J. Phys. Chem. A998,102,8037-8043 8037

UV-Photoelectron, Electron Transmission, and Dissociative Electron Attachment
Spectroscopies of Acetone Oximes

Maurizio Dal Colle and Giuseppe Distefano*
Dipartimento di Chimica, Uniersitadi Ferrara, Via Borsari 46, 44100 Ferrara, ltaly

Alberto Modelli
Dipartimento di Chimica “G. Ciamician”, Uniersita di Bologna, 40127 Bologna, Italy

Derek Jones and Maurizio Guerra
ICoCEA, Consiglio Nazionale delle Ricerche, Bologna, Italy

Paulo R. Olivato and Douglas da Silva Ribeiro
Instituto de QUmica, Uniersidade de SaPaulo, Brazil

Receied: April 21, 1998; In Final Form: June 29, 1998

The conformation and the electronic structure of severhkterosubstituted acetone oximes X{EHz)C=

NOH (X = H (2), F (2), Cl (3), CH3;O (4), C;HsS (5), and (CH)2N (6)) have been determined by means of

a multidisciplinary approach based on ultraviolet photoelectron (UP), electron transmission (ET), and
dissociative electron attachment (DEA) spectroscopies and fully optimized ab initio 6-31G** and MP2/6-
31G** calculations. The vertical ionization energy (IE) and electron affinity (EA) values related to the HOMO
(mc=n) and LUMO (@*c—n) have been determined by teSCF andAMP2 (IE only) procedures. The
compounds studied prefer an an) (configuration between the OH and the £&Hgroup and a gauche
conformation of the €X bond with respect to the double bond, exc2mnd4 for which a syn Z) planar
structure is nearly degenerate with ti@ne. The spectral data, coupled with the results of the calculations,
indicate that the properties of the acetone oximes are mainly governed by the mixing between the orbitals
localized at the X and €N fragments and by electrostatic interactions between hydrogen and the
electronegative atoms. When X has poor donor and poor mesomeric acceptor propetti€sapxd OMe),

the prevailing interaction is the strong charge-transfer mixing of the hydroxyl oxygen lone pair with the
7* =\ Orbital and the X group moves in the main molecular plane.

Introduction between the sulfur lone pair and the ringrbitals. However,
) .~ in the acetonitriles, there is only one rotamer when X is an
For several years we have studied the preferred CornCOrm""t'onelectron-releasing substituent, while in the acetyl derivatives this

of organic carbonyl compounds by means of a multidisciplinary .., only when the substituent has strong electron-withdraw-
approach based on the experimental determination of filled and ing properties. This outcome results from a sort of competition

etmpt%/ Mg )e(nerglg:f antq, n Scl’m? casesl, dOf .'E[Eethmolet(_:ul?r between the two substituents interacting with the sulfur atom.
structure by A-ray difiraction analysis, coupied wi €OreliCal the sum of the interactions produces a delicate geometric

calculat|ons_of geo_mefmcal parameters, orbital energies, andcompromise which can be unbalanced by variation of a remote
charge density distributions. The preferred conformation results . .
substituen? More recently, we have observed thatAsthio-

not only from a balance of mesomeric, charge transfer (CT), S o .

electrostatic, and steric interactions between groups which aregarbo?i/rl]deélva_tlées (YdC(Qt)r? B(o)”Fi’ tn ?ho 2)'. thelorlent?;h

directly bonded, but also from the nature of remote substituents clgrbgnyl(;ro:tp dep(;?] dgN(I)n :ﬁzpiﬁfer:ctioen rg:lcvgeinfhg groeup
hich modify the charge density on the bonding atoms of those ™" i

o ity g ¢ g orbitals of the two fragments (Y(CO) and S¢B) as a function

groups. Thus, the nature of the minimum energy conformation 4 o .
is not always predictable a priori. For example,drhalo- of Y and R fi= 0),* as well as on the electrostatic interactions

genoacetophenones;YCsHisC(O)CHX, we have found that between pairs of oppositely charged atoms O/&(@/C(O)

the para substituent affects the interaction between the-€K and/or C/C(OyS (n = 1° and 2) and on the steric hindrance
and CO groups by modifying the electronic structure of the latter ©f R (0 = 17).

