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A B S T R A C T   

The population increase impacted the increasing demand of the textile industries and electronic devices for 
supporting daily life. The textile industry uses a toxic chemical at the processing stage, affected by the surface 
water for disposal without prior treatment. Electronic devices produce a new type of pollution, ex electromag
netic interference (EMI). The multifunction materials against electromagnetic (EM) pollution and radiation of 
EMI and water pollution treatment are needed. The purposes of this study are to find a correlation between the 
structural and optical properties of composites CuO-Activated Carbon (CuO-AC) in supports the photocatalyst 
performance, which analyzing by using X-ray diffraction (XRD), Fourier Transforms Infrared) spectroscopy 
(FTIR), and Ultraviolet-visible (UV–vis) spectra, respectively. Surface morphology and particle size determined 
by Transmission Electron Microscopy (TEM). The quantitative analysis of XRD spectra by applying the Scherrer, 
Williamson-Hall (WH), and Size-Strain Plot (SSP) method using to determine the crystallite size (D), strain (ε), 
stress (σ), and energy density (u). These parameters are using to identify the monoclinic phase. The optical 
properties in the form of refractive index (n) and extinction coefficient (k), the dielectric function (ε1 and ε2) is 
determining from the quantitative analysis of FT-IR spectra by applying Kramers–Kronig (K–K) relation. The 
crystallite size increase, the optical phonon vibration shifted, and close each other’s with increasing the amount 
of AC indicated stable bonding as the effect of the heterogeneous nucleation in the composite. In this study, 
composite CuO-AC offers an excellent prospect for next bi-functional materials indicated by the degradation up 
to 87.87 % in 90 min and attenuated 99 % of the electromagnetic wave for 20 % AC.   

1. Introduction 

A semiconductor material has widely used as a photocatalysis ma
terial because of the unique properties that are resistant to corrosion 
[1–5]. One of the semiconductor materials is Copper (II) oxide (CuO). 
CuO is one of two stable copper oxide compounds consisting of metal 
and non-metal [6]. CuO combined with activated carbon (AC) can 
become an attractive material in various applications due to environ
mental feasibility and low density for heterogeneous catalysts [6–11]. 

Photocatalysis from nanomaterials has interesting for scientists in 
the world [1,2,12–15] due to the unique characteristics such as chemical 
stability and considerable excitation energy [2,6,14–25]. The structural 
properties of the nanomaterial have an essential role in supporting the 
performance of various applications. Recently reported nanoparticle 
based CuO with and without doping: structural properties of CuO 

nanostructure [26], nanostructure flower-shaped CuO for photocatalytic 
and antibacterial [27], nanorods CuO doped by La3+ ion [28], Li doped 
CuO thin film on Si (100) [29], Nanoparticle Li substitute by CuO [30], 
nanoparticle CuO doped by alkali metals for solar cell application [31], 
and potassium doped CuO nanostructure [32]. The structural properties 
such as; the nanoparticle size was analysis by various experimental 
methods; x-ray diffraction (XRD), transmission electron microscopy 
(TEM), scanning electron microscopy (SEM), and particle size analyzer 
(PSA), and also by various analytical models to find the accuracy results 
between theoretical calculation and the experimental results. The 
various theoretical model can be used to find the best matching results 
and for confirmation with the experimental data. The simple calculation 
model for analyzing the structural properties from the XRD data is the 
Scherrer, the Williamson-Hall (WH), and the Size-Strain Plot (SSP) 
model [33,34]. We have successfully applied these models for the 

* Corresponding author. 
E-mail address: dtahir@fmipa.unhas.ac.id (D. Tahir).  

