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Abseact Different kinds of semi-empirical quantic calculations have been used 
to model the lower electronic transition of photomerocyanines issued from 
photochromic spirooxazines and chromenes. PPP-MO leads to satisfying 
correlations between experimental and calculated kmax of an extended set of 
compounds. This interesting result allows to predict with a good assumption the 
effect of a given substitution on the electronic absorption. In contrast, all valence- 
electrons methods gave deceptive results as well concerning the value of the A- 
as concerning the substituent effect on the shift of this h-. It is suggested that a 
precise study of the fundamental and excited reaction pathways of the 
photochromic process could bring decisive informations about the modelling of 
the electronic absorption of the colored forms of spirooxazines and chromenes. - 

Photochromic spirooxazines and chromenes are of particular interest for the design of 
variable optical transmission materials due to their intense colorability and their good 
fatigue rcsistance.1 For this kind of application it is necessary to cover whole the visible 
spectrum using a small number of compounds. The developed color upon UV 
stimulation depending markedly on the substitution of the molecules, 2-6 methods able 
to predict the electronic absorption spectra of the colored forms of spirooxazines and 
chromenes would be of considerable interest to extend the available range of colors but 
also to design new photochromic pigments. 
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The building of such theoretical 

H,Fl&H,: kma , 

scheme 1 

models needs, for standardization, reliable 
experimentaldata. In order to acquire a better understanding of the structure and 
substitution effects on the color of photomerocyanines, we synthesized a series of 
photochromic compounds and studied their photochromic characteristics. *-9 Completed 
by literature data, 5 ~ 6  a large set of experimental absorption wavelengths for 
spirooxazines and chrornenes are available. In scheme 1 are reported the different 
compounds used to investigate how some theoretical methods could give a correct 
description of their spectroscopic characteristic. 5-,5'-,6'-,8'-,9'- substituted 
spiro[indoline-naphtoxazines] and benzo- or heterwycleannulated spirobenzoxazines 
lead to photomerocyanines with visible absorption ranging from 538 nm to 666 nm in 
non polar solvent (toluene) or polymer matrix. In the chromene series, 3-methyl-3- 
phenylnaphthopyran, substituted-3,3-diphenylnaphtopyrans and benzo -or 
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heterocycloannulated benzopyrans allow to create a large range of visible absorption for 
activated forms, from about 400 nm to 600 nm. 

The knowledge of reliable geometries of the studied compounds are also needed to 

perform modeling calculations. As well for the photomemyanines of spirooxazines as 

pQ - y d = =  
-0 RZ 0 

miltarionic quinoid 

scheme 2 

for the photomerocyanines of chromenes, two geometries corresponding to extreme 
resonance formula can be considered (scheme 2). Depending on the z-electron 
repartition, a zwitterionic and a quino'id representations are possible. For both series 
experimental results show that, especially in non polar solvent, a quino'id representation 
is more reasonable. Solvent effects on electronic absorption undergo a positive 
solvatochromism, 8, 10-12 i.e., the maximum of the absorption band undergoes a red 
shift from non-polar to polar solvents. This behaviour indicates that the ground state is 
less polar than the excited state. A quino'id-like structure has been confmed for a 
permanent open form of a spirooxazine by X-ray diffraction study.12 

A complication in carrying out calculations on photomerocyanines of this type is due 
to the existence of different geometrical isomeric forms. In the oxazine series it has been 
proved by semi-empirical calculations, 13914 ab-initio calculations, 15 but also by NMR 
15916 and X-ray diffraction experiments 12 that one transo'id isomer is more probable. 
For that reason our different calculations were worked out on this isomer for the 
spirooxazine series and on the equivalent isomer of the 3,3diphenylnaphtopyan series 
(scheme 3). For the latest, we confirmed by semiempirical calculations (PM3) the best 
stability of this isomer. Moreover we can point out that, if the open form of 
spiro[indoline-naphtoxazines] is quasi planar, in contrast the open form of the 
chromenes exhibit two phenyl groups twisted out of the mean plan defined by the 
quinoYd moiety. 

scheme 3 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
2:

09
 2

0 
A

ug
us

t 2
01

2 



244 3001 .4. SAMAT et 01. 

Theoretical electronic transitions have been calculated with the help of various quantic 
semi-empirical methods. It is well known that x-electrons methods lead to convincing 
results concerning the prevision of color of dyes. l7 PPP-MO method was recently 
applied to few spirooxazines by Christie et a1 who obtained promizing results. 18 
Besides this program, we used also all-valence electrons methods especially devoted to 
electronic transition calculations. In this work are presented results obtained in the frame 
of CNDO/S19, INDOl (ZIND0)20 and methods included in AMPAC21. For 
geometries optimizations we used both molecular mechanics through the GenMol 
p r o d 2  and also quantic semi-empirical methods (AMPAC). 

