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Photophysical and Photochemical Behavior of the Three Conformational Isomers of
trans-1,2-di(2-Naphthyl)ethene in Nonpolar Solvent
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The combined temperature and excitation wavelength effects on the photophysical (fluorescence quantum
yields and lifetimes) and photochemical behavior of the rotamer mixtutean&1,2-di(2-naphthyl)ethene
(trans2,2-DNE) has been investigated in nonpolar solvent. By using a refined procedure of the principal
component analysis (PCA), applied to the fluorescence spectra of the rotamer mixture, the spectral properties
and the relative abundances of the three distinct rotamers at room temperature were derived. Furthermore,
the rate constants of their radiative and reactive processes were obtained, so suggesting a complete picture of
all of the deactivation pathways of the lowest excited singlet state dfréims-2,2-DNE rotamers.

Introduction SCHEME 1

Flexible molecules containing double bonds, as 1,2-diaryl- O
ethenes, can be found in fluid solution as a mixture of different
conformational geometries (rotamers) that exist in dynamic O N O
equilibrium in the ground stafe? In the excited state, the O ‘
interconversion among the rotamers is often too slow compared O \ - O
to the other deactivation channels of the lowest singlet and triplet
excited states leading to noninterconverting excited rotamers trans-2,2’-DNE (B} trans-2,2’-DNE (C)
(NEER principle$ with different structures and spectral, photo- scprans, s-cis e, el
physical, and photochemical properties. Consequently, one can \\‘ /
observe a dependence of the photophysical and photochemical
behavior of the rotamer mixture on the excitation wavelength
) 90

Kinetic (KFA)* and/or statistical (PCA-SM¥ procedures OO h
were used to obtain the spectral (excitation and emission spectra)
and photophysical (fluorescence quantum yields and lifetimes) trans -2 -DNE (A)
properties of the pure rotamers by analysis of fluorescence ’
spectra of their mixtures.

In fluid solution at room temperaturérans-1,2-di(2-naph-
thyl)ethene ffans-2,2-DNE) results to be a mixture of three
rotamersP:5¢.79 whose excitation and emission spectra were d
derived by Saltiel et al. by a PCA-SM treatment of the
fluorescence spectra measured as a function,gft different
oxygen and CGl concentration8.Evidences for at least two
rotamers have also been found in the excitation and emission
fluorescence spectra tfans-2,2-DNE in crystalline matrixes
at 4 K10 The trans— cis quantum yield of the rotamer mixture

(¢e—c) was found to be afunqtlon of temperature in methylcyclo- This KSFA procedure is here applied to the fluorescence and
hexane/2-methylpentane mixtures (MCH/2MPynd the fluo- : : S .
trans— cis photoisomerization of rotamer mixtures toins

rescence decay was expressed by a sum of at least tWO2,2’-DNE as a function oflexc and temperature in nonpolar
exponentials at room temperatie.

solvent. The derived photophysical and photochemical properties

We were intrigued by these interesting results, which are ot e three conformational isomersteins-1,2-di(2-naphthyl)-
nevertheless widely incomplete, because the excited-statéginene are reported.

properties of the distinct rotamers were not derived. The aim
of this paper is then to extend and complete the study of the
spectral, photophysical and photochemical behavior of the
rotamer mixture in order to derive all of the kinetic parameters  The compound investigated (see Scheme 1) was kindly
supplied by the late Professor E. Fischer. The solvent used was
*To whom correspondence should be addressed. E-mail: faby@ & Mixture of methylcyclohexane/3-methylpentane (MCH/3MP,
phch.chm.unipg.it. 9/1 viIv); some measurements were also carried out in isopentane,

of the deactivation processes of the lowest excited singlet state
of the three rotamers dfans-2,2-DNE.

A combined kinetic and statistical procedure (KSFA) has been
eveloped, based on the analysis of fluorescence (spectra,
guantum yields and lifetimes) and photoreactive properties of
the rotamer mixture as a function #§«. and temperaturg!!

