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Synthesis and Spectrophotometric study of 4- (6- Nitro-2-
benzothiazolylazo) resorcinol as an analytical reagent
for the determination of zinc.

Mohammed K. Khlool and Kasim H. Kadhim, and Abbas N. Al-Sharefy
Dept. of chemistry , college of science , University of Babylon
Babylon-Iraq

Abstract :

4-( 6-Nitro-2-benzothiazolyl azo )resorcinol (6-Nitro BTAR) has been synthesized , and used as
a reagent for the spectrophotometric determination of micrograms of zinc ions. This method
sensitive, selective and rapid for reaction between Zn?* and (6-Nitro BTAR), to form a brown
complex having a molar ratio of 1:2 (Zn - 6-Nitro BTAR) at pH 6. The molar absorptivity of the
complex is (5846 .7 L.molt.cm™) at Amax 462.5 nm .Beer’s law is obeyed in the range of 0.2 -3
ug.ml™* and the stability constant was found to be 1x108 L2.mole?.

The relative standard deviation, recovery and relative error values of method were found to
be R.S.D% = 1.6, Re % = 98.84,and Erel % = -1.16. The most important interference were due to
Hg?* Cd?*,CrO4>, Ag*, Ni?* and Co?" , and suitable masking agents were used. The method was
applied successfully for the determination of zinc in clay of shaat Al-Hilla.
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Introduction

The determination of trace — or ultra trace amounts of zinc becomes more and more
important in different fields such as environmental, biological, and material sciences ®. Zinc are
essential elements for animals, and of ten exist in food, drink and grains .

Many method used to determination Zn?* ions, for example separation, preconcetration or
by inductively coupled plasma atomic emission spectroscopy (ICP—AES)®). Another example
simultaneous determination of Zn in cow liver by differential pulse polarograply @ .

Also spectrophotomctric determination of zinc by using the reagent 2- (3,5— dibromo -2 —
pyridylazo)-5-diethyl amino phenol ® . beer’s law was obeyed for up to 0.36 pg.ml molar
absorptivity 12,000 , the ratio of zinc to regent was 1:2.

Mohmmod et al® used 1-(2-benzothiozolylazo)-3-(4-hydroxy dibenzo furan) for
defrmination of zine at Amax 603 nm , optimam ph (4.8) and molar absorptivity 10820
L.molet.cm . Hnilickova et al? used thiazolylazo resoreinol for determinetion of zinc at Amax
510 nm, at optimum pH (4.8) and molar absorpitivity 32000 .

In this work , the reagent of (6-Nitro BTAR) which prepared by Azhar ® is reprepared and
used for the determination of zinc in aqueous solution and clay of shaat Al-Hilla. This study include
found a sensitive and selective reagent for the spectrophotometer determination of Zn?* at room
temperature .

Experimental
Apparatus



Absorption spectra were recorded with Cintra5-GBC scientific Equipment, while absorption
measurement were obtained with Pye Unicam Uv. Visible SP8-100 double-beem length
spectrophotometer both with matched 1 cm quartz cells. pH of the solution was measured using a
Philips PW 9421 PH meter ( PH + 0.001 ).

FTIR spectra
FTIR spectra were recorded with FTIR — 8000 sehimadzu, single beam , both laser by KBr
disks .
Atomic absorption spectrophotometer 5000 , Perkin — Elmer , U.S.A

Reagents
All chemical were used of analytical — reagent grade unless stated other wise .
All solution were prepared with de — ionized water .
Perperation of Reagent ©
Dissolve ( 3.45gm of para nitro aniline and 3.8gm thiocyanate amounium) in 70 ml glical
acetic acid , after that add drop by drop from burette (1.2 ml Br2 + 15 ml glical acetic acid) with
keep temp. 10 C.

After 15 min add alkaline solution to precipitate the thiazole compound. Take 1.95 gm of
thiazole and dissolve in 50 ml glacial acetic acid then add (5ml conc. HCI + 25 water to this
solution . After that add drop by drop from burette a solution (0.69 gm NaNO2 + 5 ml H20)with
stirring at 10> C to form dizonium salt , then add (1.1 gm resorcinol + 50 ml ethanol) to dizanium
salt to form the 4-(6- Nitro-2- benzothiazolylazo) resorcinol (6-Nitro BTAR).

Standard Zinc Solution

A solution of Zinc®* 1000 ppm was prepared by dissolving (0.208)gm of Znclz in 100 ml
of distilled water, working solution were prepared freshly by appropriate dilution of the stock
solution.

6- Nitro BTAR Solution

A solution of 1x 10~ M were prepared by dissolve 0.079gm in 250ml ethanol.
Procedure

Add 3 ml of reagent (BTAR) to 1 ml from solution containing < 3 mg. ml** of Zn?* in 10
ml calibrated flask and the solution was diluted to the mark with water after adjusted the pH at 7.
Measure the absorbance of the resultant solution after 5- 0 min. at Amax 462.5 nm at 25 C against
blank solution prepared under the same conditions.

Results and Discussion

FTIR Spectra of Reagent

The FTIR spectra of reagent fig.(1) appeared absorption band of  (1-11) at 3454.3 cm*
refer to hydroxy group of resorcinol , absorption band of r ( C- H) at 2947.0 cm™ refer to (C-H) of
aromatic ring, absorption band of r (C-H) at 1649.0 cm , absorption band of r( C = C) thiazol ring
at 1494.7 cm, absorption band of r(N=N) at 1529.4 cm™ , and absorption band at 1328.9 cm™ refer
to ( NO2)1o1D),
FTIR Spectra of complex

The FTIR spectra of complex Fig. (2) appeared absorption band at 3300-2089.8 cmrefer
to (OH) found in para position of resorcinol or found H2O in the complex.

Absorption band appeared at 1647.1 cm™ refer to ( C=N) of thiazole ring different from
this band in reagent because it spilted to lower vibrational that mean coordinated with matel from
nitrogen thiazol ring.

In addituin absorption band spilted in 1529.4 cm™ refer to (N = N) , and that mean
coordinate with matel from nitrogen azo group. In this complex appeared a new band at 553.5 cm™
refer to (M-0).

Properties of 6- Nitro BTAR:



6- Nitro BTAR orange color and stable in ethanol , but at pH > 8.5 its solution being deep
red where this situation may be interpretated as the following equilibrium :
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Fig.(2) FTIR spectra of complex.

Study of the Zinc?" — 6 Nitro BTAR complex:
Absorption spectra :

UV- visible absorption spectra of solutions containing the reagent and its Zinc complex are
shown in Fig.(3). The free Zinc showed an absorption maximum at 231 nm, reagent have 414 nm,
and the complex at 462.5 nm.

2
a c Metal — eeeereeenns
15
K Reagent
o ~
F 3 1\ Complex _
1
Abs |
0.5
0 a
’ :
200 300

Wavelength(nm)
Fig.(3) Absorption spectra of (a) Zn, (b) 6- Nitro BTAR, (c) Zn- BTAR complex. at pH= 6.

Effect of Reagent concentration:

When the amount of reagent added to an aliquot of solution containing 1 mg of Zn?* was
varied from (0.5-4.0) ml, the maximum absorbance was observed on the addition of 3 ml of BTAR
at pH=6.

Effect of pH:

The influence pH was studies over the rang 2-9.5 , adjusted by means of dilute Hcl and
NaOH solution , Fig.(4) shows the relation ship between absorbance and pH, where the maximum
absorbance obtained in the range of pH ( 5.5- 8) . At pH > 8 a decreases in absorbance because the
precipitation of Zinc complex, and also before pH < 5.5 a decrease in absorbance may be due to
form a zolium cationresult from the reaction between hydrogen ion and long pair of electron found
a nitrogen atom in thiazole ring.



pH control

pH

Fig.(4) Effect of pH on the absorbance of Zinc complex, Zn?*1 pg.mi-,

Effect of time and temperature:-

The stability of the absorbance of the complex was studies from 1 to 10 min ( intervals 1
min) till 24 h. (Fig.5) . The maximum absorbance was reached at the 10 min . The absorbance after
this optimal time was, almost stable until 24 hrs.

The effect of temp. on the absorbance of the Zn-6- Nitro BTAR complex was studied. The
study was performed at temp. between 10°c and 60°c ( Fig. 6)
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Fig.(5): Effect of time on the absorbance of Zinc complex Zn?*1 pg.ml=.
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Fig.(6)Effect of temp on the absorbance of Zinc complex Zn?*1 pg.mi,

The maximum absorption was obtained when the temp. was varied between 20C° and 40C°
, at temp. higher than 40 C° the absorbance gradually decreased with increasing temp. until it
reaches 60c°® , wich may be due to dissociation of the complex.

Determination of Stiocheiometry constant 2

The composition of the complex was studied by Job's method (Fig.6,7). Both methods
indicated that the ratio of metal iow to ligand molecules was 1:2 at pH 5.5-8. The formation
constant , calculated by applied procedure, was found to be 1 x 108 L2, mole™,
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Fig.(6): Job plots (BTAR) = [ Zn*?]=1x103, pH=5.5-8.
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Fig.(7): Mole- ratio plots (BTAR)= [ Zn*?]=1x10-3, pH=5.5-8.

Analytical characteristics:
Linearity range:-

Linear calibration graph through the origin was obtained and showed that the complex
obegd Beer's law over the range (0.2-3) png/ml of Zn?*. The average molar absorpivily was found to
be 5846.7 L2.molet.cm™ and the Saudell's sensitivity was 0.0011 pg.cm™ and the correlation
coefficient (r) was 0.9984. The high value of (r) indicate the good linearity and correspondence to
Beer's law.

Precision and accuracy

The relative standard deviation, evaluated for seven independent of 3 ug/ml of Zn?* was
1.6%, and the recovery and relative error for the complex solution containing (1.5) ppm of Zinc are
98.84, - 1.16% respectively. This result show that this method is highly precise.

Interferences:

The effect of the ions (Hg?*, Cd%*, Ag*,CrO.*,Ni?*,Co?") which form complex with the
reagent 6- nitro BTAR during its reaction with Zn**were studied. On the other hand, suitable
masking agents were examined for eliminating the effect of the interfering six ions as shown in
table (1).

Table 1: Effect of Masking reagents on the absorbance of Zinc complex

Zn%*/ ppm Masking agent (2) ml,[0.01]M

Citric acid
Tartaric acid
Ascorbic acid

Oxalic acid

5-sulphosalcylis acid
1,10 phenoanthrolin
NaF

For this table allowstered the citric acid, tartaric acid, and oxalic acid not effect on the
absorbance, therefore making a mixture of this reagent and calculate the absorbance of the zinc.



