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The spectroscopic properties of gallic acid (GA) and their modification with ionization state in aqueous and micellar 
environment have been studied. Results show that GA absorbance and fluorescence maxima are pH dependent. It is 
shown by the shift of the absorbance maximum from 272 nm at pH 2.8 to 260 nm at pH 7. These results are accompa-
nied by fluorescence changes in the intensity, red shift of the position of the emission maximum, shape of the spectrum 
and quantum yield. Observed changes indicate on the existence of two forms of GA resulting from the proton dissocia-
tion at COOH group: neutral form which exists below apparent pKa at 3.4 and anionic form above that pH. To develop 
a basis for monitoring the interactions of GA with biological compound its absorption and fluorescence properties in 
heterogeneous and non-polar media has been studied. No significant partition under physiological conditions was ob-
served. The binding of GA anion to cationic micelle was observed which occurred by electrostatic interaction. In protic 
solvents GA molecules form very efficiently hydrogen bonds which strongly influence its spectroscopic properties. In 
low polarity and non-protic solvents GA fluorescence is characterized by enhance in the fluorescence quantum yield 
and a blue shift in the emission maximum, however, in dioxane its behavior is closer to those observed in protic solvents. 
In view of the role played by antioxidant properties of some food, including red wine, and some natural drugs these re-
sults are relevant to future studies of GA in those materials during its action to fulfill its protective role.  
 

 
INTRODUCTION 

 
Gallic acid (GA), 3,4,5-trihydroxybenzoic acid, 
Fig. 1, and its derivatives are biologically active 
compounds which are widely present in plants 
(Kahkonen, Hopia, Vourela, Rauha, Philaja, Ku-
jala & Heinonen, 1999; Lee, Lee, Park, Toh, Lee, 
Jang & Kim, 2000). The chemical and biochemical 
properties of GA are well described in the litera-
ture. According to these references GA is a strong 
natural antioxidant (Aruoma, Murcie, Butler & 
Halliwell, 1993, Heinonen, Lehtonen & Hopia, 
1998, Khan, Ahmad & Hadi, 2000, Zheng & 
Wang, 2001). It is able to scavenge hypochlorous 
acid at a rate sufficient to protect α – 1 —
antiproteinase against inactivation by this mole-
cule. GA decreases the peroxidation of ox brain 
phospholipids (Milic, Djilas & Canadovic-Brunet, 
1998). Free radicals have been implicated in the 
etiology and pathogenesis of numerous disease 
states including cardiovascular disease, cancer and 
diabetes (Inoue, Suzuki, Sakaguchi, Li, Takeda, 
Ogihara, Jiang & Chen, 1995; Sakagami, Satoh, 
Hatano, Yoshida & Okuda, 1997; Aoki, Ishiwata, 
Sakagami, Kusama & Katayama, 2001). Free 
radicals occur as a natural consequence of cell 
metabolism. They are also produced as results of 
oxidative stress (Schmidt, Traenckner, Meier & 
Baeuerle, 1995; Koga, Moro, Nakamori, Yamako-

