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Abstract 

The UV absorption spectrum of trapped s2 has been studied in N2, 
> ' 

Ar, Kr and Xe matrices at 4°. and 20°K.· Up.to 26.vibrational bands of 

the v"=O progression of the 3!:- +- 3E- system were observed. In each 
u u . 

of the matrices, the origin of the transition was shifted by an amount 

· characteristic of the particular matrix; red shifts were observed for 

Xe, Kr and· Ar 1 while N2 yielded a blue shift.. The vibrational spacing 

indicated distortion of the potential energy curve under the influence- . 

of the matrix field. The absorption bands were slightly shaded towards.·. 

the blue and had a half- width of about 150 em -l ~ At low v' doublet 

structure was observed • 

'' 

'•, .... 
1 Capt. USAF, Sponsored ~Y the Air Force Institute of Techn.ology · 
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·r. Introduction· 

. . . l 2 3 4 ' . 
Several attempts have been made to trap s2 

1 1 1 _. but they have been 

(1) H. Staudinger an<i W. Kreis, He1v. Chim. Acta, _§, 71 (1925) •.. 

(2) F. 0. Rice and c. Sparrow,-J. Am. Chern. Soc., 75, 848 (1953). 

(3) P. W. Schenk, Angew. Chem., 65, 325_ (1953). 

( 4) B. Meyer, J. Cheni. Phy.s., 37, 1577 ( 1962) • 

B. Meyer and E. Schumacher, Helv. Chim. ~eta,~~ 1333, (1960). 

hampered for two reasons. First, the composition of sulfur vapor changes 

as a complex function of temperature and pressure, and the gas phase can_ 

contain up to ten different molecules in equilibrium. 5 Second, hot s2 

(5) J. Berkowitz and J. R. ~quart, J. Chem. Phys., J2, 275 (1963). 

molecules, striking a cold target; can react with each other and with 
... 
i ; 

their reaction product to give a variety of new sulfUr molecules. The 

trapped vapor, therefore, constitutes, even under the most·favorable 

conditions, a complex mixture. 
> 

The objectives of the present work werez to examine the experimen~al 

conditions under which s2 molecules can be isolated in inert gas matrices; 

to demonstrate 

solids, and to 

the existence of this molecule in the~e low t~perature · 

study the appearance of the .3E- ~ 3E- transition of S~ u g c;; 

in this environment. The matrix spectra were correlated to the well 
r 

. . . . 
known gas phase bands and compared with the results _of analogous observations 

I 

., .. ,. 
' '. ··. .I 

, .. J ' ' "' ~ •• ' •• ' • • :.·. , .. 
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. . . .. ·-· .. --~. ~ . . .··· 

for o2, for which -th.e. correspopding translti~n·(the _Schumann-Runge band~):~. ·~ · 
• 0 ° - 6 

studied in Ar and N2• 17 . has been .. _ ..... :_ 

.'.1;" 

'.· ~ . , 
K. Dressler and o. Schnepp, unpublished work. : 

~. ·. 

··- . :.•. ··. 

·~· '-.. '-~~ 
. .. . . ' 

... ·:~ ---:.·--_~- ,. ·. ·:~_ ,., . (6) 

(7) A. M. Bass and H. P. Broida1 J. MoL SpectroscopY, l2, 221 '{1964)_~ -~- ··:- .. 
1.,. ' ', . .,' .. ~< ·. ~-

! r'. ··'··; 
•: 

_,, .... - II. Experimental 

\. 

'. ·_;_. 

Three experimental systems were combined for the preparation of the .. :~: ~~ 
. ~ .- .. '. 

. . . . . • • ~ • • • - J •• ' • :. 

. '. -,. matrix: a gas flow system; ·a molecular beam furnace, a:nd a Cr.Y.ostat 
\ 

'1'. 

·: ·. :/ 
'j·; ' -~·-

' '; ~ with windows for optical studies.: Figure 1 shows the· quartz double 
.... • __ ; f. •. 

• . .' l :. :· >' . ~~- f .• . ~- i 

furnace in which the molecUlar beams of sulfur were produced. An 
• t .. ,· ,u'"•.' 

... ~ · ... .' , . I .. ... 

electrically heated bath of Wood's alloy was used to keep the sample 

tube at. a constant temperature and. regulate the sulfur vapor pressure •. 
,····: 

. . ;- ~~-.: :::.< 
.-. l' 

•·. 

The equilibrium composition ·or the sulfur vapor leaving the furnace was ·: 
·-· ~ . . ' ...... 
l'', .·f:.'·. 

