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Abstract 
 

   Theobromine, theophylline, and caffeine retention times in a C18 HPLC column (stationary phase) were investigated as a function 

of mobile phase flow rate, mobile phase composition, and column temperature. When the mobile phase flow rate increased from 0.1 

to 1 mL/min and the methanol concentration increased from 5 to 30%, the retention time and peak width of these three compounds 

were found to be reduced. While there was a small influence of increasing the mobile phase flow rate on the resolution, decreasing 

the methanol concentration in the mobile phase considerably reduced the resolution. In addition, the mobile phase flow rate and 

composition were determined to have a more significant impact than the column temperature. According to the findings, 

theobromine, theophylline, and caffeine were most effectively separated by liquid chromatography at a flow rate of 0.5 mL/min with 

a mobile phase methanol concentration of 15%. 
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1- Introduction 
 

   Liquid Chromatographic separation is a powerful 

analytical technique in which different solutes are 

separated based on their partitioning between the mobile 

and stationary phase  [1-3]. In high performance liquid 

chromatography (HPLC), the mobile phase (solvent) 

carrying the compounds to be separated (solutes) is forced 

by a high-pressure pump to flow through the stationary 

phase (packed bed) [4-7] as shown in Fig. 1. After the 

solute elute from the stationary phase, the UV detector 

detects the solute, and accordingly a chromatogram is 

generated by the HPLC software [8, 9]. This makes the 

separation by HPLC to be the most useful method of 

separating compounds in a mixture for both analytical and 

industrial purpose [7, 10]. 

 

 
Fig. 1. Schematic diagram for the main elements of high-

performance liquid chromatography (HPLC) for the 

separation of two compounds, A (red) and B (blue) 

 

   The separation process by HPLC is controlled by 

several parameters, such as the column (stationary phase), 

the mobile phase constituents (solvent) [11], the 

stationary phase (column), solvent follow rate, and 

temperature [12, 13]. A good separation method requires 

choosing the right column (stationary phase) and the 

corresponding solvent (mobile phase) [14, 15].  

   Caffeine (CAF) and its naturally occurring derivatives 

[16], theophylline (TP) and theobromine (TB), which 

exist in drinks such as coffee and tea [17-22], have been 

chosen to study their separation by HPLC. The chemical 

structure of caffeine, theophylline, and theobromine are 

illustrated [21-23] in Fig. 2. 

 

 
Fig. 2. Chemical structure of caffeine (1,3,7-

trimethylxanthine), theophylline (1,3-dimethylxanthine, 

and theobromine (3,7-dimethylxanthine) 

 

   The separated compounds elute from the HPLC column 

at different retention times (Rt). The separation efficiency 
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of two components by HPLC is measured by the 

resolution, Rs, which is defined as [24]: 

 

𝑅𝑠 =
𝑅𝑡1−𝑅𝑡2
𝑤1+𝑤2

2

                                                                                          (1) 

 

   Where Rt1 and Rt2 are the retention times of component 

1 and component 2 respectively, and w1 and w2 are the 

widths of the peaks of component 1 and component 2 

respectively as it is shown in Fig. 3. Both retention time 

and peak width have the units of time as shown in Figure 

3. It is obvious from the definition of resolution that the 

higher the difference between the retention times between 

two constituents the higher resolution. However, a 

reasonable width is required for each peak to result in a 

good separation. Peaks range from very narrow to very 

wide, but something between is usually wanted for 

efficient separation. Very wide peaks require longer time 

to elute from the column due to longer time spent for the 

solute(s) interacting with the stationary phase. On the 

other side, very narrow peaks for solute means that these 

solutes spent short time interacting with the stationary 

phase. The interacting of solutes with the stationary phase 

depend on their affinity to type of stationary phase [10, 

25]. 

 

 
Fig. 3. HPLC chromatogram for two components (two 

peaks) 

 

   A good separation requires enough time to distinct the 

peak from each other. This means there should be clear 

peaks separated from each other as shown in Fig. 3. Many 

researchers studied the analysis ad separation of different 

compounds using HPLC. Finglas and Faulk described an 

HPLC method for the analysis of thiamine riboflavin in 

raw potato and cooked potato using a C18 column 

(stationary phase) and water-methanol solvent (mobile 

phase) in which they recovered more than 90% of the 

solutes [26, 27]. Nemutlu et. al., described an HPLC 

method for the determination of seven quinolones in 

plasma and amniotic liquid [28]. In their study, they 

applied an experimental design to optimize the method for 

the highest resolution and minimum retention time. 