shi, Hosoyama, Kataoka & Ariga, 1999, Terasaka, 
Tamura, Takayama, Kashimata, Ohtomo, Ma-
chino, Fujisawa, Toguchi, Kanda, Kunii, Kusama, 
Ishino, Watanabe, Satoh, Takano, Takahama & 
Sakagami, 2000). Antioxidant capacity of gallate 
esters against hydroxyl, azide, and superoxide 
radicals has also been reported (Masaki, Atsumi & 
Sakurai, 1995; Satoh, Ida, Sakagami, Tanaka & 
Fujisawa, 1998; Bors & Michel, 1999; Pulido, 
Bravo & Saura-Calixto, 2000; Metelitza, Eryomin, 
Sviridov & Kamyshnikov, 2001). GA is wide-
spread in plant foods and beverages such as tea 
and wine and was proven to be one of the anti-
carcinogenic polyphenols present in green tea (Ho, 
Chen, Shi, Zhang & Rosen, 1992; Kerry & Abbey, 
1997; Abu-Amsha Caccetta, Burke, Mori, Beilin, 
Puddey & Croft, 2001; Landrault, Poucheret, 
Ravel, Gasc, Cros & Teissedre, 2001). The con-
sumption in France of a diet high in saturated fat 
coupled with an apparently low incidence of coro-
nary heart disease (referred to as the „French 
Paradox”) has been associated with the consump-
tion of red wine (Landrault et al., 2001). Antioxi-
dants present in red wine have been shown to have 
a protective role against oxidation of LDL in vitro 
(Arce, Rios & Volcarcel, 1998). GA is a strong 
chelating agent and forms complexes of high sta-
bility with iron (III) (Sroka, Rzadkowska-
Bodalska & Mazol, 1994, Li, Bandy, Tsang & 
Davison, 2000). It has shown phytotoxity and 
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antifungal activity against Fusarium semitectum, 
F. fusiformis and Alternaria altternata (Dowd, 
Duvick & Rood, 1997). GA is of great interest in 
arteriosclerosis prevention (Abella & Chalas, 
1997).  
 The spectral properties of GA as reflected by the 
absorption and fluorescence spectra received a 
little attention. In view of the multiple roles played 
by GA in medicine and food sciences its fluores-
cence could be a convenient tool to study the proc-
esses where GA is involved. Our results show that 
GA fluorescence as measured by its intensity, 
emission and quantum yield is pH dependent. 
These results are further supported by absorbance 
changes with pH. In biological milieu GA interacts 
in heterogeneous environment where its reaction 
rate, reactivity, conformation and spectral proper-
ties may significantly differ from those observed 
in aqueous, homogeneous solutions. We thus in-
vestigated the fluorescence characteristics in non-
polar and micellar environments to enable us to 
mimic the changes that could take place in GA 
fluorescence during its action in heterogeneous 
environment.  
 In this paper we have characterized the spectro-
scopic properties (absorption and fluorescence) 
and their modulation with the ionization state of 
GA molecules in aqueous and heterogeneous envi-
ronment. 
 
 

MATERIALS AND METHODS 
 
Materials 
 Gallic acid, propyl gallate and pyrogallol were 
from Fluka (FLUKA AG, Germany), sodium do-
decyl sulphate-(SDS), tetradodecyltrimethyl-
ammonium bromide- (TTABr), β-cyclo-dextrin, 
glycerine and acrylamide were purchased from 
Sigma Chemicals (SIGMA Co, New Orleans). 
Organic solvents were from Merck. (MERCK Co., 
USA) The buffer used in the range of pH from 3 to 

9.4 was sodium ammonium-acetate. The pH value 
from 2 to 3 was adjusted by adding appropriate 
volumes of 0.1 M HCl to aqueous sample. 
 All samples were prepared daily and were meas-
ured directly after mixing all components. 
 
Methods 
 The absorption spectra from 200 nm were taken 
with SD 1000 spectrophotometer from Avantes 
(Netherlands) in 1 cm quartz cuvette. The fluores-
cence spectra were measured in 1cm path-length 
quartz cuvette with a Shimadzu RF 5001 PC spec-
trofluorimeter (Shimadzu, Japan) and were then 
corrected using correction kit from Shimadzu. The 
spectra were taken at room temperature, 210 C. 
The samples were excited at 270 nm which is in 
the range of isosbestic point to avoid complica-
tions with fluorescence intensity determination 
caused by different absorbances of two forms of 
GA. 
 In order to determine the partition coefficients of 
GA between phases in micellar environment, the 
obtained spectra were decomposed by fitting pro-
cedure using the least square method into appro-
priate components representing aqueous phase and 
micellar phase. The partition coefficient was cal-
culated as the ratio of the area of micellar phase 
component to total area of the spectrum. 
 The fluorescence quantum yield was determined 
as described in Lakowicz (1983). As a fluores-
cence quantum yield standard tryptophan with Φ = 
0.13 was used Eftink (1991). 
 The quantum-mechanical calculations have been 
carried out with the programs from HyperChem 
package from HyperCube (Ontario, Canada). For 
geometry optimization and electron density 
distribution semi-empirical method PM3 with CI 
was applied. 
 
