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CHAPTER 5 

Second harmonic generation from thin films of 

mixtures of an aggregated chiral p-nitro- 

azobenzene dye and amylose-acetate. 

SUMMARY 

Second harmonic generation (SHG) from both Langmuir-Blodgett films and 
solvent cast fllms of mixtures of a chiral (stereogenic) NZO-dye, an ester of 
palmitic acid and 4-nitro-4'-[(3R)-hydroxypyrrolidine-1-mobemene (KMESI 6) 
and amylose acetate is investigated. Results are discussed with reference to the 
structure of the films. The hE0-active molecules form crystalline domains in 
which the molecules are aligned anti-parallel without a center of symmetry 
(crystal point group P21). m e  dye domain.. behave like H-aggregates. 
LB multilayerfllms show no signiJicant SHG when measured "as deposited". 
After heating and cooling down unexpected large SHG is measured. Also cast 
fllms of the same mixtures show SHG. 
We demonstrate in this paper SHG of thin layers without extended procedures 
to orient the molecules. A possible explanation for the observed SHG is 
discussed. 

INTRODUCTION 

Recent interest in organic non linear optical materials is mainly stimulated by their large 

second order hyperpolarizabilities I .  The origin of the hyperpolarizability 6 is attributed to 

charge transfer resonances involving appropriately substituted T-electron systems2. 

However a large microscopic hyperpolarizability P is not the only condition to fulfill for 

getting second order NLO-activity. The possibility of developing useful electro-optic devices 

made from organic molecules with large second order hyperpolarizabilities depends on the 
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ability to orient these molecules in a non centro-symmetric way in thin film structures. 

During the last decade, a lot of research has been focussed on preparing such non centro- 

symmetric structures of NLO-materials. 

Suitable molecules for NLO-applications usually crystallize in symmetric space groups due 

to the permanent dipole moment present in the classical organic D-T-A molecules. Progress 

in the understanding of optimal molecular packing of non centro-symmetric structures was 

made by Oudar and Zyss 3 v 4 .  Based on those ideas, the crystal growth into formats of 

interest for waveguide non linear optics was developed by Zyss et al.5 and Nayar et aL6. 

Oudar and Hierle used the property of chiral molecules to crystallize in non centro- 

symmetric single crystals by definition. For practical applications an approach based on 

aligning chromophore molecules in polymeric materials might offer fabrication advantages 

relative to single crystal growth *. Several studies have demonstrated that thin films with 

a non centro-symmetric structure can be obtained by embedding suitable chromophores in 

a polymer matrix and subsequently aligning the chromophores in an electrical field 9. 

Relaxation of the chromophore molecules might always be a problem in such a system. 

Therefore, improvements have been realized by using polymers with NLO-active substituents 

which also can be aligned by an electrical field 1°*ll. In much of these polymers 

solubility of the polymer with the donor-acceptor molecules covalently linked to the polymer 

backbone, is the limiting factor especially those cases with a high density of chromophores. 

Another potentially useful route for fabricating organic thin films for second order non linear 

optical applications is the Langmuir-Blodgett technique. This method involves repetitive 

transfer of organic monolayers from the air water interface to solid substrates forming a 

multilayer structure 12. Since the mid-1980's several research groups have produced non 

centro-symmetric LB-films showing SHG. Often used approaches are the fabrication of 

alternating layers 1 3 9 1 4  or multilayers with 2-type transfer l 5 9 l 6 .  Decher et al.17 

demonstrated that a LB-film of a single material deposited by an Y-type transfer showed 

significant SHG. They explained their results by the formation of either a non centro- 

symmetric herringbone type structure or an intercalated structure of the molecules with a 

preferential orientation of the polar head groups in an unique direction. A recent review of 

possible application of LB-multilayers was published by Tieke 18 .  

Although the qualitative characterization of SHG of monolayers deposited onto SHG inactive 

surfaces is well established 19, the quantitative characterization of mono and multilayers 

is not 20. Girling et al. studied the SHG of mixed monolayers of a hemicyanine dye with 



Chapter 5 

arachidic acid 21. They showed that the mixed films display higher SHG efficiency than 

the pure dye layers. this was an unexpected phenomenon according to the theory of 

Bloembergen and Pershan 22. UV/VIS absorption measurements showed the existence of 

aggregates (the spectrum undergoes a blue shift 23) in films with high dye concentrations 

24725,26. The explanations for the observed decrease in SHG of films with high dye 

concentrations are not uniform. Three effects are thought to play an important role: local 

field effects, aggregation and resonance enhancement. To explain the results, Hayden 

calculated the local fiels effects in a LB-film, but did not account for the aggregation ". 

