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Introduction L$.oll

a-.U LS. 1-1

roUc , r Ir,Jl ,-- klc,lii g aJl--i g.h,- ,-Jt q-rtJl 4+J^:,11 .:tFt i": 
"Jl 

geJ-:iJl ;1Jv'lu.-

e-l, JS,ig c.lJ-j::il , t.ilisll o:r gi .+-., lfd: ,fu-lL-i !lil$ aJS_l- LrlLc crlr!'* 
"I,jJ 

t'-l-l:lt d:+Jl

elJ.J(\l dS .*, .(2,1)irrl"ll-l a++-C-:+$l-: i-eli. ll .J-fJl e OtL:tt 1,*,,1: 6L"lr-i ',1, elilil^i a!Y-l

416ll p.l-=^Jl ? f ,5, i.1l_.,S1 o56 , ;li:.r .(+':)--Sll3.f-dl LULill Cc$l-9SJl 5j4 glgrii,,,l 4JlJlJl

chromophoric ) aC 4Lt- 6r=13 i-c-r+- & +-r,tl , i L1Sl el i=l r''.r- q)-o ki$;r.l qFl alihll

:lci\i I u.J ,JtSi 3i lgroup

General Introduction

\
-N:O , ,C:O :

,/
N:N-

6J J.^ll 6;.1;^J! .f $-l Hrl- 1* a-d 
-.$;rU & j; crL-a-r- .Jr(51-L+i , i,':,lSJl gj1 -ri

4.jt.ilt 5*$l orA g,"3 (auxochromic group) OJ

,"+/l .llJl 4=ljJ & ol;rJl ora d!.*i il (-OH,-NHz,-SH,-CH3,-C1,-Br,...etc)

.(bathochromic shift) rl;,-o-. a-=l;l ;Jr',:- ,:1 ,r+la-.+-: ,Jlr.i Jl 1),,r*; &Yl
a\l3aYl ,t^ (ppm)  :CJLr ,i J) dL-i $ 1.+ +!U cJ;^S,i-ryqi .=e OCI Ji- a.i--;n 6rLc rki*;-e

. 
(6)(colorimetry and spectrophotometry ) +y!.fl-: a+-il1 ,-$lJUl tlr:'i-tr ajli=- e .F C !,!ill

aJYl J# G-LrIl ilrl r=l 1.6-rl & a.!-LJl ora t:r.oicl hl ,fuJL k-I'lll*_r r:h!,-ll o:a sJS3 1- ULc:

.621, i.i,tsJt..e €:Sll
a+rt $^ 6+rc ,J^l-rr ,& --+ 4+-!sJ1 lL3;Yl e +++lS crlri'* dXJS & , i,1,1-.,rSJ1 "u 1,'!l! gJ

.,-i dilJl aralJl crl;rJl ,i ;!t L.l.lt r'rr- 1).o ;;SiJl 16- \l 4.,61;ll et+.-SllJ ,o3i1.S3y ,rll O3;)l

.4+S-p

t-rlrsy d ,q;J!Jt c,U;.DJ --cJ;Al JJc rli.I. .lll ,=+.-i;l$,Y Cl !G,ll olS;Jl *l ..r. Ol

el3l l.64JSjJ cJ-r::ll ,J-9.Jt J*-l-le *r- e.-3-U3ll Jt UlJl k -,$,,,i,,'J ;1.,i3)l a-..,lll JjYl



1 -(2-Pvrid3,l azo)-2-naphthol
(PAN)

4 - (Z-Py rid j'l azo)res orcin ol
-(PAR)

. cr15 yJl ,'p f +rll lra Jl ,Jh.:iill er e4i9 oU:l ,rs 1-9jtij-J ,(o'8)+.,:L-: ";!i,*..JvaJ_r.tPvJJ

Azo Compounds JjYl c,l$-x 2-1

JtJl l-6-l1-'il dii3;r,-:iJl t6j1-hii-L clj+.i Cl e-lJl ,t,iii)l slr a;*,Jl ,-i.ttFl ; r*j

L- le I+ l- aii:iltc e+15:il: 4J-L,,= kj. +(Il dlli.i 1l r,!-jliJl. ll-,3aYl GIi- e l.6JrLri bys

-i,ilJsll ,ia JiSY E;+: oUrl r+J 
(14-10)+,:=LllJ eL"LJl Jl}jl

. l-lr:.i, ,1, i X.i

__--s.

Lt )**
-N

HO

O
O [>^.^.00H

HO

l - (2 -T hiazolyl az o) -2- n ap hth o I
(rAr\I)

