
doi.org/10.26434/chemrxiv.5777379.v1

A Novel UV-C/XOH(X=Na or K) Based Highly Alkaline Advanced
Oxidation Process (HA-AOP) for Degradation of Emerging
Micropollutants
Priyanshu Verma, Sujoy Kumar Samanta

Submitted date: 11/01/2018 • Posted date: 12/01/2018
Licence: CC BY-NC-ND 4.0
Citation information: Verma, Priyanshu; Samanta, Sujoy Kumar (2018): A Novel UV-C/XOH(X=Na or K)
Based Highly Alkaline Advanced Oxidation Process (HA-AOP) for Degradation of Emerging Micropollutants.
ChemRxiv. Preprint.

Herein, a novel and comprehensible approach has been suggested to degrade the emerging micropollutants
such as synthetic dyes. In this study, a continuous UV-C irradiation has been used to treat the aqueous matrix
of synthetic pollutant dyes under highly alkaline environment (pH >13.0). In this HA-AOP, the treatment rate
and degradation efficiency are primarily found to be affected by the type of pollutant dye present in the matrix,
concentration of XOH or pH and UV-C fluence rate. In addition, the kinetic study indicates that HA-AOP or
UV-C/XOH(X=Na or K) process follows zero order reaction kinetics during the degradation of parent pollutant
species. The explored approach is quite auspicious due to its tremendous potential to handle versatile
aqueous matrices containing natural organic materials, inorganic salts, fatty matters, surfactants and many
more things. Overall, unlike other AOPs, this novel UV-C/XOH(X=Na or K) based HA-AOP could be highly
utilized for the effective treatment of various alkaline wastewater streams.

File list (2)

download fileview on ChemRxivHA-AOP_Preprint.pdf (1.07 MiB)

download fileview on ChemRxivSupplimentary Information_HA-AOP.pdf (676.73 KiB)

http://doi.org/10.26434/chemrxiv.5777379.v1
https://chemrxiv.org/authors/Priyanshu_Verma/4398889
https://chemrxiv.org/ndownloader/files/10193661
https://chemrxiv.org/articles/A_Novel_UV-C_XOH_X_Na_or_K_Based_Highly_Alkaline_Advanced_Oxidation_Process_HA-AOP_for_Degradation_of_Emerging_Micropollutants/5777379/1?file=10193661
https://chemrxiv.org/ndownloader/files/10193664
https://chemrxiv.org/articles/A_Novel_UV-C_XOH_X_Na_or_K_Based_Highly_Alkaline_Advanced_Oxidation_Process_HA-AOP_for_Degradation_of_Emerging_Micropollutants/5777379/1?file=10193664


1 
 

A Novel UV-C/XOH(X=Na or K) Based Highly Alkaline Advanced Oxidation 

Process (HA-AOP) for Degradation of Emerging Micropollutants 

 

Priyanshu Verma, Sujoy Kumar Samanta* 

Department of Chemical and Biochemical Engineering, 

Indian Institute of Technology Patna, Bihta, Patna – 801106 (India) 

*Corresponding author's email address: sksamanta@iitp.ac.in 

 

Abstract: Herein, a novel and comprehensible approach has been suggested to degrade the emerging 

micropollutants such as synthetic dyes. In this study, a continuous UV-C irradiation has been used to treat the 

aqueous matrix of synthetic pollutant dyes under highly alkaline environment (pH >13.0). In this HA-AOP, the 

treatment rate and degradation efficiency are primarily found to be affected by the type of pollutant dye present in 

the matrix, concentration of XOH or pH and UV-C fluence rate. In addition, the kinetic study indicates that HA-

AOP or UV-C/XOH(X=Na or K) process follows zero order reaction kinetics during the degradation of parent 

pollutant species. The explored approach is quite auspicious due to its tremendous potential to handle versatile 

aqueous matrices containing natural organic materials, inorganic salts, fatty matters, surfactants and many more 

things. Overall, unlike other AOPs, this novel UV-C/XOH(X=Na or K) based HA-AOP could be highly utilized for 

the effective treatment of various alkaline wastewater streams. 
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1. Introduction 

