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Materials 
The buffer, 3-[cyclohexylamino]-1-propanesulfonic acid (CAPs), and analytes n-decanophenone, 
dimethylformamide, trans-1,2,4,-trimethoxy-5-(1-propenyl)benzene (α-asarone), and cis-1,2,4,-trimethoxy-5-(1-
propenyl)benzene (β-asarone) may be replaced. Ideally, the lab should include a hydrophobic neutral analyte, a 
neutral marker, and a micelle marker to allow the students to use critical thinking and laboratory skills to determine 
capacity factor.  The compound we chose to work with is neutral at pH 10.  We selected CAPs as the running buffer 
because it buffers at pH 10 and provides a low background current.  You may choose other systems.  Before asking 
students to use different chemicals, we recommend you perform the experiments outlined in Learning Module III 
with your substitute set.  If you replace the sodium dodecyl sulfate with another surfactant, or change the pH of the 
running buffer, you may need to optimize the separation parameters to obtain an acceptable migration time.   
 
Procedures: The Module 

 
1.  How are the analytes separated by MEKC? Describe fundamental principles that govern the method.  With 

MEKC, analytes are separated based on their affinity to a micellar pseudo-stationary phase added to the running 
buffer.  Micelles are comprised of surfactant molecules that contain both hydrophobic and hydrophilic regions.  
When the surfactant concentration is greater than the critical micelle concentration (CMC), the surfactant 
molecules aggregate to form micelles.  These micelles have an inherent velocity in a capillary electrophoresis 
separation based on the micelle charge-to-size-ratio, which dictates electrophoretic velocity as well as 
electroosmotic velocity.  Analyte that partitions or interacts with the micelle will assume a migration velocity 
identical to that of the micelle while the analyte interacts (or is associated) with the micelle.  When the analyte 
dissociates from the micelle, the analyte velocity is a function of the electroosmosis.  Note that the velocity of 
charged analyte is a function of both charge-to-size-ratio (electrophoretic mobility), as well as electroosmosis.  
Therefore, the stronger the affinity between an analyte and micelle, the more time the analyte will spend 
associated with the micelle.  The more time the analyte spends associated with the micelle, the more similar will 
be the migration time of the analyte and micelle.  Two different analyte, analyte A of high micelle affinity and 
analyte B of lower micelle affinity can be separated from each other using MEKC, even though they may be 
inseparable by free zone capillary electrophoresis.  A series of analytes that can not be separated using free zone 
capillary electrophoresis, but possess varying micelle affinity, can be separated by MEKC.  There are many 
different surfactants which can be incorporated in MEKC as pseudo-stationary phases.  Sodium dodecyl sulfate 
(SDS) is an anionic surfactant that is commonly used in MEKC.   
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2.   Define retention factor (or capacity factor) as it pertains to MEKC.  Write the equation you would use to 
calculate the retention factor of tolmetin in 25 mM CAPs, 50 mM SDS buffered to pH 10.  Describe what 
experiments are necessary to obtain each factor.  The retention factor is the ratio of moles of analyte in the 
micelle to moles of analyte in the aqueous running buffer.  It is a quantitative measure of analyte-micelle affinity.  
The electroosmotic velocity, micelle velocity and analyte electrophoretic velocity in the micelle loaded running 
buffer are necessary to calculate this value.  The electroosmotic velocity and micelle velocity are measured 
experimentally using a standard neutral marker and hydrophobic micelle marker such as n-decanophenone or 
Sudan III.    
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To determine k’ you must perform replicate MEKC runs with a neutral marker, the neutral analyte, and a 
hydrophobic marker (dimethylformamide, asarone, and n-decanophenone, respectively).  The MEKC run buffer 
contains both buffer adjusted to pH 10 and the surfactant (SDS).  It is best to make a stock of the buffer (CAPs) 
adjusted to the appropriate pH.  The SDS running buffer should be made fresh each day by weighing out the 
appropriate amount of surfactant and diluting it with the buffer stock.  For the best precision, the k’ values should 
be calculated for each individual trial and the mean of these k’ values should be reported.  For sample 
calculations, see question 3. 

 
3. Determine the migration time for dimethylformamide, α-asarone, β-asarone and n-decanophenone by MEKC.  

Be sure to perform replicate runs.  Sample should be dissolved in background electrolyte (BGE).  The sample 
should contain DMF, α-asarone, β-asarone, and n-decanophenone.  The run buffer for the MEKC separations is 
25 mM CAPs, 50 mM SDS buffered to pH 10.  You should use a ~25 micron inner diameter fused silica 
capillary record the length to the capillary window, total capillary length and applied voltage.  You may 
consider performing the separations after flushing the capillary adequately before you begin.  For these 
separations it is likely you will not need to perform flushes in between each run.  This instrumentation does not 
allow you to control the run temperature.  You may use the tables below to organize your data.   

TABLE 1: MEKC DATA  
Lw= 31.2 cm, Lt = 41.2 cm, Vsep = 20,000 V, BGE= 25mMCAPS 50mM SDS  pH 10 
 Migration Time    
 Trial 1 Trial 2 Trial 3  
DMF 103.75 104.04 102.75  
n-decanophenone 259.98 259.22 258.02  
β-asarone 244.24 243.42 242.27  
α-asarone 250.27 250.27 248.18  
     
 k’    
   Trial 1 Trial 2 Trial 3 AVE ± SD 
β-asarone 22.366 21.980 22.245 22.2 ± 0.2 
α-asarone 37.812 40.708 37.113 38.    ± 2 

tasarone_MEKC =  MEKC migration time 
   asarone 
teof_MEKC     =  MEKC migration time DMF 
tn-dec_MEKC =  MEKC migration time n-

decanophenone 
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Figure 1 contains three overlaid electropherograms corresponding to the data in 
the Table 1.  These electropherograms were obtained using a 25 micron inner 
diameter capillary under the conditions reported in Table 1.  The sample contains 
0.01% v/v DMF, 332 µM β-asarone, 68 µM α-asarone, and 300 µM n-
decanophenone.  Data were collected at 220 nm.  Flushes were not performed in 
between runs.  No attempt was made to regulate temperature during the runs. 
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