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Abstract

Gamma radiation effects on extrinsically electrical semiconducting polymer nanocomposite films of poly(vinyl alcohol)
(PVA) and 0.5 wt% histidine-modified reduced graphene oxide (H-RGO) filler were evaluated. Thermogravimetric
analysis showed thermal degradation stages of the films and UV-Vis analysis allowed the study of optical parameters.
Optical band gap energy (Eg) of PVA was shifted from 6.20 to 3.76 eV with the addition of H-RGO filler into the
polymer matrix, while the electrical conductivity changed from 10" (isolator) to 10 (semiconductor) S/cm and
PVA/H-RGO nanocomposite reached 10 S/cm at 25 kGy gamma-radiation dose. PVA/H-RGO nanocomposite films
are promising in a wide range of potential applications, such as bio and chemical sensors, catalysis, and active layers
for optoelectronic devices.
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1. Introduction

Electrically conducting polymer materials are at the
forefront of semiconductors research since they can be used
in optoelectronics, capacitors, photovoltaics, UV-blockers,
biosensors, and optical limiters applications!'). Polyvinyl
alcohol (PVA) and polyvinyl pyrrolidone (PVP) are among
the most popular polymers due to their unique properties
such as dielectric nature, adherence property, fast hydro-
dissolution, and water solubility. The semi-crystalline nature
of PVA and its ability to form hydrogen bonds make this
polymer a suitable candidate in many industrial applications
such as photovoltaic solid-state electrolytes!*>).

Gamma irradiation is used extensively in many areas
of industry, medicine, military, research, and nuclear power
production. However, gamma irradiation is known to
affect the electrical, optical, and mechanical properties of
polymers or polymer composites. These changes happen
through different mechanisms, e.g. main chain scissions!®),
crosslinking!”, grafting!®!, stable radicals formation®,
crystallinity reduction'”’; and alteration in particle size of
embedded loads!"). Furthermore, evaluating the impact of
high-energy radiation on polymer composites may be crucial
when these materials are in use in challenging environments,
such as nuclear power plants, aircraft, spacecraft, satellites,
and other applications.

Numerous studies target graphene/polymer nanocomposites
to investigate the effects of gamma radiation!'*'¥. Poly(vinyl
alcohol) (PVA) has become of special interest as a polymer matrix
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for graphene nanocomposites due to its good physicochemical
properties. PVA is a water-soluble, biocompatible synthetic
polymer!!s! capable of forming strong hydrogen-bonding
interactions through its hydroxyl group. In this work, it
was used graphene oxide covalently modified with the
proteic amino acid histidine, and chemically reduced with
cysteine, another proteic amino acid, to produce histidine-
modified reduced graphene oxide (H-RGO). The aim is to
present an extensive study of these composites focused on
optoelectronic applications. These nanocomposite films were
gamma-irradiated with doses of up to 100 kGy, and their
thermal, optical, and electrical properties were assessed.
The findings suggest that nanocomposite material has a
good potential as a gamma radiation resistant electronic
component, which might be very suitable for optoelectronics,
avionics, and aerospace applications.

2. Materials and Methods

2.1 Materials

Intercalated graphite flakes, PVA (OH-terminated,
Mn = 89-98 kg.mol '), Histidine, and L-cysteine were
purchased from Sigma Aldrich. Sulfuric acid (H,SO,),
nitric acid (HNO,), and ethanol were purchased from
Cinetica Quimica (Brazil). Potassium permanganate
(KMnO,), sodium hydroxide (NaOH), and sodium
nitrate (NaNO,) were purchased from Dinamica Quimica
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(Brazil). Hydrogen peroxide (H,0,) was purchased from
VETEC. All reagents were of analytical grade and were
used as supplied.

