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Abstract: In this study, response surface methodology(RSM) was used to study the effects of micro-
wave action time (T'), microwave power( W) and the ratio of common lophatherum herb to deionized
water (R) on the fluorescence quantum yield (QY) of N/Si-CQDs prepared by microwave method.
The significance order of the influence of the above process parameters on QY , and the correspond-
ing QY regression model and the best process parameters are obtained, and the optimization results
are proved to be reliable through validation experiments. The average particle size of N/Si-CQDs ob-
tained by the best process is small and evenly distributed, with good dispersion in water, excitation
dependent emission characteristics, high fluorescence stability, low cytotoxicity to HEK293 cells.

And the N/Si CQDs can be absorbed by cells to illuminate cells, so as to clearly distinguish cytoplasm
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and nucleus, which shows that the N/Si-CQDs can be used for cell imaging. This study not only pro-

vides a new idea for the high-value utilization of bamboo leaves, but also has reference value for im-

proving the efficiency of microwave preparation of biomass carbon quantum dots and promoting their

application in biomedical fields such as cell imaging.
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Tab. 1 Response surface test factor level coding table

=
AE T/min WIwW K
(mg-mL™)
-1 10 400 15
0 15 600 20
1 20 800 25
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(G90F23CN3LV-C2 (S5), Galanz, China) H #E47{
P b F55 =20 HUI R AR, A 30 mL £ B K
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Si-CQDs ¥ 7K (2 mg) 54 KBr(200 mg) #4144 2],
JEH (JEFEF 1 mm, B4 13 nm) , B 0] A F 0 2 21
ARETE . BUN/SI-CQDs B3 A (0. 1 ¢) , K B (JE 1
mm, H 25 nm) , Bl A] H F 0 2 XPS, 45 & AE AR P8
284. 6 eV Y C 1sWEAS I
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& XM N/Si-CQDs i Fe AR i & e o

R (1) 38 N/SI-CQDs [ ¢ 6 17t 177
QY (moy)™. BELEMAE 0. 1 mol/L HRIR 1Y
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(96T B BT AL, FAR RIR RS e, X AR
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¥R, o % 8% N/SI-CQDs Z 18 2y 7 J B 71+
PG O, 78 pH=7 09 25 144 F 43 3 76 e ) /9 N/Si-
CQDs KW (0.5 mg/mL) H il AAS [H] 5 %) Na-
Cl, ffi NaCl 1 ¥ B ik 21 48 % {6 (0, 0.02, 0. 04,
0.06,0.08,0. 1 mol/mL) , i 5% N/Si-CQDs 7E A~
7] NaCl ¥ B T 75 f5c A 08 & I K Ak 1 28 56 0 1% 2
3 76 N/Si-CQDs 76 A [A] pH 45744 T iy fe e 1 55 58
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SR N/Si-CQDs (17 658 B (FL) o
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0.5 h, 28 J5 BL il 10% Jif 48 1038 1003 F1 1% ST Y
B % 5 R AR I T T RS B PR A 0. 25 g SR AR 1 il
) 100 mL 25 5 b, Il 2 45 22 vl (PBS) ¥ fif
JE A 3 O M A TEC ) - A B TP oA b R TS 1 B 7R
BB THRM PSR (37 °C,5% CO,) R 24 h
B, 15 40 M 25 B3k B 70%~90% . JH I 75 1 it

208 0031 A 440 B

20 g 35 P 5 < R ] CCK-8 325 & i 2 N/Si-
CQDs X A BE G B 4 e (HEK293) iy # 1 . Sk
T 56 1 7 B 19 HEK 293 41 A 2 9 4% 45 L 100 L il
A 96 FLKE F= A, B3 FL A0 L2 15 o 1x10° 4 5 88 5
W K 7% A TE 40 B 8% 95 48 TG 5% (37 °CL 5% CO,)
24 h, PR NSRS LI . BEALINA 10 WL A [A]
B (12.5,20,50,100,200 pg/mL) Y N/Si-CQDs
VW (LA TJE T 25 B K ) S, i Ie] B 5% 4R
(37 °C,5% CO,)FFEEMFH 24 ho M EE 4 B
B M, T AL 10 L 59 CCK-8 ¥ I, R UK
T B 3R 46 (37 °CL5% CO) M H 2 h, &R
B, FH B 4SO 2 7E 450 nm b (WG RE L 4 BN
3 (2) T A A7 15 R ( Cell viability) V (™

Ve=(A, - A)I(A, - A,) % 100%, (2)

