-

P
brought to you by .. CORE

View metadata, citation and similar papers at core.ac.uk

provided by Gunma University Academic Information Repository

FEEAFEEFRILE BRI HolE 89— H 2013 89

KRR _ifb® ) 77 > DAER b > RV (STM) Hifg

=

M5B
HERFHEFI B E
=S =
R RFHE T #E
(2012 9 A 26 H32E)

Imaging of natural 5-MoS; by scanning tunneling microscopy

Kazuo YOSHIKAWA
Department of Earth Science, Faculty of Education, Gunma University,
Maebashi, 371-8510, Gunma, Japan
Shin-ya KISHIOK A
Department of Chemistry, Faculty of Education, Gunma University,
Maebashi, 371-8510, Gunma, Japan
(Accepted on September 26th, 2012)

ABSTRACT

Natural S-MoS, molybdenite, delivered in Gunma Prefecture was imaged using scanning tunneling
microscope (STM) under ambient condition. Before imaging, the crystal structure was confirmed by X-ray
powder diffraction analysis and the lattice constants and the unit cell volume were determined as a=0.31619(2)
nm, ¢=1.2305(2)nm and 0.10653(2)nm?, respectively. STM images of natural S-MoS, clearly showed that the
surface structure was (0001) basal plane as pioneering studies indicated. Conditions for STM sample
preparation of natural minerals were briefly discussed and the usage of STM images in the lecture of

crystallographic science for under graduate level was considered.
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STM % FWCTHAMEFEHRENICE S 25 2 LT,
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YR, BV TH 2 BEEESTHENCR S 7,
KROEMRE E THBIChblzoTWw3, %77,
STM & FEE L 72 JR T EEE (Atomic Force
Microscope, AFM) 7 E D& 7 v —7 BHME
(SPM) Lk bic, HusatllfEs e LTTiR%L<,
FFGFEEOY =V ELTH /T 7 /8Y—=T0
WHANEED D ERYDDOH S, £V b, STM
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(Binnig et al., 1983), 2D STME&ZE o} &L
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HER, STM BOFIERNIEZL < b 55, RINBEM
PSR OBIERNZZ S 2L, ghzhsDHIERED
REETTITORE, FRRBELZLELT 200
TH o7z (Jz &£ 21F Eggaleston and Hochella, Jr.,
1993 70 &), % 2 TR T, HLFHE I STM
PIRIE S N7z D % BRI KRR EA RS O STM %
AWTORTFHRERRAT, HiRTHEERZREG 2
ZHEALZVWEEOERERECHIET 2 2 L2
H712o STM FOFEFHIEEM 2 H T 5 2 LBRET
Hb, T I THERNEISYOH»SICHbE) 7
7> (8-MoS, : HE/K$44k, molybdenite) ZH D _E S
THIERREE L L, S FHREBEZE0: 0 OWETEK
CHIE SO 21T 72,

(i) WEe

KRETHALEY) 77 v BEEE KRB FI
BEFNROBEASRIE N T7EaR, 2H) 23k e L7z,
PEHLIHESS IR 575 20 0T, FIRRJTJRFRIR O KRR T
b % o MEASAFRXAREIRFICEAE L, B 35 mm 1%
FoEmb R ons, ToERIZIMEFREY) 77
VAR £ 2 5B ORIG-# 1955 ; TEIR,
1957 ; #rH, 1964 ; FH/111E A, 2013) , & DAEAR X D 43
Wit & N7 BB mm DK ENE E HIE R & Uiz,

AR EBAR X BREITEA TR L L 25, T
TOREPT#FEL2H B & U TR sz JCPDS
Z1— N 37-1492 2 2H), Zh & VKD FEH
%, a=0.31619(2)nm, ¢c=1.2305(2)nm TH v, Hf[
FEPARRE (V) 1X 0.10653(2)nm® TH - 72, 58, T
EBFHEDI: D OBAR X AREHT/ 88 — > ORIE I,
AEsle ) 7u X —8 —THA{L IRz Cu Kay
% V>, Guinier-Higg 71 X 712 TiTo 7z Z DEE,
BT ARIED 720, WNEEHEYE & LT NaCl % H
Wiz, BFEHROHER, 16 KoE#FHEE v, =
1 (2003) 12 & 2HEFEREIHE 71 7 Z 4 (CellCale)
WZTATo 72,

