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Optlcal Properties of Matrix-Isolated Tri- and
Polyatomlc Molecules

Jerry J. Smlth
Inorganlc Materlals Research Division, Lawrence Radiation Laboratory,

UnlverS1ty of California, Berkeley, California
Chemlstry Department, Unlver31ty of Washington, Seattle

. ABSTRACT

vThis report presenfs a summery of the results of ultra-
violef; visible, and ihfrared investigations of matrixfisolated
trie-end small polyatomic radicals.and molecules. The data
»is eempiled frem’the litereture rhrough January 1969. Selected
refereﬁces.éppearing later'than_this déte are also iﬁcluded.
Anfefﬁempt was made to ﬁakerthe report as éomprehensive’ae
possibie, but it is aimdstvcertain'that some data has been
omiffed, particﬁleriy for the;polyafomic species. No effort
was‘made'to include organic species beyond single carbon cen-

taining molecules. Data on organics is contained elsewhere

- . - (B. Meyer, 70). 'Furthermore, data on pure solide‘are omitted.
" v » .'This4report coneists of two parts. In thelfirst, a
’wriﬁten'description of each triétemic species is presented.

In_the second, data for each mdleculefare presented in tabu-

lar form. Data for polyatomicsare'presented in tabular form

* Preseht address: Department of Chemistry, Drexel Un1vers1ty,
w0 Philedelphia, Pennsylvanla
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only.:

,iThis report is a preliminary section of a chapter to be
published in a book’éntitled "Low Temperature Spectroscopy;
..Opticéi Propérfies of Molecules in Matrices, Glasses, and Mixed
anyétals,“ by.B. Meyer andnj. J. Smith,’Elseviéf, New York,

1970. /

This work waé performed at the University of Washington,
Seéttle as a part of a project felated to the interests of the
-.Inorganié Materials‘ﬁesearch Division; University of Célifornia
' 'Lawfence Radiation Laboratory, Berkeléy.,_A portion of the work
cqntainéd‘herein.was performed under the auspices of the U. S.
Atomib Energy Commission.
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The,molecules_cbvered in thismreport are listed alphabetiéally by

formula. Triatomics with C

symmetry are, with few exceptioas, written

with the central afom first. Carbon containing moleéules, also with a

few excéptions, are written with the carbon atoms first. Where the

possibility of ambiguity exists, the formulae are written to indicate the

atomic érrangement. The following is a list of the-molecules reviewed in

TRIATOMICS

f
BO2

BaFé

BeBer.

BeCl2
B§F2
BeI2

‘3

02H

cco

CBr. -

2

CClBr

cc1
CF

CHF
CH,
© CHO

CNN

cos

cs

2

CaF2

car,

Scac,

CdrF,

.
2.
CHC1 -

HgBr2

NlCl2

"NiF

~the order presented in both the text and tables:

ScF2
Se02
.Si3-
‘3iCC
Sicsi
SiCl2
'SiF2
SrF2
vTaOQ
o,
,XeCl2
.vX?F2 .
- ZnBr,

Zn012

ZnF2
Zn12

~ TETRATOMICS

AlFB_
(80),
CBr3
| CCl3
CF3
-.CFeva
~ CF,0

CH

. SiF.

F
CH,N

CH.O =
CH
Cco
(c10)
FNCN
(HBr)2

AV

w N

- (HC1)

HNCO
HNCS

- (mo,)

N.H._

272

%%
Sicl,
L 3

(8iC)

WO



. PENTATOMICS

B0,
CBryli
- CCLgla
oL
CH,CO
CHN,

QL
CH.F

CH.Ii .

i PR

'OTHERS
* CH_LiBr

3

"CH.OH

3
CEBrh’

3(HCN)2

N2Hh
NQOh ‘

NbCl
' 5

. CH2(CN)2
,N205‘
ALF

(BF3)2

f(CHB)BN
(CH, ) ,81H,N
',CH3(SiH

3
3)2N
(SiH3)3N
Fe(CSHS)2

~ Bu(C_H_)

553

UCRL-19180



Part I

A REVleW of the Results of . Optical Studies on- Matrlx—Isolated
: " Triatomics Molecules :



988 om’ltin krypton and is ‘assigned to V

_to an overtone of v

S |  UCRL-19180

2

in argon and krypton matrices at 4.2°K. In dilute samples, only one

ALinevsky et al. (6L) have reported the infrared spectrum of Al,_O

prominent absorption is observed, but in more concentrated samples
several.bands appear. The former appears ot'99h cm_l in argon and
3" Bands at 715 em™! in argon

and'769,om7; in‘kryptoﬁ afe aSsigned to-vl.> Results with 18O substitu-

tion are consistent with the assugnments. The observed shifts'suggest

a molecular bond angle of near 150° and a v, bending frequency of 238 cm

2

,Also'obéerved in the specﬁrum'is & band near 1870 cm” -1 which is assigned

3

Boron dioxide has been prepafed for observatiOn in matrices by

_Sommer 1963 through the ox1datlon of B 0 with ZnO Mass spectroscopic

273

analy51s, hOWever, shows BO to be a minor constltuent (BO /B0 = 0. 10)

2 3

- so that spectral observation is: 11m1ted to those regions unmasked by

0,. The visible absorption 3pectrum of BO, in argon-consists of a

P03+ 2
series ofgbands in the 380—580 n reglon. The majority of these bands
can be aésigned to the transitlon:A Huv*vX Hg through comparison with

the gas phaée high resolution work of Johns (61). The gas to matrix

shift is about hOO'cmf; and all but three bands appear to originate

“from thé’gné/ subleﬁel Two bands near th nm cannot be fittead to- the.
-1 transitlon but correlate closely with the (0,0) tran51tion of the

B state ~the B Z+ + X H - These bands, along with three;from*the

-1
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s - . 2 '
H—H transition, appear to originate in the 1l sublevel.

1/2

The infrared specﬂrum of ‘the molecule shows absorptions at 1276
and 1323 pmf;.- These bands are assigned to the asymmetric stretching

frequency,zvj, of the species 'llBoz and _lOBO2 rcspectively. The

additional fundamental frequencies were not observed because of overlap

0..

from-the'spectrum of B2
2

BaF2

‘The infrared spectrum of matrix-isolated barium'fluoride.at L.2°K.
in'tﬁe'régibh:from LQOO;2OO cm'_l ﬁas reported by_Sﬁelson in-l966, and
mofe'réééhﬁly, by Calder et al. (69) in krypton at 20°K. The observation
of an infraréd absorption attributable to the symmetric stretching |

frequency_éubstantiates the bent C structure. Bands assigned to

2v

v, and V. appear in krypton at bfl3"an'd'390‘cm‘l respectively. Assign-

3

ments are based on the relative intensities. The bending mode was not

1

observed but is calculated to be 6k em L. A veak band at about 325 em™t
appears in neon and.argOn'matriées and is assigned to polymeric or

agglomerate‘materiai; A$ the métrix is" changed from neon to argon to

krypton,-thérexterﬁal heavy atom effect’onfbothkﬁjbrational frequencies

causeSfihcreasing'réd shifts. The apex angle is esﬁimated to be 1009;

_BeBr2

BéBre hés:been'aeposited.directly from the solid into neon and
argonrmatrices at 1.2°K by Snelson (68). The vapor is superheated 0
975°K to reduce polymer concentrations. Infrared observations give

two bands in neon.at 993 and-?OY;cm—l, but only cne in argon, 985 et



'band'atVHBQ em ™t previously sssigned to v
‘temperatures and is probably in érfor.>_Estimatioﬁvof \V

_value of 390 em™F (Snelson, 68). The absénce of v

BeF
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The band near 990 cm-l is assigned to v3 and the low frequendy‘band

‘to.v ;..The latter is presdmably shifted below the detection limit of

2

200 cmfl_in sargon. The frequencies are consistent with a linear
using the valence

force field approximation gives a wvalue .off 230 cm_;.

struecture for the molecule. A caiculation of vl

BeCl,

Beryliium chloride in the rare'gases'at 4.2°K, shows infrared.
ébsorption bands at approximately 1120 and 240 cm * (Snelson, 66, 68).

These bands are assigned to the asymmetric stretching vibration, v3

’and‘the_behﬁing'mOde, Ve; respectively. The former correlates closely

l‘(

with the gas phase_v value of 1113 cm_ Bﬁchler, 58). The gas phase

3

5 is not observed at ldw

1 suggests a

1 is consistent
with a'liﬁear structire for Be012, Force constants are also‘repdrted.

‘Monomeric beryllium fluoride shows_two_strong infrared absérption:

festures (Snelson, 66). These bands3'ét 1542 and 330 em ™ in neén at

4.2°K, are assigned to v',andvvz, respecti#ely. . No bands corresponding

3

to v, are observed and the molecule is presumably linear. Additional

‘weak bands at 830, 790, gnd~1250’cm*l-are'attributable-to dimers and

polymers of BeF Mass spéctréscdpic data (Hildenbrand, 64) indicates

5"
that up to one mole per cént of.dimers_may'bé'present'in the vapor at

600°C. Gas phase values for v3 and v2 are repbrted to be 1520 and
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825'cm"l réspectively (Biichler, 58). ~The value for v3 in the gas phase
and in matrices are consistent,ihowever the results for Vé are in

disagreeﬁent.' It is possible that the gas phase band at 825 cm"l is

due fo'é polymefiCVSPeCies..‘Fonce constants and the symmetric stretching

vibretion,'vl = 680 cm—l,'have been calculated using-a valence force

field method.

Bel
';on;y one Vibrational fundanental'ef BeIevhas been observed in -

'matrices folicwing vaporiZation Of:the solid (Snelson, 68). . In both

neon and argon at 4.2°K a band of multlplet structure appears near

870 cm l. The fine structure is presumed to be due to matrlx effects.

" The band is assigned to v3 of the molecule. A calculated value of

160 Cmﬁl for v,

(U]

The molécule C3 has been studied'extensively by several workers

(Barger, 62, 6L, 65 Brabsdn,_SS; Weltner, 62b, G#a;b, 66) in a variety

of'sol;de. All workers have used trapbed carbon vapor as_the.C3 sou:ce;
The vaber concentration of C3 deﬁends on the'nature of the source. A
tantalum Knudsen furnace has been reported by Weltner(6ha) to glve
50% 7% 2, 38% C and h% Ta at 2700°K. Langmuir sources at 2500 K
give a compos1tlon of about 25% 3, 25% C, and 50% C atoms.

The gas phase "LLOSOA system' of C., assignable to the A]'H —X Zg

3
~ has redently been anaLyzed by Gausset et al. (63,65). The molecule has

& very low ground state bending frequency (63 cm ) and a large Renner

is obtained usingvthedvalence force field approximation. -

FES
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effe¢t iﬁ the excited lHﬁ state (€ = +0.537). The gas phase analysis

indicates that the uppef state is also linear and that Franck-Condon

~ factors allow transitions involving vl',2v2', and 2v_', if observed in

this system.
The matrix-absorption spectrum of C, also consists of the A;Huo—-XlZg+

3

system. Table I givés the origins as well as other'perﬁinent data oﬁ .

this system in each of the matrices studied.

Table I.
Charactéfisﬁics of £he>C3, Alﬂhf——xlié+8ystem iﬁ Various Matrices
‘Matrix . A um—l ‘Half- Gas to
(nm) ?iifg) matrzzﬁf%;ft References

- Co, 398.5. 2.§Q85 soo' -h10 Barger 62, 64, 65

Ne® 405.7  2.46k2 12-36 33 Weltner 62b, 6la,b, 66

N, . hbé.Sb 2.4635 250 .; 4o | '_. Barger,vBrgbsbn'65

SFé. “407}0 27u565 - 200 :, 110 Barger |

Ar | uioqe 2.4370 11-50 305' ' Barger, Brabson, Weltner
-0, ) ulb,z '2.u37o ' ’uo ‘ ',- 305 Barger |

" Kr "'410}6 V 2.4350 200 325 Barger, Brabson

Xe 43k 2.3610 100 1065 'i Barger A

& After annealing.
P prabson repbrtsva value of 419.9 nm for the (0,0,0) band in N,.
¢ Gas phaséfvalue LoL.98 mm = 2.4675 um_l.
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The appéaranée of the bands, as evidenced by the half-widths, depends on

tpg matrix.,vNebh,_argdn'and'oxygen were all observed to give sharp
s%iﬁiture.-.Neon-and aréon.apparently.give additiqnal.multiple sites on
initidl condéﬁéation.v Weltnef (66) reports thaﬁ énneéling of the C3
neon~system at_11-12°K.for 0.5 hr leads to considerable simplification
-of the speétrum. It is noteworthy that, before annealing, the fFirst
strong Baﬁdvin ne§ﬁ oécurs at 407.2 nm with the mulfipletﬁstfucture
extending to about uos.o"nm and~in¢ludes thé strong band at 405.7 am.
Emission'df_this éystéﬁl(discussed bélow) also shows’the first band at
Lo7.2 nm,vbﬁt tﬁé band structﬁre is not afmirror‘image of the abéorption
(0,0,0) band-and litfle'other stfucture is present. Annealing leads to
é loss of a1l structure with only the 405.7 hm band remaining. Thé
vanﬁealing"efféct on emission is, unfortunately, not feﬁorted. It is
not clear ﬁhj the multiple siteé are observed in absbrpti;n,.but not

in emission.

‘The absorption bands show progressions in vl‘ and weakly 2v2'

in line with expectations. The values of vi'

certain extent, on the matrix environment. Values reported for ,vi

' depend to a

van@ V2

are 1125 cm-l in neon and 1095 cm_l in argon. The uppervstate bending

1
2 .

“less .clear because the large Renner effect leads to uneven spacing of

1

frequency v varies between 302 and 3lhucm-l.~ The values of v, are

the vibrational levels in the upper state. Renﬁér‘pafameters, calculated -

from the observed band positions, are +0.52 by Brabson, 0.566 by Weltner,

aﬁd 0.55 by Barger.
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AssignméntS»are madg by cohsideringvthis splittings (vl’,

- L
v, ,0) andv(vl » v,

The agreement between authors is excellent except for the assignment of

, 0) bdndé are tabulated in th- original references.’

thé'(o, 6+, 0) band in argon:for which Brabson and Weltner disagree.
The value of thé latter appeérs more prdbable. The 1ssighmeﬁts corfelate
welllwith calculated anelengths based on the gas phasé Renner parameter
€ = +0.537 and upper state‘bendiﬁg,mode vg’ = 307.9 cm_l; Although

bands involving 2v ' are not forbidden, transitions involving this

3

‘vibration are either not,present‘or very‘wéak.' Weltaer does, however,
report two bands in neon at 379.8 and 364.7 nm which seem related but

‘do noﬁ fit into the assignmént scheme} These are proposed to involve

v3' with the 379.8 nm band (0,0,2) and the 364.7 mm oand (1,0.2).
This_yieids a value of 81L0'cm“l for the v3' vibration. This value is

extraordinarily low and is rationalized on the basis of similar anomalies

. ) ' ' +
in like molecules such as BO 002 , and CNN where large interaction

2’
force constants are observed. In addition, Douglas' (51) measurements

13

of ~°C isotope shifts of the (0,0,0), (0,0,0) c band in the gas phase
requires a value for ,v3' of about 900 em L.
When c3 in Ne or Ar is excited with light of 405 nm or 365 nm

waﬁelength, two distinct emiSSions'are.obtained (Weltner, 6La; Brabson, 65).
The bluést ¢missiqn has its 6rigin.near»ho7.2 pmvand is assignéd to the
Eluqréségnée associatea with,the.lﬂu‘- XlZg+‘transition. :This'emission is
chafactérized-by a shorf érogréssion with frequency diffeiences of about
170 cmf;,va seCondvsériesvof'Baﬁds loéated about 1230 em™t away;vand. RN
a third weak.band Loké cm-l awayﬁ‘”The difference of 1230 cm-l is assigned

1"

to v,"; the l70,cm_l difference represents 2v

1"

2

giving a V2" value of



-12-. UCRL-19180

"

85 cm;1, and the hOhGicm-l'difference belongs_to 2v3" giving vy
the ualue 2023 cm-l. -Direct infrared observaﬁionsrgive a v3” value
of éOHE cm-l thefeby éiving weightrtovthe.2v3” assignment.
VTpelsecond'emission originetes at 585.6 nm in neon and 590.5 nm
in argon. It shows.progressions almost identical with the A—X systen.
The low frequency differences are 158, 164, 178, and 191 cm-l,uand the
higher frequeuoy is_1223-cmfl. It is therefore likel& that this system
terminatee in the'C3'ground'state. Weltner determined a lifetime of
0.02 sec for this emlSsion.in neon. This value lndicates that the
traneition ie’fofbidden; :The_upper.state'is proposed to be the a3Hu sfate,
assdciaﬁed With the‘electfouic'oonfiguretion of the lﬁu state.
Pojuletion of 3H'u,'because of excitation conditions, preSumebly reeults
from 1ntersystem crossing from the lHu Sfate.
Although attempts weére made to observe other transitions 1n the

l + 1+

molecule, 1n_part1cular,-the u — Eg», none were found at least in

the region down to 195 nm. Barger and Weltner'have,computed.oscillator
strengths for the lﬂu *——122 ‘system. The values of 6 x lO’?.and 10_3,
reépecﬁively are reﬁorted'for the thfz nm band in argon. In view ofethe
inherehf difficulty involved‘in measurements of this type invmatrices,
the agreement is excellent.

Barger and Broida (65) suggested the poss1b111ty of ‘the presence
of exc1ted ground state v1brat10nal levels of v2 s, in partlcular, levels 3, 4,
‘and pOSS1bly 7. The suggestion 1s based on the presence of unass1gned

bands which fit the difference (0,3,0), (0,0,0); (0,7,0), (o 3,0) and

(0,4 o), (o 0 o)

&
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CoH (ch)_

The spécieé CéH has been shoﬁn by ESR to be producedehen'aceﬁyieﬁe.
is phétoiyzed with vacuum ultfavioiet’rédiation_in an argon métrix
(Cochran, 64). AVery little, however, is known about the optical specﬁrum
of the species. Milligan §§>§}33(67a) have reported one vibrational
fundamental of 1848 cm-l,wheh mixtures bf ééetylene.and argon or
nitrogen'ére photolyze.d.using'H2 or Kr dischargeilamps. These sources
are richfih vécﬁum UV lighf, beuterium and_l3c subsfitutiqn confirmed
the assignment of the IR band'at 1848 cm™t to CH. Observations on the

band'indicaﬁe that C2H.is étable to further photolysis with waveleng'hs
greater than 200 nm. BrabSon, (65); suggested that a band at 405,k ym,

obServéd when carbon vapors ére'trapped in argon, may be due to CEH'

cco
The:free radical\CCO‘haé been brepareﬁ in sufficient.concentration
fdr direct{spectroscopic observation.in two‘ways (Jacox, 65b). Carben
atbms, pfodﬁced in the phbtolysis.of'matrix-isdlated cyanogénvaZide aﬁ
Wavéleﬂgths.shorter than 280.nm, were observed -to react with carbon

monoxide in the matrixawith little or no activation energy; yielding

directly CCO. The exact mechanism of. CCO formation is not known, but

several deductions can be made régarding it. Milligan (65d) showed shat

NCN is the initial photolysis product of N_CN with radiation of wavelengths

3
greater than 280 nm. Subsequent photolysis of NCN-at Wavelengths shorter

than 280 mm yields N, and carbon atoms. The electronic state of the

2
carbon”atoms-is'not,known although it is rationalized that 3P and lD,

aﬁoms:may,be produced, depending on the energy. of the incident radiation:
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. Either ié capable of reacting with CO to formvCCO. Because of the

nature .of the CCO synthesis, this system also contains undesired imp rities. -

.
: 2 3 32
The latter is apparently formed through direct reaction of CCO with 'O

Other species‘knowﬁ to be present include: NCN, N ; Co, N_CN and C

with littlevdr no activation energy. The half-life of CCO in CO is

about 3 minutes.
3%

quantitiéé ofvthe radical cco. Photolysis is effected using a xenon

Vacuum ultraviqlet photoiysis of C -aiso produces observable
Aresonanéé“lamp and Wavelengthé below 280 nm. This system has the ad antage
- of fewer'impurities than the ébove systém; however, CO and unbhotoly,ed
C3O2 as well gé CCO are known to be‘presént. |
The CCO radical shostthree distinct absorptions in the infrare!.

'The.three.vibrafional fundamentals attributable to CCO in an argon.m.trix
occui'atf381, lQ7h,'énd.l978 em™*. The use of carbon and oxygen iso .opes
confirm_the identificatidn. The data are cbnsistent with a linear
structure, as propdéed by Walsh’(53a,b); Thevgfdﬁﬁd'state is probably 35.

| ‘A ‘continuous abéorption assignéd to CCO'Qcéurs in thefviéible
rééioh;néér 50@ nﬁ. Thé abéorptidn appears:és'a broad struc#ureless,band

ahq evidently results in the photodissociation of .CCO: ‘

B o (32) + hv—> c(3p) + CO.

,CBrQ

Andrews and Carver (68¢) héve reported two of the three vibrational

fundamentals of CBr, in argon matrices at 15°K following the simultaneous

deposition of lithium and CBr). Infrared absorptions at 641 and 595 cm T are

assigned’to v3 and v

1 respectively of the dibromocarbene radical.
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"the bond angle is assumed to be about 100°. The bending mode,

-15- ~ UCRL-19180

Warming - 6f the matrix léads to the formation of C,Br) thereby givirg

chemical evidence for the assignment. 1In analogy with CF, and CCle,

VE,'

is not observed but presumably occurs below 200 em L.

A

CClBr
This mixed dihalocarbene.has been observed in the infrared following

the reaction of lithium atoms with CClB% and CCljBr in argon at 15°K

'(Andrews, 68c). The two strétching fundamentals appear at 739‘and'612.¢m-l.

The formeér is the C-Cl frequency while the latter is the C-Br frequency.

The species1disappears on warming of the matrix to L4O°K.

CClé

Milligan (67c) and Andrews (68b,e) used two different methods for

preparing 0012 in matrices for spectroscopic'observatiOn.' Milligan

reacted carbon atoms produced by thé photolysis of cyanogen azide

with chlorine in argon and nitrogen matrices at 14°K to:form directly

CClE. This method has the disadvantagé that "several unwanted species

are simulﬁaneously produced, thereby limiting the useful spectral range
10 thosé_areas-where overlap does not occur. .The'experiments consist

, and Ar;N3CN samples. The resulting

solid is'photolyzed with the entire spectrum of a cadmium lamp, with

of simultaneous depositions of Ar:Cl

glass:envelope removed. 'This‘treatment is known to result in the-
formation of excellent yields .of the free radiéal NCN. The §arbon

atoms, used to form CCle through reaction with Clé, are then produced



-16- UCRL-19180

throﬁgh.photqiysis of thé intermediate NCN with the full spectrum of
a medium préssure mercury arc.

| Andrews feported a more direct, but not less sophisticated, method
involving ﬁﬁe reaction of lithium atoms with carbon tetrachloride in
argon métriées at 15°K. Lithium‘is deposited fromva Knudsen cell while
ethe.carbdn:tetrachloride-argon mixture ié deposited through a second

jet. The reaction yields CCl, and LiCl as primary'products. The 0012

3

is formed by_secondary’reaction of CCl. with excess lithium. This

3

method'élso suffers.from the presence of intefmediates and impurities,'

which are inevitably present in a lithium beam.

