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The absorption spectrum of disulfur monoxide was observed in matrices at 
20°K. All 18 observed bands of the (0, 0, YJ) - (0, 0,O) progression fit the equa- 
tion G(v8’) = 29 070 + 426 (us’ + x) - 4.80 (v3’ + x/2)” + 0.075 (us’ + W)“. 
The matrix data was used to reassign the reported gas-phase data and to de- 
duce vp’ and vz”. The absorption spectrum of sulfur dioxide in a krypton matrix 
at 20°K is tentatively assigned to a progression A(vi , vz , 0) + X(0, 0, 0). 
The SO2 a-X phosphorescence, excited by absorption of light in either the C 
or A system, is strongly enhanced in the matrix. 2’~ , VI and VP shifts are listed 
for solid argon, krypton, xenon, nitrogen, methane, SF6 , and C4Fs . The phos- 
phorescence intensity is strongly temperature dependent. The temperature- 
intensity curves are consistent with an energy transfer model involving inter- 
action of the SO2 triplet state with the lattice vibration. 

This paper is part of a study of sulfur oxides. It is concerned with the low-lying 
electronic transitions of E&O and SOI? . Two systems will be described in two 
separate parts: (A) the absorption spectrum of SZO in xenon, and (B) the ab- 
sorption and phosphorescence of SO2 in various solvents. 

The gas phase spectra of both molecules are well studied and several transitions 
have been observed. It was our intention to observe the difference between gas 
phase and matrix spectra and learn more about the spectra by studying absorp- 
tion and emission to and from the ground electronic and vibrational states. 

PART A. ABSORPTION SPECTRUM OF St0 

Schenk (I), Cordes (2)) Bondratieva and Kondratiev (3), and Jones (4) re- 
ported the spectrum of a sulfur oxide which was originally believed to be SO, 
then later SzOz . The microwave studies of Meschi and Myers (5) identified the 
absorber as SzO. The UV and IR work of Jones led to values for the vibrational 
frequencies v1 and v2 of the ground state molecule together with the vibrational 
frequency Ye for the upper state and a provisional value for the origin of the band 

1 On leave from the Chemistry Department,, University of Canterbury, Christchurch, 
New Zealand. 
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system. Meschi and Myers (6) in a microwave study obtained an approximate 
value for t,he remaining ground stat’e frequency v2 , and a more precise value fol 
this frequency, referring, however, to the molecule in a solid film at 77X, was 

reported from an infrared study by Blukis and Xyers (7’). The purpose of the 
present, study was to analyze the matrix absorption spectrum and t,o confirm the 

origin of t,he system by observing the progression of bands wit’h 0” = (000 ) . 

Experimental Methods 

The molecular beam arrangement and the cryost)at were described earlier ( 8). 
A Cryo-tip refrigerator AC-Z, (,4ir Products and Chemicals, Allentown, 1%. ) 
was used to cool the sapphire target, and a copper versus gold-cobalt thermo- 

couple \vas used to measure the target t’emperature. 
The S&-rare gas mixtures were prepared using a modification of Schenk’s 

synt,hesis 19). For this purpose SOC12 was premixed with the rare gas in ;L 

measured volume. The mixture was then expanded through a Teflon valve and 

the flow measured with a l’ischer-Port’er flowmeter equipped mit’h a Teflon ball. 
The gas then passed through a U-tube cont8aining silver sulfide which was kept 
at 160°C. From t,he reaction tube the gas st’ream IIOCV containing SsO and rare 

gas was expanded t,hrough a jet’ and deposited on the sapphire target :~s :L 
molecular beam. If freshly prepared granulated silver sulfide was used, and the 
flow system was purged with pure SOCl, prior t’o deposition, the S&O-containing 
solids were spectroscopically pure and gave none of the strong SO2 fluorescence. 
Solvent to solute ratios Jvere commonly about, 100: 1, and a total of about 
2 mmoles of material were deposited in each experiment. 

The rare gas solvents were research grade (I,indc), SOC12 was Eastman Kodak 
practical grade used after fractional condensation at -7S”C. The CH, , SF, , SO,, 
and C,E’, were Matheson high-purity produck. 