 

RESULTS 
 
Absorption spectra 
 In aqueous solution the absorption spectrum of 
gallic acid (GA) exhibits two peaks in the UV 
range. One at 225 nm with molar extinction coef-
ficient ε = 26500 (M–1 cm–1) and the other at 260 
nm with ε = 21200 (M–1 cm–1). In buffered solu-
tions the higher energy peak is located between 
227 nm and 230 nm. The lowest energy peak 
shows maximum between 257 nm to 269 nm. The 
absorption spectra of GA in buffer at pH 2.5 and 
pH 6 are shown in the inset in Fig. 2. Their exact 
position depends on the ionization state of GA 
molecule. The shifts of absorption maximum posi-
tion of the GA in buffered ammonium-acetate 

 
Fig. 1. Chemical structure of a) gallic acid; b) anion of 

gallic acid 
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solutions at different pH are shown in Fig. 2. In 
acidic solutions the absorbance maximum is lo-
cated at 269 nm. Increasing pH gradually shifts the 
maximum to 257 nm with sharp change in position 
at pH 3.5. In the range from pH 4.5 to 7.5 the shift 
of maximum is small. Further increase of the sam-
ple’s pH above 7 leads to the formation of a new, 
additional peak with maximum at 295 nm.  
 Those results indicate that in buffered solutions 
may exist different GA forms caused by ionization 
of the GA molecule. Bellow pH 3.4 we may ex-
pect the existence of a neutral form of GA (Ia), 
with its absorbance maximum at 269 nm. In the 
range of slightly acidic and neutral pH we observe 
the anionic form of GA (Ib) characterized by the 
absorption maximum at 257 nm. At basic pH care 
must be taken because GA undergoes fast autooxi-
dation what leads to colorization of the solution 
which is non-fluorescent. The other peak with 
maximum at 225 nm at pH 2 gradually shifts to 
231 nm at pH 7. 
 In the presence of the anionic detergent SDS, 
nonionic detergent TRITON X-100 and β-cyclo 
dextrin of the buffered solutions of GA the absorp-
tion spectra are similar to those observed in aque-
ous solutions, which indicates that interactions of 

the above chemicals with GA do not affect its 
absorption spectra.  
 The presence of the cationic detergent, TTABr, 
in GA buffered solutions induces changes in the 
absorption spectra compared to buffer-only solu-
tions, Fig. 2. At pH 2.7 we observe the shift of 
maximum to 271 nm. Steeper slope in the pH 
range from 2.5 to 6 gives higher pKa values com-
pared to buffer solution. It looks like the presence 
of the cationic micelle stabilizes the position of 
absorbance at 257 nm from pH 5 up to pH 7.5 
compared to buffer-only where the position con-
tinually changes with pH. At pH above 8 the pres-
ence of micelle slows down the autooxidation of 
GA compared to buffer solution only. The appar-
ent pKa value derived from Fig. 2 calculated for 
the changes observed for the lowest energy peak 
equals 3.34 compared to pKa value equal to 3.13 
reported in literature by Bykova, Petrov and 
Blagodatskava (1970). In TTABr micelles calcu-
lated pKa1= 4.3 what indicates that the presence of 
cationic detergent changes the protonation equilib-
rium of GA forms.  
 In order to determine the nature of the observed 
interactions the absorption spectra of GA were 
taken in organic solvents with different dielectric 
constant and different protic character. The spec-

