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Photochromism of a Novel Class of Spiroindolines:
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The photochromism of a new class of spiro compounds (spiro[cyclohexadieneindolines) has been studied by
UV and visible stationary photolysis and laser flash photolgis=(266, 353, and 532 nm). In analogy to
spiropyrans, isomerization to ring-opened compounds (merocyanines) and formation of spiro compound triplets
has been found. Visible light illumination of the red merocyanines regenerates the original spiro compound.
Since in liquid solutions decomposition reactions compete with the recyclization, under these conditions only
three switching cycles could be verified. In the case of spiroindolines embedded in a polyethylene matrix
after five cycles, no decomposition has been observed. The photoisomerization process has been found to
proceed via the first excited singlet states of the spiro compounds and merocyanines, respectively. Quantum
yields of all reactions and spectra and extinction coefficients of the spiro[cyclohexadieneindolines] and of
their isomerization products (merocycanines) are given.

Introduction Ar H Ar’

Photochromism is a phenomenon which is of great interest Oél'u..

because of its manifold technical applicatid#s. For about — -
the last 40 years, i2-1-benzopyransspiro condensed with Ar
another heterocycle in position 2, have been known to undergo
a reversible photoisomerization and have been intensely stud-
ied#> In the case of the spiro[indolineg-21-benzopyrans]l
where this heterocycle is an indoline system, the UV irradiation R’ R’
gives the colored merocyanirZawhich can be recyclized with 2
visible light or with heat to the original spiro compounds (eq 3
1)267 Ar  Ar
00 XNV
R
SN=\ A
® Me Ar
Me
R’
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To prove this hypothesis, laser photolysis and stationary
photolysis experiments with the spiro[cyclohexadieneindolines]
3 has been performed? In this paper we report the photo-

2 chromic properties of these compounds in detail.

Recently a novel class of spiroindolines, the 6-aroyl-3,5- Experimental Section

d_iarylspiro[cyclohexa—Z,4-d.iene-.1;mdolines]3, were synthe- The photolysis experiments were carried out at (298) K
sized by diastereoselective ring transformation of 2,4,6- yjth N,-saturated solutions, which in the case of pulsed
triarylpyrylium salts with 2-methyleneindolinés.Their elec- photolysis were continuously flowing through the sample cell.

trocyclic ring opening should lead to the merocyanideghich

ﬁre Vir:‘y'F’gs of thehmertr)]cyanirlﬁ (Cfl' ﬁq 2()1', H?ngel,g;e intense light of a Xenon high-pressure lamp (XBO 450 W,
Kpoltdeslls ar(;]s_te)_ t st t E spl_ro[cyco exadienendol s] Osram). Ultra violet and visible spectral ranges were selected
should also exhibit photochromic properties. by using a bandwidth filter UG11(= 250—-390 nm, maximum
15* Iljnsotlgga3 01;_ O_rga_micGChemistry, University of Leipzig, Permoserstrasse ELSt?)?ysr};n)the;ngu?\?tzeggﬁs ggﬁ[aligrlcifwzgf’;r‘?esgarr]nn;)lésé\tt;:e tdhi?ectly
, D- , Leipzig, Germany. > )| ’ ¢
€ Abstract published ifAdvance ACS Abstractdfay 1, 1997. positioned in the UV-vis spectrometer (Shimadsu UV-2101).

Stationary Photolysis. The samples were illuminated with
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TABLE 1: Structure and UV —vis Spectral Data of the Spiro[cyclohexadieneindolines] Taken in Cyclohexane
Ar Ar’
H

