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Introduction 
There is a significant development of inorganic nanoparticles in 
scientific field due to their wide application in electronics, medical 
field and information technology [1]. This can be supported by 
the growing number of scientific reports and companies working 
on scientific materials and nanotechnology, from which they are 
using inorganic nanoparticles for semiconductor technology as 
photocatalysts to conserve the environment [2]. 

Dye sensitized solar cells (DSSC), organic, perovskite and quantum 
dot are solar cell technologies that uses advanced and complex 
materials. Among the developed solar cell technologies, none has 
achieved the 90% theoretical energy conversion limit [3]. Bandgap 
energy is one of the major factors that affect the efficiency of any 
solar cell. This can be accounted for the fact that the incoming light 
must have enough energy to knock out electron. In scenarios where 
the light has more energy than the band gap, the extra energy is lost 
inform of heat. Consequently, if the light energy is less than the band 
gap it passes through it [4]. Nanostructured semiconductors such 
as ZnO have recently gained a great recognition in the solar cells 
industries due to their remarkable physical and chemical properties 
that differ from its bulk materials. ZnO is a semiconductor compound 
used in making the photoanode of solar cells due to its large band 
gap of 3.37eV and excitonic binding energy of 60 meV [5]. The 
impurity content, shape and size affect the optoelectronic behavior 

of nanostructured semiconductors and thus there is need for an in 
depth- understanding on fabrication of efficient materials. In the 
recent years, doping has been reported to influence the luminescence 
properties of ZnO. This has led to blueshift or redshift at near band 
edge (NBE) emission and in their visible emission [6]. Dopants like 
silver (Ag) are known to have a great impact on the luminescence 
properties of nanostructured semiconductors [7]. 

Various methods are used to prepare ZnONPs such as the wet 
chemical, hydrothermal method and precipitation [8-10]. However, 
these methods are considered to be harmful to the environment since 
they utilize toxic reagents and involve tedious procedure to prepare 
nanoparticles. Therefore, there is need to develop simple and green 
method to synthesize these nanoparticles. This method involves the 
use of plant extract as a capping and stabilizing agent to control the 
crystal growth of nanoparticles. Flavonoids, terpenoids, phenolics, 
aldehyde and ketones are the phytochemical components in plant 
extracts that act as reducing and stabilizing agents. Citrus reticulata 
(tangerine) which belongs to the Rutaceae family, contains abundant 
amount of polyphenols which are inexpensive, renewable and widely 
available and could be efficient for the growth of nanoparticles. 

Phytochemical analysis of different parts of Citrus reticulate fruit 
revealed that the flavedo (outer peel) and albedo (white pith) have 
the highest concentration of phenolic contents than the juice sac 
[11]. The sum of phenolic contents in flavedo and albedo range from 
22.02mg gallic acid equivalent (GAE) and 47.39mg dry weight [12].
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This study report a low cost, facile, green and one pot method for 
synthesis of Ag-ZnONPs using Citrus reticulata peel extract without 
any additional reducing agent, acids or organic solvents. The effects of 
different Ag doping concentrations on the material properties of Citrus 
reticulata capped ZnONPs was studied in details to determine the 
optimum conditions for the growth of the AgZnONPs for photovoltaic 
applications. 

Experimental Methods 
Chemicals 
All the chemicals used were of analytical grade and were used without 
any form of purification. Zinc acetate dihydrate (Zn(CH3COO)2.2H2O)
(>98%), ammonia hydroxide(NH4OH)(>99%), silver nitrate(AgNO3)
(>99.9%), ethanol (CH3CH2OH) (>99%) were purchased from Sigma 
Adrich & A.B Chem.Co,.Ltd. Deionized water was prepared in 
Murang’a University of Technology Research Laboratory. 

Preparation of Citrus Reticulata Peel Extract 
Citrus reticulata were purchased from the local market, washed with 
deionized water to remove surface pollutants, and hand peeled. To 
obtain the peel extract, the peels were dried in air in the absence of 
sunlight at temperature of about 27 - 28℃. The dried peels were 
then milled using an electric mill and sieve to powder. 50g of the 
sample was introduced to 500ml of deionized water and heated at 
temperature of 80℃ for 15 minutes [13]. After cooling to ambient 
temperature, it was filtered with 1mm Whatman filter paper and 
stored in a refrigerator to be used as capping agent in the analysis. 