 
Fig. 2. The shifts of the position of absorption maximum of the 5 10-6 M GA in buffered ammonium-acetate solutions (closed 

circles) and in 30 mM TTABr (closed squares) recorded at different pH. The inset shows the absorption spectra of 5 10-6 M 
gallic acid at pH 2.5 (curve 1) and at pH 5.4 (curve 2). 
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tral properties of GA in different solvents are col-
lected in Table 1. The absorption maxima of the 
peaks in organic solvents are red shifted compared 
to that in water. Only in 0.1% DMSO solution the 
maximum is shifted to 256 nm. The positions of 
the maximum do not depend on the dielectric con-

stant of the solvent and its permanent dipole mo-
ment. In dioxane, the solvent with the lowest di-
electric constant, 2.2, the maximum is shifted to 
268 nm compared to 260 nm in water, in alcohols 
to 271 nm and to 267 nm for acetonitrile, a non-
protic solvent with dielectric constant close to that  

 
Fig. 3. The shifts of the position of emission maximum of the 5 10-6 M GA in buffered ammonium-acetate solutions and in 30 

mM TTABr recorded at different pH. Excitation at 270 nm. The assignment of the curves is given in the Legend. 
 

 
Fig. 4. Emission spectra of 5 10-6 M GA obtained in buffer at pH 5.4 (1) and 30 mM TTABr (2). Excitation at 270 nm. Curve 3 

is the difference between spectrum 2 and spectrum 1. 
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of methanol. Such results indicate that we observe 
specific interactions that in case of GA lead very 
probably to formation of efficient hydrogen bond-
ing with solvent in protic solvents.  
 
Fluorescence spectra 
 Whereas the apparent ionization process and 
hydrogen bonding formation detected by absorp-
tion changes may reflect the behavior of GA only 
in ground state, the fluorescence of GA will pro-
vide information of GA behavior in excited state. 
During our experiments the intrinsic fluorescence 
of GA acid was used to study its behavior in dif-
ferent conditions. Figure 3 shows the change in 
GA fluorescence maximum position with pH in 
buffer and micellar solution. In buffer solution the 
emission maximum of GA changes very fast from 
368 nm at pH 2 to 346 nm at pH 3.5 then remains 
steady up to pH 5. Simultaneously the increase in 
intensity is observed. The increase in fluorescence 
intensity is not connected with absorbance changes 
observed for GA molecules at different pH thus is 
mostly due to higher quantum yields of the ionized 
forms of GA compared to that of the neutral form 
which is very weakly fluorescent. Calculations 
show that the fluorescence quantum yield of GA 
increases from 0.004 at pH 2.5 to 0.01 at pH 7. 
The observed shift of the maximum above pH 6 is 
accompanied by a change in the shape of spec-
trum, which results from the appearance of the 
new shoulder with maximum at 414 nm observed 

in the spectrum above pH 4. At higher pH values, 
above 8, in the presence of air, fast autooxidation 
of GA occurs what excludes any further measure-
ments using stationary techniques. The presented 
above fluorescence data also confirm the existence 
of the two forms of GA. One, neutral form, (Ia), 
with emission maximum at 368 nm and another, 
anionic form, (Ib), with emission maximum at 347 
nm. Apparent pKa = 2.4 calculated from Fig. 3 is 
much lower than that obtained from absorbance 
data. This indicates that in the lowest excited state 
GA molecule becomes more acidic then in ground 
state. These changes are related to the changes in 
charge distribution between the ground and ex-
cited states. In excited state of the GA molecule 
there should be a substantial decrease of electron 
density at carboxylic hydroxy oxygen atom lead-
ing to deprotonation at lower pH than in buffer. 
 The dielectric microenvironment experienced by 
GA during its biological action would be signifi-
cantly lower than in the bulk aqueous phase thus 
we investigated the fluorescence properties of GA 
in environments of lower polarity and different 
protic properties. Because above pH 3.2 GA is a 
negatively charged molecule we also checked how 
it binds and partitions with positively charged 
micelles.  
 In neutral micelle TRITON X-100, DMSO and 
anionic micelles, SDS, no changes in fluorescence 
spectra of GA compared to buffered solutions 
were noticed except that for the last one the inten-

