














85

3-Chlorobiphenyl
@
Q
o
©
0
o)
o]
']
0
<
i i i 1 1 1 1 1 1 1 i |
320 300 280 260 240 220 200
3-Bromobiphenyl
b,
U
e
a
L
H
o
2]
2
-

1 1 i i 1 1 1 1 ] ] 1 A1
320 300 280 260 240 220 200
wavelength my
Figure 15

Ambient Temperature Absorption of 3-Chlorobiphenyl
and 3-Bromobiphenyl from 957% Ethanol Solution
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TABLE VIII

EMISSION FREQUENCIES OF 3-CHLOROBIPHENYL

295.5
312.5

326.5

445.0
456.0

468.0

Flucrescence

kK

33.84
32.00

30.63

Phosphorescence

kK
22.47
21.93

21.37

1.37

1.54

1.56
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Figure 17

Ambient Temperature Absorption of 4-Bromobiphenyl
and 2-Bromobiphenyl from 95% Ethanol Solution
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Fluorescence and Phosphorescence at 77°K of 4-Bromobiphenyl from 3MP Solution
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Figure 19

Fluorescence and Phosphorescence at 77°K of 2-Bromobiphenyl from 3MP
Solution
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Fluorescence and Phosphorescence at 77°K of 3-Bromobiphenyl from 3MP Solution
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TABLE IX
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EMISSION FREQUENCIES OF 3-BROMOBIPHENYL

302.5
312.5

320.5

437%
465

484%

*
Shoulders

Fluorescence

kK
330.6
32.00

31.20

Phosphorescence

kK

22.9

21.5

20.7

1.06

0.80

1.4

0.8
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The phosphorescence spectrum displayed a 0,0 band at
445.0my (22.48kK) and a vibrational splitting of 1.31kK. This
red-ghift of 455 cm-1 from the 0,0 band of biphenyl can be
attributed to resonance structures stabilizing a planar triplet
state more than the Franck-Condon planar ground state. Even
stronger proof of such stabilization is the well resolved

structure in the spectrum,

K. Spectra of 2-Bromobiphenyl

The absorption spectrum of 2-bromobiphenyl has
prominent long wave features with a band at about 290my,
(34.5kK) with an es:iimated extinction coefficient of 1300.
The 1La - lA band maximum 18 located at 240.5my (41.58kK)
and has an extinction coefficient of 10,500. This blue-shift
and intensity decrease can once more be attributed to steric
hindrance preventing coplanarity of the rings and hence
decreasing conjugation across the 1-1'-bond. Both of these
observed effects are counteracted by resonance effects.
However, in the cases of the compounds so far discussed, only

those involving the substitution of a fluorine atom indicated

the predominance of inductance effects over resonance effects.,
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Niether the weak fluorescence nor the strong
phosphorescence of 2-bromobiphenyl (Figure 19) showed much
structure, The fluorescence 0,0 band is estimated to be at
310my, (32.3kK). The phosphorescence has an estimated 0,0 band
of 440my (22.7kK). The lack of structure in these emissions
compared with that of the emission of 4-bromobiphenyl again
can be cited as evidence of hindrance to planarity by the lar
bromine atom and the resulting absence of the stabilization of
a rigid planar state, Both the fluorescence and phosphorescence
0,0 bands of 2-bromobiphenyl appear to be red-shifted relative
to those of biphenyl. Because of the lack of structure and the
resulting difficulty in locating these bands only a qualitative

comparison can be made.

L. Spectra of 3-Bromobiphenyl

The meta substitution of a bromine atom, like that of
a chlorine atom or methyl group, causes little change in the
absorption spectrum relative to that of biphenyl itself. The
absorption spectrum of 3-bromobiphenyl (Figure 15) in 95% ethanol
solution has a maximum at 249.0my (40.16kK) with a corresponding
extinction coefficient of 16,800 which is only slightly

decreased from that of biphenyl. This similarity constitutes
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additional evidence for the contention that atoms or groups in
the meta position have little effect on the contributing resonance
structures of the molecule.

Both the fluorescence and the phosphorescence spectra
(Figure 20) show structure. Neither the fluorescence 0,0 band
at 302.5m, (33.06kK) nor the phosphorescence 0,0 band at 437.0my

(22.89kK) ie much shifted with respect to those of biphenyl.

