
P H Y S I C A L  A N D  P H O T O  P R O P E R T I E S  O E

4 , 4  - M E T H Y L E N E B I S ( P H E N  Y L I S O C  Y A N A T E )  A N D  

P O L Y T E T R A H Y D R O F U R A N  B A S E D  P O L Y U R E T H A N E S

M a d a g a m m a n a  A r a c h c h i l l a g e  S a n d h y a  R a n i  S e n e v i r a t h n a

A B S T R A C T

Polyurethane is a versatile industrial polym er which can be m odified in various m ethods 

to achieve different properties depending on their particular application. In the field o f 

po lym er based research, polyurethanes have achieved a h igher rank in the priority  list 

due to their utility in diverse applications. In the w ork described, attention w as paid to 

the fluorescence properties o f  4 ,4 '- m ethylenebis(phenylisocyanate) (M D I) based 

polyurethanes to  open up a  new  path  to develop different applications. As volatile 

organic com pounds is a huge problem  in the polym er industry, th rough the introduction 

o f  hydrophilic group to the polyurethane backbone, the highly  hydrophobic 

polyurethanes w ere m ade hydrophilic in such a way that they  can be dissolved in w ater 

based m edium . Dispersion and film  properties o f  those hydrophilic polyurethanes were 

optim ized.

The polyurethanes which are synthesized using M DI and long chain hydrophobic PTHF 

are highly hydrophobic. In order to achieve the hydrophilic nature to the polyurethane 

chains, a m onom er having a hydrophilic pendant carboxylic group; d im ethylolpropionic 

acid (D M PA ) w as introduced. That additional m onom er w as acted as a chain extender 

and distributed over the polym er chain  uniform ly. By vary ing  the D M PA /PTH F m olar

xv



ratio, five different polyurethane dispersions were prepared in a 30%  D M F-W A TER 

m ixture. D ispersion properties o f  those polyurethane dispersions w ere analyzed. Particle 

size and Zeta potential data suggested that all the five dispersions w hich were prepared 

are stable. A bsence o f phase separations or sedim entations over long  period o f  tim e 

proves the stability  o f the dispersions. W ith higher D M PA /PTH F m olar ratios, it was 

ab le  to achieve a  higher stability  as proven by zeta  potential data in such a w ay that zeta 

potential was increased gradually  from  -44.9 m V  to 54.9 mV w ith th e  increase o f  m olar 

ratio from 1:1.5 to 1:0.38. The increased stability w as attributed to the increased 

hydrophilicity  in the higher D M PA /PTH F system s.

In addition to the films obtained from  above dispersions, polyurethane prepolym er films 

also used to  investigate the fluorescence properties o f  MDI based  polyurethanes. 

Polyurethane prepolym ers w ere prepared by reacting long chain polytetrahydrofuran 

(PTH F) w hich has 2000 m olar mass and M DI.

As there w ere tw o peaks around 356 nm and 423 nm  in the em ission spectra o f  

polyurethane film s, it was able to identify  that, there is an internal fluorophore in the 

M DI based polyurethanes. The detailed  analysis confirm ed that the  peak around 356 

nm  w as due to isolated hard segm ents and peak  around 423 nm w as due to crystalline 

hard  segm ent bundles. U nderstanding  o f  the m icrostructural arrangem ents o f  

polyurethanes w as necessary to explain the fluorescence behavior. X R D , DSC and FT- 

IR results w ere used to understand the m icrostructure o f polyurethanes.

As explained by XRD, D SC and FT-IR  results, polyurethane p repolym ers have a 

crystalline soft segm ent m atrix  w here hard segm ents are available on ly  as isolated hard 

segm ents w hile films from  polyurethane dispersions have crystalline hard segm ent 

bundles.

xv 1



By com paring the XRD, DSC and FT-IR  results o f  films o f  five dispersions, it w as able 

to show  that the hard segm ent crystallinity  w as increased w ith increasing D M PA /PTH F 

m olar ratios w hich results in higher hard segm ent contents.

The extended analysis showed that in addition to the excitation o f  fluorophores, the 

localized m elting was taken place in polyurethane films with the exposure to  293 nm 

w avelength. This m elting allow ed the available isolated hard segm ents to com e close to 

each other to form  crystalline hard segm ent bundles via hydrogen bonds. Subsequently, 

the 423 nm peak intensity was increased w hile reducing the 356 nm  peak w ith the 

exposure tim e to the 293 nm peak. Even though during the UV exposure hard segm ents 

com e closure, w hen UV exposure w as ceased, som e o f the hard segm ents separate apart 

due to the tensile forces. As a result o f  this re-increase in 356 nm peak  intensity  and re­

decrease in 423 nm  peak intensity w as observed  after the UV cease. These tensile  forces 

are retarded by residual solvent m olecules w hen solvent m olecules are small enough to 

em bed in to the m atrix retarding reversibility .

Correlation o f  m icrostructure, m icrostructural rearrangem ents during the UV exposure 

and UV cease w ith the observed fluorescence behavior has explained the com plete 

picture o f  the fluorescence behavior.
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