CHAPTER 3

FORMATION OF MIXEﬁ‘LIGAND COMPLEXES AND THEIR

" REACTIONS WITH AMMONIA AND HYDROXYLAMINE

Mixed ligand complexes are formed when the metal ion
has two or more different types of ligands in its co-ordi-
nation sphere. Such coﬁplexes were known since the time of
Werner. Different types of mixed ligand complexes have been
prepared and éharacterized by varioeus workersi"lo. Hetro-
chelates of Co(II} and Cu(II) containing biguanide and
2,2'-dipyridyl of o-phenanthroline have been prepared and

11-13 They also -

cha;acterized by .Dutta and co-workers
isolated and charécterized several complexes of empirical
composition  Cu(AA)(X), where AA = 2,2'-dipyridyl,

o-phenanthroline, 5-nitro-o-phenanthroline and X = NCS™,



NOQ“ or N3". They also synthesized a number of mixed
ligand chelates of the type Ipu(AA)(XYfg} % where

XY = glycine or @ -(DL)-alanine and AA = 2,2'-dipyridyl,
o-phenanthroline or 5-nitro-o-phenanthroline and % = C1°,

14 15,16 pave

Br and I . Chidambaram and Bhattacharya
}eported'the preparation and chéracterization of the mixed
ligand complexes of the type M.dipy.L where M = Cu{II} or
Ni(II) and L = higher homologues of glycine. Mixediligand
complexes of the type (MAL) where A = dipyridyl, o-phenan-
throline, polycarboxylic‘éﬁino acids, L = polyhydroxy
benzeﬁe, mercapto acids, gmines or p—diketones have also
been reported from our 1aboratory’ 2%, Sacconi and
co-workers21 reported normal and mixed ligénd chelates of
vanadyl (V) with salicylaldehyde‘and Schiffbase derived
from ring“éubstituted salicylaldehydé‘and N-substituted
ethylenediamines. Mixed ligand complexes of Cu(II) derived
from salicylaldehyde or 2~hydroxyacetophenone'aﬁd iheir
Schiffbase with N-substifuted ethylenediamine have been

a2

feported by Chakravorty et al, Recently Chakravorty and

co—workerszs‘réported a new class of mixed ligand complexes

of bivalent nickel, The possibility of the formation of
mixed Schiffbase complexes of Ni(II) with different N-substi-
tuted bis(salicylaldimine) has been indicated by Chakravorty
and Holmg4 on the basis of NMR studies. Reactions of amines

on mixed ligand complexes of the type MLL' where M = Cu(II}

- -
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or Ni(II); = sallcylaldehyde and L' = 2-hydroxyaceto-

phenone have been reported25

There are not much studies on the mixed ligand
complexes containing Schiffbases. 1In the'present study
a series of mixed ligand complexesuéf general formula MLL',
where M = Cu(II) or Ni{(IL); L = salicyaldehyde or z—hydroiy-
1—naphtha1deﬁyde and Z-ﬁyéroxybenzophenone or methyl substi-
tuted 2-hydroxybenzophenone,. have been prepared. The
reactions of the above mixed ligand complexes have'been

. . . ~ .
carried out with ammonia and hydroxyl amine.

Experimental

Material used

2-Hydroxybenzophenone and its methyl derivatives
were prepared as described in Chapter 2. Salicylaldehydeaﬂd
2-hydrexy-i-naphthaldehyde (Fluka, Germany) were used. The

other chemicals were as reported in Chapter 2,

Preparation of the complexes derived from salicylaldehyde

and 2-hydroxybenzophenone or its methyl derivatives

(1) (Salicylaldehydato Z-hydroxybenzophenonato)Cu(II) or

N1{II)
Salicylaldehyde (1.05 m1} and 2~hydroxybenzophenone

(1.98 g) in absolute ethanol (30 ml) were added to the

.
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alcoholic solution of copper{IL) chloride (1.70 g) orss__

nickel(II) nitrate (2,90 g}. The reaction‘was cgrried out

at a loﬁef temperature (v~O°C)'by using an ice bath. The

pH was raised to- 5 by adding ammonia solution. The mixture
was stirred well when solid separated out. The reéction
mixture was filtered, washed and dried. The.compound could

not be recrystallised because of low soluﬁility.

