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Photodynamic Therapy (PDT) uses light, a photo-sensitizer, and molecular oxygen to 
form an excited state of oxygen, known as singlet oxygen to cause cell death and kill 
microbial cells. PDT is a minimally invasive technique because the lifetime of the 
excited state is less than 10 microseconds before it decays back to the molecular 
oxygen ground state.  However, it can be used to treat various malignant cancers, 
macular degeneration, psoriasis, actinic keratosis, and periodontal disease. Chlorin e6, 
a hydrophobic photo-sensitizer (PS), can be derived from algae and is used in several 
countries for PDT; it was selected for this project because of its low cost and high 
efficiency in the generation of singlet oxygen. The purpose of this study is to evaluate 
the stability of chlorin e6 when exposed to the excitation wavelength. 

The study will use a high intensity LED(Cree Semiconductors, peak output at 664 nm) 
to irradiate the sample and UV-vis absorption spectroscopy to analyze the absorption 
maxima of the molecule that occur at 405 nm and 658 nm.  A series of concentrations 
of chlorine e6 in aqueous PBS buffer solution will be studied as a function of 
irradiation time. A Beer’s Law calibration plot was used to quantify the concentration 
of chlorin e6 in solution. The degradation of chlorin e6 vs time and the decomposition 
rates in the dark vs during exposure to the red LED will be presented. 

• Singlet oxygen is created when a photosensitizer, reacts with molecular oxygen.
• The sensitizer excites the oxygen molecule, shifting the electron configuration from 

triplet to singlet, shown in fig. A
• The rate of quenching of singlet oxygen depends on the polar nature of the solvent.
• Chlorin e6, a highly hydrophobic photo-sensitizer (PS) has been selected as a PS for 

PDT due to shown high efficiency in the generation of singlet oxygen (Fig. B).

• Current research gave us an insight into the absorption of Chlorin e6 at 405nm and 658 nm. We 
learned that chlorin e6 degrades when dissolved in water – even in the dark. 

• Due to the pandemic, lab experiments have paused and the goal of the research remains, to 
study the degradation of chlorin e6 vs time and the decomposition rates in the dark vs during 
exposure to the red LED.

• The plan for the future studies is to review the literature and gather more data from the reports 
on the photostability of chlorin e6. We plan to compare the two excitation LED light sources (405 
and 664 nm). 

• Gather literature on the evaluation of PS penetration into tissue prior to PDT procedure. 
• Study the rates of photobleaching of a different chlorin.
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Absorbance of Chlorin e6 solution at 405 nm in PBS buffer (0.0188mg /mL)

Trial 1: 1mg Ce6/20mL PBS  = 0.05mg Ce6/mL PBS (11/15/2019)
Trial 2: 1mg Ce6/50mL PBS = 0.02mg Ce6/mL PBS (12/06/2019) (Table 1)
Trial 3: 0.94mg Ce6/50mL PBS  = 0.0188mg Ce6/mL PBS (2/13/2020) (Fig, C,D,E,F).
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Fig. A: By Angelo Frei - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=30166833
Raymond Bonnett *, Birgul D. Djelal, Peter A. Hamilton, Gabriel Martinez, Franz Wierrani
Maria Shakhova, Daria Loginova, Alina Meller, Dmitry Sapunov, Natalia Orlinskaya, Andrey 
Shakhov, Alexander Khilov, Mikhail Kirillin, “ Photodynamic therapy with chlorin-based 
photosensitizer at 405 nm: numerical, morphological, and clinical study,” J. Biomed. Opt. 23 (9), 
091412 (2018),doi: 10.1117/1.JBO.23.9.091412.
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Objective
The objective of this project was to evaluate the stability of chlorin e6 when 
exposed to the excitation wavelength, by
• Comparing the two excitation LED light sources (405 and 664 nm). 
• Varying concentrations of chlorine e6 in aqueous PBS buffer solution

• Trial 3, in which we used 0.0188mg Ce6/mL PBS gave us a reliable Uv-Vis spectra to work 
with and prompted us to make a Beer’s Law calibration plot to quantify the 
concentration of chlorin e6 in the solution;  however, due to the pandemic the lab 
experiments paused and collected data demonstrated that the data in Graphs C & E is 
not sufficient because when the two graphs are combined, the R² = 0.5698 is small, and 
we would need an R2 value of at least R2 of > 0.98. Overall, the sample size is not very 
large, which is why in the future, we need to run more experiments (see Fig. C,D,E,F).

• Additionally, the difference between C and E is due to the timing of scans, C was 
measured about several weeks before E, and in the intervening time, the Chlorin e6 
must have degraded.

• We learned that chlorin e6 degrades when dissolved in water – even in the dark. 
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A series of dilutions were performed in trials 1,2, and 3 (see Results & Discussion). 
• Trial 1, in which we used 0.05 mg Ce6/mL PBS,  demonstrated unreliably high peaks ~4 

A on the Uv-Vis spectra; this prompted us to further dilute the original concentrations 
for more reliable peaks.

• Trial 2 has demonstrated a more reliable data on the Uv-Vis spectra of absorbances 3.2 
A, 2.14 A, and 1.82 A (see Table 1) ; this prompted us to start with a more reliable and 
known concentration of 0.02mg Ce6/mL PBS and further dilute the solution.

Trial 2: Uv-Vis Spectra of 0.020mg Ce6/mL PBS, 0.016mg Ce6/mL PBS, 0.012mg Ce6/mL PBS at 405nm

Chlorin e6

Molecular orbital diagram: 1Δg singlet oxygen (first excited 
state), 1Σ+

g singlet oxygen (second excited state), 
and 3Σ−

g triplet oxygen (ground state). 

• Fig C shows scans of higher concentrations of Ce in PBS at 405nm and Fig E shows 
intermediate concentrations of Ce6 at 405 nm, intended to increase the sample size. 

• The results of C & E, separately, show a reliable trend with R2 in the range of 0.978-0.993. 
Similarly, graphs E &G, also show a reliable trend with R2 in the range of 0.978-0.996.

• Graphs D & F also exhibit a difference which is due to the timing of scans, D was measured 
about several weeks before F, and in the intervening time, the Chlorin e6 must have 
degraded.

Absorbance of Chlorin e6 solution at 658 nm in PBS buffer (0.0188mg /mL)
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