
MANAS Journal of Engineering 
ISSN 1694-7398 | e-ISSN 1694-7398

MJEN Volume 11, Issue 1, (2023) Pages 92-104 

https://doi.org/10.51354/mjen.1279695

 MJEN  MANAS Journal of Engineering, Volume 11 (Issue 1) © 2023 www.journals.manas.edu.kg 

Green chemistry assisted nanoscale synthesis and structural 

characterization of some transition metal cations 

Mustafa Küyükoğlu1, Melda Bolat Bülter2,  Dursun Ali Köse1,* 

1 Hitit University, Department of Chemistry, Ulukavak, Çorum/Türkiye, 19100, ORCID: 0000-0003-4767-6799 

2 Hitit University, Vocational School of Technical Sciences, OHS Program, Çorum/Turkey, 19100 

A B S T R A C T  A R T I C L E  I N F O  

Nanoparticle studies are groundbreaking today, largely due to unpredictable changes in particle 

size and surface properties. Therefore, nanoparticles are considered as building blocks in 

optoelectronics, pharmaceuticals, nuclear energy, bioengineering, biomedicine and industrial 

applications. Today, the importance of environmentally friendly methods is increasing. The use 

of the green synthesis method, which adopts an economic synthesis approach that will reduce 

resource and energy consumption and do not harm the environment, is also encouraged in every 

field. In the study, biosafe ascorbic acid was used as an alternative reagent (agent) to the 

chemical reduction method. The method process performed with the reagent selected for 

nanoparticle synthesis has ensured that it is green synthesis, which is adopted as non-toxic and 

environmentally friendly. In this study, nanoparticles were synthesized by reducing the sulphate, 

nitrate, chloride and acetate salts of Cu(II), Ni(II), Co(II), Zn(II) and Mn(II) transition metals 

with the reducing agent ascorbic acid compound. It is aimed to investigate the effects of the 

same metal cations and different anion salts on nanoparticle synthesis. Depending on the radius 

ratios and solubility values of metal cations and anions, the nanoparticle obtained from 

Ni(CH3COO)2 salt has the smallest radius. Nano metal particles with the largest radius were 

obtained as a result of reduction from Co(NO3)2 salt. The characterization of the synthesized 

nanoparticles were recorded by particle size analysis and scanning electron microscopy (SEM) 

images. 
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1. Introduction

Nanotechnology is a science that deals with the preparation of 

nano-sized particles ranging from 1 to 100 nm using various 

synthesis strategies and particle structure and size 

modification. Nanoparticles have proven to be a scientific and 

technological boon that can be used in many different 

application areas such as medicine, organic chemistry, 

inorganic chemistry, materials science, food, electronics, fuel 

cells, solar cells, voltaic batteries, chemical sensors, space, 

sports equipment, chemical fabrics [1-9]. Due to the specific 

properties (size, shape, and distribution) of nanoparticles, they 

can be used in applications requiring advanced technology 

[10-12]. Nanoparticles of transition metals also have wide 

applications in different interdisciplinary fields due to their 

distinctive physicochemical properties associated with their 

nanometer size [5–8]. Metal oxide nanoparticles (MONs) are 

synthesized from all-metal precursors. These nanoparticles 

play an important role in many fields of physics, chemistry, 

and materials science. MONs have unique optoelectrical 

properties due to their well-known localized surface plasmon 

resonance properties. Nano-sized metal oxides have many 

outstanding properties, including high cleaning capacity and 

heavy metal selectivity. They hold great potential as 

promising adsorbents for heavy metals. Therefore, synthesis 

techniques mainly focus on size, morphological configuration, 

stability, and distribution [17-21]. The chemicals used for 

nanoparticle synthesis and stabilization are toxic and lead to 

non-biosafe by-products. Therefore, there is a growing 

interest in “green nanotechnology” that is environmentally 

friendly with the specific properties of nanoparticles [22-25]. 

The reduction of metal nanoparticles with the ascorbic acid 

compound can be said to be a green method whose process is 

non-toxic, low cost, and environmentally friendly [10,26-31]. 

When the transition metal studies in the literature are 

examined, it is seen that there is a focus on certain transition 

metals. In this study, sulphate, nitrate, chloride, and acetate 

salts of Cu(II), Ni(II), Co(II), Zn(II), and Mn(II) transition 

metal cations were combined with L-ascorbic acid (Vitamin 

C) using chemical reduction technique. nanoscale syntheses

http://www.journals.manas.edu.kg/
http://journals.manas.edu.kg/mjen/index.php
http://www.manas.edu.kg/


D.A. Köse, M. Küyükoğlu, M. Bolat Bülter / MANAS Journal of Engineering 11(1) (2023) 92-104 93 

   

 MJEN  MANAS Journal of Engineering, Volume 11 (Issue 1) © 2023 www.journals.manas.edu.kg 

 

were tried to be made by reducing Thus, it is aimed to 

investigate the effects of the same metal cations with different 

anion salts on nanoparticle synthesis. The synthesis of MON 

and anion and their effects on size will be examined. It is 

aimed to create a reference source for researches aiming to 

study nano-sized particles of specified metal cations. ZETA 

particle size analysis and scanning electron microscope 

(SEM) images were recorded for the characterization of the 

synthesized nanoparticles. 

