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Molecular Simulation of Alkylsilane Stationary Phases in 
Liquid Chromatography 
 
“Shape-selective” polymeric stationary phases are rou-
tinely employed over the more common monomeric sta-
tionary phases in reversed-phase liquid chromatography 
(LC) to improve the separation of geometric isomers of 
constrained solutes, such as polycyclic aromatic hydro-
carbons, carotenoids, steroids, and polychlorinated bi-
phenyls.  Critical to describing such shape-selectivity 
processes in LC is the elucidation of the molecular-level 
structural features of the alkylsilane stationary phase that 
promote such separations. The evaluation of these poten-
tial molecular recognition sites within an alkyl-modified 
surface can be achieved through the use of computational 
tools, such as molecular dynamic simulation and surface 
topography techniques. Results from these modeling inves-
tigations are intended to support the elucidation of shape-
selective retentive processes.   
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IST researchers have investigated the molecular dy-
namics (MD) of chromatographic models that repre-

sent both monomeric and polymeric stationary phases with 
alkylsilane surface coverages and bonding chemistries 
typical of actual materials in an effort to elucidate the mo-
lecular-level structural features that control shape-selective 
separations. The structural characterization of these models 
is consistent with previous experimental observations of 
alkyl chain order and disorder.  Highly ordered morpho-
logical features were characterized (identified) for simu-
lated chromatographic 
models that represent 
materials with enhanced 
shape recognition capa-
bility.  Deep cavities 
within the alkyl chains 
were identified for mod-
els representing shape-
selective stationary 
phases.  These results 
provide a more robust 
physical representation 
of alkyl-modified sur-
faces that supports the 
elucidation of retentive 
processes, as well as 
illustrating the potential 
for such computational 
techniques to predict the 
molecular recognition 
capabilities of novel 
analyte-specific sor-
bents. 

MD simulations of C8, C18, and C30, modified silicas have 
been carried out to study changes in stationary phase archi-
tecture that may result from variations in chain length, 
bonding density, synthetic approach, and temperature. Sur-
faces were modeled using a quartz substrate with vicinal –
OH groups (9.8 µmol/m2), and alkyldimethylsiloxane or 
alkyldisilanolsiloxane groups were linked via siloxane 
bonds. Surface densities ranged from 1.6 µmol/m2 to 5.9 
µmol/m2 for C8, C18, and C30 ligands, and some models 
were constructed of three oligomer units to approximate 
bonding in polymeric phases.  Simulations were carried 
out with the COMPASS force field, over time periods long 
enough so that the structural features were constant (> 800 
ps).  
 
Results from these models highlighted several trends in 
molecular structure.  The thickness of the phases in-
creased with increased bonding density as individual 
chains were more constrained by neighbors.  Correspond-
ingly, the gauche fraction also decreased with increased 
density.  At the same bonding density, longer chain length 
phases were more ordered than shorter chain length 
phases.  Finally, increased order was observed at reduced 
temperature.  The resultant model snapshots shown below 
exemplified the aggregate structural features observed for 
chromatography phase models of varying bonding chem-
istry, density, and length. Chain extension and increased 
trans conformations are observed with models of poly-
meric C18 phases. C30 stationary phase models exhibit 
significantly increased trans conformations, even with 

lower surface densi-
ties. The figure 
shows snapshots 
from molecular dy-
namic simulations 
of various mono-
meric and polymeric 
C18 and C30 station-
ary phases.  
 
Analytical shape 
computation tech-
niques were applied 
for the detection of 
cavities and the cal-
culation of molecular 
surface properties of 
isolated cavity fea-
tures and other or-
dered formations 
within these resultant 
alkyl stationary phase 
simulation models.  
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Deep cavities 0.8 nm to 1 nm wide (8 Å to 10 Å) within 
the alkyl chains were identified for C18 polymeric models 
representing shape-selective stationary phases (Figure 2).  
Similar-structure cavities with significant alkyl chain or-
dered regions (> 1.1 nm or 11 Å) were isolated from two 
independent C18 models (differing in bonding chemistry, 
density, and temperature) that represent highly shape-
selective materials. The size and depth of these ordered 
regions increased (up to 2.8 nm or 28 Å) for the extended-
length C30 alkyl phase models. These results provide a 
more robust physical representation of alkyl-modified sur-
faces that supports the elucidation of retentive processes. 
 
Impact:  The models that have resulted from this study 
clearly indicate the extent of molecular order within alkyl-
modified surfaces and are consistent with spectroscopic 
studies (e.g., Raman, 13C NMR, and infrared spectros-
copy). The results provide a compelling molecular-level 
vision of alkyl-modified surfaces that will guide future 
development of materials for chromatographic and bio-
technological applications. 

Future Plans:  It is our continuing goal to investigate such 
molecular-level interactions by simulating constrained-
shape solute interactions with fully solvated (i.e., water-
acetonitrile mixtures) reversed-phase LC models to repre-
sent a range of shape selectivity chromatographic behav-
ior.  In addition, the docking of solutes with various shapes 
and molecular dimensions from the liquid phase to the 
alkyl stationary phase will be employed to determine the 
effectiveness of these morphological features in the shape 
recognition process.  
 
*Disclaimer: Certain commercial equipment, instruments, 
or materials are identified in this document. Such identifi-
cation does not imply recommendation or endorsement by 
the National Institute of Standards and Technology, nor 
does it imply that the products identified are necessarily 
the best available for the purpose. 
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Figure 2 shows molecular surfaces 
generated for molecular dynamic simu-
lation snapshots of (a) C18 monomeric 
model at 3.28 µmol/m2 surface cover-
age representing an actual RPLC phase 
with low shape selectivity (αTBN/BaP = 
1.72) and three C18 polymeric models at 
(b) 3.89 µmol/m2, (c) 4.91 µmol/m2 and 
(d) 5.94 µmol/m2 surface coverages also 
representing actual phases with inter-
mediate to high shape selectivity 
(αTBN/BaP from 1.61 to 0.49). Surfaces 
are color-coded according to the height 
along the z-axis. 
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