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A new krypton-containing compound, HKrF, has been prepared in a low-temperature Kr matrix via
VUV photolysis of the HF precursor and posterior thermal mobilization of H and F atoms. All three
fundamental vibrations have been observed in the FTIR spectral®60 cm* (H—Kr stretch,

~650 cm! (bending, and ~415 cmit (Kr—F stretch. Two distinct sites of HKrF have been
identified. The energy difference between the H—Kr stretching vibrations for the two sites is
remarkably largé26 cm %), indicating a strong influence of the environment. In annealing after the
photolysis of the precursor, HKrF is formed in two different stages: at 13—16 K from closely trapped
H+F pairs and aT >24 K due to more extensive mobility of H and F atoms in the matrix. HKrF

in a less stable site decreases at temperatures above 32 K, the other site being stable up to the
sublimation temperature of the matrix. The photodecomposition cross section for HKrF has been
measured between 193 and 350 nm and compared with the cross sections of the previously reported
HArF and HKrCl molecules. The condensed-phase VS@IMbrational self-consistent field
calculations suggest that the more stable form is a single-substitutional site and the less stable form
is a double-substitutional site of HKrF in solid Kr. The gas to matrix shifts for these sites are
predicted to be+(9-26) cm! for the H—Kr stretching and the bending vibrations and
—(7-10) cm! for the Kr—F stretching vibrations. @002 American Institute of Physics.

[DOI: 10.1063/1.1434992

I. INTRODUCTION tion of HArF in an Ar matrix has been reportétiThis re-
: - : ; . kable observation was followed by extensive theoretical
Chemical reactivity of rare gases is a challenging field™ 2/<ao! .

y g ding calculations on the properties of HArF and other HRgF

for experimentalists as well as for theoreticians. Despite al- 516 : .
most 40 years having passed since the preparation of the firngpoundé. Interestingly, HHeF has been predicted to be

18 ; ; ;
rare-gas-containing compouhdecent findings indicate an & metastable molecuté:*® Despite the extensive calculations

. _ 16
emerging “renaissance” in this fiefdAlthough a large num- for the setr)les '}'F;?RF:C?_ Hde L\Ie, .f‘r’ I-ﬂ Iz(er’] R0, ?nly
ber of Xe-containing compounds has been made, the chenf’® MembEr of this Tluoride tamiy, fF, has up 1o now

istry of lighter rare gases is much more limité@uring the bee? e;;]penmtgrlnally characttenz’eld(.jd_t_ | b f th
last seven years, a number of HRgY moleculéd n this article, we report an addiional memoer of the

— hydrogen; Rg-Ar, Kr, Xe; Y =fragment with large elec- HRgY family, HKrF. The observed vibrational spectrum of

tron affinity) have been characterized experimentally in Iow-HKr.F_ IS compqred \.N'th the eX|st'|n@b Initio cal_culan_ons. n
temperature matrixes and computationally by usibgnitio addition, the vibrational properties of HKrF in solid Kr are
method<~1! These molecules are formed from neutral studied with VSCF calculations. The formation of HKrF and
fragments:2 and experiments support computational conclu-P"OP€ rties of this molecule are compared with those of the
sions on their intrinsic stability versus matrix stabilizatidn. previously studied HArF and HKrCl.

Importantly, one of the HRgY molecules, HXel has recently

been observed in Xe clusters in the molecular beanml. EXPERIMENTAL DETAILS

experiments?* o The HF/Kr solid mixtures were studied in a closed-cycle
Among other HRgY molecules, two Kr-containing com- ¢ryostat(APD, DE 202 A at temperatures down to 7.5 K.
pounds, HKrCl and HKrCN, have been characteriz@dt ~ For a comparison, HCl/Kr and HF/Ar samples were studied
was understood from the early beginning of the HRGY his-nqer similar conditions. The samples were deposited onto a
tory that the corresponding fluorides could be remarkably~g| o Bak; substrate typically kept at 20 KKr) or 7.5 K
stable and the .eX|stence of an Ar—contgmmg compound(Ar)_ The HF samples were prepared by passing Kr or Ar gas
HArF, was predicted. Recently, the experimental prepara- over an HF-pyridine polymetFluka at room temperature.
DF samples were deposited by passing HF over deuterated
dElectronic mail: petters@csc.fi sulfuric acid in a deposition line. HCI samples were prepared
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by premixing HCI and Kr in a glass bulb. The thickness of 0.03 =/ 7+

