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Two-dimensional (2D) correlation method. which generates the svnchronous and the asvnchronous 2D
spectrum by complex cross correlation of the Fourier transformed spectra. is an analysis method for the changes
of the sample spectrum induced by various perturbations. In the present work. the 2D electronic correlation
spectra have been simulated for the cases where the sample spectrum composed of two gaussian bands changes
linearly. When only the band amplitudes of the sample spectnun change. the synchronous spectrum shows
strong peaks at the band centers of the sample spectum. but the asynchronous spectnun does not make peaks.
When the sample spectrum shifts without changing intensity and width. the synchronous spectrum shows peaks
around the initial and final positions of the band maximum and the asynchronous spectrun shows long peaks
spanning the shifting range. The band width change produces the complex 2D correlation spectra. When the
sample spectrum shifts with band broadening. the width change by 50% of full width at half maximum
(FWHM) does not give so large an effect on the correlation spectnum as the spectral shift by one half of FWHM
of the sample spectrum.
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Introduction

Recent studies use two-dimensional (2D) correlation
spectroscopy to observe the characteristics of the vibrational
spectrum of different molecular systems. Obviously the 2D
spectrum. which plots the spectral intensity in the space of
two independent spectral variables. provides more infor-
mation about complex systems than a one-dimensional
spectrum. Researchers have studied temperature dependent
liquid phase dynamics’” and reaction dvnamics in liquid®
using 2D correlation spectroscopy. 2D correlation spectro-
scopy is useful in the study of complicated topics of polymer
science. such as the secondary structure of polymers.? the
conformational changes of polymer blends” and the crystal-
lization process of polvmers.® Phase transition of liquid
crvstalline materials’ and monolaver films® is another complex
example studied with the 2D correlation method. Investi-
gations on the denaturation®'” and structural changes'"'* of
proteins using 2D correlation spectroscopy are reported.

2D correlation spectroscopy 1s different from 2D spectro-
scopy. which uses mutiple-pulse excitations. such as the 2D
NMR spectroscopy. The vibrational version of 2D NMR
spectroscopy 1s regarded as having the potential to provide
information about molecular geometry and vibrational
energy dvnamics,’* and many experiments on nonlinear 2D
vibrational spectroscopy have been carmed out by several
research groups.'™ " The vibrational analog of 2D NMR
spectroscopy 1s sometinies called nonlinear 2D vibrational
spectroscopy since the vibrational nonlinearities are involv-
ed. 2D vibrational correlation spectroscopy does not provide
direct information about interactions between the vibrational
modes, as the nonlinear 2D vibrational spectroscopy does.
However, 2D correlation spectroscopy is effective in ana-

lvzing complex spectra and understanding the effects of
various perturbations causing spectral modifications. such as
time. concentration. temperature, pressure, €tc.

The 2D correlation method has been applied mostly to the
analysis of the vibrational spectrum. and some simulation
studies of the 2D vibrational correlation spectrum are
reported *** Studies show that the effects of random noise
and baseline fluctuation can be eliminated by 2D correlation
analysis.”! The effects of changes of band position. width
and amplitude on the 2D vibrational correlation spectrum
are also studied by simulation** However. the changes of
vibrational spectra by perturbations is not very significant.
The vibrational band shift is 10 cm™ more or less and the
relative intensity change is only a few percent under most
perturbations. The fundamental spectral shape of the vib-
rational band hardly changes in many cases. So relatively
small changes of spectral parameters are investigated in the
simulation studies of the 2D vibrational correlation spec-
trum.

The 2D correlation method 1s not himited by the spectral
range of the sample spectrum. Even the heterocormrelation
between different spectroscopic regions is possible.”
however, 2D electronic correlation spectra have not been
reported, to our knowledge. Since the electronic spectrum is
composed of many vibrational bands, 2D electronic corre-
lation spectroscopy may provide much information that the
2D vibrational correlation spectroscopy does not have. Band
mtensity, position. and width of electronic spectra are modi-
fied by perturbations such as concentration. temperature,
pressure, solvents. etc. The solvent effect on the electrome
spectrum has been studied at length™ and the solvation
dynamics, which requires ultrafast spectroscopic techniques.
has been one of the main research topics in physical
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chemistrv.” Analvsis of the electronic spectrum with the 2D
correlation method may give valuable information about the
details of the potential energyv surface for the electronic
states. In the present work, the 2D electronic correlation
spectra are generated from the sample spectra. which are
composed of two gaussian bands. The linear variations of
positions. amplitudes. and/or widths of the gaussian bands
are studied with the 2D correlation spectrum.

