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Results & Discussion

Singlet oxygen (1O2) is an excited state of oxygen that has many 
real-world applications, such as killing bacteria. It is currently 
being considered by dental professionals to kill the bacteria 
associated with periodontal disease. Singlet oxygen is generated 
when a light source of an appropriate wavelength illuminates 
photosensitizer particles in the presence of oxygen gas. The 
current method uses a sensitizer applied directly into the 
periodontal pocket that limits the delivery range to about 3 mm. 
This method is an issue, as some pocket depths reach 8-10 mm. 
The development of a device with the ability to deliver highly 
localized singlet oxygen at these depths would be a 
breakthrough for periodontal dentistry. 

In this project, we have prepared a superhydrophobic 
surface that is coated with photosensitizer. When the 
photosensitizer is incorporated into a superhydrophobic surface, 
ground state oxygen availability is maintained even when the 
surface is submerged in a hypoxic fluid.  Our hypothesis is that 
the ability to trap air will result in a higher yield of singlet oxygen. 
Here, five polydimethylsiloxane samples coated with Chlorin e6 
were analyzed for their hydrophobicity, morphology, and singlet 
oxygen generating properties when submerged into an aqueous 
trapping solution. Ultimately, the most hydrophobic samples 
showed the highest rates of singlet oxygen generation. Future 
work includes characterization of surface topography using 
optical profilometry and confocal microscopy.

Fig. A

Significance & Future Research

Objective
The objective of this project was to determine what effects, if any, 
different morphological properties (hydrophobicity, roughness) have on 
singlet oxygen generation when the substrate is kept constant. 

● Overall, the samples with both fine and coarse porosities have both higher contact 
angles and higher singlet oxygen generation rates than the samples with only fine or 
coarse porosities. 

● These results show that singlet oxygen can be effectively generated with a 
microporous surface, which can be applied in a hypoxic environment such as the oral 
cavity.

● Future work includes roughness characterization of the samples via optical 
profilometry and confocal microscopy to determine if the roughness of the Samples is 
correlated with singlet oxygen generation.
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Background

● In general, singlet oxygen is created when a photosensitizer particle is 
excited by light of a specific wavelength, which then reacts with 
proximate molecular oxygen in its’ ground state (Figure A).

● The sensitizer excites the oxygen molecule, shifting the electron 
configuration from triplet to singlet (Figure A).

● The sensitizer used in these experiments was Chlorin e6 (Ce6), shown 
in Figure B. 

● The detection mechanism involves the reaction shown in Figure C. The 
loss of aromaticity in the trapping agent corresponds with the loss of a 
UV-Vis peak, allowing indirect quantification of singlet oxygen 
production.

Fig. B Fig. C

Five samples were made by various methods using a porous PDMS film as a base. The samples 
were coated with 0.05 mg/mL Chlorin e6 in a solvent mixture of DMF and ethanol. 
• Sample 1 has fine cavities
• Sample 2 has coarse cavities
• Samples 3-5 have both fine and coarse cavities

Scanning Electron Microscopy Imaging
SEM micrographs of the uncoated and  Chlorin e6-coated samples were captured at magnifications from 
50X to 2000X. An AMRAY 1910 Field Emission Scanning Electron Microscope was used to obtain images. 
All Samples were coated with a 10 nm 40:60 Au:Pd mix in an Argon vacuum prior to imaging.

Hydrophobicity Measurements
The contact angles of each sample were measured with 5 µL drops of water and a contact angle 
goniometer (model 250-F1, ramé-hart Instrument Co.) while the sliding angle was determined with a 25 µL 
droplet of water using the same apparatus. The CA measurements were performed five times while the SA 
measurements were performed twice. Fig. D

Singlet Oxygen Trapping Experiments
A custom, 3D printed apparatus was designed to hold the 663 nm LED 
housing and the cuvette with trapping solution and a stir bar (Figure D). 
Also, a glass piece was prepared so that a 9 mm diameter sample may 
be taped onto it and lowered into the solution. 
The LED was warmed up for 30 minutes prior to each experiment. The 
spin rate of the solution was maintained at 500 RPM. Prior to 
illumination, each sample was soaked in the trapping solution in a dark 
cabinet for five minutes. Then, the sample was illuminated at five-
minute intervals for a total time of twenty minutes.   

