Iragi Journal of Science

PREPARATION AND IDENTIFICATION OF SOME PVA -METAL
COMPLEXES

Nada Ali Al-Najjar
Department of Chemistry, College of Science for Women, University of Baghdad. Baghdad- Iraq

Abstract

Some metal complexes of Poly (vinyl alcohol) (PVA) of the formula [M(PVA-
oxi), (NO3),] [M= Mn(ll), Fe(Il), Co(II) and Ni(Il)] and vanadyl complex with
formula [VO(PVA-0xi),SO,] were prepared and characterized by atomic
absorption, IR, UV-Vis spectroscopic techniques, molar conductance, magnetic
susceptibility as well as the relative viscosity.
It was found that the prepared complexes were formed only with partially oxidized
PVA, which has carbonyl and hydroxylic groups through PVA chains and then react
with metal ion in N,N-dimethylformamide as a solvent in (1:2) molar ratio (metal :
Ligand) in neutral or slightly basic solution.
The results showed that the ligand (PVA-oxi) was bidentate ligand coordinated with
metal ion through the oxygen atoms of carbonyl and hydroxylic groups of its chain,
with an octahedral geometry around the metal ions for all the complexes.
The prepared polymeric complexes are thermally stable (above 360°C) which
inhanced their industrial applications.

Joasl) Jaid saetia Cifalra (lamy (auddfg judaald

Sl e
-Gl = dlaky Lalaey deala el o glall 4K o LK) ol

-

Ladal)
Cus [M(PVA); (NO3),] dxsall <3 ( PVA) JsaSll Ui aawie Cildine axy juiasd &
iy [VO(PVA), SO4] dsaal) 5 Jlidl) sieay NiZ*, Co*, Fe¥', Mn* =M ¢
Lloagl) iyal-Landill (358 2aiY) cshenll and Ad) Cida o)) Lalaidy) Cada DA (e
Sgaal) da gl ) ALYl dsshliaall daulualls 455¥sall
GV PVA Jeasll Ji aaxiad 255l 300SY) DA (e lgle Jgeanl) S5y spaaall Gliinall o)) 2ag
Gl ge dllelia & ey PVA I Lulall dbududl o JuSppaells JiisplSl degana o (g5ing
S doleie by b (U 2 5H) (2:1)Adse dawis ( DMF ) alelops Jiie 5 cude b (g3l
S gl
3 o) S5 8IS Sl (PVA-0XI) diia 530S) auS5all Joasll Juid saxie 3lS () ibial) iy
S IS JanS s uells Jiispll) e sane 0n JSI S 3Y) b DA e @l ) ga Gl
el 4308l oY) aaad G s s zshand)
leahatin) o aants dpalall sdas 2236005 b dpha 25l g bl dyadsll Cliiedl o
e luall cilgplal)

271



Al-Najjar

Introductions

Synthesis of polymeric ligand and the
selective chelation of specific metal ions is a
field of active research [1]. The metal ions of
polymer complexes have potential applications
such as electrolytes [2], sensory [3], stabilizers
[4] and semiconducting [5].
A number of ligands including polydentate
amines, crown-ethers, porphyrine, phosphines,
bipyridines and naphthyridines have been bound
with mainly polystyrene and polystyrene-divinyl
benzen copolymers [6-9]. The most important
polymer was polyvinyl alcohol (PVA), some of
metal complexes of this polymer have been
synthesized [10, 11]. The Cu (II) complex of
(PVA) (scheme 1) in a neutral or slightly basic
solution [12]. formed, the copper doped
polyvinyl alcohol which has been used in
multidimensional applications in holography
optics and mechanically flexible systems[13].
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Scheme 1

In this paper we investigate the preparation and
characterization of some metal complexes of
polyvinyl alcohol.

Experimental
1- Materials

The PVA used has a molecular weight of
20000 partially hydrolyzed 80%, was supplied
from B.D.H. The metal salts VOSO, .5H,O,
Mn(NO3)2.6H20, FC(NO3)2.4H20,
CO(NO3)2.6H20, NI(NO3)26H20 (all from
B.D.H.) were commercially pure samples.
Concentration of hydrogen peroxide (H,O,)
used in this work was (20V). Other solvents
were distilled before use.

2- Apparatus

Melting points were determined by using
(STUART.SCINTIFIC) melting point SMP1.

U.V-Visible spectra in DMF at room

temperature were recorded on a Shimadzu U.V-

Visible double beam scanning
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spectrophotometer 260. I.R spectra (4000-200
cm”) were recorded as Csl discs on a pye-
Unicam SP3-100 LR spectrophotometer. Metal
contents of the complexes were determined
using GBC 933  Atomic  Absorption
spectrophotometer. Electrical conductivity of
10° M solution of complexes in DMF at room
temperature were obtained by using ELEKTP.
LEITFA. HIGKEIT conductometer. Magnetic
susceptibility measurements were carried out by
using Johnson Mattey Catalytic Systems.
Viscosity measurements were carried out by
using Capillary viscometer type Ostwald
Viscometer at 30C°and DMF as a solvent.

