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Abstract—The spectral characteristics of the SiF, moleculein the range 3100700 cm™!, including the absorp-
tion range of the band v, are studied in the gas phase a P = 0.4—7 bar and in solutionsin liquefied Ar and Kr.
In the cryogenic solutions, the relative intensities of the vibrational bands, including the bands of the isotopi-
cally substituted molecules, are determined. The absorption coefficients of the combination bands2vs, v; + v,
V3 +V,, and 3v, aremeasured in the solution in Kr. In the gas phase of the one-component system at an elevated
pressure of SiF,, theintegrated absorption coefficient of the absorption band v of the 28SiF, molecule was mea-
sured to be A(v;) = 700 = 30 km/mol. Within the limits of experimental error, this absorption coefficient is con-
sistent with estimates obtained from independent measurements and virtually coincides with the coefficient
A(v3) = 691 km/mol calculated in this study by the quantum-chemical method MP2(full) with the basis set

cc-pVQZ. © 2005 Pleiades Publishing, Inc.

INTRODUCTION

Information about the spectral characteristics of the
absorption bands of silicon tetrafluoride SiF, is of fun-
damental importance for the solution of many applied
and scientific problems. Indeed, silicon tetrafluoride is
widely used in microelectronics, fiber optics, and laser
techniques. Recently, it was proposed to use isotopi-
caly enriched SiF, for obtaining monoisotopic silicon
[1, 2]. Along with other fluorine-containing com-
pounds, silicon tetrafluoride is awidespread air pollut-
ant[3]. Itisobviousthat, in analysis of the composition
of impuritiesin SiF, and measurement of its content in
the atmosphere [4] and the waste gas of industria
plants [5], as well as upon study of some important
reactions with the participation of SiF, [6], one should
use reliable data on the integral intensities (absolute
and relative) of the absorption bands of this molecule.

Data on the intensity of the strongest band v, are
also necessary for the interpretation of the results of
spectroscopic studies of molecular complexes with the
participation of SiF, [7] and van der Waals dimers
(SiF,), [8-10]. Inthelatter case, the spectral manifesta-
tions of dimerization are mainly determined by reso-
nance dipole-dipole interactions and are proportional
to the square of the derivative of the dipole moment P;.

It is obvious that the mere possibility of unambiguous
differentiation of the bands of dimers from the total

spectrum is determined by the accuracy of the quantity
P; used in calculations.

However, experimental data about the electro-opti-
cal parameters of the SiF, molecule areincomplete. We
are aware of seemingly only one early publication [11]
devoted to the experimental determination of the abso-
luteintegral intensities of the main absorption bands of
SiF, in the gas phase (A(v;) = A; = 590 km/mol and
A(v,) = 115 km/mol). An obvious methodical drawback
of this study is the use in the absorption measurements
of strongly diluted mixtures of SiF, with a buffer gas,
which is necessary for broadening of the rotational
lines of the gas under study. A high chemical activity of
SiF, could lead to its uncontrollable loss from the gas
mixture and, asaconsequence, to adecreaseintheinte-
gra intensity of the absorption bands. The validity of
this suggestion was supported by the data of [12], in
which the absolute intensities of some absorption lines
of pure SiF, were estimated with the help of ultrahigh
resolution laser spectroscopy and it was found, in par-
ticular, that A; = 710 = 140 km/mol.

In this study, we measured the absol ute intensities of
the IR absorption bands of SiF, in the one-component
gas phase at an elevated pressure. The smearing of the
fine structure of the bands necessary for the reliable
measurement of the absorption (upon recording of
spectra with alow resolution) is attained in these con-
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ditions through self-broadening of the gas under study.
In experiments with such a chemically active gas as
SiF,, this approach has a number of merits. First, the
measurements in the one-component system allow one
to minimize the loss of chemically active SiF, duetoits
interaction with impurities adsorbed on the cell walls
and, which isimportant, makeit possibleto monitor the
stability of the sample by checking the linearity of the
dependence of theintegral intensity on the density. Itis
obvious that such an approach requires the use of cells
with thin optical layers, especially in the case of intense
absorption bands. Second, the relatively large deriva-

tive of the dipole moment of the SiF, molecule, P; =

0.4 D [10], leads to a strong resonance broadening of
the band v [13] and other bands corresponding to the
transitions to vibrational states combined with v;. In
connection with this, the smoothing of the contours of
the P, Q, and R branches of the vibrational—rotational
bands and, therefore, a decrease in the intensity of their
maxima (primarily, the maximum intensity of the
Q component) occurs at a relatively low pressure,
which makes it possible to somewhat increase the opti-
cal path length.

