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Effect of Substrate Surface for Growth of SnO; Nanostructure

Ki-Chul Kim

Division of Food and Pharmaceutical Technology, Mokwon University

2 o " 7Rk 3% AlE UktRe O3 YRAES 943t §4 w2 Hold AVIEEHE EA4S
Uepdth, AT I Yl AE EHO| 4 ASE Ukt E A A7l 42 obd =AAQ J—]'Zﬂi d
ot £ AtoA= SnO; YR E 29}9—!’7]%‘%3} T3E ol&st 7SR ofet 71 flo AF
AGANAT. B8] SnO; Witz A AAoA 7|1i EHe 835 2AE] $ste], HOPG(Highly Oriented
Pyrolytic Graphite)2%€ 7|AZo& dejd J#id YAE, Cu foil Yol dst71452 FH02 A
J3d YEAE E Si gojn fo] SnO; YietRE 7|AFSHoE SUsHA A3 AT 43H SnO; Ytz
9] THPYL AANE FARAANAFLE ZAIAY, drEjd did YAE 2 4E I3 YRAES &
/42 Raman #3808 EAS9th 1 A Si 9oy 7|#Eo 2 YeAE 7] QoA SnO; Yletx7}
oA A=A JHE YA E BHAAY &gt Sn0; Y29 ZAREIE A ¢sto] XAZA
ZESPH(XPS, X-ray photoelectron spectroscopy).2 1 W YLAE FHAEES ZARIES 1 A3 19
U YAES mHo] 49 7I2EY 76717t SnO; Y29 Eoldt 442 f&st Aoz oty J=id
HAE 9o 21 A Sn0; UHietRe 5% A7y E4o= Qlsto] 1dE 7hAAA 9 145 2
oleAR 9 SXANE ZHLEH 2 9IS Aoz AHyHc)

Abstract Graphene-based metal oxide nanostructures exhibit outstanding electrochemical performance
because of the superior properties of graphene nanosheets. On the other hand, the direct growth of
metal oxide nanostructures on graphene nanosheet surfaces remains a challenge. In this study, SnO;
nanostructures were grown directly on various substrate surfaces using the thermal CVD (chemical vapor
deposition) process via a vapor transport method. The effect of the substrate surface was examined by
growing SnO; nanostructures on various substrate surfaces with the same method (vapor transport
method) for a mechanically cleaved graphene nanosheet of highly oriented pyrolytic graphite, graphene
nanosheets synthesized on Cu foil by thermal CVD, and Si wafers. The surface morphology of the SnO:
nanostructure was characterized by field-emission scanning electron microscopy. The properties of
cleaved and synthesized graphene nanosheets were characterized by Raman spectroscopy. SnO:
nanostructures were actively grown on graphene nanosheets rather than Si wafer substrates. The effect
of the substrate surface for active growth of SnO; nanostructure on graphene nanosheet was examined
by characterizing the surface condition of graphene nanosheet by X-ray photoelectron spectroscopy.
The active growth of the SnO; nanostructure was induced by the carbonyl functional groups on the
surface of the graphene nanosheet. The SnO; nanostructure on graphene nanosheet would be applied
to highly sensitive gas sensors or anode material of advanced lithium-ion batteries because of the
superior electrochemical properties.
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1. M2

oAl (tin dioxide, SnO2)2 A7+ n-type Ht
A EEZA AR00A 3.6 eVl HIEZY oUX| & Ztar
Ao, AFREY EFS 20 SlojA 1= ThAA
Ao &-8=1 SItH1,2l. T3 o] 24 H7]-87Fo] @A
*}ﬁﬂﬂ 3(graphite)®] 372 mAh/gHrtt 28] o]4};

2 782 mAh/g& 2L 9lon F-57deto] WobA 1
é% 2ol o|xH A9 SF4 A (anode materia)ZE
F5Z 9y QIoH3 4] §5] 19 715k a4 AgkE
Urtze IfAULAIESY] 955t E4Jog Qlsto]
A7158He 4ol Holur] wiZel 1% ZFAAIA S
ZAEZ 9 745 50| o|]AAA 9 SFAAE W
< FEZ T QIrH3-6]. SHAIYE 1EH YA E 9o
01’394'—'—51 Uitz E A5 4A71e g2 oHE =
ARSI FAR FoplrH3]