without varying its steric environmeftAn additional example In the present paper, we present the results of a combined
is the comparison of UP and ET spectrawfphenylthioac- experimental (UPS, ETS and DEAS) and theoretical (HF/6-
etones p-XCgH4SCH,C(O)CHs,2 with those ofa-phenylthio- 31G** and MP2/6-31G**) approach to the study of the preferred
acetonitriles,p-XCgH4sSCHCN2 Two groups of conformers conformation of some-heterosubstituted acetone oximes listed
are discernible in the UP spectra of both series of compounds.in Scheme 1. The aim of the present work is to determine the
The conformers differ due to the varying degree of interaction influence of the remote OH substituent on the preferred
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SCHEME 1 (used for calibration of the energy scales), increased to about
HC(5) 0B)~py4) 100 meV. For all samples, the DEA data have been recorded
\ with the same pressure reading ¥210~° mbar, measured in
the main vacuum chamber by means of a cold cathode ionization
gauge). Preliminary measurements showed that the total anion
current reading is proportional to the pressure, at least in the
1075—(4 x 1075 mbar range.
Calculations. The valence orbital energy and localization
properties, the electron charge distribution at the various atoms,
X=1H,2F 3Cl,4 CH30,5CyHsS, 6 (CH3),N and the geometric parameters for compoudds and for
formaldoxime (HC=NOH) were computed at the HF/6-31G**
orientation of the Ch—X bond and to compare the gas-phase level using the Gaussian $4eries of programs. To determine
conformations with the results of recent condensed-phasethe preferred conformation, we fully optimized at the HF/6-
analyse$,which have indicated that the above compounds adopt 31G** level several starting geometries in which the OH group
the E configuration, that all except the fluorine derivative have is syn €, a. = C(6)—C(2)~N(1)—0O(3) = 0°) or anti E, a. =
a gauche conformation, and that there is no intramolecular X- - - 18C°) with respect to the substituted methyl group, the>C

cQ)— N(l)
/ o = C(6)-C(2)-N(1)-0(3)
B = X-C(6)-C(2)-N(1)

X-H,C(6) ¥ = C(2)-N(1)-O(3)-H(4)

H/OH hydrogen bonding. bond lies in the molecular plane cis, § = X—C(6)—C(2)—
N(1) = 0°) or trans {, 3 = 180C) to the double bond or outside
Experimental Section the molecular plane (gauchg), and the hydrogen atom of the

OH group is cis €, y = C(2)—N(1)—0O(3)—H(4) = 0° or trans

UP Spectra. The He(l) photoelectron spectra were recorded t) to the double bond. Only two gauche minima have been
on a Perkin-Elmer PS-18 photoelectron spectrometer connectethptained for the chlorine derivative. These minima, the
to a Datalab DL4000 signal analysis system. The bands, minimum found for the unsubstituted compound, and the four
calibrated against rare-gas lines, were located using the positionyost stable ones for the remaining substituted acetone oximes
of their maxima, which were taken as corresponding to the haye been optimized at the MP2 level. The energy minima are
vertical IE values. The accuracy of the IE values was estimated |gpeled with the symbols appropriate to the values ofath#,
to be better than 0.05 eV (except for shoulders). The assignmentyng, angles, in that order: e.g2F(g,} indicates that in the

of the spectra is based on the composite-molecule approach an¢nsidered minimum of the fluorine derivativ® (the OH group
the substituent effect, using the unsubstituted acetoneokime g anti to the CHF group (), the C-F bond is outside the

and the methyl derivatives of the X substituentsEHCHCI, main molecular planef), and the H/OH atom is trans to the
(CHg)aN, CHsOCH,'* and CHSGHs'* as reference com-  gouple bond§). The vertical ionization-energy values related
pounds. The samples were available from previous stddies. i the HOMO of1—6 were computed with thASCF andAMP2

ET and DEA Spectra. Electron transmission spectroscopy procedures at the MP2/631-G** optimized geometries, while
takes advantage of the sharp variations in the total eleetron the vertical AE values of the LUMOnf* c—y) were obtained at
molecule scattering cross-section caused by resonance processegye ASCF level. In fact, preliminary calculations of the AE
that is, the formation of temporary anion states. The energiesfor the unsubstituted compound at the MP2 level indicated that
(AEs) at which electron attachment occurs correspond to the the electron correlation energy effect is rather small (0.16 eV),
negative of the vertical electron affinities (EAs). Our electron sg that the AE values at this level have not been computed. To

transmission apparatus is in the format devised by Sanche andsaye computer time, the ethyl group Dhas been substituted
SchulZ? and has been previously describédTo enhance the  with a methyl group.

