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Molecular Structure of Chlorodifluoronitrosomethane, CCIF,;NO, As Determined in the Gas
Phase by Electron Diffraction and ab Initio Calculations

Bruce A. Smart, Paul T. Brain, Heather E. Robertson, and David W. H. Rankin*
Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh, EH9 3JJ, U.K.
Receied Naember 7, 1997

The gas-phase structure of chlorodifluoronitrosomethane, DQFhas been determined by electron diffraction

and calculated ab initio. Theoretically, CGNO is predicted to consist of two conformers havigg(¢ = 0°)

andC; (¢ = 105°) symmetry, which are near degenerate in eneAdy= 1.1 kJ mot? [TZ2P/MP2+ ZPE(DZP/

MP2)], and separated by a barrier of around 1 kJthoEquivalentC; conformers are predicted to be connected

by a barrier of around 510 kJ mot®. The low predicted barriers to interconversion of the two conformers
suggest that the rotation of the nitroso group can be regarded as being barely restricted over most values of the
torsional angle at room temperature. This conclusion is supported by the gas-phase electron diffraction data, for
which a dynamic model employing 11 conformations was needed to obtain an accurate fit to the experimental
data. The final refined values of structural parameters for the two confor@¢(S,) are ¢./pm, <,/deg) as

follows: C(1)>-N(2) 156.7(5)/155.9(5), N(2)O(3) 117.5(3)/117.9(3), C(DCI(4) 173.9(2)/174.2(2), C(DF
132.0(2)/132.1(2) and 131.0(2), CaAN(2)—0(3) 110.8(12)/110.7(12), N(2C(1)—Cl(4) 117.5(5)/108.9(5), N(2)

C(1)—F 103.7(2)/104.2(2) and 111.6(2), CIt4Z(1)—N(2)—F 123.6(14)/119.2(14) and 123.7(14).

Introduction program? Geometries and vibrational frequencies were calcu-
. . L ) lated from analytic first and second derivatives, respectively.
Nltrosometh_ane and |ts_der|vat|ves represent important €x- A extensive search of the potential energy surface aimed at
amples of fluxional behavior. The overall torsional potential |,-44ing ail local minima and transition states to internal rotation
for these compounds may be viewed as pelng sums of two 3'fomlwas undertaken at the SCF and MP2 levels of theory using a
terms, the two terms being due to the interaction betweerj theDZP basis set due to DunnifigTo investigate the effects of
?hrgl:][i)tsroc?sfotherorseth?/l group almctjh_elther tTe (g tor th6e_ flolr(;ebpal_r of both diffuse functions and higher order polarization functions
0SO group. In principe this may 1ead 1o a b-10ld barner -, ype mojecular geometry, additional calculations were per-
to rotation about the EN bond gnd/or barrier helghts which formed at the DZR-/MP2 and DZPf/IMP2 levels. Investigation
are sufficiently small to allow rapid interconversion of conform- L
ers. Significant variations in the values of some structural O;r:zgtigf;?;;soljnge?ign ;(t):F]Zlggpfﬁzglgzg%gglalgzg%%
\?v?[;]ameetﬂfé epgm;llji'ltig)é mggnaalnr%f;(’):] ;z c?alszaoclibpi : ; soorcs|3tr(]a evels. Final geometries were obtained using a basis set of TZ2P
quality, comprising [10s,6p]/(5s,3p) basis sets for firstfow

conformations appear to be preferred. At present only two .
molecules which belong to this class of compoundgiS8 and atoms and a [12s,9p]/(6s,5p) set for chlofiaed supplemented
with two sets of d-type polarization functions for all atoms.

