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Quantum Chemical Investigation of Structures, Rotational Barriers, and Vibrational
Spectra of the Rotamers of Ethyl Nitrite (CH3CH,ONO)
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Ab initio and density functional (DFT) methods were used to investigate the rotamers of ethyl nitrite. The
potential energy surface for rotations around the@and the N-O bonds was calculated at different levels

of theory. From the four geometrically possible conformers, only three were found to be stable when correlation
effects are taken into account in the calculations. This result is consistent with a microwave study of Turner
(J. Chem. SocFaraday Tran2 1979 317.) as well as with the presented IR spectrum of matrix-isolated
ethyl nitrite which clearly distinguishes three different=® stretching modes. A simulated IR spectrum
generated from the results of the DFT calculations is in good agreement with this matrix spectrum and allows
us to tentatively assign groups of frequencies.

Introduction cis—trans conformer (cis with respect to the-® bond and
trans with respect to the-€0 bond) corresponds to the most
stable form followed by the trarggauche and the ciggauche
conformers. Microwave spectroscopy revealed the only evi-
dence for three conformers of ethyl nitrite, wherea$*l&nd

MR1112 gpectra allowed only the assignment of the cis and
trans form with respect to the-NO bond.

At a first glance one would expect that the energies of all
four possible conformers are very close to each other. An
explanation for the experimental findings discussed above is
therefore needed. State-of-the-art quantum chemical methods
é)ffer an attractive possibility to gain additional insight into the
ground state properties of this molecule. To our knowledge
no quantum chemical study of the ground state of EtONO has
yet been published. We have therefore decided to carry out
guantum chemical calculations of EtONO with the aim to
identify the stable isomers of EtONO, to estimate their relative
energies, and to provide information about their IR spectra.

We have calculated potential energy surfaces with respect to
the dihedral angleso—n-o-c andzy-o-c—c at different levels
of theory to locate all possible stable conformers. By applying
MP2, as well as density functional methods, possible effects of
electron correlation have been studied. Relative energies of
stable conformers have been calculated using extensive quantum
chemical methods. Vibrational spectra of all stable conforma-
tions in the electronic ground state have been determined at
An NMR investigation of Lazaar and Badérevealed relative the BLYP, B3LYP, and MP2 |evels of theory. On the basis of

stabilities which were in agreement with the original suggestions the f_requenmes determined by means Of. the BLYP density
by Tarte. Also by means of NMR spectroscopy, gas-phase, andfunctlonal _method, an IR spectrum of a mixture of the stable
solution-phase thermodynamic parameters had been determine(‘jonform""tIons has been S|mu[atgd and compared to a recently
for several alkyl nitrited? According to these data, methyl fecorded IR spectrum of matrix isolated EtONGn argon at
nitrite is clearly in the cis conformation for a wide range of OW temperature.

temperatures while ethyl nitrite (EtONO) should be found in

the cis form at low temperature but in the trans conformation Methods of Calculation

at room temperature due to entropic effects.

Alkyl nitrites (R—ONO) exist as a mixture of cis and trans
(syn and anti) conformers. In the case of the smallest nitrite,
nitrous acid (HONO), the trans form has been found to be the
more stable conformér? Already in 1952 Tartéhas suggested
that the gas-phase infrared (IR) and ultraviolet (UV) spectra of
alkyl nitrites can be explained as caused by a mixture of cis
and trans conformers. From these spectra information about
the more stable conformers could be extracted. According to
this study, the cis conformation should be more stable in the
case of methyl nitrite (CEODNO) while for highem-alkyl nitrites
the trans conformer has been proposed to be the more stabl
form. The stabilization of the cis conformation of methyl nitrite
had been attributed later to the formation of internal hydrogen
bonds* The cis conformer of methyl nitrite was also found to
be the more stable form in microwave and matrix IR experi-
ment$®as well as in photofragment yield spectra in a supersonic
jet.”