visibility of the sharp resonance structures, the impact energy ) .
of the electron beam is modulated with a small ac voltage and Results and Discussion
the derivative (with respect to the electron impact energy) of  Geometry. The relevant geometrical parameters computed
the electron current transmitted through the gas sample isat the MP2/6-31G** level for acetone oxim#&)( formaldoxime
measured directly by a synchronous lock-in amplifier. The (H,C=NOH), and for the most stable conforme&(g,t)) of
present spectra have been obtained by using the apparatus idimethylamino acetone oximes) are collected in Table 1
the “high-rejection” mod& and are, therefore, related to the together with the corresponding experimental dat# Acetone
nearly total scattering cross-section. The electron beam resolu-oxime prefers a&Cs, symmetry, where H(9) and H(4) adopt a
tion was about 50 meV (fwhm). The energy scales were trans conformation, while H(11) prefers a cis one with respect
calibrated with reference to the {25%)2S anion state of He.  to the G=N double bond (see Scheme 2). The X-ray structure
The estimated accuracy #5 0.05 or+ 0.1 eV, depending on  of 1 was obtaineH for a planar trimer having fairly strong
the number of decimal digits reported. intermolecular OH- - -N, bonds and the geometric data déeViate
In our apparatus the collision chamber has been modified in from accepted average crystallographic vatfe©n the other
order to allow for ion extraction at 90with respect to the hand, the computed data agree with the computed and experi-
electron beam direction. The collision chamber is divided into mental values for formaldoxime and dimethylaminoacetone
two-half-cylinders which can generate an extraction field of oxime (see Table 1). The latter compound, in particular, prefers
about 0.45 V/cm. lons are then accelerated and focused towardan anti configuration where the Me¢—C bond is outside the
the entrance of a quadrupole mass filter. A more detailed main molecular plane (gauche conformation). The molecular
description is reported in ref 15. Alternatively, the two halves residue is planar, the torsion angle C{&)(2)—N(1)—0(3)
of the collision chamber can be electrically shorted, with no (—0.08) having a value close to the X-ray one@.04).8 The
voltage applied, to collect the total anion current, which is angles around the amino nitrogen are about lit@icating an
measured with a Keithley 485 picoammeter. The present DEA evident pyramidization, in agreement with experimental data.
data were obtained with an electron beam current about 4 timesThe present calculations, therefore, accurately reproduce the
as large as that used for the ET experiment. The energy spreadjeometry of this class of compounds and can be used to analyze
of the electron beam, as evaluated from thg Sftgnal in Sk differences caused by the substituents.
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TABLE 1: Theoretical (MP2/6-31G**) and Experimental Bond Distances (A) and Angles (deg) for Oximes

acetoneoxime

formaldoxime M —acetoximel(g,1)]

Th X-ray? X-ray? Th MWwe Th X-ray
N(1)=C(2F 1.291 1.29 1.280 1.284 1.276 1.291 1.278
N(1)—0(3) 1.420 1.36 1.418 1.409 1.408 1.417 1.400
O(3)-H(4) 0.966 0.966 0.956 0.966
C(2)-C(5) (H(5)) 1.500 1.49 1.084 1.085 1.497 1.484
C(2)-C(6)(H(6)) 1.498 1.55 1.501.51 1.079 1.086 1.501 1.500
N(12)-C(6) 1.461 1.469
N(12)-C(13) 1.456 1.470
N(12)-C(14) 1.458 1.465
N(1)—O(3)—H(4) 101.10 111 101.81 102.7 101.202
C(2)-N(1)-0(3) 110.04 111 109.92 110.2 110.288 1125
N(1)—C(2)—-C(5) 123.41 131 122.69 121.8 124.615 125.2
N(1)—C(2)—C(6) 116.15 113 116.28 115.6 115.547 115.6
C(2)-C(6)-N(12) 110.852 113.6
C(6)-N(12)—C(13) 110.415 108.8
C(6)-N(12)—C(14) 110.594 111.4
C(13)-N(12)—(14) 110.225 109.6

aFrom ref 18.° Average crystallographic data for oximes from ref 18licrowave data from ref 19 From ref 8.6 See Scheme 1 for atom

numbering.
SCHEME 2
/}{(9) H(8)2;{(7)
H® ~ e
H) ®s) H©)—C(5) 0B)—pa)
C(2)=—=N(1) C(2=—N(1)
HA0)— 03 C(6)
C(6) (3) X(7H(/10)\