T A B 553 2 B4 7]tk
Y YA E 7|9H9] SnO, Hlet2e 575 7|3
otA EAL ZV] uio] 1dE 7pAAl «]4 A=
9 /4% gECl2 oA Y FFAME EEE=T,
SnO,@graphene YrE3tAAlE F2 3lshz o
(chemical route)o.2 SHJECH3,5,6]. FEA] gt
WO oraphite powderE ARIAAA  graphene
oxide® SIYEZ d+= Hummer's Ho|] -EHr}
Hummer' s 2 g% graphene oxide &7}
AEE AFAE 29T SEHeE tin
oxide@graphene oxide UiE34AAS FAsk= &
Hol 71 wo] ARGHETH3,5,6]. olg B vl A
rAsHA o9l SnO.@graphene Ui E3rAYE 3
A & Sl o] QIAEE, T FRAAIAN Y A E
AR Agsp| Yeixe Bx ZHoRE AFT A5
Atolof] 7tA AR EEE ExES= FAo] BAsHH5,6].
E3t SnO,@graphene Y=Egd4AAE 2lECl2 ©Jxk
A9 =442 H8st7] ke SnO.@graphene

254 o vilE 9 H7HAeL =AARE =36t
£ (slurry)Z AASIAL Cu foildt 22 A= 54 9
o] g8 Efo|lEy 5o8 #dtt FAE LZasjopgt
g Eo|2 oJAHA| Y SSE4ARE AET 4 ATH3.4]

2 dtoMe =5 AEeHE E4e dAe
SnO,@graphene WeEFAAE 7|5 9ol A3 A%
A7le A5 FFsIh 59 1= 7HAMIAS]
AEdE H8EE= Sn0:@graphene WrEEAANE
B9 FAo] s Y 7] 9o JH A

RS

N

ox of =

71 WS AT B3 185 8ol oA
A9 FF2AE Agsh] fote] ST} =64 2
72t viRIElE H7tsto] &2l2|E AlRbetal, EEo
g 3Ho= 55 2AE AFste 340l A 7he
3t SnO,@graphene UYrE3AA 9] 14% 2ol
oIFAA = AZY WHE AASIAT °olE YA
Cu foil 9ol 2898 YAES FA713, 1 99
SnO; Hiet2E AF 4371 37800 tiste] A+
5tk & Cu foil Yol A 473E SnO.@graphene
W B2 E gl olAHA Y 5448 283t
4 Sith
E3] & JFoAE SnO@graphene We=73%9] g
goll QlolA 71w Fato] tisto] RARSHYILE o]
£ 91814 HOPGOIA 7|AIZ o= vhejd T1efjul vieA
E¢} Cu foil Yofl thermal CVDHO =z dAH =i
YLAEE ZF SnO,@graphene W% Ad49] 7]
wo = ARESIlom, AuAQl Si Yol fo= 5Ygh
BHOE SnO; Y2 E AJAIAA 718 EHY &
s Akl

2. My
SnO,@graphene YEAAS 4517 sl
ot 718 SR8kt 4 1 em x 1 em %= 2
cm X 2 cm 2719] Si #1015(Si/Si02(300 nm))E 71
wo = ARGSIGITE Si Hlol® 2ZE2 ofAlE, od €2
&, ©0]2%(DI water) £oll4 2t SEA 251} A3
gt & 1412(99.999%) AA7FA gung ol-&3lo] Ax
AlA EHISFATHT]. AEE Si FolH 27 flof] 2714
Hlo]Z¥(scotch-tape method)2&Z HOPG (Highly
Oriented Pyrolytic Graphite)Z5-¥ 7|AZ02 8]
H I YA EE HARSHICH7,8]. HARE e
HAEQ Adeie Fetandos Wiy, 1=y
HAEQ &4 4 FHAE = Raman +33t0 &2 &
A5kt
Z AojE 1d YA E 7|He GRS E 5
Ae ol8std Cu foil #oll FAHSIATHIL. Cu
foil(Alfa Aesar, 99.8%, #13382)2 1 cm X 1 cm 3
7|12 AE F, opME, dFEE, "ol oA 250
AAg & 15E HAATIAE ool xS, Al
A= Cu foilZ thermal CVDY 3|E £ Hi] AlA
o} 2 g 155l 27] AF3=7 10 Torr ©]



SnO; W22 AolA 7| 299 a3

7 HEE M, T4%(99.999%) FA7FAE 20
sccm (standard cubic centimeters per minute) 2.2
L5 1A B2t 1000 Tofl EEelES ot o]%
HE7EA(CHYE 10 sccmO & S#FHA 1087 18
U HLAES 45t 349 189 YA E 9
o] PMMAE AH I3, 0.1 M9 APS(Ammonium
Persulfate Solution)Z oAt &, AlZ= Si gojn ¢
of AAHATHIL. AARE 1 UAEQ] Aei= 3
stav|go2 TSIy, THE YAES S5 H
RHAH = Raman £°85t0 2 EA519]tY

