2025 4 8 A & i% Vol.43 No.8
August 2025 Chinese Journal of Chromatography 857~867

tibh ik DOI: 10.3724/SP.J.1123.2025.02003

HWEKENHEREEEYVELASRETEY TP RIEH

XNHE, B &, KAE, B R, RIWE
(A3 R 25258 40 8 ) 5 A 0 R 25 0 05 1L 8 1 D 4 o
SF LT BEHE AR E, R A 264005)

& ik 25 (carbon dots, CDs) J& — 2R H) 12 BB R M EL, CDs HoA /N RSF R0 L 5835 16 AR e Pk B AR 1 20 ify
TV R A YA S 6 & S T RS R R D) RE 3L OF 5k R AL U5 8 0L A Sl R
UL T . BEZRAL A W A AR R A S AR AR DR OK AL B L BOE R ARE E M A U A R R A
ZYIRe v JU Y CDs 426t 1 —FhA W51 Jy BLRRAMN A a4kt . 48, A= ) BEAR R R 45 CDs IR A Ik | J50R) AT HE
OISO CDs & iRt TR BB . O SCEk T EEE A g B R A A R R PR G R
CDs, AICEZE T DI BRIEE A 8 Ry b7 Cank #vide AWi 4d B i B 7S 6 BUIR TR ) & LR A sk T AR EE
PE DGR E AL SRR e PE SRR SR CDs. X 26 CDs 7EAE W) UG A W 1% 8% 25 4 /- R 3 ik €03 3 T 55 22 A 40 8k
AT i N I HT S . 72 A W8 07 1, CDs HA 0 5 1 O 2% M e AT P 52 200 4 L 0 2 20 S ik AR . 764
Y& &5 1, CDs 2 1A B BE A 09 40 B AE T SE B A 9 40 /08 F 00 e RBBORE ARG . 7 25 9 /6 [R5 2% J7 1T, CD's W] 1
R = BRI AR o 72 % 37 75 18, CDs 76 [ AH 6 48T Se Ak S W s sr 8 . A, CDs TE R .
LA R R W L) S Wi A% 2R A G W S 25 W) 43 5 43 A T B LL AR S A P RE L S R DI R A 43 T
BET R T H o KoK, CDs B I A i A8 LR JLAS J7 I - HF R AR BLAS R RS Ak 09 i 7% J5 3% 5 4k CDs 36 1 Ui g
A5 T A T BP9 CD's 5 3 Ji (8335 % 18w HI O TR AL AR HIPL B A 901 5%

KBRS HE G T 2 T s AR B A T

FE S ES:0658 Xk tRIZAG A

Preparation of saccharide-derived carbon dots and their
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Abstract: Carbon dots (CDs) are a new class of materials with a wide range of applications. CDs
possessed the advantages of small size effect, remarkable photostability, low cytotoxicity, good
biocompatibility, simple synthesis and surface modification, and abundant surface functional groups
(hydroxyl groups, carboxyl groups, amino groups, etc.). Currently, CDs show ultra-high potential
in various fields. Carbohydrates are one of the most diverse and important classes of biomolecules
in nature and can be modified at isomeric positions and hydroxyl functional groups. The saccharides
are readily available carbohydrates in nature with non-toxicity and low permeability, providing an
attractive and inexpensive starting material for the synthesis of CDs with specific properties and

multifunctional applications. In recent years, the preparation of CDs from bio-based saccharide

75 B #3:2025-02-08
* BB &R A .Tel: (0535) 6706066, E-mail: 13361368686@163.com ( 54 %% ) ; Tel: (0535) 6706066, E-mail: zhihuasong08@yeah.net
(RKikAE).
BEEWE: MEHARFIESTH (22404143) 5 ILRA H AR R4 R B H (ZR2024QB032).
Foundation item: National Natural Science Foundation of China (No. 22404143) ; Shandong Provincial Natural Science
Foundation (No. ZR2024QB032).



