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Abstract

We developed a novel liquid cell system to measure the X-ray absorption spectra for light
elements of solution samples using a synchrotron radiation. We installed the liquid cell system
at BL-12 in Saga Light Source and measured X-ray absorption near edge structure (XANES)
spectra of aqueous sodium chloride and magnesium chloride solution ranging in concentration
from 0.10 to 5.0 mol dm™. The obtained XANES spectra were analyzed a DV-Xa molecular orbital
(MO) calculation. In the aqueous solution the sodium ion mainly formed four-coordinated
tetragonal geometry at high concentration region and six-coordinated octahedral geometry at low
concentration region. On the other hand, the magnesium ion formed six-coordinated octahedral

geometry at all concentration regions.
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HALF P T ABEKE 050 ~ 50 M LT + U 7 AKEHED Na K XANES A7 b VlllE D#E R % Fig. 2 12
AT, HBEODIIR) Fr 5 ) — 0L Y X2 BATAENIHE L 724 R % Fig. 31IR7. MEOHKE
VEYETY—HEHL VAZEBATLHDANRY MIVEBEABZED AT VO I TIIBHE &Il S .
72, RUFvESY—HENHL Y ADEAIZL DY 050 M DEEDIELF MY 7 L KEKRD Na K XANES A7~
FVHIENRTTRETH S Z EATRENT. MR E KB D XANES AT M2 KT 5 & E— 27 IRIGZH S 2
BRoTHBY, KEEPEEEKRTIEIF M) Y A4 F VE) ORFHEED R > Tnb 2 EATRENT. KREHE
2DV TIE20~50 MDOARY M= ZERERICKE ZE LB SN 22572, —FH, 05~10M
DARZ P VTIE20~50 M OBRETHESNIZANRZ MVEBLPICIROBR L B AR M VATER S L7
Z® XANES A7 M VOIREALD FER % B 5 5123 5 72012 DV-Xa 4 FHLEFEE2 v, #Hfkrhyw
LKW O Na K XANES A2 VORI 2475 72, KBHEHOF U v 44 F idME. ([Na(H,0),1)
TN, (INa(H,0)el") DRFHEEAIETHIEL TV D I EARBED X BT O R, SHESATWE Y 2
ST, KBmTF— 2B AY—FEFNVEMEL, HELHETHLIMBE LB EREL 7,
[Na(H,0) " 7V & [Na(H,0)g]" ETF NV 2 W CTHEGHXANES AR 7 M VOFHE T o 720 Ok E,
[Na(H,0),]" EF V& [Na(H,0)]" EFNVOATIIEMARY M +HFICHBT A2 Z L 3EBETH-72. 20D
R I D, AL P YT AKBET TR, HEROSEEIPHREBETHFEL VWL ETPHINS., £2T,
[Na(H,0),]" 7V & [Na(H,0)e]l” ETNVOHFAELEZZAL S RAR/EART PV EER LFEMANRS PV EDLL
Bxfi-7: (Fig. 4). IRAEAXRZ PVt [Na(H,0),]" €7V E [Na(H,0)6]" €7V TRl L 725 XANES A X
7 M vE [Na(H,0) ]  EF NV : [Na(H,0)6] " EF NV =10:00%500:10 T TO2HATEL IR L. 5
BNRAEANRT ML [Na(H,0)6]" EFTNVOFFEAE 25120 T, 1082 eV FHED ¥ — 7 255 & 2 Hi
L, 1080 eVAEDE =7 HPMEZ ANV F—MIZT 7 P LT, F72, 1074 & 1077 eVAHED 2 KD ¥ — 71X
1075 eV AHED 1 RO =27 1ZBLL T b, BONZREANRZ MLES0M (iR BXOT05M (i)
DEMARZ VOB EIT-72L 25 [Na(H,0),]" EF IV E [Na(H,0)6l" EF VDA 06 : 04 A TII IR
B 50M DEMARZ VO —IfEZHBEL TS, —F, [Na(H0):" EFNVOFEAELLD [Na(H,0),]" DFE
TFUVOHFAEL L D EL B o 72EA I BN 05M OFEJ AR MV EFBELTWA. LarL, SHHwET L
TRTPICERMARZ FVEBBLTWS L3V AR . Z2T, MUEL & SEL O KFSEARRE D 5 — K% 72251
TRAELEANBE TEELZET V2O THE XANES 2 X7 MV OFEHE1T - 724& 8 % Fig. 5 1ORT.
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Fig. 2 Observed Na K XANES spectra of sodium
chloride in aqueous solution using polycapilary
optics
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Fig. 4 The consideration of the mixed structure of
[Na(H,0),]" and [Na(H,0)s]" models.
Appropriate proportions of [Na(H,0),]" to
[Na(H,0)s]" models are shown in. The solid

lines are the observed XANES spectra for the
sodium chloride in aqueous solutions
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Fig. 3 Observed Na K XANES spectra of sodium
chloride in aqueous solution without
polycapilary optics

