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Numerous studies have been made during the last fevw
decades on the axo dyes beosuse of their commerciel utility.
Ago dyes fornm complexes with a variety of metals, vhich them~
selves are also very hpertant in the dye industry. Of these,
transition metsl complexes, particularly those of copper,
chromiwm and cobalt, hawve been studied extensively. The first
important l:l chromium metallised dye was marketed by Ciba in
1919 (40). 1In 1930 some 2:1 dye-metal complexss were also
introduced (40).

The donor property of the aso group is wak. Its ability
to coordinste with metals was originally inferred from tha fact
that azo compounds having a hydroxyl or an amino group in e
position ortho to the aso group form metal complexes, but thoss
having hydroxyl or smino groups in mete or p'm position do
not (41). A number of workers (42-47) examined the resstion
of o~hydroxy and o-amino mzodyestuffs with metal salts and
succeeded in 1solating copper, nickel and eobalt complexes of
both types of dyestuffs. Drev and Landquiet (48) showed that
o~hydroxy and o~amino aso compounds formed eomplexes having
2:1 stoiohiometry with divalent copper, niokal and ceodbalt in
vhich s proton was lost from each molsculs of the aso compound.
However, the neture of the bond bdetwesn the asze group and the
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metal was not clear and as reccently as 1952 this uncertainty
was indicated (49, 50) by a bracket enclosing the entire aso
group (I).

i) 4 | e
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In 1936 Kharasch and Aghford (51) isclsted s compound
which they formulsted as (C¢HeN 3 NCgHg)z PtCl, by the inter-
sction of asobensens and platiniec chloride. Werner (%2)
propogsed a TI borded structure for this compound (II).
However, racently (53) 1t has been reported to be a salt
derived from hydrasobengzens heving the formula (C¢HyNHRHC ¢Hg)a
(Pw.ls].ﬂgﬂ.
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Silver and palladium complexes of agobenzens (54) and
5,6~bengocinnoline (55), which may be compared with cis~asoben~
gene, have been isolated. No information on the structure of
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these complexes is availadble but their formation has effectively
demonstrated coordination of the ago group in the absence of
other donor groups in the ligand molecules. A mmber of
suthors (56-59) have prepared complexes of asobensene having a
metal~carbon bond in a position ortho to the azxo groap. It is
not elear from available avidence which nitrogen atom of the
azo group is bonded to the metsl in these complaxos, e.g. (III),
but since metallaetion occurs with N,N-dimethyl bensylamine (60)
but not with N ,E-dimethylaniline, Heck (58) ceoncludes, by
anslogy, that the g#-nitrogen atem of the aso group is involved
in soordination. Recent I~ray orystal struoture detsrmination
on the copper complsxes of l-phenylaso-2~napthol and
l-pyrid-2-napthol and also chromium complexes of two

Q, ﬁ"-dihyaroxyase dyestuffs and an e—earben—o' ~hydroxyaso
dyestuff have confirmed that only one nitrogen of the aso

group is involved in coerdination.

S

/\ — \?Z}
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T
In the cese Of the copper complax of the bidsntate azxo
compound, l-phenylaso-2-napthol, the g-nitrogen atom of the
ag0 group is bonded to the matal vhich forms a part of a

six-nembered chelate ring.
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The bdehaviour of o~hydroxy—-asobensene sulfonic acids
towards metallic salts is mere complicated than that of the
insoluble o-hydroxyaso compounds free from sulfonic groups (61)
and 1s of greater interest since nearly all the technically
important mordant azo dyes as well as food dyes contaln
sulfenlo scid groups. With copper sslt the sulfoniec acids
first form the cuprie sulfonstes. Thus p-sulfobenssne~aso~f§~
-napthol forms an orange~red salt strorngly hydrated and some~
what readily emlubdle in water. On trestment with alksli or
alkali acetate, the selt is converted into a drowmish-red
coordination complex (IV) whiah is soluble in water with e
deesp brown colour.

SO~

- Copper does not enter the imner complex unless the
sulfonie group is mttqliud by eopper or other basic atoms
or groups. However, the presence of a single sulfonie group
is not suffieient to prevent the formetion of an internsl
complex when there are two hydroxyl groups, both ortho to the
480 group. |

In contrast to the rather comprehensive literaturs
available on the synthesis of transition metal complexes very
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little informetion is availsble on the spectral behaviour of
the metal-aszo dyn complexes, particularly thoss contsining
sulfonic acid groups. ZErnsberger smd Brode (62) have exmmined
the absorption spectra of a series of phenylaso-p-~eresol,
$-napthol and §-napthylamine derivatives with methyl, nitro
and chloro smbstituents in the phenyl ring, together with the
spectra of their copper, nickel and cobalt compounds. These
authors found that apart frsm the appearance of s new band
ascribable to the metal ion, the spectrs of metal-aszo dye
complexes differed very littlo from those of the eszo-~dyss.

