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Surface-enhanced Raman Spectroscopy (SERS) widely improves the sensitivity of traditional Raman analysis, thus allowing 

this technique to be exploited for the development of new bio-analytical tests. In this work, 3D substrates made of zinc 

oxide tetrapods (ZnOTP) are decorated with branched gold nanoparticles by means of a new photochemical approach. The 

SERS enhancing properties of the obtained substrate are tested using different Raman dyes and apomorphine, a drug used 

for the management of Parkinson disease. The results prove that the enhancing properties depend on the shape of the 

gold nanoparticles grown on the branches of ZnO tetrapods. The optimized substrate here developed is characterized by 

an enhancing factor up to 7x106 and a detection limit for apomorphine of 1 µM. Finally, the new substrates are tested to 

study single cancer cells showing enhanced Raman signals related to the portion of the cell interacting with the 3D 

structure of the substrate. 

 

Introduction 

The development of new bio-analytical tests, able to 

simultaneously provide a large number of data with high 

specificity and sensitivity, is becoming an important driving 

force of biomedical research especially in the general 

framework of “personalized medicine” where a precise 

stratification of patients is required to provide tailored 

therapies and treatments.[1,2] Surface enhanced Raman 

spectroscopy (SERS) is considered being a very promising tool 

for the development of new biomedical sensors. This 

technique couples the high number of data that can be 

obtained thanks to the well resolved Raman spectra, with a 

very good sensitivity achieved through the amplification of 

signals that is observed when the molecule of interest lies on, 

or is very close to, the surface of suitable plasmonic 

nanoparticles or nanostructured materials.[3] Despite the fact 

that the precise mechanism behind this enhancement is still to 

be completely understood, it is generally accepted that the 

main amplification factor is given by the so called 

"electromagnetic enhancement" related to the presence of 

regions on the substrate, characterized by a very intense 

electric field, named “hot spots”.[4] 

This great potential has driven the development of a number 

of different SERS substrates able to enhance Raman signals 

such as structures generated by e-beam lithography,
[5] 

gold 

layers deposited on micropatterned surfaces,
[6] 

assembly of 

silver nanorods deposited on closely packed silica 

nanospheres
[7] 

and arrays of nanoholes or dielectric cavities 

embedded in a gold layer.
[8,9] 

3D SERS substrates are a 

particular group of substrates made of gold or silver 

nanoparticles supported on a complex non flat matrix. These 

substrates are appositely designed to increase the surface 

available in order to increase the number of hot spots thus 

obtaining an higher enhancement.
[10,11] 

Within the possible 

supports that can be used for this aim, ZnO nanostructures are 

particularly appealing. They are characterized by an extreme 

surface to volume ratio, they do not absorb visible light, can be 

easily produced in high amounts with a good control on their 

shape and size and size and they are stable at air 

exposure.
[12,13,14] 

Besides, several report in literature suggest 

how noble metal nanoparticles supported on ZnO are 

characterized by higher SERS enhancement factors.
[15,16,17]

.
 

For all these reasons, in the last years, different groups have 

proposed highly active 3D SERS substrates made of gold or 

silver nanoparticles supported on zinc oxide 

nanostructures.
[18,19,20,21]  

One of the limitations to this approach, however, is that ZnO 

rapidly dissolves in acidic conditions, including in presence of 

tetrachloroauric acid (HAuCl4) often used as precursor of gold 

nanoparticles. Therefore, in most studies, the decoration of 

the support with the noble metal nanostructures is performed  
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Figure 1. Schematic representation of the light assisted 

preparation of the SERS substrate made of ZnOTP decorated 

with branched gold nanoparticles. 

either by thermal evaporation, which however does not allow 

the preparation of defined nanostructures on the surface, or 

by conjugating already preformed gold nanoparticles on the 

surface thanks to the use of linkers or surfactants, whose 

presence however could hinder the SERS efficacy.  

In the present work, we describe a new and efficient 3D SERS 

substrate based on the use of ZnO tetrapods (ZnOTP) 

decorated with branched gold nanostructures nucleated and 

grown in-situ on ZnOTP surface specifically developed for 

being used in biomedical related applications. 

The substrate has been prepared using a multi-step approach, 

briefly described in figure 1. First, spherical gold nanoparticles 

were synthesized by means of a photo reductive process on 

top of ZnOTP. Then, the obtained gold nanoparticles were 

used as seeds to prepare larger branched nanoparticles by 

means of a reduction process based on the use of HEPES 

buffer. 

