In Situ Fluorescence Spectroscopy for In-
Line Distillation Process Monitoring

Currently, cannabis distillation requires specialized personnel, which raises costs and lowers yields.
Furthermore, process monitoring is dependent on indirect controls, such as temperature, flow, and color.
Here, fluorescence spectroscopy was investigated as an in-line process monitoring tool for cannabis
distillation to alleviate these challenges. First, excitation emission matrix spectroscopy (EEMS) was utilized
to determine optimal excitation wavelengths for various stages of fractional distillation. Based on these
results, a benchtop fluorometer that could use various excitation wavelengths was developed. Samples
of extract, distillate, and pure laboratory grade cannabidiol (CBD), cannabidiolic acid (CBDA), delta-8
tetrahydrocannabinol (A8-THC), and delta-9-tetrahydrocannabinol (A’-THC) standards were measured
with the benchtop system. The measurements from the extract and distillate samples exhibited several
fluorescence peaks. These measurements depended on the processing conditions and product quality of
the tested samples. Measurements of the chemical standards exhibited similar fluorescence to the extract
and distillate samples. Finally, an in-line sensor was developed and installed on a short path distillation
system (SPD). Measurement from the in-line sensor showed distinct differences between distillation
fractions validating its capability as a cannabis distillation process monitoring tool.
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he rising commercial interest in cannabis extract and dis-

tillate is increasing the need for more rapid and precise

extraction and distillation methods. This need is espe-
cially critical for more precise dosing of compounds derived
from cannabis for medical applications. While many common
distillation methods exist (short path distillation, wiped film
distillation, column separation, and so on) the techniques are
highly technical and often can only be carried out by special-
ized personnel. This leads to lower production volumes and
higher costs. To help reduce costs and increase purity of can-
nabis distillation, more precise and intuitive process control
tools are needed.

Historically, fluorescence spectroscopy has been used for
inline process control and quality control in several industries,
including pharmaceuticals and food safety (1-8). Further-
more, studies on cannabinoids and their metabolites indicate
that many of the compounds derived from cannabis will have
unique spectroscopic properties, including fluorescing under
ultraviolet (UV) light and Raman signal (9-15). While some lit-
erature exists, very little work has been published on using
these unique optical properties to provide a process control
system that can help improve product safety and purity.

Distillations of cannabis extract are carried out at tempera-
tures reaching over 165 °C and under vacuum pressure. Vacu-
um distillation is utilized because desired cannabinoids chem-
ically degrade into undesired compounds at temperatures
below their boiling point under atmospheric pressure. This
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degradation is either decelerated greatly or completely halt-
ed under vacuum pressure.

The required vacuum pressure and temperature make the
process of selecting and adding an in-line sensor challenging.
The sensor must be robust enough to function under harsh
conditions without creating undue risk of vacuum leaks dur-
ing operation. This challenge is only exacerbated when con-
sidering a sensor that can be retrofitted onto existing distil-
lation systems. Optical metrology methods are a promising
approach for process control because they can probe pro-
cessed material through a sight-glass or glass tube posi-
tioned away from the heat source. Specifically, fluorescence
spectroscopy is a promising method to investigate the pres-
ence or absence of auto-fluorescing compounds within the
distillate throughout the process.

In this work, fluorescence spectroscopy is investigated as a
process monitoring technique for short path distillation (SPD).

Experimental
Excitation Emission Matrix Spectroscopy
A portable benchtop excitation emission matrix spectrome-
ter (EEMS) was developed to determine the optimal excita-
tion wavelength that could be used for monitoring fluores-
cence during the distillation of cannabinoids. Figure 1 shows
the EEMS system used to investigate the approach.

For the excitation components of the instrument, the EEMS
system used a Lambda LS Xenon Arc Lamp (Sutter Instrument)
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Figure 1: (a) Image of the EEMS system that was used to detect auto-fluorescing species
from cannabis extracts and distillates, with each major component labeled. (b) An image
of EEMS when auto-fluorescing liquid sample was being monitored. (c) An image of a
sample that was auto-fluorescing at a dissimilar wavelength of light from the sample in (b).
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Figure 2: Pictograph showing a simplified SPD system with a simplified version of the
in-line fluorescence sensor that was used. The inset to the right shows the cross-section
of the sensor geometry as it was installed during this work.

with a SPG-120-REV monochromator
(Shimadzu). The sample holder was de-
signed fora 1 cm x 1 cm quartz optical
vial and was printed with a 3D printer
(Zortrex M200). A USB 2000+ ultravio-
let-visible (UV-vis) spectrometer (Ocean
Optics) was set at a 90° angle with re-
spect to the monochromated light
source to collect fluorescence emission
from the sample, and a STS-UV spec-
trometer (Ocean Optics) was placed di-
rectly across from the monochromat-
ed light source to measure the optical

CANNABIS SCIENCE AND TECHNOLOGY |

absorption of the sample.

