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A selective electrochemical sensor 
for caffeic acid and photocatalyst 
for metronidazole drug pollutant - 
A dual role by rod-like SrV2O6
R. Karthik1, J. Vinoth Kumar2, Shen-Ming Chen1, P. Senthil Kumar2,3, V. Selvam2 & V. 
Muthuraj2

In the present study, well-defined one-dimensional (1D) rod-like strontium vanadate (SrV2O6) 
was prepared by simple hydrothermal method without using any other surfactants/templates. 
The successful formation of rod-like SrV2O6 was confirmed by various analytical and spectroscopic 
techniques. Interestingly, for the first time the dual role of as-prepared rod-like SrV2O6 were employed 
as an electrochemical sensor for the detection of caffeic acid (CA) as well as visible light active 
photocatalyst for the degradation of metronidazole (MNZ) antibiotic drug. As an electrochemical 
sensor, the SrV2O6 modified glassy carbon electrode (GCE) demonstrated a superior electrocatalytic 
activity for the detection of CA by chronoamperometry and cyclic voltammetry (CVs). In addition, the 
electrochemical sensor exhibited a good current response for CA with excellent selectivity, wide linear 
response range, lower detection limit and sensitivity of 0.01–207 µM, 4 nM and 2.064 μA μM−1cm−2, 
respectively. On the other hand, as-synthesized rod-like SrV2O6 showed highly efficient and versatile 
photocatalytic performances for the degradation of MNZ, which degrades above 98% of MNZ solution 
under visible light irradiation within 60 min. The obtained results evidenced that the improvement 
of rod-like SrV2O6 might be a resourceful electrocatalyst and photocatalyst material in the probable 
applications of environmental and biomedical applications.

In the past few decades, polyphenols are paid great attention in biological, chemical and nutrient fields owing to 
their extraordinary antioxidant, anti-inflammatory and anti-microbial properties1, 2. Caffeic acid (CA) is one of 
the polyphenol derivatives which occur in coffee, olive oil, propolis, some fresh vegetables, fruits, cosmetics and 
red wines3. In CA structure there is two hydroxyl groups is presented, this two hydroxyl groups is significantly 
contributed to the unique antioxidant properties4. Moreover, CA plays a vital role in human life circle process 
including the treatment of asthma, immune regulation diseases, allergic reactions, atherosclerosis and other car-
diovascular diseases5. Due to its peculiar anti-oxidant properties, it can be act as a carcinogenic inhibitor and also 
prevents the replication of HIV/AIDS6, 7. In addition, 3 µg of CA can be used as a drug for the treatment of snake 
poisoning as well as 100 µg of CA can prevent the venous endothelial cells. However, the suitable dosage of CA is 
listed as 0.3–0.9 g per day and over dosage may causes negative impact to the human beings8. Therefore, the accu-
rate level of CA detection is an important phenomenon to the environment and pharmaceutical formulations. Up 
to now, different analytical techniques such as chromatography, spectrophotometry, UV-vis spectrophotometry, 
capillary electrophoresis9–12 and electrochemical sensor have been developed for the detection of CA. Among all, 
the electrochemical techniques are more adoptable due to its simplicity, low-cost, fast response, practicality, high 
sensitivity and excellent selectivity13–15.

On the other hand, the release of pharmaceutical wastes such as antibiotics, analgesics, antipyretics, hormones 
and antimicrobials release into the water and solid environment can causes negative impact to the living things. 
In specific, metronidazole (MNZ) antibiotic drug which is widely used in the treatment of protozoa, amoebiasis, 
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trichomoniasis and giardiasis16, 17. In addition, MNZ has also been used as an additive in poultry and fish feed 
industries to remove parasites18. The long-term release of MNZ into the environment can generates carcinogenic 
and mutagenic diseases to the living things19. However, MNZ has high solubility in water, non-biodegradability 
and faintly adsorbed on soil environment20, 21. For that reason, the removal of MNZ into the aquatic and soil 
environment is an important concern to prevent the living organisms. Various techniques have been proposed 
for the removal of MNZ into the environment including adsorption, biological treatments, ozonation, Fenton, 
photo-Fenton process and photolysis22. For aforementioned techniques, photocatalysis could offers simple, 
low-cost and eco-friendly technique for the removal of MNZ into the environment23–33.

