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Abstract
The synthesis method and correlation among compositional, vibrational, and electrical properties in
graphene oxide �bers (GOF) are presented and discussed here. The GOF samples were synthesized from
rice husk (RH) as source material, via a thermal decomposition method employing an automated
pyrolysis system with a controlled nitrogen atmosphere, varying carbonization temperature (TCA) from
773 to 1273 K. The samples were characterized through scanning electron microscopy (SEM), X-ray
photoelectron spectroscopy (XPS), Raman spectroscopy, and current-voltage curves at four points of
collinear electrical contacts. Oxide concentration (OC) of samples varied from 0.21 (at TCA = 1273 K) to
0.28 (TCA = 773 K), in�uenced by TCA. The GOF samples exhibited �ber morphology composed of porous
structures with sizes between 5 and 30 μm; peaks in the XPS spectrum at ≈ 538 and 284 eV were
associated with O1s and C1s, respectively. Analysis of the results corroborates the graphite oxide
vibrational behavior with crystal sizes varying from 3.52 to 4.88 nm, and boundary defects density of
3.12-3.6 x 10-4 cm-2, as expected. The electrical response shows that OC decreases and increases
electrical conductivity from 4.66 x 10-2 to 4.45 S/m at the polycrystalline phase, possibly attributed to the
desorption of some oxides and organic compounds. Likewise, the physical correlations between OC and
vibrational response revealed that decreased OC generates an increase in boundary defects density and
decreased crystal size, as a consequence of thermal decomposition processes. The correlations between
electrical and vibrational properties revealed that increased electrical conductivity increases defects
density and decreases crystal size in GOF samples, possibly attributed to hydroxyl and epoxy bridges
getting carbons atoms out of plane and modifying the band-gap energy (Eg) and graphitic structure.
These results suggest that by controlling the TCA and OC in the synthesis of GOF samples, modi�cation
of vibrational and electrical properties, of great interest in the electronic development of sensors and
devices, has been made possible.

1. Introduction
Graphene materials that include black carbon, carbon nanotubes, and graphene, among others, have
aroused great interest in basic and applied research1–4. However, these high-quality materials have a
considerable cost and low availability. Precursor material from biomass, such as rice husk (RH) is an
alternative low-cost, highly available, green method to produce carbon materials5–9, like GOF. Rice husk is
an abundant agro-industrial waste product, which can generate negative impacts on the environment, as
well as on human and animal health; however, it has interesting compositional characteristics, as
reported by Teo, E.Y.L., et al.6, among others10–12. This aspect promotes RH as an alternative precursor in
the production of graphite oxide materials1,4,5. Also, these materials are important in applications, such
as green nanocomposites10, supercapacitors4,13−16, conductive materials17, adsorbent materials1,18,
nanomaterials in biomedical applications9,19,20, batteries21,22, electronic devices20,23, solar cells24, and
sensors16,25,26, among others.
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Numerous methods have been developed to synthesize GO, including Hummers’ and its variants, Brodie’s
Staudenmaier’s, and chemical vapor deposition (CVD,) among others27,28. However, these methods are
complex and involve using toxic materials and solutions that harm the environment. Recently, biomass
materials have been used to prepare materials based on graphene by employing the thermal
decomposition method27,29. Also, �rst-stage thermal decomposition (FSTD) has been employed to
synthesize GO from biomass precursors, like bamboo and RH5,30.

Several works have synthesized GO and reduced graphene oxide (rGO) using traditional methods28,31,32

and recently, it was synthetized via a FSTD method, employing RH biomass as source material10,29,33,34;
furthermore, their morphological, compositional, vibrational, electrical, and physicochemical properties
have been studied5,10,35−39 and the effect of TCA on these physical properties has been reported23,40,41, in

addition to their possible technological applications5,42−44. Moreover, some studies revealed that physical
properties in GO can be in�uenced by tuning oxide concentrations45–50. Then, different experiments were
carried out to measure the electrical response of GO via I-V curves method50–52, showing that the
temperature level of the medium in which the experiment is performed and the reduction or synthesis
temperature in�uences electrical conductivity and the OC45,46,50,53. The vibrational characteristics were
analyzed via Raman; the Raman spectrum of GO shows general features around 1360, 1600, and 

