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Structure dependence on thermal transport properties
of organic inorganic perovskites

(Graduate School of Engineering, the University of Tokyo)
oTomoyuki Hata, Giorgi Giacomo, and Koichi Yamashita
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I, ARERES RO VEEMENER ZHED TWDH[]. ZhbDMEHE, EF0F
FELMERLOOb, B2 FRENOARS TFOEMEICBRSE D720, BELEME
DF N7 E LTRSS TV D, BHRNEDO EROTDIZIE, HEE T OGN BVRE R
PICH 2 DB 2 EENICTHET 2 LERH Y, FRICEAREON v 7Y v 7 LB & O
FIREZ TR, M2 2 0Nk TWD. AFETIE, AEEHK o 7 A b A MEEE
RRICAMREREFHE L, EAME IR 2 B=ERME OMEMRIAZ2 B 5.

ARREREIZ R T 2 BB R OFmITIX, FERFIREICEG RO v 7 72 EE LD
D, RBMERRZN L7+ /) M8 2 BT 20ENDH LS. ZOREITERE 3 2 MR
Rz, —B L7~ RENED fVIERECH 5. BIETIE, RS T8 )R
BN Eon-ME L SR hehb—=v7%vy b LT, 74T 4271280
TG AR T 2 FIEPREZSNTWAR]. ZOFER, R X SoREE R+ 25—
37, DD RA DMK EEEZ I Z ST O Taylor R Tl STV A 720, KIaeE#, S
72 EORER TR L T IETE RNV E WO ER S H. AR T, ZOFEEZNETH
HR CORBITEEL, #EROBSERGFHEITHTT 2.

VAL AWM VN7

T4 T4 ITRRERDEMNG AT HI2HT-Y, OPLS 15314 EITILEZ1T -
72. OPLS J¥;TlE, #itR, oM, “HAOKMEERICHL, AT oy L aEH D
BT TWDER, ERMEOEY IALDIZD, TNOLOEEFEKETERT L. ZOK, £h
ENOHEERBORAZRTIZOWTHEET 5. AR eXE L TIoRd. 22T, r, 60, @
IEEREEER, o,y IETFERIZONWTDONRTA—F =52 LTND.

Etotal = Epong + Eangle + Eginedral + Evaw + Ecoulomb

=D Dalr-reg)+ ) (Zﬁf(e ~ Oeq)' + B' (11 = 1 q + 2 = Fz.0q) (6 = Beq) + B" (11 = I q) (12 - rz,eq))

bond i angle

(1)

i

+ Z ( Z VI(COS¢)i + VI (91 - 91,eq + 62 - 62,eq) + V" (I’1 - r1,eq) (rZ - r2,eq) (I’3 - r3,eq) + EvdW + ECoqumb

dihedral \i=1,5




74 9T 47 FEORR%

WFEDT 4 v T 4 7 FETHE, BREHENOH/ONTEEL IO NI V=27 MY —
ZHWT, HZOWTOBMEFEXEZNLT, NI A—F—%BBEIFCLVRETS. BIF
IHTEAT OB, Eq. (1)@ Coulomb MIZIE, &I DOEME B CIHBBENIFET D720, Z
NHEEDEBRBRIZEZITH Z LIXTE V. SEIIERERIIEEZ ST 5720, FRFOE
fif % Voronoi BAENTICE DV HOMNUDIREL, BMEEEDO TP =7 P —HaFREL
7= Coulomb fHEAERH %Z, /HHOFNF7 =7 MU —hbEZ LSV (Fig. D).

EFEOFEZE VT, methylammonium lead iodide <2 7" A 1 A MZOWT D N EAER L
2. 2O, 7 L= AD IPb-1FAADRT v v VRIEFICD D L, 7 A My & D Coulomb
INZXVFEEAN/NEL 720 X HREDE & 72(Fig. I). £ D728, OPLS NHIZEBWTEH 4
VB2 A DL CORHEE LTV 5 van der Waals /75° Coulomb 7%, %5 3 i LI CTEE
THRIEEEZIToT-.

ab initio MD Voronoi charge analysis
‘ ! v
Pre force Coordinate .
. . Atomic charge
trajectory trajectory

L Coulomb force trajectory

b L

Force trajectory Trial trajectory N
(Objective) (Predictor) »  Parameter set
Figure I. J13,7 4 v 7 4 ¥ /D7 m—F v — | Figure II. 4% L 7= &4
et ML oL

VERS L= 12 T, 1B hFHE 21T - 7-. E)JE X, Nose-Hoover ZUg % FH\ T 250
K IZfRD. BLEMTH HIEST LD 8 conventional cell units 2 VT, B AT v~ 7 05fs, 5
ps DFHHE & 1T - 7= (Fig. III).