We also studied the absorption spectra of solutions
of SiF, in liquefied rare gasesAr and Kr. The use of this
technique allows measurements of the relative intensity
of the vibrational absorption bands of different orders
to be made with agood accuracy (2-5%). The measure-
ment accuracy of the absolute intensity of the absorp-
tion bands in cryogenic solutions is markedly lower
[14], and, in our case, it is also reduced due to the loss
of the chemically active substance. Nevertheless, we
measured the absol ute integral intensities of some com-
bination bands of SiF, in asolutionin Kr. The measure-
ment results in cryogenic solutions make it possible to
find the correction coefficients necessary for the calcu-
lation of the integrated absorption coefficients of the
28SiF, molecule from the measurement data in the gas
phase.

Additionally, we performed ab initio quantum-
chemical calculations of the absorption coefficients A,
and A, of the SiF, molecule by the method of self-con-
sistent field (SCF) taking into account electron correla-
tions and quadratic configurational interactions.

EXPERIMENTAL

Measurement of the Integral Intensity
in the Gas Phase

Since the rotational constant of SiF, is small (B, =

0.13676 cm! [15]) and because of the occurrence of
tetrahedral splittings, the density of the lines in the
vibrational—rotational spectrum of silicon tetrafluoride
is rather high and, at atmospheric pressure, the fine
structure of this spectrum is smeared. The absolute
intensities of the absorption bands were measured in
the gas phase at elevated pressures of SiF, (P = 0.4—
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7 bar), at which the fine rotational structure of the
absorption bands is completely smeared. In the range
4000-800 cnr!, the spectra were measured in special
high-pressure cells with BaF, windows sedled with
Teflon. The thickness of the windows was equal to
0.8 cm, and their light diameter was 1 cm. For the most
intense band v,, the thickness of the absorption layer
amounted to L = 93.5 and 28.6 um. Thethickness of the
absorption layer of the cells either evacuated or filled
with He (P = 1-7 bar) was measured with an accuracy
of 1-2% using the conventional interferometric tech-
nique [16]. In the case of the combination band v, + v,
we used cells with athicker path length (L = 0.085 and
0.99 cm), whose maximal layer thickness was mea-
sured with a micrometer. The cells and the gas-admis-
sion system were made of Kh18N9T stainless stedl.
Before filling, the cells were evacuated to a pressure of
~1072 Torr. In the range 0.4—7 bar, the pressure was
measured with an acid-resistant compound pressure
and vacuum gauge and with a vacuum gauge, the accu-
racy class of which was 0.4%. The density of the sam-
ple p a a given temperature and pressure was deter-
mined using the data about the virial coefficients from
[17]. Theintegra intensity B, of the band v, was found
from the experimental spectrum; then, the correspond-
ing integrated absorption coefficient was calculated
from the formula

A(v,) = 2.01x 10°B,/Lp. (1)
The gas phase spectra were measured with aresolution

of 1.cm~! on an |FS-28 Brucker Fourier-transform spec-
trometer.

Measurement of the Absolute and Relative Intensities
of the Absor ption Bands of SF, in Cryogenic Solutions

The vibrational spectra of the solutions of SiF, in
liquefied rare gases (Ar and Kr) were obtained using the
standard techniques previoudly described in [14]. The
absorption spectrawere measured in alow-temperature
cell made of stainless steel, which was supplied with
ZnSe windows, sealed by indium gaskets, and had a
length of 10 cm. The measurements in liquid Ar were
performed at 90 K, and those in liquid Kr were made at
temperatures of 160-170 K. The spectrawere recorded
with a resolution of 0.3 cm™! on an IFS-113 Brucker
Fourier-transform spectrometer.