, which correlate with D, G, and 2D bands, respectively5,10,33,46. The OC variation generates
signi�cant changes in the GO Raman spectrum, such as the shift and intensity variation of the D and G
bands, as a result of the modi�cation of the functional groups, as well as the 2D and D + G bands and
variation in the  ratio45,48,54. Additionally, in the FTIR spectra, it has been reported that changes in
the position and intensities of the peaks in GO samples can be attributed to the different levels of OC46,55.
Compositional characteristics have been studied employing XPS and two main peaks at 284 and 
were observed and attributed to C1s and O1s, respectively; as the OC increases, the intensity of the C─C
peak due to the sp2 carbon bond in graphite gradually decreases, and increases the intensity of peaks
associated to functional groups, such as hydroxyl, carboxyl, and epoxy groups39,45,48.

However, although these physical properties have been studied in GO, the correlation among these
physical properties in GOF is still unknown. Therefore, this work presents the correlation among the
compositional, vibrational, and electrical properties, and the effect of the OC, crystal size, and defects
density on the electrical conductivity of GOF samples. Also, the synthesis procedure is presented in GO
samples obtained from the RH by using the FSTD method, the OC was estimated through XPS analysis,
and the vibrational characteristics were measured via Raman spectroscopy.

2. Materials And Methods
The GOF samples were synthesized via the FSTD method in a controlled pyrolysis system. As a result of
several tests and analyses, the protocol presented in Fig. 1a for synthesis of GOF samples from RH was
established. Once the RH is deposited into the reactor, vacuum is generated for 3 min with the pump’s
action. Then, nitrogen �ow is provided for 3 min with the vacuum pump activated, meaning, there is

2700cm−1

ID/IG

531eV
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nitrogen �ow through the system and the pump exerts the suction action of the gases present, including
the nitrogen. The vacuum pump is deactivated and the nitrogen is allowed to �ow for another 3 min
through the pyrolysis system. Execution of this protocol generates the inert atmosphere to avoid the
thermal decomposition of the material and achieve its carbonization. The GOF samples were
mechanically ground in a mortar to a particle size , which was veri�ed by passing the material
through a Ro-Tap Model E sieve. In all the procedures and methods applied in the development of this
work, the relevant standards were considered. The GOF samples were coded as S-TCA, for example, code
S-973 corresponds to a sample synthesized to 973 K. The authors con�rm that all methods in
experimental research and �eld studies on waste products of the commercial rice husk, were performed in
accordance with the relevant regulations.

2.1. Characterization techniques
To obtain the SEM micrographs, the samples were �xed onto a graphite tape, a thin gold (Au) coating
was applied (DENTON VACUUM Desk IV equipment) and they were analyzed in the JEOL JSM 6490 LV
scanning electron microscope, using a high vacuum to obtain the images. The secondary electron
detector was used to evaluate the morphology and topography of the samples.

The compositional analysis was performed through XPS, using a Spec photoelectron X-ray spectrometer
(NAP-XPS) with a monochromatic Al Kα  source. Raman measurements were carried
out at room temperature by employing a confocal Horiba Jobin Yvon, Model Labram HR, Raman
spectrometer with an excitation HeNe laser beam working at a  wavelength and . All
spectra were acquired under the same conditions in a range from 100 to 3500 . The sheet
resistance value was measured via electrical characterization at the four-point method with collinear
electrical contacts. In this method, a constant current is applied to two of the tips, and the potential of the
other two tips is measured with a high-impedance voltmeter. The GOF samples, as powders compacted at

 of force, were performed by injecting current in a range of  to  at four points, as a
con�guration of electrical contacts23. For the XPS, Raman, and electrical conductivity analyses, the GOF
samples were mechanically ground in a mortar to particle size < 180 µm, veri�ed by passing the material
through a Ro-Tap Model E sieve.

3. Results And Discussion

3.1. Oxide concentrations
The oxide concentration (OC) was quantitatively determined by Eq. (1), deduced from the method
presented by Carvalho et al., in56, based on the peak-to-peak binding energy difference of the high-
resolution XPS C1s spectrum.

< 180μm

hv = 1486.7eV

632nm 17mW

cm−1

1kg −100 +100nA
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.
(1)

In Eq. (1), OC is oxide concentration;  is the binding energy (BE) shift between the C sp2 peak and
functional group C─OH (hydroxyl) peak;  is the fundamental state of energy or energies imposed by
the presence of carbon atoms;  is a parameter obtained from the �t and related to the energy value of 

, it can be associated to a slope56; and  is independent of the energies and depends on a
concentration due to the in�uence of the nuclei with a value of 56.

