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Abstract  Organic solar cells (OSCs) have gradually become a research focus in the photovoltaic field due to their
advantages, such as simple fabrication processes, diverse material sources, flexibility, and roll-to-roll production
capability. However, as OSCs move toward further commercialization, they face challenges such as improving power

conversion efficiency (PCE) , scaling up production, reducing costs, and enhancing stability. In addressing these
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issues, carbon dots (CDs) have garnered widespread attention due to their low cost, diverse structures,
environmental friendliness, wide availability, high conductivity, and good stability. In OSC devices, CDs can be
used as charge transport layers and interface modification materials, improving the energy level matching and charge
transport performance at the cell interface through interface engineering, thereby enhancing the overall performance
of OSCs and providing new insights for the development of photovoltaic cells. In this review, the concept,
classification, and unique structural features of CDs are introduced. Then, the excellent tunable optoelectronic
properties and functionalization modification methods of CDs are highlighted. Furthermore, the application of CDs in
the field of interface engineering of OSCs is comprehensively summarized, and finally the challenges associated with
CDs-based interface materials in OSCs, along with prospects for their further development, are addressed.

Keywords Organic solar cell; Carbon dots; Interface engineering; Charge transfer; Photoelectric conversion

Bl B Tl ek % J , AZRXRBIRT R 5 HARKS . BT, AR AR (A faim
TR G )V IRBEARBUREIR , (H i T A BRRIAS AT FEAE HL) 1 RS 5 A e )i, HoR e g A28
AR RS R, I . AT AR REIRF AR (CIRAE . K FHAE . AKBESS ) B A K 1 & JE 7 Tl RIS
P R BHRE R A BRI Sk RB IR 2 — , 1 FLEA T Rpa k™. V5 —Fp A P i R BHRE R A
55 AR K PH BB vt 1) K R B T AR K E A, I R H H e 0K (PCE). 55 =K FH A
WAL FE SR A BHAE FRL Mt . YRMEL K FHAE L v L A MUK BHAEFE B (0SCs). Hih, 0SCs i1 HA AL
ARG B . MRS 12 DL AT PGS X EU SO, A R | & v = T R AR S
e R R R BH BB S5/ P 55 T R B T I N RV . Ak, AU A s R T P LT B L RES
KM ETE T E , NS SO R AL T 2RI RE . VB —Fa R ek H AR, 0SCs B 45|
T RE AR T R B2 267E. FERE LA, OSCs [ PCE B 28 b4 5 51 209%™, etk
B R A S RE R B IEAE e 112, R I AR AE OSCs BB o BUS 7 — R4 B vER, (Hilh T 5
HEJUROEREARA L 0SCs 1Y PCE 81K, 3R TCAE AR St o 4 = 1A

TF 22 B RIS e R R T OSCs VERE YA RO M . B 5 (CDs) HA BUAMIG  Z5H RT3 | S e MEREAR
SRR TS0 A, o BR f ) R SRR A TR R SRS . B, SHNEAEUELL, CDs B/
b, FE T DLSETE R N AN 20 Sk i B O T AR G, ARSI R 1 AR SRR KRR Y
P, PRI EA RN IEEUR R Hak, T RSFFIESR A AR 4k il LLE CDs 2B H A R 1Y) BB 45
Fa 2500, DRI T DGE 3 ORI BUAR AR AR AN [ RST FIE SR CDs, ATT SE 3% B
AT R AR RE S F T R ARG 2E TR 2R P, 4R S AR R R e M AR RE , IR A
AR TR . 5358, CDs i 1L A5 R T Bk o] DLk 280 & P it i S e b i e Rk,
CDs 7£ OSCs [ H, P& 42 (ETL) | 25 7 UE 5 2 (HTL) & A mie i 2 b B B R pg e i J1 . CDsfE R
ETL RN 2 2508/ R ICHUBE, 38 FIe s BEL, o o 7 (0 A& -4 . VB b HTL, CDs RERSAG RLFH Y
T, WA T 550 UNE S, BRITE SONEEZ AR L, IF H CDs A B AR EREEIE N, 1T
I/ DR AT B Tl T S O PERE TR . CDs Vi BHIRME M2 AT i35 OSCs FU1H 2 RTE SR 251, A3
0 AU R S T Z Ak, SR N Y, PR T R BE, PR AT E S, IR T PCE
AU, CDs ARl —Flog B R AER 2 KA1 RE, AT T 0SCs A BHA R, t b H e U i s 44t 1
B AUH TR ARSCE M CDs B2 S 25 RRE | SEHPERE | ThRR L R HAE OSCs A 1w A9 1 F LA
i TEEA TR CDs BIBIFSE B .

1 % =

1.1 BREHS RGN

KT CDs MHBH BT TR 4R T 20 22 90 4EAX . 1991 4F, Lijima' 7 &I T —ZERY BRI KA 3 2004 4,
Novoselov 5E " il £ T HAT ZAE S5k 0 A 8505 5 [RIAE, Xu 58" 78 2l Ak L ST H T 25 SRR Rl 94 K A8 1) 72
HR YOI ) & S B BR A8 KR T, Bl CDs. 2006 4F, Sun 282055 — I O 20 o 2k A B HE CDs. it
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Jii s WFFE B CDs JBFF T T 12 R A BIRFE .