On the basis of NMR experiments, Piette et had proposed
opposite relative stabilities fan-alkyl nitrites. According to
their data, the trans form should be stabilized in the case of
methyl nitrite, whereas the cis form should be the more stable
conformation in highen-alkyl nitrites. Piette’s suggestion was
supported by an investigation of Phillips ef’allhe interpreta-
tion of Piette et al. was however doubted by an NMR
investigation of a series of alkyl nitrites by Brown and Holfis.

. . o All calculations were performed with the Gaussian'®4
Using microwave spectroscopy, Turhewas able to detect  ,55ram. The used AO basis set is the 6-31G** basis of Pople
three conformers of ethyl nitrite. From relative intensities in - 54" ~5_.workerd™1® The Gaussian 2 theory (with MP2:

spectra recorded at room temperature, he concluded that thebZMPZ)?O’Zlas well as the complete basis set theories (CBS-

4, CBS-q and CBS-®23was used to estimate the relative
* Author or to whom correspondence should be addressed. Presentenergies of the conformers. These methods try to extrapolate
address: Biochemisches Institut, Univeisifdrich, Switzerland. . . ' . .
E-mail: nonella@pci.unizh.ch. the errors inherent in the calculation, for example by scaling

€ Abstract published ilAdvance ACS Abstractguly 1, 1997. the frequencies empirically. Thereby, it is in most cases possible
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Figure 1. AML1 optimized structures of the rotamers of ethyl nitrite.
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Figure 2. Two-dimensional PES of ethyl nitrite calculated at the HF/  Figure 3. Contour plots of the PES of the 18080 region. (a) A
6-31G** level of theory. local energy minimum is predicted at the HF/6-31G** level. (b) A

transition state is predicted at the MP2/6-31G** level.

to extrapolate thermodynamic functions to an accuracy of 10
kJ/mol for CBS-4, 9 kJ/mol for CBS-q, 5 kJ/mol for CBS-Q,  consideration of correlation effects, thus, reveals only three
and 8 kJ/mol for G2ZMP2. Occasionally, these procedures are staple conformers which agrees with the experimental findings.
described as “model chemistries”. For the DFT calculations,  Geometrical parameters for the stable conformers determined
the BLYP*#% and B3LYP®? functionals were used. The gt gifferent levels of theory are depicted in Table 1. We will
quantum chemlcally derived cartesian for_ce constant matrix Was qnfine our discussion to the bond lengths of the NO single
then read into the program GAME®Swhich was employed 414 double bonds. In agreement with experimental values found
to compute normal modes, force constants of internal coordi- j, methyi nitriteé®2 MP2 and B3LYP calculations predict a longer
n_ates_, total energy d|str|but|_ons in _order _to assign the normal N=0 double bond-¢+0.01 A) and a shorter NO single bond
vibrations?°30 and frequencies of isotopically labeled com- (~—0.02 A) for the N-O%s isomer compared to the NOtans
pounds. IR spectra from the results of the Gaussian 94 isomer. The same result was already predicted in an ab initio
calculations have been generated with the program G92Td5pec. gcp study on methyl nitrité. The stabilization of the cis
conformer had been attributed to the formation of internal
hydrogen bonds between methylene protons and the terminal

Geometries and Energetics. Four isomer of ethyl nitrite —N=0 group?
can be expected with cis and trans configurations with respect Besides small differences in the bond lengths of theQZ
to the O-N and C-O bonds. Energy optimization by means N—O, and N=O bonds of the cis and trans isomers, our
of the semiempirical AM1 method reveals the four isomers calculations predict significantly different force constants for
depicted in Figure 1. the N=0O bonds of the cis and trans isomers. The trans isomer

