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ABSTRACT   

The goal of this research is to detect flavonoids in Polygonum multiforum and use these 

extracts in the phyto-synthesis of (CdO NPs) Nano-particles (CdO, CdO2) and characterize 

them.  The HPLC examination yielded five compounds: Emodin (29.55%), followed by Aloe-

emodin (24.52%), Chrysophanol (19.24%), Rhein (16.61%), and Physcion (10.06%). Two 

techniques were utilized to synthesize NPs, and the average size (by AFM) was (83.26 and 

86.14) nm for the first and second procedures, respectively. SEM analysis revealed that 

process 1 produced Nano-rod particles with diameters ranging from (20-50) nm, whereas 

procedure 2 produced hexagonal Nano-plate crystals with a single Nano-scale size (20-100) 

nm. TEM pictures showed the same characteristics.  For processes 1 and 2, the FTIR analysis 

showed prominent bands at 524 and 532.4 (1/cm), respectively. This was ascribed to 

stretching vibrations in Cd-O. 

Keywords: CdONano-particles; flavonoids; phyto-synthesis; HPLC; Emodin. 

  
 وآخرون عبدالهادي                                                                       1922-1913(:5) 56: 2025 -مجلة العلوم الزراعية العراقية

 "عصا الراعين نبات النباتي لجسيمات أكاسيد الكادميوم النانوية عن طريق المستخلص الخام م "ألتوليف
 احمد ناجي عبد            رغد ضياء عبد الجليل            براءة حسين عبدالهادي

 استاذ            استاذ                               مدرس                                        
 صلختسملا

 التوليفواستخدام المستخلص الخام لهذا النبات في  عصا الراعي  لى الكشف عن مركبات الفلافونويدات الموجودة في نباتاهدفت الدراسة 
 HPLC الفعالية. اظهرت نتائج تحليل كروماتوغرافيا السائل عالية وتشخيصها CdO،CdO2النباتي لجسيمات أكاسيد الكادميوم النانوية:

 Aloe-emodin%(, يليه  29.55وهو المركب الاكثر وفرة ) Emodinمركب  مركبات في النبات، شملت: خمسة وجود

(24.52,)%Chrysophanol(19.24,)%Rhein (16.61)%وPhyscion (10.06)%( للتوليف 2 و 1. تم استخدام طريقتين 
 83.26: )كانت "مجهر القوة الذرية" باستخدامالنانوية محسوبًا  الجسيمات حجم  معدلأن  اشارت الدراسة الى النباتي للمواد النانوية، 

ان هذه الجسيمات  SEM "المجهر الالكتروني الماسح" كما اشارت دراسة  ( على التوالي2و  1باستخدام الطريقتين ) ( نانومتر86.14و
نانومتر، بالإضافة إلى انتاج صفائح نانوية ذات بعد  (50-20) تتراوح بين أبعادها ت( وكان1وباستخدام الطريقة ) "نويةقضبان نا"بشكل 

ذات بعد واحد  بلورية سداسيةصفائح نانوية (، كانت الجسيمات عبارة عن 2نانومتر. بينما عند إستخدام الطريقة ) 50واحد أقل من 
تحليل  في ظهرت النتائج. اTEM( نانومتر. شوهدت نفس هذه الصفات في صور المجهر الالكتروني النافذ 100-20يتراوح بين )

وهو  .على التوالي 2و  1عند إستخدام الطريقتين  1-( سم 532.4و  524) وجود اواصر قوية عند FTIRمطياف الاشعة تحت الحمراء 
  .Cd-Oاهتزازات قوى  ما يعزى إلى 

 .ايمودينكروماتوغرافيا السائل عالية الاداء,  ،النباتي وليفالت فلافونويدات، , الكادميوم اكسيدالكلمات المفتاحية: 
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INTRODUCTION  

Nanoparticles (NPs), a broad family of 

materials with diameters under 100 nm, are 

used in a variety of sectors, Due to their 

diverse characteristics, these include medicine, 

pharmacology, manufacturing and materials, 

the environment, electronics, energy 

collecting, and mechanical (20, 38). (CdO 

NPs), which have explicit and implicit energy 

gaps for the band equal to 2.31 eV and 1.360 

electron  volt, respectively, have been found to 

be advantageous in photo-catalytic 

applications such as solar cells, photo-voltaics, 

flat displays, and sensors (42). (CdO NPs) 

Nano-structures are a low-cost(39), chemically 

stable, and comparatively nontoxic metal 

oxide semiconductor Nano-materials with 

applications in photo- catalysis (19),gas 

sensors, transistors, transparent electrode, and 

solar cells, drug delivery, antibacterial 

medicines, optics, and environmental cleanup 

(12). The exceptional characteristics of CdO 

nanoparticles are caused by the large number 

of surface atoms they contain.  Even though 

there are physical and chemical methods for 

creating nanoparticles, there are drawbacks to 

using them, such as hazardous products, 

excessive energy consumption, and the use of 

toxic solvents.  (34). CdO NPs have a gap 

energy of roughly 4.05 eV and a greater 

exciton binding energy of 75 meV when 

compared to other semiconductors (18). 

