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CHAPTER IV

Mixed Cu(II) complexes of some 8-dicarbonyls
with dipyridyl or o-phenanthroline
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Solution stabilities of mixed ligand complexes
prompted the scientists to isolate them in the solid state,
Different types of mixed ligand complexes have been prepared

and characterised by various workers%‘é Herzog and

7 reported thg'formation of diacetato-2,2'-dipy=-

coworkers
ridyl Cu(Il) complexes, Dutta and coworker38 have observed
that cis diamine, Co(ll) sulphate reacts readily with
ethylenediamine, dipyridyl or o-phenanthroline, liberating
ammonla, resulting in the formation of mixed ligand complex.
The complexes of 2,3~-dihydroxy naphthglene and dipyridyl or
o~-phenanthroline have been studied with a series of oxy-

10 synthesised diethyl bis

(dipy) iron{Iil) and ethyl (d&py)Ni(li), Mixed ligand

cations? Yamamoto and coworkers

complexes containing Co(11I), paludfine and dipyridyl and

o-phenanthroline have been described by Gheorghin and

coworkers%l Dutta and cowbrkers have reported a series of

y12-1% 14 Cu(II) having a tridentate

ligand and dipyridyl or o=phenanthroline, They15 have also

complexes of Vo(II

reported the synthesls of heterochelates of the type
[go(ﬂaou)(dipyi]. Oxovanadium(IV) mixed chelates with
tridentate dibasic hydrozone Behiff base and bldentate
dipyridyl or o-phenanthroline have also been reported by
tham%é They'’ have isolated and characterised several Cu(II)
complexes of empirical composition [Eu(AA)(XgE]where AA =
dipyridyl, o-phenanthroline, 5-nitro o-phenanthroline and

X = CNS, NOz or N3, Theyla have also synthesised a number

of mixed ligand chelates of the type [§u(&ﬁ)(XY§]Z where;
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XY = glycine or oa-DL-glanine and AA = dipyridyl, o-phenan-
throline or S-nitro o-phenanthroline and Z = Ci; Eb: I,
Preparation and characterisation of the mixed ligand complez,
Cu(II) phthalamide with dipyridyl or o-phenanthroline was
reported by Narain%g Ripan and Saceban repcrtedzo the
synthesis of ternary complexes of UO(Il) with dipyridyl,
o-phenanthroline and o-m- and p-amino benzoic acids,

The fluorescent properties of various Eu(II)
chelates of dibenzoylmethide, benzoylacetone, acetylacetone,
8 -naphthoylacetonate were observed to be enhanced on
coordinagtion with dipyridyl and o—phenanthroline%l Mixed
ligand chelates of other rare earth metal ions with propio~
nylacetone and dipyridyl are also f‘ormed%2 Reactions of
bis acetylacetone or bis ethylacetoacetate Cu(II) with
ethylenediamine, trimethylethylenediamine, dipyridyl or
o-phenanthroline have been carried out to give the six
coordinate Cu(lI) complex%3 Octahedral complexes of Co(IIl)
bis ethylacetoacetate with aromatic heterocyclic amines
such as dipyridyl or o=phenanthroline have been synthesised%k
Crystalline mixed ligand chelates of Ur(1II) with dipyridyl
or o-phenanthroline and acetylacetone have been prepared%5
Complexes of the composition Uo(aCac)Lg]ﬁiOu or
[?o(acac)zﬁ:]where L = dipyridyl or o-phenanthroline have
26

been prepared, Mixed complexes of rare earth metal ions
with acetylacetone and dipyridyl or o-phenanthroline have
been studied%7 Formation of mixed ligand complexes of

Cu(II) with acetylacetone, benzoylacetone, dibenzoylmethane
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and thenoyltrifluoro acetylacetoéone and dipyr:idyl or
o-phenanthroline with nitrate as outer ion have been
observed%8 They have also been isolated with thiosulphate
as the outer ion%g Mixed ligand complexes of the type
[}Qﬂ;]nmmre M = Cu(II) or Ni(II); A = dipyridyl or o-phenan-
throline and L = amino acids, mercapto acids or polyphenols
have been reported from our 1aboratory%o‘33

The presen%fggéls with the preparation of mixed
ligand complexes of the type [&A@]Clou, where M = Cu(II);
A = dipyridyl or o=-phenanthroline and L = acetylacetone,
benzoylacetone, dibenzoylmethane or Y~(2-hydroxy ethylimino)
pentane~-2-ona(HEA), ’

Experimental :