A potential energy surface with respect to the two dihedral is predicted to have an=NO force constant which is by 0-7
anglesto—n-o-c andtny—-o-c—c calculated at the HF/6-31G** 0.8 mdyn/A larger than those found in the two cis isomers. All
level of theory is presented in Figure 2. In agreement with the these findings are consistent with a resonance model. The
semiempirical calculations, energy minima are found for validity of the resonance model was, however, questioned by
combinations oto—n-o-c andtn—o-c—c of (0,180) (cis-trans), Wiberg and co-workers on the basis of results obtained for
(0,90) (cis-gauche), (180,90) (trargauche), and (180,180) formamid and small carbonic acids and their methyl estets.
(trans-trans). A more detailed presentation of the tratians On the other hand, recent results of Fogarasi and Szalay on
minimum is given in Figure 3a. At this level of theory, a very formamide using coupled cluster calculations support the
small barrier for a transtrans— trans-gauche isomerization ~ resonance modé?. The validity of the resonance model, thus,
of only about 1.1 kJ/mol is calculated. The existence of four is the topic of ongoing discussions. Such resonance structures
rotamers, however, disagrees with experimental findings of only would favor the formation of an internal hydrogen bond in the
three conformers in microwave investigatibhand only two N—O¢s conformers and thus give an explanation for the
species by IR spectroscoplf or in NMR investigationg1.12 stabilization of this conformer and its experimentally found
Upon inclusion of correlation effects at the MP2 level, the higher rotational barrier. Evidence for differences in the electron
minima for the conformations cisgauche, cistrans, and density between the groupsCH, and G=N— in the different
trans—gauche are retained while the trarisans conformation isomers can be drawn from the Mulliken overlap population
corresponds to a saddle point as presented in Figure 3b.matrices. At the B3LYP level, this overlap population is

Results and Discussion
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TABLE 1: Optimized Structural Parameters of the Isomers cis—trans and cisgauche— trans-gauche isomerizations
of Ethyl Nitrite # correspond to simple rotation around either the@ or the
HP? MP2 B3LYP expt3 N—O bonds, respectively. The corresponding torsional barriers
cis—gauche determined at the MP2 level are 7.6 and 53.3 kJ/mol. The third
Foon 1.325 1.399 1.401 possible isomerization corresponds to the reactiontcés—
=0 1.163 1.210 1.191 trans-gauche and is associated with a simultaneous rotation
rc-o 1.432 1.445 1.451 around the €0 and N-O bonds. The barrier for this reaction
E)Cr:lco 11%88 11-15‘-'11% 1115335 at the same level of theory has been calculated to 52.3 kJ/mol.
CON 119.3 116.0 117.1 Structural parameters and energies of these three transition states
CONO 05 0.1 0.2 are listed in Table 3. Only very small effects on the-@,
CCON -82.2 -83.2 -85.7 N—0O, and N=0O bond lengths are found during a rotation around
u[D] 2.437 2.250 2.317 2.221 the C-O bond. Rotation around the-ND bond, however,
E+2820 —0.7144912 1.5357122 —2.3325845 causes an elongation of the-XD single bond of about 0.61
cis—trans 0.02 A and a shortening of the=xD double bond of ca. 0.02
Fo-n 1.323 1.395 1.395 A. Originally present mesomeric structures which strengthen
'n-o 1.163 1211 1.193 the N-O bond and thus cause a high barrier for a rotation
rc-o 1.430 1.447 1.448 : )
fooc 1513 1511 1517 around the N-O bond are weakened during such a rotation.
ONO 115.4 114.2 114.5 Two clearly different rotational barriers of approximately 8
CON 118.3 115.2 116.2 and 0.8 kJ/mol for a rotation of the methyl group had however
ggg‘N) %300 0 (i-go o %go 0 been found in cis and trans methy! nitrite, respectivélythese
: : ; findings suggest that the rotational barriers around theOC
u[D] 2.508 2.332 2.425 2.306 . o
E4282.0 —0.7163234 —1.5362789 —2.333454 4 bond need some further investigations.
trans-gauche Microwave spectra of ethyl nitrite also allowed the investiga-
Foon 1.337 1.419 1.422 tion of several isomerization reactions which all involve rotations
=0 1.157 1.200 1.181 around the &O bond!3® Barriers between 16.8 and 50.4 and
fe-o 1.424 1.445 1.442 of 9.6 + 2.9 kJ/mol had been assigned to the isomerizations
o 115’113 11%% 11155%) cis—gauche — cis—gauche and cistrans — cis—gauche,
CON 1119 109.0 110.4 respectively, and 1. 0.1 and 3.1 16.8 kJ/mol for transitions
CONO 178.1 177.7 178.7 trans—gauche— trans-gauche with either a trandrans or a
CCON -87.6 -102.9 -108.4 trans-cis transition staté3 In agreement with the findings in
u [D] 3.164 2.487 2.627 2.50 methyl nitrite, a higher torsional barrier has generally been found
E+282.0 —0.7144612 —1.5336956 —2.3318348 in conformers having a cis conformation with respect to the
trans-trans N—O bond.
;(,3:2 iig; Our calculated barrier of 7.6 kJ/mol (MPRvel) for the cis-
I’cjo 1424 trans— cis—gauche isomerization agrees well with the corre-
Feec 1513 sponding experimental values of methyl nitrite and ethyl nitrite.
ONO 111.6 For the cis-gauche— cis—gauche isomerization a barrier of
CON 111.7 43.0 kJ/mol is calculated assuming a “efsis” transition state.
gggﬁ 138-(1) Ag{_ain, the calculated batrrier is very clgse with the experimental
4 [D] 3.170 estimate. In the case of the trans isomer (tregeuche—
E-+282.0 —0.7143753 trans-gauche), the agreement with experimental data is less