 
Fig. 5. Fluorescence intensity of 5 10-6 M GA in glycerin at its maximum recorded versus water content. Excitation at 270 nm 
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sities are lower by about 20%. In β-cyclo dextrin 
small changes in position, 1 nm of red shift, and 
the emission intensity, 2%, were observed.  
 In the presence of cationic micelle TTABr some 
significant changes in fluorescence spectra of GA 
are observed. The fluorescence intensities of GA 
in the presence of micelle are at least two times 
higher compared to aqueous solutions. The posi-
tions of the fluorescence maxima are shifted with 
increasing pH of the solution what is shown in 
Figure 3. It shows that in all pH range the maxi-
mum emission is blue shifted compared to the 
maximum observed in buffered solution. Calcu-
lated apparent pKa is about 4 compared to 2.4 
found in buffered only solution. In micellar envi-
ronment the process of autooxidation is shifted 
toward higher pH compared to buffered solution. 
It suggests that the presence of micelles protect, to 
a certain degree, GA molecules from autooxida-
tion.  
 Above pH 4 in the presence of TTABr micelles 
the new peak at 396 nm appears. The emission 
spectrum in TTABr is superposition of two peaks. 
One peak is characteristic for the GA molecules in 
buffer with maximum at 347 nm. The other peak 
located at 397 nm, reflects the GA molecules in-
teracting with the micellar environment. Examples 
of the emission spectra of GA in buffer and in 
TTABr at pH 6 are presented in Fig. 4. After sub-
traction the new spectrum with maximum at 405 
nm is revealed. It seems obvious that this peak 
represents that part of GA anions, which interact 
with cationic micelle and this band will be used to 
determine the partition of GA molecules between 
phases. 

 In all organic solvents used different intensity 
changes and different shifts of the fluorescence 
maximum compared to that in water are observed. 
The positions of the peaks, fluorescence quantum 
yields and Stokes shifts are collected in Table 1. 
 In dioxane and in acetonitrile the emission maxi-
mum is located at 335 nm, in diethyl ether at 329 
nm. In methanol, ethanol and propanol the peak 
maxima are located around 362 nm and in water 
the maximum is located at 339 nm. The fact that 
the two solvents like methanol, protic, and acetoni-
trile, non-protic, with similar dielectric constants 
exhibit difference between positions of maxima 
and distinct intensities indicates that in protic and 
non-protic solvents two different types of interac-
tion mechanisms occur. Additionally, in the inves-
tigated alcohols the spectral properties of GA are 
very similar, see Table 1. Lower fluorescence 
intensities, red shift of the peak positions and 
similar positions of the maxima of GA observed in 
the presence of protic solvents, like alcohols, indi-
cates on a very probable formation of hydrogen 
bonds between GA and solvent. The fact that GA 
in water exhibits spectral properties, except inten-
sity, which are closer to protic solvents, than to 
alcohols is an indication that GA molecule in 
aqueous solutions exists as hydrated molecule. In 
dioxane GA shows maximum at 335 nm character-
istic for non-protic solvents but it shows rather low 
quantum efficiency comparable with the other 
protic solvents. It may come from the fact that 
dioxane is able to form hydrogen bonds and de-
spite its low dielectric constant behaves as a protic 
solvent (Schmitke et al., 1997). In non-protic sol-
vents the observed increasing quantum yield, 

 
Table 1. Spectral and physico-chemical properties of gallic acid (GA) in different solvents. Dielectric constant, 
dipole moment D, abosrbance and emission maxima nm, fluorescence quantum yield and Stokes shift cm-1. 
 

