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Chirality is a fundamental construct in nature which arises from geometry, the generated SHG photons are emitted along the surface
an antisymmetric arrangement of atoms, molecules, or larger normal. The chiral SHG (C-SHG) signal can be retrieved directly
structures, resulting in the formation of nonsuperimposable mirror by selecting thex-polarized component of the emission. The
imagest Bulk chiral effects can easily be measured using circular intensity of the C-SHG emission is given by eq 1, and is a function
dichroism (CD) or optical rotary dispersion (ORBHowever, the of the incident angled() and polarization state of the incident field
quantification of chirality for molecular surface films cannot be (y = 0°is p-polarized andy = 90° is s-polarized), the chiral tensor
obtained with these linear spectroscopic methods. elementy,y,), and the geometric Fresnel coefficients for the incident

Not surprisingly, the direct optical imaging of chirality originating ~ fields (f, andf,), with K representing the sum of the phase shifts
from a planar surface film has proven to be a challenging problem. for p- ands-polarized light upon reflectio.

The ability to image chirality on a surface has been accomplished

on the molecular scale using atomic force microscopy (AFM) le_gne = |, = 6477 sin’(8)) sirf(y) Cosz(y)ff, 2 X>2<ysz (1)

and scanning tunneling microscopy (STR),” where chirality is

inferred from the two-dimensional antisymmetri_c arrangement of  gFrom eq 1 it can be seen that the C-SHG response for a
atoms or groups of atoms to form extended chiral structures. counterpropagating geometry is simply a function of the second-

Optical microscopies based on the preferential absorbance of rightorder chiral susceptibility tensog,y, with a maximum inlc_sne
versus left circularly polarized light have been used to image chiral occyrring with a mixed polarization state of the incident fielgls (
structures in bulk crystafsHowever, no direct image of chirality  — 45°). The measured C-SHG light intensity is directly proportional
from a molecular surface film has ever been obtained with optical 5 the “amount” of chirality on the surface. By reconstructing a
methods due to the limited path length and relatively weak nature gpatial image of the emitted photons, using a microscope objective,
of the CD or ORD response. an image of surface chirality can be generated. This technique has

To overcome these limitations, we have developed the first the advantage of fluorescent microscopy, but unlike fluorescence
nonlinear chiral microscope. Using second harmonic generation no fluorescent label is required for visualization, instead the intrinsic
(SHG), with its inherent surface sensitivity and ability to discrimi-  chjrality of the molecule can be used as a label-free probe.
nate between the symmetry of surface adsorbed spddies, In the study presented here, the intrinsic chiralitRefindS-(+)-
combination with a counter-propagating optical geom¥twye have 1,1-bi-2-naphthol (RBN, SBN) has been used to image a patterned
obtained the first optical image originating solely from the intrinsic  planar supported lipid bilayer (PSLB) using C-SHG. RBN and SBN

chirality of a surface film. _ were chosen due to their low molecular weight, lack of intrinsic
SHG is an established analytical tool that has been used fluorescence, and their strong chiral response in the UV region.
extensively to study a variety of surfaces and interf&¢és'* SHG Poly(dimethylsiloxane) (PDMS) stamps were used to create a series

is a second-order nonlinear optical spectroscopy that arises whenof alternating holes in a fluid PSLB by microcontact printipgP).

an optical field of sufficient intensity at frequenayis directed at The patterned PSLB was maintained in an aqueous environment
a surface, resulting in the generation of a second optical field at and mounted on an optical flow cell for imaging. Solutions (17.3
twice the frequency, @.° SHG can only be observed when there ;M) of RBN, SBN, and a racemic mixture of RBN and SBN were

is a break in inversion symmetry and is thus prohibited in the bulk injected above thegCP PSLB and allowed to equilibrate for 20

of centrosymmetric materials, making the technique extremely well min prior to obtaining an image. RBN and SBN exchange freely
suited for the analysis of interfaces. Hicks et al. pioneered the usebetween solution and a lipid membrane allowing for easy exchange
of SHG for investigating molecular chirality on surfaces by utilizing of enantiomers in the membrane.

methods similar to CD and ORB:15 The nonlinear chiral microscope used in these studies consisted
Confocal SHG microscopy has been widely applied to the of a OPOTEK optical parametric oscillator which was pumped with
imaging of bulk structures in biological systeA¥sThe chiral a 10 Hz Nd:YAG laser (Continuum) wita 7 nspulse duration.