_satisfactory. Barriers of 4.1 and 15.8 kJ/mol are calculated at

aBond lengths are in angstroms, bond angles and dihedral angles Nthe MP2 level for transition states of “traprans” and “trans
degrees, energies in atomic units, and dipole moments in debis.

— Hartree-Fock. cis” structure, respectively, which are clearly higher than the

approximately zero in the case of the traigguche isomer but experimental estimates.

sums up to 0.02 and 0.026 in the case of-tians and cis In methyl nitrite MP2 calculations predict torsional barriers
gauche isomer, respectively. of 8.6 and 2.3 kJ/mol for a rotation of the methyl group in the
From microwave spectroscopy results it was concluded that €IS and trans conformer, respectively. These results parallel our
the trans-gauche and cisgauche conformations are 920240 findings in the case of eth_yl nitrite Whe_re we also find a very
and 2860+ 600 J/mol above the cigrans conformation,  900d agrement with experimental data in the case of the barrier
respectivelyi3 True and co-workef&36 determinedAH® and of the cis isomer while that of the trans conformer is consider-

AS for the cis== trans isomerization of various nitrites. They ably overestimgted. The calculation, however, correctly predicts
showed that in the case of ethyl nitrite, the enthalpy favors the & Smaller barrier for the trans than for the cis conformer.

cis isomer, but that the entropic teriTAS’ favors the trans Relative energies of stable conformations and of transition
isomer and causes it to predominate at room temperature. Thisstates at the MP2 level are listed in Table 4. Diagonal elements
is completely consistent with the calculations at the CBS-Q and denote the relative energies of the stable conformations and
G2MP2 levels (see Table 2), where total energy and enthalpy hondiagonal elements represent the energy of the transition state
favor the cis-trans conformer while the free enthalpy at 298 K for the indicated isomerization. The eitrans conformer is
favors the transgauche conformer. The theoretical values for predicted to be more stable than the-aimuche and trans

the entropyS® at 298 K are 309 J/mol T for the cidrans and ~ gauche isomers.

316 J/mol T for the transgauche isomer at the CBS-Q level. We have also determined theoretical estimates for the
At the G2MP2 level the corresponding values are 311 and 317 dissociation energies for the process {LH,ONO — CHjs-
J/mol T. CH,O* (X2=) + NO* (X2IT). Both radicals are in their doublet

On the MP2 potential energy surface three different-cis ground state. Experimental dissociation energies are within the
trans isomerization reactions are possible. The-g@iche— range of 12 250 to 16 375 crh383%with a most recent value
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TABLE 2: Thermodynamical Analysis?