Recently, transition metal based vanadates have much attention to the researchers owing to their low-cost, 
non-toxic in nature and which has been widely used in various potential applications34. In particularly, strontium 
based vanadates has considerable attention due to their optical, and electrical properties which can be used as 
an variety of applications including gas sensors, solid state electrolytes, lithium-ion batteries, electrochemical 
sensor and photocatalyst35, 36. There are several types of mixed oxides based on strontium and vanadium such as 
SrVO3, Sr3V2O8, Sr2V2O7, Sr3(VO4)2 and SrV2O6 have been reported37–40. However, the electrochemical and pho-
tocatalytic properties of SrV2O6 phase reports are scarce until now. Recently, Z. Li et al., reported dandelion-like 
micro-crystallites and long belt-like nanostructures of SrV2O6 phase synthesized by hydrothermal method in 
the presence of adipic acid40. It is well known that the interesting photocatalytic and electrochemical behaviors 
mainly dependent on its morphologies and crystalline nature41, 42. In specifically, low-dimensional nanomaterials 
such as nanotubes, nanowires, nanoribbons and nanorods have been focused on the concentrated research due 
to their peculiar properties and its applications in physics and construction of nanoscale devices43. Hence, it is 
extremely imperative to build up a simple and rapid synthesis procedure for the preparation of SrV2O6 phase with 
one-dimensional structure as well as high crystallinity under eco-friendly nature.

Herein, we made attempt to synthesize rod-like SrV2O6 through simple hydrothermal treatment followed 
by the annealing process. The prepared rod-like SrV2O6 was characterized by using X-ray diffraction (XRD), 
transmission electron microscopy (TEM), scanning electron microscopy (SEM), energy-dispersive X-ray (EDX), 
UV-Vis diffuse reflectance (UV-DRS), Raman and X-ray photoelectron spectroscopy (XPS). Fascinatingly, the 
rod-like SrV2O6 displayed a greatly energetic catalyst for the electrochemical determination of CA as well as, it 
was an efficient visible light photocatalyst for the degradation of MNZ antibiotic in the environmental samples 
that were briefly investigated with high degradation rate.

Result and Discussion
Characterization of the rod-like SrV2O6. The crystal structure and phase purity of as-prepared SrV2O6 
were investigated by using XRD analysis as it shown in Fig. 1(A). From the Fig. 1(A), all the intense diffrac-
tion peaks can be indexed to the facets of orthorhombic phase SrV2O6 and well matched with Joint Committee 
on Powder Diffraction Standards (JCPDS) data [No. 852440]. The calculated lattice parameters are a=9.666, 
b = 3.680, c = 12.529 Å, with the space group of Pnma. No other extra peaks were detected related to the SrO2 
and V2O5, which suggested that high phase purity and the sharp peaks revealed the good crystalline nature of 
SrV2O6. From the XRD results, the as-synthesized SrV2O6 is in β-SrV2O6

40. Raman spectroscopy is an effective 
technique to analyze the bonding states and local structure of the as-synthesized rod-like SrV2O6 as it shown in 
Fig. 1(B). The obtained Raman bands below in the region of 400 and 434 cm−1 which belongs to the O-V-O twist-
ing, rocking and chain deformation vibrations, and δ-VO2 vibrations of SrV2O6, respectively44. The bands at 514 
and 655 cm−1 attributed to the V-O-V symmetric stretching vibrations. The sharp and high intensity bands in the 
region of 800–1000 cm−1 were assigned to the VO2 stretching vibrations45.

The surface morphology of the as-synthesized SrV2O6 were observed by SEM analysis as shown in Fig. 2(A). 
The different magnification of the SEM images (Fig. 2A-C) revealed the presence of large quantity of rod-like 
structures that is closely arranged with each other. The high magnification SEM images displayed smooth 
and well defined rod-like morphology and the average diameter is about 90–100 nm. To study the elemental 

Figure 1. XRD pattern of SrV2O6 (A) and Raman spectrum of SrV2O6 (B).
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composition, the prepared rod-like SrV2O6 were investigated by using EDX. Figure 2D revealed that the formed 
rod-like SrV2O6 were composed of strontium, vanadium and oxygen, at the same time no other signals was 
observed in the EDX spectrum which suggested that the purity of the as-prepared rod-like SrV2O6. The detailed 
surface morphology and size was further evidenced by TEM analysis as shown in Fig. 3. The TEM image clearly 
confirmed that the formation of rod-like structure with in the micro-range (Fig. 3A) and also discloses well 
defined boundaries.