ARk, &M CDs MR, HILEZFE, AR CDs PR A ok, AR St B T
—ERHE . TSR, A R OT R AR UK R ST AR AT R Z A CDs. AR SC 1 HE,
CDs & F AR G ZE AL RST/NTF 10 nm AR IIRL , TER 2 R ERIE 828 BRI , (Bt AT Btk A R 45
A2 CDs Wb 2A 4Ll B Rfk, R & B i 4 . S RA S LR, XUt Rl AR i fh 7
G 07 CDs Itz N R T 2548 . CDs R MIAAE S &5 R AL E TR, X AR A
{2 CDs [ A RS e 1, R pee T 35 J BRI SR (1 AH AR X200 [ 1(A) S LR CDs f) Ak
BRI E B R BB . CDs 143282 JE F J0a A% 25 04 F 2 11 B /8 RN ot , FLAARAT DL 43k fifk it 7 i
(CQDs) | f1 38 M5 B8 T 25 (GQDs) . BRYNK 15 (CNDs) AR AL R &8 5 (CPDs) %5 4 KIS[E 1(B) ], Heep
CQDs HA 5 1 H 1 P RE AN 20 T2 %, 7E0R e s FLAT ) i I R RS . A6 K PHBE
LY T, CQDs AT RAVE by o fuf A5 4 22 sl A AT 12 R B2 T 2R A LR BB, CQDs ZESBHE T i & Hh B
ST, HIt e et . CQDs A e Mot FesiUR et il HAE 0SCs FRRENS B AT ROk 2 A
EeAoeRe , NI 58 K FHAEF R RE R WIS R, iF— 254 &5 PCE. LA, CQDs &) Filf 13k H 41k
MU REAL, DL A EN A0TSR . EEAE, CQDs ] LU 858 RS | 25k 158 1 1 5 A Ak Ha v
POGHVERE . CQDs B JEURRIE 12 HBUAICRR , 33 (o HAE KRS AE 7= AR Ak i T i HAA R 1A
I, CQDs7E OSCs IR R R )12 . GQDs [ /553 L 1 AT E Ak P BB 0 S Al oAy v b 0 0 H 25 40 5 fi
REAR (R BRAER L. CNDs 1 85 2 ™ S Rga e PE LS O e f T34 B BAR A ) . 38 5L J#715 CNDs
1 RSF R AP T, AT DL S [ RE Y CNDs AR}, 3 SR AN [I4UE  F5K . CNDs 76 HL 6 46
U A BT, T AT IO RE I AL Ab R R RE BRI ~ARE , o BH AE L Tt Bt i A S5 el A 1t
B D7 221280 1 CPDs A4 5 L 2 1 R 0 S B R K PR F L S5 FL IR A8 TR AE AL . L LR T
SR F P AR e PR SRR, T R B R ROK PR RE HL st AR (L T T RE™. CDs [ 22 {2 Y
B spr 2 AL sp* oAb PRl . A spP AR PERY CDs & A KRB IS B AEEH , X 8655 7 PRI i A e 42
FE—RIGIRIE . XSRS sp? 224k 1 CDs HA U F A sa i i 5, B St A sy Sk . i sp?
AL 1Y CDs W2t = ZERRAK Al AR 1Y, Herp AR C IR TR 4 4RI CJRFIR 58, XRS5 T
HE LR FE RN A e . CDs PSR 22854 il & A N, PRIS 25T, a1 CDs PNEBIY
C=CEZEMMATABIMN, PRISSEBS:, BN T ZFEER. CDs KW ILHummss H i HHA 51 5
PEMIZ R TIER R, efe b TP R BRI 4 . 548 EALY S AL ETL AR, CDs 5 0SCs
TEPEZ AR S A AR, AT T S BB PR () R i . CDs 0 25 1 R 0 M S A A B T
REZR , M L RBAR A Hh s i AE VA 700 b, AT I8 Tl n 1. ZE 6 iR @il , CDs ARkl 3z B F
OSCs I HL AL 3 2 A B R Z , VR A BRI HLE
(B)

Carbon core

Functional group
COOH, NH,, OH, C=N ...

Fig. 1 Schematic diagram of carbon nucleus and functional groups of typical CDs(A)"” and structure
diagram of GQDs, CQDs, CNDs and CPDs(B)*!
(A) Copyright 2022, Chinese Chemical Society and Institute of Chemistry, Chinese Academy of Sciences;
(B) Copyright 2019, Wiley-VCH.

12 BRSAK A

3 e PR 7 2 R UL FR 7 o 0T A 5 G B 2P ) CDs, 3 CIDs A
LA R TR B IZ OBLAIVE T . AT, CDs FEBUMH T 35 0000 ki | REAS BAHE
WCHERE B B, HEAS L (A PRI O AESR A . 5L, CDs i AT b/ PR b , B
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RIS ARRE LG I R S m e ot (R, sis et IF RS 2 MRRE ROt CR ) ,
TXSERHVETE S AL SO i 2 55 40 Sl B Fi 0 AN B . [, CDs BDBRRE P A, RERS ARSI
[ R IR RE RS S , AN R ADERESR , X N LA TR A I IS e TAES & o ARt 1T
HIPREE . ER2EMERE T, CDs AMULA LB R MM, BRSNS e+, M A B TFiE
R, (78 CDs Hh BB U H S5 AL 5 . CDs B3R -5 B M A JL7E Fi T 2505 . B RE 45 S AL i ds
M HA Tz W RS 38R CDs BA BRIE S MR m S, o7 LAdE— b e AR Rk R
SR L SIDE LY N

12,1 FREFEEFRAEE  CDs BAT SISO TE RIS R IR I R 5L, & —FI R AT T e e g ok
FRE. CDs 7828 4h-1] B (UV-Vis) X35, (200~400 nm ) A4 FR 58 (K0 I, HG27 W I AT D E {f F1) 50T 21 48 X
B Yang S5 DTG IR 1 £ e R, R K Il #8 T R i 606 CQDs[E12(A) ]. CQDs 7E
250 F1 340 nm Ab HAT 3858 19 T8 I, 43 X6 R T C=C 3 (1) m— " BRiE Fll C=0/C=N ) n—7 K
iE. Tang 58O LUR 20 A2 00 Rk, SR R GG Sl B in B il 46 1 N 484219 CQDs(N-CQDs) , N-CQDs 7£
TREE S 23T 21 5P X 35 (200~900 nm ) HAT B 56 i [ [ 2(B) ], 38 38555 ek i b 2 0 s g 2%
4, AT LSS EA R SO FE B CDs AU AT 5 1. 8, TS & C=0/C=C B ry s I 5 i
[ CDs 75 22 4P DXAT B8 (W 7 T FH 3 A7 5 BRZE MG . S Jo N 252 J5 AR 54 iU CDs ELAT K %
Wt R, 240K CDs B OSCs B, o] LI 218 15 CDs 13 2L MR IBOR Y™ R OSCs 1 )2 I 6 s
Fil. IHEAh, CDsE R S 2] AN ER AR | i G 2R ANER X1 1 J 2 M4 R 453475
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Fig.2 UV-Vis absorption spectra of typical CQDs(A)"™, the UV - Vis absorption spectra of CQDs with
deep UV to near-infrared light absorption(B)*” and schematic diagram of various typical electronic
transition processes of CQDs(C)“"

(A) Copyright 2013, Wiley-VCH; (B) Copyright 2014, American Chemical Society; (C)Copyright 2011, the Royal
Society of Chemistry.

