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Application study progress of graphitic carbon nitride in fluorescent probe
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Abstract: As a new type of fluorescent material discovered in recent years, graphite carbon nitride (g-C;N,),

containing no toxic metal element,has potential applications in the field of bioimaging and biosensor.The applications of

g-C;N, as a fluorescent probe in the detection of heavy metal ions, explosives, biomolecules and biological imaging are

reviewed. Finally , prospects and applications of g-C;N, are expected.

Key words: g-C;N,; fluorescent probe; biosensor; bioimaging

A BRI (g-C,N,) & —Fl im0k 4 R b
AR5, T Hh R 0 25 R VI T R0%, DA R BB
B ZE ] UL PRk R A, o6 45 LA S e A At
IR, ST UM R N RS & R, 40K
P g—C,N, B BT B AT AR T b AT T Y iy
GRS R eSS 32 - o S S NG e N
FOE G (PL) P R R HRI R Ok, — BLAE
AW G A5 A ) R 2 AR R T R SR
4 AR 4 7 R ) LA AR P R A A g 1
ULAER , BECHRRLF 5 I T T 12 B 6TE , 26
AT T B SR e R P S A il
FEAR 22450 40 A5 Vs A B L L, A0 A= ) A% L AR W
B TR SGHL RS AL R D X R
RHMLFERR S GORE AT GORIRES SO BRI T
R ES, PO ATARE S B4R R T A&
P, H I, TR %A LA DO T E 48N
FER KRBT, I 2004 4, L0 K 9T R
PUKAE TN X — & BLLEIE 4 8 28 A & iy
AT A 82 A Ak (g—-C,N,) 1 —Flogr
R H R, BA RO, EA S A H4
JBITE , BA AW, B TEAE Y UG R

PRI B R S AR 2 ST B A TR T, 2
# ERARE A W 6 4 077k, 0 g -GN, TEM Y
TG AL IR BR S DOCR BT THT 4 0 A T
TR

1 g-C\N, EEYE RPN

1.1 RINEEEETF

Ry - R W2 Y)Wy T [ S NE Y 19 o | E e
KIREE R, 84 B8 S 7E i iR 9 e 48 ki
W B AR PR G A AR KA
PRIt 368 0 A 38 2 I A% et e A ) o 4 S g 5 ke
MMz K,

2010 4F | Lee 2" LIS FLAE A BEA , 2R A A5
Mkl & A A FLEE R ¢ - CoN,, FEEO0 T DLk
Cu” K, g=CyN, AE— IR IR BT AT /K 75 W 1
] B, R T ARG S A AT IR . R AR
B s AE T AR AE G R B AR, AT iR
BRI, BIBR RAR I 5 5 Bl s R AR T ™ i 43
BYAOHE T HL 2 bR 45 5 AT RE 23 52 0 i 2 RE R
(EE N

2012 4, Barman 25" Jfi] 800 Bl I A 5 07 1k

s HH#A.2017-05-24

BEEUTE AR T R¥EHEAR LIS H (JP201504) ; A4 FE TR 22 BF98 A4 Q1375 H (2017522)
TEE B XU (1992-) , &, LB A B9 0 1) R T RE SN K A4 K, 1051386936 @ qq.com ; ZEkERR (1982-) , B i+ | BI85z, B85 1 A3
REG KAL) £ AN A AL S5 |l THIK R A ,0315-2592355 , zuoguifu@ 163.com,,



2017 11 B

BT B AT A Sk A ALY A, HAOh
RS R R Z M AR T ) pH DA RBUR K R
S) 75 i B A S TR AR T 2 i B A, R T He' T LA
A SRR VT K, A B A )
X7 B oK B e U A2 e B R AR SRR 2Ot
TRED  MRE TP - —TF 7 A B AL R, it Ak
T (RS 7, T BCAT 3 B R e SR S R A
FHEL L OKEFHCN FIESMESYEE CNE «
BB R T TR K, S AR
He™ JE i Hgl, , {755 A AL & 9 0 5L R &2
DK, i TR A A0 ARG K AR A 5 S R L 8 - sk
RAERCEAEF 1A — A e B 2 15 A AR ) 6 I oKk
LA R . RO T 5 B i st A AL
FEMR, Ik 5

