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A3LLL SnCly-5H2 O A AT S0 9 56 989, LWE/KIE BN 77, R —Fh il ik IGE — B &l T A
A G LR SnO2 BT /i (2935 nm) 541 S84 B & 4k, FIE S 7 588 (TEM), &2 94
ST RS (HRTEM), X SFZEATHH (XRD), (4 B A2 520 Al (FT-IR) S5 AN LA AT T RAL,
HIHPE AT RO G (UV-vis) 2087 1 HOu2 ke, P -B Yy H AR MY 7 SnO9 &1 51/ A1 28
W A SR WG IERE. SR 520 SnOq . A SRR LL, &S5 BoR AR OGS
P, A AT b, FRATTERH T SnO2 81 1 /47 S840 B 15 5 M BT L ) B L mT e A TG PR LEE.

KR ALY, A, AU, BT -B

PACS: 81.16.Be, 81.16.Hc, 78.67.Hc

15 =

H b 20 R 2 S 4K TiO, Btk BRI
2SR K AR D) 2 SR M RHE e A R
A K PR R B AR AL 124 ik, Pk
B2 Gt SO RHR B T K E
FRFSE 2 40 — A0 (TiO,) Bk (ZnO) &
45 (Sn0y) Bl K B AL 8 (SnS,) (125, Hri SnO,
DA £ 0 B AR SRR P R B 5T A B S R
A L2 M i 2 AT, 0K B RE L ) £
jEa O & [ R, f T O R T R e A R
A AL S M, SnOo #5240 A 7 F TiO4 178 76 & AR
ft 1 SnOy AGFITEL AN FRIH & B HZ
SnOy 2545 52 (B, = 3.6 eV) BOA, IR AT Wb
ARSI R 1O, 75K PR 204 RE BT 7 L AR
N, AR A% oA, SR AT IO Y g B B T 43%,
IR K SnO o FHE A A4 71 1R e i 57 5 ) MR A2k (X R
JE B AT I X AR A 7 PO, xFF SnO F4#AL
A, T ¥R R B IR e A - 2 U
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&, RZFBYTZRE, s, R
i ) ges - Ak BAT K EER A SnO, &1 4
(SnOy QDs) EL48 Pl 52 AT A HE el .
FEAW oy T oK I, RGP RGE FITEAE N B
% SnO, &1 f il & 7 A 220l SR i T 3
HAB KRR E B, REREE. 58U SnO,
QDs 7588143 PR AE, TR 1 2% H 3550 40 B SnO,
QDs KRt e ALTE 1 A A AR L B

IEAER, B A 5245 (Graphene) %2, HE
KI 4 2R GG, 1S B SR AR K (1 LR T
R R R B B, S S A B R A
ZERI A R T RO — AT L M LT
AR B K R g K A D2, s U9 5
SR 2 I HH TN S 1 FL T s T e PR e AN
KA VERE, KR E A HE B E TR
W BRI T A X B R (AL R R AT
BRI IR R, ik, 845 Tio, ') Zno [M])
SnOy 101 2 45 G5 2= AR A A M R & A 1T R 2
TELE I BRAR B AR gk s 5 1T DAY
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MR AR % 7 SR O SRR TR R BEA B R, i) & 15 3
SR SRR A MR, B O8N o R
Ak /B RGBS SR R REEAT T 8T
7. dlamsE N U Co2Sn04/Graphene & 4 45
MIHT AL 2= M e 3t 4T 7 BFFT, BEAh, Graphene F
9 4T T 5 T B 4 5 e A L 4
KR A BR POV DR A S0 A R 00 5 i R (R 3
WL iz, Pt DA R b 1o AR SO T AT
A PU b rE s 2 24w, AL
T AL SnOy, & EA LMK LR TR, 7T
AR o7 A2 i A AL AL R IR B . IR Ah, AR S
FEFUMBE GG, M=t E S
EA RN B, SRR, 27 EFTIR, SnO.
/Graphene & & 2514 (SNG) M. 1% /& — PP 76 5 2K
FIfELL . H AT N1E, SnOy /Graphene | 72 W H
T e 2 R g e s 2O, R A R s ) R4
Sk, AESHS Y 1) AR A A A AR 2 AR /> 129,
DA, 0 A 2 v iR 7K ) S0 D A e e e Rt 45
Graphene FEHIE T B AT 70 B EL ) = L
H AR T, K2R P, %6l SnOy &
T 5 (QDs), JFm BRI 1L, S5 A S
BE. NERRED, M HFERIMEmH, 54t
P38 TR SE A A 55 0 1R I R v 7 A g TR .
I, AR Y — Ao £ 58 ) 7K RGE TR — 2 B
DL Graphene ;v 4V~ [ 9 55 i€ 41 2 SnO2 QDs 1)
A, R TG T A B R RRTE R R, 7
EEAEIAOR, AR, 725250 il F SR KV TR
YENHH, By S 5 5K A, 1 46071
(R EET, AT LA 1E SnO, QDs Z A1 H 2R, 7Ef#
R SnOy QDs B R 1] RIS, A 55 I e K 1) o B &6
14, R 5 e RO AN R g R AR 27 ZE A AL
UL b 2 e (i ) ekt IR B, I HAM &6 A
TR R R A, I B A 1281, R B
&, XA E IR S G MR R RIS TS G 7 T AR
FA T EERE L. fJa, ARICEX ] RER G
OB EAT T fige.

