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Chromatographic separation of enantiomers relies on the exist- phase or a racemic mixturklP' is identical for both enantiomers
ence of energy differences between analyte enantiomers interactingof the adsorbed species. ThatAd) is the difference between the
with a chiral chromatographic phas&@ne intriguing route toward isosteric heats of adsorption of the two molecular enantiomers in
achieving these energy differences is to create homochiral solids.the SWNTs: AU = Agst= qRs: — g% In addition to these ensemble
For example, Evans et al. recently reported the synthesis of a chiralaverage quantities, we have used a standard minimization method
porous solid that was used to enantioenrich an initially racemic to determine the minimum energy state available to each adsorbed
mixture of trans-1,2-diaminocyclohexanglt is well-known that moleculel” The difference between the minimum energy states for
single-walled carbon nanotubes (SWNTSs) exist in chiral forms that the two adsorbate enantiomers is denafdh = UR i, — USyin.
arise due to the helical winding of the graphitic rings around the Step sizes in our HMC simulations were adjusted to give ap-
tube axis® Numerous studies have shown that SWNTs can adsorb proximately 50% acceptance probabilitiés-or each adsorbate/

a range of light gases? with excellent size selectivity under ~ SWNT pair, five independent HMC simulations of 71lIC steps
appropriate conditions!® Multiwalled NTs show favorable adsorp-  were performed. Uncertainties in the observed average properties
tion properties for N& and dioxins'? It is therefore interestingto ~ were estimated by the deviation from the mean of the five HMC
consider whether chiral SWNTs could be used as enantiospecific trajectories.

adsorbents. Since homochiral samples of SWNTs are not yet As a first example of our results, we consider the adsorption of
available!3 this issue cannot currently be probed experimentally. DMCPr in a (10,5) SWNT. This tube has = 10.35 A. The
Here, we describe atomistic computational modeling of chiral minimum energy state for the adsorbRanantiomer ha¥), =
disubstituted cycloalkanes adsorbed in chiral SWNTSs that strongly 23.61 kcal/mol lower than the isolated gas-phase molecule,
indicates that chiral SWNTSs will not act as effective enantiospecific confirming the expectation that it is highly energetically favorable

adsorbents. for the molecules to be adsorbed inside SWNTSs of this type. More
All SWNTs with indices 6,m) satisfyingn > m > 0 are chiraP significantly, the difference between the isosteric heat of adsorption
These nanotubes can be characterized by their dianttend for the two enantiomers is practically zero. At= 290 K, our

chiral angle,6 = arctan¢/3nV(2n + m))3. We examined a series  HMC results yieldAgs, = —0.0024+ 0.007 kcal/mol. Calculating

of 11 SWNTSs that span a range of diameters and chiral angles. Inthe minimum energy configurations of the adsorbed molecules
each case, we simulated that adsorption of each enantiortranef confirms that the two molecular enantiomers interact slightly
1,2-dimethylcyclopropane (DMCPr) anchns-1,2-dimethylcyclo- differently with this SWNT, givingAU, = 0.0053 kcal/mol. For
hexane (DMCH) using methods adapted from our previous comparison, similar modeling of the same molecules adsorbing on
simulations of these species on chiral metal surfates Briefly, chiral Pt surfaces yields values [&Ug| in the range 6-0.6 kcal/
each molecule is represented using a United Atom (UA) model mol.*” Similar enantiospecific energy differences are seen in
developed by Mondello and Grést° with the addition of bond experimental measurements of desorption barriers for small chiral
stretchingt” The interaction of the adsorbed molecule with the molecules from chiral Cu surfac8sNumerous other examples of
confining nanotube was described by a pairwise sum of Lennard- enantiospecific binding energy differences exceeding 0.1 kcal/mol
Jones (LJ) interactions between each UA in the adsorbate and eaclare knownt”2627and these energy differences are sufficient to allow
C atom in the SWNT. Each SWNT is assumed to be rigid. The LJ effective chromatographic separatidfis.

