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Photosensitive-fluorescein polyurethane (PU) ionomer was
successfully synthesized at our lab, and the reaction of toluene
diisocyanate with polyester, fluorescein, hydroxypropyl
acrylate and other major additives to form the structure of this
ionomer has been proven by Fourier Transform Infrared Spectra.
In aqueous solution, the number average particle size appears
to increase respective concentration of epoxy, fluorescein and
hydroxypropyl acrylate used to prepare
Photosensitive-fluorescein polyurethane ionomer molecules. The
reason because the free volume of the
photosensitive-fluorescein PU ionomer molecules due to strong
intermolecular interaction between hydrophilic groups of these
ionomer molecules becomes large. Therefore, the number average
particle sizes of these ionomer molecules increase. Furthermore,
the addition of benzoin as a photoinitator to

photosensitive-fluorescein polyurethane ionomer molecule



results in increasing the average particle size of this ionomer
molecule. This is due to increased free volume resulting from
strong intermolecular interaction between hydrophilic groups of
ionomer molecules. For self-cured films made by
photosensitive-fluorescein polyurethane ionomer, the tensile
strength 1s seen to increase with increasing concentration of
epoxy, fluorescein and hydroxypropyl acrylate, respectively.
This may be attributed to increased crosslinking due to strong
intermolecular interaction between photosensitive-fluorescein
polyurethane ionomer molecules themselves. However, the
addition of benzoin as a photoinitiator to
bhotosensitive-fluorescein polyurethane ionomers results in

increasing the tensile strength of these ionomers as well.
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Abstract g _ RN
Photosensitive-fluorescein polyurethane (PU) ionomer was successfully
synthesized at our lab, and the reaction of toluene diisocyanate with
polyester, fluorescein, hydroxypropyl acrylate and other major

additives to form the structures of these ionomer has been proven

by Fourier Transform Infrared Spectra. For a dilute concentration of
photosensitive-fluorescein polyurethane ionomer molecule in

aqueous solution, the fluorescence study exhibits fluorescence at

around 508nm. In aqueous solution, the number average particle

size appears to increase with increasing respective concentration of
epoxy, fluorescein and hydroxypropyl acrylate used to prepare
Photosensitive-fluorescein polyurethane ionomer molecules. The

reason because the free volume of photosensitive-fluorescein PU
ionomer molecules due to strong intermolecular interaction

between hydrophilic groups of these ionomer molecules becomes

large. Therefore, the number average particle sizes of these ionomer
molecules increase. Furthermore, the addition of benzoin as a
photoinitiator to photosensitive-fluorescein polyurethane ionomer
molecule results in increasing the average particle size of this

ionomer molecule. This is due to increased free volume resulting

from strong intermolecular interaction between hydrophilic groups



of 1onomer molecules. For self-cured films made by
photosensitive-fluorescein polyurethane ionomer, the tensile
strength 1S seen to increase with increasing concentration of epoxy,
fluorescein and hydroxypropyl acrylate, respectively. This may be
attributed to increased crosslinking due to strong intermolecular
interaction between photosensitive- fluorescein polyurethane
ionomer molecules themselves. However, the addition of benzoin
as a photoinitiator to photosensitive-fluorescein polyurethane
ionomers results in increasing the tensile strength of these ionomers

as well.



Introduction
In general, the adhesion of dye to the fiber by means of vander
waals force or electrostatic force is not strong enough. According

to our previous study **

on colored polyurethane ionomers, the
rgaction of diisocyanate with reactive dye in the presence of other
additives to form dye-based polyurethane ionomers -7 with more
hydrophilic groups may have better adhesion to the fiber. Owing
to the environmental protection becoming increasingly important
the organic solvent used as a diluent for synthetic resin has
gradually been replaced by water. Therefore, the development of .
photosensitive-fluorescein polyurethane ionomer becomes
important at present or in the future. Since the information on
photosensitive-fluorescein polyurethane ionomers was not
reported in the literature, therefore, we attempted to develop a
unique way to prepare these ionomers and to further explore their
physical properties. The reaction of toluene diisocyanate with

fluorescein and other additives to form the possible structure of

photosensitive-fluorescein polyurethane ionomer is given as

follows:
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| Experimental

Materials

Dimethylolpropionic acid was purchased from Alcolac Industrial

Chemical Co. (USA). N,N-dimethyl acetamide and triethylamine were

received from Riedel-de Haen Co. (Germany). Polypropylene glycol |

(PPG) with molecular weight of 2000 and 700 was obtained from

Chiunglong Petrochemical Co. Fluorescein and hydroxypropyl acrylate

were supplied by Lancaster Co. (England) and Aldrich Chemical Co.