Sharyn et. al., identified fish species using HPLC protein 

profiles [29]. Al-Janoobi et. al., developed and validated 

an HPLC method to quantify theophylline in rabbit 

plasma using Waters® C18 column and (96% water- 4% 

acetonitrile) mobile phase. They observed a retention time 

of ~5.2 minute for theophylline [30]. Additionally, 

Charehsaz et. al., developed another method for the 

determination of theophylline in urine, saliva, and plasma 

samples using C18 column and mobile phase consisted of 

(60% methanol-40% water) [31]. Moreover, Rosario 

Brunetto et. al., developed another HPLC method for the 

determination of caffeine, theophylline, and theobromine 

in cocoa samples [32]. In their study, they used a C18 

column as the stationary phase and 20% methanol as the 

mobile phase with a flow rate of 1.4 mL/min.  

   All previous research focused on analyzing or 

separating the target compound(s). Therefore, there still 

need for more understanding of how the retention time 

changes when the HPLC parameters change. Mobile 

phase flow rate and its constituents are the most important 

and economical operational parameters in HPLC analysis. 

In this study, different mobile phase flow rates and 

different volume ratios of mobile phase (methanol-water-

acetic acid) were used to study how the retention time and 

resolution change using a Hypersil BDS C18 column (4.6 

by 50 mm) column. In addition, the effect of the column 

temperature on the solutes retention times was also 

examined. 

 

2- Experimental work  

 

2.1. Chemicals and reagents 

 

   Caffeine, theophylline, and theobromine were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). 

HPLC grade-methanol (J.T. Baker, Phillipsburg, NJ, 

USA) and acetic acid were used in the mobile phase. The 

chromatographic separation study was performed using 

Shimadzu Prominence HPLC System that equipped with 

a Hypersil BDS C18 column (4.6 by 50 mm) which served 

as the stationary phase. 

 

2.2. Preparing the mobile phase 

 

   Different mobile phase concentrations were prepared by 

mixing methanol with distilled water, then adding acetic 

acid according to the compositions required in the mobile 

phase. For example, to prepare a bottle of 1000 mL 

mobile phase (15% methanol, 85% water, and 0.5% acetic 

acid), 150 mL methanol was added to 850 mL distilled 

water, then 5 mL acetic acid was added. Finally, the 

solution was mixed to ensure a homogeneous solution. 

Then, the mobile phase (in the bottle) was sonicated by 

Branson 2510 ultrasonic cleaner for one hour to remove 

any bubbles formed previously during mixing the 

components. After that, the mobile phase is ready to be 

used in the HPLC analysis. 

 

2.3. HPLC analysis 

 

   The HPLC analysis was performed by injecting 1 µL 

sample that contained 1 mM caffeine, 1 mM theophylline, 

and 0.5 mM theobromine. The injection was previously 

programmed by the HPLC software (EZstart) and 

performed automatically. The run continued until the 

separation was completed and a clear chromatogram, 

showing the peaks for theobromine, theophylline, and 

caffeine, was produced and recorded. 
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3- Results and discussion 
 

3.1. Effect of solvent flow rate on the retention time 
 

   The retention times for theobromine (TB), theophylline 

(TP), and caffeine (CAF) were observed at solvent flow 

rates of 0.1, 0.25, 0.5, 0.75, and 1.0 mL/min. The solvent 

composition was 15% methanol, 85% distilled water, and 

0.5% acetic acid. Table 1 summarized the retention times 

and peak widths of the HPLC chromatograms for TB, TP, 

and CAF respectively, at different flow rates. At solvent 

flow rate of 0.1 mL/min, TB, TP, and CAF eluted at 

retention times of 15.6, 25.02, and 43.92 minute 

respectively. When the solvent flow rate was 0.25 

mL/min, the retention times were reduced to 6.1, 9.78, 

and 17.21 minute for TB, TP, and CAF respectively. The 

retention time for each component clearly decreased after 

raising the mobile phase flow rate. The reduction in 

retention time for each component continued to appear 

when the solvent flow rates were increased to 0.5, 0.75, 

and 1.0 mL/min as it is shown in Table 1. 

