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The far infrared (66-350 cn?) and low-frequency Raman (8@50 cn1?) spectra of gaseous tetrafluoro-
hydrazine, NF,;, have been recorded. The fundamental and several excited state transitions of the torsional
mode of thegaucheconformer have been observed in both spectra. Variable-temperat6@etd —90 °C)

studies of the infrared spectra obl dissolved in liquid xenon have been recorded. From these data the
enthalpy difference has been determined to be-8dcm (197 + 17 cal/mol), with theransconformer the

more stable rotamerAb initio calculations have been carried out with several different basis sets up to
MP2/6-31H-+G* from which the structural parameters, conformational stability, harmonic force constants,
and infrared and Raman spectra have been obtained. These quantities have been compared to the experimental
values when appropriate. Some of the fundamentals have been reassigned, and the potential function governing
the conformer interchange has been determined. The results are compared to the corresponding results from
some similar molecules.

Introduction to internal rotation, and conformational energy difference. The

. - results of these experimental and theoretical results i N
The structure and conformational stability of tetrafluorohy- .o reported herein.

drazine, NF4, has been extensively investigated by a variety
of techniques with considerable controvets{?® From the
initial structural stud§ of this molecule, it was concluded that
the molecule consists essentially only of tleucheconformer The sample of BF, was obtained from the Red Stone Arsenall
in the gas phase at ambient temperature. However, this(Huntsville, AL) and purified on a low-temperature, low-
conclusion was contradicted by analysis of a large amount of pressure fractionation column. The mid-infrared spectrum of
vibrational dat&59along with a reinvestigation of the electron  the sample dissolved in liquified xenon was recorded on a
diffraction dat& which indicated that both thgaucheandtrans Bruker Model IFS 66 Fourier transform interferometer equipped
conformers were present in nearly equal amounts. From a laterwith a Globar source, a Ge/KBr beamsplitter, and a DTGS
investigation of the electron diffraction datat was concluded detector. In this study, the spectra were recorded as a function
that thetrans conformer had a higher abundance (70%) than of temperature ranging from60 to —90 °C with 100 scans at
the gaucheform. Two additional vibrational studiés3have  a resolution of 1.0 cmt at each temperature. The temperature
appeared, and the data were interpreted on the basis of a nearlgtudies in the liquified noble gas were carried out in a specially
equaltrans—gauchemixture. The initial theoretical calculatién  designed cryostat cell, which is composed of a copper cell with

Experimental Section

gave a conformational stability order gauche> cis > trans a 4 cm path length and wedged silicon windows sealed to the
Clearly from the previous expenmgntal and theoretical findings, cell with indium gaskets. The temperature is monitored by two
there is no doubt about the existence gsfucheand trans Pt thermoresistors, and the cell is cooled by boiling liquid

