SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

AFSICH T 5

\ = =N N

j( J 7]‘}: é: L_ ~_afff P }/_Llj\ .

REPRF A - B TR BB = b
5 TE B %ﬂﬁﬁ"

2017-1-31@FEER 7 r7rv>a vyt X —




SPring-8 SEE &
< FEEN BT ILD XAFS |2 & 2 eimit Bt o BATIRREARMT2017 >

HUREE DFEN

s (LFE DI DLEERENT, 2002, ElF == F, F

HASE, 7

« AR ML

P

E & 70T, 2005, K& 112

* Factor Analysis in Chemistry, 3rd Edition, 2002,
Edmund R. I\/Ialmowskl

ReSE-TERE 2200 ¥

(EZEDIHD
SEERN

Factor Analysis

in Chemistry

ANTRIV
ESES




SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

ISP

s AT B)FAEA LTz DD ?
o WA
« ARG MILDEED L DIFHRME
o [KF#T, IRE %, Modeling Curve Resolution
s LFHEOHMZRED 5
« VHAEZHETE T 5
« VBN REFE T AND

B

=




SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

FA(T=BVT A L= DH ?

1): At
EALEAE L
BEREA S

SRIEEREE HYR LN

i

MRS >
ZLEE

OOnIE*E OOHTE

t‘ A“
2\ Ve ™
NIVYEE

RS
PRI ,
= > R

< BEFIKEE




SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

FA(T=BVT A L= DH ?

c ADEE TWBHFY 7=y
« MRLEFFIEDRER Y
o« [ITHERS ? S0k 7
s RERE,
i Iﬁ,ggquj—*il’ (Eﬁ*il'> cj:%g%& (MAEZETIT>TWBLRILTHTDEM.)
s ARIRDEDERNEBRT OFEICRET D7
- Bl BB/ RFALVON?BREFALVDN?

s RIDZEHES HDOTHNIL, RISERE L ?
o B RISZRAFP CTHESEUEREIZED LS ICETLTWED?




SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

FA(T=BVT A L= DH ?

c AN I > TWVWBEDODHh LS hHhBELDT..

o X fRIRUN 7 FEE
e JERFIE, TTERERYE, T F FAE, ZDOHAE
o ETYEHEER T WESBIETE AL
s TEMICTZESLITZLLDIERZBIEH Lz



SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

| TR

* https://ja.wikipedia.org/wiki/3L [F1 8
e HEE (X% < H AUV, Z:Inverse problem) &
3. ZF - PEFZO—FTHY . AT (R
SHT ER. &88) 2 RkO2MEZIEFZE (L w
AH A TSN, Z-: Direct problem) &EBEUN, ZDf(C
HAD O AN ZHE T 2EEC AL T OBERMEZ #
E9 5 Mz A& R,

e B BT, WDODHET=B(?2)DToTWA I &

e AILHDBEFRLEN O FDERERZFY) 7=
« B, ZOMBILILIWEEERTION?
« B, ZOMBOBEIFEWN/TA->TLEST-ON?

0~
>l_
—
S




SPring-8 SEE &
< FEEN BT ILD XAFS |2 & 2 eimit Bt o BATIRREARMT2017 >

(DICHEICHBT D) | EEE ]

DFRESH S UV-Vis, IR AT kL

DFREEN S ESR ARY kL

DFEEN D NMR X _7T kL TS HDIRY kL
—

$EERESE D S XAFS AR FJL?

SBICLEDH, BRHET
A1) £ VBECHETE 3

UV-Vis, IR A RZT R ILH SDFEE (D—ER)
ESR AT A BDFIEE?
NMR A X7 LD SHFEE (O—§EF) ?

ffl o HDBERR

XAFS AR 7 PILD S BEREE ?

