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INTRODUCTION

The reactivity, photochemistry, photophysics and other
properties of carbonyl containing molecules have made them the
subjeét Qf-a widevvaricty of experimental studies. It is clear ’

" that such properties are intrinsically related to molecular
elect?onic'structure. of particular.interesc in léfge or complex
systems is determining the effect of localized €O electronic
structﬁrc so as to facilitate prediction of the chemistry or
properties of such systems. With existing theofetical descriptions
of the electronic structures of simple carbonyl molecules, such as
carbon monoxidel-_-8 and formaldehyde,9_16 a direct approach to this
problem would Be the theoretical study of a‘series of systems of.ﬁore
than one.carboqyl. And an obvious beginning pbiﬁt is the simplest

dicarbonyl,vglyoxal.

Glyoxal has'been an interesting molecule:in photochemistry and

. spectroscopic studies since the early'photolysis experiments of

Norrish and Griffiths.l7vTheir work and that of othersls-lg showed

the dissociation products of glyoxal to be CO, formaldehyde and

hydrogen molecules. While the production of formaldehyde involves

20-21

excited electronic states, it appears hydrogen is formed from

vibfationally excited ground electronic state molecules.22 Spectro-
scopic work has shown the structure of the'majOV form of glyoxal to

be planar t:'rans:.ZB-24 In 1970, cis-glyoxal was identified by high

resolution visible spectroscopyzsm26 and its planar structure was

confirmed by microwave ex’pefiments.z7 No gauche forms have been

de;ected;‘



Tﬁeléttucturé and pfoperties of glyoxal'dépeﬁd largely on
the valeﬁée mo1ecular orbitals (MO's). Within thé paradigm of
carbonyi,cﬁemistry, these are expected to c0rreiéte_with oxygen‘
non—bonding_orbitals and CO 7 orbitals; Since inyia few ékcited

23-24,26,28

states of glyoxal have been identified » photoelectron

spectroscbpy along with semi-empirical and ab initio calcula;ions'havc
been used to study the valence molecular orbitals._yHoweVer,‘the
results have not been entirely consistent.
' o . \ s , 29
Turner’'s assignment of the photoelectron spectrum of glyoxal
ordered the valence molecular orbitals as n, o, Wy and m in
order of increasing ionization potential (a and b subscripts denote
C2 rotational symmetry). The spectra also indicated the level sepa-
rations were of about the same magnitude. ‘This seems in agreement
T ' D
with CNDO. calculations showing the né -0 splitting of otherwise
degenerate. non-interacting orbitals to be due to a through-bond
interaction;with the carbons. The acceptance of this deséription of
the valence molecular orbitals has limited the search for excited
states to n > T excitations, with the m > T states presumed to be
much higher in emergy. Qualitative ihterpretatidns concerning the
o C ] 31 o 32-33
0-C-C-0.skeleton of biacetyl  and CNDO/CI calculations | of
: o | B .
a~dicarbonyls have given generally the same ordering with some
differences in the n_ - ooy separation. Also, minimum basis ab initio
3 | T _.1v _ ‘T~—~
calculations = on the negative ion, (CHO)Z, have agreed with this

ordering, though with some 0 MO's located energetiéally among the

n and m MO's.



The first work inconsistent with this MO scheme was the
. I .’ . 35‘
semi-empirical study of Kato et al. They found the
valence molecular orbitals to be ordered n , m , n, 0., W
a’> b b a a

in the trans form and n_, ﬂa, ns Ua, ﬂb in the cis form. The
':separation of the highest 7 qnd lowest n for both forms tended
to be smaller than the other level separationé. The important
implicatidné of this was seen in ﬁhcir prediction that n'> 7
and 1 ~» ﬁ* excited states would not be completeiy apart'euergetically.
Pincélli 95;31?6.used a double-zcta basis in an ab initio calcula-
tion on the ground state. They found an ordering of valence MO's .
similar tb that of Kato, but with the highcs; g MO'é being lower
thaﬁ the n and " MO's. And a more recent calcula_tiongl'7 with dv
less thaﬁ double-zeta basis scems Lo agree, éssuming that the
symmetry designations presented shoﬁld be 1nter¢hanged. |
Ag_igigig'calCulations36-39 have been 1imited to the ground
state. Ail have sought to determine the internal rotation barrier
and the'g}g}gzégg separation, but tﬁe results ha&e disagreed by~as
- much as a factor of two. This ﬁay be due to both the use éf
different 5asis sets and to different treatments of the gcomeﬁry.
Only one of these calculations39 involved optimization of the
geometry, which Dunning and Winter have demonstfated to be potentiaily
important in internal rotation problems.
The persistent electronic structure problem, then,-is the
determination of the nature of the hlghest filled molecular orbltals.
A careful study of the ground state o* glyoxal, including the

internal rotation potential, and comparison with the interaction



of two Cb_mdlecules may resolve this problem and improve understanding
of dicarbonyl excited states..

