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cis-1,2-Difluoroethylene was synthesized, and the gas-phase infrared spectrum was investigateglandhe
vs+vio band region (13561391 cml), at a resolution of about 0.002 cf employing a tunable diode laser
spectrometer. These vibrations of symmetry speciggdid strong a-type bands. Most of the J and K structure

was recorded in different subbranches and the rovibrational analysis led to the assignment df 238183 (

Ka < 26) and 1172J =< 57, K, < 20) transitions of the,g andvs+v10 bands, respectively. Using Watson'’s
A-reduction Hamiltonian in the’ representation a set of accurate spectroscopic parameters, up to four sextic
centrifugal distortion terms, was obtained for both the excited states 1 andvs = v;0 = 1. A Fermi
resonance coupling constast= 4.2(5) cm* was estimated for the perturbation betweenithandvs+wvig

levels. Correlated harmonic force constants were obtained from coupled cluster CCSD(T) calculations with
the cc-pVTZ basis set while the anharmonic force constants were computed at MP2 level using the same
basis set. There is a good agreement with the available experimental data, in particular the equilibrium geometry
compared with the experimentalstructure and the fundamental modes. In addition, the ab initio anharmonic
force field of cis-1,2-difluoroethylene provided a critical assessment of the experimental spectroscopic
parameters, especially in the treatments of strong Fermi interactions.

1. Introduction determined for all the fundamentals, some overtones and
combination bands. More recently, ab initio calculations of the

Halogenated ethylenes are mainly employed as monomersharmonic force field together with the vibrational frequencies

for the production of synthetic resins and their accidental releaseh b ied cuand h fund | intensiti
in the earth’s atmosphere can play a significant role as air ave been carrie and gas-phase fundamental intensities

pollutants. Emphasis should be placed not only on the direct @ve been measurédiThe microwave spectrum was investi-
exposure to the pollutants but also to their transformation 9ated much earlief mainly in relation to the determination of
products; the most important atmospheric transformation pro- the rotational constants and the dipole moment. Ground-state
cesses involve photolysis and chemical reactions with ozone centrifugal distortion coefficients, obtained from ground-state
and hydroxyl radical$:? combination differences, were determined up to the quartic terms
Infrared spectroscopy is a very powerful method for detecting from vi°> and up to the sextic terms fromy, vio, and v,
trace gases and for remote sensing of atmospheric componentgundamentals.
There is a great need for accurate spectroscopic parameters of The present work deals with the interpretation of the
these molecules and their determination becomes essential ifgyibrational details ofr (=1375 cm?) and vs+v1o (=1365
you want to profit from the sensitivity of this technique. cm™1) bands ofcisCHF=CHF. From the whole set of the
High-resolution infrared studies of small halogenated mol- 5ggigned transitions we were able to obtain accurate band origins
ecules containing the reactive grou@=C= have been carried 5,4 gycited-state parameters for both the bands falling in the
out, and results concerning selected absorptl_ons of d'fferentatmospheric window. A Fermi resonance coupling constant and
quoro-ethernes have a'fe?dy been repoﬁté@emg a strong unperturbed band origins fa and vs+v1o were estimated.
absorber in the atmospheric windoweis-1,2-difluoroethylene
can also contribute to the greenhouse effect and we began, some The recent improvement of computer facilities has enabled
years ago, an infrared study on this molecule. The first ab initio methods to be successfully extended to include the
investigation of high-resolution infrared spectra initiated with anharmonic part of the molecular force field. The equilibrium
the analysis of the;p band and subsequent works included structure and the harmonic force constantsisfCHF=CHF
TDL and FTIR studies on thes and v, fundamental$;’ were determined using high-level electronic-structure calcula-
respectively. tions, CCSD(T)/cc-pVTZ. The cubic and semidiagonal quartic
The low-resolution infrared spectra ofssCHF=CHF were force constants were conveniently calculated by numerical
examined a long time afoand band centers have been differentiation of analytic second derivatives obtained at MP2/
cc-pVTZ level of theory and used to estimate anharmonic
*To whom correspondence should be addressed. E-mail: giorgian@ contributions to the fundamental vibrational wavenumbers as

unive.it. . . .
t UniversitaCa’ Foscari di Venezia. well as to assess and assist the deperturbation of Fermi
* Universitadi Udine. resonances.
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TABLE 1: Frequencies (cnm?) of cis-1,2-Difluoroethylene Fundamentald

symmetry species mode wavenumber approximate description
A 2 3122 C-H sym. stretch

