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Z-TYPE FILMS FOR SECOND HARMONIC GENERATION 
The present invention relates to optically non-linear 

materials suitable for forming Z-type films for second harmonic 

5 generation, to methods for their synthesis and to optical devices 

which incorporate such materials. 

Film-forming hemicyanine dyes of general formula 
D-C6H4-CH=CH-C5H4N+-R x- where D is an electron donating group, 

R is a hydrophobic alkyl group and x- is a simple inorganic anion 

10 such as a halide ion have been extensively studied for second 

harmonic generation (SHG). Their properties are dependent upon the 

donor group (Bubeck et~ •• Advanced Materials 1991, ~. 54), 

the counterion (Liu et~-· Thin Solid Films 1992, 219. ?.21; 

Ashwell et !l., Nature 1992, 357, 393) and the extent of 

15 aggregation (Girling et al., Thin Solid Films 1985, 132, 101; 

Schildkraut et al .• Opt. Lett 1988, ]1_, 134). In our 

International PCT Publication WO 93/24859 we have disclosed that 

Langmuir-Blodgett (LB} film structures which generate a signal of 

greater intensity may be produced by utilising an amphiphilic anion 

20 rather than a simple inorganic anion. For these known LB 
film-forming materials, it has been assumed that there is a 

requirement for the cation to be amphiphilic with a long 

hydrophobic tail group attached to one end of the hydrophilic 
chromophore, this being necessary so that the film-forming 

25 molecules may be aligned at the air/water interface, with the head 

groups downwards. Such films typically display centrosymmetric 

interlayer arrangements with the molecules packing head-to-head and 

tail-to-tail (Y-type). The molecules tend to 11 fl ip 11 over to retain 

the hydrophobic parts together but a non-centrosymmetric structure 

30 has been obtained by the incorporation of spacer layers between the 

active LB layers (International Patent Application WO 92/0934). 

We have now discovered that. in film forming hemicyanine dyes. 

a more favourable non-centrosymmetric, head-to-tail, Z-type, 

packing arrangement may be produced by ensuring that the 

35 hydrophilic chromophore is substituted at opposite ends by 
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hydrophobic alkyi, alkenyl or alkylaryl groups comprising 

from 4 to 30 carbon atoms, in which the groups at each end differ 

in size by four or more carbon atoms. 

Preferred cationic dyes of use in the present invention are 

5 those of general fomula R'O-...-A-R (neutral) or R'0-1r-A+R (cationic) 

wherein R'O represents a hydrophobic donor group; ~ represents a 

conjugated 'It-electron bridging group; A and A+ represent electron 

acceptor groups having hydrophobic substituents R. 

Preferably R'D represents an N-alkylamino, N,N-dialkylamino, 

10 alkoxy, carboxylate R1 C(O)O-. alkylthio or alkyls~leno group and 

A-R represents a keto (RC(O)-) or ester (ROC(O)-) group. 

A+ represents a heterocyclic group such as a pyridinium, 

pyrimidinium. quinolinium, isoquinolinium, benzothiazolium or 

thiazolium cation and R is preferably attached to the heteroatom. 

15 A+ may be optionally substituted. · 

Rand R' represent hydrophobic alkyl, alkenyl or alkylaryl 

groups comprising 4 to 30 carbon atoms, R and R1 being the same or 

different, optionally differing by four or more carbon atoms. 

The .... -bridge is -CH=CH-, -CH=N-, -N=N-, -Ar- or multiples or 

20 combinations thereof, wherein Ar represents an aromatic ring 

especially a benzene or pyridine ring, the • group being optionally 

substituted. 

The counterion may be any conventional anion of use in such 

Langmuir Blodgett films. Preferably, the anion is a halide or an 

25 amphiphilic anion such as those disclosed in UK Patent 

Application 9310843.9. 

Examples of dyes of the type described include 

£-N-octadecyl-4-[2-(4-dibutylaminophenyl)ethenyl)quinoliniurn iodide, 

E-N-octadecyl-4-[2-(4-dibutylaminophenyl)ethenyl]pyridinium iodide, 

30 E-N-octadecyl-4-(2-(4-dihexylaminophenyl)ethenyl]pyridinium iodide, 

E-N-octadecyl-4-(2-(4-octadecyloxyphenyl)ethenyl)pyridinium iodide, 

E-N-decyl-4-[2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide, 

E-N-dodecyl-4-(2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide,. 

