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The UV Fluorescent ~nd Absorption Spectra of s2 

Isolate"i(in Inert Gas Matrices 

· L. Brewer and G. D •. Brabson* 

Inorganic Materials Research Division, 
La~rence Radiation Laboratory and 

Department of Chemistry, University of CalifOrnia, 
Berkeley, California 

Abstract 

The 3~ - ~· 3~ - transition of s2 has been observed in absorption 
u g 

in Ne. and in fluorescence in Ne, Ar, K;r, Xe, and N2 matrices. The 

strongest bands observed in fluorescence belong to the ( 0, v·") progression 

as the re~ult of rapid vibrational deexcitation of the 3i - state. u 
. . . - -1 ·. 

T00. = 31,680, 31,350, 30,900, 30,78o, and 31,480 em ,_respectl.vely, 

for s2 in the five matrices. Unlike the other ma:trices, argon yields 

very sharp fluorescent bands, having a width of 15 cm-l The frequency 

of the forbidden infrared vibration transition has been calc'\.l.lated from 

the fluorescent data, and is found to differ from the observed infrared-

spectrum. 

,,, . 

* Captain, U.S. Air Force, sponsored by the Air Force Institute of 
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INTRODUCTION 

The ultraviolet absorption spectrum of the 3~ - ~ 3~ - transition u g 

of 82 in various inert gas matrices has been studied previously;
1 

however, because of the large change of 0.291A in r for the molecule, e 

the bands near the origin had very low intensities, and it was difficult 

to be certain that the (o,o) transition had in fact been observed. 

It was therefore desirable to observe the fluorescent spectrum of the 

molecule in the same matrices so that additional information, which 

would allow location of the (o,o) band, could be obtained. 

A second objective of the present work was to examine the effe·ct 

of the matrix environment upon the ground electronic state of a molecule 

sU:
1
ch as 82 ; a:Lthough the infrared spectra of many molecules isolated 
) . 

in matrices have yielded much information, little is known about the 

influence of the matrix on high v11 levels. 82 is particularly suita~le 

for this study because of the large number of V11 levels which are 

expected to be involved in observable transitions. 

A final objective was to study energy transfer in a matrix. The 

2 . 
c3 molecule is a particularly interesting case in point; in c3 the 

expected fluorescence was observed only weakly in argon and neon matrices, .· 

but a strong phosphorescence, indicating r~pid energy transfer to 

another electronic state, was observed at longer wavelengths • 

EXPERIMENTAL 

The -experimental apparatus and procedure have b"een described 

previously.l In the present experiments, 82 was isolated in argon, 
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krypton! xenon and nitrogen matrices at 20°K and in neon at 4°K. Isolation 

1 
of this molecule in neon, previously not successfully accomplished, 

was made possible by modifying the liquid helium insert as follows: 

2 
first, the exposed area of the target was reduced from 7.2 to 2.4 em, 

accompanied by a corresponding increase in contact surface area between 

the target and copper target holder, and second, the sapphire target 

was replaced by more deformable CsBr. The net result of these modifi-

cations was to improve thermal contact between the target and target 

holder, thus making the target colder and minimizing diffusion of S2 

in the matrix. CsBr targets were also used for the liquid hydrogen 

experiments. 
,, 

During a typical experiment, approximately two millimoles of 

matrixwere deposited over a two hour period; the M/R was estimated t~ . ® 
be greater than 2000. For absorption spectra, the continuum was pro~ided 

. ·~*-~~ 
by a hydrogen.discharge tube. Fluorescence was excited by various 

mercury lines from an AH-6 high pressure mercury arc with a quartz 

envelope; a Beckman DU quartz prism spectrophotometer with slits set 

at 2mm was used as a monochromater. The exciting lines used for each 

matrix are summarized in Table I. Spectra were photographed on Kodak 

103a-O plates with a Jarrell-Ash 0.75 meter f/6.3· Czerny-Turner 

spectrograph. Two gratings were used, both in the first order: a 

· 1200 lines/mm grating blazed for 3000A and giving a plate factor of. 

lOA/mm, and a 590 lines/mm grating blazed for 7500A and yielding a 

plate factor of 20A/mm. For the fluorescent experiments exposure 

times ranged from i to 140 minutes with the spectrogr~ph slit set at 

200~, and three hours with the slit set at 400~. The fluorescence 

-.;.....,.------------..,...,--.......,~·· 
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Table I 

Exciting Lines 

Level 
Populated 

v' 
Matrix x. (A) 

Level 
Populated 

v' 
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was so intense that up to 10 bands could be photographed with a one 

minute exposure. The true width of the fluorescent bands in argon was 
I 

determined by making· exposures with the slit set at 501-l and at 101-1. 

