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Introduction 1981, Bieri et al. 1981, Niessen et
al. 1982, Bieri et al. 1980, Niessen
The prhotoelectron (PE) spectrum et al. 1980, and Bieri et al. 1980).
provide us the information such as In those calculations, the molecular
the ionization energies and the the structure has been used that of the
vibrational 1levels of the ionic ground state. Some PE spectra show
states. The experimental investigation well resolved vibrational structure.
of the ionic states by the Many workers had been attempted to
photoelectron (PE) spectrum had been assign the vibrational modes. The
done by many workers from 1860’'s to assignment of the vibrational levels
1970's. A large number of data of PE have been done by the use c¢f the
spectra and handbooks have been information of the vibrational
published (Turner et al. 1970, Cvitas frequencies of the ground state or the
et al. 1977, Kimura et al. 1981, Bieri comparison with the spectrum of the
et al. 1981, Niessen et al. 1982, deuterated spaces.
Bieri et al. 1980, Klasinc et al As a molecule is ionized, the
1982, Niessen et al. 1980, Bieri et equilibrium molecular structure, the
al. 1980, and Asbrink et al. 1980). vibrational frequencies and the
The assignment of the electronic character of the vibrational modes are
states of PE spectrum have been changed from those of the ground
assisted by a theoretical calculation state. The PE spectrum reflects these
of the vertical ionization energy change. It is, therefore, interesting
using the Koopmans theorem, SCF or to investigate the PE spectrum
configuration interaction (CI) method associated with the change in the
(Turner et al. 1970, Kimura et al. equilibrium molecular structure and
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vibrational mode ionization. 1In initio investigation of the equilibr-
1860’s and early 1870's, it is not so ium molecular structure and the
easy to calculate the optimized vibrational levels of the ionic states
molecular structure of polyatomic has been reported.

molecules by means of theoretical In this work, we calculated the
method. From the last 1970’'s, the equilibrium molecular structure of the
development of the gradient technique ground and ionic states of the thirty
have pade possible to calculate vthe organic compounds: Methylene fluoride
optimized molecular structure and the (CHzF2), Methylene cloride (CH2Cl:),
vibrational frequencies easily (Pulay Dichlorodifluoromethane (CF2Clz2),
1977). However, no systematic ab Methylene bromide (CHzBrz), Ethylene

Table 1.1

Symmetry and electronic configuration of the ground state.

Molecule Point group Electronic configuration

CH2F2

CHzCl=2

CH2Br2

CZH‘

CzFa

C2Cla
trans-CzHzF2

CiS—CszFz

1,1-CzHzF=
trans-CzH=2Cl-

cis-C2H2Cl2

1,1-CzH2Cl2

trans-CaHe
cis~Cq4Ha

CGH.

CaHaN

CaHL0

CH=20

CHz0=

C=zH-0

CzH202

Csz

CQHZ

CeH=

CzNz

CQNZ

HCN

HCaN

Czv
Czw
Czv
sz
Dzn
Dzn
Dan
Czn
Czav
Cav
Czn
sz
Czv
Czn
sz
Den
Czw
Czv
Czv
Cz+
C‘

Cav
Czn
Dan
Dan
Den
Darn
Dan
Cun
Can

.

.

.

..{laz)?(4b1)2(6a1)%(2bz)?2

.-(2&2)2(981)2(7b1)2(3b2)2

«+(128:)2(6bx)2?(3a2)2(8b=)?

++(1521)2?(5a2)?(6b1)2(13b2)?2
«o{2biu)?(1bau)?2(3ag)2(1bzg)2(1bzu)?
--(1b3‘)2(5b1u)2(1b1-)2(lau)2(4bau)2(4b2‘)2(68‘)2(2b2u)2
«+(2b3g)?(%ag)?(8b1u)2(2bag)2(Tbau)?(28u)2(7Tbae)2(3bzu)?
+.(6ax)?(6bu)?(Tac)?(2ay,)?2

++(laz)2(6bz)2(7a1)2(2by)?2

..‘4bz)2(831)2<5b2)2c2b1)2

.. (2bg)2(9bu)?(10ag)2(3au)?

..(2a=)2(10a1)’(9bz)’€3b1)2

+v.(1181)2(222)2(8b2)%(3b;y )2

.

v

.

.

c.(6bu)?(Tax)?(lau)2(1lbg)?

.« (6b2)2(7a2)2(1ba1)?(1az)?
..t3&x¢»2(2bxu)2(1b2u)2(391u)‘(lﬂzu)z(sezg)‘(lexc)¢
--(6bz)2«9&1)2(2b1)2(182)2
--(6b2}"8&1)2(931)2‘2b1)2(182)2
«.(2b1)2(11a,)2(3ba1)2%(1laz)?
«+{1b2)2(5a2)2(1ba)?(2b2)?
..{2a")2(10a’)?

¢« (Ta1)2(1b2)2(1ba)2?(2b2)2(2ba)?
«e(lau)?(1bg)2(6bu)2(Tag)?

e (20u)%(30g)2(1m,)"
«o(40u)2(50g)2 (17, )% (1mg)*

o (60u)2(Tog)2(1au)(lwg)* (2mu)
ce(40u)2(50)2(1uu)* (1ng)®

ceo(Tog)2(1mu)*(1ng)* (27,)"

co(50)2(1m)*
co(90)2(1m)*(2m)*
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(CZFA))

trans-

Tetrafluoroethylene
(CzCla),
(trans-CzHzFz2),

(CzHa),
Tetrachloroethylene
1,2-Difluoroethylene
cis-1,2-Difluorocethylene (cis-CzH2Fz2),
1,1-Difluoroethylene (1,1-C2HzFz),
trans-1,2-Dichloroethylene (trans-
CzHzClz ),

(cis-C2H2Clz),

(1,1-C2H2Cl2), trans-Butadiene (trans-

cis-1,2-Dichloroethylene
1,1-Dichloroethylene

CaHe ), cis-Butadiene (cis-CaHa ),
Benzene (CeHs), Pyrrole (CaHsN), Furan
(CaHa0), Thiophen (CaSHa ),
Formaldehyde (CHz20)}, Formic acid
(CH=202), Ketene (C2H20), Glyoxal
{CzH202), Acetylene {CzHz2),
Diacetylene (CaHz), Triacetylene
(CeHz ), Cyanogen {C2N2),
Dicyanoacetylene (CaNz )}, Hydrogen
cyanide (HCN) and Cyanoacetylene
{CaHN). Within the framework of the
adiabatic approximation and the

harmonic oscillator approximation, we

calculated the harmonic force
constant matrix elements over
variables of totally symmetric
distortion and vibrational fre-
quencies of the totally symmetric
modes. The intensity of the
vibrational transitions are governed
by the Franck-Condon factor (FCF}.
The FCF is a square of the overlap
integrals between the vibrational

wavefunction of the ground state and
that of the ionic state. The technique

of the calculation of the FCF have
been developed (Duschinsky 1937, Sharp
et al. 1964, Warshel et al. 1972,

Faulkner et al. 1979, and Olbrich et

Table 1.2 Correlation tables

Den Dan

ai1g ag

blu bzu

bzu bau

azu biu

e1g bzg + bax

€1y bzu + bau

€zg ag + big

Molecule: CeHa

Dan Dzn
Tu bzu + bau
Og ag
Ou Qiu
Ta bzg + bag

Molecules: CzHz, CiHz, CsHz,
CzNz and CaNz

Can Czv
x b: + b=
g ai

Molecules: HCN and HCaN

al. 1983). We obtained the approximate
theoretical intensity curve using the

FCF.

1. Method of calculations

1.1 Electronic states and molecular

structure
Table 1.1 shows the point group and
the electronic configuration of the

ground state for each molecule. For
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Table 1.3 Electronic configuration of the ground state with
the lower symmetric point group.

Molecule Point group Electronic configuration

CeHe Dzn +..(3bau)?(5bzyu)2(4bsu)2(1biu)?(68x)?(3b1g)?(1bzg)2(1bag)?

Cz“z Dzn .-.(beu)z(Sa‘)z(lbzu)z(1b3u)2

CaH2 Dzn .--(4b1u)2(53-)2(1b2u)z(1b3u)2(1b2‘)2(1b3‘)2

CeHz2 Dzn .+.{6b1u)2(Tag)?{(1bzu)?(1lbau)2(1bzg)?(1lbag)2(2b2u)2(2bau)?

CzNz Dzn veold4biu)?(5ag)?(1bzu)2(1bau)?(1lbag)}?(1bax)?

CaNz sz-, ..;‘78‘)2(1b2u)2(1bau)2(lbzg)z(lbsg)z(zbz\;)?(zbau)z

HCN Czv  +..{521)2(1b1)2(1b2)?

HCaN Czv  ...{(92a1)2(1b1)2(1b2)2(2ba1)2(2b2)?2

Table 1.4 0-0 ionization energy of the first ionic state.
Molecule State SCF SDCI Obs. SCF-Obs. SDCI-Obs.
CzHa 2Bau 8.80 9.86 10.51¢=> -1.71 -0.65
CzFa 2Bzu 8.99 9.33 10.14¢®>  -1.15 -0.81
Trans~CzHzF2 2Au 8.83 9.40 10.21¢®> -1,38 -0.81
Cis-CzHzF= 2B, 8.84 9.41 10.22¢®> -1,38 -0.81
1,1-C2HzF2 2B, 8.87 9.51 10,29¢®>  -1.,42 -0.78
CzCla 2Bau 8.59 8.79 9.34¢=> -0,75 -0.55
Trans-C2HzCl= 2A. 8.68 9.09 9.64¢<> -0.96 -0.55
Cis-C2H2Cl2 2B, 8.69 9.10 9.65¢<> -0.96 -0.55
1,1-CzH2Cl> 2B, 8.69 9.21 9.83¢=> -1.14 -0.62
Trans-CaHe ’Ba 7.75 8.41 9.08¢=> -~-1.33 -0.67
CaHe 2Bzx 8.09 8.69 9.24¢=> -1.15 ~0.55
CaHsN 2A2 6.91 7T.54 8.02¢<> -1.,11 -0.48
CaHaO 2Az 7.61 8.24 8.83¢> -1.22 -0.59
CaHaS 2Az2 7.79 8.34 8.85¢¢> -1,06 -0.51
CH=z0 2B2 9.51 10.33 10.88¢=> -1,37 -0.55
CH=z0z 2A° 9.61 10.47 11.33¢=> -1.72 -0.86
CzH=0 2B, 8.31 8.93 9.64¢=> -1,33 -0.71
CzH= My 9.79 10.72 11.40¢=> -1.61 -0.68
CaH2 Mg 9.22 9.70 10.17¢=> -0.95 -0.47
CzN2 2l 12.74 13.06 13.36¢=> -0.62 -0.30
CaNz M. 11.20 11,57 11.81¢=> -0.61 -0.24
HCN 20 11.99 12,91 13.60¢=> -1,61 -0.69
HCaN 21 10.59 11.17 11.60¢=> -1,01 -0.43

“Reference 1.

ionic states, we

have

*Reference 4. <Reference 5. ©“Ref

interested degenerate

electronic

erence 7.

states, we
in the lowest ionic states which assume that the point group of the
belong to each symmetry +type of the ionic state is the same as that of the
point group. In a case of the non- ground state. For the degenerate
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electronic states, we must consider
the Jhan-Tellar effect for the non-
linear molecules and the Renner-Teller
effect for the linear molecules. The
?E1g, ?Eiu and ?Ezg states of Benzen
are degenerate electronic states. In
this case, we took the lower Dan

symmetry point group in account. Table

1.2 gives the correlation table
between the Den and Dzn symmetry.
Table 1.3 shows the electronic

configuration of the ground state with

the Dzn point group. The 2. or 2[4

states of the linear molecules like
as CzHz, CaHz, CeHz, CzNz, CaNz, HCN
and CasHN are degenerate electronic
states. In this case, we must check
the stability of the molecular
structure of a linear molecule.
However, we have not yet done at

present. We can not use the Dan and

Cern point groups for the linear

molecules because of the restriction
of our programing system. In stead of

the Den and Cen point groups, we use

the Dzn and Cz. lower point group,
respectively. Table 1.2 is the
correlation tables of these groups.
Table 1.3 shows the electronic

configuration of the ground state with

the Dzn or Cz. point groups.

1.2 Basis sets.
We used the basis sets of the
MIDI-4-type prepared by Tatewaki and
Sakai
1982).

Huzinaga (Tatewaki et al. 1980,
et al. 1981, and Sakai et al.

These are augmented by one p-type
polarization function for H and one d-
type polarization function for C, N,
o, F, s, C1
the polarization function for H, C, N,
0, F, s, C1 0.68, 0.61

0.87, 1.16, 1.50, 0.46, 0.56 and 0.43,

and Br. The exponents of

and Br are

respectively.

1.3 Optimization of molecular
structure

The gradient technique for the
Roothaan's restricted Hartree -~ Fock
( RHF) method was employed to
determine the optimum molecular

structure of the ground state and the
lowest species of ion. We have also
interested in the second 2B state of
CHz0, and the 2B, and 2Bz states of
CzHz0.

the optimumb:molecular

In this case, we determined

structure by

the use of the Newton-Raphson method

in which the force and force constant

matrix elements were obtained numeri-

cally from the total energy. The
total energy was calculated by means
of a multi-reference single

excitation configuration interaction

(MRSCI) method.

1.4 Calculation of ionization

energies

excitation

(SDCI)

The single and double

configuration interaction
method was employed to obtain more

accurate ionization energies for the
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estimation of VIEs and AIEs. For the
ground state and the lowest species of
ion, a single reference configuration
of an SCF wavefunction of the
respective state were employed. For
the 22B; and 22B; states, the multi-

reference configurations were used.

In the SDCI method, singly and doubly
excited configuration state functions
(CSFs) were generated where the inner
shells (K shell of C, N, O and F, K
and L shells of S and Cl, and K, L and
M shells of Br) were kept frozen. The
restricted

generated CSFs were then

to the first order interacting space

(Mclean et al. 1973). If the
dimensions of the CI were too large,
we have adopted a CSF selection

process by the use of second-order

perturbation theory. The threshold for

the selection was 5 or 8 pu hartree.

We have estimated the total energy

including the contribution from the

rejected CSFs by a second-order

perturbation theory (Shoda et al.
1986)
1.5 Various kinds of ionization

energies

(VIE)

ionization energy (AIE)

The vertical ionization energy
and adiabatic

are defined, respectively:

VIE Ev - Ec
AIE = Ex - Ec.

Figure 1 illustrates potential energy

curves of the g;ound state and the

ionized states of a diatomic
molecule. The internal coordinates of
Sc and Sy are defined as the optimized
bond length of the ionic
total
electronic energies of Ec and E: are

Sc and St,

ground and
states, respectively. The
those at respectively.
The total energy of Ev is that of the
ionic state at Sg.

The figure also indicates the various
kinds of inonzation energies and the
relation between the vibrational
levels of the ionic state and observed
spectrum. The observed VIE is usually
determined from the position of the

maximum intensity of spectrum. We

describe the vibrational frequencies
of the ground and ionic states as vg
and v, respectively. The zero-point
vibrational energies of the
(VEco) and the

(VExro) are, respectively:

ground

state ionic state

VEco = 1/2 * h * vg
VExo 1/2 * h * Vi .

The ionization energy between the
zero-point vibrational levels (0-0 IE)

is corrected by VE:o and VEco

0-0 IE = AIE + ( VEro - VEgo ).
The transition energy from the zero-
point vibrational level of the ground

state to the k-th vibrational level of
the ionic state (IEx) is written as

follows:

IE« = 0-0 IE + k ¥ h * vy .
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Energy

Ev

E:

A

Y

SG Sl Bond length

Fig. 1 MHarmonic potential curve of a diatomic molecule and various kinds

of ionization energies.

Se and Sy :

Es :
Er :
Fv :
VIE :
ALE :
0-0 1E :

VEgo
VE{o :

The internal coordinates of the optimized bond length of
the ground and ionic states, respeclively.

The total electronic energy of the ground state at Se.

The total electronic energy of the ionic state at S;.

The total electronic energy of the ionic state at Se.

The vertical ionization energy.

The adiabatic ionizationn energy.

The ionization energy between the zero-point vibrational
levels.

The zero-point vibrational energy of the ground state.

The zero-point vibrational energy of the ionic state.

Spectrum
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In a case of a polyatomic molecule,

there are several vibrational modes.

We denote the vibrational frequencies

of the m-th mode of the ground and
ionic states as Vgm and Vim, respect-
ively. The zero-point vibrational
energies (VEco, VEro) are

VEco = 1/2 ¥ h £ vgm

VEro = 1/2 * h 2 Vim .

The K-th vibrational level is
described by the set of the
vibrational quantum numbers (
Ni,Nz,...+,Nn). The vibrational energy
of the K-th vibrational level (VEx)

from the zero-point vibrational level

is
VEk = h Z Nm*¥Vim

The transition energy from the =zero-

point vibrational level of the ground
state to the k-th vibrational level
of the ionic state (IEx) is

IEx = 0-0 IE + VEx .

1.6 Totally symmetric internal
coordinate and totally symmetric
vibrational mode

The j-th totally symmetric internal

coordinate (S;) is defined by the use
of the equivalent internal coordinates

(qa). If

internal

there are n equivalent
totally

symmetric internal coordinate is given

coordinates, the

by

SJ = n—:./z * qu .

vibrational
of the

The totally symmetric
mode is calculated by the use

totally symmetric internal coordinates

and totally symmetric force constant
matrix elements.
1.7 Calculation of the vibrational

frequency and Franck-Condon factor(FCF)

Within the framework of the

harmonic oscillator approximaﬁion and
.\,

by the use of the totally

internal coordinate, the

sémmetric
vibrational

frequencies are obtained from the

solution of the following secular
equation:

| F~-G*x | =0
where F is a totally symmetric
force constant matrix and G 1is so

called Willson’s G matrix (Wilson et
al. 1955). The totally

harmonic

symmetric

force constant matrix
elements of the ground state and the
lowest species of ion were calculated
of the
within the

method. The

by means gradient technique
framework of the RHF
second derivative was
estimated by numerical differentiation
of the first derivative. For the
of CHz20, and the
second 2B, and 2Bz states of CzHz0, we

totally

second 2Bz state

estimated the symmetric
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harmonic force constant matrix

elements from a pointwise calculation
of the\energy obtained by the MRSCI
method. The totally

rational frequency

symmetric vib-
(vmm) is obtained

from an eigenvalue (Am)
Vim = Am172 / (27).

The relation between the vector of

the totally symmetric normal
coordinate (Q) and the vector of the
geometrical distortion from the
equilibrium structure (AS) is
described by the use of the
eigenvecter (L) of the secular
equation
Q = L-*AS .

The Franck-Condon factor of the
transition from the zero-point
vibrational level of the ground state

to the K-th vibrational level of the
ionic state (FCFo.x) is

FCFowx = |/%a(Qa,Ac)®x(Qx,Ax)dT|?

where %c and ¥ are the vibrational
wave functions of the ground and ionic
totally

of the

states, Qs and Qx are the

symmetric normal coordinates
ground and ionic states, and Ac and A:x
are the eigenvalues of the secular

equations of the ground and ionic

states, respectively.
This integral is estimated by means
cf Quasi-Random Number (QRN) method

(Tanaka et al. 1974). In the

need the relational
Qx and Qc. The

is given by

estimation, we
equation between the

relational equation

Qr = Le™*LxQx + L:~*(S:-Sa),

where Sg and S: are the vectors of the
equilibrium structure of the ground
and ionic states by the use of the
internal

totally symmetric

coordinate, and the Lo and Lx are
the eigenvectors of the ground and

ionic states, respectively. We
calculated the FCFs only for the
totally symmetric modes. The method of

calculation of the FCF was the same as

the one used in our previous study
(Takeshita 1987).

1.8 Conventional potential energy
distribution(%) and Classical half

amplitude of the zero-point vibration

In order to characterize each normal
mode, we calculated a conventional
potential energy distribution(¥%)
(Morino et al., 1952) and a classical

half amplitude of the zero-point

vibration. The conventional potential
distribution(%)

relative contribution of each internal

energy gives the
coordinate Sj to the normal coordinate
Qi and is calculated by the following

equation:

( F33%Lsa/Z45F35%L4,)%100
The classical half amplitude of the

zero-point vibration of the i-th
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normal mode is obtained by

| Qo | = ( hva/a,

)1/2

This of the

internal coordinate. The component of

is expanded by the wuse
the j-th internal coordinate qij5 is

Qis = Ny3”~* F*L4 Qs

the

equivalent internal coordinates

the
which

where ny; is number of

2. Methylene fluoride CHzF2

Table 2.1

compose the j~-th totally

internal coordinate.

symmetric

1.9 Theoretical intensity curve

The theoretical intensity curve (TIC)
is obtained by plotting the transition

energy(TEx) at X~axis and the Franck-
Condon factor of the transition
(FCFoex) at Y-axis. In order to
compare the theoretical intensity

curve with observed spectrum, we use

Optimized molecular structure and

magnitude of the change in the geometry by ionization.

H-C~-H(AH-C-H)

F-C-F(AF-C-F)

State C-H(AC-H) C-F(AC-F)
1A, 1.087 1.335

Exp.®* 1.091 1.358

2B2 1.185(+0.098) 1.246(-0.089)
2B, 1.082(-0.005) 1.382(-0.047)
2A, 1.119(+0.032) 1.335( 0.000)
2A2 1.084(-0.003) 1.392(+0.057)

112.45

112.1
77.66(-30.55)
121.66(+ 9.21)
128.50(+16.05)

118.74(+ 6.29)

108.417
108.23
117.00(+ 8.53)
83.53(-24.94)
118.95(+10.48)
95.10(-13.37)

*Lide (1852).
Bond lengths are in angstroms,

geometry by ionization.

angles in degrees.
The values in parenthesis are the magnitude of the

change in

Table 2.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)

State

SCF SDCI SCF SDCI SCF SDCI
2B2 13.56 13.25 12.37 12.62 1.19 0.73
2B, 15.15 14.98 14.19 14.14 0.96 0.84
2As 15.61 15.31 15.28 15.01 0.33 0.30
2Az 16.34 15.86 15.98 15.52 0.36 0.34

Total energies ( a.u.) of A, : -237.655549(SCF) and ~-238.134090(SDCI)
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the Gaussian function of which area is Table 2.3 0-0 ionization levels.
determined by the Franck~-Condon
State 0~-0 IE FCF
factor and band-width. A total
intensity curve was obtained by wusing ?B= 12.48 0.001
. ca . 2B, 14.14 0.000
the assumption that the transition 24, 14.95 0.038
probability of the electronic part is 2A2 15.51 0.017

the same for each ionic state.

1.10 Programming system X .
Table 2.4 Vibrational frequencies

{cm™).

This work has been carried out by the
use of the computer program system State Vi Vz Va Va
GRAMOL (Takeshita et al. 1981) for the 1A, 3258 1659 1224 580
gradient technique and the calcu- Obs.* 2963 1508 1079 532

. ?B=2 2650 1288 1412 659
lat f .
ation o normal modes GRAMOL 2p, 3336 1605 1192 608
includes the Program JAMOL3 of the RHF 2p, 2835 1449 984 479
calculation part written by Kashiwagi 2Az 3318 1624 1122 544
et al (Kashiwagi et al. 1977). The apace (1850).

calculations of the FCF and the
theoretical intensity curve hive done
by the use of the program system Table 2.5 Conventional potential energy
FCF&TIC (Takeshita et al. 1990).. The distribution(%).

program MICA3 (Murakami et al. 1986)

State Component Vi Vz Va Ve
was used for the CI calculations.

AC-H 99.4 0.1 0.0 0.1
AL AC-F v.3 2.3 84.9 11.2
AH-C~-H 0.1 96.3 0.0 0.1
2. Result AF-C-F 0.2 1.3 15.1 88.6
AC-H 99.2 0.0 0.4 0.0
R ) 2B2 AC-F 0.5 2.9 89.5 0.1
We show the optimized molecular AH-C-H 0.1 96.2 0.3 0.1
. . AF-C-F 0.2 0.9 9.8 99.7

structures of the ground and ionic
t for each molecule see tables AC-H 96.8 1.5 0.0 0.4
states € ( 2B, AC-F 2.0 73.4 8.9 8.0
2.1 - 31.1). We also show the _ AH-C-H 0.3 14.0 90.3 1.3
) AF-C-F 1.0 11.3 0.8 90.4

magnitude of the change in the
. . . AC-H 99.7 0.1 2.6 0.6
geometry by ionization. A,  AG-F 0.1 2.7 88.7 0.9
The ionization energies of VIE and AH-C-H 0.2 95.7 0.0 1.3
AF-C-F 0.1 1.6 8.7 97.2

AIE by the SCF and SDCI calculations
. AC-H 99.3 0.0 0.2 0.0
are shown in tables from 2.2 to 31.2. 25, AC-F 0.4 1.3 86.5 2.2
. AH-C-H 0.1 98.0 1.4 0.0
The difference between VIE and AIE ( AF—G-F 0.1 0.7 11.9 9i.8

A(VIE-AIE) ) is also shown in the same
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Table 2.6 Classical half amplitude of the zero-point vibrational levels.

State Compcnent Va Va Va Va

AC-H 0.074 -0.002 0.000 -0.001

1A, AC-F -0.004 0.007 0.037 0.009
AH-C-H -0.4 11.2 0.1 0.2
AF-C~-F 0.5 -0.9 -2.6 4.1

AC-H 0.083 -0.001 0.008 -0.003

2B, AC-F -0.,007 -0.010 0.031 0.007
AH-C-H -0.8 10.2 4.6 -0.9
AF-C-F 0.9 0.6 -2.5 4.5

AC-H 0.072 0.001 0.003 -0.001

2B, ‘AC-F -0.005 0.008 0.044 -0.001
AH-C-H -0.6 11.4 0.6 -0.3
AF-C-F 0.3 -0.6 -1.9 3.9

AC-H 0.078 0.002 -0.008 0.002

2A; AC-F -0.002 0.008 0.040 0.003
AH-C-H -0.6 11.7 -0.0 0.8
AF-C-F 0.3 -1.2 -2.5 5.2

AC-H 0.073 0.000 0.002 -0.,001

2A> AC~-F -0.005 0.006 0.043 0.004
AH-C-H -0.6 11.3 1.2 -0.0
AF-C-F 0.4 -0.6 -2.3 4.0

Bond lengths are in angstroms, angles in degrees.

Table 2.7 Vibrational levels of the 2B, state.

IE Vibrational levels
12.81-12.83 (0110), (00 2 0)
12.97-13.00 (0120), (0210), (0 0 3 0)
13.14-13.18 (0130), (0220), (1110), (1020), (0040)
13.32-13.35 (01 40), (0O230), (1 120), (1030), (0050)
13.48-13.51 (0150), (0240), (1130), (1220), (1040)
13.65-13.69 (0160), (0250), (1140), (1 2320), (105 0)
13.81-13.85 (026 0), (1150), (1L240), (1330)
13199-14.02 (2140), (1160), (1 250), (13 40)
14.16-14.19 (2150), (2240), (1170), (1 260), (1350)
14.33-14.35 (2160), (225 0), (1 270), (13860)
14.49-14.53 (2170), (2260), (2350), (12829), (1370)
14.67-14.70 (2180), (2270), (2360), (1290), (13380)

0.005<FCF<0.022.
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Table 2.8 Vibrational levels of the 2B: state.

1E Vibrational levels
14.89 wW(0 0 0 10)

14.97 W(0 0 0 11)

15.05 wW(0 0 0 12)

15.12 W(0 0 0 13)

15.19 M(O O 0 14), W(O 0 1 12)
15.27 M(O 0 0 15), W(0O 0 1 13)
15.34 M(O 0 O 16), W(0 0 1 14)
15.40 M(O 0 0 17), W(O0 O 1 15)
15.47 M(0O O 0 18), W(0O 0 1 16)
15.55 M(O O 0 19), W(O 0 1 17)
15.62 M(O 0 0 20), W(O O 1 18)
15.70 M(0O 0 0 21), W(O O 1 19)
15.77 M(0O 0 0 22), W(O 0 1 20)
15.87 W(0 0 0 23), W(0 0 1 21)
15.95 W{(0 0 0 24), W(O 0 1 22)
16.02 wW(0 0 0 25), W(O O 1 23)
16.10 W(0 0 0 26)

16.17 wW(0 0 0 27)

M:0.03<FCF<0.05 and W:0.,01<FCF<0.03.

Table 2.9 Vibrational levels of the 2A, state.

Vibrational levels

IE
14.95 M(0 0 0 0)

15.01 S(0 0 0 1)

15.07 S(0 0 0 2)

15.13 S(0 0 0 3), W(0 0 1 1), M(0 1 0 0)

15.19 M(0 0 0 4), S(010 1)

15.25 W(0 0 0 5), S(0 10 2)

15.31 M(0 1 0 3), W(0[2 0 0)
15.37 M(0 1 04), M(d'2 0 1)
15.43 M(0 2 0 2)
15.49 W(0 2 0 3)
15.55 W(0 2 0 4)

S:0.08<FCF<0.13,

M:0.03<FCF<0.08 and W:0.01<FCF<0.03.
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Table 2.10 Vibrational levels of the 2A. state.

1IE Vibrational levels

15.51 w(0 0 0 0)

15.58 M(O 0 0 1)
15.64-15.65 M(0O 0 0 2), W(0O 0O 10)
15.71-15.72 M(0O 0 0 3), M(O 0O 1 1)

15.78 M(O 0 O 4), M(O O 1 2), W(O 0 2 0)
15.85-15.86 W(0 0 0 5), M(O O 1 3), M(O O 2 1)
15.91-15.92 wW(0 0 0 6), M(O 01 4), M(O 0 2 2)

15.99 M(O O 1 5), M(0O 0 2 3), WwW(0 0 3 1)
16.05-16.06 wW(0 01 6), M(O O 2 4), W(O O 3 2)
16.12~-16.13 wW(00O117), W(O O 25), WO O 3 3)
16.19-16.20 W(0 0 2 6), W(0O O 3 4)

16.26 W(0 0 2 7), W(0 0 3 5)

16.26

M:0.03<FCF<0.08 and W:0.01<FCF<0.03.

3. Methylene cloride CHz2Cl:

Table 3.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C-H (AC-H) C-Cl (AC-Cl) H-C-H(AH-C-H) Cl-Cc-Cl(AcCl-c-Cl)
A, 1.082 1.775 111.74 112.55
Exp.® 1.085 1.767 112.1 112.2
2Bz 1.083(+0.001) 1.780(+0.005) 117.25(+5.51) 90.84(-21.71)
2Ba 1.113(+0.031) 1.707(-0.068) 102.24(-9.50) 118.58(+ 6.03)
2A, 1.092(+0.010) 1.765(-0.010) 119.01(+7.27) 121.10(+ 8.55)
?Az 1.083(+4+0.001) 1.794(+0.019) 114.05(+2.31) 103.79(- 8.76)

“Harmony et al. (1879).

Bond lengths are in angstroms, angles in degrees. .

The values in parenthesis are the magnitude of the change in
geometry by ionization.

Table 3.2 Ionization energies(eV).

VIE AIE . A(VIE-AIE)
State - i
SCF SDCI SCF SDCI SCF SDCI
2B>2 11.30 11.30 10.73 10.79 0.57 0.51
2B, 11.49 11.34 11.36 11.20 0.13 0.13
2A, 12.04 11.95 11.91 11.81 0.13 0.14
2A2 12.11 11.98 12.01 11.91 0.10 0.07

Total energies ( a.u.) of 'A, : -956.968094(SCF) and -957.364785(SDCI).
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Table 3.3 0-0 ionization Table 3.4 Vibrational frequencies

levels. (cm=),

State 0-0 IE FCF State Vi Va Va Va
2B, 10.80 0.000 1A, 3305 1572 755 304
2B, 11.16 0.200 Obs.*® 2990 1424 706 286
24, 11.78 0.096 2B 3312 1547 807 330
2A2 11.90 0.108 2B. 2963 1186 721 337

2A, 3171 1458 640 310
2A2 3301 1566 744 303

2The Chemical Society of Japan
(1888)Y.

Table 3.5 Conventional potential energy distribution(%).

State Component Vi Va2 Va Va
AC-H 99.7 0.3 0.0 0.1

1A, AC-Cl 0.2 0.8 79.7 14.0
AH-C-H 0.1 98.4 1.3 0.0
ACl-C-Cl 0.1 0.5 19.0 86.0

AC-H 99.6 0.1 0.2 0.0

2Bz AC-Cl 0.3 1.4 83.5 1.6
AH-C-H 0.1 98.1 1.3 0.3
ACl-C~Cl 0.1 0.5, 15.0 98.1

AC-H 99.7 3.3 1.1 0.1

2B, AC-C1 0.2 0.1 66.9 10.2
AH~C-H 0.0 96.6 14.9 0.2
ACl-C-Cl 0.1 0.0 17.2 89.6

AC-H 99.7 0.0 0.1 0.0

AC-Cl1 0.1 0.9 80.4 7.2

2A, AH-C-H 0.1 98.5 0.5 0.1
ACl-C~Cl 0.1 0.7 19.0 92.17

AC-H 99.7 0.2 0.1 0.0

2A> AC-Cl 0.2 0.8 80.3 7.7
AH-C-H 0.1 98.17 2.4 0.1
ACl-C-Cl 0.1 0.4 17.3 92.2
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Table 3.6 Classical half amplitude of the zero-point vibrational levels.