Some of the aszo~dyes, e.g. smaranth, poncesu &z etc.
though not indicetors thamselves, bshave as extremely good
indicetors vhen used with Cu*? ions. Thus amaranth solution
to whioch Cu*2 has been edded may be used as an ascid base
indicator (63), Obviously this must involve Cu*?~dye complexes.
3ince no solid complex could be isolated in thess cases it wvas
decided to investigate in some dotall the neture of Cu*?-comp~
lexes of some of the food 4yes using spectrophotometris
techniques.

Copper sulphate, CuSOy, 5HaO (A.R./BHH) was used during
the expsriment. The dyes, mmaranth and sunset yellow, were
used after purifiestion ehromatographically (40) and were
dried in vacuum for 2% houre. Potassium hydroxide and ecetic



acid buffer was prepared by mixing components in different
amounts and solutions of different pH were prepared using
Henderson's equation (64). The resulting pH of the buffer
solution was measured by Philip’s pH meter (PR 9h05 M). All
the spectral data were taken in Beckman DU2 UV/visible
spectrophotometer using 1 cm quarts cell. All solutions
wers prepared in distilled deioniged water.

pH of solution = 6
Concentration of sunset yellov = 5.6 x 10"%xM

Concentration of Cu*? 1.475 x 10""!? v

=
(Vv = volume of Cu*? golution)
»

Wavelength used 500 nm.

 / G.D. at Bp - B
0 0. 89 15. 8¢

1 0. 830 1. 82 hg. 31
2 0.71% 12.77 395.9%
3 0. 601 10.73 26. 2
b 0. 519 9.27 19. 06
é 0. ksa T.82 10.33
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pH of solution = &5
Coneentrstion of sunset vellow = 5.6 x 10X
Coneentration of Cu*? = ¥V x3.081 x ;20")!

(V = volme of Cu’? golutiom)

Wavelength used = 500 mm.

Va1 g‘og‘;t B x 1078 Eg - B x 107%
N

0 C. 890 15.89

1 6771 13.77 68. 80
2 0. 684 12.21 59.72
3 0. 618 11. 04 52.46
b 0.580 ‘\ 10,36 Lk, 87
6 0.520 9.29 35.70




pH of solution = 5.5
Concentration of smaranth = 3,43 x 107%N

Concentration of Cu*? (v = 5.9 x 10™* g%
= yolume of Cu** solution)
Wavelength used : = 520 mm.
LY g.zg.;t E x107® :3 £ 10°7
M

o 0.910 20. 5%
l.Sml 0. 689 15.55 63.7

2 - 0. 582 13.1h 53.1
2.5 0. 509 11.h9 hi. 6

3 0. 440 9.93 33.86

5 0. 292 6.59 16. 0

6 0. 255 5«76 1.8

7 0. 231 5.21 S.0
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pH of solution = h.§
Concentration of smaranth = L.43 x 10”X

Concentration of Cu*? = ¥V x 3.081 x 10"%)
: (V = volume of solutiom)
Wavelength used = 520 mm.
V. 0.D. at E x 1078 gg'ﬁ x 10°%
520 m "
0 0.610 20, 5%
1 0. 680 15.35% 168.5
2 0. 535 12.08 137.3
3 0. k8 10.11 112.9
4 0. 380 8. 58 97.1
5 0. 350 T.90 82.1
8 0. 280 6. 32 57«7
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ntu at &ftcrcat R

B=-B ' B, ~ &
(BB n) (B )Y
pH = W5 » pH =é
X x 1072 Y x 107" X x 1078 Y x 109

3. 68 2. 82 1.90 - 2.9%
1.89 .53 0. 96 2. 3%
1.30 1.09 0. 65 1.6
1. 00 \ 0.81 .51 1.53
0.7T1 0. 56 0. 35 1.10

Values of molar extinctions 3 EB = 15.89 x 10%,
o= 48 x 10%,
&D = s. ‘5 x 1@.
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Iable 7

