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Ultraviolet absorption data and wave lengths of maximum emission and mean wave lengths of fluorescence are presented.
The synthesis and evaluation as scintillator solutes of previously unreported compounds are given.

The spectral properties of scintillators are of
fundamental importance in the study of organic
compounds as solutes in scintillation detector sys-
tems. Scintillators are usually evaluated by rela-
tive pulse height or relative current measure-
ments.>® The result obtained depends, among
other things, on how well the wave length distribu-
tion of the light emitted by the scintillator matches
the response of the detector. A scintillator with a
high light yield (number of photons emitted with
respect to the energy deposited by the iomizing
radiation) might be classed as a relatively pcor
scintillator if the photomultiplier sensitivity or the
optical path of the detector system is not favorable
for the light emitted. Knowledge of the emission
and absorption spectra of the compounds under in-
vestigation should not only yield information of im-
mediate practical value but should also allow better
interpretation of the effects of molecular structure
on scintillation ability.

The availability in this Laboratory of a number
of oxazole derivatives and related compounds
(I-V) has afforded the opportunity to compile
the absorpt1on and emission spectra of a rather com-
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plete series within a heterocychc system which has
found extensive application in scintillation detec-
tors.

Earlier investigations* have indicated that un-
der certain conditions scintillation (radioactive-
source excited) and fluorescence (ultraviolet-light
excited) spectra have the same shape although the
relative interspectral intensities may differ. Since
fluorescence spectra are more conveniently ob-
tained than scintillation spectra, ultraviolet-light

(1) Work perfermed under the auspices of the U. S, Atomic Energy
Commissios.

(2) F.X.Hayes, D. (-. Ott, V. N. Kerr and B. S. Rogers, Nuclecnics,
18, No. 12, 38 (1955).

(3) F. N. Hayes, D. G. Ott and V. N, Kerr, ibid.,
(1956).

(4) D. G. Ott, T'. N. Hayes. V. N, Kerr and R. W, Benz, Science,
123 1071 (1950).

14, No. 1, 42

excitation was used in the present study. The
spectrum obtained is not that of the fundamental
emission ('‘molecular” spectrum)® which may be
observed with very dilute solutions but rather the
wave length distribution of the emitted light after
encountering the modifying efiects of absorption,
quenching and scattering present in liquid scintil-
lator solutions (‘‘technical” spectrum)?® An ar-
bitrary concentration was employed which would
provide fluorescence spectra of essentially the same
shape as those obtained from the commonly used
scintillator solutions.

Fluorescence was excited by a portion of the mer-
cury arc spectrum isolated by means of a mono-
chromator, and the spectrum of the light emitted
from the side of the sample cell opposite to that
receiving the excitation was obtained as a recorder
tracing with a suitably modified recording spectro-
photometer.8 The tracings were corrected for
instrument dispersion (effective band width) and
sensitivity to give spectra in terms of relative nim-
ber of photons vs. wave length. The slit widths
employed were sufficiently wide for good signal-
to-noise ratio, yet narrow enough to reveal band
structure if present. The resolution was not no-
ticeably improved by using narrower slits and ap-
peared to be as good as that produced in the photo-
graphic method in which considerably narrower
slits were used. Comparison of corrected spectra
obtained by the two methods using identical solu-
tions showed excellent agreement except that the
photographic method failed to reveal the preseuce
of low-intensity light extending into the longer
wave length region (above c¢a. 500 mu) where the
emnulsion sensitivity was very low and correction
factors became questionable.

Some of the compounds involved have not been
reported previously and additional data are re-
ported in Table I. Preparations of oxazoles or
intermediates by procedures different from pre-
vious methods™ are given in the Experimental
Part.

Experimental Part®

m-(5-Phenyl-2-oxazolyl)-phenol (I-al).—A solution of 4.5
g. (0.014 mole) of 2-(m- methO\yphenyD 5-pheny10\azole7
and a crystal of phenol in 110 ml. of 58%, liydriodic acid

(*)) J. B. Birks, Phys. Rew., 94, 1557 (1954).

{6) Similar instruments for this purpose lhave been deseribed; for
leading refs. see C. C. Gemmill, Anal. Chem.. 28, 1001 (1950,

(7) F. N. Hayes, B. S. Rogers aud D. 73, Ott, Tmg Joyxrnaw, 77,
1850 (1935).

