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" THE ACETYL CATION AND ITS GEOMETRICAL ISOMERS.

David R. Yarkony and Henry F. Schaefer III
Department of Chemistry and Lawrence Berkeley'taboratory

) ' - University-of California; Berkeley, Califorﬁia 94720

ABSTRACT

: ébiiﬁ?tio self-consistent-field (SCF) calcul;tions are reported.
on the aceﬁ&l cation (CH3CO+) and three of its'pbssible géometriéal
isomersf The wave functions are discussed in terds of Mulliken
populatioﬁS'and simple valence 'bond argumeﬁts. The energies of

. tﬁerlbw¥lying elegtronic states of CH300+ are estimated and com-
Pared with ;hqse of CO. The similérities and Jiffefences”aréi
éxpléinedAin’ﬁerms of simple chémical arguments. Finally an v
accurate 2 configuration wave function for the CH3CO+ fragmen#a—‘

tion is presehted, showing unambiguously the dissociation products.

to be the expected ones CH3+ and CO.



I. = INTRODUCTION

The existence of the acetyl cation has long been known
to‘the Qrgénic chemist, .as evidenced by the dmnipresent 43
-.peak in mass specﬁrum-of various organic~precursors;l However
this ion'and.its various.ggometrical‘isomersvhave_taken on an
'increaSing importance with the advent of ion cyclptron_resonance
spectroscopy,2 which permits the elucidation of the variousvintef—
mediate:strﬁctures involved in the complex'rearrangement of
an 6rgani§'ﬁolecule. In fact '43 peaks' attributed. to several
of the ppssible geometrical isomers of the acetyl cafion have
been observed,3

With regard to these isomers two questions natgrally arise:
(i) Whéf.are the relative energies of the isomers at.their
equilibrium geometries, aﬁd (2) How rapidly do the'vafiousb
structures interconvert? An auxiliary question then also
arises conéefning the relative positions of the e#cited eleétronic
states of tﬁese species. Were adequate informafidn available, the
appearance or disappearance of each isomer might»be monitored'by
appropriéte spectroscopic techniques.‘ Considéring the‘importance
of tﬁese‘duestions, there have been relatively fewvattempts to
answer them by theoreticai methods,4

In this work we report the resﬁlts of ab initio calculations
on the four most stablg geometricéimcopfigurationé of C2H3O+ and
also inveStigate the electronic spectrum of the»@ostbstable

‘arrangement, CH3CO+.. The dissociation of CH3C0+ into CH; and



CO is also considered. Section II defines the‘systehs to be
considered and the technical aspects of thé calculétions;in
Section IIT the results of the calculations on the ground
eleétroniC'states are pfesented.and disqussed in terms of
Mulliken populations and simple valenge ﬁond ideas; in Section
IV the discussion turns to the spectrum of CH3C0+, where
estimates of the electronic energies of several excited
states are preseﬁted and comparea to the well studied system
CO with a eye to a simple understanding of the manifold of
‘states; finally in Section V, we present some concluding
'remarks and the direction of future-research>on this system

is outlined.
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II. THEORETICAL APPROACH

Traditional ideas of chemical bonding indicate four

reasonable'geometrical conf%gurations of C O'are.possible. They

2ty
are illustrated below together with their space point group

- designations:
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1 The_é1ectron occupancies which give rise to the ground state

single determinant wave functions for the four structures in

question are given below:

2,2 .2, 2
I. la] 2a; 3a] 4a]

_ ' ' ] ' 1y v 1o . 1 1t K '
1I. la'_2 2a 2324252262273 2%8229a21a 2 2a 2;(2)

2.2 _2_ 4 4 _ , 4
5a1 6a1 731 le 2e | | : Q)

Iv.

’ || .v.vlt v-b P ' ' 1o 119 -
IIT. la’2 23a24a25a26a27a28 29a210a21a 2(3)



Thus it is seen that with the nuclear symmetry as indicated
above, the ground electronic state of each of the four isomers
is a closed shell system and therefore the determiqation of the
electronié waée function within the self consistent field (SCF)
approximation follows ffom,Roothaan's prescription.s

The ?aicuiation of an SCF wave function for the CH3'f-CO
fragmentétiqn is a little more involved. ‘The valence bond formalism
that leads to the gr0una state occupancy of I.as above, predicts that
' the 7al orbital should describe.the C-C sigma bohd.‘ Thus the descrip-

' tidn of the fragmentation reaction will involve, essentially, the

description;of the 7a, orbital as the C-C bond is stretched. If

1
this bond were to cleave heterolytically, i;e,, into two closed

shell species, then the single configuration approximation would
remain’valid.' That this should be the case is in fact reasonably
clear. ﬁqwever so as not to prejudice the calculation the possibility
of homolytic cleavage, i.e., cléavage in two radiéalé, should be

taken info consideration. This is accomplished by allowing the

2 electrons in the 7a, orbital to occupy 2 distinct orbitals of

1

L ] ) ] t L
- . v ,
thg form Zal = Q 01 + B Y 7al B Ol + a °2f These orbitals are

then singlet coupled and the result is a 2 configuration wave function

2,222 .22 2 _ 4 4
X = o A lal 2al 3al 4a1 5al 631 oy le ™ 2e

’ 2 2 2 2 2 2 2 4 4 _
- BA 1al 2al 3a1 4a1.5a1 631 , le 2e 4)

where A is a self adjoint projection operator7 which maps a general

N particle fﬁnction onto the subspace containing only functions such

that X(Bp,0y. - by, Bpuuby) = XBps0yeeabys 04eb)e
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The determination_of X is then giveﬁ bf the.presériétion of-Goddard.6
Néte that 1f B = 0 our original singie deterﬁinaﬁt 5pp:§ximétion is
' recOyered so’ that if X is calculated in this way the calculation
will be"unpfejudiced' as to the type of cleavage. |

The determination of the excited eleétronic states éf CHBCOf
turns out to'be a much more-difficult matter. The results of the
calculafidn on.the ground é;ate of CH3CO+, ;o be»deécribed in the
following section, indicate the’highest‘occupied mblecularvorbitalv

td be the 2e orbital (see Table III); it is given approximately as

a linear combination of atomic orbitals by

2. = (e, +0.-P -P_ ) - (5a)
) . X‘ xCH3 xC xo ‘ | ‘

and

2 = (e. +0..p -P_) ., . (5m
Y Yei, e ' -

where'thé'lower,subscript indicates the spatial location of the
 basis functions. ‘Note that these functions containone node. Thus
the lowest lying Virtual_or unoccupied orbitals.should be the following,

degenerate, two node, functiomns

3ex '=v'(_ex - =P '+Px )

and

(6)

n
~~

]

|
2
+
o
~

3e

Of course, since the three functions being combined‘are not

equiﬁalent the_coefficients of combination are not expécted to



be equal as above. This point will be taken up in greater

detail in Section IV,

Regardless of the exact nature of these orbitals the lowest

lying excited electronic state should arise from the occupancy:

2 2 2 2 2 2 2 4 3 :
la; 2a 3a1 4al 5a1 6al 7a1 le” 2e” 3e S (7)

171
which represents a singly-excited
excitation 2e ; 3e.
This occupancy gives rise to
with the following wave functions

for clarity)i
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occupancy corresponding to the

six distinct electronic states

(closed shell orbitals omitted

2
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1, 1 2 a2 a2 2
A, @ E-A((Zexa 2ey 3ey8 - ZeXB 2ey 3eyq) (2ex 2eya 3ex3

2 2e B 3e o)) (13)
Note thét'fhe wave functions representing the lE and 3E states can,-
in fact, be degenerate bnly to zeroth order in the.nuéléar diéplace—
ments as reqﬁired by the thebfem 6f J;hn and Teller,
We now consider the problem of determininé the one-electron

"orbitals required for the above wave functions by an SCF brocedure.
To appreciate the difficulties involved one must retreat to the basic
: aSsumptioﬁs Qf the'théory. Thevfirsf step in carrying out any of

the currently existing Roothaan-type SCF procedures is to express

Eser = XscrlHlXser” as)
as a linear combination of matrix elements of the form
L= < - >
Egcr , z:.fi ¢i|2h + (2a,; J, - b, . gk)]¢i (15)
i=1 ‘ k=1 : : , .
where N = nﬁmﬁer of occupied orbitals,
Jk = coulomb operator for kth molecular orbital

Kk = exchange operator'for.kth molecular orbital

one electron kinetic energy and nuclear attraction energy

[
]

.operator
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¢i.=,ith molecular orbital
and
.fi==occupation number of the ith molecular orbital.
For examplé, if ¥ is a closed shell wave function a g = l_= bki for
5 .

all i, k and fi = 1 for all i.
N.
}

j1iag 1e€0s

Egcp is then regarded as a functional’ of the set {6
Egcp = E({¢i}) and the equations that result from the requirement
‘that E({¢i}) be stable with respect to all first ordef changes 10
in ﬁhe set>{¢i} are solved for ¢i's. However if'E({¢i}) cannot
be writtén_iﬁ the form of equation (15) these standard procedures
‘break down. |

Appendix I gives the energy functionals corresponding to the
wave fﬁnctionsin equations 8—13. Reference to this Appendix shows b
that in none of the eight cases does an energy functional of the
form of equation (15) emérge. Further it can be readily seen
that the reason for the difficulty lies in the occurence éf more o
than one fractionally occupied multiply degenerate molecular
orbital. However, for the particular case of-the‘3E state the

situation is not hopeless. .In fact, Appendix II shows that if

the wave function for this state is chosen to be ¥ é-% (X3E +

» X
X3E ) then the resulting energy functional is of the required

forz. Therefore the molecular orbitals appropriate for this

wave function can be obtainéd by the self cdnsistent procedure
due to Goddard.11 Furthér since it is not ﬁnreasénable to expect
that the indi&idual molecular orbitals will not'cﬁange too drasti-

cally as the space and spin couplings are changed to produce the

remaining five electronic states, the energies of these states can
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: é;n be esrimated by simply evaluatiné”E = <X|H|X>'aCCording
to the preséription of Appendix I with the X's constructed
using the molécular-orbitals from th¢A3E‘wave function. The
viability of:this approximation will be discussed in Section |,
vIV and in a subsequent paper in which a techniqué for ob;aining
wthe erergies‘of all six states based on the teéhniqué of annihilation
of single éxcitations12 will be investigated. | |
As Section IV will show we are also interested in the triplet

v

state arising from the occupancy

2.2.2,2.2,2_ - 4 4
131 2a1.3al 4al Sa1 6a1.7a1 le 2e 3e . o (16)

’This_dccupancy arises from the single excitation 7a1 + 3e. The
calculation of the optimum molecular orbitals for this state is
fairly straightforward. The only difficulty is that of cohstrainingi

13» This however

the e and e-y type orbitals to remainrequivalent.
can be readily accomplished by performing the ﬁinimization proceduré

on the energy functional corrésponding to the wave function

X = %.(x_,, + X3 ) | -  (17a)
- - TE E ‘ ' ‘ :
X Uy .
where

X3E > A 7a1a 3exa ‘ _ : | (17b)

< ‘ v .

= A 7a,0 3e o ‘ o ' 17¢)

X3E al ey . o (17¢)

y

and again the closed shell orbitals have been omitted for clarity.
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Thus to summarize, we propose to predict the total electronic

energy of those electronic states depicted below:

7312e43e

7ai2e33e

7a'2_2e4 . ' - lA

1

All.caicu}atibns were performed using a standard Dﬁnﬁingl4
Huzinagals'basis set. Specifically, the (9s 5p/4s’2p) contraction
was used for'functions ;entered on carbon‘and o#ygén‘atoms while
the (48/25).contrac£ion scaled b& a factor of 1.2 was employed

for functions centered on the three hydfogen atoms.
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ITT. RESUITS: GROUND ELECTRONIC STATES -

‘.In.Tabie I the reSUits of geometry optimi;agions on the
four.isomers in qu;stion are displayed. In the case of isomers
CIIX (thg #idehyde) and iv (éhe.epoxige) deviations from Cs
| symmetry that did not involve the methylene hydrpgens were
permitted but were found to be energetically uﬁfavdrable. With
" the acetyl cation (I) taken -as the reference lgﬁei,’protdnated :
ketéﬁe (II) is seen to be the second most | |
stable af:éngement lying at 37 kcal, the aldehyde'thirdvat
64 kéél, and the epoxidg fourth at 70 kéal. o
| Whiie if is, in general, of questionable vaiue to attémp;‘
-to Up&erstand the quéntitative tesults of the more exact Hartrée—
Fqck—Roothaan theory with ideas arising from the simpler valence
bbqnd theory some very worthwhile sights into the nature of these
éyé;ems gén sometimes be gleaned from such an approach.
We start by asking the simpie question: To‘ﬁhat extent is
CH C0+f£he uﬁion of CH% and CO? Within the context of our éingle

3 3 v
configuration approximation to an electronic wave function the

L4

orbital occdpancies to be considered are, in C3v.symmetry

2.2 4
CH3 : 1a1 2al le ‘ 7
—_— :
C1s %n R (18a)

.and -

a2
.CO s la1

2 2 2 2 .4
Zal 3al 4a1 5al le

0

014 C1s (18b)

on oCO Csp ﬂCO e
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The &eSignations under each orbital label the principal
contributors to the molecular orbitals as might bekpredicted
by valencé bond theory. We remark that ﬁhese désignations are
an 1nterﬁretative convenience since the energy-fuﬁctional
for a closéd shell system is invariant under a unitary transformation
5

of the orbitals.