Two infrared absorptions ére.reported for CCl'- Andrews'vassignments

2

are based on isotope shifts and normal coordinate calculations. The

bands at T46 cm-; and 720 emt are assigned to vy end vy,
of the'12C35.Cl2 species in argon. ' These frequenéies shift to 754 and

725 cm-l in Nz. The assigmment of v3 to the highest frequency band is

respectively,

consistent with previous observations for 0Cl,, HBCL,, and H,CCl,, where

v3 is alsd‘higher than v,. It should be noted that v, > v occurs in CF2

1 1 3

.and OF2._ The appearance of»vl in the infrared requires a bent structure -

for the molecule, with an almost certain Coy Symmetry. The calculation

of the'valence bond angle using v, for l2CCJ_é and,l3CCl gives a value

2

3

of 100° *-9. From his data, Milligan estimated the angle to be 90° - 110°. -

The Vo bending mode is not observed.
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' Ihuﬁhe visible regios, 16 bands occurring between 440 and 560 nm
are-observed in absorptdon. These bands, because of anelogous
behavior wiph that of the infrared absorptions, are also essignedAto
yCCle. Ihe average spacing'betWeeﬁ bands is‘305 cm—l, and the system
probablyvis a progression in v2'. By analogy with CFé,‘the';ower state
is ooncluded'to be the';Al ground state; the upper state is probably fhe

first excited electronic configuration and preSumably lBl,‘although
lAl is also possible. Herzberg (67) tentatively lists lAi for the

iso-valent CFQ-

Photolys1s of CFgNé in matrices, reactions'of carbon atoms from the

.photolytlc decompos1tlon of NCN3 with molecular fluorlne, and

condensation of the products of a microwave dlscharge through
CuFB/argon‘mixtures have all yielded sufficient quantities of the v

VCFE radicel for low temperafure spectroscopic observation (Bass,-62;.Milligan,

lic, 68a)-

Only one absorption system of CF, is observed in the region l9O -

2
SMO nm. . ‘This system, Wthh corresponds to the ‘gas phase tran81t10n
A( Al)-*—-XlAl,ioriginates at 3;739 “m,l and consists of at least 16
‘distinct bands. The transition consists of a single progression in vy
w1th a v1brat10nal spa01ng of 500 cm -1 and resembles the gas phase speetrum

qulte closely The Franck-Condon max i mum occufs near 2&8‘nm, at the

seVenth-band. 'Iﬁtensity'in thevorigin region is sufficent to allow olear‘p
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observation of the i0,0,0) band. Only in the case of the NCN /F /Ar
system is thé spectrum oveflapped. This is due to the CNN absorption
in the same region. |

Tho_ground state vibrational frequencies of the radical have beéeen
obserued directly in the infrared. All these vibrational modes appear '

as is consistent with thevC2v structure. Frequencies for ey

5 in
argon are: v, =1222 em 7, v, = 668 cm and v, = 1102 cm ~. Yields
of the radical are sufficient to allow observations of v, and vg at 1191
and 1073 cm-l; respectively, for the l3CFéspecies from 130 natural
. 3

abundance. 'ThQSe assignments have been confirmed using ~C enriched

samples; The frequencies are virtually identical in‘Né matrices. The

1222 cmTl Vi band appears as a doublet in argon. The doubling is not

totallyvclear although it may be due to multiple sites.
Results in CO and-C02~matrice$ are essentially the same, indicating

that CF2 does not react with either under these conditions. 'Warm-up

leads to the formatlon of C Fh The dlmerlzatlon of CF2 to C F,1L is

apparently accompanled by chemllumlnescence because,ai straw-yellow
glow is obsérved when diffusion beoomés important.
Impurltles or unwanted products depend on the preparatlve method;

they 1nclude CF3, CF H’ 6,(CF2N)

2

s and'CHQNZCFQ, whlchvls oalled

vperfluoroformadez1ne

13,
>CF,

isotope shifts. This agreas favorably with Walsh's (53a,b) prediction

" A bond angle of lQ8°‘is.¢aloulated from the observed

that the molecule be strongly bent. CFé,'like several othef'halogen-
containing species, has the asymmetric stretching fundamental at a lower
frequency-than the symmetric stretching fundamental. Force constants

and thermodynamic functions are tabulated in the original references.

»
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CHC1

" The a(ta") < x(ta) | transition of the radical CHCL (HCCL) in the
gas phase at 550 - 820 nm has been reported. by Merer and Travis (66a).
Jacox and Milllgan (67b) have prepared CHC1 in argon and nitrogen
matrices at 14°K through the reaction of carbon atoms with HCl. The
carpon atone”are'produced by.tne photolysis of N3CN.

The A — X absorptionrsystem is also ebserved in the solid,

‘ appearing‘as a series of bands bétween 560vand 750 nm. This observat:ion
confirmé that the gas pheee lower state is the ground‘state.“ TheSe.
bands are relatively.broad and Week and eppeer, in argon, fo Be blue shifted
with respect to the gas phase byvabout:ESO‘cm-l. A red shift of 6&02cm-l
could also explain the results if the gas phase numbering is wrong.
Six of;the'bandé-can be correlated closely with the ges phase values.
At l.SO‘umfl, unassigned:features appear between the prinecipal bands.

The bands snow vibrational perturbations, as in the gas phase. vThe
observed frequency is ~ 860 cm-;bcorresponding most likely to v2'.
In.the“infrared,btwe fundemental vibrational modes are observed.

These occur at 815 cm-l for v, and 1201 en™t for vy in argon. The
resultsrofvl3c and D isotope substitntions areeconsistent with the
_assigmnent of these bands to CHCL. In addition. to CHC1, bands at 753 and
1270 cm;l attrlbutable to CH2012 are observed These-bends undergo
considerable increases in intensity“when.d;ffusion'is alloweduto occur#
vThe CH 012 presumably results. from the reactlon of CHC1 and HC1 w1th -

little or no activation energy.
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CHF

| Vacuﬁm’ultraviolet photolysis of Af:CH.Fvor N,:CH.F mixtures

3 2°773

.yields CHF (Jacox, 69a). Four related‘bands between LT0 and

546 nm correspond well with the most promineht gas phase band heads
re?brtéd-fof'CHF (Mefef,.66b). The argon matrix;shifts are éppfoximately‘
+-30'cm;;.from the:gas phase bandé of the A(lA”)'- X(lA') transition.

The bands are assigned to the progression (0, vhs 0), {0,0,0) and

yield a v,' value of about 1010 em™>. Satellite bands approximately 110 et

2
to the blue of the two strongest bands are attributed to site effects.

~ In argon, CHF shows an infrared band at 1182 cm-l which can be

13

"

3

is assigned to - v2"- The latter is based on the known vg" derived from

assigned to v." on the basis of “°C and D substitution. A band at 1405 cm ™

the gas phase by Merer (66b). Additional absorptions at 2918 and 3262 cm'l,_

both in the C-H stretching region,'show behavibf expected for a
fundamental of CHF but an assignment is not possiblé on the basis -of
the data. Force constant calculations indicate a C-F band stronger

' than.normal, approaching the strength observed for CF.

n

.Nﬁméroué attemptsvhéwe beeh made.tb prépare and staﬁilize the -
methylehe radical in low temperature matrices for specﬁroscopic studies
(Milligan, 58, 62a, 67d; Goldfarb, 60a,b; DeMore, 58; Moore, 6ib, 65;
Robinson, 60a, Jacox, 63a).. Most of these attempts have utilized

-the phot61ysis_of diazomethane CH , which was expected to fragment into

2N2

CH2 and N.. It was hoped that the back reaction between methylene and

2

nitrogenwould proceed slowly or not occur at 20°K or below. No unambiguous
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optical spectrai observations on'trapped CHQVhave beeh made. There are,,
: however,‘several observations on reactions at low temperatures which
1nd1cate the formation of CH from some photolytlc processes. The

CH2 radlcal apparently has a very high react1v1ty in all systems yet

studied. o

CHo |
The formyl radical, CHO has been produced via the photolysis of

' HI, HBr; or H,S in CO matrices at 14-20°K, (Ew1ng, 60; Milligan, 6he) b

condensatlon of the products of a discharge through methane- argon-oxygen

mixtures (Robinson, 58b) or by.condensation of the products of the

reaction of atamic oxygen with C_H

) (McCarty,59b). The corresponding

DCO ‘can be.produCed using the appropriately,deuterated precursor. More
recently, Milllgan and Jacox (69a) have succeeded in preparlng HCO
in argon matrlces by reactlon of H atoms with CO using as precursors
HCl H O and CHM’ all. of whlch photolyze in the vacuum ultrav1olet to
produce H atoms. ‘ :

The UV and visible. spectrum cons1sts of a serles of broad bands between
510 and 670 nm correspondlng to the: A" 2AF gas phase system (Johns,63;
_ Ramsay, 53; Herzberg, 55) and a complicated series of absorptions between
210 and 260 nm corresponding to the hydrocarbon flame bands’ (see Vaidya, 64;
Dixon, - 67) The former spectrum consists of a progression in v2' with
a vibrational spacing of about 800 em™l. It imvolves the ground.state,i
in whlch HCO is bent, and a linear upper state. | The matrix bands, in CO,

are shlfted by about +220 cm. -1 from the gas phase bands. The shift is

about +400 cm l in Kr. The orlgin is not observed, so the assignments
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can’be'considered tentetive. The lowest energy band reported in

the metrix corresponds to the (0,8,0), (0,0,0) band. The "hydrocarbon
flame bande”<show simultaneous progressions in the upper state bending
and C-0 stretching vibrations in line with*expectation from the gas pnase
rotationeiuanalysis by Dixon. The matrix spectrum leads to a new value

for the origin of the transition of 3.867 um_l as compared to 3.943 um-l

as originaliy,suggeSted. The CO to Ar shifts are very small, of the order »

, o1 . ‘ . , o _
10 cm ~ or less. The upper state vibrational frequencies determined from

- IR . - . : -1
the spectrum are 1375 cm 1 for v2' , the bending mode and 1035 em for

v.! theijOdstretching frequency. Using the new origin, the vibrational

3

frequencieé, end matrix shifts, a new tentative assignment of the gas phase
bands. has been made (Milligen, 69a).

" The ground state v1brat10nal fundamentals have all been directly

observed.’ For HCO these are the C- H stretching. mode, V., at 2488 cm l,

1

the)c=0’stretch, v at 1861 cm"’l and the HCO bending mode, v,, at 1090 cm .

39

The frequencies in Ar are shifted to 2481, 1863, and 1087 cm"l respectively.

130 and l80 substltutlon results

AlJ.assignménts ere'consistent with the
The corresponding values for DCO are 1937, 1800 and 852 cm l. tThe

- results, except for the DCO C=0 . frequency, were reported by each group,
althoughvaing‘gt al. did not make the C-H assignments. The C-H and C-D
frequenciesrere.lower than expected,vbut in line with ESR measurements
(Adrian,roe). Intensity anomalies that occur in the DCO spectrum may be
due to Fermi resonance interaction between the D-C and C=0  stretching
modes. In the CH2+ - 02 - Ar system the bands as assigned (Robinson, 58)
are shifted about -50 em L. ' This implies that the "heavy atom effect”
'1s violated that the spectrum is perturbed by the presence of other

spec1es such as unreacted CHM or Oh or that the as51gnment is wrong.

W
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Robinson and McCarty,(GO) made the first tentat:ve spectroscopic
1dent1ficatlon of the radical CNN, when they suggested that bands at
LoL.8 and3423.h nm produced in the photolysis of diazomethane in a

2
(60a,b) at the same time studied the photolysis of diazomethane

krypton maﬁrix might be due to CN, or HCNE- Goldfarb and Pimentel

in nitrogen matrices and reporﬁed unassigned bands at 396.8 and 418.2 m.
Warm—up'behavior suggested that these bands were.due to a reactive speeies‘
and it wesyproposed that the methylene radicel could be responsible

for one or both. The 418.2 nm band presumebly correlated with

Robinson's 423.4 nm band. The 396.8 mm feature, however; could only

be correléﬁed to a bend at 317.4 nm in krypton whieh Robinsoo'assigned

to CH. Milligan, et al (65d); in a.study of the photolysis of N.CN in

3
N,, reported bands at 418.9 and 396.4 nm. .These corresponded very closely

2
withithose of Goldfarb and Pimentel, but a tentative assignment to CNl
was made} A conclusive assignment could not be made on the basis of tie
data. In a subseguent iovestigaﬁion'of‘the phofolysis of NBCN’ aimed
vspecifioelly'at the‘identificetion’of CNN, Milligan'{66a) confirmed the |
assignment of the 396.h'and 418.9 nm features %o CNN. The spacing
betweenithe’bands correSéohds to 1355 cm-;, v3. of the upper state. -

The coﬁsiderable intensity’of_the 396.4 nm band suggesﬁs that only a smell
change:io bond lehgth occurs in thevtrahsitiOn. Weltner'(64b)vreported
the preseﬁoe of bands near 420 nm containihg carbon and associated'with:
dep031tions of carbon in neon and argon matrices. These bands were later |
(Weltner, 66) shown to be due to CNN formed through the reaction of cafbon.

atoms,'from?vaporized carbon, with Né which had entered the systemf

through avvacuumvleak. Bands occur at 421.0-419.6 nm and 398.8-397.5.hm
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in neon‘and argon containing ﬁé. Weltner (66) reported an upperﬂstato |
vibrational.frequencyvof 1325 cﬁ_l. ESR observations have led to the
conolusion that the radical CNN is linear and that the ground
state is triplet (32—5 (Wassermén,.65).

Mllligan and Jacox (66a) have assigned all three fundamentals of
the radlcal. Frequenc1es-observed in an argon matrikx and their assignrants

aréf.v3 lth em l, v.," = 393 em l, and Vl” = 2847 cm"l for the

2
12 1uN1u

N‘Spec1es. A frequency of 1235 cm- -1 was observed in fluorescence
in ﬁoon'bqueltner (66) and correlates well with fhe v3”. This
freqdency’is arcounterpart_of the 1325'cm_1 uppe; state frequency, .
thérefofé strengthening the latter's assignment as v3'. Identification
of thelabsorber and the assignments are consistént with the obsérved

isotope shifts on substitution of 3¢ ana ¥

N atoms.. A comparison of
band,ﬂstrucﬁurs on:lSN‘substitutioh in argon with substitution in
nltrogen leads to the conclusion that CNN is- formed from'the reaction of
carbonlafoms ﬁlth Né- The asymmetric stretching.frequency'of 28L7 cm—l
is anomalously high. This leads to the conclﬁsioh thsf the oarbon-nitrogen
bond has sobstantiol triple bond charécter}' Overtones or combination
bands are'ruled out as being fesponsible for ﬁhis bsndvby isotope
substltutlon.

CNN is also observed in the vacuum ultrav1olet photoly31s of C3O2
in nltrogen matrices (Mllllgan, 66a.; Moll 66) The latter rsports

infraréd absorppions'of 2858, 1252 and 394 om for the species.

L

o !
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‘ Carbbhyl éulfide has been studied in several matcices,infthe infrared
(Venderamé,:66; J..Smith, 68c) and in the vacuum_ultfaﬁiqlét (Rondin;‘69).
The vibrationai freqﬁencies obsérVed directly'iﬁ'the infrared are
vl" = 2050,vv2” = 518 andvv3” = 857 cm_l. _Thé'fo?ner is in krypton
and the'latfer two are for the pure solid, but the v:lﬁes in CO are
essentially thé same;

The vacuum ultraviolet absorption -spectrum appe: rs to consist of

' three separate transitions, two in the region 160-18 nm, and the third

between 115 and 145 mm, with origins at 5.54, 5.96 axd 6.75 pm-l.

The vibrational intervals for the three are 760, 495 and Sll:cm—l ’

respectively. The transition at 6.74 um-l appears R dberg-like;

the other two are assigned to valence transitions. ''he bands are diffuse

in neon, but sharpen on going to argon or krypton.

C82

e ———

"~ The electronic_specfrum of CSQ’iS complex and not well understood in.

the gas pﬁaseu Furthermore, the matfix spectrum has'not completely

clarified the situation. os,

nitrogen and methane, between about 2° and 20°K (Roncin, 69; Bajema, T70).

has been studied in the rare gases, and in

Obéervations in the vacuum ultraviolet reveal a series of bands between

135 and 152 nm with an origin at 6.60 pm'l; The best spectra are

obtained'in argdh and krypton. The bands in neon are broadened to :

“the point'that they'are hearly inseparable and xenon shows only one

*_band. A vibrational spacing of 540 cm—; occurs in neon and argon at



-26- | . U(RL-19180

the red énd'of the system. - The assigﬁment of:thé ffequency ha: not
been made. -Thé Rydberg series appears té be éuppressed.

A complex éeriés df‘ébout siX'absorption‘bands is observed in the
290 to 330 mnm region. Each band exhibits multipletvstruéture. The
séectrum‘is interpreted as simultaneous progressions

and v

2of'the 1B2'<—-12g electronic system. Both matrix-

in v
1

isolated molecules and-aggregétes cohtributé'to the observed absorption;
The multiplet structure of the bands and the irregular spacings are
attributed to a Renner;Teller effect. In»emission; a, weak broad
phosphore;cence excited at 250 nﬁ appears between 360 and 550 nm.

The lifetime has components, 7, = 0.8 msec and T, = 2.6 msec in argon.

This transition appears near 1.82,um-l and is tehtativelyvassigned

as 3B2 or 3A2, populated via intersystem crossing from lB2.

CaF

Snelson studied éalcium fiuofide in neon,va;goh;.and krypton at h.éoK
and reﬁérﬁéd.only one.absqrption‘in tﬁe infrared'which could unambiguously
be assigned to the'mqnoméric’speciesf This band appeared at 581 cm—l in
neon, 561 cﬁtl‘in‘argoh,'and 565 cﬁ—l in krypton. Other bands éppeared
.in-argon at_370, 489, and 528 cm_l. These bénds were Siénificantly
weékerithén the absorption at 561 cmfl. The felativé intensities at
370;and>528vcm-i depended on deposition cénditions and the bands were

attributed to aggregates. . More recently, Calder et al. (69) have

examined CaF2 in krypton at 20°K and observed all three vibratidnal

: L -1
fundamentals. These, for OCaF2 appear at 485, 163, and 554 cm * for

vi, vé, and v_, respectively. Calcium-hl substitution results

3

1M

&

L(
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in red shifts of 2 to 12 cm—l. _The bands appearing n(ar 520 and 370.cm-l '
are assigned to the dimeric species. An apex angle o 1U40° is calculated
from'the isotcpe shifts and anharmoniCities."The angﬁe is invclose

agreement with the 145° suggested By Snelson.

CdIl

CdBr,, CdCl,, CdF,, CdI,

2)

The 1nfrared spectra of the cadmium halldes have been investigated
in krypton at M.Q and'QOéK by Loewenschuss gt_g;, (69 . 1In addition,
McNamee (62)'has studied CdCl in argon, krypton and >enon at 20°K.

All can- be convenlently vaporlzed from Knudsen furnaces. All are linear
symmetrlc molecules (Buchler 64) and thus are expect {4 to have two ‘
1nfrared active fundamentals.

CdF2 in krypton exhlblts five bands in the infraed at 662, 475, 3064,
377, and 123 cm l. The bands at’ 662 and 123 cm -1 are ass1gned to
v3_ and ‘ﬁé respectively of the matrix-isolated monoxner. Tne‘remaining
three banda ane attributed‘to.polymers. The intensities of the latter
banderrelative to the monomer absorpticns are detendent on deposition
conditions. -

CdCl2 in krypton shows infrared absorptions due to the isolated

monomer'at'MQO and 89 cﬁ-; and dimer bandé at 371, 36#, and 357-cm-l

. The former are assigned to v, and v respectively. ' The v, band-

3™ 2 -3
appears'as'a multiplet‘due to isotopic splittings with componentS'at

420, 419, 417, and 416 cm ~. The dimer bands are assigned on the basis

of "double-oven'" experiments. These bands appear broader than the

fundamental- absorptions.
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3 _ 2
in krypton. A band at 270 cm.l is'assigned to the dimer and bands

" The ¥ 1

and v, fundamentals of CdBr, appear at 319 and 62 cm”
, o , -1 e
at 190 and 163 cm ~ to polymers.

QOhly the asyﬁmétric stfeﬁchingbmode, v3,vof Cdr, is obsgrved.

This béﬁd appears at 270 éﬁ'l'ih'kryptoﬁ. Bands at 222 and 217 cm

are assighed'to‘dimers éndvbands at 1&0 and 127 cm_l t§ polymers.
The.intensity of theidimer aﬁd‘pblymer bands are,reduced by

"superheating". ?olymer formatioh‘is proposed to occur due to incomplete

isolation rather than to the pfesencejdf molecular vapor phase species.

- Dimer bands are tentatively assigned as a stretching mode, possibly

ab mode associated with a D, symmetric halogen-bridged species.

3u _ 2h
Calculated symmetric stretching/frequencies,'vvl,‘are: CaF,, 572 cm-l;
cacl,, 327 en™ s CdBr, 205 em™t; and caT,, 150 em™t.
Fdrce'constants and.therﬁodynamic datavhave Been-calculated
from the obServed.frequenciés (Loewenéchuss, 69)-
| Ngléon andiPimentel,(967b); have pfopoéed that bands. occurring
bthgen 365'andv375 cm-;-in the iﬁfrared sbectra of samples of Kr;Cl2

mixtures (Kr/012 = 50 to 100) subjected to a microwave discharge before
deposition are due to the radical_ClS.
fundamental of a linear but slightly asymmetric (Cmv> species.

The bands are explained as the

'3
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Clco
Chlorine atoms produced through the photolysis of a suitable pre-

cursor are found to react with CO in argon matrices with little or no

_ activation‘énergyltoigiverthevradical cico (Jacox, 65a). Sources of

Ci atoms reported, were HCL, ciz,.01eco and (€1C0),. - Hydrogen chloride
was obéerved to give~tﬁé'most sétisfactory yield of C1CO. Infrared
spectra of the solids show the presence of CHO when_HCi is uged, and
phéégéﬁé”éhd'oxalyl chloride when the other Cl‘precurSOrS'are uséd.'iTﬁé“
vibrétiéhal'fundamentais:of'Clco are éﬁsérﬁed at 281, 570 and 1880 em™ .