solvent dielectric 
constant 

dipole 
moment 

absorbance 

maximum, nm 

emission 

maximum, nm 

fluorescence 

quantum yield 

Stokes  

shift, cm-1 
Water 80 1.77 260 339 0.010 8963 

Methanol 32 1.71 271.5 362.5 0.040 9246 

Ethanol 24 1.74 270.5 362 0.035 9372 

Propanol 18 1.65 270.5 361 0.021 9268 

Dioxan 2.2 0.45 268 335 0.034 7463 

Diethyl ether 4.33 1.5 265 329 0.125 7418 

DMSO 0.1% 65 4.3 256 339 0.010 8963 

Acetonitryle 37.5 3.54 267 335 0.121 7602 

 
Data for dielectric constants and dipole moments taken from P.W. Atkins, Physical Chemistry, ed. Freeman, New York, 1985 
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higher energy of emission and lower Stokes shift 
indicate that excited energy is dissipated to sur-
rounding less efficient then in polar solvents.  
 The lack of any additional band in non-protic 
solvent in absorbance spectra excludes the forma-
tion of ground state complex. In excited state the 
formation of new entity, like excimer or dimer and 
GA molecule may occur. Especially, that GA 
molecule is prone to form such dimer because of 
the presence of carboxylic moiety in its structure. 
That carboxylic moiety is bearing donor function 
of OH group and acceptor function of C=O group. 
Therefore they may form very stable hydrogen 
bonded dimers, especially in nonprotic solvents. 
However, the data presented in Table 1, like blue 
shift and higher quantum yield compared to protic 
solvents, indicates that emission occur from 
monomeric forms of GA molecules. This indicates 
on the van der Waals interactions between excited 
GA molecules and solvent molecules. 
 The absorption and emission spectra of GA in 
glycerin and glycerin-water mixtures were taken in 
order to explore the influence of viscosity on the 
observed phenomena. The plot of fluorescence 
intensity at its maximum versus water content is 
given in Fig. 5. The sudden drop of the fluores-
cence intensity when water is added to the system 
is observed. This confirms again that hydrogen 
bond formation is the main phenomenon in protic 
solvents, which is responsible for the spectro-

scopic properties of GA. 
 The observed intensity increase, spectral shift 
and newly formed peak indicates that in the pres-
ence of cationic detergent occur some interactions 
which lead to partition of GA forms between 
aqueous and micellar phases. Because the hydro-
philic character of GA molecule prevents it from 
entering micellar interior, the main force responsi-
ble for the observed spectrum is an electrostatic 
interaction between charged micelle and GA an-
ion. 
 
Fluorescence quenching and partition studies 
 In order to estimate how GA molecules are dis-
tributed between micellar and aqueous phase we 
used the spectra, which characterize GA in aque-
ous solutions, peak at 347 nm, and micellar solu-
tions, peak at 405 nm. The method was described 
in the Methods section. Calculated area under that 
band divided by the area of the whole spectrum 
recorded in micellar phase gave the partition coef-
ficient. Obtained that way values indicate that at 
pH 4.2 about 70% of GA molecules interact with 
micellar environment. This partition is slowly 
decreasing with pH and starting from pH 5.4 it 
remains constant at 50% up to pH 7. Taking into 
account the fact that the micelle concentration at 
given condition is two orders of magnitude higher 
than concentration of GA molecules, this behavior 
may reflect the process connected with concentra-

 
Fig. 6. Emission intensity of 5 10-6 M GA observed at 405 nm versus TTABr micelle concentration at pH 5.4. Excitation at 