Contents lists available at ScienceDirect 

Journal of Environmental Chemical Engineering 

journal homepage: www.elsevier.com/locate/jece 

https://doi.org/10.1016/j.jece.2020.104670 
Received 12 September 2020; Received in revised form 7 October 2020; Accepted 21 October 2020   

mailto:dtahir@fmipa.unhas.ac.id
www.sciencedirect.com/science/journal/22133437
https://www.elsevier.com/locate/jece
https://doi.org/10.1016/j.jece.2020.104670
https://doi.org/10.1016/j.jece.2020.104670
https://doi.org/10.1016/j.jece.2020.104670


Journal of Environmental Chemical Engineering xxx (xxxx) xxx

2

analysis of structural properties of Fe3O4 [19], element materials [20], 
Cu, Cu2O, and Cu-C [21,33], and composite cement/BaSO4/Fe3O4 [22]. 
These various models used to confirm each other results of the structural 
properties from the quantitative analysis of XRD spectra and the optical 
properties analyzed by applying the Kramers-Kronig (K-K) relation in 
the quantitative analysis of the FT-IR spectra [22,35–38]. 

In this study, we applied these models for determining the structural 
properties from the XRD spectra and the K–K relation for determining 
optical properties from the quantitative analysis of FTIR spectra for CuO 
and composite CuO-AC (10 % AC and 20 % AC). The XRD and FTIR 
spectra are from our previous published, which were successfully use for 
absorber electromagnetic (EM) waves [6]. The crystallite size in our 
previous study only used the Scherrer methods by considering four high 
intensity of the diffraction peaks. In this study, we determining the 
structural parameters including crystallite size by considering all the 
diffraction peaks for more accurate results by using various models. The 
structural properties including; crystallite size (D), strain (ε), stress (σ), 
and energy density (u) of the material based on the Scherrer method, 
WH Method and SSP method and the optical properties including; effect 
of optical phonon vibration based on refractive index (n), extinction 
coefficient (k), and dielectric function (ε1 and ε2). For our knowledge, 
there is no reported for the inter-correlation between structural and 
optical properties to the photocatalytic performance and ability in 
attenuating the EM wave of the composite CuO-AC. Hence, in this study, 
we focus on the quantitative analysis of XRD spectra for determining the 
structural properties from various models and FTIR spectra for deter
mining the electronic and optical properties by applying KK relation. We 
have included a TEM image to confirm the crystallite size from the 
quantitative analysis of XRD spectra by various model calculations. For 
determining the photocatalytic performance of composite CuO-AC, use 
the UV–vis spectroscopy. The relation between the structural properties, 
optical properties to the photocatalytic performance, and ability in 
attenuating the EM wave discussed in detail. 

2. Experiment 

The experimental of CuO and composites of CuO-activated carbon 
(CuO-AC) samples were from our previous published paper [6], similar 
in Ref. [16,18,19]. This study focused on analyzing the XRD spectra and 
FT-IR spectra of CuO and composites of CuO-AC for 10 % AC and 20 % 
AC. We use the XRD spectra and FT-IR spectra from our previous pub
lished paper in Ref. [6] for advanced analysis in this study. Transmission 
Electron Microscopy (TEM) image (Hitachi TEM System) to determine 
the particle size and for photocatalytic performance or liquid waste 
purifying catalyst by using UV–vis (Ultraviolet-visible) spectroscopy 
(Shimadzu UV–vis Spectrophotometer UV-1800). The mechanism of 
photocatalytic performance is following our previously published paper 
[13] and briefly repeated below. 

Methylene blue was used as a model of liquid waste pollutants in 
photocatalytic performance by using halogen lamps (300 W, OSRAM 
645, Germany) as sources of radiation. The sample in the form of a pellet 
dissolved in 50 mL of methylene blue then measured the absorbance as a 
control by using UV–vis Spectrometer, then measurement retrieval by 
applied the radiation and for every 30 min until the solution is clear. The 
percentage degradation of methylene blue was calculated by using 
equation; D (%) = C0 − Ct

C0
x 100%, where D (%) is the percentage of 

degradation, C0 is the control absorbance (before irradiation) and Ct is 
the absorbance after time t. 

