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ABSTRACT  In this study, boiled tea leaves residual was modified with oleum of 

weight 1:1 to prepare an adsorbent that is capable of adsorbing nicotine on its surface. The 

surface properties of the sample were investigated using FT-IR spectroscopy after each 

treatment, resulting in peaks that indicate the modification of the sample with oleum and the 

adsorption of nicotine on its surface. The nicotine concentration in the prepared solutions was 

measured using spectral analysis. The change of its adsorption was investigated based on 

change in time. An increase in the adsorbed amount was observed until equilibrium was reached 

after 24 hours. Additionally, an increase in the adsorbed amount of nicotine with an increase in 

its initial concentration was observed at the room temperature. The experimental data 

corresponded to adsorption models proposed in prior work. Besides, a mechanism of the 

adsorption of nicotine was suggested to occur with the participation of the two nitrogen atoms. 
 

Keywords: nicotine, adsorption, tea, residual, oleum. 

___________________________________________________________________________ 

 

1. INTRODUCTION 
 

      Nicotine is an organic compound -3 

(-1 methyl -2 - pyrrolidinyl) pyridine 

(Basher et al., 2014) that is considered to be 

an alkaloid. It is a highly toxic substance 

and is fatal when a dose reaches 40-60 mg. 

Compared to other alkaloids such as 

cocaine, which has a fatal dose of 100mg/kg 

(Rakic et al., 2010), since nicotine is soluble 

in water, it causes environmental pollution 

where a large amount of nicotine is 

transferred to wastewater produced by 

tobacco treatment operations and industrial 

products (Maduro et al., 2007). Therefore, 

this waste is considered a threat to the 

surrounding environment and human 

health, and has been classified to be a toxic 

and hazardous substance, according to the 

European Union (Novotny et al., 1999). On 

the other hand, nicotine has recently 

manifested some benefits to treat certain 

nerve diseases, despite its concerns. This 

issue has imposed the necessity to extract 

and purify nicotine (Grozdanic et al., 2014).  

 

Since most water purification 

techniques are expensive, activated carbon 

is used in the technique of adsorption, 

which is better than other methods, 

attributable to its simplicity and cleanliness 

to separate nicotine (Basher et al., 2013). 

    

Agricultural waste has been 

increasingly used as an adsorbent for 

removing organic and inorganic 

contaminants. In addition, some types of 

natural waste, especially tea leaves and 

coffee remains, were used as adsorbents to 

remove traces of metals that exist in water, 

such as: treating wastewater containing 

traces of the metals (i.e. Lead, Mercury, 
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Zinc, Copper, Nickel and Cadmium). The 

adsorption of the metal ions was found to 

follow the Langmuir isotherm equation 

(Utomo et al., 2007). 

 

      The ratio of removing the alkaloid 

materials from Indian cigarettes was also 

studied using low cost adsorbents from 

agricultural waste and industrial by-

products such as bagasse, sawdust, coconut 

fiber and green tea leaves, whereby the ratio 

of their removal to these materials was 

12.8%, 10.01%, 12%, and 13.8% 

respectively (Elhadi et al., 2016). 

 

Table 1 shows the composition of 

tea based on dry matter percentage (Belitz 

et al., 2009). 

 

Table 1. Composition (% dry weight basis) of fresh and black tea leaves and brewed tea  

Brewed tea Black tea Fresh Component 

4.5 5 30 Phenolic compounds 

15 25 0 Oxidized phenolic compounds 

traces 15 15 Protein 

3.5 4 4 Amino acids 

3.2 4 4 Caffeine 

0 26 26 Crude fibers 

4 7 7 Other carbohydrates 

traces 7 7 Lipids 

traces 2 2 Pigments (chlorophyll and carotenoids( 

0.1 0.1 0.1 Volatile compounds 

4.5 5 5 Minerals 

 
 

2. THE GOAL OF THE WORK 
 

This work aims to preparing an 

adsorbent (BTLS) from modification with 

the oleum of the surface of boiled tea leaves 

(BTLs) residual for: 

 

 Using the adsorbent (BTLs) for 

nicotine adsorption from its aqueous 

solutions; 

 Using domestic waste to eliminate 

environmental contaminants; and 

 Studying the surface properties of 

(BTLS) by using FT-IR spectroscopy. 