(2) (Salicylaldiminato,2-hydroxybenzophenoniminato)Cu( II}

or Ni(II)

The above complexes were prepared by two methods.

Fe

(a) The mixed imine Schiffbase complex was prepared
by refluxing (4 nr} preformed mixed ligand complex, (salicy-
laldehydato,2-hydroxybenzophenonato)Cu( II} or Ni(II) (2g),
in ethanol (25 ml} with an excess of aﬁménia (50>ﬁ1). Tﬁe
reaction miiture was stirred well. It was filtered, washed

and dried.

{(p) cu(I1) ammine complex (1.70 g + excess of ammonia)
or Ni(II) ammine complex (2.90 g + excess of ammonia) was
preparé& and to this was added an alcoholic solution’of
salicylaldehyde (1.05 ml) and 2-hydroxybenzophenone (1.98 g).
The reaction mixture was‘refluxed (4 hr} with stirriﬁg when,

solid separated out. It was filtered, washed and dried.
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(8) (Salicylaldehydato,2-hydroxy-4 or 5-methylbenzophenonato)
Cu{II) or Ni(II)

This complex was obtained by addiné ‘an alcoholic solution
of salicylaldehyde (1.05 ml) and 2-hydroxy-4 or 5-methylbenzo-
phenone (2.12 g) to copper(II) chloride (1.70 g) or nickel(II}
nitrate (2.90 gj in ébsoluté éthano; (50 m1). The‘reac%ion‘
was carried out'at lower temperature and thé pwaas raised to
« 7 by adding ammonia. The reaction mixture was stirred well

-when solid came out. It was filtered, washed and dried.

(4) (Salicylaldiminato,2-hydroxy-4 or 5-methylbenzophenoni-
"' minato)Cu(II) or Ni(II)

The above complex was prepared by using two methods.,

(a) The mixed imine Schiffbase complex was prepared by
refluiiﬂg'(4 hr} the prefdrmed mixed ligand complex (salicy-
laldehydato,2-hydroxy-4 or 5-methylbenzophenonato)Cu(II} or
Ni{II) (2 g} in ethanol (25 ml} with an excess of ammonia

(50 m1y. It was filtered, washed and dried.

{(b) An alcoholic solution of salicylaldehyde (1.05 ml)
and 2:h§d§0xy—4 orr5—methy1 bengophenone (2.12 g) wés’added“
to Cu(II) ammine compiex (1L.70 g + excess of ammonia) or
nicﬁei(ii} ammine complexr(z.go g + excess of ammoni;). The

reactigﬁ'éixture was refluxed (4 hr). The solid which

separated out was filtered, washed and dried.
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(5) (Salicylaldoximato,2-hydroxybenzophenonoximato}Cu(II})
7 or Ni(II)

This complex was prepared by refluxing (8 hr) the
preformed mixed imine Schiffbase complex (saiicyléidiminato,
é—hydroxybenzophenoniminato)Cu(II) or Ni(iI) (2 g) in ethanol
(30 ml) with excess of hydroxylamine hydfoéﬁléride (4 g) and
éodiumﬁacetate (5 g}, The reaction mixture was stirred’well

to get the compound. It was filtered,washed and dried.

The metal, carbon and hydrogen (in some cases), and
nitrogen contents in the complexes were determined and the

results have been presented in the Table 3.1.

Preparation of the complekes derived from 2-hydroxy-i-naphthal-

dehyvde and 2-hvdroxybenzophenone or its methyl derivatives

(1) (2-hydroxy-i-naphthaldehydato,2~hydroxybenzophenonato}
cu(II) or Ni{II)

An alcoholic solution (30 ml) of Z—hydroxy—i;naphthal—
dehyde (1.72 g) and 2-hydroxybenzophenone (1.98 g) was added
to copper(II) chloride (1.70 g) or nlckel(II) nitrate (2 90 g)
dlssolved 1n minimum amount of water. The reactlon was
carried at a lower temperature (0°C) The pH was raised to
-5 by addlng ammonia solution and the mlxture was stirred well.

