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Observation of the »; OH(OD) stretch of HOI and DOI by Fourier transform
infrared emission spectroscopy

Jody J. Klaassen, Jorg Lindner, and Stephen R. Leone
JILA, National Institute of Standards and Technology and University of Colorado, Boulder, Colorado
80309 and Department of Chemistry and Biochemistry, University of Colorado, Boulder, Colorado 80309

(Received 16 November 1995; accepted 7 February )1996

The spectra of vibrationally hot HOI formed in the reaction of alkyl iodides with oxygen atoms are
observed by Fourier transform infrared emission spectroscopyw Hie-3 levels of the OH stretch

are observed via thAv=—1 andAv =-2 sequence bands. The spectrum of DOI is observed by
using 2,2,2d;-iodoethane as the precursor in the oxygen atom reactionv #ie-4 levels of the

OD stretch are observed in the) = —1 sequence band, and the-1-5 levels of the OD stretch are
observed inAv=-2. Medium resolution spectr&0.031 cm! apodized are recorded and
rotationally analyzed for the, fundamental and 2 —», hot band of HOI. An estimate of the HOI
ground state structure is made by constraining the OH bond length to its value for HOCI and HOBr
and calculating the HOI bond angle and the Ol bond length by least squares fit to the ground state
rotational constants. €1996 American Institute of Physid$0021-9606)02418-6

I. INTRODUCTION formation in alkyl iodide-O(®P) reactions and analyze the
nascent vibrational distribution of HOI produced in pulsed,

The hypohalous acids belong to the series HOX, whereime-resolved experimenté,and in a closely related paper,

X may be F, Cl, Br, or I. These are important atmospheriowe report on the OH vibrational distribution produced in the

species, particularly HOCI and HOBr, since they are in-reaction of alkyl radicals with GP).%”

volved as intermediates in the catalytic destruction of In the following sections the fluorescence collection,

ozone! '°Because of their importance in atmospheric chem+ourier transform infrared FTIR) spectrometer, and data

istry and also because of their intrinsic, fundamental signifi-collection systems are described, as are the experimental de-

cance, much work is available on the gas phase spectroscomils for producing HOI. Results are presented for the vibra-

of the first three acids in this series, HQRefs. 11-18 tional analysis of the OH and OD stretches of HOI and DOI.

HOCI (Refs. 17-28 and HOBr(Refs. 29-31in both the  Rotation and distortion constants for the vibrational ground

microwave and infrared regions. The number of investigastate, v;=1 and v,=2 of HOI are determined by

tions of the final member of this series, HOI, is far fewer, combination-differences formed from theg fundamental

although it too is regarded as an important species in thand 2, —», hotband.

chemistry of atmospheric iodiné->® Previous studies of

HOI include the characterization of the UV-VIS absorption

spectrum in the aqueous pha8e?’ and identification of the || EXPERIMENTAL DETAILS

IR absorption spectrum of HOI and its isotopic variants in N

and Ar matrices®3° The first gas phase spectrum of HOI  Vibrationally hot HOI is observed as a product in the
was reported by Barnest al*® They observed the, OH  reactions of oxygen atoms with iodoethan;Hsl),
stretch and the,, bend mode at a resolution of 1 ¢th 1-iodopropangn-CsH-l), and 2-iodopropané-C;H/l), the

The paucity of investigations of HOI perhaps lies in theresult of a novel, five-membered ring transition stite:
diffic_ulty of its s_ynthesis_. HOI has_been speculated as a prod- C,Hsl +O(3P) = HOI+C,H,, A,H=—237 kd/mol,
uct in the radical-radical reaction between Hénd IO
(Refs. 34 and 3pband also in the reaction of OH radicalll(\)/ith n-C3H/l+O(3P)—HOI+CzHs, A,H=—245 kJ/mol,
iodine containing compound®Refs. 41-44 Barneset al. .
made HOI by the reaction of OH radical with, ICH,l, and i-CaHel +O(°P) = HOI+CgHe, AH=—236 kJ/mol.