/
H(ll)xX H(4) H(11)

Z(gc) E(g1)
H(®) H(9)
H(Me= ¢(5)
(," C(2)==N(1) Z(t1)
X\*C(Q ..o H®)
H0) HAOD

The value for the dihedral angles 3, andy for compounds

TABLE 2: Relative Energy (kJ mol~1) and Selected
Dihedral Angles (deg) for Different Structures of Substituted
Acetoneoximes XCH(CH3)C=NOH at the MP2/6-31G**
Level

X structures AE od p y
2(F) E(g,H° 133 1767 1287 177.5
Z(t,H 0.00 0.0  180.0 180.0
E(c,9) 12.39 180.0 0.0 180.0
Z(g,9 27.43 31 -523 235
3(Cl) E(9.Y 0.00 1787  116.8 179.4
Z(g,t) 5.14 0.4 99.3 -—179.6
4 (MeO) E(9.9 0.00 1778 1255 178.2
Z(tt) 0.00 00  179.9 180.0
E(c,9) 15.25 180.1 —-04 180.0
Z(9,9 17.10 30 -55.9 26.6
5 (SMe¥ E(9.Y 0.00 179.8  111.8 179.6
Z(g, ¢ 1.94 -05 —925 179.4
Z(g,b° 2.99 0.0 786 —179.3
E(c,9) 5.95 180.0 0.0 180.0
6 (Me:N) E(g.9 0.00 1784 1223 179.0
Z(9.9) 5.63 04  109.9 179.6

aThe anglesy, 8, andy are defined in Scheme 1 The labels for
the minima have been defined in the Experimental Sectide
represents a Cfgroup; to save computer time, the calculations were
carried out on the SCHderivative instead of the SBs one.? The
two Z(g,!) structures ob differ for the orientation of the Me/SMe group
(C(1)—-C(6)-S—Me = 187.0, lower energy configuration, or 68/

ll) (dO(S—H(IO,ll)% 2.53 A, Jo ~ —0.55 e,0n ~ 0.15 e) and

2—6 are listed in Table 2. The minima are labeled with the X- - -H(7,8) (Ux—nz.8)~ 2.67 A,go ~ —0.65 e,gr ~ —0.42 ¢,
symbols defined above, and their relative energy is quoted. In g4 ~ 0.14 e) and from a reduction of tlg_x/cy mixing when

general, the most stable minimum Eg,t) (see Scheme 2)
except for2, which prefers a trans conformatio@({t), see

the substituent contains a highly electronegative second-row
element such as fluorine and oxygen. In fact, theGMe and

below). TheE(g,) minimum is stabilized by crossed charge C—F filled MO’s lie deepet® and the corresponding virtual
transfer (CT) interactions between the orbitals localized at the orbitals are much high&2* in energy than those of the
C—X and the double bonds, which favor the gauche conforma- corresponding third-row derivatives.

tion.
between the negatively charged oxygen atoggm~« —0.53 e)
and one or two hydrogen atontg(= +0.17 e) of the syn CH
group which are away from O(3)d§-o = 2.5-2.6 A), less

It is further stabilized by an electrostatic interaction

An additional structure peculiar to second-row substituents
is Z(g,0) (see Scheme 2). ltis the only minimum in which the
H(4) atom @n ~ 0.14 e) is cis to the double bond because of
a strong electrostatic interaction with X~ —0.42 (F) and

than the sum of the corresponding van der Waals radii (2.72 —0.65 (O) e;dx—n@) ~ 1.85 A). The severe X/H(4) steric

A)_19
The Z{,t) minimum has the same energy B®,t) in 4 and
is slightly (1.33 kJ/mol) more stable 2 The change of the

hindrance, however, pushes the two atoms out of the main
molecular plane in opposite directions-§4° (X) and +25°
(H(4)). The value of the X---HO angle (145-146), the

relative energy of the two minima with respect to compounds increase of the ©H distance (0.9732) and 0.9784) A) with

3, 5, and 6 derives from the activation in th&(t,f) structure

respect to th&(g,1) structuresqo-n = 0.966 A @ and4)), and

(see Scheme 2) of the electrostatic interactions O(3)- - -H(10, the short X- - -OH distance (ca. 2.71 A) indic&t&the presence
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Intensity (a. u.)