   Fig. 4 and Fig. 5 show the curves for the reduction in 

retention time and peak width respectively, for TB, TP, 

and CAF respectively, as the mobile phase flow rate was 

increasing. It is obvious that the difference in retention 

time was higher between any two of the three 

components, but it became smaller as the flow rate 

increased. This suggests that separation is more efficient 

at low flow rates because of the higher difference in 

retention time. It might be thought that a lower solvent 

flow rate is economical. However, it takes a quite longer 

times for the solutes to elute from the column. Therefore, 

large quantity of solvent might be consumed which is 

unfavorable to ensure an economical HPLC analysis.  

Based on these results, a solvent flow rate between 0.5-

0.75 mL is economical to achieve an efficient separation 

of TB, TP, and CAF.   

   Fig. 5 shows the curves for the peak widths for TB, TP, 

and CAF respectively, as a function of mobile phase flow 

rate.  Similar behavior was observed (See Table 1), the 

higher the flow rate the smaller the peak width. However, 

the peak width has a lower importance than the retention 

time because if there is a reasonable difference in 

retention time between any two components, an efficient 

separation occurs. A smaller peak width means that the 

solute interaction with the stationary phase takes a short 

period of time while wider peak width indicates a longer 

period of time for the solute to interact with the stationary 

phase. Fig. 5 shows that at all mobile phase flow rates, 

caffeine peak width was always wider than those of 

theobromine and theophylline. This means that caffeine 

had a longer time interacting with the stationary phase. 

   As it is shown in Table 1, for theobromine, when the 

solvent flow rate increased from 0.1 to 0.25 mL/min, the 

percentage reduction in retention time was 61%. This 

percentage reduction was 50% when the solvent flow rate 

increased from 0.25 to 0.5 mL/min, 34% was observed 

when the solvent flow rate increased from 0.5 to 0.75 

mL/min, and 23% when the solvent flow rate increased 

from 0.75 to 1.0 mL/min. Same percentage reductions in 

retention time were produced for theophylline and 

caffeine as the mobile phase flow rate increased. By 

examining Table 1, it is clear that, for all three 

compounds, as the solvent flow rate increased the 

retention time became shorter. The reason behind that 

reduction in retention time is that a higher flow rate 

caused a lower interaction time between the solute and the 

stationary phase, which resulted in a shorter retention 

time. In addition to that, the similar reductions in 

retention time with the increasing flow rates indicates that 

the three components have behaved similarly in their 

interaction with the stationary phase inside the column. 

This is because that caffeine, theophylline, and 

theobromine structures are not very different (Fig. 2). 
 

Table 1. Retention time (Rt) and peak width (W) of the chromatograms for theobromine (TB), theophylline (TP), and 

caffeine (CAF) at different solvent flow rates 

Solvent flow rate (mL/min) 
TB, min TP, min CAF, min 

tR W tR W tR W 

0.10 43.92 1.5 25.02 2.5 15.60 4.5 
0.25 17.21 1 9.78 1 6.10 2 

0.50 8.76 0.5 4.95 0.5 3.06 1 

0.75 5.67 0.3 3.22 0.4 2.01 0.7 
1.00 4.42 0.2 2.50 0.25 1.54 0.5 

 

3.2. Effect of solvent flow rate on the resolution     
  
   From the results shown in Table 1, it is possible to 

apply the resolution definition, mentioned earlier, at each 

specific flow rate to find the resolution between any two 

of the three components by substituting the corresponding 

retention time and peak width. Fig. 6 shows the change in 

resolution with the change of the mobile phase flow rate 

for each couple of the three compounds. It is clear that the 

highest resolutions resulted were between caffeine and 

theobromine and the lowest were between theophylline 

and theobromine. The high resolution (between 7 and 10) 

for caffeine-theobromine were due to the large difference 

in retention time between these compounds while the 

lower resolutions (between 3.5 and 4.5) for theophylline-

theobromine were due to the small difference in retention 

time between them. The large difference in retention 

times between caffein and theobromine is because 

caffeine has one more methyl group than theobromine 

(Fig. 2) which increases the interaction time with the C18 

stationary phase. The case is opposite with theobromine, 

has one less methyl group, less interaction time with the   

column. 