Horh A S8 AL WO BE (% A 4 B L 5 R A
CCK-8 ¥ (N/Si-CQDs ¥ W) , A,k X REFL W JiE
(B A 4000 B 98 35 L CCK-8 IR M . A & N/Si-CQDs
VW) AR A AL B (% 15 97 5L L CCK-8 ¥
WA A N/Si-CQDs ) o

20 M A5 S K < ST g T S I A ) 4 AR
P FP B 5 A 5 IR0 6 FLES FRAR P, TR R R AR
TE 3G FR A UG 35 24 h(37 °C,5% CO,) , 4R I FH
iR 6 2% th i (PBS) ZZ Ml (pH=7. 4) Ve U 40l .
W e FE N 200 wg/mL A N/Si-CQDs A A FL
it — L HE 24 he RE, HBEREL 22 vh iR W
(PBS) (pH=7. 4) ¥t =k, KB Z R0 A A
2 Jf (% N/Si-CQDs, I fif JH 3 58 £ O 43 5 W 3%
% (NIKON Eclipse Ti,NIKON, Japan) % 4 1F 405
nm Pk PR WER A MY 2 B R A I

3 4RB5i#

3.1 N/Si-CQDs IR ERI&E T ZMHNK
3011 EREFZXE

WE 1(a)~Ce) FioR , A B 5 8 o 4% il 51— A8
HAMAE T ZHE (T W R MR T =%
(QY) By 52 o Bifi 5 G0 I B 18] F1 5 min 35 0 2 25
min, QY FC{H 2 B B f 1 S 1S K S N 1 A8 Ak
A, HLAE T=15 min B} QY ik 2 % = {8 1. 34% (&
1(a)) . 4 Wl 200 W B /i 2 600 W i, QY
1.10% 3% % 1.37%; {54 W 4k 22 ]\ 600 W 1§ 2
1000 W IF, QY Sz i i 1. 37% Z& 18 FEAR 2 1. 36%
(FE1(b))o BEAh,BEFH RH 5 mg/mL 3 2 25 mg/
mL, QY 1 52 B % 1 K 5wl 19 A8 4k #, B A
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(a) 1.4 R=20 mg/mL s} QYE@'J%%{EI.S4%([’§]I(C))O
ZE b TR TR O v A R N/SI-CQDs iy it B P,
l 2280 S -SSR AL T R L b T (A
s ol O3 fifp A R LB RN I 8] B, X S
s DB ) 38 R AR A Tk ) 85 DDA G, FE R IAI R
Lk L, AT A B, AR AR Y Dy A B B4 B
I ] AT L2 figh 42 T 9K 4 5 B R0 25 TE IR N/Si-CQDs
D . W% 28, ELAT AFAS B 109 0 5 T 0 2 1 B 1
Tinin I O 40 P 0 0 Pl — 2B A 3¢
(b) 1.4 Vi = g JENPN o
TR TR T RUPDRL R TR RE M RIR 5ok T SR AR
A ORI R A% R= % T W R A
PN AR AR QY B FZ I, S5 2 me 1 it AR Ak i ik
€ 1af TR L 10~20 min, 2K 55 WAL F
< 400~800 W, 2 &K 24 200; R B9 1t Bl -7 15~25 mg/
LT mlL, B KN 5,
3.1.2 @ mohd kAR S IR K e
Y00 a0 e w0 1000 UG 2 T 2 0 5 i 0 56 B R
WIw N
(o) 1.6 FRS3, T E AR UK 2, I H Design-expert
L S5 A5 O T 0 AR 17— % 5 0140
Lk B85 :ngy=1. 61-0. 1432*%T+0. 0348*W-0. 0566*
L3k R+0. 0125*%TW=0. 0270*TR+0. 0187*WR-0. 3018*T1°-
S 1ok 0. 1281%W*-0. 1336*R’,
s
ol iy 42 2 7 1, A 95 10 B (P<o. 001) 2
1ok F R TE(P=0. 112 2>0. 05)""'3& B & 451 350 A X
bol L AR G P, VBB R 6
T e TRE BLUE AR M0 F WA [ 3R 15 0 7 (L 22 1) )
B SRR B ()T, (D)W, (R, FLIERAR AT AR B0 5 S A AT 53
Fig.1 Analysis of single factor test results: (a) 7, (b) W, M F 5 PAE R R/ AT DLAE W, £ BT 328 45 1 10 56 1
(c)R. Bl P, 3 BV R X QY 52 (4 L3 oy : T>RSW ., —
F2 MAEAABRAESH
Tab.2 Variance analysis of regression equation
Source Sum of squares df Mean square F-value P-value
Model 0.7803 9 0.0867 128. 67 <0.0001 Significant
T 0.164 0 1 0.1640 243. 41 <0.000 1
w 0. 009 7 1 0. 009 7 14. 35 0. 006 8
R 0.0257 1 0.0257 38.09 0. 000 5
™ 0. 000 6 1 0. 000 6 0.9328 0.3663
TR 0.0029 1 0.002 9 4.34 0.0758
WR 0.001 4 1 0.001 4 2.07 0.1930
T 0.3834 1 0.3834 569.03 <0.000 1
w? 0.069 1 1 0.069 1 102. 60 <0.0001
R? 0.0751 1 0.075 1 111.48 <0.0001
Residual 0.004 7 7 0. 000 7
Lack of Fit 0.003 5 3 0.001 2 3.87 0.1122 Not significant
Pure error 0.001 2 4 0. 000 3
Cor total 0.7850 16
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e i K, R R T 2 2500 57 = R
S AN 2 AT PR OGRS AR a9 Ty R A A
L1 e 7 pi T P B AH R A A5 e 2R R R 2(a) ~
(O BT 7R, M J37 TR ) 5 88 8 K, 46 1 4 A T R B 422
AT R [T, i B ) 7 TR X 2 R T R 2R AT A v A A
JEEPE R QY B A K