CRNO, have been the subject of gas-phase structural sthdies.
Both exhibit barriers connecting equivalent conformers of less  Further single-point energy calculations were undertaken at
than 5 kJ mot®; however, in these cases it is expected that any the TZ2P/MP4SDQ level employing the optimized TZ2P/MP2
other internal structural changes will be small because of the geometry to obtain more reliable estimates of both the relative
approximate 3-fold symmetry of theCFs or —CHs unit. For energies and barriers connecting the two possible conformers.
molecules that do not possess such symmetry, e.g. SICIF Vibrational frequency calculations were performed at the
structural changes may be significantly larger. The possibility DZP/SCF and DZP/MP2 levels to determine the nature of all
of fluxional behavior and the potential for significant variation located stationary points, for comparison with previously
in bond angles and bond lengths as the molecule convertsreported spectfaand for the calculation of root-mean-square
between two conformations make CENO an intriguing target

for structural studies. As part of this work we have undertaken 4 gisch, M. 3.: Trucks, G. W.: Schlegel, H. B.: Gill, P. M. W.: Johnson,

a detailed theoretical and experimental study of GRIP in B. G.; Robb, M. A.; Cheesman, J. R.; Keith, T. A.; Petersson, G. A.;

an attempt to understand its dynamic behavior in the gas phase. ~ Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,
V. G,; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;

Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen,

Ab Initio Calculations W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.;
. . Martin, R. L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.;
Theoretical Methods. All calculations were performed on Stewart, J. P.; Head-Gordon, M.; Gonzalez, C.; Pople, Gaussian

a Dec Alpha 1000 4/200 workstation using the Gaussian 94 94, revision C.2; Gaussian Inc.: Pittsburgh, PA, 1995.
(5) Dunning, T. H.; Hay, P. J. IModern Quantum Chemistrlenum:

New York, 1976; pp +28.
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Table 1. Theoretical Molecular Geometriegs) for CCIF,NO Conformers

DzP/ TZ2P/
sym param SCF MP2 MP3 MP4 DZPMP2 DZPfIMP2 SCF MP2
Cs C(1)-N(2) 149.5 154.1 153.1 154.3 154.5 153.2 149.9 154.3
N(2)—0(3) 116.6 122.7 120.2 121.2 122.4 121.7 115.3 120.7
C(1)-Cl(4) 174.5 174.5 175.0 175.0 174.7 173.7 175.1 175.4
C(1)-F 131.4 134.8 134.1 134.6 134.7 133.9 130.7 133.5
C(1)-N(2)—0(3) 115.2 113.3 113.6 113.7 113.4 113.6 115.6 113.9
N(2)—C(1)—Cl(4) 116.0 1159 116.1 116.0 115.7 115.6 115.6 115.0
N(2)—-C(1)-F 105.6 104.9 105.1 105.0 105.0 105.0 105.6 105.1
Cl(4)—-C(1)-N(2)—-F 1225 122.9 122.8 1229 122.7 122.8 122.4 122.5
Ci C(1)—N(2) 149.0 153.1 152.3 153.6 153.6 152.3 149.3 153.3
N(2)—0(3) 116.9 123.1 120.6 121.6 122.8 122.1 115.7 121.2
C(1)—Cl(4) 175.1 175.2 175.7 175.7 175.7 174.4 175.9 176.3
C(1)-F(5) 131.2 134.6 133.9 1345 134.4 133.8 130.6 133.3
C(1)—F(B) 130.6 133.9 133.2 133.8 133.8 133.0 129.9 132.6
C(1)-N(2)-0(3) 112.7 111.1 111.3 1115 111.1 111.3 112.9 111.3
N(2)—C(1)—Cl(4) 107.9 107.3 107.7 107.7 107.2 106.9 107.4 106.4
N(2)—C(1)—F(5) 106.3 105.8 107.7 107.7 105.9 105.9 107.4 106.4
N(2)—C(1)—F(6) 1125 112.5 112.4 112.2 112.6 112.6 112.6 112.6
Cl(4)—C(1)-N(2)—F(5) 118.5 118.7 118.7 118.8 118.7 118.6 118.4 118.3
Cl(4)—C(1)~N(2)—F(6) 122.4 122.7 122.7 122.6 122.4 122.6 121.9 122.1
O(3)-N(2)—C(1)-Cl(4) 107.5 106.8 106.0 107.6 102.4 106.8 106.5 104.9
aDistances in pm, angles in deg.
I
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Figure 1. Molecular geometry of the gauche and syn conformers of o 12
chlorodifluoronitrosomethane viewed along the-i€ bond. 9 1104
. . . . . o
amplitudes of vibrationu) and perpendicular amplitude cor- 2 1081
rections k) to assist in the refinement of electron-diffraction <
data. 106

