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Mid-infrared spectra of mixed solutions in liquid xenon containing fluoroform and either ammonia or pyridine
have been investigated at temperatures between 173 and 213 K. For both Lewis bases, a new band is found
in the CH stretching region at a frequency approximately 5chigher than that of monomer fluoroform,

which is assigned to a complex between fluoroform and the Lewis base. A detailed analysisvgPihe

Fermi resonance in the proton donor shows that the blue shifts observed for the complexes are not caused by
a strengthening of the CH bond during the complexation, but are due to the changes in the Fermi resonance
interactions. Information on they/2v, Fermi resonance was also obtained for the complexes of fluoroform

with dimethyl ether and trimethyl amine.

Introduction

In theoretical as well as in experimental studies, fluoroform,
CHF; (FI), is a popular Lewis acid in investigations of the weak
hydrogen bonds formed by -€H bonds!~2* It owes its
popularity to the fact that upon the formation of a hydrogen
bond, the C-H bond can either be weakened, that is, lengthened,
which is the more traditional pattern, or it can be strengthened,
that is, shortened. In the former case theHCstretching mode
v1(A1) is expected to red-shift from its position in the monomer;
in the latter case, described as improper or blue-shifting
hydrogen bonding;}2:14.19.2%it should give rise to a blue shift.

For FI, predictions on the type of hydrogen bonding based
on the observed shift af; are complicated by the fact that the
first excited level of that mode is in Fermi resonance with the
A; component of the first overtone level20f the degenerate
C—H bending mode4(E). It is known from previous studies
that v4 of fluoroform is very sensitive to the formation of a
complex, with the mode in general shifting to higher frequency,
by an amount depending on the strength of the compték.
This implies that there is a considerable complexation shift on
2v4, which, combined with the change in the—& bond
strength, most likely will change the resonance condition. When
this occurs, the observed shift for, is the sum of two
contributions, a shift induced by the complexation and a shift

caused by the change in the Fermi resonance. As these MaY o mbination with a Ge/KBr beam splitter and a broadband MCT

have opposite signs, it follows that the observed shift no longer
is a measure for the change in the-B bond strength.

In this study we report on the infrared spectra of the 1:1
hydrogen bonded complexes of Fl with ammonia,NBm),
pyridine, GHsN (Py), dimethyl ether, (CE,0 (DME), and
trimethyl amine, (CH)sN (TMA), as they are formed in
cryosolutions, using liquid argon (LAr) or liquid xenon (LXe)
as a solvent. It will be demonstrated that theof Fl in the
complexes with Am and Py is detected slightly blue shifted from
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its position in the monomer. In view of what is said in the
previous paragraph, it is clear that this observation does not
suffice to categorize the hydrogen bonding in these complexes
as improper. To be able to identify the bonding type, we report
on the correction of the observed frequencies for the Fermi
resonance, and we will show that at least for the complex with
pyridine the bonding type is in fact of the traditional, red-shifting
type.

The complexes of FI with DME2* and TMA? have been
studied before in LAr, however, without considering the Fermi
resonance problem. In this study we aim at showing that also
for these complexes the corrections for Fermi resonance are
significant, but that they do not lead to conclusions on the
hydrogen bonding type different from the ones previously
proposed.

Experimental and Computational Details

The samples of PysgAm, DME-ds, TMA-dg were obtained
from Aldrich and Fl was provided by Praxair. The solvent gases
used were obtained from Air Liquide and had stated purities of
99.9999% (Ar) and 99.995% (Xe). The solvent gases and the
chemicals were used without further purification.

The infrared spectra were recorded on a Bruker IFS 66v
Fourier transform spectrometer, using a Globar source in

detector. In general, the interferograms were averaged over 300
scans, Happ Genzel apodized, and Fourier transformed using a
zero-filling factor of 4 to yield spectra at a resolution of 0.5
cm L,

A detailed description of the liquid noble gas setup was given
previously!! Liquid cells with path lengths of 1 and 7 cm,
equipped with wedged silicon and wedged ZnSe windows,
respectively, were used to record the spectra.

