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A Crystallographic Study on the 
Thermochromism of Salicylideneanilines 

KEIICHIRO OGAWA*, TOSHIKATSU FUJIWARA and JUN HARADA 

Department of Chemistry, Graduate School of Arts and Sciences, The University of 
Tokyo, Komaba, Meguro-ku, Tokyo 153-8902, Japan 

A variable temperature X-ray crystallographic analysis of N-(5-chloro-2-hydroxybenzyli- 
dene)-4-hydroxyaniline showed the crystal structure change associated with the thermo- 
chromism. 

Keywords: Salicylideneaniline; Thermochromism; Tautomerization; Intermolecular hydro- 
gen bonding 

INTRODUCTION 

Salicylideneanilines belong to a class of most popular compounds 

which show thermochromism and photochromism in crystals."' They 

usually exist as crystalline materials with colors ranging from pale 

* E-mail: ogawa@ramie.c.u-tokyo.ac.jp 
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I70 KEIICHIRO OGAWA ei al. 

yellow through orange to deep red at room temperature. For example, 

the parent compound (1) is pale yellow at room temperature in crystals. 

It does not change in color with variation of the temperature, whereas it 

becomes red when it is irradiated with ultraviolet light.I2’ In contrast, 

the crystals of a chloro derivative N-(5-choloro-2-hydroxy- 

benzy1idene)aniline (2) are thermochromic. The crystals of 2 are 

orange-red at room temperature and become pale yellow when they are 

cooled to 77 K. The color change is reversible. Thus, the chromic 

behavior of the crystals of salicylideneanilincs is different from 

compound to compound. Furthermore, the behavior strongly depends 

on the crystal structure. For example, in the case of 

N-salicylidene-2-methylaniline, the crystals obtained from methanol are 

photochromic, whereas the crystals from petroleum-ether are thermo- 

chromic. 12’ 

1 

2:X=H 3:X=OH 

The thermochromism of crystalline salicylideneanilines is 

ascribed to the tautomerism between the OH and NH forms (eq 1). In 
most cases, the OH form is more stable than the NH form. With raising 

the temperature, the population of the less stable NH is increased. For 
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THERMOCHROMISM OF SALICYLIDENEANILINES 171 

example, in the electronic spectrum of crystalline 2, the absorption 

band at ca. 470 nm, which is assigned to the NH form, increases in 

intensity with the raising the temperature. Although X-ray 
crystallgraphic analyses of 2 at different temperature were carried out, 

no significant change was observed for the crystal structure with 

variation of the temperature. A change in the crystal structure 

associated with the thermochromism of salicylideneanilines has never 

been ~bserved.'~' This paper reports the observation of the crystal 

structure change for the thermochromism of salicylideneanilines, using 

variable temperature X-ray analysis of N-(5-chloro-2-hydroxyY- 

benzylidene)-4-hydroxyaniline (3).14' 

RESULTS AND DISCUSSION 

Perspective views of the molecule of 3 are shown in FIGURE 1. 

Selected bond lengths obtained &om the X-ray crystallographic 

analyses of 3IS1 are listed in TABLE 1. Bond lengths of 2, 16] which 

are regarded as of the pure OH form,"' are also listed in TABLE 1 for 

comparison. 

TABLE 1. Selected bond lengths of 2 and 3 (A) 
compd T(K) 0242 C241 C 1 4 7  C7-N1 
2 90 1.350(2) 1.412(3) 1.457(3) 1.291(2) 
3 375 1.320(2) 1.414(3) 1.434(3) 1.288(3) 

298 1.321(2) 1.422(3) 1.433(2) 1.293(2) 
220 1.3 18(2) I .427(2) 1.428(2) 1.297(2) 
160 1.3 I3(2) I .427(2) 1.429(2) 1.303(2) 
90 1.310(1) 1.433(2) 1.425(1) 1.308(1) 
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172 KEIICHIRO OGAWA et a1 

FIGURE 1. Perspective view of 3 with the atom numbering scheme: 
(a) at 298 K and (b) at 90 K. The ellipsoids are drawn at 
the 50 YO probability level. 

TABLE 1 shows that the each length of the bonds which could 

change in bond order by the tautomrism is significantly different 

between 2 and 3. Thus, 0 2 4 2  bond of 3 is shorter than that of 2 and 
C1-427 bond of 3 is also shorter than that of 2; C2-Cl bond of 3 is 
longer than that of 2 and C7-Nl bond of 3 is also longer than that of 2. 

The results suggest that the NH form might coexist in the crystals of 3. 

The most important point is that lengths of these bonds of 3 

systematicalfy vary with the temperature. nus, the lengths of C2-a  

and C7-N1 bonds increase and the lengths of 0 2 x 2  and C 1 4 7  bonds 
decrease with lowering the temperature. The results are interpreted as 
follows: (i) The observed structure is the superposition of the OH and 

NH forms, which remain wuesolved. (ii) Each of the observed bond 

lengths is the weighted average of the corresponding length of the OH 

and NH hnns accordiing to the population of two forms. (iii) Their 
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THERMOCHROMISM OF SALICYLIDENEANILINES 173 

populations vary with the temperature. As a result, the observed 

structure changes with variation of the temperature. It is therefore 

concluded that there is an equiliium between the OH and NH forms 
in crystals and that the population ofthe NH form iucreases with 

lowering the temperature. 

