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The integrated absorption cross-section of caffeine in water and dichloromethane, in the wave number 
regions of  20,000 – 39,062 cm-1 at room temperature, were  (4.44 ± 0.18) × 107 and  (4.32 ± 0.11) × 107  L 
mol-1 cm-2, respectively. The corresponding calculated values for oscillator strength of caffeine in water 
and dichloromethane were 0.19 × 0.01 and 0.18 ± 0.01, respectively. In addition, the number densities of 
caffeine in different coffee beans were reported using integrated absorption coefficient technique. The 
number density of caffeine calculated in different coffee varieties were (3.53 – 4.76) × 10-5 mol L-1. The 
new applied technique has an advantage over other techniques in that it provides more information 
about the nature of the absorbing molecules and establishes accurate evaluation of the UV-Vis 
absorption intensity. 
 
Key words: Caffeine, number density, integrated absorption coefficient, integrated absorption cross-section, 
oscillator strength. 

 
 
INTRODUCTION  
 
Coffee contains many biologically active substances 
(Minamisawa et al., 2004; Yukawa et al., 2004). The 
amounts and composition of these compounds are 
dependent on the types of coffee beans, the degree of 
maturation, the roasting, and to some extent on environ-
mental conditions and agricultural practices (Clarke and 
Macarae, 1985; Minamisawa et al., 2004). Among the 
active substances, caffeine (1, 3, 7-trimethylxanthine) is 
one of the main constituents of coffee. The consumption 
of these compounds in high concentration can cause 
various physiological and psychological effects. It 
stimulates the central nervous system, gastric acid 
secretion and diuresis (Yukawa et al., 2004). Moreover, 
caffeine modifies our sleeping habit, performance and 
concentration (Najafi et al., 2003). The International 
Olympic Committee classified caffeine as a drug of abuse 
when present in human urine in a concentration more 
than 12 mg L-1 (De Aragao et al., 2005; L-Martinez et al., 2003). 
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Due to physiological and psychological effects of 
caffeine, decaffeination is currently a popular method to 
minimize the caffeine content in various coffee beans. 
This process simply involves the use of solvents to 
extract caffeine. The currently available solvents for this 
purpose are chloroform, dichloromethane, ethyl acetate 
and supercritical carbon dioxide (Clarke and Macarae, 
1985; Bouhsain et al., 1999; Paradkar and Irudayaraj 
2002). Dichloromethane is most effective and commonly 
employed for the extraction of caffeine in coffee beans 
(Clarke and Macarae, 1985; Belay et al., 2008). The 
safety of this solvent has been tested in animals and 
humans. It has been studied and reviewed by scientific 
authorities. It also has an advantage of low boiling points, 
and therefore can be used at low temperatures. However, 
dichloromethane has also a potential danger under 
certain circumstances. It can cause faintness, dizziness 
and head ache if inhaled at a high concentration. 

A great variety of analytical techniques have been car-
ried out for the determination of caffeine in coffee beans. 
The most frequently used methods are high performance 
liquid chromatography (Minamisawa et al., 2004; Casal et 
al., 2000), Fourier  transforms  infrared  (Bouhsain  et  al.,  



 
 
 
 
1999; Paradkar and Irudayaraj, 2002), near infrared 
reflectance spectrometer (Huck et al., 2005), derivative 
spectrometer (Alpdogan et al., 2002) and UV-Vis spectro-
meter and partial least squares (L-Martinez et al., 2003; 
Belay et al., 2008). 

By conventional UV-Vis spectrometer methods, direct 
determination of caffeine in coffee beans is impossible 
owing to the matrix effects of the UV absorbing sub-
stances. However, recently, the caffeine content of coffee 
beans has been reported using UV-Vis spectrometer by 
Beer-Lambert’s law by extracting caffeine from a water 
solution using dichloromethane (Belay et al., 2008). The 
results obtained using Beer-Lambert’s law are satis-
factory and reproducible at room temperature; however, 
when there are temperature and pressure variations, or 
the concentration of solute in the solution is high, or a 
reaction field exists due to the solute and the solvent, line 
broadening and a shift will happen, and thus reliable 
results may not be obtained with this technique. 

