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Physical Chemistry Lab: The Hydrolysis of Aspirin 

Each collaborative team determines the rate constant for the hydrolysis of aspirin.  The 

hydrolysis of aspirin into salicylic acid and acetate takes place in the stomach and the 

blood when aspirin is taken.  It also occurs slowly while the aspirin tablets are in the 

bottle, you may have noticed the odor of vinegar when you open an old aspirin bottle.  

Fortunately, salicylic acid has the biological activity of aspirin.   

Each team will also perform semi-empirical quantum chemical calculations on 

important structures along the path of aspirin hydrolysis.  The semi-empirical methods 

give approximate solutions to approximations of the Schroedinger equation.  They are 

not always accurate, but they generally are quite fast calculations that can show trends 

in a series of molecules.  They are used here to look at how bond lengths in the acetyl 

group change during base-catalyzed hydrolysis of aspirin and to get a feeling as to how 

such calculations are done.   

Experimental Procedure 

Sample Preparation 

Aspirin and the various buffer components are available in the lab. Strong acids and 

bases are used in preparing the buffer solutions, therefore safety glasses and disposable 

gloves are important personal protection. 

Be careful with the cuvettes.  They are made of quartz in order to be transparent at 298 

nm and are expensive and breakable. 
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An aspirin tablet contains (on average) 325 mg of aspirin.  Dissolve one tablet in 7 ml of 

ethanol; not all of the tablet may dissolve because the tablet contains inert ingredients, 

but the aspirin should.  Take 0.1 ml of this solution and dilute it with ethanol to make 5 

ml.  You will add some of this diluted solution later to the cuvette to start the reaction. 

The hydrolysis reaction produces acetic acid, so you need to measure the rate of 

hydrolysis in a buffer so that the pH of the solution does not change during the 

measurement.  This lab measures the base catalyzed hydrolysis of aspirin, so the rate 

would change if the pH of the solution changed during the course of the measurement.  

Standardize a pH meter using the calibration buffers, you will need to measure the pH 

of your buffer solution (to 2 decimal places) before you begin the reaction.  Prepare ~10 

mL of a ~10mM solution of H3BO3 in distilled water and another solution of ~2 mL of 

~100mM NaOH.  Slowly add the NaOH solution to the H3BO3 solution until the pH of 

the H3BO3 solution is between 9.9 and 10.2; measure the pH to 2 significant figures for 

your report.  This solution is your measurement buffer and will keep a constant pH 

even while the aspirin hydrolyzes.  The exact concentration of a buffer generally is not 

important, but the pH is. 

Sample Temperature Control 

The hydrolysis will be measured at 65 °C using a Peltier cooler/heater to heat the 

cuvette in the Cary 50 UV/vis spectrophotometer.  The Peltier heater/cooler works by 

transferring heat between the sample cuvette and water circulating through the cell 

holder.  It is important to have a steady water flow while the Peltier device is on to 

prevent damage to it.  The water flow is furnished by a small aquarium pump 

immersed in a large beaker or water bath.  Put the pump in the water, check that the 

tubing is connected to circulate water; secure the pump and tubing so that you will not 

cause a flood.  Plug in the pump and verify that water is flowing. 
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Install the Peltier cell holder in the Cary 50 if it is not already there.  Turn on the pump.  

Turn on the power to the Peltier controller, the front panel will show the actual 

temperature of the cell holder and the desired temperature.  Change the desired 

temperature to 65°C using the up and down arrow buttons on the front of the Peltier 

controller.  After a short delay the temperature of the cell should start increasing and 

stabilize at 65°C.  The cell holder gets HOT so use caution around it.  When the 

measurement is over, set the desired Peltier temperature to ~25°C.  Once the cell 

reaches that temperature: turn off the power to the Peltier controller; unplug the 

circulating water pump; and then remove the cuvette and clean it. 

