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Abstract  
   In this paper, a facile and eco-friendly method for the preparation of Ni nanoparticles (Ni NPs) has 

been described based on the bioreduction of aqueous Ni(II) precursors with Phlomis cancellata Bunge 

extract. UV-visible spectrum of the aqueous medium containing Ni nanoparticles showed a peak of 390 

nm. Since the experimental conditions of this procedure play vital roles in the synthesis rate of the NPs, a 

response surface methodology using the central composite design was employed for testing the reaction 

variables. The individual and interactive effects of process variables (temperature, time, concentration of 

Ni(NO3)2 and pH) upon extracellular biological synthesis of Ni NPs by Phlomis cancellata Bunge were 

studied. The statistical and perturbation plot analysis suggest that a reaction temperature of 90 °C, 

duration of 30 min., pH of 9.5 and concentration of 26 mM of Ni(NO3)2 would produce the highest 

amount of nanoparticles. The NPs were characterized by Scanning electron microscopy (SEM), energy 

dispersive X-ray spectroscopy (EDX), UV-Visible, and Infrared spectroscopy (IR). The SEM image of Ni 

NPs showed that the particle shape varied from spherical to polyhedral and ranged between 15 to 25 nm 

in size. These Ni NPs were studied for their potential role in photocatalytic degradation of safranin dye 

under solar light irradiation. At optimized conditions, up to 90% safranin dye degradation was achieved. 

Keywords: Photocatalytic degradation, Safranin, Phlomis cancellata Bunge, Nickel nanoparticles. 

 

1. INRODUCTION  

   In view of diverse applications of 

nanoparticles (NPs), the nanobiotechno-

logy attract great extent of interests. NPs 

have attracted great attention due to their 

magnetic, thermal and catalytic properties 

revealing the fact that quantum effects turn 

out to be dominant and converting bulk 

material into nanoparticle, surface of 

volume size ratio changes [1-11]. In recent 

years, the photocatalytic systems based on 

nanoparticles have been widely used for 

removing pollutants [12-19]. In addition to 

many physical and chemical methods 

developed for preparing metallic NPs 

(such as lithography [20], laser ablation 

[21], high-energy irradiation [22], 

chemical reduction [23], electrochemistry 

[24], and photochemical reduction [25]), 

nanobiotechnology serves as a significant 

technique in order to make progress in 

clean, non-toxic and eco-friendly 

procedures for synthesis and assembly of 

metallic nanoparticles [26]. Utilizing 

biological organisms such as micro-

organisms, plant extract or plant biomass is 

an alternative to chemical and physical 

methods to produce NPs in an eco-friendly 

manner. The plant extracts are widely 

employed for metal NP synthesis as they 

are easily available, safe, nontoxic and 

have a broad variety of metabolites such as 

flavonoids, polyphenols, alkaloids, and 

carotenoids aiding in reducing metal ions 

quicker than the microbe-mediated 

synthesis [27, 28]. Moreover, compared to 

microorganisms, the plant approach does 
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not need any special, complex, and multi-

step procedures such as isolation, culture 

preparation, and culture maintenance. 

   Nickel nanoparticles (Ni NPs) attract 

great attention which might be due to their 

potential application in magnetic storage, 

biomedicine, catalyst, energy technology, 

and magnetically directionally targeting 

drug delivery [29]. They also find 

environmental applications in the field of 

adsorption of hazardous dye and inorganic 

pollutants and can be applied to treat 

textile and tannery effluents. [30]. 

   Ni NPs are fabricated by various 

physico-chemical methods including i.e., 

seeding techniques [31], microemulsion 

[32], thermal decomposition [33], sol–gel 

[34], microwave heating [35], and 

sonochemical [36]. However, these 

techniques take prolonged time and are 

intensive in chemical or energy 

consumption and produce toxic reactive 

chemical that create environmental issue 

[37]. Recently, to overcome these 

problems, some green methods for 

synthesis of Ni NPs are reported using 

plant extracts. Pandian et al. synthesized 

Ni NPs using Ocimum sanctumleaf extract 

and presented that NiG as an economical, 

eco-friendly and efficient adsorbent in 

order to eliminate hazardous anionic 

pollutants and dyes from the aqueous [33]. 