Synthesis of Citrus Reticulata Capped Ag-ZnONPs 
3.84g of zinc acetate dihydrate was dissolved in 50 ml of deionized 
water and stirred for 5 minutes at room temperature. 20 ml of 
Citrus Reticulata peel extract was added to the solution and stirred, 
after which 10 ml of ammonium hydroxide was added. Different 
concentration of silver nitrate (0.1, 0.25, 0.5, 0.75, 1.0, 1.5&2.0 mol 
%) were added and stirred at 40 ℃ for 3 hours. The nanoparticles 
formed were allowed to settle for 24 hours then washed with ethanol 
and dried in hot air oven for 2 hours at100 ℃ and annealed at 450 
℃ for 3 hours. 
 
Characterization Technique 
X-ray diffractometer (XRD) model ARL EQUINOX 100 was used 
at 40V, 0.9mA, at a scanning range of 20̊-100̊ and an interval time of 
240 seconds to obtain the crystal structure and phase component of 
the synthesized ZnO nanoparticles. The data obtained was plotted in 
origin, analyzed and compared to those of standard in Joint committee 
on powder diffraction standards (JCPDS). Debye Scherrer equation 
was used to calculate the crystallite size of the nanoparticles formed. 
Fourier transform infrared spectroscopy (FT-IR) Shimadzu model was 
used to determine the functional groups present in the nanoparticles. 
Photoluminescence spectroscopy (PL) Infitek SPLF97 model was 
used to determine the electronic structure and defects in nanoparticles. 
Ultra violet visible spectroscopy evolution one plus model was used 
to determine the optical properties of nanoparticles. 

Results and Discussion 
X-ray Diffractions (XRD) Analysis 
The XRD pattern for Ag-ZnO is shown in Figure 1 and it exclusively 
display the hexagonal wurtzite structure of ZnO which matches that 
of JCPDS file (no. 01-070-8072). The pattern depict only ZnO peaks. 
This means that successful doping was achieved with hydroxyl free 
Citrus reticulata peel extract. There was no peak patterns for Ag, all 
were incorporated to ZnO structure. They all occupied the interstitial 
site of the ZnO or were segregated into the nano crystalline region 
in the grain boundaries while conserving the original ZnO lattice 

structure [14]. The cell parameter (a) was calculated from peak (100) 
and c was calculated from peak (002) the results matches that obtained 
by Ranjithkumar et al [15]. 

Figure 1: XRD Pattern for Ag-doped ZnONPs of 0.1, 0.25, 0.5, 0.75, 
1.0, 1.5 and 2.0 mol% 

The mean crystallite size and d spacing was calculated using the 
Debye-Scherrer formula and Bragg’s equation respectively for the 
planes [100,002,101,102,110,103] and the results were summarized 
in Table 1 [16, 17]. 

The Bragg’s equation is given by equation 1.

                                                                          (1)

With 𝜆 being the wavelength, n is interger normally 1 and 𝜃 is the 
reflected angle, d is the crystal spacing. The Debye-Scherrer was 
used to calculate the crystal size of the Ag-ZnONPs. Crystal size 
characterization is important in determining the nature of particles as 
either small crystalline (soft), thermal behavior, diffusion and large 
crystalline which indicates hard materials [18].
The Scherrer equation is given by 

                                                                            (2)

Where D is the crystal size, K Scherrer constant (0.9), 𝛽 denotes full 
width at half maximum for each plane peak and 𝜆 is the wavelength 
which was (1.5406Å) for Cu anode x-ray tube. 

