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Ruthenium (Ru) and its complex have immense importance in coordination chemistry 
because of their active applications in bioinorganic chemistry, organometallic 
chemistry, catalysis, etc. Here, this study will discuss the synthesis of surface-
functionalized gold nanoparticles (AuNPs) attached to Ru metal using tetrazine as the 
bridging ligand. AuNPs have been prepared by slightly modifying the ‘Brust’ two-

phase synthesis method. The Ru complexes have been prepared by the reaction of 6-
(3,5-dimethyl-1H-pyrazol-1-yl)-1,2,4,5-tetrazin-3-amine (amtz) with dimeric 
precursor complex [(p-cym)RuCl(μ-Cl)2 (p-cym = 1-isopropyl-4methylbenzene)] in 
methanol. The attachment of the complex on the AuNPs surface has been confirmed 
by UV-Visible (UV-Vis) spectroscopy. The surface plasmon band that appeared at 
523 nm indicates the stability of AuNPs functionalized with Ru complex in the 

solution. 
 

  

1. Introduction 

Nobel metal nanoparticles-based research has gained 
significant attention in recent years because of their manifold 
application in catalysis (Rawat and Singh, 2022a, 2022b), bio-

medical, organometallic chemistry, biochemistry, and 
electronics (Elmes et al., 2011; Gupta et al., 2015; Venkatesan 
et al., 2013). On the other hand, the development of decorated 
transition metal complexes with suitable ligand frameworks has 
also gained momentum because of their utilization in designing 
models for biological systems (Martínez-Calvo et al., 2016), 

catalysts for various organic transformations (Comby and 
Gunnlaugsson, 2011; Valente et al., 2021), and its bioinorganic 
applications (Ando et al., 2000). These metal-ligand 
frameworks show interesting structural, redox, catalytic, 
optical, and electrochemical properties (Betanzos-Lara et al., 
2012; Kumar et al., 2018; Schmid, 1992; Segala and Pereira, 

2012). Nanoparticles (NPs) have different properties than their 
bulk counterpart because of the enlarged surface-to-volume 

ratio, which could be further enhanced by modifying their 
surface with a suitable metal complex (MC). This type of 
functionalized metal nano-composite generally has unique 
synergistic properties along with the individual properties of 

nanoparticles and metal-complex (Martínez-Calvo et al., 2016). 
Such surface modification of NPs with MC could be beneficial 
since such a system can be utilized for the targeted application 
where combined properties of metal NPs and MC are needed. 
In addition, such a system allows the confinement of multiple 
metal centers in a small dimension, leading to functional 

cooperativity and redox tunability via synergistic interaction 
between metal ions and NPs (Estalayo-Adrián et al., 2020). 
Hence, these may exhibit unusual properties with better 
reactivity and stability than individual subunits. Out of various 
metal nanoparticles, gold nanoparticles (AuNPs) become 
attractive due to their size-dependent unique catalytic, 

electrocatalytic, electronic, and optoelectronic properties (Li et 
al., 2004; Rycenga et al., 2009; Sebastián et al., 2012). Other 
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than that AuNPs show less cytotoxicity, biocompatibility and 
have well-established synthesis procedures in aqueous (Kalyan 

et al., 2021, 2019) and non-aqueous mediums (Cobley et al., 
2008). Also, prepared AuNPs surface could be modified easily 
and generally have good long-term stability (Dumur et al., 
2011; Karthäuser et al., 2020; Khavani et al., 2021; Lewis and 
Pikramenou, 2014; Martínez-Calvo et al., 2016; Miomandre et 
al., 2013; Patra et al., 2018; Vilvamani et al., 2016). Another 

speciality of AuNPs is that both naked and surface-modified 
NPs show prominent size-dependent plasmonic bands (Patra et 
al., 2018; Patra and Yang, 2009), which could be easily 
visualized by UV-vis spectroscopy (Eustis et al., 2006; Park et 
al., 2007). At the same time among the transition metals 
Ruthenium (Ru) and its complexes are very popular because of 

