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Extreme Ultraviolet Laser Photoelectron Spectroscopy Study of the Electronic Structure
of Materials at the Gas-liquid Interface and the Formation of the Electric Double Layer

Yo-ichi YAMAMOTO*

Photoelectron spectroscopy of liquids is a promising tool to investigate electronic structures of
materials at gas-liquid interfaces. One of the problems is weak signal intensity due to a mismatch of typical
laser spot size (100 um phi.) and size of a liquid microjet (10-20 um) introduced into vacuum as a liquid
sample. In this study, we have developed a new microfluidics device producing a stable liquid sheet jet.
The signal intensity increased by about 10 times at maximum owing to increase of cross-sectional area of
laser light and liquid sample. We also examined gas-dynamic nozzle making liquid sheet jet, which turned
out to be less effective for photoelectron spectroscopy due to significant inelastic scattering of photoelectrons
by high-density gas molecules around the sheet.

(b)

1. BESzy FRETINA ADFAR
RIRD L—F —NFB15r 0%, RIRT I O B 2 e
LHNGZFHETH D[], EAEDT ) 10-20 pm OREY = v k
ELTHEZCEALZRHC L ——2 8L, Miiandt
BT EOIT 5. AY =y NIV —F—DEHE (5100 pm)
R D L/hSWZDIT, e L — b E e e
’%mf%@wﬁﬂﬁ%ot ARFFETIE, “ODWEY = v
EEZENCEHREIED (RIKEZE) 2 & TRAETHRIEY =
P4 ]\%F‘aﬁ%ﬁ ZOMBEDER ARSI F, WoKHEEL

. interference extinction
R = o Mo, KB T B 2 A T i el F L aes
B L TR A LoS LIS E A S 55 (KR 074 ' 2. %5 oomwe
7%) b L7z. 1 () IR LIS = v M RAET A AD \/ s £ BopAOp® ® ! R
MEiChD. SiMIcT v F L 7452 T 20-100 un Ok | =
D, HIR ST HAR LR S D LT A 7 0 A R oo
Ui, REROMS LIz 2 KOS = v k278 St 5 FIET ™ Bt o op s o e i)

X, BZEPTRRY = v hOMSNLEN DT T N D &R BT BHSE LAY = RARAETS A 2 L35 AL
BT 2 K R B o 1= 8, AT A AT DT A AP [ (a)-(c) DHAED HALE mm.
2RO 2 ERL L, MM (EE EHETH 2 & T, DEICHKIKY = v NERATE e Lo, 1Rk
L7ZT /8 2R 1 (b)) DX M CH Y, EEICH D/ NS RINBIREEEAT HZ LT, FEHrLEREY = b
BT D, ZOREEE S TRASEZREY = v bBRK 1 () THD. WEY =~ OB ITCCD I A T2 X H8IE,
ESFT kL] - WEEICE > TERENFEM L, #1.5 mn, £50.5 nm, EX0.7 unTho72. ZhiFL—F—D
LRI bHckE . M1 @) HEREP R OE S OAEIC L HEERE LD T, KT =y ML
Hig (0 mm) SBIRIBEDNEN D ICONTHRAITHELS o> TVE, R 2ORKEY = v FBETE LD 52 mm T2
JCTEREL D TBRBI SN, Zo00KEIC X2 MFERIZAVIC LS —F Lz, £z, FHEICS T, 3
OORRDEIKA, B, CIZOWTHIELIZERTH L0, AWVICELSER->TRY, T4 AOFEEAET/NEZ N &R
s, £, BEISEREKEY = v MIEZEHR T8 RFHLL L EICR T 5 Z L R T 7.