It was filtered, washed, and dried.
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( 2-hydroxy-i-naphthaldehydato,2-hydroxy-4 or 5-methyl--
benzophenonato JCu(II) or Ni(II}Xwas prepared in a similar
way as detailed above., In this case 2-hydroxy-l-naphthal-
dehyde (1.72 g} and 2fhy&roxy—4 or 5-methylbenzophenone
(2.12 g) dissolved in ethanol (30 ml) was added %o an
alcoholic solution of copper(II) chloride (1.70 g) om
nicke1{II} nitrate (2.90 g).““Tﬁe reaction mixture was stirred

well and the solid obtained was filtered, washed and dried.

(2) (2-hydroxy-i-naphthaldiminato, 2—hydroxy~

benzophenonlmlnato)Cu(II) or Nx(II)

The above complex was prepared by two methods.

(a) The preformed mixed ligand complex (2-hydroxy-1i-
naphtﬁafdéhydato,2-hydroxybenzophenonato)duglx) or Ni(II) (2 g)
was taken in suspension in ethanol (25 ml) and this was treated
withfzxéess of ammonia (50 ml)} and refluxed (4 hr). It was

filtered, washed and dfied.

(b} Alcoholic §olution of 2-hydroxy-1-naphthaldehyde
(1.72 gi and 2-hydroxybenzophenone (1.98 g} wag. added to
bu(II) ammonia complex (1.75 g + exéess ofﬁammonia} or
nickel(II} ammine compléx‘(z.QO g + excess of ammonia). The
reaction mixture was refluxed (4 hr). The solid obtained

was filtered, washed and‘dried.

The complexes, (2—hydroxy~1~naphtha1diminato,2-hydroxy—
4 or 5~methy1benzophenonlmlnato)Cu(II) or N1(II},!ﬂ€l€

prepared in a similar way as detalled abeveo
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(3} (2-hydroxy-i-naphthaldoximato,2-hydroxybenzopheno-

noximato)Cu(IXI) or Ni(II)

An alcoholic suspension of (2-hydroxy-i-naphthaldi-
minato, 2-hydroxybenzophenoniminato}Cu(IT} or Ni{IX} (2 g)
was taken and to this was added a mixtufe'of hydroiylamine
hydrochloride {4 g) and sodium acetate (5 g}. The reaction
mixture was refluxed (8 nr) with stirring. It was filtered,

washed and dried. » ' .

The metal, nitrogen, carbon and hydrogen {in some
cases) contents in the complexes were determined. The

>

results have been presented in the Table 3.2.

TLC analysis

TLC analysis of all the complexes (MAL) have been
done on silica gel G (Sichem) using ehlorofbrm, ether (5:3)
mixture as solvent. TLC was‘also run for the mixtures of

'MA2 and MLz using the same solvent,

Conductance measurements

The conductivities of the mixed imine and oxime
complexes in chloroform were measured using Toshniwal

gonductivity Bridge of the type C101/01A.

The magnetic and visible spectral studies were carried

out as detailed in the second chapter. The values have been



tabulated in the Table 3.1 and 3.2.

presented in the Fig. 3.1 - 3.9,

Infrared spectral studies
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The spectra have been’

The IR spectra of the complexes were obtained in Nujol

phase in the range 4000 - 600 cm"i. The positions of the

absorption bands have been shown below.

Complexes

(Salicylaldiminato-;2-hydroxy-
benzophenoniminato jCu( I}

(Salicylaldoximato-2-hydroxy~
benzophenonoximato)Cu( IT}

(Salicylaldoximdto ;2-hydroxy-
benzophenonoximato)Ni{ II)

Characteristic bands (cmfi}

3300( m}

1600( m) -

1460(s)
1260(w}
1150( m}
1000(w)
820( m)

3200( m}
1600( m)
1460(s)
1300( w)
1200( m}
1070(w)
960( m}

© 890(w)

750( m)
700( w)

3150( m}
1600( m}
1390(s)
1260(w)
1160( m)

2900( b}
1590( w)
1330(s)
1230( m)
1120{w)
940( w}
760( m)

2900(b)

1580(w) .