Schildkraut et a1.24 argue that the aggregates lead to a decrease in the resonant enhancement. 

Kajikawa et a1.26 descibed the decrease to a combination of aggregation and local field 

effects. Marowsky and Steinhoff on the other hand concluded from their experiments that the 

aggregate is more NLO-active than the monomeric dye 25. Theoretical support for their 

explanations has been given by Wagnikre and Hutter 28. Local field effects in LB-films 

without aggregates are now well understood 29 but the aggregation effect on the NLO- 

activity is not well documented in the literature. 

A remarkable effect of aggregates in second order nonlinear processes was published by 

Wang 30. He reported an efficient SHG from a thin polymer film (Spm) containing 1.5 

weight % dye that formed small (-  2pm) J-aggregates. He suggested that the dye aggregates 

with strong molecular coupling might be viewed as a "super molecule" with a "super dipole". 

The university of Sussex 31 reported highly active SHG of aligned crystal needles of NLO- 

material in polymer matrices but no absorption spectra have been published. 

In the present study we describe the SHG of an aggregated chiral NLO-dye mixed with 

arnylose-acetate. The monolayer behaviour of the pure dye and of the mixtures was 

investigated before (Chapter 3) 32 as we11 as the structural features of LB multilayers of 

the same mixtures (Chapter 4) 33, revealing the presence of crystalline dye domains in a 

matrix of amylose-acetate. These crystalline domains behave like H-aggregates. 

EXPERIMENTAL 

Materials 

The synthesis of an ester of palmitic acid and 4-nitro-4'-[(3R)-hydroxypyrrolidine-1- 

azobenzene (Fig. 5.1, code KMES16), will be reported separately 34. The synthesis of the 
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amylose-acetate polymer was described before (Chapter 2) 35. The molecular weight of the 

amylose-acetate polymer is M, = 20000, D =2.1. 

AAC 

KMES 16 
0 
I I 

Figure 5.1 Structural formulas of the dye molecule and amylose acetate. 

LB-measurements 

A computer controlled Lauda filmbalance FW2 was used. Transfer experiments were carried 

out by a vertical dipping method at constant temperature and pressure. A dipping speed of 

5 mmlmin was used for the up and down stroke transfer. The monolayers were transferred 

onto glass slides, hydrophobized by treatment with 1,1,1,3,3,3 hexamethyldisilazane in 

chloroform 1 :3 (vlv) at 50 "C for 5 minutes. 

SHG measurements 

The experimental set up is given in Figure 5.2. The film was irradiated by a linearly 

polarized beam from a Q-switched Nd:YAG ( X = 1064 nm ) at an angle of 45" and the 

reflected light was monitored using a photo multiplier. Separation of the harmonic from the 

fundamental beam was accomplished by a Pellin-Brocca prism and suitable color filters. The 

fundamental beam was either p or s polarized. The SHG was detected after passing a sheet 

polarizer either in the p or s direction. Signal sampling and recording took place with a 
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boxcar (Princeton Applied Research, model 162) and a computer. 

Infrared Measurements 

Infrared measurements were performed with a Bruker IFS88 FTIR spectrophotometer 

equipped with a MCT-A D313 detector. Transmission spectra were recorded from samples 

on ZnS using 4 cycles of 250 scans each according to the method of Arndt 36. All spectra 

were recorded at 4 cm-' resolution and were baseline corrected. 

UVIvisible light spectra. 

A Pye-Unicam SP8-200 UVIVis spectrophotometer was used to record the spectra of cast 

layers on one side of a glass slide as well as of the spectrum of the dye in chloroform 

solution. 

X-ray diffraction 

X-ray measurements were performed with a Philips PW 1830 generator and a Philips PW 

1820 diffractometer with a monochromator in the diffracted beam. Chromium was used as 

radiation source. 

Electron diffraction 

Electron diffraction patterns were obtained from cast films stripped off on the water surface 

and transferred to carbon covered 400 mesh grids. Selected area ED patterns were taken with 

a Philips EM400 using an acceleration voltage of 120kV. The camera length was calibrated 

with gold. 