Results. An extensive search of the CGNWO potential
energy surface resulted in the location of two minima (see Figure
1). The two conformers can be described as having the oxygen
atom of the nitroso group eclipsed with respect to either chlorine
(synCs symmetry) or fluorine (gauch€; symmetry).

Predicted structural parameters for the two conformers are Table 2. Calculated and Observed Vibrational Frequencies &m
presented in Table 1. As might be expected for molecules for CCIENO Conformers
containing a number of highly electronegative atoms, some sym: syn gauche
geometric parameters were found to be rather sensitive t0 oqe  syn/gauche DZP/MP2 expt DZPIMP2  expt
changes in the adopted theoretical treatnfemn particular,

0 20 40 60 80 100 120 140 160 180
Dihedral angle CICNO / °©

Figure 2. Variation of the N~-C—CI and C-N—0O bond angles with
the C-C—N-O0 dihedral angle calculated at the DZP/MP2 level.

predicted values of the N(2)O(3) bond length proved to vary Z%%) gg ﬁgg ﬁgg igéi iggi
substantially. Improvements in both basis set and the level of ,(cF) 4'/a 1192 1176 1174 1149
electron correlation beyond MP2 led to a noticeable shortening »(CN) dla 1047 932 979 925
of this bond. Even at the highest level available to us (TZ2P/ v(CCl) dla 658 673 636 644
MP2), the N(2)-O(3) bond length (120.7 pm) is almost certainly  §(NCF) dla 678 679 792 774
overestimated since improvements in the correlation treatment 6(CICF,) dla 447 439 469 453
beyond MP2 led to a substantial shortening of this bond when 9(CICF,) d'la 443 420 451 446
a smaller basis set (DZP) was employed. The choice of ggg\%i) 21(/? 2‘211 f’ég ggg 361
theoretical method was also found to be important for describing s5\cci) ala 238 205 287 283
the C(1)-Cl(4) bond; in this case an accurate description of {(ONCCI) a/a 63 75 72

the bond is obtained only when the basis set includes f-type
functions. In general, values of other geometric parameters ®Experimental frequencies were taken from ref 8.
proved less sensitive to changes in the theoretical treatment,
with variations ovea 1 pm or 2 range being typical for bond  and 111.3; TZ2P/MP2). The full variation in values of these
lengths and angles, respectively. angles was examined at the DZP/MP2 level by performing
Notwithstanding the torsion angles, differences in structural geometry optimizations at fixed values of the torsional angle
parameters between ti andC; conformers ¢ = 0 or 106) (at 15 intervals between 0 and 18Gsee Figure 2). Similarly,
are most evident in the bond angles and can be explained readilthe F-C—N angle is wider in the gauche conformer since
in terms of steric repulsions. For example, the syn conformer fluorine is eclipsed with respect to the oxygen atom in this case.
(Cs symmetry), for which the oxygen and chlorine atoms are  Calculated harmonic vibrational frequencies (DZP/MP2) for
eclipsed, exhibits substantially wider-@C—N and G-N—-O the two conformers of CCHNO are presented in Table 2
angles than the gauche structure (11%0d 113.9 vs 106.4 together with a comparison with the experimentally observed
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Table 3. Calculated Energy Differences and Barriers of
CCIRNO2P
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Table 4. Nozzle-to-Plate Distances (mm), Weighting Functions
(nm™), Correlation Parameters, and Electron Wavelengths (pm)

