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Seij i Shinkai*, Katsuta blatsuo, blichiko Sato, 

Takaaki Sone, and Osamu ?lanabe 

Department of Industrial Chemistry, Faculty of Engineering, 

Nagasaki University, Nagasaki 852, Japan 

A photoresponsive surfactant with a cationic azobenzene head group 
(I) was synthesized. It was demonstrated that by mixing (I) with a 
conventional cationic micelle the rate of the micelle-catalyzed re- 
action (base-catalyzed proton abstraction from benzoin) can be con- 
trolled by light. The origin of the photocontrol was accounted for by 
the difference in the partitioning of trans-(I) and cis-(I) in the 
micelle phase. 

Photoresponsive systems are ubiquitously seen in nature, and light is used 

as a trigger to cause the subsequent life processes. In these systems, the 

physiological changes are frequently linked with photo-induced structural changes. 

Hence, one has to combine a photo-antenna to cause some structural change with a 

functional group to mediate some subsequent event in order to mimic the funda- 

mental functions of the photoresponsive systems. We have been interested in the 

application of the phenomena to biomimetic systems. In this paper, we report the 

first example of photocontrol of micellar catalysis which frequently imitates the 

fundamental functions of enzymatic catalysis. 1) 

We used (I) as a photoresponsive surfactant and hexadecylpyridinium bromide 

(IIDPB) as a micelle-forming surfactant. As a reaction, we chose the proton 

abstraction from benzoin (Eq. 1) which is catalyzed by cationic micelles and is 

conveniently monitored by following the disappearance of the absorption band of 

2,6-dichlorophenolindophenol(DCPI).2’3) 
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Fig. 1. OD650 vs. surfactant concentration. 

30°C, [DCPI]=S.38xlO-' 11, [IHC1]=1.41~10-4 M. 

q HDPB; OHDPB+(I)(Z:~ in mol);eHDPB+photo- 

irradiated (1)(2:1 in mol). 

The absorption band of trans-(I)(Amax 360 nm in water) decreased rapidly 

with photo(uv)-irradiation and reached an equilibrium intensity within 3 min. 

The cis% was calculated to be 71% from the equilibrium absorbance assuming that 

the absorbance of cis-(I) at this wavelength is negligible in comparison to that 

of trans-(I). The regeneration of trans-(I) in the dark was relatively slow, 80% 

of the initial spectrum being recovered after one day at 3O'C. 

DCPI is often used for the measurement of the cmc of cationic micelles, 4) 

for it is red (neutral species, rmax 500-520 nm) in dilute hydrochloric acid, but 

turns blue (anionic species, Amax 600-650 nm) by addition of cationic micelles. 

Thus, one can easily detect the formation of micelles in aqueous solution. For 

example, the blue color of DCPI appears with increasing HDPB concentrations, and 

the cmc is estimated to be ca. 0.8 mM from the OD650 vs. [surfactant] plot (Fig. 

1). On the other hand, neither trans-(I) nor photo-irradiated (I) could not form 

the micelle: the blue color did not appear at [(I)] < 2.0 mFI and they precipitated 

at [1]>2.0 mM. When (I) was added to the solution of HDPB above the cmc, the 

blue color of DCPI almost disappeared. In Fig. 1, OD650 was plotted against the 

concentration of HDPB+(I) mixture (2:l in mol, [surfactant]=[HDPB]+[(I)]). Even 

at the higher concentrations, the OD650 value of the mixed system was about half 

of the HDPB micelle. These results suggest that (I) rather acts as a micell- 

destroying reagent. Interestingly, when HDPB was mixed with photo-irradiated 

(1)5), the intensity of the blue color was significantly strengthened (87% of the 

HDPB micelle: Table 1 and Fig. 1). One can thus presume that cis-(I) destroys 

the HDPB micelle to a smaller extent than trans-(I). The difference may be re- 

flected by the micellar catalysis. 
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Fig. 2. Apparent first-order 

rate constants (k) for proton 

abstraction from benzoj,n vs. 

surfactant concentration. 

q HDPB; OHDPB+(I); l 
HDPB+photo-irradiated (I). 

The detailed conditions are 

recorded in Table 1. 

1 2 3 

[Surfactant] mN 

Table 1. Apparent first-order rate constants(k) 

for proton abstraction from benzoin a) 

Additive (mM) Treatment 
0D650 k x 10 

4 

set 
-1 

None dark 0.236 

HDPB (1.20) dark 0.664 20.4 

IIDPB (0.80) dark 0.402 10.6 

HDPE (0.80) + (1)(0.40) dark 0.245 2.94 

IIDPB (0.80) + (1)(0.40) light 0.575 9.35 

a) 3O"C, pII 10.29 with 0.01 '1 carbonate, 6.25 ~01% DbIF, 

[DCPI]=4.00~10-' :I, [benzoin]=2.00x10-4 ?I. 

Proton abstraction from benzoin is a base-catalyzed reaction. The deproton- 

ntion bein,? rate :!etcr;;ining, the disappearance of the absorption band of DCPI 

(Lax 
606 nm, o=15900) is zero-order. 2,3) The reaction rate is expressed by Eq. 

2. 

\r = (ltOHIOH-l + !+[buffer])[henzoin] = k[benzoin] (2) 

In this paper, we evaluated the micellar catalysis by the apparent first-order 

rate constant, k. The reslults are summarized in Table 1 and Fig. 2. Obviously, 

the Plots of k vs. [surfsctnilt] are b:ell correlative to those of 0T)650 Vs. 
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[surfactant] in Fig. 1: the mixed system gives the smaller rate constants than 

the HDPB micelle and the photo-irradiated rate constants are significantly 

'greater than the dark rate constants. At [surfactant]=l.Z m!l, the rate difference 

between the dark and the photo-irradiated system is 3.2-fold. This indicates 

that the micellar catalysis can be controlled, in principle, by s-vitching the 

light source on and off. 

It is interesting to consider why cis-(I) destroys the micelle less ef- 

fectively. It is known that symmetrical trans-azobenzene is calssified as a non- 

polar molecule, while cis-azobenzene belongs to a polar molecule due to large di- 

pole moment across the azo-linkage. 6) One may thus presume that less hydrophobic 

cis-(I) is partitioned to a greater extent to bulk water. This woul_I elucidate 

the recovery of the HDPB micellar catalysis by photo-irradiation. 

The effort to seek more efficient photoresponsive surfactants is now Con- 

tinued in this laboratory. 
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