Absorption spectra were photographed on :L Jarrell-Ash f:,‘6.3 Czerny-Turncl 
instrument wit,h a 2160 lines/mm grating blazed for 3000 11. Polaroid film urld 

Kodak spectroscopic plat,es type 103a-F were used. Fluorescence and phospho- 
rescence were recorded with a 0.3-m l\lcPherson model 218 instrument, m-it,11 :LI~ 

1100 lines/mm grating blazed for 5000 & and nn 13. A 1. I. MO2S photomultiplier. 
Fluorescence and phosphorescence were excited \vith an AH-6 high pressure 

mercury arc, in conjunction with a Parrand f/3 monochromator. Exciting fre- 
quencies between 2500 and 6000 ,k could be selected. The slits were chosen to 
give a bandwidt’h of about 50 A. Absorption and fluorescence blanks ww rc’- 
corded throughout, the erkire range. 

Results ad Discussion 

In the 2300-6000 8 region only one transition of Se0 is observed. The absorp- 
t’ion spectrum of SZO in argon, krypton, and xenon matrices consist of a long 
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FIG. 1. Absorption Spectrum of S20 in xenon at 20°K 

progression of vibrational bands. In nitrogen at 20% the spectrum is so broad 
that vibrational structure is not well resolved. We report here only the results 
for xenon mat,rices, which gave the sharpest bands, with well resolved and clear 
absorption peaks. Figure 1 shows the absorption spectrum of SOz in Xe at 20°K. 
Although t’he absorption regions of &O, SOa , and SOCh overlap, and although 
the molecules are chemically related and could occur simultaneously in our sys- 
tern, it proved easy to prepare spectroscopically pure samples of SZO solutions. 
The fact that we could prepare S20 free of the very sensitive phosphorescence of 
the other two molecules indicates that our method of preparation leads to S&O 
which is essentially 100 %J pure (9). 

In Table I are listed the positions of all the observed absorption peaks of E&O 
in xenon at 20°K. Neasurements are believed accurate to ~t20 cm-l. The ob- 
served bands form a single progression obeying the formula 

G(v;) = 29 070 + 426(u; + 45) - 4.SO(v; + 2,;)” + O.O75(v; + 35)“. (1) 

The last two columns of Table I contain values of G(v) calculated from Ry. (I) 
and of A, the difference between observed and calculated values. 

Columns two and three of Table I list the corresponding band heads observed 
during the work of Cordes and Jones, respectively. The data of Cordes, up to 
Qf = IS can be fitted t.o 

G(u~‘) = 29 026 + 436 (Q + >$, - 4.00 (& + Ai)” + 0.08 (~3’ + x)“, (2) 
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TABLE I 

i’:t’ 

._ 
0 
1 
a 

3 
4 
5 
(i 
7 
s 
9 

10 
11 
13 

13 
14 
15 
l(i 
17 
18 

Gas phase band heads 

Cordesa J0K3’1 

_ 
30 091 30 100 

30 503 30 506 

30 907 30 909 

31 303 31 308 
31 B99 
32 093 

32 488 
32 871 
33 251 

33 634 
34 006 
34 377 
34 745 
35 115 
35 472 _ 

35 850 
36 242 - 

i\hsorption 
maxima matrix” 

C‘alc from 
I:({. (1) 

29 285 29 28.5 0 
29 700 29 700 0 
30 120 :jo 105 1s 
30 505 :30 505 0 
30 875 30 890 15 
31 270 31 275 .i 
31 635 :31 655 20 
32 040 32 030 10 
32 375 32 390 15 
32 715 32 750 35 
33 105 33 100 
33 435 :n 450 IX 

3:Jl 810 :33 795 15 
34 145 Y4 130 15 
34 4GO S-1 470 10 
34 835 :<4 800 35 
35 165 45 130 35 
35 450 :k5 ‘Go 10 
35 705 3.5 i35 :30 

a Ref. (9). 

‘, I:ef. (4). 
” +C5 CIlT’. 

Ivhile the limited but more precise dat’a of .Jones leads to 

Equatjions ( 1-3) indicat’e that the matrix spectrum is very similar to t#h:Lt of 

the gas phase. The ~3’ vibration is only slightI?. constrnincd in t,he mat,rix, even 
the rate of convergence changing only. slightly, although significantly. The pr+ 
dissociation limit (2) is not apparent in the solid. 

