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ABSTRACT

Electronic spectral analysis of a tri-iodide solution in an acetic acid medium revealed the
presence of strong absorption bands for tri-iodide at 287.5 and 351.5nm. A notable shift in the
absorption band to 310nm indicated the formation of a complex between Chitosan and tri-iodide in
an acidic medium solution. Chitosan-tri-iodide complex formation was significant at concentrations
>0.5% (w/v). At lower concentrations, weak complexation is evident through the comparatively lower
absorption of the iodophors. The introduction of KSCN to the polymer-iodophor system leads to a
gradual reduction in absorption over time and is completed within 1 hour. If polymer mixtures of (1:1)
ratio were used in iodophor, it persists as complex iodophor for a longer period. Photoluminescence
investigations show sharp and narrow emission peaks at 350.5 and 701.5nm, highlighting unique
fluorescent species alongside effective radiative recombination. It minimizes energy dissipation and
suggests promising fluorescence applications across diverse fields.

Keywords: Chitosan, Polyvinyl pyrrolidone (PVP), Polyvinyl alcohol (PVA),
Lodophore, UV-visible spectra, Photoluminescence spectra etc.

INTRODUCTION

Chitosan (Cs) is a polymer with a random
distribution of p-(1-4)-linked D-glucosamine and
N-acetyl-D-glucosamine within the polymer soluble
in both organic and dilute mineral acids.!? Chitosan
and its derivatives have diverse bioactivities,
non-toxicity, low allergenicity, biocompatibility,
antitumor, antimicrobial, and antioxidant activities
in water treatment, wound healing materials,

pharmaceutical excipients or drug carriers, obesity
treatment, and as a scaffold for tissue engineering
biodegradability®4 etc. Chitosan is sometimes
modified to increase antibacterial activity and
solubility while decreasing intermolecular
H-bonding.® Chitosan-based iodophors form
while chitosan complexes with iodine. They are
also kinetically unstable and decompose at room
temperature. Chitosan iodophors show intense
absorption bands of tri-iodide and iodate ions,
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polyiodide ions, bound to the macromolecule using
hydroxyl group at C1, C3 and C4.57 The formation
of Chitosan iodophors increases by incorporating
the system with hydroiodic salts and polyols.8
Thiocyanate (SCN-) induces decolourization of the
Chitosan—iodophore by interrupting the available
ions within the system. This interference extends
to the formation of the starch-iodine complex.®
Potassium thiocyanate is a compound widely used in
various pharmaceutical formulations and antifungal
treatments and also enhances the antifungal activity
of chitosan-iodophors.'®'" However, no literature
exits regarding the optimization of chitosan
(or chitosan+polymer mixture)-iodophore
formulation, the stability and kinetics or the
degradation pathways of the iodophore systems
necessary for effective bio-compatibility applications
while interacting with biological systems. Therefore,
we consider the aforementioned areas as potential
avenues for further study.
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The present study aims to examine
the absorption behaviour of Chitosan-based
iodophors in a 2% w/v acetic acid solution at varying
concentrations of iodine or chitosan. Additionally, we
will assess the changes in the absorption maximum
of the complexes on the addition of KSCN, narrowing
down the gap of potential research avenues.

MATERIALS AND METHODS

Chitosan (Cs), iodine (l,), KI, and KSCN
were used in this study. Cs, Kl and iodine (l,)
molecules were obtained from pure Hi-Media.
KSCN was procured from SD Fine Chemical
Ltd. The polymers and other samples used in
this study were of A (analytical) grade products
and used as received without further treatment.
The structures of Chitosan (Cs), polyvinyl
pyrrolidone (PVP), and hydroxyl propylcellulose
(HPC) are shown in Figure 1.

Fig. 1. 3D structures of different polymers used in the present study

Preparation of the solution

All solutions were carefully prepared
by dissolving a precisely measured quantity
of the solute in a known amount of solvent.
Stock solutions of approximately 5% (w/v)
Cs, 2%(w/v) HPC, and 2%(w/v) PVP
were prepared by dissolving the polymers
in a 100 mL volumetric flask containing
2%(w/v) acetic acid solution. The dissolution
process was performed by allowing the solutions
to stand for about 48 h at room temperature to
obtain a clear solution. Subsequently, solutions
for lower concentrations were prepared through
the dilution method. Similarly, 20mM 1/KI (1:4)
and 2%(w/v) KSCN were also prepared in a
100 mL volumetric flask by dissolving them in a
2% acetic acid solution, following the methods
consistent with the preparation of other solutions.

