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The silver colloidal effects on the excited-state structure and intramolecular charge transfer GGITIN-of
dimethylaminobenzoic acid (DMABA) in aqueous cyclodextrin (CD) solutions have been investigated by UV-
VIS absorption, steady-state and time-resolved fluorescence, and transient Raman spectroscopy. As the con-
centration of silver colloids increases, the ratio of the ICT emission to the normal emigsipof(DMABA

in the aqueous-CD solutions are greatly decreased whilelifil values in the aqueoysCD solutions are
significantly enhanced. It is also noteworthy that the ICT emission maxima are red-shifted by 15-40 nm upon
addition of silver colloids, implying that DMABA encapsulatedstCD or 3-CD cavity is exposed to more

polar environment. The transient resonance Raman spectra of DMABA in silver colloidal solutions demon-
strate that DMABA in the excited-state is desorbed from silver colloidal surfaces as demonstrated by the dis-
appearance afs(C0,7)(1380 cnt) with appearance of (C-OH)(1280 critY) band, respectively. Thus, in the
aqueoug3-CD solutions the carboxylic acid group of DMABA in the excited-state can be readily hydrogen-
bonded with the secondary hydroxyl grougBe€D while in aqueous ana-CD solutions the carboxylic acid

group of DMABA has the hydrogen-bonding interaction with water. Consequently, in the afft@Dusolu-

tions the enhancement of thel, value arises from the intermolecular hydrogen-bonding interaction between
DMABA and the secondary hydroxyl group®fCD as well as the lower polarity of the rim of (R€D cavity
compared to bulk water. This is also supported by the increase of the association constant for BRIBBA/
complex in the presence of silver colloids.

Keywords : p-N,N-Dimethylaminobenzoic acid, Intramolecular charge transfer, Cyclodextrin silver colloidal
effects.

Introduction tion of the ICT state and a stronger excitation wavelength
dependence of ICT fluorescence than the acid forRur-

In recent years, the photoinduced intramolecular chargéhermore, he observed the effectere€D andB-CD on the
transfer (ICT) in the aqueous cyclodextrin (CD) solutionsICT of DMABA in aqueous solutions, reporting that the
has been observed for various organic molecules sygh as dimethylamino group of DMABA molecule is included in
N,N-dimethylaminobenzoic acid (DMABA)? p-N,N- the a-CD andf3-CD cavity and the ratio of the ICT emission
diethylaminobenzoic acid (DEABA)ndp-N,N-dimethyl-  to the normal emission increasedsa€D or 3-CD concen-
aminobenzonitrile (DMABNY.” In aqueous solutions, the tration increases. However, he did not consider the hydro-
cyclodextrin which is the cyclic polymers of, - or y gen-bonding interaction of the carboxylic acid of DMABA
amylose forms a very well-defined hydrophobic cavity andand water on the ICT process. In 1995, Yebtml. demon-
encapsulates a suitable molecule. The resulting supramolstrated that the specific hydrogen-bonding between the car-
cules often exhibit properties drastically different from thoseboxylic acid group of DMABA and water in aqueous CD
of the free guest molecules in the aqueous solutionsaThe solutions played an important role in the formation of an
- and y~cyclodextrin contain six, seven and eight amyloselCT staté? From the time-resolved fluorescence spectro-
units, forming the diameter of the inner rim of the cavitiesscopic results, the complexation pattern of DMABAID
approximately 4.5, 6.5 and® respectively. The interior of was found to be quite different from that of DMABACD.
the CD cavity is relatively nonpolar while the rims are mod-They also observed SiColloidal effects on the excited-
erately polar due to the hydroxyl groups and nearby watestate ICT process of DMABA in acetonitrile, demonstrating
molecules. Thus, the main aim of studying the ICT processhat the formation of the ICT state was enhanced by the
in CD solutions was to find out how the cavity affects thehydrogen-bonding between the carboxylic acid group of
ICT state and whether it is due to the reduced polarity of th® MABA and the SiQ colloidal surface while the hydrogen-
cavity or to the restrictions imposed on the molecularbonding between the amino group of DMABA and the,SiO
motions in the CD cavity. colloidal surface inhibited the formation of the ICT state.

In 1994, Jiang reported that the conjugate base form of As discussed above, the fluorescence spectroscopic stud-
DMABA in aqueous solutions had a higher relative popula-ies on ICT process in the cyclodextrin solution was widely
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attempted. However, their studies do not give a clear undemicroscopy (Carl Zeiss; Model EM912 Omega). The num-
standing of the molecular structure in the excited-ICT stateber of silver molecules per colloidal particle was21°.
even though a limited IR studies have been done to explore The absorption spectra were measured on a Cary 3E UV-
the structure and dynamics of the excited electronic states &S spectrophotometer. The steady-state fluorescence spec-
DMABN in polar and nonpolar solvents by Hamaguehi tra were recorded on a scanning SLM AMINCO 4800 spec-
al..° They reported that both the singlet and triplet ICT staterofluorometer which makes it possible to obtain corrected
showed large downshifts (>120 Tinof the C=N stretch  spectra using Rhodamine B as a quantum counter. The solu-
frequency, indicating that the charge transfer had a signifitions were accurately diluted with the proper solvent to have
cant effect on the structure of the cyano group. Neverthelesan optical density not to exceed 0.6 at the excitation wave-
no evidence of the conformational change in the electrofength to eliminate the self-absorption effect.
donating amino group was not yet observed. In this point of We have attempted to obtain the infrared spectra of
view, it is necessary to extend the conformational studies bipMABA adsorbed on silver colloidal particles for a better
using Raman scatterirly.However, the ordinary Raman interpretation of its ICT emission on colloidal surfaces.
spectroscopy is not suitable for the organic molecules sucHowever, since the concentration of colloidal solutions was
as DMABA showing a strong ICT emission. Thus, the sur-too dilute to record the infrared spectra, we have recorded
face enhanced resonance Raman scattering techniqtige infrared spectra of DMABA that has been self-assem-
(SERS), which use the silver colloids as an active site tdled on commercially available Ag (Aldrich, 99.9+%, 2-3.5
enhance the Raman signal to overcome the fluorescence jisn) powders by means of a diffuse reflectance infrared Fou-
useful method to determine the structure of moleculesier transform (DRIFT) spectroscopy. These powdered sam-
adsorbed on certain surface in the ground state. Moslebvits ples were transferred to a 4 mm diameter cup (Harrick
al. investigated the spectra pfaminobenzoic acid (PABA) microsampling cup) without compression. After leveling by
adsorbed on aqueous silver colloidal particles, reporting theapping the cup gently, the samples were subjected to
PABA molecule was deduced to be adsorbed flat on the suBRIFT analysis. DRIFT spectra were measured with a
face, rebonding through the benzen rillg.Suh et al. Bruker IFS 113v Fourier transform IR spectrometer equipp-
observed the SERS spectra of isomeric pyridinecarboxylied with a globar light source, a liquid-sooled wide-band
acids, o- and p-aminobenzoic acids, thiosalicylic and 4- mercury cadmium telluride detector, and a Harrick Model
methylthiobenzoic acid®.Furthermore, the transient reso- DRA-3CI diffuse reflectance accessory. A total of 128 scans
nance Raman spectroscopy is established as powerful tonkere measured in the range 3500-1000*@ha resolution
for studying the structure of electronically excited mole-of 4 cmi® with the use of previously scanned pure silver
cules'®!® The transient resonance Raman spectroscopyowder as the background. The Happ-Genzel apodization
however, is not suitable for the organic molecules such afunction was used in Fourier transforming all the interfero-
DMABA and its derivatives, which show a strong ICT emis- grams.
sion. From this point of view, the silver colloids, which dis- Raman spectra of DMABA in NaOH solutions (pH=13)
play the absorption band at the longer wavelength wittand solid DMABA were obtained with a Renishaw Rama-
adsorbate, are useful materials for the observation of thecope system 2000 using the 514.5 nm line of an Ar ion laser
structure of adsorbate in the excited-state. (Spectra Physics mode 163-C4210) as an exciting source.
Thus it is quite necessary to obtain the optical properties oBlass capillary tube was used as sampling device and
DMABA/CD in the presence of silver colloids. In this paper Raman scattering was observed with °1BAck scattering
the silver colloidal effects on excited-state ICT process angieometry. The surface enhanced Raman scattering spectra
structure of DMABA in aqueous CD solutions have beenwere obtained using a 514.5 nm line of an Ar ion laser
investigated by UV-VIS absorption, steady-state and time{Lexel 3500-7) as an exciting source. The Raman scattering
resolved fluorescence, and the transient resonance Ramaignal was collected by a Spex 1404 double monochromator
spectroscopy. and LN cooled CCD arrary detector (Spex Spectrum One).
The transient resonance Raman spectra on DMABA
Experimental Section adsorbed on silver particles in aqueau€D and -CD
solutions were obtained by the probe pulse at 468 nm and
p-N,N-dimethylaminobenzoic acid (DMABA), AgNO the pump pulse at 435 nm, respectively. The 468 nm and 435
and sodium borohydride were purchased from Aldrichnm were prepared from the first anti-Stokes shifted Raman
Chemical Co. lines of H, excited by the 532 nm pluses from nanosecond
The silver colloidal particles were prepared according toQ-switched Nd: YAG laser. The transient resonance Raman
the recipe reported by CreightéhA 60 mL solution of X scattering signal was collected by a HR 640 spectrograph
10 M sodium borohydride was mixed with a 22 +2 mL (Jovin-Yvon) connected with a delay generator (Stanford
solution of 1x 10° M AgNOs; both solutions were chilled Research DG 535), a pulse generator (Princeton Instrument
at ice temperature. The silver colloids appeared pale yellow=G 135), and a gated intensifited photodiode array detector
Freshly prepared silver colloidal suspensions were stable fqPrinceton Instrument IRY 700). The sample solutions were
a month when stored in the dark. The particle size of silveflowed through a glass capillary (0.8 mm i.d.) at rate suffi-
colloid was determineda. 200A by transmission electron cient to ensure that each pluse encounted a fresh volume of
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sample. affected by the presence of silver colloids as shown in Figure
Fluorescence lifetimes of DMABA in the semiconductor 1b. The intensity of the emission is slightly increased by the
colloidal solutions were measured by a time-correlated sinpresence of silver colloids and the normal emission maxima
gle photon counting (TCSPC) method, employing a dual-jetare blue-shifted. This emission spectrum in the presence of
picosecond dye laser (Coherent; Model 702) synchronouslgilver colloids is consistent with the emission spectrum of
pumped by a mode-locked Ar ion laser (Coherent; InnovdDMABA in high pH buffer solutions, indicating that
200). The cavity-dumped beam from the dye laser had 1 pBMABA is adsorbed on silver colloidal surface as a carbox-
pulse width, average power of 100 mW at 3.8 MHz dumpingylate form.
rate and a tunability of 560-620 nm by using Rhodamine 6G In order to further understand the interaction and binding
as a gain dye and DODCI (diethoxydicyanineiodide) as dorm of DMABA with silver colloidal particles in the
saturable absorber. To excite the sample, the laser pulse waund-state, we have measured the DRIFT and Raman scat-
frequency-doubled b-BBO (3-barium borate) crystal. All  tering spectra of DMABA adsorbed on silver particles. The
the standard electronics used for the TCSPC were from E@ost prominent features for neat DMABA in DRIFT spectra
& G Ortec. This method allows a time resolution of about 10(Figure 2(a)) are a band at 1668 tdue to C=0 stretching,

ps after deconvolution. a band at 945 crhdue to a symmetric stretching of an amine
group («NC,)), and a band at 1190 chaue to an asym-
Results and Discussion metric stretching of an amine groupg{NC,)). In case of

DMABA adsorbed on silver particles (Figure 2(b)), a band

Figure la shows the absorption spectra of DMABA incorresponding tov{CO;) was observed at 1388 cin
aqueous solutions with different concentration of silver col-instead of a band at 1668 Crdue to carbonyl ketone (C=0)
loids. Upon increasing the concentration of silver colloids,stretching. Two stretching bands due t@(NC;) and
the absorption maxima around 310 nm was blue-shifted witljv.{NC,)) were also measured at 950 ¢and 1203 crt,
gradual increase in the absorbance, followed by the appeatespectively. The peak shift of an amine group observed at a
ance of new absorption band around 600 nm. The new
absorption band is attributed to the formation of the
DMABA/silver colloid complex by the charge transfer inter-
action. In contrast to the dramatic changes in the absorptic 2605
spectra, the fluorescence spectra of DMABA are little
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Figure 1. Absorption (a) and emission spectral chandes=(300 Figure 2. DRIFT spectra of neat DMABA (a) and DMABA
nm) (b) of DMABA with different concentrations of silver colloids. adsorbed on Silver colloids (b).
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Figure 4. Transient resonance Raman spectra of DMABA ad-
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Figure 3. Surface enhanced Raman scattering spectra of DMABA
adsorbed on silver colloids in the absence and presemc€bfor Raman spectra of DMABA adsorbed on silver particles in
pCD. aqueousx-CD andB-CD solutions. The transient resonance
Raman spectra of DMABA adsorbed on silver colloids show
slightly higher wavenumber than that observed in neasimilar results regardless of the presence-aD or 3-CD.
DMABA is probably due to the indirect interaction of amino Figure 4 shows the transient resonance Raman spectra of
group through the conjugation of DMABA. This indicates DMABA adsorbed on silver colloids in the aqueg&€D
that DMABA is adsorbed on silver colloids as a carboxylatesolutions measured with 436 nm photoexcitation and 468
form. These characteristic bands of anion form of DMABA nm probe pluses. The bottom spectrum of Figure 4 was
are also observed at 1650 nm from the SERS spectrum obtained by the probe (468 nm) pulse; themode at 1600
DMABA adsorbed on silver colloids in the absence<@D  cm™?, thevigp mode at 1450 ¢y and thevs(CO,)) mode at
or B-CD as shown in Figure 3, supporting again that1380 cm’, respectively. These vibration modes indicate that
DMABA is adsorbed on silver colloids as a carboxylate DMABA is adsorbed on silver colloids as a carboxylate
form. Especially, the observation of two bands at 1384 cm form as already demonstrated by the DRIFT and SERS spec-
and 845 crit corresponding tov{(CQO;") and §(COy), tra. A characteristic change was observed from the transient
respectively, indicates that the €Q@roup of DMABA in resonance Raman spectrum of the excited-state DMABA in
the ground state is adsorbed through both of its oxygesilver colloidal solutions measured with 436 nm photoexci-
atoms andzbonding as a tilted conformation on silver col- tation and 468 nm probe pluses (Figure 4(b)). The signifi-
loids. However, theebonding interaction with silver colloi- cant changes for the excited-state DMABA are the dis-
dal surfaces is inhibited by the introduction of CD becausappearance of 1380 chrband with appearance of 1280
DMABA molecule is entrapped into the nonpolar cavity of cm™ band corresponding te(C0O,") and v (C-OH) band,
a-CD or 3-CD. Especially, in case ¢&CD the interaction respectively. These results imply that the carboxylate group
of DMABA with silver colloids becomes more weak. This is of DMABA adsorbed on silver colloid in the ground-state is
probably because most part of DMABA molecule is deeplyrecovered to the carboxylic acid group in the excited-state.
entrapped into thB-CD cavity. This is supported by the fact That is, the carboxylate group of DMABA molecules
that the SERS of DMABA in the higher concentratiorBof  adsorbed on silver colloids in the excited-state is desorbed
CD is the same as that observed in molecules alone (See Figem silver colloidal surface in the excited-state. These
ure 3). trends were also observed by Silal,*® demonstrating that
In order to further understand the structure of DMABA in 4-vinylbenzoic acid adsorbed on silver colloid surface was
the excited-state, we have measured the transient resonardesorbed by the laser irradiation and the photodesorption
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Figure 5. Absorption (a) and emission spectral changdgs=(300 Figure 6. Absorption (a) and emission spectral changes=(300
nm) (b) of DMABA/a-CD with different concentrations of sive  nm) (b) of DMABA/B-CD with different concentrations of silve
colloids. colloids.

rate constant determined from the changes of the intensity @bsorption spectra of DMABA in aqueous solutions. In con-
Vga Vibration mode was proportional to the laser power. Theyrast to the absorption spectra of DMABA, there are a dra-
also reported that the photodesorption process was initiatedatic changes in the fluorescence behavior of DMABA
by a metal to adsorbate charge transfer absorption. Espaédsorbed on silver colloids in aqueoasCD solutions.
cially, in agueous-CD andB-CD solutions, the decrease of Upon addition of silver colloids, the emission intensity of
the intensity of 1600 cmcorresponding tos,mode as well DMABA entrapped ina-CD cavity was largely decreased.
as the disappearance »{CO;) band and appearance of Especially, the ICT emissiomMfax=440 nm) was greatly
v (C-OH) band was clearly observed as shown in Figure 4rather quenched with little decrease of the normal emission
indicating that the photodesorption of DMABA from silver (Amax= 350 nm). In other words, as the concentration of sil-
colloid surface takes favorably place in aqueatSD and  ver colloids increases, the ratio of the ICT emission to the
[B-CD solutions. Thus, the photorecovered carboxylic acichormal emissionl{/l,) of DMABA in aqueousx-CD solu-
group of DMABA would be able to lead the hydrogen-bond-tions are greatly decreased as shown in Figure 7. It is also
ing interaction with water molecule or the secondarynoteworthy thatthe ICT emission maxima are red-shifted by
hydroxyl group ofa-CD or 3-CD. 40 nm upon addition of silver colloids, demonstrating that
In order to observe the silver colloid effects on the excitedthe most part of DMABA encapsulated érCD cavity is
state intramolecular charge transfer of DMABA, we haveexposed to the bulk aqueous solutions by the presence of sil-
also measured the absorption and fluorescence spectra \@#r colloids. Thus, in aqueowsCD solutions, the carboxy-
DMABA in aqueousa-CD andB3-CD solutions as increas- lic acid group of DMABA in the excited-state can be readily
ing the concentration of silver colloids. The absorption anchydrogen-bonded with water molecules, leading to decrease
fluorescence spectra of DMABA in aqueoasCD and (- the energy gap between the ICT state and the triplet state.
CD solutions are greatly affected by the presence of silveAccording to energy gap law of nonradiative transitions, the
colloids as shown in Figures 5 and 6. Upon increasing theate of intersystem crossing from the ICT singlet state
concentration of silver colloids, the absorption spectra ofncreases as the singlet-triplet energy gap decreases. That is,
DMABA entrapped ina-CD cavity are very similar to the the hydrogen-bonding interaction of the carboxylic acid
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group of DMABA with water induces the stabilization of the
highly polar ICT state through strong dipole-dipole interac-
tion with water. Consequently, the nonradiative decay fron
the stabilized ICT state to the ground and/or low-lying triplet
state rapidly takes place. Thus, we suggest that the decree
of thel,/l, value of DMABA entrapped im-CD cavity in
presence of silver colloids is due to the increase of polarity. Typel
On the other hand, in aqueous 8 BNCD solutions, the DMABA/o-CD Complex DMABA/B-CD Complex
absorption band arising from DMABA adsorbed on silver rigyre 8. The proposed structures of the DMABA/CD complexes
colloids is observed at shorter wavelength than that observein the ground-state (a) and excited-state (b).
in aqueous solutions or in aqueous 8 rNCD solutions.
This is probably due to the weak interaction of DMABA This hydrogen-bonding interaction of the guest molecule
with silver colloids. Like the absorption spectra of DMABA, with the secondary hydroxyl group ¢@CD has been
the fluorescence behavior of DMABA entrappedB«€D  reported by Warneet al'®2! Thus, this hydrogen-bonding
cavity is greatly affected by the presence of silver colloidsinteraction of DMABA with3-CD results in the stabilization
Upon increasing the concentration of silver colloids, theof DMABA/B-CD complex. In order to further characterize
intensity of the normal emission of DMABA entrappe@Bin  the interaction between the carboxylate group of DMABA
CD cavity was significantly quenched as compared with thatvith the secondary hydroxyl group BfCD, we determined
of the ICT emission. That is the/l, values of DMABA in  the association constants for DMABACD or DMABA/[3-
aqueous3-CD solutions are largely increased and the ICTCD complex from the emission spectra of DMABA in silver
emission maxima are red-shifted by 15 nm upon addition o€olloidal solutions with increasing concentratiorae€D or
silver colloids (See Figures 6 & 7). These results suggess-CD. The association constants are determined from the
that the interaction between DMABA entrappedCD Benesi-Hilderbrand plot by using the following equation;
and silver colloids is clearly different from that between

Typel Type Il

DMABA entrapped ina-CD and silver colloids. Especially, m =

the red-shift of ICT emission maxima in aqueftGD solu- al’b/o—Va’’b

tions is smaller than that in aqueau€D solutions, indicat- 1 + 1

ing that DMABA is still entrapped in the hydrophobic cavity (/1) o= (/1) K /1,)g—(1/1p)'[CD]

of B-CD. This is probably due to the larger internal diameter

of the 3-CD cavity than that of the-CD cavity, leading the whereK is the association constarit,/(y)o is the initial ratio
guest molecule to be located more deeply into the nonpolasf free DMABA, and [a/ly) and (a/ly)' are the observed and
cavity. Thus, DMABA entrapped deeply into the nonpolarintrinsic ratios of the inclusion complex, respectively. Figure
[B-CD cavity is exposed to the rim of the CD cavity by silver 9 shows a straight line from the plot of the reciprocal gf (
colloids as demonstrated by the small red-shift of the ICTl,)o—(la/ls) VSthe reciprocal otr-CD or 3-CD concentration
emission. Therefore, in the aque@HE€D solutions, the car- for the present system, demonstrating 1 : 1 stochiometry in
boxylic acid group of DMABA in the excited-state can be the DMABA/a-CD and DMABA/3-CD complex. From the
readily hydrogen-bonded with the secondary hydroxyl grougslope and intercept, the association constants for DMABA/
of B-CD rather than water molecules as shown in Figure 8a-CD complex in the absence and presence of silver colloids
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5.0 association constant for DMABA/CD complex arises
esl (1) @ inabsenceofsilvercolloids 0] from the hydrogen-bonding of the carboxylic acid group of

O  inpresence of silver colloids DMABA with the secondary hydroxyl group BfCD. Con-
sequently, in the aqueoyCD solutions the enhancement

of thela/l, value arises from the intermolecular hydrogen-
bonding interaction between DMABA with the secondary
hydroxyl group of-CD as well as the lower polarity of the
rim of the B-CD cavity compared to bulk water. These
results are also consistent with the result reported byeNag
al.,*?2%jllustrating that the enhancement of the ICT emis-
sion obviously originates from DMABN molecules which
are in a more polar environmerd. at the rim of3-CD.

In order to further understand the difference in the CD-

/(1 1ayo~(To/12)]

O T T T e 200 220 300 as0 200 im0 300 dependent changes kfl, value, we measured the fluores-

cence decay times of the normal (350 nm) and the ICT emis-
-af (b @ in absence of silver colloids sion (460 nm) of DMABA in silver colloid solutions
6 O in presence of silver colloids containing different concentration afCD and3-CD. The

analyzed decays of the normal and ICT emission are sum-
marized in Tables 1, 2 and 3. The normal emission decay in
the absence of silver colloids exhibits a very fast decay (32
ps) as a major decay component with a small contribution
from a slow decay component (0.84 ns). The fast decay
component is attributed to the emission from the locally
excited (LE) state while the 0.84 ns component corresponds
to the delayed emission generated through the equilibration
achieved between the LE state and the ICT state. The decay
times and their relative amplitudes of the normal emission
or e e T o e o0 eon - son 7000 stay the same within experimental uncertainty even upon
1/[a-CD addition of silver colloids. Furthermore, two decay compo-
a-CD] T .
_ . nents of the normal emission of DMABA adsorbed on silver
rFé?:ilgfoczﬂ E?ea F():kI)Dt ‘(’afl) t:‘en dr?;g)lgoc(%l) oégggjéor:tg;t/igﬁ% Vfirthtie colloidal surfaces have fairly constant in terms of the decay
DMABA/CD complex system. times and relatlvg a.mphtud.es regardless of the presence of
a-CD or 3-CD. It is interesting to note that the decays and
relative amplitudes of the longer component (0.7 ns) in pres-
were determined to be 5 and 14*\tespectively, indicating ence of silver colloids are little affected by the presenge of
that the DMABAK-CD complex is little affected by the CD while those in absence of silver colloids are increased
presence of silver colloids. However, the association conupto 1.6 ns by the presence®ECD. This decay behavior of
stant for DMABA/3-CD complex is largely enhanced from the normal emission is consistent with the fluorescence
148 to 580 M" by the presence of silver colloids, indicating spectroscopic results, demonstrating that as increasiify the
that the DMABA/3-CD complex is more stabilized. It is also CD concentration, the enhancement of the normal emission
noteworthy that though DMABA is exposed to the aqueousn the presence of silver colloids is smaller than that in the
solutions by silver colloids, the value of the association conabsence of silver colloids.
stant for DMABA/3-CD complex is greatly increased. That On the other hand, the ICT emission decay of DMABA is
is, under the presence of silver colloids, the increase of thalso biexponential, exhibiting a fast decay component (230

.. K=589

V[(I/I)o-(I/12)]

K=148

Table 1 The fluorescence decay timeg énd relative amplitudesy] for the ICT (460 nm) and normal (350 nm) emission of DMABA in
the absence and presence of silver colloids

Compounds Monitoring O a 73 2 ) 2 Rise
P wavelength (ps) ' (ns) (ns) (ps)
Ag coloid-free DMABA 250 32 0997 0.84  0.003
DMABA + Ag colloid 10% nm 35 0.987 075 0013
Ag coloid-free DMABA 235 0.993 15 0.007 14
DMABA + Ag colloid 5% 460 230  0.958 047 0027 20
DMABA + Ag colloid 10% nm 230  0.969 046 0031 24

DMABA + Ag colloid 15% 233 0.871 0.51 0.129 25
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Table 2 The fluorescence decay timeag @nd relative amplitudes;)dor the ICT (460 nm) and normal (350 nm) fluorescence bands of
DMABA adsorbed on silver colloidal surface in aqueatSD solutions

Compounds Monitoring 1 a 7] T3 Rise
P wavelength (ps) ! (ns) & (ns) & (ps)
a-CD-free DMABA 350 35 0.987 0.75 0.013
DMABA + a-CD 8 mM nm 32 0.982 0.59 0.014 2.4 0.004
a-CD-free DMABA 230 0.969 0.46 0.031 14
DMABA + a-CD 2 mM 242 0.910 2.3 0.010 31
DMABA + a-CD 4 mM 460 nm 244 0.972 3.0 0.028 31
DMABA + a-CD 8 mM 247 0.912 3.3 0.088 19
DMABA + a-CD 12 mM 250 0.822 3.4 0.178 20

Table 3. The fluorescence decay timag @nd relative amplitudes;fdor the ICT (460 nm) and normal (350 nm) fluorescence bands of
DMABA adsorbed on silver colloidal surface in aqueftSD solutions

Compounds Monitoring T a T 2 3 & T4 a Rise
P wavelength  (ps) ' (ns) (ns) (ns) (ps)
[-CD-free DMABA 250 35 0987 075 0.013
DMABA + 3-CD 8 mM nm 32 0942 070 0028 19 0030
[-CD-free DMABA 230 0969 046  0.031 14
DMABA + B-CD 2 mM 460 215  0.295 089 0285 19 0420 31
DMABA + B-CD 4 mM nm 270  0.083 081 0306 18 0611 31
DMABA + 3-CD 8 mM 200  0.041 10 0433 19 0526 19

DMABA adsorbed on silver colloidal surfaces. Upon addi-

C~e 4 tion of a-CD or 3-CD, the decay component originating

'\ from DMABA adsorbed on silver colloidal surfaces dis-

appear and consequently new decay components become

dominant (see Tables 2 and 3), exhibiting much longer decay

times €a. 0.9-3.2 ns). Under the presence of silver colloids,

the ICT emission for the DMABAY-CD complex has one

" decay componentd. 3.4 ns) while that for the DMAB/&
LA ) CD complex has two decay componepts .0 and 1.9 ns).

duﬂ%i}fw This indicates that there are two different species of

- v
. o™

’
A b

Fluorescence intensity (log)

A : Lo o DMABA/ 3-CD complex in contrast to a single species of
- I S LA DMABA/ a-CD complex as reported by Yoat al It is
e ‘___:ﬁ_ " .___'“. f-:-.—_-: noteworthy that the decay times for DMABACD and
o ; 2 s 4 5 s 7 s DMABA/ 3-CD complex in the presence of silver colloids
Time (nanosecond) are shorter than the those in absence of silver colloids, illus-
Figure 10. Fluorescence decay profiles for DMABA in aqueous trating that the Inte_nS|ty of th? ICT em|SS|9n IS decrea_sed by
solutions (a), and DMABA adsorbed on silver colloids in the the p_resence of _sHver colloids. As previously mentioned,
absence (b) and presenceze€D (c) and3-CD (d). two different species of DMABAG-CD complex correspond
to the hydrogen-bonding species of DMABA withCD
(type 1) and the type Il complex, in which the carboxylic
ps) as a major along with a slow decay component (1.5 nsacid group is entirely entrapped in the nonpolar cavit§- of
Figure 10 shows the typical fluorescence decays for DMABACD. Considering the fluorescence spectroscopic results,
in aqueous solutions, and DMABA adsorbed on silver col-demonstrating that with an increase of fR€D concentra-
loids in the absence and presencerd@@D andB-CD. The  tion, thela/l, value of DMABA adsorbed on silver colloids
shorter component is attributed to the emission from the stanitially increases and after reaching a maxima exhibits a
bilized ICT state while the longer component is due to theconstant value(data not shown), 1.0 ns component and 1.9 ns
hydrogen-bonding interaction of DMABA with water. How- component are attributable to the type | and type Il, respec-
ever, upon addition of silver colloids, new decay componentively. These results are consistent with the result reported by
(0.47 ns) instead of the longer component is observed whil¥oon et al, illustrating that at higher concentration®€D,
the relative amplitude of the fast component greatly decreasethe l./lp value of DMABA decreases and the only longer
New decay component is attributed to the emission frontomponentga. 3.0 ns) is detected because all the part of
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DMABA molecule face nonpolar environment. This is also sis at Seoul National University.

supported by the fact that only normal emission of DMABA
is observed without the ICT emission in the aqueeG®

solutions? 1.
From above results, we suggest that the specific hydrogen-2.

bonding interaction of the carboxylic acid group of DMABA

with the secondary hydroxyl group BfCD as well as the 3.

hydrogen-bonding between DMABA and water plays an
important role in the ICT process.

Conclusions
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