BiSX and BISX/g-C;N, (X = ClI, Br, I): Synthesis, Characterization,
Photocatalysis of Carbon Dioxide, and Crystal Violet Dye
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Abstract

Using a simple hydrothermal method, we successfully synthesized a series of BISX compounds, belonging to the group of V-
VI-VII compounds, which includes BISCI, BiSBr, and BiSI. These compounds have been under investigation since the last
century due to their potential for optoelectronic applications.The binary composite photocatalysts BiSX/g-C;N, were prepared
by mixing varying weights of g-C;N, and heating the mixture at 100°'C for 4 hours. The resulting products underwent
characterization using XRD, FE-TEM, FT-IR, SEM-EDS, DR-UV, BET, PL, EPR, and HR-XPS techniques. Discussion on the
photocatalytic efficiency of BISX and BISX/g-C;N, demonstrates significant effects, as these catalysts were utilized for
converting CO, Into hydrocarbons and for the photocatalytic degradation of the organic pollutant, crystal violet (CV), suggesting
their promising potential in mitigating environmental pollution.
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Catalysts Preparation FE-SEM-EDS

BiSCI-1000x BiSCI-5000x S BiSBr-10000x € o BiSBr-20000x W BiSI-5000x P BiSI-10000x

Toluene
220°C/48hr

—g-C3N4-20230609

= SK 9.95 33.18 |
SK 11.96 38.07 ‘ 8.68 33.44

CIK | 791 | 2278 BrL 25.15 33.63 IL | 3292 | 3204
BiM | 80.13 | 39.14 BiM 64.90 33.19 BiM | 5840 | 3452

] Totals | 100.00 | b T ¢ e | Totals 100.00 .. . Totals | 100.00 |

Na,S,0, BiSBr

Toluene
220°C/48hr

z = LA B0 S6 R e o, i - ] o % 4 % - | ’ 2 6 8 10 2
~ > o 0ep IPs 120 e 0 9 = ¥ e 2 N AANR Amr AN S 48 Scale 2494 cia -
3 - . z| 5% P
'C N = . BiSBrgC3N4-25% £ /o - 3 N o :
g 3 4 B = le C N £ & ! 1 0s0 |* [T %o * 0 } — AL = g " B v P > ; i S g g-CJNJ-SOOOX
- i o = o - o’ o 1 . B st 4 e g = 3 § - E
I g 3iNg = - . BiSBr/gC3N4-10% = . P 05 i i SRR ey i S8 : NS S - B
¢ y B o0 g0 0 o, S e 2 7 Rs, 'y “i2y - = e g o 7. 7\ 4 4 Lo
; - —— Lt e e B e 1 g AR "y =\ 5 S, al 4 , QG
- ) S A = o N . - 8 ol
| | . L) L]

“BiST/gC3NG-5%

—BiSI-180-24

5 40 45 50 55 5 5 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 % = B * B3 - # A b 7 -
2 Theta(degree) 2 Theta(degree) ‘ : N = 2o 5 - s *, g

Element Weight% ) E— ‘::'t;:"_
CK | 1053 | CK | 13934 | 5187 Element ‘V\mght/o Atomic%

NK | 052 | NK | 398 | 4507 ; S
SK 829 | ‘ SK 2.19 1.08

Na,S,0, BiSl

|

Ethanol K | 1077 | BrL | 464 | 092 NK ‘ 69.09 ‘ 65.71
BiM 69.89 Bi M 13.97 1.06
180°C/24h » : ‘ - ~

Totals |  100.00 ; Totals 100.00

(X = Cl, Br, 1) and BiSX/g-C;N,.

fFut Scale 3296 ct

« BiSCI(120)
d-0.4160m

(b)Bi-4f

415,
164.0eV

2psp
197.95eV

FWHM=1.5
FWHM=1.24

L

(0L 1200 1000 800 600 400 0 < < - s - - - ' 204 200
~(121) Biding Bacgy(e) 2 1163§ndino i: 61;191-gv(e {/6)0 156 3 Binding Energy(eV) Binding Energy(eV)
B = ) = )
-4 (110)
- .

0
ull Scale

2 4 6 8 g 10 12
2980 cts Cursor: 0,000 kev|
[ Totals | 10000 | |

C-N=C o o (h)Bi-4f g
397.9eV - afs, p 157.1eV
162.35eV
-C=N !
399.53eV

5

7
10000 [ |

72

000 | |

R FWHM=1.5
7 =1.5

Fig.3 (a) FE-TEM image, (b) HR-TEM image, (c) SAED and (d) EDS of BiSCl/g-C;N,-5wt% sample, PP . .- Fom-L o ‘ | =y
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= = i Figure 4. XPS spectra of the as-prepared BiSX/g-C;N, samples: (a) survey XPS spectrum; high-resolution XPS spectra of (b) Bi 4f, (c)

s S 2s, (d) Cl 2p, (e) C 1s and (f) N 1s of the BiSCI/g-C;N,-5wt%; (g) survey XPS spectrum; high-resolution XPS spectra of (h) Bi 4f, (i)
Fig.5 Photodegradation of CV as a function of irradiation time over different S 2s, (J) Br3d, (k) C1s and (I) N 1s of the BiSBr-gC;N,-95wt%; (m) survey XPS spectrum; high-resolution XPS spectra of (n) Bi 4f, (0)
BiSX/g-C;N, photocatalysts. S 2s, (p) I 3d of the BiSI.
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Fig.12 Band structure diagram and possible charge separation
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