   Fig. 6 shows that that the resolution decreased when the 

solvent flow rate increased from 0.1 to 0.25 mL/min, then 

it increased when the solvent flow rate increased from 

0.25 to 0.5 mL/min. Same decrease and increased was 

repeated when the solvent flow rate was increased from 
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0.5 to 0.75 mL/min and from 0.75 to 1.0 mL/min 

respectively. This alternating decrease and increase in the 

resolution could be explained according the definition of 

the resolution which depends on the two components’ 

retention time and peak width. According to the 

resolution definition, the higher the nominator and/or the 

lower the denominator results in a higher resolution which 

means a better separation efficiency. For theobromine - 

caffeine separation, when the solvent flow rate was 0.1 

mL/min, the difference in retention time between caffeine 

and theobromine (Rt2-Rt1) was 28.32 minute and the 

average of the width of the two peaks ((w1+w2)/2) was 3 

minutes. As a result, the resolution was 9.44.  When the 

solvent flow rate was increased to 0.25 mL/min, the 

retention times for both theobromine and caffeine became 

shorter (17.21 and 6.1 min), and the width of each peak 

for both of them became narrower (2 and 1 min). This is 

due to the reduction in the interaction time for each solute 

with the stationary phase which is resulted from the 

increase in the mobile phase flow rate. Therefore, the 

difference in retention time was 11.11 min and the 

average of the width of the two peaks was 1.5. 

Subsequently, the resolution was 7.41. The (7.41) 

resolution at a solvent flow rate of 0.25 mL/min has a 

lower value than the (9.44) resolution at a solvent flow 

rate of 0.1 mL/min because the difference in retention 

time between caffeine and theobromine was reduced from 

28.32 to 11.11 minutes (61% reduction). While the peak 

widths were 4.5 and 1.5 minutes for caffeine and 

theobromine respectively at 0.1 mL/min flow rate which 

were reduced to 2 and 1 minutes when the solvent flow 

rate was increased to 0.25 mL/min. This means that the 

average width was reduced from 3 to 1.5 minutes (50% 

reduction). Since the 61% reduction in the retention time 

difference was higher than the 50% reduction, then the 

resolution was decreased. Similarly, the reason behind the 

increasing resolution when the solvent flow rate was 

increased from 0.25 to 0.5 mL/min was that the effect of 

the reduction in the retention time difference was lower 

than the effect of the reduction in the average width.  

 

 
Fig. 4. Retention time for theobromine (TB), theophylline 

(TP), and caffeine (CAF) as a function to the solvent flow 

rate 

 

   Based on the previous results, a solvent flow rate 

between 0.25-0.75 mL/min was found to be efficient and 

economical for good separation. At this range of solvent 

flow rate, the highest resolutions were recorded at a 

solvent flow rate of 0.5 mL/min in which the resolutions 

were 3.8 for TP-TB, 7.6 for CAF-TB, and 5.1 for CAF-

TP. Consequently, a solvent flow rate of 0.5 mL/min has 

been determined to be the optimum solvent flow rate to 

achieve an efficient economical separation. 

 

 
Fig. 5. Peak width for theobromine (TB), theophylline 

(TP), and caffeine (CAF) as a function to the solvent flow 

rate 

 

 
Fig. 6. Resolution as a function of mobile phase flow rate 

 

3.3. Effect of methanol concentration in mobile Phase on 

the retention time 

 

   The mobile phase (solvent) composition has a 

significant effect on the liquid chromatographic 

separation. To examine the effect of the solvent 

composition on the retention time of the three compounds 

(TB, TP, and CAF), the optimum solvent flow rate (from 

previous results) of 0.5 mL/min was used. The three 

compounds entered the HPLC column, eluted at different 

times, and an HPLC chromatogram was recorded at each 

run. Different compositions of methanol in the mobile 

phase were used in each run. These compositions were 

5%, 10%, 15%, 20%, and 30% methanol. In each one of 

those compositions, 0.5% acetic acid was added to control 

the pH at 3 which was recommended by the HPLC 

column manufacturer.  