1380€s)
1270(w)
1150( m})
1040(w)
950( m}
850{w)
740(w)
650({ w)

2900( b)
1560(w)
1340( m)
1250(w})
1130{w)

1640(w)
1530( m)
1300(w)
1180( w}
1020 w)
900(w)
730( m)

1640( w)
1550( m}
1340( m})
1260(w)
1120(w)
1020{ m}
§£O(W)
800(w)
720(m)
640( w)
1650( m})
1470( s)
1300( m)
1200( m}
1080(w)



(Salicylaldiminato ,2-hydroxy-
benzophenoniminatoiNl(II

(2-hydroxy-1-naphthaldi-
hydato,2-hydroxybenzopheno-
nato)Nl(II)

(2-hydroxy-i-paphthaldi-
minato,2~-hydroxybenzopheno-
nlmlnato)Nl(II)

(2-hydroxy~i-naphthaldo-
ximato ,2~hydroxybenzopheno-
nox1mato)0u(II}

1059(w)
930( m}
860(w)
730{ w)

3300( m)
1530( m}
1320(w)
1150( m}
1020(w}
g20(m)
710( w)

2900(b)
1460(s)
1280(w}

1190(s)

1100{ w)
960( w)
840{ m)
720(w)

3300( m)
1560( w)
1380( s )
1250{w)
1150( w)
980(w)
810( m}

3200{ m}
1630( m)
1550(s)
1430(w)

1030( m)
g890( w}
830( m)
700{ w}

2900( b)
1460( s}
1230( m}
1120{w)
950{( m}
760(m})
650( w)

1640( m)
1380( m)
1250( w}
1170{ w)
1050( m)
920(w)
770({ W)
660( w)

2900( b}
1530( m)
1320( w)
1210(m}
1080( w)
900( w}
760( m}

2900( b)
1610(m}
1510(m)
1390(w}

960( m)
880(w)
760( m)
650( w)

1610( m)
1390( m}
1200( w)
1100( w)
920(w)
730{ w)

1540( m}
1310( m)
1210(w)
1150(w) -
980( m})
860( m}
750( m)

1610(m)
1460( s)
1270( w)
1170( m)
1020( w)
840(m}
750( m}

2840( m}
1590( m)
1460( s}
1370( m})



{ 2-hydroxy~-i~naphthalde-
ximato,2-hydroxybenzopheno-
noximato)Ni(II}

(Salicylaldihydato ,2-hydro~
xy-4-methylbenzophenonato}
Ni{II} .

1330( m)
1250( m)

1170(w)

1130(w)
1070(w)
960( w})
880(m)
780(w)
740{ m}

3100( m}
1630( m)
1550( m})
1470(s)
1380( s)
1290(w)
1170(m}
1100( m)
1000(w)
920(w)
840(w)
750( s}
650( w)

2920(b)
1600(m)
1460(s}
1360{ w)
1235( m})
1150( m})
1030(m}
930( w)
g60{w)
760( m}
660( m}

1310{ m)
1220 w)
1150( w)
1120(w)
1040( m)
940(m)
860{ m)

760(w)

2900( b)
1620( m}
1520( m)
1430( s)
1335( m}
1255( m}
1150( m)
1055(s)
970(m)
890( m)
g20(s)
690( w)

2860{ m}
1570(m)
1410{ m})
1330( m})
1190(w)
1130(m}
1000{w}
900( s}
810(w}
730( m}
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1270( w}
1190( s)
1145(m)
1100( w)
1030( m)
910( w)
830(s)
750(w)

2840{ m)
1600{ m)
1490( m)
1410( m}
1310( s)
1190( s)
1130(w}
1035(m}
950(w)
860( m)
780( m}
670( m)

1650(w)
1530( m}
1380( m})
1300w}
1180( m)
1070(w)
960(m)
870(w)
780 w)
700(m})



(Salicylaldiminato,2-hydroxy-
4-methylbenzophenoniminato}
Ni(I1) :

(2-hydroxy-1i~-naphthaldi-
hydato,2-hydroxy-5~methyl~
benzophenonato}Cu{ I1}

(2-hydrexy-i-naphthaldimi-
nato ,2-hydroxy-5-methyl-
benzophenoniminato)Cul I1})

e e
P

3220({m) , 3060(w)

