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The molecular structure and composition of gaseous oxalyl fluoride (OXF) has been investigated by electron
diffraction (GED) at nozzle-tip temperatures ©fL0, 149, and 219C. The GED data were augmented by
molecular orbital calculations, and the analysis was aided by use of rotational constants from microwave
(MW) spectroscopy. As in the other oxalyl halides, there are two stable species, of which the more stable is
periplanar anti (i.e., trans). However, unlike these other halides in which the second form is gauche, the
second form of oxalyl fluoride was known from MW work to be periplanar syn (i.e., cis). Our results are
consistent with a mixture of trans and cis forms, and yield values for the structural parameters, the composition

of the system at the three temperatures cited, and the thermodynamic qua@tieAH®, andAS’ for the
reaction trans— cis. Some trans/cis distancag/R) and angles[{l,/deg) at—10 °C arer(C=0) = 1.178-
(2)/1.176(2),r(C—F) = 1.323(2)/1.328(2)r(C—C) = 1.533(3)/1.535(3)[J(C—C=0) = 126.4(2)/124.2(2),
O(C—C—F) = 109.8(2)/112.2(2), andl(O—C—F) = 123.8(2)/123.6(2). The mixture compositions (percent
trans) at—10 °C/149°C/219°C are 75(3)/58(7)/52(8), from whichH® andAS’ are found to be 1.14 kcal/
mol and 2.12 cal/(metleg). The system properties are discussed.

Introduction

Investigation of the structures and compositions of the oxalyl
halides (XOC-COQY, Figure 1) has a long history. It was known
over four decades ago that the molecules of oxalyl chloride
(OXCL) and oxalyl bromide (OXBR) have a centrosymmetric
trang form in the crystafk Some analyses of the IR and Raman
spectra of OXCE and OXBR#%*% and their homologues oxalyl
fluoride (OXFY and oxalyl chloride fluoride (OXCLF), led to
the conclusion that this form was likely the only one presentin trans form. To clarify the situation, the GED data were
the liquid and gas phases as well. However, other IR and Ramaryeanalyzed in terms of a more elaborate model. In the early
studies of these substances (OXODXBR.2 OXF,>1°OXCLF) work 10 where the results of molecular orbital theory were not
suggested that, in addition to the expected planar trans form, areadily available, the system model consisted of an assumed
second conformer, universally assumed to be the planar cis formtrans molecule and a second form that differed structurally only
of Cz, symmetry, was also present in the fluid phases. in its torsion angle. With molecular orbital (MO) results now

The uncertainties about the nature, even the existence, of aeasily obtainable, the indicated changes in structure that occurred
second form of these molecules impelled us to undertake with changes in torsion angle could be incorporated into the
electron-diffraction (GED) investigations of their vapors. The model. The results of a new analy$ibased on such a model
first of these investigations, on OXCL, indicated that a second using the GED data augmented by additional MO calculations
conformer did indeed exist, but rather unexpectedly it was not provided a more complete picture of the system than the earlier
cis, but a gauche form with a torsion angle of about 56m study. As before, gaseous OXCL was found to consist of the
the planar cis! Subsequent molecular orbital calculati&hat more stable trans form and a second gauche form, with the latter
several levels of theory and basis-set size again raised thehaving its potential minimum at a somewhat smalles-Ct-
question about the existence of a second form because only onac—Cl torsion angle of 89.8 However, this potential minimum
distinct minimum in the potential (at the trans angle) was found. is shallow with a very small gauche trans barrier of about
However, the shape of the potential was very sensitive to the 0.1 kcal/mol. (The implications of this circumstance will be
type of calculation, and in many cases was quite flat over a discussed later.) OXBR was investigattoy GED a short time
(gauche) range centered af@Ghere the calculated energy was  after the original OXCL work, and later OXCLF was also
only a fraction of a kilocalorie per mole higher than that of the studied!® The second form in each of these systems was found
to be gauche instead of the postulated®¢ighe subsequent
* To whom correspondence should be addressed. E-mail:ken.hedberg@developments in the OXCL models suggests that these systems

