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The concentration dependent self - association of 5-caffeoylquinic acid and its complexation with 
sodium have been determined by UV-Vis spectroscopy. The self - association and hetero - association 
constants were determined by dimer model and Benesi - Hildebrand equations. The equilibrium con-
stants for the formation of dimer and complexation with sodium at wavelength of 324 nm and 370 were 
1813, 13529 -1M  respectively. Using the value of dimerzation constant the fraction of monomer and 
dimer were calculated for every concentration of 5-caffeoylquinic acid. The deviation of molar extinction 
coefficient from Beer -Lambert’s law and existence of isobestic points at different wave-lengths showed 
the existence of dimerzation and the formation of the complexes in the solution respectively.  
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INTRODUCTION  
 
Chlorogenic acid (5-caffeoylquinic acid) is an ester of 
caffeic acid with quinic acid, has received considerable 
attentions for its widely distribution and potential biolo-
gical effects (Cornard et al., 2008; Scalbert et al., 2005). 
It is naturally occurring in vegetables, cereals, fruits 
(Cornard et al., 2008; Scalbert et al., 2005; Dillard and 
German, 2000; Prior, 2003). The compound has attracted 
the attention of researchers due to health promoting attri-
butes, which include lowering the risks of cardiovascular 
disease, cancer, diabetes, and other conditions 
associated with aging. The biological mechanisms behind 
these effects are protection against free radicals, free 
radical mediated, inflammation and viral infection (Rice-
Evans et al., 1996; Kono et al., 1997; Robinson and 
Chew, 1999).  

On the other hand chlorogenic acid is a multifunctional 
natural organic acid substance that plays a significant 
role in binding toxic metals in the natural environment 
(Cornard et al., 2008). Several papers have reported the 
complexation of this compound towards different metal 
ions in aqueous solutions, such as iron (Hynes and 
Ocoineanainn, 2004), copper, manganese, zinc, 
aluminum, and lead (Cornard et al., 2008). More-over the 

molecular complexation of this compound with Beta-
Cyclodextrin (�-CD) (Gornas et al., 2009; Irwin et al., 
1999), caffeine (Sondheiemer et al., 1961; D’Amelio et 
al., 2009), and protein (Suryaprakash and Prakash, 1995) 
have been reported to design more advanced and 
controllable carriers of drugs and food components. 

Although, from pervious research report it is possible to 
find the complexation of this compound with other metal 
ions, polyphenols, and aromatic-hydroxy acid molecules, 
there is lack of information on the concentration depen-
dent self -association, its thermodynamic properties and 
the complexation with sodium ions. Usually, investigation 
of self - associated molecules using UV-Vis spectroscopy 
is limited due to difficulty in obtaining the spectra of highly 
concentrated solutions and need of careful examination 
of changes in the apparent molar extinction coefficients 
over a wide range of concentrations (Dearden, 1963). It is 
known that, the formation of dimer complicate the use of 
Beer - Lambert’s law. Extinction coefficients and shape of 
the absorption band of the fraction of dimerized mole-
cules are usually unknown that often leads to difficulty in 
the interpretation of experiment (Marme et al., 2005). 
Therefore,  study  of   the  self – association  and hetero - 
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Figure 1. Shows molar extinction coefficient vs concentration of 5-caffeoylquinic acid at absorption maxima 
of 324 nm. 

 
 
 
association of the solute is an important phenomenon. 
This is accounted in analyzing and interpreting the 
spectroscopy, photophysics and photochemistry of the 
system (Dearden, 1963; Marme et al., 2005). Moreover, 
in order to design a more advanced and controllable 
carries of drugs or food components it is necessary to 
know the association mechanisms to control the 
processes. Therefore, the objectives of this research are 
determining the concentration dependent self – asso-
ciation and thermodynamic properties of 5-caffeoylquinic 
acid and investigate the hetero-association of this com-
pound with sodium hydroxide by UV-Vis spectroscopy. 
The UV-Vis spectrophotometer method is the most sui-
table for quantitative study of the aggregation properties 
of the molecules as a function of concentration.  
 