3. Result and discussion 

3.1. Particle size and strain 

The quantitative analysis of XRD spectra [6] by WH and SSP calcu
lation used to determine the crystallite size, lattice parameters, volume 

lattice, dislocation density, and porosity composite 10 % AC and 20 % 
AC [19]. Fig. 1 shows the XRD spectra for CuO and composites CuO-AC 
(10 % AC and 20 % AC) monoclinic structures based on JCPDS: 
95− 101-1149. For diffraction angles of 20◦ ≤ 2θ ≤ 80◦ confirmed 
monoclinic structures with diffraction peaks at 32.17◦, 35.72◦, 38.94◦, 
48.93◦, 53.62◦, 58.55◦, 61.52◦, 66.16◦, 68.06◦, and 75.20◦ with hkl 
indices 110, 111, 111, 202, 020, 202, 113, 220, 311, and 222, respec
tively. These results from Eq. (1) for monoclinic structures by first 
calculating the lattice constant (for more detail, see our previous pub
lished [6]) and the distance between the atoms in 2 dimensional (d) 
based on the Bragg equation. Crystallite size obtained using the Scherrer 
equation in Eq. (2), with k is 0.94, and the wavelength (λ) of radiation 
for Cu Kα is 1. 54 Å [6,13,16,18,19]. 

1
d2 =

1
Sin2 β

[
h2

a2 +
k2 Sin2 β

b2 +
l2

c2 −
2 hl cos β

ac

]

(1)  

D =
k.λ

β.Cos θ
(2) 

Fig. 1 shows an increase of the full width half maximum (FWHM) for 
the composite 10 % AC to 20 % AC at the diffraction peaks 32.17◦, 
35.72◦, and 66.16◦. The diffraction peaks at 32.17◦ and 35.72◦ are due to 
carbon’s influence, similar to previously reported [6,16,17,39]. The 
diffraction peak at 66.16◦ is interactions between CuO and AC as the 
nucleation effect at the site of Cu [19–21]. The C atoms prefer bonding 
with Cu rather than O atoms, a similar effect for Fe3O4 reported in 
Ref. [13,18,19,34]. In our previous published, we used Scherrer to 
determine the average crystallite size from the calculation by consid
ering four high intensity of the diffraction peaks. In this study, we 
determining the crystallite size by considering all the diffraction peaks 
for more accurate results by plotting relation between cosθ and 1/β as 
can be seen in Fig. 2 for Scherrer model and also continue by WH model 
in Fig. 3, and SSP model in Fig. 4. By applying the line equation 
Y = a*x + b [19–25,33] in Figs. 2–4, the slope, and the intercept values 
are presented in Table 1. 

Fig. 3(a)–(c) shows plot data from the WH method consisting of the 
uniform deformation model (UDM) (Fig. 3(a)), the uniform stress 
deformation model (USDM) (Fig. 3(b)), and the uniform deformation 
energy density model (UDEDM) (Fig. 3(c)). WH method is a method of 
analyzing the of crystallite size (D) by considering the ε for UDM, ε, and 
σ for USDM, and ε, σ, and u for UDEDM of the composite which 
implemented for Fe3O4, Cu-C, Cu2O, composite cement/BaSO4/Fe3O4 in 
our previous published paper in Ref. [19–22,33], and some research 
results related to the WH method [23–25]. 

Fig. 1. XRD Spectra with monoclinic phase of CuO and composite CuO-AC (10 
% AC and 20 % AC) were taken from Ref. [6] and included JCPDS: 96-101-1149 
for comparison. 
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The UDM model is a model in the WH method by analyzing the 
crystallite size (D) and strain (ε) of the nanomaterial. The UDM model 
presented with the slope and the intercept value (see Table 1). Table 2 
shows the crystallite size of all models in this study and shows the strain 
(ε) changes with the addition of AC [6,16,18,19], as can be seen in Fig. 3 

(a) shows the interaction between CuO and AC by incorporating two 
diffraction peaks, consequently increasing the FWHM in the UDM 
model. The strain (ε) changes with AC addition due to the amorphous AC 
phase influenced the composite lattice structure [6,19]. Carbon atoms 
from AC play an essential role in improving the molecules’ surface 

Fig. 2. Scherrer method for CuO and composite CuO-AC (10 % AC and 20 % AC).  

Fig. 3. W-H methods with UDM (a), USDM (b), UDEDM (c) for CuO and composite CuO-AC (10 % AC and 20 % AC).  
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Fig. 4. SSP methods for CuO and composite CuO-AC (10 % AC and 20 % AC).  