their interesting photo-physical properties and variable 
oxidation states (Sahoo and Patra, 2020, 2018). Thus Ru 
complexes have been widely used for the development of 
catalysts (Dehury et al., 2020; Mishra and Patra, 2023; Patra 
and Mishra, 2022; Sahoo and Patra, 2018) for various organic 
transformations and potential anticancer and antibacterial 

agents (Ando et al., 2000; Carmona et al., 2012; Estalayo-
Adrián et al., 2020; Martín Morales et al., 2020; Martínez-
Calvo et al., 2016; Meijer et al., 2020; Nasrollahzadeh et al., 
2021; Nung Tsai et al., 2015; Rahul and Shekhar, 2021; 
Szewczyk et al., 2022). Ruthenium metal complexes have been 
widely tested as anticancer agents (Tripathy et al., 2014), and 

they are proven to be excellent in case of therapeutic effect on 
various cancer cell lines (Szewczyk et al., 2022; Valente et al., 
2021). 
Considering the advantages and exciting features of both 
AuNPs and ruthenium complexes, the present work will aim to 
functionalize AuNPs with Ru MC with suitable bridging 

ligands for the development of hybrid materials of metal 
complex-tethered-AuNPs. (Cymene)ruthenium chloride {(p-
cym)RuCl} fragment has been selected to prepare metal 
complexes considering its unique photochemical properties, 
persuasive biological activity, and widespread applications as 
catalysts for various organic transformations (Tripathy et al., 

2014). 
In order to achieve metal complex-tethered-AuNPs suitable 
ligand framework is required to act as a bridge between AuNP 
and the metal unit. Tetrazine and its derivatives are promising 
candidates in this regard owing to their excellent coordination 
chemistry, non-innocent behavior, and ability to hold both 

metal center and nanoparticles (Kaim, 2002). Moreover, the 

low-lying π* orbital localized at the four nitrogen atoms 
exhibits intense low-energy charge transfer absorptions, the 

electrical conductivity of coordination polymers, and 
exceptional stability of paramagnetic radical or mixed-valent 
intermediates. 
So, in this work, at first, ligand 6-(3,5-dimethyl-1H-pyrazol-1-
yl)-1,2,4,5-tetrazin-3-amine (amtz) was prepared, which 
indicated as Ligand 1 (Scheme 1). In the next step, the 

precursor complex [(p-cym)RuCl(μ-Cl)2 (p-cym = 1-isopropyl-
4methylbenzene)] was synthesized, which is designated as 
Precursor Complex 2 (Scheme 1). After that, with the help of 
Precursor Complex 2 and Lgand 1, amine group (-NH2) 
pendent Ru-MC (Rutheniummetal complex) was prepared, 
which represented as Ruthenium(II) Complex 3 (Scheme 1). 

Finally, tetraoctylammoniumbromide (TOAB) stabilized gold 
nanoparticles (AuNPs) were prepared in the toluene phase and 
then functionalized these AuNPs with Ruthenium(II) Complex 
3. 
 
2. Experimental Section 

 

2.1. Materials and Instrumentation 

All chemicals were used standard grade, obtained from Sigma 
Aldrich and Spectrochem. Ultrapure triple distilled water 
(Millipore-Q Water system) was used to prepare all aqueous 
solutions. Centrifugation was performed by the velocity 18R, 

refrigerated centrifuge. UV-Vis spectra of nanoparticle 
solutions were acquired by Perkin Elmar Lambda 35 UV-Vis 
spectrophotometer. 
 
