The Fourier Transform IR Spectra of CIF and BrF
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Fourier transform infrared spectra of CIF and BrF have been measured with a resolution of
0.04 cm™! in the region of the fundamental and first overtone with an accuracy of 2 and

4x1073cm™!

, respectively. The rotational structure was resolved up to J” = 58/62 (CIF/BrF), and

vy values have been obtained from rotational analyses of the v 1 < 0, 2 < 1, 2 « 0 and, in part,
3+ 1 and 3 « 0 vibrational bands. These have been employed to obtain the hitherto most
accurate .. w, X, and (for CIF) w.y, values. From the rotational analyses, B., %.. ., D. and f.

have been derived.

1. Introduction

The diatomic interhalogen molecules CIF and
BrF. highly reactive and corrosive species, have
been the subject of numerous investigations. While
CIF has been reported to be a stable compound
which is commercially available, BrF could only be
detected spectroscopically because of its rapid
decomposition to Br, and BrF;[1. 2].

Both molecules have been intensively studied by
electronic [3-9], mw [10—13] and mmw spectro-
scopy [14]. but only few reports deal with the infrared
spectra. Most of the information on the vibrational
levels stems from the analysis of electronic spectra
measured in absorption and emission. The rotational
structure of the fundamental and the first overtone
of CIF have been partly resolved with a resolution
of 0.4cm™', and rotational analyses have been
performed which yielded band origins, w, and w, x,
values for both isotopic species [15]. The experi-
mental data were reexamined later, and slightly
different @, and w, x, values were derived [16].
Experimental evidence claimed for the IR detection
of BrF, however, is dubious firstly because of the
position and shape of the weak absorption, and
secondly because of the overlap with BrF; absorp-
tion [17]. In contrast to CIF [15], any infrared
feature unambiguously attributable to BrF has not
yet been reported. The vibrational parameters
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presently accepted for CIF are an order of magnitude
less accurate than can be achieved by FTIR spectro-
scopy. Since no direct measurements are available
for BrF, the most accurate data come from a merge
of high resolution electronic spectroscopy investiga-
tions [7, 8].

In the following we report on the FTIR spectra of
pure CIF and BrF, the latter prepared according to
a new procedure [18] without any major IR-absorb-
ing contaminants present in the cell, in the region of
the fundamental and first overtone. Some features
of the second overtone of 3¥CIF have been detected
as well. The resolution of the spectra, 0.04 cm ™!, the
relative accuracy (< 1x1073cm~') and absolute
wavenumber accuracy (1-2x 1073 cm™') combined
with the sensitivity of the measurement permit a
determination of the rovibrational parameters of
CIF and BrF with higher precision than hitherto
available.

2. Experimental

Materials: All materials were handled in a well
conditioned and He leak tight stainless steel vacuum
system. CIF (Ozark-Mahoning) was purified by
fractional condensation through traps kept at — 120,
—142 and —196 °C. Only the material kept in the
— 196° trap was used. Br, (Merck, p.A.) was dried
over P,O;y and distilled in vacuo, the middle
fraction being collected and sealed off in a Pyrex

tal 1. bulb attached to a stainless steel bellow valve.
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F,> (purity > 99.98%) was obtained by fractional
distillation of technical grade fluorine (Kali-
Chemie) using low-temperature distillation equip-
ment (MAN Technologie). BrF was synthesized in
the IR absorption cell [18] by slow addition of F, to
a tenfold excess of Br,. After 20 min only BrF was
detected by FTIR spectroscopy as absorbing species,
with traces of CF, formed by the reaction of BrF
with the Teflon gaskets.

A stainless steel absorption cell, optical pathway
150 mm. inner diameter 35 mm, equipped with
AgCl windows, Teflon gaskets and a Nupro bellow
valve was used. Before filling the cell was passivat-
ed. either 18 h with 300 mbar CIF, or twice for 24 h
with 130 mbar Br, and 13 mbar F,. With these
precautions CIF and BrF did not decompose for
hours.

