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The detection for Single Escherichia Coli Bacteria has attracted great interest and in
biology and physics applications. A nanostructured porous silicon (PS) is designed for
rapid capture and detection of Escherichia coli bacteria inside the micropore. PS has
attracted more attention due to its unique properties. Several works are concerning the
properties of nanostructured porous silicon. In this study PS is fabricated by an
electrochemical anodization process. The surface morphology of PS films has been studied
by scanning electron microscope (SEM) and atomic force microscope (AFM). The
structure of porous silicon was studied by energy-dispersive X-ray spectroscopy (EDX).
Details of experimental methods and results are given and discussed. The values obtained
were compared with the published data.
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1. Introduction

Detection of single cell analysis has primarily been explored using different methods such
as "optical, magnetic, or acoustic forces" in order to trap target particles. Trapping and detection
techniques for single cell bacteria (SCB) are attracted much research interest for public health [1].
Today various techniques are now available for the analysis of a single cell; with the aid of these
techniques, many biological questions can be answered [2]. Therefore, trapping and detection
technique of single cell bacteria continues to find applications in both physics and biology. There
is an intense research activity going on to develop bacteria possess extremely favorable simplest
living organisms with rigid cell walls. However, single cells Escherichia coli (E-coli) bacteria are
well-characterized organisms, which can be easily grown, cheap and rapid reproductively [3].

Moreover, E-coli bacteria are divided into positive and negative types with rod-shaped
without distinct nucleus [4-11]. Furthermore, there are several excellent reviews and studies
concern with the tapping and the detection of e coli bacteria now available [1- 10].

Nanostructured porous silicon (PS) has been widely studied due to its attractive properties
[11]. Nanostructured porous silicon (PS) is a sponge-like structure, composed of silicon skeleton
pinheaded by a network: of pores. The porous silicon is attractive material for controlled porosity,
pore size and can be tailored as a function of the certain application [12-16]. Porous silicon has
unique properties can be easy prepared by electrochemical etching popularly known as anodization
with many different applications [12]. Although porous silicon has many potential applications, we
will focus on the optical application for bacteria. The detailed information on the porous silicon
was given elsewhere [11-16].In this work, a silicon substrate was enticing to generate a thin layer
of porous silicon on the silicon substrate with pores as large as possible in diameter.
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The surface morphology, layer thickness, pore diameter, pore shape, wall thickness and
etching rate were studied.

A large surface area of single-cell E. coli bacteria inside the micropore for light trapping
and molecular interaction inside the porous layer were reported.

2. Materials and methods

2.1. Sample preparations

A sample of E. coli bacteria germ-negative culture (strain) was provided by "School of
Biology" (Universiti Sains Malaysia, Pinang, Malaysia). E. coli cultures were grown in Petri ditch
at 37°C with shaking (125 rpm).The E. coli bacteria germ negative was collected from culturing
fresh sample Petri ditch. These samples were prepared under the sterile condition to reduce
contamination from outsider’s bacteria. To count the number of bacterial cells, cultures were
serially diluted with 500p of the chosen dilution was mixed with warm tryptic soy agar (TSA) and
poured into plates in triplicate. The cultures were taken from growing cultures and diluted into
3000p of water for sampling. Plates were incubated at 37°C for 24 h [15].

2.2. Trap preparation

Microstructures PS which were used as trap have areas from 1-5 micron (um) fabricated
from n-type (100) using anodization method. Approximately 103 pores were constructed at the
surface of silicon with the area. For preparing microstructures PS with the variable of pore
diameters, seven sample of P-type (100) wafer cleaned before anodization process was performed.
After cleaned process was done, PS was dried and ready to use as a trap. Anodization process was
performed in some conditions and parameters which can make the PS have the specific diameters
for each sample.

