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ABSTRACT 

The goal of this research is to create nanostructured metal free phosphorous doped Boron nitride (P-BN) and phosphorous-carbon 

co-doped Boron nitride (CP-BN) that serve as photocatalysts when exposed to UV light. P-NPs were well diffused in aqueous 

solution. The nanostructured materials were characterized using XRD, SEM-EDX, and UV-Vis spectrophotometry. Based on 

the characterization results, phosphorous atoms were doped in the crystal structure of BN. The experimental data and theoretical 

calculations were used to measure the band gap energy, which was determined to be around 4.2 eV in the experimental case; for 

this purpose, both Tauc and Kubelka-Munk equations were utilized. Thus, photocatalysis degradation is limited to UV region. 

To examine the degradation effectiveness of photo-catalysts, toluidine blue (TB) was utilized; it was found that the basic medium 

was the best for degradation; 16% and 8% of TB were eliminated with CP-BN and P-BN, respectively after one hour degradation. 

Scavengers such as IPA, Na2C2O4, KBrO3, and ascorbic acid were added to trapping experiments to demonstrate the correct 

potential energy gap in valance and conduction bands and possible photocatalytic mechanism. Data from trapping experiments 
show that both the hydroxyl radical and super oxide are responsible for degradation, but electron and hole at valance and 

conduction bands were of low efficiency because of quick recombination. As regards computational study, the crystal and 

electronic structures of the P-BN and CP-BN have been studied. The lattice parameters were calculated with the Perdew-Burke-

Ernzerhof (PBE), and the bandgaps (Eg) were calculated with the (PBE) as (non-local) instead of local (non-local functional 

generalized gradient approximations) (GAA). In addition, hybrid functional was also applied including (Becke-3 Parameter-Lee-

Yang-Parr) B3LYP and (Heyd–Scuseria–Ernzerhof) exchange–correlation functional HSE06. Hybrid functional B3LYP 

provided better results and closer to the experimental data of the P-BN and CP-BN compound. 

 Keywords: Phosphorous doped boron nitride, Scavengers trapping experiment, Photo-catalysts and Photo degradation. 

1. Introduction 

The release of harmful and pervasive organic 
contaminants into water bodies and the atmosphere has 

been a source of concern for modern social orders. 

Pesticides, synthetic textile colors, and industrial dyes 

are examples of manufactured compounds that are 
harmful to the environment. These pollutants cause 

serious damages to the ambient atmosphere. 

Furthermore, most drugs, pesticides, and dye molecules 
have an aromatic structure in their shape, which is 

highly toxic, carcinogenic, mutagenic, and affects the 
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immune system [1]. Degradation of molecules refers to 

the cleavage of new bonds in a molecular structure to 

convert a hazardous substance into a nontoxic one, or to 
break down to its main constituents such as water, 

carbon dioxide, and so on, through a process known as 

mineralization. Different physical, chemical, and 

biological procedures have been widely used to address 
wastewater contamination, but each strategy has its own 

set of drawbacks[2-5]. Phosphorus doped boron nitride 

and carbon phosphorous co-doped boron nitride were 
prepared in this research, then the nanostructured that 

had been created were characterized. It was discovered 

that the manufactured photo-catalyst has a band gap 
energy of about 4.2 eV and is UV active photocatalyst.  
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Boron nitride (BN) is commonly used; hexagonal boron 

nitride (BN) nanomaterials, with a broad specific 
surface area, bear negatively charged properties, high 

thermal conductivity; and chemical stability 

characteristics have major benefits for waste water 
treatment and power storage two-dimensional metal-

free substance with a shape that has been similar to 

graphite [6]. BN has many typical graphite 

characteristics, including anisotropy, perpendicularity 
of the base plane, high hardness, heat capacity, and 

reasonable lubricity [7]. Moreover, the special structural 

features of the interlayer packing layout of BN, unlike 
graphite, give it several extra electrical, optical, and 

chemical properties. These characteristics make BN 

very useful for countless applications[8], [9]. Using 

similar amounts of boron (B) and nitrogen (N) atoms, 
boron nitrides (BN) are built. They have three 

isoelectronic crystalline forms of equally formed carbon 

lattices: hexagonal graphite-like BN (h-BN), cubic 
diamond-like BN (c-BN), and wurtzite BN (w-BN), BN 