The selected area electron diffraction (SAED) pattern (Fig. 3B) apparently visualized that the bright spots 
which is corresponds to the different orientation planes of SrV2O6 and it was further confirmation for the high 
crystalline nature. Furthermore, the elemental composition and their distributions were strongly evidenced by 

Figure 2. SEM images of SrV2O6 at different magnification 20 µm (A-C) 10 µm (B) and corresponding to EDX 
spectrum of SrV2O6 (D).

Figure 3. TEM image of SrV2O6 (A) and SAED spectrum of SrV2O6 (B).
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elemental mapping analysis as it can be seen in Fig. S1. Elemental mapping portrays the coexistence and uniform 
distribution of Sr, V and O elements in the rod-like SrV2O6.

Furthermore, the surface composition and their oxidation states were accurately determined by XPS analysis 
as shown in Fig. 4. The overall XPS survey spectrum (Fig. 4A) displays the presence of Sr, C, V and O elements 
which is good consistence with EDX report. The presence of C at 284.5 eV might be attributed to the residual 
hydrocarbon from the XPS instrument. The high-resolution XPS spectrum of Sr delivers the peaks at the binding 
energies of 133.4 and 134.9 eV, which corresponds to the Sr 3d5/2 and Sr 3d3/2 (Fig. 4B) state respectively, suggest-
ing the existence of Sr2+ oxidation state46. From the Fig. 4C, the intense peaks at 517.2 and 524.08 eV are related 
to the binding energies of V 2p3/2 and V 2p1/2 spin-orbits, implying that the V5+ oxidation state47. In the enlarged 
O 1 s spectrum shows the peaks in the range of 529.2 to 531.03 eV could be ascribed to the O2− state in SrV2O6

48.
The optical properties and the active light region for the rod-like SrV2O6 were analyzed by UV-visible spec-

troscopy as illustrated in Fig. 5A. The spectrum exhibited a broad absorption peak from 320 to 550 nm which is 
corresponded to the bathochromic shift. It was clearly revealed that the rod-like SrV2O6 may active in the visible 
light region. However, to predict the exact wavelength required for the photocatalytic reaction, the energy gap 
was calculated using tauc’s equation and is shown in Fig. 5B. The energy gap calculated for the rod-like SrV2O6 
is 2.4 eV.

The surface area of the catalyst act as significant role in the photodegradation process because of higher sur-
face area of the catalyst can generates higher number of reactive species which results the higher photocatalytic 
activity of the catalyst27. The N2 adsorption-desorption isotherm analysis was used to identify the specific surface 
area and porous structure of as-synthesized rod-like SrV2O6 and shown in Fig. 6. From the Fig. 6A, the specific 
Brunauer-Emmett-Teller (BET) surface area of the rod-like SrV2O6 was determined to be 4.7 m2/g. The average 
pore-size distribution of rod-like SrV2O6 was derived from Barrett–Joyner–Halenda (BJH) pattern as represented 
in Fig. 6B. It obvious that rod-like SrV2O6 was contains mesoporous range of 26 nm.

Electrochemical performance of CA at SrV2O6 modified GCE. The electrochemical redox perfor-
mance of CA was studied at various modified and unmodified GCE such as (a) bare GCE (b) SrV2O6/GCE 
by using CVs in the presence (c,d) and absence (a,b) of 400 µM CA containing 0.1 M KCl at a scan rate 50 
mVs−1 (Fig. 7A). The potentials were scanned in the range from 0 to 1.2 V. From the Fig. 7A(a), the unmod-
ified GCE didn’t shows any redox peak current at the potential range from 0 to 1.2 V, which demonstrates 

