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Auger-assisted Electron Transfer from Photoexcited Semiconductor Quantum Dots

(Kyoto University, University of Rochester?) Kim Hyeon-Deuk'. Oleg V. Prezhdo?

We calculate a real-time electron transfer (ET) involving an Auger hole excitation. The
hole excitation accompanies the ET from the quantum dot (QD) to the adsorbed
methylene blue(MB) due to the Auger effect. Strong interaction between an electron and

a hole stems from a quantum confinement effect of the carriers in the nanoscale QD.
The Auger-assisted ET mechanism is

. . . Q o)
supported by direct time-domain ab ° @@g@
initio simulation on a CdSe QD/MB MB o¢e@€ ?
complex. The simulation is performed & ® ® @

using time-domain density functional

; X ,r\
theory combined with nonadiabatic CdssSess %806%@36%00

molecular dynamics. The system b o QK ©
comprises a Cds3Sess QD in contact & é;é) % (8 5 (&)
with the MB molecule. \"%OCOO

Photo-excitation promotes an electron

from the QD HOMO to the QD LUMO, leaving a hole in the HOMO orbital. In
traditional ET, nuclear vibrational motions accommodate the excess energy lost by the
electron, as it moves from the donor to the acceptor species. In the current case,
quantum confinement of the charge carriers in the QD enhances their Coulomb
interaction, allowing effective electron-hole energy exchange of Auger-type, and
opening up an alternative pathway for the energy flow. The energy lost by the electron is
taken up by the hole, which is promoted from the HOMO to lower energy VB orbitals
of the QD.

During ET, the electron energy decreases on a picosecond timescale, in agreement with
the experimental data. At the initial stage the energy lost by the electron is gained
exclusively by the hole, confirming the proposed Auger-assisted ET mechanism. The
ET rate varies little along the donor-acceptor energy gap and reaches a plateau at the
high energy gap. If the ET followed the Marcus theory, the rates would have changed by
two orders for the high energy range. The ab initio results confirm that the Auger
excitation of the hole eliminates the Marcus inverted region, suggesting efficient ET
over wide energy range.

The maximum energy reached by the hole during the ET correlates with the energy



gap. The more energy the electron loses, the higher maximum energy the hole gains.
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Bond-selective single molecular imaging by plasmon-enhanced Raman scattering
(OUJY, IMS?, GUAS?) T. Yasuike!, K. Nobusada??3
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7 A ENHRE) ) 5 OFHEIC K > TRFHDIRE 7 7 X VIIRIGER T % £EZ2 6N Tw5, F
1277 RE v DI GGIRE R, FKiME 7 < ~ (Surface-enhanced Raman scattering, SERS)
THANIBHI N, BTtz iiic s 2% 82 0AMEICEREPEE > T 5 (1), FERJET
B S HETH 2 &L 5 BBIE7 7 A5 —ICBWTH, 77 XEVISHIET 2 iEIREOF
TEPHS T 5 2], TOREANDEEMGFE— X~ MIFL L REL, MO KD SR
WDIZEAEDBETFVZ OIS T2 L3N T 05 [3). mlfxld, ZOX)IREEI 7 A
F =W L7 D7 < VEELDS, TR VIIIRIC K> THEHIN S L2 RWiEL, 2ok
WEDBMERZSONTE T 7 XE VWEEFE OULHISIC X 2 Wmsh R & 13587 > T 5 Rl % 7
L CTE7 [4,5]. AWFETIX, Aug 7 7 A ¥ — & Pyrazine (C4HyNo) B FOEARICEB VT, 7
FAEVIRIZFVE —EHETORELE 7 E LTD 77 R VIR T 2 VEIRIZOWT, (i)
WTHES; I K 2 R, (i) 77 X' vIihiic X 2 EHES) & o FIREIOHBI & v ) 2 DBl
S R O T 2B 217 ). £, BE ORI 5 B S RENE — FIRAF L 7c A X —
CYTTHEICOBTHHERT .

