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At excitation wavelengths in the extreme red onset region ofrtivestrans-1,4-diphenyl-1,3-butadiene (DPB)
absorption spectrum, observed fluorescence spectra are mixtures of contributions-tfeora ands-cis
conformers. Quantitative separations of the spectral mixtures by use of a chemometric method make it possible
to determine relative fluorescence contributions and fluorescence quantum yields of DPB conformers as a
function of temperature. Enthalpy differences of 1.9 and 2.3 kcal/mol are obtained for the ground state
conformational equilibrium of DPB in methylcyclohexane and toluene, respectively. In computational studies,
conformational energies and geometries of DPB are evaluated in termsbfimitio method. The calculated
s-cis—s-trans energy difference is in surprisingly good agreement with the experimental results.

Introduction SCHEME 1

Linear polyenes and diphenylpolyenes have been studied 51 = 51
extensively as models for photobiological systems and novel K 5T(D k,sCT)
materialst Significant progress has been made in the under-
standing of their somewhat unique electronic structures. It is kF,sT| |hvgr Msc| [kesc
generally acceptéd* that the photophysical and photochemical
properties of these molecules are dictated by two low-lying E Kor,ST K
excited singlet stateé®u* and1Ag*, which are one-photon and == So
two-photon allowed, respectively, and that relative energies of So
the two excited states are dependent on the polyene chain length s-trans-DPB s-cisDPB
and on the solvent environment. Raanstrans-1,4-diphenyl-
1,3-butadiene (DPB), available experimental results indicate thatwavelength. The energy barrier separating the excited conform-
the one-photon-allowetBu* state is the lowest excited singlet  ers apparently prevents conformational interconvertions during
state in a room-temperature solution, responsible for both the excited state lifetimes of the conformers. As a result, effects
absorption and emissién® The excited singlet state processes of ground state conformational equilibria on product distribu-
of DPB were studied in the gas phase under isolated moleculartions in the photochemistry of 1,3-butadiene and related
conditions, and the nonradiative decay was attributed to pho- molecules follow Havinga’s NEER (nonequilibrating excited
toisomerizatior:*7# There has also been a number of time- rotamers) principle (Scheme 119
resolved fluorescence and transient absorption studies of DPB Recently, the presence of a ground state conformational equi-
excited singlet state lifetimes under different solvent con- jiprium for DPB in a room-temperature solution and the
ditions#7%13 The solvent dependence of observed nonradia- 4gherence to the NEER principle were established experi-
tive decay rate constants are explained in terms of solvent effectsmenta|ly20-22 following the report of a similar investigation of
of photoisomerization which involves large-amplitude molecular all-trans-1,6-diphenyl-1,3,5-hexatriene (DPP). Because the
motion. equilibrium concentration of the minor conformer is low, the

In addition to photoisomerization, the presence of ground state contribution ofs-cis-DPB to the observed absorption spectrum
single-bond rotational conformers also plays a role in the is small, essentially buried under the intense spectrustrains:
photophysics and photochemistry of polyenes. In fact, ground DPB. Therefore, effects due to the presence of the s-cis con-
state conformational equilibria in short-chain polyenes such as former on observed fluorescence spectra become evident only
butadienes and hexatrienes have received much attention becausghen excitations are in the extreme red onset region of the
of their structural relationships with vitamin-D derivativés-or observed DPB absorption spectréd?2 Fluorescence spectra
1,3-butadiene, the s-trans and s-cis conformers and theirpf the two conformers are also severely overlapping. The
thermodynamic equilibrium have been characterized by different spectral mixtures can be separated into individual conformer
methods!? including semiempirical andb initio calculations spectra by applying chemometric methods to data matrices
at various leveld® The results suggest that the ground state consisting of fluorescence spectra at a series of excitation wave-
energy of the s-cis conformer is3 kcal/mol higher than that  |engths2021 In this paper, we report a study in which fluo-
of the s-trans conformer in 1,3-butadiene, and the energy barrierrescence Spectra and quantum y|e|dS of individual DPB con-
separating the conformers-s7 kcal/mol (Scheme 1). Because formers at different temperatures are obtained. The results make
absorption spectra of individual conformers are different, relative it possible to determine the thermodynamic parameters of the
conformer excited state populations are dependent on excitationground state conformational equilibrium. Experimental values
of the enthalpy difference between DPB s-trans and s-cis con-
® Abstract published ilAdvance ACS Abstract#pril 15, 1997. formers are compared to those froab initio calculations.
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Experimental Section two principal eigenvector¥; andV, of the matrixY, which
correspond to the two largest eigenvalues. For an observed