CH,l,. The yield of HOI from these reactions is quite small. Grice and co-workers have also recently observed HOI for-
With a pathlength of 492 m they observed only-8% HOI ~ mation in molecular beam scattering experiments between
absorption. We recently found the reaction between alkylD(®P) and iodoethan&®

iodides and @P) to be an effective method of synthesizing The HOI product is only formed for alkyl chains of two
HOL.%® Furthermore, the HOI produced in this reaction iscarbon length or greater. Similar OH stretch vibrational dis-
found to be vibrationally very hot in the OH stretch, fluo- tributions of the HOI product are observed for all three alkyl
rescing strongly in the mid IR. We use the emission from hotiodide precursors. Emission from,=3 is observed in both
HOI itself as the radiation source for the FTIR spectrometerthe Av =—1 andAv =—2 bands. This state has an energy of
By directly measuring the HOI fluorescence, we are able td0 374 cm® which corresponds te-50% of the available
utilize a simple experimental arrangement and also exploiteaction exothermicity. 2-iodopropane is the precursor used
the inherently greater sensitivity of emission spectrosé8py. for the HOI spectroscopic measurements presented here. The
In forthcoming papers, we explore the mechanism of HOlprecursor for DOI is 2,2,2¢--iodoethane.
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FIG. 2. Low resolution(1 cmi ) DOI emission spectrum with blackbody

FIG. 1. Low resolution(1 cm™t) HOI emission spectrum with blackbody K d subtracted and intensiti lized to the inst t
background subtracted and intensities normalized to the instrument respon gekgrouna subtracted and intensities normalized 1o the instrument response
unction. Emission is observed only for the OD stretch mode. Four quanta of

function. Emission is observed only for the OH stretch mode. Three quant
y 9 D stretch are observed in th®=—1 sequence band. In th&y=-2

of OH stretch are observed in both the =1 andAv="-2 sequence sequence band;<5 is observed. A small amount of HOI emission is ob
bands. The absorption feat t 2350 ¢ris due to at heri L= : )
ands. The absorption feature a s due to atmospheric GO served for they; fundamental at 3625 cii. This can be attributed to some
minor contamination in the 2,2 @;-iodoethane sample of other ethyl iodide
isotopes which are only partially deuterated at the beta-carbon.
Continuous HOI emission is produced with a flow tube

reactor. This consists of concentric quartz tubes, the outer

1.27 cm in diameter, the Inner, 0.64 cm. Thg inner tube en'spectral responsivity of the InSb detector. Two times over-

ters the outer tube approximately 1 cm from its outlet. Oxy-

gen atoms are made by microwave dischatBe@l5 GHz sampling was used on all spectra. A commercial software
, ) ’ ackage was used to calculate the Fourier transforms. To
~90 W) in neat Q (99.998% in the outer tube of the reac- b 9

. . . transform the higher resolution interferogram it was neces-
Eﬁ:' Tge t%acklng pressuret ngm].:r:].e dlscréarge 'SVStOO Pa. .tsary to break it up, by taking every third point from its origi-
| et :jS(iSargeblsf gentﬁra etl V;" fltrr: an \:ensgtnthype t(lzatVI al 1.48 million points, into three interferograms of 494 660
ocate cm belore he outiet of the reactor. € OUlICL Oh5ints each. Each of these spectra were separately trans-
the reactor, oxygen atoms formed in the discharge react wit

) o . i rmed with a Nyquist frequency set to 5266.0033 ¢pand
2-iodoethane, which is fed through the inner concentric tUb‘?he reSl\JAI/tIing spye(lttj;a we(rqg cogdded No emissionnftrlom the
at a backing pressure 6f300 Pa. .

X - . HOI overtones was observed within the signal-to-noise ratio
The quartz tube reactor is placed within a larger stainles

