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Conformational Analysis. The Structure and Torsional Potential
of 1,3-Butadiene as Studied by Gas Electron Diffraction
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Gaseous 1,3-butadiene has been studied by electron
diffraction at elevated temperatures (25 °C-—
~900 °C). The predominant conformation at all
temperatures is anti, oscillating in a fairly wide
potential well. The torsional potential has been
expanded by a Fourier series, determined in the
least-squares procedure, with coefficients V; =3.4(4),
V,=—1.1(5), V3=0.3(6) and ¥, =0.2(8) (kcal mol ~!).
No evidence for a second stable conformer was
obtained, even at the highest temperature studies.
However, the presence of an additional potential
minimum at least 3.5 kcal mol™! above anti and
with a low gauche/anti barrier cannot be excluded.

1,3-Butadiene has been the subject of several
studies, by electron diffraction' ™5 as well as by
other experimental®~!! and theoretical '~ !%
methods. The planar anti form predominates, and
to date no conclusive evidence of a second con-
former has been given, though both syn'®!? and a
distorted gauche*11:13:16 have been suggested
for a possible additional conformer.

In an extensive analysis'® the existing data on
butadiene have been evaluated, together with the
different assumptions inherent in the various ex-
periments. A potential curve, V(¢), based upon a
four term Fourier series expansion (1)

V@)= S V(1 +cos ng), m=4 (1
n=1

that accounts very well for the combined informa-
tion, was proposed. This potential curve has a
second minimum at ~ 30° (anti corresponds to 180°)
and a gauche-anti energy difference of 2.66 kcal
mol~! (1 kcal=4.184 kJ). The barrier between anti
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and gauche was estimated to 6.03 kcal mol~ ! at 97.3°
and an additional but much lower barrier of 0.09
kcal mol™! was estimated at syn. This torsional
potential would lead to a high degree of flexibility
in the syn-gauche region and a fairly rigid molecular
model in anti. The potential function is presented
in Fig. 5 (curve E).

Most substituted 1,3-butadienes and
analogs® have been found in the planar anti form,
exceptions being those with 1,3-interactions,!?-23-24
where gauche forms have been found. In some
butadiene analogs containing C=0 2526 or N=C?7
bonds two conformers are found to coexist, rec-
ognized as anti and gauche. Because of the asym-
metry of the anti-peak observed in the latter com-
pounds, a model composed of molecular species
over a region corresponding to + 26, (a, is the root-
mean square deviation from anti) was introduced in
order to describe the large, assumed harmonic,
torsional amplitude. From the determined values
of AH (the conformational enthalpy difference),
¢, (the torsional angle in gauche) and o, the
torsional potential was estimated for these com-
pounds. The potential was expanded in a Fourier
series, including the first three terms and assuming
a classical Boltzmann probability distribution.

Based upon the observed asymmetry of the
C,--C, peak, the scope of this work is to study
further the torsional potential and related proper-
ties in 1,3-butadiene. In the search for a presumed
second conformer, butadiene has been reinvestigated
at several temperatures, as high as possible in the
electron-diffraction experiment. Due to the high
flexibility and low symmetry of this molecule, a
study of the internal rotation is more complicated
than usually experienced, and it is of interest to
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examine the applicability of the electron-diffraction
method in this connection.

EXPERIMENTAL

The sample of 1,3-butadiene was obtained from
Fluka (>99.89; pure), and distilled in vacuum.
Two sets of electron-diffraction photographs were
obtained, set one from the electron-diffraction unit
at the University of Texas at Austin,?® and set two
from the Balzers Eldigraph KDG-2 unit?°3° at
the University of Oslo. The experimental conditions
are summarized in Table 1. The nozzle applied in
the Austin recordings is a hypodermic needle,?®
heated by an electric current. No direct temperature
measurement was possible. In the Oslo recordings
a modified version of a reaction nozzle, with a solid
silver tip and a reaction chamber, was applied. This
nozzle system was screened to prevent any light
from the hotter parts to reach the plates during
exposure. The temperature was measured by a
thermocouple at the nozzle tip.

