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Abstract: Stability of the DNA molecule is essential for the proper functioning and sustainability
of all living organisms. In this study, we investigate the effect of gamma radiation (γ-radiation) on
spin-selective electron transfer through double strand (ds)DNA molecules. Self-assembled mono-
layers (SAMs) of 21-base long DNA are prepared on Au-coated Ni thin film. We measure the spin
polarization (%) of the SAMs of ds-DNA using the spin-dependent electrochemical technique. We
use a Cs-based γ-radiation source to expose the SAMs of ds-DNA immobilized on thin films for
various time intervals ranging from 0–30 min. The susceptibility of DNA to γ-radiation is measured
by spin-dependent electrochemistry. We observe that the efficiency of spin filtering by ds-DNA
gradually decreases when exposure (to γ-radiation) time increases, and drops below 1% after 30 min
of exposure. The change in spin polarization value is related either to the conformational perturbation
in DNA or to structural damage in DNA molecules caused by ionizing radiation.

Keywords: DNA; radiation; CISS effect; magnetoelectrochemistry; spin; chiral

1. Introduction

DNA is a genetic material and is crucial to the smooth functioning of all living crea-
tures. It is a vital biological polymer that carries genetic information and plays an important
role in DNA–Protein (or DNA) interaction [1–4]. Radiation-induced damage to DNA may
lead to the generation of mutagenic genotoxic lesions [5,6]. These radiation sources primar-
ily include UV, X-rays, and γ-rays, which either cause damage to DNA bases and/or single,
double strand breaks [7–9]. Consequently, damaged DNA may affect the electron/spin
transfer through ds-DNA. Note that several biological functions, including nucleic acid
synthesis, repair, and oxidative stress drive (transfer) electrons through distances longer
than the nanometer range [10,11]. In the special case of chiral molecules, it has been
demonstrated, experimentally and theoretically, by the Ron Naaman group and others,
that the spin-selective electron transfer occurs in a variety of biomolecules, and the phe-
nomenon is popularly known as chiral-induced spin selectivity (CISS) effect which has
many implications, including bio-recognition, enantioselection and spin-specific chemical
reactions [12–15]. It has been found experimentally that ds-DNA acts as an excellent spin
filter (up to 60% at room temperature) due to the CISS effect, owing to the presence of its
helical (chiral) structure [12]. Moreover, spin selectivity through DNA is dependent on
its secondary structure, such as length, pitch, helicity and sequence etc. [12,16,17]. Any
perturbation in the secondary structure (helix) of DNA pertaining to these parameters
would likely affect the spin selectivity of the ds-DNA under study. In a recent study, S.
Mishra et al. have shown experimentally that the yield of spin-polarized electrons through
oxidatively damaged DNA either increases or decreases depending on electrons’ pathways
(through the backbone or bases of DNA) [18]. This indicates that the damage site is crucial
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in determining the spin selectivity of damaged DNA. X. Pan et al. have shown experimen-
tally that the phosphate backbone of DNA is the site of attack for the low-energy electron
radiation causing damage to DNA [19]. It is also well known that ionizing radiation such
as γ- ray causes various lesions in DNA, including single, double strand breaks; oxidized
bases; and abasic sites that may affect the spin-selective electron transfer through DNA in
different ways for the aforementioned lesions [20]. Thus, it is imperative to determine the
effect of ionizing radiation on spin-selective electron transfer through ds-DNA.

To study the effect of ionizing radiation on ds-DNA, we took a 21-base DNA sequence
of the operator DNA (ORR3) that binds specifically to the protein AraR from Bacillus
subtilis [21]. SAM of ds-DNA was prepared on Ni/Au thin film and subsequently exposed
to γ-radiation at different time scales. The spin-selective electron transfer through ds-
DNA and its evolution with exposure time was measured using the spin-dependent
electrochemical technique. The measured spin polarization was then correlated with
the structure of DNA using differential pulse voltammetry and FT-IR spectroscopy, post
radiation exposure. We found that there was a steady decline in spin selectivity with
radiation exposure, even when the DNA was not denatured completely.

2. Results and Discussions

Figure 1a shows a schematic diagram of the side view of Ni/Au thin film on the
SiO2/Si surface. The crystal structure of the surface of the Ni/Au film was probed by X-ray
diffraction (XRD), and the corresponding XRD pattern is shown in Figure 1b. The XRD
technique is used to study the presence of different phases and crystalline properties of the
sample under study.
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Figure 1. (a) Schematic diagram of Ni/Au thin film (Side view) on the SiO2/Si substrate. (b) XRD
pattern, (c) atomic force microscope (AFM) image of bare Ni/Au thin film, and (d) FTIR spectra of
ds-DNA monolayer on Ni/Au thin film.

