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Abstract: The two lowest transitions ('L, and 'L.) in 2,2’-hydrazonaphthalene and hydrazobenzenes have been
assigned with help of spectral data and P-P-P SCF MO-CI calculations of the parent molecules, 2-naphthylamine
and aniline. The phosphorescence spectra of 2-naphthylamine and 2,2'-hydrazonaphthalene are negatively polar-

ized, indicating some out-of-plane component in the emission.

In-plane components also contribute significantly

to the triplet-singlet transition probability. On the other hand, phosphorescence of hydrazobenzenes is either

zero or positive in degree of polarization (more than 67%; in-plane).

Here, two-center, spin-orbit coupling terms

appear to be significant, arising from nonparallel /¥ and p.¢ orbital orientations.. 4,4’-Dichlorohydrazobenzene
shows an internal heavy-atom effect, which introduces an additional in-plane component into the phosphorescence.
The phosphorescence spectrum of 4-ethoxyhydrazobenzene is nearly depolarized across the emission band with

respect to excitation at 320 nm (Ly).

he benzidine rearrangement describes a class of

acid-catalyzed and thermal reactions which have
been investigated extensively.? Attempts to observe
photorearrangements of hydrazo aromatic compounds
were recently initiated in our laboratories. Recently,
also, Hashimoto, et al.,® reported the formation of traces
of semidines, as well as the commonly formed azobenzene
and aniline, when hydrazobenzene was irradiated in n-
hexane with 2538-A light. In an effort to characterize
the photochemically reactive states of hydrazo com-
pounds, studies of the polarized phosphorescence of
pertinent compounds have been carried out. It is
hoped that the spectroscopic results will enhance under-
standing of the photochemical reactivity of hydrazo
compounds.

Hydrazo compounds have not been investigated sys-
tematically by phosphorescence spectroscopy. Also,
there is considerable lack of agreement in the literature
on the spectroscopic properties of hydrazobenzenes,
possibly because of the susceptibility of hydrazoben-
zenes to oxidation. Careful absorption spectra of hy-
drazobenzene have been reported recently by Tosi.® In
contrast to the situation with hydrazo compounds, azo
compounds have been studied extensively.”

Experimental Section

Materials. The hydrazo compounds were prepared by the
reduction of chromatographically purified azo compounds. For
hydrazobenzene and 4-ethoxyhydrazobenzene, 0.5 g of the azo
compound was dissolved in 95% ethanol. To the helium-flushed
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The cause of the depolarization is unknown at the present time.

solution was added 1 g of potassium azodicarboxylate. Water
was added dropwise to the helium-agitated suspension, and when
the solution became colorless an excess of water was added to
precipitate the hydrazo compound. The cooled slurry was filtered
under helium, and after washing, was stored in a vacuum desic-
cator. For 2,2'-hydrazonaphthalene and 4,4'-dichlorohydrazo-
benzene, a suspension of the azo compound in acetone was reduced
with zinc dust and a small amount of saturated ammonium chloride
solution. The colorless solution was filtered under helium into
helium-flushed dilute ammonium hydroxide, and the precipitated
hydrazo compound was treated and stored as described above.
Commercially available 2-naphthylamine was crystallized several
times from aqueous ethanol. Ethyl ether, isopentane, and other
solvents were Matheson Coleman and Bell spectroquality. Ab-
solute ethanol was redistilled.

Phosphorescence Emission, Lifetimes, and Polarization Measure-
ments. A typical sample was prepared by dissolving a weighed
amount of hydrazo compound in 50 ml of helium-flushed EPA
(ethyl ether:isopentane:ethanol, 5:5:2). The solution was cooled
in an ice bath while helium was bubbled through it and then capped
with a rubber septum. A sample of the solution was transferred
by syringe to the quartz phosphorescence cell and frozen with
liquid nitrogen, giving a colorless EPA glass. Excitation and emis-
sion spectra were recorded twice, to ensure reproducibility, on an
Aminco-Bowman spectrophotofluorometer equipped with a phos-
phoroscope and polarizers. The lifetimes were measured on an
X-Y recorder equipped with a time-base scan operation.

The phosphorescence emission and excitation polarization spectra
were measured at 77° K by using Glan-Thompson exciting and
analyzing polarizers. The instrumental depolarizing effects (angle
between the excitation and emission beams equal to 90°) were
corrected according to the procedure of Azumi and McGlynn}$
as described previously.?

