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A 2,6-dibrominated BODIPY core dye with a meso-pyrenyl group has been investigated for use as a photosensitizer dye 
in photodynamic antimicrobial chemotherapy in the context of both gram-positive (Staphylococcus aureus) and gram-
negative (Escherichia coli) bacteria, along with a π-extended 3,5-di-4-carboxystyrylBODIPY dye. The dyes are found 
to be effective for the treatment of S. aureus, but not in the case of E. coli. 

Keywords: BODIPY dyes, Knoevenagel condensation, photodynamic antimicrobial chemotherapy, singlet oxygen, 
photophysics, TD-DFT calculations.

2,6-Дибромированные 3,5-дистирилBODIPY 
как фотосенсибилизирующие красители для фотодинамической 
антимикробной химиотерапии
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C целью использования в качестве фотосенсибилизаторов для фотодинамической антимикробной 
химиотерапии по отношению как к грамположительным (Staphylococcus aureus), так и грамотрицательным 
(Escherichia coli) бактериям исследованы 2,6-дибромированный BODIPY с мезо-пиренильной группой, а также 
π-расширенный 3,5-ди-4-карбоксистирилBODIPY. Обнаружено, что красители эффективны для уничтожения 
S. aureus, но не обладают противомикробной активностью по отношению к E. coli.

Ключевые слова: BODIPY красители, конденсация Кневенагеля, фотодинамическая антимикробная 
химиотерапия, синглетный кислород, фотофизика, TD-DFT расчеты.

Introduction

BODIPY dyes are highly fluorescent dyes that have 
been the focus of increasing research interest over the last 
three decades due to their potential utility as laser and fluo-
rescent sensor dyes, in solar cells, photodynamic therapy, 
supramolecular polymers, and nonlinear optical materials.

[1–6] These dyes are favorable for a wide range of applications 
since they are easily synthesized and can be readily modi-
fied structurally, have narrow and intense spectral bands 
that can lie anywhere in the 500−800 nm region, and high 
photostability.[7] The introduction of heavy halogen atoms 
at the 2,6-positions of the BODIPY core enhances the rate 
of intersystem crossing resulting in high singlet oxygen 
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quantum yields.[8,9] This makes the dyes potentially suitable 
for use in singlet oxygen applications such as photodynamic 
therapy[10–15] and remediation of industrial wastewaters.[16,17] 
Recently we reported that 2,6-dibrominated dyes exhibit 
significant antibacterial properties due to their photosensi-
tizer properties.[18] In this study, we investigate the utility 
of 2,6-dibrominated BODIPY core dyes and π-extended 
3,5-di-carboxystyrylBODIPY dyes (Scheme 1) for photody-
namic antimicrobial chemotherapy (PACT)[19–24] by study-
ing their PACT activity on both gram-positive (Staphylococ-
cus aureus) and gram-negative (Escherichia coli) bacteria. 
Although there have been previous studies on BODIPY core 
dyes,[25–28] to best of our knowledge, this is the first exam-
ple of a study of this type with a halogenated 3,5-distyryl-
BODIPY dye. These dyes are suitable for use with com-
mercially available 630 nm lasers that are used for pho-
todynamic therapy (PDT), since the main spectral band 
is red-shifted into the 600−700 nm region. The introduction 
of styryl groups at the 3,5-positions also provides scope for 
enhancing the water solubility of BODIPY dyes by intro-
ducing suitable functional groups. 

Experimental

Materials
Unless otherwise stated, there was no further purification 

of all reagents prior to use. Trifluoroacetic acid (TFA), 
2,4-dimethylpyrrole, 1-pyrenecarboxaldehyde, 4-formylbenzoic 
acid, benzene, tetrachloro-1,4-benzoquinone (p-chloranil), 
triethylamine (TEA), boron trifluoride diethyl etherate (BF3·OEt2), 
N-bromosuccinimide (NBS), anhydrous magnesium sulfate, 
glacial acetic acid and piperidine, were purchased from Sigma-
Aldrich. Phosphate-buffered saline (PBS) solution (pH 6.8) 
was prepared with appropriate amounts of Na2HPO4 and NaOH 
in ultra-pure water from a Milli-Q Water system (Millipore 
Corp, Bedford, MA, USA). Nutrient agar and agar bacteriological 
BBL Muller Hinton broth were purchased from Merck. 
Escherichia coli (ATCC 25922) was obtained from Microbiologic, 
and Staphylococcus aureus (ATCC 25923) was purchased from 
Davies Diagnostics.