RESULTS AND DISCUSSION 

The results discussed in this paper are related to those reported in previous papers in which 

the mono and multilayer behaviour of KMES 16 and mixtures of this dye with amylose-acetate 

as well as the structure of these systems were studied (Chapter 3 and 4) 32333- 

The Langmuir monolayer of the dye itself did not stabilize on the water surface because a 
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crystallization process took place resulting in 3D crystallites, finally. When the dye was 

mixed with amylose-acetate perfectly stable Langmuir-monolayers were obtained (containing 

up to 50 base mol% dye). The stable mixed monolayer was composed of crystalline domains 

of KMES16 in a matrix of amylose-acetate. The domains of the dye behaved like H- 

aggregates. 

The mixed monolayers could be transferred to solid substrates resulting in regular multilayer 

films. Electron diffraction combined with the existence of H-aggregates revealed an anti- 

parallel packing of the KMES16 molecules in the unit cell. The crystallites belong to the P21 

crystal point group 34, one of the 17 noncentrosymmetric crystal point groups 4. The charge 

transfer axis of the KMES16 molecule can be regarded as one dimensional and the optimum 

angle between the molecules in the unit cell in respect to NLO-properties is calculated by 

Zyss and Oudar to be 54,7" 4. So, a far from ideal packing is found regarding the 

requirements for NLO-active systems. 

Multilayers of KMES16lAAC 30170 and 70130 (mol%) were prepared on hydrophobic glass 

slides. The transfer ratio on the upstroke dip amounted 1.0 and the transfer ratio on the 

downstroke was about 0.1. When the amount of KMES16 is as high as 70 mol%, regular 

multilayers can still be obtained up to 20 layers. 

Second harmonic generation was used as an indication of non linear optical efficiency. The 

experimental set up is given in Figure 5.2. The LB-multilayers were measured in the 

reflection mode and the results are shown in Table 5.1. 

SHG values were calculated with the following equations: 

I ~ W  = SHG of the sample. 

I ~ & =  SHG of the reference KDP crystal. 

Table 5.1 shows the measured second harmonic intensities Q(i,j) = 1 ~ ~ ~ 1  for j polarized 

light by i-polarized excitation. 
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Figure 5.2 fiperimental set up for measuring SHG. 
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Table 5.1 SHG of LB-multilayers of mixtures KMES16 / AAC. 

SYSTEM 

KMES16lAAC 30170 
number of layers bh / ah bh 1 ah bh / ah bh / ah 

Given values are averages of different places in one film, variation in one film is about 20%. 
bh = before heating, ah = after heating. 

The multilayers do not show significant SHG when measured "as deposited". However, the 

situation changes dramatically after heating and cooling down the film. Especially with a high 

amount of dye in the mixture, the SHG is strongly enhanced. The SHG is not homogeneous 

over the whole film. Values given in Table 5.1 are averages. Variation in the measured 

intensity is about 20% of the given value, depending on the position on the film. Because of 

inhomogeneous SHG over the film, reliable measurements of SHG versus amount of dye 

could not be carried out. This will be discussed in more detail later on in this paper. 

The process of heating and cooling down of these multilayer films was also carried out under 

a polarization microscope and this revealed morphology changes very clearly. Figure 5.3 

shows photographs of a mixed multilayer of KMES 16lAAC 70130 (15 layers) under crossed 

polarizers . 
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Figure 5.3A shows the multilayer as deposited (before heating). Very small domains can be 

recognized with a magnitude in the order of 0.1 - 0.2 Fm. When the film is heated in the 

oven up to 135 "C and cooled down (l°C/rnin.), the morphology shown in Figure 5.3B is 

obtained. 

The multilayer starts to melt at 126 "C and at 129 "C the film is isotropic. Depending on the 

cooling rate the film starts to crystallize at = 120-1 10 "C. After heating and recrystallization 

much larger domains are formed than before (100-200 pm). 

The dye molecules are uniquely aligned within each domain because when the film is turned 

around under crossed polarizerd it can be observed that different domains have different 

orientations. This might be the expliation for the relative large deviation in SHG activity 

depending on the position on the film. After heating the multilayer films still have a layered 

structure as is detected by small angle X-ray diffraction. 

0 2 4 6 8 10 

20 

Figure 5.4 Small angle X-ray di$rQction. A = LB multilayer (201) of 

KMES164AC 70/30 as deposited; B = i%e same multilayer as in Fig. 5.4(A) 

aj?er heating to 135°C and cooling down to room temperature (-1 "C/min); C 

= A cast of KMES16/AAC 70/30 heated by the same procedure as described 

for Fig. 5.4(B). 
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The structure of the cast films was studied by FT-IR , UV-visible light spectroscopy, X-ray 

and electron diffraction to compare these structures with LB-multilayers of mixtures 

KMES 16lAAC 30170 investigated before (Chapter 4) 33. 