In addition, when there is no high-resolution spectro-
meter since a finite slit width is used, the radiation is not 
monochromatic under these conditions; thus, the band 
determined experimentally comprises no true physical 
constants of the absorbing molecule but depends on the 
instrumental conditions employed. As reported by 
(Ramsay, 1951), for slit width equal to one half of the true 
width of the absorption band, the true and apparent 
molecular extinction coefficient differs by about 20% on 
infrared spectrometer. The difference in integrated 
intensity measurement, however, is only 2 - 3%; the 
decrease in peak intensity produced by finite slit width is 
roughly compensated by an increase in the band width. 
Furthermore, it is also reported that the finite spectral line 
width of the radiation source in absorption spectroscopy 
leads to a marked deviation from Beer-Lambert’s 
relationship when quantitative determination is carried out 
on spectrally narrow transitions.  In addition measuring 
the intensity of absorption by the integrated method 
provides additional information about the nature of the 
absorbing molecules and establishes accurate evaluation 
of UV-Vis absorption band intensity. 

Therefore, in this research, the integrated absorption 
coefficient technique was proposed to determine inte-
grated absorption cross-section, oscillator strength and 
number densities of caffeine in different coffee beans. 
Absorption cross-section and oscillator strength are the 
intrinsic ability of molecules to absorb light, and they are 
proportional to the intensity of the transition. Experimental 
determination of molecular transition probabilities is 
important both for direct application to emission, 
absorption and dispersion radiation. It is also useful for 
providing stringent tests of atomic structure calculations. 

The integrated absorption coefficient technique and 
peak height measurements (Beer-Lambert’s law) were 
compared for calibration and real sample analysis, and 
the results obtained by the two methods were 
comparable.      
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MATERIALS AND METHODS 
 
Chemicals and samples    
 
Dichloromethane bought from (Aldrich, Germany), distilled water, 
caffeine from Evan Company (England) and Arabic coffee samples 
were provided by Ethiopia coffee quality inspection center. The cof-
fee samples were collected from south west of Ethiopia randomly 
with out considering their varieties.  
 
 
Instrumentation 
 
For UV-Vis absorption measurement of caffeine double beam, 
double monochromator, and ratio recording UV-Vis-NIR spectrome-
ter, Perkin Elmer Lambda 19 (Perkin Elmer, D-7770 Ueberlingen, 
and Germany) operated in the wave length regions of 170 - 3200 
nm were used. The instrument was operated by 4.3 UVCSS soft 
ware and its resolution 0.05 - 5 nm. Scanning speed 240 nm per 
min and slit width 2 nm was used.  Data acquisition performed by 
computer interfaced with spectrometer. 
 
 
Methods for measuring integrated absorption cross-section 
and oscillator strength of caffeine in water and 
dichloromethane 
 
Caffeine concentration of (1.25 - 14.20) x 10-5 and (1.78 – 9.48) × 
10-5 mol L-1 were prepared in distilled and dichloromethane respec-
tively for calibration curves as shown in Tables 1 and 2. Validation 
parameters, Integrated absorption cross-section and oscillator 
strength were calculated from these solutions. Deconvolution or 
resolution at peak height processed on the basis of a least square 
procedure, where minimal values of the difference between the real 
spectrum and the stimulated (fitted) one were considered..  
 
 
Methods for measuring number density of caffeine in coffee 
beans 
 
In order to measure number density of caffeine in coffee beans by 
integrated absorption technique, caffeine should be extracted and 
purified from coffee solution. For coffee sample preparation and ex-
traction of caffeine previously developed procedures and reported 
by (Belay et al., 2008) were used. The number density of caffeine in 
coffee beans were calculated from the area of Gaussian function 
fitted to the spectra in the wave number regions of (20,000 – 
50,000) cm-1. 
 
