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Indian .Jnurnal ur (·ht.'l1Ii~IlT 

V,,1. 11A, ,fallllary 1'11'1,' I'l'. ~;H (.2 

[</uilibrium Studit'S Ull 

COnlaillinpi L-I\"~Jinil)c &. 
c ( ) P P (~ r ( I I) J\1 i X c :l 1 .I,~~d lid 

II is 1.1 Illi n C () r 
( '() II) /) i (':-: ( 

1I1Jidd/()/t' 
l .)1 "--~) I , .. 1- list i dill C , 

\1, \I\-' ,1';,""1< ,'\ I(!I N Ntll)':"1 .\ J\1, :i,o",\;T.'II'I'\ 

I C~III .. ;;1 /.,:allll,[, I(c~l';l!'('i, IIlSlilllk, /\dY;I;-, ,\fOld .. ;: ... (,011 I)::!) 

! /I"f"'ir".! I, ,'(/'1';1 I '):, I; 1<'1';.,(,(/ O!I.! '11"'('1';"'; ,1 .i,.::.- 1'1:, I I 

I'r/tclll;OIl1l'lh., ,qcHii",; have k"III';orrird (.111 III drlnnlinc lI"'l11l1llirl<- "'I':ifii..-i:J i"'IIII'I'",;" I'OI'IIl'r(II"1 ,;1I'1:inill,' 
(A)'I..hhtid;n,,, hi,'!,miIlP 1'[ ill1;<1:1ml,-, (II) ,"i., "Ii \·"'11'1>1,\ :II ,'.7"1" ,,,,d / 0.15 /II,,: dill'" (~laU(), 1. TI,l' IIIl.I"ll:lIi .. " 

,cnI\Sla"l~ for I.·:legiilille and;[o; I.;nary ",ail;I;IY ':'JiI';lanl11'i111l'1):11;':r(1l! han' "''<'11 al',,,,o!;I:O;II('" nlldl'r ;J('III;(';,j """''', 

tioQ" Dala Ir~Htlll<'n( ;IH);l':otI'S 1/("1'1'''-'('11,''' ,,( ell:\)I, ('!!:\,II an" ('II",li, I';a:n), 1'lIlllpl,''''\;" Ih,: ,'.",,,,'["/1, i 

nrginillc (A) h;lIl1r~':-"'-'I"I" ",,;) ti1l' IIlh,·,1 '"n:;,·s of \I,',;, ;,;oltldry 1.',,,\111 L, ('",\Iii I, (,',:\/1, {'u.-\Il 1M::' , 1/ I II, ," 

,.he lIIixctil/l!!lllCl ~r"1t-1I1,'. Tilt' n""I!., Sllgl~I'sl all ;"l'I'C!lsl't1 qallilily r'.r 110" "';'1''' ""'''ph-x,''' "III II pa 1',:01' 101,,1' ',I:>;;'I';,',\. 

("sc. The "alUl'e (If C(If",:jn,,(ioll ,;It's IIf 1/1(' ""riOlIS C'UlII I' II.' , 'p':des d,'kd,'d I"~ ";":'''''.('(1 ill (" .... , (,r ,h"il' '1.;I,ilil:. (·tlIL~tanl d"(;,, 

;.lejd. 'rhc jj.!':!:HI~. ;~rrj). [;j'.d, hj"J)~ ~in(! ! ,"i': 

(lbt;',ill(~tl i'r.'lll 1:11If.;1 A,:, /lIICih, ;"'.'.I!/.,'!"""" '. I' 
(II!.: ~.idlili(HI."" \\('1\' P:t:,,:t'-l'l! i!l tLll11"':r 'ii'.llii ... ,1 ...... 1' 
,\rid'II':I.'.lit'd 1'1:,.,,',, .. ,::<: ;i;ld 1't':I)\lIi ::r:ld .. ,i,,'!; ,;1, 

II'(,'IC used t/;r"":,:I111111 tlr .. , \\(Irk, 

The ,>1'1 n'c;tsu';'c·IlICill.'; 11'<..''1'1: C;II'I'I(:d "':1 i",il, .. ,I, 
I'rcvir'ti'i), d,,:., iih.:d '"llil'lIl!'I)I''''', '1'1", ,::.: ,;,: 
CIHlst:IIl{: .. 01 Ih,.: flli.\('d-liL':incl ~.\·\(I'flh '.'.t ",'! "'li)'II:!l';1 

i'r()111 tire (iii;lli"II,; ill "(,il'll 1/;: .. I,q;li "';1" "I,'il"" 

('1' cPPpc"(il), li l.';:I1,,1 (.'\1 ,illd li;:;111I1 III, \. :;, 

I I i ;llId 1 ':, il,,,i:., !;,Ii(l:" /\1/ I/" III;,"; 
1','CI',: dllnt.: ;>1, ,:',i'(' 1111t! I fI, 1.\ 1/",1 ii." '" • 

(·;Il~:I!I;l{jlln.l\ \\''"'''.: Illa\!, .. wi!l! j!I!" :tl'-

IvIINI(jU,'\!j, '0 UlII'pl:ln PIII!'!':'I"'" "I' ", 

.no t'OII1)lIJlel, Til:, pr'iI,'nrlli"1l1";I1\,i":1i' 
(;\) and (/ll, lh,: :;;::(,il:l\' \.'10I1',I;I:1Is !II' Ii" 'I I,;, 
I."OJl1pll'\'C:" wjlh ('II(I! ,I, ;'p.; i i·.: PI Pdlll : , _I ',' 
i1:;IIc.~d :11 ,"1) (. :l;:t' / fl.' ~ rdl!! drl~' \ ('" " ,'). 
\\'l.T(~ held Cnll';!~li;f duri!l.~: iht'C;Ik'IJ::ili\,;! .; ::. : .. " 

lir:tnt! sy-stcill:" /\uxiij;try \1:1[:1 ('PI" ;i",,:, ):1 'j: 

iflli/ have ~'l"r:tdy hcL·;] I:cpt,'rtcd ltit IJnd,'r Il!,:-" ... 
melltal CPI1>iili,,)II .... , (1';1"lc I), """"1'('1'. ("I :II:"';!, 
d;lfa ill'(~ 11<11 :'I':Ii/,lblt- ;liHI hl'lh'(' 11;,,', I::,', h, 
c,'lim;II,.-<I ;\~, P':I- IJ~c ('\f1"I'il~l(nJ;1f tit '"d", ,1'."",1;;" 
c/:;('II-itl.' 1'("'"'' (la , Aii 1/11' t';Iit-IILlli<lIl!; ''''I,' 11,".1,'" ;, d 
lopll below)" /11'\\1:1'('1, in I Ill: ("'PI'(ill/) '.; 'ii", 1 

hillary ~ysklll the (':l/tll/:tliI'IIS WCJ'l.' ":'.i:i, :,.,J ! .. 

