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GH1PTER IV

Mixed Gu(II) complexes of some £-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'.1-6 Herzog and
coworkers' reported the formation of diacetato-2,2‘-dipy- 
ridyl Gu(II) complexes, Dutta and coworkers have observed 
that cis diamine, Co(ll) sulphate reacts readily with 
ethylenediamine, dipyridyl or o-phenanthroline, liberating 
ammonia, resulting in the formation of mixed ligand complex, 
The complexes of 2,3-dihydroxy naphthalene and dipyridyl or 
o-phenanthroline have been studied with a series of oxy-

q -incations; Yamamoto and coworkers synthesised diethyl bis 
(dipy) iron(Iil) and ethyl (dipy)Hi(li). Mixed ligand 
complexes containing Oo(lII), paludrine and dipyridyl and 
o-phenanthroline have been described by Gheorghin and
coworkers11 Dutta and cowbrkers have reported a series of
complexes of Yo(II)12"llt and CJu(II) having a tridentate

_ 1 trligand and dipyridyl or o-phenanthroline, They ' have also 
reported the synthesis of heterochelates of the type
marnmam, ——lVo(C2 04.)(dipy)J. Oxovanadium(IV) mixed chelates with 

tridentate dibasic hydrozone Schiff base and bidentate 
dipyridyl or o-phenanthroline have also been reported by 
them16 They17 have isolated and characterised several Ou(II) 
complexes of empirical composition AA) (XaTjwhere AA =* 

dipyridyl, o-phenanthroline, 5-nitro o-phenanthroline and 
X = GNS? NO2 or N3 , They 0 have also synthesised a number 
of mixed ligand chelates of the type J^Ui(M)(XyTJz where



XY = glycine or a-DL-alanine and AA = dipyridyl, o-phenan- 

throline or 5-nitro o-phenanthroline and Z = Cl, Be*, I* 

Preparation and characterisation of the mixed ligand complex, 

OutII) phthalamide with dipyridyl or o-phenanthroline was 
reported by Marain^ Eipan and &aceban reported2*"5 the 

synthesis of ternary complexes of UQ(I1) with dipyridyl, 

o-phenanthroline and o-m- and p-amino benzoic acids.

The fluorescent properties of -various Bu(II) 

chelates of dibenzoylmethide, benzoylacetone, acetylacetone, 

p-naphthoylacetonate were observed to be enhanced on
2icoordination with dipyridyl and o-phenanthroline. Mixed

ligand chelates of other rare earth metal ions with propio-
22nylacetone and dipyridyl are also formed. Reactions of 

bis acetylacetone or bis ethylacetoacetate Ou(II) with 

ethylenediamine, trimethylethylenediamine, dipyridyl or 

o-phenanthroline have been carried out to give the six 
coordinate Cu(ll) complex2^ Octahedral complexes of Go(II) 

bis ethylacetoacetate with aromatic heterocyclic amines
pksuch as dipyridyl or o-phenanthroline have been synthesised. 

Crystalline mixed ligand chelates of cr(lll) with dipyridyl
OK

or o-phenanthroline and acetylacetone have been prepared.'
Complexes of the composition [T;o(acac)L0(a.Oit. or

[co( acac) 2L~j where L = dipyridyl or o-phenanthroline have 
26been prepared. Mixed complexes of rare earth metal ions

with acetylacetone and dipyridyl or o-phenanthroline have 
27been studied.' Formation of mixed ligand complexes of 

Cu(II) with acetylacetone, benzoylacetone, dibenzoylmethane



and thenoyltrifiluoro acetylacetone and dipyridyl or

o-phenanthroline with nitrate as outer ion have been 

observed.0 They have also been isolated with thiosulphate 
as the outer ionf^ Mixed ligand complexes of the type 

jjdidT] where 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 laboratory^~33

The presentAdeals with the preparation of mixed 
ligand complexes of the type Q-iAlTjoiOi*, where M = Cu(II);

A = dipyridyl or o-phenanthroline and L = acetylacetone, 

benzoylacetone, dibenzoylmethane or 4-(2-hydroxy ethylimino) 

pentane-2-one(HEA).