Geometries and vibrational frequencies of the 1:1 complexes
were obtained from ab initio and DFT calculations, at various
levels of at least 6-3tG(d,p) quality. During the geometry
optimizations and the force field calculations, corrections for
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TABLE 1: Calculated Properties for Fluoroform and for Its Complexes with Ammonia, Pyridine, Dimethyl Ether, and
Trimethyl Amine 2

Fl-Am Fl-Py FI-DME FI-TMA
MP2/6- MP2/6- MP2/6- MP2/6- MP2/6-
311++G(3df,2pd) 31+G(d,p) 31+G(d,p) 31+G(d,p) 31+G(d,p)
AE/kJ mol? —16.5 —18.5 —19.5 —-17.4 —-19.4
FxenlA 2.367 2.370 2.336 2.217 2.295
Arcy/103 A 0.6 1.0 0.5 -0.7 3.6
vi(monomer)/cm? 3200.0 3270.3 3270.3 3270.3 3270.3
vi(complex)/cnmt 3193.8 3261.3 3266.7 3287.5 3219.0
Avifem™t -6.2 -9.0 -3.6 +17.2 —51.3
I:(monomer))/km moi* 24.4 24.8 24.8 24.8 24.8
I1(complex)l;(monomer) 0.39 0.43 0.60 0.20 1.18
vg(monomer)/cm? 1417.6 1419.9 1419.9 1419.9 1419.9
va(complex)/cntt 1457.4 1454.7 1449.6/1447.8 1445.8/1439.7 1466.3
Avgecm™t 39.8 34.8 29.7/27.9 25.9/19.8 46.4

aValues obtained using the CP-corrected PES.

BSSE were taken into account explicitly using the CP corrected The results in Table 1 confirm the high complexation
gradient techniques of Simon etZalAll calculations were sensitivity of v4 of Fl. Taking the average values for tli&
performed using Gaussian®3.To reduce numerical errors complexes, the predicted shifts vary by more than a factor of
during the analysis, the eigenvectdrsdescribing the normal 2, from 22.9 cm! for FI-DME to 46.4 cnt? for FI-TMA. At

vibrations were obtained using tleg=Hpmodeskeyword. the same time, the complexation energies vary in a much
_ _ narrower interval, betweer17.4 and—19.5 kJ mot?. Inspec-
Results and Discussion tion of Table 1 shows that, in disagreement with previous

conclusiong?16 the correlation of thev, shifts with the

Some theoretical results are available in the literature for FI COMPlexation energies is not very strong, as the shift for
Am. A very nearlyCa, structure with a &H---N angle of 179.7 Fl-Am exc_eeds that of FPy, while the former has the lower
degrees was obtained by Schlegel et*at the MP2=FC/6- complgxatlpn energy. o

311+G(d,p) level. These calculations predict a complexation = B- Vibrational Spectra. Solubilities of FI, DME, and TMA
red shift by—0.8 cn1 for v; of the FI moiety. DFT calculations I liquid argon are such that the complexesIiVIE and Ft

at the 6-313+G(3df,2pd) level predict a much larger red shift TMA can be studied in that solvent. The solubilities of Am
of —13 cnt for the same mod#& Recently, MP2 calculations ~ &nd Py are very low in liquid argon and in liquid krypton, so

at the 6-311G(d), 6-312G(d,p), and aug-cc-PVDZ levels have these complexes had to be investigated in liquid xenon. Relevant
been shown to predict red shifts ef8, —2, and—13 cnt?, observed frequencies have been collected in Table 2. Compari-