Infrared spectra: Measurements on CIF and BrF
in the overtone region were performed at pressures
of 70 and 13 mbar (in the presence of ca. 100 mbar
Br,), respectively, while the more intense funda-
mentals were recorded at pressures of ca. 20 and
5 mbar after the volatile products had been partly
pumped off.

Infrared spectra were recorded with two different
interferometers. Both the overtones and fundamentals
of CIF and BrF were measured with a Nicolet
Series 7199 interferometer equipped with a KBr
beam splitter and an MCT type B detector. 500 to
1000 scans were collected for an optical retardation
of 20.25cm: the resolution of the unapodized
spectra was 0.040 cm~'. The actual line width
(FWHM) was of the order of 0.042cm™' both for
the fundamental and the first overtone, and no
pressure broadening was revealed even at the
highest pressures employed. The region of the
fundamental was in addition investigated with a
Nicolet Series 8000 Vacuum interferometer equipped
with a 3u Mylar beam splitter and a Cu:Ge
detector operating at 4.2 K. Typically 250 scans
were collected, and a resolution (FWHM) of
0.045 cm ™! was achieved.

Positions of absorption maxima were interpolated
to 4 digits after the decimal point and carefully
calibrated with H,O and CO, lines (Vacuum inter-
ferometer) [19]. while N,O lines [20, 21] were used
for the calibration of the purged 7199 instrument.
The absolute wavenumber accuracy in the region of
the fundamental is = 1x107*ecm~", and +2x 1073
cm~! in the region of the overtone. Though we did
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not detect any significant systematic line shifts in
spectra recorded at different pressures. we have
doubled the calibration error to account for possible
pressure shifts. Lines due to 3v of ¥CIF and 3v—v
of CIF were too weak to be picked by the peak-
finder routine: they were evaluated visually, and
their accuracy is only £ 10 x 103 ecm ™.

3. General

The fundamentals and the overtones appear as
typical X vibrations of linear molecules with a gap
at vy and well isolated lines in the P and R branches,
Figs. 1 and 2. Due to the isotopic effect, two
independent systems appear in ca. 3:1 and 1:1
intensity ratios in CIF and BrF respectively. Blend-
ing by overlap of rotational lines is modest for CIF,
while it is more important for BrF. though even
here blending for the cold bands is restricted to a
few lines. Due to positive (B.— B,) values, the
separation of the lines decreases with increasing
wavenumber, the R branches becoming denser with
increasing J, and a band head is evident in the
overtone of ¥CIF near 1560 cm~'. Figure 2. The
spectra are accompanied by hot bands. With Boltz-
mann factors of 2.4 and 4.0% at 298 K, the hot bands
12« 1 and 3 < 1 are expected to have intensities
of 4.8 and 8.0 and 7.2 and 12% for CIF and BrF
respectively. The hot bands were clearly discernible
for the fundamentals and the overtone of 3CIF, but
very weak for 3CIF and not visible for the overtone

T T
698 658 618 cm”!
Fig. 1. Survey spectrum of BrF in the region of the funda-
mental. 15cm cell, 13 mbar, resolution 0.04cm™~'. The
O branch near 630 cm ' is due to CF,.
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T T
1560 1500 cm™!
Fig. 2. Survey spectrum of CIF in the region of the first

overtone. 15cm, 70 mbar, resolution 0.04cm~'. Nega-
tive peaks are due to atmospheric H,O absorptions.

’ 2 - - ¥CIF, hb
)= 30 35 B

J 2 3 s
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722 cm!

1 1
730 726
Fig. 3. Detail of the spectrum of CIF in the region of the

fundamental. 15cm cell, 70 mbar, resolution 0.04 cm™'.
Assignments are indicated.

of BrF. A detail of the spectrum of the fundamental
of CIF with assignment of cold and hot lines is
shown in Figure 3.