rotamers of NF,, but the conformational stability has not yet nitrogen. The complete cell is connected to a pressure manifold
been determined. Additionally, many different vibrational to allow for the filling and evacuation of the cell. After the
assignments have been proposed and several interpretations aigell is cooled to the desired temperature, a small amount of
contradictory:? Additionally, the potential function governing  sample is condensed into the cell. Next, the pressure manifold
the conformational interchange iR has not been determined.  and the cell are pressurized with xenon, which immediately starts
Therefore, we have recorded the low-frequency Raman andcondensing in the cell, allowing the compound to dissolve.
infrared spectra and carried out extensabeinitio calculations. The Raman spectra were recorded with a Cary Model 82
In the present study, special interest was placed on the spectrophotometer equipped with a Spectra-Physics Model 171
conformational stability of hF,. Variable-temperature studies  argon ion laser tuned to the 5145 A line. The spectrum of the
of the infrared spectrum of the sample dissolved in liquid xenon vapor was recorded using the standard Cary multipass accessory
were carried out to determine the enthalpy difference betweenand laser power at the sample of 2 W. The spectrum of the
the stable conformers of JNs. In addition, to provide the  liquid was recorded from a sample sealed under vacuum in a
theoretical background for a more definitive interpretation of Pyrex glass capillary. The reported frequencies are expected
the vibrational spectrab initio calculations utilizing larger basis  to be accurate te=2 cn?.
sets with electron correlation and normal coordinate analysis  The far infrared spectrum of the gas, from which the torsional
were performed. These calculations included the determinationsyransitions were measured, was recorded with the sample
of structural parameters, force constants, frequencies, barrierssgntainedm a 1 mcell at a resolution of 0.25 crd on a Digilab
Model 15B interferometer equipped with a TGS detector and
* Author to whom correspondence should be addressed. polyethylene windows. Interferograms for both the sample and
" Taken in part from the dissertation of Zhongnan Shen, which was empty reference cell were recorded 256 times, averaged, and
submitted to the Department of Chemistry in partial fulfillment of the Ph.D. . . .
degree, May 1996. transformed with a boxcar truncation function. Traces of water
€ Abstract published ilAdvance ACS Abstractdune 15, 1997. in the pure sample were removed by passing the gaseous sample
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Figure 2. van't Hoff plot for N,F, dissolved in liquid xenon.
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Figure 1. Temperature dependence of the mid-infrared spectra from
900 to 980 cm? of N,F, dissolved in liquid xenon.

through activateé 3 A molecular sieves using standard high-
vacuum techniques.

Conformational Stability

The enthalpy difference between the more stable and high-
energy forms of M, was obtained from a variable-temperature
study of the infrared spectrum of the sample dissolved in
liquified xenon. The spectra were recorded at different tem-
peratures varying from60 to—90°C. With the advantage of
the low temperature and the inertness of the solvent, only small

interactions are expected to occur between the dissolged N J
molecules and the noble gas atoms. The recorded conformer R TSN N BN S S S
peaks are well resolved compared with the ones observed in 1000 500 0
the mid-infrared spectrum of the gas. WAVENUMBER (cm-1)

The mid-infrared absorption spectra in the region-9%00
cmt of N,F,4 dissolved in xenon are shown in Figure 1. The
two bands centered at 94#4ns) and 962 ¢auche cm™! were
selected for theAH determination. Upon decreasing the
temperature of the solution, the relative intensity of the 944
cm! band frans) slightly increases relative to the 962 tih
band. This indicates that thansconformer is the more stable
species. The intensities of this conformational doublet were -
fit to the equation

Figure 3. Raman spectrum of glassy,M.
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wheree is the absorption coefficient and it is assumed #hat  Figure 4. Atom numbering and internal coordinates for tirans
AH, and AS are not a function of the temperature in the conformer of NF,.
experimental temperature range. A van't Hoff plot was
constructed (Figure 2) from the data, and the value of the
enthalpy differenceAH, was determined experimentally to be Theab initio calculations were carried out using the Gaussian-
69 & 6 cnm! (197 £ 17 cal/mol). This enthalpy value from 92 programt> Complete geometry optimizations have been
the rare gas solution should be close to the value in the ¥por performed by means of the analytical gradient method of
since the volumes of the two conformer molecules and their Pulay’® The calculated structural parameters, rotational con-
dipole moments do not differ significantly. stants, dipole moments, and energies for lithsandgauche

Additionally, the AH value was determined utilizing the conformers using various basis sets are listed in Table 1. The
predicted Raman activities from tla initio calculations along force constants have been obtained from analytical second
with the relative intensities (peak height) of five Raman lines derivatives of the electronic energy with respect to the nuclear
for each conformer (Figure 3) in the region below 700-ém coordinates for each optimized geometry. The force constants
The product of the Raman activity times the peak height was calculated have been used to determine the harmonic vibrational
utilized for the intensity term in the van’t Hoff equation for frequencies. The frequencies predicted at the MP2/6-31G*

