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derivatives.® This strongly suggests that stabilization of the
N tautomer in His™ does not result from hydrogen bonding
between the primary amine protons and 3Nj; of the imidazole
ring but rather may be largely attributable to electronic or
steric consequences of substitution at C4. In His%, on the other
hand, the decreased stabilization of the 8N tautomer may be
indicative of significant hydrogen bonding between the primary
aminium protons and SN of the imidazole ring. In view of the
greater overall consistency of all the results, it seems to us that
Jcsny may be the parameter best suited for estimation of
tautomeric abundances in these systems.

Conclusions

It is perhaps surprising that ring coupling constants in the
imidazole derivatives are so closely similar to those in imidazole
itself. However, as the calculated values reflect similar be-
havior, and correspondence with observed coupling constants
for equivalent bonds in such divergent structures as pyrrole and
pyridine is quite good (Table IV), it must be concluded that
they are not really sensitive indicators of structural features
other than protonation or deprotonation of the pyridine-like
nitrogen (N3). While it is tempting to rely more heavily on 1*N
chemical shifts or NH couplings as indicators for such pro-
tonation or deprotonation, it should be noted that for NH
couplings the range of values between protonation extremes
is relatively small and for '3N shifts effects of the extramole-
cular environment can be large.!0.11 It therefore seems that
1Jcn may the NMR parameter best suited for estimating the
degree of protonation of imidazole-ring N3 under the most
general conditions.

The largest discrepancies noted in this work are between the
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observed and calculated values for Je,n, and Je,n, in 1-
methylimidazole. As the observed values do not appear to be
solvent dependent to any appreciable extent and the calculated
values do not change significantly upon incorporation of hy-
drogen-bonded structures, we are unable to suggest a resolution
for the discrepancies.
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Abstract: Polarized specular reflection and absorption spectra for the crystalline anthracene-s-trinitrobenzene complex are
reported at 20 and 5 K. The quantitative assignment of the polarization of the CT transition of the asymmetric complex places
the moment near the line-of-centers. An irregular vibrational progression of ~1400 cm™! is observed for the CT transition. A
second CT band is observed at 31 000 cm~!. The first and second singlet transitions of anthracene are observed and are found
to have free molecule frequencies, intensities, and polarizations. A band seen at 44 000 cm™! is interpreted as a trinitrobenzene
molecular transition. The use of crystals of complexes for study of molecular spectra is suggested.

I. Introduction

Recent work in our laboratory has been concerned with the
electronic spectra and structure of electron donor-acceptor
(EDA) complexes in crystals.!-3 In an effort to further un-
derstand the nature of this interaction, we have been particu-
larly concerned with the effects of varied acceptors with a
specific donor molecule, namely, anthracene. Previous studies
of anthracene crystalline complexes with TCNQO! and py-
romelletic dianhydride2# have been made with detailed ex-
amination of the excitonic interactions of the latter reported
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by other workers.>6 The concern in our investigations has been
centered, insofar as possible, upon the molecular manifestation
of the EDA interaction,

The complex of 1,3,5-trinitrobenzene (TNB) with anthra-
cene (A) is one which has been extensively studied. Early work
on the complex was done in solution and in organic glasses.”?
Later work on crystalline films of TNB-A101! was reported
but, since such a study for a single crystal orientation cannot
absolutely assign the charge-transfer (CT) transition moment
in this asymmetric complex, further study is necessary to obtain
the assignment. Below is shown the projection of TNB onto the
plane of A.

© 1980 American Chemical Society
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Figure 1. Projections of A~-TNB onto (110) and (010).

First-order theory for a 1:1 EDA complex!? predicts the
polarization of the CT transition to be along the line of centers
of the donor and acceptor molecules. For n:n EDA complexes
such as those found in erystals, this has also been found,!-4.13
but in these, as well as other cases, the crystal packing has al-
ways been such that the optimum geometry, the typical her-
ringbone stack, has had a crystal axis along its line-of-centers,
thus assuring the expected CT polarization. The TNB-A
complex, however, differs in that the TNB molecules above and
below a given A are at opposite ends of the A and each A is
rotated 120° to its neighboring A molecule in the stack. The
lines-of-centers do not then coincide with any symmetry op-
eration of either the crystal or complex. Thus, the possibility
exists that the CT moment may deviate from the expected
polarization.