This method allows us to obtain the spectral and photophysical
properties of the distinct rotamers and also their fractional
contributions in the Sstate, which are necessary to derive a

complete picture of their deactivation channels.

Experimental Section
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TABLE 1: Excitation Wavelength Effect on the B
Fluorescence ¢¢) and trans — cis Photoisomerization ;)
of the Rotamer Mixture of trans-2,2-DNE in MCH/3MP at
293 K

Aexc (nm) 4_5F br—c
313 1.0 0.040
355 0.84 0.060
366 0.73 0.059
374 0.70 0.14

TABLE 2: Fluorescence Decay Parameters of
trans-2,2-DNE at Different Excitation and Emission
Wavelengths in MCH/3MP at 293 K&

Aexc(NM)  Aem(nm)  Te(NS) 7 (NS) twe2(NS)  Trs(ns)  %(2)
330 >34 4.4 1.9 7.1 20
340 355 5.4 1.9 7.4 35
368 >380 1.9 1.3 2.2 84
372 >380P 1.9 1.3 2.3 75
376 >380 1.7 1.5 2.0 39
378 >380P 1.6

aThe corresponding weight (%) is also reporte@btained by using
cutoff filters.

toluene, tetrachloromethane (G;land 1-bromonaphthalene
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Figure 1. V,, V3, andV, eigenvectors of therans2,2-DNE matrix,
obtained from a set of fluorescence spectra in MCH/3MP at 293K as
a function of dexc

2.2 ns, differently from previous results, which showed a
monoexponential decay (2.1 and 1.7 nd&at of 369 and 373

(Br-naphthalene). All of the solvents were from Fluka chemical NM, respectivelyy?
of RPE grade and purified by standard procedures. The solutions The present analysis of the fluorescence decay curves allows

were deaerated by purging with nitrogen.

Because the trans cis photoisomerization was found to be
peculiar to the C rotamer dfans-2,2-DNE at least at room
temperature (see below), thg_. experimental values were

us to assign the longest-livedr§) component to the hypso-
chromic component (rotamer A), wheregs and the shortest-
lived lifetime (zr;) are assigned to the B rotamer and the
bathochromic C rotamer, respectively.

corrected taking into account the fraction of absorbed quanta  The dependence @ andey -c on Aexe May be explained by

by the other rotamers (A and B conformational iSomers, See he presence in fluid solution at room temperature of a mixture

Scheme 1) at the used excitation wavelengths and temperaturesyt rotamers; consequently, the- values can be expressed (eq
The uncertainty in the reported parameters is about 10, 5,1y a5 the sum of the contribution of each rotamer to the

and 7% forgc, fluorescence quantum yielg), and lifetime
(zr), respectively.

PM3 semiempirical molecular-orbital calculations were per-

formed using HYPERCHEM software. The geometry of the

substrates was optimized using a 3-21 ab initio method

photoisomerization from the following:

g’tﬁc(/lexc) = z[fi(j'exc) ¢t—'c,i] (1)

(Gaussian 9432 The transition energies and oscillator strengths where the subscriptrefers to the A, B, and C rotamers and the

were calculated by the ZINDO module (INDO/1 method) of
the CERIUS 3.8 (MSI) packagé?

Other experimental details of the fluorimetric and photo-
chemical measuremedtsand of the PCA fluorimetric proce-
duré®1! are reported elsewhere.

Results and Discussion

The experimental fluorescence and trangis photoisomer-
ization quantum yields dfans-2,2-DNE depend ofdexc at room
temperature in MCH/3MP: in faeir changes from 1.0 to 0.70
at Aexc Of 313 and 374 nm, respectively, whereas, changes

from 0.042 to 0.14 at the same wavelengths, respectively (see

Table 1).
Photophysical Behavior.Poli-exponential fluorescence decay
curves were obtained and analyzed as a functioiegfand

Aemat room temperature (see Table 2) in order to obtain (a) the

contribution of each rotamer [%)] to the total decay, whose

value also depends on the relative position of their absorption

fi(dexd Values are the fractions of excited molecules belonging
to each species. Similarly, the fluorescence quantum yield of
the rotamer mixture can be expressed as