Ab Initio Calculations

each Raman line. By this method a valueAd in the liquid level of theory were calculated numerically due to computer
phase was calculated to be 254 cmr! (88 £ 14 cal/mol), limitations.
and again the data indicate that tinens form is the thermo- The atom numbering of M4 is shown in Figure 4. An

dynamically preferred conformer. examination of the optimized structural parameters listed in
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TABLE 1: Comparison of Computed and Experimental Structural Parameters® and Energies for Tetraflurohydrazine (N2F,)
Conformers

MP2/6-31G* RHF/6-31%+G** MP2/6-311++G** microwave ED¢ EDd

parameter gauche trans gauche trans gauche trans gauche gauche trans gauchétrans
r(N—N) 1.463 1.499 1.4032 1.438 1.456 1.503 1.47 1489004 1.48% 0.004 1.492t 0.007
r(N—Fs) 1.392 1.390 1.3284 1.324 1.377 1.371 1.37 137004 1.375:0.004 1.372+0.002
r(N—Fas) 1.389 1.390 1.3234 1.324 1.370 1.371 1.37 137004 1.375-0.004 1.372+0.002
ONNFs 105.9 99.2 108.69 102.3 107.7 100.3 08 104.3+ 1.0 102.9£ 1.0 101.4+ 0.4
ONNFs 100.1 99.2 103.52 102.3 101.4 100.3 8 100.1+ 1.5 100.0+ 0.8 101.4+ 0.4
OFNF 102.7 102.7 103.80 103.7 103.3 103.3 108 105.1+ 1.5 102.9+ 1.0 103.1+ 0.6
dihedral anglep 63.9 180.0 68.94 180.0 67.1 180.0 £3 67.1+£ 1.0 180.0 64.2t 3.7
|¢al 0.000 0.0 0.000 0.0 0.000 0.0
[¢epl 0.000 0.0 0.000 0.0 0.000 0.0
| etc 0.521 0.0 0.377 0.0 0.601 0.0
|| 0.521 0.0 0.377 0.0 0.601 0.0 0.26
A 5527.3 5272.5 5981.4 5786.1 5578.5 5392.5 5576.21
B 3280.4 3585.8 3305.8 3735.1 3202.7 3563.0 3189.35
C 2842.4 2253.5 2952.2 2375.9 2819.4 2258.1 2812.95
—(E+506),au 1.343319 1.342330 0.458064 0.4555401 1.748271 1.747 677
AE, cmt 217 554 130

aBond distances in angstroms, bond angles in degree, dipole moments in debye, and rotational constant8 Refékmce 1¢ Reference 8.
d Reference 11, where the parameters were assumed to be the same for both conformers except for the dihedral angle.

Table 1 shows that the most interesting structural feature is the
geometry modifications on going from th&nsto thegauche
conformer. These involve the changes of theNlbond length

and the bond angléSNNF; and[ONNF,. The predicted NN A
bond length for thgaucheconformer is much shorter than that
for the trans form by 0.03-0.05 A irrespective of the basis
sets. In contrast, one of the-NF bond distances lengthens about
0.006 A, whereas the other-NF bond parameter remains almost B
the same in going from thigans to the gaucheconformer. In
addition, the bond angles calculated with all basis sets show
the same trend with thEENNF; bond angle opening by 6—

8° when the conformation changes from tinans form to the C
gaucheconformer, whereas thENNF, angle opens by only U
~1° during the same conformation change. This |drigéNF;

angle in thegaucheform is attributed to the strong interaction Y Y I S
between the two adjacent-NF polar bonds in thegauche 1000 500 0
conformer compared to thieans configuration. However, it WAVENUMBER (cm-1)

should be noted that the FNF bond angle remains the sameFigure 5. Simulated Raman spectra obM: (A) mixture of trans—
during the conformational interchange. The calculated dihedral gaucheconformers; (B) purgaucheform; (C) puretrans form.

angle at the MP2 level with the largest basis set is within the

experimental error of the value reported from the electron frequencies calculated at the MP2/6-31G* level, a set of scaling
diffraction studies$:t factors of 0.9 for both stretching and bending and 1.0 for the