For this work, n-type (100) oriented silicon wafers of 2.74 mm thickness and 6.210hm.cm
were used to form PS structures by electrochemical anodization method under the light. With this
fabrication, the parameters which were used to form the PS have the duration of 20 minutes, wafer
n-type (100) and 1/4 (hydrofluoric acid/Acetone) and variable currents density from 2-14 mA was
used. The electrolyte used was 12% Acid Hydrofluoric: Acetone taken in the mole ratio of 1: 4.
Anodization was carried out at current densities varying between 2 and 100 mA/cm2 and for same
duration 20 minutes. After anodization, the PS samples were dried under nitrogen shower.

After that, samples were imaged by using SEM and AFM to measure the diameter and
thickness of porous. Table 1 shows values of pore diameters. All the processes were operating in a
clean room at Nano-Optoelectronics Research Laboratory, School of Physics; Universiti Sains
Malaysia.

Table 1. The diameter and thickness of PS based on variable current density applied
in anodization process.

Current Density (mA/ cm?) Diameter (micron) Thickness (micron)
2 0.50-0.83 2.5
4 0.83-1.00 4.0
6 1.00-1.20 4.0
8 1.00-2.00 5.0
10 0.80-1.50 5.0
12 2.00-2.50 5.0
14 3.00-5.00 5.0

Porous silicon as a prototype traps bacteria without using light and mechanical contact
technique. In this work, E. coli bacteria were focused as a subject to trap and detect. The diameter
and thickness of pores are importance for increase the trap efficiency. However, single cell trap
size must be fitted or larger than the size of the individual cell. Trapping also depends on viscosity,
surface tension, the radius of the pore and gravitational force.
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The height h of the capillary rise with respect to the reference level (height of liquid
column in the first tube) is given according to [17]

2ycos
h= po= (1)
Where, g is the acceleration due to gravity (9.8 m/s?), p is the density of the liquid, r is the radius
of the capillary tube, v is the surface tension and 0 is contact angle between the fluids and the
capillary tube. From this trapping technique, there are no applications of electrical, chemical and
optical for trapping E. coli bacteria. Mostly like that filled the vacancy volume at the PS. To solve
the high viscosity effect of water, the Sonic Clean was used to increase the temperature and gave
vibration to the solution to reduce the viscosity of water. However, a drawback of optical trapping
has been the damage induced by the intense trapping light. In practice, such damage limits the
exposure time for trapped specimens and has proved to be a significant problem for some optical
trapping studies, particularly those in vivo.

3. Result and discussion

3.1. Results of the pore diameter and thickness of PS

In this study, the values of the diameter and thickness of PS based on variable current
density applied in anodization process are tabulated in Table 1. The values of the pore diameter
and thickness of PS based on current density in this work have been compared with literature data
[14, 18-20]. From Table 1, it is clear that the values are in good agreement. This indicates that our
measurement of the diameter, thickness and current density is right. Hence the pore diameter,
thickness and current density values obtained experimentally in the present work are quite good.

In this study the porosity and thickness of PS determined using the equations [19]

P (%) = (my — my)/(my — m3), T (um) = (my — m3)/Ass; (2)

Where, "m; and m, are the masses of Si-wafer before and after PS layer formation, respectively,
and ms is the mass of Si wafer after PS removal by etching in 1% KOH solution. A is the area of
the PS layer and 0Si the density of silicon wafer". the result showed the pore diameter generally
increases with increasing potential and current density which agreement with [19].

1
IR
dpore = Spore [H]Z (3)
Where, J, Jps. and Sy are the current density, the critical current density and the center to
center spacing respectively.