~ • t I ·' !~ • .. ~.!'• : .~ ._,. 

. . . \ 

regulated by the temperature of the electrically heated horizontal tube:" , 
i-

~' . 

. :~ . -:. 

~. . . ' 

.. . ~ . 

The orifice diameter was .~)·' ~;; !, ~-· ; 
\;~\. _; ··~:­

varied from 0.05 mm to 1 mm for different furnaces.· _This ;made .it possible'; . ,,, . . . . :. . ; ,., ~ ~ • . . .r 1" 

between the sulfur reservoir and the orifice. 

• ~ .•. 'y:_ ~ ' .... , 

to choose the desired pressure gradient between the furnace .and the cryost~t ;;_': > · 
- . . ' ' . . . . . _, :. ~ 

- for each experiment. A water cooler separated the orifice from the window 

flange and was shaped so that only a few square millimeters of hot surface 
', __ .: '-·--.~~>. ~- .' . 

.. target to be turned 90°_ during the cour·se of an experiment in· such a way .. _ _':·.· :. ~ :"·. 
I 

• .•. l ' •:·· •• 

that it either faced the molecular berun or that it wa~ lined up in the 
. '~ ~' 

optical path of a spectrometer~ 
. i ' · ..... -: '~~ ... · 

A_. silnple flow system connected the inert \, · · 
!\"'• 

~ ·. -~~- · . .. : ' '. . . ' .•' 
, .. , ... .. -:· ._;;_.··· 

• ' ~ '~ '. • '· • > • • ~ ·- ,'' 

I 

'' 
., •· : ' ~ . •I ·-:· ·.' • ' • ' 1 

. " ·,- .. 
', ,\.:··. 

... 
. · .. ·,·· r·· 

~ '·'' 

. ,: . 

'' : 4.,_,.: 
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~as storage bulbs with the cryostat. It consisted of a mercury manometer 

for measuring the bulb.pressure, a needle valve, and a Fischer-Porter 

type flow meter. 

The sulfur used was 99·999% pure, supplied by the American Smelting 

and Refining Company. Argon, krypton, xenon and nitrogen were high purity 

Linde or equivalent quality. Most experiments were done with liquid 

' hydrogen as refrigerant, but liquid helium was. also used. 

Typical values for the sulfur vapor pressure, the orifice temperature, 

the target temperature, the inert gas flow rate, the s2 flow rate, the 

matrix to s2 ratio (M/R), the total amount of sulfur condensed, and the 
I . 
\ 

cryostat temperature and pressure are given in Table I. 

To prevent surface effects which could have influenced the active 

species, the sulfur beam was usually started later and stopped earlier 

than the inert gas beam. The_orif~ce temperature5 was chosen to give 

a vapor composed of more than 98%s2• In ;most cases a layer of constant 

s2 concentration was deposited on the target, but in other experiments , 

/ 

•' ,· l 

. 1-. 

the concentration was slowly increased and decreased in order to observe ~ • • < 

the influence of concentration changes. The preparation time varied ... : '• 

between 20 minutes and 10 hours. The maximum flow rate was restricted 

by the heat exchange through the sample and the.target-, The mean free 

path for particles between furnace and the target, estimated from the ·, · 

pressure iri the cryostat, was at all times larger than the beam length. 

Spectra were photographed with a Jarrell-Ash f/6.3 Czerny-Turner · 

spectrograph in the first o~der of a 2160 lines per millimeter grating 
. ' 

-' ·blazed for 3000 A. The dispersionwas 5 A per millimeter. A 2KW hydrogen 

;:-.·· 
. ''·. 

. , , . 
. ; 

.. 
·discharge, a Xe 'pressure arc~\and a tungsten ribbon lamp were used as light .:::: .. · 

•-' 

' . 

' ~ . 

•'; 

·' ' . ' • 't '.. . ~ 

'.:. 
; . 

. •. 

... 
.· . ... 

. . ( 
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Sulfur 
Vapc:>r 

Pressure 
iii Furnace 

(mmHg) 

.. 

T T 
orifice 

(OK) 

-~;,. . 

.l 

\. 
Table I i 

Experimental Parameters 

target 
(oK) 

-1· ....... . 

.,• 

... _. · ... ·-.\ 

Matrix Gas 
Flow Rate 
(IJ.ID.ole/min) 

~ -: 

S2 FlOw 
Rate 

(jl!llole/min) 

·' 

..... _. 
. - ·.:. ' ::i: ~ 

r'.,.-:-~· . .. .. . . ,; )'" --~ .. 