(EF(/,{exc) = z[fi(lexc) ¢F,i] (2)
The fraction of excited molecules of each rotamer can then be
related to the respective fractional contributiofi@ex) derived
by a statistical analysis of the fluorescence data as a function
of dexc (s€€ below) by

Xi (Aexc) &F(’lexc) = fi(]“ex& ¢F,i (3)
To obtain the Xi(Aex), fi(dexd, and ¢r; values, the KSFA
procedure was applied to a series of fluorescence spectra of
dilute solutions (absorbance0.08) oftrans2,2-DNE in MCH/
3MP at room temperature, obtained as a functioi.@fin the

and emission spectra, and (b) the lifetimes of the comporents. 280—380 nm region. The.emission intensities were thg elgments
Owing to the complexity of this system, useful information was ©f @ 51 200 data matrix. The PCA-SM procedure indicated

obtained by selective analysis of the fluorescence decay of the@nly three significant components by using the NIPALS
rotamer mixture. The fluorescence decay was found to be @lgorithm with cross-validatory estimation (CVE; double cross

biexponential aflexc < 360 Nm with short (1.9 ns) and longer
(7.2 ns) lifetimes in agreement with previous resfit&xcitation
at the long-wavelength edge of the absorption badagd & 360
nm) led to a biexponential decay witlr; = 1.4 ns andrg, =

procedure}®

Figure 1 shows the three significant eigenveciysV;, and
V,, which account 99.86% (97.57, 1.91, and 0.38%, respec-
tively) of the total variance of the measured spectra.
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T v T TABLE 3: Calculated and Experimental Energies of the §
2,2'-DNE(A) State and Oscillator Strengths f) of the Three Rotamers of
trans-2,2-DNE

absorption emission

2 energies energies

expt calcd expt expf
rotamer (nm) (nm) f (nm) (nm)

2,2-DNE(A) 282 1.07
314 358 361
329 328 0.006 378 382
345 345 1.46 400 404
356" 424 423
+ 2,2-DNE(B) 282 1.05
2,2"-DNE(B) 316" 302 0.30 368 371
328 0.008 389 392
340 353 1.05 412 415
2 358" 449"
366"
2,2-DNE(C) 281 1.28 377 38
325h 328 0.013 399 401
348 358 1.06 423 421
370

a Present work, by PCA-SM procedufePresent work, by INDO/1
method.c From ref 5c.

Fluorescence intensity

t ' } The ratio between the fractional contributions of each
2,2'-DNE(C)

componentXi(lexd, and the respective normalization factor,
N(Zexd, Xi(Aexd/N(Lexd are given in Table 4 at eadly., together
with the experimentadr(Lexd values. The distribution of the
Xi(Aexd/N(lexd Vvalues, as a function ofey, represents the
excitation spectrum of each pure rotamer (see Figure 2).

The absorption properties of the three rotamersanis2,2-
DNE, derived by the PCA procedure, are shown in Table 3
together with the excitation energies and oscillator strengths for
the singlet states, calculated by the ZINDO module (INDO/1
method).

. S , ) For all of the three conformers, these calculations show an
300 400 500 ethenic nature of the first excited singlet state and a naphthalenic
character of the Sstate with low oscillator strength. In contrast,
A (nm} CNDO/S calculations showed that the two rotamers of the
Figure 2. Normalized excitation (curve 1) and emission (curve 2) asymmetric analogueréns2-styrylnaphthalene) have a dif-
fluorescence spectra of the three rotamersaris-2,2-DNE in MCH/ ferent character of the;State: Ly and (L,—By) for the longer-
3MP at 29?1 K, as derived Iby the PCA-SM method. The dashed lines |iying and more stable (B rotamer) and short-lived (A rotamer)
;%%rcetfaerr‘itcth; ierffheé'zzn:‘f 3e5)(50|rt1?12)02n(§t(13r;(eexc3l%%% iﬁ')srs(')?:ré‘é"r‘;"’e 4 species, respectivel. The derived excitation spectra of all of
respectively. the three rotamers s.how a strong band in the-&b nm _
spectral region, with little vibrational structure. Furthermore, it