2013 4F, Tian 25" 3 33 $ A = GO il £ B
IR g—C N, , ZJ5 W AH M 7 34 B A5 2 e v g —C N, 44
KT ELAK R g—C N, BATR S 568 B
HBSERT LI Co® WK, B8 it 5 ¢-C,N, 9
K T % Sy W 57 s =2 8] 5 A BC A2 A R K
g—C,N, 9, Pl 45 O vt o i ml o A2k
s, Tl AT AT P BRIR AR AT, SRR A L, oA
A WL 5 b 3R R

4B FXF DNA il HL A 5 0 B, % B B AR
FElHP 2 RS i 3, L, =3- 4% iy 2 OB A s e
PRSI 4 2511 i AS e B2, 2016 4R FER
R AU I T A B T X AL BR 98 KR T e B A
ARG P KA T, R K 32 il 28 AU AL 98 KA F
Fa 3 T — s I 4 B I 9 AR R AR IR R
Rl Aa (1) B ZEPHEFE T 0.05~11. 0 wmol/L, K
HBR(S/N=3) K 22.6 nmol/L, i H.i% & 8 2% %
Au( T0) Ay & B A v 3 B 0, AT H T i1 K
Au( D) AR 7K Ak i 5 19 80 Ak i 40 KR+ 46
FE T, Toie e sl | X sk S AE e b i A v AR K AL
Z= T G IR AN Al HR A A SR R, TR
MEFE, I, g—Cy N, FEAG I HE 4 R 25— S el
Iz HAT ARG R I
1.2 NS IREYD

IRBE Wl T B — S R A TS
TN FRITI XG0T 36 S A% R 0y ) DRl A 000 30 7 JiE BRE i
I TERENEY) 2 R Ty Mg BU T R N AR R F
SRIFHE, 2014 4F Qian %51 i 22 AL A5 T
A RENERNZDE R Fe,0,@ Th-BTC BEM: 4 JE - A AL
HHL(MOF) 3k, AT LA H e A6 i i B 05 5 4 JE )
W2,4-—f3E 2 (2,4-DNT) .2,6- _fig 3L H 2

XSRS : ©ERMHRAESOCRITPHIN AR HE » 203 -

(2,6-DNT) 2—fil 3 H 2K (2-NT) 4-ffFEH o (4-
NT) FHFEZR (NB) Al =R 3K (PA) , {HZ Th
& B 5t AR AR A & T LR £ 7 v T4
PE2E e SRR A = R U R TR AT R
B AFENHOR g—Co N, , FI 8 75 i Bh i 0F — 25 i 2%
AR R 2R g-CN, , X FP YK B 200k g-C,N, 7E
KBRS i H B S0, AR i
IR EBALAE TRk, il T35 H R LE
YIH55 B R 590K F 20K g—C,N, i =R FR 2 [
FELEARSRIY m—m FEREAVE R, DA S 38 (B A AE 1) S5
YRR, B IET5 FR KED X R M R R4
SEMIR R R B RCRAN R, DA e B 53 501 02 PA =4-
NT>2-NT>2,4-DNT=~2,6-DNT ~ NB, i 3 il £
WAk R 2R g-CoN, YEREEE DT B b KE DR I i) %
JRAS o DI N YRR IS A R S T AR
BEATRGI T HEA BOASAIG | o [0 PR | RS s A
B AR s, T I T Xt R %
YK g— CN, K4 18 R DA I PNP 8 14 1 ¥ 7E
kL,