Cast films with a morphology like the ones shown in Figure 5.5B and 5.5C show Bragg 

reflections corresponding with a spacing of 32.1 A, as is shown in Figure 5.4(C). 

Transmission infrared spectra of a cast film of a mixture of KMES16lAAC 70130 on ZnS 

are plotted in Figure 5.6. 

3200 2800 2400 2000 leoo 1600 1400 1200 loo0 800 

Wavenumbers 

Figure 5.6 Transmission infrared spectra of mixtures of KMES16IAAC 70/30 

(mol%). A = A quickly evaporated cast film on ZnS. B = The same film as 

in Figure 5.6(A) afrer heating to 135°C and cooling down to room 

temperature (-1 "C/min). C = ;I;lze difference spectrum of the heated and 

unheated film (B-A). D = Bulk spectrum of the mixture, powdered in D r .  
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Spectrum A in Figure 5.6 shows a mixture of KMES16lAAC 70130 of a quickly evaporated 

cast film and spectrum B is the result after heating and cooling down. All spectra are 

obtained in the transmission mode. The important absorption bands are assigned in Figure 

5.6. An extensive assignment and study of the IR-bands of LB multilayers of the 

KMES 16lAAC system has been given in a previous paper (Chapter 4) 33. Figure 5.6C shows 

the difference spectrum of a the heated film and the unheated film (A - B). Figure 5.6D 

shows the bulk spectrum of a mixture of KMES16 and AAC powdered in KBr, for 

comparison. Comparison of spectrum A and B to D in Figure 5.6 reveals a specific 

orientation of the chromophore unit of the dye. Compared to the bulk spectrum of the 

mixture KMES16/AAC, the us (C=C) at 1604 cm-', the us (C,, -N) at 1387 cm-I and the 

us (NO2) at 1344 cm-' have a preferred orientation along the surface normal, inferring an 

orientation of the chromophore unit of the dye more or less perpendicular to the substrate 

surface. 

The remarkable ratio between the symmetric and asymmetric CH2 bands, as observed before 

for the KMES16 molecule (Chapter 4) 33 is observed again. The aliphatic chains are 

supposed to have an all trans conformation and are tightly packed. The C-C-C plane of these 

aliphatic chains adapts a preferred orientation to the chain director resulting in the ratio 

between the u, and us of the CH2. 

The cast films whith large crystalline domains are anisotropic in the plane of the substrate 

(x-y plane) as was checked by polarized IR-transmission spectroscopy. The infrared beam 

has a diameter of - 0.5 mm2, so on that scale the film shows anisotropy. 

From UV-visible light spectroscopy it is clear that also in the case of cast films the dye 

molecules form H-aggregates. Formation of H-aggregates has already been observed in the 

monolayer and multilayer structures of the same mixtures. Figure 5.7 shows the UV-visible 

light absorption of a cast film and for comparison the absorption of the dye in a chloroform 

solution is given (curve B). When the dye is in the monomeric form, as is the case in a 

chloroform solution, a maximum absorption is found at 470 nm. The absorption of the dye 

is blue shifted to 393 nm in the cast film. This shift is attributed to the formation of 

aggregates 23. From the absorption spectrum it is not clear whether the absorption band is 

due to a dimeric, trimeric or polymeric aggregate because only one maximum is observed 

39. From the presence of H-aggregates it can be deduced that the transition moments 

causing the absorption at 393 nm are perpendicular aligned to the grow direction of the 

aggregate and that the electronic states of the individual molecules interact strongly. 
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Wavelength (nm) 

Figure 5.7 UV/VIS spectra. A = A heated cast$lm of KMES16/AAC 70/30 

on one side of a glass slide. B = Spectrum of the dye (KMESl6) in 

chlorofom. 

