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Abstract

Polyvinyl alcohol/cadmium sulfide (PVA/CdS) nanocomposite films were prepared
through an in-situ ligand-exchange chemical precipitation-casting method to
distinguish the effect of Cd?* complexation from that of CdS nanoparticle
formation on the structural and optical properties of PVA. Different volumes (0.25,
0.5, 1, and 2 mL) of cadmium tetraammine complex solution were incorporated
into PVA, followed by treatment with ammonium sulfide. The films were
characterized using X-ray diffraction (XRD), Fourier-transform infrared
spectroscopy (FTIR), and Ultraviolet-visible spectroscopy (UV-Vis). XRD patterns
confirmed the formation of nanocrystalline CdS with a hexagonal wurtzite structure
and an average crystallite size of approximately 53 nm, while Cd?* coordination
reduced the semicrystalline order of PVA. FTIR spectra verified interaction
between Cd?* and the hydroxyl groups of PVA and revealed characteristic Cd-S
vibration bands, confirming in situ CdS formation. Optical measurements showed
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that Cd?* complexation produced only minor changes, whereas increasing CdS
content markedly enhanced UV absorption and reduced transmittance to
approximately 0.5% below 300 nm for the 2 mL sample. The absorption edge
shifted from 5.1 to 3.8 eV, and the direct optical band gap decreased from 5.45 to
4.60 eV. These findings demonstrate that in situ CdS formation provides tunable
optical and dielectric properties suitable for UV-shielding, photonic, and
optoelectronic coating applications.

1. Introduction

Metal ion-polymer nanocomposites have received extensive attention due to their
adapted properties in solar cells, heavy metal ion removal, photocatalysis, biomedical, gas
sensing, and optoelectronics [1], owing to the synergistic combination of the functional
versatility of polymers and the unique electronic, optical, and catalytic properties of metal
ions or nanoparticles [2]. Enhanced mechanical strength, tailored conductivity, and improved
thermal stability arise from metal-polymer duality, making them recommended for a vast
range of technological and environmental applications [3].

Cadmium sulfide (CdS) thin film is an n-type semiconductor with a refractive index
of 2.5 and a tunable direct band gap transition of 2.1- 3.2 eV [4]. These properties, along
with other physical characteristics, are determined by the structural and morphological forms,
which result from different preparation methods. The crystalline structure of a semiconductor
can be either the wurtzite hexagonal structure or the zinc-blende cubic structure. Chemical
co-precipitation has been successfully employed to synthesize single-phase hexagonal CdS
nanoparticles with crystallite size of approximately 13 nm [5]. Chemical Bath Deposition
(CBD) yields hexagonal and cubic structures when using ammonia and EDTA complexing
agents; electrodeposition, hydrothermal, solution growth, solvothermal, chemical spray
pyrolysis, and thermally evaporated methods yield hexagonal structures, while biosynthesis
yields cubic structures [6, 7]. There are several precursors for cadmium, like cadmium
acetate, cadmium sulfate, cadmium chloride, and cadmium nitrate, with average energy band
gaps of 2.32, 2.39, 2.47, and 2.55 eV, respectively, while the sulfur precursors are mainly
thiourea and ammonium sulfide. The synthesis method and conditions, including complexing
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agents, temperature, pH, time, annealing, precursor types, and concentration, play a vital role
in the final nanoparticles' structural, morphological, and optical properties [8].