2860( m)
1510 m}
1450& s )
1380(m)
1285( w)
1250(s)
1075( w})
1000{ w)

880{m) -

780( m)
720( m)

3040{ w)
1640( m}
1590( m})
1435( m)

1370(s}

1310( m)
1220( m)
1150(w)
1090( w)
980( m)
870 m}
840(s}
740 s)

3300( m)
1630({w})
1570( m}
1460(s)
1370( m}
1270( m}

161.0( m)
1490{ w)
1430 w)
1340( m)
1270( m}
1180(m)
1030( w)
970( my
810{ w)
760( m}
700{ m}

2920( b)
1630( m)
1540(s}
1430( m)
1340(w)
1280(w)
1190(s}
1140( m})

- 1040{w)

940( m)
860{ m}
770( m}
720( w)

3040( w)
1620(m)
1530( m}
1400{ m)
1340{m)
1260( m)

(g
o

2940( b)
1590(s)
1470( w)
1400( m)
13204 )
1260( w)
1120( s}
1020(w)
900( m)
800{ m)
750( m})
670(w)

-~

2860(m)
1610{ m)
1460( m}
1410(s)
1325( w)
1250( m}
1170{ m)
1100( w)
1020( w)
890(w)
845( w)
760(w) .
660(w)
2900( v)
1585(m)
1490(w)

- 1380(m)

1280(w)
1240(w)
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1220{w) 1180(m} 1160{w)
1150( m) 1120( m) 1080(w)

1030(w) 1000 w} 980( m)

] 860(w) 835(s) g20(s) '
780(w) 755( m) 750{ w)
740( m) 735(w} 710( m)

700(w) 670(w) 660(w)

- -~

NMR spectral studies

NMR spectrum of the complex (salicylaldiminato-2-hydroxy-
4—metﬁ&ibenzophenonimiqato)Ni(II) was recorded on a Perkin-
Elmer E-32 NMR spectrometef>wi£ﬁ,CD013 as the solvent and
tetra methyl silane as an internal standard. The proton

chemical shifts are shown. below.

Proton Chemical Shifts
(7 down field from SiMB4)

Types of Proton

3 v - -

Y - o ax o

I

h Ve
P

=

ot GéHS C=H CEC?ﬁ
observed gfg" 26 - 7.8

Results and Discussion

The analysis of the compounds agree with the expecfed
composition. The mixed ligand complexes {3-I & 3-II) were

found to be insoluble in most of the organic solvent. The
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mixed imine (3~III & 3-IV) and oxime (3-V & 3~VI) complexes
are quite soluble in’chlofoform. These complexes are noh-

conducting indicating that they are non-electrolytes.

TIC analysis of all the complexes was carried out
usingtéhmixture of chloroform + ether (5:3) as the solvent.
This solven§ was selected after trying sév;ral solvents in
ihe TLC analysis of a 1:1 mixture of bis(salicylaldiminato
ML(Ii}«and bis(2;hydrox§benzophenoniminafo)mﬁII) or bis
(2;ﬁy&roxy-1-néphthaldiminato)N&II) and bis(2;ﬁ§droxybenzo- :
phenoniminato )M II) complexesi \ﬁhen the abbve solvent was
used for the ﬁixtufe, two spots were obtained indicating that
the two components have dist%nct Bf values. The mixed ligand
complexes, however, showed only one spot with the same solvent.
This'éhows that the mixed complex is pure and a single compound
and is not a mixture of the bis complexes of the two ligandsw
A further confirmation of the mixed ligand nature of the

éomplexes has been given in Chapter 6.

The mixed ligand complexes (3-1) are formed by the
reaction of metal salts with one eqﬁivalent each of salicyla}~

dehyde and 2-hydroxybenzophenone or its methyl derivatives.