On the basis of the data of Jones, Herzberg (10,1 lists :L Too value of 30 09H.S 
cm-‘. S’ L mce the gas-phase spectra are complex, and also involve transitions from 
excited ground state vibrational levels, it, is likely t,hat, .Jones could not, observe 
the lveak bands which we have found to t’hc red of the report,ed gas phase origin. 
Re conclude, therefore, that the gas-phase numbering is incorrect. The number- 
ing in Table I assumes t’hat so far generally observed heavy atom effect, holds, 
and that, only a small shift, of the tjransition energy is expected. 

The occurrence of only a single uppw st):akc progression facilitates the analysis 
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of 0~1' data but’ reduces the amount of information that can be gained about the 
molecule. However, knowing that matrix transitions must originate from 
N 

V = (000) n-e can now reconsider the gas phase data. The fundamental ground 
state vibrational frequencies of SZO are listed as v1 = 116.5 and V~ = 679 cm-’ 
(2), and vz = 3% cm-’ in a solid film at 77°K. For the upper state, on the basis 
of a figure of 415 cm-l for the vg fundamental derived from Eq. (3), one can 
estimate ~1 - 720 and v2 - 240. Jones distinguished three gas phase progressions 
of which A is given in Table I. Series B he assigned to a progression in v3’ origi- 
nating from 113” = 1. Series C would now appear to correspond to a progression 
of v3 with simult’aneous excitation from ~1~’ = 0 t,o ~1~’ = 1. On this assumption 
one deduces by extrapolation to v3’ = 0 a value of 256 cm-’ for the v2 funda- 
mental in the gas-phase upper state. Cordes observed low-lying transitions 
which he list,ed in the same progression at 29 99s and 29 568 cm-‘; however, 
these bands do not really fit here and are better interpreted as involving v:! in 
both elect’ronic states, since 

and 

29 99s = 29 243 - 377 + 425 + 420 + 284 (4) 

29 568 = 29 243 - 377 + 428 + 274 (5) 

where the separation of the zero vibrational levels and the v3 spacings are as 
given by Eq. (2). The value VZ’ = 377 cm-’ that we have used in Eqs. (4) and 
(5) comes from the lower lying of the two pairs of transitions which Cordes lists 
at 29 998, 30 373 cm-’ and 29 440, 29 S17 cm-‘. This value is consistent with 
v2 = 388 as found by Blukis and Myers in the solid (7) and 370 f 30 cm-’ 
found by Meschi and Myers in the gas phase (6’). The second column of Cordes 
Table 2 (2) contains transitions which difl’er by an average of 1174 cm-’ from 
the transitions two places further down the v3’ progression; thus these transitions 
probably originate from the level vlN = 1. It is therefore likely that transitions 
including v1 of the upper state are among hhose that remain unassigned (about 
one-third of the transitions in Cordes’ table) but the low precision of the data 
makes identification ambiguous at present. 

PART B. ABSORPTION AND PHOSPHORESCENCE OF SOz 

The gas phase spectrum of SO2 is well known (10). Transitions from the 
ground state to the states a and A are observed both in absorption and fluo- 
rescence. The gas phase triplet-singlet phosphorescence has been studied by 
Greenough and Duncan (11) and by Strickler and Howell (12). The latter 
analysed their observations in terms of collision induced intersystem crossing 
from the excited singlet, only singlet-singlet fluorescence being observed at low 
gas pressures. We hoped to compare the gas phase spectra with the matrix 
spectra and to study the triplet-singlet quenching in the solid phase. 
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TABLE II 

ABSORPTION B.INDS OF SO? IN KRYPTON -IT 20% (cm-l) 

35 

Band heads observed Xhsorl)tion peaks 
in gas” observed in matrix IMerence 

2 4 (I 32 198 32 180 18 
3 2 0 32 377 32 410 33 
3 3 Of\ 32 713 32 685 28 
2 6 01 
3 4 0 32 850 32 895 45 
3 5 0 33 080 33 110 30 
3 0 01 33 313 33 320 7 
-I 3 01 
4 4 O\ 33 547 33 540 7 
5 1 0: 
5 2 0 33 760 33 780 20 
5 3 0 33 960 33 970 10 
G 1 0 34 240 3-l 240 0 
0 2 0 34 396 34 420 24 
6 3 0 34 620 3-l 645 25 
(i ‘4 0 34 785 3-1- 825 40 
730 35 068’) 35 020 - 
7 3 0 35 236b 35 270 - 
8 1 0 35 55@ 35 530 -_ 
8 2 0 35 708h 35 725 - 

a Ref. (13). 
11 Calculated from the formula given in Ref. (13). 