2.2 Methods

2.2.1 Preparation of modified and reduced graphene oxide (H-RGQ)

Graphene oxide (GO) was obtained from intercalated graphite
flakes through Hummer’s chemical oxidation method!'®!”.
GO covalent modification was prepared as described in
previous studies!'®!”! to obtain histidine-modified graphene
oxide (H-GO). In brief, 0.5 g of GO was suspended in 50 mL
of deionized water, and approximately 9 mmol of histidine
was added under stirring. Aqueous NaOH (0.2 mol.L™") was
mixed with the suspension and left under stirring for 24 h
at 80 °C. The product was filtered and dried in an oven at
60 °C for 24 h. Chemical reduction of H-GO was performed
with L-cysteine®). H-GO (0.25 g) was added to 150 mL of
deionized water. The suspension was sonicated (Ultrasonic
probe Sonic Vibracell, 500 W) for 5 min at room temperature
under 50% amplitude. Reducing agent L-cysteine (5 g) was
added and the mixture was stirred for 72 h. After this time,
20 mL NaOH (1 M) was added, and the resulting mixture was
filtered. The residue was washed with absolute ethanol and dried
for 24 h at 60 °C to yield 0.21 g of the final product H-RGO.
A scheme for H-RGO preparation is presented in Figure 1.

2.2.2 Nanocomposite films preparation

Composite films were prepared by casting solution
method. An aqueous solution of PVA (10 w/v%) was heated
at 90 °C for 1h. 10 mL of the aqueous suspension of H-RGO
(0.5 wt%) was sonicated for 10 min at 50% amplitude
and added to PVA hot solution. The resulting mixture was
stirred for 24 hours at 90 °C. The suspension was then cast
on Petri dishes and dried in a dry box at 27 °C. PVA and
PVA/H-RGO (0.5 wt%) nanocomposite films with 10 pm
thick were peeled off the dishes. The films were gamma
irradiated in 25, 50, and 100 kGy doses (60Co, Ey ~ 1.25 MeV,
dose rate ~ 1.6 kGy/h, CG 220 Excel Irradiatior — MDS
Nordion Gamma Cell, Canada) in air at room temperature
(~27 °C). Here, it was used 0.5 wt% of H-RGO into the
PVA matrix to obtain PVA/H-RGO nanocomposite films,
since this filler concentration reached better dispersion in
water resulting in homogeneous nanocomposite films, as
described in earlier studies!".

3. Characterization

3.1 Fourier Transform Infrared (FTIR) spectroscopy

GO, H-GO, and H-RGO were analyzed through
Fourier Transform Infrared (FTIR) Spectroscopy in a
FTIR-4600, JASCO-Japan, equipped with an Attenuated
Total Reflection accessory ATR ProOne (ZnSe Crystal).
Experiments were performed with 32 scans, 4 cm™, in the
4000 - 500 cm™! wavenumber range.

3.2 Thermogravimetry Analysis (TGA)

Thermogravimetry Analysis (TGA) were performed
in a Simultaneous Thermal Analyzer (TGA/DSC2 STARe
System - Mettler Toledo) in 70 microliters aluminum oxide
crucibles under nitrogen flux (50 mL.min"), in the 25-600 °C
range, with heating rates () of 10 °C.min"".

3.3 UV-Visible (UV-Vis) Spectrometry

UV-Vis spectra were obtained in a V-730 Spectrophotometer
(JASCO - Japan), in the 190 - 800 nm wavelength range.
Optical band gap energy (E ) was determined from absorbance
versus wavelength data through Mott and Davis Equation 12!):

ahv:C(hvag)n (1

in which a is the absorbance coefficient calculated from the
absorbance-film thickness ratiol??!, C is a constant related to
sample structure, E, is the optical band-gap energy, h is the
Plank’s constant, and n is the electronic transition index,
varying from 1/2 to 3/2 for direct transitions, or from 2 to
3 for indirect transitions, depending on whether allowed or
forbidden, respectively!®!. Previous works attributed n =
1/2[23241 to PVA, as it exhibits allowed direct transitions. E

values were obtained from (chv)? versus hv plot, by linear
extrapolation of the curves to zero absorption value. E is
related to the number of carbon atoms per carbonaceous
cluster in the PVA matrix by Equation 2'!):

343
g, =343 )
& M
Here, M is the carbon atoms number per cluster.

The exponential part of the absorption coefficient curve
is called the Urbach tail. This tail appears in disordered or
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R

Figure 1. Scheme for histidine-modified reduced GO (H-RGO).
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poorly crystalline materials as these materials present localized
states extended in the band gap. The spectral dependence
of o and photon energy (hv) is given by Equation 3[1122:

hv/E,) 3)

a= aOe(

where o, is a constant and E  is the Urbach energy, which is
interpreted as the width of the tails of localized states in the
band gap and, in general, represents the degree of disorder
and irregularities in the amorphous semiconductors*!.

