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Abstract

T he properties and structu re  o f  L an g m u ir-B lo d g e tt m ono- and m ultilayers o f several poly( isocyanide)s w ith 
non-linear optically active side-chains were studied. These polym ers form ed very rigid layers o r layers which 
appeared to  be unstable. T o circum vent th is p roblem  they were mixed with o ther poly( isocyanide) s o r w ith 
am ylose-butyrate. T ransm ission  electron m icroscopy studies o f  the polym eric mixtures revealed th a t phase separa
tion occurred in all cases and tha t only poly( isocyanide) s substituted with hydrophilic side chains form ed 
m onom olecular layers. D epending on the na tu re  o f  the polym er which was used for mixing, the dye polym ers could 
be deposited w ith Y- o r Z-type transfer. Second-harm onic intensities generated from  these films were small in the 
case o f  the Y -type m ultilayered films and  m oderately  high in the case o f the Z-type films.

1. Introduction

The Langmuir-Blodgett (LB) technique offers the 
possibility of organizing molecules into highly ordered 
monolayers and producing multilayer films with desired 
architectures. Owing to stronger intra- and intermolecu- 
lar interactions, polymeric LB films tend to have better 
thermal and mechanical stability than those of low 
molecular weight compounds. In spite of their lower 
degree of order, in some cases polymeric LB films might 
have great potential for applications in the field of 
sensors, optonics and electronics.

Many types of polymer have already been studied as 
monolayers at the air-w ater interface. Two general 
types have been successfully used for the preparation of 
LB films: comb-like polymers which resemble low 
molecular weight amphiphiles [1-4] and rigid rod poly
mers [5-8], Recently, a number of studies have ap
peared dealing with polymeric non-linear optical 
(NLO) materials.

NLO active functions have been incorporated in 
polymer matrices in the form of low molecular weight 
compounds [9, 10] or have been introduced in the 
backbone [II] and side groups [12, 13] of polymers.

*Presented at the 6th International Conference on Organized 
Molecular Films, July 4 -9 ,  1993, Trois-Rivières, Québec, Canada.

In this study we report on poly( isocyanide) s 
[R-N=C<]„, with pendant NLO active groups. The 
formation, structure and transfer of these monolayers 
onto solid substrates are discussed. Poly(isocyanide)s 
have a very stable helical structure. A tightly coiled 4j 
helical backbone is formed during polymerization [14]. 
Polymerization of one enantiomer of a chiral isocyanide 
gives rise to the formation of polymer helices with an 
excess of one particular screw sense. Since a helix is a 
chiral species, this should lead to non-centrosymmetric 
structures. Attachment of NLO active groups to these 
helices might result in polymers which can exhibit sec
ond-harmonic generation.

2. Experimental details

The synthesis and characterization of the polymers 
(see Table 1) will be published elsewhere [15]. The 
experimental procedures have been outlined in previous 
papers [8, 16].

Transmission electron microscopy (TEM) was per
formed on monolayers in two different ways. In order 
to image the film side facing the water surface, the 
monolayers were picked up from the water surface by 
touching the monolayer with a Formvar-carbon- 
coated grid, at n = 15 mN m~‘ and T — 18 °C. To ob
serve the air-facing side of the layer, the grids were
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TABLE I. Polymers

Polymer Configuration at C*
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N O ,

2 CH2V 

- C H , /
:o

submerged to the bottom of the trough prior to film 
formation. After application and stabilization of the 
film, the grids were carefully removed from the bottom 
of the trough by passing the interface nearly horizon
tally. The specimens were blotted dry by touching the 
edge of the grid with filter paper and were subsequently 
shadowed with platinum at an angle of 20°. The electron 
micrographs were recorded on a JEOL 1200EX micro
scope at 80 kV using a magnification of 10 000 times.