respectively? son with Table 1 shows that the experimental and calculated

The 255 function basis set 6-3+3G(3df,2pd) is the largest complexation_shifts ofv; are in the same direction for the
used for FIAm up to now. However, there are some doubts Complexes with DME and TMA, while for the Py and Am
about the way the applied DFT method accounts for dispersion COmplexes they are in opposite directions.
interactions, which for weak complexes of the present type are  In Figure 1 the spectrum of the region of monomer Fl is
known to be relatively significant. Therefore, we have expanded compared with those of Am and FtPy in panel A and with
the available data on fAm with MP2 calculations at that level.  those of FIDME and FITMA in panel B. In all cases the
The complex is found to hav€s, symmetry. Data relevant to spectrum of the complex was isolated by subtracting out the
the present study have been collected in Table 1. It can be seemonomer contributions. The sharper features in Figure 1A at
that, in a direction consistent with published data, a red shift is 3038.1 in FIAm and at 3033.3 cmt in FI-Py are slightly blue
predicted forvy, by —6.2 cnm?, which falls within the interval ~ shifted, by 7.6 and 3 cr, respectively, from the; band in
of the published values. monomer Fl and are assigned to that mode in the complexes.

Apart from the above results for m, Table 1 contains For FFAm the blue shift is remarkable because in a matrix
MP2/6-3HG(d,p) data for all complexes studied here. The isolation study in solid argon this mode was detected red shifted
smaller basis set was adopted to reduce the computational efforty —21 cnt .4 We will return to this point in a later paragraph.
for the larger complexes. We justify its use by the following Figure 1B shows that; is red shifted, by-23 cnt?, in Fl-
facts. For HAm the smaller basis set predicts a shift farin TMA but blue shifted, by 18 crmt, in FI-DME. The sharp, weak
the same direction as the larger basis set, albeit that theband at 2700.2 cnt in the spectrum of monomer Flin LXe is
guantitative agreement is not optimal. Also, calculations using assigned as12”:. It can be seen that for both complexes the
the 6-31+G(d,p) basis set, i.e., a basis set containing diffuse changes in this transition are similar to those observed for the
functions for the hydrogen atoms, result in complexation shifts complexes in Figure 1A. In the complexes, these transitions
of vy differing by not more than 3.7% (trimethyl amine), 0.6% can be seen to have considerably higher relative intensity and
(pyridine), and 3% (dimethyl ether). This consistency in the to be substantially blue shifted. The band areas, which we
direction of thev; shifts then allows the suggestion that at least identify with the integrated intensities, eof and 2441 have been
the directions of the ab initio shifts in Table 1 are reliable. determined, for FI and for the complexes, using numerical

For FFTMA and FlAm the calculations lead t€3, sym- integration. The ratio of the integrated intensitirRs= [(v1)/
metry, and for FIPy and FIDME to Cs symmetry. It follows [(2v4™) is 28(5) and 36(5) for monomer Fl in LAr and LXe,
from Table 1 that the hydrogen bonding in complexes with Am, respectively, but decreases to values between 2.6(3) and 1.5(2)
Py and TMA is predicted to be of the traditional type, while, in  for the complexes (see Table 2). From an a priori point of view,
agreement with experimehg* for the DME complex a blue-  several reasons for such a dramatic decrease in relative intensity
shifting hydrogen bond is present. could be suggested. We believe, for the reasons explained in

A. Theoretical Predictions of the Complexation Shifts.
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TABLE 2: Spectroscopic Parameters for Fluoroform and for Its Complexes with Dimethyl Ether, Trimethyl Amine, Ammonia,
and Pyridine

LA, 90 K LXe, 188 K
Fl FI-DME FI-TMA Fl FI-Am Fl-Py
viem ! 1374.5(2) 1390.2(5) 1405.9(5) 1372(1) 1391.4(5) 1388.8(5)
yilem 3036.7(2) 3054.8(2) 3013.9(3) 3030.5(3) 3038.1(5) 3033.3(5)
Avyfomt 18.1 -22.8 7.6 3
2vdem 2704.7(5) 2737(1) 2749(1) 2700.2(5) 2741(1) 2739(2)
vofemt 2990.2(3) 3005.3(3) 2946.7(5) 2983.6(3) 2983.3(5) 2977.6(5)
Avolemrt +15.1(4) —43.5(6) —0.3(6) —6.0(6)
S/km molt 20(2) 4.4(5) 17(3) 23(2) 9.8(1) 10(2)
R(expt) 28(5) 1.5(2) 1.5(2) 36(5) 2.3(3) 2.6(3)
R(calc) 14 1.9 1.9 12.6 2.2 2.2
[D0]u,| 10@xp/D —0.052 0.024 0.048 —0.055 0.036 0.036
[00]1,] 10dad D ~0.055 0.025 0.06G —0.055 0.036 0.043
0.049 0.07%

aDerived from MP2/6-33+G(d,p) calculations? Taken from ref 15 from DFT B3LYP/6-31+G(3df,3pd) calculations.
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Figure 2. Comparison of the fluoroformv, region observed for
monomer fluorform and its complexes with ammonia, pyridine,
dimethyl ether, and trimethyl amine. The spectra oARt and FIPy

(A) were recorded using LXe as a solvent. The spectra®¥E and
FI-TMA (B) were recorded using LAr as a solvent.
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Figure 1. Comparison of the fluoroformv, region observed for
monomer fluoroform and its complexes with ammonia, pyridine,
dimethyl ether, and trimethyl amine. The spectra ofAR and FIPy

(A) were recorded using LXe as a solvent. The spectra-®@¥E and
FI-TMA (B) were recorded using LAr as a solvent.

o o set of DFT and MP2 calculatioHs™® and is confirmed by our
the next paragraph, that it is due to the complexation influence \p2 calculations on FAm (I(vg™"° = 6.4 km/mol and
on the parameters of the Fermi resonance betweand 2/4*1. I(v)°®™P = 6.8 km/mol). The resulting values &fare given in

An evident origin for a change in the Fermi parameters would Taple 2. The quantity is invariant under the Fermi resonance,
be a shift of the unperturbed overtone level{2)°, which must  from which follows that it must be equal to the sum of the
be related to the complexation behavior of the fundamental  jntensities of the unperturbed transitions:

Therefore, in Figure 2 the region of of the monomer and of

the complexes is given. It can be seen that in all cases the S=I(v,)+ |(2V4A1) = I(v1)°+ |(21/4A1)° 1)
complexation induces an upward shift in. Although the

correlation of the experimentalv,’'s with the predicted values  where

in Table 1 is not very high, both series can be seen to increase

in the same order, with the experimental values systematically o 87N 10

smaller. This shift causes a blue shift of/2:, with an ensuing [(v))" = Tmo‘)lﬂzllo"ﬁ

change in the resonance condition.

The sum of absolute intensiti&s = 1(v1) + 1(2v4*1) was AnO 871‘°’NA1410_13
evaluated from the observed rafifi (vs) and by using literature 1(2v )" = TmOOIﬂZIOZOﬁ 2
data on the infrared intensit{ve) = 4.8 km/mot’. Thewvg band,
assigned as a CF-bending vibration, is not significantly affected where they; are the transition frequencies and 2,4, respec-
upon complexation. This assumption is supported by a wide tively.
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The unperturbed second-order transition dipa&.,|02°0)°
was evaluated from an ab initio grid calculation (see eq 6 and
Table 4) and was found to equal 0.006 D both for Fl and for
the complex FlAm. From this quantity one obtairi§2v1)°
= 0.2 km/mol. The values ofd®|x,|10°ly, in Table 2 were
derived from the quantitiel§y;)° = = — 0.2 km/mol for all the
systems studied. The sign of the transition moment cannot be
derived from the intensities and, therefore, was taken from ab
initio calculations at the MP2/6-31G(d,p) level. The transition
dipoles obtained in this way are compared with the ab initio
values in the bottom two rows of Table 2.