Bf the higher resolution spectrum, so spectral folding prob-

steel vacuum cham.ber containing ngsh cgll fluorescenc%ms were not encountered by this operation. Each interfero-
collection optics which couple the emission into the FTIR ram was corrected in phase from a small part of the inter-
spectrometer. This chamber is evacuated by a blower pum erogram itself

however, the cross section of the vacuum line exiting the
chamber is reduced by a 2.5 cm diameter aperture in order to
throttle down the pumping speed and increase the residence
time of the hot HOI products in the observation region. 02
Infrared emission is collected by a Welsh &&1F%in the o
main chamber and if/number-matched by a telescope
(f;=150 mm,f,=150 mm, Cak) to the FTIR spectrometer.
The modulated IR fluorescence signal is detected by a 77 K
InSb detector, amplified with current and voltage amplifiers
and sent to a homebuilt data acquisition system based on a 5;0»'
commercial 16-bit A/D card in a PC and original software.
Three sets of emission spectra were recorded, one low
resolution scan for both HOI and DOI and a higher resolu-
tion scan for HOI. We were not able to make a high resolu-
tion scan for DOI due to the limited quantity of the deuter-
ated compound. The low resolution scans are 500 - . - s s s s .
coadditions each recorded at 1 chresolution and are T
shown in Figs. 1-3. The higher resolution scan for HOI,FIG 3. Expanded portion of low resolutidf cm ) HOI spectrum show
thown in Figs. 4-6, IS 9?0 Coaddlthns' Trlangu_lar apOdlzaTng the 7 fFL)mdame'roltal, 3625 cit and the 2;,—», hotbanpd, 3458 cit.
tion was used resulting in an apodized resolution of 0.03%nep.-type bandQ branches for the fundamental are clearly evident and are
cm™ L. The frequency range recorded was only limited by thetabeled in symmetric top notation.
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FIG. 4. A portion of the high resolutiof0.031 cm* apodized HOI spec-  FIG, 6. A portion of the high resolutiof0.031 cni* apodized HOI spec-
trum showing the?R branch of ther; fundamental with rotational assign-  trum showing thé®R branch of the 2, »; hotband with rotational assign-
ments indicated. Many of the transitions for the differsptsubbands over-  ments indicated. Resolvei,=1 asymmetry doublets are indicated by the
lap each other, although for eath, there is some value af at which the  wang symmetry parameter The transition marked with an asterisk is an

transition is not blended. Resolvéd =1 asymmetry doublets are indicated OH emission line which was used as an internal check on the frequency
by the Wang symmetry parametgr calibration.

OH emission, which |I|(E|y comes from the reaction Se-|||_ DESCRIPTION OF THE SPECTRA AND
guence ASSIGNMENTS

. 3 . . _ . . —

i-CgH7A +O(°P)—10+i-C3Hze,  AH=9 kJ/mol Figures 1 and 2 show the low resoluti¢h cm™*) HOI

CaHp2+0(3P)—OH+CsHg,  A,H=—283 kJ/mol, and DOI emission spectra obtained from the alkyl iodtide
. ) . } reactions. The intensity of these emission spectra are normal-
is observed in the higher resolution HOI spectrum. Thesgeq py first subtracting out the background, room tempera-
radical—radical reactions are investigated in more detail by e blackbody spectrum, and dividing the result by the in-
pulsed laser photolysis experlmeﬁfsThe_OH emission al-  stryment response function of the FTIR optics and the InSb
lows a convenient check to the calibration of the interfero-getector. The instrument response function is determined
gram with respect to the reference HeNe laser of the FTIRtom the observed emission of a calibrated blackbody source
Twenty-two OH emission lines were observed over the frexompared with the theoretical emission of an ideal black-
quency range 3330-3680 cm Comparison of observzed body. In both spectra the only vibrational bands observed
OH line positions to those reported in the literafdré belong to theAv =—1 andAv=—2 sequence bands of the
shows randomly distributed deviations of less tha®.004 OH(OD) stretch. In the HOI spectrum, Fig. 1, emission is

—1 . - ’ ) !
cm " The observed spectra are not recalibrated. observed in both sequence bandsifst3. In the DOI spec-

trum, Fig. 2, emission fromm <5 is observed in thdy =-2
sequence band, and for4 for theAv =—1 sequence band.

' : ' ' : : An expanded portion of the HOI low resolution spec-
T At A S o S B B : trum is shown in Fig. 3. Prominent in Fig. 3 are thefun-
damental at 3626 cnt and the 2,—», hot band at 3459
cm L. As is the case for the, fundamentals of HORRef.