3. Results and discussion

3.1. Monolayer behaviour and transfer
Poly( isocyanide) 1 forms stable, Z-type transferable, 

monolayers probably because its side chains are hy
drophilic and interact strongly with the water subphase 
[8], Replacement of the ester methyl function of 1 with 
large hydrophobic groups results in polymers 2 and 3, 
which do not form stable monolayers, probably because 
of lack of interaction of the side chains with the water 
subphase. The polar parts of these polymer molecules 
are completely shielded from the water surface by the 
hydrophobic substitute groups. However, upon mixing
2 or 3 with amylose-ester derivatives, i.e. amylose- 
acetate or amylose-butyrate (AB), stable and transfer
able films were formed. Isotherms of films of AB mixed 
with increasing concentrations of poly( isocyanide) s 2 
and 3 show a decreasing area A0, which is the area 
found by extrapolating the linear increase in the pres

ara» (Àz-repeatfng unit'1)
Fig. 1. Surface presssure-area isotherms o f mixtures o f 3 and AB. 
The base mole fraction o f 3 is indicated. The temperature was 15 °C 
and the speed o f compression was 5 Â2 m in "1 per repeating unit.

sure-area isotherm to 7 t = 0 m N m _1 (Fig. 1). More
over, in the entire range A 0 is smaller than the value 
given by the additivity rule

^ Ü. mixture ./polymer-̂ 0, polymer  ̂ ypolymer)^0( AB (l)
in which /polymer and A0 polymer denote the (base) mole 
fraction and the specific area of the corresponding 
poly( isocyanide) respectively. Figure 2 shows the area A0 
o f  2 and 3 as a function of the (base) mole fraction of 
these polymers in mixtures with AB.

Pure AB forms well-defined stable monolayers in 
which the polymer has a helical structure. Monolayers
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Fig. 2.

base mole fraction potyflsocyanlda)

Relationship between the specific area A0 o f 2 ( O , —) and 3 
• ) and their base mole fraction in the mixtures with AB.

0 30 60 90 120
time (min)

Fig. 3. Stabilization curves o f mixtures o f 3 and AB at a surface 
pressure o f 15 mN m _ l. The base mole fraction o f  3 is indicated. The 
tem perature was 17 °C in all cases.

of AB can be deposited onto solid substrates with 
transfer ratios of 0.7 on the downstroke and 1.0 on the 
upstroke [17]. Given this fact we assume that in the 
mixtures with 2 and 3 this polymer is situated at the 
air-w ater interface. Consequently, the poly(iso- 
cyanide)s can be only partly located at the air-water 
interface (see Figs. 1 and 2). Figure 3 shows the effect 
of AB on the stability of the monolayers. The area per 
repeating unit for pure 3 is decreasing even after 1 h in 
contrast to the layers containing AB which are stable. 
Unlike the films of the pure poly(isocyanide)s the mixed 
films can be transferred easily. At least 100 successive 
layers can be deposited (Y-type) with transfer ratios of 
0.75 on the downstroke and 1.00 on the upstroke. 
Monolayer thicknesses were calculated from ellipsome- 
try measurements on deposited multilayers. To this end 
silicon substrates were covered with 16, 32, 48, 64, 80 
and 96 successive monolayers respectively, prepared

Fig. 4. Calculated monolayer thickness as a function o f the base mole 
fraction o f  3 in AB.

from mixed films of 3 and AB. As can be seen in Fig. 
4 the monolayer thickness depends on the mole fraction 
of 3. Extrapolation of the curve yields a monolayer 
thickness of 27.4 Â for pure 3. TEM pictures of the 
mixed films show separate domains of 3 and AB. Pure 
3 (see Fig. 5(a)) forms a layer which is smooth over large 
areas but which also contains thicker domains. These 
domains are visible as dark circular patches with a 
cross-section of about 250 nm. The wrinkles on the 
micrograph are probably caused by collapse of the 
unstable layer. Figure 5(B) shows a mixed film of 66%
3 in AB. The AB domains have a bumpy surface. The 
poly(isocyanide) s form irregularly shaped domains of

Fig. 5. (A ) - (D )  Transmission electron micrographs of (A) pure 3 
(water-side view), (B) 66% 3 in AB (water-side view), (C) 28% 3 in 
AB (water-side view) and (D) 28% 3 in AB (air-side view). (E) 
Schematic representation o f the mixed layers o f 3 with AB. Surface 
pressure was 15 mN m - ' and the temperature was 18 °C. The scale 
bar represents 500 nm.



M . N. Teerenstra et al. /  Poly(isocyanide)s with N L O  active side chains 113

about 1 /im. The thick areas of 3 are still present. The 
surface of the thin areas of 3 is lying higher than the 
AB domains, as can be seen at the boundary lines of 
the different phases. The collapse wrinkles are not as 
pronounced as in the films of pure 3. In the mixed film 
of 28% 3 in AB (Fig. 5(C)) the domains of 3 have 
become smaller ( <  100 nm). Moreover, the collapse is 
completely suppressed.

The mixed films were also observed from the air side. 
Figure 5(D) shows such a film composed of 28% 3 in 
AB. The AB matrix shows no bumpy surface but gives 
the impression of being rather smooth. The dark do
mains of 3 are only slightly higher than the domains of 
AB. From the foregoing results we may conclude that 
mixed films of 3 and AB can be represented schemati
cally as depicted in Fig. 5(E). Polymer 3 is present as 
lenticular domains which are thinned out to a mono
layer thickness at their edges. The AB phase is clearly 
asymmetric, being rough at the water side but very 
smooth at the air side of the layer.

When we use poly( isocyanide) s with a more hy
drophilic side chain, namely 4 and 5, stable 
monomolecular layers can be formed without the re
quirement of mixing the polymers with AB. The films 
obtained, however, are very rigid and as a consequence 
are not transferable by the conventional vertical dip
ping method. When 4 and 5 are mixed with 1_, the 
stability of the films remains the same but vertical 
transfer for at least 100 successive layers becomes possi
ble and can even be of a perfect Z-type. The transfer 
ratios and film stability are not affected up to a (base) 
mole fraction of 0.6 poly( isocyanide) in the mixtures 
with 1. In contrast to the mixtures described above, the 
mixtures of 4 and 5 with 1 show areas A0 which follow 
eqn. (1) (Fig. 6). Owing to their more hydrophilic side 
chains the poly( isocyanide) s 4 and 5 are probably 
completely located at the water surface. They can form

0.0 0.5 1.0
base mole traction polypsocyanldo)

Fig. 6. Relationship between the specific areas A0 o f 4 ( O , —) and 5 
( ■ , • • • )  and their base mole fraction in the mixtures with

500 nm

Fig. 7. Transmission electron micrograph o f a m ixture o f 37% 5 in Ì  
(water-side view). Surface pressure was 15 mN m " 1 and the tem pera
ture was 18 °C.

H bonds with the water subphase more easily than 
polymers 2 and 3. In the transmission electron mi
crograph of a film of 37% 5 in J[ (Fig. 7) domains of the 
two polymers are visible. It is clear that the dark 
lens-shaped domains, present in the mixtures of 3 and 
AB, do not appear here. A smooth monolayer with 
only minor height differences is observed.

3.2. NLO properties 
Preliminary SHG measurements were carried out ac

cording to the method of Cnossen et al. [18]. Assuming 
the total polymeric structure, including the side chains, 
to be rigid, poly( isocyanide) s prepared from racemic 
mixtures of monomers were not expected to generate 
any second-harmonic signal. However, in contrast to 
cast films of the polymeric mixtures, Z-type LB films 
appeared to be moderately active, probably because (i) 
there is some orientation of the chromophores at the 
water surface and (ii) the monolayers are transferred in 
the Z-mode. Multilayers of polymers 2 and 3, which 
were mixed with AB, and as a consequence gave more 
or less Y-type films, showed much lower SHG. Further 
research is currently being performed to calculate abso
lute values of x {2) at the different polarization settings, 
and will be published separately.

Conclusion

The poly(isocyanide)s used in this study form very 
rigid monolayers. Mixing these polymers with other 
polymers results in transferable films. In these mixed
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films the poly( isocyanide) s with hydrophilic substitute 
groups appear to be located completely as a monolayer 
at the water surface, whereas the poly(isocyanide) s with 
more hydrophobic side chains are present as thick 
domains.

Depending on the polymer used for mixing, it is 
possible to obtain Y-type of Z-type multilayers. Trans
fer ratios remain constant and clear films with thick
nesses of over 0.3 /im  can be obtained.
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