IE (eV)

Figure 1. Photoelectron spectra of substituted acetone oximesXCH
(CH3)C=NOH (X = H (1), F (2), CI (3), CH;O (4), C;HsS (5), and
(CHa)2N (6)).

of intramolecular hydrogen bonding. However, owing to the
high energy (and low population) of tl#g,c) structures with
respect to theE(g,t) ones (see Table 2), no experimental
evidence is expected for this intramolecular interaction, in
agreement with IR data in diluted solutiohsThe rotation of
the OH group out of the main molecular plane, however,
decreases the stabilizing*cn ~— oxygen lone pair (@) CT
interaction contributing, together with the X/H(4) steric hin-

Dal Colle et al.

TABLE 3: Valence Region Experimental IE Values (eV) for
Compounds 1-6 and Reference Molecules 2a6a, and
Corresponding Data Computed for Compounds +-6 at
Different Levels Using the 6-31G** Basis Set:
HF-Koopmans (KT), HF-ASCF, and AMP2

Xipr =N Np Xip2
1 CHy(CHs)C=NOH exp 9.60 10.25
KT 10.01 11.62
ASCF 8.47
AMP2 9.42
2 FCHy(CHs)C=NOH exp a 10.15 10.65
Z(t,) KT 10.46 11.98
ASCF 8.94
AMP2 9.83
E@g.) KT 10.55 12.10
ASCF 9.03
AMP2 9.93
2a CHgP? exp 13.04 13.04
3 CICHy(CHs)C=NOH exp 11.26 9.96 1055 11.26
E(g.9) KT  12.02 1050 11.92 12.38
ASCF 8.93
AMP2 9.76
3a CHsCIP exp 11.29 11.29
4 MeOCH(CH)C=NOH exp 9.92 992 103  11.85
E(g,?) KT 11.82 10.19 11.66 13.38
ASCF 8.59
AMP2 9.51
Z(t,1) KT 11.87 10.07 11.62 13.47
ASCF 8.49
AMP2 9.49
4a (Me)0P exp 10.04 11.91
5 EtSCH(CH3;)C=NOH exp 8.53 9.52 10.25 10.97
E(g.) KT 930 10.10 11.82 12.12
ASCF 7.69
AMP2 8.39
a EtSM¢e exp ~8.5 ~11.0
6 MeNCH)CH)C=NOH exp 846 9.3 10.15
E(g.) KT 989 1010 11.63
ASCF 7.53
AMP2 8.42
6a MesNP exp 8.44

2The R, bands have not been identified in the spectferom ref

drance, to the large energy increase with respect to the absoluté0- ¢ Average data from (Ch),S (8.67 and 11.2 eV) and {8s),S (8.44

minimum (see Table 2).

Finally, the low-energy minimum common to all the deriva-
tives (excepB) is E(c,t) in which the heterosubstituent lies in
the main molecular plane cis to the double bond. Hjet)
minimum has a relatively high energy with respect to the most
stable structure, except Bi(AE = 5.95 kJ/mol) because of a
CT interaction between the HOMO of the planapHzsS
fragment ($) and ther* c—y orbital. TheZ(g,c) and theE(c,?)
minima have been also observed for the NgHlerivative at
the HF/6-31G** level.

UP Spectra. The low IE region of the UP spectra of
derivativesl—6 is presented in Figure 1. The IE values lower
than about 12 eV are collected in Table 3 together with the
corresponding HF/6-31G** MO energies (KT), the first IE
values computed with thASCF andAMP2 methods, and the
relevant data from the spectra of the reference compo2ads
6a. The two bands present in the low IE region of the spectrum
of 1 were ascribetito thezrc—y (9.60 eV) and the nitrogen lone
pair (N, 10.25 eV) MO'¢’, the former with a partially resolved
vibrational structure being slightly more intense. Eigenvector
analysis indicates that both MO’s are mixed with the appropriate
Oyp orbital of the OH group.

