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- OPTICAL SPECTRA OF THE DIFLUORIDE DICHLORIDE AND TRICHLORIDE IONS |
' 'IN THE MATRIX-ISOLATED M'F,~, M'Cl,, and M 013 SPECTES

Lesfcr Andrews*

;Inbfganic-MatéTials Research Divisioﬁ, Lawrehce Berkeley'Laboratofy
and>Chémistry‘Department, University of Californis,
‘Berkeley, California 94720

_ ABSTRACT‘ ‘

#bAikéii metal atoms were.codeppsited with flﬁorine and chlorine‘at:
high dilﬁtion in argon on a sapphiré plate cOOIéd to 17 X. Ultraviolet
épéctré céntainea strong absorptions‘near.300 nm for M+F2_.and 340 nm for
M 012 whlch are assigned to the oo tran31t10n of the dihalide- anlon.
~ThlS tran51t10n for Clg oceurs at half of the energy known for Cls.

The alkali metal effect on the absorptlon spect;a is consistent with an
ioﬁic model of polarizable ion pairs; In addition, the strong ultraviolet
bénd of the trichloride aniop was observéd at 250 nm with the metal-chlorine .

reactiohs and with the matrix reaction of CsCl and Cl,.

ThémAuthor is‘a Sesquicentennial Associate on leave from the

UhiVéféify offVifgihié,Jand'ah.Aifred'P:MSIOah Fellow.
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INTRODUCTION
Véry recently Howard and Andrews reported the'observation of Raman
signals n;ar 460 em™t from argon-fluorine matrix samples codeposited with
alkali atoms which were assigned to the intraionic Fo~ vibration in the M+F2-

1 The first evidence for the difluoride radical anion came from

species,
ESR spectra éf'irradiated fluoride salts at 77 K.3 Subsequent work confirmed
‘the ESR spectrum of FQ_'in solid LiF and recorded a strong optical band at'.
348 nm which was aésigned to the 22; + 22; transition of the F2_ center.,
Hence, optical SPectroscopic observatioh of F2_ using the_sameAreéctions as
the Raman exﬁeriments would provide suppqrt for this chemical preparafion of
the-unstable'sﬁeciesvFé_;v

On the other hand; the dichloride radical anion has been mére widely
studied. Clg— has been obser&ed in irradiated chloride salts at T7 K by
ESRAand'opt.ical"speétroséépy,5 in irradiated T7 Kiglasses by opticals and

Raman methods7

and as a transient species in aqueous chloride sblutidns by
flash photolySis8 and pulse radiolysis.9 Laser-Raman studies of matrix
samples‘prepared by'codepositihg chlorine with alkali atoms yielded strong

-resonance Raman progressions in the Clg- vibration.lo’ll

The dependence of
resonance Raman spectra of 012_ upon the wavelength of the-exciting line
required s near uitraviolet optical band for the M+012_ species which was
one of thé goals of this study.

Even though»optical spectra of the more stable triiodide and
tribromide ions'havé been studied extensively,12 the limited épectrﬁl
data on the less stable trichloride ion has not been well chaféctérized.
Aqu?ous solutions of Cl, and C1~ exhibited broad absorptions near 230 nm

which have been attributed to 013..13’1h Upon warming irradiated_NaCl--




HQSOM glasses, the Clg absorption decayed and a band as31gned to Cl3
appeared at 230 nm. 6 The M Cl3 spec1es is produced as a secondary
reaction proddct in the matrix reactlons of alkali metal atoms with
chlorlne,ll which has been confirmed by the matrix reactlon of MCl salt

l ° .
'molecules with chlorlne > The optical spectrum of the trichloride ion

1n the M Cl3 spe01es will also.bezpresented in the'following study.
~ EXPERIMENTAL SECTION

The Vacuumvvessel used for optical matriiaisolatiOn'studiesvwas
simllar to that pretionsly described for 1nfrared workl6 except for
quartz optical windows and & Model 21 Cryodyne (Cryogenic Technology, Inc.)
closed-cycle hellum refrlgerator for the sapphire cold window which
was mounted w1th indium gaskets to a copper block. A Cary 1L recording

_spectrophotometer with a modified sample compartment was used to obtain
.spectra from 800 to 200 nm. |