 
RESULTS AND DISCUSSION 
 
Validation of the method 
 
The UV-Vis absorption of caffeine was validated in terms 
of linearity, sensitivity, precision (repeatability) and limit of 
detection (LOD). The calibration curve correlating the 
integrated absorption coefficient with the corresponding 
number density was constructed. From calibration curve, 
it was observed that the area of absorption coefficient of 
caffeine increased from the lowest number density to the 
highest both in water and dichloromethane as shown in 
Tables 1 and 2 respectively. The calibration equations 
are (Y = 32.73 + 223.72x, R = 0.9999, S.D = 59.42, p < 
0.0001, N = 14) for caffeine dissolved in water, and (Y =  
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Table 1. Shows number density of caffeine dissolved in distilled water and the corresponding peak absorbance, integrated 
absorption coefficients, and integrated molar decadic absorption coefficient.  
 

Number density of 
caffeine in mol L-1 

Peak of 
absorbance 

a d ��  

(integrated absorption 
coefficients) in cm-2 

� d ��  

(integrated molar decadic absorption 
coefficients) in L mol-1 cm-2 

14.20 x 10-5 
6.90 x 10-5 
5.36 x 10-5 
4.46 x 10-5 
3.80 x 10-5 
3.38 x 10-5 
3.34 x 10-5 
2.96 x 10-5 

12.74 x 10-5 
2.27 x 10-5 
1.96 x 10-5 
1.71 x 10-5 
1.37 x 10-5 
1.25 x 10-5 

1.65 
0.78 
0.59 
0.50 
0.43 
0.38 
0.37 
0.33 
0.31 
0.26 
0.22 
0.19 
0.15 
0.14 

6202.39 
2952.96 
2331.66 
2019.00 
1777.98 
1454.85 
1553.26 
1424.66 
1189.82 
1026.46 
848.74 
762.82 
599.25 
522.75 

4.36 x 107 
4.28 x 107 
4.35 x 107 
4.53 x 107 
4.67 x 107 
4.30 x 107 
4.32 x 107 
4.60 x 107 
4.20 x 107 
4.50 x 107 
4.33 x 107 
4.46 x 107 
4.37 x 107 
4.18 x 107 

 
 
 

Table 2. Shows number density of caffeine dissolved in dichloromethane and the corresponding peak absorbance, integrated 
absorption coefficients, and integrated molar decadic absorption coefficient.  
 

Number density of 
caffeine in mol L-1 

Peak of 
absorbance 

ad��  

(integrated absorption 
coefficients) in cm-2 

� d ��  

(integrated molar decadic absorption 
coefficients) in L mol-1 cm-2 

9.48 x 10-5 
6.32 x 10-5 
4.74 x 10-5 
4.45 x 10-5 
3.79 x 10-5 
3.37 x 10-5 
3.16 x 10-5 
2.97 x 10-5 
2.67 x 10-5 
2.37 x 10-5 
2.10 x 10-5 
1.78 x 10-5 

0.98 
0.64 
0.48 
0.45 
0.38 
0.34 
0.32 
0.30 
0.27 
0.24 
0.21 
0.18 

3976.31 
2649.17 
2020.82 
1916.05 
1611.29 
1430.00 
1412.00 
1256.00 
1200.30 
1044.08 
926.00 
781.76 

4.19 x 107 
4.19 x 107 
4.26 x 107 
4.23 x 107 
4.25 x 107 
4.18 x 107 
4.50 x 107 
4.24 x 107 
4.36 x 107 
4.40 x 107 
4.41 x 107 
4.39 x 107 

 
 
64.58 + 212.21*x, R = 0.9999, S.D = 24.86, p < 0.0001, N  
= 12) for caffeine dissolved in dichloromethane where Y 
represents the area of absorption  coefficient  of  caffeine 
in cm-1 and x the concentration in mg L-1. From the 
analysis of calibrations, a linear dataset was obtained. 
Similarly, with peak height measurements, a linear fit with 
(R = 0.9999) was obtained. Therefore, the methods are 
valid in terms of sensitivity. Over all method of repeat-
ability was also determined by calculating the coefficient 
of variance (C.V) and a value ranged from (0.99 - 5.56) % 
were obtained. These results suggested that the 
proposed method is valid in terms of precision. 