Now to form CH3CO+ we imagine the'doubly océupied Sal(Csp)

o:bital ovaO interacting with'the.empty 3a1(Cp) Qrbital of

CH; to form é O bond. The’CH_3 fragment wili, naturélly, deform
from planarity and move toward a tetraﬁedral éonfigurafion
corresponding to sp?'hybridization while~;he co fragment‘should
remaiﬁ basiéally.unchanged'since the Sa1 orbital is.éssentially
.nohbonding ip'character. To sée ﬁhe remarkable accuracy of

this intefpretation we note the following results from qﬁr ground
state calculations on system I. The ch#rge distributions presented
in Table II indicate a significant transfer of charge from the CO
cluster with little change in the oxygen charge

3
from its approximately neutral condition in isolated CO.16 The

carbon to the CH
-]
C-0 distance in carbon monoxide is known experimentally to be 1.13 A17
. . ’ L o
while Table I shows the C-0 bond in the acetyl cation to be 1.125 A,
Thus, as expected, the CO bond is not affected by the formation of

3
be 109.5° which is the tetrahed:al angle to l'decimal place. Finally

the C-C bond.~ The CCH bond ahgle in CH CO+ is found from Table I to

v ' o : o
we note that in system I the C-C bond distance of 1.46 A is precisely
equal to that of the C-C single bond in methyl acetylene '(Clrl;,’—.CEC-H)'.1'8
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This is very gratifying a§ in both cases the boﬁ& caﬁ.
be considered Fo originate from the joining of an sp with an sp3
hybridizéd carbon.

Systeﬁ ITII, the aldehyde, c#n also be intéfpreted in terms
of this molecular fragments igea. The aldehydé structure can
be viewed aé a formaldehyde (HZCQ)with’one of the hydrogens replaced
_ by a CH;'group. tWe begin our analysis by noting that accurate

19
configuration interaction calculations on the CH; system show

that for the ground electronic state (2Al in C2V symmetry),
corresponding principally to the orbital occupangy:;
2,2 2.
la1 2a1_1b2 3al

[ —)

Cls -'OC—H CSp2 : _ | : (19)

fhe equilibrium geometry is as follows

H

_/

(140. e

\
\

-]
1.106 A

“Further ground state formaldehyde (lAi) is known experimentally

- : - 20
. to have the following structure
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(]

1.208 A

Thus structure III can be viewed as arising from the interaction’

of the 3ai orbital of CH; with an approximately sp2 orbital from
the carbon of /;C = 0,both of which contain one electron. Reference -
1 .

to Table I shows that the model does not work as welirfor this system
as it did for the acetyl cation. Steric interactions force.the bond
angles around the formaldehyde carbon to become unsymmetrical.

2

charge now carries a Mulliken charge of + 0.72. Various other

The CH, cluster which we might have predicted to have + 1

- geometrical pafameters show deviations from their values in
the isolated fragments. For example the C-0 distance in formaldehyde

[+ 2 . : o ] .
is 1.208 A“wgereas in structure III it is found to be 1.221 A; the
CH distance in isolated CH; is 1.106 A, in our case the distanée

is 1.077; finally the HCH anglé is seen to exhibit an even larger
deviation, changipg from 140.3° in the unpefturBed molecular fragmentl9
.vto 120.° in structure III. |

“The moleéular fragments model is not particularly well.éuited :

~ for the aﬁalysis of structurés‘II and IV. waever we can estimate

the position of the unique hydrogen in System‘il by viéwingvit as a

CO fragment,

4 o :
union of H and CH, = C = 0 fragments. If in the CH

2 2

the oxygen is considered to be sp2 hybridized, the plane defined by

the hybrid_otbitals must be perpendicular to the molecular plane
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and the two eq#ivalent non-bonding doubly occupied orbitals each
make a 60° éngle with the 02 axis. The 0-H bond is then formed
as H+ inﬁergcts ;ith one_of tﬁese two equivalent orbi;éls so that
the unique hydrogen should be }ocated in the planévcontaining
the petpendicular bisector of theACH2 bond and form a COH angle
of 120°. Tablé'I shows that this is in fact the case except that
- the COH angle'ié found to be 128.0°. | |
Thus ée #ee thétvfhe idea.of mqlecular fragmén;s in conjunction
with valenée bond.theofy provides a useful starting point for the
diScussion 6f molecular structure. Thésé ideas may prove increasingly
useful as the size of system beihg investigated increases. Finally
we notp;thaf-Tables IIi, 1v, V: VI present an analysis of the ground
state'ﬁave.functions of the four isomérs.in question in terms of |
orbital energies and Mulliken populations. Note that in these'Tables

the localized description of the orbitals used above does not emerge

(see remarks following Eq. 18b). Rather, these delocalized
orbitals are'thg‘appropriate starting point for the~inveétigation
of the specfral‘properties of CZH3O+.

Ve conciude‘our diécussioq of the ground electronic S£atés by

investigating the dissociation reaction

CH,~CO > Ciy + co o I ¢11))

The bond cleavage is seen to proceed in an #symﬁetric'ménner as

shown inkTable VIII with the positive chérge ultimatelyvfesiding
én the QH3 cluster. It should bé pointed out that, as in the éase
of Table IL.the charge distribﬁtions are calculated with the aid

of Mulliken pbpulations. Also consistent with the asymmetric 
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bond cleavage‘is the large value of a‘(O‘f a f l) (see Equation
4) at all points along the reaction coordinate--if the cleavage .
were to be symmetric a limiting value of o = l</§'wou1d be .
expected; The predicted strength of the C-C bond is 58.1 kcal
and bond breaking is seen to be completé by AR.= 3 bohrs, with
+

the CH3

molecular 'fragment:.21 Finally we note that if viewed in the

assuming the planar geometry characteristic of the isolated

reverse direction reaction (20) proceeds with no activation energy.
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IV. RESULTS:  EXCITED STATES OF 011300+

In Tablé>ViI, a Mulliken populatioﬁ aﬁalysis of the single
configurétidﬁ'wave fqnction,corgéspondiug to the 3E state éfising
from the occupancy in eq. (7) is presented. Since the"correéponding
-energy functional is not invariaﬁt uﬁder a unitary transformation
of‘the e—-type molecular orbitals the localized nature of these
orbitalsﬁis:significant. In particular we observe that the le
pair is stroqgly localized on the CH3 cluster while ﬁhe 2e and 3e
pairs are strohgly €O localized. Further, reference to the actual
wave function (not presented here) shows the 2e_paif to be an even
combination 6f carbon p and oxygén p_functions, i;e.,,to be a CO
'bonAiné-drSital while the 3e pair is seen to be the‘cﬁrresponding
odd combination of carbon and oxygen p functions i.e., to be a CO
f}antibonding orbital. Thus the 2e -+ 3e excitation discussed in
Section II is seen to Be am>T excitation within.the CO'cluster;
The analog of this excitation in the isolated Cco mdlecule is easily
seen to be 17 + 21 (see eq. 18b).

The sécOndﬂélectron configuration of interest is that arising froﬁ the
7a. > 3e excitation. In Section ITI we concluded that the 7a1 orbital should

1
result from the formation of the ¢ bond between thé CHg

orbital is shown to be moré:delocalized than

and CO fragments.