lin 7'-~() tll'le 1(. PI'I".'il'il;',li"1I j',,"I,i'II;, 

H('!\I!lf~ nnd DiscllssioH 

M ANY bi<JI()L!iCall .. ).r(\'~'Cs~,es, lI'hlTC Ihe a"li\'iIY 
dep,~nds f111 eli/vlIl('S, pn,,,,\,,.,''1:::.', III"':!! I(lii 

l'CJHrcs, l)\\\: r 11 .... i:r ~~P('l ilic ftlll,:1 idJ! l{l t 111." r! '1'

ll1ali"11 "I' I.'illar.\' alld III:i\.~d li;:,III,1 ''-''"1,'1. \\",."". 
The rcccnt alle\'iali<lll .. l'li,t' :;\I1IPII)I:/:: ,,1'(;1) """:>',)iI'S' 

disease:"". a gelic.:lic i111~I'~:": 'l':1u-.;ill!: SCl'l'I'e in'l';Jir, 
menl Pi'coPPcr(fI) 1I",dl""li\))l, ),', III" ddlllini';lra" 
titlll '-'l' /.I-pl'licif!:Ullilll; '1'1 Ilil'/I!) i:'"cldl:llIliJIt: ;111.1 
(h) M Gil ke's d i~erl~:e", :1. d i~(;:I\(' (' 11:1 r:I(' i<." ri'.c'd I>y lapid 1.1' 
prol!rcs,-;ive n:rl:hral dq JII('f';'_li"1I :Illd Ih l : ('.\;"/,'11<,.'(', 

of' :;bllormal spira/.ly t\-l'-ht'(i 1::lil, I,y ;r,.lminis'c'lin:: 
coppcr(II)·(1.-hislidinc);~ ,j-olllpl,,:-; arc Ihe l,(~:,: ",\;1111. 

pks or t.ht; ill 1'/1'11 j/llcradil.)/) "i ir:Jll.\ili(l1l rnel;i,1 i"I1:, 
wilit amino ilC itli; , Tlrll!;, ill ()r!in It> :" Iflk (/;" :I<'ill;d 

;/1 vii-I! illlcracti(>11 be/weell llieial ion:; :tIld hc..dy 1'1'0. 
killS. in recent year:,; l'()II.~ider.lhlc ;(IICllli"1I !'a.>; heen 
paid l - Il to the Sludi,:, (l'r hill:tl'v alld Jliix('(1 ii!,:tlld 
complexes, JI1\'eS(irali()Il~; ill (his tiil('..-tinll (Ill rh' 
Ille(al complexes or 1"'t':~II:i::l!v kr",'I1!:11t" Ii.:.:;~lid:; 
oll;',r rill excellent p()~;"il,dit\, (Ii' (','1;1(11<'.\ I""I'I'::'li"'1 
ill I'il'(li. "\Ie have previous'/<.' rCf!"rkd"'\' '''Illt: hiilan' 
alld miXed ligand c()mplex&:; III :lli·, II'pl.'. Thl.' I' r(':,,: 11'1 

inI'CSli!!:tlioll is aimed at fi~Jding t>1I1 i ht: (l1I)I',Jij)flti<.l1l 
behaviour or Ihe po(en(iall), lerdcllt:ltc: I.·argiilill,: f/l) 
wi( h Coppcr(lI) ill ! he pres\'Il('C nr a I!O! Ill'r IHIII'1l1 i:"Ii' 
tcn.iel1tate L-hislidinc, ori liidl'1J(afL' "i~(;lllIillt: nr 
mOl1odcntatc imidazole ~H) uIHft;r p!tY',i"J,I!! i . .-:dl, 
;lllp,;rt1int t'ondiliow; hy! 'pnlcIliioIlICII:Y, 1;1 iii;:;"" 
paper L-arginine, L-histidine, hislfllllille and imi(/:I7.n ic 
ligands are respectively nk:rrcd (0 a'; :trgl1, I1i:,d, 
hisl11 :lnd irniz, Mela! cOlljlP,,":\L'S (.i' .'Ir,!11 :llld irni7 
arc or special sicnif/caI1C,1 Silll'(' hOlil thl'\c r,,:w 
part t)t' SGver:II p;'o(eins. ' 

l"'la/l.'rials and /'lIe/hods 

Cllppcr(II) l'erclllll r;I/I' ~()III:i')Il:: '.\':'I'C pr\.'!":'I'l,d 
by nClIlralizing (,Opper(lI) c':lrh'naiL' willi P('l'-/'I"li." 

The result:, "I'i;;illed nl'e 1'CI"'I/('d ill 'I';,hL, '.' 
.;:, Table ,1 li:;I': V'I'Il,.' (\11~l'I' ( .... 'illl'''-'1 (""i"~;lli">I' ,',.':", 

lalllS Ilsed ('Or c('lllpari:'g the pn'~"l'll; 1','<:11/', j'i' 

('/1"1'1'(':' ",- Ihe ('ntrli'/('xcs !:pC'Clt'!, rep',r! ... " 1:1 :;". 
paper an, <lll'lill,'d 1''''' dilri!\'. 

