
Egypt. J. Chem. Vol. 65, No. 1, pp. 685 - 689 (2022) 

 

   
 

 

_________________________________________________________________________________________________ 
*Corresponding authors e-mail: Amal.Kasry@bue.edu.eg, dinasalah@sci.asu.edu.eg 

Receive Date: 12 July 2021,  Revise Date: 25 July 2021,  Accept Date: 26 July 2021  

DOI: 10.21608/EJCHEM.2021.85558.4160 

©2022 National Information and Documentation Center (NIDOC) 

66 
 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

 

Effect of Surface Chemical Modification on the Self Assembly of 
Metal Nanoparticles 

Mona Samira,c , Dina Salahb* , Shafei Doniac , Amal Kasry a* 

a Nanotechnology Research Center (NTRC), the British University in Egypt (BUE),  

El-Shorouk City, Suez Desert Road, Cairo 11837 - P.O. Box 43, Egypt. 

bPhysics department, Faculty of Science, Ain Shams University, Khalifa El-Maamon Street, 11566, Cairo, Egypt. 

cChemistry Department, Faculty of Science, Benha University, Benha 13518, Egypt. 

Abstract. We report the self-assembly of monolayer of gold nanoparticles (Au-NPs) on unmodified glass and on functionalized 

glass substrates with 3-aminopropyltriethoxysilane under different temperatures. The interaction between Au-NPs and APTES 

molecules on the glass substrates was affected by the role of APTES molecules on the glass substrates. The stability of the 

monolayers was carefully studied by performing a series of characterizations such as UV-Vis-NIR spectroscopy, Scanning 

electron microscopy (SEM). The self-assembled Au-NPs monolayers show high stability and homogenous distribution. The 

results of this study are important biosensing applications based on surface plasmon resonance or surface-enhanced Raman 

spectroscopy, where the detected signals can be adequately enhanced.    
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1. Introduction 

In the past few decades, metals in the nanoscale 

dimensions have attracted a great attention and were 

of great potential in several chemical [1], photonic [2], 

electronic [3], and biological applications [4-6]. 

Therefore, self-assembled gold nanoparticles (Au-

NPs) showed a great scientific and technological 

interest. 

 

Metallic Nanoparticles (NPs) could vary in size and 

shape [7,8], and their self assembly[9-12] was studies 

due to their great potential.  When self-assembled, 

their initial bulk concentrations affect their final 

distribution on the surface. Using cross-linking agents, 

such as; thiol-based molecules, was found to affect 

both the surface the NPs bonding strength to the 

surface, it also increases its stability [13,14]. 

Chemically-modified surfaces with APTES (source of  

NH2-terminal molecule) were widely used in variouas 

applications that includes Surface plasmon resonance  

(SPR)  [15-17]. 

Due to the quantum confinement, higehr surface areas, 

and their  ability to be functionalized with various 

compounds that can increase their stability and their 

equal distribution on the surface, NPs can be used in 

several applications, e.g. chemical and biological 

sensing[18,19],drug delivery[20], may biomedical 

applications[21] as cancer nanothchnology[22], virus 

detection[23]. 

 

Various techniques were used to deposit gold layers on 

different surfaces.  In our experiments we relied on 

glass substrates. Those  techniques were developed to 

achieve stable AU NPs layers,  homogeneous surfaces, 

high surface morphology, and self-organization. 

Moreover, those techniques are easy, flexible, and 

inexpensive. Despoition of gold nanoparticles has 

been reported on different surfaces using spray 

pyrolysis with temperature ranging between 75-320oC 

[24] and also by spin coating [25]. 

Indeed, concentration variations, NPs method of 

preparation, and the deposition techniques on the 

surface are among the factors affecting the formation 

of the layer. In the present study, Au-NPs were 
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prepared by using CTAB as stabilizing agent and 

sodium borohydride as a reducing agent. The resultant 

gold nanoparticle solution is 5 nM  concentration, then 

sodium thioglycolate was added with optimum 

concentration as a source of thiol groups to prevent 

gold particles aggregation and allow preservation for  

longer time in the desired size. The NH2 groups were 

formed on the glass surface by dipping the pre-cleaned 

glass in a pre-prepared APTES solution [26]. 

