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Surface as a Foundation to Realizing Designer Materials

- Some Insights from Simple Models -

1. Introduction

In the film adaptation of Frank Herbert’s 1965 novel
Dune, Baron Vladimir Harkonnen declared, “... He

E3]

who controls the spice controls the Universe ...” 1In
the “New World of Designer Materials”, where
materials drive science and technology, “... Whoever
controls complex materials controls science and
technology ...” is a fitting paraphrase [1,2]. Complex
materials exhibit startling properties and reveal new
How do

we synthesize and manipulate increasingly complex

and unexpected insights (cf., e.g., [3-20]).
materials? Development of methods and models to
synthesize and simulate complex systems would prove
to be extremely useful. However, this comes with
caveats and problems. There looms a possibility of
falling into the trap of developing sophisticated
experimental and theoretical techniques becoming an
end in itself: one better measurement, one better
calculation [1]. Remember Ockham’s Razor? Or, as
Philip W. Anderson puts it, “... Very often a simplified
model throws more light on the real workings of nature
than any number of ab initio calculations of individual
situations, which, even where correct, often contain so
much detail as to conceal rather than reveal reality.
It can be a disadvantage rather than an advantage to
be able to compute or measure too accurately, since
often one measures or computes is irrelevant in terms

of mechanism.  After all, the perfect computation

simple reproduces Nature, it does not explain her. ...”
[1]. With this in mind, we introduce some insights
gained from recent studies we have made in our quest
to Realize Designer Materials utilizing Surface as a

Foundation.

2. How does alloying protect a material from
corrosion? (cf., e.g, [22] and references therein)

The answer to this question lies in some fundamental

thermodynamic and elemental composition issues at the

Wilson Agerico Difio

surface of metallic alloys. Let us consider a binary
(4B) alloy, a two-component thermodynamic system for
which the surface composition need not be identical to
the bulk composition. By definition, the system is at
equilibrium when the corresponding free energy is a
minimum with respect to small variations in
concentrations of bulk and surface 4 and B atoms,
subject to the constraint that the total number of 4 and B
atoms is fixed. Following some simple thermodynamic
derivations found in textbooks (cf., e.g., [23-24] and
references therein), we arrive at a relation that specifies
the surface composition of the alloy in terms of the bulk
composition. Thus, we may find enrichment of one
alloy component relative to its bulk concentration, i.e.,
surface segregation. What does this have to do with
alloying as a means to protect a material from corrosion?
If we alloy two elements with different surface tension
(surface energy), the species with the lower elemental
surface tension will enrich the alloy surface! Following
the above argument Au, having a lower elemental
surface tension than Cu (cf., e.g., Fig. 1.4 in [23]), will
segregate to the surface of a CuAu alloy. And thus Au,
being less reactive (less susceptible) to oxidation), forms
a protective layer that prevents further oxidation into the

CuAu bulk [22]!

3. How to design a material/polymer membrane that
could eventually outperform Nafion®? (cf., [25] and
references therein)

The answer to this question lies in some fundamental
quantum mechanical concept, i.e., tunneling, and the
realization that the presence of water facilitates proton
diffusion. Let us consider a proton conductor (a
polymer membrane).  Proton transport entails the
accommodation and release of protons from one (ionic)

site of the conducting medium to the next. This entails



a fair amount of energy, which manifests as a
distribution of diffusion barriers. Proton transport also
depends on water content. After following some simple
procedures to determine the proton diffusion barrier (cf.,
e.g., [23,24] and therein) and the

corresponding tunneling probability (cf., e.g., [26,27]),

references

and compensating for the water in the medium. We
arrive at a relation that specifies the membrane
conductivity in terms of average proton diffusion
distance and the hydration level (number of water
molecules per ionic site), both experimentally
measurable material specific properties. =~ Membrane
of Nafion®117 and self-fabricated

sulfonated polyether ether ketone (SPEEK) membranes

conductivities

calculated using this relation [25] and corresponding
measurements differ by less than 3%!

4. Summary

As a final note, I should mention that the segregation
phenomenon introduced in Sec. 2 [22] can be controlled
by the surrounding environment. For example,
subjected to the right amount of gas pressure, one could
vary the ratio of the binary alloy components at each
layer. Similarly, using the relation introduced in Sec. 3
[25], one could design polymer membranes with the
desired conductivity. Simple ways by which we can
tweak reactivity to yield the desired product by
controlling the morphology (also, cf., eg., [28,29] and
references therein). The Quest Continues!
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2. " BIERFTSATICEBD=VTILIVFIOID
SFEAEIIaAL—Pay

BaERERBL A £ Y (MRAM) X, KB CrsBh{EA
ARETH D Z &b, WHHHROFLEEAR L L THIfRFS
TW%, L2>L MRAM 7 /31 2D & & m b7
DITIE, BRI ERER R 2 RO W= v F
VT EAROMESL RN LEAT R T D, AR TIX, W
MAREROR ST 7 A~ DTy F U T A=A L%
HOMNCT B2, BEERE LTNIiEZFIICEY, T
By Ial—ay (MD) ZHWT NI O v F
v TRV B RAT LT,

ARFFECTIL, BEFEA A4 (07, RFEA A (C).
—WR{LIRFA A (COY) % AH L7BED Ni &K D i
EPBbIc LDy T V&R D T2 HITNILC,
O MOFRFEART Y VO LT -, BRI
AT EAM (RFHAE) AT v itk - T
ETFMMEENTWVDR, 1FEAEDERBITBW TS
D EAM KT 2y U E = R X =R O AR
FBRITKIE LW Wiz, BT o vy LB Ok
BRVETH D, AHFIETIE, Stillinger-Weber o 7R
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AL AR, KNIEA. Uwe Czarnetzki

ALY OFSHIIN TIINE T A ADHIe 5T, Kb
EERE A R ICBWTEERRE LD, TOE
KIS U D WA LA 2 fENe T 572 01iF, = F
VTG ORI N MEL 72 %, ITOX Zn0 D= v
F U TITHBWT, CHx AERRICMET 7 A~Z2H\ 5
T, EEOEER SRS D [2,3].

AWFFETIL, ZnO & ITO FEMRizxt LAKFEA A v %R
a2tk KEEFAETOHLIEEREOIAMK L
Iy F U RIENEESNAD Z ERHL ML
7o Fo. HEA AV ERE L, ZOEEREOT v TF
7 REVE A E AR L=,

BEOBEA A B — LB AT, He', Net A A
YOREFNENED H L, Zn0 B L ONITO ZKifiiZ A
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iz kv F U T REDHRIZOWV TR,

H' A AV RSB X O H A A% D Zn0 55
UVMEITO REITH T D, Ne' 1 A IREHIC X B ELg A
Ny BT A= RE | B —NERE VT L,
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FxDWMEOE—AERIZLY . CH, REKT 2% H
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S5 ES, VIZRE FR~OBRHE CTHh 5,
Fio. ROMEFRISIZ X 25T OER - W% =
LTRY., KeERERIZESWTHE SN AL
HTHD,
T AR Yy —L LT, KRUICEDL S
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TEFEIND. WEIHAx TEORRKELEZ TH
LD, TR HIEFICLERTH D HE LI WEL
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ROFEE (B 21X~ 4 7 n I EIR, &EEER, EikE
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XC, TTRERESEDILGE, TOT T A~DH
WIS UEEBRAEMAT L Z L0/ D. AFERETIE
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WK TR T 2HHOA o —2 —EHAZRE L ST
R~ DR - FIHOMIEEIT > TOD V. BEHEDA N
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DIMET A, R L S3HWN, T AR EDT T X~
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I 5.
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1)PCVD 7Ot R & 5-0H B AEER

F9, OTERY AF LV EMGEHZ A VR —F T 5
R 38 & W CTHUKCILE 217 > 72, FERT 2121
CH,, CH,OH, H,0 Z#AH, S HIZHe THINLIZIRAA
AW, 2O, HADRA (B (BrFE+R#E))
B8 2 TR U 7=, OB B 1 QMBI L 0 lE L 7=,
ZORREX 1 OF T 7R, fElhZ TR A Ofg
T/ (RFEHAEF) OFRTHILE LTS, A X —H—
EIRTIE, BB S0%LL ETHEIE T 2l A H D = &
Mooz,

F7-, ZOSMETERIA 50° B O KN Z RN
ICHERF CE DRV E LN TV, ZhiE, Bk
HIE (%] 2) 725, RFEJRTITA X/ — LV OfREEDEA
TOH NEFIFICAER L TEY, L TA o N\—HXER
IEXE R R AX =D NENW=DIZ, AX J—LD
FREBEDHEE T, A% ) — LT O HANRKEIEGICED
FEHEFET D Z L THEA~D-O0H DEANEZ > T 5
tEZLND.