Bibi et al. employed Camellia Sinensis (C. 

Sinensis) leaves extract to synthesize Ni 

NPs and evaluated their growth 

mechanism and photo-catalytic activity 

[38]. Synergistic anticancer effect of green 

synthesized Ni NPs and quercetin 

extracted from Ocimum sanctum leaf 

extract is proposed by Rameshthangam 

and Chitra [39]. Vasudeo and Pramod 

reported Biosynthesis of Ni NPs Using 

Leaf Extract of Coriander [40]. Sudhasree 

et al. drew a comparison between 

biological activity and toxicology of Ni NP 

synthesized through chemical and green 

procedures [41]. Desmodium gangeticum 

aqueous root extract was employed in 

order to prepare Ni NP without any 

stabilizing and reducing agent. There was 

no major significant difference in the 

nature of the NP prepared by both 

methods. However, green synthesized Ni 

NP indicated reduced size and superior 

monodispersity compared to chemical 

synthesized one.  

   Therefore, the eco-friendly approach to 

develop new photocatalysts and biological 

methods is desirable to eliminate or 

minimize environment hazardous since 

these methods are nonhazardous, cost 

effective and easy to apply at commercial 

scale [42-46]. 

   Phlomis genus belongs to Labiatae 

(Lamiaceae) family with 70 annual and 

perennial species which disperse in the 

world, mostly in Asia [47]. Phlomis 

cancellata Bunge is an aperennial and 

annual species which can be applied more 

in modern medicine and different 

industries for its essential oil particulars. 

The phytochemical analysis of the Phlomis 

cancellata revealed that four major 

elements are identified in the herb essence 

such as Germacrene-D, β-Caryophyllene, 

Bicyclogermacrene, and β-selinene. 

Hexadecanoic acid and Germacrene-D 

compounds are recognised as the main 

elements in the herb essence. 

   Various physical and chemical 

parameters of the biosynthesis procedure, 

play important roles in the size, shape, and 

synthesis rate of the NPs. The present work 

was conducted to determine the optimum 

levels of reaction temperature, time 

duration and pH, as well as the 

concentration of Ni(NO3)2, for the green 

production of Ni NPs, by Phlomis 

cancellata Bunge extract using RSM and 

employing a central composite design 

Experimental. 

  

2. EXPERIMENTAL  

2.1. Materials and Instrumentation  

   Nickel nitrate Ni(NO3)2 analytical grade 

was purchased from Merck and used 

without further purification. Freshly 

prepared Double distilled deionized water 

was used throughout the experiment. 

Leaves of Phlomis cancellata Bunge were 

https://www.researchgate.net/researcher/2065722297_S_Sudhasree
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collected from bakharz region of Khorasan 

state of Iran in month of April in the year 

2017. UV-Visible double-beam spectro-

photometer (Photonix Ar 2017, UV- Vis 

Array) with 1 nm resolution and optical 

length of 1 cm was used for measuring 

UV–Visible spectra of Ni NPs.  

 

2.2. Preparation of Plant Aqueous 

Extract 
   Leaves of Phlomis cancellata Bunge 

were washed with deionized water 

thoroughly to remove the adhering soil and 

dust and dried at room temperature. The 

dried samples were powdered using a 

sterilized blade and stored until further 

analysis. 100 ml double deionized water 

was added to 1 g finely chopped leaves and 

boiled it at 80
◦
C for 35 min and followed 

by filtering through filter paper to separate 

out the broth. The extract was stored at 4
◦
C 

for further experiments.  

 

2.3. Synthesis of Ni NPs by Phlomis 

Cancellata Bunge Extract 
   Ni NPs were synthesized by subjecting 

0.1ml of Phlomis cancellata Bunge extract 

with aqueous 26 mmol·L
−1

 nickle nitrate 

solution (pH:9.5) to the vigorous stirring in 

which reaction lasted for 1 h at 90 °C. The 

solution was freeze-dried for 24 h to obtain 

dried powder of nanoparticles. The 

formation of Ni NPs was monitored by 

using UV-Vis spectroscopy. The synthesis 

of Ni NPs can be explained in terms of the 

organic acids and heterocyclic compounds 

in the plant extract. These compounds play 

a key role in the synthesis process and can 

directly reduce Ni ions. In aqueous 

solution, nickle nitrate dissociates into 

negative nitrate anions and positive Ni
2+

 

cations as given in Fig. 1. The hydrated 

electrons from aqueous leaf extract of 

Phlomis cancellata Bunge reduce Ni
2+

 

cations into zero valent nickle (Ni
0
) by 

nucleation process. 