4 -(2-Thiazolyl azo)-resorcinol
(rAR)

ai+ll t<-- eSq:Vl \iilJ (-N:N-) 4+J,,.+ll _e3yt a-r,^.- &- Ll;l$lf ..r. tlf t:a .9A
.dr}r ,+ Ar -r Ar JJ .+-ru R' : R k+ OF 4+i1*rJYl Oi Ol- ,t' (R-N:N-R') LtJl

E* kJ'lii !r--ys k+ d.S-,ll 6'F1I::+-C lJ'tj lllJl kiUlAq 4:61-.JJYI rjYl c,Lsj," j[i4i

drlS-r L,l^ tll hA dLl elJjl Jl.fiyl .+" cE+ l*: t<r:S .r:fl alrill 4+Jl tij-lJ Ulrjl crlj;;Yt



.(1s)dlJlsJ:!-kll: uJ+J ,1$l Ji e:-lt 16<<ii * ,9),1 4UI 1.6;F ki" a;ilj,'lYl ui .r;Vl

'rta ;Jl (Azo benzene) r.rur -l-rYl cSJ^ C ry $*JJYI -r:Yl '-it,<- f,+i Ci,'Ltl r, --lr-l€,rllt "t, 4v-Jl:, - -Y

.c..,!Sll ,-r^ Ldl tra a;-rl 'fr-j ,,,t , 1.6-111 r3+r

N=N.b-db
e W.F ,r:Jl ,:l$Jl +,- l-jJJ 6ii.,* O-}sJ dl oa LA a=6UJJyl y;Yl crl.So 

"d e:Jl ,Jc-r

: -SH) JL a+.:^l.s ,:l.-ar,,- r3q.j 6lrlr-oll tlA 4JJlJEi-l .t +> t*, .'U+i 'oJii-,* ljlill crUgYl

.tt6)asL_r_ryl citilJt 
"J' 

(...._r -OR:j--NHr) & !.'E ri (..., -SO3H

l-l fJF,lt & Cl ,issl e3Jl a# ++y:: A-ai,^;.cJ'"+- fJ-i qrJl JjYl cr15;," ;l
'J+.lJiJJYl ,r^-ii ;H^l a-oJ.+- 3l (o-hydroxy) #:,rr9-*-r-lY!,r*,,i r:rrca tg)pS3;r;a i-c *^+-

o ',ol r.t+-iS .=1c arL- lill U Of" ,illoJla,,.jl-i.;c. 3ltLIli;r.r. csls rl3*, d,;;iltJl f,-l .(o-amino)

' OrqfiYl (tautomric forms) .*-*-:r-Cl dg:ilJl .,!" crrllIMHB) a;r"; ++++-r-.rr9

Ar-N Ar_N
\

- (Azo form )Isoquinone E: O,N

I
(Hydrazone form )

-3150) ai-ti,il .J 4+',:J i,*,1-l +^5 rJS-a eLS;*Jl o* u+ ,*X irs)#-l-,+Cl aei ;^ ;l

,2f, -p

N



ai-tj.ll d ,J+-r+_tfsl L-!J iJ.-el ,:ls; rs: i-=l;l -,*t 6^ ,el;*-11.,-'-i i;yt ,-il+tl d t f (3550

er.ll Jlii,i Cl aeJ*+-ll3 3-1Yl i-y.;.- ,:!Gi o#J tU=r r;p.3-.r.lc cJ+ l.a: 1-3 (1730-1700)

.iJ.3l *lr:.1: 3,=: i-=l;l ,€lJ 1.61l, dJJ.Yl i.c *+- Jl a.l;JL dlJl-cIlSJ .yjYl a-c ...- Jl a-lj J:JJI

iriJ','\l i,;Yl-l (Laser-Raman)..,Ll-l - Jll \-r.69;,=l 
(20'1e).1i*,1rr J)i rl.6.iirJl ora c,.cr $i

er+r;Jl , ;rt (2s-23)66,1rr eh'.1 .(22'21)iihr ^ crJAl /.J+tJ 4+J1+^5 c.,Ll;r ir' ).-ai (X-rays)

s*J lrag-5O ) ct-r+-ltS:,r*"J.- ur*ll f::.il dtr-,ll . ;JL 3i (IH:NIMR) .;y-l:!,r*$t" ui-ll t'-l-dl

,lsl-r ,(II) r (I) OJlilll ljJS r,r.. -r ai!i- 6hr. A a.i!&lt i1.:."r,':tt 4;^$l 6li rj)l 6Ky cr.