Analytical Application:

Seeking for applicability of the method proposed by this work the method is used to
determine zinc in a clay sample taken from Shett Al-Hilla which is previously determined by
Al- Tace®™. A sample of clay was dried in a porcelain crucible at 105 C° for 48 hours then cooled,
and 1gm of this dried sample was taken 20 ml of conc. Nitric acid is add to it with stirring then 30
ml of deionized water was add after that the mixture is filtrated using Whatman filter paper, the
filtrate is subdivided into two parts, the first is analyzed using flame atomic absorption (standard
addition method) and the zinc concentration is found to be 132 pg.gm™ . The second part is
analyzed using the method of this research after using the optimized conditions for analysis and it is
found to be 124 pg.gm™,

The two method shows no great difference between them and it is concluded that the
proposed method of this research can be used for the determination of zinc in different matrices.
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Fdsa A 10% X 1.62 Y s pabiaial Julaas 5 a3 565 (o2 el J sall i dadlall sl 8

sl e 5n (8.0-0.1) 6 S5 (san s Lo,

s 8 S aasiul g (195D Sl g (sl yamie a8 a2 du) as TAN W
(Second Akl 44 Hlall 450N 485 al) (33 yha (e Aa LU Z 3Ll 8 6 g ailSl) yiaic
(Solid Phase bl )shall dldas ciaadiul s G)Derivative Spectro photomitric)
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(103) 5 g 2ad\SY A 2-10-1
) ‘}Jﬂ\ ln.a\)q GYLA) U Lﬁﬂ c:\_..mj\ Ll A e u\)ﬁu dac e}.}g.ﬂﬁﬂ
Ze ganall g ada) i 2ic s DNA 55530 Gaalall i s jill 320l ) cilin il Ao gana
adaili vie <05 plusin¥) s Sl ddee aiars (Double helix) il daa Sl Gl At al)
aelaal) a4l s 5l Adla 8 el el iy DNA 5l paalall 8 a5 51 oaill 5208 as
oLl A o« De polymerization s -l 4 ) &asy RNA 553l padlall 8 45l gl
amadia Jelddl) 138 5 Phospho di ester i) aalil) 4l gl 3 pa¥)
po-adlsl) a5l b 3-10-1
A pabaial) 4y b ]

oM (aliaia¥) 48 )l jladl olye (A o spedSll a5 (199 Aielea s Ju chang oS
s 107 X 1.2 sl aa (S8 Caa s sl ol aladiady o 38 yisale ) a3 o)) a5 )l a5 seS])
sy (109 (Majidi, holcomels) gUaiv) LS 94 2.9 (will (ol yaiWl dad g ) salally
SJLQ\FQPL;J\J;J)@SS\ LS‘)JM W@Y\wﬁ&u\yh}ﬁu\%ﬂ\ &LAQ‘}”L_“Ae);MJ&\
o3 LS G alalls ¢ 32 0.0026 i8N aa (LS8 7.8 = pH e Alall 4 glas (a0 50028l S 53
CENPPIPL EN|pEvRT gy (106) aiclaa 3 Borfuh J-8 o= =l oM pabiaia¥) ddllas Jlaxiul
sl ¢ 32 0.03 &l s

) a5 eS80 5 gl 3yl Jlaxinly o 2SI s 8 (109\Wanda Le ol Gl j0 a5
paraat aag gir-acetylene e padind el 3okl 88 o 3 aliaial) Al 4
Gahll (8 el aa K823 208 8 (o sall Jshall die il 313 JS5 e o ) (b aendl)
Osalalls ¢ 3 0.023 (0568 Gaohll (s O slalls ¢ 52 0.042 (26l

Al gl GhY 2
48 e Al g Aadall slal) 8 CUM, PH!", COY, cd!! uasi & (108)aieLea 5 [lidoOU 28
1-phenyl propane-1-pentyl Sulfonyl - 3lSl Jlaaiuly abia 2 oY) (5 yial il s
S 3RS ey Dl La 220-120 G p sl Dad 44y plall ke ) Cus hydrozone-2-oxime
Y% 5.2-2.5 (sanill (ol Gl i) Aad 5 ) salalls ¢ (1.2-0.06) o s2edlSU

Ay sl o saeal Sl pa&ly (DME) Jbaliiall (30 3l adad (199 aieLea s ROAFIQO a5
comniol) ol V) Ay 0 salally o 3 (1.12-0.112) S5 g5 ool ozl bl ) 5l
A iall Al e o sall Aas Aol 50 p spedlSHE 0@ e (19 Y ongnian s LS % 1.58 (ol
o S sisale) ) Aalall ¢ s diidall o2 ddand gy pualiall Ja e 46y yhall o328 caadic) 3 ¢ gV
¢ 32 (0.01-0.001) s =Sl adll by &oaa (zero-crosing potential) (e Aaie YU Joad
B (4) 19 % 0.92 (oaail) ol Cal jai) Jalaa g () galally

(ICP-MS) O 8all diadl La By s ,dl) Slai¥) 4élha 3
o O AL Adlilan pe A3kl 030 o gadlSl) puaie ol (89 dielea 5 Hyung lee o6
Llos S8 laaay Jisudl Joladd i e (5 iny e i)y e caluall | ghall oo 38 5 sale)
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32 (6 (ICP-MS) Sl b U3 Ut ineba A sings o3 Sl il sall L
Ol 6 5a 0,024 + 0.001 (o) b slase <)

Aoa shLl) bl (& S Galaa )l s o saedlSl) & (TD(Chang, J. ang) g Uil
A8y yhall o2 gl (5 3K l (gaall S Cun Lyl a5 58 el oai g Canddn A4y Hhaloda Ala i
¢ 32 (2.0-0.01) s =S A sas JLhaa¥) ol (& (112 saadl QI s 25 () salalls ¢ 5> (2.5-0.03)
Yo 1.4 omniil) adl Gl jai¥) s () salally

(ICP- MS) uadaiud s Ldl & silag I 500 4

Gl 0588 ook e padAILY) A8 g o saeal K1) 583 (89 dlielea s Takayuki (Sa
s =S 5 2 Sodium do decyl Sulfate (SDS) ddlcal axy Sl ool Jases A 52uS 5 50
508 (113 Liclen s Berthelat (-Sai5 8.3 = pH dsaala Alaxie ¢ salally ¢ 5 (1.7-0.42)
) 385 0 sSild) 3 sae ol e 20 o S il assil sl el g 30 e 2 sn sl 4 s3SIl
Sl 55 25 G ey 1 mala % 5 e s sall ethyl ether cuie Jlesinls o sdl
psradlSll LA day o salalls ¢ 3 (5.0) (A oay i€ aa 38y Hhall 028 lae) ¢ 2 500 xie sl

2573 sl Jshll die Gua AT 2S ) ae
8- = (6.6-2 =pH) xic a2l Gl atul (1) 5 Jalll e d e sens ol 8 LS

. 2 (385-380) (o> 5all Jghall 2ie 58, 4II 8 hydroxy quinoline

Agihll 48, bl 5
5-(2-Carbo- i) 5 ik saealSll 0085 (19) (Balshya, Saran) gl
(0.88-0.04) s =S5 35 a3 503 o 5« J b 232 methoxy phenyl)azo-8-quinolinol

Jow e 51 10° X 1.05 Y 00 pabiaial Jalaas 5 4.8-4.0= pH e ¢y salalls ¢ 32

2-(3,5 Dibromo- 2- 4daul s sl 35 o« O (Wang, Zhu) o—Sa
Jshll vie ol ¢ 3o (25) ) daa s i8S 2205 Pyridyl azo)-5-diethyl amino phenol
LR ] Ay g Tan T 50 A1 107000 Y 30 abiaial Jalas g 23 574 (oo sall

2-(5- SN Aad g3 o g2adlSI) 50085 O9) adielaa s Narinder g Uaind dias aul n 4
Acetyl pridinium chloride 25> Bromo-2-Pyridyl azo)-5-diethyl amino phenol
Oslalls e 5a 1402 5 xS 5 (55 2 11 @Sl 5l A ColS Cum 23554 o se sk die
a8l S aay (3-1) sl cpws o B se A1 10° X1.19 LY 5= pabiaial Jalaay g
. e}.mq\ﬁ\ Prsty ‘;ﬁ a2l 2_1)..431\

ary pa a gaadlSll ¢y g el palil) 8 Cuaddiiad A Ay guaad) I 9S) Garg (3-1) Jgdad)

Abta) cilalaal)
(5]
= N s uabai) Jalea | 2
Y- . . e <5)
addlical) (g guanl) ALK (r'l“r:]‘)" il s N sall =
ppm Lo, 1 ga Al Ea
g, |  7-Dibromo-8-hydroxy 396 | 01-30 | 53x10° | 116
quinoline
2. | M-nitro phenol-azo-Salicylic 368 0.31-5 17140 117
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acid.

1-(6-chloro-2-benzo thiazolyl

- 3
a20)-2-Naphthol 632 | 0.15-10| 049x10° | 118

4-(S -Sulpho-2—thiazolyl azo)

) 505 0.2-8.0 23900 119
resorcinol

2-(6—Ethoxy-2benzo thiazolyl

o 620 1.0-2.5 26000 120
azo) chromotropic acid

2--(6—Bromo-2-benzo thiazolyl

o 600 0.1-8.0 8750 121
azo) chromotropic acid

(122123) 43530 pliaS]]-1
o Dhall 5 il (4 G LA& ALLiS Ay e '*:.u\-.ué Ll (S5 ) jall il 2 & Jla
Sl Ay 3030 Oy (24 ¢ 14) Les Sl Lilla 505305 ¢ ) @il 318 ae (amalgams)
[Hg-HOT?" o (Dimer) sas sl o~k e 55 Ll (HE') s oo 33a 50 2 (14)
Al e 0 5S51 yaa) (HGO) oS 51 ¢(2) 2nsSlll Aoy (3530 o 30 5 g
Al Jallaal) 8 b sAl) ade S 5aS i 531 (HQS) o S5 ¢ skl sh el 3 el i
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Laaluidsia el Léﬂ\ Hgcly @00 2 6lS ale 5 2 )Ll elally elsity 43 gl 4ia (HgF,)
a1y ol Lea 1Ll YT A8l Mae b 6 el Culaiaadl e €I Gl 3 G sl (S s

Allaladliu) g 03929 1-11-1
Dbind) oo adola aaly o salall o 3 (0.5) ol Lay dpia y¥1 5 38l 3 5030 aa g
2 (129 ) gl g4 anady 30 ) Jeastivn ((HQS
HgS — HgO —=°— Hg
by e il g sl 6 3 (0.1) sea¥) Cpdall L LasasY 5 Al 3 33 3 aa s g
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}Lk_\d_u‘)ﬂ} ‘(127)L€_1.A‘_.~5‘5‘Aﬂ\ U&ijuu%&jwd&néc}éw\}dwﬂ\
3 "J.’) ] gﬁ Jalia il LL\\SJ 204Hg, 202Hg, 201Hg, ZOOHg, 199Hg, 198Hg, 196Hg ‘;ﬁ 2,3
(128)
LS e padiudi g cndall g ae Dl iy jlaall deliva 8 aodiug 3 3 08 Slaladiul (320 5l
301 AliaaS HO pasiw g « CH3HGX, HQ(CHas)p J-ie Wiannd @iy g lapnaS 4y giaal)

(124) A 2-11-1

el Ay i ) arlanty Ak 5 ) sal) g () (S ABLAT 51315 cels 30 S
G S e o LS ety 5SIL ailobas 23 Sl 131 Tags AaSae LS 8 aa g o)) o
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=5 (HgO, Hgcly, Hgacly) Jhe S pe JS e Ll sl a5 13 ddbis (5 521 o8 &y guiac I
plall g ol (58 g Jaall adast g jadill oy Cus (3050 Jile S 58 5 ) shadll 38l LS )
sl T paal o sinll