 

2.4. Characterization of Ni NPs 

   The spectra (UV–Visible) of Ni NPs 

were measured as a wavelength function 

by UV-Vis double-beam spectro-

photometer (Photonix Ar 2017, UV- Vis 

Array). 

 
Figure 1. Ni NPs synthesis mechanism 

using Phlomis cancellata Bunge leaves 

extracts. 

 

   After adding Phlomis cancellata Bunge 

extract to the aqueous solution of Ni(NO3)2 

in experimental conditions, the solution 

was filled with quartz cell of path length 1 

cm and UV-Vis spectral analysis has been 

carried out in the range of 300 to 800 nm. 

Deionized doubly distilled water was used 

as blank. Elemental analysis of the 

biosynthesized Ni NPs was studied using 

field emission Scanning Electron 

Microscope (SEM, TESCAN Mira3) 

operated at an accelerating voltage of 15 

Kv. SEM provides detailed high resolution 

images of the sample by rastering a 

focused electron beam across the surface 

and detecting secondary or back scattered 

electron signal. In addition, an energy 

dispersive X-ray spectroscopy detector 

(EDX) was utilized to characterize the 

structures and composition of the NPs. 

Fourier Transformed Infrared (FTIR) 

spectrum of Phlomis cancellata Bunge 

extract and Ni NPs within the range of 

400–4000 cm
-1

 was recorded on Perkin 

Elmer 1750 FTIR Spectrophotometer. FT-

IR analysis was performed, in order to 

determine the functional groups on 

Phlomis cancellata Bunge leaves extract 

and predict their role in the synthesis of Ni 

NPs. The spectrum describes the vibrations 

and rotations present in the nanoparticle in 

detail.  

 

2.5. Statistical Analyses 

   Response surface methodology using 

central composite design was applied in 

order to optimize the levels of the most 

effective variables in Ni NPs biosynthesis 
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and to analyze their relationships. CCD 

argues for designing a full factorial by 

adding so-called star points (set points) and 

some number of replicate measurements at 

the center (center points). By spacing all 

the points at an equal distance from the 

center, a rotatable design is obtained 

giving each point equal amount in the 

process of estimating regression 

coefficients. So, the number of experi-

ments decreases. Based on the one-factor 

experimental results, four critical variables 

selected were reaction time, nickel nitrate 

concentration, temperature, and reaction 

pH value. Every parameter was studied at 

different rational five coded levels, and the 

actual values for these codes are indicated 

in Table 1. The experiments were 

performed in three blocks of 36 sets of test 

conditions at five levels with one replicate 

and operated in a randomized arrangement 

to avoid systematic bias. The data analysis 

is carried out for each response variable 

described in the following sections as 

shown in Table. 2. The analysis of results 

was performed with statistical and 

graphical analysis software (Design 

Expert, Version 7.1.5 Trial). Design Expert 

software was applied for regression 

analysis of obtained data and to estimate 

regression equation coefficient. 

   The response surface models were fitted 

by means of least squares calculation using 

the following second-order polynomial 

equation.1: 

 
where Y is the response variable to be 

modeled, Xi and Xj define the independent 

variables, b0 is the constant coefficient, bi 

is the coefficient of linear effect, bij is the 

coefficient of interaction effect, bii the 

coefficients of quadratic effect and n is the 

number of variables. 

 

2.6. Photo-Catalytic Procedure 

   The Photo-catalytic activity of Ni NPs 

was evaluated by degrading safranin dye 

(10 mL, 20 mg/L) containing 30 mg of Ni 

NPs. The degradation was conducted under 

solar light irradiation. The respective 

amount of dye solution (50 mL, 20 mg/L) 

was mixed with 30 mg of Ni NPs and the 

mixture was kept under stirring for 30 min 

in dark to bring the Ni NPs to constant 

equilibrium in the mixture. Then, the 

mixture was kept under sunlight. After 42 

h, 3 mL sample was withdrawn and 

centrifuged at 10,000 rpm. Afterwards, the 

residual concentration of safranin dye was 

estimated (Photonix Ar 2017, UV- Vis 

Array) at 534 nm and percentage of dye 

degradation was calculated using relation 

shown in equation. 2. 