In Table 1 it was observed that the d-spacing increase when silver was 
introduced to ZnO structure. When dopants were added the d-spacing 
increased rapidly and on addition of higher mol % of silver dopant 
the spacing decrease gradually. The fluctuation in d-spacing can be 
associated to strain defect from varying the concentration of silver. 
The d- spacing at plane (002) decreases with increase in concentration 
of silver. The d-spacing effects were directly proportional to the effects 
encountered by lattice parameters. The c lattice parameter change 
from 5.192Å for undoped ZnO to 5.198Å when doped with 0.1% 
of silver. This indicates that doping increases the lattice parameters. 
When different concentrations were added, it was observed that the 
lattice parameters c decreases and the smallest value observed was for 
0.75%. This stipulate that all the Ag ions had occupied the interstitial 
site of ZnONPs. The shift in peak position towards the higher 2 theta 
degree was also observed as the concentration of Ag was added. This 
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is in agreement with what Sampath et al observed when ZnO was doped with Ag prepared using Neem leaf extract, Hibiscus and Tulsi [19]. 
This factor is attributed to the fact that the Ag+ has larger ionic radius (0.126nm) compared to Zn+ (0.074nm). 

Table 1: Effects of Different mol % Concentration of Silver Dopant on the d-spacing and Lattice Parameters a and c
Plane 100 002 101 102 110 103 Average d-spacing a c 

2𝜃
ZnO 31.52  34.52 36.17 47.48 56.36 62.49 2.129 3.084 5.192

0.1mol%Ag-ZnO 31.79 34.54 36.12 47.42 56.29 62.41 2.162 3.247 5.198 
0.25mol%Ag-
ZnO 

31.10 34.72 36.33 42.67 56.59 62.73 2.191 3.318 5.163 

0.5mol%Ag-ZnO 31.81 
 

34.96 
 

36.61 
 

47.98 
 

56.95 
 

62.93 
 

2.134 3.245 5.129

0.75mol%Ag-
ZnO 

31.93 34.67 36.29 47.60 56.51 62.65 2.142 3.233 5.129 

1.0mol%Ag-ZnO 31.85 34.59  36.17
 

47.48 56.36 62.49 2.151 3.242 5.182

1.5mol%Ag-ZnO 31.92 34.66 36.27 47.49 56.49 62.63 2.147 3.235 5.172 
2.0mol%Ag-ZnO 31.78 34.82 36.45  47.81 56.73 62.89 2.141 3.248 5.149

When the crystal size was calculated using Debye Scherrer formula (equation 2) it was noted that the size increased from 15.294 nm to 
17.505 nm for 0.1% and the largest crystal size was found to be 19.867nm with 0.75% Ag dopant. The crystal size in peak (103) was small 
in all the samples with peak (100) having the largest crystal size. The crystal sizes were calculated from the average of the first three peaks 
[100], [002], and [101]. Table 2 shows the crystal size (D) and FWHM for AgZnONPs.

Table 2: Calculated Crystal Size (D) and obtained FWHM
Plane 100 002 101 102 110 103 D(nm) 

FWHM
ZnO 0.512282 0.59797 0.52914 0.75748 0.73448 0.87554 15.294 

0.1mol%Ag-ZnO 0.43686 0.57062 0.43902 0.67911 0.66488 0.78343 17.505 
0.25mol%Ag-ZnO 0.45721 0.58684 0.46139 0.69371 0.69204 0.80245 16.77 
0.5mol%Ag-ZnO 0.43651 0.5378 0.45781 0.65871 0.67289 0.77519 17.562 
0.75mol%Ag-ZnO 0.38866 0.47395 0.40253 0.56972 0.58283 0.65679 19.8672 
1.0mol%Ag-ZnO 0.4947 0.6345 0.4903 0.79876 0.73629 0.89034 15.617 
1.5mol%Ag-ZnO 0.52598 0.5920 0.52401 0.79177 0.79402 0.92176 15.239 
2.0mol%Ag-ZnO 0.44006 0.54466 0.47248 0.67631 0.66495 0.77333 17.268 

Figure 2 shows the variation in crystal size with FWHM for Ag-ZnO. From the pattern it was observed that the crystal size was inversely 
proportion to the FWHM: crystal size              . When crystal size increased the FWHM decreased. These variation was not constant with  
variation in concentration with 0.75% dopant having the highest FWHM and lowest crystal size. The increase in crystal size is associated 
with decrease in strain. The sudden decrease in crystal size indicates that addition of silver dopant had reached its maximum level and could 
not occupy the interstitial sites of ZnO [20].

