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Summary 

Polyglutamates bearing azobenzene derivatives covalently bound to the main chain via 
spacers and equipped with alkyl tails of different length have been synthesized. In the 
polymers the chromophore can he isomefized to high extent by irradiation with UV-light. 
The polymers can be spread on a LANGMUIR trough. The spreading behaviour is dif- 
ferent for irradiated and non irradiated samples, indicating a different arrangement 
depending on the content of cis-isomer. The films are less stable for longer spacers and 
smaller tails, caused by the better interaction of the azobenzene groups due to the greater 
mobility and minor hindrance. 

Introduction 

LB-films of photochromic polyglutamates have been proposed for optical data storage/1- 
2/. The LB-films of these "hairy rods" exhibit high thermal and mechanical stability and 
concomitantly great homogeneity/3-6/. First attempts to obtain materials suited for data 
storage were made with long alkyl chain bearing polyglutamates in mixtures with oleophi- 
lic dyes. In the LB-film the dye is dissolved in the side chain region/7/. To enhance sta- 
bility and homogeneity of the photochromic LB-films, the dye has to be bound covalently 
to the backbone. Copolymers beating azobenzene moieties and long alkyl chains were 
synthesized and investigated/8/. Although it is possible to obtain very homogeneous LB- 
films from these copolymers and the chromophore can be isomerized to high extent, is 
was not possible to produce a readable pattern by irradiation of these films/8/. The main 
problem might be the relatively low dye content. Therefore unipolymers bearing azoben- 
zene derivatives with alkyl chains have been synthesized. In order to optimize the spread- 
ing behaviour alkyl chains of different length were used as spacer and tail. 

Synthesis 

The azobenzene derivatives were synthesized using standard methods (scheme 1). 
The alcoholysis of the N-protected cyclic anhydride of the L-glutamic acid with the azo- 
benzene containing alcohols selectively yielded the 5-ester of the L-glutamic acid. After 
removal of the protecting group the amino acids were treated with phosgene to obtain the 
N-carboxyanhydride (NCA). The NCAs were polymerized in THF using triethylamine as 
initiator /9/ (scheme 2). The polymers were characterized by means of 1H-NMR, IR, 
GPC and DSC. 

*Part I: see [8] 
**To whom offprint requests should be sent 
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Scheme 1: Synthesis of the azobenzene derivatives 
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Scheme 2: Synthesis of the polyglutamates via alcoholysis of N-protected 
cyclic anhydride of glutamic acid and the N-carboxyanhydride 
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Results and Discussion 

UV-Vis-Spectroscopy 
In solutions of all three polymers the trans-azobenzene group can be isomerized to high 
extent to the more polar cis-isomer by means of  UV-irradiation. Irradiation with visible 
light causes cis to trans isomerization. Table 1 shows the content of cis-isomer in the dif- 
ferent photostationary states as determined from the spectra using the method of  
FISCHER / 10/. 

Table.l:  Cis-content of solutions of the polymers in CHC13 (c = 5 . 0 -  

7.5 �9 10 -5 tool �9 1-1 azogroups) for the different photostationary states as 

determined using the method of FISCHER/10/ .  

Polymer dark adapted cis-photostat, trans-photostat. 

P6AB2LG 0 % 92 % 10 % 

P2AB6LG 0 % 93 % 10 % 

P6AB6LG 0 % 94 % 11% 

Spreading Behaviour 

Poly(5-(2-(4-(4-hexylphenylazo)phenoxy)ethyl)-L-glutamate (P6AB2LG) 
The isotherms for P6AB2LG for the dark adapted and irradiated solutions are shown in 
Figure 1. The surface area per monomeric unit A o is 0.27 nm 2 for 0% cis-isomer, 
0.27 nm 2 for 10% cis-isomer and 0.41 nm 2 for 92% cis-isomer, respectively. As higher 
the content of  cis-isomer as higher is the area per monomeric unit. 