(i) STM &k
STM HIZEWZEA L 7z easyScan2 STM (Nanosurf

—
15 mm

Fig. 1 Nanosurf 1% easyScan2 STM ~v F,
(BHEZEA 15em)

#t) % Fig 1 1OR¥, ARKEIIERENELD &H
ML L CHFENTE Y, AF ¥~y FEK
IFER 70mm, E X 350g LIEFIWC/INMBRETH S
2, R BRIEE 2 2 v T REH D STM
HECTOMBMAKTH 2277 774 b (Highly
Oriented Pyrolytic Graphite ; HOPG) OEHEHIE T
DIRTFARREDMRE S N TS, KEIEICBWTD
AL L CEBCNBLEY 7 774 b

(Highly Oriented Pyrolytic Graphite; HOPG) %
BERL, FHFoMREEOMER 21T 5 720 STM £EEHISE
WEINIE ESREENE W T — BB o5, %
NREUERENINEE L 72 2, HEEZETOBRKRFPORE
SALFBREE T D STM HIE CIIEMIIE L 72y > 7
AT ¥ OEED, REHTO STM HIE Tl Pt/Ir &
SOBHBPEHEIND Z £N%\», easyScan2 STM
BN CIZERE 0.25mm O Pt/Ir 4847 (80%/
20%) &=v/XTH SR LS VML THEHET %
CEBHERINTVWE, ZOBRFIRGHTO
HOPG EKH D JF-F5f#HE STM 535 & 1 % A REE
WE L, —ICHEBITE (mechanically polishing)
EMINTERHINTW S, KEETIE, EIETE
LU BIOEES 2 FC T VEIILEVIE 2 ERAL 2 M

(mol dm=3) NaCl /KBHEF TEL 0.25mm O Pt/Ir
BEdfr (80%/20%) Jelilc A v F > 7 R{TD
ECEEIL et A L (Fig 2),

% & 4L7: STM [ {4 1X SPM A E R LB Y 7 b
v =7 Gwyddion (Necas and Klapetek, 2012) % F\»
T, FEFY 7 b OREAPEESHIEZIT- 720
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Fig. 3 & Fig. 4 12 HOPG EH D STM R 2R 7,
FNZFIEBEPIZ 10nm X 10nm, 3nm X 3nm D4FH
H<Th %, HOPG FHIEERICAKF TR T —7
WEDRAMENER L CHER L, BFL_VTO
SHRREDS L {3 ir B, BIHIEL < MAZEHS S /2
B HIEAR D[Rl —F T CHAL 2 72 3 6 D R FEF
FO 5L TRBICRRET 2w 3 IS 2 LR
RanTnzd, N4 7 ABEDE+ mV TO

STM R4 FEREBIEZ Tl IS & SRR o i3
HI->TED,

b2 ROVERTZ D TId s < EfilidE

Fig. 2(a) BEMRHIEE CTIEELL 72 Pt/Ir #5651,
(TE£% 0.25mm)

Fig.3 HOPG RH®D STM &, A V&R It=
1.6nA, /NA 7 A BEE=40.2V, %ﬁnﬁiﬁx
10nm X 10nm, z#H~7 )V A% —)L 0.11nm,

NEEEAL T2 aREESIRR S T 5, A
FETDONA 7 ABE+02V 3FEEALCHIE R Tb
NTWBEEZONLEBETHDL VWL D,

Fig. 5 & Fig. 6 12 ~-MoS, ® STM & 2R ¥, %
NZNEBZH L 10nm X 10nm, Snm X Snm OFEE
T %, Fig. 3 TOMFEHRE CHAIN 2 KPR R
ZTW3, EREHBETO Fig 4 TRIE->SD &

JRFVARXVTOBENZINTWE I RGN,
INFTEHELDSTMBIETHESNTE LS
MoS, D FKHE 245 7% (0001) basal plane THEEL S 11
TWEZEREMIT TS (72 & 21F Komiyama et
al., 2004) ,

Fig. 2(b) BXRALZHIEE CTIERLL 72 Pt/Ir BRgt,
(TE££ 0.25mm)

N> X IVE

Fig. 4 HOPG £ O STM £,
It=1.6nA, /N4 7 A&EE E=+0.2V, %Epﬁ
3% 3nm X 3nm, zH§fi7 /v A7 —/L 0.09nm,
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Fig.5 5-MoS, £ O STM &, b+ > A VEH
[t=0.8nA, /N1 7 ABE E=+025V, FEZH
1% 10nm X 10nm, z#fi~7 )V 2 —)L 0.30nm,