is indeed present in the modes of sp2-bonded 

rhombohedra and hexagonal BN, close to carbon (hBN) 
[10]. The polarity of B-N bonds is indicated by such 

structural features, in other words, the partly ionic 

nature of the B-N covalent bonds, because of their 

greater electronegativity and electron pairs in sp2-
hybridized B-N s bonds, seems to be more restricted to 

the N atoms; and the lone pair of electrons in the N pz 

orbital has only been partially delocalized with the B pz 
orbital, in comparison to the similarly allocated and 

uniformly distributed electrons all along with graphite 

sheet C-C bonds [7]. In addition, h-BN has attracted 
increasing attention recently due to the diverse 

functionalities such as strong deep UV luminescence 

and field emission properties which give great potential 

for a wide application in advanced technologies [11]. 

BN has been fabricated in various nanomaterials, which 

include standard zero-dimensional (0D) fullerenes and 
nanomaterials are geometric analogs to C60 Bucky 

balls, one-dimensional (1D) nanotubes and nano 

ribbons, two-dimensional (2D) Nanosheets and three-
dimensional (3D) non-porous BNN sheets [9]. Porous 

BNs had specific surface areas (SSAs) varies from 100 

to 950 m2 g-. Considering the non-template method, 

tremendous progress has been made during the last 
years, with SSAs values impact of change to 1900 m2 

g-[12], [13]. This character makes nucleophilic classes 

to target the B sites, while the N sites become sensitive 
to electrophilic groups. Several functional groups, 

which include hydroxyl (–OH) [14], amino (–NH2) 

[15], ether (–OR) [16], amine (–NHR)[15], arcyl (–

COR) [17], alkyl (–R) [18], and halogen (–X) 
[17]groups, and also some heteroatoms (C and O), were 

being experimentally inserted into BN skeletons 

through chemical functional group addition. 

Because of its optoelectronic characteristics and tunable 

band gap energy, BN is regarded a semiconductor , also 
because band gap of h-BN is relatively wide (varying 

from ∼ 4.5 eV to 6 eV), it can only absorb light at 

wavelengths of < 275 nm in the electromagnetic light, 

which significantly limits its use of light[10], [19]. To 
improve the optical properties of BN, boron nitride is 

doped with a heteroatom. Doping leads to the atomic 

replacement, inside a BN 2D in-plane structure, of B or 
N atoms by heteroatoms without creating large regions 

produced of unaccompanied doping atoms. 

Implementation of particular heteroatoms to the Boron 

Nitride structures could bring about certain special 
features or substantial improvements of the pristine 

characteristic. Even though pure h-BN is a large band-

gap photocatalyst, one significant approach to 
improving is to narrow its band gap energy while 

maintaining its initial honeycomb-like structure ( i.e. the 

opposite approach to expanding the energy gap in 
graphene) to reach practical applications of 

photocatalyst. Even then, it is hard to find suitable 

elements in this area to be alloying elements with BN 

inside its own 2D hexagonal monolayer [7]. 

The absorption of a photon with energy equal to or 

greater than its band gap excites an electron to the 
conduction band (eCB), creating a hole in the valence 

band (h+
VB) in photocatalysis under UV or 

visible irradiation[2], [20-22]. The h+
VB can oxidize OH 

or water adsorbed at the surface to produce reactive 

oxygen species (ROS), primarily hydroxyl radicals 

(•OH), whereas the eCB can be scavenged by adsorbed 

molecular oxygen, resulting in the generation of 
superoxide radical anions (O2

•-). Singlet oxygen and 

hydrogen peroxide can be formed from O2
•-, with the 

latter yielding •OH as well [22]. Charge recombination 
at surface trapping sites or in the bulk of the 

photocatalyst competes with interfacial charge transfer 

from photogenerated electron/holes to acceptor/donor 
species at the surface, 

Nonradiative decay processes release heat as the electr

on/hole pair recombines, resulting in the loss of adsorb

ed photonic energy and the release of heat [20]. Several 
research evaluated the change in photodegradation rate 

in the presence of various scavengers to determine the 

key contributor in the photodegradation reaction [22]. 
The quantity of radicals generated under specific 

conditions is critical for elucidating the mechanism of 

degradation as well as assessing photocatalytic activity. 