Figure 4. XPS survey spectra of SrV2O6 (A),) High resolution XPS spectra of Sr 3d, V 2p and O 1 s (B–D).
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that the unmodified bare GCE is not suitable for the detection of CA. At the same time, the presence of CA 
(Fig. 7A(c,d)), a couple of redox peak was observed for the bare GCE and rod-like SrV2O6 modified GCE at the 
potential of 0.61 and 0.24 V, 0.57 and 0.27 V, respectively. Figure 7A(c) shows the a pair of weak redox peak was 
observed at the bare GCE with peak-to-peak separation of (Δ Ep) 338 mV, which is clearly indicating that the 
redox peaks must me aspects to the electrochemical redox activities of CA. For the rod-like SrV2O6 modified 
GCE (Fig. 7A(d)), a pair of quasi-reversible redox behavior peak current considerably increased when com-
pared with bare GCE, it’s due to the excellent conductivity and high specific surface area of rod-like SrV2O6. 
The peak-to-peak separation for CA at SrV2O6/GCE was found as 302 mV. The anodic peak current of CA at 
SrV2O6/GCE is 3.5 times much higher when compared to the bare GCE. The obtained results suggesting that 
the synthesized rod-like SrV2O6 possess good interaction ability towards the CA. So, we recommended that the 
rod-like SrV2O6 is very suitable electrode active material for the sensitive and selective determination of CA in 
future electrochemical sensor fabrication. On the other hand, increasing the concentrations of CA from 0 to 
800 µM the redox peak current was increased gradually (Fig. 7B), which is indicating that the rod-like SrV2O6 
possess high catalytic activity towards the CA. The sensitivity and the limit of detection (LOD) are discussed and 
detailed in the amperometric section.

Effect of scan rate. The CVs for the redox of CA at the rod-like SrV2O6 modified GCE in 0.1 M KCl con-
taining 400 µM CA as shown in Fig. 7C. There was a negative shift in the reduction peak potential and a positive 
shift in the oxidation peak potential with increase the scan rate from 20 to 200 mVs−1. The anodic and cathodic 
peak current of CA was also increased with increasing the scan rates from 20 to 200 mVs−1. The linear relation-
ship was plotted between both anodic, cathodic peak currents and scan rates (Fig. 7D) and their linear regression 
equations can be expressed as follows: Ipa (µA) = 0.3575 + 73.7 (mVs−1) with correlation co-efficient R2 = 0.9993; 
Ipc (µA) = −0.3553–59.166 (mVs−1) (R2 = 0.9898) respectively, suggesting that the rod-like SrV2O6 modified elec-
trode process of CA is a typical-adsorption controlled process.

Figure 5. UV-Vis diffuse reflectance spectra (DRS) (A) and Energy gap spectra of rod-like SrV2O6 (B).

Figure 6. Nitrogen adsorption-desorption isotherms (A) and the pore size distribution plots (B) of rod-like 
SrV2O6.
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Figure 7. CVs performance of CA at different modified electrodes bare GCE (a) SrV2O6/GCE (b) in the 
presence (c,d) and absence (a,b) of 400 µM CA containing 0.1 M KCl at a scan rate 50 mVs−1 (A). CVs 
performance of CA for various concentrations from 0 to 800 µM (B). Different scan rates ranging from 20–200 
mVs−1, 400 µM CA using SrV2O6/GCE in the 0.1 M KCl (C). The relation between the peak current vs. scan rate 
(D).

Figure 8. Amperometric (i-t) response at SrV2O6 modified RDGCE upon successive additions of 0.01–1407 µM 
CA into continuously stirred 0.1 M KCl. Applied potential + 0.58 V (A). At the same working conditions, 
amperometric response at SrV2O6 modified RDGCE for 50 µM of CA (a) 50 fold excess concentration of 
biologically co-interfering substances glucose (b), galactose (c), fructose (d), sucrose (e), catechol (f), ferulic 
acid (g), gallic acid (h), uric acid (i), ascorbic acid (j), dopamine (k) into continuously stirred 0.1 M KCl (B).



www.nature.com/scientificreports/

7ScIentIfIc RepORts | 7: 7254  | DOI:10.1038/s41598-017-07423-1

Determination of CA. The amperometric (i-t) technique is a higher sensitivity and better resolution tech-
nique when compared with conventional CVs. In order to we used this amperometric technique for the deter-
mination of CA. Figure 8A shows the amperogram obtained at the rod-like SrV2O6 modified RDGCE towards 
the each continuous addition of CA (0.01- 1407 µM). Every addition was injected at the time intervals of 50 s into 
the continuously stirred 0.1 M KCl with the rotation speed at 1200 rpm. The applied constant working poten-
tial of the electrode was held at + 0.58 V. Figure 8A displays that rod-like SrV2O6 modified RDGCE shows a 
well-defined and rapid amperometric current responses was obtained in various addition of CA concentration 
with the response time of 5 s, which is clearly indicating that the quick electron movement process was happened 
in the electrode and electrolyte interface when injecting the CA. The peak currents was increased linearly with 
increasing the concentration of CA from lower to higher and the peak currents was also linearly increased and 
reached steady state current. A calibration plot was plotted for the CA concentration vs. anodic peak current 
(inset: Fig. 8A) and the linear regression equation can be expressed as Ip (µA) = 0.4128 [CA (µM)] + 10.713. The 
amperometric current responses were increased linearly with increasing the CA concentration in the linear range 
from 0.01 to 207 µM. The limit of detection (LOD) and sensitivity was calculated as 4 nM and 2.064

