Analysis of the FTIR Bands v,,; and vg of 1,1-difluoroethylene
with Rotational Background Information on Excited States

Otto L. Stiefvater

Coleg Prifysgol Gogledd Cymru, Bangor LL57 2UW, Wales, U.K.

Z. Naturforsch. 51a, 851 -858 (1996); received March 7, 1996

Much earlier work on the analysis of the fundamental infrared bands v,, and v4 of 1,1-difluo-

roethylene has been resumed and extended.

The Q-branch of the C-type band v,, ~802cm™! has been analysed, and sextic distortion
constants have been obtained for vy = 1 at ~ 1301 cm ™ !. The rotational constants of the two states
are found to differ noticeably (20—100 standard deviations) from values reported earlier.

The discrepancies are believed to result in part from the availability of purely rotational data
on v,, and vg in the present study, but to originate primarily from the adoption of rather poor
values of the ground state constants of 1,1-difluoroethylene in the earlier work on these two

fundamentals.

I. Introduction

The latest extension [1] of rotational data on 1,1-di-
fluoroethylene (1,1-DFE) into the millimeterwave
(MMW) range, but primarily the confirmation and
further refinement of the long-known ground state
(GS) parameters of this molecule, has prompted us to
resume and complete much earlier work [2] on vibra-
tionally excited states of 1,1-DFE. These investiga-
tions were suspended when it was learnt in 1990 that
other researchers [3—5] had taken up the study of this
molecule by the Fourier Transform Infrared (FTIR)
technique in the meanwhile. Our offer of all the infor-
mation which we had established during the preceding
seven years, first by double resonance modulation
(DRM) microwave spectroscopy [2, 6] and then by the
high-resolution FTIR technique, was declined. This
left us little choice but to observe the results which
could be derived from the analyses of FTIR bands
alone.

As it turned out, the molecular parameters deduced
from the A-type vs-band at ~ 550 cm ™! [3] were very
consistent with our own earlier results. But the results
extracted from the C-type v,,-band at ~ 802 cm ™! [4]
and from the B-type vg-band at ~ 1301 cm ™! [5] dif-
fered noticeably from our earlier analyses of these
bands.

The present contribution therefore deals with these
latter two IR-bands, and it describes the molecular
parameters which emerge when experimental data
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from DRM microwave spectroscopy are available for
inclusion in the analyses of FTIR bands in addition to
optimised molecular constants for the vibrational
ground state [1] of a molecule.

II. Experimental and Computational Aspects
a) Experimental

After the initial study of the FTIR spectrum of
1,1-DFE with the Bruker IFS 113v instrument in
1984, the vibrational spectrum of this molecule was
observed for a second time, now with the newly devel-
oped IFS 120 HR FTIR interferometer of the Bruker
company at Rheinstetten in 1988: The IR radiation
was supplied by a Globar source, divided by a ‘Ge-on-
KBr’ beamsplitter and, in the case of the v,,-band,
detected by a Ge-Cu crystal cooled by liquid He. For
the observation of the vg-band an MCT detector
cooled by liquid N, was used. The sample pressure in
a conventional gas cell of ~ 30 cm length with wedged
KBr windows was around 3 Torr at room tempera-
ture. The maximal optical path difference (OPD)
available on that instrument was nominally 258 cm
and resulted in an unapodized spectral resolution of
0.0035cm™!. The interferogram was built up from
256 co-added scans and Fourier transformed after
apodisation with a trapezoidal function. The
wavenumber scale of the instrument was calibrated
against known absorptions of CO, near 668 cm ™! [7]
for the v,,-experiment, while accurately known [7]
absorptions of H,O (which was contained in the sam-
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ple as an impurity) were used for calibration of the
vg-band.