Decolorization (℅) = 
          

  
 ×100 

where, Co is the initial concentration of 

dye, and Ce is the concentration of dye at 

time “t” (after photocatalytic degradation).  

 

3. RESULT AND DISCUSSION  

3.1. Characterization of NiNPs 

UV-Vis Spectrophotometry 

   Colour change was observed from blue 

to finally dark blue almost blackish blue 

colour indicating the formation of Ni NPs. 

Change in colour was due to excitation of 

surface plasmon resonance (SPR) which is 

characterized by UV-Vis spectroscopy 

indicating formation NPs. Fig. 2 illustrates 

the UV–Vis absorption spectra of 

synthesized nickel nanoparticles in 

Phlomis cancellata Bunge extract before 

and after synthesizing. The absorption 

spectrum of Ni NPs gives a peak centered 

at 390 nm proving the presence of nickel 

nanoparticles [48]. 

 

XRD Study 

   The X-ray diffraction pattern of Ni NPs 

is shown in Fig. 3. Typical characteristic 

diffraction peaks of Ni NPs emerge at 2 

theta = 38.74
◦
, 42.60

◦
, 60.23

◦
 and 78.68

◦
 

confirmed the formation of face –centered 

cubical Ni. The pattern is in accordance 

with Joint Committee on Power 

Diffraction Standards (JCPDS) file (card 

number 04-0835). 
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Table 1. The levels employed for the different factors employed by experimental 

investigations. 
Name    -1 0 +1    

pH 2 4.5 7 9.5 12 

Tem(
º
C) 25 50 75 100 125 

Time(min) 15 30 45 60 75 

C Ni(NO3)2 (mM) 5 12 19 26 33 

 

Table 2. Surface regression procedure. 
Run Block Factor1 

A:pH 

Factor 2 

B: Tem. 

Factor 3 

C: Time 

Factor 4 

D:CNi(NO3)2 

Response1 

Absorbance 

1 Block 1 7 75 45 19 0.85 

2 Block 1 4.5 50 30 26 0.66 

3 Block 1 4.5 100 60 26 0.57 

4 Block 1 9.5 100 30 26 1.51 

5 Block 1 4.5 50 60 12 1.45 

6 Block 1 9.5 100 60 12 0.47 

7 Block 1 4.5 100 30 12 0.38 

8 Block 1 7 75 45 19 0.82 

9 Block 1 9.5 50 30 12 0.60 

10 Block 1 9.5 50 60 26 0.97 

11 Block 2 4.5 100 60 12 0.84 

12 Block 2 9.5 50 60 12 0.95 

13 Block 2 4.5 50 30 12 0.19 

14 Block 2 4.5 100 30 26 0.68 

15 Block 2 7 75 45 19 0.79 

16 Block 2 9.5 100 30 12 0.60 

17 Block 2 9.5 100 60 26 0.34 

18 Block 2 7 75 45 19 0.85 

19 Block 2 9.5 50 30 26 1.25 

20 Block 2 4.5 50 60 26 0.90 

21 Block 3 7 75 45 19 0.88 

22 Block 3 7 75 45 33 0.57 

23 Block 3 7 75 45 19 0.79 

24 Block 3 7 75 45 19 0.82 

25 Block 3 12 75 45 19 0.90 

26 Block 3 2 75 45 19 0.69 

27 Block 3 7 75 75 19 1.08 

28 Block 3 7 75 15 19 0.90 

29 Block 3 7 45 45 19 0.88 
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30 Block 3 7 75 45 19 0.79 

31 Block 3 7 125 45 19 0.52 

32 Block 3 7 75 45 19 0.82 

33 Block 3 7 75 45 19 0.85 

34 Block 3 6 75 45 5 0.19 

35 Block 3 6 75 45 19 0.88 

36 Block 3 6 25 45 19 0.90 

 

 
Figure 2. UV-Visible spectra of 

synthesized Ni NPs in Phlomis cancellata 

Bunge extract (a) before synthesized (b) 

after synthesized. 