trans cis
Figure 1. Diagrams of the trans and cis forms of oxalyl fluoride.
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presence of only one species of the molecule in both liquid and
gas (trans), but the later work indicated the presence of a second
form which was again assumed to be cis. Our GED investigation Experimental
of the structure and composition of the OXF system has been
n “off and on” experience that began four decades ago and
was completed up to the standards of the time by Friesen in
1981. However, the results were not published. The reasons for long camera
the delay are several, but the most important was our uncertainty|
about the identity of the second conformer, even though
interpretations of the diffraction data seemed to favor it as cis.
This uncertainty was recently removed by microwave (MW)
spectroscopic wof which proved this form to indeed be the
cis, and yielded a form for the rotational potential and the
thermodynamic functiondG°® and AS® at —78 °C. With the
guestion of the identity of the second conformer now unequivo-
cally answered, it seemed time to revisit the still-remaining
questions about the OXF system. These questions were the _/V \WA SRV \
values of the structural parameters of the molecules, the system
composition and its variation with temperature, and the values /\ /\ N AN
of thermodynamic function&G°(T), AE°, andAS’, all of which \/ UV \/"V ~ T v
could be addressed with our previous diffraction data that had
been gathered at several temperatures. Although answers to thede Difference
guestions were obtained from the previous work, we expected
the reanalysis of these data to yield more reliable results through
the use of more elaborate models now made possible by — s
advances in the feasibility of theoretical calculations. —

middle
camera

Experimental Section 0 10 20 30 40

S /A"
Over the lengthy course of this investigation several samples

of OXF have been used, most of which were of uncertain purity. Figure 2. Molecular intensity curves for the experiment-at0 °C.
The sample on which the present report is based was obtainedrhe theoretical curve is from the final model. Difference curves are
in 1980 from Columbia Organic Chemicals. It was purified by €xperimental minus theoretical.

a series of trap-to-trap distillations. From the appearance of the
IR spectrum, the final product was estimated to be about 99%

pure. Diffraction experiments were done with the OSU apparatus

under the following conditions: sector shapg,photographic

plates, 8 x 10 in Kodak Lantern Slide medium contrast,

developed in D19 diluted 1:1 for 10 min; exposure times; 80

170 s; beam currents, 0.38.48 uA; (nominal) electron Experimental
wavelengths, 0.0560.058 A calibrated against patterns of £0O /\

obtained from separate experiments takiggO) = 1.1646 A nate
and r(00) = 2.3244 A; ambient apparatus pressure during J \ \\/\

sample run-in, 8.2« 1076 Torr. Experiments were carried out /\

at nozzle-tip temperatures of10, 149, 219, and 322C. {\ 149°C
Preliminary work revealed that decomposition had occurred at

the two higher temperatures. The amount was slight at’219 .
but too great at 322C to permit a reliable determination of V |‘ J\ |l\ e e
the properties of interest. We therefore discarded the °821 / F(c) FreeF(TS

data and limited our analyses to the data from the three lower 0-FM oh
temperatures. Four plates made at each camera distance for the c-C c 0(C) 0---0(Cy  0---0(M
two lowest temperatures, and four plates from the long and two com Difference
from the intermediate camera distance for the 2C%xperi- .
ment, were selected for the structure analysis.

Reduction of the diffraction data and the preparation of the 149%C
scattered molecular intensities were done by methods previously 0%
described’ Radial distribution curves were calculated from
composites of the molecular intensities after multiplication of : , , ,
them by ZcZr/(AcAF) exp(—0.00%%), where A = s?F. The i 1 2 3 4 ]