   Fig. 7 and Fig. 8 show the retention times and peak 

width for TB, TP, and CAF respectively at different 

methanol concentrations in the mobile phase, while Table 

2 summarized all results. At a solvent consisted of 5% 
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methanol and 95% distilled water, the retention times of 

TB, TP, and CAF where 6.96, 12.38, and 28.88 minute 

respectively. These retention times dropped to 6.64, 

11.90, 27.25 minute for TB, TP, and CAF respectively, 

when methanol was raised to 10% (90% distilled water) 

as shown in Fig. 7 and Table 2. This increase in the 

amount of methanol caused a percentage reduction in 

retention time of 5, 4, and 6% for TB, TP, and CAF 

respectively. Although the amount of methanol was 

doubled (from 5% to 10%), the reduction in retention time 

for each of the three compounds was quite low. 

Moreover, raising methanol in the mobile phase to 15% 

resulted in retention times of 3.06, 4.95, and 8.76 minutes 

for TB, TP, and CAF respectively (Fig. 7). This means 

that increasing the percentage of methanol in the solvent 

from 10 to 15% resulted in a significant reduction in the 

retention time by the amounts of 54%, 58%, and 68% for 

TB, TP, and CAF respectively. The reason behind this 

dramatic decrease in the reduction time for the three 

solutes is that the polarity of the solvent was reduced 

significantly when the amount of methanol increased 

from 10 to 15%. When the polarity of the solvent was 

reduced, the solvent became more attractive to 

theobromine, theophylline, and caffeine, and causing 

them to lower their interaction time with the stationary 

phase, and eventually eluted from the column at shorter 

retention times. Furthermore, increasing the composition 

of methanol from 15% to 20% of the mobile phase 

resulted in a shorter retention of the solutes molecules 

inside the column. The retention times for TB, TP, and 

CAF were 2.12, 3.07, and 4.51 minutes respectively. This 

is a reduction of 31%, 38%, and 49% in the retention time 

of TB, TP, and CAF respectively. Similarly, when a 

methanol composition of 30% in the mobile phase was 

used, the retention time of the three compounds dropped 

to become 1.71, 2.18, and 2.77 minute for TB, TP, and 

CAF respectively. These results were corresponding to a 

reduction in retention time of 19%, 29%, and 39% for TB, 

TP, and CAF, which are resulted from increasing 

methanol composition in the mobile phase from 20% to 

30%.  

   Similarly, peak widths of all three components were 

decreased when methanol concentration in the mobile 

phase increased. Fig. 8 shows the effect of methanol 

composition in the mobile phase on the peak width for the 

TB, TP, and CAF respectively. When examining Fig. 7 

and Fig. 8, we can observe a proportional relationship 

between the reduction in retention time and the reduction 

in peak width. This is an indication that both retention 

time and peak width are dependent on the solute 

molecule’s interactions with the stationary phase, and the 

shorter they interact the shorter retention times and peak 

width produced.  

   Indeed, these results proved that adding more methanol 

to the mobile phase resulted in shorter retention times for 

the three compounds to elute from the HPLC column. 

However, the greatest retention time reduction was 

observed when methanol concentration was raised to 15% 

in which the retention times were reduced to 3.06, 4.95, 

and 8.76 minutes for TB, TP, and CAF respectively. 

Therefore, 15% methanol composition in the mobile 

phase was considered to be the best composition for the 

mobile phase. At that solvent composition, peak widths 

were 0.5, 0.5, and 1 minute for TB, TP, and CAF 

respectively (Table 2).  