1

- expected; however, this is'a result of the method of calculatipn, ‘

In Table VII the 7a

i.e., the molecular orbitals are chosen to be eigenfunctions of the
5 . N : |
Fock operator, Localization could be achieved by a unitary transfor-

mation(hmong the closed shell orbitals) which would leave the energy



-18-

functional unchanged. 1In any case, the 7al + 3e excitation is
* 5 E o

seen to be of 0 - ™ type, the analogous excitation in CO being

the 50 > 27 excitation. However, as noted in Seétion I1 to the

1

as a result of bond formation. In light of the above observatioms

7a, orbital should be stabilized relative to its 50 precursor

we can make the following predictions regarding the excited states

\

of CH,CO:

3
). Those states arising from the occup#ncy 7a]2_‘2e3 3e shquld
show a lengthening of C-0 bond distance as comparéd to the ground
state since.an electron is being remoyed from a C-0 bonding orbital
and ﬁut into a C-0 antibonding orbital. ' ; |

(2) The C-C bond distance in the above states should remain
essentially ﬁnchanged especially when compéred to fhe chahge
occuring in the 3E state arising from the occupaﬁcy 7al 2e4 3e,
since in fhe latter case an electron is being removed from a C-C
boqding orbital.

3) The CO bond distance in the 3E(7a1 le4 3e) state should be
longer_tban in the grouﬁd_electronic state but shorﬁer than in thoée
states arising from (7a.2 2e3 3e) since in. the forﬁer case the
electron being promoted does not originate from.é c-0 bonding
orbital as it does in the latter. |
(4) The manifold of states arising from thel(751 2e3 3e)

+ + I 3 . ‘ N N
occupancy in CH,CO should show splittings similar to those of

A 3
the states arising from the 502 1ﬂ3 27 occupancy in CO.
(5) The 3E state originating from the 7al 2é4 3e occupancy

should be much higher in energy relative to the 7ai 2e3 3e manifold
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than the 50 lﬂ4 21 is relative to the 502 1v3 21 manifold owing
v N . A ‘
to the stabilization of the 7a, orbital described above.

1

(6)° Finally, the mefhod of calculating the'exciged states
of CH3C0+ ASsumés‘that only‘:small éhanges in the qrbitalé in
the‘7ai 2e3 3e manifold-occur géon recoupling. Tﬁis should be
reflected in the case of the isolated CO moleéﬁle'by only small
changes in»the CO distance among the various state afising from
the 502 1ﬁ3 27 electron occupancy.

Referénce‘to Table IX shows predictions (1)-(3) to bé quite
valid, with the CO disténce stretéhedv0,225 Z'in states arising.
from the 6ccUpancy 7af 2e3 3e while only 0.138 Z.in the 3E ététe
v arising frémwthe 7aj_2e4 3e oLcﬁpancy. The C—C:bopd_predictions
. are seen to fére eQually well, stretching oniy 0.015 2 in the
former case, while stretching 0.063 or more fhan'4 timeé aé much
iﬁ‘the latfer cése.

Thévaccuracy'of the remaining predictiohsican'be'evaluated
from Table X; The left hand part of the table présents the results
of our calculations using the methods outlined in Section II; ' The
‘right hénd §ide is ‘a compilation of the experimentélly knownzénergy
:1evels'of thé CO molecule with the principalélec£ron'Oécupéncies
béing’de;érmined by comparisph to ;he'configuration interaction wave
fﬁﬁctions of 0'Neil and Schaefer. 1’

We first ﬁote that with regard'to pfediction;(6) we are'encoufaged
aé to:the.Qiability of our "fi#ed orbital" approximation in that in
the five S§e¢troscopic states O'Neil‘and,Sghaefef'weré able‘tb identify

] ) ‘

the CO bond varies by only 0.05 A and compares quite well to our

. ) o
calculated value of 1.35 A.
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Prediecion (5) is also seen to be born out as reference to
the entries in the final row of the table e‘asil)" shoﬁs. |

However, it is prediction (4) which'proVideé the most
stringent;test of tﬁe ideas expounded in this work. If 1£ were
" to be found accurate it would represent eignificant evidence of
the viability of both the molecular fragments modei end the
"fixed orbital approximation" in describing this. system.

Consider then a comparison of the five states of CO
identified'unambiguously by 0'Neil and'Schaefer.as_arising
frem the 0ccupancy 502 1ﬂ3 21 with the correspending stateé of
CH CO+. To facilitate the comparison we uniformli translate the

3

. CO 1eve13'so:that the 3Al state of CH3CO+ and ehe 3Z+ state of

CO are at the same energy relative to the ground state. The
results ofvfhis procedure are to be found in Table X in the

(comp)’
We first note that the ordering of the terms within the two

column labeied E

manifolds‘are the same. .But we have done better then just obtain-
~ing the correct ordering. The (3A2, 32_) and (1E,'1A) pairs are

seen to agree to SVQ~°6 eV while‘the (lAZ; 12;)_endb(3E; 3A) paifs
agree to £ d.17 eV. Thus not only is the proper ordering of states

obtained but so is reasonable agreement as to their splittings.
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V. CONCLUSIONS AND NEW DIRECTIONS

Thus, in conéluSion; we believe that in many.iﬁStances the
molecularvfragmeﬂts model can ﬁrovide a valuablé-tool for construct-

" ing equilibfium structures fo;‘cbmplex molecules. _Witﬁ tegérdvto
the'question.df when the model is uéeful, it shopld‘be noted that
we,héve made no attempt to define in‘any unambiéﬁous 6r rigorous
ﬁanner what“constitutes a molecular fragment. -The>¢oncept should.
be understood as. a simple ihterpretative tool which under appfopriate_
circumstances can be of predictive value. ,Thus‘wé pgésent no
general rule for ﬁhe applicability of the'cpncépt.‘

Furtﬁer, we have attempted to show that the effects of different
céupling bn the molecular orbitals #rising from a;givén.e1ectron
occupancy maylin many cases.be néglible and that the energy of thé :

- various siatés arising from thesg'occﬁpancies can Be computed within "
the fi#ed orbitallapproximatioﬁ. However, a word_bf cautién is in
order. Ourzﬁork on thetm&xethylenemethane systéu23demoﬁstratesf
that under certain circumstances>the.fixed orbitél:approximation féils
badly. In planar C(CHZ)3 one 1is interested,amongét other things, in.

the following two states in C2v symmétry (again closed shell orbitals

“omitted)
35 . y=Aa b, w
g Pl XT T3y 0y
_and . )
1 (aB-ga) -

B1 : x= Agz b2

1f C(CH2)3vis thought of as arising from
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then it can be shown that the a, orbital is localized on the C(CH

2 222

orbital, which might be considered to originate

2
on the CHZ fragment, has the possibility of becoming delocalized

fragment while the b

‘'when the fragments are combined. Reference to the molecular orbinals‘

arising from SCF calculations on the above two_states shows that

fhe (az,'bz) pairs of the two wave function have quite similar a,

2

orbital remains localized, in the other case it delocalizes. Thus

orbitals but highly dissimilar bz'brbitals. In one case the b

it should be clear that these two ideas, of molécular fragments and

fixed orbitals, are intimately interrelated and ;hat careful considéra—

tion should preceed their use.