-
S

| RF

1.2 +* MInverter 900Pa
—_ Alnverter 1500Pa
£ ! PSt (HERIE)
E 0.8 (PS2 (HEEE)
= | oPs3 (HEEIE)
E 0.6 -
£ 04
£ 02 &
[a +

0 : : -
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Oxygen ratio (atom%o)

B 1 7TRX~ CVD R O 3 b SRk 771
(JFBkH % CH,, CH,OH, H,0 )
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X 2 AX ) —)VITAT T K~ DIy e E s e
| :RF EJRICE Dbk
TiA = —TFF X2 XD
RE 77X~ D J 5 B SAVTWAN, A%/
— VT DI FRDHE AR X T CH, D A HEFEL
—OH IZBWIAFNIZNWZERE 2B ND.

2) FSRIAFFEANICK B-NH, BEARER

ERFIRILLTOMEY TH 5. 77 A< AEHOER
L LTA U A"—FERE .

SYMFIZIZ XPS derivatization ZPHFiEE AV, 4T
FIEIZLL T O@EY THD. 1ml O TFBARIEE T T AK
ZEPUCEEL L & B IZEPAT DI DI ER (5
R &) OMRI R E L CRIBUANERRE LZ. 22
TIL, XPS AT MVOBRELLE NG, 77 XA~ BEHE D
RYAF LYo TN RIERENTERE LR TFH-
DOE 1T 2 UEMIER (NH,/C) ZRD-FERZX 3

R Y. RS Cls ¢ 0.296, Fls @ 1.000 & L

15
1 L

S

g 05 -

Z
0

FinFE 15min 30min

X3 N, WAT TR~ BRI % DRI AF L K
DIHTRER RFBURTF-HIOOFH 1T
EAi=R (-NH,/C) Z7/~ .

TEHE L.

3. HRRIFDKFRTS X HLE

TR, BRI T %8 A 7 & BRI 2 B
TV Ty R 7 hr=J R ([ZXDHELREE
BLUEDNEH SNLTWA. — R, Stk 2/l a L
7281 > 7 VDD, FOBEREICIE 350 CUL EDiE
TR T CRMLEE 21T ) MERH S Y. FEHMIX
7Y v N HEARMBHAR RS R O SRS T 5 729,
A > 7 O X0 FEENOKIR TORERS S AT RE R U
2EANLEENTND.

KEEHANTETF A~ ot A8 ILHFEMA T TO
WEETH Y, BOWEIGHEEFEO T AL = RILF
—DER T2 LY, SRR X DRI E 2%
BTHLRTZENTED LM SND. LibEns, §
Wi DKFET T A~ BERELEORBEZ B E L THERE
7o 7.

TR OWTIAT 5 ARRFIE CrIsihi 1 Chifk
15 um) 2.0 g & 1960 N/em* THEM L, XL v MK
(¢ 15 mm, t:2.6 mm) |(ZAKHZ L7-alkh & SEBRIZ At L 72,
F X UN—NESNE 70 Pallffb, RAEE Ar, HIES
HAZED 70 WD RF 7T X~ T 30 /e L=, 3K
BEOFHM T — 9775 (MR 4.9 mm) (2 X 2 REOER
BHHES L OSBRI X o REBEICE VT
7o, Fle7at AT OREAR O & ERE 2 TR E g -
VB - T2 R T~V CHITE L 7=,

X 4 \CEBRFER A RS, 7T A< REIZL Y, H,OH
B 30%3 L TN50~80% DIFITE Q F THEKHBGIA
b LT, —HCTEBBEMEEIC X A2BIRORE, 5
#BCHRBHI R ERZBITR O o Tz,

PERE DN RAET 2 L EEMEN T LT 5720, 3L
H, 23 50~80% DIFIZ N RN HERE 21T 9 Z E Bk D
EEZOLND. FT2 30%UTMH T H R e R AFTE

10 T T T
RLBRAR ]

3
> ° L4
_ ®
¢ F E
2 4
®WO10'F E
1K
f 3 3
10%F 4
L J
3 ° ° ° - k|
0 I I I I I I n n n
10% 50 100

H,DE & [%]
B 4 KFTNTARBH AT T X< BT X A4

KL F- (B u m)= L h OBESKIEIO H, HLIKAF
{63



T 5. —CEBEMEIIC X D REBE TITRKE %
BETE o7z, L L, EHEIXMETFLTWD O
T, REEOFEAIFECZEEZ BN, 7277 LM
TIIBLEHRRVE RS L HEE S LD, M, IR
MEFRERITETIO CLULTFTHY, 207 v ANMKIE
TITONTZZ L 2R L TV 5D.

LHOFHE & LT, BERSICHE R KET T X~ D54
EHMNCRARD 2D, o7 3aT77ue—7HERB XL
O HREE TELTND.

4 BEREARTSATORELDILAE

KAFGETIE, BEH AT T X~ & T2 LB D %)
FbEHNE LT, B0 TOMMELZHET 5720
DRENIREZIT-T-. Z LT, RU=F L alkk
DT T A BN X DR Z T H 72012 FT-1R
WL DREFNZIT T2, Z O, BHRSF1OIRF
~OFEBERE 26 b 57O B HEH AT Ne H A LIRS
T 5 FEERRTY.

EBRIEE L, 77 A~ AER (RFER, HD50
A VN HERO 2FEHH), 77 AHAERRR, 7
T A DENYEZNT DT 74 23—, BLOGIEH
ETMNORLD. ERIERE, =50 cm DOFEH 72 Al
IYVEER VBTG, SNOF EDTESHOR Yy I A v
T TENORER S D RIS EHIE T, 700~800
nm OWERTHIE L. £, B~ 75 X~ W4
AFMEIE 10 min & L7-.

T HRNERERZ K 4R T ARETADA 23—
BT T XX BIMETIE, BRELNEKATE 0
ARAHN DV, BEHRY T OMBEE N ) 95
AR DD Z LR oT.

RFEE

2 TR N0
g : T NeDHEEFY
L . ' N, 100%
05 l Ne@?)ﬁ%%b
0 5 10 Nz*lig% 20 s 30
B4 4 NNe JBEH AT T X~ DINI AT Fv

HE.

FENIRE LIE (BRI AT MVEERO TG
FE)/ (BRI 1D/ KA fLD/NY R~y R
DIEIFREE) ) IZ L D k7=,
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5. KEMEIZ DT

HFEELE LT, IRV FA 4B —adEE 42 H
W7z SIC, SiOx HEOTERK ¥, mEEIRIE 7 5 X~ il
OO EITOREN D -T2

BiEE . BAFEIE, At —imOpgEs, Of) FERAT B
Wit & — & ORI O T % 5T,
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R 10 S LA B AT SR P

7 7 A= HERGEH B

7T A= ALK T OBHRZ W Te BT Fik

1. FSXTWBAFOXF—FELEEORE

KT T A~EBE L7 7 X< LBk (PTW:
plasma—treated water) % 72 AKSCE RS DF%
FHFICET 22 ED TN D, BIRICKT257 7
A~vOEHED LALRERS (774 —7rnr—) 1Kk
W, pH % 4.8 LA NIZFHHET A H T DAEA 1/100 & B
FICEh R mESH MK pH 15 ZBH% L[], ZOEH
R L& LT 0« & HOO » ODERfiRpiE =%k pha 4.8 8
G L TRV, BT CEXMIZHM H00 - 3L &I
kG S TRIBENE ~DOBR L X b LRI L0 R 2 i
ATWDHEE | AFEOEERAE R e b OB 3 R 12
SLEEMOH LML TE 2], ZOBRMERE TIC
B DERE I Om LN PIW TH RO, REEMHEDK
TSI FEE BA % C IR IR SR TR L TV B 035y
Do TND[3], LLZRDNE, 0« O 23 50f)

BETHEDITH LT PIW TIIESTEE L BT RE < .