2 SIS

SNG #1 £} PL SnCly-5H,0 A1 AL A7 88 0 N R
BE, CBERZK IR, 8 — ] B i K
JZ 71— & . GO HIE R 2 K Graphene
H1SnO, H 45 & FE IR X B R ATHX (XRD). &
Oy HERE BT LT B (HRTEM) A{f B H- A5 e 21
A (FT-IR) RAE. SNG a] WG U B ol 3@

TR AE AT RSO G R R . S ok, eI B AL
Gkl PLEH -B(RhB) HE 2K PP SNG B 0] W%
Ak 1 BE.

2.1 FIEFHNLAES (GO)

A A B (GO) A BCE H e i Hum-
mers J7 % P FE SIS o R INA BH (0.6 g) A
NaNOj (1 g) 235 mlBRRR (CAEVKFE 72 2% H)
£0—4°C). W)a, ZEHRMKMnO, (3 g), Prik&
MBI FEEE T 20 °C. RAMIREA S, 35 °C FIESH
FE2 h, 22180 150 ml &M K B [ Mk F, 7t
298 °C, R1FF=¥ A 200 ml 1) 2 BT /K ik 5
UM EE 2 ho N 10 ml 30% XL /K 3158 b
HAREEO, HE3 hE, #N EEER 15
1) 4 3 (LT VR SRR AN 25 3 /KRB R (1 ¢ 10)
LYk, B2 EEEWM pHE KT 5. 750 °C
T 48 hJa, K15 GO M4 H.

2.2 SnO, QDs/Graphene(SNG) Bl &

G GE R A, BU20 mg AL Bk BT
40 mlf) ZFERKBE W (EBETFTKSEEL 1),
VB AWML W FE30 min 5, A3 h, LA
FW A GOW . 0.3 g SnCly-5H,0 i A
20 ml(0.1 mol/L) K #% Eh MR %W, B 1k SnCly 7K
fift, iR FHHE 30 min. FJEH 0.1 g JREMNIER
H7E A B FE 30 min, PRI WU RS B BUN 50
ml [ 75 R S B 38 IR AR 9O I A 180 °C R
K6 h, fFERAHERRG, 26 EEE
W VORI R B TR K LB % 3 IR E
BRI, PRSP0V % 24 h )5 60 °C H 2 T4 24 h,
Frid N SNG % H.
2.2.1 SBAEAHERE MK

TR B A G AP RE, B E N
100 mg SNG 4+ #F 200 ml 10~° mol/L ) RhB 7K
W, IR H BRI, K VA s 7
F£ 60 min, 125 3 05 0% PP AL i W A A TR 6
1075 mol /L 1) RhB 7K 5 ¥ 4 fift 18 56 Sk R A A0
T I8 BB - LW P 2 S, A A 420 nm
JEE R (X > 420 nm), ThE 300 W R et
(M KR A PR A R, GHX-2 Jefbh % VAL
#5) M. R R, BERE 15 min AR
U 5 ml 2R of B850 2 B ZIEW. W W65y
FeHeE T (553 UV-2700) 78 9% K35 F 400700 nm
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00 A DR PR MR ALV SR B, E RDB GURE ) 5 KR
WK (553 nm) A4S FL (R R A2 4k, BTN He ke
B A2