b) Computational

The numerical analysis of the observed FTIR bands
was carried out with the help of a computer routine
developed by Gambi, Winnewisser and Christiansen
[8]. It consists of a first part (TRANSI) which allows
the prediction of the rovibrational structure of a high-
resolution IR-band from the rotational parameters
(=rotational constants, quartic and sextic distortion
constants) of the two states involved and their vibra-
tional separation v° (band origin). The second part of
the program (MINIQ) is a least-squares (LSQ) fitting
procedure for the extraction of molecular parameters
from a suitably large set of identified (assigned) rovi-
brational transitions of an IR-band. The routines are
constructed on the basis of Watson’s [9] A-reduced
Hamiltonian in I'-representation ((x, y, z) = (b, c, a)):

1-7,‘;}’=§(B+C)P2
+(A—L(B+C) P2 —4,Pt— 4,4 P> P2 — A, P?
+®, P+ &, P*P:+ &y, P> P} + 0, PS
+G&(B-C)—26,P*+2¢,P* - (P} —P?)
+[(—6x P2 + ¢ P2 P2 + ¢ P2), (P2 — P2)]., .
Here, P is the total angular momentum operator and
13“' ».c are its components along the principal inertial
axes of the molecule. A, B, C are the reduced rota-
tional constants and 4,9 are the quartic distortion
constants, while @, ¢ denote the sextic distortion con-
stants. The fourth line of this expression is the product
of the bracketed quantities. The symbol [,], in the
last line denotes the anticommutator [9].

Since the molecular constants of the GS of 1,1-DFE
have been known to good accuracy for quite some
time, while at least the rotational constants of the
excited states v;; =1 and vg=1 had been deter-
mined through DRM MW work [2], detailed as-
signments of observed rovibrational transitions of the
two FTIR bands were a comparatively simple task.
They led to the refinement of the rotational constants
and of the previously less well determined quartic dis-
tortion constants, as well as to the determination of
the elusive sextic distortion constants of the two ex-
cited states.

Analysis of the FTIR Bands v, and vg of 1,1-difluoroethylene

II1. Results

1. The C-Type Fundamental v,
at 802 cm™!

a) Analysis

With some fifty yu, rotational transitions including
four R-branch lines, but predominantly Q-branch
transitions of the excited state v,, = 1 safely identified
by DRM microwave techniques [2, 6] in the early
1980s, the structure of the C-type vibrational band
v;; =1« 0 around 802 cm~! could be precalculated
(program TRANSI) with a high degree of confidence.
A comparison of that prediction with the FTIR band,
as observed in 1988, readily resulted in the assignment
of some 450 rovibrational transitions in each the
P- and R-branch of the band. J-values ranged from
3 to 40 in both branches and, with the distortion
treatment restricted to quartic coefficients for both
the GS and the state v,; =1, a band origin of
v, = 802.06996 (20) cm ™! was indicated.

After the recent confirmation and further refine-
ment of the GS-parameters [1], including sextic distor-
tion constants of 1,1-DFE through the addition of
new MMW data, and their combination with the large
body of GS data which had been available for quite
some time from other researchers [10], we thought it
appropriate to resume the earlier analysis of the v,-
band against the background of these latest GS
parameters. While this re-examination thoroughly
confirmed the much earlier work, it allowed the exten-
sion of rovibrational assignments throughout both
branches, reaching up to J' =46 at the end of the
observed P-branch and up to J' = 47 in the observed
R-branch. It was noticed during the associated LSQ-
fits (program MINIQ) that these | AJ | = 1 transitions
left the rotational constant C about twice as uncertain
as the 4- and B-constants, and that the emerging
sextic distortion constants of the state v;; = 1 showed
rather large deviations from their counterparts in the
GS. This prompted us to attempt the assignment of
FTIR peaks within the Q branch, which in a C-type
band is known to be more compact than in A4- or
B-type IR bands.

