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Abstract

Pd nanoparticles supported on TiO2 have been used for the synthesis of linear allylic acetates from terminal alkenes
and acetic acid using Oz as oxidant. Allylic acetates were obtained in good yields when allylbenzenes were used as
substrates. The transformation of 1,3-butadiene into 1.4-diacetoxy-2-butene was also successfully proceeded, which is
an important industrial intermediate for production of 1.4-butanediol and THF. XAFS measurements suggest that the
major component of the catalysts was Pd’ NPs. In addition, XPS analysis of the catalysts suggest that the interaction

between Pd and TiO2.
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Figure 1. (a) HAADF-STEM image of Pd/TiOz2 and (b) the size distribution of Pd NPs.
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Figure 2. (a) HAADF-STEM image of Pd/Al203 and (b) the size distribution of Pd NPs.
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Figure 3. (A) HAADF-STEM image of Pd/ZrOz and (B) the size distribution of Pd NPs.
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Figure 4. XRD patterns of (a) TiOz2, (b) Pd/TiO2, and (c¢) PdO/TiOx.
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Table 1. Optimization of reaction conditions for synthesis of cinnamyl acetate from allylbenzene.

Catalyst (Pd: 5 mol%)

©/\/ NaOAc (1 equiv.) _ @/\\/\OAC
Solvent (2.0 mL), O, (atm)

1a 80°C, 20 h 2a
(1 mmol)
Conv. (%)  Yield (%)
Entry Catalyst Solvent 0, (atm)  Temp. (C) .
1 Pd/C AcOH: 1 4-dioxane (1:1) 2.5 80 55 19
2 Pd/C AcOH: DMA (1:1) 25 80 64 24
3 Pd/C AcOH: DMSO (1:1) 25 80 73 31
4 Pd/C AcOH 25 80 88 13
5 Pd/C AcOH: DMSO (10:1) 25 80 88 42
6 Pd/C AcOH: DMSO (10:1) balloon 80 82 49
7° Pd/C AcOH: DMSO (10:1) balloon 90 95 58
8¢ Pd/C AcOH: DMSO (10:1) balloon 90 63 34
9d Pd/C AcOH: DMSO (10:1) balloon 90 91 50
10 Pd/ZrO, AcOH: DMSO (10:1) balloon 90 26 24
11 Pd/AlLO; AcOH: DMSO (10:1) balloon 90 85 69
12 Pd/TiO, AcOH: DMSO (10:1) balloon 90 97 81
13 PdO/TiO, AcOH: DMSO (10:1) balloon 90 23 11

2 The conversion and yield were calculated by GC analysis using tridecane as an internal standard. ® Reacted for 28 h.

¢ Without NaOAc. ¢ KOAc was used instead of NaOAc.
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Table 2. Scope of substrates.

Pd/TIiO, (Pd 5 mol%)

NaOAc (1 equiv.)
RNF ) — RTN"0Ac
AcOH:DMSO = 10:1 (2.0 mL)
O, balloon
(1 mmol) 90 °C, 28 h
Entry Substrates Products Yield (%)

a

Me Me
- .
1b 2b
OMe OMe
2 68
1c 2c
3 MeO MeO 35
1d 2d
4 F F 66
1e 2e
P N S P WL N
5 OAc 0
1f 2f
6 61
1g
2g
7 77
1h 2a
3 W /\/WOAC <1
1i 2f

2 Isolated yield. ® Reaction conditions: 1,3-butadiene, Pd/TiO2 (Pd 5 mmol), AcOH/DMSO (2.0 mL, the ratio
is 10 : 1), NaOAc (1 mmol), Oz (2.5 atm), 50 C for 24 h. © The yield was calculated based on Oz, and 4% yield of

3 4-diacetoxy-1-butene was determined as a byproduct.
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Figure 5. Synthesis of cinnamyl acetate from allylbenzene over Pd/TiO2 (@) and after the removal of Pd/TiO2 at 12 h
by filtration (M ). Reaction conditions: allylbenzene (1 mmol), Pd/TiO2 (Pd 5 mol%), NaOAc (1 mmol), AcOH/DMSO
(10/1, v/v, total 2.0 mL), Oz balloon, 90 C .

