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" THE PHOTOLYSIS OF MATRIX ISOLATED DISULFUR DICHLORIDE
Je Ja Smith and Beat Meyer

Chémiatry Department, University.of Washington, Seattle, and

V‘ Inorganic Materials Research Divislon, Lawrence Radlation I.aboratory, _

University of California, Berkeley, California

ABSTRACT | .

§,CL, was photolyzed in various inert matrices at 20°K for the

purpose of identifying the primary photolysis products and studying

_the nature of the disulfide bond. UV and IR spectroscopy were used
f ~to determine the products in Ar, Kr, Xe, CHu, CO and N, In each

o case, S, was found to be formed, The: 82 yleld depends on the rigidity . . B

2 .

' of the matrix, CO and N, exe shown to yield third products, Solute- o
solute and solute-solvent interactions are excluded from being respon- o
sible for the observed resultss A plausible mechanism based on the

diffusion of photolysis fragments is discussed.

Part:of .this ‘york: was’ ‘presented at ‘the 1l55th: National Meeting of
. The:American-Chemical.’Sogiety), Ban.Franciscoj iCalify: April 1968,
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' INTRODUCTION

To date the primary phetolysie products of S Cl are'not conclusiveky" : '

2772

'known. Snowden and Da.vidsonl reported the observation of a new UV absorp-

tion at 237OK when 8,.Cl_ was photolyzed at TT°K in a hydrocarbon glass

2772
of 5:1 isopentane-3 methylpentane., They suggested that the absorption

might possibly be due to SCl. McGrath2 reported that Sa_is produced in

272

the flash photolxsis of 5,C1,. . He also listed several new,unanalyzed gas ::“”

‘phase absorption bands in the region 3900-hh003 which he attributed to

SQCl. These bands vwere only observed vhen nitrogen was present in

82012 to N2 ratios of 1: 100._ Thermal decomposition was observed3 to

 g1ve sulfur and chlorine as products. The decomposition was proposed tol{‘l

involve breakage of the S-Cl bond to give S, and Cl, initially.

2 2
We have utilized the matrix isolation technique to study the

active intermediates in the photolytic process.

ol

photolysis of 82012 because our conditions allow stabilization of re- .Jj4~:'
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- EXPERIMENTAL -
The liquid hydrogen cryostat used for most of the matrix experiments .

has been described earlier.h In some of the experiments a Cryo-tip model ,:? T

. AC-2L (Air Products and Chemical Company) refrigerator operated with

hydrogen was utilized. Experiments at 33°K were performed on the Cryo-
L tip by operating at the critical temperature of hydrogen. Sapphire or
.CsBr tﬁrgets’and sapphire or CsI windows, were employed depending on thev  e
nature of the experiments.
82012 was premixed with the appropriate amount of matrix gas prior
; to decomposition. A fixed 5 ml volume was charged with T Torr, tﬁe roomll Tff f
- temperature vapor pressure of 52012, corresponding to 2 micromoles of
material., The SZCl was then expanded into a 300 ml volume bulb. Matrix
gas was bled into Fhis volumeﬂpntil the desired matrix to S2CI2 fatio
(M/R) was obtained, normally 12-cm gas for an M/R = 500. M/R's varied
from 200 to 3000,
After equilibration, the mixture was deposited on the target at 20°K;
A Delmér greaseléss stopcock ﬁas used to regulate thelflow.at abproximatelf i  ~'
- 2 millimoles of gas per;hour. Preséﬁre in the cryostat during deposition. |
was maintained at 10~ Torr or below.

Eastman practical grade S was purified:-by multiple : - PR I

%12
 fractional condensations at -45°C., Linde and Matheson research grade

argon, krypton, xenon, methane, and carbon monoxide were used without
. ’ . ' ! o
further purificatioh.

The photolysis source was a General Electric AH-6 high pressure . e

mercury lamp. The lamp was equipped with interchangeable pyrex or

e, _rme s we e vowe o
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- spectrometer covering the region 4000-250 cm;

( |
-3 UCRL~18060

. .
N .

: quarti Jackets.. Thé wavelength region of photolysis was determiﬁed by
using & Kodak No. 39 filter with a bandpass of 3100-4800R and a Corning

© % filter No. 3-T3, with bandpass >40008. Photolysis times ranged from

5 min. to 3 hours. The lamp to target.distance was about 9. in.