M/R 

·•. 
_i..:· 

.<::.. ,. 

Total 
Sulfur 

Deposited 

. .... 

p 
cryostat-
( nun. Hg) 

(!lgm) .... · .. :' '·· .:... : 
.•· 

. ·. ~ .... ·~ ~ 
....... \ ~· ~ _·!._,:_::. 

-. 

~. _':1--.. ~~·~Zi:~-~_.::~~--~':~;~7::::~~:;,~_: ... :~_ 
... Experiment 0.005_ 

x~~ ~;~·:-~~ 

1000 20 20 
. .::.~· 

0.05 

..... , 
2 X~~~-4oq 100 

.., -~ .. 

. . :.~ -<~-

. -........ , 

: . ..._··.·:·; 

.. · 

.,_. f. 

....... --..: 

, . 
;:.."' ~~-~-\.. -

. .. ~ . 

...;__. .. :;~ .. 

4: O* 
- !_; 

o.o1 O* 
~- -; .• · ~ ,. : 

1 X 10...:6 10 
_· ' •. ~- ~ 

50 0.1 3000 4ooo 9 x io-6 
. : .. ~ . ·;: . --~ 

.-: ~ 
::.., 

.. =~ .: .... " ... :.. 

--~: 

no matrix gas was used and the sulfur was allowed to form its own matrix. 
:! 

. ·: ,:, ... . ~- -,~ ., q' .... _ ... 
~- .· 

-j. ·• 

c ...... ~ .•• ·' -~<·.: ~ ... . " -· ·.· .. 
. ~ ~-~;~;. . ~ ···~ ~- ... -::-- . .- ... '" 

~ ~:- . ~: 
:,-

:. '; -~· ,..._ ... 

•, . .,_··· 
·--. 

.. --~~:-'<~ .. . .·':: ·_,. ~ ... : .. · .. : ·.-.. _ .. :,r .. 
'~ 

........ 
. '.: .... .';':·~ __ ._. _! ....... _ ..... . -.... - ·., 

·._ ..... 
.... 

-.•:, 

t-·. 

. ·::. ,_~-. 

.~ .... 
' . .: . . ~ ~ ... 
~-t: '. r:.' ·, .. ~:~~ !!"·' 

-""~ _ ....... 
~ .... 

' : ~--- -~·-~· .... , 

... ':..:._. . . 

.. .......... 
' . \~~:~ ... 

..,.,_._.. 

r " r ·~· ._• 

~ ..... -:· 
,! ... 

·- •. ,.___, '-1/"~~ ' ,.:.._ ~t·. 

• - _ .. ~ ....... 4 ~ 

'~ ~~, ~ '· ':" . ~ ... ~ . 

.... '·:~ ; ' 
·> 

;•;._ -,.,<· 

~ . ~, · . .,..:: __ ·~.: ,_.-r.: .,, 
c;;::;:· .. ·-· ~ ' ~ ~-~ 

-.: 

·._.,t.: 

·• . 
~ ... ::_ .. 

I 
~. 

. I 

.·l ....... ; ••. ·• ... 

'•' 
.. '":-: 

.. ,_,• 

·- ' 

" 
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sources for different· spectral. regions. For studies in the UV, a crystal 

· ·· quartz lens and sapphire windows and targets were used. In some experiments;, 
~·' . ... 
';;, a solution of NiS04-coso4 .~as· placed .in front of the cryostat to absorb . 

··:.·· ,. 
·•f"• 

'\. radiation longer than 3500 A· and to reduce heating of the target •.. During 
w 
·t· .. 

·J'". a standard experiment, cell spectra were taken ev~ry_twenty minutes, 
t'. 

/ 

:{~. 
·. , 

.' l. 

starting with the empty:target. For investigation with a Perkin-Elmer , .. .. 
~· model #421 spectrometer~ the cryostat was equipped with Csi windows and 

- target. In this wa:y, it was possible to record UV and IR spectra of the ' 

same deposit. 

\ III. Results 

The results of investigation in the ultraviolet regio~ depended 

upon the concentration of sulfur in the matrix. For thi~ deposits with . 

small M/R, an absorpti~n edge at 2400 A was noted. With continued conden­

sation this edge shifted towards 3100 .A. Deposits containing more than 

about 500 micrograms sulfur showed a purple color. 
~·- .··• 

Matrices with an s2 concentratiort < o. 5% gave. a :distinct:lve band 

spectrum between 2400 and 3100 A. 
I 

transition of s2 vapor. Figure 2b is a reproduction ?f a typical spectrum 
I 

of s2 in a xenon matrix at. 20°K. Both exposures were taken with the same 
' ' 

' • l. 
. ~' . ! 