3- Oxidation of PVA

In a 250ml round-bottom flask equipped
with a reflux condenser, a thermometer and
dropping funnel 15 .2 gm, (0.2 mmol) of PVA
with 100 ml of water as a solvent were placed.
Then 20 ml of H,O, 20% vol was added from
dropping funnel, with stirring and the mixture
was refluxed for 3hrs. The oxidized PVA was
formed ,the solvent was evaporated and the
oxidized polymer was dried under vacuum at
50°C.

4- Synthesis of oxidized PVA- Complexes

In a 100ml two neck round bottom flask
equipped with a magnetic stirrer, a condenser,
and a nitrogen inlet tube, 2mmol of oxidized
PVA was dissolved in 10 ml DMF, then 1 mmol
of metal salt in DMF in each case was added.
The mixture was heated under reflux for a bout
10 hrs. Colored products were formed in neutral
or slightly basic solution. The products were
filtered and purified by washing with ethanol,
then dried at 50 °C in an oven overnight.

Results and Discussion

The PVA was oxidized in the presence of
hydrogen peroxide at (60-100°C) to form a
mixture of carbonyl and hydroxyl group in the
polymeric chain as is shown in scheme (2).
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The decomposition of all the prepared (PVA—
oxi) metal complexes were higher than 360°C.
This indicates that the presence of metal ion
increases the thermal stability of the polymer.
The results of atomic absorption analysis are
given in table (1), along with the corresponding
theoretical values. The percentage of metal in
each complex suggest a 1: 2 metal: ligand
structure.

Viscosities were measured for all the prepared
(PVA—oxi) complexes in DMF as a solvent at
30°C, grel was measured for 1% concentration.
Physical properities with metal analysis and
viscosities of (PVA — oxi) and its metal
complexes are listed in table (1).

Spectral studies
Infrared (I.R) Spectra

The prominent infrared absorption along with
the assignments of the ligand (PVA—oxi) and
metal complexes are presented in table (2).
The L.R spectrum of the ligand (PVA—oxi), as in
(figure 1). shows a slightly broad band at 3420
cm-1 and another band at 1050 cm™ these
bands were assigned to UV (OH) and v (C-OH)
stretching vibration respectively [14,15]. The
same bands appeared in the metal complexes
spectra, but shifted to higher frequencies in the
rang 3500-3450 c¢cm’ and 1150-1090 cm™
respectively [16] as shown in (figures 2).
The carbonyl group in the ligand exhibited a
band at 1740 cm’, this band was shifted to
lower frequencies by 80-40 cm™ in the metal

complexes [15, 16, 17]. These shifts of V(OH)

and v (C = O) may be due to the coordination to
metal ion [15, 16,17].

The LR spectrum of the ligand also shows a
band at 2780 cm” due to the intramolecular
hydrogen bonding between the carbonyl and OH
groups [14] which has disappeard in the spectra
of metal complexes.

Additional peaks were observed in the spectra
of complexes in the region 250-265 cm™, 463-
535 cm’ and 1020-1060 cm’ and were
attributed to v (M-O) of the ONO, group [16],
(C= 0)[16] and (covalent OH) [18,19] group
respectively. The V (IV) complex showed a
broad bands at 960 and 850 c¢cm™ which can be
assigned to v (V = O) + v (V-0) vibration
modes respectively [20,21,22]. The vibrational
modes of SO4> group in this complex exhibited
a medium intensity band at 438 cm™ which can

be attributed to the V,, the absence of v; and
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splitting of V;=1050, 1135 and v4 = 660, 650,
unidentate coordination behaviour of SO,> in
vanadyl complex [23].

Electronic Spectra, Magnatic Moments
and Electrical Conductivity Measurements
The absorption bands and assignments
related to the ligand and its complexes with
magnetic moments and molar conductance are
listed in table (3).
The electronic spectrum of the ligand
(PVA.oxidized) (Figure 3), consists of a high
intensity band appeared in the U.V region at
wave number 36363.6 cm’l( 275 nm), this band
is attributed to intra ligand m—7* transition [14]
Another band of lower intensity appeared near
the visible region 30769 cm™ ( 325 nm) this
band was attributed to n—w* [14].
Complexation with metal ions was confirmed by
the appearance of new bands in the visible and
near [.R regions which were assigned mainly to
charge transfer and d—d transitions.
The molar conductance data show that all the
complexes are non-electrolytes in DMF [24]

indicating that the chelating ligand are
covalently bonded in all cases.
[Mn(PVA.oxi),(NO3),]: The electronic

spectrum of the Mn(Il) complex exhibited a
band at 30303 cm” (330 nm) which can be
attributed to the charge transfer (C.T) and
another band was observed in the 17301 cm’
(578 nm) which was assigned to

A g—"T,g [25]. The magnetic moment peff =
6.05 B.M. refers to the octahedral geometry
about Mn(II) ion [26].

