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Biocompatible and water soluble 3-mercaptopropionic acid capped gallium selenide nanocrystals were
synthesized from hydrated gallium (III) perchlorate and selenide ions. The nanocrystals were nonfluorescent but showed a sharp UV-vis absorption maximum at 260 nm. Transmission electron
micrographs showed the formation of high quality non-aggregated particles with an average diameter
of 65 nm. Gold electrode modified with the capped nanocrystals was used as a platform for
impedimetric genosensing using NH2-5′-CCCACCGGTCCTTCATGTTC-3′ (probe) and 5′GAACATGAAGGA CCGGTGGG-3′ (target) oligonucleotide sequences. The target oliginucleotide
sequence is a component of 5-enolpyruvylshikimate-3-phosphate synthase, a common vector gene in
glyphosate resistant transgenic plants. The impedimetric genosensor exhibited high sensitivity towards
the target DNA (sensitivity = 11.61 Ω/nM) with a detection limit of 0.66 nM (3s, n = 8). The
genosensor was able to discriminate between complementary, non-complementary and 3-base
mismatched target sequences and maintained 87 % of its response towards the target DNA after one
month.

Keywords: Gallium selenide, impedimetric genosensor, transmission electron microscopy (TEM),
electrochemical impedance spectroscopy (EIS), 5-enolpyruvylshikimate-3-phosphate synthase (CP4
espsp).

1. INTRODUCTION
Metal selenide semiconducting nanoparticles produced from groups III and VI elements have
attracted a lot of research attention due to their potential use as alternatives to nanomaterials from

Int. J. Electrochem. Sci., Vol. 6, 2011

1439

groups II and VI used in electrical, nonlinear optical, optoelectronic and photovoltaic devices [1-2].
Synthesis of gallium selenide has been achieved through molecular beam epitaxy [3], vapour phase
epitaxy [4], chemical vapour deposition (CVD) [5], heterovalent exchange reaction involving groups V
and V elements [6], thermal evaporation [7] and chemical close-spaced vapour transport [8], among
others. These methods give rise to water insoluble and bio-incompatible materials that cannot find
applications in bioanalytical chemistry. Synthesis of water soluble and bio-compatible gallium selenide
nanocrystals would therefore open the applications of these materials in several areas including
biotechnology, health care, biomedical and pharmaceutical industries as well as in bioanalytical
chemistry. Water soluble gallium selenide nanocrystals have not been explored due to the rare cationic
chemistry of aqueous Ga3+. Whereas compounds of gallium in its univalent oxidation state have been
reported [9], details of cationic existence of Ga3+ are scanty. In this work, the reaction between hot
perchloric acid and gallium, according to equation 1, is presented as a source of Ga3+ for synthesis of
gallium selenide nanocrystals (NCS).

2Ga  6HClO4  6H 2 O  2GaClO4 3 .6H 2 O  3H 2

(1)

Short amphiphilic bifunctional molecules such as mercaptopropionoc acid (MPA) are suitable
capping materials for nanocrystals since they allow bioconjugation, solubilization, rapid transfer of
electrons and enhanced electrochemical responses of the nanocrystals to target analytes [10]. Although
nanocrystals show excellent electrochemical properties when functionalized, their use in
electrochemical systems for analytic purposes has been very limited [11-13].
The detection of transgenic DNA in food products made from genetically modified organisms
(GMOs) has recently become one of the mostly requested DNA-sensor applications. [14, 15]. This is
due to: (i) the potential alterations in nutritional composition of GMO food and the functions of nontargeted genes; (ii) allergenicity or toxicity of the genetically modified product; and (iii) the possibility
of horizontal gene transfer to non-targeted species and to the environment [16]. Recombinant DNA
from GMOs has been found in air [17, 18], soil [19-21] as well as in the food chain [22-27]. The gene
5-enolpyruvylshikimate-3-phosphate synthase (CP4 epsps) is commonly used in genetic engineering of
crops as a vector gene to confer glyphosate resistance in transgenic plants. In many parts of the world,
legislations have been put in place to regulate the presence of genetically modified organisms in crops,
foods and ingredients [28]. This has necessitated development of sensitive and reliable methods for
detection, identification and quantification of genetically modified organisms (GMOs) in processed
food. Various methods including quartz crystal microbalance [29, 30], surface plasmon resonance [31,
32], fluorescence [33] and electrochemistry [34] have been reported for DNA detection. Among these
methods, electrochemical detection of DNA has received extensive attention due to its high sensitivity,
excellent selectivity, simple instrumentation, rapidity and low production cost [35-38]. Most
electrochemical DNA biosensors are based on electrical transduction of DNA hybridization by an
accompanied accumulation of redox compounds such as dyes (methylene blue [39, 40]) or metal
complexes (ruthenium and osmium complexes [41]) at the DNA-modified electrode surface [42]. The
hybridization reaction can be monitored by intrinsic signals of nucleic acids or electroactive labels
such as enzymes and metal nanoparticles covalently bound to the target DNA [43, 44] or by changes in
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interfacial properties [35, 45] such as conductance, resistance [46-48] and capacitance [47]. Electrical
resistance and capacitance are sensitive indicators of surface properties and are suitable for the
interrogation of DNA hybridization by electrochemical impedance spectroscopy (EIS) technique. This
work reports a label-free impedimetric genosensor prepared on gold electrode that is modified with 3mercaptopropionic acid-capped gallium selenide nanocrystals. The gallium selenide nanocrystals were
used to create a large surface area on the electrode surface which ensured high loading of the probe
DNA and improved rate of DNA hybridization on the electrode.