Figure 1b shows OC as a function of TCA; as the synthesis temperature decreases, the OC increases from
0.21 (TCA = 1273 K) to 0.28 (TCA = 773 K). The �t corresponds to a linear relationship given by Eq. (2) and
this behavior of OC (TCA) can be attributed to oxides and organic compounds desorption. The negative
slope probably indicates that the higher the synthesis temperature is, the more it promotes oxide and
organic compounds desorption and, therefore, an OC decrease, as given by:

(2)

Here, the values of  and were related to the slope of Fig. 1b and
the extrapolated value of OC at ideal TCA = ; respectively, these parameters were obtained from the
�tting of the experimental data, as presented in Fig. 1b by employing Eq. (2).

3.2. Compositional and morphological analyses
Figure 2a presents the normalized XPS spectra of 11 GOF samples synthesized to TCA from 773 to 1273
K; peaks are observed at associated with O1s and C1s respectively, evidencing the
presence of carbon and oxygen atoms. Given that the general XPS spectra show the majority presence of
carbon, as expected, high-resolution C1s and O1s spectra were performed for each of the 11 GOF
samples. Figures 2b and 2c show the spectra corresponding to samples S-1173, with their respective
deconvolution; the spectra were �tted by the Voigt function (GLP30). The C1s spectra show three bands
in the BE range from 270 to 300 eV, these bands were associated with C sp2 ( ) and C sp3 (

) hybridization and functional group of C─OH ( )39.

The O1s spectra generally show the presence of four bands in the range from 520 to 540 eV; these bands
were associated with functional groups of C O ( ), C─OH (  ), C─O─C (

), and C─O ( ), which supports the same interpretation and values
reported by L. Stobinski et al., in39.

Figure 3 presents the SEM micrograph of GOF samples S-973; it is possible to observe �bers with porous
tubular and rough surface, lengths in the order of  and diameters of , surface corrugations
with a size of  approximately, as presented in Fig. 3a. The cross-section of the microchannels was

OC = ( ) + Cl
ΔEC1S−E0A

12

ΔEC1S

E0

A

52.3eV Cl

0.122

OC = −1.26 × 10−4 ∗ TCA + 0.37.

−1.26 ± 0.01 × 10−4K−1 0.37 ± 0.01

0K

≈ 538, 284eV

284.eV

285.2eV 286.4eV

531.9 ± 0.1eV 532.9 ± 0.2eV

533.1 ± 0.4eV 534.2 ± 0.1eV

3mm 600μm

40μm,
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observed with sizes varying from to  as shown in Fig. 3b, and Fig. 3c shows the surface
roughness. The microchannels exhibited porous structures with sizes from  to , as presented in
Fig. 3d. This characteristic morphology was observed in all GOF samples studied herein and is typical
behavior of GO obtained from RH, as described by Ahiduzzaman M. et al., in57.

3.3. Vibrational properties
The Raman spectra of the GOF samples obtained by varying the TCA from 773 to 1273 K are shown in
Fig. 4. Fitting and deconvolution of the Raman spectra served to identify the main vibrational
contributions. The D-band ranged from  to  for samples with lowest OC (S-1273) and
highest OC (S-773), respectively. The G-band varied from  to , for lowest OC and highest
OC, respectively, as reported by T. Liou and P. Wang in10. The state of the D-band is caused by the
presence of defects (disorders, vacancies, and functional groups) and, according to M.S. Ismail et al.,
in33, its height depends on the number of the sp3 carbon atoms of graphene surface and the number of
the defects of the graphene42, while the G-band is caused by the formation of the stretching vibration sp2

carbon atoms and represents the graphitized carbon42. These bands are characteristic of the Raman
spectrum of GO, corresponding to the symmetry A1g and the vibrational mode of E2g, respectively58, and
overtone bands at high Raman shift of  (2D band),  (D + G band), and 
(2D’ band), according to data reported in25. Broadening of these bands is related with the stacking effect
of GO monolayers with edges, defects, and sp2 regions25.

