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The high resolution infrared spectrum of the mono-isotopic species F>>C1'°0; has been studied in the
region of the 2v, overtone, from 2560 to 2680 cm™'. The ZVIZ perpendicular component is strong and
clearly observed while the 2vJ parallel component is very weak and almost completely hidden by the per-
pendicular one. Their origins differ by 12.6 cm ™', the 2v;? being located at higher wavenumbers. The 2v;2
band is perturbed by the anharmonic interaction between the v,=2, ;= F2 and o, =y =v5s=1,l4=15 =
+1 excited states, both of E symmetry. In total 3157 transitions have been assigned, 83% of these to 2v;?,
12% to v, + vi' + v&!, and 5% to 2v§. The three bands have been analyzed simultaneously, taking into
account the Fermi resonance effective between the excited states of E symmetry. The ro-vibration param-
eters of the excited states have been obtained, including the deperturbed band origins of ZvI2 and
vy + Vi1 4+ v, at 2628.5890(4) and 2619.3342(5) cm ™!, respectively. The W45 anharmonic constant is
equal to 4.0161(4) cm™'. The x4 + g44 and X4 + X45 + g,45 anharmonicity constants have been derived
from the obtained band origins and those of v4 and v, + vs.
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1. Introduction

During the last 20 years perchloryl fluoride, FCIOs, has been the
subject of systematic investigations by high resolution infrared
spectroscopy. This heavy molecule is a prolate quasi-spherical
rotor of C3, symmetry with six normal modes of vibration: vy, v,
and vs, totally symmetric, v4, vs, and vg, doubly degenerate. The
great majority of spectroscopic studies have been carried out
on spectra recorded using mono-isotopic samples, F>°C1'°05,
F37C1'%05, F?>C1'805 and F?7C1'803, to circumvent the spectral con-
gestion due to the isotopic effect of chlorine. Moreover, the spectra
of mono-isotopic samples containing '®0 have been analyzed to
provide additional and accurate information for the determination
of the anharmonic potential function and equilibrium structure of
perchloryl fluoride. The spectroscopic parameters of the ground
state [1] and the ro-vibration analyses of all fundamentals of the
four species have been reported [2-9]. The A, and B, equilibrium
rotational constants and the equilibrium geometry of perchloryl
fluoride have been obtained [9].

The ro-vibration studies have been extended to the 2v{, 2v,, 2v3,
2vs and 2vg overtones [10-12] and to several combination and hot
bands [2,4,6,8-10,13] of the four species. The excited vibrational
states have been characterized and most of the anharmonicity con-
stants have been derived. The conspicuous amount of experimental
data has prompted also the calculation by ab initio method of the
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anharmonic force field of FClO3; [13]. The comparison of the ab ini-
tio values of the molecular parameters and equilibrium geometry
with the experimental ones is satisfactory [13].

With the aim of completing the study of the first overtones of
FClO; this work presents the analysis of the 2v, band of
F35CI'%0; centered at about 2630 cm~!. Two bands are expected
in this region: the parallel component 2v§ and the perpendicular
one, 2v;2. However, only the perpendicular band is strong and
clearly apparent in the spectrum while the parallel one is so weak
to be undetected at a first glance. This behavior is different from
that observed in 2vs, where both components are of similar inten-
sities and clearly seen [11], and in 2vg, where only the parallel 212
band has been detected [12]. Another peculiarity with respect to
2vs and 2vg is that the 2v4 overtone is expected to be perturbed,
as observed in v4 [4]. In fact, the v, =1 state is in anharmonic res-
onance with 1, = v5 = 1, owing to the cubic term of the anharmonic
potential ¢,459,q44s- This is also responsible of the interactions be-
tweenthe 14=2,1;=0and », =14=v5=1, I3 = F1, Is = £1 states, of
A; symmetry, and between v;=2, I = ¥2 and »=13=05=1,
Iy = lIs=+1, of E symmetry.

The results of the rotational analysis of the 2v, overtone and of
the v, + vi' + v#' combination band, which is in Fermi resonance
with it, will be outlined in the following sections. The text is struc-
tured as follows. The experimental details and the description of
the spectrum are given in Sections 2 and 3, respectively. The
assignments, the theoretical model used in the analysis, and the
fits are reported in Section 4. Section 5 outlines the results and
draws some conclusion.
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2. Experimental

The synthesis of the F>>C1'®0; mono-isotopic sample has been
already reported [1]. In the same paper the recording conditions
of the FTIR spectrum are listed in Table 1, column X. The spectral
resolution is quoted 4.4 x 1073 cm~! (1/maximum optical path dif-
ference), the data precision is estimated to be 2.5 x 1074 cm™'.

3. Description of the spectrum

The strong spectral feature centered at 2630 cm ™! is a perpendic-
ular band that extends from 2560 to 2680 cm . It is assigned as the
2v;? component of the overtone. The shape of the band is character-
ized by strong series of PQx and "Qx branches that extend to low and
high wavenumbers, respectively, from the 'Qp position at
2630.4 cm™". The adjacent PQx and "Q sub-branches are separated
by about 1 cm™!, being almost equidistant. This separation is equal
to three times 2(A’ — 2A’{ — B') since only the sub-branches with K”
equalto 3,6,9, ..., are observed. In fact, the three identical oxygen
atoms have nuclear spin quantum number I = 0, so only the rota-
tional levels with k — [ = 3p, where p is an integer, are populated.
The J structure of the PQx and "Qx branches degrades to low wave-
numbers as J increases. The AK = +1 side of the band is easy to as-
sign, being essentially constituted by strong and regularly spaced
patterns including "Rx(J), Rky3(J — 3),"Rk;6(J — 6) ... transitions.
They can be observed in the spectral detail reproduced in Fig. 1(a).
Inthe AK = —1 side of the band the strong and regularly spaced pat-
terns are constituted by PPy (J),”Px.3(J] — 3),PPx.¢(J] — 6) transitions
as shown in Fig. 1(b). By inspection of this figure it is evident that
the distance of the PP;5(J) lines from the adjacent ones is anomalous,
suggesting the presence of a localized perturbation on the rotational
levels with K’ = 14. The weak "Pk(J) and PRk (J) transitions have been
assigned by means of ground state combination differences (GSCD)
from the positions of the strong PP (J), "Rk (J), ?Qx (J) and "Q (J) lines.