Used in the Electron Diffraction Study

barrier
. _ nozzle-
basis theory AG—C) GG GG to-plate corr  scale  electron
DZP I\S/I(F:E 1321 (2.8) 55 (24.4) 3.8 (72.6) disf  AS Snn SW SW, Smax param factoP  wavelength
MP3 1:9 823 gg 22% gg 28% 285.86 2 20 40 122 144 0.437 0.986(10) 5.672
MPASDQ  15(12) 37(26)  68(55) 12827 4 40 80 244 300 0129 1.011(27) 5672
DZ+P  MP2 0.9 (0.6) 32(21) 8.1(6.8) aDetermined by reference to the scattering of benzehealues in
_?%ZL '\SAE'Z: 13"% ((13-13)) 35%(%48%) 192-41(?1-(1))9) parentheses are estimated standard deviations.
MP2 15(12) 25(1.4)  94(81) . . . .
MPZ 1.9 (1.6) 23(1.2) 10.3 (9.0) weight matrix, correlation parameters, final scale factors, and
MP4SDQ 1.7 (1.4) 2.3(1.2) 9.1(7.8) electron wavelengths for the measurements are collected together

in Table 4.

The electron-scattering patterns were converted into digital
form using a computer-controlled Joyce Loebl MDM6 micro-
densitometer with a scanning program described elsewhere.
The programs used for data reductibrand least-squares

gas-phase frequencigsAs expected for calculations at this refinement? have been described previously; the complex
level? predicted frequencies were generally found to be scattering factors were those listed by Ross ét al.
overestimated by a few percent. Exceptions are the estimates Molecular Model. Since calculations suggest that rotation
of ¥(N—O) andv(C—ClI) frequencies, which are underestimated of the nitroso group is barely restricted, we wished to investigate
by up to 4%. Their unexpectedly low predicted values can be both static and dynamic models to describe the electron-
attributed to overestimated-ND and G-Cl bond lengths at this  diffraction data. The former involved a description of the
level. molecule in which both syn and gauche conformers were
The relative energies of the syn and gauche conformers areincluded. In the dynamic model, additional conformations were
presented in Table 3. The two minima were predicted to be included to allow a more complete description of the torsional
near degenerate in energy, although the gauche confof@aer ( motion. In this case we also wished to allow for changes in
symmetry) was always slightly favored. The energy difference parameter values as the nitroso group rotates about tH¢ C
was predicted to be around 3 kJ mblat the SCF level of bond, since variations in some bond angles are predicted to be
theory; however, improvements in the correlation treatment large. For this reason, a further series of calculations at the
reduced this value to about 1 kJ miltaking the effects of = DZP/MP2 level were performed, in which the geometry was
zero-point energy into consideration. The transition state optimized at fixed values of the EC—N—O torsional at 15
connecting the two nonequivalent local minima was located with intervals between 0 and 180 Although it is clear from earlier
predictions of the barrier ranging between 5 kJ mait the calculations that the absolute values of geometric parameters
SCF level of theory to 1.2 kJ mol when more sophisticated  for these structures will be sensitive to improvements in the
treatments of electron correlation were employed. At our theoretical treatment, any errors are expected to be systematic
highest level (TZ2P/MP4SDQ//TZ2P/MP2) this barrier is just and therefore the differences in parameter values between the
1.2 kJ moftl. This energy barrier implies that the two 11 structures are expected to remain essentially unchanged with
conformers of CCIENO can be regarded as freely intercon- further improvements in the calculational method.
verting via a low-barrier torsional motion. The static model, which includes descriptions of both syn
A second transition stateC{ symmetry) to internal motion ~ (30%) and gauche (70%) conformers, is described by nine
connecting equivalent gauche conformers was also investigatedrefinable geometric parameters, comprising averageNC
In this case calculated barriers were found to fall in the range N—O, C—Cl and C-F bond lengthsp;—ps, average €N—0O,

5.5-9.0 kJ mot! when electron correlation was included. N—C—Cl, and N-C—F bond anglesps—py, the average angle
between the NC—Cl and N-C—F planespg, and the G-N—