The corresponding bands in the spectra2efs, occurring
between 9.5 and 10.65 eV, show the stabilizing inductive effect
exerted by the substituent when X Cl, CH3;O, and F (see
Figure 1). Eigenvector analysis shows contributions from the
X-group orbitals which are larger for substituents containing
third-row elements and smaller for the more electronegative

and 10.7 eV, ref 11).

groups, in agreement with the above-mentioned decrease of the
mc=nloc-x hyperconjugative interactions for the latter.

The spectra also exhibit the band(s) related to ionization from
the X heteroatom lone pair(s) at nearly the same energy as in
the spectra of the corresponding reference compounds (see Table
3), indicating that the inductive stabilization caused by the oxime
fragment is nearly balanced by orbital mixing.

The use of Koopmans’ Theorem (IE —¢;)? to reproduce
the energetics of the molecular ionization processes involves
two approximations: namely, the neglect of electron relaxation
energy and the change in electron correlation energy associated
with the removal or the addition of an electron. In the following,
we present a simple estimation of the change in each of the
above-cited energies independently from each other, along the
series1—6. We assume that the chemical systems under
consideration can be described by a single Slater determinant
wave function, even in the ionic states. Because of the crude
approximation and of the small basis set used in our approach,
we do not attach any quantitative meaning to the data reported
below. Their trends, however, are in line with the present
experimental evidence and with other spectroscopic properties
of the studied compounds.

The ASCF procedure between the neutral optimized ground
state and the positively ionized state at the neutral molecule
geometry provides the value for the vertical ionization energy
in which electron relaxation is taken into account. The
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computed (IE) values, therefore, when compared with the L — T T
experimental ones (IE), provide information on the difference 1
between the electron correlation energyE(,) of the neutral |

and cation states. In fact, IE IEy, (see Table 3), indicating
that the neutral system has a larger correlation energy than the
positive ion, as generally assumed, and that the neglect of
electron correlation energy is the dominant error in the computed
values. As reported above, the HOMO of compouhesgl is
mainly localized at the double bond with a sizable contribution
from the Q, orbital and a variable one from the-&X group,

the latter contribution being the largest f&r In 3, therefore,

the region of space shared by the electrons in the double bond
and those on the X substituent is larger than in the other three
derivatives (the F atom, in fact, lies in the main molecular plane
and the H and O atoms are smaller than chlorine). In other
words, theAE.qr between the electrons of the double bond and
those of X is the largest i8. This naive picture requires a
larger reduction oAE.qr upons-ionization for3 than for the
other derivatives. This expectation is in agreement with the
observed trend of the IE |Ey, differences, namely, Cl (1.03)

< H (1.13) < F (1.21) < O (1.33 eV) (see Table 3).

The first IE value forl—6 is closely reproduced by estimating : .
the correlation energy at the simple MP2 level (see Table 3),
the deviation being smaller than 0.4 eV. We have previously
observe8?? that ground-state ab-initio calculations reproduce Figure 2. Derivati_ve of the transmitted electron current for the gas-
IE values more closely forr MO‘S than for lone ’pair MO'’s, pcrﬁai)ea;%&%msné%%iﬁaw X=H(@®).F@.Cl@)
the latter being computed, in the Koopmans’' theorem ap-
proximation, to be too stable by—P eV. This different TABLE 4: Resonance and Peak Energies (eV) Measured in
behavior has been tentatively ascribed to the larger electronthe ET and DEA Spectra, Respectively, of the
relaxation accompanying ionization from a localized AO than @-Heterosubstituted Acetone Oximes XCH(CH3)C=NOH (X
from a delocalizedr MO. Electron relaxation is taken into 1 (1) F (), €1 (3), CHO (4), CoHsS (5), and (CHy)N (6)
account byASCF calculations, where@dviP2 calculations take DEA
into account both electron relaxation and the correlation energy ET fragment anion current total anion current
so that to a first approximation a comparison between the KT, compound AE  fragment peak energy relint peak energy relint
ASCF, andAMP2 |E values could shed some light on the 1 201

Derivative of Transmitted Current (Arb. Units)

