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Owing to the ever growing interest for the human health

against infectious bacteria, various substances that dis-

play antimicrobial activity have been developed.1-7 For

instance, inorganic silver nanoparticles have been actively

investigated as antibacterial agents although the mecha-

nism for the activity is not clearly understood.8-12

Recently, photochemically triggerable organic antimi-

crobial substances have received significant attention

since these materials can be formulated with fabrics to

produce self-decontaminating clothes.13-18 In addition, the

irradiation-induced antimicrobial activity is attractive because

of the readily available light source (eg. Sun). Among var-

ious candidates, benzophenone derivatives have been most

actively investigated as photoactive antimicrobial agents

owing to the some salient features including facile syn-

thesis and generation of reactive radicals via photosensi-

tization.13-15 Thus, benzoquinone with diverse substituents

have been prepared and applied to the antimicrobial

screening.

It has been well known that photoinduced oxidation of

certain electron donating group-substituted triphenyl-

methane derivatives produces brilliantly colored ionic

species.19 Owing to this property, triphenylmethane deriv-

atives have been investigated as precursors of colorants. A

mechanistic pathway to the photochemical genartion of

an ionic iminium product from a triphenyl methane dri-

vative, 4,4',4''-tris(dimethylaminophenyl) methane (TPM,

1) is presented in Scheme 1. The first step of this process

involves excited state single electron transfer (SET) from

the triphenylmethane donor to presumably molecular

oxygen. The radical cation intermediate 2, produced in

this fashion, subsequently undergoes hydrogen atom loss

to yield the iminium ion 3. Since the iminium ion 3 is fully

conjugated, formation of the ionic moiety can be readily

monitored by visible absorption spectroscopy and most

often with naked eyes.

The generation of reactive ionic/radical species from

the photochemical oxidation of TPM is very intriguing

since these reactive species might be able to retard the

growth of microbes or destroy them. If TPM displays the

antimicrobial activity, a new class of photoactive antimi-

crobial agent can be developed.

In order to test the feasibility of TPM as a photoactive

antimicrobial agent, a thin (ca. 1 m) polystyrene (PS) film

containing TPM was prepared by spin-coating of a chlo-

roform solution containing PS (MW: 280,000, 5 wt%) and

TPM (1.5 wt%, based on the weight of PS polymer pow-

der) on a glass substrate.20 Irradiation of UV light (254

nm, 1 mW/cm2) to the film resulted in the gradual increase

of the absorption in the visible region, confirming the suc-

cessful generation of iminium product 3 in the polymer

film (Fig. 1). In addition, the colorless transparent TMP-

containing film became pale purple after UV irradiation. 

We next investigated antimicrobial properties of the

TPM containing PS films against Staphylococcus aureus

Scheme 1. Proposed mechanism of photoinducediminium ion
formation from TPM.
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(ATCC 6538P) according to the method of contact film

(JIS Z 2801).21,22 A 0.2 mL of diluted microbe solution

(stock microbe solution: 2.1~2.5×105 CFU/mL) was

applied to a TPM-containing PS film (5×5 cm) in a Petri

dish. A control experiment was carried out with a PS film

without TPM. The resultant Petri dish was irradiated with

UV light (254 nm, 1 mW/cm2) for 2 h. After UV irradi-

ation, the microbes in Petri dish was collected with a 20

mL distilled water and 1 mL of the solution was trans-

ferred to a test tube of 9 mL saline solution. Then, 1 mL of

the diluted solution was spread on a new Petri dish with a

growth medium of trypticase soy agar. The plate was incu-

bated at 37 oC for 24 h and the number of colonies was

determined. The antibicrobial activity was evaluated using

the following equations.

Antimicrobial activity (S) = log − log = log

(1)

Degree of reduction (%) = ×100 (2)

where, Ma is an average number of bacteria in reference

sample immediately after vaccination of testing bacteria,

Mb is an average number of bacteria in reference sample

after incubation for 24 h, and Mc is an average number of

bacteria in antimicrobial sample after incubation for 24 h. 

Table 1 shows antimicrobial functions of the pristine PS

film and the TPM (1.5 wt%, based on the weight of PS

polymer powder) containing PS films. The number of col-

onies of Staphylococcus aureus were significantly reduced

after UV irradiation of the TPM containing PS film

(99.3% reduction) compared to the nonirradiated coun-

terpart (33.0% reduction). In contrast, the control PS film

which does not contain TPM molecules displayed a slight

increase in the colony reduction (25.5 to 36.7% reduc-

tion). These results indicate that the UV irradiated TPM

molecules are able to inhibit effectively the growth of the

Staphylococcus aureus.

The UV-irradiated formation of iminium ion species

from TPM was evidenced by observing color change of

the Petri dish (Fig. 2). Accordingly, the Petri dish that con-

Mc
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Fig. 1. UV-visible absorption spectral change obtained with PS
film containing TPM upon UV irradiation.

Table 1. Antimicrobial test results of pristine PS and TPM (1.5 wt%) containing PS films after UV irradiation for 2 h

Staphylococcus aureus

Ma Mb Mc Antimicrobial activity (S) Reduction (%)

Before UV
Pristine PS 2.2×105 2.7×105 2.0×105 0.1 25.5

TPM 2.2×105 2.7×105 1.8×105 0.2 33.0

After UV
Pristine PS 2.6×105 3.1×105 2.0×105 0.2 36.7

TPM 2.6×105 3.1×105 2.2×103 2.1 99.3

Fig. 2. Photographs of Petri dishes before (a) and after (b) UV
irradiation (254 nm, 1 mW/cm2, 2 h) of pristine PS (left) and
TPM (1.5 wt%)-containing PS (right) films in the presence of
colonies of Staphylococcus aureus.
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tains only pristine PS film (Fig. 2a, left) did not show any

color change after UV irradiation (Fig. 2b, left). In con-

trast, the generation of purple color was monitored (Fig.

2b, right) form the UV irradiation of the TPM-containing

Petri dish (Fig. 2a, right).

It is unclear at this moment the exact mechanism of the

photoinduced antimicrobial activity of TPM molecules.

We, however, believe that the photochemically produced

reactive species (either radical or ionic) are responsible

for the inhibition of the bacteria growth.

In summary, a new class of photoactive antimicrobial

agent was developed. The electron-donating group sub-

stituted triphenylmethane derivative TPM displayed good

antibacterial activity upon UV irradiation. The UV-induced

generation of iminium ions was observed with a TPM

containing PS film. Regardless of the mechanistic details,

the results described above should be considered as impor-

tant contributions to the ever growing interest in the anti-

bacterial research area.
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