B AT F R R

SFRLRRRA
SR AR GEE

2021 FF






DFRERARM2021 FERERFIAHRE

gll.zll@l
7
af

A REIRR
FREEES HRFEA
21-101  BREXBRIND FRIZKB8ILIARDYT) o) RISEEDERRA

B. B AR
BHEES MREESA
21-201 CDW#RYEBBEREAINATFAFOBEBERMTONVFERDOFHZTM
21-202  UVSOR BL6U®MMomentum Microscope D B ERE W aHBIIZ X o 5 %4
21-203  TA/AT7O—ZEBRNDOBFAAREICLDBR FEA1TIIRDEN
21-204  FSNTSXELVEXRTIVHMEEROEE RO
21-205 EEICRRAHELZSTFEREOBEZF AL THIERH
21-206 TEAF VLAY EKoniES OEFHEETE
21-207 FfMIERIGEEBE LUz TR LI SR AR AT
21-208 fuMEFIEHSHIzFE I TEORELST O IBROREE
21-209 ETOFOERICEREITAT—ar RIGEDRFE
21-210  EAVALRAVORIA—TFIC L35 BHEAH L EROEEHERNA
21-211  BR/NIVAAUIHRGEREFERD KETAVRFEALE R M HEDORSR
21-212  FI/RT—LEXAMHEOFBRRAFK LA R - BRIEAR~D L
21-213 FHBBHEFL—HF—IZLEIRITSURERBBREOHE
21-214  REBTUTT RO FHRIBOMBZRAICA T -5 ELFE R
21-215 Y —FUNOBERHRELEAER IV NVEBI FORIH
21-216 AV HLBEEEELICIERZESHEBELEY STV EO A
21-217  RILFRAMD BB OERIIEE LR ERI D AZEA
21-218  RY(FJTU—ILIRR T4V RV TAR) REY T F /&R IS Al DRAF
21-219 BEBEEZHOSBRLEREDZ T EESREMBEAOETHEAEOHEH
21-220  TRPFvRILGIEHIERBAD-OD R FIaL—av R
21-251 BHEYMOFEHERZHET 55 FOELEHBRT
21-252  INBUEREL—H B & DB FEEATIANILYINSAN) I HBOREFE
21-253 EEMKEAMEZATIBEAEOFUEEFREOREEITR~DIEH
21-254 BRIV BEHBFL—YOLHEIEETNERAV -IRIILX—aIEEHEH O IREME
21-255 NAFUR—TFITEBRYLUAFFUMBBRERICE T EERED TR ILX—EHLS T MER
21-256 MRACHIHEIZE T BREVRIBRMEFIREDHER
21-257 REILIFUF/TAVIBH FEARDBERKLEN
21-258  RRYI RS2 FREEE FHREIT(SPA-LEED)Z KB YA RIN2BY STz D) HEEMEHT
21-259  RAYOFVIL—HF—ZFALLMNEER~OEFGEHEORELSRRWIELZRIG
21-260 /SMLRESREZFRAVWV - BLETHEHRBHA TERTET7 =03 NILOBERMSSHILA H O
21-261  FXHIEE RV BEEESAROBERT

CHIR&
FHEEES ERER
21-301  1st IMS—FHI Symposium Emerging Techniques of Scanning Probe Microscopy””
21-302  HETARAHviay
21-351  FrL—HF—RFHEER (ALFA) FEOHTKERE
21-352  IRILF—FRZORATR: BEEEMTACIEARIZE T

D. EFMREHZIE
HERE WEEEA
21-401 B0 FREBZFODIEDER








https://www.ims.ac.jp/guide/joint-research/documents.html
https://www.ims.ac.jp/guide/joint_research_result.html
https://www.ims.ac.jp/guide/joint_research_result.html









https://www.ims.ac.jp/guide/joint-research/documents.html
https://www.ims.ac.jp/guide/joint_research_result.html
https://www.ims.ac.jp/guide/joint_research_result.html






https://www.ims.ac.jp/guide/joint-research/documents.html
https://www.ims.ac.jp/guide/joint_research_result.html



https://www.ims.ac.jp/guide/joint_research_result.html






https://www.ims.ac.jp/guide/joint-research/documents.html
https://www.ims.ac.jp/guide/joint_research_result.html
https://www.ims.ac.jp/guide/joint_research_result.html






https://www.ims.ac.jp/guide/joint-research/documents.html
https://www.ims.ac.jp/guide/joint_research_result.html

https://www.ims.ac.jp/guide/joint_research_result.html

mail: r7133@orion.ac.jp
TEL:0564-55-7133

H
w

w

w



https://www.ims.ac.jp/guide/joint_research_result.html

SFREMAMLRHAME ERBEEE

AFREMAARFARE RieREE

R’RHA 2022-07-28

DFREHRAE B

TROEBYEELELLEDTRELEFT,

wEE K% (Name): lLE 270

FTEHEE (Institute) #8/5 (Department) B (Job Title)

FERE KRR TR B

&5% (Phone no.) FAX (FAX no.) E-Mail

0432903915 toyoyamada@faculty.chiba-u.jp
1. &3l HARE
2. REES 21-205

3. RFESL

BEICRAGE L 22 FERE OREEFA L cmSuitREs

4. FRAISY I (BRARER)

BR B

5. HREFIBEHRE (BAE)

-&R OBl FERE M2
-PEEF OB FERE M2

6. EHELIHEOBE
(200 LAR)

AFRTIE, BEEE - BEF / BMALy MY —VEORKEZBE L, BEZRETICT, Cu(l1l)E
WRER@EIC, FIRAEERIFEAVCIRTZAEN-HLRFEER L, ChICHESBEZRE L. 4
MOBETIE. BREEGBROICSARICEEL, MUNLHESENKRRY 213 THo7, LoL.
2021 FEDOHBRL Y., BB, 2FEFRILICBEBREEDOBZFHA L. LD FTITBYRAL LD ITH
RIDZENHBB L,

7. BoNIZHFRARE(1200
FLUA)

AMEIEL T, BEELHTREELL, BEELR - R - & bV RIVEHSE (STM) XE, BEER - =
B BAKEFONREE (UPS) . Ty I RBHEFONNXPS)EEAAVTEREL K,

HEEEERTEERINSE LTAW, MR TOERYE V1,3,5-tris(4-bromopfenyl)benzene : TBB %
FERBFESFELTER LA, EMRREERRT TBB 2 F 2 FEL — b 0.15 nm/min(% 2 I1F8&122.8°C) T
REYT &, TBBFH 5 Br BFANRBEET 5. Br liii L7z TBB o FIdERKE 2 BILEL L. BID Br B
L7 TBB R FEEREL, HARCCHAERBELETMKT D, COVIILIYRIGHIEYIRINDZ &T, 8+
nm #4 XOEFHEEMEEHED TSR (COF:covalent organic framework) % #E8 L 7=,

AFRTIE, BREAEERIEAEEZET DI EADD>TWS, Cu(ll)ERKRELOMMEERET / BIC
BB L7, ERETERLECHIREEZTo%. BEELEZRT L F ZMTEICHBE LSTM/UPS/XPS
ExEITo7,

EE L7z COF JED STM BR LY, BETRINAMERFTOEEIFINTH >7h. RR M7 =—)L(430 K)IZ
LY BL%FETAIRICHET 2ENSH o7, F7. COF ED UPS #ifgH 5, COF D HOMO E— 7 %
JITILIHMT-22eV ICHER L, -2.7 eV EED Cu(111) dband & COF BEEICL Y AE LK ELT BT &
Bod o7,

RA KT Z—ILED COF FEA, O/N)L bk Co #EN 0.01 RFBALITEE L7 (flux9.5nA,65s) , 4
A, NZHALEFOROHBIHRAIELL Co T /HAHIRIITEDERELTWE, LML, EREBERIENY
FRlE IR >/, £9. COF & Co 7/ ENMIICKRT 2M5EEH AR L/, DF Y. Co IFJ|EBICHTFIK
FARICAZLVE, DFEIEMILICERRLAEANIRLTF—MICREREETRB L, £, DFEFRIC
k& L7 Co lE, BFADFICVWEILYEDFRFOTICBEYRAESIE TR EEHH LA, —AT. UPS
ERIZ. Co3d iREEE COF & HOMO JREEIZBE LW T & AR LT,

AR LY, Cu(111)L COFRIC Co #IEE L TH., COF ERFINBZ I &iEHh o7k, LHL. COF &
ERBEOIEEIETB LD, Co A'COF FITHYRARANIRILF—MICRERI EEHBA L,

BERFRFEOERICIE. 2FERNICEVWTHERTF D FEOBEEIVELRE, IS5, HiRERE
MEDEFHEENBVWENVERETHD EHBALL, SBOMRISERALELWL,

8. Tt

FEEE

o HEMBMRERMICAIBERES. MEA. Bé KREPRAEINDIIEDTEERFTLLEIV, HE
FAMREOBRLMICET 2ERIEONAN S /HBE. NOUSICAAT 2|EE & 51, LULTDY
VOENLRRES Ty O—RL, IhofEREe [EHEL] &L TREE (RFA) | 28B4/KRETT
RECEZIWV,

https://www.ims.ac.jp/guide/joint-research/documents.html

o HEAFAMARBBES IO FHNEMTMOR—LR—JILARINET, [ETEIRVABIZEBEL.