Figure 2: Variation of FWHM and Crystal Size of Pure ZnO, 0.1, 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 mol% Ag-ZnO Nanoparticles
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Figure 3(a) shows the enlarged diffraction pattern of plane [101] at varying concentration of silver. The plane was used because it 
had the highest peak as compared to all the other mol% concentration of the dopant. From the pattern it can be observed that when 
0.5% Ag was used the peak shift to the higher angle compared to other concentration of dopants. The highest peak observed was 
for 0.1% Ag this showed that the most crystalline particles were observed, when low concentration of silver was used. When the 
concentration of Ag was increased, the peak position shifted towards the lower values. The shift indicates partial substitution of Ag+ 
at the lattice sites of ZnO, which leads to an increase in lattice parameters a and c as expected but from the results obtained the c 
character decrease as the concentration of Ag was added until 0.75%. The c parameter started increasing then decreased this can be 
attributed to factors such as formation of silver nano-collection and strains depending on how the ZnO interacted with the dopant [21]. 
The peak intensity increased with a decrease in FWHM, this suggests that there is an improvement in crystallinity of nanoparticles 
[22]. 1.0% had slight effect from that of undoped ZnO, the intensity of the peak and FWHM were almost similar. In Figure 3(b) the 
variation of concentration with FWHM and relative intensity at plane 101 is displayed. 

Figure 3: (a) Enlargement Image of Diffraction Plane [101] for Pure ZnO, 0.1, 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0mol% Ag-ZnO. (b) Variation 
in FWHM and Relative Intensity of Peak [101] for pure ZnO and Various Concentration of Ag dopant.

Estimation of Strain 
The Williamson-Hall method was used to calculate the strain. W-H 
plot was used to determine the crystal size. The broadening caused 
by crystallite was calculated using the Debye Scherrer equation. 

                                                                                   (3)

Where ϵ is the lattice strain, β is the FWHM of the XRD peak in 
radians, and θ is the Bragg angle. The strain induced due to crystal 
imperfection and distortion was calculated using equation (4) [23].

                                                                                (4)

Where 𝜀 the micro strain and β is is the FWHM. Equation (5) which 
is a Williamson-Hall equation was used to calculate the crystal size

                                                                                  (5)

The equation above is a function of data which is equal to equation 
of a straight line given by

                                       𝑦 = 𝑚𝑥 + 𝑐                                 (6)

With c being the slope equal to      , y equal to 𝛽𝑐 𝑜𝑠𝜃 and 𝜀 is the 
slope. When a graph of 4𝑠𝑖𝑛𝜃 on the x-axis and 𝛽𝑐 𝑜𝑠𝜃 on the y-axis is 
plotted, the slope obtained showed the microstrain and the crystal size 
was calculated from the y-intercept. The strain obtained might have 
been a result of reduction of lattice parameters that was observed from 
the calculation of lattice parameters. Table 3 show the strain obtained 
by Williamson hall equation for different concentration of silver.

Table 3: Variation of Strain with Concentration from W-H 
Method

Ag (%) Strain 
0.1 0.00073236 
0.25 0.00085902 
0.5 0.00403 
0.75 0.00348 
1.0 0.01718 
1.5 0.02881 
2.0 0.00414 

Figure 4: Plots of 𝛽ℎ𝑘𝑙𝑐 𝑜𝑠𝜃 versus 4sin𝜃 for (a) 0.1% and (b) 0.25% 
Ag-ZnO.

