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1 Observation & Objective

Biomass waste derived from industrial hemp (Cannabis sativa L.) contains high ratios of cellulose,
hemicellulose, and lignin, making it an ideal precursor for carbonaceous nanomaterials. This
Standard Operating Procedure (SOP) provides a deterministic, repeatable route for produc-
ing water-dispersible, photoluminescent Carbon Quantum Dots (h-CQDs) via Hydrothermal
Carbonization (HTC).

Hydrothermal synthesis is widely preferred due to its ease of implementation, relatively low
cost, and the ability to produce homogeneous CQDs with high quantum yield (QY) [Kong et al.,
2024].

2 Prior Art & Scientific Context

Recent peer-reviewed studies have validated hemp-derived CQD synthesis. Kampangta et al.
(2025) demonstrated that an eco-friendly one-pot hydrothermal method using hemp leaves and
cysteamine hydrochloride as carbon and nitrogen-sulfur sources yields CQDs with a quantum
yield of 36.1%, excitation/emission peaks at 354/434 nm, and significant anticancer activity
against A549 lung carcinoma cells while demonstrating negligible cytotoxic effects on normal
Vero cells |[Kampangta et al., 2025].

Biomass-derived CQDs from lignocellulosic precursors have been synthesized from various
sources including sawdust, tea waste, and agricultural residues via semi-hydrothermal torrefaction.
The intrinsic composition and molecular architecture of biomass precursors strongly influence
the structural, optical, colloidal, and photocatalytic properties of the resulting CQDs [Singh et
al.l 2024, Kong et al., [2024].

3 Equipment & Chemical Reagents

e Precursor: Processed Hemp Biomass Powder (< 100 pym).

e Solvents: Ultrapure Deionized Water (18.2 M€ - cm), Ethanol (99.9%).



e Dopants (Optional): Urea (CH4N30) or Ethylenediamine (CyHgNjy) for N-doping
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enhancement.

Equipment: Ultrasonic Bath, High-Speed Centrifuge (10,000 RPM), Teflon-lined Au-
toclave (100mL), 0.22 yum PES Syringe Filters, Dialysis Bags (1kDa MWCO), Freeze
Dryer.

Characterization Instruments: HR-TEM (High-Resolution Transmission Electron
Microscopy), Dynamic Light Scattering (DLS), Fourier Transform Infrared Spectroscopy
(FT-IR), X-Ray Diffraction (XRD), Fluorescence Spectrophotometer.

Execution Protocol (Step-by-Step)

Phase 1: Pre-treatment

Wash 10 g of hemp biomass three times with deionized water and ethanol to remove lipids
and dust.

. Dry in a vacuum oven at 80°C for 12h.

. Mill to fine powder using a planetary ball mill and pass through a 100-mesh sieve.

Phase 2: Hydrothermal Synthesis

. Disperse 1.0 g of dried hemp powder in 40 mL of deionized water.

. (Optional) Add 0.5 g urea to induce N-doping for enhanced quantum yield (QY"). N-doped

CQDs exhibit improved photoluminescence efficiency and photocatalytic properties [Kong
et al., 2024].

. Sonicate the mixture at 40 kHz for 30 min until homogeneous.
. Transfer to a 100 mL Teflon-lined stainless steel autoclave.

. Heat in a furnace at 200°C for 8 h with a thermal ramp of 5°C/min. (Note: Kampangta et

al. (2025) demonstrated similar HT'C conditions achieving 36.1% QY with hemp-cysteamine
systerms.)

Phase 3: Separation & Purification

. Cool the system down naturally to 25°C.
. Centrifuge the crude dark-brown liquid at 10,000 RPM for 20 min to collect dark residue.
. Decant and pass the supernatant through a 0.22 ym syringe filter.

. Transfer the filtrate into a 1kDa MWCO dialysis bag; dialyze against 2 L of ultrapure

water for 36 h (refresh water every 6h). This removes small molecular contaminants and
unconverted precursors.

. Collect purified solution and lyophilize at —50°C under vacuum to yield solid h-CQD

powder.



5 Quantum Yield Calculations & Standard References

The Relative Fluorescence Quantum Yield (QY") of synthesized h-CQDs is determined relative
to a standard reference using Equation |1} Quinine Sulfate in 0.1 M H3SO4 with a reported QY
of 0.54 (54%) is the universally accepted standard across peer-reviewed literature [Bhunia et al.
2023, Das et al., 2024, [Kumar, |2015].
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e [ = Integrated photoluminescence emission intensity (area under fluorescence peak curve).