Among various polymers, polyvinyl alcohol (PVA) is widely used as a host matrix
because of its optical transparency, water solubility, good film-forming ability, and abundant
hydroxyl groups capable of coordinating with Cd?* ions [9]. The -OH functional groups in
PVA play a crucial role in chelating metal ions, such as Cd?*. A stable Cd-PVA complex can
be produced by coordinating the vacant orbitals of the cadmium ions with the lone-pair
electrons of hydroxyl oxygen atoms. This interaction can result in partial or complete ligand
exchange, with the original ligands in the Cd complex being replaced or displaced by the
hydroxyl functionalities of the polymer. These interactions influence the distribution and
binding strength of Cd within the polymer network, resulting in increased structural stability,
modified dielectric properties, and improved dispersion of the metal complex throughout the
matrix [10]. The PVA/CdS composites alter the absorption and emission characteristics in
desirable spectral regions and are appropriate for photonic and photovoltaic applications. The
use of CdS nanoparticles as fillers leads to a decrease in the composite band gap, an increase
in absorption and refractive index, and the occurrence of photoluminescence representative
of quantum confinement and defect states [11-14]. Prior work on CdS/PVA nanocomposites
has largely been restricted to standard characterization of fundamental structural and optical
properties via XRD, FTIR, and UV-Vis, which only report changes in properties and do not
establish mechanistic connections among nanoparticle formation, polymer-nanocrystal
interactions, and the resulting optical or dielectric behavior. Alternative synthesis methods,
such as gamma irradiation and laser irradiation, have also been investigated, but these are
largely empirical trends and do not consider the effects of controlled chemical routes on the
nucleation of CdS, its dispersion, and interfacial bonding within the polymer matrix. Few
studies to date have distinguished between the effects of CdS incorporation and the formation
of CdS nanoparticles within PVA, despite the potential for these two pathways to provide
fundamentally different structural environments and electronic responses [10,13,15,16].

In this study, an in-situ ligand-exchange chemical precipitation-casting method is
introduced to directly compare PVA-Cd*" complexes and fully developed CdS nanoparticles
within the same polymer matrix. This method reveals how Cd*? coordination affects PVA
crystallinity, how in situ CdS nucleation alters structural order, and how it causes significant
changes in optical absorption, band gap reduction, refractive index augmentation, and
dielectric response. Unlike previous reports, this study offers a mechanistic structure-property
framework that distinguishes the structural and optical effects of Cd** complexation from
those of CdS nanoparticle formation.

2. Experimental Work
2.1. Materials
PVA powder with a degree of polymerization of 22,500 and a purity of 99% was used
in this work. Cadmium acetate, Cd (C2H302)2.2H,0 as Cd*2 precursor (from Sigma-Aldrich),
and ammonium sulfide (NH.)2S, as the S2- precursor (BDH Chemicals), at a concentration of
1 g/mL, were used without further treatment or purification.

2.2. Sample Preparation
PVA/Cd*? and PVA/CdAS nanocomposites were prepared using the chemical
precipitation-casting method. A solution of PVA was prepared by dissolving 2.5 g PVA
powder in 200 mL distilled water at 70 °C for 24 hrs with continuous stirring. To prepare a
0.030 M solution of cadmium complex, 0.2 g of cadmium acetate, Cd(C2H302)2.2H.0
(molecular weight 266.53 g/mole), was dissolved in 25 mL of distilled water with continuous
stirring for 1 hr, resulting in a clear and transparent solution. Ammonia was then added
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dropwise to the solution, where a white, cloudy precipitate formed, which gradually dissolved
upon adding excess ammonia, and the solution became clear and transparent once again.
PVA/Cd*? samples were synthesized by adding 0.25, 0.5, 1, and 2 mL of cadmium complex
solution to 10 mL of dissolved PVA at 25 °C with stirring for 1 hour; the solution was still
clear and transparent, and then 0.25 mL of (NH4).S was added to turn the solution into a
transparent yellowish color. After that, the solutions were cast in Petri dishes. After 24 hrs,
clear and homogeneous films of about 0.5 mm thickness were removed from the Petri dishes.

2.3. XRD Analysis
Bruker D2 Phaser diffractometer equipped with a CuKa radiation source (A = 1.5406
A), operated at an accelerating voltage of 30 kV and a current of 10 mA with a 20 range of
10° to 80°, was used to study the X-ray diffraction (XRD) patterns of the PVA/Cd composite
structure. This was done at the University of Basrah, College of Science, Department of
Physics.

2.4. FTIR Spectroscopy
ALPHA 1l Compact Fourier Transform Infrared (FTIR) Spectrometer (Bruker,
Germany) was used to investigate the functional groups and chemical interactions within the
composite samples. Spectra were recorded in the range of 4000—400 cm™ with a resolution of
4 cm'. All measurements were carried out at the University of Basrah, College of Science,
Department of Chemistry, at room temperature, and the samples were analyzed without any
additional preparation to preserve their structural integrity.

2.5. UV-Vis Spectroscopy
The optical properties of the composites were investigated with a UV-Vis
spectrophotometer (Shimadzu UV-1800) at the University of Basrah, College of Science,
Department of Physics. Measurements were carried out over the wavelength range of 200 -
900 nm at room temperature. The absorption data were used to evaluate the optical refractive
index, dielectric constant, and band gap of the CdS nanoparticles using Tauc plots based on
the direct-allowed transition model.