.rzog7o99)i$ dis.xi,''.,- ,;Yl d e c!lL.-ll d i.-r*, -FYl ol $:,+

al.rii^ll r-utJl ,''l il i.IL:JYl a-iLll & a.;.J*Jl e^l+^ll LJ+ 4i-!-ll o:a !;l rii-l JiiXJ

a*ihll 6^l+^Jl gti eiJr ua u^,S,ll .,leJ JJ)l ,..iJ',.- r+ly o. cIA: (electron grithdrawal) oUj;rSJX

Jjyl aiJ',.-,os GMIIB) Ol r+_r ril3 ._e;)l a;r,- 4+Jl 
'i:*,1 ,-1^ ];l ( electron donor) ,JUJJISDLI

. tt7),r,,S31r+ 
-it-lYl 6. d-,r!* ,4.1;_;3Yl drl.Sy s'E .93st OJS3

Jlo aiLs (-)J+jll .J' +-+: (Jijl ,(PAR ., PAN) j l*s a."il+j^ll 1c. 3;Yl c'l"Sy ,"+ 1-l

.lii 3;Yl a+.- r+lJ- oJjlill erLr3aYl 
6,o 1#E-.lt cil,i=Jl ,.l+-6.r $c CSI i+ii,t,ll t-ils +lF ,i.*rL-i^

'ii=Jl: r-i,;lsl dr cJs d ::Yt a;J.-r \.g a.,l.i cJ:jlr-till aiL ,Jo qpa;.:Jl3 11411) ll 4lt- i r-l

(IIvtr{B) ll a:J-,h-Jl aiLll 4JJIJ!I-,1 cr +:1". .tl+:+ll aiL cr"!r'E jsl cj_:jl+l3l aiL Oy clJir

ac.J.+ J aJ-,i J3JJI e3loJl d ...JJl 4eJ,.+.llJ JjYl acJ,.+^l-.:*+3 ;rrill r;; agr=l rJ# fuJ$i"ll

.(27'2a)o9.1 ryylX Jj)l !.+- 4+Jl ni-,l dJ^ Ol+;l JLi;.,ti gf itl- ,.lJ$ 6-tsll .:ica r3;Yl

E:N,O
M-Metal Ion

Ey Jj k: k-l'3i 6: -rii 6--ll ,Jis+ kelJilJ JjYl d.l"Sy i-iJtr- kDi ,i i-s;l, 'o1s,^a ol.tc),

3jYl *LS;^J aiLJl 4,"i1+i. _9jYl crls; L"a rJ,,rcJ,r J! fJl rl .,3;Yl 4sJ,^+- 
"t'} 

aII_*Jl crlitll

Sr

-N

\

N

M

4



,',-.,\t /-r-*l€;\'jl aiLil a,jl11^ ;;i c.rl+s-*.ll .,le u.l-ial +,-:s-r:--r .aiul a."il+j-o JJt

IfomocycLic Azo Compounds - 
*,i;t'r sjYt c,5- l-L-L

.J' +:,-: Y ojll #-ill g.116\- Zy A JjYl 4-eJ^+-+ itIJJl_:Sl-JJYI sl-ilJl k* ..t-rs:-r

. i,li;.i Cl .E>yt ,;)l .Ky dJ. +r,ll elt-ra ei l*S (JSiJl jJl +_+ jjYl qS_* t-6p.3 +15.0 el;i

.r+Jdl a.6- Ln Ji qrt-'i Jj olsJJl .1. tll hA #,.d i s .r+u_,JYl aitll ,+ crr*b,o-Jl ,-DuiL

rJ^ 'J*J-J3 3-lYt a-r'^-* Jl a.+*J jt-li ell 1,! ab6oJ^+- ,i ;r=1, tl..JJr{ 4cJ*+- l;,;-9 Jl i..,;
.ol-rs;Jl ora r-,=.+i o+*Sjl 6+:tt .=* Lg, .(28)a-j).+*il oriC ;JJlJl J:'lEijll3 dr-il1 c.,l.L\.