[Fe(PVA.oxi),(NO3),]: The spectrum of this
complex exhibited a weak intensity band in the
12360.9 cm™ (809 nm) which may be reasonable
to the T,g—Eg transition consistent with an
octahedral geometry around the Fe(Il) ion [25].
The magnetic moment peff = 5.32 B.M. gives
another evidence for the octahedral geometry
around Fe(Il) ion [26].

[Co(PVA.oxi),(NO3),]: The elecrronic
spectrum of this complex Figure (4) shows three
bands at 22255 cm™ (449 nm), 19607.8 cm’
(510 nm) and 10893 cm™ (918 nm) which can
be assigned as

“T,g(F) — *Tig(p) (v3 ) mixed with (C.T),
Tig(F) — “Ag(F) (vy)

and
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“Tig(F) = *T,g(F) (v) respectively [25]. The
observed magnetic moment peff = 4.70 B.M.

further illustrated the octahedral geometry
around Co (II) ion [26].

[Ni(PVA-0xi),(NO3),]: The electronic
spectrum of this complex (Figure 5) shows two
bands at 25575 cm™ (319 nm) and 15267 cm’
(655 nm) which were assigned to *A,g(F)

Tig(p) (vs) mixed with charge transfer —

T1g(F) (v2) = (C.T) and to ‘AsLg
transitions respectively [15 ,25], related to
octahedral Ni(Il) complex, the band appeared at
13315.5 cm™ (751nm) is assigned to the
forbidden transition *A,g 'Eg [25]. Applying the
ratio V3/ V, on Tanaba —Sugano diagram of Ni

(I) complexe [25]. The wvalue of vV, was
calculated as 9092 cm™ (1099.8 nm). peff =
3.7B.M. [26].

[VO(PVA.0xi),SO4]: The spectrum of VO**
complex suggest an octahedral environment of
vanadyl complex .The former have three distinct
bands at 732(nm)1366lcm™, (597)16750cm™
and (472)21153cm™ which an be assigned  as
2B2 e d 2E v, ZBZ e 2B1(1)2 )

And’B, — 2A; (v;) respectively [25], and the
magnetic moment peff = 1.7 B.M. gives
additional evidence for the octahedral structure
of VO** (IV) complex [26].

According to these observations and those based
on UV-—Visible absorption spectra, I.R spectra,
the structures of the complexes can be suggested
as follows(Figure6).

CH,
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[VO (PVA.OXi), SO,] [M(PVA.OXi)(NOs)]
M= Mn (II)
Fe(IT),Co(IT)

Ni(ID).

Figure 6: The proposed structural fomula of
IM(PVA-0xi),(NO3),and [VO(PVA.0xi),SO,4
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Table 1: physical proprieties, metal anal sis and viscosities of PVA .oxidized and metal complexes

Comp 0 Metal analys1s l’.)rel
84.2

(PVA.oxi)

15.02
(17.42)
17.23
(18.1)
18.0
(20.1)

17.9
(15.8)

16.50
(16.71)

[Mn(PVA.oxi),(NO3); ]

[Fe(PVA.0xi)>(NO3); ]

[Co(PVA.0xi)2(NO3), |

[Ni(PVA.0xi)>(NO3); ]

[Vo(PVA.0xi),SO,]

Ligand PVA.oxi

[MH(PVAOXI)z(NO 3)2
1

[Fe(PVA.0xi)»(NO3) | 265

250

[CO(PVA.OXi)z(NO:;)z ] 255

[Ni(PVA.0xi)»(NO3), ] 250

(V2:438
V5 =1050,1135
[VO (PVA.oxi);, SO,4] V4= 660, 650
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Table 3: Electronic spectra ,molar conductance and magnetic moment (peff = B.M.) of the ligand
and metal complexes

Conductivity
Am
em™ .ohm™ mol™

Band position Assignments
em’! UV - Visible

Compound
v =30769 nomn

Ligand (PVA.oxi) -
V ,=36363 TN

v ,=17301 ‘Ag— T, g
V,=30303 C.T
Fe(PVA.0xi),(NO3),] | 1 ,=12360 *T,g —Eg

[Mn(PVA.OXi)z(NO3)2 ]

. V1=10893 Tigm = Ta g

[CO(PVA'OX1)2(NO3)2 ] L) 2:19607 4T1g(1:) g 4A2g(1:)
4 4

V 5=22255 Tigr = Tige)

v ,=10998 *Asee — Ta g,
[Ni(PVA.0xi)>(NO3)2 ] | 1,=15267 Asgm = Tigw
V 3=25575 Asgr > Tige)
v ,=13661 ’B, 5 ’E
[VO (PVA.0xi),S04 ] V,=16750 ‘B, > B,
V3=21153 By A,
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Figure 3: Electronic spectum
of ligand (PVA-oxidized)
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