('o/'//('J'( /{), (:'',I!'' (-1'1 hi,,':'"'' ,I' I':,!('.'I: ;, 

p'resenl ~ddrcss: Oel'arlrnrn! "I' .- ""1";'11-" 
("'lIln', Mat/lira; ~;:llllr"i' !Jill;",,: ,Iy, .')1 
CIII1IHI'. l':obYiI,"koll:li (.:;'(1(1,: ' 

.'iX 

p. (,. ,.-.'\ i'.~j 1',:; ~tl 
Jplln"~; (.\ .II'.'I!!:· 

::Iud-,. was len'IIII,' '::Irri('(/ '''':1 j,\' I;,.,,,' 

I'c(I i'l 1:, 011 this "': .. i>:';1 "',-il"I\' ih[~ 1'::::1," 

eliAII 11I1d ('11:'\:,11,. 11' .... (.' !"'I'Il:! I,. i" r-:, 

'L)\\'I,:vLr. :I;r' i\f"t·:·.f'ill ill\'c\jjr:lfi:\:J. ;il,!j. 
I'r~·.';l'n(·r,: (If (h ll: ,.' Ilif~::r'/.~.JlCl'II"·· ("11,'\1: I, II , I; 

, 

17.1r.e1~~m~·: ;;'~""""·~1ilii';;;~"';;;;;:;".;:;;;;iil:,~\~'jWl"~",::r"''''''<c''mi"""7,7 ...... , .. 
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TMI/,F. !.":"ROTON L,c; ... "'11 Sr~IlIf/fY n'N.~r.AtH~ A~':I' SfA. 
RlUTY CONSTANTS or COI"'W( I Ii COW'l.r", or A/'.GN. fI'~P, 
//ISM ANO IMIZ (A); TEMI' -. ~7", r ". 0.15 ",,'1'.111]'" (N,-,e/o,); 

STD, UEV. AIH: CI'~·E."J IN PAHt."'TIII:~F~ 

---------_ ...... _---------------...-_._--
'1' AlII./' .1. ·.sr,,,,,, rlY (''':;SI'I1'1S (,I' 0""'1.,«1/)-(;/ \"'/:;1: (A) 
Iml>, IfISM OJ( 1M/I: (ll) MI.,"" S)'STI.~!S A:'" C"I'!', f( (II) (;/",,'!:::' 

(/\) Ik;·\lty SYsn':,1 

Pal :/me/er argn 

I I ..1.1(5) 
20. 2~(7) 
22. J(~ 10) 
19,14(17) 

3R,II(lJ) 
2(,,85(1~) 

I·l ,;(~(:;) 

17 3'/('1) 

1,1.1"(4) 
I II 27(2) 
27.41(21) 

2.1. 'Hi(2) 

'i . .1')(1') 
15. :,I( I) 

I J. 411(-1) 
'1,24(11;) 

('. '15(2) 

ITCIIII' 

lug PCuAlIlI 
Jog: t3r'uAH 
Ing flCIIAll, 

h\H fS irA ," 9 ·~S 

}:' . ~.l 
I;, 1)2 

~ I 'I~, 
j"J.::,-/ i 1 

I' ',I 

l()g~HA 
l()g~/ltA 

In!!~/I ,A 

l(lg~CuAII 
IOgpCuA 

IOgPCuA.". 
IO~~CuA.1I 
IOIl~CuAt 
IOM~CII" • 
l()g~C"A , 

(n) Rers 81l nlld 1 I ; /lllll/her /lr <1;1/:/ 
(II)--argn (A) s)'s1cm is \16. 

. ;: I .1\,'((,) 

If,. 1(0(-1) 7 .. ';5(14) 
III. 7.1( II',) 

Ic.')II)'i) 
po;,,!!; ill Ihe ("\1/lj)(:1 

lug ~ "OJ" ,:' /0 
log ~ ellA . H 'i5 J:)}:~f11 ellA, 15 .. ~·t . 

I(d~. Xc ;ll1d I I 

----------------_ .. __ .-
1'''''LI; 2 -STAOIUTV CONSTMJ'fS "" I>.tr.':r:ll CO"PI:HI")"\!'Ii~1 

(A)-II/SII. JIISM (lit 'MIZ (il) Si·sr",/.\ n nil' c·· .1'/": / 11.15 
Illul drn-' .(NaCIO,) SlU. {)LV. 'in: (;I\'U; IN 1',Il'LNI III ''''';1 

favol1rablv >":ill! Ihe lop. ~C"A vaillc of t;.4~ (Tahir.: J) 
fnr tht' cll'l'pcr(ll)-elyci,H." (A) hnar\' s~;::(('Ill, Sillii. 
1;lriy Ihe: l'(llllp:Jrahk: log fi' (E:q. 2) I'aille "/" 15.'12 
ror the eIlA)-1 argn COlllpleX with Ill<: k,~! ;:""", 
1'<1 Ill" "r 

ParaJllcler 

IU~~CuA nil. 
log~CuAnli 
I(>~~CUAII 
logPcuAn,/I 

lr'f~CuA /I, 

Pfl')!"A nil 
log (J' 
l"og hCuAlilf 
In!! XC" A 1111 

IO!,~CuA IlIl(Cnlc.) 
I~ 1t1~~C"A III I 
log 1;~'~~:I'1I 

"
.11 

I' C"AIIII, 

(j log KCUA DIf. 

log XCu A 1If/, 

log PCuAIl".(Calc.) 
(dog f1cuAllIf, 

log "(\:'A':, 
L()I.~ Q' 
/.\ log XC"AII," 

log XC" A n,lI 
loglleuA /l,1I (Calc.) 
Lllog~CuA D,H 

I KCUADH 
011 CuAn," 

"CuAD log "CuAIJ. 

No, or data points 

hist! 

.lJ.26(,1'l) 
2') il(7) 
n",'i(13) 

7.21 
I X. 2~; 
·Il. JI) 
2.X~ 

~H.(,I\ 

I , 11 
10.57 

.1.55 

--·O.21i 
I .0(1 

.11.06 

n.20 

12.21 

n 

2t SO,d) 
~ I . /i,(:,) 

7.M 
n.n 
1).42 
.1.11 

27 A'\ 
.1 .. 1/ 

/1.9:'. 

inli:t. 

23.1'.7(/,1) 
Ir, .. tlL'l) 
:'757(11) 

20.71.( .:·1; 

'I. 1 ,I 

1:.:>-1 
(,I ::~ 
I. (,,'i 

7.: .. .<i,e.; 

1.0'1 

·1\.1 

n:l? 
16.1,1 
O.EK 
,I. I ~ 

25 ~'I 
7(, 

.1. 1/0 

4.:1.1 

100 

CuAllH2 in addition to the spccics HA, l-i"A ;111(/ If:,/\. 
The mode of metal-ligand bonding in t hc ('111\ H 
argn complex is ccrlainly glyrinc·lil;e with the prolnn 
residing on the guanido group ol'argn. This is ~IJPpor
tcd by the fact that thc log P valucs of 7:11 (Eq ,I) 
for tllc ellA H argn complcx compares 

log P = log J3l)uAn - log 1311,\ ... (1 ) 