Types of 

nanoparticles

 

Figure 1. Commonly used types of nanoparticles [32] 

2. Materials and methods 

2.1. Materials 

Sulfate, nitrate, chloride and acetate salts of copper, nickel, 

cobalt, zinc and manganese and ascorbic acid chemicals were 

procured from Sigma-Aldrich (St. Louis, USA). All other 

chemicals used in the study are of analytical grade. De-ionized 

water was also used in the study. 

2.2. Synthesis of transition metal nanoparticles 

In this study, metal oxide nanoparticle synthesis was 

performed as follows. 0.001 mol of transition metal salt and 

0.011 mol of ascorbic acid were dissolved in 100 mL of de-

ionized water. The pH of the solution was brought to about 

6.50 with NaOH solution.  The solution was then taken into a 

flask and placed in the assembly consisting of a water bath and 

a mechanical stirrer. The transition metal solution was stirred 

for 2.5 hours at 85°C, 700 rpm. In the last stage, the large 

particles and unwanted impurities settled to the bottom were 

filtered under vacuum and the metal nanoparticle solids 

remaining at the bottom of the flask after the water were 

removed by the evaporator device and where dried with a 

vacuum oven at 25 °C. 

2.3. Characterization 

Scanning Electron Microscope (SEM) 

Surface morphology of the synthesized nanoparticles was 

investigated using scanning electron microscopy (SEM; FEI / 

Quanta 450 FEG, USA). The sample, which was attached to 

the SEM holder with double-sided carbon tape, was then 

covered under vacuum with a thin layer of gold. Then the 

obtained SEM sample was placed in the device and its image 

was taken. 

Size Analysis 

The size of the nanoparticles in the aqueous solution was 

analyzed. The scattering angle of the laser light passing 

through the particle depends on the particle size. As the 

particle size decreases, the scatter angle increases 

logarithmically. The scattering angles of large particles are 

low, the intensity of the scattered laser light is high. In small 

particles, the scattering angle is high and the intensity of the 

scattered laser light is low. 

3. Results and discussions 

 

 

 

 

 

 

 

 

 

 

http://www.journals.manas.edu.kg/


D.A. Köse, M. Küyükoğlu, M. Bolat Bülter / MANAS Journal of Engineering 11(1) (2023) 92-104 94 

   

 MJEN  MANAS Journal of Engineering, Volume 11 (Issue 1) © 2023 www.journals.manas.edu.kg 

 

Scanning Electron Microscopy (SEM) 
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Figure 2. SEM image of nanoparticles obtained from Cu (II) salts 
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Figure 3. SEM image of nanoparticles obtained from Ni (II) salts 

.  
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Figure 4. SEM image of nanoparticles obtained from Co (II) salts 
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Figure 5. SEM image of nanoparticles obtained from Zn(II) salts 
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Figure 6. SEM image of nanoparticles obtained from Mn(II) salts

Zeta-Size chart 

The size of the smallest nanoparticles was determined as 

Ni(CH3COO)2 and is shown in figure 7. The largest 

nanoparticle was determined as Co(NO3)2.6H2O and is shown 

in figure 8. 

 

 

Figure 7. Zeta-Size graph of the smallest nanoparticle Ni(CH3COO)2 
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Figure 8. Zeta-Size graph of the largest nanoparticle Co(NO3)2.6H2O  

Table 1. Size analysis of nanoparticles based on anions and cations 

In the light of the data summarized in Table 1, when the size 

analysis of the nanoparticles is examined, the order of the salts 

used according to the size of the particles obtained from the 

small to the large is as follows: Among the cations, the 

smallest particle size was obtained from Ni (II) salts. It has 

been determined that salts with the smallest size astetate anion 

are formed among the anions. Accordingly, it can be said that 

the low solubility of nickel acetate in aqueous environment 

compared to other salts caused the nanoparticles obtained to 

be smaller in size. Based on the same idea, the cobalt nitrate 

salt, which dissolves relatively faster in an aqueous 

environment, has also been identified as the largest particle. 

According to the results of the size analysis, the general 

comparisons of the particles formed by the reduction of the 

salts with ascorbic acid are shown below. 

General Ranking:  

Ni(CH3COO)2 < CuCl2 < Zn(CH3COO)2 < Mn(NO3)2 < Ni(NO3)2 < NiSO4 < NiCl2 < MnCl2 < CoSO4 < Co(CH3COO)2 

< Cu(NO3)2 < ZnCl2 < Zn(NO3)2 < Mn(CH3COO)2 < CuSO4 < MnSO4 < ZnSO4 < Cu(CH3COO)2 < CoCl2 < Co(NO3)2 

When the anion-based size analysis is examined, the 

following sequence is formed from small to large. 

Anion Rank: CH3COO- < Cl- < NO3- < SO42- 

When the cation based size analysis is examined, the 

following sequence is formed from small to large. 