State Component Vi Vz Va Va

AC-H 0.073 -0.003 0.001 -0.001

1A, AC-Cl -0.004 0.006 0.040 0.010
AH-C-H -0.4 11.5 0.9 -0.0
ACl-C-Cl 0.4 -0.6 -2.8 3.4

AC-H 0.073 ~0.001 0.002 -0.000

2B2 AC-C1 -0.004 0.007 0.046 0.003
AH-C-H ~0.5 11.6 1.1 -0.3
ACl-C-Cl 0.3 -0.5 -2.3 3.1

AC-H 0.077 -0.009 -0.005 -0.001

?B) AC-Cl -0.003 ~0.002 0.040 0.008
AH-C-H c.0 12.3 4.8 -0.2
ACl-C-Cl 0.4 -0.1 -3.1 3.5

AC-H 0.074 -0.000 -0.001 0.000

2Ax AC-Cl ~0.003 0.006 0.041 0.007
AH-C-H -0.5 11.9 0.6 0.1
ACl-C-Cl 0.3 ~0.7 -2.9 3.8

AC-H 0.073 -0.002 0.001 -0.000

2A2 AC-Cl -0.004 0.006 0.044 0.007

AH-C-H -0.4 11.5 1.3 -0.1 °
ACl-C-Cl 0.3 ~0.5 -2.6 3.3

Bond lengths are in angstroms, angles in degrees.

Table 3.7 Vibrational levels of the 2B.

state.
I1IE Vibrational levels
11.29 W(0 0 0 12)
11.33 W(0 0 0 13)
11.37 W(0 0 0 14)
e ::g o igl’ Table 3.8 Vibrational levels of the 2B,
11.49 M(0 0 0 17) state.
11.54 M(0 0 0 18)
11.58 M(0 0 0 19) . .
11.62 M(0 0 0 20) IE Vibrational levels
11.66-11.68 M(0 0 0 21), W(0 0 1 19)
11.70-11.%2 M(0 0 0 22), W(0 O 1 20) 11.16 S(0 0 0 0)
11.74-11.76 M(0 0 0 23), W(0O 0 1 21) 11.25 S(0 0 1 0)
11.78-11.80 M(0 0 0 24), W(0 0 1 22) 11.34 s(0 0 2 0)
11.82-11.84 M(0 0 0 25), W(0 O 1 23) 11.43 S(0 0 3 0)
11.86-11.88 M(0 0 0 26), W(0O 0 1 24) -
11.90 M(0 0 0 27) 11.52-11.53 M(O 0 4 0), W(1 0 0 0)
11.95 W(0 0 0 28) 11.61-11.62 W(0 0 5 0), W(1 0 1 0)
11.99 W(0 0 0 29) 11.71 wW(1 0 2 0)
12.03 W(0 0 0 30)

$:0.10<FCF<0.31, M:0.03<FCF<0.05 and
W:0.009<FCF<0.03.

M:0.03<FCF<0.06 and W:0.01<FCF<0.03.
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Table 3.9 Vibrational levels of the 2A, state.

I1E Vibrational levels
11.78 S(0 0 0 0)
11.82 S(0 0 0 1)
11.86 S{0 0 0 2), W(O 01 0)
11.89-11.90 S(0 00 3), M(OO 1 1)
11.93-11.94 M(O 0 0 4), M(O 0 1 2)
11.96-11.98 wW{(0 01 3), W(O 1 0 0)
12.00 M(O 1 0 1)
12.04 M{(0O 1 0 2)
12.08 wW(0 1 0 3)
S:0.09<FCF<0.20, M:0.03<FCF<0.05 and W:0.01<FCF<0.03,

Table 3.10 Vibrational levels of the 2A, state.

IE Vibrational levels
11.90 S(0 0 0 0)

11.94 S(0 0 0 1)

11,97 sS(0 0 0 2)

11.99 M(O 01 0)
12.01 S(0 0 0 3)

12.03 M(O 01 1)
12.05 M(O 0 0 4)

12.07 M(O 0 1 2)
12.09 M(0O 0 0 5)

12.10 M(O 0 1 3)
12.13 W(0O 0 C 6) ,
12.14 W(0 0 1 4)
12.18 W(0 0 1 5)

S:0.10<FCF<0.20, M:0.03<FCF<0.07 and W:0.01<FCF<0.03.
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4, Dichlorodifluoromethane CFzClz

Table 4.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C-F (AC-F) c-Cl (AC-Cl) F-C-F (AF-C-F) C(Cl-C-Cl(ACl-C-Cl)
YA, 1.309 1.759 107.96 111.69
Exp.® 1.345 1.745 106.3 112.5
2Bz 1.266(-0.043) 1.785(+0.026) 113.17(+5.21) 91.32(-20.37)
2Az 1.275(-0.034) 1.789(+0.030) 112.54(+4.58) 104.54(- 7.15)
2B, 1.277(-0.032) 1.807(+0.048) 113.32(+5.36) 111.37(- 0.32)
2Aa 1

.281(-0.028) 1.819(+0.060) 112.17(+4.21) 113.68(+ 1.99)

SPuken et al. (1977).

Bond lengths are in angstroms, angles in degrees.

The values in parenthesis are the magnitude of the change in
geometry by ionization.

Table 4.2 Ionization energies(eV).

VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2B> 12.12 12.06 11.61 11.66 0.51 0.40
2A> 12.70 12.55 12.56 12.47 0.14 0.08
2B, 13,26 13.08 13.15 13.00 0.11 0.08
2A, 13.58 13.44 13.45 13.31 0.13 0.13
Total energies ( a.u.) of A, : -1154,471619(SCF) and -1155.156970(SDCI).
Table 4.4 Vibrational frequencies
(cm™1).
Table 4.3 0-0 ionization State Vi Vz Va Va
levels.
1A, 1266 730 497 285
2B» 1322 753 498 303
2g, 11.67 0.000 2A2 1301 731 477 268
24, 12.417 0.198 2B, 1271 712 454 276
2g, 13.00 0.309 2A, 1253 702 453 282
2A, 13.31 0.120

2Giordisnnit et al. (1879).
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Table 4.5 Conventional potential energy distribution(%).

Table 4.6 Classical half amplitude

State Component Vi Vz Va Va,
AC-F 65.7 13.6 0.4 0.1

TA: AC-C1 12.4 34.6 61.6 2.3
AF-C-F 15.7 43.5 38.0 6.8
ACl~C~-C1l 6.2 8.4 0.0 90.8

AC~-F 66.7 8.5 0.5 0.2

2B2 AC-Cl 14.6 40.8 60.7 1.3
AF-C-F 13.9 43.1 38.7 3.0
ACl-C-Cl 4.8 7.6 0.1 95.6

AC-F 70.2 8.0 1.0 0.1

2A2 AC-Cl 11.3 34.8 68.6 0.0
AF-C-F 14.1 49.5 30.4 4.5
ACl-C-Cl 4.4 7.7 0.1 95.4

AC-F 72.2 6.6 1.8 0.2

2B, AC-Cl 8.8 30.1 73.9 0.1
AF-C-F 14.0 53.6 24.0 5.0
ACl-C-Cl 5.0 9.7 0.3 94.8

AC-F 73.4 5.0 2.4 0.1

2A: AC-Cl 7.3 24.4 81.4 0.5
AF-C-F 14.1 59.17 15.1 6.4
ACl-C-C1l 5.3 10.9 1.1 93.0

of the zero-point vibrational levels.

State Component Vi Vaz Va Va

AC-F -0.038 0.010 0.002 -0.000

1A: AC-Cl 0.023 0.023 ~-0.025 0.004
AF-C-F 3.0 3.1 2.3 0.8
ACl-C-Cl -2.1 -1.5 0.1 3.1

AC-F -0.036 0.008 0.002 0.001

2B. AC-Cl1 0.026 0.029 -0.025 -0.003
AF-C-F 3.0 3.4 2.3 0.6
ACl-C-Cl -1.7 -1.4 -0.1 3.0

AC-F -0.036 0.008 0.002 0.001

2A2 AC-C1 0.023 0.026 -0.028 -0.000
AF-C-F 3.0 3.6 2.1 0.6
ACl-C-C1 -1.8 ~-1.6 0.1 3.2

AC~F -0.037 0.007 0.003 0.001

2B, AC-C1 0.021 0.025 -0.030 0.001
AF-C-F 3.0 3.8 1.9 0.7
ACl-C-Cl -1.9 -1.7 0.2 3.2

AC-F -0.037 0.006 0.003 0.000

2A, ac-C1 0.019 0.023 -0.032 0.002
AF-C-F 2.9 3.9 1.5 0.8
ACl1-C-Cl -1.9 -1.8 0.4 3.1

Bond lengths are

in angstroms,

angles in degrees.
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Table 4.7 Vibrational levels of the 2B. state.

IE

Vibrational levels

12.05
12.08
12.11
12.12
12.14
12.16
12.18
12.20
12.22
12.23
12.26
12.25
12.27
12.28
12.30
12.31
12.32
12.33
12.35
12.36
12.37
12.38
12.39
12.40
12.41
12.42
12.43
12.45
12.46
12.47
12.48
12.50
12.51
12.52
12.53
12.55
12.56
12.57
12.59
12.60
12.61
12.62
12.63
12.65
12.69

(0
(0

(0
(0
(o

(0

(0

(1

0

10)
11)

12)
13)
14)

15)

16)

17)

18),

19)

20),

21),

22)

16),

17)

18)

(0

(0

(o

(0

(0

(0

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20),

21)

22)

(1

(1

(1

(1

(1

11)

12)

13),

14),

15)

16),

17},

18),

19)

20)

21)

(0

(0

(0

(o

(0

(0

14)

15)

16)

17)

18)

19)

(1

(1

(1

(1

(1

(1

(1

12)

13)

14)

15)

16)

17)

18)

19)

20)
21)

0.005<FCF<0.015.



A theoretical study on vibrational levels of photoclectron spectra by the harmonic oscillator approximation method.

165

Table 4.8 Vibrational levels of the 2A. state.

1E

Vibrational levels

12.47
12.50
12.54
12.56
12.57
12.59
12.63
12.66
12.70
12.72
12.73
12.76
12.79
12.83
12.86

sS(0 0 0 0)
S(0 0 0 1)
S(0 0 0 2)

W(0 0 0 3)

M(O 1 0 0)

M(0 1 0 1)
W(0 1 0 2)

X unn
b
[N eNel
(o NeNe)
=
A d

W(1 10 0)

wW(1 0 0 3)

W(1101)

W(2 0 0 0)
W(2 0 0 1)
W(2 0 0 2)

S:0.

07<FCF<0.20,

M:0.03<FCF<0.05 and W:0.01<0.03.

Table 4.9 Vibrational levels of the 2B, state.

1E

Vibrational levels

13.00 S(0 O
13.03
13.06
13.07
13.09
13.12
13.16 s(1 0
13.19
13.23
13.25
13.28

13.31 M(2 0 0 0)

13.35

0 0)
S(0 0 0 1)
S(01 0 0)
0 0)
M(1 0 0 1)
M(1 10 0)
W(2 00 1)

W(o
w(o

M(0O

w(1

w(1

0 2)

01)

S:0.07<FCF<0.20, M:0.03<FCF<0.05 and W:0.01<0.03.
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Table 4.10 Vibrational levels of the 2A, state.

1IE Vibrational levels

13.31 s(o 2 0 0)

13.35 S(0 0 0 1)

13.37 M(O 0 1 0)

13.38 S(0 0 0 2)

13.40 M(O 01 1), W(O 1 0 0)

13.41 wW(0 0 0 3)

13.42 w(0 0 2 0)

13.43 wW(0 1 0 1)

13.44 M(O 0 1 2)

13.45 w(0 0 0 4), wW(0 1 1 0)
13.46 W(0 0 2 1)

13.47 M(1 0 0 0), W(O O 1 3), WO 1 0 2)

13.49 wW(0 1 1 1)
13.50 M(1 0 0 1)

13.52 wW(1 01 0)

13.53 w(1 0 0 2)

13.56 w(l1 01 1)

13.57 wW(1 0 0 3)

13.59 wW(l1 01 2)

$:0.07<FCF<0.20,

M:0.03<FCF<0.05 and W:0.01<0.03.

5. Methylene bromide CHzBr-=
Table 5.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State C-H (AC-H) C-Br (AC-Br) H-C-H(AH-C-H) Br-C-Br(ABr-C-Br)
tA, 1.082 1.919 111.59 113.79
Exp.® 1.080 1.931 113.8 112.5
B2 1.083(+0.001) 1.918(-0.001) 116.39(+4.80) 92.98(-20.81)
2B, 1.101(+0.019) 1.871(-0.048) 106.64(-4.95) 118.79( +5.00)
2A, 1.090(+0.008) 1.906(-0.013) 116.98(+5.39) 122.63( +8.84)
A2 1.084(40.002) 1.931(+0.013) 113.05(+1.46) 106.00( ~-7.79)
2TPamagawa (1881,
Bond lengths are in angstroms, angles in degrees.
The values in parenthesis are the magnitude of the change in

geometry by ionization.
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Table 5.2 1Ionization energies(eV).
VIE AIE A(VIE-AIE)

State

SCF SDCI SCF SDCI SCF SDCI
2B, 10.42 10.43 9.95 10.01 0.47 0.42
2B, 10.79 10.67 10.72 10.59 0.07 0.08
2A, 11.17 11.10 11.05 10.97 0.12 0.13
2p2 11.13 11.04 11.06 10.99 0.07 0.05

Total energies ( a.u.) of A,

Table 5.3 0-0 ionization levels.
State 0-0 IE FCF
2B2 10.01 0.000
2B, 10.5¢ 0.475
2A, 10.95 0.063
2A2 10.99 0.104

-5174.289323(SCF) and -5174.648300(SDCI).

(cm=*),

Table 5.4 Vibrational frequencies
State Vi Vz Va Va
A, 3307 1543 651 215
Obs. 2988 1388 576 174
2B2 3304 1522 692 201
2B, 3107 1333 597 207
2A, 3202 1455 551 230
2A= 3296 1542 657 215

*Thie Chemical Society of Japan (1866).

Table 5.5 Conventional potential energy distribution(%).

State Component Vi Va Va Va
AC-H 99.8 0.4 0.1 0.0

‘A, AC-Br 0.1 0.8 77.7 15.2
AH-C-H 0.0 98.5 1.4 0.1
ABr-C-Br 0.1 0.4 20.9 84.7

AC-H 99.7 0.1 0.1 0.0

2B AC-Br 0.2 1.4 80.3 4,2
AH-C-H 0.1 98.1 1.2 0.4
ABr-C-Br 0.1 0.4 18.4 95.5

AC-H 99.8 1.1 0.2 0.1

2B, AC-Br 0.2 0.5 69.0 17.1
AH-C-H 0.0 98.2 5.9 0.1
ABr-C-Br 0.1 0.3 24.9 82.8

AC-H 99.8 0.1 0.0 0.0
AC-Br 0.1 0.8 75.0 13.2

2Ax AH-C-H 0.1 98.7 0.7 0.0
ABr-C-Br 0.1 0.5 24.3 86.8

AC-H 99.7 0.3 0.1 0.0

2A2 AC-Br 0.2 0.8 78.9 9.3
AH-C-H 0.1 98.6 2.2 0.2
ABr-C-Br 0.1 0.3 18.8 90.5
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Table 5.6 Classical half amplitude

of the zero-point

vibrational levels.

State Component Vi Va Va Va

AC-H 0.073 ~0.003 0.001 -0.000

Ay AC-Br -0.004 0.006 0.040 0.009
AH-C-H -0.4 11.86 0.9 -0.1
ABr-C-Br 0.3 ~-0.6 -2.9 2.9

AC~-H 0.073 -0.002 0.001 -0.000

2B AC-Br -0.004 0.008 0.044 0.004
AH-C-H -0.4 11.7 1.0 -0.2
ABr-C-Br 0.3 -0.5 -2.5 2.5

AC~H 0.075 -0.005 0.002 -0.000

2B, AC-Br -0.003 0.004 -0.039 0.009
AH-C-H ~-0.2 12.2 -2.3 -0.1
ABr-C-Br 0.3 -0.5 3.3 2.7

AC-H 0.074 -0.001 0.000 -0.000

2A, AC-Br -0.003 0.006 -0.039 0.009
AH-C-H -0.5 11.9 -0.7 0.0
ABr-C-Br 0.3 -0.7 3.2 3.2

AC-H 0.073 -0.003 0.001 -0.000

2A2 AC-Br -0.004 0.006 0.043. 0.007
AH-C-H -0.4 11.6 1.2 -0.2
ABr-C-Br 0.3 -0.5 -2.7 2.9

Bond lengths are in angstroms,

angles in degrees.

Table 5.7 Vibrational levels of the 2B state.

1E Vibrational levels

10.38 W(0 0 0 15)

10.41 w(0 0 0 16)

10.43 w(0 0 0 17)

10.46 w(0 0 0 18)

10.48 W(0 0 0 19)

10.51 W(0 0 0 20)

10.53 wW(0 0 0 21)

10.56 M(0 0 0 22)
10.58-10.59 M(O 0 0 23), W(0O O 1 20)
10.61-10.62 M(O 0 0 24), W(O 0 1 21)
10.63-10.64 M(0O O 0 25), W(0 0 1 22)
10.66~-10.67 M(0O 0 0 26), W(O 0 1 23)
10.68-10.69 M(O 0 0 27), W(O 0 1 24)
10.71-10.72 M(O O 0 28), W(O 0 1 25)
10.73-10.74 M(0O O 0 29), W(0 0 1 26)
10.76-10.77 M(O 0 0 30), W(0O 0 1 27)

10.79 wW(0 0 1 28)

10.82 w(0 0 1 29)

10.84 w(0 0 1 30)
M:0.03<FCF<0.05 and W:0.005<FCF<0.03.
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Table 5.8 Vibrational levels of the 2B, state.

IE

Vibrational levels

10.56
10.59
10.63
10.66
10.71
10.73
10.78
10.86
10.94

S(0 0 0 0)

W(0 0 0 1)
S(0 01 0)

W(0 01 1)
S(0 0 2 0)

W(0 10 0)
M(0 0 3 0)
W(0 0 4 0)

W(l1 0 0 0)

S:0.16<FCF<0.48,

Table 5.9 Vibrational levels of the 2A, state.

M:0,03<FCF<0,05 and W:0.01<FCF<0.03.

1E Vibrational levels
10.95 M(0O 0 0 0)
10.98 S(0 0 0 1)
11.01-11.02 S(0 0 0 2), M(O O 1 0)
11.04-11.05 sS(0 0 0 3), M(OO 1 1)
11.06-11.07 M(O O 0 4), M(O 0 1 2)
11.09-11.11 wW(0 0 0 5), M(O 01 3), W(0O O 2 1)
11.13-11.14 wW(0 0 1 4), W(O O 2 2)

11.16
11.19
11.22

W(0 1 0 1)
W(0 1 0 2)
W(0 1 0 3)

$:0.12<FCF<0.17, M:0.03<FCF<0.07 and W:0.01<FCF<0.03.

Table 5.10 Vibrational levels of the 2A- state.

IE

Vibrational levels

10.99
11.02
11.04
11.07
11.10
11.12
11.15
11.18
11.20

S(0
5(0
- 8(0
s(0
s(0
M(0
wW(0

(==« NeNe)
CoOO0OoOO0COO0O

0)

1)

2)

3), W(0

4), M(0

5), M(0

6), M(0
w(o
w(o

COO0OQOQOCO
- e e b

S:0.08<FCF<0.2,

M:0.03<FCF<0.05 and W:0.01<FCF<0.03.
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6. Ethylene CzHa

Table 6.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C=C (AC=C) C-H (AC-H) H-C=C (4H-C=C)
'Ag 1.320 1.084 121.68

Exp.*® 1.339 1.086 121.2

2Bau 1.404(+0.084) 1.085(+0.001) 120.74( -0.941)
2Bag 1.255(-0.065) 1.135(+0.051) 129.72( +8.033)
2Ag 1.429(+0.109) 1.090(+0.006) 109.72(-11.962)
2Bzu 1.340(+0.020) 1.,142(+0.058) 130.08( +8.395)
2Biu 1.278(-0.042) 1.160(+0.075) 116.61( -5.073)

= Herzberg (1868).

Bond lengths are in angstroms, angles in degrees.

The values in parenthesis are the magnitude of the change in
geometry by ionization.

Table 6.2 JIonization energies(eV).

VIE AIE A(VIE-AIE)

State
SCF SDCI SCF SDCI SCF SDCI
2Bau 9.03 10.15 8.82 9.88 0.21 0.27
2Bag 13.00 12.97 12.40 12.48 0.60 0.49
2Ag 14.46 14.72 13.47 13.74 0.99 0.98
2Bzu 16.64 16.40 15.96 15.68 0.68 0.72
2Biu 20.70 19.88 20.06 19.35 0.64 0.53

Total energies ( a.u.) of 'Ag: ~77.946601(SCF) and -78.227357(SDCI).

Table 6.4 Vibrational frequencies

(cm™*).

State Vi Va Va

Table 6.3 0-0 ionization levels.
Ay 3310 1834 1466
State 0-0 IE FCF Obs.= 3026 1623 1342
2Bay 3317 1683 1368
2Bau 9.86 0.341 ?Bag 3075 1930 1201
2Bax 12.45 0.082 2Be 3188 1562 1235
2A, 13.70 0.007 2B>u 2970 1723 1385
2B, 15.65 0.043 #Biu 2782 1981 1348

2Biu 19.32 0.101
* ® Herzberg (189661,
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Table 6.5 Conventional potential energy distribution(%).

State Component Vi Va Vs
AC=C 2.1 64.7 29.6

1As AC-H 97.7 0.7 0.8
AH-C=C 0.2 34.6 69.7

AC=C 1.4 31.6 72.6

2Bsu AC-H 98.5 0.3 1.0
AH-C=C 0.2 68.2 26.5

AC=C 9.2 85.3 2.0

2Bag AC-H 90.4 10.0 0.0
AH~C=C 0.4 4.8 98.0

AC=C 0.3 15.2 95.3

2Aa AC-H 99.7 0.7 0.2
AH-C=C 0.0 84.2 4.5

AC=C 4.8 74.9 15.4

2Bz. AC-H 94.17 4.0 0.1
AH-C=C 0.4 21.2 84.5

AC=C 4.4 82.5 9.9

2Byu AC-H 95.5 2.2 1.5
AH-C=C 0.2 15.3 88.6

Table 6.6 Classical half amplitude of the zero—pdint vibrational levels.

State Component Va Va2 Va

AC=C -0.011 -0.048 0.026

1Ae AC-H 0.051 -0.004 0.003
AH-C=C 0.2 2.6 3.0

AC=C -0.010 -0.038 0.046

2Bsu AC-H 0.051 -0.002 0.003
AH-C=C 0.2 3.6 1.8

AC=C ~0.019 0.048 0.006

*Bzg AC-H 0.053 0.014 -0.001
AH-C=C 0.4 -1.2 4.1

AC=C -0.006 -0.030 0.058

2Aa AC-H 0.052 0.003 0.001
AH-C=C 0.0 4.1 0.7

AC=C -0.016 ~-0.050 0.019

2Bzu AC-H 0.054 -0.009 0.001
AH-C=C 0.4 2.0 3.3

AC=C -0.013 -0.050 0.014

?Biu AC-H 0.055 -0.007 0.005
AH-C=C 0.2 1.8 3.5

Bond 1engths are in angstroms, angles in degrees.
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Table 6.7 Vibrational levels of the ?Bag state.

Progressions
IE

12.45 s(0 0 0)

12.60 s(0 0 1)

12.69 M(0 1 0)

12.175 M(0 0 2)
12.83-12.84 M(0 1 1), M(1 0 0)

12.90 W(0 0 3)

12.93 w(0o 2 0)
12.98-12.99 w(0 12), s(101)
13.07-13.08 W(0 2 1), M(1 1 0)
13.13-13.14 M(1 0 2)
13.21-13.22 W(2 0 0), M(1 1 1)
13.28-13.31 W(1 0 3), wW(1 2 0)
13.36-13.37 M(2 0 1), W(1 1 2)
13.51-13.52 w(2 0 2), W(1 1 3)

IE D

13.45-13.46 w(2 1 0), w(1 2 1)
13.60-13.61 w(2 11)
13.75 w(2 1 2)

$:0,08<FCF<0.11, M:0.03<FCF<0.07 and W:0.01<0.03.

Table 6.9 Vibrational levels of the ?Bzu

state.
Progressions
Table 6.8 Vibrational levels of the 2A. 1E
state. A B C
Progressions 15.65 M(0 0 0)
IE 15.82 S{0 0 1)
A B 15.99 S(0 0 2)
16.02 w(1 0 0)
13.70 w(0 0 0) 16.16 S(0 0 3)
13.89 M(O 1 0) 16.19 M(1 0 1)
14.09 sS(0 2 0) 16.34 S(0 0 4)
14.24 w(0o 2 1) 16.36 S(1 0 2)
14.28 S(0 3 0) 16.51 M(0O O 5)
14.43 w(0 3 1) 16.53 s(1 0 3)
14.47 sS(0 4 0) 16.56 W(2 0 1)
14.63 wW(0 4 1) 16.68 M(O O 6)
14.67 s{(0 5 0) 16.70 M(1 0 4)
14.82 W(0 5 1) 16.73 w(2 0 2)
14.86 S(0 6 0) 16.85 wW(0 0 7)
15.01 W(0 6 1) 16.88 w(1 0 5)
156.05 s(0 7 0) -16.90 w(2 0 3)
15,25 M(O 8 0) 17.05 W(1 0 6)
15.44 w(o 9 0) 17.07 W(2 0 4)
15.64 wW(0 10 0) 17.24 w(2 0 5)
S:0.07<FCF<0.17, M:0.03<FCF<0.04 and. S$:0.07<FCF<0.15, M:0.03<FCF<0.07 and

W:0.007<0.03. W:0.007<FCF<0.03.
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Table 6.10 Vibrational levels of the 2?B,. state.

IE Vibrational levels
19.32 S(0 0 0)
19.49 S(0 0 1)
19.65-19.66 M(0 0 2), S(1 0 0)
19.82-19.83 w(0 0 3), S(1 0 1)
20.00~20.01 W(0O 0 4) sS(1 0 2), M(2 0 0)
20.17-20.18 M(1 0 3), S(2 0 1)
20.33-20.35 wW(1 0 4), M(2 0 2), W(3 0 0)
20.51-20.52 w(2 0 3), W(3 0 1)
20.69 wW(3 0 2)
20.86 w(3 0 3)

S:0.08<FCF<0.15, M:0.03<FCF<0.07 and W:0.008<FCF<0.03.

7. Tetrafluoroethylene CxzFa

Table 7.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C=C (AC=C) C-F (AC-F) C=C~F (AC=C-F)
1A 1.303 1.297 123.54

Obs.® 1.311 1.319 123.176

2Bzu 1.400(+0.097) 1.241(-0.056) 120.84(-2.70)
2Aq 1.386(+0.083) 1.265(-0.032) 118.06(-5.48)
Bz« 1.288(-0.015) 1.294(-0.003) 125.73(+2.19)
2Bau 1.295(-0.008) 1.302(+0.005) 127.36(+3.82)
2A, 1.295(-0.008) 1.302(+0.005) 124.47(+40.93)
?2Bra 1.299(~-0.004) 1.304(+40.007) 1256.05(+1.51)
2Biu 1.279(-0.024) 1.316(+0.019) 121.01(-2.53)
2Bax 1.288(-0.015) 1.325(+0.028) 122.67(-0.87)

=2Carlos et al.
Bond lengths are in angstroms,
The values in parenthesis are the magnitude of the

(1874).

geometry by ionization.

angles in degrees.

change

in
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Table 7.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDC1 SCF SDCI SCF SDCI
2Bzu 9.74 9.96 8.99 9.33 0.75 0.63
’Bou 17.61 16.66 17.55 16.64 0.06 0.02
2Aa 17.53 16.81 17.09 16.51 0.44 0.30
2Bau 18.07 17.18 17.88 16.99 0.19 0.19
2A4 18.57 17.52 18.56 17.51 0.01 0.01
2Bia 18.717 17.71 18.73 17.68 0.04 0.03
2Biu 19.46 18.44 19.31 18.26 0.15 0.18
2Bag 20.26 19.23 20.14 19.05 0.12 0.18

Total energies ( a.u.) of

lA‘

-472.930060(SCF) and

~473.777039(SDCI).

Table 7.4 Vibrational frequencies (cm~?%).

Table 7.3 0-0 ionization levels.
State 0-0 IE FCF

2Bzu 9.33 0.031

2A. 16.48 0.006

2Box 16.65 0.362

2Bau 17.00 0.031

2A. 17.51 0.841

’Bi1g 17.68 0.580

2Biu 18.27 0.092

2Bag 19.05 0.378

State Vi Va Va
1Ag 2145 874 433
Obs .= 1872 778 398
2Bzu 1958 914 443
2Ag 1528 878 411
‘Bzg 2243 858 374
2Bay 2218 849 426
2Au 2196 858 404
’Bix 2177 855 418
?2Biu 2238 853 380
’Bax 2194 840 395

2lurlos et vl (1874),
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Table 7.5 Conventional potential energy distribution(%).

State Component Vi V2 Va
AC=C 67.5 17.7 9.4

1A AC-F 23.5 77.7 0.9
AC=C-F 9.1 4.6 89.7

AC=C 51.4 28.3 17.0

2B2u AC_F 36.6 60.4 0-9
AC=C~F 12.0 11.4 82.0

AC=C 55.2 32.4 2.9

2Ax AC-F 33.4 58.4 1.5
AC=C-F 11.3 9.2 95.6

AC=C 68.8 20.8 7.4

2B2‘ AC-F 2503 76-0 102
AC=C-F 5.9 3.2 91.56

AC=C 66.6 21.0 7.7

2Bau AC—F 2601 74.4 1-5
AC=C-F 7.3 4.7 90.8

AC=C 68.8 19.0 8.0

2A. AC-F 23.9 77.3 1.0
AC=C 68.0 19.2 7.8

231‘ AC_F 24 . 3 76¢ 6 1 . 2
AC=C-F 7.7 4.3 91.0

AC=C 74.2 15.3 7.8

2Bau AC-F 18.17 82.3 0.5
AC=C-F 7.0 2.5 91.7

AC=C 72.3 16.3 7.4

AC=C-F 7.4 3.1 91.6
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Table 7.6 Classical half amplitude of the zero-point vibrational

levels.

State Component Vi Vaz Va

AC=C 0.050 0.015 0.008

1A AC-F -0.017 0.018 0.001
AC=C-F -1.0 -0.4 1.3

AC=C 0.051 0.024 0.013

2Bzu AC~F -0.018 0.015 0.001
AC=C-F -1.0 -0.6 1.2

AC=C 0.057 0.026 0.005

2A4 AC-F -0.019 0.015 0.002
AC=C-F -1.2 -0.6 1.4

AC=C 0.049 0.016 0.006

2Bog AC-F -0.017 0.018 0.002
AC=C-F -0.9 -0.4 1.4

AC=C 0.049 0.016 0.007

2Bau AC-F -0.018 0.017 0.002
AC=C-F -0.9 -0.4 1.3

AC=C 0.050 0.015 0.007

2Au AC-F -0.017 0.018 0.001
AC=C-F -0.9 -0.4 1.3

AC=C 0.050 0.015 0.007

2B« AC-F -0.017 0.018 0.002
AC=C-F ~0.9 -0.4 1.3

AC=C 0.049 0.013 0.006

2Biu AC-F ~-0.015 0.019 0.001
AC=C-F -0.9 -0.3 1.4

AC=C 0.050 0.014 0.007

2Bag AC-F -0.016 0.019 0.001
AC=C-F -0.9 -0.4 1.3

Bond lengths are in angstroms, angles in degrees.
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Table 7.7 Vibrational levels of the 2?Bz. state.