'1 Figure 1: 7r/A-isotherms for 
P6AB2LG spread from CHC13 so- 50 
lutions with different content of 40 
cis-isomer 
1: 0% cis T 30 
2: 10% cis E 

z 20 
3: 92% cis E 
(c = 1.69.10 .3 mol.l -I azogroups) ~ IO 

0 

0.0 
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This effect can be explained by the interaction of  the polar cis-isomer with the water sur- 
face, whereas the non-polar trans-isomer does not interact with water. For this reason the 
films with only small amounts of cis-isomer can take a more compact arrangement, in 
which the azobenzene group is directed towards the gas phase. 
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Not only the surface area, but also the height of the plateau, which can be ascribed to the 
formation of a bilayer and which is therefore a measure of stability of the monolayer 
/11,12/, depends on the cis-content of the solution used for spreading. It lowers for higher 
cis-contents, 51 mN �9 m -1 for the dark adapted, 50.5 mN m -1 for the trans- and only 19 
mN m -1 for the cis-photostationary state. 

Poly(5-(6-(4-(4-ethylphenylazo)phenoxy)hexyl)-L-glutamate (P2AB6LG) 
The isotherms for P2AB6LG are shown in Figure 2. The effect of increasing the cis-con- 
tent on them is qualitatively the same as described above. But the films are not as stable as 
those of P6AB2LG in all three states of isomerization (see table 2). For the cis-photosta- 
tionary state (93% of the azogroups as cis-isomer) there is not a really stable monolayer, 
the collapse pressure is only 5 mN m -1. For films made from dark adapted solutions of 
P2AB6LG the surface area per monomeric unit is larger than in the corresponding films 
of P6AB2LG. 
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Figure 2: 7r/A-isotherms for 
50 P2AB6LG spread form CHC13 so- 

lutions with different content of 40 
cis-isomer 
1: 0% cis , 30 
2: 10% cis E 

7 20 
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(c = 1.10"10 -3 mol'l "1 azogroups) ~ 10 

1 
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Both observations can be explained taking into account the longer spacer in the 
P2AB6LG. The longer spacer causes a greater mobility of the azobenzene group. So even 
in the case of low content of cis-isomer the arrangement is not as compact as for the 
P6AB2LG. The greater mobility of the azobenzene group and the smaller tail in the case 
of P2AB6LG are responsible for the minor stability of the monomolecular film, because 
they ease the formation of bilayers. A portion of the energy needed to remove a molecule 
from the water surface/12/can be supplied by the interaction of the azobenzene groups. 
For this reason the formation of bilayers is as easier as higher the mobility of the 
azobenzene group and as lower the steric hindrance due to larger tails. 

Poly(5-(6-(4-(4-hexylphenylazo)phenoxy)hexyl)-L-glutamate (P6AB6LG) 
For the P6AB6LG the isotherms are shown in Figure 3. The effect of the content of cis- 
isomer is again the same as described for P6AB2LG. 
In comparison P6AB6LG shows a larger surface area per monomeric unit (see table 2). 
This is due to the longer side chain in this polymer, in sum 12 C-atoms in the alkyl chain 
in comparison to 8 C-Atoms for P6AB2LG. The stability of the films is lower than for 
P6AB2LG. This is caused by the greater mobility of the azogroup due to the longer 
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spacer. But it is higher than for the P2AB6LG because of the longer tail which hinders 
interaction of the azogroup while forming the bilayer. 

Table 2: Surface area per monomeric unit A 0 and pressure at collapse 7r c for the 

polymers in the different isomerization states. 

A 0 [nm 2] 7r c [mN m -1] 

Polymer dark trans cis dark trans cis 

P6AB2LG 0.27 0.27 0.41 51 50.5 19 

P2AB6LG 0.34 0.33 0.48 21 18 5 

P6AB6LG 0.33 0.33 0.57 50 37 11 

6O 
Figure 3: 7r/A-isotherms for 
P6AB6LG spread form CHC13 50 

solutions with different content of 40 
cis-isomer 
1: 0 % cis , 30 
2: 10% cis E 

z 20 
3: 94 % cis E 
(c = 1.06.10-3mollqazogroups) ~ to 

0 
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Conclusions 

It is possible to obtain spreadable polymers with high content of azodye by use of alkyl 
chains as spacer and as tail. The stability of the monolayer depends on the length of the 
side chain and the position of the azobenzene group along the side chain. As longer the 
tail as higher is the stability due to the hindrance of interaction of the azobenzene groups 
in the bilayer forming process. The stability decreases with increasing mobility of the 
azobenzene group due to longer spacers. The most stable monolayer was obtained from 
the polymer with a short spacer (C2) and a long tail (C6). 
For all polymers investigated there are great differences in the 7r/A-isotherms depending 
on the degree of isomerization. This suggests that the arrangement of the molecules in the 
monomolecular film is different for the different contents of cis-isomer. An irradiation of 
a LANGMUIR-BLODGETT-film of these polymers should therefore induce a reorienta- 
tion. This re.orientation should result in a pattern readable by surface plasmon microscopy 
in a data storage experiment/1, 13/. Investigations on the LB-films of these polymers are 
in progress. 
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Experimental 
5- (4- (4-Alkylphenylazo)phenoxy)alkyl)-N-phthaloyl-L-glutamates 
were  synthesized according to a procedure given by FELTEN et al. /14/ .  The  crude pro- 