G 3 S (31l s 3-11-1
iy gl (k) -1

Oy ke jiamad (3 yha e A0 ¥ S LERY) GUadl (139) aielaa 5 Cosofret padiul
PAN sl el GOl O Y d8ea (pa e Ldad) o 6<5 ) ’” Gl pail Al dude Y1 s
OV 55 aoia 35S pall (85 (33 (3) Adddall Jallaall (8 Zlaia¥) (e ) OIS Cus o) 68 ) 5ISI (8 ol
330 05l Bl AL 5eSh o il 38 pla Craddiial 5 salall £ 0 (7.5-0.34) (538 5 s
HeS LAl Galal e Jaad 3551585 5y Jleninly sl (3 G slalls 6 3 (10.5-0.7) s
Cllad) aa aslaa 308 I 50 50 3345 3 ) e Wil 5 55a5(Piezo electric)  ales)
3D 5y shll ‘_g 33 92 gall Caa )

(Potentiometric) asleae 48 yhy 1] 300 oys2) naii 3D(Allan, Khalifa) »
Jeaiuh HgY  JG (e aBaa (5558 Na2EDTA 3be (e (il J slae ps dspandy el

£ 32 (2.0-0.1) O 3 S =S 8 s Azadll axle (4w g siaadli(Indicater Electrode)

(e A8y Al B ) shae ASpas ldadl Jleatinly olsall (e 3lad (A 1] G0 503 o5 LS () salally
(50-0) 252ay dbadl Aaiull CulS Cun(PDC) s IS A cls il atlS il ()
(133) 2536 (30) Aaladnd (e die G salally 6 3o (5) S any g ¢ galally £ 3a

oSl 48y 5k

AN G s ine (A Al 2B gl 4m (139 dieles s(Nguyen) s
ooty salall e 32 (0.2 — 0.058) oS ) &y Cua Gllass¥) 5 asndll 5 Cilill (e 3l
Clhlee el dua Cadll (e 488 5 Ak 5 (320 3 G adde 068 IS e Al 3l (30 30
0139 5 el 6 5a (0.25) oS any (3530 5 candll (5 gemie G Jualal) Jalaill 4l Jeadl

052) Jslas s (Ruodamine B) ¢aelas i s staill slaa¥) (136) aiclea 5 Balint 2
@ﬁd)ﬁ:m:\:\cﬁ\ cw\wc.ﬁm&&ﬁ‘ é.ﬁ)l\ LS}EMJ.}JSSS/L»L»\ A:m}:\]\ A};ﬁ“ d.ﬂ)l\
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0 pnEl el an g aea 0 (BDB T caalag 1 (o) 1l ALaaY) Al ;o i
Apasi 5 o5 (586) a5 o3 (485) 58 B cppal2 ) 8 5V a5 (IS i ectibans 5015 o il
Ol ¢ 3 (0.005) 23S 2059 2,17 (ool (il ol i) 5 9% 98 Asalainl)

Al palaiay) i3 h 3

M A ) lal) Addadl) aladiiy 1 G030 se) e (139 e lea 5 Khvostikov o8
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B 2S5l 5 A gl DS el (8 3 30 e i o(139) 4 Lea 5 Sakamoto oS
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Radition method — 4siy 3kl 4

& 2 sall 3030 sl (Neutron Activation) (4D (g i sl Japlill 43 jla Caeddin
G0l i il Cadll b ae arle (5S35 adiy 53 (Pyrolysis) el oadl diadll e Talaie) asdl)
O Ol 6 5 (10) A oy 58 A A s il o J geaall &g dliall zalaill (82 5 sall
Oslall ¢ 5 0.05 RS 2y g andl)

A8y ,hll o pldls £ 32 (0.016) 28 5 142 (Subramanian, Santhya) g Uil
(Substoichiometic isotope dilution il (g 5al<ill Casasll Jilas e Cadie) 3 e lall)
(o — Thiopicolin-0- «a3lSl Jleaindy 303 e Abizall Sl s2a 288 gnalysis)
.anisylamide)

¢ 5> (0.45 <0.14) i€ an;y (5 gmc M 5 (5 pmanl) (520 ) iy (143) diclaa s Chen ol
c s e % (7 €10) gl (il ) Gl i) e ) saladly

il 48kl 5

Hg", o= JS susl (Derivative Spectrometry) (494 adall daiiall 48, jl Creadi)
(0.7 — 0.2) ¢ =S5 s> Diethylene Trimine Pentenacetic acid —eilsll Jlaainls Ni'!
Oslalls ¢

4-(2- sl Je il o jrcand JMA (e s hae Al || i 31 2
aie hexacyano Ferrate!! ¢« —séise J slaa 2w Thiazolyl azo)resaceto phenon oxime
(490 50kl 2 52 (0.9-0.01) (5385 5315 23(420) (o 5al) J skl

2-Methyl(3,4-dihydroxy) phenol —ail<ll Jlaxinly 5050 pasiy (1460Nasser
>l Jshall die (0.76) <aiS aay ¢ salddls ¢ 3 (50-0.8) =5 s thiazol hydroxy
Aiphall Clalaall iany ga B85 o (8 Aeaiiusall B3N SSN iany (4-1) saall caus 03 (323)

o da (50 G g udal) palil) b Cueadiia) AN 4 guaadl CAN 9N (g (4-1) J gl

Lbtas) cilaleal)
= N s uakaia¥) Jalza S
;1 adidiual) (g guanl) LIS (n”r‘;x) i) s N sal) % @
ppm o 1-] ga, A 4
2-(1-Hydroxy-2-naphthyl i 5
! azo)4,5-diphenyl imidazole 566 5-60 16x10 147
9 1-(6-Methyl-2-benzothiazolyl 636 35.85 502 x 10 148
azo)2-naphthol.
3 Dithazone + Triton X-100 490 0.4-6.9 3.8 x 10* 149
g | 2-(4-Quinoldineazo)a,5diphenyl | 515 | 5943 | 036x105 | 148
imidazole.
5-(3,4,Methyl Methoxy Phenyl
5 methylene)-2-thiaxo- 530 0.4-14 - 150
1,3thiazolidine.
4-(2-Benzothiazoly
6 az0)2,2biphenol. 590 0.1-6.3 - 151
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(152) ¢yfxBmal) 4 ) i) culd Gilbes 12-1
Estimation of stability constants of the complex
dglute S 5 Je (g giad Jillas jumad o4 ladic 44 yra daall Gl oS A () 5S5 Ladie
O ¢ abae ) Galiaiadld oo gall Jsdall die ) 9Sall dBaall (aliatal iy g A B ialall (4
(ES) Aasilly pabaia¥) 138 (o umns e S Ay 35S Caglall o3a cani () oSl dinall
2 0D (L s al yall 3alall ) A (e Lt Al e (6 g3a8 Jullaa jucaad o5 SIS
M O sSaal) alae VI albiale¥ oo sall J gdall (i die Seaal) (aliatal (s 5 (B aldl A 53l )
(Em) aillly die jumy g asSiia je Al 6 () S

(o) Sal da e Jgaanl) (S A8V ¥ alaall Jlaxinly

S il e A Allae LS (Kas

AB . < A+ nB
Y1 5 )

4 s 385
8/ sl i T pgm shaall SIS 5 ) C i

- ol LS ) Ay )il ate i LS Sy

K, = @C) (haC) 1-2)
Cl-a)
Bananll Y g 22 Jiain dua
DAL (aey 4 ) R S )
1
K —_—
! Kins’[.

Gagl) i 13 -1
) sl il gl ll) Calaay) aalis
(2 el S Baratie (Bl adl g o (g s Adlall uilaia j2 55 S je ppdand -]
A1l AU oY) ae Gldaa juiasl
o Aot 5 CalS 13 e ) U Y it Jillaa b 3L () sl A (g 33EY) 22
Ll ikl el
el ¢ Apmalall A0l ¢ (oS i) adlSl) Jslas s (ge linall Liadll o ylall yaad -3
A gl Claaal) Ay ) il e W pili g5 ) jall da iy«
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Cldirall A g ¢ A ) Y] s ¢ CallSl) /3lal A Cpund -4

18 il ) e Jalai il s CadlS) Lona Jeliy ) el oW Alainall Sl dul 5 -5
Al

Adeall ltinall il 5y 3l Clacall Al 50 -6

Al 48 SIS e ltinall € i geall ) B 27

Aaiall bl 43, Hhall gadai o) al -8

ulbd| Jucd|
Experimental (L) ¢ 32l
Aanional) 5 3ga¥) 1-2
D5 e gl (S el 5 Apndiil) (958 A SV Cilhaa-]
1- Cinter 5 GBC scientific Equment
2- Sp 8- 100, pye un :cam, Englad .
el 8 llAS 5 Lilatian 5 A Ml il ¥ 5 ol Jsdane e S Gkl s J Y1 pasin) 3
- Jllaall Gabiaial (ull ol o gae (8 Jani) 88 U el | el Cilginia
dcaalall Al w8 ea— 2
PH mcter , PW 9421, Philips , England
Steai¥) A 3 bl Jles — 3
Electro thermal Melting point , Gowllands , England .
Aluagll Guld Jles -4
Digital conductivitymeter (Alpha — 800 , courtcloued Itd , in Dovr —
England) .
L e Bl e gl 53 (P58l Gels () 30 -5
BP Bols, Sartorius , Germang .
0p (300 —0) )~ e adai ) -6
Oven B5 Size two , Gallen Kamp , England .



Water Bath 90 , Hambury , England .

el LA Galaia¥) il -8
Atowic Absorption Spectrophotometer — 5000 , perkin — Elmer , U.S.A.

o) yaall Can A Calias

Testscan shimadzu FTIR 8000 series .

-9

Chemical Material Alexivall 43 glsasl) 3 gali 2 — 2
3 sally Jglaa Sl Lagd g 35l e dlle da oy S Landiuwall 4 glaasSll o) sall agan )
Lt slai Aa a5 Letiuad S i 5 4y sbaal)

Ammoninm thiocyanate
Arsenic oxide
Ascorbic acid

Bromine
Resorcinol
Cobalt nitrate hexahydrate
Zinc chloride

NN DN RN

MERCK 48, ¢y 5 3gaall 3 gall _ |

NH4 SCN
A5203
CesHgOs
Br,
CsHsO2
CO(N03)2.6H20
Zncl,

76.12
197.84
176.12
159.82
110.11
291.03

136

99.90%
99.90%
99.00%
98.00%
98.00%
99.99%
99.90%

BDH &S, o0 b gaal) 3 sall — o

1 Acetone CsHsO 58.08 99.90%

2 | Amberlite Resin IR-120(Na) - - Standaerd grade

3 | Amberlite Resin IRA-400(ClI) - - Standaerd grade

4 Carbon tetrachloride CCly 153.82 99.90%

5 Citric acid CeHsO- 192.12 99.50%

6 Dioxan C4Hg0» 88.11 99.50%

7 Glacial acetic acid CH;COOH 60.05 99.00%

8 Sodium nitrate NaNO; 69.0 96.00%

9 P.nitro Aniline NO,.CeH4.NH, | 138.13 99.00%

10 Potassium chromate K,CrO, 194.20 97.00%
Fluka A4S & ¢y 3 3gaal) 3 gall - 2
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1 Sodium hydroxide NaOH 40.0 97.00%
2 Tartaric aeid C4HsOg 150.09 99.00%
3 | Nickel chloride hexahydrate NiCl,.6H,0 237.71 98.00%
4 Silver nitrate AgNO; 169.88 99.00%