Table 1 
Slope and intercept value of CuO and composite CuO-AC (10 % AC and 20 % AC) base on the Scherrer method (Fig. 2), WH method (UDM (Fig. 3), USDM (Fig. 4), 
UDEDM (Fig. 5)), and SSP method (Fig. 6).  

Equation Scherrer Method 
Williamson-Hall Method 

Size-Strain Plot Method 
UDM USDM UDEDM 

Y = a*x + b cos⁡θ =
k.λ
β D  

βhklcos⁡θ =
k.λ
D

+

4 εsin⁡θ  

βhklcos⁡θ =
k.λ
D

+

4 σsin⁡θ
Ehkl  

βhklcos⁡θ =
k.λ
D

+

⎛

⎜
⎝4sin⁡θ

(
2u
Ehkl

)1
2

⎞

⎟
⎠

(dβCosθ)2
=

K
D

(
d2βCosθ

)
+

(ε
2

)2  

Sample Y Y Y Y Y 
CuO 0.00325*x + 0.47507 − 2.40426E-4*x + 0.00751 2.81298E-5*x + 0.00751 5.81512E-5*x + 0.00751 0.00754*x + 2.71932E-9 
10 % AC 9.22169E-4*x +

0.76951 
− 6.57263E-4*x + 0.00740 7.90687E-5*x + 0.00740 1.61197E-4*x + 0.00740 0.00862*x + 7.28623E-9 

20 % AC 4.21139E-4*x +
0.84381 

− 1.56233E-4*x + 0.00632 2.63173E-5*x + 0.00632 0.48516E-4*x + 0.00632 0.00664*x + 2.16413E-9  

Table 2 
Structural Parameters of CuO and composite CuO-AC (10 % AC and 20 % AC) base on the Scherrer method (Fig. 2), WH method (UDM (Fig. 3), USDM (Fig. 4), UDEDM 
(Fig. 5)), and SSP method (Fig. 6).  

Sample 

Scherrer Method 
Williamson-Hall Method 

Size-Strain Plot Method 
UDM USDM UDEDM 

D D ε D ε σ  D ε σ  u D ε σ  u 
(nm) (nm) 10− 3 (nm) 10− 3 (Mpa) (nm) 10− 3 (Mpa) Kjm− 3 (nm) 10− 3 (Mpa) Kjm− 3 

CuO 20.81 20.38 0.24 20.38 0.24 28.13 20.38 0.24 28.13 3.38 25.12 0.11 12.20 0.64 
10 % AC 20.60 20.03 0.66 20.03 0.66 79.07 20.03 0.66 79.07 25.98 21.47 0.17 20.54 1.75 
20 % AC 21.96 23.01 0.16 23.01 0.16 26.32 23.01 0.16 26.32 2.35 27.29 0.09 11.49 0.53  
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adsorption energy or charge and active site in bonding together to form 
heterogeneous nucleation. Homogeneous nucleation may occur at a low 
concentration of AC and changes to heterogeneous when the amount of 
AC increases but needs further study to understand the process. AC plays 
an important role in nucleation, resulting in a new structure with strong 
bonding formation [6,19–22]. The change of the crystallite size may due 
to the nucleation indicated that, the structure change as the effect of the 
photon vibration which is useful for photocatalysist process by transfer 
their energy to the electron at the atoms. 

Fig. 3(b) represents the USDM model in the WH method, which in 
this model considers the values of D, ε, and stress (σ) of the composite 
[19–25,33]. The slopes and the intercepts for the USDM model are 
shown in Tables 1 and 2 for D, ε, and σ. The D and ε values of the USDM 
model show the same value as UDM as part of the WH method, and the σ 
value changes with the addition of AC [6,16,18,19], which explained 
that by the σ of material depends on the values of D and ε [19–22,24,25]. 

The UDEDM model presented in Fig. 3(c), were to analyze this model 
considers the values of D, ε, σ, and energy density (u) [19–25,33]. The 
slope and intercept values for the UDEDM model in Tables 1 and 2 for 
the values D, ε, σ, and u. The D, ε, and σ UDEDM models confirm the 
correlation between UDM and USDM models in the WH method, which 
shows the same value [19,20]. The value u changes with the addition of 
AC [19–22,24,25] as the effect of ε and σ in the UDM and USDM models. 

