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This communication presents a computational study of a  ,| i
highly simplified model of a titrating docosyl amine monolayer
at an air/water interface. The specific goal of the study is to
reproduce experimentally measurdd,shifts associated with 0 : . X .
the formation of the monolayer. The calculations also demon- 2 ° 8 10
strate the strong dependence of ti phift on distance of the
amine groups from the interface and the weak dependence o
the K, shift on the size and type of hydrophobic tailgroup. By
comparing computation with experiment, an estimate of the the shift in K, as the molecule goes from an isolated state (in
amine-interface separation can be made. The dependence ofgo|vent) to a monolayer. To calculate this shift iKpfour
the [Ka shift on the ionic strength is calculated at this separation. gyantities must be calculated: the energy of a charged docosyl

of a self-assembled monolayer of docosyl amin€H£ monolayer, the energy of an isolated charged docosyl amine,

(CH2)2:NH,) at an air/water interfack. At 10 mM ionic : A&
strength, the docosyl amines form an ordered lattice with a gﬂ}d th(éf n;gé/e(())f ig;;gﬁgsglyr;eu_f_rﬁé gozﬁfglisaﬁﬁ"ge'
, ( , 1

density of 30 A/molecule. A K, of 9.9 + 0.2 was then latticer isor isor
measured for the lattice. Th&pof a docosyl amine isolated AAG
in bulk solution is 10.6, giving a shift of 0.7 K, unit between ApK,=————
the isolated compound and the monolayer. kT In 10

Theory and Methods. The simulations were performed ) ) ) N 0
using the UHBD progrard, which calculates electrostatic WhereAAG = AGRtee — AGSS, AGRM® = Gyice — Gpagicer
potentials and energies using the nonlinear Pois@mitzmann ~ andAG*® = Gf, — G2,
equation. A single docosyl amine molecule was placed in a Results and Conclusions. An initial test of the model
5.5 x 5.5 x 120 A3 simulation box aligned perpendicularly to  involves determining whether the results are insensitive to the
the interface. A grid spacing of 0.5 A was used for the finite size of the unit cell. Calculations were performed on unit cells
difference calculations. An all-atom model was used, with containing 2x 2, 3 x 3, or 4 x 4 arrays of molecules (still
partial charges taken from the OPLS parameters séto with periodic boundary conditions). Since these setups represent
represent an infinite monolayer, periodic boundary conditions the same monolayer as earlier but with a larger number of
were applied to the sides of the box. The air/water interface molecules in the actual computation, the energy should simply
was modeled by choosing dielectric constants of 1 and 78 in be 4, 9, or 16 times larger than the energy of a single molecule
the top and bottom halves of the box, respectively. A dielectric in the unit cell. When these runs (and others using a hexagonal
constant of 1 was also assigned to the docosyl amine monolayerlattice) were performed, the energies did, indeed, scale as the
The Stern layer was set to zero for all calculations. An ionic number of molecules in the unit cell. It is therefore safe to
strength of 10 mM was assumed for the water, except as notedassume thafG'atce calculated for a simulation containing a
below. The titrating headgroups of the docosyl amines were single molecule and periodic boundary conditions is equal to
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fFigure 1. Dependence of theKy shift on the displacement of the
amine headgroups from the interface.

placed on or near the air/water interface. AGatice of g single molecule in the model of an infinite titrating
Since only electrostatic free energies are calculated in this monolayer.
model, determining the absolutekp of the docosyl amine When the nitrogen atoms of the monolayer headgroups are

monolayer is impossible. It is, however, possible to calculate placed 0.25 A on the water side of the interface, the shift in
pKais —0.91. A negative K, shift is expected, since the nearby
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by Eisenthal et al. in their studies of docosyl amirend 4 T T T ' T T T T —
p-hexadecylanilinemonolayers.
Certainly the most striking result of the study is the strong ;5| )
dependence of Ky shift on the location of the headgroups
relative to the air/water interface. Figure 1 shows a plotkf p
shift versus the distance between the nitrogen atoms of the 3T T
titrating headgroups and the interface. As the headgroups are
shifted a few angstroms into the air (denoted by a negative
separation), the K, shift increases by several orders of
magnitude. Conversely, as the headgroups become solvateds
the curve rapidly levels off; the effect of the interface disappears 2r 1
at a separation of1 A. Peitzsch et al. also observed a strong
dependence of the electrostatic potential on the separation of a
charge layer from a dielectric interface in their continuum
electrostatics calculations of a lipid membré&ne.
. . . L s s . .

The experimental g, shift for the system modeled here is o 20 40 60 80 100 120 140 160 180 200
—0.7 (ref 1), corresponding to a 0.3 A displacement of the head- _ fonte Strength (m)
groups into the aqueous phase of the model. Experimental veri-Figure 2. AG#"® as a function of ionic strength.
fication of this displacement may be possible using neutron
reflection detection or Brewster angle microscdpythough the titration of the monolayer is assumed to occur as an all-or-
these techniques are currently limited to about an angstrom ornothing process. Despite these approximations, Kespift
larger in resolution. Figure 2 plots the difference in energy and the weak dependence of the shift are in reasonable accord
between the charged and neutral monolayer versus ionic strengttwith experiment. This suggests that the simple model described
at this interface-monolayer separation. Significant destabiliza- here is a useful starting point for the analysis of surface titration
tion of the monolayer is predicted at very small ionic strengths, phenomena.
but only minor increases in stability are predicted at higher ionic  acknowledgment. We thank Prof. K. Eisenthal and Mr. H. Wang
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dielectric constant changes as a step function from 1 to 78, andJA953878C
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