: ... J' .. 
.. · · ... 

. _., ~ 

·.: '\ 
•, 

';.. . . ·.~ ~ .. : .. ... ~ . 
. ' 

. •, .. : .~.. . f 
equipment, ·but for the second exposure a quartz ceil of·lo em length 

·with o.8 mm Hg sulfur vapor at 1000°K replaced the' cryostat. 

j :. •• ' 

(8) 

8 Table II lists wavenumbers for the band heads.· in the gas phase 

'· 

B. Rosen,· Constantes Selectionnees Donnees Spectroscopiques Concernant 
, 

lea Molecules Diatomiques,.Hermann and Company, Paris (1951). 

. ,1 , .•• 

•f '-~~ . 

··: 

,. 

··' 

. ~-~ • ' ! • . '• . 

:., 

...... 
. , .. ':. '' ~ ~ .. ~ 

-~' . ,·. ~ -~ 

. ' . ~ 
' ' :' . ~·, 

..·•. 
/ . ' '~· . 

' : ·~· 
·' . * .·. :. ·, 
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{ 
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-.t:--~ . :. . -:. Absorption Spectrum of ·s2 · 
~ ·, . 

.. 1: ·} . 
" . 

·t . :.· ... :·' . ... ·· 
'· .·.', · .. ·:· 

' ·. Gas ~ase~ ' . Matrl) .. -~ : ' ' );;'" 

B~~ ~~t ·. · ~ x~non . ~~:~on Max:o~ em l Nitrogen ;\ ;(;~~;·. 
-----...;_---~--------------------,.~-~-·,),. 

v' 

..• 
·1 

0 31690~ ' . :. : 3078o 
. ' 1 32115 i - . ' 31200 

2 5403 ! '.,·.. 635 
3 960 f L /, ' · : 32065 

.. 4 33355 .• >- ,· .·. . 490 
,C ·-·- 5 . 775 905 

6 I 34160 ' • 33320 
. : 7 '' ; 560 . . .·. 725 

. 8 . . .. . 955 ' ' .... 34135 
9 . ~~0 5~ 

' 10 .. ' 715 - ·q 915 
11 '-. ·.· 36100 .. , ; ·.:· \. 35305 
12 . . . 470 .. ,· 685 
13 ".'. 830 . . 36060 

-:; •. ,\. 

14 .,.,_37195 .) ·, . .":;·. 1~35 
. 15 . ' 550 , ., ' 805 
16 895 ;.: ·!, :~ <. 37165 
17 .. 38230 ,... 525 

. 18 . ! . 555 : . 885 
19 . . 885 -~- . 38235 
20 39220.... . .· . 580 
21 5 35 . .· - .: . 9 35 
22 39850 : -": .. ' "• .: . 39285 
23 . . .• . . 40140 - . ;_ ··_ . . 540 
24 445 .. ·~. ·,.: 905 ...... 
25 .'". :710 ' _.: >:.:: ·~ ' . ; :;-.' 
26 41010 ,·. . c •• 

. ' ' 

.. 
4

; : -.i :; ';:! ~~-i . 

: ' .,. ... ·': ~~-. 
. 27 280 . ' ~ I '.· . 

.... 
•'!. 

., . 1 Reference 8 . ·. ·~ . -· .. _ .. · 

I • i 

. .. ,· 

2 ~ -1 
· '. · All measurements are believed to be 'accurate to•within ± 15 em. ; . -~_:_·:_~·-: .. _.-.};·.:_ ... _ •. _;_·.(\:',.-·.~_::. __ · 

additional absorption m,a.xima .are listed in Table .. IIb •.. : . ~ - . 

3 Computed from T , ID \_ . ~d. ID X • These gas phase bands are completely ·'c. ;:~~---~·-;-~:.\~.-- :'>. 
e e " e e . · _ covered by bands from v = 1, 2, and 3 and have not. yet been observed._-. _,·· :· ~-· 

' ' : . . . . - ~.·· .. . ,- ' . -' ~ . . ~ =======================================:' ·,.:·:.> ;.:·: -~ '• . '. .,_:._-.. ... . ,_ .. _;·, 

l'•; 
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.. ·, ~ ' .'I·_:.,.·: . 