Figurell. F 7Y =27 N —DAF v F gy b
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Theoretical molecular design of phase-change materials based on sugar alcohols

(NRI, AIST., Thermal Management Materials and Technology Research Association)
(O Taichi Inagaki and Toyokazu Ishida

(]

HTF -4 COz 2T T, KEREEIN DAL F—DHAAIIEFICER
WMETHD, DL BRBELMILT 28O 1 DICEBRDN D DH, BIE. WHE O R
[E OB OEBZFIH LTI BGEBM P ER STV DA, L0 @O EBE B A B o mhaE
IRMBHIRTEBBEME TH 5, £ 2 TR TIL, BIEALEHEN TV OB EERM ThH
DHET VA — V(EEZET L TRLONL ST v a— W) EdR e L, ThakEic L7

R B 07 ORGFH 21T 9, ZHUd, FLOMEIORE L & b2, G ER O HERRR

e haLofENE B E LTS, RKIFFZEOREIZ. kO 3ERIZYT NS,
[1]: RERKET /L o — )L DY 2> b FT R B EH B 45 T DR EHE# 215 5,
[2]: BREHEHZILICL T1 O T2HEL, SOICENIMED I EL THIT 5,

[3]: TS E 2 WD T BN T O B BVE S 2 5F 3 5, CH,OH CH,OH
[ TIRAEWIC REROBIRICH 5 4 SORFH 6CoRKET L oo h o
a—NVW(HF 7 F b=, v =r—, YILER—I AT F— H:::gH :g:::
At DERRIC LT, OB EIR & BV 0 RRS cHyoH CHoH
ROEEH ST DT L THTRIHE 2B, SREE@E 70T T
BROWERY -0 OFITRIHICE > TRECRAS L o0 con
BEHER TS0, OB FREINCIT TS Ho——H ] —On
Wiy 75, 21T, I TRERRE TS THEZREL, il —on ] —on
BIRII ) T ORBHEE T 5, BRclElT, gaprog O

BRRBE DA & R EHES O Z YO RKEEEIT O (188) (
1. Ce RIRMET L3 —)

70)

e
Vo &

B I (kd /kg) Z FRINIZ R,

[75i£]

ROIZHIML MD ¥ =2 L—3 3 X o TRARBET L 2 — L OflR & BRI B A SR D

2o MlRIEE R IEAF R T O direct heating V£ THRIE L. @A EITZ O TOREK =
FNEe—2E LTEHRE L, Z LT, BoNMBERL S 2L F—HIIHTL5 2 L
THRAT L7, RS TRITIE, 9 FRNBEHRE LB F T A=Z DT v Z N
YTV T E 0TI VL TR E Y TV LT, T D% Z b AR



MBI L O BB FIREHR 21T ) 2 & T XX —WITR b 2 E 7ok ik &
PIEL, TNEREOEAESE L LT L, MEINTHMES T O S . AfRiEsE
X RRME T LV a— )L L RIEEICEE LT,

[R5 - B2
BRI B ORGHEE 215 272 Co RIRKET /L a— L OB D IR 2 =~ 1 v
— BRI & o THART, ZORER, BET V3 — )L ORI END KE 31T, o0 F Rk
BAHAAER ., DF D EAEIC L o THSEE COREB R0 FHAKB/EE Ry NU— 7 HiE
o Z IR D FRIARFERG OB, \TERT D Z Enbhnolc, F o BRI O R
BEOENZTNDL Z LT, RRBET L a—/LTlL, fEfREBICB I 2L ERS F+NEE
TRVF— & RERFRIEE DKL L TWD Z R OMNT o7, TNHDHEND
(1) G FRIKFEFHEEECT oD, REHELZEMHOIEITL OH 2T &, (2) &
FTAFHETRNX—2ZENT D720, OH KM O BERES R KIREEN 2 X 5 7ol & 0 Bk
BERHAT L L. 20D 2O00RFHEHZGT-, o7 —F_X—XFH&E 6, BEEO
R#E, BENBBHERICITAANTHD Z L 2B LD T, T bRGHEEHTEM L7,
B 3 OORFHEH NS, Cs NLBET L a— LDy FiEEERE L, D500k
ma IS 2 JERRBRBIC T L 7o, o ofiimiiE(x 20k, B L 4 2535
THRIOKFBREG R Y N =22 Ko TRERSNTNWD Z LN bho Tz, B2 M
THEmEE TR 2 T o728, ZORBIIZEL L eh o T,
BONTNTHET L a— L OfEiEiEZ VT RRBET v a— L D86 & RERIZ @R
WEEHE LT, ZhnbGobhde Cs NLHET Vo — L OFEBE BT RRBET L a—u
DENZEZKIFIZ EED Z LR3bho72( 3), Z DKIE 7B B OBMA IR LT
WD NEFRDTZDICH OV = EIfET 21T o T2, TORER, Ce v =h— &
g LT, HWifF S oy FHEEMEBAEHOF ORI, il ki
bond-angle-dihedral DFEETHDOHF GO RKPFEH TH -7, ZhiE, KEHE