Absorbance measurements were recorded with a Perkin-Elmer 650 
UV-Vis spectrophotometer in the range 300 nm to 550 nm. Each 
Sample underwent five experiments, each time with a fresh 9 mm 
sample . Data analysis was achieved by indirectly quantifying the 
chemical quenching of singlet oxygen, where the trapping agent (9,10-
anthracene dipropionate dianion) has a conjugated system which is 
oxidized to become an endoperoxide (Figure C). 
Due to the loss of conjugation, a characteristic UV-Vis peak is lost at 
378 nm and the rate of reaction can be measured as percent decrease 
of this peak intensity versus time (Figure E).

Sample # Contact Angle (○) Sliding Angle (○)
1 136 ± 5 N/A

2 129 ± 4 54, 63
3 151 ± 2 N/A
4 152 ± 2 26, 62
5 154 ± 4 48, 50

Fig. E
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Fig. F

Using SEM, pore sizes can be compared between all of the samples. 
We can also determine whether the Ce6 coating process results in any 
agglomeration of sensitizer particles, which would alter the topography 
of the sample and possibly affect singlet oxygen production. 

As seen in the images in Figure F, the pores are roughly 1-20 µm for 
Samples 1,3, and 5, while the pores are larger for Samples 2 and 4 (> 
100 µm). Sample 4 has small pores as well. 
Comparing the uncoated to the coated samples, the pore sizes stay in 
the same range, indicating that the coating process does not alter the 
morphology of the Sample. 

Also, Sample 5 has a greater roughness than the other Samples, 
containing features that appear to protrude above the surface of the 
plane.

Hydrophobicity Measurements
Table 1

Superhydrophobic surfaces have potential to generate more singlet oxygen than 
non-superhydrophobic surfaces because of their ability to trap air in the solid-
liquid interface. Generally, surfaces with CA between 90-150 are considered 
hydrophobic, while those with CA >150 are superhydrophobic. Hydrophobicity 
depends on sliding angle as well, with a lower sliding angle indicating increased 
hydrophobicity. 
Samples 1 and 2 are hydrophobic, while Samples 3-5 are superhydrophobic.
So, all the Samples with a combination of fine and coarse pores are more 
hydrophobic than Samples with only fine or only coarse pores. 

•Singlet oxygen was measured 
indirectly (reaction shown in 
Figures C and E). 

•By using % decrease, we 
normalize variations in the initial 
absorbance of the trapping 
agent. 

Fig. G

•Samples 1 and 2 are the slowest 
(65% and 62% decrease at 20 
minutes). Sample 5 is fastest 
initially, but Samples 3 and 4 are 
nearly as fast after 20 mins. 

•Each data point in Figure G is 
the average of five experiments, 
with a new Sample used for each 
experiment. Error bars are the 
standard deviation of the five 
values.

Sample CA % Decrease
1 136 26
2 129 21
3 151 36
4 152 38
5 154 50

Fig. H

Table 2

The plot of contact angle vs. 
singlet oxygen generation is 
linear (Figure H). In all cases, 
Samples 1 and 2 are slower than 
Samples 3-5, which have some 
overlap due to the deviation of 
the measurements. The values 
are shown as a reference in 
Table 2. 
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Scanning Electron Microscopy Imaging
PDMS Surfaces With and Without Ce6 Coating

The Contact Angle for each Sample is based off 5 measurements, and the error is the standard deviation. 
The Sliding Angle for each Sample is based off of 2 measurements, both of which are shown. 
A N/A sliding angle indicates that the droplet was pinned on the surface at 90°.

Singlet Oxygen Trapping