ERICTRALLREZI L,

1A
el T7)



https://www.ims.ac.jp/guide/joint-research/documents.html

DFREMAMLRFAME ERBEEE

https://www.ims.ac.jp/guide/joint_research_result.html
o AMIRBFEOHMRE L THNERRINDBEIE., DFREMRAR—LR—JICBBINALRBAFTEICR
W\, 3 AcknowledgementICEEE A BE L T 72XV, BHEHICH > TE. 2 FREERBFDHR—LR—
VEYERARE CHRLLEI W,
https://www.ims.ac.jp/guide/joint_research_result.html

o MIREEPIHHI1~4 DIEFERICEEY N HoIFE, HUFBICTEBIELEFTOTIT TAEL LI

HEESLEN

BARI RS MISREEH 5 — MEEH EREMRRHRE XEFARK
mail: r7133@orion.ac.jp
TEL:0564-55-7133

[WEY
a

n

N



https://www.ims.ac.jp/guide/joint_research_result.html
https://www.ims.ac.jp/guide/joint_research_result.html

SFREMAMLRHAME ERBEEE

AFREMAARFARE RieREE

RHFEZDTER

s Fuabht

REHREFBEEEAN BAR MRS
HIEREEH Y 9 — BERERRRB AR KR AR
email:r7133@orion.ac.jp

[uby
D

L

w




SFREMAMLRHAME ERBEEE

DFREHRAE B

TROEBYEELELEDOTRELEFT,

2022-04-27

K4 (Name): 1l F4

FTEHEE (Institute) #8/5 (Department) B (Job Title)
RRERIARZE BT EE FERD

&5% (Phone no.) FAX (FAX no.) E-Mail
0471229508 nkym@rs.tus.ac.jp

1. %35l

a3

2. REES

21-206

3. RFESL

IS X v )LERFEGpES OB FHEETM(I)

4. FRAISY I (BRARES)

BR B

5. HREFIBEHRE (BAE)

CEBLE A RREMAFRZEREIZMER AFKRE
CRA KM RRERAFRZEREIZMER KFKRE
SRR it RREMAFRZEREIZMHER KAFKRE
CEA OFERZN: RRERAFRFEREIZMERAZRE
SR B RREREMKFETISE PHELE

6. EieLHEOHE
(200FF2ELAM)

FARFEE, FF—1% (pB) - T7o/ETy— (nE) RAOERKFLERDIFHAVThEBREICET
Lie TTES D vIBHYEKRp nER] ZAIRL, TOBFNAY FOBBEEZENTZIE2EHET
2EDTHD. SFEER, BEOHOARICEVWTEEF/NY ROBOERICHII L7 p AL EHEYE
ERRIC, TORFEREADN B FOMRE EFBERTZ1T o/, BERTREIBFNY FOBOERIC
BES>TWAWS, nBYFOIESFIvILERICEZEHF P nEEOHHETRBRY 2HEREE-.

7. BoNIZHFRAR(1200
FIRELIR)

1) MEREH

BEILI hOZIRIE, TEODAVH—Fy N EOINET 2S5HOEEBRELARICEVWTEAR
R LR O EEODDH D, AHEFLERICEVTEN S v ) PTHERFEE2BIDICREEARD
DENY RGEDORBETHY, TORRELRDZDFEIERELLLEFRE (EFN\VER) ORRTH
%, BESBRENLEFONEARUPS)ICE Y BHFERBESHABNOMEF Y ROBEERNTZ 2 &
REARREETH o, HEELSHAHEIL L TIAFRICL Y AR EAMBSRICERTREAFREAY D
2HY, EE, LT L V(CA2H28)R RV F £V (C22H14) & W > e REMNABBREIEpR AL ER DSBS
AR TIEER100 meVDIETI R F—28 L/cMEF /N KOEHRAREBHICHER I TW5, AHdEk
DNy RpEE%E, BRELPERKBEDROL D RERNATL I hO=ZJ Z(OP)T /N1 RIERT 5701
&, RF—MEi) - 7/ 79—4nBE)DZ@EOHHERAEDLEL pnEd] KLV TEWEREER
BT 2UENHD, YHRITI—TTIE, TRETITIILTLYPRY YYD BEERE LIRS F
OFREORWEBENIANTOIEY ¥ vILRE L cEMERaHEERpnZESORIRICKRIIL, RV5+E
VEESREEIC I v ERV IV VRREEA IS XY v VER S B pnES TIHAEF/NY ROEODE
BICERINL TV B,

ARREFEETIE, AL ERBEEREY TER] S LTAVSZIETHRO THEMEORFAIEY XY v L
BHEEFPNEAERBEL, IDICTOEFNY NEEABBICHEET 22T, FRELLLEBIE
Fo ) TREAFA L AAEWRLBHOPT NI ZAANDISABRANE T 2 MERAHITS I 2BME L
T=o
2) HFERBRR

2020 FEDBMAAREEICL VMEF /Y ROBOERRAMICKIH LY F 7 M FIT/ F47 =V (DNTT)ERE
ERELICNEYFTHEC0NTEY XV v ILRRT B EATRET I2ERIEEEOROMRICLYES
NTWhEZEEBEZ, SEEIIDNTTEFKERAMLEOIES £ vILCOODEABELRBEICRET D& &
HIT, ERBENCOOLIFAES K BAINEEMEERTHDRY L YMAIKRFT A4 I NPTCD)DIEEIC
L BpnESTRERAT-, TORRE, DNTTERR LICH 1T 2C60DIERERDREICHKTN GGRTITa%ElR
F) L7c—AT, PTCDUIDWTIZCE0E IFEAYDNTTETIEYF O vILERER LAWY, HBWELEEL
THERBRUENE L LD EE2TITR/RENBON, i, EFEEEMICOVTEEEEICS|ISHIEMN
BEMREICSVWTATERZERELAEOO, HEAMEF/ Y ROBERRT 2IEESRL >, £
DEAE L TEM E R ZDNTTEEZAIICE T ZER IS Y TILLBF =V 7y THBEIN, TOERE
& 70 BRI % AR KR L 72BN L CEFEEHI 2 RS 2 2 & ASHRDOBEETH 2,

8. Tt

FEEE

o HEFAMRESAICAREHESL. BHEA. BE. KEPLARAINZIEDTRERFTIRLIV, #E

FAMREOBRLMICET 2ERIEONAN S /HBE. NOUSICAAT 2|EE & 51, LULTDY
VOENLRRES Ty O—RL, IhofEREe [EHEL] &L TREE (RFA) | 28B4/KRETT
RECEZIWV,

https://www.ims.ac.jp/guictfﬁj;pint-research/documents.htmI



https://www.ims.ac.jp/guide/joint-research/documents.html

DFREMAMLRFAME ERBEEE

[ )

[ )

HAMNBAMREREREZEDFRERRAOR—LR—JICARINET, ZATERVARITERL,
ERICTRALREZI N,

https://www.ims.ac.jp/guide/joint_research_result.html
AFRBEDHRE L TR ERERINDER. DFREMRAMR—LR—JICEBEINEAFTEICK
L\, 3 AcknowledgementICEEE A BE L T X W, BHEHICH > TE. D FREEHBFADHR—LR—
VEYERARE CHEBLLEI W,

https://www.ims.ac.jp/guide/joint_research_result.html
REZEDHB 1 ~4 DBERICRY A H o35G, HERICTEBELETDOTITAEILI,

HEESLEN

BARI RS MISREEH Y 5 — MEH EREMRERIRE XA ARK
mail: r7133@orion.ac.jp
TEL:0564-55-7133

H
o

w

w



https://www.ims.ac.jp/guide/joint_research_result.html
https://www.ims.ac.jp/guide/joint_research_result.html

SFREMAMLRHAME ERBEEE

AFREMAARFARE RieREE

RHFEZDTER

s Fuabht

REHREFBEEEAN BAR MRS
HIEREEH Y 9 — BERERRRB AR KR AR
email:r7133@orion.ac.jp

[uby
[{>)

L

w




SFREMAMLRHAME ERBEEE

DFREHRAE B

TROEBYEELELEDOTRELEFT,

] = 2023-04-26
wEE K4 (Name): #f £ &
FTEHEE (Institute) #8/5 (Department) B (Job Title)
B AE BT EE B
&5% (Phone no.) FAX (FAX no.) E-Mail
079-565-8906 kei.murakami@kwansei.ac.jp
1. &3l HBARE
2. REES 21-207

