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COPOLYSILOXANES AS PYROELECTRIC LANGMUIR-BLODGETT FILMS. 

TIM RICHARDSON 

Department of Physics, University of Sheffield, Hounsfield Road, Sheffield S37RH 
(U.K.) 

SIMON HOLDER AND DAVID LACEY 
School of Chemistry, University of Hull, HuU HU6 7RX (U.K.) 

Abstract A series of aliphatic acid side-chain copolysiloxanes based on a 
poly(hydrogenniethyldiniethy1siloxane) backbone have been synthesised and evaluated. The 
length of the aliphatic acid side-chain of each compound has been varied in order to examine the 
effect on the Langmuir film properties. The surface pressure - area isotherms have indicated that 
each copolysiloxane forms astable monomolecular layer on a pure water subphase. Alternate layer 
structures, in which each siloxane copolymer is co-deposited with a monomeric eicosylamine. have 
been prepared in order to measure their static pyroelectric coefficients. The magnitude of the 
coefficient increases as the length of the aliphatic acid side-chain is reduced. The thickness 
dependence of the coefficient has also been characterised for one of the copolysiloxane derivatives 
and shows that the pyroelectric effect is greatest for a 25 layer sample (13 layers of copolysiloxane 
8 / 12 layers of eicosylamine). 

INTRODUCTION. 

Alternate layer LB films containing aliphatic acid and amine functional groups are of interest to 
researchers studying the pyroelectric effect, in which the spontaneous polarisation is temperature- 
dependent'. The interaction of such groups aligned in adjacent monolayers gives rise to a strong 

polarisation' whose magnitude has been found to change with temperature. It is therefore useful 
to study different systems in which carboxylic acid and amine groups interact in orderto understand 

the physical and chemical factors which enhance or reduce the pyroelectric effect. The low 
dielectric constant and dielectric loss displayed by most polar LB films (relative to inorganic 
ferroelectric crystals or polyvinylidene di fluoride and its copolymers) makes them attractive 
materials for exploitation in pyroelectric heat-sensing applications. However, at present, their 
pyroelectric coefficients are insufficiently high to enable the necessary sensitivity to non-linear 
temperature change to be achieved; values in excess of 20pCm-*K-1 are ideally required. It is 
important that research aimed at optimising the pyroelectric performance of LB film systems is 
directed towards determining the future role of such molecular layers in pyroelectric sensors. The 
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Compound n R 
1 A 4 CH2CjH5 
25  10 -SiC(CH3)2C(CH3h 
3 6 16 CH2CjH5 

principle objective of the work described in this paper is to examine the relationships between the 
pyroelectric coefficient of copolysiloxane / monomer eicosylamine alternate layer LB films and 
the length of the aliphatic acid side-chains substituted onto the siloxane backbone. 

Copolysiloxanc n 
I 4 
a 10 
9 16 

PREPARATION OF COPOLYSILOXANES, 

The copolysiloxanes were synthesised using the synthesis procedure outlined below: 

CH2=CH(CH2),C0&I - CHz=CH(CHdnCOP 

1.2.3 

LANGMUI R FILM PREPARATION AND CHARACTERISATION, 

StableLangmuirfilmsofcopolysiloxanes7.8and 9 werepreparedusingsolutionsofconcentration 
(1.5 - 2.5) x 10-4 niol 1-1 in chlorofonii. In the case of 9 a small amount (5% by volume) of 2- 
ethoxyethylacetate was used in conjunction with the chloroform (95% by volume) to improve the 
solubility. After spreading onto a water suphase at pH 5.9, the surface pressure - area isotherms of 
each compound were recorded and are shown in Figure 2(a) - (c). It can be seen that the areas per 
molecule in the high pressure region (20 - 30mNm-1) are approximately 2.0 - 3.0~12. These areas 
aresolarge because they correspond to theoligoinericunitseachofwhichcontainsseveralsiloxane 
residues. The areas per siloxane unit are shown in Figure 2(d) and are very close to the expected 
cross-sectional area of aliphatic acid chains. Therefore, since the polar carboxylic acid groups are 
strongly bound to the water surface, these data suggest that the oligomeric molecules form a 
monolayer and are orientated such that the aliphatic acid side-chains protrude approximately 
orthogonally from the water surface and the siloxane backbone lies parallel to it. 
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-(CH,) ,CO,H 

FIGURE 2 ll - A isotherms and area data for copolysiloxanes 7, 8 and 9. 