RESULTS AND DISCUSSION 

.. Densi toineter 'tracihgs of typical spect;a are reproduced in Figures 

1 and 2, and the wavelengths of the observed bands are collected in 

Tables II and III. 

Absorption. Twenty-three .members of the (v', 0) progression of 

the 32: (- 32: .- transition wer.e observed in the neon matrix. Each band 
u g 

consisted of three or four partially resolved components; the_separation 

-l between individual components varied from 20 to 125 em • ,. 

Fluorescence. 1. Neon. The bands observed in the neon matrix 

are assigned to th~ ( o, v·") progression of the 32: - ~ 32: • transition. u g 

Several pieces of evidence support this assignment: 

(1) The observed intensity distribution, having a maximum at 

v" = 10, agrees with expectation. 

(2) For each of the four different exciting lines used, precisely 

th"e same spectrum was obtained, ruling out the possibility that the 

fluorescence might be arrising from the level to which the molecule 

.had been excited. 

(3) Based on this assignment, it is possible'to establish T
00

. 

for s2 in this matrix by means of a short extrapolation of the absorpti@!l· 
.·· ~ 

1 t C:8Q -1 and f uorescen data; the value thus obtained, T00 = 3l,y em , is 

reasonable, being shifted by -10 cm-l from the expected gas phase value, 

and is consistent with the T00 values derived for s
2 

in the other four 

matrices. 
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Table II . 

s2 Absorption Maxima in a Neon Matrix* 

v' V' v' 

1 32 095 9 35 335. '17. 38 290·. 

2 490 10 720 18 630 

3 905 11 36 105 19 970 

4 33 315 12 480 20 39 260 (?) 

86o ~ 

655 5 735 13. 21 

6 34 135 14 37 225 22 98o 

7 . 540 15 585 23 40 280i 
\ ,. 

8 940 16 945 

* -1 Measurements are believed to be accurate to ± 20 em • 
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v" 

. ·o 
1. 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

. 
. '~ 

Gas Phase3 
Band Heads 

v' = 0 

A.(J\) v(cm-1) 

338?.0 29516 
3469.6 28814 

- 3555.8 115 
3645.2 27426 
3740.0 26730 
3837·3 053 
3939-1 25379 
4045.8 24710 
4157-2 o48 
4274.4 23389 
4395-0 22747 

-- - 4523.5 101 

I 
l Neon 
I 

v' = 0 

28740 
034 

27334 
26643 
25955 

275 
24602 
23931 

268 
22609 
21957 

• ,___ 

Table III. 

s2 _Fluores~ent Bands 

Intensity Maxima (cm-l)t 

Argon Krypton Xenon Nitrogen 

v' = 0 v' = 0 v' = 0 v' = 1 v' = 0 v' = 0 

-30845 
30636 110 
29911 29400 ~ 29595 

209 28690 28750 29135 29360 28890 
28503 27985 055 2_8430 28655 190 
278o3 285 27345 27735 27950 27495 

109 26595 26655 045 255 26820 
26424 25905 25965 26370 26550 135 

_25739 220 275 25855 25465 
o64 24545 246oo 165 248o5 

24394 23865 23930 24490. - 135 
23728 I 205 270 23815 2348o 

070 22540 22610 22995 145 22835 
22417 21885 21955 355 2248o 190 
21771 235 320 21705 21825 

130 20590 o6o 18o 
20494 20445 20535 
19855 :~ 19905 

212 

t . -1 -1 
Measurements are believed to be accurate to± 5 em for neon and argon and to± 10 em for the' 

.. ,,~····,;._ .; :.," .. ..., -~::·. ~~·~· .· . 

other matrices. 

I 
--:J 
I 

;:,;.-:~'-.--::;--... ~~"'::--: .,.._~· ·-·· ; .......... 
• -~ -~ ........ ~, .• , ... ~._,~ .... :i<' ... '""'--""i<.l: ~--v-:::>~· --·:--· ~-·;,... .................... '&~ ... t»>.i!~ "'. ··"'•'".-:· ·'·''" ,..., ~ '" ,. • .. "leA~ .•. 
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The bands have a complex structure; each appears to consist of 

five rather narrow features superimposed on a violet degraued contin~um. 