Dipyridyl AR, (EDH), o-phenanthroline (Merck),
Acetylacetone (EDH,pure), Benzoylacetone (Fluka), Dibenzoyl-
methane (K,Light,pure)., Sodium perchlorate (Riedel,pure),
Copper acetate (BDH) were used. HEA was prepared ag detailed

in chapter II, Section C,

Preparation of mixed ligand complex ¢

[cutaipy)X Jczon or Em(o--phen)lgb‘lou where X = AcAc, BA,
DBM or HEA,

To a 1M (5 ml,) solution of copper acetate was
added a mixture of dipyridyl and secondary ligand, such
that the metal and the two ligands were in equimolar ratio,
Sodium perchlorate was then added to the solution till the

precipitation of the solid was complete, The solid was



filtered, washed with water and finally with 50% alcohol.
It was dried and analysed for metal and nitrogen contents,
Cu{Il) was estimated iodometrically. DNitrogen was

estimated by semi-micro Dumas method,

ILG Analysis :

TLCU analysis were done on a silica gel G(Sichem)
using a mixture of alcohol and ether.

Conductance :

Conductivity measurements were carried out in
aleohol solutions of the compounds, as they are sparingly
soluble in water; using Toshniwal Conductivity Bridge type
C1014014 .

Magnetic Studies

The magnetic susceptibilities :of the isolated comple-
wes were determined by Guoy's method using Mettler balance
and electromagnet of constant current strength (3 amps) in
all cases, For actual measurements of magnetic susceptibi-
lities, the compound was first dried and was finely powdered,
Compound was f£illed up in the calibrated tubes (whose § were
known) upto the ealibration mark with equal number of tappings,
The temperature - 30°C was noted and the current of 3 amps.
was fixed in the electromagnet with the help of a rheostat
connected with the instrument in series,

The tube was suspended in the balance and the weight
of the tube + powder was noted before passing the current
in the electromagnet, From the difference in weight dw,

1
molar susceptibilities of the complexes were determined?+



using the following equation,

6,
3

where, a = ngz V = 0,029 x Vx 10~ B8 = tube constant.

B was obtained for the tube by caglibrating it with
a complex of known molar susceptibility., The compound used

was Hg[?o(CNS)é]. B8 was found out by using the equation s

16,440 - 0,029V -6

dw

x 10

Q:

where W = wt, of the substance, -V = volume of the tube,
dw = difference in weight in the field and weight
outside the field + tube diamagnetism, i,e, diamagnetic

3 correction of the glass tube,

The Pascal's diamagnetic correction35 for the metal
and other constituents of the complex was made and from the
‘XMcorr‘ected, magnetic moment values were calculated, The

values have been tabulated in table IV-1,

Visible Absorption Spectral Studiss

The structure of the isolated complexes were further
confirmed by studying the absorption spectra of the complexes,
‘The visible spectra of the compounds were obtained in alcochol
solutions on a DU~2 Beckman Spectrophotometer at room tempe-
rature ( v~ 30°C) using 1 cm quartz cell in the range of
%00-1000 nm, The 0,D, was plotted against wavelength, The
plots have been presented in the figs, IV 1 toc IV 8,



IR Spectral Studies

Dises were made by pressing an intimate mixture of
about 1 mg, of solid sample and approximgtely 100 mg, of
eagrefully dried KBr, IR spectrum were obtained in the range
4000 - 625 em™t on a Perkin Elmer model W27 Infra-Red

Grating Spectrophotometer.

Results and Discussion @

The analysis of the compounds correspondé to the
formuls [?u(dipy)%}CIOn. The reaction can be shown to tske

place as follows

2+ '
e+ O O + R—]T-cuz—lcl—ﬂ—-—-)»
e

N N
o
i
clo c ; - o - ‘
(::) ‘ 4 c)/" \\\\ (” F2 = R = CL‘3-
N\ /"‘_ ~ e 1
cu CH (I R = CH,, R=CgHg

N \-\__,’/ 3

O N
[}

Similar reasction can be shown to take place in
case of o-phenanthroline, Sihilar compounds in case of
Ni(II) could not be prepared becausé the resulting product
does not correspond to a definite composition,

Alcohol solutions of the compounds were found to
be non-conducting, This indicates that the perchlorate is
in the coordination sphere,

The Cu(II) complexes are paramagre tic showing the



presence of one unpaired electron {y =-»1.8), The
visible spectra of 'the compounds 1-6 in the table (contai-
ning dipyridyl or o-phenanthroline and B-diketone) show
brogd band with doublet, This is characteristic of penta-
coordinate Cu{II) complexes {D3h symmetry). The two bands
could be assigned to 24y—>2E!  and 24y —>2EN
transitions%6“38