The second question prﬁposed in Section I, regards the rates
of interconversion of the various systems. In this regard the
.geometry optimizations discusséd in Section III represent the
necessary first step in investigating these rates, i.e., the
" identification of the surface minima as a function of nuclear
coordinate.. The next.crucial determiﬁation is that of the relevant
"mini-max" or saddle points. This of course is a much more arduous

task but hopefully not beyond theoretical treatment.
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APPENDIX 1
Let x 2, kD (AL

where Di is a Slater déterminant of orthogonal spinbrbifals {¢i}
L K . .

and ‘z: Iki|2j= 1. We will consider a spin orbital ¢i’to be
i=1 ‘ ' - :

product of a spatial part s, and a spin part Yis{a;B}'i.e;;

¢i = siYAi . ' | : ' (AI.Z)
It is then'easiiy seen that

o = 35 % <o 1> + 2 Y k<o |
E = <x|H|x> = k, | <D, |H|D,> + 2 k k,<D, |H|D, >
1§1 il i i lfi<j‘f'LiJ i i

(AI.3)
Expfession (A1.2) for the-energy functional E is then evaluated

by means of Slater's ‘method 24

For the evaluation of <Di[B|D15 we proceed as follows:
let D = A(ala alB...aNa aNB blwi.,.bMYM) : ..(41.4)

where again vy €{a,B} and the a

4 and b, are functions of the spatial

coordinates of the ith electron. In the usual terminblogy,the :

a, are referred to as doubly occupied orbitals while the bi are

i
said to be singly occupied. The matrix element <D|H|D> is then

given'by the following expression



QUL O042U06346

-25-

<D|H|D>‘= 2 b, + Z h + ?1 ot Kij) o (AL.5)

- i=1I,N
k=1,M
where
. = < > . . R
hy Silhlsi , R (AL.6)
= < = i :
T = ,siIJilsi> <Sk|Ji|Sk> | (AL.6b)
Ky = ﬁ'<Si|Kk|Si> = ,<sklxilsk> . - (AI.6c)
N = number of dqubly occupied orbitals
M = number of singly occupied orbitals

and Se {{ai}, {bi}}.

In the cases we will'be considering,if i # j ﬁheq Dj can'be
obtained frovai~by either (1) replacement of Yis YjAby-Yi', Yj'
‘ﬁith the spacé parts‘uhbhanged orl(2) replacement of ¢i’ ¢j by.
¢i', ¢j" i.e;; b9;h space and spin functions are.alﬁered.

Note ﬁhat in neither dase dé‘wé allow i' =1 or ji = j so that

‘'we are dealing with double replacements only. Thus for case (1)
[ . ' .
< > = = <L . > = = < > . .
D|H|D ngKilsj _ silKj|si R (AI 7a)

and for case (2)
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5. (1)s. (2)s. (1)s. (2)
fd3r d3r i J L ]

o
<plH|D > s, .9
<p|H] _ 14 %2 T, Yo Yy

3 3 s Ds, s s, @

- Jdrdr ) S (AI.7b)
. 1 2 r12 | : Yin'Yij .
"Ils.s.')6. 6
= (s;s s.8, ) '
ii AP A
L lsgsy |
- (s,s, s.s, )6 8 ' _ (AI.7¢)
With these tools in hand the requisite energ& fuﬁctionals
are now easily evaluated. We shall work out the case of the BAi
state in detail and then merely tabulate the remaining results.
‘Comparison of Eq. (8) of Section II with Eq. (AI.l) shows that
for x L = 2 and
3A .
. 1 |
1 .
k1 = == - k2 (AI.8a)
‘/5 ;
D1 = A(lglalalﬁ...7ala7a181exa...leyBZevaeyqzeyBBexa) (AI.8b) -
D2 = —A(lalqlals...7ala7alﬁlexa...leyB?eXGZexBZeya3eya) (AI.8c) .

= A(lalalalﬁ...7ala7a181exa...leyBZevaeyq2exB3eya) . (AI.84d)
Therefore using (AI.7c¢) we get for <D1|H|D2>

<D1|H|D2> ‘= (2ex2eyl|3ex3ey). | : (AI.9)
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while using (AI.5) the diagonal'm_atrix elements Bécﬁdm’é :

<, [ujp > = 2 Z h, + 2 h, + Z K, .)
, 1]
iec' v JEO i,jec
3
+ oD@, =K )
_ iec 1 43
je{2§x3ex) . ‘ _(AI<lOa)

2 ; hy +:2h, +h) +hy + E (2355 = Ky
€c y x x 1i,jec

4 2;(2J -K, . )+ z: 23, . -K )
. | — i,2ey :l,2ey je{2ex,3e*} 2ey,J 2ey,3

<+

(23, 5.~ Kpe 2¢ )+ Z: e
2ey,2ey e s ey {eo ij 1_']  ’
je{2e_,3e } .
x’7x

Uze ,3e_ ™ Kze ,3e ) (AL-10®)
x’ 7T x x* 7y

where ¢ denotes the set of all doubly occupied orbitals, specifically

L . . ‘
c = v{l§1,2g1,3al,4a1,§a1,6§1

a,le ,le ,2e Y erie

and o denotes Fhose orbitals which are singly occupied, that is

o = {3e_,3e} - : (AI.11b)
X"y : ‘

In (AI.10b) we have explicitly separated out the con;ribﬁtion of the

2ey orbital from the other doubly occupied orbitals and have defined
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the set ¢ as -
c = ¢ —{Zey} : o . (AI.llc)

Similarly the matrix element correspoﬁding to D2 is:

<D2|HID2> =2 iz: hy + 2h,, + h, +h,
- €cC X y y

-2 (2355 = Kyy) * 2 2 yi0e 7 K1 2e )

i,jec

* ' '(2J2e 3 K2e ,j)-f'(?JZé »2e " Koe »2e )
. X X - x*TTx x’7x
je{2e ,3e }

: y vy

+ z : QI SR 40, g~ Ky g ). (ALLY)
iec | _ y 'y y. 'y .
je{2e ,3e }

y vy

4

Using Eq. (AI.3) the energy functional for the 3A state is given as

1
. <p_|H|D,> <D, |H[D,> S |
- 1 1~ 72 2 1 . -
E = 5 + 5 +2(- 3 _(2ex2ey||3ex3ey), . (AL.13a)
P DR § - Ty : '
= 2 i;c hy +3 (Shy, +3h, +hy +hy ) ~ (AL.13b)
: ' R 4 . X y
. 3 O SRS
+ Z(ZJ .- K. )+ 3 E (23, - K_)
G2 T3 1j 2 & 1j ik
ke{2e ,2e }
xy
+ 7 Z @1y - Ky) +3 | 23, 5 "Kk 2
< ifc k,le{Zex,Zey} i i

ke{3e ,3e }
A
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+ 2 + 2

1 |
2 Ue 3 Y 92e ,3¢ * 220 .3 T2e ., 3e
x* 7 x v’y X’y Ty Tx

- Kye 30 YKy 3¢ T Koz T Kpe 30 )
X X y y X Yy 'y X

- (2ex2ey||3ex3ey) .