For the measurements, 1 mL samples
were collected from SPD of cannabi-
noids at three processing stages, col-
loquially referred to as heads, bodies,
and tails. EEMS measurements were
taken by first setting the monochroma-
tor to a specific wavelength. The result-
ing spectrum was then measured for
both the fluorescence and absorption
geometries. Next, the excitation wave-
length was incrementally increased by
10 nm, and the process was repeated
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for excitation wavelengths from 300 nm
to 800 nm.

Benchtop

Fluorescence Spectrometer

After the EEMS system was used to
determine the best wavelength for
excitation, a benchtop fluorometer
system (Arometrix) was used to meas-
ure fluorescence at a single excitation
wavelength. Several configurations
of the benchtop system were used
to test the fluorescence response.
Light sources at 340 nm, 365 nm, and
405 nm were used for the excitation
wavelength and a spectrometer with
a range from 340 nm to 780 nm was
used as the detector. The device was
enclosed in a housing that was dyed
black to reduce any background fluo-
rescence or reflections from the pol-
ymer housing of the sensor. Further-
more, the enclosure was designed
to ensure that stray light from exter-
nal sources did not enter the detec-
tor. Various optical edge filters were
used in front of the detector to re-
duce the total excitation light inten-
sity from reaching the detector and
maximize the measured signal from
the fluorescence.

The benchtop system was used
to measure the fluorescence re-
sponse of cannabis extract (Nor-
Cal Labs), distillate  (NorCal
Labs), and pure cannabinoids: AS-
tetrahydrocannabinol (A8-THC), A%-
tetrahydrocannabinol (A°-THC), and
cannabidiol (CBD) (Cayman Chem-
ical) as well as cannabidiolic acid
(CBDA) (Sigma-Aldrich). The extract
samples were synthesized from ei-
ther hydrocarbon or ethanol extrac-
tion, and distillate samples were all
synthesized via short path distilla-
tion. The extract and distillate sam-
ples that were tested in this work
were not characterized with high
performance
phy (HPLC), but the exact composi-
tion of these samples is not needed

liquid chromatogra-
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for the measurements performed in
this study. These samples were test-
ed to broadly investigate the diver-
sity of the fluorescence response
from different quality extract and
distillate samples and to investi-
gate any overall trends in these
responses with respect to
ple type. More rigorous studies on

sam-

composition and fluorescence will
be the focus of future work. Stand-
ard samples were 1 mg/mL solution
of A8THC in methanol, 1 mg/mL so-
lution of A’ THC in methanol, 1 mg/
mL solution CBDA in acetonitrile,
and a 10 mg/mL solution of CBD in
methanol.

For the extract and distillate, only
the 365 nm excitation wavelength
with no filter was investigated. The
samples were diluted in ethanol
at approximately 10:1 ratio of eth-
anol to product. The sample was
then placed ina 1 cm x 1 cm poly-
styrene cuvette and the fluorescence
measured.

For the HPLC standards, 2 mL A8-
THC solution, 2 mL A?-THC solution,
1 mL CBDA solution, and 0.5 mL CBD
solution were measured with the
benchtop system. Three excitation
wavelengths (340 nm, 365 nm, and
405 nm) were studied with 370 nm,
380 nm, 390 nm, and 420 nm edge
filters (Edmond Scientific) as well as
polycarbonate edge filters at thick-
ness of 1/16-in., 3/32-in., and 5/64-in.
(McMaster-Carr).

In-Line Fluorescence Spectrometer
An in-line configuration of the bench-
top fluorometer was fabricated uti-
lizing the same components from
the original system but with a new
form factor. Figure 2 shows a sim-
plified schematic of an SPD system
along the location of the fluorome-
ter. During the distillation, approxi-
mately 3 L of hydrocarbon-extracted
crude was distilled. The crude materi-
al was winterized and decarboxylated
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prior to the distillation. The device
was placed on the tube directly after
the condenser and immediately prior
to the collection flask. The spectrom-
eter detector was placed directly at
the bottom of the tube and the light
source was placed at a 90° angle from
the spectrometer and aligned to the
bottom of the tube. The alignment
and relative placement of the light
source to the spectrometer was de-
signed such that the sensor was able
to detect fluorescence at very low fill
levels, which is a common case dur-
ing SPD.

