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Abstract  

In this research, the Gold Nanoparticles (AuNPs) in size of 14-38 nm 

were prepared from AuCl3 using CDs solution as a reducing agent. 

The CDs capability for direct reduction of gold ions to elemental 

gold (Au
0
) without additional reducing and stabilizing agents was 

investigated. The catalytic activity of nanoparticles in the 

hydrogenation reaction of 2-nitroaniline was determined. The results 

show that the nanoparticles had high catalytic activity in the sodium 

borohydride-mediated hydrogenation of nitroaromatic compounds.  
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1. Introduction  
   In aqueous solutions, the approach of 

reducing harmful organic solvents for 

transforming organic debris in reusable 

mixtures by using fewer toxic means has 

attracted a great response from scientific 

centers. Many studies have been performed to 

determine the availability of nitroaromatic 

materials [1-4]. The 2-nitroaniline (2-NA) is 

hazardous and toxic waste pollutants and are 

included on the United States Environmental 

Protection Agency (USEPA) list1[5-9]. 

Therefore, developing effective approaches to 

eliminate them is an important task. In 

addition, to produce dyes and drugs that can 

be synthesized from 2-NA, o-

phenylenediamine (o-PDA) and 4-

aminophenol (4-AP) are important 

intermediates [10-14]. Water contamination 

and environmental pollution are among the 

crucial issues in today’s advanced world 

[15,16]. intermediate in the organic synthesis 

of products such as oxidizing agents, drugs, 

dyes, and pesticides [17,18]. Nitroaromatic 

compounds have a detrimental impact on 

human health and the environment, such as 

nitroarenes, which can result in many diseases 

like anemia and lung injury through 

breathing, feeding, and absorption through the 

skin [19]. Nitroanilines as a pollutant has 

been listed by several countries that need 

careful control due to their difficulty in the 

degradation process [20]. Various techniques 

have been employed for water treatment 

purposes, including physical, chemical, and 

biological [21,22]. Physical techniques cannot 

completely remove pollution, thus resulting in 

further contamination [23]. The benefit of 

using chemical reduction of nitroaromatic 

compounds to amino compounds is the 

production of non-toxic or low-toxic amino 

compounds. In addition, amino compounds 

are used as a raw material in the preparation 

of medicines; for example, the reduction 

product of 2 nitroaniline is orthophenylene 

diamine (o-PDA) [24]. Nowadays, one of the 

most common ways to reduce nitroaromatic 

compounds is utilizing nano-catalysts. [25]. 

The aim of this research is to use the nano 

CDs to reduce metal ions namely silver to 

nanoparticle and stabilize it against 

aggregation. In addition, to investigate that 

the prepared AuNPs have been used as 

excellent catalytic to provide evidence from 

the kinetics of hydrogenation of 

nitroaromatics. 

 

2. Materials and Methods 
2.1 Materials 

The NaBH4 was obtained from Central Drug 

House (P) Ltd – CDH, and AgNO3 was 

obtained from Thomas Baker, while AuCl3 

was purchased from the Central Drug House 

(CDH) in India 

 

2.2 Preparation of Metal Nanoparticles 

   In this procedure, 200, 400, and 600 μL of 

CDs were added to the solution of (9.8 ml) 

distilled deionized water including 1 mM of 

AuCl3. Then, the solutions were left unstirred 

for 10 or 12 hrs. The formation of NPs 

confirms when the color of the solution is 

changed by using 200 μL of CDs and 10 hrs. 

 

2.3 Representative procedure for  

hydrogenation of nitroaromatics 

   Nitrocompounds (4-nitrophenol, 4-

nitroaniline, and 4-methyl-2- itroaniline) 

showing an absorbance in the visible region 

was selected to follow the hydrogenation 

reaction. The absorbance of 4- nitrophenol, 4-

nitroaniline, and 4-methyl-2-nitroaniline were 

observed at 400 nm, 408 nm, and 427 nm, 

respectively. The hydrogenation reaction was 

performed by adding 10 mg of sodium 

borohydride (NaBH4) and 100 μL of NPs (1 

mM) to 100 μM of nitroaromatic compounds 

dissolved in 3 mL of water. The change in 

absorbance with respect to time was recorded 

to determine the kinetics of the reaction. The 

catalytic hydrogenation of 2-Nitro-Aniline (2-

NA) was followed by measuring the UV-vis 

absorption spectra of the reaction mixture 

with and without NPs. 

 

2.4 Instrumentations 

  Ultraviolet-Visible (UV–Vis) (Shimadzu) 

spectrometry 700 MHZ NMR Spectrometry. 
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3. Results  
   The use of the AuNPs as an efficient 

catalyst was evaluated through studying 

nitroaromatic reduction kinetics. The catalytic 

hydrogenation of 2-Nitro-Aniline (2-NA) was 

followed by measuring the UV-vis absorption 

spectra of the reaction mixture with and 

without NPs. 