ducts were  recrystall ized from ethylacetat/l ight petroleum (40-70~ 

5-(2-(4-(4-Hexylphenylazo)phenoxy)ethyl)-N-phthaloyl-L-glutamate: 

Yield: 58% mp: 107~ 

1H-NMR (CDC13): r 0.9 (T, 3H, CH3), (3 1.3 (M, 6H, -CH2-), (3 1.6 (M, 2H, Ph-C-CH2), (3 2.4 - 2.8 

(M, 6H, B-CH2, "y-CH2, Ph-CH2) , (3 4.2 - 4.5 (M, 4H, COO-CH2-CH2-O-Ph), (3 4.9 - 5.1 (M, 1H, 

c~-CH), r 6.9 - 7.3 (M, 4H, aromatic, o position to N2-group), (3 7.7 - 7.9 (M, 8H, aromatic, m posi- 

tion to N2-group, phthaloyl group), c5 8.2 (S, 1H, COOH) 

IR (KBr): 2930, 2910, 2830 cmA, 1760 era-l, 1680 cm-1,830 cm-1,720 cmq 

5-(6-(4-(4-Ethylphenylazo)phenoxy)hexyl)-N-phthaloyl-L-glutamate: 

Yield: 82% mp: 119~ (soften), 127~ (melting) 

IH-NMR (CDC13): (3 0.9 - 2.0 (M, l lH,  -CH3, -CH2-), (3 2.1 - 2.8 (M, 6H, Ph-CH2, I~-CH2, "y-CH2) , (3 

3.95 - 4.05 (M, 4H, COO-CH2, CH2-O-Ph), 6 4.9 - 5.1 (M, 1H, a-CH), (3 6.85 - 6.95 (M, 2H, aro- 

matic, o position to OR-group), (3 7.2- 7.3 (M, 2H, aromatic, o position to C2H5-group) , (3 7.7- 

7.75 (M, 8H, aromatic, m-position to N2-group, phthaloyl group) 

IR (KBr): 3240 cm-1, 2910, 2840 cm-l, 1740 cm-1, 1710 cm-l, 1685 cm-l, 830 em-1,720 cm-1 

5-(6-(4-(4-Hexylphenylazo)phenoxy)hexyl)-N-phthaloyl-L-glutamate: 

Yield: 79% mp: l l l ~  

1H-NMR (CDCI 3 + 10 vol% TFA): (3 0.7 - 1.1 (M, 3H, -CH3), (3 1.1 - 2.1 (M, 16H, -CH2-), (3 2.4 - 

2.9 (M, 6H, Ph-CH2, g-CH2, "y-CH2) , (3 4.0 - 4.4 (M, 4H, COO-CH2, CH2-O-Ph), (3 4.9 - 5.3 (M, 
1H, a-CH), (3 7.0 - 8.4 (M, 13H, aromatic, COOH) 

IR (KBr): 3260 cm-1, 2925, 2860 cm-1, 1730 cm-1, 1600 cm-1,835 cm-l, 720 cm-1 

5- (4- (4-Alkylphenylazo)phenoxy)alkyl)-L-glutamic acids 
The deblocking was carried out fol lowing a method of  F E I J E N  et a l . / 1 4 / .  