3. RFESL

ARG = B & U720 FMERRER & i RIS E AR

4. FRAISY I (BRARES)

EEIE-S |

5. HREFIBEHRE (BAE)

6. EieLHEOHE
(200FF2ELAM)

WEELVBEAFKLANBRBEEZMD RS YD LARMEREDRGHEERIAS L O 0ERMOYIERRAZ B/
ELTHRBMREITR 2/, TRNETOHRTIE, 7007 F VML Y ERSTYDLADRIBICEY., £
TERIGFEERTHZT7 ) —I/IRZIY LARBEDORERIBENFSON TV, ZOBEEERLIAY LT, &
ERRBRAEETROLIPR#TH o/, TDDH, SEDHETIKETERZEE AV 2 RISHEEDEBRET
TR D T,

7. BoNIZHFRARE(1200
FIRELIR)

MEHIINS I LMEABAVWE_DOBtAY TY VIRBERDIFTWS, —D2Es7007x+ >V ML
VEREKRDZEILTHY., ©OI—DIRETIZLVEAY TV INR— F—ELTRWR /O 7F Y
Moo eEDIORAYTY VY IRBTH B, INETRIGEBRIBOLDICHRETE21TH> TE L, RIFEEIC
&, 7007 F Y LY ERSTILDRIGICEY ., ERT 27 ) —I/R5 T L#EEORKERESE )
HEEFEEOHRAMFBICTHELMI L, BONKLBERIRETHY. INEAVDRGHEERETZRET L
Tco BERERDEDKRABRERETASOTELY, BEEHDT—IIRBI# L., HERNZEAVIRG
HAEBRITANE At &R LT,
HENZERAVARETET > /ER. ERERESEMNICHIATIZRIMGEEAIRIET 22N TE 2,
BB ZH, 7007V ML YOZEERBICEVWTIE, (1) 70072 bLyonRZIY
LANDEREBILIN. (2) DFRACHNRSTF—2avIitk 315894 J)EKR. (3) yoR7zF+> L
YDRZFYA VIIADBRIERAIN. (4) BERIZDFRCHARAST—avil&p280. 59419
JVER, (5) 2O0ETHRBEICL2BNETE2ENBBII TV NLYZEBREREVWIRT Y T TH
BZZENBALMIARS T, EBRREVWZ EIC, 2EIEDETHIRBETIET Y —LENZ NSV AMBICH
YU, JRAICEREIDRBERD, ZORATY TOFEEELIRLF—PBEULICKEVWZ ENRINE, 7
OO7zFYhLyEET7zZLyD/aR Ay 7YV IRIETIE. (1) 7007z F Y ML ryd/iRSY
D AANDERERIEIN. (2) DFRCHNAST—=2avIl&dRSHA)LER. (3) EZz=ZL VDR
EO/NRS YA 7ILADBERAMN. (4) 2EOETHREICEY., BETZ 700y TY U THEA
EEMB, JORAY TV IRIETIE, DRSS AANDBIEHAMEETZ =LY EHET S
N o007z F Y ML UYDOANBERICRIETZ I EPESMIR >, MAT, vO0Q7xF VLY
ERSTUDLMBELCEAEONRS YA IILICR LT, ZELRBOLSIC7O007 2+ bL YRS
THIEBREINED, TXLF—MIC, ET7I=ZL VORIGHBET B ENEICLY RSN, I
RHRENBIREICREBEE X EEATWS,

DEDESICHMEBE L TCOWERISEENS BORETERZICL >THYTHo LI ENARINE, 70X
Ay TV TICBWT, 7007+ YLy, ELKIREZZZLYOVWTRABRIICRET 2 HHER
TIIMBATERVWAHEAL 272, STERZICE > THLMNIR /2, SEIE. S—EERRICRY. 5tER
B2EYR—NTE2RFTEEDTVEVWEEZITVS,

8. Tt HEIAOFIANABREDRKEICLY., KAETYE- M TOHEEDLEEITA S,
ERER o HEMAMREXMICAHBERES. MEA. Bé. KREPRAEINDIIEDTEERFTLLEIV, HE

FAMREOBRLRICET 2ERBIEONAN S /IHE. NOUSICAANT 2|EE & EF1ER. LULTDY
VOENLRRES Ty O—RL, IhofERe [EHEL] &Lk TREE (RFA) | 28B4/KRETT
RELSEZI W,
https://www.ims.ac.jp/guide/joint-research/documents.html
o HEAFAMARBBRES IO FHNEMTMOR—LR—JILARINET, [ETEIRVABIZEBEL,
ERICTREALRZI N,
https://www.ims.ac.jp/guide/joint_research_result.html
o AMIRBFEOMRE L THNERRINDEIEF., DFREMRAA—LR—JICBBINALRBAFTEICR
L\, 3 AcknowledgementICEEE A BE L T 72X W, BHEHICH > TE. D FREERBFADHR—LR—
VEYERARE CHERLLEI W,

9N
2V o3



https://www.ims.ac.jp/guide/joint-research/documents.html
https://www.ims.ac.jp/guide/joint_research_result.html

DFREMAMLRFAME ERBEEE

https://www.ims.ac.jp/guide/joint_research_result.html
o WREEDHEE 1 ~4DERICRY NHo7cipE, HURICTEIELFIDTITELLEIL,

HEECTEY BARI RS MISREEH Y 5 — MEEH EREMRRIRE XA AR
mail: r7133@orion.ac.jp
TEL:0564-55-7133

N

H
w
w


https://www.ims.ac.jp/guide/joint_research_result.html

SFREMAMLRHAME ERBEEE

AFREMAARFARE RieREE

RHFEZDTER

s Fuabht

REHREFBEEEAN BAR MRS
HIEREEH Y 9 — BERERRRB AR KR AR
email:r7133@orion.ac.jp

N

N
=2
N




SFREMAMLRHAME ERBEEE

DFREHRAE B

TROEBYEELELEDOTRELEFT,

Ertan =| 2022-04-28
wEE K% (Name): BI85 £5
FTEHEE (Institute) #8/5 (Department) B (Job Title)
Ern b= vyrohOvRHREY S — £t
&E55 (Phone no.) FAX (FAX no.) E-Mail
0527895687 takasima@nusr.nagoya-u.ac.jp
1. @5 AR
2. REES 21-208

3. RFESL

RIS B Y T UBEH Y T IRORE

4. FRAISY I (BRARES) Pl e g
5. HREFBHAREEHME) | - BR: FEERF /0O MOVEHREY 5 -

CEHBELS REEXREY YO MNOVEREE Y Y —FHTHE
CUARRE  EHEAREY YO MNOVRAEEY Y —M2
CRIREA  REBRAEY V7O NAOVEIRE Y Y —REEHIT

6. EHELIHEOHE
(200FF2E LLR)

ARRTIE, EE VIHOEFE—LICL—Y—5FRIE, POV TN UVEELICE > TRETZHVYT
BOMBEEFET 2 FEORAREERLTWS, 2021FEIEL —Y—/L A A BT 202252 EEL. &
IWAL—Y—EBWTY T/ ZADREDHERET o7, o BEOL—F—IV TN UHELHAL —
P—8ESA VEAVWT, L—Y—/L2AEER) Vv /hEEABLTVWEEFE—LEFTHMET DI EITK
Lz,

7. BoNIZHFRAR(1200
FIRELIR)

L—H— BBV /TRAOEFE—LDERICLZHEAV TNV HYTRERICFEBET 20D —5—%
WRAEBHST DI, ATV VFSHABDI VY NEREROEEEAT o, TONERERWN
T, BIWAL—H—DESRETEZ—DODL—HF—/ULAND, BEMIERLLZZDDL—H¥—/LR
(FTWISIVR) ZEMTEDZEEHEL, L—F—D/ULRAR. Z2D L —H—/L ZDEEEBORIE
L A—PIVL—FEBVWTTo/k, E. FTIWRNWAL—HF—DARI MNLDBESERE L, 5
I, BLIUVELK ICRRBLTHB L —H =Ny FRTERLELY T/ AL —F—% BEOL—Y—OVF
NUBELEBRAL —Y—8ZES (A VERAVWTCERY Y/ 2BALQPOEFE—LETHMET DI EITRIIL
T=o

8. T
EREIR o HEMAMRERMICAIBERES. MEA. Bé KREPRAEINDIIEDTRERFTLLEIV, HE
FAMREOBRLMICET 2ERBIEONAN S /IHE. NOUSICAAT 2|EE & 51, LULTDY
VOENLRRES Ty O—RL, IhofERe [EHEL] &L TREE (RFA) | 28B4/KRETT
RELSEZI W,
https://www.ims.ac.jp/guide/joint-research/documents.html
o HEAFAMARBBRES IO FHNEMTMOR—LR—IJILARINET, [ETEIRVABIZEBEL,
ERICTREALRZI N,
https://www.ims.ac.jp/guide/joint_research_result.html
o AMIRBFEOMRE L THNERRINDEIEF., DFREMRAAR—LR—JICBBINALRBAFTEICR
L\, 3 AcknowledgementICEHtEE A BHE L T 72X W, BHICH > TE. D FREERBFDHR—LR—
VEYERARE CHERLLEI W,
https://www.ims.ac.jp/guide/joint_research_result.html
o REZDIAB 1 ~4DBERICERYDNH-o7/2i58, EYURICTEBELZTIDOTITERSILEIL,
HEECTEY BARI RS MISREEH Y 5 — BB EREMRERDRE XA ARK

mail: r7133@orion.ac.jp
TEL:0564-55-7133

N

w
»
N



https://www.ims.ac.jp/guide/joint-research/documents.html
https://www.ims.ac.jp/guide/joint_research_result.html
https://www.ims.ac.jp/guide/joint_research_result.html