Aq V2 1718.8389 C=C stretch

A1 V3 1263 C-H sym. in-plane wag

A1 V4 1016.0179 C—F sym. stretch

A; Vs 235.9 C=C—F sym. bend

Az Ve 839 C—H asym. out-of-plane wag
Az V7 495 C=C torsion

B Vg 3136 C-H asym. stretch

B Vo 1375.0653 C—H asym. in-plane wag

B: V10 1131.1742 C—F asym. stretch

B Vi1 769 C=C—F asym. bend

B> V12 756 C—H sym. out-of-plane wag

aFrom ref 8.° From ref 7.¢ From ref 6.9 This work.® From ref 5.

2. Experimental Details 100

The synthesis ofis-1,2-difluoroethylene was obtained from
1,2-difluorotetrachloroethane according to the procedure re- 80
ported in a previous workThe mixture of thecis- andtrans
CHF=CHF isomers was separated by fractional distillation
under vacuum. The purity of th@s-CHF=CHF, tested by gas
chromatography, was 98.5%.

The spectra were recorded in the region 135891 cnr?,

60 —

Transmittance %

40+

+

at a resolution of about 0.002 ci) employing the tunable diode YT Yo

laser spectrometer available in our laboratory. The measurements 207 Vo

were carried out at a pressure of about 1.5 mbar using a 49 cm

path cell cooled at 240 K in order to reduce hot band 0 . — T —
1350 1360 1370 1380 1390

contributions. The instrument is interfaced to a PC that provides Wavenumber /o
data acquisition, storage, and conversion into transmittance OfFigure 1. Survey spectrum at low resolution (0.25 cinof the

. . . . Vg
the spectra. Absolute calibration of th_e spectra was based ON, A ve 1o bands ofcis CHF=CHF (room temperaturd® = 6 mbar,
the wavenumbers of selected Sansitions measured on an 15 ¢m cell).

FTIR spectrometer against@ lines!2 The relative calibration

was based on interference patterns from a 2.59 cm germanium)Q(O,_l) are mostly overlapped. We thus started the investiga-
étalon (free spectral range=0.0475 cmi’). The absolute tion with the identification of the more prominent features in
wavenumber accuracy of the measurements is estimated to bg,e p and R subbranches and began the assignments for
usually better than 0.002 crh transitions withK, > 8 by resorting to ground-state combination
differences.
For mediumJ values, the observed details resemble the
cis-1,2-Difluoroethylene is a planar near prolate asymmetric characteristics found in a parallel band of a symmetric top and
top molecule £ = —0.841) ofC,, symmetry giving rise to 12 within each group the assignments of the resolved lines reveal
fundamentals (symmetry species: 158A,, 4B;, and B). The a certain degree of regularity, with consecutive unsplit features
molecular geometry together with the symmetry information being separated by aboutd(— A") — (B' — B")](2K + 1)
and the statistical weights of the rotational levels have already whereB = (B + C)/2. As an example, a portion of thg R
been reportefl For completeness, the observed frequencies and branch near 1380.6 crhshowing the fine structure of tHéRg-
an approximate description of the fundamentals are summarized(14,15) manifolds is illustrated in Figure 2. The effect of the
in Table 1, which also reports the accurate values of band originsasymmetry splitting, evident fdf, < 5, gives rise to an irregular

3. Results and Discussion

available from high-resolution investigations. numbering of the lines with the even component located at the
The spectrum analyzed covers the region 138891 cnr?! side of higher wavenumbers. Similar behavior is also noted in
of the vg andvs+v19 bands whose low resolution (0.25 cH the vst+v10 band by looking at the spectral section near 1359.7

survey spectrum is illustrated in Figure 1. The two vibrations cm* depicted in Figure 3, where the fine structure of #a-

of symmetry species Ryive rise toa-type bands showing strong  (16) manifold is indicated. In contrast to what was observed in
Q branches at 1375.1vd) and 1365.4 cm! (vs+vig), and the vg R branch, here the split lines with the even component
defined P and R branches. An interesting observation concernsare located at the lower wavenumber side. For increading

the high-frequency side of the Q branch of thdfundamental, values, the features belonging to a given cluster overlap to a
where weaker features at 1375.7 and 1376.8cvery likely great extent with those of the neighboring manifolds producing
coming from the hot bandgy+vs-vs and vg+2vs-2vs, respec- an increasingly dense spectrum where the fine structure becomes

tively, are also present. The high-resolution details show strongmore difficult to identify. In addition, because of a larger
a-type transitions which are governed by the selection rudds (  asymmetry splitting, the transitions with I, values give rise
= 0, +1, AK, = 0, AK; = £1) and produce different even to spreading lines without exhibiting any regular pattern.