4-@henylazo)resor.cinol 1-(o-Carboxy benzene azo)-2-naphthol

-_ 
(cBArg

l-(2-Amino-l-naphthyl azo)-2-hydroxy benzene l-(2-Chloro benzene azo)-2-amino naphthyl(ANAHB) (2-CI-BAAN)

&:s tui" 1s-1 dr +;rr .r+J,{!ll aron 3;Yl c.,!Sy crliL .,Jc .rt;.=ll ..r. t:rll lra r3.:3 ;l
l+rrll e- 

"1-.r- 
++-yr ,i i-.,*,,tr-, Ji !-l-. 4jtjl$ clE[= #F D. dJ^ c.,!s-,Jl oU G+lisl -tGJyl

6r!j & ,J^': 3;Yl 4cJ +- JJ i+"J y-,,-ri e-dt .,-i or.:yJi .*, Jl .4+:trtll ol-,;pyt c.,..-

5



#-F Jl ,s->- Al ,:fu 4JJl Gi-Yl o$-r ( 2e)r$l o.l-=:q1Gy Aj-SLll cilr;Jl 4JJl,.il-l

.:rSJl ;JlJl q-h*JlJ a;-Uill 61iIJl

r,-Js !+ ,*1, gi 4l ui.J oi dHI iii 4+J."+ll 3_2yl ic ,^-- *ll +l"J l-,! :i u+ g_e.:t d cr::,.:lr ui

.(30)a:_:S:"lt r.:lriir-^\l !_,1 *i-l: i"4dJ$l siilJl
ou plrri"'l rl:;l or:qi.-Jl i;61a ++,,1J ,.SrJ- - t" ++lilll 4+-,1.^+ jE+ :jYl .:lSy rJ. t3.rJl l.a 

c.,,!

. .(31)dj.+ill 5lj:J astll ol*-:,*Jl i orl<;Jl

o:a reif{sferocyclic Azo Compounds iilr|t ;;q:" Jp siyt d,t s. y Z-Z-l
A[.ti a-cJ*+- dr i6i Jr t-&,lJt=y iJlil 4+ljls:ll e!^,$l ,J,*. .d L+Jl .jiljsll u^ cjrsll
, i.'"1-.,s1 .1. ,''-.,. i hl (ajJl;ll q;iijl c.rLr-.;Yl * iurrs Al:ir :;F .,Jo +,31 '.! i:-t,
a,;ll'iJl J+;c'r';l-ll 6l .(32);it';iJl 4+jLll er-rjayl rJ^41+ll -trljl cr+_ld--iii,.Lklt
ty: k+S'p os iS':l-LIl ;;,rL-Jl cl;rJl rE-l L:u +.!+ clt+ 33Yl c.tSr^ LJ. Z ill l* ,f
J! A+J i-,-ri CFI ,r-i g;*3;r,u 6-l! :js.3,, L+* etru: k,i Yl aiLlt J' aG.,-lt el*^lt
cil-rgYl e .i-Bl kJnr J,,-ii. -ur e-l-,sll 6..1r-r Jr g.l,- ,*jll 4rJ*,+Jt ,-,vt a-cJ*.-

(g:hJii.,* 
trtuL"r f.i*\6 aiL. LHJS:3 Ulill

-A
,_f,-1-:5_

/
-N

:a+Yl 1l;Yl JJ (A) iJJl ,-iliiL, oia 3;Yl crlSy #-"t aF"J

Pyridyl Azo Compounds gjl r,Lr.,Jl crr j<.l,l l-Z-Z-l
g^ j;si ctl.l (++3;a;.,6Ji) a*JL-i. ;gi 6J,l-U* E_2r .r_p. _l q+ l*.-(A) 6JJt uJ+Jtslt dil kS- -l

.(PAN) -r (PAR)-ts-.is c,!s!l ;i-" g3-:lt 1* dl^r

kr+L.-l+ jlj^j crJl cj+6;-,.#l 6^1*-.J' WIJ:-y !;^LJl a!.-yl dr..SlJSil ..t tCl lu r+_r

i St-,-r. l&: ta 'lt-l cr-jill-l e-r-;s-l-r:lSllJ ,,l,iYlJ ,-Fl*ill cJ "Stt dL tu-G'il crl+r^Jl 
"+ 