3

The use 6f ; CO; and ideﬂtical résults with and without hydrogen present

confirm the assignment to C1CO. Cll3

CO-frequenéiés in agreement with
observed values have been computed using a valence anglevdf 120° or 135°

=] . o o . .
= 1.75A and r,_, = 1.17A based on the values

and bond lengths of r G0

C-Cl
for»phosgene. The‘computed force constant for the - C=0 —stretching mode -
is sighificantly greater than that:for phosgene. . This leads to the

conclusion that the carbonyl bond possesses some triple bond character.

Similar behavior is observed in the radical CHO. Thermodynamic properties

of the radical_hdv¢ been calculated using the vibrational fundamentals

. and theféstimated}structural parameters. No ultraviolet absorption for

C1co wasvobserved in the region between 250 - 450 nm.
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ciclo
| Wheﬂ CC12 is photoLyzed in Né or argon matriceé'at'20°K, sev:rdl

né% bands:near 960 ém-l and 375 cm_l appear (Rochkind, 67b)- Growth
ploté'of theée Bands indicate that three differenﬁ molecules'are produced.
Oﬁe species-proposed‘ﬁq account for some of the baﬁds betwéen 952 and
962.cm_l,and 368 and 377 cm T is the C1C10 molecule, with the.
nitrosyl»hélide-typé étfuctufe. -Thevﬁultiplet étfuéture of thé absorptions
. is preéumably due to the 3501 and-37Cl isofdpic natural abundaﬂce. The '
magnituaesfdf iSoﬁopic shifts aé well AS'réiative intehsitieé-are consistent
with the éSsignment to ClClO; The banas'near 370vcm‘lvare assigned to

the clgci stretching vibration and thé bands-neaf 960 em™? to the C1-0
stretching:frequeﬁcy. The bonding in the_molécule is apparently quite

weak and’reéembles that in similar molecules,vsuch aé OF, FNO, and
: (NO)Q. Thevassignmehts must be considered tentati?e at bést,.because

C1C1l0 as well as the otber épecies present are as yet uncha:acterized.

As in,moét photolySié experiments, several "impurities" are‘pfesent
iﬂvadditionito the desired'prodﬁct. Defiﬁitely identified as being present
_aée the:molééules{ N0, 0,
presencé of (Clo)é is:suggeéted to account for_other_6bserved_spectral

, ‘and unphotolyzed,CiéO.- In addition, the

features.

L]

i

<&
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Clo

The‘ground state ribrational frequencies'for-symmetrioai'chlorine
_dioxide’.QClO, have beenvreported_in argonvand nitrogen matrices‘at
4.2 and'éobK,‘respectively, by Arkellz(67) and Rochkind“(67b) asbparts
iof photoiysis studies. The observed 1nfrared absorptlons are very
close to the gas phase values determlned from electronlc spectra (Herzberg, 67) .
v. is 940 cm 1,' v, is W48 cm” ‘, and v, is 1100 cm “lin argon at L.2°K.

1 2 3

The v, and v bands appear as qnartets, and Vo is a single band.

1 3
In N,, v,, is shifted to 1105 cmf;,at 20°K; the other frequencies,

27’3 ,
although-presumably observed, were'notbreported. The corresponding
gas phase frequenc1es are 946, LT, and 1111 em l.

No report of the __;v1sible spectrum of chlorine dioxide was made
in the above studies. Norman and Porter (55) did, however, report an
v absorption in‘an isopentane,‘methyl cyclohexane glass at 77°K.

In the liquid SOlution,‘the absorption consisted of:distinot sharp bands .

between about 430 and 300 mm at 77 K. The strncture of the absOrption

is retalned on free21ng but appeared almost entlrely diffuse. Warmup .

‘and melting of the solveht againvledvto the original strncture. sThe'

vtransition obser#ed is probabiy ‘A «X 231" Herzberg listscthe symmetry
2

for ClO from the photoly51s of 0102, no spec1flc optlcal ‘data on ClO

2 . ' - .
of the upper state as A.. Because the purpose of the work was to look

were presented.
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100

Asymméfric chlorine dioxidé, 0100; has beervproposed as a precursor
inuthg'formatioh of CiO from Cl2 a,nd>02 in the gas phase bnyorter (53);
bﬁt only later trapping'experimenﬁs provided evidence for the existence
of the C100 molecule. Benson énd‘Andeison (59) reported indirect and
inconclusi&e‘evidence for C100. Mixtureé of mecsured amounts of Cl,

and O werefsubjected to neon UV radiation and then trapped at 77°K.

2
The amount of ”trapped" oxygen OVG? and abové residﬁal amounts was
considérgdltb exist as chlorine oxides. This amount of O2 was
determihed,by warming the sample to room tehperatﬁre'follbwed By direct
méasuiement.“ Oxygen in'amounts'of 6 to 8 times of the blank runs were
obsefvéd.“ Calculatidﬁs based.dn estimated rate constaﬁts énd
gctivation energies Seemingly rule out ClEO énd QClO és being responsible
. for the "trapped" oxygén. ' The results can be interpreted in terms of

’ eiiher_Cloo or C10. ’

Moré'reCently (Arkell, 67), an infrared study of the photolysis

of Clz'and Oé miktures and phbtolySis of OClO has resulted in direct -

S

obsefvation of Vibrational frequencies assignable to the fundamentals of
o» O, mixtures alone and in argon matrices at
SN ‘ el . 16 18 )

4.2°K gave a band near 1440 cm ~ showing T~ 0, ~ O isotope shifts

€100. The photolysis of C1

appropriate for a 0-0 stretching vibration. Other fundamentais were too
‘,weak for observation in this system. Greater amounts bf”thé desired
‘ spécies are obtained thfoﬁgh'photolysis'of 0C10 in argom, nitrogen,

_ or oxygen at 4.2°K. Intensity versus temperature characteristics of the
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observed peaks led to the assignment of bands at 373, MO7, and lhhl cm l,

at 4.2° K,in argon as the three fundamentals of ClOO /3, v2, and v

respectively. The assignments are strengthened by observation of

1’

isotope snifts and normal coordinate calculations. -The low frequency,
Lo7 cm_l, faé 92,'and the Cl-O stretching frequencyAconfirm the earlier
suggestlon of a weak C1-O bond (Benson, 57) In addition to the
absorptlons as51gned to ClOO, unassigned bands at 1415 cm -1 and U435 cm-l
in argon appear.durlng the early part of the photolysis. Isotopic'
and-decayfgrowth data led to the assignnent of these bandslto an
intermediate designated Cl00¥* in the formation of C100.. ClO0* is
proposed to be ‘a ‘structural isomer'of 100, nhicn, because of the solid
environnent,'is prevented'from assuning its stable configuration.

- Roehkind and Pimentel (67b) while studying the photolysis
products of 0120 in Ne; photolyzed OClO as an 1mpur1ty in the
ClQO.- Two bands that could be correlated to ClO photolys1s appeared at
1438'and‘lh28 cm l._ These were tentatively assigned to the 0-0 stretching
frequency in Cl00. These can be compared to the bands reported by Arkell (67)
| in N, at lhhs and 1hoL cm l. A band at 1438 cm -1 observed by Arkell in"
argon,-however, was not seen . in Nés The two results are therefore not
invagreement‘on thislpoint, The‘cause of discrepancj is difficnlt‘to
detérnine because of the complexity of the systems on which the
-'observations-were made; Both'stndies report atSOrptions which cannot be
unanbiéuously-assigned. Furthermore,_several ”impurities”lresulting from
photolysis fragments and seeondary.reactions'are presentQ Identified-
N 0, a-0 ‘

impurities include O cl,. It- appears unlikely that experimental

3’ 2’ 2
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errors are to blame-forvthe differences.. It is conceivable that_differences .
in photolytic_procedures,'wavelengths, and temperatures result in the
fqrmatidn-of different products. Also not totally ruled out are site -

eﬂbds}A”'

CoCl2

Matrix isolation-spectra of*CoCl2 in'the ultraviciet visible
and 1nfrared regions have been reported (Cllfton, 69; DeKock 68
K Thompson,_68; Jacox, 69). The ‘molecule can be deposited by dlzect
véporizatibh’of-the eolid# The ligand field model gives a hq>g ground
state for the gaseous spec1es ,Strong trahsitions at 3;08' 3.20, 3.37,
3.50;and 3.64 ym ; and weaker tran51t10ns at 3. 95, L.20, and 4.58 um -1
vere réported by DeKock and Gruen at h.e K, but only the 3.37 region,
the.3;50 band and the weaﬁ abédrpticn at 4.20 pm_lvwere observed by
Jacox and Milligan at 14°K. The 3.37 um-l'system appeere'as a series
- of bandscwith'a vibratidnel spacing of_ebout'23b cm—l and is assigned
' tc a pfogression'ih Vi.of the upper efaﬁe. The.number of transitions
observed is not con51stent w1th the number expected from the llgand
field model'for-a h‘bg ground_state. Therefore, elther the model, orv

the statefdesignation or both may be in error. Clifton and Graen (69)

'have obtalned fluroescence spectra in. argon and nltrOGen.
-1

CoCl2 gives two bandslln the infrared. 'A'multlplet.feature at 490 cm’
corfesponds to the asymmetric streﬁchiﬁg‘vibration; 'v3, with tHe strongest
P ; 590035 -1, SR

~ component corresponding to 012 at h93 cm in argon. The bending
o : -1 : . .
mode,-vg, occurs at 95 cm in argon.- The frequency v3 shows a,heavy:'

. 1 AR
atom effect, shiftin g from h93 to. MSM to h68 cm from Ar-to Kr to Xe.

Y
Y
Y
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CrClé-

The‘ﬁltraViolet and_ipfrafed spectra of CrClE isolated in argon

.atle°thavebbéen reported:by.Jécox and Miiligén (69b). Samples‘qf
Cfdié-¢§# Be obtained by either‘diiect:vapériZation'of.the solid or via
the xv'evacﬁi.o'nv of chlorine with a chromium surface at 1035-1095°K
immédiately prior to depositioﬁ: ‘Sémbles ﬁere'oﬁséfvéd to bé strongly
absorbing at wavelengths shorter than about 260'hm;.‘Thicktd¢posits

show, in addition, a weak absorptibn near 307 nm. * Both absorptibﬁs
" . ‘ . l

appear unstructured. The gas phase systems reported at 3.623 and 4.960 pm~
(DeKock,=66) do not‘appear in the matrix.

The infrafed spectrum, dowﬁ to 250 cm-l, shows a strong coﬁplex
group 5f bands near,h901cm-l and éeveral Weakvabsdrptions near h70 cm'l.
Thejformef agree well with the spe¢£rum gxpécted from the»naturél
'isotopicrabﬁndanée_for'thg asymmetric stretching frequency v3 ofv
.linearfCrClz. The latter bands are attributed to site effects. MNo

evidence for a frequency assignable to v, was obtained.

1
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FeCl2

Feélé caﬁ bé i%olated in métrices by either diréct vépéri%agién €:
of thevéoiid, or by the reaction of chlqrine with iron metal sﬁrfaées'
at_lOBSéK;ifollowed;by condensation on a cooled target (DeKﬁck,>68;

K. Thompsoﬁ; 68; Jacox, 69b).

In the spectral range 200-550 nm several broad, structureless

bands have been observed. In argon, 4.2°K, band maxima occur at

3.75,'3;98 (shoulder),.h.l6, 4.41 (shoulder) and L.76 um-% (DeKock, 68).

At lh°K-the-bands are apparéntlyvless well resolved and the spectrum

«

. -1
appears as a broad peak at 4.17 pm ~ superimposed on an increasing
absorption below 4.00 um-l. Ligand field models predict a BAg

ground state for FeCl, and fivé.allowedﬂoné-electron transitions to

2
5Hﬁ,- ?ﬁu, and ° Q‘u states (DeKock, 68). Assignments to transitions

is not, however, possible on the basis of the data.
Infrared observations yield directly 88 and 493 em L for the

v, and v, frequencies of the molecule. The asymmetric stretching

2 3

frequency, Vv shifts to 447 cm—l in N, an unexpectedly large shift.

3’ 2
This has been rationalized in terms: of Ne-FeCle‘interactions{ All

evidence favors a linear ground state.
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. GeF,

- Infrared vibfational spectra of GeF, have been observed in neon
and argon at 4.2°K following direct deposition of}the vapor from a

Knudsen furnace (Hastie,‘68); The molecule can be prepared from GeF),

‘and Ge at 575°K. The sbectrum shows several groups of bands between

500 andﬁBSO cm-l.' The general appearance is ihelsamébin neon and argon,
howevef,7the bandWidths in neon.afe less than in argon. Two vibrationai
fundéméntals are obséfved; vl' at 685vcm;}.gnd  V3 at 655'¢mfl in neon.
Thesé‘ﬁands shift to 676 and.6h8 cmi; in argon. AThe bands both show
fine structure dué fo the germahiﬁm'isbtopes and the above frequencies
are for the strongest coﬁponent. Matrix bands are shifted from thé gas
phasebby-about -8 cm_l and -15 cm"l in neon and érgon,-respectively.
Thé'assignﬁents'are based on relative intensities and the computed
band anglé.for the molecule, 94°.

_Other'bands_near 600 cm—l and 670 cm-'-l are assigned to dimeric

: ‘ o | . 1
and polymeric species. A group of‘bands‘near,800 cm  is assigned.

‘to unreacted Gth. Since dimers and polymérs_exist_in equilibrium 
_ with the monomer in.the vapor phase; their appearance.doeS»ﬁot

‘necessarily result from,poor.isolation.
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HCN

IC;;King'and Nixon (68) have examined. the infrared and far infrared
epectra of HCN in argon, nitrogen and co matrlces at 4.2 and 20 K.
HCN forms aggregates 1n the gas phase and the spectra exhibit bands
due to dimers and polymers as well as monomers. In general, the monomer
Apeaks are sharper than the aggregate bahds. The fuhdamental vibrational
frequeneieS-ere observed at 3303, 720, and 2093 Cmfl in argon. These
values are coﬁsistent'with earlier resuits in nitrogen (Becker, 56;
Moore,'GS); The v2 band‘appearS'as a single peak in argon, but is
a doublet}in both nitrogen and carbon monoxide.. Dimer peaks appear
at 3301, 3202, 211k, 2090, 797, 792, and 732 em Y. The relative
inﬁensify of these and po;mmer.peaks'are lower in nitrogen than argon,

presumably indicating a'greater-degree of isolation in the former.:

Infraredjstudies:on matrix-isoiated water'have been made by several
workersgbeeause of;epparent free or neerly'free'rotatioh, eﬁen at h.EQK
(Catelaho, 59; Glasel, 60; Harvey, 68; Hopkins, 68; Jacox, 61; Redington, 62, 63;
D;’Robinsoﬁ; 633 Van,%hiel, 57b) . .Van Thiel, Becker and Pimentel,. in 1957,
studied‘the hydrogen bonding of water in‘nitrogen et 20°K and
reported the vibrational fundamentais_of.the monomer- as Well‘as bands
attribﬁtabie to dimers ahd polymers. The three fundamentals abpeared
| 'é.nd v

1%

- -1 A
at 3627, 1600, and 3725 em = for Vi, Vs 32
Later Catalano and Milligan studied the v, absorption band in argon,

krypton, -and xenon between 4.2 and 20°K as a functlon of temperature and

respectively.

concentratlon. This band appeared as a complex multlplet w1th six to
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eight sub-bands. The complexity was proposed to be due to rotation.

Analysié of the v regidn‘by:Glésel further supported rotation.

3 |
High resolution studies have led to rotational assignments of the
matrix spectra to low-J leveis'closely:correlaﬁing with the gas phase

values (Redington 62,63). The spectra eXhibited bands due to both

ortho aﬁd para spins. The presence of oxygen éatalyzed ortho-ggzg

spin coﬁvérsion. Sevefal rotafional levels were observed to be popﬁlated'
in spite of neéligible Boltzmaﬁ factors. - Thiﬁipopulation has been
explainéd using an ideal"partiéle in a spherical box model and :
Sﬁbstitutibnai-sites.a The observed frequenéieS'fdr the rotatihg molecule
’i’n,argori'g're, 3619, 1'590, énd 3733 cz'n;'l. "D. Robinson has observed similar
,lévelé in the pure idtatibn regipn as Redington and Miliigan‘in the

' vibratién&rotation'région théreb& presenting support.for the latter's
assignﬁents.

Similar:resultsfhave been obtained for D0 and HDO.

H012

Condensation at 14°K of the products of a glow dischargevﬁhrough HC1,
chlorine, argon mixtures led to infrared absorptions at 956 and 696 em™1

which have been éssigned to (ﬂl + v_.) and b3,_respectively of the radical HC1

, 3 2
(Ndble,‘68a). These peaks showed parallel warm-up behavior and both disappeared

- at about 4O°K. The 956 cm-l_abSOrption»appéarsvas a triplet with relative
‘intensities consistent with chldrine isoﬁopic'splittings expected fdr a

band involving vy for a th C1HC1 species. " Results on deuterium
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sﬁbstitution were also consistent. The 6965¢m‘1 band ‘does not exhibit
chlorine isotopic splittings; presumably because of the'small'magnitude,
0.19 Cm-l, expected. A value for the vy 'fundamental of 260 cm—l is
obteined from the observed (vl + v3) and v, bands. The bending
frequency, Vo is probably below the,limit_of detection, 200 em™ L.

formation was obtained'when HCl, Clz, or HI, CX

No eVidence for HC1 o

2
samples werevphotoiyzed in nitrogen or argon at 20°K.

Milligan,and Jacox (63c,. 67b)fhave.reported the infrared spectrum of
the HNCdmolecule'prepared_by the vacuum ultraviolet photolysis of HCN in
argon’and nitrogen at 14°K endvfrom‘the prolOnged photolysis of methyl azide,
CH3N3, in argon at 4.2°K. » .

The three fundamental vibrations of the molecule are observed at’ b7,
2029, and 3620 cm -1 in argon at hlgh dilutlon. The presence of nltrogen |
in neighboring lattice sites epparentlyfnertnrbs the (N-H) Stretching“
frequencyoand the*bending node of the molecule. Frequenc1es obtalned
at'low M/R's or- 1n N2 matrlces are shifted 81gn1f1cantly varylng between S
478 and 538 cm” for the bendlng mode and 3567 and 3620 for the (N—H)
stretchlng frequency ‘

Isotope shlfts for 13C5_D end lSN substituted species are consistent'
with the assignments._ HNC is predlcted (Walsh 53a b) to have a linear .
ground state and the computed isotope shifts suggest such a geometry.

- The computed force constants indicate that the carbon-n;trogen_bond is a

triple bond.



W3- o UCRL-19180

No ultraviolet-visibie transitions have been observed. The

photolysis'of HCN, however, lead to sufficient CN concentrations for

. o : i 2
the observation of the (0,0) and (0,1) bands of the CN B Z+-—-X22+

system at 385 mm.

JacokAend Milligan (67a) have produced the radical HNF by the
reaction of fluorine atoms with NH in afgon matrices at 14°K.  Fluorine

atoms can be produced by the photolysis of Fé

by the photolysis of HN3. Photolytic production of both F and IH

are requifed for HNF formation. Other species'known to be present'

or N2F2 and_NH is prepared

includevNF, NFQ‘ NF HNF ‘HF NH, N H2, as well as precursors.

3’ 2
HNF shows an electrOnic transition between 390 and ‘500 nm consisting
o , 1

of a progression of six bands in v2' with a frequency of 1033 cm

Walsh (53a,b) suggested that the progression is in the bending'mode‘of
the transition 2A'<t-2A"r v The ofigin ofvthe system apnears at 2,03# um-l.
The sane‘system for DNF'originates at 2.036 umfl and shows a progression
with a.frequency'of 798 cm;l |

Two vibrational fundamentals for HNF are observed=in the infrared.
The-N—F:stretching mode occurseat 1000 Cm;l and'the HNF bending mode at
lh32 cm-l. The N-H stretehing mode‘should oceur'betWeen-27OO and 4000 em-l,:
but it is not observed. PTeSumably thls mode is very weak Denterium'
and lsN isotope shlfts conflrmed the 1dent1flcatlon -The HNF bond angle
'1s about 105 , in analogy w1th NH2 and NF2 Force constants and

thermodynamic propertles have been computed.
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HNO
TheiHNO moiecuie was among the first trapped free radicals
-A(Rdbinsoh;f57a, 58a,b;d). It was_bbtaihed as a by-product following

condensation’bf the'productshof a discha?gefﬁhrough hydraziné, argonv

mixturesicontaining Water'as an impurity. Shortly theréafter, the sustained

photolysis of nitromethane and methyl nitrite in argon was also found to
give obgervable amounts of HNO (H. Brown, 58). Subsequently, HNO has
appeared ih,othersyétemSOften as the.resuif'bf ihpuritiesj(McCarty, 50b;

Harvey, '59; Baldeschwieler, 60; Milligan 62c). Of particular note is its

formation in the photolysis of HN, in CO, (Milligan, 52¢) via the reaction

3

of NH with'COE- ‘This systemvgives a moderaﬁeiy.cleén samﬁie,
sbeétroécopicaily. o ' -

= Eiéh$ bénds of_HNO afe observed in the visiﬁle specthm'o;iginating
at ;.312 L and extending tdzl.?ho_um';. Oﬁly:the fiis£ three have
| signifiéant intenéity; These bands correlate wellivith the gas bhase
bands ihitiélly-feﬁorted by Dalby (58). The bands éxévassigned to the
transition lA"<¢—-XlA" and jinvolve SimulfaneouS'pfogressions ih v'

2
1

SR

gnd 3t | o 3

The matrix'bands are_shiftéd from.the'gas phaSe‘bands,by about -5hﬁcm-l.
* The infrared. spectrum of matrix-isblated HNO has been reported by

several worker (H. Browh,'583 Harvey, 59; Milligan, 62c). Agreement as

regards the v, and v3_fundaméntals, the molecular bending mode and

the N = 0 Stréﬁéﬁing frequencies among workers is excellent and the values:

observed in argon are: 've = 1570 cm—l “and vy = 1110 cm-l; The use

of deuﬁerium and oxygen isotopes confirm‘theseiassignments. There is;

e

The observed frequencies are vroo= 1402 Cm—l and v'_ = 98é'cm' .
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however,'e‘discrepancy regarding the value for the H-N stretching

vys
mode. Brown and Pimentel (58) observed a band at 3300.cm_l which they
tentativeiyfassigned to HCO; Milligan, et al. ;(62c) report_a_velue |
ofv3380 cu-ljin 002 and‘ﬂéo;'whereas Hervey andrBrown»<59) report a
- value cf 3592 cm-l_in argon. In ali cases, deuterium'substitution
has been used. Deuterium shifts are all within reasonable limi%s
There is no aspect in any of the experlments that would tend to reJect
the‘observatlons. All systems are, however, complex, and. contaln specles
other than HNO. - The value reported by Harvey and Brown of 3592 cm -1
doesbcorreiate best with the'geS‘phaee value,43596_cm-l (see
_Herzberé;_67). |

' The‘hiéhvfrequency'observed for v2 indiceuesva'molecularthgle
of 1105.-.This-is in good;agreement-ﬁith the 109° from the gas ohase data

(see Herzberg, 67).