Direct detection of these active species is rather 
difficult, due to their extremely high reactivity and short 
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lifetime (HO : 10−10 s [23]; O2 −: 51 s [24]). As a 

result, radical scavenger chemicals are commonly used 
to test them. Various analytical methods (UV/Vis, 

emission or ESR spectroscopy, chromatography or 

electrochemistry methods) can be employed to measure 
the concentration of the original compound or 

intermediates generated in the reaction of the scavenger 

and the radical [25]. 

2. Experimental  

2.1. Instrumentation  

The surface morphological properties, chemical 

composition, crystal quality, and structural properties of 
synthesized P-BN and Carbon Co-doped P-BN have 

been characterized and studied by utilizing the field-

emission scanning electron microscopy (FE-SEM) 

(SEM 4500-Quanta), energy-dispersive X-ray (EDX) 
analysis, and analytical (XRD) X- Pert PRO (Cu Kα = 

1.5406 A˚ at 40 kV, 30 mA) in the 2θ range of (20˚ to 

70˚) with the scanning rate of  1º/ min. For monitoring 
photo-degradation process JENWAY 6700 and UV. -

vis. Spectrophotometer type Perkin-Elmer lambda 25 

has been used. 

2.2. Chemicals  

All chemicals used were of analytical grades and used 

as purchased without further treatments. 80% 

Phosphoric acid, Boric acid, sodium oxalate, potassium 

bromate were obtained from (Roth Company, 
Germany). Urea and Toluidine blue were bought from 

(labPak chemicals Ltd. UK), ammonia was purchased 

from (Merc Company, Germany). Isopropyl alcohol 
was purchased from (Fluka Ltd.) Ascorbic acid was 

bought from (Scharlau Germany). 

2.3. Synthesis of phosphorous doped Boron nitride 

For the synthesizing P-BN, boric acid (3 g) was 

dissolved in 50 mL deionized water then mixed with 15 
mL of 25% ammonium solution coupled with the 

dropwise addition of 0.5 mL 85% phosphoric acid. The 

mixing was done using a magnetic stirrer and continued 
for half an hour then the solution was put in Teflon lined 

autoclave and placed in an oven for 24 hours at 200 oC. 

The resulting solution was clear and no precipitate was 
observed and then the solvent was evaporated and the 

solid was dried in an oven at 200 ℃  for two-hour to 

obtain white powder. After this stage, the powder was 

then examined in photo-degradation process and oxygen 
reactive species trapping experiments then it was 

characterized by SEM (scanning electron microscope), 

EDX (energy dispersive x-ray), and XRD (X-ray 

diffraction) as shown in the following figures 2,3 and 4. 

2.4. Synthesis of carbon co- doped phosphorous doped 

Boron nitride 

For the synthesis of PC-BN, 3 grams of both urea and 

boric acid were mixed drop by drop in an aqueous 

solution, along with 1 mL 1M H3PO4 drop by drop. The 
solution was mixed using a magnetic stirrer and 

continued for half an hour then the solution was put in 

Teflon lined autoclave and then placed in an oven for 24 
hours at 200 oC. The resulting solution was clear and 

then the solvent was evaporated and the solid was dried 

in an oven at 200 oC for two hours until the white-like 
powder was obtained. After this stage, the powder was 

then examined in photo-degradation process and oxygen 

reactive species trapping experiments then it was 

characterized using SEM (scanning electron 
microscope), EDX (energy dispersive x-ray) and XRD 

(X-ray diffraction) as shown in the following Figs. 2, 3 

and 4. 

3. Results and Discussion 

3.1. Theoretical modeling 

The ab-initio calculations were performed by the plane-
wave basis with the pseudopotential method in the 

framework of DFT, as implemented in the CASTEP cod 

material studio version 2017. We applied non-local 

functional generalized gradient approximations (GGA) 
[26]: Perdew-Burke-Ernzerhof (PBE) [27], [28] and 

hybrid functional was also applied including (Becke-3 

Parameter-Lee-Yang-Parr) B3LYP [29] and (Heyd–
Scuseria–Ernzerhof) exchange–correlation functional 

HSE06. 

Each exchange-correlation (XC) functional was 

computed using kinetic energy cut-off: 500 eV at norm-

conserving pseudopotentials. The Brillouin zone 

integration was performed using a 4×4×4 Monkhorst-
Pack grid and the self-consistent field (SCF) tolerance 

was 2*10-6 (eV/atom). The calculated lattice parameter 

and band gap values in (ev) were shown in Tables 1 and 
2 respectively. Fig. 1 shows band structure and partial 

density of state for P-BN and CP-BN photo-catalysts. 