Equipment
UV-Visible absorption spectra were measured at room 

temperature on a Shimazu UV-2550 spectrophotometer using 
a 1 cm pathlength quartz cuvette for solution studies. Fluorescence 
emission and excitation spectra were obtained using a Varian 

Cary Eclipse spectrofluorimeter. Optical densities of the solutions 
were consistently adjusted to ca. 0.05. Monochromatic laser light 
(420–709 nm) from an Ekspla NT 342B-20-AW pulsed laser 
(2.0 mJ/5 ns, 20 Hz) was used to determine the singlet oxygen 
quantum yields. Mass spectral data were collected with a Bruker 
AutoFLEX III Smartbeam TOF/TOF Mass spectrometer. The 
instrument was operated in positive ion mode using an m/z range 
of 400–3000 amu. The voltages of the ion sources were set at 19 
and 16.7 kV for ion sources 1 and 2, respectively, while the lens 
was set at 8.50 kV and the reflector 1 and 2 voltages were set at 
21 and 9.7 kV, respectively. α-Cyano-4-hydroxycinnamic acid 
was used as the MALDI matrix with a 337 nm nitrogen laser 
selected as the ionising source.

Synthesis
A previously reported meso-pyrenyl-1,3,5,7-tetramethyl- 

BODIPY core dye 1[29] was used as precursor to form the described 
earlier 2,6-dibrominated dye (2),[29] which in turn was used to form 
3,5-di-4-carboxystyryl dye 3 through a modified Knoevenagel 
condensation reaction.[30,31]

4,4′-Difluoro(8-pyrenyl)-1,7-dimethyl-2,6-dibromo-3,5-(di-
4-carboxystyryl)-4-bora-3a,4a-diaza-s-indacene (3). 2 (1 eq), 
4-formylbenzoic acid (1.4 eq) and glacial acetic acid (0.4 mL) 
were dissolved in dry benzene (20 mL) under argon with stirring 
(Scheme 1). Piperidine (0.4 mL) was added slowly, and the solution 
was heated to reflux for 2 h under argon. A Dean-Stark trap 
was employed for the azeotropic removal of water formed during 
the condensation reaction. The reaction was quenched with 1 M 
HCl, and the organic phase was dried over sodium sulfate. The 
mixture was separated by flash column chromatography with 
methanol: chloroform (2:3). m/z (MALDI-TOF) 870.34; Found: 
[M]+ 870.66. UV-Vis (DMSO) lmax (lge) nm: 657 (4.10). 1H NMR 
([D6]DMSO, 298 K) dH ppm: 13.02 (s, 2H), 8.67 (s, 4H), 8.38 (s, 
2H), 8.13 (d, J = 8.2 Hz, 2H), 8.05−7.99 (m, 4H), 7.97−7.90 (m, 4H), 
7.81 (d, J = 8.0 Hz, 2H), 7.48−7.52 (m, 3H), 3.25 (s, 6H).

Antimicrobial Studies
Staphylococcus aureus and Escherichia coli were grown on 

agar plates by following the manufacturer’s specifications to obtain 
an individual colony. The colony was inoculated into the nutrient 
broth and agitated on a rotary shaker (ca. 200 rpm) overnight at 37 °C 
(Escherichia coli and Staphylococcus aureus). Aliquots of the culture 
were transferred to 6 mL of fresh broth and incubated at 37 °C 
to obtain a mid-logarithmic phase (OD 620 nm ≈ 0.6). The optical 
densities of the bacteria culture were determined using the Ledetect 
96 from Labxim Products so that log reductions could be calculated 
in colony forming units per millilitre (CFU·mL−1). Through 
centrifuging for 15 min at 3000 rpm to remove the broth, the bacterial 
culture in the logarithmic phase of growth was harvested and washed 

Scheme 1. Synthesis of BODIPYs 2 and 3.
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three times in PBS. The bacteria culture was diluted by a factor 
of 103 in PBS to provide a working stock solution. Photodynamic 
antimicrobial activities of the bacteria were performed following 
previously reported methods.[32] In all of the experiments, suspensions 
of the bacteria were incubated in an oven equipped with a shaker 
for 30 min in the dark at 37 °C. Then, half (3 mL) of the incubated 
bacterial suspensions were irradiated near the absorption band 
maxima of the photosensitizer dyes in a 24 well plate, using 
the set-up described above and the other half was kept in the dark. 
After irradiation, 100 μL samples were inoculated and the plates 
incubated at 37 °C. All the experiments were carried out in triplicate. 
PACT experiments were conducted by using Thorlabs M660L4 
and M530L3 light emitting diodes (LEDs) mounted into the housing 
of a Modulight 7710-680 medical laser system. Irradiance values 
of 280 and 110 mW·cm−2, respectively, were measured in this context 
with a Coherent FieldmaxII TOP energy/power meter fitted with 
a Coherent Powermax PM10 sensor.

