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Abstract Bulk carbon nitride (g-C;N,, CN) prepared by using different nitrogen-rich carbon sources as
precursors, using liquid nitrogen as the stripping solvent, using high temperature-rapid gasification com-
bined method to strip the bulk CN to prepare the ultra-thin CN nanosheets were successfully applied to the
degradation of photocatalytic pollutants and the construction of environmental hormone electrochemical
sensors.After a series of optimizations, the nitrogen-rich carbon source and carbon nitride stripping a-
mount with the best preparation conditions were obtained, and the results showed that the specific surface

area of CN prepared [rom different nitrogen-rich carbon sources was greatly increased alter stripping, and
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CN prepared with melamine as the nitrogen-rich carbon source the average thickness of CN lamella is the
thinnest, 1.5 nm.When the peeling amount is 1.0 g, the peeling effect is better and uniform, and the spe-
cific surface area is relatively large.Compared with the bulk CN, the specific surface area of the stripped ul-
tra-thin CN increased by 8-12 times, the average sheet thickness was less than 2.8 nm, the number of a-
tomic layers was adjustable, and the impedance was greatly reduced. The rate constant of photocatalytic
degradation of RhB is 58 times higher than that of bulk CN, and it has obvious electrocatalytic activity for
the environmental estrogen tetrabromobisphenol A (TBPPA).This article provides a new idea for the in-
dustrial application of large-scale preparation of ultra-thin CN nanosheets with adjustable atomic layers.

Key words ultra-thin carbon nitride; liquid nitrogen; stripping; photocatalysis; TBPPA
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cfu mI™" KRIAFFEEFTTE 4 h ] SL CN 58 &858, i KA FF L Z) 3 log M1 5 log, Fang 851 @ 43 i F TE K
2 Z i CAED) VE 2y % Bl 77) o8 33 85 4R 4519 2D CNNS 1R B 1] LA 32 3-4 nm., 5 BCN ALk, 2D CNNS
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=R FH M (Melamine, Ma) ; —55 % (Dicyandiamide , DCDA) ; #i Jk ( Thiourea, TU) (|5 24 £ Fl fk 35
A BRAED 5 PUIR XY A(Tetrabromobisphenol A, TBPPA) ; i A& ;18 MQ « cm ™' #4li /K ,

XRD(X-Ray Diffractometer, AXS D8Advance, Bruker, f [# ) ; TEM( Transmission Electron Microsco-
py.JSM-2100 %, H A< 8, 1) ; Raman ( Laser Confocal Micro Raman Spectrometer, DXR, 3£ [H); UV-Vis-
NIR (Ultraviolet Visible Near Infrared Spectrophotometer, DSR,Cary 5000, 2% [E) ; B fk 2% T /E % (Electro-
chemical workstation, CHI660C &Y, | iff JZ #2) ; 9¢ ) )6 3% 1L (Fluorescence Spectrometer, FS, Jasco FP-
6200, HAS) s X HF£ % M 7 g3 (X-ray Photoelectron Spectroscopy, XPS, MULTILAB2000, 3% &) ; [t F
FUMRAY (Brunauer-Emmett-Teller, BET, ASAP 2020, Micromeritics, 3% E) ; i 7 J1 B i 5% ( Atomic Force
Microscope, AFM, &) ; 64k 2% )2 W (Photochemical reaction instrument, BL-GHX-V,HH ),
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1.5 AeE ik

BT 1 B A A TR R TS BRI Ak R R 5 w19 UCN MM, M ET. A 1 mL 1y
1077 mol/Li TBPPA T* 4 mL By pH=>5.8 MR Z% mid W b - O LAk 2 TAR S R A 22 PO AL AR
- AR A (Ag/ AgCD Sy 2 Lo B AR, 35 B Fi A Ay T AR Fl A 1 — P ARG AR 3R 1447 90 PR AR 22
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2.1 UCN &) &4k