E.rperimental Methods 

The SO? samples were mixed with eight different solvems which were deposited 
in the usual manner. The U-tube containing silver sulfide was removed from the 
flow system. 

Absorption. Only the spectral region between 2500 and 6000 A was studied. 
The a-X transition is weak and was not further studied during this work. The 
d-X absorption appears as a long progression of bands which overlap. In 
krypton and xenon a series of bands show clear maxima. Table II lists these 
maxima and compares t’hem with band heads listed by Metropolis (13). As in 
E&O, the absorption forms a smooth Franck-Condon curve. Assuming small 
matrix interactions one can arrive at a tentative assignment which includes all 
observed peaks. However, it is dangerous to give such assignments too much 
credence since matrix shift’s need not always be very small, as can be seen from 
the shift’s of the more firmly assigned phosphorescence bands listed below. 

Phosphorescence. No resonance fluorescence was observed. However, excitation 
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TABLE III 

EMISSION MAXIMA OF a-X PHOSPHORESCENCE OF SOZ IN VARIOUS SOLVENTS (cm-l) 

Assignment 

0 0 0 
0 1 0 

1 0 0 
0 2 0 

1 1 0 

0 3 0 

2 0 0 
1 2 0 
0 4 0 

2 1 0 

1 3 0 
0 5 0 

3 0 0 
2 2 0 
1 4 0 

3 1 0 
2 3 0 
1 5 0 

3 2 0 
2 4 0 

- 

- 

Gas 7 
phasea A 

- 

9rgonbC 

25 727 
25 214 

24 602 
24 706 

24 066 

24 173 

23 464 
23 576 

27 319 

22 890 
23 073d 

- 

25 375 25 340 25 145 25 170 25 310 25 535 
24 830 24 830 24 660 24 670 24 840 25 020 

24 265 24 230 24 030 24 065 24 240 24 445 

23 760 23 710 23 535 23 600 23 805 23 905 23 975 23 870 

23 205 23 150 22 930 22 885 23 215 23 235 23 420 23 315 

22 660 22 605 22 415 

22 462 22 080 22 025 21 845 

- 

- 

- 
- 

21 520 21 430 21 290 

- 

- 
- 

20 895 20 740 

20 360 21 170 
19 805 19 695 

- - 

Met- 
hanebc 

22 495 

21 925 

21 290 

- 

- 

- 

Nitro- 
genb c 

T 
SFBbC C4F8” 

(80°K) 
CZ8 bc 

25 620 
25 085 

24 515 

25 580 
24 995 

24 455 

22 775 22 825 22 875 22 805 

22 215 ) 22 255 22 305 22 235 

21 565 21 650 21 800 21 660 

- 

- 

21 090 21 180 

20 570 20 655 
20 025 - 

21 145 

- 
- 

- 
a Ref. (11) band heads. 
b Emission peaks at 20°K. 
c All rounded to nearest 5 cm-‘. 
d Originally assigned to (050). 

to both singlet states A and C leads to strong phosphorescence in the 3900 to 
4300 H region. The intensity of the phosphorescence seems greater for excitation 
in the first singlet than in the second, but this may be due to the relative in- 
tensity of the AH-6 excitation in the 2500 and 3100 8 regions if the exciting light 
source frequency is changed. The intensity of the phosphorescence follows the 
Frank-Condon absorption intensities of the excited singlet state. 