Experimental s

Dipyridyl A.R. (BDH), o-phenanthroline (Merck), 

Acetylacetone (BDH,pure), Benzoylacetone (Fluka), Dibenzoyl- 

methane (K.Light,pure)Bodium perchlorate (Riedel,pure), 

Copper acetate (BDH) were used. HEA was prepared a§ detailed 

in chapter II, Section 0.

Preparation of mixed ligand complex :

JT*a(dipy)xJoiOu. or |~Cu( o-phen)X~JciO'+ 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
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filtered, washed with water and finally with 50% alcohol.
It was dried and analysed for metal and nitrogen contents.

Cu(II) was estimated iodometrically. Hitrogen was 
estimated by semi-micro Dumas method.

TLC Analysis :imiiw t i nr "iir lin—rra

TLC analysis were done on a silica gel G(Sdchem) 

using a mixture of alcohol and ether.
Conductance :

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

C1Q1/01A .
Magnetic Studies :

The magnetic susceptibilities iof the isolated comple- 
Bes 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 filled up in the calibrated tubes (whose p were 
knox-ni) up to the calibration mark with equal number of tappings. 

The temperature ^0°0 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, 
molar susceptibilities of the complexes were determined^4



using the following equation,

where,

ra + p dw 
m

0.029 x V x 10 {3 = tube constant.

p was obtained for the tube by calibrating it with 
a complex of known molar susceptibility. The compound used 
was Hg JCo( ON s>g. P was found out by using the equation %

16.Wrf - O.029V 6
dw

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 

• correction of the glass tube.

The Pascal's diamagnetic correction-" for the metal 
and other constituents of the complex was made and from the 

corrected, magnetic moment values were calculated. The 
values hare been tabulated in table IV-1.

Visible Absorption Spectral Studies s«a* — ■—m1 mi1 m 1 t—"—»*■ 1 — mu —1 m nw.nw ■

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 alcohol 
solutions on a DU-2 Beckman Spectrophotometer at room tempe­
rature ( ^30°C) using 1 cm quartz cell in the range of 
*fQG-100G nm. The O.D. was plotted against wavelength. The 
plots have been presented in the figs. IV l to IV 8.



IR Spectral Studies :

Discs were made by pressing an intimate mixture of 

about 1 mg. of solid sample and approximately 100 mg. of 

carefully dried KBr. IR spectrum were obtained in the range 

4000 - 625 em~~ on a Perkin Elmer model 427 Infra-Red 

Grating S;pectr©photometer.

Results and Discussion :— ~ ~ 1 ■ 11 1 in' — Hi 1 n~»im— m     ■ i i ■ i ~ ii inaum 11

The analysis of the compounds correspond^ to the 
formula j^u(dipy)lT|cSL04.. The reaction can be shown to take 

place as follows :

2 +
CU -f 4- R- C- CH — C — R'----V

II II

o o

(\) R — r' = CH3.

(ii) r = ch3 j r'= c&h5 

(ii'n R= r - c6h&

Similar reaction can be shown to take place in 

case of o-phenanthroline. Sitiilar compounds in case of 

Ei(II) could not be prepared because 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 paramagnetic showing the



presence of one unpaired electron iy = '-->l,8). The 
visible spectra of the compounds 1-6 in the table (contai­
ning dipyridyl or o-phenanthroline and p-diketone) show 
broad band with doublet. This is characteristic of penta- 
coordinate Ou(II) complexes (D3h symmetry). The two bands 
could be assigned to 2 At--->2E* and 2A|---t»2Bf!
transitions-^"^

The visible spectra of the compound 7 and 8 
(containing dipyridyl or o-phenanthroline and HEA) show 
broad band in the region ^650 nm. The complexes may 
either have square pyramidal structure with bidentate 
dipyr&dyl 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 150°C. ' 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 -OH group of HEA remains undisso­
ciated and the ligand neutralises only one charge of the 
Gu(II) ion. This may be because the ligand acts as bidentate, 
-OH remaining free, or that the ligand is tridentate but 
the -OH remains undissociated after coordination. The 
formation constant studies in binary and ternary complexes 
in chapter II and III has shown that HEA acts as-, a bidentate 
ligand -OH group remaining free. The mixed ligand complexes 
containing HEA are also found to be non-conducting in 
alcoholic 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 IB. absorption bands have been

shown below : 

Compound Characteristic bands cm'-1

1. (Dipy.AcAc)Cu(XI) .ClOi*.