3.4 Electrical conductivity determinations

Superficial electrical conductivity (o) calculations of
composite films were made from electrical resistance (R")
measurements performed in an Electrometer (KEITHLEY
6517B model). Adapted Moon and Spencer Equation
was used to calculate ¢ (Equation 4):

d(m{] y j
do

7= 2 “4)
227R't

where t = sample thickness, d = distance between contacts,
d, = diameter of contacts.

4. Results and Discussions

4.1 FTIR analysis

Figure 2 shows FTIR-ATR spectra for GO, H-GO,
and H-RGO. For the GO spectrum, the broad band around
3200 cm is typical of hydrogen-bonded carboxyl OH
group stretching®”. The band around 1713 cm! is attributed
to carbonyl stretching, while the band at 1041 cm™ is
attributed to C-OH stretching!'®. The vibrations of the
unoxidized graphitic skeleton occur at 1618 cm™'?), These
data suggest effective graphite chemical oxidation. After
superficial covalent modification with histidine, the
product H-GO exhibited carboxylate group symmetrical
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Figure 2. FTIR spectra of graphene oxide (GO), histidine-modified
graphene oxide (H-GO), and histidine-modified reduced graphene
oxide (H-RGO).
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stretching vibrations (1475 cm™)??%. Due to NaOH treatment
during the modification process, a decrease in the relative
intensity of OH broadband in the 3600-2600 cm™' region
could be noticed™!. At higher wavenumbers, the N-H
stretching vibration single band appears at 3320 cm™,
evidencing covalent bonding between histidine and GO.
Additional evidence of histidine presence was observed in
the 3108 cm™! band, attributed to the imidazole ring =C-H
stretching vibration®”, in the 2888 cm band, associated
with histidine aliphatic CH, stretching; and in the band at
1571 em™, corresponding to the imidazole ring’s skeleton
vibration®!. After reduction, H-RGO showed even fewer
FTIR-detectable oxygen groups. N-H stretching at 3320 cm-
!, and the aliphatic C-H stretching at 2880 cm! were still
present, but with lower intensity probably due to histidine
detachment after the reduction process. The presence of bands
in 1598 and 1503 cm™! in H-RGO might be associated with
the restoration of graphene-conjugated lattice, as reported
by Pfaffeneder-Kmen et al.?? for in-situ ATR-FTIR analysis
of GO electrochemical reduction.

Figure 3 shows FTIR spectra for PVA and H-RGO
nanocomposites. PVA data are in accordance with previous
reportst®3. A broad band centered in 3239 cm! was attributed
to OH groups stretching and peaks around 2900 cm™ were
attributed to CH asymmetrical stretching vibrations. Peaks
ataround 1657, 1415, and 1084 cm™ were assigned to C=0,
C-H, and C-O stretch vibration, respectively. C=O groups
are related to residual acetate groups after partial PVA
hydrolysis. The spectra of composites do not significantly
differ from the spectrum of PVA. The irradiated samples
exhibited more intense absorption bands for oxygenated
groups in both PVA and H-RGO samples. This suggests that
irradiation-induced oxidation occurred, regardless of the
presence of H-RGO filler. The increase in the intensity of the
C-O bands suggests the presence of free radicals due to the
interaction of ionizing radiation with PVA. These radicals can
interact with OH groups leading to the formation of bonds
between the polymer chains, which leads to crosslinking,
an expected behavior for PVA matrices® ¢
4.2 Thermal analysis and determination of activation
energy

Graphene derivatives GO and H-RGO, the PVA matrix,
and the PVA/H-RGO were analyzed for their thermal
behavior and thermograms are shown in Figure 4. GO has
a significant mass loss (approximately 13%) below 100 °C,
attributed to the removal of water from the material, which
is known for its hydrophilic nature. The first stage of GO
degradation begins around 200 °C and is associated with
the decomposition of surface oxygenated functional groups,
and the graphite residue does not degrade until 800 °CU#l,

