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[Abstract]

We measured electronic structure of dicarboxylic acids in aqueous solution at the O K-edge
using soft X-ray emission spectroscopy (XES) and performed theoretical calculations to
reproduce obtained spectra. We compered cluster models with single molecular models.
Cluster models of dicarboxylic acids including water molecules were sampled from ab initio
molecular dynamics simulations with meta-dynamics procedure. Relative XES intensities
including the core-hole excited state dynamics simulations were calculated using density
functional theory. We found that the theoretical XES spectra of cluster models reproduced the
experimental spectra with respect to emission energy compared with single molecular models
and that these calculations give us electronic and molecular structure information about
dicarboxylic acids in agueous solution.

[FF] WEOETIRREIX, TOMWE, FOMER EERETDERO—>THY, 1
il & Z DJELOALFIRE N D REREEEZ T D, LIeno T, EIREE B
THIET, HEOWMEOHEEmMD Z L NIRRT RETH D, ITHE, BEED
X B e, WISeR I HEEN e R -4 MERIICE IREEZ 2 Bk L
LTHEAZEDTWD, 20O X5 REHIREICET 2 EEN 2GR & LR 2 A
HoEDHZ LT, R TEFOEAEEZFB L, SEAeEEREEO O END
HHZENTES, LRI GIIHEOBEFE 1s AT MVEBIHIL, B RF
VVED 2 HOBRBIR T ONKRE T 2T ENLEMET S Z Licky, 2 o08E
JHF 2 XA L TaL B d XES AT M EET-[1], AW TlI KK T D5y Fh
WCANKRXUNVHEE 2O, IR 1s BAEAXRT MVIEHHEE LKLV EMEL 72D
EMTRENDTANK B EZ—7 v e L, BRI OE IRIEZ R X i
IR L ERRRTE A A G DY D 2 & T LT, KERF D 0,1,2 iy R
VERDEEFEUED XES AT MVERIE LT-, £7-, HmTEIC K 2T LT,
H—EHE JEAIMD) Y S 2 L —3 g T kY . KR D 01,2 fid Y VR Uk
DOREEFH L, 50N 7IEEICK LB EIBEEE VAT MR ZITo 72,
ARG TIEY = VER(COOH))IZ DWW T DGR 2777,

[3ZBR] R XHRFIE L IEBRIL SPring-8 BL17 B — AT A TiT o7z, AEHAIRIL,
o TR GRLEE 99.5% « AT AT AY) 2V 0.2M O = U EEKIEIE &
5L Y KEREFT FY D LAEEHALTpH & 142721294 ([ZiHRL L=, ZhbinEhn
ZH 012 fiDIRFEICHY L, ZNENRDREIZHHZ L% FT-IIR IZX > THik



AL, ABPDEDT 2L F—13531.7eV (O(C=0)>xn*) %M\, R X BRI a7
ST TOTFILF—TITKOWINIXITE AL o2 TR RIRIC iR+ 2 2
EMMARETH B,

[EGREHE] AEET TOVHEREEICBT 5 v o vEOM#EE %
457212, Figure 1 (2R L7201 & L COREREE % 4
WREE L L NVT 7o 7> T MD EHEZ X2 A4 L AT
v 7 02fs & LTC10psffTo7z, BLroRESE1D121 A
ELTHEEY 2 101, K55 F L Lz, MD FHEIC
T —RESFE S Y 7 R 2 T8y A —3 VASP A,
HWT, AXLZATFT IV A EEZEAT2H CEHRSEZEL S
i, WIC, BEEAEZTRIEHEOENENDAF v T v a vy )
RS Y 2 OS2 HONTK 16 0 FOfEYy ) T &
1To77, FLTIZTAZDOFRLNIHDHY 2T LS TD 45D
O MICNFRIEFLIRRE A AER L, X A L AT v 7% 025 fs & L7z
20 fs Bl ONHREALEN 1 F5H R 21T o7, ZOHEICE > THES
72 0—20 fs [ OREEZEALIT RS U CHIEREEZRKDT=, T
D OFHBEIITBEEINEE 7 v 75 & deMon2k Z i L7-, EBRIC Xk - THE S 7 XES
AT RV DEFEHE DT, HEIZ L > TH LAY bV 2 ERREE O3
B FRBEICFE Y 2 - fEMR 0.4 eV @ Gauss IS Ca v AR =2 — a v &{To 7=, fit
WTHRIELEBI N ZHEN OB ONT I A L AT v 7 2L OFRNHRE 2 FEZE O
i IEFLFFIRE © (=4.1 )12 352D < FEEBIE O o= i 2 W CRERIIC DWW T H
BF TR LA PEEITO R L DD 7 T AR ICRT AR AR ML AT,
COBNEEBEEDOY 2 R, L a U, A DK F T T AXREEICHE T L E & O
I TG ABE DAY MIVOEY -T2 O &2 BEEmEHRIC I 280 X BRI A~T b
ELUTERMSR LR LT,

[FER - &22] Figure 2 123 = UEA/KE

J

Figurel:Optimized
geometry of Oxalic
acid.
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Experiment A
Cluster model Calculation (C=0) ff \ { ! ~
Single moleculer Calc. (C=0) f .‘
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Figure2:XES spectra of oxalic acid at the O
K-edge (pH1.4).
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