The fluorescence spectra of the three rotamers, as derivedseems to be due to a combination of two main overlapped bands.

by eq 4 The first one, more intense, located in the 3@%0 nm region,
— _ _ is probably of ethenic type, owing to the characteristic vibronic

S=aVet AVt Y, ) structure withAv = 1450 cnt?, as shown by the excitation
are shown in Figure 2. The coefficients of the pure components spectrum of the A rotamer (see Figure 2). The second one is
(i, i, andy;) were derived from the procedure described in a Observed at the onset (36870 nm) of the spectra. This hidden
previous worké The emission maxima of the conformers are band could be of naphthalenicglor mixed (Ls=—B.) type, as
shown in Table 3. The emission spectrum of the bathochromic previously found fotransn-StNs (see below) The excitation
species (C rotamer), derived by the PCA-SM procedure overlapsand emission spectra of the A conformation are blue-shifted
that obtained by selective excitatiotuf. = 380 nm; see Figure  With respect to those of B and C, in agreement with the previous
2), so supporting the reliability of this statistical procedure. The results obtained im-hexane matrix at 4 K?
energies of the emission spectra, found for the three rotamers, The lack of Stokes shift between the 0,0 energies of the S
are in good agreement with Saltiel’s results obtained by the S; transitions for all of the three rotamers is in agreement with
PCA-SV proceduréeven if, in the latter case, the distribution the very low values of the dipole moments eféid S, obtained
of the intensities is a little different, particularly for the C by calculations (about 0.002 D).
rotamer. The PCA-SM procedure was also applied to an input matrix

The fluorescence spectrum of all of the three rotamers (8 x 200), generated by a set of fluorescence spectra recorded
displays the same vibronic structure with a progression of aboutas a function ofiex in the 365-380 nm range. Only two
1450 cml. The structured emission spectra indicate that the significant eigenvectors (components) were obtained, which
fluorescence originates from a relaxed “quasiplanar” geometry. account for 99.39% (97.40% and 1.99%, respectively) of the

Mo
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TABLE 4: Fluorescence Parameters oftrans-2,2-DNE in TABLE 5: Temperature Effect on the Photophysical
MCH/3MP at 293 K from the KSFA Method as a Function Properties of trans-2,2-DNE(A) in MCH/3MP 2
Of Aexe _ T(K) s e A (NS) ken (1P S 1)
dr XaN  Xe/N XN fa fc
293 0.252 7.2 1.39
A-exc (nm) (lexc) (}-exc) (/‘Lexc) (/,Lexc) (;Lexc) (leXC) ¢FB 220 0.272 6.2 1.61
280 1.0 3.75 7.48 1.31 0.299 0.179 1.14 200 0.278 5.7 1.75
282 1.0 417  7.39 1.15 0.328 0.157 1.13 175 0.284 4.9 2.05
284 1.0 4.64 7.57 1.02 0.351 0.133 1.11 150 0.291 4.4 2.27
286 1.0 453 7.43 1.03 0.349 0.136 1.11 120 0.299 3.7 2.70
288 085 3.70 6.95 1.02 0.269 0.128 0.84 77 0.309 2.8 3.57
290 1.0 291 6.13 0.952 0.291 0.164 1.12 . .
292 1.0 247 5.50 0.836 0.280 0.164 1.12 aThe kF.A values were obtained by:A(T) = l/TF,A(T), belngqu,A =

294 1.0 239 5.19 0.722 0288 0.50 1.11 1 (seetext).

296 10 263 482 0.647 0325 0.138 1.11 . . .
208 10 295 412 0579 0386 0131 112 Calculated by using eq 3. ASfi(lexd = 1, the introduction of

300 1.0 315 360 0556 0431 0131 1.13 thedra, ¢rc, andXi(lex) values in eq 3 allowed the fractions
302 1.0 353 3.74 0.577 0.450 0.128 1.13 of the excited molecules of the three rotamers andthevalues
304 10 377 394 0.597 0.454 0.124 112  at eachle to be derived. The latter are reported in Table 4,
306 10 410 419 0676 0457 0129 113  jth their mean value being 0.9% 0.12.