1.3 WNEWSF

Bk Rk i A A g KR, BT g
C,N, 5 55 DNA (19 AH BLAE F 58 F XUEE DNA [ 1E
FH, Wang 21" F 2013 AER @A DNA (78 61%
JA , 0 75 T L DA I 2 D R A 7 7% 31 R
FBRANK 7 2l SRR C A B T —
k00 B (R e | 52 MO o A 3l R A ISR s 1R T T UL
FREIAHZE AR IN T3k o %07 45 AT R A DNA 5§
HIRZ 5 DNA MR 5, & J&8 &+, /N +
AR A R PR T HAZ A, X8 T f#
T HEGRA BRI AE ) 50 F 22 18] AR B AR P AN
RUL MG T A AN A=) 3 A v 4 o T4
TR,

2013 4E, Chen 25" F Tl iR 1 7% o X 22 BE Tk 240
KT, 38 T AL ZBERR UK, T £
BERRYAKAE (MWCNT) (1) 2 6569 K A5 4R FH T34
AW DNA (2T 20 B 3 DA [RGB E 1Y
DNA % Ridad -2 I Bt 7e 22 BE filk 40 K A5 & 1
i YRR 2 BER AN KA R W] e 23, S 8O R 2%
EHEK . AEBAEE H Y DNA AN B9 W i, B 4%
DNA 5#REFAAE, T8 iike e i 3UEE DNA | HIl 55 T 18
RN 22 BERR N KAS 2 [B] (0 A0 ELAE T, 30U Ak i ¢
e, KPR IE FEI7E 35 ~42 pmol/L, AL, 3t
NPT IR 2 B0 — MR &I vk, W, 2
WG TR A TR LR W RE & 0 B 7 ik TR BB AR AL



- 204 - A A T

2014 4F  Hu %Y AR &5 R g-CoN, o T3
TSR Ak 27 A IR AT VR AR R 5, 15 3 K 4 Bk 4
K AR g=CoN, o LAGIK RIR g—CN, fR HI 5
R AVFFER — I W PR £ 4~ DNA, F p21 il p53
B A AF-EBVE S HAR A, 2 o A /] —
S PR E] Z 1 DNA, ¢—-C, N, REWS 6 2 7 Y
BHRICHIHEE DNA b S8 pl oo, B —
H HAR DNA 53 RRIC B BEE DNA 2458 )5, 99K
AR g=CyN, SYBFRICH BAE DNA 2 [ (1) AH B AR
Pk 2 Bl , S 20 EE DNA M g—C, N, FE 1 il
B, 2R AR, T g—CN, K LR ALn
DU R YRR IE B9 22 (0 DNA S5 R A K il B
TAE B — WP R BRI 224~ DNA H bR 19 &
DNA f&84% . X 14> 15-mer () DNA F Bt 18-
merDNA F B tE A7 JEL B4 20 M, 1 3 A9 Az 0 B 4 51
1K 75 pmol/L il 62 pmol/L, i FR 2 22 BE ik 45 K
B 2 A5 25 AT % R A ot Y5 A & % DNA
SEAY T R XU ARk ZE DNA WS I R
W 35 A5 A R T A TR 2 N B B E T
SEA

R4, TAR IS 45 ) LR R R A R O JEUR , 3 i
— A R A g-C N, Z A B A ES 4 h 15
FNGOK AR g-CN,, DK Rk g-C N, #EHE B A
1o DR R i A AR A T R R A SRR R
YRKAT L, AT VR R — R Y %) 2 A I S Ak it
HE, AmBEZMYK R ¢-CN, Z i HE
YEHRIRRIRAN) m—ar PR 2 S8k Rk g-
C3N, MZETRK T A4 2 48 mT LIS I 4k 1t
B RIS SN A 2 AR FRAE 0. 17 wg/mL,
RPEIEE N 0.5~6 pg/mL,

