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Abstract

The new azo reagent 4-[ (6-Bromo-2-benzothiazolyl ) azo] orcinol (6-BrBTAO)
was prepared by coupling reaction between (6-bromo-2-benzothiazolyl diazonium )
chloride with orcinol in alkaline solution. The reagent was examined by using
elemental  analysis, UV-Vis, and infrared spectra. A sensitive and selective
spectrophotometric method is proposed for the rapid determination of copper (II)
using (6-BrBTAO), as anew spectrophotometeric reagent. The reaction between this
reagent and copper (II) is instantaneous at 497 nm (Amn.) and pH=4 to form red
complex having a mole ratio 1 : 2 (metal : ligand) and the absorbance remains stable
for over 24 hr. Beer's law is obeyed in the range of (5-30) pg.ml’ with molar
absorptivity (€) = 149x10° L.mol”.cm™and a detection limit of 0.355ug.ml’1 The
precision and accuracy were obtained to be R.S.D%=0.59%,Re%=99.94% and E,.%=
-0.006%.The method is successfully employed for the determination of copper(Il)
in Amalgum dental filling Sampels .The most important interference were due to
Ni*", Zn*", Co*", Cd*", Pb*", Ag'", and Cr’" and suitable masking agents were used.
Key words:-Thiazolylazo , Spectrophotomitric determination of Cupper.
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Introduction
Copper is an essential
element for human body it was

important to establish its fuction in the
body ,Oxygen and electrons transport

constituent of enzymes to redox
reactions involvement  in  the
mobilization to hemoglobin

synthesis'”. Copper levels in serum is
used as marker for many diseases .
Several methods for the determination
of copper are used,such as differential
pulse adsorption stripping
voltammetry'”. electrothermal atomic
absorption spectroscopy(ETAAS) @,
Flame atomic absorption
spectrometry(FAAS) ©, ion selective
electrodes ©. and reverse phase in
HPLC . The thiazolyl azo
compounds and derivatives as organic
molecules highly conjugated with
ahigh chromophore®'? Benzothiazole
is aprivileged bicyclic ring system. !,

Though thiazolylazo and
benzothiazolylazo  compound and
derivatives form avery interesting

class of reagents for spectrometric
determination of several metal ion"'?.
Some of these dyes are very sensitive
chromogenic  reagents  for  the
determination of copper ?. Hetro
cyclic thiazolylazo compounds and its
derivatives have been prepared and
investigated for many purposes ).

It have been widely used as reagents
for the spectrophotometric and
extraction-determenations for many
elements and use as metallo chromic
indicators for the compelxometric
determination of many metal ions!*'®,
and as an organic reagent in analytical

chemistry®?.
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Experimental Apparatus
(FTIR)Spectra(4000-400cm™)in

KBr disk were recorded on
aSHIMADZU FTIR-8400S
fourier.transform. infrared.

Spectrophotometer.\(Japan) , elemental
analyses were carried out on aEURO
EA3000 single elemental
analyzer(Europe),absorption  spectra
were measured on aT80 UV-Vis
spectrophotometer and absorbance
were measured on Apel PD -303UV-
visible spectrophotometer using 1 cm
quartz cells,atomic content were
measured on aSHIMADZU AA-6300
Atomic absorption spectrophotometer ,
A model WTW multi 720 pH — meter
was used to adjusted and measure the
pH of the solution , melting point were
measured using  SMP30 Stuart, UK.

Reagents

All chemicals used were of
analytical grade — reagent unless other
wise stated All  solution were
prepared using de-ionized.water.