Fig. 4 shows the Size-Strain Plot Method (SSP). The SSP method is an 
analysis method by correcting the results of the WH method [19–25,33]. 
The slope and intercept values for Fig. 4 of the SSP method are given in 
Tables 1 and 2 for the D, ε, σ, and u. We get the SSP method’s different 
small values for the structural properties with the Scherrer method and 
the WH method as can be seen clearly SSP data more reliable compared 
with another methods due to the all physical parameter for SSP 
including in the calculation. At high concentration of carbon (20 % AC) 
shows some data are spreading at low (dhkl)

2βhklcosθ indicated that, the C 
atoms from AC may play an essential role in active site in bonding 
together to form heterogeneous nucleation. The process of shifting from 
homogeneous nucleation at low concentration of AC (10 %) to hetero
geneous nucleation when the amount of AC increases up to 20 % AC is 
not fully understand which still needs for further study. 

3.2. Optical properties 

The optical properties of the composite from the quantitative anal
ysis of FTIR spectroscopy are determined. We used the FTIR spectra of 
composite CuO with 10 % AC and 20 % AC from our previous published 
paper in Ref. [6]. We focus on the wavenumbers 350− 1500 cm− 1 due to 
inorganic groups’ vibrating modes at 350− 600 cm− 1 and the aromatic 
plane bending at 950− 1250 cm− 1 [6–11]. At this wavenumbers, Cu-O-C 
and Cu-O bonds are formed from inorganic groups and C–H bonds from 
aromatic plane bending, as shown in Fig. 5(a). These regions are explicit 
explained the interaction between CuO and AC. 

The Cu-O-C bond is responsible for photocatalytic activity by the 
generation of electron and hole pairs [2,15]. The electron at the valance 
band absorbing the energy from the photo (photon) for excitation to the 
conduction band and remain hole at the valence band [2,13]. Both of the 
charge (electron and hole) move to the surface and fall in the pore of AC. 
Inside the pore the electron will be adsorbed the oxygen atoms and 
produce O2*- radicals and the hole disturbs the H2O molecule to pro
duce H + and OH* radicals. These radical atoms which going to dis
turbing the pollutant atoms and the final product is H2O and CO2 [13, 
40]. 

The optical properties are determined from the quantitative analysis 
using the Kramers-Kronig (K-K) relation [22,35–39] in FT-IR spectra. 
This method usually applied in electron spectroscopy spectra [41–47] 
but used infra-red spectroscopy spectra in this study. First step; con
verting the transmittance T(ω) to reflectance [22,35,37] by converting 
transmittance to reflectance R(ω) using the equation T(ω) =

(1 − R(ω) )
2
/(1 − (R(ω) )2

), for R(ω)≪ then the equation become 
R(ω) = 1 − (T(ω))

1/2 to form reflectance. The complex refractive in
dexes can be present as n̂(ω) = n(ω)+ k(ω), where n (ω) is the 
refractive index for the real part and k (ω) is the extinction coefficient for 
the imaginary part [25,33,35], n and k represented in Eqs. (3) and (4). 
Where φ (ω) is the phase change between the incident and reflected 
signals for a particular wavenumber (ω) by using the Eq. (5) [22,35,37]. 
The K-K relation, Eq. (5) modified to become Eq. (6) [22,36,37] as 
follows: 

n(ω) = 1 − R(ω)
1 + R(ω) − 2

̅̅̅̅̅̅̅̅̅̅
R(ω)

√
cosφ(ω)

(3)  

k(ω) = 2
̅̅̅̅̅̅̅̅̅̅
R(ω)

√
sinφ(ω)

1 + R(ω) − 2
̅̅̅̅̅̅̅̅̅̅
R(ω)

√
cosφ(ω)

(4)  

φ(ω) = −
ω
π

∫ ∞

0

lnR(w’) − lnR(ω)
ω’2

− ω2
(5)  