THEORETICAL APPROACH

A §oubié;zeta basis set of Dunningecon;ractéd.géussiaﬁ'functidné
was usea‘in ;li;caléulatioﬁs: |
“ | C (935p/482p).
0 | (9s5p/452p)-
H (4s/2s)
The qqéiity‘of this basis set.in LCAO—MO—SCFvéélculatiéng has been
’[VréViéwed‘éiéewhere,42 | | ..
The fi@g.indepehdent struétural parameters ihgglyoxai arg,thé _
carbon;cafb;n, carbon—oxygén and carboﬁ-hydfégéh.béﬁd distances, Aﬁd

_the carbdn¥céfb6n—03ygen and carbon-carbon~hydrogen bond angles. 'Thev.

»

gas;ﬁhésé eléctfon.diffraction values of théée parameteréés'fOr trans-
glyoxal'wefé used as a gUess.of ;he SCF optimum geémetfy. The. |
pafameteré_éére variéd_iteratively and a.simb1e §3rabQiié fifvof‘the
,molecular{gﬁéfgy wasvused to predict the.minimﬁm with reépéét to fhé
'giﬁéﬁ parameter. Tﬁe size of the vafiationé was féducedvafter oﬁe
ﬂcyéle thr6uéh‘a1l the parameters, and the.procéés céntinﬁed until;fhe 
., change iﬁ-béth thé parameters and the energy‘beégme reasonébly small.
in all casés,‘the inﬁefnal rotation angle;'¢,‘wés held fiXed. Tests
were madeiwith'étﬁer starting geometries £o insure that’thé,itéféfive '
method had not cdnvefged to a local minimum. The-oétimizétion.was;
performed:fof'fhe trans (¢ = 0°), gig_(¢ = 180°), and three gauche.

forms: ¢ = 45°, 90°, 135°.



The symmetry representations of the molecular orbitals were
an obviously important consideration. Clyokal is a 30-&lectron
system with a closed shell ground state. The molecular symmectry
is C2h in trans, sz in cis and C2 for ‘the gauche formsf The three

forms are -illustrated in Figure 1. It can be Seen that the C2

rotation axis is in the molecular plane of the cis form, but
ﬁerpendicular to the ££§E§ molecﬁlar plane. To éheck previous
determinations of the orbital occuﬁancies, SCF ;alculations
were first perférmed in the réduced symmetry, CZ’ on the cis and
trans forms. The resulting molecular orbitals could then be
identified wi;h full symmetry representationsf

As shoﬁn in Figure 2, oxygen non—bondihg 2p atomic orbitals
'are combiﬁed éymmetrically and antisymmetrically in order fo
transform as point group representafions.- This yields ag and bu
in Ezégg_and ;l and b2 in cis, and like 6 MO's thgy are clearly
in the molecular plane. The m MO's are formed from atomic p
orbitals perpendicular to the molecular plaﬁe and thus transform
as a_ and b_ in trans and a, and bl in.22§. The n‘and‘ﬁ de-
- scriptions are not appropriate in the reduced Symmetry of the
gauche structures. Since n§ P functions were used in the hydrogen

basis, the m MO's are completely localized on the 0-C-C-O skeleton

and correlate directly with individual carbon monoxide MO's.



" RESULTS AND DISCUSSION

| The doublc—éﬁta basis set and geometry'optimization»yielded
an ehergy for ££§§§—g1yoxal 1§wer than any'previous calculation,:
as shown in TaBle I.  The sttdctural patémetgf;’forwthe_optimized
geomgtries are giVen iuvTable II. While all the changeé weré |

small, an 1ncfeas¢ in_thé’C—C'bond length and a decrease in the

C-0 bond length in going from trans to cis were found. Aiso, the
C-C-0 bond aﬁglé was found to be about 2.1° larger in the cis form

than 'in the trans. This compares with experiméﬁtal values of about

obls

2.7°27 and 3 The C-H bond length was essentially the same in all structures.

