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Abstract: Siz new triperorovanadate (v) complexes of the type MY(V(0 —0)(AA)}
AHLO0 and MUYV(O0 —O)yf AA)nH,0, M' = Liond M" = Ca or Ba; (AA)=
2,2 -bypiridyl or 1,10-phenanthroline have beecn prepared. Molar conductances in
aqueous solulions confirmed the 1:1 and 1:2 wype of electrolytes. Assignments of the
observed ir and uv frequencies are given compared with the vorresponding peroxovana-
date {v) complexes.

INTRODUCTION

The present work deals with the synthesis and spectroscopic study
of some new peroxovanadate (v) complexes. The compounds described
here are of the type M'{V(O — 0),(AA)} . nH,0 and M"{V(0O —O),
(AM)}; . nH,0 where M' = Li; and M" = Ca or Ba; (AA) = bipyridine
or phenanthroline. Similar compounds have been already prepared by
the reaction of these ligands with solution of metavanadates in hydrogen
peroxidel.

There are a number of papers’—3 dealing with peroxo complexes of
the type K{MY (0 — 0);{AA)} . nH,0 {M¥ = Nb or Ta and V;(AA) =
bipyridine or phenanthroline}. These compounds are derived from the
tetraperoxovanadates (v) by substitution of one peroxo group by one
bidentate ligand. Fergusson et al' showed the isomorphism of compounds
such as K,{Mv(0 — O};} (M7= V, Cr, Nb, or Ta). Analogous compounds
have been studied by Stomberg® who demonstrated that the chromium
compound has a quasidodecahedral structure. In addition x-ray data
show that the structure of K{Nb(O — O); phen.}. 3H,0 is that of a
distorted dodecahedron®.
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ExPERIMENTAL SECTION

Molar conductances were measured using a conductivity bridge
{(Model RC 216B2). The ir spectra were obtained on Beckman-IR5A
{4000-600 emn 1) and Perkin - Elmer 180 (1000-200 em ™) spectropho-
tometers with potassium bromide dises containing 19, of the compounds,
Nujol muils and polyethylene plates.

The uv-vis spectra were recorded on a Zeiss PMQ 11 spectrophoto-
meter using freshly prepared aqucous solutions of the compounds (con-
centration ca. 1077 M).

Preparations. The triperoxovanadate (v) complexes were prepared
according to the general method used by €. Djordjecic and N, Valetic?
for triperoxoniobates and - tantalates. This method was also applied by
J. Sala - Pala and J. E. Guerchats for the preparation of triperoxova-
nadates?.

The compounds obtained in this way are hydrated with two or three
water molecules. Attempts to obtain anhydrous compounds failed as
the yellow or orange crystals of the peroxo complexes were transformed
into a dull yellow powder when kept over phosphorous pentoxide for
at leasl two days. Attempts to recrystallize the complexes from hydrogen
peroxide solutions, without decomposition, also failed. The compounds
are fairlv stable under refrigeration.

Analyses. The peroxide determination was carried out by the addi-
tion of sulphurie acid to an aqueous solution of the compound containing
an excess of potassium iodide. The iodine formed was titrated with stan-
dard thiosulphate solution.

The determination of carbon, nitrogen and hydrogen was done
using a Perkin - Elmer 240 Eiemental Analyser. The other elements were
determined according to ordinary analytical methods?.

The analytical data for the compounds are collected in Table 1.

Resurrs axn Discussion

The compounds are soluble in water and hydrogen peroxide and
insoluble in the common organic solvents. They decompose on heating
evolving oxygen,

These compounds, when compared to the corresponding peroxo
derivatives of other transition metals, are remarkably stable and can
be kept for weeks in a dark dry atmosphere.

The values of the molar conductances of aqueous solutions of the
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compounds (concentration 4 x 10-3 M) at 20°C are shown in Table TL.
These values are in agreement with those of the literature and confirm
that the compounds are 1:1 and 1:2 electrolytes.

TABLE It

Molar conductivities (4 ) (in ohm™T cm® mol' )

Compound A
Li{V{O — O},{bipy)}.3H,0 133
Ca{V{0O — O)4(bipy)};.2H,0 252
Ba{V{0O — O),(bipy}},.2H,0 265
Ti{V{O — O)4(phen) }.2H,O 105
Ca{V(O — O)y(phen)},.2H,0 221
Ba{V(0 — O},{phen)},.2H,0 233

The general pattern of the ir spectra of the compounds (Table 111)
is similar to that of the spectra of the corresponding triperoxovanadate
complexes.

As has been pointed out®?, the triperoxo group absorbs in two dif-
ferent regions. The strong bands in the 800-930 ¢cm~? region are assigned
to (O-( stretching vibrations, while the absorptions in the 600-650cm ~1
region are assigned to O-V-O vibrations!®. These bands have also been
observed in the spectra of tetraperexovanadates?, triperoxovanadates’,
triperoxoniobates and -tantalates®

It has been demonstrated™ 1% that the spectra of bipyridyl com-
plexes agree closely with those of 2-substituted pyridines in general. The
spectra of iron (IT) complexes with bipyridyl, phenanthroline, and
related a-diimine ligands have been discussed by Bush and Bailar',

On coordination to the metal ion the ring frequencies (1600-1000
cm 1) undergo shifts to higher wave numbers compared to those in the
spectrum of the free ligand. Slight perturbations of the C — H in-plane
deformation modes (B—~CH) are also observed. But the bands which
have been suggested as the most uselul in the diagnostic treatment of
the coordination of the bipyridyl group to a metal ion are those at 995
and 755 em ™! (in free ligand). The former peak shifts to 1030 em 1 in
the spectrum? of the complex and the other (y-CH)@ shifts to higher
frequencies, also a satellite of this band at 742 em ! (free ligand) gains
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intensity and is strongly split away %5 from the parent peak to 733 em =1,
In addition the band at 1318 em~! may correspond to the 1320 em
band pointed out by Sinhae' for complexes with bipyridyl and rare earlh
elements.