V., & %
V-1 XAREEBEZORTEEZEDO-HDAE
oW T

ARG TIRAE—FLTY) 77 v 2HONIE,
W OEBRERE T T, Z0O STM{GOBZENTHE
ThHdIerRRLTz, RAE_FILEY 77D
STM BREIZIC R U 7- BR R 2522 L, filhod KIRPESE
BN OB R AN DRI DWW THRET T 2,
STM #lIE %17 5 BRic Bt 2 skl R HEIc 7 7 o —F
T3 7-0121F, —A% nm 5%k 100nm (ZJE % 58
BRFRFLV_ANVTEETH S Z EBTARTH 5,
72, KRR THIERIT O HE IREHE TR
EZFTCRETHD I EHNLETH S, -5,
— I IFRARPE SRS 5 D STM 12 X B FHREE
DIzdDOHIESEMEE LTI +onEFmEE2E
L, il) kur =7 %o TREENEHT S
CETHHRE T FHE2BHS Y2 28T
(BRGSO MLEW R ), iil) /%2 DEEH
KGR TLETH S, Lo kEUERLETHD,
zh o OFEME TR THNIE STM HIE 21T
5 EMTE LMD 5, AR TH WS-
MoS, FHIRTE&EXREZB L, 7B mmU5G0

Fig. 6 3-MoS, i D STM £,

b A VERR
1t=0.8nA, /NA 7 AEFE E=+0.25V, E&E
A Snm X Snm, z #fi 7 )V A — )L 0.25nm,

AH R FEIE A B D BRED L 5 I —H AR R A E
BB T 28 TH > I272%, HOPG TOHIE & [F]
Bt s —7THRBICASHT 22 L 8HHET
bHolze 2D W, LHIRHRED STM 23551
TeRRH &5 2 &5 RERFESERSS L 0¥ G 1) ~iii)
DEFEETFEHZTHDIIHEVLZ VTV
Vo N ORME LTS E T 2 EE Y
bAmlmnds, xur—7OMBENTASHEE
% Z EDHRE RIS I RES T L E 5, H
EXNREILT 2121%, #WYBNXBF 2H 2 5N
HEEL 05, NEBHOFE L I8 % ALERE TR
FINCHFEL, FhE/KPCHHEIE2 2 & THYR
NEJF 2152 HE LR OMEL B 5, NaCl 2
DOREE % b OfEIE {100 Ic e ~EHE2E T %,
Z DREEAESE % b DR (PbS : FEREE) IXEEME
FMTHY, AFOBRS R THH 5, STM HO

N2, 51, FlldROFEHESH (ZnS : PIHEEREE)
b {011} KBe~EEEEL, AFORS UM
ThHb, 2O Zn D—EB% Fe MSEHL CTEH
TEIEDHBEITHY, ZDOHITBWTH STM
BT OBEICHR IR b,



94 s OO SR M OE W

V-2 HBERBICHITHSTMIE
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XREHT 8y — > & 0 Z RO BT A 2 S E
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DVIEREDOIEEE T 2RmDER S Z &%
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2012 FEEDOFETIE, STM IZ X 3 TFEBEREI
WO ATz & 25, HETRDZEAMAKT STM
ER LD DTS THET 20 wd ZERUTZR
WDIZRITHNIIHAIEL < EF L Tw3d 2 & 2 EH
TERI LT, FERANOHEBENEE 7z 2 L MPFEK
ENTzo BEDAE LT REOFERFTELE D,
HEHLTO STM GOERBIRF S L5, Lo L,
RIREFY & L TIE, ZHbE D 77 ikl
OWRETHD, V7 AINVELTIY EFon
TV BENCIFRAE DRI TH 5, ERE, K
(kddh), TifEaL ERBERICcTE N, X0
BIRLEDOND EF 2 5, HEHERE I GE
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EH Lo lh, HEREPEIESEEERE T
TiX STM OEEEHITHYE T 2 2 > F v o —5Ei & 3
BIRE 2 FEREA T OWE ST HE (TRl BB A
AFM, FM-AFM) SBAFE S 1, R FOREED R X
7z (Giessibl, 1995), T4, WEEE BbhTwic kK
SR TH FM-AFM TORIENERL, FE
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% % (Fukuma et al., 2005) , 5% STM £ &b T
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