U.lJl

6



.eul

dJ-- d eAB) ' i'i'Lsl ('o) 1S-= orls (7)a..,i.t i-l;r .Jl. dr a:i-Ljl u^ rrc ,J.-i .a
:i*.:.tJl allJl i-.,i J$ll4!-!Jl or,sl;g;g; g+- 6l-ti ,Ja+r,il J)_:t - gt..Sgtr (%50) cJ-J*_r .tu
dllt)l c.;13 L-Diil r-p3 1.:;i L-9J $-l .,r.'t! -*:..L: tj], al- d ..r:s_l ,dr.-ll (pH)

"*l Ojl:.ll ill-= ol"ri d e-_:r_l .a*,lil1 (e) r"JyllU,oL:Lyl cJ-t--3 ,r*!*ll t5/l

Kar
oH 

-_L_

["r*J

pH=3-5.5

Neulral form
I."*= 399nm(€=15r240 L. mol-l. cm'l)

["r*l
pH<2.5

Protonated form

I-"*:420 nm(€:14r750 L. mol-l. cm-t)

HO

1r
,HR I

pH:6_12.5

Anion form

I-o":414 nm(€:23r100 L. mol'I. cm-l)

o

Kas
+

,

- lol
'pH > 12.5

Dianion form

I.n*: 520nm(€:17,800 L. mol-I. cm-l)

..

+ o+:*tt 'ld l-,r1+ edl ; .!-S3-l+<ll 4c.J,.+- ,:lsl gi (:s)c'ur: 
Fedorov .t+ S

6-HJ'i-tsl e-lJt ..rs cJ+"s3t+Cl 4-cJ +- ctisl dr hlL.- J qir Syi [HrR] aJ:L.iJl l6i:J\4

l.S .+.,,$t +il- cr 4+!l j;Yl icr*.- cr++*l:r+ 6^ qn^;. ++++-l_rlA -l:! JSyltS_,I JJ ellj

go,-="



,=+ 4+;;JJ #+Jl a.iL #--. 3;ijJ+ l$JJl .r:,"1J1 O-r,::Jl dr# (IIyIIIB) ;,'l3S:J t4i Ut*i-l eltio rri

' oErii;-,.-ll os g,-3r. t-S3 j:4-;_li-,llaiL rJ. +Jrll 33Yt e- ."+-. L#+JjJj e^ [HlR]* l6i:J

-E

(azo and :jl-rr+a-:,,1-lSl-l :-,Yl ,* "* r-n-l L,;. Lt-: 4++Slf orA ,-,L.i ril
:(36)01-,ri +++lr GAR) lt 4!-hJ iJrl-i^Jl3 t+-r,-r,r+ll lr:i*:r t'il<l quino hydrazofonn)

N.
\N

.d'?onr/ I \-ll rr-

'irAoAor-
aa

Azo-form

o
,O*"r::urazo-form)

d). L-iJ 7;.,l issl g3.lf os cJ+.6-l-l+Cl 4cJ,.+-,-.r-l-l-x k+-OA oult a.'l--rll allJt uJ

k* O:! 1$JllS d.,l.l,- crr:$_r G.i,lsll dJ-- Jl a;;lill clUlyl dJ_ l-.- 4rt :!.., d t:t+ e3Jl cs_t sl
.(37)kry:l cr-E q J-,Lr'll gl3* sis -i-,,-li C-dl ,r9 ,J+"sJJ-sdl acJ^+- 6++,sr! !U$-* -rHl

_ 
q+Yl iliJL,'eUi dr'i"i CfuJ

M2* + HzR -_-L-- [*"*l + H.

& +:Hl3 o-Fill ,=r!lSl ri,-ll di:^:i [MRtt1. ui

?

,llrt&ll (PAR) ll 4+-,+ [HrR] di.l d.rF

.trl* 
fFl 

,=! cJ+S3:+Cl a.cr^+- ts_rst

gjl cJ.l" sjSJl c,l$y 2-2-2-lThiazolyl Azo Compounds



IJAJ (A) i;rJl ,-'uSlt 6Ji di"i k+: :ji cJJ:_tW:-+: cLlljl3l. l-c.lSy G.ilJSl ora q!a.,iJ_e

t:Jl tla c.LSy xii 1.1.-l ,,''J ,,Sll3..t+-l 
"+ll 

L"a ad-i.ll -,,1,.6"i;l-ll d cpy-U-gS-ri rc+-l,ri+

; ot,rl j ii5" 1#Stl qii+ia ie;,rl el.rS;, (+t-ra)1TAN) llr (TAR) ll t-A

G'>*=*-Oo,
4-(2-Benzothiazolyl azo)-resorcinol

(BTAR)

