum M* ion peak 364.

(7) Synthesisof copper complexesof schiff’s bases

Methanolic solution of each Schiff ’s base (10mmol)
was mixed with Copper acetate (5 mmol) in methanol
(10 mL) solution keeping metal ligandratio 1:2 with

Hnalytical CHEMISTRY o

continuoustirring. Themixtureswerethen refluxed for
2 hrs, and then hested on awater bathtill thevolumeof
the solution was reduced to 10mL. Thebrown colored
copper complex precipitated wasfiltered and washed
with methanol and acetone. Recrystallized from chlo-
roform and then dried in vacuum desi ccator. Schemel
representsthe synthesisof Schiff’s bases and their cop-
per complexes.

(8) Analysisof VBT copper complex
C,,H,,CuN,O,S, requires 57.18% C, 3.52% H,

10.0830% (2:2u and 8.89% N; found 57.1% C, 3.5% H,
10.05% Cu and 8.89% N; brown solid, m.p above
260°C, ¢ : 2.87x10°L mol* cm™* (methanol) at 450
nm. IR (KBr) v ecm®: 1532 (C=N), 1339 (C-0).*H
NMR (CDCl, TMS, 8) ppm: thesignal at 12.49 for —
OH isabsent in Copper complex and other signalsare

sameasthat of the Schiff’s base (VBT).
(9) Analysisof VCBT copper complex

C,,H,,CICuN,O,S, requires 51.54% C, 2.88%
H, 9.09% Cu and 8.01% N; found 51.52% C, 2.86%
H, 9.0% Cu and 8.0% N; brown solid, m.p above
260°C, g : 2.2x10°L mol™* cm* (methanol) at 450
nm. IR (KBr) v cm®: 1573 (C=N), 1304 (C-O). *H
NMR (CDCl, TMS, 6) ppm: Thesignal at 12.38 for —
OH wasabsent in Copper complex and other signals
were sameasthat of the Schiff ’s base.
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TABLE 3: Resultsobtained for thedeter mination of copper inindustrial effluents

Industrial AASmethod VBT asanalytical o VMBT asanalytical % VCBT asanalytical o VBBT asanalytical %
afluents  copper found  reagent “copper RSOD reagent “copper RSOD reagent “copper RSOD reagent °copper RSOD
(ug mL™?) found (ug mL™) found (ug mL™Y) found (ug mL™) found (ug mL™)

Glowtronics 0.02 0.026 0.52 0.024 0.51 0.024 0.69 0.022 0.54
Marc
batteries 0.02 0.024 0.53 0.022 0.53 0.025 0.69 0.0223 0.53
Allcoats 0.03 0.031 0.50 0.036 0.49 0.033 1.25 0.0321 0.49
Tritan 0.35 0.38 0.46 0.356 0.48 0.362 0.59 0.0359 0.49
valves

aAverage of the five determination
(10) Analysisof VBBT copper complex
C,,H,,BrCuN,Q,S, requires 45.73% C, 2.56%

H, 803(%%20Cu and 22.91% N; found 45.71% C, 2.55%
H, 8.01% Cu and 22.89% N; brown solid, m.p above
260°C, ¢ : 1.53x10°L mol* cm* (methanol ) at 450
nm. IR (KBr) v cm™: 1538 (C=N), 1304 (C-O). *H
NMR (CDCI, TMS, 8) ppm: Thesignal at 12.38 for —
OH was absent in Copper complex and other signals

weresameasthat of the Schiff’s base.
(11) Prepar ation of metal standard solution

Copper (11) Standard solution of the concentration
10°M wasprepared from analytical grade copper sul-
phate crystals.

METHODS

General procedurefor the spectrophotometricde-
termination of copper ions

Standard solutionsof Schiff’s bases of concentra-
tion 10*M were prepared in A.R methanol. Absorp-
tion measurementswere made at 450nm by keeping
reagent blank froma25mL sol ution prepared by taking
1mL of the Schiff’s bases of the above concentration,
ImL of 0.075 pg mL*t0 0.9 ug mL* of copper solu-
tion, 2mL of 5.89 buffer solution and made up to the
mark with methanol .

RESULTSAND DISCUSSION

IR spectra

IR spectraof the complexeswere compared with
those of thefreeligands. The C=N stretching frequen-
ciesinthefreeligandswere observed around 1590 crmr
1. Theshift of thisband towardsalower frequency inal
copper complexessuggeststhat coordination hastaken

placethrough thenitrogen of theazomethinegroup. The
shift of the phenolic C-O stretch towards higher fre-
guenciesinal Copper complexessuggests Cu-O bond
formation. Thereforeit isbelieved that chelation of the
metd ionsinther Schiff ’s base complexes occurs through
nitrogen and oxygen.