7=z ki TFHNEREOHMIEIZbDEEZLND,
Y H I XARHT RS ROAE dEE THNE DR, £ REBEHE S OIZIEXLZATHE T L a—
/VOD%?REr %%%;&%ﬁé%ﬂif&)éo 850
:800’ AR
o EREE
i{ 450 w/kg
N 6501 |
) saol- KRBT Va—I
¢ < 320 ki/kg

55300 550 660 650 700 750
[ 2. Cs A\ THET L= — L 0> T f 3k . et e
CRMfT, OBV 7 BAFERA T Y hT—7, 3. Cs A LHET /b == DR,
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Theoretical Study on the Hydrogen Adsorption to

a Truncated Hollow Carbon Sphere

(Tokai Univ.) oShigeru Ishikawa

[FF] RS —R T ) Fa—T 72 EOREMEHT, 8 TRER D 2~ %
LEHEZRD DT, 2O DI~OWEN AL L HKFITENAA B TE Tz, 8
EETOE ZAKIE T TH EARRKBIEEEIIG O TWRVD, REARE
TARETHED D L, KERETFLF—DORICL > TIFEBEEEZ LIFbhb &0
FEBRI 72 D ONCERGR A2 TN B 5 [1,2], ABFZE T, MO O E b oFZED iR
FERA~DKBWAERT v v LT F L X —HfRICHE SN T, REERN S HHDLS
K&~ DB E % RS o 7,

[H#] BREBIDIO L2 ZhFNnd & ad L, BRoduls & B O dl %5 2 il
oz WhZH D, KB T& 2 il RITEWT, [RFBER~OKBRAERT v LT 1)b
X—%aRKDDH &

W(z,d _D 1 1 1 do\"
(zda) "§{io(z/d)[[1-z(z/d)cosea-k(z/d)ﬂS [1+(z/d)]1°](_al_>

5 1 1 d.\* )
8(z/d) [[1 —2(z/d)cos 0, + (z/d)?? [1+ (z/d)]4] (7) } S

PIFHIND, T2 TOJUIBHHHEEDORAEE, DITART ¥ VDRSS, de 1 LERD i
PREHLDT, CHEORT vy VT XA —2—\27 T 7 74 F0001)HE~DK
FWAEERNSGEONTMEEZERAT DL, DIZ203meV, del%337A L7225, ZOR
TV XX OV —FEAEEZRH L, BEOSEREE A RO,

KB AT FE DN N - RIEDKMAIKEOBE LY RERDT-DITIE, IrEst B
DOWFEY A MEFE Ngge 13 FIRME

Zgas (T)
Zaas(T)

No(T) = (2)

KO RERFIUER D22, T Ty 2geo(T) & 2g5(T) 1TZNZRRMAKTE & A
IRFOHEREE A b HbT, ENEWINSED & & 5HEUETRIKROR X



MEt O % BBl S, Z DOE(Pmax) TOKE O
Wgs(pmax; T) = NSlte NO (T) 3)

ThHzZbNh5,

[FER] Bit L2 UIlrRFBERD d 0,0, i 3.37A Ln/3TH D, REKNH
DN K2 DL D e, B THT-0 OWEY A M Ny (X, EKNIZ 4, B D
EEAERN S ENEAERNICENLENS & 4T, 5T 16 &5, T XTOHA IR
A Ul sE o & U COKEFREEZ AEY o 72, £ 112, KERFEREE ORE
%m&%foﬁﬁﬁ3mK@&%7%U)jm5f@0t0%4%%t©@£ﬁﬁﬁ
INEVWDT, KIEL Y EBEICRDT-0121E 16 EFTdT_XToV A FORHARLET
%5l%ajﬂwmf\_@k%AWSi@ﬂ%?ét@lﬁkﬁotomgﬂ2%K
LLFTIE, No(T) 1Z1LAF &%, IBREMN 200K T, 16 fETOY A NEFIATE 55
B\ Pmax=149 bar [ZFVVTNES 13153 L7 0 (B 181 gL' & R 1.4 wt%
NEOND, ZHHITEZHEMHEME0 gL & 5.5 wt%) DS FTH 5,