The emergence of micropollutants in natural water bodies has become a serious concern due to the 

tenacious industrialization and growth of several manufacturing units, including textiles, pharmaceuticals, 

foods, fertilizers, pesticides, tanneries, petrochemicals, etc. In the last few decades, several AOPs (Table 

S1) have been studied and upgraded for enhanced, effective and efficient removal or degradation of several 

emerging micropollutants such as dyes and pharmaceuticals.
1–5

 Conventionally, these AOPs’ applications at 

different places used to offer an inevitable feasibility to reduce the concentration of organic pollutants (from 

ppm level to ppb level).
6
 However, the degradation of pollutants present in real wastewater matrices 

containing various other materials (such as natural organic matters, inorganic salts, fatty compounds, 

surfactants and many other things) used to be very difficult in comparison to water matrices devoid of such 

materials especially during heterogeneous photocatalysis based AOPs. It is primarily due to limited 

penetration of photons through other organic entities which used to pre-absorb them and hence, it causes 

inadequate activation of photocatalyst. Moreover, poor dispersion and shielding/hindering of heterogeneous 

catalyst by other compounds may also cause a significant reduction in the degradation efficiency of the 

heterogeneous photocatalysis. Since, there are conjugate pros and cons of various established AOPs (Table 

S1),
2,4,7–11 

the sustainable development of the existing AOPs and the evolution of novel AOPs have become 

an indispensable necessity. These developments can provide additional options to choose and opt for a more 

suitable, economic and versatile AOP. Besides this, most of the established AOPs are effective only in 

acidic or neutral pH environment such as Fenton related processes.
12–15

 Incidentally, quite often, the 

industrial or municipal wastewater streams used to have a basic pH environment.
12,13

 Therefore, it is very 

essential to present an alternative way for the treatment of alkaline effluents without pH correction. Note 

that, Chen et al. conducted some preliminary study to investigate the effect of NaOH for photolytic 

degradation of some specific dyes.
16

 However, the detailed scientific explanation of this phenomenon and 

its degradation mechanism were not addressed in this work.
16

 Moreover, till date, no other research work 

has addressed these important issues related to this novel phenomenon and its scope of application in the 

open literature. 
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Hence, the authors have conducted a comprehensive study on the potential of a newly observed highly alkaline 

advanced oxidation process (HA-AOP) for the degradation of synthetic pollutant dyes viz. amaranth (Ama), 

rhodamine-B (RhB), methylene blue (MB) and methyl orange (MO). Furthermore, the effects of pH or XOH 

concentration, NaOH vs. KOH, agitation, different aqueous matrices and UV-C fluence rate or illuminance on this 

HA-AOP have also been thoroughly studied. In addition, the degradation kinetics of the fastest degrading synthetic 

dye under HA-AOP has also been studied and compared with another established homogeneous AOP (UV/H2O2). 

Moreover, this HA-AOP has been thoroughly studied and explained with the help of the most plausible degradation 

mechanisms. Here, the generation, presence and role of superoxide free radical anions (O2
.-
) and hydroxyl radicals 

(OH∙) have also been ascertained and substantiated with the help of the radical scavenging tests. Overall, this 

comprehensive study involving all these crucial parameters and scientific recommendation for various applications 

of this novel AOP (involving a highly alkaline environment for its activity under continuous UV-C irradiation) 

deserves to be reported in the open literature to benefit a wide spectrum of global research community. 

2. Experimental Details 

All the experiments were conducted in a modified batch photocatalytic reactor equipped with an inverted bell 

shaped quartz vessel (reaction volume = 25 ml) and two parallel UV-C irradiation source rods (PHILIPS TUV 11W 

G11 T5, cylindrical low pressure Hg lamp), at ambient temperature (25±2 ºC). The photometric data of UV-C lamp 

has been shown in Fig. S1. The UV-C fluence rate was found to be about 4.778 mW/cm
2
 at the irradiation source 

(measured with the help of EIT UV Power Puck
®
 II Profiler). The schematic of the whole reaction setup is also 

shown in Fig. S2.  

