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1. FERLEH

& RiT1E, RIRT CHRERITET, &4 4 28T 5 HECTRGICRET S Z &
INTED. FRT, BF ) A— MVO/NE ) IR 2T 5 5L LT, KT hvT
F— (DT) ZR#EH & L CTHY, Hifbaisd NaBHg 12 Lo TEILT 2 HER L A5
NTWD. ZOFEERWZE&T 2R+ OA R, LaMer #fE TSN TV 5.
LaMer BH§1E, 1950 412, ek /L OAERSHERICEE T 20 ClRE S L. wfafn & 72 -
TRRE DR S, —FITENER L, Z0%, B ETHEOHERNEE S, bk
KD ETDHEVIETHD. OF0, & /KT OAREHEC, LaMer FEHE2 @ H
ENTWDIETT, REOBEIIHL NIRRT, UL, EEORERTHDHIE
WBHCORLFOEBBREBIET 52 ENNERTZOTHDH. ZHETORET, b0
TR T 2 395 7= 012, TEM =° SEM 72 & OE FHAMEEN AW S TEB Y, kit
DfE-CHEE 25 72 0121F, XPS MWL TWD. LavL, 8%, ZhbOBEE,
HEF v U R—NIZANDLERS D720, REEOPFHRR CHEEZ = 08 CBIET 5
ZLIEIARFEETH D, TSR LT, XAFS JIEIFEREIORR A b WHIEE E LT EL
MOENTEY, WETHREBEXICE(LIEL 2N TE S, &H1Z, XAFS A7 hL
ERRNTT 5 2 & T, @A A OFEREB LM EREOEHREGDLZENTEDH. £
ZC, REFETIE, A 4> ® NaBH4ECIZ K D4 ki +OEREE %, XAFS 756k
ERWTEIZE L. AR CTHRE Lz, &7/ ki OERBUSITXIEFITENZDIZ, En
R fRRE A FF O IENMBETH H. £ 2T, BLAOXU (2T, VB4 —F—DHESy
fRHE & F7 D QXAFS /) tiEE W CTeT / ki DA G % = DOBEIE LT-.

B 2R ORGER & LT, — R IRGERITH D DT, BLY, FxnEMR LT 4
OOEF T & [ — T HCFE R LT 4 U 2RV, ZE T BL40XU TOHIE
MHE BT XANES AT MVOENT NG, RARNLVT 4 U ARFERDN, /NS Au
T AR =D ZEL, KPR EOBRONIHIZARE S TWD. GREE S 2009A1663
WA IR e e BB & 2 AN, AT FALOEMEL, ISR Aur T A
—OREICET 2 RIFE LN TWARN -T2, £2C, KRETIE, &7 /T oifils
HEEEE, KVEDORWARY MV EBRLZEE2EXT. ZUuTky, &7 ki
DOAERKETE CTHE U DO EEZRFT 2 2 LN TE, K F-OERA =X KON TH
LVEECRFIT A e TE L EBILND. T2 TlE, —EMRRERTHD DT
WA 04T 2 R FAERGRFED in situ XAFS 0B X 2 BRIV Tk 5.



2. EBR

0.1 M ® HAuCls KA 10 mL {2, kLl 10 mL, HAuCL Ik LT 2 4 &EDT +F
FIOFNT oE= LTI REMx, @B L, HAuClhx ML= AAHICE L. hro
FIZMH L, 0.1 M @ HAuCly M= Uik E Lz, 77 v 8E1iz 0.1 M @ HAuCly
MV VA 0.2 mL, 0.1 M @ DT MV Ui % 0.2 mL, bl 1.2mL ZMZ 7.
HAuClL 1Z%f3 % DT O F (DT/Au) X1 E70%. ZORKEE=RIRT 5 oMEE L%,
USP-203-A K& /L% (UNISOKU Co., Ltd.) T-10CiZmEIL7=. Z ORI, 0.2M O
NaBHs DMF {##i% 0.4 mL T&A A4 &Lz, Au Lai#k XAFS JIE1X, SPring-8
BL40XU (2 TiTo7=. 1 A7 b7 100 ms CTHIE L7z, XAFS €L NaBH4 &
ROEA LA S 7. NaBH4AWEARIIZ 10 2227 FVHEE (1s) L, A 1800
A7 hv (180 s) ZfH7-. —HD XAFS A7 MOz 3L ¥ —%, RFEHIHEIE LT
Au foil WIS E 11919 eV & L CTHIIE L7=.

