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o Absorption and ﬂuorescence -spectra of glassy solutions of some trans-stilbenie:like molecules were found to differ 1 :
" markably provided frans-diarylethylenes were obtained: ‘photochemically at.77 K in-situ. The phenomenon has been rat

: nalized as being die to the productron of n¢ n-equrlxbnum concentrations of conformers (rotamers) in view of* the fTestric<
o tmns nnposed by thc solad matnx. L s :

mat:onal (rotatxonal) isomerism in molecules of dxaryl
 ethylenes have been demonstrated in our earlier publi--
; catnons { l—-4] The spectroscopic consequences of

amic conformational equilibria between two or
,:hree’nearly isoenergetxc conformers (rotamers, §
; isomers) in dmrylethylene solutions have been con-
| firmed, specified, and discovered fo; a number of re-
+lated compounds wi*4 a flexible molecular structure, i
¢ both by luminescent [S—10} and pho*ochemical -

. T11,12] methods. Most detailed information has beenf T
vaccumulated for the compou.rd Ph-2N I [5 7-9 12] L The s

" by thefacts that @no expenmental eviderice hasbeen
- provided so  far for the existence of the third conformer
- of compound T1, which was tentatively explamed un-’
. der the assumption of identical photophysrcal prop
o ties fora pair of conformers [5]; (if) subsequent me
o ‘surements [5] have not conﬁrmed earlier. observatrons

0 STt s [1,2] of the dependence of the fluorescence spectra of
,For this compound photophzsical properties of’ con- 5‘:‘\ - 1l on the waveleaigth of excitation, which colld be
formers Ia and Ib were separated {5,9], and equilib- - 'ratlonahzed either by almost identical photophysi
- rium-¥atios of conformer concentrations were estab- * . properties of all three conformers of 11, or by th
shed within a wide temperature range {9]. Similar, = ~ absence from solution of these conf(mnersm view ¢
4ough somewhat less extensive, information can also -‘»the steric hindrance mvolved [S)
e found in the literature [1—13] for naphthy}ethyl e

o In the present paper, we shall provrde ni w spec :
enes I1.(2N-2N). and [T (IN-1N), whrch are shown o troscopxc data for compounds 1111, which will be T8
%elow in three poss ble cor formatlo ek :

: tlonahzed w:thm the fmmework of coafonnational
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1sornemsm mamfested in the emlssmn spectra of tﬁ@

T compounas studied.

_2.'“E‘:V<'periment'al

; T he’experimen'ts were carried out in frozen ethanol
solution at 77 K. Cis isomers of 1-phenyl-2-(2-naph-

thyl)ethylene (I, Ph<2N), 1,2-di-(2-naphthyl)ethylene

~ (1, 2N-2N) and 1,2-di-(1-naphthylethylene (I1I,

- IN-1N) were synthesized and purified asreported else-
where [13], extreme care being taken o exclude fwr

. purities which could be responsible for part of the

.+ emission: Concentrations were 10~4—10~3 M. Emis-"

- sion and absorption spectra were measured in quartz
cells of 2 mm optical pathlength with a standard grating
- - spectrofluorimeter (SDL-1) and spectrophotometer ;
. (Unicam SP- 800) respectwely All spectra are uncor-

. reuted

* Emission measurements were taken at rlght angles
upon excitation by Zltered irradiation of wavelength

NE 313 nm from a 250 W Hg arc lamp, and/or A = 337

nm irradiation from a nitrogen laser. The cis—trans
photoisomerization was initiated by filtered irradia- -
- tion at A = 240—390 nm with a total intensity of 1016
- quanta cm~2 s~1 #om the Hg lamp; the conversion
rate was monitored from the trans-isomer fluorescence
mtenslty in liquid solution [13]. Fluorescence decay
curves were measured as descnbed prevlously [4]

3. Regults * nd discussion
" ‘Upon 5 min irradiation of freshly prepared frozen

solutions of cis-diarylethylenes at A = 240350 nm
(absorption spectra I in fig. 1), these were converted -

into corresponding trans molecules (absorptmn spec-

- tra2infig. 1) dus to photochemical cis—trans isomeri-

zauon in the glassy matrix. :
‘The absorption and fluorescence spectra (2and 2;

respectively) of photochemically produced trans mole-

. cules-at 77 K were found to be essentially different from ..
. the absorption and fluorescence spectra (3and 3, re-

.‘ specuvely) observed from samplesgrepared in the

“usual” way, ie. by dissolving the corresponding trans
compounds in ethano! and subsequently cooling to
77K.Control expenments showed that the “unusual”

’»'spectra 2and 2 take their “usual” appearance 3and 3
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‘when photochermca]ly prepared solid solunons are
subjected to warming to room temperature and then
cooling again to 77 K.

