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The final limiting stage of structural simplification of photochromic
Schiff base was reached by the following statement: two molecules, sa1icylidene methylamine and its butyl analogue, show transient absorption bands
(at room temperature) peaking at 22000 cm 1 . These bands are characteristic of the phenomenon of photochromism. They are similar to the corresponding spectra detected earlier for several larger, symmetric systems belonging to tłe same family. Experimentał characterizatioii of both molecules
was compared with the theoretical calculations: geometry optimizatioii and
transition energies, performed for enol, keto, and the photochromic form of
salicylidene methylamine.
PACS numbers: 33.10.—n, 33.50.—j
1. I^ntroduuction

Plotochromism of molecules belonging to the family of internally H-bonded
Schiff bases was for many years studied almost exclusively on the example of
salicylidene aniline (SA) and its simple derivatives; the majority of data concerned
the solid state or low temperature stndies [1].
The new impulse and a real progress have been recently noticed due to
the introduction of the new compounds by the Japanese group of Maruyama and
coworkers [2], and from other side — to the fact that time resolved techniques of
vibrational spectroscopy have become available [3, 4].
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In a series of our recent papers [5-8] we studied a large family of Schiff bases,
partly synthesised for the first time, partly kindly presented by Prof. Mauyama
and Dr Inabe. The main aim was to compare stuctures possessing two equivalent
proton transfer (PT) reaction sites with simpler systems that could be regarded
as "halves" of their symmetric counterparts. The examples are shown in Fig. 1.

The main conclusion was [5-8] that the spectral manifestation of photochromism, e.g. the long living transient absorption, the time resolved resonance Raman
response, as well as two fluorescences of two different transients, are surprisingly
independent of the overall stucture of the molecule. In contrast, the ground state
absorption spectra "felt" very well the extent of conjugation of the absorbing
molecules.
From these observations it was deduced that in symmetric Schiff bases only
one proton is transferred in S1. state, triggering the photochromic PT cycle of the
molecule that involved a strongly localised photochromic transient (Fig. 2).
In the present work an attempt is made to synthesise the photochromic Schiff
base as simple as possible, still revealing all manifestations of photochromism.
As will be shown below, simple stuctures, salicylide ne methylamine(SMA),
and its butyl analogue (SBA) were synthesised and compared with more complex
molecules reported earlier.
The literature data on chemistry and spectroscopy of SMA are scarce. Besides the synthesis [9], only one paper [10], according to our best knowledge, reporting on the ground state enol = keto equilibrium studied with absorption and
Raman spectra as a function of temperature, was published. The conclusion was
that in a protic, methanol solution both forms coeXist. The zwítterionic form of
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keto tautomer was believed to represent the product of tautomerization, preferentially stabilised at low temperatures. The vibrational analysis of the corresponding
Raman spectra was not able to assign unambiguously the zwitterionic species.
In summary, general opinion extracted from literature [11-13] concerning
large systems of Fig. 1, like BSP, SA, etc. is the following: The tautomer, stable
in the ground state, in neutral and polar nonprotic solvents, is an enol form; the
tautomeric equilibrium can be shifted to a keto (zwitterionic ?) tautomer only in
protic, alcohol solvents.

In the present work we focused our attention on few questions only:
(1) how much can we simplify the stucture of the Schiff base still revealing the
phenomenon of photochromism (Fig. 3)? This question comes directly from
our previous studies showing that in a large series of molecules belonging to
this family, excitation is strongly localized.
(2) Which is the spectral characteristics of this "minimal photochromic" compound?
(3) Is it possible to observe its keto tautomer in the ground state in the gently
interacting, e.g., nonprotic solvent?
The most general aim of the present work can be stressed as follows: The
phenomenon of photochromism of Schiff bases suffers for the lack of proper assignment of the long living transient responsible for the absorption in the visible
region. The simplification of the molecular framework still preserving the fundamental properties of photochromic systems would open the field to the most advanced modern quantum chemical methods of calculation of their electronic and
vibrational structure.