For acquisition,
were taken every 0.5 s. During each
measurement two separate spec-

measurements

tra were measured. The first spec-
trum was taken with no excitation
light. The second spectrum was tak-
en with excitation light. The spec-
trum taken without excitation light
was used as a background to ac-
count for the signal from external
light sources lighting,
stray light, and so forth). The pro-
cess was monitored during a com-
plete SPD process.

(overhead

Results and Discussion

Excitation Emission

Matrix Spectroscopy

Figure 3 shows EEMS results from dif-
ferent fractions of an SPD process for
the separation of A’THC. The y-axis is
the excitation wavelength used to in-
duce fluorescence in the sample. The
x-axis is the resulting emission spectra.
Figures 3a and 3b show an EEMS spec-
tra of a sample that was collected dur-

ing the separation of high vapor pres-
sure compounds, colloquially referred
to as "heads.” The heads typically com-
prise latent solvents and a mixture of
terpenes and degraded terpenes. Fig-
ure 3c shows an EEMS spectra of a sam-
ple that was collected from the sep-
aration of moderate vapor pressure
compounds. This sample was taken
under conditions that are ideal for the

www.CannabisScienceTech.com

Peer-Reviewed Article 41

CannStandards"‘%

ANALYTICAL
STANDARDS FOR
HEMP AND CANNABIS
TESTING

SPEX CertiPrep offers Certified
Reference Materials (CRMs) for
all of the common contaminants
found in hemp and cannabis,
including pesticide residues,
residual solvents, heavy metals,
terpenes, pyrethroids, chlorinated
hydrocarbons, carbamates,
organophosphates, and DEA
controlled substances.

All of our CRMs come backed with
our ISO 17034, ISO/IEC 17025
and I1SO 9001 certifications and
accreditations, guaranteeing the
product you purchase is measured
to the highest industry standards
available. We continually update
our product offering to meet the
changing testing regulations.

For more information, please
contact us.

Phone: 732.549.7144 x. 444
Email: CRMSales@spex.com
Web: cannstandards.com

SPEX CertiPrepr

203 Norcross Avenue « Metuchen, NJ 08840
Tel: 1.800.LAB.SPEX « +1.732.549.7144
CRMSales@spex.com « www.spexcertiprep.com

CANNABIS SCIENCE AND TECHNOLOGY



12000

10000

8000

6000

Intensity

4000

Excitation Wavelengths (nm)

2000

300 400 500 600 700 800
Emission Wavelengths (nm)

Main Body and Tails

Excitation Wavelengths (nm)
Intensity
Excitation Wavelengths (nm)

400 500 600 700 800
Emission Wavelengths (nm)

Heads

600 (b)

550

12000

10000

F2

8000
500

6000

Intensity

450 F1

4000

Excitation Wavelengths (nm)

2000

200 300 400 500 600 700 800
Emission Wavelengths (nm)

Tails

25000

(d)

20000

15000

Intensity

10000

5000

400 500 600 700 800
Emission Wavelengths (nm)

200 300

Figure 3: Heat maps of the EEMS spectra from samples taken from short path distil-
lation of cannabis. An EEMS spectra was taken from a sample of “heads,” “main body,”
and “tails” as shown in (a), (c), and (d), respectively. The two areas circled in red, labeled
with R1 and R2, highlight two separate regimes of fluorescence that were observed in
each of the samples. (b) Highlights two separate fluorescence responses observed in R2

of the heads sample, as denoted by F1 and

F2.
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Figure 4: Initial measurements on several extraction and distillation products provided
from several different sources, processing methods, and starting materials.

separation of cannabinoids, such as A’-
THC or CBD, and is colloquially referred
to as the “main body” or the "bodies”
of the distillation. Figure 3d shows an
EEMS spectra of a sample that was col-
lected from the lowest vapor pressure
compounds. This fraction, which gen-
erally consists of heavy waxes, paraffins,
and colorants, is colloquially referred to
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as the "tails.” For the sake of clarity and
brevity the samples from these meas-
urements will be referred to as the cor-
responding distillation fraction, that is,
"heads”, "bodies”, and "tails,” that the
sample was collected from.