1 EETICB D RERN O BHEAAE T- O KEIFELE L Now, HAFETHOWES A N
No(T), Nywe® FIRME; prax (T), RAKDIEEAEFRA OB 2 EIETSES); NES (mas T),
Pmax(T) CORFEEAE, d,, KRR, d, RS

TK  Nge  No(T)  pmax(T)/bar N3 (pmaw T)  d/gL™ dy Wt%

150 4 0.0 29 4.0 4.7 0.4
8 58 8.0 94 0.7

12 87 12.0 14.1 1.1

16 117 16.0 18.9 1.5

200 4 0.7 32 33 3.9 0.3
8 71 7.3 8.7 0.7

12 110 11.3 13.4 1.1

16 149 15.3 18.1 1.4

250 8 4.2 46 3.8 4.4 0.4
12 95 7.8 9.2 0.7

16 143 11.8 13.9 1.1

300 16 14.5 21 1.5 1.7 0.1

255 3CHk

[1] K. M. Thomas, Catalysis Today 120, 389 (2007).
[2] S. Ishikawa, T. Yamabe, Appl. Phys. A 114, 1339 (2014); ibid., A 119, 1365 (2015).
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Adsorption energy calculations using long-range corrected density functional theory
between CO and metal system
(RIKEN AICS!, Univ. of Tokyo?) oJong-Won Song®*, Hiroki Kawai?, Koichi Yamashita?, Kimihiko Hirao*

[FF] U4 o0 Yk HEARORRE it o BT RE AR L 2 B3~ 2 BT AR BH 6 Tl EARR H RICE Sz
1D XD RISy 5R & AR (BRR IR M) DIRGROBE TRV —RF DG AT
SANEERT D ENEBEIC/R > TS, L, 20X 5 7RI1E45 F TREHOZEERIC
BLTWS®, BEMOBEMAGEZF > TLTH, TOMEGBERSCTROE LY, Zh
SLor 5% & JEHR O S OEAIRELRIRHCHR D Z LR TE D, HICERE THoERhEE2R
FEITED L ZAFEL TR0 S TH B[],

BUE B B YLBEEIE(DFT IE) NI F R H R DO T L E U W TIAS N BTV D A,
TSy F-5% & JEHR AT OB IRED SRR R 2 EBL T & 220 B W ERFIEIIFEL TR
VW, ZHAVE TR B2HFE L TE 72 LC E[2]1X. HOMO <° LUMO 72 & D43l = R /L % —X°
{LZAOGERE | FERTE S 72 & OBEAF O DFT £33 T8 LTINS 50 R OWPERH R L C
EWEBMELZ R LTV D5, BEFD DFT IEDORMEZ kT 5 72 DIZH D A5 K iR#E B A5 H
Ry DFIRE = X Fidmn oD, JEERA~OE AR B FERNHIRRVRETH D,

BT, A7 BIE LC HEOFREE O mE b D= DI, #H LWILESE L L T LC(2Gau)ik[3,4) = 12
Z L7, LC(2Gau) {EIFFEFD LCE L v AHIR TIE 14 5L HERWEHHE 2 2 R CREZEOFEE D
FRMEREEGD Z LTI L, LCIEDORYIR~OMEHANAREE /e o7,

ABFZETIE, EEIRICHEM A HED L 2o 7- LC % Cu < Pt 2 CO AR O EFEH b
(WA STz CO 43 F DB TR F —RRK M=/ F—3HRICEM Lz, £/, o DFT 5
ATy R DFT LBIEE OSSR & i U, DFT #£4 W TR )G D A B = X 8 %223 5 7
DIEDLND L HIZ LT,

[BEig] 1 7'V v FULBEIEGE Tl HF SRS OB ROETHE T Ur, 2 RQ)D X 9 1245E LT
FHT D ZENHKD,
i:oHF(ru){ri—oHF(ru)} )

DFT

I‘-12 12

Z DM, LC ¥ TITREAERK A AV 2 RQ)D &L 5 728 FRRHE 7 O T HF Ze#ifgisy 2 B AL
6 o
OlF (1) = =) @