In order to reveal the structure of the dye molecules in the plane parallel to the substrate 

surface electron diffraction experiments were carried out. Electron diffraction of unheated 

films resulted in diffraction rings instead of diffraction points, indicating a not very well 

defined film. After heating and cooling down to room temperature, the morphology was 

comparable to those shown in Figure 5.5B and 5.5C as was checked by polarized light 

microscopy. The obtained ED-pattern of a heated sample is shown in Figure 5.8. The 

diffraction points 0,k and h,O with h,k odd are systematically absent indicating a two fold 

screw axes along the a and b axis of the unit cell 40t41. The observed symmetry 

corresponds with an anti parallel packing of the molecules in the unit cell. The observed 

pattern shown in Figure 5.8 is similar to the observed pattern of a monolayer of KMES16- 

AAC 70-30 as was shown in Chapter 3 and which has been assigned to the P 4  

noncentrosymmetric spacegroup. 



Multilayer after heating. 

Side view 

Top view 
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Comparison of the structural features obtained from crystalline cast films to those obtained 

from the LB-multilayers of the KMES16lAAC 30170 system leads to the following 

conclusions. The orientation of the dye molecules in the LB-multilayers and in the cast 

crystalline films of the KMES16lAAC system is the same. The dye molecules form H- 

aggregates in both cases and the aliphatic chains are packed characteristically. The 

chromophore unit is oriented at an angle of about 30" to the normal of the substrate surface. 

A layered structure with a spacing of 32 A is obtained in all cases. The sharpness of the 

Bragg reflection(s) increases upon recrystallization of the mixed systems indicating a well 

defined layer structure in the LB-films as well as in the cast films. So, the model given for 

the heated LB-system (Chapter 4) 33 is also valid for the cast films. 

SHG of cast films was measured and the results of films from different concentrations 

KMES16lAAC in chloroform as well as with different ratios of KMES16 are presented in 

Table 5 .II. 

Table 5.11 SHG of castjlms of the mixed system KMESl6 / AAC. 

SYSTEM QPP 

KMES16 100% 0.00 0.00 0.00 0.00 
(100 nm) 

KMES 16lAAC 30170 0.12 0.03 0.20 0.04 
(100 nm) 

KMES16lAAC 70130 3.47 12.56 5.87 12.51 
(100 nm) 

(200 nm) 10.40 39.00 17.50 38.00 

(1000 nm) 0.00 0.00 0.00 0.00 

The given values are all of heated films with morphologies like the one in figure 5.5B. 
The values are averages of measured intensities in one film, the variation is about 
50%. 

Also in this case SHG is not homogeneous over the whole film. The given values are 

averages of values of different places in one film. The variation in SHG activity of the cast 



film is higher than in the heated LB-multilayers (50%). Clear films can be obtained from 

a chloroform solution up to 2 mglml (KMES16JAAC). When the concentration is raised 

further, the films become cloudy. When a concentration of 10 mglml is used for cast films, 

no SHG can be detected at all due to scattering. 

To exclude the possible influence of light scattering of the films, the intensity of the reflected 

fundamental beam was measured for different samples. All the visibly clear samples reflect 

the fundamental beam in the same way. Clear films of pure KMES16 can not be obtained. 

The low molecular weight compound has no film forming ability. 

From Table 5.11 it can be deduced that cast films only give large SHG signals when the dye 

content is high. The highest observed SH intensity of the 200 nm thick film of 

KMES16lAAC 70130 corresponds to a X(2) value of 19.8 esu ( Q,,, = 39.0) when the 

signal is calibrated on a monolayer of a hemicyanine dye 37 (8 = 2*10-~~esu). 

The morphology of the samples that are SHG-active can be distinguished from the 

morphology of samples that do not show significant SHG. The SHG-active samples look like 

the photographs in Figure 5.5B while the non-active samples only have small domains 

without large crystalline sheets. 

Normally when the SHG activity of LB-multilayers is measured the layer is treated as a thin 

dielectric sheet characterized by an optical constant E, ,  and an integrated (per unit area) SHG 

susceptibility tensor X(2), 42. The net second harmonic radiation generated in the LB-film 

is a superposition of that generated in each asymmetric LB-layer. If the thickness of one 

layer is much smaller than the coherence length, the SH waves generated in each layer are 

roughly in phase with one other, therefore we may approximate the net SHG response by an 

integrated film susceptibility X(2)(fihn) - nX(2) (monolayer) n = amount of monolayers. 

