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Recently Langmuir-Blodgett (LB) films have 
received much attention from the viewpoint of 
functional ultrathin films. Since LB films are 
prepared by transferring the monolayer form
ed on the water surface successively to solid 
supports, uniform thin films with controlled 
thickness and well-defined molecular orienta
tion have been provided. Many attempts to 
utilize the superior properties of LB film to 
functional organic devices have been carried 
out. 1 

We have continued to study the prepara
tion of functional polymer LB films. Poly(N
dodecylacrylamide) (pDDA) forms the most 
stable condensed polymer monolayer with a 
high collapse pressure in poly(N-alkylacryl
amides) on a water surface and the monolayer 
can be transferred to a solid support yielding 
a stable Y-type polymer LB film. 2 The thick
ness of pDDA monolayer is estimated to be 
1. 72 nm from X-ray diffraction analysis and 
a highly ordered structure is supported by 
measurement of FT-IR spectra. 3 In this paper, 
the frictional properties of pDDA LB mono
layer and multilayers are investigated to utilize 
the pDDA LB film for an ultrathin lubrication 
film of hard-disk with higher storage density. 
A requirement for use in hard-disk with higher 
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storage density is that the separation between 
the head and magnetic layer must be kept to 
a minimum to avoid "spacing loss" in the 
recording process. LB films may possibly be 
applied to lubrication film of hard-disks. 
Frictional properties of LB films made of low 
molecular compounds such as stearic acid and 
so on have been studied. 4 - 8 There is, how
ever, no report on LB films using polymer 
materials. Polymer LB films have higher 
thermal and mechanical stability compared 
with low molecular weight LB film. 9 We aim to 
demonstrate that polymer LB films have high 
performance for the surface modification. We 
report here that pDDA LB films are excellent 
lubricants. 

EXPERIMENTAL 

Fabrication of pDDA LB film and general 
properties are described in detail in the previous 
paper. 2 pDDA homopolymer was prepared by 
free radical polymerization in benzene at 60°C 
with AIBN initiator. A slide glass (Matsunami) 
was used as a deposition substrate. It was 
treated by dichlorodimethylsilane in chloro
form solution before the deposition of pDDA 
LB films. This treatment made the glass surface 
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hydrophobic. The deposition ofpDDA mono
layers was carried out with a computer
controlled Langmuir trough (FSD-110, USI). 
A chloroform solution of pDDA polymer was 
spread on a water surface. The condensed 
monolayer on the water surface was transferred 
onto the hydrophobic slide glass at a surface 
pressure of 30 mN m - i with a transfer ratio 
of unity by downward and upward strokes at a 
dipping speed of 10 mm min - 1 at 25 °C. Cast 
films of pDDA were prepared by pipetting a 
chloroform solution of pDDA and allowing 
the chloroform to evaporate at room tempera
ture. Frictional force of the pDDA LB films 
and cast films of pDDA was measured with a 
back-to-forth sliding friction meter (HEIDON-
14D, Shintoukagaku) using a sapphire tip 
consisting of a sphere with 30 mm radius at a 
sliding speed of 1.0 mm s - 1 under various 
loading weights of 5, 10, and 20 g in eleven 
transits. The kinetic friction coefficients (/) of 
the pDDA LB films were calculated by dividing 
the average value (F) of these frictional forces 
during the tenth transit by loading weight ( W); 
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RESULTS AND DISCUSSION 

Figure 1 shows the frictional force response 
for pre-deposited glass substrate (A) and 
pDDA LB films on glass substrate with 2 layers 
(B) while the sapphire tip with a loading weight 
of20 g was slid back-to-forth in the eleven times 
of transits. The average of the frictional force 
for the pre-deposited glass substrate is ap
proximately 12g at the tenth transit. The ini
tial frictional force increases with the num
ber of transits. The frictional force is also un
stable during transit. These phenomena indi
cate that the sapphire tip with 20 g weight 
mechanically damages the pre-deposited glass 
substrate with increasing number of transits. 
The average of the frictional force for pDDA 
films with 2 layers on glass substrate is about 
3 g, which becomes 4 times smaller than that 
of pre-deposited glass substrate. The frictional 
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Figure 1. Frictional force response to pre-deposited glass 
substrate (A) and pDDA LB films on a glass substrate 
with 2 layers (B): Loading weight, 20 g. 

force is stable during transit. The frictional 
force is independent of the number of transits 
and keeps constant. It is clear that pDDA LB 
films provides significant protection against 
abrasion. It is noteworthy that the polymer LB 
films are stable against the number of transits 
compared with low molecular weight LB films 
such as stearic acid, where the frictional force 
increases with the number of transits because 
of the removal of LB films from substrates. 4 

Thus pDDA LB films behave as lubricants and 
improve the frictional property. 

Figure 2 shows the kinetic friction coeffi
cients for pre-deposited glass substrates and 
pDDA LB films on glass substrates with 1--4, 
6, and 10 layers. The kinetic friction coefficient 
is reduced by pDDA LB films whenever any 
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Figure 2. Kinetic friction coefficients of pDDA as a 
function of the number of layers. Loading weight, 20 g 
(closed circle); 10 g (opened circle); 5 g (closed triangle). 
Kinetic friction coefficient of cast film of pDDA with a 
loading weight, 20 g (opened triangle). 

loading weight is used. The coefficients, how
ever, indicate almost constant values even if 
the loading weight is changed. The kinetic fri
ction coefficients measured in this study can 
be regarded as a constant physical parameter 
in the experimental range of the loading weight. 
One pDDA monolayer reduces the coefficient 
of kinetic friction from 0. 7 for the pre-deposited 
glass substrate to 0.2. The coefficient for pDDA 
LB films with two layers shows the lowest 
value, 0.14 in this study. The coefficient re
mains approximately the same with increasing 
number of layers after the deposition of two 
layers LB films, as in the case of low molecular 
weight LB films. 3 - 6 This means that lubricat
ing phenomena appear even at one monolayer 
of highly ordered ultrathin pDDA LB films 
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and that the lubricating performance of pDDA 
is enough at one monolayer. The coefficient 
(0.18) for the cast films of pDDA has a higher 
value than those of LB films with more than 
two layers. The highly ordered structure of LB 
films should make it better as a lubricant. 
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