The rotational lines were numerically fitted by
least squares methods to a quintic polynomial

R
vPR=go+ aym+ ay m*+ aym’ + ay m* + asm®

with m=—J" and J” + | in the P and R branches
respectively. Neglecting contributions from sextic
coefficients, the coefficients ¢, to a4 have the usual
meaning

ag=1°, ay=—2(D;+ DY),
ay=(B"+B"”), as=—(D;j— D}).

a»=(B"— B”— Dj+ DY),
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The highest J” values of measured lines were 58, 52
and 63 for *CIF, ¥CIF and BrF respectively.
Slightly blended lines were given lower weights in
the polynomial refinement. Lists of observed and
calculated transition wavenumbers have been de-
posited as supplementary material [22]. The param-
cters derived from the coefficients of the poly-
nomials are set out in Table I.

It turned out that as=3(H;+ HY) and hence
H;=1/2(H)+ HY) could not be determined with
significance, but from the standard deviation an
upper limit of 1x 1072 cm™' may be deduced for
H,. Therefore, excited state parameters were only
evaluated up to quartic terms.

For the experimentally less well determined sys-
tems constraints were introduced which reduced the
uncertainties determined for the free parameters.
Such constraints concern parameters (B”, D},
D’ — D}) which were available with higher signifi-
cance from the analysis of other systems. The results
of the constrained fits are also listed in Table 1. We
have intentionally not merged our data with even-
tually more precise mw and mmw data in order not
to make our results dependent on others though this
might improve the significance of some parameters.

The averaged excited state parameters set out in
Tables 2 and 3 were employed in the calculation of
the equilibrium parameters according to the usual
formulae

E,=w (v +1/2) — 0 X (t +1/2)* [+ @¢ v (r+1/2)3
where appropriate],

B,=B.— a.(v+ 1/2) + 7. (v + 1/2)2,

Djy=D§— B.(t + 1/2).

For this purpose, hot band shifts were employed

because they are essentially independent of calibra-

tion errors and pressure shifts, as well as (B”— B”)
and (D;— D7) values.

4. Results and Discussion

The final excited state molecular parameters
determined in the present study are set out in
Tables 2 and 3. The equilibrium *”3’Cl and 7/8'Br
isotopic shifts, 7.471 and 1.606 cm™', respectively.
are in perfect agreement with the calculated values,
7.485 and 1.607 cm~'. The vibrational parameters
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Table 1. Molecular parameters of CIF and BrF from polynomial fits (cm™').