A S & (e 5 gl Al gall — 3

1 ) ) ) GCC
o | Glacial acetic acid CH,COOH 60.05 | Analar | R:edel-Dehaeug
Cadmium chloride CdCl,.H,0
290.01 Pure Seelze-Hannover
Dehydrate
3 90- FERCK
Chloroform CH3CI i
4 Mercaric nitrate HgNO3.2H,0 119.38 9904% Hopkin
gNVa.2M2Y | 31062 | 99% Williams
Dehydrate 0
Oxalic acid H,C,0, 99.9%
5 120.07 Flosons

(153)J g 3L g 30 9y -6- sinal — 2 A oY Balal) juiani 3 -2
2 —amino —6- nitro benzothiazole
Al jadla jille (15) (A lae a gl il (e sille (1.2) (e 0580 e Slay
ol & (3.8)s ol 5L 1L e J 9 (0.025) ol 2 (3.450) oo (55 g () 883 ydad
2l 3y il G (mala (e ilide (70) o Gl a s se¥) il sl (3a U0 (0.05)
M@ﬂ\dﬁ@hﬂdﬂ;ﬂu&h}é\jﬂ\@fduﬁ\ J’J}JMJSMJLJJA.\(A(Q 10)‘;\
e}.m)..al\ 2ol 50 Jsdae Caliay @b aay | Ly s g oLl lasdl) gbdbus;_ae.ama 15 324l
Wlle (58 520 J s Ll (e oy Capm 1206 Alaal Je ial 2l o T 5l 5 Sl
455k el g Al yasae yhidl elall ol Yl e C_\u}m\ O Gl Ala sale J5 L
) sedl it & 5 (Bl e Jseaall ) J sl ddaud 5

(159 3 sy g ) (83 S 9L 95 -2 50U -6) -4 AdlS)) juanli 4-2
4-(6- nitro-2- benzothiozolylazo)resorcinol (6- nitro BTAR)
Caandl 13a ‘;‘,Mmigﬂ%)pjdﬁwzoma.uz).odjy CadlKl 1 yoas
38l (& jpumaall Jolall 3ida e J 3¢ (0.010) 21,&(1.950) 413 &3 3 ¢ 4391 44, Hhall g Laly
LA mdls g silie (20)5 SSoal el 5185 hnell paals ilila (5) (e 0585 gie A (3-2)
e saall G 55 Jslas ol o5 67(0) A0 (A gl 35 el sla il (25) 5 a8
3 kad 3 yhad yhaie yilile (5) (o8 o st saall 55 e 50 (0.010) a2 (0.69) 41 e puzaaall
«ﬂ)ﬁﬁ«ﬂj&@é}jﬂ\ )9..4.\\ é}ﬁ'&)\)éj\:\é).)&uﬁ)\emmmeéﬁ)ﬂ\eeﬂ“;\
5 ka5 L a4 s s alad) ele J slae Cilicay a3 3aal) dilee el (3l (5) B2a) Jslaall
2S5 ol 42 (1.000) Jsiss )y sull 0w 5= (0.010) &l ¢ (1.100) = sSall J slall
ol sl baa gl lanie (g oall jaall ) gn 2amall g ylada sla Hilla (50) (2 OLI2all o g2 gl
PH =6 2ic o sll Janys shaiall elall (e 43S Calial (yrie by A8LaW) alail 2ay 5 M ) 500
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sae Jad 5 ey LAl 05l 3 (5 gaimall CBSH oy 3 el (24) 32dd Jslaall &y o3
e ASEN %y g IS IS (3 08 Cada g J i) s g 45 55k e 5 el eladls il
L TLC 4 Akl L 3 g 5 S i 53 45 4l

(156) &l ) Jallanall juudans 5 -2
Oslalls ¢ 53 (100) CroAY (i) (11) Cpea sl (sl Jslaa — |
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oH X Y
Na,HPO,4 Citric acid
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O A el 5 i) (958 (piihaial) 8 (6 — NO, — BTAR) sl dpipha 4l 50 oy sl
128 Aol jo e 5 a5 5 5lSI 5 Bl J 55N cude (8 (159) Ghal -8 (e 5 e J5Y askall
Jshall die lan 3aad paliatel 4 ja dary oSS 1aa o o s Gladd) J ) e oK
O i) Adlallsailall p - 77 A s AIY) SYLEY) JAS (b 5 (2-3) IS5 a3 (414) (o> 5
s 5 y2all 5 (charge Transfer) dasall Juant oalall (<N = N-) sl 53V de sane DA
Gaat a8 (164) 4 uilaniall e colaladl ) o il A8ls (e A )3 s Caand COYERY 028 (e
polial (8 ia ge LS5 5 W) Ao sana yie Jg Al Al () J st s 3l (8 Cp ) Alls SR (e
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O,

N S
Ll -
S Ho

O,N S
|G
B

O

Aad 3305 )5 (7.5 = 2) O Jslaall Bpaaall Ml 5028 die acdl) o388 aae Jaa I N8

oSl Cayla A

O,N s

— N=N
7

OH

O,N s

Ji g&@ .hmj OH

OH

5 Jas ) LS
pH a8 xic
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2
1.5+
Abs 1|
0.5
Gllaall doss 3) Js
: { ' : = -
200 300 400 500 600 700 800
2 Wavelength(nm)
1) pH=6
2) pH=6.5
15+ 3)pH=7
4)pH=7.5
5) pH=8
6) pH=8.5
Abs 1|
051
"! “~e s.c‘
ol, .
200 300 400 500 600 700 800

Wavelength(nm)

O i) dira 3 — 3
Absorption Spectrum gebaial s 1 -3 -3
ol J plaa g ol aa Gua JRA) Siaa o JS Gabiaial) calilal (4 — 3) JSEN G

(462.5) o> sl Jshall die calie (aliaiol dad ddaall Jolaa Hebal 3 (o 31l 059 Jslaa g
0585 (e Ja Lao (5 3 ¢ 3¥1 5 CaBISH  plas (aloaiiol il 5 jlas da 85 6 = PH i

dad)

Abs 1__

0.5
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S A Qe g RISl A glaa g G JAL) dBaa (e JS gabatial) cilb) (4 — 3) JS&

Optimum Condition  dxall Ladl) cig lall 4aa52-3-3

R RALS] e@a_ﬁ

s Joad¥ aaall o) Jsaall e oy Mg ¥ 50 (310 x 1) @SS e lle (4.0 - 0.5) o2
vie slally 6 3o (2) S0 e )il (sa) Jsdae e il (1) g Jeliill JasSY jilila (3)
.2 (462.5) phae¥) palbaiadl s gall J ghall

2 (i 1 g a et g Gy LAY Jo W JlaSin Juad) UGS ana (i (1-3) J g
(6 — NO2 — BTAR) «ad\l)

(7 10 x1) &Y a2 On fila (1) ) abaia¥) Ak
AL o Y g (2) ppm ZnCl; | (1)ppm CdCl; .H, O | (3)ppm HgCl;
i at 462.5 nm at 448 nm at 560 nm
0.5 0.002 0.043 0.024
1.0 0.009 0.091 0.051
1.5 0.026 0.099 0.069
2.0 0.030 0.102 0.088
2.5 0.033 0.104 0.098
3.0 0.036 0.105 0.106
3.5 0.036 0.105 0.106
4.0 0.035 0.105 0.105

S a gpadl Sl g LN Cpa AN ddra Jslae pabiatial dad i (1-3) dsaad) e s

S Sl e ddlidn o g Gl 5 sl e salally e 3 (3¢ 1 € 2) S i (AU 5 5

aaall ) an s (5Y 90 (0.001) S iy il Jslan e ilile (4-0.5) O e sl 5 Jslae

O A sl sdae e 5 (1) ge Jeliill JLSY 488 5illa (3) s CadlS (0 JuadY)
3930 5 a sl

dala 3l 3l il —a
L ol Eua e )1 5yl 3aly o e AT dixa J dae dpaliatal pad (5-3) JSGN
O e Ju laadeles (24) S Jos ey 55 1 Ly 5 2005 Sl Apualiaiial Fad ey (S8 g
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Ol O Je il JLaSY Laidle L 5 Ly ey 4885 (20 — 15) 5,38 a5 Alle 35 585 50 diaal

8yl da e il

O aaly 3 ‘QMJ&\ﬁud}&xﬂm@m&z)\ﬁ\gﬁg@mg) dm\um
L;Aé(30—20)UFLAB)\‘)AJ‘A\AJJQJ.G}M‘@J\‘)M‘HD\‘)ﬁug‘)\‘)ﬂ‘%‘)ﬂu‘d&j\
O S (A a8l dpaliaial Ji aany ¢ alaial Jumil e J ganll duliall 4 ) all 4a )
2(50) 0 St Bl cla ) 3 4SSE gl dbadd) Ja ) (g e
docaalal) Ajal) il -

) aty 3 J plaall pH sty (pa AL 2820 J plae dpaliatial s (7-3) JS&N
e a3 3 (8 = 5.5) Uzl pH O e (A Sl gy Gaa AT G 50l a8 GlSaYL
O 0S5 (A G O OSan 138 5 daal) Apaliaial Jo5 5> pH 53 Jslaall ()5S Ladie as) JSA)
< pH Jslaall LS 13 Ll eg 31 (5 0¥ ae o€l Je i A8l (pa Iy (531 5 o sl a5l 5 5Y)
e o (5O il Jelis & gan Adlaial ) (om0 (S 138 5 J5 dinall dpaliaial (b §

0.12 «

0.11 A
" ——

882 T : cd(I)
08 1 Hg(ll
0.07 + g(In
0.06 +
0.05 +
0.04 +
0.03 4 4 ¢
0.02 +
0.01 +

Abs

0 20 40 60 80

Time(min)

4aia 3 3 bl aa 4 gSiial) cilabaal) 4 gl grada g (5-3) JSAI

¢ Zn(ll)
0.1 - A Hg(ll
0.08 -
[2)
—2: 0.06 -
0.04 -
0.02 1 .—"—-\l\._.\-
O L] L] L] L] L}
0 20 40 60 80 100

Temp.
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B1adl da )3 aa 4 gSial) culainall 45 948 g g3 (6-3) JSAI

Oma ) diaa e dpaalall QA 36 (7-3) LA

5 eall (iaia 3-3-3

(6 — NO, — BTAR) Gl aladials ¢yrea il 5 jladll iaie (8-3) JS&N (o
Jshll ae Gua JAll G sl Jslae (e Osalals ¢ 3o (3 = 0.2) e A e osialde glae jeay
Ol ¢ 3 (0.2) i€ days 1 = 0,.9984 Ll 5l Jaleas s w3 (462.5) o 54l

LS o a5 (5846.74) 55 (£) 5 Y sl (alomie¥) Joalos Ao S 3
(a) = pabaial) Julas Clua JA e Sandell’s Sensitivity S Jails daulua Cua

-4V AN o
a=— B (3-1)
Atwt x 100
10*
S="o0 L. 3-2
- (6-2)

O Al Al 43y Hhall ol iy 0 228 SIS (e 27 a6l e 5080 (0.0011) (s skt CailS
Al e Akl gl 580 5 e Lellentinal AlSa) e Bal 5 ¢
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0.2 -

0.15 -

Abs

0.05 -

0.1 -

conc. (ppm)

O Al B pilaal) Jadia (8-3) Jed)

Sral) dah 4-3-3

2 Gaal A gall Al 93 patsal) il yail) 58y yha (10 — 3) 5 (9 — 3) ol
die (1:2) o Gl ) Gaa jAd) A o GalSEN i (e ity 3 o SlS)) aa Gua jA)