Sn0; YetZ2E2 two-zone thermal CVD ZH]
£ ol&sto 7AZ¥eR deEd W vikAE o
thermal CVDE A & Aloj= I3d YA EQ}
Si floln] Z|w flofl ZH2 A= Qi) ol4tslaeAl9] o
AzxAL APATEae] 24E F859HH9,101. &
SnO; TH-H(99.9%, Sigma Aldrich, #244651)% &
Fulu =710l gobA 38 19] Fdol AAA7IAL, o
It 712 S1E29] ol HA] AlHT oo ZFH
7 Hug 1sste] 27] AFEES 107 Torr o8k &
AANZ AefollA] 15212(99.999%) Ar 7FASF ARATEA
£ Z+2} 1000 scem, 10 scem@2 EF1[9], 14]
7t B2l SE12 1097 T, SlE2& 424 TR 255
=2 Ft oo 347 Bt FLE AHE A5
WA oJABIEA Ut 2 E AEAIZTE old CVD Y
ol THUHL 3.1 TorrZ YA F-AI8FFH10].

T2 YA ECL Si flolw o]l H ol4tstEA
Vet x0] 3HFEAS FE-SEM(FE], Sirion)o.& £4
SFc}. ol 72 10.0 kVel2lal, FE-SEM £4A]
AAA AlgollA EAYsH= AP A charging effect)d]
O3t o] x| R4 WAIEH7] ASiA 10 nm FAS #
H(platinum) B2 IS W oA ES 5
ot RAYHE SnO, UeF2E A A¥o] Raman
EgHoR EASITE B3 TEH YA EQ] HHO|
A= Z87(functional group) AHIE EA4517] 9
5}o] XPS(X-ray Photoelectron Spectroscopy) +4
= AAISFITH11I

HOPGEHE 7[AZ o dejd T YieAE
o SnO; Wet2Eo] AAH A= FARIARER
24 o|U|AE Fig. 1°] HeHiIH. Fig. 1 (@)°ll= A=

o] AAA 2&S Uehfol=tl, st kA o
Si glolg ®Ho| A%E SnO, WeF2E YEhfiY,
E24 uhA o2 7|AF 0 & HOPGOA dhe]d Te)
A YLAE Yol AFE Sn0; UeTF2E YeR QT
Fig. 1 ()9} 57tue] Zuf-& FE-SEM o]u]X|ofA & Si
718 ol olF AR gl AXH TEEA, Fig. 1
(DA9 207HH9] 1HjE oA E A EH wlA|SkA|T
nanodots FEIE SnO, WirtEE0] A4E A= g2l
o 4= Qi oleks YRF o= VA H o wElE T
A YL AE YojAlE= Fig. 1 (b)olAAA 1919 A uj
& OUAIME SnO; HietzEo] 1E2A F JA4E
A& IRIT & Qirh
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Fig. 1. FE-SEM images of SnO; nanostructure on
mechanically cleavaged graphene nanosheets
of HOPG and Si wafer

HOPGERE 7|AZHo= utejd TJd YA E9
59 FUAEHE Raman #3802 EA3 A7E
Fig. 2 (a)°] YEFH}. 2D peak®t G peakd] A=
Q B=E vt 2y, 7|AHe R wheE I v
AEEs o5 239 YAEQ AL gRIT & ot
[10]. Fig. 2 (b)oll= Fig. 1 (d) Y9 Raman 345}
o2 2N A7s YeRfigich Sn0,9] F81IE ot
4300, 616 cm oA TR0 AYATFolA 2} U3}
£ 23S YEITH, 10]. ES Fig. 1 (Dol verd
ZAA™ nanodots FEY] SnO; W27t 4FH A&
gRlg 4= Ut
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Fig. 2. Raman spectra of (a) mechanically cleavaged
graphene nanosheets of HOPG, (b) SnO:
nanostructure on Si wafer
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Fig. 3. FE-SEM images of SnO; nanostructure on
chemically synthesized graphene nanosheets
on Cu foil by thermal CVD

thermal CVDE ©]-€3} Cu foil ol 3= =)
I YAEE Si HlolH ol AAAR] 713 o]-851

Sn0; Y28 AAAIZ] A|59 FE-SEM &4 2
IE Fig. 39 Yefigieh 19H9] Aujg on|R
Fig. 3 (@°A %= SnO,; WerxEo] Hud 124 2
AE AL FRIg &= Qo 109HH2] aj& ofw| A9l
Fig. 1 (02 Fig. 3 ()& ¥|@3|HEH, SnO;, YeT2E
o] g 71w I d YA ER AT HOPGER
g 7|AA o= vl T#d Y AE 7|83 thermal
CVD 34L& Cu foil Hol 7dH 139 UAE 7]
oo et AFE Sn0; UeT2E FAFA0] g2
AL Q1T 4= Qlry. 2 YA EQ W AHet
functional group &5l @2t SnO; Het2E9] 4
7ol oA IS vIX=AE ERIsH] 5] Raman
23 E4F XPS 242 S5t 47 Fig. 49} Fig.
59 1 AE UERSich
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Fig. 4. Raman spectra (a, ¢) and Raman 2D mapping
images (b, d) of SnO: nanostructure growth
before and after

