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Some novel mixed ligand complexes of Co(III), Fe(III) and Cr(lll) containing phthalimide as primary and 2-
aminophenol and 3-aminophenol as secondary Jigands have been synthesised and characterised on the basis of
elemental analyses, conductivity and magnetic measurements and infrared and electronic spectral studies. Com-
plexes containing 2-aminophenol are 1 : 1 electrolyte in N,N dimethylformamide. Spectral studies indicate that all
the complexes exhibit octahedral geometry. The complexes have the general composition: K[M(pim)/L)2]; where
M=Co(III), Fe(III) and Cr(III), pimeanion of phthalimide and Leanion of 2-arninophenol and 3-aminophenoL
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Introdnction
The wide application of imides and their derivatives in

different fields such as, pharmacological [1-3], industrial [4-
9] and agricultural [10,11] fields is well recognized. Imide
complexes of different metals are also reported to show thera-
peutic [12] and agricultural [13,14] uses. Different imides
and amine bases have been used to prepare mixed ligand
complexes Ti(III), V(IV), Cr(lIl), Ru (III), Cu (II), Co(I1),
Ni (II), Fe (III), Pt (II): Pd (II), Rd(III) and Ir (III) ions [15-
19]. Recently we have reported a number of mixed ligand
complexes of Co (II) and Ni (II) containing imides and
phenols [20]. Keeping these facts in view, some new mixed
ligand complexes of Co(III), Fe(III) and Cr(lll) containing
succinimide, phthalimide, and aminophenols have been
synthesised and characterized.

Experimental
Physicochemical measurements. Infrared spectra were

recorded on a Pye-Unicam SP 3- 300 spectrophotometer us-
ing KBr discs and electronic spectra on LKB Biochrom
Ultrospec Spectrophotometer using nujol mull spread on a
filter paper. Conductivity measurements were obtained with
a digital conductometer (Conductometer C G 857 Scotte
Geratte) and a dip type cell with platinised electrodes at 30°
C employing 10-3 M solutions of the complexes. Magnetic
measurements were made on a Johnson Mathey magnetic
susceptibility balance at 30° C. Metals were estimated using
standard procedures [21]. Carbon and hydrogen analyses were
obtained on a microanalyser at Central Drug Research Insti-
tute, Lucknow, India.

Reagents and Chemicals. All the chemicals were A.R.
grade and were used as supplied by E. Merck, Germany,
except for ethanol which was purified by refluxing the 99%

crude with iodine and magnesium turnings and then by dis-
tillation.

Preparation of the Co(IIl)Complexes. CoC12• 6Hp
(0.714g, 0.003 mol) was heated with 5 em? concentrated
HN03 to oxidise Co(ll) to Co(III) state until the mixture be-
came a paste. 30 ern? of methanol was added to make a solu-
tion of Co(III) ion. To a saturated solution of phthalimide
(5.89g, 0.04 mol) in ethanol (30 cm '), an alcoholic solution
(30 em") of potassium hydroxide (2.24g, 0.04 mol), was added
very slowly with stirring. The solid formed was filtered,
washed thoroughly with ethanol and dried in oven at 55°C.
A solution of potassium phthalimide (1.11g, 0.006 mol) in
methanol (50 em") was added with stirring to the solution of
Co (III) ion. The precipitate of potassium chloride was fil-
tered off. Now a solution (40 ern") of deprotonated
aminophenols (0.655g, 0.006mol) was added to the clear fil-
trate and the mixture was refluxed for 4 hrs on a water bath
at 70°C. The coloured precipitate, that resulted on cooling
the mixture, was filtered off, washed several times with etha-
nol and stored in vacuo over fused CaC12•

Preparation of the Fe (Ill) complexes. A solution of Fe
C13 • 6Hp (O.811g, 0.003 mol) in methanol (30 em") was
added to a solution of potassium phthalimide (1.11g, 0.006
mol) in methanol (50 em") and the mixture was refluxed for
1hr. and then cooled. Potassium chloride that formed was
filtered off. To the clear filtrate, the solution of deprotonated
aminophenols (0.655g, 0.006 mol) in ethanol (50 em") was
added with stirring and refluxed for 3-4 hrs on a water bath

"-

at -70° C and then cooled. The resulting coloured solid was
filtered, washed several times with ethanol and stored in vacuo