Another purpose of the investigation is the examination of
the effect of complexation upon the transitions of the donor.
Further interest centers upon the vibrational structure in the
CT band. Such structure in CT bands in solution is infre-
quent!4 but is more commonly seen in EDA complex crys-
tals.

This paper reports the electronic spectra of the TNB-A
complex at 300, 20, and 5 K from 10 000 to 46 000 cm™!.
Assignments of CT transition moments as well as intramo-
lecular anthracene transition moments are made. The origins
of the transitions are discussed and compared with other an-
thracene EDA complexes. The influence of the crystalline
environment is also considered.

II. Experimental Section

A. Sample Preparation. TNB obtained from Eastman Organics was
recrystallized from chloroform. Blue-violet fluorescence anthracene
obtained from the same supplier was used without further purification.
The EDA crystals were prepared by combining separate solutions
(ethanol or diethyl ether) of the donor and acceptor and obtaining
crystals of the complex by evaporation. Those crystals obtained from
the ether were larger and possessed better morphology than those
grown from ethanol but they were otherwise of identical structure.
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Figure 2. ¢ axis polarized reflection spectra at 300 (----) and § K
(=)

Table I. Frequencies of Prominent Structure in the Polarized
Spectra of A-TNB

C.(010) CL(110) a
20 470 20 270 20 320
21 750
21 650 21 710
23 080 23 030
24 550
26 670 26 670
28 010 28 020
29 370 29 370
30930 30 670 (sh)
31 450
38910 38 350
39 670 (sh) 38 840 (sh)
39 870 (sh) 39 730 (sh)
44000

B. Spectroscopic Measurements. Reflection spectra were obtained
at both 300 and 2 K with apparatus used in previously reported
work. 113

Absorption spectra were obtained by a microspectrophotometer
similar to that described by Fratini and Anex.!5 The films were pre-
pared by melting crystals of the complex between two fused silica cover
slips which were pressed together. The resulting film was polycrys-
talline wherein the areas displayed distinct dichroism with orthogonal
principal directions. The film thicknesses were measured to £100 A
by interferometric measurement. No significant dispersion of the
principal directions was observed for the faces studied.

C. Crystal Morphology and Projections. The monoclinic acicular
crystals are zonal to the ¢ axis.!® Faces determined by optical
goniometry were {010}, {110}, and {110}. Projections of the molecules
onto two faces are shown in Figure 1. Because two of the complex
molecules in one column of the TNB-A unit cell are related to two
molecules in the other column by c-face centering, it is only necessary
to consider the projections of the molecule in one column. It is clear
that the individual 1:1 complex possesses no symmetry.

III. Results

A. Spectra. The reflection spectra taken with light polarized
along the ¢ axis at both 300 and 5 K are shown in Figure 2.
Significant sharpening of the structure in the low-energy c-axis
system is observed at low temperature. Frequencies of prom-
inent structure are listed in Table I. At 300 K only shoulders
are observed.

The Kramers-Kronig transforms of the low-energy c-axis
system are shown on the left side of Figure 3 at 300 and 6 K.
The ~1400-cm™~! progression observed in the reflection
spectrum is preserved. However, not enough resolution of
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Figure 3. ¢ axis polarized spectra at high (- - - -) and low (—) temperature.
Left side shows the Kramers-Kronig transform of the visible region. The
right side displays the thin film absorption spectra over the visible re-
gion.

Table I Vectors for CT Moment from Experimental Data for
Anthracene-TNB

angle to
method vector ¢ axis, deg
average (—0.6714,0.4173, 0.6408) 22.1
weighted average (—0.6327,0.4175,0.6621) 23.7
line of center (—0.6325,0.3651, 0.6831) 214

structure is obtained to allow meaningful definition of any
other vibrational series. On the right side of Figure 3 are dis-
played the direct film absorption spectra for the ¢-axis polar-
ization at 300 and 20 K. The agreement with the transformed
spectra is excellent.

Another system is observed at 29 000 cm~! but it is rather
broad and diffuse. A weak and broad system is also observed
at 44 000 cm™! but, because its reflectivity has varied signif-
icantly between measurements, it has not been considered
further.