µAµM−1cm−2, respectively. The obtained analytical parameters such as linear range and LOD at rod-like 
SrV2O6 modified RDGCE towards the determination of CA have been compared with previously reported liter-
ature and are summarized in Table 1. From the literature results, suggesting that the proposed sensor exhibited 
good comparable analytical parameters with other reported electrochemical CA sensor. This should be attributed 
to the excellent electrocatalytic skill of the rod-like SrV2O6 modified RDGCE for the sensitive and selective elec-
trochemical determination of CA.

In order to investigate the selectivity of the rod-like SrV2O6 modified RDGCE towards the detection of CA in 
the presence of various potentially co-interfering substances by amperometric technique. As shown in Fig. 8B, 
the SrV2O6/RDGCE shows well-defined amperometric current responses towards the each addition of 50 µM 
of CA (a), at the same time, there is no noteworthy peak current was observed in the presence of 50 fold excess 
concentration of biologically co-interfering substances such as glucose (b), galactose (c), fructose (d), sucrose 
(e), catechol (f), ferulic acid (g), gallic acid (h), uric acid (i), ascorbic acid (j), dopamine (k) in a continuously 
stirred 0.1 M KCl. Further, 50 µM CA addition (a) produced same signal amperometric peak current responses 
in the presence of aforementioned interfering substances, suggesting that the proposed SrV2O6/RDGCE sensor 
possessed excellent selectivity. Therefore, it can be used as selective electrochemical sensor for the detection of CA 
even in the presence of more interfering substances.

Stability, Reproducibility and Repeatability studies. The stability of the electrode is very important 
factor for the newly developed electrochemical sensor. To examine the stability of the SrV2O6 modified GCE up 
to 7 days by CVs and stored in 0.1 M KCl when not in use. The modified electrode retained 95.2% of its initial 

Electrode Linear range (µM) LOD (µM) Ref.