3. Results and Discussion
3.1. XRD Characterization

The XRD patterns of the pure PVA, 2 mL Cd complex solution-loaded PVA, and 2
mL Cd complex with ammonium sulfide PVA samples are shown in Fig.1. The figure shows
several peak positions that match well with standard data reported in JCPDS No. 80-0006,
which corresponds to the hexagonal wurtzite structure of CdS. Specifically, the diffraction
peaks observed at 20 =~ 24.92°, 26.87°, 28.13°, 36.68, 44.30°, 46.10°, and 49.52° can be
indexed to the (100), (002), (101), (102), (110), (103), and (112) planes, respectively. These
planes are characteristic of the hexagonal phase and align with previously reported data for
wurtzite CdS nanoparticles [15,17].

The presence of the (100), (002), and (101) peaks in the low-angle region is
particularly indicative of the wurtzite phase, as these are among the most intense and
distinguishable reflections for hexagonal CdS. The peak broadening observed throughout the
pattern is consistent with nanocrystalline or size-constrained growth of CdS within the
polymer matrix, which inhibits the formation of larger grains. The absence of any additional
peaks attributable to the cubic zinc blend phase or secondary phases (e.g., CdO or Cd(OH).)
supports the claim that the synthesized material predominantly exhibits a hexagonal
crystalline structure.

Cd Tetraamine complex incorporation into the PVA matrix disturbs the semi-
crystalline domain of PVA, leading to coordination with the functional group (—OH),
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preventing ordered packing and possibly indicating metal-polymer complexation, as shown in
Fig. 1. Despite the low crystallinity, the results indicate a wurtzite hexagonal CdS structure
due to light doping and non-annealed samples, which matches the known reference data
(JCPDS No. 80-0006).
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Figure 1: XRD Patterns for PVA, PVA/Cd(NHs), and PVA/CdS.

To calculate the crystallite size (D) of PVA/CdS, Scherrer’s equation was used [18]:

KA

- B cosB 1)

where K is 0.94, A = 1.5045 nm is the X-ray wavelength, and f is the full width at half
maximum (FWHM) of the intensity. From the X-ray data, with 20 = 26.875° and the maximum
peak at the 002 plane, the calculated D was equal to 52.98 nm.

3.2. FTIR characterization

Fig. 2 shows the FTIR spectra of the PVA films containing Cd*? ions and CdS
nanoparticles. A broad absorption band observed around 3265 cm™ corresponds to O-H
stretching vibrations [19] indicating the presence of hydroxyl groups from PVA. The slight
shift and broadening of this band suggest hydrogen bonding and potential coordination
between Cd** and —OH groups in the polymer. The bands at 2934 and 1423 cm™' are
attributed to C—H stretching and CH. bending of the polymer backbone, respectively [19]. A
peak near 1518 cm™ may be associated with N—H bending vibrations from coordinated
ammonia ligands. The absorption features at 1082 and 1035 cm™ correspond to the C-O
stretching mode of PVA. Furthermore, a low-intensity band at 839 cm™ belongs to the
skeletal vibration of C-O-C in the acetyl group in the backbone of PVA, while 466 cm™ may
be indicative of Cd-O coordination, confirming the successful interaction of the metal
complex within the PVA matrix [20].

The FTIR spectrum of the PVA/CdS composite, shown in Figure 2, reveals several
characteristic absorption bands that reflect both the polymer matrix and the incorporation of
cadmium sulfide nanostructures. A broad band centered at ~3252 cm™ corresponds to the O—
H stretching vibrations, indicative of inter- and intramolecular hydrogen bonding within the
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PVA backbone[16]. Peaks observed near ~2910-2850 cm™ correspond to C—H stretching of
aliphatic —CH: groups [16].