2. EXPERIMENTAL
2.1. Materials and apparatus
Analytical grade zinc nitrate hexahydrate, 3-mercaptopropionic acid (HSCH2CH2CO2H) [3MPA], sodium hydroxide, selenium powder, sodium borohydrate, disodium hydrogen phosphate,
sodium dihydrogen phosphate, potassium ferricyanide, potassium ferrocyanide, 1-ethyl-3-(3dimethylaminopropyl) carbodiimide hydrochloride (EDC), N-hydroxysuccinimide (NHS), tris-EDTA
buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.00), gallium and perchloric acid were all purchased
from Sigma-Aldrich (Cape Town, South Africa). 0.10 M phosphate buffer solution, pH 7.40, was
prepared from disodium hydrogen phosphate and sodium dihydrogen phosphate. 5.00 mM [Fe(CN) 6]3/4was prepared from K4Fe(CN)6 and K3Fe(CN)6 in a 1:1 ratio. 20 bases oligonucleotide sequences
were purchased from Inqaba Biotechnical Industries (Pty) Ltd., Hatfield, South Africa. An amine
terminated DNA with the sequence NH2-5′-CCCACCGGTCCTTCATGTTC-3′ was used as the probe
DNA while the sequence 5′-GAACATGAAGGACCGGTGGG-3′, which is a section of 5enolpyruvylshikimate-3-phosphate synthase (CP4 espsp) gene of GMOs, was used as the
complementary sequence. The non complementary and 3-base mismatch oligonucleotides were 5′CATAGTTGCAGCTGCCACTG-3′ and 5′-GATCATGAAGCACCGGAGGG-3′, respectively. The
oligonucleotide stock solutions were prepared with tris-EDTA buffer and stored in a freezer at 20 °C
when not in use.
All voltammetric experiments were performed on a BAS100W electrochemical workstation
from BioAnalytical Systems Incorporated (Lafayette, USA) using a three electrode system. Bare or
modified gold electrode (Au|Ga2Se3-3MPA, or Au|Ga2Se3-3MPA|ssDNA) was used as the working
electrode. Platinum wire and Ag|AgCl (3 M NaCl) were used as counter and reference electrodes,
respectively. Electrochemical impedance spectroscopy (EIS) measurements were recorded with
VoltaLab PGZ 402 from Radiometer Analytical (Lyon, France).
Transmission electron microscopy (TEM) studies were performed on samples of gallium
selenide nanocrystals mounted on a copper coated TEM grid using a Tecnai G2 F20X-Twin MAT 200
kV Field Emission Transmission Electron Microscope from FEI Eindhoven, Netherlands. Ultra violetvisible (UV-vis) absorption measurements were made on a Nicolet Evolution 100 UV–visible
spectrometer (Thermo Electron, UK), using a quartz cuvette.
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2.2. Synthesis of 3-mercaptopropionic acid capped Ga2Se3 nanocrystals.
4.87 g of Ga metal was weighed into a round bottomed flask and 2 mL of concentrated HClO4
added. The mixture was refluxed under constant stirring for 4 h at 120 °C, after which, a white
precipitate of Ga(ClO4)3.6H2O was formed. 0.19 g of the gallium salt was dissolved in 10 mL of
distilled water and 69.60 µL of concentrated MPA added. The pH of the solution was adjusted to 12
using NaOH and saturated with N2 for 30 min. Se2- was prepared by mixing 0.016 g of Se powder with
0.015 g of NaBH4 in a round bottomed flask and adding de-ionized water to make 10 mL solution,
resulting to 0.02 M and 0.04 M of Se and NaBH4, respectively. The mixture was then stirred
continuously at room temperature under nitrogen saturation for 25 min after which a dark yellow
solution was formed. Freshly prepared Se2- was added drop wise into the nitrogen saturated
Ga(ClO4)3/3MPA solution. After 10 min, a brown solution was formed and the reaction was quenched
by immediately placing the reaction flask in a freezer at -20 °C.