HNéi

Irradiatlon of SlH3N3 in argon near 4°% with e'hiéh pressure mercury
lamp is reported to produce infrared observable quantltles of the species
HNSl (Ogilv1e,.66). Frequencles ess1gned_ﬁo the molecule.are Vl =.3583 cm l,
vy = 5?3'cﬁfl'and vy = 1198 ¢m'l.' Calculated'aud observed isotope
shifts with deuterium are consiStent. The structure is linear and a large
k force constanu is taken as an 1ndlcatlon of a singlet ground state.

The (N—H) stretchlng frequency, vl, is identical with the equlvalent

mode in the'spec1es HNCin argon centalning nltrogen (Milligan, 63c, 67b).
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HOBr

Photoly51s of. argon, HBr, ozone mlxtures at- h 2°K are observed
to produce HOBr (Schwager, 67) presumably by the reactlon O3 + HBr + hv =
HOBr + 02;>_No evidence for intermediates such_as OH is obtained so that
a‘detailed mechanism is not available.

| All three fundamental vibratlonal frequenc1es are observed.

For HlsoBr these appesr at: v, = 3590 cm y Vo = 1166 em™t and

3 = 626 em- l. The DOBr counterpart bands appear at 2153, 854 and

18 ] o .
621 respectlvely 0 isotopic substitution in both HOBr and DOBr

\

has been used to aSS1st in the as31gnments The molecular bond angle
was estlmated to be llO for the calculatlon of force constants and

isotopic frequenc1es

HOCL
Similar to HOBr; HOCl has been prepared in argon matrices via

the photolysis ofiAr, HCl,ﬂo3 mixtures at 4.2°K (Schwager, 67). The

vibrational fundamentals of HOC1l, v and v

Y. 2’ 37 .
im0 . -1 o 18 . . N
3581, 1239 and 729 cm - respectively. 0 isotopic substitution was

v ~ appear at
used to verify assignments'and to'calculate force constants. The
molecular bond angle is ll3 as determlned from the gas phase data

(see Herzberg, 67).
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 HOF

Theiphotolysis of condensed mixtures df'water; fluorine, and
nitrogehAat 20 or lh°K has led to infrared observable quantities of
the radical HOF (Noble 685). Bands attributable to the three fundameﬁtals

v

were observed at 3483, 1393, and 88k cm—l for v and Vv

l) 2} 3[

respectivé;y. Similér; bﬁt more complex bands were obtained when argohv
was substitutéd for nitrogen..An‘addifiénal band in the hydroéen
_stretching fegion at 3772 cm;‘l was assigned to,HOF hydrdgen bohded

to an adjacent HF. A normal coordinate analysis based on structural

parametersvfrom H O and OFé‘verified,the assignment. Experiments with

2

D2O'and‘H2180'were also consistent with the identification of HOF and

_,the frequency assignments. Thermodynamic-properties have been calculated.

The'bdnding in the molecule is apparently similar to the bonding in

HQO anq:OFz.
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EQQ'
Miliiganband Jacox (63b,‘6ha) have succeeded in observing tae
| Qibrationél fupdamentalé of the species H02 folloﬁing’thé reactlon of
H.gtoﬁs,‘prbduced in photolysiS‘of HBr dr.HI,.with oxygen in argon matrices

at h:2°K. Yields of the radical are apparently greater with HI than HBr.

Béhds attributable to HOe-are observed at 1101; 1389, and 3414 em™ L,

The use of L 0 and D isotopes as well as comparisors with spectra of

H202'legd to the assignments. vy = 3&1&, VQ = 138¢, and vy = 1101 cm-l.

The spectrum indicates that the oxygen atoms are ncn-equivalent casting
doubt on an isosceles triangle structure. The data is insufficient
to permit calculation of an éccurate value for the molecular angle;

- At wévelengths < 220 nm, HO, appears to also undergo photolysis.

2

Giguere (54) had earlier assigned a band observed at 1305 cm

to HO, following condensation of the products of a discharge through

water vapor.'_He subsequently showed (56) that the band was due to N203

produced from nitrogen as an impurity.
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‘and 384 em—l for HgF,, 412 cm-l for ch12, 26l,em L for HgBr
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HgBrg, HgClé, HgFe, Hglzbﬂ

" The infrared spectra‘ef the mercury di-halides in krypton a: 4.2

: and 20°K have been reported by Loewenschuss et al (69) The :hloride,

HgClE, has ‘also been 1nvest1gated in argon, krypton, and xenon at 20°K

by McNamee (62). All are prepared by'vaporization of the solids.

. Monomer yields are greatest with a double-oven arrangement. The spectra

are consistent nith linear structures.(Bﬁcnler, 6&) with only two
fundamentals appearing in the infrared for the natrix-isolated monomers .
Specfra of each species also show additional bands attribntable te dimers;
pelymers,tor other snecies,. Table II.summarizee the observed: frequencies
fdr,the'mondmers.

| . Table II

'.‘UInfrared Frequencies of Mercury Di-halides in Krypton (em_l)

v ' v

3 -
HgF, €Ek2, 639 172
HgCl, 07, 403, 398 107

‘\ 'HgBré : o9l ;. T3
HgI, 238 63

The multlplet appearance of the HgCl 3 band is apparently due to

1sotop1c spllttlngs.

: -1 i P |
Dlmer bands appear at 586 em 1 for the fluoride,.286 cm - for the -

: bromlde, and 229 cm -1 for the iodide. These'are tentatively aSSigned »

ol halogen-bridged species. Other Bandé',

appearing and due to polymers or other unidentified species are at 660
2, and 220 -

and 23& cm;l‘for HéI.
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‘Calculated symmetric stretching frequencies, Vys ares HgFe,

588 cmfl;gHg01 s 348 cm-l; HgBr,, 219 cm_l, and HgI,., 158 em™t. Force
: 2 : 2 . -

2)

constants and thermodyhamic functions have been computed from the data
_ | ‘ | . .
(Loewenschuss, 69).

KrF2

: : , ‘ - -1
Infrared absorptions at 580 cm 1 and 236 cm ~ occurring when -
1:70:220 mixtures of F,:Kr:Ar are condensed at 20°K and photolyzed
with an AH-4 medium_pressure mercury lamp, have been assigned to
v, and v
=
_ higher F

2”resI_)ect:i_vely of the molecule KrF, (Turner, 63a,b). At

2:Kr ratios, these bands shifts to 575 and 245 em™l. The

shifts ére believed to be due to aggregations. Force constants
vderived for the molecule indicate that the bond energies are similar

to those'iﬁ XeF2-
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1120’ "

" o cm—

Condénsation of the vapors from solid Li O with krypton under

2
conditions ﬁhere the‘vapor.consists of predominately Ligo, vields,
infrared bands at 112 and 987 cm-l assignable to v2 and v3 of: the
molecule (Seshadri, 66; White, 63b). Substitution of oL in the
moieculé.éﬁiftélthé bands to 118 cm'“l énd.1029 cm-l respectivel&.
Isotope*raﬁios are consistent with a linear structure, but fhe
accuraclef measurements are not sufficiéﬁt to ﬁake the cOnclusioﬁ
unambiéuous} They aie,vhdhever, suffiéieht to exélude large
deviationslfrom linearity. Onithe‘basisvof'fofce constant'data, a

value for v, of 685 em™t is calculated.

1

LiON

Andfews and Pimenﬁél'(66a) report the appearéncé of new infrared bands
whenico-depositiohs of iithium,nitric oxide énd'argOn are.madé at i5° and
M.2°K.vahe isotope shifts with‘6Li,';8O and By aré consistent with their
assignment to a triatomic species‘coﬁtaining one éaéh Li, 0, and N atoms.

The observed isotope shifts and a normal coordinate analysis favor the

" molecular arrangement LiON in which the molecule is bent with an angle of

100° + ibf; The observed frequépéies for the natural isotopic species,
assuming the structure LidN;'areﬁ v s the NO stretching motion, 1352 cp';,'
Vo the'ﬂénding mode, 333.cm-l and v, the LiO stretching freqﬁgncj;'GSO et
The iatteriis the strongest of the three bands. The NO stretching frequency

suggests a bond order of about 1l.7. The bonding of the spécig§ is not clear.

The molecular arrangemént is not unambiguous and must be considered tentative.
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L102

o ‘ -1
Low frequency infrared bands at 231 and 685 cm ~ appearing in the

spectrum of matrix-isolated Li.O vapors under conditions where the

2

predominant vapor species is L1202 have been assigned to the VE and

v3 fundamentals of the species LiO2 (White, 63b; Seshadri, 66).

Isotope substitution indicates the presence of only one Li atom in the -
species and ‘calculated isotope ratios are consistent with the assignment

to,LiOE;-.Best'fit is obtained when a symmetrical molecule'with an

'angié of 170° is assumed. It is'conceivable that the molecule is linear.

A calculated value for 'vl of 34O em™t is reported.

MgF,

—

~M4gnésium difluoride can‘bé deposited by direct vaporization.from
a:Knudgenvfurnace at.témperatures in the range 1500 - 1575°K (Calder, 69;
Mann,.67; SﬂélsQn, 66) . The infrared spectrum of MgF, in krypton shows
sevefgl‘baﬁds between 200 and 900 em . Bands at 478, 242, and 837 cm -
are;assigﬁéd £o ﬁvi, 3 .
" of the mdleculef Iéotqpe éhifts for 2&Mg énd 26Mg are in agreement with

v2, and v réspectively'of the most abundant species

the assignments. The direct observation of v, requires that the

1
moleéulé:be bent. The apek anéle giving the closest agreément between
dbserved.and calculated isdtope shifts is‘158° (Calder,_69). Spectra
in neonvand argon appear.essentially the same, but the freqﬁencies are
shifted.as expeéted. |

Other bandsoc§urringin the spectrum are assigned to other spegies.
‘A band aﬁi7h0 ,cm-l is assigned to,MgF'and.bandsxnéar 450 and'hso.cm-l

are assigned to polymeric¢ species.

¥
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MnCl,

l MﬁClE can bevdepoéited for matrik épectral—studies by,eithef directA

vapori?atibn df‘the solid or via the reaction of éhlorine:ﬁith mahganesé

metal.surfaces at 995 - 1085°K.-‘(DeKOCK, 68; K. Thompson, 68; Jacox, 69b).
The ultraviolet—visible_spectrumu of Mn‘Cl2 in‘argoh:gives three

broéd unstructured bands at 4.39, 4.57, and 5.00 um'l; MnCl, is linear

and;is Sﬁggested'to have a 6Z+ ground state (DeKock, 68): The sransitions

may iﬁvolVe upper 62: and» 6Hu states, but no definite assignments have

been(made. The asymmetric stretching frequency, v and the bending

3’
mode, Vv,, appear in an argon matrix at 477 and 83 cm'"l respectively.
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N
S

Milligan et al. (56) assigned a band appearing-ét 2150 cm-l in
condensed films of‘discharged nitrogen, at 20°K, to the asymmetric

: s 1 . .
stretch of a linear N, radical. 5N enriched samples gave additional

3
bands chfirming'that.the absorbiﬁg species contained nitrogen. Bands
appéarihg at 962 and 737 cmflviﬁ fhe same samplés were aésigned to-
polymeric'species.greéter.than'N3- All these bahds disappeared on
wérming_to 35°K.as expeéted for'a‘reaétive spécies. Becker et al.
(57). observed aiband,at Elho‘cm-l.inxérgon'following the photolysis
of'ﬁﬂéfwhich theyccorrelgted to the N3:rédical. Harvey and Brown (59),
ho&evei, failed to'duplicate‘the resulfs using discharged nitrogen
coﬁdensed éﬂ h§2°K. ‘Both systems are complex and often contaiﬁ impurities}

3

tolacédunt for the observed emission features in condensed, discharged

Peyron et al. (59b,c) have proposed a different type of N, species
' — = % - | /

nitrogén, This spécies is: proposed to be a‘loosely bound N-Né complex

in which the observed emission is viewed as simple combinations of

electrgnic transitions ofvthe nitrogen atoms and vibrational transitions
| | 15
o N are’

‘consistent with this interpretation. This N

{ v ‘ _ 37
molecule as -that proposed by Miiligan et E&._ih’spite-of the fact

of thé N, molecules. Results ofvisotopic experiments with

species is not the same

thatAﬁhe’obServed vibrational frequency of about 2200 cm-l is similar.



-55- UCRI 19180

NCN

The free radlcal NCN has been prepared by the photolysis of cyanogen

a21de, N CN in a varlety of different solvents Infrared observatlons .

3
yielded two of the three vlbratlonal fundamentals. The third was deduced
from thefflrst two. The gas phase bands at 329 nm (Heriberg, 64) and a
new UV absorptlon system between 2&0 and 300 nm were observed by Mllllgan, et al.
(65¢,b, 66c, 69¢). | - -

The gas phase rotationalhanalysis of the (O;0,0j.band of the.3é9 m .
syStemAShons the molecule to“be‘linear and symmetriC'with a 3Zé‘l
ground state.(Herzberg; 64).

Cyanogen azide has two distinct UV absorptions at 275 ﬁm'(e ='lO3)

and 220 nm (e = 2157) (Marsh, 64), and irradiation of the molecule in

either band leads to photolytic cleavage to give NCN and N,- Because

‘of the characteristics of the absorption, the 228.8 nm line of a

cadnium flanp:hasiproved'to_be the best photol&sis sonrce for the
production of NCN. Its yield is, for all practical burposes, quantitative.
If light of. 250 nm is used, NCN itself w1ll also photolyze, but photolys1s
apparently does. not occur w1th the 228 8 nm cadmium llne

The 329 nm gas phase’ 3Hu<*-32g absorption system 1s,-in’the solid,

'shifted t0.330.4 mm in nitrogen and to 334.L4 nm in argon. This system

’ normally appears as a single broad unstructured band. In solids containing

large amounts of NCN an additional band appears about 1140 cm-:l toward

the blue. Assuming this band belongs to the transition, the

freqneney of llHO cmfl'is'assigned to -vlf of the 3Hu'state.-.

-
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In addition to theIBIIu - 32é tra;sition,.a Second and previouSly
unrépoftéd‘transition appears. Tﬁis system,consiéts of a series

6frban§s extending from 300 mm to ého mm and separated by about 1040 cm-l.
Each major absorption is qccompahied by & weaker Sepond‘component located
35 en™* toward the blue in argon,vor'SO em! toward the blue in N The
exact céﬁSé of'the~substrudtﬁrp-is not khown,v‘The 1040 cn™" vibrational
frequeﬁcy;‘assignable to vy

opserved,_about 10, sUggests that the upper state is also linear and

' 4 &and the number of vibrational bands

involves an appreciable change,ih the carbon-nitrogen bond length.

Using the arguments of Walsh (53a,b)Athe transition is assigned.to

332'4——-x3z'.
u - g

SChoéﬁ(66) has'emplojed flash photolysis of N3CN, N, mixtures at

20°K to'study the photdiytic procéss._ Hé obsefvedvan absorption band

at 335 ﬁﬁ ﬁhich;hé assigned‘té the_NQN lHu‘+-lAg system. This band
appeérs as ihe'only abSbfption aftrihutable'to NCN_immediately following
the flash; >beiay time.measureﬁenté indicéte a mean lifetime of aﬁout

3 32; absorption

500 usec fdr the lAé state. JSubsequently,vthe. Hﬁ “

appears as the NCN (lAé)'decays-to the ground state.

.Infféred obsefvations give directly the fréquencies 423 cm“l for

0 ' 1 R -
Vé'-and'lHYS cm-l for v3'. - Samples -containing large amounts of NCN
also show a band at 2672 — which is assigned:to the combination band
"

(pi +-V_). 'This then gives a value of vl ‘equal to 1197'cm—l. The

13C and 15N supports. all assignments. Force

3

use of the isotopes
coﬁsténfs and thermodynamics data for‘thé-species,haveIbeen calculated.
The C-N stretching forqe'coﬁstantbis_neér'thét of a carbon—nitrogeh
double béna.

Small'aﬁounts of NCthave.also been prpduqéd dﬁring'the vacuum

- Wltraviolet photolysis of C.0. in N. (Moll. 66).
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NCO . ,
Robinson (58b)‘and McCarty (59b) tentatively-obsérved a band near
hhb nm in the condensation products of a methane;argon diScharge containing

nitrogen'and oxygen impurities. They assigned it as the (0,0,0)==(0,0,0)

band of the AL - XEH “transition of NCO. This band was shifted by

about +‘7’O”cm-'l from the gas phase band (Holland, 58). In light of more
recent work (Milligah, 67e), this éssignﬁent of’RobinsQn.and.McCarty is
questionable. - Howévér; there is’no'doﬁbt now that_NCO haé been isolated
in low température matrices. |

- Two £réhsitions of the radical have been obéerved (Milligan,‘67é)
in néon; afgoﬁ, nifrogéﬁ,vand carbon moﬁoxide métriées at 4.2 and 1L4°K.

o .: ‘ - I ‘ -
The first of these is the AvZ+-——X2H transition originating near 2.28 um l.

The bands correlate with the more recent gas phase data of Dixon (60a,b).

The matrix'spectra are shifted with respect to the gas phase with neon:

showing a -38 em ™t shift, argon -64 cm-l, N, =

+ 156 cm‘l, and CO + 119 cm
for the (0,0) band. Band half-widths vary from 40 cm—l'in neon to

500 cm-l,in €0. All three freduencies for the upper state (A22+) can be

. . ) : : . -1
derived from the spectra. They are, in neon, v,' = 2325 cm ~,

1

vy' o= 68‘7v,‘cm-l and vy' = 1270 cm™ Y. The second system observed is the

2 2 : 1.
Bl - XEH system with its origin near 3.16 um ;. The matrix bands are
' , : , ’ S -1 - -1 -1 h
shifted from the gas phase bands by -122 cm ~, -301 em , =400 em  and
~-768 cm-l_in neon, argon, nitrogen and CO, respectively. Vibrational>

1

L

and 1040 em > for v.' .  The Bﬁ¢-X transition is a much more extensive

3

‘band system than the A ==X transition. »Nearly 4O bands are observed

frequencies observed for the B Il state are approximately 2300 for v

in neon for B =X vs. 5 bands for the Ai—%X,systém.
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Analys1s of the spectra 1s compllcated by an apprec1able Renner
effect for the NCO-ground state. In addltlon, the molecule has a
large sp1n spllttlng (Dixon, 60a); As a result, transitions are
expeeted from the 2n3/ level'only at lth When paramagneticvimpurities

are present to depopulate the H level.

l/ 2
Infrared observation on NCO produced by several reactions has

led to the assignment of all three vibrational fundamentals of ‘the

ground state. These appear at 1922, h87, and 1275'cm_l, respectively,

1 Vo and 2% The assignments are consistentvwithll3C and:

N isotopic substitution. Force'eonstant calculations indicate that =he

for v v

15
O bond is somewhat stronger than the CN band.

. Contlnued photolysis of NCO at wavelengths near 254 nm led to
disappearance of the molecule. .It is concluded that NCO photolyzes
to give N atoms and CO. No evidence for the species with atomic

arrangement CNO was obtained.

'
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NH,,

g

- The electronic spectrum of the radical NH has‘been carefully

2

inVestigdted in argon matiices at 4.2 and 14°K and to a lesser extent
in Kr‘and:Né-(Milligan,i65e; Keyser, 60;»R§binsqn, 58a,b,e, 59, 62¢c).

NH2 appears following discharges through nearly any system containing

nitrogen and’hydrogén, for example, NéHu in argon, following vacuum

ﬁltraviolét:photolysis of NH, in argon, or via photolysis of HN3.in

3

vmatrices. The épegtfum in argon appears as an extensive'seriesiof 67
sharp'bandnvbetwegn 345 nm and 790.nm. The.bandwidtn of many of the
.élines" is_léss than 3_cm-l,'suggesting that the radicals are situated
in equiValent,vand possinly, well ordered lattige sites; In'Ne'the

absorptionlaﬁpears as'a‘series of" broad features_witn bandwidths of
neariy iCO:Cm-l;n Thé principal transition invoived is AEAi(H)~¢;X2Bl.
Cleafl& visible in the npentrum in argon aré_transitions involving
rotationaivievels as well as vibrational levels.> This has led to the
vconciusibn fhat NH2 undergéeé neariy free end-over-end rotation in the

matrix. In the ground staté the four ldwest rotational levels are:

1

0", at0.00 em™t; 1" | @t 2111 em™; 1" at 31.87 em™, ana 1", at 36.65 cm .

» 0
At L4.2°K, approximately 99,9% of the molecules are in the lowest

rotational level, o"o.

absorption spectrum involve transitions from this level (Ramsay, 57).

As a result, the strongest features in the

The matrix spectrum cortelates:very closelylwith the gas phase spectrum
(Ramsay, 57; Dressler, 59) and shows a progression in the excited state-

. bending mode;, (0, v2', 0)<«—(0,0,0). Only_those bands where v_' is even

e

are observed with significant intensity, aml the first strong band is



-60- UCRL-19180

assigned to (0,4,0). The alternating appearance of'thé'spectrum~résults
! leﬁels‘cannot combine with O”O.

apparently consists of vibronic levels with

from the fact that odd Vs

The upper state of NH,

I vibronic bands for even v

2

has giveh é tentative rotational assignment for the strongest bands.