Preparation of Chitosan-iodophor

An adequate amount of 5% (w/v) Cs from
the stock solution was mixed with I/KI solution
to obtain various predetermined concentrations
of Cs and /Kl solution in a 2% (w/v) acetic acid.
Subsequently, the mixture was allowed to stand
at room temperature for approximately 10 min to
facilitate further UV-Visible spectrophotometric
measurements. KSCN was introduced it to a
10 mL volumetric flask containing a predetermined
concentration of Cs and I/KI solutions, resulting
in a final concentration of 0.02% w/v KSCN
in a 2% (v/v) acetic acid solution to investigate
its impact.

UV-Visible Measurement
The UV-Visible absorption spectra of the
Cs-based iodophors at a fixed concentration of
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I/KI solution for different concentrations of
Cs were recorded using a Shimadzu UV-1900i
UV-Visible spectrophotometer in the range
250-600nm in both the absence and presence
of KSCN. Various spectra of the same iodophor
were also recorded at different concentrations
of I/Kl/iodide solution while maintaining a
fixed Cs concentration. Absorption spectra of
the Cs—based iodophor were recorded after
blending with polymers such as PVP and
HPC following the addition of KSCN within
the wavelength range of 250-700nm at room
temperature.

Photoluminescence (PL) Measurement

The photoluminescence emission spectra
of the I/Kl /iodide solution and Cs—based iodophor
for different Cs concentrations at 0.1mM 1/Kl /
iodide acidic solution were recorded using a Hitachi
F-4700 Fluorescence Spectrophotometer in the
range 280-800nm at a scan speed of 240nm/min
at room temperature. The emission spectra were
excited at 700nm.

Fig. 2. UV-Visible Spectra of /Kl solution in 2%(v/v)
acetic acid

Fig. 4. UV-Visible Spectra Chitosan-iodophore
complex at different chitosan
concentration
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RESULTS

Figure 2 illustrates the UV-Visible spectra
of 0.1mM iodine (1,/KI) solutions in 2% (w/v) acetic
acid. The absorption maxima were observed
between 287.5 and 351.5nm. Fig. 3 shows the
UV-Visible absorption spectra of the Cs iodophor
solutions at different Cs concentrations, while
maintaining an iodine concentration of 0.1mM.
The iodophor exhibited two absorption peaks at
~287.5 and 351.5nm without much change from
the absorption peaks observed in /Kl solution.
The complexation between Cs and iodine is
evident from the appearance of new absorption
maxima at 310nm and the disappearance of both
the absorption maxima at 287 and 351nm Fig. 4.
The behaviour of the absorbance of the iodophor
complex for different Cs concentrations at 310nm
is presented in Fig. 5. Complexation between Cs
and iodine increases with Cs concentration as the
absorption maxima increases with Cs content and
shows some anomaly at around 0.5% w/v of
Cs Figures 4 & 5.

Fig. 3. UV-Visible Spectra of Chitosan-iodophore solution
at different Chitosan conc. in 2% (v/v) acetic acid

Fig. 5. Variation of Absorbance and Cs concentration
for Chitosan-iodophore complex measured
at 310nm
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Fig. 6. UV-Visible Spectra of 0.1% (w/v) Cs-iodophore
solution for different 1/KI concentration

Fig. 7. UV-Visible Spectra of 0.3% (w/v) Cs-iodophore
solution for different [I/KI]

Fig. 8. UV-Visible Spectra of 0.5% (w/v) Cs-iodophore
solution for different [1/KI]

The UV-Visible absorption spectra of
polymer mixture—iodophor solutions are shown in
Fig. 9-11. The polymer mixtures were prepared
between Cs and HPC, Cs and PVP, and Cs and
PVA by maintaining the composition of the polymer
in a 1:1 ratio. The Cs+PVP (1:1)—iodophor solution
of 0.1% (w/v) polymer mixture has shown prominent
absorption maxima at ~292 and 368nm, Fig. 9.
The two absorption maxima start diminishing from
0.3% (w/v) polymer mixture and beyond, observe
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no absorption maxima or peaks. Such UV—-Visible
spectra are also observed in the iodophors of
other polymer mixtures of Cs+HPC and Cs+PVA
Figures 10 &11.