(8) D. G. Ott, F. N. Hayes and V. N. Kerr, /bid., 78, 1041 (1956},

(9) Melting points are uncorrected. Microanalyses are by Miero-
Tech Laboratories, Skokie, IIl. The fluorescence spectra have been
deposited as Document number 5195 with the ADI Auxiliary Pub-
lications Project, Photoduplication Service, Tibrary of Coungress,
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¢ Designation of compound as given in Table II, * Rela-
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N o ® ‘Washington 25, D. C. A copy may be secured by citing the Document
:5 “g ?é) 'cué = g _8 ‘s _%0 ﬁ bt '8 5 2)0 '5 Sy %o % o number and by remitting in advance $2.50 for photoprints or $1.75
g' e P P N N o e e = B &~ ) for 35-mm. microfilm payable to Chief, Photoduplication Service,
&) = HH HH ,>_‘ > Library of Congress,
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was evaporated to dryness and the residue was extracted
with ethanol. The solution was filtered and evaporated
and the residue of crude 6-(phenacylcarbamoyl)-nicotinic
acid was refluxed for 2 hr. with 100 ml. of phosphorus oxy-
chloride. Tlie reaction mixture was poired onto ice and
the resulting dark, gummy precipitate was filtered, dried
and dissolved in hot sodium hydroxide solution. Acidifica~
tion with hydrochloric acid to pH 3 precipitated a gelatinous
solid which was filtered and extracted with boiling toluene.
The solid which precipitated on cooling was filtered, dis-
solved in sodium hydroxide solution, treated with a small
amount of hydrogen peroxide to remove the dark color,
acidified, filtered and recrystallized successively from etl-
anol, methanol and methanol-water to vield 890 mg. (4%,)
of pale yellow product. A small amount of this material
had been isolated previously as a by-product in the prepara-
tion of 2,5-bis-(5-phenyl-2-oxazolyl)-pyridine (III-d). The
infrared absorption spectrum exhibited bands, in addition
to those expected for a phenyloxazolylpyridine, which are
characteristic of carboxyl groups and amine salts: 3.50,
3.65, 3.90, 4.10, 5.30, 5.85 (strong) and 7.90 u (strong).
The product was shown to be the nicotinic acid and not the
other possible isomer—a picolinic acid, by its resistance to
decarboxyvlation and by its failure to give a color reaction with
ferrous sulfate.l

2-(4-Biphenylyl)-benzoxazole (V-b).—The acid chloride
prepared from 10.0 g. (0.10 mole) of 4-biphenylcarboxylic
acid was dissolved in 75 nil. of pyridine and added dropwise
to a stirred pyridine solution of 4.9 g. (0.045 mole) of o-
aminophenol. The mixture was allowed to stand overnight
and poured into water to precipitate the crude ainide which
was washed with dilute hydrochloric acid and water. The
solid was heated for 45 minutes at 220° and the product was
recrystallized from toluene to yield 9.0 g. (70.59%,) of tan
solid which gave small wliite crystals from hexane-toluene.

N,N’-Diphenacylisocinchomeronamide.—A rmixture of
9.0 g. (0.044 mole) of isocinchomeronoy! chloride and 16.2
g. (0.1 mole) of phenacylammonium chloride was added in
small portions to 200 ml. of rapidly stirred pyridine. The
solution was heated on a water~bath for 30 minutes and then
poured into ice-water. The crude product was filtered,
washed with water and dried; yield 10.9 g. Recrystalli-
zation from o-dichlorobenzene and again from wet dimethyl-
formamide gave slightly brown crystals, m.p. 232-235°.

p-Dimethylaminobenzoic Acid.!!l—On a mixture of 24 g.
of potassium hydroxide and 16 g. of sodium livdroxide in a
porcelain evaporating dish was placed 15.0 g. (0.10 mole) of
p-dimethylaminobenzaldehvde. The mixture was heated
on a hot-plate and stirred until all of the aldehyde had
melted, cooled, dissolved in water and acidified to pH 4 with
concentrated hydrochloric acid. The flocculent precipitate
was filtered, washed with water and dried; vield 10.6 g.,
n1.p. 239-241° (reported!? m.p. 235-236°) after recrystalli-
zation from ethanol.

p-Diethylaminobenzoic acid was prepared similarly, m.p.
193° (reported!? m.p. 191-193°).

Fluorescence Spectra.—The solutions were contained in a
1-cm. rectangular quartz cuvette supported in a cuvette
holder which was positioned at the rear of the source housing
of a Beckman DK-1 recording spectrophotometer. Fluores-
cence was excited by a portion of the spectrum from a Han-
ovia type-SH mercury arc which was isolated by passage
(in the opposite direction from the usual light path) through
a Beckman DU monochromator unit from which the sample
and receiver compartments and source housing had keen re-
moved. The exciting radiation leaving the monochromator
was condensed by a quartz lens, 2.5-cm. diameter, 7.5-cm.
focal length, onto the rear face of the sample cell, The
light path was shielded to prevent entrance of stray light
into the spectrophotometer unit. The instrumental settings
generally employed were as follows: monochromator (DU)
slit width, 2.00 mm.; spectrophotometer slit widths, 0.40
mm. with 314-myu excitation or 1.50 mm, with 254-mp ex-
citation; detector, pliotomultiplier 20X; energy operation,
scale 0-10; time constant, 0.1 sec.; sensitivity control, ca.
40; 1009, adjustment, completely open. ‘‘Standard con-

(10) H. Ley, C. Schwarte and O. Miinnich, Ber., 57, 348 (1924).