2.3. Preparation of electrode.
A gold disk electrode was thoroughly cleaned by polishing it on a soft polishing pad using
1.00, 0.30 and 0.05 µM slurries of alumina, respectively, while rinsing with de-ionized water after each
polish. This was followed by ultrasonication in de-ionized water for 5 min. The freshly polished gold
was electrochemically cleaned in 0.50 M H2SO4 by potential scanning between −300 and +1500 mV
until reproducible cyclic voltammograms were obtained.
The gold electrode was immersed in a Ga2Se3-3MPA solution for 12 h in the dark to form
Au|Ga2Se3-3MPA. The modified electrode was then removed from the Ga2Se3-3MPA solution and
gently rinsed with de-ionized water to remove any physically or weakly adsorbed nanocrystals. The
Au|Ga2Se3-3MPA electrode was then immersed in a mixture of phosphate buffer (pH 7.40) solution of
5.00 mM EDC and 8.00 mM NHS for 30 min to obtain an active surface. The surface-activated
electrode was rinsed gently with de-ionized water. 10 μL of 20 μM probe ssDNA solution was dropped
on the modified solution and left to immobilize for 12 h at 25 °C to give Au|Ga2Se3-3MPA|ssDNA
genosensor system.

2.4. Hybridization and electrochemical detection
The DNA potentiostatic hybridization reaction was performed by dipping the biosensor in a
stirred solution (0.10 M phosphate buffer, pH 7.40) containing different concentrations of the target
(complementary) DNA at a potential of 500 mV for 10 min. The hybridized electrode was washed
twice with phosphate buffer solution. The same procedure was repeated using the non-complementary
or the 3-base mismatch oligonucleotides instead of the complementary DNA. Electrochemical
detection was done by performing EIS of the genosensor in the presence and absence of target DNAs
(complementary, non-complementary and 3-base mismatch) using 5.00 mM [Fe(CN)6]3-/4- as the redox
indicator. The impedimetric spectra were recorded with a VoltaLab PGZ 402 at a frequency range of
50 kHz to 100 mHz, amplitude of 10 mV and a potential of 200 mV.
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3. RESULTS AND DISCUSSION
3.1. Spectroscopy of the Ga2Se3-3MPA nanocrystals
The UV-vis absorption spectrum of the Ga2Se3-3MPA (Fig. 1) shows a sharp absorption maxima at
260 nm, which is due to the presence of a zinc-blend-type defect in Ga2Se3 [1]. Usually, the nature of
the interaction between the conduction and valence bands as well as the size of the band gap determine
the optical properties of a semiconducting nanocrystal. The absorption of a photon by a Ga2Se3
nanocrystal causes electronic transition from the valence band to the conduction band, which creates
an electron-hole pair known as an exciton in the valence band. The lowest-energy electron-hole pair
(excitonic) state (1S3/2-1Se) is not usually observable in nanocrystals that are heterogeneous in size,
shape and composition. However, more homogeneous nanocrystals exhibit characteristic sharp
absorption peaks. The UV-vis maximum at 260 nm (Fig. 1), therefore, shows that Ga2Se3-3MPA
nanocrystals are homogeneous in particle size distribution.

Figure 1. UV-vis spectrum of Ga2Se3-3MPA nanoparticles.

The transmission electron micrographs of the Ga2Se3-3MPA nanoparticles (Fig. 2) show the
formation of high quality non-aggregated particles with an average diameter of 65 nm. Nonaggregation of the nanocrystals is believed to have resulted from the electrostatic repulsion of
negatively charged dehydrogenated carboxyl groups present in the 3-MPA [49].
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Figure 2. TEM micrograph of Ga2Se3-3MPA nanoparticles.