3 Ar Ar’ R R Ama{nNM ez/dm® mol~tcm™?!

a Ph Ph Me H 311, 323 9500, 35900

b Ph 4-MeO-CgHq Me H 315, 266 (sh), 257 (sh), 249 13 100, 31 000, 34 300, 37 400
c Ph Ph Me NQ 400 (sh), 389, 338 (w), 257 8 600, 10 100, 5 100, 16 800
d Ph 4-Br—CgHg4 Me H 316, 257 11 300, 36 000

e 4-Br—C6H4 Ph Me H 310, 262 10 900, 56 700

f Ph Ph Me Br 316, 263 (sh), 255 9 200, 28 800, 34 500

g Ph Ph Ph H 314, 290, 252 20 000, 25 000, 47 200

Laser Flash Photolysis. Experiments were carried out with
a perpendicular probe excitation arrangement. The solutions
were photolysed in a full quartz system using the different
harmonics { = 266, 355, and 532 nm) of a Quanta Ray GCR-
11 N YAG laser (Spectra Physics, Inc.). The optical
detection system consisted of a pulsed 900 W Xenon lamp
(XBO 900, Osram), a Spectra Pro-500 monochromator (Action
Research Corp.), a 1P28 (RCA) photomultiplier, and a TDS
640 (500 MHz) Tektronix digitizing oscilloscope; details are
given inref 11. The overall time resolution of the system was
5 ns. |

Actinometry. The following substances were used as a0 o s eoo
references for the actinometry for the stationary, as well as for
pulsed, photolysis:

oD /cem!

A/nm

Figure 1. Development of absorption spectra during UV illumination
12 of a 0.1 mM solution of3a in cyclohexane: dashed line, original
A =266 nm, aqueous Kl, ® = 0.22; spectrum of3a; full lines, illumination effect. The time dependence is

7€y ) = 10 600 dnimoltem™13 demonstrated in the left part of Figure 2.

Leuna) was used as a solid matrix. The spiro[cyclohexadi-

€10d€on ) = 2200 dnimol ™t cm ™t eneindolines]3 were synthesized as described in a previous
paper®
A=355nm, benzophenoned =1, Results and Discussion

1 _ —1 —1 16
€sa T) = 7220 dni mol™* cm The spiro[cyclohexadieneindoline3given in Table 1 were

used for our photochromism studies.

A =532nm, Ru(bpyCl, ®= 1Y Except fqr th_e nit_ro-substitut(_ad_ compoursd, the_ spiro-
_ _ [cyclohexadieneindolines] have similarly shaped optical absorp-
€36('T) = 17 000 drimol t cm ™ * : ; : ;
36 tion spectra. Figure 1 (dashed line) shows the absorption
spectrum of3a. The spectroscopic data of the other substances
6390(1-|—) = 1850 dnm¥ mol *cm ! used are given in Table 1.

Stationary Photolysis. When a very dilute solution o8a
was illuminated in cyclohexane with UV light, the original
spectrum of the spiro compound (Figure 1, dashed line) changes
by shifting to the visible range. After illumination &a for
60 min, an equilibrium betweeB and4 is reached in which a

The extinction coefficients were determined by relative acti-
nometry, i.e., by comparing with similar absorptions of the
references. In some casewas determined from the photonity

dependence in case of saturation beha¥iofhe laser photonity red colored compound dominates, the possible merocyaaine

was measured by an appropriate device. This spectral change is shown in Figure 1, whereas Figure 2

HPLC Separations. The chromatographic separations were jjystrates the time dependence of the illuminations. After
made at a Hewlett Packard HP 1050 machine with detection reaching the equilibrium state, the sample was illuminated with
by UV—vis spectroscopy. Using a silica gel column (LiChro- yisible light, and hence, the starting spectrumBafhas been
CART 250-4 HPLC cartridge LiChrospher Si 60un, Merck). mainly reproduced (Figure 2, right part), slightly superimposed
A mixture of n-heptane and tetrahydrofurane (4:1, viv), with jth the spectrum of a side product. After repeating the UV
addition of 0.5% dichloromethane, served as a mobile phase.and visible illumination cycles three times, the red absorption