C—Cl dihedral angle for the gauche conformatips, Differ-
ences between average parameters values and those for each of
h the two conformers were fixed at values calculated ab initio.

gas diffraction apparatus operating at ca. 44.5 kV (electron  'N€ atomic coordinates for the dynamic model are described
wavelength ca. 5.7 pmy. Nozzle-to-plate distances for the PY the same parameters as in the static model, but p4th
metal inlet nozzle were 285.86 and 128.27 mm yielding data "€Placed by fixed dihedral angles of 0, 15, 30, 45, 60, 75, 90,
in thes range 26-300 nnT; three plates were exposed at each 105, 120, 135, and 13Cor the 11 conformers, respectively.
camera distance The sample and nozzle temperatures weretructures, withp = 165 and 180 were not included, since
maintained at 293 K during the exposure periods. these conformations were predicted to represent less than 1%
The scattering patterns of benzene were also recorded for the?f the total population. The relative weights of the 11
purpose of calibration: these were analyzed in exactly the Samecom‘or.ma’[lons were initially determlngd from their .relat|ve
way as those for CCHRO so as to minimize systematic errors energies at the DZP/MP2 level (see Figure 3) and fitted to a
in the wavelengths and camera distances. Nozzle-to-plate - -
distances, weighting functions used to set up the off-diagonal *%) %raffgk’ S.; Koprowski, J.; Rankin, D. W. K., Mol. Struct.1981,
12) Bc;yd, A. S. F.; Laurenson, G. S.; Rankin, D. W. H.Mol. Struct.
1981, 71, 217.

a Energies in kJ mot. ® Values in parentheses include corrections
for ZPE calculated at DZP/SCF (SCF optimizations) or DZP/MP2
(optimizations including electron correlatiorf)TZ2P/MP2 geometry
used for calculation of the energy difference.

Electron-Diffraction Measurements

Experimental Details. Electron scattering intensities were
recorded on Kodak Electron Image plates using the Edinburg

(9) Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, JAA.initio

Molecular Orbital Theory John Wiley & Sons: New York, 1986.
(10) Huntley, C. M.; Laurenson, G. S.; Rankin, D. W. H.Chem. Sog.
Dalton Trans 198Q 954.

(13) Ross, A. W.; Fink, M.; Hildebrandt, R., limternational Tables for
Crystallography Wilson, A. J. C., Ed.; Vol. C, Kluwer: Dordrecht,
The Netherlands, 1992; Vol. C, p 245.
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MP2) Cartesian force fields were obtained for all conformations
and converted into symmetry coordinates using the ASYM40
program!4 Since good agreement was obtained between

observed and calculated frequencies, no scaling of the force field
was attempted. However, since inclusion of the low-frequency
torsional mode led to overestimated predictions of the perpen-
dicular amplitudes of vibratiork], it was excluded from force
field calculations; however, the effects of this mode were
included explicitly in the dynamic model.

The presence of a number of groups of similar interatomic
distances made it necessary to constrain the ratios of some
vibrational amplitudes to calculated values. For both models,
amplitudes of each type of interatomic distance (e.g-HN
O---Cl, etc.) were tied and refined as a group, with the value of
the syn conformerg = 0°) refining. Constraining the values

AE / kJ mol™
@

0 20 40 60 80 100 120 140 160 180

Dihedral angle CICNO / °©

Figure 3. Variation of the relative molecular energA) with the
Cl—C—N-—0O dihedral angle calculated at the DZP/MP2 level.

S« 9= of amplitudes in this way leads to 11 groups of amplitudes, 7
P()Ir N %0 of which refined freely and 4fN---F), u(O--+F), u(C-+-0O), and
/ /\ u(N---Cl)] which refined with the aid of flexible restraints

according to the SARACEN methdé.