IOJ! I"~ 

1) .. ,4 ill t he C()PJll~ r ( II )"1: I yci Ill' r: t\) (I':I hi·: :):;" :.'! ',::.::; 
that the eIlA .. I 1 arcn c(}lllplcx i." pn'''I1/11<.~d (,; ,', 'lil;,ir: 
tlVO )!lycill(·.Ii'ke jit;allds wilh 01/,· ill' lil'_~ i'.'.',.< :'I!:'nid" 
grnllps bein!; PI'I.>1011;1Ic(;. The po'o'"iiJilily or "/lI<Jill,:: 
or the o(her gllaIJidn 1'1'011[1 w:lll th L• no,,:;:: illl'lC; 
CIIA~ll :Irrll CCllllpieX IlLIY lie ['Ilk" 0111, 10",:""".: IL" 
lug A'(;'Il:"llt (I:qs .1 :tlld 'I) vallIe or 'l '71 is {If'I1:,., tlln, 

(}r<kr expected ror :hc ;Clvcine·li",: h"l1dil1'~' 

[Cu:\ .11] 
[C'l/AlI) [1\] 

/). 

1.-) 

III the ell 1\, I ':, ;Irgn C<>illpic.\, Ik, l,in,lill:' ,:,' ;'.'., 
argn lig:I'Hh i" (:IJ/:lilily III !:I:,ci)I'" !tk,' '.i' ,,', 

,esllllilig in til'" lil·,··Il/l.'IIIi>l'II.'.d ('/11·1:11,: rill.i· .. :Ill'; ii". 
:,ill's "I' prolllll::llil.lll ;11'(; II", VII;lni,:" FI·'"I;)'. (,j I'.'." 

:q',!!fl lipand,. Th is is h("·;,II\'.; the 10/: P" (I"; ') \.::, :': 
\.1' 15.25 i~; close til jIll! f,cIIA" ill [hl~ (01'1''';-( I, )'1'1)'\''';0' 

(A) SY';[CIil (Tahle 3). " 

log I'" 

'rhe concC'lIfr;'ll.iop : ... r.;; .. :ic,'; (!i~·trjhuli('il (ij~:rr;~(~l:. ,.' 

oblained for the: COi'pCT(j.lH~r!'!1 (/\) S:.I<:III '.i" ha\·,· 
:ll.t ~alne qlJa(ilativt.~ "t:a:~urc-'s rt":ptJ/'t::,"(!!fh (:'~1"J't.1" 1'(11' 

Iht: coppa(fI)·,.liamino(';:r!;i>x\,lic ,I,'id hin,,::; 
~'1~[ell1s, 111 a I : 2 solulion (Ie c,'p/'erill) :;nd ;:r,'li 
(;\), the Ill,L\{;nulIl aTllollnls of (h:~ I"(al '11, !.Ii i"!lllri 
to he present ill the form •. )f ellA Il, C'lI;\,li ;!;)'! 

CUA2H~ arc re;,pecti\,cly 77.7, 43.') ;llld ';;',~ p'.:'
cent. 

(ii) Copper(ll)-flrr;11 (/I}·lIi5d, /;ism or iI.'li.: (If) 
llii.ycd ligal/d .frS/I'IilS .. - Tn [he mixed iig~jiFJ :;~·~i,·:n ..• 

.. -_.'-"-~-"'-'-"""" ..... " ,,···.,·.,· ...... n_· ........ , ......... ·-----__ •. w _____ •• _ •• _ .. -. __ ..... _ ... ',.:t ••. , '_'._"'~_'.:_ .. _.' 



, 
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\\'itl\ Ii his.!, the presclln:: PI' tilrn' iI::.--.,;(; "1-'_'<': 
CU/\/I/I" CI.IA/111 and Cu/\B \\,;I~ "P!1;i!'''I,:,!, wloift: 
the S\'SI~'/ll wilh /l ,-- lIism I'lw I',)rm:lli,," III' ""I.,: 
CIIA ill I and ClI/\ B complexe<; 'w;\, illdi: iil"oI. It 11::1)' 
be menlioned· that Brookes ;lnd 1"'IIil" ;.i:.n :;III,ii .. d 
(lie l'llrpn(lI)-argn (A)-hi~JI (/1) !,),'.I. '". 'Io'II't:\," 

they round only Pile lllixed-I/:'and !.p,:ci,::., ellA III i. 
The miXed lil'and ('(lmplc.~F;; "r :.fll;,-/,i'''lh:lry 
CliAIJII, ellA/!, CIIA/!)I and ('\lAB:: \",1'1: 1;'l!lId 
to he present ill Ihe Copbc-r(III-al')!I.l(t\)--;lilidB) 
sys (elll. ' 

"fl 1---'" I Ie f'I\CuI\BH values ill T~ihk 2 for all thc t/i,..".., 

ll1ixed SV~lelllS in tltis s(lI<!y·ar,;cJ.'se alld cllilIl'arahlc 
Sl/!-!I·~l'SI;'l1g I h •. : pnssilJi/ily f'or Ilk ('xlra pro:t'-"I i'l Ih,.,,, 
<.'11/\ II1I CUllll'kxc~' In he ;\lil"chcd ", ,!I,!~II f..'\) 

lir:o nd , Clhvious/y to ils [:lIalli",. l~r.II'1' i\~, i·: 111.-, ,'11.,.,' 
wilh tlte ell/\II or ellA .. 11 ;I/i!~n hillan' ''',,111'1,:\.,'' 
The saIne ar~1111lenls hc('()'ill~' I11k·c .-i,.;,,·.' ir i: j.; n"I,'" 
Ihat I;'g Q (Lq. 6) valllc;: -- ! 

log Q log 00IJAHH -- 't)!! f,;II." ' , I 

ill Ta"l.: ~ 1'''1' Ihe "VS(,:llls \\ill, Ii ili· . ./. lil,.I:llOr lfill/. 

are r/(lsI' alld Ct-';llp;".-;d~'k I,; iii,· IT~i''':·li\,., I",: 
[3r:.,,,1< \':oIi'I'" ill Table J·./'n,- ~;", c, Pi' --"I! },.:h',.:i",., 
(A)-hisd. l(islll ,'r i/lli/. '(Il) ,1-,-,.ll:1I;'" 'j'1;,.- ,,;i/II,., 
obiaill('(l a" p(:rEqs (7.-/0) for Ca.; i· .. lni' f,'. il,,~ dil:~" 
rence ill slahilil;\, or lhehinary {"I/!II'k:x \'. jill Ihat or 
tfte mixed ligand complex and <if» h'l! X. Ii: .. di.;)')'1)
pnrlinn;)lin.1I Clllls(aril are illdu"n! il1 T:",k 2 for Ihe 
CIIA llll' COlllplexes. 