2016 4T, liu 451 3 i FA R B A B0 AT AK R A
FNPOR g—CyN,, 2R 5 1B A [/l RT3 99 K Rtk
g—C, N, , 7571 4 A 40 Fh i 1) A1 A 1 P IS 4 4 A A B
i H,0,, BN T HET g—C N, Y L B 58 i 4% BOF
G, R IE R 25O AL BT & AT i R . 7E
BRAR 3T S Ak Tl A7 A B S8 28 e H,0, Ak, 4k
FEIAT DL i S - HES A EAE T A B 4
FEGUR FRIY) g-CoN, b, SRR, J5 K UL
BT —RINANRHER H,0,, A Z 48K R g-
CyN, /SRR e/ MR i A AL B A v, Nt
WA B H,0, WREEHIIN, 2 UK 438 nm Ab7K
JERR BT T B B TE B 564 nm A PEOGIRE
Tho MO, LB ICE (L / 1) 1 H,0, Z[R1A TR4F
MR H,0, BIFZIFRAL 2 50 nmol/L, X} L

FITBFRIH

AP EIRED X AR P AR E R
TN L T F T 25 R ARG T AT B A ARG PR R
0.4 pmol/L, X—RINMMF T/ ERT g-C,N,
R LA ) AG 2 S A% IO 5 7 = R BRI H,0,
DT A RN, X AR ¢—CoN, FEA W15 IR A%
WA A A=W 57+ 7 AL T HLZs | [FIEE XA 50+
FA RSN Sy LA B 24 7 T 0 o A HE S —2F

2 g-C,N, MR GFHEA

g—C, N, YERDEOCHE B9 2 W FH T 2440
B, AN E 4 R A | R TS Y MR I % AR W o TR
W, BT g-C,N, BA K GE 458, 1E R —Fh
42 K, g - CoN, I BRR L2 2. 7eV, T H g-
C,N, AR SR e, BT g-CN, M—FRIIFKE
PR, ARA W Ee e | R g PRV A M R AE A 250 5
Wil 25 A 0 s 2 1) e R A G A A A 1 A ) A
WAL,

2013 4F Zhang ™' 38 13 PR FUE  OUFURE N = 3R
THAFEIHOR ¢-CON, SR W HUIR g-C, N, 3
25 P B B T £ B I K ROk g -GN, o X LR R
AR g-C, N, , YK AR g—CoN, R T RIFHE
W SR 07, AN A3 58 T [ A 7 0 F I AT Ak
TR T AR K5 5 T 90K R g-CN, 19
PL T =% ik 19. 6%, N TN HA Y2
FREPE B H Hela 40 3L K57 48 h #E47 MTT i
o ZE R A WA R B B R AN AE T, B EAE g
C,N, JREHRE RE 600 we/mL B}, Hi%A H 2 &
PIANME R R, X R g-CN, A RAFHE P A1
FME AN TR M H AR SEPRAE W AR SR T, g -
CyN, 19 5T 5 3R B A AN AR B 150 pg/ml, J i 1K F
600 wg/mL, XU g—C, N, 76 4= W) A% o 2
B — AR A, £ A 0T BB FH AR ) =
% I, 2014 4, Zhang 517 DL — N HIER H 4 4
TroCIRER g —CN, FRZ 7 5, A T8 — IR
AL A OG5SR

F R g—C,N, 78 0] WLl Py i i il /S
op FHAZ BN BRI, S 1 w8 I 20 A0 4 () 6
2016 4F, Feng %% 41 W OofF b 5 4 K kL T
(UCNPs) Fil g—C,N, i i3 & e [ 4 28 S0 il — 1Ak Ak
PRI T — B 0 A W BAR R G B 13RO RGR 4k
250, B v R IR L0 AR OB R #, g - CNY/
UCNPs & A #EIAT LU= ROS, REE AT 55 b fi By
/NSO I A AR RIVER . #E—25 MTT #F5
T A AR BT (0 A A A I Y



2017 11 B XU - &

BIfEH ., ik, g-C,N,/UCNPs A 72l N 1 4
UCL g8 T 1956 8h 1197 % (PDT) W JEAE iR 97

o HT A OGRS w7 R A R Y
FesE b g—C N, 5 FTVE A 7E 1Y 63 8GR, 5F
AL HE—25 P R B A Wi RN A ) I =7 5 g FH 40K

3 IIESRE

T4 SR AR (g-CoN, ) BYPE R 5
FRDLAEN e WA R R G A P AR B T Y
WFFEHT—E Rt Bl ] 45 J7 vk i ek i T
B o R e R R A B AR I TR YR
SRR IO AUt R B3, 2 R o R
FI 41 S ERAR RSB — A, 32 Bt —Fh o 9 A=
YIS G R, B2, g—C N, Bk 0 o S B 7 5
PRI A PR A R DR AT S8 ARSI S
T ORI o TR T RO

