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We studied the influence of inorganic salts and bases on the absorption spectra and kinetics of the formation
of the J-band in water solutions of 1-diethyl-2, 2-cyanine (PIC) iodide. The absorption spectra of diluted
(105to 10°® mol/L) solutions of PIC containing significant amounts of neutral or basic inorganic salts showed
an intense and narrow J-band, with the half-width at the full maximum (HWFM) of less than 4 nm at room
temperature. The position of the maximum of the J-band depended on the anion of the salt. Spectra had
shape concurrent with that previously assigned in published materials to pure J-aggregates. Kinetics of the
absorption spectra during the formation of the J-band in diluted solutions showed isosbestic points, indicating
that PIC molecules undergo a transition from monomer state directly to “J-aggregate” state, without intermediate
states, such as dimers or trimers. Absorption spectra of concentrated solutions of PIC containing some inorganic
salts showed two J-bands. The “red” J-band had the maximum at 579 nm in all solutions. The position of the
maximum of the “blue” band depended on the anion of the salt. Its intensity strongly depended on the
concentration of the inorganic salt. Possible mechanisms of the influence of inorganic anions on the formation
of the J-band in the spectra of diluted and concentrated solutions of PIC are discussed.

1. Introduction at 572 and 575 nm. Nakatsu etabbserved a J-band with the
maximum at 580 nm in the absorption spectrum of PIC iodide
(gowder suspended on a quartz-glass plate. Daltrozzo %t al.
nd Renge and Wifd reported that anions of inorganic salts
have a significant effect on the J-band in the spectra of PIC
and that the position of the maximum of the J-band depended

In 1936 Scheibkand Jelley reported that the absorption
spectra of concentrated solutions of some cyanine dyes showe
a new, very narrow and intense band, red-shifted with respect
to the absorption spectra of diluted solutions. The solutions also
showed_ a very strong quoresc_ence, nearly rﬁesonana Wlth the o, the anion of the salt.
absorption. The new band received the name “J-band” in honor |1\, =« noticed many times, including in the pioneer paper of

of Jelley. Later it was attributed to the formation of a special Jelley? that inorganic ions decrease the threshold concentration

type of molecular aggregates, J-aggregates. of dye molecules, required for the appearance of the J-band.
In subsequent years, significant efforts have been made tognly one explanation to this phenomenon was given so far,
establish the nature of the J-band. Initially, papers were devotedyhich is promotion of aggregation of dye molecules by
primarily to absorption and fluorescence spectra of cyanine dyesinorganic salts due to an increase of the effective dielectric
at different conditions. After the development of laser techniques constant of the solveRt. The doublet structure of the J-band
other optical characteristics of J-aggregates have been studieghhserved in some experiments has been ascribed to different
using different fascinating methods, including nonlinear spec- staking configurations of PIC molecules in aggregates.
troscopy; time-resolved fluorescence® accumulated photon- There are two published theories explaining the nature of the
echo techniqué&;** Raman spectroscopy, femtosecond  j.pand. Sheilf&and Frank and Tell&% proposed that the J-band
pump-probe spectroscopy;*® electro-modulation spectros- s the result of the formation of an excitonic state through the
copy/® near-field scanning optical microscopyand atomic  electronic coupling of the tightly packed dye molecules. This
force microscopy? It was found that, in addition to the J-bands  theory received further development in numerous publications
in the absorption and fluorescence spectra, aggregates of somgpqg is currently overall accepté®:3® However, recently
cyanine dyes show high second- and third-order nonlinearity Egorow® suggested that the J-band could have a different nature.
and optical activity. According to his theory the J-band originates from an electron
Of all cyanine dyes, PIC shows the narrowest and the most transfer between neighbor molecules in aggregates and unusual
impressive J-band. In early works it was noticed that the position resonance between electronic motion and environmental nuclear
of the maximum of the J-band depends on the medium. motion. Both theories relate the J-band with aggregation and
Scheibé® observed that the J-band at a mica/solution interface do not take into account a possible role of inorganic ions.
was red-shifted at approximately 5 nm compared to that in water  Most of the experimental data published support the hypoth-
solutions. Later, Coopétfound that at low temperatures, the  esis of the aggregational nature of the J-band. Indeed, the J-band
J-band in the absorption spectrum of PIC in water/ethylene usually appears in the spectra of concentrated solutions or films
glycol glasses splits on two very close bands, with the maxima and glasses and disappears under dilution. Progress in experi-
mental technique made possible the direct observation of the
* Corresponding author. E-mail: istruganova@mail.barry.edu. macrostructure of cyanine dyes J-aggregates in aqueous solu-
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Addition of inorganic salts in the amount of 6:8.5 mol/L
(a typical amount used to promote the J-band in concentrated
solutions of PIG*24 had no significant effect on the absorption
Z < spectra of diluted solutions. However, when the concentration
I

