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Molecular mixing of organic photovoltaic device

as investigated by scanning transmission X-ray microscopy (STXM)

Yutaka MORITOMO', Takeaki SAKURAI'?, Takeshi YASUDA®, Yasuo TAKEICHI", Kouhei YONEZAWA'
Hiroki SUGA®, Yoshio TAKAHASHI’, Yuji YOSHIDA’, Nobuhiko INAMI*, Kazuhiko MASE*, Kanta ONO*

'Univ. of Tsukuba, *PRESTO, *NIMS, “KEK/PF, *Hiroshima Univ., “Univ. of Tokyo, "AIST

Abstract

X RREEARSE  (Scanning Transition X-ray microscope: STXM) &, HItEOWIEG AT MVOIZIRK O #E5IKAE - BT
IREEDZE AT % a] L C & 2 BEREREMEE ©H %, /413 BL-13A ICHZR E N7z Compact-STXM ZF| ] LT, TR )VF—
2% (PCE) 7z foti{b U T G TRt O Mg (F8T2/PC, BM IBGTE) D& K XA > DNERMES 2 i L 72,
Z DR, fullerene -rich R XA > D7 T — L VEEDHIE 71%, fullerene-poor B A A 2 D73H#IL 33% THB T &>
Tzo AL, TORAAL VAR FREREICEBEBRG B O S OB D EEIEREOMENEN TS, EEZ TN,

1. FLsIC - ALDH > TEALKDHSHELDD -

A RETE AR BN & DT RV F— B R (>10%)
ERL, Fle, o=y —a—YEOEENTHETH B 12
B, XK EME LTSN TV, ARER A
EMOMEHEN I TSI, TV IEBME A VY LY
ety (TO) TIEMEZ AL TSR & %, BIHE
T2 IO il SYez gt L, Yoo x )V F—Z2BFERTL
FIVF— (ER) BT 3, TOR;, HEEMDSEIRE
NBETOHZWIRE NI TETE > 72 DR NERE
FENREPES, RTINA AT 2 N EIE#IE, 0.9 -
LOICEL TV, AR AR EOEEE I, FFr—
MoEDTET 72T 20T 5 — L ViFEkh bR
ENTWVB, TOWEMEE, Fi, SYEZERARICHE
fig) A a— bk L, BULBIC & > THDBEORLE % i
fEL, EREND, 2OXIICUTESNIETEIZ/ IV
gANTFaYy 3y (BH)) EMRENTED, Rb—
BT ET 7T A= ThF ) LX)VTATaESEE
KLTW5, EEZLNTVS,

L Lahs, TRFP—ante7 78S 2—510F
J LNV TAT S ] ITxT % evidence (32 LV, F
J RAA URSEERIE, BFREMEE (1] THRESN TV,
LA LMD, RAALONERGEICEL T, WgEEic
Ko TERMN I NS, Ade DFIV—T"[2]1F, #k X Ki5H
BT T B A A 2 ONEMGSEZ RFINICIIZE L T E Tz,
ZORER, £ OFEEO FF—HEEIcBVT, MiEbD
7 I — L ViFBROEGHBIIENTVS, TTTHEREL

PF NEWS Vol. 32 No. 4 FEB, 2015

RINEESRnT Lk, TxIVF—LEHRE (PCE) &
REE LIS O R A A VA4 X (<10 nm) 1&/hETF
ECEMDMRATERY, TETHB, TDD, 15O
TR RAAL YA R RKEL T EHIDITERT = —/ViL
MZzBIZ>TWA, LIeHh> T, PCE Zig@bE iz
RAA VONEREEIZHSMCENTWVERY, §5AA,

R A A > ONHKEE & WEE IR & OMHBIB IS M
S TWERL,

5, SRR 51F, 1SRV NERREFROH
HERMIHOE X TH 5, —MIc, ARIEEARTIIEITER
MEWTeo, HipkLEhizE e s— Lz 77—y R7
Yy )T W E N 2B L TWVWb, T D)
HTFORBI XV F—1303 eVIRETHH, BiROHAT
FNVF—=KDEEZMCE. T, i Fh5EF—IESL
RT7ANOZEHE, RFP—phEe D R F— /7 7S 2—5
IR = E 7H 7 7t 72— [N = E DR D S
B, Lol TutbAZREEEZENTVS, wZED
Tav A TiE, BTEREFTRVF— (A= ERXTOT
FIVFS) - e FLLFE—=) 1 BRHLTZ—a vl
Wrlibyd, LWOIEZADERTH S, TORED
evidence {3, FERIERIIRE A L OHMICIEOHEEDNH B T
EBITH D, lt, TS [4] (& LR EER O HaHil
FRET B ERRE Uz, T LT, SRR EGERD
FBRERAIEA 300K & 0 K TIEIFEF—H LT3 T &%
R U7, CofiFE, BaDEE7 0t A& 154075
WHOEH L LTHD 2 22 THBC & (HTNiEER