the matrix was determined from an interference pattern of (a) v(H-Kr)

the IR spectrum being typically from 100 to 2Qdm. We v(Kr-F)
used Kr(99.998%, Ar (99.9999%, and HCI(99%) without
additional purification. The photolysis of HF was performed
by irradiating the matrix through a Mgfwindow with a Kr
continuum lamp(Opthog emitting in the 127—160 nm spec-
tral interval. In addition, the samples were irradiated with an
excimer lasefMPB, MSX-250 operating at 157 nm (F or

at 193 nm(ArF) and a tunable optical parametric oscillator 0.011 V\\J\A\M
with a frequency doublefContinuum. The infrared spectra l\\
were measured with a Nicolet 60 SX FTIR spectrometer. In 1980 1950 1920 Gk 640 450 200
the mid-infrared region, KBr beamsplitter and a MCT detec-

tor were used, and in the far-infrared regi@melow 400
cm™ 1), 6 um mylar beamsplitter and a DTGS detector were | (b) v(D-Kr) v(Kr-F)
used. The resolution of 1 cm was used in all experiments.

0.024

8(H-Kr-F)

Absorbance

*

*

0.020 + *
Ill. EXPERIMENTAL RESULTS

A. Preparation and identification of HKrF

Absorbance
(4
=4
g

In order to prepare HKrF in solid Kr, we used our con-
ventional procedure of solid-state synthesis: photolysis of the
precursorHF) followed by thermal mobilization of H atoms.
By variation of the deposition parameters, we were able to : : A
deposit quite monomeric HF/Kr matrixes of good optical 1440 1420 1400 420 400
quality. The two bands of the HF monomer at 3956 and 3933
cm ! dominate in IR absorption, and they are in agreement
with the literature datd® The concentration of HF was esti- FIG. 1. IR-absorption spectra of HKrF and DKrF molecules in solid(&y.
mated from the measured integrated absorption of mong4KrF absorptions showing the two sets of bands belonging to different site
meric HF and the thickness of the matrix, assuming that thétructurgs of HKrF. The absorpti_ons marked vyith an asterisk' belong to the
. L. . . . . HKrFS site (see the text for notation(b) Absorptions of DKrF with DKrE
integrated absorptivity of HF in SO_|Id Kris t_he Same asin theabsorptions marked with an asterisk. The bending absorption was not iden-
gas phas€99.8 km/ma).?° The typical matrix ratidKr/HF) tified for the deuterated species.
of ~3000 was obtained.

Both Kr lamp and 157 nm Flaser permanently photo-
lyzed monomeric HF, as evidenced by the decrease of the HEundell et al.*® and they have proper deuteration shifts. The
absorptions. When the matrix was annealed after the phdlgher wave number bands can be assigned to the H—Kr
tolysis, several new IR absorptions appeared as shown ifiretch and the-650 cnmi * absorptions to the bending mode.
Fig. 1. The strongest bands were observed at 1951.6 anthe lowest wave number absorptions are due to the Kr-F
1925.4 cm?. These two bands behaved differently understretching vibration.
annealing, as discussed later. In the lower wave number re-
gion, two weaker bands at 650.9 and 645.9 ¢with dif- B. Two matrix sites of HKrF
ferent thermal behavior appeared. In the lowest-energy re-
gion, the appearance of a band at 414.2 twmith a shoulder
at 417.0 cm? correlated with the above-mentioned absorp-
tions. In addition to these bands, an absorption band of KrF
at 577.9 cm! appeared! Upon deuteration of HF, the
higher wave number bands shifted to 1419.1 ¢nand TABLE I. The observed absorptions of HKrF and DKff cm %). The
1401.6 cm®. The bands in the lowest-energy region shiftedsuperscriptS or U refers to the site. The numbers in parentheses for the
to 415.0 and 418.2 Cﬁ}, but the deuterated bands corre- experimental values are relative intensitie_s, including integrated abgorption
sponding to the-650 wave number region were too weak to of both HKrF® and HKrP. For the theoretical values, the numbers in pa-