The slowest recorder scan rate attainable was employed in the
polarization measurements. The degree of polarization was calcu-
lated using the formula

_ Igg — Ipp(Ing/Ips)
Isg + Isp{lpe/Inn)

where Izx, Irs, Isr, and Iss represent the intensity for four different
combinations of orientations of the prism polarizers. The sub-
scripts E and B refer to the electric vector in the vertical and hori-
zontal plane, respectively, and the first subscript refers to the ex-
citing polarizer., Thus, for each run, there are four different excita-
tion and emission spectra. The intensity at each wavelength was
punched into cards as input to calculate the polarized excitation
and emission spectra on an IBM 7040 computer.

P

(8) T. Azumi and S. P. McGlynn, J. Chem. Phys., 37, 2413 (1962).
(9) W. E. Kurtin and P. S. Song, Photochem. Photobiol., 7, 263
(1968); 9, 127 (1969).



Table I. Approximate 0~0 Bands® and Mean Lifetimes ()
Compound E SE. (AE—GEY 71
Anilined—/ ~33150 26800 ~6350 4.5
Benzene? 37800 29510 8290 7.0
4,4'-Dichlorohydrazo- 29400 25950 3400 0.4
benzene

N,N-Dimethylaniline’ 26500 2.6°
4-Ethoxyhydrazobenzene 28950 25600 3350 2.3
Hydrazobenzene 29850 26300 3550 2.4
2,2'-Hydrazonaphthalene 25950 20850 5100 2.0
Naphthalened./ 31750 21420 10330 2.6
2-Naphthol* ~30120 21100 ~9020 1.3
2-Naphthylamine 27000 21550 5450 1.3

eIncm~!, ?®Insec. ¢Frequencies were read from the polarized
excitation and emission spectra wherever possible. ¢ D. S. McClure,
J. Chem. Phys., 17, 905 (1949). <1, B. Berlman, ‘“Handbook of
Fluorescence Spectra of Aromatic Molecules,” Academic Press,
New York, N. Y., 1965, 12 C. / See ref 16. ¢ 7.5 sec (natural).
» When the polarized spectra were not easily used, the long wave-
length end of the absorption spectrum was taken as the 0-0 band.
i 2.8 sec (natural): ref24. 7 See ref 14. * 54 C of the reference in
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conjugation with, and, therefore, part of the =-electron
system,

The 0-0 phosphorescence band of 2-naphthylamine is
not significantly different from that of either naph-
thalene!# or 2-naphthol.?* However, the phosphores-
cence lifetimes of 2-naphthylamine and 2-naphthol are
identical and shorter than that of naphthalene. The
spin-orbit contribution of the 2 substituents to the
singlet-triplet transition probability is thus of interest
and will be discussed further. The similarities among
the spectra of 2,2'-hydrazonaphthalene, 2-naphthyl-
amine, and naphthalene, are sufficient to permit the
assignment of bands in the spectra of the first two com-
pounds on the basis of the bands in the naphthalene
spectrum. It is particularly noticeable that the 0-0
phosphorescence bands and lifetimes are similar for
these three compounds.

The situation is quite different with 2,2’-hydrazo-

footnote e. Also see ref 15, benzene, whose lifetime is considerably shorter than
Table II. Transition Energies, Oscillator Strengths (f), and Wave Functions (CI) for 2-Naphthylamine Calculated by the
P-P-P SCF MO-CI Procedure
T — r* eV nm f Y Agy®

Ly 4.04 307 (337)e 0.04 0.6Ly, + 0.5L. — 0.2B. + 0.6By 0.06e

Ly 3.41 364 (7 0.8Ly + 0.2L. — 0.2B, — 0.4By, 0.06

L. 4.45 279 (282) 0.20 0.8L, — 0.4Ly — 0.2B, — 0.3By 0.01

3L, 1.89 656 (506) 09L, — 0.2Ly, — 0.2B, — 0.1By, 0.02

1B, 6.31 196 () 0.31 0.7B; + 0.0L, + 0.2L, 4 0.1B, 0.01

1By 5.62 221 (237) 1.73 0.7B, — 0.7Ly, — 0.0L, — 0.1B, 0.08

o Experimental values in parentheses,

Absorption Spectra. All spectra were recorded at room tem-
perature on a Beckman Model DK-2A spectrophotometer.