Elcctron Energy (¢V)

validity of the KT approximation. The data of Table 3 indicate 2 148 F 1.38 100 1.26 12
that the variation of electron correlation, as measured from (M—F)~ 1.02 60
(AMP2 — ASCF), increases the IE values by about 1 eV while M™ 128 22

. CH,CN 1.38 8
the electron relaxation (KF ASCF) decreases the IE values 3 102 CF 0.82 0.88 100
by a similar amount (1.5 eV) for the-ionization, so that the 3.2
Koopmans' approximation provides good IE values. On the 4 1.63 (M-OCH)~ 1.44 100 1.50 2
other hand, as expected, the electron relaxation is larger for lone OCHs~ 1.72 37.5
pair ionization, so that the KT values are in poor agreement ,\CAHZCN i'gi ig 5
with experiment. The electron relaxation for lone pair orbitals 5 1.46 SGHs~ 1.30 100 1.18 20
does, in fact, increase with the heteroatom hardness. Indeed, 3.4 (M-SGHs)~ 1.07 66.5

M- 1.33 2

the difference between KT and experimenta) ¥ values
increases in the order S, Cl (ca. 08)N (1.43)< O (1.9 eV).

ET and DEA Spectra. The electron transmission spectra 2 The relative intensity values reported for the fragment anion currents

of acetone oximes—6 are shown in Figure 2, and the measured represent the relative heights of the signals observed within each single
' compound, whereas the relative intensities reported for the total anion

vertical electron attachment energy (AE) values are reported in ¢, irents represent the ratios among the signals measured in the various
Table 4. The sharp resonance at 2.01 eV in the spectrun of compounds with the same vapor pressure. M represents the neutral
is ascribed to electron capture into thiec—y MO, considering molecule.

that the corresponding*c—n AE occurs at 1.29 eV in diert-

6 1.78

butylimine ¢-Bu,C=NH)30, that replacement of theert-butyl derivative, respectively. The peculiar trans orientation of the
groups with methyl groups desatabilizes tiie—o MO by 0.32 substituent in compound (X = F) agrees with total energy
eV 20:31and that the OH group destabilizes adjacenorbitals calculations and solution dafa(In solution, however, thé&

by ca. 0.5 e\?* In Figure 3 the HF/6-31G** (KT) energies  configuration predominates also ) The stability of ther* —

and the vertical AE values (AfEcomputed byASCF calcula- n MO increases with the (second-row) substituent electronega-
tions for the 7*c—n levels are reported together with the tivity in the seriesl < 6 <4 < 2. The further increase observed
experimental AE values. For compour2i$X = F) and4 (X when the X substituent contains a third-row element is ascribed
= MeO), the computed LUMO energies for the two nearly to a largermz*c—n/0* c—x mixing, in agreement with previous
isoenergetic structuredt,t) andE(g,t) are shown. A compari-  observations on carbon¥f® aromatic3132224and heteroaro-

son with the experimental trend suggests that the preferredmatic® derivatives. The large stabilization observed going down
conformations aré(t,t) andE(g,t) for the fluorine and oxygen  the groups, despite the electronegativity decrease, indicates that
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163 XCH2(CH3)C=NOH (X = F (2), CI (3), CHsO (4), and GHsS (5)):
te——. 148 146 (@ X 7, (b) M—X)~, (c) M~, (d) CH.CN~, where M represents the
) — neutral molecule).
%, 1.02 . .
1 e derive from rupture of the €X bond, the (M-X)~ anion
Figure 3. Correlation between experimentat) and computed (KT appearing about 0.3 eV lower in energy than the corresponding
(- - -) andASCEF ¢-+)) * AE values for acetone oximes XGHCH;)C= X~ anion. The relative abundance of Xncreases with the
NOH (X = H (1), F (), CI (3), CHsO (4), C:HsS (5), and (CH)N atomic number of the heteroatom of the substituent, i&ling
(6)). The computed values refer to tBé€g,t) structure unless otherwise

the only ion observed in the chloroderivative, while a variety
of negative fragments are present in the spectra of the fluorine,
the C-X bonds (X= CI and SCH) are significantly outside oxygen, and sulfur derivatives. Formation of the flagment
the main molecular plane, in agreement with the conformational is the result of intramolecular transfer of the electron captured
results reported above. The difference KTASCF is nearly by the double bond to the X moiety. Table 4 shows that X
constant (1.45- 0.1 eV), indicating that the electron relaxation production increases by more than 1 order of magnitude on
energy does not depend on X. The LUMO, in fact, derives going from2to 3 and from4to5. This electron transfer implies
from the mixing of the emptyr* c—n ando*c—x orbitals with a * c=nl0* c—x mixing. The DEA spectra, thus, confirm the
fairly constant charge-transfer contribution from thg @bital. theoretical results which predict the gauche conformation as the

