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s t ^ « s  bsve ^9«b ^mrlm 

A«e«#»s im tl^ ftio djrws Imiowim irT tiiMir «wMind«X mtlllly*
Aso 4br«« fora eoiiplAsnt vltb a ▼•ri^ty ^  svtnlst iMeli tliMi- 

«r« also vvsy iaportMt la  ^  la^starjr* ^  ^ • • • »  

trsBi^ticm ■•tftX 0eapl#s»sf paorMeiiJlarly tibes« « f  e@pi^rt 
ehrcniwi m& mohmkt̂  hmm Iimii steilLstf «s%»iislvtili7» tli* firs t  

U q ^ tm t  JLtJ. ehrmlQM a«t«XXiMd 4ym ims ^  Clbm Xm
1919 Xb 11̂ © »€■• 2sl e(snpl«»is ipmni also
in'^diioad Ĉ 0>«

Th« domr pTfi^wtf of tiM tmo gt&ap 1« voalu Xts aM-llty 

to eeerdliiato v l^  M tals im« originally inf«rro4 froi ^ a  faet 

that aso âmpmatOm hiamlm • Mrdroaiyl or a& «aiio grot^ ia  a 

poaitioii orl^o to ^  aso groi^ fe n  aatal eoaplaxaat l » t  tliosa 

liaviiig l^droaqrl or «dlBO grospa 1» aeta*̂  er para p oa itl^  So 

Bot (Hl)« A aiBilMir of worlMra (%2**i7} ^ »aiaad  tim raaati^  

of e*liy4lrox7 »»aaiao aso^^aataffa «itli aatal aalta aiid 

aaeoaadad in laolaMng ei^part aiekal and aolialt eoaplaiBaa of 
bo^ typaa of ^aataffa* Srav ani I«a»lfaiat (Ml) aliMwad ttot 

e-liydroxy and e-aalw» aso aoapoiiada fomaA aoaplaxas liavi!^
2tl atoioMoaatry vlt^ dUvalaiit <»aip|Nir, aiokal wsaA eolialt in 

ifhleb a proton waa loat frm  aaoh aolaeala of tiia aso ooapomtd. 
HoMTary ^9  na^tra of ttia hmA tetaaaa tism aso groi;qi and
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mui mot ma& as reeentlr u  19S>2 this isiesrtftla^
vss iB^iestsd 0*9f ^0) ^  s hrmslmt mm êatmg Vm •zitirs sso 

gTmp CD#

caMa,

In 1936 IQNo'sse}! ana Ashf&rd (51) ImeHmtmA m 

ifliieh th»y fo m ^ stsd  mm (C4B5R t MS# 5 ) 1  PtCli» ^ i» In ^ r *

ae^on of sso^iis@b« and ]il«t l»ie  eiii^rida. Wmmmt (52) 
prc^ossdi • H  mtjmetarm t&r ttols empmmS (XI>«
HomiYsrf rmmtmtlj (53) i t  has baan raporta4 to Im a salt 

Sarivad froa ligrdrasebaiisaBa havliig ^  f^BiiXa

\p«Cl«3'»iO^

-m

Bilrmr and paXiadbLoa oaipIaa»s of asobaBsaimi ( ^ )  asd 

5t6-*)ia»sooiiBio3i.Ba <55)» wliieh say %a eoapairad idth ois-aao^B* 

Sana, h«T« baaa Isolatad* Ho infoTaa^oii on tlw strtiettura of
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aoBipX«»i« Is «ir«iljMKa Ibet VamlT Ium
d«aiozi8tFat«d eoGFiinfttiofi &t tlM iia 9t

otl^r grampa 1& iSm ligwid aol«eal««* A wmhmr of
m ^ r a  (56-59) liaw p i^«7 «d  e«iqpl«iws e f li«viiii m

mmtmlrC93thm Im m fo s it i^  t& «so I t  is

not el«*r ffon fivld»Be« i^ eh  aitrc««& «tia 9t
mmo groi^ is  to «*t«2. in tlMso ei»|pl«xo«» CXIX),