The matrices a and E and the vector E are then.determined
by comparison of (;I.l3b) with Eq. (15) d; Section II. Note
;hgt‘various choices of the a and E matrices_are’consistent
with Eq. (AI.13b) and the final term in Eq. (AI.13b) cannot be
v expreséed in terms of matrix elements of J and K Operators;

‘Eihaily, we observe thaf it is possible to grdﬁp the
orbitéis of fhe‘previous equation ints classes such that for

) .

\j . . .
all i, ice Ith class and for all j ¢ Jth class the following

equations hold fof all 1, J

(i)_ a = a '

ij = @iy
(111) £, =f .

i i’

Thus the-energy functional for this case can be summarized

(AL .1l4a)

(AL.14b)

(AIL.14¢c)

as two 5 x 5 matrices, one 5 x 1 matrix and one additional integral.

" Table XI presents these matrices along with the cbrresponding

' 3
partitioning of the orbitals into classes, for the 3A1 and "E_ energy

functionals..

Thgvenefgy functionals for the six remaining states até

 summarized in Tables XII - XIV.
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APPENDIX TII

, o _1 : :
Let ¥, =5 (X + X ) : - (AII.1)
3E 2 3E 3Ey o

X

where X3 and X3 are given by Eqs. (9a) and (9b) of Section II
E E '

respectivgly. Theyenergy functional corresponding to X3 is given by
- E

1
E, 2<X, [H[X; > = 5 <Xo +X, [H|X; + X3°>
3E 3E - 3E 2 3E 3E 3E 3E
X y X .
1
== (<x, |H|x, >+ <x, |#lx, » . -~ (AII.2)
2 3E 3E 3E . 3E
X X y y

since H is a scalar operator. The required matrix elements are

evaluated by the methods of Appéndix I and can be seen from

Tables XI and XII to be

< = —_ .
Xy x5 > 2 3 h +50Gh, +3h, +hy +hy )
Ex , Ex iec X y X y

3
+ Z: Q@I - K)o+ 5 @3, - k)
i,jec iec
ke{2e ,2e }
x*y
+ L - ‘ (23 - K,,) +-l o (27, .-K. ,)
5 | 12 " Kgg) *3 Z B TS
" iec _ k,e{2e_,2e_}
2e{3e ,3e } x Y
x’7y
+ L@ o+ g + 27, + 23,
2 2e ,3e 2e_,3e 2e ,3e. . T2 ,3e
X X y y X y y X

- + v
(KZe s 3e Kze ,3e + K2e',3e~ + K2e ,3e )) (AIIl.3a)
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+ (ZeXZeyl|3ex3ey)

1

X4 |H—|X3' >= 3 h +35 (3h, + 3hy, +hy ¥ h3y)
E B iec
y y
.+ (27,, - K,.) + 3 (2J,.-K,.) + 1 (2J,, =K. )
i3 1] 2 i3 137 2 ik ik
i,jec iec - iec

k€{2ex,2ey} U ke{3ex,3ey}

' Z @3 , - )
k,2e{2e ,2e } k.2 Kk’g
S S

1
t3
oG +J, + 23 +23, .
2 2e ,3e 2e_,3e ~2e-,3e 2e ,3e
X y y X y y X X

Koo ,3e Ko .3e T Kpe 3¢ T Ky ol »
X’y v Tox vy
- (2ex2eyll3ex3ey)

where the set ¢ is as defined in Appendix I.

’<Inserting (AIIB a) and (AII3 b) into (AII1.2) gives

Eqp = 2 3 11 + 5 2 (3h2e +3h,  + h3e ) + z (23,5 - K;)
iec _ y i,jec
+3 23, -K, ) ++ 23, -K,,)
2 ik = ik’ T 2 ik = ik
iec : ie :
ke{2e_,2e_} o ke{3e_,3e_}
Xy : R y
3 | X, ) o (AIL.4)
4"ke{2ex,2ey} 2 Kk’g _..», - o .

‘,‘ze{3ex,3ey}
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Thus the energy functional corresponding to X3 has the form
. E _
of Eq. (15) of Section II. It is summarized in Table XV in the

matrix form discussed in Appendix I.
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TABLE I. Ground State Geometries -

H\l 084 - ' _ Symmetry ) E(SCF)
H C==C - 1.460 c==L=L32===0 Cyv : ‘-151.993808
W 10905 -

i o . 128.0° - | '
119.2° [ Yem=———=¢ ==X o =g c, | -151.935277
-' 1.280 1.203 | '

- B 1.081
119.5°( ¢ , c, | -151.891656
1.478 SORT |
H- o

1.072 | |
4 250
52 | ¢

~151.883025

) o
All distances in A

Energies in Hartrees
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0
-.20

TABLE II. Charge Distributions
ci, c===0 |
+.37  4.60  +.02 (11\'1:7512 2¢4)
+.40  +.57  +.03 Ce:7a% 2¢3 3e)
+.45 .59 -.04  CE:7a 2¢* 3e)
S 4.55°
CH; ¢ === 0=<="1H
+.26  +.56  -.37 a)
0 -.09
| . ' 1
CH,~ C- a)
+.72 '+.08\n
.29
+.34 |
+.52 +.3
CH,; /-c / (_lA)
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:IABLE III.
. Orbital
Orbital Energy
la, ' ?-20.9981‘
231. -11.7528
3a, ;11.5453”
4a; | -i.aezo
58, ‘>j;1.3455
éal - =1.0690
7a,  -.9644
le_ -.9614
Ze* f.sgsz
ey -.9614

2 -.8457
& =

~37-

x_ 2,2.2, 2.2 2,2 4 4 1
CHy-C =0 _1312313314?15316317311§ 2e A
s o
P Populations -
K v S
c 0 c B H H
" 0.00 ' 1.00 0.00  0.00 ~ 0.00  0.00
0.00  0.00 0.00 0.00 0.00 0.00
1.00 0.00 0.00 0.00 0.00  0.00
0.00 0.00 0.00 0.00  0.00 0.00
0.00 0.00 . 1.00  0.00 0.00  0.00
- 0.00 0.00 0.00 -~ 0.00 0.00 0.00
0.31 0.6l  0.01  0.00 0.00  0.00 .
0.18 0.07 0.00 0.00 0.00 0.00
0.12. 0.1  0.62 003  0.03 0,03
0.14 0.01 - 0.02 0.00 .0.00  0.00
0.16 ~ 0.25  0.06 002 . 0.02  0.02
0.02  0.43  0.03  0.00 0.00  0.00
0.10  0.06  0.08 ~ 0.05 0.05 0.05
0.22 0.13  0.30  0.00  0.00  0.00
0.00 0.00 0.00  0.04  0.01 0.0
0,30 0.51  0.12 0.00  0.00 0.00
0.00  0.00  0.00 0.20  0.05  0.05
0.01 ~ 0.21  0.48  0.00 0.00  0.00
0.00 0.00 _0.00 . 0.00 0,03  0.03
0.30 0.51  0.12 0.00 - 0.00  0.00
0.00  0.00  0.00 0.00 0.15  0.15
0.21  0.48 0.00  0.00  0.00