Calculation of 2D Correlation Spectra

The mathematical background for the 2D correlation has
been described elsewhere in detail > Many properties of
the 2D correlation spectrum have also been mvestigated. A
brief outline of the 2D correlation method 1s given here. The
dyvnamic spectrum 1{v, ) is obtained bv subtracting the
average spectrum $(v) from each sample spectrum s(v, 7).
where v 1s a spectral frequency.

Y. D =s(v. ) —s(v). (D)

where s(v) 1s equal to (1/1) Z s(g. 7). n1s the total number of
spectra produced by perturbations. and 7 1s the index for the
spectrum. that is. 7 changes from | to n. Discrete Fourier
transform of the dvnamic spectra, ¥Y(v. ) has both real and
Imaginary components.

Y(v.@)=(Um Zp(v. 1) e 8™, 7))

where g=1. 2, ..., # 1s a unning index in the Fourier space.
The comiplex cross correlation between the Fourier
transformed spectra at v; and - gives the synchronous and
asvnchronous spectrum, O(vy,v») and Y{(v).v»).

O(vy.vy) + ¥ (viv) = (Zfzm));. Y (v @Y(v.g 3

The synchronous spectrum 1s composed of autopeaks at the
diagonal line corresponding to vi = v» and cross peaks for
the bands which have the correlated dvnamic relation in the
sample spectrum. The autopeaks have only positive inten-
sitv. The asvnchronous spectrum has only cross peaks at
(vi.v2) where the intensities at vi and v-change out of phase
in the sample spectrum. The cross peaks at (vi.v2) and
(va.vi) of the asynchronous spectrum have the same
amplitude but different sign. The synchronous spectrum
generally shows much greater peak infensity than the
conjugate asynchronous spectrum as given in Table 1-4.

If the intensities of two positions of the sample spectrum
increase or decrease together. the corresponding cross peak
of the synchronous spectrum has a positive sign. If the inten-
sity of one position of the sample spectrum increases but the
intensity of the coupled position decreases. the correspond-
ing cross peak of the synchronous spectnum has a negative
sign. The cross peak appears in the asynchronous spectrum
only when the intensity change of two positions is delaved
or accelerated simultaneously. The peak of the asynchronous
spectrum depends on the phase of the intensity change in the
sample spectrum. When the intensities of the sample spec-
trum change synchronously. the asynchronous correlation
spectrum have no peaks. The asynchronous spectrum does
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Figure 1. The sample spectrum before spectral change. Two
constituent bands (dashed line) are gaussian and the intensity ratio
s 2.

not develop peaks even with the synchronous intensity change
where one band grows and the other band diminishes. The
sign of the asynchronous peak depends on the sign of the
phase difference so that the asynchronous spectrum 1s anti-
symmetric to the diagonal line. If the ntensity of a specific
region of the sample spectrum does not change at all. no
peaks appear i the corresponding region of the correlation
spectrunt.

The sample electronic spectrum for the simulation of the
2D correlation spectrum is shown in Figure 1. The spectrum
1s composed of two gaussian bands. one band with FWHM
of 1200 ecm™ at 17240 cm™ and the other larger band with
FWHM of 800 em™ at 18520 cm™. The intensity ratio of the
two bands 1s 2 before the spectral changes. This spectrum 1s
similar to the spectrum of organic dve molecules. Eleven
sample spectra corresponding to s(v.7) of Eq. (1) were
obtammed by changing linearly band mtensity. width, and/or
center of the two gaussian bands and processed to determine
the correlation spectrum. The number of the sample spec-
trum used in the 2D correlation does not affect the resulting
correlation spectra to a great event as long as the overall
spectral change is equivalent. The gaussian shape of each
band of the sample spectrum is kept during the variation of
the spectral parameters but different variation of each band
distorts the overall shape of the sample spectrum. The prog-
ram for the 2D correlation used in this work is obtained from
Ozaki group ™

Results

Figure 2 shows the synchronous spectra for the cases in
which only the amplitudes of the two bands of the sample
spectrum were varied. All the 2D correlation spectra of the
present work were normalized with the peak maximum
intensity. When the amplitudes of both bands increased or
decreased together. the synchronous spectrum did not have
any negative peaks as the spectrum of Figure 2(a). When one
band grew and the other band was diminished. the synchron-
ous spectrum had negative peaks as shown in the spectrum