The separation of the individual components for the ( 0, 10 ) band is 

typical: with. respect to the most intense component (the intensity 

maximum of the band) the other components are spaced by -20, +40, ~ 

-1 70 and 100 em 

It is particularly significant to observe that all the bands belonged 

to a single progression, regardless of the exciting line used; it is 

immediately apparent that the matrix environment rapidly quenched the 

vibrational motion of the molecule in the excited electronic state, 

and thus greatly simplified the resulting spectrum. 

2. Argon. The spectrum in argon consisted of a single ·series of 

strong bands accompanied by a variety of much weaker satellites. 
't .. ., 

Assignment of the strong bands to the (o,v'') progression results in 

-1 . 
a predicted value of 31,350 em. for T00 ; this assignment,requir~s 

adjustment of the numbering of the vibrational levels in the (v', 0) · 

progressio~ reported earlier. 1 · 

Each member o,f the (0 ,v") progression was accompanied by a much 

less.intense but equally narrow satellite on the short wavelength 

side. These bands, presumably due to matrix effects, were separated 

·from their parent bands by an energy which was directly proportional 
'• 

to the distance from the origin; thus the (0,5) band was separated by 

40 cm-
1 

from its satellite while the (0,17) band was separated by 160 cth~1 

from its satellite. The appearance of short wavelength satellites is 

not unique .to the s2 molecule; similar phenomena have been observed 

for c3
2 and are presumably due .to the SffiDe cause. 
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The other satellites were far weaker still, and are also thought 

to .be due to matrix effects. 

The fluorescent bands in argon were very sharp, having a width 

at half maximum intensity of 15 cm-
1

; in this respect these bands 

are reminiscent of the e~ually sharp b~ds observed for the c3 molecule 

in argon and neon matrices. 2 A plausible explanation c~n be given 

in terms of the low melting point of the argon matrix with respect 

to the target at 20°K; as a result of partial annealing of the matrix, 

a more perfect crystal is formed in which the matrix sites are highly 

reproducible and hence give rise to very sharp spectral features. 

However, this can not be a complete explanation; by contrast with 

the sharpness of the fluorescent spectrum, the absorption'' spectrum. 

of ':the. (v', 0) progression is characterized by bands having a width 

of about .180 cm-1• 

3· Kry;pton. Only a single series of broad, red degraded bands 
-~ 

·was observed in krypton; this series of bands, attributed to the (0 
1 

v·") 
•· 

-1 progression, yields T00 = 30_,900 em , which re~uires renumbering of the 

absorption bands reported in Reference 1. The half-width of the 

-1 fluorescent bands was about 190 em , which .is approximately the same 

as that observed fcir the (v'·,o) progression in absorption. 

4. Xenon •.. Two systems ·of bands were observed in the xenon matrix. 

The more intense system is attributed to the (o,v") progression and yields 

So -1 ' a T00 = 30,7 em The observed half width of the individual bands 

-1 was about 330 em 
·•'' 

' The second series of bands is attributed to the (l,v") progression({ 

based on the following evidence: 

(l) The intensity distribution, as expected, showed two maxima. 

., . 
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(2) The same s~ectrum was obtained for each of the three 

exciting lines used. 

(3) It is ~ossible to number the bands in such a manner 

that the estimated location of the (1,0) band agrees 

with the value re~orted in Reference 1. 

5· Nitrogen. · Two systems of bands were observed in the nitrogen 

matrix. Of these, the more intense series of bands is readily attributable 

to.the (O,v") ~regression and yields T00 = 31,48o cm-1, thus necessitating 

a renumbering of the bands in Reference. 1. The bands had a half width 

-1 of about 250 em • 

The second series of bands is not clearly .understood. The data 

are consistent with an assignment to the (4,v") ~regression; however, 
l 
\ 

the're are two objections to this suggestion: first, such a ~regression 

seems unlikely in view of the fact that the (3,v"), (2,v"·)~ and (l,v11
) 

~regressions are absent, and second, this series of bands a~~eared. 

regardless of which exciting line was em~loyed. 