— XA [WHEE| #B T EIXE L WH S WL IEAA]EE



SPring-8 SEE &
< FEEN BT ILD XAFS |2 & 2 eimit Bt o BATIRREARMT2017 >

XAFS [CH 5 [ WHEE ]

Cufoil in k space
20 T T " I I I I

15 - { Cufoij by FEFF —— [
o~ 1D I~
EXAFS > 2 alb—>ar L st |
— ;
g sp )
<10 | .
> 15 L _
20 F _
+ = A _9E ] ] ] ] ] ] ]
Cu DEGEIEE 0 2 4 6 8§ 10 12 14

Cu _foillg —

’ EXAFS h—7 7 4 v T 4 7+
. I. 0o 2 4 6 8 10 12 14

Wavenumber (A1)

EXAFS H— 7 7 4 v T 4T THHIZEELOND, TEICH->TW5

k2x(k) (A2




SPring-8 SEE &
< FEEN BT ILD XAFS |2 & 2 eimit Bt o BATIRREARMT2017 >

XAFS IZH 115 | ]
Cu/Al,O, F=ITALIEH D Cu f&E Ni & AAREE o 2 i 3 R

1.6
50 °C
|"\l'r(’(/ e —
= W\\\ B2+
= il 250 °C c
2 () (e = 2
L \\\\\u N?\'((, o 1.0
< { { AR ' 8
i “."““." <2 08
50 i \\ %
2 12'57q : | \‘/\///} 06
175 0 L7 =
?}o@ 550 % %{)IWN'\\ g 04 J. Phys. Chem. A, 2012, 116, 4029-4034.
@Q P *@ ‘_—JJQ\‘S“\\ Catal. Today, 2014, 229, 114-122. 5
N\
e \%, ?‘;f/ ‘ < 0.2
C %2 8960 9000 9040 9080 | | | |
0.0
Energy (eV) 8320 8340 8360 8380 8400 8420
Photon Energy / eV
CuO, Cu,0, Cu DEEY ? o IDHERS ?
NLTRRDRRZ FLTRELTEN? ¢« £3ZL, WCDODNiBOWFRE?
HZECUTEDEEZLIZ? e DL BRICEEIMMRETET B ?

« RIGFREDOHBEL?
« B NIBEOREZIL?

ARG PIVIZEENTWAIET O [FRADORKEE] & () Y 7zn



SPring-8 SEE &
< FEEN BT ILD XAFS |2 & 2 eimit Bt o BATIRREARMT2017 >

Cu/AlLO; x=TTHLIEHR D Cu fE

* CuO, Cu,0, Cu DEEY ?
« W<DDCufE?

e WILVZEBRIDRARY ML
TRELTEWN?

o« NILY EINZ IR FTIE,

A CEBIRETH AT

FLDERBL DT END B,

‘, , « ZFCuBDREZENIL?
@% .\'. \\ Catal. Today, 2014, 229, 114-122. o« EHILIZNILTDRRY b

C % ogo60 9000 IWDORELETIE L <G,

9?)4() ‘ 9080
Energy (CV) 75\ %) [./ ;{/Lfcl\ L \.

Absorbance

ARG PIVIZEENTWAIET O [FRADORKEE] & () Y 7zn



SPring-8 ;5 &
<EEF A & D XAFS |2 & B Joimit it BETIRREAZ T 2017 >

Ni SELRBRIE D 2 it R R

W< DD NjfE ?

J. Phys. Chem. A, 2012, 116, 4029-4034.

o
N

1.6 o RILEERS (L 7
ii o RICHEAREES ?
s « BXICEHNINTWBES
giof (FA5 7
%OS" « ZENITBEDEEZIL?
§°'6" ZbZzbHbhEEDARY

ML Z D H750,

o
N}

0.0 | | | |

8320 8340 8360 8380 8400 8420
Photon Energy / eV

AN RMLIZEFNTWBIETO [EHhRE] £ (A &Y =0



SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

H AL OES AT ML

HHEEZtICHEWNT,

SpE LD x«ﬁ ML ARSI FTE A DIRED c4(0),
%tmiz&ﬁbw%ﬁﬁmiﬁBwﬁgﬁ%@y,
DEFDRXRT FILs(t) F, UTOLDICKIRTESIET.

S(t) = cy(t) X sg +cg(t) X sg + -

BEZt ICBITERRT FLs@) ZHET 5 &...



Absorption (a.u.)