electron-scattering amplitudes and associated phases were rh

E)btalned from table¥: Curves of the intensities from the10 Figure 3. Radial distribution curves. The vertical lines mark the
C data are shown in Figure 2; curves from the other temper- positions of interatomic distances; their lengths are proportional to the
atures are similar. The radial distribution curves for the systems scattering power of the term at10 °C. Difference curves are
at the three temperatures of interest are shown in Figure 3. Theexperimental minus theoretical.
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TABLE 1: Theoretical Energies of the trans and cis Forms of Oxalyl Fluoride
trans cis cis—trang
theory/basis En+ 424.0 ZPE En +424.0 ZPE AE/kcalmol?
HF/6-31G(d) —0.335458 4 0.026 241 7 —0.3339445 0.026 138 0.885
B3LYP/6-31H-G(d) —2.469 503 9 0.023 0810 —2.468 712 8 0.022 980 0.433
B3LYP/aug-cc-pvtz —2.508 504 8 0.023 108 —2.507 560 2 0.022 986 0.516
MP2/aug-cc-pvtz —1.782 2846 0.023101 —1.781 2635 0.022 965 0.555
aEnergy difference taking zero point energies into account.
2.10 0.015
180 0.010 -ﬁ
50 K,‘”‘i.. > 0.005 o —— (C-C)
: 27 s = pooo § —— [(CF
5 P o NGk @ 1 e-F)
g 120 I,—//. \\\ & -0.005 \ / —&— 1{C=0)
4 b =,
T 090 < Sl = 0010
2 : ‘f/ A MP2faugco-pvTZ \ & T
= __-K N\ -0.015
0.60 i <
o——" ® B3LYPfaug-copvTZ 0 30 B0 g0 120 150 180
Y
0.30 ® EaLvPE-311+60) \ £FCCFideg
000N T T T T T a0
0 30 50 el 120 150 180 20 3 — /CCF
£FCCFideg § é'g —&— /CCO
Figure 4. Theoretical energies of conformations as a function of torsion ‘_Tg: 10 —&— /FCO
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Figure 5. Theoretical (B3LYP/6-311G(d) variation of bond distances
and bond angles with torsion angle.
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Structure Analysis

Theoretical Calculations. The complexity of the OXF system
required results from molecular orbital and normal-coordinate
calculations for all aspects of the structure analysis. We carried torsional motions of each conformer are of large amplitude. This
out the MO calculations with the Gaussian 98 ant’@8ogram  model depicts the torsion of each form in terms of a set of
packages at the HF, B3LYP, and MP2 levels of theory with pseudoconformers, each pseudoconformer characterized by a
various basis sets, principally 6-31G(d), 6-313(d), and aug- different torsion angle close to°Oor 18C, and is given a
cc-pVTZ. The energies for the optimized cis and trans forms Boltzmann weight that reflects its contribution to the shape of
obtained from some of these are given in Table 1. We also the distribution of the torsion-sensitive distances. The third
mapped the torsional potential for OXF by optimizing structures model consists of a set of pseudoconformers, not localized
with three of these theory/basis-set combinations over the full around the cis and trans torsion angles, but positioned at a
180" range of the torsion anglefC—C—F: B3LYP/6-31H1-G- constant interval over the full torsion-angle range of080;

(d) at 15 intervals, and B3LYP/aug-cc-pVTZ and MP2/aug- this model would be most appropriate for a system with a low
cc-pvTZ at 0, 3¢°, 6C°, 75°, 9C°, 105, 12¢°, 15C°, and 180. torsional barrier and thus very large torsional motions centered
Figure 4 shows curves of the results. at the planar trans and cis torsion angles. For several reasons it