Several chemical methods have been used to 

create the nano-structure of CdO NPs (3,33). 

The majority of techniques are rather costly 

and intricate, particularly when it comes to 

regulating particle size and homogeneity (15). 

.The use of plant extracts to synthesize Nano-

particles is known as phyto-synthesis. This 

technique may be more favorable than 

microorganisms since it is easier to scale up 

biohazards and requires a more complex 

procedure for sustaining cell cultures (30). 
Because plant extracts include specific 

phytochemicals, they have been utilized in a 

number of studies to promote the reduction of 

metal nanoparticles (2, 11, 14, 17, 21). Flavonoids 

are the primary phytochemicals responsible for the 

sharp reduction; to far, more than 4000 flavonoids 

derived from plants have been found. Green 

plants are more likely to contain them, mostly 

as glycosides in the “leaves, flowers, stems, 

and roots.   Chalcones, flavones, flavanols, 

flavanones, anthocyanins, and isoflavones” are 

the main flavonoids that are frequently 

brilliantly colored (40), as well as tannins, 

cardiac glycosides, and saponins. They also 

bind to proteins as capping on nanoparticles 

(27). Flavonoids are composed of two benzene 

rings. phenolic compounds, and flavonoids 

(4).NPs, also, may be synthesized by using 

terpenoids, alkaloids and some flavonoids as a 

reducing agent (13, 22), quercetin (16), 

Kaempferol (10), hesperidin, naringin and 

diosmin  (29). The production of (CdO NPs) 

Nano-particles using phytosynthesis lowers the 

toxicity of the material and makes it 

environmentally benign.  The Queen of herbs, 

"Ocimum Sanctum" (holy basil), was used for 

the first time to create this environmentally 

friendly biosynthesis of CdO NPs (1). Emodin 

3-methyl-1,6,8-trihy-droxy-anthraquinone is 

the most common natural anthraquinone, 

found in plants, lichens, and fungus.  Plants in 

the "Poly-gonaceae family, such as Poly-

gonum multiflorum, Rheum palmatum, 

tanguticum, officinale, and Poly-gonum 

cuspidatum”, are common sources of emodin.  

The structure of emodin, which contains many 

hydroxyl and carbonyl groups that can chelate 

with metal ions in bio-logical target enzymes 

to form rather stable chelates, is one of the 

primary factors contributing to its wide range 

of biological action (44). 

MATERIAIS AND TECHNIQUES 

Obtained the plant: Polygonum multiforum/ 

family Polygonaceae was brought from the 

local market and actualized by "the Herbarium 

of Iraqi Ministry of Health according to a 

taxonomic procedure. After cleaning and 

milling, plant leaves were kept in a tenebrous 

glass bottles in fridge". 

Methanol extraction of polygonum 

multiforum crude extract: Ten milliliters of a 

methanol-water solution (9.1) (v/v) are added 

to glass tubes containing one gram of 

powdered plant leaves. The mixture is 

aggressively swirled with a vortex before 

being submerged in an ultrasonic bath for half 

an hour.  After centrifuging the mixture for 3 

min. at 4000 rpm, the supernatant was 

extracted.  Using 10 mL of methanol-water 

solution (9.1) (v/v), the pellet is extracted once 

more and goes through the identical 

procedures as before. The combination of the 
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two supernatants is then evaporated to dryness 

using a stream of liquid nitrogen bubbling at 

temperature 45 °C. The dry residue is 

recovered with 10 mL of a water-acetonitrile 

mixture (8.2) (v/v) then filtered through HPLC 

acrodiscs (porosity = 0.45 µm).  
Equipment for analyzing the active 

component in crude extract: The split took 

place.  A UV-Vis 10 A- SPD spectro-

photometer was used to analyze the eluted 

peaks using liquid chromatography, and a 

“Shimadzu 10AV-LC with a binary delivery 

pump model LC-10A Shimadzu was used.   

Under ideal circumstances”, the primary 

compounds were separated.   Column: 

Phenomenex C-18, 50 x 2.0 mm I.D., 3 µm 

particle size.   Mobile phase: linear gradients 

from 0% to 100% using 0.05% Trifler acetic 

acid solvent A and acetonitrile solvent B.   

Rate of flow: 1.0 mL/min.   The wavelength at 

which UV is detected is 285 nm. 