Hybrid functional B3LYP offered better results and 

consistency with the observed data. For the P-BN 
compound, the Eg is 3.698ev and 5.1ev as direct and 

indirect band gap, respectively while B3LYP, in the 

case of CP-BN, gives 2.6ev and 4.98ev as direct and 
indirect band gap respectively. Thus, this method was 

used to analyze the band structures and density of states. 
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The electronic partial density of states (PDOS) of P-BN 

and CP-BN materials was plotted in Fig. 1. It can be 
seen that the fermi level (EF) is near to the valence band 

(VB) in the case of P-BN while it is closer to the 

conduction band in the case of CP-BN. The p-orbital 

showed a high DOS close to the EF for both photo-
catalysts. 

Table 1. the calculated and experimental lattice parameters of P-BN and CP-BN 

Photo-catalyst a(Å) b(Å) c(Å) V(Å 3) Alpha (α) Beta (β) Gamma (γ) 

P-BN 3.93 3.93 3.93 60.90 90o 90o 90o 

CP-BN 3.88 3.88 3.88 58.38 92.02o 92.02o 92.02o 

Table 2. The bandgap (Eg/eV) values of P-BN and CP-BN compounds utilizing norm conserving pseudopotentials. 

Functional P-BN CP-BN 

Direct band gap Indirect band gap Direct band gap Indirect band gap 

GGA (PBE) 1.892 3.3 1.6 3.867 

HSE06 2.945 4.42 2.21 4.76 
B3LYP 3.695 5.1 2.6 4.98 

Experimental 4.21ev 4.16ev 

 

Fig. 1. The band structures of the (A)P-BN and (B)CP-BN  

compounds using B3LYP/norm conserving.. 

3.2. Characterization of the carbon and phosphorous 
doped boron nitride 

3.2.1. Phosphorous doped boron nitride 

EDX results show the presence of only Boron, nitrogen 

and phosphorus for P-BN photocatalyst, it is worth 

mentioning that the presence of oxygen is due to the 
hydroxyl functionalized on the surface which makes 

nanoparticles soluble in water[7], [30]. In addition, the 

oxygen peak appears in both EDX charts as in Fig. 3 
below, this is due to the hydrophilic nature of the 

prepared photo-catalyst in which it functionalized 

hydroxyl group on its edge[16], [31-33] and it can easily 
absorb water vapor from the atmosphere and XRD 

proves that the only elements that are found in the 

crystal structure are Boron, Nitrogen and phosphorous. 

In the case of P-BN XRD, figure 8 shows that the peaks 
at 2Ɵ equal to 41.9254 and 49.0290 and 72.5960 are at 

diffraction lines of  100, 102 and 104 respectively, 

which matches with boron nitride khl plans (h-BN) [11], 
[34-37]. From the XRD pattern, it can be investigated 

that all the diffraction peaks in all XRD patterns show 

the polycrystalline phase of BN doped with Phosphorus 

corresponded to the standard spectrum (JCPDS cards 
peak [°2Th.] at 41.9254, 49.0290 and 72.5960 match to 

No. 98-018-3793, 98-041-6155 and 98-016-7799 

respectively for P-BN). These reference numbers prove 
the practical work. Considering elemental ratios, it has 

been recorded by EDX that the elemental ratio for P-BN 

was (B=63.75%, N=15.747%, P=5.856% and 
O=14.642%) as shown in Fig. 4. 

3.2.2. Phosphorous and carbon co-doped boron nitride 
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EDX results show the presence of only Boron, nitrogen, 

carbon and phosphorus in the case of carbon co-doped 
P-BN, it is worth mentioning that the presence of 

oxygen is due to the hydroxyl functionalized on the 

surface which makes nanoparticles soluble in water [7], 
[30]. However, the oxygen peak appears in both EDX 

charts as in figure 7, this is due to the hydrophilic nature 

of prepared photo-catalyst in which it functionalized 

hydroxyl group on its edge[16], [31-33] and it can easily 
absorb water vapor from the atmosphere and XRD 

prove that the only elements that are found in crystal 

structure are Boron, Nitrogen, carbon and phosphorous. 
In the case of  carbon co-doped P-BN, the x-ray 

diffraction pattern gives the same results as in P-BN 

except two other peaks have appeared at 2Ɵ equal to 

27.2677  at diffraction line 002 [38] and 29.9290 which 
shows that the carbon has co-doped with phosphorous 

boron nitride and may due to the presence of graphitic 

like Boron nitride [6]. From the XRD pattern, it can 
investigate that all the diffraction peaks in all XRD 

patterns show the polycrystalline hexagonal phase of 

BN doped with carbon co-doped P-BN  corresponded to 
the standard (JCPDS cards peak [°2Th.] at 27.2677, 