M. Spectra of Fluorene

The absorption spectrum of fluorene, in.contrast to
that of biphenyl, displays considerable vibrational structure
in solution at room temperature. In 3-methylpentane the 0,0
band is at 299.9m, (33.3kK) and in 93% ethanol (Figure 21), it
is at 300.0my (33.3kK) with ¢ = 8400 in the case of the ethanol
solution. In mixed hydrocarbon at 77°K the absorption spectrum:
(Figure 22) is considerably sharper and the 0,0 band is at
299.8my (33.36kK). The long wavelength band centered about
295my, may correspond to the hidden transition, or 1Lb - lA
band, of biphenyl and the band centered about 255my, may likewise
correspond to the conjugation, or IL. - 1A, band of biphenyl.

I1f this is true the hidden transition of planar biphenyl should

have a greater intensity than that of non-planar biphenyl. 1In
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the case of greatly hindered biphenyl more long wavelength
structure is apparent than in the case of biphenyl itself.
The 1Lb - lA bands may have different character in the two
cases.

The fluorescence spectrum of fluorene (Figure 23)
at 77°K in 3-methylpentane displays a 0,0 band at 301.7my
(33.15kK) which is shifted only 0.3kK from that of the absorption
at 77°K. Furthermore the fluorescence 0,0 band of biphenyl
at 302.9m, (33.03kK) is located only 0.1kK lower than the
fluorene fluorescence 0,0 band. This constitutes a powerful
argument in favor of the contention that the first singlet
excited state of biphenyl is planar since thé corresponding
state in fluorene is almost certainly planar. The fluorescence
of biphenyl, as expected, shows a larger vibrational spacing
than that of fluorene; this is undoubtedly due to the less
rigid structure of biphenyl.

The phosphorescence of fluorene (Pigure 23) has a
0,0 band at 423.5m, (23.6kK) which is 0.7kK higher than that
observed in the case of biphenyl. 1In the phosphorescence
spectrum of fluorene, the vibrational spacings are less than
those observed in the case of biphenyl. This indicates

that the triplet state of biphenyl
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Figure 21

Ambient Temperature Absorptions of Fluorene and
2-Fluorofluorene from 957% Ethanol Solutions
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TABLE X

AMBIENT TEMPERATURE ABSORPTION FREQUENCIES FROM 957 ETHANOL SOLUTION

Fluorene 2-Fluorofluorene

My kK _my kK
300.0 33.33 305.4 32.74
292.9 34.14 298.8 33.47
288.8 34.63 293.5 34.07
275.8% 36.26 287.6* 34.77
271.2% 36.87 281.1 35.57
263.6 37.94 273.5* 36.56
260.6 38.37 267.6 37.37
251.0 39.84 261.5 38.24
247.1% 40.47 257.6 38,82
225.0% 44.44 251.5 39.76
218.5 45.77

*
Shoulder
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Figure 22

77°K Absorptions of Fluorene and 2-Fluorofluorene from
Mixed Hydrocarbon Solutions




TABLE XI

ZJOK ABSORPTION FREQUENCIES FROM HYDROCARBON SOLUTION

Fluorene

T
299.8

293.2
291.4
288.5
281, 2*
277.3
271.8
268.7%
265.4
260.1
254.5
252.5
249.4
245.8
226.9

220.6

*
Shoulder
-r

33.36
34.10
34.32
34.66
35.56
36.06
36.79
37.22
37.68
38.45
39.29
39.60
40.10
40.68
44.07

45.33

Poorly resolved

2-Fluorofluorene

LT
304.4

297.5
291.8
285.9
278.2%
273.5
267.6
262.6
257.1
251.8*
247.6

243.7

kK

32.85
33.61
34.27
34.98
35.95
36.56
37.37
38.08
38.90
39.71
40.39

41.03

100



Exc. at 270my

Fluorene

Figure 23

Fluorescence and Phosphorescence at 770K of Fluorene from 3MP Solution
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TABLE XII

EMISSION FREQUENCIES OF FLUORENE

Fluorescence
oy KK __ Av
301.7 33.15 0
307.7 32,50 0.65
314.1 31.84 1.31
322.0% 31.06 2.09

Phosphorescence
My XK Ay
423.5 23.61 0
437.4 22.86 .75
445.6 22,44 1.17
453.5 22.05 1.56
470.0 21.28 2.33
479.5 20.86 2.75
489,7% 20.42 3.19

*
Shoulder
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Exc. at 270my 2-Fluoroflucorene
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Figure 24

Fluorescence and Phosphorescence at 77°K of 2-Fluorofluorene from 3MP Solution
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TABLE XIII