' ' -~ ' ·-'..:• 
,: .. :< :~ . . ~, 
.. A·· .. :··.·· -:· ·.···-

' ' . . . 

•;.. 

.. '' 

' I ,: :' .; ·~ ''.' :., • ·, ; '· ·.' ', 

·_,· ·!·~- ~ :: . -. . 

'··'-

. ·' '. 

.; ··.·.:.: r·-r.-·; ... , :_. 

: ··.-· • • ••. 'j • ·. .. . ·.; ~ ..... ~· ; ' ~ ... . ..-
.. -•.·-

, .. 
-~- . ' ~ . ',;. ,, 

,•; . . ~- ' : ... · ,· 
. . ' . . .. ' ' ' ~ ~ . . .. :'· . . 
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and the absorption.maxima in argon1 krypton; xenon and nitrogenmatrices. 

Experiments were also made with neon and oxygen matrices, but no discrete 

absorption was detected. _The absorption maxima were obtained from density 

tracings such as. shown in Figure 3; all measurements are believed. to· be 

-1 ' accurate to within ± 15 em · The half width o:f the .absorption bands was. 

about 150 cm-l The bands are weakly but clearly shaded to the violet. 

In the case o:f the krypton matri~·, . the long wavelength bands seemed to 

be split into. doublets; the spacing o:f these doublets decreased with 

. -~ 

,,; 

./ 

,• 

,· ... •'; 
increasing v'. In-argon and nitrogen, near the origin, additional bands. 

were also :found (Table IIb). 

' During warm-up of the samples the absorption bands became weaker 

and disappeared into a continuUm. which overlapped the whole spectral 

region when the·matrix gas evaporated. In thick :films, a disti~ctive 

color .change was observed during the warm-up. The hydrogen lamp emission 

did not seem to destroy the tra:gped s2-, even with long· exposures~ but a 

magnesium :flash produced immediate aggregation on the target. 

Thick :films showed an additional broad continuum: with a maximum 

absorption at around 4900 A. This absorption had been observed earlier4 

<· ,. 
·· ... 

. r. 

. . .. · ..... 
I • ., 

and was found only at high sulfur concentrations. No .,vibrational struct.ure , · .. :·> :: 
was observed and it seems likely·that this absorption was caused by a ·. . .. 

molecule containing more than two sul:fur atoms • 
:.:~,-. 1;: ~~--

In some exPeriments the infrared absorption spectrum was also measured. 
' . . . . . \ 4 

In very dilute samples· . (large M/R) the forbidden s2 vibration could not 

be observed. However, ~ith a sulfur concentration of about 0.5% the bands ' · 1 r~. 

'listed in Table.III were fo~d. With the exception of the neon and sulfur . 
; . " ,., 

.. '.'_:· .: '. . ' ·~:-

matrices, the samples used for·the IR spectra also gave UV spectra having 
I f (, 

; "'. ' ~ 
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. i Table !Ib 

·. ~- ,· ... 

... · .. ' ...... 

Krypton 
I 

Argon 

31 62o 31 825 

32 035 32 220 .; ,, 

450 645 
····· . '' ~ \ 

33 030 845 :,.. j. i. ~-':···, ·.· .• 
·' 

"' ', !''• 375'. 
.- .. 

•.•. f 

· .. '":_ 

, .. ,, . ' ~: .· ' .. 
34 060' 

•.".·, 

_; ;'·" ·-·.··:.' 

. r 

·'· 

. .. 
' 

·.,: 
. • .. 

...... 
·~- .· 

,';.. 

' .. _.,, 

'' <' ~. . . ~ . 

. •:o' 

Nitrogen 

32 225 

33 035 

435 

:.;' ....... ,. 

·' ·.' 
't. 

,; 

.F. 
•,.' 

. , ,. ... 
•., : 

.!: '-4.'·.·-~-
, ... ' ·t 
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Table III 

Infrared-Absorption of' Trapped S2 

in Inert Gas Matrices 

Matrix ( -1)* Frequency em 
I' 

Nitrogen 666 679 
Xenon 660 682 
Krypton 659· 664, 685 .. '·\' 
Argon \' 660 ,' 68o' 
Neon 675 
Sulfur 668 

i. 
~. 

.. -~ 

* All measurements are believed to be a~curate to within ± 3 
-1 em 
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clearly resolved'band,s •.. When-the matrix'was warmed and· the. matrix' gas 
, .. . 'r .. . 

all experiments. Besides the barids listed in Table III, additional 'IR , . 
I 

'., ·\:. 