Details related to the synthetic dyes and chemicals used in this study are mentioned in the supplementary 

information sheets (Table S2). All the synthetic solutions were made in double distilled water (0.54 MΩ). The pH of 

the processed matrix was measured with the help of BIOBASE PH-900 Multiparameter water quality meter (± 0.005 

pH). The primary degradation was observed and analyzed using Shimadzu UV-2600 UV-Visible spectrophotometer. 

Here, the absorbance at λmax of particular dye was calibrated as the present concentration of the respective pollutant 

dye in the processed matrix. Subsequently, the percentage degradation of pollutant dye was calculated using the 
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formula [(1-Cf/Ci)*100], where Ci and Cf were the initial (t=0) and final (t=t) concentrations of the specific pollutant 

dye, respectively. 

3. Results and Discussions 

3.1 Initial observations 

Initially, 1 M NaOH solution containing 10 ppm of respective synthetic dye has been continuously irradiated with 

UV-C up to 5 h that has shown about 97.15%, 97.42%, 99.72% and 99.99% primary decomposition of MB, MO, 

RhB and Ama, respectively (Fig. 1A). Further, the same experiment has also been repeated with 0.15 M NaOH. The 

obtained results indicate that Ama is the fastest degrading dye under HA-AOP followed by MB, MO and RhB, 

respectively (Figs. 1B and S3).  In contrast, the time required for 70% degradation of Ama, MO, MB and RhB dyes 

has been estimated about 45 min, 289 min, 313 min and 532 min, respectively. This observation also validates the 

excessive requirement of NaOH for effective degradation of RhB since no significant degradation has been observed 

with 0.15 M NaOH in comparison to that with 1 M NaOH. Since Ama has shown the fastest degradation under HA-

AOP (>90% decomposition after 1h of UV-C irradiation), hence it has been considered as a model pollutant dye for 

further studies on HA-AOP. 

3.2 Effects of several factors on HA-AOP 

Fig. 2A shows the role of agitation during HA-AOP based processing of the pollutant dye matrix. However, it has 

not shown any significant improvement over non-stirred condition during HA-AOP based processing of pollutants. 

Subsequently, the effectiveness of KOH over NaOH has also been examined for HA-AOP. Interestingly, it has also 

shown quite similar degradation profiles (Fig. 2B). Therefore, the use of NaOH has been recommended for HA-

AOP due to its relatively lower cost and easier availability. In addition, the effects of different pH values have also 

been studied for NaOH based HA-AOP using Ama as a model pollutant dye. Fig. 2C shows variation in HA-AOP 

performance with change in basic pH values. It is observed that there is a significant jump in degradation potential 

(degradation = 36.45% at pH 12.5 whereas degradation = 57.42% at  pH 13.0).  Moreover, the pH above 13.0 have 

shown very significant degradation potential. Hence, pH > 13.0 has been recommended for HA-AOP. 
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Moreover, the effects of different aqueous matrices such as distilled water, tap water, rain water, washing machine’s 

drain water, fresh human urine sample, sewage water and tannery wastewater (containing natural organic matters, 

inorganic salts, fatty compounds, surfactants and many more things) have also been studied for HA-AOP based 

degradation of Ama dye. The obtained results validate the applicability of HA-AOP for the degradation of pollutants 

present in various complex aqueous matrices (Fig. 2D). Here, the distilled water matrix has shown maximum 

effectiveness for HA-AOP followed by tap water, rain water, tannery wastewater, sewage water, washing machine’s 

drain water and fresh human urine sample, respectively. It is mainly due to the effective and efficient penetration of 

UV-C irradiation in distilled water, tap water and rain water in comparison to that for fresh human urine sample, 

washing machine’s drain water and sewage water where the organic content causes lack of penetration or pre-

absorption of essential UV-C photons. However, tannery wastewater matrix has shown moderate response in 

comparison to that with other matrices. It is attributed to the additional availability of caustic soda (NaOH) in 

tannery wastewater matrix which is commonly used as an unhairing agent in the tannery industries.  