)mt sines a e ts IisU ^  oe<mrs id,tb X,B*4ia«tli7]. h m ^ X m l m  C60) 

iMit m>t idtta lyS-diBst^XsBiliiis, Hssk (5®) «^i^u4lssf 
•&sl.og3r9 tbst ttas 0̂ mLt:eo§9& mtm of ths sso groi^ is  Iw^Xw^ 

in eoor^ssti^ . Mrnemt or^stsl strao^rs ^stsmiastioii

oa tlis eoppsr oam^lszss of l ’*pli9i9^I.M0*^aill^^0X S3̂
KRd slso olirQalai tma^lmwa of two

0,0^»difegr«roxy»so ^ s s ^ f s  snd m  o-esrfeoag^o^-^^©xyai^ 

dyostoff hmt9 ooRflrasd B itr^sn of tbs sso

groi^ is  invoX^sd ia  ooerdiiisti<m»

In ths osss of oeppsr soi^Xsx of ths Mdsntsts sso 

ecKspoufidy l*plxs^Xai^2*BS9^^« ^lo #*tti1^(^«it stoi of ttis 
sso groap is  bmtdsd to tiM astsl iriy.eh foins s psrt of s 

siarasMbsrsd efaolsts ring.



M«vlmur 9 t msilttmle Mids

towkrds M t«llie  M its is » « r *  tkm% ^  ^
i&seliiU.« trm trm  tmltmtle §rmp» (iL)
rad is  e f grmm^r «iae« mm^Xw «2>̂  tiw ts^tf^ealXy
isport«Bt »so m» w93lX as food 9«Bt«ia

c a ir ^ o  «eid grmma* Wltli iNil.£»de ^dUi
firs t  fen  eiprie •a lf^ s^ s *  ftes

-Biptliei tmm9 m  e ri^s*r«d  stilt stre^Iy lir^ s^ d  cad siow* 
i^st ^ a M s  in v»t«p« testessi w3Ml^ &r

•llHai mmtmtmf tte salt is  e«m rtad i&ta a iHrdni^^Yad 

«o«rdiiitttio» esBi l̂sz (1T> ulilalt is »9ikuWM 1b «a t^  liltii a 

^•jp Wmm e^aar.

■ S.C53M0-
Qoppmr deas 1̂  ^ ta r  tha ianar aai^lax loXaas 

a ta r^ a  CZ'oî  is  aastraUaad ^  aaptaf oar etiMr %asia ataaa 

or groi^a* prrngmmm of a ainfla Md.f8iiia g re^
is  i^t safflalaat to i^airaat tte faiwatiM of tm lutamJl 

eaiqilaz i^ b  thara m f tvo &ordroiqrl froi^St both ( » r ^  to tha 

ai^ grmŝ rn

In aoBtraat to ttaa ratter eo^prahanaiva Iltaratnra 

avallalkLa o& tba ^ratliaala of l^anaitloii aatal aoaplajna varr
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iiif©imittlo& is  mk tbs Munrieiur of

th« ^  eoipXsj»s« ^artieaXarlr ooBtniiiliis
mi A g r^ s *  Eztis^i^sr m€ Bro^ (62) ^ r »  mamtmmA 

th« spMtra ef »  M?ies ef

sat ^MTivstivBs vitli astlirl-f
«i^  ^ u r e  mhmUt&imtm tm ^  tcNt«^r tlis

spsetrs of t ^ i r  eoi^srt a li^ sl liidi eoM.t ti»M9
f^ind thmt ip «rt trm  tbs spps«ri»^ of m w m  %iii4 

«s«Hrite^Is to ths Bstsl ie% tbs spsetrs of Mtia.*«io # o  

eo^Isxss dlffsrs4 vsry llt t lo  trm  thoss of t ^  si^l^ss*

a«»s of tto ftso^dyssf s.g« SBsrsatlif po^wm sto*
thimgh not ifidiestors t^mssl'fosy ^lisvo mm sztrsosly goo4i 
Indiostors utesB ussd vlth ie»s« T̂aam maspwsatb soXutiatt 
to irtiioli Ctt** hum boon s#Ssd say Im assA mm mn msl4 tess 

in̂ ULofttegr i&B}* Olrrl^sly tliis mast isvoXvs eo«plsa»s«
a i^ s  SQ solid oGipXox 001114 hm isolatsd in tiisM ommm̂  it  vss 