Progressions

IE
A B (o]

9.33 M(0 0 0}
9.38 w(0 0 1)
9.44 wW(0 1 0)
8.57 S(1 0 0)
9.63 w(l 0 1)
9.69 w(1 1 0)
9.81 s(2 0 0)
9.87 w(2 0 1)
9.93 M(2 1 0)
10.06 S(3 0 0)
10.11 W(3 0 1)
10.17 M(3 1 0)
10.30 sS(4 0 0)
10.36 wW(4 0 1)
10.41 M(4 1 0)
10.54 M(5 0 0)
10.60 W(5 0 1)
10.66 W(5 1 0)
10.79 w(6 0 0)
10.90 W(6 1 0)

S:0.09<FCF<0.14, M:0.03<FCF<0.05 and W:0.005<FCF<0.03,

Table 7.7 Vibrational levels of the 2Ag state,

Progressions
IE
A B [o] D

16.48 w(0 0 0)

16.53 w(0 0 1)

16.58 M(0O 0 2)

16.63 M(O 0 3)
16.67-16.68 M(0 0 4) W(1 0 0)
16.72-16.73 W(0 0 5) M(10 1)
16.77-16.79 W(0 0 6) M(1 0 2)
16.82-16.84 Ww(0 0 7) s(1 0 3) .
16.86-16,87 M(1 0 4) WwW(2 0 0)
16.91-16.92 M(1 0 5) M(2 0 1)
16.96-16.97 W(l1 0 6) M(2 0 2)
17.01-17.03 W(1 0 7) M(2 0 3)
17.05-17.06 M(2 0 4)
17.10-17.11 M(2 0 5) WwW(3 0 1)
17.15-17.16 W(2 0 6) W(3 0 2)
17.20-17.22 w(2 0 7) WwW(3 0 3)

17.25 W(3 0 4)

17.30 W(3 0 5)

17.35 wW(3 0 6)

S:0.08<FCF<0.08, M:0.03<FCF<0.07 and W:0.005<FCF<0.03.
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Table 7.8 Vibrational levels of the ?B., state.

Progressions
1E
A B o]
16.65 S(0 0 0)
16.170 S(0 0 1)
16.74-16.76 S(0 0 2) M(O0 1 0)
16.79-16.80 W(0 0 3) M(0 1 1)

16.85 w(0 1 2)
16.93 w(1 0 0)
16.97 W(l 0 1)

$:0.1<FCF<0.36, M:0.03<FCF<0.06 and W:0.01<FCF<0.03.

Table 7.9 Vibrational levels of the 2?Ba,, state.

Progressions
IE
A B C

17.00 w(0 0 0)

17.05 S(0 0 1)
17.10-17.11 S(0 0 2)

17.16 S(0 0 3) W(0 1 1)

17.21 S(0 0 4) W(0 1 2)

17.26 S(0 0 5) W(O t 3)
17.32-17.33 M(O 0 6) W(0O 1 4) W(1 0 1)
17.37-17.38 W(0 0 7) W(0 1 5) W(1 0 2)
17.42-17.43 wW(0 0 8) W(1 0 3)

17.49 W(1 0 4)

17.54 W(l 0 5)

S:0.1<FCF<0.2, M:0.03<FCF<0.06 and W:0.007<FCF<0.03.

Table 7.10 Vibrational levels of the 2?B,. state.

Progressions
IE
A B (o}

18.27 S(0 0 0)

18.32 S(0 0 1)
18.36-18.38 S(0 0 2) WwW(0O 1 0)
18.41-18.42 S(0 0 3) M(O0 1 1)
18.46-18.47 M(O 0 4) M(O0 1 2)
18.50-18.52 W(0 0 5) M(O 1 3)
18.55-18.56 W(0 1 4) W(1 0 0)

18.60 wW(l 0 1)

18.64 W(1 0 2)

18.69 W(1 0 3)

$:0.09<FCF<0.21, M:0.03<FCF<0.06 and W:0.006<FCF<0.03.
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Table 7.11 Vibrational levels of the 2Bag state.
Progressions
IE
A C D E
19.05 S(0 0 0}
19.10 S(0 0 1)
19.15 S(0 1 0) wW(0 0 2)
19.20 M(0O 1 1)
19.25-19.26 M(0 2 0) w(0 1 2)
19.31-19.32 wW(0 2 1) M(1 0 0)
19.36-19.37 wW(0 3 0) wW(1 0 1)
19.43 W(1 1 0)
19.47 w(l111)
19.53 w(l 2 0)

S:0,.10<FCF<0.38, M:0.03<FCF<0.06 and W:0.007<FCF<0.03.

8. Tetrachloroethylene CzCla
Table 8.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State C=C (AC=C) c-Cl(Aac-Cl) C=C-Cl(AC=C-Cl)
1As 1.324 1.724 122.68
Exp.*= 1.354 1.718 122.15
2Bzu 1.422(+0.098) 1.670(-0.054) 120.85(~-1.83)
2Bz g 1.309(~-0.015) 1.702(-0.022) 122.54(-0.14)
2Bawu 1.317(-0.007) 1.722(-0.002) 126.74(+4.06)
2A. 1.319(-0.005) 1.716(-0.008) 0 122.72(+0.04)
2Byu 1.309(-0.015) 1.730(+0.006) 118.67(-4.01)
’Bia 1.324(-0.000) 1.724(40.001) 123.93(+1.25)
2A. 1.375(+0.051) 1.707(-0.017) 121.42(=1.26)
2Bag 1.311(-0.013) 1.750(+0.026) 121.54(-1.14)

*Straund (18673).

Bond lengths are in angstroms,
The values in parenthesis are the magnitude of

geometry by ionization.

angles in degrees.

the change

in
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Table 8.2 1Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDC1
?2Bzu 9.02 9.23 8.61 8.81 0.41 0.42
°Bzu 11.83 11.49 11.79 11.48 0.04 0.01
2Bau 12.88 12.53 12.63 12.30 0.25 0.23
2A. 12.79 12.40 12.79 12.40 0.00 0.00
2Biu 13.26 12,88 12.99 12.61 0.27 0.27
?Bia 13.18 12.1717 13.16 12.176 0.02 0.01
2A¢ 13.48 13.11 13.41 13.01 0.07 0.10
2Bag 14.12 13.72 14.04 13.64 0.08 0.08

Total energies ( a.u.) of 'Ag

-1911.569329(SCF) and -1912.238285(SDCI).

frequencies (cm™*).

Table 8.3 0-0 ionization levels.
State 0-0 1E FCF
2Bzu 8.79 0.072
2B2x 11.48 0.479
2Bau 12.30 0.000
2A, 12.40 -0.915
2Biu 12.61 0.000
2B. o 12.76 0.475
2A. 12.99 0.573
2Bag 13.64 0.241

Table 8.4 Vibrational

State Vi Va Va
'Ag 1825 477 254
Obs.= 1571 447 237
?2Bzu 1531 507 271
’Bog 1900 488 206
?2Bau 1875 478 252
2Au 1848 481 242
2Biu 1893 476 254
’B1a 1824 4717 252
2A. 1449 483 275
2Bag 1880 466 245

*Herzhbwerg (19R6Y
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Table 8.5 Conventional potential energy

Table 8.6 Classical half amplitude of the zero-point

distribution(%). vibrational levels.
State Component Vi Vz Va State Component Vi Va Va
AC=C 81.3 7.1 8 AC=C 0.055 0.007 0.003
‘Ax Ac-Cl 11.7 91.5 1 Ae AC-Cl ~0.016 0.020 0.002
AC=C-Cl 7. 1.5 97.1 AC=C-Cl -0.8 -0.1 1.0
AC=C 71.4 13.2 7 AC=C 0.060 0.013 0.005
2Bz AC-Cl 17.5 82.9 2 2Bzw aC-Cl -0.017 0.018 0.002
AC=C-Cl 11.1 3.9 395.2 AC=C-C1 -0.9 -0.3 0.9
AC=C 83. 8.1 0 AC=C 0.054 0.008 0.002
Bou AC-C1 11.7 91.3 4 2B2g AC-Cl -0.015 0.020 0.001
AC=C-Cl 4.4 0.17 98.6 AC=C-C1 -0.8 -0.1 1.1
AC=C 80.1 8.9 1 AC=C 0.055 0.008 0.003
2Bau AC-Cl 13.8 89.3 8 ?Bau Ac-Cl -0.017 0.020 0.002
AC=C-C1 6. 1.9 96.1 AC=C-Cl -0.7 -0.2 1.0
AC=C 81. 7.4 6 AC=C 0.055 0.008 0.003
2A0 ac-Cl 11. 91.3 9 A AC-C1 -0.016 0.020 0.001
AC=C-Cl 6. 1.2 97.5 AC=C-Cl -0.8 -0.2 1.0
AC=C 84.4 5.7 1.1 AC=C 0.054 0.006 0.002
2Biu AC-Cl 8.6 93.6 0.1 2By AC-Ccl ~0.014 0.021 0.000
AC=C-Cl 7.1 0.7 98.8 AC=C-C1 -0.8 -0.1 1.0
aAC=C 81.1 7.2 1.7 AC=C 0.055 0.008 0.003
2B1a AC-Cl 12.2 91.3 1.3 2Bia AcC-Cl1 -0.016 0.020 0.002
AC=C-Cl 6.8 1.5 97.0 AC=C-Cl -0.8 -0.2 1.0
AC=C 76.1 5.0 1 AC=C 0.062 0.007 0.001
2Ae AC-C1 13.5 92.3 K 2Ag AC-Cl -0.017 0.020 0.004
AC=C-Cl 10.5 2.7 95.1 AC=C~-Cl ~-0.9 -0.2 1.0
AC=C 83.5 6.5 1.4 AC=C 0.055 0.007 0.002
?Bag ac-cl 10.1 92.3 0.9 2Bag aAC-Cl -0.015 0.021 0.001
AC=C-Cl 6.4 1.1 97.7 AC=C~-Cl -0.8 -0.1 1.0
Bond lengths are in angstroms, angles in degrees.
Table 8.7 Vibrational levels of the 2Bz. state.
Progressions
IE
A B (o]
Table 8.8 Vibrational levels of the ?Bas state.
8.79 M(0 0 0)
8.85 M(0 1 0) Progressions
8.92 w(0 2 0) 1E
8.98 s(1 0 0) A B
9.04 s(1 1 0)
9.11 W(1 2 0) 11.48 S(0 0 0)
9.17 s(2 0 0) 11.51 M(O0 0 1)
9.23 s(2 1 0) 11.54 s(0 1 0)
9.29 w(2 2 0) 11.57 w(o 1 1)
9.36 M(3 0 0) 11.60 s(0 2 0)
9.42 M(3 1 0) 11.63 w0 2 1)
9.48 W(3 2 0} 11.66 w(o 3 0)
9.55 w(4 0 0)
9.61 W(4 1 0) S:0.10<FCF<0.48, M:0.03<FCF<0.04 and
9.67 w(4 2 0) W:0.008<FCF<0.03.
9.74 w({5 0 0)
9.80 W(5 1 0)
S:0.08<FCF<0.15, M:0.03<FCF<0.08 and

W:0.007<FCF<0.03.
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Table 8.9 Vibrational levels of the Table 8.10 Vibrational levels
2Ba,,, state. of the 2B,. state.
Progressions IE Progression A
1E
A B 12.64 wW(0 0 1)
12.67 w(0 0 2)
12.33 wW(0o 0 1) 12.70 w(0 0 3)
12.36 w(0o 0 2) 12.74 M(O 0 4)
12.39 M(O0 0 3) 12.77 M(0O O 5)
12.43 M(O O 4) 12.80 S(0 0 6)
12.45-12.46 s(00 5) w(o1 3) 12.83 sS(0 0 7)
12.48-12.49 s(0 0 6) W01 4) 12.86 s(0 0 8)
12.51-12.52 sS(0 0 7) wW(0O1 5) 12.89 S(0 0 9)
12.55-12.55 S(0 0 8) W(0O1 6) 12.92 S(0 0 10)
12,.58-12.58 S(00 9) wW(o1 7) 12.96 S(0 0 11)
12.61-12.61 M(0 0 10) WwW(0O 1 8) 12.99 M(O 0 12)
12.64-12.64 M(O 0 11) WwW(0O 1 9) 13.02 M(0 0 13)
12.67-12.68 W(0 0 12) W(0 1 10) 13.05 W(0 0 14)
12.70-12.71 W(0 0 13) WwW(0 1 11) 13.08 w(0 0 15)
12.73-12.74 wW(0 0 14) W(0 1 12) 13.11 W(0 0 16)
S:0.08<FCF<0.11, M:0.03<FCF<0.07 and S:0.08<FCF<0.13, M:0.03<FCF<0.07
W:0.003<FCF<0.03. and W:0.001<FCF<0.03.

Table 8.11 Vibrational levels of the 2Bs, state.

Progressions

1E

A B (o] D
13.64 S(0 0 0)
13.67 S(0 0 1)
13.70 M(O 0 2) s(0 1 0)
13.73 w(0o 0 3) s(o011)
13.76 M(0O 1 2) M(0 2 0)
13.79 w(0 1 3) M(0 2 1)
13.82 W(0 2 2)
13.87 w(1 0 0)
13.90 , W(1 0 1)

S:0.08<FCF<0.24, M:0.03<FCF<0.08 and W:0.009<FCF<0.03.
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trans-1,2-Difluoroethylene

trans-CzH>F=

Table 9.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C=C ( AC=C) C-F ( AC-Cl) C-H ( AC-H)
'Ag 1.310 1.324 1.079

Exp.*® 1.329 1.344 1.080

2A, 1.400(+0.,090) 1.254(-0.070) 1.086(+0.007)
2Ax 1.321(+0.011) 1.248(-0.076) 1.153(+0.074)
2By 1.289(~-0.021) 1.350(+40.026) 1.100(+0.021)
2By 1.297(-0.013) 1,418(+40.094) 1.079( 0.000)
State F-C=C(AF-C=C) H-C=C ( AH-C=C)

'Ag 120.47 124.70

Exp.*® 119.33 129.25

2Au 118.02( -2.45) 123.70( -1.0 )

‘A 134.48(+14.01) 102.94(-21.76)

2Bu 116.54( -3.93) 132.30( +7.60)

’Be 114.08( -6.39) 133.38( +8.68)

alarlos el al. (1974).
Bond lengths are in angstroms,

angles in degrees.

The values in parenthesis are the magnitude of the change in
geometry by ionization. )
Table 9.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDC1 SCF SDCI

2Au 9.38 9.91 8.84 9.41 0.54 0.50
2Ax 14.60 14.13 13.55 13.47 1.05 0.66
2Bu 16.13 15.48 15.99 15.35 0.14 0.13
2By 17.37 16.76 16.98 16.31 0.39 0.45

Total energies ( a.u.) of 'Ag :

Table 9.3 0-0 ionization

levels.

State 0-0 IE FCF
2A. 9.40 0.063
2p, 13.40 0.000
2By 15.31 0.063
’Be 16.29 0.076

~275.436996(SCF) and

-276.009672(SDCI).

Table 9.4 Vibrational frequencies (cm™').
State Vi Ve Va Va Ve
1Ag 3423 1949 1404 1257 602
Obs.= 3111 1694 1286 1123 548
2A. 3384 1840 1336 1382 596
2Ax 2742 1912 1141 1119 589
2B, 3174 1998 1277 1026 563
’Ba 3467 1930 1345 1048 541
=Oruig et al. (1868).
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Table 9.5 Conventional potential energy distribution(X).

State

Component Va
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Table 9.6 Classical half amplitude of the zero-point vibrational levels.

State Component Vi Ve Va Ve Ve
AC=C ~-0.009 -0.049 0.018 -0.008 0.008
AC-F -0.002 0.021 0.004 -0.033 0.011
‘Ag AC-H 0.073 -0.006 0.001 -0.001 0.000
AF-C=C 0.7 0.3 -1.5 3.0 2.7
AH~C=C -0.3 3.0 6.0 -0.6 -1.0
AC=C -0.008 -0.043 0.038 -0.008 0.014
AC-F -0.003 0.027 0.009 -0.023 0.008
2Au AC~-H 0.073 -0.002 0.004 -0.003 -0.000
AF~-C=C 0.7 -0.4 -2.5 1.8 2.7
AH-C=C -0.4 4.0 4.4 2.7 -1.1
AC=C 0.005 -0.046 0.032 -0.020 0.002
AC-F -0.008 0.030 0.011 -0.015 0.009
2Ag AC-H 0.080 0.019 0.001 0.005 0.004
AF~-C=C 0.8 -0.4 -2.8 1.9 . 3.8
AH-C=C -1.1 2.4 4.8 3.9 -1.3
AC=C -0.013 -0.049 0.012 -0.005 0.007
AC-F 0.000 0.017 0.009 -0.039 0.011
2Bu AC-H 0.075 -0.013 0.001 0.004 -0.001
AF-C=C 0.6 0.5 -1.7 3.1 2.8
AH-C=C -0.2 2.3 6.7 -0.8 -0.9
AC=C -0.011 -0.051 0.013 -0.004 0.006
AC-F -0.002 0.015 0.003 -0.041 0.014
2Bg AC-H 0.072 -0.008 0.002 -0.002 -0.000
AF-C=C 0.7 0.5 ~-1.1 3.3 2.6
AH-C=C -0.3 2.4 6.4 -2.1 -0.9
Bond lengths are in angstroms, angles in degrees.
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Table 9.7 Vibrational levels of the 2A. state.
Progressions
IE
A
9.40 M(0O 0 0 0 0)
9.47 W(0 0 1)
9.63-9.64 S(01000), WOO101), WOOO 1)
9.70 M(0 1 1)
9.86-9.87 S(02000), WO1101), WO 1 1)
9.93 M(0 2 1)
10.08-10.10 M(0 3 000), WO 2101), WO2 1)
10.16 w(0 3 1)
10.31-10.33 wW(0 4 000), WO3101), WO 3 1)
10.39 w(o 4 1)
10.54 W(0 5 00 0)
10.61 w(0 5 1)
IE C D
8.57 W(0 0100), WOOO 1 O0)
9.73-9.74 w(0 0 0), WO O 110)
9.79-9.80C M(0O 1 100), WO1010)
9.96 w(0 00), WO 1 110)
10.02-10.03 W(0 2100), W(O2010)
10.19 w(0 21 10)
10.25-10.26 W(0 310 0), WO 301 0)
10.48 wW(0 4100), WO 401 0)

$:0.09<FCF<0.1

1, M:0.03<FCF<0.07 and W:0.004<FCF<0.03.

Table 9.8 Vibrational levels of the 2A, state.
(60100)-(00600), (ODOOO1)-(00401),
(0 0102) - (0040 2),
(01200)-(01600), (02200)~(02500),
(01101)~-(01601), (01102)-(01402),
(10100)-(10400), (LO101)-(1040 1},
(11100)-(11500), (11101)~-(115201),
(02101)-(025601), (1 2101)-(12401),
(12200)~(121400)
0.001<FCF<0.011
Table 9.9 Vibrational levels of the 2B. state.
Progressions
IE
A
15.31 M(0O 0 0 O 0)
15.38 w(o 0 1)
15.54-15.56 S(01000), WOO10T1), WO O0OT11)
15.61 M(O 0 1)
15.77~15..78 S(02000), W(0O1101), W(O1011)
15.84 M(0 0 1)
15.99-16.01 M(O 300 0), W0 2101), W0O2011)
16.07 w(o 0 1)
16.22-16.24 W(0 4 00 0), WO3101), WO3011)
16.39 w(0 0 1)
16.45 W(0 5 0 0 0)
IE [}
15.46-15.48 W(0O 010 0), WOOO1O0), W(O0OOO 2)
15.65 w(0 1 0)
15.69-15.71 M(O1100), WO1010), WOC1002)
15.88 W(0 1 0)
15.91-15.94 wW(02100), W(O2010), WO20D02)
16.10 W0 1 0)
16.14-16.17 W(0 3100), W(O 3010), WO30O0 2)
16.39 wW(0 4100), WO 4010)
S:0.09<FCF<0.11, M:0.03<FCF<0.07 and W:0.005<FCF<0.03.
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Table 9.10 Vibrational levels of the 2B,

state.

IE

Progressions

B

s(o o
s(0 ©

M(O0 ©

16.92
16.94
16.98
17.05
17.07

w(0o 0

wW(0 O

[l =]

0)
M(O 0 11

0)
M(0O 0 1 2

0)
wW(0O 013

0)
W(0 01 4

06 0)

0)

0)

0)

0)

0)

W(0 1 00 0)

M(0O 1 01 0)
M(0O 1 0 2 0)
wW(0 1 0 3 0)

W(0 1 0 4 0)

S:0.15<FCF<0.22,

M:0.03<FCF<0.08 and W:0.005<FCF<0.03

10. cis-1,2-Difluorocethylene cis-CzHzF=
Table 10.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C=C ( AC=C) C-F ( AC-F) C-H ( AC-H)
LAy 1.310 1.320 1.079

Exp.*® 1.331 1.335 1.084

2B, 1.402(+0.092) 1.252(-0.068) 1.085(+0.006)
2A, 1.387(+0.077) 1.247(-0.073) 1.110(+0.031)
2B2 1.295(-0.015) 1.421(+0.101) 1.079( 0.000)
2Az 1.295(-0.015) 1.428(+0.108) 1.078(-0.001)
State  F-C=C (AF-C=C) H-C=C (AH-C=C)

TAL 122.98 122.35

Exp.*= 123.72 121.56

2B, 119.15( -3.83) 122.85( +0.50)

2A, 121.61( -1.37) 113.18( -9.17)

2B 101.25(-21.73) 142.97(+20.62)

2A- 110.04(-12.94) 135.74(+13.39)

“larlos et al.

Bond lengths are in angstroms,
The values in parenthesis are the magnitude of
geometry by ionization.

(1874),

angles in degrees.

the change

in
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Table 10.2 1Ionization energies(eV).

VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2B, 9.38 9,91 8.85 9.42 0.53 0.49
2A, 14.71 14.13 14.23 13.91 0.48 0.22
2B=2 15.80 15.23 14.49 14,34 1.31 0.89
2A2 17.02 16.54 16.35 15.93 0.67 0.61
Total energies ( a.u.) of 'A; : -275.436797(SCF) and -276.008715(SDCI).
Table 10.4 Vibrational frequencies (cm~%).
Table 10.3 0-0 ionization State Va Ve Va Va Ve
levels.
1A, 3435 1967 1387 1113 252
State 0-0 IE FCF Obs.= 3122 1716 1263 1015 237
2B, 3398 1832 1437 1140 269
2B, 9.41 0.058 2A: 3090 1686 1209 1150 293
2A, 13.86 0.054 2Bz 3483 1911 1183 1020 563
2B> 14.34 0.000 2A= 3485 1934 1230 989 303
2A2 15.91 0.000 :

*Craig et al. (1889).

Table 10.5 Conventional potential energy distribution(%).
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Table 10.6 Classical half amplitude of the zero-point vibrational levels.

State Component Vi Va Vs Va Ve

AC=C -0.008 -0.050 0.006 0.019 0.002

AC-F -0.002 0.021 -0.017 0.030 ~-0.000

1A, AC-H 0.073 -0.006 -0.001 0.002 0.001
AF-C=C 0.3 0.8 0.2 -0.8 2.8
AH-C=C 0.1 2.3 4.8 2.6 -2.1

AC=C -0.008 -0.046 ~0.006 0.037 0.003

AC-F -0.003 0.028 -0.020 0.016 -0.000

2B, AC-H 0.073 -0.002 -0.003 0.003 0.000
AF-C=C 0.3 0.7 0.5 -1.0 2.8
AH-C=C 0.1 2.6 4.2 3.2 -2.1

AC=C -0.003 -0.042 ~-0.022 0.042 0.003

AC-F -0.005 0.034 -0.002 0.017 ~0.000

2A: AC-H 0.076 0.005 0.006 0.004 0.001
AF-C=C 0.2 0.5 0.6 -1.2 2.7
AH-C=C -0.2 0.7 6.1 1.5 -1.2

AC=C -0.014 0.050 0.012 0.005 -0.001

AC-F -0.002 -0.009 0.002 0.045 -0.007

2B, AC-H 0.072 0.010 0.001 0.002 0.000
AF-C=C 0.3 -1.0 ~0.1 -0.2 1.6
AH-C=C 0.1 -1.8 6.0 0.4 -1.5

AC=C -0.011 0.051 0.010 0.010 0,000

AC-F -0.002 -0.013 -0.011 0.043 -0.004

2A2 AC-H 0.072 0.008 -0.000 0.003 -0.000
AF-C=C 0.3 -0.9 -0.0 -C.5 2.3
AH-C=C 0.1 -2.0 5.6 2.1 -1.9

Bond lengths are in angstroms, angles in degrees.

Table 10.7 Vibrational levels of the 2B, state.

Progressions
1E

A B C

10.

10.

9.41 M(0 0 0 0 0)

9.44 wW(0 0 00 1)

9.48 W(0 0 0 0 2)

9.59 w(0 0
9.64 S(u 100 0)

9.67 M(0O 100 1)

9.70 wW(0 100 2)

9.81 M(0 1

.85-9.86 S(0 2000),Ww(01011)

9.90 M(0 2 0 0 1)

9.93 wW(0 2 0 0 2)
08-10.09 s(0 3 0 ¢ 0),W(0 2 0 1 1)

10.04 M0 2
10.12 M(0 3 0 0 1)

10.16 W(0 3 0 0 2)

10.27 w(0o 3
30-10.32 M(O0 4 0 0 0),W(0 3 01 1)

10.35 W(0 4 0 0 1)

10.50 w(0o 4
10.55 W(0 5 0 0 0}

10.58 W(0 5 00 1)

:0.08<FCF<0.12, M:0.03<FCF<0.06 and W:0.005<FCF<0.03.
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Table 10.8 Vibrational levels of the 2A, state.

IE

Progressions

C

13.86
14.01
14.07
14.16
14.22
14.24
14.28
14.37
14.39
14.43
14.45
14.49
14.58
14.60
14.64
14.66
14.70
14.81
14.85
14.87

M(C O
s(o 1

S(0 2

M(0 3

w(0 4

00 0)

M(0O 0 0 1 0)

0 0 0)

wW(0 0 0 2 0)

M(0O 1 01 0)

W(0 102 0)

M(0O 2 01 0)

W(0 2 0 2 0)

M(0 3 01 0)

w(0 4 01 0)

w(1 0 0 0 0)

W(1 100 0)

wW(1 2 00 0)

w(l1 3 0 0 0)

wW(l1 0010)

W(11010)

W(1 2 010)

S:0.08<FCF<0.10, M:0.03<FCF<0.06 and W:0.01<FCF<0.03.

11. 1,1-Difluoroethylene 1,1-CzH=2F2
Table 11.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C=C (AC=C) C-F (AC-F) C~H (AC-H)
YA 1.307 1.299 1.078

Exp.* 1.316 1.324 1.075

2B, 1.408(+0.101) 1.236(-0.063) 1.082(+0.004)
2B= 1.321(+0.014) 1.254(-0.045) 1.161(+0.083)
2A, 1.394(+0.087) 1.249(-0.050) 1.108(+0.030)
2A, 1.287(-0.020) 1.358(+0.059) 1.083(+0.005)
State F-C=C (AF-C=C) H-C=C (AH-C=C)

1A, 125.25 119.63

Exp.= 125,34 120.37

2B, 122.38(-2.87) 118.72( -0.91)

2Bz 122.27(-2.98) 142.13(+22.50)

2A, 120.69(-4.56) 102.52(-17.11)

2A2 131.24(+5.99) 119.51( -0.12)

2Carlos et al. (1874).

Bond lengths are in angstroms,
The values in parenthesis are the magnitude of

geometry by ionization.

angles in degrees.

the change

in
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Table 11.2 Ionization energies(eV).

VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2B, 9.41 9.99 8.88 9.52 0.53 0.47
2B2 14.66 15.00 13.14 13.61 1.52 1.39
2A, 16.17 15.95 15.08 15.13 1.09 0.82
2A2 16.75 16.34 16.39 15.99 0.36 0.35

Total energies ( a.u.) of 'A; : -275.454949(SCF) and -276.028413(SDCI).

. Table 11.4 Vibrational frequencies {cm™*).
Table 11.3 0-0 ionization

levels. State

Vi Vz Va Va Ve

State 0-0 IE FCF 1A, 3361 1948 1510 1026 601
Obs.® 3060 1734 1359 926 550
2B, 9.51 0.083 2g, 3318 1718 1528 1046 639
2Bz 13.57 0.000 2g, 2890 1858 1292 1089 609
2Aa 15.06 0.002 25, 2948 1561 1267 981 600
2Az 15.98 0.027 A, 3324 1979 1482 938 546

Freeman et al. (1888).

Table 11.5 Conventional potential energy distribution(%).

State Component Vi Va2 Va Va
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Table 11.6 Classical half amplitude of the zero-point vibrational levels.

State Component Va Va Va Va Ve

AC=C -0.008 0.051 0.005 0.018 0.005

AC-F 0.001 -0.020 -0.011 0.028 -0.005

1A, AC-H 0.072 0.005 0.000 0.002 0.000
AF-C=C 0.0 -1.1 -0.5 0.4 2.0
AH-C=C 0.3 -1.7 5.5 0.7 0.1

AC=C -0.007 0.050 -0.001 0.033 0.011

AC-F 0.000 -0.026" -0.010 0.020 -0.003

2B, AC-H 0.072 0.002 -0.001 0.002 0.001
AF-C=C 0.0 -1.4 -0.4 -0.2 2.0
AH-C=C 0.3 -1.6 5.6 0.6 0.0

AC=C -0.015 0.049 -0.004 0.020 0.006

AC-F 0.001 -0.022 -0.009 0.025 -0.005

2B, AC-H 0.079 0.012 -0.010 0.003 0.001
AF-C=C 0.1 -1.3 -0.4 0.2 2.1
AH-C=C 0.6 -0.7 5.5 1.4 0.2

AC=C 0.001 -0.052 0.005 0.038 0.002

AC-F -0.001 0.023 -0.022 0.015 -0.004

2A, AC-H 0.075 0.008 -0.001 -0.001 0.002
AF-C=C -0.1 1.3 -0.8 -0.2 2.2
AH-C=C 0.0 3.1 5.1 2.0 -0.5

AC=C -0.008 0.051 0.004 0.015 0.003

AC-F 0.001 -0.022 -0.010 0.032 -0.000

2A AC-KH 0.072 0.005 -0.000 0.002 0.001
AF-C=C 0.0 -0.9 -0.4 0.4 2.0
AH-C=C 0.3 -1.6 5.7 0.5 0.0

Bond lengths are in angstroms,

angles in degrees.

Table 11.7 Vibrational levels of the 2B, state.

Progressions
IE
A B

9.51 S(0 0 0 0 0)

9.72 S(01 00 0)

9.91 wW(01001)
9.94 sS(0 2 0 0 0)

10.13 W(0 200 1)
10.15 s{(0 3 0 0 0)

10.34 w(0 3 0 0 1)
10.36 S(0 4 0 0 0)

10.55 wW(0 4 001)
10.57 M(O 56 0 0 0)

10.79 wW(0 6 0 0 0)

S:0.08<FCF<0.23, M:0.03<FCF<O0.

04 and W:0.01<FCF<0.03.
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Table 11.8 Vibrational levels of the 2B: state.

IE

Progressions

B

14.05
14.21
14.37
14.41
14.44
14.53
14.57
14.60
14.69
14.73
14.76
14.85
14.89
14.92-14
15.01
15.05
15.08-15
15.17
15.21
15.24-15
15.33
15.37
15.40-15
15.49
156.53

15.56-15.

15.65
15.69
15.73
15.85
15.89
16.01
16.05
16.21

.93

.09

.25

.41

57

w(o
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w(o
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M:0.03<FCF<0.04 and W:0.005<FCF<0.03.
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Table 11.9 Vibrational levels of the 2A, state.

Progressions

I1E

C

15.25 (00100 0)

15.41 (0101
15.45 (0200 0)

15.57

15.60 (0201
15.64 (0 300 0)

15.68

15.73

15.76

15.80 (0301
15.83 (0 4 00 0)

15.87

15.92

15.96

15.99 (0 401
16.03 (0500 0)

16.06

16.11

16.15

16.18 (0501
16.22 (0 6 0 00)

16.31

16.34

16.38 (06 01

0)

0)

0)

0)

0)

0)

(0 4

(0 5

(0 6

0 0)

00)

(02011

10)

(03011

(04011

1 0)

0.005<FCF<0.018.

Table 11.10 Vibrational levels

of

the 2A2 state.

IE

Progressions

15.98 w(o0 0)

16.05 M(O
16.10~-16.11 M(0O
16.16-~16.18 M(0
16.21-16.25 M(0O 4),M(0
16.28-16.32 W(O 5),M(0
16.34-16.37 M(0
16.41-16.43 w(o
16.48-16.50
16.54-16.56

16.61

16.68

2),w(0
3),M(0

[=NeReRoNeNel

o eNeRoNeNe)

ol =NeRoNeNa)
QOO0 OCO
COoOOoCCOooO

Feb bk b e

0)

2),W(0
3),w(o
4),W(0
5),W(0
w(o
w(o

[eR=NoNoNeNe)
[=NeNoNoNeNe]

DR NN

e NeNeNeNo Nl

0)

2),W(0
3),w(0
4),W(0
5),W(0
w(0
w(0
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et b

[eleloReNoNe]

P bt s

M:0.03<FCF<0.04 and W:0.006<FCF<0.03.
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12. trans-1,2-Dichloroethylene trans-CzHzCl:
Table 12.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C=C (AC=C) C-Cl(AC-C1) C-H (AC-H)
"Ag 1.314 1.736 1.079

Exp.= 1.332 1.725 1.092

2A, 1.399(+0.085) 1.653(-0.083) 1.085(+0.006)
2Ag 1.326(+0.012) 1.719(-0.017) 1.082(+0.003)
2Ba 1.302(-0.012) 1.741(+0.005) 1.088(+0.009)
2Bg 1.304(-0.010) 1.791(+0.055) 1.080(+0.001)
State Cl-C=C( ACl-C=C) H-C=C (AH-C=C)

'Ag 121.46 123.89

Exp.*= 120.83 124.0

2Au 120.94(-0.55) 121.19(-2.70)

2Au 119.89(-1.60) 126.12(+2.23)

2By 118.72(-2.177) 127.97(+4.08)

’Be 117.78(-3.71) 128.76(+4.87)

2Schafer et al. (1888).