XFETARAS ) UCN (BSR4 TEM RAEGIE 1 Frs. &l 1Ca, b) B UCNss010 Al UCNs0.5 3 4 i 1Y
KA AR UCN 0 B Gt AT RE R M, W& 1, d) 2 &t FE— MR 45 3 UCNs010 1 » UCNGg0s 1 3
NN R . M T HER BB TS AR UCN AYJEERE X UCN i — 2 E 47 T AFM R AE . 45 R £ . UCN0
F UCN- g0 28 0 R HR L HF 2 23 50 9 2.8 #1 1.5 nm, JE T2 43 5120 8 EF 4 2, UCN: H 8
W5 TEM 251 W&, 7 550 A1 580 °C i — 20 PR — U, ] UCNGs000 41 A1 UCNsg0s o Ho P Y B FE 4351 2
1.0 A1 0.68 nm, Ji 2 W 43512928 2 )2 A1), Ud W e T 0 B ROR AR TR TR . EL3 B KD (™= B A X
-
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Sample Element Assignment Position /eV Area Concentrate/ %
C-N 284.6 24905.6
Cls
C=N 286.1 40789.9 40.7
BCN:,gU
N(sp?) 398.3 64613.6
Nls
N(sp®) 399.6 24954.3 59.3
C-N 284.6 53039.0
Cls C:=N 286.1 13788.8 51.0
0-C-0 288.2 21306.0
N(sp?) 398.3 19391.8
UCNs80-5+1
Nls N(sp*) 399.7 3916.5 14.7
NH. 400.7 2138.9
C=0 531.6 29335.8 34.3
Ols
O-H 533.0 29943.8
C-N 284.6 44528.8
Cls C:N 286.1 12241.0 50.6
0-C=0 288.1 19401.6
N(sp?) 398.3 18000.1
UCNs50-10+1
Nls N(sp*) 399.7 3033.2 15.6
NH, 400.6 2499.3
C=0 531.6 24275.1 33.8
Ols
O-H 533.0 26502.0
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XF UCN By e Z A Bt 4T 7 XPS 2047, 8 4 FE 5 43518 UCN 50101 A1 UCNg05-1 AY XPS % &, Higr
Brés R 2, @ X A R SR UCN & O & & B W38, UCN 0 A UCNsgos o 43 BI3E I T 33.
80 FN 34.3% X S H S UCN 1Y b 2 i BRI & 1% K, W B BB 1 184 5, 25 orh K 9 HL O, CO, B B [m] 1 C
B AL, JE & C-N, O-C=0, T L O & & B3 75 % 48 N & & 6 B & 2, UCNy00 0 A
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2.2.1  ATERAR, FTIRARTETR U CN i B v sz AR 22 75 1 00 5% 0, SN 4 12 RITA B4 1) 28 16 JE i CN il 72
R B R A R R . AN O IR Y Ma R CN H: Eg ATl . eAh, &7 DRGNS T
UCN F SO A 38 DA B W 614 i 25 5 01 45 T AT SR A g 28 LA TR] . T 3R R 1 SR IR A ) L & B UCN 25 4 th
—EM SR KRB RO SR AR I LLshe s m &R B A 580 °C R AT

AN [R) A SR A4 1 25 R 1 XRD 401l 6 BT 7R . A1 S22 0 1 SN 27.3° 1 g0 . R BRI B8 J5 UCN %037 51 1 3
KSR T, I Hom B 55 . i 580 °C R il 5 i UCN 5 B8 51 55 . 0 2 PR oy Fr J2 00 3 10 2.

T R FE AN RS A5 1) UCN (AL AR B R G b 2 T8 BRI OC R, MEAT 17 45 I 280 /<0 W S IOG B 3.
3R, & B [a] i R A4 i A% 09 UCN (19 b 2% 1 AR 2 K 34 0. UCNsg.-DCDA 11 L 3% 1 FH i /)N T
UCN;505-Ma Fl UCNi50.5-TU, UCNsg05-Ma B L2 5 K s UCNs505-DCDA 1 FL A 5 /) o FL 25 18I0 g fff i
B

e’ . BCN
x3 BALMAEGEEH &N UCNEERERMWIALS
WWW
Surface area Pore volume

Sample
g‘ BCN-DCDA /(m? » g™ /(em?® « g~ 1)
(=1
Q
& UCNs5.5-DCDA UCNi;40.5-TU 122.86 0.455
BCN-TU UCNGs50-s-DCDA 111.16 0.380
PP Y UCNj550-5-Ma 120.35 0.521
MR prian ) "V a.MM.,.UCNSSO'ﬁ_Ma - - ’ ’
20 25 30 35 40