PTW I COFEMAL P IS ZH DN T A RERH 5,
KIZT T X~ eI 5 PTW ORI, FIHRAN
AT B ONBIEH A% T 02y Noy Air, He [IZEF L
THEREZITSTZEZA, MR e BHATHDLEN
SN2 0, PTW oo —iEMFEIL RNS (reactive
nitrogen species) 70 &HEER I Tz, PO IEERRIC I
SLEBRTH LN PTW OB LSRRG & 55—
TEMEFR XSRS (HOONOy, PNA: peroxynitric acid) T
b5 Bz 7o, PNA I LHRNREE &Il b KB 2R T 5 F
THELN, FOBRE T AFTF A b4 b (HOONO)
ERELTCOWDERNMLN TS [4], PTW E{LFARK
L7EPNARIGEA A 7 a~ N7 57 CHNFI5]T5F
EEFHLIBEBELTCHWEZLEZA, E—IERLW
ETEVEN — 2 U 72, PNAIZHOO - & i S hsi2  5 23,
7F X=X 0 AR E 72 PNA 28 HOO - DRBRAR & LT
PTWIZERAF L EMEBRRBE T TR WA I & R L T
EEZR D, UG PIWH O X —FEK 1L PNA Th
% LIwAtd % [3], PNA OFRMEEREE T C OB EH|H Ik
EORENEELFH LNTIETHY | EROEREHF &

b U CIRR Do B I &0 D BN R E R R D

LSHEOFH LWEAERSIFEINS,

PTW Z W= B X R ICE B STV 58T
HY, INFETICEA DI N—7TIIE pH i, 725
IRIBARFIEIZ L 0 BHEFFE L D b AL Lo @R
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AEEF RS A

NEFEBLTCE, ZOF—JEFEEN BB THD Z
ENRHI BN LI Z i, BEFIRIRIC 5 2 D B8
ERE VY, 77 XA ERISH ORISR EE A REET 5
ETH LW RREA b=V =P RETE -2 L%
WHI72A X7 M REW, BRkx BB RFEZ RS
7T A ABK L RIFEOWR A LFAER TRLOND Z
LR S T DT EEMNIIMERIEF 2@, 22 b
HHTENICZE S 72 0 KEAK D AL/ o 72,
SHICEMBIIINETCICOEVEFEEI IR TV N
EWnwoZebdh, BRTLIFERE IS e, &
W U7 RRICE B ICB L COBEMN 7 721 T2 <
NA TR THHRENEETH L0, EERANT Y —
TUHIVOMRFIC— a5 B CDAEEEZF L TE
D, SBOMEERPHIFRTE 5,

2. FS5XTNBKIOBEBOSRIZETIEFE
FEHERE

7T A AR (PTW) (%, Bt T CRERE I IERIC
WMEDLHZ LR (K pH B, BEIEHIIHHTHZ LT
BRAFD TE DRI T AL THRIET HF1 68 L
WA E LCHIFES D, 2 E TIZ PIV o a8k
SyDNiEaEEE (PNA) Th D ERFELLEN, RERETHD
ZEMNBLINETHEVERINTELT, HE~D
I T F S G S T 5, PTW 10D PNA > O i
i L7= HOO - ZEXHEIN T Th D EHB 2T 505, PNA 4y
FRSOSIIHERFR XD AL EHEHLTHY . WML
Bt DR & R4 TH o 7=, A El, PNA DL EME K
IR BCG D AR & B AL e TR A A TR
TAHZ LT L,

A [BIRE & 72 5 D DN PNA O 55 i (2 BB 2 A
BB THERN N ETH D, WEDOE LT
BTk, EREE)SBZEEREIARZ 8D SOGREE
DEITIC LB E A EEERET 57, BET 5%
AR Bl E T b OREE A B 2 D EEN
HY, PEETIIEERBEZ LKL T E0/ET
TRVRKEOBEEZ Ao b naREE LA T TL
%o & ZCEHRAIIKEF - HiIH & OBH%E L72 GRRM (Global
Reaction Route Mapping) #5[6] % W TRIEIER 21T
oz, BEPBENG, FFRMTHORAERET D
Z L TRIOHFRRICE 2 AR O 2L, &5



(RS DA D R B R D A TRE D%
O 255K KT Z & T, SRR 2 B
DZIET LR MBEOICIRET 22N TELHL
WTRIETH D, BoiiEiEL, B 5 ek s
PEBIREOMETHY | ZOREEL D LITHEEOE
BIREZZE L ECOBEDERBILEZITY Z &N
T& %, Thz PNA ORZEMEIZEM L, ROSREE
DONFRRR 21T o T2,

A5 6 HTHD PNA 1ok L CaEEFLFHE %
)7 FIETIT O &L BRI R SCFE R e
720 BLER)TIZE DY, GRRM Z W 5 5 TRIRAY 22 %
BRI AREIC /20 | BIERMNRHRE I A MLV 2%
TALFEHEN AR L Ie o T,

ZDOFER. FAEMERN &S & O R EME EQl DR
\ZKTER 4 DOMEEREOFENH Lz, 20560
150 EQ2 7> BT EEIC NO2 & HOO - ~DBIZLRIE A3 &
V. TV ROV X —FH Tl ORI MEE LW
W, ZORBNFEER SR EBEZOND, KFE
12X W PNA O fRBTEEE DY B BN B E D .
PTW OEME~IT TEELRMANMEOND EHFS
N,

3. TEHMBREEICKITI/BEE~ADBLRIGHE
DEFILEHE

7T A2 ERTIIRKEIRIE T 7 X~ % NMEIZ R
LCHESREZHEL VDS, 77 X~wnbitiash
TEIEHERENERNTH 2 D ILFENTEETH 5,
INFETT T A<ALEK (PTW) 12Xk 2%E T, PTW
O (PNA) DA THDERE LT, 2D
LM L AR F L DRIED D B H T ED
AR RDBEETH Y, DT LB X 0Tk
GRS CTRERIEENR T T 5 2 &R0 o 7203,
BERINAE T2 2 R 7 ECRBILEZEo &N T
R BBEEPBERIEHET OEFICH D Z ERNnnoTs

[7]e 7 X/ BRIRAHHL TITIEIRAY R BRLBOS 3 WL B A,

H2 R EHIE TR T X BRI OB EOE N
NHEHETHDL EE 2T, A, B LFrRFiEs A
W TR L7,

B 2450 & LC, EERF IR O N HHEEIR O
T N—T T o T DAL OSE) ) 51 7 &L 55T
FREI8]. MVIEEh = R L — & FFOUE R S A K
AT DR BSOE N E E R DRI E A T2
I AERRDLDIZHEHTH D, Lo LAERNITEETE
TH VAR LT TEMERE O #EE) = % L X — (TR IR A
SHNERREBICAR2 5720, JRTFLV bEFOTRLF
—IREENEHEEL 2D, Mo THERNORIEEEZ D
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[ZIXR T OMELROE T 72 <R AL FBOG % i &
L7EHEORWEFEHRENSMLETH D,