 

 
Fig. 7. Retention time of TB, TP, and CAF at different 

methanol concentration in the mobile phase 

 

 
Fig. 8. Peak width of TB, TP, and CAF at different 

methanol concentration in the mobile phase 

 

Table 2. Retention time (Rt) and peak width (W) of the chromatograms for theobromine (TB), theophylline (TP), and 

caffeine (CAF) at different methanol composition in the mobile phase 

% Methanol 
TB, min TP, min CAF, min 

Rt W Rt W Rt W 

5 6.96 0.86 12.38 1.08 28.88 3.00 
10 6.64 0.86 11.90 1.08 27.25 2.67 

15 3.06 0.50 4.95 0.50 8.76 1.00 

20 2.12 0.43 3.07 0.41 4.51 0.67 
30 1.71 0.29 2.18 0.31 2.77 0.50 
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3.4. Effect of methanol concentration in the mobile phase 

on the resolution 
 

   As it was previously mentioned, for two peaks which 

represent two solutes, the resolution depends on the 

retention time difference and the average width of the two 

peaks. Fig. 9 depicted the resolution of each couple of the 

three compounds as a function of methanol concentration 

in the mobile phase. When the concentration of methanol 

was 5%, the resolution was 5.59 for (TP-TB), 11.36 for 

(CAF-TB), and 8.09 for (CAF-TP). These values did not 

strongly change when 10% methanol was used in which 

the resolutions became 5.43 for (TP-TB), 11.7 for (CAF-

TB), and 8.19 for (CAF-TP). There was a significant drop 

in resolution when a methanol concentration was 

increased to 15%, in which the resolutions dropped to 

3.78 for (TP-TB), 7.6 for (CAF-TB), and 5.08 for (CAF-

TP). This reduction in resolutions continued as more 

methanol was used in the mobile phase. At 20% methanol 

the resolutions were 2.3, 4.37, 2.68 while they were 1.6, 

2.7, and 1.44 for TP-TB, CAF-TB, and (CAF-TP 

respectively (Fig. 9). Therefore, these results showed that 

the more methanol added to the mobile phase resulted in 

reducing the resolution of any couple of the three 

compounds. This is because the addition of methanol to 

the mobile phase resulted in reducing the retention time 

and peak width for the three solutes. Moreover, the gap 

between each two peaks was also decreased when 

methanol concentration in the mobile phase was 

increased. Moreover, it was observed from Figure 9 that 

the resolutions for (CAF-TP) and (TP-TB) became closed 

to each other as methanol concentration increased beyond 

20%. These results suggest that more methanol 

concentration is not favorite for the separation, and an 

efficient separation for all compounds can be achieved by 

a methanol concentration range between 5% and 20% in 

the mobile phase. Since 15% methanol concentration 

within that range, this confirms earlier results of using 

15% methanol concentration as an optimum concentration 

for methanol to achieve an efficient economical HPLC 

separation. 
 

 
Fig. 9. Resolution (Rs) as a function of % methanol in the 

mobile phase 
 

3.5. Effect of column temperature on the retention times 
 

   Based on previous results, the effect of column 

temperature on the retention times of TB, TP, and CAF, 

was examined by a solvent containing 15% methanol at a 

flow rate of 0.5 mL/min. The column temperature used 

were 25, 30, 35, and 40 oC. Fig. 10 and Fig. 11 show the 

effect of the column temperature on the retention time and 

peak width of TB, TP, and CAF.  

   It is clear from Fig. 10 that as the temperature of the 

column increased, the retention time of each of the three 

compounds was decreased. For example, the retention 

time of caffeine was reduced from 3.06 to 2.91, 4.95 to 

4.7, and 8.76 to 8.32 minutes for TB, TP, and CAF 

respectively when the temperature was increased from 25 

to 30 oC. This reduction in retention time continued as the 

temperature raised to 35 and 40 oC as it is shown in Fig. 

10. A similar behavior was observed for the peak widths 

for all compounds (Fig. 11).  

   The reduction in retention time resulted from the 

temperature increase was not as high as in the case of 

previous parameters (mobile phase flow rate and 

composition). Moreover, the reduction in retention time 

(determined from Fig. 10) for all three compounds was 

the same which was 5% when the temperature was 

increased from 25 to 30 oC, 7.5% when the temperature 

was increased from 30 to 35 oC, and 10% when the 

temperature was increased from 30 to 40 oC. Therefore, it 

can be concluded that the effect of temperature is not as 

significant as the mobile phase flow rate and mobile 

composition. This confirms that solvent flow rate and 

composition are the most important parameters in the 

HPLC separation.  
 