Afterwards, glass samples were dipped in the used 

solvent for the removal of the unattached functional 

groups/ molecules. Then, drop-casting technique was 

employed to assemble Au-NPs. 

A comparison was made between the Au-NPs layers 

on both APTES-modifed and unmodifed glass 

substrates. 

In parallel to that, the above-mentioned procedures  

were applied but with an extra step, which is annealing 

at a temperature 300oC in order to study the effect of 

the annealing on the self-assemble layers.  

 

2. Experimental:  

Gold nanoparticles preparation: a solution with a 

concentration of 5nM was prepared with average size 

between 25 nm and 30 nm and optimum absorption of  

527 nm according to the Turkevich-Frens [27,28], and 

as previously reported [29]. Functionalization was 

achieved by dissolving sodium Thioglycolate 

separately in water with a concentration of 0.05 

mM,then it was  added to gold (5nm) to prepare 

thiolated gold nanoparticles with concentration of 0.5 

nm. 

Au-NPs monolayer preparation: on the 

functionalized and unfunctionalized glass samples 

were cleaned by sonication in ethanol for 15 mins. 

Glass samples were activated by dipping in a solution 

of  APTES with concentration of 1mg/ml for 3 hrs. 

Samples were then washed and dried. Thiolated gold 

solution was dropped using the drop-casting 

technique, directly on the activated/functionalized 

glass and then it was dried  in the air. The 

unfunctionalized glass substrate was washed with 

ethanol, dried in the air, and then gold was dropped 

afterwards.  

The annealing process: Both functionalized and 

unfunctionalized surfaces were heated up to 300oC. 

After gold deposition on APTES activated/modified 

surface, the sample were annealed at 300oC. regarding  

the untreated samples, gold was deposited on glass and 

heated at 300oC. 

Charcaterization: surface imaging was performed 

using Field emission scanning electron microscope 

(FESEM) (Thermo Scientific, FESEM Quattro S, 

USA). Absorption spectra was measured by Uv-Vis-

NIR spectrophotometer (Agilent Cary5000, USA). 

 

 

 
Figure 1. (a) UV–visible absorption spectra of Au-NPs solution with a characteristic abospriton λmax = 522 nm. 

                 (b)  XRD patterns for Au-NPs deposited onto glass substrate at room temperature 
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3. Results and Discussion  

3.1  Optical and Structural properties for bulk 

solution 

Figure 1a shows the UV-Vis absorption spectra of 

AuNPs as-prepared solution, and after the thiolation 

process by sodium thioglycolate. It shows that there is 

no change in the absorption peak. The XRD pattern of 

Au-NPs assembled on glass (Figure 1b) reveal peaks 

at 2 different theta values 38.2 and 44.3 degrees which 

represent the reflection from (111) and (200) planes of 

metallic Au indicating a cubic structure. The metallic 

Au peak (Au 111) was used to calculate the mean 

crystallite size of A-NPs by the Scherrer formula [30]. 

The mean value of the XRD patterns correspond to a 

crystallite size of Au-NPs between 25 and 40 nm. For 

the annealed samples, the crystalline size decrease and 

Au-NPs show low intensity with a broad peak.   

 

Figure 2. SEM images of the drop casted Au-NPs 

deposited onto glass substrates at various deposition 

temperatures: (A) without APTES; RT. (B) with 

APTES; RT. (C) without APTES; 300 oC. (D) with 

APTES, 300 oC. 

 

 
Figure 3.  SEM images (after 1 hr water sonication) of 

the drop casted Au-NPs deposited onto glass 

substrates: (A) without APTES; RT. (B) with APTES: 

RT. (C) without APTES, 300 oC. (D) with APTES; 

300 oC. 