(K" + K" =J") and odd K" + K" = J' + 1) subbands. In carrying on the investigation with the assignments of the
3.1. Description of the Spectrum and Analysis.The Q fine structure of groups with high values and lowK, values

branch in both bands does not appear easy to analyze since theve identified peculiarities generally noted in the spectra of

Ka structure, degrading to lowerd) and higher ¢s+vio) planar molecules. In the P and R branches we observed distinct

wavenumbers, is very dense and the subbran®@é3 1) and bandheads separated by about2®.31 cnt! and consisting
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Figure 4. Details of the Q-branch spectrum of this-CHF=CHF vq

Figure 2. Portion of the R-branch spectrumit-CHF=CHF v, band band showing the resolved J structure of ¥ (J) manifolds withK,

near 1380.6 crm showing theK, structure of the’Rx(14,15) groups; =19, 21, 23, and 25. Upper trace: simulated spectrum. Lower trace:
asymmetry splitting fol, < 5 is observed. Upper trace: simulated  opserved spectrunt(= 240 K, P = 1.5 mbar, 49 cm cell).

spectrum. Lower trace: observed spectrdm=240 K,P = 1.5 mbar, ' '

19 21

49 cm f:’ell). T'rlle evzen and odd label corresponds<td ¢+ K" = J) Wavenumber / o
and Ka" + K" = J” + 1), respectively. 1365.4 1365.5 1365.6 1365.7
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R *® 5 £ Figure 5. A section of the Q-branch spectrum ofssCHF=CHF
2.3 ‘ a7 ! % vs+v10 band near 1365.5 crh The assignment of the overcrowded
a4 transitions 2Q(7,8), ?Qg(8,9), ..., °Q11(11,12) is illustrated. Upper
Figure 3. Details of thecisCHF=CHF spectrum near 1359.7 cfn trace: simulated spectrum. Lower trace: observed specffumZ40
showing the line sequences in thi&«(16) group ofvs+vie band; lines K, P = 1.5 mbar, 49 cm cell).

marked by * refer to the calculated ones. Features from degenerateA portion of the Q-branch spectrum of theband near 1374.5

levels with differentK," and Ks+1)~ in the P« (J=50,49) bandheads ) . . . T
of ve band are also evident. Upper trace: simulated spectrum. Lower CT™ " containing theé?Qsq-25(J) clusters is depicted in Figure 4,
trace: observed spectrurfi € 240 K,P = 1.5 mbar, 49 cm cell). The ~ Where the J assignments for several manifolds are presented.

even and odd label corresponds K/'(+ K¢’ = J') and Ka' + K¢’ The structure appears to be more difficult to identify in the Q
= J" + 1), respectively. branch of thevs+v19 combination band, which appears more
compressed as illustrated by the spectral region near 1365.5
cm~1, depicted in Figure 5. Although the number of transitions
which could be assigned in this branch is very limited,
nevertheless the synthetic spectrum matches very well with the
experimental one.

3.2. Data analysis and Fitting ProcedureThe ground and
excited rotational energy levels were computed using Watson’s
A-reduction Hamiltonian up to the sixth order in thé |
representation,

of a series of transitions characterized Ay = 1, AK, = 1,
and AK; = —2 between successive lines each involving the
almost degenerate levels wikyt and K, + 1)~ where the+
and — upper signs indicate the even and odd components,
respectively; this is produced by the approximation that a prolate
asymmetric rotor tends to behave like an oblate symmetric rotor
at low values oK, and high values od. A specimen spectrum
can be recognized in Figure 3, where the resolved J lines in the
QP (J=50,49) bandheads ofy are also indicated. As can be
observed, the spectrum reproduced exhibits different transitionsy 1 5 1 ) 4
belonging to thers andvs+v1o bands; good agreement between 1= 5(B + C)P" + [A —5B+ C)] P — AP —
the observed and calculated characteristics confirms the reli- o o 2 5 a0 o 4
ability of the parameters obtained in the present investigation. AP Py _1AKPa T O+ Oy PP+ PP+
Once the molecular constants were determined from the 6 2 4l o 2 2
assignments of the P and R branches it was possible to identify PP+ ’2 (B=C) 20"+ 20P ](Pb Pe)+

the resolved details of theQx subbranches, from which we [(_5Kp32 + ¢JKp2pa2 + ¢Kpa4), (pb2 — Pcz)]+
gained useful information mainly for the analysis of the
fundamental. This band center is characterized®@y sub- whereP is the operator for the reduced angular momentum and

branches consisting of groups of lines that begin to show P, Py, andP. are its components along the principal inertial
resolved structure as one moves away from the origin toward axes in the molecular-fixed coordinate system and [s]the
lower wavenumbers. Within each cluster the resolyexbm- anticommutator.

