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Abstract 
Comparison of analgesic dissolution rates when released into aqueous solution. 
Eliana Meitz 
University High School, Tucson, Arizona 
Teacher: Elyse Wexler 
 
To ensure that pain relievers are the most effective, the tablets must be able to be absorbed and 
be distributed throughout your body. This experiment aimed to test dissolution rates in over-the-
counter medication to assess which would be most effective.  Other experiments have tested 
whether painkillers are dissolvible in various liquids, as well as other factors concerning shape, 
size, and temperature affect the dissolution process. However, not many experiments compare 
dissolution efficiency between types of painkillers. In this experiment, tablets of 3 different pain 
relievers, Tylenol, Ibuprofen, and Naproxen, were and weighed in order to balance the size 
distribution per tablet, then dropped into water at the same time, to determine which pain reliever 
is most efficient when comparing dissolution rates. This experiment indicated that different 
painkillers have vastly differing dissolving times: the Naproxen dissolved on average around 4 
hours and 4 minutes, the Tylenol dissolved around 51 hours and 32 minutes, while the Ibuprofen 
did not dissolve after 72 hours. Tylenol taking three days to dissolve was surprising while 
Ibuprofen not dissolving after 72 hours was even more unexpected. Looking forward, the 
dissolving time of tablets should be tested in conditions simulating the digestive track, for 
example body temperature, mechanical digestion, mixing, and the ph. The next question is 
whether the dissolving rates affect absorption in the body. By testing which pain reliever 
dissolves more quickly, it shows which painkiller gets distributed around the fastest, therefore 
concluding which pain killer is more effective when absorbed through digestion. 
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Research question and Variables:  
 
Does the type of pain reliever affect how fast it dissolves in water?  
Dependent variable: 
The time in minutes it will take for the different types of pain reliever tablets to completely 
dissolve in the water  
Independent variable: 
The type of pain relievers   
 
 
 
Background Research 
 
Everyday millions of people use, not only painkillers, but also other over the counter medicine. 
For these pills and tablets to be successful in their effective uses, they must be efficient. If a pill 
or tablet doesn’t fit a certain form or isn’t made in a specific way, it won’t be as effective as it 
could be. Medicine is made to help people and people want their medicine to be as quick and 
useful as it can be. Which is why the drug making process is important.  
   
Pharmacokinetics is the four-step process in which a drug passes through your body: absorption, 
distribution, metabolism, and excretion. Pharmacokinetics is important because it shows data on 
the behavior of molecules within organisms. Absorption is the first aspect in pharmacokinetics 
which is affected by how solubility of the drug. (5) By testing the dissolution rate between over-
the-counter pain killers, it can determine which pain killer is the most efficient.    
   
Solubility is one of the most important areas to achieve the correct concentration of drug in 
systemic circulation for desired pharmacological response. If a drug is insoluble, it won’t be as 
effective as the drugs which are. (4) It will take longer for a drug that is insoluble to enter the 
bloodstream because they will be digested differently than the drugs which are soluble and can 
be absorbed into the bloodstream as it dissolves. All other factors which are tested to determine 
how efficient a drug is also determine its solubility.    
   
Even though pills and tablets may have the same name, some are made by different companies, 
which makes it so that they may not have the exact same formula or ingredients. Although it is 
probably a slight difference, any difference in formulas of drugs can lead to differences in the 
dissolution rates even among the same drugs. This shows that even slight differences in the 
formulation of painkillers can cause improvements in drug absorption. (2)  
   
The specific shape of a drug is also considered when making tablets. As seen in the solubility of 
the drugs, the shape of the drug is important because if a different shape is used it wouldn’t be as 
efficient. You can figure out how effective the drug is by using the influence of the shape on the 
dissolving rate. (1) The more surface area the pills have in relation to volume, like in tablets 
rather than pills, will dissolve faster. (3) Part of the efficiency of the drug is through the shape 
and that’s why different drugs have different shapes.   
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Materials:  
5 Tylenol tablets (used to be dropped into the water and timed by the stopwatch to determine 
how fast it dissolved)  
5 Ibuprofen tablets (used to be dropped into the water and timed by the stopwatch to determine 
how fast it dissolved)  
5 Naproxen tablets (used to be dropped into the water and timed by the stopwatch to determine 
how fast it dissolved)  
Scale: used to measure the weight of the tablets  
Stopwatch: used to start once the tablet is in the water and to stop once the tablet has completely 
dissolved  
5 clear glasses: used to hold the water that the painkillers will dissolve in  
Water: used to dissolve the different painkillers  
 
 
  
