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Abstract: Copper-doped carbon dots (Cu-CDs) were fabricated through bottom-up hydrothermal method based on
L-tryptophan, folic acid and copper chloride. Characterization of the carbon dots’ structure, HPAM recognition
mechanism, and degradation performance were conducted using transmission electron microscopy, X-ray
photoelectron spectroscopy, and steady-state transient fluorescence spectroscopy. As a result, Cu-CDs exhibited a
high quantum yield of 60%, proving capable of anti-ion interference and specific recognition of partially hydrolyzed
polyacrylamide (HPAM) in water. The fluorescence intensity ratio (I30/l459) of Cu-CDs displayed a strong linear
correlation with HPAM concentration from 1 to 1000 mg/L, with a remarkable detection limit of 0.27 mg/L. The
degradation of HPAM achieved a rate of 78% within 2 hours under 365 nm ultraviolet irradiation, showcasing the
efficacy of Cu-CDs. Even after 5 cycles, Cu-CDs retained their high degradation efficiency (67%) , underscoring
their exceptional photocatalytic stability. This study presents a practical approach for the precise detection and

degradation of HPAM, offering promise for the effective treatment of pollutants.

Key words: radiometric fluorescent carbon dots; HPAM ; specific recognition; photocatalytic degradation

s B8 XXXX-XX-XX; 83T B 1 : XXXX-XX-XX

EEWE: B IJe A A E AR R AL TE T AR SO0 JE G BT SRR R E S H (YQIH2024036) 5 7 Ak 4 LA T I H (ZYX-
WST2021061) %)
Supported by Program for Young Talents of Basic Research in Universities of Heilongjiang Province (YQJH2024036) ; Project
of Jilin Provincial Department of Health (ZYXWST2021061)



2 -

¥R

e

1 3l

43 7K A SR T 0 Bk e (HPAMD) A Ay — o £k 754
IRV o AW AR 5 K Ak 38 T A5 3
J7Iz N MY A T SRCG A BR h 4R  R R
RERCEEMMER, R, HPAM B SR B i ™
A B B DA R T B LA, B B T 75 AR RN
W M Ok N 288 fil R R R B O S A S R
HPAM s 2% 3 J i FH R H 7K ek IRXE | 52 el oK
TS I AR 1 S 7 R = R B L o2
HPAM, M HE 2 Bk HAPM 3% 8 I 28 B IR &R WA 3L
2 ST R LIPS S

W H R FHETE S B H B Ve R - A
o 3 R I 35 A AL AR 35 00 B A2 K R HPAM 1) V&
R, SR, HPAM 35 W6 RN B L 145 1 R4, i R
2337 BN B R A, BEARI A oRS B . A
FRIRSE 8% B B9 HPAM Jy I, 2k & — U 21
8 h 22 [ ik 5] 66%'"'; ZnO 44 K 4 X} HPAM % i1}
KB HEILRE A, 6 h N 5Bk 5197, {H iRy
22 HURR B — B R I B B A HPAM, 76 S B A ) 5
BTG YL i R v 2 32 B IR R W 3 Ak
F BRGNP, e Sife B AS: I A e ik 2K B 8 o
HPAM FF 5% S ELAT 24 R F08E A 8 1) Bk i

B 1 1 o5 (CDs) LA AT 9 38 & 58 0 2 4
BUAAG , P58 A 4 45 5 0L R4 R FSE CDs 1Y
PO E 2 A & G K 1 SO IR L, R AT RO BR
TR e B AR AR AR AT RE RN E S TR
& )T TR SR Yan W T A5 2 i 5 /40
Y K HE e SE R ARSI Cu® L 7E 0 ~ 60 M 3 [ 7Y
DGR H (Teos/Luss) 5 Cu™ W FE R C R, I
TRAG IR 0. 13 WM™, HL 35 Gk i i n] 52 BLAE
A PN AR S 358 2 P ARG T 1L - 2 R A pH Y R
T A B OO RE 7= A T s o, B AR LR
AL B R A FLIE e ™. Bl A, Aggarwal & B G i
PR B s H T 25 T T O B A A AL S Rt 2
S SR, A b AU ke s T TR HE U O
JE AR AL B A HPAM 7 T8 09 F 5% 18 JC AT ] i 38 .

AR RA Lo R I 1R R SR AR R O R SR
BRI B 05 K A BT B RO & R
V£ [ #1358 2% Bk 5 (Cu-CDs) , % 6 & F 72 Rl
60%. FifiF HPAM BV 2 I i 28 IR BT 1 &
S K AE 360 nm Ab 1) 52 658 B AT FEAIK L, 450 nm
Qb 1 9 5 5 BE AR A8 BTG , T8 il — ol Ll 2R R 14 5
m py, BB B T TG T . 986w Al g s

W' 1% 45 SR AIE W32 bE 3 0O R BT LA S K 1
J7 A HPAM (4% % . [a] B Cu-CDs B A7)
AL % fi HPAM Y PERE L 2 h B R ] 35 78% , 22
i 5 AE G, Cu-CDs 5 B A K4 10 4 Ak 1 B .
P TS RIS e o DIk i 1 - Rl B 7 N
3, 0] R RO D 5 R i HPAM, 7E i D HL 5% 58 4 30
B 15 Yy B W AR N AN A