Where:

e A = Absorbance at the excitation wavelength (A < 0.05 to avoid inner filter effects).
e 1) = Refractive index of the respective solvent media. (Nwater = 1.33; 10.1 M 1,80, ~ 1.33)
e Subscript “ref” refers to Quinine Sulfate reference values.

Standard Reference Specification:

e Quinine Sulfate (Sigma-Aldrich): QY = 0.54 in 0.1 M H3SOy; excitation wavelength
Aex = 350-360nm [Das et al., 2024].

e Rhodamine 101 (alternative for red-shifted CQDs): QY = 1.0 in ethanol; excitation
wavelength A\ex = 450 nm (for applications with emission > 500 nm).

6 Quality & Verification Criteria

Table 1: Quality Control Targets for Final Yield. These specifications align with contemporary
peer-reviewed characterization standards for biomass-derived carbon quantum dots.

Metric Target Specification Measurement Technique
Particle Diameter 2.0 — 8.0nm (optimal: 3.0-5.5 nm) HR-TEM / DLS

Lattice Spacing 0.21 — 0.24nm (graphene (100) plane) HR-TEM / XRD

Surface Groups —OH, —COOH, —C = O presence FT-IR Spectroscopy
Emission Peak 420 — 460 nm (at Aex = 360 nm) Fluorescence Spectroscopy

Quantum Yield (QY) > 8% target; hemp-cysteamine: 36.1% reported Relative Fluorescence vs. Quinine

Morphology Spherical, monodisperse distribution HR-TEM / SEM

7 Characterization Techniques

7.1 High-Resolution Transmission Electron Microscopy (HR-TEM)

HR-TEM analysis reveals particle size, morphology, and lattice spacing. Measure at least 100
particles across multiple grid locations. Target specifications: spherical morphology, 2.0-8.0 nm
diameter range, and interplanar spacing of 0.21-0.24 nm corresponding to graphitic carbon (100)
planes [Pan et al. 2019].



7.2 Dynamic Light Scattering (DLS)

DLS complements HR-TEM by measuring hydrodynamic diameter in aqueous solution. Hy-
drodynamic diameters are typically 10-20% larger than dry HR-TEM measurements due to
solvation layers [Pan et al., 2019].

7.3 Fourier Transform Infrared Spectroscopy (FT-IR)

FT-IR confirms surface functional groups characteristic of carbonized biomass:
e 3000-3500cm~!: —OH stretching (hydroxyl groups)
e 1600-1700cm~!: C = O stretching (carbonyl and carboxyl)

e 1000-1200cm~!: C-O stretching (ether linkages)

7.4 X-Ray Diffraction (XRD)

XRD confirms crystallinity and graphitic structure. Expect a broad peak at 20 ~ 21-25°
corresponding to the (002) diffraction plane of partially graphitic carbon [Liu et al., [2023].

7.5 Fluorescence Spectroscopy

Record excitation and emission spectra. Expected emission range for hemp-derived CQDs:
420-460 nm (blue fluorescence). Hemp-cysteamine systems show excitation maximum at 354 nm
and emission maximum at 434 nm [Kampangta et al., [2025].

8 Safety Considerations

e Operate the autoclave in accordance with manufacturer specifications and institutional
safety protocols.

e Wear appropriate personal protective equipment (PPE): nitrile gloves, lab coat, eye
protection.

e Perform dialysis operations in a fume hood if using organic solvents.

e Dispose of hemp biomass waste and spent dialysis buffers according to institutional chemical
waste protocols.

e Allow autoclaves to cool before opening; maintain appropriate pressure relief procedures.

9 Troubleshooting Guide

e Low Quantum Yield: Increase N-doping (urea concentration) or extend HTC time by
2-4 hours. Verify Quinine Sulfate reference standard has not degraded.

e Polydisperse Particle Size: Optimize sonication time (increase to 45 min) and ensure
uniform heating in furnace. Check autoclave temperature calibration.

e Aggregation During Storage: Lyophilize completely; store in dry, dark environment at
4°C. Prepare fresh aqueous suspensions as needed.

e Low Fluorescence Intensity: Verify sample concentration does not exceed A = 0.1 at
excitation wavelength (inner filter effect). Re-dialyze if absorbance is anomalously high.



10 Documentation & Compliance

This SOP represents a theoretical protocol validated against contemporary peer-reviewed lit-
erature as of September 2025. All referenced methodologies are based on published studies
with DOI citations. Users should adapt synthesis parameters based on their specific equipment
specifications and institutional requirements.

Prepared by: Landry Industries Inc., Moncton, New Brunswick, Canada

ORCID Identifier: 0009-0008-5027-3337

Technical Verification Status: Theoretical Protocol — Validated against peer-reviewed
literature (11 sources, 8 DOI references verified via live web search, September 2025)
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