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Ligand substitution in metallic complexes is a
nucleophilic process, It may proceed through a first order
dtsplacement mechanism with a pentacoordinated intermediate,
termed SNy or through é second order addition mechanism with
a heptacoordinated intermediate, termed SN, reactlon, If
the suﬁstitution is fast, tﬁe system is termed labile,

otherwise inert,

The addition of a secondary ligand, monodentate I or
bidentate L-L to a complex [M(A-A)a] may result in a complete
displacement of (A=3) gﬁd the complex [MLu] or [M(L—L)z may
be formed, If (A-A) happens to be a neutral base and L or
(1-L) are charged ions, resulting complex anion [ML»]Z“ or
[M(L«L)é]a' is formed and the liberated base gets protonated,
.The charge on the complex anion is neutralised by the
protonated baée, acting as the cation and the compound

precipitates out,

The cases of displéqement of the basic ligand from
the coordination sphere by another ligaﬁdl and also isolation
in solid state of complexes with protonated primary or
ternary bases as a cation have been reported earlier%‘u
However, the reactions of the type wherein the bases replaced
"from the coordination‘sphe£e go out to the outer sphere as
protonated cation, were first reported by Bhattacharya and
Patel” in case of Ni(II) complexes, A similar study in Zn(II)
and Cd(II) complexes has been carried out in the present
investigatiom, The catechol, pyrogallol or 2,3-~dihydroxy-

paphthalene complexes of zZn(II) and Cd(II), with protonated
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ethylenediamine or protonated propylenediamine as cation, .or
with neutral base in the coordination sphere have been isolated

t

and characterised, l S \ A

Addition of sodium hydroxide or ethylenediamine or -
propylenediamine to the mixture of 2Zn(II) or Cd(II) and the
above ligands (i.e. catechoi, pyroéallol or 2,3-dihydroxy-
naphthaleﬁa) results in the formation of metallic hydroxides,
The isclation has therefore, been carried out by ligand

il

éiSplacement reactions,

Isolation of solids :

1, ‘To the zine chloride solution, gthylenediamine was
added resulting in thé formation of Zn(0H)2 prebipitates.‘
Further addition of ethylenediamine led to the dissolution

of Zn(0H)2> and bis ethylenediamine éinc‘chloride solution
[Zn(en)i1?+01g was formed, To this solution was ad@eg two
equivalents of catechol solution, The solution was refluxed
for some time, Whitisﬁ green coloured coﬁpound got separated,
The solution was cooled, filtered and the solid was washed
with water, This was dried and analysed for the metal and

nitrogen contents,

[zn(cat)éla“enﬂgg+ requires Zn = 19,603 N = 8,50 %.
found Zn = 19,703 N = 8,33 %.
2, To the bis ethylenedlamine zinc chloride solution i.e,

[2n(en) ] 2+012, was added two equivalents of pyrogallol
solution, The soiufion‘was refluxed for some time, Whitish
yellow coloured complex got precipitated, The solution was
cooled and the precipitate was filtered out, The solid was
washeg with water, It was dried and anaiysed for the metal
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[2n(pyro)2]*~enm,?* requires Zn = 17,205 N = 7,42 %,
found Zn = 17,003 N = 7,22 %,
3.  To the bis ethylenediamine zinc chloride solution was.

added two equivalents of 2,3-dihydroxynaphthalene dissolved
in 50% ethyl alcohol, White‘coloured complex got separated
out which was filtered and washed with water and also with
50% ethyl alcohol solution to remove excess of 2,3-dihydroxy-
naphthalene, It was dried énd ahalysed for the metal and
nitrogen contents, .

