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Fig. 5. Dimeric chain of T-0-[43]-0-[43]-0-T in 
MCM-22. (A) Bond lengths and angles derived 
from the Rietveld refinement in space group 
Wlmmm. (B) Bond angles derived from the 
DLS refinement in space group Cmmm. 

agreement with observed XRD data that was 
obtained with this model. Desoite its unusual 
topology, the framework connectivity for 
MCM-22 proposed here yields the best agree- 
ment with observed data. The discrepancy 
indices for the refinement are not unreason- 
able and are comparable with those (9) of 
other framework materials determined from 
powder XRD data. 

The structure of MCM-22 may allow for a 
variety of applications in the petrochemical 
and refining industries. For example, MCM- 
22 may find applications in the catalysis of 
carbenium ion-mediated reactions, particu- 
larlv those where the reactant size or the 
structure of the transition state intermediate is 
affected by the steric constraints presented by 
t h  zeolite. 
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Time-Resolved Imaging of Translucent Droplets in 
Highly Scattering Turbid Media 

R. R. Alfano,* X. Liang, L. Wang, P. P. Ho 
The spatial distribution of small translucent droplets inside a 50-millimeter-thick lntralipid 
solution was imaged with a picosecond time and spatial-gated Kerr-Fourier imaging system 
at a signal level of about 10-lo of the incident illumination intensity. 

Early ballistic and snake light imaging 
(1-9) offers a nondestructive and nonin- 
vasive method to observe translucent ob- 
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jects inside a highly scattering environ- 
ment. With recent advances in the devel- 
opment of ultrafast lasers and ultrasensi- 
tive photodetectors, submillimeter spatial 
resolution of optical images has been 
achieved from both opaque (1, 3, 4) and 
translucent (8-1 0) phantoms in modeled 
turbid media. We report on two-dimen- 
sional imaging of translucent droplets; 
that is, we resolved phantoms without 
container boundaries and with different 
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densities entering into a highly scattering 
host Intralipid solution (Kabi Pharmacia, 
Layton, North Carolina) using time-re- 
solved Kerr-Fourier (KF) imaging. The 
spatial distribution of the translucent 
droplets inside the 50-mm-thick scat- 
tering host environment can be clearly 
visualized. 

The experimental setup of the time and 
4F-space-gated KF transillumination imaging 
system has been described elsewhere (3, 11). 
In this 4F system, the transmitted shadow 
signal located at the front focal point plane 
was collected and transformed by a lens, L,, to 
the Kerr cell located at the back focal plane. 
With the time and induced spatial gating, the 
Fourier spectmm after the Kerr cell was re- 
transformed and imaged by the second lens, 
L,, to the detector plane. A single shot, 
Nh+-glass modc+lock&l laser that generates 
1054-nm, 8-ps pulses was used as the probe. 
The Kerr gate consisted of a pair of crossed 
calcite polarkrs and a CS2 cell. The Kerr cell 
was placed at the back focal plane of the 
entrance lens. The second harmonic. 527-nm 
beam was used to actuate the Kerr gate. 
Higher spatial frequency components from 
d h i v e  noise were removed at the Fourier 
plane by the induced Kerr aperture. A cooled 
charge-coupled device camera system with 
16-bit resolution was used to detect the shad- 
ow of the transmitted signal with 2.5 x 10' 
detection pixels. A Fourier spatial filtering 
technique coupled with the ultrafast time- 
gated imaging has greatly improved the dy- 

Fig. 1. Experimental arrangement of turbid 
sample cell and translucent lntralipid phantom 
droplets. The cut from the side section of the 
cell displays pictorially the droplet releasing 
inside the host medium. Abbreviations: SC, 
sample cell with inside dimensions of 50 by 50 
by 50 mm; TM, 2% dilution of a 10% stock 
lntralipid solution for the host turbid medium; 
TS, translucent phantom sample, x% diluted 
lntralipid solution in a burette. 

namic range and the signal-to-noise ratio. 
The spatial dimension of the gating laser pulse 
radial profile automatically induces a spatial 
aperture at the Kerr cell to remove the higher 
spatial frequencies effectively. 

A schematic of the sample phantom and 
host cell arrangement is shown in Fig. 1. 
Diluted Intralipid solutions (1 0-1 3) of various 
concentrations and pure water were used for 
the phantom droplets in a 2% diluted Intra- 
lipid host turbid cell. The inside dimension of 
the host cell was 50 by 50 by 50 mrn. The 
phantom droplets were generated in a 50-ml 
Kimex (Baxter Diagnostic, Edison, New Jer- 
sey) burette with a straight bore stopcock with 
a polytetrafluoroethylene plug. The subdivi- 
sion or the limit of error of this burette is 
0.1-rnl. For a 2% diluted Intralipid stock 

solution of 10% (the final solution was 0.2%), 
the measured attenuation coefficient (10) 
from the KF imaging system of this 2% diluted 
Intralipid solution is 112.6 mm. Because of the 
additional time-gating, this attenuation coef- 
ficient that was measured from the time- 
spatial-gated approach was found to be larger 
than the scattering coefficient of -113.7 mm 
obtained from both the continuous-wave Fou- 
rier (10) and the standard continuous-wave 
collimated transmission (14) approach. The 
absolute signal collected was -lo-'' of the 
input probe beam. The absorption length of 
the modeled Intralipid solution is on the order 
of 500 mm and can be neglected in our 
experimental arrangements. 