(11) Tbis method [suggested by a procedure of C. D. Hurd, A, R.
Goldsby and E. N. Osborne, Turs JournaL, 64, 2532 (1932)] is a
convenient synthesis of the product {rom readily available starting
material.

(12} C. C. Price and W. J. Belanger, ihid.. 76, 2682 (1954).

Donarp G. Ort, F. NEwToN Haves, EL1ZABETH HANSBURY AND VERNON N. KERR

Vol. 79

ditions’’ were maintained and instrumental drift was checked
by adjusting the sensitivity control so that a standard read-
ing was obtained at the emission maximum of a cuvette~
shaped sample of plastic scintillator; a change in the sen-
sitivity control also necessitated a change in the zero adjust-
nient, With no sample present, or with pure solvent in the
sample cell, or with the shutter at the detector closed, a zero
tracing was recorded from 700 mu down to the appearance
of the exciting radiation (if tlie shutter was open) in the case
314 my excitation; with 254-my excitation and the cell (con-
taining toluene, etlianol or water) in place, considerable de-
viation from zero was present in the region around 400 mu.

For conversion of the recorder tracings to spectra of rela-
tive number of photons vs. wave length, the intensities at
various wave lengths were tabulated (subtraction of the
background around 400 mg was made for spectra excited
with 254-my radiation), each was multiplied by the correc-
tion factor for the particular wave length involved and the
resulting data were replotted. The correction-factor curve
was obtained by comparing recorded intensities against the
known emission spectrum of a tungsten filament.™® Essen~
tially the same correction-factor curve was obtained by cal-
culation based on the expected detector sensitivity (RCA
1P28 photomultiplier, S-5 response)!t and tabulated values
for effective band width.!®

The areas under the corrected spectral curves were meas-
ured with a polar planimeter; by trial and error, the mean
wave length was determined by finding the line perpendicu~
lar to the wave length axis which bisected this area. Inde-
pendent observations with a given solution indicate a prob-
able error of about =39, in a relative area determination
and about %2 my in a mean wave length assignment; the
emission maxima in the replotted spectra are reproducible
to within =1 mu.

Absorption Spectra.—A Beckman DK-1 recording spec-
trophotometer was used for determination of ultraviolet ab-
sorption spectra of solutions at concentrations of ca. 2.5 X
10~% M in l-cm. silica cells. Cyclohexane was used as sol-
vent except where insolubility in this solvent necessitated
the use of ethano! or chloroform.

Discussion

General and theoretical discussions regarding
the measurements and interpretations of fluores-
cence of solutions have been presented by many au-
thors.’® Briefly, it may be stated that the simplest
type of dissipation of electronic excitation energy
is the emission of light. Absorption of energy ex-
cites the luminescent molecules from the ground
electronic state to various vibrational levels of an
upper electronic state. Thermal equilibrium is
rapidly (ca. 1072 sec.) established and the mole-
cules return from the lowest vibrational level of
the first excited electronic state within about 10-#
sec. to various vibrational levels of the ground
state (in accordance with the Franck-Condon prin-
ciple) with the emission of fluorescent light.

The appearance of a representative spectro-
photofluorometer tracing is shown in Fig. 1 along
with the composite correction curve which is ap-

(13) H. H, Willard, L, L, Merritt and J. A, Dean, "'Instrumental
Methods of Analysis,’’ D, Van Nostrand Co., Inc.,, New York, N. Y,
1951, p. 16.

(14) Phototube Section, ""R.C.A. Tube Handbook,"” Commercial
Engineering, Tube Dept., Radio Corporation of America, Harrison,
N.J.

(15) Reference 13, p. 64.