SULTS AND DISCUSSION 

PPP-MO program was applied to twenty two compounds of the spirooxazines series 
and ten compounds of the chromene series. In the last cases we have forced the two 
phenyl groups to planarity even if this conformation is not reasonable regarding the 
steric constraint. On the other hand we adjusted valence state ionization potential and 
electron affinity values of the nitrogen atom of the azo-methine bridge of the open forms 
of sphoxazines to have a better agreement between calculated and experimental values. 
Good relationships between experimental and theoretical wavelengths of absorption 
have been found : correlation coefficients are respectively 0.96 and 0.99 for 
spirooxazines and chromenes (Figure la). Moreover, if substituted spiro[indoline- 
naphthoxazines] and annulated spirobenzoxazines are considered separatly, correlation 
is better (Figure lb). Those interesting results allow a reasonable evaluation of the effect 
of a given substitution on the electronic absorption of photomerocyanines. For instance, 
using the found correlation between experimental and calculated values for substituted 
spiro[indoline-naphtoxazines]&xp (nm) = 1.672 &dc (nm) - 376) we can predict the 
effect of substituents linked on the 5'- to 9'- positions of the quino'id part. 
Experimentally, we have shown that a CN group in the 6'-position shifts the Xmax to 
641 nm (in toluene) instead of 594 nm for the unsubstituted parent compound. 
According to calculations the shift would be greater (Amax = 661 nm) for a 6'-N02 
substitution. If two electronwidthdrawing groups (CN or N@) were placed on both 5'- 
and 6'-positions, the shift would be over 700 nm. On the other hand, the association of 
an electron-donnor substituent (OCH3) linked on the 7'- or 8'-position with a cyano 
group on the 6'-position would increase the bathochromic shift. These projected data are 
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FIGURE l a  

Correlations between 
experimental and calculated 
(PPP-MO) absorption 
wavelengths of 
photomeroc yanhes: 
spirooxazines (+) and 
3,3-diphenyl-naphthopyrans 

FIGURE 1 b 

Correlations between 
experimental and calculated 
(PPP-MO) absorption 
wavelengths of 
photomeroc yanines : 
substituted 
spiroindoline-naphthoxazines] 
(8) and annulated 
spirobenzoxazines (+) 
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due to the enhancement, by this kind of substitutions, of the charge transfer occuring 
from the indoline ring to the quinoYd patt during the electronic transition. 
All valence4ecmns methods like CNDO/S and INDOl ax normally able to calculate 

electronic spectra of planar or non planar molecules and the effect of all structural 
modifications can be taken into account. 
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FIGURE 2 

Correlations between 
experimental and 
calculated (CNDO/S) 
absorption wavelengths of 

spirooxazines (m) and x 
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We applied CNDO/S to twelve ~pirooxazines1~ and thirteen chromenes using two 
different'set of parameters (Ohno and Mataga). 80 CI were included. Figure 2 
summarizes data obtained with the combination (GenMol geometry, Mataga 
parametrization) giving the less deceptive previsions. For spirooxazines we showed 
previously 14 that the theoretical values are very far from the experimental values 
(around 400 nm for calculated and 600 nm for experimental) and moreover the 
substituent effects are not correctly modeled especially for substituents giving high shifts 
of the Xma. The same kind of the results is obtained with chromenes, showing the lack 
of any correlation. 

The INDO1 method seemed to be very attractive regarding the absolute value of the 
calculated X m a  of the unsubstituted spiro[indoline-naphthoxazine] (calc. = 585 nm, 
exp. = 594 nm). In fact, the A- value depends markedly on the number of introduced 
CI, and the best results are obtained if only 6 CI are taken into account (3x-occupied 
MO and 3x-unoccupied MO). A bathochronic shift is effectively calculated with a cyan0 
group in the 6'- position, (hmaxcalc. = 620 nm, hmaxexp. = 641 nm) but a 
bathochromic shift is also predicted with a 6-OCH3 group instead of an hypsochromic 
shift (A-calc. = 614 nm, L m e x p .  = 554 nm), preventing any other prevision. 

Finally, concerning all valenceelectrons methods, we used the different programs of 
the AMPAC package (MNDO, AMl, PM3) introducing ten CI. Combination of 
different optimized geometries with different hamiltonians, applied to a set of twenty 
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Seven photomerocyanines of spirooxazine and chromene series leads to bad results. The 
best correlation coefficient obtained between experimental and calculated L- are 0.76 
for spirooxazines and 0.65 for chromenes. The substituent effects, as for the previous 
all valencwlectrons methods were not correctly modeled with a gap of + 1 1 % to 
- 49 % compared to experimental values. 

CONCLUSION-PERSPECTIVES 

At this stage of the study we can conclude about the evaluation of electronic transitions 
of photomerocyanines of spirooxazines and chromenes by quantic semi-empirical 
calculations : 

- PPP-MO gives interesting correlation between experimental and calculated Amax 
and previsions of the developed color are possible. But application is limited to planar 
molecule and to a set of Ic-conjugated substituents. Nevertheless it is the first time that 
predictions can be made on a large scale in the field of photochromic compounds. 