The rotational constants obtained from the MP2/6-8+G* torsion was used to obtain the fixed scaled frequencies and
calculation are in reasonable agreement with the values from potential energy'dlstnbutlon (PED) expressed in terms of the
the microwave study, but the dipole moment is about twice the symmetry coordinates. No scaling procedure was used for

i _ *
reported valué. However, the authotsndicated that the value frequencies calculated at the MP2/6-312G Ie\{el.
of 0.26 D was only a preliminary value and no uncertainty in The Raman spectrum for,N, was calculated using the results

the value was indicated. A more definitive measurement of '0m the ab initio calculations. The Raman scattering cross
the value of the dipole moment would be valuable for sections d;/9Q2, which are proportional to the Raman intensi-

comparison to the theoretical value. Also, since the calculated tfs’ caRn be calculated as described pr?wo%ly Utilizing
B rotational constant differs by 13 MHz from the experimental these Raman scattering cross sections, frequencies, intensities,

value, we attempted to fit the rotational constants by varying and depolanza‘uoq rat[os have been palculated. T"’T"'”g these
the angles. data and a Lorentzian line-shape function, the theoretical Raman

A | di Ivsi iod . q spectrum was calculated (Figure 5). The predicted spectrum
hormal: coor me_tte analysis was carrie .OUI In order _to should be compared to the experimental one shown in
obtain more information on the molecular motions involved in Figure 3.

the fundamental vibrations of JN;. This analysis was per-
formed utilizingab initio calculations and the Wilson FG matrix
method” with the normal coordinate program originally written
by Schachtschneidé®. The internal coordinates are shown in In spite of several studies of the vibrational spectra gf/N
Figure 4. This complete set of internal coordinates was used that have been publish€8;210121%here are still a few questions

to construct 12 symmetry coordinates. TBienatrix was used on the assignments of the fundamentals. The previous assign-
to convert theab initio force field in Cartesian coordinates to ments have been based on the following considerations:
a force field in internal coordinates using a program developed comparison of the infrared and Raman spectra, the depolarization
in our laboratory. These values are available upon request. Forratios of the fundamental Raman bands, band contours in the

Vibrational Assignment



Conformational Stability of M4 J. Phys. Chem. A, Vol. 101, No. 27, 1999013

infrared spectrum of the gas, and symmetry considerations. Since
there have been no previous normal coordinate calculations for
this molecule, we have carried out such a study utilizingathe
initio force constants to support the vibrational assignment.

In general, there is good agreement between the simulated
(Figure 5) and the experimental (Figure 3) Raman spectra,
particularly in the region below 800 cth The bands centered V\W\ |
at 733 and 719 cri were previously assignétito the NR m
wagging modes in thgaucheand trans conformers, respec-
tively. However, as can be seen from the calculated spectrum,
both of these bands belong to thy@ucheconformer. Therefore,
the band at 733 cni is reassigned to the NN stretch and the
other one at 719 cr to the N, wag for thegaucheconformer.

With the 719 cmi! band no longer being assigned to thans
conformer (4 mode) it is necessary to assign a polarized Raman
line without an infrared counterpart to th@nsconformer. The
choices are very limited, with theb initio calculations
predicting this fundamental in the range 870 cnT!. We
have chosen the Raman Q-branch at 931 cim the spectrum .
of the gas, even though the corresponding line in the liquid
appears depolarized. The other possible choice is the 873 cm L . . . . .
Raman line, but the Raman band of the gas clearly indicates 140 120 100
that this band is a gmode. The only other change in the WAVENUMBER (cm-1)
assignment of the fundamentals for tin@ns conformer is the Figure 6. Far infrared spectrum (A) and Raman spectrum (B) of
infrared band in the spectrum of the gas at 949844 cnt?! gaseous BF;. Band marked with an asterisk is due to rotational
in the xenon solution) which is assigned as the; [dRtisym- transition of the HF impurity.
metric stretch (4). This mode had been assigned to the band . .
at 962 cntl, but it is now assigned to thgaucheconformer. For the torS|o_naI fundamentals, the symmetry requires the
Also, itis believed that the torsional mode has not been observedP@nd observed in the Raman spectrum of the gas to belong to
in the far infrared spectrum for theansconformer particularly ~ thegaucheform (Figure 6). This line has essentially the same