SR AN



o Te~— I AMER CTHfiEd RETHRNT L) ZRLT
Wb, LA LENE, EERINICESN TV EOERER
W () XERMNICITHRT 2 L EN#ETH 5, il
5, —~JOtETFIVTCHROEHZ I L—L, FF
— | 77T Z—=REIC BT B BRI R G U 7z,
B EIEILD 7 —a VR IO ARG, TR
RIIMATE 05 %225 T &R0,

2. BIXIREEMEEE T

R X R BH f8 8% (Scanning Transition X-ray microscope:
STXM) &, @D, % X RRAEEK 0 A Y 375 it BE W 852
TH%, 742777 FYU—0DBL-13A IZ Compact-
STXM[5] MR &1, S MUERE (201352-003 [ EAME
X ARBEMEE (STXM) Z AWz X7 F 7V R OHE
] RE D EB 72 ELTENIBE-> TS, TD
Compact-STXM D i KOFFI, AEEEHMEIcE YR
FEFRHAL, #EEARZ/ Y - BRELUTZRICD D, Rk
BODRICHE & TAEENNTZ Compact-STXM &, FEHOD
Fio TOTIR X FEE & WV S BER 2 HE T B IC T o E
T THoT

ST, MXHRARBIORA ORI, BITROWIE A
N7 FIVOIRK DG EREE « FIRABD ZE [ /) /1 %2 Al
fbkTcE3Cl, ThHhb, kFEE, EVRVGHEEMBIOE
POLRTHD, D, TEIEXLEEEEZRTILET
BB, Lichh->T, R#EKBRIGGHLO X iRz FHATh
&, STXM 72 B RERSAMEN L fEX % T LA RS, DED,
STXM (& -COOH, -CH,, FDZEM5 iz b TE %D
TH%, LbBAA, STXMIEETTLT7T—L ViEEkD
T L TE %, 22T, HALlX, STXM ZFIH
LT, GRERORREMOIETE DR R XA > ONEkhE
ZfRIAG 5 ki Lz,

3. BREER
3-1. S DER

T AV HD Ade D ZIV—T 13 APS DR X K SE M5 7 5K
LT, AREREAGEROIGMEE DR B A A > OB
EE RN, WEHEEO R —fElic iz D7 F—
L VR AINEAL TWAB T LIS LTV, TON
TOWIETIE, APS WL THED, ESRF 2 3o, o
BREETFE ROV TH - T2, 5 OBFZE DOME— DT 551,
T3V F—BEh R (b UT2iGEE O R A A > DN
W&z R TCWiEWETH 5, T 5 Vo T HFUESRA DT, F ik
¥, ()PCE ZRiE(LE Nz B A A > ONEBREE 7 i 4
Tk, FLT, ) FALYONERES & NERER 1%
E OB EZERINICB S MM 5 C &, 2 E BT,
20134FED 10 HKD, T+ 2777 M) —THBEERK
R ER I DR LIS DINE & BHbA LTz, B R & JE &7
L, BE2 ATHEEZFR S AZ S 27— X225 [6] L,
EEOFGE AR LTz 2 BIC B U TR ST TH o,
RIOBEE THE Lz,

T, TPCE Zigl{b & Nz R A A > OIS % i)

PF NEWS Vol. 32 No. 4 FEB, 2015

10

T 51U, REEENEREDO RAA A THKEL
G10nm) HFNEESEV, /L, TABIHEDK
WERZ R > Tz LR TEZ 6 2 8K & 701 F8T2
[poly(9,9-dioctylfluorene-cobithiophene] & PC,BMJ[[6,6]-
phenyl C71-butyric acid methyl ester] 77 7D SR E N5 R
AEIE, 2000C AR T7 Z—)V LT oMM/ M
FHEFE (719 %o PCE X, 7 =— VIREE (T,) & & ISR
MIC 29 %, PEC X, T,=80°C T A (=2.28%) <7
D, T,=150°C T 1.40% £ TIKTd %, T5HIC, T,=240°C
TI&, MR F8T2 fHIK & kL7 PC,,BM FEIKIC 77 9
%o BAaE, WIROHE—5E LT, PCE Zhg(t Uizl
B (T,=80°C) D% R AA > DONERKEE ATz, HER
T—ZOfRFT T, FRHCRE U5l it U7z RS
(T,;=240°C) DR K Wl A7 MLz vz,

