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Abstract

The functional plasmon active surfaces was designed and constructed for advanced Raman spectroscopy
purposes. There is a huge demand in biochemistry and medicine for on-line observation of microorganism’s
behavior, including the biofilms formation. For this goal the Raman spectroscopy measurements can be used.
The obstacle we face is that the (bio)liquid may contain a lot of different sized biomolecules. To cut-off
unnecessary molecules we propose the utilization of molecular sieve - mesoporous silica thin film (MSTF)
deposited on plasmon active surface (periodical gold grating). Our biosensors detect trace amounts of
cytotoxic ions and molecules, released from biomaterials. The plasmonic surface was functionalized with
MSTF with the aim to provide the selective interaction/entrapping of the targeted objects of interest. Proposed
approach also allows to directly monitor cell behavior on the variously modified surfaces and, moreover,
surfaces with different morphologies. Development of proposed ideas and concepts introduces an innovative
approach in the analysis of complex (bio)molecules system, get new information about the microorganism
behavior as well as shed light on previously unknown phenomena in the microbiology field.
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1. INTRODUCTION

Plasmonics represents an unique approach for creation of several analytical components, favourable by
extreme sensitivity (the absolute detection limit can be achieved - single molecule recognition), wide usability
(plasmon-based sensor as component can be used as a part of spectroscopic system, prepared in the form of
fiber probes for local sensing, integrated into the flow system and so on) and reliability [1,2]. Among the various
plasmon-based analytical approaches, two main directions can be distinguished: the sensors on the base of
the shift of plasmon resonance wavelength position as a function of surrounding refractive index changes,
referred to as surface plasmon sensor (SPR), or utilization of plasmon surface-induced enhancement of
traditionally weak Raman signal, referred to as surface-enhanced Raman spectroscopy (SERS) approach
[3,4]. Development of both approaches makes a revolution in the field of analytical chemistry and biochemistry,
as well as many other related fields, where the measurement’s results provide principally new information or
significantly reduce the complexity or required detection route [5]. On the other hand, the growing demands in
the field of microbiology, implantology, medicine and other (bio)sciences require the creation of more and more
sensitive systems for the analysis of complex samples or recognition of vanishingly small concentrations of
targeted molecules in complex samples. Plasmonics is able to give a satisfactory answer to many of these
requirements, through the further development and optimization of the plasmon structures. For example, the
functionalization of plasmon surfaces with mesoporous silica can cut off large biomolecules and let small ones
reach surface and be detected. Mesoporous silica represents a new class of materials containing periodic
arrays of channels and cavities, that are tunable over the range 20-100 A [6].

2. RESULTS AND DISCUSSION
2.1. Surface characterisation

The main idea of our work is follow: application of SERS provided by Au grating can detect small amounts of
targeted molecules, but (bio)samples analysing face a problem - very interfered and difficult to interpret

423



2019
NAN OCO N ’ Oct 16™ - 18t 2019, Brno, Czech Republic, EU

spectra. All molecules - big and small - absorb on plasmon-active substrate surface and contribute to SERS
signal. The solution we find attractive is mesoporous silica thin film (MSTF). When covering substrates with
MSTF before measuring, this addition layer is supposed to work as sieve. Since MSTF got porous structure it
can cut-off molecules bigger than pore width and let smaller molecule flow through MSTF and reach grating
surface. So that only small (targeted) molecules will give SERS signal. Additionally, we can sort (bio)molecules
near SERS surface by adjusting pore size. To claim it we change different MSTF deposition conditions
(deposition time, voltage, silica precursor to detergent ratio etc).
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Figure 1 Schematic representation of mesoporous silica substrate preparation
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Figure 2 Confocal microscopy images of substrates with mesoporous silica deposited for different time.
Samples were made from solution with CTAB:TEOS ratio 0.32 (A) and 0.5 (B).

To characterise silica surface structure the confocal microscopy was applied. Results are presented in
Figure 2 and very smooth surface is evident before MSTF deposition. After 3 seconds deposition both types
(0.5 and 0.32 Si-coating solutions) the continual homogeneous silica film is formed. For 0.32 ration and 7
seconds deposition the MSTF film keeps being even, but for 0.5 ration we already can observe the formation
of aggregates (dark dense spots). The formation of aggregates becomes more noticeable with deposition time
increase. 10 and 30 seconds of depositions results in surfaces that are very heterogeneous with many
aggregates merging together. Formation of aggregates and high roughness is undesirable outcome since
aggregates can block pores so that analyte molecules will not reach gold grating surface. For those reasons,
we restricted the deposition time with up to 7 second.