3.2. Electrochemical interrogation of the Ga2Se3-3MPA nanocrystals
3.2.1 Electrochemistry of adsorbed Ga2Se3-3MPA in 0.1 M phosphate buffer of pH 7.40 as well as in
5.00 mM Fe(CN)63-/4Electrochemical impedance spectroscopy is a well known technique for interrogating interfacial
electrical properties of surface modified electrodes. Figure 3 below depicts the Nyquist plots for bare
Au and Au|Ga2Se3-3MPA in 5.00 mM Fe(CN)63-/4-. The figure also shows the corresponding Randle’s
equivalent circuit consisting of a solution resistance (Rs), charge transfer resistance (Rct), Warburg
impedance (Zw) and constant phase element (CPEdl). Rct represents the resistance to the charge transfer
between the electrolyte and the electrode and contains information on the electron transfer kinetics of
the redox probe at the electrode interface. The Rct values of bare Au and Au|Ga2Se3-3MPA electrodes
were 718 ± 1.74  and 3338 ± 0.66 Ώ, respectively. This represents a four-fold increase in Rct value
when Au electrode was modified with Ga2Se3-3MPA nanocrystals. The increase in Rct value could be
due to the electrostatic repulsion between the Ga2Se3-3MPA and Fe(CN)63-/4- redox probe which are
both negatively charged. The surface coverage (θ) of Ga2Se3-3MPA on gold electrode was calculated
from equation 2 [50-51] and found to be 0.78.

θ  1

R ctBare
R ctAu/ZnSe3MPA

(2)
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where R ctBare and R ctAu/ZnSe3MPA are the charge transfer resistance of the bare Au and Au|Ga2Se3-3MPA
electrodes, respectively. A comparative analysis of the interfacial heterogeneous electron transfer rate
of the bare Au and the Au|Ga2Se3-3MPA electrodes was done using equations 3a and 3b [52]:

R ct 

RT
nFi o

i o  nFAk0 C*

(3a)

(3b)

where n is the number of electrons transferred, F is the Faraday constant (96,584 C mol-1), R is the gas
constant (8.314 J mol-1 K-1), T is the reaction temperature (298 K), i o is the standard exchange current
(A), A is the geometric area of the electrode (0.02 cm2), k 0 is the heterogeneous rate transfer constant
(cm s-1) and C* is the concentration of Fe(CN)63-/4- (5.00 mM). The values of i o for the bare Au and
Au|Ga2Se3-3MPA electrodes were 3.58 x 10-5 A and 7.69 x 10-6 A, respectively and the corresponding
k 0 values were 3.69 x 10-3 cm s-1 and 7.93 x 10-4 cm s-1. The larger value of k 0 for Au electrode
supports the theory that the semi-conducting Ga2Se3-3MPA impeded the charge transfer of the
Fe(CN)63-/4- redox probe.
Cyclic voltammetry of the Au|Ga2Se3-3MPA electrode in Fe(CN)63-/4- (Fig. 4) showed a wider
redox peak separation (∆Ep) than for Au (from 137 mV for Au to 324 mV for Au|Ga2Se3-3MPA) and a
49 % decrease in peak currents. The cyclic voltammetric behaviour of the modified electrode indicates

Figure 3. Nyquist plot of bare Au and Au|Ga2Se3-3MPA in 5.00 mM Fe(CN)63-/4, with Randles
equivalent circuit.
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Figure 4. Cyclic voltammograms of bare Au and Au|Ga2Se3-3MPA in 5.00 mM Fe(CN)63-/4 at 100
mV/s
a more sluggish electron transfer rate at the Ga2Se3-3MPAFe(CN)63-/4 interface compared to
AuFe(CN)63-/4 and corroborates the electrostatic repulsion phenomenon observed in EIS. Figure 5
shows the cyclic voltammograms of the Au|Ga2Se3-3MPA in 0.10 M PBS of pH 7.40. It can be seen
that the peak currents (ip) increased linearly with increasing scan rate (v) as shown in Fig.5 inset, which
indicates the occurrence of the electrochemistry of surface confined species. The value of the slope of
the linear plot of log v versus log ip can be used to elucidate the nature of the processes influencing the
electrochemistry of the surface confined material. Slopes with values of 1.0 and 0.5 refer to
adsorption-controlled and diffusion-controlled electrochemical processes, respectively. Intermediate
values for the slope indicate mixed diffusion/adsorption-controlled processes [53]. In this work, the
plots of log v versus log ip (not shown) gave slopes of 1.04 and 1.14 for the anodic and cathodic peaks,
respectively which confirmed the occurrence of adsorption-controlled electrochemistry of the Ga2Se33MPA system.
In order to estimate the number of electrons transferred, equation 4a (Laviron’s equation) [54]
and equation 4b [55] were re-expressed to give equation 4c;