8.60 %,

[23(2;3;d1;naph)(enﬂ requires Zn = 20,203 N =
found Zn = 20,423 N = 8,40 %,
Y, To the cadmium chloride solution was added an excess

of ethylenediamine to dissolve the metallic hydroxide and to
form bis ethylenediamine cadmium chloride solution i,e,
[bd(en)a]z*CIg. Two equivalents of catechol were added to the
above solution and it was refluxed for some time, Whitish
green coloured compcund‘pfecipitatgd out which was filtered
after cooling, It was washed with water, dried and analysed
for metal and nitrogen cpntents.
[bd(cat)éyz‘enni+ requires Cd = 28,003 N = 7,03 %,

| found Cd = 28,223 N = 6,92 %,
5, To the bis ethylenediamine cadmium chloride solution
i.e, [?d(en)é]2+012, was added two equivalents of pyrogallol
solution, It was refluxed for- sﬁme time, Whitish yellow
coloured complex precipitated our, It was filtered after
cooling, It was washed with water, dried and analysed for the

metal and nitrogen contents,
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i found Cd = 25,895 N = 6,42 %,
6, To the bis ethylenediemine cadmium ¢éhloride .solution

i.e. [bd(en)é]2+01z, was added two equivalents of 2,3-dihydroxy-
naphthglene. dissolved in 50% ethyl alcohol., White, coloured
complex separated out which was filtered, washed with water
agd 50% ethyl aleohol. It was dried and analysed for the
metal and nitrogen contents, ’
[?d(2,3—di-naph)(eni] requires Cd = 22,703 N = 5,70 %,

found Cd = 22,903 N = 5,79 %,

gimila? reactions as in case of ethylenediamine.were attempted

using propylenediamine as follows ¢

7. To the zinc chloride solution, propylenediamine ‘was
added, The formation of Zn(OH)» took place, 2Zn(OH)2 was
dissolved by the addition of exdess of propylenediamine, This
led to the formation .of-bis propylenediamine zine chloride’
solution 1.e. [Zn(pn)s]°"Cls. To this was added two
equivalents of catechol solution, Whitish green coloured
compound separated out, This was filtered, washed with water,

dried and analysed for the metal and nitrogen contents,

{?n(cat)é]a’angfkﬂgo requires Zn.= 15,005 N = 6,40 %,
’ - found Zn = 15-30; N = 5:71 %o
2~ ] i
8. To [Zn(pn)2] Cl> solution was added two equivalents of

pyrogallol solution. The yellowish white coloured compound
precipitated out, It was filtered and washed with water, It
‘was dried and analyéed for fhe metal and nitrogen contents,
Eéz(pyro}é]e’pnﬂg+ requires Zn = 13,703 N = 7,17 %,
' ' found zZn = 13.62; ¥ = 7,26 %,
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9. Two ‘equivalents of 2,3-dihydroxynaph§halene.dissolved
in 50% ethyl alcohol were added ‘to [Zn(pn)z:]2+(:12 solution,
This resulted in the precipitation of white coloured complex,
It was filtered out, washed with water and 50% ethyl alcohol
solution to remove excess of 2,3-dihydroxynaphthalene, It
was dried and analysed for the metal and nitrpgen ‘econtents,
[2n(2,3-di-naph)(pn)] .H20 requires Zn = 20,05; N = 8.83 %,
8.45 4.

10, . To the cadmium chloride solution was added an excess

]

found Zn = 20.005 N

of propylenediamine to dissolve CA(0H)2> and to form bis
propylenediamine cadmium chloride solution 1,e. [bd(pﬁ)é]2f012.
To this was added two equivalents of catechol solution._; 
Whitish green coloured complex separated out, It was

filtered, washed with water and.analysed for the metal and
nitrogen contents, ‘

ECd(cat)a z"an§+.5H20 requires C4 = 21,103 N ='5,20 %,

found Cd = 21,703 N = 5,23 &,

]

11, To [pd(pn)é]2'012 solution was added two equivalents
of pyrogallol solution, The yellowish white coloured
-compound precipitated out; It was filtered, washed with
wafer, dried and analysed for the metal. and nitrogen contents,
[?d(pyro)é]a'pnﬂg+.hﬁzo requires Cd = 23,603 N = 5,90. %,
found Cd = 23,163 N = 6,13 %,
12, Two equivalents of 2,3~31hydroxynaphthalene dissolved
in 50% ethyl alcohol, were added to the [Cd(pn)a]2Cl,
solution, The white coloured complex separated out, It was
filtered, washed with water and also with 50% ethyl alcohol
solution to remove excess of 2,3—dihydroxynaphthaiene. It

was dried and analysed for the metal and nitrogen contents,
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7.50 %,

6,95 %.