When the film is isotropic in the x-y plane (z is the direction perpendicular to the surface) 

and using the Kleinmann symmetry 43, X(2) is reduced to only two independent tensor 

elements 
(2) = x(2) = X ( 2 ) z y y = X  X(2)Zu. and X(2)urx = x xxz xzx ( 2 ) y y ~  ' X (2) yzy 

From Table 5.11 it can easily be observed that this is not the case. Because the orientational 

distribution of the domains in the x-y plane seems to be random, the physics of the SHG 

might be almost similar to that of a polycrystalline powder 44, as derived by Kurtz and 

Perry. According to their theory the second harmonic intensity depends on the average 

particle size. The SHG increases linearly with particle size until a maximum is reached, 

further increase of particle size does not enhance the SHG anymore. This powder theory 

103 
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might explain the enhancement of the SHG on going from a LB-film with small crystallites 

(0.1-2 pm) to films with large crystalline sheets (100-200 ~ m ) .  Only when a large amount 

of dye is incorporated in the polymer matrix sufficiently large crystallites can be grown to 

give the large SH response. 

Table 5.111 Comparison of SH intensities of KMES16/AAC mixrures with 
ideal KZ16  LB-multilayers. 

System Surface density SH-intensity Comment 
of NLO-dyes 

(molecu~es~cm~) 

KZ16* 2.6 l0l4 Q,, monolayer = 0.4 

Qp, 6 layers = 13.7 

KMES 16lAAC 2.4 l0l4 Qp, 18 LB multilayers When an assumption of 

70130 mol% = 13.1 quadratic enhancement is 
made, the efficiency of 
this layer is 26% of that 
of an ideal KZ16 
multilayer. When an 
assumption of linear 
enhancement is made, an 
efficiency of 143% is 
found. 

Efficiency based on 

Qpp cast film 100 nm quadratic enhancement 

= 12.5 16%. 
Efficiency based on linear 
enhancement 85%. 

* Molecular structure of KZ16 see Chapter 6. 

We considered the possibility of the SHG originating from the surface. Surfaces are known 

to give SHG 45946. The magnitude of the SHG argues against this explanation. Also 

strong SHG due to resonance enhancement can be excluded because due to H-aggregation 
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the absorption is blue shifted (A,, 470 nm. to A,,,, 393 nm.) what deviates more from 534 

nm. The noncentrosymmetry introduced by the crystalline packing and the chiral center of 

the dye is not necessarily very much off a centro-symmetric one what is likely the case for 

KMES16 where the molecules are packed anti-parallel and the transition moments of the 

chromophore-unit are aligned next to each other. 

However, when the signal is compared with that of a related molecule (KZ16) that forms 

regular Y-type alternating LB-multilayers, the SHG is larger than was expected. 

Table 5.111 shows some of the Q-values of samples of KMES16IAAC mixtures, discussed 

in this chapter compared with results discussed extensively in Chapter 6 47. The KZ16 

molecules form alternating Y-type multilayers with arachidic acid and an almost quadratically 

enhancement of the SHG was observed with an increased number of bilayers. The 0-value 

of the molecules KMES16 and KZ16 are supposed to be in the same order of magnitude 

(- esu?). The tilt angle of the KZ16 molecules to the surface normal is 50 f 2". 
Aggregation phenomena were not observed in this system. Measurements have been carried 

out in exactly the same experimental set up. 

We suggest that the H-aggregates enhance the SHG. The properties of aggregates in relation 

to non linear optical phenomena have the present interest of several research groups 

26,48,49 and need to be investigated in more detail. The suggestion that the aggregates act 

as a "super dipole" as is done in the literature 25,26,30 seems attractive but can only be 

studied if a method of controlled grow of aggregates can be developed. 

CONCLUSIONS 

In this paper SHG of a chiral dye in a matrix of amylose acetate is described. Films of the 

mixtures were obtained either by the Langmuir-Blodgett deposition of monolayers or by 

solvent casting from chloroform solution. The dye is situated in crystalline domains (space 

group P21) in which the molecules are packed anti-parallel. The crystalline domains behave 

like H-aggregates. The charge transfer axis of the KMES 16 molecule can be regarded as one 

dimensional and a far from ideal packing is found regarding the requirements for NLO-active 

systems. 

When the films contain small crystallites (1-2 pm) no significant SHG is observed but large 

crystallites (100-200 pm) obtained by heating of the film above the melting point of the dye 
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and cooling down again, do give SHG signals. The molecular packing of the large crystalline 

sheets does not deviate from the small crystallites. The large SHG of crystalline sheets of dye 

molecules in a polymer matrix might be explained mainly by the powder theory of Kurtz and 

Perry, but we suggest that H-aggregate formation enhances the SHG too. 

Here we demonstrate a thin film that can orient spontaneously in a noncentrosymmetric 

structure with non linear optical properties. 
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