(18) (a) W. West, 'Fluorescence and Phosphorescence,”’ in **Chemi-
cal Applications of Spectroscopy,’”’ W. West, ed., Interscience Pub-
lishers, Inc.,, New York, N, Y., 1956; (b) E. J. Bowen and F. Wokes,
""Fluorescence of Solutions,”” Longmans, Green, London, 1933;
(¢} P. Pringsheim, " Fluorescence and Phosphorescence,” Interscience
Publishers, Inc.,, New York, N, Y., 1949; (d) T. Férster, '*Fluores-
zenz organischer Verbindungen,” Vandenhoeck und Ruprecht, Gét-
tingen, 1951; (e) J. L. Rosenberg, “Photochemistry and Lumines-
cence,” in " Physical Techniques in Biological Research,’’ G, Oster and
A. W. Pollister, ed., Academic Press, Inc., New York, N. V., 1953,
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Fig. 1.—A, Absorption spectrum in cyclohexane (left-
hand ordinate, ¢/(3 X 107%)); B, plot of spectrophoto-
fluorometer recorder tracing of fluorescence, 1 g./l. in
toluene; C, instrumental correction factor (right-hand
ordinate); D, fluorescence spectrum (corrected),

plied to the tracing in order to produce the spec~
trum showing the distribution of photons emitted
from the solution of 2,5-diphenyloxazole (PPO).
In Table II are given the values for the fluorescence
maxima (AL,,), the mean wave length (}) and the
relative areas under the fluorescence spectra of a
number of oxazole derivatives which have been
evaluated®? as solutes for liquid solution scintil-
lators. In Fig. 2 are shown fluorescence spectra

ico [———-—‘— ————

8O -

60 -
L I
£ |

2or /|

RELATIVE NUMBER OF PHOTONS.

360 4:30 44’0 4é0 520 560 600 640
A(mpul,
Fig. 2.—Fluorescence spectra of «-NPO at various
concentrations in toluene; from left to right: 0.01 g./l.,
0.1 g. /1., 1.0g./l. and 10 g./1.

of 2-(1-naphthyl)-5-phenyloxazole (a«NPQ) at var-
ious comncentrations. As the concentration be-
comes greater, self-absorption of the shorter-wave-
length portion of the spectrum increases. In
very dilute solution or with reflection (front-face
excitation) spectra,* the shortest wave length band
frequently is well resolved and quite prominent.
The effects of concentration on ) and relative area
are shown in Fig. 3; with increasing concentration,
X is progressively shifted to longer wave length and
the relative area goes through a maximum; also
given is the relative pulse height curve. The fact
that the maxima of the two curves appear at differ-
ent concentrations is attributed to a difference in
the mechanism of excitation of the solute. In
radioactive-sotirce excitation, the solute is excited
as a result of various degradative and energy-
transfer steps involving the solvent; with ultra-
violet-light excitation, the solute is excited di-
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Fig. 3.—Concentration curves for «-NPO in toluene:
relative areas of fluorescence spectra, mean wave lengths
of fluorescence and scintillation relative pulse heights.

rectly. The flucrescence spectra are generally
similar in appearance to that shown for PPO in Fig.
1. The maximum toward louger wave length,
Alaxe, 18 frequently well resolved; its relative in-
tensity with respect to Al,, increases with in-
creasing concentration.

The absorption spectra of the various oxazole
derivatives are usually quite similar in structure
to that of 2,5-diphenyloxazole (Fig. 1), The main
band consists of three peaks of about equal inten-
sity with another peak or shoulder of about one-
third to two-thirds this intensity toward longer
wave length. The shorter wave length peak (303
mu for PPO) has been recorded as A2%,, in Table II.
In a few instances, the shape of the fine structure in
this band has the same character, but the longer
wave length peak is of greater intensity-——both
peaks are recorded in these cases. An absorption
maximum at shorter wave length (sometimes not
well resolved) also is presented. In general, the
changes in absorption spectra caused by simple
substitution are similar to those observed in other
conjugated aromatic systems, e.g., the biphenyls,
benzoxazoles,'® benzothiazoles,!® pyrroles and fu-
rans.?

A comparison among absorption maxima of a
series of related compounds is made in Table III.
When a CH group in a six-membered ring aro-
matic hydrocarbon is replaced by nitrogen, there
is only a small change in the absorption spectrum?!;
replacement in a five-membered heterocyclic ring,
however, has considerable effect. The furan, oxa-
zole and oxadiazole (to a lesser extent) exhibit fine
structure, whereas spectra of the other compounds
listed are smooth. The pyrrole, furan and thio-
phene systems have been likened to 1,4-diphenyl-
1,3-butadiene—the contribution of the positive
forms of the hetero-atom to the resonance of the

(17) R. A, Friedel and M. Orchin, "' Ultraviolet Spectra of Aromatic
Compounds,’"’ John Wiley and Sons, Inc,, New York, N. V., 1951,

(18) R. Passerini, J. Chem. Soc., 2256 (1954).

(19) A. Cermani and R, Passerini, ibid., 2261 (1954).

(20) S. M. King, C. R. Bauer and R. E. Lutz, THIS JOURNAL, 78,
2253 (1951).