PG/GCE 9–40 3.9 49

Plant-peroxidase-chitin/CPE 20–200 2 50

Glassy polymeric carbon 0.9–11 0.2 5

PbFE 0.01–0.5 0.004 51

AuNPs -chitosan/GE 0.05–2000 0.025 52

AuNP/GN/GCE 0.05–50 0.05 53

Nafion/ER-GO/GCE 0.01–1.5 0.09 54

MIS/GE 0.5–60 0.15 55

LDHf/GCE 7–180 2.6 56

PGE 0.01–3000 0.08 57

MWNTs-[BuPy]PF6-CS/GCE 0.02–7 0.005 58

Laccase biosensor (LTV-SPE) 0.5–1300 0.52 59

Laccase-MWCNT-chitosan/Au 0.7–10 0.15 60

Tyrosinase/diazonium/SPGE 0.3–83 0.2 61

LuPc2 nanowires/ITO 60–5000 3.12 62

Nafion/Tyre/Sonogel-Carbon 0.08–2 0.06 63

Glassy polymeric carbon 96.5–0.1 0.29 64

Glassy carbon electrode 10–120 0.1 65

Rod-like SrV2O6/GCE 0.01–207 0.004 This work

Table 1. Comparison of the analytical performance for proposed method with other reported chemically 
modified electrochemical detection of CA. Abbreviation: PG-Poly(glutamic acid; GCE-glassy carbon electrode; 
CPE-carbon paste electrode; PbFE-lead film electrode; AuNPs-colloidal gold nanoparticles; GE-gold electrode; 
GN-graphene Nanosheets; ER-GO-electrochemically reduced graphene oxide; MIS-molecularly imprinted 
siloxanes; LDHf-layered double hydroxide film; PGE-pencil graphite electrode; MWCNT- Multiwalled 
Carbon Nanotubes; [BuPy]PF6-Butylpyridinium Hexafluorophosphate; CS- Chitosan; LTV- Laccase (Trametes 
versicolor); SPE- Screen printed electrode; Au- Gold sheets electrode; SPGE- Screen printed gold electrode; 
LuPc2-Lutrium bisphthalocyanine; ITO- Indium tin oxie.
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response peak current after 7 days, which suggesting that the SrV2O6 modified GCE had appreciable storage sta-
bility of the sensor. The reproducibility of the sensor was also investigated in 3 independent modified electrodes 
by CVs in the presence of 50 µM CA displays a acceptable reproducibility with the relative standard deviation 
(RSD) of 3.6%. Furthermore, the proposed electrochemical sensor offered adequate repeatability with an RSD of 
3.2% for 10 consecutive repeated measurements in a single modified electrode.

Photocatalytic performance. The photocatalytic performances of rod-like SrV2O6 were evaluated for the 
degradation of MNZ in aqueous solution under visible light irradiation. Figure 9A portrays the time-dependent 
UV-vis absorption spectrum of MNZ solution in the presence of rod-like SrV2O6 under visible light irradiation. 
It was observed that, the intensity of major characteristic peak of MNZ at 318 nm gradually diminished with 
respect to increasing irradiation time, because of generation of electron-hole pairs. After 60 min of irradiation, 
the absorption intensity of the peak was almost vanished which implies that the complete degradation of MNZ 
solution. There was no other discernible new peaks were observed which suggests that the intermediates do not 
absorb the wavelength of 318 nm. Hence, rod-like SrV2O6 efficiently degraded ~98% of MNZ solution within 
60 min under visible light irradiation.

For comparison, we assessed the photocatalytic activity of commercial TiO2 and commercial V2O5 under 
the same identical conditions. Blank tests were also carried out, irradiation in the absence of photocatalyst and 
photocatalyst alone without irradiation and the results were presented in Fig. 9B. From the Fig. 9B, there was no 
significant degradation was observed in the absence of photocatalyst which revealed that MNZ is stable under 
visible light irradiation. The adsorption of the MNZ solution on the surface of the rod-like SrV2O6 photocata-
lyst was also evaluated and the results represents only 12% of MNZ degradation was achieved. Meanwhile, the 
commercial TiO2 and V2O5 exhibited the degradation of MNZ is 24 and 32% respectively which clearly proved 
that the as-synthesized rod-like SrV2O6 possessed superior photocatalytic property against MNZ solution under 
visible light irradiation.

The photocatalytic degradation efficiency strongly depends on amount of catalyst used in the photocatalytic 
reaction. Hence, a sequence of experiments was carried out by varying the amount of rod-like SrV2O6 catalyst 
dosage from 20 to 90 mg/mL while other parameters are kept same and the results are presented in Fig. 9C. As can 
be seen, the degradation efficiency was increased with increasing amount of catalyst dosage; the degradation effi-
ciency was very high at 50 mg/mL and thereafter considerably decreased. Though, the degradation efficiency was 
higher when the amount of catalyst dosage is about 50 mg/mL which might be due to the complete consumption 

Figure 9. Time-dependent absorption spectrum of MNZ photodegradation (A), Effect of different catalyst 
dosage (B), Effect of catalyst dosage and (C) Effect of light intensity on the photodegradation of MNZ (D).
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of incident light photons striking on the catalyst surface and/or availability of number of active sites at the surface. 
Beyond 50 mg/mL, the degradation efficiency was decreased which is due to the aggregation of catalyst particles 
which reduce the interfacial area between the reaction solution and the catalyst. As a result, a number of active 
sites that reaches on the surface of the catalyst are decreased. In addition, light scattering and high cloudiness were 
happened which also reduce photodegradation efficiency.

Photodegradation performances were also depending on the light intensity and therefore we evaluated the 
effect of light intensity for the photodegradation of MNZ and other parameters are kept constant. Figure 9D, 
demonstrates the increasing of photodegradation performance with increasing the light intensity from 300 W to 
500 W. Beyond that, the degradation performances were maintained at constant. Hence, 500 W light intensity is 
much enough for the photodegradation of MNZ solution.