SPring-8 SEE &
< FEEN BT ILD XAFS |2 & 2 eimit Bt o BATIRREARMT2017 >

BRI A A —

R /nm =0 t=t, t=t, t=t,

632 0.115 0.085 0.063 0.047

0.40
035 633 0.114 0.085 0.063 0.046
0.30 | 634 0.113 0.084 0.062 0.046
0-25 635 0.112 0.083 0.062 0.046
0.20 |-

636 0.111 0.082 0.061 0.045
0.15 |-
ol 637 0.110 0.081 0.060 0.045
0.05 |- 638 0.109 0.081 0.060 0.044
0'09100 450 500 550 600 7 650 7 700 750 800 639 0.108 0.080 0.059 0.044

Wavelength / nm

640 0.106 0.079 0.058 0.043




SPring-8 SEE &
< FEEN BT ILD XAFS |2 & 2 eimit Bt o BATIRREARMT2017 >

7 — 2475 (UV-Vis DHFI))

Chemometrics and Intelligent Laboratory Systems, 2006, 81, 149-164.
ni

1* Spectrum

2" Spectrum

nt

nt-th Spectrum

Fig. 1. Structure of multivariate absorbance data arranged into @ matnx Y.

REEIZ {9 % UV-Vis A7 LD



SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

AT NILT —&K

BHBHEEx ITHEWNT,

S WD) ARY ML RTILZETE A DEED ¢y (x),
spE WD ARY ML RTIALFEE B DREED cg(x)...,
DD AT FILs(x) X, UTDOLHICKIETE S,

S(x) =cy(x) X 54+ cg(x) Xsg+ -

FR x, slEBmATHE LWL ( 1£9) .
x K%, mE, pH, EMF
S : UV-Vis, IR, Near-IR, XAFS, etc...



SPring-8 SEE &
< FEEZEF| T ILD XAFS (2 & 2 eimtt il o BpriRREf#E 2017 >

T — XTI DR

5 — 21751 RE] 175 ir=1T5

_mE /

[ ART bIV] 1751

s(t) = c4(t) X 54+ cg(t) X sg + -
a(t,e) = ca(t) X ay(e) + cg(t) X ag(e) + -

EWS T ENTENIE, BALFEDIARYT MILPZFDEEZT(AHLAY ZF S



0.40

0.35 |

0.30

0.25 |

0.20 |-

Absorption (a.u.)

1.0

1
500

| ! 4 il
550 600 650 700

Wavelength / nm

Ratio

0.2 |

0.0

e o [A]
+—+ [B]

100

200 300 400 500 600
Time / sec

SPring-8

<EXEFMI

Absorption (a.u.)

HER

— /L

<AL

D XAFS |2 & B Joimit it BETIRREAZ T 2017 >

0.40

0.35 |

0.30 -

0.25 -

0.20

0.15 -

0.10 -

0.05 -

0.00

400

450

: —
550 600 650
Wavelength / nm




SPring-8 & &
< FEEN BT ILD XAFS |2 & 2 eimit Bt o BATIRREARMT2017 >

| TR

/

0.40

0.35 |

0.30 -

0.25 -

0.20

Absorption (a.u.)

0.15 -

0.10 -

0.05 -

0.00 ; L L — e
400 450 500 550 600 650 700 750 800

Wavelength / nm

NH L7=Wn



SPring-8 SEE &
< FEFER|FIZIZILD XAFS |2 & % Feimit kRl o BTk pERE 2017 >

T — XTI DR

ni nc na. na

nt Y nt C nt R

€ oc

Fig. 2. The matrix Y of multivariate absorbance data expressed using Beer- Lambert's law. A plot of typical data is given below each matrix.

Chemometrics and Intelligent Laboratory Systems, 2006, 81, 149-164.

R CZHKDHI-U



SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

= AYAID

1. RO E RED S
2. YIHMEZHETET 2
3. MENLREBRGFZAND

» Soft Modeling Curve Resolution
* Hard Modeling Curve Resolution




AT

* JTAN j:jf:l:ﬁ%, VB

« 5l Z E| BBt
ﬂbﬁ\@%

MWL DEFEEL. t@&fﬂm%
12 L7z,

5 e B o B

SPring-8 SEE &
<FEEF|AIT&ZILD XAFS (2 & B Timt Rl o BRTIREEAET2017 >

RETERINT o,

HﬂﬁA%ﬁwﬁ% DE=IC
#%%tﬁmbt a2, BERK
_HEr 52

i B ~(
xa%@ -‘___-_

85
I

-»@

EE -0

TR E & #12009/07
Kl F %> #7 (Factor Analysis)

S .’_;rr_ = ~® 2
EHREE p_— — ZHOBRICHDERDER —
s [ 28 (o) S A AR —

Hl. sHERBRREOREICHMTIAFIAER (BZZ2H)



SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

AT

« AR MILEEITICEWTH, HEIARYT MILAE
RLTZEEIC, oLy ENSb0nH S
NEWETAIENTETAHADOTIEZ?



