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Copper with 4% configuration has a tendency to
form square planar or distorted octahedral complexes,
The distortion brings in stability due to Jahn-Teller
effeet?, The normal coordination number of Cu(II) is
four,and two molecules of the bidentate lizands are
accomodated around it, resulting in square planar structure,
Cases where .Cu(II) is linked with three bidentate ligands
are less?, Cu(II) complexes are also known to be more
labile than Ni(II) complexes, Reactions of Cu(II) complexes
are, therefore, expected to be different from that of Ni(II)
complexes, 4An attempt has been made in the present investigation
to s tudy the reactions of catechol, pyrogallol, 2,3-dihydroxy-
naphthalene, protocatechuic and gallic acids on bis
ethylenediamine and bis propylenediamine complexes of Cu(II)
and glso the reactiontof ethylenediamine and propylenediamine
on Cu(IT) complexes of catechol, pyrogallol, 2,3-dihydroxy-
naphthalene, protocatechuic and gallic acids, These
reactions have been compared with the results obtained in
the previous chapter in case of Ni(II). Reactions were
carried out as follows

Isolation of the complexes :

1, Bis ethylenedimmine copper sulphate (0.5 g.) was

dissolved in minimum gquantity of water, Catechol solution

(1M) was added to it., It was scratched and allowed to stand

for half an hour, Green coloured crystals separated out,

This was washed with water, dried and analysed,

[cut Cat)(en)] 2H,0 requires Cu = 23,733 N = 10,46 %,
found Cu = 23,7%; N = 10.20 %.
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2, Copper sulphate and catechol (1:2 ratio) were mixed
in water and ethyleneéiamine (1M) solution was added upto

pH ~ 5, The solution was scratched and allowed to stand for
half an hour. Solid formed had green colour, It was washed

with water, dried and analysed,

1

[Cu(Cat)(enﬂ 20,0 requires Cu = 23,733 W = 10.46 %,
found Cu = 23.825 N = 10.30 %.
3. Bis ethylenediamine copper sulphate (0.5 g.) was

dissolved in minimum quantity of water and pyrogallol
solution (1Y) was added to it, The mixbture was scratched
and allowed to stand for half an hour, Green coloured
crystals were obtained, It wgs washed with water, dried

and analysed,

[cu(pyro)(en)] .2%,0 requires Cu = 22,405 N = 9.87 %,
found Cu = 22,865 ¥ = 9,50 %.
L. Copper sulphate and pyrogallol. (1:2 ratio) were

mixed in water and ethylenediamine solution (1¥) was added
til1l pH was about 5, The mixture was scratched and allowed
to stand for half an hour, Solid obtained had green colour,
It was washed with water, dried and analysed,
[Cu(pyro)(en)}.2ﬁéo requires Cu = 22 ko3 N = 9.87 %,

‘ found Cu = 22,723 W = 9.61 %.
5. Bis ethylenediamine copper sulphate (0.5 g.) was
dissolved in minimum quantity of water and hot aqueous
solution of 2,3-dihydroxynaphthalene was added, The mixture
was scratched and allowed to stand for half an hour, Green
coloured crystals separated out, The solid was washed with

water, then with ether, dried and analysed.
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[Cu(253~di—naph)(enﬂ 2H,0 requires Cu = 19,993 N = 8.81 %,
‘found  Cu = 19,925 N = 9,02 %.
é. Copper sulphate and 2,3-dihydroxynaphthalene

(1:2 ratio) were mixed in hot water. Solution of ethylene-
diamine (1¥) was added to it. The pH noted was ~ 5. The
solution was scratecned and allowed to stand for half an
hour, Solid formed had green éolour. This was washed with

water, then with ether, dried and analysed.