E-N-tetradecyl-4-[2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide, 

35 E-N-hexadecyl-4-(2-(4-docosyloxyphenyl}ethenyl]pyridinium bromide, 

iiiiiU '· !~ .. 
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E-N-octadecyl-4-[2-{4-docosyloxyphenyl)ethenyl]pyridinium bromide, 
E-N-eicosyl-4-[2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide, 

E-N-docosyl-4-[2-(4-docosyloxyphenyl}ethenyl]pyridinium bromide, 
E-N-docosyl-4-[2-(4-tridecanoyloxyphenyl)ethenyl]pyridinium bromide, 

5 E-N-dodecyl-4-(2-(4-docosylthiophenyl)ethenyl]pyridinium iodide, 

£-N-dodecyl-2-[2-( 4-octadecylaminophenyl}ethenyl]benzothiazolium 

iodide, 
E-N-hexadecyl-2-(2-(4-docosylaminophenyl)ethenyl)benzothiazolium 
octadecylsulphate, and 

10 E-N-octadecyl-5-[(4-dibutylaminophenyl)methylene]~6,7,8-

trihydroisoquinolinium octadecylsulphate. 
The novel dyes of this invention (as listed above) may be 

conveniently prepared by, for example, the reaction of an 

N-alkyl-4-methylpyridinium halide, a para-substituted benzaldehyde 
15 and piper.idine in hot methanol. The product may be purified or may 

be used directly in the production of optically non-linear 

Langmuir-Blodgett films. Alternatively the dyes can be mixed with. 

for example. sodium octadecylsulphate on the aqueous subphase of 
the Langmuir-Blodgett trough to form the octadecylsulphate salt. 

20 The inorganic salt produced by the metathesis reaction migrates 

into the subphase. 

The novel dyes may be formed into optically non-linear films 

using conventional techniques and a further aspect of the invention 

relates to such films. Conveniently they may be spread as a 
25 solution in dilute methanol/chloroform or dichloromethane onto the 

pure water subphase of a Nima Technology Trough and transferred on 
the upstroke to a glass side. 

The invention is illustrated by the following examples. 

Example l 
30 lhe optically non-linear dye. E-N-octadecyl-4-(2-(4-butyl-

aminophenyl)ethenyl]quinolinium iodide. was spread from Aristar 
grade dichloromethane onto the pure water subphase of compartment A 

of a Nima Technology LB trough. After evaporation of the solvent. 

the surface layer was slowly compressed to 35 mN/m, and then it was 

35 transferred to a glass microscope slide by raising it at 3 mm/min 
--------------
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through the floating monolayer. Z-type film structures were 

obtained by repeating the process. for example. by cycling the 

slide via compartment B, under the fixed surface barrier and up 

through the floating monolayer. 

5 SHG measurements were carried out using the apparatus 

described previously (Ashwell et~-. SPIE - Int. Soc. Opt. Eng. 

1991. 1361, 569), with a pulsed Nd:YAG laser(>.. 1064 nm) and··Y-cut 

quartz plate as reference. The SHS increased quadratically with 

the number of layers indicating a non-centrosynvnetric LB film 

10 structure. 
Example 2 

Non-centrosymmetric z-type multilayers of the related 

pyridinium dye, E-N-octadecyl-4-(2-(4-dibutylaminophenyl)­

ethenyl]pyridinium iodide, were obtained using the technique 

15 described above. The SHG increased quadratically with the number 

of layers. 
Example 3 

Non-centrosymmetric Z-type multilayers of 

E-N-octadecyl-4-(2-(4-dihexylaminophenyl)ethenyl]pyridinium iodide, 

20 were obtained using the technique described above. The SHG 

increased quadratically with the number of layers. 

Example 4 

Non-centrosymmetric Z-type multilayers of 

E-N-alkyl-4-(2-(4-docosyloxyphenyl)ethenyl)pyridinium bromide, 

25 wherein the alkyl group was, in successive experiments, decyl, 

dodecyl, tetradecylt hexadecyl, octadecyl. eicosyl and docosyl. 

were obtained using the technique described above. In each 

experiment the SHG increased ·quadratically with the number of 

layers. 