J. Phys. Chem. A, Vol. 101, No. 30, 199583

E HO Go s) AHgiss AGgiss Aiiss
CBS-4
NO —129.746 018 —129.745 074 —129.768 604 207
EtO —154.126 258 —154.125 314 —154.156 981 279
cis—gauche —283.946 860 —283.945 916 —283.981 113 310 —198 —146 —-174
cis—trans —283.947 575 —283.946 631 —283.982 185 313 —200 —149 -171
trans—gauche —283.948 983 —283.948 039 —283.984 386 320 —204 —154 —168
CBS-q
NO —129.775 088 —129.774 144 —129.797 674 207
EtO —154.150 958 —154.150 014 —154.181 681 279
cis—gauche —283.993 430 —283.992 485 —284.027 682 310 —179 —-127 —174
cis—trans —283.993 834 —283.992 889 —284.028 446 313 —180 —129 —-171
trans-gauche —283.995 346 —283.994 402 —284.030 749 320 —184 —135 —164
CBS-Q
NO —129.744 655 —129.743 711 —129.766 956 205
EtO —154.096 927 —154.095 983 —154.126 776 271
cis—gauche —283.910 588 —283.909 644 —283.944 639 308 —184 —134 —168
cis—trans —283.911 413 —283.910 469 —283.945 585 309 —186 —136 —168
trans-gauche —283.910 940 —283.909 996 —283.945 894 316 —185 —137 —161
G2MP2
NO —129.733 860 —129.732 916 —129.756 174 205
EtO —154.087 241 —154.086 297 —154.117 321 273
cis—gauche —283.891 828 —283.890 883 —283.926 031 310 —188 —138 —168
cis—trans —283.892 708 —283.891 763 —283.927 025 311 —190 —140 —168
trans-gauche —283.892 143 —283.891 199 —283.927 225 317 —189 —141 —161

a Absolute values of energy, enthalpy and free enthalpy are given in hartrees. Absolute entropies are given in J/mol T. Relative values were

calculated for the dissociation EtON© NO* + EtO with respect to the double ground states of XA() and EtO K2) at 298 K. The units
of the relative values are kd/mol faxH.  and AG5  and J/mol T forASc AHS. corresponds to the dissociation enthalpy.

TABLE 3: Optimized Transition State Structures for
Rational Isomerizations*

TABLE 4: Energy Diagram of Stable Conformers and of

Transition States Calculated at the MP2 Level

MP2 B3LYP cis— cis— cis— trans-  trans-

Cis—trans— cis—gauche gauché gauché trans gauché gauché
E —283.533577 —284.3314816 cis—gauché— 169
I (N=0) 1.205 1.188 cis—gauché — 3577 169
ro-N) 1.414 1411 cis—trans— 637 637 0
Fc-0) 1.447 1.449 trans-gauché— 5064 5064 4983 611
C—-0O—N=0 —1.62 —1.53 trans-gauché — 5064 5064 4983 339 611
C—C—-0O—N —124.18 —123.49 a . . .

Energies are given in cn.
trans-gauche— cis—gauche

E —283.513 404 —284.309584 0 additional experimental data. Selected calculated frequencies
I n=0) 1.191 1.175 together with an approximate assignment based on the total
Fo-N) 1.494 1.472 L . )
fe-o0) 1 446 1.445 energy distribution are Ilsted_ln Tables 5{ 6, and 7.
CZ0-N=0 —81.72 —83.61 In contrast to previous studiéd#the matrix spectrum clearly
C—C—-0—N 87.34 85.13 shows the three ®O stretching modes of the three stable

trans-gauche— cis—trans conformers of ethyl nitrite. In agreement with previous assign-
E —283.5137727 —284.309 938 6 ments, calculations at the BLYP, B3LYP, and MP2 level predict
I(N=0) 1.188 1.173 the N=O stretching mode of the trangiauche isomer to be
ro-N) 1.507 1.486 found at higher energy than the other twe=R stretching
358—N=C 333931 _1'9%323 modes. All three calculations predict the same sequence for
C—-C-0O—N —-72.22 —72.77 the three N=O modes, namelyy:\r‘;]ggauche = VZ;%auche >

aBond lengths are in angstroms, bond angles and dihedral angles in

degrees, and energies in atomic units.