2.3 MXSRIE

MR B TR SR 8, T 85 9
AR EHT. FORS B R S T RS (FE-
SEM, Hitachi S-480011) % i Hi ¥ & i 6% (TEM,
Philips Tecnai 12) Fll it #% X & £ & & €& 5k 4%
(EDS) Fli& [X L fi7 4 (SAED) ¥ HRTEM(FEI
Tecnai G2 F30 S-TWIN) 4 AR /EM 43, XRD &
T A A& Cu Ko 4008 (A = 0.154 nm) B X 5
£E AT B (Shimadzu XRD-7000) I & 11 75, ¥4
a2 i IR & 5 R v, H FT-IR &5t il
AR BIFT-IR . FE & 1098 SR IOE 1% (DRS)
1 3 T A BRS0BS54 - TT Ot 43 0 Ol BE
i (Varian Cary 5000) Jf LA BaSO4 1E 8 Z IR 4) Il
2, JEiEE H EL 400700 nm. K AT W4 66
TH(UV-2700 S, FA) Wi RhB JYRHE
JGRE.

3 HERGM R

3.1 KRS

K] 124l Sn0,, GO, SNG ¥ A XRD &. M
XRD i nf LAE H, GOTE20 = 9.9° (6 ~FiT4
£ ) B BB AT ST S GO R HEEE 1 (002)
d T A 25 BT S T K #GE JE Y Graphene K i,
GO B FFAEWEH 2K, U8 T GO # AR &7 Hh ik J5
Graphene. 11 1 Bt 7w ] £ 15 21 SnO 44 K Bk,
BT A BT 55 1 #1 5 SnOo bs #E 1 I £f & 40 11 &5
4 (JCPDS 41-1445) Xf B, [AFEE SNG [RIFE 5
Graphene FIRFEIE JL TV 2K, B #Rk#E Graphene #E
PRI PR P E A BIGE 52 2 8 LLYE A
M4sE, MR T RATEMRIE, St 7E7EE L
BRI R T, S5 AR 0 SR K IS B, E BRI 1
EIEERE T Sn0, QDs, —ERE FRFETESE
[T R, SNG ) XRD EIRIF AR T SnO, (1T f
REfEIgE, R FHIRIFHLEA.

K22 GOMSNG 4L 4h i . M R
MU EHRGOR LB EFEE KT AE KA.
34173 em M LB T I MWL IE R E &
W WA B K 4 F AT Graphene JZ F ) 45 ¥ O—H
5 M, 1618.8 em~! & 5 & K C=CH 4 I 3,

GO 1 414k 6 1% 2 78 #E850 cm™! (O—C==0).
1055.2 em ™! (ke%E 3 C—O0—C). 1227 em~! (&
B C—OH). 1720.2 cm ™ (3 A ¥ 38 5L [ (1) 2
5 C=0) it A S A ERRINAE. 5GO HEt,
SNG ZL4MtilH O—C=0 KIfRahENH L T, 3 H
C—O—CHC=O0MIEHERF T, GO F
KEB 7 B & A B BRI O ROE IR, 534k, RIS
) C—OH #E 3 1% (1227 cm 1) AR £ 1 C=0 &
TR % (—COOH), ¥t W& 47 /b & Graphene [H &
. BRI, IR o T IX s B B REH, e S
SnO. I (—OH) MAHEAEH, M2 ZEgK
WORLH 4/ HL. 671 e~ AR VH R F Sn—O—Sn
gEiRsh. R, 206 B 4 SR n] gk — B HiE sk
GO WA RBUEJFE LA K SNG 5 &1 58 .