{éu(2,3~di-naph)(enﬂ L2H,0 requires Cu = 19,993 N = 8.81 %,
found  Cu = 19.81; W = 8.75 %,
7. Bis propylenediamine copper sulphate (0.5 g.) was

dissolved in minimum gquantity of water and aqueous solution
of catechol (1) was added to it, ' The mixture was scratched
and allowed to stand for half an hour, Compound having

green colour was obtained. This was washed with water, dried

ana analysed,

1}
i

[Cu(caﬁ)(pnﬁ 2Hy0 requires Cu = 22,55; Ni= 9,94 %,

found Cu = 22.325 N = 9,98 %,

H

8. Copper sulphate and catechol ¢1:2 ratio) were mixed
in water, Propylenediamine (1M) was added to it till the

pH was ~ 5, The mixture was scratched and allowed to stand
for half an hour, Compound obtained had green colour., This
was washed with water, dried, and analysed,

22,55, N = 9.9% %,
22,485 N = 9,87 %.

it

[Cu(Cat)(pnﬂ .2H,0 requires Cu

i

]

found Cu
9. Ris propylenediamine copper sulphate (035ig.) was
dissolved in minimum quantity of water and aqueous solution

of pyrogallol (1IM) was added., The mixture was scratched and



allowed to stand for half an hour, Green c¢oloured solid

was obtained, It was washed with water, dried and analysed.

Bm(pyro)(pnﬂ .2H,0 requires Cu = 21.333 N = 9,40 %,
found Cu = 21.603 N = 9,05 %.
10. Copﬁer sulphate and pyrogallol (1l:2 ratio) were

mixed and propylenediamine solution of 1M was added upto
pH ~ 5. The mixture was scratched and allowed to stand for
half an hour. Solid obtained had green colour, 1t was washed

with water, dried and analysed,

[Cu(pyro)(pnﬂ 2Hp0 requires Cu = 21,333 N = 9.40 %,
found Cu = 21,433 N = 9,25 4.
11. Bis propylenediamine copper sulphate (0.5 g.) was

dissolved in miniwmum quantity of water and hot aqueous solution
of 2,3~dihydroxynaphthalene was added to it. The mixture

was scratched and allowed to stand for haif an hour: Green
coloured solid was formed, This was washed with water, then

with ether, dried and analysed.

{Cu(2,3~di—naph)(pnj].QHZO requires Cu = 19,15; ¥ = 8.4% %,
found Cu = 19,223 N = 8,64 4.
12. Copper sulphate and 2,3-dihydroxynaphtnalene (1:2

ratio) were mixed in hot water., propylenediamine solution
(1M) was added upto pd ~5. The solution was scratched and
allowed to stand for half an hour. Solid having green
colour -was obtained. It was washed with water, then with

ether, dried and analysed,

[Cu(2,3—di—naph)(pni}.2H20 requires Cu = 19,15; N = 8,44 %,
found Cu = 19,085 N = 8.32 %,
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Pyrogallol compounds have the tendency to change
ecolour from green to brown on exposure to air, Freshly
prepared compounds, were, therefore, used for the analysis
of the complexes.

Copper was estimated by precipitation as sulphide
and the titration of obtained copper sulphate solution

against standerd sodium thiosulphate solution iodometrically3.

Fromithe above analytical data it it observed that,
as in case of Ni(II) complexes, the compounds obtained by
treating [Cu(en){]?+ or [pu(pn)£}2+ with polyhydroxy
derivatives of bengene or naphthalene, are same as these
obtained by adding ethylenediamine and propylenedismine
respectively to the mixture of copper salt + polyhydroxy
derivatives of benzene or naphthalene,

Magnetic measurements

Maghetic susceptibilities'were determined at room
temperature ( ~ 30°C,) using Gouy method and were found to

be as under =

Compound B.M.
1. [ou(cat)(en)] .28,0 A 1.79
2. [cu(eat)(pn)] .2H,0 1.80
3. [Cu(pyro)(enﬂ L2H0 1.82
k. [Cu(pyro)(pnﬂ 2H0 1.80
5. [cu(2,3-di-naph) (en)] .2H,0 1.78
6. [cu(2,3-ai-naph) (pn)] 28,0 1.81

Visible spectral studies :

The absorption spectra of the complexes in dioxan
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solution were obtained in the range 400-1000 my, The optical
density was plotted against Wévelength, The spectra of the
sample prepared in two different ways are similar, They

have been represented in fig, V,1-6, The observed peaks

and extinction coefficient are as follows :