dsM^d to iamistigsto in soas dotsdl tlis &s1%uro of C»'*‘̂ *oi»p* 

l « n s  of sQ«s of tlis itsrmm msiag spootrophotMistrle 

tseliai^s*

Copper sulplistoy CaSO ,̂ ^ 0  (A .B «/^0  wm. nmmd during 

tho ssqoszlBsnt* ^  droSf SBsrsa^ sad saasst ysUowt wwro 

ttsod sftsr porlflsstion ^OM togrspliieslly Ĉ O) m^ hsfs 

drisd in rmmm te^ 2h boors. Potsssiw Iqrdroacidto sad sootio
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•614 fONid aixSJBc In  dl£f«r«Bt
■Roti&ts «»a selatlons 9t Sittm wnt wwm prmpmmi vuAm

mrn&mwmm*m pS ^
s^mMcai ^  s pH M t«r ^0$ M)« A ll

tn« sp ««tr«i dfttft mwm %9km in M m i a m  m 2  W /vlslia* 

sp»e1arfiipliotQ«9to7 m»lm ^ <3k 8«U« AJUL

veirs l>repsdr»d S.ii ^atl2.X«d m t«r.

M & Ma
§BJif.^aalRliai!t.iar3L,g. ,iH liU ia,.,P itf * i i i i f ,1 - if iljliif  „ n a liiif .

pi of «#lati(m •  6
Qfmsmntrm^en of mammt ymlXm »  5*6 x XCT̂ it
Ooi^iitratioii ©f C«̂ ® »  l.%75 3E 1CT*^I^T

(V »  vQlaMe ©f Ca^* sotlmtiim)
piŝ d »  500 wm»

^.1 6. P. mt
*̂ 00 M S X lO** g ^ ^ X l O -

^ 11

0 a s t 15.89

X 0.830 lV.82 li9.3i

2 0.T15 1?.77 35.9*>

3 (^6<a 1II.T3 26.̂ 2
h o.5lf f*arr 19.06

6 0.^38 7.82 10.33
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itiasua

m  Ttiijkay naliiHi

pi &f mGlMtltm 
aom«B^«tiOB of wammt j93J.ow 

&t Qul̂ *
(W

VaveXangth ua*4

5«6 X iCTJll
T S 3.0M. *  
V^tM« ©f C«**
500 a u

se^atioa)

Q.D* ftt
5T0Q » M X ir ^

"

0.890 15.^
3. 0.771 13.T7 68*80

2 0.68l» 12.21 5 .̂T2

3 0.^8 11*®!̂ $Z.k6

k 0.580 10.36 M̂ .87

6 0.520 9.29 35.70
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of soXuMfsA 
CGRQ«iitr«tl€»B @t immpmth 

of Cw'*'*

5.5
*>.*♦3 *  iir^M

5.9 X 10*» » * «  
Of Ctt**

$29 aii.
so3iuti(^

Q»I3« at 
52Q w

S *  JLr“»

0 a  9X0 20. 5*̂

X.5 al @.ii9 15.55 63.7
2 Q.$m 53.x

2.5 0,509 U.*it %JU6

3 0**1^ t*93 33.^

5 0.32 6.59 16.0
6 0.255 5.74 Xl*8
7 ^231. 5. a 9.0



pU dt ^ a tlG a  
of aMrsB^

Cf

h.5
h.k^ X ir-Jif
? X 3 .W  X icr»M 
n̂stLm» of solntifaa)

520 an.

O.D. At
520 SB

s X 10-»

0 0.9X0 20 .^
1 o»6io 15.35 168.5
2 0.535 12 .^ m .3

3 O.I|^ 10. n U2.9
&380 8.58 f7.1

5 0.350 7.90 82.1
8 0.280 6.32 57.7
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$ifcls_6

an«tr«lM.t«P«trla <«t« Wi WPltl T»U<»» ~ , °1**
« t  j j g f w t

‘ - “Mi. .