CuAH --I- CuB ~ CuABH .i. ell 
r 

1\ Ipl! K".,,, 111' ".-, Jog Pt'"A_'"' 'Jl. (I"Ji r~"!1'" 
: It ~r B,'.,,,) . 

CU.'\./I. -I- CUll, ~ 2 ClIAII'I: .1',:".,", 
- 1C:1I.'\1l[/1.~ 
l('uAJ I;:] [Cull,) 

(7) 

(X) 

('./' .. J 

;..:·:·,i~;Jl1S \\:iih B hi.\:d. hi"ill "I IIIlIZ ar\.· ~ I,} ,t' ":),1 

\."'!nlparahk~ 1,-, 'hl~ t'f)n-':~pPIHlin1: I"J; ;',_ :,). 
(Ld)j,! I), de'noli'lr:u:I!~~ {!1::. Icnicilj.a!i.:, 1,;.~. 
and IlI()nn("-~n~;III:: i,jf:,:iJ!~! ,,:- hi'.,.:~ hi .. Ij, :;,} i I:).~' 
(Il) w;II, ""pil"rill) ,II I:· .. · pi,'.,·", .. " "r .""',, , . 
'11:11" Iii" "'I'iilre I'L,"" i': ,', i'i',:,(l!j ;" Iii,' , "\H: I 
"I".:cic:s III Ihe n'l'l'l'I'(II)-ilri'" (/\) Ioi::,," (i:) ' •. '.;"", 
wOllld C(lII/;I;1I Oil·.: iil'e-/II"/:oI'l:r,'d :;11;' dll.: I.) Iii" 
cll(lI'Clin:tI;lln (,f ar!,'n (.-\) ill a r/ycine-i;';.c lil'I.'. i'::" 
Il/W ~ix-Illc/llherl'd cl1dillt: rillg dlle 10 Ih,., hi:";;I'.: 
or hi.~111 (B) and Ihe exIra prllloil ill il ",""1;: 
be al{ached to Ihe ',:I1:1l1id" group ,,1' ili'!!11 i '\) 
'1'1,;" slrlldu!'i.: wlluld h,: /Il,'/\; ra',-Plirl'l! duo: , .. 1": 
l/i,· sl;:hi/iIY-L,nh:III"ill;: "Il;:,'1 "rlhe i;;}i,j:'I,I/"::r."':;' 
1111 Ih," fnrJlla{i')j) or ('''jljll~r(l n lili'n~d li:::111') ,', ".' ;':. 
Xl'~;. J'ft l vid,..d :ill ('-,i'tHllr li:!illid j ... ;'i ..... {";li I. ·jl 

(b) Iht~ PJ\..~I;·n·n;.·,~ 1',), I't~pp\,'j"(in '·P;:!j,.l l .\\ . \ .. pl I,,: 

iflJ~ li\\.·- ;111.1 <.\. JiH'lili~i.·I' d ,'i, '1.':;" rli;."~.'·;·' 
('II·\HfJ Spt·(·i~·, in 1;1:." '·'}!1p,.ni!).;:r.:.;! ~:\} h,.; I ::' 

\ .... : ·~·,.·I "'('Ilit: :,; ." fl.,· .. · .! :';:11;1:11' :.1;-!l,.~:1"" 
:1;;:1 'he cnrhti.\\ i:ljl' :I ... ·,·~·I·I! 1:1" hj .. ~i, ::} \ .... ll!I;, 
n;lIc :t'.TlIpyili.!~ '~i ':·:i·. ;il:~lltri\:d :,"'j.!i :~:I'.,;!:.,. 

'''''',,-: C()lllp:'ri:,iljj II; ii; .. :.· :": X 'Id,: : 

"-I~iJ ::nl.~ al:"" l;:" .: ,',iii.':I;;,.j} '.";': 
:J in ·"::hil:.1 :tlf :fil.: ('ii ". ;;i I. n:i".,',l,"':";-:' 
i!l II:.: ':. '1'1"'1'(11 I..;.;-!::: (.\) .. hi::-: .-:;) .:-._! .;.," 
\'aliJ~'''; C;JkUJ:ll('d (;il ~.1~!!i:~iical l'f!·d:n:1.i t. 

indi(';I/c iI, lIl:tr/.;c:,: '.!il;,ilii~·. . 

CII.\I·I f· CIIIlII ;-' ("i,\li!i, .;- ell 
/\ log "t:IIAIIII.. IIJ}: P"li .. \IIJI:! 

- ( 101; (3('''''\1( .'! I01! ii"IIIIII) 

('11:\::11" ; CIIB.,IL.; ~ 2 CII/\/III,., X""""", 
/CIIA 111,:.)2 

. ICliA,) (.) ;<-1111.1 1,.1 

.' ! 

[) ~ I 

. i :.1 I.-)g '\"'.,.\1111 . .-,C 2. log f:C.,AIIII _L (log (:: •. " ""!;:. 

I· log pc,. II;) 
(10) 

The.: slahi/isal'illli.· nlJ1S{illlf, log ~""'\'''' ;11 T;dllt.: 2 
reslIll" rr"lll 'Ihe diJkrl~l1ce lin Il:e ~t;ll>ilil\' 
crll1~;lan( 111easllred I'llI' Ihe mixedl "(ll1ll'k:x and th;[1 
calcu lated Oil sIn (is(il'al grolllld"I'6, 011 Sial isl ical 

cOl1sid"ra(ion"O, va/lles (.,. 1\ I(ig K '~, - .Il.ei, log 
X:> O.r.. and /\ log B (0 be p()~ili~'l; dellhlJl~;lrak ihc 
lIlarked sfahi/il';t{joll of (Ill' Illixed. ligand l'ttlllp/,::xb" 
C;Plllparcd to tile hinary cn/llpkxc~, The same Irends 
arc seen in the values obtained ~Tah/e 2) for the 
ClIA 1l1·1 complexes in all the I htee SY~leI1IS under 
study. The positive /.}. log KCUAIIII'lvaIUCS ill' Tah/e 2 
for the systems with B ~~ hislll an" illliz SlIgl!CSt 

that 13 prefers 10 bind to CuAH cqlllJllcx ralher'irmn 
to the solvated me(al ion. It may [be noted that the 
log PClJAlJJI value of 29.71 in the copper(II)-argn 
(A)-hisd (D) s)'stem in ollr study lis in good agree
ment wilh the value of 29.25 repqrted by Brookes 
and Pellit lol , ancr making allowance for the changes 