Pd/TiO % fil i\ Z 72 AV EBROME R Z X 6 12T FUBK TR A Y /=) e T 7un Xy Ty,
AR L7 2 A L2 2 A, SEH T TIEEFRICPER, ERPEIET L Tuniv,

uConv. (%) mYield (%)

100

uld 92 % 90 92
80 o 73 74 74 77
60
40 -
20
0 -
1 2 3 4 5

Run s
Figure 6. Recyclability of Pd/TiO2 in the synthesis of cinnmyl acetate from allylbenzene. Reaction conditions:

allylbenzene (1 mmol), Pd/TiO2 (Pd 5 mol%), NaOAc (1 mmol), AcOH/DMSO (10/1, v/v, total 2.0 mL), Oz balloon, 90

C,28n.
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Figure 7. Pd K-edge XANES spectra (A) and Radial structure functions (B) of Pd foil (a), PdO (b), fresh Pd/TiO2

catalyst (c), and the catalyst after allylic C—H acetoxylation reaction (d).
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Figure 8. XPS spectra of 5 wt% Pd/TiO2.
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Figure 9. Suggested reaction pathway for allylic C—H acetoxylation.
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Determination of the Solvent Polarity of Ionic Liquids Based on Stokes

Shits of a Donor-Acceptor Molecule
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Department of Applied Chemistry, Graduate School of Engineering, Kyushu University

Abstract

We demonstrate that a donor-acceptor molecule, 1,2,3,5-tetrakis(carbazol-9-yl)-4,6-dicyanobenzene (4CzIPN),
which shows thermally activated delayed fluorescence, can be used to probe solvent polarities of ionic liquids. We
employed three different ionic liquids composed of quaternary phosphonium ions, triehtylpentylphosphonium (P2225),
triethyloctylphosphonium (P2228), and tributylmethylphosphonium (P4441) as cations, and bis(trifluoromethanesulfonyl),
imide (TFSI) as an anion. The Stokes shifts of 4CzIPN in four different molecular solvents (toluene, chloroform,
dichloromethane, and acetonitrile) were measured to elucidate the relationship between the Stokes shifts and a polarity
parameter ( Af) through Lippert-Mataga equation. The relationship was, then, applied to estimate the solvent polarity of
these ionic liquids, [P2225][TFSI], [P2228][TFSI], and [P4441][TFSI], and it was found that A f values were to be 0.38,0.37,
and 0.34, respectively. These values are slightly higher than that of acetonitrile (0.31). The fact indicates that the ionic
liquids have higher polarity than that of acetonitrile. We also measured the solvent polarity of [P2225][TFSI] through the

PY scale with pyren, and the result is consistent with that obtained from the Stokes shift of 4CzIPN.
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5FF—BHDVET 7T —HRBEHFEL. TN OHAE DRI L o TR HOUIE K % 7%
THIENTE D, T720 D-AGFIXBEEFIZB T, N ZFE T, locally exited (LE) state  721% K —
KMo T 7Ty —HA LB HEE) L 72 charge-transfer (CT) excited state # T T 256 H0H 5 [1]1e 2
S OFHEEIREE L E RO X o TR L 2. EHRECHREIPMR AT, LEDS (AL, WIS
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Figure 1. Structures of 4CzIPN and ions constituting ionic liquids.
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fToCT&Jze 22Ty Sl D-AGTTH5H4CZIPN O E 5 % LI0HBI L LT, EHEOMmER T~ R
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A+ BEIEA T L OB S EN LS FIR THEREOETH ) . TOREE LT, RESTE. HERME,
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Figure 2. UV-Vis (broken lines) and fluorescent (solid lines) spectra of 4CzIPN in molecular solvents.

Figure 3. HOMO (left) and LUMO (right) of 4CzIPN calculated with DFT calculations at a B3LYP/6-31g(d) level.
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Figure 4. UV-Vis (broken lines) and fluorescent (solid lines) spectra of 4CzIPN in ionic
liquids [P2225][TFSI], [P2228][TFSI], and [Pa441][TFSI].
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Table 1. Stokes shifts of 4CzIPN.

