
Supplementary Figure 1. A schematic diagram of the ultrahigh resolution optical coherence
microscopy (UHR-OCM) system with an inverted setup.

1



Supplementary Figure 2. Illumination direction influences the shape of the droplet captured in
OCM images.
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Supplementary Figure 3. Director alignment in drying drops of Sunset Yellow. A drying drop of SSY
on a glass slide initially with 15 % concentration by weight forms a ring of nematic phase near the contact
line with director alignment tangential to the contact line. In the top row, the drop is illuminated with
polarized light from a halogen bulb light source and a light filter designed to filter out light with wavelengths
greater than 500 nm. Linear dichroism of the nematic phase causes greater absorption of polarized light with
orientation indicated by the double black arrows. In (a), the top and bottom regions of the drop indicated
by the dashed red arrows are darker than the sides, and in (b), the left and right sides of the drop indicated
by dashed red arrows are darker than the top and bottom due to alignment of the nematic director. Crossed
polarizers (c) and bright field (d) show similar features to those in the main text (Fig. 1). The columnar
and crystalline phases have not yet formed near the drop edges in these images.
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Supplementary Figure 4. Optical and polarized optical microscopy images of SSY drops in the
columnar phase. Slowly dried drops of SSY on a glass slide show coarsening of the columnar phase as
the concentration increases. The top row shows a time series of bright field images and the bottom row
shows the corresponding crossed polarized images. Drops were observed once every 1.5 hours. (a) The first
observation of the columnar phase was made after ∼ 19.5 hours of drying in the humidity chamber. (b) The
subsequent observation at ∼ 21 hours showed a texture similar to main text Fig. 4, but unlike the main
text figure, the texture emerges after the columnar phase is present and not at the nematic-columnar phase
boundary. (c) In the last observation at ∼ 22.5 hours, crystal phase chunks begin to emerge.
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Supplementary Figure 5. Optical microscopy images of SSY drops dried at different rates. Fully
dried drops of SSY on a coverslip show a morphology dependence on the drying rate of these LCLC drops.
The top row shows entire drops each of which had an initial concentration of 15 wt./wt. %. The bottom row
are higher magnification images of the central region of the corresponding droplet above. (a) The droplet
dried under ambient conditions in approximately two minutes, as in the main text, clearly shows the frozen
in place flow pattern. (b) The droplet dried in approximately two hours using a thin walled enclosure shows
significant coarsening of domains in the central part of the deposit. (c) At the slowest drying times, over 24
hours, regions of uniform alignment about 100 µm in size are visible. Some of these regions appear to split
into thread like domains that may be remnants of domains formed in the columnar phase. Since the sealed
drop had much more time in the nematic and columnar phases before it completely dried out, it formed a
deposit of more uniform height; hence the lack of the coffee-ring-like deposit pattern.
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Supplementary Figure 6. Optical and scanning electron microscopy of dried SSY drops. Fully dried
drops of SSY on a coverslip show a dependence of the dried deposit on initial percent concentration of SSY
by weight. Dried deposits are imaged by (a) bright-field microscopy and (b) scanning electron microscopy.
Viscosity at higher initial concentrations lessens the influence of coffee ring flows to the point the drop
deposit becomes nearly uniform.
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Supplementary Figure 7. Sunset Yellow contact angles on slides and coverslips. Measurements of
the contact angles of SSY ∼2 µl droplets with varying initial concentrations and on surfaces with varying
hydrophobicity. (a,b) Slide glass tends to be more hydrophilic and thus have lower contact angles than (c,d)
cover slip surfaces.

Supplementary Figure 8. Measurements of the surface tension increase of SSY solutions by the pendent drop
method. The surface tension increases with increasing SSY concentration. Inset left and right are example
images of drops of pure water and 20% by weight respectively. Red lines around the drops are found by the
pendent drop software [1].
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Supplementary Figure 9. Phase transitions in SSY near equilibrium. Appearance of SSY at room
temperature with a concentration gradient. The SSY concentration increases from left to right. (a) No
polarizers, (b) crossed polarizers with one polarizer parallel to the rubbing direction, (c) crossed polarizers
with each polarizer at an angle of 45◦ to the rubbing direction. In all three images, the SSY in the left
portion of the cell is in the isotropic phase, the middle portion is in the nematic phase, and the right portion
is in the columnar phase.
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Supplementary Figure 10. Columnar-Nematic phase border near equilibrium. The transition be-
tween the columnar (left) and nematic (right) phases at room temperature using crossed polarizers and a
concentration gradient (higher SSY concentration to the left).
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Supplementary Note 1

Optical coherence tomography (OCT) [2–5]is an imaging modality based on low-coherence inter-
ferometry. OCT detects back-scattered light within a sample from depths of up to 1-2 millimeters
below the sample surface. The reconstructed image has micron-scale resolution in both axial and
transverse dimensions. OCT is widely used in biomedical research and in clinical studies, especially
in the fields of ophthalmology [6–12] and cardiology [13–17]. Besides biomedical fields [18–20], OCT
has been applied in characterization of polymer materials [21, 22] and in studies of art conservation
[23–25].