While we were initially confident that a repredic-
tion of transitions in this range, which was based on
some 1250 fitted |AJ | = 1 transitions, would suffice
to safely assign observed Q-branch peaks, the very
high density of expected strong transitions caused
substantial uncertainty when this region of the band
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Fig. 1. The Q-branch of the C-type band v, .

was approached from the low J range at the low
wavenumber side of the observed Q-branch. Only
when comparing the high wavenumber end of the
Q-branch (see Fig. 1) with expectation was it noticed
that the observed peaks deviated in a systematic man-
ner from the expected positions of members of the
intense series

’
Jo.,0<Ja.0,5-

Here, J' designates the angular momentum quantum
number of levels in the excited state and, of course,
J' =J for Q-branch transitions. The bracketed in-
dices are the K, quantum numbers of the doubly de-
generate pairs of IR transitions. — In the wavenumber
range from 802.24 cm ™! to 802.70 cm ' 34 consecu-
tive members of this series with J-values running from
39 to 72 could be identified on the grounds of their
intensity and their systematically increasing devia-
tions from expected positions. These 34 observed
Q-branch signals were therefore first inserted (initially
with increased weights) into the LSQ-fit together with
the P- and R-branch lines. They were found to reduce
significantly the afore-mentioned uncertainty in the
rotational constant C and to rectify the previously
‘suspect’ values of the sextic distortion constants to
closer proximity to their GS counterparts than had
been possible through LSQ fitting of P- and R-branch
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transitions alone. A subsequent reprediction of the
Q-branch with the refined parameters permitted the
unequivocal assignments of 188 transitions to 125 ob-
served absorptions, with very close coincidence of two
or more transitions into one observed peak being the
standard situation rather than the exception. The
reprediction also allowed the extension of the series
Jio,19.0- <= J1,0,sdowntoJ =27and upto J' =77,
with a weak signal observed at the J' = 85 position.
The assignment of this latter signal must be consid-
ered tentative, however, as its wavenumber value lies
well within the range of a hot band centered at
~803.0cm™ L

b) Blending Transitions

In the case of two closely spaced transitions of com-
parable intensity, the value of the instrumentally
available resolution (here: 0.003 cm™?) is incompat-
ible with the simultaneous requirement that a ‘fittable’
transition should agree with calculation to within the
six times smaller margin of 0.0005 cm~!. While some
workers prefer to simply ignore the existence of this
dilemma by allowing much larger discrepancies be-
tween observed and calculated wavenumber values,
not withstanding the fact that a considerably higher
experimental accuracy than here may be claimed at
the same time, we have considered it preferrable for
some time now to bridge the gap between the high
accuracy of the FTIR technique, on the one hand, and
its limited resolution, on the other hand, by splitting
up observed blending peaks into the two component
transitions which generate them. The procedure is
best illustrated by an example: The parameters
derived from the LSQ-fit of some 1500 absorptions to
within less than 0.0005 cm™! predict the following
two transitions:

28,15 « 27505 = 821.513424 cm ™!

and
28,36 « 27556 = 821.510833 cm ™!

with a separation of

Aw = 0.002591cm™!.

Under a resolution of 0.003cm™! (and the sample
pressure required for observation of these absorptions
in a relatively short [30 cm] absorption cell) the two
signals will merge into one which, ideally, should be
measured at 821.512128 cm~!. This wavenumber
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value, however, would deviate by more than twice the
imposed compatibility limit (0.0005 cm ~!) from either
component transition, thus rendering the actually ob-
served wavenumber value of the blending absorption
(in this case 821.511926 cm™"') unexploitable in the
LSQ-fit of the overall band. To prevent such ‘waste’ of
interpretable experimental information, we consider it
justifyable to extract both transition frequencies from
the one blending absorption by adding and subtract-
ing half the calculated separation from the one
wavenumber value of the observed peak. For the ex-
ample given above, Aw/2 = 0.001296 cm ™! would be
added and subtracted to/from the observed value of
821.511926 cm ~ ! to obtain the two component transi-
tions as

28,15 « 27,505 = 821.513222cm ™!
and
2823,6 6= 2722.6 = 821.510630 CI'II_1 ”

As the comparison with the above predictions shows,
both these wavenumber values can be included in the
LSQ-fit of the band, as they now comply with the
adopted compatibility limit of + 0.0005 cm ™.