EMISSION FREQUENCIES OF 2-FLUOROFLUORENE

Fluorescence
. T kK VI
307.6 32,51 0
313.5 31.90 .61
320.0 31.25 1.26
330.0%* 30.30 2.21

Phosphorescence
. T kK Ay
420.5 23.78 0
436.5 22.91 .87
452.0 22.13 1.65
468.0 21.37 2.41
485.0 20.62 3.16

*
Shoulder
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Absorbance
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Solvent 3IMP
340 . 300 280 260
1 i 1 1 | 1 1 1 A 1 | 1 | ]

Figure 25

Ambient Temperature and 77°K Absorptions of 2-Bromofluorene
from 3MP Solution



ABSORPTION FREQUENCIES OF 2-BROMOFLUORENE FROM 3MP SOLUTION

306.6
300.0
294.5
282.6*
277.5
268.8
260.5
250.8*%
225.8%

220.0%

Sy
306.2

299.5
293.8

283.5

*
Shoulder

TABLE XIV

Room Temperature

kK
32.62
33.33
33.96
35.39
36.04
37.20
38.39
39.87
44,29

45.45

kK

32,66

33.39

34.04

35.27

0.

2.

3.

4.

5.

7.

11.

12,

71

.34

77
42
58
77
25
67

83

0.73

1.38

2.

61
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Exc. at 270m, 2-Bromofluorene

Figure 26

Fluorescence and Phosphorescence at 779K of 2-Bromofluorene from 3MP Solution
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TABLE XV

EMISSION FREQUENCIES OF 2- BROMOFLUORENE

Fluorescence
T kK Ay
310.0 32.36 0
312.8 31.97 0.29
318.7 31.38 0.88
322.1 31.05 1.21

Phosphorescence
Sy kK Ly
431.7%* 23.16 0
437.5 22.86 0.30
448.0 22,32 0.84
454.0 22.03 1.13
463.0 21.60 1.56
468.0 21.37 1.79
480.6 20.81 2.35

*
Shoulder
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is not as rigid as that of fluorene although the similarity
in the phosphorescent spectra indicates the existence of some

tendency toward planarity in the triplet state of biphenyl.

N. Spectra of 2-Fluorcfluorene

The absorption spectrum of 2-fluorofluorene which is
similar in structure to 4-fluorobiphenyl is very similar to
that of fluorene. The room temperature absorption of
2-fluorofluorene in 3MP solution has the first maxima at
305.4myu (32.74kK). The absorption 0,0 band of 2-fluorofluorene
at 77°K in 3MP is observed at 304.4my (32.85kK) which corresponds
to a red-shift of 0.5kK from that of fluorene.

The fluorescence spectrum (Figure 24) of 2-fluorofluorene
has a 0,0 band at 307my (32.51kK) which is also red-shifted
from that of fluorene. The 0,0 band of the phosphorescent
spectra (Figure 24) is very slightly blue-shifted relative to
that of fluorene to 420.5my (23.78kK). The structure of
2-fluorcfluorene is similar to that of planar 4-fluorcbiphenyl.
As noted earlier a fluorene atom substituted in the para
position in biphenyl blue-shifted the absorption and the
fluorescence but had virtually no effect on the phosphorescence

with regard to the position of the 0,0 band. In the case of
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2-fluorofluorene the molecule is stabilized in a planar
conformation by a methylene bridge so that inductive and
regsonance effects affect the spectra less than in the case of

4-fluorobiphenyl.

0. The Absorption Spectra of 2-Bromofluorene

The absorption spectrum (Figure 25) of
2-bromofluorene has a 0,0 band at 306.2my (32.66kK) in a
mixed hydrocarbon solution at 77°K and at 306.6my (32.62kK)
in a 3IMP solution at room temperature. The substitution of
a bromine atom in the fluorene molecule results in a red-shift
of the 0,0 band of the absorption spectrum.

The fluorescence spectrum (Figure 26) of
2-bromofluorene from a 3MP solution at 77°K has a 0,0 band at
310.0my, (32.26kK). The absorption and fluorescence 0,0 bands
of 2-bromofluorene observed in the spectra of solutions at
77°K differ by only 0.40kK. The lack of a large shift indicates
that the molecule has the same geometric conformation, in this
case probably planar, in both the ground singlet state and
the first excited singlet state,

The phosphorescence spectrum of 2-bromofluorene
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(Figure 26) in 3MP solution ot 77 .. €S & 0,0 benc at 431.7my

(23.16kK) which ie red-shifted relat.ve to that of fluorene.

