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Abstract 

In this contribution, we present the new approach for plasmon assisted grafting of anisotropic gold nanorods 

(AuNRs) with spatial selectivity, which was used for creation of nanoparticles with amphiphilic surface. The 

surface modification was carried out in two stages with implementation of: (I) the plasmon-activated iodonium 

salt (IS), and (II) the aryl diazonium salt (ADT). The plasmon assisted activation of IS was performed under 

the illumination of AuNRs with wavelength corresponded to the longitudinal plasmon resonance of AuNRs and 

resulted in grafting of organic moieties (Ar-(CF3)2) to AuNRs edges. The AuNRs lateral sides remains 

ungrafted and were further decorated with ADT-COOH. As result of varying substituents in the chemical 

structures of iodonium and diazonium salts the amphiphilic NPs with spatially divided hydrophobic (grafted to 

AuNRs edges) and hydrophilic (grafted to AuNRs lateral sides) chemical groups were obtained. Corresponded 

UV-Vis and Raman measurements confirm the success of AuNRs chemical grafting. As result, the AuNRs with 

spatially separated chemical moieties were created in very simple way, primarily in solution and without the 

need of sophisticated technique of NPs mobilization or their surface screening.  

Keywords: Plasmon-assisted chemical transformation, gold nanorods, surface grafting, amphiphilic  

                   nanoparticles 

1. INTRODUCTION 

In recent years, gold and silver nanoparticles (metal nanoparticles - MeNPs) have been used as effective 

optical transducers for chemical and biochemical sensing in many areas of medicine and safety [1-10]. Of 

particular interest is the potential spatial selective introduction of chemical moieties on MeNPs surfaces for 

potential design of new elements for monitoring and removal / separation of microorganisms and cells [11]. 

For example, recently developed nanoparticle-based materials for cancer therapies can be mentioned [12]. 

Gold nanomaterials, especially gold nanorods (AuNRs), attract much scientific attention. First, the effective 

excitation of surface plasmon resonance (SPR) on AuNRs makes it possible to effectively absorb light even 

with a small amount of nanoparticles [13,14]. Second, the SPR absorption band of AuNRs can easily be moved 

into the near infrared spectral region (NIR) where light has a "biological" transmission window [15,16]. Finally, 

AuNRs can be readily modified with organic compounds by thiol Au-S and covalent bonds [17-19]. However, 

the uncontrolled and unstable process of modifying the surface of nanoparticles can be a serious problem 

when using nanoparticles in (bio)environment. Especially the non-covalent nature of the commonly used Au-

S interaction may cause some instability of grafted functional groups. 

In this contribution, we propose the new approach for spatially selective plasmon-controlled surface 

modifications of AuNRs. The modification was carried out with using of iodonium and diazonium chemistry and 

nanoparticles with amphiphilic surface were obtained. The resulting surface modified AuNRs can be used in 

next generation of biochemical and molecular genetic diagnostic systems. 

https://doi.org/10.37904/nanocon.2019.8614 
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2. EXPERIMENTAL 

2.1. Materials 

Chloroauric acid tetrahydrate (99.9  %), silver nitrate (99  %), ascorbic acid (99 %), 

hexadecyltrimethylammonium bromide (≥ 98 %), sodium borohydride (≥99 %), copper (II) chloride (99 %), 3,5-

Bis(trifluoromethyl)phenyl-boronic acid (≥95 %), 1-iodo-3,5-bis(trifluoromethyl)benzene (98 %), boron 

trifluoride diethyl etherate (99 %), 3-Chloroperbenzoic acid (≤77 %), 4-aminobenzoic acid (ReagentPlus, 

≥99 %), tert-Butyl nitrite (90 %), acetic acid (reagent grade, ≥99.7 %), diethyl ether, methanol and 

Toluenesulfonic acid monohydrate (≥98.5 %) were purchased from Sigma-Aldrich. All reagents were used 

without further purification. Throughout the all experiments deionized water was used. 4‐

carboxybenzenediazonium tosylate was prepared according to [20]. Di-[3,5-bis(trifluoromethyl)phenyl] 

iodonium tetrafluoroborate was prepared according to [21]. 

2.2. Samples preparation 

AuNRs were prepared by the slightly modified method described in [22]. The seeds were prepared by reduction 

of CuCl2 solution (500 µl of 10 ppm) with freshly prepared ice-cold NaBH4 (100 µl of 10 mM). The reagents 

were loadings is as follows: 10 ml of 100 mM CTAB, 500 µl of 10 mM HAuCl4*3H2O, 65 µl of 10 mM AgNO3, 

and 70 µl of 100 mM AA and then 100 µl of the Cu seed particles. The solution was kept undisturbed for 3 h 

at room temperature. Then the solution temperature was decreased to 8 °C for 1 h. The obtained AuNRs were 

purified using the subsequent cycles (3x) of centrifugation and ultrasound-assisted re-dispersion.  

Plasmon assisted iodonium surface grafting 

To the solution of IS (1 ml of 1 mM water/methanol solution (9:1, respectively) was added the colloid 

suspension of gold nanorods (2 ml) under stirring and illuminated with LED light under the continuous mixing 

for 2 h. Laser triggering was performed using the 785 nm (mW) continuous laser source. The laser beam spot 

(ca 5 cm2 in area) was set up to homogeneously illuminate the reaction mixture. After the modification process, 

AuNRs were collected by centrifugation and washed sequentially by water and a water/methanol mixture (1:1). 