In total 20 and 19 independent parameters were refined for
o the static and dynamic models, respectively. The 20 (or 19)
< parameters comprised 9 (or 8) geometrical parameters and 11
amplitudes of vibration. The dynamic model yielded a final
Rs value of 0.093, compared to 0.112 for the two conformer
model ¢ = 0° (fixed), syn,¢ = 104.0(10}, gauche), indicating
that the motion of the nitroso group is not well described when
only two conformers are included in the refinement procedure.
For brevity, only the results obtained using the dynamic model
are presented. Details of the structural parameters obtained in
the optimum refinement are given in Table 5; the corresponding
distances and amplitudes are collected in Table 6. The most
significant elements of the correlation matrix are presented in
Table 7. The success of the final refinement may be assessed
on the basis of the difference between the experimental and
calculated radial distribution curves (Figure 2), while Figure 5
offers a similar comparison between the experimental and
calculated molecular scattering intensity curves.

Cl
F..F
L N..F
_C.0
-

. m H‘M ‘

P L PR 1 L L L J

0 50 100 150 200 250 300 350 400
r’pm
Figure 4. Observed and final difference radial distribution curves for

CCIRNO. Before Fourier inversion the data were multiplied ®y
exp[—0.00002)/(Zr — fe)(Za — fai)l.

torsional potential function with the general form

E, = Acos¢ + Bcos 2+ Ccos 3p

where A—C are constants and is the O-N—C—ClI torsion
angle. To obtain a more accurate potential energy function for o ] ) )
inclusion in the final refinements, values of the three constants  1ne ab initio molecular orbital calculations predict the
were calculated from the relative energies of the stationary points Presence of two nonequivalent local minima on the potential
at the TZ2P/MP4SDQ//TZ2PIMP2 level, yielding values of €nergy surface, with oxygen eclipsed by either chlori@e (
—1.557, 2.060, and-1.643 kJ mot! for A—C, respectively. symmetry)_ or fluorine C; symmetry). Th_e preferred echpsec_i

Changes in the values of molecular parameters due to rotationconformations suggest that the lone pair of electrons residing
of the —NO group about the EN bond were accounted for by ~ ©N the nitrogen atom is sterically important. T@gconformer
fixing the differences between the parameters for the 11 (r = 10€) is predicted to be the more stable of the two
conformers at the values calculated ab initio (DZP/MP2). In conformers by around 1.5 kJ ma| with a barrier of 1.2 kJ
all refinements only the average (weighted) values of parametersM0l * between the two forms. This suggests that the two
were refined. conformers will interconvert freely at ambient temperature. A

Results. The radial distribution curve for chlorodifluoro- ~ Second barrier, separating equival@atonformers, is predicted
nitrosomethane (Figure 4) consists of five distinct peaks at t© Pe of higher energy, estimated atg kJ mor™.
distances of ca. 130, 170, 225, 260, and 330 pm, plus weaker The results obtained from ab initio calculations are supported
peaks and shoulders. The peak at 130 pm correspondsfo C by .the gas-phase electron d|ffr.act|on (GED) study. Stryctural
and N-O scattering, the second peak in the bonded region (170 ref_mements for chIoro_d_lfluor(_)mtrosomethane were carried out
pm) is due to G-Cl scattering, and a broad shoulder at ca. 150 Using models comprising either 2 (syn and gauche) or 11
pm is due to C-N scattering. The third peak, at 225 pm, conformanong (to allow for large amplltude motion). Results
corresponds to G-O, F+-F, and N-+F nonbonded pairs of from both refmement_s suggest thaF the nitroso group can be
atoms. The most intense feature in the radial distribution curve 'eégarded as undergoing large-amplitude internal motion in the
(260 pm) contains contributions from <IN and Ct--F atom gas phase. The simpler description, for which only syn and
pairs, while the broad peak centered around 330 pm arises fromdauche conformers were considered, was found to lead to an
scattering between oxygen and the halogen atoms.

The starting parameters for thg structure refinements for
both static and dynamic models were taken from theoretical
geometries optimized at the DZP/MP2 level. Theoretical (DZP/

Discussion

(14) Hedberg, L.; Mills, I. M.J. Mol. Spectrosc1993 160, 117.