'H NMR spectra

H NMR spectraof the schiff ’s bases exhibit a mul-
tiplet around 6.9t0 7.69 6 for the protons of the aro-
maticring. A signal at 2.7 dueto hydrogen of -CH,is
observed onlyinVMBT Schiff ’s base. The azomethine
hydrogen (-CH=N-) leadsto singlet of integrationin-
tensity equival ent to one of the hydrogen around 9.3 5.
Thesigna around 3.9 6 is due to the hydrogen of the —
OCH,. The spectrashow asinglet equivalent toahy-
drogen around 12.5 6 corresponding to free—OH in
the Schiff ’s bases®, disappearanceof thesignal at 12.5
d upon the addition of D,O to the solution indicating
that itisan acidic proton. The higher 6 value of the —
OH groupisattributed to the possible hydrogen bond-
inginthe Schiff’s bases. Absence of the signals around
12.58 were observed in all copper complexesindicat-
ing theinvolvement of the—OH group in chelation with
copper. Thereisno other gppreciablechangeinsignds
of the complexes as observed when compared with the
Schiff’s bases.

Absor ption spectra

Under the experimental conditions, absorption
spectra of schiff’s bases VMBT, VBT, VCBT and
VBBT andtheir corresponding copper complexeswere
scanned at pH 5.89. Absorption spectraof VMBT and
VMBT copper complexesare showninthefigurel.
Absorbancesweredecreased from 370 nmto 500 nm
indl thefour Schiff’s bases. Copper complexes of four
Schiff’s bases show maximum absorptions at 450 nm.
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Effect of pH

Theeffectsof pH onthe absorbance of four schiff ’s
base copper complexesat 450 nm were studied under
different pH conditions. Maximum absorbancefor the
complex was obtained at pH 5.89. Hence pH 5.89
was sel ected for the determination of copper. Itisaso
found that theaddition of 2mL of pH 5.89 buffer solu-
tion was sufficient for the pH adjustments.

Characteristicsof thecopper complexes

Light yellowish orangesolutions, of VMBT, VBT,
VCBT and VBBT solutionschangeto brownish yel-
low solutionsimmedi ately on the addition of copperion
at 5.89 pH in methanol solutionwith maximum absorp-
tion at 450 nm and isstablefor at least half an hour.

Atypica plot showed unequivocaly, that thestable
1:2[M-L] complexesareformed a pH 5.89 (A, 450
nm). Cdibration graph obtained by the recommended
procedurewaslinear over therange 0.4 ug mL't0 3.8
ugmLtinthefinad solution.

Analytical applications

Totest thevdidity of themethod, the experimental
datahavebeen statistically interpreted through thelin-
ear regress on method. Thehigh correlation coefficient(r)
around 0.99 provesalinear dependence of the absor-
bance on metal ion concentration. Correlation
coefficients(r), dopesand intercept for the copper com-
plexesarelistedinthe TABLE 1.

Effect of interferingions

An extensve study wasmade on theeffect of inter-
feringionson the determination of Copper in5.8x10°
M of copper solution buffered at pH 5.89. Thetoler-
anceamountsof interferingionsareaslisedin TABLE
2. Thetolerancelimit of interferingionswastaken as
that value which caused an error of not more than +
5% inthe absorbance. Most of the cationsdo not in-
terferewith thedetermination of copper.

Copper determination fromtheindustrial effluents

Theeffluent sampleswere collected fromfour dif-
ferent electroplatingindustriesof Hebba industrid area
of Mysorecity inIndia Thesesol utionswerecompletely
evaporated; they were digested with 10 mL of conc.
HNQO,, until all the brown fumes of nitric acid sub-
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sidel®3U, Theresidues obtained were extracted with
diluteacetic acid and madeup to 25 mL with redistilled
water in avolumetric flask. Theestimations of copper
ionswerecarried out as described under generd pro-
cedureusingVBT, VMBT, VCBT and VBBT asana
lytical reagents and absorption measurements were
made at 450 nm against the reagent blank and there-
sultsare presented in the TABLE 3. The results ob-
tained by the proposed method agreed with the values
obtained by Atomic absorption spectrophotometric
method (AAS).

CONCLUSION

Four new Schiff ’s bases VMBT, VBT, VCBT and
VBBT and their copper complexeswere synthesized
and characterized. These Schiff ’s bases react with cop-
per (11) ionsin agueousmethanol sol utiontoform brown-
ishyellow complexesat pH 5.89, with astoichiometric
ratio of 1:2 [Copper toligand]. These Schiff ’s bases
are sensitive spectrophotometric reagentsfor the de-
termination of copper. Themethodisrdaivey freefrom
interferencewith most of themetal ionslikezinc, cad-
mium, cobalt, lead mercury and iron. Satisfactory re-
sultswere obtai ned when the method was applied to
thedetermination of copper intheindustria effluents.
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