 
Fig. 10. Retention time of TB, TP, and CAF at different 

column temperatures 
 

 
Fig. 11. Peak width of TB, TP, and CAF at different 

column temperatures 

 

3.6. Effect of acetic acid on the mobile phase pH 
 

   It was mentioned earlier that a pH of 3 was 

recommended by the HPLC column manufacturer. That’s 
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why 0.5% acetic acid was used in the mobile phase in all 

previous results. However, it is worth looking at how the 

pH varies if the amount of acetic acid in the mobile phase 

changes. It is well known that the more acid added 

produces more hydrogen ions and consequently 

increasing the acidity of the solution which means 

lowering the pH. When the mobile phase contained no 

acetic acid (15% methanol and 85% distilled water), the 

pH of the solution was 7.76. Adding acetic acid in the 

amount of 0.5% concentration in the mobile phase 

reduced the pH to 3.0 as it is shown in Fig. 12. More 

addition of acetic acid to the mobile phase solution 

produced a pH lower than 3.0. These results proved how 

the addition of acetic acid to the mobile phase plays a 

crucial role in controlling the pH of the solvent. In 

addition to that, the effect of the concentration of 

methanol on the pH was also examined as it is shown in 

Fig. 13. When fixing the concentration of acetic acid at 

0.5%, it was found that methanol concentration has no 

effect on the mobile phase acidity as the pH was around 

3.0. 

 

 
Fig. 12. Effect of the concentration of acetic acid on the 

mobile phase pH 
 

 
Fig. 13. Effect of the concentration of methanol on the 

mobile phase pH 
 

4- Conclusion 
 

   The liquid chromatographic separation of theobromine 

(TB), theophylline (TP), and caffeine (CAF) was 

experimentally studied by a C18 HPLC column as the 

stationary phase and methanol-water system as the mobile 

phase. The effect of mobile phase flow rate and 

concentration of methanol in the mobile phase was 

closely examined. It was found that raising the mobile 

phase flow rate caused a reduction in the retention time of 

TB, TP, and CAF. However, increasing the concentration 

of methanol in the mobile phase caused a reduction in the 

retention time. It was found that the optimum solvent flow 

rate and mobile phase composition were 0.5 mL/min and 

15% methanol while the column temperature had a lower 

effect on the retention time. 
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 دراسة الفصل الكروماتوغرافي للكافيين والثيوفيلين والثيوبرومين

 
 1 ، مها هادي الحسني* ،1 ، ميقات حسن صالح1 حسنين عباس حسن

 
 ية، كلية الهندسة، جامعة بغداد، بغداد، العراقو الهندسة الكيميا قسم 1

 
  الخلاصة

 

ابت( الث رالطو ) 18Cمن نوع  HPLCتمت دراسة أزمنة استبقاء الثيوبرومين والثيوفيلين والكافيين في عمود    
ك من كدالة لمعدل تدفق الطور المتحرك، وتركيبه، ودرجة حرارة العمود. عند زيادة معدل تدفق الطور المتحر 

٪، لوحظ انخفاض في زمن الاستبقاء 30إلى  %5مل/دقيقة وزيادة نسبة تركيز الميثانول من  1إلى  0.1
لى عق الطور المتحرك كان لها تأثير طفيف وعرض القمة لهذه المركبات الثلاثة. في حين أن زيادة معدل تدف

أن  ، تبينالدقة، إلا أن تقليل تركيز الميثانول في الطور المتحرك قلل من الدقة بشكل كبير. بالإضافة إلى ذلك
فصل  معدل تدفق الطور المتحرك وتركيبه لهما تأثير أكثر أهمية من درجة حرارة العمود. وفقًا للنتائج، تم

 0.5دفق تيوفيلين والكافيين بشكل أكثر فعالية باستخدام الكروماتوغرافيا السائلة عند معدل الثيوبرومين والث
 ٪.15مل/دقيقة وتركيز ميثانول في الطور المتحرك بنسبة 

 
 ، الطور المتحرك، الطور الثابت، زمن الاستبقاء، الدقة.HPLC الكلمات الدالة:


