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Injected current change can be done easily for simulating semiconductor optical 

amplifier (SOA) performance and even in experimental applications, require SOA 
use, so, our simulation focuses on the effects of injected current on saturation power 
under fast dynamics considerations included amplified spontaneous emission 
(ASE), carrier heating (CH), and spectral hole burning (SHB). For one segment 
model, the injected current that attain compression noise figure (NF) close 
saturation power, exploited to be used later into subsegment one of three segment 
model, achieved with three independently injected current. The procedure develops 
the saturation region to be more extended compared with the published researches. 
The results show that the fast dynamics must be taken into account. Also, -3dB for 
two configurations at a certain gain value referred to the stability in our simulation. 
CH and SHB reduce ASE effect, so, they must be taken account and as 
consequence the result will be close SOA real behavior. 
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1. Introduction 

Although the use of semiconductor optical 

amplifier (SOA) in linear amplification was limited 

and Er-doped fiber amplifiers are considered the 

suitable, SOA has advantages make it more suitable 

for optical communication in the future including the 

consumption of power is low, small footprint, wide 

bandwidth, and it accommodate wavelengths that 

EDFA cannot [1]. The aim of researchers at present 

to quest high gain, high-saturation power, low noise, 

and low cost [2]. There is a main drawback that 

occurs in SOA including the low saturation power. 

The latter limits the range at which the amplified 

signals are free distortion that is important when SOA 

is used as a component of multichannel amplifier. The 

gain saturation gives an image of SOA nonlinearities. 

For saturation, intense input signal undergoes smaller 

gain while the latter has larger gin for weaker gain. 

The saturation makes all power have the same power 

(all ‘1’ symbols), i.e., SOA has a role as if power 

equalizer in a self-saturation regime as then it reduces 

the amplitude fluctuations. The letter can be got in 

ideal case if the gain recovery is fast enough [1]. To 

increase saturation output power, techniques like 

reducing the confinement factor [4], flared 

waveguides use [5], gain clamping [6], pump beams 

[7], and SOA can be contacted by a resistance that 

varied in order to increase the current density along 

the waveguide [8]. The mentioned techniques have 

disadvantages include the reducing the gain, 

fabrication cost increasing and complexities [9]. The 

segmented semiconductor optical amplifier (SOA) 

that is supplied with a one injected current, discussed 

so much theoretically and experimentally [1-3]. 

However, multielectrode SOA has been investigated 

as first-generation, the reducing of the noise figure 

(NF) or increasing the saturation power versus power 

(input or output) are taken into account [10]. 

Tailoring the carrier density profile for reducing NF 

has been explained in non- segmented SOA to control 

the distribution of carrier density while for segmented 

SOA, use injected current can be achieved by single 

source in conjunction with resister network [9]. The 

output dynamic range that gives indication of input 

dynamic range (IPDR) which turn on specifies the 

input power that amplified within it, in addition to, 

the data can be retrieved with free error. The 

segmented SOA that supplied with three 

independently injected current develop IPDR to be 

longer and serve the application with Datacom 

applications [10]. Also, the subdivision of SOA and 

supply it with different injected current assists to be 

the NF in less within the saturated region comparison 

with the single and multisegmented SOA that supply 

with one injected current. In other hand, that 

extension of saturation region makes the acceptable 

bit error rate in communication systems take place at 

input or output powers more than one segment mode 

[11]. The performance of bit error rate of PAM4 in 

SOA is extensively depended to supply 

independently by injected current to be swapped from 

low high and vice versa [9]. With advanced format of 

modulation signals, SOA is needed to scope their 

when used as amplifier for compensating the losses 

of multi- stage modulation and demodulation steps. 

Alike, the ideal case of SOA for formats mentioned 

latter amplify symbols with both small and large 

amplitudes. This presumably requires an SOA with a 

large input power dynamic range (IPDR). The IPDR 

defines the power range in which error-free 

amplification can be achieved [1]. A large IPDR and 

the low noise figure make the scoping of large and 

weak amplitude is possible [10]. 
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The virtual division makes carrier density is 

determined by the current injected in SOA. So, the 

subsection is proposed to be perfect isolated and the 

diffusion of carrier density is not taken account [8]. 

Greater control of the carrier density profile could be 

achieved by improving the electrical isolation of the 

subsections to reduce the carrier diffusion. The 

improvement in saturation performance is also related 

to the ASE, as a higher level of power is required in 

order to supersede the effect of the ASE [12].  In this 

research, one segment model is used to choose the 

injected current for first subsection in three segment 

model. SOA is supplied by three independently 

injected currents to get extension of saturation region 

in presence fast dynamics and ASE effects. 

Consequently, there is no study has been discussed 

the improvement NF and saturation region in 

conjunction with SOA fast dynamic. We do not care 

to make a comparison of the saturation region 

extension obtained in two configurations with one 

segment model except for general explanation. Also, 

the pulse width on saturation region extension was 

discussed. 

 

2. Simulation 

To include compression (ε), amplified 

spontaneous emission (ASE) and loss (α) in addition 

to slow dynamics, then, the gain (g in m-1) equation 

that expresses for the soon mentioned can be written 

as [13]: 
𝜕𝑔

𝜕𝜏
=

𝑔𝑜

𝜏𝑐𝑑𝑝
−

𝑔

𝜏𝑒𝑓𝑓
−

𝑔

𝐸𝑠𝑎𝑡

𝑃(𝑧,𝜏)

1+𝜀𝑃(𝑧,𝜏)
  (1) 

𝜏𝑐𝑑𝑝  and  𝜏𝑒𝑓𝑓   are is the carrier lifetime and gain 

recovery time, respectively while 𝑔𝑜 and 𝐸𝑠𝑎𝑡   are the 

unsaturated gain and saturation energy. Rate equation 

of carrier density (N) is related to 𝑔 by the following 

[2] 
𝜕𝑁(𝑧,𝜏)

𝜕𝑧
=  

𝐼

𝑞𝑉
 −

𝑁

𝜏𝑐𝑑𝑝
−

𝑎 Γ(𝑁−𝑁0)𝑃(𝑧,𝜏)

𝑎𝐸𝑠𝑎𝑡
 (2)  

here 𝑎 Γ(𝑁 − 𝑁0) represents  𝑔,  𝑃(𝑧, 𝜏) is the pulse 

power, I is the injected current, V is the active region 

volume, q represents the electronic charge and a is 

differential gain 

Equation (1) can be expressed to take the integral 

formula in Eq. (3). The integrals (∫ 𝑔(𝑧, 𝜏) 𝜕𝑧
𝐿

0
)  is 

the integrated gain at reduced time (𝜏), later, is 

expressed by h(τ). It can be determined by assisting 

the equation [3] 
𝜕𝑃(𝑧,𝜏)

𝜕𝑧
= [𝑔(1 − 𝜀𝑃) − 𝛼]𝑃(𝑧, 𝜏)  (4) 

to be written as   

∫ 𝑔𝜕𝑧 
𝐿

0

= ∫
𝜕𝑃

𝑃

𝑃out

𝑃in

+ ∫ 𝜀𝜕𝑃
𝑃out

𝑃in

+ 𝛼 ∫ 𝜕𝑧 
𝐿

0

−  𝛼𝜖 ∫ 𝑃𝜕𝑧 
𝐿

0

 

and more simplicity is written as   

∫ 𝑔𝜕𝑧 
𝐿

0
= ℎ(𝜏) + 𝜀𝑃𝑖𝑛(𝑒ℎ(𝜏) − 1) + 𝛼𝐿 − 𝛼 ∫ 𝑃𝜕𝑧 

𝐿

0
(5) 

while the integral ∫ 𝑃𝑔𝜕𝑧
𝐿

0
 occurred at the last term 

in the R.H.S of Eq.(3) can be written as 

∫ 𝑃𝑔𝜕𝑧 
𝐿

0
=  (1 + 𝜀𝑃(𝑧, 𝜏)) ∫

𝜕𝑃

𝑃

𝑃out

𝑃in
+  𝛼 ∫ 𝜕𝑧 

𝐿

0
−

 𝛼 𝜖 ∫ 𝑃 𝜕𝑧 
𝐿

0
     (6) 

Now, substitute Eq. (4) and (5) into Eq. (6) to obtain 

Eq. (7), which can be simplified to Eq. (8). Equation 

(7) can be written in useful formula as in Eq. (9) that 

presents the integrated gain in presence slow, fast 

dynamics and loss in addition to ASE contribution. If 

all mentioned dynamics are presence, then, the 

solution does not available. To our knowledge, there 

are no published researches determine explicitly Eq. 

(9) as in our work. Neglecting the loss (α) into Eq. (9) 

reduce it to 
𝑑ℎ

𝑑𝜏
=

1

1+𝜀𝑃𝑖𝑛𝑒ℎ 
{

ℎ𝑜

𝜏𝑐𝑑𝑝
−

ℎ

𝜏𝑒𝑓𝑓
− 𝑃𝑖𝑛𝑒ℎ ( 

𝜀

𝜏𝑒𝑓𝑓
−

1

𝐸𝑠𝑎𝑡
) −

𝑃𝑖𝑛 (
𝜀

𝜏𝑒𝑓𝑓
+

1

𝐸𝑠𝑎𝑡
) −  𝜀 

𝑑𝑃𝑖𝑛

𝑑𝜏
  (𝑒ℎ(𝜏) + 1) (10) 

If ε and ASE are neglected, one can get well known 

equation that describes slow dynamics only [3]. The 

output power of subsection can be expressed by [4] 

(𝜏) = 𝑃𝑖𝑛,𝑘(𝜏)𝑒ℎ𝑘(𝜏)   (11) 

𝑘 is index that refers to a subsection in multisession 

scheme,  Pin,k(τ)  represents the power profile of the 

input pulse and have a range to be -40dBm to 20 dBm 

in our work. Pout,k (τ) is the power profile of the 

output pulse at end a segment Eq. (9) is applied at 

each segment end after taking into account the 

following important considerations: 

1. The diffusion of carrier density does not take into 

account at virtual proposed interfaces  

2. The average out power at the first interface is 

taken as input power of the second segment. 

3. The dynamics were presented in our simulation is 

absence the loss. 

4.  The injected currents for each segment are 

independent on the current that injected to the 

others. 

5. The total injected current that is chosen to supply 

the first segment was the current that chevies a 

compression of the noise figure near the saturation 

region of single segment model. 

 

3.  Noise Figure in SOA 

All amplifiers have noise; it cannot be avoided. 

Stimulated emission enables the amplification of 

incoming signal photons in any optically amplifying 

medium. However, a random and incoherent process 

known as carrier relaxation via Spontaneous emission 

(SE) will also take place [13,14]. Spontaneous 

emission events only add a detectable amount of 

noise power to the signal because they can emit a 

photon at any wavelength and in any direction or 

phase [15]. The following equation can be used to 

calculate the ASE noise's power within the SOA [16] 

𝑃𝐴𝑆𝐸 = 2 ⋅ 𝑛𝑠𝑝 ⋅ ℎ ⋅ 𝑣 ⋅ (𝐺 − 1) ⋅ 𝐵0  (12) 

where G is the gain at the optical frequency v, h 

symbolizes the Planck’s constant, B0 is the optical 

bandwidth, and nsp represents the population 

inversion factor. 

In ideal amplifier, nsp is equal to 1, equivalent the 

complete inversion of the middle. Although, in the 

usual case, the population inversion is partial and 
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nsp>1. Noise can be represented by an equation 

containing the three types of noise [17]: 

𝑁𝐹 = &
1

𝐺
+ 2 ⋅ 𝑛𝑠𝑝 ⋅

𝐺−1

𝐺
+

ℎ⋅𝑣⋅𝐵0⋅𝑛𝑠𝑝⋅𝑃𝑖𝑛⋅(𝐺−1)

𝑃out 
2    +

ℎ⋅𝑣⋅(2𝐵0−𝐵𝑒)⋅𝑛𝑠𝑝
2 ⋅𝑃𝑖𝑛⋅(𝐺−1)2

2⋅𝑃𝑜𝑢𝑡
2     (13) 

Due to the low ASE power in comparison to the 

signal power, the final two portions can be ignored in 

practice. Alternatively, the spontaneous-spontaneous 

beat noise can be decreased by adding an optical filter 

to the output. NF can be rewritten as follows: 

𝑁𝐹 ≈
1

𝐺
+ 2 ⋅ 𝑛𝑠𝑝 ⋅

𝐺−1

𝐺
   (14) 

Since the spontaneous emission factor (nsp) is 

always greater than 1, the smallest value of NF is 

obtained when nsp=1. Therefore, NF of an ideal 

optical amplifier is 3dB for large gain values (G>>1). 

This is thought to have the least amount of NF. This 

implies that each time an optical signal is amplified, 

the signal to noise ratio is reduced by half [18]. 

To interpret the total noise figure (NFT), it can be 

considered the amplifier as a chain of individual 

amplifier equivalent to virtual subsection and  𝑁𝐹𝑇   

of the system is determined by   𝑁𝐹   in the initial 

subsection. The chain can be expressed as optical 

amplifier cascade and the Friis equation determine 

well this idea [21] 

𝑁𝐹𝑇 =  𝑁𝐹1 +
𝑁𝐹2−1

𝑔1
+

𝑁𝐹3−1

𝑔1𝑔2
+ ⋯ +

𝑁𝐹𝑚−1

𝑔𝑚𝑔𝑚−1
   (15) 

𝑁𝐹𝑚 and 𝑔𝑚 are the NF and g of subsection m. A 

certain succeeded term reduces compared with the 

last because there are additional gain t each step. The 

commutative NF by each successive element is added 

which turn on reduce the magnitude as whole. So, the 

terms in the beginning have the significant 

contribution to NFT. 

 

3. Results and Discussion 

The simulation is achieved by MATLAB 

Software and the used parameters determined in table 

(1). Since there are no published researches take into 

account the slow and fast dynamics together, so the 

parameters are assembled from many of published 

researches. The parameter is chosen such that the 

association of saturation region and compression 

noise is being verified and the important parameter 

that influence is the injected current that is carefully 

chosen, for slow dynamic ε=0, fast dynamic ε≠0 
without and in presence ASE factor (τeff). To supply 

the three segments, we followed two configurations, 

the first and second are denoted by config.1 and 

config.2, respectively, as explained in table (2). 

In three segment model as in our simulation, each 

sub segment is independently injected. The 

configuration in our research consist on three segment 

and injected currents are such that the first and the last 

section take higher and lower value respectively, 

while, the medium takes a middle value. To obtain the 

second configuration, the above can be reverse. Both 

schemes have carrier density distribution and NF 

depends on it such that takes minimum value if NF is 

high at the input while takes maximum value at final 

subsection. We attain the important requirement of 

eq. [NFT] by choosing the current of first subsection 

that makes there is a compression noise close the 

saturation region. 

 
Table (2) Two configurations used in the simulation 

 

config.1 

I(mA) 260 140 80 

Psat(mW) 9.4 12.6 30..7 

τcdp(ps) 390 292 120 

config.1 

I(mA) 80 140 260 

Psat(mW) 30..7 12.6 9.4 

τcdp(ps) 120 292 390 

 

Each section is considered a new SOA of the same 

length. The amplitudes and powers determined for 

each segment will be utilized as input values for the 

subsequent segment's amplitude and power 

calculations. The final segment's output will be 

regarded as the SOA’s output. 

The compression noise is ranging from 5.65 to 

4.99 dB for ASE dynamic and from -5.55 to 1.69 dB 

for ASE and ε dynamics. Both dynamics are in a 

range of Pin (-10 to 6.9 dBm), and ε can be reduced 

ASE effect to be lower comparison with presence 

ASE effect only as shown in Fig. (1). The latter 

features occur respectively in blue and red color. Due 

to mentioned, ε must be taken account because its 

effect on reduction ASE value, so, the result will be 

close SOA real behavior. In the simulation, it can be 

choice I=260mA and another injecting currents make 

them in sub segment 2 and 3 to be higher value in 

three segment model and we do not always capable to 

increased injected current as we desire. As a result, 

the compression noise is close the saturation region 

verified in our simulation. 

 

 
Fig. (1) Noise figure as a function of input power. ASE (red), 

ASE and 𝛆  (blue) for one segment 

 

Figure (2) shows gain as a function of Pout for the 

three-segment SOA under different injected currents 

that increase towards the SOA end (The blue curve), 

and different injected currents that decrease towards 

the SOA end (red curve). We notice that gain behaves 

linearly at low power and decreases at high Pout, 

indicating the beginning of a saturation region, which 

turn of gets back to lower power that decreases as the 

pulse width decreases. The results for pulse width 0.1, 
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0.3, 0.5, 0.8, 1, and 1.5ps are, respectively, 6.97, 6, 

5.8, 3.7, 4.1, and 3.66 dBm. 

 

 

 

 
 

Fig. (2) Gain as a function of output power when the pulse 

width is: 𝛕𝒑 =  𝟏. 𝟓 𝒑𝒔 upper left, 𝛕𝒑  =  𝟏. 𝟎 𝒑𝒔 upper right, 

𝛕𝒑 =  𝟎. 𝟖𝟒 𝒑𝒔 middle left, 𝛕𝒑 =  𝟎. 𝟓 𝒑𝒔 middle right, 𝛕𝒑 =

 𝟎. 𝟑 𝒑𝒔 the bottom of left, and 𝛕𝒑 =  𝟎. 𝟏 𝒑𝒔 the bottom right. 

𝑨𝑺𝑬 effects and intraband are neglected 

 

When the ASE effect is taken in respect Fig. (3), 

the width of saturation region increases compared to 

the previous form (slow dynamics only). The reason 

for this is the depletion of carriers due to spontaneous 

emission, while the width of the saturation region 

decreases (Fig. 2 and 3) as the pulse width decreases 

but in Fig. (3) when 𝜏𝑝>0.5ps, the behavior is 

reversed and the saturation region starts to be 

decreased compared with it when 𝜏𝑝<0.5ps. The 

reason is, effects ε and ASE are really existence but 

the occurrences and its effects decrease when the 

pulse 𝜏𝑝>0.5ps, this behavior refers to that gain 

cannot be recovered fast enough within pulse width 

mentioned. 

Figure (4) shows gain as a function of Pout when 

fast dynamic effects are taken (ε≠0) without ASE.  

The negligible of latter by making 𝜏𝑐𝑑𝑝 = 𝜏𝑒𝑓𝑓    

makes blue color (config.1) and the second one (red 

color) get fast. There is no chance for ASE to prevent 

the fast gain recovery to get rapidly. As a result, the 

shifting towards the lower power will be less and one 

can be noted that there is no change from the slow 

dynamic as there is no significant change in the width 

of the saturation region, and the reason for this is the 

absence of the effects of ASE. 

 

 

 

 
 

Fig. (3) Gain as a function of output power when the pulse 

width is: 𝛕𝒑  =  𝟏. 𝟓 ps upper left, 𝛕𝒑 = 𝟏. 𝟎 ps upper right, τp = 

0.84 ps middle left, 𝛕𝒑 = 𝟎. 𝟓 ps middle right, 𝛕𝒑 = 𝟎. 𝟑 ps the 

bottom of left, and 𝛕𝒑 = 𝟎. 𝟏 ps the bottom of right. ASE effects 

taken, and intraband are neglected 

 

Figure (5) shows gain as a function of Pout when 

fast dynamic effects are taken (ε≠0) without ASE. 

The gain recovery is fast when the pulse width 1, 

0.84, and 0.5ps but is fester when the pulse width 300, 

and 500fs. The dependence of recovery on dynamics 

which turn on influences on pulse width makes the 

shifting is towards the lower power and is larger for 

femtosecond pulse width. In config. 1 (blue color), 

ASE is less compared with config. 2 (red color) 

because (NFT=NF1) as clearly determined by Eq. 

(15). So, the stimulated emission is dominant and -

3dB gets fast. In config. 2, the mentioned behavior is 

reversed and ASE tries to prevent -3dB to get fast. 
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Fig. (4) Gain as a function of output power when the pulse 

width is: 𝛕𝒑  =  𝟏. 𝟓 𝒑𝒔 upper left, 𝛕𝒑  =  𝟏. 𝟎 𝒑𝒔 upper right, 

𝛕𝒑  =  𝟎. 𝟖𝟒 𝒑𝒔 middle left, 𝛕𝒑  =  𝟎. 𝟓 𝒑𝒔 middle right, 𝛕𝒑 =

 𝟎. 𝟑 𝒑𝒔 the bottom of left, and 𝛕𝒑  =  𝟎. 𝟏 𝒑𝒔 the bottom of 

right. 𝑨𝑺𝑬 effects neglected, and intraband are taken 

 

At a certain Pin then N at maximum value 

decreases with increasing Pin and this refers to there 

is a chance to induce depleted electrons at SOA 

beginning more than deep into SOA. If Pin decreases, 

the behavior is reversed and the chance is low. As a 

result, N has a symmetric special distribution while at 

high Pin then N becomes more asymmetrical. N is 

calculated at SOA rear of various Pin as shown in Fig. 

(6). Also, N decreases rapidly towards Ntrans. as Pin 

increases. Increasing N reduces NF and one cannot 

supply SOA indefinitely by injected current to 

improve NF due to ASE saturation and Auger 

recombination effects at high injected current. So, on 

can improve NF to be minimum with specific carrier 

density. The behavior of N with propagation distance 

(z) at high and low Pin explain, respectively, why does 

G   decreasing takes places at high Pout of config. 1 

and further of Pout of config. 2. So, the change of G in 

config. 1 starts to be less and depend on distribution 

N as shown in Fig. (6). In config.1, Pin that enter the 

second segment would represent Pout exciting from 

first one and its amplification depend on first segment 

injected current. The latter is large than other 

segments (second and third). G is inevitable but 

differs in config. 1 that is smaller than into second and 

smallest into third one. Since, G  in first (config. 1) 

does suffer low NF according to Eq. (15). So, the 

saturation of config. 1 is larger compared with the 

other. Concerning on config. 2, NF of first segment is 

larger than second and third as sequence of Eq. (15). 

As a result, G for first one is the smallest than the 

others. 
 

 

 

 
 

Fig. (5) Gain as a function of output power when the pulse 

width is: 𝝉𝒑  =  𝟏. 𝟓 𝒑𝒔 upper left, 𝝉𝒑 =  𝟏. 𝟎 𝒑𝒔 upper right, 

𝝉𝒑  =  𝟎. 𝟖𝟒 𝒑𝒔 middle left, 𝝉𝒑  =  𝟎. 𝟓 𝒑𝒔 middle right, 𝝉𝒑  =

 𝟎. 𝟑 𝒑𝒔 the bottom of left, and 𝝉𝒑  =  𝟎. 𝟏 𝒑𝒔 the bottom of 

right. 𝑨𝑺𝑬 effects and intraband are taken 

 

The SOA gain saturation provides much insight 

into the improvements offered by the multi-section 

SOA. One can compare the one-segment model 

(dashed line) and the lamped current in two 

configurations (red and blue line), as shown in Fig. 

(7). For low output powers below -10dBm, the 

unsaturated gain for the one-segment model (dash 

line) and the lamped SOA is taken to be 20 dB. The 

SOA gain decreases as output increases referred to 

that saturation start to be the is gain less and less to 
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obtain output power at which the gain is 3 dB lower 

than the unsaturated value. The single-section SOA 

has Pout(sat.)= 6 dBm, whereas for multi-section (red 

line) SOA is Pout(sat.)= 1.8 dBm and when three-

segment SOA under different injected currents 

increases towards the SOA end (blue color), the 

output saturation power increases to be Pout(sat.)= 7.6 

dBm. 

 

 
Fig. (6) Carrier density as a function of propagation distance 

at various input power 

 

 
 

Fig. (7) Gain as a function of output power for one segment 

model (dashed line) when the pulse width is: 𝝉𝒑 =  𝟏. 𝟎 𝒑𝒔 and 

for lamped current of two configurations (red and blue line). 

ASE effects and fast dynamics are neglected 
 

4. Conclusion 

One segment model that occurs noise 

compression at a certain injected current can be 

considered the best for designing three-segment 

model that is supplied independently by three injected 

currents. As well as, one segment model aids to attain 

the important requirement to avoid the damages of 

NFT  into three segment model by making NF to be 

equivalent NFT. These considerations make 

saturation region extension to be large and can use in 

many applications, such as PAM4. Also, the presence 

of fast dynamics can be influenced, so, it must take 

into account to simulate SOA. 

 

References 

[1] A. Crottini et al., “Noise figure improvement in 

semiconductor optical amplifiers by holding beam at 

transparency scheme”, IEEE Photon. Technol. Lett., 

17(5) (2005) 977-979. 

[2] T.W. Berg, “The dynamics of semiconductor 

optical amplifiers: Modeling and applications”, Opt. 

Photon. News, 14(7) (2003) 42-48. 

[3] A. Sobhanan et al., “Semiconductor optical 

amplifiers: recent advances and applications”, Adv. 

Opt. Photon., 14(3) (2022) 571-651. 

[4] M.J. Connelly, “Wideband semiconductor optical 

amplifier steady-state numerical model”, IEEE J. 

Quantum Electron., 37(3) (2001) 439-447. 

[5] R. Brenot et al., “Experimental study of the impact 

of optical confinement on saturation effects in SOA”, 

in Optical Fiber Communication Conference (2005), 

Optica Publ. Group, p. OME50. 

[6] G. Bendelli et al., “A new structure for high-

power TW-SLA (Travelling wave semiconductor 

laser amplifier)”, IEEE Photon. Technol. Lett., 3(1) 

(1991) 42-44. 

[7] G. Giuliani and D. D'Alessandro, “Noise analysis 

of conventional and gain-clamped semiconductor 

optical amplifiers”, J. Lightwave Technol., 18(9) 

(2000) 1256. 

[8] M. Yoshino and K. Inoue, “Improvement of 

saturation output power in a semiconductor laser 

amplifier through pumping light injection”, IEEE 

Photon. Technol. Lett., 8(1) (1996) 58-59. 

[9] S. Saini et al., “A semiconductor optical amplifier 

with high saturation power, low noise figure and low 

polarization dependent gain over the C-band”, in 17th 

Annual Meeting of the IEEE Lasers and Electro-

Optics Society (2004) vol. 1, IEEE, pp. 102-103. 

[10] K. Carney et al., “Method to improve the noise 

figure and saturation power in multi-contact 

semiconductor optical amplifiers: simulation and 

experiment”, Opt. Exp., 21(6) (2013) 7180-7195. 

[11] R. Bonk et al., “Linear semiconductor optical 

amplifiers for amplification of advanced modulation 

formats”, Opt. Exp., 20(9) (2012) 9657-9672. 

[12] S.P.Ó Dúill, P. Landais and L.P. Barry, 

“Estimation of the performance improvement of pre-

amplified PAM4 systems when using multi-section 

semiconductor optical amplifiers”, Appl. Sci., 7 

(2017) 9-908. 

[13] R. Lennox et al., “Impact of bias current 

distribution on the noise figure and power saturation 

of a multicontact semiconductor optical amplifier”, 

Opt. Lett., 36(13) (2011) 2521-2523. 

[14] P.P. Baveja et al., “Self-phase modulation in 

semiconductor optical amplifiers: impact of 

amplified spontaneous emission”, IEEE J. Quantum 

Electron., 46(9) (2010) 1396-1403. 

[15] M. Ueffing, “Direct amplification of 

femtosecond pulses”, LMU (München, 2018). 

[16] V. Agarwal and M. Agrawal, “Characterization 

and optimization of semiconductor optical amplifier 

for ultra-high speed applications: a review”, in 2018 

Conference on Signal Processing and 

Communication Engineering Systems (SPACES) 

(2018), IEEE, pp. 215-218. 

[17] K. Obermann et al., “Noise characteristics of 

semiconductor-optical amplifiers used for 



IRAQI JOURNAL OF APPLIED PHYSICS  Vol. 20, No. 3B, August 2024, pp. 593-599 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   599 

wavelength conversion via cross-gain and cross-

phase modulation”, IEEE Photon. Technol. Lett., 9(3) 

(1997) 312-314. 

[18] H.G. Shiraz, “The principles of semiconductor 

laser diodes and amplifiers”, Imperial College Press 

(London, 2004). 

[19] Y. Said, H. Rezig and A. Bouallegue, “Analysis 

of noise effects in long semiconductor optical 

amplifiers”, Open Opt. J., 2(1) (2008). 

[20] Y. Yamamoto and K. Inoue, “Noise in 

amplifiers”, J. Lightwave Technol., 21(11) (2003) 

2895-2915. 

[21] E.A. Alquda and A.M. Matarneh, 

“Comprehensive investigation modeling for 

semiconductor optical amplifier (SOA)”, Jordan. J. 

Comput. Inform. Technol., 1(1) (2015). 

[22] A. Kotb, K.E. Zoiros and C. Guo, “Numerical 

investigation of an all-optical logic OR gate at 80 

Gb/s with a dual pump–probe semiconductor optical 

amplifier (SOA)-assisted Mach–Zehnder 

interferometer (MZI)”, J. Computat. Electron., 18 

(2019) 271-278. 

[23] G.P. Agrawal and N.A. Olsson, “Self-phase 

modulation and spectral broadening of optical pulses 

in semiconductor laser amplifiers”, IEEE J. Quantum 

Electron., 25(11) (1989) 2297-2306.

_______________________________________________________________________________________ 

 
𝜕

𝜕𝜏
∫ 𝑔𝜕𝑧

𝐿

0
=

𝑔𝑜𝐿

𝜏𝑐𝑑𝑝
−

1

𝜏𝑒𝑓𝑓
∫ 𝑔𝜕𝑧

𝐿

0
−

1

𝐸𝑠𝑎𝑡
∫

𝑃𝑔𝜕𝑧

1+𝜀𝑃(𝑧,𝜏)

𝐿

0
      (3) 

 
𝜕

𝜕𝜏
[ℎ(𝜏) + 𝜀𝑃𝑖𝑛(𝑒ℎ(𝜏) − 1) + 𝛼𝐿 − 𝛼 ∫ 𝑃𝜕𝑧 

𝐿

0
] =

𝑔𝑜𝐿

𝜏𝑐𝑑𝑝
−

1

𝜏𝑒𝑓𝑓
 [ℎ(𝜏) + 𝜀𝑃𝑖𝑛(𝑒ℎ(𝜏) − 1) + 𝛼𝐿 − 𝛼 ∫ 𝑃𝜕𝑧 

𝐿

0
] +

1

𝐸𝑠𝑎𝑡
[∫

(1+𝜀𝑃(𝑧,𝜏)) ∫
𝜕𝑃

𝑃

𝑃out
𝑃in

+ 𝛼 ∫ 𝜕𝑧 
𝐿

0 − 𝛼 𝜖 ∫ 𝑃 𝜕𝑧 
𝐿

0

1+𝜀𝑃(𝑧,𝜏)
 

𝐿

0
]       (7)   

 

𝜕ℎ(𝜏)

𝜕𝜏
 +

𝜕

𝜕𝜏
( 𝜀𝑃𝑖𝑛 𝑒ℎ(𝜏)) −

𝜕

𝜕𝜏
𝜀𝑃𝑖𝑛 + 𝛼𝐿 −

𝜕

𝜕𝜏
(𝛼 ∫ 𝑃𝜕𝑧 )

𝐿

0
  =

𝑔𝑜𝐿

𝜏𝑐𝑑𝑝
−

ℎ(𝜏)

𝜏𝑒𝑓𝑓
+

𝜀𝑃𝑖𝑛  𝑒
ℎ(𝜏)

𝜏𝑒𝑓𝑓
−

𝜀𝑃𝑖𝑛

𝜏𝑒𝑓𝑓
+

𝛼𝐿

𝜏𝑒𝑓𝑓
−  

𝛼 ∫ 𝑃𝜕𝑧 
𝐿

0

𝜏𝑒𝑓𝑓
 +

𝑃𝑖𝑛(𝑒ℎ(𝜏)−1)

𝐸𝑠𝑎𝑡
+ (1 + 𝜀𝑃(𝑧, 𝜏))−1   𝛼 ∫ 𝜕𝑧 − (1 + 𝜀𝑃(𝑧, 𝜏))−1𝐿

0
𝛼 𝜖 ∫ 𝑃 𝜕𝑧

𝐿

0
   (8) 

 
𝑑ℎ

𝑑𝜏
=

1

1+𝜀𝑃𝑖𝑛𝑒ℎ 
{

ℎ𝑜

𝜏𝑐𝑑𝑝
−

ℎ

𝜏𝑒𝑓𝑓
− 𝑃𝑖𝑛𝑒ℎ ( 

𝜀

𝜏𝑒𝑓𝑓
−

1

𝐸𝑠𝑎𝑡
) − 𝑃𝑖𝑛 (

𝜀

𝜏𝑒𝑓𝑓
+

1

𝐸𝑠𝑎𝑡
) + 𝛼 (

𝐿

𝜏𝑒𝑓𝑓
+

1

𝐸𝑠𝑎𝑡
− 𝐿) − 𝜀 

𝑑𝑃𝑖𝑛

𝑑𝜏
  (𝑒ℎ(𝜏) +

    1) −
𝛼 ∫ 𝑃𝜕𝑧 )

𝐿
0

𝜏𝑒𝑓𝑓
+  

𝛼 𝜖 ∫ 𝑃𝜕𝑧 )
𝐿

0

𝐸𝑠𝑎𝑡(1+𝜀𝑃(𝑧,𝜏))
  +   𝛼 ∫ 𝑃 𝜕𝑧

𝐿

0
      (9)           

__________________________________________________________________________________________ 

 
Table (1) Parameters that were used in our simulation [19] 

 

Parameters Symbol 
Value and 

unit 

SOA region length  LE from [11] 700 μm 

Width  W 3×10−6 m 

Height  H 80×10−9 m 

Confinement factor  Γ 0.3 

Pulse width  τ𝑝 from [20] varied 

Current  I varied 

Carrier life time  τ𝑐𝑑𝑝 292 ps 

Effective gain recovery  τeff from [12] 20 ps 

Differential gain  𝑎 2.78×10−20 m−2 

Carrier density at transparency  No 1.4×1024 m−3 

Carrier density used  N 3×1024 m−3 

Saturation energy  East 3.74 pJ 

Compression factors due to CH  ϵCH 0.2 W−1 

Compression factors due to SHB  ϵSHB 0.2 W−1 

Nonradioactive recombination coefficient  A 1.5×108 

Bimolecular recombination coefficient  B 10×10−16 

Auger recombination coefficient  C 3×10−41 
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In the current study, Cu/copper oxide nanoparticles (NPs) has been produced by 
simple chemical method. The structural and spectroscopic characteristics of these 
nanoparticles were determined. The material has monoclinic diffraction pattern and 
there was no indication on the presence of any additional impurities. The successful 
formation of copper oxide was confirmed by the vibrational mode of Cu-O bond at 400-
700 1/cm. The surface plasmon resonance (SPR) of Cu/copper oxide at 220nm is 
responsible for the narrow absorption peak. The band gap energy of Cu/copper oxide 
NPs reached 4.6eV. Four bacterial strains and one strain of fungus were used to test 
the anti-bacterial and antifungal properties of copper and oxide. The Cu/CuO/Cu2O 
showed an inhibiting effect on bacteria more than fungi. 
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1. Introduction 

The various metal nanoparticles (NPs) are 

involved in a wide range of biological and 

biochemical processes. Copper oxide possesses 

qualities that make it antimicrobial, antibacterial, 

antifungal, gas sensing, biocidal, superconductive, 

catalytic, and optical material [1-4]. CuO NPs is a p-

type semiconductor and has optical band gap of about 

1.7 eV [5,6]. A number of chemical, physical, and 

biological procedures can be used to produce CuO 

NPs [,8]. Antimicrobial resistance (AMR) is a global 

hazard to human progress and health [9]. Urgent 

multi-sectoral action is needed to achieve the 

sustainable development goals (SDGs) [10]. It is not 

unexpected to see that nanotechnology is being used 

in medicine increasingly frequently to tackle the 

antibiotic resistance threat [11-14]. Infections can be 

treated in a number of methods using NPs [15]. To 

strengthen their physiochemical action against 

bacteria that are resistant to medication, they can be 

coupled with currently available antimicrobials [16-

18]. Ion Cu NPs cause toxicity inside of bacterial cells 

when they come into contact with them, leading to a 

variety of malfunctions and finally leading to cell 

death. This results in a multitude of problems, 

including cell death. The Cu NPs are capable of 

penetrate the bacterial cell through the cell membrane 

because of their small particle size. Cu ions are 

efficiently drawn by carboxylic and amine groups in 

the bacterial cell membrane. The toxicity of Cu NPs 

is greatly impacted by the form and size of the 

particles [19]. Reactive oxygen species (ROS) that Cu 

NPs accumulates can damage cell membranes and 

cause immediate cellular toxicity [20]. Due to its high 

redox potential, copper can produce Cu ions, which 

can be used as an electron donor or acceptor. These 

ions collect superoxide and hydroxyl radicals, which 

makes them extremely hazardous for bacterial cells 

and causes oxidative stress. These ROS production 

can affect how bacteria reproduce their DNA, divide 

their cells, and regulate their metabolism. 

Degradation of mitochondria, and other proteins 

channels found in the bacterial cell membrane is 

facilitated by CuNPs-mediated toxicity in bacterial 

cells. The precise mechanism underlying anti-

bacterial action is still being researched. The 

following graphic (Fig. 1) illustrates a potential anti-

bacterial mechanism of CuNPs [21]. 

The aim of this study is to prepare copper oxide 

nanoparticles from copper iodide in a simple and 

inexpensive method and then verify the properties of 

the prepared material and its effectiveness against 

microbial. 

 

 
Fig. (1) Probable antimicrobial mechanism of Cu/CuO/Cu2O 

NPs 
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2. Experimental Part 

The Cu/CuO/Cu2O NPs have been produced by 

simple chemical method. First, 1.0 g of CuI was 

dissolved in 100 ml ethanol. Second, 50 ml of NaOH 

(2M) was added to the CuI solution. Finally, both 

solutions were mixed by magnetic stirrer at room 

temperature for one hour, as shown in Fig. (2a). The 

crystallographic structure of Cu/CuO/Cu2O NPs was 

determined by x-ray diffraction (XRD) patterns, the 

spectroscopic analysis of Cu/CuO/Cu2O NPs was 

performed within the range of 200-1100 nm by a UV–

visible spectrophotometer, and the surface 

topography of the prepared samples was determined 

by atomic force microscopy (AFM). The Fourier-

transform infrared (FTIR) spectroscopy was used to 

determine chemical bonds in the wavenumber range 

of 400-4000 cm-1. Finally, the antibacterial and 

antifungal activities of Cu/CuO/Cu2O NPs were 

studied. The Mueller-Hinton agar medium plates 

were used for the test, which was conducted using the 

well diffusion method. A clean, well-sterilized cutter 

was sued to form well with a 6 mm diameter on the 

plates. Using clean, sterile cotton swabs, the bacteria 

suspension was applied uniformly to the Mueller-

Hinton agar culture medium, and after the plates had 

dried, 100 ml of the Cu/CuO/Cu2O NPs solution was 

added to the wells. Once the incubator reached 37°C, 

the plates were left there for one day, then the 

inhibitory zone's circumference around the well was 

determined in millimeters, according to Fig. (2b). 

 

 
(a) 

 
(b) 

Fig (2) (a) The creation of copper oxide NPs graphically, and 

(b) schematic diagram of cultivation of bacteria and fungi 

 

3. Results and Discussion  

XRD pattern was used to verify the crystalline 

structure of Cu/CuO/Cu2O NPs, as can be shown in 

Fig. (3). The four primary distinctive XRD peaks, 

which correspond to Bragg's reflections at (311), 

(002), (331) and (200) for Cu2O, Cu/CuO/Cu2O and 

Cu, respectively. The findings clearly support the 

Cu/CuO/Cu2O NPs synthesis. There are no other 

contaminants found in the Cu/CuO/Cu2O NPs 

diffraction pattern. The results of this study were in 

agreement with Cu2O JCPDS card no. 34-1254, 

Cu/CuO/Cu2O JCPDS card no. 45-0937 and Cu 

JCPDS card no.  02-1225. It guarantees the purity of 

the resulting Cu/CuO/Cu2O NPs [22-26]. 

AFM was used to study the surface topography of 

prepared film. It can be noticed from Fig. (4) that the 

grains are different in size where the maximum size 

is about 88.9 nm. Also, the grain size is ranging from 

very small size (<100 nm) to others may reach to 1 

µm. 

Figure (5) depicts the transmission spectra of 

Cu/CuO/Cu2O NPs formed chemically. The 

Cu/CuO/Cu2O NPs have shown a relatively narrow 

peak of absorption at 220 nm, which is most likely 

due to Cu/CuO/Cu2O semiconductor surface plasmon 

resonance (SPR) excitation [27]. The energy band 

gap (Eg) of the Cu/CuO/Cu2O NPs was determined to 

be 4.6 eV using the Tauc’s equation [28,29], as shown 

in Fig. (6), where the value of Eg was larger than value 

of bulk structure (2.1eV) because decreasing particle 

size causes to increase energy band gap (Eg) [25,29]. 

The Cu/CuO/Cu2O NPs might be used as an ideal 

solar harvester and a powerful photocatalyst for 

environmental cleanup [29,30]. 

 

 
Fig. (3) XRD pattern of Cu/CuO/Cu2O sample 

 

 
 

Fig. (4) AFM image of the synthesized Cu/CuO/Cu2O NPs 

 

In FTIR analysis, the bands at wavenumbers 3443 

and 1625 cm-1 as well as the peak at 2360 cm-1 are 

generated by airborne CO2 due to O-H (hydroxyl) 

bond. The N-H bond vibration is thought to be 

responsible for the peak at 1523 cm-1. The peaks at 

1083 and 1205 cm-1 were created by vibration modes 

of C=O and C=H bonds and O-H bond, respectively. 

Bands seen at 485cm-1 (Cu-O symmetric stretching), 

at 669 cm-1 (Cu-O asymmetric stretching), and at 750 

cm-1 (wagging) correspondingly can be used to 

identify the characteristic Cu/CuO/Cu2O bond 
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frequencies in Cu/CuO/Cu2O NPs. The formation of 

Cu/CuO/Cu2O NPs is evidently the result of an 

electrostatic interaction between Cu ions and 

electron-rich amino, ketonic C=O, and alcoholic OH 

groups, as shown in Fig. (7) [31,32]. 

 

 
Fig. (5) Transmission spectrum of Cu/CuO/Cu2O NPs 

 

 
Fig. (6) Determination of energy band gap of the prepared 

sample 

 

 
Fig. (7) FTIR spectrum of copper oxide nanoparticles 

 

A well-diffusion assay, which makes use of disks 

impregnated with anti-biotics or nanoparticles, is 

frequently used to measure the bacterial susceptibility 

to these agents. The wells were filled with the 

prepared Cu/CuO/Cu2O NPs suspension. To allow for 

diffusion, the samples were initially incubated for 

15min at 4°C, then for 24h at 37°C. After the 

incubation period, the inhibition zone encircling the 

well was regarded as a successful test result. The 

copper oxide NPs were tested at various 

concentrations (100%) for their ability to inhibit S. 

epidermidis, S. aureus and Klebsiella, Escherichia 

coli strains, as well as one fungal strain. Figure (8) 

depicts this impact. Bacteria (such as E. coli) have 

been seen to have inhibition ratios as large as 14 mm 

in diameter. Although Cu/CuO/Cu2O NPs inhibited S. 

epidermidis at the highest rate (13mm). This was 

caused by the bacteria's cellular wall construction. 

This was caused by the bacteria's cellular wall 

construction. 

 

  
 

  
 

 
 

Fig. (8) Growth-inhibition zone of Cu/CuO/Cu2O NPs 

 

Given that bacterial death has characteristics 

comparable to nanoparticles in terms of stability, 

volume and concentration to the growing medium 

that extends the duration for interaction between 

nanoparticles and bacteria, the strain of fungi, in 

contrast, recorded 10mm, as depicted in Fig. (9). 

Many theories exist to explain how nanoparticles can 

prevent bacterial development. When the surface to 

volume ratio increases by a factor of nano millions, 

there is a general shift in the optical characteristics 

structure [33]. The majority of bacterial cell 

membranes have microscopic pores called stomata. 
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However, in order to have an impact on bacterial 

development by altering cellular function, the 

nanostructures must penetrate or pass through those 

membranes and remain there for a long enough period 

of time [34]. Despite the fact that researchers have 

developed a variety of strategies, each one is based on 

the same fundamental idea: The negative charge on 

the surface of bacterial cells can be attracted to the 

positive charge of nanoparticles, causing an 

accumulation of particles on the membrane of cell. As 

a result, the bacteria's membrane processes, including 

permeability, respiration, and electron transfer, are 

stopped [35-37]. The bacterial membrane's physical 

and chemical characteristics have changed, resulting 

in this damage. The positive ions can be released from 

the nanoparticles inside the cell and connected to the 

ribosome of bacteria to prevent protein forming or to 

attach those nanoparticles to the bacteria's genetic 

material to stop it from proliferating. The DNA would 

be ruined, and cell death would result [38-43]. 

 

 
Fig. (9) Diameter of inhibition zone 

 

4. Conclusion 

The findings of this study demonstrated that 

copper oxide nanoparticles could be produced 

chemically simply by reacting sodium hydroxide with 

copper iodide. The significant copper ion adsorption 

to bacterial cells, which results in concentration-

dependent anti-bacterial efficacy, is the primary cause 

of the anti-bacterial mechanism, where copper oxide 

nanoparticles may replace several anti-biotics. The 

material has high transmittance in visible and IR 

region reaching 91% and this makes it suitable for 

solar cells as window layer. 
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In this study, pure cadmium telluride (CdTe) nanoparticles and porous silicon were 
synthesized selectively by using the laser ablation method with distilled water and a laser 
energy of not more than 480 mJ and a maximum number of pulses of 300. Practical studies 
have shown that the material behaves like a quantum dot and porous silicon bases were 
prepared with a current density of 15 mA/cm2 and an etching period of 10 min. When a 
quantum dot is deposited on the porous silicon, an increase in the spectral responsivity of 
0.65 A/W was clearly observed. 
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1. Introduction 

Electronics and optoelectronic devices use 

transition metal chalcogenides (TMCs) such as ZnSe, 

ZnS, , CuSe, CdS, CdTe, and CdSe, among others. 

Cadmium chalcogenide materials like CdS, CdSe, 

and CdTe are the most important because they are 

used so often in electrical injection lasers, 

photodetectors, solar cells, and high-performance 

optoelectronic devices [1-3]. The straightforward 

formula for binary metal monochalcogenides is MX, 

where M stands for metal and X for chalcogen. The 

MX is a compound semiconductor, meaning that 

solar energy may be converted into electrical energy 

due to its appropriate bandgap (Eg). CdTe single 

crystal is good for thermoelectric, optoelectronic, 

photodetector, and solar cell applications because it 

has a straight bandgap energy of 1.5 eV [4-6]. Over 

90% of the light that hits CdTe is absorbed, and its 

crystal structure is a type of cubic zinc blend with a 

very sharp absorption edge [7,8]. Research on CdTe 

that has been doped with zinc (Zn) and manganese 

(Mn) shows photorefractive properties and the link 

between lattice strain and a nonzero piezoelectric 

field [9,10]. Zone melting, the Bridgman method, 

traveling heaters, and epitaxial growth can all be used 

to generate pure CdTe crystals [11]. In the infrared 

spectrum, CdTe has an electro-optic coefficient that 

is approximately three times greater than that of InP 

and GaAs [12-14]. If CdTe can be alloyed with zinc 

(Zn), it will improve the optical devices' switch-off 

time for electro-optic modulators [15,16]. For 

application in spectroscopic gamma-ray detectors, 

alloying CdTe with ZnTe can modify the bandgap 

and lattice parameters [17]. CdTe is utilized as an 

absorbent layer with perfect stoichiometry and a 

thickness of only a few microns in the production of 

solar cells [18,19]. 

In this research, CdTe QDs were prepared for the 

purpose of spreading them into the pores of porous 

silicon and increasing the spectral response of the 

photodetector. 

 

2.  Experimental Part 

CdTe nanoparticles preparation by laser ablation 

in distilled water mirror-like single crystal (4-16 

Ω.cm), 508 µm thick and (100) n-type silicon wafers 

were cleaned, cut into 1.5×1.5 cm2 rectangles and 

then chemically treated with HF. Using a thermal 

resistive technique, 1 µm thick silver ohmic contacts 

were deposited on the backsides of the wafer, and an 

anti-acidic wax layer was subsequently added to 

protect this electrode during electrochemical etching. 

By photoelectrochemically etching the silicon 

samples in a 1:1 mixture of HF (46%) - ethanol 

(absolute) solution using 10 mA/cm2 current 

density for 15 minutes at room temperature, the 

porous layer was obtained. The silicon samples 

underwent anodization before being washed out with 

deionized water for ten minutes and dried with 

tungsten lamb. Teflon electrochemical etching cell 

employing an Au grid was used in the current study 

and is shown in Fig. (1). The etched area was adjusted 

to be around 0.789 cm2. 
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Fig. (1) Illustration of PECE setup for porous Si at various 

current densities, with 10 min of etching time, and 48% HF 

 

Figure (2) depicts a three-dimensional 

topographic representation of porous silicon, 

exhibiting a pyramid-like morphology with 

dimensions of 73 nm, uniformly scattered across the 

entirety of the surface. The pyramidal morphology is 

indicative of an elevated surface roughness resulting 

from the process of anodization. The significant level 

of surface roughness exhibited by porous silicon 

suggests its potential as an anti-reflection coating, as 

the presence of a textured surface can effectively 

minimize light reflection. Moreover, the phenomenon 

of scattering in porous silicon can be attributed to the 

presence of surface roughness in relation to the 

thickness of the porous layer [20,21]. 

 

 
Fig. (2) A 3D AFM image of porous silicon fabricated under the 

conditions of a current density of 10 mA/cm2 and an etching 

time of 10 minutes 

 

A Nicolet 380 Fourier-transform infrared (FTIR) 

spectrometer was used to measure the FTIR spectrum 

from 400 cm-1 to 4000 cm-1. This range encompasses 

the fundamental vibration frequencies of the primary 

bonding groups found in various materials, including 

those based on silica, refer to Fig. (3). The significant 

infrared (IR) peaks that have been discovered are Si-

Si, Si-H, Si-OH, and CH2, which are positioned at 

wavenumbers of 534, 910, 1077, and 2938 cm-1, 

respectively [22]. The obtained peak positions were 

compared with those reported in other research, and a 

significant level of agreement was observed. In the 

context of photodetector applications, it is imperative 

for the uppermost layer to possess a low reflectivity 

characteristic. 

 

 
Fig. (3) FTIR spectrum of porous silicon fabricated under the 

conditions of current density of 10 mA/cm2 and an etching time 

of 10 min 

 

CdTe nanoparticles were synthesized by the 

process of laser ablation. High-purity CdTe material, 

in the form of a pellet of 1 cm in diameter and 4 mm 

in thickness, was produced by laser ablation in 

deionized water of 99.99% purity. The synthesis was 

performed at room temperature. The CdTe target was 

positioned at the base of the glass piker, and a solution 

containing colloidal CdTe nanoparticles was 

prepared to fill the vessel, ensuring a volume of 10 ml 

more than that of the target. The colloidal solution 

was generated through the process of irradiating a 

CdTe pellet using a HUAFEI 7 ns pulsed Nd:YAG 

laser with a wavelength of 1064 nm. A positive 16 cm 

lens was employed to focus the laser beam onto the 

target. The laser energy 480 mJ and pulse ablation 

(300) were set to carry out this experiment. The laser 

ablation in a liquid system is depicted in Fig. (4) as a 

simplified schematic diagram. 

 

 
Fig. (4) Laser ablation in a liquid system. Inset is fresh colloidal 

CdTe NPs 

 

The investigation focused on examining the 

structural, morphological, and optical properties of 

80

81

82

83

84

85

86

87

88

89

500 1500 2500 3500

In
te

n
si

ty
 (a

.u
.)

Wavenumber (1/cm)

Si-OH

Si-Si

Si-H

CH2



IRAQI JOURNAL OF APPLIED PHYSICS  Vol. 20, No. 3B, August 2024, pp. 605-610 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   607 

porous silicon and CdSe nanoparticles. This was 

achieved by the utilization of a Shimadzu XRD-6000 

X-ray diffractometer (CuK), and a Shimadzu SL174 

PL spectrophotometer, and the techniques employed 

in this study include FTIR spectroscopy, JEOL JSM-

5600 scanning electron microscopy, Philips CM10 

pw 6020 transmission electron microscopy, 

Angstrom AA 3000 atomic force microscopy, and 

Cary 100 Conc plus UV-visible spectrophotometer. 

The colloidal CdTe NPs with a concentration of 

around 50 µL were embedded in porous silicon by 

drop casting technique. The photosensitivity was 

measured by utilizing a monochromator and the 

power was calibrated using a Sanwa silicon 

powermeter. 

The observation of a diffraction peak at 

approximately 23.9° in Fig. (5) corresponds to the 

(111) plane of a cubic phase structure. The XRD 

patterns consistently exhibit a pronounced orientation 

along the [111] direction, which is indicative of the 

zinc-blende crystal structure. The obtained results 

were compared to the JCPDS card 75-2086 (cubic) 

for CdTe [23]. The situation is reversed when it 

comes to the width of the peak. The observed 

phenomenon can be ascribed to the growth of 

crystallites characterized by larger dimensions, which 

can be attributed to enhanced atomic mobility. 

 

 
Fig. (5) XRD pattern of CdTe thin film prepared in this work 

 

The parameters determined by XRD 

investigations have been displayed in table (1). The 

determination of the crystallite size (D) in the samples 

was performed using the Debye-Scherrer formula, 

and the obtained values are presented in table (1) 

𝐷𝑎𝑣𝑒 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
   (1) 

where β is the full-width at half maximum (FWHM), 

which is determined throughout the measurement of 

radial angles 

The microstrain (η) can be calculated using the 

following equation [23] 

𝜂 =
𝛽𝑐𝑜𝑠𝜃

4
    (2) 

The density of the dislocation abstractions is the 

number of lines that take off the unit of area in that 

crystal. This is the ratio between the total length of all 

lines of extraction and the volume of crystal 

(Williamson and Smallmans) [24]: 

𝛿 =
1

𝐷𝑎𝑣𝑒
2      (3) 

 
Table (1) Structural parameters of CdTe QDs 

 

2θ 
(deg) 

FWHM 
(deg) 

hkl 
plane 

D 
(nm) 

ƞ 
Ơ 

(line/m2) 

23.9 0.5 (111) 16.15 21.44 38.32 

 

The utilization of AFM for surface topology 

analysis provides a means to obtain microscopic 

details regarding the surface structure of thin films. 

This technique enables the generation of topographic 

representations that accurately represent the surface 

relief [25]. In this study, AFM was utilized to observe 

and analyze the topographical features of the surface. 

Figure (6) illustrates the surface topography of the 

CdTe material, which was synthesized through the 

process of laser ablation in liquid and subsequently 

deposited onto a glass substrate. The average size 

measures approximately 8.42 nm, while the root 

mean square (RMS) values for roughness are 

estimated to be around 18.95 nm and 2.25 nm, 

accordingly. The homogeneity and uniformity of the 

surface can be inferred from the significant 

differences in the average and root mean square 

values of the roughness. 

 

 
 

 
Fig. (6) 2D and 3D AFM images for CdTe thin film 

 

The FTIR characterization of the sample, as 

displayed in Fig. (7), reveals the presence of 

characteristic stretching vibrations associated with 

O–H bonds, which occur within the spectral range of 
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3.447 cm-1. The intense peak observed at a 

wavenumber of 1644 cm-1 may correspond to the 

stretching vibrations associated with the carbonyl 

group (C=O). The absorption spectra of the CdTe 

quantum dots (QDs) were detected at approximately 

744 cm-1, indicating the occurrence of bond formation 

between Cd+2 and Te-2, thereby validating the 

formation of CdTe QDs. A novel spectral feature was 

detected at approximately 1137 cm-1, attributed to the 

vibrational stretching of carbonyl groups (C–O). The 

observation suggests the potential existence of carbon 

dioxide within the laboratory [26-28]. 

 

 
Fig. (7) FTIR spectrum of pure CdTe QDS 

 

The interest pertains to UV-visible absorption 

spectra where an investigation of colloidal CdTe 

quantum dots (QDs) was conducted, as displayed in 

Fig. (8). The sample shows a well-pronounced 

absorption maximum. The absorption spectrum 

exhibits an absorption band edge at approximately 

200 nm. The calculated band gap is about 3.1 eV. The 

band gap values of CdTe quantum dots exhibit a 

significant increase in comparison to bulk CdTe, as a 

result of the quantum confinement effect [29,30]. 

This effect is responsible for the observed high band 

gap values. 

 

 

 
Fig. (8) (a) UV-Vis absorption spectrum of CdTe quantum dots 

(QDs) and (b) the relationship between (αhv)2 vs and photon 

energy 

 

One of the most crucial factors that affect 

photodetector is  (I-V) in dark and bight To determine 

the type of hybrid junction prepared and to clarify the 

reasons for generating photocurrent in reverse bias, in 

other words, the ability of the hybrid junction to 

generate an electron-hole. Figure (9) displays the 

current's fluctuation versus the applied voltage for 

both forward and reverse biasing throughout the 

device, in both light and dark conditions. 

 

 
Fig. (9) Current-voltage (I-V) characteristics in dark for both 

reverse and forward for Ag/CdTe QDs/PS /c-Si/Ag 

 

As observed in Fig. (6), the device Ag/CdTe 

QDs/PS /c-Si/Ag was fabricated using pulsed laser 

ablation, from the information presented in Fig. (10), 

it is evident that the observed current value of 

Ag/CdTe QDs/PS /c-Si/Ag structure may be attributed 

to the defects that have been induced on the surface 

of the deposited CdTe QDs on the cleaned (porous 

silicon). The observed phenomenon can be attributed 

to the presence of forward dark current resulting from 

the majority carriers, as well as the injection of 

majority carriers caused by the applied voltage. These 

factors collectively contribute to a decrease in the 

built-in potential, as well as a reduction in the 

depletion layer. Therefore, it is possible to observe 

three distinct regimes. 
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Fig. (10) Current-voltage (I-V) characteristic of the Ag/CdTe 

QDs/PS /c-Si/Ag under both forward and reverse bias 

conditions while being subjected to illumination 

 

The first regime corresponds to the recombination 

current, where the concentration of the generated 

current exceeds the intrinsic concentration (ni), 

resulting in np > ni
2 and leading to the recombination 

process [31]. In the context of higher voltages, it was 

observed that the bending region, this is the second 

regime exhibited variation in response to variations in 

the series resistance. In the context of reverse current 

behavior, a crucial parameter that distinguishes 

diodes from one another is the "dark saturation 

current" (I0). I0 is a measurement of the amount of 

recombination that occurs in a device. Larger 

recombination in a diode will result in a larger I0. This 

phenomenon demonstrates the generation of electron-

hole pairs under conditions of low biasing. 

Conversely, under high reverse voltage, the minority 

carriers may undergo a reverse transition across the 

surface layer of the junction [32,33]. The 

experimental results indicate that the photocurrent of 

the Ag/CdTe QDs/PS /c-Si/Ag device was measured 

to be 700 mA when a voltage of -5V was applied. This 

photocurrent is influenced by the morphology and 

structural properties of the PSi-layer, including 

parameters such as layer thickness and porosity, as 

depicted in Fig. (7). 

The investigation of spectral responsivity in 

structures is conducted within the wavelength range 

of 400-900nm, utilizing a 5V bias. The calculation of 

spectral responsivity is performed using the equation 

(4) [30]: 

Rλ = IPh / P(A/W)     (4) 

where Iph represents the photocurrent, while P 

denotes the input power 

The structure referred to as Ag/CdTe QDs/PS/c-

Si/Ag comprises of two heterojunctions. The initial 

heterojunction exists between the CdTe layer and 

porous silicon (CdTe/PSi), while the subsequent 

heterojunction is formed between the porous silicon 

layer and (substrate) crystalline silicon (PSi/Si). 

Consequently, there are two depletions zones in the 

Ag/CdTe QDs/PS/c-Si/Ag. The spectral responsivity 

of the Ag/CdTe QDs/PS/c-Si/Ag structures is plotted 

as a function of wavelength displays in Fig. (11). The 

curve's spectral responsivity is composed of a single 

peak of the response. The first peak is due to the 

absorption edge of CdTe nanoparticles at 700 nm, and 

the second area can be attributed to the absorption 

edge of porous silicon occurring at a wavelength of 

750nm. This peak reflects the superposition of the 

two vertices. 

 

 
Fig. (11) Spectral responsivity of CdTe/PSi/n-Si photodetectors 

as a function of wavelength 

 

4. Conclusion 

In conclusion, it can be seen that the 

aforementioned points support the notion that the 

topic at hand is deserving of further investigation and 

analysis. A nanostructure heterojunction 

photodetector, consisting of CdTe and PSi materials, 

was successfully fabricated through the employment 

of pulsed laser ablation in water (PLAL) technique 

and photoelectrochemical etching respectively. The 

spectral responsivity of  the photodetector is 

approximately 0.65 A/W. This be attributed to the 

enhancement of light absorption, the increase in 

depletion width and diffusion length, the surface 

defect states were minimized, or the potential 

approach to enhance the carrier collection efficiency 

is through an increase in its value. 
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In this research, barium titanate (BaTiO3) (BT) prepared doped with yttrium ion 
Ba1-xYxTiO3 (with x= 0, 5, 10, 15, 20, 30 wt.%) by solid-state reactions method. 
Samples were pressed into pellets and sintered at 1200°C for 2 hours in air. The 
structural and microstructural characteristics of samples were investigated. The 
formation of a tetragonal phase of BT doped with Y3+ was revealed and it became 
less clear with increasing Y3+ concentration. Average crystallite size was 43nm at 
x= 0 and decreased with increasing Y3+ to reach 21nm at x=5 wt.%, and then it 
starts to fluctuate. Adding Y3+ to BT changes density 3.52 to 3.09 g/cm3 for x=15-
30 wt.% as well as porosity increased to reach 47%. Average grain size increases 
with increasing Y3+ concentration to be 0.199–0.361μm. 
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1. Introduction 

Barium titanate (BaTiO3) is interesting ceramic 

complex. It has good piezoelectric and ferroelectric 

properties at Curie temperature, that’s used in 

electric and electronic devices because it can transfer 

from paraelectric to ferroelectric [1,2]. BaTiO3 is 

used in various industrial applications such as 

capacity and multi-layers alternative sources [3,4]. 

Furthermore, BaTiO3 is used in many applications 

that need high density materials with good dielectric 

constant and low loss factor [5]. The ferroelectric 

ceramic BaTiO3 has more interesting properties 

because it contains one oxide material. As well, 

BaTiO3 has tetragonal symmetry with natural 

molarity. To reach maximum dielectric BaTiO3, 

transport at room temperatures by doping materials 

on the BaTiO3 dielectric is very sensitive to 

temperature, field intensity and frequency [6-8]. The 

BaTiO3 powder is doped with many materials to 

produce materials with good performance, grain size 

and electrical properties as ceramic materials. In 

addition, the dielectric properties of BaTiO3 depend 

largely on grain growth during sintering as well as 

on percentage concentration of doping material [9-

11]. One of the main characteristic of BaTiO3 

ceramic is good homogeneity with suitable added 

material and sintering time [10-14]. Yttrium oxide 

(Y2O3) is a dopant material using to produce low-

cost multilayer ceramic capacitor [15]. Y+3 was used 

with barium to improve the dielectric properties with 

target conductivity and permittivity. On the other 

hand, it enhances the thermal stability of BaTiO3 and 

exchanges the lattice parameters and hence causes 

shifting in Curie temperature. Y+3 is used to decrease 

the sintering temperature of BaTiO3 due to high 

melting temperature of Y2O3 [16]. The radius of Y+3 

ion is about 0.9Å, so, it lies between 1.61Å of Ba+2 

and 0.605Å of Ti4+. Therefore, the Y3+ may be used 

to replace Ba2+ or Ti4+ in the BaTiO3 lattice. This 

indicates why Y3+ may enhance the life of multi-

layer ceramic capacitor. Additionally, dielectric 

properties depend on the doping materials, preparing 

method, microscopic structure of BaTiO3, melting 

point and electrical properties of doping materials 

[17]. Addition of Y2O3 with different concentrations 

has reasonable effect on the structural, 

morphological, electrical and optical characteristic 

of BaTiO3. Increasing the concentration of Y2O3 

used for doping of BaTio3 causes to decrease 

average grain size. 

In this work, pure barium titanate (BT) doped 

with yttrium ions (Y3+) was preparing at different 

concentrations and used a reaction method of solid 

state. To understand the role of yttrium addition, the 

prepared samples are analyzed and studied the 

compositional and microstructural properties of the 

preparing samples. 

 

2. Experimental methods  

To prepare BaTiO3, BaCO3 (99.5%), TiO2 

(99.9%) and Y2O3 (99.9%) were used for the solid 

state reaction method according to chemical 

equilibrium equation 

BaCO3 + TiO2 → BaTiO3 + CO2 

Next, the materials were mixed and grinded for 5 

hours. The mixture was placed in alumina pot and 

fired at 1200°C for 2 hours in air using electric oven 

to produce BaTiO3. The BatiO3 powder was 

produced with average grain size of 1 μm. The 

powder was mixed with Y2O3 using for 4 hours in 
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ethanol, then dried at 80°C for 5 hours to leave the 

powder without ethanol. The product was mixed 

with PVA to form discs under pressure of 5 tons 

with diameters of 15mm and thickness of 3mm. 

these samples were sintered at 1250°C for 2 hours in 

air. 

X-ray diffraction (XRD) was used to study the 

crystalline structure of all prepared samples (pure 

and Y2O5-doped BaTiO3) using x-ray diffractometer 

with Cu-target (λ=1.54Å) in the diffraction angle 2θ 

range of 10°-80° with scan velocity (8°/min). Data 

of crystalline structure of BaTiO3 were obtained 

from ICDD no. 01-074-1958. The microstructure of 

pure and doped BaTiO3 powders was evaluated 

using an INSPECT scanning electron microscope 

(SEM). 

 

3. Results and Discussion 

XRD patterns of pure BaTiO3, pure Y2O3 and 

BaTiO3 doped with Y+3 ions at different 

concentrations (Ba1-xYxTiO3) (x=0, 5, 10, 15, 20, 30 

wt.%) are shown in figures (1) and (2). Results show 

that the prepared samples are perovskite, and 

diffraction peaks are appeared in (001), (101), (111), 

(002), (200) and (210) planes, which correspond to 

2θ of 22.34°, 31.72°, 39.07°, 45.80°, 45.53° and 

50.92°, respectively. The diffraction peaks were 

matched to the JCPDS no. 01-0740-1958, which 

confirms that the structure is tetragonal. All samples 

except x=30 wt.% show pseudo-cubic structure, 

which agree with reference [12]. The melting of 

yttrium in BiTiO3 powder lead to limit the tetragonal 

structure of BaTiO3 according to [16]. The 

ferroelectricity of BaTiO3 decreases strongly when 

the grain size is less than 7µm, and the structure 

changes from tetragonal into pseudo-cubic. In 

general phase transitions were a combined of 

tetragonal and cubic structure, where a pseudo-cubic 

has been observed, in agreement with reference [16]. 

The XRD pattern of BaTiO3 powder indicates a 

tetragonal structure while BaTiO3 doped with Y3+ 

ions showed a decrease in the tetragonality structure 

at high concentration of Y3+, and it matches with 

reference [20]. In addition, it was found that 

diffraction pattern of BaTiO3 powder was doped 

with Y3+ ion showed a double peak at about 45°, 

which indicates the presence of a tetragonal 

ferroelectric phase with crystal planes of (002) and 

(200). This indicates a distortion and shift towards 

higher angles which causes an increase in the lattice 

parameters. 

This confirms the incorporation of Y3+ ions in the 

sites of barium (Ba) in BaTiO3 lattice, which leads 

to increase the size of crystal lattice [20]. The 

parameters of the tetragonal structure were 

calculated from the values of miller indices (hkl) and 

the interplanar spacing (d) using the relation [21]: 
1

𝑑2
=

ℎ2+𝑘2

𝑎2
+

𝑙2

𝑐2
    (1) 

The average grain size (D) of the prepared 

samples was measured for peaks on (002) and (200) 

planes using the Debye-Scherrer formula [21,22]: 

𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
    (2) 

where λ=1.54Å is x-ray wavelength, β is the full-

width at half-maximum (FWHM), and θ is Bragg's 

diffraction angle 

 
2θ (deg) 

Fig. (1) XRD pattern of Y2O3 

 

 
 

Fig. (2) XRD patterns of yttrium-doped BaTiO3 ceramics 

 

The crystal lattice parameters (a, b, and c), as well 

as crystallite size (Dsh), were calculated using 

equations (1) and (2) and shown in table (1). The 

crystallite size of BaTiO3 decreases with Y3+ 

addition up to x=5 wt.%, after which the crystallite 

size increases with increasing yttrium concentration 

up to 10 wt.%, and the unit cell size also increases. 

This confirms that when sintering at relatively low 

temperatures (1200°C), the lattice parameters of the 

tetragonal structure are affected by defects and 

impurities [23,24]. The XRD analysis indicated the 

formation of the perovskite phase, improved 

crystallinity of yttrium-doped BaTiO3, and change in 

the lattice parameter (c). It is clear evident of the 

incorporation of the Y3+ ions into Ba sites, and the 

Y3+ ions can replace Ti sites [20,25]. With the 

formation of oxygen vacancies, grains grow and 

hence grain boundaries are diffused depending on 

impurities, sintering temperature and crystal 

orientation. The unit cell size is calculated by 

multiplying (a2.c), as shown in table (1). 

Additionally, incorporation of Y3+ ions into BaTiO3 
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lattice enhances the tetragonal structure in BaTiO3 

matrix, which increases the unit cell size from 

63.39Å3 at x=0 to 66.069Å3 at x=30%. The lattice 

parameters (a,c) were increasing with increasing Y3+ 

concentration due to the difference in the ionic radii 

and electronic density of the Y3+. This type of 

expansion was observed when zirconium was added 

to the matrix of tetragonal structure of BaTiO3 

[26,27]. The strain of the crystal lattice causes an 

expansion for diffraction peaks of the material as a 

result of defects and impurities, depending on 

Williamson-Hall formula [26]. 

Whkl = Wcrystal + Wstrain   (3) 

where Whkl is the intensity of the FWHM, which is 

related to the strain of crystal lattice and crystalline 

size, and Wstrain is the strain of the crystal lattice that 

causes the expansion of the diffraction peaks. It is 

calculated by [26]: 

Wstrain = 4ε tan θ    (4) 

Substituting this into Eq. (3), we get 

Whkl cosθ = 
0.9𝜆

𝐷
 + 4ε sinθ   (5) 

The W-H plotted of Whklcosθ versus 4sinθ for 

BaTiO3 doped with Y3+ are shown in Fig. (3). The 

average crystallite size and the lattice strain were 

calculated using the slope and y-interception of 

linear part. The crystallite size and crystal lattice 

strain were obtained from equations (4) and (5), and 

the values are shown in table (1). Debye-Scherrer 

analysis and Williamson Hall showed that the 

crystallite size and crystal lattice strain of the 

prepared samples follow the same trend [26]. 

The tolerance factor Goldschmidt (t) is a 

geometric factor used as an indicator of the stability 

and deformation of crystalline structure, that is, to 

describe the perovskite structure ABO3, and because 

a large different in the ionic radii of ions between A 

and B sites, this makes the perovskite structure 

ABO3 more stable and it is much more difficult for 

ions to transfer to sites and producing corresponding 

drift resistance. One of good characteristics of 

perovskite structure was its strongest abilities to 

accept additions in both A-site and B-site. The first 

description of the perovskite tolerance factor (t) was 

given by Goldschmidt in 1926. The ABO3 

expression was given as [28,31] 

𝑡 =
(𝑟𝐴+𝑟𝑂)

√2  (𝑟𝐵+𝑟𝑂)
    (6) 

where rA, rO and rB are ionic radii of cation A site, 

oxygen ion, and cation B-site, respectively 

In addition, Goldschmidt proposal is a formula 

that describes stability of perovskite structure. The 

tolerance factor (t) for a stable perovskite structure 

ranges within 0.77≤t≤1.10, and was found for 

BaTiO3 ceramic in our work is 0.992. This indicates 

that there is a slight distortion in the crystal structure 

as 

rA (Ba2+) = 1.61Å, rB (Ti4+) = 0.605Å, rO (O2-) = 

1.4Å, when yttrium (Y3+) [r(Y3+) = 0.9Å] is added to 

BaTiO3, it leads to a decrease in the tolerance factor 

(t), whose values for pure BaTiO3 and Y3+-doped 

BaTiO3 are shown in table (2), which ranges from 

0.992 to 1.007. This indicates that A and B sites are 

occupied by largest and smallest ions, and the sites 

with difference division would be occupied by the 

medium ions. This use of tolerance factor to evaluate 

ions at different locations was only a qualitative 

measures [29]. 
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15 wt.% Y3+-doped BaTiO3 

 

 
20 wt.% Y3+-doped BaTiO3 

 

 
30 wt.% Y3+-doped BaTiO3 

Fig. (3) W-H plots of BaTiO3 ceramics 

 

Figure (4) shows the microstructure of pure 

BaTiO3, Y3+-doped BaTiO3 and sintered at 1250°C 

for 2 hours. The SEM images showed the surface 

morphology of the samples with a hexagonal 

structure, good facets, and grains with distinct 

boundaries, those are clustered. 

From Fig. (4a), it can be noticed that grains are 

agglomerated, but figures (4b) and (4c) refer to the 

mechanism of layer formation. The average grain 

size for pure BaTiO3 ceramic is 0.199µm, while for 

the Y3+-doped BaTiO3 samples (x=20, 30 wt.%), the 

average grain size increased to 0.336μm at x=20 

wt.%, and 0.361µm at x=30 wt.%, as shown in 

figures (4a,b,c) and table (2). This is consistent with 

the results of references [30,32]. The effects of 

liquid-phase sintering, grain boundary diffusion and 

defect reaction, which plays an important role in 

enhancing the grain growth kinetics, are clear. The 

highest value for the average grain size was found to 

be 0.361µm at x=30 wt.%, and the porosity is also 

high. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. (4) SEM of yttrium-doped BaTiO3 (a) x=0, (b) x=20%, 

and (c) x=30% 

 

4. Conclusion  

Barium titanate (BaTiO3) ceramics were 

successfully prepared and doped with yttrium (Y3+) 

ions at different concentrations (0, 5, 10, 15, 20, and 
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30 wt.%) using solid state reaction method. The 

effect of Y3+ ions on the microstructure and 

structural properties of the prepared samples was 

revealed. The structure of the prepared samples is 

tetragonal and pseudo-cubic. The crystallite size of 

prepared BaTiO3 samples was decreased with 

increasing yttrium ions concentration up to 5 wt.% 

after which the crystallite size increased and good 

grain growth was observed for the doped samples. 

The average grain size of the doped samples was 

comparable to BaTiO3 ceramic (0.199-0.365µm). 
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Table (1) Structural parameters of Y3+-doped BaTiO3 samples 

 

BaTiO3 sample 
(%) 

Lattice parameters 
(a=b) (Å) 

c (Å) c/a 
Cell volume 

(Å)3 
Dsh DW-H εsh x103 εW-H x103 

x=0 3.976 4.009 1.0086 63.39 43.479 66.0 3.19 1.6 

X=5 4.001 4.029 1.0069 64.47 21.893 42.0 3.88 1.3 

X=10 3.996 4.016 1.0050 64.14 32.065 40.8 4.32 1.6 

X=15 4.032 4.024 0.9980 65.43 30.658 53.3 4.13 1.9 

X=20 3.840 4.020 1.0469 59.28 27.291 51.3 4.12 1.4 

X=30 4.052 4.026 0.9936 66.07 40.649 39.6 3.59 3.0 

 
Table (2) Tolerance factor (t), bulk density (ρb), x-ray density (ρx), porosity (p), and average particle size of Y3+-doped BaTiO3 

samples 

 

BaTiO3 sample 
Tolerance 
factor (t) 

Bulk density 

(ρb) (g/cm3) 
X-ray density 
(ρx) (g/cm3) 

Porosity 
p (%) 

Average particle 
size (μm) 

x=0% 0.992 3.480 6.110 43.0 0.199 

x=5% 0.993 3.403 6.008 43.4  

x=10% 0.995 3.370 6.040 44.2  

x=15% 1.002 3.520 5.920 40.5  

x=20% 0.955 3.420 5.970 45.7 0.336 

x=30% 1.007 3.090 5.860 47.3 0.361 
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In this study, silver oxide nanoparticles were prepared by Salvia rosmarinus extract 
and sliver nitrate as precursors. Result showed that silver oxide nanoparticles have 
polycrystalline structure and average crystallite size of 46.04nm. These nanoparticles 
have nearly spherical forms with varying diameters between 40 and 55nm. Spherical 
granules were revealed and other pyramidal-like shapes smaller than 20nm in size 
were also revealed. The absorption broad peak at 300-500nm confirms the formation 
of silver oxide nanoparticles and energy gap was 3.70eV. The vibration of Ag-O bond 
at 500–800 cm-1 was confirmed. Using the prepared silver oxide nanoparticles, from 
the well diffusion method (Agar well), it was found that the higher inhibition zone for 
Klebsiella bactrial was 28mm and for fungi was 23mm. 
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1. Introduction 

In an effort to develop inexpensive, 

environmentally benign nanostructured materials, a 

number of scientific, engineering, and biotechnology 

studies have been carried out throughout the last 20 

years [1-3]. Nanostructured materials are used in 

many different industrial areas, such as the chemical, 

electrical, bio-medical, and automotive industries, 

due to their exceptional properties [4,5]. Their ability 

to interact with other molecules and catalyze 

processes is enhanced as a result [6,7]. Consequently, 

a number of metal oxide nanoparticles (MNPs) were 

generated. Among the many MNPs with particular 

uses and frequent usage are silver oxide nanoparticles 

have the larger band gap (2.5-3.1eV), where silver 

oxide is transparent in the infrared and visible 

regions. Despite their diminutive size, they have a 

large surface area [8,9]. Given how a material's 

physiochemical properties are impacted by its size, 

these nanoparticles are extremely important [10,11]. 

Today, the MNPs are well-known for their numerous 

industrial uses of applied nanotechnology, which are 

found in a broad variety of sectors such as textile, 

food, health, agriculture, and cosmetics. The global 

environmental pollution crisis has led to an increase 

in the use and prevalence of green chemistry and 

technology. Due to their distinctive nanostructures 

created using plant extracts, nanomaterials -

especially atom clusters or molecules of metal and 

oxide - have garnered significant attention from 

scientific groups in recent years. Because green 

synthesis is simple to apply and environmentally 

benign, it is an improvement over physical and 

chemical approaches. High pressure, high 

temperature, high energy, and harmful chemicals are 

not required for this procedure. Three primary 

aspects of nanoparticle synthesis should be taken into 

account for the advancement of green chemistry: (i) 

solvent medium selection, (ii) environmentally 

friendly reducing agent selection, and (iii) nontoxic 

material selection for nanoparticle stabilization 

[12,13]. This makes using the green synthetic method 

for the creation of metal oxide nanoparticles more 

sensible. That antibacterial activity of nanoparticles 

relies on of size. The proper functioning of the cell 

membrane, including respiration and permeability, is 

severely disrupted by silver nanoparticles, primarily 

in the 1–10 nm range, adhered to its surface [14-19]. 

The biological synthesis of silver oxide nanoparticles 

using bacteria, fungi, and plants has been 

documented in a great deal of literature to date. These 

nanoparticles stabilized and reduced of metal 

compounds due to the reducing or antioxidant 

properties of the microorganisms. Plant-based 

materials appear to be the most promising and are 

appropriate for large-scale nanoparticle “Bio-

synthesis”. Plant components like leaves, stems, 

seeds, and roots are used to make silver oxide 

nanoparticles. Because it contains no harmful 

chemicals and offers natural capping agents to 

stabilize the nanoparticles, it is the perfect medium 

on which to create them. Several research works have 

produced silver oxide nanoparticles using various 

plant materials for various purposes. Silver oxide 
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nanoparticles (AgO NPs) were made using the 

Artocarpus heterophyllus (Jackfruit tree) for its 

antibacterial activity against dental pathogens; cubes 

to octapods were used to produce AgO NPs for their 

antibacterial application; and Callistemon 

lanceolatus (Myrtaceae) aqueous leaf extract was 

used to produce AgO NPs [20-22]. The waste part of 

mango peels was used to synthesize AgO NPs [23, 

24]. Garcinia mangostana fruit extract was used to 

synthesize AgO NPs for antibacterial and antioxidant 

applications [22]. Carica papaya root extract was 

used to synthesize AgO NPs [22]; and Ficus 

benghalensis prop root extract (FBPRE) was used to 

synthesize AgO NPs in an environmentally friendly 

manner. Salvia rosmarinus was used in this study to 

produce AgO NPs. The mint family includes 

Rosmarinus officinalis L. (Family: Lamiaceae), 

which is usually known as rosemary. Numerous 

assertions have been made regarding the medicinal 

properties of rosemary, such as its antibacterial and 

antioxidant properties [22,23]. Its effectiveness as a 

chemopreventive drug and antimutagenic is well 

acknowledged [24]. The plant extract is a beneficial 

natural feed component since it has also been 

demonstrated to have anti-carcinogenic, cognitive-

improving, and some glucose-lowering properties 

[24]. The aim of this study preparation of silver oxide 

using rosemary extract and evaluates the 

effectiveness against microbial. 

 

2. Experimental Part 

The rosemary was bought from the local market 

in November 2023. In the first step, about 20g of 

leaves was collected and thoroughly cleaned with 

distilled water to get rid of dust, then it was dried and 

grinded to prepare rosemary powder as shown in Fig. 

(1). 

 

 
 

Fig. (1) Salvia rosmarinus raw and powder 

 

In the second step, about 2 g of the powder was 

mixed with 100 ml of distilled water and put on a 

magnetic stirrer set to 60°C for 60 min. The solution 

was filtered three times using cotton to remove the 

insoluble components in order to produce the extract. 

To obtain the aqueous solution of silver nitrate, about 

1.69 g of AgNO3 was mixed with 100 ml of distilled 

water at room temperature and constantly stirring for 

30 min. Finally, to form silver oxide nanoparticles, 5 

ml of plant extract was combined with the aqueous 

solution of silver nitrate (concentration 0.1M) at 

70°C with magnetically agitated  for 1h. Figure (2) 

shows the extract (left), the aqueous solution of 

AgNO3 (middle) and AgO (right). 

 

3. Results and Discussion 

The structural characteristics of the synthesized 

samples were studied by x-ray diffraction (XRD) as 

illustrated in Fig. (3). The data were compared to the 

JPCDS cards 01-1164, 01-1041, and 43-1038. The 

average crystallite size of the Ag nanoparticles was 

evaluated using Scherrer's formula to be 46.04 nm. 

Few peaks were also seen indicating that the silver 

nanoparticles' surface is where the bioorganic phase 

crystallizes [26-32]. 

 

 
Fig. (2) Workflow steps: plant extract on the left, AgNO3 

solution in the middle, and AgO solution on the right 

 

 
Fig. (3) XRD pattern of AgO NPs 

 
Table (1) XRD results of Ag, AgO and Ag2O NPs 

 

Sample 2θ (deg) hkl FWHM (deg) C.S. (nm) 

Ag2O 
24.2 
38.1 
43.4 

(220) 
(331) 
(422) 

0.20 
0.23 
0.18 

40.72 
36.62 
45.25 

AgO 

32.6 
32.7 
35.5 
64.5 
77.4 

(200) 
(-111) 
(132) 
(022) 
(023) 

0.15 
0.19 
0.16 
0.16 
0.26 

55.31 
43.67 
52.25 
58.80 
39.19 

Ag 

19.5 
38.16 
64.5 
77.4 

(200) 
(111) 
(220) 
(311) 

0.19 42.53 
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The shape and particle size were determined 

using scanning electron microscopy (SEM), as shown 

in Fig. (4). The SEM image demonstrates the equal 

dispersion of fine grains in the material as well as 

approximately spherical morphologies of the AgO 

nanoparticles, which range in diameter from 40 to 

55nm. The massive particles that are slightly larger 

than 100nm in size are combined to form this size 

because some of the particles are gathered with plant 

proteins. 

 

 

 
 

Fig. (4) SEM images of the synthesized AgO NPs 

 

Figure (5) shows 3D imgae of the atomic force 

microscopy (AFM) as well as the histogram of size 

distribution at 80°C substrate temperatures. Different 

grain growth morphologies were observed in the 

micrographs as a result of s substrate temperature. 

These included grains with spherical shapes and 

others with less than 20nm in size that resembled 

pyramids. The maximum height (Sz) was 17.55nm, 

the mean roughness (Sa) was 1.56nm, and the root 

mean square (RMS) roughness (Sq) was 1.95nm. 

UV-visible spectroscopy was used to determine 

the optical characteristics of the synthesized AgO 

NPs. The absorption spectrum show a peak at 300nm, 

as seen in Fig. (6). 

The significant indication of nanoparticles’ 

formation is the absorption in the 300-500nm range 

[33], where the peaks at 300, 362, and 484nm are 

attributed to Ag, AgO, and Ag2O, respectively. This 

confirms the findings of XRD. Thus, the maximum 

absorption in the UV-visible spectrum, which was 

observed at 300nm, proved that nanoparticles have 

formed. The optical direct band gap of the produced 

nanoparticles is 3.70eV, as determined by a Tauc’s 

plot, as shown in Fig. (7). A quantum containment 

effect is one reason for higher band gap value [34]. 

 

 

 
 

Fig. (5) 3D AFM image and size distribution of the synthesized 

AgO NPs 

 

 
Fig. (6) Absorption spectrum of the synthesized AgO NPs 
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The well-diffusion technique (Agar well) was 

used to assess the antibacterial effectiveness of 

Ag/AgO NPs against Gram-positive (GP), Gram-

negative (GN), and fungal (Staphylococcus aureus, 

Staphylococcus epid., Klebsiella, Escherichia coli, 

and Candida albicans) bacteria. Muller Hinton agar 

plates were seeded with 106 CFU/mL of cell density 

using sterilized swabs. Using a sterile gel borer, wells 

were cast on the agar. AgO NPs were introduced at a 

concentration of 100 µg/mL into the wells. Agar 

plates were kept in an incubator at 35°C for an entire 

day. The zone of inhibition that AgO NPs produced 

against the bacterial/fungal strains was measured in 

millimeters, as shown in figures (8) and (9). 
 

 
Fig. (7) Determination of energy band gap values 

 

It is believed that once AgO NPs enter a bacterial 

cell, AgO and/or Ag+, which have antibactericidal 

effects, are released. AgO NPs are also capable of 

producing O2, which possesses inherent antibacterial 

qualities. The effects of nanoparticles are mediated 

via five mechanisms. The first technique includes 

attaching itself to the cell wall, directly damaging: 

cytoplasmic elements and the cell envelope [41-45]. 

Binding to protein SH-groups causes a functional 

impairment, which is the second pathway of harm.  

As a result, oxidative stress is generated, intracellular 

ROS production rises, ATP synthesis is inhibited, and 

the cells' energy balance is thrown off. Oxidative 

stress is the third pathway. 

 
Table (2) Diameter values for different samples 

 

Types Inhibition zone (mm) 

Staphylococcus aureus, 

Staphylococcus epid, 

Klebsiella 
Escherichia coli 

Candida albicans 

24 

25 

28 
23 

23 

 

When ROS generation rises, the cell walls and 

biofilms of both GPB and GNB are destroyed.  The 

fourth mechanism by which AgO NPs exhibit 

antibacterial activity involves their interaction with 

phosphoric acid residues in DNA molecules and 

proteins when they penetrate a bacterial cell, and 

preventing cell division as a result. The 

photocatalysis process is the fifth mechanism. It is 

noteworthy that conjugating AgO NPs with specific 

drugs, like moxifloxacin, significantly increased their 

photocatalytic activity [46-50]. 

 

 

 

 
Fig. (8) Determination of growth-inhibition zone using the 

synthesized AgO NPs 

 

 
Fig. (9) Diameter of inhibition zone for different samples 

 

4. Conclusion 

The use of rosemary plant had an effective role in 

oxidation and reduction, because it contain high 

phenols, as we obtained silver oxide particles with 

size less than 100nm. This results is important role in 

inhibition bacterial and fungi. The results of our work 

opens the door to the development of 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.5 2.5 3.5 4.5 5.5

(α
h

v)
² 

(e
V

/c
m

)²
 x

10
9

Photon energy (eV)

11

13
14

12

10

0

10

20

sta.aureus sta. epi. E-coli Klab. candida

D
im

et
er

 (
m

m
) 

Samples



IRAQI JOURNAL OF APPLIED PHYSICS  Vol. 20, No. 3B, August 2024, pp. 617-622 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   621 

environmentally safe antibacterial materials and 

treatments. 
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number of pathogenic microorganisms. 
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1. Introduction  

The remarkable features of nanostructure 

materials have attracted a lot of interest recently. Of 

these, a great deal of study has been done on the 

basic properties and uses of transition-metal oxides 

[1-3]. Cobalt oxides are malleable materials that 

exhibit stability in the natural environment and are 

classified as transition-metal oxides [4-6]. The 

optical band gaps at 1.48 and 2.19 eV define cobalt 

oxide a significant p-type semiconductor [7-9]. 

Cobalt oxide nanostructures have received a lot of 

interest lately in terms of production and research 

because of their potential applications [10-12]. Since 

they are less expensive than noble metal 

nanoparticles and exhibit distinct electrical and 

magnetic properties, Co3O4 NPs have attracted a lot 

of attention lately [13-15]. Bio-medical researchers 

have looked at the possible use of cobalt 

nanoparticles as therapeutic agents to treat disorders, 

including microbial infections [16-18]. Cobalt 

nanoparticles are safe at low doses, have potent anti-

bacterial and anti-fungal effects, and are less toxic to 

the body than anti-biotic [19,20]. Around the world, 

bacterial illnesses harm both human and animal 

populations. Different conventional antibiotics were 

found in the 20th century to treat a variety of 

ailments, and they are now seen to be the mainstay 

in the fight against a variety of bacterial infections 

that spread easily. These antibiotics have low 

molecular weights and are organic in nature. 

However, the misuse of antibiotics in the past 

several years has caused bacterial resistance to 

evolve through many processes, including evolution 

[1,2]. Anti-microbial resistance (AMR) to 

conventional antibiotics is one of the major 

problems confronting the world today, posing a 

severe danger to the survival of both humans and 

animals. Therefore, one possible answer to the AMR 

issue, at least partially, is to replace conventional 

antibiotics with alternative anti-microbial. 

Worldwide researchers are striving to develop new 

medications and tactics to fight resistant illnesses 

and stop bacterial resistance [3]. One of the most 

promising alternatives to conventional antibiotics is 

the use of materials at the nanoscale. The 

nanoparticles possess unique properties. They are 

thought to have unique bactericidal action routes and 

to be highly effective against a variety of diseases, 

making them a viable alternative to traditional 

antibiotic therapies. Compared to traditional 

antibiotics, nanoparticles are much smaller and more 

easily absorbed by cell membranes, allowing for 

faster and more effective delivery of the drug to 

various regions of the body. Metals and their oxides 

have garnered significant interest. According to 

studies, metal oxide nanoparticles have strong 

biocidal activity against both gram (negative and 

positive) bacteria, and nanoparticles can be 

employed as potential bactericidal materials [21]. 

In this research, cobalt oxide was prepared in a 

simple chemical way at low concentrations, its 

properties were studied, and the prepared particles 

were used as an antibacterial and antifungal within 

the specialty of medical physics. 

 

2. Preparation of Samples  
Co3O4 NPs were made via a chemical process. 

Cobalt (II) nitrate hexahydrate (2.9 g) was dissolved 
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in 100 mL of filtered water and well mixed. After 

that, the reaction mixture was heated to 50°C for 60 

minutes, after a concentration of 1M from NaOH 

was added   put on a stirrer for two hours at 

50°C.The mixture's color changed from pink to light 

black. This shows that the reduction and reaction 

process had taken place. The spin coating technique 

was used to deposit thin films. By using the 

gravimetric method to measure the thickness of 

cobalt oxide thin films by 100 μL, or a maximum of 

0.9 μm, the morphological and structural 

characteristics of the films were examined. Fig. (1): 

Spin coating technique for forming thin films and 

the procedures involved in preparing Co3O4 NPs. 

 

 

 
 

Fig. (1) Photograph and schematic of preparation steps of 

CoO NPs and the method of thin film formation by the spin-

coating process 

 

3. Results and Discussion 

As can be seen from Fig. (2), the planes (220), 

(311), and (222) are associated to the characteristic 

peaks situated at 31.8°, 36.3°, and 39.0° in the XRD 

pattern. These peaks the cubic phase of cobalt oxide 

(JCPDS card 42–1467). Moreover, the peaks at 

36.54° and 42.44°, which match the bulk XRD 

pattern (CoO, JCPDS card 78-0431) [22-26], 

corresponding to the (111) and (200) planes with 

shape of face-centered cubic (f.c.c.) CoO. The 

average size of the crystal was 53.3 nm. The results 

showed formation of morphology spherical Co3O4 

NPs as shown in Fig. (2) and the average diameter 

was 25.78 nm with average particle size of 167.22 

nm, mean roughness of 5.53 nm and root-mean-

square (RMS) roughness of 6.85 nm. 

Figure (4) displays the FT-IR spectrum of the 

Co3O4 NPs. The large peak seen between 500 and 

698 cm-1 was attributed to the Co2+, Co3+ with O 

stretching vibration modes. The peaks are caused by 

the spinel structure of the Co3O4 NPs at the 

tetrahedral and octahedral sites [27]. Two notable 

peaks were seen at 3455 and 1643 cm-1, represented 

to the bending and stretching vibrations of the 

adsorbed water molecules [5]. Also, a small peak at 

1378 cm-1 is seen, which is generated by the 

Co(NO3)3 residue and linked to the presence of NO3
- 

[28-30]. 

 

 
Fig. (2) XRD pattern of a cobalt oxide film sample 

 

 

 
 

Fig. (3) AFM results of cobalt oxide film sample 

 

 
Fig. (4) FTIR spectrum of cobalt oxide colloidal sample 
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The optical characteristics of the Co3O4 NPs 

were examined using UV-visible spectroscopyas 

displayed in Fig. (5a). The results indicate two 

absorption bands in the wavelength ranges of 298– 

and 500–520 nm for the chemical production 

process. The O2
−→Co2+ charge transfer mechanism 

can be linked to the first band, while the O2
−→Co3+ 

charge transfer is associated with the second one. 

The production of nanoparticles is the cause of these 

absorption peaks. Weak resonance indicated that 

there was no agglomeration of nanoparticles. The 

absorption band gap may be found using the 

relationship (αhv)2=A(hv-Eg), where hv is the energy 

of photon (eV), A is a constant, α is the coefficient . 

By extending the linear part of the (αhv)2 versus hv 

plot, one may estimate the band gap. As seen in the 

inset of Fig. (5b), two absorption bands result in two 

Eg values for the product at 4.6 and 3.7eV. These 

values are blue-shifted in comparison to published 

values for the bulk sample data (1.77 and 3.37 eV, 

respectively). The small size impacts of 

nanoparticles may be connected to the rise in band 

gaps of Co3O4 NPs [31-33]. 

 

 
(a) 

 
(b) 

Fig. (5) UV-visible spectrum (a) and energy band gap (b) of 

cobalt oxide colloidal sample 

 

To evaluate the antibacterial activity of the 

produced Co3O4 NPs against antimicrobials, the 

Agar diffusion well technique was employed. Figure 

(6) shows the antibacterial activity of Co3O4 NPs 

that were produced using straightforward chemical 

methods. The results showed that the produced 

Co3O4 NPs induced strong anti-fungal and anti-

bacterial activities. It was discovered that Co3O4 

NPs have good activity towards both bacterial and 

fungal. The variations in oxidative stress tolerance 

of distinct bacterial strains account for the variations 

in their susceptibility. The shape, and size of particle 

for Co3O4 NPs are the main parameters affecting 

their antibacterial capability. The antibacterial 

properties of metal oxide nanoparticles have several 

explanations. In aqueous solutions of Co3O4 NPs, 

reactive species such as super oxide radical anions 

and hydroxyl radicals develop. Through its 

interactions with radicals present in aqueous Co3O4 

NPs, the negatively charged surface of the bacterium 

hinders vital biological processes such as cell 

division and respiration. Conversely, the thiol group 

of crucial bacterial enzymes interacts with cobalt 

ions from cobalt oxides, leading to deactivation and 

cell death. When absorbed O2 combines with the 

surface of Co3O4 NPs, an excited electron is created. 

Hydrogen peroxide is created when this electron 

joins the O2 ion to form the O2 ion, which then 

interacts with the H2O molecule. As a result, H2O2 

penetrates the cell, impairing cytoplasmic processes 

and killing [34,35]. 
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Fig. (6) Inhibition region determination using Co3O4 NPs 
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4. Conclusions 

The results of the study showed that cobalt salts 

and sodium hydroxide may be reacted to create 

cobalt oxide particles in a straightforward chemical 

process, however this required at least an hour and 

certain concentrations. The obtained results suggest 

that the antibacterial activity of the synthesized 

Co3O4 NPs has a noteworthy inhibitory effect on the 

development of several harmful microorganisms. 

The present study may provide a novel and 

advantageous exploration for biomedical 
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1. Introduction 

By studying replacement processes and related 

methodologies, we can have optimism and expand 

our understanding of the mechanisms underlying 

superconductivity in elements and compounds 

particularly those whose compositions rely on copper 

oxide (cuprates). In 1913, it was discovered that lead 

is a superconducting element with a critical 

temperature which is slightly higher than Mercury 

(7.2K) [1-5]. The discoveries continued until (2008), 

when electric superconducting materials appeared 

which contained an iron layer of lead antioxidant-anti 

layer Iron as a superconducting compound. In 2022, 

the critical temperature of the superconducting 

compound (Bi,Pb)2Sr2Ca2Cu3Ox was found to be 

106K .The BCS model of copper pairs formed from 

electron-phonon interactions that overpower 

Coulomb repulsion reactions gives these 

superconducting ceramic materials superconducting 

properties. However, many features of electron-

phonon interactions in the confirmed theory of BCS 

in metals seem to be weak or absent in the infrared 

spectra of ceramics [6-11]. 

The electrical insulation and resistance to electric 

current vary for different materials and chemical 

components. The dielectric constant is particularly 

significant because it is determined by comparing the 

capacitance of the electric capacitor when the ceramic 

insulator is used as an insulating medium to its 

capacity when the air becomes only the insulating 

medium present. The movement of free electrons or 

ions and their presence determines the electrical 

conductivity of air as an electrical medium. 

These charged particles or strong bonds between 

atoms in insulating materials, which are mediated by 

strong covalent bonds, keep electrons in the material 

connected. For this reason, the electrons in insulating 

materials are highly concentrated within their atoms 

and cannot move freely, which results in a large 

energy gap and low electrical conductivity, 

conductivity varies between insulators [12-14]. 

The electric charge created by the voltage will 

stay stored in the electrical circuit when a voltage is 

applied to two conductive plates that are vacuum-

separated from one another. The value of the charge 

stored between the two conductive plates is known as 

the capacitance [15,16]. It is anticipated that no 

electric current will flow. The value of stored charged 

(Q) and capacitance (C0) can be determined using the 

following formula [17,18]: 

Q = C V     (1) 

C0 = εo (A/d)    (2) 

When two conductive plates store an electrical 

charge, the amount of charge is measured in C, the 

capacitance is measured in F, and the voltage is 

measured in V. The capacitance value depends on 

various factors, including the material used between 

the plates, its size, shape and distance between them. 

When there is a vacuum as the separator between the 

plates, the capacitance can be calculated using Eq. 

(2), where the vacuum permittivity, denoted as ε0, has 

value of 8.85x10-12 F/m. The distance between two 

plates is represented by "d" and is measured in meters. 

The surface area of each plate is denoted by "A" and 

is measured in m2. The capacity in the presence of a 

vacuum is represented by the C0. When the surface is 

an insulating material between two conductive plates 

it allows polarization and storage of additional 

charges, increasing capacitance [19,20] as 

C = ε (A/d)    (3) 
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The dielectric constant (έ) can be calculated from 

equation below: 

C/ Co= ε / ε0= έ    (4) 

So, the dielectric constant can be written in 

another formula as 

εʹ =C d / ε0 A    (5) 

 An isolated loss (tan δ) is given by the following 

relation: 

ε ̋ = tanδ εʹ    (6) 

To calculate alternating electrical conductivity, 

we use the following relationship: 

σa.c. = w εo ε ̋     (7) 

where w is the angular frequency which equals to 2πf 

The research aims to know the impact of adding 

ZnO to the PbSr2Ca2Cu3−YZnYO8+δ (Pb1223) 

compound on some of its properties, specifically its 

insulating properties. The study was conducted using 

percentages of 0%, 0.06%, and 0.12% of ZnO. 

 

2. Experimental Part 

For sample preparation, table (1) shows the use of 

high-quality raw materials of universal origin and 

pure oxides such as PbO, SrO, CaO, Cu2O, and ZnO. 

The solid-state reaction method [21] was used to 

prepare the samples, which is the most commonly 

used method for preparing compounds and oxides this 

process was carried out in many steps, including 

calculating the weights of the oxides used according 

to the following chemical equation: 

PbO + 2SrO + 2CaO + (3-Y) CuO + (Y) ZnO → 

PbSr2Ca2Cu3−YZnYO8+δ 

 
Table (1) Specifications of oxides used in the preparation 

process in this work 
 

Origin Purity 
Atomic Weight 

(g/mol) 
Oxide 

JAPAN/Cicc 99% 223.1994 PbO 

Germany/Merck 99% 130.6194 SrO 

England /BDH 95% 56.07740 CaO 

England/M&B 99% 143.0914 Cu2O 

INDIA 99% 081.3794  ZnO 

 

The mixing and grinding process was carried out 

using a manual mortar made of agate material (Gate 

Mortar), as this process of grinding and mixing was 

carried out for a full hour, as this process aims to 

obtain fine powders with a high degree of 

homogeneity. The samples were formed in the form 

of cylindrical discs using a mold with a diameter of 

1.5cm, with a thickness of 0.63cm, using a hydraulic 

press and under a pressure of 5.4MPa for two 

minutes, and using a two-way axial pressing 

mechanism to obtain the best and highest density 

value. Then the samples were sintered at a 

temperature of 850°C, for 24 hours under normal 

atmospheric pressure at a heating rate of 2 °C/min and 

cooled to room temperature at the same heating rate. 

The purpose of the sintering process is to obtain 

coherent samples and to ensure an optimal diffusion 

process between the atoms, sintering was done with 

an electric oven. Figure (1) shows the images of 

sintered samples. 

 

 
 

Fig. (1) Photograph of the sintered samples 

 

The x-ray diffraction (XRD) technique was used 

to determine the crystalline structure of all prepared 

samples. The obtained XRD patterns were compared 

with the information given in the references [22,23]. 

The atomic force microscopy (AFM) is one of the 

very high-resolution scanning probe microscopes, 

having an analysis capacity of up to fractions of a 

nanometer. With its help, it is possible to obtain three-

dimensional topographic images of the studied 

sample. AFM uses two-dimensional and three-

dimensional images with a size of 3000x3000nm and 

high resolution, drawing the topography of surfaces 

and surface specifications regarding grain size, the 

total number of grains in the sample and height. To 

measure the average diameter of the sample grain and 

surface appearances of the sample, where the 

amplitude of the capacitance and the isolation loss 

were measured by the LCR meter and by applying 

equations (5), (6), and (7), ε ʹ, ε and σa.c. are 

calculated, respectively, within a frequency range of 

50 to 1 MHz 
 

3. Results and Discussion 

Figure (2) shows the XRD patterns of 

PbSr2Ca2Cu3-YZnYO8+δ samples where (Y=0, 0.06, 

and 0.12%). We can conclude from this figure that all 

samples have a polycrystalline nature with an 

orthorhombic phase configuration. The divergence of 

the scales was observed due to the diffraction pattern 

of different levels, which led to the appearance of 

mixed phases. 

 

 
Fig. (2) XRD patterns of PbSr2Ca2Cu3-YZnYO8+δ samples where 

(Y =0, 0.06, and 0.12%) 

 

The PbSr2Ca2Cu3O8+δ sample was analyzed and it 

was found that it contains a high phase Pb-1223, a low 
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phase Pb-1212, and some small concentrations of 

unknown phases. This suggests that an increase in Zn 

concentration leads to a decrease in the formation of 

high-phase Pb-2223. This addition affects the high-

phase compared to the base sample due to a lower 

replacement ratio than the effective ratio of the 

replacement process 
1

𝑑2
=

ℎ2

𝑎2
+

𝑘2

𝑏2
+

𝑙2

𝑐2
 [23], which 

can be used to calculate the distance (d) between 

perpendicular planes of different planes based on 

Bragg's law (nλ=2dsinθ), where n is the order of 

reflection from the planes [24]. The calculations are 

performed using a computer program. The following 

table displays data for a, c, c/a, and the volume 

fraction of the high phase Pb-1223 and Pb-1212. It is 

evident from the table that PbSr2Ca2Cu3O8+δ, 

PbSr2Ca2Cu2.94Zn0.06O8+δ, and 

PbSr2Ca2Cu2.88Zn0.12O8+δ are compounds of the 

orthorhombic phase. 

With an increase in the content of Zn up to 0.12%, 

the coefficient of lattice “a” is observed, while a 

decrease in the coefficient of lattice “c” is 

demonstrated. Table (2) shows the lattice coefficients 

and phase sizes for three compounds 

[PbSr2Ca2Cu3O8+δ, PbSr2Ca2Cu2.94Zn0.06O8+δ, and 

PbSr2Ca2Cu2.88Zn0.12O8+δ]. 

AFM test was conducted to describe the surface 

topographies of the prepared samples. Figures (3), 

(4), and (5) display 2D images of the base samples 

with dimensions of 1819x1819nm and ratios of 

y=0%, 4511x4511nm when y=0.06%, and 1265nm-

1265nm when y=0.12%. It was found that the average 

diameters of the ratios y=0%, 0.06% and 0.12% are 

64.68nm, 141.2nm, and 20.68 nm, respectively. The 

results obtained from the AFM analysis show that the 

mean range values varied from 20.68 to 64.68nm with 

an increase in Zn content from 0 to 0.12%. The 

component of samples within ultrafine particles are 

described according to the standard [25]. 

The dielectric constant, loss factor, and electrical 

conductivity were calculated. Figure (6) shows the 

relation between dielectric constant and frequency at 

room temperature. From this figure, one can observe 

that the behavior of the dielectric constant is 

dependent on the mechanics of polarization. At 

frequencies lower than 105 Hz, the dielectric constant 

values are high due to the action of four polarization 

mechanisms, namely the vacuum. At frequencies 

higher than or equal to 105 Hz, the partial and 

electronic charge begins to decrease and then stabilize 

due to the inability of the space charge to change 

direction with the applied field [26]. This causes an 

increase in polarization. In general, the curves 

indicate that the ε values decrease with increasing 

applied frequency as shown in Eq. (6). 

 

 
 

Fig. (3) AFM result for the prepared sample at Y=0% 

 

 
 

Fig. (4) AFM result for the prepared sample at Y =0.06% 

 

 
 

Fig. (5) AFM result for the prepared sample at Y = 0.12% 

 

 

 
Fig. (6) Real dielectric constant with frequency at room 

temperature 

 

Figure (7) shows the electrical insulation. 

However, the material limits phase convergence and 
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charge movement. A decrease in conductivity leads 

to a corresponding decrease in the dissipation factor. 

The tanδ of the samples is plotted as shown in Fig. 

(8). It was noticed that all samples had a low tanδ 

value (tanδ≥1) and the figures indicated maximum 

absorption at 1 MHz [20]. This shows a high value of 

ε" at this frequency, which reflects the direct 

relationship between the dielectric loss factor and the 

tangent loss (Eq. 6). Increasing the mobility of the 

cation leads to an increase in dielectric loss, and the 

layered effect, to the extent that it increases the 

conductivity of ceramics, it can also lead to 

significant increases in dielectric loss, and the crystal 

structure and can affect both W and tanδ. The 

measurement of alternating electrical conductivity 

(σa.c.) was conducted at room temperature for the 

samples. Which represents the form Fig. (9) with an 

increase in the applied frequency up to 1 MHz, The 

σa.c. increases. Changes in the granular boundary 

composition and crystal structure directly affect and 

tanδ, therefore on the values of σa.c.. 

 

 
Fig. (7) Imaginary dielectric constant with frequency at room 

temperature 

 

 
Fig. (8) Variation of tanδ with frequency at room temperature 

 

 
Fig. (9) Variation of σac with frequency at room temperature 

 

4. Conclusion 

In concluding remarks, three samples of 

PbSr2Ca2Cu3-YZnYO8+δ (Y=0.0, 0.06, 0.12%) were 

synthesized using the solid-state reaction method. All 

samples had a polycrystalline structure with four 

different phases and the formation of the Pb-2223 

phase was difficult, especially when the zinc 

concentration increased. The average range values of 

lattice constants were decreased. The dielectric 

constant as well as dielectric loss factors change with 

any changing zinc content. In general, a decreased in 

the dielectric loss coefficient leads to an increased 

absorption of more electrical energy. 
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Table (2) Lattice parameters and phase sizes for three compounds PbSr2Ca2Cu3-YZnYO8+δ samples where (Y =0.0.06 and 0.12%) 

 

Ratio 
(Y%) 

a(Å) b(Å) c(Å) c/a V(Å)3 
ρm 

(g/cm3) 
HTP 
(%) 

LTP 
(%) 

0 3.7968 3.6612 18.5669 4.8902 258.100 5.0255 55.10 44.90 

0.06 3.8002 3.5483 18.7339 4.9297 252.612 5.1354 47.94 48.87 

0.12 3.8238 3.5418 18.7269 4.8974 253.623 5.1156 51.13 47.72 

 

 
 



IRAQI JOURNAL OF APPLIED PHYSICS    Vol. 20, No. 3B, August 2024, pp. 633-637 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   633 

Proceedings of 5th International Specialized Conference of Education College on Physics and Applied Sciences 
(5thICECAS24), 22-23 April 2024 

 

Basim A. Zachi 1 
Abdul H.A. Khadayeir 2 

Ziad M. Abood 1 

Effect of Cold Plasma Jetting on 
Optical Properties and Surface 
Morphology of CuO Thin Films 
Prepared by RF Magnetron 
Sputtering 

1 Department of Physics, 
College of Education, 

Mustansiriyah University, 
Baghdad, IRAQ 

2 Department of Physics, 
College of Education, 

Al-Qadisiyah University, 
Diwaniyah, IRAQ 
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sputtering plasma method. The roughness of the films was investigated and found 
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1. Introduction 

By carefully controlling the condensation of 

individual ionic species, atoms, molecules, and 

particles, thin films are defined as layers formed on 

top of solid materials, either physically through 

physical processes or indirectly chemically through 

chemical or electro chemical reactions [1]. Two types 

of copper oxides are known, the most common being 

cuprite (Cu2O) and tenorite (CuO) [2,3]. Higher 

oxides of copper are copper (II) oxides, often known 

as copper oxides (CuO). CuO is called tenorite as a 

mineral, is a dark solid, its crystalline structure is an 

ionic, and it melts at temperatures above 1200°C, 

losing some oxygen. CuO is an attractive for many 

researchers because of its potential uses in solar cells, 

catalysis, and magnetic devices [4,5]. CuO has a wide 

range of applications, including photovoltaic 

materials, solar cells, chromium electroplating, gas 

sensors, catalytic cells, and super capacitors [6,7]. 

CuO has many advantages, including non-toxicity, 

availability of unrefined components, low production 

cost, small energy gap, and electrical and thermal 

properties [7-10]. Thermal oxidation, electrolytic 

deposition, RF magnetron sputtering, and induced 

physical vapor deposition methods have been used to 

prepare copper oxide films [7,9,11,12]. In this study, 

CuO films are prepared by RF magnetron sputtering 

followed by cold plasma jet treatment, and optical 

properties before and after cold plasma jet (CPJ) 

irradiation are compared. 

 

 

 

2. Experimental Part 

The thin films were prepared using the reactive 

RF method of magnetron sputtering. The deposition 

target was 99.99% pure Cu, in the form of a disc 5cm 

in diameter, and the surface was smoothed with 

coarse grits and paper. Experiments were performed 

using a Varian D S219 rotary pump with a mixing 

ratio of oxygen to argon (1:7) to obtain sufficient 

pressure to oxidize pure Cu to form CuO. The 

vacuum pressure during evaporation was 

approximately 2×10-2 torr. The boat was placed at a 

distance of 7 cm from the substrate. The substrate 

temperature reached 350°C. Thin films were 

deposited on commercial glass slides. Before 

deposition, the substrates were cleaned with detergent 

and gauze, rinsed repeatedly with distilled water, 

washed with detergent solution, washed with distilled 

water, and finally washed with ethanol solution. The 

glass substrates were cleaned with isopropyl alcohol 

using an ultrasonic cleaner, and the substrates were 

air dried. The Cu target was irradiated by RF 

magnetron sputtering, and the effect on the 

morphology and optical properties of the deposited 

films was investigated. The deposition time was 2 

hours and the film thickness was 222.21 nm. Cold 

plasma jetting was then per formed with a frequency 

of 75 kHz, gas flow rate of 50 L/h, AC voltage of 10-

20kV, and exposure time of 10 s. 

 

3. Results and Discussion 

The crystal structure of the copper oxide thin films 

was determined by x-ray diffraction (XRD). Figure 

(1) shows the XRD patterns of CuO thin films 
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deposited on glass substrates by RF magnetron 

sputtering. The XRD results show that the deposited 

films are polycrystalline and contain CuO and Cu4O3. 

Furthermore, the CuO films were found to have larger 

particles than the Cu4O3 films. The preferred 

orientation was 34.752°, which is consistent with [9], 

according to which the results agreed with the cards 

for CuO (48-1548) and (45-0937), Cu4O3 (49-1830) 

and Cu2O (34-1354). Table (1) details the XRD 

results. 

 

 
Fig. (1) XRD pattern of CuO thin film deposited onto a glass 

substrate at 350°C 

 

The surface topography of the CuO thin film 

analyzed using atomic force microscopy (AFM) is 

shown in Fig. (2). The AFM image results show the 

effect of increasing the alternating voltage of the cold 

plasma jet on the surface roughness of the prepared 

thin films, and the surface roughness and root mean 

square roughness of the prepared CuO thin films 

decrease after the cold plasma jet treatment as shown 

in table (2). 

 

 
 

Fig. (2) AFM results of cupric oxide films deposited for (CuO 

(1) before, after CuO(2), and CuO(3)) treated with cold plasma 

jetting at, different AC voltages (10-20kV), respectively, with 

exposure time of 10s 

 

The surface roughness decreased after treatment 

with cold plasma jet as shown in table (2). The AFM 

images showed that the prepared thin films were 

homogeneous and had good adhesion. The surface 

was tight and homogeneous, consistent with [13]. The 

surface of each CuO thin film is uniformly granular 

and smooth. Optoelectronic devices, gas sensors, and 

biosciences have all benefited greatly from these 

Nano structured films [14,15]. 

 
Table (2) Results of AFM analysis of CuO thin films 

 

Type of system Parameter's CuO1 CuO2 CuO3 

Mountains SPIP® 
Expert 8.2.9843 

Roughness 
(Sa) (nm) 

6.489 4.898 2.637 

Sms (Rq) 
height nm 

9.047 5.979 3.295 

 

Figure (3) illustrates the surface of the cuprous 

oxide films using FE-SEM images, from which it is 

clear that these films have a completely homogeneous 

nanostructure, which is well-defined, coarse, and has 

small pores without holes or exfoliation sat the 

macroscopic level. The obtained granules are almost 

homogeneous in shape, oval or spherical. These 

samples were deposited at substrate temperature 

350°C-1D52 and their roughness and average 

roughness are shown in table (2), CPJ is an important 

source of hydroxyl radicals as well as oxygen, which 

leads to an increase in the surface energy of the 

electrode [13,16,17]. 

 

 
 

 
 

 
 

Fig. (3) The FE-SEM images of cupric oxide films deposited, 

for (CuO(1) before, after CuO(2), and CuO(3)) treated with 

cold plasma jetting at, different AC voltages (10-20kV), 

respectively, exposure time of 10s 

 

30 40 50 60 70 80

20

40

60

80

100

120

140

160

180

2theta (deg)

In
te

n
si

ty
(%

)

CuO1,0kV,0sec
(200)CuO

(004)Cu4o3

(111)Cu2O

(200)CuO (11-2)CuO

(20-2)CuO



IRAQI JOURNAL OF APPLIED PHYSICS    Vol. 20, No. 3B, August 2024, pp. 633-637 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   635 

Optical properties of copper oxide thin films were 

measured at room temperature in the wavelength 

range 200-1100nm using an Ocean Optics USB4000-

UV-visible fiber optic spectrometer. From the optical 

absorption spectra in Fig. (4), it is observed that the 

optical absorption of the thin films prepared before 

exposure to the cold plasma jet decreases with 

increasing wavelength, whereas after exposure to the 

cold plasma jet, the optical absorption of the thin 

films increases with increasing AC voltage of the 

exposure to the cold plasma jet. Increasing the AC 

voltage can increase the grainsize of the thin film 

[12]. The reason for this is that photon shave higher 

energy at shorter wavelength sand are absorbed, 

resulting in higher absorbance, and the films have 

potential applications in solar cell fabrication [12,18], 

and reflection-free coatings [13]. 

The optical transmittance spectrum in Fig. (5) 

shows that the optical transmittance of the thin film 

fabricated before cold plasma jet irradiation increased 

with increasing wave length. However, after cold 

plasma jet irradiation, the optical transmittance 

decreased with increasing cold plasma jet irradiation 

voltage. It is thought that the increase in AC voltage 

increased the particle size of the copper oxide thin 

film, resulting in a decrease in transmittance. Photons 

are absorbed at lower wavelengths due to their high 

energy, resulting in lower transmittance [19,20]. The 

use of these films as detector windows allows for 

solar cell applications in the infrared region [21]. 

 

 
Fig. (4) The absorption spectra of (CuO) films, for (A1 before, 

after A2, and A3) treated with cold plasma jetting at, different 

AC voltages (10-20kV), respectively, exposure time of 10s 

 

From the light transmittance spectral data, the 

absorption coefficient was determined by the 

following equation 

α =
ln

1

𝑇

𝑡
     (1)                    

Here, transmittance is T, film thickness is t, and 

cross-sectional are a is used for the measurement [22]. 

Figure (6) shows that the absorption coefficient (α) 

decreases with increasing wavelength. It is also 

shown that the optical absorption coefficient 

increases with increasing AC voltage and exposure to 

low-temperature plasma jets. This is because 

(α>104cm-1), it is within the high absorption region. 

This helps to increase the likelihood of direct 

transitions occurring [23,24]. 

 

 
Fig. (5) The transmission spectra of cupric oxide films 

deposited, for (T1 before, after T2, and T3) treated with cold 

plasma jetting at, different AC voltages (10-20kV), 

respectively, exposure time of 10s 

 

The relationship between the photon energy (hѵ) 

and the absorption coefficient (α) of the directly 

allowed transitions is given by the theory of optical 

absorption: according to Tuac's relation, the 

dependence of the absorption coefficient (α)of the 

photo-induced transitions on the photon energy (hѵ) 

is [25]. 

αℎ𝜈 = 𝑘(ℎ𝜈 − Eg)𝑛    (2) 

The absorption coefficient is α, hν is the photon 

energy, the constant is k, Eg represents the optical 

energy gap, n is a number determined by the type of 

transition, direct transmission is allowed (n = 1/2) or 

prohibited (n = 3/2), indirect transmission is allowed 

(n = 2) or prohibited (n = 3) , and Eg was calculated 

for. Figure (7) shows a graph of (αhν)2 versus hν, and 
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Eg was calculated by extrapolating the straight part of 

the curve to zero absorption [26,27]. 

 

 
Fig. (6) The Absorption coefficient plot of cupric oxide films 

deposited, for (α1 before, after α2, and α3) treated with cold 

plasma jetting at, different AC voltages (10-20kV), 

respectively, exposure time of 10s 

 

 
Fig. (7) The energy gap of cupric oxide films deposited, for (Eg1 

before, after Eg2, and Eg3) treated with cold plasma jetting at, 

different AC voltages (10-20kV), respectively, exposure time of 

10s 
 

The results show that the optical energy gap (Eg) 

increases with exposure to low-temperature plasma. 

This energy gap is higher than the value of the energy 

gap of copper oxide thin films, which is consistent 

with [13,23,26,27]. It is possible that the energy gap 

is higher due to the removal of defects and disorder in 

the prepared films [17]. Quantum confinement effects 

are responsible for the shift of the direct energy gab 

higher than the bulk value (2.24eV). As a result, 

semiconductor devices such as fiber optic 

communication systems, image amplifiers, and 

modulators can utilize these nanoparticles [16]. 

 

4. Conclusion 

After preparing CuO films using RF sputtering 

technique and exposing them to cold plasma jets, it 

caused a change in both the roughness and optical 

properties of the prepared films. We conclude that 

cold plasma jetting is an effective method to modify 

the properties of thin films. 
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Table (1) Results of the XRD analysis of CuO films 

 

Type 2θ (deg) d (nm) β (deg) 
XSG 
(nm) 

XSC 

(nm) 
(hkl) 

Crystal 
System 

Reference 
Card 

CuO 34.752 0.25793 0.676 12 12.31 (002) Monoclinic 48-1548 

Cu4O3 36.116 0.2485 1.302 6 6.41 (004) Tetragonal 49-1830 

Cu2O 37.843 0.23754 0.739 11 11.36 (111) Cubic 34-1354 

Cu2O 42.489 0.2126 0.738 11 11.54 (200( Monoclinic 34-1354 

CuO 46.938 0.1934 0.483 18 17.93 (11-2) Monoclinic 48-1548 

CuO 48.807 0.1864 1.155 7 7.55 (-202) Monoclinic 45-0937 
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1. Introduction 

Despite developments in these fields, 

nanotechnology is still vital to the study of materials 

in general, and to the establishment of their basic 

properties in particular, in contexts where the 

microscopic scale is crucial. [1]. Therefore, 

nanoparticles are now very important in all areas of 

chemistry, as well as in business and health. In 

nanobiotechnology, the main focus is on integrating 

nanotechnology into different biological systems. 

This field is focused with the coupling of 

nanotechnology and biology. The creation of 

nanomaterials and nanoparticles that are 

biocompatible, environmentally safe, and biogenic is 

another application of nanobiotechnology [2-

4].Materials, systems, and devices at the atomic and 

macromolecular levels are the focus of nanoscience, 

while nanotechnology encompasses a wide range of 

techniques for manipulating structures, materials, 

and devices at the nanoscale in design, synthesis, 

characterization, and application. It is common for 

the dimensions to be less than 100 nanometers (<100 

nm) in scale. [5].An important n-type semiconductor 

with a 3.6 eV band gap, SnO2 has many uses in 

electronics, optics, sensors, and rechargeable 

batteries. The synthesis of SnO2 NPs has been 

accomplished using various methods, such as sol-gel, 

hydrothermal, co-precipitation, solve thermal, and 

chemical vapor deposition. Nevertheless, because of 

their low cost, ease of handling, and environmental 

acceptability, nanomaterials synthesized from plant 

resources are preferred. Utilizing XRD, SEM, AFM, 

FTIR, and UV-Vis data inside the biological 

approach, the surface and structural characteristics of 

the synthesized SnO2 NPs were investigated 

[6].Crucial are eco-friendly technologies and 

nanoparticles produced in a sustainable manner [7, 

8]. "Biogenic synthesis" is an emerging field of 

nanotechnology that has the potential to create 

nanoparticles in an eco-friendly and cost-effective 

way [9–11]. In this research, we discuss the 

preparation of celery extract used to reduce tin salts 

to prepare tin oxide nanoparticles and use them for 

medical applications. 

 

2. Experimental Part 

Plant extract-mediated bio reduction is the usual 

procedure for producing nanoparticles at 

temperatures below 80°C. This involves mixing an 

aqueous plant extract with an aqueous solution of the 

metal salt and deionized water. Figure (1) 

demonstrates that the time required to complete this 

technique might range from thirty minutes to an hour 

or more, depending on how long it takes for the plant 

to dissolve. Consequently, in order to produce high-

quality nanomaterials (artificial methods), a 

straightforward and easy biosynthesis of mineral 

nanoparticles is necessary. Natural occurrences in 

biological systems are a part of the biological 

pathway, which follows the laws of nature. The term 

"green nanotechnology" has recently gained a lot of 

traction. Due to its strict crop management 

restrictions and high sanitary requirements, 

microbial-mediated synthesis, a biological approach 

for generating NPs, is not now commercially 

practicable [12]. 

In Fig. (2), we can see a solution of celery extract 

with SnO2 NPs. The process of creating SnO2 

nanoparticles using celery extract yields these results. 

In order to make an aqueous solution, the celery plant 

is ground to a consistency of 150 mL in distilled 

water heated to 50 to 60 degrees Celsius. Then, 2 

grams of the plant are added gradually and left at the 

same temperature for 30 minutes. The solution turns 
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yellow after a while. A gradual shift in color indicates 

the creation of tin oxide nanoparticles, represented by 

the symbol (B2). Once cooled in a beaker, the extract 

was filtered using filter paper. In a 100 mL beaker, 

dissolve 1.89g of SnCl2 at 60°C for one hour under 

standard atmospheric pressure. After being 

thoroughly mixed at 60°C, the extract (15 mL) was 

added. 

 

 
 

Fig. (1) Green synthesis method [13] 

 

 
 

Fig. (2) Celery plant and (SnO2) NPs solution 

 

 A variety of characterization techniques were 

used to describe the production of SnO2NPs. These 

included x-ray diffraction (XRD), field-emission 

scanning electron microscopy (FE-SEM), atomic 

force microscopy (AFM), Fourier-transform infrared 

(FTIR) spectroscopy, and UV-visible spectroscopy. 

Determining the degree of a drug's influence on the 

environment and human health may require the 

detection or diagnosis of the substance. 

 

3. Results and discussion 

One helpful method for studying crystalline 

materials is X-ray diffraction. Sample orientation, 

lattice parameters, composition, and crystalline phase 

can all be ascertained using this method. Figure (3) 

displays the X-ray diffraction pattern (XRD) of a 

biosynthetic tin oxide nanostructured film that was 

cast on a glass substrate using a three-drop drop 

casting procedure [14]. The reflections of (110), 

(101), (211), and (301) are identical to the patterns of 

SnO2 reference (JCPDS card 00-046-1088), as is 

readily apparent. The size of the biosynthesized SnO2 

nanocrystals was also determined using the Debye-

Scherrer formula [15-17], as shown in table (1). 

𝐷 =
0.9𝜆

𝛽 𝑐𝑜𝑠𝜃
    (1) 

where D or C.S., λ, β or FWHM and θ are crystalline 

size, wavelength for x-ray which is equal to 1.5406Å, 

the full-width at half maximum, and a degree of the 

diffraction or the Bragg angle, respectively 

 

 
Fig. (3) XRD pattern of SnO2 nanostructure, which 

precipitated on a glass 

 
Table (1) Structural parameters of B2 nanostructure 

 

Method 
2θ 

(deg) 
FWHM 
(deg) 

D (nm) η X 102 σ (LINE/m2) 

Biological 

25.9 1.828 4.442 7.799 50.665 

32.8 2.303 3.583 9.670 77.885 

51.03 3.514 2.497 13.8750 160.347 

65.3 4.401 2.138 16.203 218.685 

 

The heat treatment technique causes micro-strains 

and structural dislocations in the film. Equation (2) 

calculates the dislocation density [18]: 

𝜎 =
1

D2     (2)  

Where δ is the dislocations density, where the micro-

strain of the film was estimated using the equation 

[18]: 

𝜂 =
βcosθ

4
    (3) 

Tin oxide nanoparticles made using the green 

synthesis method were studied for size, shape, and 

morphology with the use of field-emission scanning 

electron microscopy (FE-SEM), which examines 

material’s morphology at extremely high 

magnifications [19]. An examination was carried out 

using FE-SEM at 1.00kx and 120.00kx 

magnifications, with a resolution varying from 10μm 

to 500nm, as shown in Fig. (4). Tin oxide 

nanoparticles were produced using an 

environmentally friendly process, and their size, 

shape, and morphology were examined using FE-

SEM technology. Drop casting was employed to 

biosynthesize and fabricate the B2 thin film on a glass 
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substrate. A value of about 72.20 nanometers was 

produced by the nanostructure. 

Figure (5) displays the results of the surface 

topographic analysis, a method for identifying and 

mapping the topography of surfaces with micro and 

nano dimensions, conducted on films generated using 

the biosynthetic process and applied onto glass 

substrates at a temperature of 80°C. Such surfaces 

were photographed and studied using a high-powered 

atomic force microscope (AFM) [20]. The outcomes 

are shown in Fig. (5). 

 

 
Fig. (4) FE-SEM images of green synthesized SnO2 NPs 

deposited on a glass (scale bar = 3μm, 500nm) 

 

 
 

Fig. (5) 3D AFM image for SnO2 NPs 

 

One intriguing tool utilized in nanotechnology for 

gauging the pliability of micro and nanoparticles is 

the atomic force microscope. Scanning microscope 

probes (SPMs) include instruments like atomic force 

microscopes. Surface areas of insulators and 

conductors are the usual targets for its measurement 

capabilities. It also gives us precise data on the 

quantity and size of grains, the surface roughness, 

and the rate of surface roughness (RMS). 

The functional groups discovered in the material 

being examined are depicted in Fig. (6) [21]. Using 

FTIR spectroscopy to look into the many vibration 

modes that the chemical bonds involved in SnO2 NPs 

biosynthesis could exhibit [22]. The functional 

groups were recorded within the range between 400-

4000 cm-1, and figure (6) clearly shows this. FTIR 

spectra of B2 NPs can be seen in it, and it shows 

strong peaks at 547, 1074, 1111, 2359, 2600, 2853 

and 3371 cm-1. Alcohols, phenols with hydroxyl O–

H may be identified by the peak located at 3371cm-1. 

CH and CH2 stretching aliphatic group are 

responsible for the peak at 2853cm-1, the alkynes 

groups' C≡C and C-O-C polysaccharide modes are 

responsible for the peak at 1111cm-1, and C-O 

carbohydrate modes are responsible for the peak at 

1074cm-1. Finally, for CH out of plane aromatic band 

which is located at the peak 547cm-1. Biosynthesis-

produced nanoparticles have UV-visible absorption 

spectrum, which is explained in Fig. (7). 

 

 
Fig. (6) FTIR spectrum for the transmittance of (SnO2) NPs 

synthesized method 

 

 
Fig. (7) UV-visible absorption spectrum of SnO2 NPs colloid 

 

While most of the 10 million annual fatalities and 

numerous chronic illnesses caused by 

microbiological infections occur in tropical nations, 

the developed world is not immune either. 

Antibiotics have been utilized to treat bacterial 

illnesses due to their efficacy and affordability. While 

antibiotics have undoubtedly helped biobiotics, their 

abuse has led to bacterial resistance mechanisms and 

the subsequent rise of multidrug-resistant microbes 

[23]. The rise of drug-resistant bacteria has left 

doctors with little choice but to resort to extreme 

measures to treat their patients. Because antibiotics 

encourage the emergence and evolution of strains 

with varied genetic and phenotypic features, their 
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promise as therapeutic agents is diminished by their 

overuse. Bacteria can cover themselves with a 

biofilm and start multiplying. They become immune 

to antibiotics when they clump together and encase 

themselves in an extracellular matrix they create [24]. 

Antidrug resistance ranks high among the most 

pressing global public health concerns. 

Consequently, there has to be a change in approach 

to treating microbial diseases. Biological imaging, 

medication delivery, and antibacterial activity are just 

a few of the biological applications of nanoparticles 

due to their unique physical and chemical properties, 

which include a large surface area, optical qualities, 

antimicrobial activity, catalytic activity, electrical 

characteristics, and magnetic properties [25]. Even 

now, people are talking about it [26]. Nanoparticles' 

effects on bacteria and fungi are a matter of debate. 

Nanoparticles have the ability to bind to the cell wall 

of bacteria or fungi, which they can then penetrate to 

change the structure of the cell membrane, making it 

more permeable. This process leads to the death of 

the bacteria. Metal oxide nanoparticles have recently 

been recognized as an effective antimicrobial agent 

with the ability to target several locations within and 

outside of cells. One mechanism by which 

nanoparticles exert their antibacterial effects is 

through the ions they emit. Their high surface area to 

volume ratio and diminutive size allow them to bind 

tightly to tiny membranes, which enhances their 

activity even further. Based on the composition and 

structure of their cell walls, bacteria can be classified 

as either Gram-positive (+) or Gram-negative (-). 

When it comes to the impact of nanoparticles on 

bacteria, the makeup and chemistry of the cell walls 

of Gram-positive and Gram-negative bacteria are 

significantly different. Candida, a type of fungus that 

can cause skin infections, is one of the many types of 

fungi shown in Fig. (8), which also includes other 

types of fungi worldwide [27]. 

 

 
Fig. (8) Antibacterial activity of SnO2 NPs 

 

4. Conclusion 

There are several ways to prepare tin oxide 

nanoparticles, but one of the most effective is the 

green synthesis method. This approach uses salts and 

plants instead of water, and it generates vast 

quantities of tin oxide nanoparticles of highly 

inexpensive quality. Additionally, it poses less of a 

threat than any of the alternatives. Thus, our research 

has laid down a quick method for creating SnO2 

nano-structures utilizing celery extract in a biological 

approach to SnO2 manufacture or green synthesis. 

All of the outcomes were nanoscale, which proves 

that green synthesis is a viable method for making 

nanoparticles. Because it is a sustainable, nontoxic, 

environmentally friendly, and cost-effective process, 

green NPs production has garnered a lot of attention. 

Using various plant materials, microorganisms, and 

naturally existing proteins, several studies have 

shown that SnO2 NPs can be synthesized in an 

ecologically friendly manner. Regardless of their 

origin, the literature review reveals that green 

substrates act as reducing agents, stabilizing agents, 

and caps.Because plant-mediated synthesis is less 

expensive, easier to handle, and less hazardous than 

utilizing microbes, it is one of the more 

environmentally acceptable methods of synthesizing 

SnO2. 
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Photonic crystal fiber (PCF) Fabry-Perot interferometer (FPI) based on surface plasmon 
resonance (SPR) is introduced in this work for sensing and measuring the temperature of the 
surrounding environment. An FPI was fabricated by straight splicing the PCF solid core with 
the multi-mode fiber (MMF) sensor end, followed by coating a 50nm gold nanofilm on the PCF 
solid core end. The suggested sensor contains an exact SPR result, according to the 
conclusions of investigations. Figures of Merit (FOM), Resolution (R), Signal-to-noise ratio 
(SNR), and Sensitivity (S) for PCF are evaluated as 0.0005, 0.2, 0.01, and 0.5, respectively. 
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1. Introduction 

The benefits of optical fiber-based sensing 

technology are becoming increasingly common due 

to its many advantages over conventional sensing 

technologies; optical fiber sensors have increased 

popularity in recent decades. These advantages 

include easy fabrication, consolidated size, 

flexibility, and greater stability. Furthermore, they are 

unsusceptible to electromagnetic interference, which 

makes them ideal for monitoring structural health in 

remote locations and difficult environments [1-3]. 

Constructed on the concept of 2D photonic crystals, 

photonic crystal fiber contains of a periodic shape of 

air gaps that extend alongside the entire fiber length 

[4-7]. It has an elastic structure that supplies a lot of 

benefits corresponding with traditional optical fiber, 

for instance, high confinement, single-mode 

propagation, low non-linearity, controllable 

birefringence, etc.  [8-9]. At the metal-dielectric 

interface, the SPR appears [10-12]. Transformations 

in metal and dielectric permittivity, as well as 

structural changes, are particularly sensitive to it [13-

15]. An SPR is a collective oscillation of free 

electrons on the edge between a metal and a 

dielectric. As the wavelengths of the incoming 

photons and electrons equal, resonance happens [16-

19]. Excitations happen due to the oscillations of 

electrons between the dielectric and the metal is 

called a surface plasmon [20-22]. The surface 

plasmons can excite due to, optical components like 

a diffraction grating, refractive index prism, and 

optical fiber are utilized [23-25]. Fabry-Perot 

Interferometer (FPI) is commonly formed of two 

equivalent reflecting surfaces divided through a 

particular distance [26]. Infrequently it is called an 

etalon [27]. Interference appears as a result of the 

many super-positions of transmitted and reflected 

rays at similar surfaces [28]. In the case of fiber optic 

subjects, it can be simply formed through consciously 

constructing reflectors outside or inside of fibers. FPI 

instruments can be considered for two classes:  

intrinsic and extrinsic [29,30]. 

 In this work photonic crystal fiber based on 

surface plasmon resonance (SPR) as Fabry-Perot 

interferometer as temperature environmental sensor 

when involved the fabrication and implementation of 

PCF (ESM-12) covered with a thin layer of gold 

(50nm) which represent  the sensing element. This 

element is splicing with multimode optical fiber 

Based on SPR for sensing and estimating the 

temperature of the surrounding environment. 

 

2. Performance Parameter  

PCF-SPR sensors have performance parameters 

found in some parameters like signal to noise ratio, 

sensitivity, resolution, and figure of merit [20-22]: the 

sensitivity is the change in the resonance wavelength 

for the change of temperature [31,32] 

Sλ  =
Δλres

∆T
    [

𝑛𝑚

°𝐶
]   (1) 

where ΔT and Δλres is the difference in the 

temperatures and the wavelength resonance peak, 

respectively 

Another important parameter is the figure of merit 

(FOM), which is defined as the ratio of sensor 

sensitivity to spectral curve width. A good sensor has 

a high FOM value, which indicates that it has a sharp 

spectrum (narrow FWHM) and a good sensitivity. 

FOM is expressed as [31,32] 

FOM =
S(

nm

°𝐶
)

FWHM(nm)
   (2) 

where FWHM is the full-width at half maximum 

The signal-to-noise ratio (SNR) measures the 

sensor performance and is represented by the 

equation [20-22] 
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SNR =
∆λres

FWHM(nm)
    (3) 

The resolution (R) of the sensor indicates how 

much minor variation in the temperatures can be 

observed and may be calculated from the equation 

[20-22] 

R[RIU] = ∆T ×
Δλmin

Δλpeak
   (4) 

where Δλpeak is the resonance wavelength difference 

between the two adjacent temperature resonance 

peaks and ΔT is the difference between the two 

adjacent temperatures 

 

3. Fabrication of PCF Sensor 
Utilizing a 4 cm long photonic crystal fiber (PCF) 

sensor of an external diameter of 125 µm and a 

diameter core of 12 µm and splicing with multi-mode 

fiber (MMF) on one side, MMF has a core diameter 

of 62.5 µm and a clad of 125µm, as shown in Fig. (1). 

The proposed MMF-PCF sensor was fabricated in 

four steps: first, the coating of a stub of PCF and 

MMF were removed by using a mechanical stripping 

(JIC-375 Tri-Hole). Then, the second step was 

cleaved the PCF and MMF, which was done by fiber 

cleaver (CT-30), and third step was cleaning the 

fibers. Then, the stub of PCF (SEM-12) was spliced 

to the MMF by a conventional splicing machine. 

Finally, an Au sensing layer with 50 nm thickness is 

deposited on the end face of PCF by using the Sputter 

Coater (Quorum Q150R ES, UK) which worked with 

a gold target bombarded using ions of argon gas . The 

coating process was achieved inside the chamber at a 

pressure of 3×10-3 Torr, sputter current of 20 mA and 

sputter time of 147 s. Figure (2) shows schematic 

diagram of MMF-PCF based on SPR. 

 

  
 

Fig. (1) Microscope image of the splicing MMF-PCF 
 

 
Fig. (2) The Schematic diagram of the MMF-PCF based on 

SPR sensor 

 

4. Experimental Work 

The experimental set up of the presented work is 

displayed in Fig. (3). It is essentially divided into six 

parts; a light beam produced by a laser diode  with a 

wavelength of 652nm with power 0.05mW, 

Thermostat Water Bath HH-1 of KW-1000DC, 

TRUE RMS MULTIMETER from FLUKE 179, PCF 

(ESM-12) (THORLABS Co.), multi-mode fiber, 

couplers, and a computer-connected 

spectrophotometer (HR4000CG UV-NIR) with 

resolution of 0.1 nm . A light beam from a laser diode 

illuminates the PCF-SPR sensor. When the sensor 

was immersed in the water inside thermostat water 

bath the light in the sensing area was modified by 

external environmental solutions, the SPR curves 

with data values are displayed online on the computer 

screen and saved by and advanced software provided 

by THORLABS. 

 

 
 

Fig. (3) Photo of Experimental work of the SPR -PCF sensor 

 

5. Results and Discussion 

In both the numerical calculations and the 

experimental study, the following values were used 

for the parameters: photonic crystal fiber numerical 

aperture (NA) = 0.09±0.02; photonic core diameter 

(D) =12.2±0.5 μm; sensing region (L) =4 cm; 

thickness of the metal layer (d) =50 nm; and various 

temperatures values (40, 42, 44, 46, 53, 54, 55, and 

60°C) of water. The spectra are created by calculating 

the transition curves T for light using an optical cable, 

the transmission (T) is computed by dividing intensity 

(I) recorded with the effect of increasing temperature 

of water inside the thermostat water bath to the 

intensity without any effect of temperature, that is 

before placing the sensor inside the thermostat water 

bath (I), and (I0) is the intensity of air. 

The fabricated sensor was placed in a water bath 

and different temperatures were measured. Figure (4) 

shows plasmon resonance curves at different 

temperatures. These figures are presented in terms of 

normalized reflected power. The SPR curve, shown 

in Fig. (4), is determined as a percentage by dividing 

intensity (I) recorded with the effect of increasing 

temperature of water inside the thermostat water bath 

to the intensity without any effect of temperature, that 

is before placing the sensor inside the thermostat 

water bath (I0).This normalized reflected is plotted as 

a function of the wavelength of the incident light. In 

these figures, the responses are simulated for a 

designed sensor illustrated in Fig. (3). The resonance 

occurs such as a dip as illustrated in the SPR curves, 

and at a certain wavelength known as the resonance 

wavelength λres, a sharp dip occurs in transmission 

due to incoming light energy transfer to metal 

electrons, reducing the intensity of reflected light. 
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The dip appears at a λres due to the transmission of the 

highest energy from the reflected power of light 

directed through the fiber to the surface plasmons 

(SPs). Increasing the temperature of water inside the 

water bath or increasing the resonance wavelength 

(λres) to longer wavelength (red shift), which may be 

explained by the resonance condition of surface 

plasmon waves. Figure (5) explains a linear 

relationship between resonant wavelength and 

various temperatures. 

 

 

 
Fig. (4) SPR curves of the PCF with Au metal for various 

temperatures 

 

Table (1) exhibits the performance parameters of 

a sensor covered by gold. The values of the 

sensitivity, figure of merit, signal-to-noise ratio, and 

resolution were calculated according to equations (1), 

(2), (3), and (4), respectively. 
 

Table (1) Performance parameters of gold layer 

 

Metal 
Sensitivity 

(Sn) 
(nm/°C) 

Signal to 
noise ratio 

(SNR) 

Figure of 
merit  
(FOM) 
(°C-1) 

Resolution 
(°CU) 

Gold 0.5 0.01 0.0005 0.2 

 

 

 
Fig. (5) Resonance wavelengths as a function of temperature 

for an Au-coated layer 
 

Table (2) shows the temperatures of different 

resonance wavelengths. The values of the sensitivity, 

figure of merit, signal-to-noise ratio, and resolution 

were calculated according to equations (1), (2), (3), 

and (4), respectively. 

 
Table (2) Temperatures values for various resonance 

wavelengths (nm) 

 

Kind of fiber 
Resonance wavelength 

𝝀𝒓𝒆𝒔 (nm) 
Temperatures 

(°C) 

PCF 

646 40 

647 42 

648 44 

649 46 

652 53 

653 54 

654 55 

656 60 

 

6. Conclusion 

A temperature sensor is constructed on ESM-12 

photonic crystal fiber directly spliced with multimode 

fiber on one side. As the temperature of water rises 

inside the water bath, the resonance wavelength 

increases and shifts in the direction of longer 

wavelengths (redshift). Since the sensing medium's 

temperature is somewhat increased, the real part of 

the SP-wave is larger of the imaginary part. 

Therefore, the resonance principle is happened at 

high wavelengths. 
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1. Introduction 

The most common definition of nanotechnology 

is a field of science that aims at the development, 

production, design, and characterization of 1–100 

nanometer-sized matter by testing it at atomic and 

molecular levels [1]. In recent years, the interest of 

researchers in the nanotechnology field has 

developed rapidly due to their unique chemical and 

physical properties. Which vary from those of raw 

materials, including diffusion, electrical resistivity, 

conductivity, hardness and strength, chemical 

reactive characteristics, and a variety of beneficial 

biological activities [2, 3]. Metal oxide nanoparticles 

have sparked particular interest since they are 

frequently employed in medical applications, such as 

antimicrobials in disinfection, as well as fillers, 

opacifiers, catalysts, and semiconductors. They are 

also beneficial in the development of cosmetics and 

microelectronics [3-4]. Due to its low toxicity, 

manganese dioxide (MnO2) is receiving attention 

from researchers in the field of nanotechnology [5]. 

Manganese oxides can be used in several applications 

because of their exceptional physicochemical 

properties, such as batteries, magnetic materials, 

water treatment, and imaging contrast agents [6, 7]. 

MnO NPs are a promising choice as a soil 

remediation agent due to their catalytic activity and 

comparatively large surface area (compared to bulk 

form). Successful decontamination was recorded, for 

instance, for species of lead, cadmium, thallium, 

arsenic, and selenium in the soil [8, 9]. The aim of this 

research is to prepare manganese oxide particles in a 

biological way using saffron extract with manganese 

salts at a very low concentration. 

 

2. Materials and Method 

The Saffron plant was gathered from local markets in 

the month of October 2022 and verified by the 

Ministry of Health's herbarium. It was washed to 

remove dust particles, then dried and ground into a 

fine powder using an electronic grinder. 4 g of Saffron 

powder were mixed with 400 milliliters of distilled 

water. The mixture was heated up for 15 minutes at 

60 degrees Celsius with a hot plate stirrer. After 

filtration using filter paper (20-µm pore size), then 

extract was cooled and refrigerated at 4°C until ready 

for use [10]. 

In order to prepare 1M of manganese nanoparticles 

(Fig. 1), 1.258 g of manganese chloride MnCl2 (molar 

mass = 125.5 g/mol) was dissolved in 100 ml of 

distilled water. The mixture was heated to 120 °C for 

2 hours, during which time 10 ml of plant extract was 

gradually added to 100 ml of MnCl2 solution and 

continuously mixed with a magnetic stirrer. When the 

color become golden brown, the mixture was allowed 

to cool to room temperature before centrifuging for 

15-20 minutes at 3500 rpm. The process was 

performed twice, and the deposit was eliminated and 

dried at 130°C for 6 hours. 

 

 
Fig. (1) Scheme of Green Synthesis of MnO Nanoparticles from 

Crocus sativus Plant Extract 

 

A UV/visible spectrophotometer (UV-2610/UK) was 

employed to verify the synthesis of MnO 

nanoparticles; the UV-visible absorption spectra and 



IRAQI JOURNAL OF APPLIED PHYSICS  Vol. 20, No. 3B, August 2024, pp. 647-650 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   648 

color change of the solution served as indications of 

synthesis. The absorbent capacity of the solution 

suspension was recorded across several time periods, 

and the maximum absorption was determined by 

scanning at 200-1100 nm. 

Photoluminescence was used to examine the 

fluorescence features of a substance utilizing 

fluorescence spectrum, allowing one to determine the 

molecular composition of a substance. 

XRD peaks appear as XRD peaks. Through the 

prevalence of atoms within the crystal lattice, the 

XRD density is determined where It represents the 

pattern and identity of matter for its periodic atomic 

structure Screening of nanoparticles was performed 

using an XRD machine[11]  (XRD 6000- Shimadzu/-

Japan) with CuK radiation at = 1.5406 for two values 

ranging from 20 to 80 degrees. The Debye-Scherer 

equation was used Calculate the average particle size 

(D) of the generated nanoparticles. 

The atomic force microscope is described as a low-

cost instrument. With the development of the 

scanning microscope, the microscope that relies on 

atomic force has also developed. The cam force is 

mechanically calculated, and in this procedure a 

flexible protrusion is used between the wall and the 

atomic point of the end of the metal tip. The electronic 

activity can be examined through a scanning 

tunneling microscope along the surface, and this is 

done by changing individual atoms. Through this 

method, it is possible to study chemical interactions 

with other forces, such as magnetic and electrical 

forces [12]. 

The analysis is widely and frequently used in 

chemicals, And analysis of biomedical samples. And 

detect active groups in Samples are under 

examination. FT-IR was analyzed using an 

instrument (FTIR 8400S/Shimadzu, Japan). The 

samples under study were examined at the University 

of Technology. 

 

3. Results and Discussion 

In this study, saffron extract was used as a catalyst in 

the green process of nano manganese oxide. Through 

this method and work, the color changes from light 

yellow to dark yellow within a few minutes, usually 

not more than a few minutes at most (note Fig. 2). 

 

 
 

Fig. (2) MnO NPs after mixing with saffron extract and the 

color becomes pale green 

 

The presence of nanoparticles of manganese oxide 

was confirmed using UV-visible spectroscopy. 

Figure (3a) indicates that the absorption spectrum was 

obtained using a spectrophotometer with a xenon 

lamp and a wavelength range of 190-990nm. The UV-

Vis spectrum is essential because it provides 

information about the optical band. It was discovered 

that as particle size decreases, the optical absorption 

spectra move towards shorter wavelengths due to an 

increase in the optical energy band gap. Due to the 

quantum size effect, the surface plasmon resonance 

(SPR) brought about by the oscillation of electrons on 

the nanocomposite surface gave rise to the developed 

nanocomposite's brown hue. Theoretically, MnO NPs 

have an absorption peak that is between 350 and 410 

nm in wavelength. The graph of (hv)2 vs. photon 

energy (hv) in Fig. (3b) on the right shows that, 

according to Tauc's relation, MnO has a band gap of 

2.6 eV. The band gap has increased to 3, which the 

quantum size effect may be responsible for. The 

quantum size effect, which results in a blue shift, 

affects the optical spectra of nanostructured objects. 

The quantum size effect causes the band gap of a bulk 

semiconductor to shift to a higher energy level [13]. 

 

 

Wavelength (nm) 
(a) 

 

Photon energy (eV) 
(b) 

Fig. (3) (a) UV-visible spectra of MnO NPs sample prepared by 

Crocus plant extract and (b) (αhv)2 vs. hv for MnO NPs 
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In order to detect the fluorescence characteristics 

of the material, PL examination was used. The results 

shown in Fig. (4) indicate that when an energy gap of 

2.6eV is present, the biosynthesized MnO 

nanomaterials glow. This is because phytochemicals 

are present in the MnO nanoparticles' attached crocus 

plant extract [14]. Claim that MnO nanoparticles 

created biologically have a greater PL intensity than 

those produced chemically. 

 

 
Fig. (4) Photoluminescence spectrum of MnO NPs 

 

The form and size of MnO nanoparticles were 

identified using an atomic force microscope. Figure 

(5) shows a 3D image of a thin MnO layer generated 

at substrate temperature. The grains were evenly 

distributed, with each columnar grain extending high. 

According to the AFM analysis, the pore's average 

grain size was approximately 14.09 nm, with an RMS 

roughness of 3.06 nm and an average roughness of 

14.11 nm, as shown in table (1). 

 

 
Fig. (5) 3D AFM image of the green synthesized material 

 
Table (1) The parameters of manganese surface 

 

Average value 14.09 nm 

Minimum 0.00 nm 

Maximum 29.53nm 

Median 14.11 nm 

Ra 2.34 nm 

RMS roughness (grain-wise) 3.06 nm 

 

X-ray diffraction can be utilized to confirm the 

shape and size of crystals as they form. The crystal 

structure of MnO NPs was determined using the peak 

positions of the XRD pattern. Manganese oxide 

nanoparticles exhibit strong diffraction lines, with 

eight unique peaks identified at 2θ values of 32.50, 

36.99, 38.13, 41.02, 42.09, 49.01, 56.39, and 57.12o, 

respectively. The values of the Miller indices (220), 

(202), (400), (411), (420), (431), (332), and (333) are 

shown in Fig. (6). The crystallite size in the 

biosynthesized MnO nanostructure was calculated 

using the Debye-Scherrer formula [15]. 

D = k𝝀 /𝜷 𝒄𝒐𝒔𝜽    (1) 

where K is a constant equals to 0.94, D is the average 

crystallite size, λ is the x-ray radiation wavelength 

(0.154 nm), as shown in table (2) 
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Fig. (6) XRD pattern of Mn NPs prepared from Crocus Sativus 

(Saffron) flower extract 

 
Table (2) Structural parameters of MnO NPs 

 

2θ (deg) D (nm) 
FWHM 
(deg) 

Strain 
x10-4 

hkl 

32.5 54.88 0.0026 6.31 (220) 

36.99 55.56 0.0026 6.23 (202) 

38.13 83.63 0.0017 4.14 (400) 

41.02 52.75 0.0028 6.56 (411) 

42.09 11.29 0.0013 30.67 (420) 

49.01 10.72 0.014 32.29 (431) 

56.39 30.42 0.0051 11.38 (332) 

57.12 14.52 0.010 23.85 (333) 

 

The FTIR analysis was employed to identify the 

bio-molecules and functional groups in the produced 

MnO nanoparticules. The results of the FTIR in Fig. 

(7) show that the surface of the NPs contains 

biocomponents, including alcohols and phenolic 

compounds with potent hydrogen bonds. The reaction 

between protein molecules and manganese salts that 

can reduce Mn ions and stabilize MnO NPs was 

studied using FTIR measurements. The FTIR study 

of the hydroxyl group (OH), C-O, MnO, and other 

vibrations revealed some surprising bands. This 

matches the surface-bound MnO-NPs and 

biocompounds [16,17]. The C=C group is said to be 

responsible for the distinct bands at 1639 cm-1, which 

are most likely caused by the aromatic conjugates of 

the biomolecules found in the extract. The C-O 

stretching vibration is responsible for the connection 

at 1100 cm1. Strong hydrogen bonding in alcohols 

and phenolic chemicals was identified as the cause of 

the peaks at 3500 cm-1. The produced MnO NPs have 
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residues like hydroxyl and carboxyl groups on their 

surface. 

 

 
 

Fig. (7) FTIR spectrum of MnO produced using flower 

extract from C. sativus (saffron) 
 

4. Conclusion 

MnO4 NP was prepared using an aqueous extract 

of C. sativus as a reducing agent. UV-visible 

spectroscopy, atomic force microscopy, X ray 

diffraction analysis, and fourier transform infrared 

spectroscopy were employed to analyze the produced 

MnO4 nanoparticle. The results revealed that the 

produced MnO4 nanoparticles are 14.09 nm in size, 

spherical in form. 
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Everyday, new nanoparticles are prepared, and their properties are evaluated according 
to their unique properties, which are completely different from their predecessors. 
Aluminum oxide nanoparticles have different shapes and properties. In this study, 
aluminum oxide nanoparticles were successfully prepared using a simple chemical 
method. The deposited films were analyzed using several techniques such as FTIR, 
XRD, AFM, and (UV-Vis) to study the optical properties.The antibacterial and antifungal 
activity of the prepared nanoparticles was studied against several pathogenic bacteria, 
including Gram-positive (+) bacteria (Staphylococcus aureus, Sta. epid.) and Gram-
negative (-) bacteria (Klebsiella sp., E. coli) using well diffusion method. The results 
showed that the prepared particles have a good inhibitory effect against all types of 
bacteria under study. 
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1. Introduction 

With the aim to develop new nanoscale 

materials, nanotechnology is quickly developing in 

both science and technology. [1]. When compared to 

bulk kinds of same chemical composition, 

nanoparticles exhibit varied chemical properties [2]. 

When compared to organic molecules, metal oxide 

nanoparticles offer reduced toxicity, greater 

durability, higher stability, and selectivity [3]. 

Furthermore, these particles' basic physical and 

chemical characteristics alter depending on their 

size. These particles exhibits remarkable 

applications in diagnosis, catalysis, drug delivery, 

cosmetics, semiconductors, sensing and water 

treatment, [4,5]. Aluminum Oxide nanoparticles 

employed in a variety of industries [6], including the 

ceramics sector, absorbents in heterogeneous 

catalysis, as abrasives, biomaterials, and 

reinforcements for metal-matrix composites [7,8]. 

Recently, the appearance and spread of novel 

resistant bacterial strains have alarmed the global 

community. Therefore, it is urgently necessary to 

develop antimicrobial medicines that are effective 

against bacterial strains resistant to antibiotics while 

also preventing the establishment of resistance 

Additionally, a wide range of human infections can 

be brought on by Candida species [9-12]. 

In the current study, Al2O3 NPs are prepared 

using a simple chemical method, and study the 

structural, optical, and morphological properties. By 

different techniques and then evaluated antibacterial 

and antifungal activity of the NPs prepared on 

different types of pathogens  

 

2. Experimental part 

The basic chemical approach is a unique, quick, 

and low-cost procedure that does not require lengthy 

or sophisticated equipment. For each material made 

independently, 21.2g of aluminum nitrate Al(NO3)3 

was mixed with 4g NaOH in 100 ml of distilled 

water (DW) solution. Whereas 100ml of aluminum 

nitrate was placed in a magnetic stirrer device for 30 

minutes to form a homogenous solution, and around 

15 ml of NaOH (1M) was rapidly added to the 

combination, a nanopowder suspension was formed 

as shown in Fig. (1). 

 

 
 

Fig. (1) Schematic diagram of simple chemical method 

 

Because the substance is at the bottom of the 

device and there is a lot of salt in the water solution, 

the material is taken away from the device and kept 

for a period of time. To eliminate any 



IRAQI JOURNAL OF APPLIED PHYSICS  Vol. 20, No. 3B, August 2024, pp. 651-654 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   652 

contaminations, the particles were centrifuged and 

rinsed with distilled water; this technique (washing 

the material) is done three or four times to remove as 

much salt as feasible. After the final solution 

formulation — a transparency substance called 

Al2O3 — is reached, the material that is needed can 

be extracted out of the top with a special syringe 

(YE3K061872:10-100ML). Apply the material using 

the drop casting technique to the glass substrate. The 

procedure starts with four drops applied to the glass 

sample using a syringe in a particular amount., 

followed by heating to dry for (20 min) to generate 

an Al2O3 thin layer (as shown in Fig. 2) ensure the 

material by X-Ray diffraction method checking. 

 

 
Fig. (2) Drop casting method 

 

3. Results and Discussion  

Figure (3) depicts an XRD pattern of Al2O3 

produced by a simple chemical technique and coated 

by drop casting on a glass substrate (1.5x1.5cm2) (4 

drops). The broad peak in the Fig. indicates the 

formation of the nanostructure. The XRD patterns of 

the Al2O3 nanoparticles were compared to the 

JCPDS card no. 36-1457, which is the standard 

pattern. Use the width of a peak that emerges at 

angle 26.4° to get the crystalline size using 

Scherrer’s formula, as in Eq. (1) [13,14]. The 

crystalline size was 11.45nm 

𝐶. 𝑆. =
0.9𝜆

𝛽 𝑐𝑜𝑠𝜃
    (1) 

where λ is the wavelength for x-ray (1.5406𝐴̇), 𝛽 is 

the full-width at half maximum and 𝜃 is the 

diffraction angle 

 

 
Fig. (3) XRD pattern of Al2O3 NPs 

 

Figure (4) shows the AFM image of the Al2O3 

nanocrystalline films that depo-sited on glass 

substrate by drop casting method. It is clear to 

observe from the image that the surface-free crack, 

high density and good attachment to the glass 

substrate. The Al2O3 nanostructures revealed pointed 

and broad hills shaped. From histogram of 

nanoparticles the dominant sizes of the particles are 

80.63nm and Root-mean-square height 8.201nm. 

 

 

 
Fig. (4) AFM image and histogram of Al2O3 NPs 

 

The optical characteristics studied in the range 

200-1100 nm for Al2O3 NPS. The transmittance 

spectrum of Al2O3 as in Fig. (5a), the spectrum show 

the increase with increase wavelength. Maximum 

transmittance was observed at the wavelength 

region. (240- 1100) nm, where it recorded 93%, this 

indicates that the material has high transparency. For 

deposited Al2O3 thin films, figure (5b) illustrates the 

change of (αhυ)2 as a function of photon energy 

(hυ). The graph indicates an energy gap of 4.8 eV. 

Since the band gap of Al2O3 in bulk is 8.7 eV, a 

value of around 4.8 eV is anticipated for Al2O3 

films. [15]. The lower values obtained in this 

investigation can be explained by the development 

of some defect levels in the band gap [23,24]. 

Figure (6) depicts the FTIR spectra for the 

various products produced. The synthesized 

materials' findings are consistent with those 

described in the literature. The FT-IR patterns show 

the presence of two bands: the band at 1638 cm-1, 

which corresponds to physisorbed water, and the 

broad band at 3248-3600 cm-1, which is associated 

to the -OH stretching vibration that is coupled to 

Al+3. The formation is validated by the valley 

between 1000 and 435 cm-1, whereas the bending 
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vibrations of the Al-O bond are associated with the 

valley at 700 cm-1. In the gamma phase of alumina, 

an Al-O-Al bond generates the band at 670 cm-1. 

These findings are compatible with the XRD study, 

which found the g-phase [16,17]. 

 

 
(a) 

 
Fig. (5) (a) UV-visible transmission spectrum of Al2O3 NPs 

and (b) determination of energy band gap 

 

 
 

Fig. (6) FTIR spectrum of A12O3 NPs 

 

The anti-bacterial activity of the Aluminum 

oxide nanoparticle against bacterial strains 

Klebsiella Pneumonia was determined by zone of 

inhibition as shown in Fig. (7) by Agar well 

diffusion method. Aluminum oxide nanoparticles 

showed activity against all the tested bacteria in the 

concentration of 100µg. 
 

 

 

 
 

Fig. (7) Antibacterial and antifungal assay test using well 

diffusion method 

 

Among the tested bacteria, E-coli, Sta. aureus 

and Sta. epid. Were found to be more sensitive to the 

Aluminum oxide nanoparticle as in Fig. (8). Direct 

contact between Al2O3 NPs nanoparticles and the 

exterior membrane surface might be one of the 

causes of the damage. 

 

 
Fig. (8) Diameter of inhibition zone using Al2O3 NPs 

 

More research is needed to corroborate these 

findings. It is still unclear if oxide nanoparticles may 

enter bacterial cells and how they interact with the 

cell wall. Al2O3 NPs bond to bacterial cells via 

electrostatic attraction forces since they are much 
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smaller than bacterial cells, neutralizing the 

bacterium's surface charge and forming large 

aggregations. Large NP/bacteria complex aggregates 

would soon develop in the suspension. This points to 

a phenomena where the size of the particles is 

important. By using electrostatic forces of attraction, 

small, negatively charged bacterial cells could easily 

ensnared NPs [18-20]. 

 

4. Conclusion 

The simple chemical method is an effective way 

to prepare aluminum oxide nanoparticles. The 

results of the compositional diagnosis confirmed the 

formation of monocrystalline aluminum oxide 

nanostructures with an average crystal size of 

11.45nm. The surface characteristics also showed 

that the shape of the grains is very similar, with 

sharp peaks and their distribution is very 

homogeneous. The peak of ultraviolet absorption 

indicates at 200 nm, which corresponds to the lowest 

transmittance of the prepared films. As for the 

results of antibacterial activity, the diameters of the 

inhibition zones for the types of bacteria and fungi 

studied were relatively high. This is evidence of the 

possibility of using aluminum oxide in the field of 

biomedicine and developing it in the future. 
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FeO nanoparticles (NPs) and FeO/Cu NCs were made using a straightforward 
chemical process at 300 °C for two hours for degradation MB dye. The FCC 
structure of the crystallite size of FeO NPs ranged from 64 nm, but the crystallite 
size of the FeO/Cu NCs generated with oats extract exhibited an increase to 14 nm. 
FeO NPs synthesized without the use of oats extract, FE-SEM images revealed a 
nano-cubic like structure with particle size (56.02 to 156.6) nm. In addition, the 
morphology of FeO/Cu NCs revealed a nano-ball like structure with smaller particle 
size (45.21 to 50.32) nm. Energy gap value for FeO NPs was found to blue shift 
from 3.2 eV to 5 eV for the FeO/Cu NCs that used oats extract, according to UV-Vis 
tests.  
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1. Introduction 

Nanotechnology has grown in use in a variety of 

industries, including the fabrication of 

microelectronics, lithium batteries, nonlinear optics 

systems, transistors, diodes for sensors and solar 

cells, and in medicine as an essential cancer-fighting 

agent and antimicrobial and antibiotic agents. Its 

chemical, biological, and physical characteristics 

have all risen with time [1]. Because of their small 

band gap, chemical consistency, magnetic qualities, 

and other characteristics, (FeO) NPs and FeO/CuNCs 

have been described as remarkable materials for 

biomedical to environmental applications. As was 

previously mentioned, various chemical and physical 

methods were used to synthesize nanoparticles made 

of iron oxide. However, these methods require a 

highly toxic reaction to reduce materials like sodium 

hydrazine and the borohydride [2]. The 

environmentally friendly techniques that numerous 

researchers in the last decade have devised were 

dubbed "biosynthesis" or "green synthesis" [3]. In 

earlier research, Koli et al. [4] have produced metal 

oxide nanoparticles and used them to degrade dyes. 

Priya et al. [5] have produced nanoparticles and used 

them in waste water treatment processes. Iron ore was 

produced by Sheila et al. [6] for use in environmental 

treatments. 

This investigation examined how the absorption 

mechanism might quickly and efficiently remove MB 

dye in a short amount of time when exposed to typical 

levels of visible light. For the first time, iron nitrate, 

and copper nitrate were combined with oats extract 

using a straightforward chemical process that was 

performed at 300°C for two hours to produce FeO 

nanoparticles and FeO/Cu NCs. 

 

2. Experimental Part 

The salts of iron (iii) and copper (iii) nitrate 

(Cu2NO3) (Sigma-Aldrich, India, purity 99.99%) 

were provided, and the oats was also supplied too. 

These plants are abundant in minerals, collagen, and 

protein. The methylene blue (MB) dye was used for 

degradation tests. The oats samples were broken into 

little pieces and thoroughly washed to remove 

contaminants. Then, using an electronic blender, the 

dried peels were crushed into a soft powder. A mixing 

of 5 g of oats powder and 100 ml of distilled water 

produced oats extract. The preparation of FeO 

nanoparticles involves mixing 100 ml of Fe2NO3 salt 

(1M) with 100 ml of distilled water. The solution 

combination was then stirred for 30 minutes at 70°C 

using a magnetic stirrer. In order to obtain a 

nanopowder, a ceramic eyelid was sealed with a 25 

ml solution of FeO nanoparticles and baked for two 

hours at 300°C. In 100 ml of deionized water, 10 mg 

each of Fe2NO3 and Cu2NO3 salts were dissolved, and 

the mixture was magnetically agitated for 10 minutes. 

The degradation of MB dye solution was used to 

measure the photocatalytic activity of FeO NPs and 

FeO/Cu NCs. A 1mg of MB (3×10−5M) was mixed 

with 100 ml deionized water to produce a final 

concentration of 10 mg/L. Next, 3 mg of FeO NPs and 

FeO/Cu NCs powder were mixed together in a glass 

beaker. To keep the suspension of FeO NPs and 

FeO/Cu NCs in balance, the mixture was swirled for 

ten minutes in the dark using a magnetic stirrer. This 

was done after 10 min. Following a final 
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centrifugation of around 4 mL of the solution for 10 

min at 10,000 rpm, the absorbance of the supernatant 

was determined using a Shimadzu UV-1800 UV–

visible spectrophotometer by keeping an eye on the 

greatest absorption at λ=664nm. The MB dye 

removal efficiency (ηremoval) was computed using the 

following formula 

𝜂𝑟𝑒𝑚𝑜𝑣𝑎𝑙  (%) = 𝐶𝑖𝑛𝑖 −
𝐶𝑓𝑖𝑛

𝐶𝑖𝑛𝑖
× 100% (1)   

The removal percentage of the MB dye using FeO 

NPs was determined via equation as follow:  

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 (%) = [1 −
𝐶𝑖𝑛𝑖

𝐶𝑓𝑖𝑛
] × 100% (2) 

where Cini is the initial concentration of MB dye, Cfin 

is the final concentration of MB dye, t is irradiation 

time (min) 

 

3. Results and Discussion  

The XRD analysis of the FeO NP films deposited 

on glass substrates after 2 hours of evaporation at 

300°C without oats extract is shown in Fig. (1a). 

 

 
(a) FeO NPs 

 
(b) FeO/Cu NCs 

Fig. (1) XRD pattern of (a) FeO NPs, and b) FeO/Cu NCs 

 

Figure (1b) displays the preferred orientation of 

FeO NPs produced by a chemical process at 300°C 

for two hours with oats extract. To get the crystalline 

size (D), the Scherrer's equation [7] was utilized as 

follows: 

𝐷 =
𝑘.𝜆

𝛽𝑐𝑜𝑠𝜃
    (3) 

where k is the form factor (0.9), λ is the x-ray 

wavelength (0.15418nm), β is the full-width at half 

maximum (FWHM), and θ is the diffraction angle 

FE-SEM was carried out on the FeO NPs 

deposited on glass substrates without oats extract and 

the shape and average grain size were examined. As 

described in the literature [8], a micrograph of the 

face center cubic (f.c.c.) structures is shown in Fig. 

(2a,b). The average grain size was ranging from 56.02 

to 156.6nm. Figure (2a,b) display FE-SEM images of 

FeO/CuNCs deposited on glass substrates using a 

chemical method with oats extract. The average 

particle size and shape with discernible nano-ball 

formations ranged from 45.21 to 50.32 nm. The FE-

SEM images demonstrate the variations in grain size 

and nanostructure shape before to and following 

employing the oats extract. 

 

 
(a) 

 
(b) 

Fig. (2) FE-SEM images of (a) FeO NPs, and (b) FeO/Cu NCs 

 

The UV-visible spectrum of the prepared FeO 

NPs deposited on glass substrate, was used to study 

the optical transmittance spectra of FeO NPs (Fig. 

3a,b). Figure (3a) displays the transmission spectrum 

of the FeO NPs deposited on glass substrate, while 

figure (3b) displays the transmission spectrum of the 

FeO/Ag NCs. 

Plotting (αhv)2 vs. photon energy (hv) yields the 

energy band gap of FeO NPs produced without oats 

extract (Fig. 4a). The straight line is extrapolated to 

(αhv)2, which gives the energy band gap. It was 

discovered that the optical band gap of FeO NPs 
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ranged from 3.0 to 3.2 eV. The utilization of oats 

extract resulted in an increase in the energy gap of the 

FeO/Cu NCs, as shown in Fig. (4b), which ranges 

from 4.9 to 5 eV. The energy band gap is computed 

using the equation [9] 

(αhv)n = A(hv–Eg)    (4) 

where A is constant, hv is the energy of light, and n is 

a constant that varies depending on the type of the 

electron transfer 
 

 
(a) FeO NPs 

 
(b) FeO/Cu NCs 

Fig. (3) UV-visible transmission spectra (a) FeO NPs, and (b) 

FeO/Cu NCs 
 

The photocatalytic activity of chemically 

synthesized FeO NPs and FeO/Cu NCs, both with and 

without oats extract, was evaluated based on the 

degradation of the MB dye solution. Figure (5) 

illustrates how this enhanced the pace of chemical 

interaction between MB dye and FeO NPs and 

FeO/Cu NCs, enabling faster and more effective dye 

degradation at the absorption peak (664nm). The 

degradation efficiency (%) of MB dye at 10 g/L for 

FeO NPs generated without using oats extract is 

shown in Fig. (6a) after 120 minutes of normal room 

light irradiation (90%) and normal room temperature. 

The use of FeO/Cu NCs significantly increases the 

MB dye's degradation efficiency (by 94%) after 60 

minutes, as shown in Fig. (6b) [10]. 

 

 
(a) FeO NPs 

 
(b) FeO/Cu NCs 

Fig. (4) Energy band gap of (a) FeO NPs, and b) FeO/Cu NCs 
 

 
(a) FeO NPs 
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(b) FeO/Cu NCs 

Fig. (5) UV-visible spectra showing the degradation of MB dye 

using (a) FeO, and (b) FeO/Cu NCs 

 

 
(a) FeO NPs 

 
(b) FeO/Cu NCs 

Fig. (6) Linear plot of MB dye degradation at 10 g/L under 

normal light irradiation in presence of (a) FeO NPs, and (b) 

FeO/Cu NCs 

 

4. Conclusion 

In this work, using the oats extract converts 

Fe2NO3 and Cu2NO3 salt to FeO, FeO/Cu NCs by 

acting as a reducing, stabilizing, and anti-caking 

agent. The crystallite size increased from 14 to 64 nm 

with a f.c.c. structure, whereas the crystallite size of 

FeO NPs ranged from 64 to 14 nm. A nano-cubic like 

structure with particle size 56.02-156.6nm of FeO 

NPs was revealed. 
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This work provide that can be introduce a microwave-assisted solid state technique to 
synthesize Zintl antimonite compounds YbZn2Sb2 , YbCd2Sb2 , YbMn2Sb2 in short time 10 mins 
with a maximum power of 1000W by utilizing an active carbon as a susceptor material . The 
microwave irradiation acts to accelerate the reactions induced by fast heat surrounding 
susceptor of primary components and give large ternary ingots. The XRD analysis detects 
that prepared compounds have a hexagonal structure with pure phase of all compounds 
YbCd2Sb2, YbMn2Sb2 and YbZn2Sb2. Thermoelectric characterizations have been performed 
for three antimonite compounds YbZn2Sb2, YbCd2Sb2, YbMn2Sb2, the best is YbCd2Sb2 with 
the high value of power factor is 0.48 µW/cmK2 at 523K. 
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1. Introduction 

Thermoelectric (TE) materials describe the direct 

conversion process between heat and electricity [1-4]. 

According to the current development in the 

industrial material fields, ingots have emerged 

associated with much attention due to their use in 

many thermal and electrical applications. Merit 

ZT=(S2σ/K)T refers to high thermoelectric figure, 

where S, σ, K, and T are Seebeck coefficient, 

electrical conductivity, thermal conductivity, and 

absolute temperature, respectively [5-8]. The power 

factor (S2σ) is considered as a crucial part in the study 

of thermoelectric materials (TEMs). To reach the 

high value in the figure of merit (ZT), higher value of 

power factor and lower thermal conductivity are 

required. In recent reports, TEMs have focused on 

increasing the power factor value and reducing 

thermal conductivity [9]. The Zintl phase compounds 

are considered as efficient thermoelectric substances 

having low electrical resistance, low thermal 

conductivity, and a large Seebeck coefficient. 

Furthermore, they exhibit small band-gap 

semiconductors with a range of concentration 1019-

1021 cm-3, thus they act efficiently than metals or 

insulators. In addition, heavy atoms, large unit cell, 

and complex structure ultimately proceed in perfect 

thermoelectricity (TE) [10,11]. 

Thermoelectric Zintl phase compounds have been 

prepared by direct solid state reactions technique and 

found taking a long time under heating for example: 

YbCd2-xMgxSb2 at 1273K for 72h [12], Ca1-

xYbxZn2Sb2 at 1273K for 48h [13], YbZn2Sb2 at 

1323K for 30h [14], SrZn2Sb2 at 1073K for 5 days 

[15]. Ca1-xEuxZn2Sb2 at 1273K for 3 days [16], 

YbxEu1−xCd2Sb2 at 1200°C for 24 h [17]. While in our 

work, the Zintl antimonite compounds YbZn2Sb2, 

YbCd2Sb2, YbMn2Sb2 is synthesized in short time 

(10min) under a microwave-assisted solid state. 

Microwave irradiation is an efficient method 

employed to prepare the thermoelectric materials in 

short time. Frequency of 2.45 GHz and heating reach 

to 1273 K are declared to be the optimized conditions 

for coupling metal powders under microwave fields 

without causing visible electric discharges compared 

with bulk samples [18]. The Zintl phase families like 

1-2-2-family which includes YbZn2Sb2, YbCd2Sb2, 

YbMn2Sb2 are considered as important TEMs. These 

TEMs are prepared to have cation parts (Yb+2) and 

anion parts (A2Sb2)-2 when A=Zn, Cd, Mn in 2D and 

3D polyatomic nets [19]. Zintl compounds exhibit a 

high carrier concentration in the order of 1019 cm-3 

without chemical doping, due to high concentrations 

of cation vacancies [20,21]. Many articles have 

introduced using a microwave-assisted solid state as 

an efficient technique which is employed to prepare 

Zintl phase compounds YbZn2Sb2, YbCd2Sb2, 

YbMn2Sb2 with fascinating thermoelectric 

applications. Importantly, a microwave-assisted solid 

state provides high energy, easy work up and eco-

friendly methodology than other traditional 

techniques [22]. 

In this work, a successful modification in the 

percentage of cations YbZn2Sb2, YbCd2Sb2, 

YbMn2Sb2 under a microwave-assisted solid state 

synthesis are reported. To the best our knowledge, 

antimony (Sb)-based Zintl compounds have been 

demonstrated to behave as an efficient thermoelectric 

material possessing electric crystal, and photonic 

glass nature. Their unique structural crystal emerges 

in low lattice thermal conductivity at high 

temperature [23]. 
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2. Experimental Part 

The rapid microwave synthesis was used to 

prepare the Zintl phase antimonite compounds (Yb, 

Zn, Cd, Mn, and Sb >99.99% 120 meshes) 

semiconductor compounds were weighted 2g 

according to the stoichiometric ratio. The powder was 

subjected into an agate mortar and pestle in order to 

make a homogenous mixture under a period 20 min. 

The batched weight was taken inside a clean sealed 

quartz ampoule under high vacuum reaches to 10-5 

mbar. The ampoule was further irradiated with a 

maximum power of 1000W microwave oven (LG) 

(MS2147C 1000 W) at 2.45 GHz. An active carbon 

(susceptor) was surrounded the quartz ampoule to 

absorb microwave irradiation and initiate heating 

under a microwave-assisted solid state synthesis. The 

active carbon helps to raise reaction temperature to 

reach 1123 K for 10 min (2 on: 2 off) as shown in Fig. 

(1). Thermometer (S-CA-1168) was used to control 

the temperature of ampoule (223-1173K) under an 

infrared power. The fusing materials were further 

cooled to room temperature to obtain ingot. 

 

 

 
 

Fig. (1) Synthesis ingot of the compounds YbA2Sb2 (A=Zn, Cd, 

Mn) 

 

The morphological, structural and thermoelectric 

characterizations were examined. Field-emission 

scanning electron microscopy (FE-SEM) (Leo-Supra 

50VP, Carl Zeiss) was utilized to image the 

polycrystalline structures of the ingots. After grinding 

process, the powders were then conducted to identify 

their crystal structures using X-ray diffraction (XRD) 

(PANalytical X'Pert PRO MRD PW3040). The ingots 

YbZn2Sb2, YbCd2Sb2, YbMn2Sb2 were ground into 

fine powders were pressed into disk shapes with 

dimensions of 10x0.5mm were obtained using cold 

pressing at 10 tons. The determined slope of the linear 

relationship between the thermo-electromotive force 

and the varied temperatures between the two ends of 

each sample is used to calculate the Seebeck 

coefficient (S) of polished disks as referring in the 

reference [21]. The four-point probe method was 

employed to acquire the electrical conductivity (σ) 

under vacuum (10-3 mbar) with a range of temperature 

298-523K. The carrier concentration (n) was 

determined at room temperature from the Hall voltage 

measurement with an applied magnetic field of 1 T 

using a PHYWE 6480 electromagnet. 

 

3. Results and Discussion 

XRD patterns of YbZn2Sb2, YbCd2Sb2, and 

YbMn2Sb2 are configured in Fig. (2). The dominant 

diffraction peaks of the prepared compounds were 

indexed as hexagonal structure type according to 

JCPDS co. (98-041-9689, 98-038-0375 and 01-083-

1684). The data analysis indicated that the YbZn2Sb2, 

YbCd2Sb2, and YbMn2Sb2 have polycrystalline 

structure. Get the pure phase for all compounds 

YbZn2Sb2, YbCd2Sb2, and YbMn2Sb2 (Fig. 2). 
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Fig. (2) XRD patterns of Zintl antimonite compounds, YbA2Sb2 

(A=Zn, Cd, Mn) 

 

Scanning electron microscopy (SEM) for the 

prepared compounds show that particles were 

emerged under irradiation process to form the 

nanoparticle structure on the surface of ingots as 

configured in Fig. (3). The nanoparticles were noticed 

as they appeared non-uniformly distributed over the 

surface. The electrical conductivity (σ) was measured 

for three prepare compounds YbA2Sb2 (A=Zn, Cd, 

Mn), the compounds YbZn2Sb2, YbCd2Sb2, and 

YbMn2Sb2 behavior as semiconducting materials, 
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whose electrical conductivity (σ) increased when the 

temperature was increased as shown in Fig. (4). 

 

 

 

 
 

Fig. (3) SEM images for the prepared compounds YbA2Sb2 

(A=Zn, Cd, Mn) 

 

Figure (5) shows that the Seebeck coefficient of 

the prepared compounds YbA2Sb2 (A=Zn, Cd, Mn). 

The measurements appear the Seebeck coefficient of 

compound YbZn2Sb2 is positive that means the 

majority carriers for charge are holes and the highest 

value of the Seebeck coefficient is 32.15 µv/K at 

523K, while for the two compounds YbCd2Sb2 and 

YbMn2Sb2, the Seebeck coefficient is negative that 

means the majority charge carriers are electrons and 

the highest values of Seebeck coefficient are -19.28 

µV/K for YbCd2Sb2, and -47.09 µV/K for YbMn2Sb2 

at 523K. 
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Fig. (4) Electrical conductivity (σ) of prepared compounds 

YbA2Sb2 (A=Zn, Cd, Mn) 
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Fig. (5) Seebeck coefficient vs. temperature of three prepared 

compounds YbA2Sb2 (A=Zn, Cd, Mn) 

 

The Seebeck coefficient of degenerate 

semiconductor is determined as [1,2]: 

𝑆 =
8𝜋2𝑘𝐵

2

3𝑒ℎ2
𝑚∗𝑇 (

𝜋

3𝑝
)
2/3

   (1) 

where kB is Boltzmann's constant, h is Planck’s 

constant, and m* is the effective mass 

The above mentioned equation shows that 

Seebeck coefficient is highly dependent on electrical 

conductivity. Therefore, an increase in the Seebeck 

coefficient values could be attributed to an increasing 

of levels in acceptor state, as well as these values 

increased with the chosen Zintl compounds that have 

high values of m*. Power factor (S2σ) of the prepared 

compounds YbA2Sb2 (A=Zn, Cd, Mn) is shown in 

Fig. (6). We notice from comparison between the 

compounds that the optimum is YbCd2Sb2 with the 

highest value of the power factor is 0.48 µW/cm.K2 at 

523K. 
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Fig. (6) Power factor (S2σ) vs. temperature of the prepared 

compounds YbA2Sb2 (A= Zn, Cd, Mn) 
 

4. Conclusions 

Zintl compounds YbA2Sb2 (A=Zn, Cd, Mn) have 

been successfully produced in short time using 

microwave-assisted solid state method at 1123K for 

10min. The prepared compounds have hexagonal 

structure, they are good as thermoelectric materials 

and the optimum is YbCd2Sb2 with high value of 

power factor (0.48 µW/cmK2 at 523K). 
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The study evaluates the performance of bio ceramics, particularly tri-calcium 
phosphate from bovine bone waste and calcined calcium carbonate. Nano 
composites were prepared via wet chemical precipitation. Sintered samples, treated 
at temperatures from 1000°C to 1250°C, were tested for hardness, wear, friction, 
and compressive strength, with one group immersed in a simulated body fluid for 
30 days. Results exhibited improved properties in the immersed group, confirmed 
by tests including differential thermal analysis up to 600°C.  
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1. Introduction 

In recent years, there has been remarkable 

progress in the field of biological materials, renowned 

for their ability to bond with bone tissue, notably 

calcium phosphate, extensively used in dentistry and 

orthopedics since 1926 [1]. Studies employing x-ray 

diffraction have highlighted the structural similarity 

between bone minerals and calcium phosphate 

minerals [2], such as apatite. Synthetic calcium 

phosphate-based bioceramic implants were pioneered 

in the early 20th century, demonstrating a stimulatory 

effect on osteogenesis. By the late 20th century, 

calcium phosphate materials found applications in 

various endodontic surgeries [3,4], including the 

implantation of hydroxyapatite cylinders as dental 

root substitutes [3,5]. Notably, by 1980, the clinical 

use of calcium phosphate witnessed significant 

advancements [3]. Due to their excellent 

biocompatibility, biodegradability, and potential 

biological activity, calcium phosphates constitute a 

distinct class of biomaterials. Biomaterials are 

categorized based on their intended applications, 

irrespective of their natural or synthetic origin, being 

moldable, inexpensive, and exhibiting no deficiency 

or deterioration in their physical and mechanical 

properties. They are utilized in the production of 

medical devices, such as implantable hearing aids and 

artificial hip joints, aiming to interact directly with 

living tissues and fluids [6]. The Chester (UK) 

Conference of the European Society for Biomaterials 

in 1991 provided a simplified definition [7,8], 

asserting that biological materials are non-living 

materials adapted for specific medical needs, 

compatible with the organism's biological system. 

These materials encompass metals, plastics, carbon 

compounds, and ceramic materials, taking diverse 

forms according to their intended functions. 

Biomaterials can be classified into two categories: 

(A) Biopassive: Inert materials, such as Co-Cr alloys 

utilized in total joint replacements, are those that 

won't interact with the biological system that they are 

being employed in [9]. 

(B) Bioactive: relates to substances that will interact 

with a physical system, for as different polymers that 

break down inside the body [9]. Other Biomaterials 

Classification Biodegradable: The weather, soil, 

bacteria, plants, and animals are examples of natural 

effectors that can chemically breakdown or 

decompose it [10]. Previous studies [11] made a 3D-

printed MgO biocomposite structure to study how a 

3D Mg-rich environment affects CSD repair. The 

hybrid was made with a biodegradable polymer called 

polycaprolactone (PCL) as the matrix and MgO as the 

dispersion phase. Drevet et al. [12,13] have carried 

out a reaction that made it possible to make a 

bioactive layer. Electrode position happens in three 

steps that happen one after the other. These steps are 

electrochemical processes, changing the pH, and a 

calcium phosphate coating forming. During 

deposition, though, the process makes undesirable 

hydrogen bubbles because it reduces water, which is 

the electrolyte solution's solvent. 

 

2. Experimental Part 

To prepare beta-tricalcium phosphate from bovine 

bone waste, 500 g of cow bones were collected, 

cleaned, and sterilized. They were boiled in water for 

two hours, then dried and broken into small 5 cm 
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diameter pieces. Subsequently, they were burnt at 

500°C to be brittle, crushed, and ground using an 

industrial electric mill. The resulting powder was then 

burnt at 800°C for 5 hours to obtain calcium oxide, 

confirmed via x-ray diffraction (XRD). It was then 

mixed with 85% phosphoric acid using the same 

method to obtain beta-tricalcium phosphate, 

diagnosed using XRD. 

For the assessment of hardness, compressibility, 

wear, and density at 900°C, five samples were 

prepared and sintered at different temperatures (900, 

1000, 1100, 1150, 1200, and 1250°C) for 2 hours. 

Particulate hardness was measured using a micro 

hardness device, while compressibility was examined 

using a universal machine with models of 2 cm 

diameter and 1.5 cm height. Wear resistance tests 

were conducted using a PIN-ON-DISC device under 

specific conditions, with samples of 1 cm diameter 

and 2 cm length, both with and without immersion in 

simulated body fluid (SBF), for comparison purposes. 

 

3. Results and Discussion 

The DTA curves in Fig. (1) illustrate the behavior 

of calcium carbonate at 600°C. An endothermic peak 

at approximately 830°C signifies the thermal 

decomposition of calcium carbonate, releasing 

carbon dioxide gas and leaving calcium oxide behind. 

DTA analysis measures the temperature difference 

between a sample and a reference material, reflecting 

thermal phenomena such as phase transitions. 
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Fig. (1) Differential thermal analysis (DTA) of calcium 

carbonate in air atmosphere 

 

Discussing hypothetical DTA results for calcium 

carbonate at 600°C, 700°C, 800°C, and 900°C reveals 

varying degrees of calcination. At 600°C, partial 

calcination yields a relatively low-intensity 

endothermic peak, while at 700°C and 800°C, the 

process intensifies, resulting in sharper peaks. Near 

completion at 900°C, the intensity of the endothermic 

peak may decrease, accompanied by a more 

pronounced exothermic peak. 

Optimizing calcination temperature is crucial for 

specific applications, ensuring efficiency in the 

process. 

(1) At 600°C, partial calcination of calcium carbonate 

might occur, potentially leading to the appearance of 

an endothermic peak on the DTA curve. This peak 

arises from the decomposition of a small fraction of 

calcium carbonate into calcium oxide and carbon 

dioxide. Its intensity will be relatively low since the 

reaction is not yet complete [14]. 

(2) At 700°C, the calcination process becomes more 

prominent, resulting in a sharper and more intense 

endothermic peak on the DTA curve. This indicates a 

higher degree of decomposition of calcium carbonate 

to calcium oxide and carbon dioxide [15]. 

(3) At 800°C, the calcination of calcium carbonate is 

near completion, and the DTA curve will exhibit a 

well-defined and intense endothermic peak, reflecting 

the significant decomposition of calcium carbonate. 

Additionally, there might be a small exothermic peak 

due to the formation of calcium oxide [16]. 

(4) At 900°C, calcination is almost complete. The 

DTA curve will still show an endothermic peak, but 

the intensity may start to decrease as most of the 

calcium carbonate has already decomposed. The 

exothermic peak corresponding to the formation of 

calcium oxide might become more pronounced [17]. 

In conclusion, analyzing the DTA curves of calcium 

carbonate calcined at different temperatures (600°C, 

700°C, 800°C, and 900°C) can determine the extent 

of calcination and better understand the thermal 

events that take place during the process. It is 

essential to optimize the calcination temperature for 

specific applications and to maximize the efficiency 

of the process. 

The density was determined for all CaPO 

compound samples annealed at various temperatures, 

as detailed in table (1). 

 
Table (1) Density results of CaPO composite samples in the 

presence and absence of SBF 

 

Sample code 
Density without 

SBF (g/cm3) 
Density with 
SBF (g/cm3) 

CaPO 1000 2.45 2.56 

CaPO 1100 2.56 2.76 

CaPO 1150 2.87 2.98 

CaPO 1200 2.97 3.1 

CaPO 1250 3.13 3.54 

 

Figure (2) illustrates that the density of all samples 

increases with both the addition of SBF and higher 

annealing temperatures. Sample CaPO-1250 
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exhibited the highest density without SBF (3.13 

g/cm3), which further increased with SBF addition to 

3.54 g/cm3. This enhancement in density with SBF 

addition is attributed to the presence of 

hydroxyapatite in SBF, resembling bone substance, 

thus augmenting density [18]. 

The mechanical properties of all CaPO samples 

were evaluated by analyzing wear and friction, as 

depicted in table (2). Figures (3) and (4) present the 

wear curves of CaPO samples with and without SBF. 

Samples without SBF exhibit higher wear values, 

ranging from 4.5x10-6 for CaPO-1000 to 3x10-7 for 

CaPO-1250. Addition of SBF decreases wear values, 

reaching a minimum of 1.5x10-7 for CaPO-1250. The 

discrepancy in wear values between samples with and 

without SBF diminishes with increasing annealing 

temperature, notably minimized for CaPO-1250. 

 

 
Fig. (2) Density curves of CaPO composite samples in presence 

and absence of SBF 

 

 
Fig. (3) Wear curves of Ca/PO composite samples   in presence 

and absence of SBF 

 

Figure (5) illustrates that the friction coefficient 

for all CaPO samples decreases with SBF addition, 

reaching a minimum of 0.09 for CaPO-1250. These 

reduced wear values and friction coefficients enhance 

the mechanical properties of the compound, 

mitigating adverse effects and promoting its 

suitability for various applications, particularly 

medical ones. This improvement is attributed to SBF 

presence during testing, reducing friction and 

enhancing wear resistance with increasing body fluid 

content [19]. 
 

 
Fig. (4) Friction curves of CaPO composite samples in presence 

and absence of SBF 

 

 
Fig. (5) Hardness curves of CaPO composite samples in 

presence and absence of SBF 

 

Hardness and compressibility are crucial physical 

properties, reflecting a material's resistance to 

deformation and its ability to be compressed under 

pressure, respectively. These properties depend on 

the compound's chemical bonds and density. Table 

(3) illustrates the hardness and compressibility values 

for all compound samples, both before and after SBF 

addition. Figure (5) displays the hardness curve of 

CaPO samples with and without SBF. Hardness 

increases with annealing temperature, reaching a peak 

of 210 GPa for CaPO 1250 before decreasing to 134 

GPa after SBF addition. Similarly, figure (6) 

demonstrates that compressibility follows a similar 

trend, with the lowest value of 173 Pa-1 observed for 

CaPO 1250 after SBF addition. Lower hardness 

facilitates material manipulation but may increase 

susceptibility to wear, while lower compressibility 

indicates greater stiffness and resistance to 

deformation, making it suitable for stability-critical 

applications [20,21]. 
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Fig. (6) Compressibility curves of CaPO composite samples in 

presence and absence of SBF 

 

4. Conclusions  

From the results, we can conclude that increasing 

sintering temperature leads to a notable enhancement 

in density, hardness, and compressive strength, 

accompanied by a reduction in wear rate and friction 

coefficient. The use of simulated body suit (SBF) 

results in decreased wear resistance and friction 

coefficient, along with a relative increase in density 

and compressive strength values. Samples calcined at 

600-900°C exhibit consistent temperature absorption 

until the inflection point at 600°C, indicating uniform 

behavior across all calcination degrees. 
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Table (2) Wear and friction results of CaPO composite samples in the presence and absence of SBF 

 

Sample Code 
Wear without 

 SBF (mm3/Nm) 
Wear with 

SBF (mm3/Nm) 
Fraction 

without SBF 
Fraction 
with SBF 

CaPO 1000 0.0000045 0.00000065 0.8 0.3 

CaPO 1100 0.0000023 0.00000045 0.77 0.22 

CaPO 1150 0.0000013 0.00000034 0.7 0.15 

CaPO 1200 0.0000011 0.00000022 0.69 0.1 

CaPO 1250 0.0000003 0.00000015 0.65 0.09 

 

Table (3) Hardness and Compressibility results of Ca/PO composite samples in the presence and absence of SBF 

 

Sample Code 
Hardness without 

SBF (GPa) 
Hardness with 

SBF (GPa) 
Compressibility 

without SBF (Pa-1) 
Compressibility 
with SBF (Pa-1) 

CaPO 1000 180 156 230 198 

CaPO 1100 187 151 256 187 

CaPO 1150 197 148 276 183 

CaPO 1200 206 138 279 179 

CaPO 1250 210 134 289 173 
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In this paper, a mathematical model is proposed to study the charge motion and the 
parameters affecting the reaction between any electrolyte acid and bulk silicon to produce 
porous silicon. The temperature is one of the parameters that affect the charge motion then 
the wave function can consist from the time and position of the charges. This position can 
be a function of temperature, then it can be easily determined the energy of the electron by 
using Schrödinger equation, and then some parameters which affect the current density of 
the reaction of bulk silicon with HF acid by using different etching times (10, 20, 30, 40, 50, 
and 60min), and different ratios of HF acid concentration (40%, 50%, 60%, 70%, 80%). 
These results were obtained by using MATLAB software. 
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1. Introduction 

Nanoscience is very important in many 

applications because the nano-sized matter shows 

new properties, which make it useful for a wide 

range of applications in different fields [1]. The 

porous silicon represents one of these fields, which 

make use of some properties of the nano-sized 

silicon those not found in bulk silicon. 

Experimentally, porous silicon can be produced by 

two methods; wet etching and dry etching. Wet 

etching can be divided into photoelectrochemical 

(PEC) etching, electrochemical etching, and stain 

etching [2]. All of these methods are based on 

electron transition between bulk silicon and 

adjustable acid which make appropriate etch in 

some preparation conditions in light of the 

application. Quantum mechanics can be used as a 

mathematical method to study the microscopic 

world. This method can be used to determine all 

properties of any microscopic system using a 

mathematical function called wavefunction, which 

contains all characteristics of the system [3]. This is 

an easy way to imagine the system having certain 

physical properties by mathematical steps giving 

theoretical results with assist of the operators. The 

etching process of bulk silicon to produce porous 

silicon is an example for such microscopic systems 

[4]. 

In this work, a theoretical treatment is proposed 

to describe the production of porous silicon from the 

reaction between hydrofluoric (HF) acid and bulk 

silicon. In this reaction, the electron transition 

between HF acid and bulk silicon can be represented 

by quantum mechanics using position- and time-

dependent wavefunction to find the energy by the 

total energy operator or Schrödinger equation. 

Accordingly, the current density used to produce 

porous silico from the reaction can be determined 

and some effective parameters on this process can 

be studied. This work may assist to make a 

simulation for the mechanism of silicon etching to 

produce porous silicon. 

 

2. Theoretical Treatment 

According to the de Broglie principle, any particle 

moving with mass (m) and velocity (v) has a 

wavefunction (λ) given by [5]: 

𝜆 =
ℎ

𝑚𝑣
     (1) 

where ℎ is the Planck’s constant 

The electron motion in the reaction between bulk 

silicon and HF acid to form porous silicon can be 

represented by the following wavefunction: 

Ψ(𝑥, 𝑡) = 3𝑒(5𝑥+7𝑡)   (2) 

where t is the etching time, and x is the position of the 

electron, which can be represented by: 

𝑥 = 10 − 𝑇    (3) 

where T is the temperature 

By using the total energy operator [6]: 

𝐸̂ = 𝑖ℏ
𝜕

𝜕𝑡
    (4) 

where 𝐸̂ is the energy operator of the electron, ℏ is 

the reduced Planck’s constant, 𝑖 is √−1 

From that, the eigenvalue of the energy become: 

𝐸 = 7𝑖ℏ(3𝑒(5𝑥+7𝑡))   (5) 

From the momentum operator: 

𝑝̂ = −𝑖ℏ
𝜕

𝜕𝑥
    (6) 

By that, the momentum of the electron becomes: 

𝑝 = −5𝑖ℏ(3𝑒(5𝑥+7𝑡))   (7) 

When the reaction between HF acid and bulk 

silicon begins, there are electrons most be transition 

between silicon and acid to make a new bond between 

them, and from that, the current density for porous 

silicon can be determined as [2] 

JpSi = Bc
3

2 exp (−
EpSi

k𝐵𝑇
)  (8) 

Here, JpSi is the current density of porous silicon, B is 

a constant equal to 3300 mA/wt.%, c is the 
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concentration in electrolyte, EpSi is the activation 

energy equal, kB is Boltzmann constant, and T is the 

temperature 

 By using equations (2), (4), and (5), one can find 

the current density as: 

Jpsi = Bc
3

2 exp (−
7𝑖ℏ

k𝐵𝑇
)   (9) 

 

3. Results and Discussion  

In recent years, the research works were mostly 

focusing on the applications of nanostructures and 

nanomaterials. This may be attributed to the 

important properties of these materials and their 

direct effects on these applications [7-9]. The current 

density of the reaction between the bulk silicon and 

HF acid depends on the concentration of the acid 

because increasing the acid concentration provides 

more charge carriers to the reaction and this causes to 

increase the current density of reaction, as can be 

shown in Fig. (1), which shows the highest value of 

the density when the acid ratio is 80%. 

 

 
 

Fig. (1) The relation between the current density of reaction 

and the percentage concentration of acid 

 

The current density as a function of etching time 

with different acid concentrations can be shown in 

Fig. (2). From this figure, one can show the stability 

of the current density until the point of 20 minute 

etching time, after that the current begin decreases to 

reach zero value at etching time of 30 minute. This is 

attributed to the depletion of the charge carriers along 

reaction time which breaks the original bonds and 

make new bonds between fluoride ion and the silicon, 

(which is called dangling bonds) before start to make 

a dip and then porous silicon [10,11]. 

The increase in the concentration rate makes the 

increase in the current density with same behavior at 

temperature of 30°C. Figure (2) confirms that etching 

time did not depend on the acid concentration then all 

values make the reaction vanished after 30 minutes. 

Figure (3) shows the relation between the current 

density of the reaction and the temperature for 

different values of acid concentration. In general, one 

can see the steady value of the current density with 

increasing temperature, then there is no change for the 

current density of reaction value for the same acid 

concentration value because the temperature does not 

produce new charge carriers in this case, then the 

temperature has no effect on the current and makes 

the same behavior for all acid ratios. 

 

 
 

Fig. (2) The relation between the current density of reaction 

and etching time with different concentration ratios 

 

 
 

Fig. (3) The relation between the current density of the reaction 

and the temperature with different concentration ratios 

 

Figure (4) represents the current density of 

reaction as a function of etching time for different 

temperatures. By this figure, the current density and 

reaction continue for limited etching time but this 

etching time becomes longer with increased 

temperature. 

 
 

Fig. (4) The relation between the current density of reaction 

and the etching time with different temperatures 
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Then the temperature is the parameter controlling 

the stability between the current density and the end 

of reaction, as the optimization parameter for the 

etching process. This result can be compared with 

many works those experimentally carried out the 

reaction of etching process [12-14]. 

 

4. Conclusion 

From this work, a simulation of the silicon etching 

process can be presented by predicting the 

wavefunction for electron reaction between 

hydrofluoric acid and the bulk silicon by using 

quantum systems and the Schrödinger equation to 

find the energy of the system. From that, the 

correlation between the current density of reaction, 

which represents the electron motion and time 

etching, acid concentration rate and temperature can 

be found. The wavefunction describing the quantum 

system can be imposed to determine the physical 

observable quantity by some quantum operators to 

find the parameters related to produce porous silicon. 

By that, the current density made from electrons can 

be deduced and the effects of acid concentration, 

etching time and temperature on this reaction can be 

introduced to theoretically describe the mechanism of 

etching silicon. 
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In this research, thin films of zinc sulfide ZnS were prepared at a glass substrate with 
different temperatures (100-150 °C). X-ray diffraction results showed that the ZnS thin films 
have a polycrystalline nature of the cubic type and the preferred direction of growth (111). 
Optical properties proved the direct optical energy gap for ZnS-100C thin film, which equals 
3.32eV. At the same time, at (150 C), it was 3.00eV. The thickness of the ZnS-100C film was 
equal to (100 nm) in comparison; at 150 C, it was equal to 120 nm and was measured by a 
simulation program (Hebal Optic), which was used on the computer to determine 
approximate values. The continuous conductivity measurements showed that the electrical 
resistance of all thin films changes inversely with increasing temperature and that the 
prepared thin films have two activation energies.  
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1. Introduction 

Zinc sulfide (ZnS) is a mineral sulfide compound, 

defined by the term “sphalerite”, a Greek word that 

hints at the lack of common similarity with other 

minerals. It is transparent or semi-transparent and 

yellow [1] and does not dissolve as long as its 

sublimation is low, dissolves in acids, does not 

dissolve in water, and is also of low toxicity. Zinc 

sulfide (ZnS) is excellent illumination due to its wide 

energy gap, which can be obtained in the almost 

visible range with suitable grafts [2]. Zinc sulfide 

(ZnS) is characterized by two compositions: one is 

the cubic phase (zincblende) and is the most stable 

composition at room temperature, which can move to 

the hexagonal phase (wurtzite) after being heated to a 

temperature of 1293K at atmospheric pressure, the 

other is the hexagonal phase (wurtzite) of the zinc 

sulfide compound (ZnS), which is the most desirable 

phase due to its preferred optical properties over the 

cubic phase and sulfide can be used. ZnS is used in 

lasers, blue light emitting diode industry, and anti-

reflective and anti-corrosion coatings. It can also be 

used in the manufacture of television screens and x-

ray screens [3]. 

 

2. Experimental Part 

For the preparation of solutions used in the 

preparation of ZnS films, aqueous zinc nitrate 

(Zn(NO3)2.6H2O), which is a powder material of 

rapid water soluble white masses, molecular weight 

of 297.384 g/mol and purity of 99.9%, and Theoria 

CS.(NH2)2, a substance in the form of a white powder 

rapidly soluble in water with molecular weight of 

76.614 g/mol and purity of 98%. The first solution 

was prepared at room temperature and concentration 

of 0.05M by dissolving 1.486 g of Zn(NO3)2.6H2O in 

100 ml of distilled water. The second solution was 

prepared at a concentration of 0.1M. The second 

solution was prepared at room temperature and a 

concentration of 0.01M by dissolving 0.076g of 

thiourea in 100 ml of distilled water as well. The 

solutions were mixed, and a magnetic stirrer was used 

to ensure the complete dissolution of the solutions. 

The solutions are left for 10min on the magnetic 

stirrer until homogeneous solutions are obtained and 

free of any plankton. Then, an equal volumetric ratio 

(1:1) is taken from both solutions and mixed. The 

solution is placed on the magnetic mixer for another 

10 min to ensure complete dissolution and obtain a 

homogeneous solution. After the solution is deposited 

on a glass substrate and by chemical decomposition, 

we get thin ZnS films. 

The thermal chemical spraying method has been 

used because it is suitable for the preparation of 

oxides and sulfate materials, economical due to the 

low cost of the manufactured devices used in the 

preparation of these membranes, and thin film can be 

prepared from the combination of two or more 

materials with different melting points, the thin films 

are prepared under normal conditions. The ZnS 

solution is deposited on a glass substrate with a 

temperature of 100-150°C. The distance between the 

spray device (nozzle) and the silicon substrate is 
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28cm because more than that causes the material to 

evaporate before it reaches the substrate. 

Thin films were deposited on a glass substrate 

with a thickness of 0.1 cm. The glass substrate was 

cleaned well before spraying to remove impurities, as 

the presence of impurities affects the properties of the 

prepared thin films. The substrate was cleaned after 

cutting them into small squares of size 2.5x2.5cm2, 

where the bases were washed first with water to get 

rid of plankton. Then, the substrate was placed in a 

glass flask containing acetone with a purity of 99.99% 

for a period of 10 min. Then, the substrate was placed 

in another peach containing ethanol with 99% purity 

for a period of 10 min. Finally, the substrate was 

placed in a flask containing only distilled water and 

left for 15 min to remove acetone and ethanol 

residues. Finally, the glass substrate was dried with a 

cloth to clean the glass lenses. ZnS thin film was 

deposited on the glass substrate at a substrate 

temperature of 100-150°C. 

 

3. Results and Discussion 
The results of XRD for ZnS thin film at a different 

substrate temperature 100-150°C annealed  at 300°C 

for half an hour, the cubic system in the preferred 

growth direction (111) and figure (1) shows the XRD 

patterns of the thin films. Peak positions at 2θ=28.2° 

and 48.05° corresponding to (111) and (220) planes, 

respectively [4,5]. 

 

 
Fig. (1) XRD for ZnS thin films at different substrates 

temperatures 

 
Table (1) Structural parameters of ZnS thin films at different 

substrate temperatures 

 

Sample 2θ (deg) (hkl) dhkl (Å) 
FWHM 
(rad) 

D (nm) 

ZnS-100°C 
28.20 (111) 3.1619 0.8656 9.89 

48.05 (220) 1.8330 0.6336 14.34 

ZnS-150°C 
28.60 (111) 3.1026 0.3876 22.10 

48.30 (220) 1.8980 0.4224 21.54 

 

When comparing the locations of the peaks with 

the standard ICDD card (00-080-0020) for zinc 

sulfide, table (1) shows the structural parameters for 

standard peaks. We also note that the intensity of the 

ZnS peaks increases, as well as the decrease in the 

FWHM with increasing substrate’s temperature. This 

confirms that the crystallization rate has increased 

because the increase in the height of the peaks is 

evidence of increased crystallization and reduced 

crystalline defects [6]. The average granular size was 

calculated using Eq. (1) [7], and it was found that the 

measured grain size values lie within the range 9.89-

22.10 nm 

𝐷𝑎𝑣𝑒 = 0.9𝜆 𝛽𝑐𝑜𝑠𝜃⁄     (1) 

where λ=1.5406 Å is the x-ray wavelength (Kα -line), 

𝜃� is the Bragg's diffraction angle, 𝛽� is the full-width 

at half-maximum (FWHM) (in radians) 

Throughout the study of surface morphology 

using field-emission scanning electron microscopy 

(FE-SEM) of the prepared thin films, as was shown 

in figures (2) and (3) that the thin film structure ZnS-

100°C. In the form of nano-mounted sheets with 

increasing temperature (ZnS-150°C), these forms 

have become more aligned and arranged on top of 

each other and more coherent among them, and this 

is because the high temperature led to an increase in 

granular growth and the collection of granules in this 

way, and this is consistent [4-6]. A simulation 

program (Hebal Optic) was used to determine the 

thickness of the thin film. This program can 

determine approximate thickness values based on 

transmittance values and the thickness of ZnS-100°C 

equals 100nm and of ZnS-150°C equals 120nm. 

 

 
 

Fig. (2) FE-SEM image for ZnS-100°C thin film 

 

 
 

Fig. (3) FE-SEM image for ZnS-150°C thin film 

 

The absorption coefficient of the prepared films 

was calculated by Eq. (2), and figure (4) shows the 

absorption spectrum as a function of wavelength. The 

results showed that the absorbance increases with 

increasing substrate’s temperature. Figure (5) shows 

the absorption coefficient change as a function of the 

incident photon energy. The results showed that the 
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absorption coefficient increases with photon energy, 

as the most significant values of the absorption 

coefficient are at high photon energies (4-4.3eV), and 

this indicates the occurrence of the absorption process 

in this range (which includes the optical absorption 

edge). The probability of electronic transitions 

between the valence and conduction bands is 

consistent with the results of studies [8-10], and the 

energy gap value was calculated to estimate the 

difference between the valence band and the 

conduction band, which can help determine the 

electrical, thermal and electronic properties of 

materials. The Tauc’s formula shown in Eq. (3) is 

used to determine the direct energy gap [11]. 

 

 
 

Fig. (4) Absorption spectra of ZnS-100°C and ZnS-150°C 

samples 

 

 
 

Fig. (5) Absorption coefficient of ZnS-100°C and ZnS-150°C 

samples as a function of photon energy 

 

Since the transitions are of the direct type allowed, 

i.e., the value of the constant r=1/2, plotting the 

relationship between (αhv)2 and the energy of the 

incident photon (hv), and by extending the straight 

part of the curve to determine the point of intersection 

with the x-axis of the photon energy where (αhv)2=0, 

which represents the value of the optical energy gap 

and as shown in Fig. (6). It was found that the value 

of the optical energy gap of the ZnS-100°C thin film 

is 3.23eV and for the ZnS-150°C thin film is 3.00 eV, 

and this is approximately consistent with the results 

of [12,13] 

𝛼 = 2.303
𝐴

𝑡
    (2) 

where A is the absorbance, t is the film thickness 

𝛼ℎ𝑣 = 𝛽(ℎ𝑣 − 𝐸g)
𝑟   (3) 

where β is a constant, α is the absorption coefficient, 

hv is the energy of an incident photon, Eg is the optical 

bandgap, and r=1/2 is for allowed direct transition 

The dc electrical conductivity (σdc) of the 

prepared thin films was calculated using Eq. (4) [14]. 

By studying the change in electrical resistivity (ρ) as 

a function of temperature (T) within the thermal range 

313-453K. Adopting Eq. (5) and as shown in Fig. (7) 

[15], we notice from that the electrical resistivity of 

all prepared thin films changes inversely with 

increasing temperature per sample, and this is one of 

the characteristics of semiconductors, as they are 

characterized by having a resistivity with a negative 

thermal coefficient unlike the characteristics of 

conductors, that is, the continuous electrical 

conductivity increases with increasing temperature 

and for all thin films. 

 

 
 

Fig. (6) Tauc’s plots for ZnS-100°C and ZnS-150°C samples 

 
Table (2) The activation energy and optical energy gap of the 

prepared samples 

 

Sample 
Ea1 (eV) 

(303-343K) 
Ea2 (eV) 

(343-383) 
Eg (eV) 

ZnS-100°C 3.32 1.748 0.869 

ZnS-150°C 3.00 1.323 0.811 

 

 

 
Fig. (7) Activation energy of ZnS-100°C and ZnS-150°C 

samples 
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Figure (7) shows the linear relationship between 

lnσ and 1000/T, which is used to calculate the 

activation energy (Ea). The change in the conduction 

mechanism is caused by the presence of two 

connected regions. For ZnS-100°C and ZnS -150°C, 

the first zone is at a low temperature (313-343K) and 

the second zone is at a higher temperature (343-

453K), showing the two activation energy increases 

with increasing substrate’s temperature and activation 

energy 

σ = J/E = e(nμe + pμh)   (4) 

where J is the electric current density, E is the applied 

electric field strength, e is the electron charge, μe is 

the electron mobility, μh is the hole mobility, n and p 

are electron and hole concentrations, respectively 

𝜌 = 𝑅
��𝐴��

𝐿
�𝑤ℎ𝑒𝑟𝑒�{𝐴 = 𝑏. 𝑡}  (5) 

Where ρ is the resistivity, R is the electrical resistance 

of the thin film measured in Ω, L is the distance 

between the two poles of aluminum (cm), A is the 

cross-sectional area of the electron motion through 

the thin film, b is the electrode width (cm), and t is the 

film thickness 

 

5. Conclusion 

In this paper, ZnS thin films were prepared by 

thermal chemical spray and the effect of different 

substrate’s temperatures on the properties of ZnS thin 

films was studied. All ZnS films show cubic 

structures with preferred (111) orientation. As the 

substrate’s temperature is increased, the crystallinity 

of the films became better and particle sizes became 

larger, ranging from 9.89 to 22.10nm. The film 

thickness increased with increasing substrate’s 

temperature. The optical band gap decreased from 

3.23 to 3.00eV with increasing substrate’s 

temperature, making this material suitable for solar 

cell devices. The electrical resistivity of all prepared 

thin films changes inversely with increasing 

temperature and the dc electrical conductivity 

increases due to the increase in crystallinity, resulting 

from reduced defects during the thermal process. The 

activation energies increase with increasing 

substrate’s temperature. 
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A cold Ar plasma system operated under atmospheric pressure was used in this study. 
Copper nanoparticles were prepared at a gas flow rate of 2.5 ltr/min and time of 4 min. 
For CuO nanoparticles prepared using AC plasma, it was found that the energy band 
gap was 3.93eV, crystallite size was 54.32nm, nanoparticle size was 35-65nm. For CuO 
nanoparticles prepared using DC plasma, the energy band gap was 3.11eV, crystallite 
size was 31.16nm, nanoparticle size was 30-65nm. The CuO nanoparticles prepared 
using DC were better than those prepared using AC plasma. At high voltage of 13kV 
and frequency of 50kHz, the plasma properties were measured for both AC and DC 
plasmas and the electron temperature and electron density were 1.20-2.29eV, (1.16-
8.12)x1018 cm-3 and 1.19-2.18eV, (1.38-9.56)x1018 cm-3, respectively. The results 
showed that AC plasma had a greater effect on the plasma properties than DC plasma. 
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1. Introduction 

The plasma jet is considered one of the most 

important modern sciences that has been studied and 

developed recently, as it is an advanced means of 

generating physical plasma. They are widely used in 

industrial and medical applications [1,2]. Plasma Jet 

produces non-thermal (cold) atmospheric pressure 

plasma, as the universe contains two types of plasma: 

very hot, which is the result of the total ionization of 

its particles, and cold, in which the particles are 

partially ionized [3-6]. Helium and argon are the most 

common gases used in the generation of non-thermal 

plasma jet as inert gases, but sometimes nitrogen and 

oxygen gases are used, but they are chemically active 

gases [7-10]. At a certain temperature limit, particles 

or atoms of matter form cold plasma. This 

transformation period makes the gas a gas with a 

highly interactive state composed of free radicals, 

electrons, and ions with electric fields [11-13]. Cold 

plasma jet is effective in industrial, medical, and 

biological use due to its ability to interact with cells, 

tissues, and various applications industrially in an 

easy way and without any significant effects [14]. 

The production of nanoparticles by plasma jet is 

widely investigated because of their very small 

atomic and molecular structures, which give them an 

important advantage from their bulk materials [15]. 

The potential of nanoparticles has a larger output 

because of the high area-to-volume ratio that gives 

different and variable properties [16]. 

In plasma physics, each type of plasma has its 

characteristics, which are considered as the 

fingerprint and through which its application 

destination, medically, industrially, or biologically, 

can be determined [17,18]. Certainly, the free 

electron temperature is the most important dynamic 

parameter and is the key to the plasma, in addition to 

the density. These two parameters enable us to predict 

the distribution of speeds and relative energy levels 

of molecules [19]. To measure plasma parameters, 

optical emission spectroscopy (OES) is adopted [20], 

as it represents a specific method that takes more than 

one sample of plasma without causing a defect in its 

structure, condition, or shape [21]. Its principal work 

depends on calculating the radiated optical emission 

from the produced plasma, representing its 

characteristics in an environment of chemical, ionic, 

and molecular radiation [22,23]. 

The temperature of the plasma in local thermal 

equilibrium can be calculated from the following 

equation [24]: 

𝑇𝑒 =  
(𝐸2− 𝐸1)

𝑘 ln
(𝐼1𝜆1𝐴2𝑔2)

(𝐼2𝜆2𝐴1𝑔1)

  in eV  (1) 

where A1g1 and A1g2 are the transition strength of the 

first and second wavelengths, respectively, and k is 

Boltzmann's constant, I1 and I2 are the peak intensities 

of the first and second wavelength of the plasma 

spectrum, and E1 is the peak energy of the first 

wavelength and E2 is the peak energy of the second 

wavelength in the resulting plasma spectrum. A is the 

transition probability that an atom in an upper-level 

state emits in an average direction in a de-excited 

state to a lower level and g is the static weight of the 

upper level [24] 

From the Saha-Boltzmann equation, which 

depends on spectral lines, the plasma electron density 

can be calculated as [24]: 

𝑛𝑒 = 6.04 × 1021  
𝐼1

𝐼2
∗ (𝑇)

3

2 𝑒
(𝐸1− 𝐸2− 𝑋𝑧)

𝑘𝑇  (2) 

where  

𝐼2
∗ =  

𝐼2𝜆2

𝑔2𝐴2
     (3) 
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Xz represents the amount of ionization energy 

As for the plasma frequency parameter, which is 

considered basic and depends on the plasma density, 

it can be calculated from equation [25]: 

𝑓𝑃 ≈ 8.98 √𝑛𝑒,    in Hz   (4) 

Debye length, or Debye shielding that surrounds 

the plasma, is a parameter that gives the plasma the 

property of near-neutrality and makes it deal with 

external electric fields. It can be calculated through 

the equation [25]: 

𝜆𝐷 = (
𝜀𝑜𝑘𝑇𝑒

𝑛𝑒𝑒2 )
1 2⁄

= 7430 (
𝑘𝑇

𝑛𝑒
)

1
2⁄

  (5) 

Debye number (ND) can be calculated by the 

following [25]: 

𝑁𝐷 =  
4𝜋

3
 𝑛𝑒  𝜆𝐷

3     (6) 

This work aims to characterize the nanoparticles 

produced by the copper oxide plasma jet system at a 

constant flow of 2 ltr/min of Ar gas and period of 4 

min. The parameters of copper plasma are determined 

when using 0.5-2 ltr/min of Ar gas flow, and a high 

voltage of 13 kV using AC and DC power supplies, 

using a spectroscopic diagnostic method. 
 

2. Experimental Work 

Non-thermal atmospheric pressure plasma was 

produced using Ar gas at different flow rates using 

the plasma jet technique. This technology is formed 

as follows: 

 Argon gas is used to create cold plasma 

 The gas flow measuring device measures 0.5-2.5 

ltr/min the amount of gas flowing through a tube 

connected at one end to a gas meter and connected 

at the other end to a hollow metal needle with a 

diameter of 3 mm, and connected to a wire tied to 

the negative pole of the power supply. Gas flows 

through the needle 

 The metal plate used in this research (copper) with 

a surface area of 6x1cm2, of which 4cm2 was 

immersed in a beaker containing deionized water, 

was connected to the positive electrode of the 

power supply 

 13kV output from a high voltage AC or DC power 

supply to produce cold atmospheric pressure 

plasma, the frequency of AC power supply is 50 

kHz 

Figure (1) shows the method of setting up the cold 

plasma jetting system. The conductive end of the 

cathode electrode (the needle) is placed (1) cm from 

the surface of the deionized water in which the copper 

metal is immersed. The gas cylinder valve is opened, 

and the gas begins to flow at a rate of 2.5 ltr/min, and 

the duration of the gas flow toward the water surface 

is 4 minutes. An alternating current was used, and the 

second time direct current was used. After a short 

period, impurities began to increase inside the beaker, 

and the color of the water began to gradually change 

to brown, as shown in Fig. (2). 

 

 
   

Fig. (1) Configuration of non-thermal plasma jets system, 

spectrometer, and electronic controller 

 

 
Fig. (2) Image of liquid samples of Cu nanoparticles 

manufactured by atmospheric plasma jet at flow of 2.5 ltr/min, 

high voltage of 13 kV with a duration of 4 min 

 

The product's characteristics are highly affected 

by the arrangement of nanoparticles and their 

chemical composition, as well as the size of the solid 

in one, two, or three dimensions [26]. Therefore, three 

important variables are examined to characterize the 

metallic Cu nanoparticles: size, distribution, and 

shape. The produced nano-liquid was used in UV-

visible light analysis; while the liquid was dripped 

onto glass slides and under a temperature of 100°C, 

we obtained a thin film to be analyzed by x-ray 

diffraction (XRD), field-emission scanning electron 

microscopy (FE-SEM), and energy-dispersive x-ray 

spectroscopy (EDX). Spectroscopic diagnosis was 

performed with a UV 3000 spectrophotometerin the 

range of 190-1100nm as the plasma was produced by 

changing the gas flow rate (0.5, 1, 1.5, 2, and 2.5 

lt/min) at constant applied voltage (13kV) for both 

types (AC and DC) of power supply. The results of 

spectrophotometry were obtained and then compared 

with the US spectroscopic database (NIST) [26]. 

 

3. Results and Discussion 

The absorption coefficient and optical energy gap 

were determined for the prepared copper 

nanoparticles. The absorption coefficient (α) can be 

determined from the highest absorption area near the 

fundamental absorption edge as [27]: 
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𝛼 = 2.303
𝐴

𝑡
    (7) 

where A is the absorbance and t is the sample 

thickness 

Figures (3) and (4) display the absorption spectra 

of the nanoparticles solutions prepared using AC and 

DC plasma jet [22]. 

 

 
Fig. (3) Absorption spectrum of CuO NPs produced by the AC 

plasma jet 

 

 
Fig. (4) Absorption spectrum of CuO NPs produced by the DC 

plasma jet 

 

To identify the type of optical transition, the 

relation between (αhv)1/r and the photon energy (hv) 

for different values of (r) was examined [28]: 

(αhv) = B(hv – Eg)r   (2) 

It appeared that the energy gap was 3.39 eV, as 

shown in Fig. (5). The results show that the 

theoretical and experimental values of the energy gap 

were close to each other for the sample prepared usng 

AC source. When using DC source, it appeared that 

the energy gap was 3.11 eV, as shown in Fig. (6). It 

was also close to the theoretical value. 

The CuO NPs thin films (obtained by deposition 

of the CuO NPs as thin film on glass slide) were 

subjected to XRD analysis using Phillips X-Pert 

PANalytical instrument. It was found that the XRD 

pattern, shown in Fig. (7), of CuO NPs produced 

using AC source, is matched to JCPDS card 71-4610 

[29]. Two distinct diffraction peaks are found at 

12.828° and 25.830°, which means that CuO NPs 

produced using AC power supply were crystalline. 

Scherrer's equation [30] was used to calculate the 

average crystallite size to be 54.32nm [31]. The XRD 

pattern, shown in Fig. 8, of CuO NPs produced using 

DC power supply was found to match JCPDS card 

71-4610 [29]. As well, two distinct diffraction peaks 

are found at 12.835° and 25.809°. The CuO NPs 

produced using DC power supply were crystalline too 

and the average crystallite size was 31.16 nm [30,31]. 

 

 
Fig. (5) Determination of Eg from the plot of (αhυ)2 vs. hυ for 

CuO NPs prepared using AC cold plasma 

 

 
Fig. (6) Determination of Eg from the plot of (αhυ)2 vs. hυ for 

CuO NPs prepared using DC cold plasma 

 

Due to several factors (mainly, argon gas flowing 

through the plasma needle, water, immersed metal 

(Cu), free electrons on the surface of the metal, and 

oxygen) involved in the formation of the 

nanoparticles in the ionic water, the interactions 

increase and – as a result – the color of the liquid 

changes to copper color. The effect of time causes the 

nanoparticles to be extracted and formed with smaller 

sizes [32]. 

According to the results of FE-SEM carried out on 

thin film samples, when AC source was used, clusters 

were observed in the form of a mat of bubbles 

connected, as shown in Fig. (9). With higher 

magnification power, the shape of the prepared CuO 

NPs became clear so that each inclined spherical 

particle was connected, as in Fig. (10). The shape is 

almost close to the pictures of FE-SEM in reference 

[33]. It was observed that CuO NPs have diameters 

ranging between 35 and 65nm. For CuO NPs 

prepared using DC source, the non-thermal plasma jet 

worked on the synthesis of the CuO NPs in the form 

of interconnected ramifications. Figures (11) and (12) 

show spheres aggregated and connected to form a 

homogenized viscous gel of nanoparticles. The 

images were almost identical to what FE-SEM 

images showed in reference [34]. It was observed that 

the prepared CuO NPs have diameters ranging 
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between 30 and 65nm. The variation in the diameter 

of the particles and thus their sizes can be explained 

by the effect of the time parameter of the plasma on 

the surface of the liquid in which the metal piece of 

copper is immersed. The longest time was 4 min. 

 

 
Fig. (7) XRD pattern of CuO NPs prepared after 4 min with 

applied voltage of 13 kV using AC cold plasma 

 

 
Fig. (8) XRD pattern of CuO NPs prepared after 4 min with 

applied voltage of 13 kV using DC cold plasma 

 

 
 

Fig. (9) FE-SEM image of CuO NPs prepared by AC cold 

plasma jet at 1µm scale 

 

  
 

Fig. (10) FE-SEM image of CuO NPs prepared by AC cold 

plasma jet at 200nm scale 

 

 
 

Fig. (11) FE-SEM image of CuO NPs prepared by DC cold 

plasma jet at 1µm scale 

 

  
 

Fig. (10) FE-SEM image of CuO NPs prepared by DC cold 

plasma jet at 200nm scale 

 

Figure (13) shows optical emission spectra (OES) 

for the Ar gas, N2 gas, and Cu metal. Argon had an 

impact on the intensity of the emission line. Spectrum 

depicts the emergence of several peaks, including 6 

for Ar gas, 3 for Cu metal, and multiple peaks for N2 

gas. These peaks are seen at 346.74nm for N2, at 

389.58, 427.21, and 666.57nm for Cu, and at 708.37, 

762.35, 774.86, 821.77, 851.38, 919.92nm for Ar gas, 

as shown in Fig. (13). The atomic peak at 389.58nm 

and the ionic peak at 427.21nm of the spectrum were 

compared with those in NIST [35]. 

 

 
Fig. (13) Ar plasma spectrum using copper at 0.5-2.5 l/min flow 

rates using an AC power supply at high voltage of 13 kV 

 

In Fig. (14), the resulting plasma was 

characterized using DC source. The spectrum shows 

several peaks, including 6 for Ar gas, 3 for the Cu 

metal, and numerous peaks for N2 gas. These peaks 

are seen at 346.74nm for N2 gas, at 367.26, 427.48, 
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678.74nm for Cu metal and at 708.37, 762.12, 774.86, 

821.77, 851.38, 919.92nm for Ar gas. The ionic peak 

at 367.26nm and the atomic peak at 427.48nm for Cu 

were compared with those in NIST [35]. 

 

 
Fig. (14) Ar plasma spectrum using copper at 0.5-2.5 l/min flow 

rates using a DC power supply at high voltage of 13 kV 

 

The properties of Cu NPs produced using AC 

power supply with high voltage of 13kV and 

frequency of 50kHz have been determined from their 

spectral lines shown in table (1). These properties 

include electron temperature (Te), electron density 

(ne), plasma frequency (fp), Debye length (λD) and 

Debye number (ND) for various flow rates (0.5-2.5 

ltr/min) of Ar gas. Increasing flow rate leads to 

increase electron temperature and electron density to 

1.20-2.29eV and 1.16x1018-8.12x1018 cm-3, 

respectively. The behavior of plasma frequency 

likewise increases as the flow rate is increased to 

(1.153-8.095)x1013Hz, while the Debye length moves 

in the opposite direction to (0.059-0.012)x10-5cm. 

Regarding ND, it likewise exhibits the same behavior 

as the Debye length (14.15-5.31m), which decreased 

with increasing argon gas flow rate [36]. 

For Cu NPs produced using DC source, plasma 

parameters are shown in table (2), which shows how 

increasing flow rate leads to increase electron 

temperature and electron density to 1.19-2.18eV and 

(1.38-9.56)x1018cm-3, respectively. The plasma 

frequency increases with increasing gas flow rate to 

(1.760-11.238)x1013Hz, while the Debye length 

decreased with increasing gas flow rate from 

0.385x10-5 to 0.082x10-5cm. ND likewise exhibits the 

same behavior as the Debye length (from 9.19 to 

3.55) [36]. 

 
Table (1) Copper plasma parameter using an AC power 

supply and variable Ar gas flow at high voltage of 13kV 

 
Gas flow rate 

(ltr/min) 
Te 

(eV) 
ne (cm -3) 

x1018 
fp (Hz) 
x1013 

λD (cm) 
x10-5 

ND  

0.5 1.20 1.16 1.153 0.059 14.15 

1 1.51 2.21 2.558 0.030 8.97 

1.5 1.89 3.09 4.997 0.017 6.46 

2 2.03 4.47 6.004 0.015 5.97 

2.5 2.29 8.12 8.095 0.012 5.31 

 

Table (2) Copper plasma parameter using a DC power supply 

and a variable Ar gas flow at high voltage of 13kV 

 

Gas flow rate 
(ltr/min) 

Te 
(eV) 

ne (cm -3) 
x1018 

fp (Hz) 
x1013 

λD (cm) 
x10-5 

ND  

0.5 1.19 1.38 1.760 0.385 9.19 

1 1.38 3.08 2.964 0.246 6.77 

1.5 1.86 5.78 7.398 0.114 4.24 

2 1.92 8.19 8.127 0.106 4.06 

2.5 2.18 9.56 11.238 0.082 3.55 

 

4. Conclusion 

A cold Ar plasma system operated under 

atmospheric pressure was used in this study. Copper 

nanoparticles were prepared at a gas flow rate of 2.5 

ltr/min and time of 4 min. The CuO nanoparticles 

prepared using DC were better than those prepared 

using AC plasma. The results showed that AC plasma 

had a greater effect on the plasma properties than DC 

plasma. 
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The current study utilized a hydrothermal method to create a nanocomposite 
(ZnONR/Ge-G). The electron carrier layer consisted of two refined constituents (ZnO NP 
and ZnO NR). TEM, SEM, and XRD investigations were conducted on ZnO nanoparticles 
(ZnO NP) and ZnO nanorods (ZnO NR). Long ZnO nanorods were efficiently synthesized 
using a low-temperature chemical immersion deposition approach. This method was 
used to create solar cells that included the FTO/ZnO nanorod structure. The results 
suggested that an energy conversion efficiency of 14.3055% was achieved. The 
synthesis of the ZnO NR-Ge-G QD nanocomposite was conducted, and subsequent 
investigation focused on its structural features. The fourth cell demonstrated enhanced 
electrical conductivity compared to other cells due to the deposition of germanium dot-
dotted with graphene on ZnO NR. Thus, the surface area of the material increased, 
leading to improved rates of electron absorption and transmission that were more efficient 
compared to other options. 
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1. Introduction 

Zinc oxide is a semiconductor with a high exciton 

binding energy (60 meV) and a wide direct bandgap 

energy (3.37 eV). It has been the subject of extensive 

research in recent decades due to its unique electrical, 

piezoelectric, catalytic, and other properties. These 

characteristics find applications in a variety of 

nanoscale devices, including Li-ion batteries, gas 

sensors, photodetectors, and photoelectrochemical 

cells [1-3]. Mahdi Sharif sol-gel method was used to 

incorporate zinc nanoparticles into an electron 

transfer layer by grafting porous titanium ETL with 2 

mol.% zinc, which increased the PSC efficiency of 

the cell from 9.74% to 13.76%. [4]. Naresh Muthu 

have prepared ZnO nanoparticles using the doctor 

blade method, which resulted in a competent PCE of 

3.7447%. [5]. Bandari et al. have used spin coating to 

produce thin films of ZnO nanoparticles [6]. Abd El-

Lateef et al. have prepared ZnO nanoparticles 

(ZnO/C) composites and obtained efficiency of 

19.6% [7]. Abdel Ali et al. have used several 

nanomaterials and hydrothermal technology resulting 

in a 9.45% conversion efficiency of PCE  [8] . 

Abdulmohsin et al. have used of CH3NH3PbI3 for 

perovskite solar cells of 22.26% conversion 

efficiency of PCE [9]. Zheng et al. have used a two-

step spin coating deposition method to synthesize 

CH3NH3PbI3 QDs with improved energy gap as an 

excellent option for perovskite solar cells [10]. The 

low-temperature chemical bath deposition method 

was effectively used to fabricate ZnO nanorods of 

controllable length, which are then used to fabricate 

solar cells using an FTO/ZnO structure for a high 

energy conversion efficiency of 12.85% [11]. Huang 

et al. have used a hydrothermal process to alter the 

natural properties of ZnO nanorods (obtaining an 

efficiency of 10.45%, which is 23% higher than non-

doped zinc oxide) [12]. ZnO nanorods (NRs) have 

been made using hydrothermal method to improve 

the efficiency of perovskite solar cells, increasing the 

power conversion efficiency (PCE) from 10.33% to 

15.06% [13]. 

In this research, we examine two forms of ZnO, 

nanoparticles and nanorods, to determine which is 

much more efficient. Nanoparticles exhibit entirely 

new or enhanced properties, including molecule 

form, size, distribution, and others. Applications for 

nanoparticles are quickly developing in several fields 

[14]. The aims of this study are to synthesize 

nanocomposites (ZnO NP/Ge-G and ZnO NR/Ge-G) 

using ZnO nanomaterials, nanoparticles, nanorods, 

graphene, and carbon using the hydrothermal 

method, and then deposit this compound 

(ZnONP/Ge-G) and (ZnO NR/Ge-G) on a film using 

the doctor blade and spin coating methods to form an 

electron transport layer (ETL) that will be used in the 

manufacturing of a perovskite cell (FTO/ZnO 

NP/Ge-G). These materials have been used to 

achieve high efficiencies. The most efficient 

composite material (ZnO NR/Ge-G) performed 

significantly better. 

 

2. Experimental Part 

Zinc oxide nanoparticles (ZnO NPs, 7.99%) and 

nanorods (ZnO NR, 9.9%) were synthesized by 

mixing germanium (Ge) with graphene (G) and acetic 

acid (C6H8O7) (99%). The substance is ethyl cellulose 

(C20H38O11), which makes up 99.7% of the 

composition. The ethox solution used in each 

investigation had a concentration of 99.9% and was 

acquired from Sigma-Aldrich. 
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A magnetic stirrer is used to mix together 2 g of 

ZnO NR, 1 g of C20H38O11 with a purity of 99.7%, 16 

μL of refined ethanol (C2H5OH) with a purity of 

99.9%, and 400 μL of acetic acid (C6H8O7) with a 

purity of 99% in a glass beaker. The blending process 

is sustained for a duration of 36 hours. The 1 cm2 

surface area is highly efficient due to the use of 

pristine FTO glass. The film's thickness and the 

dimensions of the heated region can be modified by 

applying additional layers of adhesive foil. Following 

a desiccation period of ten minutes, the substance 

underwent exposure to different temperatures and 

durations within a convection oven. The temperatures 

used in creating this image were as follows: The 

temperature sequence is as follows: The temperature 

sequence was as follows: 40°C for a duration of 10 

minutes, followed by 80°C for 10 minutes, then 

120°C for 15 minutes, 250°C for 30 minutes, and 

finally 375°C and 450°C [15]. 

A glass beaker with a magnetic stirrer is used to 

mix a solution containing the following components: 

16 μL of pure ethanol with a 99.9% purity, 2 g of ZnO 

nanoparticles (ZnO NPs), 1 g of C20H38O11 with a 

99.7% purity, and 400 μL of C6H8O7 with a 99% 

purity. The agitation method is carried out for a 

duration of 36 hours. When used as a spray, it creates 

a surface area of 1 cm2, which is enough to 

thoroughly disinfect FTO glass. By applying a series 

of adhesive coatings, one can adjust the thickness of 

the film and expand the heated areas. After being 

dehydrated for 10 minutes, the substance was 

subjected to different temperatures and durations in a 

convection oven. The following temperatures were 

utilized to create this film: 40°C for a duration of 10 

minutes, 80°C for a duration of 10 minutes, 120°C for 

15 minutes, 250°C for 30 minutes, and finally 375°C 

and 450°C [16]. 

A mixture is formed by combining 1 g of ZnO 

nanorods with 1 g of Ge-Ga. After stirring, the 

mixture was kept at a temperature of 160°C for 72 

hours in a non-thermal device, with the addition of 5 

mL of deionized water. 

An apparatus is used to mix 0.5 g of the chemical 

being studied with 0.5 g of ethyl cellulose 

(C20H38O11) (99.7%), 200 μL of acetic acid (C6H8O7) 

(99%), and 200 μL of pure ethanol (99.9%). The 

mixture is homogenized in a glass container using a 

magnetic stirrer for a period of 36 hours [17]. The 

glass beaker is constructed entirely from pristine FTO 

glass and possesses a surface area of 1 cm. By 

applying numerous layers of adhesive covers, it is 

possible to modify the thickness and dimensions of 

the heated region. After a 10-min dehydration period, 

we placed it in a convection oven that had a timer and 

temperature control.  

The film was processed using temperatures of 

375°C, 450°C, and 40°C for 10 minutes each, 

followed by 80°C for 10 minutes, 120°C for 15 

minutes, and finally 250°C for 30 minutes [18]. 

 

3. Results and Discussion 

Scanning electron microscopy (SEM) was 

employed for the analysis. Figure (1) displays the 

findings of a study on the morphology of ZnO NPs 

coatings that were applied to FTO glass. The ZnO 

NPs sample displayed consistent size and shape, with 

a spherical structure. The ZnO nanoparticles 

demonstrate attributes of being compact, uniform, 

and strongly attached to the glass substrate coated 

with FTO. Thin ZnO films with a ring-like structure 

were fabricated. 

 

 

 
 

Fig. (1) SEM (a) ZnONP(b) ZnONR 

 

The temperature was raised to 450°C, resulting in 

an increase in the size of the ZnO particles. Figure 

(2a) displays the XRD patterns of the crystalline 

phases in the ZnO NPs powder-mediated. A 

conspicuous and strong peak in the patterns verified 

the synthesis of nanosized crystalline ZnO material. 

The hkl planes (010), (002), (011), (012), (110), 

(013), (112), and (021) correspond to the observed 

XRD peaks at 2θ of 31.8475°, 34.4407°, 36.3168°, 

47.764°, 56.5864°, 62.9141°, 67.9874°, and 69.111°, 

as indicated in table (1), which verified the hexagonal 

wurtzite phase of the crystalline zinc oxide 

nanoparticles. The XRD pattern's agreement with the 

ZnO NPs standard pattern in JCPDS card no. 98-

0155780 indicates high-phase purity and 

crystallinity. The XRD results of ZnO NPs reveal 

peaks because of the material's purity; no phase 

related to any other material or phase was found, 
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demonstrating the composite sample's high level of 

purity. 

 

 
(a) 

 
(b) 

Fig. (2) Shows: (a) XRD ZnONP, and (b) XRD ZnONR 

 

An analysis of the XRD lines provides valuable 

information about the characteristics of the 

nanoparticles in the sample. The presence of well-

defined peaks suggests that the ZnO nanoparticles 

have a high degree of crystallinity, indicating that the 

material put into the FTO is of good quality. The 

crystallite size of the generated particles was 

calculated using the Debye-Scherrer’s formula. 

Expanding the XRD line, Bragg’s law is used to 

compute the d-space, or inter-planar separation, 

between atoms [19] 

𝐷 = 0.9𝜆/𝛽𝑐𝑜𝑠𝜃    (1) 

2𝑑 𝑠𝑖𝑛 = 𝑛λ    (2) 

where n is the order of diffraction (n=2), λ=1.540Å is 

the wavelength of x-rays, θ is the diffraction angle, β 

is the full-width at half maximum (FWHM), and d is 

the d-spacing, and D is the crystallite size of the 

particle. The crystal's lattice parameters, a = 3.77483 

Å and c = 9.46318 Å, are found using the relation 

[20]. The Miller indices of the dominating peaks are 

represented by (hkl) 

SEM images of ZnONR show (Fig. 3) that the 

rods have a hexagonal shape, which can be seen 

between the assembled nanotubes. These regions are 

necessary for improved perovskite penetration, 

which increases light absorption. Upon closely 

examining. The length of ZnO nanorods is not 

uniform. Additionally, the diameters are displayed in 

a variety of forms, such as the square, cubic, and 

hexagonal bases typical of zinc oxide nanoelectrodes. 

Figure (2b) displays the diffraction peaks that can be 

seen in these patterns at different theta levels. The 

nine peaks at 31.8241, 34.4744, 36.3047, 47.583, 

56.631, 62.89, 66.408, 67.981, and 69.119 can be 

classified as (100), (002), (101), (102), (110), (103) 

(200), (112), and (201). These observed levels 

support the figure showing the powder diffraction file 

number 00-036-1451, which was previously 

reported, matches well with the wurtzite-organized 

NRs, where the XRD result reveals a very dominant 

orientation in the c-axis direction (i.e., perpendicular 

to the plane of the reactant). The crystallite size value 

for each sample (D) is determined by applying the 

Scherer equation (Eq. (1)) to the dominant growth 

peak (101). Where the x-ray wavelength is denoted 

by λ (0.1540 nm), k (0.9) is a constant, and β is the 

full width at half maximum (FWHM), the crystal size 

change can be observed as in Table (2). 

Scanning electron microscopy (SEM) was 

initially used to examine the surface morphology of 

nanomaterials from the graphene family used in this 

work. Figure (3a) shows that graphene samples taken 

from nanoscale graphene powder show a typical 

wrinkle-like morphology. It also formed a thin, 

smooth, multilayer graphene layer on the surface of 

Ge. The surface morphology of the Ge NPs film is 

clearly visible in the SEM images shown in Figure 

(3b). The findings demonstrate that the Ge NPs film 

is made up of a large number of spherical nanoscale 

particles. The uniform and continuous thin film is 

formed by these particles coming into close contact 

with one another. Figure (3c) from SEM analysis 

shows the development of the ZnO NR/Ge-G 

nanocomposite, which displayed a shape typical of 

hexagonal nanorods by a layer of Ge-G nan sheet 

mixed with ZnONR. The absorbance properties are 

high because of the strong bond between them. 