VN0 . We assign therefore the modes at 1659, 1609, and

1594 cn1! to the conformers transgauche, cis-gauche, and
cis—trans, respectively. The small energy difference between

of 14800 cnl4041 Calculated dissociation enthalpies are the N=O modes of the cisgauche and cistrans conformers
depicted in Table 2. The calculated dissociation enthalpies of (5 cm* in an argon matrix) makes clear that a good resolution
the most stable isomer (eigrans) are 16 700, 15 085, 15 500,
and 15900 cm! for CBS-4, CBS-q, CBS-Q, and G2MP2,
respectively. Thus, a satisfactory agreement between the morgesolved.
recent experimental data and all calculations is found, favoring Absorptions at~800 cnt! and at 617 and 565 cm had
a dissociation energy of (185 10) kJ/mol for the N-O bond.
The error estimate is thus consistent with the reported accuracycis and trans conformer, respectively, by TartéA similar
of the used methods.
Vibrations. An IR spectrum of EtONO in an argon matrix
is depicted in Figure & Due to the existence of three rotamers, modesvy"g andvy® o, respectively, and bands at 625 and 582
the spectrum is very complex and a complete assignment ofcm™! to the ONO bending modes of cis and trans EtONO,
the vibrational frequencies is most likely not possible without respectively.

is needed in order to resolve the two absorptions. In solution
or solid IR spectra, the two bands can most likely not be

been assigned toyg and to the ONO bending mode of the

assignment is also found in the work of Klaboe et‘alvho
assigned absorptions at 813 and 771 ttn the N-O stretching

trans cis
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a) TABLE 5: Calculated IR Frequencies and Total Energy
Distribution of Selected Frequencies of the cisgauche
Conformer?
v intensity TED
—
gt1 B3LYP
1701 (147) 95% MO
1116 (11) 22% &C + CH bending
1022 (69) 43% €&C+40% C-O
956 (107) 42% ONO
818 (6) 42% C-O
810 (34) 21% N-O + CH bending+ CH torsion
g10 664 (109) 62% N-O
p — S 476 (5) 47% OCC
' ' ' e L L 377 3 549% NOC
1600 1400 1200 1000 800 600 400
cm-1 BLYP
1633 (168) 95% MO
1078 (10) 21% GC + 14% OCC+ CH bending
970 (29) 57% G C+31% C-O
886 (64) 38% ONOGt 20% CG-O
790 3) 24% C-O + CH bendingt CH torsion
— 761 27) 28% ONOC*t 18% C-O
g11 501 (137) 72% N-O
- 453 (10) 50% OCC
g8 352 0) 48% CON
MP2
1586 (74) 81% N=O
1152 (8) 29% G-C + CH bending
'I g1 ! — 1070 (94) 46% €0+ 32% CG-C
. . . . 97 gt Tl 979 (134) 33% ONOH 21% C-C + 13% N-O
1600 1400 1200 1000 800 600 400 837 (5) 30% C-O + 13% ONO+ CH bendmg+
cm-! CH torsion
825 (59) 25% N-O + 14% G-0O
Figure 4. (a) IR spectrum of ethyl nitrite in an argon matrix. (b) 681 (124) 55% N-O + 14% ONO+ 12% NOC
Simulated IR spectrum on the basis of the BLYP calculation and 483 (5) 47% OCC
assuming a 1:1:1 mixture of the three conformers. 390 (3) 52% CON

. . aFrequencies are in crh and intensities (in brackets) in km/mol.
According to our calculations at the BLYP, B3LYP, and MP2 v 1gp :q total energy distribution. ( )

levels, modes below 1000 crh are strongly mixed and

occasionally no clear assignments are possible. The strongmixture, while the mode at lower energy has clearly dominant

mode mixing can also cause isotopic shifts to be distributed c—O character, except in the case of the tragauche
among several modes. In contrast to earlier assignments, thegnformer.