Fluorinev(Matheson) wasxslowly passed through a coil immersed in

,liquid-oxygen. The-stainless steel vacuum manifold and sample can |
were thoroughly pass1vated with F2 before.use. Chlorine (Matheson)
was condensed at 77 K and outgassed. Aréon (Liquid Carbonic, 99.997%)
._matrix samples were prepared and deposited at the rate of 2 mM/hr onto’
the sapphire plate cooled to 10 K or 17 K. ' ‘The higher temperature |
gave more transparent less scatterlng matrices: | |

.thhium metal (Fisher Scientific-Co.), sodium metal (J. T.‘Baherv
Chemical Co.), potassium metal (Bakerwand Adamson, Allied Chemical Co;)‘
and a lithium metal-cesium chloride (Qrion Chemical Co.) ﬁixture were
loaded into alstainless steel Knndsen cell’as described.p{evionsiyl7

and heated to operating temperature in the apparatus behind a sliding
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door. Metal atom deposition temperatures for Li, Na,‘K and Cs atoms
were 425, 230, 160 and 290°C, respeétively. Cesium thoridé vapof was
also deposited’from a 425°C Knudsen ceil in several experiments.
Approximately'QmM of matrix sample weré deposited on the cold
éapphire plate, the absdrption spectfum was recorded, and alkali metal
vapor was codepositedfwithAthe gés_mixture for l-h hr. Absorption
spectra were recorded during sample deposition to monitor the reaction.
In order to.eliminate absdfption due to metal.aggregate species, the
matrix reactions were'done_with excess halbgen. Samples containing
alkali metal atoms-and Fy were.clear and colorless in the center
whereas matrices containing M and Cl, were a clear, faint‘yellow. After
recording final spectré,‘selected samples were éxposed to the tungsten
lamp neaf-iﬁfrared.sourée of the Cary l§ énd/or warmed to higher
temperatures to allow diffusioh’of tréppéd sPecies;then recooled and
addifional spectfa were recorded. The.standérd Cary 14 tungsten lamp
(General Electric, 100 W, pyrex envelope) operates at about 3000 K. At
300 nm the lamp output is approximately 1% of>its maximum at 900 nm, about

8% of maximum at 350 nm, and 80% of maximum at TOO nm.
RESULTS

Optical absorption studies of the producfs of alkali metal atom

matrix reactions with fluorine and chlorine will be described in turn..

Fluorine

A sample of fluorine in argon'(Ar/F2'= 50/1) was deposited for 3 hr

(5mM total) and the absorption spectrum revealed no bands from 600 to
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200 nm; the scattering_backéround iucreased to 1.0 0.D. at 200 nm.
The very weau optical absorption of molecular fluorine at 285 nm18
was not detected in fhese experimeuts.
When sodium atoms were codep051ted with the Ar/Fg 50/1 sample
fortone hour, a very intense band appeared at 312 nm (l 0 0.D.).
Exposure to the tungsten lamp reduced the band to 0.50 0.D. and the
peak shifted to 292 nm. Another experiment uas done codepositing sodium
atoms with an Ar/Fo = 100/1 sample. After 1 hr,a 309 nm absorption
(0.50 0.D.) was observed which became a strong 310 nm band (0.90 0.D.)
after 2 hr; this feature is illustrated in Fig. 1. After 20 min of
tungsten'lighp, the band measured 303 nm (0:50 O.D.) which is also
1llustrated in Fig. 1, and after 102 min, the absorpt1on was reduced to
O.2h 0.D. at 293»nm-A It should be noted that the alka11 metal~ fluorlne
sauples were'clear and colorless in the sample'center, as the lack
of rlsible absorptiouvindiCates. | |
‘Lifhiumfatoms were codeposited with'anvAr/Fg =.lOO/l sample for
3% hr and a 300«:'3 nm band (0.31 o.D.) resulted Five inin of W light
‘reduced the band to 0. Oh 0. D at 280+5 nm and 5 more min destroyed it
completely, as is shown by the spectrum in Flg l( ).

- A 1% F2 sample wasreactedwith potassium atoms for 3% hr which
jreduced the strong (1.0 0. D ) 29h+l nm band 1llustrated in Fig. 1. After
10 mln of exposure to the W lamp, the band was reduced to a weak broad
shoulder on the steep sample background | | | | |

Flnally, cesium atoms were codep051ted w1th an Ar/F = lOO/l sample

for 2% hr and a strong (O 85 O D. ) band appeared at 28h+l nm. This



band is shown in Fig. 1 along with the result of 15 min of W lamp

photolysis, a 269 nm band with 0.66 0.D.. A total of 25 m of W light

reduced thé band'to 0.60 0.D.. 'Warming the sample‘suéessively to 32,

37 and 42 K merely broadened fhe band with little effect 6n its intensity

or position; | |
The_abédrption band maxima are listed in Table I for the alkali

metal-fluorine reactions.
Chlorine

A blank‘experimenﬁ.wés run using a chlorine-argon sample with
Ar/012 = 100/1; 9 mM of condensed gas produced a O;h 0.D. ébsorption
at 327+2nm which is in géod agréement with thé gas phase band maximﬁm,
325 -nm, 'for Clo. 19