P. Quantum Yield Studies

Since the phototube response as & function of
wavelength was unknown, the fluorescence and phosphorescence
yielda of biphenyl given by Parker and Hatchard31 were used as
a reference in the detvrmination of quantum y:elas of other
compourids. Since the fluorescences of all compounds occurred
in about the same wavelength region and . - all the
phosphorescence emissions were found in a limited wavelength
range, the phototube response should be essentially the same
for each comparison. Parker and Hatchaxd obtained a fluorcscence
yleld of 0.17 and a phosphorescence yield of 0.25 for biphenyl
in EPA at 77°K. This fluorescence yleld compares favorably
with the yield of 0.17 obtained for biphenyl in cyclohexane at
77°K by Berlman®2.

The fluorescence yield of 0.53 obtained in this
work for fluorene agrees well with the value of 0.54 given by

Parker and Hatchard. This indicates at least som¢ consistency

between his method and the one used here,

81C.A. Parker and C.G. Hatchard, Analyst, 1962, 664.

821.5. Berlman, Handbook of Fluorescence Spectra of

Aromatic Molecules, Academic Press, Inc., New York, N.Y., 1965.
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In order to test the reproducibility of the data,
eight determinations of the yields of 2-methylbiphenyl were made.
These eight determinations gave a fluorescent yileld of0.42 + .0l
and a phosphorescent yield of0.55 + .0l. All yields from the
other compounds were determined at least twice. The quantum
yields of all the compounds studied are listed in Table XVI.
Interpretation of these data in terms of rate constants
requires phosphorescent and fluorescent lifetimes; the possible
interpretation was discussed in Chapter I, Section B. Both
lifetime and yield data are subject to large errors. This lack
of accuracy is indicated by the conflicting values reportec
in the literature. krrors are attributed usually to impuritics
and the subsequent quenching of emission. Fluorescence
lifetimes are not generally avallable at present, but hopefully
the appearance of instruments spccifically designed for this
type of measurement will soon provide such data for many
compouncs. In gpitc of the lack of fluofescence lifetime
cata, much can be gained by a quaiitﬂtive examination of
quantum yield data. It was shown iﬁ Chaptéé 1, Section B,
ﬁq.lo that when the total quantud‘}ield of emission it high
th;; tﬁe foiiuwing approximation obtains

k

., KT
= ————— = '...10
lﬁp/‘f kf T kST
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TABLE XVI

QUANTUM YIELD DATA

Compound éf dp dp/df Tp

Biphenyl 0.17 0.25 L4 L2
2-Methylbiphenyl U bo 0.55 LoLs 3.0 0.
Z-Methylbiphenyl V.68 0,32 A S
L-Methylbiphenyl W 0.27 1.08 4,2
2~Fluorobiphenyl .22 3,029 l.1L 2.9
L4-Fluorobiphenyl .l 0.5l 2.58 5.3
2-Chliorobiphenyl J.ol . LK 5€.9 .18
3-Chlorobiphenyl .03 0,26 5. 1,57
Li-Chlorobiphenyl .05 PSY 13 50
2-Bromobiphenyl 2,01 Jeeh 2% L.2510"5 75
3-Bromobiphenyl s L D 2.2 R ! g
L~ Bromcbiphenyl Vool L Ll .l 2350
Fluorene wub P P TGP
z-Fluorofluorene 1A S, . Lk
2-Bromoflucrene SIS d.0l ol Uk




114

If the total quantum yield is greater than 0.1, the equation
should give values correct at least to the nearest magnitude
and for larger total quantum yields the equation should give
more accurate values., The fluorescent lifetime, Tes is often
estimated by the evaluating the area under the absorption
curve that represents a process that is the reverse of the
emissive process. In the absorption spectra of biphenyl and
its derivatives, however, the 1Lb - lA transitioen is hidden
or obscured by the 1La - 1A band so that reasonable estimations
of ¢ cannot be cobtained. Berlman obtained experimental
fluorescence lifetimes for biphenyl, 4-methyl-biphenyl,

and fluorene of 16, 15.2 and 10 nanosecounds, respectively.
These lifetimes are probably not highly dependent on

solvent or temperature. Substituents have less effect on

the fluorescent lifetime than they have on the phosphorescent

lifetime. Calculations of ks can be made for all compounds

T
by assuming that the fluorescence lifetime of each compound
is equal to that of fluorene. Such an assumption should
cause much less than an order of magnitude error in the

calculated value of kS Thus, from equation 14, the above

T

assumption gives

k., =6 /6_x 10" e 27
P
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The yield ratios (Table XVI) give an indication of the
intersystem crossing constant. Halogen substituents, by
spin-orbit coupling, increase the value of kST'
The yileld ratios 6p/6f indicate that the rate constant
kST Ls about the same for biphenyl, 2-methylbiphenyl, 3-bromo-
biphenyl, 4-methylbiphenyl, 2-fluorobiphenyl and 4-fluorobiphenyl.