Photophysical and Photochemical Measurements
The fluorescence quantum yield (ΦF) is the ratio of the number 

of photons emitted with respect to the number of absorbed photons. 
The comparative method was used to determine the fluorescence 
quantum yield for BODIPY dyes.[33–35] Rhodamine 6G (ΦF = 0.95 
in EtOH[36]), and ZnPc (ΦF = 0.20 in DMSO[37]) were used as 
standards. Excitation of both sample and standard was carried out 
at their cross-over wavelength, with maximum absorbance kept at 
ca. 0.05 to avoid inner filter effects.[38] Singlet oxygen is a cytotoxic 
species that photodegrades/phototransforms organic pollutants 
as well as initiating apoptosis or cell death during PACT.[16,17] 
In this regard, quantification of the singlet oxygen quantum 
yield (ΦΔ) of a compound helps to determine its efficacy for use 
as a photosensitizer dye. The ΦΔ value is defined as the number 
of singlet oxygen molecules produced for every absorbed photon. 
The ΦΔ value of a photosensitizer can be quantified through 
a relative method by comparison with a standard with a known ΦΔ 
value.[39,40] A 1 cm path-length spectrophotometric cell was used 
for the singlet oxygen quantum yield studies of BODIPY dyes. The 
rate of singlet oxygen photogeneration was measured in solution 
in an oxygenated environment with ZnPc, or Rose Bengal used 
as a reference compound and diphenylisobenzofuran (DPBF) 
acting as the singlet oxygen scavenger.[41] Solutions of the sample 
and standards containing identical aliquots of DPBF solution were 
irradiated in the dark. Irradiations were carried out at a wavelength 
at which absorbance values of the sample and standard solutions 
are equal, referred to as the cross-over wavelength. The changes 
in the concentration of DPBF were monitored spectroscopically 
with each subsequent irradiation.[41] During the study, 
the initial concentration of DPBF was kept constant in the sample 
and reference solutions. ZnPc (ΦΔ = 0.53 in EtOH[42]) and Rose 
Bengal (ΦΔ = 0.86 in EtOH[42,43]) were used as standards.

Theoretical Calculations
The DFT method was used to carry out geometry 

optimizations in vacuo for BODIPYs 1–3 at the B3LYP/6-31G(d) 
level of theory by using the Gaussian 09 program package.[44] 
A similar approach was used to calculate electronic absorption 
spectra by using the TD-DFT method with the CAM-B3LYP 
functional, since it includes a long-range correction that 
incorporates an increasing fraction of Hartree–Fock exchange as 
the interelectronic separation increases.

Results and Discussion

The goal of the study is to explore whether 3,5-disty-
rylBODIPY dyes are suitable for use as photosensitizer dyes 

in PACT. BODIPY 3 was selected for study, since the meso-
pyrenyl group is known to enhance the rate of intersystem 
crossing (ISC) and hence the singlet oxygen quantum yield 
value.[45] Since it lies orthogonal to the BODIPY core due 
to steric hindrance with the methyl groups at the 1,7-posi-
tions,[7] the bulky meso-group is likely to hinder aggregation. 
The carboxystyryl groups were incorporated to enhance 
the solubility in aqueous solution.

Synthesis

Knoevenagel condensation reactions with aryl alde-
hydes[30,31] were used to extend the π-system of BODIPY core 
dyes 2 through the introduction of 4-carboxystyryl moieties 
to form compound 3 (Scheme 1) with the goal of enhancing 
their solubility in aqueous solution. Silica gel chromatog-
raphy was used to fully separate the 2,6-dibrominated core 
dye and 3,5-di-4-carboxystyryl BODIPY products (Scheme 
1) from the other products of the bromination and styryla-
tion reactions. The 1H NMR spectra can be readily assigned 
since they are broadly similar to those reported previously 
for other 3,5-distyryl-, and 3,5-divinyleneBODIPY dyes.
[29,46–50] Peaks for the twenty-three aromatic region protons 
and six methyl protons of 3 can be readily identified in the 1H 
NMR spectrum, and the parent peak derived by MALDI-
TOF MS was found to be consistent with the anticipated 
molecular mass. As has been reported previously,[7] halo-
genation and styrylation result in red shifts of the main 
BODIPY spectral bands of 2 and 3, Figure 1 and Table 1.