Spectrophotametric datas on smaranth ~Cu'? system "’
at d1fferent

E-R B, = &
X= . @ s and - g = Y
& ~ By p)% G = By PO
= b5 = 50
X x 107 Y x 10-% leég: Y x 10°9
3,70 . 50 9.86 . 80
1.93 2.51 6.83 3. 62
1.35 1.77 5.35 3. 02
1. 07 1.4%6 4. 50 2. 68
0. 88 1.13 3.91 2. 34
0. 63 0.75 3. 42 1.89

Values of molar extinction used, &, = 20.5% x 10%,
3?@ =z l. 5 X 1”,
gn‘n z 3.2 X 108,

pH

b 5 1.3 x 10° 0.7 x 107 1.8 x 10
5.0 b1 x 10 2.0 x 102 2.0 x 10®
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Isble 9
w at different pH for Cu*? -
k.5 2.1 x 10  L2x10 L7 x 10
5.0 6.5 x 10 4.1 x 108 1.6 x 107

Of the wvarious azo dyes used in food industries, only
uar#nth (V) ponceau 4R (VI), and smct yellow (VII) form
complexes with Cu*? as evidenced by the change in the colour
which sccompanies sddition of a solution of Cu*? ions to these
dyes. 7This 1s expected as all these dyes oontain an o-hydroxy
group. It may be pointed eut that othar transition metal ions,
e.g. Ni*2, Co*S, Fe*?, Zn*?, etc. have no effect indicating
very weak donor p‘z;?ertiu of thess dyes.

) SoaNa ‘ Ho

RS Ty
ke o NaOS

‘505Nq

YV Amaranth VI Poncess & R

Ho
- O SO

VII Sunset yellow
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In the case of smaranth as may de seen from Fig. I,
addition of Cu*? results in a hypsochromic shift ef about
60 nm of the visible absorption with hypochromic effect. The
behavicur of poncesu 4B is exactly similer to that of amaranth
and need not to be discussed sensrately. In the case of sungset
yvyellow eomparstively smsll hypaochromic shift ocours, but
congiderable decrease in ebsorption intensity in the long
wavelength region of the ebsorption band occurs (Fig. 2).
The nature of the absorption speatrs of motal=azo dye solutions
heve been found to be strongly influenced by different factors.
These are disoussed below.

(1) sffect of pH ¢

Figs. 3 snd % show the effect of pH on the absorptien
spectrs of dye-metal solution containing fixed dye/metal
soncentrationg. It will be geen that the colour change is
enhanced with the increass of pH, while lowering of pH tends
to reverse the éolsm' change. This togother with the precssncs
of an isosbestic point in the absorption curves, would indicate
a rather simple equilibria of the type

nﬂ*’ + D;___A_.- [.“‘»’] + (h.x) h ﬂ* esesnse {1)

However, as has besn ghown later, such a simple equilibrium
eannot gquantitatively expleain the observed speetrophotometric

dats.
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(11) 40ft >

Figs. 1 and 2 shov the effect of concentration
at a fixed pH on trTe absorption spectra of aqueous solution
having constant ccmcentration of the dye. A» would be expected
for a equilibria™ of the type (1), increasing aetal lon 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.

(1) affect of buffer solutions t

Interestingly the nature of the buffer solution has a
profound effect on dye-Cu** equilibria. Thus phosphate buffer
inhibits the formation of the complex as Indicated by the
reversal of the colour change by the addition of phosphate
buffer to a mixture of dy«/Cu**. Hovever, acetic acid/potassiim
acetate buffer does not Inhibit the conplexation and is suitable
for use In the present systems. The ability of the phosphate
buffer to inhibit 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

CuV ions themselves.

Because of considerable overlap between the dye and
Cun™*/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 ux”itable. Jimilarlyt
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the Slgpe ratio (66) method was also unsuitable since large
corcentratlon of dye could not be employed™ though metal t dye
ratio could be made quite large. The following method vas

therefore employed for treatraent of the spectrgahotometrie

data*

Consider the equilibrium

nvik2 * "N22n-D ¢ (2)
Let s Analytical concentration of the dye.

s £iquilibriim concentration of the dye«

g™ = Equilibria concentrationof the metal.

“ Aquilibriim 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 validity

of Beer* s law,onecan write t

D * £ DD X AN (3)

where & s theapparent molar extinction of the QU** dye
solution.