 

 

3. MATERIALS 

 

 BTLs residual, local waste. 

 Nicotine C10H14N2, Mw= 162.24 

g/mol, purity >99%, Merck. 

 Sulfuric acid H2SO4, 98%,  SDFCL. 

 Oleum H2S2O7, Homs Refinery. 

 Barium chloride BaCl2.2H2O, Mw= 

244.27 g/mol, purity 99%. 

 Sodium hydroxide NaOH, 

Mw=40g/mol, purity 98-100%, 

Panareak. 

 Acetic acid CH3COOH, 

Mw=60g/mol, purity 99.5-100%, 

Panareak. 
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4. EQUIPMENTS AND TOOLS 

 

 Spectrophotometer UV-VIS: T 80+ 

UV / VIS spectrometer PG instruments 

LTD.  

 Spectroscopy Fourier Transform 

infrared Spectrometer Jusco FT-IR-

4200 

 Centrifuge J.P.SELECTA, 

7002240,230 V, 50/60 HZ, 100W 

Thermostat T LAUD 

 Oven drying K & H industries, 

Damascus, Syria 

 Furnace industries, K & H, serial NO: 

030509.watt max: 3000W, Volt: 220v, 

HZ: 50 

 Delicate balance: Sartorius ED 2245, 

Max: 22 g, d = 0.1 mg. 

 

 

5. THE SAMPLE PREPARATION 

 

5.1 Determination of the nature of 

surface 

 

        The residual surface of BTLs was 

activated with oleum, due to the presence of 

alkaline centers on its surface that impede 

nicotine adsorption. It was shown by 

soaking 0.5x10-3kg of BTLs residual in 

10ml of acetic acid (0.0555M) for three 

days. The acid concentration was 0.04545M 

after soaking. The number of alkaline 

centers on the surface of BTLs residual was 

calculated by means of the difference 

between acid concentrations before and 

after soaking it with the BTLs residual 

(1.21x1023 alkaline center/kg). 

 

5.2.  Modification of (BTL) residual  
 

The surface of the sample was 

activated with oleum. It was put in a flask, 

and oleum was added slowly with a ratio of 

1:1. Next, the mixture was connected to 

washing bottles. It was isolated for 24 

hours. The mixture was then placed on a 

filter paper and washed with distilled water 

to ensure that all the sulfates were removed 

from the filtrate. It was then dried after 

weighing it at a temperature of 373K, until 

it reached a stable weight. The new 

prepared sample was referred to as BTLs. 

 

 

6. DETERMINATION OF 

NICOTINE BY 

SPECTROPHOTOMETRY 

 

A standardized series of nicotine 

solutions were prepared at various 

concentrations and diluted with sulfuric 

acid (0.025M). Each solution in a quartz 

cuvette was measured against a blank 

sample containing a sulfuric acid solution 

(AlBizreh et al., 1999).  Spectral scanning 

was set to be in the range of 200-400nm of  

UV, in order to determine the maximum 

wave length for measuring the absorbance 

of the solutions of the standardized series ( 

λmax=258nm), as shown in Figure (1).

 

 
Figure 1. Spectral scan of the studied nicotine solution 
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Then, the absorbance of the 

standardized series solutions was measured 

at the maximum wave length that was 

experimentally determined. Figure (2) 

shows that the linearity of the standardized 

curve was R2=0.999, which was used for 

determining the unknown concentrations of 

nicotine solutions. 

 

 
Figure 2. Change of the solution absorbance with a change of the nicotine solution 

concentration 

 

 

7. RESULTS AND DISCUSSION 

 
7.1 The study of the kinetics of 

nicotine adsorption on the modified 

boiled tea leaves residual with change in 

time 

 

The change of the nicotine 

concentration was studied after soaking 

0.05x10-3kg of the adsorbent material in 

5x10-3L of nicotine solution at various 

times. Table (2) shows the change in the 

adsorbed nicotine amount with change in 

time. 