12
ARWFFE TIRIIEE R R ES D LC(2Gau)i&lE, — o DA v ARz MG O @) DE T
FETHEAL - C HF AZHARE /) 2 B D AU, LC 15 & [RIFREE O RE FE Tl o A B RS s I 8 R 2



HF —aghy? —ayh,”
OLC—DFT(ZGau) (rlZ) = fse % + e 3)

T I Toos & s\ SEIME HF IR &L o , , ,
o b BTRBHEHE S A WA S | e —
KT RA—EThD, é L

(BHEIE] 7 A RIS O B 7L PR
Y 7 K~ T& 5 Gaussian09 O J& HiEE Fi 544 :
Dm— R bRELELE LO@Gay) 03
BEE AN CuR Pt COEBET EIc 02| 3\
W Stz CO L DWFT I LT —F o |
NENOSBMORE=FNF—EHEL | e e
7=. &)@ L top & fec OATEIZ CO 4T 0 3 10 15 20 25
B S, CO 4y TR QUL % )

1. 1ry, & LC-wPBE, LC-wPBE(2Gau), HSEOS,

WA C L @IMOMOBEMEHEER o
WkT5Z &80, REEORETX
NX—%157-, CO /FIZR LTIk 6-311++(3df,2pd) DL E RIS A . Cu )& 2R L CIX[6s5p2d] ™
FIERA% A . Pt&JRICEI L ClE 18 [E Ol EE 1 D -AHx imAIEE R 7 > 3 v L & Fl 7z [4sdp2d] o B
JERE A W, @BERmEIZEND 4AEETEHEAL slab ET7 V& Wz, U AFEEBEE W
7~ W7 = L X —FHE ClX, Basis Set Superposition Error (JEJERIEr D B S HEFAFE « BSSE)D#H
BN RE W, g %L ¥ —D % Tl Counterpoise 1% VT BSSE % & &4 A3 E 21T
D f:o

[BHEHER] M2 127" T XL 51T, Cu DG O sE = /L ¥ —Ti% Gau-PBE 15X Gau-PBEh 14113
BRIEICITVS, LC MR ERIEL V = R F— %l RGHE L T %, LavL, LC i top OfrfE
TOWHFTFNLX—=NRESEE L, ERIEE OBEMI—FHLTWD, RED 1-2 B F THEE
(L EAT - T2 I L D Cu & CO DFFET R F—0 Pt 72 PO 4 R & CO & DO FE T3
NX— FNENOEBORETRNX—OFHEER, MY BRRT 5,

LDA PBE PW91 BLYP  Gau-PBE Gau-PBEh LC-wPBE

05

04 i

0.0
-0.5 - Exp
(top: -0.5eV)
1.0
1.5
-2.0

2. Hix® DFTILEE%IC L % Cu & CO & DW= R /L F—DFER
[2E5x]

[1] Schimka et al., Nature Materials 9, 741 (2010). [2] H. likura, T. Tsuneda, T. Yanai and K. Hirao, J.
Chem. Phys. 115, 3540 (2001). [3] J.-W. Song and K. Hirao, J Chem Phys J. Chem. Phys. 143, 024102
(2015). [4] J.-W. Song and K. Hirao, J. Chem. Phys. submitted.
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Comparison and characterization of support surfaces upon interaction
with metal clusters: Theoretical study
(ESICB, Kyoto Univ.', FIFC, Kyoto Univ.’) OMasafuyu Matsui' and Shigeyoshi Sakaki' >

[F3#] Si0,. ALO;, CeO,7¢ FO&RBREE LWL, &Rl OMAE L TR Anbh
TW5, Bk L BRRE & OMEERIX, MBHEEOHIE - m bl BB gE 2 51
Fo Bl A XA B HYES AL Rh il T, SEZ RO ALOs 6B AIPOLIZE X 5 Z &2 &
DETEEE R T ZERMES N TS, | 2T Rh 205 AIPO, R E~DOEMBE (CT) 12X
2R B R E A BAERIC Lo T, RABIREDSIH SND72dThDH 2 &2, FEBREKOH
IFFEN D REN TN D, P 20 & D ICEE-REAH AT BRI OTETE % R 5 &
WRRTTHHN, ZTOHMOTINLIZE A EEAL TR, RIFFETIL, Z O8I
HEROH —MEEZ B E LT AT 72T AE AW EEE DFT 352 X Y Si0,, ALOs,
CeO,. AIPO4Z i~ Rhy, Pty OWELZEMDOFMZIT -7, € L Ta&B-REMEERZR
REHOWHE T L DS L, BAOMEL, N FEES(CICIES XM L, WasHiE%
fiE LR - HIKICE 2B VWOJRKEZH 62N L,