Figure 5 shows the variation of crystal size (D), strain and concentration. 
It can be observed that D was inversely proportional to strain.       . 
The highest strain was at 1.5% and this can be associated with higher 
interaction of Ag and ZnO at higher concentration that leads to lattice 
mismatch and distortion of crystal structure. Nanoparticles with 
smaller crystal size have large surface area to volume ratio thus higher 
surface energy which caused higher strain. This leads to increase in 
crystal size with decrease in strain. In theory, if all the strain value 
agree, they form an angle of forty five degrees with x-axis and they all 
lie in a straight line [24]. The strain increased with the concentration of 
dopant and was inversely proportional to crystal size. 0.1% Ag-ZnO 
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had the smallest strain and 1.5% Ag-ZnO had the highest strain. This 
might be a result of increase in concentration of Ag caused stressed on 
the structure of ZnO thus higher strain with increase in concentration.

Figure 5: Plot Showing the Trend of Crystal Size (D) and strain of 
(0.1, 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 mol%) Ag-ZnONPs.

FT-IR Analysis of Different Concentration of Citrus Reticulata 
Capped Silver Dopant on ZnO Nanoparticles 
From the pattern in Figure 6, the nanoparticles were absorbed in both 
the fingerprint region and the functional group region. The pattern 
gives the details on the functional groups present in the capping, 
stabilizing and reducing agents used to synthesize nanoparticles. 
The pattern obtained showed that O-H was in all prepared samples 
but when the samples were annealed; it was observed in 0.25, 0.5, 
1.0 and 2.0 % Ag-ZnONPs only. This can be associated with the fact 
that at high temperature the OH group could have been vaporize with 
other water molecules. The presence of O-H group was shown by 
its absorption peak observed at the range of 2978-3633cm-1 in 0.25, 
0.5, 0.75, 1.0, 1.5, and 2.0 % Ag. The O-H group of the annealed 
samples 0.25% Ag-ZnONPs had a very intense and more pronounce 
peak than in other dopant. The peaks becomes less intense when the 
concentration of silver decrease, this can be associated with partial 
substitution of silver ions in the ZnO lattice structure thus causing 
changes in the bond length [25]. Due to absorption of atmospheric 
CO2 peaks were observed at 2968cm-1. The low absorption mode 
at 1557cm-1 corresponds to C=C stretching modes. The elongated 
vibration at 1385cm-1 reveal the O-H bending frequency. At 1042cm-

1 sharp peak was observed which corresponds to C-O whereas, the 
sharp stretching frequencies at 667 and 619cm- corresponds to C-H 
bending deformation vibration. The strong bands at 472 and 410cm- 
are attributed to the vibration elongation and deformation vibratory 
of Zn-O [26]. The as prepared samples spectrum shift to higher wave 
numbers as compared to annealed samples. 0.1% Ag-ZnO had the 
strongest vibration elongation of Zn-O for as prepared samples and 
0.25% for annealed sample. 

Figure 6: FT-IR Spectra of Annealed and as Prepared Samples

Photoluminescence Spectroscopy 
Figure 7 shows the PL spectra of Ag-ZnONPs. ZnONPs were doped 
with different concentration of silver from 0.1, 0.25, 0.5, 0.75, 1.0, 
1.5 and 2.0%. The samples were analyzed at room temperature at 
an excitation energy of 300nm. The study of photoluminescence 
of nanoparticles is important since it gives important details on 
the purity and quality of material synthesized. The PL spectra of 
ZnO nanoparticles analyzed at room temperature normally have 
two emission band: at the UV regions which is normally associated 
with near band edge emission through exciton-exciton collision 
process and at the visible region. The emission at the visible region 
is affiliated with electron hole recombination from the deep level 
emission (DLE) in the band gap caused by intrinsic and extrinsic 
defects [27]. The incorporation of hydroxyl group and carboxylates 
into the crystal structure during the growth of nanoparticles also 
contributes to visible region emissions [28]. The graph in Figure 7 
showed that all the samples emit strongly in the UV region, with a 
band centered at 323nm which correspond to excitonic emission when 
excited at 300nm. The nanoparticle doped with 1.0% silver had the 
highest peak intensity and 2.0%Ag-ZnO nanoparticles had the lowest 
intensity. The emission spectra at 350-400nm was also observed. The 
sample with the highest intensity in the emission spectra was 1.5% 
Ag-ZnO nanoparticles and 0.25% had the lowest intensity. 

