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Photoelectrochemical oxidation of
water and degradation of pollutants
using simple Bi-based metal oxide
semiconductors under visible light

irradiation
Paramita Hajraa,b, Debasis Sariketa, Sangeeta Ghosha,

Swarnendu Baduria, Debasish Raya,
and Chinmoy Bhattacharyaa

aDepartment of Chemistry, Indian Institute of Engineering Science & Technology, Howrah,

West Bengal, India bCSIR-Central Glass & Ceramic Research Institute (CSIR-CGCRI), Kolkata,

West Bengal, India

10.1 Introduction

One of the main concerns of the 21st century is deriving a permanent and durable energy
economy. Although fossil fuels may meet estimated global energy needs soon, this strategy
has catastrophic environmental impacts from CO2 emissions that significantly contribute to
greenhouse gas emissions. In addition to this, various reports are considering that the present
fossil fuel sources will be insufficient for the next few decades, and the effect of depleting
resources will be observed soon. Some of these sources are nonconventional, that is, their ex-
traction becomes more difficult, challenging, and costly. As a consequence, the resource–
consumer relationship will no longer be specific. The greenhouse gas is emitted due to the
usage of fossil fuels, mainly CO2, which are the leading causes of climate change (van de Krol
and Gr€atzel, 2012; Singer et al., 2011). Scheme 10.1 shows the projected worldwide power
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Abstract 

Anomalous behavior of Very Low Frequency (VLF) radio 

signals from the VTX (18.2 kHz) and NWC (19.8 kHz) 

transmitters during geomagnetic storm, followed by a 

moderate size earthquake, are analyzed and presented in this 

paper. There was Geomagnetic storm on 10th and 11th 

September, 2018 and a moderate size isolated earthquake on 

12th September, 2018. Using standard deviation method, 

night time VLF amplitude of both the propagation path are 

found to deviate beyond -3sigma level on 10th September 

coinciding with the occurrence of geomagnetic storm. Pre-

seismic and post-seismic signal anomalies are also identified 

in both propagation paths linked with the earthquake of 12th 

september 2018. 

 

1 Introduction 

Earthquake is a combination of complex physical and 

chemical processes and responsible for large number of 

disasters. It is possibly a lithosphere-atmosphere-ionosphere 

coupling phenomena effecting the electromagnetic wave 

propagation [1]. Due to the extreme complexity of the 

earth’s structure the goal of predicting the location and time 

of occurring of a seismic event has not come by [2]. Very 

Low Frequency Radio wave propagates through the Earth 

Ionosphere Wave Guide (EIWG) and carries the information 

of Ionospheric state. Earlier studies stated that the amplitude 

and phase of VLF signal, Morning and evening terminator 

time of a 24 hour diurnal variation and other parameters 

show anomalous behavior before a particular impending 

earthquake [3- 7]. 

Solar Coronal Mass Ejection or sudden variations in the 

Earth’s magnetic field causes the geomagnetic storm which 

is directly connected to the occurrence of earthquake, as 

discussed in some previous studies [8-10]. During a 

geomagntic storm the Ionospheric D-region electron density 

changes which reflect as a fluctuation in the VLF signal 

amplitude [11-13]. The geomagnetic activity affects not only 

the high and mid latitude but it could take place in low 

latitude also [14]. The Kp index indicates the enhancement 

in the geomagnetic activity. A Kp value greater than 5 is 

indicates to a geomagnetic storm. A study published in 2014 

correlated the occurrence of geomagnetic storm and 

earthquake [15]. 

2 The Experimantal Setup and Data for 

Analysis 

We use an aluminum pipe as VLF antenna connected to the 

receiver by a 75 Ohm Co-axial cable. The negative terminal 

of the receiver (or sound card) is grounded using a 2m iron 

rod. It is mainly a two-stage amplifying system which uses 

two numbers of LF356 OPAMP. The output of the 

preamplifier system is taken out through an audio 

transformer (1300:8 Ohm) and fed to the Microphone input 

of the PC soundcard. The composite wave (ground and sky-

wave) in the VLF range (3 kHz to 30 kHz) incident on the 

antenna generates a voltage which is then amplified by the 

pre amplifier section of the receiver and recorded by the 

sound card. The recording software (Spectrum lab V2.7b20) 

records the variation of amplitude of the VLF wave at a 

sampling rate 4/Sec as text file. The system is shown in 

Figure 1. 

In this paper we have presented the fluctuations in the VLF 

signals of VTX (18.2 kHz) and NWC (19.8 kHz) during an 

earthquake of M5.4 triggered just after the geomagnetic 

storm having Kp≥6. The Earthquake (EQ) event was on 12th 

September, 2018 at 10:20:46 (UT+5:30) and the epicenter 

[26.374ºN, 90.165ºE] was at 7 km NE of Sapatgram, Assam, 

India. The epicenter was just 84 km away from the VLF 

receving station Cooch Behar [CHB, 26.345ºN, 89.448ºE] 

and the shaking was felt by local community at VLF 

receiving station. There was no earthquake event ±15 days 

before or after the said event, according to the information 
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