IR, g=C5 N, AIZOCIERTFE H AT 2L T 97 31 B
Be b AR KR K s 6], i LIRS g—-Cy N, #EAT 1
P PR KON 5 — R E Y A ST
— BT AR B, S ARG KRS g - CoN, fE2E
UL AL AR TP 2 BT

Sk

[1] GuY P,Cui R,Zhang Z L, et al.Ultrasmall near-infrared Ag,Se
quantum dots with tunable fluorescence for in vivo imaging[ J].
Journal of the American Chemical Society,2016,134(1) .79-82.

[2] Zimmer J P,Kim S W,Ohnishi S,et al.Size series of small indium
arsenide-zinc selenide core-shell nanocrystals and their application
to in vivo imaging[ J].Journal of the American Chemical Society,
2006,128(8) :2526-2527.

[3] Choi H S,Liu W,Misra P,et al.Renal clearance of quantum dots.
Nat biotechnol [ J ]. Nature Biotechnology, 2007,25 (10) : 1165—
1170.

[4] Xu Z,Chen X,Kim H N, et al.Sensors for the optical detection of
cyanide ion[ J].Chemical Society Reviews,2010,39(1) ;127.

[5] Lim S Y, Shen W, Gao Z. Carbon quantum dots and their
applications| J |.Chemical Society Reviews,2015,44(1) :362.

[6] Li Z,Wang Y,Ni Y,et al.A sensor based on blue luminescent gra-
phene quantum dots for analysis of a common explosive substance
and an industrial intermediate, 2, 4, 6-trinitrophenol [ J . Spectro-
chimica Acta Part A Molecular & Biomolecular Spectroscopy,
2015,137.1213-1221.

[ 7] Roushani M, Shamsipur M, Rajabi H R.Highly selective detection of

[

dopamine in the presence of ascorbic acid and uric acid using thio-
elycolic acid capped CdTe quantum dots modified electrode [ J].
Journal of Electroanalytical Chemistry,2014,712(712) :19-24.
[8] Rajabi H R, Khani O, Shamsipur M, et al.Cirradiation[ J ].Journal
of Hazardous Materials,2013,s250-251(250-251C) ;370-378.

SRR IR POIN BARHE - 205 -

[9] Shamsipur M, Rajabi H R.Pure zinc sulfide quantum dot as highly
selective luminescent probe for determination of hazardous cyanide
ion[ J].Materials Science & Engineering C Materials for Biological
Applications,2014,36( 1) :139-145.

[10] Xu X,Ray R,Gu Y,et al.Electrophoretic analysis and purification
of fluorescent single-walled carbon nanotube fragments[ J].Journal
of the American Chemical Society,2004,126(40) :12736-12737.

[11] Lee EZ,Jun Y S,Hong W H,et al.Cubic mesoporous graphitic car-
bon( IV) nitride; An all-in-one chemosensor for selective optical
sensing of metal ions [ J]. Angewandte Chemie International
Edition,2010,49(50) :9706.

[ 127 Barman S,Sadhukhan M.Facile bulk production of highly blue fluo-

[

rescent graphitic carbon nitride quantum dots and their application
as highly selective and sensitive sensors for the detection of
mercuric and iodide ions in aqueous media[ J].Journal of Materials
Chemistry,2012,22(41) :21832-21837.

[13] Tian J, Liu Q, Asiri A M, et al. Ultrathin graphitic carbon nitride
nanosheet: A highly efficient fluorosensor for rapid, ultrasensitive
detection of Cu®*[J]. Analytical Chemistry,2013,85(11) ;5595—
5599.

[14] OB, B4, R 5, 45 T AL B 98 KR 7 ekl 4 8 7
(1] 40,2016,37(9) : 1611-1615.

