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SDRSTITDENT EFFECT IN THE PHOTODIRZRIZATION OF ARPHIPHILIC ANTHRACENES: 

REACTIONS IN MONOLAYER ASSEMBLIES AND IN SOLUTIONS 

Akihiko Ouchi,* Hiroyuki Niino, Yasujiro Kawabata, 

Rotoo Tanaka, and Akira Yabe 

National Chemical Laboratory for Industry, Tsukuba, Ibaraki 305, Japan 

The rate of intermolecular photodimerisation of amphiphilic anthracenes was 
largely affected by the substitution to anthracene nucleus, both in 
monolayer assemblies and in MeOH solutions. A larger substituent effect was 
observed in monolayer assemblies compared with those in solutions. 

Chemical reactions in a rigid, organized environment, such as 

crystals, have attracted the deep interest of researchers particularly, in 

organic photochemistry.1 However, there are many compounds which cannot 

become crystal states; and for crystal states, the relative orientation of 

molecules is fixed by the nature of the molecules and is usually 

unchangeable. Recently, it was shown that almost any kind of molecule - by 

modification with introduction of hydrophobic and hydrophilic moieties - 

can be made into an organized structure by arranging it into a monolayer 

assemby; and chemical reactions in such assemblies have been rep0rted.l 

It was expected that the relative orientation of the reaction centers 

in monolayer assemblies could be controlled by varying the position of the 

substitution to the reaction center; the difference in the relative 

orientation should be reflected to the reaction rate. In the course of our 

investigation of the effect of substitution, we report here the 

photodimerization of some differently substituted anthracene derivatives in 

monolayer assemblies and in solutions. 3 
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Two amphiphilic anthracenes with different substitution were 

synthesized: 6-(2-(lo-hexyl)anthryl)-1-hexanoic acid 1 and 12-(2-anthryl)- 

1-dodecanoic acid 2.4 Figure 1 shows K-A curves of 1 and 2.5 Two limiting 

areas were observed for 1, 26.2 and 86.6 AZ/molecule; the result suggests 

the existence of two different arrangements in the monolayer assembly. 

Compound 2 showed a limiting area of 28.6 AZ/molecule with a shoulder at 

51.4 AZ/molecule. Preparation of the monolayer assemblies6 was carried out 

at surface pressure of 25 (LP: low pressure) and 40 mN/m (HP: high 

pressure) for 1, and at 30 mN/m for 2. Figure 2 shows the UV spectra of 1 
7 and 2, both in MeOH solutions and in monolayer assemblies. . 

The photochemical reactions of 1, 2, 3,4 and 4 in 10B5 M MeOIi 

solutions were performed by using a quartz cell with 10 mm optical path. 

The irradiations were conducted with monochromatic light corresponding to 

the O-O component of the first singlet vibronic transition of anthracenes: 

390.0f5.0 run, 0.30 mW/cm' for 1; 379.0f5.0 nm, 0.27 mW/cm2 for 2; 385.Ok2.5 

nm, 0.03 mW/cm2 for 3; and 374.0f2.5 nm, 0.99 mW/cm' for 4. The reactions 

were monitored by UV-Vi8 spectroscopy and the product was identified 

Area / ~2*molecule -1 

Pig. 1. Surface pressure-area (K-A) 

curves of 1 (-) and 2 (--). 

Pig. 2. W spectra of anthracene 

derivatives in MeOH solutions and 

in monolayer assemblies; 

-: 1, MeOH soln (10m5 M); 

. . . . . 2, MeOH soln (10B5 M); 

----: l-LP, monolayer assembly; 

-.-.: l-HP; monolayer assembly; 

-**-: 2, monolayer assembly. 
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by comparison with the reported 

in the monolayer assemblies were 

light: 397.025.0 run, 0.30 mW/cm2 

0.30 mW/cm2 for 2. 

The extent of reactions as 

W spectra.8 The photochemical reactions 

conducted similarly with the monochromatic 

for 1 (both HP and LP); and 392.025.0 run, 

a function of reaction coordinate - the 

irradiation time normalized with the flux of photons and the extinction 

coefficient - for 1, 2, 3, and 4, both in solutions and in monolayer 

assemblies, is shown in Fig. 3. In solutions, compounds 1, 2, and 3 showed 

considerable retardation in the photodimerixation compared with 4; the 

relative rates to 4 were ea. l/6.7, l/20, and l/2.7 for 1, 2, and 3, 

respectively at the primary stage of the reaction. The result can be 

explained by the steric repulsion during the reaction. In spite of higher 

substitution, 1 reacted faster than 2; both compounds give pairing of the 

molecules by hydrogen bonding' prior to the photodimerisation, and 1 have 

suitable chain lenght to give favorable orientation of the two anthracene 

moieties for the photodimerisation, resulting in faster reaction. 

As shown in the figure, 

greater acceleration of the 

reaction was observed in the 

monolayer assemblies compared 

to those in the solutions; ca. 

80 to llO-fold of accelera- 

tion for 1 and ca. 35-fold 

for 2. The substituent effect 

was more apparent in the 

monolayer assemblies because 

of the closer location of the 

molecules. The similar limit- 

ing areas for l-HP and 2 

Pig. 3. Extent of reactions 

for 1 and 2 as a function of 

reaction coordinate: 

0: l-LP; monolayer assembly; 

0: l-HP; monolayer assembly; 

A: 2, monolayer assembly; 

A: 1, MeOIi soln (10 -5 M); 

a: 2, MeOH soln (10 -5 M); 

n : 3, MeOH soln (10 -5 M); 

0: 4, MeOH soln (10 -5 M). 
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suggest that the distance between two molecules in these assemblies is 

comparable. However, ca. 7-fold acceleration of the rate was observed 

between l-HP and 2; the result implies the difference in the relative 

orientation of the chromophores, favoring photodimerization in l-HP 

monolayer assembly. 

It is interesting to see that, in spite of the larger limiting area in 

the monolayer assembly, thus greater separation of the two chromophores, l- 

LP reacted ca. g-fold faster than 2. The reason is still not clear; 

however, it suggests preferable orientation for photodimerization in l-LP 

monolayer assembly compared with that of 2. The comparable reaction rate 

in l-HP and l-LP monolayer assemblies, ca. 1.3-fold faster in that of l-LP, 

implies that the relative orientation of anthracene chromophores is very 

similar in these films. 
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