SFREMAMLRHAME ERBEEE

AFREMAARFARE RieREE

RHFEZDTER

s Fuabht

REHREFBEEEAN BAR MRS
HIEREEH Y 9 — BERERRRB AR KR AR
email:r7133@orion.ac.jp

N

I
L
N




SFREMAMLRHAME ERBEEE

DFREHRAE B

TROEBYEELELEDOTRELEFT,

Ertan =| 2023-04-25
wEE K4 (Name): 88K &
FTEHEE (Institute) #8/5 (Department) B (Job Title)
BEHRAZE R B
&5% (Phone no.) FAX (FAX no.) E-Mail
017-738-2001 (PI#E5419) 017-738-0143 t.suzuki@aomori-u.ac.jp
1. &5l AR
2. REES 21-209

3. RFESL

W7 RDBTICESRD AT =2 a VRIEDRARE

4. FRAISY I (BRARES)

ik R—

5. HREFIBEHRE (BAE)

6. EieLHEOHE
(200FF2ELAM)

HEHIE Y VRN VBEPREICHEE L. RALEDREFILSVWTEELRZIERLT., TOBELKRMED 21T,
H—REEBEE R OEREN AR LARICAVWD Z B L <, LF2ERICE Y- REHEEBEEZ D
ERDTFERAML, TOBECHEDOHREEELNITIIEIREETHD, AMRTIE, H—HEHEHEEE
ROERDFOLEEREZMBET Z7HIC. 7Y MEERAVWSRSA5—Ya VY RIBOREKEHET 5,

7. BoNIZHFRARE(1200
FIRELIR)

FEY VRO BEDERICIIET Y RIEEFIER A S L THWEHEDN. W DDDIMR I IL—FICL > THRED
ThhTWwad, PEEE L TRETZHET I/ AOMKIRICHRT 2FREEDOBEN S, T LEEAK
INEAFWDIF TRV, BLIEINETICIRY NERICL 2MEMRET Y REHET7 I NICERT 54
F—2avRIGEBEFELTETWSD, ZORMAXA N ZXLISKRBELEIDH o7z, TDFET Y Rk~
DA =V avRIBERE - WRCT BLDICIE,. RISICSITDERY. BIERY. DREKREE2EE
L. TORGHEEZFMICERTZIEHNEETH D, MBER—HRIIL—T & D2020FE%ES FHiHA
MEIICEVTIE, 7Y REICRT 2545 - a VRBORBREBITSZEISEAL, IO —R 1L
TYURKERIGEEE L, 1Ry bad99F1 v H—S4 5= avRbicL&Y., E7I JBROETIVLE
EMEINETIONULETROND Z & 2HA L, —AT. RIGRHEFICL > TFL0% LU LEDEIET, 7/ 73—
MHAEMELAZa7 I RTY Y RPBEIET 2T EHBBINLD, REEIXERRIGD R IGHEREO#E ICE
YIBAT, ) UEEDRBREORE, RIGRPICMAZKOBEEDRETAENS, WRKELUVT /v —EMK
DEMLERICKEREVWDIALNZ ZEN DAY, ) UEREDOERICLYERDIRIGHEETRIGNEITL T
WBZENTREIN, ZOBREEICRIGICTES T2 EBELTW T I VABGKRTIERL, 73V
KICEBZZTOPRRBETH B4 ) RhfEE, FHREFAR 77 EVdmEGAREERBIOECESL, 2hbmh
BIRICBIT2RESES LT ZY AL ROT /v —ERLERDN, SFROICBONZETI /VBETILEEY
DOIMFBEREICHEARIZILTW S THEEERET 2R TH o7, REBMTIE. ThodhBEICET2E
MHEAEDFIEIERZER TH DD, RIGREDELRDRET, FARRRIGEBDOFREEFAORFTRLICLY, F
BURICE T2 EMLEREFEHT 2 2 A TENEILRBREORE S RBINEROALNARAFhZEDE
EITW3,

8. T
EREIR o HEMBMRERMICAHBERES. MEAL. Bé KREPRAEINDIIEDTRERFTLLEIV, HE
FAMREOBRLRICET 2ERBIEONAN S /LIHE. NOUSICAAT 2|EE & EFIER. LULTDY
VOENLRRES Ty O—RL, IhofERe [RHEL] &L TREE (RFA) | 28B4/KRETT
RELSZE W,
https://www.ims.ac.jp/guide/joint-research/documents.html
o HEAFAMARBBRES IO FHNEMTMOR—LR—JILARINET, [ETEIRVABIZEBEL,
ERICTREALRZI N,
https://www.ims.ac.jp/guide/joint_research_result.html
o AMIRBFEOMRE L THNERRINDEIEF., DFREMRAA—LR—JICBBINALRBAFTEICR
L\, 3 AcknowledgementICEEE A BE L T 72X W, BHEHICH > TE. D FREERBFADHR—LR—
VEYERARE CHERLLEI W,
https://www.ims.ac.jp/guide/joint_research_result.html
o REZDIAB 1 ~4DBERICERYDHo7/0i58. EYURICTEBELZTIDOTITERSILEIL,
HEECTEY BARI RS MISREEH Y 9 — MEH EREMRRARE XA ARK

mail: r7133@orion.ac.jp
TEL:0564-55-7133

N

(&) ]
n
N



https://www.ims.ac.jp/guide/joint-research/documents.html
https://www.ims.ac.jp/guide/joint_research_result.html
https://www.ims.ac.jp/guide/joint_research_result.html

SFREMAMLRHAME ERBEEE

AFREMAARFARE RieREE

RHFEZDTER

s Fuabht

REHREFBEEEAN BAR MRS
HIEREEH Y 9 — BERERRRB AR KR AR
email:r7133@orion.ac.jp

N

(o]
=2
w




SFREMAMLRHAME ERBEEE

DFREHRAE B

TROEBYEELELEDOTRELEFT,

] = 2023-05-24
WEE K% (Name): lUE  ¥—
FTEHEE (Institute) #8/5 (Department) B (Job Title)
FURKE BIEMER HEHIE
&5% (Phone no.) FAX (FAX no.) E-Mail
0298535038 yamada@bk.tsukuba.ac.jp
1. &3l HBARE
2. REES 21-210

3. RFESL

EAVHIALRA YV ORDA—TIL& 2 EBBEGHE B OREHIERREA

4. FRAISY I (BRARES)

FRRES

5. HREFIBEHRE (BAE)

6. EieLHEOHE
(200FF2ELAM)

EREE A BN TH 5PiceneDph-BTBTOEMAMEAEL/ER L. TOXEFMNEI/ T 71 —%1TA>
1=

7. BoNIHFRAR(1200
FIRELIR)

EREIESV., SRBEOAMYEERIIEEZEDTVS, B2 s0E#IEROERMNEREE
ERL, TODFHREOHRENEFNEI S 74 —ICLUBHERITDIEEZBIELTVWS, XEFNES
Z74—RBEIBAEFONT —IDODTYNELBENT 2BRNAMNFETHIN. ZOEDIBLEES
NZHEAREBEREN RO 5NZ7H, CMETCRBREABRIREINTETCVWEI—HBOETILEFN
FEINTHRINTE L, 5% AEFMNEVZ 71— 2L YEANARSFITSALTWI & I3EHKEE
ROBEEERBICEIT CHBICEETHIDN, TOLDICEERASFORAEZVLEELT 3,

F < 1%, piceneDph-BTBTDO® > ERAMADFHMEHIEE L. EANBRAJLLO)FEEZFMALTERLD
iR A ER L C X7, ATFZREERETIZUVSORDEX VY AR A Y ARD—T5BV, ZOEAEEZL S
FHEFINEIT 74 —%T52%BME LTz, AFETOEREBROIER. PiceneX°Dph-BTBTICEA L THE
FRESHEZHERICIIBT 2 &N TE L, TORR. PiceneDEEMEICET 2 EBRERIE. BHFE2AL
TeHEFAEDHDYI2L—avIiliY I <KBEIN, PicenefR CIEZHELFEITOLFHREDERY
NENEFEEETIERVWZ ED Dok, TOBRIFEZFRTE LTRERLEL

—7# T, Dph-BTBTOERABOAEFAELNMIEELIFOIIaL—raveE—HLARV, ThiEI0E
BICEWT, BESFRONEERIBEEZTHZ I EAERLTVWS, BADFTEHEDHER. Dph-BTBTOEA
BEOEFRENELMIRY, BEREERRAERI > TVWD I ENBELNIR, ThIGEE MY RIVEE
WEEICL ZEREE—HMLTWS, D/, Dph-BTBTOEABEHDER L2 FHEDNKEFHEL I
BAFMISEELTVWEIENRINAL, CORBREBRERIERETTH B[2].