The interactions between Cd?" ions and oxygen-containing groups in PVA, such as
hydroxyl, are indicated by the sharp bands at ~1701 and ~1651 cm™ [16]. The peaks at ~1421
and ~1243 cm™ can be assigned to CH: bending and C-O stretching, respectively [16].
Importantly, the region between ~600-500 cm™ showed weak but distinct absorption bands
at 571, 502, and 461 cm™', which are typically associated with Cd-S stretching vibrations and
confirm the formation of CdS nanoparticles within the polymer matrix [16]. The small new
peak at 1458 cm™, shown on the PVA/CdS curve, may be attributed to the interaction of the
CdS nanoparticles and the polymer matrix. The observed red shift of the peak at 1559 cm™ in
pure PVA to 1518 cm™* upon the addition of Cd*2 could be because of the metal coordination
to the oxygen of the hydroxyl group [21].
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Figure 2: FTIR spectra for pure PVA, PVA/Cd*?, and PVA/CdS.

3.3 Optical Properties
3.3.1 Absorption and Transmission

Fig. 3 shows the optical absorption spectra of pure PVA and Cd**-doped PVA
composites with varying Cd(NHz)s concentrations (0.25 to 2 mL). At shorter wavelengths,
the absorption intensity increases with Cd** concentration. This may be attributed to the
formation of Cd**—ligand complexes and their incorporation into the polymer matrix, which
introduces localized energy levels and increases UV absorption. At higher doping levels (1-2
mL), a broadening of the absorption edges suggests the onset of charge-transfer transitions
between Cd?" and the polymer, contributing to slight redshifts in the band edge [13].

As shown in Fig. 4, the absorption intensity is greatly enhanced compared with that of
the Cd?*-PVA samples across the UV region. The absorption peak of the CdS sample 2 mL is
more than 4%, nearly twice that of the corresponding Cd?* samples. This remarkable increase
can be attributed to the formation of CdS nanoparticles in the PVA polymer, which exhibit
strong band-to-band absorption in the UV-Vis region due to quantum confinement effects
[22]. The absorption edge shifts slightly to longer wavelengths with increasing CdS
concentration, which indicates a narrowing of the optical band gap consistent with the
formation of CdS nanocrystals.
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Figure 4: Absorption spectra of pure PVA and PVA/CdS composites.

Fig. 5 displays the transmission spectra of the same PVA/Cd composites, showing a
reverse trend. Pure PVA exhibited the highest transmittance (>90%) in the visible region,
confirming its optical transparency. But with increasing Cd(NHz)4 content, the transmittance
decreased markedly, especially in the UV region, due to enhanced absorption and possible
scattering by cadmium-related species. Transmittance dropped by 60% at 300 nm, which was
the most pronounced reduction observed in the 1 and 2 mL samples. Increased electronic
absorption from Cd*" complexes and formation of nanostructured domains, which act as
scattering centers, can be the reason for this optical attenuation. These changes affirm that
Cd** incorporation modifies the optical density and transparency of the PVA films, making
them potential candidates for UV filtering or optoelectronic applications.
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Figure 5: Pure PVA and PVA/Cd*?-doped composites transmission spectra.

The presence of optically active semiconductor phases was confirmed by the
transmission behavior of PVA/CdS composites shown in Fig. 6. Pure PVA showed high
transmittance throughout the visible spectrum. In contrast, the CdS-doped samples showed
suppressed transmittance, especially at lower wavelengths. The lowest transmittance (~0.5%
below 300 nm) was observed in the 2 mL CdS sample, indicating a strong UV-blocking
potential of the material, far higher than that of the Cd?*-PVA system, where the drop in
transmittance was not as severe. The rapid decrease in transmittance with increasing CdS
content indicates strong absorption and scattering of photons by CdS nanoparticles; it
confirms the incorporation of nanoparticles into the matrix. The results confirmed enhanced
optical density in the CdS-PVA films and their potential for UV shielding or optoelectronic
coating applications compared with the Cd?*-PVA systems.
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Figure 6: Pure PVA and PVA/CdS composites transmission spectra.
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3.3.2 Absorption edge
The absorption coefficient (o) was calculated from the following equation [23]:

a=2303 % 2)

where t is the sample thickness, and A is the absorbance. In Eq. 3, transmittance (T) can be
calculated from Beer’s law:

T=10"4 3)

Since all incident light must be either absorbed, reflected, or transmitted, the sum of
these components must equal one. Therefore, the reflectance (R), a key parameter for
calculating the refractive index, can be readily determined using [24]:

R+T+A=1 4)