The methods are also validating in terms of limits of 

detection. The limits of detection defined  by  the  analytic  
concentration giving a signal equal to the blank signal 
plus three times the standard deviation of the blank were 
1.65 mg L-1 for caffeine dissolved in water and 1.05 mg L-

1 for caffeine dissolved in dichloromethane respectively. 
These results are in a good agreement with one reported 
by (Huck et al., 2005; Bouhsain et al., 1999).    
 
 
Integrated absorption cross-section and oscillator 
strength of caffeine in water and dichloromethane 
 
For intensity of incident wave propagating a distance l into 



 
 
 
 
the absorbing medium, the Beer-Lamberts Law was 
expressed by (Rao, 1975). 
 

- a l
0I = I 1 0                                                                (1)                                                              

 

Where λP  and 
0

λP  are the transmitted and incident light 

intensities, respectively, and λa  is the absorption 
coefficient. From equation (1), absorption coefficient was 
expressed as  
 

a = 0I1
log( )

l I
                                                              (2)                                                      

 
The absorption cross-section λσ  related to the absorp-

tion coefficient λa  at a single frequency for N number of 
molecules per unit volume was expressed by the 
following relation (Rao, 1975; Thorne, 1988). 
 
a N�=                                                                         (3)                                                                
 
However, in a UV-Vis spectrometer, the absorption of 
molecules in a liquid occurs over a certain range of 
frequencies rather that at a single frequency. Therefore, 
absorption coefficient measured at any single frequency 
may not express the true intensity of the molecular 
transition. Integrated absorption coefficient which is the 
sum of absorption coefficients for all frequencies in the 
band is preferable in such cases; the techniques are 
useful for different applications, since it is independent of 
the line function which may vary by parameters like 
pressure, temperature, concentration of the solute and 
solute-solvent interaction. In addition, the techniques are 
very important in the absence of a high-resolution 
spectrometer. Therefore, in liquids and solutions where 
the above effects are observed, the true integrated 
absorption intensity of a band should be defined by the 
following equation (Rao, 1975; Thorne, 1988; Milonni and 
Eberly, 1988) 
 

ta = ad��                                                                (4)                                                              

 
Substituting equation (2) into (4), the integrated 
absorption coefficient was expressed as  
 

0
t

I1
a = log( )d�

l I�                                                     (5)                                                                                 

 
The integral being measured over the limit of the absorp-
tion band. From the integrated absorption coefficient 
having no line shape dependence, the integrated absorp-
tion  cross-section  was  calculated  using   the   following 
equation (Milonni and Eberly, 1988). 
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Figure 1. Shows absorbance versus wavelength of caffeine in 
distilled water. 

 
 

0
t

I1
� = log d�

Nl I�                                                (6)                                                      

 
Where; tσ  are the integrated absorption cross-section, 

ta  the integrated absorption coefficient, and N is the 
number density.  
 
For calculating the integrated absorption cross-section of 
caffeine, the absorbances versus wavelength of caffeine 
in water and dichloromethane (Figures 1 and 2) are 
recalculated in to absorption coefficient versus wave 
number (Figure 3) using Origin 6.1 software. For decon-
volution the overlapped spectra of caffeine and determine 
the area under peak, Gaussian function were fitted to the 
spectra of absorption coefficient versus wave number 
(Figure 4). From area of Gaussian function fitted to the 
spectra, integrated absorption cross-section of caffeine 
was calculated in distilled water and dichloromethane in 
the wave number regions of 20, 000- 39,06220 cm-1. 
The calculated integrated absorption cross-section for 
independent measurements of caffeine in water and 
dichloromethane were (4.44 ± 0.18) × 107 and (4.32 ± 
0.11) × 107 L mol-1 cm-2, respectively as mentioned in 
table 1 and 2. On the other hand corresponding, the peak 
absorption cross-section of caffeine at the center was 
calculated in both the solvents using equation (3). The 
calculated absorption cross-section of caffeine at peak 
was (1.12 ± 0.02) ×104 and (1.01 ± 0.01) × 104 L mol-1 
cm-1. The integrated absorption cross-section and peak 
cross-section obtained in this research agree with one 
reported by (Canosa-Marttin et al., 1987). 