pH « %.5 »H ■ 5

X X ir-* t  X 10“ ** X X icr* Y X lerf

3.68 2 .^ 3U90 2.9*̂

1*89 1.53 0.96 2 .^

1̂ 3© 1.09 0 .^ X.1^

1.00 (km 0.51 l.$3

0.T1 0.56 a  35 1*10

Telstiis of * o l »  x t
iSj^ ^*8 X JL0̂ i

S|^g «  5-«5 *  iSP.
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Bomntwrnrntm^trle on mmtm^ ^a»a mwrntm 
mt ilfg *y B t pg

s -  Eft -  E
.̂ 1------  . «bA -----fi----------- » X

X X i<r'* t  X 1®*** X X 1 ^ 5 X 10^*

3 .7 0 K ’$Q 9 .S 6 H»tO

l . t 3 2 .5 1 ^ 9 3

1 .3 5 1 .77 5 .3 5 3 .0 2

1 .0 7 i.% 6 K 5 Q 2 . ^

Q ^ m 1 .1 3 3 .9 1 2.3^

0 .7 5 3 .^ 2 1 .^

? « !» « »  of «0la3> •actlnetlsn iiMdy * 20.5  ̂ x 10® t
1.5 X le^f

&l|iP *  3*2 X IS^*

a

y«lii«« ot t, A  mX H ttm m t far Cu** -  
MMtt TttltBJgrtM

pH 4 4 4

»h 5 1.3 X 10̂ 0.7 X 10̂ 1.8 X 10

5.0 *►.1 X 10̂ 2.0 X lOi* 2. 0 X 10̂
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tmsLM

Tia.Q»a 0f ^  fi Ctt̂ * -

pa 4 4

2 . 1  X 10» 1 .2  X 1€^ 1 .7  X 10

5 . 0 6 .5  X 1 0 ^ h*X X 1€^ 1 .6  X 10^

Qt tlm TftXlcms ase 4tfmm a«9d In fooa inde«til98| 011I7  

itt«riiBtli (T) p o n m m  HB CTZ), aadi smiMt ŷ JULov CHI) fom 

Q€npl93»9 Vi til Qu*̂  mm •ipld»«e0d 1  ̂ ^  eii«Bg« tn ttas ooXsmr 
i^Gb aeodap«ai#s o f «  o f to ttooso

dyos* fids Is oipootod mm mlX thoso dtjros oontoin an o*lqrdbrox;f 
group. I t  mw^ polBtod oat that otl̂ ar ^ansitlem natal l<mst 

a.g* Co"***, Fa**"®, 2b^*, ate. haipe mo affaet InSioatlng

▼arr nairic A^ior prq^rtias of tta»sa 4bros*
HO —7'---^ S O ^ M ol

N1 = :N

■S02̂ SM.Ov.

^ 0 3

TXI awisot ToXlov
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Jm  eftM ef tm hm mmtm ttm Fig*

«ddl%iem &f Cm*̂  wml%» in m bypB&obtmtlQ sh ift ef mhmt 
60 m &f ^0  mbgoiepMm v&tb ^jrpoe^eMie rnff̂ rntm fh«

9f pmmm Mi is  ^ i i s r  to ef m&m&th
and te ^  diseasMd s«p«r«ti4T* Xa tiHi emm of saasst

ir«XXew eeopsrsl^vsXT aatfXX li^siM^CMid s liift %at

d4^nsltera^X« #*orMs« Ixi «b»oirptlim i& t«Asl^ im tl^ l€»i« 

ir«VdX«i^th @f tbs «l^7pM <» os^nrs <flg* 2}»
Tbs Bfttttrs of tiM sbsorptioii ^ootrs of »ot«l*«ao dys soXutloss 

itsvs %ssn f«miid to Its strcmflir lefXa^ioodi 1  ̂ diffsrm t fsetors* 

TImm disomsssd hmlmk

^i) ii:iiil.,jc .ia i <

?igs> 3 ^ stiow tlis offoot of pS (m ^  sbsorptioa
spoetrs of S3ps««stal ^Xatioa e^tsia ii^  fisrod diVmtsX 

eomsntrs^oiis* Xt viXX iNi soon that t ^  ooXour ehmmm is  

s&ll̂ ui^d vltli tSm Isorssss of pUf iMXs XonoFing of pi tsiî Ui 
to iMmmemt thm fteXmir olisimo. fliis t^gothsr iritSi prossms 

ef sa isoshostio p^at in %hm our^Sf vmiXd izi4iosts
s rather siaple e^iiXihria ef tkm t

aM^ ♦ B ^ ^  . . . . . . .  <1)

BonsYory as has hseii shoim Xater, TOOh a sliq^Xe efOiXihriai 
eaiB»ot iiaaBtitatlvaXy expXaiB tha ohsen«d speetro|)he^9Ketrio 

data*
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F i g . 1.