Fig. 9. UV-Visible Spectra of Cs+PVP (1:1)-iodophore with
0.1mM I /KI at different polymer mixture concentration

Fig. 10. UV-Visible Spectra of Cs+PVA (1:1)-iodophore
at different polymer mixture concentration

Fig. 11. UV-Visible Spectra of Cs+PVP (1:1)-iodophore
at different polymer mixture concentration

UV-Visible spectra of the Cs+PVP
(1:1)—iodophor complexes at different concentrations
of the polymer mixture are shown in Fig. 12.
Higher absorbance values, accompanied by
irregular spectral patterns, are evident across
various concentrations of the polymer mixture and
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I/KI solution Fig. 13 and 14. Aberrant formation of
polyiodide ions is apparent up to 0.3% w/v of the
polymer mixture and 0.3mM of /Kl solution.

Fig. 12. UV-Visible Spectra of Cs+PVP (1:1)-iodophore
complex with 0.1mM I /Kl at different polymer mixture
concentration

Fig. 13. UV-Visible Spectra of (0.1% w/v) Cs+PVP
(1:1)-lodophore at different [1./KI]

Fig. 14. UV-Visible Spectra of 0.3% (w/v) Cs+PVP
(1:1)-lodophore at different [1./KI]

The complexation between the Cs+PVP
(1:1) mixture with iodine is easily explainable at
0.1mM of I/KI solution and 0.1% of the Cs+PVP
(1:1) mixture, as is evident from the spectra in
Figs. 12-14. The formation of the iodophor persists
between 0.3mM of iodine (I/KI) and 0.5% of Cs+PVP
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(1:1) mixture at higher concentrations of iodine and
polymer mixture, Fig. 15. This aberrant behaviour
of the iodophor complex at 0.5% Cs+PVP (1:1) is
similar to that observed in the spectra of the solution
and complex of 0.5% Cs—iodophor at 0.1mM lodine
(L/KI). It may be worth mentioning that, to date,
no reliable reports have been made available for
comparison with the present study.

Fig. 15. UV-Visible Spectra of 0.5% (w/v) Cs+PVP
(1:1)-lodophore at different 12/KI concentration
Figure 16 shows the UV-Visible spectra
of the Cs—iodophor solution in addition to 0.02%
KSCN. The absorption maxima observed at 287.5
and 351nm of the Cs iodophor solution reduced
with time and completed the reduction within 1 h
of the observation. The concentration of the Cs,
lodine and KSCN used during the investigation has
been chosen as the optimal concentrations from the
experimental spectra shown in Figure 1-4.

Fig. 16. UV-Visible Spectra of Cs-iodophore
degradation on addition of 0.02% KSCN with time

It is pertinent to note here that the
presentation of variation of absorbance with
wavelength, even when the absorbance values
shown beyond 3 in Figs. 6-9 and 14-16, serves
as justification for the chosen concentrations of
I/Kl, Cs—iodophor, and polymer mixture—iodophor
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for the present study. The concentration of the
I/KI solution was chosen to be 0.1 mM. Various
trial experiments confirmed that at this level, the
iodophore concentration in the | /Kl solution exhibits
optimal absorption maxima when forming a complex
with Cs or a Cs-polymer mixture ata 1:1 ratio, even up
to certain higher concentrations. However, when the
concentration of the | /Kl solution is increased, good
spectra are limited only to lower concentrations of
the polymer or polymer mixture under investigation.
Additionally, the addition of KSCN at 0.02% still
shows clear spectra with reasonable absorption and
stability for a certain period of time in the iodophore
complex, beyond which it does not.

A full excitation scan conducted in
the wavelength range of 280-900nm is to
determine the excitation wavelengths for
subsequent emission spectra measurements
of Cs—iodophor in the acetic acid medium.
It detected peaks at 700nm only for Cs—
iodphor with higher I/KI concentration (0.3-
0.5 mM) and two peaks at 349 and 700nm for
Cs—iodophor with lower |/KI concentration
(0.1mM). Interestingly, no emission peaks for
Cs—iodophor were discernible when excited at
349 nm. Another peculiar behaviour is that no
emission peak is observed at around 350nm, but at
701.4nm atincreasing concentrations of /Kl inthe
Cs—lodophore (Fig. 25 included in supplementary
material). However, emission peaks were identified
at 350.5nm (3.54 eV) and 701.5nm (1.77 eV)
when excited at 700nm (1.775 eV) as shown in the
Fig. 21. The observed phenomenon lacks any
references or pertinent literature for comparison.
The observed peaks at 350.5nm (3.54 eV) are
relatively smaller in intensity than the peak
shown at 701.5nm (1.77 eV). The changes in
the intensity of the emission peaks at 350.5nm
(3.54 eV) and 701.5nm (1.77 eV) at different
Cs concentrations while keeping the I /KI
concentration fixed are shown in Fig. 22. It is
observed from the Figure that the intensity of
the emission peak increases with an increase
in the concentration of the Cs.