Preparation of standard compounds: All 

Sigma-Aldrich (Steinheim, Germany) 

provided the chemicals and standards.   10 mL 

of distilled water should be used to dilute 10 

mg of each of the following standard 

compounds.    Fivefold dilutions were 

combined to generate a decuple dilution series. 

.  The typical chemicals included “myrecetin, 

quercetin, kaempferol, vanallic acid, rutin, 

ellagic acid, isorhamantin, chlorogenic acid, 

and naringin”. 

Injection of plant extract in HPLC: The 

extract sample was injected into the HPLC 

under ideal separation conditions after being 

diluted to one-fifth in a methanol-acetonitrile 

mixture (v/v).   After passing through a 

disposable 0.22 µm filter, the extracted 

material was stored at 4°C for further 

examination.   Utilizing the ideal separation 

conditions mentioned above, inject 20 µl of 

the sample into the HPLC system (37). 

Calculation: 
Concentration of sample (ug/ml) = (Area of 

sample of sample/ Area of standard) * 

concentration of standard x dilution Factor 

Phyto-synthesis of metals NPs by extract of 

plant: 

1. Preparation of (CdO NPs) bulk particles:  
Bulk particles of (CdO NPs) obtained from 

Chemical Book. Their molecular weight was: 

(128.413) g/mol. Density 8.15 g/cm3 

(crystalline). Their rate of size was > 3.5 micro 

meter (> 3500 nm). Purity: 99.5 %.  Distil 

water was utilized to make solution of (10 

mg/ml) concentrations.  

2. Phyto-synthesis: In a flask containing only 

25 mL from cold water, 0.642 g of bulk (CdO 

NPs) particles were combined with 1 mL of 

methanol "P. multiforum" extract of crude 

plant .    Every material mixture was heated for 

three to nine hours at 60 to 90 degrees Celsius 

on a magnetic stirrer hot plate.     Colloidal 

solution samples were cooled to room 

temperature, separated, and then frozen in 

screw tubes.  Three iterations of the procedure 

were conducted (2).All HPLC steps were 

performed at "Al-Rawabi Al-Khadhra 

Company for Chemical and Environmental 

Studies and Analysis, Ltd." in Baghdad, Iraq”. 

3. Characterizations: Using the fallowing 

procedures, the precise pattern of the 

manufactured crystals' morphology, average 

structure, phase purity, particle size, and 

distribution are described and measured.  

 (AFM), SEM , TEM analysis, and X-ray 

diffraction (7,24,26). 

RESULTS AND DISCUSSION 

HPLC analysis:  The column 

chromatographic separations resulted in the 

isolation of five pure chemicals (Figure 1).  

The HPLC study revealed that Emodin 

(29.55%) (217.34 µg/ml) was the most 

abundant, followed by Aloe -emodin (24.52%) 

(180.36 µg/ml), Chrysophanol (19.24%) 

(141.56 µg/ml), Rhein (16.61%) (122.21 

µg/ml), and Physcion (10.06%) (74 µg/ml). 

 

 
A 
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B 

Fig . 1 . HPLC Analysis of: (A) standard 

compounds, (B) “P. multiforum “extract. 

Phyto-synthesis of (CdO NPs) Nano-

particles by crude extract of P. multiforum: 

AFM: Procedure 1, which involves heating at 

60 degrees Celsius for three hours, had 

average diameters of 83.26 nm, a roughness 

average (Ra) of 10.1 nm, and a root mean 

square (Sq.) of 11.9 nm.  Larger Nano-

particles were produced by raising the heat of 

reaction to 90 Cº for nine hours; on average, 

they measured 86.14 nm (Figure 2).  Its root 

mean square (Sq.) was 6.68 nm, while its 

roughness average (Ra) was 5.88 nm.   AFM 

topography pictures of phytosynthesis Nano-

particles were displayed in Figure (3). 

Table 1.The retention time (RT) and area under curves of reference standard compounds and 

samples of P. multiforum 

No.         RSt.           Standard                             Samples  

   R.T. 

  (min) 

Aru.(µvolt) R.T(min.) Aru.(µvolt) Con. 

(µg/ml) 

% 

 

1 

2 

3 

4 

5 

Aloe - emodin      3.11          291858            3.092                 210567           180.36          24.52 

Emodin                4.4            237889             4.463                 206797           217.34         29.55 

Rhein                   5.46          230033             5.118                 112456           122.21         16.61           

Chrysophanol      6.5            218747             6.523                 123869           141.56         19.24 

Physcion              7.74          223278             7.695                 66093             74                10.06 

                                                                                                                                            100 
RSt.: reference standard; R.T: retention time in minuet; Aru.: area under curves (µvolt); Con.; concentration 

 
Fig. 2. distribution chart of (CdO NPs) Nano-particles synthesis by procedure (1 and 2) of “P. 

multiforum “extract of crude plant  
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(A) Procedure1 

 
(B) Procedure2 

Fig. 3. AFM topographic images of (CdO NPs) Nano-particles synthesis by procedure (1 and 

2) of “P. multiform “extract of crude plant  

 

SEM Analysis: In SEM image of procedure 1 

(Figure 4), it can be seen that the particles are 

Nano-rods. Each of their dimensions range 

from (20-50) nm. Procedure 2 was using to 

form hexagonal Nano-plate crystals having 

one dimension on the Nano-scale (20-100) nm. 