308 1.0 454 459 0701 0.462 0.122 1.12 : . .
310 10 511 497 0778 0471 0124 113 The relative absorption specti(lexd Ci/C, calculated from

312 1.0 570 532 0844 0480 0.122 1.13 ¢€(exd andfi(lexd values by eq 5

314 10 6.05 564 0901 0481 0124 1.3 ~ ~

316 1.0 597 569 0817 0478 0.112 1.11 €i(Aexo) Cl[€(Aexd Tl = fi(Aexo (5)
318 10 591 593 0825 0467 0112 1.11

320 0.97 566 5.99 0.925 0.437 0.124 1.05 are shown in Figure 3.

322 095 566 6.13 0.987 0.421 0.126 1.00 The radiative rate constant of the three rotamers was derived
324 092 592 626 0987 0414 0119 0936 | the relationshipke =

326 090 629 640 0999 0413 0113 0889 N € EN 168¢f‘1/TF‘; S'm'tl)?r.vagjis ct’:]l'iXBlOS’d
328 088 673 649 103 0415 0109 0.841 0> 1U,and4.lx 1U7S=were obtained for the A, b, an

330 089 7.16 6.86 0934 0426 0095 0853 C rotamers, respectively, (see Table 6). The value of the
332 0.89 6.80 6.93 0.956 0.412 0.100 0.860 radiative parameter of A a, is lower (about three times) than
334 0.85 590 6.78 1.02 0.366 0.108 0.800 those of B and C, also if the more stable A rotamer has the
ggg 8-32 2-%‘ g-g 1-82 8-2‘2% 8-%3 8-25 most planar conformation. This unexpected result suggests that
: : ) : ‘ ) : in this “quasiplanar” conformer the fluorescent state has a
340 094 471 7.34 1.30 0.332 0.157 1.01 . .
342 094 487 7.21 1.27 0.343 0.154 1.01 naphthalenlc l?..Chaf:aCter. The Iarge O_.C:CIHa'EOF Strength of the
344 094 510 6.90 1.25 0.362 0.152 1.01 S — S transition is then due to a vibronic coupling of an
346 090 499 6.37 124 0356 0.152 0.926 allowed S state into the lowest forbiddeh.p* statel” As a
348 091 469 6.03 135 0354 0176 0967 consequence, its oscillator strength markedly depends on the
350 091 391 576 132 0324 0188 0978 energy gap between the two lowest excited singlet states.
352 0.86 2.67 541 1.21  0.247 0.193 0.893 he i ion in th deri fth ited f sinal
354 085 183 508 119 0192 0215 0.899 The inversion in the ordering of these excited states of singlet
356 0.82 179 401 1.08 0.189 0.197 0.843 multiplicity in the A rotamer is supported by the effect of solvent
358 0.73 138 474 113 0.139 0.196 0.718 polarizability [evaluated from the refractive indem) as: os
360 070 0948 3.96 0744 0.118 0.159 0679 = (n2 — 1)/(n& + 2)] on its absorption spectrum (see Figure

362 0.73 0.374 3.44 0.767 0.060 0.210 0.751 17-19 i i iti
364 073 0112 391 0678 0020 0214 0.765 4). Whenos increased, a red shift of they S S, transition

366 0.73 292 0.568 0205 0769 Was observed, whereas the-$, energy gap decreased and

368 0.69 2.72 0.793 0269 0730 the §—S; transition became more evident in the excitation of

370 0.70 1.36 0.882 0.474 0.808 A rotamer. TheAE(S;—S;) value shows a linear trend witly

372 0.70 0.598 0.734 0.665 0.938 (inset of Figure 4). Interestingly, such a correlation allows the

g;g 8-;2 8223 8-223 8;2}1 é-égo experimental conditions (solvent, temperature) to be found at
: ‘ ‘ : : which the inversion in the nature of the lowest excited state

378 0.61 0.0083 0.205 1.00 . . .

