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Triarylphosphonium-conjugated Sn(IV)-porphyrins for 
Antimicrobial Photodynamic Therapy: Impact of Substituents on 
Lipophilicity, Aggregation, and Photoantibacterial Activity
Gayathri MP, a Nandhakumar Muruganandam,b Sutharsan Govindarajan,*b Balaji Babu*a

Antimicrobial photodynamic therapy is an effecive approach to couteract bacterial infections that are not possible to be 
treated through antibiotics. In this study, three cationic Sn(IV) porphyrins bearing triaryl phosphonium substituents (SnP1, 
SnP2, and SnP3) were synthesized and evaluated as antibacterial photosensitizers (PS). All compounds exhibited efficient 
singlet oxygen generation with quantum yields (ΦΔ) in the range of 0.72-0.78. Aggregation studies shows reduced 
aggregation of SnP1 and SnP2 than SnP3. Lipophilicity (log P) values indicated that SnP2, containing fluoro substituents, 
possesses balanced amphilic character favorable for effective bacterial uptake and antimicrobial activity. The photodynamic 
antibacterial activity (427 nm LED, 22 mW cm−2) of SnP1, SnP2 and SnP3 was evaluated against Escherichia coli (E. coli) and 
clinical methicillin-resistant Staphylococcus aureus (MRSA). SnP2 exhibited significant photoantimicrobial activity against 
both gram negative (E. coli) and gram positive (MRSA) with log reduction of 8.7 at 10 µM and 8.4 at 20nM, respectively. 
Overall, our study highlights the importance of structural tuning of lipophilicity and aggregation in enhancing the efficacy of 
Sn(IV)-porphyrin based photosenstizers.

1. Introduction
The growing threat of antimicrobial resistance has prompted 
global health agencies to identify priority pathogens that 
require urgent therapeutic intervention. The World Health 
Organization recently released the Indian Priority Pathogen List 
(IPPL), which highlights several clinically significant bacteria.[1] 

Among these, Escherichia coli (E. coli), Klebsiella pneumoniae, 
Acinetobacter baumannii and Pseudomonas aeruginosa are 
recognized as critical priority pathogens. In addition, high-
priority pathogens include Staphylococcus aureus (particularly 
MRSA), Enterococcus species, and Salmonella species (typhoidal 
and non-typhoidal).[1,2]

Although a wide range of antimicrobial strategies has been 
developed, there is still a critical need for treatment that can 
reduce or supress the antibiotic resistance. In this context, 
oxidative stress-based antimicrobial methods have attracted 
considerable attention.[3] These approaches generate reactive 
oxygen species (ROS) that damage key cellular components-
leading to microbial cell death.[3,4] The multi-target oxidative 
action of aPDT minimizes resistance development, making it 
effective against multidrug-resistant pathogens.[5] 
In aPDT, upon light absorption the photosensitizer (PS) 
undergoes electronic excitation from the ground state to a 
higher-lying excited state, subsequently transferring energy to 
molecular oxygen to generate ROS, its efficacy is governed by 
molecular design, which dictates absorption properties, 