The crystal directional intensity, g2, which is taken to be
the spherical average of the crystal integrated intensity ob-
served along a given principal direction, is 0.19 A2 for the c-axis
%ozlarized band in the visible at 6 K; at 300 K the valueis 0.17

The reflection spectra obtained at 6 K with light polarized
perpendicular to the ¢ axis (C 1) in the (010) and (110) faces
are shown in Figures 4 and 5. Their respective Kramers-
Kronig transforms are shown in the same figures. From these
spectra it is clear that a dichroism exists in the visible region
and that the structure in this region corresponds to the region
of the c-axis absorption. Further, the structure which appears
from 20 000 to 23 000 cm™~! shows a ~1400-cm™! progression.
Table [ lists the frequencies of prominent structure.

B. Assignment of Transitions. Since there are four complexes
in the C2/c unit cell,'® it is emphasized that the individual
complexes have no symmetry. There are, therefore, no sym-
metry constraints on the CT transition and its assignment must
be made from at least two sets of spectra taken from geomet-
rically inequivalent but possibly spectroscopically equivalent
faces.

The dichroic ratios measured for a given face determine two
possible projectors of a transition moment in the unit cell upon
that face. One of these projectors!” must lie in a plane which
contains the transition moment but which is perpendicular to
the face containing the projectors. The intersection of the
planes actually containing the transition moment and the
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Figure 4. C | axis polarized reflection spectra (....) and their Kram-
ers-Kronig transforms (—) for {010}. The dashed lines represent blow-ups
of structure by a factor of 5.
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Figure 5. C | axis polarized reflection spectra (... .) and their Kram-
ers-Kronig transforms (—) for {110}. The dashed lines represent blow-ups
of structure by a factor of 20.

various projectors will define a vector parallel to that moment.
Thus spectra must be obtained from a minimum of two geo-
metrically inequivalent faces. Because some of the possible
projectors arise because of sign ambiguity, intersections will
be obtained which will be devoid of physical significance.

The observed dichroic ratio for the low-energy system, which
has been previously assigned qualitatively as a CT transi-
tion,!0.11 is for (110) C/C, 119 = 7.4, This is also the ratio for
the spectroscopically equivalent but geometrically inequivalent
(110) face. For (010) the dichroic ratio is C/C; ©10 = 32, which
for practical purposes may be taken to be infinite.

Using these data according to the previously described
analysis yields a set of five vectors which are physically rea-
sonable for a CT transition in an ar-bw type complex. Slightly
different intersections and thus possible moments are obtained
because of experimental error. The “average” CT transition
moment vector was obtained in two ways: (1) the average of
the vector components was obtained and (2) a weighted av-
erage was taken with each component weighted inversely to
the square of its deviation from the average component. The
resultant values are shown in Table II. Because of the c-face
centering and the location of the component molecules at
special positions, the stacks of complexes are identical. This,



2890

coupled with the symmetric arrangement of the line-of-centers
to the ¢ axis, facilitates the calculation and assignment of the
CT transition moment.

Using the above experiments’ polarization assignment, the
absolute intensity of the CT transition in the crystal may be
obtained. At low temperature the integrated intensity is 0.212
A? and at ambient it is 0.192 A2 as determined from the
Kramers-Kronig transforms. The integrated intensity obtained
from the film spectra which are of (110) orientation!! is 0.182
A2 at Jow temperature. Film thickness was determined inter-
ferometrically. The above values take into account the doubled
cross section of the CT transition for a given donor in a
stack.!'! The peak absorptivity at 300 K is 1570 L/mol.cm,
which is in reasonable agreement with earlier measurement
of 1980 L /mol.cm.