5-(2-(4-(4-Hexylphenylazo)phenoxy)ethyl)-L-glutamate: 

Yield: 43 % mp: 166 ~ (soften), 171 ~ (decomposition) 

]H-NMR (TFA-dl): (3 0.85 (T, 3H, -CH3), (3 1.4 (M, 6H, -CH2-), (3 1.8 (M, 2H, Ph-C-CH2), (3 2.4 - 3.0 

(M, 6H, fl-CH 2, 7-CH2, Ph-CH2), (3 4.55 - 4.7 (M, 5H, COO-CH2-CH2-O-Ph, a-CH), (3 7.4 - 8.5 

(M, 8H, aromatic) 

IR (KBr): 3010 cm-1, 2940, 2900, 2830 era-l, 1710 cm-l, 1650, 1590 cm-1,840 era-1 

5-(2-(4-(4-Ethylphenylazo)phenoxy)hexyl)-L-glutamate: 

Yield: 60% mp: 183-188~ 

1H-NMR (TFA-dl): ~ 0.9 (M, 3H, -CH3), 6 1.3 (M, 6H, -CH2-), 6 1.8 (M, 2H, Ph-C-CH2), 6 2.4 - 3.0 

(M, 6H, Ph-CH2, I]-CH2, 7-CH2), r 4.5 (M, 5H, COO-CH2, CH2-O-Ph , c~-CH), (3 7.4 - 8.5 (M, 
8H, aromatic) 

IR (KBr): 2920, 2840 cm-l, 1710 cm-1, 1610 cm-l, 840 cm-1, 

5-(6-(4-(4-Hexylphenylazo)phenoxy)hexyl)-L-glutamate: 

Yield: 60% mp: 187~ (decomposition) 

1H-NMR (CDC13 + 15 vol% TFA): r 0.7 - 1.1 (M, 3H, -CI-I3,), (3 1.1 - 2.2 (M, 16H, -CH2-), (3 2.4 - 

2.9 (M, 6H, Ph-CH2, B-CH2, "y-CH2), (3 4.0 - 4.6 (M, 5H, ~-CH, COO-CH 2, CH2-O-Ph), ~ 7.0 - 
8.3 (M, l lH,  aromatic, COOH, -NH 3 +) 

IR (KBr): 2930, 2860 cm-1, 1730 em-1, 1605 cm-1, 1585 cm-1,840 cm-1 
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5- (4- (4-Alkylphenylazo)phenoxy)alkyl)-L-glutamic acid-N-carboxyanhydride 
The NCAs were synthesized according to a general procedure given by GOODMMAN et 
al. /15/. The products were purified by recrystallization (several times) from amhydrous 
ethylacetat/light petroleum (40-70~ but it was not possible to remove all hydrochloric 
acid because the azo group can be protonated easily. 
5-(2-(4-(4-Hexylphenylazo)phenoxy)ethyl)-L-glutamic-N-carboxyanhydride: 

Yield: 93 % mp: 189~ (decomposition) 

IH-NMR (CDCI3): t~ 0.9 (T, 3H, -CH3), t$ 1.3 (M, 6H, -CH2-), ~ 1.7 (M, 2H, Ph-C-CH2), ~ 2.2 - 2,5 

(M, 6H, B-CH2, 'y-CH 2, Ph-CH2), t~ 4.5 (M, 5H, COO-CH2-CH2-O-Ph, c~-CH), t~ 6.9- 7.3 (M, 

4H, aromatic, o position to N2-group) , (3 7,7 - 8.1 (M, >4H, aromatic, m position to N2-group, pro- 

tonated azogroup) 

IR (KBr): 2940, 2910, 2840 cm-1, 1840 cm-l, 1770 cm-l, 1710, 840 cm-1 

5-(6-(4-(4-ethylphenylazo)phenoxy)hexyl)-L-glutamic-N-carboxyanhydride: 

Yield: 96 % mp: 125~ (decomposition) 

1H-NMR (CDCI3): t~ 1.0 - 3.0 (M, 17H, -CH3, -CH2- , Ph-CH2, I~-CH2, "y-CH2) ~ 3.8 - 4.5 (M, 5H, a- 

CH, COO-CH2, CH2-O-Ph), t~ 6.3 (S, 1H, N-H broad), t$ 6.8 - 8.1 (M, >8H, aromatic, protonated 

N2-group) 
IR (KBr): 3330 cm-1, 2940, 2870 cm-l, 1880,1790, 1710 cm-1, 1605, 1585 cm-1,845 cm-1 

5-(6-(4-(4-hexylphenylazo)phenoxy)hexyl)-L-glutamic-N-carboxyanhydride: 

Yield: 80% mp: 110~ (decomposition) 

1H-NMR (CDC13): (~ 0.7 - 3.0 (M, 25H, -CH3, -CH2- , Ph-CH2, fl-CH2, "y-CH2) ~ 3.9 - 4.5 (M, 5H, a- 

CH, COO-CH2, CH2-O-Ph), (3 6.3 (S, 1H, N-H broad), (3 6.8 - 8.1 (M, >8H, aromatic, protonated 