[REETFN &L HEFE] SiO, Tldp-cristobalite Si0(110) AFIZFKHEET /L (LLtk Si0,"™ &
Fit) . ALO; Tlidy-ALOs(110) AKFIKAEE T /L (ALOS™) &y-ALO(100) EEKFKHE T /L
(ALO;™) %, CeO, TIiZ fluorite CeOy(111) ALK TET /L (Ce0,™) % . AIPO, TlEp-tridymite
AIPOL(110) #EKEFET L (AIPO™) EKFIEFET /L (AIPOY) ZHEE L=, &RV T %
A —DR/NET/NVE LT, Ry, PoaBEH L7z, A7 7ETVOFREITIT VASP Z H\ o,

2% (B ZIE Rh/AIPO, LD AETR) DN K g 1XEBS R (FISE Rhy & AIPO,#E 1H) DN
YR Qg PRIEREA (LCBO) & LTUTFO L IckBLENS,
Yi() = 2 2 ¢Fn,kF(7' — Rp)Cpn i exp(iK - Rg) /N
Rp Fn
LCBO |22 &, ROV FIZBT 5855520/ RO%51E, projected density of states
(P-DOS) NHRODHZENTE D, ZDP-DOS #HWTE&E-FHEM D CT Z N+ 5,

[BREBLE] Rh, PLOFEBEK~ORET R LI —E | WA TO Bader B2
R 1ICE LD, Rhy OWFELEMIT, Si0,"Y < ALO;"™ < ALOs™ < Ce0,"™ < AIPO,™ < AIPO,™
DNEFE & 72 > 72, AIPO,M DEE R (K 1 (a)) 1XRhyH>HFEH 3 ELAL~D CT 275 LT,
5 K D AIPOS™ F T OHELAIC L - Ty Al BICRTEL LI ISE AR FE S A (LU) N
RAARL LT\ e, 2D LU N> RO P-DOS (W45 R Ol 13> RIZBATEY (X1 (b)),



Rh, 75 LU N R~D CT OFFEEZ R LTS, 2@ CT 28, RhyAIPO,™ D\ Rh—% [ AH
HAERORRNZEEEZ 5D, AIPONY THREETH 572, ALO™ TIX, WaE = F /L X —|%
AIPO, L 0 /N &V, ZEBMEE (K2 @) (IR MNHEH~D CT IR ST, LUV K
® P-DOS |IfiE 1 « EE /N FOWFIZHAALTWD (X 2(0b)), ZiE. Fif 3ENL Al D
FE L7200 ALO; TIX LU N RO R LXF—HNLIE AIPO, LV &<, ZORE, R b
ALOs R ~D CTITEE 25 20, WEZRAX =R D LIEBEZBND, Ce0,",
ALOS™, SiOY 22T, P-DOS DT L W ALO™ & FERIC CT 2885< 725 Z L AVR &R
776

Pt, DL EMEIT, Si0," < ALOSY < ALO;™ < Ce0,™ < AIPO,™ < AIPO,™ L JIEE I Rh, & [F]
R0 ZE(IZ Rhy XV b RED o7z, P-DOS OfENT )5 1% Rhy & AR Pty 2> 5 K~
D CT M E TWD Z & DR S22 Bader fIRAT 72 HI13EIZ £ % Pt OB R R b,
FRRE D Pty ~D CT DAFENRIL I 7z, HOMO, LUMO ORI EH 5 b Pty DA
Rh, £V RS, Rifi~D CTITEZ VT, Fo, EHOSMED | MG E 7 m Tk
Pt, DJiH Rhy, K 0 bR EOEBER & OMEFEMPLENIND, DLEXYD | PO KRE 2%
BT FVE =1, BHND Pt,~D CTR, Py &R & OFEMAFERHICLD DL
E2bhb,

1 Rhy, Pty OWET R/LF — Ey(eV) M OWERTH D Bader BTZ(L ANy (e)
Si0,™  ALOS™ ALO™ CeO,™ AIPO,™  AIPO,M™

Rh,  Eu -0.67 -1.59 -2.41 -2.75 -3.63 -4.54
AN +0.00 +0.07 +0.28 -0.36 -0.08 -0.05
Pt, Ead -0.82 -1.91 272 -2.84 -4.13 -5.20
ANy +0.18 +0.32 +0.45 +0.10 +0.17 +0.23