If IIFi.\' he prl'd;l'h:d (h::! :·r IlL: !\,;\) f:\lra pr l '1(} ;,1:1 

(-'11/\ ill/', sl'c"ics, 'I));: ',';"ulo.l h,: attached ill ;"':,;11 ( \ J. 
I'-Os!oihly-tn if~ !-!"anido ;:r""p, :llid t/r,.; '-'111" " 'iI'. ",</,1 
rl:sidc UlhHI his" (Ill. prnl>ahly atlachiflg I" ii:; 
primary :tmirw ~~r<l\lp as ;.; Iho,; l'a~:(: \','ilh !he 
CIIIII'I, CuB2 1'1 2 nr CuB)1 hisd binary CI.!Ii1I'It:.\,.~H". 
The rcal'(ions may he represenled by Eq. fl5). 

in experimen(al eondi(ions, ! 
The log Kr~;)~:l values in Table 21for al/lhe thre(~ 

60 . 

/'/(" /'KIt . CU/\ It II,. -1.:;') LilA It II ._ .,. :1 ~ 

CIIABHz 'i=-' CuAB! f ~ (:11.'\ /I 

(A ,--, :trgn, 
H =c., hisd) '" (i 5) 

The log P'C"AJJ values in Tab/c 2 <":crease i/J 111,· "rd.:r 
or B as ; hisd > hism ;:- imil., suggesting le,.,kfll;;~,'. 
bidentatc and fllonOdcnla(e binding or IlwsC' I hrct.: 
ligands (D) in thcir respectiVe CuAD COl1lr"'xC'~ 
when A = argn. It is doubtJnl whether the Uilprn
t'ollated guanido group or argll (A) participates in 
tIle. bonding, ~jnce this Would require the rormation 
of an eight-membered chelate ring which is Jess 
favoured for copper(fl) due to fhe well-known stcric 
reasons. The Jog K~~'~11 valll'~S in Table 2 also 
support this argulllent. Thus the metal-ligand bind-



, .. 
~, 

j 

" , 

'.' -~. 

ill}! ill fhe CUA/l"'"IJ'!(,\('" i" ""I'i','rili l -,II,,'" (,\ ( 

!Iisd. ltis/Il or,illli,', (Il) ;,\:-ll'III": \\(>I,id I" ;,lIlli'''i i',' 

Ihps\: dcscribed carlier 1'('1 fll(: CIL'\Ii/1 (""lIiPi'\l:,'; 
ill IIll~se s),sICIllS, The l':lr;IIII<'In.\ 'I"," ;.:, I", I' 
alld i'. lop",~ 1'('1' ellA IJ l'''llIi'k,'.('" Irl I/ii': ',llldv 
('('llld lIo! 1;(, derivcd 1I,',illl' 11i(, "'\:'1',",','''11.', dl:',>'Iil. ,:I 
{"l'·:c\vhf'n·~h,fid,rn:l i)lT;III~.(" IIi:: .'.I:!i'ilii\ '"!llt,';I::P{ 

u;lIa (,(,tl/,1 lIot 1'1; "h,:,ill,_'; 1"1' Iii" ('11,\ l,r (":"\:: 
IIr!!lI hin:lry ('Olllplol':' (T:d,:" Ii 

I\~ if! I/:e Olher pr,'lll/IiII('ri ilii.'(," "'111:>/,,:.\,,'. "':'i' 
crihcd ill fll(, hcgill II ill!', il "1'1"'i'l: !1!;lf il! ill " CII:\/:,ii 
~,pl'l'il'.': ill coppn(IIl-;!iI:n(t'I,)-illli; (I':) ':I:,klll :lL;" 
Ihe cxfra prolon is alla('h"d I .. Ihe !'"ilili.!" n'>I;I' "f' 
ar~'Jl (1\ J, A COlllp:lral.lc 1",1' ()' (I:q, 1(,) '.-al"" "I' 
1(',I'll'.'ilh Ihe log P<''''' "" V:I"ie or 1,',(>/ il; 111e: 
cOppcr(IJ)-glycill(, (/\)- - "illli7 (II) sYSfL'lIl ("()ldiT'lIIS 

(I (i) 

Ihis <1rgul11('nt. The i\ In!! K, 102 X (Eqs 17-:7()) 
alld Ih; sl!lbilizatiPII Cl'lIslanl, /\ I"g Ii \':1111(':, 

included in Table 2 1'01' the CII(\ IJ?II Sl'('('i,:~: \'CIV 
well show irs lIlark(~d qahilil y', 

ellAII ! Culle ,>,,' C'11l\iJ::lli eu (1/) 

,:\ log K C:UA )121( ~c log ;'3('\1""::11 

--(log ~CuAJ[ + log ~('un) '" (Ii:! 

Cl/;\~H~ -;- CuB 4 ~ 2 Cu:\Il::!I; .rr"~,,,.,, 
rClI-\B~IIF 

--[CiIA"1 r;nC,;-;I;)' (I I) 

.. 
le)1,! XCIIAH,J[ =:. 2 log r~<:"A""iI 
- (log r3C~A~H2 -1- log [' .. "n',() 

!"! 
' .. (20) 

I-I"\\'l~\\~r, these parallll'Il' .. ~, (,(>I"" /11)1 hI' ('t' 1i1il'lIil:d 
for the euA 112 I!!ix(;d SPl'!. it''; dllt: I" Iltl: ~:IIIIC: 
rC,1sons /llclliioned ill (lie (aSe 01' ('11/\ /1 (.'olllf>l,:-
. , 1'1 I FCuAIHI I,~r I ,,'( 11,'\ Il 

X(;s. Ie <lg I\'CIIAIJ,H' llg '\ II \/l \';I/ues 111 

T,~I)I" 2 ,'ll··' 11/ 1 I' Il 11/,'111 I Ill'" I ,,-( 'lIil" "l ~ ~ 11 C 1 lIg er "i" "( 'IIi:, 

r,-:.' 

