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Abstract

Carbon quantum dots hold great
promise in the fields of agriculture
and environmental engineering. In
this project, they are used as
biomarkers to determine how plants
can communicate with each other
via mycorrhizal connections (MC).
One of the preliminary steps of this
process is creating a detection
protocol for the presence of carbon
quantum dots (CQD) in plant
material. We tested two separate
dissolution protocols of plant ash to
determine which gave the best UV-
Vis spectrophotometry results. We
discovered a clearer peak of CQD
with HCI dissolution when compared
to SDS dissolution. Given these
results, we are proceeding forward
with the HCI dissolution method.

Introduction

Mycorrhizal connections (MC) are
symbiotic relationships between the
roots of a plant and mycorrhizal fungi’.
These MC are capable of exchanging
nutrients, chemical compounds, and
communication signals’. The latter is

especially important as it allows plant
members to "speak” with each other,
helping them find necessary nutrients
or activate defensive measures?.

Figure 1: Growth with MC (left), growth without MC
(right)3

Carbon quantum dots (CQD) are
nanoscale particles with sizes below
10 nm. This size makes them ideal for
use as biomarkers in plant root
systems, which often have nanoscale
channels for nutrients to pass
through*. These CQDs fluoresce in a
very narrow range, meaning they can
be detected by spectrophotometry.
This detection methodology could
show how plants use MC to
communicate with each other. This
knowledge holds great promise for
agriculture and environmental
conservation.

Methodology

Since UV-Vis is such a powerful tool for CQD
detection, our aim was to devise a method of
conducting UV-Vis on plant material. Two
possible methods were chosen, henceforth
referred to as Scheme 1 (S1) and Scheme 2
(S2). Each method uses a different
dissolution method to suspend the plant
particles. The initial processing steps are as
follows:

Step 1:

Plant material is cut from Chlorophytum
comosum, weighed, and dried for 72 hours

Figure 2: Plant sample post-drying

Step 2:

Plants are ashed in a furnace for 40 minutes
at 1000° C.

Step 3:

S1 and S2 are used to dissolve the ash into
solution for UV-Vis spectrophotometry. Both
require the grinding of ash into powder and
the addition of CQD solution as needed. S1
has the addition of 5 mL of 20% HCL, while
S2 has the addition of 5 mL of 1% SDS. Both
solutions are filtered, heated, and stirred.
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Figure 3: Scheme 1 (HCL)
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Figure 4: Scheme 2 (SDS)
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Results

4 samples were created for UV-Vis
spectrophotometry. Sample 1 consisted
of HCL/CQD/plant material. Sample 2
consisted HCL/plant material. Sample 3
consisted of SDS/CQD/plant material.
Sample 4 consisted of SDS/plant
material. The results can be seen below.
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Figure 5: Sample 1 and 2 overlaid; blue with CQD, red
without CQD

Figure 6: Sample 3 and 4 overlaid; blue with CQD, red
without CQD

Within Fig. 5, a slight peak can be
observed at around 270-300 nm in the
HCL group. This peak cannot be seen in
the SDS graphs of Fig. 6. This peak
matches up with known UV-Vis spectra
of CQD samples®. The SDS peak does
not show similar peaks, indicating this
method is not ideal for CQD detection
within the realms of this experiment.

CONCLUSION

This methodology study indicates that
the HCL UV-Vis solution is a more
suitable method for determining the
spectra of ashed plant samples. The
absence of a respective peak in the SDS
sample indicates the CQD are not clearly
being detected by spectrophotometry.
This may be due to significant clumping
of the particles, which were then filtered
out. As such, the HCL method will be
used for future detection protocols.
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