Chemicals. The solvents cyclohexane, acetonitrile, ethanol, of 4ais reduced to about a third of the original value.
n-heptane, and tetrahydrofurane were used in spectroscopic A formal analysis of the time dependence of the VIS
quality (Aldrich). Actinometer standards were of p.a. quality. photolysis part in Figure 2 results in two exponential time laws,
A nonstabilized polyethylene of LDPE type (Mirathen Al 23KA,  Kgpruto = 1.6 x 1072 st and ks pruto = 3.5 x 103 s~ We
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08 TABLE 2: Retention Times tr of the Corresponding Spiro
and Merocyanine Forms
uv Vvis
os L spiroindoline tr/Min merocyanine tr/min
- 3a 5.55 4a 5.73
' 3b 8.06 4b 8.10
B o4 b 3c 10.40 4c 8.30
5 3d 4.89 4d 5.42
a 3e 431 de 4.46
° w2k 3f 5.76 4f 5.66
39 6.46 49 6.83
4g 6.29
ey ! ! L TABLE 3: UV —vis Spectral Data of the Merocyanines 4
° o 0 20 400 GO 8OO compound JmadnM e/dm? mol~t cm?
_ _ t/s 4a 493 7600
Figure 2. Time dependent changes of the 480 nm band: left part, 330 (sh) 13 200
UV light illumination of 0.1 mM solution o3ain cyclohexane (spectral 272 22900
effects, see Figure 1); right part, bleaching of the merocyanine by visible 4b 490 7 350
light illumination. 355 (sh) 15 400
315 20 000
267 29200
8 4c 406 15 500
¢ 358 12 800
295 (sh, w) 12 400
260 21400
4d 503 5000
335 (sh) 9300
310 (sh, w) 10 500
273 17 400
4e 506 7900
342 14 200
275 31100
Af 487 5800
0 323 14 000
T s = T B 285 19 400
2 3 4 5 6 7 8 270 (sh) 19 200
tg/ min 4q 475 5500
342 17 100
Figure 3. HPLC chromatogram of an UV-illuminated (60 min) sample 272 36 300
of 3d detected at = 255 nm (full line) as well as at = 500 nm 4g 475 15 000
(dashed line): 4.89 peak due 30, 5.42 due todd. 350 (sh, w) 14 000
275 35000

explain these time constants as being caused by the reconversion o )
reaction 3 and the decomposition reaction 44af (4.89) and that of4d (5.42) can be well distinguished.

The described photobehavior of the spiroindoline/merocya- Furthermore, the clear separation enables the recording of the

nine pair3a4ahas been observed also for the other compounds SPectra of the merocyanines and the determination of optical
listed in Table 1. Onlyag differs a bit. Here, visible light data (extinction coefficients and quantum yields), conversion

causes primarily red coloration with subsequent complete ates, and the characterization of byproducts. ,
Table 2 shows the retention times of the spiro[cyclohexadi-

decomposition. ‘ : >
eneindolines3 and of the merocyanineé Table 3 presents
4+hv. —3 ©) the characteristics of the UWis spectra of the merocyanines.
vis In the case oBg, two isomeric merocyaninety and4g with
— products 4) different HPLC retention times but very similar JWis spectra

seem to exist.

Generally, distinctively from spiropyrans, all the studied Laser Flash Photolysis. To learn more about the mechanism
spiroindolines3 exhibit no thermal back-reaction analog to of the photoisomerization of the spiro[cyclohexadieneindolines],
reaction 3, at least not measurable in liquid solution. In solid we performed UV (266 and 355 nm) and visible (532 nm) laser
solution as, for example, in polyethylene matrix, the photo- flash photolysis experiments with detection by time-resolved
chromic behavior of the spiro[cyclohexadieneindolines] was optical spectroscopy. Generally, no fluorescences could be
found to be quite similar to that of those in liquid samples. The observed in the nanosecond time range, which is analogous to
back-reaction 3, however, proceeds photolytically as well as the spiropyrang?20
thermally, in the latter case over a time period of days. Through absorption spectroscopy, it has been found that all
Distinctively from liquid samples, after five illumination cycles observed signals were formed within the time resolution of the
no decomposition reaction 4 has been observed. laser system of about 5 ns. But there is a marked influence of