The pyrogallol complexes have a tendency tc_: change

[ca(2,3-d1-naph)(pn)].H20 requires Cd = 30.003 N
found Cd = 29,855 N

L

colour from yellowish white to greenish black on exposure to
air, Stnce sensitivity of Zn(II) or CA(II) compleies to
atmospheric oxygen is very unusual, fhe change in colour is
possibly because of the oxldation ‘of the ligand, Freshly
prepared compggnds were, therefore,used in all the cases,

The water ﬁolecules are present as water of

erystallisation because i:hey are lost at ~ 110°C,
I.R.Spectral studies :

The IR, spectra of the compounds were obtained in
/

KBr phase, The characteristic bands obtained are as follows :

Compound Characteristic bands
em
1, [:Zn(cat)g:]'z'enﬂg+ ~ 3300(m), r>-‘2900,(m), ~ 1590(m),

~ 1480(m); ~ 1300(m),~ 1240(m),
~ 1170(w), ~ 1040(m),~ 850(m),
~  780(m), ~ 750(s),~ 710(w),
~ {B50(w), ~ 560(w), ~ 500(w),
o~

~ 430(m), |
2, [Za(pyro)s] ents” ~ 3300(w), ~ 2900(m), = 1600(m),
- ~ 1%00(m), ~ 1380(m), ~ 1080(w),
~ 950(w), ~ 800(m), ~ 720(m),
_ ~  420(m),
3. [7n(2,3-d1-naph)(en)] ~ 3370(s), ~ 3280(s), ~ 3270(m),

~- ~ 3080(w), ~ 3060(m), ~ 3000(w),

‘ ~ 294%0(m) y ~ 2890(m), ~ 1630(m),

~ 1600(s8), ~ 1580(m), ~ 1480(m),

~ 1370(m) , ~ 13%0(s), ~ 1290(m),

, ~-1280(s), ~ 1120(s), ~ 1040(s),



4, [Ca(cat)s) 2~enm3*

24

5 [Cd(pyro)zj 2"’ezmz

6. [Ca(2,3-d1-naph)(en)]

7. [za(cat)s] ““pnip* M0

8. [Zn(pyro)2] 2~pniz*

9. [2n(2,3-di-naph)(pn)].H20

~ 1020(m) ,
~ 760(s),
~ 710(w),
~ 480(m),

~3300(m),
~ 1480(w) ,
~ 1080(w) ,
~ 710(m).

~ 3300(m),
o 1""00("7) y
~ 1080(w),
~ 750(w) ™

~ 3370(w) ’
~ 2940(w),
~ 1480(s),
o~ 1280(3) 3
~ 1000(m),
~ 760(5),

~ 480(m),

~ 3300(w),
~ 1270(m),
~ 990(m),
~ 790(s),
~ 500(w),

~ 3300{(w),
~ 1400(m),
~ oko(w),
~ 420(m),

~ 33%0(s),
~ 3060(m),

'~ 2980(s) ,

~ 1620(m) ,
~ 1400(m),
~ 1280(m),
~ 1120(s),
~ 850(s),

T
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, 750(5), o~ »730(8),
630(s), ~ 510(m),

U30(w), ~ Hoo(w),

~ 2900(m), ~ 1600(w),
~ 1410(w), ~ 1380(w),
~ 8%0(m), ~ 790(w),

~2900(m)  ~ 1600(W),
~ 1370(m) , < 1120(w),
~ 870(w), ~ 800(w),

~ 3280(w), ~ 3060(W),
~ 2890(m) , ~ 2600(m),
~ 1370(m), ~ 1340(m),
~ 1180(m), ~ 1120{(m),
~ '960(m), ~ 870(s),
~ 740(w), ~  630(s),

~ 2900(m), ~ 1500(m),
~1110(s), ~ 1040(s),
~ 940(m), ~ 880(m),
~ 770(m}, ~ 630(s),