(15) Blake, A. J.; Brain, P. T.; McNab, H.; Miller, J.; Morrison, C. A.;
Parsons, S.; Rankin, D. W. H.; Robertson, H. E.; Smart, Bl. Rhys.
Chem 1996 100, 12280.
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Table 5. GED Structural Parameters for CGNO?
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GED (o) TZ2P/IMP2 (o)
param no. av syn gauche syn gauche
Independent Parameters
C(1)-N(2) p1 156.1(5) 156.7(5) 155.9(5) 154.3 153.3
N(2)—0(3) P2 117.9(3) 117.5(3) 117.9(3) 120.7 121.2
C(1)—Cl4) ps 174.1(2) 173.9(2) 174.2(2) 175.4 176.3
C(1)-F Pa 131.7(2) 132.0(2) 132.1(2)/131.0(2) 1335 133.3/132.6
C(1)-N(2)—0(3) ps 110.8(12) 110.8(12) 110.7(12) 113.9 111.3
N(2)—C(1)—Cl(4) Ps 112.6(5) 117.5(5) 108.9(5) 115.0 106.4
N(2)-C(1)-F pr 106.2(2) 103.7(2) 104.2(2)/111.6(2) 105.1 106.4/112.6
Cl(4)—C(1)-N(2)—F Ps 122.4(2) 123.6(14) 119.2(14)/123.7(14) 122.5 118.3/122.1
Dependent Parameters
F—C-F 108.0(4) 108.6(4) 109.0 109.4
Cl-C—F 111.5(2) 111.6(2)/111.7(2) 111.0 111.0/111.2

a See text for parameter definitions. Distances in pm, and angles irf @adculated parameter values are @randC; structures, respectively.

¢ Average of the two nonequivalent parameter values.

Table 6.

Interatomic Distances{) and Amplitudes of Vibration
(u) for the Cs (Syn) andC; (Gauche) Conformations of CGINO?

oS

Figure 5. Electron diffraction molecular scattering intensity and final

N\

' \

\V

L L
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100

difference curves for CCHNO.

150 200

sinm’’

250 300

improved levels of electron correlation and higher order

polarization functions are needed for an accurate description.
The shape of the predicted potential energy surface proved

to be sensitive to changes in the theoretical treatment.

i atoms dist i) amplitude (1)°
Cs 1 CANE@) 156.7(5) 6.4(8)
2 N@2»-0(3) 117.6(3) 4.8(7)
3 Cc(1)-Ci(4)  173.8(2) 6.0(4)
4  C(1)-F 132.0(2) 5.8(4)
5  C(1)-0@3) 226.9(14) 5.9(6)
6  N(@2)-F 227.5(6) 7.1(7)
7 N@2)-Cl@4)  282.6(8) 7.8(9)
8  F(5-F(6) 213.5(4) 7.5(5)
9  CI(4)-F 253.9(2) 6.9(2)
10  O(3)-Cl(4)  282.1(30) 9.5(9)
11  O(3)-F 311.3(5) 5.9(6)
C. 12 C(1)NQ@) 155.7-156.4 6.2-6.3
13 N(20(3) 117.7-118.2 4.8-4.9
14  C(1-Cl(4)  173.6-174.4 5.9-6.0
15 C(1y-F 131.6-132.3 5.7#5.8
16  C(1-0(@3) 225.1-229.1 5.9-6.1
17 N(2-F 227.4-237.2 6.3-7.4
18  N(2-Cl(4)  268.5-282.1 7.9-9.9
19  F(5)-F(6) 212.7-213.5 7.475
20  Cl@4)-F 253.5-254.4 6.9-7.0
21  O(3-Cl4)  286.9-368.3 5.8-9.4
22 OQ3)r-F 247.9-331.0 6.0-9.2

aDistances and ampitudes in pm, with estimated standard deviations

in parentheseg.See text for amplitude tying scheme.