) - rentheses are the calculated intensities in km/mol.
be observed. All the relevant absorptions are collected in

wavenumber (cm”)

In this section we concentrate on the origin of the two
forms of HKrF evidenced by two different sets of bands with
an appreciable shift between them. From now on we denote

Table I. y[H(D)—Kr] S[H(D)—Kr—F] Kr—F)
The new absorption bands d.escribe.d above are assigned, s 10516 (1.0 650.9 (0.1) 417.0 (0.6

to HKrF molecules on the following basis. They are formed pgru 1925.4 (1.0 645.9 (0.1) 414.2 (0.6)
from the photolysis products of monomeric HF, i.e., from H Theory 2179.7 (122 664.0 (10) 396.0 (216)
and F atoms. They are specific for Kr matrixes and in solid DKFFE 1419.1(0.7) 418.2 (1.0
Xe no similar absorptions appeared. In solid Ar, HArF was PK'F 1401.6(0.7) 415.0(1.0
Theory* 1584.0 (64) 488.7 (2) 395.9 (216)

already previously characteriz&tiThe observed absorptions
agree well with the high-level anharmonic calculations of#rom Ref. 16.
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T low-temperature formation and the strongest increase takes
(a) place between 25 and 30 K. On the contrary, the temperature
behavior of HKrF does not depend on the irradiation wave-
length. The formation starts below 20 K but the major gen-
eration takes place above 25 K similarly to the second stage
of HKrFS. Remarkably, HKrE starts decomposing at about
32 K and disappears at higher temperatures. The behavior of
the deuterated forms is very similar to the H forms with no
significant differences in either formation or decomposition.
A possible effect of the room-temperature blackbody radia-
7] tion to the decomposition of HKH was investigated by
measuring the decomposition kinetics with and without
glowbar irradiation. As a result, there was no detectable ef-

T j T
0.010 LKF 1amp photolysis

0.005

Absorbance

0.000

36 K

fect.
-0.005 19'60 . 1 '4 : . For comparison, it is interesting to note that Krép-
940 p 1920 peared weakly at about 13 K and increased gradually up to
Wavenumber (cm™) about 25 K. The mobility of the atomic products after HF

photolysis can also be monitored from their reactions with
y T T T y T T T O, impurity in the matrix. HQ, which is formed from H

12r o 1925 cm™ / Kr lamp (b) | atoms and impurity oxygen appeared already below 20 K but
[ —-A-- 1951 cm” / Kr lam 1 its major generation took place at>25K. FO,, which
09k P + _ forms from F atoms and £ shows rather similar behavior

-1
A 1951 cm” /F, laser to KrF,, i.e., it appears at about 15 K and increases up to 25

c
3
o
f—
&
P [ —+— HKrCI A K.
% 0.6 |- -
g | At
S o3l A _ C. Photodecomposition of HKrF, HArF, and HKrCI
o A . .
< L +,+/+’+ 4 We measured the photodecomposition cross section of
oo L "’M_ &,4}/ - | HKrF, HArF, and HKrCP? in order to obtain information on
’ . * : ' . the dissociative excited states and to make valuable compari-
0 10 20 30 40 : "
] sons between the related species. Decomposition cross sec-
Annealing temperature (K) tion o(\) is defined by the equation
FIG. 2. Thermal behavior of different forms of HKr@) The H—Kr stretch- N0'(7\)
ing absorptions of HKrEand HKrP after annealing at 30 and 36 K. The == S n, 1

spectra were recorded at 7.5 K. The data indicates the decrease of HKrF
absorption at 36 K. Irfb) the integrated absorption of HK¥and HKrP in where N is the number of molecules) is the number of

im‘ﬁi?ﬂgiﬁeﬁﬂr&)rf shown. For comparison, the data for HKrCl is in- hh6tons andsis the sample area. This equation establishes
' the way to extract the decomposition cross section at a given
photon energy from the known proportion of decomposition

and number of photons:

the form with a higher wave number H-Kr stret¢t951.6
cm 1) as HKrE (Srefers to the thermally stable fojnand a(M)=In(No/N)S/n. )
the form with a lower wave number H-Kr stret¢h925.4 The decomposition cross sections were measured by ir-
cm 1) as HKr® (U referring to the thermally unstable radiating the samples with the doubled output of the OPO.
form). Figure Za) shows both bands after annealing at 30The attenuation of radiation intensity was performed by ex-
and 36 K, indicating the decrease of the HKrEoncentra- panding the light beam with a lens. The decomposition of
tion at 36 K. Figure th) shows the integrated band intensity HRgY was followed by using the strongest H—Rg stretching
of both forms as a function of the temperature in annealindpands. Figure 3 presents the cross sections as a function of
(1 K/min) after the photolysis of HF. The results are shownthe radiation wavelength. We estimate the cross sections to
for two matrixes irradiated with the Kr lamp and thglBser  be correct within=-50%. We should note that the presence of
featuring essential differences between the two ways of phoabsorbing species may interfere with the measurement and
tolysis. lead to an underestimated cross section due to reduced beam

For the laser-irradiatetl57 nm matrixes the formation intensity inside the sampfé.The possible interfering species
of HKrF® starts in the 13—-16 K temperature interval. Be-are F atoms that have absorptions in the region of HKrF and
tween 16—24 K HKrE is rather stable and the second for- HArF absorptions. The F/Kr charge-transfer absorption has a
mation stage starts around 25 K saturating at about 30 Kcross section of 3810 *° cn? and its maximum is at 275
HKrFS is thermally stable and does not disappear until thexm?* Assuming a matrix ratio of 1/3000 and 50% decompo-
sublimation of the matrix. The formation of HKYRs differ-  sition for HF and the number density of Kr of 2.2
ent in the Kr lamp irradiated matrixes. There is no detectable< 10°2 cm™ 3, we obtain 3.% 10'8 cm™3 for the upper limit
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the potential energy surfaces and coupling between pairs of

modes. It should be noted that coupling between intramo-

+—t~—+ lecular modes and lattice modes is also included in the de-
~ scription.

We used the following descriptions for the interactions
in the Kr/HKrF system. The intramolecular potential is a sum
of Morse potentials describing the H-Kr and Kr—F bonds,
and a harmonic bending term. The parameters of this poten-
+ \ " + tial were fitted on theb initio potential surfaces of Lundell
) etall® and it reproduces the harmonic and anharmonic
(VSCPH frequencies, obtained in that work, with good accu-
racy. We assumed the interaction between the HKrF mol-
ecule and the krypton matrix as a pairwise additive sum of
interaction potentials between the molecule and the matrix
atoms. In describing the molecule—matrix atom interaction,
we used an electrostatic and a neutral term. The electrostatic
part was calculated using the wdin partial charges on the
atoms of the HKrF molecule, obtained by MR initio
calculations. The neutral part was taken as a sum of atom—

Wavelength (nm) atom Lennard-Jones potentials, whose parameters were fitted

. . on MP2ab initio calculations and on the corresponding em-
FIG. 3. The phodecomposition cross section of HKrF, HArF, and HKrCI . . . 13031 . . . .
between 350 and 193 nm. The data points were measured by tuning tl@”cal pOtent'a|§' " The Kr--HKrF interaction obtained is
photolysis laser to various wavelengths and measuring the decomposition @nisotropic, and, compared to typical intermolecular interac-
the molecule by FTIR spectroscopy. tions, quite strong: its well depth is40 meV. At nearest
neighbor distances, the “electrostatic” and the “neutral”

arts of the interaction are of similar magnitude. This shows

;)r:ethbeezlﬁtgmld;;s;tg; :[I;]Z'Slg'Vesnggfr.eiiﬁi;eedsgttsgmaéﬁr_] c{'Lat the partly ionic character of the HKrF molecule, typical
y 2970 Qom Al ' of the similar HRgY molecules, plays an important role in

bering that the decomposition cross-section measurement | . . o E .
: the matrix shifts. We used pairwise-additive Lennard-Jones
made for annealed matrixes, where the number of F atoms . . . :
. . otentials for the interaction between the matrix atéms.
has decreased via reactions, we can safely neglect F/Kr ab- . . )
In the calculations, two solvation shells of matrix atoms

sorption in the measurement. Similarly, the absorption cross .
section for F/Ar is 1.% 10~ 18 c? at 193 nré® and consid- V'€ treated dynamically, and another two shells were fro-

erations similar to F/Kr, lead to the upper limit for the total zen, simulating the crystal. We optimized the different site

attenuation of about 5% for the 1Q0n matrixes. The CI/Kr structures by minimizing the potential energy for thg system,
absorption maximum is at 222 #f?” but, according to our 2>>mMiNg double-substitutional (DS),  and  single-
knowledge, the cross section is not known. Eloraettal?® ;ubstltutlonaI(SS) cavities around HKrF in the krypton lat-
estimated the upper limit for the cross section at 193 nm agce._ For _clarl_ty, we show th_e relaxed conﬁ_gurgnons sche—
1x10 2% cn?, which would lead to a negligible attenuation matically in Fig. 4. In both sites HKIF remains linear as in
of the beam. In addition, Rayleigh scattering may lead to aﬁhe gas-phase. The DS caviliig. 4a)] is consistent with

overestimated cross section via increased light traveﬁ_he HF occupying a substitutional site before photodissocia-

distance?® but its contribution is difficult to estimate quanti- tion. The formation of this site results in some free volume, a

tatively without knowing the scattering length inside the partial vacancy on the F sio(eFig: 4@)]. The SS.cavity is
crystal, shown in Fig. 4b). Its formation is consistent with the HF

The cross sections at the 1% level from the m(,Jlx".mjmmolecule being in an interstitial site before photodissocia-

value gives photodissociation thresholds at about 350, 306i,0n’ but the pictures clearly show that it can glso be forn_1ed
and 250 nm for HKrCl, HAFF, and HKIF, respectively. from the DS structure by a krypton atom filling the partial

HKrCl shows a photodissociation maximum at about 280 nnyyacancy. It was found that the SS configuration is 3 meV

and HAF and HKIF have their photodissociation maxima at®Wer in energy than the DS configuration. o
<193 nm. We calculated the molecular vibrational frequencies in

both relaxed configurations. The calculated frequencies and
matrix shifts, together with the experimental frequencies, are
summarized in Table Il. The gas to matrix shifts are quite
We tried to gain insight into the origin of the HK¥nd  substantial, from-7 to +26 cm L. The discrepancy between
HKrFY by computer simulations. We calculated the vibra-calculated and experimental frequencies is still much higher
tional spectrum of HKrF in various solid state environments.than the matrix shifts. It shows that further refinement on the
Our approach is based on a recent condensed-phase ext&tectronic structure calculations for HKrF is necessary. All
sion of the vibrational self-consistent figfdSCH method?®  the modes are stiffer for the compact SS site. The relative
In these simulations we calculate the vibrational spectrum o$hifts between the DS and SS sites are in qualitative agree-
HKrF in solid krypton, taking into account anharmonicity of ment with relative shifts observed in experiments between
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IV. SIMULATIONS
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bending wave numbers are in a good agreement with each
@ @ other. Our failure to observe the bending absorption for
DKrF may be explained by the reduced intensity of this
mode. The calculations predict the decrease of intensity upon
({h deuteration by a factor of 5, which is enough to make it
difficult to observe. The strong decrease of bending intensity
. was experimentally observed for HArF in accord with
& theory!! The Kr—F stretching absorption position is under-
estimated by about 20 wave numbers by calculations. More
remarkable is the fact that the calculations predict a small
downshift(—0.1 cm %) for the Kr—F stretch of DKrF com-

pared with HKrF. However, in the experiments we observed

an upshift by 0.8—1.2 cit. A plausible explanation is that

the calculation does not describe at a sufficient level the cou-
C{h @ pling between modes for this molecule. In this respect it is
interesting to note that for HArF the calculations predict a
— downshift of —1.1 cm* for DArF (experimentally —0.4
ﬁ,‘ cm Ht and an upshift oft0.5 cmi * for DXeF for the cor-
() responding heavy-atom stretch. It can be anticipated that a

more accurate anharmonic PES for HKrF with respect to the

FIG. 4. The two different relaxed site configurations of HKrF in solid Kr. H—Kr stretch might also produce an upshift for the Kr—F
The DS(a) site can relax to the SS sitb) by filling of the vacancy nextto  stretch of DKrF.
the F atom by a Kr atom.

B. Formation of HKrF

HKrFY and HKrf®. This suggests that HKFFis HKIF in a Matrix-isolated HF has some properties, different from
SS site and HKr¥ is connected with the DS site. The dis- gther hydrogen halides, that are important with respect to the
appearance of the HKHFat T>32 K finds an explanation in  formation of HRgY molecules. First, monomeric HF occu-
a relaxation of the DS site to the more stable SS site by @jes both substitutional and interstitial trapping sites in solid
movement of a lattice atom into a vacancy next to the Frare gased® Second, it has been shown that both hydrogen

atom. and fluorine atoms can be thermally mobilized in solid
Kr.2>**These two factors have important consequences con-
V. DISCUSSION cerning the distribution of the atoms and formation kinetics

and site distribution of the products.
First, we discuss the photolysis of HF in substitutional
The observed fundamental absorptions of HKrF are in @and interstitial sites. The excess energy of the atoms after
good agreement with the calculated values by Lundelphotodissociation at wavelengths between 127-160 nm is
et all® The largest discrepancy is found between the calcuabout 2—4 eV and partitions initially between H and F atoms.
lated and observed H—Kr stretch being more than 200'¢cm Due to the large mass difference between H and F atoms, the
which seems to be large, taking into account that the calcuaydrogen can acquire most of the excess energy, and it is
lations include the anharmonic effects. The difference igeasonable to assume that the hydrogen atom escapes from
most probably due to underestimated anharmonicity of theéhe parent cage. When the precursor HF occupies a substitu-
MP2 potential energy surfad®ES used in the calculations. tional site, the fluorine atom remains after the photodecom-
This can be seen, for example, by comparing the H/D ratioposition of HF in the substitutional site and the hydrogen
for the H—Kr stretch. The observed ratios are 1.3748 andtom is trapped in an interstitial site. Photolysis of interstitial
1.3737 for HKrF and HKrP, respectively, while the theo- HF will result in interstitial H and F atoms.
retical value is 1.3761. Additionally, as seen from the present  Next, we consider the formation kinetics of HKrF. The
simulations the remaining discrepancy cannot be explainetick of the low-temperaturél3—16 K) formation of HKrF°
by the matrix shift. These observations show that the theowhen HF is photolyzed with a Kr lamp shows that the dis-
retical PES is still too harmonic. The calculated and observetfribution of the atoms depends strongly on the photolysis

A. Vibrational spectrum of HKrF

TABLE II. Calculated vibrational frequencies and gas to matrix sHifisparenthesestogether with experi-
mental frequenciein cm™?).

DS site SS site Difference  HKrFY  HKrF® Difference
Mode (calc) (calc) (SS-DS (Expt)  (Expt)  (HKrFS—HKrFY)
H—Kr stretch 2168(+13) 2175 (+20) +7 1925 1952 +27
Bending 685(+9) 700 (+26) +15 646 651 +5
F—Kr stretch 387(—10) 390 (—=7) +3 414 417 +3
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wavelength. The first formation stage of HKr&fter the 157  C. Thermal decay of HKrF Y
nm photolysis has two probable interpretations. It is formed
either from closely trapped pairs of H and F atoms or it is
due to extensive F atom mobility. The low-temperature for-
mation due to global H atom mobility can be ruled out be-
cause all the evidence shows that H atoms are mobilized
higher temperature¥:* Feld et al. showed that the fluores-

cence signal from F atoms decayed~&lt5 K and this tends calculated dissociation ener§y.37 eV 0.)].16 Unimolecu-

to ;ﬁt"%‘grﬁ' the mterprgtanon ba_sed tonh fluor;]ne a:ﬁn!ar decomposition is, in principle, possible via the bending
MODBIIity. HOWEVET, previous expenments have Shown that.,, qinate. Indeed, HKrF is estimated to be 5.15 eV higher
in many cases of photolysis of small molecules in rare ga

T energy D,) than the HF-Kr asymptote® All the com-
solids, a closely trapped pair of atoms is formed that can . e ; .
detrap at very low temperatur&363"We call this phenom- putational estimates on the HRgY species have predicted

enon “local mobility” and find it the most probable interpre- substantial barriers for the decomposition via a bending co-

. g . - ordinate. Johanssoet al. estimated a barrier of 1.4 eV for
tation here. Also, this image is supported by the formatlonl—|XeCI 3% and Runebergt al. estimated that the barrier for
kinetics of KrF,. Although it appears in a small amount ' '

already at 13 K the major part is formed between 20 and 2 |':1r|||: :IS 1h(|) iv' er\]/ie : xrpr)]eckt theﬂ? arr&er fonr1 HK:E ?\ls\?i 0 t?]?
K. Moreover, FQ has a qualitatively similar formation simiarly igh, ¢ akes the decompositio a s

mainly above 20 K. Therefore, we suggest that the IOW_mechanism improbable. In addition, it would be difficult to

temperature formation of HKrFis due to local mobility of explain the very different stability of HKrFand HKI,

closely trapped HF pairs. Further support to this interpre- although. their ben(jing vibrations are c!qse, indicating Sir.ni'
tation is obtained from the HI/Xe experiments, where alar bending potentials. The decomposition via the bending
closely trapped H | configuration has been chara,cteriz'léd coordinate might involve tunneling and the similar behavior
In the present experiments, it is remarkable and still unclea?f,HKrF and. DKrF does not support the d(_agomposmon via
why only HKrES, assigned to a SS site, is formed from theth|s mechanism. Moreover, the decomposition does not in-
locally trapped,configuration while H,KH: (DS sitd is volve the excitation of HKrF by blackbody radiation from
formed only in global H atom mobility. the surroundings either as verified by measuring the decom-
The second stage of formation can be attributed to thé)osition with and without the glowbar on. Therefore we do
global mobility of hydrogen atoni¥:35 The threshold for a not consider this IR-induced mechanism as a probable source

strong formation at-25 K agrees with the disappearance of ©f the decomposition of '_"Kﬁt above 32 K. o
H atoms observed in EPR experiments and UV-absorption Reactions of HKrF with mobile atoms in the matrix is a
experiment$*35 In addition, we found in the present study possible source of decrease of the HKrF concentration. Both

that the formation of HKrCl behaves very similarly to HKrF H @nd F atoms may react with HKrF producing H, and
at the second temperature stdgee Fig. 20)], which clearly HF. HoweveUr, these reactions are not expected to decompose
supports the global H atom mobility as the origin of the totally HKrE and to Igave HKrE almost intact. Therefore,
formation, taking into account the immobility of CI. The dif- although this mechanism most probably contributes to the
ference in the formation kinetics of HK?fafter irradiation at ~ decrease of HKrF at high temperatures, it should not be its
157 nm(F, lased or 127—160 ni(Kr lamp) fits this image ~ Only source. _ _ _
and most probably has its origin in the different distribution _ Finally, we consider the site conversion &t32 K.
of the atoms after photolysis, the more local distribution be-There are no ObV_|0US new bands appearing that can be con-
ing connected with the less energetic photons efidser nected with the disappearance of HKrind the most prob-
photolysis. The absence of local mobility in the case of Kr-able process is HKI—HKrFS. Indeed, our simulations
lamp photolysis may be due to the higher excess energy of ighow that SS site is a lower-energy form of HKrF in solid Kr
atoms, allowing a more extensive separation of the fragmen@nd the conversion between the sites is possible via move-
after photolysis, meaning their more efficient stabilization. ment of a Kr atom into a vacancy nearest to the F atom of
We should note here that HKrF is probably formed to HKIF. The only problem in this interpretation is that there is
some extent directly in the photolysis, but it is further pho-Nno clear one-to-one correlation between the disappearance of
tolyzed, leading to a more extensive separation of the atom&IKrF and the growth of HKrR. However, if there are still
Because of this process, the relation between the excess ehobile atoms present that can react with HKrF species, the
ergy and distribution after photolysis is not straightforward.growth of HKrF® may not be so obvious and will surely
The direct formation of HKrCl in the UV photolysis of HCI depend on the concentration and distribution of atoms.
in solid Kr has recently been reported, and it was shown tarherefore, we tentatively suggest that the disappearance of
constitute the major channel for photolysis at 193%m  HKrFY actually involves two processe@) relaxation of the
addition, recent molecular dynamics simulations for HC}/Xe HKrFY configuration to HKrE and (i) simultaneous reac-
show that HXeCl is formed directly in the photolysis of HCI tions of HKrF species with H and F atoms. This interpreta-
in Xe 28 The same phenomenon was observed experimentallfon gains some support from our recent HF/Ar experiments,
for HNCO/Xe® and HF/Ar' and it is expected to be a rather where similar behavior was observed and a similar model
general phenomenon in solid-state photodynamics. was suggestetf. In the case of HArF, also two sites were

We consider the decrease of HKrFat temperatures
above 32 K. The possible processes leading to the decrease
include unimolecular decomposition to HKr, reactions

with mobile impurities, or relaxation of the environment,
"l’éading to the formation of a new solid-state configuration.
Decomposition to HKr+F is unlikely because of a high
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found, and there was a clear transformation of the unstablsubstitutional and double-substitutional configurations of
configuration to a more stable configuration. HKrF in solid Kr. HKrF is formed in two temperature stages.
The formation of HKrF in two distinct sites can be con- The first one starting at 13 K is ascribed to a reaction of
nected with the fact that the precursor HF also occupies twalosely trapped H F pairs. The second stage starting around
different sites. The photolysis prepares F atoms in substitu25 K is due to global mobility of H and F atoms. The less
tional and interstitial sites and the HKrF is formed in single-stable site of HKrF starts decomposing at temperatures
(from interstitial H and F and substitutional Kand double- above 32 K, the other site being stable up to sublimation of
substitutional(from interstitial H and substitutional F and the matrix. The formation and decay of different site con-
Kr) sites. The existence of HKrF and also HArF in two dif- figurations of HKrF most probably involves thermal relax-
ferent well-defined sites is a unique feature of these molation of the less stable site into the more stable site and
ecules that has not been observed for the other HRgY consecondary reactions of H and F atoms with HKrF. The simu-
pounds. For Xekl, two distinct absorption bands have beenlations suggest that the more stable configuration is the
observed, and this may be an indication of the existence ofsingle-substitutional site and the less stable configuration is

this molecule in two sites, similarly to HKrF and HArF. the double-substitutional site. The photodecomposition cross
section for HKrF has been measured between 193 and 350

within the three systems were interpreted by a simple model,

Some general trends for the excited states of HRGY caaseq on the roles of a repulsive neutral state and of a bond-
be noticed from Fig. 3. When the halogen is changed from C'ng ionic excited electronic state.

to F, the excited state shifts to higher energy. Here we can
also note the experiments and calculations by Ahakaa.
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