~ 2900(m), ~ 1600(m),
~ 1380(m), ~ 1080(w),
~ . 800(m), ~. 720(m),

~ 3270(8)y ~ 3120(m),
~ 30)‘1'0(1'11) g~ 3020(1!1) ’
~ 2960(m), ~ 2880(m),
~ 1580(s), ~ 1480(m),
~ 1380(m),~ 1340(s),
~ 1240(s), ~ 1180(s),
~ 1030(s), ~ 940(m),
~  780(m), ~ 770(s),



10. ICd(cat)g ~puHs*

OHa0

11, [Ca(pyro)s] > pnHs* 48,0

12, -[ca(2,3-di-naph) (pn)] JH20

_Igis cussion :

~ 760(s),
~  530(m),

~ 3300(m),
~1500(w) ,
~ 860(m),
~ W20(w),

~ 3400(w),
~ 1400(m),
~ 870(w),

' 3350(}11) s
~ 1600(s),
~ 1380(m),
~ 1180(s),
~ 940(m),
~ 7€0(s),
~ 520(w),

~ 720(m) 3
~ 480(s),

~2900(m),
~1380(w),

~ 800(w),

~2900(m),
~1380(m),
~ 300(w).,

™~ 3290(w) ,
~ 1480(s),
~13%0(s),
~1110(m),
~ 860(s),
~ 720(w),
~ 480(m),
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r~ 630(!11) [

~ L4o(m),

~ 1600(m),
~1080(w},
~ 730(w),

~1600(m),
~1080(w),

~2980(w),
~ 1%00(w) ,
~1280(m),
~1000(s),
ol 770(111),
~ 630(s),
~ 4ho(w),

The addition of polyhydroxy derivatiVes of benzene or

naphthal ene to [M(A) z_]

A=

where M =

formation of [M(L)2] enia? or [M(1)2] pnHa "
or pyrogallol) and [M(L)(en)] or

LHy =

2,3~-dihydroxynaphthalene),

Zn (II).or CA(II) ;

ethylenediamine or propylenediamine results in the

(where LH.;.:

= cabtechol

[M(L)(pn)] JH20 (where
It shows that cethylenediamine

or propylenediamine is displaced on ’che addition of catechol

or pyrogallol and results in the formation of the ion

[M cat) 2]

or [M(pyro) g]

The liberated ethylenediamine

or propylenediamine form the protonated ions enH§+ or an§+

and neutrglize the charge on the complex anions,

can be represented by the following, equations :
[M(en) 2] Cly + 2C¢Hy(OH)p —» [M(csmoz)zj
[M(en) 1 Cla + 2 ¢Hy (OH); —> [M(CeHy03)2]°

The reactions

.enH§+ + en + 2HC1,
.ean"' + en + 2HCL,
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and A ‘
[(on)2JC12 + 208y (OH) 2 —>[M(CeHu02)7]° " pnHo™ + pn + 2HCL,
[M(pn)2JC12 + 2C4H, (OH) 5 —[M(C4H,05)2]° . pnia" + pn + 2HC1,

where en = ethylenediamine and pn = propylenediamine,

The replacement of ethylenediamine or propylenediamine
cannot be due to decomposition of [M(en)z]Cla or [M(qué]CIQ
by excess acidity contributed by the added phenolic derivatives,
This is indicated by the fact that [M(en)s] Cls or [M(pn)2] Cla
is stable uﬁto quite low pH and the formation of the above
solids starts on the addition of éven two drops of the ligands,\
the pH till being sufficiently high, The formation of the
precipitate is also not very prompt., As the polyhydroxy
derivatives of benzene do not differ very much in their
complexing tendéncy from ethylenediamine or propylensediamine
and the base is replaced in ihe zinc or cadmium complex on
the addition of small quantity of the above ligands, it can
be indicated that the reaction may be proceeding through some

intermediate, The probable mechanism pould be

(en)2 1% + 127 — s [M(en) 2 (L))

2[M(en)2(1)] ——> [U(1)21%"enm* + [M(en);1%* + en
and

[4(pn) 212 + 127 s (o) 2(1))

2[M(pn)a(L)] ——> ((1)>]% pnm* + [M(pm)2]2* + pn.