 

3.2 Element morphology and composition 

The fresh-prepared solution of Au NPs has a pink 

color, which indicates particles’ size of not more than 

30 nm. The SEM images showed a clear difference in 

the distribution of the Au NPs on the undmodified and 

modified glass surfaces.  

 

Figure 2 shows the morphology of the surface for each 

of the samples that were prepared at room temperature 

and at a temperature of 300oC, with and without 

APTES. Figure 2A shows the Au-NPs deposited on 

unmodified glass at room temperature, where it is clear 

that the surface is not homogenous. Figure 2B shows 

the NPs desposited on APTES-modified glass 

Figure 2 C and D show the deposited NPs on 

unmodified and modified glass, respectively, and 

annealed at 300oC, it is obvious that the APTES causes 

the NPs to aggregate and form inhomogenous surface, 

while on the unmodified glass, the NPs form nicly 

homogenous layer. 

 

Au-NPs layer stability has been studied by sonicating 

the subtsrates at high power for one hour. As Figure 3 

shows, the annealing had a big effect on the 

homogeneity and stability of the layers, where 

washing and sonicating of the layer deposited on 

unmodified glass led to almost full removal, while 

washing the layer on the APTES-modified glass  

didn’t affect the layer. On the other hand, washing the 

annealed layer on the unmodified glass reveals a level 

of stability, while the annealed layer on modified glass 

was similar to the one without annealing, where high 

level of aggregation was observed. 

 

3.3  Optical  properties for Au-NPs layer 

 

The stability of the deposited layers was examined by 

measuring the optical absorption on the surface. since 

metallic nanoparticles exhibit absorption in the visible 

because of their surface plasmons properties, 

monitoring optical absorption becomes an easy and 

quick tool to study the NPs size and density. Figure 4a 

shows the optical absorption of the Au-NPs layer 

deposited at room temperature on the unmodified glass 

substrate, before and after sonication, which clearly 

shows the instability of the layer in this case, where 

there is no absorption, indicating that it was 

completely removed.  

 

This is while the same layer deposited on APTES-

modified glass at room temperature shows very good 

stability, where the absorption peak remains visible 

after several sonicating steps, with no major changes 

in the wavelength. When repeating the same, but 

combined with annealing at 300oC, the layers show 

great stability (Figure 4 c and d), however in case of 
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the layer deposited on APTES-modified surface, a 

clear shift in the absorption is observed, which is due 

to the aggregation of the NPs, as was clearly seen by 

the SEM imaging (Figure 2d and 3d). 

 

 
Figure 4. Stabiloty Test of self-assembled Au-NPs on 

glass substrates. UV–visible absorption spectra of AuNPs 

assembled on glass substrate before and after sonication for 

different times; 15 min, 30 min, and 60 min. (a) Au-NPs 

layer deposited on glass, (b) Au-NPs deposited on APTES- 

functionalized glass, (c) Au-NPs deposited on glass at 300 
oC, and (d)  for Au-NPs deposited on APTES-

functionalized glass with 300 oC. 

4. Conclusions 

In this work, we investigated the possibility to self-

assemble Au-NPs on glass surface using easy and 

inexpensive method. We have used drop-casting 

method where the NPs were deposited on unmodified 

and APTES-modified glass substrates, with applying 

another condition, which is annealing the deposited 

layers at 300 oC, and comparing the results with the 

unannealed samples. 

The results clearly indicate that we can control the 

density of the NPs on the surface by combing these 

two factors; the chemical modification and the 

temperature. The deposited layer on unmodified layer 

showed good stability with much less NPs density than 

that deposited on APTES-modified surface. The level 

of aggregation was also shown to be dependent on the 

both the chemical modification and temperature, 

where combining both led the NPs to aggregate to a 

great extent.  

The stability of the layers were tested with both SEM 

imaging and absorption spectra, where the optical 

absorption was measured after different sonication 

time, and the aggregation was translated to a shift in 

the absorption wavelength. 

This work introduces an easy, inexpensive, and 

reproducible method to self-assemble monolayers of 

metallic nanoparticles on glass surfaces, which is 

important for several applications, e.g. biosensing.      
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