- Whole semi-empirical calculations involving all valence-electrons leads to 
unworkable results. Two reasons can be put forward : excited states are uncorrectly 
calculated or the chosen conformation of the photomerocyanine is not the good one, or 
both. A confirmation seems to be brought by an unexpected relationship we found 
recently 23 between 2.- of photomemyanines of spiro[indoline-naphthox-es] and 
the electronic charge of the C-2' of the spiro form. If the electronic transitions were 
related to the variation of the electronic distribution on the naphthoxazine part, one could 
expect the same kind of relationship with the electronic charge of the 2'-carbon atom of 
the open form. We have checked the lack of such a correlation using semi-empirical 
calculations (AM1, PM3). This means, perhaps, that the supposed structure of the 
photomerocyanine is not correctly modelled and then the electronic transition is not 
calculated from the best conformation. In fact it would be necessary to know the 
photochromic reaction pathway involving both singlet excited state for the opening and 
ground state for the closure. We have to know the potential surface of the S1 state to 
look for particular conformations corresponding to minimum energy along the surface. 
Calculations using PM3 method with the options TS (Transition State) and Intrinsic 
Reaction Coordinate are in progress. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
2:

09
 2

0 
A

ug
us

t 2
01

2 



28/[304] A. S A M  A T  er ul. 

ACKNOWLEDGEM ENT 

We are grateful to Pr. J. Griffiths (University of Leeds, UK) for supplying us the PPP- 
MO program and helpful suggestions. This work has been financially supported by 
ESSILOR Int. (France) and PFG Ind. (USA). 

REFERENCES 

1. J.C. Crano, W.S. Kwak, C.N. Welch in "Applied Photochromic Polymer Systems", 
Ed. C.B. Mc Ardle, Blackie , Glasgow and London (1992). pp. 31-79. 

2. P. Tardieu, R. Dubest, J. Aubard, A. Kellmann, F. Tfibel, A. Samat, R. 
Guglielmetti, Helv. Chim. Act& 25 , 1 185 (1992). 

3. P. Lardginie, A. Samat, R. Guglielmetti, fIeterwvclic Commun,, 1, 119 (1995). 
4. J.L. Pozzo, V.A. Lokshin , R. Guglielmetti. Mol. Cyst. Lia. Cry&, 245, 75 

(1994). 
5. M. Rickwood, S.D. Marsden, M.E. Ormsby, A.L. Staunton, D.W. Wood, J.D. 

Hepworth, C.D. Gabbut, Mol. Cryst. Lia. Cryst , 
6. B. Van Gemert, M. Bergomi, and D. Knowles. Mol. Cryst. Lia. Cryst .. 246,67 

(1994). 
7. P. Lareginie, Dissertation, Marseille, France (1995). 
8. J. L. Pozzo, Dissertation, Marseille, France (1994). 
9. V. Lokshin, K. Chamonan, A. Samat, R. Guglielmetti, to be published. 
10. J. L. Pozzo, A. Samat, R. Guglielmetti, D. De Keukeleire, J. Chem. SOC. Perkin 

11. G. Favaro, F. Masetti, V. Mazzucato, G. Ottavi, P. Allegrini, V. Malatesta, L 
12. P. Lardginie, V. Lokshin, A. Samat, R. Guglielmetti, G. Pi?pe, J. Chem. SOC, 

13. V. Malatesta, L. Longo, R. Fusco, G. Marconi, Mol, Crvst. Lia. Cryst .,m. 235 
14. H. Pommier, A. Samat, R. Guglielmetti, M. Rajzmann, G. Pepe, Mol. Crvst. Liq, 

15. S. Nakamura, K. Uchida, A. Murakami. M. hie, J. Ore . Chem..s. 5543 (1993). 
16. N. L. Zaichenko, A. V. Lyubimov, V. S. Marevtstev, M. I. Cherkashin. Izv. 
17, J. Griffiths, Chem. Bn 'tain, 997 (1986) and 742 (1987). 
18. R.M. Christie, C.K. Agyako, K. Mitchell, Qyes and PimnentSB, 241 (1995). 
19. J. Dcl Bene, H. H. Jaffe, J. Chem. PhvL, a, 4050 (1968). 
20. M. C. Zerner, Department of Chemistry, University of Florida, Gaineville, Florida 

3261 1. ZINDO, a general semi-empirical program package. 
21. J.P.P. Stewart, J. ComD. -..JQ, 209 and 221 (1989). 

23. P. Ladginie, A. Samat, R. Guglielmetti, J. Phgs. Or& Chem,, 2. 262 (1996). 

17 (1994). 

Trans. 2, 1327 (1993). 

Chem. Soc. Faradav TranL , B. 333 (1994). 
Perkin Trans. 2 , 107 (1996). 

(1994). 

Cryst.. 246, 241 (1994). 

Akad. Nauk. SSS R. Ser. Khim., 5, 1040 (1989). 

22. G. Pepe. D. Siri, sfibaies Phvs. Theor. Chent, II, 93 (1990) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
2:

09
 2

0 
A

ug
us

t 2
01

2 