3.4. Electrical properties
Figure 5a shows the electrical conductivity variation of GOF samples as a function of the OC. It was
found that it decreases OC from 0.25 to 0.21 and increases electrical conductivity from  to 

, as expected; this behavior, , is similar to that reported for graphene oxide
obtained through other synthesis methods41,45,53,59. This increase can be attributed to the desorption of
oxides and organic compounds via thermal decomposition, as a consequence of TCA, which modi�es the

OC, as reported60 and in graphene oxide nano�bers59. The experimental data of GOF electrical
conductivity was �tted employing a polynomial function, as presented by the blue curve in Fig. 5a, as
expected and to describe the  relation in a semiconductor material, as reported by Van
Vechten61. Consequently, it was found that electrical conductivity as a function of OC in GOF samples is
given by Eq. (3).

(3)

Here,  is the independent variable associated with OC;  corresponds to electrical conductivity
independent of the OC, with a value of ;  was related with the linear factor of the OC
that corresponds to a value of ; and  is associated with the nonlinear factor of the

1 20μm,

5 30μm

1329 1350cm−1

1600 1589cm−1

2622cm−1 2875cm−1 3100cm−1

4.66 × 10−2

4.45Sm−1 σ = f (OC)

σ = f (OC)

σ (x) = d + fx + gx2.

x d

161.9 ± 0.1S/m f

−1268.4 ± 0.1S/m g
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OC with a value of . The best �t was obtained with , as proposed
here.

Equation (4) was used to calculate the  of the GOF samples, described by23.

(4)

Where  is the band-gap energy,  is the electrical conductivity of the GOF samples presented in Fig. 5a, 
 is the electronic conductivity independent of temperature,  is the Boltzmann constant, and  is the

temperature.

As seen in Fig. 5b, the  of the GOF samples varies as a function of OC. Band-gap energy shows a
variation from  to  by increasing the OC from 0.21 to 0.25, presenting similar behavior to
that reported by theoretical studies, which have predicted that increased  is related with increased
oxidation, as reported in49,60,62−64. The experimental data of  was �tted by employing a quadratic
function. As illustrated by the red curve of Fig. 5b, it was found that the Van Vechten model describes the
experimental results effectively, and it revealed that GOF samples exhibit semiconductor behavior, as
expected and given by61.

(5)

Here, is the independent variable associated with OC;  corresponds to the  independent of the OC
with a value of ;  was related with the linear factor of the OC that corresponds to a value of

; and  is associated with the nonlinear factor of OC with a value of .
The best �t was obtained with . It is evident that OC modi�es the electrical properties of
GOFs, as expected60,63,65−68.

In order to elucidate the possible mechanism responsible for semiconductor behavior in GOF samples,
measured at room temperature, a correlation was conducted among the in�uence of OC with  and
hydroxyl-epoxy ratio, as presented in Fig. 6. Previous studies reported that oxides in graphene are mainly
hydroxyl and epoxy, as functional groups63,65; the presence of these oxides increase the interplanar
distance54,63,69. The hydroxyl/epoxy ratio was estimated by employing the area comparison method of

XPS spectra as  for each GOF sample, as reported70. Figure 6 shows an  scale

with hydroxyl/epoxy ratio, as a function of OC. Consequently, we believe that the presence of
multifunctional oxides increases the , as expected for a semiconductor material64, and these changes
in the electrical properties of GOF samples can be attributed to the formation at atomic scale of hydroxyl
bridges promoted by experimental TCA. The presence of hydroxyl bridges in GOF samples at an atomic

2483.5 ± 0.1S/m R2 = 0.97968

Eg

σ = σ0KBT*exp ( ) .−Eg2KBT

Eg σ

σ0 KB T

Eg

0.24eV 0.48eV

Eg

Eg (x)

Eg (x) = a + bx + cx2.

x a Eg

8.1 ± 0.1eV b

−73.1 ± 0.1eV c 170.8 ± 0.1eV

R2 = 0.96052

Eg

[1 − ( )]
A−O−

AOH
Eg (x)

Eg
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scale rearranges the graphene structure and out-of-plane carbon atoms, reducing the average interatomic
distance opening the , as reported on graphene oxide obtained from bamboo70. The experimental data

of the hydroxyl/epoxy  ratio was �tted by employing a polynomial function, as described by the

green line in Fig. 6, given by the equation:

(6)

Here, is the independent variable associated with OC;  corresponds to the hydroxyl/epoxy ratio
independent of the OC with a value of ;  was related with the linear factor of the OC that
corresponds to a value of ; and  is associated with a nonlinear factor of the OC with a
value of . The best �t was obtained with , as proposed here.