Ce g
I
O0=c

N/
M
A

!
H 3-T

—

cu( IT) or Ni(II)

il

or 5~Cﬂ

’ X = H, 4-CH 3

3
Similarly the reaction of metal salts with one
equivalent each of 2-hydroxy-i-naphthaldehyde ard 2-hydroxy-
. .
benzophenone or its methyl substituted derivatives results

in the formation of mixed ligand complexes (3-II}.

e Hs
0\\~/O=é
M .
/ \
F=e ° X
H :;“ZZ
The mixed ligand complexes (salicylaldehydato,2-hydroxy-
benzophenonato)Cu( IT) or (salicylaldehydato,2-hydroxy-4 or 5
methyl@enzophehdnato)Cu(II) and (2-hydroxy-i-naphthaldehydatoc,
2-hydroxybenzophenonato)Cu(II} or ( 2-hydrexy-i-naphthaldehydato,
2-hydroxy-4 or 5-methylbenzophenonatojCu(II) are paramagnetic‘

with magnetic moment in the range 1.8 to 2.0 B.M. expected
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for square planar structure. Like bis ketonic or bis
aldehyde complexeng, mixed liéand complexes are expected -

to have trans planar structure,

The visible absorption spectra of the above complexes
show a broad band “~ 650 nm as expected for sguare planar
structure, This band may be a combination of the three

transitions, as discussed in the second chapter (p.37).

The mixed ligand Ni{II} complexes (salicylaldehydato,
2mhydfoxybenzophenonato or 4 or 5-methyl derivatives)Ni( I1})
and (2-hydroxy~1~naphthaldehydat0,2—hydroxyben20phen6haf6 ,
or 4<or 5-methyl- derivatives)Ni(II) are paramagnetic with
magnetic moment around v-3.2‘B.M;'£ypica1 for Ni(II) in the
high spin configuration in an actahedral envirdnhénf. This
can be explained to be due to polymerization leading to

distorted octahedral structure as explained in Chapter 2

(p.39).

:
The reflectance spectra of some of the above complexes
(Table 3.1, No.4, 9 and 13) in the solid state show a band
at “~ 670 nm and two sheulders on this band around 620 nm
and « 730 nm which are characteristic of distorted octa-
hedral geometry. The solution spectra of the other mixed
ligand Ni{II) complexes (3-II} which are partly soluble ih

chloroforﬁ'aiso show bands at 540 nm and V~620\nm. There
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is rise in absorbance at higher wavelength also, This

supports their octahedral structure.

Mixed ligand complexes (3-I} on treatment with
ammonia lead to the formation of mixed imine Schiifbasé
complexes containing one molecule of salicylaldim%ne and
another of 2-hydroxybenzophenonimine or its methyl deriva-
tives (3-IIL}, The above complexes (3-IIL} have also been
preparéd by‘ireating the metal ammonia comﬁlexes with one
equivalent of salicylaldehyde and another of 2—hydroxybenzo~
phenone or its methyl derivatives, The reaction can be

shown as follows.

-1
3-1 + & NH; :
Q+ OH OH
M(N”-’)If + ) ,+
¢=0 " ¢=0
H CeHg . -
. Cellg
HN =
\ J/
C;:NH O
— X
H 3_...11_

M= cu(II) or Ni(II}

H, 4-CH; or 5-CH,
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Treatment of the mixed ligand complexes (3-II}),
containing one molecule of 2-hydroxy-i-naphthaldehyde and
another of 2-hydroxybenzophenone or its methyl derivatives,
with ammonia leads to the formation of the mixed imine
Schiffbase complexes (3-1vV). The same complexes have also
been prepared by treatiﬁg the metal ammonia complexes with
one equivalent of 2-hydroxy-i-naphthaldehyde and another of
2-hydroxybenzophenone or its methyl derivatives. The

reaction can be represented as follows.