Evenif at a first glance no other band is apparent in the spectrum,
a more careful inspection evidences an anomalous enhancement of
the line density at about 2616 cm ™! (see Fig. 2). The irregular shapes
and positions of spectral features and the shift of the baseline sug-
gest the presence of the very weak 9Q branch of the 2v§ parallel band,
almost completely hidden by the strong lines of 2v}2. Moreover,
after the assignment of the 21§ transitions several PQg(J) and
"Qx(J) sub-branches of the perpendicular band v, + vi' + v&!, con-
nected by Fermi resonance with 2v;?, have been identified in the

Table 1

range 2614-2620 cm™'. These sub-branches are separated by about
0.4 cm ™! and the onset of the "Q,(J) sub-branch is at 2617.9 cm ™.

The same expanded portion of the spectrum from 2615.6 to
2616.4 cm™! is illustrated three times in Fig. 2, to facilitate the
identification of the assigned lines. In Fig. 2(a) the strong PPx(])
transitions of 2v;? are evidenced. The PQq(J) and PQ,(J) transitions
of the v, + vi! + vZ! band and the PQ(J) transitions of 21§, are
identified in Fig. 2(b) and (c), respectively. Comparing Fig. 2 with
Fig. 1 the abovementioned baseline shift, which highlights the
presence of the weak bands hidden by 2v;2, and the higher line
density due to weak Q transitions severely overlapped are evident.

The transitions identified in Fig. 2(b) and (c) have been assigned
thanks to GSCD. The assignments of 2v§ are limited only to the
9Qk(J) and 9Pg(J) sub-branches, being the R branch too weak to
be detected. The band origin has been located at 2616.0 cm™".

4. Analysis

The 2v}? band, that is characterized by regular and well-distin-
guishable features, was first analyzed. By means of GSCD, obtained
from the precise ground state molecular constants [1], about 500
transitions with J;,, = K}, up to 30 were assigned. The initial rota-
tional and centrifugal distortion parameters of the vy=2, Iy = ¥2
state used in the fit were obtained from the ground state constants
and their vibration dependences, o4 and B, [4], according to the

relations:

Ay4:2 :AQ—ZOCQ; By4:2 :Bo—ZOC‘B‘ (1)
Dy, =Doy+26¢s Dx,,_, =Dox+28"; Dk, ,=Dox+285  (2)

v4=2

Al was set equal to 0.0936986(8) cm™!, corresponding to the
value in the 74 =1, I, = £1 state [4], and the band center was chosen
as 2630.0 cm~!, which is the rough average of the ?Q;(J) and "Q,(J)
sub-branch origins.

The term values of the excited ro-vibration levels have been ob-
tained as:

E,(.K,1)/hc=E° +B,[J(J + 1) — k] + A k* — 2AL kI — D, [J(J + 1))
~Dy[JJ+ 1)K = Dock® +17,, 1 + 1))kl + 17,0kl
+HylJU+DF +HueJU + DK + Hug [ + 1)K
+Houck® + 1+ Dk + T JJ+ D]
+ Tkl T, P 3)

Spectroscopic parameters (cm™!) for the ground, v43=1, v, =v5=1, v3=2, v, = v4= 5 = 1 states of F>>C1'605.2

Parameter Ground state® va=1, 14 = %1 m=vs=1,1I5=%1¢ v4=2,14=0 Ua=2,14=F2 m=w=vs=1,1=1I5==%1
E?, 1317.254153(28) 1305.61482(6) 2616.011845(278) 2628.589047(385) 2619.334208(458)
A 0.1871217(42) 0.18636261(7) 0.18684650(9) 0.186102800(775) 0.186148725(414) 0.185652722(997)
B 0.17541085(8) 0.17507300(3) 0.17489882(6) 0.174787037(816) 0.174788366(144) 0.174167607(630)
D x 107 0.49979(9) 0.50071(6) 0.49196(16) 0.5168¢ 0.516782(381) 0.61541(379)

Dy x 107 0.5534(5) 0.5529(4) 0.5982(5) 0.4424 0.44184(138) 0.33717(934)

Dy x 107 —-0.76 —0.7630(4) —0.7984(5) —0.766¢ —0.766¢ —0.785¢

Al x 10! 0.936986(8) —0.684538(13) 0.9266345(420) 0.2504196(609)
1y % 106 —0.0686(7) —0.2673(17) 0.63834(305) 3.5949(170)

i x 10° 0.01254(13) —0.0855(23) 1.81505(529) 50.0356(271)

T x 1010 0.0 0.0 —0.28282(897) 0.0

& x 108 —0.307(60) 0.650(3) 1.790(9) 0.0 0.0

g, x 10° —0.3830(11) 0.758(6) 0.0 0.0

Wass 2.866485(27) 4.016058(390)

No. of data 3669 2942

a(fit) x10° 0.40 17

2 Standard uncertainties (1¢) in parentheses refer to the least significant digits.
> From Ref. [1].

¢ From Ref. [4].

9 Fixed to the indicated value. See text.
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