It may therefore be concluded that trans-dxaryl
ethylenes may be present in solution at least in two
different forms. One, henceforth referred to a “equi-
librium™, is attained upon “usual” preparation of
glassy solutions, while the second, cailed “non-ecui-
librium”, results from the photochemical cis—trans
isomerization in a solid matrix at low temperature..

- The effects observed are discussed below for each
compound.

Ph-2N, I (fig. 1a). The ﬂuoresceqce spectrum of
trans-I has been shown [5,9] to be comprised of super-
- positions of two distinct spectra, vibrationally well
‘ resolved at —185°C. These were assigned to conformers
Tagnd Ib: the “long-\" conformer with fluorescence
decay time 7; ~ 4 ns, and the “short-\" conformer

" .- with 75 ~ 23 ns [5,9]. The contribution of each of

these to the overall spectrum is dependent upon the
excitation wavelength, A, [5,9], and on the tempera-
ture. [9]. An almost pure “long-\" spectrum (with 7 1)
isexcited at A, =360nm [5,9]. Since the energy Lar-
rier between conformers TaandIb hasavalue of ~140
cm—1! [9], the equilibrium Ia = Ib is shifted toward
the “short-\” conformatlon (with 7,) at low tempera-
- ture: C/Cy =0.07 at 77 K and 0.48 at room tem-
- perature [9]. .
The direction of changes upon going from the

* “non-equilibrium” to the “equilibrium” spectrum may

be determined from the change in the A= 355nm -

©" peak, which is assigned [5] to the “short-X"" con-

former (with 7,), and in the X = 430 im peak belong-
ing to the “long-\"” conformer (with 7,) {cf. fig. 2b in
ref. [§ }) Asseen from fig. 1a, on going from the spec-
‘trum 2" to the spectrum 3', the intensity of the A=
'355.nm peak is increased, whﬂe that of the A=430
nm is decreased. Therefore, upon repeated freezing
the equilibrium is shifted in the direction

“long-\ conﬁguration‘ ().

> “short-A" configuration (72); )

¢ N .
i.e. the ratio C}/C, is decreased. This conclusion is

supported by decay-time measurements for “equilib-
rium” and “non-equilibrium’” fluorescence, observed
at Ao, = 430 nm (fig. 2). The fraction of long-lived

“short-A”, conformers is clearly seen to be enhanced



E;ume 10“1, number 6

-CHEMICAL PHYSICS LETTERS

4 Novembe‘fi'9>83 e

Absqrbance .

N |

_ Fluorescence intensity / arbitrary units

. 2560 300

pon repeated freezing of 2 photochemxcaﬂy prepa.red ‘

olution of trans-I in glassy ethanol.

The changes observed in the absorption spectra 2
nd 3 also indicate a decrease in the C; /C, ratio, these
hanges becoming clear when the publiahed [9] sepa-

ate abgprp"tion spectra of “short-A” and long-\”’ con-

, 380 400 4
Lg 1. Spectra 1: absorption of initially prepared solutions of cis- dxarylethylenes in ethanol at 77 K Spec!ra 2 and 2 Absorp-

son and fluorescence of pho tochemically prepared solutions of trans-diarylethylenes in ethanol at 77 K. Spectra 3 and 3'r Ab-
;lethﬂ and fluorescence of solutmm of trans-dxarylethylenes after repeated treezmg to 77 K No correcnons have been made in
Le fluorescence Spectra and Agy = 313 nm. - :

" formers of Ph-2N are taken into éécéunt -

500 nm -

These data may be explained as follows: Upon irea-
diation at A= 240—-390 nm, us~molecu1es of I undergo B
cis--trans photoisomerization, thus giving some. dis
tribution between conformers la and Ibof the trans

oy molecules of I, which happens to. be non-ethbnum e
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- .j.Fig, 2. Fluorescence decay curves for trans-l (Aey = 337 nm,
Aem = 430.nm) in ethanol at 77 K, 0: Excitation pulse from

- nitrogen laser, Agy ¥:337 nm, 1: Photochemically preparc 1
- solution. 2: After rep ated freezing.