16), HOCI (Refs. 18 and 26 and HOBr(Ref. 3)) the v; of
HOI is a hybrid band consisting of botirtype andb-type
transitions. HOI is an accidental, prolate symmetric top,
k=—0.9996, and except for th&,=1 subbands, where
asymmetry doubling is observed, its transitions are those of a
prolate symmetric top. Th® bandheads of the perpendicu-
lar b-type band are very obvious in Fig. 3. Theconstant
for HOI is greater than 20 cnt, so theseQ bandheads
18 520 spread over-500 cm ! and are immediately assignable by
inspection. They are labeled in Fig. 3 using symmetric top
FIG. 5. Ther,PP; branch of HOI taken from the high resolutigd.031  notation. The paralleh-type transitions of the fundamental
cm™! apodized spectrum. The transitions indicated here are the only indi-gre much more congested and lie near the band center. They
vidual rovibrational transitions of the perpendiculatype band from the are not resolved in the low resolution spectrum of Fig. 3
high resolution spectrum which could be observed in the spectrum. The twe?_I . . . P oo 9 o
transitions marked with an asterisk are OH emission lines which werd /OWEVET, 1N the higher resolution spectrum individual rota-
among those used as an internal calibration reference. tional lines in the parallel band are resolved. A small portion

*Q, bandhead

Emission

! !
3514 3516

Frequency [em 1

i 1 s
3508 3510 3512
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of the®°R branch of the fundamental is shown in Fig. 4 along TABLE I. Band centers and vibrational parametérscm™ 1) for HOI and

with lines indicating the rotational assignments. At ourDPO!AviT—1andAv,=-2 sequence bands, Band centers are taken from
. . h . ; the 1 cm ! spectra as the minimum between 2 and®R branches. Their

apodized resolution of 0.031 cm many rotational lines of  gors arex5 cm

the differentK, subbands are overlapped.

The majority of assignable lines in thg band belong to HOI DOl

the parallel type transition. However, it is fortunate thats Av,=—1

a hybrid band, since without the perpendicular type transi- 10 3628 2674
tions it would be possible to obtain only the difference in the 2-1 3458 2585
rotational A constants for the upper and ground states, not 3-2 3292 2498
their absolute values. Fitting of the spectrum began with the 4-3 Apo——2 2409
PQ and"Q bandheads of the perpendicular transition. These ,_, 7082 5258
alone quite well define the band center aadotational con- 31 6751 5084
stants in the ground state and iR. A reasonable initial 4-2 4910
estimate of theB and C rotational constants is obtained by 53 4739

Vibrational Parameters

setting them to one half the spacing between the strong 3789.3740) 2759.3538)

K,=2 transitions evident in Fig. 4. Fitting proceeds (a,1+x_ﬂ+ %13
. . . . 2 2

smoothly by S|mu_lat|ng a s_tlck spgctrum, maklng new as- Xyt _82.82597) _43.44561)

signments, including them in the fit, and simulating a new.

stick spectrum. A criterion for the correct assignment is thafSee Table I1l for band centers determined from fit to rotationally resolved

the new fit predicts additional lines of the band not included SPectra.

in the previous fit.

While the PQ and RQ bandheads are strong, no indi-

vidual rotational lines of the perpendicular band were ob-, " X12 XlB) T N
L ) X i -G = + =+ = +3)+ +3

served within the signal-to-noise of the spectrum with the V1 G”l @17 2 (01t 2) X102 +2)
exception of the’P K, =3 subband. Here individual rota- « «
. ... . "n_ao . H H 12 13 " ”
tional tranS|t|onSIW|tr.1] =3 SQ are assignable. This portion _ ( Wi+ ?+ 7)(Ul+ H—xp(vi+ 92 (2
of the spectrum is displayed in Fig. 5.