SPring-8 & &
<EEF A ’§z\ D XAFS I & B Fimtt Bl BRATIK REEAT2017 >

fbFREHMOEES Y (HF9HT)

: H for abstr factor analysis (AFA) Is devel-
Theory of Error in Factor Analysis mﬁtﬁiﬁft;ﬂjh;‘;;‘m:;:mmj; mh,;;,;d

Into two sets: a primary set which contains the true factors
Anal. Chem., 1977, 49, 606-612.  together with a mixture of error and a secondary set which
Edmund R. Malinowskl| congisis of pure error, Removal of the secondary set from the
. AFA scheme leads to data Improvement. Three types of emors
mica , Institute of T o
Department of Chemistry and Chernical Engineering, Stevens Institute of Technology . o oy, own 1o exist: RE, real error; XE, exiracted error; and IE,
imbedded error. These errors are related In a pythagorean
iE! sense and can be calculated from a knowledge of the secon-
- H:H dary eigenvalues, the size of the data matrix, and the number
- =t of factors Involved. Mathematical models are used to llusirate
\ \ = \
T L m L Lk" ‘:'EE’ EIH é ﬂ T L %) and verlty various facets of the theory.

Determination of the Number of Factors and the Experimental Error
in a Data Matrix

An imbedded error function and an Indlcator functlon, calcu-
Anal. Chem., 1977, 49, 612-617. lated solely from the eigenvalues which result from subjecting
a data matrix to abstract factor analysis, are used to determine
Edmund R. Malinowski not only the number of controlling factors but also the root
Department of Chemistry and Chemical Engineering, Stevens Institute of Technology, mean square of the experimental error without any a priori
knowledge of the error. Model data are used to illustrate the
behavior of these functions. The method Is applied to problems
of Interest to chemists, involving nuclear magnetic resonance,
r{— 1&“ absorption spectroscopy, mass specira, gas—liquld chroma-

1LV tography, and drug aclivity.




SPring-8 SEE &
< FEEZEF| T ILD XAFS 12 & 2 Eimtt vl o BAriKEEfE T 2017 >

D = UAVY

diq dyr
5 LEERRIK Z BB
: INETE
dCl dcr ” "
11 1r
Uqq Uqc ( 01| :
| u o e u o e e T . A..':.O ’
“ o O Ur1 Urr

. Q
.
LR

A > > Ay > Ay > > A,
WIEARBIZENIE, D=UAVT ¢ 430 AVTZRKDBZENTED



SPring-8 & &

< FEEZEM T ILD XAFS |

AN

-

TTDT —ZITNZIZIFTNTHERT SIS

:@n%ﬁ%%@#l%Am

T

C & B Fint RO BATIKREAEIT2017 >

NELEZERLTILESTSH,

TTD—EDARY bIL %

..
.
‘e
‘e
. ., .
. . .
L4
.
‘e
‘e
.

.
Yo, g
..‘.

-’11

LUk

PELZBHRTZSDTIE?
Vir
-

X, DA, FTEIFTL0N?

BL, nZXROBIEULELEILZWNO, HRABEENMREINTWS

=2 nBORFTITOT —XEHBIRTE S,

ZDnERDDDHERFDH.