Despite the relative instability of the merocyanines, in most different solvents on the transient spectra. Hence, by flashing
cases it was possible to separate the components of thecompounds3 with cyclohexane as the solvent, the pure
illuminated samples o3 or 4 by the HPLC technique. In our  merocyanined spectra are detected that were already known
system, the spectral detector enabled detection at differentfrom the steady-state experiments. This can be seen for the
wavelengths as well as recording of the whole-tXs spectra. example of3ain Figure 4a. In acetonitrile solution, however,
Figure 3 shows a HPLC analysis of a (60 min) UV-illuminated a completely different spectral shape appears (Figure 4b). The
3d sample. Here, the peaks of residual and nonconvedted time behavior of the spectral signals, shows, as expected, that
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A/ nm Figure 5. (a) Transient absorption spectra taken in the 266 nm laser

Figure 4. a) Optical absorption spectrum recorded in the 266 nm laser Photolysis of a 0.05 mM solution dic in cyclohexane: 10 n#), 8
photolysis of a deaerated 0.06 mM solutiorBafin cyclohexane (0.20 ~ #S (©), and 16us (A) after the pulse. The inset shows a time profile
ns after the pulse). The inset shows the time profile =500 nm. (b) at4 = 420 nm. (b) Optical absorption spectra recorded in the 266 nm
Transient absorption spectra taken in the 266 nm laser photolysis of alaser photolysis of a deaerated 0.1 mM solutiorBoin acetonitrile:
0.06 mM deaerated solution &a in acetonitrile: ®) immediately (A) 10 ns and (o) 4@s after the pulse.

(10 ns) after the pulse and aftepss () and ) us, respectively. TABLE 4. Extinction Coefficients of the First Excited

Triplet States of the Spiro[cyclohexadieneindolines ] 3(T1)

the merocyanine absorption with a characteristic maximum at Taken in Acetonitrile or Cyclohexane

A =500 nm is formed rapidly, but remaines stable (Figure 4a).

In acetonitrile another transient dominates the spectrum, having___ compound er/dn® mol™* cm? Ama/NM

a characteristic absorption maximumiat 440 nm and decays 3a 2550 420

with a half-life time of 3.7us. In the longer time range a small 3b 1350 430

absorption of the merocyaninéa remains. Because of its gg ?1?188 f'ég

lifetime, its reaction with oxygen, and its relaxation to the singlet 3e 1850 420

ground state (without any product formation), we assign this 3f 5400 420

species to the first excited triplet state of the spirocompounds 3g 2350 420

3 formed by competition to the isomerization % This 2 Acetonitrile. > Cyclohexane

mechanism can be imagined to proceed via a short-lived first ' '

excited singlet state d3. 3(T1) + 0, — 3(S0)+ O, (6)
3(S0)+ hw —3(S1)— 4 @ The maximum triplet extinction coefficients have been

— 3(T1) (5) determined from the photonity dependence of the triplet

occupation. Using the border line value of photolytic saturation
Except for3c, all other spiroindolines show a quite similar (variation of the laser energy till effect saturation) along with
laser photolysis behavior as that 8. The nitro-substituted known photon fluxes, the triplet extinction coefficients could
derivative3c exhibits an opposite behavior. It forms predomi- be determined® Table 4 gives the experimental determired
nantly the triplet in cyclohexane solution, superimposed to the values.
merocyaninec background (cf. Figure 5a). In acetonitrile the The same procedure has been used for the determination of
pure merocyanine spectrum has been observed (Figure 5b) thasome of the extinction coefficients (fdd,f) of the merocyanine
agrees well with that obtained in the steady-state experiments.formed. Here, the values calculated from steady-state experi-
The best kinetic distinction and identification of the triplet ments (cf. Table 3) could be confirmed.
states of3 is the quenching with oxyge¥. This reaction The laser photolysis at 532 nm of merocyan#egesolution
proceeds for all spiroindoline triplets wity = (1.9 + 0.1) x in cyclohexane, prepared by stationary photolysis results in a
10° dm® mol~1s71, spectrum that demonstrates the depletiodafi.e., its conver-
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Figure 6. Optical absorption spectrum taken in the 532 nm laser
photolysis of a merocyaninga solution in cyclohexane. The solution 0 so 100 150 200 250
has been prepared by 60 min. UV illumination of a 0.1 mM solution t/ns
of 3a. The inset shows a time profile at= 490 nm. n
TABLE 5: Quantum Yields of the Merocyanine Formation b
Reaction 2, of its Photobleaching Reaction 3 taken in
Cyclohexane, and of the Spirocompound Triplet Population
in Reaction 5 taken in Acetonitrile
®3.4/266 355 P, .3/532 Pry/266 355
compound nm nm nm nm nm -
3a 0.020 0.15 0.12 0.25 0.20 %
3b 0.026 0.13 0.071 0.49 0.58 5
3c 0.1® 0.053 0.24 0.56 [e)
3d 0.077 0.24 0.21 0.26 0.46 <
3e 0.056 0.12 0.097 0.20 0.31
3f 0.065 0.17 0.15 0.46 0.75
39 0.045 0.048 0.017 0.72 0.93
3 Acetonitrile.” Cyclohexane.
1 1 1 1 i
sion mainly to3a (cf. Figure 6). This spectrum looks like the 0 50 100 150 200 250
mirror-inverted merocyanine spectrum of the UV laser pho-
tolysis of 3a (cf. Figure 4a). t/ns