C. Fermi ResonanceTo correct the observed frequencies
for Fermi resonance, the implications for the two different
symmetries must be considered. For the compounds @gth
symmetry the unperturbed fundamental Iev%is coupled to
the overtone level 2”1 = 2v] via the coupling matrix element
W = —0u44v/2, in which oyss is a cubic anharmonicity
constant. For the complexes wity symmetry the two-fold
degeneracy of, is lifted, resulting in levels 4 andvgp. In this
caser) is coupled to 23, via 0142442, and to Zap Via c14pad2,
while 2v4, and 24, are coupled via the quartic force constant
Paasasnap The corresponding terms in the potential energy
expansion in dimensionless normal coordinates are

044 (X + Y + Busad Xy’ + Y, (3a)

for C3, and

OL14a4anX42 + OL14b4leY42 + ﬁ4a4a4a4ax44 +
2Baasnaons’a Vs> + BaapanarYs (3D)

for Cs. Here we assume thatisaan= Paasasass— Paaabaar= 0.
For the C3, moleculesX, and Y, are the polar coordinates
describing the degeneratg couple, the sum of their squares
having the correct symmetry. For th& complexes these

J. Phys. Chem. A, Vol. 109, No. 13, 2003041

TABLE 3: B3LYP/6-31++G(d,p) Cubic and Quartic Force
Constants, in cnt?, for Monomer Fluoroform and for Its
Complexes with Ammonia, Pyridine, Dimethyl Ether, and
Trimethyl Amine

symmetry Ol14ada Olaabab 2fsaaa4pap
Fl Cs, 204.0 204.0 15.1
Fl-Am Cs, 200.7 200.7 12.8
Fl-Py Cs 202.0 201.5 13.0
FI-DME Cs 206.2 204.1 13.5
FI-TMA Cs, 200.2 200.2 10.9

to support the approximation that the complexation influence
onay44is sufficiently small to be neglected. This strictly applies
only to the isolated molecules, but there is no reason complex-
ation in cryosolution should induce strong changes in etihgy

or Baasa

At this point, justification of the degenerate approximation
used for the Fermi correction in tii& complexes can be given.
By using data from the Tables 1 and 3, model calculations were
made in which a three-dimensional matrix for the nondegenerate
case was diagonalized. These calculations indicate that the
influence onv; of the relatively small values Q¥4a4a4pan(~ 8
cm™1) is limited. Inversily, the calculations show that for chosen
values ofv; anda44 the degenerate approximation but slightly
overestimates the values mff from the nondegenerate ap-
proximation by a mere-0.01 cnt™.

All of the above data, both experimental and theoretical,
situateasq in the interval between 100 and 200 cmThe
influence of the value oft;44 0N the unperturbed complexation
shift Av = »9(complex) — »)(monomer) in this fairly wide
interval has been calculated and is shown in Figure 3. It can be
seen that for the weakest complex;BME, the unperturbed
complexation shift depends only weakly on the valuexpfs,

Av‘f varying from-+17 to+13 cnt ! in the interval considered.
The same is not true for the strongest complexT A, where
AV} varies from—28 cnr for ay44 = 100 cnm to —70 cnit

for ay44 = 186 cnrl, at which value the resonance is exact.

coordinates evidently describe the two nondegenerate compo—pe necessity of using the correct value @fss in the

nents that arise from the lifting of the degeneracy.

Given a value fonu4 the two-dimensional degenerate case
(Cs,) is easily solved for the unperturbed levels,dsand 2/
can be obtained from the unperturbed splitting= vJ — 2v9,
which is calculated from the well-known relatioh =

Vi?—4WP, in which « is the observed splitting. Treatment in
full of the three-dimensional nondegenerate c&gié neatly
more complicated. It can be shown (see below), however, that

in this case it is also possible to treat the Fermi resonance using

the two-dimensional degenerate approximation.

Experimental values for the cubic coupling constapt, in
vapor phase monomer Fl have been determined to be 100
cm12829gnd 170 cm.2 The former value was obtained by
fitting the tridiagonal Fermi resonance Hamiltonian of higher-
order transitions involving the; andv4 modes, while the latter

value was derived assuming that the unperturbed anharmonicity

constantsxj, and g3, are zero. Theoretical values of ap-
proximately 200 cm? for this constant have also been reported
in the literature’l34 We have calculatedr;44 and quartic
anharmonicity constarfis444for monomer Fl by MP2 and DFT
grid calculations, using basis sets ranging from 6-G&{d,p)

to 6-31H+G(2d,2p) level. The obtained values fai4 vary
between 198.4 and 209.6 cfpand those oBs4s4between 13.9
and 16.7 cmt. The values ofx144 confirm previous theoretical
values. Using DFT calculations at the B3LYP/643tG(d,p)
level, we have obtained values for the same constants in the

deperturbation of the frequencies becomes clear from the
behavior of the other two complexes: Figure 3 shows that in
the interval considered, they both see a switch of their bonding

