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● Samples were illuminated with a 405 nm
UV LED (ThorLabs M405L2-C2).
Fluorescence intensity specta were
recorded before and after processing
with an Ocean Optics spectrometer
USB4000 (optical resolution- 1.5-2.3 nm
FWHM and wavelength range 350-1000
nm). A change in the fluorescence
spectrum indicates damage to the
chlorophyll molecule during processing.
An image of this setup is shown in Fig. 3.

Figure 3: Spectrometer set-up:
(1) ThorLab 405 nm UV LED, (2)
LED driver, (3) Ocean Optics
USB4000.

Future Work
● Polarized Light Microscopy to determine whether or not there is crystallization in

an amorphous solid.
● Raman Spectroscopy to determine how the sugar content is distributed across

a sample.
● White Light Interferometry to determine the topography of a sample.
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Introduction
The overall goal of this project is to find an effective way to preserve drugs
and vaccines without refrigeration. This purpose of this study was to
determine if a novel biopreservation technique, Light-Assisted Drying (LAD),
degraded an embedded molecule, chlorophyll.

● Drops were processed with LAD for
60 minutes with a continuous wave
Nd:YAG laser source at 1064 nm
(IPG Photonics YLR-5-1064). The
maximum power output of the laser
was 5 W and the laser spot size was
4.5 mm. A schematic of the
experimental setup is shown in Fig.
4.

● A FLIR SC655 mid-IR camera was
used to record the temperature of
samples in all drying experiments.
The camera has an array of 640 x
480 pixels and a maximum frame
rate of 200 fps.

Figure 4: Light assisted drying set-up:
(1) Thermal camera, (2) Fiber laser, (3)
Sample location, (4) Relative humidity
meter.

Methods Results

● Fluorescence intensity of a sample
of chlorophyll in solution was
analyzed before processing and
again after it was processed and
rehydrated.

● Fluorescence of chlorophyll
decreased by about 37%. (See Fig.
6) This may indicate that LAD
processing degrades the sample,
possibly due to temperature.
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● Table 1 shows that LAD leads to lower EMC than air drying alone after 60
minutes of processing and that processing at higher temperatures gives the
lowest EMC. The air drying samples show that an increase in RH of the
processing environment yields higher EMC.

● According to the World Energy Outlook, in 2016 an estimated 1.2 billion
people (approximately 16% of the world’s population) are without electricity.1 A
lack of reliable electricity can have a significant negative impact on healthcare.
Many medications and vaccines require refrigeration to maintain potency.2
Freeze-drying is the gold standard for processing these items. Unfortunately
freeze-drying is expensive and not effective for all drugs and vaccines.3

● Anhydrous, or dry state, preservation
in a trehalose matrix may be an
alternative to freeze drying for the
preservation of biological samples.5
Disaccharide trehalose can form an
amorphous solid (see Fig. 1) at room
temperature and can also act as a
bioprotectant, making trehalose an
attractive option as a preservation
matrix for embedded biologics.7
Removing water from a trehalose
solution forms an amorphous solid
preservation matrix. This can then be
stored at or below the associated
glass transition temperature (Tg) (see
Fig. 2). Samples must be dehydrated
to low water contents for storage at
room temperatures without
degradation.8

● LAD is a processing method to
create an amorphous trehalose solid
for the stabilization of drugs and
vaccines.9 The drug or vaccine is
suspended in a trehalose (sugar)
solution and then the sample is
dehydrated using near-infrared laser
light. The laser radiation speeds
drying and as water is removed the
sugar forms a protective matrix.

● Chlorophyll normally fluorescence under UV light. However, if LAD processing
damages the chlorophyll, the molecule will no longer fluorescence. In this
study, samples containing chlorophyll were processed using LAD and the
degradation of the chlorophyll fluorescence was evaluated.

Figure 1: An amorphous solid is a non-
crystalline solid in which the atoms and
molecules are organized such that there
is no long-range order.6 The regular
lattice of a crystalline solid can damage
embedded biologics, limiting the
usefulness of these solids as
preservation matrices.

Figure 2: Glass transition temperature
(Tg) of binary trehalose/ water solution as
a function of moisture content. Tg is the
storage temperature of the sample.

● Sample solution consisted of water soluble chlorophyll (MP Biomedical, LLC)
dissolved in a 0.2M disaccharide trehalose in 0.33 x phosphate buffer solution
(PBS) at a concentration of 0.55mg/ml. Chlorophyll was used as a test
molecule in these studies. The molecule fluoresces at 635 nm when
illuminated with UV light.

● All samples consisted of a 40 µL droplet of the chlorophyll solution deposited
onto a glass substrate. All masses were recorded using 0.01 mg readability
balance (RADWAG AS 82/220.R2), to calculate end moisture content (EMC).

● Chlorophyll samples lead to lower
EMCs than lysozyme samples
even when lysozyme was
processed at higher Tm (Table 2).
Potentially because the 1064 nm
laser couples strongly into
chlorophyll and maintains a higher
temperature for a longer
processing time than lysozyme at
other processing parameters (see
Fig. 5).

● All studies were performed in a humidity-controlled environment that was kept
at approximately 22% relative humidity (RH). This was achieved by pumping
dried air into a chamber containing the experimental setup and monitoring the
RH with a temperature and RH logger (ONSET UX100-011). Maintaining a low
relative humidity expedited the drying process.

● In addition, identical samples were allowed to air dry in the relative humidity
chamber as a control.

● EMC is a measure of how wet a sample is.Mdf+cs is the mass of the final
droplet and the mass of the coverslip. Mcs is the mass of the cover slip. Mdo is
the initial mass of the droplet

● Minor variations in EMC lead to
large variations in Tg. LAD samples
have a wide range of storage
temperatures but most are above
freezing compared to air drying
alone which is consistently sub
zero Tg

Table 1: EMC and Tg of chlorophyll samples.

Table 2: EMC of chlorophyll and lysozyme.

Figure 5: Thermal histories of samples 
from Table 2.

Figure 6: Fluorescence spectra of chlorophyll 
sample.
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