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Abstract

DFOEF- REBREOFHMIE. AR BEAXPFEARCHIZIRNZEZHAUTEHETHANSH
TEle BEFEDFOMBARI NILEBBE—XY N 2BRNICEENICTIEIDETION
EMEFRITINAEICKYYD2OHD, XARTE, BFENIBARLUTCELERTFENE 54D
RE- WAMRET .

ICND FORBBERISEE< A SEHEMICANSIhTELYN, AEVBESRL ZEROMEREA
NEBENBFE—XN (TDM) OERELFHEGE. Je—L > Nk ( 1 EFRKBE ) NFEE
BZEEHY), RRIRERETH >, AMETR. BFORBRERZIML. c51CFDOTD
MOFTEAE ERFHEERBEREFEEZANLER. Xk, BEERILABFERARVEABZE NS
AREADTDMA, E RUZRICK VY, FIREE248nmICE VT, 15~20%EFITRD 22T
&, AAREBANDOTDMA ZO R EHFBAFTMEEhTVWEZE, BEDHERZHSHICL I,
PFOEFEERKEZEOZCICHBEYEETHY) ., LERBEOBRTHONEKREZRL
To ROHD FRREBREROEVTRICETILI-INICELD N, TOEVERBFE—X2 NE
¥ (DMF ) ODIRZDBVICEEICENhD, R EDMFEOHENOKBEERHOBEKELTREEE,
TOEEMINBREEIC, M2AEFHREERSHEICHETZERZREEL TWD, KFRETRE. &
EABBECS TRRFEISEOEALZAVT, ThoOMEZEFTEEOY FHREMRFMHE L
SBRDPSHEMIIANLEZ, TOR/R. MIFOHBBIRB ICH > TEFFHREFRICERTERVE
ETHEVSHBETENICRETEL, FLEFTEREZOMMEICE. EFEHEEEAESC
FINICEDDENTRENTHDEZBASHICLE. FAARTR., EFEEZLOKBEKREN
ICEETRCET, RROEBBEPABREEZAVLEENSEREERILT D EN TR
THd&ZRL I,

Electronic and vibration states of a molecule have been studied by observing the response to
applied electric and magnetic fields onto the molecule. Recently, their theoretically prediction
becomes possible. For that purpose, it is necessary to quantitatively evaluate the excitation spectra
and the transition moments of the molecule. In this study, we have further developed and applied
our theoretical method in anticipation of such a research direction in the near future.

ICN is one of the few simple triatomic molecules whose photodissociation mechanisms have been
thoroughly investigated. In this work, we have studied the geometry dependence of TDMs to
lowerlying excited states and found a pronounced bending angle dependence in the parallel
component of the TDMs to 5A" and 3A', both of which should be zero at a linear geometry by
symmetry and thus have been previously ignored. We estimated that the parallel component of
TDM to 5A' has a contribution of 15-20% to the total absorption cross-section at 249 nm at room
temperature.

The electron density of a molecule is a physical quantity that is sensitive to changes in molecular
structure.The nature of ROH molecules vary greatly depending on the substituent R, and the
difference is noticeably reflected in the behavior of their dipole moment functions (DMFs). The
DMFs are characterized by the two quantities, M1 (slope) and M2 (curvature) as functions of the
OH bond distance. We have found that M1 correlated with acidity, and M2 correlated with softness.
In this work, we investigated these characteristics analytically using the linear response function in
conceptual DFT. With the linear response function, we obtained the M1 values that are consistent
with the well-known concept of electron-cloud incomplete following in the OH stretching vibrations.
The SCF effect due to electron repulsion interactions play an important role in discussing electron
density changes of the OH stretching vibration. Differences between alcohols and acids have been
qualitatively explained traditionally by their resonance structures and point charge models. In this
study, we have shown that their quantitative explanation becomes possible using the linear
response concept in conceptual DFT by analyzing the change in electron density.
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Optical response properties by highly accurate calculations of transition moments for molecular electronic and vibrational states

