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NEW MIXED COMPLEXES OF Zr (IV) WITH MONO AND MULTIDENT ATE LIGANDS
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Several new complexes of zirconium (IV) containing a number of monodentate and multidentate organic ligands
have been synthesized and characterized. The complexes have the compositions. [Zr(O)C12(en). Hpl. [Zr(O)C1z.2L.Hpl.
[Zr.L'3Cl1 and [Zr(O)C12.L"1 [en = ethylenediamine; L = triphenylphosphine oxide. triphenylarsine oxide. pyridine or
aniline; L'=8-hydroxoquinolino. o-aminophenoxide, L" = diethylcnetriamino and triethylenetctramino]. The molar
conductance data indicate that complexes [Zr(C9H6NO)3Cll and [Zr(C6H4NHP)3Cll are 1:1 electrolytes but all other
complexes behave as 2: 1 electrolytes. The experimental data are consistent with six-fold coordination of Zr (IV) ion in
all the complexes excepting [Zr (C9H6NO)3Cl] [Zr(C6H4NHP)3Cl] and [Zr(O)C~.tet] which are seven coordinated.
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Introduction
Mixed ligand complexes of transition metal ions are of

recent interest and importance in the analytical. biological and
industrial fields. Preparation and characterization of mixed
ligand complexes of lighter transition metal ions have been
reported [l-5}. However, mixed ligand complexes of heavier
metal ions have not been well studied. We undertook a
program to synthesize a series of such complexes of Zr (IV).
We report herein the syntheses of these complexes and inves-
tigate into their bondings and structures.

Experimental
Reagents. The chemicals used were of reagent grade as

supplied by Merck except for ethanol which was purified by
refluxing the 99% crude with magnesium turnings and iodine,
and finally distilled and stored over molecular sieves.

Physical measurements and elemental analyses. Infra-
red spectra of the complexes in KBr were recorded by a Pye-
Unicam SP3-300 infrared spectrophotometer. All the spectra
were taken in the range 200-4000 cm' and calibrated against
1601.8 em:' Peak of polystyrene film. Conductivities of 1(J3M
solutions of the complexes in dimethylsulfoxide (DMSO)
were measured at room temperature using a PTI-18 digited
conductivity meter and a dip-cell with platinized electrodes.
The cell was calibrated with O.OIN, O.OOINand O.OOOINKCI
solutions.

Microanalyses forC,H and N were performed by the Mi-
croanalytical Services of the Department of Chemistry, Uni-
versity of St. Andrews, Scotland.
PREPARATION OF THE COMPLEXES

Preparation of 1. [Zr(O )Cll en)Hp). Ethylenediamine
(0.002 mol) was added to a solution of Zr(O)Clz.8HP(0.002

mol) in methanol (20 em"). The resulting mixture was warmed
and stirred. The precipitate thus obtained was separated.
washed with ethanol and dried in vacuo over pp!o'

General method of preparation of2. 3and S, [Zr(O) Clz.
2LHPj.[L = OPPh3• OAsPh3 or Cll/l1l2]. To a solution of
Zr OC~. 8Hz0 (0. 002 mol)in methanol (20 ern") was added a
solution of ligand L(O.OO4 mol) in ethanol (20 em'). The
resulting mixture was boiled down to ca. 10 em" and cooled to
room temperature. The product was separated, washed with
ethanol and dired in vacuo over P40!o'

Preparation of4, [Zr(O)CI2• 2C/f/lHP]. A solution
of pyridine (0.004 mol in ethanol) (20 em") was added to
solution of ZrOClz8Hz0 (0.002 mol) in methanol (20 em').
The precipitate was separated, washed and stored as above.

Preparation of6. [Zr(C,JII'O )3CI]. A solution of 8-hy-
droxyquinoline (0.006 mol) in ethanol (25 em') was added to
a solution ofZrOCl2.8Hp (0.002 mol) in methanol (20 em'),
The precipitate formed was filtered, washed with ethanol and
stored as above.

Preparation of7. [Zr (CllJlHP)3Clj. To a solution of
ZrOCI228Hp (0.002 mol) in methanol (20 em') was added a
solution of O-aminophcnol (0.006 mol) in ethanol (20 em').
The resulting mixture was heated on a steam bath for 10 mins.
the precipitate so obtained was stored as above.

Preparation of 8. [Zr(O)CI2.detj. Diethylenetriamine
(0.002 molj-was added to a solution of ZrOClz.8Hp (0.002-
mol) in methanol (20 em'). The resulting precipitate was
separated, washed with ethanol and stored as above.