(6 =pH)
0.2 =
0.15 +
) *
7]
2 0.1 + .
0.05 A
O L] L] L] L] L] L] L] L] L}
0O 01 0.2 03 04 05 06 0.7 08 0.9
vm/Vm+VI

6 = pH e Gma i) el 3 paliecall il i) 48y )b (9 — 3) JSA)
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6 = pH e (e Al il 4 gal) dpudl) 48 40 (10 — 3) Jsil

0.7 -
0.6 +
0.5 1
0.4 -
0.3 -
0.2 - *
0.1 +

0 r r T y

0 0.5 1 1.5 2 2.5 3
Mole L / Mole M

Abs

nall 4y ) jiiu) iy Siil) An 0 Glua 5 -3 -3

(1 -1) Yalaall Coa sy (e A1) Sbaad 4y ) 800V G o iy S A 50 s o
K-) &l i) i Aad 5 (0.132) 5 sboss S Aa 50 0 gl 2y 05 3 ¢ (1-3) 5(1 - 2)
A gy Alal 50 (S 5 Al SR Jle daall () e Jalae (Pdse 8IS 10 X 1 =
Naal) ddadi (a3 6 -3 - 3

o e A G gl g (6 — NO, BTAR) sl Jeléi (o ¢ sSiall sdaall ia (pasai]
Crits M es AT B e bl 5 W) Jalaall 5 63 e com gl (5 sa¥) Jalaadl e Al diadl) J slae
i sl lalaall DIS b el Jslae )yl 2 A3 23 daall dpaliaia¥) o) (2 — 3) Jsanll (e
(ol oSl ae dirall ) Ao A1V 038 5 Gaiag Y deall (o)) ol Ll

i gall (A ¥ Jaball o 0 ) el 25 S (e JLAY) dina daliaial a (2 — 3) gl
(A Jalaal) e o ) sal S dlaal) dpaliaia) I (5) dadall jadid) qalludl g

- o) ya) day dBrall dvaliaial | . . o) _yal day ddnal) Lnaliatial
Al sl Jolaall le iy | S L) Jalual

0 0.088 0 0.091

1 0.083 1 0.084

2 0.091 2 0.082

3 0.082 3 0.089

4 0.085 4 0.088

byl g 48 7-3-3
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5 sall il ) ol a1l VA (e aiall ALl 34y plall 482 e el
ol (8 Gl i ga LS ua A J gl e g salall ¢ 3 (3) S A (% R.S.D)

“‘“‘&Ty)‘(%;f (Xi X)) damall e Gl | xg pabaia¥) | el jall A
4 x10° 0.002- 0.163 1
9x10° 0.003- 0.162 2
9 x 10 0.003- 0.168 3
4 x10° 0.002 0.163 4
16 x 10°° 0.004 0.169 5
4 x10° 0.002 0.167 6

0.00 0.000 0.165 7

Y (xi X)?=46x10°
S i = 1.157
x =0.165

el il 22 L (n) Ols 2K _ ol 3l
: .

NS

n-1
i o il
* -6
sp= | 610 ~ 0.0027
(% R.S.D) s sial ounsill (ol Gl jai¥) e o
%RS.D) =>2 %100 ... 6-3)
X
0.0027

(%R.S.D) =——-' x100 = 1.6%
0.165
Al (e (D.L) ol aa e Casen LS

_conc.x S.D %3

D.L =
X
DL 3x0.0027x3 _ 0.147 ppm
0.165

A5 (% E rer) sial) ol Uadll (e JS Ol 23 ¢ Al 46y yhall oy sy
O Jslae e O salalls ¢ 3 (2.5) Sl (2-1)¢ (2-2) ¥ abaall Jlerinis (% Re) Aadlagins!
e Al

Oslall ¢ 32 2,50 = 4gaal) dadl)

Oslalls ¢ 52 2,471 = Aallasl) Aagdl)

COslellb ¢ 32 0.029-=2.50-2.471 =d
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% E o= —0.0290

% Re =100 —.% E 1 =100 -1.16 = 98.84

x100 = -1.16%

w)u‘u‘gr‘ﬁd‘ﬁﬁw‘ﬁ‘u&e% Re 5% Ee5%R.S. Duﬁdseiﬁdhu-ﬂj
Cna Jania 9 480 D Calilll L (pnea HAT) (et 8 Axial) Zoblasl)
caall§-3-3

(Cd?*, Hg?, sV caalidbisn aaa dalse i ulllod s A cileadin)
e g3 Jllae 8 a5 ae 38 e laaga s 2ie N2 AgY, CrO%,, Co™)
du) Al 8 a5 3 ema AL Gl (e O salalls ¢ e (3) 0aS g U 0¥ 038 (e ddliA 38 i3
¥ 5 (0.01) o ilide (2) 24k Graa JAl) 280 Lpabiaial e dilinall caal) Jal e il
(3-3) dsaall A mda 5o LS5 anall Jal 52 (e

caall Jal ge il (3-3) Jgaad

Masking Agent Absorbance
- 0.234
Citric acid (0.01 M, pH=7) 0.242
Tartaric acid (0.01 M, pH=7) 0.235
Ascorbic acid (0.01 M, pH=7) 0.361
Oxalic acid (0.01 M, pH=7) 0.267
5-Sulphosalcylic acid(0.01 M, pH=7) 0.082
1,10 Phenoanthroline (0.01 M, pH=7) 0.143
NaF (0.01 M, pH=7) 0.197

1,10 «5-Sulphosalcylic acid < Ascorbic acid o— S ¢} el Ja s 3
05 sl aall del e Ady 553 Gaa (A ¢ Gra A 53Y Lusa s Phenoanthroline
O 0585 A (1) aby g e (585 o3 A CallSl) e (Cppa JAY) S dpaliaial e Sl Wy il
. NaF 5 Citric acid ¢ JS ¥ 5« (0.01)
Wl «Tartaric acid <Oxalic acid ¢ J<! 55 5= (0.01) oo allis (2) iy g sall Wl
aaf € Cadaa) s o A8 jeal Al 5o oy pal Gl ey (e el KT 7 il J gl pH e
(4-3) Jsaall (8 mam g LS ¢ AL (U G 5Sall DS ol e 2l Sl

O JA) dhaa dpaliaia) o agdail) il gSa J glaa il (4-3) J gl

Alladl (1) pb) e paa | sillall (2) aB miepaa | Absorbance
0.5 2 0.203
1 2 0.199
2 2 0.214
1 0.5 0.184
1 1 0.241

O Adling eﬁ%u\wﬁd\dw\iﬁmuﬂ\w@ﬁﬁdmdﬁél\Q.a.ia;);_gh\
AN (2) 4y g 3e e ke (1) 5(2) 4 e 0o ibile (1) paall hae L asial) J glae o 3
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b LS A xiall il oW1 ol A8 plall A0E01 80l ) Jlenian¥) 8 desShe JSY) o asaal) 2

(5-3) Jsaal)
O ) ¢ gl Jold die Jalaii (Al @l oY) par s (5-3) Jgal
Sow | s S| g

Cd?* CdCl;. H,O 4 -24 %
Hg? Hg(NO3) . H.0 3 18 %
Cr# K>CrQ4 2 0.77 %
Ag* AgNO; 2 -0.34 %
Ni*? NiCl,.7 H,O 3 0.63 %
Co% Co(NO3),.6 H,0 4 -0.52 %

A eiiﬁ_wd\ w&\tnd;\ﬁﬁfd\ u\..iﬁ‘}(\ua.ut_a.aa(s_:%) Jsaall e (i

G V) 3 g o028 padil) 45y Hlal il Undldl Gl &35 (2) 85 (1) ) e o IS il

é_a\)hu.a&}_d\ Jaa JJA&MM\@M\@J\)H\@MCM\M\WL@\ A 8 alsatal)
,_paaill

?‘55“'4&‘ M2ag -3
Absorption Spectrum gebaiad) cish 1-4-3

o sdaa s Gt e n guadl I dias Jglaa e JS ol Gldal (11-3) JSLE
(448.5) oasall Jshall vie alie (aliaicl e elal diaall Jslae o) 3 (5 301 o ¥ 5 CaSISY

0SS (Ao Jag Lea (g 8l o 0¥ 5 CalISN Jglan Galiaial ail 3 plae dad 8 5¢ 7 = pH e
il g e):m.iﬂ\ Ogd) O daagll

2
— adls
o KY* 9
15+ 7 = oo,
: s (s
: : N
: : \
Abs 1L & ™\
: : h "
] \ / \
I ~ \
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s S ¢ o) g AL Islaa g a gadlsl) shna alatal Cigh (11-3) J

Optimum Condition  saall il Gig lall ya52-4-3

g ALY e@a-\

O Le gl 53 Adlia o gaa Ailial xa p saedlS) dixa J dlae dpaliaial ad s (1-3) Jsaadl o
Joad¥) anall o Jsaall e oy 3 5 ¥ 50 (3710 X 1) Sy <l e sille (4.0 — 0.5)
i sl e 3 (1) 2S00 a sl Sl O sl Jsdas e yilile (1) J Jelil) JLsY jilile (3) 52
 ¢(448.5) phae¥) pabaiadl] (o sall J skl

daia 3l B Al il

Lialy 3 ¢ 3yl yie dgie ) il i die 2 guedKl dixa J slae dpaliaial i (5-3) JS) Cpu
O e Ju e deln (24) I o dyie )5y ) Ly 38 435 staal) dpaliaial dag ol (S (1
O O Je i) JLaSY Sliaia U5 La ey 4885 (15 — 10) 5,38 i s dglle 4558 5 Sl
_L_Lm_qu e}.pu&\

Bl Al Ay o il g

G Baaly 3 o seal Sl ains Jslas daliaiial (e b)) pall da o il (6-3) JSall e
2 5 (30— 20) Om e sl yallda jo el g ateall 4y ) jaial e 1 ks ) jall da al o) Ja)
OSay A Sl dpabiaial J5 2 (40) am (pabaial Juzil o J panll Lualiall 4 ) all da )
4SS ) dbal) 3 M s 53 o
dudaalall Al il -
JSEN (e Baa 3 31 (8 — 5.5) G sl pH e 2 (& Sl 13 0 500Kl () ol e LSV
O52) O3S (A s 3m O S 138 el dpaliatial J&5 5.0 > pH 50 Jslaall 055 Larie 40
< pH Jstaall (LS 130 Lal g 3380 () 50¥) e S Jelis Al (pe Jly (5 5 o sall a5l 5 5V
2 5 8N () 50 sl Je i & gan Allaiad (1 (5 o (oS 138 5 J el dpaliaial (18 7
(6 sand) CallS e dgle s Lae JauS g 0l ()50l
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0.025 +
0.02 +

0.015 +
(%]

Ab

0.01 +

0.005 1

asmadlsl) dina o Laaal) Aol il (12-3) Jead

8 jtlaall Asia 3-4-3

(6 —NO; — oGS alaaiuly o gedST B plaal)  nia (13-3) JSE G
o5l (sl Jslaa (e Osalalls 6 3 (0.4 — 0.4) e (A L 0588 de Uae yeday s BTAR)
dad 50 ldly e 32 (0.4) i3S aayg 1 = 0.9925 blii )l dalaas s 23 (448.5) (o sl Jshall 2ie
Jauilw Al calyg as e 31 (4653.36) (sl (£) oY sl paliaia¥) Jalas
2" o, ol e 5 S0k (0.0024)
eIy Adal ) 380 A puaail A 38y plall (b ey AUl 038 (g4 g

