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Dynamic contact angles and their hysteresis for LB films of p-phenylenediacrylic acid mono- 
decylester (p-PDAmCIO) and poly(viny1 alcohol) bearing p-PDAmClO as the side chain 
(PVA-p-PDAmC10) were investigated by the Wilhelmy plate method. The hysteresis loops 
of the contact angle showed that: (1 )  PVA-p-PDAmC10 forms a more stable LB film than 
that of p-PDAmClO which is casily detached when contacted with water; (2) 
PVA-p-PDAniCIO LB film transferred at high surface pressure (220 mN/m) with more than 
3 layers can provide a uniform surface and same wettability; (3) PVA-p-PDAmC10 LB film 
has a very large contact angle hysteresis ( S O " ) ,  which means that reorientation of the surface 
configuration takes place dramatically; and (4) the hysteresis can be greatly reduced (~30")  
by UV-irradiation due to the photocycloaddition in the side chains of PVA-p-PDAmClO. 

Keywords: p-phenylenediacrylic acid monodecylester; photoreactive polymer; Lang- 
muir-Blodgett (LB) film; contact angle 

INTRODUCTION 

p-Phen! Icncdiacc Iic acid monodec!lester (p- 
PDAmC 10) IS onc of thc attractix compounds 
as the candidate of photofunctional materials 
Thc photoreactnit! in WIOUS organized PVA-pPDAmC I 0  'T, 
sy tcms has been .studied"-" Recent investigations s h o w d  that the pol>(cin~l alcohol) 
b a i n g  p-PDAmC 10 (PVA-p-PDAmC10. as shown abocc) could form high]! 
photoreactive Langmuir-BlodgeLt (LB) film1'6t For developing vanous applications 
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using such ultra thin films. it is important to clarifi their surface properties undcr the 
condition of practical use. When these films arc used in aqueous environmcnt. stability 
and wettability are important factors. 

There arc several reports from this vienpoint. These include desorption of dimethyl 
dmctadecylammonium bromide molccules on mica surface by contacted with water'-.'''. 
and spontancous reorganization of stcarate and arachidatc bilayers during storage in 
their subphase['"."l. These phenomcna could bc easily detected by the change in contact 
angle of the liquid. Recently we found a unique behavior of dynamic contact angle with 
polymer LB film of PVAp-PDAmC 10'". In this report. to evaluatc the isettability and 
thus stability. further investigation has been carried out with thc dynamic contact angle 
mcasuremcnt. The monomcr LB film of p-PDAmCIO was also prepared and 
corresponding wettability has been also revealed to provide thc information for the 
preparation of ultra thin films. 

EXPERIMENTAL 

In the prcparauon of the LB film. PVA-p-PDAmCIO (csterifimon degrce u=O 28) or 
p-PDAmC10 chloroform solution was spread on aqueous (in the casc of p-PDAmC10, 
IO'M CdC12) subphasc. and thcn a monolayer was transferred onto a microscope cover 
glass at different surhce pressures Thc Y-t>pc LB film was obtruned for PVA-p- 
PDAmC10 and Z-tvpc for p-PDAmC 10 The dynamic contact angle was mcasured b! 
thc Wilhelmy plate mcthodi* '' using a computcr controlled Cahn balance (DCA 322 
modcl) 

RESULTS AND DISCUSSION 

We have found that the LB film (7 laycrs) of PVA-p-PDAmCIO show a unique 
behavior in measurcment of dynamic contact angle (Figure I). Thc avcrage advancing 
anglc is about 1 0 X o  and the rcccding onc around 15' as shown in curve a 7hc 
difference (hysteresis) is elircmely large. This result can bc attributed to the surface 
configuration of this LB film. in which the whole side chains and hydros!.l groups at 
the surface can casily change their orientation whcn the LB film contacted nith wte r  
due to the loosc packing of the side cham (unit are33A') .  In order to find out the 
effect of preparation condition of LB film on the dynamic contact anglc. wc  ha^ 
investigated the advancing contact angles of PVA-p-PDAmC 10 LB films transferred at 
different surface pressure as a function of thc number of laycrs (Figure 2). It shotvs that 
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FIGURE I Dynamic contact angles of FIGURE 2 The relationship of advancing 
PVA-p-PDAmCIO LB film a: before 
irradiation: b: after irradiation 

the contact angle increases by increase of the number of layers and reaches the constant 
value ( I  lo'') after the dcposition ofthrec layers when surface pressure is higher than 20 
mN/m. This suggests that the LB multilaycrs provide a uniform and reproduciblc 
surface under those conditions["]. When thc surface pressure is low (10 or 15 mN/m). 
thc advancing contact angle is low suggesting that the side chains arc not closely 

contact anglc with layers of PVA-p- 
PDAmC10 LB films. 

packed (unit a r e 3 4  and 36A' 
respcctivelv) 

Figure 3 shows the dynamic 
contact anglc hysteretic loops of p- 
PDAmC I0 LB film (6 layers) The 
advancing contact anglc in the first 
loop \\as obviousl! much larger than 
that in the sccond one This fact 

filni a before irradiation. b after irradiation indicates that the film detaches or 
rcorganizcs \\hen it contacted nith 
nater 

After UV-irradiation. thc receding 
contact angle of PVA-p-PDAniC I0 LB 
film increased to about 75" (cunc b i n  

Fig I )  sugcsting that the film 
configuration changed grcatl!, due to 
photoc\cloaddition of double bonds in 
the side chains In the casc of the 
monomer L,B film. irradiation improved 
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$, 600 - A PVA-FUACIO lrnd 

5 400 - L ~, 0 PFUACIO . pFUAClOlmd 

s 
0 ~ O O U ~ ~ ' ' ~ ~ ~ ~ , , ~ ~ ~ ~ ~ t  

0 10 3 30 40 M 60 
Tim (m) 

FIGURE 4 The time dependence of the 
advancing contact anglc of LB film 
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its stability as shown in curve b of  Fig. 3. In this case, compared with the polymer LB 
film, the receding contact angle did not increased so much. 

The wettability of the L B  film can be illustrated by the advancing contact angle 
c h a n w  with time immersed (Figure 4). Both before and after the UV-irradiation, p- 
PDAmClO LB films show much larger and faster decrease of the advancing contact 
angles with time than PVA-pPDAmCIO L B  films. The polymer LB film is more stable 
than the monomer one. 

CONCLUSION 

PVA-p-PDAmCIO polymer L B  film shows a very high contact angle hysteresis which 
can be reduced on  irradiation. The high contact angle hysteresis is due to  the 
reorientation of surface configuration, which became dif icul t  by photocycloaddition of 
double bonds in the side chains. The polymer films both before and after UV-irradiation 
arr more stable than the monomer L B  films. 
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