Harmonic frequency calculations were carried out for the cis appeared that the torsional amplitudes had to be very large, and
and trans conformers with theory/basis-set combinations listed this together with other considerations led us to base our analysis
in Table 1. Using the symmetrized Cartesian force field from on the last type of modé&k Such a model is in principle a
the B3LYP/6-31#G(d) frequency calculation, normal-coordi-  collection of OXF molecules each differing from the others not
nate calculations were then carried out with the program only in the torsion angle, but also in their bond lengths and
ASYM40%°in order to obtain values for the various corrections bond angles and in the vibrational amplitudes of the molecular
used in the interconversion of distance types, and for amplitudesframes. These parameters cannot be separately measured; instead
of vibration that could provide information about those that were some relationship among them must be invoked to make the
unaccessible experimentally. Table S1 in the Supporting Infor- problem tractable. For this purpose we used the bond-length,
mation shows the symmetry coordinates and symmetry force bond-angle, and amplitudéifferencesobtained from theory
field, Table S2 identifies the internal coordinates used to make (B3LYP/6-31H-G(d)), i.e., structure optimizations carried out
up the symmetry coordinates, and Table S3 contains a list of for each member of the set of pseudoconformers. The bond-
the experimental and theoretical wavenumbers of the two formslength and bond-angle differences are seen in Figure 5. With
together with a description of the modes. the assumption of these differences, the entire system can be

Models. Given that the system consists of a pair of cis and defined in terms of the structural and vibrational amplitude
trans conformers subject to large amplitude torsional motion, parameters of one pseudoconformer and the parameters of the
three models suggest themselves. One of these consists of jugpotential function chosen to describe the torsion.
these two forms defined by(F—C—C—F) equal to 0 and 180, We chose the structural parameters of the planar trans form
each form undergoing small amplitude harmonic vibration. A of OXF as the basis for the refinements. The pseudoconformers
second model is a slightly more sophisticated version of the were 25 in number, covering the range-18(° at intervals of
two-conformer model and should be better in the event that the 7.5°. The torsional potential was assumed to have the form
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V= (1/2)[V,(1 — cos¢) + V,(1 — cos 2p) +
V4(1 — cos 3)] (1)

where¢ = 0 corresponds to the trans conformatféand each
pseudoconformer was given the weigDt! exp[—V(¢)/RT]

with Q = 5 exp[—V(¢)/RT]. Specification of the system was
done inr,® = r, space because we wished to make use of the
rotational constants for the cis form available from the MW
work. The structure-defining parameters for the planar trans form
were the bond lengths,%(C—C), r,°(C—F), andr,°(C=0) and

the bond angle8l,(C—C=0) and,(C—C—F). The structure

of each pseudoconformer was generated from the paramete
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of the G=C—F groups that brings the oxygen atom closer to
the geminal carbon atom in the cis form than in the trans. The
rocking is doubtless a response to steric repulsion: without the
rock the Q--O distance would be about 2.94 A and the-F
about 2.45 A; with it these become 2.86 and 2.54 A. The
motivating interaction is likely the #F distance, for which
the van der Waals contact is about 2.7 A (the-O van der
Waals distance is about 2.8 A).

There are interesting similarities and differences between the
structures of OXF and acetyl fluoride. According to a combined
GED + MW?23 study of acetyl fluoride, the €0 bond length
£1.185(2) A) is almost identical to that in OXF, the-E (1.362-

differences described above. The vibrational parameters were(2) A) is 0.03 A longer, and the €C (1.505(21) A) is 0.03 A

the amplitude groupgC=0,C—F,C-C), I(O-F,C-F,C-0), and
[(O:-F,C--F,C-0); the differences between members of the
amplitude groups were obtained from the ASYMA40 calculations
based on the quadratic force field from the B3LYP/6-3G-

shorter; the C—F, C—C—F, and C-C=0 bond angles are
respectively 3 smaller, £ smaller, and 2larger than in OXF.
(Comparison values used for OXF are averages of trans and
cis.) One may account for these differences in terms of bonding

(d) calculation. The three potential constants in eq 1 were also effects as follows. The-CO(F) groups in OXF are each strongly

refined. They provide a basis for the determination of the-cis
trans composition of the system.

electron-withdrawing, which leads to a smaller bond order
between the two carbon atoms and hence to a long& Gond