20/(°)

el 6 A I iy 8044 1] 7 /9 UCN ) XRD &l
WA 7 fiR R AFM 2 AE UCN B JE B, UCN50:-DCDA L, UCN50:-TU 1l UCNsg5-Ma F 2 25
JESY R 4.3,4.2,1.5 nm, Fl UCNsy5-DCDA Fl UCNg05-TU A K F AR AT EL » UCNsg05-Ma Sk 2 /1N 11 55 k7
Fr H AR # . UCN g0 -Ma 2928 2 J2 . UCNigos-DCDA 1 UCNe0,-TU 2928 6 J2 ., 34 K LA [7] Fi 9844 45 4
ANIRAF S UCN A AS TR AE R HAE 7S JCFR A9 16 45 K4 19 Ma. 28 3045 B 2 | 365 T8 LA /S oo 3R &5
P )RR AR 7 A8 6 ol B o 5 T BT 1 245 4 T 45 B ) I Vb A

(@) (b) O

b TN R,
Heignt Sensor Heignt Sensor Heignt Sensor
4.3 nm ‘ 1.5n

Igl 7 Flﬁlﬁﬁgﬁ%iﬁl%‘rﬂ‘] UCN m AFM |%| (d) UCNgso-B'DCDA; (b) UCNggo»E'TU§ (L) UCNsso»s'Ma
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2.2.2 FEEF, 1E580 CE&MFHMk# 0.5,1.0,1.5 g BCN #4734 25, 4 8] ) UCN 43 Hid i UCN-0.5,
UCN-1.0,UCN-1.5,H AFM 45 5 (LK )48 914 ,2.2.1.5,10.1 nm, o] A1, 76 & i 40T L 50 8 1k e
JE PR 320 % [ v 388 98 30 5% G0 AR AR S T A3 A S8 4 ) B I 5 | Ak A HA 5 R TR b ) S AR R 2 S B e 5
M i A8 . CN-1.5 F )2 3R B2 10.1 nm., Al fEA& T 3 KR, S BUZ A 5] 7 12 Z [ 184 T R hE
Wi B R B RO AN B R BE R 1.0 g R B & ifE AT 5 22 9T .

K8 UCNM AFM i¥% (a) UCN-0.5; (b) UCN-1.0; (c¢) UCN-1.53 (d)-(1) A i DX duk; 14 J5L 55 45 4 1
2.3 LIRS VR B T
2.3.1 DSR.FS.t&iiferminsg 4. E 94 UCN B DSR fl EIS, # 5 J5 UCN k78 i, th F & + PR il 3%
L7 B E, 38958 BON 85K, Hof UCNGgs 1 8 EAH 2.96 eV #5c KL E, #K MG E& 7= 24 19624 LT3R R
8 1 FI 25 AR BE Tl B AR . R 28 U BH AT I 3 3 AE A R A A T AR R R B T, B 9 (b TR,
UCNg0.5 41 F1 UCN 5010 - BE ZS 57 R R ITAR 22 48 KL %8 BCN B9 BHPT IA S0/ o HoA fe/0s L U IA )2 7 ) 4%

i F B AR
2.5 300 . = e
4 @ UCNi50.54 (B) + BLN B A
_— UCNGss0.10 a *
2.0 UCNsg0.1041 ™
.0+ 4 UCNgg.5 A .
UCN550-5 e A
¢ UCNss054 4 ¢
UCNisg0.10 2001 4 ¢ 4
154 ——BCN 4 UCNisg0.1041 <« « ‘A < - ‘A
< >
ES < A o° ‘ « A ;
< <] < P - .”
S N « > %s e A< >
1.0+ | « OO A ‘4 »” N
1004 < 2% Ty A ] 44'
p o o ok g w
A A 5 N
0.5 3 v“
0'01 5 2.0 2.5 3.0 3.5 o 0 200 400 600 700
Time/s Potential/V(vs Ag/AgCl)