- 858 - ) i 9543 %

sources provides a new idea for CDs synthesis due to its advantages of low cost, renewable raw
materials and green environment. Depending on the carbon source, the synthesis strategy of CDs
can be broadly classified into top-down and bottom-up approaches. The top-down approach refers
to the decomposition of larger carbon structures into nanoscale particles (e.g. graphene, carbon
nanotubes, etc.), while the bottom-up approach refers to the synthesis of CDs from smaller carbon
units (e.g. saccharides, organic acids, etc.). Using saccharides as carbon source, the methods for
synthesis of CDs via bottom-up approach have been carefully summarized. In detail, bottom-up
approach consisted of hydrothermal, microwave-assisted, ultrasonic and pyrolysis methods. The
acquired saccharide-derived CDs had the properties of good water-solubility, low-toxicity, pho-
tostable and chemically stability. What’s more, the obtained CDs had broad application prospects
in various fields, such as bioimaging, biosensing, drug/gene delivery and chromatographic analysis.
In bioimaging, CDs have excellent optical properties and low toxicity, and can be used as fluorescent
probes for real-time imaging in cells and tissues. In biosensing, the functional groups on the surface
of CDs can specifically bind to the detected substances to achieve highly sensitive detection of
biomolecules or ions. In drug/gene delivery, CDs can be used as carriers for efficient delivery of
drugs or genes, reducing side effects and improving therapeutic effects. In chromatographic
separation, CDs can be loaded on stationary phases and interact with compounds to achieve efficient
separation of compounds. Furthermore, the saccharide-derived CDs showed good performances in
the separation and analysis of new contaminants including nuclides, antibiotics, etc. Additionally,
the saccharide-derived CDs exhibited outstanding properties for pharmaceuticals (alkaloids,
nucleoside analogues, etc.) determination. Thus, CDs provide new tools for environmental
monitoring and drug analysis. In the future, the research objectives in the preparation of CDs include
the following: firstly, to continue to develop low-cost and simple preparation methods for the large-
scale production of physically and chemically stable CDs. Secondly, the surface functional groups
of CDs are further enriched in order to improve the interaction ability of CDs with target molecules
or ions and to be able to endow CDs with more functionalities, such as targeting and responsiveness.
In addition, a variety of heteroatoms (e.g., nitrogen, boron, phosphorus, sulfur, etc.) are doped
to improve the properties of CDs. In addition to the improvement of preparation protocols, ex-
panding the application of CDs in chromatography and sensing analysis, as well as in-depth study
of their mechanism of action still deserves attention.

Key words: carbon dots (CDs) ; saccharides; synthesis method; pharmaceuticals; emerging

contaminants; separation and analysis
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2 IC B VE RIS & P B KA G 9, 5 A AT 3K AR
AT A LU A R & A | ny R A 7k
A ot B T 2 5 A R R R TR R R AR
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B VR B TR A AL/ Ay F SRR Y, B a0 R
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FiR 15 TN K IR A, 400 W 7 [ B 6 h, SR 5 90 C
Tk 6 h, 1k JEE M, R Bl Gk k6 CQDs, Jir il
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(aspartic acid, Asp) 5 NaOH K & W IR & , 7
200 C 4 F #4# 20 min, 13 3] CD-Asp. & MY
CD-Asp H A 5 = 19 A8 Wy A 25 1 R o] 8 1 &8 &
JGPEfE. MAh, CD-Asp X C6 i 5 40 o B AT 45 v
{18 3 26 0 i LA G R 1) 7 ' S 18R
ORI

2 RUHEAIRIE CDs B9 A

Wi A= CDs H A MURF 967 Rk | L 3k i R
KRST /N RT3 Aol A 4 7 1 A A 2
FG R E Ve BP0 R0, 1L AR ) 18 245 R0 B0 55 4 1 1
(1hy FHL AR T 5500 3 gk A% B B R I A5 1 B R CDs
I TE Z AN AL 4G A W AR A W A IR
EE7/VE 3PS kR NN T T
2.1 EWRE

TEAEY) AR B R W5 B X 2k R R G 3
PG EH AR B 76 . CDs A K8 AW
A FAR S5 0 2 6 R 1k S5 A A5, A R T AR R
RN N R NS AT I SN R B 7 o S K O N 72
B