Figure 7: PL Emission Spectra of (0.1,0 .25, 0.5, 0.75, 1.0, 1.5 and 
2.0 mol%) Ag-ZnO Nanoparticles

Burstein moss effect played a key role in shifting the PL emission 
spectra of Ag-ZnO nanoparticles to the UV region [29]. When ZnO 
is doped with metal, the Fermi level shift to the conduction band 
CB. It can be confirmed that the transition moved from the valence 
band (VB) to the conduction band (CB) in the Fermi level instead of 
from VB to the bottom of CB [30]. These changes in the transitions 
leads to band gap broadening thus blue shift. The blue shift emission 
in the UV regions changes with doping concentration. In figure 8 it 
was observed that increased in Ag concentration shift the emission 
to a higher wavelength with 364, 365, 364, 366, 368 and 370 for 0.1, 
0.25, 0.5, 0.75, 1.0, 1.0 and 2.0% Ag-ZnONPs. This results were also 
observed by Ungula et.al [31].
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Figure 8: Room Temperature PL Emission Spectra of 0.1, 0.25, 0.5, 
0.75, 1.0, 1.5 and 2.0 mol% AgZnONPs.

Optical Properties
The absorption spectra of pure ZnO and silver doped ZnONPs is 
shown in Figure 9. The analysis was carried out at room temperature 
in the wavelength range of 200-800nm. Strong absorption edge in 
the region between 200-400nm (UV region) was observed. The 
absorption occurred as a result of charge transfer from the valence 
band (VB) to conduction band (CB) [32]. The absorption increased 
with an increase in concentration of silver dopant. This change in the 
absorption peak with concentration of dopants confirms the change 
in the energy gap [33]. The weak absorption start from 500 and 
maximum absorptions are observed between 280-400nm. 

Figure 9: UV-vis spectra of pure, 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0% 
Ag-ZnONPs

The band gap energy was obtained by plotting a graph of (𝛼hv)2 
versus energy (eV) then extrapolated according to Tauc’s equation (7)

                                                                         (7)

Where Eg is the bandgap energy, A is a constant, h is the plank’s 
constant, v is the photon frequency, 𝛼 symbolize absorption coefficient 
and 𝛾 designate the electronic transition and can be 2 or ½ for direct 
and indirect allowed transition respectively. It can also denote direct 
or indirect forbidden transition if its 2/3 and 1/3 respectively. If Taucs 
equation is compared to the equation of straight such that

                                      Y = m(x)                    (8)

Putting the y axis equal to zero then

                                   0=A(hv-Eg)                  (9)

Thus hv = Eg

Figure 10 shows the bandgap energies of different concentration of 
Silver dopant in ZnONPs. The band gap energies decrease with an 
increase in silver concentration from 3.69, 3.61, 3.17, 3.10, 3.13, 3.03 
and 3.30 eV for 0.25%, 0.5%, 0.75%, 1.0%, 1.5%, 2.0% and pure 
ZnO respectively. ZnO bandgap widen when doped with donors but 
decreased when doped with acceptors. The bandgap energy increases 
slightly when doped with lower percentage of Ag due to quantum 
effect. When the concentration of dopant is increased it weaken the 
confinement effects by increasing the defects level thus decrease in 
bandgap [34].             

Figure 10: Tauc’s Plot Showing Estimated Bandgap Energies of Pure, 
0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 mol% Ag-ZnONPs.

Conclusion 
In summary, the structural, optical and morphological properties of 
ZnONPs were influenced by the amount of silver dopant added. XRD 
analysis confirmed that the hexagonal wurtzite structure of ZnO was 
maintained when silver was added. The crystal size was inversely 
proportional to FWHM. The FT-IR absorption at fingerprint region 
470-420 confirmed the presence of metal oxide bond. The PL spectra 
confirmed that Fermini effect was observed when Ag was added to 
ZnONPs. The emission band shift to a higher emission wavelength 
with increase in dopant concentration. The bandgap energies of 
nanoparticles decrease with increase in Ag concentration. This study 
suggest that Ag dopant controlled the luminescence properties and 
produced p type of conductivity. 
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