excited-state dynamics, ROS yield, and interactions with 
microbial cells.[6] These ROS induce oxidative damage to key  
cellular components, resulting in irreversible cellular damage 
and microbial cell death. Among various classes of 
photosensitizers investigated to date, tin(IV)-based porphyrins 
represent one of the most versatile and widely studied scaffolds 
for photodynamic applications.[7] Sn(IV)-porphyrins with trans 
axial ligands inhibit π-π interaction of porphyrin macrocycles 
and minimize aggregation. In addition, Sn(IV)-porphyrins exhibit 
strong absorption in the visible region (420-440 nm), facilitates 
intersystem crossing (ISC) thereby populates triplet-state yields, 
and efficient singlet oxygen generation, making them highly 
suitable candidate for aPDT.[8] Moreover, the porphyrin 
macrocycle provides a chemically flexible scaffold that allows 
systematic modification of peripheral substituents to fine tune 
the physicochemical properties such as lipophilicity, 
aggregation behaviour, and interaction with microbial cells.
For antimicrobial applications, efficient interaction between the 
photosensitizer and microbial cell surfaces is a critical 
determinant of photodynamic activity. Bacterial cell envelopes 
typically possess a net negative charge, which favours the 
interaction of cationic photosensitizers through electrostatic 
attraction. As a result, cationic porphyrin derivatives have 
shown enhanced antimicrobial photodynamic activity due to 
improved binding and uptake by microbial cells.[9] However, 
increasing hydrophobicity to enhance membrane interaction 
can also promote aggregation in aqueous environments, which 
often reduces antimicrobial photodynamic efficiency due to 
self-quenching of excited states. Therefore, achieving a 
balanced combination of charge, lipophilicity, and molecular 
dispersion is essential for optimizing antimicrobial 
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photodynamic performance. The choice of wavelength of light 
to activate a photosensitizer largely depends on the depth of 
infection. Blue light is well suited for superficial or topical 
infections; while red light is preferred for deep infections as it 
has better tissue penetrating.[4,5] Porphyrins with an intense 
absorption (Soret band) in blue region of the spectrum is a well-
suited candidate as photosensitizer for topical bacterial 
infections.
In this context, attaching triaryl phosphonium (TArP+) moieties-
can be a promising strategy for modulating the lipophilic nature 
and aggregation nature of the photosensitizers.[10] The positive 
charge on triaryl phosphonium group that can enhance 
interactions with microbial membranes through electrostatic 
interactions of negatively charged microbial membranes while 
simultaneously influencing the hydrophobic character of the 
photosensitizer. In the present study, we investigate a series of 
triaryl phosphonium conjugated Sn(IV)-porphyrin 
photosensitizers (SnP1–SnP3) (Fig. 1a) designed to modulate 
lipophilicity, aggregation behaviour, and antimicrobial 
photodynamic activity towards gram (-) negative Escherichia 
coli and a Gram (+) positive methicillin-resistant Staphylococcus 
aureus (MRSA). By correlating molecular structure with 
photophysical and biological properties, this work provides 
insights into the structure–activity relationships governing 
phosphonium-based porphyrin photosensitizers and highlights 
their potential as promising agents for antimicrobial 

photodynamic therapy.

2. Results and Discussion
2.1. Synthesis and characterisation

The Sn(IV)-complexes (SnP1-SnP3) were prepared by stirring 
the corresponding free-base porphyrins[11] with SnCl2.H2O at 
60°C for 6h and purified by neutral alumina chromatography 
(Scheme S1). The structure of Sn(IV)-complexes were confirmed 
by NMR (1H, 31P, 19F NMR) and Mass spectrometry (Figs. S1-S6). 
The β-hydrogens of porphyrin core were observed around 9.11 
ppm, while the aryl protons of triarylphosphonium moiety 
appeared in the aromatic region (7.7-8 ppm). Signals 
corresponding to the aliphatic linker were detected around 3.2-
3.5 ppm. The amide (NH) proton resonated downfield at 10.9 
ppm consistent with reported literature values.[11] Furthermore, 
the 31P-NMR of Sn(IV)-complexes showed characteristic peaks 
around 25 ppm which are downshifted from the free triaryl 
phosphines confirming successful conjugation (Figs. S1-S3). The 
17F-NMR of SnP2 displayed fluorine peaks at -98.15 ppm. The 
mass spectral analysis revealed peaks corresponds to [M-2Cl+H] 
fragment.
2.2. Photophysical properties