ponents progress from the most intense lide=(K;) toward The assignment of the transitions of theandvs+v10 bands
higher wavenumbers until they blend into the neighboring block. started from®P«(J) and ®Rk(J) manifolds characterized by
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TABLE 2: Molecular Constants (cm™?) for the vy and E; andEg ¢
vs+v10 Bands of cis-CHF=CHF?2
_ . _ - 1 _

ground State vog=1 Vs =Vio=1 Ey = E—|—§ AW + 62, 510 = E—%V4V\/2-|-52
vo 1375.06531(5) 1365.4012(1)
A 0.70393454 0.7026740(9) 0.704737(2)
B 0.19780931 0.1982842(3) 0.1981214(7) Where
C 0.15418069 0.1541558(2) 0.1539601(4) 1
Ayx 10° 0.24516 0.2465(1) 0.2419(4) e_1.o0 _p0_pg o
Axx 16 —0.16067 —0.16116(8)  —0.1599(2) E=5E&+ Esio) and 0=Ey ~ Esp
Ak x 1(7)5 0.48831 0.4811(4) 0.494(2)
gJX 11%6 81532 8-1328(3) 0-120(3) The relative intensities of the two bands depend botibn
anJi 1012 0560 0'55(3)( ) 88(512);( ) and on the energy difference between the two unperturbed levels
Dy x 10°  —0.487 ~0.55(2) —0.34(8) 0 and can be evaluated in terms of the eigenvectors of the
Py x 10° 0.1375 0.156(5) 0.8(4) perturbation matrix. Assuming that the unperturbeg-vio
¢y x 1012 0.228 0.24(2) 0.24(9) combination has negligible intensity compared to that of
no. of data 2313 1172 unperturbedry fundamental, the ratio of the band intensities is
o x 10 0.647 0.771 ;

given by
a Quoted uncertainties are one standard deviation in units of the last

significant digit.” From ref 7. ls1o /4V\/2 +82-9
mediumJ and K, quantum numbers. Following estimation of lo VAW + 6% + 6

satisfactory band origin from the high- and low-wavenumber

edge of the Q branch for thg andvs+vig bands, respectively,  Since the two bands are mostly overlapped and their integrated
the least-squares routine was carried out keeping the ground-band intensities cannot be compared, the only way to obtain a
state constants fixed to the values of ref 7 and refining the upperreliable experimental value of the ratigid/lo is a careful
state parameters together with the band origin. The refining simulation of the resolved fine structure in the spectral regions
procedure was iteratively applied until the analysis was com- where transitions arising from they and vs+vio bands are
pleted with the identification of resolvéi)x details in the very together present. The best agreement between the synthetic and
dense Q branches. The assignment of the transitions was nothe observed spectrum is obtained if the-v1o combination is
straightforward because the spectrum is quite complex due to(35 £ 15)% as intense as thg fundamental. Since we know
the high density of lines and the weak features coming from the perturbed band origins (Table 2), it was straightforward to
“hot bands”. The whole analysis in the P, Q, and R branches calculate the unperturbed band origit® = 1372.6(8) andEs; ¢

led to the identification of 2313)(< 64,K, < 26) and 1172J = 1367.9(8) cm! and the Fermi resonance param&&r 4.2-
< 57,K, < 20) transitions of many subbands belonging to the (5) cn™.
vg and vs+vyo bands, respectively. Unit weight was given to In addition, it should be noted that the resolved structure of