Materials. transtrans1,4-Diphenyl-1,3-butadiene (Aldrich, spectrumY, in the data matrix,

98%) was repeatedly recrystallized from ethanol. 9-Cyanoan-
thracene (Aldrich, 99%) was used as a fluorescence standard s _

also after repeated recrystallization from ethanol. Hexane and Y=Y+ R=(EV T8V TR @
toluene (Burdick and Jackson, spectrophotometry grade) and . .

methylcyclohexane (Mallinckrodt, OR) were used as received. WhereYi' is the noise-attenuated spectrum regenerated from the

Measurements. Absorption spectra were measured using a two el_genvectors_, ané is a residual vector conta_lnlng primarily _
1 cm cuvette on Shimadzu UV-2101PC and UV-3100 spectro- _experlme_ntal noise. Because each spectrum in the data matr_lx
photometers. For the absorption spectra at different tempera-iS Normalized in such a way that the area under the spectrum is
tures, measurements were carried out by placing the cuvette inunity, the combination coefficientgi, and &, satisfy the
a homemade sample holder that was thermostated through fluid©!lowing normalization condition,
circulation.

Fluorescence spectra were recorded on a Spex Fluorolog-2
photon-counting epmission spectrometer equipp?ed with a 4%0 & Z vyl + & Z vyl =1 ®)
W xenon source and an R928 photomultiplier tube in a cooled = =
housing. A right-angle geometry was used. For measurement
of fluorescence spectra at different temperatures, the sampl
holder that came with the instrument was replaced by a
homemade sample holder that has the same geometry but allow:
fluid circulation for temperature variation and control. In order
to reduce scattering associated with excitation in the extreme
red onset region, fluorescence spectra were recorded usin
narrow excitation and emission slits (0.25 mm, 1 nm resolution).
Fresh solutions were used in all measurements to minimize the
effect of possible photochemical reactions. All fluorescence
spectra were corrected for nonlinear instrumental response of
the emission spectrometer using predetermined correction

p p

Swherev represents elements of the eigenvectarss A1 — A

e(/l denotes wavelength), apds the total number of wavelengths

at which fluorescence intensities are used to form the data
Thatrix.

The fluorescence spectrum of the s-trans conformer is known,
and the spectrum of the s-cis conformer can be obtained from
%he eigenvectors in terms of a self-modeling spectral resolution
method due to Lawton and Sylvestfe With the determination
of pure conformer spectra, fractional contributions of individual
conformers to observed fluorescence spectra can be calculated.

factors. gsn ?1

Fluorescence quantum yields of DPB in methylcyclohexane (XsdXsD)i = 15812 L2t 4)
and toluene at different temperatures were determined on the &1 Esct
basis of integrated spectral areas using 9-cyanoanthracene in &2 Esc2

hexane ¢F = 1.0¢* as a standard. Solutions used in fluores-

cence quantum yield measurements were deoxygenated bywhere €sti,Esto) and EsciEscy) are two sets of combination
bubbling dry nitrogen gas for30 min. Effects due to changes coefficients (subscripts 1 and 2 denote coefficients correspond-
in the index of refractionn from solvent to solvent were ing to principal components 1 and 2) for the s-trans (subscript

corrected as follows: ST) and s-cis (subscript SC) conformers, respectiv@lyand
&i» are coefficients for théh observed fluorescence spectrum
O JPp 5p= (FosdFa SD)(nSF/nSD)‘2 (1) in the data matrix, an8sd/Xst represents the ratio of fractional

contributions of the two conformers. All calculations associated

whereF4 represents the ratio between the integrated fluores- with th_e application of the _principal component analyself-
modeling spectral resolution method were performed on an

cence spectral area and the optical density at the excitation .
IBM-compatible 486-50-MHz personal computer.