1

compound ﬂ} in on’ g{gigiptivity
1. [Cu(cat)(en)] .2H0 ~ 15600 62.0:
2. [cu(eat)(pn)] 250 ~ 15600 63.0
3. [cu(pyro)(en)] 240 ~ 15600 63.0
%, [cu(pyro)(pn)].28,0 ~ 15600 65.0
5. [ou(2,3-di-naph)(en)] .2H,0 ~ 16100 63.0
6. (ou(2,3-ai-naph)(pn)| .2H,0 ~ 16100 69.0

I.R.Spectral studies

The I,R,.3pectira of the complexes were obtained
using KBr pellet: technique, The prominent absorption
bands of the complexes have been presented as follows :
Compound Chqrasteristic bands

cm—l

-

LT

1. [cuteat)(en)].2%0  ~3300-3200(m), ~ 3100(m),~1700(s),

~ 1620(m), ~ 1580(m), ~ 1500(s),
~ 1450(m), ~ 1325(m), ~ 1260(s),
~ 1240(m), ~ 1140(m), ~ 1100(m),
~ 1080(w), ~ 1055(s), ~ 1025(m),
~ 990(w), ~ 9lo(m), ~ 880(m),
~ 860(m), ~ 800(m), ~ 750(s),
~ 625(s), ~ 560{m), ~ 525(m),
—~ 500(w), ~ 410(w).



2. [cucat) (pn)] 250 ~ 3300-~3200(m) , =3100(m), ~1590(m),
~ 1500(s), ~ 1450(w), ~1320(w),
~ 1260(s), ~1225(m), ~ 1200(m),
~ 1150(w)y ~ 1100(m), ~ 1025(m),
~ 910(m), ~ 865(m), ~ 790(w),
~ 7H0(s), ~ 730(w), ~ 650(w),
~ 620(m), ~ 560(w), ~ 510(m),
~ L6o(w), ~ H1lo(w),

3.[cutpyro) (en) .20 ~3300-3200(m) , ~2350(w), ~1600(s),
: ~ 14%70(m), ~1450(m), ~ 1400(w),
~ 1330(m), ~1270(w), ~1250(m),
~ 1170(m), ~ 1100(w), ~1070(w),
— 1050(s), ~ 850(m), ~ 770(w),
~ 730(m).

L, [Cu(pyro) (pn)] 2750 ~3450-3350(m) , ~1600(m), ~1450(w),
] ~1420(w), ~1390(m), ~ 1260(w),

~1100(w), ~1060(m), ~ 1020(w),

~ 800(w), ~730(w), ~ 710(w).

5. [Cu(2,3-di-naph)<en)] . ~3350-3200(m), ~3100(m), ~ 1630(m),
2H20 ~1500(s), ~1410(w), ~ 1350(w),
~1290(s), ~1250(w), ~ 1190(m),

~1130(m), ~ 1100(m), ~1055(s),

~ 1025(m), ~ 960(w), ~ 870(s),

~ 760(m), ~ 730{w), ~ 625(m),

~ 590(w), ~ 530(m), ~ 480(m),

~ h50(w) .,
6.[0@(2,3»di—naph)(pn)] . ~3300-3200(m), ~3100(m), ~ 1620(w),
2H,0 ~1600{m), ~ 1590(w), ~ 1500(w),

~1%80(s), ~ 1%00(w), ~ 1330(w),
~1270(s), ~1230(m), ~ 1180(s),
~1120(m), ~1090(w), ~ 1070(w),
~1025(m), ~ 980(w), ~ 970(w),
~ 955(s)y ~ 735(m), ~ 710(m).
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DISCUSSION