T TOLFRONMT IR RE OB T XL X —T+5y
WG 5N DEHAE =L X =% oL O LT L
RN EIRWR, BRRENE X ONDT2D, Falx
FRIEZRFR T MC-AFIR 1:[6] & W =, &5 —EffLL T D
TEMEAL =RV — 2 FE D BOGFR IS 2 MRV ER R 975
FETHY . RUTEIE OGS REEE DL S OERR
ZRET D Z & TRV S A T = X LT ZAT 5 2
ENRTE B, FIALFISIERE— 7223 E 22 5 w03 5 7
HEVOTERBEOMSICAOToND =D, BEDOE
BIREZZBE LSO ERILNAEETH D, 4lH
X, 7R BB OBLKS ERETT S 7o, &
BERMEICLD7 I BOBLKISIZET 23 E 2D
7oo FHREORER, ERTHLHOND L OITT I/ BEO
BRI B X R E OFAL S BRI HEIT L, F2, AT
F= b VAT A U OBETIE, M7 I L
THRD CTRUSIIEIT LT W &Ry doTz, 7T X
~ R B R A 7R RN JAT LAY B T H D AT
OIS HFBENS DT 7 e —F L EETHY |
TEMERE S RS A AR LMl L 0 & 572 555
NE%ELND LM/ TE D,

4. EBREEM-LZTSATLEBKOZREEELDR
DIREE

PTW [ IFAPEERBE T Cildfig (kK& 100%FH & 9 En
BE AR L (K pH 15) . BEIEMEIZGEIT 5 Z &
TRELTRENTE B0, BR~KIRE TS~
AL TN RIE T 5 & 9 HUEAY 22 2 H A & 17
IND, MIEF OERE ST L& REH & DILF I
Ko TERENEITT 208, 4V 0T RO
EANI AR HEDAFAE FIZB W TERBEDENE L <K
TTHZEBHMBNTWD, ZHUIERER ORZIR
ERME & DROSHEERE < . BREDEEI NSNS
Thbd, HILWEKEAITH D PIW 2B FEEREE T T A
T HIZOITIE, DX D RN T CORFEDE
ERRGET DB B D, Fox X, PTV OF DA D3 AN
2 (PNA) THDHZELEEFRELTEY ., AT
ARk L7z PNA VAR & I CARMEM I X B FR P 20 5
DIEFEEIT - T2,

AT & Ay & RIS T A 720, &
ZhR DR ZAL % JIE USSR EE GR35 2 &
WEETHDH, HIE»OREERZ I RS OXRET
DO, —ERFFZ I SR E DR IRR M S RAE T 5
Z & CHRNAG B BRI IS LR R SR A5 1 ST,
HHEE M O HEY) & O SO E B IR RT3 5 720,



T T a7 R CRIEE 20CICEE L CERE
1To7

KM E LTy v ImIET VT 2 (BSA) & 0~
A0mg/mL YN U7T-AE B E (Bacillus subtilis) D3R
B (~10°CFU/mL) Z 5 L CRABEFER AT o7& T A,
P IETE S i < TR DIE EAEBEEMNE < Tp o to, 1 AR
H9 5DICNERFEMTHD D EOME TRIN D%
B %, DR IR L TR T LT oz, £72,
Wl R 2 O CRBEOERZI T2 L 2 A, K
W X 2R ) O FIZFRIAIZ X0 REWFER )
S 72, PNA [T R I B FR I R T 3 O REE D\ 7
B REAHED DIRAITxE L CH RIFRE D% /1 & EIET
ETEBY ., AEKHEDFIE T CORENTHETHDHHE
WE R, K& BRI CAER B 2 A LTz,
MW G F ROV &V O BB 22 S R Tl e
<L ERNRAERME NS L Vo KMMNE L GE R
LB TIZRWT PIW ORE DA TH D &iflim—D
B D, 5%, BSA LIS DIHEY) A F N T BIF S % 8 5D
HZET, BERBETCTOAIEICOWTHRNE £
LEEZLND,

5. IS5XTMBAKPDEHELI VIRV BLDEL
MR G0 R E SRR AT

7T R ALK CREE R - & 7 2 1 PR 20 1 A
(PNA) THLZEERFELTCND, BREAN=ALD
X, AR A i U7 IEPERE & ARy L FRIC S
NI LEDORIGTIEEEZTWA[2], K&QJERIRT 7 X
~ DEERIIC L D 7 X EOREMALIZ T TIZEE
i 247> TWAH2[9], PNA DA L HHMATDOH
INTEA~F 2D EITH LTIV, RIS TH.
{b5A R L7z PNA YRR &2 FAV T, BER R0 72 SO E
RN ORRFEEIT - T2,

ETFNRLNRTEELTY Y F—2%EFHW,PNA LR
B L DEEFIENE & SIS ORI 2 FEm L 72,
P RIS PEITIR G 0 D IR BT L TR . 20
SOSREEIZIREEIC L o> TREL BipoTz, FEORE
KFRFEIIREER CHL AN TE Y . #—KRMIGIC
L DIEFIEN KRN THD EEZLND, ZD L X,
H R EORIEEHRE G MR A7 hr
DE—Z7BENKE D LTEY ., BEEEEORE
ERWHRBEZ R LT\, ZRHDERNS, 77X
~ PR & [RARIZ  PNAJRALER S 7 X BRI Db &
filc L VBl & Z SN D~ 7 a2 SRS OB L) #E
BIEMOREEZLZL L TWD EHEIND, EHIZ
BN S I T 35 7 X FRFR I3 5T
o TETHEY | AERES T RO 707 — &2 )3
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‘o,

6. ARTSATUEKKOBRENLH

PTW O & LT, MWERE N ZFEHoo b, REIE
PEO MR T RIE TR & BREESMENZ &R
HEIF oD, ZIVETOWIE T, PTW OF NS DAY
it (PNA) THDZ ENHL MR >T, PNAIILFEA
RIZ XV RE « REARTE S Z L oL E iR E
I L7e, AR CIHRESH~DIEHE LTAT T
U NEBMOBREICER L, AT U N EXBEET
ERFIVTAFTHY, BICERNRRIND O
AR EFRRENREAE L TE Y H LR OB %
DEENTND, EFERHOBRFECTHWOND A Y
RWHEHRRITRLAL MY o A Z L OAERNGESS
NHFITMZ, A7 T N TIIZRENNREN E S
TWb, ZRNETHBROIA TV LVKIRAT T T b
BN A FGE L CE 20, AEEROBDITIREN TH
721101, JFKRD—> L LT, koM ns R
RRALEF R & BB R &I WAL B LT
AREPRIFEL T D ABEMENE 2 bz, A RIE3EHF
ATORE 1 O Be s TR IR LB 2592 & T4
BHROAT T FOEREBKOKREEZ B E LTW5,

PTW & [FIRE D PNAYSIR b F AR LT b D& W T
Tuyal)—fTORELBEEZITV, i s L CREA
7K & R SRS Na (2400ppm) % Tz, A AK PTW 13
WEREZIREZ R L, 1 OB TIRIERHRA (1 10
CFU/g) F CHABENBY Liz, BTORFERICEHEZD
WA FIAT, ROECx L, ARk PTW LB CTH A
BeETnl, HRELBICE 2BV EEZD
o, 5%, ZELB LT 2#EE L, EZFHOR
750 NOAERBERRD TETH D,

Fli7- DB CREBE T DA & LT, PNA TEERIR THie
MZRIETHZ b H Y, LA ERE O K% v
THUNHEERE COKIEEE ) A7 2K TZ 5 L5 %
bd, BIEFREMRIEIIKa 2 MERFRETH D -
B, A%OMEERPHIFRF T 5,

1. KEREFSXTCDEZRW-AHMBRRRIZ K
SEAA Y ) TF/ BFOEHEEEIL

B TEEAERIA v MU U AT 2 EkAE (Y.0; NPs)
I, AR~ OFEIES B ORI (NIR) Yeilk Rl
TR « BN AJREZR Z & D ERIBER DEAEA A
— VTR =T~ ESATWS 1), L
MUZRNRG, Y05 NPs TV =y F 7t A0OmESCK
KEREHIZ BN TR R biRSR & ST 252 & T,
i 128 & s S AR IR ER K ER{EY (Y (OH) COy)