Molecular Orbital Computations of Transition Energies and Transi-
tion Moments. The Pariser-Parr-Pople SCF MO-CI method -1
within the framework of the restricted Hartree-Fock—-Roothaan
formulation was used to calculate the transition energies and transi-
tion moments in aniline and 2-naphthylamine, these being used as
model compounds for interpreting spectral data reported in the
present work. A brief outline of the method as applied to flavins
has been given previously.®

In the evaluation of the Fock matrix elements, according to the
Goeppert-Meyer and Sklar (GMS) potential, the values of the
ionization potentials were 11.16 eV for carbon and 28.85 for nitro-
gen; the one-electron core Hamiltonian matrix element 3, was
—2.39 eV for a C-C bond and —2.399 for a C-N bond; one-center,
electron-repulsion integrals were 11.13 eV for carbon and 16.57
for nitrogen. Two-center, electron-repulsion integrals were eval-
uated by the Mataga-Nishimoto formula.!? The configuration
interaction (C1) matrices were constructed with 16-30 singly excited
configurations. The input geometries for aniline and naphthalene
were taken from “Tables of Interatomic Distances.”1® All com-
putations were performed on an IBM 7040 using FORTRAN 1V,
and were repeated on a CDC 1604 using FORTRAN 63.

Results and Discussion

Phosphorescence Spectra and Lifetimes. The per-
tinent phosphorescence data are listed in Table I.
The lowest excited singlet and triplet states are assigned
to Ym,#*) and ¥(w,n*) because the most likely transi-
tions involve either = electrons or lone-pair electrons in

(10) R. Pariser and R. G. Parr, J. Chem. Phys., 21, 466, 767 (1953).

(11) J. A. Pople, Trans. Faraday Soc., 49, 1375 (1953).

(12) M. Mataga and K. Nishimoto, Z. Phys. Chem. (Frankfurt am
Main), 13, 140 (1957).

(13) L. E. Sutton, Ed., “Tables of Interatomic Distances and Con-
figurations in Molecules and lons,” Special Publication No, 11, The
Chemical Society, London, 1958, M201, M222.

® The charge transfer from -NH; to ring upon excitation.

than of aniline and benzene. It seems that there is an
added spin-orbit perturbation introduced by the hy-
drazo group into the singlet-triplet transition proba-
bility, which is not experienced with 2,2’-hydrazonaph-
thalene. The difference between the two cases probably
reflects a difference in the conformational environments
of the two hydrazo groups. For example, it is well
established that the observed and natural, lifetimes of
anilines decrease with steric hindrance around the lone-
pair orbital of the amino nitrogen, !¢ suggesting that the
aromatic rings in hydrazobenzene and 2,2’-hydrazo-
naphthalene may have somewhat different orientations
around the respective hydrazo groups.

The data for 4-ethoxyhydrazobenzene are similar to
those of hydrazobenzene, whereas the very short life-
time of 4,4’-dichlorohydrazobenzene suggests the exis-
tence of an internal spin—orbit coupling contribution of
the heavy chlorine substituents.

In general, the singlet-triplet intervals of the hydrazo
compounds (3000-5000 cm~!) are considerably smaller
than those of the parent hydrocarbons,™ indicating that
the 'Ly, states of these compounds possess some (/, a,)
character.

2-Naphthylamine. The spectroscopic data for 2-
naphthylamine are recorded in Figures 1 and 2 and in
Table II. The absorption spectrum of 2-naphthyl-
amine can be related to that of naphthalene by assigning
transitions (first four bands) of 2-naphthylamine ac-

(14) W. G. Herkstroeter, A, A, Lamola, and G. S. Hammond,
J. Amer. Chem. Soc., 86, 4537 (1964),

(15) G. N. Lewis and M, Kasha, ibid., 66, 2100 (1944).

(16) E. C. Lim and S. K. Chakrabarti, J. Chem. Phys., 47, 4726
(1967).
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Figure 1. Spectra of 2-naphthylamine: —, absorption; .-,

phosphorescence excitation (1.9 X 1073 M) with hAew = 508 nm;
phosphorescence emission with Aex = 342 nm; O, polarized phos-
phorescence excitation; and ®, polarized phosphorescence emis-
sion. The polarized spectra refer to the left abscissa where P is
degree of polarization. The right abscissa indicates relative in-
tensity or relative absorbance.
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Figure 2. The calculated polarizations of the four lowest transition
moments in 2-naphthylamine.

cording to the Platt notation, and the form of the wave
functions with reference to naphthalene.