A FL/nm A abs / nm?® Stokes shift / nm® FWHM / nm

[P2228][ TFSI] 576 370 206 133

[P2225][ TFSI] 575 370 205 133

[P4441][TFSI] 573 370 203 132

Acetonitrile 560 364 196 130
Dichloromethane 544 375 169 111
Chloroform 529 378 151 99
Toluene 509 374 135 88

a: Corresponding to the transitions from So to S3. b: The difference between A abs and A FL.

FWHM: full width at half maximum.
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Figure 5. Plot of Stokes shifts (Vabs-Vfiuo) Vs polarity parameter ( Af). The straight line was obtained with a least-square
method by fitting the data in the molecular solvents. Broken lines indicate the Stokes shifts of 4CzIPN in the ionic

liquids. Af values in ionic liquids were estimated by extrapolating the straight line.
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Figure 6. UV-Vis absorption (broken lines) and fluorescent (solid lines) spectra of pyrene in acetonitrile and [P2225]

[TESI]. Inset: UV-Vis absorption spectra corresponding to the transition from So to Si states.
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Abstract

Interaction between magnetic domain walls and grain boundaries in Nd-Fe-B magnet powders produced by
hydrogenation-decomposition-desorption-recombination (HDDR) process has been investigated by Lorentz scanning
transmission electron microscopy (Lorentz-STEM). In the thermally demagnetized state, magnetic domain walls lying
inside the Nd2Fe14B grains were sometimes observed, which often shifted to grain boundaries after applying objective
lens field. This result indicates that magnetic domain walls are easy to be trapped at grain boundaries. Energy dispersive
X-ray spectroscopy (EDX) revealed that observed magnetic domain walls were often located at some triple junctions of
grain boundaries with Nd-rich phase, which suggests an important role of the triple junctions to enhance coercivity of

HDDR-treated Nd-Fe-B magnet powders.
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Fig. 1 (a) Schematic drawing of Lorentz-STEM. (b) Direct beam disk taken from a nonmagnetic area (amorphous

carbon). (c) Direct beam disk taken from a Nd-Fe-B grain.
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Fig. 2 Ronchigram in Lorentz-STEM mode (a) without a Cs corrector and (b) with a Cs corrector. (¢) Bright-field image

of Au nanoparticles with a 20 nm average diameter taken in Lorentz-STEM mode.
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Fig. 3 (a) Schematic drawing of arrangement of a CCD camera and an ADF detector. (b and c) Magnetization of a

specimen in the direction close to the surface parallel by using the objective lens field.
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. 1 Pa OEEZEH T 725T 12 140 47> T HDDR B K & 720 [MtBh 54k 1+ > ¥ — 24 (FIB)
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bDEABIEIINV72,
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Figs. 4a-4d |2, Lorentz-STEM |2 & ) HUf% & N7 X BIEHER Z R0 I S N7 E M OTHNBESE — A ~
FomEEN T =<y TIZ LTz BORMELREANE L TWAEEPHETH Y, BFETRLTWA, Fig. 4a
EEGHRGIREETH U | Figs. 4b-4d 13 Z L2411 70 mT. 422 mT. 1475 mT OGS % N L 72 2 ORI A% 1 A 8
BINTWD, AINS NV ¥ X OENBG O & 138 L ZHE EMETh o, AIMEEPRKEL 25
2o, BT =<V THPRE o T I ERDbRb,

Fig. 4 Orientation maps of in-plane magnetic moment taken from (a) a thermally demagnetized state and remanent

magnetization states prepared by fields of (b) 70 mT, (c) 422 mT, (d) 1475 mT.

Lorentz-STEM |2 £ 2 B X EIE D%, [F—HIFIZB T L » X% H\ 72555 f#RE STEM E— FIZ X %
Bi%E %17 > 720 Fig. 5a |3 E 57 #AE STEM £ — FIZBIT IR TH ) . FFTRRIBLE IN TV 5, 20
FIHLEF {12 Lorentz-STEM 2 X % f X 22 T3 & N7 R e 2 42 CTFIR L 72 & D25 Figs. 5b-5d Th 5o ke
EFNTHLFUALTE LT 525, Fig. Sb OARBERF:C/R L7288 X 9 12, 4 SRL & BRI 3 2 BERE A7 7E L C
Who L LA, OSSR 2 MK A B Fig. 5S¢ & Fig. 5d TIXRANEBE L T b, UL
BrEIINC & o TREBERSBYATE U BEEIIIE THR O A TE Vb SN F FICh o HESHZE S LT
5 LfFRTE S,