DR TR NRE L 7> TWA[11], ZoRE%
RS 5720, BAxIXTZNFETIZ, Y0, NPs FHIZ
He—CH4 IRA T ADKEIET T XA~ TILFERET HZ &
WX 0 AEEMEZIER L, Y05 NPs 3 OitEeME: % [\
EEBDZZ LT LTWS, LL ZDHETIL,
B R ABHKPED 72D . BUKME D AR RENE 55>+
WX DREMEMNBLTEL 72D, &I T, MHEENT 5
SNT-HHYEEHT 5 Y0, NPs REIZCKT A Ttk
ATT R REHEAT L ENTENE, SOLRES
729 Z Ll  ABRHEREE R T A LR A CREE L,
A D X5 7 ERNEREE T T L EMEDOR 503
FECE %, AW CILFiRZER E~OBEE L 3) 25
EZ L, Y05 NPs DFE A% He—CH IRAH A & He-Ny IRA
HATT T AL EZ4TH Z 212 L D, Y(OH)CO; @D
e Bl L, S SRR S T AL FRE a2
FEEAR T R AR FREIZEAT LI EEHNE L
776

) — kit 2 I CESRL U 72 k288 80 nm @ Y:0; NPs
(Yb:1.0mol%, Er: 0.75mol%) % . fEEHZEE X @ DBD
7T X<4EE (20 kv, 10 kHz, 5 ns) 12X 0 He—CH,
HATT T A<M (60 47) #IT-o7-1%. He-N2 H R
T T AHBE (60 47) ZAT-oTz, El-bbigktg s L
T, U=y b7t R Lo Ttttz m &gk
JxF L7 U a— (PEG) &R Y.0; NPs ZERLL 7=,
FROMRIL A7 "L = b Y URIC L 0 k73
IR SN T-WEICEENDIERELEEGZMEL
Too & BIZT T A< JLBHRT# D Y.0; NPs O NIR w900 (4
ex = 980 nm. Aem = 1550 nm) FREFERIET S Z & T,
FMEERRIZ L D FNIRE DL A T4 L 7=,

FT-TIR JIE DR, 75 X~ aLPiiz X - T Y(0H)CO,
J& D BRI FEC KR IL 3D L, CHy, CHy FEDWLIL 23 K
Lz, £72. =2 b FU VORI E DR+ B~ 7T 2
OB ANERINTZZ ED, Y05 NPs (27T R
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=
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reagent was used instead of 2a.
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& RiE, FRRE TR RFEREEE AL TR,
X R REMEM B~ DTE AR I S LT D, B 10-100
nm D47 /R, @ORFEZICHESN -ZHRETO%
FIREE R BICHY T2 2RI L, Rl 7 7 A€ L
(SPR) & FEITI 2 RN R 2 R T, Fiz, & /R riX, B
bF 2 RS v T AT 7 B O YRSl Bl H R L
RIS, mWABLIEME A R T Z s bbb TV D, YERD
SRR X, ST R ORIRS, IR~ O G

DL RIETZ LD, L 0EEICHIET 2 RENRR
SINTELE, ZOLI2HTROL &, BalL, é%/*u%%:
BenA T Yy NMBIOREIC, & TR EDAEERS
Moy FHEAEFEHZFRIH L cfiieT ﬁ%@ﬂbﬂ(ﬁ%ﬂfﬁﬂ
BOMHATE, ZRETIZ, ARy &R EEKIC
AL AR 0D R 70 3 T OB #ﬁ%f%é_&%%%bt
AT, RO THISATEESRM TH DT I A R
NFF REFA LizdTF /B rEARE WO; FERD o
7Y v FHMEOREE &+ O BEBEEIC OV TRET Y,

2. 7304 FpEMHES / ATFOMMKRESHKERET
LBt 2 VR TUBEK

Bl 2 v AT > (WO;) I TiO, &L LT Ry v
TEFAF=P/NEL L AEDERIZIE W ERE (W < 400
nm) ZFHTE D720, AIHDGISEMEE S LTER SfTn
%, @B K- WO, AL, SR T i 7 T
RE LSRR 5 AT ES SR R L - T, bl
BB L OMEEEOMBRRE I TnD, 7IrA R
B (AB) X I@ T /it EBEAIT 2 Z LIk 0| FrICHMER
DHEARERT D ENMEND X I ETHD, 2
T, BREASLEEEZ RTERSTE LT ABZEAL., AB
& fi 4 7 7 ki ¥ (AP-AuNP) % #H £ L 7= WO; #H A K
(AB-AUNP@WO;) O EHE IR OHIH & & DN BEEBIT I
DUNTHRRE L 7= (Figure 1),

3. AFMIZ& B/ TY v FADEA

b AR D 1-16 X C K
ELEApATF FEHFHEI L,

TV AT A U E R
ABRTF RE 1% RTv
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Figure 1. Preparation of a WO; composite with fibrous AuNP
assembly using amyloid-f3.
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Figure 2. (A) Agarose gel electrophoresis of AB-AuNPs: from
lane 1 to 10 (0, 80, 160, 240, 320, 390, 470, 550, 630, and 710 eq.
AB-peptide vs AuNP. (B) UV/vis absorption spectra of AB-AuNP
at pH 11 (blue), pH 7.0 (green), and pH 4.5 (red) in 10 mM KPi or
NaOAc buffer. AFM images of AB-AuNP at (C) pH 11, (D) pH
7.0, and (E) pH 4.5.
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Figure 3. Photocurrent response of WO; (black), LA-AuNP@WO;
(green), AB-AuNPdis@WOj; (blue), and AB-AuNP,@WO; (red)

during on—off cycles of visible light irradiations (A = 420—750 nm).

Photoanodes under constant bias voltage at +300 mV (vs.
Ag|AgCl) in 1.0 M KOH with 0.5 M 2-propanol.

JVBREET MY U AREESFIOFET, B 1S om O/ =
VERPRES T R IEMIL. BRIO Y REE (LA) 2L
T AB-AuNP % #57=, BXRUKEIL V| 300 DFF REN
—20 AB-AuNP [ZERIi L TW5 Z & (Figure 2A), £7-#72
% pH &t (pH=11,7,4.5) T AB-AuNP A D UV/ivis %%
W3, HEEEMED O P CRIRI S 7z 523 nm D, BRMES:
EFC 675 nm ~L EHEY 7 452 L5, AB-AuNP
XSG N CERABEERT 2 2 & B3R S L7z (Figure
2B), AB-AuNP % T AFEMRICHLE & R - /) B B 22
L7z&Z A, AB-AuNP L pH 11 TH#k (AB-AuNPg). pH
4.5 THRHIRDEAIKR (AB-AuNP,,) %JEALT 5 (Figure 2C
—2E), LLEDOFER LY AB-AuNP 1% pH {RIFAIICELHEE
ZIAL L., BRI CHHEIR OEAREZTER T 5 2 & VR
iz,

4. FEEEBKFE

AuNP HHEHEIR DSR2 D WOs BAKE FTO FR EICfE
WU, ZOJAEREZFIM L=, WOs &8 L= FTO &
Wiz, pHI1L | B\ pH45 [T L7Z AB-AuNP %
W& S CABETEME, AP-AuNPg@WO5 . AB-AuNP,@WO;
EENENRAR L2, WTROER S 1.2-1.3 Auwt% D[RR
FEOEBBETHDLZ L% ICP M L ViR Lz,
AR A FEBRICEB W T (420 nm < A < 750 nm),
AB-AuNP,@WO; [3H) 54 pA cm? Db K& 7 B A
BhRTFL, K25 pA em 2 &7 L= LA-AuUNP@WO; (2 b
K& ZRIEER B R Sz (Figure 3),  AB-AuNPg i @WO; 1

44

0.3 -

0.2

IPCE / %

0.1 1

550 650 750

Wavelength / nm

450

Figure 4. Action spectra of WO; (black), AUNP@WO; (green),
AB-AuNP;@WOs; (blue), and AP-AuNP,@WO; (red). IPCE
values are averaged through three independent experiments.

