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ABSTRACT: New polyurethane cationomers bearing side chain azoaromatic chromophores on non-ionic fragment of 
hard segments were synthesized and characterized. Their photobehavior in solutions and polymeric films was investigated by 
electronic absorption spectroscopy and was evaluated comparatively with a non-ionic azourethane model and polyurethane 
precursor. Under UV irradiation only the polymer solutions showed a typical photochromism, while in film state, the reversible 
process was impeded even at higher temperatures. By exposure at iodine vapors for 1-2 min, the cis-trans isomerization in 
irradiated polymer films is possible too. 
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In the last few years, among the polymeric materials 
bearing a variety of chromophores, the polyurethanes 
have attracted much attention owing to the possibility 
of tailoring of the properties by a convenient choice of 
reaction partners. 1·2 Many reports have been oriented 
to the development of polyurethanes containing azo
aromatic moieties as side groups or in the main chain, 
with emphasis on the obtaining of the photochromic, 
liquid-crystal, nonlinear optical or biological proper
ties. 3 - 6 On the other hand, such studies provided 
information on the mobility of the host polymer chains 
and the physical aging at molecular level. 7 •8 

Our attention has turned to polyurethane ionomers 
which contain a minority of ionic groups (usually 
I meq g- 1 or less) 9 recognized for their unique proper
ties with applications in the field of coatings and ad
hesives.10·11 By incorporation of different chromo
phores in ionomeric polyurethanes could result in an 
enhanced knowledge of their features, opening the way 
to design new materials for optical devices. 

In the previous papers, 12 - 16 series of polyurethane 
ionomers with azoaromatic or/and nitroaromatic units 
covalently or electrostatically bound to the hard segments 
of the polymer chains were synthesized and studied with 
respect to some of their photophysical properties. 
Investigation of such polymers has evidenced structural 
changes that take place during the UV irradiation and 
has established that the photoprocess evolution is a 
function of nature and content of chromophore attached 
on polymer chain. 

Based on the results concerning photobehavior of 
polyurethane cationomers with azoaromatic groups at
tached to quaternary nitrogen atoms, 12·16 it is inter
esting to introduce the azo functionality in non-ionic 
fragment of hard segments, to follow the influence of 
ionic structure on the photochromic properties of the 
corresponding polycation. Synthesis and some properties 
of chromophoric cationomers containing such azoaro
matic units, comparatively with non-ionic azourethane 
model and polyurethane precursor will be reported here. 
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EXPERIMENTAL 

Materials 
Poly(tetramethylene oxide) diol (PTMO, Mn = 2000, 

Aldrich Chern. Comp.) was dried and degassed at 100-
11 ooc and 1-2 mmHg for 2 h before utilization. 4,4'
Dibenzyldiisocyanate (4,4'-DBDI) was synthesized in 
our laboratoryl 7 and freshly distilled before use. N
Methyldiethanolamine (NMDA, Aldrich Chern. Comp.) 
was used as received. Dimethylformamide (DMF) and 
the solvents used in the synthesis were dried over 5 A 
molecular sieves. 

Monomer Synthesis: 4-N,N-di(/3-hydroxyethyl)aminoazo
benzene (Az-D) 
Aniline (0.1mL) was added in H 20 (20mL) and 

aqueous HCl (20 mL, 37%) and then an aqueous solution 
of sodium nitrite (0.1 mol, 30 mL) was dropped at soc. 
The resulting diazonium salt was coupled with N,N
di(/3-hydroxyethyl)aniline (0.0 1 mol) dissolved in glacial 
acetic acid (20 mL) at 2-4oC for 40 min. In the obtained 
mixture sodium acetate (0.1 mol) was added and the 
temperature of reaction was kept at 2-4oC for 60 min. 
The ice-water bath was then removed and stirring was 
continued at room temperature, when the solution was 
neutralized with NaOH at pH 3-4. The solid product 
obtained was filtered, dissolved in tetrahydrofuran (THF) 
and then precipitated in water. The azo-diol was isolated 
by filtration and recrystallization from C2H 50H: H 20 
(1: 3 v/v). Yield: 25 g (87.4%). 

1H NMR [(dimethyl sulfoxide-d6) (DMSO-d6)], b 
(ppm): 7.75 (4 H, d, aromatic protons ortho toN= N); 
7.25 (3H, m, aromatic protons meta and para); 6. 75 (2H, 
d, aromatic protons ortho to N-CH 2); 3.75 (4H, m, 
HO-CH2 ); 3.55 (4H, t, -N-CH2) 

IR (KBr): v (cm- 1)=3450 (OH), 2900-2950 (C-H), 
1600 (C-H aromatic), 1370 and 1150 (N = N), 820 
(1 ,4-C6H 4 ). 