380 0.58 0.0083 0.149 0.95 occurs. For this conformer, it correspondsag> 0.486, in

agreement with the Muszkat results, which award an ethenic

total variance of the measured spectra, in agreement with thenature to $ of the more stable A rotamer in hexane matrix at
result that the A rotamer does not absorbilgg = 365 nm. 4 K10
This mathematical procedure of the PCA method, based on the Furthermore, the fluorescence lifetime of this rotamer shows
Lawton—Sylvestre nonnegativity constrairftgjelds the same  an “anomalous” dependence on temperature, because it de-
spectral properties for the B and C rotamers, thus supporting creases with temperature below 250 K (see Table 5). These
the reliability of the two PCA-SM methods. findings indicate that th&- values increase at lower tempera-

From eq 3, it is possible to obtain the relative absorption tures, beingpe o = 1 already at room temperature. When the
spectrum of each rotamer if tlfe; values are known. Excitation ~ temperature changed to 77 k; » increased more than 4 times,
at the extreme tail of theans-2,2-DNE absorption spectrum  reaching in rigid matrix a value similar to that found for the B
(Aexc = 380 nm) where the A and B rotamers do not absorb and C rotamers, whose; State has a “quasipure” ethenic
(see Figure 2) allowed the fluorescence quantum yield of the C character, in agreement with the fact that their radiative rate
rotamer (0.58) to be obtained. By eq 3, thi€lex) values of parameters are practically independent of temperature. Table 5
Table 4 in the 366376 nm region were then derived. Because shows the trend of the radiative rate constant of-RRE(A)
avalue of 1.0 was assumed for the fluorescence quantum yieldwith os in MCH/3MP at different temperatures. In fact, a
of A, on the basis of ap value of 1.0 in the 286318 nm decrease of temperature leads to an increasg,diecause of
spectral range, alsfa(dexg in all the spectral region could be  an increase of refractive index.
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Figure 3. Experimental absorption spectrunflex) of trans-2,2-DNE in MCH/3MP at 293 K and relative absorption spectra of the A, B, and C
rotamersgi (dexd G/T (i = A, B, and C), as derived by the KSFA method.

Fluorescence Intensity

| A H .

300 320 340 360 380 400 420
A (nm)

Figure 4. Normalized excitation spectra tfans-2,2-DNE(A) in solvents of different polarizability (1, isopentane; 2, MCH/3MP; 3, toluene; 4,
CCly; 5, Br-naphthalene) at room temperature. InsS®E(S,—S,) plot as a function of solvent polarizability.

The nonlinear trend of thig- o values withos is in agreement derived from the ratiogg o(A)cal/[€0,o(B)cs] andeg o B)cs/[€0,0-
with the dependence ds on the S—S, energy gap K= O (C)cc], estimated from the relative absorption spectra of Figure
AE(S1—S) 72, as found for diphenylhexatriete!® and di- 3, and by eq 6. From the Boltzman distribution (neglecting the
thienylpolyeneg?# entropy term), the enthalpy differences among the rotamers were

An estimate of the standard enthalpy for the-AB — C obtained (see Table 6). The results show that the B and C
interconversion in the ground state can be obtained by assumingconformational isomers afans-2,2-DNE lie 1.8 and 4.6 kJ
that the Franck Condon envelopes of the first absorption band mol~! above the A rotamer, in reasonable agreement with
system (from §to S, and $) have similar shapes in the three  previous G-INDO calculations®

rotamers. It is to be expected from the radiative lifetime  ppotochemical Behavior. The trans2,2-DNE shows
relatiorf® that photoconversion to the cis isomer by direct irradiation in fluid

o o solution at room temperatufé2The trans— cis photoisomer-
€0,o(A) € o(B) ~ Teg°ltep® = Ppp Trel[drs Tral - (63) ization quantum yieldg,., depends orex: (See Table 1) and,
€0d(B)eg o C) ~ Teclteg’ = dep Tedl[dec Teel  (6D) |7n)agreement with previous result&on temperature (see Table

