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Properties of the Phosphorescent State of l,2,&,5-Tetrébromobenzene
as.Determined by Optically Detected Magnetic Resonance

by

: A‘YH. Francis,f”c. B. Harris,* and A. M. Nishimura

Department of Chemistry, University of"’ California, and
Inorganic Materials Research Division, Lawrence Berkeley Laboratory'
' .Berkeley, California 94720-

ABSTRACT

Thé»optioallyidetected magnetio resonance (ODMR) And phosphores-
cence microwavé_double resonance {PMDR) spectra of l,2,h;5stetrdbromo-
benzene‘in durene are reporteo. The results show-fsst the phosphores-
cence originates from an undistorted ;Blu (nn%) state. The sign and
magnitude ofvthe zéro-field'paramétefs are disoussod in terms of spin
dlpolar interactions in the B state.and large-spin-orbit contributions
to the zero- fleld splitting. Pinally, the excited triplet state values
for the "°Br and °'Br nuclear quadfupole ooupling'constants’are obtained

from an anélysis of the zero-field ODMR.

1 Present address: :Department of Chemistry, Unlver81ty of
Illinois at Chicago Circle, Chicago, Illinois 60680
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1. Introduction'

Optically detected magnetic resonance in phosphorescent triplet
states in magnetic fields and zero field2 has provided experimentalists
with a tool capable of'elucidating many features of triplets that have
been difficult to obtain via conventional optical spectroscopy_or
magnetic resonance techniques. Since'phosphoreSCenCe irom the lowest
triplet state to the ground state s1nglet manifold is generally specificv
fram the individual magnetic spin sublevels, an analys1s of the phos-
phorescence micrcwave double resonance (PMDR)3 spectra can yield the

spin-orbit symmetries of thefindividual spin sublevels while a quanti-

' tative analysis of the changes in phosphorescence induced by the micro-

4,5,6,7 onS9

wave field or changes in the magnetizatio yield relative
1ntersystem crOSSing rates and relative radiative rates assoc1ated w1th
the sublevels. In addition to parameters associated directly with
radiationless and radiative processes in the tripletbstate,'ODMR provides
a measure of the electron distribution in excited states from an analysis
of the'spin Hamiltonian;o’ll which in zero field includes the spin
dipolar, the electron-nuclear hyperfine, andbthe nuclear-quadrupole
interactions. In this comnunication we extend these.techniques to

the phosphorescent triplet state ofvbromine subStituted aromatics,
SpecifiCally we report the ODMR'and PMDR.resultsuon}l;é,h,s-tetrahromo-

benzene (TBB).



2. Experimental

Mixed crystals of ~l% m/m.TBB.in'zone-refined dnrene;nere prepared
by the]Bridgeman‘method; The doped durene crystals were cut parallel
to the (Olo)'p'lane12 and coniscopically aligned and placed insi&e a
slow wave microwave helix which was affixed to a section of rigid 50 Q
coaxial cdble. The entire assembly was suspended in a liquid helium

dewar which was pumped to a temperature of l.35kK. Magnetic field experi-

ments werepperformed nsing & helium dewar mounted between the pole faces )

of a Varian L4 inch magnet. All experiments utilized amplitude moduleted
microwaves and standard phase detection techniques.‘other experimental”A

details are essentially the same as those reported by. Buckley and

Harris.‘13
3. Results

The wavelength and polarization ratios (a/c 12 for the electronic
'origln, the beg v1bron1c origin and the blg v1bron1c orlgin 1k of TBB
in durene'for the polarized phoephorescence, the.D+|El pola.rized'PMDR,15
the D-lEl‘polarized PMDR, and the 2|E| polarized PMDﬁ-ﬁre listed in
Table I along with the microwave frequenc1es assoc1ated with the three.
zero-field spin trans1tions. Figure 1 illustrates the 2|E| zero-field
. ODMR spectra of TBB sbtained monitoring the (O 0). phosphorescence
polarized'parallel to the durene a axis. Figure'2 1llustrates-the
magnetic'field dependence of ODMRﬁwhen the magnetic fieldvis‘applied

rarallel to the y axis of one-molecule of TBB in durene in'one case
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and parallel to the z axis of both molecules of TBB in the durene spﬁce
group in the second case.12 It should be noted that the Crystal

coordinates of the durene molecules allows a clean separation of the z

‘axis of the two molecules in the unit cell in the coordinate system

used in Figs. 1 and 2 from the x and y axes which'are mixed by the direc-

- tion cosines of the two molecules in the unit cell. The calculated

field dependehce assumes the free'electron g value and usesuthe:orienta-
tion of the two durene molecules in the crystal space group. The
excellent agreement between the experimental ahd_calculated results

(cf. Fig. 2) shows TBB to be substituted isomorphdusly in the durene

>léttice, It should be noted that the durene crystal structure is such

that z axis polarization from a guest TBB molecule can-be almost entirely

isolated from x and y by observing the emission polarized parallel to

the c"éxisvwhich is defined as being perpendicular to the ab face.

4. Discussion

(a) Excited state symmetry and tripleﬁ geometry of TBB.