2.2. Preparation of Ligand 1  

The ligand 6-(3,5-dimethyl-1H-pyrazol-1-yl)-1,2,4,5-tetrazin-

3-amine (amtz) (Ligand 1) was prepared according to the 
reported procedure (Scheme 2) (Bennett et al., 1982). 3,6-
bis(3,5-dimethylpyrazol-1-yl)-1,2,4,5-tetrazin (bpytz) (400 mg, 
1.48 mmol) was taken in 30 cm3 toluene and stirred vigorously 
for 1 h at -20 °C. Then, 0.11 mL, 25% ammonia solution was 
added and further stirred for 10 h at room temperature. During 

the course of the reaction the color of the solution changed 
from reddish-pink to orange. After completion, the volume of 
the solution was reduced to 3 cm3 using a rotary evaporator. 
The bright orange colored precipitate was separated out from 
the solution. The precipitate was filtered, washed thoroughly 
with toluene, and dried in air to get pure Ligand 1. 

 

Scheme 1. Chemical structures of a) Ligand 1, b) Precursor Complex 2, and c) Ruthenium(II) Complex 3 
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Scheme 2. Preparation of Ligand 1 

 

2.3. Preparation of Precursor Complex 2 

The precursor complex [(p-cym)RuCl(μ-Cl)2 (p-cym = 1-
isopropyl-4methylbenzene)] (Precursor Complex 2) was 
synthesized by following the reported procedure (Scheme 3) 
(Nayak et al., 2005). 
An amount of 1.0 g of RuCl3, 3H2O (Ruthenium (III) chloride 

trihydrate) was dissolved in 50 cm3 of ethanol and 5 cm3 of α-
phellandrene was added into it. The mixture was refluxed for 8 
h with continuous stirring. The volume of the brown colored 
solution obtained was reduced under vacuum and kept at 4 °C 
overnight and washed with cold ethanol and dried in an air. 
 

2.4. Preparation of Ruthenium(II) Complex 3 

About 65 mg of 0.1 mmol Precursor Complex 2 and 40 mg of 
0.2 mmol Ligand 1 were taken in 25 cm3 of methanol and 
heated to reflux for 12 h (Scheme 4). The initial orange red 
color of the reaction mixture turned into dark brown during the 
course of the reaction. After completion, the reaction mixture 

was dried completely using a rotary evaporator. Then the 
precipitate was purified using a silica gel column with 
dichloromethane: methanol (8:1) as eluent; yield: 60 mg (57%) 
and molar conductivity [ΛM/(Ω-1 cm2 dm3 mol-1)] in acetonitrile 
was found to be 110. The positive ion electrospray mass 
spectrum of Ruthenium(II) Complex 3 in methanol exhibited 

the signal centered at m/z value of 461.95 corresponding to{3-

Cl}+ (calculated molar mass is 461.97 g/mol). 1H NMR: δppm= 
8.2 (s, 2H{NH2}), 6.2 (s, 1H{Arp-cy}), 6.089 (t, 1H{Arp-cy}), 
5.948(d, 1H{Arp-cy}), 1.8 (m, 1H{CH(CH3)2}, 2.6 (d, 
3H{CH(CH3)2}), 2.3 (d, 3H{CH(CH3)2}). λmax/nm (ε/ dm3 
mol−1 cm−1) in acetonitrile: 499 (2200), 279 (10800). 
 

2.5. Synthesis of Au Nanoparticles (AuNPs) 

AuNPs have been prepared with a slight modification of the 
“Brust” two-phase synthesis (Brust et al., 1994). The process is 
briefly described as follows: Bright yellow colored aqueous 
solution of HAuCl4

.3H2O (2.36 μM) was taken 12 mL in a 
Round Bottom flask followed by 48 mL 

tetraoctylammoniumbromide (TOAB) (39.3μM), toluene 
solution (colorless) and stirred vigorously for 15 minutes until 
all the gold ions transferred into the toluene phase. The 
completion of the transfer of Gold ions into the toluene phase 
can be recognized by the change of color of the toluene phase 
into bright yellow from colorless and the water phase become 

colorless from bright yellow. Reducing agent NaBH4 (0.4 mol 
L-1) of 12 mL aqueous solution was then added to the flask with 
continuous stirring, and the solution turned into a wine red 
color, indicating the formation of Nanoparticles. The change of 
this color is instant. These AuNPs show absorbance at 523 nm 
in UV-Vis spectroscopy, as shown below (Fig. 4).  