The intensity of this CT transition in chloroform was de-
termined, without modifying assumptions,'? to have a peak
absorptivity of 2000 L /mol-cm. Peak extinction was reported
to be 1333 L/mol-cm in a Benesi-Hildebrand determination.?
A value of 1600 L/mol-cm is reported for ethyl ether-pen-
tane-alcohol mixed solvent.® Thus, there is an apparent solvent
dependence on the CT intensity. Because of this, the inter-
mediate value of 1600 L/mol.cm is selected. Using this, the
integrated intensity using a Gaussian approximation for the
solution spectrum band shape is 0.163 A2, which is in good
agreement with the intensity found in the crystal considering
the approximation involved. A similar approximate determi-
nation!? reports a cross section of 0.130 A2 and use of the
Gaussian band shape approximation for these data gives a
dipole strength of 0.182 gz. Considering the errors inherent
in the Benesi-Hildebrand procedures,?! the agreement is quite
satisfactory.

The low-temperature crystal CT transition intensity is 28%
greater than that at ambient temperature. This hyperchromism
is attributed to contraction of the crystal and resulting increase
of chromophore concentration. Because this will also result in
an increase of overlap between the donor and acceptor mole-
cules, the CT intensity can also be expected to increase. Both
bathochromic and hyperchromic changes in the A-TNB
complex at 16 kbar and 300 K have been observed.??

The nature of the weaker reflection in the c-axis spectrum
which is observed at about 31 000 cm™! has been previously
assigned!! as a second CT transition. Because of overlap with
known anthracene transitions in this energy region in the C |
spectra further analysis using dichroism is thwarted. The in-
tegrated crystal directional intensity is 0.12 A2,

For the C | spectra in the 19 700-cm™! CT region, vibra-
tional structure is observed clearly only for {110} and {110}. The
{010} spectra for this direction are too diffuse. In Table I are
listed the frequencies of prominent structure in this region.
These data support previous arguments for excitonic interac-
tion!! but the magnitude of the factor group splitting here is
certain to only £80 cm~! since the estimated error in the as-
signed frequencies for peaks is £40 cm™1.

The C, spectra at low temperature (Figure 4) are domi-
nated by the first and second singlet transitions of anthracene.
These are known to be polarized along the short and long axes
in the free molecule, respectively,? and this is expected in the
A-TNB complex. Because the ¢ axis is nearly perpendicular
to the anthracene plane, the dichroic ratios C/C | for the faces
are of little use. However, the intensity ratios between any two
principal directions may be used for making an assignment.
In A-TNB the intensity ratios between the C | polarizations
should vary with the face and the polarization of the transition
moment. Because of the symmetry requirements on the an-
thracene transitions and their known polarizations, only the
ratios for the long and short axes need be known. For the short
axis C 1 910/C 110 = 2 4 and for the long axis the ratio is 0.32.
Because the anthracene singlet transitions must be confined
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to the molecular plane, the detailed analysis used for the CT
transition is unnecessary.

For S; in anthracene in the region from 25 000 to 31 000
cm™l, € 010/C 110 = 2.2 which is in excellent agreement
with theory. The integrated intensity obtained from Kram-
ers-Kronig transform (Figure 4) for S; on (010) is 0.28 A2 and
(110) is 0.32 A2. The solution intensity in hexane for anthra-
cene’s Sy was found to be 0.31 A2, This agreement between
solution and crystal values is well within the estimated error
of 5%.

For the S; intensity measured between 31 000 and 42 000
em~!, € 910/C 110 =032, which is also the theoretical value
for a long axis polarized transition. The integrated intensity
for S, as determined from (010) is 3.95 A2 and from (110) is
4.00 A2, The solution.value is 3.72 A2. A weak and diffuse
absorption (e ~103) at 35 700 cm™! for TNB in n-heptane is
observed and the discrepancy in crystal and solution intensities
for S; may be ascribed to this. The observed frequency dif-
ference between the S; peaks for (101) and (110) may be at-
tributed to this absorption as well as the more intense (¢ ~ 10%)
m*<—m TNB transition at 45 000 cm~!.

The peak observed at 44 000 cm~! in the C | 910 spectrum
cannot be assigned because of the lack of any reasonable way
to obtain an intensity ratio for the bond. It is taken to be elec-
tromic in origin since it is more than 4000 cm~! to the blue of
S; and is not seen in C 10, The high intensity of S; on (110)
may be expected to obscure any weaker structure nearby. The
band in question is of such significant intensity that, were it
long axis polarized, it would appear as a peak or shoulder at
44 000 cm™! on S, in (110). Since this is not observed, a rea-
sonable inference would be that the transition has a short axis
polarization. This is further supported by the observation that
short axis transitions project strongly onto (010) and weakly
onto (110).