424



2019
NAN OCO N ’ Oct 16™ - 18t 2019, Brno, Czech Republic, EU

There is another reason why we do not need to deposit our substrates for too long time. We performed scratch-
tests using the AFM technique to determine thickness of silica films and how fast it grows. After results
evaluation we determined that an average speed of silica growth is 7,5 nm/s. Film thickness should be around
20 nm so molecules will not stuck in pores and easily reach plasmonic surface.

So, based on the confocal and AFM microscopies results we came to a conclusion that deposition time for
mesoporous silica thin films on Au sputtered substrate should be no more than 3 seconds. Consequently with
3 seconds deposition or less we will get homogeneous, continual film with no aggregates on top of it and with
optimal film thickness.

More detailed investigation of surface morphology was performed by SEM. Results are presented in
Figure 3. From those images we see aggregates on top of silica surface which are subsequently washed away
with ethanol/HCI solution. Moreover SEM results prove that silica stays on surface after interaction with ethanol
and CTAB removing.

;-

SEMHV: 100KV SEM MAG: 83.0 kx
View field: 2.50 pm Det: SE 500 nm
SEM MAG: 83.0 kx _ Date(m/dly): 07/09/19

Figure 3 SEM images of MSTF from 0.32 solution before (A) and after (B) surfactant removal

2.2. Surfactant removal

To prove CTAB removal with acidic ethanol solution we did SEM-EDX measurements (Table 1). In particular,
the Table 1 show the EDX-measured surface elements concentration before and after CTAB removing. Their
relative comparison allows us to state CTAB was successfully removed, since there are no nitrogen and
bromine on samples surfaces after washing in ethanol/HCI solution. Also we see reduction of carbon which
can also occur due to surfactant removal.

Table 1 SEM-EDX results for MSTF substrates before and after CTAB template removal

Before removal After removal
T | conammion | Wk | g | comemon | W | g

C 1.08 51.28 1.57 0.42 33.62 0.59
N 0.24 3.24 1.24 0 0 0

0o 1.52 20.18 0.83 2.53 37.57 0.45
Al 0.03 0.26 0.9 0.01 0.08 0.1
Si 1.63 15.78 0.56 2.21 28.73 0.33
Br 0.67 8.68 1.8 0 0 0
Mo 0.04 0.57 0.76 0 0 0

Total 100 100
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Removal of CTAB was also confirmed by IR spectroscopy. IR spectra were taken before and after samples
immersion in ethanol solution. As can be expected the spectrum of pristine sample (Au grating, before MSTF
deposition) is plane, without any characteristic features. In turn, CTAB IR spectrum, measured in powder and
presented for comparison has two pronounced characteristic peaks, located at 2920 and 2850 cm-'. These
characteristic peaks are clearly seen on Au grating/MSTF spectrum before CTAB removing. After the
immersion in ethanol/HCI solution the CTAGB characteristic peaks disappear, but very wide and broad peak
appears confirming presence of alcohol groups remaining after extraction of surfactant. Disappearance of
these band (and conservation of SiO2 structure - see SEM-EDX result) indicate successful removing CTAB
while keeping silica on Au grating surface.
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Figure 4 FTIR spectra of pristine substrate, pure CTAB, and samples before and after CTAB removal

2.3. SERS with analyte standard

After finding the optimal MSTF deposition conditions the SERS measurements were performed in the next
step. At the first stage the model SERS analyte - crystal violet (CV) was used. The CV was dissolved in water
to obtain 10-% mol/l concentration and drop-deposited on Au/MSTF surface. Results of SERS measurements
are presented in Figure 5. Appearance of characteristic SERS signal from both CV and SiO:2 indicate analyte’s
ability to reach the Au grating surface and that silica is still remaining after CTAB removal.
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Figure 5 Raman spectra of crystal violet powder and MSTF sample with drop-deposited crystal violet on it

426



2019
NAN OCO N : Oct 16™ - 18t 2019, Brno, Czech Republic, EU

So, using the described parameters we created MS structure, able to allow to small molecules reach the
plasmonic active surface. Our future work will be focused on proving MS ability to cut-off big molecules while
letting small ones be detected in the context of peptide solution with analyte dye. Further we will be analysing
more complex bio samples containing different sized molecules e.g. bacterial strains and films

3. CONCLUSION

To prevent interfered and difficult to interpret spectra when analysing complex bio samples mesoporous silica
thin films were synthesised on Au-grating substrate. The conditions of MSTF deposition were carefully
optimized. The created functional SERS substrates were involved in SERS measurements of model analyte.
Our future work will be focused on proving MS ability to cut-off big molecules while letting small ones be
detected in the context of peptide solution with analyte dye. Further we will be analysing more complex bio
samples containing different sized molecules e.g. bacterial strains and films
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