DISCUSSION

The characteristic band reported at
around 290 and 350nm is due to tri-iodide /"> or
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linear polyiodide /- ion." Thus absorption peaks
observed in the Cs—iodine solution contains
I, and linear [ iodide ions and the peaks are
prominent up to 0.5% w/v of Cs in the Cs—iodine
system, Fig. 3-8. The complexation behaviour
at different concentrations of Cs at around
310nm has shown a linearity, Fig. 5. The higher
absorbance of the characteristic bands of the Cs-
iodine complex indicates the presence of large
interstitial spaces in the polymer aggregates, i.e.,
at higher concentrations wherein iodine enters
and converts into polyiodides/polyiodine.s:1¢
From Fig. 4, the Cs—iodophor complex suggests
interaction through /,~ since no additional
absorption maxima were observed. Formation
of the Cs-iodophor complex further requires a
large amount of iodine to release /,;~ and fill a
large matrix of the polymer Figures 6-8.

Absorption maxima at ~301 and 387nm
for Cs+PVP (1:1)-iodophor complex Fig. 10
would suggest that polymer mixture interacts with
I, and some other form of polyiodide ion during
complexation. In contrast to the Cs—iodophor
complex, the Cs+PVP-iodophor complex involves an
additional polyiodide species, as evidenced by the
observation of a new absorption maxima at 387nm.
This absorption maximum at 387nm may be due
to the participation of linear polyiodide ions during
complexation.' The increased absorbance at higher
concentrations of iodine (I,/KI) or polymer mixture
(Figure 12-15) suggests that a specific proportion
of the polymer mixture or I /Kl solution is necessary
to provide sufficient space for the integration of
polyiodide ions into polymer mixture’s—iodophore.
This suggestion is supported by the observation
of absorption maximum at 292 and 368nm within
the permissible range of the instrument when the
iodophor is formed between 0.5% w/v Cs+PVP (1:1)
and 0.3mM I/KI.

Kinetic study of the complex on addition of KSCN

The study of the plot of x/A (A -x)vs. time® at
287.5nm shows 2"-order kinetics by considering the
straight part of the plot until 31 min, after which it is
observed to saturate Fig. 17. However, a kinetic study
was not performed at 351nm because the reduction
of the absorption maxima appears saturated beyond
10 min, and insufficient data on absorption maxima
were observed, Fig. 16. Observations show that
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both the thiocyanate and Cs—iodophor are relatively
involved during the degradation of the Cs—iodophor.
In the Cs+PVP (1:1)—iodophor system, the addition
of KSCN reduces absorption maxima at 292 and
368nm Fig. 18. The degradation nature of the
Cs+PVP (1:1)—iodophor by 0.02% KSCN is well
defined till 61 minutes. The plot of x/A (A-X) vs.time
of the polymer mixture—iodophor for the degradation
process is shown in Fig. 19, indicating a linear trend
at 292 and 368nm and extended throughout the
reaction. This degradation pattern of the Cs+PVP
(1:1)—iodophor by KSCN can be delayed until 61
min by maintaining the iodophor's complex form, as
observed in Fig. 19 and 20. The distinct behaviour
exhibited by the significantly higher absorption of
the polymer mixture-iodophore upon the addition
of KSCN facilitates the study of the system's kinetic
behaviour. The degradation study at 292nm appears
to follow a prominent 2" order kinetic pattern
compared to 368nm. To the best our knowledge, this
behaviour of the polymer mixture—iodophor, has not
been reported earlier.

Fig. 17. Kinetic study of the Cs-iodophore on
addition of 0.02% KSCN at 287.5nm

Fig. 18. UV-Visible Spectra of 0.1% (w/v) Cs+PVP
(1:1)-iodophore degradation on addition KSCN
(0.02%) with time
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Fig. 19. Kinetic study of the 0.1% (w/v) Cs+PVP
(1:1)-iodophore on addition of 0.02% KSCN at 292nm