122 B/T#BL AR CDsMOLEURIEE MG T ikt (DCPL) , BIIT2 5t K it 1
FO i & PR K, A Stokes BN . 243 & I K A 300~400 nm B}, H & S K AE 500~600 nm. 7E OSCs
Hi, Stokes (B HHELT, PRI 2R Stokes (A5 /NG 7= Az IR FEH , B#AIK OSCs [ PCE, AR Stokes o7
FoA T4 A BH G A L2 AN GRS 4355 1k R ] WO EE BATLIAME™). CDs 22 AMN G R 0l LU 5 H )%
KK A, H Stokes 50 2, RIS WEASMHNEFIph ST P, BRE AT AR Sy a4 e 52 A0 ik
B N e 1. REBAITEE NN CDs DG & P KA SR AZ 1 1 RS0 L R A&
DA R ar S8 75 T 19 43 F- 2 0 AT M. Lu B2 2R FIK $AE 200 °CTF i 22 BRI 2R A3 i CQDs H
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A A AR R ST Y 7R DRI T HR S RGN 710 nm, I HHAG ITEL0ANE SRR 9%
SRt . HAT N RSO ERRE 1) CDs 7] LRSS 045 BT DL, 9% OSCs & P2, — 7 1H A
BE 1 OSCs IETER L, 55— T X7 1k T AR PEZ A BEIR , MM = OSCs AR Ffa e 1 .

—26 CDs JEILH 30O R (UCPL) , BV BT 9 5 & A L IR I K . UCPL AR JoT &
JZ Stokes N, FLHPGORIRLAR I A B ZAMIRRESE T, BlJS PR ST — SRR T CDsHAR
A AR RE G55 45 T 8% OSCs TEPEZ AR 1) =5 BEYE -, AT A4 98 OSCs [YEIRIYE R, 24
2 PCE. Molaei £ & B, 15 B T-IHOE (458 nm) A RAPK M6 (800 nm) B & T, CQDs HAT
BERM AT IR ST, H CQDs &GRSR R TR 2 TR REOC R | IESE CQDs 1 A] L& S i 24
IELLAMET IR SR . He S5 LUK TR AN B e Ay JEURHE L K 0L B 1 T —Fh CQDs, JLAEZTE
Bk T R HEE, R UCPLARE . Jia ZE47E 90 °CF H RN HBL IR i B il 45 T —Fh 3 E. DCPL #1
UCPLF#ERY CQDs. 1% CQDs 7E L8 7MEIUR T & i, 721K 800~1000 nm HIL£LAMEHUA T & i
£ 540 nm (2856 GX AT BESE BT CQDs IR T 2498 F). B 2(C) 2k CQDs By HEL IR AR B A
Hrp, B 20C)H i (D F(2) 43 51m HT JEJ Stokes A FFE ) KRS CQDs[ CQDs (L) JHIZNSF CQDs
[CODs(S) JAyH TIRT I #. CQDs HUAF R (LUMO FITHOMO 2 2%) Btk T CQDs By RS, 3 HBE# CQDs
RGN . B 2(C) i (3) F1(4) 7 H T HAT I Stokes B REPERT CQDs [ HL FERE L . 24
—HKRE TR m LB EAY T, 7 B FERIT 2 S (LUMO BEZR) , SRIGERITEIKAERS . AL,
PRk o AR, KO RO, BAR o BUIE A H T ABRET , [ HRE & S IE # ( PL,
AT USRI Y R Se 2 [l e E R i 2 B4 .

HTi, XF CDs [ DCPL A1 UCPL B 58 A R Gl . X Sl R 1 98 SR BB A% i 24 ¥ OSCs
EM IS ], E TG s AR HUIR , B A SR THER R I SR PR RE , i CDs e BRIR L i St R 9L i B
KigTg.

123 wmhRERE SURE M RIEMRE IS T IR R AR R e . AR R AR AR s MERE T Y AR
J1. AE0SCs H, YekaE Pk 425 2 B HL ML) PCE AU I 1 5 . CDs 766 A S BEAS 26 0 HH 4
MIBOCRERRE S . X E A28 T CDs UERI 20 F25 0 AnAb 22k i, i ELREAE e G R fR SR e O 454
FibERe, A9 & AESCEALRDERRE RN . Ak, SRS SE0SCs A TEME 2 A far (4502 S0 R AR
G, AR EERE KR EEDR . CDs AT DAIE 32 5 50 S b4 R4 8 A AR sk 2 Y6175 S e A T A
PEEAR AR E E . CDs A W] LAk3E OSCs A1 JZ I REZL VT FC A L fer 40 I B, I8/ L 1w &2 TR
S, DT b 8 YGRS P A PCE. ESEBRR I, CDs B2 JE B 7E 0SCs HHR EDLR 2 ME R
W1 20224F, Tian 5 R H— K GE G B T #4255 19 CDs. CDsAF 4 ETL o] LIAT ZL AR ) pfi
B, 0 L AT BRI T B ARG, R g B A 2R PR AL BRI, 4 PM6: Y6 /R A TS
JZIE, P CDs N ETL 4 PCE RS T 15. 41%. AN, TEESRE MR RS 1 h)5, 35T CDs s F4T
REPREE97. 5% MIWILG PCE, TMiET ZnO B #4F H BB LR 1F 80. 9% HIWIih PCE. XK CDs B FUE . MRk
ETL VAR RE, I FLAT A 30a Al ZnO SRS e P 22 1 s,

124 R FERMESEFEHRE  CDs, JLHZECQDs, I T 5 BATH FoR v 5 T 45,
DU REE LR AR FL T2 | B 2 R BB IR0 S 2 AU AT )2 T T . CQDs R HE
FKPEEREHA, WFRIL(—COOH) | FIE (—OH) FZ Ik (—NH,) 55, AR T HAR K 153 50k
FkaE P, o T R RS0 T 1R F A 0t T CQDs 5 H e Mtk 407 5L A AR T A T, T 4
TETHXHL WS | 558 X AR T CQDs 7EAG EE L 14 4 i 18 K 1 53 i e L R A8 Jy T
J B AR TR SR A S A AR L E P T L 1) B Sl B 1 DS, XEF CQDs
FEHL AP N B OCE Y, S i TR R AT L T RS T Pk b 2 AR, DR AR G
AT S 2R SRR RE . 76 OSCs H, CQDs RILAL 51 Hi T2 A8 S etk i vl 9 FHAE ETL, HLhF L
FPIEESE T, CQDs 3 0SCs BRI LA AR FFUEE . 2016 4F, Yan 5 R LA TAHTTBEE AR
G T BA A SR A5 Bk AU (C-CQDs) , FRFHARE A ETL il 48 0SCs. 455 3KM, BT C-CQDs

A
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[ OSCs #A3RAF 75 LiF 3% 0SCs A 24 f g PERE , (HAERE MR 5 . 202245, Dong %" AR 247 W
e (PEL) #13,4,9,10- 36 U2 2 — I (PTCDA ) M s oBHG B T 7K P /% CDs. % CDs HoA7 K11 7 JL40 1
U, PR 2 B G G E T RS SRR R TR A L R T IX 2K CDs A 3 A 8] B OSCs SEPL T 17. 35% 1Y
PCE.