_ over fused Ca C12•

Preparation of the Cr(/II) complexes. To a methanolic
solution (30cm3) of CrC13• 6Hp (0.799g, 0.003 mol), a
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TABLE I. YIELD AND ANALYTICAL DATA OF THE COMPLEXES

(CALCULATED VALUES ARE IN THE PARENTHESES)

No Complexes Yield(%) Metal(%) Carbon(%) Hydrogen(%) Nitrogen(%)
I. K[Co(Pim)p-amp)2] 60 9.50(9.73) 55.21(55.45) 3.12(3.0) 6.92(7.11 )
2. K[Co(Pim)p-amp)2] 69 9.43(9.73) 55.15(55.45) 3.02(3.0) 6.97(7.11)
3. K[Fe(Pim)p-amp)2] 65 9.12(9.26) 55.50(55.72) 3.2(3.31 ) 7.01(7.13)
4. K[Fe(Pim)p-amp )2] 58 9.00(9.26) 55.53(55.72) 3.15(3.31) 6.95(7.13)
5. K[Cr(Pim)p-amp)2] 68 8.72(8.75) 55.92(56.08) 3.30(3.34) 6.92(7.17)
6. K[Cr(Pim)p-amp)2] 62 8.63(8.75) 55.82(56.08) 3.25(3.34) 6.96(7.17)

solution of potassium phthalimide (l.l1g, 0.006 mol) in the
same solvent (50 ern") was added and refluxed for I hr. The
solid that formed was rejected by filtration. To the clear fil-
trate, a solution of deprotonated aminophenol (0.655g, 0.006
mol) in ethanol (50 cm ') was added with stirring and re-
fluxed for 3.5 hrs on a water bath at -700 C and then cooled.
The precipitated coloured complex was filtered, washed sev-
eral times with ethanol and dried in vacuo over P40IO•

Results and Discussion
In the light of analytical and other data, the preparation

of the complexes can be represented by the following reac-
tions.

Hpim + KOH -T pim-K + Hp
MC13 + 2 pim-K + 2HL + 2KOH -T K[M(pim)/L)2]
+3KCl +2HP
where M=Co(III), Fe(III), and Cr(IlI)
pim=anion of phthalimide
HL=2-aminophenol (2-amp) and 3-aminophenol
(3-amp).
Potassium salt of phthalimide is prepared, to enchance

the reactivity of the ligand in the salt form, which later on
reacts with the metal halide and the secondary ligands to
yield the complexes. Here one mole of metal chloride reacts
with two moles of K-salt of imide and two moles of
aminophenols in the presence of two moles of KOH to pro-
duce one mole of complex, three moles of KCI and two moles
ofHp.

Conductivity and elemental analyses. The yields and
analytical data are given in Table 1. The complexes are for-

TABLE 2. SOME PHYSICAL PROPERTIES OF THE COMPLEXES

Compound Colour Melting Molar conductance, AM Magnetic
No. PoinWC) (ohm' em? mol") moment

Il,rr (B.M,)

I Black 310 78.50 0.90
2 Violet >360 0.91
3 Black 29o"-295(d) 86.80 5.78
4 Yellowish >360 5.87
5 Black >360 89.2 3.84
6 Green >285 3.93

mulated on the basis of these data. Complexes I, 3, and 5
are soluble in dimethylformamide and dimethylsulphoxide
and insoluble in other common solvents, whereas the com-
plexes, 2,4 and 6 are completely insoluble in all common
polar and non polar solvents. Molar conductance values of
the complexes 1,3 and 5 measured with 103 M solutions in
dimethylformamide (DMF) are found to be in the range of
78-89.2 ohm:' ern? mol:' This indicates that the complexes
are 1: 1 electrolyte in nature [22] in DMF. Molar conduc-
tances of the complexes 2,4, and 6 could not be obtained due
to their insolubility in all common solvents. Colour, melting
point, molar conductance values and magnetic moments of
the complexes are given in Table 2.