The correlation between  and hydroxyl/epoxy ratio, , shows that decreased  from 

to , increases  from  to  (Fig. 6b). The experimental data of  was �tted by using a

linear function, as described by the red line in Fig. 6, given by the equation:

(7)

Here, is the independent variable associated with ;  corresponds to the  independent of the 

with a value of ;  was related with the linear factor of the  that corresponds to a value

of . The best �t was obtained with , as proposed here.

3.5. Correlation among oxide concentrations, vibrational,
and electrical properties
The Raman crystal size and boundary defect density were calculated by employing the equations (8) and
(9), respectively, for each GOF sample at different TCA, given by23.

(8)

Eg

( )H

E

( ) (x) = m + nx + px2.
H

E

x m

12.9 ± 0.1 n

−121.9 ± 0.1 p

289.5 ± 0.1 R
2 = 0.99641

(Eg) ( )H

E
Eg 0.48eV

0.24eV H

E
0.11 0.58 H

E

( ) (x) = q + rx.
H

E

x Eg q
H

E
Eg

−0.36 ± 0.01 r H

E

1.92 ± 0.01 R
2 = 0.97257

LA (nm) = 4.4( ) ;
IG
ID

nD
2 (cm−2) = 107.57 × 10−9 ( ) .

ID
IG
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(9)

Here,  is the normalized intensity of the D-band and  is the normalized intensity of the G-band. The

increased  ratio in equations (8) and (9) represents the transformation of a disordered structure into an

ordered one, as expected. The correlation between OC and vibrational properties shows that a decreased
OC increases the boundary defects density from  to , as presented in Fig. 7a, and
decreases crystal size from  to , as shown in Fig. 7b. This can possibly be explained by the
desorption of multifunctional oxides and some organic compounds due to thermal decomposition
methods employed to synthesize GOF samples, as expected71. The experimental data the defects density
was �tted by employing a linear function, as described by the blue line in Fig. 7a, given by the Eq. (10).

(10)

Where, is the independent variable associated with OC;  corresponds to the independent term of the OC
with a value of ;  was related with the linear factor of the OC that corresponds to a
value of . The best �t was obtained with , as proposed here. The
experimental data the crystal size was �tted by employing a linear function, as described by the red line in
Fig. 7b and given by:

(11)

Here, is the independent variable associated with OC;  corresponds to the independent parameter of the
OC with a value of ;  was related with the linear factor of the OC that corresponds to a
value of . The best �t was obtained with , as proposed here. The
correlation between oxide concentration and vibrational properties can be described by expressions (10)
and (11), as proposed here.

The correlation between electrical conductivity and vibrational properties, like defects density and crystal
size, shows that increased electrical conductivity from  to  increases defects
density from  to  and decreases crystal size from  to , as
presented in Figs. 7c and 7d. Thus, it can be deduced that low OC increases the characteristic relaxation
time of the electric charge carrier dispersion process, while high OC decreases this characteristic time, due
to a higher presence of impurities, mainly hydroxyl groups. These behaviors are very important,
demonstrating that electrical and vibrational properties are tuned by OC; also, revealing the
multifunctional effect of hydroxyl and epoxy groups present in GOF samples.

The experimental data the defects density was �tted by employing a polynomial function, as described
by the red line in Fig. 7c and given by the Eq. (12).

ID IG
ID

IG

3.12 3.67 × 10−4cm−2

4.88 3.52nm

nD (cm−2) (x) = α + γx.

x α

5.62 ± 0.01cm−2 γ

−9.13 ± 0.01cm−2 R2 = 0.99361

LA (nm) (x) = δ + ϵx.

x δ

−1.33 ± 0.1nm ϵ

22.47 ± 0.1nm R2 = 0.99212

4.66 × 10−2 4.45S/m

3.19 × 10−4 3.58 × 10−4cm−2 4.65 3.64nm
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(12)

Where, is the independent variable associated with electrical conductivity;  corresponds to the
independent term of the electrical conductivity with a value of ;  was related with the
linear factor of the electrical conductivity, that corresponds to a value of ; and  is

associated with the nonlinear factor of the electrical conductivity with a value of 

. The best �t was obtained with , as proposed here.