The laser photolysis of compound@sit 355 nm gave similar ~ Figure 7. (a) Laser pulse sequence in the two-color experiment: first
results as the 266 nm experiments, at least from the qualitativepulse with 266 nm, second one with 532 nm light. (b) Time profile of
point of view. The quantum vyields differ markedly. For the the 266 nm induced merocyanina formation and its photobleaching
main reactions studied in this paper, quantum yields have beenith a delayed 532 nm pulse.
determined by laser photolysis: formation of merocyanines
(reaction 2) and spiro[cyclohexadieneindoline] triplets (reaction
5) atA = 266 and 355 nm and decoloration of the merocyanine
atA =532 nm. As standards for the actinometry the potassium

iodide, the benzophenone and the Ru(bPl)actinometer have
been used (see Experimental Section). The determined value§ ; . . : ; .
atory ring opening via the first excited singlet state a mero-

are given in Table 5. . . cyanine with a Z),(E),(2)-configuration of the double bonds
Two-Color Flash Phc_)toly5|s. T_o dem_ons_trate the connection (4A) (clockwise rotation) and another with aiE)((E),(E)-
between the UV light induced isomerization ®to merocya-  configuration 4B) (anticlockwise rotation) can be formed
nines4 and its reconversion t® by photobleaching with visible (Scheme 1). For the merocyaninda—f obtained by UV
Iig_ht (switching cycles), we undertook a two-color experiment. jjumination of 3a—f as the single products, the structura
With the fourth harmonic (266 nm) of the Nd:YAG laser the  seems to be more likely since the reaction which proceeds via
spirocompound was isomerized td. About 15 ns later, with an approximation of the less bulky substituents (HsRCHz)
a blanked-out pulse of the second harmonic (532) which has spoyld have a lower activation energy then that one which
been sent delayed to the sam@l&ias been photobleached. This  proceeds via the approximation of the more bulky substituents
is demonstrated on the example3zfin cyclohexane solution. (COAr and CMe) and should so be favored.
Figure 7a shows the sequence of the laser pulses by measuring |t the N-methyl group is substituted by a phenyl ring
of scattered light; Figure 7b §hows the genergtion reaction 2 (compound3g) possessing a higher steric demand, obviously
and the photobleaching reaction 4. For technical reasons, thepoth rotation directions are possible, and hence both merocya-
latter process is not very intense, but is clearly resolved. nines #gand4g) are obtained simultaneously. Since the charge
Analogous experiments with spiropyrans resulted only in a delocalization in merocyanines usually leads to low barriers of
merocyanine isomerization, and no reconversion of the Spiro (E)/(Z)_isomerizatioﬁ7 an interconversion of the two merocya-
form has been foun##2 nines should also be considered. This is really observed for
Structure of the Merocyanines. The ring opening of the merocyanine4g and4g where a photoisomerization could
cyclohexadienes to hexatrienes is well-establisiedf. it is be detected by HPLC analytics.

