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The Silver Colloidal Solutions and Films for E�cient SERS
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The silver colloids and silver �lms are known for their signal enhancing properties in Raman spectroscopy.
Surface enhanced raman spectroscopy is a very useful tool to detect molecules at low concentration or even
single molecules in examined samples. Here we present a study on the preparation of silver colloidal solution
and deposition of silver �lms on mica. The colloidal solutions were examined by two methods: the UV�VIS
spectroscopy to determine their optical properties and atomic force microscopy to determine the size of the
particles and structure of the deposited �lms. The crystal violet (tris(4-(dimethylamino)phenyl)methylium
chloride) solution was used as a test sample for evaluation of enhancing properties of silver colloidal solutions and
�lms. These experiments have shown that both colloidal solutions and �lms, are e�cient surface enhanced raman
spectroscopy substrates, therefore they can be used in further studies for enhancement of the Raman signal of
biopolymers, f.e. polysaccharides and DNA.

PACS: 68.37.Ps, 78.30.−j, 82.70.Dd

1. Introduction

The Raman spectroscopy is a valuable tool for detec-
tion and characterization of molecules. Since the Raman
signals are weak and do not allow one to investigate sub-
stances at low concentrations, signal enhancement tech-
niques shall be applied. The surface enhanced Raman
spectroscopyRS (SERS) technique is one of the possibil-
ities, using metallic surfaces or nanoparticles as an en-
hancing substrate [1�4]. Nanostructures made of silver,
gold, and copper are widely known as e�ective SERS
substrates. The SERS technique has been used in re-
cent years in many di�erent research �elds like biology,
chemistry (mainly electrochemistry) and physics, both
solid state and soft matter. The reported signal enhance-
ment is up to 1014 for single molecule experiments [2].
The mechanism of the enhancement is not completely
understood as yet. In general, two main contributions
have been proposed: the electromagnetic and the charge
transfer mechanism [5]. The surface enhanced resonance
Raman spectroscopy (SERRS) allows one to obtain even
larger enhancement and single molecule detection. The
technique combines resonance Raman spectroscopy, op-
erating in the maximum absorption range of the molecule
of interest and enhancement caused by the presence of
metallic structures. The enhancement can be character-
ized by few factors, in this work analytical enhancement
factor (AEF) will be applied, de�ned as Eq. (1):

AEF =
ISERS/cSERS

IRS/cRS
, (1)

where ISERS is intensity of the SERS signal, IRS � the
intensity of the standard Raman signal, cSERS and cRS

are concentrations of the solution used for the SERS and
non-SERS measurements, respectively [6].
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The Agcol solutions and �lms (often called silver island
�lms, SIFs) are widely used as an enhancing factor in
many techniques, not only the Raman spectroscopy, but
for example also in the �uorescence microscopy. Metal-
-enhanced �uorescence (MEF) has been observed for
many hybrid systems composed mainly of very stable
and highly �uorescing molecules, such as organic dyes
and semiconductor nanostructures [7].
In this work we study the possibility of application of

the Agcol solution as an enhancing substrate in SERS
experiments. We determined the absorption properties
and diameter of the Ag particles in solution and used
the Agcol solutions and �lms (silver island �lms, SIFs) as
an enhancing substrate in SERS experiments conducted
with crystal violet.

2. Materials and methods

2.1. Ag colloidal solutions

The Agcol solution were prepared by the Lee�Meisel
method [8]. The basic procedure consisted of following
steps: 90 mg of AgNO3 was added into 500 ml of pure
water and heated up to 100 ◦C. The 10 ml of 1% sodium
citrate were added and the solution was boiled for 1 h. In
this way the Agcol solution of particles with the expected
diameter of 40 nm was obtained.