lines appearing as simple transitions, while blended or scarcelythe vg andvs+v19 bands does not reflect irregularities arising
resolved features were weighted with a factor of 0.1; badly from a higher order Fermi perturbatio\Ka. £ 2). The
overlapped characteristics were not considered and excludedcalculated reduced rovibrational energies of both levels suggest
from the fit. The parameters obtained, given in Table 2, compare the presence of several crossings between levels Alth+
reasonably well with those of the ground state exceptdigr 2, but the absence of even small deviations near the crossings
Dy and P of the vstvig level; this behavior is likely due to means that the above interacting effects are very weak and the
the lower J andK, values reached in the transition assignments displacements are of the same order of magnitude or less than
of the combination band. The reliability of the parameters the uncertainties of the measurements.
obtained was tested by resorting to several spectral simulations 3.4. Ab Initio Anharmonic Force Field Calculation.
in different regions. The comparison between the synthetic and Electronic energy calculations of ground-statedifluoroeth-
the observed spectra is satisfactory, as indicated by the featuregylene were carried out by means of two electron-correlation
depicted in all the figures reported. procedures. For this molecule the Hartré®ck determinant
Finally, by combining the present value &ftv;o with that strongly dominates the electronic molecular wave function,
of thevs+vio—vs hot band at 1129.5(2) cm, determined from therefore accurate predictions were given by coupled-cluster
the low-resolution spectra, the fundamental is evaluated to  theory with single and double excitations augmented by a

occur at 235.9(2) cm. quasiperturbative term arising from connected triple excita-
3.3. Fermi Resonance betweeng and vs+vy Vibrations. tions* CCSD(T).
As reported in low-resolution studiéshe vs+v;o combination The other level of theory employed in this investigation was

interacts with thevg fundamental through a Fermi resonance. second-order MgllerPlesset many-body perturbation the&ry®
We can extract information on the unperturbed levels and the MP2.
coupling constantV by using a procedure similar to that of ref

13. A simple 2x 2 matrix for the two interacting levels is given ~ TABLE 3: Computed and Experimental Geometries of
ple ex 9 9 cis-1,2-Difluoroethylene: The cc-pVTZ Basis Set Was Used

by with Both Theoretical Methods
Ego W CCSD(T) MP2 expd
0 rCF/A 1.3369 1.3318 1.339
W Esio rCC/A 1.3303 1.3192 1.324
rCH/A 1.0795 1.0701 1.089
whereEq? and Es;¢° represent the unperturbed energies of the ~ UCCF/deg 122.63 122.77 122.1
OCCH/deg 122.29 122.07 124.0

interacting levels and W is the perturbation parameter. From
diagonalization of this matrix one obtains the perturbed energies 2r, structure from ref 24.
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TABLE 4: Computed Anharmonicity Constants x; (cm™?) of cis-CHF=CHF?
ilj 1 2 3 4 5 6 7 8 9 10 11 12
1 —28.08 —-395 —-6.90 —-169 -—-0.21 —-14.25 —0.82 —112.95 —7.24 —3.24 —-0.83 —10.63
2 —-6.86 —998 —-6.04 -172 -10.19* —597 4530 —55.48 —6.89 —5.95 —4.19
3 —1.55 1.13 2.80 —0.16 —1.26 —10.00 —9.37 —-7.27 —-1.12 1.42
4 —2.23 —2.97 —0.59 —1.46* —1.78 —4.84 —5.56 —1.82 —0.06
5 0.99 0.94 0.54 0.06 —0.34* —0.26* —0.29 0.11
6 —7.60* —0.59 —10.82 —1.02 —1.46 —0.48 —5.64
7 —0.46* —0.06 —1.22 —-1.61 0.36 —1.99
8 —27.05 35.68 —-3.23 —-0.44 —10.99
9 —4.96 —4.16* —2.57 0.43
10 —2.12 —3.14 —1.88
11 —0.24 0.06
12 —0.64

aThe right upper triangle of the symmetrig matrix is given. The constants which are affected by Fermi resonances are marked by asterisk and
have the following unperturbed valuesi;s = —3.71,Xs6 = —9.21,X47 = 18.37,X77 = —5.42,%s9 = 0.20, X510 = —0.80, X910 = —3.62.

Since in order to approach chemical accuracy for equilibrium

The complete third-order force field and the semidiagonal

geometry and force field predictions it seems necessary to usequartic terms suffice, according to second-order perturbation

spdf-type functions in the basis set for C/F and spd-type
functions for hydroge#? all the computations were performed
using the atomic-orbital basis set of tripgleguality, namely the
correlation consistent polarized valence trijlef Dunning?®
cc-pVTZ, which comprises 148 contracted Gaussian-type orbit-
als (cGTOs): (5s2pld)/[3s2pld] for H atoms and (10s5p2d1f)/
[4s3p2d1f] for C and F atoms. The optimized geometrgief
CHF=CHF was calculated at CCSD(T)/cc-pVTZ level theory;

theory?? to determine all required molecular spectroscopic
properties; effects of Fermi resonan®esvere included by
matrix diagonalization.