Measurement 

Run the Kinetics icon in the Cary 50 group on the spectrometer computer.  Set up the 

Cary 50 for a kinetics measurement at 298 nm which is the wavelength where salicylic 

acid and its conjugate base, the salicylate ion, have the same absorbance.  Click on the 

Setup button and set the Cary 50 to: Wavelength – 298 nm; Ave Time – a few seconds 

(this is how long each data point is measured; the longer it is, the less noise but the time 

is less certain) X mode – the time units you want to use, (minutes or seconds); 

Collection Timing – choose simple;  Cycle - 60 seconds between measurements; Stop – 

how long to take data, set for the rest of the lab, you can always stop early.  Start the 

Cary 50 measurement to verify that everything is set up properly.  Make any necessary 

corrections and verify operation again.  When you are sure everything is working 

correctly stop it and proceed with measuring your sample.   

To prepare a solution for hydrolysis, fill the cuvette ~3/4 full of buffer.  Thermally 

equilibrate the buffer in the Peltier heater for at least 10 min.  Zero the 

spectrophotometer using the zero icon button.  Quickly add 0.1 ml of the aspirin 

solution to the cuvette; mix it well; cover it to reduce evaporation; and start the Cary 50 
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measurement.  This is time zero for the measurement although the first few points 

might not be valid and should not be included in the analysis.   

Continue to record the absorbance of the solution for about 2 hours, or until the 

absorbance has clearly stopped changing.  Although each absorbance measurement has 

some uncertainty, you should be able to recognize when the reaction has gone to 

completion and the absorbance of the cuvette is no longer changing.  You can export 

your kinetic curve to a floppy disk or memory stick in a format that you can import 

later into Excel and then paste into the Non-Linear Least Squares Fitter. 

Semi-empirical Calculations 

The semi-empirical calculations are done with a software package called Agui 8.16 

which will use the AM1 method to on aspirin, the products of the hydrolysis of aspirin 

and a possible tetrahedral intermediate when OH- attacks the acetyl side chain. 

The first step is to use Agui to build a model of aspirin for your calculations.  First, open 

Agui by double clicking on its icon  on the Desktop of the computer.  Click on the 

‘splash’ window that pops up and you should be left with three windows: the Agui 

program window; an empty blue viewing window; and the Element Fragments 

window.  The Agui window has a long string of icons running across it.  The first three 

icons contain tools for building models. 

   

The first icon on the left opens the Element Fragments window which lets you add or 

change atoms; next is the Ring Fragment window which has many common ring 

structures; and the third has the R-group fragments with common side chains.  Double 
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click on the Ring Fragment icon and then choose the phenyl ring in the upper left hand 

corner.  The program window will show a benzene ring.  Click in the blue viewing 

window and a benzene molecule will appear.  (Note that Agui does have an Undo icon 

that is very useful.)  Now double click on the R-group Fragment icon and choose the –

carboxyl group which is second from the left in the middle row.  You will now use it to 

turn benzene into benzoic acid which is closer to the desired aspirin molecule.   

One of the atoms in the carboxyl group is colored cyan and marked “[Hot]” This is the 

atom that will be attached to the benzene.  You can make another atom [Hot] by clicking 

on it.  You need to replace one of the H atoms in benzene with the C atom of a carboxyl 

group.  So click on the C atom of the carboxyl group and make it [Hot], then click on 

one of the H atoms of the benzene in the blue viewing window.  You now should have 

benzoic acid.  If not, use the Undue icon.  Now move the cursor arrow into the blank 

part of the blue view window and  do a ‘click and drag’ with the left or right mouse 

buttons, with or without the shift key held down.  You can move your molecule around 

and look at it!   

To make aspirin, you now need to build an acetyl group on an ortho position.  The R-

Fragment window does not have an acetyl group, but we can make do with the 

carboxyl group.  But we need to connect the –OH oxygen atom to the benzoic acid ring.  

So make that oxygen in the Agui window [Hot] and click on the ortho-proton in the blue 

view window.  We are closer to aspirin, but we need to change the proton on the new 

sidegroup into a methyl group.   But there is no methyl group in the R-Fragments.   