H-RGO presents a more stable behavior up to 240 °C
since most of its oxygenated functional groups are
removed during chemical reduction. Then, the material
underwent fast thermal degradation and lost almost 70%
ofits mass. PVA thermogram initially shows a slight loss
of mass below 100 °C, attributed to the evaporation of
water absorbed during film formation. It is observed
that PVA, as reported in the literaturel®”), presented two
stages of thermal degradation. The first stage took place
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Figure 3. FTIR spectra for PVA (A) and (B) PVA/H-RGO (0.5 wt%), unirradiated or-gamma-irradiated at 25 or 100 kGy doses.
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Figure 4. (A) Thermograms of GO, H-RGO, PVA and PVA/H-RGO composite; (B) First Derivative thermograms for PVA and PVA/H-

RGO films.

around 264 °C when the elimination of hydroxyl side
groups, main chain scissions, and formation of volatile
compounds happened, leading to a loss of 76% of the
polymer mass. The second stage, with a less significant
mass loss (7%) initiated around 424 °C, is related to the
elimination of newly formed compounds and continued
removal of residual acetate groups from the polymerization
starting material®”). With the addition of the filler to the
polymer matrix, only a decrease of 15.2 °C in the initial
temperature (T _ ) of the first degradation stage could
be noticed, indicating nanocomposite thermal stability
after the insertion of H-RGO filler. After irradiation,
the PVA matrix underwent small changes in its thermal
degradation steps, while PVA/H-RGO presented the
same degradation steps, even after exposure to 100 kGy
dose. It is clear that H-RGO, when embedded into
the PVA matrix promotes radiolytic protection to the
nanocomposite system. All data for initial temperature
(T,,..)» temperature of maximum degradation rate (T ),
and mass loss percentage (Am) at each degradation step
are shown in Table 1.
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4.3 UV-Vis analysis — optical properties study

Figure 5 shows UV-Vis spectra for PVA (5A) and PVA/H-
RGO nanocomposite (5B), before and after irradiation.
PVA transparency to visible light allowed low absorbance
in the 400 — 800 nm region. PVA/H-RGO nanocomposite
films presented good transparency, with absorbance around
0.4 in the same region. After irradiation, PVA films began
to gradually exhibit an absorption peak around 230 and
270 nm (UV region), indicating the formation of C=0O
chromophores. In the nanocomposite, this peak appears
centered at 230 nm, indicating that the presence of H-RGO
might facilitate the processes of splitting C-H and O-H
bonds, resulting in the formation of C=0O groups during
gamma irradiation.

UV-Vis analysis allows the study of the optical band gap
of PVA films and their composites from parameters taken
from absorption versus wavelength spectra. Absorption
coefficient (o)), and photon energy (hv) were determined
considering films with 10pm in thickness. Figure 6 shows
the optical absorption coefficient versus photon energy

Polimeros, 34(4), 20240042, 2024
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Table 1. Thermogravimetry analysis data for GO, H-RGO, unirradiated and gamma-irradiated films.

First Stage Second Stage
System
T, °C) T, O Am (%) Ty C) T, O Am (%)
GO 202.8+3.6 220.3+£3.0 13.1+£0.9 - - -
H-RGO 2440+ 2.1 257.5+39 68.3+0.2 - - -

PVA 263.8+34 278.0+9.5 75.6+ 1.8 4244 +7.6 441.2+0.9 7.0+0.2

PVA (100 kGy) 242.1+04 265.0+£0.0 584 +0.5 426.9+0.3 437.7+0.0 189+0.2

PVA/H-RGO 2486+ 1.3 265.6 £3.7 68.4+0.3 421.5+£5.7 438.2+4.3 11.0+1.8

PVA/H-RGO (100 kGy) 2498 £4.7 264.8£5.9 66.8 3.8 431.8+0.2 453.7+4.0 10.5+2.3
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Figure 5. (A) PVA and (B) PVA/H-RGO (0.5 wt%) nanocomposite films UV-Vis spectra for unirradiated or gamma-irradiated (25, 50,

and 100 kGy) samples.

A
1004 — 0 kGy
— 25kGy
— 50 kGy
804 — 100 kGy
"2 60
N
3
40
204
0 T T T
2 3 4 5 6
Photon Energy (e¢V)

3004 —okGy
250 -

200

o (em” ! )

150 4

2 3 4 5
Photon Energy (eV)

Figure 6. Optical absorption coefficient (o) versus photon energy for (A) PVA and (B) PVA/H-RGO, at 0, 25, 50, and 100 kGy doses.

curves for PVA and PVA/H-RGO nanocomposite films.
The absorption edge (E,) is determined by extrapolating
the linear part of o versus hv (eV) curves to zero absorption
value!®!, Tt is observed that the absorption edge is reduced
from 4.89 to 3.42 after adding H-RGO nanofillers into the
PVA matrix (Table 2). Also, gamma irradiation on polymer
systems promoted the reduction of E, values in both PVA
and PVA/H-RGO nanocomposite.