φ
(
ωj
)
= −

4ωj

π x Δω x
∑

i

ln(
̅̅̅̅̅̅̅̅̅̅
R(ω)

√
)

ω2
i − ω2

j
(6) 

Eq. (6) can be explained that j is wavenumbers. If j is odd number, 
then i is 2,4,6,8, …, j-1, j + 1 and if j is even number, then i is 1,3,5,7, …., 
j-1, j + 1, … Δω = ωi+1 − ωi [28–31]. The results of this analysis are in 
Fig. 5(b) where n and k crosses occur to transverse optical (To) and 
longitudinal optical (Lo) phonon vibrations, which show of the wave
numbers shifted due to the addition of AC as shown in Table 3. The value 
of To has increased, and Lo was decreasing indicated the nucleation at 
the active site, which successfully modified structural properties 
consistent with the phenomena by the quantitative analysis of XRD 
spectra in the previous section. 

Fig. 5(c) shows the dielectric function (ε1 dan ε2) from the quanti
tative analysis of FT-IR spectra, where ε1 is the real part and ε2 is the 
imaginary part of the dielectric function presented in the function 
(ε̃(ω) = ε1(ω)+ iε2(ω)), were described in Eqs. (7) and (8) [35–38]: 

ε1(ω) = n2(ω) − k2(ω) (7)  

ε2(ω) = 2n(ω)k(ω) (8) 

The prominent peak of ε1 and ε2 are shown in Fig. 5(c) was a shift to 
the lower wavenumber position from the CuO at 568.60 cm− 1 to com
posite 10 % at 563.74 cm− 1, and 20 % AC at 562.94 cm− 1, indicated 
successfully AC in modified the electronic properties, probably in the 
form of heterogeneous nucleation. The intensity changed with the 
addition of AC, where ε2 has decreased linearly. The AC successfully 
play an essential role in improving surface adsorption energy of the 
molecules. It also charges and the active site in strong bonding to form 
heterogeneous nucleation, as confirmed by the XRD spectra in Fig. 1. 
The pore of the AC useful for absorbing the energy and the charge in the 
process of photocatalyst and also use as a linker in bonding together with 
Cu and O atom which dominated by strong covalent bond. Photocatalyst 
process, first, the electron at the valance band move to the conduction 
band when they are absorbing the energy from the photo (photon) and 
remain hole at the valence band [2,13]. The second process, the electron 
and hole capture by the pore, the electron adsorbed the oxygen atoms 
and produce O2*- radicals and the hole disturbs the H2O molecule and 
produce H + and OH* radicals. The third, radical atoms are going to 
disturbing the pollutant atoms resulting the final product is H2O and 
CO2 [13,40]. 

3.3. Particle size from TEM method 

Particle size analysis using Transmission Electron Microscopy (TEM) 
is a method to confirm the crystallite size from the quantitative analysis 
of XRD spectra [19–22,34–39,41–48]. In this research, we measuring 

S. Ilyas et al.                                                                                                                                                                                                                                     



Journal of Environmental Chemical Engineering xxx (xxxx) xxx

6

the TEM for composites 10 % AC and 20 % AC. Fig. 6(a) shows the TEM 
micrograph and the particle size distribution correspondingly in Fig. 6 
(b). 

The particle size’s DTEM average diameter is 32.5 nm and 37.5 nm for 
the composite 10 % AC and 20 % AC, respectively. Interestingly, from 
these results, the DTEM is linearity with the SSP result, which shows the 
effect of strain on the particle size based on the SSP method [19–22,24, 
34]. The particle size from the TEM method is comparing with the 
Scherrer method, WH method, and the SSP method, as shown in Table 4. 
It is found that the changes in the values D, ε, σ, and u in each model are 
the effect of the electronic properties by the interactions between CuO 
and AC indicated that the AC was successfully in modification [6,13,16, 
18–20,26]. 