                        (A) Procedure 1.                                                          (B) Procedure 2 

Fig. 4. SEM image of phyto-synthesis (CdO NPs) Nano-particles using procedure (1 and 2) of 

“P. multiforum “extract of crude plant  
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FTIR spectroscopic The bands in Procedure 1 

were comparable to those in Procedure 2.  The 

band at 3599.2 (1/cm)(Figure 5) corresponds 

to the OH stretching vibrations of hydroxyl 

groups (32).  The organic substance 

discovered at 1384.9 (1/cm)(Figure 5) was due 

to “C-H bending vibrations”.  This shows that 

the (CdO NPs) Nano-particles were overcome 

by the organic components(8).  While the band 

at 1431 (1/cm)(Figure 5) corresponds to the 

asymmetric stretching vibrations of water 

molecules associated with manufactured CdO 

NRs(9). The absorption peak at 856 (1/cm) as 

shown in (Figure 5) which  corresponds to 

metal-oxygen stretching of CdO NPs(23). The 

formation of absorption band 524 (1/cm)and 

532.4 for procedure 1 and 2, respectively, due 

to Cd-O stretching vibrations(28). It has been 

found that the intense IR bands around 500 

and 600 are the characteristic bands of CdO 

those similar with (5,9,25). 

 
Fig. 5. FT-IR spectra of Phyto-synthesis (CdO NPs) Nano-particles using procedure (1 and 2) 

of “P. multiforum “extract of crude plant  

X-ray diffraction: Procedures 1 and 2 create a 

combination of Nano-particles (CdO and 

CdO2) after heating at 60 and 90°C for 3 and 9 

hours, respectively.  The CdO planes with h k l 

values were 32.3 (111) and 38.1 (200), 

respectively (Figure 6).  Matching with cubic 

CdO (JCPDS 05-0640) suggested the synthesis 

of this compound. According to Scherer's 

equation (6), their average nano--particle 

crystallite sizes were 11.95 nm and 13.95 nm, 

respectively.  Table (2) displayed their 

dislocation density and strain value.  29.4 

(111) and 58.8 (311) were the CdO2 planes 

with h k l values; these results are comparable 

to those of (31,35,36,41).   *All analyses 

pertaining to Nano-- were conducted at Photo-

n Center Baghdad. Iraq 

 
Fig.6. X-ray pattern of Phyto-synthesis (CdO NPs) Nano-particles using procedure (1 and 2) 

of P. multiforum extract of crude plant  
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Table 2. XRD parameters of Phyto-synthesis (CdO NPs) Nano-particles using procedure (1 

and 2) of “P. multiforum “extract of crude plant  

Sample 
Planes 

(hkℓ) 

2 theta 

(DEG) 

FWHM 

(DEG) 

D 

(nm) 

STRAIN 

XE-4 

DIS 

X1014 

Procedure 1 

Procedure 2 

200           38.250            0.700          11.95       116                70  

200            38.28             0.600          13.95       99.38            51.42 

FWHM is the  Full width at half maximum; D: 

dimension of Crystal in nm; η x10
-4

: strain 

value; δ x 10
14

: dislocation density; NPs: 

Nano-particles; BPs: particles. 

CONCLUSIONS 

“P. multiforum “extract of crude plant  contain 

five flavonoids in its leaf (Emodin, followed 

by Aloe -emodin, Chrysophanol, Rhein and 

Physcion). CdO Nano-particles were produced 

using two different techniques. Every 

technique used to produce CdO at the nano--

scale was successful.  Examining the role that 

specific active "P. multiforum" compounds 

play in the phyto-synthesis of CdO Nano-

particles will be helpful. 

CONFLICT OF INTEREST   

The authors declare that they have no conflicts 

of interest. 

DECLARATION OF FUND   

The authors declare that they have not 

received a fund. 

REFERENCES 

1. Aarth R , A. P. Sudha, B. Sujatha, and K. 

Sowmya Lakshmi. 2020. Appraisal of 

innovative phyto-synthetic” CdO NPs from 

leaf extract of “Ocimum Sanctum “and their 

bactericidal activity against different strains.     

Nano-scale Reports 3(2) .                                  