 

 
Figure 3. XRD pattern of Ni NPs. 

 

SEM and EDX Analysis 

   SEM micrograph for the biosynthesized Ni 

NPs obtained by mediation of Phlomis 

cancellata Bunge is represented in Fig. 4. The 

SEM image of Ni NPs shows that the particle 

shape varied from spherical to polyhedral and 

the particle size ranged between 15 and 25 nm. 

According to Govindasamy et al [49], the 

surface morphology of Ni NPs was irregular 

polygonal, cylindrical and spherical in shapes. 

To further understand the synthesis of Ni NPs, 

the existence of nickel element in the 

biosynthesized Ni NPs was confirmed by EDX 

as exhibited in Fig. 5, which contains intense 

peaks of C, O, N and Ni, confirming the 

presence of Ni. The C, O and N signals are 

attributed mainly to the polyphenol groups and 

other C, N, O-containing molecules in Phlomis 

cancellata Bunge leaf extracts. Specifically, the 

C, N, O and Ni loading of Ni NPs is 27.03 

wt%, 8.55 wt%, 53.91 and 10.51 wt%, 

respectively.  

 

 
Figure 4. SEM image of Ni NPs. 

 

Figure 5. EDX spectrum obtained for Ni NPs.  

 

FTIR Spectroscopy 

   The binding properties of Ni NPs using 

Phlomis cancellata Bunge extract were 

investigated by FTIR spectroscopic analysis. 

The functional groups may be responsible for 

Ni NPs biosynthesis, stabilization, and 

capping. The FTIR spectrum of Phlomis 
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cancellata Bunge extract and Ni NPs produced 

by Phlomis cancellata Bunge mediation are 

represented in Fig. 6a and b. The peaks 

observed in the region between 1000 and 1700 

cm
−1

can be assigned to hydroxyl and carbonyl 

groups and –C–O and –C–O–C stretching 

modes through the obtained spectrum. On the 

other hand, methoxy, methylene, and methyl 

groups stretching vibrations via C–H could be 

detected at 2919, and 2851 cm
−1

, whereas 

stretching of O–H in flavonoids, alcohols, and 

phenols was observed at 3404 cm
−1

. The peak 

at 1633 cm
−1

 is attributed to N–H bend primary 

amines. The peak at 1430 cm
−1

 indicates C–C 

stretch (in ring) in aromatics. The FTIR 

analysis evidences the presence of N–H, C–O, 

C–H and O–H groups corresponding to 

presence of metabolites and proteins 

surrounding the Ni NPs. Mallikarjuna et al. 

suggested that the carbonyl and hydroxyl 

groups from amino acid residues or proteins 

can strongly bind to metal nanoparticles like 

capping agent and stabilize the nanoparticles in 

the aqueous medium [50]. 

 

 
Figure6. FTIR spectrum of Ni NPs, (a) extract, 

(b) extract with Ni. 

 
3.2. Experimental Design 

   In this study, the effect of four factors, 

concentration of Ni(NO3)2, pH level, 

temperature and time, on the biosynthesis 

of Ni NPs was investigated. To find the 

most suitable fitting of the experimental 

data, a response surface model was 

developed using the regression analysis by 

considering different combinations of the 

linear, quadratic and interaction terms in 

polynomial equations which may be 

expressed as the following equation: (1). 

 

R = -3.98905 + 0.17021 × pH + 0.020378 

× Tem + 0.089654 × Time + 0.14050 × C 

Ni (NO3)2– 1.10720E-004 × pH × Tem -

5.14358E-003 × pH × Time + 5.35212E-

003 × pH × C Ni (NO3)2 -4.23640E-004 × 

Tem × Time + 7.84809E-005 × Tem × Ni 

(NO3)2 – 1.95183E-003 × Time × Ni (NO3)2– 

5.71974E-004 × pH
2
 -3.94931E-005 × 

Tem
2
 +1.99668E-004 × Time

2
 -2.18611E-

003 × C Ni (NO3)2 

 

   The adequacy of each model was 

checked using the F-values, lack of fit, and 

R
2
-values, and finally a quadratic model 

was adopted. The statistical significance of 

the full quadratic models predicted was 

considered by the analysis of variance 

(ANOVA). The ANOVA results of the 

quadratic model are summarized in Table 

3. 