where LH» = catechol, or pyrogallolj en = ethylenediamine and
bﬁ = propylenediamine,

This indicates the formation of a hexa coordinagted:

intermediate, Hexa coordination of zn(I1) and C4A(II) is'known?
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The formation of the intermediate, however, is only an
assumption based on the composition of the starting and the

resulting compounds, It requires.further experimental support,

The addition of two equivalents of protocatechuie
acid to [M(en)é]CIZ or [ﬁKpn)2301g (where M = 2Zn(II) or
‘Cd(II), en = ethylenediamine and bn = propylenediamine) does
not result in the formation of solid, This may be because of

the greater solubility of the resulting compounds,

In case of 2,3—dihydfoxyna§htha1ene, however, though
displacement reaction takes place, the displacing ligand
being bigger in size, two molecules of it cannot be accomodated
around the metal ion, This results in the formation of
mixed ligand complex with one 2,3—dihyﬁroxynaphtha1ene molecule
and nethylenédiamine or propylenediémine molecule,around the

metal ion. The reactions can be represented as follows @

[M(en),JC1, + CyoHg(0M), —> [M(en)(CyoHg02)] + en + 2HCL.

[M(Pn)2101g + CyoH¢(0H) 2 —>[M(pn) (Cy0He02)] + pn + 2HCL.

2t and ca®t

So in the compounds [M(cat)é]z"enﬂg+; [M(pyro)é]z'enH§+,
[ﬁ(cat)é]z‘an§+ and [ﬁ(pyro)é]z'pn3§+ (where M = 2Zn(II) or

are known to undergo sp3 hybridization,

Cd(II)), two catechol or two pyrogallol ions may be disposed
in the tetrahedral way around the zinc or cadmium ion, In the
mixed ligand complex there 1s one 2,3«dihyﬁroxynaphthélene and
one ethylenediamine or propylenediamine molecule in the
coordination sphere,

The IR, spectra of the complexes also exhibit the

characteristic bands, The bands in the regionru3370-3270 cm"l



correspond to N-E assymetrical and symmetrical stretches, 31
This shows the presence of aliphatic\amine in the structure,
The bands in the region nearly 3080 c:m"1 and 2940 cm‘l

correspond to aromatic and aliphatic C-H stretching frequencies,

The bands in the region~1600-1300 cm™t

correspond to the
N-H, C-H bending vibrations, Number of the bands in this region
correspoﬁd to stretching vibrations of the aromatic ring, The J
bands in the region~1200-1000 cm—l corfeqund to C-N, C~C and
C:0 stretches, The bands in the region below 800 em~1
correspond to deformation modes of C-N, C;C and C-0 and out

of plane deformationsc6f C-H and N-H bonds,

The spectra in case of pyrogallol complexes have

much less bands,

The infrared spectrum below 600 em™t corresponds to
M-L vibrations, The spectra in this region could be obtained
for few compounds, The bands in the regipn ~ 500 et
correspond to Zn-0 anQ Cd-0 stretching , In mixed ligand
complexes additional band:: is expected at lower frequency‘
corresponding to M-N stretching, 1In the cémpoﬁnds with

aliphatic amine in the coordination sphere, there are bands

1 1

observed at nearly 480 em — in Zn2+- compounds and W40 cm”

in Cd2+- compounds, The fact that the ethylenediamine is
chelaied in these éombounds and is not bridging is indicated
becagsé there are number of Eands observed in the N-H and
C-H bending region and is comparable with the compounds
having‘chelated ethylenediamine7. This compiexity is
because of the fact that chelated efhylenediamine has a

gauche conformation and due to the dissymmetry, the number of



‘ 32
the ir active vibrations c<re more, In bridging ethylenediamine
with trans conformation symmetry is more and hence number of
bands are much less,

In [2n(cat)£]enﬂg+ also a very weék band is

1. This may be dﬁe to some out of plane

‘observed at 470 cm”
deformation mode, This, however, leaves a doubt that there

may be some coordination of ethylenediamine and the band

may be due to stret?hing‘of Zn—N-bond. X-ray studies can throw

some light on the fact,
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