2.2. UV�VIS and Raman spectroscopy

Crystal violet (CV) was chosen as a test sample for
the Raman spectroscopy. It was obtained in its crystal-
lized form and used to prepare solution in pure water
(10−4 M). For both types of spectroscopy 1 ml of the so-
lution of interest was poured into a quartz cuvette. The
CV and Agcol solutions were mixed, resulting in a �nal
CV concentration of 5 × 10−6 M. The Agcol �lms were
prepared on a mica surface, previously activated with a
surfactant (cetyltrimethylammonium bromide (CTAB))
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solution. A 25 µl droplet of a mixture of CV and Agcol
was deposited onto a support and left in a desiccator
for 24 h.
UV�VIS spectra were recorded using a UV�VIS

Specord M40 spectrometer (Zeiss, Germany). The Ra-
man spectra was recorded by means of a modern-
ized PHO double-grating Raman spectrometer (Coderg,
France) using the 514.5 nm excitation line, equipped with
a photomultiplier and a photon counter. The Origin-
Pro 8 (OriginLab Corporation, USA) software was used
for data processing.

2.3. Atomic force microscopy

For AFM imaging a 25 µl sample of Agcol solution was
deposited onto a freshly cleaved mica surface and left in a
desiccator for 24 h. Dried samples were investigated us-
ing the Agilent 5500 AFM (Agilent Technologies, USA)
in a contact mode. Software based image analysis was
applied to all images taken (using PicoView 1.10.4. soft-
ware from Agilent Technologies and SPIP 3.3.4.0 from
Image Metrology, Denmark).

3. Results

3.1. Determination of the properties of Ag solutions

To determine optical properties of obtained Agcol so-
lutions, the UV�VIS spectra were recorded in order to
extract the data about the maximum absorption re-
gion. The Agcol exhibited an absorption maximum at
λ = 419.5 nm. The AFM imaging of 2 samples was per-

Fig. 1. A typical AFM image of Agcol particles de-
posited on mica. The scan size is 5× 5 µm2.

formed, for each sample 3 areas were investigated (3 im-
ages for each area of the sample). As a result 18 images
were obtained and grain analysis in SPIP was performed
(a typical image is shown in Fig. 1). The mean diame-
ter of the particles in the Z direction was 45 ± 15 nm,
however particles of the diameter ranging from 20 up to
73 nm were observed. The histogram of the particles'
diameter is shown in Fig. 2.

Fig. 2. A histogram of the diameter values of Agcol
particles (set of 53 particles, data extracted from 18
AFM topography images).

3.2. SERS activity of Ag colloidal solutions
and deposited �lms

At �rst the spectrum of CV (10−4 M) was recorded (see
Fig. 3, black line), then mixed with the Agcol solutions
and the spectrum was recorded again (CV concentration
in the sample equal to 5 × 10−6 M). The AEF was cal-
culated separately for two Raman active modes of CV:

Fig. 3. Raman spectra of CV (RS, CRS = 10−4 M)
and a mixture of CV and Agcol (SERRS, cSERS = 5 ×
10−6 M).

Fig. 4. Raman spectra of CV (RS, CRS = 10−4 M) and
a mixture of CV and Agcol deposited on mica.
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1177 (1200) cm−1 and 1621 cm−1. For a mixture of CV
and Agcol the AEF1177 = 133 and the AEF1621 = 290.
For the CV and Agcol mixtures deposited on mica the Ra-
man spectrum was recorded (see Fig. 4) and compared
with the spectrum of CV. The AEF values are equal to
AEF1177 = 160 and the AEF1621 = 82.

4. Discussion and conclusion

The obtained results of AFM imaging show that the
Agcol particles are not uniform in size, however their
mean diameter is close to the nominal value. The variety
of the diameter can be caused by either the clustering
in the solution or AFM experiments conditions. For this
reason imaging of 2 samples and 3 areas were performed
and statistical methods applied to determine the diam-
eter of the particles. The enhancement obtained in the
SERS experiments is not as high as reported in the litera-
ture, however one should remember that the experiments
were conducted using an open light path spectrometer,
not a microscope. The results con�rmed that both, Agcol
solutions and �lms exhibit enhancing properties and can
be used as a SERS active substrate.
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