[15] Qian J J,Qiu L G,Wang Y M, et al.Fabrication of magnetically sep-
arable fluorescent terbium-based MOF nanospheres for highly selec-
tive trace-level detection of TNT[ J].Dalton Transactions,2014,43
(10) :3978-3983.

[16] BRI A SAH A AL 5E Zh BE AR ] 25 KOk A% Bt g
WFE[ D] AL LR, 2015.

[17] Shanmugaraju S, Joshi S A, Mukherjee P S.Fluorescence and visual
sensing of nitroaromatic explosives using electron rich discrete flu-
orophores| J ]. Journal of Materials Chemistry, 2011, 21 (25) .
9130-9138.

[18] Liu Jianno, Yang, et al.Fluorescent nanoparticles for chemical and
biological sensing [ J ]. Science China Chemistry, 2011, 54
(8):1157.

[19] Wang Q,Wang W, Lei J, et al.Fluorescence quenching of carbon ni-
tride nanosheet through its interaction with DNA for versatile fluo-
rescence sensing| J |.Analytical Chemistry,2013,85(24) ;12182.

[20] Chen J,Huang Y, Shi M, et al. Highly sensitive multiplexed DNA
detection using multi-walled carbon nanotube-based multicolor
nanobeacon[ J ].Talanta,2013,109( 109) : 160—166.

[21] Hu K,Zhong T,Huang Y ,et al.Graphitic carbon nitride nanosheet-
based multicolour fluorescent nanoprobe for multiplexed analysis of
DNA[ J].Microchimica Acta,2015,182(5) :949-955.

[22] E10ME, B, £ 5 D& g-C N, BHALE LY R
IR C )/ B 25 30 S ARAE S AL - =
23 GRAL BT IR BT 5444l , 2016.

[23] Liu J W,Luo Y,Wang Y M, et al.Graphitic carbon nitride nanoshe-
ets-based ratiometric fluorescent probe for highly sensitive detection
of H,0, and glucose [ J]. Acs Applied Materials & Interfaces,
2016,8(49) :33439.

(F#% 207 W)



2017 11 B

B RAIE, A A, (H RBUE A, HfhIr i 26 1F
SORESHTZ oM liA e REUERARAT . Fa DGR
SRR AT AR e JRE AR A ) — b R AR AR e ) o A
J7 i RO T kAN ve G, i S U i Y 5
JEBETE, 5 Tl Ko SEH AR BRYE S b L] 4%
FCF MEE , SR I B MDD B BRI SEUOR P Cu
AR 5 vk, F RT3 95 14 R UL SCRRAIR T

1 SIGERS

1.1 5 F

F-2500 BU5250 43 06 BT, H A H L A FlAE
77 pHS-3C KB PR EE T, LT 35 AU SR A PR
Al

TRAR TS ML BE W (CPB) , Bl L AL T
HRRA R A FRE— 5 1) CPB /M, in
D TOK CEER R 7% 2 100 mL 25 s, 7K
i 22 B, TC B BT 5 W B2 Ol 4. 00x 10° mg/L, [ 4
FCF(FASG) %W, i an T A= R4 % A BRA Fl
A= HREE A 1.00x 107 mol/L, Cu( 1) AR HEH WL«
HERIFRE— E f8 1Y Cu(NO,),-3H,0(99. 9% , Kt
TS TARA R ) T/NER, &
IR G % A 100 mLL 2550 H /KA 28 20 B T i
6.355 mg/L Cu( 1) FRofEl 25 W, 45 W o o vk 3
4 0.635 5 mg/L, Tris( — ¥ H R &I HF b ) -+ iR
VAW FRIBUGE /9 Tris (20 M40, 55— B RN (
W) A BRAF A7) B A 0. 20 mol/L %3, HGE HE
R (s Hrat, RN AR A T (R A RA R A
77 BEAK 0. 10 mol/L R, H Tris V5V A ER R VA TR
R, HRREE TN, Bl s pH 3.0~8. 7 MW, 1t
5 K R Atk

York AP R S A (s BRI A
R T
1.2 HFmibiE

FHAS W8 HE A B B )RR T A A T R

AR 200. 0 mL, 43 0 A 25 & 1L (7458

(L% 205 )

[24] Song Z,Kwok R T,Ding D,et al. An AlE-active fluorescence turn-
on bioprobe mediated by hydrogen-bonding interaction for highly
sensitive detection of hydrogen peroxide and glucose[ J].Chemical
Communications ,2016,52(65) :10076—-10079.