The 2v;—,; hot band is also a hybrid having badktype From a fit of Eq.(2) to the observed transitions, the

andb-type transitions. From the low resolution spectrum it isy;jprational anharmonicity constank,,, for the OHOD)
possible to identify’Q bandheads of thb-type perpendicu- stretch is determined. For HOI we obtaip,= —82.82597)
lar band having<,=<6. The"Q bandheads havin,>2 are  cmL, and for DOI,—43.44861) cm .. Because we observe
difficult to identify as they overlap with the conges@dype  only transitions which involve the QI@D) stretch, the vi-
parallel transitions of the, fundamental. From the higher prational equilibrium frequencyw,, cannot be determined
resolution HOI spectrum it is also possible to identify andingependent of the cross anharmonicity tesmsandxs.

assign lines belonging to thetype band of 2,—v;. A por- The anharmonicities for the QBD) stretches of
tion of the®R branch of the parallel band is shown in Fig. 6 HOFRDOF) (Refs. 54 and 56 HOCI(DOCI) (Ref. 56, and
along with the rotational assignments. OH(OD) (Ref. 57 radical are also knowrx,; for HOI and

DOI is very similar to that found for hydroxy(—84.881
cm 1) and deuterated hydroxyl—44.055 cm?) radicals,
IV. VIBRATIONAL ANALYSIS and also to that for HOF—85.24 cm') and DOF(—45.14

o N cm ). The xy; anharmonicities for HOCI and DOCI,
The band centers of the vibrational transitions for the_g7 50 cn! and —51.72 cm?, respectively, are~15%

Av=-1 andAv=-2 sequence bands observed in the |°Whigher.

resolution spectra of HOI and DOI are listed in Table I. The

band center frequencies are taken as the minimum between

the °P and®R branch contours of the lower resolution spec- ¥+ RO-VIBRATIONAL ANALYSIS

tra. This is a crude estimate of the band center and is as- Because this is the first investigation of the rotational
signed an appropriate error of5 cm*. These vibrational  structure of HOI, there are no highly accurate microwave
transitions, which are only observed for the @HD) stretch,  data to assist in determining the ground state constants of
are fit to the vibrational term value expression for a poly-this molecule. To avoid any difficulties which might arise

atomic, anharmonic oscillat6?, Eq. (1). from correlations in lower and upper state rotational con-
stants when both sets are simultaneously determined by fit-
lev2v322 wr(vr+%)+r§<:S Xrs(vr+3)(vst3)+--- . (1) ting transition frequencies, and also to produce error esti-

mates which more accurately reflect the quality of the data,

Terms involvingv, and v3, which are always zero in we use the technique of combination differences to deter-

this case, cancel out, leaving a simplified expression(&g. mine the rotation and distortion constants for the ground
for the vibrational transitions observed for the @D)  state,1;=1, and»;=2 levels. In determining the rotational
stretch, constants fory;=1, combination differences can be made

J. Chem. Phys., Vol. 104, No. 19, 15 May 1996



TABLE II. Range ofJ” andK, for observed transitions in HOl, funda-

mental and 2,— v, hotband.

Single Ro-vibrational

v, Fundamental

2v,— vy hotband

transitions J” range J” range

P, 2-45 4-15, 17-34

QP, =0 14-27, 29-38 4-14, 16-29

Qp, =1 14-18, 21-38 4-8, 10-14, 16-29
°p, 3-4, 6-45 4-36

Qp, 4-38 4-24

QR, 2-40 4-29

QR; /=0 10-37 6-22, 24-30

QR =1 10-37 6-8, 10-30

QR, 3-40 8-15, 17-27, 29-35
QR4 4-28, 30-32 17-35

PP, 3-30

Q bandhead v, Fundamental 2v,— v, hotband
transitions K7 range K3 range

PQ 1-7 1-6

RQ 0-5 0

A&Wang asymmetry parameter.

Klaassen, Lindner, and Leone: The v, OH(OD) stretch of HOI 7407

fourth order are included. The rotational wave functions are
expanded in terms of a symmetric rotor basis set. The Hamil-
tonian is taken from Eq98.110—(8.112 of Ref. 58. The
diagonal and off-diagonal matrix elements as used in the
fitting procedure are given in

(v,3,ko|H|v,d, k) =vo+ (B, +C,)[I(I+1)— k2]
+A,k3-D;3%(J+1)?
—DcJ(J+1)k2—Dyk2, 3

(v,d,kalH[v,d,ka = 2)=3(B,— C,)[f-(0)f.(1)]"?

—d I+ D[ (0 f (D] (4)

(v,3.kalHv,3,ka=4)=d[ f.(0)f L (1)F.(2)f.(3)]"2
©)

fo(D)=[I(I+1)—(kaxl)(kaxl=1)]. (6)

In Egs. (3)-(6), v and J are the vibrational and total
angular momentum quantum numbers. The pseudo-quantum
numberk, corresponds to the signed valuekofin the sym-
metric rotor basisA,, B,, andC, are the effective rota-

v

from transitions involving both the, fundamental and the tional constants, anb;, D, Dk, d;, andd, are the quar-
2v;—v; hotband. Due to the better signal-to-noise ratio fortic centrifugal distortion constants of the symmetric top
the spectrum of the; fundamental only these transitions are reduced Hamiltonian.

used for determining the; rotation and distortion constants.

For eachl the Hamiltonian matrix is written in the sym-

The transitions used in forming combination differences aremetric top basis and is subjected to a Wang transformafion.
taken from both the low and higher resolution spectra. Thel'he resulting four Wang submatrices are diagonalized inde-

range ofJ and K, quantum numbers observed for the

pendently. Only for theK,=1 subbands is the asymmetry

fundamental, and also thevg-v; hot band, are listed in doubling observed. For all othé€, subbands the splitting

Table II.

between the asymmetry doublets is less than the instrumental

In the higher resolution HOI spectrum, 370 transitionsresolution. For example, the calculated splitinGBb(30) is
are assigned in the, fundamental. Of these, approximately only 0.006 cm*. For all K,>1 subbands where asymmetry
one third are blended lines. Blended lines are given a greateloubling is not observable, the term values are taken as the
uncertainty than unblended lines in the fitting procedure. Amean of those calculated for the symmetne;0, and anti-
ro-vibrational line assigned to only one transition is given ansymmetric,y=1, Wang functions.

uncertainty of 0.01 cm’. Lines which can be assigned to
two transitions are given an uncertainty of 0.02 ¢mand

The rotation and distortion constants for the ground state
and »;=1 of HOI are determined from fitting the Hamil-

lines which can be assigned to more than two transitions arenian given above to combination differences of théun-
omitted from the fit. The same criteria for assigning uncer-damental. The rotation constants foy=2 are determined
tainties are applied to transitions in the;2 v, hotband.
Of the 370 transitions taken from the higher resolutionthe 370 transitions observed for thg fundamental, 226
HOI spectrum for they; fundamental, only 28 belong to the combination difference pairs are derived for the ground state

perpendicular transition. These are all from ffle K,=3

from combination differences of thev2-v; hotband. From

and 223 forv;=1. Forv;=2, there are 109 combination dif-

subband. To obtain th& rotational constants with greater ferences derived from 259 assigned transitions in the-2;

accuracy it is necessary to include mak&,==*1 transi-
tions from the perpendicular band. The perpendictiuand

hotband. Each combination difference is given an uncer-
tainty equal to the square root of the sum of squares of the

PQ bandheads are easily identified from the low resolutioruncertainties for the transitions from which it is made. The

spectrum. Thirteen of these bandheads Kor<7 are in-

four Wang submatrices are diagonalized numerically, and

cluded in the fit and are given an appropriately greater uneomputed combination differences are least squares fit to the
certainty of +0.5 cm 1. The perpendicula® bandheads are measured values. Iteration of fit parameters is continued until

a convolution of all the overlappingJ=0 transitions having

the reduced chi-squared varies by less than 0.001. dbhe

AK,==1. In the fit, theQ bandheads are treated as a singleoff-diagonal centrifugal distortion term is found to be not
transition assigned a medidnvalue,J=15.
The rotational analysis of HOI is based on the Hamil-strained to zero. Likewise, inclusion of centrifugal distortion

tonian of a near prolate asymmetric rotor, typeepresen-
tation. The symmetric top reductiorS( of the molecular

statistically significant with this data set and is therefore con-

terms higher than fourth order did not significantly improve
the quality of the fit. The centrifugal distortion terms for

Hamiltonian is used® Centrifugal distortion terms up to the v,=2 are not well determined from the combination differ-
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TABLE Ill. Spectroscopic constants determined by combination differences for HOI groundwstate, and
v,=2 (in cm™?), S Reduction;!" representation.

Ground state v,=1 v,=2
Vo 3625.841)% 7084.745)%
A 20.934 7%109° 20.079 60235 19.257 2237
B 0.278 939 &85 0.278 457 1337) 0.277 992 826
C 0.275 070 &71) 0.274 461 (826 0.273 946 §09
D,x1¢° 0.235 76314 0.236 09375 0.236 09
D X10P 20.032306) 19.536405 19.536
Dy X10° 5.727 §824) 5.508180) 5.508
d;x10° —18.54648 —23.03768 —23.0%
d,* 0.0 0.0 0.0
No. of comb. diff. 226 223 109
e 0.25 0.32 0.66

@Band origins are determined in a separate fit to transition frequencies constraining rotational constants to values
determined by combination differences. The number in parentheses is an estimate of the uncertainty for the
band center.

POne standard deviation in parentheses.

‘v ,=2 distortion constants are constrained to the values determined #dt.

“Thed, term is constrained to zero.

®=x*lv, wherev is the number of observations less the degrees of freedom.

ences of the 2,—w», hotband alone. In the final fit, these The inertial defect for the ground vibrational state of HOI is
terms are constrained to the values determinead ferl and  indeed small. From the inverse of the rotational constants in
only the A, B, andC rotational constants foy,=2 are al- Table Ill, the calculated inertial defect for the ground vibra-
lowed to vary. The constants derived for these three stateonal state of HOI is 0.0026) cm or 0.04%8) amu A. The
are listed in Table Il ground state inertial defect for HOI is similar in magnitude
The band centers far, and 2, cannot be determined by and sign to those determined for HO®Ref. 24, 0.06421)
combination differences. In order to obtain these constantgmu A2, and HOBr(Ref. 31), 0.067 17%16) amu A2.
transition frequencies are fit instead of combination differ-
ences. Two techniques are used. In the first, the lower angl_ DISCUSSION
upper state constants are fixed to those determined by com-
bination differences and only the band center for the upper With the work presented here, rotationally resolved
state is treated as an adjustable parameter. In the secompectroscopic observations have been made of all the hypo-
technique, only the lower state constants are fixed to thoskalous acids. In Table IV the ground state constants and
determined by combination differences while all rotation andmolecular structures which have been determined for this
distortion constants for the upper state are allowed to float iseries are summarized. In the current work no rotational con-
the fit. The difference in the band centers determined by thsetants for the isotopically substituted species DOI were de-
two techniques is used as an estimate in the error for thiermined, so the structure of HOI can not be evaluated di-
band center. In addition to determining the band center, fitrectly. However, the consistency of the ground state
ting the transitions also provides a consistency check on thetational constants found for HOI can be compared with
constants determined by combination differences. The rotaknown structures of the other molecules in this series by
tion and distortion constants determined by fitting transitionsconstraining one of the molecular parameters. In their recent
are the same as those determined in the combination diffework on ther, fundamental of HOBr, Coheat al>! noted
ence fit within the more conservative confidence interval forthat the OH bond length is nearly the same in HOCI and
the combination difference fit. HOBr. They constrained the OH bond length in HOBTr to that
Calculation of the inertial defect for HOI in its ground determined for HOCI and calculated the corresponding bond
vibrational state is also a valuable tool in checking the valid-angle and OBr bond length by best least squares fit to their
ity of the rotational constants. The inertial defect, Eq. 7, isrotational constants. In a similar manner we also constrain
the difference between the largest moment of inertia, thathe OH bond length in HOI to 0.9643 &he value deter-
about thec axis, and the sum of the moments of inertia aboutmined for HOCI and used by Cohet al3! for HOBr) and
thea andb axes: calculate the HOI bond angle and Ol bond length from a
1= (17419 = A 7) least squares fit to the three ground state rotational constants;
c Vb'la v these are reported in Table IV. Although the molecular pa-
For planar rigid rotors the inertial defect is zero, and any one@ameters determined in this way for HOI have large uncer-
of the moments of inertia is determined by the other two.tainties, the values are quite consistent with those known for
However, vibrational effects cause the inertial defect to behe other hypohalous acids. Ruscic and BerkowWitzave
nonzero in real molecules, although for a necessarily planazompared the OX bond length in HOX to that of the di-
molecule such as HOI the deviation is expected to be smalhtomic molecule and noted that the ratio is nearly constant in
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TABLE IV. Comparison of ground state constants and vibrational frequeficiesn™) and molecular struc-
tures for the hypohalous acids.