ωn 2 F 2 A
ip 
4RT

(4a)

Q  nFAΓ

(4b)
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nFQ
4RT

(4c)

where  is the angular frequency, Γ is the surface concentration of the electrode material (Ga2Se33MPA, mol cm−2), A is the electrode area (cm2) and Q is the quantity of charge (C) calculated from the
reduction peak area of the voltammogram; and n, ip, F, R and T have their usual meanings. From the
slopes of the ip versus v plots, n was calculated to be 0.98 and 1.14 for the anodic and cathodic
processes, respectively, indicating that Ga2Se3-3MPA nanocrystals undergo a one-electron redox
reaction at the Au electrode in phosphate buffer.

Figure 5. Cyclic voltammograms of Au|Ga2Se3-3MPA in 0.10 M phosphate buffer of pH 7.40: Inset;
anodic and cathodic plots of peak current versus scan rate.

The average value for the ratio of cyclic voltammetric anodic to cathodic peak currents of
Au|Ga2Se3-3MPA in buffer was 1.29, which indicates a one-electron quasi-reversible electrochemistry
[56]. The surface concentration of Ga2Se3-3MPA, calculated from equation 4b, was 6.14 x 10-10 mol
cm-2. The ∆Ep values were found to be linear with the square root of scan rate (r2 = 0.99), which is as
expected for a quasi-reversible process [57]. The formal potential {E0 = (Ep,a + Ep,c)/2} was unaffected
by the scan rate (SD = 1.21 x10-3 for 11 scan rates). This is an indication that the electron transfer
coefficients, αa and αc for anodic and cathodic processes, respectively, are similar (αa ≈ αc ≈ 0.5).
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3.2.2 Electrochemistry of Ga2Se3-3MPA in solution
The cyclic voltammetry of Ga2Se3-3MPA solution on gold electrode was studied at a potential
range of -200 to +800 mV and the results are shown in Figure 6. An anodic peak (A1) whose potential
shifted inconsistently with scan rate is attributed to the oxidation of surface defects of Se to form intraband surface states [58].

Figure 6. Cyclic voltammograms of Ga2Se3-3MPA solution.

The anodic peaks A2 and A3 shifted to more positive potentials with increasing scan rate,
suggesting an irreversible behavior of the processes responsible for these peaks. Peak A2 results from
anodic stripping of elemental Se, arising from electro-oxidation of Se-related surface states [59]. A
plot of log peak current versus log scan rate for this peak showed a linear relationship with a slope of
0.80 (r2 = 0.99), indicating an adsorption-diffusion controlled reaction. A similar plot for peak A3 was
non linear but its current was found to be linearly dependent on the root of the scan rate from 50 mV/s
to 500 mV/s. This indicates diffusion-controlled electrochemical reaction and may be attributed to the
oxidation of the rest of the Ga2Se3 core. In the reverse scan, only one peak (A4) was observed. The
peak gave adsorption-controlled peak current-scan rate relationship, associated with the reduction of
surface-bound Se species.

3.3. Impedimetric characteristics of the DNA modified electrode
Figure 7 below depicts the Bode (a) and Nyquist (b) plots for bare Au, Au|Ga2Se3-3MPA,
Au|Ga2Se3-3MPA|ssDNA and Au|Ga2Se3-3MPA|dsDNA, all in 5.00 mM Fe(CN)63-/4-.
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Figure 7. Bode (a) Nyquist (b) and plots of bare Au , Au|Ga2Se3-3MPA, Au| Ga2Se3-3MPA|ssDNA
and Au| Ga2Se3-3MPA|dsDNA, all in 5.00 mM Fe(CN)63-/4-.
The Bode plots show remarkable differences in the electrochemistry of the Au|Ga2Se33MPA|ssDNA-Fe(CN)63-/4- and Au|Ga2Se3-3MPA|dsDNA-Fe(CN)63-/4- interfaces. The absolute phase
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angle increases from 49° (Au|Ga2Se3-3MPA|ssDNA) to 60° (Au|Ga2Se3-3MPA|dsDNA), accompanied
by respective shift in the frequency of maximum phase angle (ωφmax) from 316 Hz to 200 Hz. This
indicates decrease in conductivity at the Au|Ga2Se3-3MPA|dsDNA-Fe(CN)63-/4- interface. It can be
explained by the accumulation of negative charge from the DNA backbone after hybridization which
caused a higher barrier for the negatively charged Fe(CN)63−/4− anions and impeded the redox
conversion at the electrode. From the Nyquist diagram, the diameters of the observed semicircles gave
a first estimate of the charge transfer resistances, Rct, at the two interfaces. The Rct values were
obtained by fitting the EIS data to the Randle’s equivalent circuit shown in Figure 3. Compared to
Au|Ga2Se3-3MPA electrode, Au|Ga2Se3-3MPA|ssDNA shows higher Rct value (3548 ± 2.09 Ώ), which
is indicative of electrostatic repulsion between the polyanionic backbone of ssDNA and the anionic
Fe(CN)63-/4-. Hybridization with 20 nM complementary DNA induced a further increase in R ct to 4436
± 2.74 Ώ, implying an increase in negative charge at the surface of the electrode. All the EIS spectra in
Figure 6 are characterised by one semicircle as expected for the occurrence of a single redox process.
For the Au|Ga2Se3-3MPA|dsDNA biosensor system, the Rct value of the Fe(CN)63-/4- reports the
dsDNA|Fe(CN)63-/4- interfacial kinetics. Rct was, therefore, taken as the analytical parameter for the
impedimetric detection of the target DNA.