Furthermore, the effect of UV-C illuminance on HA-AOP has also been investigated by changing the distance 

between the UV-C irradiation source and reaction vessel. Here, 5 different distances (125 mm, 90 mm, 55 mm, 35 

mm and 20 mm) have been chosen for the comparative study. This study has shown quite expected degradation 

profile for different heights of UV-C irradiation source or for different values of UV-C illuminance (Fig. 2E). It has 

shown a linear relationship between UV-C illuminance (lux) and Ama dye degradation (%) with slope = 0.109 and 

coefficient of determination (R
2
) = 0.998 (Fig. 2F). In addition, it may be noted that the UV-C fluence rate and 

illuminance show decreasing trends with increasing distance as shown in Fig. S4. 

3.3 Effect of NaOH dose on HA-AOP, its kinetic study, comparison with UV/H2O2 process and free radical 

scavenger tests for HA-AOP 

Now, the degradation performance of HA-AOP with 4 different molar doses of NaOH (0.15 M, 0.30 M, 0.45 M and 

0.60 M) have been studied. The normalized degradation profiles for different NaOH doses have shown almost 

similar degradation patterns (Fig. 3A). However, it is very interesting to note that 0.15 M NaOH has shown a 

slightly better degradation profile in comparison to that with 0.30 M, 0.45 M and 0.60 M NaOH. It is mainly 

ascribed by the lower viscosity of 0.15 M NaOH matrix in comparison to that with other higher concentrations that 

may facilitate the easier penetration of essential UV-C photons. The obtained degradation profiles have also been 
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fitted with zero order reaction kinetics as shown in Fig. 3B. Here, the linear fitting of degradation profiles with R
2 

> 

0.97 inferred that HA-AOP follows zero order reaction kinetics. Note that, the highest degradation rate constant (k) 

for HA-AOP based degradation of Ama dye has been found to be ca. 0.16 ppm/min of UV-C irradiation. In addition, 

similar experiments with different NaOH doses have also been conducted for excessive Ama dye concentration (ca. 

85 ppm) where the pH of the reaction matrix has also been measured. In Fig. 3C, all the degradation profiles are 

found to be almost similar except for 0.15 M NaOH based HA-AOP where it has shown a deviation after 4 h of UV-

C irradiation. That duration is also identified as the point where the pH of the referred matrix approaches less than 

13.0. This observation is in better agreement with the inference: pH > 13.0 is required for effective HA-AOP. 

Additionally, the general/primary degradation performance of this novel HA-AOP has also been compared with an 

established UV/H2O2 based homogeneous AOP.
17–21

 For this purpose, 7 ppm H2O2 (commonly used dose) and 0.15 

M NaOH have been used in separate vessels with 10 ppm of Ama dye under continuous UV-C irradiation. After 20 

min of UV-C irradiation, H2O2 containing vessel has shown complete decolorization (colorless solution), whereas 

0.15 M NaOH vessel has still shown some residual color due to the presence of undegraded Ama dye molecules 

(Fig. 3D). Besides this, the degradation efficiency of HA-AOP is found to be quite lesser than that with UV/H2O2 

process (Fig. 3E). This assessment highlights the general advantage of the existing homogeneous UV/H2O2 process 

over HA-AOP. However, the applications for cases with higher pH values (for highly alkaline conditions) would be 

more compatible with HA-AOP in comparison to that with UV/H2O2 process since UV/H2O2 process requires an 

acidic (preferably) or neutral environment. On a separate note, HA-AOP (0.15 M NaOH) based degradation has 

clearly shown a blue shift of absorption peak, which may be attributed to the quenching effect of NaOH on Ama dye 

in aqueous medium (Fig. 3D). 