assumed that by UV illumination an electrocyclic reaction takes
place then the stereochemistry of the merocyanines formed can
be predicted by the WoodwardHoffmann rules2526 Starting

from the spiro[cyclohexadieneindolineg]the structure of which
was unequivocally deduced from a X-ray analysis; conro-
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SCHEME 1

4B

SCHEME 2 Analogous to the spiropyrane literatdfe&?the photoreaction

2 of the spiro[cyclohexadieneindolines] should take place via a
barrier-less photoisomerization on the energy hyper face of the
""" first excited singlet state. The ring opening should be an

A electrocyclic reaction, as discussed in the foregoing paragraph.

hv(V1S) After bond clevage the free molecule ends can rotate, and under

rearrangement of the methine chain a stable merocyanine

i3* _— 4 structure can be generated. The photobleaching of the mero-

cyanines4 should proceed via the already mentioned (s)cis-

Mechanism of the Photoreactions of 3 and 4The reaction ~ isomer, but probably in a more step mechanism envolving an
scheme 2 of the mechanism of the studied photoreactions will intermediate excited singlé4*. The triplet®3* seems to relax
be discussed. The formation of the merocyanines happens viaonly. Decomposition products are formed probably via a
an intermediate first excited singlet stat8*. This is in competing channel to the photoreaction4of The activation
agreement with the WoodwardHoffmann ruled*2¢ predicting barrier for the thermal back-reaction 3 is very high, and
that such electrocyclic, conrotatory reactions proceed via the therefore, the reaction rate is very slow.
first excited singlet state. This state is very short-lived (ref 35,  Role of Solvents and of Solid Matrices.As experimentally
5 ps). The reaction shows no influence of oxygen, even in high demonstrated in the foregoing paragraphs, the solvents strongly
concentrations. This behavior can be purely seen in cyclohex-influence the photoreaction of the spiro[cyclohexadieneindo-
ane. lines]. Except for3c, in cyclohexane all spirocompounés

In acetonitrile as solvent, merocyanideand spiro[cyclo- rearrange to merocyaninds In acetonitrile the formation of
hexadieneindoline] tripletd3* are formed, the latter ones in triplets 33* dominates. In ethanol both processes take place
higher yield. It is obvious that the triplet generation reduces with comparable intensity.

the merocyanine yield, i.e., the singlet state is a common  The merocyanines have a weak polar carbonyl function, and
intermediate. therefore, in the polar solvent acetonitrile after photolytic
Support for this partially speculative argumentation is given cyclohexadienyl ring opening an immediate ring reclosing
by very recent ultrafast fluorescence spectroscopy, exciting the (reproduction of3) can be imagined, reducing the yield 4f
spiroindolines3 with 253 nm quantd® Hence, fluorescence  Furthermore, the marked tripl@8* formation in acetonitrile
of the spirocompounds 3 itself & 350 nm,z = 5 ps), as well should be explained by another reason, namely by the change
as of the photoactive ring deconvolution of the polarized primary of the relative position of the singlet and triplet energy levels
ring opened structure (red spectral rangbgtween 10 ps and by this solvent. Hence, a lowering of tR8* level in respect
1 ns, in dependence on the solvent polarity), is symbolized with to 13* would enlarge the intersystem crossing rate and, therefore,
X# in the center of Scheme 2. increase the triplet yield. Because of the identity of the shape
The solvatochrome influence of the solvents on the fluores- of the absorption spectra of the spiro[cyclohexadieneindoline]
cence of X# and the polarity effects on the fluorescence life spectra in the different solvents used, we interpret the observed
time observed in ultrafast spectroscépgive information on solvent dependent different triplet yields by the mentioned
the stability of the intermediate X#, the probability of reforma- change in the energy level schefié* This argumentation
tion of 13* and, therefore, also for the formation of the triplets should be supplemented by the data of picosecond spectroscopy
33*. This recent results are presented elsewffere. mentioned in the foregoing chapfér.
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In the case of the nitro-substituted compo@aedthe observed extinction coefficients of the merocyanines are relatively small,
phenomena are completely inverted: dominating triplet forma- and (iv) no involvement of triplet states in the merocyanine
tion in cyclohexane is observed, whereas in acetonitrile only formation, the process of photoisomerization proceeds only via
merocyanine has been observed. The introduction of the nitrothe excited first singlet3*. The characteristics of the liquid
group within the molecule effects additional energy levels of state photochromism of the spiro[cyclohexadieneindolines] show
nz" character. Hence, changes of solvent influenced altitude decomposition of the system within some switching cycles.
of these levels and changes in the triplet population efficiency Their behavior in solid matrix (PE) may be more useful.
may be understood.