Cation Rank: Ni2+ < Mn2+ < Zn2+ < Cu2+ < Co2+ 

When the radius values of the anions given in Table 2 are 

examined, it has been determined that the largest radius value 

is SO42- anion and the lowest value is CH3COO- 

In Table 3, the radius values of the metal cations with 2+ 

oxidation steps are close to each other, as expected, the small 

value is Co2 + with low spin, and the highest value is the Zn2 

+ cation with d10 electronic configuration. Mn2 + d5 deviates 

from the periodic table bases since it has a half-filled stability 

electronic configuration at varying radii in accordance with 

the periodic table rules. 

 

 

 

 

 

 

 

Anion Cu+2(nm) Ni2+ (nm) Co+2 (nm) Zn+2 (nm) Mn+2 (nm) 

Sulfate 709,6 310,8 603,9 812,6 718,3 

Nitrate 635,9 145,8 1492,0 675,9 118,4 

Chloride 3,421 453,7 887,3 645,8 564,4 

Acetate 867,4 2,946 615,3 53,03 683,6 
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Table 2. The radius values of anions [33] 

Anion Radius (nm) 

CH3COO- 162 

NO3
-  179 

Cl- 184 

SO4 
2- 258 

 

Table 3. The radius values of anions [34] 

Cation Radius(pm) 

Co2+ 65 (ls)   74,5 (hs) 

Cu2+ 73 

Mn2+ 81(ls)  97 (hs) 

Ni2+ 83 

Zn2+ 88 

ls: low spin, hs: high spin 

When the solubilities of metal salts consisting of cations and 

anions are compared, the solubility decreases in ionic 

compounds (salt compounds) formed by cations and anions 

whose radii are close to each other due to the increasing 

covalent character feature. When the solubility values of the 

metal salts given as g/mL in an aqueous medium at 20oC in 

Table 4 are examined, they show the expected changes (due 

to periodic table exceptions), albeit small deviations. 

Table 4. The solubility values of the metal salts. 

Metal Salt Solubility (g/100mL, 20°C) 

Zn(CH3COO)2.2H2O 43.0 

Zn(NO3)2.6H2O 184.0 

ZnSO4.7H2O 96.0 

ZnCl2 395.0 

Cu(CH3COO)2.H2O 7.2 

Cu(NO3)2.3H2O 125.0 

CuSO4.5H2O 32.0 

CuCl2.2H2O 73.0 

Co(CH3COO)2.4H2O 38.0 

Co(NO3)2.6H2O 134.0 

CoSO4.7H2O 36.2 

CoCl2.6H2O 52.9 

Ni(CH3COO)2.4H2O 182.0 

Ni(NO3)2.6H2O 238.5 

NiSO4.7H2O 75.6 

NiCl2.6H2O 254.0 

Mn(CH3COO)2.4H2O 23.3 

Mn(NO3)2.4H2O 380.0 

MnSO4.4H2O 70.0 

MnCl2.4H2O 198.0 

When the solubility values of the metal salts given in Table 2 

and 3 are examined, it was determined that the solubility 

values of the metal cation and the salt compounds formed by 

the anion with the closest radii are the lowest as expected. 

However, unlike NO3-, Cl- and CH3COO- anions, all of 

which have a 1- oxidation step, SO42- anion, which has a 2- 

oxidation step, will generate a stronger electron than other 

anions in order to reduce the electronic stress created by the 

2- charge in its structure. For this reason, the solubility of the 

salt compounds formed by binding to metal cations with ionic 

bonds with stronger covalent character compared to other 

anions will be lower than expected. 

4. Conclusion 

As seen with the anion radius order of the salts from which 

metal nanopowder is obtained, it is determined that salts with 

acetate anion form the smallest particles, although the radius 

of sulfate is the largest anion, its strong covalent character in 

binding to metal cations causes a decrease in resolution. As a 

result, it has been determined that the radii of metal 

nanopowder obtained by reduction from sulphate anion salts 

are the largest. This situation can be attributed to the fact that 

the solubility of metal salts formed by acetate anions with the 

closest ratio of metal cations and acetate anions is the most 

difficult and consequently the amount of metal cation obtained 

as a result of partial dissolution in water is reduced in a 

controlled manner and transformed into metal nanopowder. It 

is thought that metal nano powders obtained by reducing 

metal salts with higher solubility in aqueous environment very 

quickly with ascorbic acid increase in size as a result of 

agglomeration. 

 

When the cation radius order of the salts from which the metal 

nano powders were examined, it was determined that the 
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average particle size of the nanopowder obtained from Ni2+ 

cations with a larger radius compared to the other cations was 

the smallest, and the radii of the nano metal powders obtained 

from Co2+ cation salts with the smallest radius were found to 

have the largest average. The reason for this is that the particle 

size of the nano powder obtained from the Ni (CH3COO)2 

salt, which has the lowest solubility compared to the anion-

cation ratio, is the lowest and the particle size of the nano 

metal powder obtained from the Co(NO3)2 salt, which has the 

highest solubility, is the highest. It has been determined that 

the particle sizes of other nano metal powders change in 

parallel with the change in the solubility of ionic salts 

(including exceptional cases). 
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