- Two experiments were run with lithium and chlorine; the top trace
of Fig. 2 illustrateé_the spectrum. Two bands were observed, a 248+1 nm
band (O;hQ,O{D;) on the rising background and a.strong band at 338.4#0.5 nm
(0.66 0.D.). Four min of W lamp operation reduced the 338 nm band to
0.52 0.D. and left the 248 nm absorption unchanged. These samples
 appear¢d cléar_wiﬁh a faiﬁt yellow color in white light.

.Severgl.sodium experiments were performed with Ar/Cl, = 100/1
samplés searching for the optimum sodium concentration. With éxéess
sodiun, a strong feature was observed at 450 nm ﬁhich is believed to
be due to Na, which ‘absorbs stréngly at 460-480 nm in the gas éhase.20 '

Spectrum (b) in-Fig; 2 shows a very strong 250*1 nm band (1.0 0.D.), a

strong 344.5£0.3 nm absorption (.82 0.D.) and & weak band at 450 nm.




DU UAd3US83 g3

Operation éf the W lamp for 20 m destroyed the 450 nm feature, reduced
the 344 nm band to 0.57 O.D. and left the 250 nm absorption unchanged.
An experiment with potassium and chlorine produced épectrum (c)
of Fig. 2 which contained very intense bands at 343.0#0.3 and 247+l nm.
The latfer increaéed on sample warming to 37 K gﬁd the former decreased
upon.expoéure to the W lamp. o _ o ;

Cesium atoms at 297+2°C were codeposited with a‘l% chlorine sampie
in;argon'for 4O min and the very strong bands shown at 3hh;0t0.3 and |
250%1 nm in the last trace of Fig. 2 were produced{ " In order to gain
chemical information on the identity of these two absorptions, two
additional cesium experiments were conducted. First,'using a reduced
cesium source temperature (294+1°C) and a reduced chlorine concentration
(Ar/Clp = 400/1), the top spectrum in Fig. 3 shows the two bands’
at 249+1 and 351*1 nm,’siightly shifted due to the steep red absorption
Qf_excéSs cesium in the sample which was royal blue_in_apbearance.
Comparison of Fig. 3 (a) and Fig. 2 (d) shows that the ceSium atom
concentration in these experiments is greater than 0.25% but less fhan
1%. The next reaction, shownxin Fig. 3 (b) used a lowér cesium
source temperature (288+2°C) and Ar/Cl, = 300/1. The 250 nm band was
obsefved as a shoulder (0.08 0.D.), the 344.0£0.3 nm band appeared as
a strong 0.58 0.D. absorption, and no other absqrption was'bbsefved'»
~out to 800 nm after 4L hr of sample desposition. The dashed trace in
vFig..3 (b) showsvfhe effect‘of_lo_ﬁin of W lamp irfadiation: 344 nm
bwas_reduced to‘0,53 O;D.’while 250 nm was unchanged. Upon.sample

warming to L2 K and recooling to 17 K, the 250 nm shoulder increased to
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a partially resolved 0.46 0.D. absorption while the 344 nm band was
essentially.unchanged (0.55 0.D.). The absorptions from alkali
metal-chlorine studies are collected in Table I.

Finally; $uspecting that the 250 nm band in cesium-chlorine
experimenté Qas due to a secondary reaction product of CsCl and Clg,
cesium chloride vapor was evaporaﬁed from & Knudsen cell and codeposiied
with an.Af/CiQ = 200/1 sample. The last trace in Fig. 3 shows a very
strong 250.7%0.3 nm absorption (1.0 0.D.) and a weak 340 nﬁ band; the
latter weak absorption appeared after the Knudsen_céll was warm, but
before the shutter was Qpenéd,.and it was bleached by the W lamp which
had no effecﬁ on'the strong 250 nm absorptioﬁ. Sample warming to 37_K

increased the 250 nm band to 1.7 0.D.
DISCUSSION

The present opticai absorption data, coupled with analogous laser
Raman studies, provideszabasisforthecharacterizationof several
unstable chemical species which contributes to understanding bonding