' ~. ~ .. ' . 

. (' 
•' ' .. . : ~. 

' bands were observed in nitrogen matrices. . ' . . . . . 
··~ .. ~ ·~-; .. 

·, ... 

... 
. . , 

. '. 

rv. Discussion·· 

" ••· ... t 
.J ~ •• . , . 

. ; 
t ...• 

:.· ... ,.,' 
• _J' • ...... -· 

' . . .. ~ . . 
f ! 

lli spe;ct rS. ·observed in the ultraviolet are here attributed to the . ·. ·, , .. 

,. . : . . ·~ ·. 

'; 

' ' 3z- <-.··3z.;. transition of s
2

•· This assig. nment is based upon five· 
u g . . . . · .. ,. :·-

. observations: (1) The absorption intensity was proportional to the amount; 
~ . . 

of s
2 

vapor deposited •. ·. (2) 'The red end of the matrix absorption was in 

all cases within 950 cm-l of the (o,b) band head of the gas phase .. 

absorption at 31690 cm-1 ~ The spectral shift is, .therefore, smaller 

. ...,r' 

) . 
. . ,. '. 

than 3% Of the transition energy • ( 3) The (J) I Calculated from the matriX' ·~ 
1 

'·<, ; ... : . 

spectra Was within ± 25 em" 1, , or (II, o~ m ~ o/ ~he gas pha~e 3z~ <- 3z; · '·, .· : -'.. ;;' ·· .. 
transition (Table. IV). (4) ··The c.o'x' value derived from the matrix spectrum 

.. 0 0 ) • J . . ~ ~ {, . 

was in all cases within a factor of three of the gas phase val_p.e ... · (5) The ·.~ ·.•.· 

matrix bands showed an intensity distribution which corresponded to the 

Frank-Condon distribution e,xpected from the r ~ values. of the. two states .... 

inv.olved. 
'' 

j · The nature of the observed absorption in the matrix depended upon •' . ··~· 
, 

the concentration of s2• . For samples with· an M/R smaller than 50 only 

. ' ... , . a continuum ~xtendirig from· 3100 A to shorter wayelengths was observed; 

.·.· .: , . :·:.: ·.~: ....... 

. 
·· ... '. 

· the cut-off at around. 3100 .A corresponds to the red end of the v"=O 

,"''.t 

\ : • f •• ~ 

progression. The lack of ~-ibrational structure could be d~e to absorption .. j.~ · <·, : " 
saturation 7 or broadening resulting from the perturbatio~ by nearby sulfur ,:· . .. ., .. 

0 ,A ; !, 

~4 •• ' 
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gas 

Xe 

., Kr 
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.,·1, 

Ar 

N 2 

'· 

···: l>. 
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•·' 
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/ 
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':·.·· 
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' . 

!' 

,. 

ro' 
0 

431 

435 

449 

426 

4o8 

·,. 

,·, 

,. . ,, · . 
'1' 

·-11-

-1 em-

± 3 

± 4 

± 6 

± 4 
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., ' ... _',.· 
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; I 
.'· ~- : t •. 
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I I rox 
0 0 

2.( 

2.2 

2.4 

± 

± 

2.9 ± 

1.0 ± 

-1 em 

o.1 
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0.2 

0.2 
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. .·· 
molecules. in the matrix~ 'A similar effect has· been observed for o

2 
in 

" \" ._.,· - ~ ' ,· 
·' . ' ·, 6 

argon. ..•. ... ·• !. / 

' ... ; " ' ( •.• ·f . ', .;-··; . '.' ·'' ... -~ ' . '~ ! < 

In comparing gas and matrix. spectr~ one .notes that the matrix spectra;· ., .·,.''f 

are much simpler and consist only of a single pr~gression ·with v"=O·--. 

The gas phase spectrum is, on the other hand,. characterized by several 

. ·progressions o-f broad and overlapping bands. The reason for this is 
.. l 

that the s2 molecule is the..: predominant spec;t.es in ·the .gas phase onl;y: at 
' . . .- ' .... 

' .: . , 
'/,' ·:· •, :,:. 

--~ 

·'· 
;:).· -...i·'.· 

kq ' 

. ~ ... : .. ·~· temperatures''where the population of excited vibrational and t;tational ··. ~ .· .... ;· -·~ \ .i . 
-~ -\.' 

'·. 

'·· 

-~ . . ; . 

. . '· 

, 1 I 

. _, .. 