Agreement between the calculated and observed
Franck-Condon bands for the singlet-singlet transition
energies (Table II) is satisfactory. The calculated
oscillator strengths of 2-naphthylamine are also consis-
tent with the relative absorptivities of the spectrum in
Figure 1. Configuration interaction among the four
lowest excited configurations is very extensive. A
similar observation has been made in the case of naph-
thalene and indole.’” On the basis of the data in
Table II and Figure 2 we assign the absorption and
polarized phosphorescence excitation spectra of 2-
naphthylamine as Ly, (337 nm), L, (282 nm), and B, (237
nm).

The polarizations of the four lowest transitions of 2-
naphthylamine (Figure 2) are generally similar to those
of naphthalene, but slight perturbation by the amino
group has caused the directions of the polarizations to
be somewhat altered from those in naphthalene. The
L, and B, species, with direction approximately toward
the substituent, thus show some CT character (Table
I1). Therefore, it is reasonable to label the Ly as partly
an analog of an /— a, transition.

With this information on the singlet transitions we
can attempt to interpret the polarized phosphorescence
spectrum of 2-naphthylamine.

Figure 1 shows that the 0-0 phosphorescence band
region is negatively polarized with respect to L,. Nega-
tive polarization is confirmed in the polarized phospho-

(17) P. S. Song and W. E, Kurtin, J. dmer. Chem, Soc., 91, 4892
(1969).
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Figure 3. Spectra of 2,2'-hydrazonaphthalene (1 X 1073 M). Aem =

493 and Aex = 352 nm. See caption for Figure 1.

rescence excitation spectrum in the long-wavelength end
of the L, band. The degree of polarization is —0.05,
which indicates that more than 339 of the 0-0 phos-
phorescence intensity is due to the out-of-plane com-
ponent. On the other hand, both the L, and B, bands
show a degree of positive polarization with respect to
the emission oscillator at 508 nm. It can be concluded
that the 0-0 phosphorescence band, where combining
zero point vibrational states are probably totally sym-
metric, is polarized perpendicular to the molecular
plane as a result of the spin-orbit coupling between °L,
(see Table I) and (o, x)* states. However, the in-plane
component also contributes to the singlet-triplet tran-
sition probability to increase the degree of polarization.
The increase in the degree of excitation polarization in
the shorter wavelength region suggests a stronger
vibronic coupling between !B, and (o, w)* states than
between 'L, and high-lying, out-of-plane states. Al-
ternatively, the positive polarization in the excitation
and emission bands can be regarded as being due to the
two-center, spin-orbit contribution of the amino sub-
stituent. If the lone-pair orbital is not completely
parallel with the carbon p, orbital at position 2 of the
ring, the two-center, spin—orbit coupling matrix element
will not be negligible, and its magnitude will be deter-
mined by the twisting angle, 152

(2p.°|Hso'|2p,") sin 6

where 2p,” is the sp2-hybridized, lone-pair orbital, and
Hgo' is the spin-orbit operator which contains a rota-
tion (90°) operator. The magnitude of such a two-
center term may be only moderate in 2-naphthylamine,
since the lifetime of 2-naphthylamine is only half that of
naphthalene, a fact which suggests that the angle 6 is
not large.

2,2’-Hydrazonaphthalene. The relevant spectra are
given in Figure 3. The phosphorescence emission is
negatively polarized with respect to L,. The polarized
phosphorescence excitation spectrum indicates that

(18) M. Kasha in “Fluorescence: Theory, Instrumentation, and
Practice,” G. G. Guilbault, Ed., Marcel Dekker, Inc., New York,
N. Y., 1967, pp 207-210.

(19) E. C. Lim and S. K. Chakrabarti, Chem. Phys. Lett., 1, 28
(1967).

(20) S. P. McGlynn, T. Azumi, and M. Kinoshita, ‘‘Molecular
Spectroscopy of the Triplet State,” Prentice-Hall, Inc., Englewood Cliffs,
N. J., 1969, p 250.
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Figure 4. Spectra of hydrazobenzene (3.6 X 1073 M).
403 and Aex = 396 nm. See caption for Figure 1.
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there is also a significant contribution from the in-plane
component (L, and By).