29.9290, 42.0609, 49.0565 and 72.6318 match to No. 

98-018-3256, 98-024-6661, 98-018-3256, 98-024-6661 

and 98-018-3256 respectively for CP-BN) this reference 
numbers proves the practical work. with respect to 

elemental ratios, it has been recorded by EDX that the 

elemental ratio CP-BN have (B=32,676%, N=18.514%, 
P=5.41%, O=13.533% and C=29.862%) as shown in 

Fig. 4. 

Moreover, scherrer equation and Willimson-Hall (W-H) 

equations for crystallite size measurement that utilize 
XRD data have been applied to calculate the average 

particle size, it is found that the average particle size of 

CP-BN is roughly equal to 20.3 nm according to 
scherrer equation and 27.84 nm according to W-H 

equation. As regards to P-BN the crystallite size was 

42.61nm when scherrer equation is applied and 16.83 

nm in the case of W-H equation. Hence W-H equation 
is more suited for determining crystallite size because 

XRD peak broadening due to the strain has been taken 

into account in W-H equation as in the eq.1 

𝛽𝑡𝑜𝑡𝑎𝑙𝐶𝑜𝑠𝜃 =
𝐾𝜆

𝐷
+ 4𝜀𝑆𝑖𝑛𝜃            (1)  

Where ε is macrostrain, β is the full width of the Bragg 

peak and half maximum (FWHM), Ɵ is peak angle, D is 

mean crystallite size and K ⁓1 its value depends on the 
shape and geometry of the particle. In general, the width 

of a diffraction peak is affected by a number of factors, 

including inhomogeneous strain and crystal lattice 
imperfections (the most important factor), instrumental 

effects, dislocations, sub-boundaries, stacking faults, 

grain boundaries, twinning, micro stresses, coherency 

strain, chemical heterogeneities, and crystallite 
narrowness. Peak shift, peak broadening, and 

asymmetry, as well as anisotropic or other peak shape 

effects, are all caused by these causes[39-42]. 

 
Fig. 2. Scanning electron microscopy (SEM) of (A) Phosphorous doped Boron Nitride P-BN and (B) Carbon and Phosphorus 

co-doped CP-BN. 
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Fig. 3. EDX data of (A) Phosphorous doped Boron Nitride P-BN and (B) Carbon and Phosphorus co-doped CP-BN. 

 
Fig. 4. XRD peaks of (A) Phosphorous doped Boron Nitride P-BN and (B) Carbon and Phosphorus co-doped CP-BN.

Two peaks appear in XRD chart of CP-BN at 27.2677, 

29.9290 2Ɵ, while it does not exist in case of P-BN with 

some shifts at peak position, this these shifts are related 
to the structural changes on the P-BN and CP-BN 

crystallite structure. As the dopant type change or 

concentration increases or decreases in crystallite size, 

depending on the nature of the peak shifting which is 
closely related to broadening or shrinking of the XRD 

peaks.     

3.3. Photo-catalytic degradation  

In this research, TB was used to investigate the photo-

catalytic activity of the prepared photocatalyst. In brief, 

0.05 g of photocatalyst was mixed with 100 mL, 5 ppm 
of TB solution and then irradiated with ultraviolet (UV) 

water sterilization lamp 220v-240v 50/6 Hz (UVCD215 

TS 6W). The degradation progress was monitored using 

spectrophotometer (JENWAY 6700 and UV. -vis. 
Spectrophotometer type Perkin-Elmer lambda 25).  

