3L10

ERERDERLARY FMILOERMR  nHEEAOZERICKIREABEDR L

OH#ERz, EHHAKES, Hui Shang, HEE—#E Tienan Jin, XREE#H, LAZEA
Kanagasekaran Thangavel, T&F#, MMHE BDiEHKS
EAL K WPI-AIMR
hiroyuki @wpi-aimr.tohoku.ac.jp

AEESL LSOO RA—DOERER LD =HIZIE,
AMEROERRBEELRADEZRBICALS
FEIBENH D, tHEDFOHEEERD/NY X
TJH#ZFRIZT B EEMBBENM LT 5 RE. XIER
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CeOe filitiT =~ U VIEDKFNZ L D7 I MESISIZIB W CHRE R M2 R34, OH T
BHAAT 2 KF SOt Tl B M1 2-cyanopyridine(PL F 2CNPy) & ¥ 4-cyanopyridine(LL
FACNPY) OSB3 HEFITH D, L L., CeOsfillllz 5 & SUSHEN RS 5, Z OB FF

T EREE SRR L VWD Z ENERTREBINT, o, ZOMIG TIIFRmBRFE K
B & OCTEMEICHBEN & 5, T ARG L TRDEREE L AR L 72 OH 03 KF0 O 2B 5
THDETHINDID, TOFMIIAHTH D, £ 2T, JSiEEE TR IS Ce02(110)
F1H % AW T, CNPy O 5 #1502 1 OH KD KOst 7p & % 5 BE LS A3 CIFZE L 7=,

FHE T r 77 A Quantum Espresso @ PWsef # 7z, FEmiEFLEO DFT G5 Tl
AR T 3 v WIZ Vanderbilt @ ultrasoft 2 #:H L 7=, CeO: (110)HE 21 6 7@ 5 fot
52X 2FEHAT T Z FVv, HZ2EIT 14 AL L=, WL PBE, 7L k A
Monkhorst-Pack @ 2X2X1 #fH L. 1.5eV & Hubbard U f ¢ DFT+U & 217 >72, %
BTN F—DEFHIL Ea=E (IR —E (GER)E L, IEOMENLERWSE ZR7,

HE LR EDOHAERAZRRLT-DIZ, K oy
faD> 720 Ce02(110)F M @ Ce JR7- 12 4CNPy
¥ LU 2CNPy & Wog S8 O R b L7z,
Fig. 1 {2 E R B R &, WE T LV F —Eaa
%59, 4CNPy 38U P UBO N THRFELE
iGN RZE T, CN EARE GRS Tl gl ) - B . i
L%, 2CNPy (I CN EDO N LU DUBED  (a)En=074 (b)E;d-o48 (0)En=0.74
N O =Tl L, CN g & oV Vs & Fig.1 CeO2(110)E~® 4CNPy(a,b),2CNPy M
72T, AKOFREEN E ClI S OH EAFEHEIZ 0 55 HE LIRS T L —
RS2 DT, Kili &ty CN EOREED 23K HE OH J& & fUS LTV, Liehi- T,
ZDOWENEE LD Z LD CeO DT R RO R L 70D Z L 2R LTV D,

BOSE DAXIE KM A R CiEBEL . Fig.2 (TR & 9 1c&mi
L CHEEEALA(A) & AR B) O 2 o FKm OH &2 BT 5,
Inboo b, BwE OH KoM ETRE» D 0.8A LH L, BT
JEFERT DR & OFEE AT OH KL V5 N2 EnibhoTz, L
723> C, E OH D F /KRS 595,

i OH BT % Ce JR - OMEIREIX55< 72 b, £ T,
$2 Ce i LT 2CNPy N AR AE TE L0 E ) hadE LT, ;
DR, WE T R X —IRMEO R NER ETORE LY 0.03 eV >"’@’< >'@“’d
K& pol=, Zhid, £ OH EOERIZE > T, AWEICH ~ [oon i
VBB IED Ce MM O 720 Tl 5, VSEPR iz kg, Fig2, BFRXIC
=k U L(CN) & £ 5 (Ce) DiEA 1L C-N-Ce 2NEMG LIZIFSE LW,