Yang 45 DL 20 b i U5, 5 KH,PO, /K4 %
o 15 B BB DB RS E 4R (.58 CDs. 1% CDs
PG K BT DL i el AF KHLPO, (MR BE SR JE T . ik
A, 4 M B B 5T SR W, W A BT A2 CDs AT LIAE
AW AR I FRIC HepG2 40 . Jf3did 47 ,6- k3
S2-ZRFLIE[IE (47, 6-diamidino-2-phenylindole, DAPI)
() 2 YL RIS, B 5E T CDs S 76 20 M 2% J51 Fl 1% 41 it
J5h HE AT 2 7 . Zhang %Y L) % W i 88 (hyal-
uronic acid, HA) Ak IR , 55 1 2 /K 4% 1k 15 3] 55
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El1 HA-CDsHI(A)& MR (B) &AL g R Al
Fig.1 (A) Synthesis and (B) bioimaging applications of
HA-CDs!*!
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T AL W) A R N e B A AR K v A

A Z R H BT, iz K s R
B ARG M AN FEEEY . A E
FH 2 %6 P 58 0N e fele e = B g ™ B, )
FHBE IR CDs 4 & (1) 1% B 2% 8 kil o A R4t 17—
Tl R AS ARG H52 A 5 A58 A 5 i, R 40 B i T S
Brig 24 FE b B A ARSI . Yang 457 DL 45 B
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M, Zhao LUK FM LR E NKIE, 5
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AR K R K R ZE M CQDs 4 7] 5% 4+ AuNPs #y
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AT DS BR D R 8 3R A 38 R M A I R S . LA,
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-NH,) 5 CDs #J-OH FI-COOH Z [a) & 1l S s /E H
T3 CDs #OLPE K, % CDs S8 T i iR 1Y ik
PEMERTI . CDs X I iR A6 0 1) £k P75 Rl 6107~
8x10™ mol/L, ¥ 1 BR & 1.2x10™ mol/L. It 4k, i%
CDs LIS 1 N PR FE AS o i iR 9 000 2, 55 3k
TIZI RS2 M . Zhang 2578 DA 25008 0 B IR
B 2,07 W % (polyethyleneimine , PEI) b & IR , /K $4
%A W 1 PEI-CDs., i T Cu™ & S K PEI-
CDs M#6 , JF & T BA 5 1655 et M R 4r
(9 24 W A 25 M 1Y PEI-CDs-Cu* 1A £ , 52 8L T & e
ik (glutathione , GSH) iy #EPER I . B0 AN, B FF &
)R & B T MGC-803 41 il i GSH
iRl
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BRI 32 R 2O A Ak aE ) W I E bR
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R G2, ELAG H BRAK, AT 7E 107 S AR 10 2
WS T SCBURS R I . H AT, R 2 8R4 CDs
FENHTF & RS TR0, B S T E KR
I3 55— S A 2 B S T A RIS N 2K A T gk
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Shi %5 LA 2 4% R Bk U5, 5 20R B R — 58 K
k15 5] N,P-CDs, N,P-CDs Xf Fe* B4 /5 &
FE R BEREAE K T BRAEE 1.8 nmol/L.,  [RI i, 76 42 4%
A W RE R, Fe () W I 4% SR 40 L I Fe™ 1 98
K& R N, P-CDs H A7 A0 M 2 P A1 R 4 1 4= 4
2 A AR N IR R 2 Wi (0 A 3R 51 . Wang
SRR AR N B VR, 5O R K B R N A #) B-
CDs. Jii#il 4 B-CDs &7 H %4 & (0 (. 5¢ )6, 78
KB R A48t . B-CDs X Fe' & FHEA
K07 A 3 5 PR R R BORE L R R Rl 242 nmol/L, £k
PEJE 2l 0~16 pmol/L, 1 4h, B-CDs & 45 i 3y i
T ANTKEES Fe B9k . Wang 28 T 3545
W SE Y CDs, DA 22 250 Ry i U, 5 % 98 A1 46 112 /K 34
L % T P,Cl-CDs. P,Cl-CDs H-A R 35 it lefa