Model Synthesis: Azo-Urethane Model (Az-M) 
Az-D (10 mmol, 2.85 g) was dissolved in anhydrous 
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DMF (20 mL) and phenyl isocyanate (20 mmol, 2.38 g) 
was added dropwise. The reaction mixture was stirred 
at 55°C for 6 h. After removing DMF at low pressure, 
the solid product was recrystallized from acetonitrile. 
The reaction quantitatively occurred. Yield: 5.18 g (99% ). 

1H NMR (DMSO-d6 ), b (ppm): 7.0 (4H, d, aromatic 
protons ortho to NHCOO); 7.5 (6H, m, aromatic protons 
meta and para to NHCOO); 8.25 (2H, m, NHCOO); 7.75 
(4H, d, aromatic protons ortho toN= N); 7.25 (3H, m, 
aromatic protons meta and para); 6.75 (2H, d, aromatic 
protons ortho to N-CH2); 3.55 (4H, t, CH2-N); 4.25 
(4H, t, CH2-0CONH). 

IR (KBr): v (cm-' 1)=3300 (hydrogen-bonded N-H 
stretching), 3430 (not hydrogen-bonded N-H stretching 
vibration), 1730 (not hydrogen-bonded C = 0 stretch
ing vibration), 1710 (hydrogen-bonded C = 0 stretch
ing vibration), 2900-2950 (C-H), 1600 (C-H aromatic), 
1370 and 1150 (N = N), 820 (1,4-C6 H 4 ), 770 (C6 H 5). 

Polymer Synthesis 
Cationic polyurethanes were synthesized by the 

"prepolymer" method under purified nitrogen. Dry 
PTMO (0.01 mol) reacted with 4,4'-DBDI (0.03mol for 
PUC-1 or 0.02 mol for PUC-2) at 50-55°C for 5-6 h. 
The diol mixture (1: 1 molar ratio), NMDA and Az-D 
(0.02 mol for PUC- I or 0.01 mol for PUC-2), dissolved 
in dry DMF, was added to the prepolymer and the 
reaction was continued in DMF solution (c= 10gdL - 1) 

at the same temperature still 4---5 h. By adding benzyl 
chloride (0.01 mol or 0.005 mol) at 50-55°C for 4-5 h 
the quaternization reaction occurred. All the polymers 
were precipitated with ethyl ether and then dried under 
reduced pressure at 55-60°C for 48 h. 

Measurements 
The ionic chlorine was determined titrimetrically. 

Reduced viscosity of precursors was measured at 25 ± 
0.2°C in DMF solution (c = 0.3 g dL - 1) using an Ub
be1ohde viscometer with OA capillary. 

1 H NMR spectra were obtained on a JEOL C60HL 
spectrometer. Electronic absorption spectra were mea
sured with a Specord M42 spectrophotometer in DMF 
solutions and films. 

Irradiations were carried out using a 500 W high 
pressure mercury lamp at room temperature in 10 mm 
path length quartz cells fitted with PTFE stoppers. The 
initial absorbance of the samples under the study in the 
absorption band maximum was maintained between 0.9 
and 1.0. The polymer films were deposited on quartz 
plates by casting from DMF solutions ( c = 1 g dL- 1) and 
then allowed to dry at 50-55°C under reduced pressure 
for 2-3 days. 

RESULTS AND DISCUSSION 

Synthesis of Polymers 
Synthesis of the segmented polyurethanes was per

formed by a polyaddition reaction between a typical 
oligomeric diol (PTMO), 4,4'-DBDI, and a diol mixture, 
namely azo-diol (Az-D) and NMDA (1: 1 molar ratio), 
as chain extenders with chromophoric and potential 
cationic functionality. By using benzyl chloride as 
quaternization agent of aliphatic tertiary nitrogen atoms 
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from aforementioned precursor, polyurethane cationo
mers containing quaternary groups as well as azoaro
matic units, covalently bound to polymeric chains were 
prepared according to Scheme 1. 