2. (Dipy.BA) CudD.ClOi*

3. (Dipy.DBM) Cu(II) 9C10n.

3®60w ^ 3030w
V-n 2920w ^ 160 5w 1580s
^ I53°s ^ 1^95m ^ 14-7 5m
^ 1450s ^ 1380s ^ 1315s
^1280s 1250w 1145s
^ lll^s ^ 1080s 1030m
^ 1020m C'a 940s '—' 800m
^ 785s
^ 635m.

^730s x-^660m

^ 3120w 3O9OW ^ 2920w
^ l6l5m *—> 160 5s ^1590s
^ 1565s ^ 1520s ^ 1490s
^ 1^70s L"* l455s ^14-3 5m
'--n1380s 1360s ^1310s
v--'l280w ^ I245w ^1220m
^11759 ll60m 1090s
^ 1025s ^ 975m ^960s

850m ^800s ^760 s
720s ^685w ^>665w.

3060w L-> 3020w *-» 2920w
^I6l5w ^1600s ^1550s

1520s ^i480s ^1455s
^1390s ^1315s v-'1230s
^1180m 1150m ^lll5m
^1090s ^1020s ^lOGOw

1—96OW <-^940s »^885w
^810w 785s t-^770s
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4. (o«phen,AcAc)Cu(II).UIO4

5. (Dipy,HiSA)Oii(II).ClOM.

—760s —715s —69 5w
v—680s —650w.

—3080w — 3040w —298OW
—2920w —162 5w —1590s

—•'1520s —l430s —1385s
— 13**-0w '—1325m '—1270s
—1250w — 1220m —1140s
^Ill5s —1085s —1020m
—'930s —'870w —860s
v—785w —> 765s —>7^0w
<—725s <—680w 1—‘650s

'—3400-3300 broad band
'—'3080W —3020w —2920w
—1600s —1550s <—14503
—'1375s —1315s —1250s
—1220w —'Ii50w —1090s
— 900s
— 620m.

—17?0s —' 730s

In the IK spectra of the compounds bands in the 
•»region —3400 cm"A is absent indicating that coordinated 

water is absent. Bands in the region — 1590 cm'"'*' corres­

ponds to C—0 stretch of the rr bonded p-diketone.
The bands at — 3040 cm 1 and —29OO cm"1 correspond 

to aromatic and aliphatic C-H stretching frequency, C=C 

and ON stretching vibrations of the dipyrfdyl ring also 
occur in the range —1600 cnC1 The bands —1450 cm"1 

and —1260 cm correspond to Wagging and deformation of
-CHa group. The bands -1510 cm"1, -<1490 cm"1, —1455 cm"1

—1and — 1330 cm may correspond to ring stretching modes,
The 0—C stretching bands also occur in the rggion —1200 cm”1 

The band at — 770 cm"1 corresponds to 0—H out of plane



deformation* The hand '-'1150 cm"1 is due to C—N stret-
—1ching. The hand —>730 cm corresponds to the coupled 

M—N vibrations.

The free perchlorate ion gives rise to two IB. 
bands, A weak hand at ^920 cm-1 due to the symmetrical 

stretching mode which is strictly Ifi forbidden and 2^ 

the asymmetrical bending mode at 1100 cm which is 
IR allowed. When perchlorate is coordinated^ to a metal 

ion its symmetry is lowered from T^ to C3V in which 

symmetrical stretch becomes IR allowed and triple degener­

acy of 2^ is partly removed. Consequently 171 IB spectrum 
band at -'920 cm"1 becomes more intense and -'1100 cuT^band is

resolved into two. In the present complexes bands in both
**1 —1the region —960 cm 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 

in the region -'3iK)0 cm , corresponding to -OH stretches. 
There is also a band -'l5lt-0 cm"1 corresponding bo CimiN

by" cbre-rv'n-ig
stretch. The absence of water was contfincmedthat there was

A

no water loss on heating the compound upto 120°C.