N of the salts approached the limit of solubility, the absorption
CH spectra of the solutions suddenly changed very significantly.
CHs > Parts b-f of Figure 2 illustrate the changes that took place in
Figure 1. Structural formula of PIC lodide. the absorption spectra of 8 10°° mol/L water solutions of

PIC after addition of significant amounts of NaCl, KBr, KOH,
tions. Von Berlepsch and co-workétseported that at concen-  Nal, and NaSQ,. Spectra were measured & 1 cmcell at 25
tration 102 mol/L PIC, J-aggregates in solutions look like °C. Solutions were liquids and did not show noticeable increases
cylindrical rods with diameters 2.& 0.2 nm. of viscosity. The J-band was very narrow, with a HWFM less
However, recently we observed that inorganic salts and baseshan 4 nm in solutions containing NaCl, KBr, ang90;. It

cause complete transformation of the absorption spectra of verywas broader in solution containing KOH. Solutions containing
diluted, 108 mol/L, water solutions of 5,6-dichloro-2-[3-[5,6-  Nal showed two J-bands with maxima at 578 and 583 nm.
dichloro-1-ethyl-3-(3-sulfopropyl)-2(3)-benzimidazolydenyl]- Absorption spectra of the solutions containing NaCl, KBr,
1-propenyl]-1-ethyl-3-(3-sulfopropyl)benzimidazolium hydrox- and NaSQ, showed no significant changes during a few hours
ide (TDBC) from a monomer shape to a J-aggregate shape andhfter the preparation. However, the J-band and the overall
that kinetics of the absorption spectra exhibit an isosbestic absorption of the solutions containing KOH and Nal signifi-
point*2 Formation of relatively large (if any) tightly packed cantly decreased in a few minutes.
molecular aggregates in such diluted solutions is questionable. The position of the maximum of the J-band in diluted
In this paper we report on the study of the influence of inorganic so|ytions of PIC depended on the anion of the salt/base. It was
salts and bases on diluted and concentrated solutions of PIC gt 572 nm in solutions containing $0, at 573 nm in solutions
Data obtained suggest that inorganic ions may play a more containing Ct, at 575 nm in solutions containing Br
important role in the formation of the J-band than simply 5 4anic salts caused not only the appearance of the J-band,
promotion of aggregation due to an increase of the effective 1+ 515q the transformation of other parts of the absorption
dielectric constant of the solvent. spectra of diluted solutions of PIC. Thus, instead of the

) ) maximum at 522 nm, belonging to monomers of PIC
2. Experimental Details and Results absorption spectra of the solutions containing NaCl and KBr

We studied the influence of different inorganic salts and bases (Figures 2b,c) showed two peaks at 495 and 532 nm.
on the absorption and fluorescence spectra and kinetics of diluted  The absorption spectra of diluted solutions of PIC containing
and concentrated water solutions of PIC iodide. The structural inorganic salts and bases depended on temperature. Thus, at 50
formula of the dye is shown in Figure 1. The dye was purchased °C and higher the absorption spectra of all solutions looked
from Aldrich and used as received. The concentration of PIC a@most identical to the absorption spectrum of PiGonomers
in the solutions studied ranged from Qo 103 mol/L. (Figure 2a) and did not show a J-band. Cooling of the solutions

Absorption spectra and kinetics were recorded with a Perkin- 0 room temperature led to the appearance and growth of the
Elmer Lambda-12 U¥-vis spectrometer. All solutions exhibit- ~ J-band. Transformation of the absorption spectrum gf B0~
ing the J-band in the absorption spectra had a J-band in theirmol/L water solution of PIC containing NaCl during its cooling
fluorescence spectra, nearly resonant to absorption. FluorescencBom 54 to 23°C is shown in Figures 3a,b. Figure 3a shows 30
spectra were recorded with a Perkin-Elmer Lambda 50-B Spectra measured with a time interval of 24 s between each
luminescence spectrometer. However, for the purpose of thisconsecutive spectrum and Figure 3b shows the selection of five
paper, emphasis is made on the absorption spectra. spectra at different temperature.