Depending on the choice of molar ratio between 
polyaddition partners (1/3/2 or 1/2/1), two cationomers 
(PUC-1, PUC-2) with different concentration of ionic 
and azoaromatic groups, respectively, were synthesized 
and undertaken in our study (Table I). Incorporation of 
azoaromatic moieties by means of chain co-extender in 
the hard segments of ionic polyurethanes could be an 
effective tool for evaluation of the role played by the 
point of attachement to the non-ionic segment of poly
mer backbone as well as its effect on the evolution of 
photoisomerization process. Solutions from these red 
polymers, as resulted from reaction, were coated onto a 
glass substrate and dried to yield colored, flexible, and 
optical quality polymeric films, which exhibit typical 
elastomeric characteristics of the conventional poly
urethanes. All polymers dissolved in polar solvents, 
such as DMF, DMA, and DMSO. The relative high 
value of the reduced viscosity of precursors ('Ired: 
0.38 dL g- 1 for PR-1 and 0.41 dL g- 1 for PR-2), assumes 
the high molecular nature of these polymers and their 
film forming ability at ambient temperature. Moreover, 
the functional properties of resulting cationomers are 
mainly derived from the existence of small amount of 
quaternary groups associated in ionic aggregations, 
which can also influence the dynamic of photoprocess. 

Photo- and Thermal Isomerization of Model Compound 
Evaluation of photo behavior of the synthesized poly

mers represents the most important objective of this 
study. Given the various aspects of the photobehavior 
of many azoaromatic moieties from the polymeric chains 
intended for optical applications, it is interesting to 
compare the photosensitive properties of the above 
cationomers with corresponding non-ionic precursor 
(PR-1) and an azo urethane model (Az-M). 

Normally, azoaromatic groups are in the thermo
dinamically more stable trans configuration. Photoex
citation of this structure, achieved with a high pressure 
Hg lamp, induces a structural change of trans con
former to the cis form. Once the molecule is in the cis 
form, it recovers to the initial trans form by either the 
back thermal reaction or the inverse photoisomeriza
tion cycle. 

In our experiment, the trans-cis photoisomerization 
of azourethane model in DMF, can be seen from the 
spectral changes under different exposure time, as shown 
in Figure I. Upon UV irradiation is evident that the 
intensity of absorption band centered at 423.5 nm and 
assigned to n-n* transition of trans isomer, decreased 
progressively over time, reaching a relative photosta
tionary state by only 60s. In this case, the trans-cis 
photoisomerization is a fast reaction in dilute solution, 
leading to a molar fraction of cis isomer of 0.47 in the 
photostationary state, characterized by two absorption 
maxima at 381 nm and 429 nm. In the same time, dur
ing UV irradiation of Az-M a bathocromic shift of 
absorption maximum from 423.5 nm as well as the for
mation of a new band (shoulder) at 381 nm, even in 
the first stages of the photoreaction were observed, too. 
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Scheme 1. 

Sample 

PUC-I 
PUC-2 
PR-1 
Az-M 

Table I. Structural characteristics of 
polyurethane cationomers 

Ionic chlorine Amax/nm 
content 

(meq/lOOg) DMF Film 

28.56 415.0 412.5 
16.42 408.0 406.0 

415.5 410.0 
423.5 

k X 105 

s-1 

11.9 

17.7 
98.8 

The appearance of this new absorption band could be 
attributed to cis configuration of aminoazobenzene 
moieties. The presence of two isosbestic points at 
381.5 nm and 501 nm suggested that the photoisomeriza
tion is only photochemical change of this chromophore 
type and no side reactions, as photodegradation, are 
involved. 

The kinetics of cis-trans relaxation process of az
ochromophores in Az-M was followed by monitoring 
the changes of absorbance at 429 nm, either by the 
recovery at room temperature in dark or by irradiation 
with 365 nm light, in the new absorption band. In the 
both cases, the return to the initial trans configuration 
state occurred, but with different rates. Thus, the thermal 
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Figure 1. Changes in electronic absorption spectra of azo model 
(Az-M) in DMF solution during UV irradiation at 298 K. The 
irradiation times are indicated in figure. 

cis-trans isomerization takes place in 100 min by standing 
in dark, while the same process achieved by irradiation 
with 365 nm light is much rapidly, especially in the first 
stage of the photoreaction. A such behavior evidences 
photochromic nature of azochromophore from this non
ionic model, in contrast to that found in other model 
containing azoaromatic groups attached to quaternary 
nitrogen. 12 The probable explanation of this result 
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Figure 2. First -order plots for the thermal cis-trans isomerization of 
azo chromophores in DMF at 298 K: Az-M (e). PR-1 ( 0). and PUC-I 
(1'-,). 
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Figure 3. Decrease of relative absorbance (A/ A0 ) as a function of 
irradiation time for trans cis photoisomerization in DMF solution at 
29RK: Az-M (e), PR-1 (0). and PUC-I (1'-, ). 

could be related to the different effects of restriction on 
the mobility of the azoaromatic moiety owing to its 
attachment point to hard segment of ionic or non-ionic 
type. 