#9025 pA em? 2R L, S BdEE S e e kiR iE e b
WIEEAEFE LW Z ERRBEENT, £, 77V a v
A7 MHIEDFER,  AB-AuNP,@WO; IE 550 nm DLk
ORI THELEHRROm LN R S5z (Figure 4), #RiE
ROESGEERICL Y, &F /b T BNERESRICR R %
BELEEDEEZLND,

ARFFETIL, FTHICSE ML TH 5 &7/ R F-WO;
BERICBWT, ST /T ofEAHES B g
BHEAR T F RICLVHIE L, EONREBAEBNFEZTM L
Too AP ZIEMI LT-4&T /R FI3MEMESIE T TR 047
JRIFHRAEEEZER L. RERBO T T XE BRI 2 7R
TEEBIT WO DNELEMR LN EICHET 52 & %N
Lk L,
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1. [XL®IZ
0Ty ABERICE AT AT ROBAI AR = ALK 1T
Tsuji-Wilkinson )iz & L CHEIG AL, A/ IAVEEZTRD RS F
BE LU ABRERICHAESNTEEZ (K1), —H., 7k
DRI NR = ARSI, TAT e RIS TRENENR
T3, &w5®% IR DRIV R = b EITEE D
T2, HERRIIC BRI L E R 2 DD RFE — K
%%A%@%féz%ﬁbéﬁ6fﬁéow%fﬁlm
Murakami 5 13/ 2F B8 D Wilkinson $&5{A[RhCI(PPh3)3] %
:&T\Eﬁ%%##%/@%ﬁ»fﬁWMﬁﬁﬁTé
SEBREG e 2 s L7, T 2004 4E1Z1E Brookhart &I
%@DVWA%W%M?%mimwéﬁ%#&b/@mww
R = AEREDS S Sz, 2 RIS OB b A S Tn
LI, OFTHROBHDHY7uT R )RV by, TibF=)b
Ry, BlmEERFO b Bk B ICIRE ST
W5 (K1), &, 2L, chETtRESR TIN5
Bl b ORIV = MAEEORIET R T, r YT AEK%
AW Z ENVETH -, ARl bilbiudEfs s o
WA R =Abn = T AEERIZ K VET T2 2R L
7o B ZORISE., WAL R OB VR = U LRIER e Y
T LAUNOEBEEOERIZ LV ET LM TORITH D,

K1 : iR = Ab e

Decarbonylation of Ketones

] R’ = H: Tsuji-Wilkinson Decarbonylation
—- R-R' + CO
R™ R R’ # H: limited success

Stoichiometric

Rhodium is essential.

o
(;:ko
I G This work: Nickel

RKCI{PPh3)s 1,2,4-"BusCpRh(C;H,)
Murakami, lto (1994) Brockhart (2004)

Catalytie =

[=] I ~MN o
)LH’Lk r RK 0 O
-
n=01 R = Ar or alkynyl

RhCI{PPhy)y [Rhicod)CIl; [Rhicod)CIl; Rh(acac)(CO);
Teranishi (1974) Murakami (1996) Dong (2013, 2015)  Shi (2012) a5

2. ZyILMEICK BT FUDBRAIILEKRZIVERIE
DivoiuL, THE CIRE A= v 7 VR & Fv Tk %
IRARTE MRS & O UM SOG 2 Bl L C & =, 2 OfFt 0@ LT,
N-~T a1V (NHC) BN 1% FFo= v 7 VK &5
BT N EBROGSED L AN R= RN ET LY
TV —VAERBHNRELNDZ LR R L, = 7 Lehik e
L T Ni(cod)2 & 10 mol%, NHC % 10 mo%fH\ 2% 4T, Fix
DONHC ZRptLice 2 A, EFE LAV TAEE, A IXY

B 5T

— VB 4,5 fEIZ A F LV FEZ O NHC B+ % V=R 21%
LR B EWVINE TR VR = U EE 5 272 (R2), Z DR
WCRERITE N THRENE 2%EIR E N, And =y
SR L NHC D% 100 mol%I|Z F THART & A ORI
59%IZE Tm kL7,

2 : AT
Nickel-Mediated Decarbonylation of Ketones
Nifcod); (10 mol%)
Ligand (10 mol%) g

[+]
OO J'L NaO'Bu (25 mol%)
e
toluene

160 °C, 18 h
L=PCys; 0%
{no NaO'Bu)
R R
=t
N\,’N N ,N N ,N
ci- CI_ Cl'
‘Pr Pr
R=H 0% 10%
Me 4% MB 21% (SM 72%) Mﬂ 0%
Ph 2% 59% (SM 38%)*

* [Mi], IMes™® 1 equiv

= v VEEEE 100 mol% AW D St TA v I o
Azt L7z (K3), F7& L7 hLrnkini
SR EWET T ClE7e Bfliza Ry Yy 7 = ) VBEIRTY
ZO=v BRIz & 5%7J/V]‘°:/I/ﬂ:}§ﬁ‘3 THEIT LT, F
7oy Bk MU RN L7ZHBAIC S, RIS LR =1
MﬁﬁﬁL‘B%ﬁ@ETJ—Wﬁ%Wﬂ%%hto

X3 : Wl b OBl LR =L

Scope of Ketones

o Ni(cod); (100 mol%)
s IMesM=-HCI (100 mol%) g
S MaQ'Bu (100 mol%)
: e o
OO toluene OO
160 °C, 18 h S3% (M 20%)
o
“Il “JF’OﬁO
53% (SM 27%) 529% (SM 32%)
BO% (SM 15%)

Begel F,CJ@ o @

58% (SM 35%) B1% (SM 27%)

76% (SM 18%) 47
mono:di = 84:16
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BrRMBBENEZ Y, 7V —VERME S 25, FEFE
KRS, = 7 VIV R = VEER B BET 5, Z2C. =v 7
JVHULI & — TR R FBEDREET AU, Z ORUSITEERS &
BN, FOWBNRKNEERT-DIC, ALFEHREDO= v 7L
ERRETH DL EEZEZTWD, FEEEIC, FUG%OERD 1R
BB E D VR = VEMNL IR0 72 1980 em ' DWRIR
DER S,

B4 HEEBOCHERE

Possible Mechanism

o

NiL
co A L
Ph
[ FTIR: 1980 cm? a L = IMes™ @J‘\
|\ observed > s

~ NiLco) @ o
©/Ph i Ph

=

Q’i\""’& Prof., _Q

NiZppr, -
o
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Obanhuber. Rubland. Hoffmann, Qrganormsfalcs 2008, 27, 2482

o-PPra Nilcod),
— =
G‘P‘Pl; ::Iucnl-d, o

FOSHREIZ BT D mAE S5 -0, BHRANREEZRFIL

oo 200FEFEEL Me K) ., 2 20FETRFIE (CFs k)
BLOETHEGIE L ET R FEE —DT DR SFHEDO
VT ) BRI VR = MR DR EE A i LT
(K 5), % DfER BT k5| & 8753 % £F2 push/pull
BIOEE N R b PIHENRKENE NS Z LRy hoT,

B 5 LR

Effect of Substituents
° Nifcod)z {1 equiv) ""'-"”‘“
IMes™.HEl (1 equiv)
NaOBu {1 equiv)
P EEEE—
R R 100 *c, 30-240 min

(R, R = Me or cF;) parallel reactions

. ® " (R4, R}
= L]
2 . (Me, CF3)
= & (Me, Me)
]
- . 4 W (CFs CFy)
& . o
*
* - -
[ | L]
o o 100 150 o0 %0

48
reaction time/min

EHEN R, R OBBLBAMASE T3R5z
%<Mww+ﬁwmm %15%_i0%@éﬂfwékﬁ
ETImHTRETH D (K6),

X6 : EHEE OB

Rationale of the Substituent Effect
CFy
a
l Iy l o
Me O O cFy Ky ,@J\ b

ky: accelerated by EWG Q
P
ST

ks : accelerated by EDG
Q

fast
—— = produst

i
Eea
F

+
oMe © ° OMe
o-TPdI=X SpArlike MeO | [Pd]—x
B —— P =% | ——— =
MeQ - €% meo
OMe Ohte
Med”  OMe 50
X =CFyED,