30 Example 5 

Non-centrosymmetric z-type multilayers of 

E-N-octadecyl-4-(2-(4-octadecyloxyphenyl)ethenyl]pyridinium iodide, 

were obtained using the technique described above. Films 

comprising from l to 120 non-centrosymmetric layers were fabricated 

35 and the SHG increased quadratically with the number. 

--·-------- --- -
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l. A film forming hemicyanine dye comprising a hydrophilic 
chromophore substituted at both ends by hydrophobic alkyl, alkenyl 

or alkylaryl groups comprising from 4 to 30 carbon atoms, in which 

5 the groups at each end differ in size by four or more carbon 

atoms. 

10 

2. A dye according to Claim 1. having the formula 

where R'-D is a hydrophobic electron donating group and A+ is an 

electron accepting group substituted by a hydrophobic group R, • is 
a conjugated bridging group and x- is the counterion, and R and R' 

differ in size as aforesaid. 

15 3. A dye according to any preceding claim, characterised in that 
A+ represents a heterocyclic group. 

4. A dye according to Claim 3, characterised in that A+ 

represents a pyridinium, pyrimidinium, quinolinium. isoquinolinium, 

oxazolium, thiazolium or benzothiazolium cation. 

20 5. A dye according to Claim 3 or 4, characterised in that R is 

attached to the heteroatom. 

6. A dye according to any of Claims 3 to 5, characterised in 
A+ is substituted. 

7. A dye according to any of Claims 2 to 6, characterised in 
25 x- is a halide. 

8. A dye according to any of Claims 2 to 6, cha racte ri s ed in 
x- is amphiphilic. 

9. A dye according to Claim 1. having the formula 

30 R'-0-ir-A-R 

where R1 -D is a hydrophobic electron donating group, A is an 

electron accepting group substituted by a hydrophobic group R 

that 

that 

that 

and v is a conjugated bridging group, and R and R' differ in size 

35 as aforesaid. 
----------
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10. A dye according to Claim 9, characterised in that AR 
represents a keto {RC(O)-) or an ester (ROC(O}-) group. 
11. A dye according to any of Claims 2 to 10. characterised in 

that R'-D represents an N-alkylamino, N,N-dialkylamino, alkoxy, 
5 carboxylate, alkylthio or alkylseleno group. 

12. A dye according to any of Claims 2 to 11, characterised in 
that ,, represents a group selected from -CH=CH-, -CH==N-, -N=N-, Ar 
where Ar represents an aromatic ring, or multiples or combinations 
thereof. 

10 13. A dye according to Claim 12, characterised in that ~ is 
substituted. 
14. A non-centrosynrnetric l.angmuir Blodgett film characterised in 
that the dye is any one of the following compounds:­
E-N-octadecyl-4-(2-(4-dibutylaminophenyl)ethenyl]pyridinium iodide; 

15 E-N-octadecyl-4-(2-(4-octadecyloxyphenyl)ethenyl]pyridinium iodide; 
E-N-octadecyl-4-[2-{4-dibutylaminophenyl}ethenyl]quinolinium iodide; 
E-N-octadecyl-4-[2-(4-dihexylaminophenyl)etheny1]pyridinium iodide; 
E-N-decyl-4-(2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide; 
E-N-dodecyl-4-[2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide; 

20 E-N-tetradecyl-4-(2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide; 
E-N-hexadecyl-4-(2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide; 
E-N-octadecyl-4-(2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide; 
E-N-eicosyl-4-(2-{4-docosyloxyphenyl)ethenyl]pyridinium bromide; 
E-N-docosyl-4-(2-(4-docosyloxyphenyl)ethenyl]pyridinium bromide; 

25 E-N-docosyl-4-[2-(4-tridecanoyloxyphenyl)ethenyl]pyridinium bromide; 
E-N-dodecyl-4-(2-{4-docosylthiophenyl)ethenyl]pyridinium iodide; 
[-N-dodecyl-2-(2-(4-octadecylaminophenyl)ethenyl]benzothiazolium 
iodide; 
E-N-hexadecyl-2-[2-{4-docosylaminophenyl)ethenyl]benzothiazolium 

30 octadecylsulphate; or 
E-N-octadecyl-5-[(4-dibutylaminophenyl)methy1ene]-6,7,8-
trihydroisoquinolinium octadecy1sulphate. 
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