and electronic structure in ionic molecules.
Identification of New Species

A single‘intense new absorption band was bbserved near-306 nm
following the reaction of alkali atoms and fluoriné.- Analogous laser
Raman studies produced a single new Reman band near 460 em™’ which
exhibited small alkali metal shifts. Comparison of Raman spectra of

sodium reactions with Fo, mixed Fp and Cl,, and Clp samplés showed, by
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the absence.of new features in the mixed experiment, that the new signal was
due to an intermediate in the primary reaction 1. Infrared studies Of these
M+ Fpr—> MFy  ——> MF + F - (1)
reactions yielded strong’metal fluoride monomer and dimer bands, and in several
o S ot - I ; . .
cases, tentative assignments to the M <> Fo stretching mode of the intermediate
o 2
species,
" Since alkali mefal fludridé molecules prbduce weak continuous‘gbsorptions

glvit is reasonable to assign the strong absorptions between

below 200 mu,
284 and‘310.nm‘dépénding on M tovthé difluoridé mqlécular anion in the
M+F2_ speciés; This is in accord with the_observétion of a strqng,3h8 nm
band ‘for F,~ in irradiated LiF at 77 K. |

"Althoughrit is -difficult to discriminate between the long wavélength'tail'
of an ébsorption and the scattering background of the'matrix, the szvabsorption
observed here appears to tail up to the visible region qf:the spectrum such that
preresonance enhancement of Raman signals with 488 nm excitation might be
possible. This helps explain the observation of reasonably strong F, Raman
signais from samplesl’2 which p&obably contained a relativeiy]ow concentration
of trapped M+F2_'.

qu, considéring the alkali metgl—chlorine reactions, two optical bands

were'obéérved, one néarv250 mm and the other néar\3h0_nm; depépdihg upon ﬁhe:
alkali cation. ‘Thé'relativérintensities of these bands were $trongly_dependent
on the‘COncéhtrations of M and“Qlé,as camparison of ﬁhg'spéctra\oﬁ Fig. 2(d) and
Eié.:3(a;b);indica£é:_‘vAt lowér'feagéﬁt qoncéﬁtratiOns the 250 mm band yield
is feduced;signficanfly; relative to.th§‘3h6vnm band.

S The intermediate‘dichlofide radical anion and the,metal_chloridé
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are both primary reaction products whose yields depend upon the concentration
of each reagent, i.e. reaction 2 is "first order" in each reagent. However,

3 is "second order" in Cl, and "first order"

+ - :
the M Cl3 product of reaction

M + Clp—> MCl, —> MC1 + Cl ' (2)
.
MC1 + Clp—> M Cls (3)

in M making the yield of the secondary species M+Cl3— a higher order reaction
which is more sensitive to Cl, conceptration than the_broducts of reaction.
2. Accordingly, thé concentration and sample Varming data indicate that
the 250 nm bahd_is a secondary reacﬁion product, 3, and the 340 nm
absorption is due to the brimary reaction 2. Althougﬁ alkali chlorides
are knpwn to produce weak continuous. absorption in the ultréviolet, a
‘fecént matrix isolation study of several orders of magﬁitude more
NaCl than formed in the present matrix reactions produced no absorption
spectra.22 Heﬁce,“the‘two bands observed heré are due to diatomic and
triatomic anions which are very strong absorbers. |

In order to:confirm that the 250 nm band is due to ﬁhe sécondary
product M+Cl3—‘species, the.direct matrix reactiOn of CsCl vapor and
Clo was carried out, and it produced a very strong 250.7%0.3 nm band
in agreement with the feature produced by the cesium-chlorine reaction.

The strong abéorption between 338 and 3Lk nm,'depending upon
alkali metal, is due to Clg_‘ip the M+C12- species. This obsefvatioﬁis
in agreement with 612— bands in solid KC1 at 365 nm,s,aqueous solution
at 340 nm8’9 and alkali chloride-borate or H,yS0) élasses at'335.nm.6’7‘_

The resonance Raman spectra using blue laser excitation produced



‘very- strong Clp~ fundamentals between 264 and 225 em™t depending upon

M+ and overtone p?ogressions.out to 8v which exhibited resolved

~ chlorine isotdpic splittings consistent with a'molecule_containihg

two equivalentlchloriné atoms.'l The féint Yéliow.sample color. and

.the long wave length tail of the absorption bands show that the Cig-
‘absorption reaches weakly into the blue visible regiOn'which’is<in<
accord with the observation of resonance Raman spectira of Clz_-with argon
ion-lase:'lineéJ It was also notéd that decreasing the exciting