This conclusion becomes definitiie from the difhmce Fourier 
synthesis using the refined structure from which only the tautomeric 

hydrogen atom is m v e d .  The difference synthesis fbr the structure at 

160 K or higher locates two peaks assigned to two hydrogen atoms, one 

connected to 0 2  and the other to N1. In contrast, the difhnce 

synthesis for the structure at 90 K locates only a single peak assigned to 

the hydrogen atom connected to N1. A u m r w ,  the two hydrogen 
atoms were treated as disordered in the refinement of structures at 160 
Kor higher whereas the structure at 90 K was refined as the pureNH 

form. Thus, the X-ray difhction unambiguously displayed the 
occurrence of the tautomerism that favors the NH form in crystals. 

FIGURE 2. Electronic spectra of 3 m a transl#lrent KJ3r disk. 
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174 KEIICHIRO OGAWA et al. 

Electronic spectra show that the crystals of 3 are thermochromic 

[FIGURE 21. The absorption band at 485 MI, which is assigned to the 

NH form, appears at room temperature and increases in intensity with 

the lowering the temperature. The results are consistent with those fiom 

X-ray diffraction: the NH form exists appreciably in the solid state at 

room temperature and increases in population with lowering the 

temperature. The change in the X-ray structure of 3 with variation of 

the temperature is, therefore, certainly for the thermochromy. 

The populations of the NH and OH forms at different 

temperatures were estimated from the temperature dependence of the 

intensity of the absorption band by the use of the method reported by 

Theilacker et drS' Almost the same resuHs were also obtained by the 

application of a similar method to the temperature dependence of the 

bond lengths which were determined by X-ray crystallographic 

analyses. The results reveal that ca. 90 % of 3 exists as the NH form in 

crystals at 90 K and that the energy difference between the NH and OH 

forms is ca. 0.4 kcal mar' in crystals. 

The color of the cry& of 3 is orange at 298 K and pale yellow 

at 77 K. The color lightening of the crystal with lowering the 

temperature apparently contradicts with the change in the electronic 

spectra, from which a color deepening is expected. The contradiction 

can explained if the increase in the intensity of the fluorescence band at 

520 nm with lowering the temperature [FIGURE 31 is taken into 

account. The increase in the absorption at 485 nm is outweighed by the 

increase in the emission at a close wavelength. Thereby the color of the 

crystals changes from orange to yellow with lowering the temperature. 
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400 500 600 700 
1 (nm) 

FIGURE 3. Fluorecence spectra of 3 (excited at 365 nm) in a 
transparent KBr disk. 

The geometry of 3 at 90 K is significantly different from that 

expected for a typical “keto” form 3k. The length of 0 2 4 2  bond and 

that of C 1 4 7  bond are considerably longer than the standard length of 

the C=O bond [ 1.222 A] and that of C% bond [ 1.340 A] in conjugated 

enones,19~respectively, and the length ofCZ-CI and that of C7-N1 
bond are considerably shorter than the standard length of the C-C bond 

[ 1.464 A] in conjugated enones and that of C(sp2)-N bond [ 1.355 A] in 
enamines, respectively. The results suggest that the NH form in the 

crystals of 3 has the character of the zwitter ion 3ki considerably. 
- 

H D  CI - ON Hncl (2) 

HO DN HO 

3k 3ki 

In contrast to the crystalline state, 3 favors the OH form in 

solution. This was evidenced by electronic spectra. The spectra of the 

EPA show no absorption band for the NH form at ca. 485 
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176 KEIICHIRO OGAWA el a!. 

nm in the temperature range from 298 to 77 K. The results show that 3 

exists exclusively as the OH form in the solution. The stabilization of 

the NH form in crystals is, therefore, ascribed to intermolecular 

interactions. 

Examinations of the molecular packing of the crystals of 3 reveal 

the occurrence of the intermolecular hydrogen bondw WGURE 41. 

The distance between 0 2  and H11 of the adjacent molecule was 

2.622( 1) A and the angle of 02==*H11-011 was 178(2) O at 90 K.[",'21 It 
is therefore concluded that the stabilization of the NH form in the 
crystals of 3 resuits primarily from the intermolecular hydrogen 

bonding in crystals. 

FIGURE 4. Packing diagram of 3 (left) and the intermolecular 
hydrogen bondings (right). 
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CONCLUSION 

This study evidences the following points: (i) The 

thermochromism of 3 in crystals is originated from the tautomerism 

between the OH and NH forms; (ii) The NH form has a character of 

zwitter ion considerably in crystals; (iii) The NH form is stabiiized due 

to intermolecular hydrogen bondings in crystals; (iv) The apparent 

color change of the crystals is due to the strong temperature 

dependence of the fluoresence. This study also demonstrates that the 

variable temperature X-ray crystallographic analysis is a powerful tool 

for the study on the thermochromism of organic crystals. 
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