Planes corresponding to 2θ angles around 38.1◦, 44.3◦, and 64.5◦ represent (111),
(200), and (220) reflections from the Au overlayer [22]. The presence of sharp crystalline
peaks demonstrates the polycrystalline behavior of the Au overlayer. The AFM image, as
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shown in Figure 1c, shows the topography of the Au surface where the grains of Au are
distributed uniformly over the Ni surface. After the preparation of the Ni/Au electrodes,
SAMs of ds-DNA were immobilized on the as-prepared Ni/Au films following the method
described earlier [12,23]. Formation of the SAMs of ds-DNA was characterized by FT-IR
spectroscopy and is shown in Figure 1d. The characteristic peaks of ds-DNA in the range
of 891 cm−1–1215 cm−1 correspond to the asymmetric and symmetric PO−4 groups of the
phosphodiester deoxyribose backbone [24]. The peak observed at 1650 cm−1 corresponds
to guanine bases [25]. These results confirm the immobilization of ds-DNA onto Au-coated
Ni thin film.

Spin-dependent electron transfer through ds-DNA has been recorded by cyclic voltam-
metry (CV) in the presence of a magnetic field by using a permanent magnet of field strength
0.5 T. The I-V measurements were performed with a two-electrode system, and platinum
wire was taken as a shared reference/counter electrode [26]. Note that the two-electrode
system can be used for the measurement of small current with a larger surface area of
the counter electrode. We have also checked the stability of current with multiple CV
measurements and found that there was no fluctuation of current and/or drift of voltage
with time (data not shown here). The SAMs of ds-DNA on the Ni/Au surface and Pt
wire were taken as the working and counter electrodes, respectively. CV measurements
were taken in an aqueous solution of potassium phosphate buffer saline (PBS) containing
2 mM K4[Fe (CN)6]. 3H2O and 2 mM K3[Fe (CN)6] and 50 mM KCl at pH = 7.2. Note that
non-intercalated redox probes, such as hexacyanoferrate and ferrocene, have been used
previously by S. Mishra et al. to study the spin polarizing behavior of a DNA molecule in a
Hall device setup [16,18]. As per the established protocol, bias voltage with a fixed scan
rate of 50 mV/s was applied in the range of −0.40 V to +0.45 V across the electrodes. In the
forward scan of the current, at a particular voltage of 0.09 V, an oxidation peak appears
due to the oxidation of Fe2+ species present in the solution. In this process, Fe2+ loses an
electron, which subsequently passes through the interface of the SAMs of DNA to the
working electrode. When the direction of the I-V scan is reversed, a similar peak at around
−0.03 V appears due to the reduction of Fe3+ to Fe2+. The redox reaction in the solution
phase can be represented by [27]:

Fe3+ + e− 
 Fe2+ (1)

To detect the CISS effect, spin injection through the SAMs of ds-DNA, while sweeping
the DC bias voltage, was carried out using a permanent magnet (strength = 0.5 T) placed
underneath the Ni/Au thin film. The difference in the peak current provides an estimate
of spin polarization following the equation [13,14]

Ps =
I ↑ −I ↓
I ↑ +I ↓ × 100 (2)

Figure 2 represents the schematic diagram of the device and the sequence of measure-
ments for the samples under study. Each circular patch of Au with a diameter of 2 mm on
a continuous Ni thin film constitutes a device, along with Pt wire as a reference/counter
electrode. Figure 2a shows the cyclic voltammogram of the SAMs of ds-DNA on Ni/Au
thin film for two different directions (up or down) of the magnetic field using a permanent
magnet. Here DC potential was gradually varied from −0.40 V to +0.45 V, and the corre-
sponding current was measured. We found that the nature of the CV curve was sharp and
reversible and estimated the spin polarization value, |PS|, to be 3.5% for the as-prepared
ds-DNA coated Ni/Au film. Subsequently, the sample was exposed to the γ- radiation
of the Cs137 source with a constant dose (690 ± 20 µrem/h) for different time intervals of
0 min, 2 min, 10 min, 20, and 30 min, respectively. The flux of the radiation was kept fixed
for all the samples. Note that a freshly prepared sample was taken each time for radiation
exposure with the similar setup, and the spin polarization was calculated following the
procedure described above.
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Figure 2. Schematic representation of the working electrode/device: results of the electrochemical
measurements of the SAMs of ds-DNA on the Ni/Au (a) before and (b) after the radiation-induced
effect in DNA. The electrode is made up of an array of devices consisting of circular patches of Au
with a diameter of 2 mm on a continuous Ni thin film. Z-direction represents the spin quantization
axis and is normal on the surface of the thin film.

