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Abstract: 

 High performance liquid chromatography is useful in determining not only what 

components are in an unknown sample, but, if done properly, also the concentrations of the 

components.  After given an unknown mountain dew-type soda and asked to determine the 

concentration of the caffeine within it, using HPLC seemed a logical choice.  While one typical 

HPLC chromatogram is not useful in determining concentration, by employing standard addition 

of a known concentration, using the range of data and creating a graph, the concentration can 

be calculated.  By adding a changing amount of standard to a constant amount of unknown, the 

changing area can be correlated to concentration.  However, before such tests could be 

conducted, it was necessary to determine what mobile phase results in the best separation 

between the two major components of the soda – caffeine and benzoate.  By testing solutions 

with changing ratios of water and methanol with a standard solution of mixed 0.1018 mg/mL of 

caffeine and 0.3014 mg/mL of benzoate, it was determined that the mobile phase of 50% 

water/50% methanol produced the best separation.  Once that was decided, it was necessary to 

test the above mentioned concentrations of caffeine and benzoate, but separately so that the 

individual peaks could be identified on the chromatogram.  Finally, the unknown could be tested 

through standard addition, resulting in a concentration of caffeine, with the 95% confidence 

interval, of 0.07997 ± 7.94% mg/mL. 

 

Results: 

As can be calculated from the slope of Graph 1, the concentration of caffeine was found 

to be 0.07997 ± 7.94% mg/mL in the tested soda.  Full details of the calculations can be found 

in the following section. 



 

Graph 1:  Determining Caffeine Concentration 

 The following figures show the HPLC graphs gathered during the course of the 

experiment.  The first four show the testing of the best separation by changing the composition 

of the mobile phase. 

 

Figure 1:  95% Water/5% Methanol MP Standard Test 
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Figure 2:  75% Water/25% Methanol MP Standard Test 

 

 

Figure 3:  50% Water/50% Methanol MP Standard Test 

 

 

Figure 4:  25% Water/75% Methanol MP Standard Test 



 The next two figures show the retention time and subsequent area and height of the 

standard concentration of caffeine and benzoate, tested separately in the 50/50 mobile phase. 

 

Figure 5:  Pure Caffeine, 0.10 mg/µL 

 

 



Figure 6:  Pure Benzoate, 0.3 mg/µL 

 The five following figures are the graphs from testing the unknown in the 50/50 mobile 

phase using the method of standard addition. 

 

Figure 7:  Soda Test with No Standard 

 



 

Figure 8:  Soda Test with 1 mL Standard Addition 

 

 

Figure 9:  Soda Test with 2 mL Standard Addition 

 



 

Figure 10:  Soda Test with 3 mL Standard Addition 

 

 

Figure 11:  Soda Test with 4 mL Standard Addition 



 The following four figures show the graph from testing the standard addition method in 

water, using the 50/50 mobile phase. 

 

Figure 12:  1 mL Standard Addition in Water 

 

 



Figure 13:  2 mL Standard Addition in Water 

 

 

Figure 14:  3 mL Standard Addition in Water 

 

 



Figure 15:  4 mL Standard Addition in Water 

 

Calculations: 

 In this experiment, there were eight different types of calculations employed.  The first is 

the conversion of the slope of Graph 1’s trend line into concentration of mg/mL. 

m =  
IX

[X]⁄   →   [X]  =  
IX

m⁄  

m = 5.082 ×  109;   IX  = 2.093 × 106 

[X]  =  
(2.093 × 106)

(5.082 ×  109)⁄  

[X]  =
4.118 × 10−4 mol

L
 × 

194.1906 g

mol
 × 

1000 mg

g
 ×  

L

1000 mL
 

[X]  = 7.997 ×  10−2  

The second type of calculation used in this experiment was the calculation of the vertical 

deviation of the graph’s trend line from each point. 

di  =  yi −  (mxi +  b) 

yi = 2.296 ×  106;   m = 5.082 ×  109;   xi  =  2.621 ×  10−5;   b = 2.093 ×  106 

di  =  (2.296 ×  106) − {[(5.082 ×  109)  × (2.621 ×  10−5)] +  (2.093 ×  106)} 

di  = 7.007 × 104  

The third type of calculation used in this experiment was to determine the vertical 

standard deviation. 

sy  =  √
∑(di

2)

n − 2
 

sy  =  √
(−5.164 ∗ 104)2 + (7.007 ∗ 104)2 + (1.941 ∗ 104)2 + (−4.247 ∗ 104)2 + (4.628 ∗ 103)2

5 − 2
 

sy  = 5.709 ×  104  



The fourth type of calculation required in this experiment was the calculation to find the 

determinant for Graph 1. 