' and A subbands for odd v Robinson: (59)

! .
2
The résults 6f Miliigaﬁ and Jacox (65e) are in exéellenf agreement ‘with
the résults of Robinson. ‘Many of the ﬁeéker lines cén be attributed to
transitions from excited ground state rotational levels such as'l”o.
‘The obserfed'intensities afe somewhat greafer than expected on the
basis of\thermal distribution alone. Thé éxcess'populatibn can be
rationalized in terms of opticalvpumping via- either absorption followed
&y‘émmsaxsn.ﬁa M@féiS‘é$ﬂaxvmhansﬁ"o or via'direct absorption of and
transitiéns between rbtétiohai levels. | o

In:addition to the principal progression, bands attributable to
(1,6,0), (0,0,0) and (1,8,0),.(0,0,0) transitions are observed.
These trénsitions arise via'Fermi-resonance.with.the (O,lo;Oj‘and_
(0,12,0) bands,réspectively., MeaSurémentS-of the relative intensities
havevled fo calculatéd_values for the interaction éonstants'df'
W<l,6,o):='72.cmfl and . W(1,8;o) = 76 cm-l.-‘These[values a?e in excellent
agreement with the gas phase values of Dressler (59);

An extrapolated ofigin of‘about 1.02 um-l is obtained, and a
vibrational_freqﬁency v‘2 éf.680 cm_l; bécquse the'origin region

is not observed, these values are highly tentative.
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Two of the three ground state vibrational fundamentals of NH,,

have been dircectly measured by Milligan and Jacox (65e). The use of

15N and D isotopes confirmed the assigmment of bands appearing at 1499 cm

and 3220 cm.l in argon following the vacuum uv photolysis of NH3 to

v2 and v3, respectively, of NHE.' These results contradicﬁ an earlier

tentative assignment of 1290 cm-l for v. (Becker, 57). The complexity

2

of the absorption pattern near lh99va-l is consistent with the conclusion

that NH2 is free to rotate in the solid.
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Several ultraviolet.absbrption systems of N20 ha&e been reported,
ﬁoth'fof'the pure'solid and in nedn, argon and krypton matrices o&ér
the température range 1.5 - 63°K, (Sibleyras, 68; Romand, 52; Granier-
Mayencé; 53)- The A system, appearing in the gas phase near 3.85 um-l
appears in the solid at 20°K also as a broad; structureless feature,

half-width of 3ooo'cm'l, but reportedly shifted by +1500 em™.  The
gas phaSe systeﬁ B at 5.954 ﬁm-l appears in the solid shifted by
'+2500;¢m_;.“This system shoﬁs vibrational structuie; however, the
drigin’is:not observed, and the upper state vibrational frequency cannot
' be deduced with accuracy. Aﬁ average spacing of 590 cm-l is observed
for thése bands appearing in the solid. The progression appears to be

The_B_b@nds as well as four other systems further in the vacuum -
ultravibiét are observed in matrices (Sibleyfas,_68). The B system

shows mofe extensive vibrational structure than in the pure solid.

- Fifteen bands:areireported in argon. - As in the pure solid all transitions

are répOrtgd to have very large gas tq'matrix.shifts varying from 2000
to ShOQ;cmfl. The tiansitions can be\corrélaﬁéd tb the gas phase systems
B;'c, D, E, and F (Herman,'67),appearing at 5.959, 6.895, 7.790, 8.490,
‘and 8.680.um-l, respectiQeLy, Bands C and D are both contiﬁua;
"Iﬁfrafed spectra giye_the'values for v, and Vs of ﬁhe ground étate
moiecules;as 2222 and 1296 Cm-l, réspectively, in nitrqgen (DeMore, 59a);
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The radical~NOé has beenistudied'oniseueral'occassionsvand under 2
variety of condltlons (Bass, 56; Becker, 56 Br01da, 57b, 58c, DeMore, 59a;
Fateley, 59, Harvey, 58; Peyron, 59a; Roblnson, 57a) .

It 1s-cne of the earllest‘radlcals'to,be_studled'by matrix-isolation
methcds. Bass and Broida (56) observed avseriee of diffuee bands in the
region 300- h70 nm following the trapplng of nltrogen dlscharges at 4.2? C

which they ass1gned as NO bands These bands were.later observed in .
the warm-up glOW‘by Broida and Peyron (57@) and found to depend on the.
preeence.of'small-amounts of oxygen impurity (Broida,-58c).b Experiments
usiug l80 1sotope conflrmed the ass1gnment to NO (Peyron, 59a)
'Roblnson et al. (57a) studied argon, N02 ‘mixtures at_4.2 and 1.5°K
-and reported a complex series-of bands invthe region 340-700 nm. These
bands correlated with the correspondlng gas phase bands but exhibited
shlfts of.+55-70 cm l.b A sharp decrease in 1ntens1ty above 620 nm may
indicaﬁe;the presence of more than one tran51t19n. The complex1ty
of the leﬁ:temperature spectrum at both 4.2 and 1.5°K is.interpreted as
_evidence.that the excited state'strucfure'leading to the bahds belowv
620 nm is hon-linear. | |

An accurate v1brat10nal analysis was not given, but frequency

differences of 620 i) l, presumably correspondlng to v, ‘commonly occur.-

2.

Infrared studies have been made on N02 in 02, Né, Ar?_Hz, €0,, and
,Ngo.at 4.2 and 20°K. Both monomeric and dimeric N02‘are observed. The number
of bands observed depends on the degree of isolation. Fateley et El' {59),

for example, report three types of dimers and 16 absorption bands. -
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Vibrational fundamentals are observed at 1611 and 750-cm.l in oxygen at

4.2°K. - These correlate with the v. and vg-gas Phase fundamentals of

3

1616 and 750 cm ~, respectively (see Herzberg, 67). The v,

fundamental varies from

gas phase

frequency of 1320 cm-l is not observed. The Vs

1608 em™T in N,0), to 162k em™ in CO, with the order being
<Ar< 0 <N <

Nzou Ar 02 N, < iy

upon warﬁing.of’the matrix.

< NéO < CO,- Dimerization occurs readily

NiC12

The matrix sPéétrum of NiClévin argon consists of at least six
distinct electrbnic transitions in the region from 260 to 500 rm
(DeKock, 68; Gruén, 68; Jacox, 69b; Milligan, 65a, K. Thompson, 68).

Structured progressions are.obéerved “with drigins near 2;02, 2;13

" 3.05, 3.35, -and 3.69 um-lras well as a broad unstructuied-band at 2.12 um .

In addition a very_wéak structureless féature at H.lsvum‘l has been reported -

by DeKock.and Gruen (68). The system appearing at 3.05 um-l is the most

. -1
intense, with the bands at 3.35 and 3.69 pm ~ somewhat weaker. The bands

at 2.02, 2.13 and 2.12 um-; are observed only after long depositions.
. The obser?ed vibrational frequencies for éach of the three b;ndé, 3.05,
3.35, and 3.69 um-l, are near 250 cm-l, the individual.average‘values
béing é56, 249 and 283 em™t respectively. Thése values are assigned

1

to v - of the excited state. The system at 2.02 um_l shows four bands
with an average spacing of -‘1l4% em . This frequency is unassigned.

»n
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Theybaud at 2.13 um'l-shows.a vibratiunal'spacing of 350 cm-l,
also asSiéned'asba 124 frequency. This trausition_aise shows fine
‘structure,‘With three apparentuparallel brogressions. The second-most
ihtense features are shifted with respect to the strongest by - -95 cm-l,
while therleast intense Bands'appear_at approximately 55 cm-; higher
energy.than the.streng bends. The exact reason for.this is nqt clear,
but itrmaytbe due to multiple siteé; overlap of transitions, or Renner
splitting in a linear degenerate upper state.
A detaiied assignment of thetabsorptiou.spectrum of_‘Ni'Cl2 is not

possible; even in the gas phase work (DeKoek 67). Previously, the
observed: matrlx spectrum (DeKock - 68) had been 1nterpreted in terms of
an axial llgand fleld model including spin-orbit coupllng The tran51tlons
of 3.05, 3.35, 3.69, and 4.15 pm -1 were believed to correspond to the
four lewest'allowed oue-eiectrdn allowed_transitions to the 3Zuf, 3Zu",‘3ﬂu
and 3Ahrmoléeular states. Thevobservatibn by Jacox and Milligan (69b)
of the Bands at'?.oé,v2,13? and 2.12 umfl eannot be interpreted easily
with this uedel; ‘Consequently, Jacox and_Milligen (69b) have proposed
a revisedvenergy relationship between‘theforbitals on the nickel and
chlorine étoms in a uolecular Orbital treatment based on a cevalent NiClE-
This treatment results in four Jow lying @allowed transitions not involving

3 + 3Z g

charge- transfer and: therefore likely to show structure ( u s u

3Hu and-?Au might be expected tovshOV

and - Au).‘_Two of theseAstates,
Renner splittings. The transitions at 2.02, 2.13 and 2.12 umil_presumably
involve these states. Two higher energy transitionévare also predicted,

32u+ 3Hu'states. The"medel.falls shurt, however, pecause

these being and

four transitions are observed. ‘Expansidu to include all the transitions,
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invqlve,othér possible levels due to different eleétrbﬁ configurations
and pdssible spin forbidden transitions. |

‘Irradigtion of N1012 in argon-at 3f20 or 2.70 um-l is dﬁserved{
to feéulﬁ in greeh emission»from the molecule. Three band sysﬁems
have been reported (Grﬁen, 68) altﬁough only two could be reproduced
(Jacox, 69b). These band's&stems.originate.ﬁear 2.l3vand 1.95 um'li
with aIVery'weak one.hear 1.72 um-l. The first ﬁwo show-cleaf vibrational
frequencie;-of 360 cm-l, very close to the expected ground state
l; The appearance'bf-th:ee_absorption_syétems in this
regioh, pérticularly the twovét 2.02 and 2.13 um-l suggests fhat~the

frequency V"

two strongéf eﬁissiqn»éystems may be the co?résponding fluorescences.
Gruen (68)-bostulated that all but four of the observed bands resulted
frog émission frdm a 3Zg+ uppe; state to various lower lying states.
Infrated observations ha?e yielded directly two of the three
ground staté-vibrational fréquencigs. The band attributable to.v3 of
the most-abundant species appearS’at 521.cm'l. VThe"bending mode,
’ve is at 85 em L. Additional.bands_near 440 cm'"-l have been assigned
to the dimer (NiCl

Calculations of v. based on the values for v

. 22’ 1 | 2’
3 and the isotope spacings give a value of 351._cm”l in good agreement

with the_360 cm  observed in the emission spectrum.
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NiF, *

The asymmétric stretching fundamental of the moleéulg NiF2 _
appears near‘780 cm-l'in argon at L4°K, with the most inténse component
at 780'émfi’corr63ponding to the most abundant isotopic species (Milligan, 65a) .
" The failﬁré ﬁo obsgr&e Vl.along ﬁith‘the correlafion between observed
spécings to-those calculated tend to support the hypothesis that-NiF2
is linean"A'group of bands near 715-cm_l is tentatively assighed

to dimers._'A calculated value for vy ' 3
No absorption in the region 220 - 500 mm attributable to NiF, have

of 606 cm ™t of obtained from v..

yet been observed in matrices.

%
'Czbﬁe_has been studied iﬁ nitrdgen, oxygeﬁ, and carbon dioxide matrices
‘and as a‘édlid film aﬁ'h.2°K_énd 20°K (Bass, 58§ DéMofe, 58; Harvey;‘SB;
.aﬁd Moll;v66). It can be producea by’a discharge thrbugh purified molecular
oxygen or prépared conventioﬁally and deposiﬁed directly. Ozone shows a
visible absorption extending from 400 to 670 nm,'with the first band near
1.90 um-l.ithén producedAby condensation'of an oxygen discharge, the
SPeétruﬁ isiover}aid with bands dﬁe_to d-oxygen. Also QbServed is an
infrared Béﬁd at_3030 cm_l, which‘has beep assigned és 3v3 (Bass{vsa).
Infrared studies of the pure solid ana in oxyggn.andfcarbon dioxide
, = 1120, v, = 705, and
L 1050 cm’l, in ongen.v'These_vélueé are shifted‘toward slightly

yield the three fundamental frequenciés: v
v

3 . o
higher‘frequencies in nitrogen at 20°K. Overtone or combination bands

are observed at 3060, 2800, 2150, 2110, and 2060 cm .
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0oCl,.

has been 1nvestigated in the infrared at low

(65)

The spec1es OCl2

temperatures by Rochklnd Spectra have been recorded in N, vand

2

argon matrices at 20°K and in the purebsoiid at 77°K. The pure solid

12 Vo are observed in N2 matrices. The
-1

values reported for the fundamentals are: vy = 631 cm_l, vy = 296 cm T,

shows all three normal modes; v

and v. = 671 cm-l. Under high resolution, the V3 band is observed to be

3

a triplet. Ina nitrogen matrix, v, occurs at 640 cm™ and Vs at 680 cm-l;

. C e ) -1 : : .
vy is shifted to 639.cm ~ 4in argon. The bands are sufficiently sharp
in matrices to reveal isotope shifts. In addition to the fundamental

at 965 c'm-l

frequencies, overtone bands are observed’in pure OCl2
-(v + V‘), 129h_cm-l (v + v ), 1328 cm-l (2v ), and l976»cm-l (3v3).

All of these ‘bands show multlplet structure. The assignments are based
“upon isotope shlfts, band -contours, 1ntens1ty and separate observatlons

on rotatlonal structure in the gas phase. The assignments differ from.

earlier references quoted by Rochkind, particularly as relates to v_.

3
The band at 972 cmnl previously assigned as v3 is calculated to be due.
to the combination v. + v_. This reasSignment results in a lOWerfvalue,;

3 2

for the force constant assoc1ated with the C1-0- stretchlng mode Thisf
force constant correlates with the relatlvely long Cl 0 bond length of
170 nm. As a further result, rev1s1on of the calculated thermodynamlc:.

-functlons has been carrled out.
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_ The:melecule OF2 has beeu studied in nitrogeu,'argon and ox&geh‘at

4.2 and ?O?K in connection with produetion of the 02F radical (Arkell, 65a,b;
Spratley, 66a,b). Samples were prepared by direct deposition or by phdtolysis
of oxygeu.fluoriﬁe mixtures.- Two Of the three vibrational fundamentals

are reported. The asymmetric stretching,fundameutai,'v3, appearsvas a

doublet'at‘926 and 915 cm-l in nitrogen;‘the'symmetric stretching

frequencyz-vl,iis 812 cmf;. The latter is reportedly shifted to 822 cm-}

in argon; other frequencies are not reported in this matrix. The behding

fundamental,vvg, is not observed, but from the gas phase vaiue of 461 em™t

(Harmony, 62) shoul§ appear at or near this frequency.

OOF
'The'infrared'spectrum of the radical O F has'been observed following

phoﬁolysis of OF, O or F2,02 mlxtures in Né, Ar, or O2 at 4.2° and 20°K (Arkell,

65b Nbble, 66 Spratley, 66a b) All three vibrational fundamentals have been
reported. All observatlons glve essentlally the same results of 1495 cm -1 for

, 8580me for vy andv376 cm_l-for v3. The early'lnterpretatlon of the spectral

, - y 18 _
features was complicated.by_unexpected results on = O substitution. Instead

of’a quertet féature, the-v band near: 1500 .cm % was a triplet whereas the

1l

Vo mode at 585 cm = was a doublet.' Normal coordlnate analysis showed that
the observed bandw1dths could exceed the 1sotope spllttlng thereby leading to
unresolved structure. Later experiments (Nbble, 66) conflrmed'this ‘behavior.

The ‘bonding of OQ.F apparently is the same as in O.F_..  The O-F bond

2 272’
length is unusually long,-as.in-OEFE,-and'the bond angle is 109.5°
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8]

'McCarty and Robinson (59b) have reported five bands in the spectrum
of condensedrproducts from a'oiSCharge through argon phosphine mixtures
which'correlete well with the gas phase bands of PH, (Ramsay, 56; Herzberg, 67)
These-bends show matrix shifts of about -80 cm-l with regard to the gas

_phase; They have been assigned to a progression in v'2 with the first

- . o .
band -observed at 1.91 um - corresponding to (0,1,0), (0,0,0) of the
, , .

e : . ‘
A72Ai‘—:X Bl transition. The obseérved vibrational frequency is 930 cm

They=have'estimated'v? ‘ag 2320 c‘:m"-l from a force constant calculation.

1
The data-indicates an upper:state angle of approximately 125° and a

ground -state angle of 97°.

SO

;Snifur diorideanas been stndied'in a ﬁide_variety of matrices and
in'a solid film over'thevfemperature'range'of 4.2° to ilO°K. Infrared
observations on Soe'in krypfon.mefrices éiﬁe_the'three ground sﬁate.

vl - 1150, v
34

vibrationel'fundamentals as: o = 519 and v3 = 1351 cm_l

R ‘ _ 18
Isotopic substitution with 'S and = O verify the assignments (Allavena, 69).

The vi end v2 frequencies are also observed in the phosphorescence spectrum

(Meyer, 68 Philllps, 69a., b)

The ultrav1olet absorptlon spectrum consists of several bands attrlbutable

to the A lB - X lAl trans1t10n in the region 280 to 310 nm (Phllllps, 69)

The orlgin of the system 1s not observed; the flrst band corresponds to
(2,4,0), (650 0). The system consists of overlapplng progressions in
v', and v' .. The frequency dlfferences are 720 and 220 em -1 respectively

1 2

for thezfirst bands, but because of the fallure to observe-the origin,
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o : 1 : .
these cannot be compared to the gas phase "B, frequencies.. The -

1
origihbis estimated to occur at about 2.96 um'l. In addition,

ectimates for the origins of the C and D systems are 4.15 and 4.23 um-l'

respeétively,
Excitation of 802 with ultréviolet light'into the systems A, C or
D and with x-rays leads to strong phosphorescence, a 3Bl - Ai, in the

regiqn 390 to 470 hm.i The lifetime.of thisvph03phoréscencevvaries from
0.55 @sec in'Oé, where strong Quenching 6ccurs, to 17.5 msec in neoﬁ.
The lifetime is relatively”iﬁdependehtvof temperature over the range of
4.2° to 110°K, but the phosphoréscent.intensity decreases by a factor
of ﬁp to 100 over the:eQuivaleﬁt,range. ‘This inﬁensity decrease is
interpreted'in terms bf a fémperatﬁre depeﬁdent interéystem crossing

" rate (Méyer, 68). A completely analogous behavior is observed with

3u81802'(Phillips, 69b). The emission bands are well resolved in SF,

and can be éssigned to progressions in v"l and v”2 with differences

equal to 1126 and 518'cm-l, respectively. Other matrices do not yield
separation of the two frequencies. Synthésizéd spectra based on the observed

values Of-v"l and v”2  shift from matrix to matrix, but the shifts do

,hot show_thé same trend. - The origin of the system appearé'at»2.56 umfl.
The intenéity and lifetime measurements lead to the conclusion that
r:diationless processes in SO2

the experiments. Even pure 302 and SO2 in oxygen show phosphorescence.

are very small under the conditions of

Zeeman experiments on the.phosphorescénce of SOEfproducé two
lifetimés;and a broadening of several emission bands (Conway, 69). At
fields_greéter than 20kG, a second,  about 15% longer lifetime componeht

representing 20-30% of the total intensity appears. The contribution of
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this component is independent of field up to 90kG, however at about
80kG a Paschen-Back effect occurs. The results are believed to be due
to a combination of factors, including spin lattice relaxation, kT

imbalance and triplet level splitting.

The ﬁiﬁfavielet'ahsorption spectrum of the molecule 820 has been
observed»in.argon, krypton, xenon, and nitrogen matrices at 20°K, and
the infrared spéctium ih a so0lid film at 77°K (Phillips, 69a; Blukis, 6k4).
SEO can'be.prepared by passing‘almiXture of SOCle

a COlumhvof AgQS‘heatedptov160°C. In absorption,'only one transition

in rare gas through

of SQOViSIobserved. The spectrum consists of a progression of 18 bands
originaﬁing near 2.90 amfl wiﬁh a vibrational spacing of l\tlScm"l
A1l 18 bands fit the formula

G(v!*

3),: 29.070 + 426 (v'3 + 1/2) - 4.80 (v*é + 1/2)2 + 0.075 (v'3 + 1/2)3

The matrix spectrum is very 51milar to that of the ‘gas phase (see Herzberg, 67)

‘The predlssoc1atlon limit, however, is suppressed in the solid Two

bands to the red of the reported gas phase orlgln are observed 1nd1cat1ng

that the gas phase numberlng is. 1ncorrect, if the heavy atom effect holds.

A reevaluatlon of the gas phase data in light of the matrix observatlons
. -1
1 720 and Vs 286 cm .

In addition some previously unassigned bands are accounted for.

leadsvtoiestlmated excited state'frequen01es v
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= Infrafed observations in solid films Qf"SQO give directly values

for the three vibrational fundamentals in the solid at 77°K. These

1 -1
) Vg = 388, and vy © 679 cm .

values are v, = 1165 cm_

ScF

' McLeod'and Weltner (66) have reported the Qbsefvation of a series
ofﬁgltraviolet absorption bands and several iﬁfraredfbands, following -
condensation pf.vaporized ScF3 intb a neon.matrix at 4.2°K, which they
“have tentativelyvassigned:to ScFE, ScF3 or both._ The UV .band system |
.ex#énds from 280 to 320 nm with the origin at 318 nm and a vibrational
‘frequency of 580 ém-l. Five infrared bands appear at 726, 709, 661, 482
and L46 cmil. It is proposed that the bands at 726, 482 and LuU6 might

be due to ScF3(D3h) and the bands at 709 and 661 cm'l t07v3 and v,,

respectively, of a slightly bent -ScF .



~Th- - L UCRL-19180

Se0

The'UV visible spéétrum‘of selenium dioxide has been reported by
Voigt.éﬁ al. (VOigt; 70) in argon, Rrypton; xénon, SF6, CHy, and C,Fg
matrices 'a.f 20°K. 'I‘wo:a.bsorption regions are observéd. A strong
absorption originating at about 3.10 um"v;L shows fine structure in argon
andvxenbn;_but appears'és a Bfoad; unrésolfed system in SF6, CHLL énd .
CMFB'v'Thé resolved spéctrum‘consists of vibrational.bands forming
an exténded Franck-Condon curvé with two close lying maxima. The
absorptioh'could reéult frém two diffefent progreSsiOns or from overlap

of bands.  Site effects are ruled out because the-structure-is identical

in all matrices. If the spectrum consists of two progressions, it can be

due to abéofbtion'in fwo électronic ﬁransitions, both with progressions
in v'i;'ér a single transition involving progressions in (v', 0,0) and
(v',l,o)."The data does_not;éll&w distihction, but the latter is
preferred:‘ The spacing between adjacent bands averages 310»cm-l'and '
between aiternate bahds 620 cm’li Thgée are reésohable values for v'2
and 'v‘i,vrespecfively.' This.transition.is Aésigﬁed>to,the gas phase
B state(éee Heererg; 67) which is analogoué to the{C state of the
isovaleﬁt molecule SO,- ' |
A sécbnd; considerably weaker absorption appears invthe-region
 betwéén 3éb-ulo'nm as a broad syStem ﬁith nd distinct Fraﬁck—Condon,
maximum. Thié trahsition is tentatively assigned to $l<- SO, where-So

representsfthe ground state, and S:, the first excited singlet.state

l)

‘in the molecule. The latter state is, in all likelihood, analogous to

the AlBl'State of SO2. It is also believed thatvthe lowestutriplet state, T

may contribute to the absorption in this region. The weak intensity of

this absorption leads to the'conclusion. that-sl and Tl are very strongly_mixed.
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Depending on thé wavelength 6f excitation,:two emiséions from
Seoe‘are §bsér§ed. With excitation into the strong ébsorptiqn near
275'nm, or with X-rays,-a weak, blue, genera;ly.structureleés emission
originating:at 3.10 um-l appears. This emission is interpreted as
reéonance fludrescence of the strong absorption. Wiﬁh light of 365 nm.
wavelength, a stroﬁg yellow emission with_Origin at 2.20 ﬂm-l is obtained.
The system aﬁpears as an extensive progression in v”2 with yibrationgl
spacing of-365.cm_l. The lifetime of this transition has been measured
in Xe, SF6 and CHF8 and found to be < 0.2, 2.5 and 2.0 msec respectively.
This.transition is aésigned to the phosphorescence Tl - So With,Tl

3

corresponding to_the gas phase C state and analogous to the a Bl state

1

of 50,. Population of T
T, = §_ or by intersystem crossing following the weak S == S_

occurs either via direct excitation through
1 . 1

absorption. S3<—-Tl intersystem cfossing is apparently absent.