0.01
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TABLE IV. CH_=C =0-H

2

1a

2a

4a

5a

6a

7a

9a

2a

. Orbital
Orbital

Energy

3 420.9453
'41;.6856
-11.5354
-1.8131

' -1.3514

-1.1958

-.9775

-.9486

~.6690

- =.9451

~-.8478

0.00
0.00

-1.00

0.00

0.00

0.00

0.10
0.10

0.25

0.12

0.04
0.16

0.05
0.12

0.04
0.15

0.00
0.41

0.00
0.20

0.00
0.00
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2, '2

1.00
0.00
0.00
0.00
0.00
0.00

0.73
0.04

0.02
0.06

0.04
0.52

0.05
0.49

0.02
0.24

0.01
0.13

0.00

© 0.52

- 0.00
0.32

. ] 1]
la "2a "3a 24& 2Sa

:'Populations

1 L * L} )
26a 273.28a 293

0.00
0.00

" 0.00
0.00

0.00
0.00

0.02
0.00

0.01
0.00

0.16

0.00

0.01
0.00

0.00
0.00

0.02
0.00

0.00
0.00

0.00
0.00

c

0.00

0.00

0.00
0.00

1.00
0.00.

0.00
0.00

0.44
0.05

0.07
0.00

0.06

0.13

0.10
0.29

0.00

0.43

' 0.00
0.19

0.00-

0.44

.0.00

12 "2

e
la 2a-,2 lA
H H

0.00 0.00
.0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
1 0.00 0.00
0.00 0.00
0.00 0.00
0.02 0.02
0,00 0.00
0.01 0.01
0.00 0.00
0.05 0.05
© 0.00  0.00
0.09  0.09
0.00 . 0.00
0.00
0.00 0.00
0.04 0.04
0.00 0.00

0.12  0.12
10.00 0.00
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» 0 ' ' ' ' ' ' ' 1yt ' X
TABLE V. cuz—-c*fi . 1a 22a'23a'%4a'%5a %6a'27a 28a %92 210a ’11a 2 1A
s v
? Populations
Orbital . % *

Orbital Energy 0 ¢ H (of . H H

-y - 1.00  0.00 - 0.00 0.0  0.00  0.00
la. -20.853 500 0.00 0.00 0.00 . 0.00  0.00

. 0.00 0.00 0.00 1.00  0.00  0.00
2a -11.6736 900"  0.00 0.00 0.00  0.00  0.00

. 0.00 1.00 0.00  0.00  0.00  0.00
3a . -lL.6143 54 000  0.00 0.00 0.00  0.00

e 0.66 0.20 0.00 0.01 0.00  0.00
4a  -1.7066 - g6  0.07  0.00 0.0L  0.00  0.00

. .. . 0.6 0.0 0.0 062 0.5 _ 0.05
5a  -1.3213 501 0.0 0.00 0.0  0.00 0.0

: 0.07 0.2 011  0.09 0.09  0.03
6a  -1.099% 0.07 ~ 0.09  0.00 * 0.16  0.00  0.00

3 0.02  0.00  0.05 . 0.0l  0.0L  0.15
7a -1.0007 . 4 38 0.22  0.00  0.37  0.00 0.00

: 0.05 0.00 001  0.00 0.13  0.01
8a --9417 0.25 0.18  0.00  0.35  0.00 ~ 0.00

© 0.07 0.01  0.07 0.00 0.6  0.09
9a -.8927 0.3  0.18  0.00 016  0.00  0.00

o 0.00 © 0.0l 0.1  0.00 001 0.01
10a  -.7360 563  0.06 0.00 0.10 . 0.00  0.00

- 0.00 0.00  0.00  0.00  0.00  0.00
1a =.7912 0.51  0.43  0.00  0.06 -0.00  0.00



TABLE VI. CHZ-—C
' 7
N,
0
" Orbital
Orbital Energy -0
' 1.00
la -20.9436 0.00
;- 0.00
2a -11.7020 0.00
. : 0.00
3a -11.6165 0.00
. . 0.61
4a -l.§2§2 0.07
. 0.16.
' _ ' 0.06
6a -1.1;71 1 0.15
' 0.08
7a —1.9120 0.22
8& “09105 0-62
' o 0.01
9a . -.7744 . 0.44
. v 0.00
1a -.9786 0.28
' 0.00

2a | f.8086 0.51

*
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1.00
0.00

0.00
0.00

- 0.16

0.08

. 0.05

0.12

0.43"
0.09

0.00
0.27

.0.01
0.22

0.01
0.18

0.00

0.12

0.00
0.09

H

"0.00
0.00

0.00
0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.15
0.00

0.10
0.00

0.03

0.00

0.05

0.00

0.00
0.00

0.00
0.00

: Populations

0.00

0.00

0.00
0.00

1.00;

0.00

0.06
0.03 -

0.50
0.01

"0.06

0.03

0.07

0.16 -

0.02

0.18

. 0.00
0.30

0.00
0.45

0.00

0.21

. L] ] L 1 ] L} \J . ]
la 223 23a 24& 2Sa 27a 28a 2

1
9a 2la

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.04
0.00

0.01
0.00 -

0.05 .
0.00

0.05
0.00

0.00 -

10.00

0.08

~.0.00

0.10

0.00

I|2

s
2a 2 lA'

0.00

0.00

0.00

-0.00

0.00
0.00

0.00
0.00

0.04

0.00

0.01
0.00

0.05
0.00.

0.05
0.00:

0.00
0.00

0.08
0.00

- 0.10

0.00
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 TABLE vII. cHcot

-~ . Sa

6a

" 7a

i le,

2e_.