Among the different metal nanostructures proposed as SERS 

substrates branched noble metal nanoparticles are considered 

to be the most effective kind of nanoparticles because they are 

able to generate “hot spots” at the tips of their braches.
[22,23]

 

Supporting a large number of branched nanoparticles in a 

small volume is thence a promising approach for the 

preparation of a highly active, new SERS substrate. Besides, 

the proposed method is based on a photo-assisted reduction 

of the gold precursor, similarly to other works done using 

silver nanostructures,
[24]

 without the use of surfactant or other 

capping agents that could contaminate the surface of the 

substrate. 

The SERS enhancing properties of ZnOTP conjugated with 

spherical and branched gold nanoparticles have been tested 

using malachite green (MG) and rhodamine 6G (R6G); these 

are well-known dyes characterized by clearly recognizable 

Raman spectra. Besides, in order to prove the ability of the 

SERS substrate to detect a broad range of molecules, we have 

also studied its effectiveness in the detection of apomorphine, 

a dopamine agonist used for the management of symptoms in 

patients affected by Parkinson disease,
[25] 

for which we 

observed a detection limit of 1 μM (0,27 µg/ml). Finally, in 

order to prove the potentialities of using this new SERS 

substrate for biological applications we evaluated the 

properties of ZnOTP decorated with branched nanoparticles 

for the SERS analysis of single cancer cells. 

Experimental 

Materials and methods 

All chemicals were purchased from Sigma–Aldrich (St. Louis, 

MO) and used as received. Water was deionized and ultra-

filtered by a Purite Select Fusion apparatus from Purite 

(Oxfordshire, UK). 

Synthesis 

Preparation of ZnOTP: ZnOTP were prepared according to a 

previously published method described in ref. [26] and [27]. 

Preparation of gold seeds on ZnOTP: 10 mg of ZnOTP were 

dispersed in 50 ml of isopropyl alcohol by sonication. The 

suspension was stirred at room temperature, illuminated with 

a 300 W halogen lamp and 100 µL of 1 mM aqueous solution 

of HAuCl4 were added every 10 minutes for 2 hours. 

Nanostructures were then washed with deionized water, 

deposited onto a 3x3 mm silicon chip by centrifugation, and 

dried in an oven at 110°C for 1h under vacuum (10
-2

 mbar). 

Preparation of branched gold nanoparticles on ZnOTP: The 

previously obtained substrate supporting spherical gold seeds 

on ZnOTP was immersed in 2.5 mL of a 5 mM aqueous solution 

of 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethane-sulfonic acid 

(HEPES) at pH 7.3. After dipping the chip in HEPES, 0.5 mL of 

HAuCl4 (0.8 mM) was slowly added drop by drop. The chip was 

then kept at room temperature and under light exposure for 

30 minutes followed by washing steps in water (three times). 

Spectroscopy 

Absorption spectroscopy: The optical absorption spectra were 

measured on samples at room temperature by using a Varian 

2390 spectrophotometer equipped with a diffuse reflectance 

sphere. 

FE-SEM analysis: Sample morphology was investigated using a 

Zeiss Auriga Compact Field Emission Scanning Electron 

Microscope with accelerating voltage ranging in 5-15 kV. 

SERS experiments on small molecules: Raman spectra were 

recorded using an Aramis Raman microscope from Horiba 

Jobin-Yvon equipped with a He-Ne laser light source operating 

at 633 nm and a 50x objective. DuoScan acquisition mode was 

used in order to increase reproducibility. Typically a 0.40 µL 

drop of each analyte solution was dropped on the chip and 

dried at room temperature. Afterwards Raman spectra were 

collected from multiple positions randomly selected on the 

surface. For the measurement of malachite green, rhodamine 

6G and apomorphine 5 mW of source power was utilized with 

an acquisition time between 1 and 5 seconds. 