In the polyethylene matrix the spiro compoun8sare References and Notes
distributed, but no solvation can take place. The transients are (1) Brown, G. H., EdPhotochromismWiley: New York, 1971
formed within the laser pulse time resolution as in the liquid (2) Photochromism-Molecules and Systemérr, H., Bouas-Laurent,

phase. A part of the species decay in some microsecondsH., Eds. Studies in Organic Chemistry 40; Elsevier: Amsterdam, 1990.
interpreted as®3*, the remaining absorption remains stable gg Eil;réheHr. éngem}siggglﬁa éﬁém42;6d952 4522

(as&gngd to meroc_;yanlnes). Unfortunately, because of ac- ) Hirshbérg, v.J. Am. Chem. S0d.956 78, 2304,

cumulating photolysis effects we could not record exact spectra, () Samat, A.; de Keukeleire, D.; Guglielmetti, Bull. Soc. Chim.

but the roughly taken spectra aggree with those of liquid phase.Belg. 1991 100, 679.

The thermal back-reaction (see Scheme 2) is very skgwem v IEY)lEI;B?e:{telson, R. C. IthotochromismBrown, G. H., Ed.; Wiley: New
o 6 el . - o ' : ork, .
=5.2x 10°s™%, corresponding with a lifetime of 2 days) and (8) Zzimmermann, T.; Pink, MJ. Prakt. Chem./Chem. Zt§995 337,
follows first-order kinetics. 368.

Distinctively from the polyethylene (PE) matrix, in course (9) Brede, O.; Goebel, L.; Zimmermann, I.Inf. Rec. Mater1996,

of heating up in liquid phase no thermal back-reaction has been?’gzio) Goebel. L.: Brede, O.: Zimmermann. Radiat, Phys. Chent.996
observed. These obviously different findings may be explained 47, 360 T S ' TS

due to the temperature dependence of the activation barriers of (11) Brede, O.; David, F.; Steenken, B.Chem. Soc., Perkin Trans. 2
the deconvolution of the intermediate X# to the relaxed 1995 23.

: : (12) Iwata, A.; Nakashima, N.; Kusaba, M.; Izawa, Y.; Yamanaka, C.
merocyanine4, and on the other hand due to the reformation -’ Phys. Let11993 207, 137.

of this highly ordered transition state X#, necessary for  (13) CRC Handbook of Radiation Chemistryabata, Y., lto, Y.,
recyclization. Tagawa, S. Eds.; CRC Press: Boca Raton, 1991.
(14) Henglein, A.; Schnabel, W.; Wendenburg,Einfuhrung in die
Conclusions StrahlenchemieAkademie-Verlag GmbH: Berlin, 1969.
(15) Lamola, A. A;; Hammond, G. S. Phys. Cheml965 43, 2129.
The spiro[cyclohexadieneindoline8]studied in this paper Chéﬁ;txuzfr?é”ég-_ Il(/'liarcceellmlslggligrlf 'l-\ile"\:\;’%oﬁ(- Eg‘g%”dbmk of Photo-
show a phot_ochromlc conversion to req colored merocyanines 17) Nagarajan’, V.. Fessenden, R. W.Phys’. Chem1985 89, 2330.
4 (cf. reaction 2), which is photolytically reversible and (18) Lachish, U.; Shaffermann, A.; Stein, G.Chem. Physl976 64,
thermally retarded. Particularly in the laser flash photolysis 4205. _ _ _
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