Sinndations of Two-Dimensional Electronic Correlation Spectra Bull. Korean Chem. Soc. 2001, Vol. 22, No. 8 809

(a) (b)
= 19000 |
£
L
Sy - .
]
e < 5
£
2 17000 4 !
(O]
> e
®
: | |
15000 £— : — , . : :
16000 18000 20000 16000 18000 20000

wavenumber (cm-1) wavenumber (cm)

Figure 2. The synchronous spectra when onlv the amplitudes of the two bands of the sample spectrum change. The shadowed part of the
spectrum represents the area of negative intensity and the same notation is used in all of the correlation spectra. All the 2D correlation
spectra of this work are nomalized with the peak maximum mtensity. The peak maximum intensities are given m Table 1-2. (a) The
amplitudes of both bands decrease by 30%. (b) The amplitnde of the red side band of the sample spectrum increases by 30% while the

amplitude of the blue side band decreases by 30%. The conjugate asynchronous spectra of (a) and (b) do not have peaks.

of Figure 2(b). If only the ampltude of each band of the
sample spectrum changed. the asvnchronous spectrum did
not develop peaks at all. that is, the asvnchronous spectrum
was not generated. The peak maximum intensities of the
synchronous spectrum for several cases of the band ampli-
tude change are given in Table 1.

Figure 3 shows the correlation spectra when the sample
spectrum shifted without changing width and amplitude of
each band. In case of the overall sluft of the sample spec-
trum, the svnchronous spectrum had the autopeaks around
the 1utial and final band maximum. The small autopeaks
due to the shift of the smaller red side band were not clearly
shown 1n the normalized spectrum. The band shift made the
long peaks along the diagonal in the asynchronous spectra.
When the bands shift in different directions, the asvnchron-
ous spectrum has some peaks in the region between the two
bands as shown in Figures 3(f) and 3(h). The peak maximum
intensities of the correlation spectrum for the different shift
cases are given in Table 2.

The 2D correlation spectra for the cases in which the band
width varied without band shift and band area change are
shown in Figure 4. The svnchronous spectra had strong
autopeaks around the band centers of the sample spectrum.
Positive and negative peaks appeared alternatively at the off-
diagonal region of the synchronous spectrum. The asvn-
chronous spectra showed L-shape or complicated peaks. As
given in Table 3. the peak maximum intensity of the corre-
lation spectrum 1s greater in case of the band narrowing than
in case of the broadening,

Figure 5 shows the 2D correlation spectra for the cases in

which the sample spectrum shifted and broadened simul-
taneously. The band width increased by 30% but the shift
was different in three cases. The peak maximum mtensity of
the correlation spectrum decreased with the lesser shift as
given i Table 4. As the spectra of Figure 5 are the
normalized spectrum. the spectra for the shift of 100 cm™
and 300 cm™ showed peaks which did not appear in the
spectrum for the shift of 500 cm™.

Discussion

Band Amplitude Change. When only the band amplitudes
increased or decreased simultaneously without change in the
band width and the position mn the sample spectrum. the
synchronous spectrum had only positive peaks, as seen n
the Results section. Even when the amplitude change rates
of the two bands were different. no negative peaks were
generated n the synchronous spectrum.

The 2D correlation spectrum was not sensitive to changes
n the relatively small bands of the sample spectrum. The
peaks due to the change of the smaller band of the sample
spectrum were not clear in the normmalized correlation spec-
trum. As the sample spectrum had a larger band at the blue
side. the synchronous spectrum had a larger peak at the blue
side. The peak mtensity of the correlation spectrum 1s not
related to the relative change of the sample spectrum. The
larger change n the absolute intensity of the sample spec-
trum created the greater peaks n the correlation spectrum.
The synchronous spectrum in the case of the band amplitude
mcrease by 50% 1s almost identical with the spectrum of

Table 1. The peak maximum mtensity of the synchronous spectrum when only the amplitudes of the bands change

change(%)" (=10, =10) (=30.-30)

(=50, =350)

(50, =30) (=50, 503 (50, 50)

intensitv™ 40 350

970 900 900 930

"The numbers in the parenthesis indicate the changing ratio of the red side band and the blue side band of the sample spectrum respectively. “The

intensity of the same scale 15 used for the data of Table 1-4.
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Figure 3. The correlation spectra for the cases where the bands of the sample spectrum shift. (a) The synchronous spectrum when two bands

shift to red by 500 em™

. (b) The conjugate asvnchronous spectrum of (). (¢) The synchronous spectrum when two bands shitt to blue by

500 cm™. (d) The conjugate asvichronous spectrum of (¢). () The synchronous spectrum when the bands are separating by shifting by 300
em™’ respectively. () The conjugate asynchronous spectrum of (e). (g) The synchronous spectrum when the bands are merging by shifting
by 500 cm™' respectivelv. (h) The conjugate asvnchronous spectrum of (2).

Figure 2(a).

The off-diagonal cross peaks of Figure 2(b) were negative
because one band grew and the other band was dinumshed
in the sample spectrum. It can be shown with the Fourier
transform relation for the 2D correlation that the asynchron-
ous correlation spectrum has no peaks if only the amplitudes
of the constituent bands change. When the change n the
sample spectrum 1s expressed by a linear combination of the

given bands, the Fourier transform for the asynchronous
spectrum vanishes.

Band Shift. The direction of the spectrum shift does not
make significant differences in the correlation spectrum as
shown n Figures 3(a)-3(d). The synchronous spectra for the
red shift [Figure 3(a)] and the blue shift [Figure 3(c)] had the
same pattemn. except for the peak positions. which depend on
the iitial and final position of the bands i the sample
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Figure 4. The correlation spectra for the cases where the band width of the sample spectrum changes without the band area change. (a) The
svnchronous spectrum when the width of two bands increases by 50%. (b) The conjugate asyvnchronous spectrum of (a). (¢) The
svnchronous spectrum when the width of two bands decreases by 50%. (d) The conjugate asvnchronous spectrum of (c). (e} The
svnchronous spectrum when the width of the red side band mereases by 30% and the width of the blue side band decreases by 30%. (1) The
comjugate asvnchronous spectrum of (2). (g) The synchronous spectrum when the width of the red side band decreases by 30% and the width
of the blue side band increases bv 50%. (h) The conjugate asynchronous spectrum of (g).

spectrum. The 2D correlation spectra reflect the correlation
of the spectral intensity at % and . When a band maximum
shifts from ¥ to . the spectral intensity at ¥ decreased and
the spectral intensity at 9 increased. The synchronous spec-
trum for the spectral shift shows a similar pattern as the
synchronous spectrum for the amphtude change shown in

Figure 2(b). The peaks from the shift of the smaller band at
17240 em™ of the sample spectrum are not shown in the
normalized correlation spectra of Figure 3.

When two bands of the sample spectrum shift i different
directions [Figures 3(e)-3(I)], the synchronous spectrum has
the strongest autopeak at the overlapped region of the two
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Figure 5. The correlation spectra for the cases where the bands of the sample spectrum shift and broaden simultaneously. The band area 1s
kept constant during the spectral change as in Figure 4. (a) The synchronous spectrum when two bands shift to red by 500 cm™ and broaden
by 50% simultaneously. (b) The conjugate asynchronous spectrum of (a). (¢) The synchronous spectrum when two bands shift to red by 300
cm™ and broaden by 30% simultansously. (d) The conjugate asynchronous spectrum of (¢). (€) The synchronous spectrum when two bands

shift to red by 100 ¢m™ and broaden by 30% simultaneously. () The conjugate asynchronous spectrum of ().

bands in the sample spectrum, where the spectral intensity
changed greatest. The maximum autopeak in the overlapped
region of the sample spectrum was not observed in the
synchronous spectra of Figures 2. 3(a) and 3(¢). In the case
of the 500 cm™ shift. the intensity change in the sample
spectrum was greater for the band merging than separating
so that the peak maximum intensity was greater for the
merging bands, as given in Table 2.

The correlation of the red and the blue edge of the sample

spectrum appears in the upper-left and lower-nght region of
the correlation spectrum. The signs of these cross peaks of
the synchronous spectrum are related with the pattern of the
mtensity change i the sample spectrum. The negative sign
of the cross peak of the synchronous spectrum indicates that
the intensity of one position increases and the mtensity of the
coupled position decreases i the sample spectrum. In the
case in which the whole spectrum shifted, the intensities of
the red and blue edge of the sample spectrum displayved

Table 2. The peak maximum mtensity of the correlation spectrum when the two bands shift

shift (cm™Y (100, 100) (300, 300)

(300, 500)

(=500, 5007 (500, —500) (=500, —500)

intensity " (113.3) (930, 70)

(2230, 270)

(3500, 330) (2400, 290) (2200, 270)

"The numbers in the parenthesis indicate the shitt of the red side and the blue side band of the sample spectrum respectively. The positive and negative
values represent the red and blue sift respectively. ~"The numbers of the parenthesis correspond to the svnchronous and asvnchronous spectrum
respectively.
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opposite change. The cross peak between the red and blue
edge has a negative sign. In the case in which the two bands
of the sample spectrum shifted in different directions, the
intensities of the edges of the sample spectrum changed in
the same direction. that 1s. they increased or decreased
together. The cross peak between the edge has a positive
sign 1n the syvnchronous spectrum.

The difference in the intensity change sequence generated
peaks 1n theasvnchronous spectrum. The peaks of Figures
3(b) and 3(d) have different signs because the spectrum
shifted in different directions. The long peak along the
diagonal of the asvnchronous spectrum due to the shift 1s
also reported in the simulation with the vibrational corre-
lation spectrunt.”’ The asvnchronous spectrum in the case of
the band separating shown in Figure 3(f) has the L shape
peak. The relatively long peak in the direction perpendicular
to the diagonal 15 attributed to the intensity difference of the
two bands of the sample spectrum. The correlation spectrum
for the case of the band merging has the peaks in the smaller
region compared with the case of the band separating
because the main intensity change occurred n the smaller
region of the sample spectrum in the case of the band
merging. The asvnchronous spectra of Figure 3 show mainly
the effect of the larger band of the sample spectrum, which
can be confirmed from the distribution of the peak sign in
the asvnchronous spectrum of Figure 3. Figures 3(b) and
3(h) ndicate that the larger band shifts to red, whereas
Figures 3(d) and 3(f) indicate that the larger band shifts to
blue. When the sample spectrum shift was less than 500 cm™,
the peak intensities of the correlation spectrum were reduced
as given in Table 2. but the patterns of the correlation spectra
are very sunilar.

Band Width Change. In the case in which the two bands
of the sample spectrum became broader or narrower without
the band area change, the correlation spectra show similar
patterns in the different ranges. as the spectra of Figure 4(a)-
4(d). The band narrowing (broadening) without the band
area change made the intensity at the band center increase
(decrease). and the intensity of the band edge decrease
(increase). Therefore. the svnchronous spectrum shows three
autopeaks. the strongest one at the nuddle. When the width
of one band changed without change of its band area, the
synchronous spectrum produced three cross peaks. One was
positive and the others were negative. In the case of the band
narrowing, the intensity change occurred in the smaller region
of the sample spectrum and the correlation spectrum pro-
duced the peaks in the smaller region. The situation is
similar, as in case of the band merging and separating. The
absolute intensity change of the sample spectrum was
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greater In the case of the band narrowing than the band
broadening. Therefore. the band narrowing m the sample
spectrum made the greater peak maximum in the correlation
spectrum, as given in Table 3. The narrowing effect of the
larger band is overwhelming i Figure 4(e). The peaks due
to the change in the smaller band were not clear i the
normalized spectrum. The peak signs are mversed for the
case of band narrowing and broadening.

When one band broadens and the other band narrows. the
asynchronous spectrum show a complicated pattern as the
spectrum of Figures 4(f) and 4¢h). While the asynchronous
spectrum has much smaller peak intensity than the synchron-
ous spectrum. the asynchronous spectrum 1s more sensitive
to the changes of the sample spectrum than the synchronous
spectrum. However, the small peak mtensities of the asyn-
chronous spectrum for the case of the band broademing, as
given in Table 3. suggest that the band width effect might be
difficult to investigate with the 2D correlation method.

Simultaneous Shift and Broadening. Perturbations of a
molecular system usually cause the spectrum to shift and
broaden. The band maximum intensity decreases with bro-
adening 1f the band area does not change. Sometimes the
band area itself varies by perturbations. The change mn the
spectral intensity can be momtored easily by integrating the
spectrum. If the sample spectra are normalized before ana-
Ivzing with the 2D correlation method. the effect of intensity
change 1s separated and the effects of the other spectral
parameters can be studied through the 2D correlation ana-
Ivsis. In this work, the spectral area change of the sample
spectrum 1s not considered. except in Figure 2.

