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Structural, thermal and optical properties of Cu2+ and Co2+: PVP polymer films
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Spectral characterization of Cu2+ and Co2+: PVP polymer films has been carried out from the measurement of their
absorption, excitation and emission spectra in order to understand their optical performance as the visible colour displaying
luminescent materials. Transparent and very clear natured reference PVP polymer film has also been developed by
employing a solution cast method to measure the profiles of XRD, FTIR and Raman spectra in exploring its structural
details. Besides, we have also reported its thermal properties based on the measurement of TG-DTA profiles.
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1 Introduction
In recent years, water soluble polymers such as
PVA, PVP, etc, have been found to be more
significant because of their possessing different
applications. These polymers films have interestingly
been found to be easily accepting various transition
metal and rare earths as the dopant ions in required
concentrations in their transformation as brightly
luminescent polymer films of technical importance1-3.
Interactions between metal ions and water-soluble
polymers such as polypeptides have been displaying
significant influence on the behaviors of
macromolecules4-6. Polyvinylpyrrolidone (PVP) has
drawn a special attention amongst the conjugated
polymers because of its good environmental stability,
easy process situation and excellent transparency.
PVP is a potential material having a good charge
storage capacity and dopant-dependent electrical and
optical properties. Chemically PVP has been bound to
be inert, non-toxic and interestingly, it displays a
strong tendency for complex formation with a wide
variety of smaller molecules7-9.
Based on the identification of the importance and
relevance of the PVP polymer as a suitable matrix, a
couple of transition metal ions such as Cu2+ and Co2+

ions have been chosen separately into the PVP
polymer matrix, as luminescent ions to study their
optical performance from the measurement of their
absorption, excitation and emission spectra. Also the
structural and thermal properties from measurement
of XRD, FTIR, Raman spectra and TG-DTA profiles
of the PVP polymer film have also been undertaken
and the results are reported in the present work.
2 Experimental Details
PVP [polyvinypyrrolidone (C6H9ON)n] possessing
a molecular weight (MW) of 13,00,000 was
purchased from M/s Sigma Aldrich Company. This
PVP chemical was dissolved in a doubled distilled
water of 50 cc in quantity and then it was mixed
homogenously by using a magnetic stirrer in a little
warm condition of it; later this solution was cast into
polymer films by employing flat and smooth surfaced
dishes by means of a slow evaporation method in
obtaining the reference or host PVP films in highly
clean and more transparent form. Similarly, Cu2+:
PVP and Co2+: PVP polymer films were developed by
dissolving CuCl2 and CoCl2 salts each separately in
double distilled water in a ratio of 1:9 of transition
metal solution and the PVP solution. The Cu2+ and
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Co2+: PVP films, thus, prepared were cut in to
different sized polymer films to carry out
measurements on them accordingly.
The XRD profiles of both the reference PVP film
and the Cu2+ or Co2+: PVP polymer films were
measured on a Shimadzu-XD 3A diffractometer with
a Ni-filter and CuKα (1.542Å) radiation with an
operating voltage of 30 kV and current of 20 mA with
a Si detector with the 2θ values at the rate of 2°/min.
FTIR spectra of these samples were also carried out
on a Nicolet IR-200 Spectrophotometer using KBr
pellet technique in the range 4000-400 cm−1. In both
XRD and FTIR measurements, it was noticed that
doped and also the undoped PVP polymer films were
showing similar natured profiles hence a specimen
profiles of the reference PVP polymer film are shown
in Figs 2 and 3, respectively. Thermo gravimetric
(TG) and Differential Thermal Analysis (DTA) were
performed for the precursor in N2 atmosphere at a
heating rate of 10°C/min on a Netzsch STA 409
Simultaneous Thermal Analyzer. Raman spectrum
was recorded on a high resolution Jobin Yvon Model
HR800 UV system with a He-Ne laser (633 nm) as
the excitation source with 15 mW as the output power
having a laser beam spot size of 100 µm through an
appropriate lens system.
PVP polymer has not shown any characteristic
absorption profile from its absorption spectrum,
however, Cu2+and Co2+: PVP have shown absorption
bands (600-1500 nm) and (400-1800 nm), respectively
as shown in Figs 6 and 8. Both excitation and
emission spectra of Cu2+ and Co2+: PVP polymer
films were recorded in the wavelength range 250-700
nm, on a SPEX Fluorolog-2 Fluorimeter (Model-II)
attached with a Xe-arc lamp (150W). This
fluorescence system employs the Datamax software in
acquiring spectral data of the samples used for the
measured green emission (542 nm).
3 Results and Discussion
Figure 1 shows both the undoped (reference) and
doped PVP polymer films (Co2+ and Cu2+). The
measured X-ray diffraction (XRD) profile of the PVP
film is shown in Fig. 2, which confirms the
amorphous nature of the prepared polymer film that is
in conformity with the earlier reports in literature10.
Figure 3 shows the FTIR spectrum of the PVP
polymer film in the range 4000-400 cm−1. Since both
the PVP and Co2+ and Cu2+: PVP polymer films have
exhibited similar characteristic FTIR bands, therefore,
for one specimen sample (reference PVP polymer
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Fig. 1 — Reference PVP polymer film; Cu2+: PVP and Co2+: PVP
polymer films