The experimental data the crystal size was �tted by employing a polynomial function, as described by the
blue line in Fig. 7d and given by:

(13)

Here, is the independent variable associated with electrical conductivity;  corresponds to the
independent term of the electrical conductivity with a value of ;  was related with the
linear factor of the electrical conductivity that corresponds to a value of ; and  is

associated with the nonlinear factor of the electrical conductivity with a value of .

The best �t was obtained with , as proposed here. The correlation between electrical
conductivity and vibrational properties can be described by expressions (12) and (13), as proposed here.

4. Conclusion
Graphene oxide �ber samples were synthesized from RH biomass, employing the �rst-stage thermal
decomposition method. The experimental carbonization temperature varies the OC of GOF samples, and
a linear relationship was found between these two synthesis parameters. The XPS spectra of GOF
samples show two main peaks corresponding to C1s and O1s. It was found that decreased carbonization
temperature increases oxygen content; the deconvolution of XPS spectra shows peaks for C1s
corresponding to C sp2, C sp3, and C─OH, while for O1s, the main peaks are C─OH, C─O─C, and C─O. The
GOF samples exhibit a morphology of �bers composed of porous structures with sizes between  and 

, the vibrational response of graphite oxide materials, with crystal size from  to  and
the boundary defects density of . When OC decreases from 0.25 to 0.21, it
increases electrical conductivity from  to , decreases the  from  to 

, increases the defects density from  to , and decreases crystal
size from  to ; these behaviors are possibly attributed to the desorption of oxides and some
organic compounds, as well as to the presence of hydroxyl and epoxy groups, by the oxidation processes.
The correlation between  and hydroxyl/epoxy ratio suggests a semiconductor behavior of GOF
samples, as expected and attributed to the presence of the hydroxyl bridges at atomic scale, which were

nD (cm−2) (σ) = ξ + ϕσ + νσ2.

σ ξ

3.35 ± 0.01cm−2 ϕ

0.12 ± 0.01 cm−2m

S
ν

−0.01 ± 0.01 cm−2m2

S2
R2 = 0.98047

LA (nm) (σ) = ζ + ρσ + ϵσ2.

σ ζ

4.21 ± 0.01nm ρ

−0.29 ± 0.01 nm
m

S
ϵ

0.03 ± 0.01 nmm2

S2

R2 = 0.98079

5

30μm 3.52 4.88nm

3.12─3.67 × 10−4cm−2

4.66 × 10−2 4.45S/m Eg 0.48eV

0.24eV 3.19 × 10−4 3.58 × 10−4cm−2

4.88 3.52nm

Eg
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tuned by experimental TCA. Likewise, the correlation between electrical conductivity and vibrational
properties, such as defects density and crystal size, revealed that increased electrical conductivity
increases defects density and decreases crystal size; this behavior may be attributed to increased
characteristic relaxation time of the dispersive processes. This increases electrical conductivity by
reducing OC, which reduces crystal size and, thus, increases boundary defects density in GOF samples.
Consequently, the OC signi�cantly affects the electronic structure and vibrational properties of GOF
samples. By tuning OC, it was possible to control the electrical conductivity and the . These results
suggest that GOF samples are a possible candidate material for the development of advanced electronics
of sensors and devices.
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Figure 1

(a) Schematics of the process to prepare GOF samples. (b) Carbonization temperature in�uence in OC of
GOF samples obtained by varying TCA from 773 to 1273 K.
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Figure 2

XPS spectra of: (a) GOF samples synthesized to TCA from 773 to 1173 K. (b). High-resolution C1s spectra,
and (b). High-resolution O1s spectra of S-1173.
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Figure 3

SEM micrographs of GOF samples S-973, the scale at (a) 500 µm 40X, (b) 500 µm 40X, (c) 50 µm 500X,
(d) 10 µm 1000X.
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Figure 4

Raman spectra of GOF samples obtained by varying TCA from 773 to 1273 K.
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Figure 5

In�uence of OC on: (a) Electrical Conductivity and (b) Band-gap Energy of GOF samples.

Figure 6
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(a) In�uence of OC on Eg and hydroxyl/epoxy ratio, (b) Correlation between Eg and hydroxyl/epoxy ratio
in GOF samples.

Figure 7

Correlation among OC and (a) Defects density and (b) Crystal size; and correlation among electrical
conductivity and (c) Defects density and (d) Crystal size of GOF samples.