The intefnal rotgfion barrier wés'calculated bf a étandardz
fit to a cosine sgries potegﬁial function and was found to be 7.5
kcal/mole.at ﬁn internal‘fotation angle of 102°. The'potehtiél
is shown.in'Figure 3. The energy difference between the-é}§ and
Ezggé forms was 0.0094.hartrees or 5.9 kcal)méle. Both values
are within the rénge of pre?ious caléulétions. The méjor(disagrce—
ment is with the‘c$1culation.of Ha37vwho used a near double;zeta atomic
baéié with és;umed ééometries, énd obtained only 3.0 kcai/molé‘for
the cis-trans separation.  Ha's result is probably due fo.a choice
of geometry far from“the optimum. Indeed, the énetgy obtained By
Ha with the near—dqhble—zeta bésis ié about as good as that of
Pople and coworker538 who used a smaller 4-31G basis.
vSundberg andehéung used évsomewhat lesé thénudouble—zeta basis and
performed a partial gecometry oétimizatioh.39 Speéificall}vfot the Sﬂﬂﬁhﬂ

forms they did not bptimize the carbon-hydrogen and carbon-oxygen bond lengths



and the carbon-carbon-hydrogen angle. WhileadualitatiVely they
show a C-C bond length increase and a C~0 bond length decrease,
their C-C lengths are overall longer than determined in this

work, and C-O lengths are shorter. Furthermoré,'their reported

change between c¢is and trans in the CCO angle is smaller and less

27,44 A possible reason for

in line with experimental values.
these differences is'thét they used a.larger:Set of primitivés :

on oxygeﬁ than on carbon. Finally, though tﬁe'qhange in the

" C~-C-H bond-anglé is small, it is qpposite in diredtion'fromFOur
results. All of these geometry effecté may be the result of
their_uée‘of a less cdmplete-basis than‘our'doublg-zeta set. The
same considerations might explain their Somewﬁét sma11 cis—t:ans
‘separation energy.

A Qoubie—zeta,set was used by Pincelli and coworkers in an
earlierjcalculation.36 However, no'geometryzdptimization_was
attempted, and we attribute part of the improvement in the total
molecular energy over fheir feéult to the opfimiiation. It seems
that because the structural changes upon internal rotation are
small, the barrier and separation résults of the double-zeta calcé—
lation of Pincelli et al.are in qualitative agreementvwith the
present work. |

Experimental stqdies of the internal rotation potential have
been limited. Currie and Ramsay used the difficult technique of
following the temperature dependence of absorption intensi;y of
vibrational bands in the visible absorption specﬁrum.?6 They

reported the cis-trans energy difference to be 1125 cm-l or 3.2
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kcal/mole. More recently, Durig and coworkers presented an
internal rotation potential with a barrier of about 4.6 kcal/
mole,27 but the determination of their potential explicity

used the cis-trans



.separation energy of Currie and Ramsay. Before the existence of
cis-glyoxal was known, Fdtely and coworkers estimated a potential
' barrier of 13.7 kcal/mole using infrared frequencies of torsional
of the,independent experimental-approaches would suggest. only that
the true value may be somewhere between. .

After completing the geometry optimization, the carbon-carbon

Stretching“potential curve was studied.: For.Batb;cis énd trans
‘glyoxal, sgven c-C dispanCes-coyering a range 0£ 0.17 A’afound.thg
minima Qére se1ected'and the molecular.energyvéalculated at each
point.;‘All other parameters were fixed at'their‘optimumivalues. -fn
thé regidn where the potenpial curves are harmonic, thé féfio of the
increasés iﬁ ernergy above the;resbective~minimag(fo£:edﬁivélen;. |
displaceﬁénés) is a measure of thé ratia'éf.thé'tvovarce constahtsfn
This typélbf compérisdn gave about é 5% smallét value for:the gig
than E£§g§ form with the difference increasing at:lérgéf C;C distances

as anharmonicity becomes more important. This confirms that the cis.