OH RARKIC L > TH Y= Ce JE+ ETlX, C-N-Ce fEBIZBIT DFEAADP KO 72 WEE T

DOWERIEL Y L, TORRKE., HEAEINc X s5658E2, OH EEKIZL S Ce ]

FDOERIRE IR L 2 EE BT Ip o T, 2D X 5 ITHEEE L 72 kN3 LT 2CNPy
TR EREE AR & DT Ce R HEEBEIC /2 D 2 & DY CeOs i DFEtE &N 2. 5,
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Understanding the adsorption mechanism of organic molecules on inorganic semiconductors is a
process of paramount relevance to control functions in organic-inorganic materials. We have here
comprehensively investigated, by means of density functional theory, the adsorption structure and the
energetic stability of aliphatic and aromatic diols on the most stable (101) anatase TiO, surface using
ethylene glycol, 1,2-n-decanediol, and catechol.

Our calculations clearly show that the non-dissociative bidentate adsorption is more stable than the
dissociative one for both the aliphatic diol, both at low and high coverage conditions, result far
different from many other chemical anchor cases for which the dissociative mechanism usually
prevails. On the other hand, for catechol the dissociative bidentate is the most stable at low coverage
conditions, whereas, surprisingly, increasing the coverage with catechol makes the non-dissociative
mechanism the most stable one, revealing the possible coexistence of a dissociative and
non-dissociative anchoring at high coverage.

Here we unraveled a variety of adsorption fashions of the diol compounds in conjunction with the
impact of the coverage effect, highly dependent on the nature of the lateral chain of the anchor group.
This direct comparison between the three diols reveals that on the basis of a pure thermodynamical
analysis the molecule of 1,2-decanediol may act as a better anchor group, as a consequence of the less
rigid structure associated with the aliphatic C sp® hybridization, with possible great improvements in
DSSC and in other photovoltaics oriented applications.
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[FFam]

B RESURFEORRIZL - T, B & BRI O MY R BN RS> 25D,
AR CIE, 7v#ER—7L1= TiOz2 (FTO)% GGA+U {ETHZELT-, ZOWE L. B S EHC 25
AREMEA S O, BERTIEFvUTIEMERMN 20 - 30%FEEICRE FoTWD, FB At Ik T,
TiOF2 fH2N B AT 5[1],

[(HFEF1E]
GGA #43121% PBE AUULEA% A £: I L. Hubbard +U /35 A—%% Ti 3d, O 2p, F 2p L+ Eh

WA Tz, U RTA—=H1%, —#&{t Koopmans & (generalized Koopmans' Theorem ; gKT)% 5
FHIREL, FEERRFOAT AT RNF —b B Z LT, BBFERERA T v HFZN—T7 (Fo) B LOTF
2B (Fr) a2 BB L B O EIREBIZOWTHEEZITo7, O/F 28 cis il & %6 > TiOF: it A
L.FTO LHH=RAF—Z LT, 7=F v aficks=r et — AHEFOH BT RLE—,
TSR TR DAL REBICE D F M hat — 2B B LT, & T IREIOEEIL, 7 /AT &
BlL7-,

K3

FTO % Tix, FR—/ XU MBS 2 Ti I E e
AT 1), IREM O HBIL, #1EHC+U /T4
— X KT EIIHUE TH-oT-, Fo—Titt+e & Fo—Tis+Ik
REDOER TR NX —Z ik T 5L, 7o VIEMDMRE R T
GO TNITEN0.1eV BE)HDHEEIC, EHHIENAEL
BHZENDISTZ,
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BB EOK L, 74 —1F TiO2z T® Burstein—
Moss ¥ 7 aflAabt, MHRET VIBEELITo72, 3%
FTO BXU 6% FTO (ZxfL, T =300K 8L T = 800K T
DF XV TIEMEAL R | HEH T FI Lo TRO T, ZORER,
FBRAEN I 2 v U T iEME LR 10.0% — 31.56% 23 %541
72 3% FTO. 6% FTO. TiO2, TiOF2 ® H = x /L ¥ —% [t
B DL, FERAE RIS T IR - FE 3R 53 C FTO M4 E