The oscillator strength was considered the other  useful 
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Figure 2. Shows absorbance versus wavelength of caffeine in 
dichloromethane. 
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Figure 3. Shows the absorption coefficient versus wave 
number of caffeine in dichloromethane.  

 
 
 
parameter providing the intensity of transition; it 
expresses the relative strength of electron transition. It is 
one of the most fundamental quantities in analytical spec-
troscopy. In practice, it determines the sensitivity of a 
given atomic resonance line and needs to be accurately 
known if one needs to relate the magnitude of the 
absorption signal to its concentration.  Oscillator  strength 
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Figure 4. Shows the Gaussian function fitted to the absorption 
coefficient versus wave number of caffeine dissolved in 
dichloromethane. The line shows (—) Gaussian function and the dot 
shows (…..) absorption coefficient versus wave number.   
 
 
 
can be determined directly through absolute emission, 
absorption or dispersion measurement. In this research, 
the oscillator strength of caffeine in distilled water and 
dichloromethane was calculated by absorption measure-
ments. Oscillator strength was related to the molar 
decadic absorption coefficient by the following equation 
(Forsman and Clark, 1973; Georgakopoulous et al., 
2004; Radwan, 2007).  
 

2
-9 molcm

f=4.32×10 � d�
L �                               (7)                         

 

0I1
�= log( )

lc I
                                                              (8)                  

 
Where; ε  is molar decadic absorption coefficient 
carrying the unit L mol-1 cm-1 and wave number ν  in cm-

1. By equation (7), the oscillator strength of caffeine was 
calculated in distilled water and dichloromethane solution 
for different concentrations or number densities 
mentioned in Tables 1 and 2.  The Gaussian function was 
fitted to the spectra of molar decadic absorption 
coefficient versus wave number and; from area of 
Gaussian function oscillator strength was calculated in 
wave number regions 062,39000,20 − cm-1. 

The calculated oscillator strength of caffeine in water 
and dichloromethane are 0.19 ± 0.01 and 0.18± 0.01 
respectively. 

The other basic parameters describing any individual 
absorption band is a band width at half maximal intensity, 
defined as follow (Antonov and Nedltcheva, 2000)
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Table 3. Shows the percentage of caffeine in coffee beans calculated by integrated absorption coefficient and Beer-Lambert’s law.  
  

Types of 
coffee  sample 

Number density 
calculated  by integrated 
absorption coefficient in 

mol L-1 

Number density 
calculated by 

Beer-Lambert’s 
law in mol L-1 

Percentage of caffeine 
calculated by integrated 
absorption coefficients 

(w/w %) 

Percentage of 
caffeine calculated by 

Beer-Lambert’s law 
(w/w %) 

Sample- 1  
Sample -2 
Sample -3 
Sample -4 
Sample -5 
Sample -6 
Sample -7 

(3.53) x 10-5 
(3.55) x 10-5 
(3.89) x 10-5 
(4.33) x 10-5 
(4.43) x 10-5 

(4.62) x 10-5 

(4.76) x 10-5 

(3.66) x 10-5 
(3.86) x 10-5 
(4.16) x 10-5 
(4.65) x 10-5 
(4.85) x 10-5 

(5.05) x 10-5 

(4.95) x 10-5 

1.22 
0.90 
1.05 
1.12 
1.15 
1.05 
1.22 

1.26 
0.95 
1.12 
1.20 
1.26 
1.14 
1.27 
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Figure 5. Shows the area of Gaussian function fitted to the spectra 
of caffeine in the wave number regions of 20,000 - 50,000 cm-1.  
 
