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Abstract—Gold nanomaterials are used in several 

application areas, such as biosensing, nanomedicine and 

catalysis. Triangular nanoprisms (flat nanoobjects with a 

triangular base) gained much attention in the past few years due 

to their unique anisotropic shape, optical and plasmonic 

properties. In this work nanoprisms were prepared using a seed-

mediated growth method in a polar solvent. The synthetized 

particles were examined with SEM (scanning electron 

microscopy) and their absorption spectra were also measured 

by spectrophotometry. The aim of the work is the investigation 

and optimization of phase transfer methods, namely, to transfer 

the nanoprisms from the polar environment of their synthesis to 

nonpolar, organic solvents, without nanoparticle aggregation or 

segregation. Test and optimization results with three such 

methods will be discussed in the paper in detail. 

Keywords—nanoparticle synthesis, gold nanoprism, phase-

transfer, localized surface plasmon resonance (LSPR) 

I. INTRODUCTION 

Localized surface plasmon resonance (LSPR) is the 
collective oscillation of free electrons in metallic (gold, silver, 
copper) nanoparticles, which can be generated as a response 
to the interaction with light waves [1]. Due to the LSPR effect 
the nanoparticles can be used in several application fields like 
bioanalytics, biosensing, and catalysis [1], [2]. The 
nanoparticles’ shape, size and material are all having an effect 
on the position of the resonance peak, and recent research 
claims that sharp edges and anisotropic shape offer significant 
near-field enhancement effect beneficial in many areas, e.g. 
surface-enhanced Raman spectroscopy (SERS) or LSPR 
sensing [2]. In our case, the nanoprisms are planned to be 
embedded into a polymer matrix, and the resulting 
nanocomposite will be used in the NAPLIFE (Nanoplasmonic 
Laser Inertial Fusion Experiment) Hungarian National 
Laboratory Program, as target materials for laser irradiation 
experiments [3].  

There are various ways to synthesize nanoprisms, such as 
seed-mediated growth, molecular vesicle phase, 
photocatalysis, nucleus-free method, biosynthesis, and 
physical synthesis [4]. In this work seed-mediated method was 
used, as it has high efficiency and good product quality is 
achievable [2]. The used protocol utilizes aqueous media to 
synthesize gold nanoprisms. Aqueous and organic media both 
have their advantages and disadvantages based on the 
application, but for our further use of the nanoprisms (to 
embed them into a polymer matrix and form nanocomposites), 
it was crucial to phase-transfer them into an organic solvent. 
Phase transfer means the transportation of the particles 

between two immiscible solvents [5]. Different approaches 
exist to achieve this, and most involve a transferring agent, 
usually a long-chain organic molecule containing a thiol or 
amino group. However, most of the phase transfer methods 
described in the literature were carried out on smaller and 
more isotropic particles, e. g. rods or spheres [6]–[8]. The aim 
of this work was to find a method that could provide stable 
and reproducible results with bigger nanoprisms. 

II. MATERIALS AND METHODS 

A. Synthesis of Gold Nanoprisms 

The different-sized gold nanoprisms were synthesized 
according to the E. Podlesnaia method [2]. The first step was 
the preparation of the seeds. 4.7 mL of 100 mM 
hexadecyltrimethylammonium chloride (CTAC, from Sigma 
Aldrich (Saint Louis, MO, USA)) was added to 25 μL of 
50 mM gold(III) chloride (HAuCl4, from Sigma Aldrich 
(Saint Louis, MO, USA)) solution and stirred for 2-3 minutes. 
300 μL of 10 mM freshly prepared sodium borohydride 
(NaBH4, from Sigma Aldrich (Saint Louis, MO, USA)) 
solution was injected under vigorous stirring, then stirred less 
vigorously for 2 hours. Next, the intermediate seeds were 
prepared: 16.6 μL of 50 mM HAuCl4 and 20 μL of 100 mM 
ascorbic acid (AA, from Sigma Aldrich (Saint Louis, MO, 
USA)) were added to 10 mL of 25 mM CTAC, finally 100 μL 
of the above-mentioned seeds were added under vigorous 
stirring. Afterward the vial was put aside and left undisturbed 
for 40 min.  

During this time, a pre-mixture consisting of 390 μL 
water, 130 μL of 50 mM HAuCl4 and 40 μL of 10 mM sodium 
iodide (NaI, from Sigma Aldrich (Saint Louis, MO, USA)) 
was prepared. Then varying amounts of intermediate seeds 
(depending on the size of the nanoprisms) were added rapidly 
to a solution containing 10.2 mL of 50 mM CTAC, 104 μL of 
100 mM AA and 40 μL of 10 mM NaI. This reaction mixture 
was stirred for 45 seconds, then the pre-mixture was added, 
stirred for a few more seconds and left undisturbed for 2 hours.  