'>*,*
N

1 -(2-Benzothiazolyl azo)-2 -naph th ol
(BTArg

,,.G}>*=*0o,
4-(6-Methyl-2-b enzothiazolyl azo)-FiSorcinol

(6-MeBTAR)

:'leJ i-1,.,=.Jdlj U;S &J- rJ^ a:6sLJl dr J#S lc, /-ial-r.-cj.;lJsl rJ^ aliYl ofA ,-u'L- $J

.(42) illc!+-,+lt .i-il$ 1r JKi is, 3J ; 
,','"1 q;Jill. crugyl e k!1. t-- jtri; ,J.:-ill

6*t+- & q:tJl dll euii-,L eLJl j g1-r.3rll 4-iJ OJsj.j'.iIJSII gn 3l;iyl 535.,,1.i gJ

dL 4+."s,il c{r;:.Jl aiL;! cLJl j .,r!:Il ,} k!l+E rlr;i_e-(-ge:H : -CO2H) dL A},:^t-=

f-l}:-.r:lSil dL ai#lill a$! crLrr.Jl ,=J ir& +-lri: .OJipylJ r*L-r.5s di,6. qsrEiJ osyl .JFSII

.(")A+jlill .:,l-r_lgX.+-l! u,J-ii-yt ,ri;_.prl.Jlij6 ,-,1:i,.,1 r!_i .cp_+ -1 :.,,1j+lt_l

gl3Ji oll 6.ra1.* 4J:JJS crEi,- dJS^.+jl"ll c.rl-r-.;Yl dJ^ +r*ll 6^ ,-ii "l*l_r-,!Xl 
c:L,S-r &Eii

JiSi ,+J,il (TAR) ll , ;,?'tS,r:.i..,1 rii ,c.rL3gYl orA g.o +&ll *i,frin#Jl i,:^':.i,,,1 ljl ,(43)a-,:lJ

4 4-(6-nttro-2-benzothiazolylazo)resorcinol ,--i.,ilSl ,oir tx ,(aaf!-,ii Lrri *' ,.-*i rJ.

(Il)c.,l+Jsll ..r-*l -u$ * <+olNasser) L:-rla.^'.:.r.,,t, ias)glyC*-;1Jt ee,l ;,,rii

g3.:Jf .j.ilsl fhij-L (VI)erJSl ,i.r* 4Ut)u;la-t;r .rs3

HO

2-(6-methyl-z-



lu,lrli,,,1-r (II)d+Fl aj' L+: (' 8)Kadhim 
eE-r, benzothiazo iyl azo)4 - cblorophenol

.d,ilsl

-

ljl &++*Jlg rj:jl.!.Yl crt{+. 7-2-2-l

Imidazole and Pyrimidyl Azo Compounds

*: ,$-ULi- 
"trjrj 

r-o+_l jr; lray (A) ;-'rlt !U+_:-qJl 
-o-r-t ,-Jia!'ql,il o1ll ,* 3!l tro & J

Lo.ir-l il ,,lr- 
-91 

, j1lcl-9;hyYl o!S-r ,.,-o*,i \iir-: ++f-i .jJS: Oi 1-l lr:ll ,a,;l^i^Jl * lilJt

(RaaiR') cJ:tl.+l (-r:1 .J:tl) -2- ,J+sll-l lj-ils clli.-J'alj.Yl ,fs.sslg);.:*!t crLSJ," .,*,;
(R-aaPm) z-(Aryt azo)- rrr+^rj - (::1 ,l:t)-2 , (o')1-Alkyl-2-(aryI 

azo)-imidazole

;otri L eli.l,- a+dlJ (so)pyrimidine

R.
I

R=H, Me
i=Me,Et

(R-aapm) R=H,Me, Cl,OMe,NO.2

a.:al+ l+-61 ;-,i cj-l-rl+Yl-r -rti &+Jl , i,llF fu-,LL ;Ll'riy1 4!l! JJi e-\.,.+;Jr ,-i;t3S ;t
:-,1 &.*:-,Jl d.slJS 6JrJ Jj 6+rr.Jl (51),:Ll!l +p: ,;+-a:ill-rrc, a-L: -i-:$ ,Jj \:alJJ J.ill
6rr'j.Jl 1-6;Llrrr,,'13 !$l el-r3aYl o$i la;ruli,lJ 1-6+-,L"- d.,1. at :ji r.-!+,,Jl Li,;lJS dr W);j. &
!J t,,"aJl ciQr^Jl a!U,! c1c ctiii-Yt ,-S+ dl+J .el-il C +JGif k !-ri f,iE,,,,,,u;.J+.J cjryS