Table III lists the observed vibrational bands for SO2 emission in seven dif- 
ferent solvents, along with the tentative assignments for the bands. The line- 
width and the length of the progression varies considerably from solvent to 
solvent, but the FrankCondon maxima are not greatly different. Figure 2 
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FIG. 2. Phosphorescence of SO* in krypton at 20°K 
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FIG. 3. Phosphorescence spectrum of 802 in SFs at 20°K after 30 min annealing at 77”~ 

shows the phosphorescence in krypton. It’ might appear to consist of one single 
progression, however the spectra in matrices with narrower bandwidt,h indicate 
line distortions, and, at least in S126 , structure. Figure 3 shows the phospho- 
rescence of SO? in SF6 after xmealing at 77°K. The annealing results in cow 
siderable sharpening and changes the originally broad progression to a more com- 
plex pattern. The analysis of the structure, as indicated in the Fig. 3 leads t’o an 
assignment’ similar to that of the gas-phase spectrum. However, the matrix cn- 
vironment strongly affects the origin of the transit.ion, and the vibrtitional fre- 
quencies. Figure 4 shows the speckurn of SO? synthesized from the values 
measured for the first. quant,a of V~ and ~3 with neglect, of nnharmonicity. Figure 1 
sh0n.s that, variations in vibrational frequencies from solvent to solventj are es- 
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FIG. 4. Phosphorescence spectrum of SO2 in various solvents at 20°K, calculated from 
the observed first vibrational quanta. 

pected to yield a different spread of emission peaks, leading in the case of argon 
to clearly separated groups of bands, and in the case of nitrogen to an almost 
equal spacing of bands. This grouping and distribution of peaks explains why 
argon and krypton spectra appear to consist of a single progression while nitrogen 
gives almost continuous emission with unresolved structure. 

The observed linewidths are, therefore, primarily due to overlap of bands, and 
to the broadening of the spectrum. The matrix broadening between different 
solvents can be compared in the first vibrational t’ransition, which is not over- 
lapped in most solvents (Table IV). 

Table V lists the matrix shift of Too , v1 and ~3 for seven solvents at 20°K and 
includes values for C&‘g at 80°K. The red shifts of Too increase in the following 
order: 

C4Fs < SF6 < Ar < Kr < Nz < CH, < Xe, 

while LJ~ increases in the order: 

Nz < CH, < CdFg < Ar < Kr < Xe < gas phase < SF, < CdFs (SO’%), 

and ~2 in the order: 

Nz < Xe < CHI < Kr < gas phase < SF, < C4Fs < Ar < GFs (80°K). 
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TABLE IV 

HALF-WIDTH OF THE (000) BAND OF SOz AT 20°K (cm-l) 

Matrix Half-width 

Xenon 240 

Argon 310 

Krypton 210 

SFs 150 

SF6 annealed 75 

GFs 190 

TABLE V 

GAS PHASE, MATRIX VALUES AND SHIFTY OF THE TRANSITION ENERGY TC+I .IND 
THE VIBRATIONAL MODES PI AND PZ (cm-l) 

Medium - 

Gas phases 
Argonb 
Krypton” 
Senonb 
Methaneb 

Nitrogenb 
SFab 

CaFJ’ 
C4F&30°K) 

TOO 
~ _ 

Value Shift 

25 727 - 
25 375 352 
25 342 385 
25 144 583 
25 169 558 
25 309 418 
25 536 191 
25 621 106 
25 581 146 

P1 
___ __ 

Value Shift 

1125 
1110 15 
1112 13 
1112 13 
1103 22 

1068 57 
1126 1 
1106 19 
1126 1 

V? 
__~__ ~~ 

Value Shift 
.~ 

513 - 

544 31 
511 2 
484 29 

497 16 
471 42 
518 . 

534 2: 
588 75 

a Band head of Ref. (11). 
b Peaks at 20°K. 

It, is interesting to note that bot,h v1 and ~2 shifts are largest in nitrogen, while 
in SE’, both shift’s are very small and almost gas-like spectra are obtained. Is 
should also be noted that the “heavy atom effect” is different for ~1 and Y? ; v1 it’ 
smallest in argon, and with increasing polarizability, approaches the gas-phase 
value. In contrast’, ~2, showing generally larger matrix shift#s, is smallest in 
xenon and largest in argon. In argon, ~2 is act#ually larger than in the gas phase. 
This effect could be due to more pronounced solvent restrictions on t’he v?. vibra- 
tions, but seems small compared to the large shift’s of the origin of the transit’ion. 