 

 
Scheme 3. Preparation of Precursor Complex 2 

 

 
Scheme 4. Preparation of Ruthenium(II) Complex 3 
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Scheme 5. Preparation of TOAB stabilized AuNPs in toluene 

 

 
Scheme 6. Preparation of Ruthenium (II) complex 3 modified AuNPs 

 

2.6. Preparation of Ruthenium (II) Complex 3 modified 

AuNPs 

The capability of Ruthenium(II) Complex 3 to effectively coat 
and stabilize gold NPs in the toluene phase should be due to the 
(-NH2) group, which has much greater binding interaction than 
that of weakly bounded TOAB, which was used as phase 
transfer agent as well as a surface stabilizer. To coat and 
stabilize, 10 mL (0.0058 mmol) nanoparticle solution was 

taken in a round-bottom flask, and then 20 mL (0.0029 mmol) 
aqueous complex solution was added drop-wise (as shown in 
Scheme 6), resulting in the biphasic system of toluene and 
water. The biphasic system was then vigorously stirred for one 
hour, leading to a discoloration of the aqueous phase while the 
originally wine red toluene phase turned deep red. Now this 

system consists of AuNPs which suface is covered with 
Ruthenium (II) Complex 3 as well partially with small amount 

of TOAB also. After addition of complex there might be excess 
complex in the solution other than the complex attached to the 

surface of the AuNP. The excess complex was removed by 
centrifugation. Centrifugation has been done in 14000 rpm at 00 
C for two and a half hours. Then we have decanted the excess 
complex solution and then re-dispersed the precipitate 
(Ruthenium (II) Complex 3 attached AuNPs) in toluene, and 
then UV-Vis spectroscopy was performed.  

 
3. Results and Discussion 

This section focuses on the complete characterization of the 
Ruthenium (II) complex 3 by means of various characterization 
techniques like “Mass spectroscopy,” “1H NMR spectra”, 
“Cyclic voltammogram,” “UV-Vis spectra,” etc. The complex 

3 attached AuNPs have also been characterized by “UV-Vis 
spectroscopy.”  

 

TOAB in tolune

NaBH4

HAuCl3. 3H2O

(aqueous)

Ruthenium (II) 
Complex 3



J. Appl. Sci. Innov. Technol. 2 (2), 58-67                                                                                       Kalyan et al., 2023 

62 

 

 
Fig. 1 a) Electrospray Mass Spectra of  Ruthenium (II) complex 3 in CH3OH and, b) NMR spectra of Ruthenium (II) 

complex 3 in CDCL3. 

  
Fig. 2. UV-Vis spectra of Ruthenium (II) complex 3 

 

3.1. Mass spectra 
Mass spectrometers use the difference in mass-to-charge ratio 

(m/z) of ionized atoms or molecules to separate them. 
Therefore, mass spectroscopy allows the quantification of 
atoms or molecules and provides structural information by the 
identification of distinctive fragmentation patterns. The positive 
ion ESI (Electrospray ionization) mass spectrum in CH3OH 
(Fig. 1a) shows molecular ion peaks at 461.95 for [ 2-

Cl]+(calculated: 461.97), which supports its identity in solution. 
This spectra is showing the exact match with the calculated 
value of 461.97, which supports the formation of the desired 
Ruthenium (II) complex 3. 
 
3.2. NMR spectra 

The formation of the Ruthenium (II) complex 3 has been 
authenticated by 1H NMR spectra (Fig. 1b)). 1H NMR further 
spectra of the complex 3 in CDCl3 showed the presence of 
expected peaks at δppm= 8.2 (s, 2H{NH2}), 6.2 (s, 1H{Arp-cy}), 
6.089 (t, 1H{Arp-cy}), 5.948(d, 1H{Arp-cy}), 1.8 (m, 
1H{CH(CH3)2}, 2.6 (d, 3H{CH(CH3)2}), 2.3 (d, 

3H{CH(CH3)2}). 
 