. ' 

'' 

~ .... 
levels becomes important. 

0 • ' . . .' 

At 1000· K, for example, a third of the molecules · . :,: ·, > 
. ' 

is already in the v"=l level and the maximum rotational population is at '. · · 
. 1 .. 

' 
J=30. In the matrix at 20°K, however, only v"=O is populated, and even · · ·. 1 ... 

,· f• 

.· if free rotation were assumed, . only about 10 rotational. levels would be 
-...:: .:. ' 

expected to be important,. since the maximum .population would be at J=4. '· 
·. i-

. . -1 
The obseryed bandwidth in the matrices is 150 em The reason 

·'• .. ' ' . 
• , . ·• .. ~ l .. ' ~ :.. . 

f'or the band width is not yet known, but several contributing f'actors . .. · 

'splitting of' states in the matrix f'ield. · The. same f'actors ar~ also 

thought to cause the _weak violet shading of' the bands. 

In some matrices doublets are observed for small v'. The two 

components have, at·v'=O, comparable intensity. The splitt~ng and 
' 

intensity of one· component seems to decrease ·with· increasing v', and · 

:.·.· 

~ ' ., ": .. -
'. ~-

·: ./.' · .. :. ·: ' .. '·'. 
·, . ~ _:_; •t"' •. 'i . ~- ·_:;· 

'• ~- _ .. _.'. : \ ' 

the weaker component disappears at about v' =5. · It is unlikely that this · · .. :-. ·_:t-"{1-:·. 
i 

splitting can be at~r·;i.~ute~ to ~he F-level splitting which is only about :~':.':·:::"~::: .. t;!:, 
12 cm-l in the gas phase. 9 It is also unlikely that. these bands are . ,· ._:: .. ·::.· ,~': ~:~ 

(9) 

,· , .. 
\; ·;.' . 

R. F. Barrow and J~ M •.. Kette.ringham, Can •.. ·:J. Phys., 41, 
t ~ • • • 

·:''I •·' ' 
' I .. ',;; 

. ~--
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''f.' ';, • ~' I 
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·,. 

'. ~~ : .. ' 
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caused by a different transition of s2, because there 'is no state close ... 
. . 

enough to absorb in an overlapping region unless one makes the doubtful 

assumption that:some molecules are trapped in an excited state, for 

example the 16, which is expected.to lie about 4000 cm-1 above the ground 

state. . .. 
' •• ; ':1' 

From Table IIa it can be seen that the origin of the transition, 

T 
00

, is shifted. This· 'indicates a change of spacing between ground state 

and excited state. Such a change in transition energy can be due to 

a change of the potential energy in both the ground and the excited state. 

Figure 4 compares the 6G'values in the gas and in matrices. One observes 

' . . . 

I 
\ 

that the vibrational frequ~ncies, co', and co' x 1 are changed in the matric·es i . . 
0 0 0 

(see Table IV). This effect indicates a change in the shape of the upper 

state potential curve. In the case of krypt_on, the vibrational frequency 
\ 

. -1 
of the upper state is on the average about 10 em higher than in the 

gas phase, indicating a considerable 11 squeezing" of the potential curve. 

In nitrogen, ru' and ru'x' are .significantly smaller; the close approximation 
0 0 0 ' \ 

to a harmonic oscillator potential results in a change in 6G'~from a 

ValUe Smaller than the gaS Value at Small VI 1 to a Value larger than the 

gas value at high v•. 

It is plarined to examine the fluorescence of s2 •. ,Such work would 

make it possible to study•the characteristics of the lower. state under 

the influence of matrix fields. The lower state. has an re value.which 

~' : .. 

>. # 

~ ... . ...... : ... 

~·. ~: .. 

is about 2Cf'/o smaller t~an .that ~f the upper state of the studied transition,· · . , · ··· 
' 

and it might be that the same matrix exercises a different.influence on ;. . ~ 

the two states; for exampl~:, .·an increase in co for the . state with large.-
, .. ' 

! . . . ' 

re' i.e. the upper. state, but perhaps a decrease in ru for the state with 
. : .'' . . .... .. : . . ~ . 

small re'. i.e. the 'ground. st~te • 
·: .-~ -~-.. ~ ~ j , 1 

I,'', •, ., 
·:. '. . ('. .'. 



(' 

.. ·• 

. " 

,,..,,. ' '' ... : .. ~ .,; ~- ' ... i' ; 

. ~: . 