CIEEIEWEIC L D E KRR AR 2R,

Rhy/AIPO, —
2
Isolated LU

%WW%W

-13 -11 K
Band energy (eV)

1 Rhy/AIPO,™: (a) ZEFEM#E, (b) DOS B 2 Rhy/ALO;™: (a) 2B, (b) DOS

(b) KTZZQSFE’E
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Photodissociation and nuclear dynamics of H,He" in intense laser fields
(The University of Tokyo) Tamas Szidarovszky, Kaoru Yamanouchi

Introduction. The dynamics of H>" molecules in intense laser fields have been an
attractive research topic both experimentally and theoretically. The nuclear motion is commonly
treated as that on the two lowest potential energy curves, which are coupled by the interaction
between the transition dipole moment and the electromagnetic field. Through these studies, it has
been found that a variety of nonlinear optical processes are induced by a laser field, and these
discoveries on the simplest molecular system, H>", have afforded the basis for understanding
intense-laser induced phenomena of more complex molecular systems. Therefore, it is of great
interest to investigate how the photo-induced dynamics of H," is affected by the presence of
additional atoms nearby. This may lead to valuable insight into how specific photochemical
processes can be induced or controlled by the formation of molecular complexes such as van der
Waals clusters and hydrogen-bonded complexes. The simplest molecular complex to be
investigated may be a weakly bound atom-diatom type complex formed by He and H»".

Bound states and adiabatic alignment. In order to have a better understanding of the
nuclear dynamics of the HoHe" system, all bound rovibrational eigenstates were determined for
the field free HoHe", utilizing an accurate electronic ground state potential energy surface (PES)?
and full-dimensional variational computations? for the nuclear dynamics. It was found, that since
the system is so weekly bound (Do = 1780 cm™), the ground state PES supports only 16 vibrational
states with 411 rovibrational levels up to the first dissociation limit. The highest rotational
excitation below the threshold for the rotational predissociation has a rotational quantum number
of N = 20. For all bound levels, the H»" moiety is in its vibrational ground state, as the energy
required for a single excitation in the H-H stretching mode would exceed the small dissociation
energy of the complex. By taking into account time-averaged polarization interaction with an
oscillating external field, and by expanding the adiabatically-aligned® states of the “molecule +
aligning field” system in terms of the bound rovibrational levels of the field-free HoHe", it was
found that a linear two-dimensional model is feasible to investigate the photodissociation
dynamics of a spatially aligned H,He" exposed to a femtosecond intense laser pulse.

Wavepacket dynamics due to femtosecond laser pulse. To investigate the time-

dependent nuclear dynamics of HoHe" exposed to a femtosecond intense laser pulse, a reduced



dimensional model was adopted, in which the molecular complex has a linear H-H-He structure
whose axis is aligned parallel to the laser polarization direction, with the H-H and H-He stretching
being active. Extensive ab initio electronic structure calculations were carried out to construct the
PESs and transition dipole moment surfaces (DMS) for the model molecular complex. The
theoretical calculations revealed that the presence of He creates a third PES which allows for the
charge transfer reaction, H," + He — Hz + He", to occur (see Fig. 1). With the PESs and DMSs at
hand, the linear, spatially aligned HoHe" exposed to a femtosecond laser pulse was investigated by
time-dependent quantum wave packet propagations, and very rich photodissociation dynamics
were revealed: 1) Both excited PESs are involved in the laser-matter interaction, and a variety of
photofragments are produced, such as HeH, HeH", H,, H>", H, H", He and He". 2) H,He" seems
to dissociate to much lesser extent than H>" in the same laser field conditions. 3) After fast initial
dissociation processes, a slow dissociation process is observed on the ground state PES along the
H-He coordinate via vibrational energy redistribution from the vibrationally excited states in the
H-H stretching mode. 4) The kinetic coupling among the vibrational degrees of freedom greatly
affects the wavepacket dynamics, and consequently, the dissociation product yields.
5) Vibrationally highly excited states of HoHe" are produced.