125 ®mEaE CDs BT SRMERE, vl LMWEN B FRMEZHEIE . £ 0SCs 1, CDs U2 AR S
A RCHIRG TR 2 e A i AR R B SRR, AR T AR AR L SR R AL AR AL A
B a4 PCE. ILAh, CDs RESTE AR RIEM S HIES, A T UGE 51502 08k, $4te
T BT LT . OB A S T e A R BEL, DT AR AR R R LR BE Y. BFSR R, BT
CDs B 2= W70 S BTN Hh R B /N B 242, X RS B A /N A B B B, CDs #8324
5% vh 2 RER 248 5 i e | BRI RE B s S5 PR 2 R B s MR A . 202348, Li %50 10% (it
S0 I N-CDs 384281 5 (3, 4- 20 5 EWy ) - RIR ZJ5T IR (PEDOT : PSS) i b, LIHE &5 OSCs A1
AE. N-CDs HAT 5 FA . 3 iebEdr . e 255 K &4 T 5 PSS AH HAE FH I B e A 65, Stk
M#52%5 . PEDOT: PSS+N-CDs HTL ELAT 3 5 i HL S 8 A58 A D R 2. 5 506 1 PEDOT : PSS #544F
(PCE 2y 15. 4%) A1 Et, PEDOT: PSS+N-CDs HTL OSC %4 1t v, fif 2 BURIME S i ) 55, (R L4 1
PCE AT =51 16. 2%.

ZE LTI, CDs HAT nT R 2 Mot | RRA% I i 12 ) A A RS B R IO BB L, AT
A AR R B KOG FRER . IKAh, CDs IR A9 DCPL 1 UCPL #E— 2541 5% 1 HiAr R i i 45 4%
W R HVE R, 8 R T4 5 OSCs FEAN R GTE XA i W RE 77 . CDs 19 i e e P e HAE SR A8 4 1 H
1) 55— KA. FER BRI R BHYCI T, MR C2A R RE S 5 DGR i 223R L 177 CDs PR AR E 1
2550, BEMS LR R I ] 1 e R RERRUE , MRAR K PHRE L MK S 1 T Tt A s sl . RIS, CDs
LA PR M S A R, O IR B T o8 AR B X E 2. CDs B
UF i S A B T REAR AU HBEL, P S AT O, DRSS . 1A CDs AT LIRS EE R B0 = 255
FRURE 1) HL Aol A 030 0, A 4R T F Tt A R (A PR BRI AT ) S . B35 I 9 R AN TR RIS W i
o, M CDs LS R PHBEYGIR B AR T | e dF vl F-A= BB IS Ay 1 &4 5 N EE 22 A .

1.3 FBRARIThEE

CDs VE R —Flopr B R AERRAUKR AR, B8 Z N T4 . A T 3E— 24871 CDs ia s
A, # LN P Sk, T X HLE T AR AL . DIRRAE AT LR CDs I HL T 25 A BB 40 A, AT R4
HESCHERE, I8 &I R K =R (QY) 45 ; 1T LIRS CDs M fb# e v Rt (i H R4 Fh
IBEAE T ERRE R FF AT i bERE , (KAl A A5 s mTLAPEAE CDs (W HL F-4544 , 3o FL 5l e A 1%
WiRe 1. TIREAk CDs AT LASCEL A —ME T A 03t , 10 T LASE B2 Fh OB AR 7. R824 gk
T 1 CDs Y6 L P RE AN A HL N FH G () B Ah S REAL SR IS (3R 1), 2R84 )20 CDs I 1)
— B2 B A R AR A U S AN R B A, DATRRE CDs N AEME T . 3205 3 i FHRAE
T BT £ 52 DG . T 2R B 1 A2 (i FH D B 40— sl oK UKL CDs R AN ] (9 16 P 85 R R 1A 2R 1%

Wi . %595 T MDD CDs BAT I RERC IR BT BAT BOARRPE B, I it — B R G PR, AT
PR CDs BRI

13.1 %% ZETFBAERECDsEMNA T, 0fFdEeBoi e o s, 2ETFr
IR AEEAE CDs A2 T 2546 AR 4045, DTS2 I Lo ek i AL e M B 2 . 82T USR5
CDs [ RE I S TR DIREIL , I B E 5200 CDs B9 GERE . it 457 h i It s F-5 1 A
WL TGRS R i I AR B R 8 2% CDs 1Y R FHESY, Hip, JE 4B 0 R B2 STl 1 BRIk 1Y
7 BB AR LS 22 18] A BE R4 5 QY , Wl RE T DLt 25 04038 CDs Y QY. I 4B i K 1824 Je il ad
TERACB AL FE v, 48 R 5 CDs BSKA Hh 10 B BE A1 254 e 8 1 e 4504, Qi A T LA 4
CDs BB &5 1 . UL, 2448 42— Rl LI T REAL SR IS , T & AT Btk BB MY CDs #2448 T —Fh
BRI . 2021 4F, Nguyen 251145 T N482% CQODs (N-CQDs ) H-44 HiAE S HTL 5| A 3] 0SCs Hr . 4%
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Table 1 Summary of different functionalization methods for CDs
Functionalization . L
Type Property regulation Advantage Problem Application scope
method
Doping Non-metallic ~ Conductivity, energy Improved fluorescence Blending uniformity Optoelectronic

atoms doping  structure, QY, hydrophi-  performance, improved  problem, control of blending  devices, photoca-

licity/hydrophobicity, electrical performance, concentration, defects in talysis, sensing,

chemical stability enhanced stability, blending introduction, electrocatalysis,
Metal atoms Conductivity, energy expansion of application  expensive price of rare drug delivery
doping structure, charge transfer  areas, convenient metals, difficult to accurately

capability, QY, active preparation method control the doping amount and

site density doping position of heteroatoms
Co-doping Luminescence proper-

ties, absorption spectra,
conductivity, carrier

mobility, stability

Surface Covalent Luminescence perfor- Improved fluorescence Uniformity and stability of Optoelectronic
modification modification mance, surface property,  performance, improved modification, complexity of devices, fluores-
multi functionality, che-  stability and solubility, modification process, problem cent probes and flu-
mical stability regulation of surface of scale preparation orescent imaging,
Non covalent  Optical/electrical charge and polarity bioimaging and
modification  property regulation, biosensors, drug
stability, solubility and delivery
dispersibility