100
(100)  (101) (211)
J \ A (200) ”\' SNG
i
B SnO
% 2
\v Jﬁm) A
GO
10 20 30 40 50 60
FEE/(°)
E1 GO, SnO2 LA} SNG (1] XRD K
T 0
T
|
e = O, B
| e \
@ ) &
ZsNG F
= &
= o
<
= |
2 Q o Zo0©°
= £ T
co /I 0¥ 2879

I 1 I 1 I 1 I 1 I 1 I 1 I 1
4000 3500 3000 2500 2000 1500 1000 500
i3 K‘/Cm*l

2 SNG M GO £ 4k K

Kl 3 (a) /£ SNG 1 TEM K, BT LUE 2
R E, 2EOE KA 46V, NG K SnO, 1
KA KR T — AN R R EE . B3 (e
(d)~ (e) " SNG Ff fh 1) HRTEM f& J 7] LL A&
SnO, QDs )543 4 7E Graphene 2 [, H RN T
FEAmA LR AN, Graphene AR &5 #) 7] PAN SnO4
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QDs S (LR 5 i 57 - 1, A 20 BELLE 7 & AU
5. Ak, B3 (f) i HRTEM HE B ATl 45 SnO4
AT (110) dib THI 4 & T8 AT BE O 0.33 nm, SnOo kL
J& B %% F otk Graphene [ %8, ESE 7 SnO2 QDs 1R
U101 [ %5 7€ Graphene 2. I HAE % X #7745+
B (3 (b) B4 1) & H SnO It 5 AT 54 35,
KW SnO, 2% ML,

550 20 nm
— s

10°7im 14
——

3 SNG /] (a)TEM.(b—f)HRTEM # /7, (b) #fiElHN
SNG i&IX #7A75 (SAED) K

N7 2B W5 SnCly-5H,0 5 GO K& EE
XA A A PERE B2, 7 X 0.1 g, 0.3 g, 0.5 g,
1 g SnCly-5H,0 5 20 mg GO ¥ K 1E [F FE 2% 14
K B, #3 B FE S FRIC N SNG-1, SNG-2,
SNG-3, SNG-4, HHATRAE, FHIR LA 10 B A Gkl
ftERE. B SnCly-5H,O F = 36 0, £ 8805 Fr
F A SnO, KRB IE . T 2 #) SnO, S HEAF
F a4 R, AT s A YRR B, 5 30T
T EATEPERRAR. FIAE, 3 SnOy, AFT4
A LR SR 43 B AL AR AN ).

WK 4 /& SnOo F1 SNG FF i IR IO TE . K
R DUE H, SnOq B Tif7 BRECUE (B, = 3.6 eV),
PRI LT % A WU T BT A SNG AE X
400700 nm 76 [ P4 ' 35 i 30 3% 2 i W Ui e
BIRmr LAE Y, BEAE A SRR n, SNG-1 AT

SNG-2, SNG-3, SNG-4, Ff i % 7T WG ) W USCRE
ARG 4T, XA LUAKE T2 AW+ SnO £
HLA 38 0. BTLA, SNG IR A 28 T SnO,
B A A 700 1R 6 T 82 8 B A 2R A o B RT 0 A
At e, LT SNG & & WAL ] WOtk J7 T i)
w].

E
=1
=
3 —— SNG-1
2
2 ——SNG-2
Y ——SNG-3
R ——SNG-4
= SnOy

200 300 400 500 600 700 800
P /nm

Kla  (MTEE) SnO2, SNG FE &k ¥ AN -7 WO

3.2 FRkHIE

Bl 5 R7R T K vl % SNG B 5 it 2. |
b K I i D % 19 B SNG I R & 4
He), SR AT SR 2R T = A 2 P A e rL I PR AR P A
15 S+ RPN FEH AR, BEJE PR B R, AR A AR
R T K AL T SnOy QDs. AR R fis:

Sn*T + 4H,0 — Sn(OH), + 4HT,
Sn(OH)4 — nSnO2 + 2H50.