" , ' . ~J 

'/ 

i 
I 

~ 

,::r 
/~"\ 

,', / \ 

\ /J 
\ / \' ,.I 

, "I 
.. , ./ /\ , 

( 

\/\ / \ 
/ \ 2 () ~ 

/ 
1- ;.b.~\;:-:-~l::~_ .. ~ I/,/ 

nl -::-:::-r::=3"-=- & .... '. : -';.:.=:-.r~( .I;....-::-{~~?...::.,_ . .:.::-:- . -,-J.I .. J.t, i~ '1; :~, f. r,,:, 
" 

pH 

l'ig." ·Sjl(~t.:ie.l; dj:qiihlliioll Il'r rile l,);l:)Cr(lf) ,i; t"\,, 

; 

{': ,~ 

value" of 2.19 dCIlIOIIS(I;Uilll' Ilull Ih<, ilddili"Il'I)I' 
one more imiz (B) (0 a mixed Ij!':lnd SYSIcf)~ ;;; Illl'!,: 

favoured compared to that ill llie c<ljlpu(lI) -illli.' 
(II) binary system i.e, Ihc1T-:lcn'p(.!' PI'l'l'nfy u( illli,: 
is n1<lniltsl grealer in Ihl' mixed ligand sy:;I(:11I COIll

pared to that in the hillary system of illlil., 

It SL'cms to be illleresling 10 lilld (>Ill. IIIG (lnk'J' of 
stabililY obtained for Ihe 1I11~i1tllril(ed mixed comple
xes, euABI-1 or CuAB and compare il wirll t/"'sr; (ll' 
the corresponding sa turuled"'lllplex(:c:, C:.rA 1l,~1 I (II' 

CuAIJ ~ ill lite Copper(lJ)-;"'J'n (A)-irnil (In systelli. 
ConSidering lite factof1;9h'.Ir.-l1. vi:;:, (a) (he lus~; "I' 
",--b')lldillg in going from an in-plane l"'()f'(/in:t.led 
imiz to two oUI-of-plane Ci.l'-l'oordinalcd ill!iza.'; 
()h~:en'ed in the cis-bis (imiz) complex!:;: ;Ind (I» (he 
slalistical effect resulling from (ho reductio;] in avail
able binding siles for (he co()rdillalion (,r second 
imiz molecule, one would (:xpecl grealer' s(!ll'ility j()r 
the unsaturated mixed complex than that for the ~alu
rated complex. Dut the t::, Jog K values in Table 2 for 

lJi::fll (U) SYSIClii :1( a C'll-/\~H r::li() or 1 I. /:. 

<.'I.'''I'CI(/I) (f), ('''/\11 (.',,1, ("'1..\/ L (,11, (",1;/ I,,!:, ", 
CiIlJ;lJf UI), ('(III;! (7), ('1:;\1)1: (';, ,tilt! C'!I,\!; i'I~, i;;!, "i l ,-,-::', 

CUI\:!H is IlIII .c,;h~)\'.'11 dtt!.' '" ;1.0; h'l;: I\l\\.l.qi,~~':;!:r.l{i,'fli. 

lhe CIIAI.lJI complex ;lrc I'WIT p,,:;ilivc ":O'''I)'';;;,,,d 
(II Ihil( /i-,r lIlt: ellAlll1 SIII'.gc,';(iJl!' 1110l'c "Iill'illi\' 
)'(>1' the l'(lIIn<.:/'. The S:ll1le (,h~,crvafj()", i,., "i""1< I' 

:;f;lhililies I'or tlte satllralcd cOlnplnc< .. CI;,\!c.i,i "i' 
Cll/\B~ compared tn III1:;1.tllr·\I(',1 cnlllfl l,'\"; ('11'\ i:: i 
ur C1

IL,\B l'oJllplc.\c:~ \!~;'!"l: ill,!,) Ilo/iec.i';':"") :;i li!,.~ 
CC>PP('f'(1I)-gly,:ill.;, 1)1~-;lIl1illPhlllyri(' iIl.,1 ""in 
('rni(liill(; (/\)-imjz (II) Illixcd S)',-,iL'ril:, '.-,:),:;" ,,' 
Chl'!:lljllll "'- all Ihe~:c primary li,l!illlds (;\) 1\':;Ili/\ in 
a fivc-melllhl'rcd rillE, However, in lite S'J,(cnls wli,,,,: 
Ihe primary ligand (i\) j"nrms a si.x-mclllhcrc'd ,Iw/:.I<; 
riil/!, higlier slai.lili(ics for the ellA Il cPlnp:lr",.d I" 
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appreciahle ;!IIl()llllls 1:l'en ill (heir I : I : I .',11111 I il)lI'; 
(Figs I alld 2), while ill II,,; SYSIClll with II ilili/. 
III o.~ I or l1'l: l'ill II p/cxe;, (;spcci a II)' C ul\ Il~ II a II d C 111\ Il.. 
Cillllp/e.'il'S :I/I:lill :lle;r 1l1:lxillllllll COIlCclllraliolh ill 
I ::~ : 2 slllllli')I),>; (I:i;,. 2). Thc!;,; dia}~r:lIl1'; depicl 

I Ill' IllalLcd sl:li)i/ilil'S or fhe (llixed lil-'alld lllllll>/n 

:;pcl'ic.\ II'lic:rc Iheir 1:()lll'clllra!ioll\ re:ll'ilcd "'\'1'111:,. 

slaliSlic:ll/y ':\plTled 50"-;:(lt' IIli' l"lal h"llIlIi 

('('f1Pl'rOI). TIi,.~ '>filer 'III:I/i::lli"" {'·.:.!.III/C', ,,/1'."11('(/('" 

(I"/, Ihe ClllI('cllir:llillll diqrihllli,," I/i:ll' 1':1 III', "I' IIlI: 
mixed lil.;ali(l SYslellls arc alsl) SGell ill I1le.'/l: di:IP:tIIl':. 

I. S,,;I'I., If., "'('(111 iOIl.!' ill /'i"/ogif'lll .1)'.'./1'/11.1. \'1)1. : (1\1;11(<'1 
Ilekker, New Yl"k), 1'r!J. 

' !:r"II//,,,W, G. I.., /'/("l.'(/lli,· hi"rhr/lll:'lry, \',.,./ ; ",,,I 
(I'/sevier I'1 l1ls krd,l/ll), l'n.l. 