The spectra of 2,2’-hydrazonaphthalene differ in sev-
eral ways from those of 2-naphthylamine. First, the
B, band is red-shifted with a shoulder at 230 nm.
Second, the L, band and the long-wavelength end of the
L, band show a considerable degree of positive polariza-
tion with respect to the emission oscillator at 493 nm.
Third, the phosphorescence spectrum shows two peaks
instead of one broad band. We cannot say whether the
positive polarization of the long-wavelength end of the
L, band represents the 0-0 absorption band of L, or L,
each having CT character. The band is tentatively as-
signed to the 0-0 Ly, (Table I). In so doing the singlet-
triplet interval becomes close to that of 2-naphthyl-
amine, as may be expected. It is also possible, how-
ever, that the positive polarization of the long-wave-
length end of the L, band represents a new transition
arising from weak interactions between either the two
rings or the nonplanar, lone-pair orbitals of the NH-
NH group. The weak excitation intensity in this re-
gion makes the obtaining of phosphorescence emission
and polarization spectra for further analysis very diffi-
cult. It is apparent, nevertheless, that the Franck-
Condon-allowed vibronic bands of Ly, are all negatively
polarized with respect to the singlet-triplet transition
moment.

From the point of view of lone-pair orbital orienta-
tion it appears that 2,2’-hydrazonaphthalene can be
thought of as two independent naphthylamine mole-
cules, without an appreciable twisting angle 6 between
the / and p, orbitals. The positive polarization (prac-
tically all in-plane in phosphorescence) across the L,
and By excitation bands suggests a contribution from
the in-plane singlet-singlet transition moments to the
triplet-singlet emission. However, as mentioned in the
discussion of the 2-naphthylamine spectra, the twisting
angle 6 between the lone-pair and the carbon p, or-
bitals cannot be large enough to account for all the in-
plane component. Higher resolution spectra and a
theoretical investigation of multicenter, spin-orbit cou-
pling terms would be helpful in delineating the source of
the in-plane components (L, and By) in the phosphores-
cence emission of 2,2’-hydrazonaphthalene.

Hydrazobenzene. The relevant spectra are given in
Figure 4. The long-wavelength band of the absorption
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Figure 5. The predicted directions of the three lowest transition
moments, energies (in eV), and oscillator strengths ( /) for aniline.

spectrum (290 nm) is assigned to L, (290 nm in
aniline) while the short-wavelength band (245 nm) is
assigned to L, (245 nm in aniline). Other bands, such
as B species, are not seen. The assignments are also
consistent with the direction of polarization of L,
L., and B species (Figure 5). The 0-0 phosphores-
cence band and its vibronic components are all positively
polarized (degree 0.1 or higher with respect to the 306-
nm excitation). This implies that the in-plane com-
ponent predominates in the phosphorescence. The
polarized phosphorescence excitation spectrum is also
positively polarized, confirming the predominant in-
plane orientation of the singlet-triplettransition moment.
However, the 0-0 L, band seems to be perpendicularly
polarized with respect to the phosphorescence emission
oscillator (Figure 4). The negative polarization of the
0-0 excitation region (L,) is consistent with the contri-
bution of out-of-plane components in emission.

Vibronic bands across Ly, and L, are positively polar-
ized, which may be interpreted as arising from vibra-
tional modes involving distortion or twisting vibration
of hydrazobenzene. The predominant in-plane com-
ponent in the emission can then be explained in terms of
two-center, spin-orbit coupling between / and p, or-
bitals. This seems to be reflected in the phosphores-
cence lifetime of hydrazobenzene. Our results with
hydrazobenzene are consistent with the interpretation
of the spectra of sterically hindered anilines by Lim and
coworkers, '® in which the Ly, and L, bands are positively
polarized with respect to phosphorescence emission.

The angle between the / and p, orbitals in aniline is
reported to be 46°.2! The most likely geometry of hy-
drazobenzene is trans, and the twisting angle is prob-
ably larger than 46° because of N-H and C,¢«H hy-
drogen-hydrogen interactions. The twisting angle is
apparently larger than that in 2,2’-hydrazonaphthalene.

There is one feature common to the polarized phos-
phorescence spectra of hydrazobenzene and 2,2'-hy-
drazonaphthalene. The singlet-singlet transition mo-
ments oriented approximately perpendicular to the di-
rection of the amino substituent (L, in hydrazonaph-
thalene, and L, in hydrazobenzene) contribute signifi-
cantly to the in-plane component of their respective
phosphorescence emission. This comparative aspect
is, of course, restricted to the two lowest transitions
(L, and L,), since B bands are too high in energy for
hydrazobenzene. By using aniline2? and the phenoxide
ion?? for analogy, and with the help of Figure 5, we have

(21) J. C. D. Brand, D. R, Williams, and T. J. Cook, J. Mol. Spec-
trosc., 20, 359 (1966).