 

Table 2. The change of adsorbed nicotine amount with the change of time 

t1/2 t/a Ln (ae-a) a (mmol/kg) Ce (mmol/L) time (h) 

1.414 0.0156 4.5306 127.959 4.8222 2 

2.000 0.0294 4.4397 136.021 4.7416 4 

2.449 0.0393 4.2193 152.786 4.5740 6 

2.828 0.0442 3.6828 181.016 4.2917 8 

3.162 0.0537 3.5425 186.218 4.2396 10 

3.464 0.0632 3.4309 189.867 4.2032 12 

3.742 0.0731 3.3751 191.543 4.1864 14 

4.000 0.0808 3.1211 198.102 4.1208 16 

4.243 0.0837 1.7632 214.941 3.9524 18 

4.472 0.0926 1.5522 216.050 3.9413 20 

4.690 0.1000 -0.1909 219.946 3.9024 22 

4.899 0.1087 - 220.772 3.8941 24 

 

y = 0.0334x
R² = 0.9998

y = 0.0334x - 0.0012
R² = 0.9998

A

C ppm
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where ae=220.772mmol/kg is the 

experimental adsorbed nicotine amount at 

the equilibrium stage, a is the adsorbed 

nicotine amount at time t (mmol/kg),  Ce is 

the equilibrium nicotine concentration 

(mmol/L), t is the time of soaking (h) (1h = 

3,600 seconds). 

 

7.1.1.      Determination of the limiting 

step for nicotine adsorption by studying 

the adsorption kinetic on BTLs with 

change in time, according to the equation 

for Intra-particle diffusion  

The intra-particle diffusion 

equation was applied (Weber et 

al., 1963): 

 

                         a= k t1/2 + C                   (1) 

 

where k represents the intra-particle 

diffusion rate constant, and C is a constant. 

Figure (3) shows the change of the adsorbed 

nicotine amount with change in contact 

time, according to equation (1). 

 

 
Figure 3. Change of adsorbed nicotine amount with change in contact time 

 

As shown in Figure (3), there is an 

acceptable conformity of the experimental 

data with the intra-particle diffusion 

equation (1), where the determined values 

of k and C according to Figure (3) are 

(k=28.42mmol.h-1/2/kg and C=88.27). It can 

also be observed that the intra-particle 

diffusion is the main limiting step, in 

addition to a partial chemical adsorption 

participation. 

 

7.1.2. The change of nicotine equilibrium 

concentration with change in time, 

according to the pseudo first-order and 

pseudo second-order models  

  Applying the pseudo first-order 

model for studying the kinetics of 

adsorption according to the Lagergren 

equation (2) (Lagergren et al., 1998): 

 

             Ln (ae-a) = Ln a1e – k1t               (2) 

 

where k1 represents the kinetics constant of 

the pseudo first-order (h-1), and a1e is the 

theoretical amount of adsorbed nicotine 

according to the pseudo first-order. Figure 

(4) clarifies the change of Ln(ae-a) with 

change in the contact time, according to the 

Lagergren equation (2).

y = 28.427x + 88.279
R² = 0.9604

a 
[m

m
o

lk
g]

t1/2
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Figure 4. Change of Ln (ae-a) with change in the contact time 

 

Applying the pseudo second-order 

model for studying the kinetics of the 

interaction according to equation (3) (Ho et 

al., 2000):  

 

t/a = 1/(k2a2e
2) + (1/a2e) t               (3) 

 

where k2 is the kinetics constant of the 

pseudo second-order (kgmmol-1.h-1), and 

a2e is the theoretical amount of adsorbed 

nicotine according to the pseudo second-

order. Figure (5) clarifies the change of t/a 

with the change in the contact time, 

according to equation (3) (Ho et al., 2000). 

 

 
Figure 5. Change of t/a with change in the contact time 

 

 It is noticed in Figure (4) that there 

is an insufficient conformity of the pseudo 

first-order model, according to the 

Lagergren equation, because of the 

decreasing in R2 value. It is noticed in 

Figure (5) that there is a good conformity of 

the pseudo second-order model according 

to equation (3), where a2e=250mmol/kg and 

k2= 0.0013 kg.mmol-1.h-1. 

 

 

 

 

7.2. Study of the change of the adsorbed 

amount with change in the initial 

concentration of nicotine on BTLs at 

room temperature 

 

 The change of the adsorbed amount 

of nicotine was measured based on change 

in the initial concentration after soaking 

0.05x10-3kg of the adsorbent material in  

5ml of the prepared nicotine solution for 24 

hours, at 293K. The results are shown in 

Table (3). 

  

y = -0.1992x + 5.4324
R² = 0.8395Ln

 (
ae

-a
)

t [h]

y = 0.0041x + 0.0126
R² = 0.9926

t/
a

t [h]
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Table 3. Change in nicotine equilibrium concentration at 293K 

Ln Ce log a 1/a log Ce a 1/Ce C0 

-0.9673 1.4283 0.0373 -0.4201 26.8121 2.6308 0.6484 

-0.2221 1.7465 0.0179 -0.0964 55.7816 1.2487 1.3591 

-0.1060 1.9137 0.0122 -0.0460 81.9773 1.1118 1.7197 

0.3693 1.9360 0.0116 0.1604 86.2919 0.6912 2.3097 

0.6005 2.0525 0.0089 0.2608 112.8575 0.5486 2.9518 

0.8047 2.1495 0.0071 0.3495 141.0873 0.4472 3.6466 

0.9467 2.2134 0.0061 0.4112 163.4615 0.3880 4.2120 

1.0846 2.2613 0.0055 0.4710 182.5074 0.3380 4.7837 

1.2158 2.2959 0.0051 0.5280 197.6701 0.2965 5.3501 

1.3097 2.2980 0.0050 0.5688 198.5947 0.2699 5.6913 

 

where C0 represents the initial 

concentration of nicotine solution 

(mmol/L), Ce is the equilibrium nicotine 

concentration (mmol/L), and a is the 

adsorbed nicotine amount at time t 

(mmol/kg). 

 

7.3. The adsorption models application 

 

7.3.1. Study of the results according to 

Langmuir equation 
 

     The previous results are represented 

diagrammatically according to the 

Langmuir equation axis in Figure (6). 

 

 
Figure 6. Change of nicotine equilibrium concentration according to the Langmuir 

equation axis at the room temperature 

 

 It is noticed in Figure (6) that there 

is an acceptable conformance of the results 

with the Langmuir equation (4) (Dada et al., 

2012): 
 

 = a/am= ( KLCe) / (1+KLCe)               a = (KL am Ce) / (1+KL Ce)1/a = 1/(KL am Ce) +1/am    (4)                                           

 

where Ce represents the equilibrium 

concentration of the solution (mmol/L), a is 

the adsorbed amount that is retained on the 

adsorbent (mmol/kg), am is the adsorbed  

amount that is retained on the adsorbent 

when it forms a monolayer (mmol/kg), and 

KL is Langmuir's adsorption coefficient (L. 

mmol-1). The values of the adsorption  

y = 0.0135x + 0.0009
R² = 0.9807

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.0 1.0 2.0 3.0

1
/a

1/Ce
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dimensions according to the Langmuir 

equation at room temperature were am= 

1111.11mmol/kg and KL= 0.0666L/mmol.  

 

Basher (2014) verified the 

adsorption of nicotine from an aqueous 

solution by using coconut fiber, sawdust 

and tea leaves waste as adsorbents; the 

results are shown in Table (4). 

 

Table 4. the best adsorbed amounts of nicotine on the studied adsorbents [1] 

[mmol/kg] ma [mg/g] ma Adsorbent 

12.5 2.04 Coconut fiber 

11.5 1.88 Sawdust 

4.9 0.80 Tea leaves waste 

 

When comparing the results in Table (4) to 

those achieved by this study, a higher 

adsorption of nicotine was observed on the 

BTLs modified with oleum, which leads to 

an increase in the effective centers on the 

modified adsorbent surface (BTLs).   

 

7.3.2. Study of the results according to the 

Freundilch equation  
 

 Figure (7) depicts the previous 

experimental data diagrammatically, 

according to the Freundlich equation axis.  