FEPE, 5O Fe s B K . 7E 0.1~8.0 pmol/L i
Fl P, P, Cl-CDs M2 G Rl Fe™ #e B (1) 8 Jin i B AEK
¥ 5 BR 24 60 nmol/L, £ — i MU Z 2 (ethylene di-
amine tetraacetic acid, EDTA) 1] . ffi P, Cl1-CDs
(52 65 . I, P, C1-CDs B¢ JIVER M Fe' (4 25
TE PR R DL AR AL AR . IL4h,P,CI-CDs 5L T
IR I AR RE o Fe' iR . Kolekar %™ DA
A N B U, 5 B R — 2B K SRR I & T B 6
S-CDs. S-CDs H A 8 PR KW PE4F B+ 48 4
U R S . S-CDs 45 S LR 51 Cro i
Fe™ , K i BR 2> %) & 4.25 mg/mL 1 3.15 mg/mL
(K 2). B4h,S-CDs A 52 B 52 bR /K e Cr™ il
Fe' B TRk, 3F B R R . B S Iz R
AL R T B v R ) R AR, L R Ry Ak
5 50 R B m K 45 T Bi#8 2% DCDs. DCDs 7
360 nm B4 & P K F 460 nm K KR B 5%
@ 9¢ . DCDs ¥ £ PE K I Fe' , & i Bk 1.92
pg/mL, & &R K 5.84 pg/mL.

180°C
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cooit
o K HO ol

COOEH

it}

O CHO OHC — CHO
us il HE 5H

Coon OO0

E2 S-CDsHIAMRETE Cr™f Fe i il f iy & A

Fig. 2 Synthesis of S-CDs for determination of Cr® and Fe

WEAT A 1Y CDs B 1% H T Fe (IRl , i 25 58
At R DL 43 e B TR RE LA R A A I BE ) .
Rahmani %5 DL (€A IR, 55 £ e K 38R
##%] N-CDs, N-CDs HA & M2O0mE BARm
o PR LRG0 A A A R AT AR A TE M. N-
CDs X Au™ ELA7 3 {55 1 28 f50 B8 RN e B0 FE S v 1Y)
2 PR B N A Au® . Jayaweera S50 DL AR W) R
oF Y R O h IR, 5 PR R ORGSR B K Bk 1k A5 )
N/A1-CDs. N/A1-CDs H A Hit 65 P F s B2 O ER
FEVERY R S oAb, N/AL-CDs %f Mn™ H. A 55 3 #%
PR = 2R Sk VE B 0~100 pmoV/L, it PR
4 46.8 nmol/L, M. 4k, N/AI-CDs 7] %f 52 Fr /K A

3+(83]

(1 M 47 2 A

UEJUAE TS K B HE O 2SR AR 06 i R T B
KR, CDs #E 4% 2 Rl 7 1w J 30 T H K
W 1. Mahmoud %™ D) E Ky o i U5, SR FH Aot ik i
B ¥ 15§ % CQDs. CQDs 5 B & ¥ & it 4 1K
(PAFP) il # T # A 4y >k £ ¥ W M #
CQDs@PAFP. Jif il % ") CQDs@PAFP J& — Fft
B 1 2K R K T R U Y B R 4N K A R
W BE =R 43 531k 97.3% 11 96.0%, H.w] 5 & fili .
U IV B 2R 6 1 & B AT A BT BRL R A AR AR i A
K AR ER U ek RS RN I B HE AR .
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2.2.3 pH R #

CDs 1 1 H e A 7E AN R pH MR85 rp & A 1
LA I R Al VAN A S T R R VN | e
F 0T DA Wi 2 64, AT SC B pH & B, CDs
(1 pH A% J AP W] A 98 0 4 ™ EE R 0 R N R 2
VBRI S5 KR 1 W T % A

Liu 45 DL %5 0 by A5, 5 £ R R & i 4
il % T H-CDs. H-CDs EA L 7 Motz ne AL
ML BEPE R AP A AR A RO 2 M . Ak H-
CDs Xf pH {EA B 4 (9 5 6w fy , 28 Pk 7 il 7E 3.0~
13.0, H & s 2h i B F SR BE A i A1 Hela 40 g 19 pH
Wl 3) . Barati 57 L 45 85 4 i U8, R FH —
Bk $ k4 8 T NCDs, NCDs X pH 197266728 1k
HLA 5B B R AR o R X — R 7R R P
(pH 2.0~8.0) F1 i ¥ (pH 7.0~14.0) pH 3 Fl N 14 &
ST AR T A 0 ST 1 bR O X pHL A% Rk
o AW Z TR ME %, 1% pH GRS A
ROALHE 2.0~14.0 1Y pH & Hl , - X 950 I 58 2% (R &=
0.067 pH 07, JF A R4 i Fe 2 . b4k ,NCDs
E BT I T 2 bR K AR pH (B B 2, B R4
{14 TR 85 FD EE A
224 Zfeth R