 
MATERIALS AND METHODS 
 
The compound studied in this work was chlorogenic acid (5-
caffeoylquinic acid), bought from Sigma-Aldrich. The absorption 
spectra were recorded by Perkin -Elmer 19 spectrophotometer with 
double monochromator, which offers the advantage of a low level of 
stray light that is significant for the measurement of high value of 
absorbance using 1 cm quartz cuvette. The spectra were recorded 
with a spectral band width of 2 nm and scan speed 240 nm min-1. 
The acquisition of data was performed with 4.3 UVCSS soft ware, 
using a suitable computer on line with the spectrophotometer. The 
electronic absorption spectrum of the investigated compound was 
measured in the UV-Vis spectra range of 200 - 500 nm. The spectra 
analyzed in this study were obtained by subtracting the spectrum of 
pure solvent (water) from that of the solution containing chlorogenic 
acid. 

The self - association of the compound was studied over the con-
centration range of (3.02-17.50) x10-5 M in water solutions, since 
self - association can be detected over a wide range of concentration 

and need a careful examination of the changes in the apparent 
molar extinction coefficients. The absorbance as a function of 
concentration has been measured at absorption maxima 324 nm to 
obtain the greatest accuracy of detection. For numerical analysis 
the (molar extinction coefficients and dimerzation constant), dimer 
model equation fitted to the experimental data. Numerical proce-
dure of fitting the experimental data was carried out by non - linear 
curve fitting based on Levenberg - Marquardt algorithm. The molar 
extinction coefficients and equilibrium constants were used as 
searching parameters, in order to achieve minimum discrepancy 
between the experimental data and equations. The thermodynamic 
parameters (enthalpy, Gibb’s free energy and entropy) have been 
determined for the temperature range of 290-328 oC using Vant’s 
Hoff’s equation. The complexations with sodium hydroxide have 
been studied by Benesi-Hildebrand method (Benesi and 
Hildebrand, 1949). The association constant and molar extinction 
coefficient of the complexes calculated from equation of Benesi-
Hildebrand (Benesi and Hildebrand, 1949). The UV-Vis spectra 
were recorded 1 h after the solution preparation in order to ensure 
that the equilibrium was reached. The solutions were stored in the 
dark to avoid photo degradation of the compounds.  
 
 
RESULTS AND DISCUSSION 
 
Self - association of 5- caffeoylquinic acid 
 
Most organic acids are known to form strongly hydrogen 
bonded dimer and therefore can be found as a 
combination of monomer and dimer in liquid forms 
(Hintzes et al., 2001). The concentration dependent self - 
association of 5-caffeoylquinic acid also expected to be 
hydrogen bonded due to interaction of hydroxyl and 
carboxylic groups of the compound. The graph of molar 
extinction coefficient vs concentration of the compound at 
the maximum of wavelength (324 nm) indicates increases  
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Figure 2. Shows the mole fraction of monomer and dimer versus total concentration of 5- caffeoylquinic acid. 

 
 
 
in the concentration range (3.02 - 17.50) x10-5 M 
decreases the extinction coefficient (Figure 1).The 
deviation of the Beer -Lambert’s law and depend on 
concentration, suggest the existence of self-association 
process of the molecule. For numerical analysis of the 
molar extinction coefficients of monomer, dimer and 
dimerazation constant the known dimer model was 
derived by considering the following molecular 
equilibrium in solutions (Bolotin et al., 2006). 
 

dBK
1 1 2B +B B←→                                                        (1)  

 

Where, dBK  is the equilibrium dimerzation constant, 1B  

and 2B are monomers and dimers of 5-caffeoylquinic 
acid respectively. The over all concentration of the 
dissolved molecules in solution is given by the mass 
conservation law,  
 