The electronic absorption spectrum of Sn(IV)-porphyrins (SnP1, 
SnP2 and SnP3) (Fig 1b and S7) show typical intense Soret band 
at 428 nm (S0→S2 transition) and two Q-bands around 563 and 
605 nm (S0→S1 transition) typical of Sn(IV)-porphyrin 
systems.[12] All three Sn(IV)-porphyrins exhibited similar pattern 
in UV-Vis indicating the triarylphoshonium substitution have 
minimal impact on the electronic properties because of the 
aliphatic linkers. The emission spectra of Sn(IV)-porphyrins 
(SnP1-SnP3) displayed two emission bands around 610 and 662 
nm when excited at 428 nm, the (Fig 1b and Fig S7). The 
fluorescence quantum yields (ΦF) of Sn(IV)-porphyrins were low 
(0.029). The relatively low quantum yield values are consistent 
with typical Sn(IV)-porphyrin systems, where efficient 
intersystem crossing from the singlet excited state to the triplet 
state occurs.[13] The photophysical property results of all three 
compounds are mentioned in Table 1. The singlet oxygen 
generating ability of synthesised Sn(IV)-porphyrins were 
evaluated using 9,10-dimethylanthracene (DMA) as singlet 
oxygen trap.[14] DMA is also widely employed as a singlet oxygen 
probe. DMA reacts with singlet oxygen to form a stable 
endoperoxide, leading to a decrease in its characteristic 
absorption. Monitoring this decrease spectroscopically allows 
indirect detection and quantification of singlet oxygen 
generation by comparative method.[32] The singlet oxygen 
quantum yield (ΦΔ) measurements indicate that all three Sn(IV)-
porphyrins are efficient singlet oxygen generators upon 
irradiation. The control experiments in dark displayed negligible 
1O2 generation. The singlet oxygen (1O2) life-time is higher in 
organic solvents than in water and physiological environments. The 
fate of singlet oxygen is further governed by biomolecular 
quenching, oxygen availability, cellular microenvironment effects. 
Therefore, the measured ΦΔ by DMA method primarily represents 
intrinsic photosensitising efficiency under idealized conditions and 
may not directly correlate with 1O2 generation efficiency under 
physiological conditions. 

Fig. 1. (a) Schematic representation of Sn(IV) -porphyrins studied; (b) Absorption 
(black) and Emission (red) spectra of SnP2 in DMF.
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2.3. Aggregation studies

Porphyrins and metalloporphyrins tend to aggregate in aqueous 
or physiological medium due to either H or J- aggregation.[15] 
Sn(IV) porphyrins with suitable bulky trans-axial ligands are 
known to suppress H-aggregation by sterically hindering the 
close approach of adjacent porphyrin units, whereas those with 

simple axial ligands such as Cl or OH tend to exhibit some degree 
of aggregation in aqueous solution.[8] Aggregation significantly 
reduces the photodynamic efficiency of photosensitizers by 

quenching excited states and decreasing singlet oxygen 
generation.[17] Therefore, maintaining the photosensitizer in a 
monomeric form is essential for efficient ROS production and 
effective antimicrobial photodynamic therapy (aPDT). The 
aggregation behaviour of the three Sn(IV)-porphyrin derivatives 
(SnP1-SnP3) was evaluated by measuring their UV–visible 
absorption spectra in DMSO, 1% DMSO/PBS, and 1% 
DMSO/water (Fig. 2a-2c). In DMSO, all three compounds 
displayed a narrow and intense Soret band around 428 nm 
along with well-resolved Q-bands in the 520–610 nm region, 
suggesting that the Sn(IV)-porphyrins are present in a 
monomeric and well-dispersed form in this solvent. In 1% 
DMSO/H2O, a slight blue shift (420nm) in soret band is observed 
for all three Sn(IV)-porphyrins, however, the band remained 
sharp with similar full-width-half-maximum (FWHM) value (Fig. 
2d). Full-width-half-maximum (FWHM) is the width of a spectral 
peak measured at half of its maximum intensity, indicating peak 
sharpness and providing insight into aggregation and molecular 
environment.[7,8] This suggests that the Sn(IV)-porphyrins 
remains predominantly in monomeric form in 1% DMSO/H2O. 
This behaviour is attributed to the cationic triarylphosphonium 

moiety which increases the solubility. Interestingly in 1% 
DMSO/PBS, for SnP1 and SnP2, a decrease in soret band 
absorption is observed but the band remained narrow with 

Table 1. Selected photo physicochemical properties of 
SnP1-SnP3 in DMF.