wavelength, and SD and SP denote solvents for fluorescence " | studi fth ¢ q . ;
standard and sample, respectively. Temperature variations in COmputational studies of the energies and geometries of DPB
onformers were carried out on a Silicon Graphics workstation.

absorption and fluorescence measurements were accomplishe& , A L X .
through fluid circulation. A Haake K20 circulating bath and a Al sem|_emp|r|cal ancb initio calc_:ulanons were performed in
DC3 controller were used to keep a sample solution at a constantN® environment of a commgrual software packaparton
temperature. The actual temperature of the sample solution wagdVersion 3.0) from Wavefunction Inc.
monitored by use of an Omega DP116-KClI digital thermometer
and a temperature probe in contact with the solution in the
cuvette through a small hole in the cap. The accuracy in  Conformer Fluorescence Spectra.Fluorescence spectra of
temperature reading 0.1 °C. transtrans-1,4-diphenyl-1,3-butadiene (DPB) were measured as
Data Treatment and Calculation. Quantitative separations a function of excitation wavelength in methylcyclohexane
of fluorescence spectral mixtures of the conformers were (MCH) and toluene at room temperature (2€). When
accomplished by use of a chemometric method principal excitation wavelengths are within the main absorption band
component analysisself-modeling spectral resolutiébr.2” Ap- (280—350 nm) of DPB, observed fluorescence spectra due to
plications of the method to DPB and DPH conformers have emission from the s-trans conformer are excitation wavelength
been described elsewhed?3 Briefly, principal component independent. The spectra corresponding to excitations at the
analysis determines the number of significant components in aabsorption band maxima are shown in Figure 1. Observed
linear systent® For a data matrixy consisting ofn experi- absorption and emission spectra are only weakly solvent
mental fluorescence spectra of DPB at different excitation dependent, with the spectra in toluene slightly red-shifted from
wavelengths, the analysis enables a representation of the spectrénose in MCH. Somewhat more noticeable are changes in the
in a two-dimensional vector space because each observedabsorption and fluorescence spectral profiles. Relative intensi-
spectrum is a linear combination of two pure conformer ties of the vibronic peaks in the spectra are somewhat different
fluorescence spectra. The vector space can be constructed byn the two solvents.

Results
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Figure 1. Absorption (+-) and the s-trans {-) and s-cis{) conformer Figure 2. Observed fluorescence spectra of DPB in MCH at room
fluorescence spectra of DPB in MCHgkc = 330 nm) and toluene (22°C) and high (92C) temperatures with excitation wavelengths of
(Aexc = 335 nm) at room temperature ([DPB] 2 x 107¢ M). 330 nm (=+-), 367 nm (+-), and 370 nm-).

When excitation wavelengths are in the extreme red onset
region, observed fluorescence spectra become very different o
from those of the s-trans conformer. In both solvents, the
spectra are strongly excitation wavelength dependent. With a
longer excitation wavelength, the observed fluorescence spec- L
trum shows higher intensities at longer emission wavelengths,
which are attributed to contributions of the s-cis conforaet.

In order to obtain high-quality spectra for further chemometric
treatments, special efforts were made in the experimental
measurements. Because the excitation wavelengths in the
extreme red onset region of the absorption spectrum are inside
the emission spectral region, self-absorption becomes a problem
when high DPB concentrations are used to maintain reasonable
optical densities at the excitation wavelengths. On the other
hand, the use of low DPB concentrations will result in significant "
excitation scattering effects on observed fluorescence spectra.
A compromise for the two opposing factors was reached by
use of a DPB concentration that corresponds to an optical density -
of ~0.7 at the first peak of the DPB absorption spectrum. Under

NORMALIZED INTENSITY

1 ! I B SO

such conditions, effects of excitation scattering are at a 360 400 440 480 520
maangeable level, and the self-absorption can still be corrected.
Factors for correcting self-absorption effects were generated by ‘
use of the fluorescence spectra excited at the absorption spectrdfigure 3. Fluorescence spectra of DPB s-trans-J-and s-cis {°)

WAVELENGTH (nm)

maximum for concentrated and dilute DPB solutions, which conformers in MCH at room (22C) and high (92°C) temperatures.

correspond to optical densities of 0.7 and 0.05, respectively, at  §pcarved fluorescence spectra corresponding to excitation
the first peak of the absorption spectrum. Corrected DPB \\ayelengths in the extreme red onset region of the DPB
fluorescence spectra in MCH thus obtained are shown in Figure 5,50 rption spectrum are spectral mixtures of the s-trans and s-cis
2, and the results in toluene are similar. conformers. A determination of the pure fluorescence spectrum
Fluorescence spectra of DPB were also measured as aof s-cis-DPB was accomplished by use of a chemometric method
function of excitation wavelength in MCH and toluene at a high principal component analysiself-modeling spectral resolu-
temperature. The results are basically similar to those at roomtion 21232529 The spectrum of the s-cis conformer in MCH is
temperature. The same approach for balancing self-absorptiorsimilar to that in hexane reported earlfér As shown in Figure
and excitation scattering effects was used in the fluorescence3, the spectra of each conformer at two different temperatures
measurements. As shown in Figure 2, the spectra at a highare similar, except that the spectrum at the high temperature is
temperature are somewhat broader. With excitation wavelengthsslightly broader. The same results are obtained in toluene. A
in the extreme red region, fluorescence spectra obtained at acomparison of the s-cis spectra in MCH and toluene at room
high temperature have relatively higher intensities at longer temperature is shown in Figure 1. Fractional contributions of
emission wavelengths, corresponding to greater contributionsthe s-cis conformer to observed fluorescence spectral mixtures
from the s-cis conformer. are shown in Table 1.
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Figure 4. Observed fluorescence spectra of DPB in MChdxt = Figure 5. Observed fluorescence spectra of DPB in MCHxt =

330 nm) at representative temperatures of (in the arrow direction) 20.8, 367 nm) at representative temperatures of (in the arrow direction) 20.8,
40.5, 60.2, 80.1, and 100X. The inset is a plot of the intensity ~ 40.5, 60.2, 80.1, and 100°E. The inset is a plot of the intensity
ratio of the third and the second vibronic peaks as a function of ratio of the third and the second vibronic peaks as a function of
temperature. temperature.

520

TABLE 1: Fluorescence Parameters of DPB s-Cis and
s-Trans Conformers

A quantitative determination of the relative fluorescence

contributions of the s-transr) and s-cis Xs¢) conformers to

solvent  Aexc (Nm) t(°C) Xsc(%) Pross Prst Prsc observed spectral mixtures at different temperatures was ac-
hexandl 328 RT 0 0.37 0.37 complished by use of a linear least-squares regression method.
365 RT 46 0.40 0.44
368 RT 57 041 0.45 Soss = XstSs1 1+ XscSsc (5)
MCH 330 RT 0 0.393 0.393
92 0 0.098  0.098 where S represents spectral vectors whose elements are fluo-
367 RT 45 0478 0.65 rescence intensities at different wavelengths. The spectral
370 ?QZT 55? 0.114 0.13 vectors are norm{:\lizeq such that the area under ea(;h flgores-
toluene 335 RT 0 0192 0192 cence spectrum is unity. Because the spectra of individual
93 0 0.0677 0.0677 conformers are somewhat temperature dependent, the regression
371 RT 36 0.242 0.48 of an observed fluorescence spectrum at a given temperature
74 ???)T 156 0.083 0.11 requires pure conformer spectra at that same temperature. As