(77 XEVIBEI Y VEELEEES) X 1128 L 72D, Pyrazine 8 & U8 Pyrazine-Aug 7 7
A —ERD IV AR PV TH S, KHFD Pyr i Pyrazine 77 - D, Pyr-Aug(fully-
coupled) IFEARD AT bV ThH %, Pyr-Aug(fully-coupled) IF Aug D 77 A€ Vil (2.88eV)
WEFEIS 22 260 C, 2R D coupled-perturbed

Kohn-Sham AfEXZE Z itk > TRk 7, ) 108 <«— Pyr-Aug
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(BEFEHEHFIRBOBEBICEDIEEANZXL  E—REKFY] FEBMET < v BELO R EE
V3 T PEURAT o Wik R D FEHEIR B o I HEB L, T

B Z AL 22 BATIZOWTA T LK) IcHEEHET I & 1539 cm-

NWTE 5. gf’
80(,2,2(0&)) w w ! A '\ =
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The high-sensitive detection of various myoglobin derivatives by using
surface-enhanced resonance Raman spectroscopy (SERRS)

(Kwansei Gakuin Univ.) (OMasatoshi Egashira, Toshiaki Suzuki,
Yukihiro Ozaki

(7] &R 7 ~ U #EL (SERS) EIL. @F T/ MGG OfmES 2 MW T 7 ~ Ui
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W5, £z, O FIEADEEBICRINA RS 8T < VR A W e RE RIS 7
< UHELSERRS) b #HIfF T& 5, AHFFETILISERSIEZ W TH 2 IREED I A7 0 B U3
BROSERRSA~Z MEZRPEL, EOEWEFHT,

[328r] sfligko i A v aFEik L LC0.2mMICHR L7=Mb-H01RE & . & DOEIZ1000
B EDONaF£Z Mz % = & TMb-FIRIK %2 Wl L7, 723l f% 2 v ik & L TMb-H:0
EIRIZ50H8 &D A I ¥ —/L & NaNs% 2 Mb-Im & Mb-Nsl&iR 2 il L=,

BT an A RO I Lee-Meiselit (7 = U FgRiETiE) 2 W TIT o 72[1], 7.
R anA RoHiR, KA 7 0 U iFa KRR, K O%ER & L T100 mMONaCl
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i % W TSERRS 227 ML HIE L=,
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RSAXRZ MV &[K11Z7x7, RRSA~Z | ’
MZBWTIE, AV REE RS~ — T —

NV RITEA Y U FHERGR)TIE1610 ecm?
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Particle size distribution analysis for dense system by

dynamic light scattering microscope
(The Institute for Solid State Physics) Takashi Hiroi, Mitsuhiro Shibayama
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B TRRSS A REROYIE 2B 2% £, ko
PRSI D EERERO D> THDLH, ZOHHERD
HFEE L TROESH BTV D FIEN, BIREEELE
(Dynamic Light Scattering, ')A T DLS) TH 5, #FD
DLS i%, RBRE T ORKIC L —F—2 BRI L, &ENs 0
BRELYEBR B O RERIAE B O REFE-XI< 1(0) I(7) >r = gP(@% 4
BG4 5 (K1) . WP OR125 Brown E#j L T\ 5 2
&R LT, Z OB RS EEICEERET 5, £ LT,
ZDOWEDEE NG, KA DILEARE D DA% KD 5 2
ENRTED, 51T, Stokes-Einstein D% U THLRAR
B B RIFPE Ry DA EMT D52 LR TED, 2D X 1. 72 DLS
INTHEICHRR A ENET HZ &N TEH DLS THD
N, HERIGHTE e, FERIJEATE 20, RIS MIENR, 72 Ekkx 72
M Z Rz T\ 5,

AWFFETIE, MBI P CDLS #IET 52 LTI bOREZ —FEEICfRR LT,
Z ORI, FRRAEBIREOMMIIRIEAZFIH LT, #7026 O Rayleigh BELYE &
ST SO O & FRATRIC 0 BT 2 2 ST B LT,

///*%ﬂ%ﬁD
Hi1Z R,

>t

[5£5r]

AaBUE L2358 2 X 2 1R T, AGDBIZBEE Toxt L X CTREHT RS L,
ZINOHTEEBTHELZ R —O% L o XTHEN L, gy (T AT vz
4+ NZAF—FK (APD) &A— bzl Lb—&—) ~&E\W, WESORFERERD L
NV R —VZE L, ZEBELCEmR ST 72 L BB OB S LD ORELDEE
HREZR PRV BRZE LT, BBHAIKRIZ. A=V AT A RHT AL HRX—=HTF A TE AL,
ZONFREIC LV 1EKkD DLS O#MGHATE (— 2356 100 um) & Hlg LT, %
BA/ NS OB ARE (3230 1 um) ZEERT D 2 EICRBIL, EkBENE
Kol Z L THRWIRINDO S HWEICX LTS DLS ZHliETE 5 LI oT,

AEHE LT, RIEPIIEESNTWARY AF Lo B—X%& -,
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Chiral Ag triangular nanoplate synthesized by
protectant-substitution reaction