&fcﬁf)fj:o)@\ %E@$¥£T5i<iﬁ%§%§ﬁ%'@%flo 1 a) FO*%JHE:J%*@TE Lf:%%@%ﬁ%
DT 0.03A9), b) ®IEd B EFIR
[ k] HBE, c)a)kd bt 2 A, /N—

. . . v bid Bader BATENTIC L HE ALY
[1] S. Mohri, Y. Hirose, S. Nakao, Y. Yamada, T. Shimada, T. o L— o oK. LA DR B

Hasegawa, J. Appl. Phys. 111, 093528 (2012). L HHEE T S (Fob).,
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[F] AL EER =FHIAL EOSy 1R DOE AL & & R8T D8 5 7 (D
TN DF— JRBRH FEL ST H S C0D, S5 70 KO F R IIAE A WA AH
AAEREAE VHLEF AR THY, ZNENEE—RBI O ROEEL THND, Fx X D 7
VDAL HEIE(DC T WD RS R R kL LT 7 UK CASSCF/MRMP2 #5442
R, e Do~ TE[1],

Figure 1 ZEITRTEEEEEN T AR ATRFZFLYL 3 O D TV ANRMUO a7 3HEAR
1,2 L RESERY | HIFE R BE IZHNLZENHALNIISN TN D[2-4], 1-3D D ?yywéir
HI%. Misochko H12k5 DFT #HHEOHAE 2355 73[4].

EF R OEFIEHER SN TRV, Fox i3, FAb N 4 X=F
LACED D TV T A BRI RIZONT X | N X ; §f2 5 X=_Cl
REANTHABI=0, 13 BECRESEEADY Y oA PNGL 3 X=8r 3;‘:,5
BT =LA 4T DD TV VEEE ab initio

EIZEVIToT, Figure 1. qu:%fiT%ka’

[FHE &M )5 15, 1-313 UHCTH/407/6-31G*1%: T, 4713 UHCTH/407/Sapporo-DZP-2012
IE RS AL AT 72, D T YL DAY - A WARFIE(DSS 7). CASSCF V£T,
D*° 7/ F AT VR CASSCF/MRMP2 {5 TRt L7-, CASSCF FHREICHIT DRI ST
1-3 TiX cc-pVDZ %, 4-7 TlL Sapporo-DZP-2012 % i\ 7=, CASSCF DOiEM:Z=/i%, 1-3 TiX
(20e,160), 4-7 TliL(12¢,100)& L7z,

[#ER &£ &%) Table 112, 1-3 ® D T/ VRS RE /R, DC FHHEEITFEBREE 15%LL T

DFAFETHIRL TS, IENCERESNZ DFT FHE T, 3 @ DX HOME T 51ZIE THHI,
Fox ODFHFETITALARY, DFTEOR REITEMAIC RS, AFHHEIZED, BV ol U JF A 0DiE
Al CX FEAFT MmO DX TNz A ST NS 7 M TAEBDNHY, ZDO~AF A7 NI
\CHEERA 5523 DEhEREEIX, BEBOINLE X HalttEd SOMO ~D Fhkd /N R E O L&
HEIRBETHDZEND DT, NOF U RADEANICLD DR TN D~ AF AL T NE, FEE = E
H7 2= )V AR A-TITHOWTHRERS AL, NI AR 1-3 LREE, a7 Ui 1O INSL &%
Btk SOMO ~D bt 1285 —BHEERENEE LT HAEL TWDHIEDN 5T,

Table 1. 1-3 DEREH 535235 A—% D (D = Dz, — (Dyx + Dyy)/2) D EHEfE 3 L OVEB i

Molecule D%/cm™* D°%/cm™ D%5*%/cm™* ID(Exptl)/cm™ D ppge/cm
1 -0.1035 -0.0124 -0.1159 0.1018% -0.0071
2 -0.1011 +0.0065 -0.1055 0.10198 +0.013™
3 -0.1019 -0.2537 -0.2539 0.297 +0.194M
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369-373. (b) Sugisaki, K.; Toyota, K.; Sato, K.; Shiomi, D.; Kitagawa, M.; Takui, T. In EPR of Free Radicals in
Solids I, 2nd Edition, Springer: Chapter 8, pp. 363-392., and references therein.
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