3.3. UV-Vis Spectra 

The chloride Ruthenium (II) complex 3 displays lowest energy 
MLCT (metal-to-ligand-charge transfer) at 499 nm and intra-

ligand transition in the UV region at 279 nm in UV-Vis 
spectroscopy (Fig. 2). 

3.4. Electron transfer Properties 

Cyclic voltammetric studies of Ruthenium (II) complex 3 have 
been performed in acetonitrile solvent using tetraethyl 
ammonium perchlorate (TEAP) as supporting electrolyte, 
Ag/AgCl  as reference electrode and Pt as working electrode.  

 
Fig. 3. Cyclic voltammograms of Ruthenium (II) complex 3 
in CH3CN 0.1 mol dm-3 Et4NClO4 versus Ag/AgCl (scan rate 

50 mV s-1). 
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The cyclic voltammograms of the Ruthenium (II) complex 3 
(Fig. 3) has showed a quasi-reversible peak at 0.9 V 

corresponding to oxidation of metal centre (RuII/RuIII). In 
addition to that an irreversible peak at 1.7 corresponding 
further oxidation of the metal centre (RuIII/RuIV) and a 
reversible peak at -0.28V corresponding to the reduction of 
tetrazine ligand has also been obtained. 
 

3.5. Spectral Studies of Ruthenium (II) complex 3-AuNPs 

conjugate 

The AuNPs in toluene show absorbance at 523 nm in UV-Vis 
spectroscopy, as shown below (Fig. 4, Red Curve). This 
indicates the expected average particle size 5±2 nm. This can 
be concluded with the basis of the absorbance curve given in 

the reference (Mayer et al., 2008). The given absorbance graph 
is the exact match with the study of Mayer et al. (2008). The 
graph here is also indicative of the precise reproducibility of 
the system. Complex attached AuNPs showed two different 
absorbance peaks at 422 nm and 522 nm suggesting that the 
complex was attaching to the surface of the AuNPs. After 

addition of complex to the Gold nanoparticles excess complex 
was removed by centrifugation. Then UV-Vis spectra of the 
system were analyzed. In Fig. 4 comparison of UV-Vis spectra 
AuNPs and Ruthenium (II) complex 3 added AuNPs before 
centrifuge (Green curve) and after centrifuge (Blue curve) are 
shown. Thus, the Ruthenium (II) complex 3 bearing a (-NH2) 

group is therefore very efficient in binding with Au-NPs and 
formed a stable Au-NP complex system in the toluene phase 
(Scheme 5). 

 
Fig. 4. UV-Vis spectra of a) AuNP in toluene, b) Ruthenium 

(II) complex 3 added AuNPs before centrifuge, and c) 

Ruthenium (II) complex 3 added AuNPs after centrifuge. 

 

4. Cost Analysis 

Cost analysis is an important aspect of evaluating the real field 
utility of the prepared material. In this study, the cost 
estimation is complicated. So, this study only considering the 
cost of the important materials to calculate this multi stage 
work. Other expenses like each time cleaning, drying before 

and after each reaction, etc., were calculated as “Other 
miscellaneous cost.” All the expenses have been calculated in 
Indian Rupees (INR) with the most recent approximate 
materials and electricity rates. Table 1 shows the price of 

important materials. In this study, the cost of the main materials 
(Ligand 1, Precursor Complex 2, Ruthenium(II) Complex 3, Au 

Nanoparticles (AuNPs), and Ruthenium(II) Complex 3 
modified AuNPs) was calculated. The cost of preparation of 
Ligand 1 is shown in Table 2. The cost of preparation of 
Precursor Complex 2 is shown in Table 3. The cost of 
preparation of Ruthenium(II) Complex 3 is shown in Table 4. 
The cost of preparation of Au Nanoparticles (AuNPs) is shown 

in Table 5. Finally, the cost of preparing 1 ml Ruthenium(II) 
Complex 3 modified AuNPs is calculated. 
 