HOF HC¥cP HO™Br° Hol“
Ao 19.534 564 20.463 616 20.470 159 20.935
Bo 0.8927241 0.504 241 82 0.352 797 66 0.278 94
Co 0.850 833 4 0.491 199 20 0.346 341 65 0.275 07
D,x10° 3.176 8 0.897 19 0.4295 0.236
D, X10° 80.41 41.793 25.04 20.0
Dy X10° 27505 4.3880 4.6018 5.73
d,x10° —142.3 —20.90 —-7.08 —-19
d,x10° -11.8 —1.482 —-0.39
" 3577.925 8 3609.482 48 3614.902 41 3625.84
v 1353.404 66 1238.624 60 1162.570 4 1068
v 889.079 74 724.358 0f 620.18 578
H-OX A 0.964" 0.9643 0.964 3 0.964 %
HO-X A 1.4472 1.689T 1.827 9 1.991
ZH-0=X/° 97.2" 102.96 103.00 105.4

®HOF rotational constants from Ref. 14. The values listed here have been converted to the symmetric top
reduction §) using the relations in Ref. 58.

PHOCI rotational constants from Ref. 26.

°HOBr rotational constants from Ref. 31.

9From Table III.

*Reference 16.

Reference 14.

YReference 26.

"Reference 23.

iReference 31.

IReference 30.

KReference 40.

'Reference 39.

"Reference 11.

"Reference 24.

°Reference 31.

PH-OI bond length constrained to value used for HOBr and HOCI.

the series from HOF to HOBr. Using this fact they predicted  Like the simple case for diatomic molecules, the distor-
an Ol bond length in HOI of 1.995 A which is in reasonabletion constants of asymmetric rotors can be derived from
agreement with our value of 1.991 A. force constants and the derivatives of the inverse moment of
It can be seen from Table IV that the quartic centrifugalinertia tensor with respect to internal coordinate®’ thus it
distortion constantsD;, D;x, andDy, show a monotonic is not surprising to find an empirical relationship between the
variation with the changing mass of the halogen atom. If thedistortion constants of a series of chemically similar mol-
HOX molecule is considered as a pseudodiatomic with thecules. Demaisoat al® noted an empirical relationship be-
OH group treated as a single composite atom, thenDthie tween distortion and rotation constants which is broadly ap-
distortion constant for all of the hypohalous acids is wellplicable to a large group of molecules and is helpful for
approximated by the relation linking the force constant andbbtaining initial estimates of at least the order of magnitude
moment of inertia of a diatomic molecule to its centrifugal of the distortion constants. From Table IV, it is seen that the
distortion constarit®6° D,k andDy constants for the hypohalous acids also show a
monotonic variation with the varying mass of the halogen

b _ 4B g  atom. Using the functional form given in E7) as a guide,
¢ w2 ® e have plotted in Fig. 7 lo®; (i=J,JK,K) vs log 4B3/ »?

where for D,;,B,=(B+C)/2 and w=v;; for

The D distortion constants predicted by this simple re-D;x,B,=(B+C)/2 and w;=w,; and for D¢,B,=A and
lationship whenw, is the HO-X vibrational frequency and ;=v;. These combinations of rotational constants and vi-
B, is taken as the mean of the measured ground Btated  brational frequencies were chosen so that the plots all
C rotational constants,B,+C)/2, are in fair, quantitative showed straight lines. Interestingly, the plots of the distortion
agreement~5%) with the measured values for all the hy- constants done in this manner all have a common intersec-
pohalous acids and also for HOB®? The applicability of  tion. Also plotted in Fig. 7 are the points for HOB®2which
Eq. (8) to other polyatomic molecules which can be treatedwere calculated as for the hypohalous acids. The HOD cen-
as pseudodiatomics was noted by Thoreial.in their early  trifugal distortion terms are well predicted by the straight
study of the methyl halide%. lines falling through the data for the hypohalous acids.
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