440 480 520  560  

W A V E L E N G T H  ( n m )

ffpfct of metal ion cowgentration (Gu-̂ )̂ at a fixed 
nw -HF absorption 3PKGTRA OF AQUEÔ TS 

I^ U T IO M  M Y I K  C O K T M T  O-QNCENTRWIOH GK AMARAKIH.
y ,•» . ^ "TN

a -  8 Cu + 2 D

c -  2 Gu + 2 D

b - 6 Cu + 2 ID 
d - 1 G.U + 2 D



Pig. 2.
CQNCEKTRATION (Cu- =̂̂ ) AT A FI'(ED 

THE ABSORPTION SPECTRA OF AQUEOUS 
yS l OW CONSTANT COKOoWTRATION OF S^TWSiiT

O -  DYE (D)

G> “  ^ Ou + 2 D
A -  2 Cu + 2 D 

•  -  8 Gu + 2 D



100

400 440 480 520
W A V E L E N G T H  ( nm)

560 600

F ip .C .  EFFECT OF pH ON THE ABSORPTION SPECTRA OF 

AMAPANTIi-METAL SOL’ TTTOK GONTArNTNC FIXED 

AMARANTFl/METAL CONCENTRATIONS.

b “ 'oH 6. 00-  T)H 5 .5  

G - pH 5* 00
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400 440 480 520
W A V E L E N G T H ( n m)

560 600

F ip .^ .  EFFtOT pH ON TIi£ .A.3aORPTIPN SPECTRA OF 

3ni?SST YELLOW -  META.L SOuUTIOW CONTAINING 

FIXED oT|N3ET-YE,.LOW/MaTAL ONCENTRATT01^3.

a “  -dH W. 6

c -  pH 5.5

7'‘ ■'r; .V- .:

b -  pH- 5- 0

d - T)H 6. 00
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(Ed " E ) / C °  x ' O®

F i g .  5. PLOT OF ii V.J. (j3j^-^)/C°^ f o r  Cu-^^-BnN^iST 

Y;iLLOW’ 3' ST ill d AT pH = 5 , -OWiiR SCki.vl)
ANT p H = 6 (O  , TTPFiilR SGiVtxI).



( E o - E ) / c “  ̂ ><10

F ig .  6. PLOT 0? e ‘ v3. (Ej, -E )/ J °  ' a t  t)H 5 -5  f o r  Cu^^-AMARANTH

s y s t e m .

Jt-:
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40 80

( Ed - E ) / c ;  <>10
120
4

160

F lp .  7 . PLOT OF E VS. (Sj^-iii)/G?^ FOP. DYE -  SYSTEM AT pH = 5-

( O -  3ITN3i2T Y ii ’jiLOW, • “  A U R A  NTH)

.351-.
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^ - E md/ ( E - E „  .>C ” ’■'O'
E, -  £

F ig .  9. PLOT OF ^ - C= y )  VS.
E -  E

MD
(= x )

FOR Cu"^̂  -  A MARANTH 3̂ 3̂151 AT pH =



2+

0*^ = XV WaiSAS RM TclVm  

W.fG-W _ .

"0 ao^ (X = ) OK̂ ' .

51 -
•PA - )  -

, .0 t»  *",0('’" '^ 3 -3 )/

•01 *3Td
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(11) 40ft >

Figs. 1 and 2 shov the e ffect of concentration
m

at a fixed pH on the absorption spectra of aqueous solution 

having constant ccmcentration o f the dye. A» would be expected 

fo r a equilibria^ of the type (1 ),  increasing aetal Ion concjn- 

tration leads to a decrease In the extinction near the absorp­

tion naxiffla of the free dye with the appearance of a nev peak 

at a lower warelength.

( I l l )  a ffec t of buffer solutions t

Interestingly the nature of the buffer solution has a 

profound effect on dye-Cu** equ ilibria . Thus phosphate buffer 

inhibits the formation of the complex as Indicated by the 

reversal of the colour change by the addition o f phosphate 

buffer to a mixture of dy«/Cu'*‘* . Hovever, acetic acid/potassiim 

acetate buffer does not Inh ib it the conplexation and is  suitable 

fo r use In the present systems. The ab ility  o f the phosphate 

buffer to inh ib it the complexation is presumably due to the 

very weak nature of the Cu'*’̂  complex so that phosphate ions 

are capable of breaking the dye complex by conplexing vith the 

Cu^  ̂ ions themselves.