Inc (USA), respectively. Toluene diisocyanate was purchased from

Merck Co. (Germany). All of these materials were used without further

~ purification.

Method

A 0.03 equivalent of dimethylol propionic acid,0.05 and 0.04

~ equivalent of respective polypropylene glycol (PPG) with molecular

weight of 2000 and 700, 001-0.03 equivalent of hydroxypropy! acrylate

and 0.005-0.003 equivalent of fluorescéin were charged to a 500 ml

- four-neck reaction kettle equipped with a stirrer, thermometer, and
condenser, in the presence of 20g of N,N-dimethyl acetamide. The

| mixture was agitated at a speed of 500 rpm, and 0.156 equivalent of

toluene diisocyanate was slowly added and then reacted in the presence

of 0.2% (by weight) dibutyltin dilau}ate at around 82°C for about 1.5

hr. To the solution containing 65g of acetone, 0.03 equivalent of



tricthylamine was added to form a quaternized NCO-terminated
polyurethane (PU) prepolymer. This quaternized prepolymer was
further reacted with 170g of water in the presence of a small amount
of diethylene triamine to form the photosensitive-fluorescein PU
ionomer. After the acetone was completely removed from the
pﬁotosensitive-ﬂuorescein PU ionomer liquids by an evaporation
technique, this ionomer product had an approximately 34% solid
content. In aqueous solution, the surface tension, the viscosity and the
number average particle sizes of these photosensitive-fluorescein PU
ionomer molecules were fully investigated using a FACE surface
tensiometer (CBVP-A3 type, Kyowa In;[erface Science Co. Japan), a
brookfield digital viscometer (USA) and a dynamic light scattering
spectrophotometer (47000, Malvern), respectively, at room
temperature. In aqueous solution, the photosensitive-fluorescein PU
ionomer with 34% solid content in the presence of benzoin or
benzophenone was poured into a polybropylene dish to form a
0.2-0.3 mm dry film for tensile testing by Instron (GT-7010-A2,
Gotech Testing Machines Inc, Taiwan). The experimental error for
the measurements of these ionomers was estimated to be within +0.5.
Results and discussions

The IR spectra for toluene diisocyanate, hydroxypropyl acrylate and

fluorescein are given in Figures 1,2 and 3, respectively. The NCO



functional group of TDI will rapidly react with polypropylene glycol,
fluorescein, hydroxypropyt acrylélfe and other additives to form
photosensitive-fluorescein, NCO-terminated polyurethane prepolymer. This
“prepolymer, given in Figure 4, is demonstrated by the formation of the
absorbance peaks at around 1537cm™ (NHCO), 3340cm™ (NH), 1720¢cm’!
(C=0); 1633cm™ (RCH=CH,), 1451cm™ (CH,-O-CO-), and 1016cm™ (C-0)
and by almost the disappearance of the absorbance peak at around 2275¢m™
(NCO). In comparison of Figures 1-3, these results suggest that the reaction
- of TDI with hydroxypropy! acrylate, fluorescein, dimethylol propionic acid
and other additive does, in deed, form a photosensitive-fluorescein
polyurethane ionomer. To further study the fluorescence for a dilute
concentration of photosensitive-fluorescein polyurethane ionomer in
aqueous solution by using fluorescence spectrophotometer (F-4500, Hitach,
Japan), it exhibited fluorescence at around 508 nm, given in Figure 5. For a
dilute concentration of photosensitive-ﬂuofescein polyurethane ionomer in
aqueous solution, the plots of the number average particle size versus the
respective concentration of hydroxypropyl acrylate, fluorescein, and epoxy,
af 25+ 0.05°C, are given in Figure 6. Figure 6 clearly indicates that the
number average particle size is seen to increase appreciably with increasing

concentration of hydroxypropyl acrylate, fluorescein and epoxy,



respéctively, used to prepare the photosensitive-fluorescein PU ionomer
molecule. This is the result of strong intermolecular interaction between
tonomer molecules which may increase the free volume of these ionamer

- molecules, thus causing the number average particle size of ionomer
molecule to increase. Similarly, the number average particle size versus the
.concéntration of benzoin _given in Figure 7, is seen to increase with an
increase in the concentration of benzoin. The explanation for this behavior
is the same as described in Figure 7. All samples of
photosensitive-fluorescein PU ionomer in aqueous solution with
0.25wt%-5.0wt% benzoin were irradiated from one side under a nitrogen
atmosphere using a bank of 80-w mercury lamps (A=365nm) as the