The thermal cis-trans isomerization can be expressed 
by a first order rate equation18 : In (A 00 -A 0 )/ 

(AXJ-A,)=kt, where A 0 , A 00 , and A, are values of the 
absorbance at times t 0 , t 00 , and t, respectively and k is 
the rate constant of cis-trans isomerization. The first 
order plot for thermal cis-trans isomerization of the 
azoaromatic chromophore in DMF solution of Az-M is 
shown in Figure 2. 

Photo- and Thermal Isomerization of Polymers 
To examine the influence of hindered motions of the 

azochromophores during UV irradiation, the kinetics of 
photochemical trans to cis and cis to trans back 
isomerization of azo groups in polymer solutions as well 
as film state was studied. Under the same irradiation 
conditions, the trans-cis photoisomerization of azoaro
matic units in DMF solutions of PR-1 and PUC-I 
exhibited a photobehavior quite similar to that observed 
for above described azo model (Figure 3). The time 
required for attaining photostationary state with a 
content of cis fraction of 0.55, being 15 s (PR-1) and 
30 s (PUC-I) respectively, was comparable with that 
found in the control experiment performed on model, 
but the rate of this process is different. Apparently, the 
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Figure 4. Dependence of relative absorbance on irradiation time of 
polyurethane films during UV irradiation at 298 K: PR-1 (1'-,), PUC-! 
(0), PUC-2 (0), PUC-2 with I wt% nitropolyurethane-PU-N0 2 (e), 
PUC-2 with l wt% benzophenone (..a.). 

differentiation between the photoresponse of model 
comparative with that of polymers is probably due to 
the higher rate of cis-trans photoisomerization in azo 
model accompanying the trans-cis photoreaction. Com
parison of the photobehavior of non-ionic polyure
thane with that of ionomer polyurethane shows that 
the presence of quaternary structure besides chromo
phore units retards slightly the attaining of photosta
tionary state as a consequence of electrostatic inter
actions specifically to the ionic systems. Unlike the 
polyurethane ionomer bearing azoaromatic chromo
phore attached to quatternary nitrogen atoms, 12 the 
above ionomer showed a significantly increased sensi
tivity to UV irradiation, suggesting a higher conforma
tional mobility of the polymer chains with azoaromatic 
units as non-ionic fragments of the hard segments. It 
can be also remarked that the systematic shifts of the 
absorption maxima towards longer wavelengths for all 
chromophoric polymers, are apparently due to a mi
croenvironmental polarity effect surrounding of the 
azoaromatic groups. 

The thermal back isomerization of PR-1 and PUC-1 
solutions in DMF was studied at room temperature and 
followed a first order kinetics in solution (Figure 2). The 
values of the rate constant that were estimated from the 
first order plots shown in Figure 2, are listed in Table I. 
The thermal isomerization is much slower for the two 
polymers by comparison with azo model, indicating the 
important role played by the polymer chains in con
trolling the rate of this chemical reaction in polar 
medium. One of the parameters that affects the rate of 
cis-trans isomerization is temperature. It was clearly 
observed that a strong enhancement of the thermal 
recovery in the both polymers occurring at higher 
temperature (recovery time at 90oC is about 7 min). 

In polymer films, as a consequence of a lower mobility 
of chromophore moieties, the trans-cis photoisomeriza
tion of azoaromatic groups was substantially slower than 
in solution. From the results shown in Figure 4, it is 
clearly observed that this photoreaction requires much 
longer times of irradiation for reaching to an equilibrium 
state. Thus, the relative absorbance A/A 0 is 0.63, after 
240 min of irradiation for PUC-I film, while in DMF 
solution of the same sample A/A0 is 0.45, after only 
ten seconds. As is shown in Figure 5, the first photo
process is the photoisomerization of azo chromophores 
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Figure 5. UV-VIS absorption spectra monitoring the photochemical 
transformation of azo chromophores in polyurethane film PUC-1 at 
298K. 

proved by the presence of two isosbestic points at 364 
and 497nm, respectively. After 150min of UV irradia
tion on PUC-I film, the isosbestic points did not main
tain in spectra and the photobleaching process starts in 
the polymer film. This latter photoprocess takes place 
very slowly as the reaction goes on. In the case of non
ionic polyurethane (PR-1 ), the degree of transformation 
of the chromophore groups during the irradiation is very 
low (15% after 210min of UV irradiation). As seen, 
the rate of photobleaching process is higher in the case 
of ionomer film of PUC-I (Figure 4) than that of 
non-ionomeric polymer. It is reasonable to assume that 
the longer times of irradiation affect the stability of the 
ammonium quaternary structures enhancing this photo
process. 