Preliminary calculations of the verticat* AE for the most stable one for the third-row (S, CI) derivatives with large
unsubstituted compound at teMP2 level indicate that the  heteroatom participation in thef LUMO. As a final comment,
electron correlation energy effect is rather small (0.16 eV), so it can be noticed that detection of the molecular anion (which
that AE values at this level have not been computed. Therefore,implies a survival time of the order ofids) at an energy higher
the sizable difference between the theoretical and the experi-than 1 eV is rather unusual. To ascertain if the molecular anion
mental values (ARscr) — AE(exp) ~ 1.4 €V) is likely due to can be stabilized by three-body collisions in our experimental
the lack of basis-set flexibility, which is difficult to improve  conditions, we measured the signalstde = 19 (F) and 91
given that the inclusion of diffuse functions in the attempt to (M™) in the fluoroderivative by increasing the sample pressure
better describe the extra electron does not lead to reliableup to 4 times. The ratio between the two signals, however, did
results3®* LCAO methods are, thus, unable to reproduce the not change. The relative abundance of Mith respect to the
absolute values of negative electron affinities and allow only total ion current seems to indicate that the lifetime of the
comparison between experimental and theoretical tréhds. molecular anion increases for derivatives with smatil o*

The temporary anions formed by resonant electron attachmentmixing.
normally decay via ejection of the extra electron, but they can
also dissociate when suitable energetic conditions exist. In this conclusions
case, the two processes compete with each other, the former
decay channel being kinetically favored for higher lying anion The most stable conformations @fheterosubstituted acetone
states because of their shorter lifetime. Figure 4 shows the 0xXimes1—6 have been determined by MP2/6-31G** calcula-
negative ions formed by dissociative electron attachment in the tions. For1, 3, 5, and 6 E(g,!) is the most stable structure,
0—4 eV energy range. The peak energies and the relative While for 2 and4, it is nearly degenerate with(t,t). The high
intensities are collected in Table 4. The dimethylamino and €lectronegativity of the F and MeO substituents is responsible
the unsubstituted compounds, which have the higher lying anionfor both the occurrence of th&(t,t) minimum, which is
states, do not give rise to negative ions. The total anion currentstabilized by strong electrostatic interactions, and the relative
associated with ther* resonance increases by an order of destabilization of thé(g,) minimum due to the reduction of
magnitude on going from the fluorine to the chlorine derivative the Xir hyperconjugative and charge-transfer interactions.
and on going from the oxygen to the sulfur derivative (see Table  The variation of thes/z-orbital mixing along the series is
4). The anion peak energies parallel those of the resonanceghe main factor determining the main spectral features of this
observed in the ET spectra, being shifted about 0.2 eV lower class of compounds. When the experimentaly IE values
in energy for the reason mentioned above. Most of these anionsare compared with those obtained by tN8CF procedure, a

indicated.
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trend for the variation of the electron correlation energy upon

ionization is obtained (Ck H < F < O), which is in agreement
with the variation of the Xt orbital mixing along the series. A
comparison between the KIASCF, andAMP2 |E values
indicates that the relaxation energy accompanyipgdoxization
increases with the heteroatom hardnessy Sl <N < O. On

the other hand, the AE values clearly show the importance of

the 7* c=n/0* c—x mixing for third-row derivatives. While a
comparison of the experimental AE trend with the results of
the calculations indicates th&i(t,t) and E(g,t) are the most
probable candidates for the lowest energy structur@sawid 1
and 3—6, respectively, in agreement with the results of the
calculations. The relative abundance of the Xagment
deriving from electron capture in the*c—y LUMO increases

in the order H, (CH),N < CH30 < F < C,HsS < Cl, that is

by increasing the mixing between the X and thesIT group
orbitals.
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