Si

_3

Trapping of silicon vapors in a neon matrix at 4.2°K has given a series of

7 weak bands between 420 and 470 nm which do not_fiﬁ the scheme of Si
. . 3

2

absorptions. These bands have been tentatively assigned to a Z;;¢—3Z-

transition"pf 813(Weltner, 6hc). The bands appear in groups of three,separated
S - ' | e
by 310 cm . . The separation of individual components in a group is 110 cm l.

- -1 : A : .
The 110 cm  splitting within groups. has been attributed to site effeects. : The

1" This value is not unreasonable

frequency of 310vcm-l.is suggested to be V'
when compared with a value for the ground state . vy of 358 em™t as computed

by DrOﬁart.(SS).
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Sicc ..

Weltner and McLeod (6ke) report the appearance‘of_ll bands
assignéble to‘SiCC in the absorptipn spectrum'of silicon carbide vapors

trapped in'néon-or argon at 4.2°K and 20°K. The'bands‘appeaf in the

same“regioh as the preViously observed blue-green stellar bands (Kleman,56).

The.bandsvdriginateiat-h97 nﬁ in neon and extend to about 400 nm. The
intensity ie highest near”tye‘erigin and'éecreases abruptiy at higher
energies”ihdicating.little change:in internuclear distance. In analogy
with Cé (Weltner 64a,b) the molecule is expected to'be’liﬁeaf in both
the ground state and:tﬁe'ekcited state. Transitions occur in which

A&l and Aws-take integral values and AN2 = O;E,h‘etc{ The vibrational -

frequencies derived from the spectrum are: v'l = 1461; v'2 = 230;
Vv'3 = 1015 em ~. The vibrational structure in the upper state apparently
requireé-pdsitive values for xi3 and xés. That is, the frequency v'3

inereases with higher vibrational quanta of v!' ‘No evidence for

1"
‘Renner splittings; as in;C3, was observed."The transition is assumed to
be 1M -x1z'.
u U Tg ‘
The emission spectrum of this same system has been recarded, but the
interpretation is not‘cqmplete. Vibrational frequencies for the ground

‘ -1 -1
state of 836 cm ~ and 1745 cm = are obtained from the emission. The former

isfassigned_to v3'aﬂd3the latter to vl. The remaining frequency, v2, is

listedias.300 em™’ as obtained from the gas phase data.

and - Vv"_ frequencies, giving

1 3

P R -
1751 and 835 cm » respectively, in neon. No observation of v”2 was -

Infrared measurements confirm the v*

made. -All;featufes are also observed in argon.
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A'féw_béhds appearing in the absdrptibn spectrum of silicqn carbide
vaporé ﬁrépped in neon and argon ét h;E and -20°K have been'proposed‘to
_arise frdm the molecule SiCSi (Weltner, 6kc). .These bands bverlap‘the
.long wavéiengfh end of.the A bands of SiCC. The bahds originate near |
530 nm in afgon and néar 510 nm in neon. .Nearly all the intensiﬁy appeérs
in the‘firsﬁ three ‘bands. The bands are separated by about 500 cm"l and

the assignment is made to V' on the basis that the molecule is symmetrical

1

and the transition is lﬂd<—-xl

‘Z;. A calculated Value for v of 672 em™t
is obtained if all assumptions are correct. The analysis and even the
assignment to SiCSi is very tentative. - This is particularly'true in

light of the-nﬁmber of7species known to be presént in silicon carbidg

vapor (Drowart, 58).

SlC12

Milligan and Jacox (68c) have prepared'SiClg,in érgon at 14°K by the

22
A broad unstructured absorption at 315 nm with a half width of

vacuum ultraviolet photolysis of SiH.Cl, and SiDEClE.

-1 -
about SQO‘cm' is the only absorption appearing'betweenll90 and 540 nm.
Infrared absorptions appear at 502 and 513 em ™. These correspond

tp the v, and Vv strétching“fundamentals, although it is not poésible.on.

1

3

the basis of the data to determine.Which is which. The absorptions appear :
as.multipleté due'tovsiliéon and chlorine isotopic splittings. The bond.

angle is computed to be between 90 and 120°.
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SiF,

One electronic transition and all three vibrational modes of the

specieS‘SiF2 have been observed in several matrices at 4.2 and 1L°K by

Miliigan (68d). Difluorosgilane, SiHeFé, photolyzes readily with-vacuum 
.ﬁlfrgViolet radiatidn, for example, the hydrogen 121.6 nm ILyman line, to
yiéld'directly SiFQ.. The molécule has also been prepared and trapped
via ﬁhe reaction of SiFuvwith'solid silicon at 1425°K (Bassler, 66a).
Rafiosfof SiF, to SiFh in the final products are about 3:2, so that the

latter Sysﬁem is far from spectroscopically clean. The SiFu infrared v

3

absorptidnioccurs in the same region as the absorptions of SiF making

2
observations more difficult.

v'In both neon and argon, ultraviolet absorptions corresponding to

the gas“phase lBlf,_lAl ‘transition at 4.40 ym™ are observed (Khamna, 67).

In argoh; the abSorption appears as a structureless feature 7.5 hm in
-ha;fAWidth and centered at about 220 nm; while in neon, a progression
of 8 distinct bands. with an average separation of 253'cm_l appears.

This frequency corresponds to the upper-state bending mode of SiF The

o

‘bands-can be correlated with the (0, v'_,0), (0,0,0) bands of the gas

2’
phase spectrum by assuming a matrix red shift of 130 cm_;. The origin

‘is not;dbéerved,_and the first band at L.44 um  is assignéd to the (0,2,0) -

" level.

Inffared observations in an argon matrix yield the following frequencies

for the vibrational modes: the bending mode, v,y appears at 343 cm'l;

the symmetric stretching fundamental, vs at 843 cm'l, and the asymmetric

stretching vibration, V3 at 855 em™ L. ,Waim-up behavior and iéotopic

substitutions are consistent with the assignments.
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The'usé of a CO matrix has shown that H étom‘photodetachment is
an important step in the photolysis process, whereas little or no F-
atom fragmentation occurs:

‘NUmerous infrared bands not attributable to SiF, are observed.

2
Some can be assigned to dimers or aggregates, others to unreacted

precursors. ‘Some, however, remain unexplained.’

SrF

v Thévinfrared spectrum.of SrF2 in a?gon at 4.2°K shows a moderately
strong doubiet absorption with'components‘ét Mh? and hSO Cm-l, and
ﬁuch weaker bands at 303 and 356 cm"l (Snelson, 66). The latter bands
are assigned to aggregates. The doublet nature is also\retained in
néon and krypton, appearing at 468, 471, L4L3 cm-l, respectively.
High reéolution 86Sr'and 888r.isotope.studies by Calder, et al. (69)
of SfF2 iﬁ krypton at 26°K have led to the assignment of the &oublet
componen:tsx near 440 cm-:L to the two stretching fundamentals. The
. | EIandgthe band]gt hhl dmfl to yl.

In addition, the bénding mdde,' Vo is observed at082’cm—l. The observed

band at,4h3vcm-l.corresponds to v

isotope shifts leéd to a calculated apex angle of 108°. "Aggregate bands

. : -1
appear, in krypton, at 75 and 120 cm. .
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Ta0

'The'molecule'TaO has been observed in neonland argon'matrices at
4.2 and 20 K follow1ng vaporlzatlon of tantalum oxide at 2270°K or via
reactlon of oxygen with tantalum metal at 2270 K (Weltner, 65a).

TaO2 shows two absorptions'ln_the v151ble part of the spectguna
In.neongﬂa:strong‘systemvof bands originates at 861 nm and a second,
weaker series of bands appears at 616 nm. The'former transition,
designated A, cons1sts of a progres51on of bands with a v1bratlonel

'spac1ng‘of 285 cm l. The short wavelength portlon of the uystem is
overlapped by a second progre531on startlng at 797 nm w1th the sane
v1brat10nal frequency The Shlft between the progress1ons is 927 cm
In argon, much of the structure is lost and the bands appear broac.
The pr1nc1pal progress1on frequency of 285 cm l‘corresponds to V" x
“the upper_state bending frequency. The system shous a long Franck-

Condon -envelope indicating'a significant change -in angle in the ugrper

state. The second progression has been assigned as (1,v"2,o), (0,0,0)

giving a value for y'l,of 937 cm_l._ The second system, designatec B,

. o : . : . =1 '
also shows a progression in v', with a spacing of 281 em . Becaise

2
it is significantly weaker, v', is not observed.
" The ground state Vibrationalyfrequencies v"l = 971 and v"3 = 912 cm”

“have been‘determined'by infrared analysis of the same system. The

assignments were made on the basis that the upper state frequency, v'l =

is normally smaller than the ground state frequency, V' . This results

1

-1

D)
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in V", being greater than V"_, a situation, which in light triatomics

1" 3
almost never -occurs. Thus, these assignments are tentative.
A-molecular orbital scheme somewhat similar' to Walsh's (53a,b)

<

treatment for BAB molecules has been used to derive the term symbols
for thé ground - state and the lowest allowed transitions. vThé grouhd

state islsuggested to Dbe 2B and the observed transitions may involve

1

(2) ‘snd/or A, .

the upper states 2Al 5

WO2

—

o - ~
3 Qr blue w02.96 at 1600°K or the

Vapdriiation of either.yeliow WO
reaction of oxygeﬁ with tungsfén at 1900-2950°K yields several tﬁngsten
oxide spécies including WO2 in sufficient yieldslféf dirééﬁ sﬁectral
observatidnsrin'neoh or argon matricesvat 4.2 and 20°K (Weltnef, 65b).

Two ¢lectronic transitions of WOé are observea in the visiblé. A_
strong systém A, originatingvat 1.267‘umfl énd a weaker syétem, B, with

an origin'near 1.280‘um—l both show lohg progreSsibns in~v'2, of the

uﬁper'state., The A system also shows a simultaneous progression in v!

1°
The observed vibrational frequencies for the system A are v'l = 972 and
v'2 = 300 Qm-l, while the V', frequency of the B transition is 287 cmf;.

Iéotopé‘éhifts with‘l8o'have been used to. aid the analysis. The extended
vf2 pyogréssion leads to the.concluSion that,the upper state molecular
angle differs significantly from thét of ‘the ground state. The transitions
. g3 30 Y o n(3 3 | |
are assigned as A(*Bl) X(.Al) and B('BE) X( Al),
Infrared observations on tungsten dxide deposits give seVéral bands

A - : -
in the region 600-110 cm l. Of these, bands appearing at 928 and 992 cm 1

3 1 2

molecule, These aésignments are consistent with the observed 180

have been assigned to v" and V" respectively of the ground state WO

subétitufed_isotope shifts. Most of the remaining bands have been QSSighedv

to.hlghgr ox;deg,such_as WQOhf w3o9, wholz'
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XeCl2

Nelson and Pimentel (67a) report the preparation and isolaticn of
the species-XeCl2 in sufficient quantities to record a complex infrared

band assigned to v, of the species. The band appears as a broad

3

, o , : -1 _ . ,
structured feature near 313 cm . The observed absorption can be fitted

closely with a calculatedepectrum based on the available xenon and
chlorine iéotbpes. The species is concluded to have a DOh symmetry.
No additional data on the molecule is available, therefore the

identification should be regarded as tentative.

XeF

Photolysis of fluorine, xenon, argon mixtures at 20°K with f&ei
full liéht_df'aﬁ AHeh:mediumnpreSSure'mercury lamp_givé'éufficiégif
XeF, forvthe observations of two of the three-iﬁfrared‘fﬁﬁdaméntélé
(Turnef,?633), A weak band at approximately 510 emt aésigned to
vl_apd_an intenge‘absorption at 5&7-cm-l'assigned to v
At an F

are observed.

3

2

tXé ratio of 5:1, evidence for the formation of Xe‘Fbr is obtained.
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7nCl

ZnBr ~ZnF2, and ZnIl

27 2’ 2

The infrared spectra of all the zinc halides have been investigated

at. 4.2 and 20°K in argon, krypton; and xenon matrices (McNamee, 62;

2,.ZnC12, ZnBr, and Znl

Loewenschuss, 68). Each of the species, ZnF 5 o

can be vaporizedvdirectlyffrom'avKnudsen furnace, however, monomer
yields appeaf to be greatest with .a double furnace arrangement.
Direct observations of,v2 and v3 have been made.

Table III

Observedilnfrafed Frequencies for the Zinc Dihalides in Krypton (in cm-l)

2 3
| ZnF,, ) » 151 - | :758
ZnCl, 103 ' - 508
nbr, ) Cay Lok
Znl, o 62 346

Bands attributable to dimers arebalso observed. The lattér are found to
depend significantly on the vapoiizat@on conditions. The bands assignable
to monomers all show the multiplet structure expected from the natural

isotopic abundance of Zn isotopes. 'In addition, splittings appropriate

35 37

for 271, °'C1 isotopes are observed. A band at 425 em™t for ZnClEIhas

been assigned to the v, vibration of the dimer (McNamee, 1962)  assuming

a D2h symmetry for the species with two chlorine<bridge bonds between the

zinc atoms.
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Several other bands also appear in thé spectra. These ére in the

range_hEQ Cm-l for ZnF, to.170 cmfl for ZnI,.. Bands at 334 em™t and

2 2

297 cm-lVfor ZquE have glso been tentatiVely assigned to dimer'frequéncies,

9 11

All data areconsistent with a4 linear structure for.all the halides.

" v. and v.. respectively.

Thermodynamic properties have been computed from the data (Loewenschuss, 68).

[
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Part II

Tables of the Optical Properties of Matrix-Isolated Tri- and Polyatomic
Molecules

SummariZed in the folldwing_tables are the impoftant optical features
as’obsef?éd'in low temperature matrices. The data is as pfesented in the
oriéindl réfereﬁces.. Vélues are tabulated for one matrix bnly. Molecuies
are entered élphapéficaliy by formula? withfail ﬁriatdmics presented I'irst,
followed by tetratomics, pentatémics, etc. - The molecular formula is
entered on the left. | |

Uniﬁs‘afe chosen, where possible, invaccordance with the SI rules.
Wavelengthé.are giyen in nanomeiers, hm, and frequencies in reciprocal
micrometeré, um“l. The latter is équal toleLL dmﬁl. 'In‘exception to the .
ST rﬁles; the wavenumber,vcm-l, has been retained for vibrational
frequencies and the torr:fdr pressﬁreé. The former is used because of
its»unanimous usage for this purpose and the latter because of instrumentation.

The_stéteé are listed_in order of‘energy with the highest observed
level first. Thé state'description is given Whefe-known or proposed.

W,Tﬁérdrigin energy, TbO’ is;the ehergy‘as determined from the position
of the (0,0) band. |

Under Observed Transifions; IR indiéates'infrared observations.

For ultraviolet and/or visible resulfs, the entry indicates whether the
data is frdﬁ abéorption or emission or both. The spectrai waveléngth range

of the transition is given when reported.
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The fundamental vibrational frequencies are given under vibrational
frequencies and are as observed in matriceé. Tﬁe matrix for which the
valuesJapply is identified under Remarks, if not. otherwise ob#ious.

The Herzberg (45) scheme fdr.numbering vibrafions is used. ~Polyatomic
frequencies are identifiedehen known.
| Paientheses'are used to designate'uncértain, calculated or

proposed data. The remaining table entries are.self-explanatory.v

<&



TRIATOMICS

Vibrational ko] o
, . Observed Frequencies(em ) _ : Y Temp. . : -
- Molecule Sta.te T (um ) 'l‘ra.nsition -Vl Cova vy RemArks - 2 (°K)  Preparation Reference
AJ.éO X 0 IR 715 (238) 994 argon; v, calc. . Ar ke A1203 Linevsky 64
. A : 'ogertone at 1867cm 3 1%5
1 }
BO, Baz;;' 2.1 BeX 2 bands only Ar 4.2 vaporization Sommer 63
Zn0( &)+ 13203
_ - 182§
Aenu 1.79 AeX 930 465 2400 By
: 400-565nm
X2ﬂ 0 IR © 1276 llB; EIIJ_/Q may be
- 8 " frozen out; excess
350, masks low
fre uency region
BF, X 0 ' R 300 ( 64) 113 krypton, polymer - Ne. 4.2 vaporization Calder 69
: L - peak at 3%5cm L v Vo Ar 20  147522125°K  Snelson 66
cale. Kr '
BeBr; X 0 IR (230) 207 ) 993 neon; v, not observed  Ne L.2 vaporization Snelson 68
‘ . : in argon polymer 975°K
bands at 570 and 760
cm” vy cale.
: iaec12_ X - 0 IR (390) 238 1122 neon; dimer bands at Ne 4.2. vaporization. Snelson 66,68
S ' : 870, 64ocm=1; vl cale. Ar . T25-1275°K '
Kr
BeF, X 0 IR (680) 330 1542 neon, aggregate bands Ne L.2 ° vaporization Snelson 66
: : at 790, 830 and 1250 Ar © 875-1275°K
'cm‘l vy calc. . KkKr

. _Lg-



Triatomics (continued)

Vibrational

: : 1 Observed Frequencies(cm'l) , E Temp. o :
Molecule - -State _vToo(p.m ) -Transition Vi Y V3 Remarks : "é (°K) Preparation Reference
BeI X . 0 IR (160) - 872 neén;'v3 doublet v,  Ne k.2 vaporizstion Snelson. 68.
2 _ ' cale. . _ Ar 975°K
¢y A'm, 2.6 Aex 1125 305 (8i0) neon; v, tentative €O, k.2 carbon vapor Barger 62,64,
3 . o ‘ : _ N Brabson 05
a’ll, 1.71 a—X neon; excited via 2 Weltner 62b,6ha
: A —X &t 405 or SFg : 64,66
1 - 365m Ar |
X Z:; 0 IR 1235 (75) 2040 neon; average Vv, 0,
- Xe 1
™
_ _ . P
CQH : ’ 0 - IR (1848) no assignment; lBC ,D Ar 14 vacuum UV " Brabson 65
. : : photolysis of Milligan 67
Colip
©CCOo ? (2.00) 2 e=X broad, unstructured Ar 4.2 1) C, from . Jacox 65b -
: ’ o (500nm) continuum - N, vacuum ultras :
: ' - © . violei photo=-
x5 o IR . 1978 381 107k Ar 14 lysis of NyCN,
- - ' + CO
‘ 2)vacuum ultra-
, violet photo-
L | lysis of C.0,
CBr, XA, 0 IR 595 641  humerous, other Ar 15  Li + CBr, Andrews 68C
‘ species present; v . —
probably <200cm-1 ©
CClBr X 0 IR 739 612 Vo not observed Ar 15 1) Li+CC1B2y Andrews 68¢

<

2) Li+CCi3Br



" Triatomics (continued)

XA . . 0 IR

3262 may be V; 13c,D

Vibrational 5 Ra
: Observed TFrequencies(cm ) g & Temp. _ :
Molecule State . T (pm ) Transitlon vy Vo - Vg Remarks g (°K) Preparation ‘Reference
c'c12' -A(lAl' or (1.78) A—X . 305 16 bands, prog. in Ar 14 1) C, from  Andrews 68b,e.
o ‘ 1440-560nm . v, N, 15 photolysis of Milligan 67c
N.CN + 012
15 ) 3
1/ 2) Li+CCly
XA, -0 IR 720 46 most abundant speéies;
' T : ' ccuy, CCl3 ‘and other
impurities present
CF, A( Al) 3.74 . AeX 500 single prog. invgp; Ar 4.2 1) discharge Bass 62
' ' 230-268nm 16 bands observed ' I through C\Fg Milligan 6lc, 1
: co - in Ar 68a N
' i
xlAl 0 IR . 1222 668 . 1102 13¢; “impurities” co, 2% gg°§°3~"“s v
‘ ' present: ' ° 2
CFoNoCFp, CoF 3) photolysis
pHpvtas Y2ty of Fo, N3CN
CFy, VF3, CoFg. and ar%on or
N, mixtures
(CFoN) 5 2 ‘
CHC1 ATp" (1.25) A X 860 -argon; several "Ar 14 C from NrCN  Jacox 67b
B 560~7500m perturbations ' photolysis + S
. : HC1
xta’ 0 = 1201 815
CHF AlA" 1.73 A X 1010 - argon; 0,0,(5 not Ar 14 photolysis of Jacox 693.
' . . L70-546nm observed; progress- N, CH3F
’ ion (0,vp',O)matrix
o shift ~ +30cm~1 (
Lt 1405 1182 bands at 2918 or



Triatomics (continued)

Vibrational -1 . ‘
o . . Observed Frequencles(cm ~) » b Temp. . .
Molecule State T, (um ) Transition Vi vy Vg . Remarks g (° K) Prepa.ration Reference
. indirect chemical . DeMore 58
e evidence only Goldfarb 60a,b
Jacox 63a
. Milligan 58,
- 62a,674
Moore 64,65
Robinson 60a
CHO BQAf 3.87 BeX 1375 1035 hydrocarbon flame co 14 1) photolysis Ewing 60
: ‘ 210-260mm : bands ;. érigininot ’ o of HI, HBr or McCarty 59
: ' : observed: HpS in CO ‘Milligan 6le,
2,4 y . . C 3 696
ATA"(x) (0.93) A<X . 2) discharge _
- 510-670nm (800) through CH,/ . Rovinson: 58b |
SR o . _ Op/Ar mixtires 9.
x_?'-A' 0" IR 2488 1090 1861 1937, 852 and 1800 " 3) ‘reaction of I
- - em~1 for: DCO; -0 atoms with '
e,0 . - CoHy
CNN 2 77X 1355 2 bands  Kr 1) photolysis Goldfarb. 60b
‘ : L19- 396nm o ‘Ar of NyCN Milligan ggd, ,
‘ e Yo '2) photolysis 2
3..- - 13, 15 N photoly Moll - 66a
X'z o _m 28#1 9 12k ~C, N A - of C30p in Mo v o foa
’ 3) photolysis Schoen 66
of CHplp Weltner 64b,
- 66
€08 6.74 74X , (760) .kryptoh; Rydberg - Ne 2 1) direct _ Roncin 69 N
o 115-145nm . like; mode not - Ar 80°  deposition J. Smith 68¢c L e
: assignedy Kr . 2) photolysis Venderame 66 : :
B 5.96 ? =X (495) krypton co of S,C1y in CO :
\ ] ) N
. 5.54 (7 X 511 ‘argon; 15+ ba.nds CSp
. : . ) ' . (o]0}:]
X'zt 0 IR 2050 518 857 v3 argon; vy and

Vo pure solid



Triatomics (continuéq)

Observed ‘Frequenc1es(cm )

‘Molecule State To (um ) Transition

Vidbrational

14 v

1 2

v

3

Remarks '

Matrix

. Temp.
“(°K) Prepevation |

‘Reference

e . 6.60 .