DOI:10.26524/nr.3.9 

2. Abdul Jalill, R. D. A. 2018. Green synthesis 

of titanium dioxide Nano-particles with 

volatile oil of Eugenia caryophyllata for 

enhanced antimicrobial activities. IET Nano-

biotechnology, 12(5): 678-687.   

DOI: 10.1049/iet-nbt.2017.0139  

3. Abd, Ahmed N, .Al-Marjani, Mohammed 

F.,  Kadham, Zahraa A., Synthesis of CdO NP 

S for antimicrobial activity, International 

Journal of Thin Film Science and Technology  

, Vol. 7 > No. 1 , January 2018 , PP: 43-47 , 

doi:10.18576/ijtfst/070106   

4. Ahmad, T., M. A. Bustam, M. Irfan, M., 

Moniruzzaman, H. M. A. Asghar, and S. 

Bhattacharjee .2019. Mechanistic investigation 

of phyto-chemicals involved in green synthesis 

of gold Nano-particles using aqueous Elaeis 

guineensis leaves extract: Role of phenolic 

compounds and flavonoids. Biotechnology and 

Applied Biochemistry, 66(4), 698-708.  

https://doi.org/10.1002/bab.1787  

5. Ahmed N. Abd and K. A. Wedian.2023. 

Green synthesis of Cdo Nps:the biological 

efficacy study against human pathogens ( 

E.coli and Candida). HIV Nursing, 23 

(3).1662-1666. DOI:10.31838/hiv23.03.242 

6. Ahmed N. Abd, M. F. Al –Marjani and A. 

Z. Kadham.2018. Synthesis of CdO NPS for 

antimicrobial activity. Int. J. Thin. Fil. Sci. 

Tec. 7, No. 1, 43-47.                     

doi:10.18576/ijtfst/070106 

7. Alaa Alden, M.A. and L. A. Yaaqoob.2022. 

Evaluation of the biological effect synthesized 

zinc oxide Nano-particles on pseudomonas 

aeruginosa. Iraqi Journal of Agricultural 

Sciences,53(1):27-37. 

https://doi.org/10.36103/ijas.v53i1.1502   

 8. Al-Hada, N. M., E. Saion, Z. A. Talib, and 

A. H. Shaari .2016. The impact of poly 

vinylpyrrolidone on properties of cadmium  

oxide semiconductor Nano-particles 

manufactured by heat treatment technique. 

Polymers, 8(4), 113.              

https://doi.org/10.3390/polym8040113 

9. Abad, Wedian K.; Abd, Ahmed N.;   

Habubi, and Nadir Fadhil, 2023. Synthesis of 

Ag2O Nanoparticles via Fresh Pomegranate 

Peel Extract for Bioapplications , Nano 

Biomedicine and Engineering , Biomedicine 

and Engineering, , 15(4): 363−368. , 

http://doi.org/10.26599/NBE.2023.9290032   

10. Deng, S. P., J. Y.  Zhang, Z. W. Ma, S. 

Wen, S. Tan  and J. Y. Cai. ,2021. Facile 

synthesis of long-term stable silver Nano-

particles by kaempferol and their enhanced 

antibacterial activity against Escherichia coli 

and Staphylococcus aureus. Journal of 

Inorganic and Organometallic Polymers and 

Materials, 31(7), 2766-2778.                 

https://doi.org/10.1007/s10904-020-01874-2  

11.Dixit  A. R. Bala, B. Pareek, A. Chaudhary, 

S. Arora, D. Singh, A. Bala, and V. S. Jaswal, 

2023. Green Synthesis of (CdO NPs) Nano-

particles with Various Plant Extracts and their 

Use as an Anticancer Agent. Biointerface 

https://doi.org/10.1049/iet-nbt.2017.0139
https://doi.org/10.1002/bab.1787
http://dx.doi.org/10.31838/hiv23.03.242
http://dx.doi.org/10.18576/ijtfst/070106
http://dx.doi.org/10.18576/ijtfst/070106
https://doi.org/10.36103/ijas.v53i1.1502
https://doi.org/10.3390/polym8040113
https://doi.org/10.3390/polym8040113
http://doi.org/10.26599/NBE.2023.9290032
https://doi.org/10.1007/s10904-020-01874-2
https://doi.org/10.1007/s10904-020-01874-2


Iraqi Journal of Agricultural Sciences –2025:56(5):1913-1922                                      Abdulhadi & et al. 

1920 

Research in Applied Chemistry. Volume 13, 

Issue 1.  

https://doi.org/10.33263/BRIAC131.004 

12. Dixit, A., Bala,R., Pareek, B. Chaudhary, 

A. and V. S. A.  Jaswal .2021. review on 

synthesis of Cadmium and Manganese oxide 

Nano-particles with its vitro applications. 