BT, A W 2E W E ALl CDs SR £ R H
AE % 60 2% M 2R U g A5 ¥ . 94, X 28 CDs nf LA
[F] Bsf T pHL B0 B A SRR DA B AR 5 o 3k — ek
B ATTHEAS K B8 ke A B T R P )

Karami %5 DL 45 0 o0 B R, 5 8% R AT 3- Al
FE R K A B i A TR B B AR AE XK T CDs.
24 pH {7 4.0~5.0 JE [F AT, #£ 400 nm A1 610 nm
b s UK I . CDs £E 400 nm Y 45 — A4S & 5
U BB B Cu™ B 5 M ¥ K, MY B O 0.01~1.00
mmol/L, # B 2% 7.0 nmoV/L, I 4h,7E pH N 4.0
i, Asp BE %K &2 CDs-Cu® & & By 1 K 586 .

Glucose
powder
Q"
Separation
. 2
) with water
Edible
oil -

It , CDs W] 3 2o b 2R 98 % T i B B R U 22 Asp, £k
PEYE M 0.2~15 mmol/L. i% CDs & £ il 2 52
T KB T Cut AL RE L R Asp (9 A
Liao S5 DLLF4E 2 MM B R R K AR AR T
N-CDs., N-CDs [ 5¢ 6% i J& A8 £b 2 A 28 1 i i
TE 10~80 T B L F N , i 5 1 N-CDs HA A i il
TR e e o e A, BTl 5 1) NCDs 7E 230
nm Fl 320 nm ¥ & &b E A W Gy, 7 207 nm
A1 270 nm &b B A SR, T T T R A SR
Pl 23800 12 G W0 R A% B 5 3 T L s [ AR
R PEIL Bl 0.12~5.45 wg/mL, 5 1 BR N 42.90
ng/mL; 1M} 3 T B0 Y BL 300 5 vk 1Y) 26 1 S LR
K BR324 0.02~1.40 wg/mL il 6.67 ng/mL,

2.3 HY/EREFE

CDs HA5 5 TR m U ae b MAEBUN FHEAL A
W RE 2 P e SR AR, T AR Sy 24 W/ TR A 3o T I
H T CDs [E A 1296 Fe Pk | 68 08 38 15 25 Y /5 R %
i Y IR AR A ¢ O Gk Bk T A 9 K BURL (9 10
HERR.

Dubey %7 D-(+)-# &M 5B RIE S, R H
Wk %6 Bh vl £ T CDs., B % % (doxorubicin,
Dox ) i i JE Bl 8 AN Fa e 14 26 p AR S 0 A0 B VR
5 CDs {8k , 159 3] CDs-Dox-ADH H #H ¥ R4 .
CDs-Dox-ADH £ iR ¥ pH F /K fi# I B il Dox, &
F R T CDs-Dox-ADH 7E ‘& #5145 40 i v i) 20 il 55
. 5U#E 1) DOX M H., CDs-Dox-ADH 7 %% 41l fifl
o R R R, 7 OE R 40 P ) B K. Chung
NG A SRR R AW (CP)
IR A, R FIE %6 B 25l 4 CD-CP, I il % T
BT E AL CD-CP 44 K ki F (CNPCP) . fir il
# 1 CNPCP 1 /K R85 v B 43 |, IF i 7 0& R
PESEG, HAEA W 3 7 5 b SR B R A RO AR
PER 5 638 B . CNPCP H AT 75 P AR PRk 2 it Al

E 3 H-CDs %l #%& & pH ng sz

Fig.3 Preparation and pH response of H-CDs

[92]
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i %43 %

PG A5, AT A Sk IR 20 R SR R T . Ak
DOX 5 CNPCP i Bt (CNPCP-DOX) , fig % LA 7] i
Mg I Xk S8 J 40 i . (Rt , CNPCP 1k %
B HA B LI 2900 1. Gogoi % K 7 R
B AT A CDs YV AE S 5 i iR £h (calcium alginate,
CA) Bk 94 47 )2 (CD-CA) , 3 ¥% TC 1 % 5] CD-
CA MERRM . 5 AR L, Ha 25 & 3% m
T WA A, LA B-FR RIS /DU A (B-TC) £ & &
WAME A YTE CD-CA Bk b H A & ) f ik
VL HBA pHAEH T A9 TC R B4 ,pH M 1
i EL A e KA B, T T pH K Y E g .
I, 52 BB K BEE 3 CDs B pH {80 7 51 45 2%
MR L T .