Polimeros, 34(4), 20240042, 2024

Curves obtained from (ahv)? versus hv plots were used
for drawing a tangential line as an extrapolation of the curve
linear region. For (ahv)? = 0, optical band gap energy values
(E,) were determined. These curves, as well as their linear
extrapolations, are presented in Figures 7 and 8, for PVA and
PVA/H-RGO films, respectively.

E, value (Table 2) for PVA was 6.20 eV, which is in
agreement with previous reports**. The addition of H-RGO

5/10



Lima, T, Diniz, F, Aradjo, E., & Aratjo, P

Table 2. Optical parameters for PVA and PVA/H-RGO (0.5 wt%) composites before and after gamma irradiation.

Number of
Absorption edge Optical band gap  Urbach energy Mobility band
System Dose (kGy) carbon per
E, (eV) Eg (eV) E, (eV) gap energy Eg+Eu cluster M
PVA 0 4.78 +0.07 6.20+0.74 2.62+0.13 8.82+0.87 31
25 431+0.11 6.37+0.56 1.78 £0.10 8.15+0.66 29
50 4.28 +0.05 5.49+0.23 1.00 +0.04 6.49 +£0.27 39
100 4.18 +0.20 4.96+0.17 0.31+0.03 5.27+0.20 43
PVA /H-RGO 0 3.42+0.05 3.76 +0.05 0.35+0.01 4.11 +£0.06 83
25 2.73+0.14 3.68 +0.04 0.32+0.01 4.00 +0.05 87
50 2.93+0.35 3.69 +0.06 0.32+0.01 4.01+0.07 86
100 3.01+0.13 3.52+0.08 0.19+0.02 3.71+£0.10 95
A B
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Figure 7. Optical band gap (Eg) of PVA films after irradiation with doses of (A) 0 kGy, (B) 25 kGy, (C) 50 kGy and (D) 100 kGy.

into the PVA matrix decreases E_values from 6.20t03.76 eV,
turning this novel polymer nanocomposite into a useful
material for optoelectronic applications. This decrease might
be associated with an increase in the density of localized
states in the band gap of the PVA matrix, generating new
energy levels between the bands of the highest occupied
molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO), due to an increase in disorder
level after H-RGO filler incorporation®®*.

Urbach energy (E ) values were found from the slope of the
linear region of the In(a) versus hv plot (Figure 9). E values
decrease from 2.62 eV (PVA) to 0.35 eV (PVA/H-RGO).

6/10

In general, the energy difference between localized states in
the valence band and extended states in the conduction band
represents E , and the sum E, +E, represents the mobility
band gap energy?®*®.. Thus, the decrease in the mobility
band gap energy values of the gamma-irradiated PVA,
as seen in Table 2, can be explicated by the formation of
radiolytic events such as main chain scissions, free radicals,
and oxidation, which promote disorder and imperfections
in the structure of the polymer matrix. These events lead
to the creation of new localized states of various depths in
the forbidden band energy, which, in general, contributes
to the decrease in optical band gap energy. It is worth

Polimeros, 34(4), 20240042, 2024
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Figure 8. Optical band gap (Eg) of PVA/H-RGO (0.5 wt%) nanocomposite films after irradiation with doses of (A) 0 kGy, (B) 25 kGy,

(C) 50 kGy and (D) 100 kGy.
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Figure 9. In(a) versus photon energy plot for (A) PVA and (B) PVA/H-RGO (0.5 wt%), at 0, 25, 50, and 100 kGy doses.

mentioning that the reduction of T
stage of gamma-irradiated PVA thermal degradation is
characteristic of main chain scission effects (Table 1).
However, the mobility band gap energy of the PVA/H-RGO
nanocomposite did not significantly change with gamma

and T__ in the first

onset

irradiation. It is well known that aromatic structures promote

radiolytic protection on polymer systems®, as they disperse

Polimeros, 34(4), 20240042, 2024

excess energy through delocalized electrons in the aromatic
system. It is possible to infer that H-RGO, a filler that bears
anumber of aromatic fused rings into its graphene structure,
might stabilize PVA against gamma-irradiation damages
up to 50 kGy dose.