Because the gap energy Eg is 4.1, which is equivalent to 
298.76 nm, the results reveal that both produced photo-

catalysts work in the ultraviolet range. Only radiation 

with wavelengths equal to or smaller than 298.76 nm 
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can initiate photodegradation. The degradation was 

carried out in basic, neutral, and acidic media, as well as 
in basic medium for both photo-catalysts, the 

degradation occurs better, as indicated in Table 3; and 

Fig. 5 shows UV-vis. spectrum of photo-catalytic 
degradation concerning irradiation time: 

Generally, It has been reported that the rate of photo-

catalytic degradation changes with pH of solution. It is 
commonly accepted that in photocatalyst/aqueous 

systems, the potential of the surface charge is 

determined by the activity of ions (e.g. H+ or pH). A 
convenient index of the tendency of a surface to become 

either positively or negatively charged as a function of 

pH is the value of the pH required to give zero net charge 
(pH ZPC)[43], [44]. pHZPC is a critical value for 

determining the sign and magnitude of the net charge 

carried on the photocatalyst surface during adsorption 

and photocatalytic degradation process. Most of the 
semiconductor oxides are amphoteric in nature, can 

associate eq.2 or dissociate eq.3 proton. To explain the 

relationship between the layer charge density and the 
adsorption, so- called models of surface complexation 

(SCM) was developed [45], [46], which consequently 

Table 3. Photo-catalytic performance of P-BN and carbon 

co-doped P-BN after one-hour irradiation of toluidine 

blue (TB) with UV light. 

Photo-

catalyst 

% deg.  

Basic 

medium 

pH=9 

% deg.  

Neutral  

medium 

pH=7 

% deg.  

Acidic 

medium 

pH=3 

P-BN 8.42 3.06 6.2 

C P-BN 16 0.177 3.83 

 

 
Fig. 5. UV-vis. Spectrum of photo-catalytic degradation of 

TB after one hour irradiation with UV light, 5ppm at pH 9. 

affects the sorption–desorption processes and the 

separation and transfer of the photogenerated electron–
hole pairs at the surface of the semiconductor particles. 

In the 2-pK approach we assume two reactions for 

surface protonation. The zero point charge pHZPC for 
ZnO is 9.0. For pH values lower than the pHZPC of 

ZnO, the surface becomes positively charged. 

photocatalyst − OH + H+ → photocatalystOH2
+    pH

< pHZPC                     (2) 

photocatalyst − OH + OH−

→ photocatalystO− + H2O    pH
> pHZPC                     (3) 

The resultant repulsive force between the adsorbate 

species and the adsorbent surface causes a 
comparatively weak adsorption in pH ranges where both 

the adsorbate species and the adsorbent surface have the 

same charge. In contrast, there are pH ranges in which 
the adsorbate species and adsorbent surface have 

opposite charges, generating an attraction force between 

the adsorbate and the surface (pHpzc > pKa for acids; 

pHpzc pKa for bases). In certain pH ranges, these 
attraction forces, together with Van der Waals forces, 

create a maximum adsorption capacity [47]. 

In a study conducted by [46] the team on the photo-

degradation of Congo Red catalyzed by ZnO, it was 

discovered that the rate constant varies with pH value 
and that the best results were obtained in basic medium. 

Another study has been performed by [48] team on 

photochemical degradation of 4-chlorophenol using 
peroxy acetic acid (PAA) as a sensitizer, the result of 

this research shows that as the pH of solution altered the 

order of degradation changes as well, keeping the 
concentration and temperature constant basic, medium 

was slightly more efficient. 

Various studies on toluidine blue dye have been 

conducted by various researchers, and it has been 

discovered that the efficacy of toluidine blue dye 

photocatalysis differs depending on the pH value. A 
study conducted by [49-51] found that the basic media 

was the best, whereas studies conducted by [3], [52], 

[53] also found that the acidic medium is the best. To 
summarize, the efficiency of a photocatalyst is 

determined by the pH of the medium. As previously 

said, the charge on the surface of the photocatalyst 
defines the optimal pH of solution.  

3.4. Optical absorbance properties 
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To determine the band structure of the produced photo-

catalyst, UV-visible absorption spectra and reflectance 
were obtained, after which a Tauc and Kubelka-Munk 

plot was drawn, with the result agreeing with theoretical 

calculations as shown in Fig. 6 [54-58]. It has been 
noted that the result of both equations was very close to 

each other given that 4.21ev and 4.27ev are for P-BN 

and 4.16 and 4.26 for CP-BN using Tauc and Kubelka-

Munk equation respectively.  