 

1/2 1 2�� =� -�      (9) 
 
It measures the anti-bonding character of the excited 
state. The anti-bonding character is a function of 
internuclear distance and in some cases the change of 
the band width can indicate the change of this distance. 
In this research, the band width at half maximum of 
caffeine calculated in water and dichloromethane were 
4243 and 4532 cm-1 respectively. 
 
 
Number density of caffeine in coffee beans by 
integrated absorption coefficient 
 
Integrated absorption techniques were developed to  

determine the number density of caffeine in coffee beans, 
instead of Beer-Lambert’s law. An equation relating 
integrated absorption coefficient with number density and 
oscillator strength for the Gaussian shaped spectrum will 
be given by Thorne (1988). 
 

-6a d�=2.65×10 Nf�                                                  (10)                                             
 
Where N is number density in molecules cm-3, a� in m-1 
and � in Hz; f is oscillator strength of the transition 
molecule. Since direct application of UV-Vis spectrometer  
cannot be used for the determination of caffeine in coffee 
beans owing to the matrix effects of UV absorbing 
substances, caffeine was extracted from coffee solution 
by dichloromethane before applying the technique. 
Chlorinated solvents are good at extracting caffeine, 
especially dichloromethane having an extraction 
efficiency of 98 - 99% (Clarke and Macarae, 1985; Belay 
et al., 2008). 

The number densities of caffeine in coffee beans were 
calculated by fitting the Gaussian function to the spectra 
of absorption coefficient versus wave number of caffeine 
extracted from coffee solutions. From area of Gaussian 
function fitted to the spectra (Figure 5), the number 
density of caffeine was calculated in the frequency region 
of 20,000 - 50,000 cm-1 using equation (9). 

By these methods, the number density of caffeine was 
calculated for seven different coffee samples (samples 1 
through 7) collected from different regions of Ethiopia. 
The calculated number density ranged from (3.53 - 4.76) 
×10-5 mol L-1 as shown in Table 3. On the other hand, for 
the purpose of comparison with other techniques same 
samples were analyzed by our previously reported 
method (Belay et al., 2008) or Beer-Lambert’s law and 
the results are in the range of (3.66 - 4.94) × 10-5 mol L-1.  
The corresponding percentages of caffeine were 0.90 - 
1.22% and 0.95 - 1.27% obtained by integrated absorp-
tion coefficient and Beer-Lambert’s law, respectively. The 
coefficients of variation between the two methods were 
about 3.17 - 8.73%. This discrepancy was expected due 
to the  confidence  of  Gaussian  fit  to  the  experimental  
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data. Thus, from the comparison of the two methods, the 
new analytical methods are considered valid in terms of 
accuracy. 

Moreover, the caffeine levels reported in this research 
were within the range of previously reported by HPLC 
methods. The higher and lower amounts of caffeine 
reported by (Dessalegn et al., 2007) for Ethiopian coffee 
samples are 0.91 - 1.32% with an average 1.10% by 
analysis 42 coffee samples. Similarly, (Ky et al., 2000) 
also reported a minimum of 0.96% and a maximum of 
1.22% caffeine level in coffee Arabica (native to Ethiopia) 
using HPLC after analyzing 38 coffee samples.     
 
 
Conclusion 
 
Integrated absorption techniques were developed to 
determine the number density and optical transition pro-
perties of caffeine. The integrated absorption coefficient 
has more advantages since independent of line function. 
The effects of line broadening and shift in peak intensity 
due to, temperature and pressure variation, solute-
solvent interaction and a finite slit width of UV-Vis 
spectrometer do not affect the intensity of the absorbing 
molecules. Therefore, the techniques are the best for 
evaluating the UV-Vis absorption intensity; moreover, it is 
also sensitive, precise, and accurate for determining 
caffeine in coffee beans. 
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