This investigation presents the results of the
first study by electron diffraction in Oslo at such high
temperatures. The temperature stability of the
nozzle system was unknown prior to this study and
data were collected only at one nozzle-to-plate
distance. Since the torsional properties have been
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Figy. 1. Intensity curve, Oslo data. The solid curve
is theoretical, calculated from the parameters in
Table 4, model C. The open circles are experimental
values. The difference curve, given below, is experi-
mental minus theoretical. The limits are 3¢, ¢ being
the experimental standard deviation in the observed
points.

Table 1. Experimental conditions and photographic plate data.

Austin data

Relative transmittance measured by stepwise scanning, spinning the plate over the full circle at each point.

Nozzle-to-plate distance: 409.24 mm

Range of data (s) 4.10—22.40, As=0.10 (A~ 1)

Plate No:

1 2 3 4 S 6 7
Electron wavelength (A):°

0.061036 0.061046 0.061057 0.061061 0.061062 0.061062 0.061063
Nozzle heating [current (amp)/voltage (V)]:

0./0. 6.0/1.3 8.0/1.3 11.9/1.9 11.9/1.9 13.0/2.1 13.0/2.1

Room temp.: 25 °C

Oslo data

Optical densities measured in (x,y)-points by a Joyce-Loebl MK 111 C densitometer, integrated by an

interpolation routine over a constant arc.
Nozzle-to-plate distance: 499.26 mm

Range of data (s): 1.375—15.625, As=0.125 (A7)
No. of plates: 6

Electron wavelength:® 0.058630 A

Nozzle temperature: 500 °C

“Some instabilities in the differential voltmeter made it necessary to calibrate the original measurements to the
previously obtained geometric parameters of butadiene. ® As calibrated to benzene.
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Fig. 2. Intensity curves for each plate, Austin data. The solid curves are theoretical, calculated from the
best set of parameters and the Fourier coefficients obtained from refinement C of the Oslo data. The
corresponding difference curves are given below.

focused in this study, 50 cm plates were preferred, The data were corrected in the usual way,!
as the torsional dependant contributions are mainly ~ giving one intensity curve for each photographic
seen in the intensities at small s-values. plate. The intensities were modified with the func-
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tion s/|fc|%. The computer drawn background*?
was subtracted separately from each intensity curve
on levelled form. The average for the Oslo data is
presented in Fig. 1, and the individual curves from
Austin in Fig. 2.

The structural parameters are determined by
conventional least-squares refinement on these
intensity data.

The theoretical molecular intensities were cal-
culated according to eqn. 11 of Ref. 31. The scat-

tering amplitudes and phase shifts3!-33 were cal-

culated analytically by a program originally written
by Yates,** using Hartree-Fock-Slater potentials 33
for C and molecular bonded potentials for H.3*

STRUCTURE ANALYSIS AND
REFINEMENT

Radial distribution curves (RD-curves), calculated
from the molecular intensities by a Fourier trans-
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Fig. 3. Radial distribution curves and differences, Oslo data (B=0.0025 A2). The upper curve is experi-
mental, the curves I, A, B, C and II correspond to different theoretical models: 1: 100 %, anti, A: model A
with 5529, anti and ¢,=112.6°, B: model B with ¢,=57.3°, C: model C with V=34, V,=—1.1,
V3=0.3 and V,=0.2 (kcal mol™!) and II: model C with ¥, =099, V,=—5.11, V=175 and V,=0.51
kcal mol~?, potential E'® of Fig. 5. The differences, given below, are the experimental minus the

various theoretical curves.
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formation3! are presented in Figs. 3 and 4. The peak complex between 2 and 3 A. The torsional

bond distances contribute to the first two peaks, dependent C,---C, distance in the anti region gives
the major torsional independent distances to the rise to the asymmetric peak at 3.7 A.
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Fig. 4. Radial distribution curves for each plate and differences, Austin data (B=0.0025 A2). The open
circles are the experimental values, the solid curves correspond to the theoretical curves with the
Fourier coefficients obtained from refinement C of the Oslo data (Table 4, line II). The corresponding
differences are given below.
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The area and shape of this outer peak complex is
dependent of the torsional distribution about the
C—Caxis.