SERS experiments on cells: HL-60 cells (acute leukemia cells) 

were cultured in RPMI-1640 medium supplemented with 20% 

fetal bovine serum, 1% PenStrep and 1% L-Glu. Around 1x10
6
 

cells were washed twice with PBS by centrifugation (400g for 8 

min), fixed with 2% formaldehyde (37 °C for 15 minutes), 

washed three times with PBS at RT and resuspended in the 

same buffer to reach a final concentration of 1x10
6
 cell/ml. For 

the experiment a layer of ZnOTP decorated with gold 

nanospheres was deposited on a quartz slide and then treated 

as described above for the production of the branched  
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Figure 2:. a) FE-SEM images of as-grown ZnOTP; b) ZnOTP after photochemical functionalization with gold spherical 

nanoparticles; c) ZnOTP after seed-mediated growth of branched nanoparticles. Scale bar = 300 nm in all samples 

 

particles. This SERS substrate was then placed in a petri dish 

and immersed in PBS. An aliquot of 200 µl of cell suspension 

was directly deposited in the middle of the disc. After 10 min 

of cell sedimentation the SERS experiment was performed by 

using an immersion objective (63x/1.0 NA, W-Plan-

Apochromat, Carl Zeiss, Jena, Germany) and the Raman system 

described above. For these experiments 10 mW of source 

power was utilized with an acquisition time of 2 seconds and a 

laser spot size of about 1.5 μm. The cell was then analyzed by 

scanning the entire cell with a step size of 0.8 µm in order to 

select the most representative SERS spectra.” 

Typical Raman measurements were performed by using an 

identical procedure and identical acquisition parameters 

except for using a CaF2 instead of the SERS substrate. 

Results and discussion 

Preparation of SERS substrate 

The SERS substrate was obtained through a three steps 

process depicted in Figure 1. First, ZnOTP (Fig. 2a) have been 

grown from vapour phase with a very large yield, starting from 

5N Zn powders only, without any precursor or catalyst. A 

continuous reaction/oxidation process with O2 in a tubular 

furnaces allowed a multi-gram scale synthesis in a laboratory 

reactor at 700°C, as previously reported.
[28,29] 

 

The second step (Fig. 2b) consisted in the synthesis of spherical 

gold seeds by photo-reduction. As-grown ZnOTP were 

dispersed in the solvent of choice (e.g. isopropyl alcohol) 

containing a predetermined amount of gold precursor (HAuCl4) 

and applying sonication and mechanical stirring. 

The mixture was illuminated by a halogen lamp to promote the 

formation of electron hole-pairs inside the ZnO: photo-

generated carriers are the driving force for the redox process. 

Indeed the UV radiation promotes near band edge transition 

inside ZnO nanostructures: on one hand, conduction band 

electrons reduces Au(III) to Au(0) at the semiconductor 

surface, resulting in the nucleation/growth of Au(0) 

nanoparticles. On the other hand, valence band holes oxidize 

isopropyl alcohol to acetone in order to retain electro-

neutrality. Upon variation of gold precursor content and 

illumination time, different Au nanoparticles dimensions and 

density have been obtained (Figure S1 in Supp. Inf.) influencing 

the following nucleation of Au branched nanoparticles. Such 

photochemical approach allowed the production of gold seeds 

characterized by uniform dimension directly on the surface of 

the tetrapods and without the need of any organic linker or 

surfactant that could hinder the SERS enhancing properties of 

the substrate itself. The obtained gold-functionalized ZnOTP 

were then deposited on silicon substrates by centrifugation. In 

the third step (Fig. 2c) the solid SERS substrate was prepared 

by the seed-mediated growth of branched gold nanoparticles 

on top of ZnTP. The growth has been performed by adding 

HAuCl4 in presence of HEPES, a buffer used in biological 

laboratories, here used as reducing agent as previously 

described by Xie and co-workers.
[30] 

In the present work, HEPES buffer also acts as shape directing 

agent
[30]

 and is necessary to keep the pH at a neutral value to 

protect ZnOTP from the dissolution that other ways would 

occur in presence of the relatively high concentration of 

tetrachloroauric acid used. 

 

Figure 3: Absorption spectroscopy, from bottom to top, of 

ZnOTP (black), ZnOTP decorated with spherical nanoparticles 

(red) and ZnOTP decorated with branched particles (blue). 
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Figure 4: SERS spectra of MG 10 μM (a) and R6G 100 μM (b) 

acquired under the same conditions using ZnOTP decorated 

spherical (full) and branched (dashed) gold nanoparticles 

(standard deviation of the signal is given by the grey shadow 

and is 15% for the peak at 1611 cm
-1

 of MG and 25% for the 

peak at 1358 cm
-1

 of R6G). Spectra have been acquired using 

a 5 mW HeNe laser operating at 633 nm focused on the 

surface with a 50x objective and applying 1 second of 

accumulation time for MG and 5 second of accumulation time 

for R6G. 