SPring-8 & &
<FEEF|AIT&ZILD XAFS (2 & B Timt Rl o BRTIREEAET2017 >

E BE# & IND B8% (RREREI)

AEZRET I SERET I VR LETIL

Table I. Results of Factor Analyzing Three Different Sets® of Artificial Data

Model Data A _— ModelData B Model Data C

n RE IE IND RE IE IND
1 140.21 46,74 2.1909 48.05 16.02 0.7507 27.00 9.54 0.65
2 46.27 21.81 09444 30.76 14.50 0.6277 24 66 12.33 0.69
3 ..185 113 0.0543 21.09 1218 0.5859 21.88 13.40 0.88
4 TUpE0TE [Coozo0 ] ... 883 539 0.3532 18.51 13.09 1.16
5 0.45 034 00283 teenn0:d]. 028 J[ 00233 ] 1442 1140 160
6 0.37 0.30 0.0409 0.29 'I} 24 0. ESEE 11.02 0,54 275
7 0.32 0.28 0.0797 0.15 0.13 0.0376 6.47 6.05 6.47
8 .25 0.24 0.2543 0.11 0.10 0.1084 - - e

of rand-nm numberarangmg from 4 to 99.

Anal. Chem., 1977, 49, 612-617.
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“5.1. The IND and IE indicators are the most reliable”

Anal. Chim. Acta, 1999, 379, 143-158.
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Fig. 1. Quick-XANES evolution of the 10% Cu catalyst supported on hierarchical Time (mm)
porous alumina during thermo-activation process: heating under 60% of Hz in He Fig. 4. (2) Experimental Quick-XANES recorded at 230°C superimposed with the
(20mLmin-") at 10°Cmin-' from 50°C to 250°C, followed by a plateau at 250“C LC fitting using Cu0, Cuz0 and metallic copper foil as components, The proportion
for 30 min. The time resolution here is 30 s/spectrum (merge of 30 spectra recorded so-obtained is 58% of Cu(ll), 17% of Cu (1) and 25% of Cu{0) and the Rr measuring

the mismatch between experimental data and fit, according to the definition R =
T “"’“d;'; is 5.49 « 10-*,(b) Fraction of Cu{Il), Cu(l) and Cu(0) characterizing the

Cata/_ Today’ 20 14’ 229’ 114-122. catalyst reduction determined by LC analysis using Cu0, Cuz0 and metallic copper

foil as components.

Cu/AlLO, DIETTEIEICEH T D XAFS AT b ZIEEAR O TERZ S & LT

every one second).
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(Multivariate Curve Resolution with
Alternating Least Squares)
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Catal. Today, 2014, 229, 114-122.
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Catal. Today, 2014, 229, 114-122.
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Fig. 8. (a) Guessed spectra for initializing the MCR-ALS minimization (b) pure
spectral components determined by the MCR-ALS minimization and (c) profile con-

Fig. 6. Plot of the first four PCA components {(a) weighted by their respective
centration of the components determined by MCR-ALS,

eigenvalues and (b) without eigenvalues weighting The respective eigenvalues are:
211.700 for PCA1, 11.846 for PCA2, 1.092 for PCA3 and 0.120 for PCA4.

T (RF2Hr) ZITIC MCR-ALS Z#FHWT, Cu BAED X ~T LA HH



gt k) (,.‘.-2)

SPring-8 E%?z?/i\

<EEF

FBICHZAL D XAFS IC & 2 Scim M Bl o BTk REfEHT2017 >

Cu/ALO, yHIECLIBIZ ST 5

Cu & @ﬁtﬁﬁ

Catal. Today, 2014, 229, 114-122.

XAS (intermediate species)

_ (experimental data — ay (XASconst1) — @3(XASconst3))
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MCR-ALS THiHH & 7172 EXAFS
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Fig. 9. [a) EXAFS signal and (b) corresponding Fourier transforms of the EXAFS sig-
nals recorded for the fully oxidized Culll) catatyst at 50°C, the intermediare Cu(l)
species determined by MCR-ALS and the reduced catalyst by treatment for 30 min
at 250°C under 60% of Ha in He (20mLmin ')
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Cu/ALO, SEIEIL IR IC 1T %
Cu E@ﬁﬂ)

Table 1

Structural parameters determined from the Least-Square EXAFS fitting of the Cu(Il)
catalyst, the intermediate component (I) and the catalyst at the end of the thermo-
activation at 250°C. CuO, Cuz0 and Cu are used as references. At: atom, N: number
of atoms at the shell, r: bond distance, o: Debye-Waller factor, Ry fractional misfit

between experimental and fitted data defined as Ry = Z dan-fit? por 3l the fits

E (data )2

§2=0.7.