Bond lengths are in angstroms, angles in degrees.

The values in parenthesis are the magnitude of the change in
geometry by ionization.
Table 12.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2Au 9.10 9.563 8.69 9.10 0.41 0.43
2Ag 12.09 11.87 12,07 11.84 0.02 0.03
2Bu 12.19 12.00 12.15 11.97 0.04 0.03
2Bg 12.85 12.66 12.75 12.57 0.10 0.09

Total energies ( a.u.) of 1A,: -994.769687(SCF) and -995.260158(SDCI).

Table 12.4 Vibrational frequencies (cm~%).
Table 12.3 0-0 ionization State Vi V2 Va Va Ve
levels.
1A. 3414 1823 1385 911 376
State 0-0 IE FCF Obs.= 3071 1576 1270 844 349
2Au 3371 1639 1363 1001 384
2Au 9.09 0.064 A 3372 1680 1372 723 324
2A, 11.81 0.718 2Bu 3330 1871 1338 856 365
2B, 11.97 0.670 2Bg 3433 1838 1365 850 355
2Bg 12.567 0.456

=Herzberg (1966).
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Table 12.5 Conventional potential energy distribution(%).

Table 12.6 Classical half amplitude of the

State Component Vi Va Vs Va Ve
AC=C 1.3 80.2 5.2 0.1 3.6

AC-Cl1 0.0 6.7 0.9 44,2 40.6

1A AC-H 98.0 1.2 0.0 0.0 0.0
ACl-C=C 0.5 0.3 5.3 50.7 62.7
AH~C=C 0.1 11.6 88.6 5.1 3.1

AC=C 0.7 46.6 29.8 2.6 7.4

AC-C1l 0.1 13.7 0.2 49.7 27.2

2Au AC-H 98.5 0.3 0.2 0.3 0.0
ACl-C=C 0.6 0.1 6.6 46.3 59.3
AH-C=C 0.2 39.3 63.3 1.0 6.2

AC=C 1.3 82.2 3.7 0.2 0.4

AC-C1 0.0 5.8 0.4 52.6 9.1

2Aa AC~H 98.3 1.0 0.1 0.1 0.4
ACl-C=C 0.3 0.4 2.2 32.8 76.4
AH-C=C 0.1 10.7 93.6 14.3 13.7

AC=C 2.0 84.1 3.5 0.1 3.7

AC-Cl1 0.0 5.2 1.5 44.6 41.5

2Bu AC-H 97.4 2.0 0.0 0.0 0.0
ACl-C=C 0.5 0.4 5.6 50.2 52.4
AH-C=C 0.1 8.3 89.4 5.0 2.4

AcC=C 1.8 84.7 3.3 0.0 2.6

AC~-Cl 0.0 4.4 0.9 40.0 46.0

2By AC-H 97.5 1.7 0.0 0.1 0.0
ACl-C=C 0.5 0.5 4.5 50.8 49.4
AH-C=C 0.1 8.7 91.3. 9.1 2.0

zero-point vibrational levels.

State Component Va vz Va Va Ve
AC=C ~-0.009 -0.053 0.012 -0.002 0.005
AC-Cl -0.002 0.018 0.006 -0.035 0.018
tAa AC-H 0.073 -0.006 -0.000 -0.001 0.000
ACl-C=C 0.6 0.4 -1.3 3.6 1.9
AH-C=C -0.3 2.5 6.3 -1.3 -0.5
AC=C -0.007 -0.048 0.033 -0.009 0.008
AC-Cl ~0.,002 0.022 -0.002 -0.032 0.014
2Au AC-H 0.073 -0.003 0.002 -0.002 0,000
ACl-C=C 0.6 -0.2 -1.4 3.2 2.1
AH-C=C ~0.4 4.5 4.9 -0.6 -0.8
AC=C -0.009 -0.056 0.011 -0.002 0.002
AC-Cl -0.001 0.017 0.004 -0.043 0.009
2Aa AC-H 0.073 -0.006 0.002 0.002 0.002
ACl-C=C 0.6 0.5 -1.0 3.8 3.1
AH-C=C -0.3 2.4 6.3 ~-2.4 -1.2
AC=C -0.010 -0.052 0.010 -0.002 0.004
AC-C1 -0.001 0.016 0.008. -0.037 0.018
2By AC-H 0.074 ~0.008 0.000 -0.000 -0.000
ACl-C=C 0.6 0.4 -1.4 3.6 1.9
AH~C=C -0.3 2.2 6.6 -1.3 -0.5
AC=C -0.010 ~-0.053 0.010 -0.001 0.004
AC-Cl -0.002 0.015 0.006 -0.038 0.020
2B AC-H 0.072 -0.007 0.001 -0.001 0.000
ACl-C=C 0.6 0.4 -1.2 3.7 1.8
AH-C=C -0.3 2.2 6.5 -1.8 -0.4
Bond lengths are in angstroms, angles in degrees.
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Table 12.7 Vibrational levels of the

2A. state.

Progressions

A B C

9.09
9.14
9.18
9.21
9.29
9.31-9.34
9.39
9.42
9.50
9.51-9.54
9.59
9.62
9.70
9.71-9.75
9.80
9.82
9.90
9.95

M(O

S(0

M(0

M(0 O

w(o 1

M(0 2

W(0 3

W(0 4

1)

1),W(0 010 1)

1),Ww(0 110 1)

1),Ww(0 2 1 0 1)

1)

w(o

w(o

w(o

w(o

000 2)

W(0 001 0)

10
M(0O 1 01 0)

200 2)

W(0 2 01 0)

30
wW(0 3 01 0)

IE

9.26
9.46-9.47
9.66-9.67

9.87

w(o
w(o
W(o
w(o

0
1
2
3

loj=NaoNe]
-

.
—~— —~—

S:0.08<FCF<0.09, M:0.03<FCF<0.07 and W:0.006<FCF<0.03.

13. <cis-1,2~-Dichloroethylene cis-C,H-Cl2

Table 13.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C=C (AC=C) C-Cl(AC-C1) C-H (AC-H)
YA, 1.316 1.727 1.080

Exp.* 1.337 1.717 1.096

2B, 1.403(+0.087) 1.649(-0.078) 1.085(+0.005)
2B, 1.306(-0.009) 1.766(+0.039) 1.080(+0.001)
2A. 1.326(+0.,011) 1.708(-0.019) 1.087(+0.007)
2Az2 1.304(-0.012) 1.787(+0.061) 1.080(+40.001)
State Cl-C=C(AC1l-C=C) H-C=C (AH-C=C)

1Ay 125.16 120.56

Exp.® 123.95 120.3

2B, 123.96( -1.20) 118.77( -1.79)

272 111.11(-14.05) 131.39(+10.83)

2A, 129.24( +4.08) 118.23( -2.33)

2A= 118.73( -6.43) 126.55( +5.99)

23chufer et 8l. (1888).

Bond lengths are in angstroms, angles in degrees.
The values in parenthesis are the magnitude of the
geometry by ionization.

change in
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Table 13.2 Ionization energies(eV).

VIE ATE A(VIE-AIE)
State

SCF SDCI SCF SDCI SCF SDCI
2Ba 9.09 9.52 8.70 9.11 0.39 0.41
2Bz 11.64 11.56 10.82 10.86 0.82 0.70
2A, - 12.13 11.96 12.06 11.86 0.07 0.10
2A2 12.52 12.42 12.32 12.25 0.20 0.17

Total energies ( a.u.) of 'A, : -994.769160(SCF) and -995.259975(SDCI).

Table 13.4 Vibrational frequencies {(cm™%).

Table 13.3 0-0 ionization

levels. State Vi Vo Va Va Ve

State 0-0 IE FCF " A, 3411 1830 1297 760 180
Obs.= 3086 1591 1179 711 173

2B, 9.10 0.102 :B1 33178 1616 1303 843 193
2B=2 10.86 0.000 sz 3435 1835 1179 756 312
27, 11.84 0.113 2A, 3334 1697 1286 696 205
2A2 12.25 0.003 Az 3433 1853 1231 717 204

“Herzherg (1966).

Table 13.5 Conventional potential energy distribution(%).
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Table 13.6 Classical half amplitude of the zero-point vibrational levels.

State Component Vi Va Va Va Ve

AC=C -0.008 0.054 0.010 0.008 0.001

AC-Cl -0.002 -0.019 ~-0.006 0.040 0.001

1A, AC-H 0.073 0.005 -0.001 0.001 0.000
ACl-C=C 0.2 -0.7 -0.1 -0.8 1.9
AH-C=C 0.1 -2.1 5.7 1.2 -1.2

AC=C -0.007 -0.054 0.020 0.019 0.002

AC-Cl ~-0.002 0.022 -0.011 0.034 0.001

2B, AC-H 0.073 -0.003 -0.000 0.002 0.000
ACl-C=C 0.2 0.7 -0.2 -0.9 1.9
AH-C=C 0.1 3.2 5.0 1.1 -1.2

AC=( -0.010 0.053 0.011 0.004 -0.000

AC-Cl -0.002 -0.013 -0.002" 0.046 -0.002

2B2 AC-H 0.072 0.007 0.000 0.002 0.000
ACl1~-C=C 0.2 -0.8 -0.1 -0.5 1.4
AH-C=C 0.1 -1.9 6.0 1.0 -0.9

AC=C -0.007 0.056 0.004 0.0086 0.001

AC-Cl -0.001 -0.020 -0.004 0.041 0.002

2Ax AC-H 0.074 0.005 0.001 0.001 -0.000
ACl-C=C 0.2 -0.7 0.0 -0.8 1.9
AH-C=C 0.0 -1.7 5.8 1.5 -1.0

AC=C -0.009 0.053 0.009 0.006 0.000

AC-Cl -0.002 -0.016 -0.004 0.044 -0.000

2A2 AC-H 0.073 0.007 -0.001 0.002 0.000
ACl-C=C 0.2 -0.7 -0.1 -0.6 1.7
AH-C=C 0.1 -1.9 5.9 1.4, -1.1

Bond lengths are in angstroms,

Table 13.7

angles in degrees.

Vibrational levels of the 2B, state.

Progressions

IE

9.10
9.20
9.26
9.30
9.46
9.40
9.50-9.51
9.57
9.60
9.66
9.70-9.71
9.717
9.81
9.86
9.90
10.01

S(0 0 0 0 0)

S(0 100 0)

M(0 O

M(0 1

§(0 2 000),¥w(01020)

M(0 2

M(0 3 0 0 0),W(0 2 0 2 0)

W(0 4 0 0 0)

w(0o 3

w(o 4

010)

010)

010)

010)

M(0O 0 1 0 0)

M(0 11 0 0)

M(0O 2 1 0 0)

W(0 310 0)

M(O 111 0)

wW(0 211 0)

S:0.10<FCF<0.18, M:0.03<FCF<0.06 and W

:0.008<FCF<0.03.
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Table 13.8 Vibrational levels of the 2A; state.

IE Progressions

11.84 S(0 0 0 0 0)

11.86 S{0 0 0 0 1)

11.89 S(0 0 0 0 2)
11.92-11.93 sS(0 0 00 3), WOOO10)
11.94-11.95 S(000O04), WOOO1T1)
11.97-11.98 M(0O 0 0 0 5), WO 0 01 2)
11.99-12.00 wW(0O 0 0 0 6), WO O O 1 3)

S:0.08<FCF<0.24, M:0.03<FCF<0.04 and W:0.01<FCF<0.03.

14. 1,1-Dichloroethylene

1,1-C2H.Cl>

Table 14.1 Optimized molecular structure and
magnitude of the change in the geometrv by ionization.

State C=C (AC=C) c-cl(ac~Cl) C-H (AC-H)
1A, 1.314 1.734 1.080

Exp.*= 1.324 1.721 1.079

2B, 1.410(+0.096) 1.662(-0.072) 1.082(+40.002)
2Bz 1.302(-0.012) 1.738(+0.004) 1.083(+0.003)
2A> 1.308(-0.006) 1.750(+0.016) 1.082(+0.002)
2A, 1.324(+0.010) 1.740(+0.006) 1.081{(+0.001)
State Cl-C=C{ACl-C=C) H-C=C (AH-C=C)

- 122.87 120,32

Exp.*= 123.0 119.75

2Ba 120.34(-2.53) 119.65(-0.67)

2B 132.73(+9.86) 120.24(-0.08)

2A- 126.62(+3,75) 120.37(+0.05)

A, 119.96(-2.91) 120.66(+0.34)

S¥ahkuts et al. (1982)

Bond lengths are in angstronms,

The values in parenthesis are the magnitude of
try by ionization.

geome

angles in desrees.

the change

in

Table 14.2 Ionization energies(eV),.
VIE AIE A{VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2B, 9.11 9.65 8.71 9.23 0.40 0.42
2B2 11.43 11.44 10.95 11.03 0.48 0.31
2A2 12,10 12,03 12.02 11.97 0.08 0.06
2A, 12.52 12.42 12.46 12.34 0.06 0.08

Total energies ( a.u.) of

AL

-994.765626(SCF) and

-995.257642(SDCI).
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Table 14.3 0-0 ionization Table 14.4 Vibrational frequencies

levels. (em=*),

State 0-0 IE FCF State Vi Va Va Va Vs
2B, 9.21 0.085 A, 3335 1835 1500 641 316
2B, 11.03 0.000 Obs.= 3035 1616 1391 601 299
2A2 11.97 0.155 2B, 3316 1592 1435 682 346
2A, 12.33 0.273 2Bz 3323 1868 1493 663 320

2A> 3327 1833 1496 631 308
2A. 3337 1704 1521 571 332

2Herzbherg (18886)Y.

Table 14.5 Conventional potential energy distribution(¥%).

State Component Vi Va Vs Va Ve
AC=C 1.1 77.3 9.0 5.0 0.2

AC-Cl 0.0 5.3 2.8 83.2 8.7

1A, AC-H 98.8 0.6 0.2 0.1 0.0
ACl-C=C 0.0 2.1 1.3 11.6 91.1

AH-C=C 0.1 14.2 86.7 0.1 0.0

AC=C 0.5 27.1 58.3 11.7 0.8

AC~Cl 0.0 2.0 13.7 79.7 8.5

2B, AC-H 99.4 0.1 0.2 0.1 0.0
ACl-C=C 0.0 1.0 6.8 8.4 90.7

AH-C=C 0.1 69.8 21.1 0.1 0.0

AC=C 1.1 78.2 4.8 6.6 0.1

AC-Cl 0.0 8.8 3.4 85.8 0.1

2B> AC-H 98.8 0.7 0.1 0.1 0.0
ACl-C=C 0.0 2.5 0.9 7.3 99.8

AH-C=C 0.1 9.8 90.8 0.2 0.0

AC=C 1.1 78.1 7.5 4.9 0.1

AC-C1 0.0 6.2 2.9 85.1 3.4

2A2 AC-H 98.8 0.7 0.1 0.1 0.0
ACl-C=C 0.0 2.5 1.1 9.8 96.5

AH-C=C 0.1 12.7 88.4 0.1 0.0

AC=C 0.9 69.7 19.2 0.9 0.0

AC-Cl 0.0 3.2 2.9 85.6 3.6

2A, AC-H 99.0 0.3 0.4 0.1 0.0
ACl-C=C 0.0 2.3 2.0 13.4 96.2
AH-C=C 0.1 24.4 75.6 0.1 0.2
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ATable 14.6 Classical half amplitude of the zero-point

vibrational levels.

State Component Vi V2 Va Va Ve

Cc=C ~-0.009 -0.053 0.012 -0.002 0.005

c-Cl -0.002 0.018 0.006 -0.035 0.018

iAg C-H 0.073 -0.006 -0.000 -0.001 0.000
Cl-C=C 0.6 0.4 -1.3 3.6 1.9
H-C=C -0.3 2.5 6.3 -1.3 -0.5

AC=C -0.008 -0.052 0.015 0.007 0.001

AC-C1 0.001 0.015 -0.009 0.034 -0.007

1A, AC-H 0.072 ~-0.004 0.002 0.001 0.000
ACl-C=C 0.0 0.7 -0.4 0.9 1.7
AH-C=C 0.3 2.5 5.2 0.1 -0.0

AC=C -0.007 -0.036 0.048 0.014 0.003

AC-Cl 0.000 0.008 -0.018 0.030 -0.007

2B; AC-H 0.072 -0.001 0.002 0.001" 0.000
ACl-C=C 0.0 0.4 -1.0 0.7 1.7
AH-C=C 0.3 5.2 2.6 0.1 -0.0

AC=C* -0.008 -0.053 0.011 0.009 0.001

AC-Cl 0.001 0.020 -0.010 0.037 -0.001

2B, AC~-H 0.072 -0.005 0.001 0.001 0.000
ACl-C=C 0.0 0.7 -0.3 0.7 1.6
AH-C=C 0.3 2.1 5.4 0.2 -0.0

AC=C -0.008 -0.053 0.014 0.008 0.001

AC-Cl 0.001 0.017 -0.010 0.036 -0.005

2A2 AC-H 0.072 -0.005 0.002 0.001 0.000
ACl-C=C 0.0 0.7 -0.4 0.8 1.7
AH-C=C 0.3 2.4 5.3 0.1 -0.0

AC=C -0.007 -0.052 0.023 0.003 0.000

AC-C1l 0.000 0.013 -0.010 0.036 -0.005

24, AC-H 0.072 -0.003 0.003 0.001 0.000
ACl-C=C 0.0 0.7 -0.5 0.9 1.7
AH-C=C 0.3 3.3 4.8 0.1 -0.1

Bond lengths are in angstroms,

angles in degrees.
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Table 14.7 Vibrational levels of the 2B, state.

Progressions
IE
A B

9.21 S(0 0 0 0 0)

9.29 M(O 0 01 0)
9.38-9.41 Ss(00100),Ww(00O020),M(0100 0)
9.47-9.49 M(OO110),w(01010)
9.56-9.59 S(0 02 00),Ww(0 0120),M(01 10 0)
9.65-9.67 M(O 0 210),M(0 111 0)
9.73-9.76 M(0 0 3 0 0),Ww(0 0 2 2 0),M(O 1 2 0 0)
9.83-9.85 wW(0 0310),W(01 210)
9.91-9.,94 WwW(0 0 4 00),w(OO320),¥(0 13 00)
10.01-10.03 W(0 0 410),w(01310)

S:0.08<FCF<0.12, M:0.03<FCF<0.07 and W:0,007<FCF<0.03.

Table 14.8 Vibrational levels of the
2B, state.

1E Progressions
11.35 W(0 000 8)
11.39 3f8 : 09 18; Table 14.9 Vibrational levels of the
11.47 M(O 0 0 0 11) 2Az state.
11.51 M(0O 0 0 0 12)
11.55 M(O 0 0 0 13) IE Progressions
11.58 M(O 0 0 0 14)
11.62 M(0 0 0 0 15) 11.97 S(0 0 0 0 0)
11.66 S(0 0 0 0 16) 12.01 S(0 000 1)
11.70 S(0 000 17) 12.05 S(0 000 2), WO0OO1O0)
11.74 S(0 0 0 0 18) 12.09 S(0 000 3), M(OOO11)
11.78 M(0O 0 0 0 19) 12.12-12.13 M(0 0 0 0 4), M(0O 0 0 1 2)
11.82 M(0 0 0 0 20) 12.16 M(0 0 00 5), WOOO 1 3)
11.86 M(0O 0 0 0 21) 12.20 W(0 001 4)
11.90 M(O 0 0 0 22)
ii.gg :58 8 g 8 gi; S:0.08<FCF<0.25, M:0.03<FCF<0.06 and
13 0 W0 9 0 0 25) W: 0,01<FCF<0.03.
12.06 W(0 0 0 0 26)

S:0.08<FCF<0.09, M:0.03<FCF<0.08 and
W: 0.008<FCF<0.03.

Table 14.10 Vibrational levels of the %A, state.

IE Progression
12.33 S(0 0 0 0 0)
12.37 S(0 000 1)
12.41 S(0 000 2)
12.45 S(0 0 0 0 3)
12.49 wW(0 0 0 0 4)

S:0.09<FCF<0.35 and W:0.02<FCF<0.03.
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15. trans~Butadiene trans-CaHe
Table 15.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State C-C (AC-C) C=C (AC=C) C1-He{ACi1-Hs) C1-He(ACi-Ho) Cz-H-(ACz-H~»)
‘A 1.468 1.326 1.083 1.085 1.086
Exp.® 1.463 1.341 1.090
2B, 1.402(-0.066) 1.378(+0.053) 1.083(+0.000) 1.084(-0.001) 1.084(-0.002)
2A, 1.538(+0.071) 1.366(+0.040) 1.082(-0.001) 1.083(-0.001) 1.084(-0.002)
2Ag 1.828(+0.360) 1.293(-0.032) 1.090(+0.007) 1.082(-0.002) 1.083(-0.003)
2B, 1.450(-0.018) 1.,307(-0.019) 1.089(+0.006) 1.179(+0.094) 1.110(+0.024)
State C=C-C(AC=C"C) H5‘01=Cz(AH5"C1=Cz) He'01=Cz(AHc‘Cx=Cz) H7-C2=C1(AH+-C2=C:
Ay 124.14 121.49 121.64 119.49
Exp.® 123.3 121.8
2Bg 121.22(-2.92) 121.14( -0.35) 121.27( -0.37) 119.21( -0.28)
2Au. 123,69(-0.45) 119.97( -1.52) 122.07( +0.43) 119.61( +0.12)
2Ag 119,14(-5.00) 115.95( -5.54) 125.74( +4.10) 142.05(+22.56)
2B, 122.52(-1.62) -138,14(+16.65) 110.97(-10.67) 117.09( -2.40)
“Ruchitsu et al. (1868).
Bond lengths are in angstroms, angles in degrees.
The values in parenthesis are the magnitude of the change in
geometry by ionization.
Table 15.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2Bg 8.02 8.70 7.75 8.41 0.27 0.29
2Au 11.08 11.64 10.89 11.30 0.19 0.24
2Ae 12.23 12.37 10.99 11.565 1.24 0.82
2Bu 14.22 13.91 13.59 13.35 0.63 0.56

Total energies ( a.u.) of 'Ag: -154.747954(SCF) and -155.244041(SDCf)

Table 15.3 0-0 ionization levels.

State 0-0 IE FCF
2By 8.41 0.263
2Au 11.30 0.195
2Ax 11.46 0.000
2B, 13.22 0.000
Table 15.4 Vibrational frequencies (cm™?%).

State Vi Vz Va Va Vo Ve Ve Va Ve
1A 3394 3316 3296 1883 1574 1409 1306 952 548
Obs.= 3101 3014 3014 1643 1442 1279 1205 890 513
2Bg 3441 3359 3323 1805 1602 1386 1369 1001 553
2Au 3446 3361 3327 1769 1568 1393 1258 896 525
2Aq 3406 3373 3269 1814 1455 1262 862 421 356
?2Bu 3283 3044 2512 1914 1392 1237 1067 785 482

“Herzberg (1866).
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Table 15.5 Conventional potential energy distribution(%).
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Table 15.6 Classical half amplitude of the zero-point vibrational

levels.

State Component Vi Va Va Va Ve
AC-C -0.001 -0.004 0.003 0.030 -0.020
AC=C -0.001 -0.006 -0.003 -0.035 0.001

‘Ax AC.-Hs 0.059 0.017 0,041 -0.003 0.001
ACi-He -0.045 0.035 0.047 -0.003 0.001
ACz-H~» 0.008 0.062 -0.039 -0.002 -0.001
AC=C-C ~-0.2 0.6 -0.3 0.9 0.1
AHs-C1=C2 -0.4 0.4 0.0 1.1 4.4
AHg-C1=C2 0.5 -0.1 0.2 1.8 2.7
AH--C2=C;, 0.3 -0.2 0.1 2.5 -2.6

Ve Vo Va Ve
AC-C 0.009 0.035 0.038 0.011
AC=C 0.015 -0.002 0.007 0.005
AC,:-Hs 0.002 0.001 0.000 0.001
ACi:-He 0.001 -0.001 0.001 0.000
ACz-H~» 0.001 0.001 0.001 0.001
AC=C-C -1.6 -2.3 -0.8 3.0
AHg-C,=C> -0.9 -2.9 3.6 -1.4
AHe-C1=C2 3.5 3.1 -3. 1.5
AH7-C2=C1 4.6 -1.7 1.0 -2.0
Vi V2 Va Va Ve
AC-C -0.000 -0.006 0.001 0.037 -0.021
AC=C -0.000 -0.004 -0.005 -0.032 -0.004

’Ba ACi-He 0.055 0.003 0.049 -0.002 0.000
AC,-Hes -0.050 0.010 0.053 -0.002 0.000
ACz-H~+ 0.005 0.073 -0.010 ~-0.000 ~-0.001
AC=C-C -0.2 0.7 -0.0 0.5 0.5
AHs-C1=C2 -0.4 0.3 0.2 0.6 4.5
AHa-C1=C2 0.5 -0.2 0.2 2.0 2.6
AH--Cz=C, 0.3 -0.2 0.0 3.4 -2.4

Ve Ve Ve Vo
AC-C 0.020 -0.028 0.026 0.007
AC=C 0.020 0.011 0.011 0.007
AC1-Hs 0.001 0.000 0.001 0.001
AC1-He 0.002 0.001 0.000 0.0C0
ACz2-H~» 0.002 -0.001 0.001 0.001
AC=C-C -2.7 0.8 -0.4 3.1
AHs~C31=C2 -1.7 1.1 4.2 -1.4
AHQ—C).:CZ 4.2 -0.4 -3.6 1.5
AH,-C2=C1 1.9 3.9 0.8 -2.0
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Table 15.6 Condt.

Va Vz Va Va Ve
AC-C -0.000 -0.005 0.001 0.028 -0.019
AC=C -0.001 -0.004 -0.005 -0.034 0.004
2Au AC;-He 0.056 0.003 0.047 -0.002 0.001
ACi-He -0.048 0.011 0.055 -0.002 0.001
ACz-H~+ 0.005 0.072 -0.011 .~0.002 -0.000
AC=C-C -0.2 0.7 -0.0 0.9 -0.0
AHg-C1=C2 -0.4 0.3 0.2 1.5 4.1
AHe-C1=C2 0.5 -0.2 0.2 2.1 2.8
AH--C2=C; 0.3 -0.2 0.0 2.8 -2.9
Ve Va Va Ve
AC-C 0.002 0.035 0.046 0.013
AC=C 0.019 -0.003 0.007 0.006
AC:-He 0.001 -0.000 0.001 0.001
ACi-He 0.002 -0.000 0.000 0.000
ACz-H~ 0.001 0.002 0.001 0.000
AC=C-C -1.4 -2.2 -1.3 2.9
AHG_C:.:CZ -0.8 -3.6 3.1 -1.3
AHa-C1=C> 3.0 3.8 -2.7 1.4
AH,-C2=C, 4.4 -1.0 1.2 -1.9
Vi Va2 Va Va Vs
AC-C 0.000 0.000 0.000 -0.019 -0.012
AC=C -0.003 -0.007 -0.004 0.037 0.008
2A ACi-He -0.031 0.016 0.065 0.003 0.001
ACi-He 0.067 -0.001 0.030 0.004 0.002
ACz-H-, 0.007 0.071 -0.015 0.007 0.002
AC=C-C 0.3 0.5 -0.2 -0.8 -0.4
AHs-C1=C2 0.5 0.1 0.0 -1.6 3.8
AHg-C1=C2 -0.4 0.0 0.3 -1.6 3.8
AH+-C2=Ca -0.3 0.1 0.2 -1.0 -1.1
Ve Vo Va Vo
AC-C 0.019 -0.015 0.099 -0.002
AC=C 0.004 0.003 0.001 0.002
AC;-He 0.000 ~0.003 0.000 0.000
AC;-He 0.001 0.001 0.000 0.000
ACz-H~» -0.002 0.000 -0.002 0.002
AC=C-~C -1.2 1.3 -2.4 4.2
AHe-C1=C2 ~2.1 5.5 0.5 -0.5
AHe-C1=C2 2.9 -5.1 -0.4 0.4
AH+-C2=C4 6.4 2.2 1.8 -1.5
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Table 5.6 Condt.

State Component Vi Ve Vs Va Ve
AC-C 0.000 -0.007 0.003 0.034 -0.029
AC=C -0,006 -0.002 -0.004 -0.035 -0.012
2B. AC:-He 0.074 -0.007 -0.004 -0.004 -0.001
ACi-He 0.002 0.009 0.084 -0.006 -0.002
ACz2-H~, 0.007 0.076 -0.009 0.002 -0.003
AC=C-C ~0.0 0.7 0.2 0.8 1.8
AHg-C1=C2 -0.1 0.4 0.6 0.2 4.17
AHe-C1=C2 0.3 -0.2 -0.1 0.9 -0.3
AH7-C2=C,y 0.1 -0.3 -0.3 2.3 -4.0
Ve Vo Va Vo
AC-C ~-0.032 0.021 -0.021 0.007
AC=C 0.001 0.009 -0.006 0.002
AC1-Ha -0.000 0.005 0.005 0,004
ACi-He 0.004 0.002 -0.002 -0.002
ACz-H~» ~0.001 -0.003 ~-0.004 -0.001
AC=C-C 2.0 ~-1.2 -1.4 2.8
AHa-C1=C2z 1.2 4.3 -2.2 -2.1
AHe-C1=C2 -1.6 2.6 6.3 3.8
AH7-C2=Cs 3.2 2.6 0.9 . -2.2
Bond lengths are in angstroms, angles in degrees.
Table 15.7 Vibrational levels of the 2B, state.
.
Progressions
IE
A B The rest
8.41 S(000O0O0O0OODO0)
8.48 W(0000O0O0O0O0T1)
8.58 M(OOOO0OO0OO100),M(OO0O0O0100O00)
8.63 S(0 0010000 0)
8.70 W(000100001)
8.80-8.81 M(OOO100100),W(0O0O0O101000)
8.86 S(00020000O00O0)
9.03 W(0 0020010 0)
9.08 wW(0 003 000O0O0)
5:0.08<FCF<0.26, M:0.03<FCF<0.6 and W:0.01<FCF<0.03.
Table 15.8 Vibrational levels of the %A, state.
iE Vibrational levels
11.30 S(000O0O0COO O O0)
11.36 Ss(000000O0O01)
11.41-11.43 S(00 0 000O010),M(0OO0O0O0O0OO0O0 2)
11.46-11.48 M(OOO0O000100),M(O0O0001000),M(OOO0O0O0O0O0T11)
11.52-11.54 W(0 001 00000),W(OOOOO0OO0O101),M(0000000O020)
W(000001001),sw(000000012)
11.57-11.,59 w(o00O0OOO110),w(000100O0O01),wWOO0O0O0O01010),
W(000O0OO0OO21)
11.63-11.65 W(0 0 01 00010),Ww(OOOO0O01011)
11.70 W(000100011)

S:0.12<FCF<0.20, M:0.03<FCF<0.8 and W:0.01<FCF<0.03.
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16. cis-Butadiene cis-CeHe

Table 16.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State c-C (AC-C) C=C (AC-‘-C) Cx‘Ha(AC;‘Ha) Cx"He(ACx"Hu) Cz-Hv(ACz'Hv)
1A, 1.480 1.325 1.083 1.084 1.085
2A2 1.410(-0.070) 1.377(+0.052) 1.083( 0.0 ) 1.082(-0.002) 1.083(-0.002)
2p, 1.547(+0.067) 1.366(+0.041) 1.082(-0.001) 1.083(-0.001) 1.083(-0.002)
2p, 1.896(+0.416) 1.292(-0.033) 1.091(+0.008) 1.080(-0.004) 1.080(-0.005)
2B, 1.386(-0.094) 1.317(-0.008) 1.080(-0.003) 1.090(+0.006) 1.203(+0.118)

State C=C-C(AC=C-C)

HQ-C;‘_:C:(AHQ—C;:C: ) He-Ca1=C2 ( AHa-C,1=C2 ) Hs-C2=C: ( AH--C2=(

YA, 127.27 120.74 122.72 118.00
2A2, 125.07( -2.20) 120.06(-0.68) 123.27(+0.55) 117.83( -0.17)
2B, 127.31( +0.04) 119.43(-1.31) 123.06(+0.34) 118.72( +0.72)
2A, 119.76( -7.51) 114.89(-5.85) 126.98(+4.26) 141.80(+23.80)
2Bz 149.07(+21.80) 123.71(+2.97) 117.20(-5.52) 110.08( -7.92)
Bond lengths are in angstroms, angles in degrees.
The values in parenthesis are the magnitude of the change in
geometry by ionization.
Table 16.2 1Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2A2 8.00 8.69 7.74 8.41 0.26 0.28
2B, 11.00 11.49 10.81 11.25 0.19 0.24
2A, 12.36 12.48 10.94 11.53 1.42 0.95
2B 13.29 13.10 12.31 12.43 0.98 0.67

Total energies ( a.u.) of A,

-154.741534(SCF) and -155.237980(SDCI).