The number of carbon atoms per carbonaceous

grouping, M, for the unirradiated PVA matrix was 31,

7/10
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and for the nanocomposite increased to 83. This increase
in M values is due to the conjugation of PVA hydroxyl
groups and hydrogen bond-forming groups present in
H-RGO, such as secondary amino (N-H), imidazole, and
carboxylate from histidine (see FTIR analysis, section 4.1),
along with possible residual hydroxyl and carboxy groups
from incomplete graphene oxide reduction, among others.
Abdelhamied et al.> reported a considerable increase in M
when pristine PVA was filled with polyaniline emeraldine
hydrochloric salt (PANI-HCI). While PVA presented M of
34.5, PVA/PANI-HCI (10 wt%) composites M values were
found to be around 58. Noticeably, both fillers, PANI-HCI and
H-RGO are able to form strong intermolecular interactions
with the PVA matrix. Nevertheless, H-RGO was used in
a much smaller concentration (0.5 wt%) than PANI-HCI
(10 wt%)M%. Optical parameters of PVA and PVA/H-RGO
films were significantly affected by gamma irradiation, as
shown in Table 2. Nevertheless, these radiation-induced
modifications on optical parameters do not exclude PVA/H-
RGO nanocomposites from optoelectronic applications,
since the parameters remain within the expected range, as
also observed by other researchers!!”-!”),

4.4 Electrical properties

PVA is an electrical insulator material, and its
conductivity is around 10" S.cm™. With the addition of
H-RGO, the composite showed electrical conductivity
5 orders of magnitude higher, reaching semiconductivity with
10 S.cm™ (Figure 10). PVA and PVA/H-RGO films were
exposed to gamma irradiation doses of 25, 50, and 100 kGy.
An increase from 10" S.em™ to 10 S.cm™! after 25 kGy
dose was observed for PVA. Gamma-irradiated PVA/H-
RGO nanocomposite reached 10 S.cm™ in conductivity,
after the same dose. It is worth noting that the range 10 <
6 < 10" S.cm’! characterizes semiconductor materials™!.
According to Prabha and Jayanna!*?, the increase in
polymer conductivity is related to the presence of free ions
connected to the polymer chain. Thus, radiation-induced
polymer radiolytic products might contribute to increased
electrical conductivity of the polymer system. PVA/H-RGO
nanocomposites underwent considerable change in electrical
conductivity after gamma irradiation. These materials might

102
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10-10 /
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o —o— PVA/H-RGO
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Figure 10. Surface electrical conductivity versus gamma-radiation
dose for PVA or PVA/H-RGO (0.5 wt%) nanocomposite films.
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play important roles in environments exposed to ionizing
radiation, such as outer space or nuclear power plants.

5. Conclusions

The influence of gamma irradiation on graphene-based
polymer nanocomposites was studied in the scope of their
thermal, optical, and electrical properties. Graphene oxide,
when chemically modified with histidine, a natural metabolite,
and mildly reduced with cysteine, another natural metabolite
H-RGO, and embedded into the PVA matrix promotes
radiolytic protection to the nanocomposite system, since
thermal parameters were not significantly changed by gamma
irradiation. From the analysis of UV-Vis spectrophotometry
was possible to obtain optical parameters for PVA and
PVA/H-RGO composites. The optical band gap energy value
found for PVA was 6.20 eV, this value decreased especially
at higher doses of gamma irradiation. For the PVA/H-RGO
nanocomposite films containing 0.5% filler, a significant
decrease in the optical band gap from 6.20 to 3.76 eV took place.
The mobility band gap energy of PVA/H-RGO nanocomposite
films was not significantly changed with gamma doses up
to 50 kGy. Additionally, PVA/H-RGO nanocomposite films
presented electrical conductivity around 10¢ S.cm, thus,
being semiconducting materials. Thus, the modified graphene
filler is a good alternative to impart electrical conductivity
to the PVA matrix without interfering with relevant matrix
physical properties, even after exposure to high doses of
gamma irradiation. This novel polymer nanocomposite has
great potential for optoelectronic, sensor, and avionics devices.
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