Analysis of the PMDR data in Table I and.the-magnetig field
dependence in Fig. 2 shows: first, tﬁe.z spin sublevel is the ﬁiddle
spin,;ublevel and thus the order of the spin states is Ty > T, > Ty
or ty >T, > cor;esponding to a -D and +E valﬁé or a +D and -E
value respectively. Secondly, Tz‘iS completely inactive to thé eléCe‘
tronic o?igin, is the principal contributor to 'thehb2g vibronig origip
with either x or y pblarization and is the prineipal contributor to

the b, vibronic origin with z polarizatiqn. These data establish =

g



the spin-orbit symmetry of 1, 8s A, Third, 7 is principally active
to the electronic origin with x or y polarization’and_secondarily 4

active to b2g with z polarization and to blg,with X or y polarization.

. ?
This establishes the spin-orbit symmetry of T, a8 B, Fourth, 7 is
slightly active to the electronic origin with x or y polarization.

This establishes the spin-orbit symmetry of T, 88 B2u5 consequently,

the orbital symmetry of the phosphorescence triplet state of 1,2,4,5-

tetrabromcbenzene is a nn* 3Blusta.te. Furthermore; the populations

of the spln sublevels under steady state 1lluminating condltlons mast ' i
be ordered N > Né > N&. The lack of any emiss1on from T (Au) to
"the electronic origin is consistent with the notion,that.there is no

detectable distortion of TEB in its 3Blu state.

(b) Relative signs of the zero-field parameters D and E.

: Slmple first- order perturbatlon theory'16 requ1res that a °B u

state in 1,2, h 5 tetrahalogen substltuted benzenes will be derived
fromvthe one-electron molecular orbltals blg and au, both of which :}
have a nodal plane through the unsubstituted carhon positions 3 and 6.

The net result is to produce a large spin density in the triplet state

on carbons l 2, 4 and 5 and, in first order, no spln den81ty on - : P
V p031t10ns 3 and 6. One expects, therefore, that. (a) the spin dipolar
repulsion between the unpaired electrons w1ll be much larger along
thevmolecular z.axis than along y; consequently, T, should be higher

in energy than T3 and (b) the.E.value should be sizeable. Theoretically,
it is exnected,that_the out-ofgplanespin sublevei, T should be lowest for a = - :!

ok triplet.l7 ‘One expects therefore for a_;Blu'State in TBB a +D value
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and a +B considering only thevspin‘dipolar Hsmiltonian. ~We find experi-
mentally, however, either +D -E or -D;+E. The above analysis of the
radiative routes to the singlet v1brational manlfold indicates almost
all the emission originates from the Un* or nn* spln-orbit states Ty
(Bzu) and TZ_(Au). We know therefore that the_spln-orblt contribution |
to the zero-field splittings is selective to T, end;Ty and we suggest
that it:is sufficient enough‘to depress T, and"ry below T nesulting
infan‘unnSuelly large fo value of 0.32 cm™*. The signs of the zero-
field parameters under these circumstances would be -D and +E.

(¢) Excited state 7°Br and ®!Br nuclear quadrupole coupling constants.
” 13,18 '

As.has been discussed earlier, ’ the structure associatedlwith
the zero-field electron spin transitions of phosphorescent triplet
states 1n molecules containing nuclei with half 1ntegral splns such

' 79Br and S1Br (I = 3/2) can be understood in terms of a spin |

Hamlltonlan including electron'spln dipolar, nuclear-electron hyperfine -

and nuclear qnadrupole interactions. The important feature of the

"structures in Fig.vl is that the satellites split by 277 MHz and 230 MHz

from the central electron-only‘zero-field spin transitions correspond
to simultaneous electron-nuclear tfansitionsassociated with 7°Br and

19

8lpy nuclei respectively. The sepafation between the outer pairs of
satellites are in zerobB order the 7By and S1mr nuclear quadrupole
coupling constants for TBB in its 3Blu excited;stete. These reppesentn

the first bromine excited state nuclear quadrupole'interactiOns:observed.

and it is of interest that at least in this x* state of TBB the
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excited staté values are only a few percent less than the ground étate

'valués‘suggesting at most only a very slight increase in-carbon-bromine

% bonding in the excited triplet state. -
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Table T

Summary of the ODMR and'EMDR.resﬁlts for 1,2,4,5-tetrabromobenzene
' in durene at 1.35°K

Relative Relative PMDR Intensity (a/c')
Phosphorescence ' ‘
Intensity in, D+|E| » D_IEI ‘ 2'El

durene (a/c')

Phosphorescence

a_.(electronic : o L
origin) _ 25/4h 27/4 -14/-3 48/10
- (26,452 em™t) | C |

be 13/23 7/1 ©8/e5  6/-12
(0,-325 cm™?) . ' ’

b . | P
1 6/16 . -hz2/22
(o,-éofsgcm'l) 73/29 2w T /

Microwave o o
Transition | - - 13,190 710k 6086
Frequency

(MHz)

Assignment :
according to | memeaea T > T T - T
.axis in Fig' 1 ) . Yy X z B Z y

av‘ ¢' defined as perpendicular to the ab face ' ' ,



- Figure 1.

Figure 2.

Figure Captions

Zero-field optically detected magneticvresonancé spéctra
of '1,2,4,5-tetrabromobenzene in durene at 1.35°K obtained

monitoring the electronic origin.

Magnetic field dependence of the 2]E| and D-IEI tfansitipn

of l,2,h,S-tetrabrdmobénzene in durene at 1.35°K. The

numbers 1 and 2 refer to molecules 1 and 2 that are rélated

in the durene crystallographic space group according to

‘reference 12.
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