Journal of University of Shanghai for Science 

and Technology, Vol 23 (08) , pp. 462-471.   

DOI:10.51201/jusst/21/08421 

13. El-Seedi, H. R., R. M.  El-Shabasy, S. A. 

Khalifa, A. Saeed, A. Shah, R.  Shah,... and W. 

Guo .2019. Metal Nano-particles fabricated by 

green chemistry using natural extracts: 

Biosynthesis, Mechanisms, and Applications. 

RSC Advances, 9(42), 24539-24559. DOI 

https://doi.org/10.1039/C9RA02225B 

14. Fall, A., J. Sackey, N. Mayedwa, and B. D. 

Ngom., 2021. Investigation of structural and 

optical properties of CdO Nano-particles via 

peel of Citrus x sinensis. Materials Today: 

Proceedings, 36, 298-302.                 

https://doi.org/10.1016/j.matpr.2020.04.057 

15. Hashmi,S. S., M. Shah, W. Muhammad, 

A.Ahmad, M. A. Ullah, M. Nadeem, and B. H. 

Abbasi .2021. Potentials of phyto-fabricated 

Nano-particles as ecofriendly agents for photo-

catalytic degradation of toxic dyes and waste 

water treatment, risk assessment and probable 

mechanism. Journal of the Indian Chemical 

Society, 98(4), 100019. 

https://doi.org/10.1016/j.jics.2021.100019 

16. Jain, S., and M. S. Mehata.2017. Medicinal 

plant leaf extract and pure flavonoid mediated 

green synthesis of silver Nano-particles and 

their enhanced antibacterial property. 

Scientific Reports, 7(1), 1-13. DOI: 

10.1038/s41598-017-15724-8  

17. Jawad, M. M. H. M., R. D. A. Jalill, A. M. 

Al Shammari, and A. N. Abd .2021. Phyto-

synthesis of cobalt ferrite Nano-particles by 

crude extract of rheum ribes. Annals of the 

Romanian Society for Cell Biology, 25(6), 

14801-14819. 

18. Kalu, O., C. Rodríguez-Fernández, J. 

Cardoso, M. R. Correia, A. Cantarero, G. 

Rojas, and A. Reyes-Rojas. 2021. Near band 

edge and defect emissions in wurtzite Cd0. 

025Mg0. 10Zn0. 875O Nano-crystals. Optical 

Materials, 118, 111227.              

DOI:10.1016/j.optmat.2021.111227 

19.Karthik, K., S. Dhanuskodi, C. Gobinath, S. 

Prabukumar, and S. Sivaramakrishnan .2019. 

Multifunctional properties of CdO Nano-

structures Synthesised through microwave 

assisted hydrothermal technique. Materials 

Research Innovations, 23(5), 310-318. 

DOI:10.1080/14328917.2018.1475443 

20. Khan, I., K. Saeed, and I. Khan . 2019. 

Nano-particles properties, applications and 

toxicities. Arabian Journal of Chemistry, 

12(7). 

https://doi.org/10.1016/j.arabjc.2017.05.011 

21 .Khan, M. F. and M. A. Khan, 2023. Plant-

Derived Metal Nano-particles (PDMNPs): 

Synthesis, Characterization, and Oxidative 

Stress-Mediated Therapeutic Actions. future 

pharmacology. 3(1), 252-295;                

https://doi.org/10.3390/futurepharmacol30100

18 

22.  Aziz, Sahar Abdul , Ali , Reem Sami; 

Abd, Ahmed N, Characterization studies of 

nickel oxide nanostructure films prepared by 

electrolysis method for photo detectors , 

Applications, NeuroQuantology 18, Issue 2, 

(2020) 45 – 49, https://www.scopus.com/ 

pages/publications/85082798193 

 

23.Kumar, S., B. Ahmed, S. Kumar, K. Ojha, 

A. Kumar and J. Das .2017. Facile synthesis of 

CdO Nano-rods and exploiting its properties 

towards supercapacitor electrode materials and 

low power UV irradiation driven photo-

catalysis against methylene blue dye. Materials 

Research Bulletin,(90) 224–231. 

DOI:10.1016/j.materresbull.2017.02.044 

24. Mahdi, R. R., and S. A. Makki .2019. 

Synthesis and Properties of (CdO NPs) Thin 

Films Prepared By Simple Chemical 

Technique. Energy Procedia, 157, 261-269. 

DOI:10.1016/j.egypro.2018.11.189  

25. Mazaheritehrani, M.,  J. Asghari, R. L. 

Orimi, and S. Pahlavan .2010. Microwave-

assisted synthesis of Nano--sized (CdO NPs) 

as a new and highly efficient catalyst for 

solvent free acylation of amines and alcohols. 