Figure 3a–e represents the CV curves recorded after an exposure time of t = 0, 2, 10,
20, 30 min. Figure 3f represents the CV curve of a bare Ni/Au thin film as the control
experiment.
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Figure 3. I-V curves of the SAMs of ds-DNA on Ni/Au thin film (batch-1, series-I) with 2 mM K4[Fe
(CN)6]. 3H2O/K3[Fe (CN)6] redox couple at pH = 7.2, potassium phosphate buffer and 50 mM
KCl base electrolyte, aqueous solution: initial potential = −0.4 V; final potential = +0.45 V; scan
rate = 50 mV/s for exposure time t = (a) 0 min (b) 2 min (c) 10 min (d) 20 min and (e) 30 min.
(f) I-V curves of a bare Ni/Au thin film from the control experiment. The applied magnetic field
in two different directions of the magnetic field (H = 0.5 T) was kept constant for all the samples
measured in the present study.

The peak currents for the two different directions of the applied magnetic fields
overlap for both the oxidation and reduction processes for bare Ni/Au showing no spin
filtering on the part of bare Ni/Au, as expected. But for the SAM-coated Ni/Au sample,
we observed a difference in the current values in two directions (up and down) of the
magnetic field for both oxidation and reduction processes. When the sample was exposed
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to γ- radiation, we observed that the difference in the oxidation peak currents for the
two directions of the magnetic field decreased gradually, and the symmetric I-V curve
(in the forward and reverse scans, Figure 3a) was transformed into a non-symmetric one
for samples treated with different radiation doses (Figure 3b,c). Similar non-symmetric
behavior in I-V curves has been reported by P.C. Mondal et al. for a chiral-polymer-coated
Ni sample [28]. These authors have attributed the presence of a barrier in the conduction
of electrons from the surface of Ni to the solution to the observed non-symmetric behavior
of I-V curves. However, another study by P.C. Mondal et al. [29] shows a similar non-
symmetric I-V curve in L-Cys-TBO-coated Ni/Au thin film. Surface-specific reactions
could be one of the reasons for the observed behavior and require thorough investigation,
which is beyond the scope of the present study. Note that the oscillatory current recorded
for the sample in Figure 3b after the oxidation and reduction potential (>±0.2 V) may
be attributed to the unstable interface specific to that particular sample at a higher bias
voltage. Nevertheless, the absolute spin polarization value, |PS|, was calculated using
Equation (2). Figure 4 represents the |PS| vs. time (dose) curves for two series of samples
for different exposure periods.
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Figure 4. Absolute spin polarization value, (|PS|) vs. exposure time curves for the SAMs of ds-DNA,
as calculated by the I-V curves from series-I (large sphere) and series-II (small sphere) samples. (The
dash-dotted line is the B-spline interpolation of the measured data points and is a guide to the eye
only.) The radiation dose (in min) for series-I is 0 min, 2 min, 10 min, 20 min and 30 min and for
series-II is 0 min, 3 min, 12 min and 30 min.

When the SAMs of DNA-coated working electrodes were exposed to radiation for
2 min, the absolute spin polarization value was decreased to 2.3%. A similar trend in |PS|
value was observed for the extended time durations, and |PS| value decreased to 1.3%
after 20 min of radiation exposure. However, after 30 min, spin polarization value was
reduced considerably and was found to be 0.8%. In order to confirm the reproducibility
of the pattern (|PS| vs. exposure time), another series of samples (series II) was exposed
to radiation at a slightly different interval of exposure time (t = 0, 3, 12, 30 min), and
the calculated |PS| value was plotted as a function of exposure time, along with series-I
samples for comparison (See Figure 4). Note that the error bars were determined from
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the multiple measurements of six batches of samples (3 Nos. for each series) consisting of
30 devices. The error bars in the figure represent the standard error of mean with p ~ 0.5.
From the results of series-I and -II samples, it is obvious that the effect of γ-radiation on the
spin filtering properties of ds-DNA follows the same trend for both series of samples. These
results confirm that the spin filtering ability of ds-DNA diminishes after radiation exposure,
and |PS| becomes less than 1% after 30 min of exposure to γ-radiation. To rationalize
the radiation-induced effect on spin polarization, we tried to determine the correlation
between the structure and observed |PS| value for ds-DNA using both electrochemical
and optical methods. In the electrochemical method, differential pulse voltammetry (DPV)
was performed on samples with different doses, and the results are presented in Figure 5.