3.4. Photocatalytic performance 

Fig. 7(a) shows the absorption of UV–vis spectra of CuO and com
posites CuO-AC for photocatalytic performance using methylene blue as 
a pollutant. It can be seen that along with the addition of AC, the ma
terial’s absorption increases, so only the short time needed to produce 
harmless pollutants. The change value in absorption from CuO to com
posite 20 % AC only 90 min to be perfectly harmless due to surface 
adsorption energy increase due to the active site is strong bonding to 
form heterogeneous nucleation. Fig. 7(b) shows the percentage of 

degradation. The percentage of degradation of methylene blue calcu
lated by using the equation; D (%) = C0 − Ct

C0
x 100%, where D (%) is the 

percentage of degradation, C0 is the control absorbance (before irradi
ation), and Ct is the absorbance after time t [1–5,12–15,49–53]. The best 
degradation percentage is for the composite 20 % AC, which reached 
87.87 % with 90 min compared with CuO material, which only 
degraded 38.41 % for 120 min. XRD spectra confirm that, the FWHM 
changes for two diffraction peaks at 32.17◦ and 35.72◦ indicated, the 
carbon addition could demonstrate the successfully modified the surface 
of CuO which useful for increasing the efficiency of photocatalytic 
degradation [4,12,13,50,53]. 

The photocatalytic performance will be observing from the rate 
constant of degradation (kr), where the high value of kr indicated good 
performance [3–5,13,52,53]. The carbon-related materials, in this case 
the AC will act both: electron-acceptor and electron-transport materials 
which will facilitate the migration of photoinduced electrons and sup
pression the charge recombination to enhance the photo-catalytic per
formance [14,43,54,55]. In Ref [40,52,53,56,57]. was reported that, the 
magnetic materials by co-doped with carbon-based materials will sig
nificant increases the photo-catalytic activity due to suppression of the 
recombination of electron-hole pairs. The best photo-catalytic perfor
mance of CuO-AC composite is 20 % AC indicated by 87.87 % degraded 
only for 90 min radiation. The kr value calculated by using the equation 

ln
(

C0
Ct

)

= krt, where C0 is the initial absorbance (before irradiation), 

and Ct is the absorbance after time t, t is the reaction time, and kr is the 
rate constant of degradation [12–15]. The value of correlation coeffi
cient (R2) of the close to 1 show good photocatalytic performance [2,13, 
14,54]. Table 3 shows the value of kr and R2 from Fig. 8(a), kr increases 
with the addition 20 % AC in composites, and R2 also increases to close 
to 1, indicating potential photocatalytic performance [13,15,52,55]. 
Kinetic curves of photocatalytic degradations presented in Fig. 8(b), 
where the rate kinetic approaches 0 with the addition of AC increase, 
this indeed confirms that the correlation between kr and R2 (Fig. 8) to 
the potential photocatalytic degradation efficiency, as presented in 
Fig. 7. The crystallite size increase and the Lo and To shifts ordered with 
increasing the amount of AC indicated that the electronic properties 

Fig. 5. (a). FT-IR spectrum, (b). refractive index (n) and extinction coefficient (k), To is transversal optical phonon mode and Lo is longitudinal optical phonon mode. 
(c). real (ε1) and imaginary parts (ε2) of the dielectric function for CuO and composite CuO-AC (10 % AC and 20 % AC). 

Table 3 
Transverse optical phonon (To) and longitudinal optical phonon (Lo) from the 
quantitative analysis of FT-IR spectra in Fig. 7. The rate constant (kr) and cor
relation coefficient values (R2) of CuO and composite CuO-AC (10 % AC and 20 
% AC) from degradation analysis in Fig. 10.  

Sample To Lo Rate constant ((kr) 
min− 1) 

Correlation coefficient 
values (R2) 

CuO 579.78 618.52 0.004 0.863 
10 % 

AC 
581.64 610.01 0.015 0.974 

20 % 
AC 

588.15 601.52 0.024 0.998  
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were modified. It confirmed by the enhanced coefficient correlation 
value (R2) and subsequently increased photocatalytic performance. 