   The regression model resulted in a 

determination coefficient (R
2
 = 0.9887), 

indicating that only 0.0113% of the 

variation can't be explained by the model. 

The adjusted determination coefficient at 

adjusted-R
2
 = 0.9803, confirmed that the 

model was highly significant. Additionally, 

the prediction R-squared of 0.9637 was in 

acceptable agreement with the R-squared 

and demonstrated a high predictive power 

of model. Adequate Precision measures the 

signal to noise ratio. A ratio greater than 4 

is desirable. Our ratio of 46.279 indicates 

an adequate signal. This model can be used 

to navigate the design space. 

   Fig. 7a-f shows 3D response surfaces and 

contour plots of the model. The responses 

were mapped against two experimental 

factors while the other factors are held 

constant at its central level. The signs and 

the magnitude of the factors is estimated 

for each variable and quadratic interaction 

http://www.sciencedirect.com/science/article/pii/S1687157X17300719#f0025
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is also determined. Unless otherwise 

stated, the significance level employed in 

the analysis was 5%. Additionally, 

interactions between the variables can also 

be clearly seen from the perturbation plot 

in Figure. 8, which came up by default 

from the design expert software and 

perturbation theory using mathematical 

methods for finding an optimized 

condition to synthesize of Ni NPs. The 

statistical and perturbation plot analysis 

suggest that a reaction temperature of 90 

°C, duration of 30 min., pH of 9.5 and 

concentration of 26 mM of Ni(NO3)2 

would produce the highest amount of 
nanoparticles.

Table 3. The ANOVA results of the quadratic model. 
Source Sum of Squares Degree of 

Freedom 

Mean 

Square 

F-Value P-Value 

Prob > F 

 

Block 0.040 2 0.020    

Model 2.81 14 0.20 118.47 <0.0001 Significant 

A-pH 0.087 1 0.087 51.48 <0.0001  

B-Tem 0.23 1 0.23 134.09 <0.0001  

C-Time 0.041 1 0.041 24.27 <0.0001  

D-CNi(NO3)2 0.20 1 0.20 116.13 <0.0001  

AB 7.662E-004 1 7.6620E-004 0.45 0.5096  

AC 0.60 1 0.60 350.94 <0.0001  

AD 0.14 1 0.14 82.75 <0.0001  

BC 0.40 1 0.40 238.07 <0.0001  

BD 3.018E-003 1 3.018E-003 1.76 0.1980  

CD 0.67 1 0.67 396.19 <0.0001  

A
2 

3.979E-004 1 3.979E-004 0.23 0.6337  

B
2 

0.019 1 0.019 11.16 0.0034  

C
2 

0.063 1 0.063 37.05 <0.0001  

D
2 

0.36 1 0.36 210.62 <0.0001  

Residual 0.032 19 1.696E-003    

Lack of Fit 0.019 10 1.929E-003 1.34 0.3345 not significant 

Pure Error 0.013 9 1.438E-003    

Core Total 2.89 35     
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Figure 7. Estimated response surfaces with related contours by plotting absorbance versus 

(a) pH and Time of reaction; (b) pH and Temperature; (c) Ni(NO3)2 concentration and pH; 

(d) Temperature and Time of reaction; (e) Ni(NO3)2 concentration and Time of reaction; (f) 

Temperature and Ni(NO3)2 concentration. 

 
Figure 8. Perturbation plot of Ni NPs yield optimization. 
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Figure 9. Normal plot of residuals 

(Internally Studentized Residuals). 

   Table 3 presented F value and p-value of 

the variables included in the model. F 

value compares the mean square with the 

residual mean square. The model F-value 

implies the model is significant. P-value 

(Prob > F) is the probability of seeing the 

observed F value and a parameter to see if 

the null hypothesis is true (there are no 

factor effects). A P-value lower than 

0.0001 was found, demonstrating again the 

high significance of the regression model. 

A p-value less than 0.05 in the ANOVA 

Table indicates the statistical significance 

of an effect at 95% confidence level. The 

data in Table 3 indicate that factors A, B, 

C, D and quadratic terms of C and D are 

significant model terms. 