2 % B

2.1 SR F

SIS AL AN B BT T W BE (TEM) : Tecn-
aiG2F20S-Twin, 32 [E FEI /A A ;8 BL ik AR 3 21 40
AL (FT-IR) : TENSOR27 , il & £ii & va /8 &) 5 96l
43 66 BE 3 0 1855, 92 [ Perkin-Elmer 23 ] 5 %8 4
A LW OG5 AL (UV-Vis) 0: UV-2700i, H 4% & ¥t
3] XSO HL T RE IR (XPS) : ESCALAB 250,
FER A R BE R A A RS B S SO IB X
Quanta Master 8000, &= K HORIBA A Al 5 4k 2%
AL+ ZQ-GHX-V, I ifg 4 15 Bl 2= AU 4% A )
NG

SR ) - L- 8 & R (L-Trp, AR) & 1k 4
(AR) .M R (FA,AR) . &b (AR) . &AL 45
(AR) . — & b % (AR) V& LR (AR) . =& LBk
(AR) &ML 58 (AR) . A L% (AR) . S L&
(AR) . ~ & b 5 (AR) . & 1L 84 (AR) | B BR B
(AR) BRFREH(AR) R TR Z 80 (AR) EETREH (AR)
B ¥ g b T AR e A BR A . EB 4y
TR it 5 VN 0 Bt e (5 X5 43 -5t 2000 07, K il BE R
22% ) K A K P& H .

2.2 Cu-CDsLb RFEFEEHH &

$0.1 g -85 2 .0. 05 g M FZ F10. 05 g & 1k
BT 15 mL B TR BIEGHRE TS
JE R 28 W, 78 180 “CF [ 1 8 he BT 451 Wi B
T ELHLES L 10 min( 10000 r/min) , W5 b i,
i 3 # B8 4> T 1000 Da (1) 35 My 44k 24 h, 15
SRR s o BB SR R TR AR BIIR B A
B R R, BT 4 "COKAE R A7 o R A R 69 5
BA BT KRB CDs, X H S5 45 o
2.3 HPAM#&

F ] 10mg/L () Cu-CDs I W 5 A 5] ¥ JE (1-
1000 mg/L) () HPAM ¥ W& [ (& B 58 20 T A, i
VS WAE 300 nm A AT 98O0 & 5 B o
2.4 FENFEREHPAM

M 28 25 PF N, R 36 358 A o 1) 0 2 B 1 A



WA G, 55 HEARSEOL B i X 8 7 7 A 28 TR A Tt M s o 1) 45 I i 3

I 8 HPAM 1% 55 40 St i £k F% A i 72 0 B 10 mL
Cu-CDs ¥ # (1000 mg/L) , 5 90 mL. HPAM ¥ i
(1000 mg/L) IR 4 , & F 25 “CHHE /K % g+ 20
min. PR WS T OGRS ROBAYL, >R 200 W,
365 nm 58 S0 Ak A SO 2 h, B 10 min HUS
mL YL B0 10 min 7 A7 UV-Vis SeREI I, 5
SIS V4 G 3 4 SR X B, O 3 2 i HPAM
K BE HE— 25 K 5 HPAM [ f# % . BRI %D &R
HPAM ¥ W6 AT IS L #F 210 nm &b Jr i W6 B2 11

GEEER
D =[1 —(jt)] x 100%

2 A AE G B R P HPAM W TR TOG BE 5 A
J& HPAM ¥ 10 10 46 W 6

U6 PRI A 52 3 3L 5 U, BRI B A 2 IR 25 R
A 2o AR DA R, HEAT TR — U P AR S 5

3 #R5it#

3.1 Cu-CDsHIZHRIE

TEM & A 7R Cu-CDs > JC B i 5 BR A4 Bk 92
Yl K R R AR S B A 2~6 nm, - ¥ K7 4% 4. 49
nm. 1 20 B B Cu-CDs N A7 7E & 4% 15 5
80, AIEE 294 0. 20 nm, 5 1 Sk 5% 4% 7Y (100)
fn I —S(E 1) .

1 Cu-CDsif 5 HL+ i B8 51
Fig. TEM image for Cu-CDs

FT-IR %% ¢ W] Cu-CDs 3% Ifi 17 75 45 1F & fig

M. 1660 cm™ F1 1616 cm™ i WY i 43 551 & - ok e

FEP ) C=0 F 41 B4 AL C=C Y 1 45 IR sl 1, 1581

e FEAE U T Sk N-H 19 25 i 4i 25 i, % B Cu-CDs

2 11 A7 6 Tt g 3 T 5 740 em™ 5 A0F 05 g 4 55 % 5

AN MRS, HIL, Cu-CDs 2 1 1) &

B ORESWMSMEMEH T B,

KB4 CDsHH I, Cu-CDs 7E 1118 em™ &k C-0 3 4]

F1R) W WS U A AR, A I B R A2 A D I 4
HR(E2),

T/%
-
o

3554-3402 c=0 il 740
| O-H/N-H ) '“fc_c , Cu-0
4000 3500 3000 2500 2000 1500 1000 500
o/em’™

2 L-Trp,FA,CDs Ml Cu-CDs ZLA1 63 &
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Tab. 1 Real water sample testing
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0 — — —
5 5.14 102.8 1. 65

AKX 10 10. 08 100. 8 1.21
30 29.95 99. 83 0.98
0 —_ — —
5 5.11 102.2 1.36

E i a

BBk 10 10. 05 100. 5 1.08

30 30. 06 100. 2 0.95

I R T B I I8 R 2 b BRR SR K, K AR B IR 2.
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