an approximation, the s-cis conformer fluorescence spectra at
different temperatures were obtained by linear interpolations
. Temperature Dependence. Fluorescence spectra of DPB from the spectra at room and high temperatures. In order to
In MCH and tolouene were meas_ured as af_unctlon of temperature,, g empirical correction of the excitation scattering peak for
in the 20._100 C range. Solutions yse_d in the measurements every observed spectrum, regressions only cover the emission
were optically dilute 0.1 at the excitation wavelgngth). Ata spectral wavelength range from 375 to 560 nm. Because in
given temperature, a solution was allowed to eqwhbrate@ﬁ the treatment each spectrum is normalized with respect to the
min before fluorescence measurements were mf”‘d?- During thaEovered wavelength range, calculated relative contributions
period, the sample was protected from the excitation source to(xSC srsandxst 279 must be adjusted to those representing the
minimize possible photodecomposition. At the excitation whole fluorescence spectrum. From the normalized pure
Wavelength of 330 nm, qbserved fluorgscgnce spectra of DPB ¢onformer fluorescence spectra, the ratio of integrated fluores-
in MCH are due exclusively to contributions of the s-trans cence spectral areas of the s-trans and s-cis conformers for the

conformer (Figure 4). The speptral p_rofile is S(_)mewhat tem- wavelength range 37%60 nm isr. Thus, the adjustment was
perature dependent. As shown in the insert of Figure 4, relative made as follows:

vibronic peak intensities vary with temperature in a systematic
fashion. The changes are due to an intrinsic temperature
dependence of the s-trans conformer fluorescence spectrum.
For fluorescence spectra obtained at excitation wavelengths
in the extreme red onset region of the DPB absorption spectrum,Fractional contributions of the s-tans and s-cis conformers to
changes in spectral profile with temperature are due primarily the observed fluorescence spectral mixtures in MCH and toluene
to shifts in the thermodynamic equilibrium between the two are shown in Figure 6. Obviousl¥sc values increase with
conformers. However, intrinsic temperature dependencies ofincreasing temperature.
the conformer fluorescence spectra may also have some Quantum Yields. Fluorescence quantum yields of DPB in
contributions. In order to study the temperature dependenceroom-temperature (22C) MCH and toluene were determined
of the conformational equilibrium, fluorescence spectra at at different excitation wavelengths. In experimental measure-
different temperatures were obtained for DPB in MCH at 367 ments of the yields at excitation wavelengths in the extreme
nm excitation and in toluene at 371 nm excitation. Shown in red onset region of the DPB absorption spectrum, optical
Figure 5 are representative spectra of DPB in MCH at different densities of 0.050.1 (in a 1 cnmsquare cuvette) at the excitation
temperatures. A dependence of the observed spectral profilewavelengths were used. The high DPB concentrations required
on temperature is evident. to achieve these optical density values result in self-absorption

1
XsdXsT = T (Xsc,374%sT 379 (6)
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Figure 7. Observed absorption spectra of DPB in MCH at representa-

FLUORESCENCE QUANTUM YIELDS AND x .

L O i
0.2 v\v\v A\A\ tive temperatures of (in the arrow direction) 20.1, 40.2, 60.3, 80.4, and
TV A 100.8°C. Shown in the inset are observed spectra (red onset only) of
0.0 L . . 4\ — a high-concentration DPB solution in MCH at temperatures of (in the
~ 0 40 50 50 200 arrow direction) 20.0, 40.0, 60.0, 80.1, and 100CL
TEMPERATURE (C) conformer can be calculated from the observed yields and the
Figure 6. Fractional fluorescence contributions®¢is-DPB (©), and known temperature dependence of the/xst ratio (eq 7).
fluorescence quantum yields stransDPB (v), s-cisDPB (), and Results thus obtained are also shown in Figure 6. ®hed
observed total emissiodf in MCH (Aexc of 330 nm fors-transsDPB @ stratio is temperature dependent for DPB in both MCH and
and 367 nm for others) and toluengxc of 335 nm fors-transDPB toluene.

and 371 nm for others) as a function of temperature. Conformational Equilibrium. The quantitative separation

effects that severely distort the blue onset portion of the observed®f fluorescence spectra}l mixtures and the determmqﬂon of
fluorescence spectra. However, because the quorescenchuorescence guantum yields of_the two conformers at different
spectral profile is concentration independérihe blue portions temperatures _allpw an evaluaypn_ of the ground state confor-
of the spectra were corrected by use of the spectra obtained afhational equilibrium. The equilibrium constaii(Scheme 1)

the same excitation wavelengths but much lower DPB concen- ¢ be related to fluorescence parameters as follows:
trations. The fluorescence quantum yields thus obtained are