(21) F. A. Matsen, “Electronic Spectra in the Visible and Ultra-

violet,"” in ‘“Chemical Applications of Spectroscopy,” W. West, ed.,
Interscience Publishers, In¢.,, New York, N, V., 1956, p. 687.
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bd
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bj
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Compound

Oxazole, substituents
2,5-Diphenyl
5-Phenyl-2-¢-tolyl
5-Phenyl-2-m-tolyl
5-Phenyl-2-p-tolyl
2-Phenyl-5-(2,5-xylyl)
5-Phenyl-2-(2,5-xylyl)
2-Mesityl-5-phenyl
2-(o-Methoxyphenyl)-5-pheny!
2-(m-Methoxyphenyl)-5-phenyl
2-(p-Methoxyphenyl)-5-pheny!
2-(o-Hydroxyphenyl)-5-phenyl®
2- (m-Hydroxyphenyl)-5-pheny!®
2-(p-Hydroxyphenyl)-5-phenyl®
2-(3,4-Methylenedioxyphenyl)-5-phenyl!

2-(o-Fluorophenyl)-5-phenyl
2-(m-Fluorophenyl)-5-phenyl
2-(p-Fluorophenyl)-5-phenyl
2-(o-Chlorophenyl)-5-phenyl

2- (m-Chlorophenyl)-5-phenyl
2-(p-Chloropheny!)-5-phenyl
2-(2,4-Dichlorophenyl)-5-phenyl
2-(3,4-Dichlorophenyl)-5-phenyl
2-(o-Bromophenyl)-5-phenyl
2-(m-Bromophenyl)-5-phenyl
2-(p-Bromophenyl)-5-phenyl
2-(0-Iodophenyl)-5-phenyl
2-(m-Iodophenyl)-5-phenyl
2-(p-Iodophenyl)-5-phenyl
2-(m-Nitrophenyl)-5-phenyl
2.(p-Nitrophenyl)-5-phenyl
2-(m-Aminophenyl)-5-pheny!
2-(p-Aminophenyl)-5-phenyl
2-(p-Dimethylaminophenyl)-5-phenyl
2-(p-Diethylaminophenyl)-5-phenyl
5-(4-Biphenylyl)-2-phenyl
5-(4-Biphenylyl)-2- (p-methoxyphenyl)
2-(4-Biphenylyl)-3-phenyl
2,5-Di-(4-biphenylyl)
2-(1-Naphthyl)-5-pheny!
5-(1-Naphthyl)-2-phenyl
2-(2-Naphthyl)-5-phenyl
5-(2-Naphthyl)-2-pheny!
2-(p-Methoxyphenyl)-3-(2-naphthyl)
5-(4-Biphenylyl)-2-(1-naphthyl)
2,5-Di-(1-naphthyl)
2-(1-Naphthyl)-5-(2-naphthyl)
2,5-Di-(2-naphthyl)
2-Cyclohexyl-5-phenyl
5-Methyl-2-(1-naphthyl)
5-Phenyl-2-styryl
2-(2-Furyl)-5-phenyl
5-Phenyl-2-(2-thienyl)

5-Phenyl-2- (2-pyridyl)®

5-Phenyl-2-(3-pyridyi)®
5-Phenyl-2-(4-pyridyl)”

2-(5-Carboxy-2-pyridyl)-5-pheny!®
2-(1-Methyl-4-piperidyl)-5-pheny!®

—_—

ubs
Amax1

303
303
303
304
306
307
281
314
303
308
327°
305°
313°
328
320
303
304
303
306
306
309
312
311
306
306
307
310
306
312
310
347
303
323
345
350
323
333
320
335
330
323
332
330
337
339
339
341
343
277
320
334
305
318
322
310
320
307
322
307
331°
277
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Absorption
e X 10~4

.04
.67
.55
.11
.24
.73
.33
.42
.86
.19
.86
.80
.28
.73
.68
.68
.61
.90
.26
.06
.10
.82
.86
.48
.96
.52
.92
.88
.94
.46
.52
.20
.28
.08
.06
.90
.17
.86
.76
.28

@

RN NN oD WD WR N W W W

.20
.11
.54
.42
.34
.74
.65
14
.43
.19
84
.54
.90
64
.42
54
.62
52
.94
03

abg
Amaza

223
223
224
225
225s

240
231s
223

222s
218
223
224
223
226
226
226
229
226
234s
242
226
220
223
221
215s
218
222
258
227
227
260s
263
260
274
235
229
230s
233s
243
238
234
232
265s
233
241
240s
245
224s