Asian Journal of Chemistry, 22(4), 2554. 

26. Mustafa H. N. and I. Al-Ogaidi. 2023. E 

ffecacy of zinc sulfide-chitosan Nano-particles 

against bacterial diabetic wound infection. 

Iraqi Journal of Agricultural Sciences, 54(1):1-

17.https://doi.org/10.36103/ijas.v54i1.1671  

https://doi.org/10.33263/BRIAC131.004
https://doi.org/10.51201/jusst%2F21%2F08421
https://doi.org/10.1039/C9RA02225B
https://doi.org/10.1016/j.matpr.2020.04.057
https://doi.org/10.1016/j.matpr.2020.04.057
https://doi.org/10.1016/j.jics.2021.100019
https://doi.org/10.1038/s41598-017-15724-8
http://dx.doi.org/10.1016/j.optmat.2021.111227
http://dx.doi.org/10.1080/14328917.2018.1475443
https://doi.org/10.1016/j.arabjc.2017.05.011
https://doi.org/10.3390/futurepharmacol3010018
https://doi.org/10.3390/futurepharmacol3010018
https://doi.org/10.3390/futurepharmacol3010018
http://dx.doi.org/10.1016/j.materresbull.2017.02.044
http://dx.doi.org/10.1016/j.egypro.2018.11.189
https://doi.org/10.36103/ijas.v54i1.1671


Iraqi Journal of Agricultural Sciences –2025:56(5):1913-1922                                      Abdulhadi & et al. 

1921 

27. Parveen, A., and S. Rao., 2015. 

Mechanistic approach of functionalized noble 

metal Nano-particles synthesis from cassia 

auriculata L. Journal of Cluster Science, 26(4), 

1295-1303. DOI:10.1007/s10876-014-0813-2 

28. Saghatforoush, L. A., S. Sanati, R. 

Mehdizadeh, and M. Hasan Zadeh .2012. 

Solvothermal synthesis of Cd (OH) 2 and CdO 

Nano-crystals and application as a new 

electrochemical sensor for simultaneous 

determination of norfloxacin and 

lomefloxacin. Superlattices and 

Microstructures, 52(4), 885-893. 

29. Sahu, N., D. Soni, B. Chandrashekhar, D. 

B. Satpute, S. Saravanadevi, B. K. Sarangi, 

and R. A. Pandey .2016. Synthesis of silver 

Nano-particles using flavonoids: hesperidin, 

naringin and diosmin, and their antibacterial 

effects and cytotoxicity. International Nano- 

Letters, 6(3), 173-181. 10.1007/s40089-016-

0184-9  

30. Salouti, M., and F. K. Derakhshan . 2019. 

Phyto-synthesis of Nano-scale materials. In 

book: Advances in PhytoNano-technology 

from synthesis to application, chapter:3, page 

45-121.Academic press. Elsevier. 

https://doi.org/10.1016/j.rechem.2024.101801 

31. Saranya, J., Balakrishnapillai S. S., 

Gurunathan P., Sankararajan R., Ponnusamy. 

and S. K.. 2020. CdO Nano-particles, c‐

MWCNT Nano-particles and CdO Nano-

particles/c‐MWCNT Nano-composite fibres: 

in vitro assessment of anti‐proliferative and 

apoptotic studies in HeLa cancer cell lin. IET 

Nano-biotechnol. 16;14(8):695–700.  

DOI: 10.1049/iet-nbt.2020.0020  

32. Selvam, N. C. S., R. T. Kumar, K.  

Yogeenth, L.J.  Kennedy, G.  Sekaran, and J. 

J. Vijaya .2011. Simple and rapid synthesis of 

(CdO NPs) (CdO) Nano-spheres by a 

microwave-assisted combustion technique. 

Powder Technology, 211(2-3), 250-255.  

33.Shakibaie, M., S. Riahi-Madvar, A. Ameri, 

P. Amiri-Moghadam, M. Adeli-Sardou, and H. 

Forootanfar .2021. Microwave assisted 

biosynthesis of cadmium Nano-particles: 

characterization, antioxidant and cytotoxicity 

studies. Journal of Cluster Science, 1-11. 

DOI:10.1007/s10876-021-02107-3 

34.Solano, R., D. Patiño-Ruiz, L. Tejeda-

Benitez, and A. Herrera., 2021. Metal-and 

metal/oxide-based engineered Nano-particles 

and Nano-structures: a review on the 

applications, Nano-toxicological effects, and 

risk control strategies. Environmental Science 

and Pollution Research, 28(14): 16962-16981.  

doi: 10.1007/s11356-021-12996-6.   

35. Somasundaram, G. Rajan, P. Sangaiya, and 

R. Dilip.2019. Hydrothermal synthesis of CdO 

Nano-particles for photo-catalytic and 

antimicrobial activities. Results in Materials. 