Fig. 4 (a)°olA & 4= &= AXY, thermal CVD &
oz g Iefu YA Ex defect7t A gl
TEZY] bi-layer I8 YAEC|I[10], Fig. 4
(b)oll &1 4= = AA™ 100 pm x 100 gm FE
oA WA HUSHA bi-layer® & JHE A Fig. 4
© (DolA & &= 3= AAY, SnO; Hiet2Eo| A
e So] I#W UJLAEL: few layer graphene
nanosheetZ W3}, 100 gm x 100 gm F<oilA
b F43 5 E2E UEIEh oA SnO; Ui
TERES A7) Sote] 3 YRAE V|EE
424 TR 7149 wet 2EH o7 Bt dstA &4 st
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Fig. 5. (@) C 1s and O 1s XPS spectra of Si wafer
surface, cleavaged graphene nanosheet of
HOPG, chemically synthesized graphene
nanosheet by thermal CVD, (b) C 1s XPS
spectra of cleavaged graphene nanosheet of
HOPG, (c) C 1s XPS spectra of chemically
syntehsized graphene nanosheet by thermal
CVD

J9 YA EQ] HHO| 2A81= functional group
9] Zjolo] whebA 12fH YAEQ] surface energy”t
7Yy t2A =Y, ol#fgt B4 I YAE 9o

Aote et 2EY FHo] J3S vzt g3 A
QtH11,12]. WA Si golsl £ 9 HOPGEHE 7]
Adoz vrgy I3 YA|ES} thermal CVDZE
Cu foil #lofl 48 I8id YAES] EHAHE
XPS2 EAs5t9y, 1 Z3E Fig. 50 YERHdch
Fig. 5 ()8 EH¥ 7]go] w2hA] C 1s9] XPS 39 2
717} 2 A& ERIT 4= Qltt. & Si wafer®] EHOA
© C 1s B=27} A9 #EHA gh=tt. w2hA Fig. 1
(d,e,DollA & &= Sl= AAHH™ SnO, Wet2E9] 4%
oflAf 4 9% site7t EASHA] golx] EETT HHFA
< 7 %= Ao gekEr) v Fig. 5 (a,b,o)ol
A& S Sle ZAAE 1Y YA E #HAA= C 1s
n=27t #EEY, 53] Fig. 5 (b,o)IMAE surface
functional group< EA4S|EH ether group(C-O)z+
carbonyl group(C=0)°| &A3tct. £35] thermal CVD
THoZ AE W YAE EHOAE Fig. 5 (o)
ol & 4 U= AAE carbonyl group?] HEO|
HOPGOAM 7[A# oz deje e WYeAlE B
ot Addoz o g2 Aoz BNEQt oj4y =
9 YLAE EHY functional group® #e]7t SnO,
U259 43 B3 PlX= 2R wdH.

4. Z8

£ T4z SnO; Het29 RolA 719 ®
HEINE ZARII E3] Si FolHe}t HOPGOA 714
Aog vtgw W YAE @ thermal CVD 3%
O F Cu foil ¥oll 39 T8 YeAJEQ] functional
group®| SnO; Yit2EY 44| v 9T =
AR, AFATE ot Zo] 298 4 Qirh

AA, 71 ®EHo| C 1s XPS m3rt EE AL,
SnO; W29 £4 g7o] ZXEUTh C 1s 3.9
AR A7 Si/Si0; EHO| A= 2287 cps, HOPG
oA ¥eld 2w ®HoA= 31946 cps, CVDE 4
ZE I FHOIAE 34442 cpsolqltt.

=4, C 1s XPS W= % ether functional group¥t
carbonyl functional group®] ZA151H SnO; Y-
259 94 4Ao] /3% =k

MR, C 1s XPS = F carbonyl functional
group HI7t E5E Sn0; UeTRE9 4 4ol
B} 435} =it} carbonyl functional group T3
9] A1 Al71+= HOPGOllA Hreld T12is EH A
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+ 383 cps, CVDZ /4€ 139
cps°] At
oldollA AHE AAYE TH YA E flof EA5}
+ functional group?l &%l W&HA SnO; W2
E9] 94 AR o] g uoton Jju YLAE
o A4 434 SnO; Uet2E2 Hro 571 344l
o] 1AL 7IAAA S AAEARE HEE ¢ Ut} EF
SnO,@graphene EE4-& TR} H7HA € vilH
& slurryE A=skL, pastingdhs 3481°] &0l
ARG FFA4E A& £ Atk wEbq
SnO,@graphene UrEBdAAE 1EAQ] 7FAANA
9 1859 2lgol2AA Aol H8E 4= I Ao
2 HAgEc)
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