The visible spectra of the compound 7 and 8
{containing dipyridyl or o-phenanthroline and HEA) show
broad band in the iegion*vwéEO nm, The complexes may
either have square pyramidal structure with bidentate
dipyrRdyl and HEA occupying square planar position and
perchlorate ion occupying the axial position or distorted
octahedral structure with HEA showing tridentate character,
The compound was heated upto 156°0.\ It does not show any
loss of water, showing the absence of water molecule in
the structure, The presence of perchlorate in the complex
shows that the alcoholic «0H group of HEA remains undisso=~
clgted and the ligand neutralises only one charge of the
Cu(Il) icn, This may be because the ligand acts as bidentate,
-0H remaining free, or that the ligand is tridentate but
the =0H remains undissociated after coordination. The
formation constant studies in binary and ternary complexes
in Chgpter II and IIT has shown that HEA acts as:. a bidentate
ligand -0H group remaining,free. The mixed ligand complexes
containing HEA are also found to be non-conducting in

alcoholiec solutions which indicates the perchlorate to be in
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the coordination sphere,
The compounds can be assigned following structure -

The positions of the IR absorption bands have been

shown below @

32{‘3292{1& Characteristic bands em™t

1. (Dipy.AcAc)Cu(II),C10y A 3100w “ 3060w 3030w
v 2920w v 1605w A 1580s

v 15308« 1495m w 1475m

“n 14508 ~~ 1380s ~~ 1315s

“~ 12805 w~ 1250w “ 1145s

v~ 11158 “~ 1080s w~ 1030m

“~1020m \940s “ 800m

w7853 “~730s “~660m

“~ 635m,

2, (Dipy.Ba) Gu{II).10y “ 3120w - 3090w 2920w
~~ 1615m “ 16053 +“11590s

v 15655 15208 “1490s

14708 14555 v 1k3gm

v“~1380s " 1360s “11310s

w1280y v 1245y “1220m

1175 * 1160m “— 1090s

L1 10258 t~975m “960s

- 850m  “"800s \760s
v 720s 685w 665w,

3. (Dipy ,DBM) Cu(II) . C10y “~ 3060w 3020w 2920w
v 1615w +“1600s “1550s

15208 v 1480s 14553

L~1390s 13158 “1230s

v~1180m - 1150m “—1115m

~1090s 10205 1000w

960w “940s 885w

810w L7858 w7708




4, (o-phen,Achc)Cul(II) C10y

5. (Dipy,HBA)Cu(II),C10

i

7608 v\715s
6808 650w,
3080w 3040w
2920w 1625w
15208 14308
1340w —1325m
v11250w 1 1220m
«1115s +1085s
9308 v 870w
785w L7658
7258 680w
“~3400-3300 broad
3080w 3020w
16008 +~1550s
13758 +1315s
1220w 1150w
«~ 9008 v 7708
v 620m,

695w

2980w
15908
v1385s
L~1270g
v1140s
~1020m
w8608
740y
L6508

band
2920w
14508
112508
«1090s
v730s

In the IR spectra of the compounds bands in the

region 3400 em~t

water 1s absent,

Bands in the region 1590 em™L

is absent indicating that coordinated

ponds to -0 stretch of the 7 bonded B-diketone.

The bands at 3040 cm™
to aromatic and aliphatic C-H stretching frequency.

1

and 2900 cm~t

correspond

C=C

and C=N stretching vibrations of the dipyrfidyl ring also

occur in the range 1600 cm,

1

The bands 1450 em

-1

corres-

&

and 1260 em™t correspond to Wagging and deformation of

~CHa group,

and 1330 em™t

The C-~C stretching bends also occur in the rggion 1200 cm,

The band at 770 em

The bands 1510 cm

1

1

may correspond to ring stretching modes.

corresponds to C-=H out of plane

, —1h90 cmfl, —1455 em™L

1
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1

deformation, The band 1150 em ~ is due to C--N stret-

ching, The band 730 <>m"'l corresponds to the coupled
M-.N vibrations,

The free perchlorate ion gives rise to two IR

1

bands., A weak band at —920 em — due to the symmetrical

stretching mode Y, which is strictly IR forbidden and 2}

1 which is

the asymmetrical bending mode at 1100 cm™
IR allowed, When perchlorate is coordinated3? to a metal

ion its symmetry is lowered from Td to C3y in which
sympetrical stretch becomes IH gllowed and triple degener-
acy of lgis partly removed, Consequently in IR spectrum

band at 920 cm‘l becomes more intense gnd 1100 cm"lband is
resolved into two, In the present complexes bands in both

1 1

the region 960 em — and —1100 cm — are observed, This

shows that the perchlorate is in the coordination sphere,

The IR spectra of compound (7,8) show. a broad band

1

in the region —3400 em ™, corresponding to -~OH stretches.

There is also a band 1540 cm"l corresponding to C- - .
by dbserving
streteh, The absence of water was oom?'imm_ed}:hat there was

no water loss on heating the compound upito 120°C,
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