Fig. 5
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The consideration of the mixed structure of
[Na(H,0),.]" and [Na(H,0);5]" models.
Appropriate proportions of [Na(H,0),]" to
[Na(H,0),5]” models are shown in. The solid

lines are the observed XANES spectra for the
sodium chloride in aqueous solutions
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BONLHGwARY PV [Na(H,0) )" €7V E [Na(H0) 5]  ET VD% 045 1 055 TG L7244, 50 M
DEMARY PLVOE— 27 FBREZ LS HBLTWS., 72, [Na(H,0),,]" 7V Tl L 72 Fli XANES 2~ 27
FIVIZ 0SM OFEMANRY M VOTREZIZIZHEB L TWA., —#IZ, KBHHPTHF NI T A4 F 2 OBENE W
&, KN TE 2K TFOBPD % % ) MEMHEEZND 3<% 5. 20729, [Na(H,0),]" ET VO
FALDEH AR ES R VIREICZ D), [Na(H0) 5" 7T VORI WA ITREMRVIRETH S &
ZAoNb, UEORKEENS 20~50 M OEETIE [Na(HO0),]" & [Na(H,0) 51" 2SKME AR & U CTHAEL,
LOM DA F 0TI 31 [Na(H,0) 5] 2K LCTHEAEL TV A EMmIh 5.
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FVOMEEIT o 2k $% Fig. 6 IR T. HEO-OIZEYF x5 —FE 0L ¥ X&2EATHRNIE L7
B% Fig. 7127, WEOMER, RUFr I —FENHL UV XE2EBATHIELETOLM DL~ 7 2T 7 AKEHR
» Mg K XANES A7 MVl WEETH 5 Z LAVRENT. BK & KB D XANES A7 bV % KT %
EE—Z RIS ICE RS TB Y, HLF MY Y A 0BE L RO IR SN SE O KON EREF
WESIZL > TALS THE SN RZIRT 2 L E— 2 BRPEL > TwD [10 ® Fig. 38 1. Zhid, M
L7z MgCl, By R 258K Tld 72 < BRAMICHIR L~ 77 & ¥ 7 A 4 oF V8 0 RS T A3 AL L 72 3% & CdCL, Ik
ED MgCL AL TnE2DZDE )R ART MVBIRER > Twb LRI NS.

0.10 ~ 50 M I b~ 7% ¥ 7 AKBHED Mg K XANES 27 MVl OFE, Z OEEH#HPHICBE W T XANES
ARZ MVOE—Z7HRICEIKELZZLZBN SN o7, TORBIY, KBERTOS T AT 704 F Vi3S
MU ALY EIFRR DRENEL THAERT 2 KNEEAMITELE S, S ORI CH— oK AR %
L TWAEZEMMEIMENG. F72, KBEBO< 7 32T 54 % VI3RNEA ([Mg(H,0):]%) DRHSEARRE T
FAELTVE ZEFXMEFELR EOREIVHEIN TS, 22T, BT — 7 2 RICREMTE—2 58
SR ECTERELAETVAMEL, AMEEMNTHLHE, BEREL, DVXa o THUEE v Tift~
74T KRB O Mg K XANES AT MVOMENT 217> 72, Fig. 8 I —2 L& ZAKAGRE TV & H\ W CEt
B L7285 XANES ARY MV EFERMARY MVERT, HF—KARETIVTEE LA T MVidgEllo
E—E—27OBREZTSICEFERLTYRY, —J, S BIOEZKBRETVTEHE LB RIIFE—-E—20
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Fig. 6 Observed Mg K XANES spectra of magnesium Fig. 7 Observed Mg K XANES spectra of magnesium
chloride in aqueous solution using polycapilary chloride in aqueous solution without

optics polycapilary optics
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Calculated transition peaks (vertical bars) and curves
(broken line) for [Mg(H,0)l" () , [Mg(H,0);s]" (b) and
[Mg(H,0),,]" models (c). The solid lines are the
observed Mg K XANES spectra for the magnesium
chloride in aqueous solution
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LSEHE L2 L 9IS, kX e W XBRIDGHEERTF MY 7 AR Z A vy Lk EOREKE X O
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DB 5 Z SRS, BkA B OMEAT iR & 72 0 ILFIB 2 W e B cof st s %,
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