The following parameters were chosen as inde-
pendent structural parameters: The three bond
distances, r(C —C), (C=C) and r(C —H) (all C—H-
distances were assumed to be identical), the angles
(L CCC, LC,C,H,, LC,C,H, and the torsional
angle about the C—C axis, ¢. ¢ is defined as 180°
in anti, where the molecule is assumed to be planar.

The C-C torsional independent parameters
were assumed to be identical for all values of ¢.
The torsional distribution is primarily determined
from the torsional dependent r(C,---C,) and to a
smaller extent by r(C,-‘H;), nC,-'H,) and
HCy*Hy).

The data were analyzed by applying three dif-
ferent models. In approach A the molecule is as-
sumed to exist as a conformational mixture of anti
and syn or gauche. Both conformations are de-
scribed as rather rigid molecular species each
characterized by appropriate root-mean-square
vibrational amplitudes (u-values).

The two other models represent more flexible
molecular species. In model B the torsional

Table 2. Valence force constants.

Stretch (mdyn A~ 1) Interaction
Je-c 6.07 Je=ccyopm, 0.16
fC=C 8.15 C=C,HCH —0.05
Jey-uy 5.07 Jc-c,c30H; 0.12
Cy—Hj 01 C-C,C1CoH, -024
C3C1H; HCH —-0.02
Bend (mdyn Arad™2)  fcicompca05H, 0.08
fexem, 052 cCoseqty 0.19
jH(‘H 0.37 j§=C,C—H 010
f}c3(‘zcz 0.62 f(=c,c—c 0.58
jCC(’ 0.99 ,C-C,0.0.p.Cy —0.03
0.0.p.C 0.23 jt.C=C,oA0.pAC1 0.09
0.0.p.Cyq 0.30

Torsion (mdyn A rad~2)
(ecc  0.102)°
Jec=c 0642

“ From the electron diffraction dataf, - - =0.02 mdyn
Arad~2

potential, ¥(¢), is assumed to be harmonic, but with
a wide potential well in anti. The torsional distribu-
tion is described by the root-mean-square angular

Table 3. Vibrational amplitudes, u(A), as calculated from the valence force field.

Distance® rA) u(h)

type 25°C 200 °C 500 °C 600 °C 900 °C
CcC-C 1.46 0.046 0.047 0.051 0.053 0.058
C=C 1.34 0.043 0.043 0.046 0.047 0.051
C-H 1.10 0.077 0.077 0.078 0.078 0.079
C,C, . 248 0.065 0.072 0.086 0.090 0.103
C,*H; 2.18 0.103 0.106 0.114 0.118 0.128
C,H, 2.13 0.099 0.102 0.108 0.111 0.120
H,---H,. 1.89 0.123 0.124 0.128 0.130 0.137
C,H,. 347 0.098 0.102 0.111 0.114 0.124
C,-H, 273 0.144 0.157 0.183 0.191 0.216
H,-H, 311 0.121 0.122 0.127 0.129 0.137
H,--H, 247 0.161 0.166 0.182 0.188 0.207
C,;C, 3.70 0.066 0.074 0.088 0.093 0.106
C,H; 2.68 0.142 0.155 0.181 0.189 0.213
H, -H; 313 0.126 0.128 0.134 0.137 0.146
C,H, 4.60 0.110 0.117 0.131 0.136 0.150
C,H, 4.07 0.143 0.156 0.181 0.189 0.214
H,H, 3.78 0.158 0.169 0.192 0.200 0.222
H;---H;. 247 0.211 0.232 0.274 0.287 0.325
H,---H,. 5.57 0.132 0.136 0.147 0.151 0.164
H,--H, 4.78 0.188 0.205 0.239 0.250 0.281
H, --H, 4.67 0.169 0.180 0.204 0.212 0.237