The outlined splitting up of blending absorptions
a posteriori should, in our opinion, not be attempted
before all single peaks of a band are satisfactorily
accounted for, so that the true separation of two
blending transitions can be precalculated to within
about 10% or better.

In the case of the v, ,-band of 1,1-DFE, the applica-
tion of the described procedure has led to the incorpo-
ration of some 500 fittable transitions, and it has
brought the total number of data in the final LSQ-fit
of the FTIR-band to ~ 2000.

¢) Combination Differences (Co’Dis)

To fully exploit all the information which is pro-
vided by a rovibrationally analysed FTIR-band, we
have extracted the Co’Dis for the state v, =1 from
the identified and fitted 2000 transitions of the band.
This produced some 550 secondary data. Since the
J'-range of the assigned Q-branch transitions is
largely above that of the assigned P- and R-branch
lines, the great majority of these Co’Dis is of the
AJ’ =2 type. On the basis of the compatibility limit
which we had adopted for the observed and fittable
transitions, the Co’Dis had to be expected to deviate
by up to 0.001 cm ! from calculation, and deviations
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between 0.0005cm™! and 0.001 cm~! were indeed
found for some 70 Co’Dis. These were therefore re-
moved from the LSQ fit, as were all Co’Dis which
involved absorptions that had been split a posteriori
(Sect. b, above). Furthermore, in view of the fact that
the IR-derived Co’Dis for v, = 1 are in direct compe-
tition with the at least 100 times more accurate and
observed pure rotational transitions of the excited
state, their acceptability limit was narrowed down to
~ 10 MHz (~ 0.00033 cm~'). These restrictions left
some 300 Co’Dis in the final LSQ fit of all data.
(A reduction in the weight of the Co’Dis by 10™* was
also tested and found to produce no significant change
in the resulting parameters for v, = 1.)

d) Rotational Parameters and the Band Origin v9,

The constants for the state v,; = 1, as derived from
some 2000 observed and interpreted FTIR transitions,
and some 300 deduced and fitted Co’Dis, together
with 51 purely rotational transitions, are collected in
Table 1. The at least 100-fold superiority in precision
of the latter over the FTIR data was taken into ac-
count by the assignment of a weight factor of 10* to
those 51 MW and MMW data, while all IR data were
given the weight unity. — The correlation matrix be-
tween fitted parameters, which emerged from the final
LSQ fit of all the data, is reproduced alongside
Table 1.

2. The B-Type Fundamental vy
at 1301 cm™!

a) Analysis

The rotational constants of the state vg =1 were
known from the early DRM microwave work [2], in
which 42 purely rotational transitions within this ex-
cited state had been identified. A wavenumber value of
v9=1301.1 + 0.5cm ™! for the band centre could be
readily read off by mere inspection of the FTIR band.
From this information, the structure of the B-type
band vg (C,, symmetry species B,) was computed, and
the comparison of this prediction with the observed
FTIR band readily allowed the successive assignment
of 1088 rovibrational transitions up to J' =45 in the
P- and R-branch, and up to J' = 33 in the Q-branch.
Together with the 42 purely rotational transitions
within the state vg = 1, the LSQ-fit of all these data,
but without consideration of sextic distortion effects,
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Table 1. Molecular parameters of the state v,, =1 of 1,1-DFE.

Present study Previous work [4]

Rotational Constants

incm™! in MHz? incm”
A 0.366572969 (40) 10989.5811 (12) 0.366575208 (62)
B 0.347155902 (38) 10407.4721 (12) 0.347157965 (73)
C 0.178431438 (26)  5349.2399 (8) 0.178 434 386 (44)