Because of considerable overlap between the dye and 

Cu^*/dye complex absorption bands coupled with the strong 

absorption of the dye near the absorption maximum of the 

c<XQplex, Job* s method (65) was found u x ^ ita b le . Jimilarlyt .
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the Slqpe ratio  (66) method was also unsuitable since large  

corcentratlon of dye could not be employed^ though metal t dye 

ra tio  could be made quite large. The following method vas 

therefore employed for treatraent of the spec trqaho tome tr ie  

data*

Consider the equilibrium

nM*2 *  ^2n-D ♦ ......................  (2)

Let s Analytical concentration of the dye.

s £iquilibriim concentration of the dye«

Cĵ  = E q u ilib r ia  concentration of the metal.

“ ^quilibriim  concentration of the metal-dye complex,

and, be the molar extinctions of the dye and the complex

respectively at ar^ given wavelength, iince copper sulphate 

solution does not absorb in the region of investigation  

( ' '-^ 00-500 nm), may be neglected. Assuming the valid ity  

of Beer* s law, one can write t

D * * ̂ D*̂ D * ^X*̂ X . . . . . . . . . . . . . . .  (3)

where & is  the apparent molar extinction of the Cu"*"* -  dye

soluti on.

Also, CO * Cjj + ............................. ik)

Combining (3) and (h )  one gets,

Cv iS -  iS,
............................ (5 )
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The equlllbriuia constant K is  giTan by

K ” ĉ — c— "  .........................

At a fixed pH, is  constant, so that using for

k' .  cJ ......................... (6)

^qu*ition (5) and (6 ), vhan conbined leads to s

-  « '•  =5
I

or ------c”....... ........... ...........M

I f  the aatfld concentration^ =*M. is  kept large compared

to the dye concentration, then
jd ^

so that 2 *  -^TR .....  ............. .............  ^8)

Sj, -  ii
Thus, a p lot IS rm* — ----- should give a straight line  fo r

M
any syst«n obeying equilibriua of the type (2)*

The s;^ectrophotonietric data on asiaranth and

sunset yellov -Cu'*'* systems at various pH are given in  

Tables 2-5. I t  may be seen fraa Figs. 5 and 6, that the 

extinction data beyond pH 5*5* could be explained by an equili" 

briUB of type (2) with n * 2. This is  rather unusual, since 

azo dyes normally fona complexes vith aetals either in  I t l



- I  33 I -

or Is 2 metal t dye ratio , bat not vith more than one metal 

atom per dŷ e molecule.

At lower pH plots S vs. do not y ie ld  straight

lines and at about pH<^H. 5t p lot of H rs» is  close

to a straight line  particu larly  for low values of (Fig, 7) 

indicating: that formation of I t l  metal dye complex predominates 

in  the lower pH. In view of these observations the equilibria  

should be represented as t

Cu^» D (OoD* )*^2 -X i) ♦ x,ir^ ..................... 9 (a)

(CuD* ^ Cu"^*^ CuaD** 9(b)

The two equilibrium constants and ^  are given by t

®MD-
'  '^ g p  ..... ...............................  1®‘»>

and /

.........................................................................................................................................  1 0 ( b )

Where Cj^ and represents the equilibriim  concentration

o f the I t l  and 1*2 dye-Cu'*'* complexes respectively. Denoting

the moliir extinctions of the species D, (CuD*)  ̂ ,

^2  ̂ and that of dye-Cu'*'® mixture by '̂ md,

and & respectively, one can %rrita t

iS.C® a lijj.Cp ♦ ^MaD’ ^MgD  ................
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Farther i

CO * Cjj ♦ .......................  (12)

Substituting and Cj^^j In terms of Cĵ  frota eqns. 10(a) and 

(b ) and using Ki and K* fo r Ki/Cg+^ and S^/Cg+* respectively^ 

eqns. (11) and (12) may be rewritten as «

!£• + Ki ♦ Kt Ka C* ••••• (13)
_

cf
(Ilf)

Combining eqns- (13) and (1^) one gets after soae rearrange­

ment I iSp »  ii *  K| •♦■ Ki S« (B -

I.e. ^  = k{ .  * Ki 4  ..................  (15)