4.1. Cost Analysis of Preparation of Ligand 1 
Here in Table 2, details of expenditure for the preparation of 
Ligand 1 are shown. Finally 1 g Ligand 1 price is determined. 

Ligand 1 yield is 95%. Therefore, almost 0.380 g of product is 
formed from 0.400 g of raw material. Consequently, the cost of 
the final product of 0.380 g is 5459.42 INR. The cost of 1 gram 
of the final product will be almost 14367.00 INR. 
 
4.2. Cost Analysis of Preparation of Precursor Complex 2   

A detailed cost analysis of Precursor Complex 2 preparation is 
shown in Table 3. Finally, 1 g Precursor Complex 2 price is 
determined. 
Precursor Complex 2 yield was 90%. Accordingly, almost 0.9 g 
of product was formed from 1g of raw material. So, the cost of 
0.9 g of the final product will be 8107.20 INR. Now, the 1 g 

final product cost will be almost 9008.00 INR. 
 
4.3. Cost Analysis of Preparation of Ruthenium (II) 

Complex 3 
Table 4 depicts details of the cost of the preparation of 
Ruthenium (II) Complex 3. Ultimately 1 g Ruthenium (II) 

Complex 3 price is calculated. 
Ruthenium (II) Complex 3 yield is 57%, and 0.060 g product is 
formed. So, 0.06 g costs 1371.30 INR. Now 1 g will cost 
almost 22855.00 INR. 
 
4.4. Cost Analysis of Au Nanoparticles (AuNPs) 

preparation 
The molecular weight of HAuCl4

.3H2O is 393.83, and the 
molecular weight of TOAB is 546.79.  
So a total of 60 mL (12 mL HAuCl4

.3H2O + 48 mL TOAB + 
12 mL l NaBH4) AuNPs costs 52.85 INR. That means 1 mL 
AuNPs will cost 0.88 INR. 

 
4.5. Cost Analysis of Ruthenium (II) Complex 3 modified 

AuNPs 
Ruthenium (II) Complex 3 has a molecular weight of 461.97.  
So, 20 ml 0.0029 mmol will cost 0.60 INR. 
So total 30 ml (10 ml AuNPs + 20 ml Ruthenium(II) Complex 

3) Ruthenium(II) Complex 3 modified AuNPs will cost (10 
0.88 + 0.60) = 9.40 INR. So, 1 ml Ruthenium (II) Complex 3 
modified AuNPs will cost 0.31 INR. 
Therefore, it can be realized from the study that though the 
starting materials needed to perform these reactions are much 

costlier, the final complex modified gold nanoparticles are 
much cheaper to produce and can potentially be used in 
different reactions. So, it is understandable that final product 
actually consist of very few gold or ruthenium in it. 
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Table 1. Price of Important Materials 

Serial No. Name of the materials Company Quantity Price (INR) 

1 Toluene Spectrochem 1 L 700.00 
2 3,6-bis(3,5-dimethylpyrazol-1-yl)-1,2,4,5-tetrazin Sigma 1 g 13200.00 
3 Ammonium hydroxide solution Sigma 5 ml 3910.00 
4 Ruthenium(III) chloride trihydrate Sigma 10 g 76100.00 
5 Ethanol Spectrochem 1 L 600.00 
6 Methanol Spectrochem 1 L 740.00 

7 α-phellandrene Sigma 100 ml 5600.00 
8 HAuCl4

.3H2O Sigma 1 g 14367.00 
9 Tetraoctylammonium bromide (TOAB) Sigma 5 g 2200.00 

Table 2. Cost of preparation of Ligand 1 

Serial No. Name Price per unit Quantity used Net price (INR) 

1 3,6-bis(3,5-dimethylpyrazol-1-yl)-

1,2,4,5-tetrazin (bpytz) 

13200.00 INR/g 400 mg 5280.00 

2 Cooling cost 7.00 INR/kWh 4 kWh (1 h at -20 °C) 28.00 
3 Stirring cost 7.00 INR/kWh 0.2 kWh (600 rpm for 1 h) 01.40 
4 Ammonium hydroxide solution 782.00 INR/ml 0.11 ml 86.02 
5 Stirring cost 7.00 INR/kWh 2 kWh (600 rpm for 10 h) 14.00 
6 Other miscellaneous cost (Like Drying, 

cleaning etc. 