Quartic Distortion Constants
- -1

1

in 107%cm in KHz in10"%cm ™!
4, 0.15844 (3) 4.7499 (10) 0.15932 (3)
A5k 0.04693 (13) 1.4068 (40) 0.04671 (12)
Ag 0.25729 (19) 7.7135 (57) 0.25740 (9)
o, 0.06619 (2) 1.9842 (5) 0.06581 (2)
Ox 0.18405 (8) 5.5177 (25) 0.18242 (3)
Sextic Distortion Constants
in10"'2cm™! in 1073 Hz in107'2cm™!
P, 0.066 (15) 1.98 (45) 0.309 (7)
b, —1.266 (103) —37.95 (309) —1.530 (34)
Dy, 1.207 (251) 36.18 (735) 2.951 (46)
@, 0384 (161) 11.51 (483) —1.186 (26)
6, 0076 (8) 228 (24) 0.059 (4)
bk 0.419 (53) 12.56 (159) 0.267 (11)
ok 3.128 (50) 93.77 (150) 2.306 (11)
Band Origin v{,: 802.070119 (2) cm ™! 802.070114 (15) cm ™!
Stand’d Deviations: 0.268 x10"3cm ™!
G+ Co'Di =0229%x10"3cm ™!

TR+ copi+mwmmw = 0.155x 107 * em ™!
Fitted transitions:

N, 824
Nq 365} ov<5x10"*cm™!
N 800

Neoni 319 6v<35x10"*cm™!

N 2308
Nywmmw 51 ov<5x10"°cm™!

Nrot 2359 5254

2 Conversion factor ¢=299792458 m/s.

indicated the band origin v3 = 1301.27336 (10) cm ™ *
in 1989.

After the further refinement [1] of the GS parame-
ters of 1,1-DFE, the earlier analysis of the vg-band was
extended to higher J'-values and broadened to cover
the observed wavenumber range from 1260 cm ™! to
1340cm~!. The inclusion of sextic distortion
constants allowed the identification of rovibrational
transitions with quantum numbers up to J,, =75,
K =49 in the P-branch, J/ ., =61, K =49in

a, max max a, max

the Q-branch and J,,, =75 K =56 in the

max a, max
’

R-branch, with K, ranging from J/,, down to O for
J'-values up to 50. This led to the inclusion in the LSQ
fit of some 2300 rovibrational transitions with devia-
tions of less than 5 x 10™* cm™!. The 42 rotational

Correlation matrix of LSQ-fit of v,, = 10 (in A-reduction)

vO
¢K \ll

bux

b,

B-C

¢KJ

¢JK

A-B

—0.0328 0.0886

1.0000

Q x X 3
| S S % S S % %
TARAIITDSSSS

Q .
~ 3
Qe

0
Vi1
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Table 2. Molecular parameters of the state vg =1 of 1,1-DFE.

Present study Previous work [5]