The computed equilibrium geometries @6-CHF—=CHF at
the CCSD(T) and MP2 levels of theory are listed in the first
and the second column of Table 3, respectively. For comparison,
the corresponding experimental bond lengths and bond angles
of the rq structure determined from microwave speétrare

the harmonic wavenumbers and the quadratic force fields in a g50 shown. There is a general agreement between the calculated
Cartesian representation were then evaluated at the same levedng observed structures: the CCSD(T)/cc-pVTZ equilibrium

of theory.
The expansion of the potential energy for a semirigid
polyatomic molecule can be written as

zwiqi2 +

Vv

hc

1 1 1

=5 61 LR “Zabuquiqjqkql
wherew; are the harmonic wavenumbegsthe dimensionless
normal coordinates, angly andg¢j the third and fourth order
force constants, respectively.

To reduce the computational costs, especially in terms of time,
the MP2/cc-pVTZ level of theory was employed to compute
the cubic and quartic normal coordinate force constais),
which were determined with the use of a finite difference
procedure?®

Vo ¢dHoq) — dy(—oq)
90;00;00 ik |20q;]
v oioa) + ¢y(—0a) — 2¢;(a)
aqdg oy og;?

At the optimized geometry, steps were taken along the normal

geometry, as expected, reproduces better the experimental one
and has therefore been used as reference geometry for the
computation of the anharmonic force field, as previously
described. The anharmonicity constarfsof cis-difluoroeth-
ylene calculated with the theoretical quadratic, cubic, and quartic
force fields, are shown in Table 4. The anharmonic interactions
between fundamentals and overtoneg2¢s) or combination
states /vty may lead to indefinitely large terms in the
corresponding perturbational formuf#dt is therefore necessary

to define effective constants by excluding the respective
contributions from the perturbational summatida3® Such
effective anharmonicity constants are introduced in the present
work to account for the Fermi resonance#2vs, v4/2v7, and
volvstv1g;, in these cases, the perturbational and variational
values for the anharmonic shifts ef andvg are about 2 cmt
whereas those for, are up to 7 cm?.

The Mills and Robiette treatment of the CH stretching
vibrations using local mode8, can also be applied to this
molecule and will give the followingk — K relations: x;1 =
xgg = X194 = Ki1gd4, whereKiigg is the Darling-Dennison
coefficient. The calculated theoretical values are= —28.08,
Xgg = —27.05,X18 = —112.95, and(llggz —112.83 le, in
very good agreement with the empirical relations.

The best theoretical estimates of the fundamental vibrational

coordinates and second derivatives of the energy were calculatedvavenumbersy; of cissCHF=CHF are reported in Table 5
analytically at each displaced coordinate. These displacementdogether with the harmonic wavenumbers computed at the two
were chosen so that the variation of the potential energy waslevels of theory employed in the present investigation. The

0.001 hartree for every vibrational mode. The quantum chemical
calculations were carried out with the MOLPRO suite of
program&P on a SGI Origin 3800 workstation for the CCSD-
(T)/cc-pVTZ geometry optimization and quadratic force constant
calculations. An entirely dedicated PC was employed to
compute, using the GAMESS-UK progra&fthe MP2/cc-pVTZ

theoretical harmonic wavenumbeyin the first column of Table

5 were obtained from MP2/cc-pVTZ calculation together with
the intensity, reported in the second column of the same table.
In the third column, the harmonic wavenumbers were obtained
from CCSD(T)/cc-pVTZ theory, and in the last column of the
same table, the fundamental wavenumbegraere computed

cubic and semi diagonal quartic force constants. Throughout applying thex; anharmonicity constants of Table 4; the values

the present investigation, in both levels of theory employed, all
electrons were correlated.

in parentheses correspond to explicit treatment of the cubic
interactions.
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TABLE 5: Calculated Harmonic (@/cm™?) and of internal and symmetry coordinates, quadratic symmetric force
Egngafpgfga' F(Vigclgﬁn’gl)vmﬁr?ﬁg?ﬂr;’\r/g&/elﬂgggﬁfsf% m constants, and eigenvectors, which define the normal coordinates

- = i i ; e ; o .
mol-1): Both Theoretical Methods Employed the cc-pVTZ of cis-1,2 dn‘luorqethylene (Table 5.S). This material is available
Basis Set free of charge via Internet at http:/pubs.acs.org.
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