N2-group) 
IR (KBr): 3360 cm-1, 2940, 2870 cm-l, 1880, 1730 cm-1, 1605, 1585 cm-l, 840 cm-1 

Polymerizations 
Polymerizations were carried out as described before/9/. 
Poly-(5-(2-(4-(4-hexylphenylazo)phenoxy)ethyl)-L-glutamate): 

Yield: 67 % 

IH-NMR (TFA-dl): t$1.0 (3H, -CH3), (3 1.5 (6H, -CH2-), t3 1.9 (2H, Ph-C-CH2, broad), ($ 2.5 (2H, I~- 

CH 2, broad), (3 2.9 (4H, "),-CH2, Ph-CH2, broad), (3 4.7 (5H, COO-CH2-CH2-O-Ph , ct-CH, broad), 

t~ 7.3 -8.5 (gH, aromatic) 

IR (film cast from CHC13): 3270 cm-l, 3020 cm-1, 2900, 2830 cm-l, 1720 cm-1, I640 cm-l, 840 cm-I 

GPC: The polymer possesses a broad bimodal molecular weight distribution. 

DSC: Between 0~ and 150~ are no phase transitions detectable, nap: 210~ (decomposition) 

Poly-(5-(6-(4-(4-ethylphenylazo)phenoxy)hexyl)-L-glutamate): 

Yield: 15 % 

1H-NMR (CDCI3): (3 0.6 - 2.2 (13H, -CH3, -CH2-, B-CH2), t3 2.2 - 3.2 (M 4H, Ph-CH2, 'y-CH2, 

broad), t$ 3.2 - 5.0 (M, 5H, Ph-O-CH2, CH2-OOC , ct-CH, broad), (3 6.5 - 8.1 (M, 9H, aromatic, - 

NH-) 

IR (KBr): 3300 cm-1, 2940, 2870 cm-1, 1730, 1660 cm-1, 1600 cm-l, 840 cm-1 

GPC: The polymer possesses a broad molecular weight distribution. 

DSC: The polymer exhibits exothermic transitions at 133~ and 193~ 
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Poly-(5-(6-(4-(4-hexylphenylazo)phenoxy)hexyl)-L-glutarnate): 
Yield: 16 % 
1H-NMR (CDC13): (3 0.6 - 2.0 (23H, -CH 3, -CH2-, Ph-CH2, B-CH2, "),-CH2), (3 2.1 - 3.2 (M, 3H, 

Ph-CH2, ot-CH, broad), (3 3.2 - 4.7 (M, 4H, Ph-O-CH2, CH2-OOC, broad), (3 6.5 - 8.0 (M, 9H, 
aromatic, -NH-) 

IR (KBr): 3300 cm-1, 2930, 2860 cm-1, 1730, 1660 cm-1, 1600 cm-l, 835 cm-1 
GPC: The polymer possesses a broad molecular weight distribution. 
DSC: The polymer possesses a glass transition at 166~ 

Instruments and Methods 

1H-NMR spectra were recorded with a Bruker WP 80 SY instrument. IR spectra were 
recorded on a Perkin-Elmer 398 instrument. The thermograms were obtained with a 
Perkin-Elmer DSC 2a. UV spectra were recorded on a Perkin-Elmer Lambda 5 instru- 
ment. The content of cis-isomer was determined using the method of FISCHER/10/. 
Irradiations were carried out with a 125 W high pressure mercury lamp (Phillips HPK 
125), employing a cut off filter to obtain light with a wavelength X > 470 nm (DEMA 
FW-161) and a band pass filter for light with X = 360 _ 50 nm (DEMA UVW-55). 
The copolymers were spread from CHC13. The concentrations were 0 .3-  0.5 g/1. The 
solutions were kept in the dark for at least one week to ensure full trans-configuration or 
were irradiated for at least 30 min for photostationary state. The solutions were handled 
under red light conditions. A Lauda FW 1 trough filled with "Milli-Q" water was used re- 
cording the surface pressure / surface area isotherms. The velocity of the barrier was 
0.9 cm/min. A period of at least 20 rain was between spreading and compression of the 
film. The area per monomeric unit A 0 was determined by extrapolating the linear portion 
of the isotherm to zero pressure. 
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