[1]Photoemission Tomography of a One-Dimensional Row Structure of a Flat-Lying Picene Multilayer on
Ag(110)

Masato Iwasawa, Shinnosuke Kobayashi, Masahiro Sasaki, Yuri Hasegawa, Hiroyuki Ishii, Fumihiko Matsui,
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[3]Y. Yamada, et al., (in preparatiuon)
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We characterized CVD-grown graphene with high single-crystallinity on Ir(111)/a-Al,O3(0001) by photoelectron momentum microscopy. A multi-
functional photoelectron momentum microscope (PMM), which is installed with element-specific valence band photoelectron spectroscopy and X-
ray absorption spectroscopy, is a complementary characterization tool to conventional methods, such as Raman spectroscopy and atomic force
microscopy, for comprehensive and quantitative characterization of graphene/Ir(111). Using PMM, we characterized the properties of CVD-grown
graphene including the single-crystallinity, number of layers, crystal orientation, and degree of interaction between graphene and Ir(111) and
clarified the relationship between these properties and the CVD growth conditions. © 2022 The Japan Society of Applied Physics

1. Introduction

Graphene,” a two-dimensional (2D) honeycomb lattice of
sp”> hybridized carbon atoms, has attracted attention in
various device applications as a transparent conductive film
thanks to its many excellent properties such as high carrier
mobility,” optical transparency,” mechanical flexibility,”
and thermal conductivity.” CVD is a promising method to
synthesize high-quality, large-area, and transferrable gra-
phene. To exploit its excellent properties, graphene is
required to be single-crystal because the domain boundaries
of graphene cause inhibition of carrier transport® and loss of
mechanical strength.” It has already been reported that the
crystallinity of graphene depends on the underlying crystal
structure of the substrate.” Therefore, to obtain a single-
crystal CVD graphene, it is necessary to use a single-crystal
transition metal substrate. Among the various single-crystal
metal catalyst substrates for CVD graphene (e.g. Ni,” Cu,'>'"
Ru,lz) Co,13) and Pt14)), we focus here on Iridium (Ir).ls’”’) Iris
a suitable substrate for CVD growth of graphene thanks to its
high melting point, chemical stability, and low carbon
solubility.!” Previously, we demonstrated growth of CVD
graphene on epitaxial Ir(111)/a-Al,03(0001) substrates and
the reusability of Ir(111) substrates using electrochemical
transfer.'® Furthermore, we demonstrated the CVD growth
of monolayer graphene on the same Ir(111)/a-Al,03(0001)
substrate multiple times by using a method to remove residual
carbon atoms in Ir(111) after CVD.'” However, we have not
yet characterized the crystal structure including the single-
crystallinity of the graphene grown on Ir(111)/a-Al,03(0001)
in detail. In recent years, the crystal structure of graphene has
been characterized by transmission electron microscopy,””
scanning tunneling microscopy,?'*? and low energy electron
diffraction.”” In this study, we focus on photoelectron
momentum microscopy>>>? for characterization of the
single-crystallinity of graphene. The photoelectron momentum
microscope (PMM) consists of a momentum microscope and a
soft X-ray synchrotron radiation source. The real-space
microscopic images and the 2D momentum-resolved photo-
electron patterns can be acquired from the same position of the
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sample surfaces within the same instruments. PMM with high
resolution is an analytical instrument to characterize the
electronic structure of various samples such as 2D materials,
thin films, and bulk crystals.25’2(’) PMM functions not only as
photoelectron spectroscopy (PES) but also as X-ray absorption
spectroscopy (XAS) and photoelectron emission microscopy.
Hence, PMM can characterize a wide range of graphene
properties, such as single-crystallinity, the amount of carbon
atoms, and the number of layers. In this study, we character-
ized graphene epitaxially grown on Ir(111)/a-Al,03(0001) by
photoelectron momentum microscopy and investigated the
single-crystallinity, the numbers of layers of graphene, and the
degree of the interaction between graphene and Ir(111) using
PMM. Through the characterization, we clarified for the
suitable CVD growth condition of graphene on Ir(111).

2. Experimental methods

We deposited 450 nm thick Ir(111) layers on a-Al,O3(0001)
substrates (1 x 1 cm?), which were 0.15° misoriented to the
m-axis and 0.26° misoriented to the a-axis, by DC magnetron
sputtering with the DC power of 40 W, growth temperature of
1150 °C, Ar flow rate of 5 sccm, total pressure of
3.0 x 107 Torr, and growth rate of 7.5 nm min~'. Graphene
was grown on the Ir(111)/a-Al,03(0001) by low-pressure
CVD using hydrogen and methane gases in a quartz tube
furnace  (EpiQuest CT-50-K). Before the growth,
Ir(111)/a-Al,O5(0001) substrates were heated to 1000 °C
and annealed under H, flow for 60 min. The growth condi-
tions (flow rate of H, and CH,, total pressure, and growth
time) for the samples (#1—#4) are listed in Table I. Graphene
on Ir(111)/a-Al,05(0001) was cooled at the rate of 3.7 °C s~
after the growth. The crystal orientation and crystallinity of
Ir(111)/a-Al,03(0001) were characterized by X-ray diffrac-
tion (XRD) measurements. The surface morphologies of Ir
(111) sputtered on «-Al,03(0001) and graphene grown on
Ir(111)/a-Al,03(0001) were characterized by atomic force
microscopy (AFM) (Shimadzu SPM-9700). Graphene grown
on Ir(111)/a-Al,05(0001) was characterized by Raman spec-
troscopy (WITec alpha300 532 nm laser) and photoelectron
momentum microscopy. The electronic structures of graphene

© 2022 The Japan Society of Applied Physics
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Table I. CVD growth conditions for graphene on Ir(111)/a-Al,03(0001).

Sample number Gas flow rate Total pressure Growth time
H,:CHy[sccm] [Torr] [min]

#1 20:10 2 30

#2 100:10 6 30

#3 100:0.2 6 90

#4 200:10 8 30

grown on Ir(111)/a-Al,03(0001) near the Fermi level were
determined by valence band photoelectron spectroscopy (VB-
PES) using PMM (SPECS KREIOS 150MM) at the linearly
polarized soft X-ray beamline BLO6U of the UVSOR-II
synchrotron.”>** The photon energy was varied from 50 to
120eV. The X-ray absorption near-edge structure (XANES)
of graphene grown on Ir(111)/a-Al,05(0001) was acquired
by the Auger electron yield method using PMM. The photon
energy was 300 eV. The work function for the PMM analyzer
was determined to be 4.7 eV from the Fermi level measure-
ment of Au. The field of view in the momentum mode was
4 x 4 um?, enabling local area electronic structure character-
ization.

3. Results and discussion

3.1. Ir(111) on sapphire

Figures 1(a)-1(c) show the XRD measurements for the Ir layers
deposited on a-Al,05(0001). The 26-w profile for the Ir layer on
a-Al,05(0001) is depicted in Fig. 1(a). Diffraction peaks for Ir
(111), Ir(222), a-Al,05(0006), and a-Al,03(00012) were ob-
served, which suggests that Ir(111) was deposited on
a-Al,05(0001). The XRD pole figures along Ir[111] are shown
in Fig. 1(b). The observed Bragg peaks for Ir{111} have six-fold
symmetry. The in-plane orientation between the Ir(111) and
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Fig. 1. (Color online) (a) 26-w profile for Ir layer deposited on

a-Al,03(0001). (b) XRD pole figure along [111] of Ir. (c) XRD rocking
curve for Ir(111).
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a-ALO5(0001) was the same as we previously reported.'® The
Bragg peaks for Ir{111} ideally have three-fold symmetry.'®
Thus, the Ir(111) had twin domains that were rotated 180° in
plane. These results indicate that the Ir(111) was epitaxially
grown on the a-Al,05(0001) substrate. The XRD rocking curve
is shown in Fig. 1(c). The FWHM of the rocking curve for the Ir
(111) was 0.139°, which is almost the same as that for the Ir
(111) we previously reported (0.131°),' thus indicating that the
Ir(111) had low mosaicity and high crystallinity. The AFM
image and profile for the surfaces of the Ir(111) are shown in
Fig. 2. The average roughness height R, was 0.49 nm, which
indicates that the Ir(111) surface was flat. Continuous step
terraces of the Ir(111), which were the nucleation sites of
graphene islands,”” were observed. The average step height
(red, green, and blue cross marks) was 0.23 nm, which almost
corresponded to the one-atomic step height of the Ir(111)
surface  (0.22nm).'> These results demonstrate that the
Ir(111)/a-Al,03(0001) had a high crystallinity and flat surface.
Hence, the Ir(111) layers deposited on «-Al,O3(0001) are
considered suitable substrates for CVD growth of graphene.
3.2. CVD graphene on Ir(111)