Also, QO * Cjj + i ik)
Combining (3) and (h) one gets,

Qv iS- IS
............................ (5)
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The equlllbriuia constant K is giTan by

K” A —c— "

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

K. € e, (6)

~Aqu*ition (5) and (6), vhan conbined leads to s

or = o
M

If the aatfld concentration™ =M is kept large compared

to the dye concentration, then

b~

so that 2 * A I = ~8)
, - i

Thus, a plot Sm* — - should give a straight line for
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. It 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 Itl
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or Is2 metal t dye ratio, bat not vith more than one metal

atom per dy"e molecule.

At lower pH plots S vs. do not yield straight
lines and at about pH<"H.5t plot of H rs» is close
to a straight line particularly for low values of (Fig, 7)

indicating: that formation of Itl metal dye complex predominates
in the lower pH. In view of these observations the equilibria

should be represented as t

Cu”™ D (CoD* )*N2-Xi) & X,ir™ 9(a)
(CuD* A Cu"A*A CuaDe 9(b)
The two equilibrium constants and ~ are given by t
RVD
B o [ 1®" »>
and /

10 (b )

Where Cj~ andrepresents the equilibriim concentration
of the Itl and 1*2 dye-Cu™** complexes respectively. Denoting

the moliir extinctions of the species D, (CuD¥) N
A2~ and that of dye-Cu*'® mixture by N,

and & respectively, one can %rrita t

iS.C® a lijj.Cp + ANWVED MID e,



Farther i
O* Gj ¢ 12)

Substituting and Cj™y In terms of g» frota eqns. 10(a) and
(b) and using Ki and K* for Ki/Cg+* and S™/Cg+* respectively”

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

I + Ki ¢+ Kt Ka C* cccece (13)
cf
(11F)
Combining egns- (13) and (1”) one gets after soae rearrange-
ment | iSp » i * K] - Ki S« B -
l.e. 2 = K. *K 4 (15)
As before under experimental conditions so that

gNOA.Cr and eqn. (15) ««y be written as

7 — * K — ——A"2sL- & K{ K ..o, (16)

Thus, . plot of V.. TSii-y yn .
straight line for equilibria 9(a) and 9(b)*
JSI*P can be determined from the intercepts of the

(Su -
plot of — m— vs. E at higher pH where formation of MD
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type predominates* 3inoe at lover pH, H gives a linear relation
with (fi -(?ig- 7) indicating the foraiation of Ilil

complex predoainantly so that the intercept vould be equal to

VD calculated values of
iL » p E e
(a " TI-E—"3**dye-Gu™™* systems at different
pH valaes are given in Table 6, and 7! and the plots are

shown in Figures 8-10. As can be seen the plots are straight
lixws %rithin experiaental errors confirming the presence of

equilibria of the type 9(a) and (b) in Cu** - dye syst/s*

Values of k!, and k{ calculated from the slopes
and intercepts ofFigs* 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 sufficiently accurate for the determination
of the nmber of protons involved in the equilibria 9(a) and

9(b).

Since Kf and are rel9ted to hydrogen conc™ntrations

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

17(a)

K o e, 17 (b)

05<»

apparent equilibrium constants at two different pH vould be

given by egns* 18(a) and 18(b).
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10*. (pH.- p”™) .
(k; JpHa

............................ 18(b)
(Kg)pH2
Using the data in Tablas 8 and 9» it is aasily saen that for
both -amaranth and QU**-sunset yellow systems X] * 1
and X2 » 2.

The intersction of Cu™ with these dsres mny therefor© be written
as »

Cu2 + D (cuD*) ™ & I i 19 (a)
and Gu™ A ] C u a

The results are both surprising and une3g:>ected since
no parallel 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 *309H. As is wall-lchnown oonp-
lexation of sulfonated azo**dyes with metal iorss occurs only

after displaceaent of the proton of -SOsH group. The first Qu*»
ion thus forms a salt with the sulfonic acid which then complexes
with another Cu™ displacing the f*” of the -Cffl group as well as

another one froco group thereby neutralising the charge.
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. ™“\-hLp

J
The mono »nd di-copper complexes of amaranth may thus be for-
mulated as VIIlI and IX respect!Tely. 3lnce the exact location
of the salt fonaing ion is not knovn, this has not been
specified in the structures. Similarly 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
N5 and with 2il metal t dye species at higher pH. The latter
result is unexpected and surprising since in most cases azo
dyes form Itl 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 salt forming lon

and a coordlr;owted Cu** ion per dye molecule) tentatlTe struct-
ures for these species hare also been proposed* It is hoped
this unexpected, but Justified, finding vill stijsulate further

investigations in the field of metal-dye conplexes*