The absorption spectrum of SiF, in asolution in Ar
consists of narrow, Av,, = 1-4 cm!, bands, each of
which corresponds to a purely vibrational transition.
This makes it possible to measure the integral absorp-
tion with arather high accuracy (2-5%) and determine
the relative intensities of the vibrational bands. The
absolute intensities of some combination bands were
measured in a solution in liquid Kr, in which the solu-
bility of SiF, ismarkedly higher. To obtain a solution of
a specified concentration, a gas mixture with the corre-
Vol. 98 No. 2
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sponding ratio between the components (SiF, and Kr)
was prepared, which then was condensed into the cell.
The concentration of SiF, in the solutions in krypton
was appreciably lower than the solubility limit, and this
concentration was varied from 0.01 to 2 mol %. For
each absorption band, from five to seven measurements
of itsintegral intensity were performed.

The samples of silicon tetrafluoride were prepared
at the Russian Scientific Center Prikladnaya Khimiya
and at the Ingtitute of High-Purity Substances of the
Russian Academy of Sciences and were used without
any additional purification.

Methods of Quantum-Chemical Calculations

Quantum-chemical calculations were carried out by
the ab initio SCF method, taking into account electron
correlation by the Moller—Plesset perturbation theory
(MP2) and quadratic configuration interaction with sin-
gle and double excitations (QCISD) using the basis sets
6-311G(3df, 3pd) and cc-pV QZ. It has been shown pre-
viously that the variation of smaller basis sets does |ead
to divergent calculation results for the system under
consideration. The MP2 calculations were performed
both in the frozen-core approximation and explicitly
taking into account the basic orbitals (MP2(full)).
Complete optimization of the molecular geometry with
subsequent calculation of the vibrational frequencies
and absolute intensities was performed. The geometry
of the molecule was optimized using the standard crite-
ria for search termination. The vibrationa frequencies
were calculated in the harmonic approximation with
the analytical calculation of the force constants in Car-
tesian coordinates. The absolute IR intensities of the
fundamental vibrations were calculated in the dipole
approximation with the use of the analytical derivatives
of the dipole moment with respect to the normal coor-
dinates. Calculations were performed with the Gauss-
ian 98 program [19].

RESULTS AND DISCUSSION

The frequencies and half-widths of the vibrational
bands of SiF, measured inthe solutioninAr at 90K are
presented in Table 1. The shifts of the vibrational bands
in the spectrum of the Kr solution of SiF, with respect
to the positions of these bandsin the spectrum inthe Ar
solution fit into the additivity scheme and amount to
(0.5-3) cmr! [14]. Figures 1 and 2 show the absorption
spectra of SiF, in the solutions in Ar and Kr in the
ranges of the fundamental transition v, and of the com-
bination transition v, + v5; the absorption spectrain the
gas phase are also showninthesefigures. It isseen from
both figures that, in the range of thev; and v, + v; tran-
sitions, the bands of the isotopically substituted mole-
cules 28SiF,, >SiF,, and 3°SiF, are observed; a similar
pattern is also observed in the range of the transition
2v;. Therelative intensities of the bands correspond to
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Fig. 1. Absorption spectrum in the range of thev; vibration
of the SiF, molecule. (a) The gas phase at 293 K: (1) P =
5barand L =28.6 um, (2) P=0.5bar and L = 93.5 um; (b)
solutions of SiF, in liquefied gases at L = 10 cm: (1) solu-
tionin Ar at 90 K and concentration C = 1.3 x 10~ mol %
and (2, 3) solutionin Kr at T=160 K and (2) 2.8 x 10~* mol %

and (3) C~0.1 x 10~* mol %. The arrowsindicate the posi-
tions of the vibrational frequencies of the isotopically sub-
stituted SiF, molecules and impurity Si,FsO molecules.

the natural abundance proportion of the silicon iso-
topes: 92.28% for 8Si, 4.67% for °Si, and 3.05% for
0Si.