The refinements of system properties for each of the three than in acetyl fluoride. The corresponding increase in the
experimental temperatures were done by least squares, simulbonding power within the-CO(F) groups is channeled into

taneously fitting theoretical diffraction data and the rotational

the C—F bonds, which increases their double-bond character,

constants for the s-cis form to the corresponding experimental thus shortening them. At the same time the augmente& C

guantities. Instead of averages of the experimental diffraction

double-bond character, the lower bond order of theGbond,

data from each camera distance, we used the individual sets@nd the existing €O (double) bond combine to suggest

i.e., one from each plate. The three rotational constants in
megahertzA, = 5902.909B, = 3588.582, anCy = 2240.758)
were converted td®, (A, = 5941.269,B, = 3598.132, and,

rehybridization of thes-bonds within the—CO(F) groups in
the direction of more sp character, which leads to an increased
O=C—F bond angle. These bonding effects should be largely

= 2240.318) and given weights that led to a weighted sum of absent in acetyl fluoride, and it is therefore surprising that the

squares of residuals about 20 times smaller than those from thegeminal distances of the same type in the two molecules have
diffraction data. Under these conditions the refinements pro- hearly the same value: in OXF/acetyl fluoride in angstroms,

ceeded smoothly to convergence, giving the results summarized2.41/2.43 for CO, 2.36/2.36 for &, and 2.21/2.21 for &.

in Table 2. (To obtain the composition, it was necessary to Such geminal-distance similarities argue strongly for the

examine the distribution of the pseudoconformers determined importance of nonbond repulsion in determining the shapes of
by the three torsional potential constants. This and other mattersthe C-CO(F) groups in both molecules.

are taken up in the following section.) The quality of the fits is

A guestion of great interest is the planarity of the cis form of

good, as may be judged from the difference curves in Figures OXF in view of the nonplanar gauche form of the less stable

2 and 3, the values of tHe-factors in Table 2, and the rotational

constant differences (observed minus calculated) which are,

respectively, at-10, 149, and 219C equal to 4.883, 2.456,
and 0.895 MHz foAA; 1.446, 0.281, and 0.232 MHz f&B;;

conformers in the other oxalyl halides. The reason is likely a
combination of the opposing effects of bond conjugation tending
to stabilize a planar form and steric repulsion tending to
destabilize it. Bond conjugation should be greater in OXF than

and 0.608,—0.189, and—0.430 MHz forAC,. in the other halides due to the greater ability of the fluorine
atoms to engage in backbonding and thus to confer partial

Discussion double bond character to the-® bonds represented by the

Structure. The important features of the system concern the Valence-bond structureC=F". On the other hand, van der
structures of the trans and cis forms of the molecules, each of Waals (vdW) steric repulsion between the halogen atoms should
which has planar g0 groups. Although the structures of the € less in OXF than in the other halides. For example, if one
nonplanar pseudoconformers are not experimentally accessible@Ssumes the distance differerais-X---X(exptl) minuscis-X-
theory indicates that the;EO groups deviate significantly from  **X(vdW) to be a measure of the repulsion, greater repulsion is

planarity: Figure 5 shows the=€C—C=0 angle to be about indicated by greater negative values. This difference is 6/il}2
4° Iess than the FC—-C—F angle at Values Of.FC_C_F near A |n OXF, but fOI‘ aClS-Cl"'Cl dIStance II'] OXCL |t WOU|d be

120°. -0.5 A

The data of Table 2 show that the bond distances in the two A similar situation exists for the gaseous molecules of diboron
forms of OXF differ very little and are unaffected by change in tetrafluoride (FB—BF,),%* which is planar, and diboron tetra-
temperature. Also, the effect of temperature on the bond angleschloride (CbB—BCI,),%> which is staggered. Again, back
is seen to be negligible. However, there are appreciable -bonding of the type B=X" is expected to be more important
differences between the trans minus cis values of th€ €F for the fluoride than for the chloride, and steric repulsion for a
and C-C=0 angles, which are such as to leave the@-F planar diboron tetrachloride would be slightly greater than that
angle with the same value (123.7{R)n the two forms. Thus, for the fluoride. Concerning these steric effects, in the choride
although the trans minus cis values for the€@=0O angle are (were it to be planar) the vdW distance fos-X---X is greater
0.2 or less at each temperature, the-C=0 and C-C—F than the predicted experimental one by about 0.1 A, indicative
values are respectively about 2 @reater and 23less in the of slight repulsion, but in the fluoride the vdW distance is about
trans than in the cis form. These data correspond to a rocking0.4 A less than the measured value. Similar arguments apply
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TABLE 2: Structural Parameter Values for Oxalyl Fluoride 2
—-10° 149 219