Sample At N r(A) o2 (102A2) R (%)

CuO (0] 4.0 1.96 3.3 1.19

Cuz0 0 2.0 1.86 53 340

Cu foil Cu 12.0 2.54 7.0 1.21

Cu(Il) catalyst 0O 3304 195+0.02 4.0 0.86
(50°C)

Intermediate Cu(l) 0 23+03 1915+0.02 5.0 191
species (~240°C)

Reduced catalyst 0 03+03 1.89+0.02 3.8 1.24

(250°C-30min) Cu 9310 249+0.02 16.4

XANES, MCR-MLS A Eht 2 Z & THEED EXAFS i, BB EOMRE %15
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(A) The first five components derived from ten uranjum L3 edge k”-
weighted EXAFS spectra of uranyl ions in solutions with and without
chloride anmions. The relative weighting factors are given for cach
component. For the first three components, fits using scattering phases
and amplitudes from FEFF7 are shown. The fits were performed using

three shells (Ogy, Ogq. and C1) for compaonent |, two (O,
% q

ootrponmt 2, and 1 (Cl) for component 3 in the range from 2.5 10 12.5

. (B) Fourer of the

IbcrungeAk =213 A

, and Cl) for

Transforms were taken in

* J. Synchrotron Rad., 1999, 6, 284-286.
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Flgure 2

Reproductions of the EXAFS spectra from aqueous uranyl ions as a
function of chlaride concentration. Original EXAFS data (solid line), and
reproductions with two (dashed line) and three components (solid line

with circles.)
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|a o XANES 24T Factor analysis % J. Phys. Chem., 1995, 99, 12565-12569.
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_ Figure 3. {a) Concentration profiles along the reduction coordinate
Figure 2. Abstract component matrix for the Cu K-edge XANES- of the pure components exiracted for PdCu30 sample; (b) same as (a)
TPR spectra of sample PdCu50. for PACu23 sample.
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Cu-ZSM-5 =TT B FE D BEAT

J. Am. Chem. Soc., 2002, 124, 5457-5465.

H, TPR

EXAFS Fit

Factor Analysis

XANES

Figure 2. Normalized XANES spectra across the Cu K edge

collected during the temperature-programmed reduction of  risyre 9. Combined data representation of the H,-TPR trace,

Cu-ZSM-5in 5% H,/He at a rate of 3 degree C/min. EXAFS data analysis, XANES factor analysis, and pre-edge
features during the H,-TPR of Cu-ZSM-5.

H, TPR & DEAEHHE T, Cu DETTBIEICHE TS CUlEBDERZBHOLNICL
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G.W. Coutston, R. Hark W N. Herron, DuPont Company,
C4H10 5 l@ — ;‘.’ummmwr- DE“*«“ 262, USA,

S. R. Bare, Dow (“rr-mlc omar, Micland, MI 43674,

1S A

C.H,O5 + 4H,0 + 14V*"  science, 1997, 275, 191-193. HoKarg, K. Bifiand, G, K. Sote, batefabortor

Nortrwiestern University, Evans

USsA
P. L. Lee, Materials Sclence Division, Argonns National
C4H 10 + 2@ > Laboratory, Argenne, L 60439, USA.

4CO, + 5H,0O + 26V?*  Fig. 2. Concentration pro- A

- - files and corresponding ref- 10 T — 7
erence spectra of Vo (-——), on Bk o ol z |
Ve andVer—) g & L~ e 5
determined by using princ- % 06 i ?'_
pal components analysis. () & 7, g
Concentration profiles for re- é’ 04 ’f . ] &
duction at 320°C. The V** d ~ ®

02 1 e

() and V*+ (O) concentra- 3 5 \D\T"‘ 3
tions were determined by 0.0 Lt J Liauisiaiin
curve fitting with Lorentzian 080 1021:111333)200 200,300 0 20 100 1;20(2:)0 250 300

components. (B) Rate of
change of the V°* concen-
tration at 320°C compared
to maleic anhydride produc-
tion rate (A) determined by

T
}\-\m..

yﬁkhw

MS. (C) Concentration pro- §

Fig. 1. Dispersive TRXAS during reduction at 2’;? fct’;;ecr’;’;g’c” ;r?fc?nge § {"