Synthesis of 2-Amino6-Bromo
Benzothiazol (2-ABrBT)

2-ABrBT is prerared by a typical
procedure®". (direct
Thiocyanogenation), it is described as
follows:-p-Bromo aniline
(4,3gm,0.025 mol) and ammonium
thiocyanate (3.8 gm,0.05 mol)were
dissolved in(70ml) glacial acetic acid,
cooled in ice and stirred mechanically
while a solution of bromine (4 gm) in
(10ml) glacial acetic acid was slowly
added drop by drop , external cooling
was applied throughout the reaction to
keep
The temperature below 10°C and the
stirring was continued for thirty
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minutes. After all the bromine had precipitate and filtering . Apurified gilt
been added ,the crude product was yellow solid was obtained by filtering,
obtained by pouring in distilled water washing  with D.W , and
(D.W) , an amount of cold NaOH recrystallization with ethanol.

solution was added to separate the

CH3COOH/Br,
Br NH, + NHSCN ——— 3 °f NH,
0-10 C

SCN

Acid

N o
\>iNH2 0-10 C
S

Br
Synthesis of the reagent4-(6-Bromo 2-benzothiazolylazo)Orcinol
[6-BrBTAO]
A (1.145gm ,0,005mol) of (2-ABrBT) ( 1 gm )of NaOH were dissolved in
was dissolved in 5 ml of HCI(37%)and (10ml) D.W and cooled to (0-5 <C), the
(20ml) diazo-salt solution was added
glacial acetic acid and cooled to 0Ce in dropwise to this solution with stirring ,
ice-bath . A 5 ml of NaNO» after mechanically stirring for a further
2 hours , the mixture was allowed to
solution containing (0.3450gm,0,005 stand overnight, purple solution was
mol)was added dropwise and stirred get from which the crude product was
Asprig orange diazo-salt solution was obtained by pouring in D.W and
prepared after further stirring a (0- filteration . Apurified dark red solid
5°C),separately(0.6207gm,0.005mol) was  obtained by filteration&
of 3,5dihydroxytoulouine(Orcinol)and recrystallization with ethanol®®.
N HCI N
/>—NH2 + NaNO2 e /> NACL
Br S B s
NaOH
CHs
0-5C
OH CHy
N X
N
HO
// N=—N Z Orcinol o
Br S
OH

4-(6-Bromo benzothiazolylazo )Orcinol
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Standard solution of copper

A solution of 100 ppm copper,
was prepared by dissolving 0.0251 gm
of CuCl,.2H;0 in 100 ml of distilled
water, working solutions  were
prepared freshly by appropriate
dilution of the stock solution.

(6-BrBTAOQ) solution

A solution of 3.3x10* M was
prepared by dissolving 0.0131 gm of
pure reagent (6-Br-BTAO) in 250 ml
of absolute ethanol.
General procedure

Three ml of solution containing less
than 100 ug.ml'1 of copper (II) was
transferred to a 10 ml calibrated flask
and adjust the pH = 4 with ammonium
acetate buffer solution, added 2 ml
33x10* M ethanolic (6-Br-BTAO)
solution and diluted to the mark with
distilled water. The absorbance of the
resultant solution was measured after
5 min at 497 nm at 25°C against a
reagent blank prepared in a similar
way but without copper(Il)

Results and Discussion
FTIR Spectrum of the Reagent(6-
BrBTAO)

The infrared spectroscopic data of
reagent (6-Br-BTAO) fig(1) and 6-Br-
BTAO-Cu(Il) complex fig(2) have
been studied. The comparison between

spectra  of reagent with  the
coordination Cu(Il) — complex have
revealed certain characteristic

differences some of these main shifts

along with conclusions are given
below:-
1- The spectrum of free reagent
shows a broad and weak
absorption band

around3346.61cm™ due to v (O-
H) . This suggests astrong inter-
molecular hydrogen
bonding**¥. In the spectrum of
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Cu(Il)-Complex the very broad
and weak absorption band
around 3306.10 cm™ is due to
meta hydroxyl group v (O-H).

2- Two weak bands had been
observed at 2924.18 cm™ and
2852.81 cm™ in the spectrum of
the free reagent are due to v (C-
H) aromatic and aliphatic
respectively. These bands are
stable in position as well as in
intensity for both reagent and
Cu(Il)-Complex .

3-The v(C=N) of thiazole
ring®appear at 1624.12 cm™ in
the spectrum of the reagent
.This band shifts to lower
frequency at 1616.4 cm™ with
alittle change in shape . These
differences suggest alinkage of
copper ion with nitrogen of
hetero cyclic thiazole ring!*®.