1084

A. Grabowska, K. Kownacki, Ł. Kaczmarek
2. Experimental technique and theoretical methods

All instrumental tools used for the standard absorption and fluorescence
spectra, as well as transient absorption, were the same as described elsewhere
[5, 6]. Solvents:
• acetonitrile — the following procedure was used in order to remove traces
of water: CH3CN (Merck, Uvasol) was kept for 24 hours over P 2 O 5 , then
after separation of the precipitate refluxed over CaH 2 for 4 hours and finally
distilled under argon. All subsequent manipulations were carried out in a
drybox.
• benzene (POCK Gliwice) was used after distillation.
• cyclopentane (Fluky for UV spectroscopy) was used without further purification.
Theoretical calculations were composed of two parts: ffrst, a ground state
stucture was optimized with application of the molecular mechanics method
(MMX), and then S0 - S1 transitions of the enol, keto and zwitterionic photochromic forms were calculated with INDO/S method.
3. Results

3.1. Synthesis

First, an attempt was made do synthesise the simplest structure, from the
three shown in Fig. 4, the compound 1, trying to follow an old paper by Ettling
[14]. The following description makes clear, why this turned out to be impossible.

The synthesis of salicylaldimine (o-iminomethylphenolic) 1 was firstly attempted by C. Ettling in 1840 [14]. However, the reaction of salicylyldehyde with
ammonia gave the compound of uncertain structure (C4 2 H 36 Ν4 O 6 ), instead of
the desired stucture 1. Till now only complexes of 1 with different metals are
known and pure salicylaldimine was not isolated. Therefore we decided to synthesise N-methyl derivative of 1 (2) [9] as the simplest model compound comtaining
o-iminomethylphenolic structure, as well as its N-n-butyl analogue, 3 [15].
o - (hfethylimin omethyphenol Isalicylidene methylamine, SMA) [9J. Methylamine water solution (33%, 15 g) was carefully added to stirred salicylaldehyde
(12.2 g, 0.1 mol) and the mixture was left overnight at room temperature. Then
ether (100 ml) was added to the mixture and the water layer was saturated with
NaCl. The ether layer was separated, dried over anhydrous MgSO 4 , evaporated
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and the residue distilled to afford yellow oil (b.p. 145°C/20 mm Hg), yield 11 g
(81%).
o-(Butyliminomethyl)phenol (salicylidene bulylamine, SBA) [15]. The solution of salicylaldehyde (12.2 g, 0.1 mol) and n-butylamine (7.3 g, 0.1 mol) in
benzene (100 ml) was refluxed for 2 hrs using an apparatus for azeotropic distilla
tion. Then the solvent was evaporated and the residue distilled to give yellow oil
(b.p. 84°C/0.1 mm Hg), yield 16.9 g (96%).
In our attempt to purify both synthesised compounds, SMA and SBA, it was
stated that both decompose and recombine easily during, and after distillation.
Both were stable enough to be studied photophysics.