SnP1 SnP2 SnP3
λmax/nm 

(log ε)
428 (5.11), 
562(3.75), 
605(3.66)

428(5.06), 
563(3.70), 
603(3.57)

428(5.10), 
564(3.71), 
605(3.61)

λema 613, 662 612, 661 612, 662
ΦFb 0.029 0.026 0.029
ΦΔc 0.72 0.78 0.76
log P(o/w) 0.31 0.28 0.35
a Excitation at the B (or Soret) band maxima; b ZnTPP = 
0.033 in DMF[16];  ZnTPP in DMF[30]

Fig. 2. Aggregation studies: UV-Visible spectra of a) SnP1, b) SnP2, c) SnP3 in DMSO, 1% DMSO/H2O, 1% DMSO/PBS buffer (Inset: Expanded Q-bands); d) FWHM (cm-1) in DMSO (blue), 1% 
DMSO/H2O (red) and 1% DMSO/PBS buffer (black).
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similar FWHM. In case of SnP3, a significant decrease in soret 
band absorption is observed along with peak broadening. A new 
red shifted absorption band appeared with increased FWHM. 
This behaviour suggests that some degree of J-aggregation is 
induced for SnP3 in 1% DMSO/PBS.[18] This is attributed to the 
increased hydrophobic nature contributed by 
tritolyphophonium moiety in SnP3, also the ionic strength in 
PBS aids in the reduction of solubility an increase of 
aggregation.[19] This study shows that how a small change in 
substituents on the triphenylphosphonium (TPP⁺) moiety can 
strongly influence the aggregation behaviour of Sn(IV)-
porphyrins because they alter steric and hydrophobic 
properties of the molecule. 

2.4. Lipophilicity

The uptake and interaction of porphyrins with bacterial 
membranes depends on the lipophilicity. This property directly 
influences antimicrobial photodynamic activity, as we have 
observed in our previous studies.[20] Balanced lipophilicity helps 
in minimizing aggregation and to maintain solubility. The 
lipophilicity of the synthesized Sn(IV)-porphyrin derivatives was 
evaluated by determining their octanol/water partition 
coefficients (log P) (Table 1).[21,29] The obtained values were 
0.309 for SnP1, 0.283 for SnP2, and 0.347 for SnP3, indicating 
that all three compounds possess moderate lipophilicity with 
partial water solubility. Among the three derivatives, SnP3 
exhibits the highest logP value, which are likely due methyl 
substituents present in SnP3 that increase its hydrophobicity. In 
contrast, SnP2 shows the lowest logP value, likely due to the 
fluorine substituents, which slightly increase the polarity of the 

molecule and reduce its affinity for the organic phase. SnP1 
displays an intermediate logP value.

2.5. Photoantimicrobial activity against gram (-) E. coli and gram (+) 
clinical pathogen - MRSA 

Blue-light absorbing photosensitizers are advantageous for 
treating skin bacterial infections because blue light (400–450 
nm) penetrates sufficiently into superficial tissues not deep 
enough, where most skin infections occur.[22] Sn(IV)-porphyrins 
are ideal photosensitizers since they strongly absorb in the blue 
region (Soret band) and produce singlet oxygen efficiently. The 
antimicrobial photodynamic activity of the triaryl 
phosphonium-based photosensitizers SnP1-SnP3 were 
evaluated against the E. coli (Gram -) and a clinical isolate of 

Table 2. Log reduction of E. coli and MRSA treated with SnP1-SnP3 
with 10 μM and 20 nM respectively. In dark and 427 nm light 
irradiation (22 mW/cm2, 40 J cm−2) for 30 min.

Log reduction
(% of survival)

Log reduction
(% of survival)

Dark Light
Bacteria

SnP1 SnP2 SnP3 SnP1 SnP2 SnP3

E. colia <0.1
(97.6)

<0.1
(95.3)

<0.1
(90.7)

8.6
(0)

8.7
(0)

3.7
(0)

MRSAb <0.1
(91.1)

<0.1
(88.2)

<0.1
(91.1)

5.4
(0)

8.5
(0)

5.4
(0)

a10 μM and b20 nM of Sn(IV)-porphyrins.