g

Fig. 5 (a) Bright-field-STEM image corresponding to the orientation maps in Figs. 4a-4d. (b-d) The tracks of magnetic

domain walls extracted from Figs. 4a-4c are superimposed on Fig. 5a, respectively.
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Figs. 6a-6d 13 Z N2 NI {%, = ADF (HAADF) %, Fe & U° Nd OU5VE X SR %78 LT
%o 422 mT O I L TR O N7-HBEZ A TEIR LT\ b FHME XBRIRE D0 12 B W R4
o TR —%a Y I A MR L TWAHEIIL NdFeuB Ofi R THL EEZLNLH, 32 ED
Nd2Fe14B i S TRl L 72 KR & 2o R FZ Nd 2SR L 72883805 1) . % < OREEEIL 2 ORI =F p11C
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HAALF

Fig. 6 (a and b) Bright-field-STEM and high-angle-ADF-STEM images, and corresponding EDX maps of (c) Fe and (d)

Nd. The tracks of magnetic domain walls extracted from Fig. 4c (422 mT) are superimposed.
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Abstract

The catalytic activity of alumina-supported Pd and LaMnOs3 catalyst with intra-pore co-deposition exhibited higher
than that of alumina-supported Pd catalyst with intra-pore deposition. The effect of co-existence of Pd and LaMnOs3 in
alumina pore on CO-Oz reaction was investigated by CO, Oz pulse reaction and XAFS analysis.
This paper reports the details of CO-O2 catalytic reaction on the intra-pore co-deposited catalyst from the viewpoint of

Pd oxidation state and behavior of reactants.

1. #3

HEJEHET A LA EEICESRSHVONTE Y, TOMHEOREO 720, BB AEME &
LT%EE%K%@M%%E@H%??(L“Cb‘% ¥lo, BRERELT SO0 T A0 A MIEREYIZE 48 (2 DTEL
THEEEZR L, BEBAEBME L LTSN TWE, L2 LR 6, WICEE) LT 287 ABREER.
) VEF’@%‘E?J&JJ WL B HHR IR 51213, DEREKROBEE L OEEILPATRTH L, 5
2. BRBACIZHE D PET AT ORIERACICHIS T 2 720121k, BEBEMEICHEHS E5 252 0woi3lRk<T

5o BAEFE T, AL ALOs MIFLNAMZIHER S /)T 7 2 7 4 MEIERALY) ( LaMnOs3 ) MR E A7 L.
SHIZZFZICESE (Pd) ZHFFT A2 LT, 20 OZEMBLE 2 Hf L 72O P AT E 5 2 L 2 ik
LTwa B, E52Pd & LaMnOs 7%* ALOs ML TIE S % & S 1P A ELICO# & % 5 NO-CO X
B35 &V CO-02 TUSDIEWD M LT 52 LW 5N LTS,

— W) 72 ARIEAT B O B FE TR, BREEMERERTM IC X > THRONIEREMEREHI 74 — PN 7552 &
PO TS, TRAT =)V TOMBEERERFEIL, PE7 A BRSO & ) A — M FOe (il 25 E 4
TR ATLES A58 ) Tidy BEERIEXUSEHI BT 5 USHRO T A% 7 7 L2 & > THEEL. TCD
( Thermal conductivity detector ) |2 & > TEM - EEAMTHON TV, WEFRGTEELZ 52 LT, #HER
BN BUBHERE 2 R 5 2 £ ST X B 05, € OBRIZIE K WA O B IR0 B O R & AT A3 iR 0 T EHZE 7 A1
Rz, BlZIE, MRS % B4 5 FB L LT, FiR/UL ( Temperature Programmed reaction : TPR ) {7
RGN EORSI M EH EN D, L L, il (EE) & fuch (Kdk) 23RAE L 72 IKRETHETS 2
A= S T ZMARDFAET 2 LI RO BHETH ). 7 KA — IV TIER R OEHRD
HIREY 2SI TDH 5o AR T EIT 5 Z2MIBCE % B L 72 Pd-LaMnOs/ALOs it Tl s A b