‘3"]I + Q NHW3

Q-+ OH OH
P4(Pdﬂil4 + A
C=0 =0
o X ]
H CZ'{S

.feHs
) /}?V:c
aAN,0 + /M «
c= o
7N X
, H o 3-1v
X = H, 4-CHy or 5-CHy

The magnetic moment values of the Cu{Il) mixed imine

Schi ffbase complexes are of the order of Q~1:9 B.M. The



excess over the spin only value (1.73 B.M.} can be attributed
to spin orbit coupling27. This éhows fhe square planarity

of the complexes which is further supported by the visible
spectra. The visible spectra of these complexes, in solution,
exhibit a band around - 560 nm ( € —~ 100} indicating the square
planar structure for the complexes. Thé displacement of

bands (in the mixed ligand complexes 3-I‘& 3-II} to lower
wavelength 1n Schiffbase complexes (3 I11 & 3-IV) indicates

formation of stronger. M~-N band 6

The imine Schiffbase complexes of Ni(II) are weakly
paramagnetic. All the complexes were recr&éfallized till
constant magnetic susceptibility was obtained. A possible
explanation for this weak paramagnetism can be given in
terms of\partial polymerization as &etailed in Chapter 2
(p.39 ). The visible spectra of the imine Schi ffbase
compleies in chloroform solution show a band at .~ 550 nm
( 6~ 905° The absence of baﬁds beyond 600 nm confirms '

square planar structure for these complexes,

The mixed imine Schiffbase complexes (3-I11) on
treatment with excess of hydroxylamine lea&s to ihe formation
of the mixed oxime complexes (3-V) containing one -molecule
of salicylaldoxime and another of’2-hydroxybenzophenonoxime.
Similarly treatment of the mixed imine Schiffbase complexes

(3—IV) with hydroxylamine leads to the formation of the mixed



67

oxime complexes (3-VI} containing one molecule of 2-hydroxy-
l1-naphthaldoxime moiety and another of 2-hydroxybenzopheno-

noxime. The reaction can be shown as follows.

3‘E+RNI;!?-OH” M + A NH3

3*E+RNI$0H"> + ANH;

¢

The Cu(II) oxime complexes have a square planar structure.
This is shpported by the magnetic moment values -~ 2.00 B.M.
corresponding to spin only value of one unpaired electron and

the visible spectral studies which show a band around <660 nm

( € 65).

The Ni(IL) oxime complexes are weakly paramagnetic
(/u eff. — 1.10 B.M.}. The paramagnetism may be due to

polymerization in solid state (Chapter 2, p.39 ). The



visible absorption spectra in chloroform solution show
a band around-615 nm (€ «—~ 80). This suéports a square

planar structure for these complexes.

[

In the case of mixed oxime Schiffbase complexes of
Cu(IIi and Ni{(II}, the band in the visible spectrum shifts
to ﬁiéher wavéi;ngth. This is because the nitrogen is less
basic as compared to the imine nitrogen due to attachment
of -0OH group with negative inductive effect. A weak fiel&
is créated by the oxime Schiffbases compared to the imine
Schiffbases. This results in low energy transition and the

shift of the band to higher wavelength,

In the IR spectra of the mixed ligand complexes,(3~I &
3-I1} the band in the range 3400 em ! is absent indicaiiné
thaﬁ the -OH hydrogen is lost on co-ordination. The band at
1650 cmt corresponds to the aldehydic or ketonic C=0 stretching .
vibration. This band disappears and a new band at 1620 cm
appears in the Schiffbase complexes (3-III & 3-IV). This
corresponds to the C=N stretching mode and indicates the
formation of the Schiffbase complexes. The band at 3220 et
in the case of the imine Schiffbase compiexes corresponds to
N-H stretching frequency. In the oxime complexes (3-V & 3-VI}
the band at ~ 3200 correspbnds to O-H stretching freﬁuéncy."

This band is shifted in the complexes showing intramolecular

ﬁ&drogen bonding. The band at 1640 cm"1 corresponds to
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C=N stretching vibration and the band at ~~1330 cm & is
due to C=N stretching coupled with O-H deformation. The
bands at — 1260 and — 950 cm - have been assigned to

NfO stretching vibrations.

The NMR spectrum of the mixed imine complex (salicy-
laldimina£5:2—hydroxy~4-methylbenzophenoniminato}ﬁi(II}
has been obtained. The NMR spectrum of bis(salié&laldimi4
nato)Ni{ II) or bis(2-hydroxybenzophenoniminato)}Ni{II} could
not bé obiaiped fo; comparison because of theif léﬁ‘éolubility
in CDCl3 or chloroform. The signal at 7.8T corresponds to
the ﬁethyl protons on the-benzophenone ring. The signal at
2.6T corresponds to aldehydic proton. The ring proton
signals in the range 2.87 to 3.97T are also split due to

the difference in the benzene rings of the two Schiffbases.