Table 16.3 0-0 ionization levels.
State 0-0 IE FCF
2A2 8.42 0.178
2B, 11.24 0.208
2As 11.47 0.000
2B2 12.34 0.000

Table 16.4 Vibrational frequencies (cm™*).

State Vi Va2 Vs Ve Ve Ve Vo Va Ve
1A, 3400 3331 3309 ) 1841 1570 1455 1129 932 315
2A> 3451 33176 3339 1774 1610 1430 1164 995 335
2B, 3448 3380 3334 1721 1553 1437 1108 867 294
2A, 3431 3423 3268 1798 1456 1307 899 4317 270
2B 3428 3258 2434 1976 1531 1149 967 896 235
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Table 16.5 Conventional potential energy distribution(X).

Ve

Ve

Vo

Ve

Ve

Va

Vs

Va

Vi

‘A;

TNOFMOMOTO

COO0OQOOWN-O
© -

MOOO~OMWON

OO O I
< N

FO~~OO0OO~MION
120004092
DM

OMDrt O NO

02000111%

011109683

320000949
& -

O AN-NHNO ¢
VOO OONMI™
i O

HEI=-NO OO
L - o
< M -

HAWONOH-O -
COMUBODODOOO
i

COMIPO~NN—
OCONWVWHMOOOO
R

NN R
(SN SN&]

[T

0 0 rD A AN
mImm I OO
QUL I LDV
I N N O O
ooovoooxmms
G4 qA9aAd4dq

2Az

NNONO XM N®

QOO0 WO®
<

N~ O~O~-00N

.........

NOOOOQOXRO ~
(3] o™

O N WO

830004814
- e

NV =M OME~-ON

ooooooooo

HEEOOQOOOOQOWM
N oo

COOmMMOOOAN

700001730
< = N

P HOQON =MW

800000135
N -

QUWMOV-OO=~O

QOO ~0000
0 <

D) =N e

---------

CO~MOOOOCOCO

<+ 0
NN
ODOLO
mnn
0 0 60D W W N
M 1 OO
QO 1L LD 1
W NIl 0 O >
ocoovoovomo:m
4949 qaq

WVNOOCOWF -

COQOOITMmO
@ —t

FOHOANFTWOW M

HEEOOON WM
o R

760001764

510003639
o

OFTON~O MO

CrOO0OO0O~-OM®
~N L T o]

201109702

........

490000988
L] ™ N

VO i =N

QUWOOOQWr~
- W —

Ot "M AHAOOOO

OO~ OOOO0O
-0

O 00

0001“0000

CONC NN

ooooooooo

CONWOOOOO
0 <

NN oA
OO O

(Lo 1}
00 rO A AN
--R--B-- B e NN &}
QLU I 1 1O 1
I I W NIl 0 08 &
ovovpovoooxnxx
4994999 d49adad

2A.

VOOMO-xO©

.........

NOOCOOOOMm
— ~

100008173

100008649
el -t i

512011380

100003536
<+ <

400049985

100001897
~

VOO FNOMPW

OrHHOOOO-MO
- el

I NEO O M~

1."&00104.40

ONOAH~-O0OO0OO0O0

oooooooo

COWOVWWOOOO
N

OFW~HW-N~HO

.........

OrINOOOOO
0 m

065990010

007000000

0
N N
00O
[
0 0 +t0D A d N
mIEmxX 1 OO
QLI 1L 1O 11
T Il A NIl OB M
oovoooonmx
QA9 qQqdad9Qq

MNMOON-~ONM

---------

HOOOHOW WY
~

WO N D o

* e ¢ o s s e e o

L r-OOFTOW-O
NN <+

610070943

e e e 2 s o .
020020454
NN™

880015936

780032475
(3 R ]

290001933
..... .« e o
510000830
Y]

O NN IO v v DO

VWOONOO w1
e M

OCNONATNNWL N

---------

1000%0001

OV -O=-OO

------ . o o

COIFFTOOOOOC
v 00

025801121

00
N N o
(SRS RS]
uwuu
0 0 0D o AN
nmm I O00
QO I L 1TO VI
I W ANl 0 0>
oovovoooLImx
L R-R-R-RE-K-R-R-R.]




210 Kouichi Takeshita

Table 16.6 Classical half amplitude of the zero-point vibrational

levels. )

State Component Vi Va2 Va Va Ve
AC-C -0.001 -0.004 0.003 0.033 -0.025
AC=C ~0.001 -0.005 -0.004 -0.035 0.005

1A, AC;:-Hs 0.054 0.014 0.048 -0.002 0.001
ACi-He -0.050 0.029 0.045 -0.002 0.002
AC=z-H~» 0.010 0.066 -0.031 -0.002 -0.001
AC=C-C -0.3 0.2 -0.1 -0.3 0.5
AHs-C1=C2 -0.4 0.4 0.0 1.2 4.5
AHe-C1=C2 0.4 ~-0.2 0.3 2.3 2.4
AH,-C=2=C, 0.3 . ~-0.2 0.1 2.0 -2.6

Ve V7 Va Ve
AC-C 0.006 0.025 0.044 0.002
AC=C 0.013 0.006 0.008 0.001
ACi-Hs 0.001 0.001 0.001 0.000
ACi-He 0.001 0.000 0.001 0.001
ACz-H~» 0.001 0.001 0.001 0.000
AC=C-C -0.7 -1.1 -0.5 2.5
AHs-C1=Cz -0.17 -3.7 3.0 -0.5
AHa-C.=Cz 3.0 4.2 -2.5 0.4
AH+-C2=C, 4.9 -2.2 0.6 -1.0
Vi Va2 Va Va Vs
AC-C 0.000 -0.006 0.001 0.040 -0.025
AC=C -0.000 -0.004 ~0.005 ~-0.031 0.000

2A2 AC,-Hs -0.048 0.002 0.055 -0.002 0.001
ACi-He 0.056 0.010 0.046 -0.001 0.001
ACz-H~» -0.006 0.073 -0.008 0.000 -0.001
AC=C-C 0.3 0.2 -0.1 -0.6 0.5
AHg~-C1=C>2 0.5 0.3 0.1 0.8 4.5
AHg-C1=C2 -0.5 -0.2 0.2 2.8 2.3
AH--C2=C, -0.3 -0.3 0.1 2.9 -2.17

Va Vo Va Va
AC-C -0.006 0.026 0.029 0.001
AC=C 0.020 0.014 0.010 0.001
ACi-He 0.001 0.001 0.001 0.000
AC,-He 0.002 0.001 -0.000 0.001
ACz-H~, 0.001 0.002 0.001 0.000
AC=C-C -0.4 -1.0 -0.1 2.4
AHs-C,=C> -0.3 -2.7 4.0 -0.5
AHa-C,1=C> 2.4 3.5 -3.5 0.2
AH7-C=2=C, 4.2 -2.2 0.7 -0.9
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Table 16.6 Condt .

Vi Va2 Va Va Ve
AC-C -0.000 -0.004 0.001 0.029 -0.030
AC=C -0.000 -0.004 -0.005 -0.033 0.012
2B, AC;-He 0.0563 -0.001 0.050 -0.002 0.001
ACi-He -0.050 0.010 0.052 -0.001 0.001
ACz-H~ 0.007 0.073 -0.007 -0.001 -0.000
AC=C-C -0.3 0.2 -0.0 -0.3 0.5
AHe-C1=C= -0.4 0.3 0.2 1.9 4.1
AHe-C1=C2 0.5 -0.2 0.2 3.1 1.8
AH--C2=C, 0.3 -0.2 0.0 2.0 -3.2
Ve Ve Va Ve
AC-C -0.001 0.020 0.051 0.003
AC=C 0.018 0.005 0.009 0.001
AC.-He 0.001 0.000 0.001 0.000
AC,-He 0.002 0.001 0.000 0.000
AC2-H~» 0.002 0.001 0.001 0.000
AC=C-C -0.5 -1.0 -0.7 2.6
AHs~-C1=C2 -0.6 -4.3 2.2 -0.6
AHa-C1=C2 2.7 4.6 -1.8 0.4
AHT-C2=C1 4.6 —2~0 0-6 ‘1.0
Vi Va2 Va Va Ve
AC-C 0.000 -0.001 0.000 -0.019 -0.011
AC=C -0.006 -0.004 -0.004 0.037 0.010
2A, AC.-Hs -0.018 0.019 0.069 0.002 0.001
ACi-He 0.058 -0.037 0.024 0.003 0.002
ACz-H~+ 0.041 0.060 -0.007 0.007 0.002
AC=C-C 0.3 -0.0 -0.2 0.0 -0.0
AHg-C1=C2 0.5 -0.1 -0.0 -1.7 3.6
AHs-C1=C2 -0.3 0.1 0.4 -1.7 4.0
AH+-C=2=Ca -0.2 0.2 0.2 -0.7 -0.4
Ve Vo Va Vo
AC-C 0.020 -0.022 0.091 0.028
AC=C -0.000 0.001 0.001 ‘0,000
AC.-He 0.000 -0.002 -0.001 0.000
ACi-He 0.000 0.001 0.000 0.001
ACz-H~» -0.003 -0.001 -0.000 -0.000
AC=C-C -0.9 1.1 -2.0 2.2
AHs-C:=C2 -2.3 5.4 1.4 -0.2
AHeg-C1=C=2 2.3 -5.1 -1.2 -0.1
AH7-02=C1 6. 1.9 2.4 -0.6
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Table 16.6 Condt.

Vi Va Va Va Ve
AC-C 0.001 0.001 ~0.009 -0.045 -0.012
AC=C -0.002 -0.005 0.002 0.034 -0.005
2B2 ACi-He 0.068 0.027 0.001 0.003 0.001
AC.-He -0.029 0.068 -0.003 0.002 0.001
AC=z-H~ -0.001 0.003 0.084 -0.013 0.001
AC=C-C -0.3 0.1 0.4 0.3 0.2
AHs-C1=C2 -0.4 0.3 0.4 -0.2 4.6
AHe~C1=C2 0.5 -0.0 -0.6 -1.0 3.5
AH7-C2=C, 0.3 ~0.1 -1.1 -1.2 -0.4
Ve Vr Va Ve
AC~C 0.018 0.018 -0.024 0.003
AC=C 0.012 0.005 -0.014 -0.000
ACi-He 0.001 0.000 -0.001 0.000
ACi-He -0.001 -0.000 -0.002 -0.001
ACz-H~» 0.013 0.011 0.012 0.004
AC=C-C -1.3 0.1 0.2 3.3
AHg-C1=C> -3.6 3.2 -1.3 -0.8
AHe-C1=C2 4.6 -3.4 0.7 0.9
AH,-C2=C, 3.2 4.3 3.8 ~0.8

Bond lengths are in angstroms, angles in degrees.

Table 16.7 Vibrational levels of the 2A. state.

Progressions
I1IE
A B the rest

8.42 S{(0000O0O0O0O0O0)

8.46 S(0 00 00O0O0O01)

8.50 M(O 00 0O0O0O0O0 2)

8.55 W(0 000O0O0O0O0 3)

8.60 M(OOOOO10O00)

8.64 S(0 0010000 0) M(OOOOO1001)

8.68 M(OO0O100001) WOO0OO0OOO1O00 2)

8.72 wW(0 0010000 2)

8.717 wW(0 0000200 0)

8.82 M(OOO101000)

8.86 M(O O 020000 0) W(0001010001)

8.90 W(000200001)

9.04 W(0 0020100 0)

9.08 W(0 0030000 O0)

5:0,09<FCF<0.18, M:0.03<FCF<0.07 and W:0.008<FCF<0.03,
Table 16.8 Vibrational levels of the 2B, state.
Progressioas
IE
A B the rest

11.24 S(0 00 0O0O0O0O0O0)
11.28 M(O OO0 00O0OO 1)
11.35 S(00000O0O010)
11,38 M(O0OOOO0OOO11) M(OOOOOO100)
11.42 M(O O 000100 0)
11.45 S(0000CO0O0OCZ20) W(0O0OO0O100000)
11.48 11.49 W(000OO00O0021) WOOO0OO0O0O0110)
11.53 : M(O OO0 001010)
11.56 W(0O0O0O0O0OO030) W(000100010)
11.59 W(0u000O0120)
11.63 W(0 0000102 0)
11.67 W(0 0010002 0)

S$:0.08<FCF<0.21, M:0.03<FCF<0.05 and W:0.01<FCF<0.03.
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Table 16.9 Vibrational levels of the 2A, state.
IE Vibrational levels
11.90 (00000105 0)
11.96 (00000106 0)
12.01 (000001070), (0000O02040)
12.06 (000001080), (00000205 0)
12.10-12.12 (0 00002051), (00O0CO0OO020GE6 0)
12.15-12.17 (Oo0002061), (0D0O0O0O0C20170), (0OODOO3040)
12.21-12.23 (000O002071), (0DOODOD0D208¢0), (0D0OO0O0O03050)
12.26-12.28 (000003065 1), (00000306 0)
12.31~-12.34 (000O0O03061), (0000O03070)
12.37-12.39 (000003071), (ODOO0O0D04050), (0000030 80)
12.42-12.44 (0 000O03081), (00O0ODO0OO0OD4060), (0ODOODOO3O0S90),
(00000405 1)
12.48~-12.50 (00000406 1), (00000407 0)
12.53-12.55 (000004071), (ODOOOCO04080), (0OO0O0OO0S5050)
12,61 (000004 090), (0DOOODOS5 06 0)
12.66 (00000507 0)
12.71 (0O00O0O0OS5 08 0)
0.05<FCF<0.022
17. Benzene CeHs
Table 17.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State C3-C=z(AC.-Cz) Cz-Ca(AC=2-Ca) C,-H{AC:-H) Cz-H(AC=z-H)
TAg 1.388 1.388 1.083 1.083
Exp.® 1.397 1.397 1.084 1.084
“Bza 1.425(40.037) 1.357(-0.031) 1.083( 0.000) 1.081(-0.002)
“Bax 1.380(-0.008) 1.446(+0.058) 1,080(-0.003) 1.082(-0.001)
ZAg 1.360(-0.028) 1.440(+0.052) 1.119(+0.,036) 1.084(+0.001)
“Bia 1.407(+0.019) 1.343(-0.045) 1.077(-0.006) 1.105(+0.022)
ZBiu 1.420(+40.031) 1.420(+40.032) 1.081(-0,002) 1.081(~-0.002)
?Bau 1.402(+0.014) 1.368(-0.020) 1.168(+0.085) 1.079(-0.004)
ZBzu 1.370(-0.018}) 1.468(+0.080) 1.080(-0.003) 1.102(+0.019)
State Ce-C:1-C2(ACg-C1-C2) C3-Cz-H(ACa-Cz-H)
*Ax 120.00 120.00
Exp.® 120.00 120.00
*Bza 121.81( +1.81) 121.56(+1.56)
“Bsg 118.05( -1.95) 118.39(-1.61)
™ 127.77( +7.77) 116.45(-3.55)
“Bia 1i2.32( -7.68) 123.68(+3.68)
?Biu 120.00( 0.00) 120.00( 0.00)
2Bauy 132.84(+12.84) 125.36(+5.36)
ZBzu 113.32( ~-6.68) 110.58(-9.42)
eHerzberg (1966).
The ?Bzg, ?Bag, ZAa, “Big, ZBiu, ?Bau and 2ZBzu states of point group Dzn
correlate to the ?Eig, ?E.1g, %Eza, 2Ezx, 2Ai1g,; 2Eiu and 2E.. states of Den,
respectively.

angles in degrees.

Bond lengths are in angstroms,
the

The values in parenthesis are the magnitude of
by ionization.

change in geometry
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Table 17.2 Ionization energies(eV).

VIE AIE A(VIE-AIE)

State
SCF SDCI SCF spCI SCF SDCI
2B u 8.28 8.88 8.08 8.68 0.20 0.20
2Bax 8.30 8.89 8.11 8.69 0.19 0.20
ZAe 12.69 12.35 12.15 11.84 0.54 0.51
2Big 12.69 12.36 12,17 11.85 0.52 0.51
2Bau 12.90 12.94 12.73 12.74 0.17 0.20
ZBau 15.18 14.81 14.35 14.10 0.83 0.71
ZBau 15.14 14.80 14.61 14.30 0.53 0.50

Total energies ( a.u.) of *Ag: -230.442437(SCF) and -231.118882(SDCI).

Table 17.3 0-0 ionization levels.

State 0-0 IE FCF
b P 8.69 0.225
2Bag 8.69 0.233
ZAg 11.81 0.043
’Bix 11.84 0.040
ZBiu 12.73 0.289
ZBzu 14.05 0.003
2Bau 14.24 0.000

Table 17.4 Vibrational frequencies (cm™*) of the totally symmetric
modes of point group Dzwn.

State Vi Vz Va Va Vs Ve
'Ag 3369 3339 1788 1271 1079 660
Obs.*®= 3073 3056 1599 1178 995 608
’Box 3401 3377 1828 1293 1041 637
2Bag 3401 3381 1731 1280 1042 641
2A, 3358 2961 1602 1224 1048 704
’Bia 3441 3150 1842 1164 1057 602
2Biu 3408 1026
?2Bzu 3397 3138 1534 1173 914 535
2Bau 3412 2518 1723 595 1258 1042

“Herzherg (1868).

The ag modes of v.i, Vz, Va, Va, Ve and ve ( point group Dzn )
correlate to the a.¢, €24, €24, €25, a41¢ and ezg modes( point
group Dsh ), respectively.
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Table 17.5 Conventional potential energy distribution(X%).
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Table 17.6 Classical half amplitude of the zero-point vibrational levels.

State Component Vi Vaz Va Va Ve Ve
AC,-C2 -0.004 -0.001 0.017 -0.007 0.020 0.002
ACz-Ca -0.004 0.003 -0.034 0.014 0.020 -0.005
1Aq AC,-H 0.043 0.060 0.002 -0.000 0.002 0.000
ACz-H 0.042 -0.030 -0.001 0.000 0.002 -0.000
4Ce-C1-C2 0.0 0.5 -1.7 0.3 -0.0 3.0
AC3~-C2-H -0.0 -0.0 2.0 3.6 -0.0 1.6
AC1-C2 -0.003 -0,002 0.015 -0.004 v.023 0.003
AC2-Ca -0.005 0.002 -0.035 0.015 0.014 -0.004
2Bag AC.-H 0.025 0.069 0.002 0.000 0.002 -0.000
ACz-H 0.049 -0.018 -0.002 0.001 0.002 0.000
ACe-C1~C2 -0.1 0.5 -1.6 0.2 -0.3 3.0
ACa-Cz-H 0.0 -0.0 1.9 3.6 -0.3 1.6
AC1-C2 -0.004 0.000 0.018 -0.011 0.016 0.002
ACz-Ca -0.002 -0.004 -0.032 0.013 0.027 -0.006
2Bag AC1-H 0.060 -0.041 0.003 -0.001 0.002 -0.000
ACz~H 0.029 0.043 -0.000 -0.001 0.002 0.000
ACe-C1-C2 0.2 ~-0.5 -1.7 0.4 0.3 3.0
ACa-Cz-H -0.0 0.0 2.2 3.4 0.3 1.6
ACa1-C2 -0.003 -0.003 0.018 -0.011 0.015 0.001
ACz-Cs -0.004 0.002 -0.033 0.011 0.029 -0.007
2Aq AC,-H 0.003 0.078 0.007 0.001 0.001 0.000
ACz-H 0.052 -0.003 0.001 -0.000 0.002 0.001
ACa-C1-C2 -0.2 -0.5 -1.8 0.3 0.6 3.0
ACa~-C2-H -0.0 -0.1 2.3 3.5 0.4 1.6
AC;:-C2 -0.004 -0.001 0.017 -0.002 0.022 0.003
ACz-Ca 0.001 ~0.007 -0.035 0.010 0.015 -0.003
2Big AC,-H 0.073 0.000 0,003 0.001 0.003 ~-0.001
AC=-H 0.000 0.053 -0.006 -0.002 0.002 -0.001
ACg~-C1-C2 0.4 ~-0.4 -1.5 -0.1 -0.3 3.1
ACa-Cz-H -0.0 0.1 1.4 3.9 -0.3 1.9
AC.1-Cz -0.004 -0.004 0,024 0.004 -0.010 0.003
ACz-Ca 0.000 ~-0.001 -0.031 0.008 -0.037 -0.003
2Bzu AC:-H 0.073 -0.006 0.003 0.000 -0.002 0.000
ACz-H 0.004 0.053 0.006 0.007 0.004 -0.001
ACB-CJ.—CZ 0-4 —0.2 —1.7 —0.0 —0.7 3.4
ACs-Cz-H -0.0 -0.3 0.7 4.0 2.2 0.6
AC1-C2 -0.002 -0.001 0.013 0.003 -0.003 0.024
AC2-Ca -0.006 -0.003 -0.036 -0.004 0.016 0.011
*Bau AC,-H 0.002 0.085 -0.009 -0.005 0.001 ~0.002
AC=z-H 0.052 -0.002 ~0.002 0.000 0.000 0.002
ACe-C1-C2z -0.3 0.4 -1.7 3.3 0.2 -0.3
ACa-Cz-H 0.0 0.2 2.0 1.7 3.6 -0.2
State Component Vi Ve
2B1u AC,-C: -0.004 0.020
AC;-H 0.042 0.002

Bond lengths are

in

angstroms,

angles in degrees.
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Table 17.7 Vibrational levels of the 2Bz state.
IE Vibrational levels
8.69 S5(0 000 0 0)
8.717 S(0 0000 1)
8.82-8,85 M(0 0 00O 2), S(OOO0OO010 W(0 0 01 0 0)
8.90-8.95 W(0O 0O O0O0O0O0O3), M(OOOO11), S(O0O1000), WOOO10O01),
W(0O O 0 0 2 0)
8.98-9.01 wW(0 00012), M(OO1O001), W(OOO0O10 2)
9.05-9.08 wW(00O1010), wW(001002), W(OO1100)
9.12-9.14 W(0 0101 1), WO O 200O0)
9.22 wW(0 02001)
S:0.08<FCF<0.23, M:0.03<FCF<0.07 and W:0.008<FCF<0.03.
Table 17.8 Vibrational levels of the 2Bs, state.
IE Vibrational levels
8.69 S(0O 00O O 0)
8.77 S(0000O01)
8.82-8.85 M(0 0 0O0O0Z2), S(O0O0O010), W(OOO1O0 0)
8.90-8.95 W(0 0 0O0O0O3), M(OODO1 1), WOOO101), M(OO10O0O0),
wW(0 0 00 2 0)
8.98-9.03 W(O0OO0O0O12), WOOO1O02), M(OO1001),
wW(001010)
9.06 wW(0 0100 2)
9.11 wW(001011)
S:0.08<FCF<0.24, M:0.03<FCF<0.07 and W:0.007<FCF<0.03.
Table 17.9 Vibrational levels of the 2A, state.
IE Vibrational levels
11.81 M(O 0 0 0 0 0)
11.90 M(O 0 0 0 0 1)
11.98-12.01 W(0O 0 000 2), S(00O1000)
12.07-12.10 S(001001)
12.18-12.21 M(O O1002), S(0O0O0 200 0)
12.27-12.30 wW(001003), sS(o02001)
12.38-12.41 W(011000), M(OO2002), M(O O 3 00 0)
12.46-12.49 W(011001), WOO20O03), M(OO300O01)
12.57-12.60 W(0 0 4 0 0 0), W(O 1 200 0), w(0 0 300 2)
12.66-12.69 W(0 0 4 001), W(O12001),
12.77-12.78 wW(0 1300 0)

S:0.08<FCF<0.09, M:0.03<FCF<0.05 and W:0.01<FCF<0.03.
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Table 17.10 Vibrational levels of the 2B.4 state.
1E Vibrational levels
11.84 M(0 0 0 0 0 0)
11.92 M(O O 0 00O01)
11.98-11.99 W(0 0 C 0 0 2), WO OO0O10 0)
12.06-12.07 W(0 0 00O 3), M(OOO101), M(O O 100 0)
12.13-12.14 W(0 0010 2), M(OO1001)
12.21-12.22 M(O 0100 2), WOO1100)
12.29-12.30 W(001003), M(OO1101),
W(0 0200 0)
12.36-12.37 M(O 0O 2001), WOO 110 2)
12.43-12.45 W(0 02002), WiOO1201)
W(0 0210 0)
12.52-12.53 W(0 0 3 0 0 0), W(002101), W0O11001)
12.59-12.60 W(0 0 3 0 0 1), W(0 0210 2)
12.67 wW(0 0 300 2)
12.74 W(0 0 3101)
M:0.03<FCF<0.06 and W:0.01<FCF<0.03,
Table 17.11 Vibrational levels of the 2Bz. state.
I1E Vibrational levels
14.12 w(0 0000 1)
14.18 W(0 0 0 00 2)
14.23-14.25 W(0O 00 0O03), WOOOOT11)
14.30-14.31 W(0O 0 0 00 4), WO O OO0 1 2)
14.34-14.39 W(0O 0 0 00 5), M(OOOO13), WOOOO 2 1),
wW(0 0010 3)
14.41-14.46 W(0 0 01 0 4), WOOOO14), WOOOOZ22), WOO1O00O0 3),
W(0 0011 2)
14.48-14.51 wW(00O0O015), WOOO0OOZ23), WO0O1012),
wW(0 0011 3)
14.54-14.57 W(00O114), WOOOO24), WOO101 3)
14.61~-14.64 W(000115), WOOOO25), WOO1O014)
M:0,03<FCF<0.04 and W:0.01<FCF<0.03.
Table 17.12 Vibrational levels of the 2Ba. state.
1E Vibrational levels
14.47 wW(o0000O0 3)
14.54 M(OOOOO 4)
14.62 M(0O0O0O0OO 5 )
14.69 M( 0O0O0OCO 6 )
14.77-14.78 M(OOOOO 7 ), W(O0O1000 3)
14.84-14.86 M(0OOOOO 8 ), M( 01000 4)
14.91-14.93 M(0OOOOO 9 ), M(O1000 5)
14.99-15.00 W(000O0O010 ), M( 01 000 6 )
15.06-15.08 wW(oooo0o011 ), M(O1000 17,
15.15-15.17 M( 01000 8 ), Wl02000 4)
15.23-15.24 M(0O1000 9 ), w(02000 5)
15.30-15.32 M( 0100010 ), W( 02000 6 )
15.37-156.39 wW(0100011 ), W(02000 7))
15.45 W(0100012)
15.54 w(02000 9)
15.61 W( 0200010 )
M:0.03<FCF<0.07 and W:0.01<FCF<0.03.
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18. Pyrrole CaHeN
Table 18.1 Optimized molecular structure and

magnitude of the change in the geometry by ionization.
State N-C2(AN-Cz) C2-Ca(AC2-Ca) Cz~H(ACz-H) Ca-H(ACa-H) N-H({AN-H)
A, 1.362 1.362 1.078 1.079 0.996
Exp.® 1.370 1.382 1.076 1.077 0.996
2A2 1.345¢(-0.017) 1.424(+0.062) 1.080(+0.002) 1.078(-0.001) 1.004(+0.008)
2B, 1.365(-0.007) 1.363(+0.001) 1.077(-0.001) 1.079(+0.0 ) 1.009(+0.013)
2A, 1.352(-0.010) 1.329(-0.033) 1.083(+0.005) 1.078(-0.001) 1.001(+0.005)
2B. 1.340(-0.022) 1.431(+0.069) 1.078(+0.0 ) 1.120(+0.041) 1.005(+0.009)
State Cz"N-Cg(ACz"N—Cs ) N'Cz-Ca(AN"Cz—Ca ) N"Cz-H(AN—Cz-H) Cz"Ca‘H‘ACz‘C;‘H‘.
Ay 109.58 108.17 121.22 125,92
Exp.= 109.8 107.7 121.5 125.5
2A2 109.16(-0.42) 108.48(+0.31) 121.88(+0.66) 124.81(~- 1.11)
2B, 113.96(+4.38) 106.54(-1.63) 122.04(+0.82) 127.43(+ 1.51)
2A, 111.29(+1.71) 114.30(+6.13) 122.82(+1.60) 149.68(+23.76)
2B 110.78(+1.20) 106.74(~1.43) 127.76(+6.54) 111.88(-14.04)

“Kuchitsu et al.
Bond lengths are in angstroms,

(1868Y.

angles in degrees.

The values in parenthesis are the magnitude of the change in
geometry by ionization.
Table 18.2 JIonizaution energies(eV).
VIE AIE A{VIE-AIE)
State
SCF SDC1 SCF SDCI SCF SDCI
2A2 7.17 7.82 6.90 7.53 0.27 0.29
2B, 8.29 8.74 8.14 8.57 0.15 0.17
2A, 12.45 12.76 11.00 11.64 1.44 1.12
2Ba2 13.80 14.47 13.14 12.95 0.66 1.52

Total energies ( a.u.) of *Ai :

-208.579316(SCF) and -209.187273(SDCI).

Table 18.3 0-0 iomizatiom levels.

State 0-0 IE FCF
2A2 7.54 0.211
2B, 8.54 0.330
2A, 11.59 0.000
2B, 12.88. 0.022
Table 18.4 Vibrational frequencies (cm™*).

State Vi Va Vs Va Ve Ve 2 va Ve
1A, 3914 3429 3405 1634 1537 1255 1150 1095 961
Obs.= 3400 3133 3100 1467 1384 1237 1144 1076 711
2Az 3824 3442 3426 1689 1581 1266 1166 1146 956
2B, 3768 3457 3431 1532 1517 1236 1118 1031 944
2A: 3856 3448 3384 1751 1394 1168 1135 873 539
2B, 3802 3423 2937 1645 1396 1214 1099 956 720

“Herzberg (1968).
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Table 18.5 Conventional potential energy distribution(%).
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Table 18.6 Classical half amplitude of the zero-point vibrational

levels.

State Component Va Va Va Va Ve
AN-C= -0.004 -0.003 0.002 -0.022 -0.004
ACz-Ca -0.000 -0.006 -0.001 0.023 -0.029

1A, AC=-H 0.002 0.062 -0.038 0.000 -0.002
ACa-H 0.000 0.038 0.062 0.003 -0.000
AN-H 0.097 -0.002 0.001 -0.001 -0.002
ACz-N-Ce 0.5 -0.4 0.2 1.8 -1.1
AN-C2-Cs ~-0.2 0.2 -0.4 -0.1 1.5
AN-C2-H 0.2 -0.2 0.1 4.8 -0.6
AC2-Ca-H 0.0 0.1 -0.3 1.7 4.4

Ve Vr Ve Vo
AN-C2z 0.021 0.022 0.013 0.002
ACz-Ca 0.018 -0.012 -0.001 0.001
AC=-H 0.003 0.001 -0.000 -0.001
ACs-H 0.003 0.000 -0.001 0.000
AN-H 0.002 0.001 0.001 0.001
ACz-N-Ces -0.4 -0.1 ~1.0 -3.4
AN-C2-Cs 0.5 -0.4 -0.4 2.6
AN-Cz-H -2.0 3.4 1.8 0.3
AC=-Ca-H 2.0 -2.2 3.3 -1.6
Va Va Va Va Vs
AN-C= -0.004 -0.001 -0.003 -0.017 ~0.,019
AC2-Ca -0.000 -0.005 -0.002 0.000 0.028

2A2 ACz-H 0.002 0.034 0.064 -0.001 0.001
ACa-H 0.000 0.064 -0.034 0.004 -0.001
AN-H 0.098 -0.002 -0.002 ~-0.002 -0.001
AC=-N-Cs 0.5 -0.2 -0.4 0.8 2.0
AN-C2z-Ca 0.3 -0.1 -0.2 2.8 4.1
AN-Cz-H -0.2 0.0 0.5 0.8 -1.2
ACz-Ca-H 0.0 -0.1 0.3 3.6 -1.9

Ve Vo Va Ve
AN-Cz -0.023 0.012 0.012 0.000
ACz-Cs -0.019 0.012 -0.027 0.005
ACz-H -0.004 0.001 -0.000 -0.001
ACa-H -0.003 -0.000 -0.002 0.001
AN-H -0.002 0.002 0.000 0.002
AC2-N-Cs -0.5 -0.6 -1.0 -3.3
AN-Cz-Ca 0.6 -0.1 -0.1 2.6
AN-C=z-H -1.5 0.2 3.7 0.0

ACz-Ca-H 2.1 4.5 -0.3 -1.3
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Table 18.6 Condt.