Chen 5" DL S Z MM IR , UL & Wi AE
Fem Al AL, K PRk Tk A5 B 55 Z AT AR 1Y CDs.
JIi il £ ) CDs H A & & 77 % (56.3%) . I & K5
PR R E AT K 4 AR R R B SR
Ko+ ki DNA 4R 5 . CDs 1 X 8% T AR )=
[ 75 5T T 40 B i) #2505 40k . L, % CDs 1]
B Sy — B i AF 95 25 i DR 20K T 0o T 40 i Y
2o Ak A AL 2 TR AN AR W 1% O B A AR K
B 5% o Zhou S5V LI 38 W2 40 0 i 5, 5 i AL R
K IR AL A5 ) 0 B R BN AT ZE 1 CDs. % CDs B AT
HEEAE TR DNA (W RE 1 L R AF 09 2R WAl 2 vk AR 3k
T S A 0 s PR 25 W 25 R BB TR MR R
DNA # %% . 1% CDs BEiB & H 5 38 A 40 i 1 1%
%, Hif 6838 i CDs/pDNA & & ¥ W & HLE ,
I B R DR 2 R A 0 R RS 1 A ) AR IR BT
(1 S A 2R W s 2 0 i AT B R .
24 ®IESW

3% F AR 1 & R 32 BRI T 0 1 [ A Y
28 R R 0 2 T [ A R g A A B
AL S W B RS N B & T — £ 5
B A % [ A, DL v L B R Ho
CDs 2 I HA 3 5 M 25 7K ik [ T ok 36 A1 AR
JIN T B RS 2 TR 43 AT B 5T 3R T TR PR AL N 2 AR R
BT AL RE IR 25 A A R 0 6 B e A L T
PR AL I B TERE

Li S DU 79 2F 2 AR A N Bk R, 5 0 R T i
3% CNPs. FF3EH 3-(Z LA ) — B AL 6 e
(3-aminopropyltrimethoxysilane , APTMS) /£ & 15
BRI, B UK CNPs #2245 31 5k i 28 18, LA i 45 37 72 [
FEAH o 1% [ AH TE 25 K A8 BAE H 43 (hydrophilic

interaction chromatography , HILIC ) F14= 7K W& AH {2,
i (per aqueous liquid chromatography, PALC )
X 4 B fe 64k B W) 5 P R B L B
R R 5 MAZAFRTAE 15 min P B i g s g
(AR AT I8 32 990 N/m. BLAb, iz i 4k 2 2 2
Y BELIAETES P 12 MMEA Y . Yuan SO
2T — b 3k TR A BT AR CDs- A b RE A& M 1
U [ 52 A Sil-Gle-CDs (&l 4) . Sil-Gle-CDs 4% 4+
Xof A% P 43 BT ) EL A T G ) £ BR RE T R A3 B R
WA T O AS BT PR T R
B Hd s A E IR AT AE 10 min N4 E, S
FERL ik 43 800 N/m. FLiZ (ki HoA R ifa
SE P RN Uk 8] B B A G A fE R 22 (relative stan-
dard deviation, RSD) } 0.80%~1.97%(n=3) . It 4h
A B Ty MK 3% [ 8 AH T R R 2KV TR v A 2 R
FWE I € =, B R B 43 A8 2.2 mg/mL Al 3.4
mg/mL. B, IR A BT — FloEr A A
BEJL N #2221 CDs(Gle-NCDs) , 3 75 i i 3% 1 1&
Mi, 45 T Sil-Gle-NCDs [ & #H . 1 T N # 42
CDs B g il Z [a] 9 ¥ [7] 7 H , Sil-Gle-NCDs 43 4
Lt Z 1T (4 Sil-Gle-CDs A% k1 5 A B 38 119 43 25 6 45
LT P R BUE RS R, o, 8 B
ANZBATYIAIAE 10 min N 435, H 6 % R 15 19 A1 5%
fmik 68 000 N/m. JbAb, i [ @ AH B A R A4F g e
£ (RSD=0.32%~0.97%,n=10) F1 8 Bi P . % [# E #
B4 mIE T IRER P aOBERN SR, R
47 2.45 mg/mL, Chen %" & il T -+ /\ B F1 % 45
Wi AT A2 B9 8 /K CDs(Gle-OCDs) , Jf 5% F “Nano-on-
Micro” 3 W b FL 4 b 31 22 fL — AL pkE R 1w , #1145 T
2 AH W AH €5 35 19 8 AL [ 2 AH Sil-Gle-OCDs, %
SEMIRENS R Ir M 4> 25 7 Fh 2 R 5548 (8 Rl e LK 8
Fiv i 2 F 7 PR e 254k & W0, FLTE 43 B RUT B R |
T HEIE ST RO RIE T SR SR R R B
KOAF (i vE PR o BE Ak, 3 BB X B R R U
L, B R EE T AR B S
AL R YRR F M AR R R N
0.15.0.088.0.14.0.086.0.18 #1 0.29 g/L.