2 528l 5 plaall inia (13-3) Sl

0.3 -
0.25 1 -%--9
0.2 -
0.15 -
0.1 -
0.05 -

Abs

0 1 2 3 4 5

conc. (ppm)
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Siaal) dayha 4-4-3
Al A gall A i) 53 patwall Ol yopill 8y 5l (15— 3) (14 — 3) oSl

0.2 1

0.15 1

Abs

0.1 1

0.05 1

0 L] L] L] ' L] L] L] L] L
0 01 02 03 04 05 06 0.7 0.8
Vm/Vm+VI

7 =pH i agadl<l) Shaal b jaieal) cil il 48, 30 (14 — 3) JS&d)

0.03
0.025 +
0.02

2 0.015
0.01 »
0.005 +

0 S NE—

0O 05 1 15 2 25 3
Mole L/ Mole M
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7 = pH die a gradlsl) Shaal 438 gall dpuidll 48y 4k (15 — 3) JS&)

rall 4y ) jiiu) gl SEil) Ay 0 a5 -4 -3

(1 -1) @Yol Gaadaiy o saeal I diral 4y ) Y] Ao o iy LSl da jo Gl a3
K-) Al S8 i daid 5 (0.26) s sbedt S da o ol Lelndai aay (i 3 ¢ (1— 3) 5 (1 — 2)«¢
A sy i) 3 Sy s Al Y] e dieall () e Julea (105 710 x 1.4 =g,

Bl A (33 6 -4 — 3

1Y as0ad&l gl 2w (6 — NO; BTAR) —ailsll Jeldi (e ¢ Siall adnall diad (yaai]
daxa A Jlal) pa LaS ) llbadl g caa sall 560V Jabaall e Caldl adaall Jglaa )l (s
(E B

i gall (e Jabsall Ao o) el dra g I8 o gradlSl) Sina dpalaiial ad (s (6 — 3) Jgaal)

dled g

. A o) ol g Sl dpalaial | A 01 yal 22y dinal) dpalaial
Al i gall Jabsal Al o) Jalual

0 0.295 0 0.298

1 0.291 1 0.294

2 0.293 2 0.289

3 0.295 3 0.287

4 0.309 4 0.292

SIS A abaall Jslae el a4l 55 ddaall Lpaliaia¥) () o3le ) Jgaall e (s M
Ylaie ) 5Ss CallSl) pe dbaall ol e AV 138 5 Jatiany Y dieall o sl calliadl 5 o sall il

hyal) g 4341 7-4-3

(6 - <3 Jlaainly a s &I (G ol poa@il Aadiall Zolidanl) A8 plall 485 eyl o5
¢ 32 (10) =558 (% R.S.D) s 52all (gl (muslidtl) Gl jai¥) s JMA 5 NO,BTAR)
ol (A Al ia g LS (G 0¥ 138 J glaa (e 0 salally

] RPN ) RPN —
(X' X_)té (Xi ,X_) dia-AM o u\)m\ﬂ Xi u.a\..\aia‘)[\ 3g\‘)ﬁj\ (,QJ
I —
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1x10° -0.001 0.173 1
4x10° 0.002 0.172 2
9x10° 0.003 0.177 3
1x10° -0.001 0.173 4
4x10° -0.002 0.172 5

0.00 0.00 0.174 6
9x10° 0.003 0.177 7

Y (xi x)?=28x10°
Y = 1.2219
x =0.174

* -6
sp= |28 610 — 0.00214

(3-4) Malaally s 921l 4 (% R.S.D) s stall (sl oilil) ol jai¥) A Slal

1 (3-3) A8ally s il

0.00214

(%R.S.D) = x100 = 1.232%
0.174

: (3-5) 483%all (3 (D.L) 2iSI 2 A

_3x0.00214x3
0.174

D.L

= 0.36 ppm

T (%0 E por) sl oil) Uil (e S Cilion 5 ¢ Allail 28y 51l Lo olay ¥
O Jslae e Osalall ¢ 3 (1.5) 5aS il (2-1)¢ (2-2) @¥abeall Jleainls (% Re) dabain)
.e}*m\sj\
Osalall ¢ 3 1.5 = 4tial) Zagdll
Oslall ¢ 3a 1,48 = 4ablasl) Al
Gslelb e 320.02-=d

% E= %:2 «100 = —1.3%

% Re=100-%E =100—-1.3=98.7%

Ona Jania 9 480 D Calilll 13 saenlSl) et 8 Amial) Aollasl)

call8§-3-3
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Zn%, Hg?*, — bVl aaaldline cias Jalse dulall i a JOla ciladinl

= o s @ ?ﬁ"“&\ O &= A a1 de ladsay aie (Ni2+’Ag+’ Cr02-4’ C02+)
aul o dnlal) u—% o A ¢ eﬁ.«d\ﬁ\ 052 e Oslall ¢ 3 (S)ﬁsﬂj il ) o2 (pe dilida 381 i
Y54 (0.01) oo islile (2) 230 Cpea JAN 2ira dpealiaiol e ddlind) Caall Jalse il

caall Jal e 8l (7-3) Jsaad

Masking Agent Absorbance
- 0.165
Oxalic acid 0.164
Citric acid 0.158
Tartaric acid 0.162
5-Sulphosalcylic acid 0.014
Sodium florid 0.119
Ascorbic acid 0.151
1,10 Phenoanthroline 0.142

1,10 «5-Sulphosalcylic acid ¢ (= IS o) e3et Joaall 8 Aianival) il i 3
Sl W il ()5S o Al 35 Y Cps 8 ¢ p sl () 22Y L s Phenoanthroline , NaF
¢ 0 5052 (0.01) ool 211 (1) a8 e (35S a5 Al 2ay ¢ 0 g0l KU dpialiaial e
«Ascorbic acid ¢ Y s (0.01) o <allis (2) ad ) z2 Il LI Oxalic acid ,Ctric acid
O el A7 ilss Jglaall pH - 4w Wle Tartaric acid

O 5Sall A8 oy ae L sSall aa Al CaBia) il (ae b el A ja gy ya) LD ey
L Y Jpaall L e ge LS ¢ A3 i

poadlsl) dhre dualiaial o adatl) il ga Jglaw il (8-3) Jyaall

Sl (1) a8, mjepas | il (2) a8, mje pas | Absorbance
0.5 2 0.172
1 2 0.168
2 2 0.144
1 0.5 0.164
1 1 0.166

(1) poan 05 o (o ¢ i) J ol Apaliaa) dadl 8 as geas Jgaall (e TSl 3
33 Gaad Jleaial) 8 Lidle (2) 6B g ie o Jille (0.5) pass (1) o e oo ibile
C Y Jsaall 8 LS Alaluiall il ) Canad 48 plal) 4 gl

poradsll ¢ gyl Jo Ul wie Jalaii Al cli oY) Grg s (9-3) Jead)

O . ‘s QoY) S 8 Uadl)
| dauall
Jasial) 2 el 4 (ppm) Jalaal % (sl
Hg2+ Hg(NO3) . H0 3 -0.28
Zn*? ZnCl, 6 1.7
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Cr#* K2CrO,4 2 0.19
Ag* AgNO; 2 2.6
Ni+2 NiCl,.7 H,O 3 -71.5
Co? Co(NOs3),.6 H,0O 4 -1.2

el ot ) Ca SIS ae JA)atE 08 Sl Gl oY) (e s (9-3) Jsaadl e
(l)eéé..\}k__\ééj‘dﬁ\}.ﬁQ.A@Pe‘&.ul_jdjb}q_ﬁ:&‘CAQ._\.A}A@SQLQ\&MJ(A}:!AJ&\
a2l A8, plal sl Unal) Causial  (2) B e (e ilile (0.5) 5 (1) ) e (e IS0 il
a8 Jie 8 daiall Alail) (330 k) 8 40 - sansall 2adl (e L) an g8 AlA NI G g3Y1 0 g 50 038
) G a3

Gl daa 53
Absorption Spectrum gabaiay) ciuh 1-5-3
GBS Y slaa s GRS e 3 31 Sina slaa (ye S abiaial Glal (16-3) IS (s

DH e a1 (560) o2 sall Jshll tie alie abiaial dad jelal siaall Jslaa o 31 g3l oy 5¥) 5
il (S5 e Ja Laa sl ¢ a1 5 CalSH  glaa aliaial il 3 lie dad a5 ¢ 7.5 =

2
- RALS
1.5 o KY'9N
T s G
1
Abs |
05 | i
it )
H \ al) pass 2-5-3
. . I' \‘ AL paa A
Caa )y A8l oar s TG a e ¢B9 N So5p0) siae faBalaabes asdd -3) Jsadl

aaadl o sl (e gl 3 (5, o (1 Owkleihgiony 2SS (e 5ille (4.0 — 0.5) o e
Osalally ¢ 5 (3) S5 330 s Jslae e silile (1) 3 Jelil) JLSY e (3) s Jumil)
25 (560) pkie Y1 (alsiad] o sall Jshall e

dia 3l B _adl il G

G Baaly M ¢ B Fia dgia ) Dl die (30 3)) Saa J slae paliaial i (5-3) JSAN Cpy
O e Jag Leadelu (24) () Josi Aie 3 5, ) Ly i 5 el paliarial dad £18y JI)
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Os2) o Je el QY St L5 La jliic 4883 (20 — 15) 538 <y dlle 4355 58 53 dieal)
Cadlsll g 55

Bl adl Ay o il g

SN e Jaaly 3 (50 3l G Jslae dpaliaial e 350 jall da jy 5ili (6-3) JSall
da Al 2 2 (30— 20) O e 3l pall da o e g dbeal) 4y ) aiul e 1l s ) jall daal )
O S (A 2rall Lpaliaial 5 2 (40) 22 «pabiaial Judil o J saaall Luliall 45 ) )
L ASSE ) daaall A ) (s
docaalal) Ajal) il -

JSAl (e Laaly 3 Jslaall pH s 3831 diee J slas dpaliaial s (17-3) JSA
JSEN (e a3 3 (8 — 4.5) e sl pH (e 520 (3 IS 13gn (32030 () a (ISaYL 4l
O 0SS (A s O 08 12a g 2kl dpaliaial JE 2,50 > pH 3 Jsdaad) 05 Laie 43)
< PH Jsdaadl GlS 130 Lal e 38 () 531 e CBISH Je i 28l (e JIy 2 5 Can sall 520 5 3Y)
o o A 05 il Je s o gan Ailaiad (1 (5 o)) (S 138 5 JE Sl dpaliaial (8 8
Soardl A ae adle s Lae JuS 5 Haed) (50

0.4 -

0.35 -

0.3 -

m0.25-
g 0.2 -
0.15 -+

0.1 -

0.05 -

0 1 2 3 4 5 6 7 8 9 10 11 12

pH

G Shaa o dudaalad) Al 8L (17-3) Jsdd

b laall (Aaia 3-5-3
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ks (6—NO, BTAR) il aa (36 3 abaal 5 plaall inie (18-3) JS&N (g
>l sl aie 3030 (sl Jsdae g silall ¢ 3 (3= 0.2) 52w (A e s8] e gllas
oabaaia¥) Julas dad 5,0 alalls ¢ 3 (0.2) oS asy g1 = 0.9983 bl Julaas 5 23 (560)
Lol 5,88 (0.0023) Juils Al caalys s M se . 53 (8944.5) (s 5basi (g) oY sall
- 300 (e Akl gl 380 ) (et Al 38y plall (s peaaly Gl 038 g ¢ 2 s

GV B glaal iaie (18-3) Jsdd)

0.14 -
/e —o——-o
0.12 +
0.1+

0.08 +

Abs

0.06 +
0.04 - *
0.02 +

0 1 2 3 4 5

conc. (ppm)

ral) dah 4-5-3
B0 2l Al gall Al 5 8 sl Sl puadll 6y 5k (20 — 3) 5 (19 — 3) CalSal) Gy
Lo 7.5=pH aie (2:1) & il ) 3030 A o)) GalSal Cpda (e gt 3 «adlS)) aa
7.5 = pH tie Gl dhaal b aieal) cil il 48 30 (19 — 3) Jd)

0.02 -
0.015 1

0.01 » .