The heads EEMS spectra in Figure 3a
shows two general regimes with fluo-
rescent response, denoted as R1 and R2
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in Figure 3. R1 appears between 350-
450 nm with an excitation wavelength
between 340 nm and 390 nm. R2 oc-
curs between 450-540 nm with an ex-
citation wavelength between 330 nm
and 480 nm. A closer inspection of R2
shows that the region is made up of at
least two separate fluorescent respons-
es, as indicated by the multiple local
maxima intensity value located in this
region. These fluorescence respons-
es are indicated with F1 and F2 in Fig-
ure 3b, with F1 centered at an excitation
wavelength of 360-370 nm and a fluo-
rescence wavelength of 470-490 nm
and F2 centered at excitation source of
420-430 nm with a response at 500 nm.
The fluorescence response in this sam-
ple was later identified to be due to
the presence of both residual tails in
the SPD system from the previous dis-
tillation as well as the beginning of the
bodies fraction. A more detailed dis-
cussion of this analysis will be given in
the section titled “In-line Fluorescence
Spectrometer.”

The bodies EEMS spectra in Figure
3b shows that the shape and relative
intensities of R1 and R2 between the
heads and bodies samples were sig-
nificantly different. In the bodies, R1
is induced by excitation wavelengths
between 300 nm and 390 nm, extend-
ing 40 nm below R1 in the heads sam-
ple. Furthermore, the relative intensi-
ty of the entire R1 regime increased
significantly when compared to the
heads sample. R2 in the bodies was
significantly contracted compared to
R2 in the heads sample. Furthermore,
F2 either does not exist in the bod-
ies or has such a low response as to
make it unresolvable. In contrast, F1
shows a much higher relative intensi-
ty in the bodies sample than the flu-
response in the heads
sample. The changes in R1 and R2 be-
tween the heads and bodies samples

orescence

reflect a change in the chemicals that
are eluting into the collection flask.
This indicates that in-line fluorescence
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Figure 5: Benchtop fluorescence measurements of standard samples of (a) A%-THC,
(b) A.-THC, (c) CBD, and (d) CBDA. A 365 nm excitation light and a 390 nm edge filter was
used for the measurements shown in (a) and (b), a 340 nm excitation light and a 370 nm
edge filter was used for the measurement shown in (c), and a 365 nm excitation wave-
length with a 1/16-in. polycarbonate filter was used for the measurement shown in (d).

is a strong candidate for determining
the transition between the heads and
bodies of an SPD process.

The tails EEMS spectra in Figure 3d
shows very stark differences in R1 and
R2 when compared to the main body
sample. The relative intensity of R1 in
the tails sample is significantly dimin-
ished compared to R1 in the bodies
sample. Conversely, the relative fluo-
rescence in R2 of the tails sample has a
significantly higher relative intensity in
comparison to R2 of the bodies sam-
ple. This difference indicates that an
in-line fluorescence system could de-
tect the transition bodies and tails of
an SPD process.

EEMS showed that fluorescence
could be used to distinguish the
changes between the investigated
distillation fractions and showed that
a 340-400 nm excitation wavelength
fluorometer would be able to capture
these transitions in-line. Based on this
analysis, a fluorometer that could use
a 340 nm, 365 nm, or 405 nm excita-
tion wavelength was developed and
the details of measurement results
from this system are discussed in the
next section.
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Benchtop

Fluorescence Spectrometer

Initial benchtop tests showed that the
fluorescence response from extract
and distillate varied greatly between
processors, methods, and starting ma-
terial. Figure 4 shows a selection of six
samples from more than 15 different
samples that were tested. The results
from this study illustrate that while
there is a great diversity between each
samples response, the general signa-
tures seen from the EEMS measure-
ments are present.

Samples 5 and 6 show fluorescence
most similar to the bodies samples of
the EEMS measurement, because of
the presence of fluorescence peaks
centered at 420 nm and 470-480 nm,
which corresponds to the R1 fluores-
cence response and to the F1 fluores-
cence response in R2 of the bodies
EEMS spectra, respectively. Further-
more, the relative intensities of the two
major fluorescence responses in sam-
ples 5 and 6 are similar to the relative in-
tensities observed in the EEMS spectral
responses of the bodies.