Graphene was grown by CVD on the Ir(111) epitaxially
deposited on a-Al,03(0001) substrates. Figures 3(a)-3(d)
show the AFM images of the graphene surfaces on Ir(111)
corresponding to samples #1, #2, #3, and #4, respectively.
Wrinkles were observed for #2 and #4 [see Figs. 3(b) and
3(d)] but not for #1 and #3 [see Figs. 3(a) and 3(c)]. These
wrinkles were formed due to the mismatch of the thermal
expansion coefficients between graphene and the
Ir(111).2%?” The presence of wrinkles confirmed that gra-
phene was certainly grown on the Ir(111)/a-Al,03(0001) for
the growth conditions of #2 and #4. 2D and G peaks for
graphene appeared in the Raman spectra for #2 and #4
[shown in Fig. 3(e)], where the 2D peaks were observed at
2705 cm™ ' and 2698 cm ™! and the G peaks at 1606 cm ™' and
1612 cm™" for #2 and #4, respectively. These Raman peaks
were weak and noisy due to the electronic interaction
between graphene and the Ir(111), as discussed later. The

4.15
[hm]
0.00
0.71
AR nm)
f "
YWY
0.00
0.00 314.79 [nm]
Fig. 2. (Color online) AFM image and profile for surface of

Ir(111)/a-Al,05(0001).
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Fig. 3. (Color online) AFM images of graphene surfaces on Ir(111) for (a)

#1, (b) #2, (c) #3, and (d) #4. (e) Raman spectra of graphene on
Ir(111)/a-Al,03(0001). Red line corresponds to #2. Blue line corresponds to
#4.

sharp peaks at 2330 cm ™' were caused by atmospheric N,.*”
For #2 and #4, the wrinkles observed in the AFM images and
the 2D and G peaks in the Raman spectra prove the growth of
graphene on the Ir(111)/a-Al,03(0001). For #1 and #3, in
which wrinkles were not observed, characteristic Raman
peaks of graphene were also not observed. However, it is
difficult to determine whether or not graphene was grown on
the Ir(111) from these measurements because if the lattice
vectors of graphene and Ir(111) are aligned in plane (RO
variant in Ref. 31), the 7 band of the RO variant is hybridized
with the Ir 5d state near the Fermi level. This hybridization
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creates a band gap between 7 and 77* that limits the phonon
lifetime; thus, Raman active phonons of graphene are not
observed due to the interaction between graphene and Ir.*"
Consequently, it is uncertain for #1 and #3 whether or not
graphene was grown on the Ir(111)/a-Al,05(0001). Since the
Raman spectra of graphene on Ir(111) are strongly affected
by the degree of the interactions between graphene and Ir
(111), conventional characterization methods (e.g. the VB-
PES used in this study) are required for quantitative
characterization of the properties of graphene, such as
crystallinity, number of layers, atomic arrangement, domain
distribution, stacking style, and electronic interaction.

3.3. Characterization using PMM

This section describes the more detailed characterization
using PMM. Element-specific information of graphene was
obtained by appropriately setting the photon energy up to 50—
60 eV. Figures 4(a)—4(c) show the iso-energy cross-sections
of the 2D band dispersions at Fermi energy for samples #1,
#2, and #4, respectively. For #3, where the wrinkles and
Raman peaks of graphene were not observed, the valence
band photoelectron (VBP) spectrum was also not observed,
which confirms that graphene was not grown on the
Ir(111)/a-Al,05(0001). In contrast, for #1, where the wrin-
kles and Raman peaks of graphene were not observed,
similarly to #3, a blurry pattern with 6-fold symmetry, which
corresponds to the energy dispersion of graphene, was
observed, as shown in Fig. 4(a). The presence of graphene
on the Ir(111) for #1, which was not verified by AFM and
Raman spectroscopy, was certainly revealed by using PMM.
The distinct patterns were observed for #2 and #4 [see
Figs. 4(b) and 4(c)], which suggests that the sharp pattern
with a low background corresponds to high single-crystal-
linity. By comparing the patterns for #2 and #4, we found
that #2 had the higher single-crystallinity. Similar clear
patterns with exactly the same orientation were obtained at
different positions around the measurement point shown in
Fig. 4(b), indicating that #2 had high single-crystallinity for
several hundred pm?. The slightly obscured pattern observed
for #4 suggests that rotated domains such as R30°" are
included in graphene.

The C K-edge XANES spectra for #1, #2, #3, and single-
crystal graphite are shown in Fig. 4(d). The peaks at 285.5 eV
were due to the transition of electrons from the C 1s state to
the 7* orbital,>® and the absorption edge jump height
corresponds proportionally to the amount of sp> C atoms.
For #1 and #2, the amount of sp® C atoms was smaller than
single-crystal graphite, which is consistent with the fact that
graphene (one or a few layers of graphite) was grown on Ir
(111) for #1 and #2, as revealed by photoelectron momentum
microscopy. On the other hand, for #3, where graphene was
not grown on Ir(111)/a-Al,05(0001), had almost the same
amount of sp? C atoms as for #1 and #2. This indicates that
although sp” C atoms were present, graphene was not formed
for #3. In the growth conditions for #3, the flow rate ratio of
H, to CH4 was much higher than that for #1 and #2. H, acts
as a cocatalyst in the formation of the active surface bound
carbon species for graphene growth.” For #3, it is con-
sidered that the lattice network of the graphene was incom-
plete due to an oversupply of the active carbon species.
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Fig. 4. (Color online) Results of momentum-resolved VBP spectroscopy
of graphene on Ir(111)/a-Al,05(0001). (a)—(c) Iso-energy cross-sections of
2D band dispersion at Fermi energy for (a) #1 (photon energy: 50 eV), (b) #2
(photon energy: 60 eV), and (c) #4 (photon energy: 50 eV). (d) C K-edge
XANES spectra for #1, #2, #3, and single-crystal graphite. The photon
energy was 300 eV.

M saddle point

Figure 5(a) shows the VBP spectra around the M saddle point
for #2, which had the most distinct pattern of the two-
dimensional band dispersion [refer to Fig. 4(b)]. As shown in
Fig. 5(a), when the photon energy was varied from 50 to
120 eV, the peak energies of the M saddle point shifted only
0.1 eV. In the case of graphite and multilayer graphene, the 7
band is split into two, a lower binding energy band 7 and a
higher energy band 7y, due to the interlayer interaction.>*>>
The p, orbitals in the 71 band are aligned so that they are
antiphase, while the p, orbitals in the 7y band are aligned so
that they have the same phase.’® The photoelectron structure
factor’” causes the binding energy to oscillate as a function
of photon energy for the 7 band dispersion,>® as shown in
Fig. 5(b). Therefore, if the peak energy of the M saddle point
obviously shifts when the photon energy is changed, it
indicates that graphene has k, dispersion and is multilayer.
For the case of #2, no peak shift was observed and thus
graphene had no k, dispersion, implying that graphene grown
on Ir(111)/a-Al,O5(0001) is monolayer. These results de-
monstrate that the gas flow rate of Hy: CH, = 100: 10 (#2) is
the most suitable condition for CVD growth of graphene on
Ir(111)/a-Al,03(0001).

Figures 6(a)-6(d) show the momentum-resolved VBP
spectra of graphene on the Ir(111)/a-Al,O3(0001) for #2
and #4, in which the binding energy corresponds to the
energy measured from the Fermi level. No Dirac points were
observed in the VBP spectra along the KI'K direction [see
Figs. 6(a) and 6(c)] because the Fermi level was located
below the Dirac points, which suggests that charge transfer
from graphene to the Ir(111) occurred and graphene grown
on the Ir(111)/a-Al,03(0001) was p-type doped. The binding
energy of the M saddle point, which was evaluated from the
VBP spectra along the MI'M direction [see Figs. 6(b) and
6(d)], reflected the amount of charge transfer. When charge
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Fig. 5. (Color online) Momentum-resolved VBP spectra around M saddle point for photon energy from 50 eV to 120 eV for (a) #2 and (b) single-crystal
graphite.
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direction, and (d) #4 along MI'M direction.

