
 8M Notes, E1-1 

CHEM 8M, Experiment 1  
Separation of Excedrin Ingredients via Column Chromatography 
 - TLC Analysis & Percent Recovery 
 
 
Exp’s 1 & 2 = Column Chromatography & Acid-Base Extraction for Excedrin Separation 
Revell, K. D. Journal of Chemical Education. 2011, 88, 1413.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Functional Groups, Intermolecular Forces (IMFs), & Polarity 
 

- Ion-dipole   - Hydrogen bonding (H-bond)   - Dipole-dipole 
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 8M Notes, E1-2 

CHROMATOGRAPHY à 
 
 
 
(S) Stationary Phase = SiO2    (M) Mobile Phase = Organic Solvents 
       Hexanes, Ethyl Acetate (EtOAc), & Acetone 
 
 
 
 
 
- Order of Separation     - Degree of Separation 
 
 
 
 
 
 
 
Thin-Layer Chromatography (TLC) Analysis – ACE, ASP, & CAF Standards 
 
 
 

   
 
 
TLC Analysis of Standards 
 

                    
TLC analysis of fractions 
after column chromatography 

 (Example from Revell article) 

Solvent Front

Origin
CAF

ACE

ASP

highly conjugated compounds are
"UV active"

components absorb UV radiation,
easy to visualize TLC plates
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Supporting Information). The starchy material is insoluble in
organic solvents; however, a good portion of the active compo-
nents will dissolve in ether. The ether is decanted or filtered
through a conical filter into a separatory funnel. The solution is
then extracted successively with 1 M aqueous K2HPO4 (10 mL)
and 1 M aqueous KOH (10 mL). Because of the differences in
basicity, aspirin is extracted into the phosphate solution, and
acetaminophen is extracted into the hydroxide solution. Each of
these solutions is then acidified using 6 M aqueous HCl, causing
the conjugate acid to precipitate. Each component may then
be collected by filtration and air-dried. After extraction, the ether
layer contains primarily caffeine, which can be collected by evaporat-
ing the ether layer using a rotary evaporator or by traditional
vacuum distillation.

Following isolation, students determine the masses and cal-
culate the percent recoveries for each component. Typically, the
recoveries of aspirin and acetaminophen improve if the acidic
solutions are allowed to stand; thus, students store these solutions in
their lab drawers until the next period, when they complete the
filtration and conduct the TLC analysis described below.

Week 2: Separation of the Excedrin Components by
Chromatography
Part A: Thin-Layer Chromatography. In the first part of

week 2, students compare the purified components of Excedrin
(stock solutions of the purified components are provided by the
instructor) with the mixture obtained when a tablet is crushed,
dissolved in ether, and filtered. The students obtain good results
by TLC when they use small (2! 5 cm) glass-backed plates with
a UV indicator, use a 30 mL beaker with a watch-glass lid as a
developing chamber, use commercial micropipets, andmake very
small spots on the plates. The students develop the plates using a
solution of 1:2 hexanes/ethyl acetate with 1% acetic acid as
eluent. Three distinct spots having Rf values of 0.6 (aspirin), 0.3
(acetaminophen), and 0.1 (caffeine) are observed for the mixture
under these conditions (visualized under UV light).
Part B: Column Chromatography. In the second part of

the week 2 experiment, students prepare an ether solution
containing the active components of the two tablets, using a
procedure identical to part A. This solution is placed in a small
beaker, and a small volume (0.5 mL) of silica gel is added. The
solution is stirred as the ether is evaporated under a gentle stream
of air and slight warming, resulting in a white solid containing the
three active components adsorbed onto silica. This solid is loaded
onto a small polypropylene column containing 3 g of silica. The
silica is then flushed with solvent to elute the three products.
Although all three products can be eluted with a single solvent
mixture, successive addition of 1:1 hexanes/ethyl acetate (30 mL),
1:2 hexanes/ethyl acetate (30 mL), and acetone (30 mL) elutes
all three components quickly and with good separation. When
15 mL capacity test tubes are used, the three components can
be collected and resolved using only 6 tubes. The contents of
each tube are determined using TLC. The students used rotary

evaporators to concentrate their solutions and isolate the materials.
The students then measure the masses and calculate the percent
recoveries for each component.
Part C: Comparison of the Two Preparative Techni-

ques. In the last step, students use TLC to analyze the three
components that were isolated from the two-base extraction
(Figure 2A). They compare the purity of the materials obtained
by extraction and by column chromatography (Figure 2B). Addi-
tionally, the students compare the yields obtained in each step.

’HAZARDS

Goggles should be worn at all times in the laboratory. This
experiment involves strong acids and bases, which are corrosive.
Diethyl ether, ethyl acetate, and hexanes are each flammable and
should be handled in fume hoods. The students should especially
exercise care when working with diethyl ether, which is highly
volatile. If time and resources permit, the instructor may use ethyl
acetate or dichloromethane in place of ether (see technical notes
in Supporting Information). The MSDS should be consulted for
all materials prior to conducting this experiment.

’TYPICAL RESULTS

Generally, students are able to obtain aspirin in very high
recoveries (60"100%) in both procedures. Recoveries for
acetaminophen are often substantially lower (0"10% for extrac-
tion, 10"20% for chromatography) because the acetaminophen
often forms a fine solid that is difficult to filter. Caffeine typically
is recovered in higher percentages in the chromatography (40%)
than in the extraction (1"5%) (see technical notes in Supporting
Information).

’SUMMARY

The experiment described involves the use of three important
techniques (extraction, column chromatography, and TLC) to
isolate and analyze the components of Excedrin. Although some
capital equipment must be available to conduct the experiment,

Figure 1. The three active components in extra-strength Excedrin.

Figure 2. TLC of Excedrin components after separation, showing aspirin
(Rf = 0.6), acetaminophen (Rf = 0.3) and caffeine (Rf = 0.1). Eluted with
33:66:1 hexanes:ethyl acetate:acetic acid. (A) Results from week 1: (1)
acidified phosphate extracts, (2) acidified hydroxide extracts, and (3)
organic layer. (B) Results from week 2: column eluent, tubes 1"6.
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Prepare Solvent, then Pack & Load the Column for Liquid Chromatography 
 
 

 
 
 
Run the Column  
 
 
 
 

 
 
 
 
 
 
 

  

4. Carefully add first 
portion of 
1:1 Hex / EtOAc3. Sand

2. Excedrin - coated SiO2

1. SiO2

F1 F2 F3 F4 F5 F6

5. Elute 30 mL of 1:1 6. Elute 30 mL of 1:2 7. Elute 30 mL of Acetone
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8. TLC Analysis of Column Fractions     
 
 
 
 
 
 
 
 
 
 
 
 
9. Combine & concentrate appropriate fractions in vacuo (rotary evaporator, rota-vap) 
 
 
 
 
 
 
 
 
 
 
10. Percent (%) Recoveries from Excedrin tablet (~675 mg) 
 
1 tablet = 250 mg ACE, 250 mg ASP, 65 mg CAF, plus inactive ingredients 
 
 
 
 
 
 
 
 
 
 
 
 
Experiment Overview  
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(a) SiO2
(b) Hex / EtOAc (1:1)

(c) Hex / EtOAc (1:2)
(d) Acetone

Column Separation & TLC Analysis