 

4. Discussion 
4.1 Hydrogenation of nitroaromatics 

  The mixture color gradually vanished, 

confirming the 2-NA reduction. Typically, the 

2-NA yellow colored solution presented two 

distinguished absorption peaks at 228 and 383 

nm (Figure 1) [25].  

 

 

 
 

Figure 1:  UV–visible spectra of 2-nitroaniline (2-NA) 

 

By adding the NaBH4 solution, the intensity 

of the peaks did not reduce (Figure 2), while 

the intensity of the above-mentioned peaks 

gradually reduced upon the addition of NPs 

solution into the mixture (Figure 3). However, 

the addition of AuNPs to this mixture resulted 

in hypochromic and hypsochromic shift, 

indicating the reduction of 2-NA. During this 

reduction reaction the color of the 2-NA turns 

from pale yellow to yellow and then ends 

colorless, suggesting that the chromophore -

NO2 gets reduced to -NH2. 

 
 
 
 
 

 
 

 

 

 

 

 

 

 

Figure 2:  UV–visible spectra of 2-nitroaniline + NaBH4 
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Figure 3:  UV–visible spectra of the reduction product 2-aminoaniline (2-AA). 

 

5. Conclusions    
The prepared CDs have an ability to 

reduce metal ions like gold to nanoparticles 

and stabilize them against aggregation. As 

prepared AuNPs display excellent catalytic 

activity as evidence from the kinetics of 

hydrogenation of nitroaromatics.  
 

6. Conflicts of Interest 
The authors confirm that there are no conflicts 

of interest regarding the publication of this 

article. 

 

7. Acknowledgement 
   We gratefully acknowledge the assistantship 

from the Department of Chemistry/College of 

Science at Kerbala University. The MOHESR 

for financial support. We thank the advanced 

laboratory in the Chemistry Department for 

the FTIR facility. 

 

7. References 
[1] N. Etminan, M. Yoosefian, H. Raissi, M. 

Hakimi, The role of solvent polarity in 

the electronic properties, stability and 

reactivity trend of Tryptophane/Pd doped 

SWCNT novel nanobiosensor from polar 

protic to non-polar solvents, J. Mol. Liq., 

2016, 214, 313–318. 

10.1039/C6RA14006H 

[2] A. Truskewycz, H. Yin, N. Halberg, D.T. 

Lai, A.S. Ball, V.K. Truong, A.M. 

Rybicka, I. Cole, Carbon dot therapeutic 

platforms: administration, distribution, 

metabolism, excretion, toxicity, and 

therapeutic potential, Small 18(16) 

(2022) 2106342. 

[3] A. Khayal, V. Dawane, V.K. Yadav, K.K. 

Yadav, S.H. Khan, State of Art 

Technology: Synthesis of Carbon Dots 

and Their Potential Applications in 

Biomedical, Research and Environmental 

Remediation, (2021). 

[4] Q. Li, T.Y. Ohulchanskyy, R. Liu, K. 

Koynov, D. Wu, A. Best, R. Kumar, A. 

Bonoiu, P.N. Prasad, Photoluminescent 

carbon dots as biocompatible nanoprobes 

for targeting cancer cells in vitro, The 

Journal of Physical Chemistry C 114(28) 

(2010) 12062-12068. 

[5] O. A. O'Connor and L. Y. Young, Effect of 

nitrogen limitation on the 

biodegradability and toxicity of nitro- and 

aminophenol isomers to methanogenesis, 

Environ. Toxicol. Chem., 8, 1989, 853–

862. 

[6] M. A. Oturan, J. Peiroten, P. Chartrin and 

A. J. Acher, Complete destruction of p-

nitrophenol in aqueous medium by 

electro-Fenton method, Environ. Sci. 

Technol., 2000, 34, 3474–3479. 

[7] K. Li, Z. Zheng, X. Huang, G. Zhao, J. 

Feng and J. Zhang, Equilibrium, kinetic 

and thermodynamic studies on the 

adsorption of 2-nitroaniline onto 

activated carbon prepared from cotton 

stalk fibre, J. Hazard. Mater., 2009, 166, 

213–220. 



Journal of University of Kerbala , Vol. 21, Issue 1, June 2024 
 

5 

[8] Y. Zhang, X. Yuan, Y. Wang and Y. Chen, 

One-pot photochemical synthesis of 

graphene composites uniformly deposited 

with silver nanoparticles and their high 

catalytic activity towards the reduction of 

2-nitroaniline, J. Mater. Chem., 2012, 22, 

7245–7251. 

[9] S. Saha, A. Pal, S. Kundu, S. Basu, T. Pal, 

Photochemical green synthesis of 

calcium-alginate-stabilized Ag and Au 

nanoparticles and their catalytic 

application to 4-nitrophenol reduction, 

Langmuir, 2010, 26, 2885–2893. 

[10] N. Sahiner, N. Karakoyun, D. Alpaslan 

and N. Aktas, Biochar-Embedded Soft 

Hydrogel and Their Use in Ag 

Nanoparticle Preparation and Reduction 

of 4-Nitro Phenol, Int. J. Polym. Mater. 