&7 B Pd DFRALEICHEAY, LaMnOs & Pd DA EAFH 2 PR 2 HE LKA > M e b L LD 5,
BOG) % i & L 72 0E Tidk, Pd BIAE (LaMnOs ) 120 USG5 2 &b BUBYIZ I PR
DN o1EHR D & F N5 720, B OMINILEM L 25, 22T HEOBERN 2 ERT 55 1201E, 1)K
SHERIR N BT B IEUEROR ISR AE R & E 2 5N b RRTIE BMERRDHIET A BB RISI2B VT,
DER D REERFAN T & B EOFIFNZ & 2 97 T 2 AHR 12 B W 72 AR RE D FRAT 12 D W T 3 % 6

2. FEER
2.1 fullsah e

fl AR AR L 2 S i AR S S IR Dy -ALO3 (JRC ALO-8) % Z250H 850C T M L7-b 0%, T 5%
Pd 3 &£ UF LaMnO3 O H1ZEJERHZ 1E Pd (NH3) 4 (NO3) 2 ZKIEE B & U La-Mn RS ERIE IR /KR 2 W72 F 72,
Z N5 OfEIEERE & LT ALOs flIFLAHHEEIZ 1S Incipient Wetness ( TW ) (%, ALOs MIFLAMERRIZ (2063 —
BRI TER L 72Kk ~a 7 25 A b RiBkE 2054 2 Ak (-RHP ) 2 Wz, 512, KHFE
e WERE L T, ML Pd O A & HEE L 72fillE ( PA/ALOs ). MIFLNIC Pd & LaMnO; % A7 & & 7= il
& L C LaMnO; % $HFF#2 (2 Pd & B KAHFE L 72l ( Pd/LaMnO3/ALOs ). 3 X OSHIFLAIC Pd. MIFLAHIC
LaMnO3 % $H$F L 72filtfi ( LaMnOsout/Pd/A1Os ) % Z 2GR L 72 $HFF&E X Pd % 1wt%. LaMnOs % 10
wt% & L7z A OBIZIZ1E STEM-EDX % v, fli{LA4HZ Pd & LaMnOs % #RIZHIFTE TV 5 2
ERTER L 720 SO IETIES L U Pd 5 HUE L. HFETHEALWIIKGFET 5 2 &% CIBIFEHELWET
H o721,

2.2 CO-02 IItHZ & 2 165t

22-60 mesh |ZHEKL L 723U 2 A 3eE 12y b L, BEERGEN UGS 2 T, CO-02 IUSIZ BT 5 fift il
EMEZ R L 720 BUSH A B KU A D% - E&EHTICIE A7 a< » 275 7 ( Shimadzu GC-8A ) %
M7z CO-02 B TIE, CO TR 049 %IZ[EE L. O 57 ZAbFmamo S RILFEHA (025-5% ) &
TS, B Z 00125 gsem™ & L7z, BRI E LT, Air it F T 400C £ THim L. [FiREE
T 30 min PRFF L 720 ZORBUGIRE TR L. SUSHT AU 0B 2 ., WELRG L7z,

23 02 B X CO I % Pd DEEALE RO Bl

filtlit > CO & 02 DFUSTEDFHMIZ 1, B RITEAX IO T A LREICA > P =7 v a Y bailT,
THEDIEHT A% 715 5 (MS5A) I2X W38l A7 0~ b2 57 (Shimadzu GC-8A ) 12 & > TG
ARG TELEEEH 2o A2V 272 a VENIGEIEE ST A2 A S, Shay 7 zg)i
RBHZEZEY, BEEOGHT AZEBEATE S L) ITHM L7z, AT & LT Air it T 400C £ THimfx
30min PREE L. 175C & CTREE. FIIRE T 20% CO2/He % 30min jii#fif:, He |2 & ) /¥— L. LaMnOs3 |-
\ZIRERIE 2R S . Pd @ CO FUSEZ EIRIIZEIRTE 5 L )12 L7z, MEREIT 25 mg. F v ) 7T H AL
He ( 50 ml/min ), FUSIRE X 175C. BUDH AEA®E% 02 umol & L7z, v I L7z Pd&#AY2.0 umol TH
HDTEALZTNTOCODIST BHA. 10 A CO /%)L AT PdO 28 Pd |25 TC S N5 = IZIEHT %,
F7207OVATIE, ERICETENZPAD S THRILEZSE T 528 TH D, K7V AMEIE 3 min & L,
CO 75 027V AIZHI ) & R B¢ %2 30 min & L 72,