Pl 9 UCN FEsh (a) DSR spectra; (b) EIS(0.1 mol « L™ KCI fil 5.0X107° mol » L™ [Fe(CN) >/ & # ,
JEB I Z% 1, S R 10° - 1077 Hz)

(b)
0.3 K
kﬁl .
2 0:21 L Q_‘ k
E S
v
~0.11
T ——
g v
400 0 440 360 480 500 00050 100 150 200 250 300 350
Wavelength/nm Potential/V(vs Ag/AgCl)

¥l 10 UCN FEfh (a) FSEIE; (b) BRI A (WA P KN 270 nm, T .11 IV LIV 43908 UCNss05+ 1
UCNSG(]-IO 1 \UCNM;O-S \UCNSSO-N *" BCN)
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He/k HF23 A BACR AT LU FS RIS G A iR M . 181 10 i F'S 58 55 05 55 H B i i O K/
P M AL . UCNiges o HEHL IS8 BE AR b UCN50-001 « UCN 505 « UCNG 500 AT BON 3K 136 e e 5 117 2€ S 5 B i
i, R W] UCNsgos 1 DOGAE L F 25 X G R E AR, 725 8BS O AE 4% i 31 3 T 0% Bof (o) B G , PR
J2 R B R T RO AE s I E A% AR S U BIA O o B RATE )2 R BN TR B
A ) 2 R o T PR RO . R A O L AR FR IR 3 U K T AR R E L B AR AR e
2.3.2 UCN Et& ey @y m M. AWK UCN o WOGH LR i RhB 25 5 WA 11 (), g1 BT UL,
HEALRE % RhB JE4T 15 min B UCNsg0s41  UCN 505 « UCN 5010 s UCN 500y BB R0 514 93.5%.90.3% .
78.0 %6 F 91.7 U6, A 2 g 19, A =R AL ) 0 AR R 23k 9026 BL B AH T BCON 1 38 R B
0.00238 min™", H: &M R H 5043 %4 0.235.,0.171,0.137,0.185 min ™' F, 43 40 T 98.72.58 F1 77 £,

e

H

5

4
b
14 \La ) ( ‘)— UCNsxo-s +1
—a— BCN 317 T UCNs50.1001
0.8 —a— UCNjss50.40 UCNig5
UCNssors 27 — E(CZESSMO
—a— UCNi50.10+ —
0.6 UCNSSO'IO ' Bare electrode
—— 580-5+1 i 1
=
0.44
0-
0.2 \ 1
m——
\:$|
B4 0 5 10 15 20 25 ?&01 0.0 0.2 0.4 0.6 0.8
Time/s Potential/V(vs Ag/AgCl)

P11 UCN b (2)RhB RRfi St 2 ; (b) TBBPA {45 55 4k 2 wi 13 %l

UCN Xt TBPPA i 4 1k 15 B AR 42w i 45 SR UL & 11 (b)), TBPPA #E UCN:s010 » UCN:g05 s UCNss0104 1 »
UCN 0.5+ 1B 4 FL AR _E A0 97 23 512 BCN B9 1.06.1.1.1.2 F1 1.4 £, i8] UCN Ay B4k G ] B3t s , X
5 FS.EIS.BEit % s 3t b 28w ALl 25 SR W &

3 ki

RS rp R A R O B L JC B T T U SR ) S R R AR A ML R R S, ON Sl e e - R <
PRI 7 10 A TR S R BT 5 TR A v CNDBEHE R R BEA D 0.68 nm, JLLE SR TET AR /& 3% 186 m* /g [F) i
JE BV REAE /N A8 T OGAE LS A BRI T OGAE AR R ) . e [ AT T v A5 i CIN R
ABR TG E R TE 2 2,96 eV TEREMA HLTS Y44 RhB 1 52860 v, HRe g AR 52 T 73 100 A% . B i Jr ik B
A BUESE , SOAAR AR FNE & Tl RN & 2k s IR T BA CN R 4 0 1 (9 3 22 B 8, 3% 59
T FRARRA ] F B2 CN Y BRER

%z % X W
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