Optical coherence microscopy (OCM) is a high-resolution version of optical coherence tomogra-
phy [26]. In OCM, a broadband light source, e.g. a supercontinuum laser, is utilized to provide an
axial resolution as high as 1 − 2 µm in the sample, and a high numerical aperture (NA) objective
is equipped in the sample arm to provide high transverse resolution for imaging. OCM is often
employed to observe cellular structure and subcellular features in biomedical samples [27–29]. In
our study, OCM is well-suited for droplet imaging because it provides rapid depth-resolved cross-
sectional images of the drying drop. Moreover, the high-resolution in both axial and transverse
dimensions enables movement tracking of particles at the same scale, i.e. 1 − 2 µm, within the
droplet. Previous studies have demonstrated the ability of OCT (OCM) to track particle motion
within evaporating drops [30–32].

Supplementary Figure 1 shows a schematic diagram of a custom ultra-high resolution optical
coherence microscopy system (UHR-OCM) [27]. A supercontinuum laser (SC-400-4, Fianium Ltd.)
is employed to provide a broadband light with a central wavelength of 800 nm and a spectral range
of ∼ 220 nm, yielding an axial resolution of ∼ 1.5 µm in the tissue. Incident light is split 50:50 at the
coupler and transmitted to the reference arm and the sample arm separately. A 2D galvanometer
(GVS002, Thorlabs) performs transverse scanning of the droplet. A 10x objective is used to image
the droplet, yielding a transverse resolution of ∼ 3.5 µm. A grating spectrometer with an f-theta
lens and a 2048-pixel line scan camera (e2V) is configured to detect back-scattered interferograms
at a speed of 20,000 axial scans/s. The sensitivity of this system was measured to be 95dB.

The sample arm of the UHR-OCM system was configured as an inverted microscope, where the
illumination beam was shone on the droplet from below (see Supplementary Figure 1). As illus-
trated in Supplementary Figure 2, with a standard upright illumination configuration, the bottom
surface of the droplet (i.e. flat cover glass) will be optically distorted, due to a combination of
light refraction and increased optical path length within the droplet. With an inverted illumination
configuration, OCM imaging beam was shone on the droplet through a flat cover glass, minimizing
distortion from light refraction. The acquired OCM images were further scaled in the axial dimen-
sion by the index of refraction of the SSY solution, approximated as water (n = 1.33), in order to
characterize the physical dimension (i.e. height) of the droplet.

We probed the earliest stages of the evaporation process with UHR-OCM by initiating image
acquisition prior to a LCLC drop being pipetted into a coverslip and PDMS chamber. The pipette
tip was positioned directly above the center of the scanning beam, in order to obtain cross-sectional
OCM images from the drop center. A coverslip was placed on top of the PDMS chamber immedi-
ately after pipetting. 2D scans were performed repeatedly at the same position, with each 2D scan
consisting of 600 axial scans. A total of 800 2D scans were obtained, yielding a 24-second imaging
time (∼ 33 frames per second). This integration time was sufficient for drop pipetting and observa-
tion of initial behavior of the LCLC drop. For visualization, ten consecutive frames were averaged
to suppress the speckle noise and improve OCT image quality. From Supplementary Movie 2, we
can clearly see that the convective flows are initialized within the LCLC drop immediately after
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the drop is pipetted into the chamber. Since the frames are acquired every 0.3 s (0.03 s without
averaging), we have shown that the convective flows begin at the earliest stage (or at least a very
early stage) of the evaporation process.

A SSY solution drop with 0.2 µl volume was pipetted onto a cover glass (Fisher, 12-548-5E). A
humidty chamber enclosure was optionally used to slow down the drying rate. Time-lapse OCM
imaging was initiated within ∼30 s after pipetting. 2D cross-sectional scanning at the drop center
was performed and each 2D scan consisted of 400 axial scans. Transverse image range was adjusted
accordingly to cover the whole drop. 2D scans were repeated 30 times at the same cross-section
(∼ 0.6 s) and averaged to reduce the speckle noise and improve OCM image quality. Time-lapse
OCM data were acquired every 3-4 s, depending on the evaporation rate and the configuration of
computer system. Under the typical humidity-controlled condition, the drop dried in approximately
15 minutes. Over 300 OCM slices were obtained to make the time-lapse video of the drop drying
progression.

Supplementary Note 2

A concentration gradient of SSY was created in a 20 µm thick cell at room temperature by
filling the cell with an SSY solution in the isotropic phase and allowing evaporation of the water to
occur very slowly from one side of the sample. The glass surfaces of the cell had been rubbed with
a fine abrasive foam to produce alignment of the direction in the nematic phase (see Supplementary
Figure 9). Using the SSY equilibrium phase diagram [33], the SSY concentration at the nematic-
isotropic transition is 27.8 wt%, and the SSY concentration at the columnar-nematic transition is
35.9 wt%. The appearance of the three phases in this “equilibrium” experiment is similar to the
appearance of the three phases in the drying droplet (main text Fig. 1).

An image of the columnar-nematic transition region at higher magnification (see Supplementary
Figure 10) reveals that the appearance of the columnar phase in this “equilibrium” experiment is
similar to its appearance in the drying droplet (main text Fig. 4 and Supplementary Figure 4).
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