. ~1· 4'..·,,: 
•• >,. ,·' 

{,: .. 
,; .. 

'· 
·;:_. -(.;, ... .. ·: . . ··. .-.·.· 

The shifts in the matric~s· are comparabi~ ~it;h the vibrati~nal .... 
' . ' ' ' . ' . .• ' . . . ~ '. . 

frequency of .the excited st~te •. : This 'made th~- ,j;j_brati~nal nwnbe:dng ,> .. 

difficult. The proposed riwnbering of .the vibrational levels is based 

~ : . .; 
"" ·~ 

~ . .: [\ . ~ 
/ .. ,, ; ·r \-

.' '·: 

. on the assumption that the band with the lowest frequency observed -in. 

.. thick films. can be 'taken as the (o~o)-'band. However, .because of the 
/ 

, . 

. '. 

. 1·arge change in r. in this molecule, about 0.3 A, the bands near the 
e 

origin have greatly diminished intensities, and it was exper:iJnentally . 

difficult to be certain that the (0,0) band had in fact been observed. 

' . 10 
Using the comparable system in o2 as a guide , one can estimate that . 

;-\·' 
\ 

(10) W. R. Jarinain, Can. ~. ·Phys., ~ 1926 (1963). 

. . 

the Franck-Condon factor ~~r the (0,0) band would be.considera~lyl~ss 

than a half but more than a tenth of that· for the (1,0) band.. Thus the 

present work .does not exclude the possibility of the existence ·or 

_;-.··.· 

',< 

additional weak bands. -It would have been desirable to ascertain the.. ,. ·' 

' ~.· . ..... 
';.,. 

..', . 

.. . · 

.4 

.• ··· .. 

~ . ' . ~ .. ' ., . 

~ .. . 
J: ·~ '· . 

... ;, . i' :. 
~. ~;: ... ," 

nwnbering with isotope experiments, but only sulfur 32 was av~ailable . 
. 

The m data indicated that the ~roUnd state of s2 might be split, .. ; 
' .f' 

·. in matrices. The additional· bands· .observed in nitrogen matrices . 
• ~ t •. 

· indicate that the s 2 reacts P.S:tl~ w1 th. nitrogen. . In ~olid .neon the 
----------------.!........._._ .... 

~ .· . 
• • ,· ·,., -t 

t •> 

-.:· 
' :,f · .. 

infrared spectrum showed only one band, and .the UV absorption was _: y . 

continuous. ·'This :indicates that under our ~onditions the heat dissipati~~··/ 
.. , 

~--
.... ; ::·. ~. ~ t: -~ · . 

. from hot s2 conden·s ing: on. solid neon prevented the trapping of isolated : ·. . . ::. ~~-~ 
I · _, •. ·,.~··(1,~--

82" The band at 668 c~~1, observed in all samples after evaporation 
·.; . . . . 4 . . . . . .. 

of. the matrix gas, has already been assigned to the influence of a 

. .. . · ... c~ ·.): ... 
. ~ . 

. .... . . .- ~ .. 
·' .. ' ~: -c· 

':. ' ' . ' .... ~ . .: ~ .:::·· 
.. i . : :. ' 

'self matrix' of sul..fur on s·. 
.2 

' , ... ~ ~ .. ~ ' . 
s2 seemed: to react with oxygen, and· no ·~. · ·. ·,. ., · 

.. :·t·. :··-

.<; . spectra ot: s2 . t:r&PX~ed. in solid ' .. o2 could be. observed._ 
. . . •' . '( . ' ' 

·.:. 
--\' ;: 

·.:"' ·. 
'··' ., ' 

.: I 

'.'• 

'·. 
'•;' 

'•,. 

. : ~·· . 
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'It is·p1anned to expand simu1taneous.UV and lR experiments in order 

to study warm-up proc~sses, and it is hoped that the amount of s2 deposited 

in matrices can be increased, so that it becomes possible to observe weak 

transitions such. as 3t+ ~ 3t•. 
u g 

The corresponding bands hav·e been observed 

··for o
2 

at 36096 cm-1•11 In s2 the (o,o) band is expected to lie at about . / 

. (11) G. Herzberg, Naturwiss., g_Q, 577 (1932); 

-1 .23000 em In the gas phase this region cannot be studied since it is 

entirely blotted out by the strong 3E- ~ 3t- transition. 
u g 

i 
\ 
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The lines shown in'this figure were obtafned by a least squares 

fit of the data points; the individual points fall in some cases 

-1 . as much as± 20 em from. the lines • 
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