(Chuo Univ.) oNaoki Nishida, Yasuhiro Kojima and Hideki Tanaka

[F] AELFRtEE b OB 2R Hd, PR ITER R FEREZRERT 5 2 L biE
HEnTWb, —Fh, =)/ 7L — MI—o0&BiENmNRKE < BEH LIZBIREE - T
BY.F T — b~OREAKEENL T OWAEIZR L CUERIRBL 7 L 1382 20 R0 HIFF T & 5,
LIRT, Fx TR =MATET ) 7L — R ERFENED FDO—DTHL I NI TFF o it bEd 2
LIk T, ZART ) T — NMIEAER 2 OORE T T XTI RICHIGET 5025 R
ML72[1), LinL, ZAZFA T L EFHOSEBEMEER (LK) Lok, SHgBfRE RO M
R EHCTHREET 5 2 E PR FIEEORBUEEZ B 2 2 ETHEEN D, £ 2 TR TIL,
WA ) T — 2 2MEOX T L= F I (D-IL-Pen) EfHINT25Z kv, $itg
BMRZFF O FIEHER = AT 7L — O ERA, ZORFNFRMEOFMEIT - T2,

[32B2] fERERE AR Y B =L R U K> (PVP) O X ) — LIEKIC, BEIEKRT 72k b
AR AT ) Z LIk - T REART ) 7L — 25722, ZOBRIC, S
&5 D-1 L < I3 L-Pen OIKEEHR 2 N 2 F1#E: UTe, 15 O AV AL Rl % A A i Al o 1 A ST (STEM)
BIEL, RO AR A =7 SV, MRS bk

(CD) A~ MVHIE, X BOEFEF3 K (XPS) ——
HE 24T VE-I L 7=,

[ & &3] X 112 Ag:D-Pen DI A~ 1
R VIE O R A 7597, 350 nm AT IS Sy ik
e —2 & 400nm LA DO RAZHIT TT r—
R7ZRRIN S B LTz, 26 OWIN X = AT
)T — MNEE DT T XTI R T
Do 2B D Pen fHINEISIZ L » TH = A
IZZF DR ZER S TNDZ ENbhol=, &5
\Z[7 1 DA K= Ag:D-Pen 0 STEM 4 %779, 02L— - . . . . .
STEM B % /.5 & JRIRDIZITIE=ATEO = 300 400 500 ~ 600 700
T/ R BARRT LB, = DT Pen N Wavelength /nm
BUGHTD, PVP R =FAET /) 7 L— DI 1. Ag:D-Pen D UIL A2 kL & STEM 4

100 nm

o
o))

Absorbance




WEIRIER U TH D, ZD STEM 4 LY Pen 10
FIGIZ > TH ZARIEZOFIREHE > TN D
Rl

212 Ag:D-Pen ® CD A7 kL% 7R7, 350
nm {3 & 400nm LA DR T, B A MCHIE B
RiZH D3y F RN RTINS, 2O EH
WX/, v — DT T XE AN RITEL—
BHLTWD, ZOZ b, RESTHAMLE
etk THEREINEARAFERND T, T —
FAICAELTEEEBZ DD, F1o. BigBREFr
D ENDL, ST L— FEREICEE L TWD5
FTOXT VT I L THERIND AFEBIRN
REEL, 75 REHEKD 2 v ~ 2R o Kl
FRINTEHEESND,

CD signal
4
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Wavelength / nm

2. Ag.D-/L-Pen ® CD A~7 k)L

3 IZ Ag:D-Pen ® XPS A7 RV ZIRT, SUSHID PVP fri)/ 7' L— FTld Ag3d Dif
BT RF—T 3675 eV IZHR LN TWDEMN[2]. AEID Ag:D-Pen d Ag 3d OFEA = R/F—I%
3682 eV IR b7, ZOMAET XN X —IT&BBRIIHISTHZ &b, =AKF/ FL—FD
PVP MM Z EWEZBND, SHIT, S2p AT LT, FH= R F—03162.1 eV IZ
BHIENTWD, ZOMEZRLX—IT Pen 31 NOD S-H GG LIXRARD, S-Ag e & —EL
TW5, ZOZ LMD, Pen 731 S-HFEGHEIIL, S & ARG LTWNWDZ &R nhoTe, Z
oD XPS OFERMNS, ZfAT ) 71— D PVP b Pen ~DEBEWNIGNBE-EE 2 BN

50

[1] N. Nishida, Y. Kojima, H. Tanaka, Chem. Lett., 41 (2012) 926.
[2] H. Murayama, N. Hashimoto, H. Tanaka, Chem. Phys. Lett., 482 (2009) 291.
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Molecular nanotubes containing four anthracene rings:
water-solubilization and fluorescent properties
(Chem. Res. Lab., Tokyo Tech) OKeita Hagiwara, Michito Yoshizawa, Munetaka Akita