Samples 1,2, and 4 show fluorescence
most similar to the EEMS tails response,
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because of the high fluorescent peak
centered around 480 nm, which corre-
sponds to the F1 fluorescence response
in R2 of the EEMS spectra of the tails.
Furthermore, there is no observed flu-
orescence peak at 420 nm, which cor-
responds to the lack of R1 fluorescence
observed in the EEMS measurement
of the tails. Additionally, samples 1, 2,
and 4 show a fluorescence peak cen-
tered around 530 nm. The intensity of
the peak was below the detection limit
of the EEMS system, and therefore may
have been present, but not detected,
during the EEMS measurements.

Samples 3 and 4 exhibited chloro-
phyll fluorescence at 660-680 nm (16).
Sample 3 was a room temperature eth-
anol extract sample that did not un-
dergo post-processing. Therefore, the
presence of the strong chlorophyll flu-
orescence is expected in this sample. In
comparison, no chlorophyll was detect-
ed in the SPD EEMS spectra because
it was chemically removed from the
feedstock prior to distillation. The re-
sults provided enough support for the
approach to warrant a more in-depth
study of the specific cannabinoid com-
ponents that could be the source of the
fluorescence signatures. Furthermore,
determination of the measurement sen-
sitivity and detection limits were also
considered, as these parameters would
determine to what extent the fluores-
cence approach could be utilized as a
process control technique. The target-
ed chemical solution tests for A8-THC,
A-THC, CBD, and CBDA were carried
out on standards traditionally used for
calibrating HPLC systems to ensure pu-
rity and traceability. The concentrations
of all samples were relatively low com-
pared to those expected for monitor-
ing an in-line process. Figure 5 shows
selected results from the experiments.
For brevity, only experiments that elu-
cidated results of scientific interest are
presented.

For the A’ THC standard sample
measurement shown in Figure 5a, a
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Figure 6: In-line fluorescence results from an SPD process of cannabis for the separation
of A%-THC. (a) is a heatmap of all the fluorescence measurements during the SPD process
with the major distillation fractions labeled accordingly. In (a) the x-axis is the elapsed
time of the SPD process, the y-axis is the wavelengths of the measured spectra, and the
color is the intensity of the fluorescence measurements. (b) Shows selected spectra from

365 nm excitation wavelength and
a 390 nm edge filter were used. This
measurement shows a small fluores-
cence response at 460 nm, which corre-
lates with the R1 regime from the EEMS
data. Similar results were observed
from a A’-THC HPLC standard from Sig-
ma Aldrich, which have been previous-
ly reported on (17). Even at the low con-
centrations of A’THC in the standard
sample, compared to concentrations
expected during SPD, the bench-top
fluorometer was able to detect a fluo-
rescence response.

For the ASTHC standard sample
measurement shown in Figure 5b, a
365 nm excitation wavelength and a
390 nm edge filter were used. Similar to
the A’-THC standard, the A8-THC stand-
ard sample exhibited fluorescence cen-
tered at 460 nm. Additionally, the AS-
THC standard had a significant amount
of absorption of the 390-430 nm excita-
tion light. It should be noted that with-
in the resolution of the spectroscop-
ic measurements, A8-THC and A?-THC
show very similar responses with re-
spect to peak position and shape. This
indicates that the investigated fluores-
cence measurement at the 365 nm ex-
citation wavelength may not be able
to distinguish between A8-THC and A’-
THC in a sample, but instead can be
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used to detect the presence of total
THC molecules. Furthermore, other ex-
citation wavelengths may produce dif-
ferent results.

For the CBD standard sample meas-
urement shown in Figure 5¢, a 340 nm
excitation wavelength and a 370 nm
edge filter were used. The methanol
spectra for this sample shows a peak
at 375 nm. This is not a true fluores-
cence peak, but instead an artifact of
the interaction between the filter and
the source light. The CBD standard
sample exhibited one fluorescence
peak centered at 395 nm.

For the CBDA standard sample
measurement shown in Figure 5d, a
365 nm excitation wavelength and a
1/16-in. polycarbonate filter was used.
The fluorescence response of the CBDA
standard sample exhibited two fluores-
cence peaks, one centered at 492 nm
and the other centered at 524 nm. The
CBDA fluorescence was unique in that
the sample showed a doublet, instead
of a singlet, which was observed in the
other standard samples.

The results from the standard sam-
ple measurements indicated that the
fluorescence responses agreed with
the responses from both the EEMS
and benchtop measurements, and fur-
ther indicated that in-line fluorescence
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monitoring with a 365 nm wavelength
excitation would detect major fraction-
al changes during SPD.

