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Optical Second-harmonic Observation of Stimulated Sacran Aggregates
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Second-order nonlinear optical images of aggregates of the ampholytic megamolecular polysaccharide sacran under
various stimuli were observed by optical second-harmonic generation (SHG) microscopy. SHG intensity microspots of
several tens of micrometers in size are seen for sacran cotton-like lumps and fibers and they have very clear incident
polarization dependence. In these microspots, the sacran molecules are oriented in concentric multilayers. We also ob-
served SHG images of sacran prepared in a needle-ring electrode with applied voltage, where SHG was enhanced near
the negatively biased needle electrode. We also observed SHG signals near the cast film edges of sacran. The appearance
of the SHG image suggested a phase-separation structure in sacran aggregates. These results show that sacran molecules

aggregate in several different ways.
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Fig. 1. Part of a Typical Structure of a Sacran Molecule!?
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Fig. 2. (a) Schematic Representation of Aggregated Mole-
cules, and (b) Schematic SHG Image of the Molecular Ag-
gregate Depicted in (a)

(a) Each playing-card symbol represents a molecule. Hearts represent
noncentrosymmetric molecules, and diamonds represent centrosymmetric
molecules. (b) Only the asymmetric molecules represented by hearts are
emitting SHG light. (Color figure can be accessed in the online version.)
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(Color figure can be accessed in the online version.)
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Fig. 5. (a) Linear and (b) SHG Images of a Sacran Fiber Re-
moved Gently from Cotton Ball-like Pure Sacran Aggregates
(Color figure can be accessed in the online version.)
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Fig. 6. Incident Polarization Dependence of the SHG Intensity and the 2PEF Images of Pure Sacran at One SHG Spot

(a) The left panel is a linear microscopic image. The upper right and lower right images are SHG and 2PEF microscopic images, respectively. (b) Inten-
sity profiles in the strongest SHG spot for the 30° and 120° input polarization angles. (c) SHG intensity variations as a function of the incident polarization in
areas 1, 2, and 3.9 Reprinted with permission from Ref. 6), The Optical Society of America. (Color figure can be accessed in the online version.)
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Fig. 7. Current Volume Change over Time through Sacran
Aqueous Solution When the Applied Voltage Was — 6V
At time zero, the voltage was switched on, and at time 7000 s the sample
was dry. The inset shows the chart with the time scale expanded.”
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Fig. 8. SHG Images of Sacran Film after Drying Aqueous Solution
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The nine images on the left show the sacran film near the inner edge of the steel ring electrode. The nine images on the right show the area near the central steel
needle electrode. For (a)—(f) and (g)—(1), the needle electrode was negatively and positively biased, respectively, and for (m)—-(r) the voltage was not applied dur-
ing film formation. Microscopic images using white light illumination are shown in (a), (g), (m), (d), (j), and (p). SHG and 2PEF images are shown in (b), (h),
(n), (e), (k),and (q) and (¢c), (i), (o), (f), (), and (r), respectively. The excitation power was 20.1 mW, and the irradiated area was 6 mm?. The integration time
was 60 s. The diameter of the tip of the needle was about 50 um, and its position is indicated by white arrows in (d), (j), and (p). The thick arrow indicates the in-
tense SHG near the negatively biased needle electrode.” (Color figure can be accessed in the online version.)
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Table 1. XPS Response of the Sacran Film under Electric
Field
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Fig. 9. Linear and Nonlinear Images of a Cast Film Made
from Sacran Aqueous Solution Dropped onto a Silicon Sub-
strate after Passing through a Membrane Filter of 0.45-um
Pore Size

(a) Photographic image, (b) microscopic image using a CMOS camera,

(c) SHG image, and (d) 2PEF image. The small square frame in (a) is the

observed area of the microscopic images in (b).® (Color figure can be ac-

cessed in the online version.)
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Fig. 10. Three Samples of Sacran Found to Emit SHG Light under Different Conditions in This Study

(Color figure can be accessed in the online version.)
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