The increase of o with increasing dopant concentrations, especially at energies above
6 eV, is shown for the Cd?**-doped PVA composites in Fig. 7. The progressive increase in the
absorption edge and the steepening of the curves suggest an increased probability of
electronic transitions, which can be attributed to the formation of new localized states or
increased interactions between the polymer chains and the Cd?* ions. The PVA/CdS
composites, as shown in Fig. 8, exhibited a significant, systematic increase in a across the
entire measured spectrum, particularly above 3.8 eV. The significant increase in a with
increasing CdS content suggests enhanced light interaction and improved carrier generation,
attributable to CdS's semiconductor nature and its ability to absorb in the UV-visible
spectrum. Compared to the PVA/Cd?* composites, the PVA/CdS samples exhibited higher
absorption coefficients and a significant shift of the absorption edge towards lower photon
energies, indicating a reduction in the optical gap and the formation of more efficient
optically active centers [25].

100

0 —0ml
—0.25 ml
—0.5ml
1ml
—2ml

(0]
o

70
60
50
40

30

20
10

1 2 3 hv (eV) 4 5 6 7

Absorbtion Coefficient (a)

Figure 7: Absorption coefficient vs. photon energy for pure PVA and PVA/Cd* composites.
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Figure 8: Absorption coefficient vs. photon energy for pure PVA and PVA/CdS composites.

Table 1: Absorption-coefficient energies (eV) for PVA/Cd?" and PVA/CAS composites.

Sample Volume (mL) PVA/Cd?* PVA/CdS
0 5.15 5.1
0.25 5.05 5.0
0.5 5.1 4.7
1 5.1 4.3
2 5.15 3.8

The values suggest that incorporating Cd?* ions has minimal impact on the polymer's
electronic band structure or on the formation of new energy states within the band gap. The
lack of shift indicates weak interaction between Cd** ions and the PVA matrix in terms of
optical transition mechanisms. In contrast, the PVA/CdS composites exhibited a systematic
redshift in the absorption edge from 5.1 eV (pure PVA) to 3.8 eV as the CdS concentration
increased. This indicates that CdS nanoparticles significantly altered the optical behavior of
the host polymer. The reduction in the absorption edge corresponds to a narrowing of the
optical band gap, which can be attributed to the formation of new localized states at the
polymer—nanoparticle interface, quantum confinement effects, or extended conjugation and
charge-transfer interactions. This trend confirms that CdS acts as an active light-absorbing
semiconductor, enhancing the polymer's ability to absorb lower-energy photons (visible/near-
UV), and making it more suitable for optoelectronic or photonic applications than the
inclusion of the relatively inactive Cd*" ion.

3.3.3. Refractive Index
The Refractive index (n) can be calculated from the Fresnel formula [23]:

n= |[—=_ _ 2418 (5)

(1-R)2 1-R

where the extinction coefficient (k) can be calculated from [23]:
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oA
= (6)
The refractive index spectra of PVA/Cd?*" and PVA/CdS composites are shown in
Figs. 9 and Figure 10, which reveal significant differences in optical behavior. In PVA/Cd*
samples, a moderate increase in refractive index with increasing dopant concentration is
observed, showing typical dispersion and saturation near 1.6 at longer wavelengths. The
incorporation of CdS into PVA led to more intense peaks and a red shift in the refractive
index, demonstrating enhanced light-matter interaction attributed to the semiconductor
characteristics of CdS. A maximum refractive index of ~2.7 was exhibited in both systems,
but CdS induced more pronounced variations in the UV-visible range. Overall, CdS
incorporation led to higher polarizability and tunable optical properties, making it more
effective than Cd?* for modifying the refractive behavior of PVA films.
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Figure 9: Refractive index for pure PVA and PVA/Cd?* composites.

2.8 -
2.6 -
2.4 -

2.2 -

1.8 -

1.6 -

Reflective Index (n)

1.4 -

1.2 -

1 T T T T T T 1
200 300 400 A (nm) 500 600 700 800 900

Figure 10: Refractive index for pure PVA and PVA/CdS composites.
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3.3.4 Dielectric Constant
The addition of CdS into PVA markedly affected the dielectric constant of the
material. Studies indicate that the dielectric properties of polymer composites can be
improved through the addition of CdS nanoparticles, leading to notable increases in dielectric
constant due to various polarization mechanisms [26]. The dielectric constant (g,) can be
calculated from the following equation [27]:

g = n? — k? (7

The dielectric constant of PVA/Cd?* composites showed slight deviation from that of
pure PVA, indicating that Cd?" ions did not significantly modify the material’s polarizability
or electronic structure. This is consistent with the non-semiconducting nature of the Cd**
complex. In contrast, the PVA/CdS composites showed a notable increase and shift of the
dielectric peaks with increasing CdS content, especially in the 2-5 eV range. This behavior
results from the strong dipole interaction and charge polarization induced by CdS
nanoparticles. The enhanced dielectric response confirms the active optical and electronic
role of CdS compared to the passive role of Cd*".
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Figure 11: Dielectric constant for pure PVA and PVA/Cd®* composites.
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49