The photo Redox potential of produced nanostructured 

photocatalysts was determined as shown in Table 2. The 
valence band (EVB) and conduction band (ECB) 

potentials of the two materials may be approximated 

using the following Eq (4), (5) and (6)[59-64]: 

𝐸𝑉𝐵 = 𝑋 − 𝐸𝑐 + 0.5𝐸𝑔                   (4) 

𝐸𝐶𝐵 = 𝑋 − 𝐸𝑐 − 0.5𝐸𝑔                    (5) 

𝐸𝑉𝐵 = 𝐸𝐶𝐵 + 𝐸𝑔                                 (6) 

In the above equation, the X and Ec are the absolute 

electronegativity of materials (defined as the arithmetic 

mean of the electron affinity and the first ionization of 
the constituent atoms) and energy of free electrons on 

the hydrogen scale (~ 4.5 eV), respectively. Table 4 and 

Fig. 7 show the redox potential energy of both 

photocatalysts at valance band EVB and conduction band 
ECB edges. 

 

 
Fig. 6. Energy Band Gap (hν) calculation of P-BN and carbon co-doped P-BN (A) Tauc plot (alpha hν)2 Versus and (B) Kubelka-

Munk plot. 

Table 4. valance band, conduction band and energy gap 

of both CP-BN and P-BN. 

Photo-

catalyst 

Eg (ev) EVB (ev) ECB (ev) 

P-BN 4.223 3.577 -0.622 

CP-BN 4.1618 4.0728 -0.09 

 

3.5. Photocatalytic mechanism 

Scavengers trapping experiments were performed to 

show and support theoretical calculations. In this 
experiment, Isopropyl alcohol (IPA), ascorbic acid, 

sodium oxalate, and potassium bromate were added to 

determine the active species in degradation experiments 

as shown in Fig.  8 (A) and (B). It has been shown by 

experiment that electron (e-) at conduction band which 

produces super oxide and hole (h+) at valance band 
which produces hydroxyl radical are both responsible 

and acting in the degradation process. However, sodium 

oxalate and potassium bromate scavenger trapping 
experiment shows the low efficiency of degradation that 

is due to rapid recombination of electron and hole [61], 

[65]. As it can be noticed from Fig.  7 that trapping of e- 

and h+ was very low, this tells that the recombination of 
excited electrons is very fast. For scavenger trapping 

experiments, 15 ppm of TB was mixed with 1mM of 

scavenger, then degradation proceeded as in the  photo-
catalytic degradation part. 
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Fig. 7. Schematic diagram illustrates the principal mechanism of both photo-catalysts  P-BN and CP-BN. 

 
Fig. 8. Scavengers trapping experiments of active species in the photocatalytic reaction with 60 min UV. light irradiation in the 

presence of (A) P-BN and (B) CP-BN. 

0

2

4

6

8

10

12
 IPA

 Na2C2O4

 KBrO3

 Ascorbic acid

 No Scavenger

No Scavenger

Ascorbic 

acid 

(O-.
2)

KBrO3

(e-)

Na2C2O4

(h+)

IPA

(OH.)

(A) P-BN

(B) CP-BN

0

2

4

6

8

10

12

14

16

18

%
 P

e
rc

e
n
ta

g
e
 o

f 
d
e
g
ra

d
a
ti
o
n

Scavengers trapping experiments 

No Scavenger

Ascorbic 

acid 

(O-.
2)

KBrO3

(e-)

Na2C2O4

(h+)

IPA

(OH.)



S. A. Idrees et al. / Iran. J. Catal. 11(4), 2021, 405-416 

4. Conclusions 

Overall, phosphorous and carbon have been doped into
 boron nitride using two different chemicals: phosphori

c acid, boric acid, and ammonia for P-

BN and phosphoric acid, boric acid, and urea for CP-
BN. Both photo-catalysts were UV. Light active. It has 

been shown from scavenger (trapping experiments) that 

both hydroxyl radical and super oxygen are found 

during the degradation process, but their efficiency is 
incompatible due to rapid charge recombination 

between electrons in the conduction band and holes in 

the valance band, as demonstrated by oxalate and 
bromate scavenging experiments. B3LYP and HSE06 

hybrid functional coupled with GGA/PBE local 

functional were used in this work, it has been noted that 

the result given by B3LYP was closer to experimental 
data. 
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