Procedure:  
1) Risks and Safety: Goggles were used to reduce the risk of injury of the eyes from anything 
splashing. The risk was low because working with over-the-counter painkillers approved by the 
FDA for ingestion did not call for serious injuries.   
2) 50ml of water was poured into a clear glass  
3) Since the tablets are different sizes, a scale was used to weigh the tablets. (The scale was later 
used to correct the difference of size (mass) in the tablets. The tablets were all different sizes, 
and this ensured that there was no bias from the sizes of the tablet.)   
4) 1 tablet of Tylenol was placed into the glass of water  
5) The stopwatch was started as soon as the tablet came in contact with the water  
6) The Tylenol was then observed until it had completely dissolved in the water  
7) The stopwatch was stopped after the Tylenol had completely dissolved in the water  
8) The data that was collected was placed accordingly in a chart. Figure 1  
9) The water with the dissolved tablets were disposed of and a new glass was brought to repeat 
the experiment. This was to ensure that no reactions could occur, in the presence of different 
chemicals from the tablets, that could be harmful to the person conducting the experiment as well 
as to ensure that what was left over doesn’t affect the outcome of the experiment.  
10) Step 2-9 were repeated using 1 tablet each from the various types of pain relievers. In the 
order of: Tylenol, Ibuprofen, Naproxen.  
11) Step 10 was repeated 4 more times  
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Procedure:   
The time it took for the tablet to dissolve was divided by the weight of the tablet(time/weight). A 
bar graph was made to display the averages. (Figure 2)   
 
Figure 1:  
  Tylenol Ibuprofen Naproxen   
Weight of tablet   0.6  0.3  0.3 
Trial 1 (dissolving 
time)  

 26.25  72+  1.2 

Trial 1 (time/weight)   43.74  72+  4 
Trail 2 (dissolving 
time)  

 22.53  72+  1.32 

Trial 2 (time/weight)   37.55  72+  4.4 
Trial 3 (dissolving 
time)  

 33.1  72+  1.28 

Trial 3 (time/weight)   55.2  72+  4.3 
Trial 4 (dissolving 
time)  

 40.57  72+  1.43 

Trial 4 (time/weight)   67.6  72+  4.7 
Trial 5 (dissolving 
time)  

 31.48  72+  1.38 

Trial 5 (time/weight)   52.5  72+  4.6 
 
Figure 2:   
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Analysis and Discussion: 
 

 
This graph shows the difference in dissolution times between the different pain killer and how 
Naproxen's dissolving time increased slightly throughout the trials from 1 hour and 20 minutes to 
1 hour and 43 minutes varying by a couple minutes between trials. Tylenol’s dissolving time 
increases in dissolving time with a decrease at trial 2 to 22 hours and 23 minutes as well as at 
trial 5 to 31 hours and 41 minutes, while Ibuprofen did not dissolve after 72 hours. 
 



 7 

 
It is seen that the weight of the tablets divided by the dissolving times was mostly proportional to 
the times, which indicates that not much of a change occurred from this graph and is relative to 
the graph that compared dissolving times without taking into consideration of the weight of the 
tablet.  
 

 
The average time that Tylenol, Ibuprofen and Naproxen dissolved is shown. Naproxen’s average 
time to dissolve was 4 hours and 4 minutes while Tylenol’s average time was around 51 hours 
and 32 minutes. Ibuprofen is not shown to have an average dissolving time since it would 
dissolve even after 72 hours.  
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Conclusion 
 
The results of this experiment resulted in finding out that different pain relievers dissolve more 
quickly than others. This was shown when Tylenol, Ibuprofen, and Naproxen were dropped into 
water and timed to determine which dissolved first. Naproxen dissolved first, at an average time 
around 4 hours and 4 minutes while Tylenol’s average time was around 51 hours and 32 minutes, 
while Ibuprofen didn’t dissolve after 72 hours. Not only was there a difference of a few hours 
between dissolving times but also days. This dramatic difference in dissolving times shows how 
various painkillers dissolve faster than others.  
 
Painkillers are made to be ingested and then be transported through our bodies. The three pain 
relievers I used were made specifically to be dissolved once consumed. The difference in time 
could be a result of testing their dissolvability in water instead of liquids with a higher pH level. 
As well as the experiment not resealing a person’s digestive system could also be a factor that 
affected the results. The results could also be because of other factors concerning the tablet that 
weren’t tested in this experiment such as: color, shape, and ingredients.  
 
The experiments results could be explained through, that different drugs have a variety chemical 
and physical factors determining solubility. Factors such as molecule size in the coating, if it has 
a coating, and how densely the tablet is packed that causes the difference in dissolution time. The 
bigger the molecule is, the longer it will take for the tablet to dissolve. Similarly, if the tablet has 
a coating it may be harder to dissolve, because the coating may prevent the water molecules from 
interacting with the molecules inside of the coating. Although certain painkillers not being able 
to dissolve doesn’t necessarily mean the painkiller wouldn’t be as effective as the other. The 
coating on pain relievers may be intended to protect the tablets ingredients until it enters the 
intestine. The pH levels in the stomach could cause the drug to be destroyed, as well as the other 
way around. The pH levels in the intestine could impact the drug and that is why the tablet needs 
to dissolve before it reaches the intestine.  
 
For the drug to have the desired pharmacokinetics, pharmaceutical scientists need to know when 
the drug is released from the other ingredients in the tablet. The dissolving time should also be 
known when making a painkiller so that they can predict the dosage absorption. This is important 
because having too little of a drug to prevent pain won’t be effective and too much of a certain 
drug will cause undesirable side effects. Future experiments could consist of dissolution times of 
the drug itself when being tested in conditions that replicate the human digestive system.  
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