0 1 2[B ]=[B ]+2[B ]                                                        (2)  
 

Where, 0[B ]  is the total concentration of 5-caffeoylquinic 

acid, 1[B ]  is the monomer concentration and 
2

2 dB 1[B ]=K [B ]  is the concentration of the dimers. The 
contribution of the monomer and dimer to the molar 
extinction coefficient ( � ) of the solution is commonly 
considered to be additive,  
 
 m m d d�=� f +� f                                                               (3) 
 
Where, m� , d�  are extinction coefficients of 5- caffeoylquinic 

acid monomer and dimer respectively, m 1 0f =[ B ] [B ]  is 
the equilibrium mole fraction of monomer and 

2
d dB 1 0f =2K [ B ] [B ]  is a mole fraction dimer 

concentration. The concentration 
1[B ]  can be determined 

from the solution of the mass conservation law of 
equation (2). Substituting the solution of equation (2) in to 
equation (3) the following dimer model was obtained. 
 

 0 dB
d d m

0 dB

1- 8[B ]K +1
�=�  + (� -� ) 

4[B ]K
                              (4) 

 

Hence there are three unknown parameters, m�  , d�  and 

dBK  in equation (4) which can be obtained from nume-
rical analysis of experimental concentration dependence 
of the molar extinction coefficients of 5-caffeoylquinic acid 
Figure 1.The values of these three quantities were com-
puted by nonlinear regression based on the Lavenberg-
Marquardt origin software. They are serving as a search 
parameters being adjusted in order to achieve the 
minimum discrepancy between the experimental data 
and equation (4). 

By this method the calculated values of
m d� &� ,

dBK  
obtained for 5-caffeoylquinic acid at the wavelength 324 
nm were 19841.95 ± 323, 11434.68 ± 2762 -1 -1M cm  and 

1813.58 ± 1338 -1M  respectively. The calculated dime-
rization constant of 5-caffeoylquinic acid is with in the 
range of previously calculated for organic acid which are 
known to form strong hydrogen bond. The dimerzation 
constant calculated by Hintzes et al., (2001), for acetic 
acid and propionic acid at  different temperatures are with  
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Figure 3. Shows the dln k  vs 1/T of caffeoylquinic acid.  

 
 
 
in the range of (0.84 to 4.67)x103 and (0.46 to 2.63)x103 

-1M  respectively. Similarly the dimerzation constants for 
acetic acid reported by (Barrow and Yerger, 1954) using 
FTTR were (1.00 - 2.60) x103 -1M  for different 
concentrations. The profile of monomer and dimer 
concentrations under peak was also determined as a 
function of total 5-caffeoylquinic acid concentration in the 
range of (3.02-17.50) x10-5 M. Figure 2 shows the mole 
fraction of monomer and dimer molecules versus con-
centration of 5-caffeoylquinic acid at the peak of 324 nm. 
In the above mentioned concentration regions, the 
formations of dimer molecules are favored by high 
concentration, in which the mole fraction of monomer and 
dimer molecules are decrease and increase respectively 
as it is expected. 
 
 
Thermodynamic properties of the self-associated 5-
caffeoylquinic acid 
 
Heating the aqueous solution of 5-caffeoylquinic acid 
shows the absorption spectra are strongly depend on the 
temperature in the range of (290-328 K). As temperature 
increases, the absorption intensity increases which 
indicate a dissociation of the molecular associated forms 
in the solutions. Figure 3 shows the graph of ln KdB 
versus f (1/T) of 5-caffeoylquinic acid, which is linear indi-
cates the enthalpy, entropy and Gibb's energy of caffeic 
acid dimerzation are independent of the temperature in 
the studied range. The magnitude of the enthalpy was 
estimated from the slope of the approximating line  

according to Van't Hoff's equation, 
 

dBd ln(K ) �H
=-

1 Rd ( )
T

                                                            (5) 