BLYP calculations predict ONO bending modes at higher
frequencies than NO stretching modes in all three conformers.
N—O stretching modes are predicted between 500 and 608, cm
while modes with strong ONO bending character are usually
found above 700 crt. The same energetic sequence is also
predicted by the B3LYP and MP2 methods. The two cis
conformations cisgauche and cistrans exhibit a dominant
ONO bending character in modes at 886 and 890%¢cnvhile

in the case of the tranrggauche conformer, the dominant ONO
bending character is found at lower energy in the mode at 741
cm~L In the cis conformers, significant ONO bending character

Despite the discussed problems with an unambiguous mode
assignment, comparison of a simulated spectrum, based on
frequencies and intensities calculated with the BLYP method
and under the assumption of a 1:1:1 mixture of the three
conformers, with the experimental spectrum (Figure 4) suggests
that at leasgroupsof experimental frequencies can be assigned.
We have defined 11 groups which are qualitatively assigned as
follows: The frequencies contained in group g1 can clearly be
attributed to the RO stretching modes of the three stable
conformers. The frequencies of g2 are predominant torsional
. ’ - modes of the methyl and methylen protons. HCC bending
|s.also found in modes at 761 cih(cis—gauche) and 772 cm modes of the methyl and methylen groups are the predominant
(cis—trans). contributions of the modes belonging to group g3. HCC

Klaboe et af* have furthermore assigned absorptions at 1044 pending modes are also contributing predominantly to the modes
and 1006 cm! to the CG-O Stretching mode of the cis and trans of group g4. The modes contained in g5 are combinations of
conformers, respectively. According to the BLYP calculations, c—C stretch and OCC bending modes with significant contribu-
C—0, C-C, and ONO modes are strongly mixed which makes tjons of HCC bending modes. The absorptions belonging to
a clear aSSignment of such modes difficult. Strong@ group 96 are combinations of € and G-O stretching
StretChing character is found in vibrations at 970, 886, 790, and vibrations. The Strong band of group g7 is made up by all three
761 cnrt for the cis-gauche conformer; at 983, 890, and 772 conformers and contains mainly—@ stretching and ONO
cm~1 for the cis-trans Conformer; and at 1002, 897, and 741 bending character. On|y the tra-ngauche conformer is pre-
cm* for the trans-gauche conformer. dicted to contain also a considerable contribution of theQC

A somewhat smaller degree of mode mixing is predicted by stretching mode in this spectral region. Bending modes of the
the B3LYP calculations. Here, dominant—© stretching CHs; group and torsional modes of the gbroup are found in
character is found in modes at 1022 and 818 ¥(nis—gauche), group g8 while g9 consists of combinations of O and N-O
1029 and 826 crrt (cis—trans), and 1065 and 853 cin(trans—- stretching and ONO bending modes. The two modes of group
gauche). The mode at higher energy is nearly a :0O0C—C g10 clearly correspond to the-ND stretching mode of the cis
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TABLE 6: Calculated IR Frequencies and Total Energy
Distribution of Selected Frequencies of the cistrans
Conformer?