parameter 1% O g Og Iy Ua re; 0o rgOg raOa I r 00 rg g raUa I

trans Form
r(C=0) 1.178(2) 1.181 1.179 0.039 1.176(2) 1.180 1.178 0.0 1.178(2) 1.183 1.181 0.0
r(C—F) 1.323(2) 1.327 1.325 0.0 (3) 1.323(2) 1.327 1.324 04063 (3) 1.324(2) 1.329 1.327 ¢0.057 (3)
r(C—C) 1.533(3) 1.536 1.534 0.095 1.539(3) 1.542 1.539 0J070 1.535(3) 1.538 1.535 J0.065
0(C—C=0) 126.4(2) 126.1 126.2 126.6(3) 126.3 126.5 127.2(3) 126.8 126.9
0(C-C—-F) 109.8(2) 109.7 109.7 109.4(3) 109.2 109.3 109.1(3) 109.6 109.0
r(O-F) 2.207(2) 2.209 2.208 0.092 2.207(2) 2.210 2.208 0.0 2.208(2) 2.211 2.209 0.0
r(C-F) 2.341(3) 2.343 2341 0.0 (3) 2.339(4) 2.342 2.339 04081 (3) 2.333(4) 2.336 2.333 70.085 (4)
r(C-0) 2.425(3) 2.427 2.425 0.061 2.431(4) 2.434 2431 0)075 2.435(5) 2.438 2.435 )0.079
r(O-++F) 2.698(3) 2.699 2.696 0.091 2.697(3) 2.699 2.694 0.1 2.699(3) 2.701 2.694 0.1
r(0-+-0) 3.490(5) 3.491 3.491 0.0 (5) 3.495(6) 3.497 3.496 0070 (7) 3.504(7) 3.505 3.504 70.082 (10)
r(F--F) 3.480(4) 3.481 3.480 0.058 3.474(5) 3.476 3.474 0)076 3.469(6) 3.471 3.469 J0.088

cis Form
r(C=0) 1.176(2) 1.180 1.178 0.039 1.175(2) 1.179 1.176 0.0 1.177(2) 1.181 1.180 0.0
r(C—F) 1.328(2) 1.331 1.329 0.0 (3) 1.327(2) 1.331 1.328 04063 (3) 1.328(2) 1.333 1.331 70.058 (3)
r(C—C) 1.535(3) 1.537 1.535 0.035 1.540(3) 1.543 1.540 0J070 1.536(3) 1.539 1.536 J0.065
0(C—C=0) 124.2(2) 1239 124.0 124.4(3) 1241 1243 124.9(3) 1246 1247
0O(C-C-F) 112.2(2) 112.0 1121 111.7(3) 1115 1117 111.5(3) 1112 111.4
r(O-F) 2.208(2) 2.210 2.209 0.093 2.208(2) 2.211 2.209 0.0 2.209(2) 2.212 2.210 0.0
r(C-F) 2.378(3) 2.380 2.379 0.0 (3) 2.376(4) 2.379 2.376 0080 (3) 2.370(4) 2.374 2.371 70.085 (5)
r(C-0) 2.401(3) 2.403 2.402 0.0§2 2.407(4) 2.410 2.408 0J076 2.411(5) 2.414 2.412 )0.080
r(O-++F) 3.482(3) 3.483 3.482 0.096 3.480(4) 3.482 3.480 0.0 3.481(4) 3.482 3.480 0.0
r(0-+-0) 2.856(7) 2.857 2.854 0.0 (5) 2.868(10) 2.869 2.864 0112 (7) 2.884(12) 2.885 2.879 0.128 (120)
r(F--F) 2.537(7) 2.539 2.536 0.092 2.523(10) 2.526 2.520 0J122 2.509(12) 2.512 2.504 )0.139
Vi 0.48(17) 0.44(25) 0.23(32)
Vs 1.39(16) 1.12(17) 1.06(22)
V3 0.64(21) 0.42(32) 0.38(46)
% s-trans 75(3) 58(7) 52(8)
% decomp  [0] [0] [12]
Re 0.80 0.86 0.77