Photolysis during deposition was accomplished by passing the mixture  {”

:r.of S,.Cl, and matrix gas through a 1 in. diameter, 12 in. long externally - »

272

" . silvered tube while simultaneously irradiating along the length of the
7 tube.
UV, and visible spectra were recorded using an 0.7 meter Jarrell- e

" Ash Czerny-Turner £/6.3 spectrograph equipped with gratingsTblazédffor.;ﬁ,fb“”'

30008, 50008, and 75008, giving dispersions of 5, 10, and 20}/mm

respectively. A xenon high-pressure arc served as the continuum source

" for photographing absorptions. Spectra were recorded on Polaroid Type . R

5T film and Kodak type.103a-0 sbectroscopic plates.

Infra-red spectra were recorded on a Perkin-Elmer No, 21 Infra—redf :f‘

1
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RESULTS

Figure 1 shows a spectrum of 2 micromoles of 52012 in 2Vmillimoles

ifﬂ CHh‘ After‘deposition, the. S,Cl, spectrum is observed as a broad, strucs;ﬁf

272

tureless band, centered at approximately 2600&, The absorption reported  ‘7'

at 3100R in the solution spectrum was not observed, probably because of

" insufficient amounts of:S,.Cl

272’ 2772

" much weaker, or disappears entirely, while a progression of bands corres--*

3 35~

‘ponding to the S, Z;-+ ZE transition appears from 28003—31003.h No

. other absorbing species were observed in the UV-visible —ortion of the o

. spectrum. -
The observed process takes place in all matrices studied., The

formation of S2 from Sacla-is most efficient in a xenon matrix and
leasﬁ efficient in nitrogen. Table I lists various matrices, their
melting points, end the photolyéig times required for producing an ab- -
sorbance of 20% at 20°K in a sample confaining 2 umoles of Sz.

Since 82 forms so readily in xenon, this system was used in several
experiments to c;refully characterize the photolysis. The results showed
that photolyéis with radiation of A 3100-h800K was as efficient as photo-
lysis with unfiltered AH-6 lighf, with quartz envelope, and that no appre-.
ciable‘phafolysis was observed when the excitation wavelength was greater

‘than L4O00A. The photolysis yield of S, is equally efficient over a M/R

2
range of 200 to 3000, and no discernible difference in efficiency was
observed at 33°K as compared with photolysis at 20°K. Also, photolysis
during deposition gave results similar to photolysié after deposition.

In all cases a strong 82 spectrum was the only observed product absorption.

After photolysis, the §,Cl, spectrum is o
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After five~minutes photolysis was incomplete es evidenced by the'::v

" presence of the 8,CL, absorption bands The progress of the photolysisbf”; e

i B W g s

could also be followed by observation of the v(8-Cl) 1nfraered absorp_»f:;gf_h
e tdon (Fig. 2)a ' | | o
No evidence was obtained for the formation of the SCL radicals
- Furthermore, we did not observe an absorption in the 2400A region as'”'; ;
* reported ﬁy_Snowden and Da’,v:ldson.2 No evidence was obtained for the

" . formation of other secondary produets and specifically, xenon chloride

was not observed., Similarly, argon, krypton and methane failed to
| seact under the conditions of the photolysis.‘_If secondary products
were present their amounts were below our detection limits.
- Two of‘the-solvents studied showed a different behavior. Whenl
- nitrogen was used as a matrix, only trace amounts of S2 were observed.'
There was, however, a noticeable decréase in the intensity of the (S-Cl) gf: ,

.stretch in the Infra-red indicating 1oss.of thevS-Cl bond, Therefbre,

photolysls must have led’ to other productss Accordingly significant
Ty - - amounts of sulfur were found on the target after warmup. The IR spectrumsjgp___
\J}f:§u5 ‘ did not show;the N-S stretchy

Carbon monoxide has in the past proven to be an Immensely useful

reactive ﬁatrix.5 We chose 1t for phe purpose of assisting in indenti-
:Ci‘ﬂ.a o 'fication of the primary photolysis products, since Milligan and J'exycox5
v ';f;‘IVif" reported the reaction of chlorine atoms with CO to give C1CO with essen-
: tlally zero activation energy, If present, this species would indicate
fhe formation of chlorine atoms during photolysise

Figure 3 shows the IR absorption in CO after 90 minutes of photolysis

of 8,Cl, with the AH6 source in a. quartz envelope and o filter.
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The peaks a£'2052; 857,'and 839 cmt a11_disap§eaf early in the warm-up,
but not until the CO mafrix has vaporized. The péﬁks at 1770 and 8ok cmf;{
~persist for some time thereafter.

| The absorptions at 2052, 857 and 839-'l are assigned to COS.6 The
ebsorption at l770iand 8ok cm"l do not correspond.accurately to any |

'possible'reported species; therefore any assignment remains inconclusive.

- The peak shown at 875 cm-l might not be due to a product.

Photolysis in the 3100 to 4800% region with the Kodek No. 39 filter, . .

considerably reduces the amounts of secondary products formed. Photolysia"t/

. on fhe target during depositon resuited in larger amounts of these

secondary products.

R [T B SRR AT RPN
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DISCUSSION

As Zab;e I indicateé, the time elapsed before appearance of Sé,

' and'hence, the extent of photolysis of 82012 closely parsllels the
'melting points of the matrix gases. It is a linear function of mélting
~2 point for the gases CHA, Ar, CO and Néu The close correlation with

", melting peints suggests.that rigidity is an important factor in the

determination of product fbrmation. Krypton and xenon deviate from the '.”

' 1inearity since both are too rigld to allow product diffusion. This ig

clearly demonstrated by the equal efficiency of photolysis in xenon

_ at 33°K and at 20°K; xenon at 33°K is still more rigid than krypton - }"ﬂ o

~ or methane at 20°K,

On the basis of infra-red observations, 1t appears unlikely that- _x;ff:

"‘solute-solvent interactions contribute significantly to the observed

< differences in photolysis efficiency;'hThe SC1 stretching frequency of

the isolated S.Cl

,Cl, 18 essentially the same In all matrices; namely

b8 em™ in Xe; b9 em™t in Kry bk em™> in Ar, U450 em™ in CH), 3

" and 447 cm"l in Ny« The differencés are small and insufficient to

indicate signifiéant weakening of the S§-Cl bond due to chlorine-rare

gas interaction, Not :'ruled out 1s interaction between the chlorine

‘and the matrix after photolysis, although as mentioned earlier, we did -

not observe any evidence for rare gas compound formationa.

.

The photolysis results from the absorption of light of wavelengths

a 3100—&000& corresponding ih energy to 92-69 Keals It therefore

"appears that the strong 82012 absorptioh at 26OQK 18 not responsible alone

for the observed photolytic process. Rather, the weak ebsorption in the



TN

-‘ 82 formation. The S

-8 " UCRI~18060

région A 3100-3300% seems most important.

The fact that photolysis occurs equally'ﬁell'in Xenon at M/R from
200 to 3000 eiiminateé soluté—soluté procéssés as béing respohsibie fof ;(;fér
> qbserved‘therefore resglts }rom isolated 82012'
moléculés. Also, the photolytic procéss in the gas phase must.be'cloéelj;f;i:jikl

analogous to the proceés in the matrix, because of the similarity in

results obtained when photolyzing during deposition.

Two primary processes are possible with the.absorption of a photon .
in the energy range of 69 to 92 keal.
) 8

Lly+wv B 01eCl (e

' 82C12

+hy+SCL+8CL oL (2)o e

Processes involving thé breakage of more than one bond with the absorp

A

tion of a single photon are not feasible in this energy range.

The intramolecular process,

5,1, + hv + 8 012 + S5, + 012 - (3)

272 2 2
is energetically possible-when the excitation energy is greater than
about 40 kcal. . Possibly contributing to this process is the-molécular..'
gedmetry and the rélativély short chlorine-chloriné distance of h.llx.
This process leads directly to 82 formation. |

Dependingvon fhe primary process (1) or (2), the-formation of 82

would occur by secondary photolysis, or reactions: ‘ . J
5,01 + hv + 5, + C1 _ (k) oy
8,1 + CL+ 8, + Cl, (5)

+ Cl : , - (6)

sC1 + SC;+ 82 2.




. fore, the observed decrease in 8
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N 4

Reactions (4), (5), and (6) are all energetically favorgble. Reaction =
" (6) nowever should have a relatively high entropy'of activation which
surely would cause it.to be slower than the others. Competing with

- reaction (5) would be the recombination reaction:

5,01 + C1 + 8,C1, o ‘ ’(7)
The overall observed photolysis efficiency would be the net result of

' 82 formation minus recombination losses. . It seems likely that the rate .

'of'photolysis to 82 should remain nearly independent of matrix and there= - .

> formation in the iower meltihg solids

might répreéent'an inerease in the recombination efficiency of the

fragments. The recombination reaction should depend substantially. on
" the natﬁre of the matrix because of the necessity for the chlorine atoms
. to diffuse.

The SCl radicals could also recombine via the reaction:

SCL + 8CL 8,01, - 8) ..o

2

N

‘This process is expected to be less favorable for the following-reasons:“;:-‘

.

First,‘similar_to'reaction,(6), it[shouldahaﬁe a relatively high
k entropy of activation; second,.if the radicals escape from the matrix.
| "cage" during photolysis, recombination due to diffusion would not be
expecte@ to occur because of size; and third, if tﬁe padicals remain
in the matrix cage, xenon, the most rigid matrix,should show the highest -
recombinaéion.efficiehcya.Thia 14 contrary to what is observed.

The energy of the absorbed photon is sufficient not onlyvfo breakr -

either the 8-S or B-Cl bond, but also to impart excess energy to the
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- fragmentse Atomic fragments guch as 8 chlorine'atom vbulaﬂlikely migrate |

.. to a lattice site removed from the remainder of the'molecule. Thus the

- . recombination should depend on diffusion rates of the fragments, Milli~ -
gan5'has demonstrated that atoms of moderate size can diffuse under 4
~ certain conditions; the rates depend on atom size, matrix rigidity,'and'if

absolute temperature,

In the 82012 system,; the order of diffusion rates should be1 -
S~ CL > 32.f SCl ~ Cl, > 8,CL > 8,Cl,

The probability of tﬁe diatomics diffusing at 20°K should be quite

.smail except perhaps in N,e It is this fact which makes reaction (2) if“:'“'

the least attractive 6f the primary processes. We conclude, therefo;e;';]5 -
that the S-S bond probably remains intact in the photolytic process. .
Fgrther e#idence for this conclusjon is provided by the fact that 82 is
also produced by photolysis of SeBrérin methane at_20°K.7 In SeBré, the -
S-8 bond rétains essentially the same strength as-in 82012, whereas
the S-Br bond 1is weaker than the S-Cl bond.

| The ultimate fate of the CL in the system was not determined, since
the Cl atomic absorption occurs outside the observed spectroscoplc |
range. Alsd, the Cl, absorption is broad in matrices and would have
~ been too weak to be observed. | |

' Reactions of Products

The observation of the decrease of the 8-Cl stretch intensity in

Né at 20°K suggest that photolysis'occurs in 32, and that the 82 is béing .

lost by reaction processes. The presence of sulfur on the target after -

warm-up supports this interpretation. It is conceivable that 82 diffuses 14 §




J

«lle _ , . UCRL~-18060

A

2 .
form longer sulfur chains, These species would give broad S-8 absorption-'-

to a limited extent in N, at 20°K leading to.intermolecular reactions to

spectra in the 2500-~3000 A reglon, the same region as 82012. It is

' improbable that they would be noted. C1CO was not observed &s & product a

- in CO and therefore Cl atoms are not directly proven:to.be the primary.

1

~ photolytic products. The IR absorptions at 1770 en™l and 804 en™! and

concelvably a part of the absorption at 857 cm,“1 are possibly due to

| CIZCO, (ClCO)a, or some other CO and Cl contalning species. The

molecular geometry of 82012 may favor the formation of a chlorlne-
carbonyllcompound such as (ClCO)2 rather than independent CLCO radicalsatv
The Fact that our observations were made at 20°K rather than at a lower
temperature alsb'complicates the system because of possible diffusion.

cos is only observed, when photolysis occurs at wavelengths shorter

* than 2800A (lél Keal)e It results from the reaction of sulfur atoms with

the CO matrix. The sulfur atoms are produced by secondary photolysis

of 82

8

pthv o 28 S (9_)‘

"Under the conditions employed, formation and subsequent photolysis

leads to a substantial equilibrium concentration of COS.
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CONCLUSIONS

Photolysis of matrix isolated 82012 ylelds 82 as the only identi-;
fied product; no Cl is observed« The overall quantum yield of Se' depends
- on the rigidity of the matrix., Photolysis is as efficlent between 3100
and 1&000.7&, as at 2800A where 82(}12 absorbs sﬁrongest. Abofre ’28001‘\1 the
8-S bond apparently remains essentially intact in theA photolytic process. ‘,

Photolysis in N2 and CO ylelds secondary products under certain
l conditions, and CO reacts with photolysis products with formation ofi

Cl-=C bondse.
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| Photolysis time to appear-

',CHM

Matrix ' Meltidé-?oint arice of equal amount of 32
' (°K) absorptior .
oo (mine) e
Xe 161 5
Kr 116 ko
90 wo
Ar 8k 55
o B 90 .
» L6 120" ,
T . 3 |
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Figo L

XBL686~ 3039

Absorption spectrum of a 111000 mixture of 8aClp
in methane at 20°K,
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pCly in Xe after .. .~

470

Fig. 2

Infrared absorption of a 11300 mixture of S

, 12 min, = = -~ ~, and 17 min, ~,-.,-.,photolysis.

5 min,
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2300 2000 . 1800
- cm

700 900 |

Fig,' 3 . Infrared absorptions produced by photolysis of a 11300
. mixture of S;C1, in CO at 20°K,

—700
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