Volume4. 

https://doi.org/10.1016/j.rinma.2019.100044 

36. Suaad A. M. and N. K. Abbas .2023. 

Synthesis and investigation of structural and 

optical properties of CdO: Ag Nano-particles 

of various concentrations. Baghdad Science 

Journal  20(5 Suppl.): 2002-2011. DOI: 

https://dx.doi.org/10.21123/bsj.2023.7292 

37. Suarez, B., N. Palacios, N. Fraga, and R. 

Rodriguez., 2005.. Liquid chromatographic 

technique for quantifying polyphenols in 

ciders by direct injection. Journal of 

chromatography,1066,105-110. 

DOI: 10.1016/j.chroma.2005.01.022  

38. Sudha, P. N., K. Sangeetha, K. 

Vijayalakshmi, and A. Barhoum., 2018. Nano-

materials history, classification, unique 

properties, production and market.Emerging 

applications of Nano-particles and architecture 

Nano-structures .pp. 341-384. Elsevier. 

DOI:10.1016/B978-0-323-51254-1.00012-9 

39. Thambidurai, M., and C. Dang, 2018. 

Structural, morphological and optical 

properties of CdO Nano-structures synthesized 

by chemical bath deposition technique. 

Materials Letters, 221, 244-247.             

https://doi.org/10.1016/j.matlet.2018.03.108 

40. Twaij, B. M., and M. N. Hasan .2022. 

Bioactive secondary metabolites from plant 

sources: types, synthesis, and their therapeutic 

uses. International Journal of Plant Biology, 

13(1), 4-14.               

https://doi.org/10.3390/ijpb13010003 

41. Vadgama,V. S., R. P. Vyas, B. V. Jogiya 

and M. J. Joshi., 2023. Synthesis and 

characterization of CdO Nano- particles by the 

Sol-gel Technique. AIP Conference 

Proceedings 1837, 040016 (2017).                    

 http://dx.doi.org/10.1063/1.4982100 

42. Vidhya, M., P. P. Raja, R. Archana, K. 

Sadayandi, S. Suresh, S. Gunasekaran, J. 

Podder,  M. Faruq, H. A. Al-Lohedan and W. 

C. Oh., 2020. Comparison of sunlight-driven 

http://dx.doi.org/10.1007/s10876-014-0813-2
https://ui.adsabs.harvard.edu/link_gateway/2016INL.....6..184S/doi:10.1007/s40089-016-0184-9
https://ui.adsabs.harvard.edu/link_gateway/2016INL.....6..184S/doi:10.1007/s40089-016-0184-9
https://doi.org/10.1016/j.rechem.2024.101801
https://doi.org/10.1049/iet-nbt.2020.0020
https://link.springer.com/article/10.1007/s10876-021-02107-3
https://doi.org/10.1016/j.rinma.2019.100044
https://dx.doi.org/10.21123/bsj.2023.7292
https://doi.org/10.1016/j.chroma.2005.01.022
http://dx.doi.org/10.1016/B978-0-323-51254-1.00012-9
https://doi.org/10.1016/j.matlet.2018.03.108
https://doi.org/10.1016/j.matlet.2018.03.108
https://doi.org/10.3390/ijpb13010003
https://doi.org/10.3390/ijpb13010003
http://dx.doi.org/10.1063/1.4982100
http://dx.doi.org/10.1063/1.4982100


Iraqi Journal of Agricultural Sciences –2025:56(5):1913-1922                                      Abdulhadi & et al. 

1922 

photo-catalytic activity of semiconductor 

metal oxides of tin oxide and (CdO NPs) 

Nano-particles. Optik, Vol. 217: 164878. 

DOI 

https://doi.org/10.1016/j.ijleo.2020.164878. 

43. Ying, S., Z. Guan, C. O. Polycarp, C. 

Preston, R. Cyren F. He, and J. Hong., 2022 

Green synthesis of Nano-particles: Current 

developments and limitations. Environmental 

Technology & Innovation. Volume 26. 

https://doi.org/10.1016/j.eti.2022.102336 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

44. Zhang,Q., W. W. Chen, X. Sun, D. Qian, 

D. Tang, L. L. Zhang, M. Y Li,. L. Y Wang,., 

C. Wu, and W. Peng,. 2022. The versatile 

emodin: A natural easily acquired 

anthraquinone possesses promising anticancer 

properties against a variety of cancers. 

International Journal of Biological Sciences. 

18(8): 3498-3527.  doi: 10.7150/ijbs.70447 

 
 
 

https://doi.org/10.1016/j.ijleo.2020.164878
https://doi.org/10.1016/j.eti.2022.102336
https://doi.org/10.7150/ijbs.70447