Fig. 3. Antibacterial activity of SnP1, SnP2, SnP3 in dark and light exposure (427 nm LED, 30min 40 J cm−2) conditions at different concentrations against (a) E. coli, (b) MRSA 
by spot dilution assay. 
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methicillin-resistant S. aureus (MRSA) (Gram +) (Fig. 3, 4 and 
S8). The Sn(IV)-porphyrins exhibited concentration dependent 
antibacterial activity under light exposure (427 nm LED). 
Significant differences in photoantibacterial efficacy were 
observed among the three compounds depending on the 
bacterial species. The log reduction numbers are calculated 
using the expression: log reduction = log10(A0)−log10(A30), where 
A0 and A30 correspond to the number of viable microorganisms 
at 0 and 30 min of light exposure, respectively (Table 2). In 

accordance with established antimicrobial efficacy criteria, a log 
reduction exceeding 3 log units (≥99.9%) was deemed as the 
threshold for significant antibacterial activity.[31] In E. coli, SnP1 
and SnP2 exhibited the highest photoantibacterial activity at 10 
µM, with the log reductions of 8.7 for both the compounds. At 
7.5 µM concentration, the log reductions are 4.13 and 5.65, 
respectively, for SnP1 and SnP2. In contrast, SnP3 showed lower 
photoantibacterial activity at the tested concentration, 
producing a log reduction of 3.7 at 10 µM. Interestingly, in 

Fig. 5. Fluorescence microscopy images of (a) E. coli treated with 10 μM of SnP2 in dark and after light exposure (427 nm LED, 22 mW cm−2); (b) MRSA treated with 20nM of SnP2 
in dark and after light exposure (427 nm LED, 22 mW cm−2). Localization of the SnP2 compound was observed in the TRITC filter of fluorescence microscopy, and the cells were 
observed with phase contrast (PC). PC images (grey), DAPI (blue) and the compound fluorescence (Red) are shown in individual panels. The scale bar corresponds to 2 μm.

Fig. 4. Chemical structures and antibacterial activity of the compounds. (a) Reference compound (RC) (b) SnP2. Antibacterial activity against E. coli (c, d), against MRSA (e, f) under 
dark (red) and light irradiation with a 427 nm LED (22 mW cm−2, 30min, 40 J cm−2) (blue) conditions at different concentrations. 
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MRSA, these compounds exhibited strong photoantibacterial 
activity at nanomolar concentrations. SnP1 and SnP3 showed 
similar photoantibacterial activity at 20 nM (Fig. 3, S8), 
producing log reduction of 5.4, whereas SnP2 exhibited the 
highest photoantibacterial activity with the log reduction of 
8.49 and completely inhibited bacterial growth at 20 nM. 
Overall, among the three compounds, SnP2 presents the 
highest aPDT activity followed by SnP1 and SnP3 (Fig. 4c, 4e). 
The difference in the aPDT activity between gram (-) compared 
to gram (+) could be explained due to the presence of an 
additional outer membrane in Gram-negative E. coli, which acts 
as a permeability barrier and may limit the uptake of the 
photosensitizers. [23] Consistent with their photoactivable 
nature, all the three Sn(IV)-porphyrins showed negligible aPDT 
at all concentrations tested against E. coli and MRSA in dark 
conditions. However, a notable feature of SnP2 is that its light-
activated antibacterial effects are more pronounced compared 
to Sn(IV)-porphyrins reported previously in the literature.[24] 

The low dark toxicity and high light induced toxicity are one of 
the main criteria for effective photosensitizers (PS) for aPDT. A 
control experiment with porphyrin-a reference compound (RC) 
(Fig. 4b) without triphenylphosphonium moiety showed 
negligible toxicity in dark and light in the same concentration 
range studied against E. coli and MRSA (Fig. 4d, 4f). The 
combined results of aggregation studies, singlet oxygen 
generation and light-induced toxicity collectively demonstrates 
that Sn(IV)-porphyrins (SnP1-SnP3) possess promising potential 
as photosensitizer for antimicrobial photodynamic therapy 
(aPDT). 

