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Abstract The main aim of this work is to determinate the adsorption of tyrosol on fullerene C60. By varying the 

amount of carbon fullerene C60 and maintaining tyrosol solution concentration constant, the adsorption percentage 

was evaluated. Detailed analysis on the adsorption isotherms were accomplished successfully. Four isotherms which 

are Freundlich, Langmuir, Sips and Redlich-Peterson were adopted to predict the experimental works and Sips 

model was the most appropriate to fit the experimental data. In fixed experimental conditions, the adsorption of 

tyrosol on C60 could reach 80%.
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1. Introduction  

Tyrosol, also known as 2-(4-hydroxyphenyl) ethanol is an aromatic organic compound that is a type of phenol 

containing two hydroxyl groups. It is an active compound that is widely present in nature mainly in olives, wine and 

other varieties of plants. Tyrosol is one of the most important phenolic compounds due to its wide medicinal and 

chemical utilization and its high biological activity [1-3]. This compound and its derivatives, especially 

hydroxytyrosol have very important antioxidant activity and play an important role as cardiopretective agent [4]. 

Also, tyrosol gains several biological activities such as antibacterial, neuroprotective, anticancer, anti-inflammatory 

and prevents the human LDL oxidation [5, 6]. Many efforts have been expanded to extract tyrosol from biological 

matrix [7, 8]. However, the total purification of this compound causes generally technical process problems. If 

totally purified, the process yields a small quantity [9].  

In the past two decades, carbon based materials with organized structure, especially, fullerene and carbon nanotubes 

have been one of the most active fields. Since their discovery [10], fullerenes have been intensively studied and 

wide varieties of related compounds have been synthesized. The chemistry of fullerenes is a very dynamic field in 

systematic evolution; several authors from different areas of expertise are concentrated in the synthesis and the use 

of functionalized fullerenes or not by different methods. In fact, this development is largely due to the ability of this 

structure to allow a many chemical reactions:radical reactions, polymerizations and cycloadditions and many others 

[11-13]. The largest use of fullerene is also due to its large surface area, and thermal stability and its mechanical 

properties [14]. 

Thus, many research works have been focused on the interaction of fullerene with other atoms and molecules [15]. 

In this work, the adsorption of Tyrosol on fullerene C60 was explored, different adsorption models were examined 

to determinate the best model to fit the experimental data.  
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2. Materials and methods 

2.1. Materials 

C60 (purity 99.98%) was obtained from SES Research Corporation (USA) and used without further 

purification.Tyrosol (99.5 %) was obtained from Fluka and used as received.  

 

2.2. Adsorption experiments 

Adsorption experiments were executed under static conditions at 298 K in batch agitated Pyrex flasks (150 rpm). 

The equilibrium adsorption isotherms were obtained by varying C60 Concentration in a tyrosol solution. All 

experiments were performed over 24 h. After filtration, the resulting liquid phase was analyzed by UV 

spectrophotometer at 280 nm. 

Tyrosol adsorption  % Tyrosol  was measured by the following equation; 

 % 𝑇𝑦𝑟𝑜𝑠𝑜𝑙 =  
𝐶0 − 𝐶𝐹

𝐶0

× 100 

Where 𝐶0 and 𝐶𝐹are the initial and the final concentrations of the phenolic compounds, measured as total phenols. 

The amount of each polyphenol adsorbed at equilibrium 𝑞𝑒(mg g
-1

) was calculated by: 

𝑞𝑒 =
(𝐶0 − 𝐶𝑒𝑞 )

𝑋
𝑉 

Where, V is the volume (L) andx is the amount of C60 (g) and C0 and Ceq are the concentration of Tyrosol initially 

and at equilibium.  

 

2.3. Adsorption isotherms 

In order to characterize the adsorption equilibria, the following isotherm models (Freundlich, Langmuir, Sips and 

Redlich-Peterson) were used to correlate the experimental data:   

Langmuir model 

𝑞𝑒 =
𝑞𝑚𝐾𝐿𝐶𝑒

1 + 𝐾𝐿𝐶𝑒

 

Whose linearized form is: 

𝐶𝑒

𝑞𝑒

=
1

𝑞𝑚𝐾𝐿

+
𝐶𝑒

𝑞𝑚

 

where: 

𝑞𝑚 : Tyrosol amount at saturation of monolayer that is the adsorption capacity (mg g
-1

). 