221

e X 10-¢ A,
2.04 365
1.74 364
1.58 365
1.76 365
1.45 368

365
. 363
0.95 376
1.30 366
1.40 370
485
.. 364
1.58 366
1.34 375
1.70 366
1.55 369
1.65 362
1.56 374
1.80 370
1.98 374
1.77 383
1.50 377
1.48 372
0.90 372
1.58 374
1.84 370
2.50 404
1.58 376
1.20
1.54 ..
2.22 384
0.88 391
1.45 403
1.32 409
0.67 386
1.07 394
0.98 392
1.35 410
3.42 402
¢ 395
3.20 386
2.70 382
2.42 390
3.50 419
5.35 424
5.38 414
2.66 401
.. 316
4.44 368
1.26 410
0.77 368
0.70 391
1.10 378
1.36 370
1.35 380
1.17 414
320

Amaxa

381
380
382
381
386
380s
380s
392
381s
388
382
384s
391s

381s
386

380s
386s
385s
389

395s
388s
388

390s

402
412s
412s
428s
416s
420s
398s
400
404
434s
445s
432s
416

382s
380s
402s

383s

Fluorescence
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A Area
394 100
392 105
384 107
392 104
396 94
392 95
388 101
306 98
392 95
398 104
512 59
384 101
396 97
402 103
392 100
396 112
390 112
394 08
396 105
394 81
404 96
404 107
394 24
396 75
400 50
390 4
442 29
396 11
0

.. 0
404 75
416 93
428 90
432 82
412 112
420 104
420 114
434 109
432 99

7 7

414 107
408 102
416 104
446 108
452 106
444 110
436 118
332 527
392 77
448 ]7
396 97
428 76
396 04
396 92
400 86
428 105"
332 4%
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of  5-Phenyl-2-(2-quinolyl)®

cg  B5-Phenyl-2-(6-quinolyl)®

ch  5-Phenyl-2-(2-phenyl-4-quinolyl)®

c¢i  2,4,5-Tripheny!

¢j 2,5-Diphenylthiazole
II 2,2'-m-Phenylenebis-(5-phenyloxazole)
2,2/-p-Phenylenebis-(5-phenyloxazole)
b 2,2'-p-Phenylenebis-[5-(4-biphenylyl)-oxazole]
¢ 2,2’-p-Phenylenebis-[5-(2-naphthyl)-oxazole]
d  2,5-Bis-(5-phenyl-2-oxazolyl)-pyridine
5,5’-Diphenyl-2,2’-bioxazole
b 5,5-Di-(2-naphthyl)-2,2’-bioxazole
2-Phenylbenzoxazole
b 2-(4-Biphenylyl)-benzoxazole
¢ 2-(1-Naphthyl)-benzoxazole
d 2-(o-Hydroxyphenyl)-benzoxazoleb
e 2-Phenylphenanthr{9,10]oxazole
f 2-Phenylbenzothiazole
g  2-(p-Dimethylaminophenyl)-benzothiazole

ABSORPTION AND FLUORESCENCE SPECTRA OF 2,5-DIARYLOXAZOLES

5453
346 2,58 237  2.39 401 .. 420 85
325 2.85 235 2.28 400 416s 420 94
351 2.60 270 3.84 412 436 49
310 2.26 234 2.53 378 .. 400 69
322 1.36 .. .. 396 4125 420 48
307 5.31 224s 2.38 374 390s 394 98
358  5.52 230s 2.06 420 440 444 105
373" 6.14 .. .. 440 4625 462 95
375  5.60 243 4.70 438 460 464 102*
370° 4.70 234 1.40 432 450s 456 101
337°  2.75 223s 1.00 401 420 428 102
367° 4.27 230 6.50 428 450 456  111¢
299 3.06 225 1.08 339 354 364 93
313 4.05 .. .. 374 38 400 102
336 2.09 232 3.40 380 398 408 82
322 1.75 231s 1.14 500 .. 512 21
330 2.50 236 3.00 38 403 404 69
299  2.00 227 2.32 362 376 8
348  3.90 227  2.37 412 432 95

@ Wave lengths are in myu; the solvent was cyclohexane for absorption and toluene with 314-m;4 exc1tat10n for fluorescence

unless otherwise indicated;
Chemical Abstracts. ¢ 95% ethanol as solvent.
7 Non-comparable photographic method used.