transfer occurs and the Fermi level is lowered, the binding
energy of the M saddle point becomes lower. That is to say, a
low binding energy of the M saddle point implies a high
amount of charge transfer. The binding energies of the M
saddle point for #2 and #4 were 2.30eV and 2.25¢€V,
respectively, both of which are lower than that for single-
crystal graphite (2.80eV),*® indicating that p-type charge
transfer doping occurred for #2 and #4. It has previously been
reported that the amount of charge transfer becomes higher if
rotated domains such as R30 are included in graphene.*" The
lower binding energy for #4, i.e. the higher amount of charge
transfer, compared to that of #2 can possibly be attributed to
the presence of the rotated domains in #4, as suggested by the
slightly obscured pattern of the iso-energy cross-section of
the dispersion for #4 [refer to Fig. 4(c)]. Starodub et al.
reported that the work function of R30 was 0.06 eV higher
than that for RO,*" i.e. the binding energy for R30 was
0.06 eV lower than that for RO. In our measurements, the
binding energy of the M saddle point for #4 was evaluated to
be 0.05 eV lower than that for #2, which is almost the same
as the difference of the work functions between RO and
R30*". This strongly supports our argument that the gra-
phene for #2 was RO and the graphene for #4 was a mixture
of RO and rotated domains. Although RO graphene is
preferentially grown on Ir(111), the growth of rotated
domains such as R30 is promoted when the growth rate is
high.*” As mentioned above, the cocatalyst (H,) promotes
the decomposition of CH, and adsorption of the active
carbon species. For #4, in which the flow rate of H, (200
sccm) was two times higher than that for #2 (100 sccm), the
number of active carbon species was higher. We presume that
the higher C-adatom concentration increased the growth rate,
resulting in an enhancement of the growth of rotated
domains. We found that the relationship of crystal orienta-
tions and the degree of electronic interaction between

SD1015-5

graphene and the Ir(111) depended on the CVD growth
conditions of graphene, for which PMM is a complementary
characterization tool to conventional methods (e.g. Raman
spectroscopy and AFM) for comprehensive characterization
of graphene/Ir(111).

4. Conclusions

We characterized graphene grown on Ir(111)/a-Al,03(0001)
substrates using a PMM. Our findings clarified that the
suitable condition for CVD growth of monolayer graphene
on the Ir(111)/a-Al,05(0001) with high single-crystallinity is
the H, and CH4 gas flow rate of 100 and 10 sccm. Surface
conditions such as the presence of graphene and the amount
of C atoms, which could not be figured out by conventional
methods (e.g. Raman spectroscopy and AFM), were evalu-
ated by element-specific measurements including VB-PES
and XAS. We also found that the charge transfer from
graphene to the Ir(111) occurred, and we quantitatively
evaluated the amount of the charge transfer from the binding
energy of the M saddle point. This amount varied with the
degree of the interaction between graphene and the Ir(111)
depending on the growth conditions and the crystal orienta-
tion relationship between them. Through this study, we
demonstrated that graphene with high single-crystallinity
can be grown on the Ir(111) by CVD and that photoelectron
momentum microscopy is a powerful complementary char-
acterization technique to conventional measurements for
comprehensive and quantitative characterization of graphene
epitaxially grown on single-crystal substrates. One of the key
advantages of PMM is that VB-PES, XAS, and real-space
mapping can be performed in a single PMM system.
Therefore, it can be used to measure the area of single-
crystal domains, the uniformity, and any irregularities by
means of real-space mapping. More quantitative character-
izations for graphene/Ir(111) will be achieved by making full
use of PMM. In future work, we will investigate a transfer
technique of graphene from Ir(111)/a-Al,03(0001) to other
substrates in order to preserve the high quality of the single-
crystal monolayer graphene grown on Ir(111), which will be
required for device applications.
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Scanning probe microscopy (SPM) has developed as a core method in nanoscale science and technology. Its applications
now spread over a broad range of research fields including physics, chemistry, biology and medical sciences. The
advancement of SPM technologies has also cultivated interdisciplinary areas and will further expand the possibility. In
this joint symposium between Institute for Molecular Science, Japan (IMS) and Fritz Haber Institute, Germany (FHI), we
discuss the latest development and perspective of SPM technologies including low temperature experiments, near-field

optical microscopy under ambient condition and in solution, electrochemical and biomolecular investigations.
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17:20-18:00 (Japan), 10:20-11:00 (Germany):

Tomoko Shimizu (Keio University, Japan)

“How to bridge the "materials gap" in high resolution AFM/STM? ”
18:00-18:30 (Japan), 11:00-11:30 (Germany):

Leonard Gura (Fritz Haber Institute)

“High Speed STM: Implementation and Application of Spiral Scan Geometries”

13.7.2021 (Day 2)

16:00-16:40 (Japan), 9:00-9:40 (Germany):

Akitoshi Shiotari (FHI)

“Control of single-molecule reactions by high spatial resolution AFM”

16:40-17:20 (Japan), 9:40-10:20 (Germany):

Chi Chen (Research Center for Applied Sciences, Academia Sinica, Taiwan)
“Near-field optics: from the viewpoint of scanning probe microscopy”

17:20-18:00 (Japan), 10:20-11:00 (Germany):

Jun Nishida (Institute for Molecular Science)

“Ultrafast nano-imaging of polaron dynamics and coupling in a lead halide perovskite ”
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Design and Charaterization of Organic Nanomaterials

Combining SPM and TERS

Borja Cirera, Postdoctoral Researcher
Department of Physical Chemistry, Fritz Haber Institute

In the last decades, a deeper understanding of on-surface reactions and the discovery of new
mechanisms prohibited in solution resulted in the fabrication with atomic precision of myriad novel
organic materials, frequently investigated with scanning probe microscopy (SPM). However, SPM
lacks in general the required chemical sensitivity to properly investigate the local physico-chemical
properties of the products. Just recently, Tip Enhanced Raman Spectroscopy (TERS) in plasmonic
nanocavities has reached sub-nanometer resolution, visualizing chemical heterogeneities and
vibrations of adsorbates in the real space [1,2]. The required Raman sensitivity relies on different
enhancement mechanisms present in the SPM junction, whose relative importance is still under
debate. Here, | will show our latest results of a single Ceo between a silver tip and various metallic
substrates. The experiment serves as a model system to discuss the diverse factors present in a
single molecule junction, finding a novel current-driven enhancement upon molecular point contact
(MPC) formation. The resulting exceptionally high sensitivity, operative even for the weak plasmonic
Pt(111) substrate, can be exploited to further understand and control chemical reactions at the atomic
scale on a large diversity of surfaces. Furthermore, the giant enhancement makes accessible the
observation of subtle anti-Stokes Raman signals, enabling the investigation of light-matter

interactions in non-equilibrium quantum transport systems.

[1] J. Xu et al., Science 371, 818 (2021).
[2] J. Lee et al., Nature 568, 78 (2022).

Short Biography:
Dr. Cirera obtained his doctoral degree in physics in January 2018, under the supervision of . Prof.
Rodolfo Miranda and Prof. David Ecija at IMDEA Nanoscience, Spain, under the title “On-surface
Design of Lanthanide-based Nanoarchitectures”. In January 2019, he joined as a postdoctoral
researcher in the Nanoscale Surface Chemistry group of Dr. Takashi Kumagai of the Fritz Haber
Institute, Germany.

103



Electrode/Electrolyte Interface Analyzed by Scanning Probe

Microscopy

Taketoshi Minato, Senior Reasercher
Institute for Molecular Science, National Institutes of Natural Sciences

By understanding the physical properties and reaction mechanisms at the interface between
electrode and electrolyte, the developments of the energy conversion system would be expanded.
In this presentation, our recent achievements of the investigation of the interface for energy
conversion system by scanning probe microscopy are shown. The enchancements of the electron
conductivity by ordering of the lithium ions in electrode, the direct observation of the electric double
layer, the viscosity mapping at the interface will be shown. In addition to these, the reaction
mechanism at the interface in working rechargeable batteries will be shown.

Short Biography:

Dr. Minato received his Ph. D degree in science from Tokyo Institute of Technology in 2005. He
studied the electronic structure of titanium dioxide and its interaction with gold nano-clusters. After
receiving Ph. D, he became a special postdoctoral researcher, surface chemistry laboratory, RIKEN.
He extended his works on the electronic structure of metal oxides. At 2007, he moved to Tohoku
university as an assistant professor. He applied his knowledge of fundamental theories and
experimental techniques to complex system of electrode/electrolyte interface. He joined surface &
interface science laboratory, RIKEN as a ASI research scientist and became an associate professor,
office of society-academia collaboration for Innovation, Kyoto University. He investigated the analysis
and application of electrode/electrolyte interface in rechargeable batteries. From 2020, he is
extending his works in energy conversion systems as a senior researcher, institute for molecular
science, national institutes of natural sciences. He has received several awards for scientists,
including Young Scientist Award of the Physical Society of Japan in 2017 (Japan), Young Scientist
Award of Green Sustanable Chemistry Awards in 2017 (Japan), The Special Prize for The High
Technology Award for Originality in 2019 (Japan), and the Docomo Mobile Science Award in 2019
(Japan).
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How to bridge the "materials gap" in high resolution AFM/STM?