Abs

0.005 1 L 2

0

0 0.1 02 03 04 05 06 07 08 0.9 1
vm/Vm+VI
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0.25
0.2 1
0.15 4

Abs

0.1 A A4

0.05

Mole L / Mole M

7.5 = pH ais i3l el 4 gl Ludll 48, 5k (20 — 3) JS

Qe all 4y ) AN culi g SSiil A 0 a5 -5 -3

—2)¢ (1 -1) @¥abaall Gadaty (330 31 ddmal 4y ) HELY) Ao il g K&l da j0 Glus o3
= K star.) 20| &Y Culii a5 (0.227) (5 ket SN Aa o () Lglda aay 08 3 ¢ (1-3) 5 (1
A gy 4l )3 (a9 Al EY) e Sl o)) (Ao Ju e (M 5e 710 % 1.7

Saal) diadi (i 6 -5 — 3
el a3 3230 (sl ae (6 — NO; BTAR) <aiilSll Jelisi (g ¢ sSiall dieall dindi e
(Oma A N 8 Jlal) s LSy ) calliadl 5 sl 0¥ Jalal) e Cilal] el J slase

i gall (A a¥) Jabal) Ao o )yl a9 I (3230 Sna daluaial ad (i (10 — 3) Jgal)

lled g

- A o) ol ay dinal) dpaliaial |, . S 01 sal 2ay dinal) dsaliaial
Al i gall Jaluall Al lledd) Jabal

0 0.0392 0 0.0394

1 0.0314 1 0.0321

2 0.0334 2 0.0345

3 0.0338 3 0.0312

4 0.0381 4 0.0378

UL A adrall Jsdaa ) el day A5 85 2Bl dpaliaiaV) o)) o3ke ) Jsaad) (e (i 3
(ol oSl ae 303 Sl (o)) e AV 138 5 Gaiag Y el (o)) (ol Calliall 5 o gl cpdabuall
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hodl) g 484 7-5-3

6 - S ey 3 3l il A agiall ALIal A&yl A8 (e b
¢ (1) =54 (% R.S.D) sl (nl) il ol jas¥) Glws A 0 NO,BTAR)
1oLl (& Gl m g LaS (G W) 138 J glaa (e G salally

| )
(j: _\JX%;JA (Xi -X7) Janall e ol ai¥) | g paleaia¥) | el Al G
9x10° 0.003 0.072 1
4x10° 0.002 0.071 2
9 x10° -0.003 0.072 3
1x10° 0.001 0.070 4
0.00 0.000 0.069 5

4x10° 0.002 0.071 6
1x10° -0.001 0.068 7

Y (xi X)?=28x10°

Y xi=0.49

x =0.07

i (3-3) A8l an sailly

* -6
SD= 1/ 28 610 = 0.0021

(3-4) Ulaally (o gaill & (% R.S.D) (552all (ool oaslill ol pail) dad ilaaal

@%RS.D) =20%21 100 = 39
0.07

: (3-5) 483all (ja (D.L) i€ s dad

DL— 3%x0.0021x3
0.07
Ay (% Eper) ssial) oumntl) Uadll (e IS Clisa o ¢ AL 48 Hlal) Jaia S
Os2) dstae e sl e 3 (2) S5l (2-1)¢ (2-2) ¥ abaddl Jlerinls (% Re) duslasins!
LB
Osilalls £ 3 1,98 = Al Aol
Ol ¢ 3a 2 = dobidasl) Aol

= 0.18 ppm
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Oslalli ¢ 32 0.02-=d

% Ere| = % XlOO = —1%

% Re=100-%E ¢ =100-1=99 %

A8kl o) (Ao IV S % Re 5% E e 5% R.S. D e dS o J3A (a5
s Jasia g A8 D Calilll Nagy (30 1) (paamt 8 Aailal) Al

caall8§-5-3
(Zn2+’ AoVl caasld alilecas Jalse duljallsd o A Cilaati ul
e ssiat dallaa (B G030 05l e a8 e laasa xie Ni%* Ag*,cd*?, CrO%,, Co?")
D85 Al 5o Aol (8 5 30 ¢330 O sl e O selalls 6 3 (B) S s iV e (e Adlisa S) 53
Jalse e (5Y 54 (0.01) (e iabile (2) 22k 3 ) dae Lpcaliaial e ddlidad) Gaal) Jal e
(11-3) dsaall (8 a 50 p sedlSl 5 (aa JlAd) (gne Ul 3 (5 n LSy el
caal) Jalge i (11-3) J g2l

Masking Agent Absorbance
- 0.128
Citric acid 0.129
Tartaric acid 0.152
Ascorbic acid 0.621
Oxalic acid 0.147
5-Sulphosalcylic acid 0.027
NaF 0.049
1,10 Phenoanthroline 0.138

5-Sulphosalcylic acid, ¢ o= S gl odle) Jsaall 8 Al iasiuall mLG Jas
e Sl b 5l 0 o S ARl Y s A e @il O Y bas cuns, NaF« Ascorbic acid
O 5 5 (0.01) e iy (5210 (1) a8y g e (0S5 a SLId 3 a6 (30 ) Ay aliaial
.Citric acid, Tartaric acid

Oxalic « 1,10 Phenoanthroline ¢ JSI s, 50 (0.01) e allind (2) ad ) gz 3all Ll
Ol I 7 5 ilsd Jgladll pH - 4ed Wl acid

O 5Sall A8 oy ae L sSall aal Al CaMia) il (saa 4 yral Al 50 iy yal clld 2xy
L SV Jsaall 8 puaa e LS ¢ 4G )

(G35 dhre dpabialial o 3anl) il g% Jglaa il (12-3) sl

1) ?ﬁj&f p= (2) iﬁf = Absorbance
0.5 2 0.151
1 2 0.123
2 2 0.144
1 0.5 0.129
1 1 0.137
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(1) pom 5% O (8 ¢ 2adl) Jslaal) dnaliaial Aad 8 a3 Jpemn Jsaall (g oDy 3
535 sl Jlanin¥) (8 Lidle (2) by e 0o ilile (0.5) pans (1) ) g 3o s ibile
L Y Jsaall b LS Alalsiall il Y1 Caaal A&y ylall Al

G Qg Jo Ul ale JANaT Al @l g Gy s (13-3) Jgaal)

oY) . . JA1) ) S Tl
" ) dzsall R
SRR S (PPM) Yo el

Zn7 ZnCl, 3 31
ca CdCT, . Hz0 Z 0.84
AG AgNO; 3 0.49

CroZ K.CrOs 5 38
N NiCI, .7 Hz0 5 71
Co™ | Co(NO3).6 H0 7 0.65

ol aadid) Co SN ae Jalati a8 3l U Y1 (s cana (13-3) dsaall (e o

(1) a5 aall Jal s (e g e pladiinly elld 5 Ca 8Kl aa a0 i3S b il 5 (503

) A Ll il Ul it 5 (2) ) e 0 ke (0.5) 5 (1) o) e e IS il

138 e o dagiall Allail) 330 5kl 8 4y = sansall aa) (e Ll aa 68 Al s p¥) 2 g 5 03
ol 33k (e g 53l

(6- NO2BTAR) idlsll aa 4 gSial) cilainal) 4y ) i) juudi 6-3

el (e 1) E) AT ca jall ale of Calafaall 3y ) a0 Cul 8 Il iy adl
Rl Caal /A5a 3 ) At Jia 3 [onic potential (s e (A3 gan SIS g (5 JAY)
) gl dad o o5 G 5 3] 5 sl SH e BB e il elliag G Jlad) () Lay 5 (5!
(185) 1o a4y )yl o5 (pe s dlle 4]
il 9 A1 7-3
45 ¢Sial) il ainall ) jand) cand dadN) Cilidal 1-7-3

G JST gl aall i da 5V Gkl (23-3) 5(22-3) «(21-3) «(1-3) JEaY) s
L Lad s Bipdal culainall o8 < yedal a8} gl e Zn2te Cd? eHg?t cihiaal s o<l
LK) el ) iy e el

Ollainl (13 sy Lee Ll 3aly 5 5 A3 Cilataall Gilpdal 81 4 (3300) de ) oLy )
S Jlaia¥) 5 (0600 g 5 3, Adla ) s a8 50 (B JausS 5 phell Ao gana (55850 el 58 J5Y)
3 e Jaall ) 380 8k s JSE 8 yuad Cladeal) Gilphal o8 Jas o1 285 clall il ja ga s 5o
O 17 A (1649.0) 23l die da8) 6l) 4y g8l 4 jal) cule 3) (16745 yigal) J 5 3Ll 4ilad (C=N)
@)l Gasia Al Sl cliabaiel) o ja caile Liad aba ) gl U gl calaa y5 pan (o dlSl Cayla
Gl 8yt e pall CadlSl Cagla 3 LS BO)(N=N) ) o g 5 Fans (1530-1490)
A e a1 A 3l il 0¥ ae (el & gas Aails laimall Calidal 8 Glaliaia) a8 ga g
5o (o)) (e Al il all il sl a8 5 de ganall 038 (53 2aY all g S 50 3l
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5 e Jan 3l G (690ilial) e Gl e Sl 531 o Gl Bplee b ol i 3
Al - m (1224.4) 22 83 die Za3) 1) (C-S) 3 M @) V) @l e 325l 8 Taa Caula
A_cjmg_ab\_)_ww ao daa b ele e Glaiaadl Gldal dale ga Lae (170) 52l (o SN
ubﬁ‘ﬁ\baduu\@&@&_\gﬁﬁ\o‘pe\;ﬁ\emé; J...xSLt \&jm\‘;u\‘)‘.}uw(c N)
(1000-500) s+ 5. somnal) A8haial 3 i) 5l 5 ey i pemm am 51 55 A 3l
CanaeS gl -l 0 46 6Kl 8 daal) QA D3 623 Mecltiaal) 5 jad) CollN Canda g o
Cas . (O- M) O 055 Al o sl 28 sad 7D Nakamoto 4w b as (344 138 5 (O-M)
vie oyl O s e (1000-400) 2ie el (O- M) O el 5Y) e)A o) « 17Betteridge

A (S5 i (500-400) Dlao

(73) co)abaal) ol gy Anily 93 2-7-3

dplall () o1l Jie laieal) a5 )1 oIS AL judl) Claall (ans (14-3) Jsaadl Gaw
AL 5 Aaalall L gl culaiaal) sda < el 3 A5 paall cilydall 8 Leils 53 AL aa W jlgaail Aa 3
slall (8 GLsall daad L) LaS dadatl) AL  dpdatl) e 4 gucand) Cilydall b Ll 50

e alaie YU il Dack ol ge 3t Cluial) Gl 8 Claiaall cal 5 Al sd ()
Jalay s 2 o2 Electrostatic Factor (EF) oSt g jeSI Jalad) 4 g cudall caS 5
Dipolar Moment kil Jl » 32 (E) Dielectric Constant (b Sl Jadl s oy
ot EF o e Toldie] oLl 4a, ) ) cilyall Dack o8 3 (M X E = EF) i (M)

