
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 10:35
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Quadratic Enhancement
of the Second-Harmonic
Intensity from Alternate-Layer
Langmuir-Blodgett Films of an
Optically Nonlinear Dye and
Poly(T-Butyl Methacrylate)
Geoffrey J. Ashwell a & Anne J. Whittam a
a Centre for Molecular Electronics, Cranfield
University, Cranfield, Bedford, MK43 OAL, UK

Version of record first published: 24 Sep 2006

To cite this article: Geoffrey J. Ashwell & Anne J. Whittam (1999): Quadratic
Enhancement of the Second-Harmonic Intensity from Alternate-Layer Langmuir-
Blodgett Films of an Optically Nonlinear Dye and Poly(T-Butyl Methacrylate),
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 337:1, 1-6

To link to this article:  http://dx.doi.org/10.1080/10587259908023366

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908023366
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

35
 1

7 
A

ug
us

t 2
01

2 



Moi Crysi. and Liq. Crysf.. 1999, Vol 337, pp 1-6 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Quadratic Enhancement of the Second-Harmonic 
Intensity from Alternate-Layer 

Langmuir-Blodgett Films of an Optically 
Nonlinear Dye and Poly(T-Butyl Methacrylate) 

GEOFFREY J .  ASHWELL* and ANNE J. WHITTAM 

Centre for Molecular Electronics, Cranfield University, Cranfield, Bedford MK43 
OAL, UK 

Langmuir-Blodgett films of the optically nonlinear dye are non-centrosymrnetric when the 
LB layers are interleaved by poly(t-butyl methacrylate). The second-harmonic intensity 
increases as 120(~)  = 120(l) N2 where N is the number of active layers, and the norrnalised 
intensity is independent of film thickness tn more than 100 bilaycrs. The second-order sus- 
ccptibility and chromophore tilt angle are as follows: 2::; = GO pin V-' at 1.064 pm and 
'p = 32" relative to the normal to the substrate. The susceptibility is resonantly enhanccd but 
the absorbance at the harmonic wavelength is only 1 .S x bilayer-I. 

Krywwds: Langmuir-Blodgelt; second-harmonic generation 

INTRODUCTION 

Interest in LB films for second-harmonic generation (SHG)1'41 stems from the 
requirement that the structure must lack inversion symmetry and, 
consequently, fiom the layer-by-layer control of the deposition. Amphiphilic 
molecules, those with a hydrophilic head and hydrophobic alkyl tail, align 

* To whom correspondence should be addressed (fax 4441234-750875; e-mail g.j.ash- 
well9cranfield.ac.uk). 
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2 GEOFFREY J. ASHWELL and ANNE J .  WHITTAM 

with their hydrophilic groups adjacent to the water subphase but, when 
deposited, the layers tend to pack centrosymmetrically with the interfaces 
being alternately hydrophilic (head-to-head) and hydrophobic (tail-to-tail). 
This may be overcome by interleaving the layers and, for such films, long- 
range order has been realised by interdigitating the alkyl tails of the dye and 
spacer ("molecular by utilising interlayer hydrogen bonding"] and, 
in general, by simply exploiting SHG-active dyes and inactive spacers which 
readily deposit on the upstroke and downstroke respectively.'441 A usehl 
spacer material is poly(t-butyl methacrylate) and, in this work, we report its 
deposition and the second-order properties of an alternate-layer structure with 
a chemically modified hemicyanine dye (Figure 1). 

c,*H37%cH3 / /  

H CH3 
Cl8H370S4 

FIGURE 1 Molecular structure of the SHG-active dye. 

EXPERIMENTAL SECTION 

The iodide salt of the cationic dye was obtained fiom the condensation of N, 
N-dimethylaminocinnamaldehyde (1 75mg, Immol) and N-octadecyl-5,6,7,8- 
tetra-hydroisoquinolinium iodide (5 13mg, lmmol) in methanol (30cm'). 
Piperidine (2 drops) was added to the solution and the resultant mixture 
reflwed for 12 h. Upon cooling, a red microcrystalline product was collected 
and washed with cold methanol: yield 62%; m.p. 6344°C. Found: C, 67.8; H, 
8.9; N, 4.0%. C,,H,,NJ requires: C, 68.03; H, 8.86; N, 4.17 %. Vis (CHCI,): 
k,, 385 nm. 'H NMR (300 MHz; CDCI,): 6, 0.87 (3H, t, CH,); 1.25 (30H, 
br s, CH2); 1.7 (ZH, br s, CH,); 1.96 (2H, quintet, CH,CH2W); 2.79 (2H, t, 

CH,N'); 6.67 (2H, d, Ar-H); 7.00 (3H, br s, CH); 7.45 (2H, d, Ar-H); 8.07 (H, 
d, Ar-H); 8.62 (H, d, Ar-H); 8.85 (H, s, Ar-H). 