Spontaneous diazonium surface grafting 

To suspension of IS grafted AuNRs was added an aqueous solution of the 4-carboxybenzenediazonium (1 ml 

of 1 mM) and stirred for 2 h in dark. The nanoparticles were then collected by centrifugation and washed 

thoroughly by several centrifugation/washing cycles by water and a water/methanol mixture. 

2.3. Measurement techniques 

For the characterization of the solutions, the UV/Vis/NIR spectroscopy technique was used in the spectral 

range 300-900 nm, scanning rate 480 nm min-1, data collection interval 1 nm. The solutions were measured in 

1 cm quartz cells. 

TEM images were obtained on a JEOL JEM-1010 transmission electron microscope with a SIS MegaView III 

digital camera, STEM observations and EDX analyses were performed on a JEOL JEM-2200FS electron 

microscope equipped with a 100 mm2 JEOL Dry SD100GV EDX detector with a Super UTW window. 

Raman spectra were measured on ProRaman-L (Laser power 30 mW) Raman spectrometer with 785 nm 

excitation wavelengths. Spectra were measured 50 times, each of them with 5 s accumulation time. 

3. RESULTS AND DISCUSSION 

Recently anisotropic nanoparticles in the form of rods attracted particular attention due to their unique optical 

properties. The absorption spectrum of such nanoparticles contains two SPR bands (in the visible and near-
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infrared regions) related to dipoles oscillating along and across the axis of the cylinder, which corresponds to 

the longitudinal and transverse plasmon resonances, respectively. The practical utilization of nanorods 

requires their surface functionalization to protect against aggregation, as well as to control the optical, 

electronic, and catalytic properties. In our experiments nanorods were obtained by a method described in [22]. 

The resulting solutions had a dark purple color. The obtained nanoparticles were characterized by UV-type 

spectroscopy and TEM analysis (Figure 1).  

 
Figure 1 (A) - UV-Vis spectra of pristine AuNRs, AuNRs after the plasmon assisted grafting of IS, and 

AuNRs after the diazonium-based grafting of AuNRs lateral sides; (B) - TEM images of pristine AuNRs, 

involved in further experiments 

From Figure 1B it can be seen that the applied technique really leads to the formation of cylindrical 

nanoparticles, the length of which is 40-50 nm. The resulting nanorods have two absorption peaks at 532 and 

780 nm, which corresponds to transverse and longitudinal plasmons, respectively (Figure 1A). Surface 

modification of IS - di-[3,5-bis(trifluoromethyl)phenyl] iodonium tetrafluoroborate - IS - was carried out by 

adding a water-alcohol solution of salt to a suspension of nanorods under a Raman laser with a wavelength of 

785 nm. The advantage of the ISs is its a relatively high reduction potential, which results in these salts being 

practically not susceptible to spontaneous binding to the surface, but can be activated by plasmon triggering, 

allowing speed control and spatial control of grafting. In addition, which, as you know, iodonium salts are a 

source of highly active types of aryl radicals. The main concept of modification is based on plasmon activation 

of IS under the illumination at the wavelengths corresponding to the longitudinal plasmon resonance band and 

interaction of created radicals with spatially-closed nanorods edges. Thus, organic moieties are grafted only 

on the side surfaces of nanoparticles, in the site of plasmonic hot spots excitation (schematic representation 

of process is given in Figure 2). 

A B 



  Oct 16th - 18th 2019, Brno, Czech Republic, EU 

 

 

382 

 

Figure 2 Scheme for obtaining surface modified gold nanophores using IS in wavelength laser irradiation, 

activation of longitudinal surface 

After modification, a plasmon shift of the corresponding longitudinal section occurs (Figure 1A, red spectrum)., 

which confirms the activation of the longitudinal surface at a wavelength of 785 nm, while the lateral side 
remains unscreened and can furthers be used for second step of surface modification by spontaneous 

diazonium grafting After the functionalization of the nanoparticles with ADT in the spectrum, we can observe 

a shift in the absorption peak corresponding to the transverse plasmon (Figure 1A, blue spectrum).  

The two steps of AuNRs grafting procedures were checked also using the surface enhanced Raman 

spectroscopy (SERS) measurements (Figure 3). 

 

Figure 3 SERS spectra, measured on AuNRs grafted with Ar-(CF3)2 (AuNRs edges - red spectrum)  

and Ar-COOH (AuNRs lateral sides - blue spectrum) 
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The spectra were adjusted along the baseline by subtracting the SERS spectrum from the primary AuNRs and 

removing the uninformative signal from the absorbed CTAB. After the grafting procedure, the Raman bands, 

typical for Ar -(CF3)2 and Ar -COOH become apparent (characteristic bands are designated by arrows). The 

results of SERS confirm a spatially selective grafting. 

4. CONCLUSION 

In this work, we present a new method of spatially selective plasmon-activated modification of anisotropic 

AuNRs to produce an amphiphilic surface. Activation of the longitudinal surface by incident light led to grafting 

of organic fragments (Ar-(CF3)2) to the edges of AuNR. The remaining transverse surfaces were then modified 

spontaneously with the diazonium salt of ADT-COOH. As a result, AuNPs with spatially separated hydrophobic 

(grafted to AuNR edges) and hydrophilic (grafted to the lateral sides of AuNR) chemical groups were obtained. 

Proposed approach was realized in solution and does not require the surface assistance in the spatially 

selective modification of AuNRs. The resulting surface modified gold nanoparticles can be used to create a 

next generation of biochemical and molecular genetic diagnostic systems. 
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