2.6. Fluorescence Microscopy Localization Studies

Sn(IV)-porphyrins (SnP1-SnP3) are relatively emissive, and this 
property can be exploited to investigate their localisation and 
accumulation in bacterial cells under both dark and 
photodynamic conditions (Fig. 5, S9). Based on the toxicity 
profile in dark, fluorescence imaging studies were performed at 
10 µM and 20 nM concentration of Sn(IV)-porphyrin for E. coli 
and MRSA, respectively. Fluorescence microscopic images of E. 
coli and MRSA were captured upon incubation with Sn(IV)-
porphyrins along with DAPI-a DNA binding dye (Fig. 5, S9). 
Under dark conditions, photosensitizers were predominantly 
accumulated at the membrane, in addition to cytoplasmic 
localisation, of E. coli. However, in MRSA, a weak or no 
fluorescence signal was observed. In both cases DAPI staining 
revealed a smooth bacterial nucleoid morphology, similar to 
untreated control, indicating that Sn (IV)-porphyrins do not 
induce any DNA damages under dark conditions. 

Upon light activation, Sn(IV)-porphyrin exhibited enhanced red 
fluorescence signal both in E. coli and MRSA. In both cases no 
visible damage to cell membrane was observed. However, DAPI 
staining showed a distorted and condensed nucleoid, indicative 
of photodynamic activation and DNA damage. Cells treated with 
SnP1 and SnP3 showed phenotypic changes similar to those 
observed with SnP2 (Fig. S9). These red fluorescence signals 
indicate cellular uptake of the compounds. In E. coli, 
fluorescence was observed only in a subset of cells, whereas in 
MRSA nearly all cells exhibited strong fluorescence, suggesting 
more efficient uptake of the compounds by MRSA compared to 
E. coli. This observation correlates with the higher antimicrobial 
activity observed in MRSA relative to E. coli. 

Fig. 6. DCFDA assay for intracellular ROS generation. Fluorescence microscopic images of (a) E. coli treated with 10 µM of SnP2 in dark and light along with controls; (b) MRSA 
treated with 20 nM of SnP2 in dark and light along with controls. Phase contrast (PC) (grey) and FITC filter (DCFDA) (green). The scale bar corresponds to 10 μm.
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2.7. Intracellular ROS production

Next, we studied intracellular ROS generating ability of 
synthesized photosensitizers by DCFDA (2’,7;-
dichlorofluorescein diacetate) assay.[25] DCFDA is non-emissive 
cell-permeable dye undergoes deacetylation to form DCFH- a 
non-fluorescent intermediate. DCFH non-specifically react with 
any reactive oxygen species and oxidised to DCF (2’,7;-
dichlorofluorescein), a highly green emissive compound.[26] E. 
coli and MRSA were incubated with SnP2 and DCFDA, and kept 
in dark and light conditions. The fluorescence microscopic 
images of bacteria (E. coli and MRSA) display no visible green 
emission from the cells kept in dark conditions. Interestingly a 
pronounced increase in green fluorescence was observed in 
bacteria preincubated with SnP2 upon light exposure indicating 
efficient intracellular ROS generation. Control experiments in E. 
coli and MRSA in dark and light conditions in the absence of 
SnP2 exhibited no detectable green fluorescence (Fig. 6). These 
results confirm that SnP2 induces light-triggered ROS 
generation within the bacterial cells.

3. Conclusion
In conclusion, three triaryl phosphonium-substituted Sn(IV) 
porphyrins (SnP1, SnP2, and SnP3) were successfully 
synthesized and characterized. The influence of substituents on 
the triphenyl phosphonium groups was systematically 
investigated in terms of aggregation behaviour, lipophilicity, 
and antimicrobial photodynamic activity. Among the three 
compounds, SnP2 exhibited the most balanced lipophilicity with 
reduced aggregation and enhanced antimicrobial activity 
against both E. coli and MRSA, highlighting the importance of 
structural modification in optimizing photodynamic efficiency. 
Thus, fine-tuning substituent effects on phosphonium 
porphyrins is an effective strategy for developing potent Sn(IV)-
porphyrin based photosensitizers for antimicrobial 
photodynamic therapy. Further structural refinement of Sn(IV) 
porphyrins via meso-substitution can be strategically employed 
to enhance aqueous solubility, thereby enabling more 
comprehensive in vitro and in vivo evaluation. Moreover, the 
trans-dichloro axial coordination sites offer a synthetically 
accessible platform for ligand exchange, facilitating the 
incorporation of suitable axial ligand that can improve water 
solubility and enable the introduction of targeting moieties, 
ultimately enhancing cellular uptake and antimicrobial 
photodynamic efficacy.