4- The spectrum of reagent shows
two absorption bands at 1487.17
cm and 1471.74cm™ due to azo
group v (N=N).The position of
these bands in the spectrum of
Cu(Il)-complex is shifted to
alower frequencies at 1454.38
cm’ and 1386.86 cm’ with
decreased in intensity. This may

indicates that it has been
effected on coordination with
copper ion***".

Two bands at 1273.06 cm™ and
1215.19 cm™ in the spectrum of
reagent , these bands are due to
v(C-S) of thiazole ring®®.The
unchanged of these band in
copper complex means that the
sulphur atom of the
heterocyclic ring does not
participate in coordination 6-
The weak absorption band in
spectrum of reagent at 572 cm’'
is due to (C-Br)

5.
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Fig(2):-FTIR Spectrum of the complex

Physical and chemical properties of
6-BrBTAO

6-BrBTAO is dark- red powder which
is slightly soluble in water , it is

soluble in organic solvents , such as:-
ethanol , methanol , DMS , acetone ,
figure(3)show the UV-Vis spectrum of
reagent in absolute ethanol solution
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Fig(3):-Absorption spectra of the reagent(6-BrBTAO) in absolute ethanol

solution
The reagent appears as yellow color in reagent at different PH value is shown
acidic medium and orange in basic in fig(4):-

medium , absorption spectra of the

3.000 ; : T

No. pH

2000 5

Abs.

N a0
=~ N

1.000

240.00 1 S00.00 000,00

Fig(4):-Absorption spectra of the eragent(6-BrBTAOQ) in different pH values

This figure shows two isospestic point at(588)  nm The equilibria of the
the first at (320) nm and the second dissociation be written as follows:-
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Pink solution pH>10.7
Absorption spectra and
characteristics of the complex

The absorption spectra UV-Vis of
the reagent (6-Br-BTAO) and( 6-Br-
BTAO)-Cu(Il) complex are shown in
fig.(5).The maximum absorbance
(Amax) Of the reagent occurs at 461 nm
and copper complex maximum

2.000
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CH3

Orange solution
pH=2-10.6

CH3

absorbance (Amax) at 497mm,. The
reagent reacts immediately with copper
(II) forming an red complex in aqueous
medium at pH = 4 and the absorbance
reached its maximum with 5 min, and
remained stable, for at least, 24 hr, at
room temperature.

!

1.400

1.000 -

Abs.

0500 -

0.000
200,00

00,00
nm.

200.00 1000.00

Fig(5):-Absoption spectra of A:Copper ion 30ppm ,B:6-BrBTAO
reagent3.3x10° M ,C:-Cu-6-BrBTAO Complex at pH=4
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The electronic spectrum of the reagent
shows three characteristics bands, the
two bands are (225,270 ) nm is due to
the (m—n*) transition of the phenolic
ring ,while the third band at (461 )nm
is due to the (n—m*) transition of the
non bonding electron pairs of the
nitrogen atom .The complex of Cu(Il)
with this reagent shows a peak at (497)
nm , this indicate that the reaction
happen between Cu(Il) and the reagent
(6-BrBTAO).

Effect of reagent concentration

In avolumetric flask of (10 ml)
volume (3 ml) of Cu(Il) solution of
constant concentration (30pg.ml™) is
put , the effect of reagent concentration
(3.3x 10°M) on absorbance of the
complex was studied by varying the
amount of the volume of reagent (0,5-
4.0)ml , it was obtained that the
formation was complete  giving

s Y15 ol 332]) 2012-sLaasS sl i ) 481 o) Al

maximum absorbance with 2 ml of the
reagent.

Effect of pH

The absorbance of Cu-(6-
MBTAR) complex depends on the pH
of the solution , the influence of pH
was studied over the range (2-
6)adjusted by means of dil by buffer
solution (NH3;+ CH3;COOH) the
optimum pH rang was obtained
between( 3.5-5) of complex .fig(6)
shows the relationship between
absorbance of complex and pH. At pH
<3 adecrease in absorbance may be due
to the form at ion of azolium cation
result from the reaction between
hydrogen ion and the ione of pair
electrons on the nitrogen atom of the
thiazol ring , and also when pH is 4.5
the decrease in absorbance may be due
to the hydrolysis of copper .