v B” (B'—B")x10° Dy x107 (D)= D})x10° H,x 10" &x10* No.of
data
SCIF
rl1<0 773.49879(15) 0.514311(3) — 4.35810(27)  9.000(7) 4.75(9) 6.6 89
773.49879(15) 0.514312(5) — 4.35809(28) 9.010(30) 4.76(10) 2(5) 6.6 89
r2«1 763.44318(18)  0.509965(7) — 4.3935(7) 9.18(4) S.1(5) 9.8 51
r2«0 1536.94320(14) 0.514300(4) — 8.7541(4) 8.986(16) 9.19(26) 5.9 70
r3e1 1516.7273(5) 0.509953 fix — 8.8292(14)  9.05 fix 9.5 fix 12.8 23
1516.7271(8) 0.509980(27)  — 8.829(6) 9.4(3) 9.(9) 11.7 23
13«0 2290.2244(22)  0.514311 fix ~ —13.191(7) 9.00 fix 14.5 fix 66 24
2290.225(4) 0.51431(12)  —13.19(4) 8.2(39) 0 fix 66 24
YCIF
rl<0 766.20325(14)  0.504553(3) —4.2353(3) 8.668(9) 4.21(14) 6.1 74
766.20325(14)  0.504551(5) —4.2353(3) 8.65(4) 4.21(14) —5(8) 6.1 74
r2«1 756.33964(27) 0.500311(8) —4.2685(12)  8.71(5) 4.9(9) 10.8 37
12«0 1522.54232(21) 0.504525(5) — 8.5032(7) 8.517(27) 9.5(5) 6.6 57
r3e1 1502.727(3) 0.500318 fix —8.5929(12)  8.7101 fix  8.42 fix 78 22
1502.728(3) 0.50040(15) — 8.598(13) 9.9(22) 0 fix 74 22
"BrF
r1<0 662.30460(18) 0.3545219(29) — 2.61150(29) 4.012(7) 1.94(9) 6.6 88
662.30449(20) 0.354528(6) —2.6113(3) 4.05(3) 2.02(11) 7(6) 6.5 88
12«1 654.7081(11)  0.351910 fix —2.6285(12)  4.0314fix  1.94 fix 31.3 23
654.7125(15)  0.351967(29) — 2.653(6) 4.39(11) 1.4(4) 17.2 23
r2«<0 1317.0095(6) 0.354522 fix — 5.2389(8) 4.012 fix 3.88 fix 30.9 55
1317.0108(11)  0.354497(24) — 5.239(4) 3.75(15) 5.3(25) 28.4 55
SIBrF
rl<0 660.73343(14) 0.3528304(22) —2.59180(22) 3.988(5) 2.12(6) 5.6 82
660.73344(15) 0.352830(4) — 2.59182(25) 3.986(23) 2.11(8) 0(4) 5.6 82
12«1 653.1712(16)  0.350239 fix ~ — 2.6026(20)  4.0092 fix  2.12 fix 46.3 25
653.173(3) 0.35017(8) —2.611(11) 3.3(4) 7(7) 29.4 25
12«0 1313.9072(4) 0.3528304 fix — 5.2020(7) 3.988 fix 4.24 fix 19.7 54
1313.9072(8) 0.352836(16) — 5.2019(29)  4.02(10) 4.2(20) 19.3 54
Table 2. Molecular parameters of CIF (cm ™). Table 3. Molecular parameters of BrF (cm ™).
3BCIF CIF BrF SIBrF
) ) ) 5.2 662.3046(20 660.7334(20
Yo obs.* 773.4988(20) ® 766.2033(20) 2, gg: 1217.0095540; 1313.9072}40;
3wy obs. 2290.224(10) N o x 3.7983(6) 3.7811(8)
calc. 2290.224(9) 2268.931(29) e - )
[OR 783.4534(24) 775.9822(56) B, 0.3545219(29) 0.3528304(22)
¢
We Xe 4.9487(6) 4.8656(25) i 0.3558215(30) 0.3541197(23)
We Ve —0.0176(1) —0.0147(5) Be X 10: 2.5923(]0) %.37;)13(7)
B 0.5143064(30) 0.5045462(30) fol?oﬂ - 3(1)6:2)(7) a 3:9(77)(5)
B. 0.5164805(31) 0.5066588(31) /),JX 10° — 1.94(9) —2.12(6)
To X IO{3 4.3385(8) 4.2159(10) “ ) )
Bx 19 — 1.93(4) — 1.88(5) * Quoted standard deviation (in v
) 7 parentheses) of v, values
D5 x 107 8.976(7) 8.647(9) : : s : hift.
Bx 10° —475(9) — 421014 includes possible errors by calibration and pressure shi

* Quoted standard deviation (in parentheses) of v, values
includes possible errors by calibration and pressure shift.

b Calculated from .. @, x, and e re.

b Calculated from @, and o, x,.
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Table 4. Comparison of vibrational parameters of CIF and BrF (cm™').
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"BrF

8IBrF

BCIF ICIF
o 783.4534(24) ¢ 775.9822(56)
786.147(30) [16] 778.684(60) [16]
783.553(30) [14] 776.067(30) [14]
783.2(3)
(e Xe 4.9487(6) 4.8656(25)
6.161(15) [16] 6.058(25) [16]
5.045(87) [14] 5.026/84) [14]
4.8(1) [4]
Ve Ve —0.0176(1) —0.0147(5)
—0.03(1) [4]
WeZex 10%
B. 0.5164805(31) 0.5066588(31)
0.51650500(33) [14] 0.50668189(33) [14]
0.5164802(7) [10] 0.5066578(7) [10]
2. x 103 4.3385(8) 4.2159(10)
4.432465(17) [14] ® 4.20186(16) [14] ®
7ex 100 —19.3(4) —18.8(5)
—17.35(6) [14]® —16.70(5) [14] ®
DS x 107 8.976(7) 8.647(9)
8.976(7) [14]® 8.639(7) [14]
fox 10° — 4.75(9) —4.21(14)
(H)4.7(7) [14] (+)4.3(7) [14]®