I.R. studies. I.R. spectra of the complexes are shown in
the Table 3. The v(C=O) band observed at 1750 em:' for free
phthalimide is found to be shifted at 1625-1670 cm' in the
spectra of the complexes. This shift towards the lower fre-
quencies may be due to either coordination through oxygen
or formation and coordination of imide nitrogen (N-). Coor-
dination through nitrogen seems to be more logical, since
linkage through oxygen is normally hindered by steric factor
[23]. In addition to the above fact, coordination of the imide
nitrogen to the metals is supported by the appearance ofv(CN)

TABLE 3. INFRARED SPECTRA OF THE COMPLEXES

(BAND MAXIMA, eM'I)

Compound v(NH2) v(C=O) v(C-N) v(M-N)
No.

3380 w 1670 sh 1380 s 360 m
3285 sh

2 3230 m 1645 m 1370 m 360 w
3140 m

3 3220 s 1640m 1375 s 350 w
3160 sh

4 3260 m 1640 s 1375 s 350 m
3160 sh

5 3240 s 1625 sh 1380 s 360w
3140 s

6 3370 m 1665 m 1385 m 355 m
3280 sh

Relative band intensities are denoted by s,m,w, and sh meaning strong,
medium,weak, and shoulder,respectively.
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TABLE4. ELECTRONICSPECTRALPARAMETERSOFFE (III) COMPLEXES

Compound
No.

Transitions Btcm')
6A ~4T (G) 6A ~4A 6A ~4AIS Is Ig 2g . Ig Ig
VI (em") v2 (ern") v

3
(cm-l)

17047 27390 33000 616.6
17040 27480 33100 630.67

3
4

Dq

2466.4
2522.68

0.607
0.621

1704.7
1704

Transitions

TABLE5. ELECTRONICSPECTRALPARAMETERSOFCR(Ill) COMPLEXES

DqCompound
No.

5
6

17980
]7900

36100
36900

1798
1790

25400
25500

504
580

2016
2320·

0.55
0.63

stretching band at -1380 cm' for the complexes significantly
lower than the free ligand value (1470 ern") [24]. The v(NH)
band at 3400 cm' observed for free imide ligand disappeared
in the complexes. The metal oxygen linkage in case of
aminophenol is indicated by the disappearance of the broad
v(OH) band that occurs at 3500 cm' for free aminophenoI.
The two bands due to v(NH) observed for free aminophenols
at -3390 em:' and 3478 em:' are shifted to lower frequencies
3140-3285 cm' and 3220-3380 cm' respectively indicating
coordination of nitrogen atom of the NH2 group to the metal
[25). The metal nitrogen coordination is furthersupported
by the appearance of v(MN) mode at-350 em:' in the far
infrared spectra of the compiexes[26).

Magnetic moment and electronic spectra. Magnetic mo-
ments of the Co(III) complexes (Table3) are found to be ll-cff

= 0.9-0.91 B. M. which includes the orbital contribution.
These values reveal that the complexes are low spin diamag-
netic in character consistent with the octahedral geometric
structure for a d6 system. The effective magnetic moments,
ll-cff of Fe(III) and Cr(Ill) complexes are in the range of 5.78-
5.87 B. M. and 3.84-3.94 B.M. respectively which are essen-
tial in favour of the high spin paramagnetic character as
well as octahedral stereochemistry for these complexes [27].

The electronic spectral parameters of Fe(III) and Cr(Ill)
complexes are presented in Table 4 and 5.

The Co (III) complexes exhibit a single d-d band at 16420-
16835 cm-I corresponding to the transition IAI ~IA2 and. g g

they assume largely a trans structure [28). The cis complexes
generally show this d-d band around 20,000 em:'. This is
fairly consistent with octahedral geometry for these complexes
[28].

The Fe(III) complexes give three bands at -17,000,
-27,400 and -33,000 cm' corresponding to the transition
6A ~ 4T (G) 6A ~ 4A and 6A ~ 4A or 4E respec-IS IS ' IS Ig IS 2g s
tively. These observations further support the octahedral geo-

metric structures of these complexes [29). The UV-visible
spectra of the Cr(Ill) complexes display three spin allowed
d-d bands at -18,000, -25,500 and -36,000 cm'. These tran-
sition correspond .to 4A2 ~ 4T2 (F), 4A2 ~ 4TI (F) and

g g g S

4A2s~ 4TIg(P) respectively. These bands are characteristic of
pseudooctahedral Cr(III) complexes [30).

From the above discussion, the general skeletal struc-
ture of the complexes can be proposed as the following.

N

[ M = Cr{lll), Fe(III), and Co (III) 1
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