 
Figure 10. Residual vs. Run (Internally 

Studentized Residuals). 

   The interactions between the time of 

reaction with the other three factors (pH, 

temperature and concentration of 

Ni(NO3)2) and the interactions between the 

pH and the concentration of Ni(NO3)2 are 

statistically significant. While the 

interactions between the temperature with 

the pH, and the concentration of Ni(NO3)2 

are statistically insignificant. As it is 

noticeable, the F-value of lack of fit (LOF) 

of 1.34 indicated that the LOFs were not 

significant relative to the pure errors. 

Figure 9 shows the normal probability plot 

of the residuals which reveals the 

systematic deviations from the 

expectations. The residuals are normally 

distributed if the points on the plot follow a 

straight line [51]. The probability plot of 

the studentized residuals is to check for 

normality of residuals. As shown in Figure 

10, all the internally studentized residual 

were randomly scattered across the graph 

and furthermore, there is no significant 

distribution pattern for all the diagnostics 

plots. The red line was produced by the 

software based on the internally 

studentized to define outliers, as displayed 

in the diagnostics plots outlier exists in the 

plot indicating that the model is consistent 

with all the data. 

 

3.3. Photo-catalytic Activity of NiNPs 

   The Photo-catalytic activity of Ni NPs 

was evaluated by degrading safranin dye 

(10 mL, 20 mg/L) containing 30 mg of Ni 

NPs under solar light irradiation for 42 h. 

The percentage degradation of safranin is 

illustrated in Fig. 11. As it is conspicuous, 

 
Figure 11. Percentage degradation of 

safranin dye as a function of solar light 

irradiation exposure time (dye 

0 

20 

40 

60 

80 

100 

0 20 40 60 

Time (h) 

P
er

ce
n
ta

g
e 

D
eg

ra
d

at
io

n
 o

f 
S

af
ra

n
in

 



International Journal of Nanoscience and Nanotechnology                    163 

concentration 20 mg/L, Ni NPs dose 30 

mg) 

the safranin dye degradation increased 

gradually with irradiation time and after 42 

h of irradiation, 90% safranin dye 

degradation was achieved. The probable 

mechanism of degradation could be 

attributed to the photocatalytic active sites 

that created on the surface of catalyst when 

exposed to light and electron jumps from 

valence band to conduction band leaving 

behind h
+
, which converts water molecule 

into H
+
 and •OH radical [52]. The •OH 

radical degrade the safranin molecule into 

oxidative by-products and finally, into low 

molecular weight organic acid and 

inorganic ions. On the other hand, the 

oxygen converted into superoxide anion 

radical (O2•
-
) by absorbing electron, which 

also produce •OH radical. Hence, it is 

evident that Ni NPs synthesized from 

Phlomis cancellata Bunge extract is highly 

potential photocatalytic agent for dye 

degradation in the presence of sunlight. 

 

3. CONCLUSION 

   The present work describes a cheaper, 

ecofriendly and simple route for 

biosynthesis of Ni NPs using Phlomis 

cancellata Bunge extracts. Since the 

experimental conditions of this procedure 

play vital roles in the synthesis rate of the 

NPs, a response surface methodology 

using the central composite design was 

employed for testing the reaction variables. 

The optimized conditions for high yield of 

Ni NPs synthesis are 26 mM Ni(NO3)2 

with 30 min duration time, reaction 

temperature of 90°C and pH of 9.5. The 

UV–Vis absorption peak was monitored at 

395 nm. Microscopic studies by SEM 

showed that the particle shape varied from 

spherical to polyhedral and the particle size 

ranged between 15 and 25 nm. The Ni NPs 

showed high catalytic activity for 

degradation of safranin dye under the 

sunlight. This photocatalytic treatment is 

highly efficient versus other physico-

chemical treatment methods for the 

degradation of dyes in textile wastewater 

and other toxic pollutants. Novelty of this 

present study is that the plant extract is 

very cost effective, eco-friendly, economic 

and effective alternative for the large scale 

synthesis of Ni NPs. However, applying 

Phlomis cancellata leaves can add value to 

a non-usable waste. 
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