The characteristics of the v, and v, bands of isotopi-
cally substituted molecules are summarized in Table 2.
Using the force field from [20], we calculated the fre-
guencies and coefficients S, of the vibration patterns of
the normal modes taking into account the difference in
the absorption coefficients of all the three isotopically
substituted molecules. The isotope shifts Av; =
v5(*8SiF,) — v4(SiF,) measured for the solutioninAr are
equal to 9 cmr! for SiF, and to 17.5 cm! for 3°SiF,.
These shifts agree in value with the shifts calculated in
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Table 1. Frequencies (vy) in the gas phase (Vg,) and in an Ar solution (v,,), half-widths (Avy,) in the Ar solution, relative
intensities (§ = A(vi)/A(v4 + v3)) of the V|brar[|ona| bands of SiF,, and estimates of integrated absorption coefficients A(vy)

Vibration Ve CT Vap, CML Avy),, cmt ] A(vy), km/mol
v 264.2
v, 388.4 133
2V, 7763 7715 2.2 0.095 0.25
v 800.6
v5(30Si) 1014.0 1008.0 1.0 8.3
VRGS) 1022.4 1016.3 11 12.6
VRES) 1031.4 1025.2 1.0 2654 690
3v, 1164.2 1156.1 3.3 0.14 0.37
vy +V, 1189.7 1185.0 25 1.06 2.76
Vy + Vg 1294.05 1288.6 34 0.77 2.02
V3 +V, 1418.75 1409.3 35 0.02 0.052
Va+ 2, 1804.5 1793.1 36 0.062 0.161
v; +v5(¥S) 1802.8 1.4 0.029
vy + v3(®S) 1811.1 15 0.049
v, +V5(%29) 1828.2 1820.0 15 €)) 2.62
2V, +V, 1983.2 2.5 0.0060 0.016
2v5(30S)) 2011.8 45 0.02
2v5(2Si) 2028.7 5 0.05
2v5(8S)) 2059.1 2045.8 4.6 0.75 1.96
V3 +3v, 2186 21755 0.0046 0.012
vy + Vgt 2V, 2602.55 2593 0.0006 0.0016
2V, + Vg 2623.8 26135 2.0 0.0026 0.0068
vy +2v3 2843 2838° 5.0° 0.0053° 0.014
3vi 3068.7 3050° 2.2° 0.0065° 0.0017
3vs 3090.6 3072° 0.0003° 0.0008

Notes: 2 Data from L 0]; b obtained in [20] from the Raman spectrum; © obtained in [21] in the solution of SiF, in liquid Ar at 90 K and

L=120cm;
the isotope 3.05%.

the harmonic approximation. The derivatives of the
dipole moment are calculated under the assumption
that the absolute intensities of the v; and v, bands are
equal to A; = 691 km/mol and A, = 143 km/moal (the
results of the calculations are given in Table 3). The
changes in the absorption coefficients A; and A, of the
»SiF, and °SiF, molecules characterize the relative
intensities A(SiF,)/A(*®SiF,) presented in Table 2. The
effective absorption coefficient of the band v;, whichis
the sum of the corresponding v, bands of the 28SiF,,
2SiF,, and 3°SiF, molecules at the natural abundance
proportion of the isotopes, is equal t0 0.997 A;(*SiF,).

The relative intensities & = AV )/A(V, + V;) pre-
sented in Table 1 are obtained by averaging of the mea-

obtained with the use of £ and n for the v4 band of the *°SiF, moleculein liquid Ar and at the natural abundance of