parameters for the UAnanotube interactions were taken from the We conclude from the results above that (10,5) SWNTs do show
potential derived by Ayapgafor methane in SWNTSs. This potential ~ enantiospecific interactions with adsorbed DMCP, but the energy
gives similar adsorption energies for methane to the LJ1 potential differences associated with these interactions are far too small for
used by Mao and Sinnott to simulate a range of hydrocarbons in these SWNTSs to be an effective enantiospecific adsorbent for this
SWNTs?223We only consider the adsorption of isolated molecules, species. Even for the chiral surfaces cited above that show energy

so interadsorbate interactions do not need to be specified. differences up to 0.6 kcal/mol, however, a small number of
For each adsorbed molecule, we use Hybrid Monte Carlo (HMC) adsorbate/surface pairs are known wheyo| = 0.1417.190n the
at constanT to explore the available configuratiofsA convenient basis of this observation, we cannot use the single example above

way to quantify the enantiospecificity of adsorption is to compute to rule out the possibility that some SWNTs may act as effective
AU = [URF — US4, where[d-+[# is a canonical ensemble average enantiospecific adsorbents from the single system discussed above.
andUR (US) is the potential energy of thie (S) enantiomer of the To further explore this issue, we performed analogous calculations
adsorbate. The isosteric heat of adsorption of a molecule adsorbedor DMCP and DMCH in a series of 11 SWNTs chosen to span a
in a porous materiaks;, is** gsy = HPk — [, whereH K js the range of tube diameters and chiral angles. Our results are sum-
enthalpy of the species of interest in its bulk phase. If the bulk marized in Table 1, ordered by tube diameter. To determine an
phase in contact with the SWNTSs is either an enantiomerically pure appropriate range of tube diameters, we first examined adsorption
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Table 1. Ags at 290 K for DMCP and DMCH Adsorbed in 11

SNT & " e o8 simulations?? leading to helical diffusion paths for these molecules.
s as Computed from imulations@

This specificity is due to the preferential alignment of carbon

tubeindices  d(A) 6 (deg) Agy, DMCP Adg, DMCH carbon bonds in the adsorbate and adsorfeand this effect is

(8,6) 952 34.7 —0.0005+ 0.0033 —0.0015= 0.0040 evidently lost with the more structurally complex adsorbates we
(10,5) 10.35 40.9 0.0022 0.0070 0.003¢%t 0.0100 have examined here.

(12,3) 1076 49.1 0.001F 0.0124  —0.0140+ 0.0067 In conclusion, we have used atomistic simulations to examine
822; ii:gg gi:g :8:883}; 8:85; 8:8%2; g:gggg adsorption of chiral hydrocarbons inside chiral SWNTSs with a range
(16.8) 1657 40.9 0.007Z 0.0108  0.0028- 0.0183 of pore diameters and chiral angles. The differences between the
(20,5) 17.94  49.1 -0.00594+0.0130 —0.0122+ 0.0251 isosteric heats of adsorption for pairs of molecular enantiomers are
(27.3) 2240 548 0.006% 0.0156 0.007@- 0.0208 negligible in all cases we have studied. We suggest that this result
ggigg gggé jg-g —Og%%% 88133 :ggéggi ggigg stems from the inherent smoothness of the potential energy surface
(32:8) 2871 491 —0.0059+ 0.0106 0.0102 0.0148 for molecules physisorbed in SWNTs. While our results cannot

exclude the possibility that specific classes of chiral molecules will
show significant enantiospecific adsorption in SWNTSs, they do
suggest that chiral SWNTs will not be effective as general-purpose

a8 AQst is shown in kcal/mol.

of DMCH in (n,1) SWNTs with 2< n < 13. We find that DMCH
cannot adsorb inside these tubesriar 11. That is, the potential

enantiospecific adsorbents.
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The results in Table 1 show that differences in isosteric heats of
adsorption for molecular enantiomers adsorbed in SWNTs are
extremely small. Only one system, DMCH in the (12,3) tube, yields
a value forAgs at 290 K that is statistically distinguishable from
zero, despite the small uncertainties. Our calculations yield very

similar results at other temperatures we have sampled (data not

shown). These results are consistent with our calculatiofs\dy|,

the binding energy difference between the minimum energy states.
The largest value ofAUo| we observed was 0.030 kcal/mol for
DMCH in the (20,5) tube. Only four of the remaining systems we
examined gave|AUg| greater than 0.01 kcal/mol. Thus, the
observation above that interactions of molecular enantiomers with
chiral SWNTs leads to nonzero energy differences between

adsorbed enantiomers appears to be quite general, but so does th
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