3-2. & K IRl BT 2 RIS

Fig. 1(a)-(d) I, e 7 L 72 & (T,=240°C)
D 2 K W I T 350 % 8 X fR I I 6 7% ok 9
(2)282.0 eV ¥ (c)290 eV T & X B W & N7z W Y,
(0)284.6 eV < (d)300 eV TIZBHZ A BIHIE NS, T
DOIAREZ, PC,BM 73T & F8T2 &0 F DI AR kb
DENCKBEDTH B, Fig. 1(e)I1Z, PC,BM ¥ (Gr)
EF8T2 1 (B) DWINART FV 72K, PC,BM
DT TIE, 284.6eV, 285.5¢eV, 286.7 eV IZ VIR AME
MENB, XBOTLIRIIVF—%TT—L ViFBIRRAG DO
4 (=2846eV) ICHDEBZT LICKD, 79—L 2D
R D ZER /34 %2 Al HAL [Fig. 1(b)] T&E %, T ORIIES
TEELTWBDT, BHS WL PC,BM IC, BRI
F8T2 ICMHIET %,
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Figure 1 (a)—(d) STXM images of F8T2/PC,;,BM blend film annealed
at 240°C at (a) 282.0, (b) 284.6, (c) 290.0, and (d) 300.0 eV.
The brightness represents the absorbance at the respective
photon energies. (¢) Carbon K-edge absorption spectra in the
bright and dark regions of (b).
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Figure 2 STXM images of F8T2/PC,;,BM blend film annealed at (a)
40°C and (b) at 150°C at 284.4 eV The brightness represents
the transmission.
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Figure 3 (a) Carbon K-edge spectra (open circles) of the fullerene-rich
region of F8T2/PC,;,BM blend film with ¢, = CA ¢,+ CD
dp. O, and ¢, are the absorption spectra of PC, BM and F8T2,
respectively. (b) Carbon K-edge spectra of the fullerene-poor
region of F8§T2/PC,,BM blend film with ¢,
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Figure 1 Vertical profiles of Cs-137 in gray lowland soil in Koriyama
City in Fukushima collected on April 13,2011 [6].
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Figure 2 Schematic figures of inner-sphere complex of Cs’ (a)
and outer-sphere complex of Ca’* (b) in the interlayer of
vermiculite.

FT magnitude
by
e

Figure 3 Radial structural function (RSF; phase shift uncorrected) of
cesium L-edge EXAFS spectra of hydrated Cs ion in water
(a) and Cs adsorbed on vermiculite (b), on soil in Fukushima
(c), and on sediment in Fukushima (d). Solid lines are spectra
obtained by experiments and dotted lines are fitted spectra by
curve-fitting analysis [8-9].
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Figure 4 RSF of cesium L, edge EXAFS for cesium adsorbed on
vermiculate (a), particulate matters collected from Pripyat
River before (b) and after (c) the removal of organic matter.
The RSF for hydrated cesium ion (d) was also shown [9,15].
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Figure 5 (a) SEM (secondary electron) image of particulate matters

collected from the Pripyat River; (b) Color-coded chemical
composite map, derived from ¢STXM images (blue: C; red:
Al) in the squared area of (a); (c) Carbon K-edge XANES
spectrum in the area designated by yellow broken line in (b)
and that of humid acid (the Suwanee River Humic Acid) as a
reference material [15].
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Abstract

4k, PFOMXIRE —LT A > CERRIEE X HRBEMEE (scanning transmission X-ray microscopy: STXM) 7= HiiHEAFE
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9", Swiss Light Source ® STXM ¥ — L\ < A > PolLux I
— HiiifE£ LC, Bruker %1 70D STXM DHEE il %
DI, FEEOEBICOWTHEAR, BEE, HLn
STXM DFFFHTH D o Tz, RetOFEHEZIV LT M
572D, QB VERFI R T7— 7%, a8 7 N7
AT BT L, @ STXM DB &Y i e,
LENENANEERI TS L TH S,

K11ic, FLDTI8T b STXM (eSTXM) DX
TR, MG EBOEMAICHSEERAY v M EE,
7 FZP DIRFEEIR S & %, FZP IO B R T2 IND =
STXM F¥ > /8%, K2 DX SICIEFICa /8T M7y
AU Frv2)NOHIT, FZP, OSA, itkl, Mitids
ZEOT AR 11 EIOEEE A7 — 0, A4 Y1 XFEE
DT Ly RER—=RIZHH> TWB, WHERAY Y hHhEF ¥
VNE TR —HOICEERIENR, FLHTRIET %, 1M

-
cc

E—LSA VHFEFR <—F—>cSTXM

i HERUYE ;gﬁ@F ke BRLLL
XX _» Q) 'y = | |
[ E" o= 1
B HEER ] sows Osn OBA)

: STXM F >\

ST

1 cSTXM YR DBRIK,

X2 BL-13A ICF&E & 7z cSTXM DY,

R WoEE— LT A Vo T



LAY w kOB 30~50 um T, BEFHEOEEY A
2 BE um) KO ZVSNE WV, DE D E— LGREIXA
XLHATZH, TTTE—LMEOREOFERIZ T
W5, THICEEERZHMNLUTHRE - T 228 T
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B, fiELvoFmAHL, SN SO/ OV KT 2 B
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