202442 H20 1 ZH

SR A T —
TURR R B B A 7e B b2




R ERSL L — = ST & B AGEAENC 31T 2 W o RS & R T H R O O 7E 129

2. BESTyY FOREFHR @ o s SE
B L7273 2 & B TR A O T4 % AT - 724 I = : A

EAR2 Ths. MEDKMEEIIR 2 () IT7TEY Th oo I A A
B, LTI L T ORI IR L THY, e_:;’ ol o Inl =2

WA R S5 2 & T, ISR B L — AR % ey SN ) =

B2 THELE. M2 O IEESNTZKDEETF ALY FAT  analyzer En] © 0t 2 )

7. BRBL_EICBI & h - B OB = %L ¥ — (eKE), F W=
BNV T 3L — b oKE O3EL LTERIND T ey P

E AT R LT — (eBE) 2R LThHDH. BTRLUIIEEY M2 WYz y P BIOWAY = b CllE L EET
= v hOFER L RIS, EIC3ODET N2 F (1by, 3a;, 1by) ANT P VOR

DER ST, Y = v b CIEEZERISE AT DR EDUERD 2 (FLL FI7e 578, IR AT LK1
&, HEA OB TIE Z 2 IEFIEBELO BN K& WATREMERS B - 7228, EERIT T ORBITRE < o7, [R5 ITA
FHAIKTEL, 30 EFHE TR oot oL X, BONDEFREIECRLEKEY = v NOBA L LT,
10 FREEICIR o2, ZOBLOKRE S1E, BIEY =y FEERBEY = v MCEXTZ 8 THIFF SN D L—H = & D%
B AERBEREOZE I E LR LTV 5.

£z, VU BT, AT - BRI RTEN B2 b, FOBOERIE, Lomtkomn
RUTABT T A LT LT A Z 2RI Lz, WY = v hOSEIZT A ZAOMEIZ L bRz,
Wi, MIROHZAF v 7 (K3 (a)) ZHAVCTRIREZHETHONDIEEY = haT A h L. ZOF v 713K
H2EOH D& L ETWDD, HIRICHEEAH D, FROWEE DIRIEZ ST L, 245 O SR ZE ST 5 TR
K=y FEHLOSL, WEAART 5. K[IKEZETIE, JEOBLICZBEOKEKS TOFEL, BELTNE T 41K
GLLTLESI 2D, KEFHHIITITFTHL Z N THRIND. EEN AT He & C0, D 2FHD T A ZRA L. il
DOIFEIT HIRIEO R & SITRIEEE LV /SN b o0, L—V—HER L0 b I RE REENME O, X3 (b)
WCENENDRELES A NG G ONE LAY MVERLEZ. JIERO L—F— ARKAIL 45 ETH o712, He TIHE
TRLEWIEY = v b 2 EREDOEFENMEF LN —F T, €0, TiX /10 LTFIZESEMET Lz, WFhofa biE
BN TIRIRE = OSHE L0 /S <, Co, ICE-TiF
LLABA LTV, Zhud, sk e L—r—kok @ ®
AT MR A P I 0 R D B0 & SRSy 11 K D FE TR AL TR
ICEDEFHDTHHTE D, 10 eV OEFIZHT 521
SLWFEIFE[3, 41 2% 2 5 &, He TIL 4X 10 %cm? & /h Sz
D LA BGEL O BRI S 7ozt L, €0, TIX>13 %
107° em” & K& W2 O IEPERELIC L - THIMNAYLL LR
FRKDONTZOTHAD., LLELY, JEE 08 TIERiiK

0.5

— Microjet
— Flat jet with CO,

0.0 — Flat jet with He

10 15 20

22T Lo THI & AR T 5 Hik 2 AT, 10058 A
EREREZEDD I ENTETHD I ENEIETE. E3 AHECE R L7 = v F Ok

3. MRSy FOXBFHADIEH

BUE, BB LTSS = v bOXEFHE T, WEHRES, RIS S-S5 SEEREALICHE-> T, KRR
HITEHI I T 2 HEF AT MR ED K BT D0 HONTT —H LD, BEERITTEE L 70 L7227 b R
HIZHB T DMEOE S L BX _EEORKZ#Em T 2L OERZED TS, SHIT, =P —=NROFH & 4D
L, A7 - Ta—THLlRabe T, HRSHCET/ILCRRSELFMTHS.

REFERENCES

1) Y. Yamamoto, et al., J. Phys. Chem. B, 125 (2021) 10514-10526.
2) M. Kondoh, et al., Opt. Express, 22 (2014) 14135.

3) D. E. Golden, et al., Phys. Rev. A, 138 (1965) 14.

4) Y. Itikawa, J. Phys. Chem. Ref. Data, 31 (2002) 749.



	128
	129