FE-SEM analysis (Fig. 2b-c) and UV-Vis absorption spectroscopy 

(Fig. 3) confirmed the presence of the gold seeds first and of 

the branched nanoparticles on the surface of the ZnOTP after 

the HEPES treatment. This morphological investigation reveals 

an homogenous distribution of gold seeds with a diameter of 

about 7-8 nm on the surface of ZnOTP without any detectable 

sign of aggregation and, as a consequence, an homogeneous 

distribution of the branched particles having an average 

diameter of ≈ 20 nm and arms of about 5-8 nm (See STEM 

images in Figure S2 Supp. Inf.). According to the SEM 

investigation, this process is highly efficient as the nucleation 

process clearly takes place starting from the previously 

obtained seeds as proved by the fact that only a small fraction 

of seeds remains on the surface and that the density of gold 

seed nanoparticles per area unit is consistent with that of 

branched gold nanoparticles. 

 

Figure 5: Intensity of SERS spectra of MG (measured at 1170 

cm-1) obtained at different concentrations. Full spectra 

obtained at each concentration can be found in Figure S5 of 

the supplementary information. 

 

 

Figure 6: Intensity of SERS spectra of MG 100 μM measured on 

a substrate immediately its preparation (Top) and after 6 

months at air exposure (bottom) 

At the same time HEPES molecules do not stay on the surface 

of the substrate as proved by the Raman spectra shown in 

Figure S3. 

The decoration of ZnOTP with gold nanostructures extends the 

light absorption of the coupled nanostructure into the visible 

range (Fig. 3). The absorption maximum corresponds to the 

localized surface plasmon (LPR) of nanosized gold (about 2.4 

eV) and it is higher for the branched gold nanoparticles: this 

can be ascribed either to the overall larger dimensions of the 

branched nanoparticles and to the higher content of gold 

compared to the case of spherical nanoparticles. Besides, a red 

shift of the absorption threshold is visible in the case of the 

branched nanoparticles. This effect is addressed to the shape 

anisotropy of Au: the braking of spherical symmetry splits the 

LPR absorption peak creating a lower energy mode that 

broadens towards lower energy. On the other hand, the 

limited shift of the plasmonic peak confirms that the obtained 

branched nanoparticles remain isolated and do not aggregate. 

This clearly indicates that the higher SERS enhancing 

properties of the substrate after the HEPES treatment must be 

ascribed to the particular shape of the gold nanoparticles and 

not to the formation of aggregates. 

 

Page 4 of 8RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5 

Please do not adjust margins 

Please do not adjust margins 

 

 

Figure 7: a) SERS spectrum of apomorphine acquired at 1 μM. Full line represents the average of 9 spectra obtained inside an 

area of 50 x 50 µm on the substrate; grey shadow represents the standard deviation. b) concentration dependence of the signal 

(intensity of the peak at 1511 cm
-1

) observed using apomorphine at different concentrations. Full spectra obtained at each 

concentration can be found in Figure S6 of the supplementary information. 

 

The absorption plateau above 2.4 eV is due to gold interband 

transition involving d and sp orbitals 
[31]

 while the near band 

edge ZnO absorption is visible at 3.2 eV 
[32]

. 

 

Characterization of the SERS enhancing properties 

The enhancing properties of ZnOTP decorated with spherical 

and branched gold nanoparticles have been tested measuring 

MG and R6G using a 633 nm excitation laser line. Therefore, 

MG was measured in resonance with its absorption band 

centred at 617 nm, while R6G  was measured in non-resonant 

conditions having an absorption band centred at 526 nm. See 

UV-Vis absorption spectra in Figure S4 in Supp. Inform. 

The results of this study are summarized in Figure 4 and clearly 

show that, as expected, ZnOTP samples coated with Au 

branched nanoparticles are more effective than the 

corresponding ones coated with spherical nanoparticles. 

The limit of detection and the linearity of the optimized SERS 

substrate have been determined drying small drops of MG at 

different concentrations on top of the substrate made of 

ZnOTP decorated with branched nanoparticles and acquiring 

Raman spectra from 100 different positions distant from the 

border of the drop to avoid the variability given by the coffee 

ring effect (see Figure S5 in the Supp. Inform. the spectra 

acquired at 1 µM concentration as example). Figure 5 shows 

the intensity of the peak at 1170 cm
-1

 of the MG SERS spectra, 

corresponding to the in-plane mode of the aromatic C-H 

bending, obtained using different concentrations of the dye. 