mE 2(a) ~ (O fTw,QYREH =HE(T. W,
R) (W A5 b fa 43 S i — a2 I (L 7 PR 3% A
Ak, o7 i AR AR K, R R R B W R &
WAL fR /N B TR 5 WA TR A
A S0 5 2 A A R — 3 e
M5 B Fe L T2 0 : T h 14.056 min, W R
618.52 W R4 19. 8 mg/mL(10 mL £ & 17 /K) , Itk
B QY K 1. 632% ., % 1 B 5 19 7T 47 5 1%
LR AT RATEEE TR 14 min . W 2R 600
W. R} 19.8 mg/mL(10 mL £ 5 T/K), #17F 3 1k
AT S R B, o QY fH O 1. 625% , 5 BiE
QY fE (1. 632% ) AHX i 224 K 0. 215% , 3% W 15
Bt 5 A0 T e 7 (A 4G PR R A E B AR

(a) 800

12 14 16 18 20
T/min

R/(mg-mL™")

—
@
~

R/(mg-mL™")

15400 500 600 700 800

WIw

B2 75w((a)~ (). THR((c)~ (D)) .WER(
(e) ~ (D)X QY My .

Fig.2 (a), (b)Influence of T and W on QY. (¢), (d)Influ-
ence of T and R on QY. (e), (f)Influence of W and R

on QY.

RUESCAT 5 o PR, 7 5 252 0 e it 1 05 405 4 R vk
feRAE T, Rk e LR T 240 T HlAE 1
N/Si-CQDs HIFFE X 42 .
3.2 N/Si-CQDsHI&E#H 548
3.2.1 N/Si-CQDs & 4 22 . fe fL 52 25 4y

A BT R o R E G T W B
(TEM)#F%E T N/Si-CQDs (S FIE S . & 3
FiE 7 N/Si-CQDs ¥4 5 43 Aii 72 /K of, HURL 22 Oy 3K
T, B SR A AR A e T A5 4, JC I S AR
i I Nano measurer 2K {4 B #1112 B 100 > 551 47 0
ok AR, 75 3 N/Si-CQDs 1 Yk 42 4 1. 35 nm.
5 B e 18 v SR F B0k A 0 AR ) B ik T
SR EE, A B ST 45 B9 N/Si-CQDs A 42 T /N ki 42
Oy AT AE 3B AT R T A A0 A A5 A5 S
., Rk — 2 T f# N/SI-CQDs 40 T 45 K 0T 58,
K FH L2 638 0 A, B STRT/R 76 1342 em™
F11 588 cm™ b A7 75 W A F AR, 43 ] 2 D-1%
G-I, D-IEF G-I Y 58 B L (1(D)/T(G)) 2y
1. 31, WA Y N/Si-CQDs 25 #4) th #7275 K &
BTG RETE B, 5 R TEM 25 5 4] 5 ENHIE .

I3, .1.4",.15

Size/nm

" 5am -"_ 5
813 N/Si-CQDs i35 i L 55 151, 4 &l N/Si-CQDs [ ki 42
AT .
Fig.3 TEM image. Inset: particle size distribution of N/Si-

CQDs

AT FE A B 21 716 1% A XPS Y6 i w5 Rl 4E T
B A T R IRAR IR AT i 5 N/SI-CQDs T & T &
BRE A2 s S2 I S3 L 4 LS R .
TEE 4,3 270. 39 em™ &k A FE W6 X6 R T N—H
(4 iz A i 20 5 O—H it 45 9% 21y, 458 9 0 1 i PR
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