Fig. 20. Kinetic study of the 0.1% (w/v) Cs+ PVP
(1:1)-iodophore on addition of 0.02% KSCN at 368nm
Photoluminescence (PL) study of the Chitosan—

iodophor

The observation of the higher intensity
of the emission peak at 701.5nm (1.77 eV) in
Fig. 21 has indicated a higher emission rate or
presence of a higher concentration of emitting
species. Both the emission peaks are sharp
and narrow, indicating well-defined emissions.
The I/KI solution forming iodophor with Cs
at different concentrations has shown similar
sharp and narrow emission peaks with higher
intensity at the same wavelengths 350.5nm
(3.54 eV) and 701.5nm (1.77eV) of the iodine
solution, Fig. 22. The presence of two emission
peaks at different wavelengths (350.5 and
701.5nm) indicates the possibility of two distinct
fluorescent species within the solution, different
energy transitions within the solution, or an
indication of the complex electronic structure
of the iodophor. The observations suggest
that the I/KI solution and the Cs—iodophor
exhibit fluorescence when excited at 700nm.
The well-defined two emission peaks may be
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associated with vibronic transitions 0 0 and 0 1
Fig. 23.77 The sharp and narrow emission
peaks at 350.5nm (3.54 eV) and 701.5nm
(1.77 eV) indicate a high degree of spectral
purity.” These observations suggested that
the emission processes involve well-defined
electronic transitions with minimal broadening.
The narrowness of the emission peaks, coupled
with specific wavelengths, implies that the
I/KI is relatively pure and homogeneous and
opens up potential applications in devices such
as lasers, sensors, or optoelectronic systems.
An increased Cs concentration may raise the
probabilities of radiative transitions, consequently
enhancing emission intensity at specific
wavelengths. Additionally, as the concentration
of Cs increases, the proximity of emitter’s rises,
fostering interactions such as energy transfer,
intensifying emission at the same wavelength,
and augmenting stimulated emission, ultimately
enhancing the overall emission spectrum intensity
at a given wavelength.

Fig. 21. Emission spectra of Cs-iodophore
and /Kl solution excited at 700nm

Fig. 22. Variation of intensity and Cs concentration for
emission peaks of 350.5 and 701.5nm excited at 700nm
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Fig. 23. Vibronic transition of the emission peaks

of 350.5 and 701.5nm excited at 700nm

The correlation between the observed
absorption maxima at 287.5 and 351.5nm Fig. 3
and emission peaks at 350.5 and 701.5nm, Fig. 21
indicates that the emission processes are related
to specific electronic transitions responsible for
absorption.”® The sharp emission peaks indicate
efficient radiative recombination of excited electrons
and holes. In addition, the smaller Stokes shift,
which reflects minimal energy loss during the
relaxation process, further emphasizes the efficiency
of radiative recombination.?® Stokes’s shift is the
separation between the wavelength of the absorption
peak and the wavelength of the peak emission of
a substance. The close match between excitation
wavelength and emission peaks suggests potential
fluorescence involving the absorption of photons
followed by emission at longer wavelengths.

CONCLUSION

The Cs-iodophor exhibits absorption
maxima at 287.5 and 351.5nm, attributed to
tri-iodide /- and linear /- ions, as observed in the
UV-Visible spectra. A new absorption maximum
at 310nm indicates the formation of the Cs—
lodophor complex thereby suggesting stability and
potential use in wound management. The slow
sustained release iodine from iodophor can help
prevent and treat microbial infections in superficial
and shallow-depth wounds. With increasing Cs
concentration, there is a linear augmentation in
iodophor formation, providing larger interstitial spaces
for iodine integration. Additionally, iodophor with
Cs+PVP (1:1) manifests absorption maxima at 292
and 368nm, which diminishes beyond 0.3% (w/v)
polymer mixture. Thus Cs+PVP (1:1)—iodophor may
have specific applications, especially considering
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the polymer mixture effect. The degradation kinetics
of Cs—iodophor and Cs+PVP (1:1)-iodophor by
KSCN adhere to second-order kinetics, signifying
their participation in degradation reactions. This
information could be relevant for designing controlled-
release systems or drug delivery applications.
PL studies have revealed emission peaks at 350.5
and 701.5nm, showcasing distinct fluorescent
species or energy transitions within the iodophor.
The intensity of emission peaks increases with higher
Cs concentrations, suggesting enhanced radiative
transitions and potential applications in optoelectronic
systems. The correlation between absorption
maxima and emission peaks underscores specific
electronic transitions responsible for absorption and
fluorescence. Appearance of sharp emission peaks
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indicates efficient radiative recombination, minimizing
energy loss and hinting at potential fluorescence
applications across various fields.
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