Figure (3d) shows TEM pictures of ZnO NRs. The 

black shadow in the TEM image of ZnO NRs-G-Ge 

represents the shape of graphene around the 

germanium and ZnO NRs. For these functional 

groups to exist, a ZnO NRs-G-Ge complex needs to 

be formed. Figure (3e) shows an image of the 

resulting film taken using a scanning electron 

microscope. It is clear that the mixture of graphene 

and germanium is homogeneous, as seen by the SEM 

image in Figure (3f). Because Ge-G is present, these 

particles potentially offer a significant surface area 

for enhanced adsorption. When compared to the 

original ZnO NP, the form gets coarser, indicating 

that the compound is well mixed. Investigations 
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utilizing transmission electron microscopy revealed 

that Ge-G doping is responsible for the gray-black 

hue of ZnO nanoparticle powder, and TEM was used 

to monitor the formation of ZnO-NPs. They are 

widely dispersed, have a spherical shape, and vary in 

size, as figure (3g) illustrates. 

 

 
 

Fig. (3) SEM and TEM images: (4.a) Graphene, (4.b) 

Germanium, (4.c) ZnO NR-Ge-G, (4.e) Ge-G, (4.f) ZnO NP-

Ge-G, TEM (4.d) ZnO NR-Ge-G, (4.g) ZnO NP-Ge-G 

 

The Table (3) provides a sequential presentation 

of the photovoltaic performance of the solar cells, 

including variables such as photocurrent (ISC), open-

circuit voltage (VOC), fill factor (FF), and power 

conversion efficiency (PCE). Furthermore, the table 

demonstrates the specific region of the cell that is 

actively engaged, measuring 1 cm2, under varying 

levels of illumination. On the string, 4 cells 

(FTO/ZnO NP-G/Pre/HTL/M, FTO/ZnO NP-Ge-

G/Pre/HTL/M, FTO/ZnO NR-G/Pre/HTL/M, and 

FTO/ZnO NR-Ge-G/Pre/HTL/M) were produced in 

order to test the photovoltaic function. The voltage in 

the open circuit, or VOC, is the cell's potential 

difference. ISC stands for open circuit current, or the 

current that results from the absence of an external 

load. VOCs dictate the absorbent material's energy 

bandgap in solar cells, whereas the incident solar 

count (ISC) represents the quantity of photons 

striking the cell. The fill factor (FF), which is also 

referred to as the proportion of our maximum power 

(P max) obtained from the solar cell, is greater than 

the power gap. The device parameter values for 

FTO/ZnONP-G/Pre/HTL/M, FTO/ZnONP-Ge-

G/Pre/HTL/M, FTO/ZnONR-G/Pre/HTL/M, and 

FTO/ZnONR-Ge-G/Pre/HTL/M are displayed in the 

table. The ISC of the fourth gadget is greater than the 

initial, second, and third. As such, it implies that ZnO 

NR developed on the better and more conductivity-

rich Ge-G substrate. Furthermore, because of the 

enhanced FTO/ZnO NR Ge-G bonding, the FF 

FTO/ZnO NR-G/Pre/HTL/M is superior to the FF of 

the third, second, and first cells. In addition, the 

increased electrical stimulation of FTO/ZnO NR-Ge-

G/Pre/HTL/M results in a notable improvement in the 

PCE, as shown in Fig. (4). 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. (4) Photocurrent density voltage characteristics of 

nanocomposites (a) FTO/ZnO NP-G/Pre/HTL/M. (b) 

FTO/ZnO NP-Ge-G/Pre/HTL/M. (c) FTO/ZnO NR-

G/Pre/HTL/M, (d)  FTO/ZnO NR-Ge-G/Pre/HTL/M 
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The remarkable performance and notable rise in 

PCE can be attributed to the higher surface area for 

interaction provided by the FTO/ZnO NR-Ge-

G/Pre/HTL/M structure, which holds considerable 

potential for enhancing the demonstration of SCS 

cells. The inclusion of Ge-G in photoelectrocatalysis 

boosts the electrical conductivity and reduces the 

time needed for electron-hole pair reconnection, 

hence enhancing the PCE of FTO/ZnO NR-Ge-

G/Pre/HTL/M. The power conversion efficiency 

(PCE) of perovskite solar cells was determined by 

extracting the photovoltaic (PV), fill factor (FF), 

short circuit current density (Jsc), and open circuit 

voltage (Voc) parameters from the current. Graph 

depicting the relationship between density and 

voltage (JV). PV was calculated using these 

relationships [21]: 

PCE =
𝑃 𝑚𝑎𝑥

𝑃𝑖𝑛
𝑥100% =  

𝐽𝑆𝐶.𝑉𝑂𝐶.𝐹𝐹

𝑃𝑖𝑛
 𝑥100% (3)

  

where the solar power t incidenon a unit area is 

represented by Pin: input power (Pin = 100 mWcm-

2), and the FF was determined using the relationship 

below  [22]: 

FF=   
𝐽𝑚 .𝑣𝑚

𝐽𝑆𝐶.𝑉𝑂𝐶
    (4) 

 

4. Conclusions 

In this work, graphene (G) nanosheet fabrication 

and fusion with semiconducting germanium Ge, ZnO 

NR activation, and ZnO NR\Ge-G characterization 

by means of a hydrothermal approach. There was an 

enhanced surface area volume in the ZnO NR\Ge-G 

nanoparticles. Additionally, it has been demonstrated 

that the morphology and characteristics of the films 

were altered by the addition of germanium 

impregnated with graphene. The ZnO NR\Ge-G 

nanocomposite shows a high absorption light 

intensity, suggesting that it could enhance 

photocatalytic activity. ZnO NR grafted with Ge-G 

results in a decrease in the band gap, which 

accelerates electron transmission and increases 

conductivity, according to the band gap calculation. 

Perovskite solar cells are one example of an area 

where ZnO NR Ge-G is more connected and efficient 

than ZnO NP. 
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Table (1) Results of Debye-Scherer formula calculation of ZnO NPs 

 

NO Exp. Pos.[°2Th.] Exp. D spacing [Å] FWHM Left [°2Th.] hkl Reference code 

1 31.8475 2.80764 0.3000 010 ICDS 98-0155780 

2 34.4407 2.60195 0.3600 002 ICDS 98-015-5780 

3 36.3168 2.47172 0.3000 011 ICDS 98-015-5780 

4 47.7640 1.90266 0.9600 012 ICDS 98-015-4487 

5 56.5864 1.62516 0.2680 110 ICDS 98-015-5780 

6 62.9141 1.47607 0.4800 013 ICDS 98-015-5780 

7 67.9874 1.37774 0.1800 112 ICDS 98-015-5780 

8 69.1110 1.35806 0.2478 021 ICDS98-015-5780 

 

Table (2) Results of Debye-Scherer formula calculation of ZnO NR 

 

No. 
2 Theta 
(deg) 

(hkl) 
FWHM 
*deg) 

Crystallite size 
(nm) 

d-spacing observed 
(Å) 

Reference and JCDPS 
card No. 

1 31.8241 100 0.258 32.03337 2.810288 00-036-1451 

2 34.4744 002 0.256 32.50674 2.599730 00-036-1451 

3 36.3047 101 0.264 31.67992 2.472556 00-036-1451 

4 47.5830 102 0.271 32.04953 1.909519 00-036-1451 

5 56.6310 110 0.274 32.94849 1.624078 00-036-1451 

6 62.8900 103 0.276 33.75264 1.476802 00-036-1451 

7 66.4080 200 0.270 35.17898 1.406684 00-036-1451 

8 67.9810 112 0.257 37.29724 1.377996 00-036-1451 

9 69.1190 201 0.276 34.96585 1.358075 00-036-1451 

 

Table (3) Electrochemical properties and photovoltaic parameters 

 

Solar Cells (configurations) Voc (V) Jsc (mA/cm2) FF PCE (%) 

FTO/ZnONP-G/Pre/HTL/M 0.98 15.12 0.71 10.520496 

FTO/ZnO NP-Ge-G/Pre/HTL/M 1.06 16.51 0.74 12.950444 

FTO/ZnO NR-G/Pre/HTL/M, 1.02 15.69 0.73 11.682774 

FTO/ZnO NR-Ge-G/Pre/HTL/M. 1.10 17.34 0.75 14.305500 

 

https://www.mrforum.com/mrfoundations/
https://www.researchgate.net/journal/Green-Energy-and-Technology-1865-3529?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
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This work aims to produce UV detector from Ag-PVP nanofibers by using the 
electrospinning method. Polyvinylpyrrolidone (PVP) nanofibers and a Ag-PVP 
nanofiber composite with 1%, 2% and 3% Ag were effectively produced by the 
electrospinning method. The material's morphology, structural and optical 
characteristics are studied. The structure of the obtained nanofiber was amorphous. 
Ag-PVP film fibers are beaded produced with increasing Ag concentration increases. 
The optical energy gap for three concentrations of Ag-PVP nanofibers ranged 
between 1.52 and 3.94 eV, where the energy gap decreased with increasing silver 
concentration, the sensitivity for Ag-PVP nanofiber were obtained for UV detector at 
the wavelength of 360 nm, the sensitivity values were 8.4, 7.95, and 17.7 for doping 
with Ag 1%, 2%, and 3%, respectively. 
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1. Introduction 

The study of nanocomposites dispersed inside a 

polymer matrix has gained momentum in the realm of 

materials research due to its great potential for 

industrialization customizable materials. Based on 

their quantity, dimensions, and form. There is 

evidence that these nanoparticles display a wide range 

of optical, thermal, electrical, and electrochemical 

characteristic depending on their quantity, size, and 

form. The polymer's composition and the 

arrangement of the nanoparticles inside the polymer 

matrix have been found to affect many of these 

features. Therefore, the electrical and optical 

properties of nanocomposites may encourage to use 

them in many applications such as sensors [1-6], 

microelectronics, wear-resistant coatings, biological 

implants, and optical coatings [7,8]. 

Polyvinylpyrrolidone (PVP)is biocompatible, 

nontoxic, and water-soluble polymer [9] pH-stable, 

non-ionic, colorless, temperature-resistant, and 

chemically inert [10,11], It may be used as a matrix 

to produce polymer nanocomposites that have 

intriguing properties different from PVP. lowering 

and stabilizing agent In the same procedure, Ag 

nanoparticles are synthesized using PVP. Thus, it is 

safe to assert the special qualities of PVP and Ag 

nanoparticles as well as the possible functional 

characteristics of the Ag-PVP nanocomposite. 

Today’s materials science is mostly concerned with 

nanocomposites. Because the nano-fillers can change 

and enhance the properties of polymers, some novel 

products have been developed. Using 

electrospinning, composite nanofibers may be created 

directly from inorganic nanoparticle dispersions in 

polymer solutions. Electrospinning is a simple, 

flexible, robust, and useful technique for creating 

ultra-fine fibers with diameters ranging from a few 

nanometers to several micrometers. It can be used to 

create infinite, continuous nanofibers and has been 

used to electro spun a variety of polymers. Their 

massive ratio of surface area to volume, extended 

length, constant diameter and a sizable surface area 

makes them suitable for use as templates [12]. 

Because of their numerous applications and greater 

surface area to volume ratios, electro spun fibers with 

nanosized porous features have piqued the curiosity 

of many researchers. [13], Because of its amazing 

properties, using nanoparticles to change 

physiologically active compounds into potentially 

releasable molecules has become more popular in 

recent years. [14], Using electrospinning, inorganic 

nanoparticle dispersions in polymer solutions may be 

immediately converted into items composite 

nanofibers. PVP films' excellent optical quality 

makes them suitable for usage in optical sensors and 

systems. Polymeric nanofiber membranes have 

numerous applications, such as filter and battery 

materials. There is evidence that PVP 

nanocomposites have potential applications in many 

different scientific and technological fields. The 

focus of research is shifting from empirical 

engineering to advanced industrial applications. 

Investigating the fundamental issues related to the 

composed of polymer nanocomposites is of special 

interest to recent researchers. One of the main 

challenges facing current synthetic techniques is 

tailoring the physicochemical properties of polymer 

nanocomposites. Having a solid understanding of the 

pertinent situational factors and controlling the 

experimental conditions according to protocol could 

help to overcome the challenges. Concerning PVP 

nanocomposites [15], In this work, an ultra-high 

sensitivity photodetector PVP and Ag-PVP 

nanofibers is synthesize by electrospinning. 

Investigations have been done on the structural, 

optical, and sensing properties. 
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   This paper examined the effects of Ag on fiber 

diameter, morphology, and optical characteristics, 

and from all above properties we aim to study the 

properties of flexible photodetector. 

 

2. Experimental Part 

The initial stage in making the electrospinning 

PVP solution was to dissolve (1g of the 90000 g/mol 

polyvinylpyrrolidone PVP polymer in 11.4 ml of 

alcohol) Then, using a magnetic stirrer, the liquid was 

stirred for six hours at room temperature. 

Three solutions were prepared with three different 

concentrations of silver, (silver was prepared by 

pulsed laser ablation with energy of 200mJ and 200 

pulses), (1%, 2%, 3%) Ag incorporated into the 

previously prepared polymer solution and set on a 

magnetic stirrer for 30 minutes at room temperature. 

The Ag-PVP composite solution changes to yellow. 

The solution was placed into a syringe needle a 27G, 

To be ready to prepare fibers with electric spinning 

system. Three essential parts make up the electric 

spinning system: a needle pump, a dc high voltage 

power source, and a conductive collector, such 

aluminum. Horizontal and vertical electrospinning 

installations are the two main varieties. For this 

experiment, the syringe pump was adjusted to the 

horizontal position, as shown in Fig. (1). A high-

voltage power supply with an adjustable control range 

of 0-50 kV set at 20 kV DC, a syringe pump with a 

flow control range set at 0.5 mL/h, and a syringe with 

a metal needle were connected to the positive power 

source in order to charge the polymer solution with a 

positive charge. There are 11 centimeters separating 

the collection and needle. 

 

 
 

Fig. (1) The electrospinning device's assembly schematic 

 
Table (1) Direct energy band gap for all samples at applied 

voltages of 20kV 

 

Sample Eg (eV) 

Pure 4.20 

PVP/1%Ag 3.94 

PVP/2%Ag 3.912 

PVP/3%Ag 1.52 

 

The plastic syringe is filled with an Ag-PVP 

composite solution, which is then propelled by the 

injection pump. This process results in three steps for 

the solution's deposit on silicon and glass. The plastic 

syringe was filled with an electric field that was 

expelled into the Taylor cone at a specified flow rate 

because the Aluminum collecting plate and syringe 

needle combined to create the electric field using high 

voltage [16]. layer upon layer of nanofibers is formed 

as the solvent evaporates on route to the collecting 

plate. Optimal electrospinning settings and operating 

circumstances were determined by considering the 

effect on the nanofibers' structural morphology [17]. 

The FE-SEM was employed to investigate the 

produced nanofibers' structural morphologies. To 

verify the final structure, the x-ray diffraction is 

performed. Utilizing a Sp-8001 model UV-VIS 

spectrophotometer, the deposited nanofibers' optical 

absorption spectra were investigated as a function of 

wavelength (300–1100 nm). Using the Sensitive 

Fluke 8846A digital electrometers, the 

photosensitivity current-voltage (I-V) characteristic 

curves for Ag-PVP were investigated. 

 

3. Results and discussion 

X-ray diffraction were conducted, For the PVP 

nanofiber that were prepared with different 

concentrations. Figure (2) shows the XRD patterns 

for (pure PVP, PVP-1% Ag, PVP -2%Ag and PVP-

3%Ag). the XRD pattern of PVP reveal that there are 

no directivity peaks which means the material is 

Amorphous, and this is a characteristic of many 

polymeric materials. 

 

 
Fig. (2) X-ray diffraction at different concentrations 

 

Examinations were conducted for the three 

mixtures that were prepared at different 

concentrations, and the results were as shown in Fig. 

(3). display the PVP nanofiber mat morphology that 

was acquired utilizing a 1µm SEM magnification. 

Smooth polymer nanofibers and various composite 

nanofibers might be produced using the 

electrospinning settings.  SEM pictures showed that 

PVP (1%Ag) generated fibers containing beads. By 

increasing the concentration of silver (2%Ag) and 

(3%Ag), we will notice a significant increase in the 

beads. The presence of silver in the spinning solutions 

led to obtain nanofibers having diameter values much 
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lower than those of pure polymer nanofibers. This is 

due to the inclusion of an appropriate proportion of 

Ag. The observed change in the composite 

nanofibers' diameter values is caused by the increased 

solutions' conductivity when a high voltage is 

applied. The correlation between the solution's 

viscoelasticity and the composed of beads has been 

demonstrated [18]. Viscoelastic force enables the jet 

to elongate smoothly and continuously into fibers 

throughout the electrospinning process [19]. As the 

fiber moves toward the collector, it thins during the 

elongation process. In a low viscosity fluid, fiber 

thinning causes fiber break-up and bead production 

because polymer chain entanglement is reduced [20]. 

Increased incorporation of highly extensible 

chemicals (polymers) into the precursor solution 

might result in a high viscoelastic feature [18]. 

 

  
(a)   (b) 

  
(c)   (d) 

Fig. (3) FE-SEM images of PVP nanofiber mats, pure PVP and 

Ag-PVP at different concentrations (a) pure PVP (b) PVP+1% 

Ag (c) PVP+2% Ag (d) PVP+3% Ag 

 

Figure (4) shows the PVP and Ag-PVP 

nanofibers' absorption, which shows that the rises 

with the addition of Ag. Consequently, It would make 

more sense to draw the conclusion that the 

nanocomposite exhibits significant UV visible 

absorption. 

This kind of material has a wide range of potential 

applications, especially in optics, as shown by the 

observed increase in electromagnetic radiation 

absorption and broadening of the absorption spectra 

from 320 nm to 1100 nm wavelengths, which is 

attributed to the presence of silver in the polymer 

matrix [21]. With the use of equation (1), it is simple 

to determine the absorption coefficient at the 

frequency linked to the high absorption area from the 

absorbance (A) and the film thickness (t) [22]: 

α =2.303 A/t      (1) 

One of the most significant characteristics of the 

absorption spectra of crystalline and amorphous 

materials is the basic absorption edge. Understanding 

the transition from valence to conduction band is 

essential for calculating the material band gap. A 

calculation of the energy band gap (Eց) was made 

using equation (2) [22]. 

αhυ = B (hυ − Eց)r    (2) 

where Eց is the optical energy gap, B is a structure-

dependent constant, and r is an index that describes 

the optical absorption process; the index values can 

be 1/2 depending on the kind of electronic transition 

that initiates the absorption [12,13] 
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(d) 

Fig. (4) Absorption spectra and the magnitude of the energy 

gap (a) pure PVP (b) PVP+1% Ag (c) PVP+2% Ag (d) 

PVP+3% Ag 

 

The values of the absorption coefficient for each 

electromagnetic radiation wavelength were 

determined using UV-visible spectra. By use plots of 

(αhv)2 in the high absorbance area to project the linear 

sections of the plots to zero absorbance, the value of 

Eg is obtained. 

Figure (4) displays Also the generated 

dependencies (αhv)2 in the radiative energy function 

with the x-intercept, which correspond to the energy 

gap width of the examined nanofibers.The energy gap 

of pure PVP polymer nanofibers was 4.20 eV, which 

is in line with earlier findings [23]. PVP-Ag 

composite nanofibers' direct energy gap values 

decreased when Ag nanoparticles were added to the 

polymer solution at concentrations (1%, 2%, and 3%) 

Ag in comparison to pure PVP nanofibers. The 

production of localized states (an increase in the 

number of traps) between the highest occupied 

molecular orbital and the lowest unoccupied 

molecular orbital energy bands may be explained. 

The functional groups were identified by infrared 

absorption spectra (FTIR) analysis as part of the 

description of pure PVP nanofiber and composite Ag-

PVP nanofiber generated by the electrospinning 

technique. From Fig. (5) the FTIR measurement 

explain the bonds of PVP structure where, revealed a 

large peak at wave number 3444 cm-1, which is 

connected with the O-H bond, which stands for the 

hydroxyl group. At wave number 2935 cm-1, there is 

an asymmetric stretching related to the C-H bond. 

The PVP's distinctive peaks may be seen at wave 

number 1665 cm-1, which is associated with the 

stretch of the C=O (carbonyl group). As it can be seen 

from this figure the C=O bond affected significantly 

by adding Ag nanoparticles which may be due to the 

deformation in PVP chain, Asymmetric stretching is 

linked to the C-H vibration beam and happens at the 

peak of 1511 cm-1 pertains to the pure and 1414 cm-1 

for the doping with silver. At the 1285 cm-1 

absorption peak, there is a curvature towards the C-N 

vibration bond. At the absorption peaks (1014 cm-1 

and 833 cm-1), the C-C bond bends, these findings 

align with other studies [2,3] FTIR measurements 

have shown that the addition of Ag to PVP leads to a 

change in the intensity of the absorbing peaks of the 

oscillations. 

 

 
Fig. (5) Infrared spectra of pure PVP fibers and FTIR spectra 

of PVP-Ag 

 

The photodetector's rapid fall times and reaction 

times are its most important features. Ag-PVP films 

were coated on an n-Si substrate at varying 

concentrations, and the photosensitivity of the 

detector was assessed for each film. In Fig. (6), the 

time-dependent optical currents of pure PVP organic 

polymer and doped with varying ratios of (1%, 2%, 

and 3%) Ag are displayed. Time-current properties (I-

t) were measured, and two excitation wavelengths 

(360 nm and 465 nm) were used. from this figure, The 

relation was used to determine the sensitivity values 

of PVP that was pure and doped with silver 

nanoparticles. [24]: 

𝑆 =
𝐼𝑝ℎ−𝐼𝑑

𝐼𝑑
× 100%   (3) 

where Iph is Lighting current and Id is darkness current 

The results demonstrated high sensitivity and 

tracked the region close to the UV region, which is 

consistent with the previously mentioned optical 

properties that point to a high absorption in that area. 

It was discovered that when the doping rate increased, 

the photocurrent rose noticeably. The rise in current 

in a sample under light is measured by sensitivity (S). 

When a light is switched on, conductivity rises, and 

when the light is shut out, current returns to its initial 

level. 

It is evident that the rise and fall timings for each 

state of the lights turning on and off throughout this 

procedure are less than twenty seconds. This process 

is done several times Additionally, The findings 

demonstrated that increasing the doping greatly 

increased the produced films' surface area, which in 

turn increased the absorption ratio and the production 

of charge carriers, thus improving the photodetector's 

sensitivity. The likelihood that the electron will be 

stimulated into the conduction band increases as a 

result. The photocurrent's pulse shape shows an 

improvement over the pure PVP pulse form, 

indicating a faster reaction to these light wavelengths. 

The results of the examination showed that the 
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concentration of 3%Ag had higher photosensitivity 

than the other concentrations. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 

 
(g) 

Fig. (6) Time-dependent photocurrent of the PVP and PVP-Ag 

(a) pure PVP (b) 1%Ag at 360nm (c) 1%Ag at 465nm (d) 2%Ag 

at 360nm (e) 2%Ag at 465nm (f)3%Ag at 360nm (g) 3%Ag at 

465nm 

 

 

5. Conclusions 

In this work, PVP and Ag-PVP nanofibers were 

produced by electrospinning successfully. As 

demonstrated by the XRD results, homogenous 

structures, smooth surfaces, and a reduction in fiber 

diameter with the addition of Ag. The Ag-PVP 

nanocomposite exhibits an increased absorption 

spectrum and a shifted optical energy gap, moving 

from 4.20 eV to 1.52 eV, The good synthesis of UV 

detector was obtained, where the high sensitivity of 

Ag-PVP nanofiber reach to 1700% for the prepared 

sample at 3% Ag. 
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Table (2) Absorption peaks of PVP mixed with Ag with different mixing ratios and DC voltage values using a direct current (DC) 

voltage (20 kV) 

 

Samples 
O-H Stretch 

Vibration 

C-H Stretch 

Vibration 

C=O Stretch 

Vibration 

C- H Stretch 

Vibration 

C-N bending 

Vibration 

C-C bending 

Vibration 

Pure PVP 3444 2935 1665 1511 1408 1126 

1%Ag 3444 2935 1665 1414 1267 1088 

2%Ag 3444 2935 1665 1414 1267 1088 

3%Ag 3444 2935 1665 1414 1267 1088 

 

Table (3) The sensitivity, response time and recovery time for PVP doped with different Ag doping ratios at high voltage (20 kV) 

 

Sample 

Sensitivity 

% at 

360nm 

Sensitivity 

(%) 

@465nm 

Response 

Time (s) 

@360nm 

Recovery 

Time (s) 

@360nm 

Response 

Time (s) 

@465nm 

Recovery 

Time (s) 

@465nm 

1% Ag 8.4 2.55 8.4 7.4 2.55 2.45 

2% Ag 7.95 6.2 7.95 7.8 6.2 12.4 

3% Ag 17.7 19 17.7 0.42 19 18 
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In this study, plasma nitriding (using nitrogen gas) was utilized to treat the 
surface of a titanium alloy (Ti6Al4V) for varying durations (5, 10, 15, and 20 
hours). The measurements revealed that nitrogen was deposited on the alloy, 
with the highest rate of deposition observed after a 20-hour treatment. 
Corrosion measurements demonstrated a substantial enhancement in the 
sample's corrosion resistance, with the corrosion rate for the untreated sample 
being 2.497×10-2 mm/year, gradually decreasing with longer nitriding 
treatment. It decreased to 1.350×10-4 mm/year for the sample treated for 20 
hours, indicating a remarkable 184.96 fold improvement after the 20-hour 
treatment. Furthermore, the protection efficiency increased with the treatment 
duration. In the untreated sample, the protection was 0%, gradually rising to 
99.45% for the sample treated for 20 hours. Additionally, the open circuit 
potential (OCP) shifted in the positive direction, from -0.439 V for the untreated 
sample to -0.050 V for the 20-hour treated sample. The results highlighted a 
significant improvement in the alloy's corrosion resistance after immersion in a 
simulated body fluid. 
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1. Introduction 

Biomedical alloys are any synthetic material used 

to replace or restore the function of body tissues and 

are in continuous or intermittent contact with body 

fluids. This definition is somewhat restrictive as it 

excludes materials used in devices such as surgical 

instruments or dental tools. Typically, exposure to 

body fluids means that the biomaterial is placed 

inside the body to improve the recipient's health or 

save lives. However, no human-made structure is 

perfect. All manufactured devices have a failure rate. 

Additionally, all humans differ in genetics, gender, 

body chemistry, living environment, and levels of 

physical activity. Moreover, doctors implant or use 

these devices to varying degrees [1,2]. Studies in the 

field of biomaterials focus on two things: 

 Developing new metallic materials with 

mechanical properties similar to human bone 

 Surface modification techniques that enable 

achieving optimal biological compatibility 

closely linked to corrosion behavior in biological 

environments. 

The properties of alloys used as biomaterials for 

bone surgery include high specific [3]. Biological 

material is a synthetic material used to replace a part 

of a living system or to work closely with living 

tissues. The ultimate goal of using biological 

materials is to improve human health by restoring the 

function of living tissues and organs in the body [4]. 

Corrosion resistance of surgically implanted alloys is 

one of the key properties, as metallic alloys come into 

contact with highly aggressive media such as body 

fluids due to the presence of chloride ions and 

proteins. In the corrosion process, the metallic 

components of the alloy are oxidized to their ionic 

forms and oxygen is reduced to hydroxide ions. The 

corrosion properties of alloys are greatly influenced 

by the thin film formed on the surface of the alloy and 

the presence of alloying elements. The corrosion rate 

can be determined from the following equation [5] 

𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒(𝑚𝑚𝑝𝑦) =
3.27×10−3𝑖𝑐𝑜𝑟𝑟.(𝐸𝑞.𝑤𝑡)

𝑑
 (1) 

 

2. Experimental Part 

Samples are placed in the plasma chamber on the 

cathode, and the cathode is connected to a continuous 

power source while the room is grounded anode. As 

for the plasma discharge nitriding process, it is carried 

out under the following conditions: current of 24 mA, 

voltage of 600 V, distance of 4 cm, and pressure of 

1.5×10-1 mbar. The plasma chamber is evacuated to a 

vacuum pressure of 1 mbar to ensure the removal of 

heavy gases such as hydrocarbons. Upon reaching the 

vacuum pressure, nitrogen gas is introduced into the 

chamber through the needle valve at a pressure of 

1.5×10-1 mbar. The voltage of the continuous power 

source is increased until the plasma is generated, and 

after the specified treatment time (5 hrs), the system 

is turned off and left until the chamber temperature 

reaches room temperature. The valve at the top of the 

chamber is opened to equalize the pressure, samples 

are removed and placed in plastic containers, and the 

process is repeated for the remaining samples under 

the same conditions except the time, which changes 

to 20, 15, and 10 hours. After the completion of these 

treatment periods, it is observed that all samples have 

changed in color from silver to golden. 

Corrosion behavior was measured using an 

advanced electrochemical system (model CHI 604e). 

Before starting the corrosion measurements, the 

samples were soaked for 60 min in a simulated body 

fluid (SBF) solution to achieve equilibrium state. 
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3. Results and Discussion  

From Fig. (1) and table (1), it is evident that the 

corrosion of the samples decreased with an increase 

in the deposition period. The corrosion rate for the 

uncoated sample was 2.497×10-2 mmpy compared to 

the coated sample (h20) which was 1.350×10-4 

mmpy. This means that the corrosion decreased by 

184.962 compared to the base sample, and the 

corrosion rate for the other samples also decreased 

with an increase in the treatment period. From Fig. 

(2), it is evident that the open-circuit voltage of the 

uncoated sample (-0.439 V) has increased towards the 

positive direction compared to the coated sample 

(h20) which became -0.050 V. This means that the 

impedance has increased due to the increase in the 

thickness of the coating obtained as a result of the 

increase in the deposition period on the sample. Table 

(1) shows the open-circuit voltage of the samples. It 

is noted that all samples have gradually increased in 

impedance with the increase in the deposition period. 

 

 
Fig. (1) Variation of potential with current density for different 

processing periods 

 
Table (1) Corrosion measurements 

 

OCP 
(V) 

Βa Βc 
Corr. Rate 

(mmpy) 
x10-4 

Icorr. (A) 
x10-8 

Ecorr. 
(V) 

It. 

-0.439 0.200 0.205 249.7 286.9 -0.471 Base 

-0.218 0.254 0.212 68.27 78.44 -0.331 5hr 

-0.111 0.161 0.150 15.85 18.22 -0.113 10hr 

-0.087 0.252 0.232 5.754 6.612 -0.004 15hr 

-0.050 0.198 0.200 1.350 1.552 0.125 20hr 

 

The protection efficiency can be calculated from 

the following equation [6] 

𝑃𝐸% =
𝐼°𝑐𝑜𝑟𝑟 −𝐼𝑐𝑜𝑟𝑟

𝑐

𝐼°𝑐𝑜𝑟𝑟
× 100  (2) 

From table (2), we notice that the calculated 

protection efficiency from Eq. (2) has increased with 

the increase in processing time, where for the coated 

sample for 20 hours it was 99.45%, which means that 

the coating for 20 hours has served the purpose by 

providing high protection for the sample. 

 

 
Fig. (2) Variation of potential with time for the uncoated 

sample 

 
Table (2) protection efficiency 

 

Processing period (h) Protection efficiency (%) 

Base 0 

5 72.91 
10 93.7 
15 97.71 
20 99.45 

 

Resistance of Polarization can be calculated from 

the following equation [7] 

𝑅𝑃 =
𝛽𝑎𝛽𝑐

2.303𝐼𝑐𝑜𝑟𝑟
° (𝛽𝑎+𝛽𝑐)

   (3) 

 
Table (3) Resistance of Polarization  

 

Processing period (h) Resistance of Polarization (k (Ω  

Base 15.321 
5 63.966 

10 1334.5 
15 27852.998 
20 2783.725 

 

4. Conclusion 

The electrochemical analysis of the (Ti6Al4V) 

alloy soaked in a simulated body fluid (SBF) reveals 

that the alloy maintains its oxidized state for over a 

minute under different treatments. Altering the 

chemical composition in the layer significantly 

enhances the corrosion resistance of the samples. 

Specifically, the sample treated for 20 hours displays 

exceptional corrosion resistance attributed to the 

elimination of selective corrosion observed in earlier 

treatment stages. These findings highlight the 

potential for developing a high-spec medical alloy 

suitable for bone grafting and enhancement by 

researchers. 
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In this paper, we address the issue of plasma instability and its effect on Bohm diffusion, the 
key factor determining the particle flow in plasma and focusing on the Langmuir probe 
diagnostics. More precisely, we utilize Langmuir probe measurements to study the influence 
of two plasma instabilities, specifically, turbulence and orbital ionization fluctuations. With the 
help of these two experiments, we find and analyze complex relationships between instability 
and Bohm diffusion, demonstrating how these two factors interact. The study's findings 
obtained, help to understand that in the plasma instability and plasma parameters are changing 
and thus, the mobility of charge carriers is unstable and, as a result, the Bohm diffusion 
process is changing. Langmuir probe diagnostics makes it possible to turn into practically 
valuable information about the behavior of plasma systems, which in turn can be used to 
manage and optimize plasma technologies. 
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1. Introduction 

A magnetron sputtering device is a type of 

physical vapor deposition (PVD) tool used in thin 

film deposition processes [1,2]. Plasma instability 

arises when there are gradients or variations in the 

plasma parameters (e.g., density, temperature, 

magnetic field) along the direction of a particle's drift 

[3-5]. These gradients can create a situation where 

particles experience different forces as they drift, 

leading to a net accumulation of particles in certain 

regions. This particle accumulation can disrupt the 

equilibrium of the plasma, leading to the 

development of instability [6-10]. The I-V 

characteristics of a probe typically refer to the 

relationship between the current (I) passing through 

the probe and the voltage (V) applied across it, as 

presented in Fig. (1). Electron retardation region is 

characterized by a gradual increase in current with 

voltage. For Maxwellian distribution, the electron 

current is given by: 

𝐼𝑒 = 𝐼𝑒𝑠 𝑒𝑥𝑝 [
𝑒(𝑉𝐵−𝑉𝑝)

𝑘𝐵𝑇𝑒
]   (1) 

By taking ln of Eq. (1), one can get:  
𝑑𝑙𝑛 𝐼𝑒

𝑑𝑉
=

𝑒

𝑘𝐵𝑇𝑒
    (2) 

Equation (2) above demonstrates that the slope of 

the curve for (lnIe-V) is precisely 1/Te(eV), which 

serves as an accurate indicator of the electron 

temperature [5], where Ie, Ies, e, VB, Vp, kB, and Te are 

electron current, electron saturation current, electron 

charge, bias voltage, plasma potential, Boltzmann 

constant, and electron temperature, respectively 

Thus, the electron density (ne) is determined as: 

𝑛𝑒 =
4𝐼𝑒𝑠 

𝑒 𝐴𝑝
 √

𝜋𝑚𝑒

8𝑘𝐵𝑇𝑒
    (3) 

where Ap and me, are probe surface area and electron 

mass, respectively 

Plasma instabilities, for example, electron density 

fluctuations, temperature oscillations, or electric field 

dynamics, also have a considerable influence on 

Bohm diffusion in planar magnetron sputtering 

systems [11-17]. Bohm diffusion is the diffusion of 

plasma across a magnetic field with a diffusion 

coefficient equal to: 

𝐷𝐵𝑜ℎ𝑚 =
1

16
 
𝑘𝐵𝑇

𝑒𝐵
   (4) 

where B is the magnetic field strength, and T is the 

temperature 

 

 
 

Fig. (1) Typical current-voltage characteristics of Langmuir 

probe in plasma 

 

Particle flux (Γ) per unit area per unit time is equal 

to the product of particle density (n) and the mean 

velocity of the particles (<v>). The diffusion 

coefficient (D) which is related to particle flux caused 

by a density gradient (∇n), defined throughout 

[18,22]: 

𝛤 = 𝑛 < 𝑣 >= 𝑛 
𝐸

𝐵
= −𝐷 𝛻𝑛  (5) 

This equation is called Fick’s law. 

Plasma turbulence refers to the chaotic, irregular 

behavior observed in plasmas, which are ionized 
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gases consisting of positively charged ions and 

negatively charged electrons. In this work, we will 

apply the concept of modified Bohm diffusion on two 

cases [23-26]: Strong turbulence, the diffusion 

coefficient (Dst) can be calculated from: 

Dst =
γ

K⊥
2     (6) 

The instability factor (Cst) will become equal to:  

𝐶𝑠𝑡 =
𝛾

𝐾⊥
2  

𝑒𝐵

𝑘𝐵𝑇
    (7) 

Weak turbulence, the diffusion coefficient (Dwt) 

can be calculated from: 

𝐷𝑤𝑡 =
𝛾2

𝜔𝐾⊥
2    (8) 

The instability factor (Cwt) will become equal to:   

𝐶𝑤𝑡 =
𝛾2

𝜔𝐾⊥
2  

𝑒𝐵

𝑘𝐵𝑇
    (9) 

 

2. Experimental Part 

The vacuum chamber, DC power supply, 

magnetic field settings, and Langmuir probe design 

were all included in the design of the planar 

magnetron sputtering apparatus used in this study. A 

schematic of the system is shown in Fig. (2). A 37cm 

long by 30cm diameter cylindrical piece of Pyrex 

glass is used to build the vacuum chamber. Two 

miniature pipes were joined at the mid-top and 

bottom of the vessel. One of these conduits was 

connected to the pumping mechanisms, while the 

other was utilized for the delivery of Argon gas. The 

two planar electrodes are constructed from aluminum 

and have an inner diameter of 6cm and an inner length 

of 3cm. Both electrodes are secured with Teflon to 

ensure no contact with the chamber walls, and the 

separation between the two electrodes is 10cm. The 

diagram of this chamber is presented in Fig. (2). This 

work involves the creation of a set of cylindrical 

probes that are used to research the plasma properties 

along the cathode in accordance with the single probe 

configuration. This group is made up of tungsten 

wires with a 0.3 mm diameter that are all coated in 

sleeve wire to provide insulation, with the exception 

of a brief exposed tip length. The tip has a length of 3 

mm. These probes are inserted into a 4 mm diameter 

glass tube. 

 

 
Fig. (2) Schematic of the DC planar magnetron sputtering 

system 

 

3. Results and Discussion  

The slope of the probe characteristics' lnIe-V curve 

was used to compute the electron temperature, 

according to Eq. (2). The effect of gas pressure on the 

behavior of electron temperature at different places is 

seen in Fig. (3). In all radial places (cathode 

diameter), the results showed a decrease in electron 

temperature as the gas pressure rose from 0.04 to 0.4 

Torr. This behavior might be brought on by a change 

in gas pressure, which would alter the gas discharge. 

Moreover, since electron energy is transferred to the 

gas atoms by inelastic collisions, the electron 

temperature decreases as the gas pressure rises. As a 

result, the temperature of the gas increases while the 

temperature of the electrons and their average kinetic 

energy fall. Important information about the 

properties of the plasma, including the electron 

number density, may be gleaned by examining the 

relationship between the applied voltage and the 

measured current. 

 

 
Fig. (3) Variation of electron temperature in plasma with 

different gas pressures at the cathode diameter (radial 

position) 

 

Equation (3) may be used to calculate the electron 

number density. The effect of gas pressure on electron 

density at different sites is seen in Fig. (4). It is 

evident that when the gas pressure increases in all 

radial places (cathode diameter), the electron density 

increases. This is due to the fact that higher electron 

gas pressure causes more inelastic collisions between 

electrons and Ar atoms, which raise electron number 

density. Drift velocity can be calculated by using Eq. 

(5). The effect of gas pressure on the drift velocity at 

different places is shown in Fig. (5). According to the 

statistics, the drift velocity decreased as gas pressure 

rose in all radial locations. The mean free path of ions 

in the plasma is determined by gas pressure, which 

explains this pattern. Due to the increased likelihood 

of ions colliding with gas particles over shorter 

distances, the mean free path reduces with higher 

pressures. As a consequence of the decreased travel 

lengths between impacts, the drift velocity of ions 

may decrease with increased pressure. Furthermore, 

the drift velocity radial profile showed that the drift 
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velocity value rises toward the cathode ends and 

decreases in the center of the cathode. This trend is 

explained by the distribution of the magnetic field, 

which is greatest in the center and decreases toward 

the cathode ends. 