Va Va Vs Va Ve
AN-C2 -0.004 -0.003 0.001 -0.010 -0.014
AC2-Ca -0.000 -0.006 -0.002 -0.026 0.024
2B, ACz-H 0.002 0.068 -0.024 -0.003 0.002
ACa-H 0.000 0.024 0.069 -0.000 0.002
AN-H 0.099 -0.003 0.001 -0.001 -0.001
AC2-N-Ces 0.5 -0.4 0.1 -0.8 2.0
AN-C2-Ca -0.2 0.3 -0.3 1.4 -0.6
AN-C2-H 0.3 -0.2 0.1 0.6 5.9
ACz-Ca-H 0.0 0.1 -0.3 4.6 0.8
Ve Ve Va Ve
AN-C2 0.017 -0.019 0.027 -0.012
ACz-Ca 0.017 0.011 -0.015 0.010
ACz-H 0.002 -0.001 0.000 -0.002
ACa-H 0.003 -0.002 -0.001 0.000
AN-H 0.002 -0.001 0.003 0.001
AC2-N-Cs -0.6 1.0 -2.3 -2.7
AN-C2-Ca 0.6 -0.9 -0.0 2.5
AN-C2-H 2 3.6 2.9 0.3 -1.0
AC2-Cs-H -1.9 -0.5 1.8 -0.1
Vi Va2 Va Va Ve
AN-C2 -0.004 -0.000 -0.003 -0.020 -0.020
AC2-Ca -0.000 -0.007 -0.002 0.033 -0.022
2A, ACz-H 0.001 0.014 0.072 0.002 -0.003
ACa-H 0.001 0.071 -0.014 0.005 -0.004
AN-H 0.097 -0.002 -0.002 -0.001 ~0.002
ACz2-N-Cg 0.5 -0.1 -0.4 2.0 -0.1
AN-Cz2-Ca -0.2 -0.0 0.5 -0.6 1.0
AN-C=-H 0.3 -0.1 -0.2 3.8 2.6
ACz-Cs-H 0.0 -0.0 0.3 0.5 3.4
Ve Ve Va Ve
AN-C2 0.016 0.021 0.001 0.002
ACz-Cs -0.007 0.003 -0.001 -0.004
AC2-H 0.002 0.001 0.000 0.001
ACa-H -0.000 0.000 -0.001 -0.000
AN-H 0.000 0.002 -0.001 -0.001
ACz-N-Cs 0.7 -1.7 3.1 1.2
AN-C=2-Ca ~1.3 1.1 -2.6 0.9
AN-C2-H 4.4 0.7 -0.5 -0.9
AC2-Ca-H -3.3 4.7 2.9 0.7
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Table 18.6 Condt.
Vi Va Vs Va Ve
AN-Ca -0.004 -0.004 -0.001 -0.013 -0.028
ACz-Cs» ~-0.000 -0.004 0.001 -0.005 0.011
2Ba ACz2-H 0.003 0.072 -0.006 -0.000 -0.001
ACs-H 0.000 0.005 0.078 0.010 -0.012
AN-H 0.098 -0.004 ~0.000 -0.002 -0.002
ACz-N-Ce 0.5 -0.4 0.1 0.7 2.2
AN-C2~Ca -0.2 0.4 -0.4 0.9 -1.1
AN-Cor-H 0.3 -0.2 0.3 2.1 4.4
AC2-Cs-H 0.0 0.2 -0.6 2.5 -0.4
Ve Vo Ve Ve
AN-C2 0.020 0.012 0.002 -0.010
ACz2~Cs 0.021 -0.035 0.012 0.027
AC=z~-H 0.004 -0.001 0.001 0.001
ACs-H -0.006 0.002 0.001 -0.012
AN-H 0.002 0.000 0.001 0.001
ACz-N-Ce 1.2 -2.5 -0.2 -2.3
AN-Cz-Ca -1.3 1.1 0.1 2.4
AN-Cz-H 3.9 2.0 1.0 1.3
ACz-Cs-H ~2.0 0.6 6.0 -1.6
Bond lengths are in angstroms, angles in degrees.
Table 18.7 Vibrational levels of the 2A: state.
1IE Vibrational levels
7.54 S(0000O0O0O0O O0)
7.66~7.68 M(0 0 0 O OOOO1), M(OOOOOOO10), M(OOOOOO100O0)
7.74-7.75 S(00001000O0), W(OOO0O100O0DO0O0)
7.78-7.83 W(0 000 000O02), WOOO0OO0O0O0O0O20), WO0O00O0O0101)
W(000000011), W(OOO0O0O0110)
7.85-7.88 M(0 0 0010001), M(OOOO0O10010), M(OOOO10100)
7.93 M(OOOO0200O00)
8.00 W000010011), W(O0OO0010101)
8.05-8.08 W(0 0 0020001), W(OOOO 00 0), W(0 0002010 0)
8.13 W(0 0003000 0)

S$:0.13<FCF<0.21,

M:0,03<FCF<0.07 and W:0.01<FCF<0.03.

Table 18.8 Vibrational levels of the ZB. state.

IE Vibrational levels
8.54 S(0 00 00O0O0OOO)
8.66-8.67 S{0 00 0000OO01), S(OOOO0O0O0OO010)
8.73 M(O O 001000 0)
8.77-8.80 M(0O 00O O000O0O02), M(OOOOOOO11), W(OOOO0OOOO 20)
8.84-8.86 W(0 0O 0O0O10001), W(OOO0OO0O1O0O0T1D0)
8.90-8.91 W(0000O0O0O012), WOOO0OO0OUO21)

S:0.13<FCF<0.33, M:0.03<FCF<0.08 and W:0.01<FCF<0.03.
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19. Furan CaHaO
Table 19.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State 0-Cz(AO-Cz2) C2-Ca(AC2-Ca) Cz-H(AC2-H) Ca-H(ACs-H)
1A, 1.342 1.343 1.076 1.078
Exp.= 1.362 1.361 1.075 1.077
2Az 1.321(-0.020) 1.404(+40.061) 1.080(+0.004) 1.079(+0.001)
2B, 1.316(-0.026) 1.366(+0.023) 1.076(+0.000) 1.080(+0.002)
2A, 1.326(-0.016) 1.318(-0.025) 1.082(+0.006) 1.079(+40.002)
2Bz 1.315(-0.026) 1.402(+0.059) 1.079(+40.003) 1.128(+0.050)

State Ce-0-C2(ACe-0~Cz) 0-C2-Ca(AO-C2-Ca) O~Cz-H(AO-Cz-H) Cz-Ca-H(ACz-Cs-H)

1A,
Exp.*®
2A2
2B,
2A1
2pg,

107.30
106.56
107.57(+0.27)
113.56(+6.26)
110.10(+2.80)
108.34(+1.04)

110.83
110.65
110.54(-0.29)
108.54(-2.29)
116.86(+6.03)
109.47(-1.36)

116.33
115.98
117.18(+0.85)
117.83(+1.50)
118,13(+1.80)
122.32(+5.99)

126.65
127.83
125.49( -1.16)
128.20( +1.55)
150.70(+24.05)
112.70(-13.95)

“Mata et al.
Bond lengths are in angstroms,

(1878).

angles in degrees.

The values in parenthesis are the magnitude of the change in
geometry by ionization.
Table 19.2 1Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2A 7.88 8.53 7.60 8.23 0.28 0.30
2B, 10.03 10.37 9.51 9.88 0.52 0.49
2As 13.08 13.22 11.61 12.28 1.47 0.94
2B> 14.72 14.74 14.06 13.82 0.66 0.92
Total energies ( a.u.) of 'A, : -228.3753081(SCF) and -229.001064(SDCI).
Table 19.3 0-0 ionization levels.
State 0-0 IE FCF
2A> 8.24 0.211
2B, 9.87 0.205
2Ay 12.28 0.000
2B> 13.82 0.025
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Ve

Va

855
724
953
935
517
717

Ve

Ve
1076
986
1146
1026
847
941

Ve

Ve
1160
1061
©1187
1185
1089
1153
Ve

Ve
1249
1138
1265 °
1222
1196
1253
Ve

Ve
1537
1380
1578
1498 -
1379
1373

Vibrational frequencies (cm~™?*).
Va

Va
1671
1483
1659
1589
1765
1600

Vz

Table 19.4

Va2
3421
3089
3432
3431
3391
2844

Vi

Vi
3456
3121
3448
3472
3445
3408

-

Table 19.5 Conventional potential energy distribution(%).

Component

1A.
Obs.
2A,
2B.
2Ax
2B,

=Herzberg (1888).

State

State
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Table 19.6 Classical half amplitude of the zero-point vibrational levels.

State Component Vi Vaz Va Va Ve
AO-C» ~0.002 0.001 -0.016 -0.014 -0.008
AC2-Ca -0.006 ~0.002 0.034 -0.015 -0.016

1A, ACz-H 0.066 -0.029 0.003 -0.002 -0.001
ACs-H 0.029 0.067 0.003 0.001 -0.003
ACe-0-C2 -0.5 0.2 2.0 -0.2 0.4
AO-Cz-Cs 0.3 -0.4 -0.17 1.4 -0.8
AO-Cz-H -0.3 0.1 4.1 2.2 3.7
ACz-Ca-H= 0.1 -0.3 -0.3 4.6 ~-2.8

Ve Ve Va
AO-C2 0.031 0.012 0.005
ACz-Cs -0.004 0.002 0.002
ACz-H 0.002 -0.000 -0.001
ACs-H 0.001 -0.001 0.000
ACs~-0-C2 -0.2 -0.9 -3.5
AO-C2-Ca -0.4 -0.5 2.6
AO-C2-H 2.0 0.9 0.3
ACz"'Cg-Hz '0-8 3. -1-6
Vi Va Va Va Ve
AO-C» -0.002 0.002 -0.018 -0.014 -0.024
AC2-Ca ~-0.006 -0.001 0.004 0.031 -0,.018

%A= ACz-H 0.060 -0.040 -0.001 0.002 -0.004
ACa-H 0.040 0.060 0.004 -0.001 -0.003
ACs-0-C2 -0.4 0.3 0.9 1.9 -0.5
AO-Cz-Cs 0.2 -0.4 0.8 -1.4 0.5
A0-C2-H -0.2 0.1 3.3 3.9 -0.1
AC2-Cas-H= 0.1 -0.3 3.5 -2.4 1.5

Ve Vo Va
AO-C= 0.012 0.016 0.004
AC2-Ca -0.025 0.004 0.004
ACz-H -0.000 0.001 -0.001
ACa-H -0.002 -0.001 0.001
ACe-0-C2 -0.5 -0.9 -3.5
A0-C2-Cs -0.3 -0.2 2.6
AO-C2-H 3.7 0.3 0.2
ACz"Cs"Hz -1.7 4.3 -1.4
Va Va Vs Va Ve
AO-C2 -0.003 0.001 -0.018 -0.014 0.014
AC2-Cas -0.006 -0.003 0.032 -0.019 0.018

2B, ACz-H 0.069 -0.020 0.002 -0.003 0.002
ACa-H 0.020 0.070 0,002 -0.000 0.003
ACe-0-C2 -0.5 0.1 2.3 -0.4 -0.4
AO-C2~Ca 0.4 ~-0.3 -0.9 1.4 0.5
A0-C2-H -0.3 0.0 4.8 2.0 ~2.0
AC2-Cs-H2 0.2 -0.3 -0.3 4.7 3.7
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Table 19.6 Cornsdt .

Ve Vo Ve
AO-Cz 0.028 0.005 -0.001
AC2-Ca -0.010 ~0.001 -0.005
AC2-H 0.002 -0.000 0.001
ACa-H 0.000 -0.002 -0.000
ACs-0-C2z ~0.7 -0.2 3.6
AO-C2z-Ca -0.3 -1.0 -2.5
AO-C=-H 3.0 0.9 -0.3
ACz-Ca-Hz -1.1 2.7 1.2
Vi Va Va Va Vs
AO-C2 ~0.001 -0.003 -0.018 -0.019 0.021
AC2-Ca -0.008 -0.002 0.035 ~0.017 -0.004
2A, ACz-H 0.021 0.070 0.003 -0.002 0.002
ACa-H 0.069 -0.022 0.006 ~-0.003 0.000
ACs-0-C2z -0.2 -0.4 1.9 0.0 0.5
AO-C=z-Ca 0.0 0.5 -0.7 0.9 -1.4
AO-C=2-H -0.2 -0.3 3.5 3.6 3.9
AC2-Ca-Hz 0.0 0.3 0.2 3.3 -3.0
Ve Vo Va
AO-C2 0.021 0.001 0.002
AC2-Ca 0.004 -0.001 -0.,003
ACz2-H 0.001 0.000 0.000
ACa-H 0.000 -0.001 -0.000
ACs-0-C2 -2.0 3.2 1.3
AO-C2-Ca 1.3 -2.6 1.0
AO-C2-H -0.2 -0.5 -0.8
AC2~Ca-Hz 4.9 3.4 0.7
Va Va2 Va Va Ve
A0-C=2 ~-0.003 -0.001 -0.014 -0.022 0.021
ACz-Ca ~0.004 0.002 -0.004 0.021 0.028
2B=2 AC=-H 0.073 -0.008 0.000 0.001 0.004
ACa-H 0.008 0.078 0.007 -0.015 -0.002
ACes-0-C2 -0.4 0.1 0.8 2.5 1.1
AO-C2-Ca 0.4 -0.4 0.9 -1.5 -1.0
AO-C2-~H ~-0.2 0.4 2.5 5.1 1.3
ACz-Ca-Hz 0.1 -0.6 2.6 -1.0 -1.5
Va Ve Ve
40-C2 0.021 0.004 -0.008
ACz-Ca -0.026 0.008 0.021
ACz-H -0.001 0.002 0.002
ACs-H 0.001 0.001 -0.014
ACs-0-Cz -1.7 -0.7 -2.8
AO-C2-Cs 0.3 0.4 2.7
AO-C2-H 2.9 0.8 1.0
AC2-Cs-Hz -0.6 6.1 -1.8
Bond lengths are in angstroms, angles in degrees.
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Table 19.7 Vibrational levels of the 2A. state.

IE Vibrational levels
8.24 S(0 00 O0O0O0O0 O0)
8.36-8.39 M(000O0O0O0OO1), W(OOOO0OOO0O10), S(OOO0COO01O00)
8.44 S(0 001000 0)
8.50-8.58 W(0 0O 0O0O0101), M(OOOOO200) MOOO100G0G1),
W(00O010010), M(OOO1I0100)
8.63 M(0O 0O 02000 0)
8.70-8.73 W(0O 0O 0O10101), W(OOO10200)
8.75~8.78 W(0 0 0 2000 1), M(OO O 2010 0)
8.83 wW(0 003 00O0O0)
8.90-8.93 W(0O 00 20101), WOOO0O20200)
8.97-9.02 W(0O 0 0 3 0100), W(OOO40O0O0O0)

S:0.10<FCF<0.22, M:0.03<FCF<0.08 and W:0.004<FCF<0.03.

Table 19.8 Vibrational levels of the ?B. state.

IE Vibrational levels
9.87 S(0000O0O0O0O0)
9.99-10.02 S(0 000000 1), M(OOOOOO10), WOOOO10O0O0)
10.07-10.12 M(0 01 0 0 0 0 0), M(OOOOCOOO2), M(OOOOOO1 1),
wW(0 00000 20)
10.18-10.23 M(0 01 0000 1), W(OO100010), WOOOOO0O0O 3),
W(0 000001 2)
10.30-10.31 W(0O 01 000O0Z2), WOO1000O011)

S:0.,18<FCF<0.21, M:0.05<FCF<0.08 and W:0.01<FCF<0.03,

20. Thiophen CaSHa
Table 20.]1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State S-C2(AS-Cz) Cz-Ca(AC2-Cas) C2-H(AC2-H) Ca-H{ACa-H)
YA, 1.729 1.349 1.079 1.081
Exp.*® 1.714 1.370 1.078 1.081
2Az 1.716(-0.012) 1.411(+0.061) 1.083(+0.004) 1.081(-0.001)
2Ba 1.744(+0.016) 1.335(-0.014) 1.079(+0.000) 1.082(+40.001)
2A, 1.781(+0.052) 1.333(~0.016) 1.078(-0.001) 1.084(+0.003)
?B2 1.905(+0.176) 1.317(-0.032) 1.093(40.014) 1.083(+0.002)

State Ce-S-Cz2(ACe-S-Cz) $S-C2-C3{AS-C2-Ca) S-C>-H(AS-Cz-H)

Cz-Ca-H(AC2-Ca-H)

‘A, 91.26 111.81 120.39 123.58
Exp.® 92.2 111.5 119.8 123.3
Az 89.70( -1.56) 113.31(+1.50) 120.67( +0.28) 122.68(-0.90)
2Ba 93.63( +2.37) 109.88(-1.93) 120.03( -0.36) 123.89(+0.31)
2A, 98.50( +7.24) 103.01(-8.80) 120.80( +0.41) 120.38(-3.20)
B 80.68(~-10.58) 100.73(-19.66) 121.81(-1.77)

116.88(+5.07)

~Bak 1 »l. (1961)
Bond lengths are in angstroms,
The values in parenthesis are the magnitude of
geometry by ionization.

angles in degrees.
the change in
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Ionization energies(eV).

Table 20.2
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Table 20.6 Classical half amplitude of the zero-point vibrational levels.

State Component Vi Va2 Va Va Ve
AS-C2 -0.003 0.001 0.004 -0.015 -0.002
ACz-Cas -0.005 -0.002 -0.038 0.012 -0.012
ACz-H 0.068 -0.025 -0.003 0.001 -0.001

1A, ACa-H 0.025 0.069 -0.001 0.003 -0.001
ACs-S-C2 -0.3 0.1 -1.1 0.6 -0.2
AS-C2-Ca 0.3 -0.3 1.0 0.8 -0.0
AS-Cz-H -0.2 0.0 -1.7 3.9 4.3
AC2-Cs-H 0.1 -0.3 2.9 3.9 -3.8

Ve Vo Ve
AS-Cz -0.003 0.037 0.023
AC2-Cs -0.005 -0.003 -0.000
ACz-H -0.001 0.001 0.000
ACa-H -0.002 0.001 0.000
ACs-S-C2= -0.5 0.7 -2.17
AS-C=2-Ca -0.6 ~-1.17 2.0
AS-C2~-H 2.0 1.2 -0.5
ACz-Ca-H 2.2 0.5 -0.2
Vi Va2 Va Va Ve
AS-C=2 -0.001 -0.003 -0.007 -0.015 -0.004
AC2-Cs -0.005 -0.002 -0.012 0.034 0.000
ACz-H 0.027 0.068 -0.001 0.002 -0.001

2A2 ACa-H 0.068 -0.027 0.004 0.001 -0.001
ACe-S-Cz2 -0.1 -0.3 -0.1 1.2 -0.3
AS-C2-Ca -0.1 0.4 1.2 -0.4 -0.1
AS-C=z-H -0.1 -0.2 1.3 4.9 -0.9
ACz-Ca-H -0.2 0. 4.2 -0.0 4.9

Ve Vo Va
AS-C2 -0.002 0.037 0.018
ACz-Ca -0.027 -0.002 0.002
ACz-H -0.002 0.002 -0.000
ACs-H -0.002 0.000 0.001
ACe-S-C2 -0.9 0.4 ~2.7
AS-C2-Ca 0.1 -1.5 2.1
AS-C2-H 3.6 1.4 -0.5
AC2-Ca-H -0.8 0.5 -0.1
Vi Va Va Va Ve
AS-C2 -0.003 0.001 0.004 -0.011 -0.001
AC2-Ca -0.006 -0.002 -0.038 0.010 -0.009
ACz-H 0.067 -0.0217 -0.004 0.001 -0.000

2B, ACa-H 0.027 0.068 -0.002 0.002 -0.001
ACa~S-C2 -0.3 0.1 -1.1 0.5 -0.0
AS-C2-Cs 0.3 -0.3 1.0 0.7 -0.1
AS-Cz-H -0.2 0.0 -1.5 4.3 4,3
AC2-Cs-H 0.1 -0.3 2.5 4.4 -4,1
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Table 20.6 Condi .

Va Vo Ve
AS-C2 -0.004 -0.037 -0.030
ACz-Ca -0.007 0.004 0.001
ACz2-H -0.001 -0.002 0.000
ACa-H -0.002 -0.000 -0.000
ACs-S-C2 -0.5 -0.9 2.8
AS-C2-Ca -0.7 2.1 -1.6
AS-Cz2-H 1.7 -0.17 0.6
AC2-Ca-H 1.2 -0.1 0.4
Vi Vz Vs Va Ve
AS-C= -0.003 0.000 0.000 -0.011 -0.001
ACz-Ca -0.006 -0.003 -0.039 0.011 -0.004
ACz-H 0.072 -0.007 -0.004 0.001 0.000
2A, ACa-H 0.007 0.073 -0.001 0.002 0.000
ACe-S-C2 -0.4 0.0 -1.1 0.6 0.1
AS-C2-Cs 0.3 -0.3 1.0 0.8 0.1
AS-Cz-H -0.2 -0.0 -1.2 3.8 4.4
ACz-Ca-H 0.2 -0.2 2.4 4.5 -4.2
Ve Vo Va
AS-C2 -0.001 -0.034 0.038
ACz-Cs -0.008 0.005 ~-0.004
ACz-H -0.001 -0.002 -0.000
ACa-H -0.002 -0.000 0.001
ACs-S5-C> -0.5 -1.2 ~2.7
AS-C2-Ca -0.7 2.2 1.3
AS-Cz~-H 3.0 -0.3 -1.0
ACz-Ca-H 0.9 -0.4 -0.2
Vi Va Va Va Ve
AS-C2 0.000 -0.000 -0.007 -0.012 0.004
ACz-Cas -0.005 -0.006 0.038 0.009 0.006
ACz-H 0.011 0.073 0.006 0.004 0.000
2B ACs-H 0.072 ~-0.012 0.002 0.002 -0.001
ACe~S-C2 -0.1 -0.4 0.9 0.4 0.1
AS-Cz2-Ca -0.2 0.5 -0.8 0.9 -0.2
AS-Cz-H -0.1 -0.3 1.3 3.6 -4.2
ACz-Ca-H -0.2 0.2 s =2.1 4.4 4.4
Ve Vo Ve
AS-C2 -0.004 -0.024 0.053
AC2-Ca ~0.006 0.002 -0.001
ACz-H -0.001 0.001 -0.003
ACas-H -0.002 -0.001 0.001
ACs-S-Cz -0.5 -2.2 -1.8
AS-C2-Cs -0.5 3.1 0.4
AS-Cz-H 2.9 -1.5 0.0
AC2-Ca-H 1.7 0.6 -0.4

Bond lengths are in

angstroms,

angles in degrees.
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Table 20.7 Vibrational levels of the 2A: state.
IE Vibrational levels
7.77 S(0 0000000 )
7.85-7.88 S(0 0000001 ), WOOOO0OOO10)
7.91-8.00 W(0 0000100 ), W(OOO0OO0O1000), WOOOOOOO 2),
S(00010000), M(OO10000O00), WOOOO0OO0O011),
W(0 0000101 ), W(O0OO0O1001)
8.03-8.06 M(OOO10001 ), W0OO0O100001), WOOO010010)
8.09-8.18 W(00010100), WO0O011000), W(OOO010002),
W(00101000 ), WO0O0O020000), W(OD110000),
W(00200000)
8.21-8.24 W(00020001 ), WOO0O110001)
S:0.08<FCF<0.16, M:0.04<FCF<0.06 and W:0.01<FCF<0.03.
Table 20.8 Vibrational levels of the 2B, state.
1IE Vibrational levels
8.42 S(0000O0O0O0 O0)
8.50-8.55 sS(0 00000O01), S(OOO0OO0OO0O0C10), S(0OO0O0OOCO100)
8.60-8.65 M(OOOOOO1 1), W(OOOOOOZ2O0), M(OO1O0DO0O0OO),
wW(0000O0101), M(OOOOO110)
8.73 W(0 010001 0)

S:0.09<FCF<0.43,

M:0.03<FCF<0.04 and W:0.01<FCF<0.02.

21. Formaldehyde CH=20
Table 21.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C=0 (AC=0) C-H (AC-H) H-C=0 (AH-C=0)

AL 1.181 1.103 122.22

Exp.® 1.210 1.102 119.5

12B. 1.209(+0.028) 1.097(-0.006) 117.71( -4.51)

2B, 1.325(+0.144) 1.093(-0.010) 118.81( ~3.41)

2A, 1.264(+0.083} 1.093(-0.010) 115.05( -7.17)
2?B; 1.253(+0.072) 1.201{(+0.098) 132.29{(+10.07)

“Brown et al. (1888).

Bond lengths are in angstroms,

angles in degrees.

The values in parenthesis are the magnitude of the change in
geometry by ionization.
Table 21.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)
State

SCF SDCI SCF SDCI SCF SD-CI
12B2 9.61 10.40 9.53 10.35 0.08 0.05
2B, 12.68 14.15 11.93 13.28 0.75 0.87
2A, 14.90 156.79 14.56 15.35 0.417 0.44
22B, -—= 16.75 -—= 156.79 -- 0.96

Total energies ( a.u.) of

1AL

-113.747398(SCF) and -114.053771(SDCI).
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Table 21.3 0-0 ionization levels. Table 21.4 Vibrational frequencies (cm™1!)
State 0-0 IE FCF State Vi Va Vs
12B2 10.33 0.667 'A, 3104 2021 1639
2B, 13.25 0.028 Obs.= 2766 1746 1500
2Ax 15.33 0.185 12B2 3184 1765 1442
22B2 15.73 0.016 2By 3238 1366 1633
2A, 3206 1539 1528
22B, 2632 1846 1394

“Bro t al. (1988).
Table 21.5 Conventional potential energy rown et & ¢ K

distribution(X).
State Component Va Vz Va
AC=0 1.1 88.5 5.3
1A, AC-H 98.9 0.0 0.4
AH-C=0 0.0 11.5 94.3
AC=0 0.9 82.7 11.6 Table 21.6 Classical half amplitude of the zero-
12B. AC-H 99.0 0.2 0.0 point vibrational levels.
AH-C=0 0.2 17.1 88.4
State Component Vi Va2 Va
AC=0 0.6 90.1 16.
23,  AC-H 99.3 0.2 0.1 Ac=0 -0.006  -0.048 0.010
AH-C=0 0.1 9.7 83.8 1AL AC-H 0.075 0.001 0.004
AH-C=0 0.1 2.1 5.0
ac=0 0.6 99.4 4.2
24, AC-H 99.3 0.4 0.0 AC=0 -0.007 -0.050 0.016
AH-C=0 c.i 0.3 95.8 1?B.  AC-H 0.074  -0.003  -0.001
AH-C=0 0.3 2.7 5.2
ac=0 8.4 66.3 25.1 2
22B, AC-H 88.7 14.4 1.5 AC=0 -0.007 -0.052 -0.026
AH-C=0 2.9 19.3  73.4 2B,  AC-H 0.073  -0.002  -0.002
AH-C=0 0.3 -1.5 5.4
AC=0 -0.006 -0.055 -0.012
2A. AC-H 0.073 -0.003 -0.001
Table 21.7 Vibrational levels of the ?B, state. AH~C=0 0.3 0.3 5.8
Progressions AC=0 -0.018 ~0.042 0.024
IE 228, AC-H 0.079 -0.027 -0.008
A B C AH-C=0 1.1 2.5 4.4
13.25 w(0 0 0) Bond lengths are in angstroms, angles in
13.42 W(0 1 0) degrees.
13.45 s(0 0 1)
13.59 wW(0 2 0)
13.62 S(0 1 1)
13.65 W(0 0 2)
13.76 w(0 3 0)
13.79 s(0 2 1)
13.82 M(0 1 2)
13.86
13.93 M(0 4 0) Table 21.8 Vibrational levels of the 2A, state.
13.96 s(0 3 1)
13.99 M{0 2 2) Progressions
14.03 - 1E
14,10 w(0 5 0) A
14.13 M(O 4 1)
14.16 w(0 3 2) 15.32 sS(0 0 0)
14.20 15.51 S{0 0 1), S(0 1 0)
14.30 w(o 5 1) 15.70 M{(0 0 2), S(0 1 1), S(0 2 0)
14.33 w(0 4 2) 15.89 W(0 0 3), M(0 1 2), M(0 2 1),wW(0 3 0)
14.36 16.08 W(0 1 3), W(0 2 2),W(0 3 1)
S:0.08<FCF<0.13, M:0.03<FCF<0.06 and S:0.08<FCF<0.20 M:0,04<FCF<0.06 and

- W:0.,01<FCF<0.03. W:0.007<FCF<0.02,
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Table 21.9 Vibrational levels of the 22B: state.
Progressions
IE
B (o]
15.73 W(0 0 0)
15.90 M(0 0 1)
15.96 . w(0 1 0)
16.06-16.08 M(O 0 2), W(1 O 0)
16.13 w(0 1 1)
16.23-16.25 M(O O 3), M(1 0 1)
16.28-16.30 M(O0 1 2)
16.40-16.42 M(O O 4), M(1 0 2)
16.46-16.48 M(O0 1 3), W(1 1)
16.55-16.59 M(0O 0 5), M(1 0 3), W(2 0 1)
16.63-16.65 W(0 1 4), W(1 2)
16.73-16.77 w(0 0 6), M(1 0 4), W(2 0 2)
16.80-16.82 wW(0 1 5), w(1l 3)
16.90-16.94 M(1 0 5), wW(2 0 3)
16.98-17.00 w(l 4)
17.07-17.09 w(1 0 6), W(2 0 4)
17.15 W(1 5)
17.25-17.27 W(2 0 5)
17.42 w(2 0 6)
M:0.03<FCF<0.08 and W:0.008<FCF<0.03.
22, Formic acid CH202
Table 22.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State C-H (AC-H) C-0s (AC-01) C-0z (AC-0z) O-H (AU=z-H)
1A’ 1.094 1.179 1.321 0.952
Exp.*® 1.097 1.202 1.343 0.972
25? 1.091(-0.003) 1.257(+0.078) 1.243(-0.078) 0.964(+0.012)
2A" 1.088(-0.006) 1.327(+0.148) 1.224(-0.097) 0.969(+0.018)
State 01-C-H(a0,-C-H) 0:-C-02(A0.-C-02) C-02-H(AC-02-H)
ta’ 124.76 124.91 108.41
Exp.= 124.1 124.9 106.3
2A° 116.61(~-8.15 ) 123.86(+1.05 ) 117.22(+8.81 )
2A" 121.35(-3.41 ) 120.36(-4.55 ) 115.67(+7.26 )

“Herzberg (1866).

Bond lengths are in angstroms,
The values in parenthesis are the magnitude of

geometry by ionization.

angles in degrees.

the

change

in
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Table 22.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2A° 10.11 10.88 9.66 10.52 0.45 0.36
2" 11.70 12.44 10.70 11.63 1.00 0.81
Total emergies (a.u.) of *A’ : ~188.570787 (SCF) and -189.027513 (SDCI)..
Table 22.4 Vibrational frequencies (cm™').
Table 22.3 0-0 ionization
levels. State Va Vo Va Va Ve Va vz
State 0-0 IE FCF A’ 4082 3269 2033 1528 1435 1276 6917
Obs.= 3570 2943 1770 1387 1229 1105 625
247 10.47 0.123 zp) 3918 3335 1796 1527 1326 1281 605
24" 11.56 0.009 ZA" 3841 3380 1844 1527 1363 1226 642

“Herzberyg (1866).

Table 22.5 Conventional potential energy distribution(X).

State Component Va Vz Va Va Ve Ve Vr
AC-H 0.0 98.3 0.2 0.1 0.1 0.0 0.0

AC-0a 0.0 0.8 83.1 5.3 0.7 2.3 0.2

A’ AC-02 0.0 0.1 7.7 2.3 21.5 "7 61.9 4.3
AO-H 99.9 0.0 0.0 0.0 0.3 0.1 0.0
40,-C-H 0.0 0.1 5.0 86.7 14.8 2.8 7.5
A0,-C-02 0.0 0.6 1.4 0.5 16.3 3.2 76.3
AC-0z-H 0.0 0.1 2.6 5.0 46.4 29.6 11.8

AC-H 0.0 98.8 0.0 0.8 0.0 0.0 0.0

AC-0, 0.0 0.2 31.9 18.2 40.1 4.1 0.3

2A° AC-O2 0.1 0.5 50.2 37.3 1. 9.0 0.5
AO-H 99.8 0.0 0.0 0.0 0. 0.1 0.0
A0,~C-H 0.0 0.1 16.2 8.9 65.6 15.6 19.2
40,~C-02 0.0 0.4 0.0 13.0 2.1 0.5 77.1
AC-0z-H 0.0 0.1 1.6 21.8 0. 70.7 3.0

AC-H 0.0 98.9 0.2 0.2 0.1 0.1 0.1

AC-0; 0.0 0.3 9.1 6.0 10.7 52.3 3.7

2A" AC-02 0.1 0.6 60.1 3.4 9.2 4.7 2.3
AO-H 99.8 0.0 0.0 0.0 0.0 0.1 0.0

A0, -C-H 0.0 0.1 17.5 25.3 47.8 0.3 41.9
A0,~-C-0z 0.1 0.1 12.2 53.7 26.6 2.3 36.4
AC-0=z-H 0.0 0.1 0.8 11.3 14.6 40.2 15.5
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Table 22.6 Classical half amplitude

of the zero-point vibrational levels.