structure of proteins and sugar modified dyes have been used, inThe sample was excited at 520 nm, with detection of the C-SHG
particular, to enhance the SHG emission in biological membranes light at 260 nm. Imaging of the C-SHG emission was performed
and tissues, facilitating imagiri§!” However, the direct visualiza- ~ with a modified Olympus microscope with a UV %Oobjective
tion of chirality in a surface film is not possible with confocal SHG  (Optics for Research). A solar blind image intensifier (Phototek)
microscopy due to the geometry used to excite the sample. which was lens coupled to a CCD camera (Roper Scientific) was
We previously demonstrated that, by employing a counterpropa- used for image collection. A 30 min integration time was used to
gating SHG geometry, where the two photons strike the surface acquire the C-SHG images.
from opposite directions, the chiral emission from the surface can  An example of a C-SHG micrograph is given in Figure 1a, where
be isolated directly with high sensitivity and with the use of linearly the emission from RBN intercalated into a patterned PSLB of
polarized light!®1SHG imaging®2! can also be performed in this  1-palmitoyl-2-oleoylsnglycero-3-phosphocholine (POPC) is shown.
geometry and has several advantages over a confocal arrangementhe image has been flat-field corrected to account for the
for the imaging of chirality. By employing a counterpropagating nonuniformity in the excitation field. The bright regions in the
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Figure 1. A uCP POPC PSLB imaged with C-SHG using (a) RBN, (b) a
racemic mixture of RBN and SBN, and (c) SBN. A different bilayer was

also imaged with Rh-DOPE using fluorescence microscopy (d). Line scans
through the center of image a (black) and b (gray) are shown in part e.

1

C-SHG image correspond to regions in which RBN has intercalated
in the membrane, while the dark regions correspond to voids in
the lipid film which have been removed WCP. Since RBN does
not bind to bare silica, no chiral emission is observed. To
demonstrate that the C-SHG imaging technique is sensitive to the
chiral species at the surface, a racemic mixture of RBN and SBN

was also injected above the membrane surface, Figure 1b. Since

equal numbers of each enantiomer are now bound within the
membrane, the net result is a cancellation in the overall C-SHG
emission. The alternating pattern within the membrane is no longer
visible due to the absence of surface chirality. To prove the patterned
membrane still remains, a solution of SBN was subsequently
injected over the same POPC bilayer, resulting in the restoration
of the C-SHG image, Figure 1c, due to the presence of a single
enantiomer in the membrane.

Figure 1e shows a line scan through the center of Figure 1a and
b. The large intensity difference in the measured C-SHG emission
between the voids in theCP PSLB and the intact membrane is
clearly visible. The line scan for the racemic mixture shows little
or no intensity with no variation throughout the membrane, verifying
that the intrinsic chirality of RBN and SBN is responsible for
generating the image of the patterned membrane.

For comparison, a fluorescence micrograph pfZ® PSLB was
obtained by incorporating the ammonium salt of 1,2-diolesyl-
glycero-3-phosphoethanolamihgflissamine rhodamine B sulfo-
nyl] (Rh-DOPE, Avanti Polar Lipids) at 4 mol % into the bilayer

during the deposition, Figure 1d. Excellent agreement between the
C-SHG and the fluorescence image is obtained. The dark circles,
which are approximately 150m in diameter, are identical to those
observed by C-SHG. The bright regions are where the membrane
remains and contains Rh-DOPE.

The ability to retrieve spatial information on surface chirality,
as demonstrated in Figure 1, cannot be achieved with conventional
linear optical methods. C-SHG, however, possesses the requisite
surface selectivity and sensitivity to detect interfacial chirality and
provides a direct route for the visulization of chirality originating
from molecluar surface films. C-SHG imaging introduces the
possibility of observing protein domains in cell membranes and
chiral structures in monolayer films directly. A C-SHG imaging
system also has certain advantages over conventional fluorescent
microscopy, most importantly the label-free nature of the C-SHG
technique. Instead of fluorescently tagging a target molecule, the
intrinsic chirality of a molecule can be used as a label-free probe.

We have demonstrated here for the first time that C-SHG can
be used as a powerful imaging technique for the detection of
molecular chirality at a surface. Studies are ongoing to adapt chiral
imaging for the label-free measurement of protein and DNA binding
in microarray-based assays. The label-free nature of C-SHG imaging
is also being applied to the study of localized protein structures in
membranes and extended chiral structures in monolayer films.
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