since it is predicted to be 100 times weaker than the tAst frequency as the torsional mode observed in the infrared
at 252 cntl. spectrum (Figure 6). Since the infrared intensity of the torsional

mode for thetrans form is calculated to be 10 times weaker
than the correspondingauchefundamental, it is believed that

the torsional mode was not observed for thens conformer.
Assuming the same deviations between calculated and observed
frequencies (10 cmi) for both conformers, a value of 107.0
cm1is estimated for thérans torsional (:-0) fundamental.

The assignments for the fundamentals for both conformers are
summarized in Tables 2 and 3.

The assignment of a second fundamental in the 700'cm
region for thegaucheconformer requires the deletion of another
band previously assigned to this conforré#:12 The obvious
choice is the 242 crt infrared band, which is probably the P
branch of thevs fundamental (252 cni) of thetransconformer.
There may be some contribution from the overtone of the
torsional mode to the 242 crhinfrared absorption.

The most confusing region of the vibrational spectrum in
terms of normal mode assignment is the Nstretching region  Torsional Potential Function
(1000-900 cntl). The Raman line at 922 crhin the spectrum

of the liquid probably consists of two overlapping bane260 According to theab initio calculations, thg energy difference
and 931 cm?, which belong to thejaucheandtrans conform- between therans and gaucheconformers is 130 cmt (372

ers, respectively. The one puzzle remaining is the band at 1010c2//mol) at the MP2/6-31&-+G* level, with thegaucherotamer
cm L, which, according to the Raman spectra of the gas and the more stable form. Calculations with smaller basis sets or
liquid, is a strong, polarized peak. However, our calculations 2t the RHF level gave even larger values, all favoringgiueche

cannot match this line by both intensity and depolarization ratio. form as the more stable qonformer. The potential surface
One possibility is to assign this line to the N&ntisymmetric governing the internal rotation was calculated at the MP2/6-

stretch (A) for thegaucheconformer on the basis of the Raman 311t +G* level by allowing the torsional dihedral angle to vary
intensity. However, thab initio calculations indicate that this Y 30 deg increments with full relaxation of all other structural
fundamental should be at a much lower frequency, with a Parameters. The transition state connecting the two conformers
depolarization ratio of 0.74. An alternative is to assign the 1012 Was confirmed by one imaginary frequency. The calculated
cm-1 Raman line as a Fermi doublet42) with the 1027 cm? energies were then analyzed in terms of a potential function
fundamental %) and then assign the, fundamental as which is represented as a Fourier cosine series in the internal

essentially degenerate with thg fundamental of therans rotation angley:

conformer. Such an assignment is attractive since it explains 6

the observation of an infrared band at 873‘érwhich_ cannot V() = 1/2 V(1 — cosig)
be thevg fundamental of tharans conformer. This lower
frequency forv, for the gaucheconformer is consistent with
the ab initio prediction for this fundamental. The assignment The potential constant and the potential function calculated
of the 1012 and 1027 cmd Raman lines as a Fermi doublet with the MP2/6-31%+G* basis set are given in Table 4 and
helps explain why the relative intensity of these two lines depicted graphically in Figure 7.