Magnetochemistry 2021, 7, x FOR PEER REVIEW 6 of 11 
 

 

using both electrochemical and optical methods. In the electrochemical method, differ-
ential pulse voltammetry (DPV) was performed on samples with different doses, and the 
results are presented in Figure 5. 

 
Figure 5. (a) Differential pulse voltammogram (in the reverse scan) of the SAMs of ds-DNA on 
Ni/Au after t = 0 min, 2 min, 10 min, 20 min and 30 min of γ- radiation, (b) the absolute peak current 
“|IP|” extracted from Figure 5 (a) is plotted as a function of time. (The experiment was performed 
with 50 mM KCl and 2 mM K4[Fe (CN)6]/K3[Fe (CN)6] in a phosphate buffer solution at pH = 7.2. 
The volume of the electrolytes taken was 2 µl. (The dash-dotted line is a B-spline interpolation of 
the measured data points and is a guide to the eye only). The inset in Figure 5 (b) shows the linear 
fit of IP0/IP vs. log(t). IP0 (absolute value) represents the peak current at t = 0 min, and IP  represents 
the peak current of samples with a different time span of radiation exposure. Note that the sample 
area and the volume of electrolyte were kept fixed for all the samples. 

In this technique, an AC pulse of finite width is superimposed on the DC bias, either 
in the forward scan or in the reverse scan. The pulse amplitude was kept fixed at 10 mV. 
The pulse width and pulse period were taken to be 0.01 s and 0.5 s, respectively. Figure 
5a shows the DPV curves for SAMs of ds-DNA treated with different doses of 
γ-radiation. As the radiation exposure duration increases, the peak current of the DPV 
curves drops gradually due to the impeded charge transfer in DNA, indicating structural 
changes. In Figure 5b, the peak current, |IP|, measured by DPV is plotted against the time 
of exposure to γ-radiation, which shows a decreasing trend in the absolute current value. 
Note that a similar trend has also been observed by Liu et al. for UV-induced DNA 
damage using DPV methods [30]. Note that the DPV technique is an established tool to 
detect DNA damage in many different processes [31,32]. The inset in Figure 5b shows a 
perfect linear fit between IP0/IP and log t, whereas IP0 represents the current value (abso-
lute) before the γ-irradiation. In order to further verify the structural changes in DNA 
due to radiation, FT-IR spectra were recorded for all samples each time they were ex-
posed to radiation (see Figure 6). The peaks found in the range of 891–1215 cm−1 corre-
spond to asymmetric and symmetric PO4− groups of the phosphodiester deoxyribose 
backbone. In general, the peaks obtained in the range of 1515–1650 cm−1 match with C = 
O, C = N, C = C stretching and exocyclic -NH2 bending vibrations in the DNA bases 
[24,25]. We notice a broad peak centered around 1650 cm−1, which corresponds to the 
guanine bases of DNA. The guanine peak for t = 2 min exposure time of DNA (Figure 6b) 
has been found to be less intense than the other spectra. The apparent discrepancy in 
peak intensity might be due to the different orientation or adsorption of molecules on the 
surface of the Ni/Au thin film compared with the rest of the samples. However, the peak 
position in the FT-IR spectra does not change more significantly than that of the unex-

Figure 5. (a) Differential pulse voltammogram (in the reverse scan) of the SAMs of ds-DNA on
Ni/Au after t = 0 min, 2 min, 10 min, 20 min and 30 min of γ- radiation, (b) the absolute peak current
“|IP|” extracted from (a) is plotted as a function of time. (The experiment was performed with
50 mM KCl and 2 mM K4[Fe (CN)6]/K3[Fe (CN)6] in a phosphate buffer solution at pH = 7.2. The
volume of the electrolytes taken was 2 µL. (The dash-dotted line is a B-spline interpolation of the
measured data points and is a guide to the eye only). The inset in (b) shows the linear fit of IP0/IP

vs. log(t). IP0 (absolute value) represents the peak current at t = 0 min, and IP represents the peak
current of samples with a different time span of radiation exposure. Note that the sample area and
the volume of electrolyte were kept fixed for all the samples.