Theoretical Calculations

Molecular modelling can be used to analyze the struc-
ture-property relationships of BODIPY dyes (Figures 2–4). 
Although BODIPYs are not aromatic since they lack 
a macrocyclic ring that obeys Hückel’s rule, they still have 
properties similar to those of aromatic heterocycles due 
to the rigid indacene plane that is formed upon complexa-
tion by boron difluoride. TD-DFT calculations for B3LYP 
optimized geometries of 1–3 at the CAM-B3LYP/6-31G(d) 
level of theory predict that the S0 → S1 transition is almost 

Table 1. Photophysical and photochemical data for BODIPYs 1–3 
in DMSO and EtOH.

λabs 
(nm)

λex 
(nm)

λem 
(nm)

Stokes shift 
(cm–1) ФF ФΔ

1

DMSO 506 502 512 389 0.14 –

EtOH 503 501 507 236 0.53 0.05

2

DMSO 541 538 546 272 0.05 –

EtOH 533 529 537 282 0.05 0.91

3

DMSO 657 659 669 227 0.02 –

EtOH 649 651 658 163 0.15 0.32
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completely derived from the HOMO → LUMO one-electron 
transition (Figure 2 and Table 2). When considering the opti-
cal properties in the visible region of structurally modified 
BODIPYs, only the HOMO and LUMO usually need to be 
considered.

The trends in the main spectral bands of BODIPY 
core dye 1 (Table 2), its 2,6-dibrominated analogue 2, 
and the 3,5-di-4-carboxystyryl substituted compound 
3 can be readily identified on the basis of the TD-DFT 
calculations (Figure 2) and the changes in the relative 
energies of the frontier π-MOs (Figure 3). There is a red-
shift of about 30 nm (Figure 1 and Table 1) upon addition 
of bromine atoms at the 2,6-positions, since the lone pairs 
of the halogen atoms destabilize the HOMO, which has 
significant MO coefficients at these positions, through 
mesomeric interactions in addition to the stabilizing electron 

withdrawing inductive effect of the bromine atoms that 
affects all the π-MOs in a similar manner (Figure 4). Hence, 
there is a narrower HOMO–LUMO band gap and a red-shift 
of the main spectral band of BODIPY 2 (Figures 1 and 2). The 
inclusion of the 4-carboxystyryl moieties at the 3,5-positions 
of 3 results in a further red-shift of ca. 120 nm (Figure 
1, Tables 1 and 2), in a manner similar to what has been 
reported previously for 3,5-distyrylBODIPYs.[7,9,30,49–51] 
The larger MO coefficients observed in the HOMO at 
the 3,5-positions (Figure 4) imply that any structural 
modifications that introduce an electron donating group 
and result in a mesomeric effect at this position should affect 
the HOMO to a greater extent than the LUMO resulting 
in a change in a significant narrowing of the HOMO–LUMO 
band gap (Figure 3).

Figure 1. Normalized absorption spectra of BODIPYs 1–3 
in ethanol.

Figure 2. TD-DFT calculations for BODIPYs 1–3 at the CAM-
B3LYP/6-31G(d) level of theory. Red diamonds are used for 
the lowest energy spectral bands. The Chemcraft program 
was used to generate the simulated spectrum with a fixed 
bandwidth of 1000 cm−1 (Chemcraft – graphical software for 
visualization of quantum chemistry computations, https://www.
chemcraftprog.com). The details of the calculations are provided 
in Table 2.

Figure 3. MO energies for BODIPYs 1–3 at the CAM-B3LYP/6-
31G(d) level of theory. Occupied MOs are highlighted with small 
dark squares. The HOMO−LUMO gap values are denoted with red 
diamonds and are plotted against a secondary axis.