C-C potential is slightly shallower than the trans potential,a fact. which -
could be physically significant: In 1964, Parméﬁter used quantum
yield studies to show that vibrationally excited ground electronic
state molecules could dissociate to produce hydfogen and carbon
monoxide.
CHO) ~ o+ 2 Co
, .
(CHO),, 2t 2

o % . )
Parmenter estimated that (CHO)2 must be formed with about 55 kcal/mole

of internal energy in his experiments. Clearly, with a cis-trans
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barriér of 7.5 kcal/mole, (CHO); could casily interconvert bet&eeu
cis and>£533§. The compqrison.of the C-C potentials in the two
forms suggesﬁs that breaking the C-C bond, whi;h is necessary for
fhe ohse;ved dissociation, Shouid Be aﬁ least asllikely'and perhaps-
more likely iu the Eii‘form.. It is intcrésting to note, that if the
dissociation is unimolécular, formation of Hz'would te favored in
the cis form because fhé hydrogen atoms are ép#tialiy mhch.clqser.
Fér ééch of the five optiﬁized glyoxal geometries, the dipole
moment was calculated using the SCF wavefun;tions, and ;he_reSults
are givéﬁ in Table III. Symmetry requires the dipole moment of
Ezgggfglyoxal to be identically zero. The caicﬁiéted.valué of
4.79 Deb&es'for the cis form agreés_fortuitously_well.with the

microwavé-spectroscopy value of 4.8 d.27
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Details of Electronic Structure.

lThe”orEital energies of'glyoxal and CO—Cé
reveal mgch.aboutitheir electronic structuré.,ﬁfhé
energiéSiaré given in Tables v and v And are:piotfed in Figufes
4 and 5._:The first intefesting'feature is théé the ordering va
glyoxa1 MQié is n, ﬁ, n and T} br,’moré importénﬁly, the 7 -and
n MO'sjéfe not completely.separate éﬁergetically.” Also? #hé “a
and nbjM0!s while about 0.074 hartrees apart in both the cis and
Egggg'forms; reverse their order between the forms; And beéause
only avénd b symmetry is maintainéd in the gggéhg‘forms, the trans

My necessarily correlates with the gig'nb. The trans n becomes

)
the Eii ﬂg.*

'Thefﬁﬁiiiken populations givep in Table VI;demonstrate'the
atomic éharégter of fﬁe valence MO's.b The okygeh p atomic orﬁitals
(AO;s) fbrm.the n, orbital almost exclusive of cdntribu;ions from
any.otﬁef'éénter. ‘Hoﬁevér; hydrogen and carbohjdd participéﬁe iﬁ

the n_ Mo ‘The trams m, and cis m , which are the highest s
 énergeti¢aliy, have a ﬁode between the.cdrboné'(éeé Figure'Z).
Thus,'tﬁevoxygen p contribution to these'ﬁb's“doﬁiﬁateé fhe carbon
] contriﬁution. In the other m MO's, theré is hqbnode and tﬁe
carbon ?'poéulation is more néérly’eQuivaleﬁt.,

TﬁeVMOfs which result from the’interactidn»bf ﬁwd Cd_ﬁolecules-
have some“siﬁilarity to glybxal MO;;. AS-shown»iﬁ.Figure 5;'£he

degeneracy of the ¢ and m MO's of the two separate carbon‘mondxide'

molecules is lost by the interaction at distances of about 7 bohrs’
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or less. In C2h or sz symmetry, the oxygen p AO's directed
along the C-0 axis can mix witﬁ oxygen p AO's perpendicilar
to the axis but in the CO-CO plane. As a result, the individual
highést filied 0 MO's of CO correlate wifh n 6rbitals in Co-Co.
_The components of the carbon monoxide m MO's>become ﬂvCO—COIMO's
and o-like low lying molecular orbitals. |

In_tﬁ¢ éEEEE arrangement, the highést orbitals at a cafbon—
carbon distance correspbnding to the obtimizud gljoxal structure
are qualitativeiy'similar to Ezgggfglyoxal; The'difference is

that the n, rather than n_ orbital is highest energetically and,

b
in fact, substantially higher than the n gljoxal.orbital.

Similarly, w is higher thaa n_'in the cis arrangement unlike
glgfglyOXal. An additional observation is that while the no-ny
separation is nearly the same in cis and trans-glyoxal, it is

ﬁuch Iargef in cis CO-CO than trans.