The relative abundances i .60, 0.29, and 0.11 for the A, On the basis of a negligible; S~ T, intersystem crossing

B, and C rotamers, respectively, at room temperature) were thenprocess fotrans-2,2-DNE (¢isc < 0.001%! and of unitary value
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TABLE 6: Photophysical and Thermodynamic Parameters 2 . ' T ; . . r
of the trans-2,2-DNE Rotamers in MCH/3MP at 293K,
Obtained Using the KSFA Method 1 1At—>p,C =3x10" §! 1
parameter DNE(A) DNE(B) DNE(C) 1k AE, ¢ =263 k] mol™ J

b 1.0 0.97 0.58 — ]
7r (NS) 7.2 2.1 1.4 -
ke (10° s74) 1.4 4.6 41 ' of J
relative abundance ineS 0.60 (0.533 0.29 (0.303 0.11(0.17%) _e._‘!
AH(S) (kJ mol) 1.8(14% 2.8 (15} 3

aFrom ref 20. = Ak 4
TABLE 7: Temperature Effect on the Fluorescence Lifetime
of the Rotamers and on the Photoisomerization Quantum
Yield of the Rotamer Mixture of trans-2,2-DNE (¢—c) in 2k 1
MCH/3MP at Jex. = 313 nntt . ‘ ) '

T (K) e 7e1 (NS) 762 (NS) Drcc 28 32 36 4.0

248 0.0077 0.088 1T (10° K"

273 0.016 2.2 7.6 0.15 . .

285 0.033 21 7.9 0.30 Figure 5. Plot of eq 8 for the C rotamer in MCH/3MP.

298 0.040 1.9 7.7 0.33 L .

323 0.072 21 7.2 0.41 TABLE 8: Klnetlp and Arrhenlus_ P_arameter_s and Quantum

348 011 23 6.4 0.44 Yields for Radiative and Nonradiative Deactivation of the

354 ' 20 58 ' trans-2,2-DNE Rotamers in MCH/3MP at 293 K

aThe correctedy—. for the C rotamerd:—c ), derived by eq 8, are paramater DNE (&) DNE (B) DNE (C)
also reported at the explored temperatures. Prc 0.011 0.25

1 T

for (¢ + apr—c), Wwherea (about 0.5; for review articles, see 1§%ﬂ()1(l(§1~]3 Sm,?)r ) 41'3 Zg.g
ref 22) is the decay fraction from the perpendicular singlet kFt(lFba s 14 46 41
configuration to the cis isomer in the ground state, the 1k_,(10¥s?) 0.022 6.0
photoreactive process is assumed to proceed through a diabatic
singlet mechanism. The corrected—c c values at the explored temperatures are

At any temperature and excitation wavelength, the trans  also reported in Table 7. These values were derived by eq 7
cis quantum yield of the rotamer mixtuge.c(Aexs T), Can be and from theg.. a(T) values, derived by the relationship
expressed by eq 7:

1
- - =o k. T =
¢tﬁc(/1excf T) = Z[fi(/lexc’ T) ¢tﬁc,i(T)] (7) ¢[ CVA(T) kt pA(T)J.AtFA(T) e.AET /RT) (T) (10)
o AL A EX - T
Because in a nonpolar solvent at room temperature the radiative pA SXP PA A
process is practically the only deactivation pathway of the S 54 from thefi(Lexo T) Values {= A and C; see eq 5), obtained

state for the A and B rotamerg{= 1 for these conformational by the AH(S;) values of Table 6, considering the molar

isomers, see Table 6), C is the photoreactive species. Considerjsomtion coefficients temperature-independent in the explored

ing the fraction of the quanta absorbed by the C conformation temperature range. The temperature dependence afc

at the exploredex; one obtains the corregi values of this  jqjcates the presence of an activated reactive process for this
rotamer. A mean value of 0.26 0.05 was obtained fap;—.cc rotamer.