The assignment of the origin of t’he phosphorescence is unambiguous since t,he 
Franck-Condon maximum is close to the (000) band which is therefore strong. 
In view of t’he large shift#s observed for nitrogen, methane, and xenon, caution 
seems in order if matrix vibrational numbering of heavy molecules is transfered 
to the gas-phase spectrum. Thus the numbering of the absorption bands of SO2 
in Table II might be in error, since assignment of the matrix transition to the 
closest lying gas phase band is not conclusive if several ot*her bands are within 
the next 500 cm-‘. 
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TABLE VI 

PHOSPHORESCENCE OF SO2 IN SF6 .4~ 20°K AFTEE 1 hr ANNEALING AT 77°K (cm-‘) 

Calc frequency 

0 0 0 

0 1 0 
0 2 0 
100 
0 3 0 
1 1 0 

1 2 0 
2 0 0 

1 3 0 
2 1 0 
1 4 0 
2 2 0 

3 0 0 
2 3 0 

3 1 0 

- 
24 555 

24 O-10 
23 940 
23 430 

23 330 
22 915 
22 815 
22 405 
22 305 
22 205 
21 790 
21 690 

Calc - obs 

25 580 - 
25 070 - 

24 550 5 
24 455 - 

24 030 10 
23 920 20 
23 400 30 

23 295 35 
22 920 5 
22 785 30 
22 395 10 
22 265 40 
22 155 50 
21 770 20 
21 650 40 

AS in the gas phase, antisymmetrical stretching-vibration modes, va , are not 
observed. Anharmonicity seems to be small since the intensity maxima fit the 
synthetic spectra which neglect this effect (Table VI). 

Tempera&we Dependence. Since trapping at 20°K may lead to multiple site 
formation we annealed all solids at a temperature corresponding to a vapor pres- 
sure of about 5 X lo-’ Torr. (This usually corresponds to about, one-half of the 
melt#ing point of the solid.) The SF6 showed a strong annealing effect which re- 
sulted in sharpening of the vibraCona1 bands, and in the separation of bands 
which before were blended. 

During annealing drast,ic changes in photiphorescence intensity were observed. 
Two ef7’ects were noted: (i) the phosphorescence intensity increased during 
annealing for any given temperature, t.he increase being parallel to the progress 
of solvent annealing. After annealing was complete, the phosphorescent intensity 
stayed constant at constant temperature. We attribute this intensity enhance- 
ment to a decrease of scattering losses in the annealing solid, but a change of 
phosphorescence yield due to changes of the solute sites cannot be excluded at 
present. 

(ii) A reversible intensity change was noted whenever the temperature was 
varied between 30” and the sublimation temperature. Figure 5 shows the in- 
t,ensity-temperature curves for six solvents. The intensity changes are roughly 
four times greater than the change in absolute temperature. The effect is SO large 
and the reproducibility so high that it could be used to measure the temperature 
of an annealed solid to within 2°K. If better understood, this effect might be 
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FIG. 5. Intensity versus temperature plot of phosphorescence of SO* in six different solvents 

useful for the determinat’ion of t,emperatures in solids to which SO? was added 
3.x a t.emper:tt,ure probe. 

Although the peaks corresponding to individual vibrat)ional transitions in the 
phosphorescence spectrum become broader when t)he temperature is raised, we 
find tha.t the measured peak int,ensibies of Fig. 5 remain proportional t.o t.he 
iutegrated intensity. The proportionality f&or decreases by less than 10 “, on 
going from 20 to 77”; for our present purposes this varL&on may be neglected. 
The measured peak of Fig. 3 NYLS assigned to the (0, 0, 0) + ( 1, 1, 0 ) t.rsnsitiott 

wxr tl-le IJranck-Condon maximum. lqrom the lack of observable singletPsingkt 
fluorwcencc at either high or low temperatures n-e conclude that the rate of intcr- 
system crossing into the triplet, state is al\\.;tys fast, so t.hat the writltion of 

intensity is due to changes in the relative rates of emission and de:&vntion from 
the tjriplct state, rather than to vwri:Itions in the init,ial intersystem crossirlg 
yield. Thus the curves of Fig. 5 effectively show the t,emperature variatioll of :\, 

quantity I;,; Cl<, + k,), where k, is the rate of ra,dintion and I;, is the r:bt.ta ot 
nonradiat,ive transitions from the lowest triplet, level. There is no re:is:)n t,o expect 
:I marked temperat’ure dependence of k, , so that’ with the presenUy :lv:&~ble 
information we favor an explanation which assumes 1 he tc>mperature deptndruce 
to be due to kQ (24). 