changes significantly from their intensities in the gas to those  The potential function governing the internal rotation can also
in the liquid. be obtained from the observed torsional transitions (Table 5),
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TABLE 2: Comparison of Experimental and Computed Infrared and Raman Frequencies oftrans-Tetrafluorohydrazine

vib. MP2/6-311LLGre MP2/6-31G* o oo dp infrared Ramand
species no. description calc calc scaled intt act® ratio gas soln gas liquid solid PED
Ag v1  NF; symmetric stretch 1068 1067 1013 0.0 16.8 0.29 1036 1036 1038, 19827
v2  N—N stretch 933 947 898 00 144 019 931 923 922 545,345
vz NF,scissor 625 610 579 0.0 7.8 0.16 601 600 602 8%5,16S
va NF;wag 376 372 353 0.0 26 043 354 354 359 33835,34$
Ay vs NF; antisymmetric stretch 981 1007 959 225.7 0.0 0.0 947 949 5100S
ve NF;twist 259 252 240 1.5 0.0 0.0 252 (252) 95S
v7 torsion 117 120 120 0.01 0.0 0.0 93S
By vg NF; antisymmetric stretch 966 978 928 00 153 0.75 873 867 873588%
vg NP twist 517 518 491 0.0 45 0.75 494 494 498 §83S
By v10 NF2 symmetric stretch 1039 1047 993 115.6 0.0 0.0 999 993 103855 1
v11  NF; scissor 554 532 505 4.0 0.0 0.0 542 540 83S
vi2 NF;wag 488 479 455 5.7 0.0 0.0 467 468 94S

a Scaledab initio calculations with factors of 0.9 for stretching and bending, 1.0 for torsi@alculated infrared intensities in km mélusing
the MP2/6-31G* basis set.Calculated Raman intensities irf & 1 using the RHF/6-31G* basis sétObserved frequencies taken from ref 12 with
some reassignments.

TABLE 3: Comparison of Experimental and Computed Infrared and Raman Frequencies ofgaucheTetrafluorohydrazine

vib. MP2/6-31t+G+ MP2/6:-31G* g paman gp _ infrared Ramaf
species no. description calc calc scaled intP act® ratio gas liquid gas liquid solid PED

A v1  NF, symmetric stretch 1063 1058 1004 16.2 12.6 0.19 1023 1025 1027 1025 1026183S
vz, NF; antisymmetric stretch 956 981 931 816 10.2 0.74 873 1010 873 873 5,169
vz N—N stretch 790 806 764 39 129 0.04 737 733 733 733 736,635
vqa NF; scissor 613 596 565 20 46 025 590 588 587 590 590326S,15%
vs  NF;twist 449 446 422 0.1 2.0 0.67 423 423 430 430 88%5,15S
vs NF;wag 310 324 308 0.4 1.1 053 300 300 298 304 304,295
v7 torsion 130 144 144 0.1 04 0.74 120 122 120 100S

B vg  NF, symmetric stretch 1039 1049 995 102.8 0.3 0.75 958 960 960 960 96Qo,B1%14S:
ve NF, antisymmetric stretch 997 1015 963 88.8 55 0.75 946 922 9223,%B%,10S
vio NF2wag 770 771 731 50.9 36 0.75 719 719 723 425%,25S0
vz NF; scissor 532 510 484 2.0 15 075 518 515 515 51514¥850,11S;
v12 NF; twist 298 301 285 1.3 05 0.75 284 284 288 288 288 3B

a Scaledab initio calculations with factors of 0.9 for stretching and bending, 1.0 for torsi@alculated infrared intensities in km mélusing
the MP2/6-31G* basis set.Calculated Raman intensities irf & * using the RHF/6-31G* basis sétObserved frequencies taken from ref 12 with
some reassignments.

TABLE 4: Internal Rotational Barriers and Potential 4000
Function for Tetrafluorohydrazine
parameter MP2/6-31+G** calculatior?
Vi —1445 —1729+ 62 3000
Vs —1459 —1367+ 53 -
Vs —2449 —2192+ 30 g
Vs -30 —152+ 8 2 2000
Vs -19 g
Vs 109 130+ 10
gaucheto transbarrier, cntt 1857 1487
transto gauchebarrier, cntt 1726 1419 1000 1
gaucheto gauchebarrier, cnt! 4041 3863
torsional dihedral angleg@uche) 67.1 67.1 ) \_/, \
AEgauche-trans: (Cmfl) -130 69+ 6 0 0 6(; 1'20 1;30 2:‘0 \300 * 360
2 Calculation is based on the observed far infrared transitions listed DIHEDRAL ANGLE, ¢

in Table 5 along with theAH value from the xenon solution and the

gauchedihedral angle from ref 8 Figure 7. Torsional potential functions of 4. Solid line isab initio

predicted potential and dotted line is experimental potential.