0.3 g./1. *Conen, 0.15g./1. ¢ Concn. 0.5 g./1.

system being of secondary importance.?
strong absorption of 2-arylbenzoxazoles and 2-
arylbenzothiazoles has been attributed to the benzyl-
idine-imine type chromophore, 819

TasLr 111

ABSORPTION OF 2,5-DIPHENYL-SUBSTITUTED FIVE-MEMBERED
RiNG HETEROCYCLIC SYSTEMS IN CYCLOHEXANE

System Amax, My emax X 104
1,3,4-Oxadiazole 282 2.61
Ozxazole 303 3.04
1,3,4-Thiadiazole 305 2.16
Thiazole 321 4.13
Thiophene 323 2.62
Pyrrole 324 2.98
Furan 325 3.40
(p-Terphenyl 276 3.02)

The value of the molecular extinction coefficient
(e1) of the first absorption band was found for
several compounds in Table II to be unaffected by
changes in concentration or path length over a ten-
fold range. At shorter wave lengths, however, the
fluorescence excited in the solution does have a
small effect on the extinction coefficient and conse-
quently the Beer-Lambert law does not apply in
this region.

In general, the shifts observed in Al,, parallel
those in A%, A notable exception to this state-
ment can be found with 2-(m aminophenyl)-5-
phenyloxazole (I-be). Substitution of the amino
group has no effect on A%, although Al,, is consid-
erably increased; both absorption and fluores-
cence intensities are decreased and fine structure is
lost in both spectra.

Methyl substitution effects little change (I-ab,
ac, ad). Steric hindrance by the o-methyl group
is not as severe as in the polyphenyl series—2-
methylbiphenyl exhibits a hypsochromic shift of
about 10 my,?? whereas the analogous 5-phenyl-2-
o-tolyloxazole (I-ab) shows no change in A% e

(22) R. A. Friedel, M. Orchin and L. Reggel, THiS JoUrRNAL, 70,
202 (1948).

an s following a wave length signifies a shoulder (inflection).
4 Approximate values.
7 254-my excitation.

The

*Name does not conform to
¢ Insufficient compound available, e/e2 = 0.51.
A Conen. 0.1g./1. # Chloroform as solvent. 7 Conen.

is decreased, however, and the absorption spectrum
(although not the fluorescence spectrum) has less
fine structure. 2-Mesityl-3-phenyloxazole (I-ag)
shows the extreme effect of substitution at both o¢-
positions of PPO— A2 decreases almost to that of
the compound having no aromatic substituent in
the 2-position, 2-cyclohexyl-5-phenyloxazole (I-
bv), and, in addition, all fine structure is lost.
Surprisingly, the fluorescence spectrum is hardly
affected.

Halogen substitution produces changes in A%2,
commonly observed in other aromatic systems.
The heavier halogen substituents strongly quench
fluorescence—the effect is less pronounced with m-
substitution. Fluorescence has been completely
quenched in the nitro compounds, I-be and I-bd.
Introduction of amino and dialkylamino groups into
the p- -position produces a pronounced bathochromic
shift in both A%2, and AD,.; fine structure is lost in
both cases.

When the 2- and/or 5-phenyl groups in PPO are
replaced with naphthyl or 4-biphenylyl radicals,
the extension of conjugation produces the expected
bathochromic shift in both absorption and fluores-
cence. The effectivensss for increasing A%, fol-
lows the order 4-biphenylyl < 1l-naphthyl < 2-
naphthyl. However, for A%, the order is 2-
naphthyl < 4-bipheny1yl < l-naphthyl. The in-
clusion of a 4-biphenylyl group results in loss of
structure in absorption but not fluorescence spectra.

The absorption maxima of the p-polyphenyls
move to longer wave lengths in a regular manner
as the number of benzene rings is increased.??
A similar effect may be observed in the oxazole
series for both A2, and M,; and is illustrated in
Fig. 4.

Replacement of the 2-phenyl of PPO with the
heterocyclic groups 2-furyl and 2-thieny! does not
produce as great a change as might be expected

(23) G. M. Badger, '"The Structures and Reactions of the Aromatic
Compounds,’” Cambridge University Press, Cambridge, 1954, p. 391;
A, E. Gillam and E. S. Stern, “Electron Absorption Spectroscopy,’’
Edward Arnold (Publishers) Ltd., London, 1954, pp. 208-210.
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Tig. 4.—Absorption and emission maxima of compounds
I-bv, I-aa; I-bi; I-bk; and I-bl as a function of the number
of benzene rings in phenyl- or 4-biphenylyl-substituents.

from consideration of their effect when replacing
the central ring of p-terphenyl (Table III). The
thienyl group again causes loss of fine structure.
Replacement of 2-phenyl with a pyridyl group
produces a slight shift of A¥2 and A, to longer
wave length. The analogous compounds in the
polyphenyl series, 2-, 3- and 4-(4-biphenylyl)-
pyridine, have A3, 292, 279 and 279 mgy, respec-
tively** (p-terphenyl, 276 mu). Pyridine, itself,
does not fluoresce and, in fact, quenches the fluores-
cence of other compounds.” The near-ultraviolet
absorption of such N-heterocyclic molecules in-
volves a transition of an electron of the lone pair
on the nitrogen atom to an antibonding w-molecular
orbital. This excited state rapidly undergoes a
radiationless trausition to a lower triplet state with
few molecules remaining in the excited state long
enough to fluoresce.? Since the lifetime of the
excited state varies inversely with the intensity of
absorption,” the substitution of the pyridine nu-
cleus with a phenyloxazolyl group, which increases
the intensity of absorption, allows a decrease in the
lifetime of the excited state and fluorescence can
occur before self-quenching.