shown in Table 1. The yieldg at excit;{[ion wavelengths in the K= CsdlCsr = [(Xsc/Xsn)/ (Pr sd Pr sl (€sdesr)  (8)
main absorption band are due exclusively to the s-trans
conformer, ®gst. If dpgr is assumed to be excitation
wavelength independent, fluorescence quantum yields of the
s-cis conformer®g sc can be determined from the equation as
follows:21

wherec denotes equilibrium concentrations. With an assump-
tion that esdest ratios at the excitation wavelengths in the
extreme red onset region of the DPB absorption spectrum are
temperature independent, thermodynamic parameters of the DPB
ground state s-trans s-cis equilibrium can be determined from

a plot of IN[xsd/Xs7)/(Pr,sd Pr,s7)] Vs 1/T.

1+ (Xsd%s7) .

(P 0pd Pr 57 O IN[(Xs/Xs ) (P sd Pr s1)] =
—AH/RT+ ASR+ In(egdesp) (9)

Dp 5d D 7= (Xs/Xs7)

where®g ogsrepresents observed yields. The results in different
solvents are shown in Table 1. whereAH andASare enthalpy and entropy differences between
In order to determine fluorescence quantum yields of DPB the two conformers. Plots based on eq 9 for DPB in MCH and
at different temperatures, a characterization of the dependencedoluene are shown in Figure 8. Linear least-squares regressions
of the DPB absorption spectrum on temperature is required. Inyield AH values of 1.9+ 0.1 and 2.3+ 0.3 kcal/mol for DPB
both MCH and toluene, absorption spectra of DPB were in MCH and toluene, respectively.
measured as a function of temperature (Figure 7). The solution Calculations. The ground state conformational equilibrium
concentrations were selected such that observed absorbances DPB was also evaluated on the basisabf initio calcula-
were high enough to minimize effects of experimental uncer- tions3® Computations were performed in the environment of
tainties. The measurements at a high DPB concentration (Figurethe Spartansoftware package. In the calculations, molecular
7 inset) are to emphasize only the extreme red onset region ofenergy and geometry were first optimized using the AM1
the absorption spectrum. Because the temperatures used in theemiempirical methad and then further optimized using the
absorption measurements do not match exactly those of theab initio method® with the STO-3G minimum basis set.
fluorescence measurements, the required optical density values Energy and geometry optimization for DPB s-trans and s-cis
at the temperatures used in the fluorescence measurements wem@nformers was performed without any constraints. The results
obtained through interpolations. show that both conformers are planar, with the energy of the
For DPB in both MCH and toluene, observed fluorescence s-cis conformer being 2.21 kcal/mol higher than that of the
guantum yields as a function of temperature are shown in Figure s-trans conformer. The calculated energy difference between
6. If the observed yields of the s-trans conformer are assumedthe two conformers is in surprisingly good agreement with those
to be excitation wavelength independent, the yields of the s-cis from fluorescence results. Other structural parameters from the
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T T T T T TABLE 2: Structural Description of DPB Conformers
0.4t 4 from ab Initio Calculations
Hc s H1o 11
H—=C O/ \\ /‘ﬂ Qj Hiz
H. H H 14 Hw
H.\ /Hs s-cis-DPB
./
: : . L L H7 Cy Q s—C Hs  H 18
26 28 30 32 3.4 \ /‘ \\ / \ /
1000/T (K ') />-——C~ /:.—o, /r«—c,,
Figure 8. Plots to obtain ground state conformational enthalpy M \H M \\ —_ \ "
differences for DPB in MCH®, i = 2.58,s = —927, andy = 0.979) ¢ v /4 % 2 "
and toluene(, i = 2.6,s = —1170, andy = 0.992). "
s-trans-DPB : /'“ o
8 T T T T T T T
Hio Hiy
central dihedral angle
5 ° 0° 0°a el 180°
E Bond Lengths (&)
= Cis—Cy 1.4928 1.4929 1.4967 1.4920
< 4 Ci=C4 1.3235 1.3239 1.373 1.3235
-~ Cs—Cs 1.4836 1.4943 1.5061 1.4803
] C—=C; 1.3235 1.3239 1.3172 1.3235
5 2 C,—Cis 1.4928 1.4929 1.4967 1.4920
f‘ H1Cy 1.0829 1.0810 1.0841 1.0840
HaCy 1.0825 1.0821 1.0850 1.0826
H3Cs 1.0825 1.0820 1.0851 1.0826
0 H.C, 1.0829 1.0810 1.0841 1.0840
: ' ' y X : : Bond Angles (deg)
0 30 60 90 120 150 180 CoH1:Cy 123.2 122.9 123.0 123.0
Central Dihedral Angle CsCisCa 118.7 119.0 118.8 118.9
Figure 9. Conformational energies of DPB as a function of dihedral glé:g;“ ggg (ﬁg? iggg i%gg
angle GC4CsC; (Table 2) fromab initio calculations using the STO- C104C3 126.2 (123'4) 1237 1234
3G minimum basis set. 432 : (123.4) : :
CsCCis 126.6 (126.9) 126.8 126.9
) ) ] C,C16C1o 118.7 119.0 118.8 118.9
calculations are shown in Table 2. For the parent 1,3-butadiene, C,C;Cia 123.2 122.9 123.0 123.0
it was showf that the optimized dihedral angle C,CsC; is HeCoCis 120.1 120.0 120.1 120.0
affected by the flexibility of the @C,Cs and GCsC; angles. HsCsCis 119.2 1193 119.2 119.2
The possibility of a similar behavior in DPB was examined by ﬁlsgchl ﬁgg ﬂg? ﬁg'g ﬂg";
performing an energy and geometry optimization of the s-cis ¢ c\y 119.6 120.9 120.7 121.0
conformer with the angles 6C;1Cs, C1C4Cs, C4CsCp, and H4CsCs 114.2 115.7 115.6 115.7
C3C,Cy6 constrained at the same values as those in the optimized C,CsHs 114.1 115.7 115.6 115.7
geometry of the s-trans conformer (Table 2). It is found that  HsCsCz 119.6 120.9 120.7 121.0
the s-cis conformer is still planar even under such a constraint. 232222 ﬁgg ﬁg; ﬂz-g ﬂi-z
However, the calculated energy is higher for the s-cis conformer Hjoémas 119. 119.3 1193 119.2
structure with the angles fixed (Figure 9). H14C14C1s 120:1 120:0 120:1 120:0
Conformational energies of DPB at different dihedral angles Dihedral Angles (deg)
are shown in Figure 9. The results are from calculations in  c.c.c.c, 00 0.0 1.9 0.0
which the dihedral angle {,C3C; is fixed at the specified CsC1sCiCs 180.0 180.0 178.1 180.0
values. The energy barrier separating the two conformers is  CisCiCsCs 180.0 180.0 179.2 180.0

