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Introduction: The goal of the Mars program is to 
understand the evolution of Mars, the presence or ab-
sence of habitable zones, and if life formed or existed. 
Finding organic molecules will be an important goal to 
determine Martian habitability. Electrospray Ionization 
Ion Mobilty Spectrometry (ESI/IMS) is a potential 
onboard instrument with which to search for organic 
molecules on future missions to Mars, and can operate 
in conjunction with other wet chemistry instruments 
[1-4]. In order to show the utility of ESI/IMS we have 
studied the gas phase structure of the ions to determine 
mass-structure relations to ion mobility values. The 
result of this study also has implications for other ioni-
zation and detection techniques that target amino acids.  

The mobility study of carboxylate anions by Kim et 
al. has demonstrated reasonable agreement between 
experimental results and theoretical investigations of 
the energetics and structures of gas phase deprotonated 
carboxylate anions using PM5 level calculations and 
simple thermodynamic arguments [4]. What are likely 
cyclic geometries of singly deprotonated multi-
carboxylate anions demonstrate a strong mass-mobility 
correlation [4]. However, the study cannot confirm this 
argument due to lack of direct comparison of theoreti-
cal ion mobility values to experimentally determined 
ion mobility values.  

Good agreement between theoretically calculated 
ion mobilities of analytes and experimentally deter-
mined ion mobility values have been demonstrated in 
recent ion mobility studies [5-8]. In the present inves-
tigation, we have determined energetically favored 
geometries of 20 protonated biotic amino acids using 
density functional theory (DFT). Further we have ap-
plied these geometries to determine theoretical ion 
mobility values. 

Experiment: Quantum Mechanical Calculations 
Several candidate low energy structures of the singly 
protonated amino acid ions were evaluated at the PM5 
level using CAChe 6.1.10 (Fujitsu, Beaverton, OR). 
Then, the lowest-energy structures were determined 
using DFT with PM5 calculated structures. DFT calcu-
lations were performed using Jaguar 6.0 (Schrödinger, 
Inc., Portland, OR) utilizing the extended hybrid func-
tional [9] combined with the correlation functional of 
Lee, Yang, and Parr [10] (X3LYP). The (aug)-cc-
pVTZ(-f) basis set was used for the DFT calcula-

tions.[11] The (-f) in aug-cc-pVTZ(-f) indicates that no 
f-type functions were used in this basis set.  

Trajectory Method A numerical integration scheme 
was used for trajectory calculations to predict amino 
acid ion mobilities using a modified version of Mobcal 
[7]. Using parameters of the AMBER force field [12] 
and Lennard-Jones potential parameters between drift 
gases, which are assumed as simple spherical Lennard-
Jones gases, new parameter sets for N2 and CO2 are 
determined. Optimized geometries of amino acids us-
ing DFT were used for ion mobility calculations. 

Results and Discussion: Optimized geometries of 
singly protonated amino acids are characterized by 

Figure 1. Free energy diagram of singly protonated 
a) L-alanine and b) L-aspartic acid structures at 500K. 
ΔG values are obtained with DFT calculation at 
X3LYP/cc-ptvz(-f)++ level. H-bond is indicated as 
solid line along with its bond length. 
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cyclic structures due to intramolecular H-bond for-
mation in the gas phase (Figure 1). It is confirmed 
that two body collisions [4]  (~1.5 kcal/mol) that 
occur between a protonated amino acid ion and a 
drift gas molecule in the IMS at 500K and at atmos-
pheric pressure cannot break this H-bond, which has 
generally ~10 kcal/mol of bond energy [13, 14]. This 
result suggests that the strong mass-mobility correla-
tion of singly protonated amino acid ions [2] is 
probably caused by their cyclic structural similarity. 
Of note, three to four  of the most stable confirmers 
are obtained from the DFT calculations that have ΔG 
as ~1 kcal/mol under experimental conditions of 
previous studies [2, 3] (Figure 1). Plots of 
experimental inverse reduced ion mobility (K0

-1) and 
theoretical K0

-1 for protonated amino acids drifting in 
N2 versus ion mass is shown in Figure 2. 

The K0
-1 from the trajectory calculations in N2 and 

CO2 drift gases show  reasonable agreement to ex-
perimentally determined reduced mobilities with 
3.1 % and 5.1 % standard errors, respectively (Table 
1; Figure 2). The deviations may be due to the as-
sumption of spherical potentials for the buffer gases 
or result from considering only the global minimum 
structure of the protonated amino acid ion.  

Conclusions: DFT calculated optimized geome-
tries of amino acids yield predicted mobilities in good 
agreement with previous amino acid mobility experi-
ments [2, 3]. This agreement in turn provides support 
for the predicted structures of the protonated amino 
acids.  Clearly, efficient in-situ analysis of targeted 
complex organic molecules in space environments 
requires a synergistic application of experimental 
methods and theoretical analysis. 
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Table 1. Theoretical and experimental K0
-1 of biotic amino acids 

in N2 and CO2 Drift. 
N2   CO2 Amino MW 

Theo Exp Error 
(%) Theo Exp Error 

(%) 
Gly 76 0.49 0.51 -4.4 0.75 0.9 -15 
Ala 90 0.53 0.54 -3.4 0.81 0.9 -12 
Ser 106 0.56 0.58 -2.5 0.88 1.0 -8.6 
Pro 116 0.58 0.6 -2.6 0.92 1.0 -6.9 
Val 118 0.6 0.6 0.08 0.94 1.0 -4.9 
Thr 120 0.6 0.6 -1.0 0.94 1.0 -5.6 
Cys 122 0.59 0.61 -2.9 0.92 1.0 -7.9 
Iso 132 0.65 0.63 3.8 1.0 1.0 -1.0 
Leu 132 0.66 0.63 5.4 1.0 1.0 0.94 
Asn 133 0.61 0.63 -2.1 0.98 1.0 -4.4 
Asp 134 0.61 0.63 -2.8 0.97 1.0 -5.5 
Lys 147 0.66 0.65 1.6 1.1 1.1 1.8 
Gln 147 0.65 0.65 0.39 1.0 1.1 -1.1 
Glu 148 0.66 0.65 1.4 1.1 1.1 -0.36 
Met 150 0.67 0.66 2.4 1.1 1.1 -0.67 
His 156 0.67 0.67 0.35 1.1 1.1 0.04 
Phe 166 0.72 0.68 5.6 1.1 1.1 4.7 

Arge 175 0.73 0.7 4.8 1.2 1.1 4.9 
Tyr 182 0.76 0.72 7.6 1.2 1.1 8.2 
Trp 205 0.79 0.74 6.9 1.3 1.2 8.7 

Standard  
Error (%)   3.1   5.1 

Figure 2. Plot of K0
-1 for protonated amino acids 

drifting in N2 versus ion mass. Experimental data3

are shown as solid circles along with the theoreti-
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