in MCH/3MP at room temperature; it results to be independent A rnaniys parameters of 3.0 1013 s and 26.3 kJ molt
of Adexa SO supporting our assumption t_hat this I_ess planar \yare derived from the plot of eq 8 (see Figure 5)%¢-, and
geometry is the only responsible for the cis production at room AE,.,, respectively, for the C rotamer. A previous value of
temperature. 10.5 kJ mot? for the activated torsional processtodns-2,2-

Temperature EffecTable 7 shows the dependencedpf. DNE had been roughly derived by an Arrhenius-type plot of
and fluorescence lifetimes on temperature. The/alues are a  1he experimental photoisomerization quantum yields of the
mean of the B and C lifetimes, because they are not separable qiamer mixture against temperatiéfe.

by a three exponential treatment of the decay curves owing 10  inatic ParametersTable 8 collects the photophysical and

the complexity of the system, assigned to the A rotamer,  ,ntochemical parameters and the rate constants of the deactiva-
was independent of temperature up to 320 K; at higher tjon hrocesses of the; State of the three rotamers tans
tempera}ures, it decreased with increasing temperature, thusZ,Z-DNE in a nonpolar solvent. The radiative process is the
suggesting the opening of a reactive pathway to the S otimportant deactivation pathway for the more planar A and
deactivation O.f this rotamer. ) B conformations. The reactive process becomes competitive with

The Arrhenius parameters of thgans*— ‘perp* activated o ragiative one for the C rotamer at room temperatkre €
gorsional process in the; State can be derived by eqgs 8 and/or 1k ) Owing to a lower torsional barrier respect to those of A

: and B.

Infodd, . —11=In(ke 'A )+ AE._/RT (8 The § — T, intersystem crossing and the S S internal
[0/ i — 1] kel A B ®) conversion processes are negligible for all of the three rotamers,
In(Lre () — e o™ =In'A . —*AE.__/JRT (9 as previously found for the naphthyl analogde¥
e Fi) A Eepi ®) Even if the radiative rate constant is largel® s-2) for all
A frequency factor!A.p, and an energy barrietAE; .p, of of the three rotamers, the nature of thejrs$ate is different:
4.9 x 108 s71 and 41.2 kJ malt, respectively, were obtained in B and C, $ has a (,—B.) character, whereas in the A
by eq 9 for the A rotamer. rotamer, at room temperature and in solvents of low polariz-
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ability, S; has a naphthalenicplnature. The largée value, barrier was found for A (41.2 kJ mol) relative to C (26.3 kJ
derived for A, is then due to mixing between an allowed S mol™Y), in agreement with a fast photoisomerization of the latter.
state of (Ls—By) nature and the lowest forbiddény* state, as The radiative process is the main deactivation process of the
previously observed for the s-trans conformatiotrahs-1-(2- S state for the more planar geometries (A and B) in nonpolar
naphthyl),2-phenyletherié. solvent at room temperature, whereas the-S S internal

The rate parameters of the activated torsional process wereconversion is a negligible process for all of the three isomers.
derived by eqgs 8 or 9. For the more stable A rotamer lkhg,
value at room temperature is much lower than that of the  acknowledgment. This research was funded by the Min-
radiative rate constant, in agreement with the scarce role of itsistero per I'Universitae la Ricerca Scientifica e Tecnologica
reactive process. On the contrary, the C rotamer shotks.a (Rome) and the Perugia University in the framework of the
value similar to its radiative parameter, SO indicating that the Programmi di Ricerca di Interesse Nazionale (Project: Mech-
geometry of the excited singlet state can play a relevant role in anism of Photoinduced Processes in Organized Systems). A

driving the deactivation of the;S$tate of these conformational
isomers though radiative and/or reactive pathways.

Conclusions

Excitation wavelength and temperature effects on the spectral,

photophysical, and photochemical propertietaifs2,2-DNE
confirmed the presence of conformational equilibria in the

ground state in a nonpolar solvent at room temperature. The

useful application of the KSFA method to the fluorescence of

grant from the Italian Consiglio Nazionale delle Ricerche
(Rome) is also acknowledged. The authors are grateful to
Professor U. Mazzucato for stimulating discussions and D.
Pannacci for his technical assistance.
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