The estimated values of kS for 2-chlorobiphenyl,

T
3-chlorobiphenyl and 4-chlorobiphenyl are significantly larger
than that of biphenyl presumably because of spin-orbit coupling.
These data also incicate that the order of effectiveness of
spin-orbit coupling with respect to position of substitution
of a chlorine atom 18 2 > 4 > 3. A chlorine atom in the
ortho position in biphenyl can evidently interact nore
effectively with the n electron system than can a chlorine
atom in the para position and a chlorine atom in the meta
position shows the least interaction.

The estimated values of kST for 2-bromobiphenyl,
3-bromobiphenyl &nd 4-bromobiphenyl indicate that the spin-orbit
coupling effectiveness, with respect to the position of the

bromine atom is 4 > 2 > 3, Spin-orbit coupling is so important

in the case of a bromine substitutent that the assumption of
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equal fluorescence lifetimes probably breaks down and the only
valid conclusion from the above data is that bromine in the meta
position is less effective in producing spin-orbit coupling
effects than it is in the »rtho or para positions.

The estimated values of kST for fluorene, 2-fluocro-
fluorene and 2-bromofluorene increase in order as expected
and indicate that bromine is more effective than fluorine
in producing spin-orbit coupling effects.

The effects of spin-orbit coupling on the phosphorescent
lifetime are readily apparent in the cases of halohiphenyls
and 2-halofluorenes. A halogen located in the ortho position
decreases the lifetime much more than does the same halogen in
the meta or para position. A halogen atom in the meta position
is not involved in resonance structures involving both rings
and therefore shows greatly reduced spin-orbit coupling effects
compared with those of halogen atoms in the ortho or para
position., The magnitude of spin-orbit coupling effects are
evidently dependent on the position of the heavy atom with
regard to resonance interactions and with regard to the
physical proximity of the heavy atom to the m electron cloud.

It was shown in Chapter I, Section B, that if we

assume that all molecules which deo not emit are deactivated
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in Tl’ then kt may be approximated by

1-(6_+6.)
kt_a._k [—.—E__i._] wenall
p ép

that is, the rate of phosphorescence times the ratio of
radiationless deactivated triplets to phosphorescing triplets,
The validity of this assumption has been discussed by Terenin
and Ermolaev83 and it is apparently reasonable for all simple
aromatic molecules. Values of kt calculated for biphenyl,
fluorene, and thelr derivatives are listed in Table XVI.

If the total emission yield is very close to unity or the
phosphorescent yield is small then small errors in the
eXperimental determinations of yield values give large errors
in the calculated values of kt. The values of kt are probably
unreliable in the cases of 2-methylbiphenyl, 3-methylbiphenyl,
J-bromobiphenyl and fluorene, The values of kt indicate that
the substitution of a halogen atom in biphenyl causes an
increase of kt compared to that of unsubstituted biphenyl.
Fluorine and chlorine substitution gives only a slight increase
and bromine substitution gives a large increase. The expected

accuracy of the data does not warrant conclusions based on

83A.N. Terenin and V.L. Ermolaev, Bull. Acad. Sci,

U.S5.8.R., 26, 21 (1962),
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the position of substitution.



CHAPTER 1V

SUMMARY AND CONCLUSIONS

The elucidation of the electronic emrergy levels of
biphenyl is difficult cue to the lack of structure in its
absorption spectrum in solution at room temperature and at
717%k. To obtain data useful in the interpyetation of the
electronic spectra of biphenyl it was necessary to obtain
quantum yield. data and absorption and emission spectra of
biphepyl and many hiphenyl derivatives. A fluorcne molecule
is similar to a planar biphenyl molecule; therefore, similar
data vere nhtained for fluorcne and- twp aof its derivatives.