0.3 1
0.25
0.2 1 pH control[Cu=30]ppm
& 0151
0.1 1
0.05

0 T T T T T T T

0051152253354 45 55560657 7588529

pH

Fig(6):-Effect of pH on the absorbance of Copper complex ,[Cu*’=30ppm]

Stability of the chromogenic system
for complex at different time and
different temperature
It was found that the absorbance of
the complex chromogenic system
reaches a maximum value within 5
min and remain stable for 24 hrs .
The effect of temperature on the
absorbance of the complex was studied
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at the range between ( 20-70 )°C, the
maximum and constant absorbance
was obtained when the temperature is
in the range(20-40) °C , and at a higher
temperature of 45 °C the absorbance
was decrease which may be due to
dissociation or evaporization of the
complex (fig 7 )
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Fig.7 Effect of temperature on the absorbance of copper complex

Composition of the complex were showed that the molar ratio of
The composition and the stability Cu-6-BrBTAO complex is 1:2, ( metal
constant were evaluated by both of the : ligand ) and the stability constant was
continuous variation and the mol ratio found to be 147x10° L.mol"

methods (fig.8 , fig.9).Both methods

0.35 - N
0.3 -

Abs.. 0.25 —
0.2

0.15 -

0.1

0.05 - 3

0 ‘ ‘ ‘ ‘ |

0 0.2 04 0.6 0.8 1

Vm \Vm+VIi

Fig(8):-Cotinuous variation method for copper complex with (6-BrBTAO)at
pH=4
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0.2
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0 0.5 1 1.5 2 25 3
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Fig (9):- Mole ratio method for copper complex with (6-Br-BTAO) at pH=4

Analytical characteristics coefficient (0.9981) .fig(10) ,and the
The calibration curve was made giving analytical prameters get from the
astraightline with a good correlation caliberation curveare put in table(1).
0.4 4
0351 y = 0.0088x - 0.0005
0.3 1 R2 =0.9981
0.25 -
0.2 4
0.15 A

Absorpatio 01

0.05 |

0 ; ; ; ; ‘

005§ 10 20 30 40 50
Conc. PPM

Fig( 10 ):-Calibration curve of Cu(Il) complex
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Table (1): Analytical characteristics of the proposed procedure
(N=no. of determination )

Analytical Parameter

Value

Molar absorptivity

149x10° L.mol".cm

Sandell Sensitivity

0.1136 L'.gm.cm

Correlation coefficient(r) 0.9981

Detection Limit(D.L) 0.355 ppm

Linear dynamic range (5-40)ppm
Standerd deviation 0.001

Relative . Standard . Deviation%

0.59%(N=7)

Percent Relative error 0.006%
Percent Recovery 99.94%
These results indicating that this reagent (6-Br-BTAO) during its

method is highly precise and suitable
for the determination of Cu(II)
spectrophotometrically

Interference studies

The effect of the ions Ni(Il),

Zn(II), Co(II), Cd(II), Pb(Il), Ag(I) and
Cr(IIT) which form complexes with the

reaction with Copper (10)ppm was
studied. The selectivity of various
masking agents are examined for
eliminating the effect of the interfering
seven ions. These are KI, NaNO2,
NaF and NH4SCN. The result are
shown in table (2).

Table(2) : Effect of foreign ions on the determination of Cu(II)and suitable

masking agents .

Cu (I) / ppm Foreign ion | Masking  agent(1.0)ml | Error%
100 ppm ,[0.01TM
10 Ni (ID) 1-KI ,2-NH4SCN 1-(-0.004),2- (-0.003)
10 Zn (1D NH4SCN 0.00
10 Co (II) 1-KI,2-NaNO2,3- 1-(0.00),2-(-0.007),3-
NH4SCN (0.004)
10 Cd (I NH4SCN 0.00
10 Cr (ID 1-NaF,2-NaNO2 1-(-0.009),2-(0.008)
10 Ag (D) 1-NaF -0.005
10 Pb (1) 1-NaF,2-NH4SCN 1-(0.004),2-(0.001)
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