CaF X ‘_O

CdBr X'z -0
. . g

Cacl, Xz 0
g .

7 X

135-152m

=X

 (sk0)

560

290-330mm -

? =X

IR

IR

IR

185 163
(205) 62

(327) 8

554

319

420

~simultaneous

neon; mode not
assigned; 1lst band;
origin not clear;
Rydberg series
surpressed

argon;

progressionsiin/ .Yl

_and v 1

RenneT-Teller
splittings ..

two lifetime
components
71 = 0.8msec;

= 2.6msec in
argon

krypton, dimer

- bands at SEBCm %

70 em-1; *Oca,

Lea

dimer band at 270

em~1; polymers at 190

163 em-1; vy celc.

krypton; v% quargit;
7l 3

dimers at

Ar 2 airect .

1

5E S

Kr- 20 deposition -
Xe C . °
Ne

4.2 vaporization

Kr L.2 vaporization
20

Ar 4.2 vaporization
Kr 20 ’

and 357 cm”™ ; vl calc.Xe

20 1675 - 2175°K

" Bajema 70

Roncin 69

.Calder 69

Snelson 66

Loewenschuss 69

Loewenschuss 69
McNamee 62 '

-16-



Triatomics (continued)

Vibrational

ol ul ' Observed Frequenc:a.es(cm'l g ..Teinp;- :
iolecule State T (um ) Transition vl v2 v Remarks 2 (°K) Preparation Reference -
CdFa XlZ+ 0 IR (572) 123 662 polymer bands at’ b_ Kr 4.2 vaporization Loewenschuss 69
8 Lo 475, 384, and 377 .20
em-1; v, calc.
1 .
CdI-2 XlZ+ o] IR (150) 270 dimer bands at 222, Kr 4.2 vaporization - Loewenschuss 69
» g 217 cm‘l; polymers 20 . C
at 140, 127 em~l;-
“vy calc.
c1, X 0 IR (273) ©. 374  group of bamds - _ Kr 20 discharge thru Nelson 6T
- o . : between 365-275 em™l Kr and Clp
- 32¢1, 3Tca vy calc.
. linear, slightly -
L asymmetriq '
cwo X o R 1880 281 570 _possible c-0 ‘triple Ar i+ Cl sources HCl, Jacox: 65a
' : : bond l3c " 'Clp, CL,CO,
(01co)
C1C10 X 0 IR 960 372 quartets; l80 . ‘ Né; - 20 . photolysis of Rochkind 6o
: o isotope shift . ' ' 0120 in‘Ne
smaller than expected
» (,'102 A( 2Aé) (2.30).  A<X diffuse isopentane~ “T7 édlutions - Arkell 67
: © . 300-430nm methylcyclohexane ' Norman 55
] - : : Rochkind 67b
X2Bi 0 IR 940 448 1100 v, and v appear. - Ar k.2, direct
5 ' : S ' . as quartets deposition
@ *

—2 6=



Triatomics (continued)

’ Vlbrationalz 3 .
: g Observed Frequencies(cm™ ) & Temp.
Molecule . State TO.( Transition v, v, Remarks & (°K) Preparation ‘Reference
€100 X 0’ TR 1441 407 373 argonm, o8 N, 4.2 1) photolysis Arkell 67
' 0 of Cl, and O, Rochkind 67b
2 C 2 2 )
Ar . mixtures o -
_ 2) photolysis
of 0C10 in Ar,
CoCl, 7 (4.58) ?7==X - v Ar 4.2 vaporization Clifton 69
: ? Lae - ? <X - broad band ke 1k o DeKo_ck668
L ' : ’ : Jacox 69b
2 ?
Y (3.95) o X -Xe K. Thompson 68
? (3.64) ? «=X -shoulder
? 3.50 7 X single band
' 286rm -
? 3.37 C 22X 233
- 290- -320mm
? (3.20) 7 -=X '
? (3.08) ? =X _
X(l{{p 0 IR 95 - 493 most abundant
& ' ’ _species; linear
Ci-Cle ? 3.85 7==X strong; continuous Ar 14 1) vaporization Jacox 69b
‘ 260nm down below 260nm; gas : 2) reaction of
: L phase bands at 3.62 : Cl2 with hot
_ and 4.96 pm~1l not Cr©1035-1095°K
? 3.26 ? X observed; weak, -
unstruct\_zred
X .0 IR koo most abundant’
- . species; linear
. FCO A (3.00) A~—X " 43 bands; 1B appear Co L. 1)F +co F from Milligan 65b
' 0-340nm in progresiéon(vl, Ar 1 NFp, OF2, ~-
- 0,0) 1 20  t-NoFp
XA 0 R 1855 626 1018 2YrhnfaTysic

of FoCO and HFCO

€6~



Triatomics (continued)

Vibrational

'_ : .. Observed Frequencies(cm‘l) ;g Temp. : v
Molecule State TOJ(Hm ) Tremsition vy v, - Vs Remarks " - & - (°K) Prepevation . Reference
FEC, BrNC, CINC see text Milligan 67b
FeCl,, ? éh.%g‘ . re=X © Jacox 69 reports - Ar 4.2 1)vaporization DeKock 68
7 (k) 74X 4,16 :superimposed 14 - 2)reaction of Jacdx 69b N
I 7 - (4.26) 7 X on increasing Clp with hot' K. Thompson 68 -
‘24Onm continuum .only; Fe (1085°K) -~ :
7 (3.98) 7 «X . band maxima - . .
_ 250 down -
? (3.75) = ==X
XA 0 IR 88 . 493  most abundant
g ' L ' spec¢ies; linear)
' - strong No shift of
v3 to 447 cm-1
GeF, XlAl 0 IR 685 (263) 655 neon; strongest Ne . 4.2 wvaporization Hastie 68
: R component; from gas Ar - at 425°K° :
L phase; bands at 800
‘em-1 que to GeFi; .
bands at 600cm~l and
£70cm=L due to dimers
or polymers-
" HCN X o IR 3303 720 2093 argon; dimer bands ~Ar 4.2 1l)direct "Becker 56
: ' at 3301, 3202, 2114 N, 20  deposition Ce King 68
2090, 797, 792, and CO 2)photolysis  of Moore 65
732em-1; greatest ' diazomethane :
isolation in Ny - -
H20' X 0 IR 3619 1590 3733 ‘argon; free or nearly Ne " 4.2 direct .. --IluCatalano 59
' free rotation; Ar to deposition Glasel 60
complex bands; D - Kr 27 Harvey 68
L Xe Hopkins 68
Ny Jacox 61
O, Redington 62,63

D. Robinson 63

Veaw ™ -

;W6—



B Triatomies (continued)

state; D

W,

Vlbratlonal 1. i
L : : Observed Frequencies(em ~) S & ' Temp. . :
. Mb;eculg- State T (um ) Trans1tion Vl SV v3 Remark;r _ a4 (°K) ‘Prepa:ation »Refgrence
HCL, X 6 - I (260) 696 vy from (v, + va) Ar  1h Discharge thru Noble 68a
. - at 956cm-1, proposed HC1/Clp/Ar -
Dan . mixtures
HNC x(lz+) 0 IR 3620 L7 2029 ' presence of No in  Ar 4.2 1)vacuum UV Milligan 63c, o
' ' - neighboring site N, 14 photolysis of 67
perturbs the normal HCN : :
- modes. .values shift _ 2) photolysis .
to 535,2032, and - > of CH3N3
3583 in Ar when .
significant amounts
S of N, are present.
:HNF A2A" 2.03 _ ,2AL.-2A" 1033 progression in‘vé Ar 14 - reaction of F Jacox 67a
' 390-500nm ‘ : . ‘ e atoms with NH;
. . : ) F from photolysis
2 . ' 15 " of N-Fp or Foi
N y 2¢2 2>
XA 0 ._ IR 11432 1000 D, N 1o from-vHN3v
HNO alar 1.31 CAe-—X - lbe 982 argon. progression_ Ar  .b4.2 1)discharge thru H. Brown 58
' S 575-760nm SRR inv) + v3 NO 1k WM, /O/HpO/Ar  Harvey 59
o 1 ‘ o . 082 20 . ) McCarty 59b
XA 0 . CIR (3592)1570 1110 argon angle ~110° : 2)photolysis Milligan 62c
‘ : : disagreement . of CH NO or Rebinson 57a,
regarding v, . CH3ON8 .58§,b,d
o 3)discharge thru
Ar/H,/NO
L)photolysis of
HN3 in CO, or
: Nég
HNSi X 0 m 3583 523 1198 linear; possible  Ar 4.2 photolysis of Ogilvie 66
o T : Lo singlet ground SiHsNé

..g6..



Triatomics (continued)

Vibrational 5
.Observed Frequencies(cm~ ) o _'g ,
Molecule Stgte (um ) 'l‘rans:.tion vl Vo o Vg Remarks g Reference
‘ o L . Sl RN ) ooy UEUIE o
HOBr X 0 IR 3590 116k 626 .naturaleisotopes; = Ar’ ,Schwager 67
U, <039, Dy-estimited - CHNOUNEPIL SR
IS0 XN B 4t N Vo ;,,
: } .. . [N 43
HOCL X 0 IR 3581 1239 729 ) natural isotoplc Ar 4.2 photolysis of Schwager 67
’ species, 018, D ,A.JHCl/Os
’ “.m:xtares .
ToTe _ :mx. 2
HOF X 0 TR 3483 1393 884 Ny; complex bgndsl N 14 phobolysis of Noble 68b-
o ' An argon; D A 20 F /HEO/NQ or
: 2
. v Ar mixtures
2 . ) o -,13 Gug west L _
HOO X A" 0 IR 3414 1389 1101. a.rgon, exygensu prE AR 4.2 H, from Milligan 63b,
: : photolysis © 6ha
1 + ' _ N SR
HgBr, X'z 0 IR (219) 73 29k d:Lmex: at. K 4.2 vaporization Loewenschuss 69
- ' ‘ N R golymer at 20 :
261cm 5 vy calc.
: S ," QUi o R s c L cann UT. L
HgCl, X12+ o] - IR (348) 107 ko7, krypton; V3 ’criplet Ar- 4.2 véporization Leowenschuss 69
S o unidentified band at Kr 20 o __McNamee... 62
o a2 emt l, dimer-at: -~ Xe~ T - : o
“ho2em=1 5 vy calc. S
HgF2 XJ"}:+ 0 iR - IR (588) “:172  6L2- doublet; dimer Kr 4.2 'veporization Loewenschuss 69
bénds at 5860m -1 .20 ' :
L. - other bands at. 660,
T T AR 38’4(21!1-15 V'l calce.
'3 -
Ch 2

_96_‘“‘,“ -



Triatomics (continued)

Vloratlonal X
' o Observed Frequen01es(cm ) 5 Temp.
Molecule St;te T (um ) Transition v, Vo 7v3_ Remarks g (°K) Prepevation Reference
HgI, s 0 IR (158) 63 238 other bands at ‘Kr 4.2 vaporization "Loewenschuss 69
8 ‘ 229, 220, 23hem™L; 20 S
v, calc.
: 1
KeF, X 0 236 .58 aggregate bands at Ar 20  photolysis of Turner 63a,b
: 575 and 24Sem-1; ' Fo/Kr/Ar :
bond strengths mixtures
© similar to.XeF2 . : .
110 X 0 IR (685) 112 987 robsbly linear; - Kr : 20  vaporization  Seshadri 66
a , o Lij v, calec. - 16ko°K White 63b
10N X ) IR 1352 333 650  molecular arrange- Ar 15  codeposition  Andrews 66a,b
- : . ment proposed L.2 of Li and NO .
LiON; v3 strongest . -
band
Li0, X 0 S IR ->(3h0) ‘231 685 best fit. for CQV’ “Kr 20  vaporization Seshadri 66
T - vy cale.; angle = : ' © . White 63b
170° - L
MeF,, - 0 IR 478 242 837" kryptons hMg, Mg, Ne  L.2 ‘vaporization  Calder 69 .
B 26Mg; bands-at 450 Ar 20  1500-1575°K  Mann 67 -
and 480cm-1 assigned Kr - Snelson 66

to polymers;. angle
158°

e o



Triatomics (continued)

Vikrational

‘ o .1 Observed Freguencies(em ) & Temp. - »
. 'Molecule State Too(umb ) -'I’r’ansit%on vl- v2- v3 ' Remarks g (°X) Preparation Reference
MnClé e 5.00 ? X “all bands broad, Ar- k.2 1)vaporization DeKock 68
2 - hsT 7 +X unstructured 1h 2)reaction of Jacox 69b '
. ) ' 250nm down shoulder - Cl, with hot X. Thompson 68
? - k.39 7 -X ' Mn surface ' :
6 + . 228nm _ . 995-1085°K
Xz 0 IR 83" U477  most abundant o
g . -species.
Ny X 0 IR (2150)  other bands at_962 N, 20 1)discharge thru Becker 57
and T37cm~1; 15N; nitrogen Harvey 59 .
identification un- 2)photolysis Milligan 56
certain; Peyron et of 'HN3 : - Peyron 59a,b
ij;.ipropose an : _ .
N-I\I2 complex
- NON vB3)3- "3.31 - B <X 1040 argon; Ne’ 14 ‘ photolysis of Comeford 66
: : 340~300nm photolysis with €0 20 N3CN : Milligan 65¢c,d
1 : 1 "\ = 25004 Ar <. 66¢c,69¢c -
A 3.00 A +X mean lifetime . - h Mall 66a
s : 335mm , 500 psec in N, Schoen 66
3 - 2.99 I<-X 11ko argon; . _
v — 300es0es ° structureless ‘
x3>:; 0 C IR 1197 - k23 1475 (vy + vg) = 2672
. 130.? 15 .

Ty
L 9

|
\O
@



Triatomics (continued)

rotation in matrix.

- Vibrational -1 5 -
- ' Observed Frequencies{em ) % Temp.
- Molecule . Stave (um ) Tran51tlon vl 'VQ' v3 : Remarks . ] - (°XK) Preparation Reference
UNCO - %1 3.6 B+X. = 2295 -1036  neon (Ry); ~40 bands’ '.Ne' b, 2 l)CHh/Ar/NQ/OQ MeCarty 59b
o . 400-L50nm o : - Ar discharge Milligan 67c . .
54 . : ‘ . : . v Ny 2)vacuum UV Robinson 58b
A"E 2.28 A=X 2325 687 1270 neon (Q); 5 bands -¢O photolysis HICO ' :
240-320nm : : ’ 3)vacuum UV .
2 S ' o ; photolysis HN3 .
xm, 0 _ IR - 1922 - 487 1275 considerable spin in €O
R : © splitting (A—956cm'l) L)C (from h3CN)
transitions from T + NO
only at 14° K and be{cw, 15)0 (N0) + CN
large Remner splitting (from HCN) .-
NH, AeAl(n) 1.02 A<Xx 3350 68 T, & v) extrapol- ~ Ar . 4.2 1)discharge Keyser 60
) ‘ 344-790mm " -ated; “alternate Kr 14 thru NH/Ar  Milligan 65e
S N bands; originates Né ' 2)vacuum UV Robinsen 57a,
in 0"~ M and B. photolysis of ~  58a,b,c,
vibronic sub bands; 59,62¢
- : i averaie value 3)Bhotolysis of : .
: o . ) b7~ 3em” ) HN3 o
L XTBy o} IR 1499 3220 possible free :



Triatomics (continued) o '
. Vibrational

L
T L ’ ‘Observed Frequencies(cm ) 5 Temp. _ ,
¥olecule ' State T (p.m ) Trans:.tlon i, v Remarks & (°K) Preparation . . . Reference.
B0 F 19.200 - FeXx ' obsetved only in argon salid | 1.5 direct deposi‘tlon DeMore 5%
E '9.01 . E=X - . Ne e 6 - G“amggr'Maymce
D .7 8.33 . D X _ . " . Ne, continuéus - Kr - ' . . Romand 52 _
c 7. 3l+' C +X' o o 'Ne, continuous - S .Na . ‘_ . S;bley;'a,s 68
B (6 20) B=X - - (590) progression in v'y;
. - . o : average spacing;
. R e .. origin not cobserved;
A(JI‘. ) (h 00) . . A==X _ _ ' ,structureless b=3600cm™ -1
XJT. : 0 - IR _ S 1n nitrogen; all .
» : R o ' “transitions strongly -
blue shifted
NO2. : B -+ B=X ) SR Ny; diffuse : N 1.5 fi_ireéf dezosition Bass 56
_ - 3 300-470nm - : ‘ ' . Ar k2 : Becker 56
A(°B,) 1l.12 -~X (620) | °  argon; blue shifted ., % _ 20 ‘ o . Broida 57b,58c
1 . . -1., COp. ‘ DeMore 59a
, 340-700nm from gas by 55-T0em © © p R Fateley 59
XA 0 IR (1320) 750 1611 argon;numerous dimer NO » IR Harvey 58

bands B R Peyron 59a _
: . S "+ - Robinson 57e

=001~



Triatomics (continued)

Vlbratlonal 1o X
o -1 ~ Observed Frequencies(cm ) _ ke Temp. - ,
Molecule State Too(p.m' ). Transition vy Vo _ v3 Remarks .. g . (°K) Prepa.ratlon Reference
' N’i’cl2 e 4.15 ?7<X o ' 'very weak e Ar .2 1)vapérization, DeKock 68
' T - 3.69 ? +X. 283 : extended progression 1k 675-800°K o Gruen 28
. 265-290m . . . 2) reegiiﬁntOL gicox 9b6
? 3.35 . - 7 =X 249 | extended progression . C%Q wi a? N % 1ligan 5a68
290-325nm R . _ : ] R Ni sufface a Thompson
7. 3.05 9 - . 256 . . -extended progression L <1375°K :
..+ 330-370mm ’ . Co .
? 2.13 - ==X 350 : 3 parallel progressions
L 440-470nm S S
SRR - T - ? =X ' : _ featureless ,
- 470-500nm R ' '
? 2.02 7 -—X o : band- separation
S 480-500mm _ ucm-l(h bands)
7 1.95 ? X I , X
: '510-530mm . =
ki .72 ?1=+X RS o _ 0
x3ng, 0 + IR 360 85 521 most abundant species
Nﬁféik”w}"-X(3H) 0 : TR (606) = 780 most abundant species; Ar 1%  vaporization = Milligan 65a. |
' ' I o ' o - . peaks near T15 may be ©1075-1175°K : : -
' o due to dimers; 10} cale. : ,
0y B (2.90) - B=X o - first observed bana No L2 1)direct - Bass 58
‘ ST I 400-670nm ' . . 0y 20 deposition DeMore 58
XA, o IR 1120 705 1050 0O,; overtones at 3060, COp 'ﬁg;ig“ﬁagge el
S i o : 2 0, 2150, 2110, and ueh Fo ’ ,
' : ' 2060cm~1" ‘
oL, . X 0 ‘IR 631 296 671 pure solidv, =636 N, 20  direct - Rochkind 65 -
T ' ) in argon, befit; 18O .. A¥ 77  deposition '
_pure '

sol.



Triatomics (continued) . .
© Vibrational

_ " Observed Frequencies(em™) : : g - Temp. -
Molecule State T (u.m ) Tra.nsit:.on Vl vy vy . Remarks , 8  (°K) Preparation . Reference
OF'2 ' X , "0 IR 812 461 926 nitrogen; v, doublet; No . 4.2  1)photolysis - Arkell- 65a. b
o ' v, from gas3phase Ar 20 of Fp and Op Spratley 66a,
o mixtures
2)direct
‘deposition . .
"QOF X .0 ‘IR . 1495 585 376 resembles O oFo3 N, " 4.2 photolysis of Arkell 65b
' ‘ . aggle ~llO 3 O 20 'OFQ/ matrix Noble 66 .
' Ar or Fo/0p - Spratley 66b
matrix mixtu.res . S .
PH2 A2Al . 1.82 A--X (2320) 930 .origin not observed; Ar .. 4.2 discharge thru McCarty 59b L
436-522nm v, estimated; ' . PHy argon mix- 3
X?Bl 0 ' 5 bands (0,v3,0), tures !
(0,0,0) :
50, ) (4.23) D==X ' Ne l& 2 direct Allaveng 69
- " Ar to deposition Conway 69
_ c . (h15) C—X ' ' _ Kr- 110 ' B. Meyer 68
.A]Bl 2.96 A-<=X - (720) (220) Kr; origin not . Xe - Phillips 69a,b.
' e .. 2805310mm P observed; 17 bands; - CHj : :
’ o frequency differences. CDj
from first observed SFg
3 S o bands , Cth
a”B) 2.56 8 X : ; lifetime N
: 390-470nm 13 5 msec-at L. 2 X 2
. o in SF, 0;
1 o 38 2 .
X Al' 0 o IR 1150 . 519 1351 Kr; S3 O, )

Zeeman effect



Triatorics (continued)

Vibrational K
: Observed rrequencn.es(cm D) & Temp. o
Molecule . State oo(um ) Tra.ns:.tlon vy 2: vy © Remarks , & (°K) ~Preparation Reference
P oo ) / ) ) N
\seo A 290 A=X  (720) (286) L15  xenon;-new origin, Ar 20 soc12/matr1x Blukis 6l - .
. o Y _previous gas phase - Kr 7 gas + Aces at Phillips 69a
origin in error (see Xe 433°K R .
Herzberg 67) -
) 1
-estimated; vo ~
C ’ reevaluation of gas
. C phase . =
xar -0 IR ,1165 388 679 pure solid at 77°K-.
o ScFQ‘ (3.14) (7= X) (580) neon; tentative may be Ne 4.2 vaporization of Mcleod 66 -
- : © . due to ScF3 : ' ScF3 1875°K : -
X o} IR ‘(661) (709) not positively " v
: : . identified i
. ’ =
. Q
Se0, B 3,10 ‘B=+X- (620) (310) com complex absorption, " Ar 20  vgorization  Voigt 70 :
- : - 2L0=322nm possibly 2 -trensitions Kr : 409’k :
310-520mm or 2 progressions in. . Xe
: (v1', 0, 0) and (vy', SFg
1,0); resonance * CHy ’
‘ . : o fluorescence Cb,F8 :
? >2.20 : ? X weak .absorption; ’
. . .320-410nm - may involve state C
C 2.20 C =X ' C is triplet state
: 425-613nm T = <0.2 msec in %Xe;
S 2.5 msec in SFgS.
2.0 msec in Chv8’
-excited at 365nm
X 0 365
_Si3 . A(3E;) 2.15 A<-X 310 . 7 bands; ‘t_entaﬁive' Ne _L.2 ‘vaporization " Weltner Gl