U UtJl i+JlliiYl ,.,p ),-ai r,C*bl j e-d -U--l 6rL: ela1l a:*i:r' jfj^3 Ui l-.S ,e:-,"ill 
"rSi .J J=^tt

D.e.
(RaaiR)
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l€<li i #t Crr_lt af-- * 4Jjlslt kjl$,-lJ
1+;.tJl illJL cs-pYl ,-lvl gt=,.-i ua l+il+:^, 

-u{s .jdt-Stl oiAzl (sz)cic.t^+-,,) 
Shibata +, s

6dJ-*ll pH JJ*rl k: g-,,Y-rll gol i.)l c,)-1-'-3 (,.r--L*Jl iFJJI Ur-ei: StJi $ii il ,d!-^x

..9u61.=r;"1^ a_rl_l ,Jf- .+ 
'Utl ;;S:3

+llill c.,l.;.'rYl dr +dl li+til *.iill ,s4*l=:ll el+^Jsll d ttt irjr.*yr *!-S d.rar:.r..,1 41g

oYl+- rrti drr * ts+'s:)gl)p-*)J13 (II)ur-Jr ,(I)p3;.:1s.1'1[Oc,r.-Jtll ,G)aGdt c,uel LJL

.sl-6 6. +rjiJlr ++l+L:lr e-Lu,Sll c]..'- j L-li t- trj ai: - :jj cj;jl.:^yl G.ilJs alrii..l

.Ldl-il,i.r :jl &l:j$lt_r _rtl,I+!t

Chetation in /,:zo R.eagents Jjit d-itJs C criJl$t .Ll+Jyt 3-1

iits,tt i*"ir+:" s;yt Li.jitJSl s+J$ltlrjlyt l-3_l
ora culs lil l*i Jpuill +'Jl jsll .,l _ljyl 4c.J,^+- oJs-u$, 4iJ".: G.ilJst orA rej

&Uill :Sl-r. r=i 3'lYt ac. *+- gffi ,'_u-., r;'lEi.,* cilrir- O_S bi, 4$JS +iL r..,1* ir; a.cr*+^]t

-) cJ- ilrL"L 6*t- l-i *+ i$J$.It olil-ll ri 4il-ll ._# cr>yt}rrf, ot;i Ui .(ss)iitlt cI: +.-rSl

.Lalc-e (-COOH , -SH , -OH) & .ty-r:+ll uhii.=jc 4+l+Ell U g;^'*- -ri Lo-u', (OCH3 , -NH2

,ilD d-.,--ll cr-rJ: .4*,i1 G.iLSll 4ll.ill &.lr Jl, 
-1IsJt 

4+rt ,.-]}..J fu Si.ll a+il-Jl dllS.iYl , ;li-i,

c+ dsyr ,r!. ;r-1, alui a-cJ +- r-i+-l Ll.-bi! G,i,lJSl u. tj,ll l*.e ajJsi^ll 61r6.-^u L.ll- i.tl;E-,|
cr-rii liJ3 ,6-Lill 1$" i ,J:i.ll l6i(. ! ".+ll ,;Yt a. ..*.,,_+,.AJ,.ll A$-JJyl 4iiJl -it:i C_r
\iiJ- Li.iLlll , ti, u;.,:lsi.ll )i-Jl ,,lc. ajilr drFl .& cj-.t S.ti L!-ullt o$i r.6;;r;,r +ca*;^Jt o:a

auicJ,"+- J' .SLSll .E-lLl lrl l*i .(1-) lnJhL fu="i,'t ci-,t!: (bidentate)+.if ,;rS
4rfx li.'llJSl u^* r.)r t ii. .r SSr ,,ej.!ill ggYl 6^ O-L,:lt ,j*t ̂ q,s aSJLi,JlJ k+_i,r-lf gl$ l-63fu

(s6).(2-) LaJhL aj-,i,r el_,I*,:_l (tridentate) drJl

uF j dJtHi l(l-ii.r+J,iiil as-$ r3vl .fi1_6 c.rlil- & et::3-Jl .,,- tdl lra ryq,3 61