Tanaka, Romerl. Myers. J Am. Cham. Soc. 2008, 127, 10323,

push/pull OEHILENEIC L 2K EINESHHE A 5 F 2 T, %
THEEEAFSX 2 U FUERFE LTI E 2 A, TEE
RIS NR = AL T L2 (K 7),

K7 :%/0=L" brOlhri=11

Decarbonylation of Quinolinyl Ketones
Nijcod); (100 mol%)
IMes™®-HCI (100 mal%) O

=]
J'L NaQBu (100 mol%)
———
toluene OO

160°C, 18 h 599 (SM 29%)
o o
S Pie! sehen
N" Me N
96% (SM 0%) e
64% [SM 31%): with 20 mol% [NiflMes™] 92% (SM 0%)
o
o gy
0L ~;'33 Q
NZ CFy I Me
48% (SM 39%) 97% (SM 0%} 51
235 ik
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Chem. Soc. 2017, 139, 1416.
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(1) *“Effects of Hydrogen lon Irradiation on Zinc Oxide Etch”, Hu Li, Kazuhiro Karahashi, Pascal
Friederich, Karin Fink, Masanaga Fukasawa, Akiko Hirata, Kazunori Nagahata, Tetsuya Tatsumi,
Wolfgang Wenzel, and Satoshi Hamaguchi, J. Vac. Sci. Tech. A (2017) in press.

(2) “Etching yields and surface reactions of amorphous carbon by fluorocarbon ion irradiation”,
Kazuhiro Karahashi, Hu Li, Kentaro Yamada, Tomoko Ito, Satoshi Numazawa, Ken Machida,
Kiyoshi Ishikawa, and Satoshi Hamaguchi, Jpn. J. Appl. Phys. (2017), in press.

(3) “Progress and prospects in nanoscale dry processes - How can we control atomic layer reactions?”,
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Kenji Ishikawa, Kazuhiro Karahashi, Takanori Ichiki, Jane P. Chang, Steven M. George, W. M. M.
Kessels, Hae June Lee, Stefen Tinck, Jung Hwan Um, and Keizo Kinoshita, Jpn. J. Appl. Phys.
(2017), in press.

“Low-energy mass-selected ion beam production of fragments produced from hexamethyldisiloxane
for the formation of silicon oxide film”, S. Yoshimura, S. Sugimoto, K. Murai, M. Kiuchi, Surface
and Coatings Technology, 313 (2017) 402-406.

“Plasma-Liquid Interactions: A Review and Roadmap”, P.J. Bruggeman, M.J. Kushner, B.R. Locke,
J.GE. Gardeniers, W.G. Graham, D.B. Graves, R.C. Hofman-Caris, D. Maric, J.P. Reid, E. Ceriani,
D. Fernandez Rivas, J. E. Foster, S.C. Garrick, Y. Gorbanev, S. Hamaguchi, F. 1za, J. Kolb, F. Krcma,
P. Lukes, Z. Machala, I. Marinov, D. Mariotti, S. Mededovic Thagard, D. Minakata, E. Neyts, J.
Pawlat, Z.Lj. Petrovic, R. Pfieger, S. Reuter, D.C. Schram, S. Schroter, M. Shiraiwa, B. Tarabova, H.
Tresp, P. Tsai, J. Verlet, T. von Woedtke, E. Whnankova, K.R. Wilson, K. Yasui, and G. Zvereva,
Plasma Sources Sci. Technol. 25 (2016) 053002 (pp59).

“Molecular dynamics study on fluorine radical multilayer adsorption mechanism during Si, SiO,,
and SisN4 etching processes”, Satoshi Numazawa, Ken Machida, Michiro Isobe, and Satoshi
Hamaguchi, Jpn. J. Appl. Phys. 55 (2016) 116204 (pp6).

“Low-energy SiC,Hg" and SiCsHe" ion beam productions by the mass-selection of fragments
produced form hexamethyldisilane for SiC film formations”, S. Yoshimura, S. Sugimoto, K. Murai,
M. Kiuchi, AIP Advances, 6 (2016) 125029 (pp6).
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“Plasma-Liquid Interaction”, Satoshi Hamaguchi, Mini-course on low-power atmospheric pressure
plasma sources, the 43rd IEEE International Conference on Plasma Science (ICOPS2016: June 20-
24, 2016, The Banff Center, Banff, Alberta, Canada) [invited]

“Generation and transport of liquid-phase reactive species due to plasma-liquid interaction”,
Kazumasa lkuse, Tomoko Ito, and Satoshi Hamaguchi, in the Book of Abstracts of the 43rd IEEE
International Conference on Plasma Science (ICOPS2016: June 20- 24, 2016, The Banff Center,
Banff, Alberta, Canada) 4F-7.

“Numerical Simulations of Plasma-Generated Reactive Species in Water”, Kazumasa Ikuse, Tomoko
Ito, and Satoshi Hamaguchi, Gordon Research Conference (GRC) Plasma Processing Science
“Plasmas with Complex Interactions - Exploiting the Non-Equilibrium” (July 24-29, 2016, Proctor
Academy, Andover, NH, USA).

“Liquid-Phase = Chemically  Reactive Species generated by Water Discharges or
Atmospheric-Pressure Discharges”, Kazumasa lIkuse, Tomoko Ito, Satoshi Hamaguchi, IVC 20"
International Vacuum Congress (IVC-21, Aug. 21-26, 2016, Busan, Korea). [invited]

“Numerical simulations of plasma-induced metabolic responses of Escherichia coli”, K. Ikuse and S.
Hamaguchi, in the Book of Abstracts of 6" International Conference on Plasma Medicine (ICPM6)
(ed. by K. Hensel, B.Tarabova, K. Ku¢hrova, Z. Koval’ova Mario Janda, and Z. Machala, September
4-9, 2016, Bratislava, Slovakia) P3-68, p.313.

“Analyses of surface reactions and damage formation in plasma etching processes: a study based on
beam experiments and molecular dynamics simulation”, S. Hamaguchi, H. Li, T. Ito, M. Isobe, and
K. Karahashi, The 6" International Conference on Microelectronics and Plasma Technology
(ICMAP2016: Sept. 26-29, 2017: Dream Center, Gyeongju, Korea) [invited]

“Numerical simulation of the generation of reactive oxygen and nitrogen species (RONS) in water
by atmospheric-pressure plasmas and their effects on Escherichia coli (E. coli)”, Kazumasa Ikuse
and Satoshi Hamaguchi, the Bulletin of the American Physical Society, 61, (9), 115 (2016); the
69th Annual Gaseous Electronics Conference (GEC16: Oct. 10-14, 2016, Ruhr University of
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Bochum, Bochum, Germany) SR3-3.

(8) “Atomic-scale Surface Reaction Mechanisms of Plasma Processing for Modern Semiconductor
Devices”, Satoshi Hamaguchi and Kazuhiro Karahashi, in the book of abstracts of the International
Workshop on Advanced Materials and Nanotechnology 2016 (IWAMN 2016: 3-5 November 2016,
Ha Noi, Vietnam) Al1-11-1, p.36 [invited].

(9) “Atomic-scale analyses of plasma etching for unconventional materials in microelectronics”, Satoshi
Hamaguchi and Kazuhiro Karahashi, in the Book of Abstracts of the AVS 63rd International
Symposium & Exhibition (Nov. 6-11, 2017, Nashville, TN, USA) PS+AS+SS-MoAL1 [invited].

(10) “Plasma-based Functionalization of Polystyrene Surfaces of Cell Culture Plates”, Kazuma
Nishiyama, Tomoko Ito, Satoshi Sugimoto, Kensaku Gotoh, Michiro Isobe, Mina Okamoto, Akira
Myoui, Hideki Yoshikawa, and Satoshi Hamaguchi, in the Book of Abstracts of the AVS 63rd
International Symposium & Exhibition (Nov. 6-11, 2017, Nashville, TN, USA) PB+BI+PS-MoA1l.