Similar remarks apply to the complexes with phenanthroline. The
strong bands at 733 and 855 em~! attributed to the free ligand are assig-
ned to the hydrogen out-of-plane deformation’. The first band is due to
the hydrogen atoms of the heteroatomic rings, while the other corres-
ponds to those of the central ring. In the compounds, these two bands
appear as doublets showing a clear splitting. In addilion, a shift is obser-
ved for the bands in the 14001600 ¢m ~! region which are characteristics
of polyhieteroaromatic compounds. These facts have been mentioned by
severgl authors'*1” and are considered characteristic of the coordination
of phenanthroline to metal through nitrogen.

The uv spectrum of 2,2 -bipyridine consists of two absorption bands
at 35.7 (band I) and 42,5 kK (band II}. These bands correspond essen-
tially to = =* transitions'®, The coordination of the bipyridyl to metal
ions results in a red shift of the bands of the spectrum™1#2°, ITn our com-
pounds (Table IV), the peak at 42.5 kK shows a slight red shift, while

TaBLE 1V

U.V, spectra (v in kK ; € in cm?.mol-?)

Compounds v £ v £ v =
2,2 -bipyridine 2.5 16,200 35.7 21,200 — -
Li{V(0O — O),bipy}.3H,0 42.6 19,400 35.0 15,600 321 8,800
Ca{V(0O — OQlbipy},.2H,0 42.8 29,700 35.0 22,800 31.9 11,000
Ba{V(Q — 0),bipy },-2H,0 42.8 42,400 35.2 25,200 31.6 12,400
1,10-phenanthroline A4 34,800  37.7 24,200 8%.4 7,200
Li{V(0 — O);phen}.211,0 4.5 50,000 37.0 28,000 33.6 8,600
Ca{V (0 -— O};phen},.2H,0 54.6 54,000 36.9 29,000 *33.6 9,000
Ba{V(O — O),phen},.2H,0 — — 358 93,000 331 13,500

the peak at 35.7 kK shows a considerable shilt and 1s resolved into Lwo
distinct bands at ca. 35.0 and 32.1 kK. These facts seem characteristic
of the coordination of bipyridyl by its nitrogen atoms Lo vanadium.

In the phenanthroline complexes (Table V) the three peaks at ca
33.6, 37.0 and 44.5 kK are due to the ligand itself. The ultraviolet spec-
trum of 1,10-phenanthroline consists of absorption maxima at 34.4, 37.7
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and 44.1 kK corresponding to =m—» n* transistions. The peaks at 44.1 kK
and 34.4 appear slightly shifted.

The peak at 37.7 kK shows a distinet shift (ca 1000 ¢cm~1) compar-
able to the value quoted by Bush and Bailar' for tris (phenanthroline)
iron (11} chlorvide. This shift seems characteristic of coordination of
phenanthroline to the metal through nitrogen.

Finally, based on the spectroscopic and conductivity data given for
potassium and sodium triperoxo vanadate (v) complexes coordinated
to the same ligands we may suppose that our compounds should also be
regarded as being eight-coordinated and that water molecules are not
involved in the coordination sphere. Therefore, they may also have a
distorted dodecahedral structure owing to the asymmetrical fields con-
sisting of three hidentate peroxide groups and one bidentate nitrogen
group.
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TIEPIATYTY:

TIEPOEETAIKA ZTMITAOKA TOT BANAAIOY (v)

Trd
TI. KAPAPTANNIATL T KATEQTAOTY xal T. MANOTXAKH

*Eyvaotiowy " Avooydvov Xnuela; Havemoryulon Ocalvixne

Eic mhv mapobouy fpyaniay &vévero % olvbzowe xal % pocspxtosromixd
peréty Dmepolatdindiv supmhbxey fvascev 707 mevtaslevols Bavadlou perd
T 2,2" - Sumuptdivine xal <ig 1,10 - pavavlporivrg. Al perztrlziont Evaeeig
elvarr Tab wimou MI [V{O—0),(AA) InH,O seai MI [V(0—0);(AA}],0H,0
frmou MI = Li, MII = Ca 7 Ba nel (AA) = Svmuobivg B pawevlponivy. “H
uéBodos mapuaxents clvat 18ta mpac Thy yenouanernBeloay Sux vy mapxaunsy-
v avakdyeev dmepofaduedv Evaseav ToT woflou (v) wal ol vavradou (v)

Ta Anplévre sbpmione xouoTahholvron ut 2 9 3 péorx Gdxvog (LlivaZ 1)
xal elvar petplac atabepd. poomdlax dmopovidsens avidpov Evioewy xa-
TEhnyey clg Budonaoty TV fvacewv. Al papraxal dyoyipdtnteg ([Hval 1)
ele S3xrina Bodbpara Edarfoy b givor Ahenraorizar 765 tomou 10 1 sexd 1220

Al yupontypreTial wetatomiosg 7 Sromdosic Goopivev Jovév Tol
bmepifpouv pdoparor amodidovtat clg T veyovdg 87 <o ligands Spodv dg -
Sotou, To pdopora dparel - Smepriddoug =&y suumhdney Eusavilovy petzrto-
mioes elg To REYLOTH ATOREOGTGEMS TwY, v guyKaloct Tadhe Ta QRGRATE TEV
Ereublépav ligands, Evdeting <Hs cuvapupoyic Thg Sumuptdivae xal THe pasvey-
Hporivyg.
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