(EF=0-2) 4ad 5S35 3 Hydro Carbon s s 1S 5 ued) calyddl | ciiall

(EF = i <53 ¢ Electron — donor — solvents (s A1) caal gl Sl : ] ciiall
. 2-20)

(EF = 15-50) 4a (5S35 3 Hydroxlic Solvents 4S5 yuedl cludall : 111 ciiall

(EF = 4d S5 3 Dipolar aprotic solvents cuadl) 46l 43 5 3 je Slude : [V ial)
.>50)

s il e Jaad Il iy 3o pe cndall Aala @l 3l @lla ) Dack S) 3
(DY) dlee 8 Gty Hsadnle Cajlaie s LaS s gl il (50 Y 4l 6l ) 4130 8 J )



55

52.5 |f|4 ...................................................................................
%T _
e e
pq-m m .................
40.0 %% TS E—
37.5 H
35.0 — z\
N
32.5 — i
— o{m bo31.6
4 3
30.0 —} -3oso.8
1T 171 T T1 m_ | T 1T 1 T

40000  3500.0  3000.0 2500.0 . 2000.0
— Testscan Shimadzu FTIR mwoo series’



56

— Testscan Shimadzu FTIR 8000 series
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4 Y gal) Aluua gl 3-7-3

LS el e Ao G yall L) olpa i€l 8 a5 IS0 4 5V sl dulia gl Jariiass
$s¥ = (103 x 1) Sl e claell A Y gl dlua gill o 3 Y Al Ay gl S|
(15-3) Jsaall ¢ Jsli 5 0 st owde Jlanins 2 (25) 500 s A2 2ie

J5EN 5 sl (e b Coldaall qu g1 4 Y el Al 631 (15-3) Jgaad)

Jlarinay (1 sa,lp ), 2am) 43N sall 3:\:‘&*4333‘ o
J sy Gy
73.5 182 ST ENJRrE
75 178 PR E
843 171.5 ERSUE

O32Y) A Claieall 45885 il Lae s o3he ) Jsanll 84 ,Y sall dlua gl il Culac | )
W) 8355 e e (B8 J 5V 5 () st owde (8 Alianiiuall agll o) 3 ¢ (il ) s 5l
(174)
O (5585 Ciltnall ol it oMo | J saall & A Claiaall 4y 5Y gall dplua il 4 e g
I IS e (20 1) s

4 gSial) Culainall ds 53l dall ) 58 8-3

A Y sall Al sl g ecaBlSh ) Sl A b s ¢ Lale Jseanll a3 ) il JYA (pa
5 Ja sl S ja aitliad e Talaic ) 5 ¢dasll) culataal) iad g o) peal) cant Zai¥) Calilal
40 5Sial) el A5V A i) all &) ) Sy 1)



59

O,N s
— N
HO @EN{\ | |

iyl 9-3

o2 b iy sl o (s ol Jll 2350 b el (am JAT (00 IS S 5 b
Lslose 38530 (S8 (6 — NO, — BTAR) <ail€ll oo Gandl 138 8 dagiall 5 £iplall 44y ,lall
Caaldg ¢ a sl Sl Ga Jill e JSI 5l 52 6l 2 5 S 112 5 Ml e e 5 S0 124 ()
A5 Aty 4l 3 palll 8y yeatall (e Jdat o) el A4y Hlall o3 gy Jolall il A5 Hlia
JSV Fal e ol g2 s )Sia 121 5 Tl se Ll se 5 0S0e 132 (oo il cilsd ol (o)Al abiaia)
Aagiall Lllaill gl 48y Hlall il pe 4y e il 4 g o i) e o gedl€D) 5 Gaa AT (e
Adlise ;5le b Clie 3 adall il 8 45, phall oda aladind Sl e Jy Lea

Aldianl) 3BY 5 claliiiuy) 10 -3

(6- oSl aladcin) L€y 43 (5 53 daad) 13 8 Lgall lilea 5 3l il JDUA (g
) Ledladd A5 sle abae )58 Cun A S pealial) (e LESU ikl il 3 NO,- BTAR)
e o & S 30l LaS il V) 038 i LeIDIA (e Sy (aliaiial aad LS 5 Lgal 5 )]
£ 32 (4—0.4) pspedSl 5 5 alalls ¢ 3 (3—0.2) Cpa Al (5 38 5l (gaall @by 3 63 plaall Sisie
sl ¢ 3 (3-0.2) G s o sl

3l g dpcaaladl Nl (il J sdae ana ) Jhie dine JSI Bl Gy pdall s a5 08
a5 4 ) Y] gl g Sl da a5 ol ) 50l L e Slad (3,0 ad) s 50 43 3l
O Ao Aianiual bl cuds a8 g Jaall 5 s siall il bl Gl aiN) 5 65V sall paliaiaY)
¥ L sS (re Sldad ccpraa Janaia g 480 Cld g day j g Al Caaall 28 dandiiial) Abilal) 44, )
G s Jalal ¢ Jaadll i A @l jpand o) Colagiad ol calla

Lgaladial 55 pumnall Colarall Cilipdatl) bl jall oda il Apliall & ganll gllad 431 & i
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Experimental shead 5 3al)
dlaniocal) 3 3gaY1 1-2

G A yall g dpnadinl) (358 Al alilaa-]

ce s e gl AU

1- Cinter s GBC sc : entif : e EQument
2- Sp 8- 100, pye un :cam, Englad .
Sl Lgiilaina 5 4 31 il ) 5 RSN J slaa (e IS Caldal sl J5Y1 anaial 13
oabaial (bl il o sae (8 el 288 U Lal | placall Cilpinie oLy 3
- dalladll
Locadall Al uld jlea — 2
PH mcter , Pw , 421, PH:lips , England
etV da 3 il e - 3
Electro thermal Melting point , Gowllands , England .
Alua gill (Wl e -4
Digital condeetivi tmeter (Alpha — 800 , courtclouel Itd , in Dorr —
England) .
A e il e wal 5 g I Gabas &) e -5
BP Bols, Sartorius , Germang .
0p (300 — 0 ) ol s i 34 -6
Oven Bs Size two , Gollen Kamp , England .
e alas 7
Water Bath 90 , Hambury , England .
el 5 A aliaia¥) Cilhas -8
Atowic Ablorption Speetropho toweter — 5000 , pexkin — elmer ,
USA.
o) yaall it da Yl Cilblas -9
Testscan shimadzu FTIR 8000 series .

chemical Material Aleaiiceal) 4 glrassl) 3 gall 2 — 2

Jshaa b Lad 3 5l e Alle da oy S Aaadioaall 4 sl 3 sall asea )
et da )3 g L IS ) 4 slhaaSl) o) sally
MERCK  4S,& Jid (e 5 3ganal) 31 gall i
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Ammoninm thiocganate
Arseuic oxide
Ascorbic acid

Brominc
Resorcinol
Cobalt nitrate hexahydrate
Zine chloride

NH.scn
AS:0s
CGHSOG
Br:
CGHGOZ
Co(N0s)2.61120
Zncl:

76.12
197.84
176.12
159.8:
110.11
291.03

136

99.90%
99.00%
98.00%
98%
99.99%
99.90%

BDH 48 Jad (e 8 gl 3 gall —

B@oo\]c\u].huot\)_a

Acetone
Amberlite Resin iR-120(na)
Amberlite Resin IRA-400(a)

Carbon tetrachloride
Citric acid
Dioxan
Glacil acelicaeid
Sodium nitrate
P.nitro Aniline
Potassium chromate

CsHsO

eels
CsHsOy
CsHsO2
CH:Co00014

Nado:
No0..CsHs,NH:

K2Croas

58.08

153.82
192.12
88.11
60.05
69.0
138.13
194.20

99.90%

Standaerd grade

Standaerd grade

99.90%
99.50%
99.50%
99.00%
96.00%

97.00%

Fluka 4S,d Ja (e 8 jgaall 21 sall -

1 Sodium hydroxide Naoh 40.0 97.00%
2 Tartaric aeid CsHsOs 150.09 | 99.00%
3 | Nickel chloride hexahydrate |  Nid.6tho 237.71 | 98.00%
4 Silver nitrate Agro 169.88 | 99.00%

2 | Cadimium chloride

Glac:al aeeticaeid
Eelclz1120

CH.coooH

s AT AlS pd U8 (b gaal) A gall — 2
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Abstract

The research includes the repreparation of organic reagent 4-(6-Nitro-2-
benzothiazolylazo)resorcinol (6-NO,-BTAR), and this reagent identified by
using infrared and ultraviolet visible techniques.

A spectrophotometric method for the determination of Zincll,
Cadmium I, and Mercury Il with this reagent was developed. The wavelength of
maximum absorption for the reagent is (414) nm and for complexes formed
between these ions with this reagent was found at (462.5, 448.5, 560) nm
respectively, also best conditions for the determination of this ions were
employed, such as volume of reagent solution, time, temperature, and effect of
pH.

Calibration curves of this complexes were constructed. Beers law was
obeyed in the range (0.2-3.0) ppm for Zinc with a correlation coefficient
(r=0.9984) and molar absorptivity €= 5846.74 L.moll.cm?® and Sandell
sensitivity was 0.0011 pg.cm? , for Cadmium the range was (0.4-4.0) ppm with
a correlation coefficient (r=0.9925) and molar absorptivity &= 4653.36
L.molt.cm® and Sandell sensitivity was 0.0024 pg.cm? and for Mercury the
range was (0.2-3.0) ppm with a correlation coefficient (r=0.9983) and molar
absorptivity €= 8944 L.mol*.cm™ and Sandell sensitivity was 0.0023 pg.cm,

The stoichmetry of the soluble formed complexes were investigated by
both the continuous variations method and the mole ratio method, the ratio (M:L)
was (2:1) for all complexes at pH=(6, 7, 7.5) respectively.

The degree of dissociation (a) and the stability constant (Ks,) of the
complexes were calculated. It was equal to (0=0.132, Ks=1 x 108 L2.mol?) for
Zinc complex , (a=0.26, Ky,=1.4 x 107 L2.mol?) for Cadmium complex, and
(0=0.227, Ks,=1.7 x 107 L2.mol?) for Mercury complex and this refer to that
complexes have a high stability.

Precision and accuracy of the analytical procedure showed for (3, 10, 2)
ppm of Zn(l1), Cd(I1) and Hg(ll) that R.S.D% was equal to (1.6, 1.23, 3)% and
(Erer , Re)% were found to be (-1.16, -1.3, -1)% (98.84, 98.7, 99)% for these ions,
respectively.

All the complexes were found to be equal charged by passing a solution of
each complexes through cationic and anionic resin.



B

The interferences of Ni?* « Co** « Ag" « CrOs* « ions, as well as the
studied ions were described, and they masked by suitable masking agent.

Finely, the physical properties of the precipitates were achieved through
establishment of melting point, solubility, molar conductivity as well as
measurement of infrared spectra, with the suggested of structural formula of the
three formed complexes with the reagent (6-NO,-BTAR).
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