v intensity TED

B3LYP
1694  (158) 96% KO
1146 (12) 18% €&C+ 17% OCC+ CH bending
1029 (34) 58%cC+30%C-O
960 (134) 37% ONGF 12% N-O
826 (53) 40% GO+ 21% N-O
753 (121) 50% N-O + 15% C-O
374 (1) 48% OCCH 18% N—O + 13% ONO+ 12% CON
254 (1) 59% CONt 31% OCC
BLYP
1616 (170) 96% KO
1103 (11) 19% E&C+ 15% OCC+ CH bending
983 (14) 62% CC+22%C-O
890 (63)  34% ONOF 24% C-O
772 (23) 39% ONO*t 38% C-O
601 (165) 58% N-O
335 (7) 41% OCCt 11% ONO
232 (1) 61% CON
MP2
1580  (47) 61% N-O
1564  (50) 33% N-O
1177  (10) 22% GC -+ 16% OCC+ CH bending
1075 (57) 49%cCH+37% C-0O
984 (164) 25% ONGH 15% N-O + 11% G-C
842 (92) 35% GO+ 26% NO-+ 19% ONO
769 (126)  43% N-O + 22% ONO+ 11% CG-O
385 (1) 46% OCCH 17% N-O
266 (1) 58% CONF 32% OCC

aFrequencies are in cth and intensities (in brackets) in km/mol.
b TED = total energy distribution.

TABLE 7: Calculated IR Frequencies and Total Energy
Distribution of Selected Frequencies of the trans-gauche
Conformer?

v intensity TED
B3LYP
1768 (231) 95% N0
1124 (17) 13% C-C + 11% CO+ CH bending
1065 (41) 45% G0 + 42% C-C
940 (28) 30% G-C + 22% ONO
853 (304) 33% N-O + 22% C-0O + 11% ONO
601 (40) 48% N-O + 26% ONO
404 2 63% OCCH 11% CON
372 (5) 57% CON# 13% ONO
BLYP
1693 (266) 95% N-O
1085 (11) 16% C-C + 12% OCC+ CH bending
1002 (31) 44% S C+ 42% C-O
897 (15) 25% C-C + 21% ONO+ 12% C-O
741 (231) 30% ONOCF 27% C-O + 17% N-O
506 (78) 57% N-O + 16% ONO
379 (8) 50% OCC*H 20% N-O + 14% CON
341 (6) 50% CONt 13% ONO
MP2
1631 (121) 93% KO
1154 (10) 24% G-C + CH bending
1101 (61) 52% GO + 33% C-C
958 (20) 28% C-O + 19% ONO+ 12% C-C
866 (355) 32% N-O + 16% C-O + 14% ONO
807 (123) 11% N-O + 10% ONO
605 (57) 49% N-O + 26% ONO
410 (5) 70% OCC
382 (6) 63% CON

aFrequencies are in cth and intensities (in brackets) in km/mol.
b TED = total energy distribution.

trans (601 cm! ) and cis-gauche and trarsgauche €500
cm™1) conformers. Finally, OCC and CON bending modes
are found in group gl11.
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Conclusion

We presented a state-of-the-art quantum chemical investiga-
tion of the rotamers of ethyl nitrite together with the first IR
spectrum that gives clear evidence for the existence of three
stable conformers of this molecute. Noncorrelated quantum
chemical methods are shown to predict the tranans con-
formation as a stable structure, whereas after taking correlation
effects into account by means of MP2 or density functional
methods, this structure is predicted to correspond to a transition
state. The prediction of three stable conformations agrees both
with the findings of the microwave study of Turdgas well
as with the recorded Ar matrix IR spectrum at 20 K. The energy
difference between the#80 modes of the cisgauche and cis
trans conformers was found to be merelb cni. This
explains why in earlier IR spectra, which had been recorded at
lower resolution, only two species could be identified. The
assignment of the relative stabilities was a topic of interest in
the past. Our calculations make clear that this question can
also not easily be answered by computational methods. G2MP2
and CBS-Q calculations, however, agree with the thermody-
namic data of Conboy et &.in that the cis-trans conformation
would be preferred by the enthalpy but that the entropic term
—TAS favors the transgauche isomer at room temperature.

The IR spectra of all stable rotamers were calculated. A
surprisingly strong mixing of the modes was found which makes
an interpretation in terms of localized modes not feasible for a
great number of observed vibrational frequencies. A simulated
IR spectrum using all three rotamers shows a reasonable
agreement with recent experimental findings.
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