Preparation of9. [Zr(O)CI2.tetj. The complex was pre-
pared similarly from ZrOCI2.8Hz0 (0.002 mol) in methanol
(20 em') and triethylenetetramine (0.002 mol) in ethanol
(20 em"), The complex was separated and stored as above.
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Results and Discussion

The analytical and molar conductance data are shown in
Table 1. The complexes 1,2,3,4,5 and 8 are consistent with
six -fold co-ordination and the complexes 6, 7, and 9 arc seven-
coordinated. The molar conductances measured in DMSO
reveal that the complexes 6 and 7 are 1:1 and all other
complexes are 2:1 electrolytes [6,7]. This conductance arises
because of solvation by DMSO,

[Zr(L)3Cl] + DMSO = [Zr(L)3 DMSO]+ + Cl
[Zr(0)ClzL]+2DMSO = [Zr(0)(DMSO\.2L]+++2Cl-

where L refers to the unidcntatc, bidentate, tridentate and
tetradentate ligands. The IR spectra of the complexes 1 -2

in 1) (p=0\ of22 em" compared to the free ligand value (1192
ern") [15], suggesting co-ordination by the oxygen of OPPh3.
Complex 3 shows a decrease in u (As=O) of20 em:' from the
free ligand value (880 ern:') [16], indicating co-ordination
by the oxygen of OAsPH3. It is noteworthy that a shift of -20
ern:' ofE = 0 (E = P or As) band indicates that the phosphino
or arsino ligand is probably weakly linked with the metal ion.
In addition, the far IR spectra of 1 - 7 display bands at420 - 480
ern:' which are tentatively attributed to the u (M-O) modes [17-
21]. (Oeoxygen oforganic ligand). The complexes 1- 5, 8 and
9 show bands at 950 - 1000 em:' assignable to V (Zr = 0) mode,
higher than the reported literature values [19]. This coordi-
nated oxo moiety is presumably very strained because of
considerable steric repulsion from other bulky auxiliary li-
gands in the complexes - thus causing shifting ofZr = 0 bands
to higher frequencies. The u (O-H) bands observed in the free
8-hydroxyguinoline and 2-aminophenol disappar in com-
plexes 6 and 7 indicating coordination by the oxygen site.

TABLE1. ANALYTICALDATAAI';l)OfHERPHYSICALPROPERTIESOFTHEMIXEDLIGANDCOMPLEXESOFZR (IV)*.

No. Compound Colour Calcd. (Found) % Molar conductance
C H N n·' em? mol:'

t. [Zr(O)Clz(en). HP] White 9.4 (9_1) 3.9 (3.9) 10.9 (10.7) 58

4· [Zr(O)Clz' 20PPh3· HPl White 57.4 (57.4) 4.3(4.1) 60

l [Zr(0)Clz·20AsPh3. HPl White 51.4 (51.2) 3.8 (3.8) 65

4· [Zr(O)Clz' 2C5H5N. HP] White 33.9 (33.7) 3.4 (3.4) 7.9 (7.8) 62
~. [Zr(0)C'z.2C6H5NHz·HzO Brown 37.7(37.6) 4.2 (4.1) 7.3 (7.2) 59
Q. [Zr(C9H6NO)3Cl] Yellow 58.0(58.0) 3.2 (3.1) 7.5 (7.5) 28
7... [Zr(C6H4 NHP)3·Cl] Black 47.9(47.7) 4.1 (4.0) 9.3 (9.1) 30
&. [Zr(O)Clz' dct] White 17.1 (17.0) 4.7 (4.5) 14.9 (14.8) 61
~. Zr(O)Clz' tel] White 22.2 (22.2) 5.6 (5.4 17.3 (17.7) 58

Q •••The organic moities for the compounds indicated are:

exhibit bands at 3400-3480 ern? arising from the coordinated
water molecules. Complexes 1,5,8 and 9 show two bands, (1,
3180 and 3080 em:'), (5, 3060 and 2980 ern:'), (8, 3120 and
3090 em:') (9, 3060 and 2980 em:') and 7 shows a broad band
at (3270-3400 em:') significantly lower than the values for
ethylenediamine (3260, 3180 em:'): aniline (3440, 3360 em:');
2-aminophenol (3414, 3342 em:'): diethylcnctriarninc (3360,
3290 em:') and tricthylenetctramine (3380, 3300 em:') which
indicate co-ordination by the amino nitrogen. This is also
evident from the appearance ofv (M-N) at 325-390 em:' in the
far IR spectra of the complexes (l , 4-9) [8-10]. In complexes
4 and 6 the u (C=N) modes appear at 1540 and 1555 em:' res-
pectively, relative to the free ligand value (1610 ern:') indicat-
ing that the ring nitrogen is co-ordinated to the metal atom [l I-
B].All complex exhibit bands at266-31O em", tentatively as-
signed to the u (Zr -Cl) mode [14]. Com plex 2 shows a decrease
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