along with the enthalpy difference between the conformers and the torsional angle of the general type
the dihedral angle of thgaucheconformer. The torsional
dihedral angular dependence of the internal rotation constant, B(¢) =a+ bcosg + csing
F(g), can be represented as a Fourier series:
The series coefficients were calculated using the optimized
F(p) = Fy+ ziFi cosig structural parameters from thab initio calculations. The
experimental torsional potential function was calculated by an
iterative weighted nonlinear least-squares fitting of the observed
Since the structural parameters are different for the two torsional frequencies for thgaucherotamer, the estimated
conformers, the calculation of the kinetic term, or fheeries, frequency for the torsional fundamental of thians form, the
becomes rather complicated since it is also a function of the AH obtained from the xenon solution, and tpeuchedihedral
dihedral anglep. The relaxation of the structural parameters angle. The potential constants obtained from these data are
during the internal rotation can be incorporated into the above listed in Table 4, and the potential function is shown in
equation by assuming that they are small periodic functions of Figure 7.
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TABLE 5: Observed and Calculated (cnTt) Asymmetric gas phase” valu¥. Therefore, the experimental spectroscopic
Torsional Transitions for N, data indicate that thieans conformer of NF is the more stable
transition obs calc A form of this molecule. With such a small enthalpy difference
gauche ab initio calculations cannot be expected to predict the more
10 120.0 119.8 0.2 stable rotamer.
5“% ﬂii ﬂzg _001-0 It is interesting to compare the potential function off
43 112.2 112.3 01 with those for some analogous molecules. Examining the data
54 1102 110.0 0.2 in Table 4 shows large values ¥f and Vs, which indicates a
trans rather large barrier to internal rotation. The contributions from
1—0 107.0 (assumed) 107.3 —0.3 both the large and negatiwé, (indicating that the lone pair
TABLE 6: Observed and Calculated (cnm?) Asymmetric S/rbtnals ofn adJ?ﬁent Nhae:coms prefer dtgobeTc;]rthogoT)gl) ?nd the
Torsional Transitions for N,Fs 3 terms favor thegaucheform aroun . The combination
ransit b | A of these contributions results in two stable conformers with
ransition 0bs caic almost equal energies. TheHz2 molecule is expected to have
gauche significant bonding similarities to 4. It is interesting to note
10 120.0 119.8 0.2 that the calculatet; termg* for P,F, have values of the potential
21 117.2 117.2 0.0 1
32 114.4 1145 —01 constants o, = —1842,V, = —84, andVz = —503 cnt.
43 112.2 112.3 -0.1 Although bothgaucheand trans conformers can be expected
5—4 110.2 110.0 0.2 for the BF4 molecule, the small value of thé term leads to
tralnso 107.0 d 1073 0.3 a shallow potential well around 70which corresponds to the
-0 (assumed) : e gaucheconformer. Because of its small barrier, it is reasonable
. . to expect that only th&ransform will be observed experimen-
Discussion

tally at ambient temperature for thef2 molecule??