669.9011(23)
669.881(18) [7]
669.823(4) [8]
669.679(28) [14]
3.7983(6)
3.797(65) [7]
3.753(2) [8]
3.863(76) [14]

— 0.0087(3) [8]
— 1.6(1)[8]

0.3558215(30)
0.35584941(23) [14]®
0.3558331(20) [13]
0.3558193(12) [8]
2.5953(10)

2.5972(3) [14]
2.5826(12) [8]

- 8.1(5)
—6.72(15)[14]°
—10.60(11) [8]
4.002(7)
4.019(3) [14]°
— 1.94(9)
(+)2.2(4) [14]

668.2956(26)
668.275(18) [7)
668.227(4) [8]
668.067(28) [14]?
3.7811(8)
3.779(65) [7]
3.739(2) [8]
3.844(78) [14]

— 0.0078(3) [8]
—2.0(1) [8]

0.3541197(23)
0.35414461(23) [14] ®
0.3541290(23) [13]
0.3541193(12) [8]
2.5743(7)
2.5786(3) [14]
2.5703(13) [8]

— 8.8(3)

— 6.66(15)[14]°

—10.25(11) [8]
3.977(5)
3.981(3) [14]®

— 2.12(6)

(+)2.2(4)[14] P

* Data without quoted reference are from this study. — ® Dunham coefficients.

may be compared with the presumably best present-
ly available data from other sources, Table 4. Values
by Coxon [16], which are based on IR measure-
ments [15] are erroneous because of a misassign-
ment of the ¢2« 0 transition and insufficient
resolution. Later, w, and w, x. were calculated from
B. and D, obtained by millimeter wave spectra [14],
and agreement with our measurements within
0.1cm™" is noted. Data related to the B— X
emission spectrum of CIF [4] and merged with
absorption data for the same transition [23] agree
within their quoted standard deviation with our
data which, to conclude, are more precise by more
than one order of magnitude than any of the
previously reported data.

A similar situation is met for the vibrational
parameters of BrF. From an analysis of the B « X
absorption spectrum studied with high resolution
[7]. @ and w, x, values were obtained which agree
within one of their quoted standard deviation with
the more precise values of the present investigation,
and the standard deviations of the vibrational term
values G{" and G% appear to be underestimated [7].

A merge of the absorption data [7] with emission
lines measured under high resolution provided
improved vibrational parameters which were fitted
up to fourth order [8]. These parameters reproduce
our r1+ 0 and 2+ 0 measurements to within
0.02 cm~'. Finally, values obtained via the relation
(4B3/D.)"? and based on mmw data should be
mentioned [14], which for 8'BrF apparently contain
a clerical error. The w. values are by about 0.22
cm™! smaller than ours.

For the rotational parameters of CIF and BrF, the
available millimeter wave data of Willis and Clark
[14] should be the most accurate source. Our B,
values for CIF are in agreement with previous mw
measurements [10] which, with a clerical error (Y,
of JCIF). are quoted in the compilation by Lovas
and Tiemann [24]. but both data are ca. 2.5x 1073
cm™! (ca. 0.8 MHz) smaller than the data of [14].
A similar inconsistency is noticed for the B, data of
BrF. where, in addition, merged data from high
resolution electronic spectra are available [8]. For
CIF the 2. and ;. values of the present study are
larger than those of [14], while for BrF our z, and ;.
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values are between those previously reported [8, 14].
Agreement 1s found for D.. while the f. values of
the present study are more accurate by a factor of
about 5 than the best data hitherto available [14].

In conclusion, the present study provides the most
accurate vibrational parameters and £, values for the
different 1sotopic species of CIF and BrF in the
X'X* electronic state. These rely on directly
measured vibrational transitions. Furthermore, D,
data which are in full agreement with previous
values and of comparable accuracy are furnished. A
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