Rotational Constants

: = . ; " SS388008288892A
incm™! in MHz? incm™! TR RIIONITSSRS
A 0366137118 (39) 109765147 (12)  0.366137976 (76) ke el e Ce sl B
B 0.346956451 (36) 10401.4927 (11) 0.34695777 (12)
@ 0.177472630 (28)  5320.4956 (8) 0.177471419 (28) Qs 9 § SSog § el
Quartic Distortion Constants CREEETREISATT S
in10"®cm™! in KHz in10"%cm™! Sl TTI=TT°T°%9°9
4, 016774 (3) 50288 (8) 0.16683 (6) o o o e o e e
A,k 0.03999 (12) 1.1989 (36) 0.03791 (23) SRR RIEIES
Ay 027440 (12) 8.2262 (34) 0.27669 (16) SeccddcScsenn
5, 0.06654 (2) 1.9949 (5) 0.06660 (3) |7 [ T z
ok 018670 (5) 5.5971 (14) 0.18648 (3) e e
Sextic Distortion Constants § S § E § a 3 3 ﬁ 2 §
in10"'2cm™! in 1073 Hz in10"*2cm~1!® .| SScscssssss=
&, 0465 (10) 13.94 (30) 0.362 (57) < el '
&, —0.722 (78) —21.63 (233) —1.362 (359) TEASE2IeCS
By, 1620 (136) 48.58 (409) 2.526 (661) cEhgEdEgEes
&y —0.525 (75) —15.75 (225) —0.933 (346) S SSSSSSS —
6, 0070 (5 211 (15) 0.068 (29) SR I P
b,k 0002 (27) 0.06 (81) 0.385 (148) - oo et
ok 2.968 (30) 88.97 (89) 2.482 (140) § § 5 § g % 3 E g %
Band Origin vg:  1301.273383 (3) cm ™' 1301.273596 (15) cm ™! & | SR pSSTree =
Stand’d Deviations: s . s . . -
O +Co'Di =0222x10">cm~ 0.36x107*cm ™ FEIICSHR
aiﬁiﬁo,;ww =0.401 x10"*cm ™! XERRIRSSS
; S x| Sccc oSS —=
Fitted transitions: S T [ |
N 1128
Ny 901 b Sv<5x10"*cm™? SEgneo
Q DN AR
N, 910 ANICooRnd
Neypi 583 v<33x10~*cm™! Jil eswgecE
Ng 3522 2854 SEXESE
Nuw 42 v<5x10"°cm™! $H8R2LS
% . B S| STTTTTT
<
N1y 3564 =
2 Conversion factor ¢=299792458 m/s. g § 2 §_ § § %
® Assumed as in GS [4]. 5| ~| oSS =
o =Y | |
<I O v—= O\ O©
S o0 00 I~
£ G828
= SIS =
l A
absorptions in the state vg = 1, which had been ob- e .
P g ; ; 2 Il 0 N <+
served initially [2], were included in this fit with = | 338 §
weights (2.5 x 10?) representing the higher accuracy of 8 I B
purely rotational over FTIR data. = oo
. . g
A recomputation of the vg-band with the parame- g 2 ;é
ters thus derived allowed some further 300 observed ol ) e
peaks to be interpreted as due to blending absorptions S .
of two, occasionally three, separate transitions which : 2 %
occur too close to each other to be resolved instru- ElalT”
. v <
mentally. As has been outlined in Sect. II1.1-b (above), b=
these blending doublets were split a posteriori to con- gls §
tribute some 600 assignable transitions, so that the LIRS e
. (2]
total number of data in the LSQ-fit rose to more than = @ o . R SO .
2900. ] TaToTeesen JLEeeE
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b) Combination Differences (Co’Dis)

As described for the state v,; =1, Co’Dis for the
state vg = 1 were extracted from the assigned absorp-
tions of the FTIR band. These secondary data showed
the same features as described before and, by applica-
tion of the same selection criteria as in the case of v,
583 Co’Dis (out of a total of 1235) with deviations of
less than 0.00033 cm ™! (~ 10 MHz) were retained in
the final LSQ fit of the vg-band.

¢) Rotational Parameters and the Band Origin v

The molecular constants of the state vg = 1 are col-
lected in Table 2 which, like Table 1, also gives the
previously reported constants [S] for comparison. The
correlation matrix of the present fit of 3564 data is
given alongside the table.

Listings of the fitted IR and MW transitions, in-
cluding the deduced Co’Dis of both the v,,-band and
the vg-band have been deposited with the “Zentrum
fur Struktur-Dokumentation” of the Universitdt Ulm,
Germany. They may also be obtained from the au-
thor.

IV. Discussion

The rotational constants derived here for the ex-
cited states v;; =1 and vg=1 deviate by up to
3 x 10”6 cm ™! from their counterparts reported ear-
lier [4, 5]. This amounts to up to 100 times the stan-
dard errors in these constants.