Figure 4. Nodal patterns for BODIPYs 2 and 3 at an isosurface 
of 0.02 a.u. and a CAM-B3LYP/6-31G(d) level of theory.
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Photophysical and Photochemical Properties

Table 1 provides the main photophysical and 
photochemical parameters for 1–3 in DMSO and ethanol. 
BODIPY core dyes usually have high fluorescence quantum 
yield (ΦF) values due to their rigid planar structures 
and low ISC rates, but this is known not to be the case when 
meso-pyrenyl rings are introduced since intramolecular 
charge transfer states can be formed in polar solvents that 
result in significant ISC and high significant ΦΔ values 
even in the absence of heavy atoms.[45] The ΦF values for 
1 in DMSO is 0.14 (Table 1). The introduction of bromine 
atoms at the 2,6-positions to form 2 results in a relatively 
high ΦΔ value in ethanol of 0.91 by using a comparative 
method with DPBF as the 1O2 scavenger, and a significantly 
lower ΦF value of 0.05 due to the heavy atom effect (Table 1). 
A moderately high ΦΔ value of 0.32 was determined for 
BODIPY 3 in ethanol. This value is significantly lower 
than that of 1, since the incorporation of styryl groups can 
be expected to result in significant intramolecular charge 
transfer character in the S1 states, since significantly smaller 
MO coefficients (Figure 4) are observed on the styryls 
in the LUMO than in the HOMO. This has been reported 
to result in enhanced rates of non-radiative decay, especially 
when polar solvents are used in the context of non-
brominated compounds.[30,52]

PACT Studies of Escherichia coli and Staphylococcus 
aureus in Solution

PACT is under consideration as an alternative 
to the use of antibiotics to treat bacterial infections. Stud-
ies have shown that bacterial inactivation occurs mainly 
through outer membrane damage. Typically, neutral anionic 
or cationic photosensitizer molecules can destroy gram-
positive bacteria.[53] In the case of gram-negative bacteria, 
cationic photosensitizers or strategies that can disorganize 
the gram-negative permeability barrier are required.[53] The 
difference arises from the cell wall make-up of both kinds 
of bacteria. Gram-positive bacteria have a cytoplasmic 

membrane that is surrounded by a relatively porous peptido-
glycan layer and lipoteichoic acid that allows the photosen-
sitizer molecules to easily access the inner membranes.[53] 
In gram-negative bacteria, however, the cell wall consists 
of an inner and an outer membrane which envelops the pep-
tidoglycan layer, creating an effective permeability barrier 
between the microorganism and its environment which 
tends to restrict the penetration of many photosensitizer 
molecules.[53,54] PACT has been demonstrated to be effective 
against gram-negative and gram-positive bacteria, yeasts, 
fungi, protozoa, and viruses, and is advantageous over 
antibiotics because its use does not lead to the formation 
of resistant bacterial strains.[55] The development of novel 
photosensitizer dyes with improved photo-bacterial activi-
ties remains an important research goal.

Photodynamic antimicrobial studies were under-
taken in 0.2 % DMF solutions because 2 and 3 were not 
sufficiently soluble in PBS. In each case, 0.75 µg/mL 
of the complexes was used. Bacteria such as Staphylococ-
cus aureus are known to be resistant to DMF.[56] The ability 
of the microbial species to survive was tested in PBS with 
0.2 % DMF in the absence of BODIPY dyes as a control 
experiment (Figure 5). The plots demonstrate that the pres-
ence of DMF has a negligible impact on the overall results. 
Studies were also undertaken to determine if the BODIPY 
complexes have the capability to inactivate the microorgan-
isms in the dark. Dark toxicity studies (Figure 5) confirm 
that the BODIPYs 2 and 3 had no significant dark toxicity 
even at relatively high concentrations. This indicates that 
the microbial inactivation was due solely to the production 
of cytotoxic oxygen species by the BODIPY complexes 
upon illumination.

BODIPY dyes are relatively small zwitterionic mol-
ecules and hence they are potentially favorable for cellular 
uptake, due to the electron-deficient nature of the BODIPY 
core. Brominated BODIPY complexes 2 and 3 were found 
to be effective when employed as singlet oxygen generating 
photosensitizers in the photoinactivation of Staphylococcus 
aureus (Figure 6). BODIPY 3 proved to be the more effec-
tive. The log reduction values are relatively high for both 

Table 2. TD-DFT calculations at the CAM-B3LYP/6-31G(d) level of theory for the B3LYP optimized geometries of BODIPY 1–3.

Noa λcalc (nm)b fc λexp (nm)b Wavefunctione =

1 1 411 0.53 503 96 % H → L; …

2 1 429 0.59 531 92 % H → L; …

3 1 567 0.94 650 95 % H → L; …

2 384 1.09 – 93 % H–1py → L;…

4 324 0.23 – 89 % H–6 → L; …

5 310 0.63 – 75 % H–2sty → L+1py; 9 % H → L+3sty; 7 % H–4sty → L+2sty; ….