As can be seen from the data in Table 1, the inclusion of It was somewhat surprising to find that the-N stretching
electron correlation by the MP2 method gives a more realistic frequencies between thgauche and trans conformer are
geometry for the BF, molecule. Even so, there still exists separated by-200 cnT?, whereas their NN bond distances
significant differences between the predicted and experimentally are predicted as 1.456 Ayguché and 1.503 A {fans) from
determined distances. On the other hand, the simulated Ramanhe MP2/6-31%+G* calculation. The conformer with the
spectrum provides a rather stringent test of the calculation, whereshorter bond length has the lower vibrational frequency, a
the remarkably good agreement with the experimental datareyersal of what one might expect. This disparity shows that
supports the conclusion that the force field, relative Raman the correlations between the vibrational frequencies and the
intensities, and the PED for each conformer are reasonable. (g|ative bond lengths are not always straightforward, as also

Of particular note is the predicted Raman spectrum relative fgund for the case of some borephosphorus complex@s3.
to the experimental deter_min_ed spectrum in the region below It should be noted that the force constants for the two
800 cnt?, where the relative intensities agree so well. These conformers reflect the differences in the structural parameters

dﬁgatﬁle?:ty :hi?iw th?t\éalus C:]p:lEdICtll:[\rg rt])qo]'fhrthenffrerqnl:etriwcgesl for the two rotamers. For example the-Nl stretching constant
a € Intensities ot the kaman spectrum Tor conformational ¢, ¢ gauche form with a value of 3.326 mdynes/A is

StUd!eS of Sma” r_nolecules_. They are also very helpf_ul for significantly larger than the value of 2.906 mdynes/A for this
making the vibrational assignment as well as distinguishing o .
S . force constant for thérans rotamer. Similar differences are
which lines belong to which conformer.
It is clear from the structural parameters obtained from the also found for the force constants for the-N strengths and
IS e structural par s : the FNN angle bends. However, for the FNF angle, which is

ab initio ca_lculat|ons irrespective of the basis set or t_h_e level the same for both rotamers, the force constants are nearly the
of calculation that the two conformers have significantly same

different N—=N distances. Therefore, a re-analysis of the electron . o . .
diffraction data taking the predicted differences in the W The potential energy distributions obtained from éifeinitio
distance as well as the angles of the inner and outer NF bondscalculations indicate that the descriptions of several of the
between the two conformers should result in a significant fundamental vibrations need to be significantly altered. For
improvement in the knowledge of the structural parameters for €x@mple, the band at 601 for tiransconformer had previously
NoF,. Itis believed that thab initio data could be very useful ~ been fairly uniformly assigned as an- stretch, whereas it
in providing a definitive structure from the previously obtained is made up of 47% NFscissoring motion, 32% Nfsymmetric
electron diffraction curves. Such structural information could Stretch, and only 16% NN stretch. In fact, the band at 931
be very useful in accessing the errors in the predicted parameter$m * has 52% N-N stretch and 34% NFwag. Similarly the
from theab initio calculations. band at 587 cmt, which had been assigned as the NIstretch
The temperature study of the infrared spectrum gave an for thegaucheconformer, is made up of 41% NBcissors and
enthalpy difference of 6 6 cm ! (197 + 17 cal/mol) with 26% NF, symmetric stretch with no contribution from the-Nl
the trans conformer the more stable rotamer. This conclusion Stretching mode. For thgauchemolecule the band at 733 ¢
is supported by the calculations utilizing the predicted Raman iS 68% N-N stretch and 17% NFwag. Other major changes
activities along with the relative intensities of the observed lines in the descriptions of the bands are the,N¥ag which has a
in the experimental Raman spectrum. Inspection of the previ- lower frequency than the NFscissors for the Bmodes of the
ously reported Raman spectra in the solid phase where loweringtrans conformer as well as for the A modes of tigauche
the temperature resulted in a slight increase of the relative conformer. However, for the B modes of thaucheconformer
intensity of bands due to thgaucheform can be explained as  the order is Nk wag, NF, scissor, and NFtwist, where the
due to dipole-dipole interactions, which will stabilize the latter two are reversed from the assignment previously pro-
gaucheconformer in the solid state. The enthalpy determined posedt? However, it should be noted that only the assignments
from liquified xenon solution can be considered as a “pseudo for three fundamental frequencies have been altered from those
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given earlie? Nevertheless, thab initio calculations have
proven invaluable in the interpretation of the infrared and Raman
spectra.
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