Understanding this unexpected reversalvin the ordering of the
oxygen n MO's reduires a detailed examination of the orbitais. We
fifst observe that in both CO-CO and glyoxal, the moéf non—interacting
n ofbitai isvstrictly.lowest in energy regardless of a or b-symmetry.
The remaining-n orbital tends to be more delocalized over the whole
molecule. Examining this orbital explains the n,o- ooy ordering;'

In COQCO, the oxygen p AO's in the anti-symmetric coﬁbination, n, ‘
-interact with the carbon 2s AO's. But since the two carbon 2s'A0'§
combine anti-symmetrically, the molecular orbital has significant

carbon-carbon anti-bonding character. - Hence, it is ‘energetically

higher than the non-interacting n. In glyoxal, the n-pair which
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delocaliéés has'two additional'hydrogen>centers‘gyailable. Thus,

the intéfac;ioﬁ with the carbons is that which allows>OVerlap

with hydfééén AO's. Clearly, the best choice is carbon 2p AO's

and, indéed, the Mulliken population analysisiinéiéates the

carbon pér£icipation in the n, glyoxal orbitalvfo'bebp rather

than s.  With this delocali;ation, the interacting carbon 2p

AO's arezrqughly perpendigular’to the C-C axis:and have no

anti-bonding character. With the most non—intéracﬁing.pair

: being lqwésﬁ in energy, nb ié lower_th#n n; infglfoxal.
'Tovexplain why the interaction in CO—COIivaith carbon s AO's

while in- glyoxal it is Qith carbon p AO's,'letIus‘iook at theigétal

.set of moiecular orbitals. First, in CO-CO and:glyoxal, the . sym~

metric édmbiﬁétion of carbon 2s gives a 1ow—1yingLC—C 0 bond which

is unlikéiy to interact. Second, in CO-CO fhe'carbdﬁ 2p

orbita1§ pafticipate in forming a C-C.0 bond, a}C-O,ﬁ bondv(out

of plane)iaha a C-0 ¢ bond. Only aﬁ‘antisymﬁetric combinatioﬁ'

of the p'or;s AQ's which formgd_C—C 0 orbitals is avaiiablé for

interaction with oxygen n electrons. The 2s is favored over the

b

orbital interacts with the carbons. But in glyoxal,
the carbon 2p AO's along the C-C axis, rather than forming a C-C

2p and thgrﬁ
o] orbital,;can form a strong C-H 0 bond along with the ca;bon 2s.,

With the éleétron density‘primafily in the~C—H.reéion and withdrawn
from the C;C region, the-syﬁmetric or aﬁtifsymmetric combinatioﬁ_df
the C-H bonds into a molecular‘orbital should be‘edually likely. ,Thé.
Mulliken :po‘pulation analysis indicates this orbital has b symmetry.

Therefore, the symmetric combinations now participate in the formation
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of thc C-0 ¢ bonds leaving carbon 2p AO's perpendicular to the
C-C axis available for interaction with oxygen.n electrbns.

Internal rotation of glyoxal provides-another view of oxygen
n interaction. As previously pointed out} the n_ - ﬁb séparation
in orbital energies is about the same in cis and trans glyoxal.
In the'gggghg forms, the n designation is inappropriate and no
comﬁgfison is possible. Swenson and Hoffmann, using CNDO calcgl#—
tions;.have'céncluded that the interaction which rcﬁoves Lhc n
orbital degeneracy is a through-bond interaction with the carb’ons.j0
In a genefal sense, if the interaction were.throqgh—space instead
of through-bond, then bringiﬁg the oxygens spatially cloéer should
increase the n_ - ng separation. Since this-séparation does not
incrcase when the oxygens are spatially closer in the cis form,
~our results support a through-bond interpretatioh. However, Swenson
and Hoffmann believe that the interaction is with carbon p AO's
directed.along the C-C axis, whereas we find the interaction to be
with carbdn_ﬁ AO0's perpendicular to this axis. Furthermore; we
feel that hydrogen is essential for the interaction,.while Swenson
and Hoffmann do not consider the effect of the hydrogens. Were
their view precisely correct, the n, -n orderiﬁg in'CO—CO should
be the same as glyoxal. The present calculations'suggest.that this
is not the case. Thrrefore, the degeneracy of the oxygen ﬁ orbitals may
not be removed by a through—sp;ce interaction, but rather by an intéractiou
dependent oh the total molecular structure, not just the 0-C-C-0 skeleton.