Absorption spectra of the solutions depended on the concen- Three isosbestic points are clearly seen in Figures 3a,b. This
trations of both PIC and inorganic ions. Weak acidic salts did is an interesting result, because it indicates that PIC molecules
not have significant effects on the absorption spectra of the in diluted solutions exist in only two forms: as monomers and
solutions. Strongly acidic salts and acids bleached the solutions, J-aggregates”.
most probably due to the protonation of PAC. When the concentration of PIC was&10-8 mol/L, addition

Neutral and basic salts and strong bases initiated the appearof NaCl, KBr, and Nal had a similar effect on the absorption
ance of the J-band in the absorption spectra of the solutionsspectra of the solutions; however, bigger amounts of salt were
independent of the concentration of PIC. However, the amount required.

of salt (base) required strongly depended on the concentration Il. Influence of Inorganic Salts and Bases on the Absorp-
of PIC. tion of Concentrated (5 x 1074 to 1072 mol/L) Solutions of

I. Influence of Inorganic Salts and Bases on the Absorp- PIC. Absorption spectra of concentrated solutions of PIC in
tion of Diluted (1078 to 10~* mol/L) Solutions of PIC. pure water differ from those of diluted solutions. Figure 4 shows

Absorption spectra of diluted (16 mol/L and lower) solutions  the absorption spectrum of 610 * mol/L water solution of
of PIC in distilled water had only one maximum at 522 nm PIC. The spectrum was measured in a 0.5 mm cell at@5
and a short wavelength shoulder at approximately 480 nm. The spectrum had two maxima, one at 522 nm and the other at

Figure 2a shows the absorption spectrum ofa 305 mol/L 480 nm, and a weak J-band at approximately 580 nm. In
solution of PIC in pure water measured at room temperature. previously published papéfst* the maximum at 480 nm was
This spectrum looks like a typical spectrum of PI€ation in attributed to dimers of PIC.

monomeric form3® and does not indicate on any significant When the solution was heated to 3G, the J-band disap-

amount of dimers or other aggregates present in the solution.peared, the maximum at 480 nm became smaller and the
Therefore, one can conclude that at concentrations Add maximum at 522 nm became bigger. When the solution cooled
lower, PIC in pure water exists mostly in a monomeric form. back to room temperature, its absorption spectrum returned to
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Figure 2. Absorption spectra of % 10° mol/L solutions of PIC in distilled water (a) and containing 4.95 mol/L of NaCl (b), 3.59 mol/L of KBr
(c), 7.56 mol/L of KOH (d), 1.1 mol/L of Nal (e), and 1.3 mol/L of B8O, (f). Spectra were measured & 1 cmcell at 25°C.

the initial state. Figure 5a shows the kinetics of the absorption absorption spectra of & 10~* mol/L water solutions of PIC

spectra of the solution while it cooled from 50 to Z5. Spectra

containing 0.13 (a), 0.19 (b), and 0.26 (c) mol/L of JSéx

were measured with 24 s time intervals in a 0.5 mm cell. Figure observed while the solutions cooled from 50 to°Z5 Spectra
5b shows an enlarged picture of the absorption spectra in thewere measured in a 0.5 mm cell. Figure 7 shows an enlarged

J-band area.

Addition of inorganic salts in relatively small amounts had a
significant effect on the absorption spectra of concentrated wateraddition of 0.13 mol/L of NgSOy led to a relative increase of
solutions of PIC. Figure 6 shows the transformation of the the absorption at 480 nm and the intensity of the J-band, without

picture of the absorption spectra in the J-band area.

Comparing Figures 5, 6a, and 7a one can conclude that the
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Figure 3. Transformation of the absorption spectrum of & 3.0~
mol/L water solution of PIC containing 4.95 mol/L of NaCl under the
change of temperature: (a) 30 absorption spectra measured with 24
time intervals between each; (b) five spectra corresponding to different
temperatures. The optical path is 1 cm.

1.2

08

Absorbance

04

500 550

Wavelength, nm

Figure 4. Absorption spectrum of a & 10~* mol/L solution of PIC
in distilled water at 25'C. The optical path 0.5 mm.
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Figure 5. (a) Absorption spectra of a % 10~ mol/L solution of PIC
in distilled water measured while it cooled from 50 to 26. (b)

Enlarged picture of the J-band area. Spectra were measured with 24 s
time intervals in 0.5 mm cell.

580

Although the increase of the absorption at 480 nm was not that
Ssignificant, very interesting changes took place in the J-band
area. Figure 7b shows that while the solution cooled from 50
to 25 °C, initially one J-band, with the maximum at 579 nm
appeared and later, at a cooler temperature, another J-band, with
a maximum at 572 nm.

When the concentration of M&aO, was 0.26 mol/L, two
bands appeared simultaneously, one at 579 and the other at 572
nm (Figure 7c). The band at 579 nm reached its maximum soon,
whereas the band at 572 nm continued to grow.

We observed similar kinetics in the 6 1074 mol/L water
solution of PIC containing small amounts of NaCl. When the
solution containing 0.047 mol/L of NaCl cooled from 50 to 25
°C, initially a J-band with the maximum at 580 nm appeared,
but soon after it was dominated by another band with the
maximum at 573 nm (Figures 8 and 9).

Bases catalyzed the growth of the J-band and the transforma-
tion of the absorption spectra of concentrated solutions of PIC
also. However, the concentration of base required was greater
than the concentration of salts. Independent of the amount of
the base added, we observed only one J-band, with the maximum
at 579 nm.

3. Discussion

significant changes of the absorption spectra took place when The results presented in the previous section indicate that

the concentration of N&O, in the solution was 0.19 mol/L.

inorganic salts have a very significant influence on the formation
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Figure 6. Absorption spectra of 6 10~ mol/L water solutions of
PIC containing 0.13 (a), 0.19 (b), and 0.26 (c) mol/L of 8@, Figure 7. Enlarged picture of the absorption spectra shown in Figure

measured while they cooled from 50 to Z5. Spectra were measured 6 in the J-band area.
with 24 s time intervals in 0.5 mm cell.
from another source decreases the solubility of a“8alhe

of the J-band in the absorption spectra of water solutions of solubility of PIC in pure water at room temperature is relatively
PIC. To determine the mechanism of this influence, one should low (the limit of solubility is about 102 mol/L). It is probable
consider different processes that could be initiated by inorganic that inorganic salts could decrease the solubility of PIC. On
salts in the solutions. One of them mentioned in published the other hand, the solubility of inorganic salts in water could
materials is increase of the effective dielectric constant of the be affected by the presence of PIC. Crystallization of both PIC
solvent?* Other possible processes are crystallizations of PIC and inorganic salts could take place in the solutions studied.
and salts caused by a shift in the ionic balance in the solutions. Changes in the absorption spectra of diluted solutions of PIC
Indeed, it is well-known that the presence of a common ion presented in Figure 2 took place when the concentration of the
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Figure 8. _A_bsorption spectra of 6« 10~* mol/L water solutions of _asingle J-band with a maximum at 580 nm (figures 5, 6a, and

PIC containing 0.047 (a) and 0.091 (b) mol/L of NaCl, measured while . . .

they cooled frgom 50 t(o )250. Spectr(a z/vere measured with 24 s time 7a). A _small increase Of. the |ntens!ty of the_ J_-band and the

intervals in 0.5 mm cell. absorption near 480 nm in the solution containing 0.13 mol/L
of N&SOy compared to that in the solution in pure water could

salts approached the limit of solubility. They had a jump-like, be due to a promotion of aggregation of PIC caused by an

not a smooth character. These facts suggest that the J-band aniticrease of the effective dielectric constant of the sol¢éi.

the transformation of the absorption spectra of the solutions weresolutions containing more significant amounts of inorganic salt,

initiated more likely by a shift in an ionic balance and PIC' can crystallize as with7, as with an anion of inorganic

crystallization than by an increase of the effective dielectric salt, leading to the appearance of two J-bands (Figures 6b, 7b,

constant of the solvent. 8a, and 9a). A further increase of the concentration of inorganic
PIC is known to form salt not with iodide only, but with  salt should cause the domination of crystallization with anions
bromide and chloride. When the concentration of Br CI~ of inorganic salts over crystallization with I(Figures 6c, 7c,

ions in the solution is much greater than concentration-of | 8b, and 9b).
ion, PIC" should rather crystallize with bromide or chloride Suggesting that crystallization of PtQvith inorganic anions
than with iodide. It is possible that PfGould form some type could be responsible for the observed influence of inorganic
of crystals or aggregates with $0 and OH . The dependence  salts on the absorption spectra of the solutions studied, we are
of the maximum of the J-band on the anion of the salt and a not sure how it leads to the formation of the J-band. As
double structure of the J-band in the diluted solution of PIC mentioned in the Introduction, the overall accepted th&oy
containing Nal (Figure 2) could be results of crystallization of relates the J-band with the aggregation and formation of an
PIC* with different anions. excitonic state among tightly packed dye molecules in ag-
Crystallization and a key role of anions in the position of the gregates. According to Kobaya&hkind Reng® spectra similar
maximum of the J-band could lead to the dependences presentetb those observed for diluted solutions of PIC (Figure 2b,c)
in Figures 6-9 of the kinetics of the absorption spectra ok6 correspond to the situation when all dye molecules aggregated,
104 mol/L solutions of PIC on the concentration of inorganic forming at least 1615 molecular J-aggregates, and there are
salts. Indeed, when the concentration of PIC is relatively high, no monomers or dimers of PIC left in the solutions. Such a
a small amount of inorganic anions may shift the ionic situation seems unlikely in 16 to 10-6 mol/L dye solutions.
equilibrium and cause crystallization (or aggregation) of PIC. Formation of PIC crystals of different sizes, starting from two
In solution in pure water or containing a very small amount of to three molecular microcrystals or crystals of inorganic salts,
inorganic salts, PI€ should crystallize witht. This results in containing single PIC cations as impurity seems more probable.



2656 J. Phys. Chem. A, Vol. 107, No. 15, 2003 Struganova et al.

In addition, the excitonic theory predicts that the position of References and Notes
the maximum of the J-band should depend on the number_of (1) Scheibe, GAngew. Chem1936 49, 563.
coupled chromophores. Qne quld expect th.at the aggregation (2) Jelley, E. ENature 1936 138 1009.
of PIC monomers in highly diluted solutions should be (3) Stiel, H.; Daehne, S.; Teuchner, K. Lumin.1988 39, 351.
consecutive. The dependence of the position of the maximum  (4) Kobayashi, T., EdJ-aggregatesworld Scientific: Singapore, New
of the J-band on the number of molecules in aggregates shouldJersey, London, Hong Kong, 1996; p 42.
appear in the kinetics of the absorption spectra. However,  (5) Kemnitz, K.; Yoshihara, K.; Tani, T0. Phys. Cheni.99Q 94, 3099.

R - : : (6) Kamalov, V.; Struganova, I. A.; Tani, T.; Yoshihara, B&hem.
kinetics of the absorption spectra of diluted solutions of PIC Phys. Lett1994 220, 257.

(Figure 3) show isosbestic points and do not indicate any =~ (7) kamalov, V.; Struganova, I. A.; Koyama, Y.; Yoshihara,Ghem.
changes in the position of the maximum or HWFM of the Phys. Lett1994 226 132.
J-band. It seems that the J-band is caused rather by some kind (8) Kamalov, V.; Struganova, I. A.; Yoshihara, &K.Phys. Chen996
of a phase transition of the monomeric substance of the dyes10Q 3640' S Vink K. Wi 0ch h 987 13
than by a consecutive process. %. (9) De Boer, S.; Vink, K.; Wiersma, em. Phys. Lettl987 137,
Phase transition like behavior of the kinetics of absorption  (10) De Boer, S.; Wiersma, OChem. Phys. Let199Q 165, 45.
spectra could be explained in the frame of the excitonic theory  (11) Fidder, H.; Wiersma, DPhys. Status Solidi B995 188 285.
if PIC molecules in diluted solutions even at high temperature  (12) Kobayashi, S.; Sasaki, Nonlinear Opt.1993 4, 305.
form 10-15 molecular clusters but do not interact with each ~ (13) Kobayashi, S.; Sasaki, B. Lumin.1994 60, 824.
other significantly and have optical properties identical to'PIC (14) R. Gagel, R.; Gadonas, R.; LaubereauChem. Phys. Let1.994
monomers. Then, CryStal!ization_ could Iead_to asudden c_han_ge (’15) .Gretchikhine, A.; Schweitzer, G.; Van der Auweraer, M.; etlal.
of the structure and an immediate formation of an excitonic Appl. Phys.1999 85, 1283.
state among 1015 tightly packed molecules. However, exist- (16) Misawa, K.; Minoshima, K.; Ono, H.; et @&hem. Phys. Letl.994
ence of 16-15 molecular clusters of PIC with optical charac- 22((11%51%." s, .. Barbara, P Phys. Chem1995 99, 3
teristics identical to monomers and, in the meantime, absence (18) Ya?ogf H.;’Su’giyama, S Kawaiata’ R.: eﬂaphyé. Chem. B999
of monomers and dimers in 1®to 10" mol/L solutions of 103 4452,
PIC seem unlikely. (19) Sheibe, GAngew. Chem1939 52, 631.
The low concentration of PIC in the solutions showing a  (20) Cooper, WChem. Phys. Lettl97Q 7, 73.
complete transformation of the absorption spectra from a  (21) Nakatsu, K.; Yoshioka, H.; Morishita, tActa Crystallogr., Sect.
monomer shape to “J-aggregate” shape reported in this paperB 1977 33, 2181.