Dilute solutions of the dye in chloroform and sodium octadecylsulfate in 
methanol were co-spread in a 1 : 1 mole ratio onto the pure water subphase of 
one compartment of a Nima Technology LB trough (model 622), left for 5 
min at 20°C and then compressed at 0.5 cm*s" (cu. 0.1% s.' of compartment 

C=C-CH,); 2.97 (2H, t, C-C-CH,); 3.06 (6H, S, N(CH,)2); 4.61 (2H, t, 
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ALTERNATE LAYER LB FILMS 3 

area). The water soluble ions, Na' and I-, dissolve into the subphase thus, 
leaving the octadecylsulfate salt at the interface. Poly(t-butyl methacrylate) 
was spread from chloroform solution onto the second compartment of the 
trough and compressed as above. Alternate-layer films were then obtained by 
the sequential deposition of the dye at 35 mN m-I and poly(t-butyl 
methacrylate) at 10 mN m-I, the substrate being cycled from below the 
surface to transfer the SHG-active layer on the first upstroke and the spacer 
on the subsequent downstroke. Thick films were obtained by repeating the 
process with a deposition rate of 80 pm s-' in each direction. 

RESULTS AND DISCUSSION 

The pressure-area (n-A) isotherms are generally featureless with film 
collapse occumng at 17 mN m-' and 0.60 nm' unit' for poly(r-butyl 
methacrylate) and 42 mN m" and 0.43 nm2 molecule-' for the dye (Figure 2). 
The deposition of the spacer has been rep~rted"~ and, therefore, this work 
focuses upon the SHG-active dye. Its area at collapse is consistent with the 
sum of the van der Waals cross-sections of the two octadecyl chains and 
suggests that these groups are vertical and closely packed. In contrast, in the 
low pressure regime, the limiting area of cu. 1.6 nm2 molecule-' indicates that 
the chromophore aligns with its face adjacent to the subphase. 

Non-centrosymmetric structures were readily fabricated by interleaving 
layers of the dye and poly(r-butyl methacrylate). The films have a broad 
absorption maximum at cu. 420 nm and exhibit a linear increase in the 
absorbance with the number of deposited bilayers. This corresponds to the 
dye with the poly(t-butyl methacrylate) spacer being transparent throughout 
the entire visible region. The films are transparent at the fundamental 
wavelength of 1.064 pm for SHG studies but have a slight absorbance of 
1 . 5 ~ 1 0 ~  bilayer'l at 532 nm. This is important because the 
efficiency/transparency trade-off is optimised. The second-harmonic intensity 
is resonantly enhanced but the loss from absorption is not too significant. 

The SHG was measured in transmission with the p-polarized Nd:YAG 
laser beam (A = 1.064 pm) incident at 45" to the LB film, there being 
negligible SHG at normal incidence. The polarization was rotated using a 
half-wave plate and the second-harmonic intensity (Izm) calibrated against the 
Maker fringe envelope of a Y-cut quartz reference (d,' = 0.5 pm V'). The 
data were analyzed as described elsewhere."' 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

35
 1

7 
A

ug
us

t 2
01

2 



4 GEOFFREY J .  ASHWELL and ANNE J. WHITTAM 

FIGURE 2 Surface pressure vs. area isotherms: (a) dye and (b) spacer 

9 t  9 -  

I 

80 
Number of bilayers 

FIGURE 3 Variation of the second-harmonic intensity with the 
number of bilayers of the dye and poly(t-butyl 
methacry late). 
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ALTERNATE LAYER LB FILMS 

The variation of  the second-harmonic intensity with the number of 
active layers is shown in Figure 3. It shows the theoretically predicted 
quadratic dependence, i.e. 12w(N) = Iz0(’) N2, and the normalised intensity, 
12,u,sJN2, is identical for the monolayer and thick multilayer structure. Using 
the method of Kajikawa et al.,[*] the SHG polarization dependence, 
1 2 ~ , ~ ( p ~ p ) / 1 2 ~ , , ( s ~ p ) ,  indicates that the chromophores are tilted by cu. 32” from 
the normal to the substrate. From this, and by assuming a thickness from 
molecular modelling of 4.0 nm bilayei’, the components of the susceptibility, 
~ ‘ 2 ~  and x::, , are 60 and 10 pm V 1  respectively. The second-order 
coeficients are large and the study has demonstrated that, with careful 
deposition, quadratic SHG enhancement may be achieved to thicknesses 
suitable for waveguiding. 

CONCLUSION 

Relatively few LB films have exhibited the theoretically predicted quadratic 
SHG enhancement to thicknesses in excess of I 0 0  bilayer~.~’.’,~~”’ The 
example in this work adds to the list and, together with recent studies on 
alternate-layer structures of poly(fbuty1 methacrylate),”] demonstrates the 
effectiveness of the spacer when deposited on the downstroke. The dyelspacer 
combination may be routinely used to fabricate non-centrosymmetric 
structures and, in this work, a moderately high second-order susceptibility 
and relatively weak absorbance have been demonstrated. 
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