3.4. Analytical performance of the impedimetric genosensor
Figure 8 shows the Nyquist plots obtained with the Au|Ga2Se3-3MPA|ssDNA electrode after
dipping it into a stirred solution (0.10 M phosphate buffer, pH 7.40) containing different
concentrations of the target DNA while holding the potential at 500 mV for 6 min. The Rct values
increased with increasing concentration of the target DNA. The change in Rct (i.e. Rct = Rct(dsDNA) Rct(ssDNA)) gave a linear relationship with the logarithm of the concentration of the target DNA within a
concentration range of 20 - 140 nM (Fig 9).

Figure 8. Nyquist plots of Au|Ga2Se3-3MPA|ssDNA responses to target DNA in 5.00 mM Fe(CN)63-/4.
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The sensitivity of the genosensor was found to be 11.61 Ω/nM (r2 = 0.99) and a detection limit
of 0.66 nM (3s, n = 8). The stability of the Au|Ga2Se3-3MPA|ssDNA genosensor was studied by
measuring its impedimetric response to 100 nM target DNA concentration at different storage intervals
for one month, storing it in phosphate buffer, pH 7.40 at 4 °C between measurements. It was found to
lose 28 % of its response within this time. 10 separate Au|Ga2Se3-3MPA|ssDNA genosensors were
prepared and used for storage stability and reproducibility studies. The impedimetric responses of each
of the 10 genosensors to 100 nM target DNA were measured at different storage times, ranging from
one day to one month. The sensor showed only 17% loss in response after a storage time of one month.
The 10 genosensors exhibited excellent reproducibility giving an average Rct value of 2620 Ω with a
standard deviation of 2.36 Ω. This is in agreement with the Rct value for 100 nM target DNA shown
in Fig. 9.

Figure 9. Calibration plot for the genosensor

3.5. Discrimination among complementary, non-complementary and 3-base mismatch target
sequences
Hybridization experiments were performed with complementary, non-complementary and 3base mismatched target sequences as samples and their corresponding Rct(sample) values were calculated
from the impedimetric data. The resultant impedimetric signals were analysed as the ratio of change in
Rct {i.e. Rct(ratio) = (Rct(sample) – Rct(blank))/(Rct(probe) – Rct(blank))}, where Rct(blank) is the value for bare Au
and Rct(probe) is the value for genosensor. A Rct(ratio) > 1 indicates the occurrence of hybridization
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reactions and Rct(ratio)  1 is an indicator of non-hybridization reactions or nonspecific adsorption
[14]. The complimentary DNA gave Rct(ratio) > 1 which is attributed to specific hybridization reaction
between the probe DNA and the complementary DNA (5′-GAACATGAAGGACCGGTGGG-3′). The
3-base mismatch and non-complimentary DNAs gave Rct(ratio)  0.85, showing that they did not
hybridize with the genosensor.

4. CONCLUSION
This study demonstrated the genosensor application of a novel water soluble and biocompatible
Ga2Se3-3MPA nanocrystals. A label free impedimetric genosensor fabricated on the nanocrystal
modified gold electrode exhibited high sensitivity towards the target DNA (sensitivity = 11.61 Ω/nM)
with a detection limit of 0.66 nM (3s, n = 8). It was able to discriminate between complementary, noncomplementary and 3-base mismatch target sequences and maintained 87 % of its response towards
the target DNA after one month.
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