- . h 22) Daltrozzo, E.; Sheibe, G.; Gschwind, K.; HaimerlPRotogr. Sci.
and the even lower concentration of TDBC in the solutions En(g_1)974 18 441, FRotog

showing similar transformations reported eaffieio not exclude (23) Renge, I.; Wild, U. PJ. Phys. ChemA 1997, 101, 7977.
the possibility that the J-band could be a result of a mono- or  (24) Herz, A. H.Adv. Colloid Interface Sci1977, 8, 237.
a bimolecular process. Thus, according to Egdfan electron (25) Sheibe, G.; Mareis, A.; Ecker, iaturwissenschafteh937 25,

ransfer from one PIC molecul nother can | narrow*74:
;ra]ld Sin(teensoe bgng in gle ac\)bi((:)l;p?ti(t)% aslpztct(raunczlalOtiztrj ;g:lsibaillitic;s (26) Frank, J.; Teller, BJ. Chem. Phys1938 6, 861.

. "L . ' (27) Scherer, P. O. J.; Fisher, S.Ghem. Phys1984 86, 269.
such as an electron transfer from an inorganic anion to & PIC (58 knapp, E. W.Chem. Phys1984 85, 73.
cation and changes of the geometrical structure or conformation  (29) Spano, F.; Mukamel, S. Chem. Phys1989 91, 7988.
of PIC due to crystallization also might be considered. In any  (30) Spano, F.; Kuklinski, J. R.; Mukamel, &.Chem. Phys1991, 94,
case, additional research is required to determine the exact naturé534.

of the J-band in the absorption spectra of highly diluted solutions 685(%1) Fidder, H.; Terpstra, J.; Wiersma, D. A.Chem. Phys1991, 94,

of cyanine dyes. (32) Knoester, JPhys. Re. 1993 A 47, 2083.
) (33) Fidder, H.; Wiersma, D. APhys. Status Solidi B995 188 285.
4. Conclusion (34) Nolte, H. J.Chem. Phys. Lett1975 31, 134.

Experimental data on the influence of inorganic ions on the 10§3g)18}<.'r5te'n’ S.; Steitz, R, Garbella, R.; et al. Chem. Phys1995

absorption_ spectra of water solutions of _PIC presented in _this (36) Kirstein, S.: Mohwald, HJ. Chem. Phys1995 103 826.
paper, which include (1) the transformation of the absorption  (37) Pawlik, A.; Kirstein, SJ. Phys. Chem. B997, 101, 5646.
spectra of the diluted solutions from a monomer shape to “J- (38) Gallos, L. K.; Pimenov, A. V.; Scheblykin, I. G.; et al. Phys.
aggregate” shape, (2) isosbestic points in the kinetics of the Chem. B200Q 104, 3918.

absorption spectra, (3) the dependence of the position of the (39) Bakalis, L. D.; Knoester, 3. Phys. Chem1999 103 6620.

i f the J-band on the anion of the salt, and (4) the (40) Egorov, V. V.Chem. Phys. Let2001 336 284.

maximum o . . ! (41) Von Berlepsch, H.; Bottcher, C.; Dahne,J.Phys. Chem. BR00Q
double structure of the J-band in diluted and concentrated 104 8792.

solutions of PIC at room temperature, suggest that inorganic  (42) Struganova, I. A.; Morgan, S.; Lim, H. Phys. Chem. 2002

anions may play a key role in the origin of the J-band. 106 11047. _ _
(43) Kopansky, B.; Hallermeier, J. K.; Kaiser, \Chem. Phys. Lett.
Acknowledgment. I.S. thanks D. V. Kamalov for his 1981 83, 498.
o o (44) Struganova, |. AJ. Phys. Chem. R200Q 104, 9670.

assistance. This work was supported by Cottrell College Science (45) Chang, RGeneral ChemistryRandom House: New York, 1986
Award (grant no. CC5364) given by the Research Corp. p 622.