Chemically, this understanding of the electronic structure of

the model a-diketone, glyoxal, can lead to some generalizations.
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“For_iﬁsf;ﬁée; substitution of an alkyi grdup‘fér:hydrogén; éQcﬁ
as in biacetyl, shbﬁld imprové stabilifylof the u;diketone;v The
interaéﬁibn'éf the‘né ofbitél is expeéted to inéfeasé siﬁéevdg_
leC&ll/dtlon of the. Llectronq.ovcr the alkyl éroﬁp would be  1
greater.than w1Lh hydrogen. This would stablll?evor lower the_v‘
energy of the na’MO and the molecular stability Qould be éphancéd.

1, separation in biacetyl should. be smaller than

" Thus, the n, - n,
in glyox#i.
Ahfimpértéﬁt'conSequencé of the ordering_df.the n and
"Vaience M0's in glydkél'is the nature.qf théIIOQQiying»excited
states.  As'can be seen froﬁ Figuré 4?-th¢vloweét excited statés
vare probably excitétions from the'na orbifal; 4However,.in con;rést'
“to all but the seml—emplrlgal calculatlonb of : Kato ef §l35 |
exc1tét1§nq from the highest 7 MO should also y1eld low—lylng
Qlectrqﬁlc states.. ThlS—lS a direct result of.che_n and ﬂ MQfsf
vnbt'being cqmpLeteiy'enérgétiéally sepafaté as:pfteﬁ be1ievede
In a breliminary calcuiatiou on the exéited sﬁatés,of glyoxal;

v e . _ _ , v
- we have, in fact, found that m » 7 excited states are amoung the

o * o
n. > 1 states,
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TABLE I. - Glyoxal ground state energies.

Trans Energy - Cis / Trans © = ‘Barrier.
Separation

.ﬁartrees kcai)molev . kcal/mole
This work - | -226.5182 5.9 7.5
Pincelli 95_2;?, ' -226.4703 ) 6;4’ SR | 7.9
Sundberg et 5;_;1_?" -226.3246 . 48 o g
Ha® . -226.2477 - 30 6.2
Radom et ad ~226.2428 | 6.1 - _ 7.9

a Ref. 36
b Ref. 39
Ref.:37

Ref. 38; barrier is taken from the ¢ = 120° poteﬁtiai}



TABLE . II. .Glyoxal geometry optiﬁization

and bond angies in degrees.

€O CH

trans ~ 0° © 1.508  1.215  1.085
45° . 1.509  1.215 . 1.085
90°  1.512  1.215  1.085
102° 'Potential‘maXimuﬁb
135° - 1.514  1.214  1.085
180°  1.516

o o S
- Energy is relative to trans.

7 Determined from poténcial curve.

1.213 . 1.085

Bond distances are in

Lceco

121.1
121.4

122.7

123.1

123.2

LccH-

o

A,

Energy®

hartrees

116.0 - 0.0

116.0 ~ 0.0053

116.0 0.0116

115.57
115.3 °  0.0094

. 0.0119 -
0.0107.

-1



22-

TABLE ITI. Dipole moments (in Debyes).

) wo

trans 0° 0.0
45° 2,03
90° 3.66
, 135° - : 4.55.
cis. 180° . 479 -
cis? 48

a . R ) . Do,
Microwave experimental result, Ref..27.



.TABLE IV. Glyoxal orbiﬁal energies in'hértrees, These are the

highest occupied molecular orbitals in the ground state..

Trans - : - Gauche ‘ B Cis

Molecular Orbital

(&)

° : ~Molecular Orbital_ € v

v450 Molecular Orbital

90° Fi3s°
56 o -0.7076  s5b ~ -0.7025  -0.6890 -0.6717 6a

6 a o . -0.6580 6a " . -0.6665  -0.6735 -0.6779 5b, o
1a o -0.6041 - 7a -0.5853  -0:5548 ~0.5325 1b, o

6 b om0 -0.5349 . 6b. - -0.5366  -0.553 -0.5805. 65b - n

" 7a Cmo 0 S0.4484 . 8a . -0.4440  -0.4387 . -0.4414  7a  n

180°

.6802

.6593

'EZ'

.5981

i5253

.5239

4456
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in optimized cis and EEEEE glyoxal.

Ropt is the carbon-carbon optimized bond length in cis or trans

glyoxal.