24 COBXVO2 7AiM FICHI) 5 Pd-L3 XAFS W&
Pd-L.3 Wi XAFS ( X-ray Absorption Fine Structure) %21, (EEHEZ.> Y70 ha otk ¥ —HNiZh %



FNKRFE =24 F 4~ (BL-06 ) IZ8B > T SDD ( Silicon Drift Detector ) # %5 % Fl s 7z 8 Bl E#EIZ £ ) 175
7o FHELL ZZflERY K A SEAIREZR IS X o CIEE 10mm O T 4 A7 2RI L, o7 1 A7 O % A4t
IS LT 45° I CTRLiE L 720 BUSREEIZ 100C £ L, 02 = CO = O DJEIZHULHT A 241D & 2. FRAL
REILFHEIZ BT 5 Pd DILEEIREEDOZAL 2B HF L 720 Tl AJREIZZ 21102 (20% ) - He ( balance )
& CO (5% ) - He (balance ) (ZF&E L 720

3. MiREEL
3.1 CO-02 KT & % iP5

Fig.1 1213 CO (049%) - 02 (025%) ZB1F 5 CO» BRALDIEHMEM#E % 7R L 725 250C LT Tl LaMnOs/
ALOs (32 CIEW AR E DS, Pd ZHHEE L 722 R T2 &5, PA RIS DIEER TH L 2 &
Whbhoize 720 175C O CO2 iz bHF % [LE T % & Pd/LaMnO3/AL03 73 b B VIR L= % 78 L 72. Fig2 |12
175C @ CO» x/b3 & Pd 43 2> 5 8 L 72 TOF ( Turnover Frequency ) %7~ L 72 Pd/ALO3 & LaMnOsout/
Pd/A1203 @ TOF (%12 (Z[F Ufi % 7K L \Pd/LaMnO3/A03 @ TOF 23215 L 1) 8 2.6 fEI2HINL 722 & A 5.
1k o Pd & LaMnOs O Z2 B E A BEEME IS K & CBIS- L. 412 LaMnOs A3 Pd (25959 % & & TIHMEA
MEd2EE25N5, %B.175C LLET LaMnOsout/Pd/Al203 & Pd/A1LOs @ CO2 #EALZRIZFEDH: L 5 DI,
LaMnOszout/Pd/A1203 Tl Pd $HF§ & LaMnOs $H¥FD 2 EIZH 72 2 BERIC & > T Pd OEEDAE L. Pd 5 8U%
PET L7720 RSN AS,

100 , g
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Fig.l Catalytic reaction of CO-O2 reaction over alumina-supported catalysts. Catalyst
weight : 0.025 g, gas flow rate : 100 cm>min™!, reaction gas composition : CO (0.49 % ) - Oz
(025 % ) - He ( balance ), W/F : 0.015 g s cm™
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Fig.2 TOFs for CO-O2 reaction over Pd-containing catalysts calculated with CO2

conversion at 175C and Pd dispersion

Fig.3 |2 Pd I2B1F % CO-02 JUts A # = X A% 7R o CO-02 UL Tl 2R - TOXHM T o coB LY
0 D, @02 (a) OfFEE, @ CO (a) &£ 0 (a) 12X 5 COr DA E Pd DFEEALIEIC G A5 B 12 4T
THLIENEZOLND, T T, PAO D CO L HRITHEL Pd D 0212 & A RALHEE % LT % 729,
B2 5 02 53 ED CO-02 JUBIZ BT 2 1EEFEAM % 17 > 720 Fig4 12 PA/ALO3 I2BF 5 587% 5 02 53 EFTO
CO-02 LD CO2 ¥rALERMIF 27130 175C D CO2 R fLFIE O W EFITHFEVEHIZHEI L 720 $2b b,
Pd D 02 12 & 2L Pd OFEPEIA] LAZRIWT WD 2 2 A2RIBL TWh, 22T, WIHTIX Pd OFLRICIC
DWTEEL <M L 72,
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Fig.3 Redox cycle for CO-Oz2 reaction
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Fig4 The variation of the catalytic curve of CO-Oz reaction with oxygen concentration at
a constant CO concentration of 0.49 % over Pd/Al203.Catalyst weight : 25 mg, gas flow