D =  |
∑(xi

2) ∑ xi

∑ xi n
| 

D

=  |
[(2.621E − 5)2 + (5.242E − 5)2 + (7.863E − 5)2 + (1.048E − 5)2] [2.621E − 5 + 5.242E − 5 + 7.863E − 5 + 1.048E − 4]

[2.621E − 5 + 5.242E − 5 + 7.863E − 5 + 1.048E − 4] 5
| 

D = 3.435 × 10−8  

The fifth type of calculation used was the calculation of the standard deviation of the 

trend line’s slope. 

sm  =  √
sy

2 ∗ n

D
 

sm  =  √
(5.709 ×  104)2 × 5

3.435 × 10−8
 

sm  = 6.888 ×  108  

The sixth type of calculation employed during the course of this experiment was to 

determine the standard deviation of the intercept of the Y axis. 

sb  =  
sy

2 ∗ ∑(xi
2)

D
 

sb  =  √
(5.709E4)2 ∗ [(2.621E − 5)2 + (5.242E − 5)2 + (7.863E − 5)2 + (1.048E − 5)2] 

3.435E − 8
 

sb  = 4.422 × 104  

The seventh calculation type used in this experiment was to calculate the horizontal 

standard deviation. 



sX = (
sY

|m|
) × √(

1

k
) + (

1

n
) + [

(y − y̅)2

m2(∑(xi − x̅)2)
] 

sY = Standard deviation in Y direction = 5.709E4;   m = slope of trendline = 5.082E9; 

k = number of replicant measurements = 1;   n = number of data points = 5; 

y = measured y point; y̅ = average y value =2.359E6;  xi = measured x values; 

x̅ = average x value =5.242E-5 

sx  =  1.820 ×  10−5  

The final calculation used in this experiment was the propagation of error between the 

trend line’s slope, the y intercept, and the molecular weight of caffeine.  Running through the 

numbers gives a value of 7.94% for the 95% confidence interval. 

 

Discussion: 

 Concerning the mobile phase runs, it was necessary to experiment to determine the 

mobile phase with the best separation of caffeine and benzoate, the primary unknowns in the 

soda considered in this experiment.  As can be seen in figures one through four, the only mobile 

phase with functional peak separation was the 50%water/50%methanol solution.  The 

75%water/25%methanol and the 25%water/75%methanol mobile phases only produced one 

peak.  Although the 95%water/5%methanol mobile phase produced two peaks, the one of the 

left is more indicative of sample impurity.  If that is the case, then the peak on the right contains 

both caffeine and benzoate peaks within it and there is no separation between the two. 

 Figures five and six are the chromatograms of pure caffeine and pure benzoate in the 

50%water/50%methanol mobile phase.  The purpose of these tests was to be able to 

differentiate between the caffeine and benzoate peaks when the unknown was tested.  As can 

be seen in the figures, benzoate has a shorter retention time than caffeine, by an average of 



0.416 minutes.  With this knowledge in hand, it was then possible to identify and manipulate the 

data retrieved by the remaining experiments. 

 Figures seven through eleven are the chromatograms from the tests of the unknown with 

added standard concentrations.  The purpose of these graphs was to begin determination of the 

concentration of caffeine.  By subtracting the areas of the caffeine peaks from the added 

standards (as a result of testing the standard just in water, see figures twelve through fifteen) 

and drawing Graph one, the slope of the trendline could be used to determine the concentration 

of the caffeine in the soda alone.  The slope of the trendline graphed is m = IX/[X]i, where Ix is 

the area from the initial solution, ie, only the soda, and [X]i is the concentration of caffeine in the 

unknown solution.  By dividing the Y-intercept, which is IX, it is possible to derive the initial 

concentration of caffeine in the tested soda.  While the R2 value is not overly extraordinary, only 

R2= 0.9478, it is certainly within a reasonable proximity to be a basis of calculations.  As stated 

earlier, the concentration was found to be 0.07997 ± 7.94% mg/mL, including the 95% 

confidence interval.  According to Wikipedia, there is 0.15 mg/mL of caffeine in Mountain Dew, a 

similar soda to the unknown tested in this experiment.  While the experimental value is only 

53% of the accepted value in Mountain Dew, it must be remembered that not only is the brand 

name of the unknown soda not specified.  Different brand names will have differing amounts of 

caffeine in their product, not to mention the inherent variation from bottle to bottle.  With these 

considerations in mind, it is possible that the experimental value is within range of the “true 

value”. 