 

Figure 7. Change of nicotine equilibrium concentration according to the Freundlich equation 

axis at the room temperature 

 

     Figure (7) shows an acceptable 

applicability of the Freundlich equation 

when the initial concentration of the 

nicotine changed in the solution. Ghiaci 

expressed the Freundlich equation (5) 

(Ghiaci et al., 2004) as follows: 

 

a = Kf .Ce
1/n 

         Log a = 1/n Log Ce + Log Kf         (5) 

 

where Ce represents the equilibrium 

concentration of the solution (mmol/L), a is 

the adsorbed amount that is retained on the 

adsorbent (mmol/kg), Kf, n and represents 

the Freundlich coefficients. The values of 

the adsorption dimensions according to the 

Freundlich equation at the room 

temperature were n=1.153 and Kf =69.167 

lit1/n/[kg.(mmol)(1-n)/n]. 

 

7.3.3. Study of the results according to 

Temkin equation  

 

     Figure (8) depicts the previous results 

diagrammatically according to the Temkin 

equation axis. 

y = 0.8668x + 1.8399
R² = 0.9732

1.20

1.40

1.60

1.80

2.00

2.20

2.40

-0.5 0.0 0.5

lo
g 

a

log Ce
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Figure 8. Change of adsorbed nicotine amount according to the Temkin equation axis at the 

room temperature 

 

     It is noticed in Figure (8) that there is an 

acceptable applicability of the Temkin 

equation with a change of the adsorbed 

nicotine amount, with a change in the initial 

nicotine concentration in the solution, 

where the Temkin equation (6) (Dada et al., 

2012) was defined as follows: 

 

            a = B Ln AT + B LnCe                (6) 

   

where Ce represents the equilibrium 

concentration of the solution (mmol/L), a is 

the adsorbed amount that is retained on the 

adsorbent (mmol/kg), B is a constant related 

to the heat of adsorption (B=RT/bT), and b, 

AT represents the Temkin coefficients. The 

values of the adsorption dimensions 

according to the Temkin equation at the 

room temperature were B=80.333J/mol, AT 

=2.854L/kg and bT=30.323. 

 

7.4. Comparing the results to prior works 

 

     Table (5) shows a comparison between 

the nicotine adsorption results for the 

modified oleum compressed coffee 

residuals (AlBizreh et al., 2017) and the 

date seed carbon modified with oleum 

(Almostafa et al., 2017), with the results in 

this study. 

 

Table 5. Nicotine adsorption results for the modified compressed coffee residual and 

modified date seed carbon with the results obtained by BTLs 

Removal 

Percentage 

% 

Langmuir 

Constants 

Freundlich 

Constants 
Temkin Constants 

Adsorbent 

ma LK n fK TA B Tb 

26.3% 322.5 0.151 1.1 40.20 2.12 61.4 37.08 

Modified 

compressed 

coffee residuals 

[albizreh et al., 

2017] 

24.11% 163.9 2.90 3.0 106.9 29.5 34.5 71.02 

Modified date 

seed carbon 

[almostafa et al., 

2017] 

34.9% 1111 0.066 1.1 69.16 2.8 80.3 30.32 
Modified tea 

leaves residual 

 

     

y = 80.333x + 84.249
R² = 0.9335

0

50

100

150

200

-1.0 -0.5 0.0 0.5 1.0 1.5

a 
[m

m
o
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]

ln Ce
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     Table (5) shows that the removal 

percentage of nicotine from aqueous 

solutions on BTSs residual modified with 

oleum is higher than that of the modified 

compressed coffee residual. It is also higher 

than that of the modified date seed carbon.   

7.5. Results of the FT-IR spectroscopy 

  

     The infrared spectrum (FT-IR) of the 

(BTLs) residual was studied, and the results 

of the spectrum are shown in Figure (9). 

 

 

 
Figure 9. FT-IR spectrum of the (BTLs) residual 

 

     The effective functional groups in Table 

(6) indicate the presence of amino 

compounds involved in the composition of 

tea, without any treatment. Carbon and 

nitrogen groups may be related to the 

presence of organic compounds i.e. 

(proteins) in the chemical composition of 

tea leaves (Adnan, 2013). 