rate : 100 cm>min’!, reaction gas composition : CO (0.49 % )-02(0.25-5.0% ) - He

(‘balance ), W/F:0.015¢gs cm

3.2 0: BXUCOIZL D Pd DAL CHED 2F:4
02128 % Pd DI L E COIZ X D PAO DEICH WS A 7201 21E, R A AFLE T CHlBRE % Him & &,

OB A DEEE) %8859 % 5 (TPRE ) 2EHTH S, LL. COL 02idEHE S5 S LaMnOs (2HE L
FRIZPES THBES 5 2 &5 5. LaMnOs 3T 0 Pd DL TCHE 2 BIRB 121 5 720 113l E o Tk
PUETHD, €T, EFERUEEZ TRL, ET 02 BLUCO D/IVAFURIZ &Y Pd DERfLETTE
BB & A7z,

Fig.5 12175 C TCO B X U 0275V A % 1T - 72 LaMnO3/AlLOs DM ERE R Z R e BAMETIE, HiL
HELTCO ZMBEETWAE, COZIVATHEDS 10 HHED CO (402 umol ) DEAIZK L, T T
BAREFAEDOCOEZMBLTVASZ EAL, LaMnOs ~D CO DWHEIZE L LW LAVbh o7z KIZ,
FlEHENT 027V ARz A, BAREFEED O M L7722 &5 5. LaMnO3 ~D 02 DR b
HELBWZ EDbholze $72, CO L O DSV ADERZ COr b ENLD o720 INHDEENPS,
AREOGESGAE T Tl LaMnOs/ALOs T 02 & CO 2% EICFEAET . SUSITET L 2w & 2L 72,

Fig.6 12175 C TCO B LT 02 78V A% 4T 5 72 PA/ALOs DRIER R Z /R T 1 [0 HD CO 79V A TlE COz
DR (001 umol ) M L7z0 F 7z, FILEEO PAd AT RTPIO TH A Z &% O FiRMEEEIZ L 5T
R L7 TNHDOZ LB, COIZLD PO DEITLT COr DHEMR LT EARENT, b, TN

10 B H D CO 7X)V A F T CO2 DARA A ST, 10 [MD CO 79V A 25 & fi 02 7V A TH CO2 23

SNl olze TNHDFERIECO VNIV K o THeAE L7z CO 23K FITHEAF L nWZ E2RIBL T,

5D 027V AL L B4 02 B AR E Oy M L 72488127 (0.01 umol ) 234 L7z, Z4UE, CO 7SV A

2B 5 CO, AR (001 umol ) LV HEFITHLDT, CO/SNVAIZLS>THEILLAZPdD 02 12X AR

L& O DWENEZ HNE. THDEPdDELETTIC & 5T CO-02 FUBAHETTTH I L ZRIBL T 5,
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Fig.5 Detected gasses of effluent by CO and Oz pulse responses into He flow ( 50ml min™' )
at 175C for LaMnO3/A1>03

Catalyst weight: 25 mg, The amount of pulse injection: 0.2 ymol
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Fig.6 Detected gasses of effluent by CO and Oz pulse responses into He flow ( 50ml min™' )
at 175C for Pd/ALO3

Catalyst weight: 25 mg, The amount of pulse injection: 0.2 ymol
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DL EDFER 2 5. Pd/ALOs & Pd/LaMnO3/A1203 @ CO B & U8 02 75V A D IHZ & - T, LaMnO3 A3 #2
L7z Pd OFRLE T LS 2 2 E SN E R o720 2D X ) IR RS H A & ERAT A TH -
THHMLEZ TRT 5 2 & CTPd ORRLETIFEZ SO I T2 2L TELEEZBND,

o
—
o

o
o
a

0.30
e} °CO
£
Zo25 | °02 0, CO
~ A
%, 020 | &g
o) CcO S
S 0.15 o)
© /0'.
= D
o
©
<
>
o
£
<