In order to identify the active involvement of reactive oxidative species (ROS) such as hole (h+), superoxide 
radicals (O2

.−) and hydroxyl radicals (•OH) in the photodegradation process, the scavenger experiments were 
carried out. In this study, triethylamine (TEA), benzoquinone (BQ) and n-butanol (n-BtOH) were used as the 
scavengers for h+, O2

.− and •OH species respectively and the results are shown in Fig. 10A. The •OH scavenger, 
obviously BtOH strongly inhibited that the photocatalytic reaction proceeded by the active involvement of •OH. 
In the present study, it was observed that, the addition of n-BtOH and BQ was greatly suppressed which clearly 
revealed that the active involvement of •OH radical. However, the addition of TEA was slightly decreased the 
photodegradation rate which may be attributed to the active involvement of O2

.−. Hence, the •OH and O2
.− spe-

cies plays important responsibility and h+ plays a minor role for the degradation of MNZ solution.

Stability. The stability and reusability of the photocatalyst is also extremely pivotal due to its practical appli-
cations. Therefore, we evaluated the recycling experiments were conducted for the rod-like SrV2O6 photocatalyst 
over five repeated cycles under the similar conditions and the results presented in Fig. 10B. It can be seen that, 
after five recycling runs the degradation efficacy was slightly decreased from 98 to 92%. The slight loss is due to 
the adsorption of MNZ solution on the surface of the photocatalyst which might be inhibited the generation of 
reactive species and results in fewer numbers. The results showed that the as-synthesized rod-like SrV2O6 had 
good stability even after five cycles.

Plausible photocatalytic mechanism for the degradation of MNZ solution. The reaction pathway 
of the photocatalytic reaction was an important parameter to determine the stepwise progress of the reaction. The 
photocatalytic degradation of MNZ was followed by the reaction pathway as given below

ν+ → + +·SrV O h SrV O e h( ) (1)CB VB2 6 2 6

+ → +− .−SrV O e O SrV O O( ) (2)CB2 6 2 2 6 2

+ → + •+SrV O h H O SrV O HO( ) (3)VB2 6 2 2 6

+ → •.− +O H HO (4)2 2

• • + → +.− •+HO O HO MNZ MNZ H O, , , (5)2 2 2

• • + → → +.− •+HO O HO MNZ derivatives of MNZ H O CO, , , (6)2 2 2 2

Figure 10. Effect of scavengers on the photodegradation of MNZ and (A) Stability of the rod-like SrV2O6 (B).
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Under visible light illumination the rod-like SrV2O6 were excited and the electrons (e−) in the valence band is 
moved to the conduction band (CB) while leaving a hole in the valance band (VB) as illustrated in eq. 1. The e− in 
the CB and h + in the VB were reacted with the O2 and H2O to produced the paramount important O2

.− (eq. 2) 
and •OH respectively. Furthermore, O2

.− was further reacted with H+ to form •HO2 and the active ROS was 
degraded the MNZ pollutant.

Conclusions
In conclusion, rod-like SrV2O6 were successfully developed by a simple hydrothermal method. The prepared rod-like 
SrV2O6 were characterized by XRD, Raman, SEM, EDX, TEM, XPS, BET and UV-DRS. These techniques were 
clearly confirmed the structural nature and morphology of the SrV2O6. The entire results are robustly proofed that 
the as-formed products were pure, without any other impurities. However, the developed rod-like SrV2O6 explored 
good electrocatalytic activity for the detection of CA even in the presence of glucose, galactose, fructose, sucrose, 
catechol, ferulic acid, gallic acid, uric acid, ascorbic acid and dopamine. The flexible electrochemical sensor based 
on SrV2O6/GCE is very helpful for determination of CA and has more advantageous properties such as low LOD, 
good anti-interference ability, good sensitivity and wide linear response range. Moreover, the as-synthesized rod-like 
SrV2O6 showed highly efficient and versatile photocatalytic performances for the degradation of MNZ, which 
degrades above 98% of MNZ solution under visible light irradiation within 60 min. Ambitiously, rod-like SrV2O6 can 
be used as advanced electrode material as well as photocatalyst for the detection and degradation of CA and MNZ.

Experimental Section
Materials. Strontium nitrate (SrNO3), ammonium metavanadate (NH4VO3), caffeic acid (C9H8O4), glucose, 
galactose, fructose, sucrose, catechol, ferulic acid, gallic acid, uric acid, ascorbic acid and dopamine were received 
from Sigma-Aldrich and Alfa Aesar Companies. All other chemicals/reagents are analytical grade were purchased 
with maximum high purity and used without further purification. All required solution was prepared by using 
de-ionized (DI) water for the throughout the experiments.