The ahsorption spectra of para and meta suybstituted
biphamryls in solution at amhient temperature, compared with
those qf biphenyl, exhibited an increase im intensity and a
red=shift but no increase in structure. The absorption
spectra of ortho substituted biphenyls in solution at room

temparature displayed a blue-shift of the 1La - 1A band and,

except in the case of 2-chlorobiphenyl, the 1Lb - lh band

was discernible as a ,shoulder on the 1La - lA band. The

}Lb - !A band of the ortho substituted biphenyls may have

119
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slightly red-shifted from that of biphenyl but likely the
blue-shift of the 1La - 1A band contributed most to the
appearance of this band as a discernible shoulder. Whenever
two bands overlap appreciably, small changes in position of
the true maximum of either band can cause large changes in the
apparent maxima of both bands.

The fluorescence 0,0 bands of both para and meta
substituted biphenyls were red-shifted relative to that of
biphenyl. The fluorescence spectra of biphenyl, and meta and
para substituted biphenyls in 3MP at 77°K showed more structure
than the corresponding absorption spectra. The appearance of
this vibrational structure was cited as evidence that the
equllibrium conformation of the lowest excited singlet state
of biphenyl tends to be planar or near planar with increased
stabilization due to more effective pi cloud interaction. The
postulated increased stabilization is indicated by the large
red-shift of the fluorescence 0,0 band relative to the lowest
energy absorption band. The fluorescence 0,0 band of 2-methyl-
biphenyl is blue-shifted relative to that of biphenyl. The
blue-shift is attributed to the steric hindrance of the methyl

group which prevents coplanarity of the two aromatic rings in
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2-methyl biphenyl. The lack of vibrational structure in the
fluorescence spectrum of 2-methylbiphenyl compared with that
of biphenyl is evidence that the methyl group prevents the
aromatic rings from being coplanar or at least prevents the
formation of a rigid, stabilized conformation of the excited
singlet state.

The fluorescence spectrum of 2-fluorobiphenyl shows
structure, This molecule likely exists in a stabilized planar
conformation in the first excited singlet state. Hydrogen
bonding may increase the stability of a planar conformation,
The fluorescence spectrum of 2-chlorobiphenyl shows no structure,
The chlorine atom is larger than a fluorine atom and presumably
prevents the aromatic rings in 2-chlorobiphenyl from becoming
coplanar in the ground or excited states, Holloway obtained
evidence of hydrogen bonding in the 2-chloro-2-phenylnaphthalene
molecule and indications of a resulting planar conformation,
Neither the absorption nor emission spectra of 2-chlorobiphenyl
shows evidence of a planar conformation. This may indicate
that resonance interaction between a phenyl and a naphthyl
ring is larger than that between two phenyl rings. The energy
of a planar conformation would be lower due to resonance

interaction and hydrogen bonding. Steric interactions would
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tend to raise the energy of a planar conformation. The total
potential energy would result from a balance of these three
factors,

The phosphorescence spectra of ortho and para substituted
biphenyls exhibit structure., This is cited as evidence that the
equilibrium excited state is planar., The 1,1'-bond equilibrium
distance is likely longer in the triplet state than in the
singlet state and steric factors will be less important,

The lifetime data and the quantum yield data indicate
the importance of the position of the substituent on the spin-
orbit coupling effects., The largest amount of spin-orbit
coupling occurs when a halogen substituent is located in the
ortho position where it is physically close to both rings and
can contribute to resonance structures involving both rings.

A halogen located in the para position can contribute to resonance
structures involving both rings and therefore gives rise to moure
effective spin-orbit coupling than does a halogen located in

the meta position where it can only contribute to resonance
structures involving one ring..

The substitution of a halogen atom in biphenyl
increases the rate of intersystem crossing from S, to T..

1 1

This normally results in an increased phosphorescence yield
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but the intersystem crossing rate from T1 to S1 is also
increased compared to that of unsubstituted biphenyl so that
a decreased phosphorescence yield sometime results. Both
3-bromobiphenyl and 3-chlorobiphenyl have relatively low
phosphorescence yields due presumably to increased intersystem
crossing to the ground state by radiationless transitions.
Several additional research problems are suggested
by this research. Fluorescence lifetime data are needed to

calculate approximate values of ks for the compounds studied.

T
The absorption spectra of ortho substituted biphenyls in 3MP
solution at 770K showed an increase in structure when compared with
the corresponding spectra measured at room temperature., The
absorption spectra of these compounds should be measured at

4°K to determine if a better separation of the 1La - lA and

1Lb - 1A bands can be achieved., The spectra of several
2-substituted fluorene derivatives were measured in this
research and compared to the spectra of the corresponding
para substituted biphenyl derivative.

The geometry of a 4-substituted fluorene derivative

is similar to that of an ortho substituted biphenyl in a

planar conformation. Therefore, the spectra of 4-substituted
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