As before under experimental conditions so that

Cĵ jO=i.Ĉ  and eqn. (15) « «y  be written as

^  --------  * K, — ---- ^2sL- ♦ k{ kJ .................... (16)

Thus, .  p lot of V.. TS-ii- y y^ •

straight line for equ ilibria  9 (a ) and 9 (b )*

JSj^P can be determined from the intercepts of the

(Su -
plot of — ■— vs. E at higher pH where formation of M*D
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type predominates* 3inoe at lover pH, H gives a linear re lation  

with (fi -  (?ig- 7) indicating the foraiation of l i l

complex predoainantly so that the intercept vould be equal to 

^MD calculated values of
ijL »  |5 £ •

(a "  T l-E —^3** dye-Gu'*'* systems at d ifferent

pH valaes are given in Table 6, and 7! and the plots are

shown in Figures 8-10. As can be seen the p lots are straight 

lixws %rithin experiaental errors confirming the presence of 

equ ilibria  of the type 9 (a ) and (b) in Cu'*‘* -  dye syst^s*

Values of k! , and k{ calculated from the slopes

and intercepts of Figs* 8-10 are given in Tables 8 and 9.

These values should be regarded as very approximate because of 

the approximations used for calculating and However,

these are probably su ffic ien tly  accurate fo r the determination 

o f the nmber of protons involved in the equ ilib ria  9(a) and 

9 (b ).

Since Kf and are rel9ted to hydrogen conc^^ntrations 

as given by eqns* 17(a) and (b ) , the ra tio  of the

17(a)

kJ •  ............................  17 (b)
o5<»

apparent equilibrium constants at two d ifferent pH vould be 

given by eqns* 18(a) and 18(b).
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.  10*. (pH.- p ^ )  .  ..........
(k; )pHa

............................ 18(b)
(Kg )pH2

Using the data in  Tablas 8 and 9» i t  is  aasily  saen that for  

both -amaranth and Cu"*’*-sunset yellow systems X| *  1 

and X2 »  2.

The intersction of Cu^* with these dsres mny therefor© be written 

as »

Cu‘̂ 2 + D (cuD*)  ̂ ♦ IT̂  ..................... 19 (a)

and Gu’*̂2 ^ j c u a . . . . . .  19(b)

The results are both surprising and une3q:>ected since 

no para lle l exanple is  known. These anoaalous observations 

nayy however, be rationalised as follows *

In the pH-range investigated soma of the sulfonic groups presmiably 

remain in the acid form, i . e . ,  as *3o9H. As is  wall-lcnown oonp- 

lexation of sulfonated azo**dyes with metal iorss occurs only 

after displaceaent of the proton o f -SOsH group. The f i r s t  Cu'*'̂  

ion thus forms a salt with the sulfonic acid which then complexes 

with another Cu^* displacing the ff*” of the -Cffl group as well as 

another one froco group thereby neutralising the charge.

—  w
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. ^\-hLp

J

The mono »nd di-copper complexes o f amaranth may thus be fo r­

mulated as V III and IX respect!Tely. 31nce the exact location  

o f the sa lt fonaing ion is  not knovn, this has not been

specified in the structures. Sim ilarly the hydration is  

represented as xHaO without speci^ ing the site . However, 

both the sr>ecies are expected to be hydrated. Similar struct­

ures for sunset yellow-Cu'*'® complexes may be easily  written 

and are therefore not sitown separately.

oummarv and Conclusion

Results of investigation on the interaction of Cu”*̂ * ion 

with some food dyes have been recorded in  this Chapter. The 

nature of the coaplexes formed by has been studied spectro-

photometrically under reried conditions. The results of the 

present investigation are consistent with the foraation of 1*1 

metal t dye species in solutions having pH approximately below 

^.5 and with 2 il metal t dye species at higher pH. The la tte r  

resu lt is  unexpected and surprising since in most cases azo 

dyes form I t l  or Is2 metal t dye species and no finding of a 

transition metal complex having more than one metal per dye
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ffloleeule has so far been raportad. This ourlous obserTatlon 

has been rationalised in  terras of a sa lt forming Ion

and a coordlr;«»ted Cu** ion per dye molecule) tentatlTe struct­

ures for these species hare also been proposed* I t  is  hoped 

this unexpected, but Justified, finding v i l l  stijsulate further 

investigations in the f ie ld  of metal-dye conplexes*