TABLE V. .CO—CO'intochLion and orbital Encrgies.
Ceometrics were analagous to glyoxal optimized
sﬁructures with only RC—C being varicd.? The
carbon-carbon scparation is in bohrs and energics
are in hartrces,

R . = R’ 4.0 5.0 7.0 10.0 30.0
c-C opt ) : ’ S -
Energy —225.1697 -225.3048 -225.3388  -225.3480 - -225.3480 -225.3481
Sal g -0.7375 -0.6738 —0.6340. -0.6180 -0.6156 -0.6142
sz o -0.6045 -0.6097 -0.6134 -0.6154 -0.6155 -0.6142
lb1 1 -0.6549 -0.6260 ~-0.6206 -0.6170 -0.6155 =0.6142
la2 m -0.6010 ~-0.6132 -0.6168 -0.6166 ~0.6155 -0.6142
6a1 n —0.6583 -0.6140 ~-0.5933 -0.5690 -0.5622 -0.5604
6b2 n -0.3643 -0.4774 -0.5270 -0.5576 -0.5617 -0.5604
Energy -225.2582 -225.3229  -225.3455 - -225.3487 -225.3503 -225.3503
Sag o] -0.7201 -0.6733 -0.6322 -0.6173 -0.6168 -0.6161
Sbu o} -0.6673 -0.6267 -0.6179 "=0.6158 -0.6167 -0.6161
la -0.6409 ~0.6234 -0.6199 ~0.6167  -0.6167 -0.6161
lbg Ll -0.5822 -0.6109 -0.6162 -0.6163 -0.6167 -0.6161
6ag n -0.6021 -0.5995 -0.5910 -0.5692 -0.5621 -0.5601
6bu n -0.4149 -0.4900 -0.5318 -0.5584 -0.5617 -0.5601

a : o . :

The 30.0 bohr cis and trans energies diffe; because RC—O is different
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ITAELE Vi}’ ﬁﬁ11iken poﬁulétion;.‘ fﬁé Muliikenwpbﬁulatidﬁ§  |
fof yalénce_glyoxal molecular orbigals éré shq&ﬁ.
brokeu‘down in atomic orbitai types}'JThé vaiues_:

'Jare'for qﬁe of the twoxequivalept éenters:..oxygén,v

~ carbon, or hydrogén..

'trans—Giyoxal’

.
!
|
|

Oxygenm s 0.000 - -~ 0.000 -

P 0.630 0.732 0.818  0:536

Carbon s . 0.004 - ~.0.049 -

P- . 0.192  0.267 - . 0.043  0.464
Hydrogen‘ 5. v;‘ 0.174 v - 0.090 -
cis—-Glyoxal

Oxygen S 0.000 - 0.002 -

P .0.639  0.526 ~  -0.820 = 0.713.

' Carbon S © 0.005 - 0.046 -

P 0.185  0.474  0.040  0.287

Hydrogen S . 0.171 S 0.092 -
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FIGURE CAPTIONS

Figure 1. - CGlyoxal geometries.

Figure 2:»_ Qualitative.represgntqtion.of giyqxél n aﬁd.ﬂ 
molecQ1ar orbitals. The combinaéionvdf éa;bon
andrgxygeh atomip'p orbitals prqduces'n and ﬁ_
orbitéls 1odélized on eaéh_CQ. In a piénarr
dicarbdnfi; the ﬂ”degeﬁcrépy is i§st‘and the
pefpeﬁdicuiar compouénts éombine,in;phase of?

. with opposite phase as indicated by the shadiﬁg.
Figure 3.. Internal rotation potential curve.

Figure 4. . Glyoxal orbital energieé._.BecaQse Ofgthe-reduction
to C2 symmetry in the gggghg_fqrmsf the-n and '
desisnations are inépbfppriate fof‘Other_than'the
‘planar forms. The'redﬁction in:symmétry‘also makes

possible the correlation of cis n orbitals. with

trans T orbitals, etc.

Figure 5. = Interaction of two CO molecules. The breakdown of
localized n and 1 molecular orbital symmetry is
.-indicated by the plots of orbital energies with

" varying CO-CO distance. The CO molecules were

held in a pldnar arrangement, either cis or trans,:
with the C-C-0 angle and C-0 bond length being
those of the analagous optimized cis or trans

-glyoxal structures.
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