There is no strong evidence for factor group splitting in the
anthracene bands. This, coupled with the excellent agreement
of crystal and solution intensities and frequencies, supports the
oriented gas model for the crystal for description of the an-
thracene transitions.

IV. Discussion

The agreement of the experimental CT transition polar-
ization with the prediction of Mulliken’s theory for polarization
along the line-of-centers for 1:1 complexes is excellent. The
situation differs from other studies on crystalline CT complexes
where the line-of-centers and the stacking axis are coincident.
It is in these systems where significant shifts of the CT fre-
quency and intensity from that observed in solution are often
observed.!3* A-TNB, however, appears to behave as a 1:1
complex and it is intriguing to consider, given the exact
agreement of the maximum frequency of absorption between
crystal and solution as well as their agreement in integrated
intensities, that the geometries of the complex in the two phases
might be the same.

These measurements quantitatively establish the qualitative
assignment of the polarization of the first CT transition made
earlier.10.11 Further, they establish the usefulness of intensity
ratios between principal directions in different faces for the
oriented gas model of a crystal.

Of most interest in the CT system is the clear definition of
the vibrational progression in the CT band. Unfortunately,
even with spectra which are apparently better resolved than
those reported earlier, 1011 it has not been possible to identify
(Table I) more than a ~1400-cm™! progression. However, this
is of higher frequency than the progression reported in the
crystal fluorescence!®!! by approximately 100 cm~!. Of
course, neither of these is a pure vibrational frequency. This
supports the conclusion that the nature of the fluorescing
complex is altered from that undergoing absorption.!! The
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study of the polarized fluorescence from different faces and
subsequent assignment of the CT emission’s polarization can
be expected to elucidate the nature of the geometry change the
highly polar excited state suffers in the lattice.

The 31 000-cm™! band has been argued!! to be a CT tran-
sition from the penultimately filled orbital (PFO) of anthra-
cene to the LUMO of TNB. The energy difference in the
centers of gravity of the low-energy CT band and that in
question is 9200 cm™!. It was pointed out!! that the calculat-
ed?’ difference between the LUMO and PFO is 8200 cm™! and
should thus be close to the difference of energies between the
two CT transitions. The 12 000-cm™! transition of the an-
thracene mononegative ion2® is also used to support the as-
signment. Photoelectron spectroscopy shows the vertical ion-
ization energies for the anthracene HOMO and PFO to differ
by 9000 cm™~!.26 Of course, correlation will slightly affect these
energies since the distribution of electrons in the complex will
be different than in the anthracene.

Multiple CT bands have been observed in other ar-bw
complexes of anthracene. In the A-TCNQ complex, the lowest
eniergy CT transition is from the PFO of A to the LUMO of
TCNQ,! thereby preventing determination of the energy dif-
ference relevant to this assignment. In the crystalline complex
of A with pyromelletic dianhydride (PMDA)2# a second
transition is observed at 30 000 cm~! which is largely polarized
out of the plane of the anthracene. In contrast to the previous
two anthracene complexes, the first CT transition in A-PMDA
crystal at 18 700 em~! is red shifted from the solution value
by 1600 cm~!. However, the 30 000-cm~! band is in the same
energy region as that observed in A-TNB and likely has the
same origin.

In all of these complexes, the role of vibrational structure
in the CT bands is of particular interest. In both A-TNB and
A-PMDA it is quite prominent for the first CT band but in
both complexes the second CT band remains diffuse. In A-
TCNQ), there is no indication of such structure in the room
temperature spectra,

The very strong 1400-cm™! progression observed in S of
anthracene has been attributed to a C-C stretch of either a,
or bs, symmetry.2” In A-TNB, the low-energy CT band re-
markably resembles S| of anthracene both in shape and fre-
quency interval. This is suggestive that the same vibration is
active in the CT transition as in the anthracene S;. The vi-
bration should be affected by the CT interaction since partial
or total removal of an electron from the HOMO of anthracene,
a sacrifical donor, will cause a weakening of the C-C bonds
and decreasing vibrational frequency. Thus, a similar decrease
is expected in the anthracene S; in the complex and, as shown
in Table I, is observed to be of essentially the same value as that
observed for the CT band. However, the reflection spectrum
of TNB crystals at 25 K shows a weakly defined progression
of ~1400 cm™! in a system at 37 000 cm™! which, from its
intensity, may be assigned as a w*<—x transition. This C-C
stretch is presumably that which is active in 7*<«—m transitions
in benzenoid systems and varies only slightly between mole-
cules. Unfortunately, the lack of definition of the TNB pro-
gression prevents further analysis,