It is observed that complexes formed are of mixed
ligand type having the composition [Cu(L)(A)] 21,0, where
A = ethylenediamine or propylenediamime and LH, = catechol,
pyrogallol or 2,3-dihydroxynaphthalene, The formation
constant values of the copper complexes (Chapter IT page 108)
of polyhydroxy derivatives of benzene and naphthalene are
found to be slightly higher than those of diamine complexes of
Cu(II), The first formation constant of a ligand is higher
than second formation constant of the other, As such the
addition of the polyhydroxy derivatives of bemgene and
naphthalene to bis diamine copper complexes result in the
displacement of one diamine molecule agnd instead one polvhyiroxy
derivative of benzene or naphthalene is incorporated in the
coordination sphere resulting in the formation of the mixed
ligand complex, The addition of ethylenediamine or
propylenediamine to catechol, pyrogallol or 2,3-dihydroxynaphthalene
complexes of copper result in the formation of same mixed
ligand complexes due to the replacement of one polyhyvdroxy
derivative of benzene or naphthglene by one diamine molecule,
Since the mixed ligand complexes are neutral, thelr solubilities
in water are low and hence, solids separate out, Eeactions

can be represented as follows :
o— -
[ou(w),] ®* + 1> ——[owa(w)] +a
OR

[ca()] 2+ 2 —[oumy(a)] + 12°



frmaa

where A = ethylenediagmine or propylenediamine and

LHs catechol, pyrogallol or 2,3-dihydroxynaphthalene.

s 2]

G

It is observed that ethylenediamine and propylenediamine

behave aglike in the reaction with catechol and pyrogallol
complexes of Cu(II) and thus exhibit difference from their
reactions with corresponding Ni(II) coémplexes, This can

be explained to be due to the fact that Cu(II) complexes of
ethylenedigmine and propylenediamine are both square planar
in structure and the substitution by catechol, pyrogallol
:on_2,3;dihydroxynaphthalene is brought about by dissociation
mechanism, Reactions with [Gu(en)g]'?'+ and [pu(pn)ﬂ 2+ are
therefore alike, Similar reaction mechanism can be suggested
for the displacement of I in [éh(L)é]z' complex by
ethylenediamine or propylenediamine,

In the mixed ligand complexes one diamine molecule
and another catechol, pyrogallol or 2,3-dihydroxynaphthalene
ligand ions are disposed in a square plansr way around the
central copper ion, This is supported by the magnetic moment
values of the complexes ~ 1.8 B,¥, -corresponding to spin
only value of the one unpaired electron, The existance of
one unpaired electron, is possible in copper complexes with
square planar or tetrahedral structure®, Magnetic moment
of tetrahedral copper complexes,howevér, are higher than the
spin only value due to some contributi6ﬁ~from orbital. moment,
due to the triply degenerate ground state’;,  The structures
of the complexes are, therefore, square planar or distorted
octahedral in the solid state, The latter structure may be

possible due to two distant neighbour atoms along the Z axis



as a result of partial polymerisation in the solid state,
However, the paramagnetism corresponding to one unpaired
electron exhibited by the compounds indicate the absence
of Cu-Cu interaction®,

As discussed earlier (Chapter I, page 13 ) in the
absorption spectra of Cu(II) complexes, three bands can be
expected, They are sometimes so close that they merge
together resulting in the formation of a broad band. In the
complexes studied, the broad band at ~ 64C my may be a
combination of the three transitions., The values of
extinction coefficient ( ~65,0) indicate that the band
is due to d-d transition and is not a charge transfer band,

The I.R.spectralstudies of the complexes exhibit
the bands corresponding to the diamine and catechol,
pyrogallol or 2,3-dihydroxynaphthalene, The band at
~ 3300 em™l is due to o0-% stretching frequency lowered and
broa@?ed due to hydrogen bonding. This indicates thelpresence
of water molecules in the substance. The band at ~ 3100 —
corresponds to C-H stretching frequency, The band due to N-H
streteching is also observed in the same region, The decrease
in M-H frequency indicates the coordination of nitrogen with
the metal, The bands in the region ~ 1600 om t corresponds
to -NH, and -CH deformation., C-N stretching band also
occurs in the same region, The bands between ~ 1500 em™t to
~ 1300 cm™’ may be due to bending vibration of the C-H in
the primary amine and the phenoclic ring, The C~0 stretching

band is observed in the region ~ 1200 cmul. The bands in

1

the region ~ 900 em — to ~ 650 om™ L may be due to out of

i N
preain

L
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plane bending vibration of the C-H bond, The I,R, spectra
in the region ~ 650 en” b to ~ 250 em Ywere also available.