Bl ZHETIC, EARMEREKEN B D KRER S FRREZ S BE SN TN D, B2,
7 aT XA RN AIKBEEDOFR A Ny LTHEEEL, flix D7 A My ONENFAEET
D, LnL7enb, AANBEOBKEITEN, —JF, BFTIEIBEFERO LN DD KER
W TFREATHIFES L. TN O IR RRFEMEZ AT 2 0KEMEZ RS BN 2D, KRR b
DT ELTORAEFELNATWS, BAIXZINETIZL4D2OT VNI VEREZ 7 =L
BEIRmbE 7=V I Ko THFE LIS/ Fa—7 10K LN, T
22— 7 1L X B EAETIC L 0 FERCHENT Lon A ROWNHZEREZRETHZ &
FHPEIZ LIV BEETTT U P TV RICHERT 2OV FAIOGEET LI EAH LN LR
ol AWIETIX, 7/ F=2—7 1 OWREREZ Bfa L T, BERELUSTO 1 OER &S
BRI (R ARR— M) OBANCLDKENT /) Fa—T7OMELAEE Lz (K1),
HEBEOHN GRS 1 OEHZBKIENE S Z & TKREEZ M LS, R A2 fERF L
RIS D N2 &2 R RIH T&E 2 & B 2T,

(R = -CH,CH,CH,S0;")
K1 ot/ F=a2—7108EELOFEIC L D REiEE
[F=Br - 55 - 2] £9°. BOS T/ Fa—7 1 OFIERAK2 28 K-EH 72Xy
TV T RISZ L0 AR LTz, RIZ, MEBERERICRERDO A P ATFNVEEEALT,
2 O Ni(cod), itz W= ARED v 7V U TROGMZ E D 3 7 F a—T 25 LT, &&IZHh
HEREEZBAMNDO Z VR Rr— MECEHBT 22 LT, BB 1 OAKREEKR LT, 1T



JFa—71 OWHEIX, NMR B LT ESITOF MS (2 X » THRE LT,

1) sARhyFU S

OMe
1) KEAYTU S
>$f0 O Ni(cod
Pﬁgch:rc‘)sg4 Q 2,2 ;Jg;/rl)glne
Eﬁ‘é&giﬁ 2)E abgwiﬁ
MeO @O BBr, HCI
3) 1%&5%]\ 3) BUKEZA

~o™cl 1,34 propane sultone
Cs,CO3

RO (R =-CH,0OCH,)

M2 KEMEF2—7108KE %20 1HNMR 227 kL (400 MHz, r.t.)

THNMR TiE, BAZ ) —/LZBWT1IZHERT 2 7 F AR EERS L ORENREEkIC
vy =Bl s, ZOF2—TFNEIC8 DDA AN E RO ORI L, &
KHTOHNMR TIEEERICT a— Ry 7 FAnGoini, £, 1 O TR A
N7 MLVTEH, KBEXOAZ ) =L HTT U b TR UVERD - BB H KT 2 W UH A
330-430 nm (B STz, —F, 1 DEIEART ML TEAZ ) —/AHT 432nm, KT
437 nm (IR EG T 2HAERBR STz, 1 O EFICRIZ, A%/ —LBLW
KPP TENEN 59% & 32% T, HEAYIRW M2~ Lz,

l 1 (MeOH)
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1. Introduction

Since the pioneering work of Gratzel and coworkers in 1991, the dye sensitized solar cells (DSSCs)
have attracted remarkable attention due to their promise for low-cost photovoltaics [1]. It has often
been documented that one of the most critical elements in DSSCs is a compact thin film of
mesoporous TiO, nanoparticles on a conducting substrate [2]. The light harvesting efficiency of
DSSCs depends crucially on the crystalline phase, particle size, and surface area of TiO, nanoparticles.
Moreover, morphology and porosity of TiO, films have a direct influence on the efficiency. Herein,
we systematically studied the multilayered TiO, electrodes made of P90 and P25 nanoparticles,
commercially available from Tegsa Inc. Manipulating the structure of the TiO, films have led to an
appreciable improvement in the DSSC performance.