NA NA 50.00 

7 Total cost   5459.42 

 
Table 3. Cost of preparation of Precursor Complex 2 

Serial No. Name Price per unit Quantity used Net price (INR) 

1 RuCl3, 3H2O 7610.00 INR/g 1 g 7610.00 

2 α-phellandrene 56.00 INR/ml 5 ml 280.00 
3 Ethanol 0.60 INR/ml 100 ml (50 ml for synthesis & 50 

ml for washing) 
60.00 

3 Stirring cost 7.00 INR/kWh 1.6 kWh (600 rpm for 8 h) 11.20 
4 Heating cost 7.00 INR/kWh 12 kWh (8 h) 96.00 
5 Other miscellaneous cost (Like 

Drying, cleaning, etc.) 

NA NA 50.00 

6 Total cost   8107.20 

 
Table 4. Cost of preparation Ruthenium (II) Complex 3 

Serial No. Name Price per unit Quantity used Net price (INR) 

1 Ligand 1 
 

14367.00 INR/g 0.04 g 574.00 

2 Precursor Complex 2 9008.00 INR/g 0.065 g 586.00 
3 Methanol 0.74 INR/ml 25 ml  18.50 
3 Stirring cost 7.00 INR/kWh 2.4 kWh (600 rpm for 12 

h) 
16.80 

4 Heating cost 7.00 INR/kWh 18 kWh (8 h) 126.00 
5 Other miscellaneous cost (Like Drying, 

cleaning etc. 

NA NA 50.00 

6 Total cost   1371.30 

Table 5. Cost of preparation Au Nanoparticles (AuNPs) 

Serial No. Name Price per unit Quantity used Net price (INR) 

1 HAuCl4
.3H2O  14367.00 INR/g 0.000116 g 1.70 

2 Tetraoctylammoniumbromide (TOAB) 440.00 INR/g 0.001032 g 0.45 

3 Stirring cost 7.00 INR/kWh 0.1 kWh (600 rpm for 1/2 
h) 

0.70 

5 Other miscellaneous cost (Like Drying, 
cleaning etc. 

NA NA 50.00 

6 Total cost   52.85 
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5. Conclusions 

Tetraoctylammoniumbromide (TOAB) stabilized gold 

nanoparticles (AuNPs) in the toluene phase, amtz Ligand 1, and 
Ruthenium (II) complex 3 are synthesized and characterized 
using various analytical techniques. The Surface of AuNPs is 
modified by using Ruthenium (II) complex 3. Attachment of 
the complex on the nanoparticle surface and stabilization of the 
system has been observed from the UV-Vis spectra. Further 

characterization and application of the system are under 
investigation.  
The key findings of the study are given as follows: 
1) The AuNPs prepared here in a non-aqueous toluene phase 
could be beneficial for the application where operating in 
aqueous phase is not possible. 

2) The conjugation of AuNPs with Ruthenium (II) complex 3 
happened because of the presence of -NH2 group. 
3) The conjugation of AuNPs with Ruthenium (II) complex 3 is 
very stable and also proves that AuNPs have the preferential 
binding ability with an amine group (-NH2) like the thiol group 
(-SH). 

4) The above study also proves that the amine-AuNPs 
interaction is media independent interaction as the system is 
synthesized in non-aqueous toluene phase.  
5) The ultimate cost to produce Ru-MC functionalized with 
AuNPs material is cheap and could be used in different 
applications. 
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