Polym. Biomater., 2013, 62, 590–595. 

[11] Y. Yang, Y. Guo, F. Liu, X. Yuan, Y. Guo, 

S. Zhang, W. Guo and M. Huo, 

Preparation and enhanced visible-light 

photocatalytic activity of silver deposited 

graphitic carbon nitride plasmonic 

photocatalyst, Appl. Catal., B, 2013, 142–

143, 828–837. 

[12] M. M. Mohamed and M. S. Al-Sharif, 

Visible Light Assisted Reduction of 4-

Nitrophenol to 4-Aminophenol on 

Ag/TiO2 Photocatalysts Synthesized by 

Hybrid Templates, Appl. Catal., B, 2013, 

142–143, 432–441. 

[13] M. Muniz-Miranda, SERS monitoring of 

the catalytic reduction of 4-nitrophenol 

on Ag-doped titania nanoparticles, Appl. 

Catal., B, 2014, 146, 147–150. 

[14] H. Ozay, S. Kubilay, N. Aktas and N. 

Sahiner, Utilization of Environmentally 

Benign Hydrogels and Their Networks as 

Reactor Media in the Catalytic Reduction 

of Nitrophenols, Int. J. Polym. Mater., 

2011, 60, 163–173 

[15] M. Tahmasebpoor, S. Hosseini Nami, M. 

Khatamian, L. Sanaei, Arsenate removal 

from contaminated water using Fe2O3-

clinoptilolite powder and granule, 

Environ. Technol. 2022, 43, 116–130. 

[16] M. Ashrafivala, S. B. Mousavi, S. Z. 

Heris, M. Heidari, M. 

Mohammadpourfard, H. Aslani, Int. J. 

Hydrogen Energy 2022, 47, 33530–

33540 

[17] S. Naghash-Hamed, N. Arsalani, S. B. 

Mousavi, Facile copper ferrite/carbon 

quantum dot magnetic nanocomposite as 

an effective nanocatalyst for reduction of 

para-nitroaniline and ortho-nitroaniline, 

Nano Futures 6 (2022) 045003. 

[18] M. Malakootian, K. Kannan, M. A. 

Gharaghani, A. Dehdarirad, A. Nasiri, Y. 

D. Shahamat, H. Mahdizadeh, Removal 

of metronidazole from wastewater by 

Fe/charcoal micro electrolysis fluidized 

bed reactor, J. Environ. Chem. Eng. 2019, 

7, 103457. 

[19] D. Awfa, M. Ateia, M. Fujii, M. S. 

Johnson, C. Yoshimura, Photodegradation 

of pharmaceuticals and personal care 

products in water treatment using 

carbonaceous-TiO2 composites: A critical 

review of recent literature, Water Res. 

2018, 142, 26–45. 

[20] R. Wang, C. Cai, D. Wang, Z. Liu, L. 

Gao, T. Jiao, Synthesis of Prussian Blue 

Analogue and Its Catalytic Activity 

toward Reduction of Environmentally 

Toxic Nitroaromatic Pollutants, Colloids 

Surf. A 2021, 617, 126368. 

[21] R. Begum, Z. H. Farooqi, A. H. Aboo, E. 

Ahmed, A. Sharif, J. Xiao, Reduction of 

nitroarenes catalyzed by microgel-

stabilized silver nanoparticles, J. Hazard. 

Mater. 2019, 377, 399–408. 

[22] A. J. Jasniewski, L. Que Jr, Dioxygen 

Activation by Nonheme Diiron Enzymes: 

Diverse Dioxygen Adducts, High-Valent 

Intermediates, and Related Model 

Complexes, Chem. Rev. 2018, 118, 

2554–2592. 

[23] A. A. Siyal, M. R. Shamsuddin, M. I. 

Khan, N. E. Rabat, M. Zulfiqar, Z. Man, 

A review on geopolymers as emerging 

materials for the adsorption of heavy 

metals and dyes, J. Siame, K. A. Azizli, J. 

Environ. Manage. 2018, 224, 327–339. 

[24] T. Baran, M. Nasrollahzadeh, 

Pd/CoFe2O4/chitosan: A highly effective 

and easily recoverable hybrid 

nanocatalyst for synthesis of benzonitriles 

and reduction of 2-nitroaniline, J. Phys. 

Chem. Solids 2021, 149, 109772. 

[25] R. Begum, G. Ahmad, J. Najeeb, W. Wu, 

A. Irfan, M. Azam, J. Nisar, Z. H. 

Farooqi, Stabilization of silver 



Journal of University of Kerbala , Vol. 21, Issue 1, June 2024 
 

6 

nanoparticles in crosslinked polymer 

colloids through chelation for catalytic 

degradation of p-nitroaniline in aqueous 

medium, Chem. Phys. Lett. 2021, 763, 

138263. 