The changes in the electronic absorption spectra are 
much pronounced for film of PUC-2, with a smaller 
azoaromatic group content. In this case, the intensity 
of absorption band at 406 nm decreases much faster 
during irradiation (Figure 4), the fractions of cis isomer 
at irradiation time of 50 min are 0.24 (PUC-2) and 0.09 
(PUC-I), respectively. A shoulder at 368nm was formed 
in the first stages of the photoreaction and the isosbestic 
points are located at 367 and 476 nm. During irradia
tion, the absorption band at 406 nm shifted to shorter 
wavelengths and the photo bleaching is the second process 
of the photoreaction, when the isosbestic points do not 
exist in spectrum. The electronic absorption spectra of 
PUC-2 film exhibited no modification by standing at 
120oc for 405 min, the photobleaching process being 
irreversible in these conditions. 

Effect of Additives 
It seems possible to enhance the photostimulated 

activity of polymer chains by incorporation of some 
sensitizers in polymer films, such as iodine vapors, 
benzophenone or a nitropolyurethane. Following the 
evolution of the photoprocess (Figure 4) it was observed 
that the presence of benzophenone or nitropolyure
thane14 in PUC-2 films does not enhance the dynamics 
of photoprocess. The photoprocess rate in cationomer 
film containing nitropolyurethane was reduced as com
pared to PUC-2. 

A somewhat different behavior was evidenced to the 
exposure of irradiated films at iodine vapors (for low 
exposure times of 1-2 min), known as catalyst of 
cis-trans isomerization for azobenzene derivatives. In the 
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Figure 6. Influence of iodine vapors on the electronic spectra of UV 
irradiated thin polyurethane film PUC-2. The exposition times to iodine 
are given in figure. 

Figure 6 is depicted the effect of iodine vapors on the 
behavior of PUC-2 film, irradiated 170 min, when the 
ratio between A/A 0 is 0.54. As can be seen from this 
figure, a fast increase of the absorbance at 405 nm was 
observed reaching almost the starting of initial 
absorbance value. In the same time, a polyurethane film 
based on PTMO, 4,4-DBDI, and NMDA (1: 2: I molar 
ratio), treated with iodine vapors exhibited an absorption 
band at 357 nm, assigned to some complexes of iodine 
with aromatic structure. These results confirm that the 
cis-trans isomerization in PUC-2 film clearly proceeded. 
The origin of this property change of the cis chromophore 
could be attributed to the photochemical formation of 
iodine atoms, capable to lead to a radicalic intermediate, 
when the free rotation is possible. 

By reirradiation of the chromophore polyurethane 
films exposed to iodine vapors, the isomerization trans 
to cis takes place with a slower rate and finally a 
photobleaching effect was evidenced. Further experi
ments on these colored polymers with specific ionomeric 
architecture, useful in urethane coatings, are in pro
gress in our laboratory. 

CONCLUSION 

We have attempted to extend our earlier syntheses of 
chromophoric polyurethane cationomers by chemical 
incorporation of aminoazobenzene units in the polymer 
chains beside quaternary groups. The photochemical 
induced changes achieved with a high pressure Hg lamp, 
evidenced photochromic properties only in dilute so
lutions. Compared to azo cationomers with chromo
phore bond to quaternary structure, the presence of 
azoaromatic groups in non-ionic fragment of hard 
segment indicated a sufficient mobility to ensure easily 
the reversibility of this photoprocess. In thin polymeric 
films, the trans-cis isomerization can be photochemically 
induced but to a lower level than in the solution, followed 
by a photobleaching effect at high irradiation times. 
The adding of some sensitizers namely benzophenone or 
nitropolyurethane has a negligible effect on the pho
tobehavior of polyurethane films. By the treatment of 
UV irradiated films with iodine vapors, the cis to trans 
isomerization was also evidenced. 
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