surementsin solutionsin liquefied Ar at 90 K and in Kr
at 160-170 K. The measurement errors of the relative
intensities of the bands of the same order are within 2—
5%. The rms deviations for al the bands do not exceed
10%. The relative intensity of the fundamental absorp-
tion band v, of the 8SiF, molecule was estimated using
the relative intensity of the v, band of the 3°SiF, mole-
cule and the data from Table 2 on the changes in the
absorption coefficients of the isotopes and their natural
abundance contents. For clarity, the last column of this
table presents the absolute intensities of the fundamen-
tal and combination bands of the ?8SiF, molecule cal cu-
lated with the use of the relative intensities and the
value A(v;) = 690 km/mol.
OPTICS AND SPECTROSCOPY  Vol. 98
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We were able to measure the absolute absorption
coefficients of the SiF, molecule in the solution in lig-
uid Kr only for three bands of the second order and one
band of the third order (see summary Table 4). For
absorption bands with an intensity less than
0.02 km/mol, more reliable data were obtained from
the absorption spectrum of the solution in liquid Ar in
the layer L = 120 cm [21]. Unfortunately, the measure-
ment errorsof theintegral intensities of the bandsin the
range 1200-1300 cm! are appreciable owing to the
overlap of these bands with intense absorption bands of
the Si,F,O molecule. Hexafluorodisiloxane is the main
impurity in the samples of SiF,, and itsconcentrationin
the solution depends both on the conditions of obtain-
ing SiF, and on the conditions of experiments. The con-
tent of this impurity in the solutions and the gas phase
estimated on the basis of data on the intensities of the
analytical bands of Si,F,O from [22] was in the range
0.02-2%. Traces of the most intense band of Si,F,O
located at 1028 cm~! were observed in the range of the
absorption band v, of the SiF, molecule in the solution
inliquid Kr at large concentrations of SiF, (see curve 3
in Fig. 1b). Upon dilution of the sample with krypton,
the relative concentration of Si,FO increases (Fig. 1b,
curve 2). Table 4 presents the absorption coefficients
A(v,) corrected for the Lorentz field, A(v) =
A, (V/L(n), where A, (v, s the integrated absorption
coefficient of the band v, measured in the solutionin Kr
and L(n) = (n® +2)9n =116 a T =150 K. It is seen
from this table that, within the measurement accuracy,
the absorption coefficients A(2v;) and A(v; + v,) coin-
cide with the absorption coefficients measured in the
gas phase. Figures 1 and 2 show that, in the gas phase,
in the pressure range under study, complex smeared
bands are observed in the range of the absorption bands
v; and v; + v,, so that the contour of the v, band con-
tains the corresponding bands of al the three isotopi-
cally substituted SiF, molecules and the contour of the
v; + v, band, apart from the bands of the isotopically
substituted molecules, also contains the band 2v,, + v;.
Theintegral intensity (B,) of the v, band was measured
in the spectral range 1050-995 cm! and the integral
intensity of the v; + v, band was determined in the
range 1900-1735 cmr'. In order to obtain theintegrated
absorption coefficients of the absorption bands A, of the
28SiF, molecule from expression (1), one should take
into account that, experimentally, one measures the
integral intensity B,,, of the bands of the natural mix-
ture of isotopically substituted molecul es; therefore, for
the v; band of the 28SiF, molecule, A(v;) =
1.003A,(V;). For thev, + v, band, one should takeinto
account an additional correction owing to the overlap
with the band v; + 2v, (Fig. 2), which can be calculated
using the datafrom Table 1 on the relative intensities of
the bands of SiF,. Accordingly, the integrated absorp-
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Fig. 2. Absorption spectrum in the range of the v; + v3
vibration of the SiF, molecule. (8) The gas phase at 293 K,
P =4bar, and L = 0.99 cm; (b) solutions of SiF, inliquefied
gasesat L =10 cm: (1) solutioninAr at T = 90 K and con-
centration C = 1.5 x 10~* mol % and (2, 3) solution in Kr at
T=160K and (2) C=5 x 10° mol % and (3) C ~ 0.5 x
10™* mol %. The arrows indicate the positions of the vibra-
tional frequencies of the isotopically substituted SiF, mole-
cules and vibrational transition 2v, + V3.

tion coefficient of the v, + v, absorption band of the
*SiF, moleculeisequal to A(V; +V;) = 0.946A,(V; + V).

