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ABSTRACT

The phosphorescent lifetime ofvSO: as a function of magnetic field has

2

been studied at 4°K in sulfur hexafluoride, oxygen and zenon at zero
and 26 kGauss and at 20°K in sulfur hexafluoride between zero and 90
kGauss. At high fields, the decay consists of two lifetime componenfs.

One is identiecal with the zero field lifetime of S0,; the‘second has

25
a lifetime 'of approximately 50% longer, depending on magnetic field.
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Great interest has recently been shown in electronic excitation’transfer

involving the triplet state of large organic molecules in-the presence

1,2 3

of a magnetic fleld We report here experiments on SO2 in which the

~effect of trlplet level splitting on Sl 1 and Tl SO processes are studied.

has sharp rotational levels in

In contraet to large organic molecules, SO2

the gas phase. Furthermore, a tentative rotational analysis of Tl~is
available ; exploratory Zeeman experiments have been performeds, and the

phosphoreséent lifetime has been extensively studied in the solid6 as
1

well as in the gas phase .- Due to strong spin orbit coupling the SO2

lifetime is short for a T *SO transition; T msec in the gas 'phaseT at 300°K;
11 msec in SF6 at T7°K, and atthK values in.rare gae matriées6 range
from 5.6 to 17.5 msec. .
The triplet population via‘Sl—*‘l‘l is very sensitive to environment
and temperature. In the gas phase phosphorescence occurs only at pressures

above 0.01 torr. In solids the triplet populaﬁioh changes-by a factor

of up to one.hundred between 4°K and 100°K.
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The experiments were berformed in -specially designed Dewars which, for

the U°K experiment, fittéd iﬁ the 1" gap magnet, and for the 20°K experiment ,
in a fiveAinchv90kGauss'magné;} The opticél arrangémént'waé similar to
that déscribéd‘éarliér6;‘ Thé’éxciting souﬁcé and the déféctbrs wéré removéd
from the magnét'area_to eliminété thé'efféct of magnetic -fields. In the
case ofﬂthé 90kGaﬁsé;ekperimént, all.éléctronic.equipméntIWas héaVily
shiélded and 15 féét from thé maghet coré iﬁ an aréa with a résidual'field
of less than 50 Gausé: :Fdr éfficiéht light'colléction, light pipes were
used. Decay curves were intégratéd with the hélp of a waveform reductor.
Care was taken to prove experimentally that no field dependent instrﬁmgntal
- effects occurred. | |

Table I shows the decay time for xenon, sulfur hexafluoride and_dxygen
at 0 and 26 kG at th. The solvent effect is very ?ronounced.iﬁ oxygen.
The lifetime is'significantly-éhoftér; and the emission is weaker than in
: ahy othér matrix, indicating'thgt triplet-triplet quenching is efficient.
Thé magnétic effects in all sol&ents are.smailer than.l2%.-.

Tabie ITI lists the lifetime:at_20°K for fields between‘O and 90 XG.
At high field strength, decay‘curves.can be ahalyzed into two,differeﬁf_
components. . The short lifefime component (Tl) is similar to fhat ﬁith
Zero field.. Figure 1 shows a log Ivvérsus time curve for two typical
decays. Long lifetime cdmponents’(T2) agéount'f6r less than 40% of the
initial intensity, regardless of field strength. It_is_hoteworthy that
thé'short lifetime compoﬁent at high fiéld‘agrees well with the zero-
field lifetime at 20°K and at 4°K, and that all afé similar invmagnitude.
to the gas phase:yalue.

In the gas phasé,lpértial rotational'analysish indicates that emissioq

originates predominantly from the triplet sublevel F The gas phase

3
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A value is éstimated to ﬁé'abbuﬁ 1 en™t. As the ;ero-fiéld sbliting

~ in the solid is not known;voné might\guess that it is of the same order
of magnitude. At the préseﬁt;timé it is not known whéthér‘sl?Tl intérsystem-
crossing follows séléction rulés’and populatés oné triplét sublévél bré—
fereﬁtially, or whéthér all sublévéls can be populatéd indépéndéﬁtly. .Thé
observation that thé inténsity of phospho?éééénce doés not altér signifi-
cantly with'fiéld,'indicatés that Sl+Tl pfocésSes aré not affééted by the
splitting and>shiftvof tripléf éubiévéls; This might bg b‘ecausév'l’l
p0pulatés only through oné, thé léaét Shiftéd; suﬁlével; it proves in any
case that under all conditions Tl éopulation takes thé'same path. The
Zeeman effect and spin—latﬁicé relaxation (slr) in molecules like 80,
are not. even qualitati#éi? undérstqod.' A conclusivé déscription of our
obsérvéd éffécﬁé is_théréforé not yét possiblé, but we propose thé foilowing
model which qualitatively explains it.

‘At 20°K, slr is quick compared to the lifetime ovag%so. At zérq
field,lthe sublevel splitting, probabiy'a féw wa#enumbers, is small compared
to kT, which is 1k cm_l. The popﬁlation between the,fhree triplet sublevels
will be'efficiéntly redistribuﬁed, bﬁt almost -all rédiation will 6riginate
from F.: (the transition F.*6_ being more aliowednthan thése originating

3 370

from F, or F ). With zero field the observed lifetime is about the same as

2
in the gas phase. At high field; thé sublevel splitting becomes compérable

with kT. Because of kT imbalance F3 emission is now accompanied: by either

delayed phosphorescence, caused by slow thermal repopulation of F_, or by

3
emission from Fl or F2 to So’ depending on the relative values of the
triplet~splitting, slr, and the lifetime of F2,Fl+SO. Observed effects
could be due to very complex proceéseé, because all parameters may change

simulteneously. ©Slr can be a complicatéd function of temperatureB, and
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the lifetimes of the individual sublevels are not knowﬁ, It.is therefore
not possiblé;to predict magnetié effects.