(22) A.H. Kalantar and A, C. Albrecht, Ber. Bunsenges. Phys. Chem.,
68,361 (1964).

(263) E. C. Lim and S. K. Chakrabarti, J. Chem. Phys., 47, 4721
(1967).
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Figure 6. Spectra of 4-ethoxyhydrazobenzene (4.5 X 1073 M).
Aem = 427 and Aex = 320 nm, See caption for Figure 1.

assigned the phosphorescent state of hydrazobenzene to
3L,.

4-Ethoxyhydrazobenzene. The relevant spectra are
given in Figure 6. The 'L, and phosphorescence bands
are red-shifted, while the L, band is at about the same
position with respect to hydrazobenzene (Figure 4).
The general features of the polarized phosphorescence
spectra of the two compounds are qualitatively similar;
that is, the excitation bands are positively polarized
with respect to the emission at 427 nm. On the other
hand the degree of phosphorescence polarization is
nearly zero (¢f. 0.1 for hydrazobenzene), corresponding
with about 339 out-of-plane and 67%; in-plane com-
ponents.2¢ This is because the excitation was set at 320
nm where the degree of excitation polarization is ap-
proximately zero. If we rule out the possibility of de-
polarization due to inter- or intramolecular energy
transfer, the near-zero polarization would mean that the
phosphorescence possesses coincidentally equal contri-
butions of all three components (x, y, and z). Alter-
natively, depolarization can be obtained through intra-
molecular relaxation processes, such as the torsional
vibration around the hydrazo bond, a possibility which
is not unreasonable because the potential energy curve
for torsional vibration about the NH-NH bond is
rather shallow. ?*

4,4'-Dichlorohydrazobenzene. The relevant spectra
are given in Figure 7. The lifetime of phosphorescence
(Table 1) is considerably shorter than that of hydrazo-
benzene. This is most likely due to the internal heavy-
atom effect of chlorine (one-center, spin—orbit cou-
pling), a possibility which is supported by the positive
degree of polarization. Both the two-center, spin-
orbit coupling (between the /,a, and the singlet-triplet
transitions) and the vibronic spin-orbit coupling (be-

(24) A, C. Albrecht, J. Mol. Spectrosc., 6, 84 (1961).

(25) T. Kasuya and T. Kojima, Proc. Int. Symp. Mol. Struct. Spec-
trosc., C-404 (1962).
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Figure 7. Spectra of 4,4'-dichlorohydrazobenzene (1.1 X 1072 M).
Aem = 424 and Aex = 310 nm, See caption for Figure 1.

tween the =,7* and singlet-triplet transitions®$) intro-
duce the in-plane character of the phosphorescence
emission. It is thus likely that the in-plane component
predominates in the singlet-triplet transition moment of
4,4’-dichlorohydrazobenzene.

Conclusions

(1) The spin-allowed singlet transitions in 2,2’-hy-
drazonaphthalene and hydrazobenzenes can be assigned
with the use of data for the parent molecules, 2-naph-
thylamine and aniline, respectively, and the aid of
P-P-P SCF MO-CI calculations. Perturbation by the
hydrazo substituent was not large enough to affect at
least the two lowest transitions, 'Ly, and L,.

(2) The phosphorescence spectra of both 2-naph-
thylamine and 2,2’-hydrazonaphthalene are negatively
polarized with respect to excitation in the Ly, region, in-
dicating that phosphorescence emission contains some
out-of-plane component. In-plane components also
contribute significantly to the emission, particularly by
borrowing intensities from the Franck-Condon L,
bands. 2,2’-Hydrazonaphthalene can be regarded as
consisting of two independent 2-naphthylamine mole-
cules with only weak interaction.

(3) The phosphorescence of the hydrazobenzenes is
either zero or positive in degree of polarization. Two-
center, spin—orbit coupling terms appear to be present,
arising from either nonplanar C-NH bonds or non-
parallel / and p, orbitals.

(4) An internal, heavy-atom effect is found in 4,4'-
dichlorohydrazobenzene, which introduces an in-plane
component to the phosphorescence.

(5) The phosphorescence spectrum of 4-ethoxyhy-
drazobenzene is nearly depolarized across the emission
band with respect to excitation at 320 nm (Ly). The
cause of this depolarization is not known.

(26) T. Pavlopoulos and M. A. El-Sayed, J. Chem. Phys., 41, 1082
(1964).
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