“ For numbering of atoms see Fig. 3.
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Table 4. Molecular parameters, distances (r,) and vibrational amplitudes (u) in A, angles (~,) in
degrees, Fourier coefficients (V,) in kcal mol™?!, and estimated correlation coefficients (p) larger than
0.5. Standard deviations (16) in parentheses. R, =() wA?/Y wI?)* - 100.38-3°

a. Oslo data: 500 °C.

B C

Model A

HC—-C) 1.467(2) 1.467(2) 1.468(2)

HC=C) 1.349(1) 1.349(1) 1.348(1)

HC —H) 1.108(1) 1.108(1) 1.107(1)

L. CCC 124.4(1) 124.4(1) 124.3(1)

L C,C,H, 120.9(4) 120.9(4) 120.7(3)

o, 112.6(44)

1. (%) 55.2(46)

Oy 57.3(24)

v, 3.4(4)

v, —1.1(5)

Vs 0.3(6)

Vs 0.2(8)

R, (%) 3.79 3.68 3.30
p(r(C=C),{(C—H)) 0.68 0.66 0.67

p(Vy,V3) —-0.75

p(V3,Va) —0.69

b. Austindata.

Curve No: 1 2 3 4 5 6 7
Estim. temp. (°C) 25 200 600 900

I: model B

Oy 23.2(21) 33.2(22) 39.3(22) 56.0(23) 54.8(29) 51.0(33) 55.2(30)
R,(%) 4.86 4.73 4.68 3.61 4.44 495 4.06
II: model C (V,—V, as above)

R, (%) 4381 4.86 5.04 437 5.19 6.16 5.44
III: model C (V;—V, as above)

V, 9.6(199) 7.5(39) 5.6(20) 7.6(13) 7.9(17) 13.1(36) 11.3(24)
v, 1.0(62) 0.8(15) 0.5(9) 2.1(7) 2.109) 3.9(18) 3.8(13)
R, (%) 4.77 4.67 4.89 3.75 4.58 498 427

?The R,-factors for models I and II (Fig. 3) are 6.78 and 4.28 ¥, respectively.

amplitude, o4, and integrated over +2.56,. 0, is
determined in the least-squares procedure. In this
case o, and the torsional force constant, f,, is
related through eqn. 2.

f«=RT/s,? @

In model C the torsional potential is expressed
by a terminated Fourier series expansion (eqn. 1),
including the first four terms, previously !**6 found
to be necessary to describe appropriately the
observed frequencies. The torsional distribution is
integrated over the whole ¢-region. In this case
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f. may be defined at the minima, ¢,, of the
potential curve as

febm = VD)D), @)

A normal coordinate analysis>® has been carried
out to determine a valence force field (Table 2) in
agreement with the observed frequencies.’” The
u-values calculated from the normal coordinates 38
are presented in Table 3. These values agree
excellently with those previously presented.’-3’

In- the least-squares refinements only diagonal
elements in the weight matrix3°*° were included.
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The determined structural parameters are presented
in Table 4. The obtained standard deviations (1a),
including the uncertainty of 0.1 %, in the wavelength,
are given in parentheses.

RESULTS AND DISCUSSION

Due to the s-scale uncertainties in the Austin
material these data are primarily used in the
studies of the torsional potential. The structural
data presented in Table 4 refer to the set of data
obtained in Oslo.

The obtained geometry parameters agree ex-
cellently with those determined previously.>3 Due
to the comparatively limited s-range of the applied
data, the choice of start-parameters interferes
severely with the background.

It was not possible to distinguish between the
two CCH angles, /. C,C,H, and ~C,C,H,, and
the average value has been determined. All u-values
have been kept at the calculated values in the
various least-squares refinements.