The final step was purification: depending on the size of 
the nanoparticles, varying amounts of CTAC was added to the 
crude reaction mixture and left undisturbed for 24 hours, after 
which the precipitate was collected and redispersed in water. 

B. Phase Transfer Protocols 

All three phase transfer protocols are based on existing 
ones; we used them with slight modifications to suit our needs, 
as discussed in the following subsections. “Dodecanethiol in 
Toluene” is based on [8]. “Dodecanethiol and Toluene 
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Separately” follows Kittler’s work [7]. “Thiol Terminated 
Polystyrene” was carried out according to [6]. 

1) Dodecanethiol in Toluene 
A mixture of the nanoprisms, acetone (from Sigma 

Aldrich (Saint Louis, MO, USA)) and 0.01 w/w% solution of 
1-dodecanethiol (DDT, from Sigma Aldrich (Saint Louis, 
MO, USA)) in toluene (from Sigma Aldrich (Saint Louis, MO, 
USA)) was prepared, with a weight ratio of 2:1:1 (Fig.1a), 
then vortexed for 60 seconds (Fig.1b) and left undisturbed 
afterward. The separation of the phases occurred after a few 
minutes, but the lower phase remained blue and the upper one 
colorless, indicating that the transfer of the nanoparticles was 
unsuccessful (Fig.1c). The same results were obtained when 1 
w/w% solution was used. 

2) Dodecanethiol and Toluene Separately 
A mixture of 1 mL of gold nanoprisms suspension, 10 mL 

water and 0.55 mL 1-dodecanethiol was stirred for 30 minutes 
(Fig. 2a). Then 2.75 mL acetone and toluene were added, 
starting with acetone (Fig. 2b). After adding acetone for the 
second time, the organic phase was collected and put aside, 
then the procedure was repeated (Fig. 2c). The upper phase 
had a bluish color, indicating the presence of the 
nanoparticles. 

3) Thiol Terminated Polystyrene 
A solution of thiol-terminated polystyrene (PS-SH, from 

Sigma Aldrich (Saint Louis, MO, USA)) in tetrahydrofuran 
(THF, from Sigma Aldrich (Saint Louis, MO, USA)) was 
prepared and mixed via vortex with an equal volume of the 
nanoprisms. The mixture became turbid, the nanoparticles 
precipitated out and stuck to the surface of the vial. The 
supernatant was discarded, and the vial was dried at 60°C for 
30 minutes. Afterward, toluene was added, redispersing the 
nanoparticles and a blue solution was obtained, as shown in 
Fig.3. 

 

Fig. 1. “Dodecanethiol in Toluene” phase transfer, a) nanoprisms, acetone, 

1-dodecanethiol in toluene b) after vortex c) after 5 minutes. 

 

Fig. 2. “Dodecanethiol and Toluene Separately” phase transfer, 
a) nanoprisms and 1-dodecanethiol after 30 minutes of stirring  b) after the 

first addition of acetone and toluene c) after the second addition of acetone 

and toluene. 

 

Fig. 3. “Thiol Terminated Polystyrene” phase transfer, with different 

PS-SH concentrations. 

 

a b c 

a b c 

20c0 10c0 4c0 2c0 

20c0 40c0 100c0 200c0 
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C. Spectrophotometry 

An Avantes Avaspec 2048-4DT spectrometer and an 
Avantes Avalight DHS halogen light source were used 
between 584 nm and 1096 nm to obtain the spectra of the 
nanoprisms. For the evaluation of the obtained spectra, a 
custom Matlab program was written and used. 

D. Scanning Electron Microscopy 

The device used for the measurements was a TESCAN 
MIRA3 scanning electron microscope.  

III. RESULTS AND DISCUSSION 

A. Synthesis: LSPR and SEM measurements 

The size of the synthesized nanoparticles was controlled 
by the volume of the intermediate seeds, therefore the samples 
were named accordingly. Four different volumes (30, 40, 80 
and 100 μL) were used. Increasing the volume increased the 
quantity of seeds, thus decreasing the size of the nanoparticles. 
This can be observed in the spectra, as size has an impact on 
the absorbance (LSPR peak) wavelength: increasing the size 
of the nanoparticles results in a redshift, i.e., the peaks shift to 
higher wavelengths. After the synthesis, optical spectroscopy 
measurements were performed on the gold nanoprisms, the 
obtained spectra are shown in Fig. 4. The peak wavelengths 
were compared to those in the literature in Table I.  