The limit of detection has been determined to be 100 nM and 

a linear increment of the signal intensity was observed up to 1 

μM where a progressive saturation of the signal occurs 

suggesting a rather high affinity of the dye for the area of the 

substrate where the "hot spots" are located. A rigorous 

calculation of the enhancement factor provided by the 

substrate is difficult to obtain as the exact number of “hot 

spots”; the variation given by small differences in the 

nanometric features of each branch and the exact number of 

molecules effectively contributing to the signal are not known. 

However the analytical enhancing factor (EF) reflecting the 

average situation can be obtained according to the simple 

Equation 1:  

 

EF = (ISERS / IRaman) * (MRaman / MSERS)                             (1) 

 

where ISERS and IRaman are the peak intensities observed using 

the substrate and a simple silicon wafer respectively. MSERS is 

the concentration of the dye solution used for SERS 

experiment and MRaman is the concentration in the solution 

applied on silicon. According to the data collected, we obtain a 

robust EF of about 7x10
6
 for samples decorated with branched 

Au nanoparticles and of 2x 10
5
 for the samples decorated with 

the spherical seeds. 

At last we studied the long term stability of the substrate. Both 

ZnOTP and Au based nanomaterials are known for being very 

stable at air exposition as they do not suffer of oxidation 

related degradation. The SERS enhancing properties of a 

ZnOTP substrate decorated with branched gold nanoparticles 

have been tested immediately after preparation and after six 

month at air exposition and room temperature. As shown in 

figure 6 the intensity of MG SERS spectra remains very similar 

confirming  the efficacy of the substrate even after a long 

exposure to air. 

 

SERS detection of Apomorphine 

In order to study the efficiency of the developed substrate, we 

tested the system for the detection of apomorphine, one of 

the most used drugs for the management of the symptoms of 

Parkinson disease that is administered by subcutaneous 

injection. It is well known that apomorphine, despite being 

effective in providing a reduction of tremors and allowing a 

partial rehabilitation of motor skills,
[33] 

is not equally active on 

all patients
[25]

 and, in particular, its metabolism rates may vary 

among patients, thus resulting in different plasma levels 

observed in each patient.  
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Figure 8: a) SERS spectrum of a single HL-60 cell deposited on branched gold nanoparticles decorated ZnOTP (black) compared 

with the Raman signal of a HL-60 cell deposited on CaF2 (red). b) average SERS signal, calculated in the region between 1400-

1700 cm-1, measured at different distances from the slide surface. c) HL-60 cell positioned on the SERS substrate and observed 

in bright-field. The SERS and Raman spectra in the plot, the SERS signal distribution and the bright-field images were acquired at 

3 µm above the slide surface. The Raman and SERS spectra are plotted with a different scale for clarity. 

 

This example underline the need of the development of new 

methods for a rapid assessment of drug plasma concentration 

that could facilitate therapy monitoring and therefore more 

personalized treatments of infections and chronic diseases 

treated with drugs with a small therapeutic window.
[34] 

Despite 

the sensitivity of SERS is still not equal to the one of other 

separation based techniques such as HPLC-MS, the minimal 

sample preparation together with the relatively cheap 

instrumentation used in SERS analysis would make this 

approach a promising route for the therapeutic monitoring of 

drugs. 

In a previous study, we demonstrated how it is possible to 

detect apomorphine by mean of SERS using branched gold 

nanoparticles in suspension.
[35]

 Here we decided to test the 

hypothesis that supporting a large number of these 

nanoparticles in a smaller volume by means of a 3D network 

could be useful to increase the efficacy of this approach. As 

shown in Figure 7, we have been able to detect the drug at 1 

μM, a concentration 5 times lower than the one achieved in 

solution with a good concentration dependence of the signal 

up to 1 mM (Figure 7b). 

The spectrum reported in Figure 6a is characterized by the 

presence of three well resolved peaks in the region of 1520–

1620 cm
−1

 that are ascribed to the C=C stretching of the two 

aromatic rings; in addition, the peaks at 1004 cm
-1

 and 1217 

cm
-1

 correspond to vibrations of the aromatic rings and to the 

aromatic CH in-plane bending, respectively. 

Interesting, the SERS spectrum is characterized by the 

presence of some bands related to the oxidation of 

apomorphine that could happen on the surface of our 

particular metal substrate. 