1. HIREBRFROBE

DFOEF-RFREDEMIL. AT - AR OFRAXICH T IEELZHRAT S ETHRARONTE -, AERFORBEARIMLE
BRE—AVIMERNICEEMNIZFTME T A ETIOREHET AT IMNARIZEYDDH D, AME TIL., BEENFERLTES:
BRFEOILGLIRER ICAAREIT o=,

ICN D FDONEBREH RIS EELOSHEMICTARON TSN, AEVEENRL-E RO RRIRENDEBRTIEBFE—A(TDM)
DIEFELEME. ab—Lo i VEFRERE) NEZELIELHY . KEIIRERE THo-. AME T, BEORRERE
DL, SHIZZFD TDM O E R K FEEREZERFEFRARNIER. (KK EERS LHOEENLELEH LTINS 5A IKKE~AD
TDM A%, JEaVRUHRIZKY., HIZ (X 248nm [ZH VT, 15~20%EFITHR A ESL e AA IREEAD TDM BNZED LT B KIS
NTW=IE BEDRIBREZBELMIZL,

NFOEFEEIIZEZOEILICHRLZYMEE THY . LERIGHEDERTHTOMEREZRT T, ROH D FILEBRE R DE
WTERIZE 7L a—ILIZHE B DY, ZOEWNIRBFE—A2 ML (DMF) DIRDEWICIEZE (TN D, 3 4 1L DMF % OH E D%/
B DEABEL CTRIZEE, ZDIEE M1 ABEEE(IC. M2 NEFMLEHSHASICHET2EREZRHL TS, KRR TIE, ZER
BEGEICB T ARBIEENDEZAAZANT,. TNODMEZEFEED S FREKRFEELEVSB AN SEMICHEA-, TOHE.
M1 [E OH B#EIREN > TEFHN H RFRICBER TELVEETHA LW B ZEENICRIBTE, T-EFZEL L OFEE
I2I%. EFHMBEER%ZE SCFIICEHIENRBMTHIZEEHLMN LIz, AAETIX. EFEELT L OREZKREMSEIZEER
FTHET. HEDHEEEECHAERGETAV - EENEEREEELTHENTRETHIEERLIZ,

2. MERRAEEOME (R

Electronic and vibration states of a molecule have been studied by observing the response to applied electric and magnetic fields
onto the molecule. Recently, their theoretically prediction becomes possible. For that purpose, it is necessary to quantitatively
evaluate the excitation spectra and the transition moments of the molecule. In this study, we have further developed and applied our
theoretical method in anticipation of such a research direction in the near future.

ICN is one of the few simple triatomic molecules whose photodissociation mechanisms have been thoroughly investigated. In this
work, we have studied the geometry dependence of TDMs to lowerlying excited states and found a pronounced bending angle
dependence in the parallel component of the TDMs to 5A’ and 3A’, both of which should be zero at a linear geometry by symmetry
and thus have been previously ignored. We estimated that the parallel component of TDM to 5A’ has a contribution of 15-20% to the
total absorption cross—section at 249 nm at room temperature.

The electron density of a molecule is a physical quantity that is sensitive to changes in molecular structure.The nature of ROH
molecules vary greatly depending on the substituent R, and the difference is noticeably reflected in the behavior of their dipole
moment functions (DMFs). The DMFs are characterized by the two quantities, M1 (slope) and M2 (curvature) as functions of the OH
bond distance. We have found that M1 correlated with acidity, and M2 correlated with softness. In this work, we investigated these
characteristics analytically using the linear response function in conceptual DFT. With the linear response function, we obtained the
M1 values that are consistent with the well-known concept of electron—cloud incomplete following in the OH stretching vibrations.
The SCF effect due to electron repulsion interactions play an important role in discussing electron density changes of the OH
stretching vibration. Differences between alcohols and acids have been qualitatively explained traditionally by their resonance
structures and point charge models. In this study, we have shown that their quantitative explanation becomes possible using the linear
response concept in conceptual DFT by analyzing the change in electron density.
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