Ta
bl

e IV
-l s 

iin
al

yt
ic

al
 da

ta
, el

ec
tro

ni
c s

pe
ct

ra
l ba

nd
 an

d m
ag

ne
tic

 mo
m

en
ts

 of 
m

ix
ed

 
U

u(
II

) co
m

pl
ex

es
.

I

1,
92

C
O 07

1.
87

1.
81

1.
89

 

1.
83

1.
90

 

1.
78

8,
46

 
59

0

8.
95

 
59

0 
1.

96

5.
19

 
60

0
62

0

4.
62

 
60

0
62

0

5.
62

 
60

5
62

0

5.
43

 
60

0
62

0

6.
73

 
58

0
61

0

6,
12

 
59

0
61

0

m
ax

 J<ieff 
in

 nm
 in B

.M
.

N

6.
69

 
15

.3
2

6.
09

 
13

.6
8

5.
82

 
13

.5
2

5.
36

 
12

,^
2

5.
16

 
11

.9
3

4,
79

 
10

,5
7

9.
09

 
13

.9
8

8.
33

 
12

.3
5

A
na

ly
tic

al
 da

ta
 %

C
al

cu
la

te
d 

Fo
un

d
G H 

N 
Cu
 

G H
1 

(d
ip

yr
id

yl
,a

ce
ty

la
ce

to
- 15.19

na
to

)C
u(

Il)
.p

er
ch

lo
ra

te
2 

(o
-p

he
na

nt
br

ol
in

e,
ac

et
yl

- 13,8
1

ac
et

on
at

o)
0u

(I
I)

pe
rc

hl
o­

ra
te

3 
(d

ip
yr

id
yl

.b
en

zo
yl

ac
et

o-
 13.23

na
to

)O
u(

Il)
.p

er
ch

lo
ra

te
4 

(o
ip

he
na

nt
hr

ol
in

e,
be

nz
oy

l- 1
2.

17
ac

et
on

at
o)

G
u(

II)
.p

er
­

ch
lo

ra
te

5 
C

di
py

rid
yl

.d
ib

en
zo

yl
m

et
ha

- 11
.7

1
na

to
)G

u(
II

).p
er

ch
lo

ra
te

6 
(o

-p
he

na
ht

hr
ol

in
e.

di
be

n-
 10.88

fe
oy

lm
et

ha
na

to
)0

u\
II

).p
er

­
ch

lo
ra

te
7 

[d
ip

yr
id

yl
74

-(2
-h

yd
ro

xy
- 13.75

et
hy

la
m

in
o)

pe
nt

an
e-

2-
on

e]
O

u(
ll)

.p
er

ch
lo

ra
te

8 
jp

-p
he

na
nt

hr
ol

in
e«

j4
-(2

- 12.61 
hy

dr
 ox

y e
 th

yl
im

in
o)

 p
 en

- 
ta

ne
-2

-o
ne

J G
u(

II
).p

er
­

ch
lo

ra
te

G
u

N
o.

 Name o
f th

e co
m

pl
ex





Vj * 0I

V/
AV

S 
*S

A/
Gr

//



References :

1. Schilt,A.A., J.Am.Uhem.Soc., 82, 3000 (i960).

2. Alleston,D.L., and Davies,A.G., J.Ghem.Soc., 2050 (1962),

3. Ooates,G.E., and Green,S,.I.E., J.Ghem.Soc., 3340 (1962),

4. Tsutsui,M», Z.Uhem., 2, 214 (1962),

5. ftaakami,M., S;ench,S;., Matsusato,!,, Hatani,H., and

Kang,J.W., Nippon.Kagaku.Zashi., 83, 73^ (1962).

6. S’en,B.K., Ghosh,N.N., and Sarkar ,P.B., Sci.Uult,, 29(4),

201 (1963).