Fig. 2 — XRD profile of PVP polymer film

Fig. 3 — FTIR profile of PVP polymer film

film), the FTIR spectrum has been presented here.
The obtained results from it, are in good agreement
with the earlier reports in literature11-15. A broad peak
located at 918 cm−1 is due to the outer face vibration
oscillation of the hydroxyl group (δO-H), and the
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strong peaks centered at 1447 cm−1 and 1286 cm−1 are
assigned to the inner face bending vibrations of the
hydroxyl group. We have also observed a broad band
at 3400 cm−1 in the spectrum of PVP, and the
vibration band of C=O group appears at 1665 cm−1
suggesting some H-bonding carbonyl groups exist in
PVP. A broad and intense band in the range
3100~2500 cm−1 is ascribed to the stretching vibration
of the associated hydroxyl group. The bands at 2900
and 1650 cm−1 are attributed to the characteristic
stretching vibrations of C-H band respectively. Some
researchers have proposed that a blue-shift of the
C=O group in PVP can be attributed to the change of
p–π conjugation associated with the amide group of
PVP arising from dissociation of PVP chains due to
the incorporation of other species. It is possible that
the interaction between the complexes and PVP leads
to the dissociations of the aggregated PVP chains,
resulting in the blue-shift of the C=O vibration band.
From the summarized spectral features listed above, it
can be seen that stronger super molecular interaction
exists in these composites16,17.
Figure 4 shows the Raman spectrum of PVP in the
range 200-4000 cm−1. From the Raman spectrum, it
has been observed that the intensity of the Raman
band corresponding to the C-N vibration band at 758
cm−1 and C-C stretching vibration at 934 cm−1. The
bands at 1228 and 1421 cm−1 have been due to C-N
stretching and C-H bending vibrations of pure PVP,
respectively. The bands at 1663 cm−1 and 2928 cm−1
are attributed to C=O and C-H stretching vibrations,
respectively19,20.
Figure 5 shows the TG-DTA profiles of PVP
polymer. The TGA thermogram has been plotted with

weight loss as a function of the temperature for the
reference PVP precursor with a heating rate of
10°C/min in the temperature range from 40 to 800°C.
It is clear that the initial weight loss from the TG
curve is 12% in the temperature range 40-103°C, is
due to loss of OH content. In the DTA curve, two
exothermic peaks were observed at 433° and 570°C,
respectively. The sharp and strong exothermic peak at
433°C is due to the combined effect of combustion of
organic residuals and the decomposition of PVP and
which is well above the heating temperature
employed in the present work. Correspondingly, the
weight loss in TG curve is 18% between the
temperatures13,18 from 470 to 605°C.
The optical absorption spectrum (600-1450 nm) of
the Cu2+: PVP polymer film is shown in Fig. 6
exhibiting a broad and intense absorption band which

Fig. 4 — Raman spectrum of PVP polymer film

Fig. 6 — Absorption spectrum of Cu2+: PVP polymer film

Fig. 5 — TG-DTA curves of PVP polymer precursor
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Fig. 7 — (a) Excitation and (b) Emission spectra of Cu2+: PVP
polymer film
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Fig. 9 — (a) Excitation and (b) Emission spectra of Co2+: PVP
polymer film

nm and it has also been assigned to the electronic
transition 4T1 (F) →4T2 (F) [22, 25]. Figure 9 shows
the (a) excitation and (b) emission spectra of Co2+:
PVP polymer film. Figure 9(a) shows an intense
excitation band24 at 419 nm and Fig. 9(b) shows an
bluish green emission at 519 nm which is assigned to
the transition of [4T1 (F) →4A2 (F)].

Fig. 8 — Absorption spectrum of Co2+: PVP polymer film

is assigned to the d-d transition of 2B1g → 2B2g; Fig. 7
shows (a) excitation and (b) emission spectra of Cu2+:
PVP polymer film. It has earlier been reported that,
chloride based polymer films could show charge
transfer bands in the UV region, which normally fall
in the wavelength range 225-450 nm. Accordingly,
the Cu2+: PVP polymer film has shown three
excitation bands at 241, 361 and 411 nm. Emission
spectrum shows a green emission at 524 nm that has
been measured at three different excitation wave
length21 as shown in Fig. 7(b). The absorption
spectrum of Co2+: PVP Polymer film is shown in
Fig. 8 revealing two bands are at 612 nm and 670 nm
corresponding to the transitions of 4T1 (F) →4T2 (F)
and 4T1 (F) →4A2 (P), respectively. A less intense
band, however, in broader nature is located at 1450

4 Conclusions
It could be concluded that we have successfully
developed Cu2+ and Co2+: PVP polymer films and also
a reference PVP polymer film by employing solution
cast method. For the reference PVP, structural
properties have been investigated based on the
measurement of XRD, FTIR and Raman spectra.
Optical characterization of Cu2+: PVP and Co2+: PVP
polymers have been carried out from the measurement
of their absorption, excitation and emission spectra.
The results are encouraging to identify them as
brightly visible colour luminescent materials.
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