Two measured time-resolved KF mo-di- 
mensional images of water droplets in the 

Fig. 2. Early time two-dimensional shadow images of water phantom droplets in a host 50 mm thick 
of 2% diluted lntralipid stock solution. The spatial distribution of the water drop depends on the 
amount of water and the delay of release time. The dark shadow at the top middle part of the white 
laser beam circle is the end tip of the burette. (A) Delay of -2 s from release of the stopper and (B) 
delay of -10 s from release of the stopper. 

Fig. 3. Early time imag- 
es of translucent Intra- 
lipid phantom drops of 
various concentrations 
in a host 50 mm thick of 
2% diluted lntralipid 
stock solution. The im- 
ages show diluted In- 
tralipid phantom drops 
at (A) 1 %, (B) 2%, (C) 
3%, and (D) 5% con- 
centrations. 
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middle of a 50-mm-thick host cell are shown 
in Fig. 2, A and B. Because the scattering loss 
from the water droplet is less than that from 
the surrounding host, the intensity of the 
projected image of the water droplet was 
brighter than that of the host. The s h a ~ e  of - 
these water droplets depends on the amount 
of water released. The delay time between the 
stopper opening and the photographic time 
was varied from -2 to 10 s. The inhomoge- 
neity of the brighter circle in Fig. 2 that 
corresponds to the collection aperture or sig- 
nal beam diameter of -12.7 mm was ac- 
counted for by the nonuniformity of the laser 
intensitv distribution. 

To determine the contrast of the transmit- 
ted early snake light images as shown in Fig. 
3, four different phantom droplets with 1, 2, 
3, and 5% diluted Intralipid solutions were 
dropped into a 2% host medium. The project- 
ed image from the 5% Intralipid droplet 
shown in Fig. 3D is the darkest because of the 
increased scattering from the droplet, while 
the projected image from the 2% Intralipid 
droplet shown in Fig. 3B is hardly distinguish- 
able from the surrounding host with the iden- 
tical scattering property. The image obtained 
from the 1% Intralipid droplet (Fig. 3A) is 
brighter and the image from the 3% Intralipid 
droplet in Fig. 3C is darker than that from the 
2% surrounding host. A 1% concentration 
dilution difference between the phantom 
droulet and the host medium can be distin- 
guiihed visually. The changes of the shape of 
the drou can be measured. A much smaller 
concentration difference of 0.1% between the 
phantom droplets and the host medium could 
be identified with digital video signal process- 
ing (10). This work demonstrates that small 
differences in scattering properties and the 
shapes of small dimension translucent droplets 
can be spatially determined inside a large host 
turbid medium that may be useful in moving 
toward the optical mammography. A droplet 
phantom inside a scattering host without an 
artificial container boundary is an ideal object 
to simulate, for example, a tumor embedded 
in a tissue or droplets in jet exhaust. Further- 
more, the early light transillumination tech- 
nique can be adapted to determine the spatial 
distribution of the particle size and shape of 
the fuel spray in air from a jet nozzle to 
improve efficient engine design. 
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The X-ray Surface Forces Apparatus: 
Structure of a Thin Smectic Liquid 

Crystal Film Under Confinement 

Stefan H. J,. Idziak, Cyrus R. Safinya, Robert S. Hill, 
Keith E. Kraiser, Marina Ruths, Heidi E. Warriner, 

Suzi Steinberg, Keng S. Liang, Jacob N. lsraelachvili 
An x-ray surface forces apparatus for simultaneously measuring forces and structures of 
confined complex fluids under static and flow conditions is described. This apparatus, 
combined with an intense synchrotron x-ray source, allows investigation of molecular 
orientations within a thin liquid crystal film confined between two shearing mica surfaces 
3900 angstroms apart. The layer-forming smectic liquid crystal 8CB (4-cyano-4'-octylbi- 
phenyl) adopted a series of distinct planar layer orientations, including the bulk flow- 
forbidden b orientation. 

Confinement of complex fluids between 
two surfaces or in narrow pores is known to 
strongly alter the collective structure of the 
trapped molecules in molecular aggregates 
such as polymers, vesicles, biomembranes, 
or colloidal particles suspended in the liquid 
(1 -6). Molecular dynamics simulations (7) 
indicate that increasing confinement mav u 

change the density and positional order, in 
addition to the molecular orientational or- 
der of molecules and aggregates, especially 
as the decreasing gap size approaches an 
inherent length scale, such as the diameter 
of suspended colloidal particles or the radius 
of gyration of dissolved polymer coils, or 
ultimately, the diameter of the trapped 
solvent molecules themselves. 

Structural rearrangements within com- 
plex fluid systems may also be induced by 
flow (8-1 3), but such flow-induced effects 
do not reauire confinement and occur 
throughout 'the bulk fluid, for example, 
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when bulk nematic (1 0) or smectic (1 1) 
liquid crystals are sheared (Fig. 1). Another 
important difference between confinement- 
induced and flow-induced effects is that the 
former produce equilibrium whereas the 
latter produce nonequilibrium structures. 

The effects of confinement on molecular 
conformations and transport, as well as the 
phase behavior of liquids in small pores 

Planar Perpendicular 

Fig. 1. (A) Definitions of the real space layer 
orientations during flow, following the notation 
of Miecowicz (23): (a) The layer normal n is 
along the z direction; (b) the layer normal is 
along the velocity v direction; (c) the layer 
normal is along the velocity gradient (Vv) di- 
rection. In orientations a and c, the velocity is in 
the plane of the layers. (B) Planar and perpen- 
dicular (homeotropic) orientations for the liquid 
crystal molecules at the solid interface. 
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