State Component Vi Va Va Va Ve Ve Ve
AC-H -0.001 0.105 0.004 0.003 0.002 0.000 0.000
AC-0. 0.000 -0.006 0.048 0.010 -0.004 ~-0.006 0.001

A’ AC-0z -0.002 -0.003 -0.021 0.009 0.029 -0.045 0.010
AO-H 0.093 0.002 -0.000 0.001 -0.003 -0.002 -0.000
AO0;.-C-H 0.0 -0.4 -2.2 7.7 3.2 1.3 ~-1.7
A0, -C-02 0.2 0.7 -0.9 -J.4 ~2.6 1.1 4.3
AC-02-H -0.1 -0.4 2.1 -2.4 7.4 5.5 2.9
AC-H -0.000 0.104 0.001 0.006 0.000 -0.001 0.000
AC-0, -0.000 -0.004 -0.038 0.020 0.034 -0.011 0.002

2A° AC-02 -0.003 -0.005 0.043 0.027 0.006 -0.014 0.003
AO-H 0.095 0.000 0.000 0.001 0.001 -0.002 -0.000
AO0,~-C-H 0.0 -0.3 4.4 ~-2.3 6.4 3.4 -3.1
AO1~-C-0O2 0.2 0.7 -0.1 -2.3 -1.0 -0.5 5.1
AC-0=z-H -0.2 -0.4 -1.7 4.5 -0.8 8.9 1.5
AC-H ~0.001 0.103 0.004 0.004 0.003 -0.002 0.001
AC~0, 0.000 0.005 -0.025 0.021 0.026 -0.041 -0.006

2A" AC-02 -0.003 0.005 0.049 0.012 -0.003 -0,009 -0.004
AO-H 0.096 0.001 0.001 0.000 =-0.001 -0.002 0.000
AO,-C-H 0.0 -0.4 3.8 -4.17 6.1 0.3 2.3
AO0;-C-02 -0.3 -0.3 -3.1 6.7 -4.5 -0.9 2.1
AC-0z-H -0.2 -0.4 -1.4 5.1 5.5 6.5 -2.3

Bond lengths are in angstroms, angles in degrees.

Table 22.7 Assignment of the vibrational levels of the 2A’' state of CHz0=.

Progression Vibrational levels

10.47 S(0 0000 0 0)
10.66-10.69 S(0 01 0000), WOOO1O00UO0), W(OOOOOT10)
10.85-10.91 S(0020000), M(OO11000), WOO10010)
11.07-11.14 S(0030000), WOO21000), W(OO20010)
11.30-11.36 M(0 0 40000), WOO31000), WOOS3 001 0)
11.52-11.58 W(0O 0500 00), W(0 0 40010)

5:0.012<FCF<0.23, M:0.03<FCF<0.07

and

W:0.005<FCF<0.03.
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Table 22.8 Assignment of the vibrational levels of the 2A" state of CHz0z.

Progression Vibrational levels
w(0 0000 O 0)
W(0 01000 0)
A M(0O 02000 0)
4(0 0 3 0 0 0 0)
W(0040000)
wW(0 05000 0)
W(0 06 00 00)
wW(0 0O0O0OO0O10), W(OOOO1O00), W(OOO1000O0)
W(0010010), M(OO10100), W(OO1100O0)
B w(o020010), M(OO20100), W(OO21000)
wW(0030010), M(OO30100), WOO31O0D0DO0)
W(0040010), WOO40100), W(OO410O0O0)
wW(0o050010), WOOS5 010 0)
W(0 0 6 010 0)
wW(000O0110), W(OOO0OO02O00O0), WOOO0O1100)
w(0o 010110}, W(O0O10200), W(OO11100})
W(0020110), W(O0202900), W(OO0O21100)
C W(0030110), W(0O0O30200), W(0OO03,1100)
W(0040110), W(OO0O40200), WOO41100)
wW(0o050110), W(OO5 020 0)

Ketene CzH=z0

M:0.025<FCF<0.04 and W:0.005<FCF<0.025.

23.
Table 23.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State ¢c=C (AC=C) C=0 (AC=0O) C-H (AC-H) H-C=C (AH-C=C)
- 1.310 1.140 1.079 118.99
Exp.* 1.315 1.16 1.079 118.85
128 1.406(+0.096) 1.095(-0.045) 1.085(+0.006) 117.69( -1.30)
12B2 1.257(-0.052) 1.296(+0.155) 1.096(+0.017) 119.58( +0.59)
22B, 1.351(+40.041) 1.276(40.,135) 1.081(+0.003) 117.37( -1.62)
22B: 1.318(+0.008) 1.234(+40.094) 1.128(+0.049) 127.91( +8.92)
%A, 1.339(+0,029) 1.116(-0.025) 1.138(+0.060) 96.29(-22.70)
®*Herzberg (1866).
Bond lengths are in angstroms, angles in degrees.
The values in parenthesis are the magnitude of the change in

geometry by ionization.
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Table 23.2 1Ionization energies(eV;.

VIE AIE A(VIE-AIE)

State
SCF SDCI SCF SDCI SCF SD-CI
12B, 8.66 9.14 8.32 8.94 0.34 0.20
12B» 13.43 14.45 12.40 13.41 0.03 0.04
22B, - 15.80 - 14.89 —— 0.91
22B, —-—— 16.82 -—= 15.92 —— 0.90
2A, 16.98 16.98 15.77 15.93 1.21 1.05

Total energies ( a.u.) of 'A. : -151.564055(SCF) and -151.968518(SDCI).

Table 23.3 0-0 ionization levels. . . .
Table 23.4 Vibrational frequencies

State 0-0 IE FCF (cm=1),
12B, 8.93 0.231 State Va vz Va Va
12B2 13.36 0.011
22B, 14.86 0.007 1A, 3349 23172 1523 1253
22B2 15.92 0.024 Obs.= 3070 2152 1388 1118
2A, 16.87 0.000 12B,y 3288 2596 1471 1049
12B. 3182 2135 1337 1057
22B, 3343 2125 1474 1033
22B; 3215 2692 1503 11217
Table 23.5 Conventional potential energy A, 2737 2439 1335 992

distribution(%). - b (1966>
erzberg .

State Component Va Va Va Va
AC=C 0.9 27.9 19.0 58.1
YAy AC=0 0.0 71.9 4.6 20.1
AC-H 99.0 0.1 0.1 0.3
AH-C=C 0.1 0.1 76.3 21.5
~ Table 23.6 Classical half amplitude of th. -point
L5, S6=C 0.3 9.8 4.8 93.0 vibrational levels.
b AC-H 99 : 6 0 : 0 0 :0 0 : 1 State Component Vi Ve Va Ve
AH-C=C 0.1 0.0 95.2 0.1 ac=C -0.007 -0.036 -0.024 0.034
‘A AC=0 0.001 0.044  -0.009 0.0156
AC=C 1.3 70.6 2.9 26.8 peAr Ot E A S A S
1?B.  AC=0 0.0 27.6 8.3 65.8 - ' ' ' :
AC-H 98.6 0.6 0.0 0.1 18, 8o 0001 0.043  0.000  0.007
AH-C=C 0.1 1.2 88.8 7.3 AC-H 0.073 0.001  -0.001 0.001
AH-C=C 0.3 -0.0 6.0 0.2
Bosc s s e sLa L Toame o sws oo o
~ = = . ~0. -0. .03
2%B. 22-3 98(3) 5340 (l)i 4g§ Sc-H 0.074 0.005 —g.oox o001
- . . . . ~C= . -0.9 .0 1.5
AH-C=C 0.2 0.2 92.4 2.2 e :g=g _o.ggs 0.043 ~0.014 0.034
. = -0.000  -0.043  -0.006 0.030
AC=C 0.9 30.0 28.0 31.5 4C-H 0.072 0.000  -0.003 0:003
22p AG=0 98 123 01 51'1 AH-C=C 0.4 -0.3 5.9 0.8
2 - . . .
AC-H 88.2 27.3 1.4 0.7 ac=c 0.006  -0.035  -0.030 0.027
22B,  AC=0 -0.0 .03, . .
AH-C=C 1.1 0.4 70.4 16.7 :g-g c g.gtlsg §.03; -g.ggs g.ggi
~c= . -0.4 5.2 2.1
8C=C 0.6 17.6 59.4 22.1 ac=C 0.006 -0.033 -0.043 0.022
2A,  AC=0 2.6 77.8 10.6 2.6 4 acw0 -0.008  0.043  -0.011  0.005
AC-H 96.8 4.6 1.2 0.2 ti-t=c  -0.2 IR S A
AH-C=C 0.0 0.1 28.9 75.1

Bond lengths are in angstroms, angles in degrees. 210
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M:0.03<FCF<0.08 and W:

0.005<FCF<0.

Table 23.7 Vibrational levels of the 12B: state.
Progressions
1E
A
13.36 wW(0 0 0 0)
13.62-13.,.66 wW(0 1 0 0), M(O 0 0 2) .
13.88-13.92 w(0 2 0 0), M(O1 0 2), WO OO 4), WO 11 1), WO O 1 3)
14.15~14.19 w(0 3 0 0), M(O 2 0 2), WO104), WO211), W0 11 3)
14.41-14.45 w(0 4 0 0), M(O 30 2), W(O 20 4), WO311), WO 21 3)
14.68-14.72 w(0 5 0 0), W(0O 4 0 2), WO 3 0 4)
14.95 W(0 5 0 2)
Progressions
1E
B
13.49 W(0 0 0 1)
13.76-13.79 M(O101), w(0O OO0 3), W(O110 ), W(OO12)
14.02-14.05 M(O 2 0 1), M(O 1 0 3), W(0O 210 ), WO112)
14.28-14.32 M(O 3 0 1), M(O 2 0 3), W(O 310 ), W(0O 21 2)
14,55-14.58 wW(0 4 01), WO 3 0 3) w(0o 31 2)
14.81 W(0 5 0 1), WO 4 0 3)
M:0.03<FCF<0.07 and W:0.005<FCF<0.03.
Table 23.8 Vibrational levels of the 22B, state
Progressions
IE
A
14,86 wW(0 0 0 0)
14.99 wW(0 0 0 1)
15.12-15.12 M(O 0 0 2), W(0O 1 0 0)
15.24-15.25 M(O O 0 3), M(O 1 0 1)
15.37-15.38 M(0O O 0 4), M(O 1 0 2)
15,50-15.51 M(0O 0 0 5), M(O 1 0 3), W(O 20 1)
15.63-15.64 W(0 0 0 6), M(O 1 0 4), W(O 2 0 2)
15.76-15.178 w(0 00 7), M(O1O0J5), M(O 20 3)
15.91 W(0 1 0 6), W(0O 2 0 4), W(0O 3 0 2)
16.03 w(0 10 7), WO 2 05), WO 3 0 3)
16.16 w(0 2 0 6), W(0O 3 0 4)
Progressions
1E
B
15.17 wW(0 01 1)
15.30 W(0 01 2)
15.43 wW(0O 01 3), WO 111)
15.55-15.56 W(0 01 4), WO 11 2)
15.68-15.69 W(0 015), w(o 11 3)
15.81-15.83 W(0 11 4), WO 21 2)
15.95 wW(0 11 5), wW(o 21 3)
16.08 wW(0 2 1 4)
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Table 23.9 Vibrational levels of the 22B: state.
Progressions
1E
A
15.92 wW(0 0 0 0)
16.06 M{0 0 0 1)
16.20 S(0 0 0 2)
16.34 s(0 00 3)°
16.43-16.48 S(0 0 0 4)
16.57-16.62 M(O 0 0 5), W(O 11 1), wW(0 0 2 2)
16.71-16.76 W(0 0 0 6), WO 112), WO 201), WO O 2 3)
16.85-16.90 W(0O 00 T7), WO 113), WO 202), WO O 2 4)
17.00-17.01 wW(0 11 4), W0 2 0 3)
17.15 W(0 2 0 4)
Progressions
I1E
B
16.11 wW(0 0 1 0)
16.25-16.25 wW(0 01 1), W(O 1 0 0)
16.39-16.39 M(O 01 2), M(O 10 1)
16.53-16.53 M(O 01 3), M(O 1 0 2)
16.66-16.67 M(O O 1 4), M(O 1 0 3)
16.80-16.81 wW(0 015), WO 10 4)
16.94~-16.95 W(0 01 6), WO 10 5)
17.09 w(0 1 0 6)

S:0.08<FCF<0.12 M:0.03<FCF<0.08

Table 23.10

and W:0.005<FCF<0.03.

Vibrational levels of the

2A:. state.

1IE

Progressions

16.12
16.16
16.24
16.28
16.36
16.40
16.45
16.48
16.53
16.57-16.568
16.61-16.62
16.65
16.69-16.70
16.73 16.74
16.77
16.79
16.82
16.86-16.87
16.90-16.91
16.94-16.95
16.98-16.98
17.02-17.03
17.06
17.10-17.11
17.15
17.23
17.28

W(0 0 0 2)

W{0 0 0 3)

W(0 0 0 4)

w(0 0 0 5)
W(0 0 0 6),

7),

2)

w(1 0 2

W(l1 0 2 5)

W(1 0 2 &)

M(0 0 1

3),W(0 01

4),Ww(0 01

1)
2)
3)

4)

5)

6)

7)

8)

w(o

w(o

w(o

w(o

w(o

w(0

2)

3),
w(o

4},
w(o

5),
w(o

6),
w(o

7)
w(o

2)

3)

4)

5)

6)

wW(1 0 0 3)

W(1 0 0 4)

wW(1 0 0 5)

W(1 0 0 6)

]

w(1

w(1l

w(l

w(l

W(1

2)

3)

6;

M:0.03<FCF<0.04 and W:0.006<FCF<0.03.
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24. Glyoxal CszOz
Table 24.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C=C (AC=C) C-H (AC-H) C=0 (AC=0)
- 1.517 1.101 1.182

Exp."® 1.526 1.132 1.212

2Ag 2.036(+0.519) 1.102(+40.001) 1.122(-0.060)
2A. 1.585(+0.068) 1.095(-0.006) 1.228(+0.046)
2Bg 1.445(-0.072) 1,091(-0.010) 1.245(+40,063)
2B. 1.464(-0.053) 1,113(+0.012) 1.195(+40.013)

H-C=C(AH-C=C) 0-C=C(A0-C=C)

A 114,90 121.27

Exp.= 112.2 121.2

2h . 103.90(-11.00) 113.76(-7.51)

2Au 117.57( +2.67) 118.97(-2.30)

2Bg 121.17( +6.27) 116.34(-4.93)

2B, 120.18( +5.28) 118.92(~2.35"!

*Ruchitsn et al.
Bond lengths are in angstroms,

(1888).

angles in degrees.

The values in parenthesis are the magnitude of the <change in
geometry by ionization.
Table 24.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2Ae 10.79 10.40 9.80 9.92 0.99 0.48
2Bu 13.10 12.63 12.98 12.47 0.12 0.16
2By 13.64 14.11 13.18 13.57 0.46 0.54
2Au 15.56 15.87 15.26 15.43 0.30 0.44
Total energies ( a.u.) of !'Ag -226.352259(SCF) and -226.899522(SDCIL).
Table 24.4 Vibrational frequencies (cm™?'),.
Table 24.3 0-0 ionization State Vi vz Va Va Ve
levels.
lAg 3180 2050 1483 1183 612
State 0-0 IE FCF Obs.® 2844 1742 1338 1060 553
2Aa 3204 2280 1135 573 245
2Aa $.85 0.000 2AL 3283 1885 1438 1078 568
2g, 12.46 0.449 2Bg 3327 1826 1275 1457 627
2B, 13.57 0.101 2By 3062 2071 1367 1229 617
2Au 15.41 0.16¢

eHerzberg (1866).
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Table 24.6 Classical half amplitude of the zero-point vibrational levels.

Table 24.5 Conventional potential energy distribution(%).

State Componant Vi Va2 Va Va Ve
AC=C 6.3 5.4 6.3 41.6 33.6

1Ax AC-H 98.2 0.1 0.5 0.1 0.0
AC=0 0.5 76.8 5.3 0.1 2.4
AH-C=C 0.1 14.0 82.9 19.4 7.8
A0-C=C 0.9 3.8 5.0 38.8 56.2

AC=C 0.0 0.3 1.0 12.9 71.8

2Ax AC-H 93.9 4.4 0.1 0.0 0.0
AC=0 5.4 92.0 0.0 0.5 1.4

AH-C=C 0.3 2.3 96.9 13.9 18.7

AO-C=C 0.4 1.0 2.0 72.8 8.1

AC=C 0.2 5.2 3.0 43.7 34.2

2Au AC-H 98.1 0.1 0.2 0.5 0.0
AC=0 0.6 72.0 9.8 0.1 3.1

AH-C=C 0.2 19.0 82.8 14.7 7.8

AO0-C=C 0.9 3.8 4.1 41.0 55.0

AC=C 0.5 11.3 45.4 i2.1 17.8

2Bg AC-H 97.9 0.0 0.6 0.6 0.0
AC=0 0.4 60.9 0.0 21.1 3.7
AH-C=C 0.2 24.6 30.1 53.6 8.7

AO-C=C 1.0 3.3 23.9 12.6 €9.8

AC=C 0.7 12.0 24.0 29.5 24.2

2Ba AC-H 98.3 0.6 0.4 0.0 0.0
AC=0 0.1 71.2 19.2 0.4 3.4

AH-C=C 0.1 14.1 38.4 47.7 5.1
AO0-C=C 0.9 2.1 18.0 22.4 67.3

State

Component Vi vz Va Va Vs
AC=C -0.006 -0.024 -0.019 -0.052 0.031
TAe AC-H 0.075 -0.002 -0.003 -0.002 0.001
AC=0 -0.003 0.034 -0.006 0.001 0.003
AH-C=C -0.3 2.9 4.9 -2.6 -1.1
AO-C=C 0.7 -1.2 1.0 2.9 2.3
AC=C -0.001 -0.015 -0.019 -0.066 0.095
2Aa AC-H 0.074 0.014 0.002 0.000 0.000
AC=0 -0.009 0.031 ~0.,000 0.001 -0.001
AH-C=C -0.6 1.5 6.4 -2.2 ~-1.6
A0-C=C 0.6 -0.8 0.8 4.3 0.8
AC=C -0.006 -0.025 -0.,014 -0.056 0.033
2Au AC-H 0.074 0.002 -0.002 -0.003 -0.000
AC=0 -0.004 0.035 -0.009 0.001 0.004
AH-C=C -0.4 3.3 4.9 -2.2 -1.1
A0-C=C 0.7 -1.2 0.9 3.0 2.2
AC=C -0.007 -0.030 0.048 -0.021 0.020
2By AC-H 0.074 ~0.000 0.004 -0.003 0.000
AC=0 -0.003 0.034 0.000 -0.014 0.004
AH-C=C ~-0.4 3.8 3.4 3.9 -1.2
AO0-C=C 0.7 ~1.1 -2.4 1.5 2.7
AC=C ~-0.008 -0.031 -0.031 0.039 0.023
28 AC-H 0.077 -0.005 -0.003 0.001 -0.000
AC=0 -0.002 0.033 ~0.012 0.002 0.004
AH-C=C -0.2 3.0 3.5 4.6 -0.9
AO-C=C 0.7 -0.9 1.9 -2.4 2.7
Bond lengths are in angstroms, angles in degrees.
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Table 24.7 Vibrational levels of the 2B, state.

Progressions

IE

A B

c the rest

12.486
12.54
12.61-12.63
12.71-12.72
12 79
12.84
12.89
12,97

S(0 0 00 0)
S(0 000 1)
M(O 0 0 6 2) M(0OO10 0)

W(0 0101) sS(01000)

M(0 1 00 1)

W(1 000 0)
W(0 110 0)
W(0 200 0)

S:0.09<FCF<0.45,

Table 24.8 Vibrational levels

M:0.03<FCF<0.05 and W:0.01<FCF<0.03.

of the 2By state.

Progressions
IE
A B the rest
13.57 S(0 0 0 0 0)
13.65 M(0O 0 0 O 1)
13.72-13.75 . W(0 000 2), WOOO 1 0)
13.80 sS(0 100 0)
13.87 S(01 00 1)
13.95-13.98 W(0 100 2), WO1010)
14.02 s(0 2 00 0)
14.10 M(0 2 0 0 1) .
14.18-14.20 W(0 2 00 2), WO 201 0)
14.25 S(0 3 0 0 0)
14.33 M(0O 3 0 0 1)
14.40 W(0 3 00 2)
14.48 M(O 4 0 0 0)
14.55 W(0 4 0 01)

$:0.08<FCF<0.18, M:0.03<FCF<0.

08 and W:0.009<FCF<0.03.

Table 24.9 Vibrational levels of the 2?A. state.

Progressions
IE
A B o} the rest
15.41 S(0 0 0 0 0)
15.48 S(0 00 01)
15.54-15.55 M(O 0 00 2) S(00O010)
15.59~-15.64 M(OOO0O11) S(01000) W(OO100)
15.68-15.71 W(0 0 012} M(0O1001) W(OOOZ2D0)
15.756-15.78 W(0 1002) WOOO021),
M(G 1 01 0)
15.82-15.85 w(01100),
M(O 1 01 1)
15.88-15.91 M(0O 2 0 0 0),
W(0 1 0 2 0)
15.95 wW(0 2 00 1)
16.01 W(0 2 01 0)

S:0.08<FCF<0.17,

M:0.03<FCF<0.07 and W:0.01<FCF<0.03.
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25. Acetylene CzHa

Table 25.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State CZC (AC=C) C-H (AC-H)

‘ia 1.191 1.065

Exp.® 1.208 1.058

1., 1.234(+0.043) 1.080(+06.015)

L™ 1.194(+40.003) 1.189(+0.124)
1

2Za 1.161(~-0.030) .220(+40.155)

*Herzberg (19686).
Bond lengths are in angstroms.

The values in parenthesis are the magnitude of the change in
geometry by ionization,

Table 25.2 Ionization energies(eV).

VIE AIE A(VIE~AIE)
State
SCF SDCI SCF SDCI SCF SDCI
21, 9.93 10.98 9.81 10.74 0.12 0.24
23 17.41 17.14 16.94 16.67 0.47 0.47
2z, 20.04 19.30 19.26 18.74 0.78 0.56
Total energies ( a.u.) of 24 : -76.732685(SCF) and -76.985277(SDCI).

Table 25.4 Vibrational frequencies (cm™').

Table 25.3 0-0 ionization levels.

State Vi Vo
State 0-0 IE FCF 1. 1687 2226
- 10.72 0.645 Obs.= 3373 1974
22“ 16.61 0'259 1l 3535 2056
’Z‘ 18.69 0'125 fZg 2795 2052
© * * 220 2912 214
“Herzberg (1966) .
Table 25.6 Classical half amplitude of the
Table 25.5 Conventional potential energy zero-point vibrational levels.
distribution(%).
State Component Va V2
State Component Vi Vaz
T AC=C -0.018 0.045
Za AC=C 8.8 90.6 AC-H 0.069 0.017
AC-H 91.2 9.4
My AC=ZC -0.018 0.047
M. aC=C 7.9 91.0 AC-H 0.070 0.017
AC-H 92.1 9.0
2T« AC=C -0.028 0.041
23 AC=C 25.8 74.9 AC-H 0.074 0.037
AC-H 74.2 25.1
23 AC=C -0.035 0.031
23 AC=C 50.2 49.8 AC-H 0.063 0.055
AC-H 49.8 50.2

Bond lengths are in angstroms.
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Table 25.7 Vibrational levels of the 2Z4 state.

Progressions

IE
A

B

Progressions

IE

A B c
16.61 s(0 0)
16.86 s{0 1)
16.96 s(1 0)
17,12 w(o 2)
17.21 s(1 1)
17.30 s(2 0)
17.46 w(1 2)
17.56 M(2 1)
17.65 W(3 0)

$:0.10<FCF<0.27, M:0.03<FCF<0.04 and W:

0.01<FCF<0.03.

18.69
18.96
19.05
19.22
19.32
19.41
19.58
19.68
19.77
19.94
20.04
20.13

s(0 0)

s(1 0)

s(2 0)

S(3 0)

W(4 0)

S(0 1)

s(1 1)

M(2 1)

W(3 1)

W(o 2)

w(1 2)

w(z 2)

$:0.08<FCF<0.22,

0.01<FCF<0.03.

26. Diacetylene CgsHz
Table 26.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C-C (AC-C) C=C (AC=C) C-H (AC-H)

e 1.391 1.192 1.064

Exp.= 1.376 1.205 1.446

2Mg 1.335(-0.056) 1.220(+0.028) 1.075(+0.011)

2w 1.439(+0.048) 1.213(+0.021) 1.074(+0.010)

23 g 1.674(+0.283) 1.182(-0.010) 1.078(+0.014)

2Zu 1.386(-0.005) 1.183(-0.009) 1.205(+0.141)

“Herzberg (1966).
Bond lengths are in angstroms.

The values in parenthesis are the magnitude of the change in
geometry by ionization.

Table 26.2 Ionization energies(eV).

VIE AIE A(VIE-AIE)

State
SCF SDCI SCF SDCI SCF SDCI

2Mlg 9.38 9.94 9.22 9.70 0.16 0.24
2y 12.39 12.70 12.28 12.50 0.11 0.20
2Za 18.29 17.93 17.57 17.88 0.72 0.05
2z, 19.13 18.48 18.52 18.01 0.61 0.47

Total energies ( a.u.) of

Table 26.3 0-0 ionization levels.
State 0-0 IE FCF
2Mle 9.70 0.549
2Nl 12.48 0.386
2Za 17.83 0.0
X 18.95 0.186

13,

: ~152.323528(SCF) and

-152.768964(SDCI).

M:0.03<FCF<0.08 and W:

Table 25.8 Vibrational levels of the 2I, state.

Table 26.4 Vibrational frequencies (cm™*).
State Vi Vz Va
'Ze 3636 2496 942
Obs.= 3329 2184 874
2Nl 3537 2449 1010
M. 3548 2387 884
234 3503 2295 509
23u 2798 2392 953

“Herzberg (1966).
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Table 26.5 Conventional potential energy

distribution(%).

Table 26.6 Classical half amplitude of the zero-
point vibrational levels.

State Component Va Va Va State Component Vi Vaz Va
AC-C 0.2 23.5 78.8 AC-C 0.005 -0.039 0.042
‘Za AC=C 5.1 71.8 20.7 2« AC=C -0.010 0.031 0.010
AC-H 94.7 4.8 0.6 AC-H 0.070 0.013 0.003
AC-C 0.3 32.7 69.0 AC-C 0.005 -0.041 0.036
Mg ACZC 4.7 63.0 30.2 Mg ACEC -0.010 0.031 0.013
AC-H 95.0 4.4 0.8 AC-H 0.071 0.013 0.003
AC-C 0.2 22.1 80.1 AC-C 0.006 -0.040 0.044
2y ACEC 5.0 73.0 19.4 2Nl AC=C -0.010 0.032 0.009
AC-H 94.8 4.9 0.6 AC-H 0.071 0.014 0.003
AC-C 0.1 5.3 97.5 AC-C 0.006 -0.036 0.070
22 ¢ AC=C 7.0 86.5 2.6 23 e AC=C -0.011 0.032 0.003
AC-H 92.9 8.2 0.0 AC-H 0.071 0.018 -0.000
ac-c 7.4 17.4 18.5 i ac-c 0.023 -0.032 0.042
2Za ACzC 41.1 37.8 20.4 2Zu AC=C -0.024 0.021 0.010
AC-H 51.5 44.9 1.2 AC-H 0.0A3 0.054 0.005
Bond lengths are in angstroms.
Table 26.7 Vibrational levels of the 23,
state. Table 26.8 Vibrational levels of the 22,
state.
Progressions s
1E IE Progressions
A B (o}
18.02 w(o 0 3)
17.95 S(0 0 0) 18.08 M(O O 4)
18.25 S(0 1 0) 18.15 s(0 0 5)
18.30 S(1 0 0) 18.21 s(o 0 6)
18.54 M(0 2 0) 18.27 s(o o 7)
18.59 S(1 1 0) 18.33 s{(o 0 8)
18.64 S(2 0 0) 18.40-18.43 s(o 0o 9), W(0 15)
18.89 M(1 2 0) 18.46-18.49 M(0 0 10), W(0 1 6)
18.94 M(2 1 0) 18.52-18.56 M(0 0 11), W(0 1 7)
18.99 W(3 0 0) 18.59-18.62 w(0 0 12), W(0 1 8)
19.24 W(2 2 0) 18.68-18.71 Ww(o 1 9)
19.29 wW(3 1 0)
S:0.08<FCF<0.17, M:0.03<FCF<0.07 and W:
§:0.10<FCF<0.22, M:0.03<FCF<0.06 and 0.01<FCF<0.03.
W:0.01<FCF<0.03.
27. Triacetylene CgH2
Table 27.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State C=C (AC=C) C-C (AC-C} CZC (AC=C! C~-H (AC-H)
12« 1.196 1.386 1.194 1.065
My 1.233(+0.037) 1.343(-0.043) 1.206(+0.012) 1.073(+0.008)
1™ 1.188(-0,008) 1.399(+0.013) 1.216(+0.022) 1.073(+0.008)
L™ 1.192(-0.004) 1.388(+0.002) 1.189(-0.005) 1.193(+40.128)
2Za 1.191(~-0.005) 1.386(+0.0 ) 1.188(~0.006) 1.198(+0,133)
Bond lengths are in angstroms.
The values in parenthesis are the magnitude of the change in

geometry by ionization.
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Table 27.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
2], 8.91 9.38 8.73 8.06 0.18 1.32
L3 1 11.64 11.81 11.56 10.64 0.08 1.17
23 e 18.175 18.13 18.27 17.80 0.48 0.33
23 s 18.86 18.31 18.33 17.89 0.53 0.42

Total energies ( a.u.) of 3¢

Table 27.3 0-0 ionization

levels.

State 0-0 IE FCF
M. 8.04 0.518
Ly 1 10.63 0.659
23 e 17.74 0.249
23 . 17.83 0.222

-227.912786(SCF) and -228.527162(SDCI).

Table 27.4 Vibrational frequencies

{cm™%).

State Va Va Va Va
12« 36317 2579 2313 655
21l 3566 2493 2138 675
kg 1 3567 2617 2247 647
22 2763 2560 2252 647
23a 2778 2573 2256 655

Table 27.5 Conventional potential energy distribution(%).

State Component Va Va Va Va
AC=C 0.0 58.2 22.7 15.17

13« AC-C 0.1 26.3 0.7 75.8
AC=C 5.0 14.5 72.5 8.3

AC-H 94.9 1.0 4.2 0.2

AC=C 0.0 46.6 27.8 23.3

3 1 AC-C 0.1 33.7 0.1 69.5
AC=C 4.3 18.5 68.9 7.0

AC-H 95.6 1.2 3.2 0.3

AC=C 0.0 68.3 13.4 15.1

¢ AC-C 0.1 24.2 2.8 75.4
AC=C 4.7 7.0 79.2 9.3

AC-H 95.2 0.5 4.6 0.3

AC=C 4.2 66.6 11.8 15.0

23 a AC-C 5.8 19.2 2.2 76.4
AC=C 30.1 0.6 61.7 8.5

AC-H 59.9 13.6 24.3 0.1

AC=C 3.3 156.2 12.3 66.7

23 AC~-C 5.3 76.1 2.1 20.3
AC=C 30.0 8.3 61.4 0.9

AC-H 61.4 0.3 24.2 12.1
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Table 27.6 Classical half amplitude of the zero-point vibrational levels.

State Component Vi Vaz Va Va
ACZC -0.000 -0.041 -0.023 0.010
12g AC-C 0.002 0.030 -0.004 0.024
AC=C -0.010 -0.014 0.029 0.005
AC~H 0.070 -0.006 0.012 0.001
AC=C -0.000 -0.039 -0.027 0.013
2Mla AC-C 0.002 0.031 -0.002 0.022
AC=C -0.009 -0.017 0.029 0.005
AC-H 0.071 -0.007 0.010 0.002
AC=C -0.000 0.043 -0.017 0.010
[l AC-C 0.002 -0.029 -0.009 0.024
AC=C -0.010 0.010 0.031 0.006
AC-H 0.071 0.005 0.012 0.002
AC=C ~-0.011 0.043 ~0.016 0.010
23 AC-C 0.015 -0.026 -0.008 0.024
AC=C -0.021 0.003 0.026 0.005
AC-H 0.067 0.031 0.038 0.001
ACZC -0.010 0.043 -0.017 0.010
2Za AC-C 0.014 -0.026 -0.008 0.024
AC=C -0.021 0.004 0.026 0.005
AC-H 0.068 0.029 0.038 0.002

Bond lengths are in angstroms.

Table 27.7 Vibrational levels of the 234 state.

Progressions
IE

A B C

17.74 S(0 0 0 0)

18.02 S(0 0 1 0)
18.06-18.08 S(1 00 0), M(0O 1 0 0)

18.30 w(0 0 2 0)
18.34-18.36 S(1010), WO 110)
18.40-18.43 s(2 0 0 0), M(1 10 0)

18.64 . W(1 0 2 0)
18.68-18.70 w(2 0 1 0)
18.74-18.77 W(3 0 00), W21 0 0)

S:0.07<FCF<0.27, M:0.03<FCF<0.05 and W:0.009<FCF<0.03.