Since a ~1400-cm™1 progression is observed in the lowest
A-PMDA CT band, it is likely that the same C-C stretch is
active in the lowest singlet of the acenes as is active in CT
transitions of those EDA complexes which are comprised of
benzenoid donors and acceptors. That this is possibly not a pure
vibrational progression must be emphasized. The strength of
the progression in the CT bands and its dominance in the ac-
enes?® and anthracene?” in particular strongly support the C-C
stretch as the active mode.

The intramolecular S, and S, transitions of anthracene are
essentially unaffected by the EDA interaction. No excitonic
effects are observed and the band shapes, intensities, and
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frequencies are those of the free molecule in solution.

The origin of the 44 000-cm™! peak cannot be assigned.
LCAO-MO-SCF-CI calculations® would indicate that from
its energy the band could be a long axis polarized transition to
a By, state of anthracene. The apparent experimental polar-
ization, although uncertain, does not support such assignment.
The w*<7 in TNB is of the correct frequency also. The TNB
molecules are at sites of C, symmetry with the rotation axis
parallel to the crystal b axis. Thus the molecular point group
symmetry is lowered from D3 to C,. In fact, the nitro group
which lies on the twofold axis?4 is twisted out of the plane of
the molecule. The EDA interaction may be viewed as partial
donation of an electron into the acceptor LUMO, and, since
this orbital is degenerate in TNB,3? a Jahn-Teller type dis-
tortion may be expected. The effect is further complicated by
the fact that removal of an electron from the triply degenerate
(E”, A1") set of HOMOs will also cause Jahn-Teller distor-
tion. ESR spectra indicate the presence of such distortion for
the radical anion of TNB.3! It is not possible to predict the
polarization of the w*<—m on TNB by symmetry correlation
arguments alone and calculation of the C; symmetry TNB
molecule is required. However, the transition in question must
either lie along the b axis or perpendicular thereto and con-
sideration of the orbitals involved indicates that the transition
could easily be “short axis” polarized. Since the crystal data
and available information are not in conflict, the suggested
assignment for the 44 000-cm™! band is the m*<«—7 of TNB
with a short axis polarization.

Another result of this study is that the EDA complex crystal
presents the molecular spectroscopist with a useful method for
the investigation of molecular electronic structure. The ad-
vantages of crystal spectra are the directness of the measure-
ments and the low ambiguity in assignments. At best, other
methods for such large molecules can only produce relative
assignments with rionnegligible uncertainties.

But crystal spectra can have severe drawbacks. The ex-
tremely complex spectra that arise from crystal interactions
and perturbations often vitiate the certainty and precision of
the assignments for complex molecules. To escape these, mo-
lecular spectroscopists have used mixed crystals where the host
crystal is doped with the molecule to be studied. This requires
an assumption regarding the guest’s orientation in the host
lattice. Further, the guest distribution is assumed to be ho-
mogeneous and guest concentrations must be known. The host
and guest must be compatible and not completely overlap in
their absorptions.

The A-TNB crystal indicates that these problems may be
avoided. The crystal structure of the complex will leave no
uncertainty regarding molecular orientation. Crystals may be
grown and recrystallized without fear of widely varying their
properties. Further, several complexes of a given molecule can
be made to produce environmental perturbations or to deter-
mine a needed region of the spectrum should some part of it
be dominated by the component not being studied.