In order to substantiate the role of hydroxyl radicals (OH·) and superoxide radical anions (O2·
-
) in HA-AOP, radical 

scavenging tests have been performed. It uses 10% (v/v) ethanol (EtOH) and 0.1 mmol 1,4-benzoquinone (BQ) as 

OH· and O2·
-
 radical scavengers, respectively,

5
 for HA-AOP (0.15 M NaOH) based degradation of Ama dye (10 

ppm) under continuous UV-C irradiation for 1h. The obtained results have shown that O2·
-
 radicals have more 

influence on HA-AOP based degradation of Ama dye in comparison to that with OH· radicals since the presence of 

BQ has substantially reduced the effectiveness of HA-AOP (Fig. 3F). However, the presence of both EtOH and BQ 

completely inhibited the degradation process. In addition, the scavenger test has also confirmed the synergistic 
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behavior of OH· and O2·
-
 radicals for HA-AOP based degradation process ([HA-AOP]Without Scavengers > [HA-AOP]BQ 

+ [HA-AOP]EtOH). Additionally, the generation of OH· radicals in this HA-AOP has also been confirmed with the 

help of terephthalic acid (TPA) test (Fig. S5). 

3.4 Mechanism of HA-AOP based degradation 

Scheme 1 illustrates the mechanism of HA-AOP based degradation of pollutants present in an aqueous matrix using 

XOH(X=Na or K) and UV-C irradiation. Step 1: The first step of HA-AOP is the dissociation of XOH into 

hydroxyl anions (OH
-
) and its respective cations (X

+
).

22
 Step 2: Next, the UV-C irradiation causes the 

photoionization of OH
-
 ions and converts them into OH∙ radicals by generating corresponding aqueous electrons.

23,24
 

Step 3: After that, the aqueous or solvated electron (e
-
aq) reacts with the dissolved oxygen molecule (O2) and 

produces O2·
-
 radical.

23,25
 Step 4: Finally, all the available free radicals react with the pollutant molecules either 

separately or combinedly and readily oxidize the organic pollutants into some intermediates and/or go through 

complete mineralization that produces CO2, H2O and inorganic salts.
3,5

 

Step 1: Dissociation of XOH    

XOH + H2O → X
+
 + OH

- 
+ H2O + Heat  (X = Na or K) 

Step 2: Photoionization of OH
-
 ion   

OH
-
 + UV-C (hν) → OH∙ + e

-
aq 

Step 3: Scavenging of solvated electrons    

e
-
aq + O2 → O2

.- 

Step 4: Degradation or mineralization of pollutants 

O2
.-
 + Pollutant/Intermediates + OH∙ → Simple/Intermediate Products + H2O + CO2 

4. Conclusions 

In summary, this study reports a novel AOP for the abatement of synthetic pollutant dyes in aqueous 

medium. This process has been named as HA-AOP (UV-C/XOH process, where X=Na or K). This HA-

AOP has been found to be effective and efficient for the degradation of different pollutant dyes (viz. Ama, 

MO, MB and RhB). However, Ama has shown the maximum degradation rate followed by MO, MB and 

RhB, respectively (during initial treatment intervals). The effects of NaOH vs. KOH and stirred vs. non-
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stirred have shown almost insignificant variations for these HA-AOPs. Hence, HA-AOP using NaOH 

without agitation/stirring has been recommended as an optimum trade-off choice. The effective pH 

requirements for this HA-AOP have also been ascertained (i.e. pH should be >13.0). In addition, the 

effectiveness of this process has also been investigated for different wastewater matrices and the obtained 

results are very promising. Moreover, the plausible degradation mechanism for this novel HA-AOP has also 

been proposed and validated with the help of free radical scavenging test(s) that elucidates the synergistic 

role of OH∙ and O2
.-
 radicals in this proposed degradation process. Unlike other AOPs, this HA-AOP used 

to follow zero order reaction kinetics for the degradation of synthetic pollutant dyes. Furthermore, the 

authors believe that this novel HA-AOP should find a suitable place in the list of established AOPs (as 

presented in Scheme 2). The findings of this study are of immense interest to the scientific community 

dealing with the limitation(s) of other AOPs. Overall, this HA-AOP seems to be a very promising method 

for the effective degradation or oxidation of diverse organic pollutant species and would be advantageous 

over other existing AOPs for the treatment of versatile aqueous matrices especially alkaline wastewater 

streams. 