2.Experiment
Anatase phase Titania powders of two types, AEROXIDE® TiO, P25 and VP TiO, P90 were provided
from Japan Aerosil Inc. Fluoprine-doped SnO, glass (FTO, 15 Q/square) and Pt paste (Pt catalyst
T/SP) were purchased from Solaronix SA. Paste containing P25 and P90 was prepared by a bead-mill
method from TiO, powder, citric acid, ethylene glycol, a-Terpineol, ethanol and distilled water. The
P25 and P90 paste was opaque or semi-transparent, respectively. The TiO, paste was coated onto FTO
substrates by doctor-blading method, and then sintered at 500 °C for 30 min. In order to ensure the
good light reflection effect, coating the P90 paste as the bottom layer was followed by deposition of
the P25 nanoparticles as the middle layer, and by that of the submicroparticles ~ 400 nm in diameter
as the top layers. The mesoporous TiO, photoelectrodes were preheated at 120 °C for 30 min; after
cooling down, the electrodes were washed with ethanol to remove the remaining small glass
fragments. Afterwards, they were immersed in a 0.35 mM N-719 solution in acetonitrile and t-butyl
alcohol for 24 h at room temperature to allow complete dye adsorption. After taking them out, the
excess of dye molecules on the electrodes were washed away by acetonitrile for several times, and
then the electrodes were dried with a hair dryer. A Surlyn film 25 pm thick was applied between the
photoelectrode and a counter electrode (a platinum-sputtered FTO glass). The cell was sealed by
heating at 125 °C. The electrolyte solution was composed of 0.1 M Lil, 0.05 M 1,, 0.5 M 1-propyl-3-
methylimidazolium iodide, 0.1 M GNCS, and 0.3 M 4-tert-butylpyridine in acetonitrile.

The active area of cells is 0.25 cm?® The photocurrent-voltage (I-V) characteristic curves were
measured by Keithley 2420 under AM1.5G illumination. The morphology of TiO, film was observed
by using a field emission scanning electron microscope (FESEM; JEOL Ltd , JSM-6700F).

3. Results and discussion
Large nanoparticles in a bottom region close to the FTO surface would bring about an unwanted back
scattering of light and thus prevents the light from penetrating to dye molecules in a middle and top
regions. To minimize light loss due to such a back scattering, smaller nanoparticles should be placed
in the bottom region near the FTO surface. Layer of the larger particles were then loaded onto that of
the smaller nanoparicles. The FESEM images of the top and cross sectional views of the layers of
TiO, nanoparticles were shown in Figs. 1(a)—(d). It is apparent from these images that average particle
size of P90 is smaller than that of P25.
With the same film thickness the photovoltaic performance of DSSCs is better for P90 than for
P25. This is because smaller nanoparticles having higher specific surface area can adsorb greater
amount of dye molecules leading to higher photocurrent and higher external quantum yield.
Therefore, the P90 TiO, layer in the bottom region absorbs more incident light and produce



higher photocurrent. And also there is
negligible back scattering effect at the
P90 film. The remaining light that have
escaped from photoabsorption by dye
molecules is transmitted to the upper
layers without any loss owing to light
scattering or reflection at the boundaries
of the nanoparticles. This facilitates
effective light absorption of dye
molecules in the middle and top region.
On the other hand, smaller particles size
of P90 makes it easy to recapture the
reflected or back scattering light from
the top scattering layer [3]. The
hierarchical structure of the three
different type of TiO, made the best use

of the incident light to realize high Figure 1. Images of FESEM. The top views of
energy conversion efficiency. single-layered TiO, films prepared with (a) P25 and

We found that the DSSCs with (b) P90 nanoparticles. (c) Top view of the light
high energy conversion efficiency can reflection layer made of 400-nm submicroparticles.
be achieved by stacking the smallest (d) The cross sectional view of the triple-layered
P90 particles at the bottom and the structure of TiO, piled on an FTO electrode.

largest 400-nm particles at the top. The

photovoltaic parameters of the DSSCs

fabricated in such a manner are summarized in Table 1. DSSCs with 400-nm particles at the top layer
above P25 have shown the highest efficiency. In summary, setting smaller particle size P90 in the
bottom layer followed by a bit larger nanoparticle P25, together with the top layer of light-reflection
400-nm particles, has turned out to be the best arrangement for achieving higher solar efficiency.

Table 1. Summary of the results of photovoltaic measurements of DSSCs with multi-
layered structures: P90 in the bottom, P25 in the middle, and 400-nm particles at the top
as the light reflection layer (LRL).

TiO, Jsc (MA/cm?) Ve (V) Fill factor | Efficiency
Particles (%)
P90 11.8 0.74 0.72 6.40
P25 12.4 0.67 0.70 5.85
P90+P25 17.21 0.71 0.70 8.55
P90+400nm 18.32 0.73 0.71 9.50
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