Itisseen from Fig. 3 that, in the density range under
study, the dependence of the integral intensity B(v;) on
the density is described with good accuracy by a
straight line passing through the origin of the coordi-
nate system, B(v;) = —(0.01 + 0.03) + (10.58 + 0.02)p.
The absorption coefficient A(v;) can be found from the
slope of this line. Similar dependences are aso
observed for the absorption bands 2v; and v, + v;. The
integrated absorption coefficients of the bands v, 2vs;,
andv, + v, measured inthe gas phase are given in Table 4.
The measurement accuracy of the integrated absorption
coefficients A, in the gas phase consists of the measure-
ment accuracy of the integral intensity B, (~2%), the
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Table2. Frequencies(vy), isotope shifts (Avy), vibration-pattern coefficients (S,), derivatives of the dipole moment (P, ), and
relative intensities (N = A(SIF,)/A(?8SiF,)) of the absorption bands of the isotopically substituted SiF, molecules

2BSF, (92.28%) 2SiF, (4.67%) 0SiF, (3.05%)
Parameter
V3 V4 Vs 7 V3 V4

v, e 1043.9 389.7 1034.6 388.2 1025.9 386.8
AvY,., cmt 0 0 9.3 15 18.0 29
AV, cmt 0 0 9.3 15 17.4 29
Avi, em? 0 9.0 175

S; 0.0568 0.0053 0.0566 0.0051 0.0564 0.0049
S -0.0586 0.1280 -0.0573 0.1279 -0.0560 0.1279
P, D -0.421 0.273 -0.417 0.274 -0.413 0.275
n 1.000 1.000 0.971 0.996 0.945 0.995

* The isotope shifts: calculated (Avggc) and measured in the gas phase (Avggg) and in the solution in liquid Ar(Avy ).

Table 3. Calculated total energies (Ey), Si—F bond lengths (R), harmonic vibrational frequencies (v,), and intensities of the
vibrational bands (Ay) of the SiF, molecule

vevod B | RA TG | T bl | il | A
Basis set 6-311G(3df)
MP2 —688.244387| 1.5671 | 788.7 261.8 1028.9 389.1 636.9 134.2 4.74
MP2(full) —688.501422 | 1.5635 | 793.4 263.6 | 1036.0 | 390.9 635.0 1335 4.76
MPA(full)* —688.544336 | 1.5647
QCISD —688.245992 | 1.5618 | 799.8 264.4 1040.7 392.9 651.9 139.5 4.67
Basis set cc-pvVQZ
MP2 —688.411336| 1.5660 | 795.1 260.3 | 1032.8 | 383.6 692.0 142.2 4.87
MP2(full) —688.583375| 1.5592 | 802.8 2625 | 10419 | 386.9 690.6 142.9 4.83
MPA(full)* —688.626411| 1.5596

* The calculation of the frequencies and intensities at this level isimpossible due to program restrictions.

Table4. Integrated absorption coefficients of the absorption bands of the22SiF, molecule measured in the gas phase, solution
inliquid Kr, and calculated by the MP2 method with the cc-pVQZ basis set (the rms deviations are given in the parentheses)

Method V3 V4 2v3 vyt Vs V3t Vy 3vy
Gas [this study] 700(30) 2.0(1) 2.5(1)
Gas[11] 595(60) 115(10)
Gas[12] 710(140)
Solution in Kr [this study] 2.1(3) 2.4(3) 0.040(6) 0.32(6)
Crystal [26] 690(20) 133(5)
Calculation [this study] 690.6 142.9

OPTICS AND SPECTROSCOPY  Vol. 98 No.2 2005
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layer thickness (1-2.5%), the pressure (0.6-1%), the
temperature (0.2%), and the density (1.5%). Accord-
ingly, the total measurement accuracy of this parameter
amounts to 5-7%. For the v, + v, band, there arises an
additiona error of ~2% due to the population of the
level v, at room temperature [23].

It is seen from Table 4 that the integrated absorption
coefficient A(v;) measured in this study proved to be
appreciably greater than that determined in[11]. Corre-

spondingly, the derivative of the dipole moment P; of

the 28SiF, molecule was also increased. The value of
this parameter can be calculated from the expression

P, = 0.895,/A./gVy, 2)

where, for SiF,, g, = 3. It follows from this that, the
derivative of the dipole moment of thetriply degenerate

vibration v; of the 28SiF, molecule amounts to P; =
0.43+£0.01 D.