Alternatively, the weaker system of fluorescent bands may he related 

to the .system of weak absor~tion bands tabulated in Table IIb of 

Reference l. Assuming that the fluorescent and absor~tion bands' belong . 

to (O,*v") and (*v' ,o) ~regressions, res~ectively·, it is found that the 

two ~r~gressions are mutually consistent and yield'*T00 = 31,000 cm-1 • · 

The value of *T00 thus obtained is 48o cm-l to the ted of T00 and 

suggests that the s2 molecules may be located in two different sites 

or may assume two different orientations in a given site.· 

6 •.. Perturbation of the Pot~ntial Energy Curves. Based on the 
I , 

fluorescent data, ro and ro x have been·calculated'for the 3.E- state, 
0 ·. 0 0 g 

\ 
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and have been reevaluated for the 3E state; these data arc included 
u 

in Table III. It is immediately apparent that both electronic states· 

are stronr;ly influenced by the matrix env~ronment, o.nd therefore the 

si:ii't of. T00 from the expected eas phase value can not ·be· attributed 

s~lely to the influence of the matrix on either the ground or excited 

state alone. However, the interactions of both states with the matrix 

increase proportionately as.the matrix becomes more polarizable; 

Hildebrand? has pointed out that the shift of T00 is proportional to. 

the pair-interaction energy of ·th'e rare gas atom. · 
., 

Inspection of Figure 2 (see also Table IV) shows that the maximum. 

fluorescent intensity did not· occur for the same band in· all matr~ce~; .·1-1, :. 
,• 

th.is is a graphic. demonstration of the effect of the matrix on the .\ 

int~rn~~lear distance' of the 3.E - state• · Con~ider "£or ~ample th~· · -~ . . ·. - u . . - .. 

-~_rypton matrix: in this· ~atrix the 3E - ~tate is "s.qu~ez~d" as : : .. i. · 
. u 

evidenced by. the. ·large 'val~e of. (.1) t ;· because of this. environment,;. 
. . . ·.. ~ 0 . . . ·;. 

the. inter~uclear radius ~f the molecule is shortened and the m~st 
r· . . . 

inten's'e fluorescent band terminates in a lower vibrational level 
. . . . . . . . . . 6 

........ _t_~~~ _i_~~ny _oth~:r. ... n:\at.t.~.~ .. -- Sc~nepl_).·and Dressler have studied the 

absorption·spectrum of_the same transition of the oxygen molecule isolated 

in argon. and nitrogen _·_matrices; in both matrices the 3I: - ·potential · . u . 

curve was found to be steeper for the perturbe~ oxygen molecule-than 

1.. ... or the free· molecule •. In the_ case of s2 in a nitroger_1 matrix, (See. 

~able IV) . ·a . similar 'resul-t; ·w~s· f~und;. by contrast·,· \~e. 3E ... potential 
... . .··. ·,.·· :· : .•. · ·\' ... ·.::-.'::'1:1 ..... ·.·, .•' .. 

curve for S2 in nreon appears to follow the gas phase curve very closely. 
. ~ . : ·. ~ : r.. -: :·. . ; . . 

- . >~.' .. :·;::. \ ·;_: .·· .... 
' "' . ~ 

" . " ,. ~ ·:. ~ .':• ' 

.'r, 1. ' (: ;•: \ ~·.·~· .... ·~: ·.,:. ·-.~~.: 
0 
~I • !' 

~;. '. i. ·. :: •.•••... : .•.. '.'' :: .. ';f ,·;~ ,: ; ~ !' .. l.~:~:;:.iJ; ;of,!tl i{{·~";i' .·. ". ~.:: .:. :· :; ' ,, '· ' I 

.. I 

',· 

. ' . ~ . 

-r,•; •• • ' . 
· .. , 

. '' 
• .. 

~ .• '. i, •.. • 

. . . : 

.... · 
' ' 



Hatrix 

Neon 

Argon 

Krypton 

Xenon 

Nitrogen 

Gas 4 Phase 

* 

r'll 

I 1 .I I 1 
(l) (em- ) (l) x (em- ) 

0 .o 0 

429 2.4 

431 2.9 

454 2.4 

435 2.2 

410 0.9 

431.2 2.75 

II 1 
(l) (em- ) 

0 

731 

725 

726 

727 

734 

722.8 

Table DT. 

---~- -··-

II II 1 
(l) x (em-) 

0 0 

2.9 

2.8 

2.8 

3.1 

2.9 

2.85 . 

1 Infrared 1 Bands (em- ) 

675*' 

66o, 68o 

659, 664, 685 

66o, 682 

666, 679 

Most Intense 
Fluorescent 

Band, v 11 

10 

9 

7 

8 

10 

8-9 

.. 