Tomoko K. Shimizu, Associate Professor
Department of Applied Physics and Physico-Informatics, Keio University

Materials gap is the term describing the difference between materials used in industry and those
studied experimentally in laboratories. Scanning tunneling microscopy (STM) and atomic force
microscopy (AFM) with atomic and submolecular scale require samples that are atomically flat and
homogeneous all over the surface. It is, however, that real catalysts, gas adsorbents and filters used
in industry are mostly in the form of nanoparticles, porous materials, or thin films of these. In order
to investigate these technologically relevant nanomaterilas at the atomic scale, we propose a way to
image 3D objects using so-called multi-pass method. We are also working on the development of a
new microscope that is capable of scanning from micrometer to nanometer scale simultaneously.
Methods to prepare samples suitable for STM/AFM measurements will also be discussed based on
our recent trials using oxide nano particles dispersed in organic solvent, and porous organic thin
films fabricated at the air-liquid interface.

Short Biography:

Dr. Shimuzu received her PhD degree from University of California, Berkeley, USA, in May 2007,
with theme “Water adsorption on Ru(0001) studied by low-temperature ultra-high vacuum scanning
tunneling microscopy”. In July 2007, she joined RIKEN and worked for Prof. Maki Kawai and Dr.
Yousoo Kim. She also worked as a senior researcher at Nanomechanics group in the National
Institute for Materials Science (NIMS) between 2014 and 2018. In April 2018, she was appointed
Associate Professor in the department of Applied Physics and Physico-Informatics, Faculty of
Science and Technology, Keio University. She has received MEXT Young Researcher Award in 2018.
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High Speed STM:

Implementation and Application of Spiral Scan Geometries

Leonard Gura, PhD-Candidate
Department of Chemical Physics, Fritz Haber Institute

Scanning Probe Microscopy (SPM) provides powerful tools for surface science applications. Atomic
Force Microscopy (AFM) and Scanning Tunneling Microscopy (STM) stand out due to their very high
spatial resolution. However, until now its low time resolution impedes real time observations of
dynamic processes. One major factor that limits the frame rate is the scan geometry. The
conventional line-by-line scan geometry consists of sharp triangular input signals that introduce
electronic and mechanical noise to the system. Low signal to noise ratios and severe image
distortions are the result. To overcome this limitation, scan geometries with smooth input signals
must be used. While in AFM alternative scan geometries have already been applied, in STM the
scan pattern is barely altered from the conventional raster geometry. Here, | will present the first
high-speed STM data acquired with an unconventional scan pattern. The used pattern consists of
smoothly connected spiral geometries. The implementation of the signal is generally applicable and
serves as a starting point for future developments to increase the frame rate in STM. First
measurements on the O(2x2) superstructure on Ru(0001) allowed to resolve the occupation of the
intermediate state along the diffusion path of a jumping oxygen atom. In future, the presented
approach to high-speed STM will be applied to resolve structural changes in oxide thin film systems

at elevated temperatures.

Short Biography:

Leonard Gura obtained his Master of Science degree in materials science in 2017 at the Technical
University of Darmstadt, Germany. Since then, he is working in the group of Prof. Freund at the Fritz
Haber Institute, Germany. The scope of his work is to increase the frame rate in STM measurements
to resolve dynamics at the atomic scale.
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Control of single-molecule reactions by high spatial resolution

AFM

Akitoshi Shiotari, Research group leader
Department of Physical Chemistry, Fritz Haber Institute

Noncontact atomic force microscopy (ncAFM) is a powerful method to visualize surface topographies
by detecting forces between the tip-apex and surface atoms. By using an atom/molecule-
functionalized tip, the spatial resolution of ncCAFM images can be enhanced drastically [1,2]. In
addition to such direct observation with atomic resolution, ncCAFM has a considerable potential to
control chemical reactions of individual molecules by stimulation from the probe tip that can be
moved with sub-angstrom precision.

I will report the dehydrogenation of aromatic hydrocarbons catalyzed by a ncAFM tip [3]. Although
the intramolecular cyclodehydrogenation of organic molecules is essential for on-surface synthesis
to yield nanographene materials, its elementary steps have not been clarified thoroughly. In this
study, we utilized a metal tip of low-temperature ncAFM as a manipulable metal surface. The
proximity of the tip locally induced the covalent C—H bond dissociation, indicating the importance of
contacting a metal surface to hydrogen atoms of hydrocarbon during the reaction step to yield
nanographene.

[1] L. Gross et al., Science 325, 1110 (2009).
[2] A. Shiotari et al., Nat. Commun. 8, 16089 (2017).
[3] A. Shiotari et al., Nano Lett. 20, 8339 (2020).

Short Biography:

Dr. Shiotari obtained his doctoral degree in chemistry in March 2015, under the guidance of Assoc.
Prof. Hiroshi Okuyama at Kyoto University, Japan, with theme “Reactivity of Nitric Oxide on Copper
Surfaces Elucidated by Direct Observation of Valence Orbitals.” In April 2015, he worked with Assoc.
Prof. Yoshiaki Sugimoto at the University of Tokyo, Japan, as an assistant professor. In May 2021,
he moved to Fritz Haber Institute, Germany, as a group leader. His interests include atomic-scale
surface science and single-molecule measurements using scanning probe microscopy. He won the
Young Scientist Presentation Award of the The Japan Society of Applied Physics in 2016 and the
Young Scientist Award of the Physical Society of Japan in 2021.
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Near-field optics: from the viewpoint of scanning probe

microscopy

Chi Chen, Assistant Research Fellow
Research Center for Applied Sciences, Academia Sinica, Taiwan

Scanning near-field optical microscopy (SNOM or NSOM) is a branch of optical imaging techniques,
which combines optics with scanning probe microscopy (SPM) to achieve sub-diffraction-limit optical
resolution. Various ways of combing a STM or an AFM with optical access will be introduced in the
talk, including STM-electroluminescence (STM-EL), STM-based tip-enhanced Raman (STM-TERS),
and AFM based aperture SNOM (a-SNOM).

Based on our recent efforts in developing a-SNOM in glove box and water, a-SNOM results of 2D
materials and lipid bilayers will be presented here. For 2D lateral heterostructures, we resolved a PL
depletion at the boundary between MoS; and WS; due to the intermix of Mo and W atoms. In the
case of lipid bilayers, we visualized the transition from the liquid-ordered (Lo) to the liquid-disordered
(Ld) phase by temperature-controlled SNOM operating in water. In addition to experimental results,
we will briefly summarize the problems, artifacts, and challenges in near-field optics at the end of the
talk.

Short Biography:

Dr. Chi Chen obtained Ph.D. in 2009 under the supervision of Prof. Wilson Ho at the University of
California-Irvine, focusing on STM-EL of single molecules. She then joined the research group
guided by Prof. Satoshi Kawata at RIKEN, Japan, as a postdoctoral associate. Her work of imaging
of carbon nanotubes by TERS has been selected as “100 Achievements at RIKEN in 100
years.“ Since 2013, she joined Academia Sinica in Taiwan as an assistant research fellow. Her
research interests include near-field optical spectroscopy and microscopy (SNOM), Tip-enhanced
Raman spectroscopy (TERS), AFM/STM/SNOM instrumentation, and their applications to study

various nanomaterials.
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Ultrafast nano-imaging of polaron dynamics and

coupling in a lead halide perovskite

Jun Nishida, Assistant Professor
Center for Mesoscopic Sciences, Institute for Molecular Science

Lead halide perovskites have attracted intense interets as defect-tolerant, flexible, and economical
optoelectronic materials. Their extraordinary photovoltaic performance is believed to be associated
with “large polaron” formation, where the soft perovskite lattitce deforms across multiple unit cells to
stabilize the photoinduced carriers. On the other hand, the spin-coated films of perovskites are
known to be highly heterogeneous in their optoelectronic response, at multiple length scales from
microscopic lattice to mascrsopic device scales. However, the relationship between such
optoelectronic heterogeneity and the underlying electron-phonon interactions has remained elusive.
Here, we address such fundamental polaronic heterogeneity using infrared scattering scanning near-
field optical micorscopy (IR s-SNOM) and ultrafast IR s-SNOM, by taking advantage of their access
to low-energy responses at the nanoscale. While infrared vibrational nano-spectroscopy reveals the
spatially disordered coupling between an organic cation and a perovskite lattice, ultrafast infrared
nano-imaging of polaron absorption directly tracks the spatio-temporal dynamics of photoinduced
polaron within a spin-coated film. The unraveled spatial disorder in the dynamic lattice elesticity and
polaron dynamics is critical for understanding and controlling carrier dynamics in perovskite-based
devices.

Short Biography:

Dr. Nishida received his PhD degree from Stanford University, USA, in January 2018, with his thesis
titled “Development of nonlinear infrared spectrosopic methods to probe molecular dynamics in
funational materials”. During his PhD, he received Stanford Graduate Fellowship (SGF) from 2014
to 2016. In December 2017, he joined University of Colorado Boulder with a research fellowship
awarded from Japan Society for the Promotion of Science and collaborated with Dr. Markus B.
Raschke. In April 2021, he was appointed to an assistant professor at Center for Mesoscpic Sciences
in Instutite for Molecular Science, Japan.
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