In-Line Fluorescence Spectrometer
Figure 6 shows results from in situ fluo-
rescence measurements of an SPD pro-
cess for the separation of ATHC. In
Figure 6, the x-axis is the elapsed time
in minutes, the y-axis is the wavelength
of the spectrometer detector in nanom-
eters, and the color represents the nor-
malized intensity of the detected light.
Each section of the process is marked
with a vertical white line and labeled at
the top as heads, bodies, and tails.

The excitation wavelength is clear-
ly visible throughout the process
at 365 nm wavelength. During the
heads, very little fluorescence is seen
(25.02 min into the process) until a rap-
id spike in fluorescence signal occurs at
approximately 80 min into the process.
This signal corresponds to the solvent
from the new heads process dissolving
the residual material that was left over
from the tails of the previous run.

During the bodies, faint fluores-
cence signal can be seen to the right
of the excitation source, centered be-
tween 420 nm and 450 nm, which cor-
responds with R1 of the EEMS results.
The line plot at 240.03 min more clear-
ly shows the signal. Finally, a broad flu-
orescence peak is seen in the tails. Fur-
thermore, the wavelength range where
the fluorescence is seen continuously
changes to higher wavelengths as the
tails are processed.

The plot from 350.01
ly shows a strong fluorescence peak

min clear-

ranging from 450 nm to 525 nm with
a long shallow signal from 525 nm to
600 nm, which corresponds to F1 in
the R2 region of the EEMS results. This
“moving” peak could be a continuous
decrease in the R1 fluorescence in-
tensity coupled with a continuous in-
crease in the relative intensity of the
F1 fluorescence response. The convo-
lution of these two changes could lead
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to a "moving” peak phenomenon, but
a more detailed investigation is need-
ed to validate this theory.

One noted result from these in-line
measurements was that compounds
from the heads fraction eluting from
the column exhibited no detectable
fluorescence. This result appears to be
in direct conflict with the EEMS meas-
urement of the heads sample, which
showed significant amounts of fluo-
rescence response. The reason for the
fluorescence response in the EEMS
measurement of the heads was discov-
ered to be because of the presence of
latent tails eluting from the column
and the distiller letting a small amount
of bodies to be collected at the end of
the heads, both of which are common
practices for SPD. The resulting mix-
ture of the latent tails and bodies also
causes a mixed heads-bodies-tails flu-
orescence in the EEMS measurement
of the heads sample.

The in-line results indicated that in-
line fluorescence can detect changes
during SPD. The in-line fluorescence
measurements showed similar fluores-
cence responses to R1 and F1 from the
EEMS measurements and agreed with
the EEMS measurements and bench-
top fluorescence measurements of
different sample from SPD. These re-
sults show that in-line fluorescence is a
strong monitoring and process control
tool for the distillation of cannabis.

Conclusion

In this work, fluorescence spectrosco-
py was investigated as a potential qual-
ity monitoring technique for the dis-
tillation of cannabinoids. First, EEMS
was used to determine excitation and
emission regions of interest that would
make good candidates for a process
control system. Based on the results, a
small form factor benchtop fluorometer
was developed that could be used to
measure various extract, distillate, and
chemical standards. Finally, the bench-
top system was configured to mount to
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the collection side of an SPD condens-
er column and used to measure the flu-
orescence signal during the distillation
of cannabis.
The EEMS
al unique fluorescence

results showed sever-
signatures,
which appeared at various times dur-
ing the distillation process, under UV
excitation. The benchtop experiments
showed that a single wavelength ex-
citation source with a spectrometer
could be used to measure the same
signal that was investigated during the
EEMS measurements. Furthermore,
studies of pure chemical standards in-
dicate that fluorescence spectrosco-
py can induce fluorescence at specific
wavelengths depending on the specif-
ic cannabinoid. Finally, the in-situ meas-
urements showed the presence of the
same peaks that were present dur-
ing the measurement of the chemical
standards and provided a proof of con-
cept for the use of fluorescence spec-
troscopy as a control system for canna-
bis distillation.

Future work will include determina-
tion of the specific fluorescing chemi-
cal constituents, improving the sensi-
tivity and accuracy of the in-situ system,
extending the technique to include ex-
traction and wiped film distillation sys-
tems, and integration of the technique
into an SPD control system for automat-
ed process control.
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