Table 7. Correlation Matrix &100) for Structure Refinement for

particular, values of the barrier connecting equivalent gauche
conformers did not converge satisfactorily leading to a predicted

In

potential which may not be completely accurate. During the

analysis of the GED data, refinement of the constants describing
the torsional potentialA—C) was unsuccessful, and for this
reason the theoretical potential was adopted for the final

CCIRENO?
pr P P4 Ps Ps Uy U U U
ps  —55 54 51
p7 —-56 —52
Ps 63
uy —56 71
Us 53 55 88
Ug 58 57 56
Uz —52 —66 54
U11 —55
ke 53

aOnly elements with absolute values greater than 50 are shown.

unusually large ©-Cl amplitude of vibration (33 pm), while

inaccuracies in the theoretical description of the potential.

The observed behavior of CGIRO compares well with that
of the closely related GJNO compound. CENO has been the

refinements. The relatively poor fit to the experimental data
in the range of 3086360 pm is probably due, at least in part, to

subject of two previous electron diffraction studies and like

about the &N bond in the gas phasé. Equivalent syn
conformers for CBNO are estimated to be separated by a barrier

of approximately 4.5 kJ mot. Structurally, the two compounds
are also similar. For example, both exhibit unusually lorghC

CCIRNO is reported to undergo significant internal rotation

the introduction of additional conformations used to model the bonds, i.e. 156.7(5) or 155.9(5) pm for the syn or gauche
torsional motion of the nitroso group lead to a substantially better conformers of CCIENO vs 155.5(15)or 154.6(9) pri (CR:NO),
compared to more typical single carbon-to-nitroger (sfbrid-

fit to the experimental data.

Final refined parameter values represent weighted averageszed) bond lengths of around 146 pm found in previous gas-
for all values of the torsional angle. Parameter values calculatedphase studies of GFN=N—-CF; [146.0(6) pm]® CHz—
at the highest level adopted (TZ2P/MP2) are, for the most part,

in good agreement with refined ones. Exceptions are the-N(2)
0O(3) and C(1)-Cl(4) bond lengths, for which it is shown that

(16) Burger, H.; Pawelke, G.; Oberhammer, H.Mol. Struct 1982 84,
49,
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N=N—CH; [146.0(6) pm}:” and GHs—HC=N—CgHs [143.2(15)
pm].t8 The elongation of this bond in GRO has previously

Smart et al.

difference in the value of this parameter in trifluoronitroso-
methane in the studies of Bauer and Davis is due to the data

been attributed to a substantial contribution to the structure from containing only a limited amount of information about this

the ionic form CE—NO*.2 The G-F bond lengths (pm), 132.0-
(2) (syn) and 132.1(2) or 131.0(2) (gauche), for CSIE are
also close to those reported by Davj$32.1(4)] and Bauér
[132.6(3)] for CENO. Similarly the observed NO bonds for
CCIRENO, 117.5(3) pm (syn) and 117.9(3) pm (gauche), are
similar to those found for GJNO [117.1(8} and 119.7(5).
Although the difference in the observed average of theON-F
bond angles in CCHNO compared to CINO is small, observed
values of the &N—O angle vary considerably. The two
electron-diffraction studies of trifluoronitrosomethane yield
surprisingly different angle values of 121.0(16) and 113.2(13)
In this present study the value of the—®—O angle for
chlorodifluoronitrosomethane was found to be poorly defined
by the experimental data and refined in the range-1115 at

parameter due to the-€O and N--F peaks being correlated.
Our final refined values of the €N—0O bond angles are
110.8(12) and 110.7(12for the syn and gauche conformers,
respectively. This value is consistent with an observed angle
of 113.2(13} from the study of CENO due to Bauérand a
value of 112.8 from a microwave spectroscopic study of
nitrosomethané. The number of observed solid-phase values
of C—N—O bond angles is surprisingly few, with values
anywhere in the range of 16320,
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