So we need to go to the Element Fragments (left-most icon).  A periodic table appears, 

click on the element C.  Across the bottom you have C with different hybridizations, 

choose the sp3 or tetrahedral carbon on the bottom.  Methane now appears in the Agui 
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window; make the C [Hot].  In 

the blue view window you can 

click on the proton on the second 

sidegroup to convert it from a 

proton into a tetrahedral carbon 

(methyl group).  You now have 

aspirin; if not repair it.   

However, we are considering the base catalyzed hydrolysis of aspirin and in a basic 

solution like the kinetic rate was measured in, the carboxyl group would be ionized and 

not have a proton there.  You can do that with the 11th icon from the left in the Agui 

window; it looks like a diatomic molecule with one atom ‘x’ed out.  Click on the icon 

and then on the atom you want removed to produce the conjugate base of aspirin. 

It is now time to set up an AM1 calculation on aspirin.  The molecule that you built does 

not have correct bond lengths, angles and conformations.  But they are close enough 

that the program can find the correct structure by minimizing the energy of the model 

that you did build.  Select the Calculate…Ampac Setup menu item in the Agui 

window.  That causes a new window to open.  You now have a lot of information to tell 

the program so it can do the calculations.  The model you built tells it the number and 

rough location of the nuclei.  You now have to let it know how many electrons there are.  

The program only needs the total because it will find the lowest energy arrangement of 

protons for that arrangement of nuclei.  So it totally ignores the bonds drawn in the blue 

view window.  Instead, you tell it the number of electrons by telling it the total charge 

on the model in the blue view window.  So you enter the charge in the box in the Setup 

window.  For the conjugate base of aspirin, the total charge is ‘-1’.  Next, you go over to 

the Spin box and choose ‘Singlet’ because you want the ground state singlet state of the 
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conjugate base of aspirin.  There is a row of tabs in the window.  Choose Job Type and 

select ‘optimization’ to optimize the structure.  Below that, tell it to minimize ‘Energy’ 

using ‘TRUST’.  You will be using many of the defaults.  In the Method tab, select AM1 

and the restricted Hartree Fock wavefunction.  For Title, enter an appropriate title for 

this calculation and any desired comment in the next tab.  The defaults in General and 

Properties are fine, but in Solvent, select COSMO and the defaults.  The hydrolysis of 

aspirin occurs in water where the water solvent interacts with charges and dipole 

moments and COSMO tries to correct for some of those interactions with solvent.  

Otherwise the calculation would be closer to gas-phase aspirin ion in a vacuum and not 

aspirin ion in water.  

Now you can click on the ‘Submit’ button at the bottom of the Setup window.  You will 

get a little popup window asking if you want to save the input file now; save it and let it 

run the calculation.  The calculation will be over fairly quickly because this is not an 

extremely precise calculation.  Open the output file which will have the same name as 

the input file you just save, but the extension will be different.  Another blue view 

window will open with the optimized structure.  You might be able to notice some 

differences between this optimized structure and the one you built.  Now close the blue 

view window with structure you built and look at the one from the calculation. 

Go to the Results menu in the Agui window.  Summary will give you a few of the 

results of the calculation including things like dipole moment and Heat of Formation 

and if you click on View File at the bottom, you can see all the gory details.  

Results…Charges lets you look at the charges of the atoms in the molecule.  Click on 

the box to ‘Color Atoms by Charge’.  The C atoms in the carboxyl group and in the 

acetyl group are both very positively charged.  In the hydrolysis reaction, OH- attacks 

 7 



the positively-charged carbon in the acetyl group; we will look at that in a while.   But 

first, uncheck the ‘Color Atoms by Charge’ box and close the Charge window.   

The 6th icon from the left in the Agui window lets you measure bond lengths and 

distances between atoms.  Click on the icon and then click on any two atoms in the blue 

view window.  A box will pop up that tells you the distance between those two atoms.  

It also lets you change the distance, but we won’t be making use of that feature.  Now 

use this tool to measure all the bond lengths involving any of the oxygens in the acetyl 

group.  You will compare those to the bond lengths in other stages of the hydrolysis 

reaction.  Notice the difference in length between C-O and C=O bonds and between C-C 

and C=C bonds in the aspirin.  Are the two CO bonds in the carboxyl group the same?  