Hilpern et al. (14) account for effects of temperature on triplet state denctiw- 
t,ion by supposing that the molecules require an activation energy to cross ;L 
barrier betwen t)he lowest triplet level and an accessible singlet level. On the 
b:wis of our present data this mechanism leads to values for the height of the 
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energy barrier which are too low to correspond to excitation of SOZ vibrations, 
and too high to correspond to lattice modes (l,$) . Thus this mechanism does not 
satisfactorily account for the observations. Diffusion of mobile lattice defects, or 
quenching by impurities, should not be important at low temperatures. Triplet- 
triplet interaction (16) is ruled out because SO2 is not believed to diffuse appre- 
ciably under our conditons, and because the effect should be irreversible. We are 
therefore led t’o consider solute-lattice interactions as the source of the tempera- 
ture dependence of kQ . 

Two different, mechanisms have been proposed as a basis for the effect of 
solute-lattice interactions on the rate of intersystem crossing. In the theory of 
Robinson and Frosch (16) the mixing of Born-Oppenheimer states of the isolated 
molecule, due partly or mainly to vibronic interaction, is such that Born-Oppen- 
heimer states are not true stationary states and so more-or-less rapid transitions 
occur between them. When the molecule is placed in a cryst,al such factors as the 
coupling of the lattice modes with the molecular vibrations and the additional 
degeneracies created by the addition of t,he lattice energy levels alter the magni- 
tude of the perturbation which mixes the Born-Oppenheimer states, and so 
change the rate of nonradiative transitions. This kind of mechanism can be 
regarded as strictly applicable in the limiting case of a large molecule in a weakly 
interacting solid. It predicts that there should be little temperature effect on the 
transfer of moderately large amounts of electronic energy, and SD appears to be 
unable to account for our observations with SO2 . The theory of Bixon and Jortner 
(17)) t,hough differing in its quantum mechanical details, is based on the same 
physical model and is specifically intended to apply to isolated molecules. 

In the theory of Gouterman (18) the rapid variations in the crystal field that 
accompany the lattice vibrations are assumed to interact directly with the transi- 
tion moment of t,he molecule, and expressions for the corresponding Einstein A 
and B coefficients are obtained by a derivation parallel to that which is com- 
monly given for radiative transition probabilities. The effect of temperature on 
the energy densit,y p in the lattice modes leads directly to a temperature depend- 
ence of the quantity B.p which gives the rate of induced transitions. The A-coefii- 
cient, which arises from interaction between the transition moment and the zero- 
point lattice vibrations, is independent of temperature. This is also an extreme 
mechanism, in that it cannot account for nonradiative transitions in an isolated 
molecule. Nevertheless it predicts temperature coefficients of the same order of 
magnitude as found for kQ in our experiments. 

The gas-phase studies (12) indicate that intersystem crossing leading to phos- 
phorescence does not occur in an isolated SO2 molecule; thus it is likely that this 
process in the matrix is not entirely the result of intramolecular effects. However, 
because of the high density of energy levels near the excited singlet states, the 
intersystem crossing is probably much more efficient than any competing process, 
and so the observed rate of production of triplet molecules is not expected to con- 
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tribute to t,he observed temperature dependence. The breakdown of the Born- 
Oppenheimer approximation is favored by a high density of molecular states, 
and it is possible that in SO2 the initial intersystem crossing proceeds mainly by 
the intramolecular type of mechanism, while t’he reverse process t.hat we have 
designat,ed by kQ proceeds mainly through interact,ion with the lattice modes. 

Preliminary study of t,he relative quantum yield of phosphorescence, together 

with observations of the radiat,ive life time in the matrix of T&5$, transitions at 
different temperatures (19) indicates t)hat both intersystem crossing rates are 

affected by solvent and temperature. 
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