Supporting Information 

Further information on various existing AOPs with their strengths and limitations (Table S1), photometric data of 

UV-C lamp (Fig. S1), schematic of the modified batch photocatalytic reactor (Fig. S2) and list of dyes and 

chemicals (Table S2) used in this study have also been provided. Moreover, optical spectra of different synthetic 

dyes showing the primary degradation under HA-AOP (Fig. S3); UV-C irradiation measurement using radiometer 

and Lux meter at various distances from the irradiation source (Fig. S4); PL spectra (excited at 350 nm wavelength) 

of TPA+NaOH solution (0.5 mmol TPA and 0.15 M NaOH) at initial (0 h) and after 6 h of UV-C irradiations (Fig. 

S5) have also been supplemented. 
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Fig. 1 (A) Initial observation of HA-AOP (1M NaOH + 5 h UV-C) based degradation of synthetic pollutant dyes (10 

ppm) with its degradation efficiency (inset); (B) Detailed degradation profile of respective dyes (10 ppm) with time 

during HA-AOP (0.15M NaOH + continuous UV-C irradiation up to 10 h). 
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Fig. 2 Effects of several factors influencing HA-AOP: Ama (10 ppm) degradation profile (A) with and without 

agitation and (B) in the presence of KOH or NaOH; Degradation efficiencies (with 95% confidence interval (CI)) 

(C) with different pH values and (D) for various aqueous matrices. Effect of fluence rate or illuminance on HA-

AOP: (E) Optical absorption spectrum of Ama dye after 10 min of UV-C irradiation at different heights or 

illuminance and (F) a linear fitting of percentage degradation vs. illuminance data. 
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Fig. 3 (A) Effect of NaOH dose on HA-AOP with 10 ppm Ama dye; (B) The degradation kinetic fitting of the HA-

AOP (zero-order); (C) Effect of NaOH dose on HA-AOP with excessive Ama dye (ca. 85 ppm). Comparison of 

HA-AOP with UV/H2O2 process: (D) Quenching effect of NaOH on optical absorption spectra of Ama dye and (E) 

degradation efficiencies of both processes after 20 min of UV-C irradiation (with 95% CI). (F) HA-AOP 

degradation efficiencies for cases without scavengers and with OH∙ and O2
.-
 free radical scavengers (with 95% CI). 
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Scheme 1. Proposed degradation mechanism of HA-AOP. 
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Scheme 2. Hierarchy of different AOPs showing a suitable place for this novel HA-AOP. 



download fileview on ChemRxivHA-AOP_Preprint.pdf (1.07 MiB)

https://chemrxiv.org/ndownloader/files/10193661
https://chemrxiv.org/articles/A_Novel_UV-C_XOH_X_Na_or_K_Based_Highly_Alkaline_Advanced_Oxidation_Process_HA-AOP_for_Degradation_of_Emerging_Micropollutants/5777379/1?file=10193661


Page 1 of 6 
 

SUPPLEMENTARY INFORMATION SHEET 

A Novel UV-C/XOH(X=Na or K) Based Highly Alkaline Advanced Oxidation 

Process (HA-AOP) for Degradation of Emerging Micropollutants 

Priyanshu Verma, Sujoy Kumar Samanta* 

Department of Chemical and Biochemical Engineering, 

Indian Institute of Technology Patna, Bihta, Patna – 801106 (India) 

*Corresponding author E-mail address: sksamanta@iitp.ac.in 

 

Table S1. Various existing AOPs with their strengths and limitations. 

Method Strength  Limitation 
Fentons Reagent 

(H2O2+Fe(II)) 

Fentons reagent is cheap. Sludge formation;  

Low pH adjustment is mandatory. 

Photo-Fenton Process More effective than Fenton process. UV requirement. 

Oxidative Process Simple and direct process. Oxidants need to be activated by some means. 

Ozonation (O3) Strong gaseous oxidant and volume of 

the waste used to be unchanged. 

Energy intensive process;  

Ozone has a short half-life (20 min).  

Photochemical Process 

(UV combined with H2O2 

or O3 or both) 

No sludge formation and less foul odors;   

Quite effective and economical at small 

scale. 

Turbidity of the matrix influences the effectiveness 

of the process; 

Consumption of chemical oxidants; 

Generation of versatile by-products; 

Cost and energy intensive process. 