LB DEVICE PREPARATION. 

LB multilayer films of the copolysiloxanes 7 ,8  and 9 each deposited alternately with monomeric 

eicosylamine have been prepared using AI/A1203 coated glass substrates. The deposition surface 
pressures were 261nNm-' for the copolysiloxanes and 27.5mNm-1 for the eicosylamine. The 

transfer ratios were similar in all cases and were close to unity. In order to assess the pyroelectric 
effect, it is necessary to fabricate ametal-insulator-metal (MIM) device in which the LB film forms 

the insulatingdielectriclayer. The aluminium film on glass formed the lowerelectrode of the MIM 

device and the upper electrode was fonned by thermal evaporation of a 50nm aluminium layer at 

a rate of 0.1 - I.0runs-1. 

J'YROELECTRIC BEHAVIOUR, 

The pyroelectric response of these alternate layer LB assemblies has been measured using a static 
technique which has been described in detail in the literature3. In this method, the MlM structure 

is heated and cooled in a controlled manner and the resulting pyroelectric current which is 
generated by the LB film is measured using a sensitive electrometer or picoammeter. The current, 
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FIGURE 3 (a) F'yroelectric current versus rate of change of temperature and (b) the variation of 
the pyroelectric coefficient with temperature for the three different side-group chain lengths 
substituted onto the siloxane backbone. 
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FIGURE 4 Variation in the static pyroelectric coefficient as a function of the number of trans- 
ferred LB layers. 

i,, is related to the temperature of the LB f i lm4 by: 

i, = p A (dT/dt) (1) 

where p is the pyroelectric coefficient (the rate of change of polarisation P with respect to 
temperature, dP/dT), A is the electrode area and dT/dt is the rate of change of temperature. 
Normally, the heating and cooling is perfonned in such a way that the temperature varies in a 

triangular waveform; in this case, the pyroelectric current profile is a square waveform whose 
amplitude is used to detemiine the pyroelectric coefficient. 

Figure 3(a) shows the linear variation of the pyroelectric current as a function of the rate of 
change of temperature for the copolysiloxane 8 / eicosylamine LB film. This confirms that the 

relation described in equation (1) is obeyed and that the current arises due to the pyroelectric effect. 
This linearity is also observed in the other copolysiloxane films. The pyroelectric coefficients of 
the LB films were measured over the temperature range 293 - 303K. Figure 3(b) shows the 
temperature dependence of p for the LB films containing compounds 7,s and 9. The coefficients 
for all three alternate layers rise gradually with increasing temperature.This is perhaps due to the 
increasing mobility of observed dipoles in this temperature region although this has not yet been 
confirmed. However, it is striking that the magni tude of the coefficient increases as the chain length 
of the aliphatic acid side-groups substituted onto the siloxane backbone is shortened. The value 

ofpobtained forthe -(CH2)4C02H derivative/eicosylamineLB film at 300K (3. IpCm-*K-1) isone 
of the largest reported coefficients for an LB structure. 

Figure 4 shows the variation in the pyroelectric coefficient as a function of the number of 
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transferred layers for the copolysiloxane 8 / eicosylamine LB sample. An optimum value is 
observed for the structure containing 25 latemating layers, i.e. 13 copolysiloxane monolayers 
interspaced with 12 eicosylaminemonolayers. The origin of this thickness dependence is currently 
being investigated. 

SUMMARY, 

Three side-chain copolysiloxanes have been synthesised which form highly stable, condensed 
monolayers on a water subphase. The alternate layer LB deposition technique has been success- 
fullyemployed to produce copolysiloxane acid/eicosylamine pyroelectric devices.The pyroelectric 
coefficients of such LB multilayers increases as the length of the copolysiloxane aliphatic acid side- 
chain decreases and depends also on the number of monolayers which are built up within the LB 

stack. Our future work is aimed at studying the pyroelectric behaviour of copolysiloxanes 
containing aliphatic acid side-chains of other lengths and observing the effect of introducing 
aromatic side-groups into the aliphatic side-chain. 
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