Fig. 9 shows relation between structural and optical properties with 
the composites performance for EM wave and photocatalytic. The 
reflection loss (RL) taken from our previous published [6] compares 
with photocatalytic output. For optical phonon vibration mode in the 
form of Lo shows decreases with increasing the amount of AC but To is 
vice versa. The crystallite size (D) for composites shows increases with 

increasing the amount of AC, probably due to the amorphous phase of 
AC covering the atoms of Cu and form heterogeneous nucleation. The 
degradation performance shows an increase of 87.87 %, similar for RL 
with the thickness 2 mm taken from Ref. [6] shows potentials to 
attenuate the EM wave up to 99 % indicated by the RL below -20 dB. The 
crystallite size (D) increase and optical phonon vibration shifted (Lo 
decrease and To increase) and close each other high contributed in 
increasing the percentage of degradation up to 87.87 % in 90 min and 

Fig. 6. (a) TEM image and (b) particle size distribution for composite CuO-AC (10 % AC and 20 % AC).  

Fig. 7. (a) UV–vis absorption spectra and (b) Percentage of degradation for CuO and composite CuO-AC (10 % AC and 20 % AC).  
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attenuate EM wave 99 % for composite with 20 % AC. The second and 
the third cycle of composite CuO-AC for 25 % AC in the process of 
photocatalysist shows degradation up to 85.6 % and 83.5 % in 90 min, 
respectively. These results indicated that the composites CuO-AC is high 
potentials multifunction materials which the excellent photocatalytic 
applications and very good absorber EM waves which can attenuate up 
to 99 %. 

4. Conclusion 

In this study, the relation between the structural and optical prop
erties in supporting the photocatalytic performance and absorber of EMI 
of composite CuO-AC successfully demonstrated. The crystallite size (D) 
obtained from the XRD spectra affected by values of ε, σ, and u of CuO 
and composites CuO-AC based on the Scherrer method, WH method, and 
SSP method. The Optical phonon vibration (Lo and To) obtained from 
the optical properties that quantitative analysis of FTIR spectra shows 
close each other the wavenumber due to AC’s addition. The shifted cross 
point of the function from 568.60 cm− 1 for CuO, 563.74 cm− 1 for 10 % 
AC, and 562.94 cm− 1 for 20 % AC also confirm the successfully modified 
electronic properties of composite CuO-AC. The particle size confirmed 
based on TEM results shows linear relation with crystallite size from the 
quantitative analysis by various XRD spectra model. The crystallite size 
(D) for composites CuO-AC increases with increasing the amount of AC 
due to the hexagonal structure of AC covering the Cu atoms to form 
heterogeneous nucleation. The degradation performance shows an in
crease of 87.87 %, similar for RL with the thickness 2 mm shows po
tentials to attenuate the EM wave up to 99 % indicated by the RL below 
-20 dB. The kr increases with increasing the amount of AC up to 20 % AC 
and the value of R2 also increased and close to 1, indicating a high 

Table 4 
Crystallite Size of CuO and composite CuO-AC (10 % AC and 20 % AC) from 
different method and Particle size from TEM method for comparison.  

Sample 

Scherrer 
Method 

Williamson-Hall Method Size-Strain 
Plot 
Method 

TEM 
Method UDM USDM UDEDM 

D (nm) D 
(nm) 

D 
(nm) 

D (nm) D (nm) DTEM 

(nm) 

CuO 20.81 20.38 20.38 20.38 25.12 – 
10 % 

AC 
20.60 20.03 20.03 20.03 21.47 32.5 

20 % 
AC 

21.96 23.01 23.01 23.01 27.29 37.5  

Fig. 8. (a) Photocatalytic performance and (b) Kinetic curve of photocatalytic degradations for CuO and composite CuO-AC (10 % AC and 20 % AC).  

Fig. 9. The relation between structural properties and optical properties with the photocatalytic performance and the ability in attenuate the electromagnetic wave. 
The RL data taken from Ref. [6] for comparison the photocatalytic performance to find the best composition. 
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potential of composite CuO-AC for photocatalytic application. The 
crystallite size (D) increase and optical phonon vibration shifted (Lo 
decrease and To increase) and close each other high contributed in 
increasing the percentage of degradation up to 87.87 % in 90 min and 
attenuate EM wave 99 % for composite with 20 % AC. 
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