270 nm. 
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tion equilibrium between excited GA anions and 
available cationic micelles. To explain this prob-
lem we observed the behavior of GA emission 
recorded at 405 nm with increasing concentration 
of TTABr micelle. The results are presented in 
Fig. 6. At low concentration of TTABr, bellow 
1.5 mM, the GA fluorescence is quenched. Above 
1.5 mM the emission intensity shows sharp in-
crease what arises from the interactions between 
single molecule of TTABr and GA. Above 7 mM 
TTABr, close to critical micelle concentration 
(cmc) literature value for that detergent (Womack, 
Kendall & MacDonald, 1983), the emission in-
creases much slower compared to the premicellar 
concentrations of the detergent. This comes from 
the fact that in micelles the existence of so called 
Stern layer, where up to 70% of counterions re-
side, may repulse part of the anionic GA mole-
cules.  
 Quenching studies were carried out to determine 
the localization of GA molecules and determine 
how GA molecules interact with micelles. The 
results are presented as the Stern-Volmer plot in 
Fig. 7. It shows the data for GA in solution at pH 6 
in the presence of detergent and without. The fluo-
rescence intensities are monitored at 347 nm and 
405 nm, which describe the GA molecules in 
aqueous and micellar phase respectively. In buffer 
solutions and in the presence of detergent, the 
plots are straight lines with larger slope in micellar 
environment. The calculated quenching constant 
vary from KSV = 16.7 M–1 in buffer to KSV = 19.2 

M–1 (at 347 nm in micelle) and 48 M–1 (at 405 nm) 
in TTABr. Those results indicate that quencher has 
equal access to GA molecules in bulk phase in 
both environments. In micellar environment more 
efficient quenching occurs. This indicates that GA 
molecule definitely is not embedded into micellar 
interior and quenching is the result of the electro-
static interactions between charged GA anion, 
cationic micelle TTABr and a quencher. The 
higher quenching constant of GA in micelle may 
come from the fact that electrostatic interaction 
between quencher ion with cationic micelle 
changes the concentration homogeneity of 
quencher molecules around micelle. This causes 
that more fluorophores are adjacent to a quencher 
at the moment of excitation and the deactivation 
process is more efficient. 
 
Quantum-mechanical calculations 
 Using PM3 semi-empirical method we calcu-
lated the distribution of electron density for ground 
and few lowest excited states for neutral and ionic 
forms of GA. Those calculations show that elec-
tron density distribution in ground state are mainly 
located on the aromatic ring and oxygen O atoms 
of hydroxyl groups attached to the aromatic ring. 
In the lowest excited states the electron density is 
still mainly located on aromatic ring however 
some of electronic charge is shifted to the carbox-
ylic moiety. The calculation also have shown that 
GA molecule in neutral and anionic form in the 
ground state may form five to eight hydrogen 

 
Fig. 7. Stern-Volmer plots of 5 10–6 M GA emission quenched by acrylamide in buffered solution at pH 5.4 and with added 30 

mM detergent TTABr. Excitation at 270 nm. Data are taken at 368 nm in buffer and 405 nm in TTABr. The assignment of 
the curves is given in the Legend. 
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bonds with water molecules. Distribution of elec-
tron density on the flexible groups, especially 
when connected through hydrogen bonds to sur-
rounding environment, forms many paths to deex-
cite GA molecule and may explain observed low 
fluorescence quantum yield in protic solvents. 
These calculations confirm our conclusions based 
on the experimental results that in protic solvent 
GA molecule exists as a highly hydrated molecule. 
 
 