"x(3z;) " 0

of silicdon
217552675°K



‘Trizzemics ( contin_uéd)

a decrease from

! eyt
Vi TV

- Vibrational o A .
: Observed Frequencies{em ) : E  Temp. _
¥olecwle  State T (pm ) Transition vl v, V3 Remarks &  (°K) Preparation Reference
s aln 2.01 Aln<»-xlz+ 1461 230 1015 possible positive = Ne 4.2 vaporization - Weltner 6lc
u : v X4 Ar 20 2775-3125°K
- 400~-497nm adsorption;
: 500-550nm fluorescence; llttle ‘
3+ : . C . r, change;.
XlZ 0 IR - X7h2 300 853 om fluorescence data
g : . ' : vy gas phase, 853em-1 - \
sics1 Alm 1.89 A<-X. 500 - identification Ne  L4.2 vaporization ~ Weltner 6lc
14 uso 500mm v tentative; © Ar 20  silicon carbide - .
xlzg 0 (672) calculated 2775-3125°K
: 81012 ‘0 IR 502 - 513 assignments tentative; Ar 14 vacuum UV Milligan 68¢c
. : may be reverse ' photolys:.s of :
. SiH,C1
: o o , . 372 :
347, AJBl 4. ko A =X 253 neon © Ne 4.2 1)vacuum WV Bassler 66a
< ' g "213-226nm : Ar 14 photolysis of  Milligan 68a
1 o : L co . 20 si
X"A; .0 IR 843 -343 855 argon ‘ N, E)reactlon of .
: . . R '_ SiF, with Si at ¢
1425°K - _
Sr?2 X(lAl) 0 IR (L41)- 82 (4U43)' krypton apex angle Ne 4.2 " vaporization Calder 69"

' l 108° bands_near 3Q3  Ar 20 1625°K ‘Snelson 66
and 256em~+ assigned Kr : : :
gg aggregates; “°Sr,

Ta0, B(2A) T 1.62 B +X 281 weak Ne 4.2 -1)vaporization Weltner 65a
: o : 558-616mm S : Ar 20 2)reaction with :
A(TA) 1.16 A=-X : 937 285 progression in va; hot tantalum
o ’ C also see (1,v, O) "(2270°K)
o _ ~(0,0,0) '
¥( Bl) 0 IR (971) (912) assignment based on

=101~



Priatomics (continued)

assigned to dimer

Vibrational -1 _5 i :
- Observed Frequencies(cm &  Temp. v
. Molecule tate . T (um ) Transition v, Vo V3 . Remarks g (°K) Preparation Reférence
WO, B( 3B2) 1.28 B+ X 287 ‘reon : . Ne- ~.L.2 l)vaporization Weltner 65b
3 o ‘ _ 8. -Axr 20 or WOp, 96
A(®B)) 1.27 A+ X 972 300 “neon; 1°; ' 80 :
3 R ) i ' . extended progression 2)reaction of Op . . :
X("A)) 0 R 992- 928  inv* - with tungsten at
: ' neon;2180; numerous 1900-2950°K o
IR absorptions _ L
between 600-1000cm-1 N
assigned to higher
oxides
XeC12 X 0 IR 313 complex absorption . Xe 20 Xe + Clp, through Nelson 67a :
: ' ‘ due to Xe isotopes . ‘microwave dis-v : ' N
o o charge -5
N
. . , B ]
XeF, X 0 IR (510) 547 high F,:Xe ratios Ar 20  photolysis of . Turner 63a
oo : : give Xth . Fy in Xe ' o
ZnB:c'2 Xz o] IR 73 4Ok most abundant species Ar - 4.2 vaporization Loewenschuss 68
- & in Kr; band at 326 Kr = 20 : ~ Mclamee 62 :
" assigned to dimers Xe ) : o
ZnCl, - XlZ+ _ 0 IR 103 508  most abundant species Ar - k4.2 vaporization " Ioewenschuss 68
L & in Kr; bands at 425, @ Kr 20 McNamee 62
334 and 297 assigned = Xe
_ to dimers
ZnF, . X.L_L - 0 IR 151 758 most abundant species:Ar 4,2 *vaporization Loewenschuss 68
8 : in Kr; band at 665 Xr 20 : ~ McNemee 62
‘ assigned to dimer Xe -
Znl ¥l 0 IR 62 . 346 most abundant species Ar. k.2 wvaporization Loewenschuss 68
2 € ' ' in Xr; band at 272 Kr 20 : McNamee 62



Tetratomics

S g Observed Vibratlonal o » ¥ . Temps o S
 Molecule State (um ) Transitlons Frequencies(cm 1y Remarks - g_g (°k) -Preparation Reference
A1F3 X 0 IR 300 (vy) Ne L4:2 ~wvaporization of Snelson 67b
965 (v3) Ar AlF,(s) at 1150
270 (vy) . Kr. 1875°K
(80), X 0 R 1921 (v,) multiplet A b2 vaporization of Sommer 63
BES -1500°K
CBr3 X ) IR 582 (ﬁl) v and v) not Ar 15 reaction of 11  Andreéws 68c
773 (v3) - observed : atoms with CBr), L
CCl3 X 0 IR 'L67h’(v ) vé:and v), not Ar 15  reaction of Li - Andrews 674
898 (v3) observed ' atoms with CC1) 68a,e”
CF3_‘ X 0 IR 1087 (vl) '130 other bands Ar 14 " photolysis of Comefofd 66
. ' 703 §v2) observed 020 CF.N,/ and Milligan 66b,
1251 (v3) tNEF2 68a
512 (Vu)
CF.N A(é ) 2.76 2 2. ‘ C : : :
2 AAI Alf*'_Ba fine structure No 14 photolysis of . Jacox 68a
: ' . Ar FCN and t-IF, R
LCR0 Mk n—s T -~ (FCO), also pro~ CO 4.2 photolysis of ~ Milligan 65b-
: duced; continuous : OFy, N, F2 or :
) absorption - - INFp-in CO
' A i matrlx
X 0 IR 585 -
620
1913
1941

~90T-



-L0T-

Too ' ~ g
5 o Observed Vlbrational - . o +  Temps . v
Folecule Sta;te (um ) Transitions . Frequencies(cm l) - Remarks - - - S (°K) ~ ~ Preparation - ‘Reference
CH,F X 0. IR - 9% - o argon; ‘ass.ig:_mhent‘s AT b photo]ysis of = Jacox 69a .
E_ : 1163 (C~F) - tentative B 'Nz - CH3F B - »
L, X - 0 m 138 © * uncertain “Ar 14 photolysis of - Milligan 67b
» . P . . . . HCN '. “ ‘ .
CHO - A'A" 2.8 ' A-eX . progression in = Xe 4 airect - - Harvey 62
2 ‘ 360-5k0nm o | wp', vy andvg" - K to . deposition - J. Smith 69
8.3A" 2-“’4 . a—’x ) - 1 = 1.1 sec »in Xr ':.. IS\IFG 200 oo .
C L10-460m - : ' S 2
1, - . . _ pure
XA R IR , a.rgon, V1 vn, vu, :
1 o : . 2796 (Vl) ' V6 triplets - solid.
- : : 172 (v, ) »
' 114-98 (v
- 2862 (v )
12&5 (v5)
7H3 o ? 6.65 - 7 -X o B D; planar o N N, 14 photolysis of Andrews 66b,
: o _ : L ’ » Ar a CHh and reaction 6Tb '
X 0 IR . 611 (vp) v3 not observed . = CO CHpX with M:Llligan ‘674
a . T30 (vp) K : : - Ll atoms
1383. (V3) ' ‘
o, X 0 IR 568 . provably plamar Cp, - k.2 1)photolysis of Moll 66
» T : , 593 - : with one carbonyl -5 co ,
T . . >
: : 972" bond 77 2)photolys1s of
1073 ' A : s /CC, mixtures
188 ' o ' : 3§con ensation. of
2045 o ' : discharged CO, -
3105 ' ‘
3922
'c10), X 0 R 951 miltiplet ' N, 20 photolysis of  Alcock 68 -
: . . c10 " Rochkind 67b

2



T

o 3
o ) ‘Observed Vibratlonal S +  Temp. . :
olecule State (um~ ) Transitions Frequenc:.es(cm ) . Remarks 8 (°K) Preparation Reference
FIXCN X 0 IR 873 13, 13y Ar 14 photolysis of -~ Milligan 68b -
: 2068 ’ e N,CN:F, S,
2
(#Br), X "0 (IR) 2433 Ar 83 from liquid Atwood 67 .
: ‘ 2469 103  solutions Co
2500 o
(!'i(!]‘.)_2 0 IR 232 argon, D _Ne - deposition of Katz 670
' ‘ e Ar 20 HCl Keyser 66b
ke 103 o .
_ Xe
. HRCO X 0 IR 460 (ocw) Ny Np 14 vaporization of Jacox 6!+b
C ' ‘ 11098 (oc) ¢ - "D . Ar cyanuric acld
1241 (OH bend) ~
2294 (C-K)
3506 (0-H)
HNCS = X 0 IR 3505 (vl’)-_'_ D Ar 20 . -direct deposition Durig 67
1979 (va) : :
988 (v3)
577 (vi)
L61 (v5)
HM“Q- - 0 IR 877 Decrease with Ar b photolysis of Jacox 67a
o ;. 1425 prolonged photolysis HN./F, /Ar :
. ) 32
1313
HN X 0 R - 332k (v,) dimer 20 direct deposi- Pimentel 66
3 ' 2150 (v3) ‘ ~ tion : v
1273 (v3)
1168 (V)-L)
527 (Vs)

588 (VG)

-QOI_



ew

Too a4
: . ‘ Observed Vibra.tional +  Temps
Molecule . State (um ) Transzt:.ons Frequencles(cm 1) . Remarks S “(°K)- . - Preparation Reference
H'202 X 0 CIR 3417 (v ) “tentative overtone . N, 4.2: direct deposi- “Catalano 63b
: 3578 (v ) at 2750 several other T L tion LT
1292 (v6) unassigned bands
L12F2 X 0 IR (_7]'.._1 Fo ) 6Li Ne 20 _vaporization .of Snelson 67a -
, ' 641 (B : Li at 1175-1L475°
311 .. " K3 direct deposi-
553 (B2u) " tion F
287(3111 coonTe e
R "o N . N . .
NH A( --Az) 5,25 A=X . fine structure; Ar h 2 . direct deposi- ) Dres;‘sler 60
3. @ S dimers; D 20 tion - Jacox 63b
X 0 IR 3332 (vy) 'N'a. : »co 53 - Milligan 6la
' 970 (Vb Pimental 62a
34k0 (V3). :
1632 (-vh)
(I\IO)2 X 0 IR 1776 “argon; cisj . ‘Ar 4.2 deposition off  Fateley 59
: B 1865 trans . NO NO :
NO ? - 1.60 =X ‘weak, diffuse bands; 'N2' 20 l)NOé + 0 DeMore 59a
»3 629nm band maxima ~ 2)photolysis G
7 1.50 7 +X : of N 0
S - 666nm 3)dlscgarge th.ru
X 0 : N0p/0, mixtures
NQHQ‘ X 0 IR 1279 v3 preferred cis; 1\72 20 photolysis of Rosengren 65
: ’ 3074 » vy or V)3 cls; : HN3 C
1286 (v.) - trans
1481 (vg) trans :

~60T-



Too: o . A
_ -1 Observed Vibrational ‘ +  Temp. , -
Molecule State (um ) Transitions Frequencies(cu™) . Remarks 2 (x) Preparation * Reference
oéFé X .o mR 6ok N, 20 '~ photolysis of  Spratley 66a, b
< : : 612 Ar © - F,and 0, :
L6&2 0, :
368
siCl; 7 M0B | reX unstructured . N, 14 . photolysis of  Jacox 68b
7 3,03, 7e=X _ : L e HSiClq
: : g 3 co 3
X, 0 IR k70 (vl) _argon; - “Si; “7Si
582 (V3)
(sic), 3z . 1.54 X Ne 4.2 vaporization of Weltner 6lic
SR ' ' Ar 20 "81¢(s) at 2600°K
X 0 ‘TR 595(8i=Si st) argon; additional ’
: B ‘ 657(C=S1 st) unassigned bands
g94k(Cc=C st) '
1967(C=C st)
SiF X . 0 IR 832 (vly ‘argon; non planar; - Ar 14 photolysis of - Milligan 68e
R 406 (v2) 2951, 30si N S1HF v
o : 2 2 3
290 (vj) _ -
'Woj oA 3.46  A-=X [89&’(Afi) " neon; Ne L2 1l)vaporization Weltner 65b
‘ ' ¢ v tentative of WO, or WO_,
IR 10LO(E") - ve O 3ok 2 9%

X 0

2)reaction of O
with tungsten
at 1900-2950° K

-0TT-



}_'

PENTATOMICS

o}
: Observed Vibrational . & Temp. ..
Molecule S*ate (p.m ) Transitions Frequencies(cm™ 1) . Remarks 2 (°K) - = Preparation Reference
"B, . X~ IR . 2128 (vl). _ 10320 5 iy Ar © 4.2 vaporization Sommer 63
. T2°3 : : y 3. tec VAPOU v
' 733 (ve) - . - 1400°K Weltner 62a
' 536 (v3). ' '
172 (V)_,_)
260 (vy)
L76 (VS;
2128 (vg
12k2 (v7)
471 (vg)
L93 (V9)
CBr, Ii X. IR 62 (C-Br st) -6Li ' CAr 15 reaction of CBr), Andrews. 684
3 377 (1 st) : - with Ii atoms. | ,
cc1.li X . IR - - 521 (C<Cl st) 6Li- Ar 15 reaction of Andrews 684 s
3 k29 (11 st) ' ' cCl,, with T4 S '
. . atoms
CHCl, X IR 2500 . D; bands widened JAr 20 'deposition of .Denariez 65
.  3 .- in matrix .. C8, T7 vapor mixtures S. King 68
‘ ‘ o cel of CHCly and  W. Thompson 60 -
T (c i R
' CHCO X IR 3043 (vy) D Ar 20 vphotolysis of  Moore 63 .
CEL : 2133 (va) ’ T acetone - ' : -
' 1374 (v3)
1131 (V ) -
3140 (vg )
o7L (V2)
30 (vo)
616 (vs)

529 (V9)



To
Observed Vibratlonal

Moxecule State (um ) Transitions Frequencles(cm 1) . Remarks

Matrix

Temp.

(°K) .

Preparation

- Reference

CHN, X = 0 ° © IR 13069 (vy ) ‘p, ¥,
: : ‘ - 2096 (v2) > o
» : : 1407 (vg)
1168 ( E)-
3182 (vs)
1105 (v ).
Leo (v
sk (V)
Loy (V9)

CHCL X 0 T
splitting patterns.
are determined -

correlate with. gas

CH.F ‘ 0. IR
' . _phase.

1041
2866
2972
3022

CH.Ii X 0 - IR 2780 (vi)
3 ' : 1158 (va)

- 530 (V3)

2820 (v)

1387 (V5)

Log (vg)

Ii, D

3037 (vé)-  multiplets
1306 (vg) D~

c.o. - X 0 _ IR 2282 (v3) linear symmetric;

32 . | ‘ 159% (vi) . overtones
: ' : 536 (v5) o

chloriné:isot6t0p1c~

n

Ap

S EE

A2Q

20

14

15

direct

deposition

direct deposi-
tion

reaction of -
CH,X with ILi

atoms

5

b2
20

diréct _
- deposition

direct
deposition

‘Moore 6ka

S. King 68

Jacex 69a

"Andrews.67b;c

Tan 68

Cabana 63
Frayer 68

Ames 63
W. Smith 66

-2TT-



“—ETTf

'Too 4
) Observed Vibrational o ¥ Tempe .
Nolscule State (um ) Tran51t1ons Frequenc1es(cm 1) - Remarks 8 (°K) Preparation - Reference
WLN X 0 IR 576 : ¢, N Ar - 14  photolysis of  Milligan 68b
619 . : . © . N CN:F : : :
810 37 e
288 ,
1021
mOy X 0 IR 788 . solid . €O, k.2 l)heating NO, = Fateley 59
. ‘ 1303 - : soli 2)NO+ NO, - : :
1596 _
' xch B k.75 B+X = broad band “Ar 14 direct deposi- Milligan 65d '
| X 0 IR bbb,lso no definite. S tion (66e
S : 865,923' assignments “co .
©1263,2101 ‘ co,
2151,2163 _
- 2208, 2249
siz:~:2c1 "0 - IR 2210 Ar - 14 direct v Milligsn 68c
: 4 "~ o48. . ' deposition
877 .
58k
523
SLHF, o . " IR 980 Ar 14 direct Milligan 684,
e - 972 N, - deposition 68e
863

R



Tempe : _ ‘
~(°K) - .  -Preparation " Reference

Matrix

. Too : '
o 1 Observed -  Vibrational :
Molecule State (um ) Transitions Frequencies,(‘c’m"l)- . . Remarks

B

SiHscl*“' : o . @m® - 2198 14 impurity - Milligan 68¢ |
- - o C 945 : : o
: 663
545

SiH_F

o-‘. IR ' .890' ST . . Ar 14 impurity - Milligen 684,
3 . . . i : - NQ. : 688

Xth X O ‘ IR ‘ '   __.290 (v’g) S . Ar 20 . 'photolySis of  Turner 63a
' - : e - . 568 (v6)' o ' N - Fe_/Xe/Ar : -
R T N : mixtures

—nTT-



- <
Too o A ) '
) o a1 Observed . Vibrational - £ Temp. o
Molecule State (im ~) Transitions Frequenéies(cm™t) .. . Remarks 8 (®°K) Preparation = Reference
CH3IiBi' X 0 - IR . T30 o 1i, Na, X, Br, I Ar 15 = reaction of . Tan 68
L : : Co . CH. X with ’
M gtoms
CHOH X 0 .. IR . 3660 (0H st) polymers . N, 20 aireet  Van Thiel 57a
: . ' : S E deposition
CBr, X' o I  59%5.0 (v) - ' _ Ar 15 '  Andrews 68¢ -
. - o Lo .6_&0.5 (v3) : : :
C(mow), X 0 IR 732 closely correlated  Ar L.2  direct -~ C. King 68
: . 792 to monomer peaks; D CO 20 deposition B o N
797 , . o N, ~ : . =
211k .
3202
3301
N H), X 0 ' 3390 (vy) N, T " Np k.2 airect Catalano 63a
s 1312 (vj) - - ' Ar . . deposition o '
1087 (VS)' ) :
832 (V6)
394 (vg) |
3356 (vg)
3297 (vg) -
1265 (vll)
982 (Vle)
NO, - X 0 IR 70 argon; possible Ay 4.2 deposition of DeMore 59a°
-2t T ' ) 755 3 . iscmers co, . N0,  Fateley 59
1258 (v,) o | I - | E
1738 (vg)



Too - '
Obsexved Vibrational

- . €mPe
Molecule State (um ) Tran51tions Freqnencles(cm ) . . Remarks

°k) - Preparation _ Reference

Matrix
S

owCL X . 0 . IR bk (v N, .. N, 5 vaporization . Werder 67

CHy(CN), X o;;*'m ,*-&@(@y © overtomes - Ar 20  direct Ames 63
‘2 P S . 887" (vh) S . L . deposition
573 (vg) - ' : '
2272 (vg)
974 (V_u)

N0 - X o0 IR 719 o Sco,. €0, k.2 direct depositionDeMore 59a
S T o137 . ' - Né 20 - deposition Fateley 59
L : o128 . C :
1316 ' : - -
1700 -
1752

4.2 vaporization Snelson 67b
‘of AlF3(s) at :

1150-1875°K

ALF, | Cm 995 (vg)
26 R (VB)
- 660 (v 3).
805 (v 6) - . e _
575 (V17)“ o . o , _ .

RS

Yo X . o R 662 ' correlated to Ar 20 . - Bassler 66b -
2 L 67k v monomer bands . ‘Kr 50

160 : S . o

1515 :

. =9TT~



L ]
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Too | oA
‘ -1 Obsexved Vibrational . 42 Temp. :
Molecule State (wm =) Transitions Frequencies(ca™1) . . Remarks g (°k) . - Preparation - Reference

(cn3) N X 0 IR 1475 (vg) D; Csy S Ar 20 - direct . Goldfarb 67a
¥3 ' 1470 (vi) ' o " deposition : ,
1187 (Vs) ’ : B ' :
823 (vg)
365 (V7)
1456 (vis)
- 1440 (vig)
1098 (Vl8
1037 (vig)
259 (Vea)

- (CH3k.SiH3N;(X -0 IR 2872(C-Hst) - miltiplet = Ar 20  airect _ Goldfarb 67b
2 e : - 2196(s1,Hst; © multiplet . . - deposition R
1472(CH, def - multiplet S
. .1295(CHzrock) multiplet
- 1287(C~Nst) - o
900(C=Nst)
.990(Si-Nst) _
965(SiHdef)  multiplet . —
’695(SiH3rock), multiplet; pyramidal

-~ . ‘planar ' . Ar 20  direct Goldfarb 67b
2891(C-H st) maltiplet . deposition .
2179(Si-Hst) multiplet . . : T
1470(CH,def) ~ multiplet
‘1200(cH3rock)' multiplet
1091(0-% st)

986 (Si-Nst)

923(8iH,def) multiplet .

716(SiH,rock)  multiplet. - -

CH,(S1K,),N 0o

3
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_ Too ~ E .
-.Obsexrved Vibrational e +  Tempe.
¥sIecule State (um ) Trans1tzons Frequen01es(cm 1) . Remarks . 8 (°K) Preparation Reference
. (SiH3)3N X - .0 - IR a17h (vy) Cgy3 overtones “Ar - 20 . direct Goldfard 67a
: > oo 2155 (veo,viy) S ' "' deposition o -
ok2 (V3) A ‘
921 (vg) -
67 (V5) :
sk (va)
2193 (vip)
2186 (vl3)
%66 (v13)
955 {vig
934 (vyq
693 (vig)
,e(C )2 F 5.00 - FeX strong; allowed no Ar 20. veporization =~ J. Smith 68ea
55 g . | v  structure. = Kr 300°K - A. Armstrong 67
"B 4.05 ‘EeX koo cyclopentadienyl ~  Xe- B : : :
: Lo ' ‘ring; perturbation at Né ’
. .
v B : CH)* o
D 3.50 De-X 250 ‘iron ring vibration; ~EPA 77
_ . ‘ : charge transfer.
c 2.90 CeX Ls0 cyclopentadienyl ring.
B 2.50 BeX 3d-3d transition ro.
o o ‘structure. '
A 2.00 A=3X _ = 1.25 sec. excited
o : ' via C-X no structure.
X 0 all bands broad at’
v 7K
ba(C complex hypersénsitive 4.2 frozen solution Pappalardo 68
5 5 3 line groups 7 in 2-methyl- : ‘

.tetrahydroafurén
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