HeH (A’Z") + H' N
He + Hy (°23)

E/cm™

200000 ¢

!
150000 & He + Hy( 'Zg )

100000 §

50000

HEi XSy & i o
He + Hy (°%¢)

H-He /bohr H-H /bohr

HeH'('Z') + H

Figure 1. Potential energy surfaces of the linear (H-H-He)" molecule as a function of the H-H and H-He
internuclear distances. Correlated dissociation pathways are also indicated with the fragments at the
asymptotic regions.
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Factorization of time-dependent CI coefficients in MCTDHF

(The University of Tokyo) OErik Lotstedt, Tsuyoshi Kato, Kaoru Yamanouchi

Introduction. In order to theoretically simulate the electronic dynamics of a many-
electron atom or a molecule in an intense laser field, we need to solve the time-
dependent Schrédinger equation (TDSE). The TDSE in principle provides an ab initio
description of the correlated electron motion, however, solving the TDSE numerically is
very demanding.

A powerful method to calculate an approximate solution of the TDSE is the multi-
configuration time-dependent Hartree-Fock (MCTDHF) method [1,2]. In this method, the
time-dependent wave function is written as a superposition of time-dependent Slater
determinants constructed from time-dependent spin orbitals. Although the MCTDHF
method is a versatile method, its application has so far been limited to few-electron
systems. This is because the number of Slater determinants included in the expansion of
the wave function becomes very large. Therefore, several attempts have been made
recently to reduce the length of the expansion by omitting certain subsets of
determinants [3—5]. In this contribution, we propose an alternative method to simplify
the MCTDHF method without restricting the number of determinants, i.e., we keep the
intact full configuration interaction (CI) space while making an approximation for the CI
coefficients themselves.

Theoretical method. In MCTDHPEF, the total wave function is written as
ICEDWNGENO m
1]

= z Cry(0) [Py, (O a - b1y, Oa ¢, (OF - b1z B,
1]

where we assumed a system having an even number N electrons with the same number
N/2 of a and B electrons. The sum over I and J in Eq. (1) goes over all possible
determinants that can be constructed from a given number of M spatial orbitals ¢;. Thus,
C;; is an L X L matrix, where L = M!/[(M — N/2)! (N/2)!]. L grows extremely rapidly with
increasing M and N. We now propose to approximate the matrix C;; as a product of three
smaller matrices,

K (2)
Cy®) = D Ay (OB(OB(®),
wyv=1

where the summation with respect to u and v goes over the range 1 < y,v < K. When K is
set to be L, the factorization recovers the exact CI matrix. The exact CI matrix contains
L? parameters, but the approximate form (2) requires only K(K + L) parameters.
Therefore, we can drastically reduce the number of parameters required to construct the
CI matrix, provided that K < L. We stress that, although the CI coefficients are
approximately calculated, al/ configurations (determinants) are included in the wave
function expansion. The factorization of Eq. (2) has the same structure as a multi-
configuration approximation for the wave functions for two-electron systems. Therefore,



equations of motion for A,,(t) and B;,(t) are derived via the Dirac-Frenkel time-
dependent variational principle.

Results. We have applied the MCTDHF method with the approximation (2) (hereafter
called the “factorized CI” method) to various atomic and molecular model systems, where
the electrons are restricted to move in one spatial dimension. In Fig. 1, we show the
induced dipole moment (‘P|—e >N, xi|‘P) of an Hs molecule exposed to a three-cycle, 800
nm, 9x1013 W/cm? laser field. The internuclear distance R between neighboring H atoms
was assumed fixed to R = 2.1 A. We compare three different approximations: (i) time-
dependent Hartree-Fock (TDHF), which implies that the wave function is described by
one single closed-shell Slater determinant, (i) the standard MCTDHF method with
M = 8 spatial orbitals (this implies that there are L? = 784 Slater determinants), and (iii)
the factorized CI approximation to the MCTDHF equations, with different values of the
cut-off parameter K.

As is well known, the TDHF is inadequate for the description of ionization dynamics due
to the restriction that the same spatial orbital needs to be used for pairs of electrons. We
can see in Fig. 1 that the factorized CI method with K = 1 is very similar to the TDHF
method, even though all configurations are included in the wave function expansion. To
reproduce the time-dependent dipole moment of the full MCTDHF method, a range
parameter of K = 9 is required.
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Figure 1. Induced dipole moment of an Hs molecule exposed to an intense, few-cycle laser field.
Shown are the results of the TDHF approximation, the MCTDHF approximation, and the
factorized CI approximation, with K =1,2,9. The laser field E(t) (on an arbitrary scale) is
indicated as a thick, grey line.

We have also applied the factorized CI approximation to one-dimensional Be and C
atoms, and obtained similar results for the induced dipole moments. We conclude that
the factorized CI method seems promising for extending the MCTDHF method to large,
many-electron systems such as heavy atoms or hydrocarbon molecules.
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