 
Where, H∆  is the molar enthalpy change, R= 8.31 J mol- 
1 K-1 , the universal gas constant and temperature in 
Kelvin. The entropy was derived from Gibb's free energy 
and enthalpy. The Gibb free energy and entropy can be 
expressed as follows; 
 

dBG=-RTln K∆                                                            (6) 
 
The entropy becomes  
 

( G- H)
=-

T
S

∆ ∆∆                                                            (7) 

 
The calculated values of Gibb’s free energy, enthalpy and 
entropy of 5-caffeoylquinic acid self - association were 

-1
�G=-17.90 kJ mol , -1

�H=-12.89 kJ mol  and 
-1 -1

�S=17.00 J K mol , respectively. These values are in 
good agreement with the results recently reported by, 
(Dearden and Bresnen, 2005) for benzoic acid which is 

-1
�G=-18.10 kJ mol , -1

�H=-12.50 kJ mol  and 
-1 -1

�S=18.90 J K mol . Moreover, Irwin et al., (1999) also 
determined thermodynamic parameters of Beta-Cyclodextrin   
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Figure 4. The UV-Vis absorption spectra of 5- caffeoylquinic acid in distilled Water in the 
presence of NaOH solution for the molar ratio of NaOH: 5- caffeoylquinic acid (CQA) in the 
range of 0.01 to 1.00. 

 
 
 
complexes with chlorogenic acids and the values are 
similar with -1

�G=-14.80 kJ mol  and -1
�H=-12.70 kJ mol  

respectively. From calculated thermodynamic parameters 
the self-association reaction of 5-caffeoylquinic acid is 
exothermic reaction result in higher entropy (�S >0) and 
decrease in enthalpy (�H <0) 
 
 
Complexation 5-caffeoylquinic acid with Sodium 
hydroxide  
 
Figure 4 shows the effects of NaOH concentration on the 
UV-Vis absorption spectra of 5-caffeyloquinic acid 
solutions. The electronic spectrum of free 5-caffeoylquinic 
acid in distilled water has two maximum points in the 
wavelength regions of 200 - 500 nm. The first maximum 
being at 217 nm with shoulder at 240 nm and the second 
peak was at 324 nm with shoulder at 296 nm (Belay and 
Gholap, 2009). The addition of anhydrous of sodium 
hydroxide to 5-caffeoylquinic acid solutions results in 
important spectral modification with band shift to higher 
wavelength (370 nm). Generally there is decrease in 
relative absorbance as the concentration of NaOH solu-
tions increased. The graph of peak absorbance versus 
molar ratio of (NaOH: 5-Caffeoylquinic acid) at 370 nm 
decrease exponentially as the ratio of (NaOH: 5-
Caffeoylquinic acid) increases. Moreover, the existences 
of isobestic points were observed in the absorption spectra, 

which indicate the formation of complexes between 
sodium ions and 5-caffeoylquinic acid. 

The analysis of the association of sodium hydroxide 
with 5-caffeoylquinic acid was accomplished by Benesi-
Hildebrand equation, under the condition of [NaOH] >> 
[5-Caffeoylquinic acid]. The equilibrium constant for the 
complex formation and molar extinction coefficient 
calculated at 370 nm were 13529 -1M  and 413 -1 -1M cm . 
The equilibrium constant calculated in this study is in a 
good agreement with the one reported by (Cornard et al., 
2008) for the complexation of this compound with Pb (II). 
 
 
CONCLUSION  
 
The self - association of 5-caffeoylquinic acid and its 
complexation with sodium ions have been investigated by 
UV-Vis spectroscopy. Understanding the mechanism of 
self - association of 5-caffeoylquinic acid is useful in order 
to design the advanced and controllable carriers of drugs 
and food components. On the other hand the results 
obtained from complexation of the compound with 
sodium ions are great applications in extraction alkali 
metals ions selectively from natural environment.  
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