6 303 0.74 – 73 % H → L+3sty; 8 % H–4sty → L; 7 % H–2sty → L+1py; …

aExcited state number assigned in increasing energy in the TD-DFT calculations. 
bCalculated and experimental wavelengths in nm. 
cCalculated oscillator strengths. 
dExperimental wavelength in THF (Figure 1). 
eWavefunctions of MOs involved in the transition, and their respective contributions, based on eigenvectors predicted by TD-DFT. H and L 
refer to the HOMO and LUMO, respectively. Superscripts py and sty refer to MOs that are localized primarily on the pyrene and styryl moieties, 
respectively.
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can layer having pore sizes of 9–10 nm and does not possess 
an extra polysaccharide layer above the peptidoglycan layer.
[57] It has hence been demonstrated that gram-positive bac-
teria can easily take up photosensitizer dyes and can readily 
undergo photoinactivation.[56,58]

In contrast, Escherichia coli is a gram-negative 
bacterium which contains an extra outer membrane in the cell 
wall structure which envelopes the peptidoglycan layer. It 
is known that the outer membrane is vital to the physiology 
of gram-negative bacteria such as Escherichia coli, making 
them resistant to most antimicrobial treatment modalities.[59] 
The Escherichia coli outer membrane is a layer produced 
from porin proteins and lipopolysaccharides that can act 
both as an effective permeation barrier while allowing 
the efficient diffusion of nutrients. The outer membrane 
also makes the bacteria outer surface strongly hydrophobic, 
allowing hydrophobic solutes to cross the outer membrane 
through the very narrow porin channels. Unlike 
in Staphylococcus aureus which has larger pores through 
the peptidoglycan layer and can allow relatively large 
molecules to pass through, the narrow porin channels 
in Escherichia coli effectively act as a barrier to the passage 
of large or hydrophobic compounds.[56]

Fluorometric studies have shown that the complexed 
outer membrane and cell wall of gram-negative bacteria shield 
the cytoplasmic membrane, hence preventing porphyrinoid 
molecules from binding to the membrane.[60] In this study, 
the partial positive charges associated with the electron-
deficient electron core are not sufficient to disorganize 
the gram-negative permeability barrier of Escherichia 
coli, even when electron-withdrawing carboxylic acid 
groups are introduced at the para-positions of the styryl 
groups to enhance the dipole moment generated across 
the π-system. The very low log reduction values obtained 
during the photoinactivation studies on Escherichia coli 
(Figure 7 and Table 3) can be attributed to this. The dark 
toxicity studies (Figure 8) demonstrated that BODIPY 3 
exhibits no dark toxicity in this context.

 

Figure 5. Dark toxicity studies in the presence of Staphylococcus 
aureus in 0.2 % DMF in PBS for 2 and 3 with data for 2 
and 3 illuminated at 30 min intervals with Thorlabs M530L3 
and M660L4 LEDs, respectively, provided for comparison.

Figure 6. Survival curves of Staphylococcus aureus in PBS (0.2 % 
DMF) solutions of 2 and 3. Irradiation of the bacteria was carried 
out at 30 min intervals with Thorlabs M530L3 and M660L4 
LEDs, respectively, to provide a dose of 198 and 504 J·cm−2 for 
each 30 min interval.

Figure 7. Survival curves of Escherichia coli in a PBS (0.2 % 
DMF) solution of 3. Irradiation of the bacteria was carried out at 
30 min intervals with a Thorlabs M660L4 LED. This represents 
a dose of 504 J·cm−2 for each 30 min interval.

complexes (Table 3); this can be attributed to the solubility 
exhibited by the BODIPY complexes in PBS with 0.2 % 
DMF. Staphylococcus aureus is a gram-positive bacterum 
with relatively porous cell walls as a result of the peptidogly-
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Conclusions

The PACT activities of novel 3,5-di-4-
carboxystyrylBODIPY 3 and the previously reported 
meso-pyrenyl 2,6-dibromoBODIPY core dye 2 have been 
investigated. Bacteria studies were undertaken and completed 
for both Escherichia coli and Staphylococcus aureus. The 
results obtained were analyzed in terms of log reductions 
with BODIPY 3 having a log reduction value of 9.10 for 
Staphylococcus aureus. In contrast, the log reduction values 
for Escherichia coli treated with 3 were very low (Table 3) due 
to its differing cell wall physiology. The results demonstrate 
that 3,5-distyrylBODIPY dyes merit further in-depth study 
for use as photosensitizer dyes in PACT, since they can be 
readily functionalized on the styryl groups with cationic 
groups that fully solubilize the dyes in PBS to be suitable for 
use with both gram-positive and gram-negative bacteria. 
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