The 2D correlation spectra for the case m which the
sample spectrum shifts to red by 500 cm™ and broadens by
50% of FWHM, are similar to the spectra for the case of the
shift only as shown m Figures 3 and 5. The effect of the band
shift of 500 e, which is close to one half of FWHM, is

Table 4. The peak maximum mtensity of the correlation spectrum
when the shift and the broadening occur simultaneously. The shutt
and the broadening ratio are the same for the two bands of the
sample spectrum”

shift (cm™) . .

width (%) 4] 100 300 500
Q (0. (115, 3) (950.70) (2250, 270)
10 (30,0.2) (125, 4) (850,60) (2030, 230)
30 (190, 4) (265.10)  (850,60) (1800, 185)
50 (400, 13)  (500,20)  (950,65) (1700, 170)

"The numbers of the parenthesis correspond to the svnchronous and
asynchronaus spectruni respectively.

Table 3. The peak maximwm mtensity of the correlation spectrum when the band width changes

change (%) (10, 10) (30, 30)

(50, 50)

(=50, 50) (50, —50) (=50, =50)

ntensity” (30.0.2) (190,

(400, 13)

(330, 60) (3030, 163) (2630, 133)

"The numbers in the parenthesis indicate the changing ratio of the red side and the blue side band of the sample spectrum respectively. The positive and
negative values represent the ratio of broademing and narrowing respectively. “The numbers of the parenthesis correspond to the svinchronous and

asvnchronous spectrum respectively.
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dominant in the correlation spectrum for the case that the
shift and the broademng are mixed in the sample spectrum.
The shift by 100 cm™, corresponding to about 10% of
FWHM of the bands, does not have great unpact on the 2D
correlation spectrum. The correlation spectrum for the case
of the 100 em™ shift and 50% broadening, is sunilar to the
correlation spectrum for the case of the 50% broadening
only. The relative importance of the shift and the broadening
in the correlation spectrum seems to be determined by the
size of the absolute intensity change of the sample spectrum.

The intensity of the blue side of the sample spectrum
decreases at the greatest rate in the case of the red shift since
the larger band 1s located in the blue side. The synchronous
spectrum for the red shift of the sample spectrum has the
maximum intensity in the blue region. When the sample
spectrum becomes broader. the mtensity around the band
maximum decreases. but the intensity of the edge increases.
The effects of the shift and the broadening are combined in
complicated manners as seen in Table 4. The width depen-
dence of the peak maximum intensitv 1s not simple. The
width dependence changes with the amount of shift. More
extensive study 1s required to understand the peak intensity
of the correlation spectrum quantitatively.

Summary

The 2D cormrelation method was applied to sumulate the
electromc correlation spectruni. The wide electronic spectrum
15 affected much more by the usual perturbations than the
vibrational spectrum. When only the band intensity changes.
the synchronous spectrum has peaks at the band centers of
the sample spectrum. but the asvnchronous spectrum has no
peaks. When a band of the sample spectrum shifts. the
synchronous spectrum has autopeaks around the initial and
final band center of the sample spectrum, and the asvnchron-
ous spectrum has long peaks along the diagonal spanning the
shifting range in the sample spectrum. The spectral width
change 1n the sample spectrum develops complex patterns of
the 2D correlation spectra. The band narrowing of the sample
spectrum makes larger peaks in the comrelation spectrum
than the band broadening because the absolute intensity
change of the sample spectrum is greater in the case of the
band narrowing. The complicated correlation spectra attributed
to the absolute intensity change of the sample spectrum are
produced when the sample spectrum broadens and shifts
simultaneously.

The spectral changes of the electronic spectrum simulated
in this work mav be encountered in many experiunents. As
examples, the electronic spectrum of molecules changes at
high pressures and the spectrum of probe molecules varnes
with the structural relaxation of biomolecules. One of advant-
ages of electronic spectroscopy over vibrational spectro-
scopy 1s that both the absorption and emission spectra can be
obtained easilv. Meanwhile. the samie ground and excited
state are involved in the absorption and emission; both ab-
sorption and emission spectrum have different information.
The absorption spectrum provides detailed information about
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the excited state while the emission spectrum 1s related to the
structure of ground electronic state. If the 2D correlation
analysis method 1s applied to both the absorption and emi-
ssion spectrum of a system being perturbed by the various
parameters, the detailed information about the potential
energy surface of the excited and ground electronic states
can be obtamed. It would be interesting to mvestigate the
difference in the response of the ground and excited elec-
tronic state to perturbations. The molecular systems that give
well resolved vibrome bands such as anthracene. would be a
good model system for the 2D electronic correlation ana-
lysis.
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