 

Table 6. Effective functional groups of BTLs (Kzitcina et al., 1979) 

Intensity 1-The Wave Number Cm Number Group 

3.13 3384.46 1 -NH 

3.21 2924.52 2 -CH 

2.68 1616.06 3 
C=O 

2NH- 

3.10 1380.78 5 +
2NO 

 

Figure 10 shows the results of the spectrum of BTLs residual after modification with oleum. 
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Figure 10. FT-IR spectrum of (BTLS) 

 

     Table (7) clarifies the effective 

functional groups (NH3
+, RSO3H, HSO4

- 

and S = O) that indicate the modification 

with oleum of the surface of the BTLs 

residual, and that is by protonation of the 

amino groups existing in the tea leaves. The 

nitrogen groups may belong to the original 

sample composition. 

 

Table 7.  Effective functional groups in FT-IR spectrum of BTLs (Kzitcina et al., 1979) 

Intensity 1-he wave number cmT Number Group 

4.79 

4.84 

2922.59 

2855.1 

1 

2 
-CH 

4.92 2363.34 3 
+

3NH 

4.74 1710.55 4 C=O 

4.6 1622.8 5 2NH- 

5.04 1455.03 6 2CH- 

5.08 

5.08 

5.48 

1377.89 

1226.5 

1034.62 

7 

8 

9 

S=O 

5.48 1034.62 9 
H3RSO 
-

4HSO 

 

Figure 11 shows the spectrum of the adsorption of nicotine on BTLs surface. 
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Figure 11. FT-IR spectrum of (BTLS) and the adsorbed nicotine on its surface 

     The effective functional groups (-NH2, 

C=N and C=C) shown in Table (8) indicate 

the presence of a nicotine molecule 

(C10H14N2) adsorbed on the surface of 

BTLs. The existence of the RSO3H group is 

evidence for the hydrogen correlation 

between the nitrogen of the nicotine 

molecule and the hydrogen atom on the 

solfonated surface. 

 

Table 8. Effective functional groups in FT-IR spectrum of BTLs and the adsorbed nicotine on 

its surface (Kzitcina et al., 1979) 

Intensity The wave number cm-1 Number Group 

5.56 2921.63 1 -CH 

5.11 2360.44 2 +
3NH 

4.73 1624.73 3 

C=N 

C=C 

-NH2 

5.04 1211.08 5 
S=O 

RSO3H 

7.6. Mechanism of the adsorption of 

nicotine on (BTLS) 

 

     The spectral study enabled the 

assumption of the mechanism of nicotine 

molecules adsorption. 

      

     The detailed format of nicotine signifies 

that the two atoms of nitrogen are the base 

of the process of adsorption when 

considering it as an alkaline molecule, 

where the ionization constant of the quintet 

berouliden cycle is pKa=8.02. This is  
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considered to be more alkaline than the 

sextet cycle that has an ionization constant 

of pKa= 3.12 (Http., 2016), as shown in 

Figure (12). 

 

 

 

 

                                                       

                Figure 12. nicotine molecular 

 

     The two atoms of nitrogen connect with 

the protons of the BTLs surface by 

hydrogen bonds. The atom of nitrogen 

unconnected with the group –CH3 is the 

most effective, attributable to its connection 

with  bonds in the part of pyridine of 

nicotine.

     The bipolar torque of nicotine molecules 

equals 2.62 Debye (Osipov et al., 1965). 

The mechanism of adsorption is shown in 

Figure (13). 

                                                     

                                                 

Figure 13. The mechanism of nicotine adsorption 

    

     The adsorption of the nicotine molecule 

is on the Bronsted centers (proton donor) 

located on BTLs surface, and these factors 

represent the adsorption of a polar material 

on a polar surface. 

 

 

8. CONCLUSION 

      
     The adsorbed amount of nicotine was 

determined by measuring the change in its 

initial concentration at room temperature,  

spectrophotometrically. An increase of the 

adsorbed amount correlates with an 

increase in the initial concentrations at the 

room temperature. The experimental data 

corresponded to the adsorption models of 

Langmuir, Freundlish and Temkin. The 

order of the surface interaction was 

determined according to the pseudo second-

order model. 

    

     The spectral study (FT-IR) of the 

sample before and after modifying the  
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process with oleum and after the adsorption 

of nicotine on its modified surface and the 

appearance of peaks, indicated the 

influence of modification of the BTLs 

residual with oleum on the nicotine 

adsorption on its surface. A mechanism of 

the nicotine adsorption was suggested to 

occur with the participation of the two 

nitrogen atoms. 
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