The RD-curves given in Fig. 3 reveal that both
100 % anti (rigid model, curve I) as well as a model
(curve II) oscillating in the spectroscopically pro-
posed potential !¢ (curve E, Fig. 5) can be rejected.
The three molecular models A —C describe satis-
factorily the experimental data. Although the lower
R, factor gives a slight preference for model C,
based on these data alone, we cannot discriminate
between the applied models.

The obtained torsional angle (112.6°) for the
gauche conformation (model A) is significantly
larger than 80—85° as obtained at 390 °C,* where

V(#)(kecal mot™)

180. #(°)

0 60 120
¢g  anti

syn
Fig. 5. Torsional potentials. B: as obtained from o,
Oslo data, model B. (eq. 2) C: as obtained from the
Fourier coefficients, Oslo data, model C. D: as
obtained from an ab initio calculation with opti-
mized geometry, extrapolated from the four points
obtained by Skaarup et al.'* E: as obtained from
the Fourier coefficients given by Bock et al.!®

80 9, anti was estimated. In model A the u-values
have been calculated from spectroscopic data for
both conformers, and the difference in the obtained
¢, values may reflect that different assumptions
about the torsional dependent u-values have been
applied. Keeping the torsional dependent u-values
constant at the value of anti, an increased anti
fraction and a decrease in the torsional angle of
the same order of magnitude were found.

The obtained torsional angle seems indeed un-
reasonable. Such a large angle rather indicates that
the torsional potential is very wide, and that the
unexpected value is the.result of the least-squares
refinement of an inadequate model.*!

To illustrate this statement a model with two
rigid conformers was fitted by the least-squares
method to a theoretical curve calculated from
model B (6,=57"). An excellent agreement was
obtained with 64(1) % anti and ¢,=109(1)°. This
result may serve as a warning which concerns all
conformational studies. The least-squares method
will always give the best fit of any model chosen to
describe the molecular system. The evaluation of
the obtained results has to be based on chemical
intuition and the analogy with related compounds.

In order to describe the torsional behaviour of
butadiene, even in the vicinity of anti, a more
flexible model as B and/or C has to be introduced.

The resulting torsional potentials are presented
in Fig. 5. There are two striking differences between
the obtained potentials B and C on one side,
compared with those obtained from ab initio cal-
culations '*'* (D) or spectroscopically '® (E) on
the other side. The minimum of potentials B and C
are much broader and the torsional energy increases
steadily on going from anti to syn, producing no
second minimum in the torsional potential. Ac-

°S 010 ¢
& Oslo,,~5
7008 12

5 006{ 1

20 25 30 By

Fig. 6. u(C,---C5) given as functions of T*. The
corresponding refined u-values are given the ap-
propriate curve No., the vertical lines (10) indicate
the uncertainty. Temperature measurements from
the u(C,'-*C;) curve; Oslo data: 435 °C (nozzle
temp.: 500 °C), Austin data; 1; 51 °C (nozzle temp.:
25 °C), 2;477 °C, 3,372 °C, 4; 725 °C, 5; 738 °C, 6;
970 °C, 7; 1000 °C.
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cording to eqn. 2 potential B corresponds to a
torsional force constant £,>=0.01 mdyn A rad =2
From eqn. 3 f$=0.02 mdyn A rad~? is obtained
for potential C. The potentials D and E correspond
to f2=0.15 and f£=0.10 mdyn A rad~2, respec-
tively.

Since the Austin data cover a large temperature
interval, these data may be used for further
analysis of the two approaches (B and C). In this
case the higher temperatures were not measured
directly, but have been estimated from the tempera-
ture dependency of u(C,-:*C;) by plotting the
spectroscopically obtained u-values as a function
of T* (Fig. 6).

The temperatures thus determined for the Oslo
data, presented in this figure as well, and for the
Austin recording at 25 °C (curve 1) agree satis-
factorily with the nozzle temperatures, and reveal
that this procedure should give the temperatures
with reasonable accuracy.