In this technique, an AC pulse of finite width is superimposed on the DC bias, either
in the forward scan or in the reverse scan. The pulse amplitude was kept fixed at 10 mV.
The pulse width and pulse period were taken to be 0.01 s and 0.5 s, respectively. Figure 5a
shows the DPV curves for SAMs of ds-DNA treated with different doses of γ-radiation.
As the radiation exposure duration increases, the peak current of the DPV curves drops
gradually due to the impeded charge transfer in DNA, indicating structural changes. In
Figure 5b, the peak current, |IP|, measured by DPV is plotted against the time of exposure
to γ-radiation, which shows a decreasing trend in the absolute current value. Note that
a similar trend has also been observed by Liu et al. for UV-induced DNA damage using
DPV methods [30]. Note that the DPV technique is an established tool to detect DNA
damage in many different processes [31,32]. The inset in Figure 5b shows a perfect linear
fit between IP0/IP and log t, whereas IP0 represents the current value (absolute) before the
γ-irradiation. In order to further verify the structural changes in DNA due to radiation,
FT-IR spectra were recorded for all samples each time they were exposed to radiation (see
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Figure 6). The peaks found in the range of 891–1215 cm−1 correspond to asymmetric and
symmetric PO4

− groups of the phosphodiester deoxyribose backbone. In general, the
peaks obtained in the range of 1515–1650 cm−1 match with C = O, C = N, C = C stretching
and exocyclic -NH2 bending vibrations in the DNA bases [24,25]. We notice a broad peak
centered around 1650 cm−1, which corresponds to the guanine bases of DNA. The guanine
peak for t = 2 min exposure time of DNA (Figure 6b) has been found to be less intense than
the other spectra. The apparent discrepancy in peak intensity might be due to the different
orientation or adsorption of molecules on the surface of the Ni/Au thin film compared
with the rest of the samples. However, the peak position in the FT-IR spectra does not
change more significantly than that of the unexposed one. When the exposure time of the
γ-radiation was increased to 20 min, we observed a decrease in the relative intensity of
peaks compared with that of unexposed ones.
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(d) 20 min and (e) 30 min. Inset shows the magnified view of the peak positions of spectra at
around 1060 cm−1.

After carefully examining Figure 6, it is clear that all the characteristic peaks are
preserved until the exposure time t = 20 min. However, we see a gradual decrease in
the |PS| value with an increase in the exposure time. It can be inferred that due to
the formation of local stress/conformational change in the DNA strand or strand break
after the irradiation, the strand is possibly in a metastable state while preserving its basic
structure [33–35]. Note that there is a minor shift in the peak position at 1060 cm−1, which
represents the deoxyribose C-O stretching of DNA molecules (see inset of Figure 6) [36].
Initially the peak position (extremum) for the 2 min radiation-treated sample shifts to
a higher wave number than the unexposed one, followed by a shift in peak position
to lower wave number for the rest of the different dose-treated samples (until 20 min).
A similar trend in peak shift has also been found in previously published research on
the organic monolayer on Si’s surface [37]. This shift in the peak position indicates that
there is a change in the mode of vibrations due to the change in structure (local stress)
because of the formation of intermediate complexes after irradiation. Any change in the
structure/damage in DNA is reflected in the change in peak positions or intensity in FT-IR
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spectra and has been verified experimentally as reported in the literature previously [38–42].
Very recently, it has been demonstrated theoretically that vibration enhances the electronic
coherent effect, and spin-dependent electron-phonon coupling brings more tunneling paths
in the ds-DNA molecules promoting CISS-induced polarization [43–47]. The change in
the vibration mode could be one of the reasons for the reduction in the spin-polarized
electrons transported through DNA. For t = 30 min, we found that the characteristic peaks
at 1060 cm−1, including the Guanine peaks at 1650 cm−1, are absent, and complexes are
formed showing the complete denaturation of ds-DNA. This is also accompanied by a
meagre |PS| value for the exposure time of t = 30 min. The possibility of strand break or
distortion in the secondary structure caused by the γ-ray is also inevitable and may inhibit
coherent spin transport through the DNA molecule. Molecular dynamics simulations or in
situ monitoring of structural changes during radiation exposure on the DNA sample would
further broaden understanding of the correlation between spin transfer and structural
conformation. Nevertheless, our results suggest that there is one-to-one correlation between
radiation exposure time and the yield of spin polarization through ds-DNA.