4. Experimental
4.1. Materials

Benzaldehyde, Triphenylphosphine were obtained from Avra 
(India), Tris(4-fluorophenyl) phosphine, Tri(p-tolyl) phosphine 
and 2′,7′-dichlorofluorescein diacetate (DCFDA) are from BLD 
pharma. 3-bromo-N-(4-(10,15,20-triphenylporphyrin-5-
yl)phenyl) propenamide were synthesized according to 
literature procedures.[27,28] E. coli (MG1655) and methicillin-
resistant S. aureus (MRSA) (ATCC43300) were used in this study. 

Bacterial strains were cultured in Lysogeny Broth (LB) and agar 
(1% tryptone (w/v), 0.5% yeast extract (w/v), 1% NaCl (w/v), 2% 
agar/pH 7.2) were employed. For antibacterial assays, LB agar 
plates were prepared with 2% agar. For all experiments bacteria 
were maintained at a temperature of 37 °C. 

4.2. Methods 

Detailed instrumentation and experimental protocols for 
bacterial work, fluorescence imaging and DCFDA studies are 
included in the ESI

4.3. Synthesis

The free base porphyrins (P1-P3) were synthesized by following 
the previously reported procedure (Scheme S1).28 The 
respective free base porphyrins and SnCl2·H2O were dissolved in 
dimethylformamide (DMF) and heated at 60 °C for 6h. The 
completion of reaction was monitored by TLC and UV-Vis 
spectra. Then the reaction mixture was added to ice-cold water 
to precipitate the compound. The precipitate was centrifuged 
and supernatant was discarded. The crude pellet was washed 
with water to remove the DMF and dried and purified by neutral 
alumina column chromatography (1% MeOH/CHCl3) to give 
Sn(IV)-porphyrins (SnP1-SnP3) as purple solid in moderate 
yield.

SnP1. 1H NMR (CDCl3, 400 MHz): δ H 10.94 (s, 1H), 9.11 (m, 8H), 
8.33 (dd, 6H), 8.19 (d, 2H), 8.01 (d, 2H), 7.76 (m, 24H), 3.75 (m, 
2H), 3.24 (m, 2H); 31P NMR (CDCl3, 400 MHz): 23.87. MS (HRMS): 
m/z for [M−2Cl+H] = 1064.41 (calc. 1064.81). UV-Vis (λ/nm) in 
DMF: 428, 562, 605.

SnP2. 1H NMR (CDCl3, 400 MHz): δ H 10.64 (s, 1H), 9.11 (m, 8H), 
8.32 (dd, 6H), 8.17 (d, 2H), 7.93 (d, 2H), 7.80 (m, 15H), 7.41 (m, 
6H), 3.85 (m, 2H), 3.20 (m, 2H); 31P NMR (CDCl3, 400 MHz): 
24.61; 19F NMR (CDCl3, 400 MHz): -98.15. MS (HRMS): m/z for 
[M-2Cl+H] = 1118.41 (calc. 1118.78). UV-Vis (λ/nm) in DMF: 428, 
563, 603.
SnP3. 1H NMR (CDCl3, 400 MHz): δ H 10.95 (s, 1H), 9.12 (m, 8H), 
8.34 (m, 6H), 8.19 (d, 2H), 8.09 (d, 2H), 7.84 (m, 9H), 7.64 (m, 
6H), 7.54 (m, 6H), 3.63 (m, 2H), 3.20 (m, 2H), 2.50 (s, 9H); 31P 
NMR (CDCl3, 400 MHz): 25.01. MS (HRMS): m/z for [M-2Cl+H] = 
1106.42 (calc. 1106.89). UV-Vis (λ/nm) in DMF: 428, 564, 605.
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