The seven Austin recordings are grouped as the
experimental conditions would predict. However,
applying the obtained temperatures (Fig. 6) directly
revealed some discrepancies in the torsional inde-
pendent part of the RD-curves, and the tempera-
tures (Table 4) used in the final treatment of these
data were arrived at in a cyclic manner by improving
the fit to the torsional independent part of the
experimental RD-curves. Except for the lower
temperature obtained for curves 2 and 3, the final
values are in good agreement with those obtained
from the refined u(C,---C;) values. A similar
temperature analysis based on the refined w(C,-‘H,)
gave the same tendencies. But the results appeared
to be less reliable, due to the much slower variation
of u(C, --H,) with T* and the comparatively lower
contribution from this distance to the total intensity.

Using model B for the Austin data revealed that
in order to satisfactorily account for the asym-
metry in the anti peak, the obtained o¢,-values
increase in such a way that the model is inadequate
for a quantitative description of W(¢). This is
demonstrated by the subsequent decrease of the
obtained f,-values (eqn. 2) with increasing tem-
perature. Since this argument is based on the
knowledge of the temperature, the inconsistency
may also be demonstrated if we assume that
f8=001 mdyn A rad=2 (the Oslo value) is a
reasonable value. Thus combined with the ob-
tained Austin o,-values through eqn. 2 this fP-value
would lead to unacceptable temperatures (the
recording at room temperature for example would

Acta Chem. Scand. A 34 (1980) No. 1

1,3-Butadiene 39

correspond to — 142 °C). Thus based on the Austin
data model B may be rejected, which leave? us
with model C as the only acceptable model. How-
ever, the Austin ¢, value at room temperature
corresponds to f,=0.02 mdyn A rad~2, identical
to the value obtained from the Fourier expanded
potential (C) of the Oslo data. This implies that at
comparatively low temperatures model B will satis-
factorily describe the torsional distance distribution
about anti. But at higher temperatures model C
must be used for an adequate description of the
torsional distribution.

The consistency of the obtained Fourier expanded
potential (model C) is quite reasonable for all seven
Austin curves (Fig. 4, Table 4, line II). The obtained
RD-difference curves are still somewhat large, even
when taking into account that these curves are
individual recordings, whereas the Oslo data are
averaged over 6 plates.

In an attempt to determine the four Fourier
coefficients from the Austin data as well, only V;
and ¥V, could be refined. V; and V, were kept
constant at the values obtained from the Oslo
data, which, of course, limits the freedom of the
obtainable V, and V, values. Although the obtained
values (Table 4, line I1I, Fig. 7) are not significantly
different from those in column C, Oslo data, the
large standard deviations taken into account, the
most striking difference is the fact that the Austin
data lead to larger V; and consequently larger and
opposite in sign V,-terms. As the curves in Fig. 7
indicate, the effect of the increased size of V, and
V, mainly influences the torsional potential near
syn, but the resulting potentials about anti are in
all cases quite open and similar in magnitude to
that in curve C.

This apparent inconsistency in the syn-region
mainly reflects that too detailed information is

ISEEN)

V(¢ )kcal mol™1)

C

N O~ o 0

0 60 120 180 $(°)
syn anti

Fig. 7. Torsional potentials as obtained from
refinements on the Austin data.
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sought. But it may also indicate that including only
the first four Fourier coefficients is not sufficient to
describe the torsional potential in the whole ¢-
region. Higher order terms should be included in
order to assure a sufficient flexibility, so that at
elevated temperatures where the relative contribu-
tion from the small ¢-angles plays a more important
role, this contribution may be obtained correctly
together with the appropriate contribution from
the anti region.