3. BRLEBE

Figure 112, DT/Au =1 O&#~ NaBH4 %38 A% 180 s (27 % Au Lz % XANES 2~7
cMaERT. 72, 2L L THAUCH M BB LN Au foil D AT R ERLT

W5, DT/Au =1 OEHRDIZEITRTD AT K VIZH 5105 white line 1%, HAuCls kLt
WIRE R LT, /SN ERgNnD. 2L, DT IZL-> T Aud*O—HA AutlZiE LS
N2 %77, DTIZL D A OB LA RFT 272012, S F I E72 DT/Au DR ICHI
® XANES 27 hL&HE L=, Figure 2 (TR T XL 912, DT/Au v @& < 2 512> T
white line 28/NE <720, DT/Au=2 LA ETiE, 1ZEAEBENR 2N EDB o=, i
%, DT/Au = 2L ETIZ AurTHD = &%T? SFD, 25F0O DTN 15510 Aus+%
AuHIZEITLT 5 Z EDVRENT=. Figure 11279 DT/Au = 1 ORICHIDIEIK TIX, Aud+d
AN EBETOREL TNDH I EIZRD.

EILAIZ —SRITEA L TO0.5 s ZIZIE, EITANC A 5415 white line IZ{HK L7=. 21T
BTOEA AN 0flid LT TMICE LIl & amrd. £Dk, 11928 eV HiTil/h
IRE—7 0B, 4.6 sec RICE—7 DIk b REL ol ZOXHI /NS =713,
INE b T AR —Td % Aun(PPha)sCls D A7 hUIZH BTV D, 4.6 s %I2IE, /)
IRE T TAZ—=PERLTNDLEZZHND.
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Figure 2. XANES spectra of
toluene solution for a series of
DT/Au ratios. DT/Au ratios are (a)
0, (b) 0.1, (c) 0.4, (d) 1, (e) 2, () 4,
and (g) 16.
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Figure 1. Series of Au Ls-edge XANES spectra
during AuNP formation together with those of
HAuCl;, Au foil, and Auy(PPh3)sCl; as
references. The XANES spectra during the
formation of AuNPs in the presence of the
equimolar of DT to HAuUCI, from 0 s to 178.5 s
(red and blue). The spectra vary from the top to
the bottom region with an increase in time. The
spectrum at 4.6 s is colored blue. References
(black): HAuUCI, (dotted line), Au foil (dashed

INS T T AR —DOigIE R EXAFS A7 MUubRgET L7z, Figure 3 12 4.6 s 2D
EXAFS A7 ML ZpRd. 2R )L LT, Au foil B X ONEITCHTIO DT/Au=1 D
WIRD AR PR LTND., 4.6sBDARY MakRDE, k=11 - 13 A1 TIHES)
NEEAERONT, k=75 - 11,13 - 15 AT CIHEHRR OGNS, —F, k=11 - 13 A1
TlX, Aufoil &IEILHTO DT/Au=1 OIFIED ALY MIVBRENFIIZ /> TEY, k=75 -
11,13 - 15 A1 IR B> TS, 2B XY, 4.6sHBDARY ML, Au-Au i &
Au-X (X =CI, Br, or RS (R: dodecyl group)) FOBEDORE LADLETHDL EEXLND.