* due to the common action of low temperature and ’
_ microviscosity of the medium. When the solution is
" thawed, all restrictions are removed, and upon freez-

" ing the equilibrium mixture of conformers is attained

" in solution at 77 K. . . S :
2N-2N, Il (fig. 1 b). The fluorescence spectra of I
. have also been reported [5] as being a superposition -

of two well-resolved spectra at —185°C. These are as-

signed to two of the conformations Ila, ITb and/or
He: a“long-\” conformer with 7y=73nsanda
“short-""" conformer wiih 75 = 2.2 ns. Nevertheless,

- the “non-equilibrium™ fluorescence spectrum 2" ap-
 pears to be almost structureless. For tkis particular

. .-case, we tend to believe that trans molecules are re-

. markably distorted by the solvent cage. Upon repeated
 freezing, the spectrum 3/, displays distinct structure,
“which may be regarded as an implication that,ina

. new solvent cage, trans molecules become more planar.
-~ The appearance of a peak at A = 360 nm, assigned to

~ the “short-\"’ conformer (75 = 2.2 ns), implies that

- this conformer has a lower energy. From the changes -
" in the absorption spectra 2 and 3, it follows that the -
- “short-\" conformer of II has a more structured ab-

sorption spectrii. R : .
- IN-IN, HI (fig. lc). For this compound, a pre-
.. viously reported [1] strong Aoy depend-nce of the

- fluorescence spectra was not later confirmed [5]. This .

° inconsistency derived from the presence of non-
" luminescing impurities in the solutions used in our -
.- eXperiments. The absence of a X-exﬁdependence may
- now be accounted for zither by small differences be-
-tween the luminescent properties of conformers.I¥a,

- Hib and Illc, or'by the entire absence of these con. -

: '5961 -
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- formations in view of the steric hindrances involved

[5]. However, the data presented in fig. 1c support
the conception that these conformations do exist, and
that their spectral features can be separated.
Comparison of the/absorption spectra 2 and:3 im-
plies that, upon repeated freezing, the absorption spec-
trum of the solution undergoes a remarkable red-
shift. To be consistent with the above considerations,

“this shift may be regarded as being the result if an

equilibrium shift towards a “long-A” conformer of ",
‘which therefore has somewhat lower energy. Compari-
son of the fluorescence spectra 2’ and 3’ shows that
this is accompanied by an increase in the total fluc-
rescence inteasity. Since the optical density at A, =
313 nm is clearly decreased, it should be concluded
that the fluorescence quantum yield for the “long-A”
conformer of III is considerably larger than that or
th% “short-A” conformer, although their spectral dis-
tributions are almost coincident. These particular fea-
tures rationalize the absence of a X, dependence for
solutions of trans-II1, but at the same time manifest
the occurrence of some equilibrium between confor-

-mations of trans-If1. Howe ver, it should be kept in

mind that these conformations may turn out to be
non-planar, in contrast to those existing in solutions

- of trans-I and trans-II.

The effects observed for IN-1N seem to be Simﬂzir
in nature-to these ohserved [1 4,15] for trans- and cis-

. stilbenes. When these molecules were made planar by

attaching hydrocarbon bridges between aryl fragments,
a sharp increase in the fluorescence quantum yields -
was observed for the non-flexible ['anar molecules
formed. ' e w

4, Conélusioﬁs

Upon photochemical preparation of trans-diaryl-
ethylenes I-I1I in glassy-solution at 77 K, non-equi- -

librium concentrations of conformers may be Teadily .

obtain,ed.\ Upon repeated freezing, an equilibrivim dis-
tributwon is established which is manifested in-changes

in 'thev‘absorption_ and emission spectra. |
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