Photocatalysis Solar activation is possible; 

Inertness and reusability of the 

photocatalyst;  

Green process. 

Activation of catalyst in different matrix is 

difficult;  

Catalyst recovery, immobilization and full scale 

application are still under development phase. 

Sonolysis or Ultrasonic 

Irradiation  

Economical for small volume;  

Effective for aqueous suspension 

treatment;  

Good mass transfer and parallel 

degasification. 

High energy requirement and lower degradation 

rate; 

The full scale application is quite challenging;  

Most of the time chemical supplements are 

required to improve the degradation performance. 

VUV (Vacuum UV) Able to generate 
.
OH radical from H2O. Vacuum requirement and maintenance. 

High Energy Electron 

Beam 

Less organic by-product formation; 

Turbidity independent process; 

Degasification is not required. 

Higher cost; 

Scale-up is difficult; 

Expert operator requirement. 

UV/Heat/X2-PDS (X= Na 

or K; PDS= 

Peroxydisulfate) 

Quite effective process. Expensive due to thermal and chemical 

requirements. 

UV/Nitrate or Nitrite Can be utilized in presence of nitrate or 

nitrite contaminants. 

UV and nitrate/nitrite source requirement. 
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Fig. S1. Photometric data of UV-C lamp used in this study. 

 

 
Fig. S2. Schematic of the modified batch photocatalytic reactor used in this study. 
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Table S2. List of dyes and chemicals used in this study. 

Name Molecular Formula Brand/Supplier Purity CAS No. 

Amaranth (Ama) 
C20H11N2Na3O10S3 Sigma-Aldrich 85-95% 915-67-3 

Methyl orange (MO) C14H14N3NaO3S Sigma-Aldrich 85% 547-58-0 

Rhodamine-B (RhB) C28H31ClN2O3 Sigma-Aldrich ≥95%  81-88-9 

Methylene blue (MB) C16H18ClN3S.3H2O Sigma-Aldrich ≥82% 7220-79-3 

Sodium hydroxide NaOH Merck ≥97% 1310-73-2 

Potassium hydroxide KOH Merck ≥ 85% 1310-58-3 

Ethanol (EtOH) C2H5OH Merck 99.9% 64-17-5 

Hydrogen peroxide H2O2 CDH 30% w/v 7722-84-1 

1,4-benzoquinone (BQ) C6H4O2 TCI >98% 106-51-4 

Terephthalic acid (TPA) C8H6O4 TCI >99% 100-21-0 

 

 

Note:  

1. The individual λmax under HA-AOP for Ama, MO, MB and RhB had been identified and 

calibrated at 491, 464, 592 and 553 nm, respectively. 

2. The illuminance at different heights, as mentioned in Fig. 2E, had been measured with the 

help of a digital Lux meter (HTC
TM

 LX-101 A). 

3. Photoluminescence (PL) measurement has been performed using Perkin Elmer LS 55 

fluorescence spectrometer. 
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Fig. S3. Optical spectra of different synthetic dyes showing the primary degradation under HA-

AOP: (A) RhB; (B) MB; (C) MO and (D) Ama. 
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Fig. S4. UV-C irradiation measurement using radiometer and Lux meter at various distances 

from the irradiation source.  

 

Note: 

Here, radiometer basically gives information about the UV-C fluence rate of irradiation in 

mW/cm
2
. Whereas, Lux meter gives information about the total illuminance or irradiation flux 

received by the substrate. This figure indicates a similarity between the illuminance and UV-C 

fluence rate data with respect to change in distance. Hence, the presence of other UV-A, UV-B, 

UV-V or visible light irradiation may be insignificant in this studied experimental setup. 
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Fig. S5. PL spectra (excited at 350 nm wavelength) of TPA+NaOH solution (0.5 mmol TPA and 

0.15 M NaOH) at initial (0 h) and after 6 h of UV-C irradiations.  

 

Note:  

It confirms the formation of OH• radicals during HA-AOP. Here, TPA is used to react with the 

generated OH• radicals to produce 2-hydroxyterephthalic acid that gives higher fluorescence at 

around 430 nm of PL spectra. 
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