Give a chemical explanation for the result.   

These calculations look very pretty, but remember that they are approximate solutions 

to an approximation of the Schroedinger equation.  They have errors associated with 

them, just like any physical measurement does.  However, we have no idea what those 

errors might be unless we carefully test the results of the calculations against good 

experimental measurements.  But we can hope that the calculations give the correct 

trends in our series of structures. 

In the base catalyzed hydrolysis of aspirin, an OH- attacks the most positive C in the 

acetyl group and forms a CO bond as another CO bond breaks.  In the midst of this you 

can imagine a C with bonds to three O and a methyl group.  Let’s look at that structure.  

Select a sp3 O atom in the Element Fragments window and click in the empty space near 

the positive C of the acetyl group.  A water should appear there.  Check to see if the 

oxygen is about a bond length away from the C; if not, Undo it and try again until you 
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succeed.  You have added water but we want a hydroxide ion there.  So just delete one 

of the H atoms from the water.   

Do another AM1 calculation, everything should be set the same as the last, except you 

have added a negatively charged hydroxide ion to the calculation, so the total charge is 

now -2, and the Spin remains Singlet.  Change the Title and Comment, as appropriate, 

and run another calculation.  Look at the results and record the CO bond lengths 

around the acetyl group.  What is the hybridization of the C that is being attacked by 

OH-?  Has it changed from the starting aspirin? 

We can look at the products of the hydrolysis if we simply move the proton from the 

OH- to the O linking the phenyl ring to the acetyl group.  Delete the H and then select 

an H atom in the Element Fragments window and click in the empty space near the 

linking O.  Make sure it is about a bond length from the O.   

Now make another calculation from this structure.  The total charge has not changed 

but you should adjust the title and comment.  The results should show the hydrolysis 

products.  Measure the bond lengths again and note the hybridization of the C in the 

acetate product. 

Report 

The week after doing the experiment, submit your lab report to the laboratory instructor.  Verify 

that the reaction follows first-order kinetics and compute the appropriate rate constant from your 

data.  Be sure to report the measured pH, the rate constant and uncertainty for hydrolysis with 

appropriate units.  Discuss the results of the semi-empirical calculations.  What happens to the 

bond lengths and hybridization during the base catalyzed hydrolysis reaction?  What is this type 

of reaction called in organic chemistry? 
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Remember that you measured the absorbance of the product of the reaction and not the reactant.  

In your data you see the absorbance of the product start near zero and increase as the reaction 

proceeds.  Most formulas for the kinetics of a reaction are written in terms of the reactant which 

is large at the beginning and decreases with time.  However, it is easy to calculate the 

concentration of aspirin in your cuvette because there is a 1:1 stoichiometry between aspirin and 

salicylic acid/salicylate ion.  The amount of aspirin plus the amount of salicylate in the cuvette is 

constant.  That is: [aspirin]t=0 = [salicylate]t=∞  =  [aspirin]t + [salicylate]t and in a more 

convenient form   [aspirin]t = [salicylate]t=∞ - [salicylate]t.  For first-order kinetics, fit your 

[salicylate]t data with the equation a exp(-b t)+c and the numerical results of the fit correspond 

to: c=[salicylate] t=∞; b=k1, the first-order rate constant, and a= [salicylate]t=0 - [salicylate]t=∞. 

Include in your report the starting concentration of aspirin in your cuvette using a value of 3470 

for the molar absorptivity of salicylic acid/salicylate ion at 298 nm.  (Salicylic acid and the 

salicylate ion have an isosbestic point in their spectrum at 298 nm, that is, the molar 

absorptivities are identical.) 

CAS Registry Numbers 

Acetic acid, 64-19-7; aspirin (acetylsalicylic acid), 50-78-2; boric acid, 10043-35-3; sodium 

hydroxide, 1310-73-2; water, 7732-18-5. 