VEE- Y SDNI I ST ATINYE (R3S K11
SnO, QDs, Biib . i EHAREGESZE
Z B LGB AL ) A S &, il B R A T R R E,
St B AE E AL A SR B R T, 5 SR I K AR
RN, A A S 4 02 RTE A T SnO2 QDs. BT
SnO2 QDs A7 TE, ] LUK AR Sy — il (8] b 25,
—ERRE BRI T R A B B RURER
TEAEEMGR Z LR S, AR T A LG RHE
A7) 2 T W PR, A i S8 0 1 71) 3 T 1) P At I
NERAEE R RO SNG FE AR RFEREE B3
TE 7R AT WG RIS RE 71, B AR 400—700 nm JE
Bl ) e B FE S BE 77, ERH T SnO, QDs 5
Graphene [} & & 2SI SnOo F 8 44 751 1) 56 1
L BRI B R WA 8% 5, AT A
SRR URE (1) oS A R R 1Y S F R B, B R
TOHAERTRERE S, 8T T A EATEE.
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H#F3 h

Sntt /R ™ gpue woso s ;
S B S
Go

SBipssmes

e S e

180 °C, 10 h

SnOs

E 5  sK#k % SnOa-Graphene B AR &

3.3 JtfEfLiEsE

Bl 6 2] WL T, AN FEEATIX RhB K%
W R AR il 2R . X B, Co R C 43 51 A2 15 W B~
17 2 J5 RhB J k4] 46 W FE R A [F) HE S B[] 11
BRI, BRI C/Cy, B R A K vk
# RhB G BDGFE RR LR &, AR Xt H, 46 SnO.
(B&TC GO yus I, ) % 7 vE AN 2 F 5 il £ SNG A
[F]) FHAT 58 0 75 76 A A R 25 1 R AT HEAL PR AR, 1
R LA AT 0% T RhB 4eRHE JE SNG 1515
N, JLFRA KA B IREEM (IX3% i 4). Tasm
SNG B &t~ , RhB GYRHE Rl W% i 46 1N A B
B, 4l SnOo AR B8 BE UK, BT LAZE W] WO
TRMERCZ. B 6 ] WLAH R SnO9 75 1T WG
150 min 72 45 P& AR 15%, X2 K2 SnO, 75 AT WG
KAuFE &AL B 6 b, AUE A SRR
BT, A WG HE IR 150 min BL B, AH 29 19% 1)
PRI LR AR, GO LK Nk 55 (XRD K
Af AR ), 7RG IR SR T AN BRAR L b B i e L
i) DLBA R A ) SNG-4 £ 5 78 96 IR 150 min i,
ST GBI B AR L) 21%. SNG-3, SNG-2 ¥ b5
SN PG N, AL AR AR L SNG4 #RA TR 1742
Th. HAREE M, 1€ SNG-1 S5 )9 (1 i Eb F i
TP BEIA B B £, SNG-1 R S 7E 1] L6 4R IR 90 min
JE LR AR SE R Bl A AR B 3, R S
HEAR RIS bl i W B 1 BT A R K HR T, (A2 &
()47 B4 B L 22 1 SnO9 QDs FUEEAFI T i
ek Re R T, BN, EE&WH /b & ) Graphene A
e O BH 1 SnO, QDs %, XAl S E AL
2 TH ARRD e L B B8 0 1 R B, I HLTE Graphene
Fr Baifid % 1 SnOy QDs 2> 548 5L A RhB 4 T
28], FEERCRIRT . AR SCHE H KL i)
31 SNG Ff 5 D 2 1 SnO9 1] WLt i 1k
WETE, SEELT SnOg FEAE Ak A EE A X 2 AT Wk
X F ¥ J, 2 R A K P B BE 4 (R, 0
AR AT FH AR .

P 7 A [ AL 7 B A RIB 1) s B2 3 2R 85 44
(k) Bl 7 5 4 B A R0 1 A Ak 1 R, 2
T — X3 1R A n(Cy/C) = kt (Ui

11 Co M CHE5 Z AT B 6 1) —F0) 71 5 H RhB F&fif
L IE R B (k), A BB T TR, A AR
EHNIn(Co/C). TELMEATIZ M T, RhB R fif ik
RIRE, k = 2.255 x 10~* min~'. fE4LF) (SnOy,
A1 52 075 AT SNG-1) A R [ 3 A e I 6 5 45049 3]
ANk = 1.18 x 1072 min~™!, 1.06 x 102 min~!,
3.278 x 1072 min~!. # DL EH M F H SNG-1 1) k
B3 T A AR, RBLH T 4 R 4L
TETE.

100

80

60

40 +

FEfiER(C/ Co) /(%)

20

| + SnO,
-+ Graphene

0 P T T R Eruly N EE R
0 20 40 60 80 100 120 140
18] /min
K16 RhB /K BRBA R AL FFILE T I 1 e g i 2
3.0 -
@ 2.5
%ﬁf‘f
gﬁ 2.0
puniy
® 1.5
- ® SNG-1 k=3.278x 10" 2 min—!
& 1.0k ® RhB k=2.255x10"% min !
g A SnO; k=1.18x10-3 min~!
¥ Graphene k=2.06x 1073 min~!
0.5+
PSS S S S5
0 20 40 60 80 100 120 140 160
18] /min
B 7 AR AF RhB 1 SOSEE R 5 (k) B

K 8 & SNG it 72 AT ILOG T B AR AR A AL 1 11,
SnO. QDs ¥51 4 BUAE A S84 (1 v b, A7 S )i BhuRy
FR) o AL TR AT AR 47 WRCB RhB 73 5, [l FE RhB
] AR AE SnOy K11, ML T-4ESn0g, SNG Hih
A SE R LLRTAR, 1G58 1 K oA HLASRH
Byt Graphene D) e %L (—4.42 V) IET SnO,
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(T B 8T (—4.5 eV) (RhB. & % RhB T & 305
WA —5.45 eV 1 —3.08 eV), Graphene 7] [7] SnO-
S i e T, T, — T AR AL LB
L FIE R S R R . 1 S WP 7E SNC R Y
RhB 7 F7E 0] W6 Rk, P4 64 1 f s
IR, B3 S R S A SRR . 2 JFiE
T B A7 S50 R0 1 FL T VRN SnO2 57, BEIA W
R AR SRR 3R, AT T AR F RIS X B
&, 1R RhB R M. [FIFE, W B 7E SnO9 3R 1M Y
RhB 7> F#BUK Ja B HH B 71 SnO, (1) 377,
Je 88 S BRI R AR ARABL.

—3F
>
-5
-6
B8  EWET (HK > 420 nm) RhB X SNG Jaffik

DL A B R LR
4 % B
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Synthesis of SnO,; quantum dots/graphene composite
and its photocatalytic performance*
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Abstract

With SnCly-5H2O and graphene oxide as raw materials and aqueous solution of ethanol as the solvent, we have
prepared SnO2 quantum dots (diameter about 3-5 nm)/graphene nanocomposites using a facile hydrothermal method
in one step, and solved the reunion of quantum dots successfully. The visible-light-driven photocatalytic efficiency of
SnO2 quantum dots depends to a great extent on their dispersity. Because of the large-sized two-dimensional surface,
the graphene sheet could behave as a solid support for quantum dots through interfacial interaction to avoid particle
aggregation. Composites of SnO2 quantum dot/graphene show a great photocatalytic performance in visible light, and
the morphology and structure of the product are characterized by X-ray powder diffraction (XRD), transmission electron
microscopy (TEM), high-resolution transmission electron microscopy (HRTEM), Fourier transform infrared Spectrometer
(FT-IR) and other techniques. The optical properties are investigated by using UV-visible (UV-vis) absorption spectrum.
Additionally, the photocatalytic activity of the product is measured by the degradation of rhodamine-B dye solution in
visible light. Results show that the preparation of samples with high catalytic activity in visible light, the shift in the
optical response of composites may produce a positive effect on the improvement of photocatalytic efficiency in UV to
visible spectral range Moreover, owing to its special m-conjugation structure, large specific surface area as well as high
conductivity, graphene can enhance the photocatalytic activity. Compared with the pure SnOa2, pure graphene catalytic
performance is greatly improved in visible light, its excellent photocatalytic activity is due to the combination of strong
absorption and effective separation of photogenerated carriers in the samples. Finally, the formation mechanism of the

composite and its photocatalytic mechanism are studied.
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