 As can be seen in Table I, except for the 100 μL sample, 
the exact wavelengths were not reproduced, however the 
range as well as the tendencies (increasing volume of seeds 
decreases the peak’s wavelength) corresponds well. 

TABLE I.  COMPARISON OF LSPR PEAKS 

Vol. of 

seeds 

(μL) 

LSPR peak wavelength (nm) 

Literature  Own sample 

100 644 645 

80 649 675 

40 668 682 

30 No Data 699 

 

 

Fig. 4. Normalized absorption spectra of the different gold nanoprisms with 

various sizes after the synthesis, in water. 

 

  

 

Fig. 5. SEM images of the four samples, a) 80 b) 40 c) 30 d) 100. 

 The nanoparticles’ size and shape were investigated too, 
the measurements were performed by SEM. The obtained 
results are shown in Fig. 5. Triangles (prisms) were the 
dominating shape, but some hexagons, spheres, rods and other 
forms appeared too, showing that a further optimization of the 
synthesis or purification process is possible. In sample 80 
(Fig. 2a), the average edge length of the triangles was around 
105 nm. The other samples (40, 30, 100 – Fig. 2b-d 
respectively) demonstrated large polydispersity, the edge 
length was not possible to evaluate properly. 

B. Phase Transfers 

In this section the results of the three tested phase transfer 
methods will be discussed. 

1) Dodecanethiol in Toluene 
Although this method was demonstrated successfully in 

the literature for spheres and nanorods, the transfer of the 
nanoprisms did not occur: the lower aqueous phase remained 
blue and the upper organic one colorless. The method was 
performed with two different DDT concentrations 
(0.01 w/w% and 1 w/w%, respectively) but the concentration 
did not seem to affect the results.  

2) Dodecanethiol and Toluene Separetly 
This method gave better results, the organic phase became 

blue as the color of the aqueous phase faded, indicating the 
transfer of the nanoparticles. A sample of the organic phase 
was collected for later spectrophotometric measurements. 
Three days later, at the time of the measurement, the solution 
was colorless, and the spectra could not be evaluated. Because 
of this lack of stability, we decided to try another method. 

3) Thiol Terminated Polystyrene 
Out of the three phase transfer protocols that were tested, 

this one gave the best results. The gold nanoprisms were 
redispersed in toluene, and their spectra were investigated, as 
shown in Fig. 6. Various concentrations of PS-SH were tested 
in order to find optimal results. Table II. contains these data.   

a b 

c d 
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Fig. 6. Spectra of the nanoparticles after successful phase transferwith the 

“Thiol Terminated Polystyrene” method. Nanoprisms from another “80 μL” 

sample were used for this experiment. 

TABLE II.  PHASE TRANSFER DATA 

Name 
PS-SH concentration 

(mol/dm3) 

LSPR peak wavelength 

(nm) 

Original 

Colloid 
0 651 

4c0 10-4 690 

10c0 4*10-5 695 

20_1c0 2*10-5 691 

20_2c0 2*10-5 691 

40c0 10-5 680 

100c0 4*10-6 677 

200c0 2*10-6 681 

 

As it can be observed, redshift occurs in the spectra when 
the nanoprisms are transferred from water to toluene in all 
samples. There is no evident connection between the extent of 
the shift and the concentration of PS-SH. In our applications, 
lower concentration was desirable, because it facilitated the 
embedding of the nanoprisms into the polymer.  

IV. CONCLUSION 

Gold nanoprisms with various size and LSPR peak 
wavelengths (between 645-699 nm) were successfully 
synthesized. The spectra were investigated by optical 
spectrophotometry, and SEM measurements were performed 
as well.  

Three different phase transfer protocols were tested. Using 
thiol terminated polystyrene as phase transfer agent gave the 
best results. The spectra show that a redshift occurs when the 
nanoparticles are transferred from water to an organic solvent 
(toluene). However, using dodecanethiol as a transferring 
agent did not produce acceptable results. Using dodecanthiol 
in toluene directly did not result in any observable nanoprism 

transfer. Although adding dodecanethiol and toluene 
separately resulted in the partial transfer of the prisms, the 
resulting colloid was instable, the particles aggregated rapidly.  

The optimization of both the synthesis and transfer 
protocols will be the focus of future work. 
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