The derivative of the dipole moment can be esti-
mated from independent measurements. Previously
[24, 25], it was shown that, in acubic molecular crystal,
the longitudinal optical branch (LO), related to the
splitting of atriply degenerate vibration of a molecule,
lies a higher frequencies than the transverse optical
(TO) branch and the value of the splitting is determined
by the expression

2 2 2
2 2 _ [N+ 27 N
Wo=Wro = G370 npq

Such a splitting was observed in the spectra of both
Raman scattering and IR absorption of crystalline SiF,
[26, 27]. In expression (3), w is the frequency (in s™),
N isthe number of the moleculesin 1 cm?, dp/0Q isthe
derivative of the dipole moment with respect to the
mass-weighted normal coordinate, and n is the refrac-
tive index. If, in expression (3), one introduces the fre-
guency v = w/c (in cm™!); the dimensionless normal
coordinate q = Q./y/M, wherey = 4®vMc/h and M is
the reduced mass of the normal vibration; and assumes
that v = (V o + V10)/2 and Av, 5_1o = V10 — V1o, then
expression (3) changes to the formula

Av = O +272nNu?
Lo-T0 = 073n O “he Chgd

3)

“)

2 2
- +2] 20\ (P2
= B3p 0 3.14x 10 “'N(P3)".
Expression (4) makesit possibleto determine the deriv-
atives of the dipole moment provided that the density of
the crystal is known [24]. In [26], it was found that, in
the Raman spectrum of crystalline SiF, at 77 K, the
splitting for the v, band is equal to Av, ; o = 68.4 cm!
and the splitting for the v, band isAv, 1o = 34.55 cmr .
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Fig. 3. Integral intensity of the absorption band v of the
SiF, moleculeinrelation to the gas density at T=293 K and
L =935um.

At 77 K, ((n? + 2)/3n)? = 0.91 and the number of mole-
cules per unit volume N = 1.36 x 10?> cm3. Accord-
ingly, the derivatives of the dipole moment with respect
to the dimensionless normal coordinates are calcul ated

tobe Py = 0.42+0.02 D and P, = 0.30 + 0.01 D; i.e,

they virtually do not differ from those determined in the
gas phase. The estimates of the corresponding inte-
grated absorption coefficients of crystalline SiF, are
givenin Table 4.

It followsfrom the analysis of the calculation results
presented in Table 3 that the value of the integrated
absorption coefficient A; = 690.6 km/mol calculated by
the method MP2(full) with the cc-pVQZ basis set
seems to be the most adequate. This basis set is rather
wide, and it provides one of the best values of the bond
length. Unfortunately, we were unable to perform cal-
culations in this basis taking into account higher levels
of correlation (QCISD). As can be seen from Table 3,
taking into account the QCI SD within the framework of
the basis set 6-311G(3df) markedly affects the inten-
sity, increasing its value by 15-16 km/mol. A rough
extrapolation from the integrated absorption coeffi-
cients calculated by the method MP2(full)/cc-pVQZ to
those determined by the method QCISD/cc-pvVQZ
yields the integrated coefficient A; ~ 709 km/mol,
which, within the measurement accuracy, virtually does
not differ from the cal culated and experimentally deter-
mined coefficients (Table 4). Table 3 shows the values
of the total energy E,, and the bond length R calculated
by the method M P4, which give an idea of how well the
higher calculation levels reproduce the geometry.
Unfortunately, by virtue of the program restrictions, we
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were unable to calculate the frequencies and intensities
at thislevel.

Summing up, we should point out that, within the
measurement accuracy, the integrated absorption coef-
ficient of the v, band of the SiF, molecule measured in
the gas phase in the one-component system coincides
with that calculated by the method MP2/cc-pvVQZ
(Table 4). This coefficient A(v;) = 700 km/mol agrees
with the estimates obtained in [12, 26] from indepen-
dent measurements but proved to be considerably
greater than the value A(v;) = 595 km/mol [11] tradi-
tionally used for 28SiF,. The cal cul ated absorption coef-
ficient A(v,) = 143 km/maol also proved to be noticeably
greater than that obtained in [11]. The integrated
absorption coefficients of some combination absorp-
tion bands measured in the solution in liquefied Kr and
in the gas phase coincide.
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