1 ana ~ 525 om™t correspond to M-0

The bands~at ~625 cm_
and M=-N stretching frequency.

I.R.spectra also serve:. the important purpose of
confirming that the complexes are monomeric, In polymeric
complexes bridged ethylenediamine has a trans structure and
provides a complex with higher symmetry, Infrared active
vibrations are, therefore, less and the picture 1o$ks very
simple?, ‘

However, as stated earlier (pagel¥3)the chelated
ethylenediamine with ¢tgauche! structure , has lower symmetry
and hence infrared spectrum of such complexes are more
complicated, The observation of the infra-red spectra of
Cu(II) complexes studied in the present investigation reveal
that the spectra are more complicated and hence must be due
to chelated ethylenediamine, The complexes,therefore,must
be monomeric, |

Complexes with protocatechuic and gallic acids :

Attempts were made to prepare the mixed ligand
complexes of the type[Cu(A)(Lﬂ , where A4 = ethylenediamine
or propylenediamine and L = protocatechuabte or gallate ion,
These did not, however, meet with success because resulting
compounds were the binary couplexes containing copper and(
protocatechuate or gallate ion, Reactions were carried out
as follows :

Isolation of the complexes :

1. Bis ethylenediamine copper sulphate (0.5 g.) was
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dissolved in minimum quantity of water and hot agueous
solution of protocatechuic acid was added. The pH noted
was ~ 5. Brown red coloured solid was obtained. This was

washed with water, then with ether, dried and analysed.

[cu(protocat)s] 2= w?* 21,0 requires Cu = 27,20; C = 35.96;
H=2.64%,

found Cu = 27.425 C = 35.72;
H=2.,9 %.

2. Copper sulphate and protocatechuic acid (1:2 ratio)

were dissolved in hot water., an ethylenediamine solution
(1M) was added upto pH ~ 5. Compound obtained had brown red
colour, It was washed with water, then with ether, dried

and gnalysed.
2

[Cu(protocat)g] 2= =°".29,0 requires Cu = 27.20; C = 35.963
H=2,64%,
found Cu = 27,31y C = 35.69,
g=2.8%.
3. Bis ethylenediamine copper sulphate (0.5 g.) was

dissolved in minimum quantity of water and hot aqueous
solution of gallic acid was mixed, The pH noted was ~ 5.
The solution was'heated to boiling. Brown coloured compound
separated out, It was washed with water, then with ether,

dried and analysed.

[Cu(gali)g]4’(Cu2+)2.2H20 requires Cu = 33.98; C = 29,95
_ H=1.8 %,

found cu = 34,1235 C = 29,923
H=2.0%.
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4, Copper sulphate and gallic acid (1:2 ratio) were
mixed in hot water, Ethylenediamine solution (1M) was added
upto pH ~ 5. The solution was heated to boiling, 4 brown
coloured solid was obtained. This was washed with water,

then with ether, dried and analysed.

[Cu(gall){}#- (Cu2+)2.2ﬂé0 requires Cu = 33.98; C = 29,959,
H=1.84%,

found Cu = 33,923 C = 29,834
H=1.9 %.

5. Bis propylenediamine copper sulphate (0.5 g.) was

dissolved in minimum quantity of water and hot agueous
solution of protocatechuic acid was added. The pH noted
was ~ 5, Reddish brown coloured solid was obtained, This

was washed with water, then with ether, dried and analysed,
24

[Cu(protocat)g 2= Cu” .2HW0 requires Cu = 27,203 C = 35.963
H=2.6%,
found Cu = 27,233 C = 35,82,
H = 2.8,
6. Copper sulphate and protocatechuic acid (1:2 ratio)

were mixed in hot water, Propylenediamine solution of 1M
was added to it, The pH noted was ~ 5. Compound having
reddish brown coloure. was formed, It was washed with water,

then with ether, dried and analysed,

Cu{protocat), 2= Cu2+.2H20 requires Cu = 27,203 C = 35.96
b
H=2,63%,

Pound Cu = 26,955 C = 35.703

"
i

i = 2¢7 %w
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7. Bis propylenediamine copper sulphate (0.5 g.) was
dissolved in minimum quantity of water and hot aqueous
solution of gallic acid was added. The pH noted was ~ 5.
The mixture was heated to boiling. Brown coloured solid
was formed, It was washed with water, then with ether,

dried and analysed.