Iraqi Journal of Physics, 2026 Heidar J. Fadhil and Haneen T. Hussein

3.3.5 Band Gap

The energy band gap (Eg) in semiconductors is the energy difference between the top
of the valence band and the bottom of the conduction band. It determines the minimum
energy needed to excite electrons into a conductive state. This gap governs the material's
electrical and optical behavior, influencing charge carrier generation when external energy is
applied. Nano-semiconductors with tunable particle sizes and adjustable band gaps can
significantly enhance light absorption and exhibit ferromagnetic behavior, making them
essential for the development of advanced electronic and photonic devices [28].

Electron transitions in semiconductors occur when photons with energy equal to or
greater than the Eq are absorbed, exciting electrons from the valence band to the conduction

band. The photon energy E = hv = % must match the energy difference between the bands

to induce this transition. If the photon energy is lower than the band gap, no electronic
excitation occurs. Thus, the onset of optical absorption directly reveals the nature and
magnitude of the band gap. The nature of the electronic transition, whether direct or indirect,
plays a critical role in determining optical efficiency; in direct transitions, such as those
observed in CdS [29], electrons can move between bands without a change in momentum,
resulting in stronger optical absorption than in indirect semiconductors. The Eq can be
calculated from the following equation, with y = 1/2 for direct transitions [30]:

1
Eg = hv — ahvy (8)

The Tauc plots of (ahv)? versus hv, with h as Planck’s constant and v as the photon
frequency, for pure and PVA/Cd?** composites in Fig. 13, confirm direct allowed electronic
transitions. The estimated optical band gaps for pure PVA and PVA/Cd?" composites are 5.4
eV. This indicates limited electronic interaction between the Cd** complex and the polymer
matrix. Despite the doping, the fundamental nature of the transition remains direct, consistent
with the behavior of similar wide-band gap polymeric materials.

The Tauc plots (ahv)? versus photon energy for pure and PVA/CdS composites, as
shown in Fig. 14, also confirm the direct allowed electronic transitions characteristic of CdS.
A distinct red shift in the optical band gap is observed with increasing CdS concentration,
decreasing from ~5.4 eV for pure PVA to ~4.6 eV at a CdS loading of 2 mL, as shown in
Table 2. This trend reflects enhanced light absorption and strong interaction between CdS
nanocrystals and the PVA matrix. The presence of CdS introduces new energy states that
facilitate lower-energy transitions.
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Figure 13: (ahv)? for pure PVA and PVA/Cd* composites.
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Figure 14: (ahv)? for pure PVA and PVA/CdS composites.

Table 2: Energy gaps (eV) for Cd** and PVA/CdS composites.

Sample Volume (mL) PVA/Cd?* PVA/CdS
0 5.45 5.45
0.25 5.35 5.60
0.5 5.40 5.35
1 5.40 5.20
2 5.40 4.60

4. Conclusions

PVA/Cd?* and PVA/CAS composite films were successfully prepared using an in-situ
ligand-exchange chemical precipitation-casting method. Cd?* coordination disrupted the
semicrystalline organization of the PVA matrix, while sulfide treatment promoted the
formation of CdS nanocrystals. XRD analysis confirmed the formation of nanocrystalline
CdS with a hexagonal wurtzite structure. The incorporation of CdS produced greater changes
in the optical behaviour than Cd?* complexation, including enhanced absorption, reduced
optical transparency, and modified refractive and dielectric responses. Increasing the CdS
content further intensified these changes and shifted the optical response toward lower photon
energies. Overall, in situ CdS formation was more effective than Cd?* incorporation in
modifying the structural and optical behavior of PVA, indicating the potential of these
nanocomposite films for UV-shielding and optoelectronic coating applications.
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