(11) “Molecular Dynamics Simulation of Ni Etching by CO Plasmas”, Akito Kumamoto, Nicolas A.
Mauchamp, Michiro Isobe, Kohei Mizotani, Hu Li, Tomoko Ito, Kazuhiro Karahashi, S. Hamaguchi,
in the Book of Abstracts of the AVS 63rd International Symposium & Exhibition (Nov. 6-11, 2017,
Nashville, TN, USA) PS1-ThmM13

(12) “Etching Mechanisms of Transparent Conducting Oxides by Hydrocarbon Plasmas”, Hu Li, Pascal
Friederich, Karin Fink, Kazuhiro Karahashi, Masanaga Fukasawa, Kazunori Nagahata, Tetsuya
Tatsumi, Wolfgang Wenzel, and Satoshi Hamaguchi, in the Book of Abstracts of the AVS 63rd
International Symposium & Exhibition (Nov. 6-11, 2017, Nashville, TN, USA) PS-ThAS.

(13) “Surface Reactions of Magnetic Materials by CO Cluster Beams”, Kazuhiro Karahashi, Toshio Seki,
Jiro Matsuo, Kohei Mizotani, Keizo Kinoshita, and Satoshi Hamaguchi, in the Book of Abstracts of
the AVS 63rd International Symposium & Exhibition (Nov. 6-11, 2017, Nashville, TN, USA)
PS-ThA11.

(14) “Mechanisms of chemically enhanced etching of ZnO by hydrocarbon plasma”, Hu Li, Kazuhiro
Karahashi, Masanaga Fukasawa, Kazunori Nagahata, Tetsuya Tatsumi, Pascal Friederich, Karin Fink,
Wolfgang Wenzel, and Satoshi Hamaguchi, in Proceedings of the 38th International Symposium on
Dry Process (DPS2016) (November 21-22, 2016, Conference Hall, Hokkaido University, Sapporo,
Hokkaido, Japan) P-12, pp.67-68.

(15) “Surface reactions of amorphous carbon layers by argon and fluorocarbon ion beams”, Kazuhiro
Karahashi, Hu Li, Tomoko Ito, and Satoshi Hamaguchi, in Proceedings of the 38th International
Symposium on Dry Process (DPS2016) (November 21-22, 2016, Conference Hall, Hokkaido
University, Sapporo, Hokkaido, Japan) P-24, pp.89-90.

(16) “Molecular dynamics simulation of surface reactions in atomic layer etching of SizN,”, Ryoko
Sugano, Michiro Isobe, and Satoshi Hamaguchi, in Proceedings of the 38th International
Symposium on Dry Process (DPS2016) (November 21-22, 2016, Conference Hall, Hokkaido
University, Sapporo, Hokkaido, Japan) P-29, pp.99-100.

(17) “Atomic Scale Analyses of Plasma Surface Reactions using Molecular Dynamics Simulations and
lon/radical Beam Experiments”, Satoshi Hamaguchi, Hu. Li, Tomoko Ito, Michiro Isobe, Kazuhiro
Karahashi, in the Book of Abstracts of the 2nd Pacific Rim Symposium on Surfaces, Coatings &
Interfaces (pacsurf2016, Dec. 11-15,2016, Hapuna Beach Prince Hotel, Kohala Coast, Hawaii)
TF-WeM10, p.86.

(18) “Challenges of plasma etching: reactive ion etching of non-conventional materials”, Satoshi
Hamaguchi, Hu Li, Tomoko Ito, Michiro Isobe, and Kazuhiro Karahashi, The 21% Symposium on
Application of Plasma Processes (SAPP XXI: Jan. 13-18, 2017, Strbske Pleso, Slovakia). [invited]

(19) “Plasma processing for biomedical applications”, Satoshi Hamaguchi, Seminar, Department of
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Experimental Physics, Comenius University (19 Jan. 2017, Comenius University, Bratislava,
Slovakia) [invited].

(20) “Plasma Etching of Unconventional Materials: Is There Any Systematic Approach?”, Satoshi
Hamaguchi, Semicon Korea (Feb. 8 — 10, 2017, COEX, Seoul, Korea) [invited]

(21) “Analyses of plasma surface interactions with atomic-level numerical simulations and ion/radical
beam experiments”, Satoshi Hamaguchi, SPEC (Samsung Plasma Experts Community) Seminar (10
February 2017, Semiconductor R&D Center, Samsung Electronics Co., Ltd., Hwaseong, Gyeonggi,
Korea) [invited]
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(1) *“Photoexcited ZnO nanoparticles with controlled defects as a highly sensitive oxygen sensor”, T.
Goto, Y. Shimizu, H. Yasuda, T. Ito, Appl. Phys. Lett. 109, 023104-1-4 (2016).

(2) *“ZnO nanorods prepared via ablation of Zn with millisecond laser in liquid media”, M. Honda, T.
Goto, T. Owashi, A. G. Rozhin, S. Yamaguchi, T. Ito, S. A. Kulinich, Phys. Chem. Chem. Phys. 18,
23628-23637 (2016).

(3) “Plasma-induced Synthesis of ZnO Spheroidized Particles in Microdroplets”, M. Tsumaki, Y.
Shimizu, T. Ito, Prc. of 34th Symposium on Plasma Processing and the 29th Symposium on Plasma
Science for Materials (SPP-34/SPSM29), Hokakido, Japan (2 pages) (2016).

(4) “Low-energy mass-selected ion beam production of fragments produced from hexamethyldisiloxane
for the formation of silicon oxide film”, Satoru Yoshimura, Satoshi Sugimoto, Kensuke Murai,
Masato Kiuchi, Surf. Coat. Technol. 313 (2017) 402-406.

(5) “Low-energy SiC,Hs" and SiCs;Hg" ion beam productions by the mass-selection of fragments
produced from hexamethyldisilane for SiC film formations”, Satoru Yoshimura, Satoshi Sugimoto,
Kensuke Murai, Masato Kiuchi, AIP Advances 6, 125029 (2016).
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“Multi-wave coupling and non-linear interactions in DC planar magnetron microdischarges”, N
Gascon, C Young, T Ito, M Cappelli, 58th Annual Meeting of the APS Division of Plasma Physics,
San Jose, CA, USA, Oct. 31-Nov. 4, 2016.

“Plasma-water systems studied with optical diagnostics including sum-frequency generation
spectroscopy”, T. Ito, 69th Annual Gaseous Electronics Conference, Bochum, Germany, Oct. 10-14,
2016. [invited]

“OH rotational temperature measurements via a two temperature distribution analysis in plasma with
water microdroplets”, M. Tsumaki, T. Ito, 69th Annual Gaseous Electronics Conference, Bochum,
Germany, Oct. 10-14, 2016.

“Temporally resolved plasma spectroscopy for analyzing natural gas components”, K Kobayashi, N
Tsumaki, T Ito, 69th Annual Gaseous Electronics Conference, Bochum, Germany, Oct. 10-14, 2016.
“Conversion of high-pressure carbon dioxide by laser-induced plasma”, T Goto, H Suzuki, M
Koizumi, T Ito, 69th Annual Gaseous Electronics Conference, Bochum, Germany, Oct. 10-14, 2016.
“Plasma-based Functionalization of Polystyrene Surfaces of Cell Culture Plates”, Kazuma
Nishiyama, Tomoko Ito, Satoshi Sugimoto, Kensaku Gotoh, Michiro Isobe, Mina Okamoto, Akira
Myoui, Hideki Yoshikawa, and Satoshi Hamaguchi, the AVS 63rd International Symposium &
Exhibition (Nov. 6-11, 2017, Nashville, TN, USA) PB+BI+PS-MoA1l.
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[Plasma-induced synthesis of ZnO spheroidized particles in microdroplets] JEAIE [, i At
NI, 34th Symposium on Plasma Processing and the 29th Symposium on Plasma Science for
Materials (SPP-34/SPSM29), AtifiiE X%, 2017 4F 1 H 16-18 H.

['A computational study of photon-enhanced thermionic energy conversion] T. Ito, H. Takao, K.
Kobayashi, T. Miyagaki, M. A. Cappelli, %5 26 [f] H K MRS 4=k K4, B B Re & S fffth,
2016 £ 12 A 19-22 H.
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