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Electrochromic properties of l ' ,3 ' ,3 ' - t r imethyl-6-piper idino-  and -morpholino- 
spiro[indoline-2',3-3H-naphtho[2, l-b] [1,4]-oxazines] resulting from their ionization and the 
formation of intermediate products were studied. The characteristic features of the photo- 
chromic behavior of these compounds are positive solvatochromism for absorption spectra of 
a colored form and an increase in the rate constant for thermobleaching with increasing 
solvent polarity. 
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The molecu la r  s tructure of  new, recent ly obtained 
p h o t o c h r o m i c  c o m p o u n d s ,  s p i r o n a p h t h o o x a z i n e s  
(SNO) ,  ] is s imilar  to that  o f  the  wel l -known photo-  
chromic  indol inospi ropyrans  (ISP).  The lat ter  possess 
e lec t rochromic  proper t ies  z in solut ions of  electrolytes 
when they  are exci ted by an external  electr ic field, i.e., 
thei r  absorpt ion  spectra  in the  visible region change 
reversibly due to e lec t rochemica l  redox reactions. We 
found that  S N O  molecules  with piper idine  (1) or mor-  
phol ine  (2) subst i tuents  in the  naphthooxaz ine  fragment 
also manifest  e lec t rochromic  propert ies.  In this work, 
the  ma in  p h o t o c h r o m i c  and e lec t rochromic  propert ies  
of  these molecu les  are described.  
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In  addi t ion,  we studied the e lec t rochromic  propert ies  
of  sp i ronaphthooxaz ines  with the  e lec t ron-accep to r  sub- 
st i tuents (R = NO2, Br) and spi roanthro-  and bis- 
sp i roan th rooxaz ines  whose synthesis ,  s t ructure ,  and 
pho toch romic  proper t ies  have been studied previously. 3A 

Experimental 

Compounds 1 and 2 were synthesized according to the 
procedure described previously 5 and purified by recrystallization. 
All experiments were performed at room temperature. Aprotic 
solvents (DMF, heptane, and toluene without preliminary 
purification) and lithium perchlorate (0.1 M) as a background 
electrolyte were used in the studies of the electrochromic 
properties. Photochromic properties were studied using the 
same solvents and ethanol ("spectroscopically pure"). The con- 
centration of the compounds studied was maintained in the 
range 10-2--10 -3 tool L -1. The prepared composition was cast 
between two glass plates, on the surface of which transparent 
conducting coverings of tin dioxide with a resistance of 
-50 Ohm per square were applied as electrodes. The width of 
the gap between the plates was 0.4 ram, and the difference in 
potentials at the electrodes varied from 2 to 4 V. The 
photochromic properties of SNO were studied in rectangular 
quartz cuvettes 1 cm in width. The photocoloring of the 
solutions was performed by irradiation with a DRSh-1000 
mercury lamp through a combination of UFS-1 and NS-1 
light filters. The quantum intensity of the photoactivating 
irradiation was 3- 10 -5 Einstein (s L) -1, 

Results and Discussion 

Of the compounds  studied, only SNO 1 and 2 pos-  
sess e lec t rochromic  propert ies.  When  the potent ia l  dif- 
ference U = 3+4 V is appl ied to the electrodes,  thei r  
solutions in the  electrolyte manifest  an intense color  at 
the  anode. The color  disappears gradual ly  when the 
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Fig. 1. Absorption spectra of SNO in DMF (I, 2) and in the 
DMF--0.1 M LiC104 system (1, 3, 4): (1) initial state; (2) UV- 
induced colored state; (3) electric field-induced colored state; 
(4) after removal of the electric field. 

voltage is switched off. This process can be performed 
repeatedly. No electroinduced change in the absorption 
spectrum was registered under these conditions for the 
other compounds,  although all of  them are good 
photochromes. 

The absorption spectra of the solutions of 1 in the 
initial, photo-,  and electrochromic states are presented 
in Fig. 1. The long-wave absorption band of 1 in DMF 
in the initial state is observed in the UV-region with 
Lmax = 365 nm. The position and shape of this band are 
unchanged when 0.1 M lithium perchlorate is added to 
the solution as the background electrolyte. 

Compound 1 possesses pronounced photochromic 
properties, i.e., it is transformed under UV-irradiation 
from the initial form (A) to the colored form (B), which 
becomes decolored with the rate constant KT oh under 
dark conditions. Increasing the solvent polarity results in 
a bathochromic shift of  the absorption maximum of 
form B (~Bmax) and in a simultaneous increase in K ~  h 
(Table 1). In such solvents as DMF--LiC104 and EtOH, 
K/ph is so high (because of which, the photo-steady- 
state optical density does not exceed 0.02 in these 
media) that the values listed in Table I only give the 
order of magnitude. Compound 2 behaves similarly and 
therefore will not be further discussed. It should be 
mentioned that the absorption spectrum of form A is 
completely recovered after dark decoloration of the 
photoinduced form B. 

The behavior of SNO 1 differs somewhat in the 
electrochromic process. Before the application of volt- 
age, the absorption spectrum of the initial form in the 
DMF--LiC104 system coincides completely with the 
spectrum of form A in other solvents, while the elec- 
troinduced coloring results in the appearance of a new 

Table 1. Photochromic characteristics of SNO 

Solvent )~Bmax/nm KTP h- I03/s -I  

Heptane 535 50 
Toluene 560 114 
DMF 580 414 
DMF--LiC104 588 1150 
Ethanol 600 1150 

colored form C (see Fig. 1, curve 3), whose spectrum 
does not correspond to form B. In addition, form C 
becomes decolored after removal of the voltage, how- 
ever, the rate constant of this process K ~  = O.Ol s - !  is 
about 40 times less than KT ph. The absorption spectrum 
of the colorless solution (after decoloration of form C) 
does not coincide with that of the initial form A (see 
Fig. 1, curve 4). This suggests that a new form D is 
formed as a result of the electrochromic cycle. Multiple 
application and removal of the electric voltage show that 
only forms D and C participate in subsequent electro- 
chromic transformations. 

The differences between the spectral and kinetic 
characteristics of photochromic reactions and those of 
electrochromic reactions may indicate that despite the 
qualitative similarity of the processes of photo- and 
electrocoloring, the corresponding mechanisms of the 
formation of the colored forms are essentially different. 
The results obtained allow us to state that, like for all of 
spironaphthooxazines studied previously, the photo- 
chromic transition of compound 1 to the colored state is 
caused by the dissociation of the C- -O  bond in the 
naphthooxazine fragment of the molecule to form the 
planar structure B (see Ref. 1), which absorbs in the 
visible spectral region. 

The following considerations can be applied to the 
electrochromic behavior of 1. First, we used aprotic 
solvents in all of the experiments, which excludes electro- 
chemical protonation reactions from consideration. 
Second, the coloring appears directly at the anode of the 
electrochemical ceil, therefore, the formation of the 
colored form C seems to be caused by the oxidation of 
the original structure 1. Third, of all of the SNO studied 
only 1 and 2 possess electrochromic properties, which 
most likely reflects the participation of the lone electron 
pair of the N atom of the substituent in this process. 

The available data do not allow us to state unambigu- 
ously that the spiro-bond dissociates after oxidation to 
form a planar structure as has been previously suggested z 
for ISP. More detailed studies are necessary to establish 
the nature of forms D and C. The experiments per- 
formed have shown that the photochromic processes are 
caused by the dissociation of the C- -O  spiro-bond and 
the electrochromic processes are caused by the ioniza- 
tion of the SNO molecule. 
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