The addition of a carboxyl group to the 5-posi-
tion of the 2-pyridyl isomer results in a compound
(I-cd) whose properties indicate that inner-salt
formation is responsible for the observed spectral
changes.

Introduction of a phenyl group into the 4-posi-
tion of the oxazole ring, a position not conjugated
with the major system, to give 2,4,5-triphenyloxa-
zole (I-ci) produces a slight bathochromic shift
and lowered intensities for both absorption and
fluorescence. The similar structure, 2-phenyl-
phenanthr[9,10}oxazole (V-e), differing by the
presence of an additional bond joining the 4-
aund 5-phenyl groups, shows a further bathochro-
mic shift and inclusion of fine structure. The effect

(24) A, E. Gillam, D, H, Hey and A. Lambert, J. Chem. Soc., 364
(1941).

(23) V. N. Kerr, F. N. Hayes and D. G, Ott, Intern. J. Appl
Radiation and Isotopes, 1, 284 (1937).

(26) Reference 16a, p. 731.
{27) Reference 16a, p, 709.
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of increased rigidity with respect to more open
molecular structures in which the various parts
may vibrate independently has long been recog-
nized.? Replacement of the terminal phenyl
groups in III-a (POPCP) by 4-biphenylyl or 2-
naphthyl groups (III-b and IIl-c) increases AM:
and A, in the same order as given previously for
analogous changes in the PPO series; i.e., 2-
naphthyl has more effect than 4-biphenyl for in-
creasing A%, and the converse is found for Afl,..
The differences are not so pronounced as with the
simpler series. Introduction of a pyridine ring in
place of the central benzene ring (I11-d) produces a
bathochromic shift.

The inclusion of another oxazole nucleus to form

the bis-compounds IIT or the bioxazoles IV, causes
a large displacement to longer wave lengths—the
addition of the hetero-ring has much greater effect
than the corresponding substitution of a benzene
ring.
In the 2-arylbenzoxazoles (V, X = 0), the shifts
caused by replacement of 2-phenyl with 4-bi-
phenylyl or l-naphthyl are similar to those pro-
duced in the 2,5-diphenyloxazole series but of
greater magnitude. Substitution in the 2-phenyl
group to give o-2-benzoxazolylphenol (V-d) pro-
duces a splitting into two sets of bands (\if2, 293
mu, ¢ 23,000, and A2, 323 my, € 17,500), which has
been attributed!® to the perturbation produced by
hydrogen bonding of the hydroxyl group with the
ring nitrogen which reduces the benzylidine-imine
conjugation and allows the benzo ring to appear
separately, Displacement of Afl,, to much longer
wave length is accompanied by greatly decreased
intensity and loss of band structure. A very
similar affect was found with o-(5-phenyl-2-oxa-
zolyl)-phenol (I-ak)-—A3s, 297 myu, ¢ 17,700, and
Aive, 326 my, € 27,100, in cyclohexaue.

2-Phenylbenzothiazole (V-f) with respect to 2-
phenylbenzoxazole has the same X33, but with no
fine structure and decreased intemsity; Al is
shifted considerably to longer wave length and the
intensity is greatly lowered. Introduction of a
p-dimethylamino group produces a striking batho-
chromic shift and increased intensity for both ab-
sorption and fluorescence; the latter may be at-
tributed to the decreased lifetime of the excited
state and consequent diminution of internal quench-
ing. Such a substitution into a compound which
already has high fluorescence efficiency inay be
expected to be detrimental, rather than beneficial
(compare I-aa with I-bg, for example). The 2,5-
diaryloxazoles have high fluorescence efficiencies;
several members of the series, e.g., 2,5-di-(4-bi-
phenylyl)-oxazole (BBO), 2-(4-biphenylyl)-5-phen-
vloxazole (BPO) or 2,2’-p-phenylenebis-(5-phen-
yloxazole) (POPOP), are known to have fluores-
cence yields approaching 10097.%°

Los Aramos, New MEexico

(28) Reference 16a, p, 726.
(29) R. K., Swank, Argonne National Laboratory, private com-
munijcation,