The large standard deviations obtained for
V,—V, (Table 4, Oslo data), together with the
positive V,-values determined from the Austin data,
indicate that in order to reproduce the electron-
diffraction data a potential function defined in the
anti region including only the V;-term is sufficiently
accurate. However, since the previous studies of the
torsional potential of butadiene ' on the contrary
have given a potential function dominated by the
V,-term (in order to produce a second potential
minimum), with not negligible V', and V;-terms, the
flexibility of a four term expansion series was
preferred in this study.

In models B and C it has been assumed that the
torsional motion may be separated from the low
out-of-plane bending vibrations. The u-framework
values have been treated as torsional independent
(given the values calculated in anti). As illustrated
by Fig. 8 this assumption is quite good about 90°
out of anti. Including the angular dependency for
the u-framework functions between 90° and syn

ot ™\
s |
030 ‘\\
CrHg,
025) \
oo 900°C
020 N T pradl
_500°C
: G ‘Hy 500°C
900°C
0.10
0 60 120 4o 180
syn ) anti

Fig. 8. u-framework as obtained from the applied
force field (Table 2) as a function of ¢.

produced in the Oslo data a slightly higher (0.3
kcal mol~!) barrier in syn, and an indication of a
second minimum at ¢=55°, 2.6 kcal mol~! above
anti. In the high temperature cases (curves 6 and 7,
Austin) introducing u™(¢) resulted in slightly smaller
values for V', and V,. But within the present level
of accuracy, the result is not significantly different
from that given in column C, Table 4. Due to the
large standard deviations and the uncertainties
regarded the separability of the torsional motion
and the possibilities of geometric relaxation, it
was felt appropriate at this stage to present the
results obtained when u-framework is treated as
torsional independent. The inherent model assump-
tions together with the very low contributions
from molecular species with angles smaller than
70°, indeed make the obtained potentials very
uncertain in the syn region. But based on this
study we may conclude that the torsional potential
about anti seems much more open than predicted
from spectroscopic studies.'®'®

A torsional force constant of 0.02(5) mdyn A
rad™? corresponds to a torsional frequency of
70(60) cm™!, about half, although formally not
significantly different, of what has been assigned to
this mode (163 cm™').>” The far-IR spectrum of
butadiene was reinvestigated, but revealed no
evidence for a peak in this region at ambient tem-
perature. A considerable lowering of the torsional
frequency may be obtained in the related molecules
1,1-difluoro-2! and 2-fluoro-1,3-butadiene 22 if cal-
culated from the inertial defects*? instead of
applying the usual relative intensity approach (59
versus 103 and 93 versus 156 (cm™!), respectively).
The extremely low torsional frequency observed
in 1,1-difluoro-3-methyl-1,3-butadiene** (56 from
the inertial defect and 35(cm™!) from relative
intensities) supports the idea of a lower torsional
frequency in butadiene as well. However, the
rather thorough spectroscopic studies'®#**% of
this mode in anti indicate that the torsional potential
as estimated from the electron-diffraction data is
too wide at the bottom. As reflected in the larger
R,-factor obtained when the spectroscopic potential
(Fig. 5, curve E) is introduced compared with that
of model C [4.28 versus 3.30 (%)] a potential with
an anti/gauche barrier in the order of 6 kcal mol ™!
at ¢=97° is very unlikely. A steady increase in
the torsional potential as going from anti to syn
is suggested, although it is emphasized that barriers
of this order determined by the electron diffraction
method indeed are uncertain.*®
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CONCLUSION

The main conclusions of this investigation are:

(a) The torsional distribution of molecular species
about anti cannot be assumed to be harmonic above
room temperature.

(b) The torsional potential about anti as deter-
mined from the electron-diffraction data seems to
disagree with the spectroscopic results. Firstly the
potential well in anti is found to be more open,
secondly an anti/gauche barrier at 97° in the order
of 6 kcal mol~* has not been reproduced.

(c) No second conformer has been observed,
even at the highest temperatures (900 °C). However,
the presence of a second stable form in the
syn/gauche region at least 3.5 kcal mol™! (less
than 10 %;) cannot be ruled out.
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