Bm(gall)g]u_(0u2+)2.23éo requires Cu = 33.98; C = 29,953
H=1.8%,

found cu = 33.763 C = 29.75
H=1,7 %.

8. Copper sulphate and gallic acid (1:2 ratio) were

mixed in hot water., Propylenediamine (1M) was added upto
PH ~ 5., The mixture was heated to boiling. Compound obtained
had brown colour. It was washed with water, then with ether,

dried and analysed.

[cu(gall)s) " (00®%)5.2%,0 Tequives Cu = 33.98; C = 29.95;
H= 1.8 %,

found Cu = 33,725 C = 29,703
H=1,7 %.

Magnetic measurements

Magnetic susceptibilities were determined at room
temperature ( ~ 30°C.) using Gouy method and were found to
be as under:

Compound B.M,
- 2+
1. [cu(protocat)s[ ~ cu® .2H0  1.33
}—’-- 2
2, [cu(gall)s] 7 (T 2.2H0  1.30

Visible spectrzl studies :

The compounds obtained as above are insoluble in
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. water and also in organic -solvents,and hence. spectra
in the visible range could not be obtained, The non-

availability of facilities »for reflectance spectral studies
is regretted,

I.R.Spectral studies :

The I.R.spectra of the complexes were obtained
using KBr phase, The prominent absdérption bands of the
complexes have been presented as follows :

Lonmpound characteristic bands
em~t

N s o el S S -y

1. &m(protocat)gg' Cu ~3400-3300(m) , nv3100(w),’v2350(w),
2H0 ~1550(m), ~1530(s), ~ 1410(s),
~1370(s), ~1270(s), ~1230(m),
~1200(m), ~1120(m), ~1100(m),
~1060(w), ~1040(w), ~1020(w),
~ 960(m), ~ 900(m), ~ 830(m),
~8lo(m), ~ 790(m), ~ 750(w),

24

~ 700{m) ,
2. lﬁm(gall)é]qﬂ (CUZ+)2, ~3500~3350(m) ~ 3100(w), —~2350(w),
2Ha0 ~1690(w), ~ 1560(s), ~ 1430(s),

~1320(m), ~ 1220(w), ~ 1060(m),
~ 980(w), ~ 880o(m), .. 830(w),
~ 775(m), ~ 750(w),

DISCUSSION
It is observed from the nature of the above
compounds, that the reaction of protocatechuic and gallic
acids result in replacemgnt of diamine from bis diamine
Cu(II) complexes resulting in thelfermation of complex anions,
&m{protOCat)dz" and {Cu(gall)élh“. Since the replacement

takes place on“the addition of only two drops of the ligand
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acids, pH still remaining high, it cannot be due to
decomposition of [Cu(en)2]2+ or [Cu(pn)2}2+ by excess of
acidity. These complex anions, however, do not use the
protonated ethylenediamine or propylenediamine as the
cation. In the solids obtained, Cu(II) acts both as the
centre of the complex anion and also as the cation. The
reaction can be represented as follows :

2| Cu(4) 2] SOy + 2C4Hy(OH)2COOH ——

| [ oy 0m)07000” Ja] 2= o2t & ha + HS04
3[cu(a)dso, + 2C¢H, (OH) 3C00H —

[&1{06}12(0}{) ozz“coo"‘;z] L*—“-‘(r.:ug"')z + 64 + 3H,50,

wvhere A = HpNCH,CH,NH, OR HZN«]Z‘HCHZNHZ
CHy

Protocatechuie acid and gallic acid form more stable
complexes than ethylenediamine or prppylenediamine (Chapter IT,
page 108) and hence the latter diamine may be replaced by the
polyhydroxy benzoic acid, Thé reaction may be proceeding
through the formation of some intermediate,