_ irradiation source. These samples after UV curing (150-453second) were
dried in a vacuum oven at 50-60°C for at least 7h to remove water and
unreacted reactive diluents. In aqueous solution, the UV irradiation time for
photosensitive-fluorescein PU ionomef with benzophenone or benzoin ina -
fixed concentration of hydroxypropyl acrylate , given in Figure 8, appears
to decrease with increasing concentration of benzophenone or benzoin.
Experimentally, the photoinitiator such as benzophenone or benzoin at high
concentra.tion may force the C=C double bond of photosensitive-fluorescein

PU ionomer molecule to quickly form free radicals in which the



polymerization or crosslinking immediately oécurs. As believed, the
samples cured completely by UV irradiation are likely to take place at
high concentration of photoinitiator. In analysis of the experimental results
- shown in Figure 8, benzoin is better than benzophenone as a photoinitiator
for the photosensitive-fluorescein PU ionomer molecule in terms of the UV
irradiation time. As expected, the UV irradiation time is seen to gradually
decrease with increasing concentration of hydroxypropyl acrylate used to
prepare the photosensitive-fluorescein PU ionomer molecule, given in
Figure 9. Under UV irradiation, the hydroxypropyl acrylate at high
concentration is believed to form free radicals quickly. The chain
propagation or crosslinking of these free radicals at hi_gh concentration of
hydroxypropyl acrylate does, indeed, take place at short time of UV
irradiation. A 0.2-0.3mm self-cured film of photosensitive-fluorescein PU
ionomer molecule (under UV irradiation and dried in vacuum oven at 50-60
°C) was used for tensile testing by Instro;l, and the experimental results are
given in Figures 10 and 11. The experimental results illustrate that the
tensile strength appears to increase with increasing concentration of epoxy,

fluorescein, hydroxypropyl acrylate and benzoin, respectively, as a result of
strong intermolecular interaction resulting from increased hydrophilic

groups of photosensitive-fluorescein PU ionomer molecule. In Figure 10,
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the tensile strength stronger for PU ionomer molecule with epoxy then for
PU ionomer molecule with fluotescein or hydroxypropyl acrylate may be
attributed to strong intermolecular interaction due to increased
hydrophilic groups attached to the backbone of PU ionomer molecule.
More interestingly, inéreased concentration of benzoin in photosensitive-
fluorescein PU ionomer molecules, shown in Figurell, gives an increase
in tensile strength. This may be due to enhance the polymerization
between free radicals and C=C double bonds and crosslinking between
hydrophilic groups of the photosensitive-fluorescein PU ionomer
molecules in the presence of benzion as a photoinitiator.



Conclusion

We have successfully synthesized the photosensitive-fluorescein PU
ionomer molecules at our lab, and their structures have been proven
by IR spectra. The fluorescence study of a dilute concentration of
phptosensitive-ﬂuorescein PU ionomer molecule in aqueous solution
exhibits fluorescence at around 508nm. In aqueous solution, the

- number average particle size appears to increase with increasing
respective concentration of epoxy, fluorescein and hydroxypropyl
acrylate used to prepare photosensitive-fluorescein polyurethane
ionomer molecule. This is the result of increased free volume of
photosensitive-fluorescein PU ionomer molecule due to strong
intermolecular interaction between ionomer molecules. It was found
that the addition of a photoinitiator such as benzoin to the
photosensitive-fluorescein PU ionomer molecule in aqueous solution
results in increasing the average particle size of this ionomer
molecule. To further study the -relationship between the UV
irradiation and the curing of photosensitive-fluorescein PU ionomer
molecule, it has been found that the benzoin is better than the

- benzophenone as a photoinitiator for this PU ionomer system in

terms of short time of UV irradiation. In addition, under UV

12



irradiation, the hydroxypropyl acrylate at high concentration, due to
increased free radicals formed, is expected to have better
performance of polymerization and/or crosslinking for
photosensitive-fluorescein PU ionomer molecule. For self-cured
films made by photosensitivel-ﬂuorescein PU ionomer molecule, the
tensile strength appears to increase with increasing concentration of
epoxy, fluorescein and hydroxypropyl acrylate, respectively. This is
the refult of increased crosslinking due to strong intermolecular
intefaction between hydrophilic groups of photosensitive-fluorescein

‘PU 1onomer molecule.
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Fig7 Number average particle size versus the concentration of

benzoin used to prepare photosensitive-fluorescein
polyurethane ionomer, at 25+ 0. 05°C.