𝐾𝐿: the Langmuir constant. 

1) Freundlich model 

𝑞𝑒=𝐾𝐹𝐶𝑒

1
𝑛  

whose linearized form is: 

𝑙𝑛 𝑞𝑒 = 𝑙𝑛 𝐾𝐹 +
1

𝑛
𝑙𝑛𝐶𝑒  

where: 

𝐾𝐹  : the Freundlich constant. 

n: the Freundlich exponent. 

2) Sips model 

𝑞𝑒 =
𝑞𝑚𝐾𝑆𝐶𝑒

1/𝑛

1 + 𝐾𝑆𝐶𝑒
1/𝑛

 

whose linearized Form is: 

𝐶𝑒
1/𝑛

𝑞𝑒

=
1

𝑞𝑚𝐾𝑆

+
𝐶𝑒

1/𝑛

𝑞𝑚

 

𝑞𝑚 : the Sips maximum adsorption capacity (mg g
-1

). 𝐾𝑆: Sips equilibrium constant (mg L
-1

)
-1/n

. 
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3) Redlich–Peterson 

𝑞𝑒 =
𝐾𝑅𝑃𝐶𝑒

1 + 𝑎𝑅𝑃𝐶𝑒
β
 

whose linearized Form is: 

ln  𝐾𝑅𝑃

𝐶𝑒

𝑞𝑒

− 1 = ln 𝑎𝑅𝑃 + β ln(𝐶𝑒) 

Where 𝐾𝑅𝑃  (L g
-1

) and 𝑎𝑅𝑃  (mg L
 -1

)
-β

 are the Redlich–Peterson isotherm constants. 

 

3. Results and Discussion 

The adsorption percentage of tyrosol on C60 was determined by varying the amount of adsorbent. The obtained 

results for the adsorption percentages of tyrosolare shown in Fig. 1. When the adsorbent dose increases, the 

adsorption percentage increases. 

 
Figure 1: Adsorption percentages of tyrosol on fullerene C60 with different concentrations 

The adsorption experimental data were evaluated using some models and the equilibrium parameters related to these 

models were determined. Four models: Langmuir, Freundlich, SIPS and Redlich-Peterson were used to fit the 

adsorption of tyrosol on fullerene C60 (Fig. 2). 

Table 1: Adsorption models for tyrosol on fullerene C60 

Adsorption models Values  

Langmuir 

𝑞𝑚  (mg g
-1

) 97.36 

𝐾𝐿(g L
-1

) 8.22 10
-4

 

𝑅2 0.9922 

Freundlich 

𝐾𝐹  2.05 

n 2.25 

𝑅2 0.9918 

Sips 

𝑞𝑚 (mg g
-1

) 79.720 

𝐾𝑠 6.21 10
-5 

n 0.7 

𝑅2 0996 

Redlich-Peterson 

𝐾𝑅𝑃  (L g
-1

) 1 

𝑎𝑅𝑃  0.4023 

β 0.5766 

𝑅2 0.9947 
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The best adsorption parameters and regression coefficients are shown in Tables 1. The parameter “n” of the 

Freundlich model is in the range between 0 and 10, demonstrating that the adsorption of tyrosol on fullerene C60 

was favorite [16]. The values of the regression coefficients show that the best fitting of the adsorption data are 

revealed by the Sips equation, which is resulting from the limiting behavior of the Langmuir and Freundlich 

isotherms [8]. The adsorption capacity of fullerene C60 to Tyrosol in these conditions attains 79.720 mg g
-1

. 
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Figure 2: Adsorption isotherms of Tyrosol on fullerene C60 

 

4. Conclusion 

The adsorption of tyrosol on fullerene C60 was evaluated and the experimental data show that when the adsorbent 

concentration increases, the adsorption rate increases. Also, the equilibrium models showed a good fit to the 

experimental data with a good adsorption capacity. 
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