In the case of protocatechuic andigallic acids complexes,
coordination is from two ortho hydroxy groups as indicated by
the solution studies (page 74). The protons of the two hydroxy
groups should be liberated as a result of coordination., The
carboxylic group dissociates at the pH of complex formation.
Thus each ligand ion should contribute three negative

charges and thus both bis protocatechuate and bis
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gallate complexes anions should have four negative charges.
. Hgwever, in case of protocatechuic acid, the compound
corresponds to formuls [Cu(L)z 2- indicating that one of
the hydrogen per ligand ion is retained. This may be due to
the hydrogen bonding between hydroxy groups of the two
ligand ions, This is, however, a presumption in order to
explain the experimental observation, This needs further
support,

The Cu(II) compounds are insoluble in water and also
in organic solvent and hence molecular weignt determination
was not possible, The magnetic measurement gave some clue,
Both protocatechuate and gallate complexes are paramagnetic.
Considering the monomeric molecular weight, the magnetic
moments work out to be Avl.3‘B.M. per Ca(II) ion, Cu(TI)
ion with one unpaired electron should have the spin only
magnetic moment ~ 1,7 B.M, The lowering of the magnetic moment
indicates that some Cu~Cu & interaction is possible in
polymeric copper complexes®,

The I,R, spectra shows the bands corresponding to
the stretching and bending modes in protocatechuic acid and
gallic acid which are similar %o that in catechol, as

discussed earlier (pagelbh). The‘additional band due to—CN\é _
asymmetric steetching observed at ~ 1600 cm’l. : 0
It is not possible to say anything conclusively
about the skpucture of these complexes on the basis of the
data available, However, the absence of nitrogen in the
complexes eonfirms that the compounds are not mixed --ligand

complexes,
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Metal exchange studies :

An attempt was made to study the relstive stabilities
of Ni(II) and Cu(II) complexes by trying metal exchange
studies. As revealed by the formation constant studies in
solution, Cu{II) complexes are more stable than the
corresponding Ni(II) complexes (pagel08). The addition of
copper salt solution to solution of Ni(II) complex should
result in the replacement of Ni(II) by Cu(II). Such studies
of the replacement of less complexing metal ion by the more
complexing one, has been carried out earlier®, Reaction
was carried out as follows :

Isolation of the solid

Treshly prepared [Ni(gall)é]h“CenH22+)g.was
dissolved in hot water and copper sulphate solution was
added, The mixture was heated to boiling. Brown coloured
s0lid was obtained, It was washed with water, then with

ether, dried and analysed,

[Cu( gall)z) LP“(<3ug+)2.2;{20 requires Cu = 33,98; C = 29,95;
H=1,83%,

found  Cu = 33.8035 C = 29,94;
H=1.2 %.

Since solid protocgtechuic acid complex of nickel
could not be obtained, the metal exchange reaction could
not be tried in that case.
As 1s evident from the above reaction Cu(II)
replaces Ni(II) from the complex, The greater stability
of the Cu(II) complex and its position in the Irving-wWilliams

order thus findssupport, The reaction in case of gallic acid



i73

complex can be represented as follows and can be expected

to proceed through some intermediate heteronuclear complex,

o4 24

[Ni(gall)é]““(enﬂg Yo + 3Cu30u-4{Cu(ga11}é]hh(ﬂu Yo

+ [Ni(en)%SOu + 2H, 80y

In the: case of the reaction of Ni(II) coumplexes of
catechol, pyrogallol and 2,3-dihydroxynaphthalene (with
protonated ethylenedismine in the outer sphere in first
two cases, coordinated etaylenediamine in the third case’ and
coordinated propylenediamine in all the cases), the
composition of the solids obtained on adding copper salt
solution could not be definitely established, The analysis,
however, indicates the'absence of Ni(II) in the solids.

This definitely confirms that Ni(II) is replaced by Cu(II)
in the complexes, The greater stability of Cu(II) complexes

than the corresponding Ni(II) complexes is thus established.
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