. = o ) -
320 degree C. The reactor feed concentration production rate determined :
was changed from 20% O,/He to n-butane at by MS shown for compari- _ [’
40 s into the experiment. Energies are son. (D) Principal component ' ) , LS ) A :
measured relative to the first inflection in the ;ggﬁ:ﬁg tspigtr:iem?gtrifr; ' 0 20 40 60 80
K-edge absorption spectrum of V foil. profiles in (C). Energy (eV)

S, NI—RTHE—MREER I N TWT7 I A VEREBYRIC O RIS E T



SPring-8 :BE =
<EZEFMAITKILD XAFS (T £ B Limt Rl o BRATIRRE#ET2017 >

7 )L = Jrhhi Pt/A\ 0, IC &%
NO-CO /RFC

R (a) 50~150°C
&
X CO A' Pt RMEICHE L HRERED Pt ITET SN
N .
in situ XAFS )L 'l' 5
38 ~ 1000°C M
B\
=1
&
=
>
0.0 1
11530 11580 11630
AMXBIFIE, EeV @:Pt* @:Pt¥
7L T FHBLRICPt 7 1 mass%iBHF L 72 KA O Pt L,-
edge XANES 227 MILORRICL 2ZE. 0.4% NO+
0.8% CO/He FHEZ A T, 50 EA 5500 E F T10 B/
THER. 10 E&EICXANES AIE.
1.0
O,
b (b) >150°C
HARUAE  HRAREE Eﬁ’iﬁﬁal " Pt Z&[H TCO &NO MKt l,co2 EN, VER - BT 5
B o6 5 @
ée': — PY "
= - Pt*
5 - et 60 %55 0
" 0.2 Vs ’ ' )
Materia Japan, 2013, 52, 563-566. 0.0
0 100 200 300 400 500
RE, 1/°C
Pt L,-edge XANESR R 7 |k JL % SMCR % (C DEEL T o: Pt0

RS e AR B AT b R A
Self Modeling Curve Resolution @ Pt S~ @& 5



SPring-8 u%_”/\
/}-L,_L_

< FEEEM BT ILD XAFS |Z & B Foim it vt BFETIRREAZMT2017 >

CoMo/Al,O, Al o B i iz it
L_Et]l\ C. R. Chimie, 2016, 19, 1337-1351.
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CoMo/Al, O, i BB 2 s O
L_El:j\ C. R. Chimie, 2016, 19, 1337-1351.

A) CoMo/Al, O, (B) Mo/Al O,
1.5

1002 —=—XAS 100 ! —=—XAS 1.8
—o— derivative 80 - derivative| 1.6
8 ] 8 : 1.4
3 . - 1.0
z 1 g 14 o, 0.8
o o . \_ 0.6
W 0.1 0 0.1 \-\-\‘ 0.4
i T e -
0.01- 001} — 5 100

0 0 2 4 6 8 10

Component number Component number

M A~ ~ILD Scree plot (AIBMEDH 7Oy M) AL WEZE A S



SPring-8 :BE =
< FEEEM BT ILD XAFS |Z & B Foim it vt BFETIRREAZMT2017 >

CoMo/AlO, Al O BB 52 i 0D
Eﬁﬂf \ C. R. Chimie, 2016, 19, 1337-1351.
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CoMo/Al, O, i BB 2 s O
L_El:j\ C. R. Chimie, 2016, 19, 1337-1351.

Table 3

Parameters obtained from the fit of the Mo K edge EXAFS spectra deter-
mined by MCR-ALS for the pure intermediate species involved during
sulphidation of both mono- and bimetallic supported catalysts
(Ak = 3.5—12.2 A~ for Mo-comp.2 and Ak = 2.3—10.0 A~! for Mo-comp.3

and MoCo-comp.2, S — 0.96, Eg = 200122 + 1.2 evV).

Backscatterer N R (A) a* (A®) x 10> R-factor x?2
Mo-comp.2

O 1.0+ 0.7 1.68+002 444+38.7 0.0033 698
S 40+ 1.0 240+001 6.7+3.0

Mo 05+08 286+003 04+90

Mo-comp.3

S 47 + 0.6 239+001 122+ 19 0.0059 471
Mo 1.6 +0.7 279+ 0.03

MoCo-comp.2

S 56 +08 246+ 0.01 123 +23 0.0063 265

HH S AL7= EXAFS AR kL DRI R
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