While the overlap of bands can also be a great problem, the
EDA complex can be employed effectively by selecting an
acceptor, say, with symmetry-determined polarizations. Be-
cause these are known along with the molecule's orientation,
the acceptor spectrum can be subtracted out, leaving the
spectrum of the donor. Thus, aside from their intrinsic interest
as an important class of compounds, EDA complex crystals
are attractive for use as spectroscopic matrices.
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Abstract: Hydrogen-bonded m complexes CoH--H-X have been formed by codeposition of Cy3H2 and HX in excess argon at
15 K and by vacuum-UV photolysis of vinyl halides. The strength of the hydrogen bond, as measured by the displacement of
the H-X vibrational fundamental below the isolated HX value, decreases in the series HF, HCI, and HBr as expected. Similar
complexes made from di- and trichloroethylenes give slightly higher H-Cl vibrations which show minimal interaction between
the halide and the acetylene substituent. The H~F fundamentals for C;H4 and C;H, complexes at 3732 and 3747 cm™!, re-
spectively, show that the 7 electrons in double and triple bonds are comparable hydrogen-bond acceptors.

Introduction

Hydrogen bonding is of significant interest owing to its
physical and biological importance. The traditional view of the
hydrogen-bonding interaction has been expanded to include
many electron-rich systems as the donor species, and in the past
decade some experimental and theoretical work has been done
on hydrogen-bonding -electron complexes.!- The present
study focuses on the H bond formed between acetylene and
hydrogen halide molecules HX (X = F, Cl, Br) through its
effect on the H-X stretching vibration.

Recent matrix isolation work has characterized the neutral
hydrogen-bonding complexes CH3--H-F and CH3F--H-F by
H-F stretching modes at 3764 and 3774 cm™!, respectively, 4
and the charged complexes (F-H--CF;)~ and (F-H--CHF)~
by H-F fundamentals at 3562 and 3124 cm ™!, respectively.®”’
In contrast, the HF diatomic fundamental is at 3962 ecm~! in
solid argon.® The displacement of the H-F stretching mode
to lower frequency is a measure of the strength of the H bond
in the complex,’? and the large shifts observed for the charged
complexes may help determine the electron distribution in
these anions.

Hydrogen halide-acetylene or olefin complexes of the type
studied here are possible intermediates in addition reactions
of these materials. Hydrogen chloride infrared laser emission
has been observed following vacuum-UV photolysis of di-
chloroethylenes in the gas phase, and the isomeric form of the
precursor was found to influence the population of HCI vi-
brational levels.!0 Parallel studies of the vacuum-UYV photolysis
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of dihaloethylenes during condensation in solid argon trapped
a complex of HX and HC=CX, which is probably a primary
photolysis product. Here follows an experimental study of the
synthesis and spectroscopy of ™ complexes between acetylene
and hydrogen halides.

Experimental Section

Acetylene-hydrogen halide complexes were formed by vacuum
ultraviolet photolysis of haloethylenes and by codepositing hydrogen
halides and acetylene with excess argon at 15 K. The cryogenic ap-
paratus and the vacuum-UYV photolysis technique have been described
previously.!'12 The various substituted ethylenes, 1,1-dichloro-,
trans-dichloro-, trichloro-, tetrachloro-, 1,2-dibromo-, vinyl bromide
(Aldrich Chemical Co.), viny! fluoride, cis-difluoro- (Peninsular
Chemresearch), and vinyl chloride (Matheson) were purified through
fractional distillation on a vacuum line. HF and DF were produced
by the reaction of F> (Matheson) with H; (Air Products) or D2 (Airco)
at very low pressures in a stainless steel vacuum system. Hydrogen
bromide, hydrogen chloride, and chlorine (Matheson) and deuterium
chloride (Merck Sharpe and Dohme) were used as received. Acetylene
(Matheson) and C;D3 (Merck Sharpe and Dohme) were frozen and
evacuated to remove volatile impurities. cis-1,2-Dichloroethylene
(Aldrich, 65%) was purified on a preparative gas chromatograph. cis-
and trans-dichiorodideuterioethylene were prepared by reacting C;D;
with Cl; and separating the isomers on a gas chromatograph. cis-
C,D,F; was formed by exchange with the hydrogen compound in
NaOD/D,O at 90 °C for 2 days.!> Argon matrix gas (Air Products)
was used without further purification.

Samples were diluted with argon (Ar/sample = 400/1) and de-
posited at 2-3 mM/h for about 12-18 h with 1048-1067-A photolysis
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