DISCUSSION 
 
The presented results show that GA absorbance 
and fluorescence (intensity, emission maximum 
and shape) depend on the pH of the solvent. The 
apparent pKa values of GA obtained from our 
experiments are close to pKa1=3.13 and pKa2=8.45 
as reported by Bykova et al. (1970). An examina-
tion of chemical structure of GA shows that there 
are two ionizable moieties in the GA molecule: the 
carboxylic group and three phenolic hydroxyl 
groups. The first pKa value for that molecule is 
connected with ionization at carboxylic group. At 
basic pH, above pH 8.5, the observed maximum at 
295 nm is very probably associated with ionization 
of the proton of 8-hydroxy group because 5-OH 
group has very high pKa due to efficient in-
tramolecular H bonding. Such coincidence found 
for the pKa values clearly indicates that observed 
changes are not due to solely excited-state proc-
esses but rather are connected with ionization state 
of the GA molecule where neutral and anionic 
forms are present. The effect of micelles on the 
protonation equilibrium of GA can be explained 
on the basis of the pseudophase ion exchange 
model (Romsted & Zanette, 1988). In terms of this 
model, the shifts in pKa values, compared to buffer 
solution, is caused by transfer of GA monoanion 
into cationic surface of TTABr. This leads to new 
the neutral-monoanion equilibrium at higher pH. 
In the lowest excited state GA molecule undergoes 
dissociation at lower pH, 2.7, what indicates on the 
charge decrease on the oxygen atom in OH group 
in carboxylic moiety. In micelle in the excited state 
the new neutral-monoanion equilibrium at pKa = 4 
is established which is close to that in ground 
state, 4.5. This indicates that interaction between 
micelle and GA molecules is independent on 
protic properties of solvent and this driving force 
is an electrostatic interaction. 
 Absorption spectrum of pyrogallol, a compound 
that has structure similar to GA except is devoid of 
carboxylic group, do not exhibit any shift in water 
and organic solvents and its absorbance maximum 
positions are similar to that observed for GA. For 

propyl gallate, derivative of GA with carboxyl 
group replaced by propyl group, the absorption 
maximum in water is shifted to 269 nm. This data 
suggest that hydrogen bonding interactions is the 
main interaction in protic solvents and that absorp-
tion spectrum is subject to change when significant 
changes in the electronic distribution in the GA 
molecule occurs, i.e. like a new, more hydrophobic 
propyl moiety is attached. 
 The variation of fluorescence quantum yield of 
GA with pH can be further interpreted by use of 
the rotamer model based on the quantum-
mechanical calculation. According to this model 
this process may be rationalized in terms of elec-
trostatic repulsion between deprotonated oxygen 
from carboxylic group and π-electrons from aro-
matic ring. In case of neutral form, at pH<pKa1, 
such interactions are much weaker and whole 
group may rotate freely then dissipation of excita-
tion energy is very efficient and yield of fluores-
cence is very low. At pH>pKa1 but lower than pKa2 
GA will exist predominantly as anion. This is due 
to stabilization gained from the energetically fa-
vorable electrostatic interactions between nega-
tively charged hydroxyl oxygen from carboxylic 
group and π-electrons from aromatic ring. Thus 
the molecule becomes more rigid and fluorescence 
quantum yield increases. This model calculated for 
the molecule in vacuum is probably correct for 
neutral form of GA, where quantum yield is in-
deed very low. In protic solvents where efficient 
hydration of GA molecule occurs the steric hin-
drance is canceled by the attached solvents mole-
cules what efficiently dissipate excitation energy 
and even for anionic form the fluorescence quan-
tum yield is low. 
 Incubation of GA acid with DODAB mem-
branes, data not shown, β-cyclodextrin and mi-
celles did not result in appreciable partitioning or 
binding, as evidenced by a lack of change of fluo-
rescence maximum, quantum yield and quenching. 
The inability of GA to bind to the membrane and 
micelles could be attributed to its insufficient hy-
drophobicity. In physiological conditions interac-
tions between molecules occur in the dielectric 
microenvironment which is different then aqueous 
and additionally depend on the hydrophobic nature 
of the molecule. The obtained results indicate that 
the binding of GA to involves some type of spe-
cific polar interactions. The fact that neutral GA 
molecule does not interact with cationic micelle 
whereas anionic GA molecules interact with cati-
onic micelle easily indicates on electrostatic forces 
as a main mechanism responsible for that phe-
nomenon. 
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 The results of spectroscopic studies reported 
here indicate that GA molecule may exert its bio-
logical role by combining its electrostatic and 
hydrogen bonding properties according to actual 
microenvironment. 
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