.q-iLill oL,gYl dr +r,ll c^ ktl+tt sc ;j:-^ll a:J-l$ltl4J-,l-ijl a+i;ilSll crEul 0 *_f

f,itrtt {*,,;rt': n _p g:Vi si-nlJs j .+iilsll!tg-,,yt 2_3_l

.Ll+-ijll ct eo;+:jl cj+l:jlXl cjr,iG di*Ui,-!Jt,+ r-5*-all L.rl ,,1iJ-
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(N,N,O- tridentate ) JJI ijx, r'"lFl ,jpz *:ti cJJ:-,,!31 .s!s qji-..i

jSl-,J 4IL^- k3-,rji 5ly Ji 1-S .a.*,l-i.ll ailJl d;rri gr{-d (-OH) 4-r +-.& s::=r Al

.(ss's7);E;ii..* O,GJ-l.i..1!$.j-,t-trJl r.1c A+ fl GAN) G,;lS

: -,H qlFl ar.,rll , :llri: Ue)l ,-L-ll ...=Jri E^ 6Ji3,,* ,.JlJlS c.ll'i=. OF (TAN) r-lilS ;l

.+(1:1),r'Ulill al-r-gYl ,J:-+lo:lJ^ll a.-*rll ,iJSjil ,drJl-pH,-il:il-rcrhill orAC,ii.lsJl

Co2* : Fe2* c.,l-r3,Ji e (2:1) 1+-,lll OF 1-.r;1 ,Pd2* -l Cu2* c.1-,3;i 6" cJ,-- t-.S;q-:.tJl -tLJYl

: +SVl 4+.-il 't!i, {se): 
' rc.l-6ll -tL'eYl i

()

U_-O
2

M:Fe2*, Co'1..,

p r rti . i'llJSl orA 6*,Ui 4+Jt ,i :-,i ,JJ-l-,,$ll .St-6 i)4 1cJF..s- & tooli*,':r c+-pi-l

J! ,J.;g ri ++-rJl ,rr d$; -!S-F,.lrii.,'l 1.1ti r-:+.:s:Jt a;Lc-cDr: b-,r$>-l Lr:.i.,*ll ;rcLill 3s
a+i.,-all i:!J=JJ+dt ;;,..Yt+ Li1-., dJ.Jl iLr3 Jtj.ll di#^. ,,Jc (BTAR) Li.,ilS c+ O3$ $,- #JSi

:01-,ri ; *yt" J.j }

12



1J-

M

/\
NN\*J

\
U

M2+: Ni, Cu, Zn

; '.-yl :-6.,+ ddl d)j krU,gll..:,-iuilsl J,-. C .l+_,,+ll .,l. tlt- j5lj eUJ .9:3I L4r

.g11,,.1 $, i.il-.,rS.Il ora c.rj .LliJ^,SJJ+dl 4c..--l JJ+JJyl ;_r. gr-Jt .lr -tF;)lJ li^Gll 1;iFJJ+*ll

-i-,-ri er.ll .5s a:l+J*r 6*r+- ellLu O.1$ Y Lsc. (I.t,N- UiAentate) eCr dr qi a*Jl qFJ-t kJL

aF-JL:i dJi #$-N ,N -(:ji cj-+l:jLj -2)-4 d.irs qi iulr .rr-irl Ji,- # jL,tt 9 rx
: ++Yl air.-ll a-r*: o3 , c:ll {-()-Thaizolyl azo)-N,N-diethyl aniline t0t)11AEA)

S(r-N
\'N

/\

l-",13,-'l-r.611 6Ji d)i dr ,j-1"6ll LlEril Y :_.rl cJ;I_ljtjll ._i;l-6 6L-l! (62) c,t+ryl c.;Ui sl
-oJl 6*ui qll-i=l dJl 1-S lili Y iL- _El_l q.'l-i _Ai t+y'clh3 e cl+JJlill 6Ji cD[. .l^ d*,tjjj
6ylJi^ll 4ij+lt 4^. . /l aj-.i'll , .,.,. -,, q!,,uLiill LiL. i cJFSt &*Ll-t Y 1l QF; clj!il| a.iL -.l c+J5ll

&-ril i-rJ. :Uu j' aF ,-,l,Sll ;! ts-rll ajill g^ ,fjldl OlYl -tLi. Jl .,,i .*-r r!-e ,la;lc

13 

(63:js^ll 
L+lsll cJitlj't'tJ"ll+re'iiJl
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