R, N-CQDs i 1323 yUE i PERE 4 =, A r B2 ICRE JD 3, IS RLEE T T 8 MERE . 201948,
Sun JE DI R AN AL AR A RO, SRR AT B — K SRk il A T BT I O R e M AR 1B
%% CDs(Mn-CDs) , QY {511k 7. 5%. Mn-CDs Jf&—Fl i B4 E B 33 ST R 9 K 0RE , X s — TS
FRAE A ) TR e &R N B P RS e A R — Bk . Mn LTI BB 2SI TR BE R 2544,
PEE T L FAE Mn-CDs PAER B 58 S BRAT 5 9 HL AP ms 3 26 11 0 A R0 Ak pdi /b 17 SR Bebe , il 17 AESR
PRI IRAR , ISR TR 2R . et ZFoc R 5 AR 2 RIER . @
TUE G LR MEARL Z 8] A A B A A AT DL s AR S | bR AR S S TS, TRl T DL
ML RA R ) AR 25 A BB 2 A1 45, IIARAEAA R PERE . B 4% 0T LU iR — 1B 22 e R W Jm B, 2
FBARRCE . LR, B0 R T RE 2 B VA AR BRI 25 | & B Oy, B 4% T DLt ot
] AH BAE ok e R e [m) T, SR & A 2k B R AP Ak BE . 3l A B 4% nT DU & s A R
SEPERB BT BIAEARL, DT SE AP AR N NS . i 2T LIAT S 1y R Rl 454, 48 s 40
T FITR A, MR E AR H 5K 2017 4F, Shen 25 DURIA A, 18 3o — b 5 {5 1 7K A
FrA T NFIS 45241 CDs(N,S-CDs). N, S-CDs 7E K 4 360 nm (G & T & Hom 51 (1K) % 65¢
I, QY ik 24. 1%. Ak, N,S-CDs W2 TH 5 T T DIRefbE i, v LABI A FE RRET, it 7w
ZHERE RN AE . 8k 2 IR T AR N, S-CDs FRORIAR | 20 BrE Mok e PELEERE , AT A ) 49105,
TR . 2023 4F, Wu S8 S HGE T —Fh— LKA B 2 TIRE N, S-CDs Y 5EHE , DF5E 4R, jugdt
BAAMUEINT N, S-CDs % E SR LH , i H B 24T TIH QY.

132 k@E$h S TBAANE, REEMGE—FEA BRI S a81E CDs NS , AU &
FIATREA TR = LB e AT A, T H R — 25 i D RB A S W AR AL T V8 LR 1 RO 7wt . Al
KRBEIRIER B, CDs A V218 G OV R TESEA, X5 /N7 0] DIAEGOKR R F 86 CDs, T
T HB ) SO A SRR I TRE . HHF CDs &8 K iR SE A, K FIReic A (s s+ . BNy
TR T45) ] LU i Rk A A B 5 16 CDs b3 F i3 Hoklt: . S A i 2 BT84 1L
(D R EC AR UES 7 2R TG I 18 2 A 2 A B, (R AT LU CDs SR A5 H e 2R (4 P RE (LAY
REfE R 1R ).
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CDs (IR T L 20, T EAFRILM BB AR A EB B P R 2E . Lo IR 1 28
I B 05 OB D RE TR R AT B AL 6] 70155 CDs A , TEURA ROEYERE S FRpR BIALPE S A BT S RERE
B LR T IAZXT CDs R T~ 28507 A 520, SB0CDs LIS Kk —E ny 8 fl . [[lin, %
T A 7012 RE S CDs 15 -V E PR Z AT AH ELAE PR AL T . AR (A i e 1 4
M Can Ui | SRt A s A TS5 ) F ShBEME T sl S CDs 4 . X RN BREAL T I 4R A AR X ]
B, REER CDs IS S5, B0 TSt MBI . 2020 4F, Sato % o 4 THIE 1 B ) i 4]
T CDs FYZGIEAE (. th THOLIE R, CDs 7E i At FH st v A Jh g 06 TR TR Ak S 5 v ) S
WELTH T 55 nm, TESE T H TG AR (55 [ CDs & Gl i) (i % i LI 1k 2 11 i 7] 14 2 )82 B
A CDs F 1 BI ALK . 2023 4F, Hazra 55710105 KA EIPES CDs #EA TR EE 1, KB
CDs IR AR R AR T B F 72, WIEARRIER OO ADO0 . IXMEI A 3% T CDs
AT ENE , il 7 A R HE 1 CDs Z A SRAE | HETTE B T — ol ph 9 K SR BB AR R T 4 o 45 25
oy XM B AR ET AE W 28 AR A e BE RO ZE R AR e P, I R B D5 A = R0, 4R 5E T CDs
TERP PR 2 5T 107 T

2 R TEBYIKPHBE R 57 E T A2 s A A

Fl 1958 4F Kearns 255 | LA #5 BN 1 46 OSCs J& , BEZE B4 RHI 4 18 e 23 F 45 46 5 TR 350 FR AN Ui
Ak, ZER LT AER TR B, OSCs M PEREA TR &, JLPCE TRk 720%™, JEILH )™ e it i
FHETSE . CDs AE R —Ffog 8 (1) ARG K AL, T R 9 622 R A e B i e e ok
BRI | B fr e S Sl L AR BRARL B FE e S 52 MR . CDs IRA 2 BR A B T AR R
P Ty RS, 8 i F far A USCEE RIS 5 1 P B R M RIE T F -6 AL 23 rp i Dl A% e, 2D 1 f
TEAG i AR P A S A R R 1. CDs T LA S50 AR 47 6 PR 2 e 32 R DR R (U B | U358 IR )
D TEE 2 R R A AL, TR S R R e M A ARy . I Ik CDs LSRN TERE, W] AdZ
FAE S AL 1 5 A R, AR R E T USSR AR R Y PCE. CDs ANAXAT AYE A B o £ i )2 4 4
F L IRRT LA 5 e R A A B e S 2 T REAL N T, 3X 45 CDs 78 OSCs S R4 A
T e 9 B P AR AU ZE O, T RURLF T OSCs 19 ETL, HTL FFHEEHZ T . JEF CDs 19 5
T T RRANE AT DABE g 24 T Ak Ay rEL AT SR B3, SR A 2 6, 4 S ek PCE, 1 HLAT DL 3%
R RS
2.1 BFEHE

KA ETLX T TR A PE RE B BB MR . ETL N RERA SR B 576 )2 2 () e
R A (A i, 3 BEAE RO/ AL T B A AR SR, N AR GRS R S A B . CDsPR R 1
2SRRI L, S ETL 3 R T3l ek, A Bk — 42 R 0SCs B MERE . CDs 1Y
ANRGHREME T BT IR H AT . EAR G A R, FL 1948 S AR A 52 B R R R ST R g+ 1) R
i, FECFAERSCEZIR . 7ECDs Y, T HM/ N RSE, s s im A i, XA B TR TR T
ML, P D RE R . R, CDs IS HA MR B A 25 i, (L RRAS s AT 50t i
FUGHDCE IR F . XX THEES OSCs i PCE 262 . 5@ 4 F0F T CDs (X a3, AT #i5)
0SCs FE AR Hy—4 K J7 .

20224, Dong %5 LA PELFI PTCDA A J5k}, 5843 F FH PTCDA 19 15 HL 5% B Rt 1 PEL % ) pR £
WIFRE T, A A B — 2B K I A B T A K ar A T RRURT = T B R R K CDs. T
% CDs [ 18] & 0SCs 2L T 17. 35% 1 PCE, 1813 4000 h FA7EAE BT 18] I, #5124 1 BE A 357 A1 X6 B
[E3(A)~(E) ]. [A4E, Tian 5E° R FKIGE A BT H A 230 CDs. 255 R M, B A 2 21 CDs 1
S ETL T DAAT R AT R, 2 rl nf 280 000 1 1 AR IRORIAG iy, sl 8 2 ol fir 2800 1 T4
I, M PM6: YO NG 2T, JET+ CDs FI#RFH PCEIRE 15. 41%. AL, FEIELEEAIME ST 1 h
J& . HET CDs By $ AT RE AR 47 97. 5% HIWIHE PCE, T3 T ZnO F 2314 H AEARHF 80. 9% ) 1A PCE. %
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R A IR CDs R . B ETLAg bR}, I HLAT DI R0 IR ZnO SR e P 22 19 [T A B A
2023 4, Georgiopoulou 55" & Bl TGI8 J& R ZAB M (4] 1 CNDs 16 2 280 R I REAL () CNDs, 1E4E R
OSCs [ ETL I, HJit ) 12 F 0%, #REBAREL T mr e hmteag, (et i F7EETL 5% 12
ZIA PR %, A I R R EUNRE AR, B FUE R Gk . @i Uik ETL S AR SR A
Z a4 i, BRARHL M 525 L, 2P 4T T AR B A AR R . 5 ORI ] CNDs /E 2 ETL 1)
Z LA AL, BT CNDs (RL 45 506 5 A S AE Ak ) 19 OSCs #1419 PCE 52 31 T3k 10% 1 2 3 $2 71

[EI3(F)~(H)].
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Fig. 3 OSCs structure and active layer used(A), PEI, PTCDA, SnO,, and CDs as the J-V curves of ETL
devices(B), corresponding EQE spectrum(C), PCE distribution with PM6: Y6: PC, BM as the
active layer(D), the storage stability of devices based on SnO, and CDs in N, atmosphere(E) ",
schematic representation of the fabricated inverted OSCs(F), transmittance spectra of the SnO,
film coated with or without C-dots and N-C-dots(G) and J-V curves measured(H)*"

(A—E) Copyright 2022, American Chemical Society; (F—H) Copyright 2023, Multidisciplinary Digital Publishing

Institute.

CDs FEAE HMRF G HMERE , 7E OSCs 1 ETL Hh L H ELRRY I T . CDs D057 Y- H PR AN 800
LR RA BT T A PO SR OIS, LI 2 F W TR PR AN Bh TR 1 BESR, (LB 4 DT
FCG PR 2 5 R Z (R Y REZR 22 , B REHY IR CDs SIA A A AR 280 , 8 T i CABE R s . eoh, 5
TG B A AP TN ETLAR EL , CDs B 3 i A, RERSPEAT s UF O BRAB F i, E— 204k
HE T AT SR RN . AN, CDs /) ETL R REGS A RCPH 1143 & Mo b 5 36 1 2 B e e ik~
B, TR 7GR, b 1 i AT S R Mg R E MR B R [ . CDs 78 OSCs ETL H BN HI 42 i
el FYEREFIRS E POTRE 7T BiRAs , HEsh 1 RHREGIRBAR R HE— P R .

22 EREHE
OSCs J&— Rl A HLE AR I MEZ AR R FHBERL I . e HTL XS OSCs Y 200 7412 |
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REGR Y SOGIE T2 ISR R T B E W FHEM . HTL e B Ak 28 /CFE OSCs N AR I A% i
B, KIGE/D A0, 1T EERE . IAh, HTL IR REVE Y S BELL, a2 5 i 2 Al JE
AR A PRI i, i — 2P AR RR R A2, (R E R AT AT 80008 S . T HTL7E OSCs H ) SCSHAE
FH, SR EPEReny HTL AR B BFSE S 22— . CDsVE R —Fh i 2 i B4R gy K bR, BRI AR
HPERE M A5 32 G . CDs BEMBTEAFIIN 2504 T IREF A5 IASE , BRI R APk fae Pk, BeagHL
PUANAAREE AR 00, R AR KRR E BT 7. LAk, CDs A BT IR ZFE, X MRS HA5Fy | RSP AI
FEUE M TR AL T R R RE PR, DI AT DR ELRTE SR P84 HTL ¥y dERE . R, #F CDs FI/E OSCs 1)
HTL B AEAG B8 1 A0, FH R

2013 4F, LiZE LV A N 1.4 GQDs />4 HTL, L P3HT: PC,,BM A1 DR3TBDT: PC,,BM 2741 K
T2 T 0SCs. Z553K M, GQDs 3t OSCs #F 1) PCE 43514 3. 51% F16. 82%, 51§ PEDOT: PSS
VBN HTL R EPEREA S . Ak, DL GQDs i HTL R HAa B 4 () vl T 52 P AR () iy . X e
KR, GOQDs A M e 1k  ARBAS AN 2 TN T4, AT AU PEDOT : PSS A4 7 S PEfE L B A
HLOGRH L 4(A) FI(B) |, Ak A 2808 (GOVE R —ZSB B HTLAPEL, B T A X AR A B ek B5ORN ¢
ZH SRS, AN IE A T OSCs [ HTL. A T fRH X /N8, 2015 4%, Ding %' JF & T Rii2 4
4 nm /NRGE GQDs(F-GQDs). /NRST F-GQDs HATH = (1 LR HTFR, IFIRER T GQDs 1Y S HL PRI
mAEUEYE . 24LAPTB7:PC, BMAE A OSCs g4 16 HEIZHT, F-GQDs Jt 0SCs AYPERE (PCE 4 7. 91% )11
T GO £ 0SCs(PCE 4 6. 33% ) F1 PEDOT : PSS 3£ OSCs (PCE Ky 7. 46% ) , &M F-GQDs /F A =3¢ HTL 523
= PEBE OSCs YLK 77 . 2020 4F, Hoang 57K AR il Bl 7K i i £ T GQDs, I H A HTL il
£ P3HT: PCBM b 1% 1 2 19 OSCs, #81F PCE 355 1. 43%, fT LA GO 2 HTL 9 0SCs (PCE 47 0. 99% )
[E4(C)FN(D)].

(A) 1w (B) 4
7
X +: ;"2' o 1 —a— PEDOT:PSS
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] 4 —-—-GO
——50m 4 1 —-Gaps
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Fig.4 J-V curves of OSCs using GQDs of different thicknesses as HTL(A), PCE changes of OSCs
with PEDOT : PSS, GO, and GQDs as HTL exposed to air(B)®®, UV-Vis absorption spectra of
GQDs and GO(C) and photoluminescence spectrum of GQDs(D)™
(A, B) Copyright 2013, the Royal Society of Chemistry; (C, D) Copyright 2020, Wiley-VCH.

CDs /120 —FivB % B ZGERR AN RE, CERHAMRR A G A PRI | 22 PR R IR ACUF I, 7E 0SCs
fHTL USRS T B . 76 0SCs 1, HTL Ay RN RE A RO AR AL RDEE 25, T =6t
PFEI PCE FISSEYE . CDs 95| ARERS I AL S i fih, 9/ i S 401 5%, DT 1 R £ £ 0 3 1A% i
R AN, CDs A By HAT AT A9 2 URRSE T, X FREE H A IR U BB, 33X B T HE R OSCs Y
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AT, SEGERMHTLA R, CDs AUPEREDUHE , 17 FLBAS A, A1 OSCs B R M AL 1 4R
THRATREYE . I, CDs 7E OSCs HTL 4 FR B T R 0 Fi s A e B A (B . I A9 AOTR A
FEAR MW, CDs A BAEARA NN OSCs G A BLZ — , HESIABH R L L A CR A e 1
WG . 25 T IE4EK CDs /E 9 ETL/HTL B T 0SCs FGARPE RS 45 150-32.53.00.70.72.73]

Table 2 Photovoltaic performance parameters of CDs as ETL or HTL for OSCs

Application Device structure VoV Jo/ (mA-em™) FF(%) PCE(%) Ref.
ETL ITO/PEDOT : PSS/PCDTBT: PC,,BM/GQDs-TMA/AL 0.91 10.84 71.11 7.01 [72]
ITO/PEDOT: PSS /PTB7-Th: PC,,BM/C-CQDs/Al 0.79 16.23 64.00 8.23 [52]
ITO/PEDOT: PSS/PCDTBT: PC,, BM/GQDs-NI/Al 0.93 10.98 73.39 7.49 [73]
ITO/CDs/PM6:Y6/MoO,/Al 0.830 24.52 75.89 15.41 [50]
ITO/CDs/PM6: BTP-eC9/Mo0,/Al 0.841 26.88 76.73 17.35 [53]
HTL ITO/GQDs/BHJ/LiF/Al 0.52 10.20 66.30 3.51 [69]
ITO/GQDs/PTB7-Th: PC,, BM/Lik/Al 0.75 15.20 69.00 791 [70]

ITO/GQDs/PTB7-Th: PC, BM/LiF/Al 0.89 10.65 67.00 6.30

23 REEIHE
CDs AT PAAAE ETL AT HTL, i ] LU 52 (G045 ETL/HTL 5152 A8 . B Z [0) #E171E
i, 263 845 T4 DL CDs A ETL/HTL F &1 2 1) 0SCs IGAR T fES 55 507+

Table 3 Device performance of carbon nanomaterials with ETL/HTL modified by CDs

WM

Application Device structure V!V I/ (mA- em™?)  F(%) PCE(%) Ref.
ETL ITO/Zn0/CDs/PTB7: PC,, BM/MoO,/Al 0.75 17.59 6827 901  [77]

ITO/AZO/CDs/PTB7 : PC, BM/MoO,/Al 0.75 17.65 69.50  9.20

ITO/AZO/CDs/PTB7-Th: PC, BM/MoO,/Al 0.80 18.12 7064 1024
ITO/Ti0, : CQDs/PCDTBT: PC, BM/MoO,/Ag 0.85 15.02 5736 733 [78]
IT0/Zn0:N,S-CQDs/PTB7-Th: PC, BM/Mo0./Al 0.80 17.20 68.00 936  [79]

ITO/Zn0: N-CQDs/PTB7-Th: PC, BM/MoO,/Al 0.80 16.91 67.00  9.06
ITO/PEL: CQDs/PTB7-Th:PC, BM/M-PEDOT: PSS/PEL: CQDs/  1.58 11.48 66.80  12.13  [80]

PTB7-Th: PC,,BM/MoO,/Ag

ITO/ZnO/CNDs/PTB7-Th: PC, BM/MoO,/Ag 0.78 16.6 72.1 94  [81]
ITO/Zn0/CQDs/PTBT : PC,, BM/Mo0 /Al 0.75 19.60 66.4 9.64  [75]

1TO/Zn0/CQDs/P3HT : PCBM/MoO,/Al 0.57 13.30 64.2 4.85
ITO/CD@ZnO/PM6: IT-4F/Mo0,/Al 0.83 20.75 7101 1223 [74]
ITO/PEI@CQDs/PTB7-Th: PC,, BM/MoO,/Ag 0.78 17.75 68.30 947  [82]
ITO/Zn0/Ae-GQDs-0s/PTB7 : PC, BM/MoO,/Al 0.71 16.29 5200 598  [76]
HTL ITO/PEDOT : PSS+CDs-N/PM6: Y6/PDINO/Ag 0.841 27.03 72.7 165  [56]
ITO/ZnO/P3HT: PC, BM/EDOT: PSS+CDs/Ag 0.60 12.00 5325 390  [83]

JE AT R i 2 v S R R BE SR SE R R, CDs BT LAY B 2 S sk B, MR 5 OSCs (s Rk
AE. FLEMEIZ RS GE A ML SRS R 2 Z A i, PRARRER SR 22, Tk 5 4 e D
23 E SHH P A AR, D80 LRI 2S P E AR S el R v A R, 385 K F R FEL b %) % 113 R IR FH 2
R N2 R K PHBEFL I AY PCE. £ 0SCs 7, % WLAY ETL ARG ZnO, TiO, M PEL %, {H 25X 3 Fkt ok
AR BT RS TEl =i . SRS T N S M IR EE BRI O, 1T RS B0 PR M RE AT, M
T AR Jo A PCE S8 25 B A 5 1T H. ZnO F1 TiO, X 48 SR HRAT — 28 BRI, ZE SN RS T, Xt
BRI B4 & A AR S N BRGS0, P ECPERE R BB, L, A T — 2 b g A i 1k
fig, WFFE A FI I CDs S X A 80 DA E— 232 3 OSCs FURCR AR EPE . 2018 4F, Zhang %5758 i
Tl 25 F AT IN T3 ZnO/CQDs Ak ETL il 25 = 5051 0SCs. i XUZ ETL AT LAk ZnO 2 A fik
Be, AN 2K, SR 2, AT A, Pem i fE Ui, 551 PTB7: PC, BM A OGiE
P2 23RS T 9. 64% B PCE. 2020 4, Zhao 57 FFF IR R FIl 20— Jie 8 3 7K Ak il 48 2 3L )
CDs, FFJEA A B CD@ZnO %5 5., SEHE T ZnO MIZE &, A RANH T Zn0 AU 4E . [FEF, CDs A5 ART
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DAY ZnO WS sREL, I 55000 M2 RIS B NS4S, B Al R 4 i RS2 i, e LA CD@ZnO 1E
ETL il % Y 0SCs ##RCR I B 32T, 5 ZnO 2R 4FHIEL, DA CD@Zn0(2% ) 4 ETL, LA PM6: IT-4F Aif
PEZ I ERCRM 11, 26% 32715 12. 23% [ B 5(A)~(C)FiR ], 20224F, Zhu 267G mOt4lifh T /B4
A1 BT A (N-GQDs) , 445 N-GQDs 5] AJLT PTB7: PC,, BM A5 Fi 45 0SCs 71 . N-GQDs AT
AL T ZnO BRG] T 0" g, WERE T2 PCE. 2023 4F, Tafese %™/l % T AWk
B0k (N, P-CDs) , FH45 HAE R ZnO 19 FHRME NG )Z , il T ITO/ZnO/N, P-CDs/PTB7 : PC,,BM/A1 2%
PRSI R E . N, P-CDs 181 ETL 515 2E 2 2 8] 4 S 0% T ETL 5 PTB7: PC, BM G2 2 8] i
HLfT 6 RS, R T HLATHRECHICR B S (D) A (E) fiiw .
D) 17 R
=

PTB7:PCoBM
N&P-CDs 2+~ 2=7f=

ZnO
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H
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o ( ) 04
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Fig. 5 Schematic diagram of the synthesis of CD@ZnO nanoparticles(A), J-V curves of OSCs based
on different proportions of ETL(B), EQE spectra of OSCs based on different proportions of
ETL(C)™, device configuration of the inverted ETL-only OSCs with the ZnO/N,P-CDs bilayer
ETL and chemical structure of N,PCDs(D) and UV-Vis absorption spectra of the donor PTB7
without ETL and with different ETL combinations[E]®!

(A—C) Copyright 2020, American Chemical Society; (D, E) Copyright 2023, Elsevier.

RO (PED A ML EE | AR B SRR AL D R RE 1 B 5 S5, T
PRk S i F AR e . R, PEIVE A —Fi i (80 ETL ARFE F T 0SCs'*™. {H PELA BLEA
gl , AR, BRI T 0SCs Yo R ML . Rk, BFFE A B 24388 CDs 5 PEL & & LU s gk
PERE. 20184, Li%E ™ JF & T —FE A YIThREIL K CDs@PEL, F1FH RS B 0SCs i ETL. Frifil £ 1)
CDs@PEIELAT = &R, v AN IS AN IR LG AL AIRRR G T, X B fIRRE G 7 T Wil )2 e
BEAN, JEiFE S 1Y R A SE R AR AT LA 6l e s o, E B A He PR . JEF CDs@PET Y 75
WA S0 HE 40 1) A B35 v RN R A H TR BRI . LIRS 9 CDs@PET A ETL 3L PTB7-Th: PC,,BM
o i P2 B B PCE 4 9. 53% (81 6). 2021 4E, Park 28 ) il —Fh & NH, it /4 ) CQDs 824 PEI
(PEL: CQDs) JHfFE OSCs [ ETL, £5 %W CQDs 574 i FHFEAK 1 OSCs 1 ERHEHLBH, A04k 1 S kb iy g
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FMEE . PEDOT: PSS B M2 S HP WIS K 43, 5 SO AE A7 A0 e B op & A PR AR 4E . Ak,
PEDOT: PSS iy e M 22, JLIRAEEIR | Pl EUASEMR 51T, X AT RE S FEUL S R
EYPRE MR . L, AFFE N GO T el B A DA R LN PR RE . 2021 4, Nguyen %5 IEHH
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Fig. 6 J-V curve and related performance parameters of optimal devices based on CDs(A), J-V curve
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of C-dots and C-dots@PEI of photoexcitation for C-dots(7,) and C-dots @ PEI(7,)(E)*
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L5 LA, CDs £ OSCs Ft 11 TR SUSR B AR T R R FTRTSE . CDs RIS A 47 BRAL 271 Jot
Clnvy e AR | DL TR RE ST . AT R ER S ZOERRIE LR RT3 1) 2 1T DT RE 1S5 ) A OSCs 114
PERESETHITRE TR IIEAS . CDsVE ETLADEL, FTLUE R He - DG PR 2 ol AR i 5 S, sl H
TEAL S R RO, AT B ESE m A PRI PCE. BR 1 i B9 il A S vERE SN, 78 KIS 1] i B 2 F
T, CDs RERS PR FF AT RIVERERIRR ENE , A 5) A LR 28, T PR OSCs 7E I Ia 1T P g i) 52
PEANR A . X FPARE PEXS T K FHAE F M A R VAR B 225G H 28 . CDs AR08 HTL A RH , i AR 57
23 AR RE I AL HE 1 28 7T PR 2 ) FEAR A 85 7%, il 1 A id B rh RO RE SR 51, AT
BFSEE T OSCs W PCE. 24 CDs /12 OSC 1Y S IRME M JZ TS, JRBLHE 1 i M 4y o A2 e 1 A 5 T
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CDs ERUHT 3 IIAE)Z . (1) ETLARL. RA4FHY ETL BB AR 5 15 M= Z A1 RAF AR A,
ol STl B A RE B 401G | 35 4 R G AR A Y PR B IBORA R | i vl X v T O e, 5 1 LT
JETEPER AR A R AR B S I TR, ARSGE AT RS . (2) HTL AR, HTL REAE A A0
B2 A i 22 AR, SEBLHL AT A9 20 B AR . il DAk HTL A BB e Mt 33T, nl ASR R =S /Xy
WEERCR, WA A, TR T RBARE LAY PCE. I H HTL BERS7E— @ FE B ORI IS 1R 2 32
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PCE.
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ik

25 LIk, CDs AR OSCs B Ak 2 B ST B 1 J2 HAT AR A RN TV 0, A B 5wl A
Ht—AiAE OSCs (9 PCE. BEFE FEIRH 2RI A BT A T , B CDs SRS BL, WHBZ8 1 CDs 23K i
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