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Transient Species in the Photolysis of Anils '
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Two photoinduced isomerizations occur in the photolysis of ethanol solutions of the anil, o-hydroxy-
benzylidene-aniline in the temperature interval 15°-70°C. One isomerization involves the formation of a
visible absorption band, Amaz 470 mg, which fades in the dark with a lifetime in the millisecond region. The
fading is buffer catalyzed and yields an activation energy. of 3.5 keal/mole for this catalysis. The second
isomerization, which is observed as a change in the near ultraviolet spectrum, is about a thousand times more

- . long-lived and not catalyzed by the presence of buffer, activation energy: 15.0 keal/mole. The two isomeriza-
tions are identified as {1) a hydrogen transfer from the ortho hydroxyt group to the nitrogen atom furmmg an
ortho quinoid structure, (2) a cis-trans 1somenzation around the C=N double bond.

N their recent review! Brown and Shaw list about
200 anils. which change color on exposure to light
and revert back in the dark. Attempts have been made

‘to characterize the structural requirement for photo-

chromism in anils by reacting different aldehydes and
amines and testing for photochromism. Many of the

carliér tests. were performed on the crysta,ilme com-

pounds and it became evident from this screening that
a great number of the photochromic anils were deriva-
tives of o-hydroxybenzaldehyde. Several anils derived
from o-hydroxybenzaldehyde have recently been in-
vestigated? in rigid glass selutions at about —100°C
and it was found that they.invariably change color on
exposure to light whether or not they show photochro-
mism in the crystalline state. Using flash photolysis
techniques it has now been possible to ohserve short-
Iived transients in solutions of anils at room tempera-
tures, the behavior of one characteristic derivative, o-
hydroxybenzyhdene aniline is illustrated in the
following: _ _

-0-Hydroxyhenzylidene- amhne, "A, exhibits photo-
chromism, “turning from yellow to red both in the
crystalline state and in solution at temperatures below
—40°C12 At room temperature the compound is
vellow in any common solvent such as ethanol, ace-
tone, ether, benzene, or heptane, with several absorp-
tion maxima in the ultraviolet. Subjecting such solu-
tions to a high-intensity pulse of ultraviolet light
creates a new absorption band with a maximum
around 470 mg, Fig. 1. This band disappears with a
lifetime in the millisecond region and was found to be
almost identical in the different solvents used indicating
the presence of a transient species A¥ The kinetics of
fading of A¥ followed first-order kinetics in polar sol-
vents such as methanol, ethanol, and acetone but was
of higher order in nonpolar solvents such as benzene,
n-heptane, and cyclohexane.

The existence of another transient species B* was
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evident from changes in optical absorption around 385
my. In this region the solution became more transparent
on flashing and the original optical density was restored
in a reaction being about a thousand times slower than
the fading of A*, The data did not provide enough in-
formation to determine whether A* and B* are both
formed In a primary reaction or if B* is a subsequent
product of A%

A solution could he 1ecycled at least thlrty times
without showing any significant change in response
indicating the entire photochemical reaction to be
essentially reversible. Deaerating the solutions did not

_show any measurable effect.
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Fiz, 1, Visible absorption
spectrum of short-lived tran-

sient in s#-heptane recorded as
the optical density increase

c2f upon flash excitation for a
20-cm Iayer of a 6.3X10735
o-hydroxybenzylidene - aniline
solution as a function of wave-
length, mp.
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The addition of small amounts of acid or base had a
drastic effect on the rate of disappearance of A* but
affected the rate of disappearance of B* to a much
smaller extent. A somewhat detailed study of this
effect was carried out for ethanol as the solvent (ab-
solute ethanol with 0.04%, water). Using an acetic acid
buffer with a constant ratio of 1.402 between concentra-
tion of acetic acid and sodium acetate, it was observed
that the rate of fading of A* increased with increased
buffer concentrations, whereas the decay of B* showed
no apparent dependence on bufier concentration over
the same range. Figure 2 shows a plot of the rate con-
stant for the fading of A® as a function of acetic acid
concentration for three different temperatures. It is
seen that at these concentrations a linear relation be-
tween rate constant and buffer concentration satisfies
the data. Choosing the acetic acid concentration as
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F16. 2. The rate constant
(k, sec™®) for the first-order
fading of species A* as a
function of acetic acid
concentration (mole liter™)
for buffered ethanol solu-
tions with a copstant ratio
of 1.402 between the con-
centration of acetic acid
and sodium acetate. [ re-
fers to 50.4°C, ¥/ to 30.0°C,
and O to 15.0°C. The data
were obtained at 490 mu.
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reference it is thus possible to assign second-order rate
constants, &1, to a catalysis (1) by using the slopes of
the straight lines in Fig. 2:

k:
HAc-LA*>A+HAC. 1)

An Arrhenius plot for the rate constants thus obtained
yields an activation energy of 35 kcal/mole, Fig. 3.
As mentioned above the life time of B¥ did not show
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The spectrum obsérved for the red form in rigid glass
and in the solid? is very similar to the spectrum of A*
observed in the present experiments and it is thus
assumed that A¥ is the quinoid isomer. The acid
catalysis of the fading reaction suggests a rate deter-
mining step for the fading of A* to be of the type
proposed for o-nitro-toluene derivatives.!

1t is believed that the stable yellow isomer represents
the frans form around the C=N double bond: x-ray
diffraction has shown that in the crystal the molecules
are packed in the frans configuration® and in solution
the lrans form, which is essentially planar, is stabilized
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FiG. 3. Plots of the decadic logarithm of the rate constant as a
function of the inverse absolute temperature (°K-1). O refers to
the disappearance of species B as recorded at 385 o, X refers
to the buffer catalyzed fading of species A* with & values ob-
tained from the slopes of the lines in Fig. 2.

any dependence on buffer concentration. Using the
rate constants obtained from first-order plots at several
buffer concentrations, an Arrhenius plot, Fig. 3, gives
an activation energy of 15, kcal/mole.

Tt has been proposed!? that the red photochromic
species observed in low-temperature solutions or in the
crystalline state is a quinoid isomer of the anil produced
in a proton transfer from the hydroxyl group to the
nitrogen atom

(A%)

by strong hydrogen bonding® the cis form being
strongly folded lacking this ability to form a stabilizing
hydrogen bond. At —40°C and below, Fischer and
Frei® have observed reversible changes in the absorption
spectrum upon irradiation of compounds containing a
C=N double bond, which they attribute to cis—irans
isomerization. The kinetics of the thermal reversion
was measured in the temperature range —70° to
—40°C and an activation energy of 16-17 kcal/mole
was estimated for this first-order reaction. It is likely
that light induced rotational isomerization with regard
to the C=N bond should occur for o-hydroxybenzylid-
ene-aniline. It is concluded that B* is the cis isomer of
A and that the decay of B* involves the reformation
of the stable #frans species.
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