1. \\fALSI/II, J. ~·I .. liri,.. J. /' ... I/,ilO/ ,\f"d., 'II (1 1)711,. ".~'.:. 
·1. S"iI~.'''. II .. /If I'. 1(' "U"",i;':f(fin" "/"'(W'I!,I""P' ':':""': I,; 

I), lL,t>"UiJI:'\, (i\'q:.II'JJ\III Iln"~.". 0:-"("1"1.1), ,0;,0. 

(,II 

hl\. \ . SI',·d". tlhl'illlll",,: I", ,/.,. ""1'1'('.'1111 ""':11 (A) 
illl;, (Il) SY":'~1I1 HI a ('11-"\.111 ,.",i" "I J :.: ::. IlInl,p"",, 
copperlll) (I), (',,1\1'1 (2). <lll'\,II, "i, l. "q i.I). ('"AHII l:i). 
('ut\!l(f;), CU/\I.I,II (1) lilt! ('" .. \lI.. ('\1. 1'ht. :';'n'i",; 1'".\.11. 

~. :-;'1.11.1<. ,;, I .... ~. 1\1.,,, 'LI I.. I\. /::., SI,:hi/i(I' '·"":.I,! . .'(.; "I 
'",./,,/ i"" 1'0/11/,/,· ... '·.1. '\/""'//1/ I'IIh1i'·;fli".., n /". (1:1'1/,,," 
SOC;"I)" /."l1tl. 'Ill. "",. ; 7 .'< 25, / ')(,1 & 1"71. 

('u!.l" ('1111., <lilt! ,'"Il, "ret",,: :,1",,,:) I",:.,,,:.~ ",' II".;, I;T. 
' hi'" C(lrliCll1r.IIl\l/l\j, 

CU/\ n~ comp/eXGs \\'Gre rer', '1"kd";'. 'I'll liS. ill g"D,., ,:.1, 
it may be slalcd Ihal ill :111{' 1'('I'Pcr(l/)-!\'/lHi; (U) 
miXed sYstems, Ihe ;.Iabilil\· ordcr hl'l \1.l .... ,1 el/ .. \ II, 
and CIII\II lIlixl~d t'(lIIII'k.,I('~ i:; prilllarih' dCIl'1'II,illl:.i 

by I ht.: dlclale ri nl,! S i;~e d II. ell I () I ira lid (/1,':' iii, ad.d i.' i" II 
til (lie lactors (a) alld (h) I/lCHlililled ahllve. i.e. it' 
A rllnlls a /ivc-nh':llIhned clte/a(c rilll!. the ("11\ It 
C()lI1pk~xe~ WOlild be Ill()n~ ~liI"k lil:111 (',/\Il :llld lilt: 
reverSe Would be (rue ir Ille clielalin;) or /\ fl"iUI!; 

r ' . .. in a six-rneillbered ring. I 

Figures I-·J represent IhG dislritallilli! or various 
binary lind mixed complex! species ill knlls or ref 
cent bound COppcr(/J) as:a fUIlC(ioll or I'l-! ;"11 [he 
copper (H)-argn (A)-hisd, llj';lll or illliz (Il) l1liXl~d 
systems. In the rormer (\V0i '>y,<;I<: lI1 s. I he (,OIlC(:1I1 ra .. 
lion or a/l the cornp/e.x sPciies Wen: roulld (I) he ill 

I 

I 
I 
I 

(;. S,,;U .. I:., (/;("''''. ('/:"/11. (h.'. C':,n. ).1 (1"7.'1, .~',.! 
'!. (~'·~;:·:;:.: .. I;~' \.(;~ ~,,~> I:~i~;:~:: I :,~ \; .\ I~';"'::;';;::'I ~~:i~~::·.·'~:·:::: 

\,,,;.~;). '/'l7.1. \'·1 iI.\ 

S. N.II/;. "\1. S., :;'\'''''\/';'.1. ;11. ,I\: "Yf.liI.I) .. ,:.:. P. 1;'1 il.' .. ",. 

,·/'ill/ .. ·k(I'. 41 lI'i!:!)). 7. (/./.1. ,h,·!'1. .\"". /1.:.'.' .. ,: l;.,: 
11').<:11). ;\1:'; (c') /';,:io,I.I. ('/;"11: .. 1" .. \ (1"':'1( ...... 1,', 
.I. ("h·m . .',,'d/". /)u/i(l,'/ Ii",:,,, .. (1'),I.:U), .~I '~:\; (:'! .', . 
(·;'u"., /'.i.1 (I '.1:"'). "IIi'. 

'1. N,I";, 1\·1.:; .. (''''1.'''''1/'1". I • . V .. . \,,,,. .. \,.: .•.. ,\1. , ... ,. 

I'. K. (a).l I'hol! . .\"". /}uit"'1 h,II!,., (I" ;"" .. 1, ;, (h'·III. (III 1'1'(,::, .. 1. 

10. NAill, M. :,;. ,<, '''''.;';1'''''''''. r •. ;. (:1) .I. ":' ... "., ''.'" i'. :;"" 
'/'1'/11/.1'., (I'!:.;o). '0';(1)) /llii'III.I. ('/;1'/11., 2:1\11 1,.". )"". 

J I. {.J"" , ('1'1. S., i'll. I I. '1'1".",;, UlliI'CI'.,jly n!" ~ .. J"I:" ". ~'J:'. 
12. (j.INS, 1' .. \'''''':''. ,\. & .';,\lIATINI, 1'1., 111,)1.'.'. ,-i,i;.., . .. :. III (In;). ::17. 

D. JhfH)I;rs, (i. ,~: Pun,.. I.. D., .I. ('IIi'/iI. So!:., f),lit,,,, r .. ;!! .. , (I'.m,), '~:!. 

14. UltOOl;,:);, (j. '<c 1"':-1"'1'. I) . .I. '-/1('111. S,,(, /),.,/,n,; I:,.:. (/977) 1')11>. 

/5. IJU.I" .I. W., 1'".1'.1""'\", II. C, \1'1)"". A. ;Ii. ,,~. IV.I; I" I'. 
W. H., Chl'lli. C"/IIIIiIIl., (1-'),-,1)), 1.'.11. 

1(,. Fin;n.1.\N, /./. C, .··Li\, . .I""I,il,· (.h"III., 2J (/'}!':'I. '~: 
17. MIlIiMI. rd .. ',;., 11.1:';"1',,1''', D. &. /\'''"'1', Fl/.. /"""'. 

(he'III., /11 (I ')'N) , /5.:7. 