.• 

T 0 Derived From 
F2uorescent and 
Absorption Data 
(cm-1 ± 50 cm-1) 

. 31,68o 

31,350 

30,900 

30, 78o . 

31,48o 

31,690 

This infrared'band was observed in a matrix which did not have a discrete ultraviolet spectrtun; 

the neon matrix >'fhich yielded the discrete ultraviolet spectrum reported in this work probably 

vTOuld have also yielded a multiplet in the infrared like the other rare gas matrices. 

""A~-. 

I 
f-' 
f\) 
.I 



'. 

UCRL 16251 

-13-

1· Comua:!'i son 'Hi th Infrared Spectra. Having established ID 
0

" 

and w "x 11
, one co.n calculate the .expected frequency of the :forbidden " 

0 0 

infrared transition from: 

( 

v = tJJ " "' m " - ID "x " t 0 0 0 

'l'he N¥1
11 values thus calculated from the ultraviolet data are slightly 

2 

larg~r for s2 in the vario~s matrices than for the molecule in the gas 

pnase ;·-by .. 9<?.ntrast, the infrared frequencies·. actually observed ( Tn.ble IV) 
I ' ~ • I, 

-l are srr.aller than the N¥1 " values by about 50 em .• 2 . This discrepancy 

suggests that s2 molecules.may be·located in two or more different 

enviro~~ents in the matrix. Some of the molecules, probably only a 

small percentage, seem. to be su·ojected to a ~trongly perturbing environm.ent 
. . 

w.hich breaks the prohibition against infrared absorption.'and causes a 

large shift in (l) w·f~r the. infrared active molecules. While the nature 
. 0 .. 

. of this environment is. not· known, the perturbation may be caused by · 

imperfect ~attice sites . Of. very low s;Ymmetcy, '.or by the presence of other 

nearby S
2 

.molecules.· .. The :;participation. of: pa~rs Of s
2 

molecules,; in the 
. . .' . . . '.. . .... ,._ . ' - ... ~ ' : . . ~: ' . - . 

. infrared absorption;· is· consistent ,.,ith the observation that the infrared '.' . . . . :' :. t i ~:;-:· ::·. . 

absorption· consisted. of. a 'multiplet. . :.f f. fl : .. '.'":, : 
J. ~.' ~·.· .. ~ -~4. 
\ f~: ··~> 

CONCLUSIONS · , . ~: ; • . ,. 
'· .. t .:·.' ·:· ;\ 

. ; ~ 

In the present work it' has been; confirmed that: fluorescent. studies 
' ".:' .'~. )o 

. . ~ ! . . •.· 

in inert gas· matrices ·are 'practical,· and can yield valuable new . . ; ,, 

information about the molecule being studied. Th~·rapid vibro.tio:1al 
~ . . \ . . : - . . - ' 

deexcitation which occurs in th~ matrix environment res~lts in a very 
..... 

simple'and readily tro.cto.ble spectr~. . ' .. ,. 
., . 

, . ·.·····:_.·: :.·.·~,;-· [' ' .. · .. <.:·· .. ·.; .. :: ... ·. }./: , L '.: . : : . . . 
. ' '- ." -. " .· . . ~-:-~--/· ~- :~,~ ,. 

~ • • . 1 •• • . ~ •• 

', ; 

' .. '. 

. ,·-·. 
• -~ t .. ! . 

' . 

' \ 

· .. ~ . ~ . 

/" 

. i 

I':' 

'. 

·,i· .·· 
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Fic;ure ·Captions · · 
• 

1. Spectra of s2 in a neon matrix: (a) Absorption (b) Fluorescence

ExcitinG line: He 2967.A, Spectrograph slit: . 200!-l, Exposure tir:"le: 45 min. 

2; Fluorescent spectra of s
2 

in matrices. These spectra were made ..,,ith 

a_ Grating blazed for 7500A and used in the first order; hence the 

band which seems most intense in this figure is one or two bands to 

... tile. re.(f.:(){_1~he 'tr·u·~ .~~tensity maximum. · Spectrograph slit for these 

spectra: 200~. ·. (a) Argon -·Exciting line: Hg· 28o3A, Exposure 

time: 15 min. (b) 

Hg 2967A, 8o min. 

Krypton. - .Hg 2967A, 15 min> (c) 
• . p 
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(d) Nitrogen .. Hg 302lA, 45; min.·.· 
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II. 1111 Mercury 
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Fig. 2 
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This report was prepared a~ an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