3. Materials and Methods
3.1. Materials

21-base-long DNA primer and its reverse primer were procured from Sigma-Aldrich.
All the essential chemicals, including Potassium hexacyanoferrate (III) [K3Fe (CN)6], Potas-
sium Hexacyanoferrate (II) trihydrate [K4Fe (CN)6.3H2O], Potassium Chloride (KCl),
Potassium phosphate monobasic (KH2PO4), and potassium phosphate dibasic (K2HPO4),
were purchased from Sigma-Aldrich. Molecular grade water was purchased from G Bio-
sciences. Granules of Cr, Ni, and Au (purity ≥ 99.99%), and Silicon wafers N-type <100>
(0.001–0.009 Ω-cm) of 480 ± 15 µm, were purchased from S.K. Novel materials & Technolo-
gies. A Cs137-based radiation source was acquired from the departmental nuclear physics
teaching laboratory (M.Sc.).

3.2. Preparation of Thin Film and Monolayers

Under a high vacuum of 10−7 Torr, Ni thin film with a thickness of 100 nm was
deposited on thermally grown silicon dioxide (SiO2) using an electron beam evaporation
technique. Then, 5 nm of chromium was used as an adhesion layer between Ni and SiO2.
A shadow mask was used to make a patterned structure, 2 mm in diameter, of circular
patches on the Ni thin film without breaking the vacuum. The thickness of Au was kept
at 10 nm. The thin film was immobilized by DNA molecules to form the self-assembled
monolayers (SAMs) of ds-DNA described elsewhere. The sequence of the DNA is as
follows (see Figure 2 for the double-strand formation).

5′-AAATTTGTCCGTATACATTTT-(ThiC3)-3′—Primer
3′-TTTTAAACAGGCATATGTAAA—Reverse Primer
For the preparation of SAMs, freshly prepared Ni/Au thin film was cleaned in boiled

acetone and ethanol for 15 min each and then dried with nitrogen gas and was exposed
to UV light for removal of any organic contaminants present on the surface. It was then
quickly washed with ethanol and dried with nitrogen gas again. The above thiol-modified
DNA of 10 µM concentration and its complementary strand were hybridized to make
ds-DNA, as per the protocol described earlier [22]. Ni/Au thin film was gently covered
with the solution of 10 µM DNA and was left for 24 h. The SAM-coated thin film was
cleaned with 0.1 M PBS of pH 7.2 and then dried using nitrogen gas.

3.3. Electrochemical Measurements

Electrochemical measurements were carried out with CORRTEST 350 potentiostat
using a two-electrode system. Two series of devices were prepared (I and II) under similar
conditions at different time intervals. A schematic diagram of the working electrode is
shown in Figure 2. A permanent magnet (Nd-Fe-B) of field strength 0.5 T was placed
beneath the thin-film device with the help of a holder for switching the direction of the



Magnetochemistry 2021, 7, 98 9 of 11

magnetic field without disturbing the sample. Other details of the measurement are
mentioned in the results and discussion section.

3.4. Exposure to Radiation

For exposure to γ-radiation, a Cs137 source was used in the study. The sample was
kept with a suitable holder at a distance of 3 cm in air from the outlet of the radiation
source. Fresh samples were taken for different time scales of exposure to radiation. Care
was taken to maintain the time period of exposure.

FT-IR spectra were recorded by a NICOLET iS50 FT-IR Spectrophotometer in ATR
mode with slow scan speed. An XRD pattern was obtained from the Rigaku Ultima IV
X-ray diffractometer with a Cu Kα source (λ = 1.54 A◦) using a scan rate of 10 per min.

4. Conclusions

We examined the effect of γ-radiation on spin-selective electron transfer through a
short ds-DNA strand. Self-assembled monolayers of DNA on Ni/Au thin films were
exposed to γ-radiation for different periods (0–30 min). The spin selectivity was then
probed by spin-dependent electrochemistry. We found that there was a gradual decrease
in the |PS| value from 3.5% for t = 0 min to 0.8% for t = 30 min, and |PS| dropped
below 1% when the DNA was damaged completely. The results from the DPV and FT-IR
measurements reveal that there was conformational perturbation or damage to the structure
of DNA after prolonged exposure to radiation. A simultaneous decrease in the |PS| value
with exposure time suggests that there is a correlation between the structure of DNA and
the yield of spin-polarized electrons within it. Furthermore, our study paves the way for
designing spin-dependent electrochemical devices to detect ionizing radiation-induced
DNA damage.
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