[25] Liu B,Sun Z,Huang P J,et al.Hydrogen peroxide displacing DNA
from nanoceria; Mechanism and detection of glucose in serum[ J].
Journal of the American Chemical Society,2015,137(3) :1290-
1295.

FORIRZE : Cu( 11 ) -E% FCF-CPB A RImFSEENETIE A OPEY Cu - 207 -

THREERE 2 e uE)  FERYT AR RV 2 10 mL
fef N 25,0 mL LD, /K AR B 2 Z0 5, /)
1A FFI
1.3 SLWAHE

B 10 mL HLZE @55, MER N A pH 3. 87 Tris
ERERVAEW 1.5 mL. 1. 00x10™* mol/L [#l%# FCF %K
2.5 mL.4.00% 10° mg/L JR AR 7S g JE Mt & 15
0. 10 mL K& A 0. 635 5 mg/L Cu( I ) FRufEiE i
(BREWE ) , A 2K 8 25, #6240, 20 min J7, DA
A=A, =220 nm, MERRLE K 5.0 nm, 769
T B R RLS Y6, SR A5 e K ik K A ik &
FNRR 25 1 0 Bt RSO SR B T, S 1, TTERE ALy =

[HLS_IOO

2 HR5H®

2.1 FASG-CPB-Cu( Il ) By RLS JtiZ451E
ASG-CPB-Cu ( II ) i) RLS &% 1 s,
AT R 1~5 Af%0, Cu( 1) \FASG & CPB %
VL B 1) F A HICS 58 B8 4 1055, FASG B iR P
WA CPB MR PEIR WY RLS WARGHSS . I 1 h
M2k 6 A%, FASG 5 CPB 1EMR MW H H RLS 15
ISR IS M4 E B 3 S RLS W, I K
FIRIC I T K57 T 366 nm ; B ) H50 559 54 548 174 it A
J& FASG 5> 7458 A 3 M EEFRAR B 1, CPB 43
F458 T/ Br 7E W B RS i CPB A IE FL A
TERRPESAE T, 7 IE HL M7 1Y) CPB AT Jie o SR AR 1A
FEAE, THE TUHL o] A9 FASG NI SR AR 7E HR 45 & 4=
BGHT ) 5T, DT ol i OGBS A5 5 1k, AR 1
Mk 6~13 a1, 72k 6 VM A RLRE B n AR TR
Frit ik B Cu( D) ARV RS , o3 R HCH S 5
Bt Cu (1) Jo3f v B 9 385 K Bl 22 34 3%, 7% 366 nm
P AL, Cu( T ) 7E— 5 o f Ve B S PRl P, JF o a ik
5 FASG-CPB-Cu( Il ) /& R ) RLS 34 5% #2 &
Al EEMRR, HOZ T EATHT Ca () B9

BT,

[26] Zhang X, Xie X, Wang H, et al. Cheminform abstract: Enhanced
photoresponsive ultrathin graphitic-phase C;N, ,nanosheets for bio-
imaging[ J |.Cheminform,2013,44(20) :no—no.

[27] Zhang X, Wang H, Wang H, et al. Single-layered graphitic-C;N,
quantum dots for two-photon fluorescence imaging of cellular
nucleus[ J].Advanced Materials,2014,26(26) :4438-4443.

[28] Zhang X, Xie X,Wang H,et al.Enhanced photoresponsive ultrathin
graphitic-phase C;N, nanosheets for bioimaging[ J ].Journal of the
American Chemical Society,2013,135(1) ;18-21.1