The NH proton signal is not distinct because of fast exchange.
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Fig.

3.1

. Visible spectra of

(a) (Salicylaldehydato-2-hydroxybenzophenonato)Cii(ll)

(b) (Salieylaldehydato ,2-hydroxy-4-methylbenzopheno-
nato)Cu(ll) &

(c) (Salieylaldehydato,2-hydroxy-5-methylbenzopheno-
nato)Cu( I1)

in chloroform.
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. Visible spectra of

(a) (Salicylaldiminato,2-hydroxybenzophenoniminato)Ca(ll),

(b) (Salicylaldiminato ,2-hydroxy-4-methylbenzophenonirai-
nato)Cu(ll) &

(©); (salicylaldiminato railkydroxy--5-aiethylbenzopbenonirni-
nato)Cu(ll)

in chloroform.
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Fig.

3.3

500

Reflectance spectra
(a) (Salicylaldehydato,2-hydroxybenzophenonato)Ni( 11)
(b) (Salicylaldehydato,2-hydroxy-4-methylbenzopheno-

e nato)Ni(ll) |

(c) (Saileylaldehydato,2-hydroxy-5-methylbenzopheno-
nato)Ni(ll)

600 700 'Z00

N\ Cmyr\) —2
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Fig» 3*4

itefleetance spectra
(a) (Salicylaldiminato ,2-hydroxybenzophenoniminato)Ni( I1)

(b) (Salicylaldiminato,2-hydroxy-4-methylbenzophenonimi-
t | nato)Ni(H) |

(e) (Salicylaldiminato,2-hydroxy-5-methylbenzophenonimi-
%m. nato)Ni(H)

500 600 700

i) —>



Fig. 3.5 : Visible spectra of

(a) (Salicylaldoximato,2-hydroxybenzophenonoximato)Cu(ll) &

(b) (Salicylaldoximato,2-hydroxybenzophenonoximato)Ni(ll)
in chloroform.

550 600 050 700
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Fig-

3.6

: Visible spectra_of

(a) (2-hydroxy-i-naphthaldehydato-2-hydroxy-
benzophenonato)Cu( 11),

(b) (2-hydroxy-1-aaphthaldehydato,2-hydrexy-4-
methylbenzophenonato)Cu(ll) &

c 2-hydroxy-I1-naphthaldehydato,2-hydroxy-IL-i

© %ethglbengbphengkato)Cu( D) Y Y

in chloroform.

500 600 700
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Fig.

3.7

h-50

. Visible spectra of

(a) (2-hydroxy-I1-naphthaldiminato,2-hydroxy-
benzophenoniminato)Cu(1X),

(b) (2-hydroxy-1-naphthaldiminato,2-hydroxy-4-
methylbenzophenoniminato)Cu( I1) &

(c) (2-hydroxy-I1-naphthaldiminato,2-hydroxy-5-
methylbenzophenoniminato)Cu( 11)

in chloroform.

500 550
nw)—-—~

600
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500

iirii;

. Visible spectra of

(a) (2-hydroxy-I1-naphthaldehydato,2-hydroxy-
benzophenonato)Ni( I1),

(b) (2-hydroxy-I1-naphthaldehydato,2-hydroxy-4-
Be thylbeD zOphe DOUatO )Ni( 11) &

(e) (2-bydroxy-I1-naphthaldehydato,2-hydroxy-5-

methylbenzophenonato)Ni(ll) ' ;
in chloroform.

i i
N

550 600

650



Fig. 3.9 : Visible spectra of
(a) (2-hydroxy-I1-naphthaldiminato,2-hydroxy-
benzophenoniminato)Ni( I'1),
(b) (2-hydroxy-I-naphthaldiminato,2-hydroxy-4
methylbenzophenoniminato)Ni( 11) &
(c) (2-hydroxy-1-naphthaldiminato,2-hydroxy-5
methylbenzophenoniminato)Ni(11)

in chloroform.
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