Figure 2(b)i%, Au foil ® A7 K WIZ 0.25 5 L= A7 kL ERICHTD DT/AU = 1 O
WHDOART MU 0125 5 LIm AT MVEBRIREG Lo AT MV ThD. ZORIER
B LAY MV, 4.6sBDOARY MAD k=11 - 13 A1 OFFHOERZ B < FEH LT
BY, AT MAREEZBELT, (HBIORELBBLE LTS, ZOHREHEE
L7 AT Mvinn, EXAFS A7 MV OIRIENSEAETE T ITKATF 325 & LT 4.6 stED
&7 T AL —0 Au-Au FfEG OB E RAED 5 &, Au-Au G OB EIL3 £720, 4.6
BIIE, Awa 7 T AZ —DNERLTND Z EARBRENTZ. 2D LI, BEILAEAICL-
TEAFT VDRI, 4.6 BRICAwUD X D R/INZTr T AL —=PAEKT HZ LR B
2otz ZONSTe s T AL =, &) )R FERGRREICBIT 2 TH A H. £/, XAFS
AT MISRHFREOERE G2 D2 E2BETLHE, THORTO Au R0/ NS 704
7 TAZ =R LTS EEADLND. EHEOMDIRY, KFAERERTERT 2%
B2 ORI, AFEBPOTTHSH. 2L, BLAOXU TORWISEEE G T 25
QXAFS 73 B L DB THIO TEMRTETLHERTH 5.

Figure 1 ® 4.6 s %hUEDOEALIZER T 5. 4.6 s 12 11928 eV MITIC R b B — 27 1%
INEL o TWVWE, Au foil DAY FALIZIESWTWERFRRONS. FRFEND
XANES A7 hUIT, 4.6 s % D47 7 A% — & Aufoil © XANES A7 RV OBIEHEE
TERDOL, TNENDAXRT VO ERDDH Z LN TE . AT MILVOMBELORERE
24k % Figure 4 (TR 7 . REHIDNEDIZEE, 427 T A X — OB L, Au foil DR
FMLTWD., 22T, 4.6 sBO/NITee7 7 AKX —1%, BN Au i (Kl
JEF) OATHERINTEY, Au foil 23, BAEFIZ Au i1 (WNEE7) TR ST
WHZ EEEZEZD L, BERNCHE D MR O, B A7 Au 7O L, il
AR 7e Au RO/ EEINT 2 2 L 2R LT D. ORI, RFREEZERTS.
£72, TNEROMER, 0% L< 1T 100%ICHFE L TWARWT L1E, KEHICET ki
FTWRERTHZE LT D, &5, FEFF HEND, &7 ki 1OFRE & NEOJR 1O
WINANRY fvZ v I 2 b—ya o LSRR, RIED AT MVE, 4.6 s 2D AT R,
WNERD AT FLiX, Au foll IZEI72 AT hvZmLiz. Zhvb kD, ERio XANES &
X7 MVOIFNZLETH Y, BHENTART FILVOMROREEL, KFREER X
TbDThD LA LTz,

U LEOWERNS, &F R TFOERBHICHOWTER L. &4 F0F, BoAlicko
THELITETLIN, 4.6 s&IZIE, RHPORTOERFBNI 0240 T AX—5BRT 5.
FD%, BTN ET DN, 2L, &7 7JAF—FTLOBEICL > TH#EITTDHESZEZH
no.
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Figure 3. EXAFS spectrum of Au nuclei
observed during AuNPs formation and
estimated structure of nuclei. (a) EXAFS
spectrum of Au nuclei observed at 4.6 s after
the addition of NaBH, to the HAuCI, solution.
(b) The simulated spectrum by linear
combination of the reference spectra of (c)
12.5% of the solution of DT/Au = 1 before
reduction (dotted line) and (d) 25% of the Au
foil (dashed line). The 7.5-11 and 13-15 A™ k
ranges where the oscillations of (c) and (d) are
in phase are in light blue. The inset is the
estimated structure of Au nuclei from the
linear combination, an Au, cluster with fcc
crystal system.

Figure 4. Time course of the fractions of
the surface and inner atoms of AuNPs.
The fraction of the XANES spectrum of
Au nuclei observed at 4.6 s during
AuNPs formation, representing that of
surface of AuNPs (red circle). The
fraction of Au foil, representing that of
the inner (blue square). The fractions
were evaluated by least-squares fitting
of the series of XANES spectra with
linear combination of those of the Au
nuclei and Au foil. The resulting R
factor (green triangle).





