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Fatty acids, amphiphilic molecules 

consisting of an aliphatic chain terminated 

by a carboxylic acid (-COOH) group, are 

found in the cell membranes of all three 

kingdoms of life on Earth.1  Most naturally 

occurring fatty acids have an even number 

of carbon atoms and range in size from 

acetic acid (C2) to octacosanoic acid (C28).  

Because fatty acids are ubiquitous to life as 

we know it and can survive for extended 

periods in the environment, they are 

excellent for use as biomarkers.2 

Fatty acids have been found in Cretaceous 

sedimentary rocks and meteorites, 

including the Orgueil meteorite3 and the 

Murchison meteorite.4  A sensitive method 

to detect both short- and long-chain fatty 

acids could ascertain whether these 

organics are aboitic or the remnants of 

ancient cell membranes.  Such a method 

could also be utilized to search for evidence 

of life on Mars, Enceladus or Europa. 

Triethylamine (pKa = 10.7) was found to be an 

effective base in generating appropriate 

conditions for labeling in nonaqueous solvents.  

Nonaqueous conditions are necessary when 

long-chain species are involved, as aliphatic 

chains longer than C12 are not soluble in water. 

Separations in ethanol were effected using a 

buffer of 50 mM ammonium acetate and 1.05 M 

acetic acid.  Amines differing by 2 methyl units 

were baseline resolved, and separations were 

performed down to temperatures of -20 °C 

without loss of resolution or peak intensity.  

Limits of detection for C1-C18 amines ranged 

from 1.0-2.6 nM.6 
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The Pacific Blue dye, when functionalized with a succinimidyl ester, reacts selectively with 

primary amines in basic conditions5 to generate a fluorescently labeled species that can be 

easily identified and quantified using nonaqueous microchip capillary electrophoresis (μNACE). 

We propose to functionalize the Pacific Blue dye with a hydrazide, thereby allowing for labeling of carboxylic acids via 

the following one-pot, two-step reaction: 

The end product will be nearly identical to that generated by labeling analogous primary amines with the Pacific Blue 

succinimidyl ester, so the same separation conditions can be used. 

As the Pacific Blue hydrazide is not commercially available and is currently being 

synthesized, a similarly functionalized coumarin-based dye (DCCH hydrazide) was used 

for preliminary experiments.  This dye has excitation and emission maxima close to 

Pacific Blue, so the same laser-induced fluorescence system could be implemented. 

Diisopropylethylamine (pKa = 10.5) was used to generate 

basic conditions during labeling.  It should be noted that 

labeling was only successful in aprotic solvents such as 

DMF and DMSO. 

Nonaqueous microchip capillary electrophoresis using a 

buffer of 400 mM ammonium acetate and 700 mM acetic 

acid in ethanol produced the best separations of various 

fatty acids from C6 to C24. 
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Both short- and long-chain fatty acids were successfully 

labeled and separated in nonaqueous conditions.  

However, the resolution between labeled fatty acids was 

poor (>6 methyl units to achieve baseline resolution) 

compared to labeled primary amines (2 methyl units).  

Changing to a more viscous solvent (DMSO) did not 

improve separation efficiencies. 

Despite the similarities in size and optical properties of Pacific Blue and the coumarin-based dye (DCCH), separations 

using µNACE varied greatly.  The overall charge of the labeled species therefore appears to be the critical factor to 

achieve optimal separations. 
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