.-wave length from 514.5 to 457,9 nm produced a marked enhéncement in
_the_reSonanCejRaman spectrum of Cs+012- as the laSer excitation

_approached the absorption band maximum from the long wave length side.
~ Band Assignments

In order to understand the spin resonance spectra of V-centers in:

“alkali chloride salts, the electronic structure of the Cl, ion has’

23,2k

been considered. Absorptions have been predicted in the violet

and red regions. -

Figure 4 shows a schemétic ehergy‘level diagram from the M+C12—
speéies assuming’CQQ symmetry sihcé the chlorine isotopic splittiﬁgs
in the resonance Raman overtoneé suggest;eQuivalent'chlorinevatoms.lo’ll
,.Only the sjmmetry designation will chanée if the molecule has ohly.a_
plane-of symmetry. The T, and ﬂx*'ofbitals which point t§Ward'thé'

metal have been placed lower in energy than their Ty counterparts in

acgord with recent theoretical calculations25 on Li 02 . The ultraviolet

'apd red absorptions are indicated. Delbecq, et. al.s cbserved a very
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\weak 750 mm band in addition to the strong 365 mm sbsorption of Cly  in
the KC1 lattice. These workers concluded, from absorption and bleaching | -
effects on thé 365 nm band with polarizéd ligﬁt, that the transition moﬁent:
giving rise to the 365 nm abosrption was parallei to the molecular axis;
Hence, thé assignment of the near ultraviolet absorption of the o+0¥% transition
between the 22; gfound and 22; excited states of Cl2_'follows. The very weak
- band is due to a w¥»o¥ transitiqn between the 223 and Qng states.

Thé near ultraviolet bands for M+F2— and M+C12— are assigned to the
g+o¥* traﬁsitioﬁ depicted in Fig. h, Unfortunately, the very much wesker
ﬂ**ﬂ*'red'tfansitions for these species were not detected. It is well-known
in trihalide ion systems that Og*oy* transitions are much more intense than
12,26

>0, * transitions.”

Tg

The stfong;QSl nm band observed for Cl3- in the Cs+Cl3_ species is
assigned to the 0Ug*0,* transition which has been described in detail for
Br3_vand I3-;12 Preliminary salt reaction expefiments were done with CsBr,
Brg,‘and Csi; Io> and strong absdfpfions due to‘Cs+Br3—'and Cs+I3_ were |
observed at 268 and 273 nm, respec.:tive:ly,z7 which afe in accord with thé
solution work.lé_ The trend in Cs+X3- absorptions from 251 to 268 to 273 ni
is also coﬁsistent with halogen spectra.26 The stroﬁg_251 nm Cl3— band
observed here is also supporfive of the 230 nm aqueous solution assignments;lS’lh
however, the absence of absorption near 320 nm following exposure to the W
Jamp indicatéb that most of the long wavelength absorption in the aqueous -

"solution studies was due to unreacted C12 in solution, which is, of course,

in equilibrium with C1l37,



Bonding

It is of interest to compare transitioﬁs fbf the halogenlmoleeule
and the dihlaide molecﬁlar ion for the effect of the extra electron.
Since the o»0* transition for Fo hae not been‘determined, our eompariSOn
is limited to_this transition energy for‘Clg and Cly, . For Cly, the

upper states lZE and 3Zu with energies of 63,975 and 58,454 cm 1

correspond to the o+0*vtransition28 giviﬁg’an average value of 61,215 cm-1
which compares with 29,400 em™l (340 om average) for Cly in M+012—.
This red shift is expeeted for the aniqn as extra electron-electron
repulsions and the presenee of an extra electron to be attracted by the
nuclei lead‘to-aﬁ increese in the valence‘eieetronénuclear distances
and a corresponding increase (algebraic) in the_eleetronic energy of
the system. A similar red shift from neutral to anion has beenxobser?edv
for C2 (230 nm) and Cp™ in M*c,” (500 nm).??