a Distancesi() and amplitudesl) in angstroms, angles) in degrees. Quantities in parentheses are estimatedritertainies forg, —g, r,, and
—aare assumed to be the same ag faand—,. ® Tested but not refined.R = [SwWiA%/ Y wi(sImi(obsd)f]*2, whereA; = sly;i(obsd)— slmj(calcd).

to diboron tetrabromide (staggered). They also apply to a 0.30

different type of molecule, dinitrogen tetroxide fO-NO,). o 025 Vaf
This molecule is planar in the gas, apparently more rigidly so & ——-10° /
than RB—BF,, despite having an extraordinarily long-W gg 0.20 — - /
bond® that corresponds to only about 0.3 of a normal single 25 015

bond. In QN—NO, the experimental distance between te :g § —— 219° /Ak
oxygen atoms is 2.69 A and the vdW distance is 2.8 A, implying gg 010

that a small amount of repulsion should exist. Even so, despite 2 005 :m/‘/
the long N-N bond the conjugation energy seems to be 0.0 | R Sy //

sufficient to maintain both the planarity of the molecule and a

larger barrier to internal rotation than in,B—BF,. This

circumstance doubtless arises fromr-&lectron density that is Z(FCCF)/deg

naturally resident on the nitrogen atoms and is higher than that Figure 6. Experimental distribution of conformations from experiments

obtained from the back-bonding cited for the B-F bonds in at different temperatures.

F.B—BF,. Finally, one is struck by the fact that the molecules

diboron tetrafluoride and OXF have homologues to which they equal to 100,27 and determined the areas under each curve on

are chemically similar but conformationally different, yet which, either side of this line. With the total normalized to unity, the

together with dinitrogen tetroxide, comprise a group of mol- ratio of these areas gives the €tsans composition at the

ecules that are conformationally similar but have very different indicated temperature. The results are given in Table 2.

chemistries. One property these molecules have in common is The variation of the compositions (i.e., the equilibrium

their isoelectronicity: it is surely this property that is responsible constants for the trans to cis reaction) with temperature affords

for the similarity in the shapes of their conformers. the opportunity to estimate the enthalpy and entropy of the
Isomeric Composition and Thermodynamic Quantities.To reaction from the usual formulaG°® = —RTIn K. Figure 7 is

describe the system in terms of a mixture of cis and trans a van't Hoff plot, the slope of which yield&H®ex, = 1.14 kcal/

conformers requires that the set of pseudoconformers comprisingmol and the intercept yieldAS’ ey, = 2.12 cal/(moideg). It is

our model be divided into two groups centeredlHF—C— not clear how to draw a useful comparison between these values

C—F) equal to 0 and 180. Our structure refinements yielded and those from theory. For example, the energy differeN&8)(

values of the three potential constants in eq 1 from which the is obtained by theorytad K only for molecules defined by

distribution of the pseudoconformers could be calculated. Plots torsion angles of Dand 180, whereas our GED results are

of the distributions at the three temperatures of interest are derived from molecules over all torsion angles, reflect thermal

shown in Figure 6. We took the dividing line to be at the minima averaging, and yieldG° directly. If one applies the predicted

in the distribution of pseudoconformers, i.e.[ §F—C—C—F) (harmonic) temperature-dependent corrections to the theoretical

0 30 60 90 120
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