Wé obsérved experimentaily that thé'emissi&n broadens at 26kGauss by
about 30 em™t (FiguréVQ): From thié wé déducé an‘avéragé valué of
g = 2}002.; At high fiéld; thé’splitting bécomés comparablé with kTiat
20°K. We also observe that the lifetimes change with increasing fié;d;
This suggésts that abbvé aboﬁt 50 kG; délayéd‘phosphoréscéncé and/or
F2 or Flvemiééion bééqmés compétitivé with nqrmal phosphorescéncé: The
largest 1ifetime qbsérvéd; 17 msec, is the lowéy limit of F, or F>S,.
At fiélds gréatér than 80 kG;vthé décay curvés show furthér changes. It
is likély that at éu;h high'fiélds spin uncoupling sets in, résulting in -
a Paschen-Back efféct.' | |

At 49K fhe situation is differént. Slr is slower thén triﬁlet decay, -

and at zero field triplet decay occurs from F direétly before suble?el

3
_redistriﬁution occurs, very much like in thé gas phase. Véry high fields
» would be needed to yield observable améunts of second lifétimé componénts.
The small increase of the 0 field 1ifetime bétwéén 20°K and.y°K is
probably due tovdecréase of the non4radiative6'dépopulation of F
3

3
Récently, El—Sayedl, Wolf~™ and van dér Waals2 observed Zeeman effects
in organic molecules at 1.6 to 4°K. They explain their observations

by assuming thét sl; depeﬁdence on magnetic field,.aue to triﬁlét splitting,
becomes a crucial faétor.' Slr is expected to be more efficiéent at larger
splittings, at 2°K, and they propose that it bécoﬁes significant ét-high
field. Their experiments differ from ours, in that we obsérve our samples
af highér temperatures. Their modéis différ in that organic molecules

are observed to have different lifetimes in the sblid state above LoK

than at low temperatufes. In the case of 50,, this is not expected.

2’
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since'most emission originaﬁés from only oné 1évéi, evén in the gas phése.
quva qﬁantitativé_déscription of our modél, oné‘woﬁld have to take

into accounﬁ that weak deééy from Fé is obsérvéd in.the.gas phasé, énd.

may 5é réspo@sibléﬁfqﬁ fhé'broadeningxof-the'émissionvin thé‘solid: This

makes quantitativé{Aéscriptiég uﬁwiéldy: Anglysis ofvthé'pOlarization

of the two lifétimé'coﬁpbnénts shows that both a;é'fully‘dép01ariﬁéd

under our conditions. This might; at least partly; bé'due to éiciton _

transfer.

ACKNOWLEDGEMENT:»:
. The authors wishgto thank professor Leo Brewer for advice and

-support, and Mr. Chiladakis for assistance with high field experiments.

S Professbr R. Myers contributed in discussion.



“UCRL~18657

References

(1)

(2)

(3)
(4)
(5)
(6)

(7)

L. Hall, A. Armstrong, W. Moomaw and M. A. :EléSayed; J. Chémf

Phys. 148, 1395, (1968) | R

J. H. v.d. Waals and M. S. de Groot; Proc. Int. Conference Trlplet
State, Amerlcan Unlver31ty, Belrut 1967 Pg. ‘118

M. Schwoerer and H. C. Wolf, 1b1d, page 133

A. J. Merer; Dis. Faraday Soc. 'g,_‘s_,. 127 (1963)

A, E. bo_uglas; .Can.':J. Phyé; 36, 1bh7 (1958)»,'

B. Meyer; L. F. Phillips aﬁd J. dJ. Smith; Proc. Nat. Acad. Scieneés
61, 7 (1968) o |

S. J. Strickler and D. B. Howell, J. Chem. Phyé} Eg, 1947 (1968)

A. A. Manenkov-and A. M. Prokhorov; Proc. Int. Conference Paramagnetic .

Resonance, Jefusalem 1962; W. Low editér, Academic Press 1963; page 425




LIFETIMES FOR S0 o
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Table I

IN SF, XENON, AND OXYGEN AT 4°K, WITH AND WITHOUT FIELD

Solvent Lifetime (msec)
zero-field 26 kGauss
| SF 13.5 - 14.8
Xenon 5.6 o 5.8
Oxygen

0.50 - 0.56

all values * 5%



LIFETIMES FOR 802 IN SF6 AT 20°K AS

. Table II
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A FUNCTION -

OF FIELD FROM O TO 90 kG

(msec'i_SZ)

T,. % contribution

Field (kG) T T, - Lout
. oL .~ to intensity

0 - 11. - | 0

10 12. - } 0

20 11. 13.0 20%

30 11. | 13.5 ; 20%

Lo 11. 13.5 '30-35

50 il. 13.6 20-33

60 11. k.5 . - 30

70 12, 7.0 | 30

80 10. 15.0 30
90 10. 15.0 30

P



Figures:

Figare 1:

FigureTQf
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Log I versus time of 80, in SF6 at 20°K with

0 and 7O kGauss field.

1 0

with fields of O and 26 kGauss. The nunbers indicate

‘Part of the T, + S emission of SOQ'in'SF6 at L°K

the vibrational assignmenﬁ of the peaks.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any Information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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