3e

le

2e

3e_ -

cl

0.00
0.00

1.00
0.00

- 0.00

0.00

0.11
0.06

0.18

0.10

0.27

10.02

0.06
0.26

0.00

0.05

0.00
0.09

0.00
0.86

0.00 -
0.05

~0.00
- 0.09

0.00

0.86

3

1.00
0.00

0.00

0.00

0.00
0.00

0.78
0.05

0.20

0.01

0.14

0.34 °

0.03

0.22

0.00
0.00

0.00

- 0.90 -

0.00

. 0.09

0.00

© 0.00

0.00

10.90°

0.00

0.09

2,2.2, 2.2, 2,2 4, 3. 3
1a12a13314315a16317a1¥eVZg 3§ E
; Populaﬁioﬁs
c H ‘B H

0.00 0.00  0.00  0.00

0.00 0.00 0.000  0.00

. 0.00 0.00 0.00 - 0.00

0.00 0.00 0.00 0.00

1.00 0.00 0.00  0.00

- 0.00 0.00 0.00  0.00

0.01 0.00 0.00 0.00
0.00  0.00 0.00 - 0.00

0.60 0.03  0.03  0.03

0.02  0.00  0.00  0.00

0.10  ©0.03 _ 0.03  0.03

0.05 0.00 0.00 0.00

0.05 0.04 0.04 0.04
0.27 0.00 0.00 0.00

0.00  0.24  0.06  0.06
0.59 0.00 0.00  0.00

0.00 0.00 0.00 :  0.00

0.00 0.00  0.00 0.00

0.00 0.03 0.0  0.01

0.00  0.00 0.00 0.00

0.00 0.00 0.18 0.18

£ 0.59 - 0.00  0.00 0.00

0.00 0.00  0.00 0.00

0.00 0.00 - 0.00 0.00

0.00 0.00  0.02  0.02
0.01 0.00 0.00 -0.00
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X = oA lal2

3a

- N

2 2
1“4

109.5

+0.37

- 0.997

0.

CH,C
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TABLE VIII

of » cul +co

3 3
AR = R, . -2.759 bohgs
QaiSai6ai7aile42e4 -BA la iSaiéaiSa 6ai8a 1e42e
AR (bohrs)
1 3 6 10 100
99.0 90.0 90.0 90.0 _ 90.0
0.61 0.84  +1.0 +1.0 +1.0
0.994 0.997  0.998 0.998  0.998
22.8

48.6 56.6 57.8 © 58.1

S
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Electron
Occupancy

N

7a 2e4‘

[

3

7a;2e” 3e

=N

1. 4
7312e 3e

TABLE IX.
State >C-H
1 .
oy 1.084
% 1.086
% 1.082

Energies in Hartrees

Bond distances in Angstroms

> 3 5 4

-43-

CH3CO+ Geometries

“

c-C c-0
1.460  1.125
1.475  1.350
1.523 1.263

duce
©109.5

109.5

107.0

"Energy

-151.993808
—151.804622

-151.684239
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: 7{2e33e voccupancy.

TABLE X. Electronic States of CH,CO’ and CO
+ -
CHyCO" €y, © ¢,
Principal
Electron ) o » ° Electron.
Occupancy State R__ (A) E B E R.. (A) State Occupancy
‘ CO ) (cal(‘)(ev) (calc)(ev) (exp) (ev) . ] Cco
7a22e" B, 113 0 0 0 113 5t st
raf2e’3e A 135 4es 4.65 6.92 135 %Y sefindan
7a2e¥3e e 1.35 5.1 5.31 7.58 137 séhidan
7al2e’3e 7, 1.35  5.63 5.69 7.96 1.38 & solindam
ral2ed3e a, 1.35  5.64 5.80 8.07 1.3 & sl
7a22¢%e e 1.35 - 5.89 5.91 8.18 160 a solindam
7al2eze  la 1.35  12.31 1p+
4 3 : : ' : 3 4
7aze3e e 1.26  8.42 6.06 1.21 r solmm
- Note: The qef:hod of calculation requires

R,y to remain fixed for all states arising from
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TABLE XI. A

1’ 3Ex Energy.FunCtionals

.Classes:‘ 1 = {lal,2§1,3a1,4a1,531,§a1,7a1,1ex,1ey}

2 =.{2e}
. X
3 = {2e} |
y
4 = {3e_}
X
-5 = {3e} e
e, -
F+ Veqtor' 1.0 3/4 ‘ 3/4 1/4 : ;/4)
amertx 1.0 4 S Y
1.0 %3 %3 Yie 3
10 %3 F3 iz Ly

10 Y2 10 0.0 0.0 -

1.0 1.0 Y72 0.0 0.0

B Matrix 10 i 3 e Y
| 1.0 %3 %y ol 1

10 X3 s Yz 1

1.0 1.0 1.0 . 0.00 . 0.0

1.0 1.0 1.0 0.0 0.0

Additional Integral
" (2ex2ey||3ex3ey)

(-~ corresponds .to 3A + corrésponds to 3Ex)

1’
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TABLE XII. Ey, 3A2 Energy Functionals

Classes:
See Table XI

F+ Vectbr

A Marrix 1.0 3 3 Y Ya

- 1o 3 s iz e

1.0 3 3 Ye s
1.0 1.0 2 0.0 0.0
1.0 Y2 1.0 0.0 0.0

B Matrix 1.0 3 34 Yo 1
1.0 %3 %3 Yz 1
1.0 %3 2 R ERL!

1.0 1.0 1.0 0.0 0.0

1.0. 1.0 1.0 0.0 0.0

Additional Integral

+ (2ex2ey||3ex3ey)

(- corresponds to 3Ey, + corresponds to 3A2)
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 TABLE XITI. lAl, lEx Energy Functionals

Claéseév_
B See Table XI
‘Ff Vector
A Matrix 10 3 o Yo
0 i3t Y s
10 %3 %3tz e
1.0 172 1.0 0.0 0.0
1.0 1.0 Y2 00 0.0
B Matrix o 3 3 Yo 1
o 10 I3 i3 s i
213 %3 Lz A

1.0
1.0 -1.0 1.0 0.0 0.0

1,0 1.0 -1.0 0.0 0.0 =

Additional Intgg;als

¥ oo i e 2 . |
_ (2(2ex3exl|2ey3ey)\- (2ex2ey[|3ek3ey))

+ Cdrresponds to'lAl, - éorresponds to 1Ex)
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TABLE XIV. lEy, lAz Energy Functionals
Classes
See Table XI
F+ Vector
A Matrix 1.0 '3/4 3/4 1/4' 1/4
1.0 %3 I3 iz 1
Lo i3 A e s
1.0 1.0 Y2 0.0 0.0
1.0 172 1.0 0.0 0.0
B Matrix 1o S o Yo L
1.0 %3 %3 Yz 1
1.0 2/3 2/3 -1/3' 1/3

1.0 1.0 -1.0 0.0 0.0

1.0 -1.0 1.0 0.0 0.0

Additional Integrals
+ . '
_(2(2¢x3ey||3ex2ey) - (2ex2ey||3ex3ey)) |

(+ corresponds to 1Ey, - corresponds to 1A2) .
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TABLE XV. 3E Energy Functional

‘Classes: 1 = {la 2a1,3a1,4al,5a1,6a1,7a1,1e le }
2 = {2e_,2e}
X y

3 = '{3ex,3ey}

iF+ Vector (1.0 3/4 1
S
A Matrix 1.0 9/4 1/4
: 1.0 %3 1

1.0 3/4 0.0

' B Matrix 1.0 3 Y
10 I

1.0 1.0 0.0

Additional-integrals

None -
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and DeVelopment Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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