Table 27.8 Vibrational levels of the 2ZI,, state.

Progressions
IE

A B C

17.83 S(0 0 0 0)

18.11 $(0 01 0)
18.15-18.17 S(1 0 0 0), M(0O 1 0 0)

18.39 W(0 0 2 0)
18.43-18.45 S(1010), W0 11 0)
18.49-18.52 S(2 0 0 0), M(1 1 0 0)

18.73 w(10 2 0)
18.77-18.80 M(2 01 0)
18.84-18.86 M(3 0 0 0), W(2 1 0 0)

5:0.08<FCF<0.27, M:0.03<FCF<0.04 and W:0.01<FCF<0.03.
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28. Cyanogen CzNz
Table 28.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C-C (AC-C) CZN (AC=2N)

2« 1.398 1.134

Exp.* 1.389 1.15

2l 1.347(-0.051) 1.166(+0.032)

23 e 1.414(+0.016) 1.127(-0.007)

23 1.399(+0.001) 1.120(-0.014)

2Nl 1.452(+0.054) 1.159(+0.025)

*Herzberg (1868).

Bond lengths are in angstroms,

angles in degrees.

The values in parenthesis are the magnitude of the change in
geometry by ionization.
Table 28.2 lonization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDC1
2l 12.94 13.41 12.74 13.06 0.20 0.35
2Zg 15.86 14.99 15.84 15.03 0.02 -0.04
23 16.26 15.40 16.23 15.46 0.03 -0.06
L 1P 15.68 15.88 15.52 16.586 0.16 0.32

Total energies (a.u.) of 134

~184.385757(SCF) and -184.866681(SDCI).

Table 28.4 Vibrational frequencies Table 28.5 Conventional
. (cm™*).
Table 28.3 0-0 ionization potential energy
distribution(%).
levels. State Vi Va
State Component Va Va2
State 0-0 IE FCF 12« 2737 930
X Obs.= 2330 854 'z, 80C 20.2  81.3
Mg 13.06 0.532 e 2604 987 ACEN 79.8 18.7
3 g 15.03 0.956 23a 2744 893
:Zu 15.46 0.888 :Eu 2799 942 2[, AC-C 28.3 73.6
na 15.55 0.277 M. 2570 857 ACEN 1.7 26.4
“Herzberg (1866). 23, AC-C 18.6 81.
AC=N 81.4 18.1
Table 28.6 Classical half amplitude of the
zero-point vibrational levels. 22w Ac-C 19.1 82.8
AC=N 80.9 17.2
State Component Vi Ve
M, aAC-C 19.1 82.3
12a ac-c -0.038 0.043 ACEN 80.9  17.
AC=EN 0.031 0.009
Mg ac-c -0.041 0.037
ACEN 0.031 0.012 Table 28.7 Vibrational levels of the 2[l. state.
2 e AC-C -0.038 0.044 IE Progression
ACEN 0.031 0.009
15.55 S(0 0)
23, Ac-C -0.038 0.043 15.66 S(0 1)
ACEN 0.030 0.008 15.76 s(0 2)
15.87 S(0 3), W(1 0)
. ac-c -0.039 0.045 15.97 w(0 4), M(1 1)
ACEN 0.032 0.009 16.08 M(1 2)
Bond lengths are in angstroms, angles in 8:0.08<FCF<0.31, M:0.03<FCF<0.05 and W:

degrees.

0.01<FCF<0.03,
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29. Dicyanoacetylene CaNz
Table 29.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State C-C (AC-C) C=C (Ac=C) CZN (AC=N)
12« 1.391 1.189 1.136
Exp.®= 1.367 1.198 1.161
2N 1.363(~-0.028) 1.232(+0.043) 1.143(+0.007)
31 1.405(+0.014) 1.182(-0.007) 1.163(+0.027)
23 u 1.393(+0.002) 1.184(-0.005) 1.127(-0.009)
23 e 1.394(+0.003) 1.186(-0.003) 1.127(-0.009)
“Brown et al (1888)..

Bond lengths are in angstroms.
The values in parenthesis are the magnitude of
geometry by ionization.

the change in

Table 29.2 1Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
21, 11.45 12.00 11.22 11.59 0.23 0.41
Gl 1 . 14.43 14.64 14.23 13.83 0.20 0.81
2w 15.56 14.94 15.46 14.82 0.10 0.12
23 e 15.51 14.89 15.50 14.94 0.01 -0.05

Total energies ( a.u.) of 1T, : -259.978293(SCF) and -260.599992(SDCI).

Table 29.4 Vibrational frequencies
{cm™1).
State Vi Va Va
Table 29.3 0-0 ionization levels.

13« 2696 2467 640
State 0-0 I1IE FCF Obs.= 2267 2119 692
21, 2568 2292 637
1, 11.57 0.386 2[] 2673 2390 631
2, 13.82 0.549 2zu 2724 2494 642
2¥u 14.82 0.186 22« 2727 2494 641

23« 14.94 0.0 ;

®Herzberg (18686).
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Table 29.5 Conventional potential Table 29.6 Classical half amplitude of the zero~
energy distributjon(%). voint vibrational levels.

State Component Vi Va2 Vs State Component Vi Va Va
AC-C 23.8 1.4 77.1 AC-C 0.029 -0.007 0.024
12« AC=C 31.9 52.2 15.5 e AC=C -0.030 0.035 0.010
AC=EN 44.3 46.4 7.5 AC=N -0.023 -0.022 0.004
AC-C 27.1 1.9 73.6 ac-C 0.030 -0.007 0.023
N ACZL 28.5 49.1 21.6 21l ACZC -0.031 0.037 0.013
AC=N 44.4 49.0 4.8 ACEN ~0.024 -0.023 0.004
AC-C 24.17 0.5 76.6 AC-C 0.030 -0.004 0.024
2l ACZC 57.8 25.2 14.8 2l ¢ ACZC -0.040 ~-0.024 0.009
ACEN 17.5 74.3 8.6 ACEN -0.015 0.029 0.005
AC-C 23.1 1.6 7.7 AC-C 0.029 -0.007 0.025
2z, AC=C 30.7 53.7 15.1 2%a AC=C -0.029 0.036 0.009
AC=N 46.2 44.7 7.2 AC=N -0.023 -0.021 0.004
AC-C 23.1 1.7 77.3 AC-C 0.029 -0.007 0.024
25 AC=C 30.4 54.0 15.4 e AC=C -0.029 0.036 0.010
AC=N 46.5 44.4 7.3 AC=N -0.023 -0.021 0.004

Bond lengths are in angstroms.

Table 29.8 Vibrational levels of the 2?[Iy state.
Table 29.7 Vibrational levels of the 2?0,

state. 1IE Progressions
IE Progressions 13.82 S(0 0 0)
13.90 S(0 0 1)
11.57 S(0 0 0) 13.98 wW(0 0 2)
11.85-11.89 S(1 0 0), S(0 1 0) 14.12 s(0 1 0)
12.17-12.21 w(2 9 0), W(110) 14.19 M(0 1 1)
14.41 wW(0 2 0)

S5:0.08<FCF<0.63 and W:0.02<FCF<0.03.
S:0.16<FCF<0.54, M:0.05<FCF<0.06 and W:
0.02<FCF<0.03.

30. Hydrogen cyanide HCN

Table 30.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.

State C-H (AC-H) CZN (AC:N)
'z 1.068 1.133
Exp.® 1.064 1.156
21 1.093(+0.025) 1.187(+0.054)
2z 1.089(+0.021) 1.119(-0.014)

~Herzberg (1866).

Bond lengths are in angstroms.

The values in parenthesis are the magnitude of the <change in
geometry by ionization.

Table 30.2 Ionization energies(eV).

VIE AIE A(VIE-AIE)
State
SCF SDCI SCF sSDCI - SCF SDCI
21 12.22 13.33 12.02 12.94 0.20 0.39
2z 12.84 13.45 12.82 13.417 0.02 -0.02

Total energies ( a.u.) of 1'3T: -92,773544(SCF) and -93.044101(SDCI).
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Table 30.3 0-0 ionization levels.
State 0-0 IE FCF
211 12.91 0.479
23 13.46 0.937

Table 30.5 Conventional
potential energy
distribution(%).

Table 30.4 Vibrational frequencies
(cm—1),
State Vi Va2
13 3643 2424
Obs.= 3311 20917
211 33175 2148
23 3468 2468

2Herzberg (1866).

Table 30.6 Classical half amplitude of

the zero-point vibrational

levels.
State Component Vi Va
State Component Vi Va2
13 AC-H 92.5 8.2
ACEN 7.5 91.8 13 AC-H 0.098 0.024
AC=N -0.015 . 0.043
2n AC-H 94.0 6.8
ACEN 6.0 93.2 ) AC-H 0.102 0.022
AC=EN -0.014 0.046
23 AC-H 87.3 14.0
AC=N 12.7  86.0 23 AC-H 0.098 0.034
AC=N -0.018 0.041
Bond lengths are in angstroms.
31. Cyanoacetylene CaHN
Table 31.1 Optimized molecular structure and
magnitude of the change in the geometry by ionization.
State C-H(AC-H) CZC(ACZ=C) c-Cc(AC-C) C=N(ACZN)
1z 1.065 1.190 1.393 1.136
Exp.= 1.058 1.205 1.378 1.159
21 1.081(+0.016) 1.234(+0.044) 1.366(-0.027) 1.143(+0.007)
23 1.074(+0.009) 1.193(+0.003) 1.366(-0.027)

1.128(-0.008)

“Herzberg (1866).
Bond lengths are in angstroms.

The values in parenthesis are the magnitude of the

geometry by ionization.

change in
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Table 31.2 Ionization energies(eV).
VIE AIE A(VIE-AIE)
State
SCF SDCI SCF SDCI SCF SDCI
21 10.75 11.44 10.62 11.20 0.13 0.24
23 12.47 13.05 12.44 13.04 0.03 0.01

Total energies ( a.u.) of 2

Table 31.3 0-0 ionization

levels.
State 0-0 IE FCF
n 11.17 0.630
23 13.04 0.835

Table 31.5 Conventional potential energy distribution(%).

-168. 359035 (SCF) and -168.820731(SDCI).

Table 31.4 Vibrational frequencies
(cm=1).

State Vi Vz Va Va
13 3631 2651 2375 936
Obs.= 3327 2271 20717 876
2n 3473 2514 2208 943
23 3559 2653 2361 9175

*“Herzberdg (1866)Y.

State Component Vi Va Va Va
AC-H 94.5 0.9 4.7 0.3

13 AC=C 5.4 10.0 73.9 10.8
AC-C 0.2 18.3 3.7 79.8

AC=N 0.0 70.9 17.7 9.1

AC-H 93.8 0.6 5.9 0.3

2N _ AC=C 6.0 4.9 77.3 11.9
AC-C 0.2 17.3 6.7 79.2

AC=N 0.0 77.2 10.1 8.6

AC-H 95.3 0.7 4.2 0.5

2z AC=C 4.6 9.8 70.1 15.9
AC-C 0.1 20.7 4.8 77.3

AC=N 0.0 68.8 20.9 6.4
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Table 31.6 Classical half amplitude

of the zero-point vibrational levels.

State Component Va Va Va Va
AC-H 0.099 0.008 0.018 0.003
1z AC=C ~0.014 0.016 0.042 0.010
AC-C 0.004 -0.036 -0.015 0.043
AC=N -0.000 0.040 -0.019 0.008
AC-H 0.101 0.008 0.017 0.004
L1 AC=C -0.014 0.018 0.043 0.013
AC-C 0.003 -0.037 -0.016 0.041
AC=EN -0.000 0.041 -0.020 0.007
AC-H 0.099 0.007 0.020 0.003
23 AC=C -0.015 0.012 0.043 0.011
AC-C 0.004 -0.034 -0.019 0.041
AC=N -0.000 0.042 -0.014 0.008
Bond lengths are in angstroms.
table. This value gives the magnitude SDCI methods are underestimated
of the change in the’ energy. In the compared with the obhserved values, and
SDCI calculations, the weight of a that the SDCI method gives better
reference configuration beyonds about 0~0 IE’s than the RHF method.
80% for all cases and the each weight Tables 2.4 - 31.4 give the calculated

of another CSF is
The

smaller than 1 %.

weight of a reference

configurations of the ground state and

ionic state is almost the same value

in a few percentage. This result shows

that the RHF approximation method for
the ionic state is the same level as
that for the ground state. Tables 2.3
- 31.3 give the 0-0 IE’s and the FCF
of the 0-0 vibrational transition. In
most cases, the correction of the
zero-point vibrational energy is
smaller than 0.1 eV. We compare the

calculated 0-0 IE’s of the first ionic
states with the observed

table 1.4. This table shows
calculated 0-0 IE'’s by the

values in
that the

RHF and

vibrational frequencies and the

observed values of the ground state.
The calculated vibrational frequencies
overestimated
the
31.5

potential

of the ground state are
observed

the

about 10% compared with

values. Tables 2.5 - give

conventional energy

distribution(%). Tables 2.6 - 31.6

give the classical half amplitude of

the zero-point vibrational levels. We

characterize each normal mode by the

use of the conventional potential

energy distribution and the

classical half amplitude of the zero-
point vibrational levels.

Takle 4.5 shows that the

For example,
conventional

pot *ntial energy distribution of the
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vz and vz modes of the 2Bz state of
mixture of the C-Cl
motion and the F-C-F

Table 4.6 of the

CFzClz are
stretching
bending motion.
classical half amplitude of the zero-

point vibrational levels shows that

the phase of the linear combination of
the C-Cl stretching motion and the F-
C-F bending motion is in-phase for
the vz mode and out-of-phase for va
mode. Information on the magnitude of
the .change in the equilibrium
molecular structure and the classical
half amplitude of the zero-point

vibrational level helps us to

understand which vibrational level of

excitation contributes to the
intensity. For example, the
equilibrium molecular structure of

the 2Az state of CHzF2= changes
appreciably in the C-F distance
(+0.0574 ), the H-C-H angle (+6.29°)
and the F-C-F (-13.37°) (see
Table 2.1). The

change in the H-C-H angle is

angle
magnitude of the
within
the classical half amplitude of the
zero-point vibrational levels of the
vz mode (AH-C-H Table
2.6).

+11,3°, see

The magnitude of the change in

the C-F distance and the H-C-H angle
are beyond the classical half
amplitude of the zero-point
vibrational levels of the vs mode (AC-
F : t 0.0434) and the va mode (AF-C-F
: *4.0°), respectively. Thus, the

higher vibrational excitation of the

va and Va modes contribute to

intensity (see Table 2.10).

CH2F2

PES

TIC

18 14 12
Ionization Energy (eV)

Fig. 2.1 Theorelical intensily curve and Pholo-
eleclron spectrum < From Turner et
al. 1970) of Methylenc fluoride.
Band-width : 0.04 eV.

Figures 2.1 ~ 31.1 give the overall

feature of the theoretical intensity
curve compared with the observed PES.

The band-width of the TIC is 0.08 eV,
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15

CH2F2 B1 {

4.3 140 13.7 13.4 13.1

fonization Energy (¢V)

Fig. 2.2 Theoretical intensity curve of

the “B, state of Melhylene
fluoride.

Band-width : 0.04 eV.

CH:F2 ?a,

Fig.

T T T
15.8  15.5 15,2  14.9
Ionization Energy (eV)

-

2.4 Theoretical intensity curve of
the 2A, state of Methylene
fluoride.

Band-width : 0.04 eV.

2
CH:2F2 B2
,INva\”{MAfV\CJ\AJ\DJ\ﬂU\OV\/b“%\Au\AﬁuAﬁﬁ*
16.4 16.1 15.8 15.5 15.2 14.9 14.6

Ionization Energy (eV)

Fig. 2.3 Theoretical intensity curve of
the 2B, state of Methylene
fluoride.

Band-width : 0.04 eV.

CH2F2 %A,

T v L | T T T

16.4 16.1 15.8 15.5
- Ionization Energy (eV)

Fig. 2.5 Theoretical intensity curve of
the 24, state of Methylene
fluoride.

Band-width : 0.04 eV.
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CH2Cl2

12:18
_—

PES

13l
i

-—
W
-

3 12 N
Ionization Energy (eV)

Fig. 3.1 Theoretical intensity curve and Photo
electron spectrum (Frum Turner e al.

1870Y0f Methylene cloride.Band-width : 0.08 eV.

CH:Cl: 2,

—T T T T T T —T T T T

12.1 11.8 11.5 11.2 10.9
Ionization Energy (eV)

Fig. 3.2 Theoretical intensity curve of the 2B, state
of Methylene cloride. Band-width : 0.04 eV.

CH:Cl. *B;

“r L4 T

] Y T
11.8 11.5 11.2 10.9

Ionization Energy (eV)

Fig. 3.3 Theoretical intensity curve of the #B,

state of Methylene cloride.
Band-width : 0.04 eV.
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CH:Cl2 A,

T T T T T
12.4 12.1 11.8 11.5

Tonization Energy (eV)

Fig. 3.4 Theoretical intensity curve of the ?A,
state of Methylene cloride.
Band-width : 0.04 eV.

CH:Cl2 %A,

T T T T
12.4 12.1 11.8

Ionization Energy (eV)
Fig. 3.5 Theoretical intensity curve of the Z2A.

state of Methylene cloride.
Band-width : 0.04 eV.

CF2Cl2
PES
EVIRREY:
’B,
TIC \
2)‘\1 i |2A2
>
T T 121 T ]15;* T

Ionization Energy (eV)

Fig. 4.1 Theoretical inlensily curve and Photo -
eleclron spectrua
of Dichlorodifluoromethane.
Band-width : 0.08 eV.
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CF.Cl2 2B,

T v T T T v T
13.1 12.8 12.5 12,2 l'l.B
Ionization Energy (eV)
Fig. 4.2 Theoretical intensity curve of the

2B, state of Dichlorodifluoromethane.
Band-width : 0.04 eV.

CF:Cl2- A,

Fig. 4.3

T T T

lg.l l;.B 15.5
Ionization Energy (eV)

T
12.2

Theoretical intensity curve of
2p, state of Dichlorodifluoromethane.

Band-width : 0.04 eV.

CF.Cl2 ?p,

\

CF2Cl2 A,

M T

15.7 15.4
Ionization Energy (eV)

Fig. 4.4 Theoretical! intensity curve of the Fig. 4.5

2B, state of Dichlorodifluoromethane.
Band-width : 0.04 eV.

13.1  12.8 14.0
Ionization Energy (eV)

T

T Y

T T T
13.7 13.4 13.1

Theoretical intensity curve

of

the

the

2A, state of Dichlorodifluoromethane.

Band-width : 0.04 eV.
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2
C HzBrz Bz
CH:2Br2
A
T T 1 oy T T T T T
PES 11.4 11.1 10.8 10.5 10.2
Ionization Energy (eV)
Fig. 5.2 fheoretical intensity curve of the 2B,
state of Methylene bromide. Band-width :
0.02 ev. Disapperarance of spectrum
beyond 10.8 eV is due to neglecting the
vibrational levels higher than (0 0 0 30)
and (0 0 1 30) levels.
v T v — T T
12 11 10
CH2Br2 281
TiC
2
A,
2
B+
2
A,
2
B2
T T v 1 K T N A\ I\A
r T 4 i Y T y
12 1 10 11.1 10.8 10.5
Ionization Energy (eV)

Ionization Energy (eV)

Fig. 5.1 Theoretical intensily curve and Pholoelectron

spectrun (From Turner et al. 1870) of
Methylene bromide. Band-width : 0.08 eV.

Fig. 5.3 Theoretical intensity curve of the 2B,
state of Methylene bromide.
Band-width : 0.02 eV.
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CzH,4

CH2Br, A, s

A,
L
20 18 16 14 12 10
TIC
*Bau
ZBW 2Bzu 2Ag R
. , . . an Bsg
" MM

T T T
11.4 1.1 10.8

Ionization Energy (eV) , , I .
20 18 16 14 12 10
lonization Energy (eV)

Fig. 5.4 Theoretical intensity curve of the 2A, state of

Hethylene bromide. Band-width : 0.02 eV.
rig. 6.1 Theoretical intensity curve and Pheloeleclron spectrum
(From Kimurs et al. 1981) ,of Ethylene.
Band-width : 0.08 eV.

C:H4 283u

CH:Br. %A,

o
o~
A
. . . 0 U1/ W L U U A
10.5 10.2 9.9 9.6

T
10.8 10.8

o000

00t

010

011
002

120

T T
11.4 11.1
Ionization Energy (eV) Ionization Energy (eV)
intensity curve of the 2A, state of Fig. 6.2 Theoretical intensily curve of the ?B., state of
Ethylene. Band-width : 0.02 eV.

Fig. 5.5 Theoretical

Methylene bromide. Band-width : 0.02 ev.
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C,H. 2 L
C:Hs  *Byg 2Fs "By
———D
— 70 -
———r— B |
———A
il |
21,1 208 20.5  20.2 19.9  19.6  19.3
Tonization Energy (eV)
W
4.4 1401 3.8 13,5 3.2 128 128 123 Fig. 6.6 Theoretical intensity curve of the ?B,, state of
Tonization Energy (€V) Ethylene. Band-width : 0.02 eV.
Fig. 6.3 Theoretical intensity curve of the 2854 state of
Ethylene. Band-width : 0.02 ev.
C:F.
CHs A
B
— . e A PES
o L l N
16.0 15.7 15.4 15.1 4.8 14.5 14.2 13.9 13.6
Tonization Energy (eV)
T T T T T T T T
20 18 16 14 12 10 8
Fig. 6.4 Theoretical intensity curve of the ?A, state of
Fthylene. Band-width : 0.02 eV.
. -
CHa  *Ba
TIC
———————~C
T ——r———— B
WA
2
Bou
N T A T T T T T T
i J’\J,\/\J\ 1 o A 20 18 16 14 12 10 8
17.7 17.4 17.1 16.8 16.5 16.2 - 15.8 15.6 M :
lonization Eneray (€V) Ionization Energy (eV)
Fig. 7.1 Theoretical intensily curve and Pholoelectron spectrus
Fig. 6.5 Theoretical intensity curve of the *B.. state of {From Bieri eb al. 1881) of Tetrafluoroethylene.
Ethylene. Band-width : 0.02 eV. Band-width : 0.08 eV.
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CoFs  Ba

PNV IV.Y AA.AAN\A' \ o~

ul

T Y U
8.9 9.6

11.4 1 10.8 10.5 10.2 9.3
Ionization Energy (eV)
Fig. 7.2 Theoretical intensity curve of the ?Bsu
state of Tetrafluoroethylene.
Band-width : 0.02 eV.
2
02 F4 Bzg
~C
R
A
T ; DL T T T
17.2 16.9 16.6
Tonization Energy (eV)
Fig. 7.4 Theoretical intensity curve of the ?Ba.
state of Tetrafluoroethylene.

Band-width : 0.02 ev.

Fig. 7.3

f v

17.5

- T T Y

1 ‘7 .2 I'IS .9 16.6
Ionization Energy (eV)

Theoretical intensity curve of
state of Tetrafluorocthylene.

Band-width : 0.02 eVv.

16.3

the

..
g

Fig. 7.5

T F T T
17.8  17.5  17.2  16.9
Ionization Energy (eV)

Theoretical intensity curve of
state of Tetrafluoroethylene.

Band-width : 0.02 eV.

the

25,

"Bau



264 Kouichi Takeshita

2 2
C.F, Ay C2F, Big
o o
) °
) )
o
o
- o~
=4 o
=) ° o o
=) N )
A o\
v { — T T — T v T ¥ T
17.8 17.5 18.1 17.8 17.5

Ionization Energy (eV)

Fig. 7.6 Theoretical intensity curve of the. ?A, R . . . .
state of .Tetrafluoroethylene. Fig. 7.7 Theoretical intensity curve of the 8.,
Band-width : 0.02 eV state of Tetrafluoroethylene.

" ' Band-width : 0.02 eV.

Ionization Energy (eV)

2
C:Fs B -
~—C r
—~B 2
A L C2 F4 ng
—/C

—E
I D
Y T ™ T T T T —a A
19.2 18.9 18.6 18.3 v 1T9.s ) 179.5 i 1'9.2 T 78.9
Tonization Energy (V) Tonization Energy (eV)
Fig. 7.8 Theoretical intensity curve of the ?B,. Fig. 7.9 Theoretical intensity curve of the ?Bsa
state of Tetlralluoroethylene. state of Tetrafluoroethylene.

Band-width : 0.02 eV. Band-width : 0.02 eV.
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C,Cls
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14 12 10 8
2
*B1o Au
2Ag TIC
2E339 2E329
2B1u\.‘ i ) 282u
J Bau
— e e
14 12 10 8

Fig. 8.1 Theoretical intensity curve and Photoelectron
spectrum { From Niessen et al .
Tetrachloroethylene.

Tonization Energy (eV)

Band-width : 0.08 eV,

i
;
2 :
C2Cls B, ‘
|
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e B !
. 1A
~AN
T T T L T T
10.1 9.8 9.5 9.2 8.9 8.6

Ionization Energy (eV)

Fig. 8.2 Theoretical intensity curve of the *B..,
state of Tetrachloroethylene.
Band-width : 0.02 eV.

C.Cla4 2829

T T

1.8 11.6  11.4
Ionization Energy (eV)

Fig. 8.3 Theoretical intensity curve of the ?B,q
state of Tetrachloroethylene.
Band-width : 0.02 eV.
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Ionlzatlon Energy (CV) Fig. 8.6 Theoretical intensity curve of the
Fig. B.4 Theoretical intensity curve of the “Bru state of Tetrachloroethylene.
2B, state of Tetrachloroethylene. Band-width : 0.02 eV.
Band-width : 0.02 eV.
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Fig. 8.5 Theoretical intensity curve of the Fig. 8.7 Theoretical intensity curve of
2Ay state of Tetrachloroethylene. ?B,« state of Tetrachloroethylene.
Band-width : 0.02 eV.

Band-width : 0.02 eV.
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Fig. 8.8 Theoretical intensity curve of the
25, state of Tetrachloroethylene.
Band-width : 0.02 eV. )
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18 16 14 12 10 8
C:Cls 2g_,
TIC
™G
2
-~ B Au
A
~D
v T T v T T
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Fig. 8.9 Theorelical intensity curve of the Fig. 9.1 Theoretical intensity curve and Photoeleciron spectrum
2B,, state of Tetrachloroethylene. (From Bieri et al. 1881) . of trans-1,2-Difluoroethylene.
Band-width : 0.02 eV. Band-width : 0.08 eV.
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Fig. 9.2 Theoretical intensity curve of the 2A, state of

trans-1,2- Difluoroethylene.
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Fig. 9.3 Theoretical intensity curve of the ?A, state of
trans-1,2- Difluoroethylene.  Band-width : 0.02 ev.
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lonization Energy (¢V)
Fig. 9.4 Theorelical intensity cnrve of the ?B, state of

trans-1,2- Difluoroethylene.

Band-width : 0.02 eV.

trans-1.2- Difluoroethylene.

Fig. 10.1
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Fig. 9.5 Theoretical intensity curve of the B, siate of

Band-width : 0.02 eV
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2A1 /\IMM
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Ionization Energy (eV)
Theoretical intensity curve and Photecleciron

spectrum (From Bieri et al. 18981)ol cis-1,
2-Difluorocthylene. Band-width : 0.08 ev.
Theoretical intensity curves of the ?B, (0-0 IE
14.34 eV) and ?A; (0-0 IE : 15.91 eV) states are
omitted,
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Fig. 10.2 Theoretical intensity curve of the 2B, state
of cis-1,2-Difluorocthylene. Band-width : 0.02 eV.
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Fig. 11.1 Theoretical intensity curve and Pholoelectron

specirum (From Turner et al. 1870) of 1,1-
Difluoroethylene. Band-width : 0.08 eV.
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Fig. 10.3 Theoretical intensity curve of the 2A; state
of cis-1,2- Difluoroethylene. Band-width : 0.02 eVv.
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of 1,1-Difluoroethylene. Band-width : 0.02 eV.
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Fig. 11.4 Theoretical intensity curve of the
2p, state of 1,1- Difluoroethylene.
Band-width : 0.02 eV. ]'4 ! ]‘2 K 1'0 " é
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Fig. 12.1 Theoretical intensily curve and Photo-
Fig. 11.5 Theoretical intensity curve of the electron spectrum ¢ From Niessen et
2p, state of 1,1- Difluoroethylene. al. 1882)0f Llrans-1,2-
Band-width : 0.02 eV. Dichlorocthylene.Band-width : 0.08 eV,
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Fig. 12.2 Theoretical intensity curve of the 2A, .
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Band-width : 0.02 eV. Fig. 12.3 Theoretical intensity curve of the 32A,
state of trans-1,2- Dichloroethylene.
Band-width : 0.02 eV.
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intensity curve of the 2B, (0-0 IE : 10.86 state  of cis-1,2-  Dichloroethylene.

eV) is omitted. Band-width : 0.02 ev.
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Fig. 15.3 Theoreiical intensity curve of the
2p, state of trans- Butadiene.
Band-width : 0.02 eV.
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Fig. 16.2 Theoretical intensity curve of the
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Fig. 16.3 Theoretical intensity curve of the *B,
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Band-width : 0.02 eV.
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Fig. 17.2 Theoretical intensity curve of the “Bas
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Fig. 17.4 Theoretical intensity curve of the 2A,
state of Benzene. Band-width : 0.04 eV.
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Fig. 17.8 Theoretical intensity curve of the ?Bau
state of Benzene. Band-width : 0.04 eV.
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Fig. 19.1 Theoretical intensity curve and Photoelectron.
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Fig. 18.2 Theoretical intensity curve of the ?2A. and 2B,
states of Pyrrole. Band-width : 0.04 eV.

spectrum {From Klasinc et al.1882)of Furan.
Band-width : 0.08 eV. Theoretical intensity curves
of the 2A, (0-0 IE : 12.28 eV) and 2B, (0-0 IE
13.82 eV) states are omitted.
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Fig. 19.2 Theoretical intensity curve of the 2A. and ?B,

states of Furan. Band-width : 0.04 eV.
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Fig. 21.1Theoreticaldntensity curve and Photoelectron

spectrua (From Turner et sl. 1870)of
Formaldehyde. Band-width : 0.08 eV.
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Fig. 21.3 Theoretical intensity curve of the ?B,state

of Formaldehyde. Band-width : 0.04 eV.
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Fig. 22.1 Theoretical intensity curve and
Photoelectron spectrum (FromMiessen
et =al.1980)0f Formic acid.Band-width:
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Fig. 22.2 Theoretical intensity curve of the 2A’
.state of Formic acid. Band-width :
0.04 ev.
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Fig. 22.3 Theoretical intensity curve ofthe 2A”
state of Formic acid. Band-width :
0.04 ev.
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Fig. 23.5 Theorelical intensity curve of the 2“Bs stale of
Ketene. Band-width : 0.04 eV.
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Fig. 23.6 Theoretical intensity curve of the 2A,
state of Ketene. Band-width : 0.04 eV.
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Fig. 24.1 Theoretical intensity curve and
Photoelectron spectrum (From Turner
et al. 1970)0f Glyoxal. Band-width :
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Fig. 24.2 Theoretical intensity curve of the 2B,
state of Glyoxal. Band-width : 0.04 eV.
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Fig. 24.3 Theoretical intensity curve of the 28,
state of Glyoxal. Band-width : 0.04 eV.
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Fig. 27.2 Theoretical intensity curve of the 2m,
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Fig. 31.3 Theoretical intensity curve of the 22

-state of Cyanoacetylene. Band-width :
0.02 ev.

Figures 2.n - 31.n (n 2 2) give the

theoretical intensity curve of each
band-width is
0.04 eV or 0.02 eV, and show the

vibrational levels. The assignment of

ionic state where the

the vibrational levels is given in the

same figure or in tables 2.n - 31.n (
n2 7). We omit the theoretical
intensity curves of the 2B: and 2A-

states of cis-1,2-Difluoroethyleneare,

the 2B, state of cis-1,2-

Dichloroethylene, the 2Ag and 2By
states of trans-Butadiene, the 2Bz of
cis-Butadiene, the 2A, and 2B, states
of Pyrrole, the 2A; and 2B: states of

Furan, and the 2A, and 2Bz states of

Thiophen. The mégnitude of the change
in the equilibrium molecular struct-
ure ot these states 1is very larsge

compared with the classical half

amplitude of the zero-point
vibrational level. We bave not

succeeded in obtaining a reasonable

theoretical intensity curve because of

restriction of the program system
FCF&TIC where an available maximum
vibrational quantum number is below
30.

We have published papers on
Methylene fluoride (Takeshita 1990),
Methylene cloride (Takeshita 1990),
Dichlorodifluoromethane (Takeshita
1990), Formaldehyde (Takeshita 1991),
Ethylene (Takeshita 1991) and Ketene

(Takeshita 1992). Discussion on each

molecule and new assignment of PES

based on this calculation should be
found in these papers. We are
preparing papers on the other
molecules.
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