7.1 kecal/mol relative to the s-trans conformer (Figure 9).  acaiculated by fixing four angles at values (shown in parentheses)
Calculated structural parameters for DPB at the dihedral anglethe same as those in the optimized structure of the s-trans conformer.

of 90° are also shown in Table 2.

) ) linear combinations of the spectra of individual conformers.
Discussion However, nonlinear effects due to spectral broadening can be
At a constant temperature, a chemometric separation of significant when a data matrix is generated by including
conformer fluorescence spectral mixtures using spectral dataexperimental spectra at different temperatures. Thus, in our data
matrices consisting of observed spectra at different excitation treatments discussed above separations of fluorescence spectral
wavelengths is subject to no intrinsic limitations. In the absence mixtures were carried out at individual temperatures. While it
of experimental noise, observed fluorescence spectra are trulymight be argued that the generation of pure conformer spectra
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at different temperatures through interpolations from those fluorescence resulfs. However, the accuracy of theH value
spectra obtained at room and high temperatures is less than ideafor DPH is dependent on the validity of the assumption used in
potential errors associated with the approach are likely insig- the Infksd/xst) vs 1T plots that the®r sdPr st ratio is a
nificant because the spectra at room and high temperatures aréemperature independent constant, while the D¥B values
quite similar (Figure 3). reported here may be affected by the assumptieagfst being
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