Synthesis of rod-like SrV2O6. In a typical synthesis, 0.5 mM of Sr(NO)3 and 0.3 mM of NH4VO3 were dis-
solved in 80 mL DI water under vigorous stirring for 1 h and the solution was transferred into 100 mL Teflon-lined 
sealed stainless steel autoclave at 180 °C for 8 h. Then, the products were collected by centrifugation and thor-
oughly washed with copious amount of DI water and dried at 80 °C for 6 h. The dried products were annealed at 
500 °C for 2 h before further characterization.

Characterization. The powder XRD patterns of the product was recorded on a Bruker D8 Advance X-ray 
diffractometer with monochromatized Cu-Kα radiation (λ = 1.5418 A0). An accelerating voltage of 40 kV, the 
emission current of 40 mA and a step size of 0.020 with a step time of 0.5 secs were used. TEM images were 
recorded on a JEOL JEM-3010 microscope. SEM was recorded using Hitachi S-3000 H electron microscope. 
EDX spectrum analyzed using HORIBA EMAX X-ACT that was attached with Hitachi S-3000 H scanning 
electron microscope. UV-vis diffuse reflectance spectra were carried out on a Lambda 750 (Perkin Elmer) spec-
trophotometer at a wavelength range of 200–800 nm. The Raman spectra of the sample were measured on a 
Renishaw 1000 Raman microscope system, the excitation source was a He/Ne laser (λ = 633 nm) and the reso-
lution was 2 cm−1. XPS measurements were achieved by a Thermo Scientific ESCA Lab 250 spectrophotometer, 
and all of the binding energies were calibrated by the C 1 s peak at 284.6 eV. The absorption spectra in the pho-
todegradation procedure were observed by Shimadzu 2100 UV-visible spectrometer. The specific surface area 
and pore size distribution were determined using the BET (Micromeritics, ASAP 2020 M). All electrochemical 
measurements were measured using CHI 405a work station in a three conventional electrode system, modified 
glassy carbon electrode (GCE-surface area 0.07 cm2) as a working electrode, Pt wire as a counter electrode and 
saturated Ag/AgCl (KCl) as a reference electrode. An amperometric (i-t) measurement was carried out with 
analytical rotator AFMSRX (PINE instruments, USA) and rotation disc glassy carbon electrode (RDGCE) with 
working area 0.2 cm2. All the electrochemical measurements were performed at room temperature.

Fabrication of rod-like SrV2O6 on the GCE surface for CA. To fabricate the CA sensor, the GCE was 
mirror-like polished with 0.05 µm alumina slurry and thoroughly washed with copious amount of DI water. After 
that, 5 mg/mL of as-prepared rod-like SrV2O6 was redispersed in DI water and sonicated on hour to get the homo-
geneous suspension. The rod-like SrV2O6 modified GCE was fabricated by a simple drop casting method. An 8 µL 
suspension of re-dispersed SrV2O6 was drop coated on the GCE surface and it was kept in air oven at ambient tem-
perature. Then, the dried modified GCE was gently washed with DI water to remove the loosely attached molecules 
on the GCE surface. Then that obtained SrV2O6 modified GCE was used to further electrochemical measurements.

Photocatalytic experiments. The photocatalytic activity of the as-prepared rod-like SrV2O6 was evaluated for 
the degradation of MNZ aqueous solution under visible light irradiation. In a typical experiment, 50 mg of catalyst was 
dispersed in 200 mL aqueous solutions of MNZ (20 mg/L). Prior to illumination, the solution mixture was stirred mag-
netically for 30 min in the dark to ensure that the MNZ attained absorption–desorption equilibrium on the photocata-
lyst surface. A 500 W tungsten lamp equipped with a UV cut-off filter (λ > 400 nm) was used as the visible light source 
for the photodegradation reactions and the experimental set up is presented in Fig. S2. At defined irradiation intervals, 
the aliquots (5.0 mL) of the suspension were collected and centrifuged to separate the photocatalyst particles. The 
supernatant solution was analyzed by UV-vis spectrophotometer to determine the concentration changes of MNZ. 
The photocatalytic degradation efficiency was calculated using C/C0, where C is the concentration of MNZ solution at 
certain irradiation time (t) while C0 is the adsorption/desorption equilibrium concentration of MNZ (t = 0).

http://S2
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