20 L L AL
0 i FI'DME, LAr |
E FI'Am, LXe E
0
i FI'Py, LX {
-10 | »ee \
20 |- i

Av% em’!

FI'TMA, LAT
-50 |+ u
-60 -
1) 3] R R R B PR T
100 120 140 160 180
44 em!

Figure 3. Calculated values for the unperturbed complexation shifts
A as a function of the cubic coupling constarffy, The data for

complexes. The results are given in Table 3. They can be seerFl-Am in a solid argon matrix at 20 K are based upon ref 4.
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type from blue- to red-shifting. This occursaiss = 110 cnT?! TABLE 4: Cubic Coupling Constant o444 Dipole Moment
for FL-Py and atoi144 = 160 cntt for Fl-Am. Derivatives and the Second-Order Transition Moments of
; : Fluoroform and Its Complex with Ammonia Resulting from
We have derived an experimental valuegis for monomer MP2(FC)/6-31+G(d,p) Grid Calculations
Fl using experimental vapor phase d& for 32 transitions

involving the v, andv4 modes (up tdN = v1+v4/2 = 6) and Fi FI-Am
taking into account higher order interactions in the Fermi ouadem? 200(5) 203(5)
resonance Hamiltonian This leads to an effective cubic coupling u, b —0.0762(1) 0.0432(2)
constant> oS, which depends on the vibrational quantum 9Q,/,
numbers as: 1( Pu, ~0.0069(1) —0.0048(1)

off 2V2 0 2004 + Y)e

OV vg) = ———————=0hv OV)v, — 1,(v, + 2)°0
1441 (U4 +2) [ bra T 4 2%,/ 00°ZD 0.0058(2) 0.0056(2)

The wave function for the overtone was derived in a first-
order perturbation approach using a harmonic oscillator basis
and by developing the potential up to cubic terms. Deleting from

which for the present case results in

oS (1,0)= oS, = (1144[1 + 2”171 +2(v, + 2)y,| (4) the first-order function the term in the resonance denominator
o — 2w4 resulted in our approximation to the wave function
Wherea144 = 182(2) cnT?, y, = —0.035,7, = — 0.01635 s0 for the Fermi-unperturbed overtone. This approximate function

was subsequently used to calculate the corresponding transition

dipole. For this, the dipole moment was expanded to second

1 1

in LKr from 16 observed frequenueg;qm 163 (2) cnm, order. For theCs complexes the additional approximation was
Using the above value of 163(2) cfor 0‘144’ the unper- made that the second-order derivatives with respe&ytand

turbed frequencies) and complexation shiftdv) have been Y, are identical.

calculated. They are given in Table 2. ForBME the Fermi We used the literature data for the cubic coupling consg4nts,
correction yields aﬁv1 value that is lower than the observed q,,= —6.3 cnt® and ass= 6.8 cnT?, and for the dipole
one. However, the obtained value ascertains beyond doubt thatnoment derivatived’ (3u/3Qz)e= 0.23 D and §u/3Qs)e = 0.12

this complex is held together by an improper, blue-shifting p, for monomer FI. They were assumed to be unaltered by the
hydrogen bond. As could be anticipated from Figure 3, the complexation. The coupling constamtss and dipole moment
unperturbedAv} for FI-TMA is considerably larger than the  derivatives with respect t@; and (¢ + Y2) were calculated
observed value. For fy the Fermi correction changes the type  numerically, by using a polynomial expansion in terms of two
of the interaction from blue- to red'Shiﬁing. For &K the result pairs of dimensionless normal Coordinat@,[)(A] and [)(4, Y4]