Bt FATIRAALK CDs 4351 5 2 1 Bl £ A
FHES A 25 138 F TR 8 B e 28 S A 2 it
HFErEN CDs B0 FHIMEBEW . N T i
— 2 4R T[] S A X A 2 A I A R A 25
KGR o B R, AR I AT
CDs #5824 & fl € 1% [ 2 A R L an 8] 5 s ),
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gn Wy
(a) llow(m e Hydrothermal method 3 ™ ucﬁ’;;}(u; i
a KH,PQ, —_— e - L T
Ho 200°C 120 e T«
OH 3“;&% wis g0
..r;}g;':

DLH!L"‘ Anhydrous toluene
+ monco— SilMl\—t =0
CUHEN, 12 24 h

OH
- a
Anhydrous DMEF
2‘,‘:-‘!?/\\"/\.‘1—('—(! + mvn ‘Lon
£ 120°C 240

(©)

B4 (a)Gle-CDs#H(b,c)Sil-Gle-CDs #1432 51
Fig. 4 Synthesis of (a) Gle-CDs and (b,c) Sil-Gle-CDs materials!'"

OCH;3

HaN~~\-Si"OCHy
OCH;

N o
Bare Silica Aminopropyl-modified silica g ; Si0,-CDg

<~ (3-Aminopropyl)trimethoxysilane

! 1
I 1
I 1
! 1
I 1
I 1
I 1
I 1
I 1
I 1
: ] CDs 2 :
: ) =

i | Y\~ trimethoxy[3-(pentafluorophenyl)silane "\~ |H |H.2H.2H- g :
: »IH,2H,2H- ) !
! Trichloro(3,3,3-trifluorophenyl)silane Perfluorooctyltrimethoxysilane :
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
] 1
1 1

E5 F3-CDs-SiO0, [E 8 # il & FEe
Fig. 5 Scheme for preparation of F3-CDs-SiO, stationary phase
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(%)
cl]:

¥

CDs BA L5 ikt A se e vk ARBETE |
R4 B9 A W0 AR A RS B S5 A G P R R Y
JesE R AR AR B sE MR e U B B
KB T WRAGYRARR SRR EE
M K& 9, h TR A RS T Z Y
P RS 7 RO A5 A AR B M BT, 7E CDs & b &
E B . ASCERIR T LUREAE o B A2 B 2K
THAE LA AR 2 CDs WY& U 5, A K45 5 W)
BAG AR IR 2 W PR AR | T o A 4 T B A
258 o e SR BT . R AT N B CDs /9 JF
KM Tk 2 55 01 AR ARV 2 Dk ECRNBEAG . 1
J&,CDs BCECRICHLEI M RE 2 T, BT K

B CDs B9 1 , 38 VI 75 22— Ff PR 40 9 CDs JEEL
RICHUH o Kk, B CDs iR % e BRI 5%, 42
I e BLAT AR 2804 19 R BLBE A 7™ 1y BRI A 2 AR
M AT B0 ] A R e 3R EE BE ATB A 4% i 2 I
TR UL S P 1 R A X LB PR R O R R
R EZ IR a0 & 2T RGPS,
DA W TE B AR WA P 4F BB R CDs, fff HfE
Pz T 2 B kAR AR A A R
A ) R 28 4R
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