For tracing the origins of these discrepancies, one
first needs to examine the instrumental features of the
IFS 120 HR “demonstration model” at the Bruker
company and the IFS 120 HR instrument at the Uni-
versity of Giessen. — The latter spectrometer derives
its superiority over the former from the addition of
a specifically designed larger and much longer
(~ 300 cm) gas absorption cell than the former. This
allows sample pressures to be reduced sufficiently to
eliminate the pressure broadening of absorptions.
Hence, the line width of signals observed with the
Giessen instrument is determined by the Doppler
width alone. The conventional gas cells (length:
~ 30 cm) used on the “demonstration model” require
sample pressure above 1 Torr, with the result that
observed signals show the effects of pressure broaden-
ing. Furthermore, to exploit the small, Doppler-lim-
ited line widths, the interference path length (OPD) of
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the Giessen instrument is extended over that of the
“model” by more than a factor 2 to provide a spectral
resolution of 0.0015 cm ™ !. On both these grounds, the
experimental data obtained with the IFS 120 HR at
Giessen (in 1989) must be judged significantly superior
to our own data, which were obtained in 1988 with the
“demonstration model” at the Bruker company itself.

This superiority of the Giessen instrument over the
company’s “model” is borne out by the fact that the
P- and R-branch of the v, ,-band could be observed up
to J' = 70 at Giessen, while our earlier data reach up
to J' =47 only. This, however, makes it difficult to
understand why the later researchers [4] did not recog-
nise, assign and fit any Q-branch transitions at all.
While the low-wavenumber side of the Q-branch (see
Fig. 1, above) does not seem to offer any particularly
distinctive features, we would expect that under a
lower sample pressure, yet higher instrumental sensi-
tivity and higher spectral resolution, the Q-branch
series J; ;. « J,; ; would present itself as a very strik-
ing spectral feature begging for interpretation.

In addition to the analysis of the Q-branch of the
v,,-band — despite the instrumental inferiority of the
“demonstration model” — the present study differs
from the published work [4, 5] in two more aspects:

The rotational constants of the excited states
v;; =1 and vg = 1 were essentially held fixed at the
values determined from 47 observed rotational transi-
tions (with 4 MMW transitions added recently [1]) of
the state v,; = 1, and 42 rotational transitions of the
state vg = 1. We had observed and assigned these tran-
sitions more than a decade ago [2] by the DRM tech-
nique [6]. — In view of the 100-fold superiority in pre-
cision of rotational MW (and MM W) data over FTIR
data, these 51 and 42 transitions were given a weight
of 10* in the present LSQ fits. The ~ 2000 (in the case
of vi; = 1) and ~ 3000 FTIR data (for vg = 1) which
were found compatible with this rotational informa-
tion, were all given the weight of unity, and they
helped significantly to pin down the distortion con-
stants of the two excited states. As the range of J'-val-
ues of observable transitions of an IR band is, gener-
ally, much larger than the range of J-values accessible
by rotational spectroscopy, the IR analysis seems em-
inently suited for the determination of distortion con-
stants.

The parameters of the GS of 1,1-DFE, which we
have used during the past seven years, are in keeping
with the very large number of spectroscopic data pro-
vided by many different researchers up to 1987. These
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GS constants were recently confirmed and refined
through the addition of novel data [1]. The GS con-
stants which were chosen by the previous investiga-
tors [4, 5], on the other hand, can hardly be reconciled
with the multitude of data established up to 1987 [10].
They were chosen [4] on the basis of an LSQ-fit of
2594 GS Co’Dis extracted from the v,,-band and a
further 1914 GS Co’Dis deduced from the A-type
vs-band [3], together with some 170 rotational data
[11]. - We have attempted to gauge the merits of this
approach (combination of a huge body of compara-
tively inaccurate IR-derived Co’Dis with a much
smaller number of observed transitions of significantly
higher precision than the former) by extracting GS
Co’Dis from all six FTIR bands of 1,1-DFE, which we
had analysed up to J' ~ 45 by 1989, and their combi-
nation with the 440 non-degenerate MW and MMW
data on the GS [1]. As was to be expected on the basis
of an experimental uncertainty of assigned FTIR
peaks of + 0.0005 cm ™, pairs of identical GS Co’Dis
showed discrepancies of up to + 0.002 cm ™! (60 MHz)
when derived from different IR bands, and less than
3% of the total number of Co’Dis thus derived were
compatible to within at least 2 x 10~*cm ™! (6 MHz)
with the wavenumber values that were expected from
the known GS parameters. The latter had been
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