is less clear: the significantly blue-shifted value of the in the region 2, —1, 0, 1, 2] for monomer Fl and for the
unperturbed; is corrected into a frequency which is a mere complex FtAm, at the MP2/6-33G(d,p) level. As an example,
0.3 cnT* below the corrected value for monomer Fl. Although  the values for these parameters for monomer FI and for the
this removes the certainty suggested by the unperturbed valuecomplex with Am are shown in Table 4 together with the
that the bonding is of the blue-shifting type, in the light of the ynperturbed transition dipole moments for the overtone level.
potential sources of uncertainty, the red shift-e9.3 cnr* is The Fermi resonance mixes the vibrational states, and the
too small to ascertain that this complex is of the red-shifting transition moments for the high frequency (hf) and low

type, the only evidence for the latter being the matrix shift of frequency (If) perturbed states can be written as
—21cnil.

am = 161(2) cmt. An analogous result was obtained for Fl

The other important characteristic of the complexation of Fl (4,0 = al00ju,| 10CH b[(DO|//LZ|020[ﬂ (7a)
is the sharp change in the relative intensiy= 1(v1)/1(2v4*1)
of the Fermi doublet, fronR~30 in the monomer t&R~1 in [4,[] = —b00|x,|10CH al0O|u |020ﬁ (7b)
the complexes. This change can be rationalized using a first- z ? z
order perturbation description of the intensities. where

In afirst step, the Fermi unperturbed transition moments must
be established. For the present purpose we retain the zeroth- K+ A W fk—A
order approximation for the unperturbed transition dipole of the a= 2% b= W 2% (8)

fundamental, as this is by far the dominant term:
Combining eqs 7 and 8, it is straightforward to show that the

au, intensity ratio of the Fermi doublet is
DO} 100= || + . (5)
\/_ Ql e 14 AW (K _ A)
For the overtone Rk FA (k+ AR, (T AR ©)
2 k= A G RN
l Uy - _
(00/u,|02°)° = — |———| + Wy/R, (k— ARy
2 X2+ YA,
where
Qya4 e, N Ogppy [, - (6) 04
A : = [00|u,|10[[00|x,|0 10
2(w1+ 2604) 9Q, . L ’3‘()32 . 46042 3Q, . \/ﬁo |t |t (10)

The calculation ofR as a function ofi44 requires a value
where thew; are the harmonic frequencies. for Ry. The results in Table 4 show that our calculations lead to
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second-order transition moments for Fl and forAeh that are
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change obtained for the nonzero intensity model. This, evidently,
supports previous conclusions on the poor performance of the
zero-intensity overtone mod#l.

Conclusions

In this study, some new experimental data on the complexes
of fluoroform with ammonia and pyridine are presented. The
complexation is found to induce blue shiftsiipof fluoroform.

At the same time significant increases are observed in the
intensity of 2,4 of the Lewis acid, signaling changes in the Fermi
resonance between and 2/,. Our subsequent analysis shows
that the Fermi-corrected value of in the pyridine complex is

in fact red shifted from the monomer value, while for the
ammonia complex the corrections reduce the shift to a value
below the threshold that allows the type of interaction to be
identified. We, therefore, propose to designate the observed
shifts in these complexes as pseudo-blue shifts.

Fermi-corrected; values in the complexes of fluoroform with
dimethyl ether and trimethyl amine were obtained similarly. For
the dimethyl ether complex, for whichr, is blue shifted
considerably, the Fermi correction has little influence omthe
frequency and does not change its sign. For the trimethyl amine
complex, for which a significant red-shift is observed, the
correction for Fermi resonance substantially increases the shift,
and, evidently, also does not change its sign.

As a general conclusion it may be stated that in order to
correctly interpret complexation shifts of the—@l stretch of

very nearly the same. We have extrapolated this conclusion, sofluoroform it is required to correct the observed frequencies for
that for all complexes the same value of 0.006 D could be used. the Fermi resonance of this mode with,2

For the first-order transition moment in the nominatorRf o
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