%%% .
A
2

L 201010001040

0 10 20 30 40 50 60 70 80
Pluse

o
o
S

Fig.7 Detected gasses of effluent by CO and O2 pulse responses into He flow ( 50ml min™! )
at 175C for Pd/LaMnO3/Al203

Catalyst weight: 25 mg, The amount of pulse injection: 0.2 umol



33 COBXVO2 R FICHBIF % Pd-L3 XAFS &

BHHEDOFHNZ X0 JUSH AR TH > TH Pd OIERZ EHENGFT 5 Z EDWEETH S, Fig. 812CO b L
T O A% GBS, 100CIZPREE L 72 & & D Pd/ALO3 & Pd foil ¢ Pd-L3 WG X RN A <R 7 b
%79 Bly Pd foil Tid 3175 keV 12 Pd® D 2p — 4d BREIZAHE ) X MO A STz Z OWIPGEE I ER L
T2 (dBBEICEENDH 2 ) TETHE 2D, 023l T 100C Pd/ALOs Tld, 3175 keV OWILGEE A Pd foil
LD BHNARY PUHBFLNT, THUTPd DEIL (PAO) LTWAHZ EZRL TV 5, JiEH A% O 2
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Fig.8 XAFS spectra collected when the Pd/A1203 at 100C was exposed to (D Oz flow,
followed by a switch to (2) CO flow, followed by a switch back to (3 Oz flow.
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Fig.9 XAFS spectra collected when the Pd/LaMnO3/A1203 at 100C was exposed to (D O2
flow, followed by a switch to (2 CO flow, followed by a switch back to 3 02 flow.
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Application of a photobase generator, nifedipine, as a MALDI-MS matrix for
polyphenol detection

Department of Bioscience and Biotechnology, Faculty of Agriculture, Graduate School,

Kyushu University

Abstract

Since matrix assisted laser desorption/ionization mass spectrometry (MALDI-MS) hardly detects organic compounds
with electric neutral property, such as polyphenols, this study newly provides the usefulness of a photobase generator,
nifedipine commonly used in polymerization, as MALDI-MS matrix for the detection of polyphenols. Nifedipine can
generate a shiff base, nitrosophenylpyridine product by irradiation of MALDI-laser with wave length in ultraviolet
range (355 nm), which possess high proton affinity in gas phase to abstract proton from neutral analytes in negative-
MALDI-MS measurement. When nifedipine was used as a matrix reagent, epigallocatechin-3-0-gallate (EGCG)
was successfully detected in negative MALDI-MS with higher intensity and S/N value than those by trans-3-
indoleacrylic acid or 1,5-diaminonaphthalene, which are matrices previously reported for polyphenol detection. Among
dihydropyridines investigated, only nifedipine showed clear peak of EGCG in negative MALDI-MS, which indicated
that photoreduction reaction of nifedipine via intramolecular proton transfer from N atom in pyridine ring to ortho-
positioned nitro group by MALDI laser irradiation (355 nm) must be important for negative detection of polyphenols. A
variety of polyphenols including flavonols, flavones, flavanones, flavonones, chalcones, stilbenoids, and phenolic acid
were also ionized by nifedipine in MALDI-MS with higher intensity than that of IAA. Thus, this study demonstrated

that nifedipine can be available as new MALDI-MS matrix for negative detection of polyphenols.
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Figure 1. MALDI-MS detection of EGCG at 1.0 pmol/spot in negative mode by IAA, 1,5-DAN, and nifedipine.

The crystal images were taken by using a microscope.
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Figure 2. Effect of photoreduction reaction of nifedipine on the enhanced MALDI-MS detection of EGCG in
negative mode. MALDI-MS detection of EGCG (20 pmol/spot) in negative mode by dihydropyridines (nifedipine,

nitrendipine, and amlodipine,) (A), and that of nifedipine in positive mode (B).
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Figure 3. MALDI-MS detection of polyphenols in negative mode by IAA and nifedipine. Data were expressed as
relative intensity (intensity ratio) of polyphenols ionized by nifedipine compared to that by IAA.
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mode by a photobase generator, nifedipine.
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