-

3.2. Spectra and photophysics of SMA and SBA

Figures 5 and 6 show the summary of the results. The steady state absorption spectum (Fig. 5), almost identical for SMA and SBA, is very well reproduced
b y the INDO/S calculations performed for the enol tautomer. Its geometry was
obtained with application of MMX and is shown in Fig. 7. The satisfactory agreement of the calculated and observed transitions energies corresponding to the three
maxima (v1 ti 32000 cm -1 , v2 39590 cm -1 , v3 Ń 46640 cm -1 ) of absorption
curve support the common opinion that the enol tautomer is the dominant ground
state "version" of internally H-bonded Schiff base. Figure 5 shows, however, something else, the very weak absorption at about 25000 cm -1 and the "mirror imaging"
fluorescence must be assigned as spectral fingerprints of the keto tautomer. Here
we detect the characteristic long wave absorption band, nicely reproduced by the
INDO/S calculation performed for the keto form shown in Fig. 3, and similar to
the band reported in Ref. [10]. In our experiment the presence of keto tautomer is
stated in a carefully dried, nonprotic solvent, CH3CN. The excitation within this
long wave (max 25000 cm -1 ) absorption band gives rise to the keto-tautomeric
fluorescence. So, the product of the ground state tautomerization reaction of SMA
may be observed in nonprotic solvent as well.
In contrast to other systems of Fig. 1, neither in SMA nor in SBA, the
excited state proton transfer can be observed directly. The corresponding ketotautomeric, largely Stokes shifted fluorescence is so weak in these molecules in the
neutral solvents that it cannot be analysed quantitatively.
According to the experience from the earlier studied Schiff bases, the most
efficient route of the excited PT reaction product is the population of the photochromic transient in its ground state. The generation route of this long living
transient is presented in the introduction (Fig. 2).
Figure 6 shows the photochromic transient absorption spectra of SMA and
SBA together with the standard S0 —> S1 absorptions, as compared with other
Schiff bases shown in Fig. 1.
First, the effect of photochromism in two "small" internally H-bonded Schiff
bases is definitely stated, as transient absorption curves in Fig. 6 show. The stationary absorption spectra collected in Fig. 6 show the easily predictable and expected
"consciousness" of the molecule of the extent of its π-electron system, while the
photochromic absorption is remarkably non sensitive to the overall stucture of
absorbing molecule. This observation led us earlier to the conclusion that in pho
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tochromic Schiff bases the electronic excitation and excited state intramolecular
proton transfer reaction are strongly localised. The molecules of the present study
fit well to this generalization, although their transient absorption spectra are definitely shifted b y 1000-2000 cm -1 to the blue in respect to other systems. The
bar in Fig. 6 marks the transition energy calculated for the zwitterionic form of
the tautomerization product shown in Fig. 7. The examination of Fig. 6 shows
another interesting behaviour: the spectral distance between the transient and the
stationary absorption band is particularly large in the case of SMA and SBA.
Interpretation of the above experimental findings will follow in the next chapter.
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4. Discussion
In the present work we believe to have reacled the final stage of simplification
of the photochromic Schiff base. As it was shown in the introduction, the molecule 1
of Fig. 4 is unstable and cannot be separated as a monomer. So, we have in
hand the molecule SMA, still simple enough to be the attractive object for the
advanced theoretical calculations of the electronic and vibrational stucture. A
common chromophore of all photochromic Schiff bases postulated in earlier studies
[5-8] is most probably fairly well represented by SMA molecule. The remarkable
localization of the electronic excitation and the proton transfer reactivity leading
to the photochromic transient, is now a matter of experimental evidence.
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Moreover, in SMA and SBA molecules, it was slown that the "unusual" keto
tautomer can be stabilized also in a dry, nonprotic polar solvent with exclusion of
the intermolecular H-bonds, while in other systems, like BSP or SA, such ground
state tautomerization was observed only in alcololic solvents [11, 12]. Figures 5
and 6 show the accuracy of calculations of transition energies performed for the
keto and zwitterionic forms, respectively. Tle direct comparison of theory and
experiment leaves no doubt that two forms of PT reaction product are easily
distinguishable.
The last interesting point is illustrated by Fig. 8, comparing the ΗOMOLUMO orbitals of the zwitterionic transients of BSD and SMA. BSD molecule
is chosen as an example of a more extended system which was demonstrated to
generate a localized photochromic transient. In Fig. 8 it is seen that this localization is not quite exact, and in fact, the "excitation is more extended" than in
SMA molecule. This may be the reason, wly photoclromic transient absorption
bands of SMA and SBA are shifted to the blue in respect to larger systems, as it
is illustrated in Fig. 6.
The study of time resolved vibrational spectra of SMA will be the matter of
our next paper.
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