3.2. Characterization of PS by SEM

The surface morphology of PS films has been studied by scanning electron microscope
(SEM). Fig. 1: (A) and (B) shows surface morphology, as seen by SEM. In this study, the largest
diameter pore of porous silicon was chosen for trapping E. coli, because the dimension of E. coli
bacteria is around 2 micron lengths and 0.5micron wide. Firstly, the solution contained bacteria E.
coli are pipette at the surface of PS. To reduce contamination, 2 pL dilution contained E. coli
bacteria was pipette at the surface of microstructures PS sterilization condition. As we know,
sample of PS are hydrophobic on the surface and Wise Clean equipment can produce the vibration
with 40KHZ and heat 60 °C was used after solution was pipette on the PS surface to increase the
trapped E. coli bacteria for 5 minutes until the solution spread on PS surface. Sample was put on
oven for 10seconds and coated with platinum for SEM imaging procedure. Detection of single cell
E. coli bacteria by imaging can be done easily by using SEM, but some of the dust and medium
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can gave some error to eyes as shown Fig. 1. To eliminate eyes error, EDX analysis has been done
to detect single cell E. coli bacteria with PS as a background.

Fig. 1. (a) SEM micrograph diameter of 4um PS. (b) the thickness of 4um PS was have
approximately 10um thickness.

3.3. Characterization of PS by EDX

The surface morphology and size of the Ps were examined using a Scanning electron
microscope (SEM) and Energy dispersive X-ray (EDX) on INCA X-SIGHT Oxford Instruments.
The EDX elemental analysis or chemical characterization of a sample composition is shown in
Fig. 2. For this work, the target spot was single cell located and background spot has been
analyzed by EDX for comparison detection between both of result. The point spot analysis EDX
mode was used for this detection and other parameters which were used are 54 spot-size, 10kv and
acquisition time of 100sec for every spot analysis.
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Fig. 2. EDX analysis instrument. diagram

The target cell was located by using SEM and EDX which was used for detection as
depicted in Fig. 3. From the results which have been collected by EDX, the single cell E. coli
bacteria have some different weight and atomic percentage (%) of atomic content. The result in
Tables 2 and 3show the data collected from EDX.
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Fig. 3. SEM micrograph of single cell E. coli bacteria targeted for EDX analysis. (a) with 2k magnification,
(b) with 4k magnification, (c) with 7k magnification and (d) with 15k magnification.

Table 2. Data collection from the single cell E. coli bacteria by spectrum 1.

Elements Weight% Atomic%
C 28.07 49.29
@] 18.64 24.58
Na 0.77 0.71
Si 25.56 19.20
S 1.14 0.75
Cl 1.27 0.76
Totals 100.00

Table 3. Data collection from the background of PS by spectrum 2.

Elements Weight% Atomic%
C 3.43 7.45
0 9.06 14.77
Na 0.29 0.33
Si 82.20 76.35
Cl 0.73 0.54
Totals 100.00

3.4. Characterization of PS by AFM

The pore size and morphology were determined from the Atomic Force Microscopy
measurements. A sponge-like structure was produced and when current density increased some of
the pores coagulate to form larger structures. Irregularly nanocrystalline silicon distribution on the
surface can be recognized as shown in Fig. 4. Fig. 4 (a) shows AFM images of PS prepared by
ECE technique with a constant time 20 min while Fig. 4(b) shows the schematic granularity
accumulation distribution. It showed that the PS layer has sponge like structure and the as grown
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sample cracked. The etched surface became rougher. Fig.5 shows the energy gap of PS is
increased as compared with as grown sample [22]
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Fig. 4. (a) AFM images of PS prepared by ECE technique with a constant time 20
min. (b) Schematic Granularity Accumulation Distribution.
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Fig. 5. PL spectrum of ps prepared by ECE technique with a constant time 20min

4. Conclusions

In conclusion, porous silicon (PS) has a large potential for applications in biosensors.
However, this paper presents the first E. coli bacteria trap we called microstructures PS. The
microstructures PS can be trapping the E. coli bacteria without gave damage to E. coli bacteria cell
wall. From the results, this concept can be readily used to trap the single cell bacteria. For further
achievements, the microstructures PS can develop to trap the single E. coli and the characteristics
of a single cell can be viewed by using optical equipment with live viewed. The experiment also
shows that trapping method of E. coli bacteria by using microstructures PS archived.
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