 

 
Fig. (4) Variation of electron number density in plasma with 

different gas pressures at the electrode diameter (radial 

position) 

  

 
 

Fig. (5) Demonstrates drift velocity versus radial position 

 

 
 
Fig. (6) The particle flux of drift wave instability as a function 

of radial position 

 

 
 

 
 
Fig. (7) The variation of instability factor (C-factor) with radial 

position 

 

Equation (5) may be used to compute particle 

flux. The effect of gas pressure on the behavior of 

particle flux at different places is shown in Fig. (8). 

In every cases under investigation, it is possible to see 

that particle flow increases as gas pressure rises 

(radial positions). This indicates that there is a general 

relationship between greater gas pressure and higher 

rates of particle collisions in the plasma. The particles 

disperse more evenly in the radial direction as a result 

of the enhanced diffusion processes brought about by 

the higher collision frequency. However, by using 

equations (7) and (9), we are able to calculate the 

experimental values of strong turbulence instability 

factor (Cst) and weak turbulence instability factor 

(Cwt) as a function of radial position and plotted in 

Fig. (7). It is clear from this figure; the instability 

factor increases with increases of gas pressure in all-

radial positions (with a higher rate in the strong 

turbulence compares with weak turbulence). This 

means that, gas pressure affects the plasma density 

profile. As well as, the stability factor has high values 

in the stable region (near from center of plasma 

column) and has small values in the unstable region, 

i.e., the instability factor has indirect proportional 

plasma density (because of the instability factor has 

similar behaviour to the plasma density). 
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Fig. (8) The variation of diffusion coefficient with radial 

position 
 

In Fig. (8), we have plotted the experimental 

values of Dexp (using Eq. 4), Dst (using Eq. 6), and Dwt 

(using Eq. 8) as a function of radial position. In 

addition to the fitting which is shown between Dexp 

and Dwt, we pointed out too, the Dst was approach 

from Dexp in the region near from center and edge of 

plasma. One can observe that the diffusion coefficient 

increasing with the increase of gas pressure in the all-

radial positions (cathode diameter). This behavior can 

be explained as; Gas pressure affects the collisional 

of the plasma. At higher pressures, collisions between 

particles are more frequent, leading to enhanced 

particle diffusion. Radial position in the plasma can 

drastically affect the conduct of go with the flow 

waves and, therefore, the diffusion coefficient. 

 

4. Conclusion 

In this work, the effect of instability on Bohm 

diffusion has been demonstrated. The current findings 

show that, at all radial places (cathode diameter), the 

electron temperature declined as gas pressure 

increased from 0.04 to 0.4 Torr, whereas the electron 

number density increased as gas pressure increased. 

Furthermore, when gas pressure rises in all radial 

locations, the instability factor and diffusion 

coefficient both rise (with a higher rate in the strong 

turbulence compares with weak turbulence). The 

modified Bohm diffusion equation's instability factor 

and diffusion coefficient agree better with the 

unstable region than with the stable region, where the 

Bohm diffusion model's description of enhanced 

particle diffusion is influenced by instabilities in 

plasma behavior. 
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In this study, a layer of CdS was deposited on a silicon substrate using vacuum deposition 
system, and a layer of AlGaN was deposited on a silicon substrate (30% AlN with 70% GaN) 
by using a pulsed-laser deposition (PLD) technique. The electrical properties of the prepared 
films of AlGaN and CdS were studied. The results of the photoluminescence test showed a 
bandgap of 2.62 eV for AlGaN film and 3.62 eV for CdS film. The measurement results (Hall 
effect) showed that composite films of AlGaN and CdS are of type N; the electrical conductivity 
values are 0.043 (Ω.cm)-1 and 0.127 (Ω.cm)-1 for AlGaN and CdS films, respectively, and the 
carrier density values are −3.97x1015 cm-3 and −1.59x1015 cm-3 for AlGaN and CdS films, 
respectively. The results of the experimental study in the computer simulation were used to 
study the effect of the thickness of Al0.3Ga0.7N layer on the performance of solar cell 
Al0.3Ga0.7N/CdS/P-Si. The results of the simulation showed the increase of Al0.3Ga0.7N 
thickness has a reverse effect on the efficiency of the solar cell, and the efficiency decreased 
from 2.69% at 0.1 µm thickness to 1.69 µm at 5 µm thickness due to the increased blocking 
of the solar spectrum by this layer from the main layer of absorption, the silicon, which led to 
a decreased contribution to the generation of the electron gap pair. 
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1. Introduction 

Semiconductors receive the most attention in the 

field of electronic industries from researchers, 

semiconductor materials are often subject to studies 

that aim to improve their electrical and optical 

properties, and most studies focus on the use of 

nanotechnology to control the properties of 

semiconductor materials. In addition to 

nanotechnology, another way can be used to control 

the electrical and optical properties, namely, mixing 

the semiconductor materials together in specific 

ratios to make semiconductor alloys with unique 

properties.  

Group III nitride is considered a promising 

material in electronic optical appliances. GaN is 

considered the most popular material after silicon in 

making semiconductor materials and has a direct 

bandgap of 3.4 eV. Its electron mobility may be 

compared with silicon, but its bandgap is three times 

larger than that of silicon; hence, it is an excellent 

choice for high-power applications [1].  

Aluminium nitride (AIN), a member of group III-

N, is also widely used in many engineering and 

optical applications because of its wide direct 

transmission bandgap (6.2 V) and stability in high 

temperatures [2-4].  

AlGaN alloy of unique properties is produced 

through mixing a precise amount of AIN with GaN 

to control the energy gap. Photovoltaic detectors that 

consist of AlxGa(1-x)N (where x determines the 

substituted part of aluminium) are important due to 

their resistance to temperature and radiation changes 

[5]. These alloys are used in making solar cells, 

where the ultraviolet part from solar spectrum can be 

used to increase the efficiency of solar cells. These 

materials are also characterised by adjustable 

absorbing edge [6,7]. When the Al ratio in the alloy 

is changed from 0 to 100, the band edge moves from 

365 nm (3.4 eV) to 200 nm (6.15 eV) [8,9], which 

makes the appliance either transparent or opaque to 

the sun.  

In this project, a formation of AlGaN was made 

according to the equation of energy gap provided by 

Bougrov et al. [10].  

𝐸𝑔

𝐴𝑙𝑥𝐺𝑎(1−𝑥)𝑁
(𝑥) =  𝐸𝑔

𝐺𝑎𝑁(1 − 𝑥) + 

 𝐸𝑔
𝐴𝑙𝑁𝑥 − 𝑏𝑥(1 − 𝑥)   (1) 

Equation (1) consists of a linear part (Vegard’s 

law) and a nonlinear part containing the factor b, 

where b is the direct gap bowing parameter. EgGaN 

and EgAlN are 3.45 and 6.13 eV at room temperature, 

respectively. In Fig. 3, the alloy band gap is shown as 

a function of the chemical composition. The 

downward bowing is evident and can be fitted with 

b=1.3 eV. The experimental error is estimated to be 

±0.2 eV [11]. 

 

1.1.  I–V Curve 

To study curve I -V of prepared AlGaN films, 

metal electrodes being deposited on AlGaN films to 

obtain ohmic contact, also the measures of the I – V 

Curve being used to determine the transmission 

mechanism and electrical parameters of the sample, 

such as Ideality Factor (n), Barrier Height (ΦB), 

Series Resistance (R) and Electron Affinity as 

follows. The equation describe the diode current: 

𝐼 = 𝐼𝑠 exp [
𝑞(𝑉−𝐼𝑅)

𝑛𝑘𝐵𝑇
]   (2) 

where q is the electronic charge, V the voltage applied 

across the diode, kB the Boltzmann constant, T the 

absolute temperature in K, and Is is the saturation 

current derived from the straight-line intercept of lnI 

at zero bias voltage. This equation can be rewritten in 

terms of current density: 
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V = 𝑅 𝐴𝑒𝑓𝑓 𝐽 + 𝑛 𝛷𝐵 + (n/β)ln(J/A∗ T2) (3) 

where 𝐴𝑒𝑓𝑓 is the effective area of the diode, A* is the 

effective Richardson constant that depends on the 

effective mass of carriers (120 A/cm2.K2 for free 

electron) [15,16] 

Differentiating Eq. (3) with respect to J and 

rearranging terms, we obtain The relation between 

d(V)/d(lnJ) with J as: 
𝑑𝑉

𝑑(𝑙𝑛 𝐽)
= 𝑅 𝐴𝑒𝑓𝑓𝐽 +

𝑛

𝛽
   (4) 

This relation was employed to determine the 

ideality factor (n) from its y-intersection (where 

β=q/kBT=38.63 C/J), while series resistance 

calculated from its slope, as shown in Fig. (5). 

Another function of H=V- (n/ β) ln (J/A*T2) was 

employed to determine the ΦB according the relation  

𝐻 = 𝑅 𝐴𝑒𝑓𝑓 𝐽 + 𝑛 𝛷𝐵   (5) 

So, ΦB is determined from the liner relation 

between H and J from y-intersection. Electron 

affinity (χ) is calculated from the relation [17]: 

χ = (ΦM- ΦB)              (6) 

where ΦM represents the metal work function 

 

1.2. SCAPS – 1D 

SCAPS is a 1D solar cell capacitance simulation 

programme developed by Alex Niemegeers et al. to 

simulate the electrical properties of thin-film solar 

cells and heterojunction by solving the equations of 

essential semiconductors devices at equilibrium [18]. 

SCAPS solves the basic semiconductor 

equations, namely, the Poisson’s equations for 

electrons and holes (1); the equations of continuity 

for electrons and holes (2) and the carrier transport 

equations for electrons and holes (3) to obtain the J-

V performance of each simulated solar cell 

architecture [19]. 

Poisson’s Equations: 
𝑑2𝜑(𝑥)

𝑑𝑥2 =
𝑒

𝜀°𝜀𝑟
[𝑝(𝑥) + 𝑛(𝑥) + 𝑁𝐷

+ − 𝑁𝐴
− + 𝜌𝑝 + 𝜌𝑛]    (7) 

where φ, e, ε0, εr, ND
+, NA

-, ρp, and ρn are the 

electrostatic potential, electrical charge, vacuum 

permittivity, relative permittivity, charged impurities 

of donor, charged impurities of acceptor, hole 

distribution and electron distribution, respectively 

Continuity Equations: 

Jn(x) = 𝐷𝑛
𝑑𝑛

𝑑𝑥
= 𝜇𝑛𝑛 𝑑∅ 𝑑𝑥⁄   (8) 

Jp(x) = 𝐷𝑝
𝑑𝑝

𝑑𝑥
= 𝜇𝑝𝑝 𝑑∅ 𝑑𝑥⁄   (9) 

Where Jn and Jp are the electron and hole current 

densities, respectively, μp and μn are the probability 

of the electron and gap moving through the cell, 

respectively [19] 

Carrier Transport Equations 

Semiconductor devices have two types of key 

transport mechanisms: drift and diffusion. This 

movement of charge carriers generates a current in 

the device. The density of total electron current Jn in 

drift and diffusion is expressed as follows [19]: 

Jn = Jn,drift + Jn,diff              

Jn = q(nµnE + Dn
𝑑𝑛

𝑑𝑥
)   (10) 

and same applies to holes: 

Jp = Jp,drift + Jp,diff 

Jp= q(pµpE - Dp
𝑑𝑛

𝑑𝑥
)   (11) 

 

2. Experimental Part 

First Layer of CdS: Films of CdS were deposited 

by using a PVD system B on a substrate of p-type 

silicon and quartz, where a coating unit was used 

under high pressure of around 10−6 mbar. Thermal 

evaporation was performed by resistant heating using 

high-current energy sources, and the metal mass 

needed for evaporation was calculated to achieve the 

required thickness by using the following equation: 

𝑚 = 𝜌𝑚𝑡 2𝜋 𝑑2    (12) 

where ρm is the mass density, t is the desired film 

thickness and d is the hight of the substrates above 

the evaporation boat 

A thin film was obtained from nano CdS with a 

thickness of 100nm. Figure (1) illustrates the 

microscopic examination of the atomic force and 

cross-section inspection of the prepared films of CdS. 

 

 
(a) 

 
(b) 

Fig. (1) FESEM morphological image of CDS film (a) Surface 

morphology   (b) Cross-sectional view 

 

Second Layer of AlGaN: Thin film of AlGaN was 

prepared by using pulsed-laser deposition (PLD) 
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technique. GaN and AlN target were prepared from 

0.9g of AlN powder with a purity of 99.99% and 2.1g 

of GaN powder with purity of 99.99% were supplied 

from Sigma-Aldrich company. The main parameters 

of laser were selected as follows: 

Nd:YAG laser (HuafeiTongda Technology-

Diamond-288 pattern EPLS), wavelength of 532 nm, 

pulse duration of 10 ns, repetition frequency of 6 Hz 

and power supply of 220 V. 

AlGaN was deposited on p-type silicon and 

quartz substrates. Film deposition was performed 

inside a 0.1 Torr evacuated vacuum chamber that 

contained the substrate holders and target. Laser 

beam with energy of 180 mJ was focused on the 

AlxGa(1-x)N target. The sample was prepared using 

300 laser pulses and a mixture of 30% AlN and 70% 

GaN. Figure (2) illustrates the microscopic 

examination of the atomic force and cross-section 

inspection of the prepared films of AlGaN. 

 

 
(a) 

 
(b) 

Fig. (2) FESEM morphological images of AlGaN (a) Surface 

morphology   (b) Cross-sectional view 

 

3. Results and Discussion 

Photoluminescence (PL) spectrum was recorded 

for the prepared films, and a bandgap of 2.62 eV of 

CdS film was obtained, as shown in Fig. (3). Such 

increase in the bandgap from the common value 

(2.24eV) is attributed to the quantum confinement of 

energy levels for materials at nanoscale [20]. 

 

 
Fig. (3)  PL emission spectrum of the Al0.3Ga0.7N sample 

 

The results for AlGaN film showed a bandgap 

value of 3.62 eV, and this value was determined 

through the ratios of each AlN and GaN in the film, 

as shown in Fig. (4). 

 

 
Fig. (4):  PL emission spectrum of the CdS sample 

 

The Hall effect on the prepared films was tested 

to study the electrical properties of AlGaN. The 

results of the Hall effect measure showed that AlGaN 

composite films are of n-type, which corresponds to 

the data reported [21]. Moreover, the test results 

reflected conductive values and density of prepared 

films carriers, as shown in table (1). 

To study the I-V curve of the prepared AlGaN 

films, Au electrodes were deposited on AlGaN films 

by using PVD system to obtain a diode. The measures 

of the I-V curve were used to determine the 

transmission mechanism and electrical parameters of 

the sample, such as ideality factor, barrier height, 

resistance and electron affinity of diode through 

equations (2–6) and Fig. (5a). 
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Figure (5b) demonstrates the semilogarithmic 

relationship of forward bias properties of I–V of 

heterogeneous connection structure, which indicates 

that the current increases greatly for applied voltage 

of less than 1.1V. This exponential behaviour in low-

voltage area may lead to compose depletion zone 

between metal and AlGaN [2]. In Fig. (5b), the 

Schottky barrier disappears when applied voltage is 

higher than 1.1V. Saturation current values, ideality 

factor, barrier height and electron affinity were 

calculated are shown in table (2). Value n equals 1 for 

ideal diode. However, n usually has a value higher 

than unit. Deviation of ideality factor from 1 is 

always attributed to the effects of facade cases, 

recombination of charges and existence of other 

elements. 

 

 
Fig. (5) As-deposited Au/AlGaN Schottky diode (a) Plots of 

dv/d(lnJ) vs J and H(J) vs J. (b) Experimental and calculated 

In J vs V plots 

 

In this part of the study, SCAPS-1D was used to 

stimulate solar cell that contains of three layers 

AlGaN/CdS/p-Si, Figure (6) illustrates cell 

composition in this work. 

 

 
 

Fig. (6) Solar cell model diagram 

 

The effect of thickness of AlGaN layer on the 

electrical properties of the designed cell, open-circuit 

voltage (VOC), short-circuit current (JSC), fill factor 

(F.F.) and quantum efficiency (η) were studied. 

Figures (7-11) illustrate the results revealed a clear 

decrease in the values of short-circuit current with an 

increase in thickness due to the increase in the electric 

resistance of the layer, which negatively affects the 

filling factor that is directly proportional to open 

circuit current leading to a decrease in the efficiency 

of the solar cell. The increase in the thickness of the 

layer causes the increase of the block of solar 

spectrum from the main absorbing layer, which is 

silicon. Hence, the contribution to the generation of 

electron gap pair decreases, and the increase in the 

thickness of this layer increases the undesirable 

recombination because of major diffusion. 

The results of studying the effect of the thickness 

of the AlGaN permeation layer indicated that 

increasing the thickness reduces the efficiency of the 

solar cell slightly. The efficiency value remains 

approximately constant at 2.6% up to a thickness of 

2.5 µm because this layer absorbs only ultraviolet 

rays from the solar spectrum and is permeable to the 

remaining part of the spectrum used. After that, the 

decrease in cell efficiency from 2.6% at a thickness 

of 2.6 µm accelerates to approximately 2% at a 

thickness of 5 µm because this layer blocks the 

electromagnetic spectrum from the rest of the cell 

parts, which means a decrease in the contribution to 

the affinity of the electron–gap pair. The results of the 

current curve showed that the value of the voltage 

remains almost constant, whereas the value of the 

current decreases with increasing thickness, and this 

is due to the increase in the electrical resistance of the 

cell. 

 

 
Fig. (7) Effect of thickness of AlGaN layer on I-V properties of 

cell AlGaN/CdS/p-Si 

 
Fig. (8) Effect of the thickness of AlGaN layer on efficiency of 

cell AlGaN/CdS/p-Si 
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Fig. (9) Effect of the thickness of AlGaN layer on fill factor of 

cell AlGaN/CdS/p-Si 

 

 
Fig. (10) Effect of the thickness of AlGaN layer on the short 

circuit current of cell AlGaN/CdS/p-Si 

 

 
Fig. (11) Effect of the thickness of AlGaN layer the open circuit 

voltage for cell AlGaN/CdS/p-Si 
 

4. Conclusion 

The presence of a distinct absorption peak in CdS 

sample was confirmed in the visible region, whereas 

the characteristic absorption peak of the AlGaN 

sample was in the ultraviolet range. Thus, the energy 

gap covered a wide region of the electromagnetic 

radiation spectrum, which enhanced the 

characteristics of the solar cell. Reducing the 

thickness of the AlGaN layer led to improved solar 

cell performance due to a greater amount of light 

energy crossing the absorption layer of the solar cell. 

The optimum thickness of the solar cell layer was 100 

nm for AlGaN. Consequently, the following values 

were obtained for the best cell at the temperature of 

300K: VOC=0.17 V, JSC=36.62 mA/cm2, FF=42.89% 

and η=2.68%. The results exhibited a clear decrease 

in the values of short-circuit current with an increase 

in thickness due to the increase because of the 

decrease in the amount of light energy crossing the 

absorption layer of the solar cell and the increase in 

the electric resistance of the layer, hence leading to a 

decrease in the contribution to the generation of 

electron hole pair and an increase in the thickness of 

this layer increases undesirable recombination 

because of major diffusion. 
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Table (1) C.B density of state, Electrical conductivity, and mobility of Al0.3Ga0.7N and CdS 

 

Sample  C.B density of state (cm-3) Conductivity (Ω.cm)-1 Mobility (cm2/V.s) Type 

Al0.3Ga0.7N -3.97E+14 4.30E-02 6.77E+02 N 

CdS -1.59E+15 1.27E-01 4.97E+02 N 

 

Table (2) The ideality factor, Saturation current, Series resistance, Barrier height and Electron affinity 

 

Electron affinity 𝝌 (eV) Barrier height 𝝋𝑩(𝐞𝐕) Series resistance Rs (ohm) Saturation current Is (mA) Ideality factor n Simple 

4.65 0.55 13.27 0.000877 3.13 AlGaN 

 

 Table (3) Simulation parameters for the different layers in AlGaN/CdS/p-Si thin film solar cells [22,23] 

 

AlGaN CdS Si Symbol (unit) Parameters 

640nm 1042nm 300 µm W Thickness 

3.62 2.63 1.12 Eg (eV) Bandgap 

4.65 4.2 4.5 χ (eV) Electron affinity 

9.35 10 11.9 ϵr Dielectric permittivity 

3.97E+14 2.20E+18 2.80E+19 Nc (cm-3) C.B density of state 

1.00E+12 1.80E+19 1.04E+19 NV (cm-3) V.B density of state 

1.00E+07 1.00E+07 1.00E+07 Vn (cm/s) Electron thermal velocity 

1.00E+07 1.00E+07 1.00E+07 Vp (cm/s) Hole thermal velocity 

6.77E+02 1.00E+02 1.50E+03 µn (cm2/V.S) Electron mobility 

6.16E+02 2.50E+01 4.50E+03 µp (cm2/V.S) Hole mobility 

3.97E+14 1.00E+17 0 ND (1/cm3) donor concentration 

0 0 1.00E+16 NA (1/cm3) acceptor concentration 

 -  -  - Normal defect 

 

https://link.springer.com/book/10.1007/978-3-319-93988-9#author-0-0
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Fe3O4@C@Mg nanoparticles were prepared by the electro-exploding of C and Mg (C-Mg) 
wires in Fe3O4 colloidal solution nanoparticles respectively. The structural properties of 
the produced nanospheres have been examined via x-ray diffraction (XRD), field-emission 
scanning electron microscope (FE-SEM), and energy-dispersive x-ray (EDX). The XRD 
study revealed the gradual covering of the Fe3O4 by C-Mg nanoparticles, depending on 
the explosive current C and Mg. The FE-SEM analysis revealed a heavily decorated 
surface of the Fe3O4 nanoparticles with the (C-Mg) nanofibers (NFs) of 50±20nm in 
diameter. The EDX spectrum has detailed the weight percentages of the elements as 
evidence of a successful construction of Fe3O4@C@Mg microsphere. 
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1. Introduction 

The main cause of the diverse nanomaterial 

production methods is to control the produced 

material characteristics. The physical methods are 

characterized by a high degree of purity, fast 

preparation, and limitless production sources [1-5]. 

One of the most prominent physical methods is the 

underwater electro-explosion wire (UEEW) 

technique, which on top of all the qualities mentioned 

above is an inexpensive straightforward, and efficient 

method [3,6,7].     

The characteristics of the NPs produced by the 

UEEW are reliant on many parameters, including the 

material and dimensions of the wires, electrical 

circuit characteristics, and the surrounding medium. 

All control the shape, size, and morphologies of the 

nanoparticles which in turn determine the suitable 

applications.  Targeted medication transfer are the 

most suited for the nanomaterial prepared in this work 

[8-13]. 

This study focuses on Iron oxide nanoparticles 

specifically magnetite (Fe3O4). Fe3O4 is a non-toxic 

biocompatible, which qualifies them to be utilized in 

a broad range of applications, such as high-density 

information storage and electronic devices. Both iron 

oxides represent crystal graphic isomorphs [14–17]. 

 

Carbon and Magnesium are used as explosive 

wires, where carbon nanofibers (CNFs) are a 

compelling nano-material to study due to their 

superior mechanical, surface, and electrical 

characteristics. The broad range of applications of 

CNFs includes sensors [8,9], structural materials 

[6,7], displays for field emission [10,11], scanning 

probe microscopy tips [14,15], and nm-size 

semiconductor devices [16,17]. 

 

In this study, Fe3O4 NPs were coated by C@Mg 

NPs respectively by exploding the C-Mg wire in the 

colloidal Fe3O4 NPs. where a high current pulse is 

transferred by the metal wire in a split second which 

causes the wire to vaporize, then instantly decreases 

its temperature to form the nano-particles [18]. On the 

other hand, to ensure a more, spherical, even NPs and 

a smaller distribution of the particle sizes, The 

colloidal suspension of those nano-particles has been 

exposed to thermal ablation (thereby the plasma or 

vapor phase formation) with the following 

interactions with liquid [19–23].  Several approaches 

have been utilized to study the characteristics of those 

nanoparticles such as XRD, EDX, and FE-SEM. 

 

2. Experimental part: 

The experimental setup to synthesize decorated 

Fe3O4 with Carbon (C) and Magnesium (Mg) is 

depicted in Fig. 1. This process has been 

accomplished through the explosion of thin C and Mg 

wires (0.3mm in diameter) with a purity of 99.99% 

(supplied by Zhongnuo Advanced Material 

Technology Co. Ltd. China) against C and Mg plates 

respectively, that has been held (plates) at 80V 

regarding the wire, trying pulse 150A of current. The 

explosions were conducted in a vessel reactor that 

contains 50mg of the Fe3O4 NPs, with a mean particle 

size of 40nm, ultrasonically dispersed in 100ml of 

distilled water. The electrical circuit stays open until 

the wire touches the plate, which leads to the wire 

explosion. In turn, this opens the circuit to repeat the 

process 30 more times. The metal wire has been 

liquefied, vaporized, and then converted to plasma 

due to a high current density pulse passing through 

the wire. Metal plasma expands at a super-sonic 
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speed, which results in creating a shock wave in the 

liquid medium that surrounds it. At last, the NPs have 

been created by interacting with the liquid. Due to 

explosions of C@Mg wires in Fe3O4 colloidal 

solution, Fe3O4 NPs have been decorated with the 

C@Mg NPs.  

 

 
Fig. (1) Experimental set-up that has been utilized for the 

synthesis of C@ Mg decorated Fe3O4 NPs 

 

3. Results and discussion 

The XRD analysis of the sample has been 

depicted in Figure 2. , It was observed that all samples 

with different concentrations of magnesium and 

nanocarbon showed the same behavior, so in this 

research, we are presenting the result of (20% Carbon 

and 10% Magnesium),  where the main reflection, 

illustrates the presence of 2 broad peaks that have 

been centered at 35° and 43°, which represent (002) 

and (100) planes for the graphite, The characteristic 

of numerous carbon products which include the 

crystalline component with different basal plane 

alignment degrees [24]. In this case, the peak has been 

related to C presence. The pattern of the sample 

diffraction is after the carbon fiber growth step. We 

note the total coverage of carbon for each of the Mg 

and Fe3O4, where a carbon nanofiber triple network is 

formed. 

 

 
Fig. (2) XRD pattern of C@Mg decorated in Fe3O4 (20% C and 

10% Mg) 

 

Morphologies of the obtained nanoparticles have 

been identified using FE-SEM for the samples 

prepared from different concentrations of carbon (C)  

and magnesium (Mg) as shown in figures (3), (4) and 

(5) (where sample (a)  pointing to 25% C and 5% Mg, 

(b) 20% C and 10% Mg, (c) 10% C and 20% Mg, (d) 

5% C and 25% Mg, (e) 14% C and 16% Mg and 

finally sample (f)  pointing to 15% C and 15% Mg).  

We observed that all samples with different 

concentrations of magnesium and nanocarbon 

displayed the same behavior, whereas nonwoven C 

consists of long nano-fibers that have been packed 

randomly, producing micrometer-size pores. 

 

 
(a) 

 
(b) 

Fig. (3) FE-SEM micrographs of C@Mg decorated Fe3O4 NPs 

at different concentrations of carbon (C) and magnesium (Mg) 

(a) 25% C and 5% Mg, and (b) 20% C and 10% Mg 

 

The high magnification image has revealed that 

CNFs have smooth surfaces. Those inter-connected 

CNFs have produced a porous 3D network that 

includes Mg as well as Fe3O4 (sample c) favoring the 

formation of a high interfacial surface area for the 

transfer of reactions. The magnified images of FE-

SEM of nanofibers have been depicted in Fig. (3) 

show the surface of nano-fibers is heavily decorated 

with NPs with diameters of 50±20nm. This confirms 

the XRD results. Where uniform distribution of the 

four elements (Fe, C, O, and Mg) had been exhibited 

within the microsphere structures, exhibiting the 

existence of the Mg on the carbon-encapsulated 

Fe3O4 surface. 

Figure (6) shows the EDX spectra and the weight 

percentages for the elements in the prepared samples. 

It has been observed distinctly that the percentages of 

Fe is between 2.96 and 0.25%, O is between 44.97 

and 51.92%, C is between 12.11 and 8.85%, and Mg 

is between 19.55 and 38.98%, which confirms the 

expected successful construction of  Fe3O4@C@Mg 

micro-sphere. 
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(a) 

 
(b) 

Fig. (4) FE-SEM micrographs of C@Mg decorated Fe3O4 NPs 

at different concentrations of carbon (C) and magnesium (Mg) 

(a) 10% C and 20% Mg, and (b) 5% C and 25% Mg 

 

 
(a) 

 
(b) 

Fig. (5) FE-SEM micrographs of C@Mg decorated Fe3O4 NPs 

at different concentrations of carbon (C) and magnesium (Mg) 

(a) 14% C and 16% Mg, and (b) 15% C and 15% Mg 

 

 

 
Element Line W% A% 

C Ka 12.11 18.33 

O Ka 44.97 51.12 

Mg Ka 19.55 14.63 

Fe Ka 2.96 0.96 

 

 
Element Line W% A% 

C Ka 8.85 13.18 

O Ka 51.92 58.06 

Mg Ka 38.98 28.68 

Fe Ka 0.25 0.08 

 
Fig. (6) EDX spectra of C@ Mg decorated Fe3O4 nanoparticles 

 

4. Conclusions 

The main goal of this research is to obtain carbon 

nanofibers in the simple inexpensive method, of the 

explosive wire using simple materials. 

Fe3O4@C@Mg nanomaterials have been synthesized 

successfully and the structural properties suggest 

using them as Eu(III) and U(VI) elimination 

adsorbents of the water waste, via sticking the 

polluted materials to the prepared carbon nanofibers 

network and then pulling them using an 

electromagnet due to the presence of Fe3O4 on which 

the carbon nanofibers grew, and this is confirmed by 

the results of both XRD and FE-SEM. 
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Nickel and manganese have good ability to conduct electricity for those reason they are 
used and many industrial application and researchers do not stop to optimize the 
methods of deposing them. Electrodeposition process is used for those goal, it recovers 
conductive materials like copper, steel, aluminum. Numerous industrial applications use 
this procedure to enhance the coated material's hardness, wear resistance, and visual 
appeal. This electrochemical process is influenced by experimental parameters. The 
chemical and physical parameters effect the electroplating such as temperature, pH, 
appliqued current, agitation, composition nature of electrolyte, nature of substrate; etc. 
can be controlled by several electrochemical methods. Our article is interested by the 
effect of PH values on nickel manganese alloy’s electrodeposition behavior on copper, 
using the cyclic voltammetry analysis. To control it. The electrodeposition of nickel and 
manganese alloy is done by bath composed from nickel and manganese ions, in our 
work we used: Nickel(II) sulfate hexahydrate, Nickel(II) sulfate hexahydrate, Manganese 
dichloride tetrahydrate and Manganese Sulfate Tetrahydrate. The PH was justified by 
drops of HCl (0,1M) and NaOH (0,1M). 
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1. Introduction 

Thin film materials containing ferromagnetic 

elements such as Ni, Mn, Zn, Al, and Co have long 

piqued attention because of their improved chemical 

stability and specific physical characteristics [1]. 

Thin films of nickel and its alloys, as well as 

manganese and its alloys, have garnered considerable 

interest in research due to their resistance to 

corrosion. These materials are being researched for 

use in magnetic recording and magnetic processes, as 

well as their capacity to provide good electrocatalytic 

activity for a variety of reactions, involving the 

production of hydrogen and oxygen [2-5]. 

Several techniques can prepare these materials 

with vacuum deposition like sputtering, epitaxy, etc., 

but that exert costly high laboratory conditions to 

realize [6]. Electrodeposition present advantages in 

domain of recuperation of many active materials 

because of the purity of deposits and their uniformity 

and stability [7] 

During and after electrodeposition, structure of 

deposited materials and their morphology are 

influenced by many factors such as ion source, 

particle load, surfactants, pH, agitation, temperature, 

agitation speed, nature of substrate and others [8]. 

A notable influence on the electrodeposition 

process is caused by the potential hydrogen (pH) 

value. The pH has an important impact on the 

effectiveness, deposit rate, and final quality of the 

coating.it can effect ions solubility where metal ions 

are more soluble in solution at low (acidic) pH levels, 

which can improve the effectiveness of deposition 

however, the hydroxides of previously exposed 

metals precipitate rather than establish a metal purity 

at basic pH values [9]. 

Depositary teeth can also be influenced where, the 

electrochemical deposit rate may be higher due to the 

direct chemical reaction that occurs in an acidic 

environment between metal ions and electrons. But in 

a basic bath, the unfavorable formation of hydroxide 

compounds may cause the rate of deposit to decrease. 

The pH effect also the metal coatings which is usually 

more cohesive and pure at mild to intermediate pH 

levels; nevertheless, at very acidic or basic pH values, 

coatings may become brittle and uneven [10]. 

Appearance of secondary reactions can be result 

of pH modification values; the high pH may cause 

secondary reactions to occur before the deposit 

process, such as the formation of gas bubbles (oxygen 

or hydrogen) and electrode corrosion could happen in 

low pH environments, which would be detrimental to 

the process [11]. 

The electrochemical society is continuing to 

optimize the quality of deposited materials by 

controlling this factors, some of the works of 

detecting pH influence on electrodeposition of nickel 

and manganese and their alloys are resumed in table 

(1). 

Finally, protons cause an increase in tension and 

present a challenge to metals with a higher negative 

tension than hydrogen, pH has a significant impact on 

the structure of deposits. Increased pH at the cathode 

level results in the development of hydroxides, which 

degrade the deposit's quality. So, in order to maintain 

a consistent pH, buffer solutions must be used [17]. 

The pH indicates electrochemical equilibrium in mass 

and concentration of several compounds formed by 

electroactive species. 

 

2. Experimental Work 

Cyclic voltammetry is used for the analysis of 

electrochemical behavior during electrodeposition of 

nickel manganese alloy, the used software was 

VoltaMaster4 installed on pc linked by a potentiostat 
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voltalab G201. We used a double recovered 

electrochemical cell and three electrodes; electrode of 

reference: saturated calomel and the work electrode 

copper attached to the electrical source by electrical 

tuna thread counter electrode (platinum) 

First, we started by preparing the surfaces of the 

parts to be coated is an important step that improved 

the quality of the coating it was started by mechanical 

polishing of the substrates is carried out using 

abrasive paper. A rotary polisher, small abrasive disc 

of different grain sizes was used (800, 1000, 1200, 

and 1400). Then an electrolytic degreasing must be 

done where a static voltage circuit was installed for 

degreasing operations; the electrode to be cleaned 

(the copper plate) is taken as a cathode in the 

electrolyte an alkaline solution containing a mixture 

of sodium hydroxide (NaOH) and sodium carbonate 

(Na2CO3), which acts as a surfactant, it lowers 

interfacial tension of the room, ensures its wetting and 

facilitates the drainage of dirt. 

The chemical stripping of the samples was carried 

out in hydrochloric acid boiling in 10% (by volume).  

The steel plates were completely immersed in the 

acid solution for 3 min, the stripping time is 

considered as a function of the degree of 

contamination of the sample. 

Rinsing is the final step; once the samples are 

stripped, they are rinsed immediately by distilled 

water, octane then with our bath solution. The 

conditions of manipulation are resumed in the table 

(2). 

 
Table (2) Experimental conditions of nickel manganese alloy 

electrodeposition 

 

Electrolyte 
Bath 

Composition 

T 
(K) 

Scanning 
Capacity 

(mV) 

Scan 
Speed 
(mV/s) 

pH 

NiSO₄.6H₂O 
NiCl2.6H₂O 

MnSO.4H₂O 
MnCl2.4 H₂O 

293 -600,500 8 

from 1.7 to 
6.12 

(modified 
carefully by 
drops of HC 
and NaOH) 

 

3. Results and Discussion 

Voltamograms of electrodeposition of nickel 

manganese alloy are presented by Fig. (1). The 

voltamogrmas give the highest current density for the 

pH=4.7, it increases from 0.00492 at pH=1.7 to 

0.01229 at pH=2.7, then 0.01281 at pH=3.81, 

0.02286 at pH=4.7. This can be interpreted by the 

invasion of protons whish pounce the electrons at the 

cathode interface and raise the possibility of hydrogen 

gas formation which impedes the reduction of nickel 

and manganese ions at the cathode. 

Current density started to decrease more than pH 

value of 4.7 until the final value test of (pH=6.12) 

where the current density was 0.00931, which can be 

justified by the low movement of ions in the 

electrolyte  

The following oxydo-reduction reactions state 

describe our electrodeposition process:  

• Oxidation: A dissociation of Ni and Mn oxides that 

release their ions on the anode  

NiSO4 (s) → Ni2+
(aq) + SO4

2-
(aq) 

MnSO4 (s) → Mn2+
(aq) + SO4

2-
(aq) 

NiCl2 (s) → Ni2+
(aq) + 2Cl-

(aq) 

MnCl2 (s) → Mn2+
(aq) + 2Cl-

(aq) 

 

• Reduction of Ni +2 and Mn+2  

Here are the reactions goal of our work 

Ni2 + + 2 e– → Ni  

Mn2 + + 2 e– → Mn 

2H + + 2 e– → H2 

 

 

 
Fig. (2) Influence of pH value on current density during the 

electrodeposition NiMn on copper 
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Fig. (3) Variation of current density with bath pH value 

 

The software Tafel information are resumed 

corrosion behavior of the studies system in table (3). 

 
Table (3) Electrochemical properties offered by Tafel’s Data 

    

pH 1,7 2,7 3,81 4,7 6,12 

Rp 
(Ω.cm) 

34,45 787,67 191,78 4720 113,08 

 

The highest polarization resistance (Rp) was 

recorded for electrolyte with pH=4.7, which accord to 

the previous result of the biggest current density of 

electrodeposition that significates that perfect pH 
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gives perfect deposition, which in turn, gives the best 

protection for the copper. 

 

4. Conclusion 

The performance polarization obtained by cyclic 

voltammetry was at pH=4.7. Acidic baths found 

difficulty in the reduction of the cations because of 

the possibility of dihydrogen. The possibility of 

hydroxide of nickel and hydroxide of manganese is 

also existing because the hydroxide ions attacked the 

Ni+2Mn+2 and push them to be reduced, which 

decreases the electrochemical deposition on copper 

that exposes the substrate surface for more corrosion. 

The pH value of the electrolyte solution can be 

adjusted to strike the perfect balance between the 

deposition process’s efficiency and rate as well as the 

final product’s quality, or revetment. The relation 

between the electrodeposition of nickel manganese 

alloy and the corrosion behavior of copper against the 

environment of operation conditions is clear and 

direct where the electrolytes alloys of the same 

conditions given less nobility from for the pH=4.7, it 

increases from Rp at pH=1.7 to pH=6.12 then at 

pH=3.81 than the Rp at pH=2.7. The effect of pH on 

the copper corrosion behavior can be observed by its 

strong direct influence on quality of formed film of 

NiMn alloy. 

Buffer solutions such as boric acid can save the 

electrochemical process and avoid the secondary 

reaction during its unfolding. It will be good job if 

other researchers finish this study with same 

electrolytes at the same operating conditions with 

values of pH higher than 6.12. Producing materials 

must by selective process such as electrodeposition; 

it insures the coating for all shapes of all substrate for 

many applications and the strongest cause wish make 

it a process of choice from industrials is that is can be 

controlled with modifying the chemical and physical 

parameters that manage it. Protons and hydroxide 

ions push the formation of coating on areas of vised 

cathode or this reason we must choose carefully the 

additives for solving the accumulation of atoms on 

the surface of electrodes. 
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Table (1) Some studies on effect of bath pH on electrodeposition of Ni and Mn and their alloys 

 

Materials Work Ref. 

MnNi (electrodeposited 

on steel substrate) 

The pH 5 given the biggest mass fraction of MnO3 that was incorporated at the Ni matrix where the interval 
study whish was from 4 to 6 by the scale of 0.5 of pH 

[12] 

NiMoP (electrodeposited 

on steel substrate) 

The pH 6 given smooth and nonporous surfaces from than pH 6 to 7,5 it was formation of pore and 
cracked surfaces of NiMnP from 7.5 to 10. So the quantities formed of Mo and P decreased 

[13] 

 

NiMnZn (electrodeposited 

on steel substrate) 

Electrodeposited films at high pH values (2.5~5) are often relatively smooth, uniform, and compact but the 
films formed at low pH values exhibit very poor quality and a rough surface. 

[14] 

Ni films (electrodeposited on Au 
glass substrates) 

As pH grows, an anodic shift in the discharge potential detected. 

SEM observations show that the morphology, shape, and size of the crystallites x rays are significantly 
influenced by the bath pH. 

Additionally, the average particle size of Ni ranges between 49 and 153 nm based on the electrolyte's pH 

[15] 

NiCoP (electrodeposited on 
copper) 

Based on EDAX tests, the concentration of Co and P increased while the concentration of Ni fell when the 
pH value of the solution was raised from 1.5±0.1 to 5.0±0.1 

[16] 
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