For example, the strong peak at 1374 cm
-1

, that is not present 

in the standard Raman spectra of apomorphine (Figure S8 in 

Supp. Inform.), is related to the CO stretching and the aromatic 

CH in-plane bending and suggests that the molecule is present 

in its oxidized form. To confirm this, the peak at 1300 cm
-1

 in 

the Raman spectrum, which corresponds to OH in-plane 

bending mode, is lost in SERS spectrum, because the OH 

groups are oxidized to C=O bonds. This result is consistent with 

what previously reported in literature on the SERS analysis of 

apomorphine 
[35,36,37]

 and confirmed its effective detection. 

Single cell SERS experiments  

The SERS properties of ZnOTP substrates decorated with the 

branched nanoparticles were tested on single cells. HL-60 cells, 

which are cultured leukemia cells and granulocyte precursors, 

were used as models of circulating tumour cells. Figure 7 

shows the results of the analysis of HL-60 cells deposited on 

the substrate. The strong enhancement of the Raman signal is 

clearly demonstrated by the comparison between the SERS 

spectrum and the Raman spectrum collected from HL-60 cells 

on a SERS inactive substrate (CaF2). In addition, we verified 

that the SERS enhancement is related to the interaction 

between the SERS substrate and the cell. In fact, the signal 

intensity reaches the maximum at around 3 µm from the slide 

surface (Figure 8b), which corresponds to the interface 

between the cell and the top of the ZnO layer, and decreases 

rapidly when the laser is focused on the cell but at longer 

distances.  

The HL-60 SERS spectra reveal some Raman features typical of 

cells: for example the signal around 1002 cm
-1

 assigned to 

proteins (phenylalanine) and the signal around 1451 

correspondent to the CH2 bending of proteins and lipids. In 

addition, other intense peaks identified here are not those 
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typically described in Raman studies of cells but they are 

related to the SERS effects (peaks assignation in Table 1). 

As already described in other SERS studies,
[38,39]

 the peaks 

observed here are most probably derived by the enhancement 

of a fraction of molecules positioned in close proximity 

(around 10 nm) to the SERS substrate. This is also confirmed by 

the peaks assignations which are mostly related to lipids and 

proteins. 

 

Raman Shift [cm
-1

] Assignment
(a)

 

656 C-S 

732 C-S, Phosphatidylserine 

919 C-C, proline/hydroxyproline 

1002 C-C, phenylalanine 

1106 C-C, carbohydrates 

1200 Aromatic C-O and C-N 

1245 Amide III 

1315 CH3, CH2, lipids 

1388 CH3, lipids 

1451 CH3, CH2, proteins, lipids 

1566 COO
-
 

1602 C-C, phenylalanine 

(a) Assignment has been obtained according to ref. 

[38] and [39] 

Table 1: Assignment of SERS peaks of HL60 cells spectra. 

Conclusions 

In order to allow SERS to become an important tool for the 

biochemical studies there is still the need for an effective and 

reliable SERS substrate, which can be used fo enhance signal 

from a broad range of samples. This paper has provided one 

way to respond to these need by supporting on a 3D network 

of zinc oxide tetrapods (ZnoTP) an high number of branched 

gold nanoparticles. This approach allows to obtain an active 

solid substrate with a great amount of “hot spots”, without the 

need to produce very narrow gaps between the noble metal 

nanoparticles that would limit the dimensions of the molecules 

to bestudied by means of SERS. In addition, the use of a 

surfactant free photochemical approach for the direct growth 

of small gold nanoparticles on the surface of ZnOTP allows the 

generation of well isolated spherical nanoparticles. that can be 

used as seeds for the subsequent preparation of the more 

SERS active branched nanoparticles.  

By this doing we developed and optimized a simple protocol 

for the production of a new SERS substrate that couples the 

advantage of having highly SERS-active nanoparticles densely 

distrubuted in a 3D volume, thus increasing in turn the 

enhancing factor, togheter with the practical advantage 

related to the use of a solid SERS substrate, if compared with 

nanoparticles in solution. 

The obtained SERS substrate material is characterized by good 

enhancing properties with a calculated analytical enhancing 

factor closed to 10
7
, depending on the molecule observed, and 

has demonstrated to be active for the detection of a broad 

range of molecules interesting for biomedical applications such 

as Raman dyes (that can be used to specifically label biological 

targets) and drugs. Besides, as a proof of concept, we tested 

the possibility to use this material for the characterization of 

HL-60 cultured cancer cells demonstrating a noteworthy 

enhancement of the signal thus suggesting that this approach 

could become useful for the identification of particular cellular 

subtypes as well as for the study the cellular surface by SERS 

3D solid substtrates 
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