Note also the trend in G>C* transitions for M'F,” as
-a function of M+, which is displayed in Fig. 5 for the four Xg— species.
The wavelength increases (energy decreases) Li+.to Na+ then decreases
to K+ and to Cs+. This trend can be teken as a measure of the ionicity
in the M+F2_ species‘as a function of the M+ ion polarizability. Ionic
model calculatiens on M+02— and.Raman spectra of 02— in these epecieS'
show_that-Na+02q is the most ionic as measufed by the lowest O—O‘
vibrational frequency owing‘to the largesﬁbantibonding electron density.30
As tﬁe_pelafizability‘of M" increases, the induced dipole moment on
M+ increases end withdraws some anion electroh density.and slightly

shifts the spectrum back in the direction of the neutral molecule.
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Notice, however, that, as. for Raman spectra of Op and M+02_, the

alkali metal effect on = electronic spectra of C12— is small

(Li to Nat is approximately 500 cm_l) whereas the shift.from Cls to

Cly is véry‘large (approximately 32,000 cm—l).
Lastly,»noticevthe'increaSing red shift for the Cs+X2— species

for C1, Br and I from the curve in Fig.'S. This departure from the

ionic model trend will be explained in the following paper.27 in terms

of inner shell (5p) bonding with cesium, 7t

Matrix Reaction Chemistry

The present resuité reflect on the stability of the intermediate species

formed. FirSt, the M+F2_»sfecies all decomposed when exposed to the
tungsten lamp even though the iamp output was very.loﬁ in the F2-
absorption ﬁénd. By éomparison the Na+F2-‘species was halved by a
2212 min exposure whefeés ﬁhe Na+C12_ bahd,iﬁtensity'was'?educed to
70% by a like e%posure; howevér, the lamp was eight-fold more intensg
in the Na+Clg— absorption band. These observations indicate that the
M+F2f species is considerably more photolytically unstable than the
M+012— compoﬁnds.l It is suggesfed that photo—decbmposition of the
M+F2— and M+012— species produces the final alkali.halide products of
reacfions l_and 2. Of the four M+F2— species studied; the Cs' compound
was the most stable with a tungsten lamp exposure half-life of 50 min.
Hélf-lives of the M+F2— and M+012 band intensities are contrasted in

Table II. As.might be expected, the stability increases with increasing

atomic weight of the alkali atom and the halogen fof Fo and Cls.
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Sécond,.thé'Salt-halogéndréQCtion é‘proceédsvreadily to give the
MfCl3"spéciés;‘whibh is analogous tO'the'SOiugion reaction of chloride
idn with chlorine. Reaction Q{fééuirés littlé.ordho activation enefgy
since sample warming to 42 K (Fig. 3(c)) to allov limited diffusion of
tfdppéd s?éciéévpfoddcéd mdrkdd grdwth.Of thé'Cs+Cl3- absorption.

Finally, if the secondary reactlon of CsF with Fo produced a Cs F3
spec1es, its absorption was not detected here due to coincidence with the
strong Cs Fg abSorptlon; or-appearance below the steeply»rlslng sample

background at 220 m,
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Table I

Absorption Band Maxima (nm) for Products of Alkali Metal Atom

Mati'ix Reactions with Fluorine a.nd.Chlorine

+ + +

Li Na K
Fyo 3003 310£1 29k+1
Cly~ 338.4%0.5 344.50.3  343.020.3

c13” 2481 250.0%0.5 247.040.5

Cs+

28L4+1

344.040.3

250.5%0.5
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Table II

. R T I ' '
Half-lives (min) of the M Fp and M Clp Absorption Intensities
When Exposed to the Infr'a.red' Source Tungsten Lamp of the Cary 1k

+ ) v: ‘ .
Lt Na' cs’

Fp 2 20,2k .50

e, o1 38 7



Fig. 1.

Fig.

Fig.

Fig.
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FIGURE CAPTIONS

Ultraviolet spectfa_of the products of alkali metal atom matrix

_reaétions with fluorine in argon, Ar/F, ?'100/1. The spectrs

displacéd'to thé'right"were re@ordgd following.sample exposure
tb.the"tungstén lamp for the given time. |

Optical spectra of thé'products_of Li,‘Na, K,.and Cs atom matrix
resctions with chlorine in argon, Ar/Cly = 100/1.

Optical s?ectra of the'pfodugté of theAmatrix reaction of Cs and»ClQ.
(a) Ar/Clp = 400/ and (b) Ar/Cl, = 300/1 with less Cs, dashed trace
fdllows iolmin exposure to W lamp; Trace (c) shows the efféct of.
sample warming to.aliow diffuéioﬁ; Spectrum (d) illustrates thé
CsCl and 012 maxrix reéctidn products.

Schematic energy lével diagram for the MfCle— species assuming Coy

symmetry.

~ Wavelengths (nm) of the U»G* transitions. for the dihalide radical

I : + + + :
anions displayed for the Li , Na , K+, and Cs counterions.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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