7. Herzog,S., Pahl,S., and Kalies,W., Z.Ohem., 3(10), 394

(1963).

8. Dutta,R.l., and Barker,G., Sci.oult., 30(11), 5^9 (1964-).

9. oherepaklila,A.T., and State!,Sb., Vses.Zaochem.Politekhn.

Inst., N0.32, 105 (1964),

10. Yamamoto,A., Morifuji,K., Ikeda,S., Saitoi,!., Uchida,Y.,

and Misono,A., J.lm.Bhem.&oc,, 87(20), 4652 (1965).

11. Gheorghin,(J., and Nicolaescu,A., inalele Univ.Bucuresti.

Ser.Stunt,Nat., 14(1), lU-3 (1965).

12. Dutta,R.L., J.Ind.uhem.Soc., 49(10), 919 (1972).

13. Dutta,R.L., J.Ind.uhem.Soc., 46(1), 62 (1969).

14. Dutta,R.L., and Ghosh,b,, J.Inorg.Nucl.uhem., 28(1),

24? (1966).

15. Dutta,R.L., and Ghosh,B.., J.Ind.Uhem.Soe., 44(4), 306(1967).

16. Dutta,R*l,, and 8-engupta,G.P., J.Ind.Uhem.&oc., 10, 640

(1973).

17* Dutta,R,L., and De.D,, J.Ind.Uhem.Soe., 46(1), 1 (1969).



187
18. Dutta,R.B., and De,D., J.Ind.Chem.Soe., *+6(1), 74 (19^9)*

19. Narain,G., Ind.J.Chem., 4(5), 248 (1966).

20. Ripan,R., and Saceban,V., Rev.Roumaine,Uhim., 11<3)»

3211(1966).
21* Butler,E., Kreher,K., Z.Naturforsch, 20a, 408 (196?).

22. Dutta,N.K., and Upadhyaya,S., J.Inorg.Nucl.Chem., 29(5),

1368 (1967).

23. Karauchi,Takeo; Matsul,Masanori, Nakamura,Yokio, Ooi, 
Shuniehiro., Bull.Chem.Soc.,Japan., 47( 12 (1974).

24. Syamal,A., J.Ind.Chem .Soc., 45(11), 74 (1968).

25. Bayazitova,E.A., Zelentsov, B.Y., and Spitsyn,U.I., Zh. 

Neorg.Khim., 13(2), 479 (1968).

26. Lonya,Kazuo, and Boughlas Bodie., Inorg.Nucl.Chem.Letters, 

10(6), 491 (1974).

27. Kononeriko,L.I., Ukr.Khim.Zh., 31(10), IO31 (1965).

28. Rao,G.N., and Thakur,J.S., Ind.J.Chem., 12, 861 (1974).

29. Yasuhiro,Y., Miyazaki,M., Ikeda,S., and Yauaji,N., Chem. 

Pharm.Bull., 18(8), 158994 (1970).

30. Chidambaram,M.V., and Bhattacharya,P.K., J.Inst.Chemists, 

44(9), 144 (1972).

31. Chidambaram,M,Y., Ph.D,Thesis, M.S.University of Baroda, 

India, P.294 (1972),

32. Panchal,B.R., and Bhattacharya,P.K., Ind.J.Chem., 4,

394 (1973).
33. Jejurkar.C.R., and Bhattacharya,P.K., Indian J.Chem,, 10(9), 

948 (1972).

34. Guoy,L.G„ Csmpt.Rend., IO9, 935 (I889).

35. Selwood,P.W., "Magneto chemistry*', (Interscience Publishers, 

N.Y.), p.92 (1956).



36. Allen,G.C., and Hush,N.S., Inorg.Chem., 6, 4 (1967).
37. Slade,B.C., Tomlinson,A.A.G., Hathaway,B.J., and Billing, 

D.E., J.Uhem.Boc.,A;.61-61968),
38. Hatfield,W.E., and Piper,T.S., Inoi*g.Ghem., 3, 811 (1964)
39. Procter,I.M., Hathaway, B.J., and Nicholls,P.J., J.Chem, 

Soc.A, 1768 (1968).


